
The Challenging Field of 
Home Instruments 

In the last five years RCA's horne instrument business increased several fold. 
Although color television is a major factor in this increase, black and white 
television receivers were sold in a volume in 1965 exceeded only in one previous 
year in RCA's history. The radio and Victrola sector too is in a strong growth era. 

Not only are the basic product lines being produced in larger volumes, but 
rapid increases in the number of models and variations are being required for the 
market place. The engineering work load is, in consequence, proportionately 
increasing and time cycles are under strong compressive pressures. It is simul­
taneousl), true that transistors, integrated circuits, and other technological 
advances along with radically revised production and merchandising systems 
must be evaluated and innovated in a world-wide competitive atmosphere. 

The engineering effort in RCA Victor Home Instruments is increasingly 
designed to complement and facilitate the production and merchandising sectors 
and can no longer exist, if it ever could, without complete, skillful integration 
into the total business effort. 

This issue describes some of television engineering's recent efforts in design. 
In 1965 more than 2,000,000 RCA television receivers were manufactured from 
this engineering group's designs and sold by the RCA Sales Corporation. 

Magnitudes of this size dramatically illustrate that no detail is trivial and that 
tremendous technical, manufacturing, and merchandising sophistication is neces-

I 
sary. The evaluation of products is not long delayed, and only the best is 
tolerated by the consumer when labeled RCA Victor. 

This is the challenge for now and the future. I 

E. 1_ Anderson, 
Manager, Operations; I 

RCA Victor 
Home Instruments Division 

Indianapolis, Indiana 

*Since this message was written, 
Mr. Anderson has been appointed 
Vice President, Value Assurance, 
RCA Sales Corporation. 

[ CITATION: James C. Blair. (Apr. 05, 1966). New David Sarnoff 
Fellows of Science award, Engineering News and Highlights, Vol. 
11, No. 6, Apr-May 1966, p. 90. RCA Engineer. Reproduced for 
educational purposes only. Fair Use relied upon. ]
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To the home-instrument engineer, the consumers' demands 
for minimum cost, reliability, high performance, modern 
styling, beauty, and easy maintenance are paramount fac­
tors of final design. The importance of these factors is 
discussed and related to the engineer's role in providing 
a product that satisfies these demands and that can be 
mass produced economically. 

OVER the years RCA has gained an enviable reputation for 
its reliable engineering and high-quality products. To 

accomplish these goals in the design and production of RCA 
Victor Home Instruments requires special emphasis on prod­
uct performance, high reliability, and customer appeal at 
an economical cost. This delicate balance of sometimes op­
posing factors constitutes a special challenge to the home 
instruments engineer, especially in light of today's high vol­
ume of business requiring mass-production methods. 

ENGINEERING FOR LARGE-VOLUME PRODUCTION 

The engineering and the eventual mass production of a mod­
ern RCA Victor Home Instruments' product can be likened 
to the same processes involving the automobile; both are the 
combined result of highly sophisticated research, design, 
engineering, material procurement, and production tech­
niques. The final result is a very complex product that is 
useful and, in many ways, necessary to the vast majority of 
the population of the United States. The key to the success 
of both industries is that they have the ability to mass pro­
duce a product demanded by so many people and yet keep 
it within the consumer's ability to purchase and maintain. 

In the field of home-instrument electronics, market com­
plications and technical complexities at least equivalent to 
those of the automobile industry are present. The considera­
tions of initial cost and maintenance of color TV receivers, 
for example, must be compatible with the economic realities 
of millions of U. S. citizens. Color TV and, to rJ.esser degree, 
other home-instrument products represent highly complicated 
electronic equipments which have achieved high-volume use 
through advances first in engineering and subsequently in 
production and maintenance techniques. 

The economies provided by these products are possible 
only because materials and systems are kept abreast of ad­
vancing technology. For example, product engineering is 
done for vast quantities, the products are developed for low 
piece-cost tools, and the factories are geared to run with the 
utmost efficiency. To achieve high levels of performance 
from the many home-instrument products coming off the 
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high-speed production lines, requires a sophistication and a 
thoroughness of engineering that is neither necessary nor 
feasible for the production of smaller numbers of equipments. 
Before such production lines are ever set up, the engineering 
cycle must include provisions in circuitry and mechanics for 
specified probability distributions for each of the hundreds 
of parts. Mass-quantity designs cannot be marginal for any 
reasonable accumulation of tolerances. For 10 radar sets it 
may be desirable to use circuits or components that can be 
selected or adjusted during production to yield the desired 
performance; but, for a million TV receivers, it is obviously 
impossible to select or adjust as many as 100 completed 
instruments in an hour. Therefore, if the required high­
performance level is to be met, the burden of the higher 
order of refinement of design, production, and test rests on 
the engineer. 

ENGINEERING FOR ECONOMY 

The home-instrument engineer is competing against world­
wide professional competence in the production of consumer­
pleasing performance; moreover he must do this on renew­
able short-term leases. He is also achieving economy, in very 
real time, through a blending of technical design with costs 
of material, labor, machine, and capital utilization. A typical 
result of this blending is shown in Fig. 1 on a year-to-year 
basis. 

The true cost of a product can be quite difficult to assess, 
and in many cases the absolute true cost is never really 
known. The simplest and most direct portions of the true 
cost that can be assessed accurately are the piece prices, 
direct-labor costs, and tooling costs; even informative engi­
neering costs and warranty charges can be determined. 

The relative costs of factory production systems, however, 
are difficult to ascertain. For instance, which are more eco­
nomical, the etched-circuit boards or the conventional hand­
wired circuits shown in Fig. 2? To answer this question, the 
factors of engineering, tooling, machines, factories, capital, 
flexibility, performance, reliability, and service must be con­
sidered. The outcome may well depend upon total quantities, 
number of model years of basic similarity, and even such 
intangibles as product image and advertising philosophy. 
The cost of tooling hard tools for large-volume production 
can be excessive and is an important factor in the cost deter­
minations. 

Although it is difficult to determine accurately whether 
etched-circuit costs are different than hand-wiring, available 
records indicate that reliability of the former is significantly 
better. Also, the controlled lead dress of etched circuits 
minimizes the circuit variations the designer must face, per­
mitting better average performance. 

The tubes used in color and monochrome TV receivers have 
improved remarkably in recent years. Such improvements 
as dark heaters, uniform cathodes, frame grids, advanced 
glass technology, improved materials, and processing illus­
trate the great engineering advances in this area. Conse­
quently, today's tubes are up to 10 times more reliable than 
previous versions and yield better performance for less cost. 
Circuits, tubes, and components are all designed for the best 
possible blend of cost, performance, reliability, etc. 

Transistors and transistor circuits also are improving, but 
the economic crossover of transistor and vacuum-tube circuits 
in TV has been delayed. It is anticipated that transistor and 
integrated circuits will make greater penetrations into TV 

over the next 3 to 5 years. 

The challenge of economy and low costs to the home-in-



struments engineer are as important and as demanding as 
performance considerations. A device that performs well but 
costs excessively does not reflect good engineering. The low­
cost design that does not provide maximum or adequate per­
formance does not represent good engineering either, since 
high reliability is considered mandatory. Furthermore, the 
engineering results are impartially and inexorably checked 
each year in the fiercely competitive market place. 

ENGINEERING FOR PERFORMANCE AND RELIABILITY 

Since millions of the same components, millions of the 
same circuits, and thousands of the same instruments will 
be produced, it is necessary to design individual components 
and circuits for an accurately specified role. This emphasis 
on component engineering results in better components for 
the application at less cost, giving the consumer a better per­
forming product that is competitively priced. 

The finished product will ultimately be called upon to per-
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Fig. l-Reduclion in costs obtained in produc­
tion of 19-inch, monochrome, portable TV 
receiver. 

CLYDE W. HOYT is a graduate of Morningside 
College and Iowa State University in Arts and 
Electrical Engineering. He has been actively en· 
gaged in many phases of Home Instruments engi· 
neering; his work in television dates back to the 
introduction of the 630TS in 1946. In recent years 
he has been Staff Engineer for Home Instruments 
Division. Mr. Hoyt holds approximately 24 patents, 
primarily in the TV area. 

form in a predictable, realistic environment. It is very impor­
tant that the conditions of performance and use be accurately 
known by the design engineer. This, of course, is a key fac­
tor influencing the eventual consumer price of the product. 
Many nonconsumer electronic products can be called upon 
to perform in extremely harsh or often unpredictable envi­
ronments. For these reasons the equipment must be built to 
withstand extreme shock, vibration, moisture, hostile chemi­
cals, extremely high and low temperature, and fungus. Indi­
vidual parts must be built for contingencies that are not 
accurately specified and must be extensively tested and 
checked, which rapidly increases the cost of the part. 

Unlike nonconsumer products, home-instrument products 
must be built to perform reliably under the conditions im­
posed by the mass market. Television receivers (for exam­
pIe) must be capable of operating at an altitude of 20,000 
feet to insure minimum corona at both altitude and hu­
midity extremes; and line-operated equipment will seldom 
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be called upon to operate in temperatures beyond the range 
of 60 0 to 120 0 F. Home-instrument products must tolerate 
shipping and drop tests, but they will generally be station­
ary during operation. Obviously, then, electronic and me­
chanical parts can be produced in volume at substantially 
lower cost when conditions are exactly known. 

It is of interest to note that although home instrument 
products are not designed to take the treatment imposed by 
some space rocket environmental tests, a recent successful 
check of black-and-white and color television on a space test 
centrifuge and shaker, Fig. 3, showed that consumer shipping 
and drop tests demand a rugged, reliable product. 

Every effort is made in determining the mechanical con­
figuration of a part to keep assembly, tuning, and trimming 
to a minimum. Etched-circuit boards with many machine­
inserted parts are used wherever possible (Fig. 4). Fixed­
tuned coils molded in plastic of high dimensional stability to 
tight electrical tolerances are used to reduce factory align­
ing. Packaged electronic circuits which combine many resis­
tors and capacitors on a porcelain substrate are used to 
reduce size and the number of connections, and to increase 
reliability. Power wire-wrap connections are used exten­
sively in making connections to circuit boards to reduce 
labor costs and to provide high reliability. 

STYLES AND MODELS 

Molded plastic and vacuum-formed cabinets, having taste­
fully designed metal extrusions for trim and strength, are 
used where the extremely high volume justifies the high tool­
ing costs. 

Modern technology even shows up in wood cabinets. Deco­
rative shapes, molded of wood fibers and finished with the 
rest of the cabinet, do a remarkable job of simulating intri­
cately carved pieces, and many TV cabinets are now shipped 
to the assembly plant finished and knocked down, to be 
assembled around the front die-cast decorative metal mask 

Fig. 3-Accelerated life tests under demanding conditions are often 
used to prove-in the ruggedness of receiver designs. 

and metal bottom which become structural parts of the 
finished cabinet. 

Like the automobile industry, the home-instrument manu­
facturing operation must produce dozens of different models 
in each product class, and still maintain a cost picture that 
reflects a factory geared to run huge quantities. Again like 
the auto industry, this is accomplished by designing many 
models of a product category with identical components but 
with differences in cabinet style and easily added accessories. 

HIGH·SPEED TESTS 

As might be expected, the high order of teamwork between 
engineering and manufacturing necessary for the economical 
assembly of such instruments in high volume, must also carry 
on into test. The finished instruments must perform well. 
The configuration of individual components must permit ease 
of test as well as ease of assembly. Many components, com­
plete circuit boards, and entire chassis are tested automati­
cally. Many parameters can be checked at one time; the 
results are read out as go or no-go, and the units are sorted, 
automatically and very rapidly. In some cases, the area of 
trouble in a reject circuit can be pinpointed automatically, 
thus simplifying the troubleshooter's job considerably. 

AN ENGINEERING CHALLENGE 

From the foregoing it is clear that many of the decisions 
leading to the continuing acceptance of RCA's home-instru­
ment products are the responsibility of the engineer. Making 
a device that will perform a function is not enough. To suc­
cessfully woo the demanding consumer, the engineer must 
use his acquired knowledge and inborn ingenuity to produce 
a product with maximum performance and reliability for 
minimum cost. In addition, if he is to work effectively he 
must communicate well with a variety of people, such as 
factory process and test technicians, technical writers, ser­
vicemen, merchandisers, and his management. 

Fig. 4-Machine insertion of parts in etched-circuit boards 
helps keep assembly operations to a minimum. 



RCA VICTOR HOME INSTRUMENT 

ENGINEERING PROGRESS 

Engineering progress in radio and TV home instruments over the past 30 years 

has followed the pattern of gradual but steady growth described in this paper. 

The great emphasis placed on customer needs is discussed and several new tech­

nical features of modern instruments are described. 

L. R. KIRKWOOD, Chief Engineer 

RCA Victor Home Instruments Div., Indianapolis, Ind. 

W HEN one reviews the engineering 
progress in radio and television 

home instruments over the past 30 years, 
the gradual rate of change does not seem 
dramatic. But, a direct comparison of 
the first entertainment radios with the 
modern high-fidelity instruments of to­
day provides a striking contrast. Even 
more dramatic, perhaps, would be a 
comparison of modern color television 
receivers with early radios; yet, modern 
color TV receivers sell at prices as low 
as those of many early deluxe console 
radios. 

Such substantial progress has been 
achieved through a gradual uphill engi­
neering and design battle with perform­
ance, reliability, cost, manufacturing, 
and service maintenance problems. 

This paper describes some interesting 
technical changes and innovations and re­
views the growth of radio and TV as major 
RCA products. 

BIRTH OF THE TV INDUSTRY 

In 1946 RCA introduced the 630-TS, a 
black-and-white TV receiver using a 10-
inch picture tube. The plans, manufac­
turing processes, and test specifications 
were made available to many other man­
ufacturers, providing major impetus to 
launching the television industry in the 
world. The design of this set was the 
result of RCA engineering knowledge 
and experience derived from an exten­
sive development program dating back 
to the 1930's. A few pre-World War II 
receivers, such as the TRK12, were pro­
duced and much valuable information 
was gained. During World War II sub­
stantial advancements in the state of the 
TV art were made by RCA engineers in 
developing military TV applications such 
as Block III. 

Since 1946 the development of TV re­
ceivers has followed several trends. Per­
formance and operation have become 
much more critically tailored to the 
customers' requirements. New products 
have been introduced each year, and 
usually a new generation emerges every 
third year. Technically, the circuits and 
components show considerable refine-
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ment. New materials and devices have 
been applied, and, in some cases these 
have been created for particular appli­
cations. Fewer components and simpler 
circuits do a better job, last longer, and 
improve serviceability (Fig. 1). The re­
sulting value enhancement is particu­
larly noteworthy. This is illustrated fur­
ther by comparing the selling price of 
$375 for the 630TS to the selling price 
of $150 for today's 19-inch receiver. 

TV RECEIVER PROGRESS 

The TV tuner, with its signal-sorting 
function, is perhaps the most critical 
part of a TV set, insofar as acceptable 
pictures are concerned_ 

Improvements in Tuners 

Some notable improvements in TV tuners 
have been made in the last few years. 
Electrical and mechanical factors influ­
encing oscillator stability have been re­
fined to the point where "one-set" fine 
tuning is commonplace, with oscillator 
resetability typically accurate to within 
± 50 kHz (kc/s) at 221 MHz (Mc/s) 
on Channel 7. 

The application of the nuvistor and 
the frame-grid RF tubes now yields a 
channel-13 noise factor of 6.0 dB in com­
parison with the 13 dB figure of a few 
years ago. 

All of our present UHF'tuners now use 
a transistor oscillator, providing indefi­
nitely long life where a major reliability 
problem previously existed. The smaller 
size and the cool running of the transis­
tor allow internal mounting, which sim­
plifies the radiation problem. 

Fewer Stages and Improved Pictures 

All ot!rer portions of the TV receivers, 
both black-and-white and color, have 
undergone similar growth, offering the 
customer more product for less money. 
Where four and five IF stages were 
deemed necessary some years ago, to­
day's receivers offer good performance 
using two frame-grid IF stages aided by 
higher RF, mixer, and video gains. Noise 
immunity has been improved, and the 
application of voltage-dependent resis­
tors has resulted in much-improved pic­
ture stabilization. Horizontal deflection 
circuits have benefited from higher effi­
ciency yokes, new ferrites, and tubes 

B!W PORTABLE TELEVISION 
(TUBE TYPE) 

TOTAL RESISTORS 
7!-+---'c---~rr-=ja CAPACITORS 
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Fig. I-Improvements in tube-type, mono­
chrome, portable TV rec."ivers, 1960-1965. 

with substantially increased power sen­
sitivity. Solid-state power rectifiers are 
used throughout the line, and resetable 
circuit breakers have replaced fuses, re­
sulting in fewer service calls. 

Even the smaller wood cabinets have 
undergone a radical change in construc­
tion. Many are built and finished, then 
shipped to the point of instrument as­
sembly in sections; these are then as­
sembled around a die-cut mask which 
becomes a structural cabinet member. 

TV Portables 

By far the most noteworthy contribution 
in black-and-white TV in recent years has 
been the introduction of the 12-inch tran­
sistorized portable receiver. This set is 
a deluxe-performance, ultra-reliable unit 
that is currently enjoying an outstanding 
field service record. The basic circuitry 
of this receiver, under development for 
more than 5 years, will be used as a 
basis for many future solid-state designs, 
altering only those portions dictated by 
advances in device &rt, circuits, and pic­
ture-tube sizes. The second generation 
of this set incorporates an integrated cir­
cuit chip in the sound IF and detector 
circuits, replacing 26 components for 
improved reliability and economy. 

MAINTENANCE IMPROVEMENTS 

The color TV receiver has moved at a 
progressive rate toward a better, more 
reliable, and less expensive product that 
can be offered in numerous picture-tube 
sizes (Fig. 2). However, the prime tar­
get for color TV has been improved field 
acceptance, including greater ease of 
setup, operation, and maintenance. 
Color receivers now require only 20% 
more service than monochrome sets. 

Simplified Setup and Servicing 

To simplify installation of the color re­
ceivers, a setup switch has been added 
for ease of setting purity, color tempera­
ture, and tracking. The number of con­
vergence controls has been substantially 
reduced, and control interaction has 
been minimized. A video peaking con­
trol varies picture sharpness. 

Some new sets have automatic chroma 
control, automatic frequency control of 
the tuner oscillator, and even include 
detent tuning of UHF. 

5 
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To simplify the servicing of color re­
ceivers, current products use a minimum 
number of tube types. In the 19-inch 
color set, for example, 30% of all tubes 
are one type-the 6GH8 triode-pentode. 
To protect kinescopes and circuitry, 
built-in spark gaps are used extensively 
throughout the sets; resetable circuit 
breakers give added set protection. 

Automatic Degaussing 

A particularly noteworthy contribution 
that greatly improved customer accept­
ance of color TV was the introduction of 
automatic degaussing to the industry in 
1964. This feature makes it unnecessary 
to call a serviceman to degauss the set 
when its orientation is changed in the 
home. The degaussing coils are ener­
gized every time the set is turned on. 
The necessary gradual decay of the coil­
driving current is provided by the power­
supply charging current; a thermistor 
and a voltage-dependent resistor provide 
the switching action which effectively 
takes the coils out of the circuit before 
complete set warmup. This action takes 
place before the picture appears, and 
there is no distraction to the viewer. 

SOLID-STATE CIRCUITRY 

Solid-state devices, with their advantages 
of high efficency and cool operation, will 
be used increasingly in future TV receiv­
ers. With solid-state circuitry, packag­
ing requirements are considerably less 
demanding, ventilation is less of a prob­
lem, and, in some instances, greater lati­
tude is afforded in selecting enclosure 
size and shape. Consequently, styling 
innovations may result, since the stylist 
has fewer restrictions he has greater 
freedom to create models and variations 
in accordance with consumers' desires. 

More sophisticated use of integrated 
circuitry will be seen in the future, re­
sulting in reduced labor and cost and 
increased reliability. Until a display­
device breakthrough is made, deflection 
circuitry remains the problem area. 

RADIO-VICTROLA PRODUCTS 

Paced by advancing device technology, 
the application of transistors to high­
volume home instrument products has 
grown to the point where virtually all 

LOREN R. KIRKWOOD received his BSEE from Kansas State 
University. He joined RCA in 1930. His work through 1941 in· 

cluded important contributions to radio and early high-fidelity 

equipment. Between 1941 and 1946 he engaged in the engineer­
ing of military communications equipment. From 1946 to 1950 

he developed one of the first AC-DC, AMjFM home radios, 
and contributed to the 45·rpm record player. He directed 

receiver activities and development of all RCA color television 
demonstrations and field tests from 1950 to 1959. In 1951 he 

received the RCA Award of Merit for his work in color TV. 
Between 1959 and 1963 he was Manager, TV Product Engineering . 

He was named Chief Engineer, RCA Victor Home Instruments 
in 1963. Mr. Kirkwood is a Fellow of the IEEE. 

RCA radios, high-fidelity, and tape prod­
ucts are fully transistorized. 

Integrated Circuits and Transistors 

The design trends that are developing 
as more thought is given to integrated 
solid-state circuit -applications is a mild 
revolution in itself. One immediate out­
come of such thinking has been the elim­
ination of many large, expensive capaci­
tors from radio and audio circuitry. 

More extensive use of silicon transis­
tors, with their inherent lower leakage 
currents and improved temperature 
characteristics, accounts for somewhat 
less-complicated and less-costly solid­
state circuitry. It should be noted that 
even during the commercial birth of 
transistors, the all-tube radio-phono­
graph products were duplicated with 
transistors for the same or less money, 
with the exception of the highly polished 
designs of tube, line-operated, minimum 
dollar AM radio. 

An engineering accomplishment that 
led to an extremely successful product 
was the design of the "Big D," a battery­
operated, personal, portable AM radio. 
Although it operates from a 3-volt sup­
ply using two low-cost D-size cells, this 
set still provides RCA's big-set sound. 

Advanced Styling 

Many factors have contributed to the 
remarkable growth of home-instrument 
phonograph products, which show a 
60% increase in RCA unit sales since 
1960, compared to a 19% growth in in­
dustry unit sales. Advanced styling has 
contributed substantially to the growth 
of this product, and engineering ad­
vl'ffu:es have provided the consumer with 
a far better product, as well as many 
operational innovations, for less money. 

Pickups with Better Performance 

Phonograph pickups have gone through 
several generations of redesign for 
smaller size, compatibility with transis­
tor amplifiers, and greatly improved 
high-frequency response. The new flip­
over stylus assembly doubles the pickup 
compliance for improved tracking, and 
lower needle force results in less needle 
and record wear. It is virtually inde­
structible and provides an ease of service 

that is truly remarkable for such a criti­
cal part of the reproducing system. The 
latest pickup design has enabled engi­
neering to provide high-quality ceramic 
elements throughout the stereo line, re­
placing crystal pickups in the minimum­
dollar stereo portables. Pickup units 
with diamond stylii are now used where 
cost previously dictated the use of sap­
phires. New factory measuring tech­
niques and equipment have been de­
veloped for the accurate and rapid 
measurement of pickup performance. 

Improved Record Changer 

Today's record changer, mass produced 
by RCA, represents m'any generations of 
design which have contributed toward 
making it a highly-styled, ultra-quiet 
and reliable unit. 

Manual Portables Transistorized 

The design of the old tube versions of 
the monophonic manual portable phono­
graph has undergone the careful scru­
tiny of many topnotch engineers-each 
doing his best to increase the perform­
ance/ dollar of these high-volume units. 
Transistorizing such units posed a real 
design challenge. By using the phono 

. motor for a line transformer and comple­
mentary-symmetry audio output units, 
significantly better performance was ob­
tained at far less cost. 

Stereo Consoles 

The FM performance of our stereo con­
soles follows the basic standard of un­
surpassed performance - even when 
compared with top deluxe component 
equipment. All FM front ends are built 
with precision molded coils, eliminating 
factory aligning of many circuits. 

THE FUTURE 

The radio-phono product, like the tele­
vision product, will show an extensive 
use of computers for more comprehen­
sive design studies. Tuned circuits re­
quiring no manual adjustments will be 
used wherever feasible. Broadening the 
line to provide competitive products in 
all categories related to home entertain­
ment should strengthen our share of the 
home instrument market even more, and 
provide an ever-increasing challenge to 
the design engineer. 



A LOW-COST, BIGB-PERFORMANCE, 

19-INCB COLOR TV RECEIVER 

"[he design of the CTC-19 19-inch color TV receiver is the result of a concerted 
development program to produce a more compact color chassis with substantially 
the same performance as previous chassis, but at lower cost. The design objec­

tives, chassis comparisons, board and chassis layouts, unique signal processing of 
video and sync-AGC and chroma circuitry are discussed in this paper. Per­
formance is compared with the CTC-I?, 25-inch color receiver. 

L. A. COCHRAN and D. WILLIS 

TV Product Engineering 

RCA Victor Home Instruments Div., Indianapolis, Ind. 

F OR several years RCA relied entirely 
on the performance of one basic color 

chassis to maintain its position as the 
leader in the industry. With the advent 
of the 25-inch, 90° picture tube, neces­
sary deflection modifications in addition 
to new performance features were added 
to this basic chassis. 

The increased competition in the color 
TV industry made it apparent that if 
RCA was to maintain its position of 
leadership, it would have to produce a 
new lower cost color chassis that would 
meet the performance standards set by 
previous chassis. The CTC-19 color chas­
sis was designed with this goal in mind. 
Because of reduced size and weight, this 
chassis was readily adapted for use with 
the new 19-inch, 90° picture tube devel­
oped by the Electronic Components and 
Devices Division. The culmination of 
three years of design and development, 
RCA's new 19-inch color receiver now 
supplements its existing line of 21-inch 
and 25-inch color receivers. 

CIRCUIT DESIGN 

The areas of design that received the 
greatest attention were the IF, video, 
sync-AGe, and chroma circuitry. To 

Final manuscript received Ja1luary 12,1966. 

achieve cost and performance objectives, 
the low-cost 6GH8A Rentode-triode was 
used wherever possibie; in all, seven 
6GH8A's were used: one in the video 
circuitry, one in the sync-AGe circuitry, 
and five in the chroma processing cir­
cuitry. 

No major design changes were made 
in the high-voltage and deflection cir­
cuitry; however, certain modifications 
were necessary due to the lower power 
requirements of the 19-inch kinescope 
and the use of new tube types. Board 
design and chassis layout in this area 
received considerable attention. 

IF Circuits 

To lower costs, the IF circuitry for the 
19-inch chassis was designed with two 
stages instead of three; to keep the gain 
of the IF as high as possible, several 
measures were taken. High-gain frame­
grid tubes were used in the mixer and 
IF stages, and all interstage networks 
were double-tuned. The double-tuned 
circuits required an entirely different 
co-channel-sound-trapping arrangement 
than had been employed in previous chas­
sis. A deep-absorption trap acts upon the 
secondary of the IF output transformer to 
keep co-channel sound from reaching the 
picture detector. The double-tuned out-

The authors, l. A. Cochran (left) and D. H. WiUis are shown with (I to r) : a 25-inch CTC-17 
color chassis, a 19-inch CTC·19 color chassis, and the complete 19-inch color receiver. 

put transformer with an absorption trap 
provides about 6 dB more gain than that 
of the single· tuned transformer with a 
null-type trap used in the three-stage 
IF amplifier. A shallow co-channel­
sound-absorption trap acts upon the link 
transformer at the input of the IF. This 
tra p serves two purposes: 1) it increases 
the sound rejection as seen at the second 
detector, and 2) it prevents cross modu­
lation which would otherwise occur in 
the first IF stage. To provide alignment 
flexibility, a trimmer capacitor in the 
link circuit acts as an IF bandwidth con­
trol. No IF shielding is needed other 
than the shields for the interstage trans­
formers. The nominal RF-IF sensitivity 
of this chassis is within 3 dB of previous 
chassis. 

Video Circuits 

The unique features of the video circuits 
in this chassis are in the first video and 
the synC-AGe driver stages. Both stages 
are in the same envelope, and they per­
form the same functions as the first and 
second stages in the three-stage video 
circuit. For low-frequency video infor­
mation, V, acts as a cathode follower, 
thus providing a suitable source for 
driving the delay line (Fig. 1). At higher 
video frequencies, the detector is connec­
ted through C, directly across the grid 
and cathode of V" causing these fre­
quencies to be accentuated at the cathode 
of V, and, therefore, at the delay line 
input. Sync and AGe drive is supplied 
to V2 from the detector through divider 
R,-R3 ; chroma drive for V2 is derived 
from the cathode of V, through C. 

Fig. l-Simplified schematic of CTC-19 1st 
video circuit. 
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Chroma frequencies are boosted further 
at the grid of V2 by the resonance of L, 
with the input capacitance of V2 • As a 
result of these connections, the chroma 
output at the plate of V2 is twice that ob­
tained at the corresponding point in the 
previous chassis. A cost saving can be 
realized in the chroma processing cir­
cuits due to the higher chroma level at 
this point. 

The circuit configuration of the video­
output stage is basically unchanged. A 
pentode with higher gm achieved suffi­
cient kinescope drive with less video 
input; some of the component values 
were changed to accommodate the dif­
ferent output tube. 

AGC-Sync Circuits 

The automatic gain control (AGC) circuit 
was modified significantly. Most changes 
involved the networks feeding video in­
formation to the AGC tube and a new 
cathode-biasing circuit for this tube. 
Information is sent only to the AGC grid 
through a simple resistor divider net­
work. The AGC control is a potentiometer 
that controls the amount of resistance 
division. When the bottom leg of the 
resistor divider is disconnected from 
ground, the AGC tube is turned on, cut­
ting off the RF and IF stages. This ac­
tion results in a blank raster which can 
be added as an extra position on the 
service switch for checking the purity of 
the receiver. The same cutoff action is 
desired when the service switch is in the 
collapsed sweep position used to adjust 
color temperature of the receiver. 

The noise inversion for the sync sepa­
rator is essentially unchanged; noise 
protection for the AGC function, however, 
is entirely different. The 6GH8A pentode 
does not have a separate tube pin for the 
suppressor grid as did the AGC tube in 
previous chassis. Since this electrode 
is not available for AGC noise inversion, 
sufficient noise protection was obtained 
by providing an equivalent cathode-de­
generating resistance for the AGC tube. 

The positive bias applied to the AGC 

cathode is derived so that it is affected 
by the B+ current drawn by the IF out­
put stage; this was done to prevent lock­
out. When a lockout condition starts to 
occur, the increased B+ current drawn 
by the IF output stage lowers the positive 
bias on the AGC cathode, turning the AGC 

on and keeping it out of lockout. Al­
though this method has been used with 
limited success in the past, it has now 
been applied to such a degree that AGC 

lockout is prevented under all conditions. 
The AGC output filtering circuit has 

two additional components which pro­
vide a more nearly ideal frequency re­
sponse characteristic. This low-pass re­
sponse enables the AGC to handle 

airplane flutter while preventing the AGC 

from degrading horizontal pull-in per­
formance. 

The sync separator circuit is basically 
unchanged, except that component val­
ues were altered for compatibility with 
the different triode used. 

Horizontal-Deflection and HV Circuits 
Although the deflection circuitry is 
basically the same as in previous chassis, 
there have been some modifications that 
are worth noting. In the horizontal AFC 

circuitry, a feedback connection between 
the horizontal hold control and the cath­
ode of the control tube has been added to 
improve circuit performance (Fig. 2). 
When the oscillator frequency is lowered 
by rotating the horizontal hold control 
toward minimum resistance, a positive 
voltage is developed on the cathode of 
the control tube causing the tube to cut 
off more quickly. Since the hold-in range 
depends on the control tube being biased 
in its active region, this arrangement 
limits the system hold-in range. Im­
proved burst keying is realized by re­
ducing the phase error which can exist 
between horizontal flyback and video 
synchronizing information. The addition 
of capacitor C, increases pull-in range 
by eliminating R, as a DC load on the 
phase detector. By increasing the pull-in 
hold-in ratio, the likelihood of the re­
ceiver remaining in horizontal synchroni­
zation when changing from channel to 
channel is increased. 

The lower power requirements of the 
19-inch kinescope permit the use of lower 
cost damper and horizontal-output tubes 
on this chassis. A new horizontal output 
tube (6KM6) developed by the Elec­
tronic Components and Devices Division 
utilizes cavity-trap-plate construction for 
controlling snivets (disturbances on the 
screen of the kinescope caused by oscil­
lations in the horizontal output tube). 
Better circuit efficiency can be realized 
from this tube due to its high plate-to­
screen ratio and its ability to deliver a 
high peak current at a low plate voltage. 
A new damper tube (6BS3) with lower 
power requirements has also been used 
on this chassis. 
.• / 

'Chroma Circuitry 

Major cost reductions have been realized 
in the chroma circuitry of the 19-inch 
chassis through the adoption of new 
circuit designs using low-cost pentode 
triodes. Performance goals match those 
of previous RCA color chassis. 

The increased burst level available 
from the video circuits allows a lower 
gm burst keyer to be used while main­
taining the burst output necessary to 
synchronize the color oscillator. An 
open-loop subcarrier regeneration sys-

tem eliminates the need for the killer 
detector, phase detector, and reactance 
tube normally found in automatic fre­
quency and phase control (AFPC) oscil­
lator systems. The 3.58-MHz (Mc/s) 
oscillator is pulled into phase synchroni­
zation by injection of the burst signal 
directly- into the crystal portion of the 
oscillator circuit. By making the value 
of R, small (Fig. 3), the burst-drive 
circuit appears as a low impedance in 
series with the oscillator input, and the 
possibility of oscillator frequency drift 
is minimized. Trimmer capacitor C" at 
the grid of the oscillator, is used for 
oscillator tuning. 

When a burst signal appears at the 
grid of the oscillator, a grid bias change 
of -4 volts develops and killer informa­
tion can be derived directly from this 
point through the high impedance of 
R 2 • The high selectivity of the crystal 
provides good killer noise immunity. 
The killer circuit consists of a grid-con­
trolled rectifier biased by the informa­
tion obtained from the oscillator grid. 

Oscillator driver transformer T2 sup­
plies the low-impedance drive required 
for the color demodulators in this chas­
sis. The network- of R s, Ca, and La pro­
vides the leading phase shift needed for 
demodulation on the X and Z axis. 

The color demodulator circuits used 
in the 19-inch chassis are of completely 
new design and are unique in the man­
ner in which they are driven. Demodula-
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tion is achieved by driving the screen 
grids of a 6GH8A with a chrominance 
signal and the control grids with a ref­
erence signal from the 3_58-MHz 
oscillator_ The desired demodulation 
characteristic, using the screen grid, can 
be obtained only if a DC potential in the 
order of 3 volts is applied to the screens_ 
This operating point (Fig. 4) provides 
a linear output with a sufficient swing to 
drive the color difference amplifiers. Due 
to the low screen voltage, conduction oc­
curs only when the peaks of the reference 
signal drive the control grid into its 
positive grid region. Spurious amplitude 
modulation on the reference signal is 
limited by the appropriate choice of 
grid-leak time constants. Due to a 
screen-grid gm of 250 itS (umhos), a gain 
of only 2 is obtained from the demodula­
tors; however, an overall gain of 30 
to the kinescope grids is derived from 
the demodulator-difference amplifier 
combination. 

The color difference amplifiers are the 
triode sections of three 6GH8A pentode 
triode units; the pentode sections are 
used for the X and Z demodulators and 
the color bandpass. The correct color 
difference signals are obtained, as in 
previous chassis, by matrixing in a cath­
ode resistor common to all three dif­
ference amplifiers. 

Since the difference amplifiers are 
DC coupled to the kinescope grids, it 
was necessary to insure adequate DC sta-

bility. First, heavy DC feedback from 
plate to grid was obtained by means of 
RF (Fig. 5). Then the DC gain of the 
difference amplifiers was divided down 
to 50% of the AC gain by resistors R, and 
R2 • The kinescope biasing arrangement 
consists of appropriately chosen voltages 
derived from a B+ divider string and 
applied to the kinescope grid through R2• 

The impedance of the kinescope bias 
arrangement is made small compared to 
R2 so that: 1) variations in bias have a 
negligible effect on DC gain, and 2) cross­
talk is minimized. 

CTC-17 AND CTC-19 COMPARISON 

The more important characteristics of 
the CTC-19 and CTC-17 chassis are com­
pared in Table I. The chassis layout 
of the CTC-19 is shown in Fig. 6. Since 
fewer tube envelopes are used in the 
CTC-19, power consumption has been 
reduced by 12% under that of the 
CTC-17. To achieve cooler operation, 
the high-voltage enclosure in the 
CTC-19 has been rotated 90° and a 
shield has been added between the shunt 
regulator and high-voltage rectifier. Also, 
the horizontal output tube has been 
moved farther away from the high-volt­
age enclosure to further reduce the 
ambient temperature of the flyback 
transformer. Video and chroma drive 
available at the kinescope grids and 
cathodes are identical in both chassis. 
Since the kinescope screen voltages on 

both chassis are derived from the 
B-boosted boost supply, identical con­
trast levels are achieved. Through the 
use of frame-grid mixer and IF tubes, the 
overall sensitivity from the antenna to 
the kinescope in the CTC-19 is very 
close to that of the CTC-17. Although 
the design limitations on the color syn­
chronizing circuits in the CTC-19 were 
more stringent than in the CTC-17, com­
mercially acceptable color performance 
has been realized. 

TABLE 1 - Comparison of CTC-17 and 
CTC-19 Chassis 

Characteristic CTC-17 CTC-19 

l'ower consumption 330W 290W 
Weight 31.5Ibs. 26.0Ibs. 
Size IOo/s"x26" 9%,"x20Ijz" 
No. of tubes 26 21 
Sensitivity 

(input for I-volt DC 
output at 2nd detector) 8.5 uV 9.5 uV 

Video drive 150 V 150 V 
Kinescope anode voltage 25 kV 24 kV 
Sound sensitivity 4.3 uV 4.7 uV 
B+ supply voltage 405 V 405 V 
Anode power 36W 28W 
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THE 2S-INCH RECTANGULAR 
COLOR TV RECEIVER 

This paper describes the design of the CTC-17 color TV receiver. Although 
this receiver has a 25-inch rectangular picture tube, the cabinet is smaller than 
that of its 21-inch predecessor. Important circuit considerations, such as high­
voltage design, horizontal deflection, convergence, color purity and correction, 
degaussing, and component design, are discussed. 

J. STARK, B. E. DENTON, P. G. McCABE, R. R. NORLEY, and E. LEMKE 

TV Product Engineering 

RCA Victor Home Instruments Div., Indianapolis, Ind. 

PRIOR to 1964, color television re­
ceivers employed a 21-inch, 70°­

deflection, round, color picture tube. 
These receivers performed well, but 
there was a growing demand for a more 
natural, rectangular viewing area and a 
smaller, less bulky cabinet. To meet 
this demand, a 25-inch, 90°-deflection 
color tube having a rectangular picture­
viewing area was developed. The rec­
tangular viewing area provided a more 
conventional, more pleasing presenta­
tion and a larger picture area. The new 
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cabinet designs were approximately 4lj2 
inches shallower.than the cabinets hous­
ing the 21-inch 70° tube. 

GENERAL DESIGN GOALS: 
25·INCH COLOR TV RECEIVER 

The new RCA 25-inch rectangular color 
TV receiver (CTC-17) employs many of 
the basic signal circuits used ir. previous 
RCA color TV receivers. The main areas 
of redesign involved the deflection cir­
cuits and related functions. Redesign 
was dictated by the greater 90° -deflec­
tion angle, the larger picture area, a 

smaller neck diameter, and a new gun 
design. 

The basic circuit functions and inter­
connections are shown in Fig. 1; arrows 
indicate the direction of flow of informa­
tion through the receiver. Except for 
the audio signal, all of the information 
flow ends up at the picture tube. Dis­
counting heaters, 20 different electrical 
or electromagnetic signals and 5 perma­
nent-magnet controls are applied to the 
picture tube (Table I). 

Of the 25 primary signal and control 
functions listed in Table I, the last 15 
required varying degrees of redesign and 
development for application to the 25-
inch rectangular color tube. Circuit de­
sign and operation of these functions 
are discussed in subsequent sections. 

Picture tube considerations that re­
quired new circuit designs and some 
new control functions were: 1) a wider 
deflection angle, 2) new gun design and 
smaller diameter neck, and 3) a larger 
picture area. This new tube configura­
tion greatly affected the deflection yoke 
design and the circuits driving the yoke, 
and the yoke-picture tube combination 
affected the dynamic convergence re­
quirements. 

The new, smaller diameter neck and 
new, smaller gun design affected the 
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of the CTC·17, 25·inch color TV receiver. 

Fig. 2-CTC-17 horizontal and high-voltage circuit. 

mechanical designs of yoke and pole­
piece exciters as well as the electrical 
circuit design. Static convergence, blue­
lateral, and neck-purity devices required 
new approaches and new mechanical 
designs. Other design considerations in­
cluded: 1) a greater current demand on 
the high-voltage system because of the 
larger picture area, 2) magnetic shield­
ing, and 3) degaussing problems arising 
from the wider angle of deflection. 

Yoke and picture-tube design for opti­
mum convergence and purity resulted 
in a raster with pincushion distortion. 
This distortion was corrected by ad­
ditional circuitry to modulate horizontal 
and vertical deflection. 

HORIZONTAL DEFLECTION AND 
HIGH-VOLTAGE DESIGN 

In designing the horizontal deflection 
and high-voltage circuits (Fig. 2) for 
the CTC-17 chassis, the following fac­
tors were taken into consideration: 1) 
picture tube (25AP22A) basic require­
ments; 2) flyback transformer require­
ments; 3) performance; 4) auxiliary 
circuits; 5) features; and 6) precau­
tions. These factors are discussed 
briefly in subsequent paragraphs. 

High-Voltage Circuits 

The maximum high voltage at a high­
line-voltage condition (130 volts) for 
the 90° color picture tube (25AP22A) 
is 27,500 volts. To operate within these 
limits, it was decided to design for a 
value of 25 kV at a normal line voltage 
of 120 volts. It was further decided that 
the high voltage should be regulated to 
approximately 25 kV for all values of 
beam current between zero and 1400 /l-A 
to help provide the desired brightness, 
spot size, and highlight for overall bright 
scenes. The anode capacity of the pic­
ture tube provides enough stored energy 
to supply the beam current required for 
small-area highlights. The design speci· 
fications of the 25AP22A call for a focus 
range of 16.8 to 20% of the ultor supply 
voltage, or between 4200 and 5000 volts 
DC. This focus supply must provide for a 
leakage current from the focus anode 
of minus 45 /l-A to plus 15 /l-A. A screen 
supply in excess of 1000 volts DC, with 
respect to ground, is required. 

Deflection Circuit 

A flyback auto-transformer used with the 
proper deflection yoke produces full de­
flection at low line voltage (108 volts 

AC) (Fig. 2). The combination has a 
natural resonant frequency of approxi­
mately 40 kHz (kcf s) , which provides a 
retrace time of approximately 12.5 /l-sec. 
A high-voltage winding with leakage in­
ductance tuned to approximately the 
third harmonic of the retrace pulse (to 
minimize ringing) must be capable of 
providing a retrace pulse of sufficient 
amplitude and impedance for the de­
sired high voltage at specified beam cur­
rent. Under maximum load and normal 
operating conditions, the temperature of 
the flyback transformer must not exceed 
100'C. Several taps must be provided 
on the transformer for such auxiliary 
functions as: focus adj ust, pincushion 
correction, boosted B-boost voltage, 
burst keying, blanking, and AGC. A spe­
cial winding on the core of the trans­
former opposite the high-voltage wind­
ing provides a convergence pulse refer­
enced to ground. Provisions are made 
for supplying heater power for the 3A3 
high-voltage rectifier and the 2A V2 focus 
rectifier. 

Performance 

With bogie components, the regulation 
of the high-voltage supply is approxi-

TABLE l-Basic Control Elements c:.'nd Signal Functions 

Control Element 

Red cathode 

Green cathode 

Bl ue cathode 

Red grid 

Green grid 

Blue grid 

Red screen grid 
Green screen grid 
Blue screen grid 
Focus electrode 

Vltor 
Red internal pole pieces 

Red internal pole pieces 

Signal Function 

Red monochrome drive (fixed) aIjjYvertical re-
trace blanking ~, 
Green Inono-ehrome drive (variable, to adjust 
for phosphor efficiencie~) and vertical retrace 
blanking 
Blue monochrome drive (variable, to adjust 
for phosphor efficiences) and vertical retrace 
blanking 
-(R-Y) chroma drive and horizontal retrace 
blanking 
-(G-Y) chroma drive and horizontal retrace 
blanking 
-CB- Y) chroma drive and horizontal ret.race 
blanking 
Red gun cutoff adj ustment 
Green gun cutoff adjustment 
Blue gun cutoff adjustment 
Common focus potential for all three guns 
(,.ariable) 
Final high "oltage (adjustable, regulated) 
Horizontal dynamic convergence correction of 
red beam 
Vertical dynamic convergence correction of 
red beam 

Control Element 

Red internal pole pieces 

Green internal pole pieces 

Green internal pole pieces 

Green internal pole pieces 

Blue internal pole pieces 

Blue internal pole pieces 

Blue internal pole pieces 

Blue lateral device 

Neck purity device 

Degaussing coils 
\" ertical deflecting coils 

Horizontal deflecting coil 

Signal Function 

Static radial convergence correction of red 
beam 
Horizontal dynamic convergence correction of 
green beam 
Vertical dynamic conyergence correction of 
green beam 
Static radial convergence correction of green 
beam 
Horizontal dynamic convergence correction of 
blue beam 
Yertical dynamic convergence correction of 
blue beam 
Static radial convergence correction of blue 
beam 
Static lateral convergence correction of blue 
beam 
Pe-rmanent magnet predeflection spot landing 
correction (all three beams) 
Earth and stray magnetic field neutralization 
Vertical scanning of beams from a specific de­
flection center 
Horizontal scanning of beams from a specific 
deflection center 
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mately flat from zero to 1400 [lA, or 
more; at least 35 watts of picture power 
is produced at normal AC line voltage, 
and full deflection is provided at 102 
volts AC line. The linearity deviation on 
either side of center is controlled to less 
than 5% with the adjustment of the ef­
ficiency circuit. When the efficiency cir­
cuit ("A" in Fig. 2) is properly adjusted, 
39 to 40% of the horizontal-driver-tube 
input plate power is converted into ultor 
power (35 watts or more under bogie 
conditions) . 

SPECIAL AUXILIARY CIRCUITS 

Focusing 

The focus voltage is set to the correct 
value by adjusting the focus-adjust coil. 
The focus voltage output is proportional 
to the algebraic difference between the 
plate pulse of the horizontal driver stage 
and the output pulse from the focus ad­
just coil. When the coil is turned fully 
clockwise, the output pulse from the 
focus-adjust coil will be positive and the 
rectified voltage appearing across Ca will 
be a minimum of 4100 volts_ If the coil 
is turned fully counter:clockwise, the 
output pulse from the focus-adjust coil 
will be negative and the rectified focus 
voltage appearing across Ca will be a 
maximum of 5300 volts. This focus 
range is greater than that specified 
above, but it was necessary for certain 
combinations of tolerance used in the 
components. 

Efficiency Circuit 

The efficiency circuit ("A" in Fig. 2), 
consisting of C7 , C8, C" and L

" 
is a very 

flexible circuit which provides a wave­
form in series with + B which tends to 
compensate, in part, for the voltage 
drop across the damper and other com­
ponents in the circuit. When this wave­
form is of the proper shape (and since 
horizontal input power is constant), the 
characteristic stretch on the left side of 
the picture tube is practically elimi­
nated. Capacitors C7 ami C8 together 
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Fig. 3-Horizontol misconvergence; conver­
gence errors due to horizontal deflecfion of 
electron beams. 

constitute the B·boost capacitors; the 
values of C, and Ll may be altered to ad­
just the operating impedance of the ef· 
ficiency circuit. When the capacitance 
ratio of C7 to Cs is increased, the input 
power to the horizontal driver stage will 
be decreased. If the capacitance ratio is 
decreased, the input power to the hori· 
zontal driver circuit will be increased. 
1£ the ratio of C7 to Cs is held constant 
and both capacitors are decreased in 
value, the B-boost voltage will increase 
a small amount and the center of the pic· 
ture will be stretched. Conversely, if 
the ratio is held constant and the value 
of each capacitor is increased, the B· 
boost voltage will decrease a small 
amount and the center portion of the 
picture will be compressed. The capaci· 
tors are critical" enough to require the 
use of selected pairs rather than low­
tolerance components. 

Shunt Regulator Circuit 

A very·high-mu triode (V5 ), capable of 
dissipating approximately 40 watts of 
power and operating at very high plate 
voltages, functions as a shunt load across 
the high-voltage output (Fig. 2). Resis­
tors Ro, R7 , and Rs form a bleeder string 
between B-boost and ground; Ro and R7 
are a matched pair. Their values are 
such that, when Rs is adjusted to ap­
proximately midpoint and the cathode 
of the shunt regulator tube (V5 ) is con­
nected to +B, the control grid of V. is 
biased, causing the tube to load and hold 
the ultor supply voltage at 25 kV at zero 
beam current. When the picture tube is 
adjusted to draw beam current, the in­
creased load on the ultor supply causes 
the value of B-boost voltage to deaease; 
at the same time, the bias on V5 in­
creases, thus increasing the plate imped­
ance of V5 , which decreases its loading 
on the ultor supply. Thus the picture 
tube load and the shunt regulator load 
combine to form a constant load on the 
ultor supply resulting in constant high 
voltage over the range of power capa­
bilities. 

Precautions have been taken to con­
fine x-rays or radiation associated with 
tb.e regulator tube. As further precau­
tion, the flyback enclosure has been 
made tight so that it will not sustain com­
bustion should arcing occur in the com­
partment. 

CONVERGENCE 

In a black-and-white picture tube, one 
electron gun is mounted concentric with 
the axis of the tube; electrons emitted 
from this gun strike a phosphor screen, 
producing viewable pictures. In a 
shadow-mask color picture tube, three 
separate electron guns are mounted in a 

POINT OF 
CONVERGENCE 

Fig. 4-Center convergence; radi.al motion 
accomplished by DC magnets in pole piece 
exciters, lateral motion accomplished by blue 
lateral device. 

triad around the axis of the tube. The 
forward ends of these electron guns are 
tilted slightly toward the axis of the tube 
so that the electrons from the guns coin­
cide at the center of the faceplate. 

The phosphor screen is not composed 
of one continuous coating of phosphor, 
but is made up of thousands of symmetri­
cal dot trios of three separate phosphors. 
Each phosphor is capable of emitting 
only one color, either red, green, or blue, 
when activated by electron bombard­
ment. Directly behind the phosphor 
screen, at a fixed distance, is the shadow 
mask. This shadow mask is made up of 
a multitude of tiny holes through which 
the electron beams must pass to strike 
the phosphors on the faceplate. When 
the electron beams from the three guns 
strike the same point on the phosphor 
screen the electron beams are said to 
be converged. 

When the electron beams are deflected 
away from the center of the screen, it 
can be seen (Fig. 3) that the distances 
from the electron guns to the screen are 
not the same. Therefore, the point where 
the beams coincide does not occur at 
the phosphor screen and misconvergence 
occurs. Under these conditions, only 
one point on the screen is converged, 
that being the undeflected point or the 
point on the screen where the electron 
beams ideally coincide. Referring to 
Fig. 3, it is seen that the further away 
from the center of the screen the beams 
are deflected, the larger becomes the 
separation or misconvergence of the 
beams. Thus, any increase in deflection 
angle of a shadow-mask color picture 
tube is accompanied by an increase in 
convergence errors as the beams travel 
away from the center of the phosphor 
screen. Partial compensation for this 
error is obtained in the 25-inch, 90 0

, 

shadow-mask color picture tube by the 
use of a smaller neck diameter, which 
permits the electron guns to be mounted 
closer to the tube axis; hence, the angle 
of tilt of each electron gun with respect 
to the"tube axis is necessarily decreased . 

To correct for the convergence errors, 
as the beams are deflected on the screen, 
convergence pole-piece exciters are 



mounted external to the tube and are 
driven by dynamic waveforms at both 
horizontal and vertical scan rates. The 
three beams are deflected radially and 
independently of each other prior to en­
tering the deflection field of the yoke. 
The convergence circuitry is designed 
for correction along both the horizontal 
and vertical axes. Any point on the 
screen that is not on the vertical or hori­
zontal axis will require the addition of 
horizontal and vertical waveforms to 
achieve convergence. The addition of 
both correction waveforms is accom­
plished in the pole-piece exciters. The 
above discussion assumes that the slight 
tilt of the electron guns is sufficient for 
the beams to converge at the center of 
the screen. In practice, however, this is 
not the case, for the manufacturing vari­
ations of picture tube and deflecting 
yokes must be considered. 

To enable the electron beams to con­
verge at the center of the screen, four 
degrees of movement must be supplied 
(Fig. 4). The radial movement of the 
three electron beams is accomplished by 
adjustable permanent magnets mounted 
in the convergence pole-piece exciters to 
control the flux through the internal pole 
pieces of the picture tube. This system 
has the advantage of directing the mag­
netic flux from the external pole pieces 
to the internal pole pieces with minimum 
distortion of the electron beams; also, 
a more sturdy arrangement for the per­
manent magnets is provided, with less 
chance of misalignment. 

The fourth degree of movement is sup­
plied primarily to the blue beam, and 
this movement is perpendicular to the 
radial movement of the blue beam. In 
previous color picture tubes of larger 
neck diameters, the blue-lateral motion 
was obtained with little difficulty by 

Fig. 50-Abbreviated schematic flux plot due 
to magnets, and b) resultant flux action on 
each beam and corresponding direction of 
beam deflection. 

BEAM 
DEFLECTION IMAGE 

using an internal magnetic strap. This 
strap directed a magnetic flux field per­
pendicular to the blue electron beam 
and perpendicular to the horizontal cen­
ter line of the tube. The magnetic field 
was supplied by a permanent magnet 
mounted on the neck of the tube adja­
cent to the strap; the blue beam could 
be moved horizontally by varying the 
effective strength of the magnet. 

In the smaller neck (90 0 color picture 
tube), the internal magnetic strap is 
omitted, because the nearness of internal 
components make it undesirable from an 
interaction standpoint. To provide the 
lateral motion required for the blue 
beam, and at the same time prevent ad­
verse action on the red and green beams, 
a device incorporating four small bar­
ium ferrite magnets was devised. These 
four magnets are positioned around the 
neck of the tube in such a manner that 
the resultant magnetic flux acting on 
each electron beam is perpendicular to 
the horizontal center line of the picture 
tube, thus deflecting the electron beams 
horizontally. The resultant flux (Fig. 5) 
at the blue beam is opposite the resultant 
flux at both the red and green beams; 
thus, blue· beam deflection is opposite 
that of the red and green beams. This 
permits convergence of the blue beam 
to the red and green beams more readily 
than if only the blue beam were de­
flected. The strength of the resultant 
flux is varied by simultaneously moving 
the four magnets vertically away from 
the neck of the tube. The resultant flux 
fields can be completely reversed by re­
versing the positions of magnets 1 and 
2 with 3 and 4. Since the bottom two 
magnets (Fig. 5) are further from the 
neck of the tube than the top two mag­
nets, the resultant flux field at the red 
and green beams is substantially less 
than the flux field at the blue beam; con­
sequently the most significant movement 
is the lateral movement of the blue beam. 
Although movement of the red and green 
beams in the opposite direction to blue­
beam movement is not detrimental, the 
ease of setup is enhanced by permitting 
only one beam a large degree of move­
ment. The relative beam movement of 
blue tif'red and green under these con­
ditions is 4 or 5: 1. 

PURITY 

When the beams from the three electron 
guns strike their respective phosphors 
(e.g. the electron beam from the red gun 
strikes only the red light-emitting phos­
phor) , this condition is known as purity. 

Purity is attained by accurately de­
signing the deflection yoke and picture 
tube so that the beams passing through 
the shadow mask land on their respec-

tive phosphors. However, to compensate 
for manufacturing variations, an addi­
tional corrective device must be em­
ployed. This device is a purifying mag­
net around the neck of the tube in the 
vicinity of the cathodes with its field 
perpendicular to the axis of the tube. 
This field will deflect the electron beams 
and permit alignment of these beams on 
their respective phosphors. The strength 
of the purifying device must be variable 
from a minimum condition, where little 
or no correction is required, to a condi­
tion of maximum correction or 5 mils of 
beam register movement. Also, the con­
trol of the electron beams must be vari­
able in direction as well as in magnitude. 
These conditions are met by providing 
two ring magnets similar to the 70 0 

purity magnets but having an elliptical 
inner configuration and a circular outer 
configuration. When these ring magnets 
are magnetized across the minor axis, 
the resultant flux field perpendicular to 
the axis 0 f the picture tube is essentially 
straight and uniform. The resultant 
strength can be controlled by rotating 
one magnet with respect to the other, 
and the direction of the resultant field 
can be controlled by rotating both mag­
nets together around the neck of the 
tube. The configuration of these purity 
magnets permits the use of a very eco­
nomical method of magnetizing these 
rings. 

The purity magnets and the blue­
lateral device are incorporated into one 
assembly to assure correct positioning of 
the two devices, with respect to each 
other, at all times (Fig. 6). 

PURITY ERRORS AND CORRECTION 

Correct purity can be obtained with the 
devices just mentioned, but any other 
magnetic field that crosses the path of 
the electron beams will further deflect 
the beams. This added deflection can 
cause the electrons to strike the wrong 
phosphors and thus produce color im­
purities. 

Fig. 6-Pvrity and blue lateral neck device. 
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Fig. 7-Magnetic shield and degaussing cail 
far the 25·inch rectangul.ar tube. 

Magnetic fields that may cause purity 
errors include the following: 

1) Magnetic fields radiated by compon· 
ents in the television receiver. 

2) Unusual magnetic field conditions, ex· 
ternal to the television receiver, that 
may induce a magnetic field into the 
metal parts of the picture tube. 

3) The earth's magnetic field. 

The 25-inch, 90° color picture tube did 
not present any new considerations in 
the first two causes of purity errors. 
However, in protecting the 25-inch, 90° 
color picture tube from purity errors 
caused by the earth's magnetic field, 
some problems were encountered that 
were not experienced with the 21-inch 
70 ° color picture tube. 

Effect af Earth's Magnetic Field 

In considering the effect of the earth's 
magnetic field on purity, it is convenient 
to represent the magnetic field as con­
sisting of a vertical and a horizontal 
component. The vertical component of 
the earth's magnetic field will cause an 
added deflection of the electron beams 
in a horizontal direction. The amount 
of added deflection will depend on the 
geographical area in which the TV re­
ceiver is used. The added deflection 
caused by the horizontal component of 
the earth's magnetic field will depend 
not only on the geographical area, but 
also on the orientation of the TV receiver 
in a given geographical area.' Improved 
shielding from the earth's magnetic field 
is required for the 25-inch, 90° color 
tube, as compared to the 21-inch, 70° 
color tube, due to the increased picture 
area of the 25-inch picture tube. 

Increased Picture Area 

When the color receiver is oriented north 
or south, the horizontal component of the 
earth's field affects the electron beam 
due to the radial distance the beam 
travels away from the axis of the tube. 
Compared to a zero magnetic field con­
dition, the electron beams are moved 
tangentially with respect to the center 
of the tube. The largest tangential 
movement occurs at the outer edges of 
the picture tube with no beam move-

ment at the center of the tube where the 
electron beams are parallel with the 
horizontal component of the earth's mag­
netic field. Due to built-in tolerances in 
the 21-inch, 70° color tube the tangen­
tial movements caused by a north or 
south orientation were not great enough 
to cause serious visible color errors. 
However, the increased viewing area of 
the 25-inch, 90° color tube increases the 
radial distance the electron beams 
travel. Therefore, greater tangential 
movements of the electron beams are 
encountered. These tangential move­
ments are great enough to require 
definite shielding correction. 

The need for maximum shielding of 
the 25-inch, 90° color picture tube from 
the horizontal component when the color 
receiver is facing-north or south dictates 
a magnetic shield design of the basic 
form shown in Fig. 7. This shield also 
minimizes the beam deflection caused 
by the vertical component of the earth's 
magnetic field, and less compensation is 
needed. 

DEGAUSSING 

Degaussing improves the shielding prop-
, erties of the magnetic shield, which re­

quires degaussing after any change in 
external magnetic field conditions. De­
gaussing also eliminates the purity error 
caused by unusual temporary magnetic 
field conditions (gaussing of the picture 
tube). . 

Degaussing is achieved by driving a 
coil with an AC current which is large 
initially and decays to zero; current 
passing through the coil creates a mag­
netic flux field that accomplishes the 
degaussing. The coil is mounted on the 
shield so that the shield and shadow­
mask-frame assembly properly direct 
the degaussing flux. The same degauss­
ing methods are used in both the 21-
inch, 70° color receiver and the 25-inch, 
90° color receiver. 

SHIELD MATERIAL 

A low·grade silicon steel is used for the 
magnetic shield of the 25-inch color re­
ceiver. Previously, low-carbon steel was 
often used as a magnetic shielding ma­
teH'al for color picture tubes. However, 
thin-gauge silicon steel provides better 
shielding than low-carbon steel of almost 
twice the thickness. The reduced thick­
ness of the silicon-steel shielding results 
in a weight saving and keeps total ma­
terial cost about equal. Silicon steel is 
also easier to degauss, which permits the 
use of a less expensive degaussing coil. 

DEFLECTION YOKE 

The design of a deflection yoke for use 
with a shadow-mask picture tube in­
volves numerous performance considera-

tions; but, on a very broad plane, these 
considerations can be abbreviated under 
the headings of convergence, register, 
and pincushion. Broadly stated, any two 
of these considerations can be optimized 
at the sacrifice of the third. Because of 
the increased deflection angle of the 90° 
rectangular picture tube and because of 
the addition of corners, which were not 
present with the round 70° shadow-mask 
picture tube, a yoke design was chosen 
for the CTC-17 that would optimize con­
vergence and register. Resulting pin­
cushion errors could be corrected by cir­
cuitry external to the deflection yoke. 

The resultant yoke design provided 
very satisfactory convergence and regis­
ter without requiring external correc­
tion circuitry for corner convergence. 
Also, with the present design there is no 
need for a dynamic blue-lateral circuit 
to make the blue beam converge along 
the horizontal axis. Convergence of the 
blue beam is accomplished with only the 
application of radial convergence. 

It should be emphasized that there 
must be close cooperation between the 
yoke and tube design engineers before 
either device is finalized and a finished 
product is realized. 

PINCUSHION 

For reasons indicated above, the 90° 
color picture tube places more stringent 
requirements on the deflection yoke. At 
the present state of the art, it is neces­
sary to compromise pincushion raster 
distortion, for optimization of purity and 
register, to such a degree that external 
correction circuits are required to pro­
duce an acceptable square raster. The 
established method of correction with 
the fixed permanent magnets used in 
black-and-white TV receivers is not ac­
ceptable for a color picture tube be­
cause of the detrimental distortion of 
beam trio register. Both vertical and 
horizontal deflection must be corrected 
for pincushion distortion. 

-
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Fig. a-Straight line 
distortion due to pin­
cush ion errors. 

Fig. 9-Top-battam pinc~shion-correclion cir­
cuit. 
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Vertical-deflection pincushion distor­
tion results in maximum curvature of the 
horizontal lines at the top and bottom of 
the raster, but of opposite polarity; the 
aIl10unt of distortion decreases towards 
the horizontal center line of the raster 
(Fig. 8). Analysis of the above condi­
tion indicates that correction informa­
tion can be introduced into the vertical 
deflection yoke. Such correction must be 
maximum at the horizontal center of the 
raster to correct the distortion of the 
horizontal lines and must vary at a hori­
zontal rate to provide negative correction 
at the horizontal extremities of the 
raster. The transition must be parabolic 
and continuous and the degree of cor­
rection must diminish toward the verti­
cal center of the raster and increase 
again at the lower part of the raster, but 
in opposite phase. 

This distortion could be corrected by 
using a relatively conventional push-pull 
vacuum tube or transistor modulators 
that properly combine vertical and hori­
zontal waveforms. However, a more so­
phisticated and economical means was 
developed using a push-pull saturable 
reactor; operation can be explained by 
analysis of flux paths (Fig. 9). Flux 
path <p, is due to a fixed-biasing magnet 
similar in action to the biasing of a tube. 
Flux path <P2 is proportional to the verti­
cal yoke current and <P3 is proportional 
to the horizontal yoke current. When the 
vertical current is zero, as in the case at 
the center of the raster, the unit is bal­
anced and flux path <P3.< = <P3B' These 
two fluxes are opposite in phase, thus 
resulting in a zero induced voltage in 
vertical coil L,. The other extreme is 
when vertical current is at its positive 
maximum, as is the case at the top of the 
raster; then in loop 1 saturating <P = <p, 
- <P2 and in loop 2 saturating <P = <p, + 
<P2' Because of the resultant unbalance, 
different levels of core saturation exist in 
loops 1 and 2. Flux path <P3 is no longer 

Fig. lO-Side pincushion.correction circuit. 
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balanced in the center leg and is equal to 
<P3A - <P3B, producing an induced voltage 
at the horizontal rate in L,. Conversely, 
when the vertical current is at its nega­
tive maximum the resultant induced volt­
age in L, is proportional to <P3B - <P3A' 
At all points in between these extremes 
the <P3A and <P3B ratio is directly depend­
ent upon the magnitude of <P2, or the ver­
tical yoke current. From the above it is 
demonstrated that both a decreasing cor­
rection towards the center and a reversal 
of phase between the vertical halves of 
the raster have been achieved. 

To obtain proper phasing, L, and L2 
are tuned with C,. This results in a sinu­
soidal horizontal rate correction output 
as compared to the ideal parabolic out­
put introduced in the vertical deflection 
yoke. However, becall'Se of the long re­
trace time of the horizontal scan, the uti­
lized portion of the sine wave is an ac­
ceptable approximation. 

Normal production tolerance in L, 
and C, require external compensation to 
obtain proper LIC relationship for ex­
treme probability limits. Because it 
would be undesirable and impractical to 
tune the modulator, an additional coil 
(L2 ) was added. Since the coil is ex­
ternal to the modulator field, the effec­
tive coil inductance can be varied over 
considerable range with minute effects 
on the generator output (L,). 

Horizontal-deflection pincushion dis­
tortion can be treated simply as unde­
sirable variations in scan width (Fig. 8) . 
A dynamic width control was required 
which would parabolically and at a field 
rate, reduce the width at top and bottom 
with little effect in the center. This was 
achieved by a balanced variable reactor 
(Fig. 10) with L2 suitably biased from 
the cathode of the vertical output tube. 
L'A and L'B represent a shunting induc­
tance across a portion of the horizontal 
yoke current and remain in balance with 
respect to L 2• To properly shape the ver­
tical drive current, C" SR" R" and R2 
are used so that when integrated by L 2, 

a parabolic vertical waveform results. 
When this current is added to the bias 

current in L" the resultant flux variation 
controls the amount of saturation in the 
core ;/thus, the resultant inductance 
change of L, varies the amount of 
shunted yoke current. Since this varia­
tion is accomplished in a parabolic ver­
tical form, proper dynamic-width con­
trol is achieved to correct for horizontal 
or side pincushion-raster deflection. By 
proper control of the device's variables, 
no further adjustments or compensa­
tions are required in the receiver. 

The basic difference between the two 
described modulators is that the top and 
bottom (or vertical) device is basically 

CONVERGENCE BOARD -

Fig. II-Yoke mount and accompanying de­
vices. 

a controlled generator, whereas the side 
(or horizontal) device is a variable re­
actor. Reactors of the form described 
are quite suitable for this application. 
The small size, stability, low impedance, 
and virtual indestructability from over­
loading and arcing make possible the 
addition of fairly sophisticated circuits 
without detriment to overall receiver re­
liability. 

YOKE MOUNT 

The design of the yoke mount involved 
numerous points that were unique to the 
90 0 rectangular tube. The new design 
did not permit the yoke to align itself 
properly on the neck of the picture 
tube, as was possible in the past. In ad­
dition to holding the yoke in position 
on the neck of the tube, a provision had 
to be made to permit axial movement of 
the yoke to provide for purity setup. In 
conjunction with the yoke mount, the 
convergence pole-piece exciters were 
mounted on a device that would snap 
onto the rear end of the yoke mount and 
thus guarantee the positioning of the 
pole-piece exciters. A feature of the 
pole-piece device permits minor correc­
tions of the blue raster by a small rota­
tion of the pole-piece assembly around 
the neck of the tube. A simple screw ad­
justment in the yoke mount raises or 
lowers the yoke with respect to the tube 
neck. This adjustment controls minor 
variations of blue raster width caused 
by yoke and picture-tube manufacturing 
variations (Fig. 11). 

CONCLUSION 

The 25 control and functional areas of 
redesign and development originally 
listed as design goals for the 25-inch 
color TV receiver were achieved with the 
help and cooperation of design engi­
neers in both the Electronic Components 
and Devices and RCA Victor Home In­
struments Divisions. The performance 
of the 25-inch color instrument, in ad­
dition to meeting the design goals pe­
culiar to the CTC-17, meets or surpasses 
the requirements of previous color in­
strument designs. 
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FEATURES OF THE RCA RECTANGULAR 
COLOR PICTURE TUBE FAMILY 

Rectangular color picture tubes were introduced by RCA to the TV industry 

in 1964. This paper discusses various features of the rectangular tubes, includ­

ing physical, electrical, and performance characteristics, and component and 

circuit considerations. New features, such as Einzel-Iens guns and blue-gun­
down operation are described. 

R. W. HAGMANN, Manager 

Application and Reliability Lab., TV Picture Tube Div., ECD, Lancaster, Pa. 

SINCE the introduction by RCA of the 
first rectangular color picture tube 

in 1964, the family of rectangular color 
picture tubes has grown to three basic 
sizes (tube diagonal): 25 inches, 19 
inches, and 15 inches. The 25AP22 and 
25BP22 tubes (now superseded by 
25AP22A and 25BP22A, respectively) 
were introduced commercially in the fall 
of 1964; the 19EYP22 and 19EXP22 
tubes were introduced commercially in 

2:5AP22A 

2lfJP22:A 

Fig. l-Comparison of relative 
screen areas of 21 FJP22A and 
25AP22A. 

the spring of 1965. The most recent 
additions to this rectangular picture 
tube family are the 15LP22 and 15KP22 
tubes, to be introduced this year. 

These tubes make up the family of 
RCA Hi-Lite color picture tubes, which 
contain the RCA rare-earth phosphor 
screen and the RCA-developed, ther­
mally compensated, shadow-mask 
Perma-Chrome assembly. This phos­
phor screen uses a red-emitting rare-

Fig. 2-Relative screen si:zes of 
15LP22, 19EYP22,' and 25AP22A. 

Fig. 3-Profile 
views of the rec­
tangular- 90· 
color pLcture 
t\lbes in com­
pariso-n to the 
70· round color 
picture tube. 

earth phosphor and improved blue­
emIttmg and green-emIttmg sulfide 
phosphors. The new group of phosphors 
is more efficient than the all-sulfide 
group previously used. and is capable 
of producing significantly brighter pic­
tures in both color and black and 
white. The thermally compensated 
construction of the new Perma-Chrome 
shadow-mask assembly eliminates not 
only the need for special preheating 
during assembly line setup, but also a 
cold-to-hot compromise purity and 
white-uniformity adjustment of the pic­
ture tube and its associated compo­
nents. These two major design im­
provements facilitate the design and 
production of TV receivers having supe­
rior brightness and stabilized high­
quality purity and white uniformity. 

The 15LP22 and 15KP22 are the 
first color picture tubes to use the 
Einzel or single-voltage electrostatic­
focus-lens type of electron gun. This 
type of gun maintains sharp focus even 
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Fig. 4-Electron gun assembly of 
21 -inch color picture tube, showing 
internal pole pieces. 



TABLE I-Minimum Screen Dimensions 
of the 21FJP22A and 25AP22A 

21FJP22A 

Width (in.) 19.25 
Height (in.) 16 
Area (sq. in.) 267 

25AP22A 

19.875 
15.575 

295 

TABLE II-Physical Characteristics of 
25AP22A, 19EYP22, and 15LP22 Tubes 

25AP22A 19EYP22 15LP22 

Min. RC'reen 
Diag. (in.) 22.99.5 18.07.1 13.557 

Min. Screen 
Width (in.) 19.87.5 15.585 11.689 

Min. Screen 
Height (in.) 1.5..575 12.185 9.139 

Max. Overall 
Length (in.) 20.924 18.048 15.191 

Min. Screen 
Area (sq. in.) 295 180 102 

Weight (lb.) 42 24 12.5 

with variations in the high voltage. 
Receiver costs are reduced because the 
circuitry is simplified by: 1) the elim­
ination of a high-voltage focus supply, 
and 2) the lower grid-No. 2 voltage 
required for the desired beam current. 

PHYSICAL CHARACTERISTICS 

The shorter tube length, made possible 
by the wider deflection angle, and the 
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Fig. 5-Electron gun assembly of 
19-inch and 25-inch color picture 
tubes. 

rectangular-shaped screen permit more 
pleasing cabinet styling and less bulky 
cabinets. The 25-inch size provides an 
image size on the TV receiver that is at 
least equivalent to that obtainable with 
the mature 21-inch 21FJP22A and 
21FBP22A color picture tubes. These 
tube types are compared in Table I 
and Fig. 1. The 295-square-inch area 
of the 25AP22A screen is more than 
10% larger than that of the 21FJP22A 
and has a configuration that corres­
ponds much more closely to the trans­
mitted picture. 

The 19- and 15-inch tube sizes pro­
vide a uniform sequence of picture 
sizes that meet the range of consumer 
demand. These picture sizes are shown 
in relative scale in Fig. 2. A compari­
son of the physical 'characteristics of 
the three rectangular tubes is given in 
Table II. The shorter length of these 
tubes is compared with the 70° round 
tube in the profile views of Fig. 3. The 
25-inch tube is 4.295 inches shorter 
than the 21-inch tube. The 19-inch 
tube is 2.876 inches shorter than the 
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Fig. 6-Electron gun assembly of 
the 15-inch color picture tube. 

ROBERT W. HAGMANN received his BEE from 
University of Minnesota in 1948, and has done grad­

uate work at Franklin and Marshall College. He 

started with RCA in 1948 as a specialized trainee 

and joined the Electron Tube Div. in 1949 as an 
engineer in the application areas for color picture 

tubes. In 1959 he became Manager, Application 
Engineering Laboratory, Color Picture Tube Engi­
neering. He holds two patents in the area of con­

vergence circuitry and is a senior member of the 
IEEE. Presently he is Manager, Application and 
Reliability Laboratory, Color Picture Tube Engi­
neering. 

Fig. 7-Purity-lateral converging assembly 
(front and back views) designed and manu­
factured by Fastex Div., Illinois Tool Works, 
Inc. 
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DIRECTION OF BEAM 
MOVEMENT 

18 

6 POLE ADJUSTABLE 
PERMANENT MAGNET 

MAGNETIC FLUX LINES 

Fig. 8-Flux pattern of 6.pole lateral-converg­
ing assembly. 

2S-inch type, and the IS-inch tube is 
2.8S7 inches shorter than the I9-inch 
tube. 

ELECTRICAL CHARACTERISTICS 

Electrical characteristics for the three 
rectangular color picture tubes are 
compared in Table III. The 19EYP22 
has the same design-maximum anode 
voltage rating as the 2SAP22A; how­
ever, it carries a lower rating for the 
design-maximum total-anode long­
term-average current. This lower rating 
results from the reduced area of the 
screen. The lSLP22 also carries the 
reduced anode current rating; how­
ever, it also has a lower design­
maximum anode-voltage rating. This 
lower anode-voltage rating, desirable 
for the Einzel-Iens type of gun, main­
tains satisfactory resolution as a result 
of the shorter throw distance. 

PERFORMANCE CHARACTERISTICS 

All tubes in the rectangular color pic­
ture tube family are of the Hi-Lite 
design, which features a phosphor-dot 
screen using a rare-earth red-emitting 
phosphor and improved blue and green 
sulphide phosphors. This new group 
of color phosphors is more efficient 
than the all-sulphide group and is 
capable of producing significantly 
brighter color and black-and-white 

TABLE III-Electrical Characteristics of 
25AP22A, 19EYP22, and 15LP22 Tubes 

25AP22A 19EYP22 15LP22 

Design-Maximum 
Anode Voltage 
(kV) 27.5 27.5 22.5 

Design-1\1aximum 
Total Anode 
Current, Long-
Tenn AYerage 
Cp,A) 1000 750 750 

TABLE IV-Relative Light Output of 
Rectangular Color Picture Tubes 

Tube Type 

25AP22A 
19EYP22 
15LP22 

Relative Light Output 

100% 
135% 
168% 

pictures. Table IV gives the relative 
light output characteristics of these 
tube types. These percentages repre­
sent the relative light output when the 
tubes are operated at their maximum 
ratings. As the tube size is reduced, 
the light-output efficiency increases 
because of the reduced area and the 
slightly higher transmission of the face­
plate which results from the use of 
thinner glass. The 2SAP22A and 
19EYP22 tubes both have a faceplate 
transmission of approximately 41 %, 
whereas the lSLP22 has a transmission 
of about 44%. 

The laminated versions of the 90 ° 
color picture tubes all have an integral 
filter-glass protective window which is 
sealed to the faceplate of the tube with 
clear resin. This construction elimi­
nates the need for a separate safety 
glass window and its companion dust 
seal on the receiver. Internal reflec­
tions are therefore reduced with sub­
sequent improvement in picture con­
trast and color saturation. The surface 
of the protective window is etched to 
minimize specular reflection. 

COMPONENT CONSIDERATIONS 

The smaller neck (nio inches) of the 
90° color picture tubes, as compared 
to the 2-inch neck of the 70° tubes, 
permits the use of wider deflection 
angle tubes with essentially the same 
deflection power as that required for 
the older 70 ° types. 

Recent studies indicate that pin­
cushion raster distortion, as observed 
from a typical viewing position, is 
reduced when the color picture tube is 

operated with the blue gun down, as 
opposed to the previous standard tech­
nique of blue-gun-up operation_ Blue­
gun-down operation is one of me im­
provements in the IS-inch rectangular 
color picture tubes. 

The differences in the center-to-edge 
ratio of electron-beam throw distance 
among the various tube sizes require 
that a different deflecting yoke be used 
for each type to obtain optimum per­
formance. The design of wide-angle 
shadow-mask color picture tubes in­
volves a marriage with the design of 
the deflecting yoke. The register of the 
electron beam on its associated phos­
phor dot is influenced by the deflecting­
yoke field. The yoke performance 
characteristics of raster shape, beam 
convergence, and register must be bal­
anced to obtain optimum performance 
and cost. The yoke designs have been 
tailored to favor the optimizing of beam 
register and convergence characteris­
tics; raster shape characteristics can 
be corrected, if needed, by circuit 
techniques. 

The smaller neck diameter necessi­
tated the use of closer spaced electron 
guns, creating new requirements for 
the purity and convergence-correction 
components. The closer spacing of 
electron beams, in conjunction with the 
internal magnetic structures of the 
guns and the external correcting com­
ponents, can result in considerable 
interaction between the purity and con­
vergence component adjustments. In 
the 70° picture tube family, a pair of 
internal pole pieces assists the coupling 
of external magnetic fields to the elec­
tron beams for the purpose of con­
vergence. These internal lateral-con­
verging pole pieces (Fig. 4) increase 
the purity-convergence interaction, thus 
requiring increased setup time on the 
production line of set manufacturers. 
Tests indicated that this interaction 

Fig. 9-Purity-lateral converging assembly (front and back views) used in RCA receivers. 



could be minimized if the pole pieces 
were not used. Consequently the guns 
for the new rectangular tubes were 
designed without internal lateral-con­
verging pole pieces. The electron gun 
assemblies of the 25- and 19-inch tubes 
are identical. This electron-gun assem­
bly is shown in Fig. 5. The gun 
assembly used in the 15-inch color pic­
ture tube is shown in Fig. 6, which 
reveals the differences between the 
Einzel-Iens gun and the bipotential gun 
structure shown in Fig. 5. 

The elimination of the lateral-con­
verging pole pieces required a new 
design for the lateral-converging com­
ponent. A component design providing 
this type of correction is shown in 
Fig. 7. This component consists of six 
magnetic poles. A schematic drawing 
of its flux pattern is shown in Fig. 8. 
The purity-lateral converging assembly 
used in RCA receivers is shown in 
Fig. 9. 

To further reduce the purity-con­
vergence interaction, the order of posi­
tioning the components on the neck of 
the tubes was changed. A comparison 
of component placement on the 70° 
and 90° tubes is shown in Fig. 10. 
The relative positions of the purifying 
magnet and the lateral converging 
device are interchanged so that the 
purity device is a maximum distance 
from the radial-converging magnetic 
pole pieces. The purifying magnet 
used for the wide-angle small-neck 
tubes is basically a scaled-down version 
of the type used for the 70 ° large-neck 
tubes. This device compensates for the 
effects of uniform extraneous magnetic 
fields and other factors that could 
affect register of the electron-beam trio 
with its respective phosphor-dot trio. 
This device is placed on the neck of 
the tube in a plane coinciding with the 
plane of the three cathodes of the color 
picture tubes. 

CIRCUIT CONSIDERATIONS 

The wide deflection angle of the 90° 
tubes requires that more careful con­
sideration be given to the design of the 
convergence circuit. In particular, the 
current waveforms required for correct­
ing the convergence of the three elec­
tron beams on the axes of the picture 
screen require more precise shape and 
control. The circuits are similar to 
those used for the 70° tube; however, 
the horizontal blue dynamic circuit 
must generate a more precise wave­
form. Improved current waveforms can 
be obtained by several techniques, one 
of which is used by RCA in the CTC-I7 
receiver design. This system (Fig. 11) 
provides a waveform that more nearly 
approximates the shap.e needed for op­
timum convergence correction. Another 
system, which has proven satisfactory 
for improving the waveshape of the 
horizontal blue convergence circuit, is 
shown in Fig. 12. This system provides 
adequate waveform control and re­
quires less power. To obtain maximum 
performance from the picture tube, it 
is desirable to operate it at a high 
value of cutoff voltage within the 
picture-tube cutoff rating of 200 volts 
design maximum. This high cutoff 
operation provides the optimum in spot 
size for a given beam current (Fig. 
13) . 

Recommendations for protection of 
the color picture tube during cascade 
arcing have been made to the set 
makers. Tests have indicated that pic­
ture tube damage, such as heater burn­
out, can occur during arc-over between 
chassis elements that connect sources 
of high energy by an ionized path to 
picture-tube elements. Experience has 
shown that all the B+ and AC sources 
must be placed at least 14, inch away 
from all connections that are directly 
connected to picture-tube elements; the 
minimum DC impedance to any DC 

Fig. 10-Comporison of component placement. 
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Fig. l2-Horizontal blue convergence circuit. 

source from any of the leads to the 
picture tube must be at least 1000 
ohms. 

CONCLUSION 

The number of color picture tube types 
continues to grow as the color TV in­
dustry expands. Einzel-Iens guns and 
blue-gun-down operation will probably 
be introduced into tube sizes other than 
the 15-inch tube. As the pressures of 
cost reduction become more intense, 
new features, such as bare-face implo­
sion systems, will undoubtedly be in­
corporated into the designs of color 
picture tubes. 

Fig. l3-Relative spot size in percent as a 
function of cutoff voltage for a beam current of 
1000 microamperes. 
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LUMINESCENCE AND COLOR TV 

This paper gives a brief history of luminescence, discusses the physics and chem­
istry of cathodoluminescent materials, and reviews the development and use of 
these materials in color television. Editor's Note: Since this paper was written 
the authors have received the David Sarnoff Outstanding Team Award in 
Science. (See article this issue.) 

DR. S. LARACH, DR. R. E. SHRADER, and DR. P. N. YOCOM 

RCA Laboratories, Princeton, N. J. 

THE term luminescence was intro­
duced by E. Wiedemann in 1888 to 

encompass all forms of light radiation, 
with the exception of those due to heat. 
A more modern definition of lumines­
cence would be "a process whereby mat­
ter generates nonthermal radiation which 
is characteristic of the particular lumi­
nescent material.'" 

Historically, luminescence is one of 
the oldest solid-state phenomena, the 
first known synthesis of a luminescent 
material having been carried out in 
1603." (A luminescent material is often 
referred to as a phosphor, from the 
Greek, "bearer of light".) It was only 
in the latter haH of the 19th century and 
in the early 20th century that more mod­
ern scientific techniques were applied to 
the synthesis and study of luminescence. 
Research in luminescence at RCA began 
in the early 1930's. 

a black body (Fig. 1) for which there 
will be more total-flux than is obtainable 
from any other source operating at the 
same temperature. In addition, for 
black-body radiation, Planck's Law ap­
plies: 

A-' 
W./dA = C, C, dA (1) 

exp AT -1 

where W J = radiated watts/ cm2 of sur­
face/micron, at wavelength A; A = wave­
length in microns; T = temperature of 
the black body in oK; C, = 3.738 X 10-' 
erg cm" sec-'; and C2 = 1.438 cm degree. 

With increasing temperature, the 
peak wavelength of emission is shifted 
to shorter wavelength. The value of the 
peak wavelength, in microns, can be ob­
tained from Wien's Displacement Law: 

APK = 2.9 X 103 T-' (2) 

By integrating W J of equation (1) for 
values of A from zero to infinity, we ob­
tain the Stefan-Boltzman Law, that the 
total radiant power per unit area of a 
black body varies as the fourth power of 
the temperature: 

W=cT'(wattscm-") (3) 

where 
c = 5.679 X 10-0 erg cm-2 deg-' sec-' 

Although the emission from an incan­
descent solid is the result of a statisti­
cally averaged effect over all atoms of 
the source, the nature of luminescence 
emission is determined by the physical­
chemical character of discrete volumes 
or elements. For luminescent solids 
these can be far less than 1 percent of 
the total volume. Thus, in luminescence 
the basic time constant involved in tran­
sient responses is determined primarily 
by the luminescence center, rather than 
by the bulk of the containing material. 

If, in luminescence emission, PH is the 
probability of radiative transitions, PN 

is the probability of nonradiative transi­
tions, and 1J is the luminescence-emission 
efficiency, then: 

(4) 

If we assume that PH is essentially in­
dependent of temperature and that PN = 
K exp (-E/kT) then: 

1 
1J=I+aexp (-E/kT) (5) 

an expression which fits remarkably well 
the efficiency vs temperature curves of 
many luminescent materials.' 

By 1938, emission spectra were being 
studied at low temperature, and the 
quantum theory of solids was being ap­
plied by Mott and Gurney and by Seitz. 
At this time, Seitz3 raised four funda­
mental questions which demonstrate 
some of the major problems in lumines­
cence, even as they exist today: 1) what 
is the atomic nature of the luminescence 
center? 2) what electronic transitions 
take place during absorption? 3) what 
transitions give rise to fluorescence? and 
4) what transitions give rise to phos­
phorescence? 

Fig. I-Spectral distribution of thermal radiation from a black body at various tempera­
tures. For comparison, the emission' of a typical phosphor is also shown. (No particular 
relationship of the relative scale is intended.) (From Leverenz, ref. I.) 

We see then that the rate of progress 
of understanding luminescence as one of 
the oldest solid-state phenomena has 
been very slow, due in major part to 
complexities that are discussed in later 
sections of this paper. 

INCANDESCENCE VS LUMINESCENCE 

Incandescence may be defined as the 
emission of light due to the temperature 
of a source. The radiation from most 
incandescent solids approximates that of 

Final manuscript received January 20, 1966. 
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PHYSICS OF SOLID CRYSTALLINE 

PHOSPHORS 

Excitation 

The first requirement of a phosphor is 
that it absorb the excitant and that the 
energy of the excitant is adequate. For­
tunately for TV, this is true for cathode· 
rays if the screen is made with enough 
phosphor to cover completely the tube 
face. Radiation (e.g. ultraviolet light) 
can also be used as an excitant, but the 
differences are beyond the scope of this 
article and will not be dwelt on at length. 

Energy Transfer 

The second requirement is that there be 
an efficient mechanism for converting 
the absorbed energy from its original 
form to another that the bulk material 
can transfer to sites especially adapted 
to emit photons. (The nature of these 
sites is discussed briefly in a later sec­
tion.) Occasionally the site itself has 
sufficient absorptivity to intercept the 
energy and emit a photon without direct 
aid from the bulk which surrounds the 
special site. 

In phosphors of the zinc· sulfide type, 
the passage of a high·velocity electron 
through the host lattice creates free elec· 
trons and free holes; the holes remain 
free only for very short times before 
being captured (trapped) at localized 
sites. These then become traps for the 
free electrons. When the electrons are 
captured (an electronic process), a pho· 
ton is frequently emitted and the cycle 
is complete, since there are now no free 
or trapped holes or electrons. 

Band Gap Models 

A commonly used pictorial representa. 
tion (model) of some of the energy 
changes that have been discussed is 
shown in Fig. 2. For a crystalline solid, 
ERa gives the effective upper limit of 
photon·energy easily transmitted by a 
perfect lattice. Transition 1 (Part I) 
represents the absorption of a photon 
with energy greater than EBa, creating a 
hole· electron pair. Excess energy (over 
Ena) possessed by the carriers is quickly 
lost to the lattice as heat, so that the 
effective energy approximates ERa. Tran· 
sitions 2 and 3 are absorptions by lattice 
defects or impurities with energies less 
than EBG • The dotted-line cage around 
transitio'n 3 is intended to show that for 
some impurities, e.g. rare earths, there 
are transitions which do not directly in­
volve the valence or conduction bands of 
the host lattices. The exact location, on 
the energy scale, of the unexcited ion 
(ground state) is usually unknown and 
is placed here primarily to show that the 
exciting photon's energy, hV3 < EBG • 

Part II shows events that occur sub-
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sequent to the absorption process. Tran­
sitions 4 point out that,' due to lattice 
readjustments, the energy available for 
photon emission at sites A or B will be 
less than that necessary for excitation. 
Other defects (E) may be able to cap­
ture (transition 5) momentarily the 
electron freed by transitions 1 or 2. 
Other defects (D or unexcited A or B 
sites) may capture holes (transitions 6 
and r). This process is usually con­
sidered radiationless because of the dif­
ficulty of finding radiation arising from 
such a transition. 

Part III shows the transitions (8, 8') 
which give rise to the luminescence for 
which defects A and B are considered 
responsible. Transitions 9 and 9' are the 
thermal-quenching transitions which re­
duce luminescence efficiency when the 
temperature is raised sufficiently high. 

It follows that other methods of creat­
ing free holes and electrons should give 
rise to luminescence and, indeed, gamma 
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rays, X-rays, electron beams, ion beams, 
and even direct-charge injection all lead 
to photon emission with varying similari­
ties and differences. The chief difference 
is the efficiency of excitation; the chief 
similarity is the spectral distribution. 

Efficiency 

The greatest efficiency in watts absorbed 
vs. watts generated is achieved usually 
with direct photon-excitation of the emit­
ting center, with values upward of 70 to 
80%. The poorest efficiency is usually 
with ion beams where the value lies be­
low 0.1 %. Electron-beam-excited lumi­
nescence efficiency covers a very wide 
range, being about 20 to 25% at the top. 

Since the primary interest in phos­
phors for color TV is in their character­
istics under electron-beam (cathode-ray) 
excitation, the remainder of this article 
is confined to this area. There are many 
specific characteristics, and a few will 
be discussed to give a working concept 
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of the considerations involved in phos­
phors for cathode-ray TV tubes. Very 
little is known as to how the energy of 
a single high-velocity electron is con­
verted to a large number of photons. The 
broad concepts that must be involved can 
be stated, but experimental confirmation 
in any quantitative manner is lacking. 

Electron Range 

A kindred effect, but one which permits 
an empirically obtained solution, is the 
determination of the effective range of 
an electron in a solid. This range can 
be measured directly using evaporated 
films; but for efficient phosphors that 
are useful only in powder form, the prob­
lem is solved in terms of the layer thick­
ness which optimizes the brightness of 
the layer for the electron velocity under 
consideration. In TV applications the 
velocity (in eV) is below 25 keY, dic­
tated by factors not directly concerned 
with the phosphor. In any case, it is usu­
ally found that in the lower range of volt­
age (below 5 keV) , the optimized effi­
ciency drops with decreasing voltage. 
The effect is very much as if the outer 
shell of the phosphor particles were 
inert, or, at least of lower efficiency than 
the inner portion of the particles, as 
shown in Fig. 3. The truth of this ex­
planation has yet to be established. 

Secondary Emission 

The shallow penetration of electron 
beams in solids leads to yet another 
characteristic which can be troublesome 
-secondary emission. As mentioned pre­
viously, high-speed electrons generate 
free electrons and holes. If even one of 
the slower electrons can reach the sur­
face with a velocity high enough to es­
cape the drag of the bulk ions and elec­
trons, the charge of the particle has been 
returned to the state, presumably neu­
tral, before the impact of the original 
primary. However, if more than one 
electron escapes for each impinging pri· 
mary, the particle now begins to charge 
positively, exerting still more drag on 
further attempts to escape. The process 
levels off when only one electron escapes 
for each electron incident. If no elec­
trons escape, the charge builds nega­
tively, repelling, or at least slowing, 
further primaries. This process, too, 
levels off when leakage by any means 
equals the effective influx of the exciting 
beam. This latter behavior is the more 
harmful type, and to guard against it, 
phosphor layers are covered with a very 
thin evaporated aluminum layer which 
provides an easy leakage path if needed. 
Any loss of electron energy in penetrat­
ing the aluminum is more than offset, at 
TV voltages, by the reflective effect which 

returns toward the viewer much of the 
light that otherwise would have pro­
ceeded back toward the source of the 
electron beam. 

Saturation 

Another troublesome characteristic of 
phosphors is that neither the spectrum 
nor overall efficiency is completely in­
dependent of the current level of the 
electron beam. This effect, together with 
the temperature change caused by high 
currents, requires that phosphors be 
chosen carefully for each application. 
Screens used for projection TV require a 
different type than those used for direct 
viewing. The requirements of phosphors 
used for black-and-white (B/W) TV are 
less strict than are those used for color 
TV. Generally, aU phosphors have an 
upper limit of current loading per unit 
area beyond which the spectrum will 
change and the efficiency will drop. The 
value of this upper limit and the degree 
of effect with increasing current differs 
widely from phosphor to phosphor. In 
color TV, either change of color or ef­
ficiency can lead to significant depar­
tures from the desired hues in high­
brightness regions of the scene being 
presented. The red component of color 
TV screens is the component required to 
show the least color change, since the 
usual effect on color is for the hue to 
move to shorter wave lengths at high ex­
citation levels. This criticality arises 
from the nature of the human eye, which 
is especially sensitive to hue and bright· 
ness change in the yellow and orange-red 
portions of the spectrum. 

CHEMICAL ASPECTS OF PHOSPHORS 

Before going into the specifics of phos­
phor chemistry as pertaining to TV, cer­
tain broad requirements of stability must 
be recognized. For a,material to be used 
as a phosphor in a TV tube as now manu­
factured, it must be able to withstand 
bombardment by high-energy electrons 
and exposure to a moist, oxygen-contain­
ing atmosphere at 400°C for about 1 
hour. Of the materials capable of exci­
tation by cathode-rays, many fail under 
the required tube processing. More in­
organic phosphors resist this treatment 
than do organic phosphors. In addition, 
the continued bombardment by high­
velocity electrons produces a permanent 
loss of efficiency more quickly with or­
ganics than with inorganics. At the pres­
ent time, there are no known organic 
phosphors that can compete for applica­
tion in TV screens. 

Classification of Phosphors 

The modern classification of cathodo­
luminescent materials includes defect­
semiconductor materials, i.e., the tran-
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Fig. 3-The effect of voltage on efficiency which 
leads to the concept of "dead voltage." 

sitions are between defect-induced states 
of a crystal lattice, or materials contain­
ing ions which allow luminescent tran­
sitions among their bound electrons. 
These luminescing ions are transition 
metal or intertransition metal ions. 

The defect-semiconductor type of 
phosphor is best illustrated by the zinc­
cadmium sulfide phosphors in which two 
types of defects, called donors and ac­
ceptors, are induced. These donors and 
acceptors can arise from deviations in 
stoichiometry or added impurities; in 
any event, the electronic distribution of 
the crystal is altered, with those regions 
that tend to hold onto electrons being the 
donors and those that are electron de­
ficient being the acceptors. The manipu­
lation of these defects is to a large ex­
tent the solid-state chemistry of this type 
of phosphor. Since these defects are op­
positely charged, they compensate each 
other and will associate, as is noted later 
in connection with the associated lumi-

Fig. 2-Rand-model representation of elec­
tronic energy changes during excitation (I), 
very shortly after excitation (II), and later dur­
ing emission (III). 

CONDUCTION BAND 
n 
ds 

hili 
hll2

2 2' 

I A B~:E. ~D A' I U A_ 4 
hll3 31 6 9 

I I 
0-

I C, 7 
VALENCE BAND 

In 

9' 



nescent center. The behavior of these 
defects can be treated by the law of mass 
action in a manner analogous to equilib­
rium constants or solubility products in 
aqueous chemistry: 

donor- + acceptor+ = donor-acceptorO 

[donor-] [acceptor+] 
[donor-acceptorO] = Kcon,tant. 

(6) 

(7) 

Equation (6) represents an actual dis­
placement in the lattice. In equation (7), 
the brackets denote (approximately) 
concentrations. The constant K is for a 
given temperature and pressure and will 
change for any change in these quanti­
ties. What these equations say is that a 
piece of matter maintains electrical neu­
trality so that all positive species equal 
all negative species. In the simplest case, 
where only two oppositely charged spe­
cies are involved, the concentrations are 
equal. However, it is possible to add in­
tentionally an excess of one species 9ver 
the other. When this happens, a third 
species (such as vacancies) appears to 
compensate the excess. All of these de­
fect species can be related to each other 
by a series of equilibria expressions." 

Charge Compensation 

For commercial phosphors, the added 
impurity types are the most important, 
and a few examples may be useful. If a 
perfect zinc sulfide lattice is pictured 
from which a zinc atom is removed, the 
region around the missing zinc will be 
deficient of the two electrons needed to 
change the divalent zinc ion to the zinc 
atom removed, as shown in Fig. 4a. If 
now a silver atom enters the vacant site 
and is allowed to ionize to its normal 
monovalent state, it can contribute only 

one electron. This region of the silver 
ion is still electron deficient (Fig. 4b) 
and could accept another electron (there­
fore being known as an acceptor). On 
the other hand, if a divalent sulfide ion 
is converted to a sulfur atom, two elec­
trons are donated to the lattice in the pro­
cess. Now, if a chlorine atom is placed 
in the sulfur vacancy and allowed to be­
come a monovalent ion by accepting one 
electron, there is still an electron-rich 
region in the lattice (Fig. 4c) which is 
known as a donor. The zinc sulfide, sil­
ver chloride (ZnS:Ag:CI) just de­
scribed is the blue-emitting phosphor 
used in TV. Referring to Fig. 2, the silver 
region introduces level A, and the chlo­
ride introduces level B. 

Ey following a line of argument simi­
lar to the preceding, it.can be shown that 
a trivalent cation substituted on a di­
valent cation site is a donor (Fig. 4d), 
and a trivalent anion substituted on a 
divalent anion site is an acceptor. A 
glance at a periodic table to ascertain 
the number of ions which can form 
donors or acceptors in II-VI compounds 
shows that a large number of combina­
nations are possible. 

Associated Luminescence Centers 

The usually accepted picture of the elec­
tronic transition responsible for the 
luminescence of these materials is one in 
which an electron in the conduction 
band, or very close to it, combines with 
a hole trapped in the acceptor center as 
shown in transition 8 of Fig. 2. This con­
dition holds for donor and acceptor con­
centrations of the order of 10-' atoms of 
dopant per gram atom of host. However, 
if the concentrations of donors and ac­
ceptors are both increased to the 10-3 

level, longer wavelength emissions are 
observed. These emissions are usually 
explained as occurring directly between 

the donor and acceptor levels as shown 
in transition 11 of Fig. 2. This is the so­
called associated center. 

Solid-Solution Phosphors 

The defect-semiconductor type of phos­
phor possesses in greater degree the 
property of allowing emission color to be 
changed in a continuous manner, in con­
trast to transition-metal types of phos­
phors. Since the luminescent transition 
is across a considerable portion of the 
band gap, a change in the band gap will 
change the energy of a transition and 
thereby its color. If cadmium sulfide is 
alloyed with zinc sulfide, the emission 
from silver and cholride activation will 
progressively move from the blue 
through the green, yellow, and red, and 
finally appear in the infrared in pure 
cadmium sulfide. Fig. 5 shows how the 
emission shifts with cadmium content. 
In the all-sulfide color tube, this mixed 
crystal or alloy system was the basis for 
all the color phosphors. 

Transition-Metal Activators 

The other main group of phosphors used 
in TV is that in which the luminescent 
transition is confined to the electrons of 
a specific ion, as in transition 3 of Fig. 2. 
One of the earliest phosphors used in 
cathode-ray tubes (CRT) was willemite, 
a zinc orthosilicate activated with di­
va.Ient manganese; a transition within 
the manganese is responsible for the 
light emission. This type of phosphor 
has two main categories: those contain­
ing transition-metal ions, and those con­
taining rare-earth ions. 

Of the transition-metal ions, divalent 
manganese is by far the most important. 
In these ions the luminescent transition 
is between states of the outer electrons 
which are involved in compound forma­
tion. For this reason the energy separa-

Fig. 4-Two-dimensional representation of defects in ZnS: 0) lattice va­
cancy, b) silver impurity, c) chlorine impurity, and d) aluminum impurity. 
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tion of these states is dependent upon 
the particular state of combination. In 
more precise terms the energy levels are 
highly dependent upon the crystal field. 
As a result of this circumstance, the 
emission color can be changed, within 
limits, by changing the crystal field. The 
tetragonal field of the strength of zinc 
orthosilicate produces the green wille­
mite emission from divalent manganese, 
but the octahedral field of zinc ortho­
phosphate produces a red emission from 
the same ion. Since alloying will also 
change the crystal field, emission color 
changes can be brought about by this 
means, but these changes are less dras­
tic than those in the semiconductor­
defect class. 

Rare Earths 

Rare-earth ions are of major interest in 
the field of TV phosphors today because 
they have become available in sufficient 
purity and quantity at a reasonable price 
in the last few years. It has been known 
for many years that they possessed lumi­
nescent properties, but their availability 
at earlier times was limited to gram 
quantities at enormous cost. The first of 
these ions to be used in TV is trivalent 
europium, but it probably will not be 
the only one. 

In rare-earth ions the electrons re­
sponsible for light emission are shielded 
from the bonding electrons; therefore, 
the transition energy is affected only 
slightly by the state of combination. 
Most rare-earth ions have many light­
emitting transitions, but most of these 
emissions are of very limited spectral 
range, many less than 10 Angstroms in 
bandwidth. This is contrasted to pre­
viously described phosphors having 
bandwidths of hundreds of Angstroms. 
Although the state of combination does 
little to change the particular spectral 
location of a specific transition, it has a 
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Fig. 6-Generalized energy level diagram for 
Eu+3 ion. 

profound effect on which of many tran­
sitions is the most intense. For exam­
ple, Fig. 6 shows a diagrammatic energy 
level scheme for trivalent europium. In 
many hosts the transition from "D" to 'F, 
(5900 A) is the most intense; but for a 
good red-emitting TV phosphor, the "D" 
to 'F, transition (6150 A) is needed. 

PHOSPHORS FOR TELEVISION 

Phosphors found their first real uses, 
other than as a novelty, in the late 
1800's, when they were used to detect 
radiation, such as cathode and X-rays, 
ultraviolet photons, and gamma-rays. It 
was not until well into the 1900's that 
phosphors achieved prominence not only 
as detectors, but as converters of energy, 
where their emitted light served as a use-

Fig. 5-Spectral-distributian curves of the emissions of selected members of the phosphor 
family (Zn:Cd)S:Ag(O.OI), [NaCI(2)]. 1200°C (from leverenz, ref. 1). 
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ful source of information. The interest­
ing history of these later developments 
can be best summarized by examining 
the development of television. 

In the 1930's serious research was be­
gun to improve the cathodoluminescence 
efficiency of phosphors, in order to make 
them useful in CRT-types of presenta­
tions. New phosphor systems were dis­
covered during this continuing research, 
many by Leverenz and coworkers at 
RCA; one of the most efficient of these 
families was zinc beryllium silicate with 
manganese activator or, as written in 
phosphor notation, rbhdl. - (Zn : Be) 2-

SiO,:Mn. This family yielded phosphors 
of different emission color, and formed 
the phosphor basis of one of the earliest 
B/W TV screens, when mixed with blue­
emitting cub.-ZnS :Ag, or rbhdL- (Zn: 
Be),SiO,:Ti. 

In the development of B/W TV in this 
country, green-emitting rbhdl.-Zn2SiO.: 
Mn and hex.-ZnS:Cu were the first phos­
phors to be used. In order to produce 
white, a combination of at least two 
phosphors, a blue-emitting material and 
a yellow-emitting material, was utilized. 
Since colorimetrically a choice of pos­
sible complementary pairs existed, the 
optimum pair to yield the desired white 
with maximum efficiency had to be 
evolved. Thus, blue-emitting rbhdl.-Zn, 
SiO, :Ti with the yellow-emitting rbhdL-
8ZnO :BeO :5SiO,:Mn could be used. Or, 
as a three-component screen, the rbhdL­
Zn,Si04 :Ti with green-emitting rbhdl.­
Zn,SiO,:Mn and with red-orange-emit­
ting rbhdL-8ZnO :BeO :5SiO, :Mn. 
However, the phosphors that finally won 
acceptance for B/W TV are derived from 
a sulfur-dominated family instead of the 
aforementioned oxygen-dominated ma­
terials. Thus, most kinescopes utilized 
for B/W TV now comprise a mixed screen 
consisting of blue-emitting cub.-ZnS :Ag 
and yellow-emitting hex.-(Zn:Cd)S:Ag, 
with the screen weights of phosphor opti­
mized for maximum efficiency and color 
under the drive conditions used. 

In the development of kinescopes for 
color TV, at least a dozen phosphors have 
been investigated to some degree in 
tubes. Table I, after Hardy," summarizes 
these materials chronologically and 
colorimetrically. Since the color kine­
scope contains separate blue-, greeno, 
and red-emitting phosphors, various 
combinations of the phosphors listed 
have been used commercially. 

The problems of B/W TV screens, 
touched on previously, are compounded 
by the requirements of color TV. 

In black-and-white TV, where only a 
single gun is used, the only requirement 
is that the brightest proper white be ob­
tained for any given current. The mix­
ing of the two colors is accomplished by 



the screen preparation, and once ad­
justed to produce white, no further 
changes are possible or needed_ In color 
tubes the color achieved in any particu­
lar area of the tube is subject to a va­
riety of factors, many of which involve 
the signal quality and the set adjust­
ments, as well as the choice of phos­
phors and the skill of screen prepara­
tion. In choosing the phosphor, one 
aims at a large color gamut and reason­
ably close values for gun currents for 
white. If a practical ceiling efficiency 
(watts out/watts in) is placed on the 
phosphors, regardless of spectral distri­
bution, then of all possible gamuts, the 
white brightness (achievable with a 
given total wattage in put) increases as 
the gamut is reduced. Conversely, striv­
ing for the largest possible theoretical 
gamut reduces the achievable white 
brightness. In addition, the actual gamut 
in a TV set, as pointed out by Hardy,7 is 
always less than that of which the phos­
phors themselves are capable. The phos­
phors chosen at any stage of color TV 

development have been the result of com­
promises of many factors. One factor is 
that most colors of original scenes lie 
within a smaller gamut than could be 
achieved by perfecting every aspect of 
the TV system, including choice of phos­
phor. Another is that not every phosphor 
can be easily placed in a commercially 
feasible tube. This type of problem is 
beyond the scope of this paper and will 
not be discussed further. 

Phosphors Containing Rare Earths 

The most recent change made in color TV 

screens has been the replacement of the 
red sulfide with the red rare earth. The 
chief difference lies in the spectral dis­
tribution of the emission. As used for 
color TV, the yttrium vanadate :europium 
phosphor is practically monochromatic 
in its output. All previous phosphors 
have had broad emission bands, from 
400A width (at half maximum) upwards 
to 1000 A or more. Rare-earth-induced 
emissions in the proper lattices are seen 
as many narrow lines, about 1-15 A wide. 
Under certain circumstances, most of 
the energy is emitted in a few lines, 
which determine the color as being of a 
definite hue. The fewer, or more closely 
spaced, the lines, the higher the chroma 
(or approach to a sensation of mono­
chromaticity). The red rare earth cur­
rently used in color TV screens has its 
most energetic emission line at 6190 A. 

Narrow emission lines have a distinct 
advantage if they are located in the red 
portions of the visible spectrum, since 
the narrow-line emitter concentrates its 
emission at one spectral point, whereas 
the broad-band emitter wastes much of 
its emission at other wavelengths where 

the eye is relatively insensitive.' As a 
result, the narrow-line emitter can show, 
for the same radiant output energy, a 
much higher luminosity than a broad­
bane emitter of the same subjective 
color, although in most cases the broad 
emitter is much more efficient on an 
energy basis. This is illustrated in Fig. 
7. The subjective response for any color 
is described by the values of x and y 
that lie in the enclosed area. The curved 
outer line is the locus of all monochro­
matic radiation. The subjective response, 
i.e., blue, green. etc., is indicated ap­
proximately. On the long· wavelength 
portion of the monochromatic curve, two 
curves are superimposed; curve A shows 
how the visual efficiency of radiation 
falls off with increasing wavelength, and 
curve B shows the sflectral distribution 
of the red phosphor used in P22 screens. 
These curves show that a monochro­
matic red emitter offers the best compro­
mise among luminosity, radiant output, 
and achievement of a desired color. 

However, calculations have shown that 
a single-narrow-line emitter in the green 
region of the spectrum would have to be 
an extremely intense emitter to compete 
with a broad-band emitter. A multiple­
line emitter whose spectrum leads to 
chromaticity coordinates identical with 
a broad-band green would need only to 
be equal in luminous efficiency to be a 
valid replacement. A characteristic of 
line emitters which has no direct bearing 
on their usefulness and application is the 
difficulty of determining accurate values 
for color coordinates. When choices are 
to be made for the components of color 
TV ~creens, there is a definite need for 
objective evaluation of phosphors. Lumi­
nous efficiency is not difficult to measure 
for any phosphor, nor are the color co­
ordinates of most broad-band emitters; 
this is true also for line emitters if the 
lines are few and well separated.' How­
ever, many experimental phosphors pre­
sent complex line spectra which cannot 
be evaluated accurately as to color with 
currently available equipment. This in­
adequacy will soon be eliminated by 
equipment now being assembled. 

The characteristic of the eye in the 
blue~egion is somewhat similar to that 
in the red, i.e., the spreading of energy 
over a broad band need not affect the 
hue, but for equal watts/watt efficiency, 
any such spreading reduces the lumi­
nous efficiency. If a rare-earth blue of 
the same hue is developed, it could re­
place the current blue phosphor without 
necessarily having equal power effi­
ciency. 

Another property of rare-earth ions 
(which would presumably apply to most, 
if not all other rare-earth phosphors) is 
the comparative insensitivity of the emis-
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Fig. 7-location on a chromaticity diagram of 
the emission colors of phosphors used in color 
TV. Also shown on the red-orange monochro­
motic locus are curves showing how the eye 
sensitivity and the broad-band emission of the 
red sulfide phosphor are mismatched. 

sian spectra to the power density of exci­
tation. As mentioned previously, the 
average broad-band emitter shows a ten­
dency to color-shift. The rare-earth 
phosphors also have a greater tolerance 
to elevated temperatures of operation, 
but this aspect is not likely to playa role 
in color TV for some time. 

Blue-Emitting Phosphors 

During the development of blue phos· 
phors, the brighter calcium-magnesium­
silicate :titanium phosphor was dis­
placed because of the smaller gamut the 
silicate allowed in relation to the zinc 
sulfide :silver. The zinc sulfide :silver, in 
hexagonal crystal form, has its emission 
peak at about 4350 A. The cubic form of 
this material, used in most n/w screens 
and in color screens, has an emission 
peak of about 4500 A, which causes it 
to have a higher luminosity than the 
hexagonal form. 

Green-Emitting Phosphors 

The most useful green phosphors have 
been zinc orthosilicate activated with di­
valent manganese (willemite) and the 
solid solutions (alloys) of zinc and cad· 
mium sulfide, in the range of 35 to 40% 
cadmium sulfide, activated with silver 
and chloride. 

Willemite has a narrower emISSIOn 
band than the green sulfides and peaks 
at about 5200 A, circumstances which 
give it a higher saturation and lower 
luminosity than the sulfides. The zinc 
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TABLE I-Progress in the Development of Phosphors for Color TV 

Colorimetric Data 

Types of Emitters Phosphor Notation x y x Y(lum/ 
watt) 

Blue Emitters 

1. Calcium 111agnesiwll silicate :Titanium 
2. Zinc sulfide :Sliver :Chloride 

(Ca :Mg)Si04 :Ti 
ZnS:Ag:CI 

0.164 
0.154 

0.120 
0.068 

11.8 
16.9 

8.7 
7.5 

Green Emitters 

1. Zinc orthosilicaie :Manganese (low) 
2. Zinc orihosilicate :Manganese (high) 
3. Zinc aluminate :Manganese 

Zn2SiO. :Mn (low) 
Zn2Si04 :Mn (high) 
ZnA1204:Mn 

0.218 
0.250 
0.110 
0.285 

0.712 
0.685 
0.750 
0.595 

9.5 
8.7 
1.5 

31.1 
24. 
10. 
46. 4. Zinc cadmium sulfide :Silver :Chloride (Zn :Cd)S :Ag :CI 22. 

Red Emitters 

1. Cadmiwn borate :Manganese 
2. Zinc orthophosphate :Manganese 
3. Zinc selenide :Copper 

Cd2B205:Mn 
Zn3(P04)2 :Mn 
ZnSe:Cu 

0.630 
0.674 
0.652 
0.662 
0.663 
0.675 

0.370 
0.326 
0.347 
0.338 
0.337 
0.325 

18.3 
14.5 
32. 
21.5 
16.9 
19.8 

10.7 
7. 

17. 
11. 
8.6 

4. Ziilc cadmium selenide :Copper 
5. Zinc cadmium sulfide :Silver :Chloride 
6. Yttrium vanadate :Europium 

(Zn :Cd)Se :Cu 
(Zn :Cd)S :Ag :CI 
YV04:Eu 9.5 

aluminate :manganese has an even nar­
rower emission band than willemite, 
which accounts in part for its lower 
brightness. The properties of willemite 
produce a screen of large gamut but of 
low white brightness. Greater bright­
ness, with reduced gamut, is achieved by 
replacing the willemite with zinc-cad­
mium solid-solution green emitters. The 
sulfide materials are usually made to 
have their emission peak near 5400A. 
There is a slight shift in the emission 
peak of these sulfides to longer wave­
lengths during tube processing, due to 
some oxidation of the material. 

Red-Emitting Phosphors 

The synthesizing of red-emitting phos­
phors for commercial use has been a dif­
ficult problem because of the colori­
metric considerations discussed above. 
The earliest red phosphor used by RCA, 
cadmium borate :manganese, was soon 
displaced by the redder zinc orthophos­
phate :manganese, resulting in a de­
crease in brightness but a larger gamut. 

The zinc selenide :copper and zinc­
cadmium selenide:copper were not used 
commercially, in spite of their superior 
brightness (as shown in Table I), be­
cause of screen application problems. 
Zinc-cadmium sulfide, of about 80% 
cadmium sulfide, with silver and chloride 
activators shows improvement in bright­
ness over the phosphate. However, as 
was mentioned earlier, this red sulfide 
color shifts toward the yellow with in­
creasing beam current. 

Since all of the above red phosphors 
are of the broad-band-emission type, 
they suffer from the fact that the eye de­
tects very inefficiently much of their 
radiation. As early as 1955 Bril and 
Klasenss realized that one way to avoid 
this problem of red phosphors was to 
use line emitters. As a result of extensive 

investigations of many rare-earth emit­
ters in connection with the development 
of lasers, it was found that the rare­
earth vanadates of the zircon structure 
(gadolinum, yttrium, and lutetium) 
doped with europium were phosphors of 
high luminosity under ultraviolet excita­
tion.'o These materials were then ob­
served to have the necessary properties 
for a good TV phosphor." Yttrium vana­
date was chosen for purely economic 
reasons, since the other two materials 
have nearly duplicate properties. 

Yttrium vanadate with europium acti­
vator has very close to the same lumi­
nosity as the zinc-cadmium-sulfide: silver 
red phosphor; when the intrinsic powder 
efficiency is measured, however, the sul­
fide suffers some degradation on tube 
manufacture resulting in the vanadate 
having a higher screen luminosity. Al­
though the line emitter is much less effi­
cient on a pure energy basis, the lumi­
nosity of the broad band and line 
emitter are nearly the same. Obviously, 
if the energy efficiency of the vanadate 
line emitter could be increased to that 
of the broad-band emitter, the lumi­
nosity would increase greatly. 

Efficiencies of Rare-Earth Phosphors 

Like the yttrium vanadate with euro­
piath activator described above, most 
phosphors containing rare earth are still 
considerably less efficient on an energy 
basis than the conventional broad-band 
emitters. In particular, the luminosity 
of the red line emitters would increase 
by about a factor of three, if this energy 
conversion were equalized. Increase in 
luminosity of blue could also be ex­
pected from an efficient line emitter, but 
it must be noted that practically all of 
the energy must be emitted in the blue 
region. As mentioned previously, green 
generated by line emission would have 

to consist of several appropriately 
spaced lines, in order to produce a 
screen of high white brightness. 

One of the chief problems encountered 
in research on rare-earth phosphors is 
the control of the frequency (wave· 
length) of the line emission. As pre­
viously pointed out, most rare earths 
emit many lines, and it is most desirable 
to have emission in only one or a selected 
few. Results such as these have been ob­
served by changes in crystal field and 
band gap of the host, and by adding a 
second doping agent. However, predict­
ability and efficiency are still lacking. 

To sum up, phosphors with rare-earth 
activators hold promise of increased lu­
minosity and good monochromaticity. 

FUTURE PHOSPHOR RESEARCH 

The future course of phosphor study 
must of necessity take two paths: a) the 
empirical search for new or improved 
phosphors, and b) a basic attack on un­
derstanding the processes involved in the 
luminescence of solids, particularly 
under cathode-ray excitation. These ap­
proaches are exemplified by the intense 
efforts in the area of phosphors contain­
ing rare earths. 

Rare earths in phosphors can have at 
least two functions: a) as efficient acti­
vators in new phosphor systems, and b) 
as probes for investigating the detailed 
nature of a luminescent center. How­
ever, although recent research has 
emphasized rare earths in luminescent 
materials, the potentialities of broad­
band-emitting phosphors, with conven­
tional (non-rare-earth) activators remain 
great enough to warrant further ex­
ploration. 

As mentioned before, the rate of prog­
ress of understanding luminescence has 
been exceedingly slow. It is believed that 
this rate is actually being increased by 
using many of the complexities as probes 
for exploring various aspects of the lumi­
nescence process. Consequently, some 
of the answers to Seitz's questions may 
be forthcoming in the next decade. 
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INTEGRATED CIRCUITS IN TV AND RADIO RECEIVERS 

A Technical and Commercial Feasibility Study 

A single monolithic-silicon integrated-circuit chip has been developed to per­
form the functions of amplification, limiting, balanced FM detection, and audio 
pre-amplification in the 4.5 MHz (Mc/s) intercarrier sound channel of TV 
receivers. This integrated circuit has been successfully produced by the Special 
Electronic Components Division and is scheduled for production use in a num­
ber of RCA television receivers. Although the principal emphasis has been 
on consumer product use of integrated circuits, the basic techniques and results 
described herein are broadly applicable to receivers used in industrial and 
military communications. 

J. AVINS, Staff Engineer 

RCA Victor Home Instruments Div., Indianapolis, Ind. 

SHORTLY after the start of the RCA 
Corporate Program in Integrated 

Circuits, the Home Instruments Division 
joined forces with the Special Elec­
tronic Components Division in Somer­
ville to investigate the technical and 
commercial feasibility of using mono­
lithic silicon integrated circuits in radio 
and television receivers. The driving 
force behind the program was the de­
sire to exploit the potentially lower cost 
of integrated circuits in home instru­
ments. The very complexity of TV re­
ceivers, particularly color receivers, 
made the cost-reduction potential attrac­
tive, since integrated circuits remove 
existing restrictions on the number of 
active devices which can be used eco­
nomically to carry out a particular 
circuit function. 

A second factor in the program was 
the possibility of better performance 
arising from the capability of integrated 
circuits to use as many transistors, 
diodes, and resistors as are required to 
attain ideal performance. The number 
of transistors and diodes that can be 
used in conventional circuitry is limited 
by cost. 

A third factor was the expectation 
that the present high levels of reliabil­
ity would be even further improved. 
Extensive military studies have shown 
that the reliability of a complete silicon 
integrated circuit can substantially ex­
ceed that of a conventional circuit using 
discrete components. 

A fourth consideration was the mini­
aturization of complex functions made 
possible by integrated circuits. This is 
advantageous in personal radios, in 
small color TV receivers, and in poten­
tial new products that require complex 
electronic functions to be performed in 
a limited space, with high reliability, 
and at low cost. 

Final manuscript received February 7, 1966. 

Finally, significance was attached to 
the reduction in overhead that could be 
expected from the large reduction in 
the number of individual components 
required for a given function. 

TEST VEHICLE 

From the outset it was clear that for an 
integrated circuit to compete economi­
cally, it would have to perform the 
function of a complete subsystem. Ac­
cordingly, development was started on 
a suitable test vehicle-one that would 
encompass a sufficiently large number 
of functions to be able to compete with 
relatively inexpensive discrete transis­
tors and with the low-cost associated 
resistors and capacitors. Such a test 
vehicle was essential as the means of 
debugging the entire program, from 
development concepts through engineer­
ing and mass production to use in the 
end product-the TV and radio receivers. 

A survey of radio and TV receiver 
circuitry showed several areas where 
integrated circuits might be technically 
feasible and commercially advanta­
geous. The number of areas was lim­
ited because it is not possible to inte­
grate selectivity and, where coils cannot 
be eliminated by alternative circuitry, 
the necessary coils must be added ex­
ternally. Similarly, where values of 
capacitance in excess of 50 ppf (total 
per chip) are required, these too must 
be external. Values of resistance in 
excess of 20,000 ohms in the current 
state of the art must be external unless 
they are eliminated by devising differ­
ent circuitry. High-voltage and high­
power sections of the receiver were 
considered unsuitable for integration 
because of the limitations of current 
integrated circuits. 

The area of FM detection was selected 
as the most promising test vehicle for 
evaluating integrated circuits in home 
instruments for the following reasons: 

a) It fully exploits the potential ability 
of an integrated circuit to perform 
a number of complex functions on a 
single chip. In this instance, the 
functions are amplification at high 
frequency, limiting to remove AM 
and noise, FM detection to reproduce 
the modulation, and audio pream­
plification. 

b) It has the potential for lower cost 
because the functions are performed 
on a single chip instead of in sep­
arate stages using discrete transisors 
and components. 

c) It has the potential for better per­
formance. Conventional FM limiter­
detector circuits are limited by cost 
considerations from using sufficient 
devices to do an ideal job, whereas 
an integrated circuit, which is not so 
limited, can be expected to perform 
better under fringe-area receiving 
conditions. 

d) It is equally applicable to radio, 
black.and-white, and color TV re­
ceivers. 

Consequently, the FM sound channel 
of TV receivers and the IF amplifier­
limiter-detecter channel of FM radio 
receivers was selected as the first vehi­
cle for exploring the feasibility of mo­
nolithic silicon integrated circuits in 
home instruments. 

COUNTER-TYPE FM DETECTOR 

The initial approach was an attempt to 
go all the way in integrating this FM 

function by using a digital-like counter 
approach to FM detection. This ap­
proach offered the possibility of elimi­
nating the tuned circuits normally used 
in FM detectors, but it was found that 
a tuned circuit was still required to 
provide for the contingency of both the 
signal and noise momentarily being lost 
(because of the AGe time constant) dur­
ing channel switching. In addition, 
tolerances on the values of Rand C 
required in the multivibrator made the 
circuit difficult to integrate. These con­
siderations led to discarding the counter 
in favor of an approach using an inte-
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Fig. I-Schematic diagram of integrated circuit chip used for intercarrier sound 
function in TV receivers. 

grated discriminatQr netwQrk driven 
frQm an external tuned transfQrmer. 
The eVQlutiQn Qf this latter apprQach, 
which has been successfully develQped 
fQr applicatiQn in bQth radio. and TV 
receivers, is described belQw. 

FM INTERCARRIER SOUND TEST VEHICLE 

The integrated circuit develQped fQr the 
test vehicle rQle is shQwn in Figs. 1 and 
2. The input signal, e" is the 4.5-MHz 
(Mc/s) FM beat between the 45.75-
MHz picture carrier and the 41.25-MHz 
FM sQund carrier prQduced at the video. 
detectQr. The input transfQrmer is a 
high-Q circuit that defines the pass 
band, eliminates spuriQUS beat CQmpQ· 
nents, and imprQves the threshQld sen­
sitivity Qf the FM system by limiting the 
effective nQise bandwidth ahead Qf the 
limiter stage. The phase shift trans­
fQrmer, driven frQm the Qutput Qf the 
third emitter-cQupled limiter stage, 
shifts the phase Qf the secQndary VQlt­
age, nQrmally in quadrature with re­
spect to. the primary, so. that the phase 
shift fQIIQWS the FM Qf the signal. The 
balanced detectQr netwQrk is fQllQwed 
by an emitter fQIIQwer which prQvides 
the desired audio. Qutput signal at a IQW 
impedance level. A single·PQlarity, 
internally regulated vQltage supply fur­
nishes the required vQltages fQr pre. 
amplifier, limiter, detectQr, and ampli· 
fier functiQns. The Qverall gain at 4.5-
MHz is 75 dB. 

Amplifier-Limiter 

The amplifier (Fig. 1) cQnsists Qf three 
direct-cQupled cascaded stages. Each 
stage cQnsists Qf a triad including an 
emitter,cQupled amplifier and an emit­
ter fQIIQwer. The Qperating cQnditiQns 
are selected so. that the DC PQtential at 
the Qutput Qf the triad is identical with 
the DC PQtential at the input to. the 
triad. This is accQmplished by Qperat­
ing the bases at Qne-half the supply 
vQltage and selecting .the CQmmQn emit­
ter IQad resistQr to. be Qne·half Qf the 
cQllectQr IQad resistor. FQr this cQndi­
tiQn the vQltage drQPs acrQSS the emitter 
and cQllectQr IQad resistQrs are equal, 
and the cQllectQr Qf the emitter·cQupled 
stage Qperates at Qne V BE abQve the 
CQmmQn base PQtential E/2, so. that the 
PQtential at the Qutput Qf the emitter 
fQIIQwer is also. E/2. AccQrdingly the 
triads can be iterated, as shQwn in 
Fig..-1. 

The Qperating cQnditiQns are selected 
so. that the PQtential at the Qutput Qf 
each triad will cQntinue to. be equal to. 
the input PQtential, despite temperature 
changes in the integrated transistQrs and 
in the integrated resistQrs. In particu­
lar, V BE changes are cQmpensated be­
cause the minus unity cQmmQn-mQde 
gain Qf the emitter·cQupled stage is CQm­
pensated fQr by the plus unity gain Qf 
the emitter fQIIQwer. The amplifier gain 
is independent Qf the absQlute values Qf 
the IQad resistQrs; this characteristic is 

desirable since the absQlute values Qf the 
integrated IQad resistQrs cannQt be held 
to. better than ± 20%. HQwever, ampli­
fier QperatiQn dQes depend Qn maintain. 
ing the ratio. between the values Qf the 
emitter and cQllectQr IQad resistQrs; fQr­
tunately, it is characteristic Qf the inte­
grated circuit prQcess that resistQr ratiQs 
can be held to. within apprQximately 3%, 
which is sufficient. Thus, variatiQns in 
the resistivity Qf the integrated resistQrs 
have Qnly a negligible effect Qn the Qver­
all high-frequency cutQff of the ampli­
fier, and this dQes nQt affect perfQrm· 
ance, since the cutQff lies beyQnd the 
Qperating frequency. 

The emitter-cQupled stages in Fig. 1 
functiQn particularly well as limiters 
because each half Qf the differential am­
plifier is alternately cut Qff o.n the PQsi­
tive and negative half cycles Qf the input 
signal. Or IQQking at it in a different 
way, the tQtal emitter current, I., tends 
to. stay cQnstant, and Qn the axis Qf the 
signal the current is equally divided be­
tween the two. transisto.rs. On the Po.si­
tive half-cycle the current is steered so. 
that the first transisto.r carries the full 
current, I., while the seco.nd transisto.r 
is cut o.ff. Similarly, o.n the negative 
half-cycle the current is steered so. that 
the first transistQr is cut Qff and the sec­
o.nd transistQr carries the full emitter 
current, I •. If the cQllectQr vo.ltage sup. 
ply is maintained at 4.2 VQlts (6 X V BE) , 
the Qutput·vQltage co.llecto.r swing is 
symmetrical abQut the zero. signal axis, 
and symmetrical limiting is attained 
withQut spuriQus phase mQdulatiQn. 

The DC Qperating PQint is maintained 
by DC feedback arQund the first two. 
stages, as shQwn in Fig. 1. The third 
stage is autQmatically held at the pro.per 
o.perating Po.int because the feedback 
arQund the first two. stages keeps the 
base Qf the third stage at EI2 VQlts, so. 
that the third stage is balanced witho.ut 
being in the feedback IQQP. This is a 
desirable feature, because the tendency 
tQward QscillatiQn within the feedback 
IQQP is minimized when the number o.f 
stages within the IQQP is reduced. Be. 
cause equal resistQrs are used in the 
base return circuit Qf the first stage, 
prQper bias fQr the third stage is essen. 
tially independent Qf beta. 

An internally regulated PQwer supply 
prQvides the desired vQltages fQr bQth 
the amplifier and the discriminatQr cir­
cuits. Two. emitter fQIIQwers supply E = 
4.2 VQlts and E/2 = 2.1 VQlts at IQW 
impedance; the emitter fQllQwers are 
driven from the vQltage drQPS acrQSS the 
series diQde netwQrk. This netwo.rk 
keeps the gain relatively CQnstant with 
changes in PQwer-supply vQltage. The 
system characteristics are essentially in-



dependent of supply voltage over the 
range from less than 6 volts to more than 
10 volts. 

To prevent internal feedback, the first 
two amplifier stages within the feedback 
loop are operated from the low·voltage, 
4.2·volt, center-tapped supply. The sec­
ond-stage emitter follower, however, is 
driven from the unregulated 7-volt sup­
ply to prevent a degenerative feedback 
voltage from being developed across the 
output impedance of the 4.2-volt supply. 
The collectors of the balanced output 
stage are driven from the unregulated 
supply. 

FM Detector Network 

The FM detector is of particular interest 
because all the components associated 
with this network except the tuned 
phase-shift transformer are integrated 
on the same monolithic chip, along with 
the amplifier-limiter stages. The detec­
tor was designed as a sampling detector 
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to eliminate the nonintegrable, large 
diode load capacitors- normally used to 
obtain peak rectification in balanced 
phase-shift discriminators and ratio de­
tectors. In the circuit of Fig. 1, average 
detection is employed with a substan­
tially resistive load. The signal fre­
quency and its harmonics are filtered by 
the distributed capacitance of the load 
resistors, and this filtering is further 
augmented by the capacitance of the 
small reverse-biased diode junctions, 
D3, D4, and D5. 

By operating the detector into a sub­
stantially resistive load, an important 
advantage is realized: the loading of 
the discriminator diode load network 
on the secondary and primary windings 
of the tuned phase-shift transformer is 
reduced. In conventional discriminator 
circuits used for FM detection, the 
± 20% variation in the value of diffused 
resistors substantially alters the peak­
to-peak separation and linearity of the 

detector. In the circuit of Fig. 1, how­
ever, the loading reflected by the dif­
fused load resistors is reduced to such 
a low level that the loading plays a neg­
ligible role in determining the discrimi­
nator characteristics; linearity and peak­
to-peak separation are maintained over 
the full range of resistance values. Fur­
ther, AM suppression and balance are 
maintained over this full range because 
the circuit is balanced and the diffused 
resistors are substantially matched in 
value, although their absolute values 
vary widely from wafer to wafer. 

In addition to reducing the loading 
variations, the integrated detector elimi­
nates the high-frequency spikes of RF 

interference that are characteristic of 
conventional phase-shift discriminators 
in FM and TV receivers. These pulses 
contain harmonics that are picked up by 
the internal antenna circuits or the IF 

amplifier input and cause undesirable 
interference with the incoming signal. 
In the integrated detector, such interfer­
ence is greatly reduced because the de­
tector load circuit is essentially resistive. 

The frequency demodulation can be 
analyzed in terms of the switching ac­
tion, since the j unction of resistors R, 
and R2 is periodically connected to the 
tertiary signal voltage at the center tap 
of the transformer secondary. 
If E, = peak value of the tertiary volt­
age; E2 = peak value of the secondary 
voltage; 2¢ = angle during which recti­
fiers D, and D2 are conducting; and e = 
phase shift with frequency deviation 
from the center frequency (i.e. resonant 
frequency of the secondary tuned cir­
euit), then 

(b) 

Fig. 2-lntegrated circuit chip {aJ and camplete waler (b). 
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Fig. 3-Typical application of integrated circuit chip u~d for 
intercarrier saund functian in RCA KCS·153 TV receiver. 

1 f+¢ 
EAP = -2 E, sin (wt + 0) d (wt) 

¢ -¢ 

E, [ . J+¢ = 2¢: -cos (wt + 0) _¢ 

= E, ( si: ¢ ) sin 0 

If the secondary voltage is large 
enough with respect to the diode contact 
potential to switch over 180 0

, 

'" sin ¢ 2 
¢ = - and -- = - so that 

2 ¢ 'ii" 

2 . 
E AP =- E, sm 0 

'" 
Under these conditions, the demodulated 
output En' is independent of the ampli. 
tude of the secondary voltage. 

Where the secondary voltage is not 
large enough to overcome the diode con· 
tact potential, the switching angle is reo 
duced and sin ¢I ¢ increases so that the 
demodulated output also increases as 
shown below: 

Switching 0 Sin 0/0 Angle 

180° '" /2 0.64 
90° '" /4 0.90 
45° '" /8 0.98 

0° 0 l.0 

The effective sensitivity is increased, 
as compared with the conventional peak 
rectifier type of discriminator, by virtue 
of the reduced loading. It can readily be 
shown that the loading is reduced by a 
factor of 4. 

The 2.I-volt supply voltage is applied 
through the tertiary winding to effec­
tively bias the input and output diode 
network, as well as the direct-coupled 
emitter follower output amplifier. By 
operating the discriminator network at 
a positive potential with respect to the 
grounded substrate, it is also possible 

for the isolation junctions of the two 
signal diodes, DI and D2, to stay reverse 
biased with respect to the substrate, 
even when signal voltage is applied to 
the circuit. 

The 2.I-volt bias voltage applied to 
the secondary winding results in detec­
tor load resistors R, and R2 being 
clamped at this voltage when a signal 
(or noise) is being received. In this 
manner diodes D3, D4, and D5 receive 
the desired reverse-bias potential and 
function as small capacitors of approxi­
mately 7 /l/lf each. 

At the center frequency, the potential 
at the junction of R, and R2 is substan­
tially equal to the injected 2.I-volt bias 
voltage at the secondary winding, and 
this supplies the necessary positive bias 
voltage for the emitter-follower output 
stage. On either side of center frequency 
the voltage swings positively and nega­
tively about the bias voltage in accord­
ance with the frequency modulation. 

APPLICATION TO FM RECEIVERS 

The integrated-circuit approach for the 
intercarrier sound channel of TV receiv­
ers is directly applicable to broadcast 
FM receivers. The same considerations 
that make the integrated circuit of Fig. I 
desirable in the sound channel of TV re­
cemrs also make it attractive for broad­
cast FM receivers. The chip shown in 
Figs. I and 2 can be used directly at 
10.7 MHz, the IF of broadcast FM receiv­
ers, to replace an IF amplifier, the lim­
iter, and the FM detector stages of broad­
cast FM receivers. 

This same integrated circuit can be 
used. in communications receivers wher­
ever a wideband limiter characteristic 
of exceptional flatness and freedom from 
incidental phase modulation is required. 
The FM detector network, being substan­
tially resistive, can be used not only at 

4.5 and 10.7 MHz, but also at low fre­
quencies such as 455 kHz (kc/s). The 
same integrated circuit can also be used 
at frequencies as high as 50 MHz, al­
though the gain of the wide band ampli­
fier falls off, and at the same time the 
balance of the FM detector becomes more 
dependent upon an initially accurate bal­
ance of the detector load capacitances. 
However, if the initial design centers are 
accurate, the matching of component 
values inherent in the integrated circuit 
process insures that production circuits 
will perf1lrm satisfactorily. 

APPLICATION IN 
RCA KCS-l S3 TV RECEIVER 

The application of the integrated FM de­
tector system to a TV receiver is ill us­
trated in Figs. 3 and 4. Fig. 3 shows the 
intercarrier sound section of the RCA 
KCS-I53 TV receiver; Fig. 4 compares 
functionally equivalent vacuum-tube and 
integrated-circuit boards. As compared 
with the original ratio-detector circuit, 
which used discrete transistors, resis­
tors, and capacitors, a total of 26 dis­
crete components are eliminated by the 
integrated circuit. The performance of 
the integnited circuit is at least equal 
in every characteristic, and superior in 
most. In particular, the AM-rejection 
ratio is so large that it cannot be meas­
ured with commercial FM-AM signal gen­
erators because of the incidental phas.e 
modulation of the generators. For input 
signals between 500 and 200,000 micro­
volts, the output signal is constant to 
within better than ± 0.5 dB. For signals 
between 1000 and 200,000 microvolts, 
the output variation is less than ± 0.1 
dB. Because of the direct coupling in 
the three-stage amplifier-limiter and the 
absence of time constants which could 
charge on impulse noise, this steady-state 
performance is accompanied by compa­
rably high AM suppression under dy­
namic conditions of impulse noise inter­
ference. 

TESTING OF INTEGRATED CIRCUITS 

A DC test program has been designed for 
the integrated circuit of Fig. I, by which 
the essential characteristics of the am­
plifier, limiter, detector, output-ampli­
fier, and power-supply sections are eval­
uated in a matter of seconds. Units that 
pass this automated DC test are almost 
certain to pass the dynamic signal test 
in which operation in the receiver is 
simulated by applying an FM signal and 
observing the flatness of limiting and the 
demodulated output. The ability to test 
the integrated circuit as a complete sub­
system is of considerable advantage in 
simplifying the testing and lowering the 
cost. 



It is common practice in discrete tran­
sistor technology to subdivide by param­
eter the total yield of a given generic 
type to permit the use of the complete 
distribution_ In an integrated circuit, all 
circuits fabricated within the prescribed 
broad limits must yield a circuit which 
provides satisfactory performance. If 
selection were required, the yield would 
be reduced and the cost would be raised. 
This consideration imposes on the inte­
grated circuit designer the requirement 
of devising circuitry that will result in 
acceptable system performance for sub­
stantially the full gamut of parameter 
variations characteristic of the inte­
grated circuit process. For example, the 
circuit of Fig. 1 will exhibit acceptable 
performance for a beta range between 
less than 30 and more than 200. Since 
feedback capacitance is not a factor (the 
output of each stage is isolated from the 
input through the common emitter con­
nection), feedback capacitance varia­
tions are of no importance. 

PRESENT STATUS OF INTEGRATED 
CIRCUITS IN HOME INSTRUMENTS 

The integrated circuit described herein 
as a vehicle to probe the technical and 
commercial feasibility of integrated cir­
cuits in consumer products has pro­
gressed to where it is now being mass 
produced by the Electronic Components 
and Devices Division for use in certain 
models of the 1966 RCA black-and-white 
and color TV receiver line. 

Extensive life and field testing show 
that the goals of improved performance 
and reliability have been attained. 

Cost is a function of the production 
yield, and the unusually high yields ob­
tained thus far in production are encour­
aging. The high yields are attributable 
to high dependence placed on the match­
ing of component characteristics while 
being able to tolerate wide variations in 
the absolute values of the integrated 
components. Thus, every integrated cir­
cuit chip that does not have a catas­
trophic failure can be expected to yield 
entirely satisfactory performance as a 
system. Although it is too early to pre­
dict costs accurately, it appears that the 
expected advantage of lower cost will be 
realized. 

On the basis of our experience with 
the test-vehicle circuit, it is possible to 
assess the probable impact of integrated 
circuits in other areas of TV and radio 
receivers. Potentially, many of the low­
level signal-processing sections of a 
radio or TV receiver can be replaced with 
integrated circuits_ However, such a re­
placement on a stage-by-stage basis 
would be uneconomical and, in addition, 
would offer no advantage with respect to 

performance or reliability. Functional 
blocks must be selected, and integrable 
circuits must be designed to accomplish 
the desired functions-not necessarily in 
the same manner as they are performed 
with discrete components. The success 
of any given approach is dependent, 
among other factors, on the ingenuity of 
the circuit designer in devising inte­
grable circuits capable of competing 
with efficient low-cost transistor circuits 
using discrete components. 

In this task, a number of difficulties 
confront the circuit designer: the cir­
cuits must work with a limited range of 
resistance values, essentially without ca­
pacitors, preferably without inductors, 
and with a minimum number of connec­
tions external to the chip. On the other 
hand, the designer 'has several advan­
tages working for him: transistors and 
diodes can be used freely, and transistor, 
diode, and resistor parameters will 
match to a high degree. 

In view of the foregoing considera­
tions, the penetration of integrated cir­
cuits into other sections of TV and radio 
receivers looks promising, and additional 
applications of integrated circuits, par­
ticularly in the low-level signal process­
ing areas, can be expected. In the higher 
voltage, higher power areas, and in RF 
amplifier input circuits, it appears more 
reasonable to predict that discrete tran­
sistors and components will continue to 
represent a better economic solution 
than integrated circuits, at least for the 
present state of the art. 

TEN YEAR CYCLE 
IN FM DETECTION SYSTEMS 

In each of the past three decades a new 
FM detector system has been developed, 
has found almost universal acceptance 
in radio and TV receivers, and in turn has 

been displaced by a new detector with 
more desirable characteristics_ This 
chronicle begins with the balanced FM 
phase-shift discriminator invented by 
S. W. Seeley of RCA in 1935.' Ten years 
later, it was largely superseded by the 
Seeley ratio detector; which displayed 
improved AM-rejection properties and 
which is internationally accepted in 
radio receivers to this day. In 1955 an­
other RCA circuit,' the locked-oscillator 
quadrature-grid FM detector, was devel­
oped for TV applications. This circuit 
has been widely used in the past decade 
in intercarrier sound TV receivers where 
its high sensitivity and high audio output 
(eliminating the audio driver stage) 
have made possible an efficient high­
performance audio system. 

Although it is too early to predict ac­
curately how the integrated FM detector 
system described in this paper will fit 
into the record of progress in FM detec­
tor systems, it appears that the present 
integrated system will repeat history and 
displace its predecessors in FM, TV, and 
communication receivers because of its 
potentially lower cost, better perform­
ance, and greater reliability. 

ACKNOWLEDGEMENTS 

The author wishes to thank the members 
of the Integrated Circuits Engineering 
Department of the Special Electronic 
Components Division and the members 
of the Television Engineering Depart­
ment of the Home Instruments Division 
who contributed to this project. 

REFERENCES 

1. D. E. Foster and S. W. Seeley, "Automatic 
Tuning," Proc. IRE, Mar. 1937. 

2. S. W. Seeley and J. Avins, "The Ratio Detec­
tor," RCA Review, June 1947. 

3. J. Avins and T. Brady, "A Locked-Oscillator 
Quadrature-Grid Sound Detector," RCA Re­

view, Dec. 1955. 

Fig. 4-Comparison of functionolly equivolent vacuum-tube and inte­
grated circuit boards for intercarrier sound section of color TV receiver. 

31 



32 

A PORTABLE TRANSISTORIZED 
lZ-INCH MONOCHROME TV RECEIVER 

Transistorized TV receivers have been in the engineering laboratories for many 
years. Although some transistorized sets have been marketed, none have 
attained the performance necessary to meet RCA standards. This paper 
describes the design of a transistorized receiver that meets all RCA require­
ments. Good circuit design solutions were found for problems normally asso­
ciated with transistor TV design. Deluxe performance, good reliability, and 
future adaptability have been provided. Performance data taken on actual 
production samples prove that RCA transistorized receivers are of commercially 
acceptable performance. 

L. R. WOLTER and L. P. THOMAS, Ldr. 

TV Product Engineering 

RCA Victor Home Instruments Div., Indianapolis; Ind. 

OVER the years television receivers 
have undergone marked changes 

in size and performance. Significant 
advances have been made possible by 
new components and circuit designs. 
Following this trend, the production of 
a transistor receiver was inevitable. 
The 12-inch transistorized portable TV 
receiver (KCS-153) described herein 
inaugurates an era of transistorized 
television by RCA. 

Using newly developed transistors 
and new circuit designs, a 12-inch por­
table monochrome TV receiver has been 
designed through the combined efforts 
of several RCA Victor Home Instru­
ments engineering groups, supported by 
RCA Electronic Components and De­
vices engineers. The new receiver, in 
quantity production for several months, 
has excellent performance character­
istics and is designed to enter the 
consumer market as a serviceable fore­
runner of instruments to come. Design 
concepts are such that circuits devel­
oped for this chassis can be incor­
porated in future large- or small-screen 
television, as transistorized sets normally 
evolve. 

The VHF tuner, a four-circuit type, 
employs three npn silicon transistors for 
the RF amplifier, O'scillator, and mixer. 
The input to the RF amplifier i~ double­
tuned, with a single-tuned circuit 
coupling the RF to the mixer. The RF 
amplifier is forward-biased and acts as 
an AGC amplifier for the IF amplifier. 
The gain and noise figure of the RF am­
plifier and mixer are optimized by cir­
cuit design. Preset fine tuning consisting 
of individually tuned coils for each chan­
nel is used for the oscillator. 

Antenna input to the tuner is chosen 
by a switch in the back cover which 
selects either the built-in monopole rod 
or the two terminals provided for use 
with a 300-ohm input from an external 
antenna. 

PrO'blems inherent in transistor tuner 
design, such as cross modulation and 
overload, were considered and their 
effects were reduced by circuit innova­
tions. The adequacy. of the design is 
proven by the the fact that the receiver 
operates with an outdoor antenna with­
out using an attenuator for strong 
signals. 

VIDEO IF SECTION AND 

SECOND DETECTOR 

The video IF consists of three stages of 
amplification at 40 MHz (Mc/s) plus a 
detector providing 1.5 volts O'f video at 
the input to the video amplifier. All 
three amplification stages use npn sili­
con transistors in the common emitter 
cO'nfiguration_ The detector is a IN60 
germanium diode. 

The tuner is link-coupled to the IF 
amplifier; the link provides the proper 
matching between the mixer and the 
first IF amplifier and a 47.25-MHz 
adjacent-channel sound trap. In the 
collector of the first stage, an absorp­
tion trap is used for the 41.25-MHz 
accompanying sound attenuation. The 
first amplifier is AGC controlled; the 
last two stages are fixed-biased fO'r 
maximum gain and signal-handling ca­
pabilities. The coupling between the 
three stages is a form of RX coupling 
described in another article.' The sec­
ond detector is a conventiO'nal tube­
receiver detector elevated above ground 
so that bias can be applied to' the first 
video amplifier. The overall IF and RF 
are readily aligned. The link circuit 
between the IF and mixer, including the 
47.25-MHz trap, is aligned first. Next, 
the three IF stages are synchronously 
tuned to 43.5-MHz and the 41.25-MHz 
trap is set. This procedure yields an 
overall bandpass characteristic similar 
to that of normal TV receiver specifica­
tions. The fact that there is no variable 
neutralizing greatly reduces alignment 
time. 

SOUND IF, AUDIO DETECTOR, 
AND AMPLIFIER 

The 4.5-MHz sound IF is taken off at 
the first video amplifier, which func­
tions as an emitter-follower to reduce 
loading on the second detector. Follow­
ing the first video are two sound-IF 
amplifier-limiters coupled to' a ratio 

TUNER CIRCUIT DESIGN Fig. l-KCS-153 portoble TV receiver, block diagrom. 

The 12-inch receiver uses solid-state 
circuits for both UHF and VHF tuners, 
making available the reception of chan­
nels 2 through 83. The KCS-153 major 
circuit stages are shown in Fig. 1. 

The UHF tuner is a smaller version of 
the KRK-120 tuner used in tube receiv­
ers. Many physical changes were in­
corporated to achieve the desired reduc­
tion in size while maintaining high 
performance. The active elements used 
are an npn silicon transistor for the os­
cillator and a crystal diode for the 
mixer. 

Final manuscript received January 17, 1966. 



detector. The resultant audio is fed to 
a two-stage, Dc-coupled, class-A audio 
amplifier. This circuit provides ample 
gain with good AM rejection. 

The audio output uses a 140-volt, B+ 
transistor driven by a low-voltage tran­
sistor. The two stages are DC coupled 
with DC feedback for stability and 
linearity. The voltage breakdown on 
the output device is 300 volts. Nor­
mally the output would require a pro­
tective circuit for peak voltage pulses 
on the primary of the audio output 
transformer. To keep the peak pulses 
down, the audio is made to operate 
with the 3.2-ohm speaker. If the 
speaker is disconnected, the B+ voltage 
to the transistor is removed to eliminate 
peak transients that could destroy the 
transistor. 

Earphone operation with the high­
voltage audio output is unique. Since 
the impedance of an earphone and its 
cable is greater than 3.2 ohms, a means 
was devised for connecting the higher 
impedance, lower power earphone. The 
final circuit is shown in Fig. 2. When 
the earphone is inserted it opens the 
grounded end of the transformer sec­
ondary, creating an AC loop consisting 
of the speaker, the transformer secon­
dary, and R,. This combination pro­
vides sufficient negative feedback to 
reduce the audio output so that the 
50-m W earphone can be used while the 
speaker is still connected-and it keeps 
the peak voltage on the audio transis­
tor within limits. The speaker output 
is negligible, even though it is still 
connected. 

VIDEO AMPLIFIER 

The video amplifier consists of two npn 
silicon transistor stages. The first stage 
is so designed that, in addition to sup­
plying signals from its emitter and col­
lector, it does not load the second de­
tector. The first video collector supplies 
a positive-going video signal to the sync 
separator; the emitter is a low -im pe­
dance signal source for the video out­
put stage, AGC, and sound IF. 

A ISO-volt silicon transistor in the 
video output stage is partially DC coupled 
to the emitter of the first video amplifier. 
The 4.5 -MHz sound trap is incorporated 
in the emitter of the video output stage 
to minimize 4.5-MHz edge agitation and 
to prevent the video output stage from 
loading the sound takeoff circuit. 

A high-level contrast control is incor­
porated in the video output stage with 
partial DC coupling to the kinescope. 

High-voltage arcing from element-to­
element down the kinescope gun pro­
gressively to the cathode could cause an 
arc to appear across the video output 
transistor. Since transistors may be dam-

aged by high-voltage arcs, this situation 
is adequately controlled with a neon 
bulb on the kinescope grid. 

AGC, NOISE CANCELLATION, AND SYNC 

A 28-volt gate pulse is applied to a pnp 
silicon AGC transistor in series with a 
diode and an arc-protection resistor. The 
DC output of the gated AGC transistor is 
applied to the forward-biased RF ampli­
fier which is also a DC amplifier for the 
IF-AGe. 

A zener diode is used as a reference 
voltage for the AGc-delay control. The 
adjustment of AGC delay control deter­
mines the maximum gain reduction in 
the reversed-bias first IF stage. This 
adjustment is, in effect, a change in the 
delay of the tuner bias, allowing the 
receiver to be adjusted for maximum 
protection against undesired picture in­
terferences; at the same time, the re­
ceiver is kept free from background 
snow in medium signal areas. This cir­
cuit uses only one separate transistor 
for AGC. 

A noise-separator diode is fed by the 
negative-going signal from the second 
detector circuit. This diode is biased by 
the AGC control so that only noise pulses 
above sync tips cause the diode to con­
duct. This arrangement eliminates the 
need for a separate adjustment of the 
noise-diode threshold and simultane· 
ously tracks (as AGC is adjusted) the 
conduction of the noise-cancellation di­
ode with the output of the second de­
tector. 

The output of the noise-cancellation 
diode is fed to a normally saturated, 
noise-cancellation transistor in the emit­
ter circuit of the sync separator. This 
transistor stays in saturation except 
when impulse noise pulses are present. 

The operation of the transistor sync­
separator is similar to that of a tube 
sync-separator except 'for the different 
impedances required. The base of this 
transistor is driven from a positive-going 
video signal obtained from the collector 
of the first video stage. 

The output of the sync separator syn­
chronizes the vertical deflection circuit 
and drives a sync phase-splitter for the 
horizontal AFC. 

// 

HORIZONTAL-OUTPUT SECTION 

The AFC diodes are driven from a 
horizontal·phase-splitter transistor that 
provides positive- and negative-going 
sync pulses. The AFC circuit is also sup­
plied with a reference pulse derived from 
the flyback transformer. The DC from 
the AFC network is applied to the base of 
the horizontal-blocking-oscillator tran­
sistor. 

The horizontal-blocking oscillator is 
an npn silicon unit which incorporates 
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Fig. 2-Audio output with earphone 
operation, simplified schematic. 
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a thermistor in the base circuitry and 
additional stabilization circuitry so that 
Beta variations of the transistor over a 
wide range have negligible effect on cir­
cuit operation. Overall oscillator sta­
bility is generally superior to present 
tube horizontal oscillators. 

The output of the oscillator is trans­
former coupled to the base of a hori­
zontal-driver transistor. W avesha ping 
networks in the base and collector cir­
cuits of this stage provide the required 
drive pulse for the horizontal output unit. 
The horizontal output section is com­
posed of the following major parts: 

1) Switch (the horizontal output transis­
tor) 

2) Damper diode 
3) Horizontal yoke and S.shaping capac· 

itor 
4) Width coil 
5) Flyback transformer with additional 

windings for AGC, AFC, and kinescope 
blanking 

6) Suppressors for RF ringing 
7) Current-limiter transistor 
8) Voltage limiter and kinescope screen 

DC supply, with protection in the 
screen circuit for kinescope arcing 

9) A special second anode lead incorpor. 
ating protection against high-voltage 
rectifier arcing 

10) High.voltage rectifier. 

Protection against kinescope arcing, 
screwdriver testing by servicemen, and 
high-voltage rectifier arcs is provided by 
protection circuits (items 7, 8, and 9 
above). Without these protection cir­
cuits, peak power in the germanium 
horizontal-output unit could exceed 1 
kilowatt under fault conditions that can 
occur in a receiver. 

VERTICAL-OUTPUT CIRCUITS 

The vertical circuit consists essentially 
of a switch, or oscillator transistor, fol­
lowed by two isolation stages driving the 
vertical-output transistor. The entire 
circuit can be considered a combination 
multivibrator and Miller amplifier. 

Silicon pnp transistors are used in the 
oscillator and pre-driver stages. The 
temperature-dependent leakage current 
of a germanium vertical-power-output 
transistor in a small receiver generally 
makes it difficult to deflect a 1 Ys-inch, 
110° picture tube. For the Miller cir­
cuit, this problem was solved by return­
ing the bias network to a high B+ volt­
age. The vertical-output circuit includes 
the following features: 

1) Anti-hunt circuit to prevent 30-Hz os· 
cillation 

2) Correction feedback for improved 
linearity 

3) VDR (voltage-dependent resistor) sta­
bilized bias voltage for the oscillator 
transistor 

4) Thermistor in series with the yoke. 
5) Waveshape feedback for improved os­

cillation stability 
6) Anti-lockout circuit 
7) VDR vertjcal output protection. 

The AC and DC feedback and certain 
other features in this circuit are not dis­
cussed in this paper. 

A person who thoroughly understands 
the tube art probably will have to spend 
more time understanding the vertical­
output circuit than any other circuit in 
the receiver. The transistor circuits are 
by no means similar to tube circuits em­
ploying similar principles of operation. 

POWER SUPPLY 

Three basic supply voltages (+140 VDC, 

+30 VDC, and 6.3 VAC) are used in the 
KCS-153. The 140-volt source is used 
for audio output, video output, and bias 
voltages. The 30-volt supply is used for 
the remaining circuits, and the 6.3-volt 
AC supply is used for the kinescope fila­
ment. A circuit breaker protects the 140-
and 30-volt suppfies; a wire fuse pro­
tects the power transformer kinescope 
filament circuit. 

A half-wave rectifier and RC filter 
make up the 140-volt supply, whereas a 
bridge rectifier and transistor 51ter sup­
ply the 30 volts. Stacking of the 140-
and 3D-volt supplies (Fig. 3) allowed 
the use of one breaker to protect both 
supplies. The active filter in the 3D-volt 
supply provides a well-filtered supply in 
a compact space. A ripple voltage ap­
pearing at the filter input is coupled to 
the base of the filter driver; the ripple 
is amplified, inverted, and coupled to the 
filter transistor which cancels the effect 
of the input ripple. The filter provides 
a 30-volt supply with less than 50 m V of 
ripple. 

The supply is not regulated, since ade­
quate design precautions were taken to 
allow for the full changes in B+ voltage 
with line-voltage variations; no adverse 
effect has been observed on receiver per­
formance. For continued high line-volt­
age operation, a l28-volt tap is provided 
on the transformer. 

The total power consumption at nor­
mal line voltage is 60 watts. Electro­
lytics in the power supply and through­
out the receiver were designed to handle 
all voltage and temperature changes, 
with added safety factors for excellent 
reliability. 
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Fig. 3-Power supply, simplified schematic. 

PERFORMANCE CHARACTERISTICS 

Although the word deluxe has been 
abused in the market place, it is used 
herein to designate the highest level of 
performance obtainable. 

Considering picture-tube size, the 
state of the art in available solid-state 
devices, and industry-wide deluxe tube 
instrument performance, this 12-inch 
transistor set is truly a deluxe TV receiver. 

Fringe-area performance, or the abil­
ity of a receiver to produce reasonable 
picture and sound from weak signals, is 
of prime importance in a deluxe receiver. 
Several of the major factors contributing 
to a high-performance receiver are: 

1) Signal·to-noise ratio in the tuner 
2) High sensitivity 
3) Second· detector characteristics 
4) Video drive with its associated ampli­

tude and phase response 
5) Kinescope characteristics and related 

circuitry and voltages 
6) Noise immunity or freedom from un­

desirable jitter or movement 
7l N oise·free sound level 
8) Sound-picture tracking, or the ability 

of the receiver to receive the best 
picture and noise· free sound at the 
same fine·tuning adjustment 

9) Commercially acceptable interference 
rejection from undesired stations 

10) Minimum receiver generation of har· 
monies, spooks, or other undesired 
forms of radiation that will interfere 
with reception. 

Fig_ 4-KCS-·153 port.able, transistorized TV receiver disassembled for servicing. 



Several of these items are discussed fur­
ther. 

Picture Sensitivity 

There are various methods of measuring 
sensitivity. One method is to tune the 
receiver to the peak of the response 
curve, and measure the microvolts of 
picture-carrier frequency applied to the 
antenna terminals to produce I-volt DC 
above noise across the second-detector 
load resistor. This method requires very 
little in the way of test equipment except 
for a good signal generator, and it is very 
useful in IF design work. A further ad­
vantage is that video frequencies are not 
required since only a carrier is used. 

Another method of measuring sensi­
tivity is to use a video-modulated car­
rier frequency and measure the micro­
volts of input signal across the antenna 
terminals to produce a certain video sig­
nal at the kinescope. This method, and 
the video-drive requirements of the kine­
scope, determine the overall sensitivity 
of the receiver that the viewer will ob­
serve. This method requires a rather 
elaborate setup, but it demonstrates the 
system performance of the receiver. 

It should also be evident that in know­
ing the video gain and the sensitivity to 
the second detector, the overall gain 
can be determined fairly accurately. 

The division of gain among the vari­
ous stages is important. Impulse-noise 
immunity, AGC, sound performance, and 
the like are affected by the division of 
the gain among the stages as well as by 
the value of absolute gain. These fac­
tors were all carefully considered in this 
receiver. 

The overall senSItIvIty of a receiver 
can be estimated without test equipment. 
When tuned to an unused channel, a re­
ceiver with adequate sensitivity produces 
a pattern of random clear dots or snow 
noise. A receiver designed with low 
sensitivity, or one that has dropped in 
gain due to other deteriorations, will pro­
duce a white raster without a snow pat­
tern or will have a washed out appear­
ance. 

Kinescope High Voltage 

There is an approximate rule of thumb 
for high-voltage requirements for kine­
scopes available at the time this set was 
released for production. That rule is 
1 kilovolt per inch, which generally in­
sures a good spot with reasonable bright­
ness. 

Since the 12-inch receiver is portable, 
it will likely be used in relatively high 
ambient light conditions. To insure de­
luxe brightness, this 12-inch receiver 
has a 13.5-kV voltage supply. 

Video Drive 

Two stages of video amplification are 
used. Sync-sound and AGC are taken off 
the first stage; this allows some sync 
compression in the video output to ob­
tain maximum picture information for 
the kinescope. 

Approximately 100-volt peak-to-peak 
video is available in this receiver, a value 
more than adequate for a 12-inch kine­
scope. The video circuitry also includes 
a DC component. In addition to achiev­
ing adequate contrast, this receiver also 
has good phase and frequency response, 
producing a very good overall picture. 
Such features are usually missing in 
low-quality units. 

Noise Immunity 

Noise immunity is tRe ability of the re­
ceiver to operate with a stable picture 
in the presence of electrical interfer­
ence, such as that caused by automobile 
ignition systems. The term noise im­
munity should not be confused with the 
signal-to-noise ratio of the tuner. Noise 
immunity is a system problem; included 
in the system requirements are adequate 
sensitivity, video-amplifier characteristics 
ahead of the sync and AGC amplifiers, 
and noise-inversion circuitry. 

The 12-inch receiver uses a transistor 
noise inverter in the emitter of the sync 
separator to render noise pulses rela­
tively ineffective. This deluxe feature 
assures better picture stability in fringe 
or medium-signal areas of reception. 
Several of the pertinent performance 
characteristics and features are shown 
in Table I. 

TABLE I-Performance and 

Feature Summary 

Overall sensitivity to 2nd 
detector 4.3 microvolts 

Audio output at 10% 
distortion 0.5 watt 

Video voltage gain 83 times 
Peak-to-peak video 

output 
High voltage 
Noise inverter 
GateaAGC 
Horizontal and vertical 

retrace blanking 

100 volts 
13.5 kilovolts 
Yes 
Yes 

Yes 

SERVICEABILITY 

When a new product, such as the 12-inch 
transistor TV receiver, is introduced into 
the consumer's home, the product should 
be easily serviced, and there should be 
adequate service facilities staffed with 
qualified personnel. 

The RCA Service Company provides 

the facilities and trained personnel for 
servicing the KCS-153 TV receivers. To 
aid in the training of service personnel, 
the design group held lectures and as­
sisted in the preparation of lesson plans, 
instruction manuals, and other training 
material. 

To date, service people are well 
pleased with the serviceability of the 
receiver; it has proven to be an easy 
transition from tube sets. 

Ease of servicing is mainly a result of 
good instrument design. The KCS-153 
was designed with servicing as a major 
consideration. It was felt that a new 
product should be designed to provide 
an easy transition from present prod­
ucts. With this in mind, components 
used in the receiver were of known qual­
ity, reliability, and availability. 

The KCS-153 receiver is made in three 
sections (Fig. 4); the front holds the 
kinescope, speaker, and yoke, and the 
chassis holds all other components ex­
cept the monopole antenna in the back 
cover. Since the chassis contains the 
majority of the components, it can be 
removed from the cabinet for servicing. 
High-power transistors are mounted on 
the removable heat-sink bracket on the 
lower part of the chassis to obtain good 
ventilation and heat dissipation. The 
power devices use sockets for ease of 
replacement. Service positions for the 
tuner and high-voltage transformer sim­
plify the servicing of components on the 
printed-circuit board. 

CONCLUSIONS 

The design of a 12-inch transistorized TV 

instrument that meets the demands of 
present TV receiving has been demon­
strated by the actual production and 
use of the KCS-153 over the past year. 
Performance is essentially equivalent to 
the deluxe performance of tube receiv­
ers, and servicing is readily accom­
plished. Circuit design concepts can be 
applied to the design and production of 
a variety of transistorized receivers in 
the future. 
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SERVICING THE TRANSISTORIZED 
lZ-INCH PORTABLE TV RECEIVER 

The introduction of transistorized television receivers into the consumer market 
will significantly affect the TV servicing industry. This paper discusses steps that 
the TV service technician must take to prepare himself for transistorized TV 
maintenance. Several appropriate trouble-isolation techniques are described. 

H. G. SPENCER 

Consumer Products, RCA Service Company, Cherry Hill, N. J. 

THE KCS-153 12-inch portable is the 
first transistorized TV receiver re­

leased to the consumer market by RCA. 
The shift from tubes to transistors rep­
resents a significant change in receiver 
desigI)., and it is expected to have an 
equally significant effect on the TV serv­
icing industry. For one thing, the high 
reliability of transistors should result in 
fewer service calls per year per receiver. 
Secondly, the service required on the 
KCS-153 and similar future receivers 
will probably fall in the defective com­
ponent category. This means that the 
service technician who is content with 
merely changing tubes is likely to find 
himself unemployed as the changeover 
to transistors progresses. Transistors 
and similar solid-state devices are ex­
pected to result in an increasing number 
of new consumer products, all of which 
will require service. Here again, how­
ever, this service will ultimately be 
performed only by those technicians who 
have trained and otherwise prepared 
themselves for this work. 

In the case of the transistor receiver, 
this preparation breaks down into two 
main steps. The technician whose past 
experience lies primarily in the tube 
area must first familiarize himself with 
basic transistor theory. Once he has 
gained this basic knowledge, he must be­
come familiar with those service tech­
niques that are applicable to transistor 
circuits. In this area he will find that 
several of the procedures used on tube 
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receivers will work equally well on tran­
sistor receivers. The basic service se­
quence is the same in both cases. That 
is, any service problem must first be 
localized to a section and then to a par­
ticular stage of the receiver; then the 
defective component within the stage can 
be isolated and replaced. The key to 
success in this sequence lies in the sec­
ond step. If the technician can establish 
procedures to isolate the different prob­
lems to a specific stage, the final step of 
locating the defective component be­
comes relatively simple. 

TROUBLE-ISOLATION TECHNIQUES 

There are a number of techniques that 
may be used to isolate a problem to a 
specific stage. These may be broadly 
broken down into two groups: 1) tech­
niques used principally by the shop 
technician, and 2) those used primarily 
by the technician who provides service 
in the home. There are, in addition, 
several procedures equally applicable to 
both types of technician. The difference 
between the techniques employed by 
these two types is essentially a function 
of the test equipment available. The 
shop man, for example, can use the volt­
ohmyst, oscilloscope, and sweep genera­
tor, all normaJly part of a well-equipped 
shop, to localize transistor problems. 
With this type of test equipment, the 
experiel).ced shop technician should 
(after a short indoctrination program) 
be able to quickly localize most of the 
problems on the 12-inch KCS-153 and fu­
turveceivers. 

The challenge in servlcmg this type 
of receiver lies in developing techniques 
that can be used in the field. Experience 
has shown that most customers are reluc­
tant, from both cost and convenience 
considerations, to have their TV sets re­
moved from the home for service. This 
customer reaction will remain essen­
tially the same regardless of whether the 
receiver is of the tube or transistor type. 
Consequently, emphasis must be placed 
initially on familiarizing the field tech­
nician with localizing procedures that 
can be employed in the home. The prob­
lem is somewhat complicated by the 
limited amount of test equipment avail­
able to the field technician. The average 
field service technician usually carries 
only a multimeter, such as the RCA WV-
38A, as his basic diagnostic tool. De­
spite this equipment limitation, there are 
several signal-injection and signal-trac­
ing techniques that can be used in the 
field in addition to the basic voltage and 
resistance checks. 

Signal-Tracing Technique 

For example, assume that a field tech­
nician encounters a transistor receiver 
with normal sound, but no brightness. A 
check at the kinescope second anode 
shows that the no brightness condition 
is the result of no high voltage. This 
condition can be caused by trouble in 
anyone of the blocks shown in Fig. 1. 
The multimeter, set to the AC output po· 
sition, serves as the signal-tracing device 
in this application. The output position 
differs from the conventional AC voltage 
position in that a DC blocking capacitor 
is in series with one of the test leads. 

The meter is first connected to the col­
lector of the horizontal oscillator stage 
(TP-l, Fig. 1). A reading of approxi­
mately 5.0 volts at this point indicates 
that the oscillator is functioning nor­
mally. If no voltage is read, the trouble 
is probably in the oscillator or its as­
sociated control circuits. If a normal in­
dication is obtained at the collector, the 
meter is moved to the base of the hori­
zontal driver (TP-2). A reading of ap­
proximately 1.45 volts indicates that the 
interstage coupling between the oscil­
lator and the driver is intact. The meter 

fig. 1 --:- Block diogram of horizonlal:defleclion 
and high~vo'.tage sedion, of TV, receiver. 

fig; ,2.,-Blockdiagram of vertical-deflection section of TV 
,receiver arid !Schematic representation of isolating network. 
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Cherry Hill, N. J. since 1960. In this capacity he 
develops the technical programs used nationally 
to train Consumer Products television technicians. 

is then moved in sequence to TP-3, -4, 
and -S, where readings of approximately 
12_0, 8S, and 8S volts, respectively, 
should be obtained. The trouble is local­
ized between the last point at which a 
normal reading is obtained and the first 
point at which no reading, or an incor­
rect reading, is encountered. Should a 
normal reading be obtained through 
TP-S, the technician would switch the 
multimeter to the DC voltage position 
and, by means of the high-voltage probe, 
determine if the trouble is in the high­
voltage transformer or the high-voltage 
rectifier stage. Once the trouble has 
been localized to a stage, the technician 
would make additional voltage and re­
sistance readings within the defective 
stage to find the defective component. 

Signal-Injection Technique 

In the previous example, a signal-tracing 
technique was employed to isolate the 
problem. There are sections of the re­
ceiver in which a problem can best be 
localized by means of signal-injection 
techniques. For this application, the 
technician can use the 6O-cycle 6.3 volts 
developed in the filament winding of the 
power transformer as the injection sig­
nal. To use this voltage, an isolating 
network consisting of a 10-microfarad 
capacitor in series with a 1000-ohm re­
sistor is connected to the ungrounded 
end of the filament winding, as shown in 
Fig. 2. The capacitor provides DC iso­
lation, and the resistor serves as a cur­
rent limiter. The output indicating de­
vice is the picture tube or speaker. 

To illustrate this technique, assume 
that a defective receiver has normal 
sound and a single horizontal line across 
the screen. By evaluating the picture 
and sound information, the technician 
initially establishes that the trouble is 
in the vertical-deflection section of the 
receiver. In the KCS-IS3, a vertical-de­
flection problem can occur in anyone of 
the six blocks shown in Fig. 2 or in the 

feedback path between the vertical out­
put stage and oscillator. To localize the 
trouble still further, the 60-cycle, 6.3-
volt signal is first applied to the primary 
of the vertical output transformer. If no 
deflection is noted on the picture tube, 
there is trouble in the output trans­
former or in the yoke, and this would 
be further localized by additional re­
sistance readings. If a small amount of 
vertical deflection is obtained on the pic­
ture tube, the output transformer and 
yoke are functioning normally, and the 
6O-cycle signal is then injected at the 
base of the vertical output stage (TP-2, 
Fig. 2). If this stage is working nor­
mally, a somewhat greater amount of 
vertical deflection should be observed on 
the picture tube. No deflection indicates 
trouble within the stage. If a normal in­
dication is obtained at TP-2, the 6O-cycle 
signal is then injected at the base of the 
driver (TP-3). No increase in the 
amount of vertical deflection is normally 
obtained at this point, since both the 
driver and pre-driver stages are emitter 
followers. No vertical deflection at TP-3 
indicates trouble in the driver or in 
the coupling between the driver and 
the output stage. To further isolate the 
trouble, the 60-cycle signal is fed to the 
emitter of the driver stage. If deflection 
is now obtained, the driver stage is de­
fective. No deflection indicates trouble 
in the coupling between the driver and 
the output stage. In a similar manner, 
the signal is injected in sequence at 
TP-4 and -S. If the pre-driver and oscil­
lator stages are functioning normally, 
a substantial amount of deflection will 
be obtained when the signal is fed to 
the base of the oscillator (TP-S). This 
large deflection indicates that all stages 
from the oscillator through the yoke are 
functioning normally. The no deflection 
problem in this instance must therefore 
be the result of a defect in the feedback· 
network between the output and oscil­
lator stage. As in the previous no high 
voltage example, once the problem has 
been localized to a stage with the 60-
cycle injection technique, additional 
voltage and resistance readings are em­
ployed within the stage to determine the 
defeaive component. 

The 6O-cycle injection technique may 
also be used to localize a no sound prob­
lem (picture normal). The 60-cycle 

FROM 
1ST VIDEO 

signal is first fed to the high end of the 
volume control (TP-I, Fig. 3). If the 
audio driver, output stages, and speaker 
are functioning normally, a 60-cycle hum 
will be heard from the speaker. In this 
case the trouble would lie in the first or 
second sound IF or in the ratio detector. 
If no hum is produced when the signal is 
fed to TP-I, the trouble is in the audio 
section and can be further isolated by 
injecting the 60-cycle signal at the base 
of the audio output stage (TP-2). Hum 
at this point indicates trouble in the 
audio driver stage. The absence of hum 
points to the audio output or the speaker 
as the source of trouble. 

The 60-cycle injection technique can 
also be used in the video amplifier 
stages. The sequence here directly par­
allels the previous no sound example. 
The signal is initially injected at the 
base of the first video amplifier. If all 
stages from this point to the control grid 
of the picture tube are working normally, 
a 6O-cycle hum bar will appear on the 
face of the picture. Absence of a hum 
bar indicates trouble in the video stage. 
This would be further isolated following 
a sequence similar to that used in the 
no sound example. 

In the previous two examples, the 60-
cycle injection technique initially iso­
lates the trouble to the respective IF or 
output stages. When the trouble is in 
the IF stages, the technician must use 
voltage readings to further isolate the 
problem. Measuring the voltage devel­
oped across the emitter resistor in each 
of the IF stages is an effective means of 
localizing the inoperative IF stage. This 
voltage is directly proportional to the 
current flowing in the stage. A zero 
voltage reading across a given emitter 
resistor indicates no conduction within 
that particular stage. This emitter-re­
sistor-voltage technique is equally ap­
plicable in both sound and picture IF 

stages. In making these and other 
voltage checks, two precautions must be 
observed: 1) use only a meter with a 
high impedance on both the AC and DC 

positions, and 2) connect the meter to 
the point to be read bef~re applying 
power to the receiver. The latter prac­
tice will minimize the possibility of de­
structive transient pulses being intro­
duced by a meter being connected to a 
circuit with the power applied. 
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Fig. l-Equivalent circuit of RCA 40235 silicon 
transistor. 
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Fig. 2-Geometry of RCA 40235 silicon tran­
sistor. 

TRANSISTORS FOR TELEVISION 
The application of transistors to black-and-white television has required the 
development of many new transistor types. The electrical specifications for 
such types were established to provide desired levels of performance, relia­
bility, circuit economics, or a combination of these factors. This paper de­
scribes some of these new transistor types, their application in black-and-white 
TV receivers, and problem areas in circuit design. 

R. A. SANTILLI and H. THANOS 

Commercial Receiving Tube and Semico~ductor Division 

Electronic Components and Devices, Somerville, N. j. 

emitter capacitance C
"
,,) ,high common­

emitter current transfer ratio at low fre­
quencies (/30), and a low feedback 
capacitance C, to minimize feedback. A 
metal package with a shield (ground) 
lead is used for tuner and IF types to 
minimize both collector-to-base feedback 
capacitance and radiation. 

The active device structure used to 
meet these performance requirements is 
shown in Fig. 2. This transistor, the 

~r-----------~V~~"~V='OL~~~-' 
If:. -2 rnA 

50 COMMQN-EMITT£R 
CONNECTION 

Fig. 3-Gain and noise of the 40235 transis­
tor as functions of frequency. 

RCA-40235, is an npn silicon epitaxial 
planar device consisting of two emitter 
stripes and three base stripes in an inter­
digitated array. A metalization-over-ox­
ide technique is used to minimize the 
active area with good resultant mechani­
cal rigidity. The typical noise and gain 
performance of the 40235 over the VHF 
band is shown in Fig. 3. Powe.r gain 
slightly in excess of 18 dB is achieved 
at 216 MHz (Mc/s), with a device noise 
figure of 3.1 dB. 

Fig. 4 shows the circuit diagram of a 
VHF tuner in which three silicon transis­
tors similar to the 40235 are used in the 
RF-amplifier, mixer, and local-oscillator 
stages. The typical power gain and noise 
figure of this tuner are 40 dB and 3 dB, 
respectively, on channel 2, and 38 dB 
and 3.5 dB, respectively, on channel 13. 

Unfortunately, transistors which have 
the high IT and low r", required to pro­
duce high gain and low noise figure 
produce the poorest crossmodulation 
performance. The low-pass filter com­
prised of r", and Cb " in Fig. 1 provides 
very little attenuation of interfering sig­
nals at frequencies throughout the VHF 
band, as evidenced by a relatively small 
decrease of gm with frequency through 

EXAMINATION of the block diagram of 
a TV receiver reveals three major 

areas which warrant consideration for 
transistor applications: the tuner and IF­
amplifier, the video, and the deflection 
portions of the receiver. The associated 
transistors which require special con­
sideration are tuner types, video-output 
types, and horizontal- and vertical-out­
put types. Although other functions in 
the receiver may require transistors with 
specific characteristics, these character­
IstICS can readily be obtained by 
minor modification of existing types, 
or by selection from the types de­
veloped for the tuner, video, or deflec­
tion stages. For example, transistors for 
sync, AGC, AFC, and horizontal- and verti­
cal-oscillator stages might be obtained 
by the first method; transistors for the 
picture-IF-amplifier section are obtained 
from tuner types. 

Fig. 4-VHF tuner using silicon npn transistors in RF amplifier, 
mixer, and local osciliator stages. 

TUNER TYPES 

The primary requisites of transistors for 
TV tuners are high gain, low noise, wide 
AGC range, and good crossmodulation 
performance throughout the VHF band. 
The hybrid-pi equivalent circuit of an 
RF transistor is shown in Fig. 1. To pro­
vide high gain and low noise, the tran­
sistor should have low equivalent base 
resistance ro" high gain-bandwidth prod­
uct 1'1' (characterized by low base-to-
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INITIAL OPERATING CONDITIONS 
-40350 60S4 (tru-VlSTOR) 

VCE -+9V EpK. 67.SV 
r.--3.5mA 10 " 7.0mA 

Ef·6.0V 

NOTE: ALL INTERFERING VOLTAGES ARE NORMALIZED TO THE INPUT IMPEDANCE 
LEVEL OF THE TRANSISTOR, WHICH IS APPAOX. 130 OHMS AT ZOO Nels-

Fig. 5-Cross-modulation characteristics of 
40350 and 40235 silicon transistors 
and 60S4 nuvistor tube. 

this range. Fig. 5 compares the cross­
modulation performance of the 40235 
using reverse AGe bias with that of the 
6DS4 nuvistor tube. 

An improvement in the device cross­
modulation with AGe can be obtained 
by use of forward AGe (i.e., increasing 
the emitter current to reduce gain rather 
than decreasing the current). Tailoring 
of the device is required, however, to 
ensure adequate AGe range. Characteris­
tics of forward-AGe and reverse-AGe tuner 
types are listed in Table I. The value 
of maximum usable gain shown for the 
40350 forward-AGe version is slightly 

TABLE I-Characteristics of RF-Antplifier 
Transistors 

40350 
(Forward 

AGC) 

Collector-to-Base Voltage, volts +10 
Collector Current, rnA -3 
Input Resistance (R. Yll.), ohms 130 
Output Resistance (R. Y22.), 7,000 

ohms 
Extrinsic gm (I Y 21. J), jLS 
Maximum Available Gain, dB 
Maximum Usable Gain, dB 

(Single Stage, Neutralized) 
Typical C" (IMAG. Y12.) 

1 MHz, pF 
Device Noise Figure, dB 
Typical Gain-Bandwidth 

Product (fT), MHz 

47,500 
27.1 
18.5 

0.5 

3.4 

900 

40235 
(Reverse 
AGC) 

+10 
-2 
200 

7,000 

43,700 
27.7 
18.1 

0.5 

3.1 

1,300 
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Fig. 6-Schematic diagram of 44-MHz IF amplifier. 

higher than that shown for the 40235 
because the 40350 must be operated in its 
maximum-gain operating condition at 
sensitivity (3 milliamperes). The im­
provement in crossmodulation when com­
pared to reverse AGe is shown in Fig. 5. 
Further improvementin crossmodulation 
can be achieved by operating the device 
from a low source impedance, by using 
a small unbypassed resistance in con­
junction with a low source impedance, 
or by using greater selectivity in the in­
put circuits. (However, all of these 
methods sacrifice some gain and noise 
performance. ) 

Both forward- and reverse-AGe ver­
sions are required in the tuner and pic­
ture-IF-amplifier stages of TV receivers. 
The forward-AGe version is desirable in 
the RF-amplifier stage to provide good 
crossmodulation and overload character­
istics with AGe. The reverSe-AGe devices 
provide better performance in the mixer, 
oscillator, and last picture-IF amplifier 
because these stages are essentially 
large-signal stages and the gm decreases 
rapidly with increasing emitter current 
(peak signal swings) in the 40350. 

At the present time, three IF-amplifier 
stages are required to produce the nec-
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essary gain for acceptable fringe-area 
performance. The simplest IF amplifier 
is synchronously tuned with reverse AGe 
(i.e., all IF transformers are tuned to the 
same frequency, as shown in Fig. 6, and 
gain reduction is obtained by reducing 
the operating current of a transistor). 
Little or no bandpass shift or tilt occurs 
with reverse AGe, and performance is 
adequate for most black-and-white re­
ceivers. As in the tuner stages, the use 
of forward AGe together with a transistor 
designed specifically for this application 
increases input-circuit dynamic range 
capablity and improves crossmodulation 
(if it is a problem) of the IF-amplifier 
strip. However, the input and output 
impedances of a forward-AGe transistor 
drop drastically as AGe is applied (by as 
much as 10 to 1), and can severely mod­
ify the bandwidth and shape of the IF 
response. Judicious circuit design can 
minimize these effects and, in fact, use 
these changes in device parameters to 
permit the bandpass to tilt in a prede­
termined and desirable manner. For 
example, the IF response can be peaked 
(the bandwidth and noise reduced) at 
the picture carrier for fringe-area sig­
nals, and the bandwidth permitted to 

fig. 7-Performance characteristics of 19CHP4 
and 19AYP4 picture tubes. 
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Fig. 8-Structure of 40354 transistor. 

increase gradually with increasing signal 
and AGe. Also, a raised sound plateau 
in the IF response in the fringe-area sig­
nals increases the sound sensitivity to 
produce more audio quieting. Forward 
AGe requires more AGe power and pro­
duces more variations in bandpass shift 
and tilt than reverse AGe; as a result, it 
should be used only when advantage can 
be taken of its improved crossmodulation 
and overload characteristics. 

VIDEO-OUTPUT TYPES 

The specification of a video-output de­
vice depends to a great extent on the 
picture-tube drive requirements. Picture 
tubes presently used in tube receivers 
can be divided into two classes: 1) high­
grid-No. 2-voltage types such as the 
19AYP4, and 2) low-grid-No. 2-voltage 
types such as the 19CHP4. The raster­
cutoff conditions (cathode-drive) for 
these tubes are shown in Fig. 7. The 
maximum raster cutoff of the 19CHP4 
with an anode (ultor) voltage of 18 kilo­
volts is 51 volts at the recommended 
grid-No.2 voltage of 50 volts, as com· 
pared to 77 volts for the 19A YP4 when 
operated at a grid-No.2 voltage of 300 
volts. Both of these tubes are 110 0

_ 

deflection types with Pis-inch neck di­
ameters. Larger-screen tubes rarely 
exceed these drive requirements; smal­
ler-screen tubes with smaller neck diam­
eters could require considerably less. As 
a result, designing for the 19A YP4, the 
most difficult approach, should be the 
goal. 

Because the video-output device 
should be capable of supplying approxi-. 
mately twice the video drive required 
for the average picture tube (and one 
and one-half times that for the limit 
tube) and because the video content at 
best is only 75 percent of the video sig­
nal, a device with a breakdown of at 
least 150 volts is required. The drive 
requirements of the 19AYP4 may be re­
duced somewhat by operation at a some­
what lower grid-No.2 voltage, as shown 
in Fig. 7. (The deterioration in spot size 
under this condition is no worse than that 
for the 19CHP4.) However, this possi­
bility is not justification for reducing the 

TABLE II-Approximate Requirements for 110 0 Deflection at lB kV 
with Unregulated Power Supply. Supply 

Voltage Shown is at Nominal Line Voltage. 

Supply Voltage, volts 12 18 24 36 48 

Typical Value of Filter Capacitor, JLF 5000 2000 1200 500 300 
18 12 9 6 4.5 Peak Collector or Danlper Current I amperes 

Peak Pennissible Collector Saturation Voltage or Damper Forward 
Voltage (based on linearity), volts 0.5 0.75 1.5 

Damper Forward Voltage Required to Compare with 0.6 volt at 
36-volt Supply, volt 0.2 0.3 0.4 0.6 0.8 

Beta Required for 400-mA Drive 45 30 22 15 11 
Peak Collector or Diode Voltage, volts 100 150 200 300 400 
Yoke Inductance, JLH 22 50 90 200 350 
Capacitance for "S" Shaping, .uF 36 16 9 4 2 
Voltage Drop (L di/dt) in 1 inch of wire if peak collector current is 

changed in Vz p..sec, volts 0.9 0.6 0.45 0.3 0.21 
Relative Length of Wire Required to Produce a Given Ground-Loop 

or Lead-Length Effect 

breakdown requirements of the tran­
sistor, but rather should be used to im­
prove the ratio of video drive capability 
to picture-tube drive requirement. 

The load resistance for the video­
output transistor is dictated by the video 
response desired, and values of the order 
of 4000 to 5000 ohms are typical. Appli­
cation of De voltage of 130 volts to the 
video-output transistor with this order of 
load resistance requires a device linear 
to 30 milliamperes and packaged so that 
it is capable of dissipating at least 1.3 
watts with a reasonable heat sink at an 
ambient temperature of 55 0 C. The gain 
of the stage is primarily a function of 
the gain-bandwidth product fT' the low­
frequency common-emitter current trans­
fer ratio (3., and the feedback capaci­
tance C,; fT and (3. should be as high as 
possible, and C f as low as possible. 

The structure selected for the video­
output transistor is shown in Fig. 8. The 
device is a silicon npn transistor of high 
emitter periphery mounted on the header 
for good heat transfer from the collector 
junction to the heat sink. A radiating 
area of approximately 4 square inches 
(lO-mil copper, 1 inch by 2 inches) is 
required to satisfy the thermal require­
ments up to 55 0 C. 

The circuit diagram of a typical video­
output circuit driving a 19A YP4 is 
shown in Fig. 9. Low-level contrast is 
used and the sound and sync are ob­
tained from the video driver to improve 
the drive capability of the output stage. 

0.11 0.25 0.45 1.8 

Sync clipping can then be permitted in 
the video-output stage to provide more 
actual video drive. (The low-level con­
trast also eliminates the need for com­
pensation of the contrast control for 
video-bandwidth change as the contrast 
control is varied, as required in high­
level-contrast systems.) The voltage 
gain of the video circuit is approximately 
100 with a 3-dB bandwidth of 3.2 MHz. 

DEFLECTION TYPES 

In the deflection portions of the receiver, 
reliability with special emphasis on eco­
nomics and ease of manufacture are the 
primary considerations. Economics in 
this portion of the receiver is related to 
the power supply; for constant input­
drive conditions to the output-deflection 
device and output-deflection energy, high 
supply voltages provide cost and fabrica­
tion advantages with respect to the out­
put transistor, the damper diode, and the 
yoke. The disadvantage of high supply 
voltages is increased transistor break­
down voltage. Table II shows the effect 
of power-supply voltage on a horizontal­
deflection circuit that uses a common­
emitter transistor operated in a conven­
tional trace-driven manner. It is obvious 
that higher supply voltages are desir­
able. In addition, circuit efficiency is 
generally improved and circuit layout 
becomes less critical with increased sup­
ply voltage. 

If the power-supply voltage is in­
creased to 150 volts, some cost reduction 

Fig. 9-Schematic diagram af video amplifIer circuit. 
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may be realized by elimination of the 
power-supply transformer (hot chassis) ; 
however, severe breakdown require­
ments are placed on the semiconductor 
device. Until solid-state devices having 
breakdown voltages of 1 to 2 kilovolts 
are commercially available, the advan­
tages of hot-chassis operation cannot be 
realized. In many lower-deflection-energy 
systems, operation from a 12-volt supply 
may be desirable for mobile applica­
tions. B-boost techniques may be em­
ployed to take advantage of a higher 
supply voltage. 

Fig. II-Typical vertical-deflection circuit using 2N3730 transistor. 

The horizontal-deflection transistor 
recommended for black-and-white TV 

receivers is a diffused-collector, graded­
base pnp germanium power transistor. 
Fig. 10 shows the circuit diagram of a 
typical horizontal circuit using this de­
vice, the RCA-2N3731. The circuit con­
sists of a blocking-oscillator stage 
(2N2614), a driver stage (2N3732), 
and a horizontal-output stage (2N373l). 
(The collector-to-base voltage rating of 
this 10-ampere horizontal-output tran­
sistor is 320 volts minimum; with a 
retrace time of approximately 12 micro­
seconds, therefore, the power-supply 
voltage is limited to 30 to 35 volts.) This 
circuit is capable of conservatively pro­
viding the yoke-deflection current and 
high voltage for a 19-inch (19AYP4), 
114 ° receiver from an unregulated 
power supply. The peak collector cur­
rent is 5.5 amperes, and the typical fly­
back voltage (third-harmonic tuned) is 
250 volts with a 12-microsecond retrace 
time_ The collector-current turn-off 
time, typically 0.5 microsecond, results 
in low turn-off-time losses. 

During development of the 2N3731, 
devices with appreciably higher break­
down voltages were fabricated and evalu­
ated with the goal of a higher supply 
voltage. However, the hi~her breakdown 
voltage was accompanied by longer col­
lector-current turn-off times and poorer 
high-current performance. Since the 
longer turn-off times produced higher 
turn-off-time losses, decreased efficiency, 
increased device heating, and poorer 

reliability, a compromise on breakdown 
voltage was made. 

Early experiences with transistor de­
flection systems indicated a lack of re­
liability even though devices were ap­
parently operated well within ratings. 
It was found that abnormal operation of 
the deflection circuit caused instanta­
neous operation of H1e transistor in ex­
cess of its ratings, which could result in 
destruction of the transistor. Typical 
circuit malfunctions are second-anode 
arcing (internal picture-tube arcing), 
high-voltage rectifier arcing, and corona 
or arcing of the secondary winding of 
the flyback transformer to ground. In 
normal circuit operation, the transistor 
operates as a switch; there is very little 
voltage across the device when current 
is flowing through it, and vice versa. In 
general, abnormal operation of the cir­
cuit permits excessively high currents 
to flow in the presence of appreciable 
collector voltage for an unpredictable 
period of time. Peak instantaneous dis­
sipations of the order of 2000 watts are 
readily demonstrable. The total energy 
the device is subjected to is important, 
and the time of operation in these high­
dissipation states is unpredictable. De­
struction is possible well within the volt­
age and current ratings of the device if 
the length of time is .sufficient. Since 
the transistor may be destroyed by oper­
·ation outside its capabilities, even by 
one such operation, methods of protec­
tion must be employed to assure that the 
operating conditions during abnormal 
operation do not deviate appreciably 
from normal conditions. (Although the 
subject of protective circuit techniques 

Fig. IO--Typical horizontal-defleclion/.e1id high-voltage circuit 
using 2N3731, 2N3732, and 2N2614 transistors. 
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is too lengthy for discussion in this 
paper, a more complete description of 
the destructive mechanisms and correc­
tive techniques is available in the litera­
ture.') Protective techniques may be 
very subtle and need not be particularly 
obvious in a circuit design. The circuit 
shown in Fig. 9 incorporates protective 
circuitry. The flyback transformer is 
isolated from the device through the 
small coupling capacitor C_ This de­
coupling capacitance permits the for­
ward transfer of high-frequency energy 
for high-voltage generation and mini­
mizes the reflection of lower-frequency 
components as a result of abnormal con­
ditions in the secondary circuit of the 
fly back transformer. This capacitor, in 
conjunction with the unregulated power 
supply which permits the power-supply 
voltage to collapse when a malfunction 
demands appreciably more current from 
the power supply, provides one method 
of protection. 

Although the horizontal device func­
tions primarily as a switch, a vertical­
output type may be obtained from the 
same family, provided the basic device 
linearity and breakdown are adequate. 
The typical vertical-output circuit shown 
in Fig. 11 is a class AB amplifier which 
is driven :with a shaped sawtooth signaL 
The 2N3730 output device is obtained 
from the horizontal-deflection family, 
but it is specified for vertical-output 
service. The sawtooth signal is gen­
erated by an RC charging circuit from 
a 220-volt supply. The 40231 oscillator 
acts as a switch, triggered by the flyback 
pulse to discharge the capacitor for the 
next cycle. The sawtooth signal is 
shaped and fed to the 40232 amplifier_ 
The high input impedance of the 40232 
permits the use of a high-impedance 
timing-and-shaping circuit that elimi­
nates the need for large values of timing 
capacitors. This circuit complements the 
horizontal-deflection circuit shown in 
Fig_ 10 to provide a complete deflection 
package for a 19-inch, 114°, 18-kilovolt 
receiver_ 
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THE ZN401Z OVERLAY TRANSISTOR 
H. C. LEE and G. J. GILBERT 

Electronic Components and Devices, Somerville, N. J. 

THE RCA-2N4012 is the first com­
mercial microwave power transistor 

that can provide a minimum power out­
put of 2.5 watts as a frequency tripler 
at an output frequency of 1 GHz 
(Gc/ s) and a collector efficiency of 25 
percent. This transistor is one of the 
RCA overlay transistor family and is 
designed to operate in military and in­
dustrial communications equipment as 
a frequency multiplier in the UHF or 
L-band range. The 2N4012 transistor 
can be operated as a doubler, tripIer, 
or quadrupler with watts of output 
power at frequencies in the low-giga­
hertz-per-second range. This device has 
made possible the use of a single tran­
sistor to replace both the transistor 
power amplifier and the varactor-diode 
frequency multiplier previously re­
quired. 

In frequency-multiplier circuits, this 
overlay transistor operates simulta­
neously as a power amplifier to provide 
gain at the fundamental or drive fre­
quency, and as a varactor diode to gen­
erate harmonics of the drive frequency. 
The capacitance of the collector-to­
base junction in an overlay transistor 
varies nonlinearly with collector volt­
age, much as varactor junction capaci­
tance varies with the diode junction 
voltage. It is this nonlinear capacitance 
that permits harmonic generation in 
overlay transistors. 

Fig. 1 shows the power output capa­
bilities as a function of output fre­
quency' for a typical 2N4012 transistor 
used in the common-emitter circuit 
configuration for frequency doubling, 
tripling, and quadrupling. In a com­
mon-emitter doubler circuit, the tran­
sistor delivers 3 watts of output power 
at 800 MHz (Mc/s) with a conversion 
gain of 4.8 dB. In a common-emitter 
tripler circuit, it delivers 2.7 watts of 
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Fig. l-Power output vs. frequency for RCA-
2N4012 oper,ated in doubler, tripier, and 
quadrupler circuits. 
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output power at 1 GHz with a conver­
sion gain of 4.3 dB. In a common-emit­
ter quadru pIer circuit, it delivers 1.7 
watts of output power at 1.2 GHz with 
a conversion gain of 2.3 dB. 

OPERATION 

The mechanism of amplification and 
frequency multiplication in overlay 
transistors can be considered in two 
sections: one that is capable of gain at 
the fundamental frequency, and another 
(in which the oollector-base capaci­
tance serves a varactor) that is capable 
of multiplication. Transistors suitable 
for multiplier applications must be 
capable of delivering power with gain 
at the fundamental frequency and of 
converting the power from the funda­
mental frequency to a harmonic fre­
quency. A good multiplier transistor, 
therefore, must first be a good UHF 

transistor capable of high power out­
put, gain, and efficiency. Second, its 
varactor section should also have mini­
mum losses in order to provide maxi­
mum conversion efficiency. 

The figure of merit for the amplifier 
portion of the transistor is given by 
In",", the maximum frequency of oscilla­
tion, as follows: 

1 [ 1 J'/2 Imox=(PC)'/2I= 4'7T r,,'C, reo (1) 

where PC is the power gain, I is the 
fundamental frequency of operation, 
r,o' is the base spreading resistance, 
C, is the collector capacitance, and rec 
is the emitter-to-collector transit or sig­
nal delay time.' 

The efficiency of the varactor portion 
formed by the collector-base junction 
is determined by IVOll, the cutoff fre­
quency, as follows: 

1 
·-1VGB = '7T Cm ," (r.' + r,) (2) 

where Cm'n is the mInImum collector­
base capacitance and r, is the collector 
series resistance. 

The 2N4012 overlay and internal 
structures are shown in Figs. 2 and 
3; Fig. 4 is a cross-sectional view 
on which the varactor elements are in­
dicated schematically. The minimum 
collector-base capacitance, Cm'n, con­
sists of two parts. The major part, 
which comprises the active portion of 
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the varactor, is made up of the capaci­
tance formed by the collector-base 
junction not opposite emitter sites. This 
part of the capacitance is called the 
outer collector capacitance, Co. The 
second part of Cm!n consists of that part 
of the collector-base junction which is 
opposite the emitter-base junction. This 
part is called the inner collector capaci­
tance, C,. Co is a much more efficient 
varaetor than C" because C, has to 
charge and discharge through rb'" and 
r,,', as well as through r"" whereas CQ 

has to charge and discharge only 
through r,,' and r,,," Since the intrinsic 
base spreading resistance, rb"', is much 
greater than the extrinsic base spread­
ing resistance, rb" there is a larger dif­
ference in the cutoff frequency, Ivell, for 
the two parts of Cm ,,,. The large differ­
ence in r,,' and roo' arises from the dif­
ference in sheet resistance in the two 

Fig, 2-Cross-section showing overlay slrue-
lure, 
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areas. The sheet resistance under the 
emitter, which forms Tbb', is several 
thousand ohms per square; the sheet 
resistance between the emitter and base 
contacts varies from 5 to 100 ohms per 
square. Fig. 5 shows an equivalent 
circuit for the varactor portion of the 
2N4012. In this circuit, T" and T" com­
prise the collector series resistance as­
sociated with the inner and outer col­
lector capacitances, C, and Co. 

Because of the unique features of the 
overlay transistor, the emitter area is 
one-tenth the base area and, hence, 
C, = 0.1 Co. The inefficient portion of 
the varactor formed by the collector­
base junction opposite the emitter sites 
is almost negligible because of the re­
duced emitter area. This reduction is 
accomplished without sacrifice of the 
current-handling capability of the tran­
sistor because of the large emitter per­
iphery. Previous interdigitated struc­
tures had the emitter area almost one­
half of the base area and, as a result, 
exhibited poor varactor performance. 

The varactor cutoff frequency, Ivcn, 

is also maximized by minimizing the 
collector series resistance, r ,. This re­
sistance is kept to a minimum by the 
NN+ epitaxial structure used for the 
collector region. The N epitaxial layer 
forms the dominant part of the col­
lector series resistance. The thickness 
of this layer is kept to the minimum 
value which will provide the required 
collector-base breakdown voltage. Low­
ering the resistivity of the epitaxial 
layer would also lower r" but it would 
raise Cm ,", and, therefore, yield no im­
provement in Ivcn. Measurements made 
on the 2N4012 at a V OB of 65 
volts give the following typical values': 
r.'= 0.1 ohm; r,a = 1.8 ohms; and 
Co = 3.5 picofarads. The resulting 
varactor cutoff frequency, as calculated 
from these values, is 24 GHz. The com­
bination of an overlay transistor hav­
ing an Imax of 800 MHz and a varactor 
having an Ivon of 24 GHz results in de­
vice operation above the Imax of the 
transistor. 

N+ 'SUBSTRATE 

APPLICATION AND PERFORMANCE 

The diagram of Fig. 6 shows a circuit 
that triples from 340 MHz to 1.02 GHz, 
using an RCA 2N4012. This circuit 
uses lumped-element input and idler 
circuits and a coaxial-cavity output cir­
cuit. The transistor is inside the cavity 
and its emitter is grounded to the 
chassis. A pi section in the input (C" 
C" L" L2 , and C3 ) provides impedance 
matching at 340 MHz between the driv­
ing source and the base-emitter junc­
tion of the transistor. L, and Cs provide 
the necessary ground return for the 
nonlinear capacitance of the transistor. 
L3 and C, form the idler loop for the 
collector at 340 MHz. L, and C. form 
the second-harmonic idler circuit for 
the collector at 680 MHz. The output 
circuit consists of -a foreshortened co­
axial cavity, 114 by 114 inches square. 
A lumped capacitance, C5 (Johanson 
Type JMC 2954), in series with a 14-
inch hollow-center conductor of the 
cavity near the open end, permits ad­
justment of the electrical length. Out­
put power at 1.02 GHz is obtained by 
direct coupling at a point near the 
shorted end of the cavity. 

The graph in Fig. 7 shows the output 
power of this tripler at 1.02 GHz as a 
function of the input power at 340 MHz 
taken with a typical 2N4012 operated 
at a collector supply voltage of 28 
volts. The solid-line curve is the power 
output obtained when the circuit is 
retuned at each input power level. 
The dashed-line curve is obtained 
with the circuit. tuned at an output 
level of 2.9 watts. An output power of 
2.9 watts at 1.02 GHz is obtained with 
1 watt of drive at 340 MHz. The 3-dB 
bandwidth measured at this power level 
is 2.3 percent. Spurious frequency com­
ponents measured at the output are 
better than 20 dB down. The variation 
of output power and collector efficiency 
with collector supply voltage at an 
input drive level of 1 watt is shown in 
Fig. 8. These curves are obtained with 
the circuit tuned when the collector 
voltage is 28 volts and the power out­
put is 2.9 watts. With 1 watt of drive, 
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Fig. 5-Simplified circuit for varador portion 
of RCA-2N4012. 

Fig. 4-Cross-secfional view of RCA-2N4012 
with varactor elements shown schematically. 
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Fig. 7-Power output vs. power input; RCA-
2N4012 tripler circuit (340 MHz to 1.02 GHz). 

Fig. 8-
Power output 
and collecfor 
efficiency vs. 
collectarvolt­
age; RCA-
2N4012 trip­
ler circuit 
(340 MHz to 
1.02 GHz). 
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the 2N4012 transistor in this tripler 
circuit provides a minimum output of 
2.5 watts and a maximum of 3.5 watts. 
The median value is 2.8 watts. 

A 340-MHz amplifier using the same 
circuit configuration and components 
as those of Fig. 6 was constructed to 
compare amplifier and tripler perform­
ance. The conversion efficiency for a 
large number of 2N4012's was meas­
ured. The conversion efficiency is de­
fined as the power at 1.02 GHz obtained 
from the tripler divided by the power 
at 340 MHz obtained from the ampli­
fier with the same input power (1 
watt). The efficiency varies between 60 
and 75 percent and averages at 65 
percent, comparable to a good varactor 
in this frequency range. 
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DESIGN OF A TRANSISTORIZED 
TV PICTURE IF AMPLIFIER 

This paper describes the design of a transistorized TV picture I F amplifier. 
Transistor and tube circuits are compared, practical design equations for deter­

mining the R-X and coupling transformers are presented, and AGe considera­
tions and IF design are discussed. 

K.SIWKO 
TV Product Engineering 

RCA Victor Home Instruments Div., Indianapolis, Ind. 

EVER since the first transistor radio 
receiver appeared on the counters 

of retail stores, increasing effort has 
been expended to produce transistorized 
television receivers. Such transistorized 
instruments have been confined mainly 
to laboratory development, primarily be­
cause of continuing tube improvements, 
both in performance and cost. 

In recent years, however, there has 
been an increased improvement in the 
transistor itself as well as a greater 
understanding of the theory behind the 
transistor. Thus, competitively priced, 
transistorized TV receivers can now be 
designed to take their rightful place in 
the market. Because of the different 
characteristics of transistors and tubes, 
new design techniques were developed 
to achieve optimum performance of all 
transistorized circuits. The picture IF 

amplifier circuit is no exception, and its 
design procedure is described herein. 

COMPARISON BETWEEN TUBE 
AND TRANSISTOR 

To establish the best design approach 
for the IF amplifier, the pertinent tran­
sistor parameters must be first under­
stood. Relative merits of transistors 
may best be established by comparing 

TABLE I - Tube Vs Transistor Comparison 

4JDB TA2562 
Input resistance (R,) 5 kQ 0.55 kQ 
Output resistance (Ro) 100 kQ 40 kQ 
Input capacit.qnce (C i) 10pF 5 pF 
Output capacitance (C oj 3 pF 1.0 pF 
Transconductance (G m ) 14 mA/Y 85 mA/Y 
Maximum feedback 

capacitance (C ,) 0.018 pF 0.55 pI' 
Max. ayaHable gain (MAG) 

MAG= 
gm

21f
I. R o 

44 dB 45 dB 
4 

Max. usable gain (MUG) 
for single-stage amplifier 

MUG=~ 30.3 dB 22.1 dB 
wc, 

@ 45l1fHz 
Gain-bandwidth

' gm 
204 :11Hz (GB) = 

47r~ 
(matched capacitance 
transformer) 

GB Product = It 900 :11Hz 
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the transistor directly with pentode tubes 
currently used in IF designs. Typical 
comparisons between an RCA-4JD6 tube 
and an RCA-TA2562 transistor are given 
in Table I. 

From Table I, it is evident that in a 
tube high-frequency IF amplifier, the 
gain per stage is limited primarily by 
feedback and gain-bandwidth product 
(GB) ; this is especially true with many 
other types of tubes where GB can be 
substantially less than 200 MHz (Mc/s). 
The current design practice is to use neu­
tralizing and double-tuned circuits, thus 
increasing the design potential of the 
tube. 

In transistor design the first apparent 
limiting factor is feedback.o Typical 
gain-per-stage figures for T A2562 are 
given in Table II. 

TABLE II - Gain Per Stage at 43 MHz 
(2 mA Bias) for TA2562 

Condition 

U nneutral ized 
Fixed neutralizing 
Unilateralized MAG 

Gain per Stage in dB 

Stage 1 Stage 2 Stage 3 

22.7 
27.8 
43 

20.5 
25.6 
43 

18.7 
23.8 
43 

Here again, the gain per stage may be 
increased up to MAG by using more com­
plex neutralizing circuitry. Since the GB 

product from Table I is much higher 
than that of an equivalent pentode, the 
comparison may suggest some superi­
ority of the transistor in the high-gain, 
medium· bandwidth amplifier circuits. 
However, the additional peculiarity of 
semiconductor devices must also be con­
side~. In the present state of the art, 
trarisistors exhibit great variations of 
input and output resistance. Typical 
spread (nj) between R.n •• and R.,'n is 
4: 1 for input, and 6: 1 for output resis­
tance. When fixed-turns-ratio transform­
ers are used for coupling, perfect match­
ing for gain cannot be consistently 
obtained; furthermore, the effect on 
bandwidth would render the maximum­
gain amplifier unusable. 

To eliminate such effects on the band­
width, sufficient loss must be inserted 
into the coupling circuit. For producing 
designs similar to those found in present 

tube rec;eivers, the effects of transistor 
parameters on bandwidth were assumed 
to be ±15% for television IF amplifiers, 
i.e. ±7.5% for input and ±7_5% for 
output impedance variations (Appen­
dix 1). 

To determine the amount of external 
loading, the equivalent circuit in Fig. 1 
will be considered; circuit elements are 
designated as follows: 

R, = Mean iriput resistance of transis­
tor T, 

Ro = Mean output resistance of tran­
sistor Tl 

R, = Driving resistance 

RL = Load resistance 

R"max. n,=--=':"""­
R im1n . 

maximum spread of input resistance 

n o =-=---­
R Qm1n . 

maximum spread of output resistance 

o - Fractional Bandwidth Spread 
!::,- 2 

in this case = 0.15 

R,xR, 
R1 = R R ,+ , 

total input circuit resistance (1) 

RL X Ro 
R 2 = R R 

L + 0 

total output circuit resistance (2) 

From Appendix 2, the following rela­
tionship may be derived: 

1 n,---­
n, (3) 

Fig. I-Transistor input and output resistance. 

Fig. 2-The coupling transformer_ 

Fig, 3-TheRX tralisformer_ 
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1 
no ---­

no (4) 

From equations 3 and 4, input and out­
put stability factors may be determined: 

R, 
IS= 2R;" 

Ro 
OS = 2R2 = 

1 n,- --­
n, (5) 

(6) 

It should be remembered that R, and Ro 
are mean input and output resistances 
derived from the maximum-resistance­
parameter spread limits; these values 
need not be identical with typical values 
published in manufacturers' data. Both 
sets of values should be investigated in 
the final design. 

Insertion loss is called PL and may be 
derived from: 

From equations 5 and 6, 

From equations 7 and 8, an alternative 
figure for maximum usable gain may be 
defined (MUGI':,) where bandwidth spread 
is the limiting factor: 

MUGI':, in decibels = (MAG - 10 log PL ) 

(9) 
Example 1 
In the design where 01':, = 0.15, the input 
and output resistance spreads are n, 
4 and no = 6, respectively. 

From equations 3 and 4, 

R,= 
201':, R, 

(10) 
1 R,=l2.5 

n, - ---;:;:-

Ro 
R,=~ (11) 

IS = 6.25, and OS = 9.8 (12) 

MUGI':, = 45 dB - 10 log PL = 
45 dB - 18 dB = 27 dB (13) 

From the example shown above, and by 
comparison with Table II, it will be evi­
dent that MUGI':, should be considered in 
the design whenever MUG I':, is in the same 
order of magnitude as MUG. Further, 
since parameter spread between various 
transistor types is in the same order of 
magnitude, the P L values are similar for 
a given design quality, and the MAG may 
be considered as an approximate figure 
of merit for the device employed, at least 
in preliminary sample comparisons. 
From equations 10 and 11, the numerical 
values for the denominator » 1; hence, 

referring back to Fig. 1, equations 1 and 
2 can be approximated as follows: 

(14) 

(15) 

COUPLING TRANSFORMER DESIGN 

The simple single-tuned interstage cou­
pling transformer, shown in Fig. 2a, con­
sists of a transformer with a turns ratio 

N = Z:; it is tuned with C, and has 

total circuit damping which is presented 
by R L ; Fig. 2b shows the same trans­
former with pertinent components re­
ferred to the secondary winding. 

The usual requirements for the stage 
are: 

gain = G 

3-dB bandwidth:::: B= + = 2;'Q 

The preliminary design procedure for 
the coupling transformer follows the 
theoretical considerations, and is given 
here: 

For optimum mismatch from equa­
tions 3 and 4, 

R.(n,-+) 
R,(no - +) 

(16) 

For the transformer shown in Fig. 2, 

G - g", R2 g", RL . h - ----w- = ----W-' usmg t e ap-

proximations from equations 15 and 16 

(17) 

B = 2;"0 where Q = RL X wo.C 

1 
Thus B = ---,:=--

2'1l'RL C2 

(18) 

Hence the design factors of N, RL , and 
C, are determined by equations 16, 17, 
and 18 respectively, giving complete 
transformer design description. A simi­
lar procedure is used with double-tuned 
transformers, modifying the procedure 
for well-established, double-tuned re­
quirements! 

DESIGN COMPROMISE 

The preceding theory and design pro­
cedure applies mainly to the picture IF 

amplifier design, where bandwidth limi­
tation and repeatability are of primary 
importance. Factors such as noise figure, 
cross modulation, and variations of op­
erating conditions with AGe will affect 
the final choice of IS and os. In the case 
of noise considerations, the power loss in 
the transformer coupling circuit will de­
grade the system noise figure. In overall 
TV receiver system design, the IF ampli­
fier is preceded by RF and mixer stages;' 

K. SIWKO received his B.Sc. (Engineering) degree 
in 1957 from the University of London, England. 
Following graduation, he was employed by Plessey 
Company, Ltd. for five years. During this period 
he worked with the TV design group, primarily on 
405-line and 625-line British receiving equipment. 
He joined the RCA Home Instruments Division in 
1962. He is presently engaged in the design of 
picture I F circuits. 

thus, considerable amounts of input mis­
match may be tolerated without degrad­
ing overall system performance. 

Where the gain requirements are less 
than MUGI':, (by examination of equa­
tions 5, 6, 7, and 8), greater design flexi­
bility will be achieved. 

With the high GB products available, 
it is also possible to make bandwidth of 
the critical stages wider, hence contrib­
uting less to overall bandwidth varia­
tions. Here, again, if this method is 
carried to extremes, more tuned trans­
formers would be required in other 
stages when good skirt selectivity is re­
quired, thus affecting the cost of the 
design. Further, with reduced stage 
stability at high gain, the bandwidth 
and gain will be· adversely affected by 
feedback variations. 

RX TRANSFORMER DESIGN 

In a medium-bandwidth transistor ampli­
fier, the RX transformer can be used for 
interstage coupling. This transformer, 
shown in Fig. 3, consists of a simple 
tuned circuit, L2 and C2, with series 
damping resistor R, providing an input 
mismatch to transistor Tz, a series damp­
ing for L2 - C" and, hence, an output 
mismatch for T,. From the basic tran­
sistor parameters (Table I) and from 
equation 10, it will be seen that R, « 
Zin; thus, for high circuit Q's, 

1= Jee,' Xe, = reactance of C2 » R, 

Ve R ( and V2 = IR, = -X- X , 19) 
02 

Ve 1 
hence, N = V, = R,woC, 

The name RX transformer is derived 
from a reactance-to-resistance voltage 
transfer. 

1 
Also: Q = R

2

w
O

C
2 

= N (20) 

Equivalent RL = Q'R, = N'R, (21) 

By comparing the above results with 
those of the transformer in Fig. 2, the 
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RX transformer is treated as a special 
case wherein Q = N numerically, with 
other parameters being equivalent. Be· 
cause of this equity, the use of the RX 
transformer is greatly limited, since the 
design flexibility is restricted. How­
ever, the advantage of the RX over the 
conventional transformer will be appar­
ent by considering its performance in the 
presence of a capacitive feedback, rep­
resented as ep in Fig. 4a. The ampli­
tude and phase of the feedback voltage 
at the base of transistor T2 are compared 
with input voltage V2 in Figs. 4b and 4c. 
The dotted lines in both curves outline 
the feedback effects on the transformer 

o. 

c. 
Fig. 4-Colledor-to-bose feedbacki" 

the RX. transformer. 

B+ 

c 

a. 
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b. 

Fig. 5-AGC system for KCS-153. 
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shown in Fig. 2; from this feedback 
characteristic, a good degree of self-neu. 
tralizing can be expected from the RX 
transformer when in synchronous tun­
ing condition. In stagger-tuned circuit 
applications, the stability is retained 
with a correct choice of stagger fre­
quencies. 

By again looking at Table I, with R, 
= 0.55 kilohm, and. Ro = 40 kilohms, 
and using example 1 plus equations 10 
and 11, then N becomes, 

N= 

40 
19.5 

(f.55 = 6.8 

12.5 

(22) 

Typical values of loaded Q's, between 
5 and 10, are used in the picture tele­
vision IF amplifier, depending on the 
design. Thus, in transistor applications, 
the RX transformer can be used easily, 
making available its advantages of sim­
plicity and improved stability. 

The design of the RX transformer fol· 
lows procedures that are similar to those 
of any other transformer, except for this 
special case since Q = N, the stage gain 
(G) is 

G-~ - woe (23) 

Thus tuning capacitance is first deter­
mined, and then the value R, is selected 
for best compromise where Q equals N. 

AGC CONSIDERATIONS 

The AGe requirements for television re­
ceivers are described in other papers.' 
In general, the forward-bias method has 
been preferred because this method pro­
vides better linearity and slower slope 
characteristics at cutoff, as may be seen 
in Fig. Sb. A further argument in favor 
of forward bias, especially with older 
germa~m transistors, is the difficulty 
of controlling I'bo with temperature, es­
pecially near cutoff with reverse bias. 

However, in recent silicon transistors 
I,bo is kept very small; thus, when a 
satisfactory cross-modulation character­
istic is available, the reverse bias can be 
used successfully. The advantages here 
are the higher efficiency provided for a 
given AGe control power available, and 
more consistent gain at cutoff. Further, 
with the latest transistors being designed 
for reverse-bias operation, adequate gain 
reduction may be consistently obtained 

with a single stage; hence, simplicity is 
enhanced and the cost of the design is 
reduced, or performance is improved for 
similar costs. 

Thus, the reverse bias method cannot 
be rejected without good reason; in op­
timum design, both approaches should 
be considered and the best one applied 
to the overall system design. 

Cross-modulation characteristics gen­
erally favor the use of a forward-biased 
AGe in tuner RF stages. By choosing fil­
ters with adequate selectivity to precede 
the first IF stage, the IF cross modula­
tion can be eliminated; consequently, 
reverse-bias AGe would be preferred. 
One such reverse· bias AGe system is 
shown in Fig. 5. A typical gain-versus­
collector· current curve of the transistor 
is shown in Fig. Sb. The RF tuner stage, 
at a maximum gain condition, is biased 
to point B, on the curve of Fig. Sb; this 
point is coincident also with the optimum 
RF noise figure. As signal increases, the 
forward-bias voltage is applied to the RF 

stage, moving the operating bias to point 
B2• This has negligible effect on the gain 
of the RF stage; however, voltage at the 
collector (point C) drops due to the in­
creased bias current, thus reducing the 
IF stage base bias. In this operation, IF 

gain reduction is first obtained. Since 
the amount of attenuation in the IF (T2 ) 

is limited by current through resistor 
R" which is connected between the base 
of T2 and the fixed B+ voltage point, 
further increasing the bias at T, provides 
attenuation in the RF stage only, as shown 
by condition B2 - Bs in Fig. Sb. The 
limiting resistor (R,) can be replaced 
by more complex diode circuitry, re­
sulting in a better clamping performance 
whenever required. 

A typically ideal AGe requirement is 
shown in Fig. 6; with increasing signal, 
IF gain is reduced initially to improve 
the signal-to-noise ratio at the mixer and 
first IF. After the noise effect has been 
eliminated, most of the gain reduction 
should be obtainable in the RF stage to 

Fig. 8-Stoge responses for KCS-153: 0) for 
input tronsformer; b) for remaining three 
tronsformers. 

~~2db 
/ 3 MC/S \" 

(0) 

~--:!2db 
/3 Mcis'''J 

(b) 



Fig. 9-Complete picture IF amplifier. 
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give the following stages adequate pro­
tection against cross modulation and 
beat effects. A small slope on curve ABC 
may often be required to provide addi­
tional gain reduction (points B-C), after 
the gain control limit of the RF device is 
reached. 

KCS-1S3 IF DESIGN 

The gain requirements for the picture IF 

amplifier and the total gain distribution 
that may be derived from following con­
siderations are shown in Fig. 7; the gain 
quoted is the peak gain of overall IF 

response. 

TABLE III - Total Gain Requirement 

Basic overall gain of IF 
Transfonnation gain prf>Sent from 

3-kilohm input to 3.9 kilohms 
Second detector efficiency 65 % , loss 
Bridge T trap expected to be used, loss 

Total Gain 

63 dB 

-1.3 dB 
3.5 dB 
3.0 dB 

'68.2 dB 

From Table III, three stages at 23 dB 
gain are required; in the initial design, 
the RX transformers are used to obtain 
neutralized operation. 

Considering bandwidth selectivity and 
phase response, five tuned transformers 
are acceptable in the design; this is 
based on standard practice in current 
tube design. To obtain maximum cross­
modulation protection in the first IF 

stage, a double-tuned input and three 
single-tuned coupling transformers were 
chosen. The initial response of indi­
vidual stages is shown in Fig. 8. The 
parameters realizing both responses (a 
and b) will follow normal practice in 
tube receiver design, with additional care 
being taken to correct impedance match­
ing. 

The only factor now remaining is to 
insure adequate cross-modulation per­
formance. The device to be used is meas­
ured for 1 % cross modulation, and bias 
conditions are carefully selected. Typi­
cal readings for unwanted signal level 
at the base of T A2562 in reverse bias 
for 1 % cross modulation are given in 
Table IV. 

TABLE IV-
Typical Readings of Gain, Bias, and 

Signal to Produce 1 % Cross Modulation. 

Gain Bias Signal 

Max. 4mA 4.5mV 
-I dB 2mA 3.5mV 

-34 dB 3.5mV 
-40 dB 2.7mV 

The selectivity of the input coupling 
circuit is made sufficient for adj acent sig-

R203* R208* R215 R216 
33 560 C213 5600 IK 

.001 

nal cross modulation at IF; for inband 
cross· modulation protection, Fig. 7 
should be examined and the following 
steps considered: 

1) With the first IF at maximum attenua· 
tion of 34 dB, the double-tuned input 
selectivity is made such that the sound 

.. I 4.4 125' 25 carner IS at east 3.5 = . ; I.e., . 

dB below picture carrier. 
2) Second IF-no problems. 
3) Third IF-biasea to 4 rnA and no 

problems. 

It will be seen that in the stages follow­
ing the first IF, an accompanying sound 
rejection increases to insure proper sec­
ond-detector operation, thus improying 
the cross-modulation safety factor. 

CONCLUSION 

The complete schematic of the picture 
IF amplifier is shown in Fig. 9; selec­
tivity and bandwidth response are shown 
in the graph of Fig. 10. The field per­
formance and cost of the amplifier are 
comparable to current tube receivers. 
The added advantages of low-voltage op­
eration and small size promise a wider 
use of transistors in future TV receivers. 
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APPENDIX 1 

In current TV design practice, the spread 
of tube capacitances is approximately 
± 20%. Damping resistors of 5% tol­
erance are used to control operating cir­
cuit bandwidth; thus, total possible 
bandlVidth variation is ±25%. 

Since the GB product is high in tran­
sistor design, bandwidth will be con­
trolled mainly by external tuning capac­
itors with ±5% tolerance; resistors with 
a 5% tolerance will also be used. For 
an absolute maximum bandwidth spread 
of ±25%, ±15% may be allowed for 
the spread of input and output resistance 
of the transistors used. 

APPENDIX 2 

The parameter spread for transistor in­
put is considered below. By definition: 

R217t: R221 R234 
27 15K 1800 

G204 
Is' 
VIDEO 
2427 

R220 
5600 

2 
d 

Rim(l.Z'. 
an ---= n 

Rt.mfiL 

R,XR, 
Also R, = R, + R, 

For fractional bandwidth spread of 
±OLl' because circuit Q's are propor­
tional to R" and considering the admit­
tances in the limit case, the equations 
become 
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The 1966 Individual Awards for 

Dr. C. W. Mueller 

S. H. Buder 

... About the Awards 

RCA's highest technical honors, the four annual 
David Sarnoff Outstanding Achievement Awards. 
have been announced for 1966 by Dr. George H. 
Brown, Vice President, Research and Engineering. 
David Sarnoff, RCA Board Chairman, and Dr. 
Elmer. W. Engstrom, Chairman of the Executive 
Committee and Chief Executive Officer, will present 
the awards, which consist of a gold medal, a 
bronze replica citation, and a cash prize for each. 

The Awards for individual accomplishment in 
science and in engineering were established in 
1956 to commemorate the fiftieth anniversary in 
radio, television, and electronics of David Sarnoff, 
RCA Board Chairman. The two awards for team 
performance were initiated in 1961. All engineer· 
ing activities of RCA divisions and subsidiary 
companies are eligible for the Engineering Awards; 
the Chief Engineers in each location present nom· 
inations annually. Members of both the RCA 
engineering and research staffs are eligible for the 
Science Awards. final selections are made by acorn· 
mittee of RCA executives, of which the Vice Pr.esi· 
dent, Research and Engineering, servesasChai rman. 

CHARLES W. MUELLER, Fellow of the Technical Staff, 
RCA Laboratories;" Princeton, ]'I.J., recipient of the 1966 
David Sarnoff Outstanding Achievement Award in Science 
'lor outstanding contributions to the technology of semi­
conductor devices and circuits." 

DR. MUELLER, winner of the individual science award, has 
been one of the pioneers in semiconductor technology. On 
the staff of RCA Laboratories since 1942, much of his 
early work was with microwave receiving tubes, secondary 
electron emission, and semiconductor devices. In the field 
of junction transistors, he was responsible for development 
of the alloy-junction technique used in many commercial 
types and for the first alloy-junction transistor specifically 
designed for higher frequency operation. He developed the 
thyristor switching transistor and supervised the work 
leading to a parametric diode with a cutoff frequency 
above 200 GHz and developed the low-inductance ceramic 
package required for such high frequencies. He also 
participated in the development of very-high-speed tunnel 
diodes. Recently he has led the development of a technique 
for growing single-crystal silicon films on sapphire and the 
use of these films in integrated circuits. 

SPURGEOC'iH. BUDER,.M:issile and Surface Radar Division, 
RCA Defense Electronic Products, Moorestown, ]'I.J., 
recipient of the 1966 David Sarnoff Outstanding Achieve­
ment Award in Engineering "for development and applica­
tion of novel techniques of system analysis and synthesis to 
advanced defensive systems." 

:\IR. BUDER, recipient of the individual engineering award, 
has gained considerable recognition for his technical con­
tributions to and his comprehensive knowledge of overall 
ai~fense systems. He has been with RCA since 1941~ He 
was lead systems engineer in development of the l'i avy 
Mk 2 target-designation equipment, one of the first ad­
vanced fire-control systems for missiles. He also made 
significant contributions to RCA's Range Instrumentation 
Program, in development of novel radar applications, 
designation systems, and data-processing techniques. In 
1960 he was RCA's key technical representative at 
Yandenberg Air Force Base for the integration of the 
control and checkout subsystems of the Atlas missile with 
the overall missile system. In 1963 he was instrumental in 
RCA's successful analysis of the Terrier missile system for 
improved performance. His work during 1964 and 1965 in 
the field of system analysis and synthesis of tactical air 
defense systems has contributed heavily to the effective­
ness of this nation's future-generation air defense systems. 

Dr. S. Larach 

R. S. Hartz 

F. P. Jones 



Dr. P. N. Yocom 

DR. SIMON LARACH, DR. Ross E. SHRADER, DR. S. MILTON 
THOMSEN, and DR. P. NIEL YOCOM, Materials Research Lab­
oratory, RCA Laboratories, Princeton, N.J., recipients of the 
1966 David Sarnoff Outstanding Team Award in Science "for 
team performance in making substantial advances in the science, art, 
and application of luminescent and photocondurtive ma-

MESSRS. RALPH S. HARTZ, F. PETER JONES, HENRY M. 
KLEI""MA"", and JOEL OLLENDORF, Commercial Receiving 
Tube & Semiconductor Division, RCA Electronic Components & 
Devices, Somerville, 1\".J., recipients of the 1966 David Sarnoff 
Outstanding Team Award in Engineering "for team performance 
in developing the first line-operated audio output transistor ff:!V'the 
economical transistorization of home radio and television recewers." 

J.Ollendorf 

DRS. LARACH, SHRADER, THOMSEN, and YOCOM, winners of 
the team award in science, have made important individual and 
collective contributions in developing special luminescent and 
photoconductive materials for use in manufacturing photocells 
and kinescopes. Dr. Shrader, a physicist, in order to evaluate the 
thousands of experimental photoconductors and phosphors 
synthesized by his three fellow chemists, designed original spec­
troradiometric equipment. Dr. Thomsen, in his research on phos­
phors and photoconductors, developed a technique for making 
practical sintered cadmium sulfide photocells, a process now 
used to manufacture such cells at RCA's Mountaintop plant. 
Dr. Larach made personal contributions both to the development 
of cathodoluminescent phosphors for kinescopes and electro­
luminescent phosphors for solid-state information displays. In 
all these studies, Dr. Larach coordinated the laboratory work 
with that of other technical personnel in Lancaster and Moun­
taintop. Dr. Yocom played an important part in the development 
of a new red-emitting phosphor for color kinescopes and an 
intense blue-emitting phosphor. He has also been creative in 
conceiving and developing new luminescent materials for masers 
and lasers. 

MESSRS. HARTZ, JONES, KLEINMAN, and OLLENDORF, win­
ners of the team award in engineering, have successfully developed 
a high -voltage off -the-line transistor for the practical transistoriza­
tion of television deflection systems and video output circuits. In 
January 1963, Messrs. Kleinman and Hartz set up complete 
objective specifications for the new transistor; Messrs. Ollendorf 
and Jones began design of a device and processes to meet these 
specifications. An initial problem was development of a high­
resistivity crystal for fabrication of a prototype device. Further 
studies indicated that achieving and mainiaining high voltages 
was just as dependent upon proper surface preparation as on use 
of a high-resistivity crystal. A prototype device, the TA2301, 
was introduced in January 1964. As a result of Messrs. Kleinman 
and Hartz' successful development of circuitry for reliable opera­
tion under normal or abnormal operating conditions, the device 
was announced commercially in November 1964. Messrs. Jones 
and Ollendorf, as a last phase of the project, assisted in establish­
ing proper manufacturing processes for the new high-voltage 
silicon transistor. In 1965 the new device, known commercially 
as the 40264, was selected by Industrial Research magazine as 
one of the 100 most significant new technical products of the year. 
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A TRANSISTORIZED HORIZONTAL 

DEFLECTION CIRCUIT FOR TELEVISION 

This paper describes a transistorized horizontal system developed for use in TV 
receivers. The system consists of an output stage, a driver stage, an oscillator, 
and AFC circuitry. The output stage uses two power transistors, one as a 
switch and the other as a protective device. The driver stage is a one-transistor 
power-gain stage with special wave-shaping circuitry. A transistorized blocking 
oscillator is used with refinements added for stability purposes. The AFC cir­
cuit is a conventional phase splitter with a diode-gate phase detector. 

L. G. SMITHWICK 

TV Product Development 

RCA Victor Home Instruments Div., Indianapolis~ Ind. 

THE primary function of the hori­
zontal deflection circuit in a tele­

vision receiver is to drive a sawtooth 
current through a yoke to provide elec­
tromagnetic deflection of the electron 
beam in the kinescope. The deflection 
system also performs these secondary 
functions: 1) develops the second-anode 
high voltage, 2) accelerates the anode 
voltage, and 3) produces blanking pulses 
for the kinescope. Deflection is per­
formed at a rate of 15.75 kHz (kcf s) to 
provide a 525-line raster. 

Although many of the concepts and 
principles of the circuit discussed herein 
are common to both vacuum-tube and 
transistor circuits, special consideration 
is given to the unique characteristics of 
the transistor. 

OUTPUT STAGE 

Horizontal deflection of the electron 
beam in a television receiver is accom­
plished by switching techniques instead 
of the large-signal amplification used to 
drive the vertical yoke. Unlike the ver­
tical yoke, which is treated as a resistive 
load at the vertical sweep rate, the hori­
zontal yoke must be considered a purely 
inductive load at 15.75 kHz. 

Circuit Operation 

The output stage of the KCS-153 hori­
zontal deflection circuit is illustrated in 
Fig. 1. The driver switches transistor 
Q, from an of] condition to an on, or 
saturated, state at the appropriate times. 
For simplicity, this transistor will be 
considered an ideal switch. In this cir­
cuit C,»C t and L,»Ly. 

Assume that initially the following 
conditions exist: 

Final manuscript received January 12, 1966. 

1) Capacitor C, is positively charged. 

2) Transistor Q, is saturated. 

3) Current is flowing in Ly and the 
flyback transformer, as shown in 
Fig. 1. 

Then, at time t, (Fig. 2) transistor Q, 
is switched of], but the currents present 
in the yoke and flyback transformer can­
not cease flowing immediately. The only 
available path for current flow is through 
C t; since these currents drop rapidly, 
C t is charged to a high voltage (about 
250 volts for the KCS-153). The value 
of this voltage is, of course, determined 
by the magnitude of currents I, and I y 

and the capacitance of C t (represented 
in Fig. 2 from to to t,). 

Now that capacitor Ct is charged to 
250 volts and I v has dropped to zero, this 
capacitor will begin to discharge through 
L y , creating a yoke current in the oppo­
site direction (t, to t" Fig. 2). Note 
that Q, is still in the of] state. 

Perhaps a more appropriate way of 
looking at the circuit operation from to 
to t2 would be to note that C t and Ly 
form a tuned circuit having a resonant 
frequency with a period equal to twice 
the time from to to t2 , or about 20 p.sec. 

Aytime t2 the voltage across C t has 
dropped to zero and would ring negative 
except for the presence of diode Dn. The 
large current present in Ly opens this 
diode at t2 and current flows through Dn 
and Ly in the form of a ramp (Fig. 2) 
until time t,. 

Transistor Q, is switched to on at t3 
(Fig. 2); however, this has no bearing 
on the conduction of Dn until time t" 
when the diode becomes back-biased. 
At t" the transistor begins to conduct 
yoke current in the forward direction 
and continues to do so until time t5 , when 

it is switched of] and the cycle begins 
anew. 

Up to this point little has been said 
about the function of capacitor C,. This 
capacitor is necessary to block DC cur­
rent flow in the yoke and prevent a 
degree of static deflection which would 
place the raster off center. A further 
result is that without C, the AC current 
in the yoke would follow the rule, 

di= Et 
and yoke current would be a linear ramp 
function (neglecting yoke resistance). 
A linear current ramp is not desirable 
because the curvature of the face of the 
CRT has a radius greater than the dis­
tance from the electron gun to this face, 
and S shaping must be applied to the 
yoke current to obtain a linear visual 
sweep. This S shaping is shown in Fig. 
2 (t2 to t5)' The voltage across the ca­
pacitor resembles a rectified sine wave, 
and this waveform forces the yoke cur­
rent to vary in the fashion shown in 
Fig. 2. 

It would appear (Figs. 1 and 2) that 
the voltage at the emitter of transistor 
Q, should be the positive portion of a 
sine wave whose frequency is deter­
mined by Ly and Ct , since L, » Lv and 
C, »C t • Such is not the case, and the 
actual waveform is a combination of two 
sine waves (Fig. 3). This waveshaping 
is referred to as third-harmonic tuning, 
and the method used to obtain it is de­
scribed in a later section of this paper. 

This tuning, while not essential, 
greatly improves circuit operation and 
can be explained in the following man­
ner. Since the flyback transformer will 
always have some leakage inductance, 
the circuit will always exhibit some 
high-frequency ringing. If this frequency 
is controlled, it can be used to improve 
circuit operation and to decrease losses_ 
As shown in Fig. 3, it is used to reduce 
the peak pulse on the output transistor. 
Further, since the phase of the third 
harmonic is reversed on the leakage 
inductance of the flyback transformer, it 
adds to the peak pulse at the high­
voltage rectifier, thereby increasing the 
second-anode voltage. 

In this circuit it is necessary to pro­
tect transistor Q, when fault conditions 
occur, particularly high-voltage arcing. 
If arcing occurs in the high-voltage rec­
tifier or the kinescope, much more en­
ergy is required of the fly back primary; 
this means that a considerably higher 
current must flow through Q, when the 
transistor is turned on. Since the base 
current in Q, is constant during its on 
period, the transistor is forced out of 
saturation and a voltage develops be­
tween collector and emitter. This in-
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creased V OE and the high collector cur­
rent result in very high peak power in 
the device (typically 400 watts or more) 
and it fails. 

To protect transistor Q" a current­
limiting circuit is added to the output 
stage (Fig. 4). The base of Q L in the 
limiter is tied to ground through a re­
sistor, and since this base is always 
essentially at B+ voltage, a constant cur­
rent flows through the base-emitter junc­
tion. This establishes a maximum, but 
not a minimum, collector current. 

Now, obviously the maximum current 
through Qr, is determined not only by 
the value of the base resistor, but by the 
f3 of the transistor as well. Thus, a close 
tolerance must be maintained on this 
parameter to insure uniform current 
limiting in each receiver. 

Another failure condition exists when 
the high·voltage rectifier arcs and places 
a very high (possibly 400 volts) reverse 
voltage across limiting transistor QL. 
Since such a voltage would destroy QL, 
diode DL is provided as a protective de­
vice to prevent the appearance of a 
reverse voltage across this transistor. 

In reactive circuits where large cur­
rents are switched at high speeds, it is 
difficult to avoid radiation caused by 
transients. In a horizontal circuit, radia­
tion is suppressed by small feedthrough 

Fig. l-Simplified schematic of the KCS- 153 
output stage. 

B+ 

FLYBACK 
TRANSFORMER 

LF 

TO AFC 

CRT 

capacitors to keep it from appearing in 
the video information. 

The fast switching of high currents 
further requires that AC isolation be 
maintained between the circuit and the 
power supply to prevent the propagation 
of horizontal information to other cir­
cuits; isolation is provided by a simple 
L-C filter (Fig. 4). 

Design Considerations 

The equivalent circuit of the output 
stage (Fig. 5) is a convenient tool for 
examining the design methods used for 
this circuit. In the equivalent circuit the 
battery and switch represent the supply 
voltage and the active element (tran­
sistor in this case) used for switching. 
L, represents the inductance of the yoke 
and the flyback transformer in parallel. 
But since the flyback transformer in­
ductance is an order of magnitude 
greater than the yoke inductance, it is 
reasonably accurate to assign L, the 
value of the yoke inductance (200 .uH 
for the KCS-153) . 

Tuning capacitor C t in parallel with 
L, is chosen for resonance at the proper 
flyback frequency. L2 represents the 
leakage inductance of the flyback trans­
former referred to the primary. 

Capacitor C3 represents stray capaci­
tance between windings of the flyback 
transformer referred to the primary. 
Capacitor C2 represents the capacitance 
of the high-voltage rectifier plus the cap 
lead and the capacitance between the 
transformer and the high-voltage box. 
Again, these are referred to the primary. 

A Practical Design Example 

In designing a horizontal output circuit, 
practical as well as theoretical ap­
proaches are used, as shown in the fol­
lowing general example. These calcu­
lations are not intended to provide ac­
curate design information, but are a 
rough approximation for initial design. 
1) Determination 0/ Required Deflection 
Energy 

Although it is possible to estimqte 
theoretically the energy required for 
beampeflection, a simpler approach is 
more practical. Given the high-voltage 
requirement, the proper kinescope, and 
a suitable yoke, the DC current required 
for deflection from the center of the tube 
to the side is measured. Energy is then 
calculated from the following equation: 

E = ~ I" L, where I = DC current 
required for full deflection. 

2) Determination 0/ Maximum Flyback 
Voltage 

Given a transistor to act as a switch 
which has an established V OEX, the maxi­
mum flyback voltage is determined as 

follows: 

VOLTAGE OF QS-+-

ON ON IOFF 

STATE OF QS 

Fig. 2_0utput-stage currents and voltages. 

,-~FUNDAMENTAL 

RESULTANT 
WAVEFORM 

3rd HARMONIC 

Fig. 3_Third-harmonic tuning technique. 
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QL 

LIMITER ________ _ 
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HV RECTIFIER 

TO QS EMITTER 

Fig. 4_Current-limiting circuit for output tran­

sistor protection. 

Fig. 5_Equivolent circuit for horizontal output 

stage. 

(V
BE 

OF OUTPUT TRANSISTOR) 

Fig. 6-Simplified base waveform for output 

transistor. 

Fig. 7_Waveshaping of driver output. 

51 



52 

Vp = 0.75 VCEX , where the 0.75 is sim· 
ply a safety factor. 

3) Supply Voltage 

Once the flyback voltage, V p, is deter· 
mined, it is possible to specify the sup. 
ply voltage required. 

Supply voltage Vb = Ys Vp (approxi. 
mate relationship) 

4) Required Yoke Inductance 

Given the energy for full deflection 
(step 1), the inductance of the yoke can 
be established from the following equa­
tion. 

E = Y2f2L 
E=Y2 (~tyL 

V' f 
L = ---iF:- where t = 26 /lsec 

5) Flyback Tuning Capacitor 

Assuming a flyback pulse width of 10 
/lsec, the sine wave required to produce 
such a pulse would have a period of 20 
/lsec, corresponding to a frequency of 
50 kHz. The C t in Fig. 5 is chosen for 
resonance with the yoke at this fre­
quency. 

h C 1 10-11IL t en: ,= 6)' LI :::::: 1 

or: LIC, :::::: 10-11 

6) Flyback Transformer Turns Ratio 
The flyback turns ratio can be deter­

mined from the following equation, 
where KV= high voltage, and Vp = fly­
back pulse peak: 

N~~ 
- 1.4 V,> 

7) Evaluation of C2 

For the average receiver, the values 
of rectifier capacitance, cap-lead capaci­
tance, and capacitance of flyback trans­
former to ground total about 9 pF as a 
sum. Then C2 is determined as follows: 

C, = (9 X 10-12
) (N2) 

8) Determination of C3 

The value of winding capacitance is 
measured on the actual transformer. 

Then, 

C3 = (measured capacitance) (N,) 

9) Calculation of L, 
To calculate the required leakage in­

ductance, it is necessary to write the ad­
mittance equation for the equivalent cir­
cuit of Fig. 5. Solution of this equation 
leads to a numerical value for L 2 • 

DRIVER STAGE 

When design of the output stage is com­
pleted, its drive requirements are already 
established. 

First, the driver must be capable of 
delivering sufficient current to maintain 
a minimum {3 output transistor in satu­
ration at peak output current. 

In the case of the KCS-153, the speci­
fied minimum {3 of the output unit at 
maximum collector current (6 amperes) 
is 15; therefore, it appears that a mini­
mum of 400 rnA is required for proper 
drive. However, if 400 rnA driving cur­
rent is used, high {3 output transistors 
exhibit a longer cutoff time because of 
storage in the base-emitter and base­
collector junctions. Therefore a com­
promise was made, and the drive current 
was set at 360 rnA. While this current 
allowed lower {3 limit transistors to 
travel slightly out of saturation, the asso­
ciated dissipation and scan nonlinearity 
was not intolerable and good cutoff time 
was maintained. 

The driving waveform on the base of 
the output transistor must drive this 
transistor of} for ..l8 to 25 /lsec. This 
period, covering the retrace time and 
part of the damper diode conduction 
time, is: 

t1< < To < (t1< + tD ) 

where tR = retrace time, To = of} time, 
tD = diode drive time. 

t1< :::::: 10/lsec. 

tD :::::: 25 /lsec. 

The next consideration is the driver 
transformer turns ratio. Since the volt­
age and current in the secondary are 
dictated by the output transistor, the 
turns ratio must be a compromise that 
will insure that neither the voltage nor 
the current rating of the driver transistor 
is exceeded. A 4: 1 turns ratio was used 
in the KCS-153. 

Given the above considerations, the 
waveform shown in Fig. 6 normally 
would be used for switching; however, 
this waveform does not provide an ade­
quately fast cutoff and must be altered. 
The voltage waveform of Fig. 7, when 
developed on the primary of the driver 
transformer, will provide the proper fast 
cutoff time. 

This waveform is produced by the 
waveshaping circuit shown in Fig. 8. A 
description of circuit operation follows. 
Before driver turn-on, C583 is charged 
to almost full B+ voltage (about 28 
volts), and in the series combination of 
driver transformer primary and driver 
transistor (these being in parallel with 
C583) all of this voltage is developed 
acoss the transistor. Then, as driver 
turn-on occurs, 28 volts is immediately 
developed across the transformer pri­
mary because the transistor is saturated. 
This provides the fast turn-off voltage 
required. As C583 discharges, the wave­
form exhibits a rapid fall time and stabi­
lizes at a new voltage (say B' +) pro­
vided for by CR507, R591, and C580, a 
voltage clamp. This condition prevails 
until driver turn-off occurs. 

Fig. 8-Complete driver stage. 

B+ 

R591 R592 

Fig. 9-Base-waveshaping circuit of driver. 
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Fig. 10-State of driver-base circuit at oscilla­
tor turn-off. 

Fig. 11-Final driver output waveform. 

Fig. 12-Basic transistor blocking oscillator. 
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Fig. 13-Base voltage associated with basic 
blocking oscillator. 



Fig. 14-Reshaped base voltage of oscillator 
tronsistor. 
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Fig. 15-Base off-time waveshaping network. 

B+ 

Fig. 16-Base-voltage waveshaping technique. 

TYPICAL SHAPING 
ADDITION 

SUM 

Fig. 17-Shaped-oscillotor base current. 

Fig. la-Complete transistor oscillator. 

Further consideration must be given 
to the base circuit of the driver transistor 
(Fig. 9). When a rectangular voltage 
is developed across the primary of the 
oscillator transformer, CS82 acts as a 
short circuit at turn-on and the base cur­
rent into the driver transistor is limited 
by RS89. The current i!1to the base then 
falls off at a rate prescribed by (CS82 
X RS93). As the turn-off portion of the 
oscillator waveform occurs, the circuit 
is in the state shown in Fig. 10, and the 
resultant turn-off voltage has a sharp 
drop as indicated in Fig. 11. This voltage 
waveform on the base of the driver tran­
sistor provides both fast turn-on and fast 
turn-off. 

HORIZONTAL OSCILLATOR 

In the KCS-lS3 the rectangular wave­
form required for the driver transistor 
input is provided by a blocking oscil­
lator, chosen for its ability to produce a 
low-impedance output waveform that is 
somewhat rectangular. Although the 
basic transistorized oscillator (Fig. 12) 
is conventional, it has several limitations 
and must be altered to make it suffi­
ciently stable. 

Several problems were solved to in­
sure that the frequency of the oscillator 
would remain constant not only on a one­
cycle basis but during long-term oper­
ation and temperature changes. 

The basic oscillator has an unstable 
off time due to the shape of the base 
voltage waveform (Fig. 13). With this 
waveform, firing or turn-on should oc­
cure at point B; however, noise or cir­
cuit variations can cause a slight rise in 
the curve before point B and cause firing 
anywhere between A and B. 

To eliminate this problem, waveshap­
ing was employed to obtain the wave­
form shown in Fig. 14. Note that any 
slight change in amplitude in the wave­
form between A and B will not cause 
premature firing, and turn-on will occur 
only at point B. The circuit alteration 

shown in Fig. IS provides this new 
waveshape. Note the addition of C" and 
L,. The resonant-frequency period of 
L, ap,a C is related to the off time of the 
oscillator and adds the dotted waveform 
(Fig. 16) to the original waveform to 
provide the final base voltage shape in 
the off-time portion. 

The on time is affected by the f3 of the 
transistor and the primary inductance of 
the transformer. The basic oscillator 
(Fig. 12) and the improved version (Fig. 
IS) are both dependent upon f3 as a 
factor in determining on time. Since 
cutoff occurs when I ell B approaches f3, 
cutoff could be controlled quite accu­
rately if In could be made to approach 

zero at some predetermined time. With 
this ideal type of base current (Fig. 17), 
I cI I B will approach f3 at about the same 
time without regard to the value of this 
parameter. 

This waveform can be achieved by 
further altering the base circuit as 
shown in Fig. 18; this circuit represents 
the one actually used in the KCS-1S3. 
The fixed tuned circuit composed of C, 
and L, comprises a series resonant cir­
cuit which changes the on-time base cur­
rent to the waveform shown in Fig. 17. 

AUTOMATIC 
FREQUENCY CONTROL 

The incoming video information con­
tains horizontal sync pulses which are 
separated from the video to regulate an 
automatic frequency control circuit. 
Such a circuit controls the frequency of 
the horizontal oscillator so that each 
horizontal scan line begins at the exact 
time the corresponding video is placed 
on the kinescope. 

In the KCS-lS3 the Ryback trans­
former contains a winding which feeds 
a pulse back to the AFC circuitry, where 
it is integrated to form a sawtooth. This 
sawtooth is fed to a diode gate which is 
opened for about 3 flsec during retrace 
time when the diodes are forward biased 
by a sync pulse. This sampling of the 
sawtooth waveform produces a pulse out­
put proportional in amplitude to the de­
gree of phase error. These pulses are 
passed through a low-pass filter having 
a DC output voltage whose magnitude 
varies with oscillator frequency. This 
DC voltage varies the bias on the oscil­
lator, locking it to the proper frequency. 

It may be asked why it is preferable 
to use AFC instead of the incoming sync 
pulses to trigger an oscillator. If noise 
should enter the system, and it invari­
ably will, it would cause false triggering 
for such an oscillator. On the other hand, 
although a noise pulse will open the 
AFC gate and allow false information to 
be admitted, all information, both cor­
rect and false, is passed through the AFC 

filter. Consequently, the incorrect sam­
pling is averaged with all the correct 
information, and the resultant error is 
greatly reduced, making the set much 
more immune to pulse noise. 
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A TRANSISTORIZED TV VERTICAL 
DEFLECTION CIRCUIT 

A TV vertical deflection circuit using four transistors arranged as a multi­

vibrator and amplifier is described herein. The amplifier is connected as a 

Miller integrator in which feedback makes circuit operation more independent 

of transistor parameters. The circuit incorporates features that improve the 

thermal stability and linearity of the raster and the frequency stability of the 
multivibrator. The combination of multivibrator and Miller integrator causes 

system oscillations at 30 Hz; removal of these oscillations requires modifica­

tion of the Miller feedback loop. Technical advantages of the final design 

are discussed. 

JAMES A. McDONALD 
RCA Victor Home Instruments Div., Indianapolis, Ind. 

YOKE 
t 
IYOKE 

fig. l-Simple vertical deflection circuit. Fig. 2-Basic Miller amplifier deflection 
circuit. 

Fig. 3-Voltoge and current waveforms. 

LIE purpose of the vertical deflec­
tion circuit is to drive a 60-Hz (c/ s) 
sawtooth current through the vertical 
yoke windings. In most transistor cir­
cuits this is done using a voltage saw­
tooth generator consisting of C

" 
R" and 

switch S (Fig. 1). Switch S is open 
during trace and closed during retrace; 
the resultant voltage is amplified by 
the transistor to provide the required 
current in the yoke. 

The circuit described in this paper 
was designed for a 12-inch kinescope 
(12 BNP4) having a 1 ljg-inch neck 
diameter, a 110° deflection angle, and 
a second anode voltage of 13.5 kY. The 
deflection current required for this com­
bination is 500 rnA peak to peak on a 
47-ohm saddle yoke. In a 12-inch por­
table receiver, such scan requirements 
can cause the germanium output tran­
sistor to become quite hot, causing leak­
age current and thermal runaway. 

OPEN-LOOP CIRCUIT 

The open-loop circuit shown in Fig. 1 
contains nothing to reduce the effects 
of component or device changes; for 
example, the electrolytic capacitor, C

" can change value causing an alteration 
in the raster height. Also, it is difficult 
to compensate for output devices with 
limit leakage currents. To reduce these 
difficulties and to accommodate a wide 
range of transistor parameters, the 
decision was made to use a feedback cir­
cuit. The Miller integrator seemed to 
be the most suitable because it can 
easily be adapted to produce a linear 
sawtooth output. 

Final manuscript received January 12, 1966 

(a)-Yoke voltage. (c) -Choke or B+ current. (e)-Voltage at the base of tran­
sistor Q2. 

(g) -Waveshape derived from the 
collector waveshape of transistor 
Q4. 
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(b) -Output transistor collector 
current. 
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(d)-Yoke current. (f)-Typical waveshape at the 
base of a vertical switch transistor. 

~/+30V 

(h)-Waveshape at the base of 
transistor Ql. 



THE MILLER CIRCUIT 

The basic Miller circuit is shown in 
Fig. 2. During trace time, switch 5 is 
open and amplifier A has a high gain. 
The sawtooth or trace portion of the 
output voltage waveshape has an ampli· 
tude of 30 volts; thus the voltage wave· 
shape at the input of the amplifier has 
an amplitude of 30 ...;- gain. When the 
input is 20 volts and the gain is suf· 
ficient, the voltage across R, is almost 
constant, giving a constant current 
through R,. If the input impedance of 
amplifier A is high enough, all of this 
current will flow through capacitor C, 
resulting in a linear change of voltage 
on C1 ; hence, the voltage across the 
yoke is a linear ramp. 

During retrace, switch 5 is closed 
and the amplifier is, therefore, biased 
off. The stored energy in the yoke in­
ductance creates a negative peak pulse 
which recharges C through switch S 
and R2 • Resistor R2 must be chosen so 
that the charge received during retrace 
is sufficient to restore C, to the correct 
initial condition at the start of trace. 

This simple circuit imposes a voltage 
across the yoke as shown in Fig. 3a. 
The yoke impedance is 47 ohms in 
series with 53 mH; at 60 Hz the in· 
ductance has little effect during trace, 
so that this voltage waveform results 
III a linear sawooth current. 

PRINCIPLE OF OPERATION 

In the complete circuit (Fig. 4) the 
principle of operation is the same as in 
the circuit of Fig. 2. Transistors Q" 
Q3, and Q, replace amplifier A. Tran· 
sistors Q2 and Q3 are emitter followers 
and provide additional current gain. 
Switch 5 is replaced by transistor Q,. 

FREQUENCY 140V 

(Gl ~ _____ J 
1---- SYNC 

(Hli T I I 
"-- ____ ----1 

Fig. 4-Schematic diagram of complete TV 
vertical deflection eircu it. 
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There is a type of multivibrator con­
nection between Ql and the amplifier 
stages Q" Q3, and Q,. At the end of 
trace, Q, starts to conduct; this tends 
to cut off transistors Q" Q3, and Q" 
thereby reducing the current in the 
yoke. This current change through the 
yoke inductance causes a negative vol­
tage spike which is fed through cir­
cuitry H (Fig. 4) to the base of Q" 
increasing the conductance of the tran­
sistor. This regenerative feedback 
causes Q, to be biased off and Q, to be 
pulsed into saturation for the duration 
of retrace. The charge in capacitor C, 
holds Q, off during trace, as in a multi­
vibrator. 

The Miller capacitor is C1 and R, is 
the resistor which affects the charge 
received by C during retrace. Network 
F and network G (Fig. 4), which af­
fect stability and linearity, are discussed 
later. The frequency is synchronized 
with a pulse to the base of Ql, via some 
integration in network H. 

OUTPUT STAGE 

The design of the output stage is almost 
independent of the rest of the circuit. 
In the production of horizontal output 
transistors some units fail to meet the 
specifications, but they satisfy the less 
stringent requirements of the vertical 
output. For economy these units are 
used and they determine the type of 
vertical output transistor (similar to the 
2N3730). Since the peak pulse on the 
horizontal output is a fixed multiple of 
the B+ voltage, the voltage rating of 
the horizontal output transistor de-

termines the maximum B+. In the KCS-
153 chassis the B+ is 30 volts. 

A tapped choke is used to remove the 
DC current from the yoke, and the yoke is 
connected back to B+ through an elec­
trolytic capacitor. This arrangement 
puts the choke in series with the power 
supply and reduces the ripple on the 
B+ voltage due to the current of the 
vertical output. Fig. 3b shows the cur­
rent that would be drawn from B+ with 
a one-to-one isolation transformer. Fig. 
3d shows the actual supply current using 
the choke and electrolytic. 

The design of the output choke or 
transformer can be better understood by 
examining the current wave shapes of the 
output stage (Figs. 3b, 3c, and 3d). The 
choke current can be considered as the 
algebraic sum of the transistor and yoke 
currents. After retrace, the output tran­
sistor is off and stays off for a significant 
time. When the output transistor is off, 
the rate of current change in the series 
yoke-choke circuit must be the correct 
amount to maintain linearity. The cur­
rent decays exponentially with a time 
constant T given by 

L choke + L yoke 
T = R choke + R yoke 

L choke 
= R choke + R yoke 

As can be seen from the shape of the 
yoke current at the beginning of trace, 

1 1 
T ::== 0.6 X 60 sec. = 100 sec. 

If the choke resistance is approx 100, 

47 + 10 
then L choke = 100 0.57H 

If the choke inductance is too large, the 
current change is too small, but the am­
plifier can be made to operate sooner and 
thus provide good linearity. With this 
type of circuit when the inductance is 
too small, the current change is too great 
and nothing can correct the linearity. In 
open-loop circuits (Fig. 1), the choke 
impedance and the electrolytic C2 have 
an effect on linearity during all of the 
trace. In the feedback circuit both these 
components have little effect because the 
Miller capacitor is connected directly to 
the yoke. 

The 47-ohm saddle yoke used was less 
efficient than a toroidal yoke, but the 
L:R ratio is considerably less, resulting 
in a smaller peak pulse during retrace. 
Even with the smaller peak pulse, it is 
still necessary to protect transistor Q, 
during retrace with a voltage-dependent 
resistor, RV,. 

SYSTEM OSCILLATIONS 

When the circuit was first built it had 
a number of defects, including a 3D-Hz 
oscillation which caused a separation of 
the two vertical fields. 
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The waveshape on the base of transis­
tor Q2 is shown in Fig_ 3e at time to, 
when transistor switch Q, is closed by 
multivibrator action and the yoke peak 
pulse charges capacitor C, through Q, 
and R 2• When transistor Q, conduction 
stops, the base voltage of transistor Q2 
rises above the B+ voltage by an amount 
dependent upon the total charge received 
by capacitor C, during retrace. From 
time t, to t2 , the amplifier is still biased 
off. When the current through R, has 
made the base voltage of transistor Q2 
sufficiently negative, the amplifier be­
comes operative and the Miller rundown 
starts. At the end of trace the ampli­
tudes of the voltages on the base of Q2 
and on the yoke are dependent on the 
time interval t3 - t2. If time t2 is large, 
the Miller rundown time t3 - t2 is small, 
resulting in a smaller final current. The 
amplitude of the retrace peak pulse is 
dependent upon the yoke current, and 
t2 is dependent upon the peak pulse. In 
summary it can be said that a high-peak 
pulse causes a low-peak pulse in the next 
cycle; this is an unstable condition and 
the system can sustain an oscillation at 
30Hz. 

Another way of examining this circuit 
is to consider it as a pulse-sampling feed­
back system. This particular pulse sam­
pling introduces an effective phase delay 
which causes the system to oscillate at 
half the pulse repetition rate, if the loop 
gain is high enough. The diode clamp 
of network F (Fig. 4) reduces the loop 
gain at 30 Hz and thus prevents oscil­
lation. Time t2 can be controlled by 
varying the load on the clamp. This 
arrangement is used for linearity con­
trol of the top of the raster. The clamp 
allows steady-state changes to be par­
tially transmitted so that it is not neces­
sary to readjust the linearity control 
when the height control is moved. 

High-frequency attenuation must be 
incorporated in the amplifier circuit to 
suppress the violent oscillation that 
occurs in the kHz region. There are sev­
eral methods of suppressing the oscilla­
tion_ The most economical method is 
to connect capacitor C3 between the 
base of transistor Q2 and the collector 
of transistor Q3, thus completing a sec­
ondary Miller feedback loop within the 
amplified circuit. 

FREQUENCY STABILITY 

Frequency stability was not adequate 
originally; during trace, transistor Q, 
was biased off and the waveshape on the 
base of Q, was as shown in Fig. 3f. Re­
trace started when the voltage on the 
base of Q, changed polarity; this was 
determined mainly by the R3 X C, time 
constant. At high temperature, leakage 
current and the change in base-emitter 
voltage caused the frequency to increase 
rapidly. The leakage problem was elim-

inated by changing to a silicon switch. 
When the output collector waveshape is 
inverted and fed through an RC inte­
grator, it looks like Fig. 3g. When this 
signal is added to the original base 
waveshape, the desired waveform (Fig. 
3h) is produced_ This waveform was 
obtained by simply connecting the fre­
quency-determining resistor, R3 , to a 
winding on output choke T,. The resul­
tant waveshape on the base of transistor 
Q, (Fig. 3h) has a fast rate of change at 
the end of trace, yielding a stable fre­
quency and some noise immunity. 

DC BIAS 

The specification of I CBO for the output 
transistor is 2.5 rnA at 65 0 C. Therefore, 
under worse conditions of ambient tem­
perature and high line voltages, I CBO can 
rise to 8 rnA. This condition can result 
in a collector curr;nt of the order of 500 
rnA due to leakage alone. Normal DC 

current at 25 0 C is 190 rnA. Routine 
methods of obtaining DC stability were 
not much help. When the output stage 
became hot, leakage current prevented 
this stage from being cut off during re­
trace. The Miller circuit still main­
tained the correct AC waveshape of yoke 
current but there was nothing to prevent 
the transistor DC current from increasing 
until thermal runaway occurred. 

This problem was solved by connect­
ing R, to a higher voltage than the B+ 
voltage. This voltage source supplies 
sufficient current during retrace to cut 
off an output transistor with high leak­
age current. Resistor R5 was similarly 
connected to ensure that transistor Q2 
would control the biasing of Q3 so that 
Q" could always drive Q, to cutoff. At 
present the only effects of leakage cur­
rent are slight changes in the operating 
points of transistors Q2 and Q3' There is 
no leakage problem with Q2 because it 
is a silicon transistor. With this modifi­
cation, the current in' the output stage 
is not changed by leakage current. 

The resistance of the yoke increases 
with temperature but this is offset with 
a thermistor in series with the yoke, as 
is done in tube receivers. 

The time, t2 (Fig. 3e), that the ampli­
fier starts operating depends partly on 
the yun of the base-emitter voltages 
(V;E) of transistors Q2, Qa, and Q ,. 
When the temperature rises, V DR de­
creases thus making (t2 - t,) smaller. 
To compensate for this, R2 has a ther­
mistor in parallel with it. As the ther­
mistor resistance decreases, capacitor C, 
receives more charge during retrace, 
which restores (t2 - t,) to the correct 
value. 

RASTER STABILITY WITH AC LINE CHANGE 

The raster height is determined by cur­
rent in the height-control developing a 
voltage across C,. As the line voltage 

increases, the raster height tends to in­
crease due to the different tracking of 
the vertical circuit and the second anode 
voltage with B+ change. By connecting 
the height control to a voltage-dependent 
resistor, the voltage change across the 
height control is reduced, and a constant 
raster height is maintained with varying 
AC line voltage. 

S-SHAPING 

The Miller amplifier produces a linear 
sawtooth of current in the yoke; this 
results in a stretch at the top and bot­
tom of the raster because of the curva­
ture of the kinescope faceplate. The 
voltage waveform on the yoke is pro­
cessed by network G (Fig. 4), which 
provides an approximately parabolic 
waveshape output. Network G consists 
of two RC integrators in cascade. When 
this parabolic waveshape is added to the 
constant input voltage, the Miller circuit 
integrates once more to provide the cor­
rect S-shaped sawtooth. 

INTERLACE 

The multivibrator action is synchronized 
by a negative pulse from the sync sep­
arator. A horizontal voltage is developed 
on the vertical winding of the yoke due 
to the cross coupling between the hori­
zontal and vertical windings. If this hori­
zontal voltage is sufficient to affect the 
turning on or off of the switch transistor 
Q" then the interlace will be spoiled. 
Network H (Fig. 4) is part of the multi­
vibrator loop and consists of a double 
RC filter which reduces the horizontal 
voltage on the base of transistor Q,. Net­
work H is also used to integrate the 
incoming sync signal to remove the hori­
zontal sync pulses. 

SUMMARY 

The Miller circuit has several advan­
tages over the more common open-loop 
circuits. Changes in circuit performance 
due to variations in the active device 
have been considerably reduced. Long­
term stability and reliability of the cir­
cuit !;tas been improved by the use of 
paper capacitors and an additional tran­
sistor instead of the electrolytic capac­
itors in conventional circuits. The Miller 
circuit is capable of providing vertical 
deflection for any kinescope and second 
anode voltage in current use. 
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TECHNOLOGICAL IMPROVEMENTS IN 

HORIZONTAL·DEFLECTION TUBES 

This paper describes the improvements made in horizontal-deflection tubes 
from the introduction of monochrome TV receivers in 1946 to the present. 
The trend toward higher output, design considerations for high-current tubes, 
and the importance of high plate-to-screen-grid current ratios are discussed. 
Advantages of multi-fin plate structure are noted, and the problem of snivet 
interference is examined. 

W. S. CRANMER and J. P. WOLFF 

Entertainment Applications Engineering 
Commercial Receiving Tube and Semiconductor Div., EC&D, Somerville, N. J. 

PRESENT'DAY horizontal-deflection sys­
tems require a mass· produced hori· 

zontal-output tube which has high out­
put, high dissipation ratings, and low 
screen·grid current, and which is free 
of spurious high-frequency radiation. 
New materials, new designs, production 
and testing improvements, and refine­
ments in circuitry have responded to a 
continued trend toward stricter require­
ments, and have made possible the de­
velopment of substantially improved 
tubes in smaller glass envelopes. 

Final manuscript received February 14, 1966 

RISING TREND TOWARD HIGHER OUTPUT 

When the first monochrome TV receivers 
were introduced in 1946, a horizontal­
output tube having a zero· bias knee cur­
rent of 170 milliamperes was suitable 
for the application. The use of wider 
deflection angles and higher anode volt­
ages for bright, high-definition pictures 
has required increasingly higher current 
from horizontal output tubes. This trend 
has been intensified by color TV and low 
B+ applications, both of which have 
placed stricter demands on the output 
characteristics. Today tubes are being 

developed and manufactured which pro­
duce more than 1.0 ampere of current 
and which are housed in a smaller glass 
envelope than was previously used. 

The evolution of the bulb envelope of 
horizontal-deflection types is shown in 
Fig. 1. In 1946 a typical tube, such as 
the 6BG6G, originally used a large STl6 
bulb with an octal base. Improved mate­
rials and better mechanical design made 
it possible to reduce bulb size and in­
crease ratings to meet the demands for 
higher output. The 1965 tube, type 
6JE6A, shown in Fig. 1 is housed in a 
comparatively small T-12 bulb with a 
Novar base, and has ratings substantially 
higher than those of its predecessors. 
The bar chart identified with each tube 
type in Fig. 1 indicates the total permis­
sible input power dissipated by the tube. 
This value, the summation of heater 
power, grid-No.2 input power, and max­
imum plate dissipation, is included to 
emphasize the successful achievement of 
higher rated tubes, despite the use of a 
smaller glass envelope. This develop­
ment has been made possible through 
the use of lead-glass bulbs, which with­
stand higher temperatures without elec­
trolysis during life. New plate materi­
als, including sandwiches of aluminum, 
steel, and copper, have resulted in more 
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Fig. I-Evolution of size and shope of horizontal-output tubes, 
together with increase in total power input from 1946 to 1965. 
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horizontal-output tubes developed from 1946 to present, arranged 
in order of deVelopment. 
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CONVENTIONAL PLATE MULTI-FIN PLATE 

Fig. 5-Cross-sectional views iIIustratLng conventional two­
piece plote structure and the multi-fin plate structure. 

uniform temperature distribution. Also, 
the dark, rough outer surface of alitized 
steel improves thermal radiation. Ali­
tized steel is prepared by cladding 
steel with aluminum and heating it un­
til a black aluminum-iron compound is 
formed. 

The general trend toward higher out­
put is shown in Fig. 2. The curves show 
the zero·bias plate current characteris­
tics of typical horizontal output tubes in 
use from 1946 to 1966. To permit a uni­
form comparison between types, the 
curves show plate current at a fixed 
screen-grid voltage of 150 volts. It is 
evident that the zero-bias knee current 
has become progressively higher, with 
the most recent development for low B+ 
color requiring nearly seven times the 
original output level. 

A more realistic comparison is shown 
in Fig. 3. This chart takes into consid­
eration the limiting factor of screen-grid 
dissipation, which is important in deter­
mining the available output of a hori­
zontal-deflection tube. Plate current is 
shown at a fixed plate voltage (arbitrar­
ily chosen as 65 volts, even though recent 
types have a lower knee voltage) and at 
rated screen-grid input. The trend to­
ward improved performance is obvious. 

Over a period of years, the anode 
power requirements for monochrome re­
ceivers have increased from 2.5 to 10 
watts, whereas a typical 25-inch color 
receiver today requires approximately 

40 watts. The trend toward wider angle 
deflection has placed an additional de­
mand upon horizontal-tube output. The 
recent change, however, from 70° to 90° 
in color deflection was achieved without 
placing additional requirements upon 
deflection tubes. This refinement was 
possible because the increased angle 
was compensated for by a decrease in 
the diameter of the picture tube neck 
from 2 to 1.5 inches, thus increasing de­
flection sensitivity. 

DESIGN CONSIDERATIONS 

To meet the need of high output current 
and low knee-voltage characteristics, two 
alternatives are possible: 

1) Use two tubes (or two units in one 
envelope) in a parallel circuit arrange­
ment. 

2) Develop a single tube with a high ratio 
of plate to screen-grid current and an 
ability to withstand high levels of dis­
sipation. 

The first approach doubles the plate 
current output without sacrificing desir­
able low-knee characteristics; however, 
it has the disadvantage that unequal 
units will frequently produce parasitic 
oscillations in the application. The sec­
ond alternative presents a greater design 
ch<Jlknge, but it is preferred. 

The design parameters involved in 
obtaining this high plate-current charac­
teristic are shown by the expression for 

cathode current of a power pentode as 
follows: 

2.335 ~ 10" Ak ( EC2 + EC1)3!2 
S g,-k Mu 

where Ak = area of the cathode; Sg,-k = 
control-grid-to-cathode spacing; EC2 = 
screen-grid voltage; Ec, = control-grid 
voltage; and Mu = control-grid-to­
screen-grid amplification factor (triode 
Mu). 
This expression shows that I. can be 
increased either by incIeasing the 
perveance portion of this expression, 

2.335; 10-
6 

Ak , or by decreasing Mu. 
g,-k 

An increase in EC2 is limited by the 
screen-grid input rating. 

RCA tube types 6DQ5, 6JE6A, and a 
developmental tube type achieve the 
higher current through higher perve­
ance obtained by use of a greater cath­
ode area and closer grid-to-cathode spac­
ing. The limiting factor in reducing Mu 
is the need to maintain a good plate­
current cutoff characteristic. The cutoff 
characteristic is highly significant in the 
application, because the tube must re­
main cut off during retrace, despite a 
pulse of several thousand volts on the 
plate. Recent tube types are rated to 
withstand 7500 volts on the plate. 

PLA TE-TO-SCREEN-GRID-CURRENT RATIO 

A high ratio of plate-to-screen-grid cur­
rent is of prime importance in achieving 
efficient horizontal-output-tube perform­
ance. This current ratio is of particular 
interest because the application requires 
that the tube be driven down to the knee 
region, where the plate voltage is low 
and the screen-grid current is starting to 
rise. The tube design must incorporate 
features that produce a high ratio of 
plate-to-screen-grid current. At the same 
time, the screen-grid input rating must 
be sufficiently high to avoid limiting the 
usable plate current. Low screen-grid 
current is obtained by two techniques: 
1) careful lineup of the No.1 and No.2 
grids, and 2) optimizing the electron­
beam shape. Lined-up No.1 and No.2 
grid wires cause shadowing of the No.2 
grid wires, which reduces the number of 
primary electrons intercepted by the 
screen grid as the electrons pass from 
cathode to plate. The grid dimensions 

Fig. 6-Typical snivet interference on picture-tube raster. 
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are designed so that at zero bias the elec­
tron beams formed between grid lateral 
wires have minimum cross-section near 
the screen-grid plane. Thus, the number 
of electrons intercepted by the screen­
grid wires is kept as low as possible, 
and fewer electrons are returned to the 
screen grid by the space charge barrier 
beyond it. 

Grid lineup is a manual operation per­
formed by experienced operators who 
frequently use a microscope for the pur­
pose. Typical facilities for this opera­
tion are shown in Fig. 4. 

The screen grid is made of carbonized 
molybdenum wire to increase the work 
function at the surface of the screen 
grid. Elaborate precautions are taken to 
keep the screen-grid temperature low to 
minimize screen-grid emiSSlOn. The 
screen-grid stem leads provide efficient 
heat conduction away from the screen 
grid; on high-rated RCA types, two car­
bonized radiators provide a heat sink at 
the top of the mount structure. 

MULTI-FIN PLATE STRUCTURE 

A substantial improvement in overall 
performance was achieved by the devel­
opment of a multi-fin plate structure. A 
conventional two-piece plate is com­
pared in Fig. 5 with the new structure 
having added fins protruding perpendic­
ularly from the plate wall. 

In the conventional plate structure, 
primary electrons originating from the 
cathode bombard the plate at high veloc­
ity and cause secondary-electron emis­
sion. An application_ in which the plate 
potential is higher than the screen-grid 
potential would have no secondary-elec­
tron problem; however, in the deflection 
application the plate voltage, during 
scan, drops substantially below the 
screen-grid voltage, causing the secon­
dary electrons to be attracted to the 
screen grid. These electrons contribute 
to the total positive screen-grid current 
and, as previously described, impair tube 
performance. 

With the multi-fin structure, secon­
dary electrons are trapped and do not 
reach the screen grid, despite the close 
proximity of the positive screen-grid 
potential. Plate-to-screen-grid current 
ratios of 18 in the critical knee region 
are attainable with such a design_ 

JNTERFERENCE FROM SNIVETS 

The secondary electrons described pre­
viously can travel all the way to the grid­
No.1 region and cause spurious oscilla­
tions repeated at the horizontal sweep 
rate. These oscillations result in inter­
ference (known as snivets) which ap­
pears as a vertical black bar, especially 
on UHF (Fig. 6). Snivets can be gen-

erated by 1) discontinuities in the plate 
characteristics coupled with a load line 
traversing those unstable areas, or 2) 
operation at zero-bias with the plate volt­
age substantially below the screen-grid 
voltage. Unfortunately, maximum cir­
cuit efficiency, minimum flyback-trans­
former cost, and best anode voltage reg­
ulation are achieved by operation in the 
very region most susceptible to snivets. 

The load lines of typical horizontal 
deflection tubes are shown in Fig. 7. The 
heavy ringing of the load line, which is 
caused by the resonance of the flyback 
transformer and is normal, has a pro­
nounced effect on the instantaneous 
plate voltage of the horizontal-output 
tube. In Fig. 7 (a) the load line properly 
drives back to the knee of the tube char­
actetistic curve for o~timum circuit effi­
ciency and snivet-free performance. In 
Fig. 7 (b) the load line swings to consid­
erably lower values of plate voltage, well 
below the knee of the tube. This condi­
tion may produce satisfactory deflection 
output, but it is strongly susceptible to 
snivets occurring at point s, or at several 
other points along the load line. 

In addition to eliminating snivets by 
proper load line and improved knee 
characteristics, snivet interference can 
be reduced by applying a positive DC 

voltage (approximately 30 volts) to the 
beam plate (grid-No.3) of the tube. 
This positive beam plate collects the 
stray secondary electrons before they 
return to grid-No.1 and also lowers and 
rounds the knee-current characteristic. 
Recent deflection types all have a sepa­
rate beam-plate connection to permit the 
use of a positive voltage. 

Examples of good and bad knee char­
acteristics are illustrated in Fig. 8. A 
very poor plate family is shown in Fig. 
8 (a). In this example poor grid sym­
metry results in a very' high knee and 
unsatisfactory output in the application. 
In addition, the high knee and discon­
tinuities along the diode-line of the plate 
family contribute to a severe snivet con­
dition in the receiver. The diode-line is 
that part of the zero-bias plate-current 
characteristic below the knee. 

0) b) 

Fig. 7-load line of horizontal-output tubes 
(a) snivet-free operation; (b) with snivet inter­
ference in picture. 

In the plate family shown in Fig. 8(b), 
the knee is considerably lower; however, 
there is a pronounced overlap in the 
plate current at various levels of control­
grid bias. This overlap illustrates an 
under-suppression problem due to im­
proper beam-plate design. The conse­
quence of this design, as described in the 
previous load-line discussion, is suscep­
tibility to snivets. 

Fig. 8 (c) represents a horizontal-out­
put tube having a desirable knee shape 
and a satisfactory diode-line character­
istic. The multi-fin plate construction of 
this tube and the positive bias on the 
beam plate produce a good rounded knee 
located at a low value of plate voltage. 
This type of characteristic can yield 
optimum performance and snivet-free 
operation. 
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Fig. a-Examples of knee characteristics of horizontal-output tubes: (a) poor characteristics due 
to poor grid lineup; (b) poor characteristic due to improper beam-plote design; (c) good chorac­
teristic. 
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INTEGRATION OF TECHNICAL 

FACILITIES IN BleW AND COLOR 

TV PROGRAMMING 

In a television plant, Technical Operations is frequently asked to provide facili­
ties for handling programs involving the integration of combinations of film, 

video tape, live, and outside or field program sources. To avoid picture 

disturbances when switching to these various program sources, horizontal and 

vertical synchronization must be maintained between the sources at all times. This 
paper describes the various methods and procedures used to realize this syn­
chronization both in color and black and white TV. 

EDWARD P. BERTERO 

National Broadcasting Company 

New York, N.Y. 

I T IS normal procedure in the final 
stages of the installation of a TV 

studio plant to establish in-plant timing. 
This procedure times the TV synchroniz­
ing pulses in the plant to each camera 
and switcher so that switching between 
cameras and studios does not create pic­
ture disturbances in home receivers 
tuned to the station. 

Color TV requires six synchronizing 
pulses which must be timed. These 
pulses include: 1) 3.58-MHz (Mc/s) 
phase, 2) vertical drive, 3) horizontal 
drive, 4) kinescope blanking, 5) syn­
chronizing pulses, and 6) burst flag. 
These pulses are generated by the TV 

synchronizing generator and are all 
time related to each other. In distribut­
ing these synchronizing pulsei:l through­
out a plant, varying delays between 
pulses are encountered, since the path 
lengths, and thus the delays, are differ­
ent. The color sub carrier 3.58-MHz sig­
nal is a sinusoidal wave that is easily 
corrected in delay by a 360 0 phase con­
trol. Vertical drive, a 60-Hz (cis) 
signal, does not require cable-length 
correction because of its relatively long 
duty cycle. The timing of horizontal 
drive, horizontal blanking, horizontal 
sync, and burst flag pulses requires 
accurate delay correction to comply 
with FCC requirements. Very accurate 
relationships must be maintained be­
tween all pulses to realize the proper 
width of front and back porches (Fig. 
1). Since studio and switching systems 
differ both electronically in delay and 
physically in distance from the input to 
output terminals, a pulse distribution 
Final ttlal1usrript rcceil'cd Fe.bruary 18, 1966. 

system must provide in-plant timing so 
that the various video signals originat­
ing at different locations in the plant 
arrive, or are timed to be the same, at 
a particular reference location. Timing 
is difficult if the facilities are different. 
One studio may have a special-effects 
amplifier, whereas others may not. Fur­
thermore, similar components, such as a 
special-effects amplifier made by differ­
ent manufacturers, do not all have the 
same delay. In short, the pulse timing 
and video delay of various equipment 
components in a signal path must be 
compensated for in each studio. 

IN.PLANT TIMING 

To time a TV plant,. the longest pulse 
and video path lengths must first be 
determined to establish a reference time 
basis for the entire plant. Then, lump 
delays must be introduced in the pulse 
distribution system so that the path 
lengths in the smaller studios and 
switching systems match the pulse and 
video time reference initially estab­
lished. In practice, in-plant timing for 
black-and-white TV is established using 
the kinescope blanking pulse. The tim­
ing of the blanking pulse and the posi­
tion of the edges of this pulse must be 
very accurately positioned by the use of 
proper delays, since these edges are 
what primarily time the TV plant with 
the home receiver. In color TV the same 
procedure must be followed as in black­
and-white TV, and it is also necessary 
to time the 3.58-MHz color subcarrier 
within the plant. A simple two-studio 
plant is shown in Fig. 2. 
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In-plant tImmg is at best a time­
consuming, laborious task. It becomes 
more complicated when piggyback op­
eration must be provided (i.e., when 
the output of Studio A, which integrates 
live and tape segments, must go through 
Studio B, which integrates the output 
of Studio A with live program and film 
commercials) . 

Piggyback operation must be de­
signed into the plant. Means must be 
provided for switch able pulse delays. 
The approach of in-plant timing for 
piggyback operations is again to first 
establish maximum stacking of studios 
and thus pulse delays. A practical 
piggyback limit for a large network 
station is three studios. Beyond three­
studio stacking, the switching of pulse 
delays, and possibly video delays, be­
comes inordinately complicated and 
expensive. 

A simplified version of the two-studio 
TV plant with video tape and film facili­
ties is shown in Fig. 3. If piggyback 
operation is anticipated, switchable 
pulse delays are required as shown in 
Fig. 4. The plant ordinarily can oper­
ate either with all delays m or all 
delays out. 

A hypothetical TV plant timed to 
operate in a two-studio piggyback mode 
is shown in Fig. 5. It should be noted 
that the pulse signals fed to switcher A 
are not delayed. Delay is added to the 
Studio B video source so that the output 
of Studio A and all the video sources 
of Studio B arrive at the input to 
Studio B switcher at time T2 • 

In-plant timing is not something done 
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Fig. 1-The position of the horizontal sync pulse during 
horizontal blanking time is specified by the FCC. The 
leading edge of the pulse is used in receiver locking 
circuits; the trailing edge is frequently used to trigger 
clamp circuits in broadcast equipment. 

Fig. 3--5implified version of two.studio TV plant 
with video tape and film facilities. 
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Fig. 5-TV plont timed to operate in two-studio piggyback mode. 
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Fig. 2-Two.studio color plont timing. Studio A com· 
posite video output is the longest signal·path time of 
plant. Studio B composite video output must be made 
equal to Studio A in time by adding delays 01 through 05. 
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Fig. 4-Switchable pulse delays required for piggyback operation. 
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Fig. 6-Simplified diagram of genlock system. 
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only at the time of the installation of a 
TV plant. It is a continuing job. A 
change in switching systems, the addi­
tion of distribution amplifiers, new 
cameras, or film chains, or any other 
change that will affect pulse or video 
timing mu~t be carefully studied before 
integration into a plant. The mixing of 
cameras of different manufacture or the 
integration of black-and-white and color 
cameras in a plant can create knotty 
problems. In general, the older the TV 

plant, the more difficult it becomes to 
expand facilities. 

GENLOCK 

The subject of remote timing comes up 
whenever the Program Department re­
quires mixing, fading, or dissolving 
from the TV studio to a mobile field 
pickup. Then it is necessary to time­
lock the TV plant sync generator to the 
mobile unit sync generator so that there 
is no picture disturbance when switch­
ing from studio to mobile unit or vice 
versa during broadcast. A technique 
known as genlock is used to operate 
two sync generators in series (or syn­
chronism) _ In principle, the plant sync 
generator is locked to the mobile-unit 
sync generator. A single-line drawing 
of a genlock system is shown in Fig. 6. 
The TV plant is made available to the 
mobile unit, in a time sense, so that the 
TV picture can originate at either the 
studio or the mobile unit with no dis­
turbance in picture during switching or 
dissolving to and from either program 
source. The system works equally well 
in black-and-white or in color TV. In 
color, of course, accurate phasing of the 
color subcarrier is required at the plant 
sync generator. This paticular function 
is not required in black-and-white 
operation. 

AUDLOK 

In a large TV plant it often happens 
that video tape recording, kinescope re­
cording and TV broadcasting occur si-

multaneously. The TV plant may also be 
in a genlock mode £'or a mobile-unit pick­
up to be taped. The next program might, 
for instance, require the integration of a 
show with program control in New York 
with portions of the program from Wash­
ington' D.C. and Cape Kennedy. In such 
a situation, it is necessary to switch, dis­
solve, etc., to each pickup point without 
picture disturbances. 

The problem is to time the program 
sources from Washington and Cape 
Kennedy to arrive at the same time in 
New York and be coincident with New 
York sync-pulse time. Stated in another 
way, with New York as a base of refer­
ence, Washington must be timed in 
advance of New York by the transit 
time of the signal between Washington 
and New York. Likewise, Cape Ken­
nedy must be timed in advance of New 
York by the transit time of the signal 
between Cape Kennedy and New York. 

It is not possible to use the ordinary 
genlock system of pulse synchronization 
in this problem. Genlock is a forward 
type of locking and is the condition 
whereby the control studio locks to the 
outside program source. Genlock might 
be used to synchronize New York to 
Washington, but it could not be used 
simultaneously to lock New York with 
Cape Kennedy. 

A system known as audlok has been 
devised to solve this type of synchro­
nizing problem. Audlok might be de­
scribed as a backward type of genlock 
that synchronizes both Washington and 
Cape Kennedy to a New York time 
base. As the term implies, an audio 
frequency is used to time-lock synchro­
nizing generators. In the system shown 
in Fig. 7, an audlok transmitter is 
located at Master Control in New York, 
and an audlok receiver, to be synchro­
nized with New York, is located at 
Washington, D.C. Another audlok 
transmitter and associated receiver are 
located in New York and Cape Ken-

nedy, respectively. Each audlok trans­
mitter and associated receiver are 
interconnected by means of a rented 
telephone circuit. The horizontal line 
frequency of the New York synchroniz­
ing generator is processed by the aud-
10k transmitter to produce a submulti­
ple audio-frequency sine wave of about 
4000 Hz, which can be easily and 
quickly phase-shifted by any desired 
amount. The audlok receiver in Wash­
ington processes the 4000-Hz tone from 
New York and multiplies it to lock the 
Washington sync generator. Then, by 
superimposition of New York and 
Washington pictures and by means of 
phase control, the Washington sync 
generator can be accurately timed, both 
horizontally and vertically, so that the 
Washington pulses are coincident with 
New York pulses at arrival in New 
York. With another audlok system, the 
sync generator at Cape Kennedy can be 
similarly adjusted so that the Cape 
Kennedy pulses are coincident with 
New York pulses. Thus, the timing 
problem between New York, Washing­
ton, and Cape Kennedy is solved. 

FREQUENCY STANDARD 
LOCKING TECHNIQUE 

The success of audlok has suggested 
several other schemes to eliminate the 
need for time-control circuits between 
pickup points and the control location. 
One such scheme would use very stable 
3.S8-MHz oscillators to control TV sync 
generators. The stability must be in the 
order of one part in 1011. It is reasoned 
that if a stable 3.S8-MHz oscillator is 
used to time a New York sync genera­
tor and another 3.S8-MHz oscillator is 
used to time a sync generator in the 
Washington, D.C. studio, it should be 
possible for New York, on viewing a TV 

picture from Washington, to arrange by 
telephone for framing adjustment at 
one end or the other. Such a system is 
now in operation in black-and-white TV 

and requires only daily checking and 
adjustment of phase each morning. 
Tests in color TV indicate that at this 
stage the technique does not provide 
sufficient stability of color subcarrier 
reference to permit dissolves and spe­
cial effects due to lag and short time­
phase delays in the intercity circuits. 

TRANSLATOR 

Several systems of time-locking two or 
more television synchronizing genera­
tors have been described. In all these 
systems, timing is the common denomi­
nator of the synchronizing process. 
Time synchronization is possible only 
when the horizontal line frequency and 
picture frame rates are the same be­
tween two or more synchronizing gen-
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Fig. a-Simplified diagr.am af translatar. 

erators and time is the only parameter 
that requires synchronization. 

Many other disciplines have been 
confronted with the problem of time 
synchronization. In those instances 
where the timing differential has not 
been too large, some form of energy or 
information storage has solved the prob­
lem. Such a system of video informa­
tion storage, where time synchronization 
cannot be used, has been developed for 
use in television. This system is known 
as picture translation. That is, a TV 

picture on one time base is translated 
to a TV picture on a different but com­
patible time base by video informa­
tion storage. Translation is accom­
plished in a device called a translator 
(Fig. 8), which consists of a high­
quality TV monitor and a TV camera. 
The camera is adjusted for full monitor 
scanning. The monitor displays the 
nonsynchronous program televised from 
some distant location. The translator 
camera, operated on the local sync 
generator pulses, views the monitor. 
The reading and writing rates are the 
same in this optically coupled system, 
but differ in time reference. However, 
because of the information storage in 
this system, i.e., storage characteristics 
of the kinescope phosphor and informa­
tion storage of the camera tube, the dif­
ference in time reference or phase of the 
system no longer is a problem. In short, 
by means of video information storage, 
two time systems that differ only in phase 
can be coupled. Therefore, the translator 
camera can be integrated with any other 
program source originating in New 
York without any picture disturbance 
during switching time. 

The translator must be a unity device 
to avoid picture degradation. It is also 
necessary to keep noise to a minimum 
to miniJ;nize picture degradation. Such a 
system has been used by several major 
broadcasters for some time and has 
proven very successful in black-and­
white TV. It has been employed with some 
success in color TV using a tricolor kine-

scope and a color camera. Considerably 
more development is required to realize 
optimum translation in color. 

STANDARDS CONVERTER 

With the advent of video tape, the TV 

broadcaster has been faced with a more 
difficult timing problem: the integra­
tion of a video tape recording made on 
anyone of the several European sta,n­
dards into a program to be broadcast 
on American TV standards. In this in­
stance one must contend not only with 
a difference in horizontal-line frequency 
but also with a difference in frame rate. 
The problem has been solved to some 
extent by a device called a standards 
converter. As the title implies, the de­
vice is used to convert from one TV fre­
quency standard to a.nother. In concept 
it is similar to the translator previously 
described. It differs from the trans­
lator in that instead of reading and 
writing on the same TV standard, it 
reads on one standard and writes on 
another. Storage minimizes the problem 
of reading and writing at different hori­
zontal frequencies. There is a problem, 
however, in reading and writing at 
frame rates which differ by large time 
increments. If you read or write at a 
60-Hz rate, and write or read at a 50-Hz 
rate, the resultant difference of lO-Hz 
manifests itself as an annoying flicker. 
Circuits have been developed to mini­
mize this 10-Hz flicker, but it has not as 
yet been completely eliminated. Multi­
standard video-tape machines and stan­
dards converters have been in use for 
many years in black-and-white TV. As 
yet a color TV standards converter has 
not been made available to the broad­
casting industry. Color translators and 
color standards converters can be made 
using the same approach used in black­
and-white TV. But the complexity of 
demodulating a color signal to display 
the red, green, and blue components of 
the signal on three kinescopes, the reg­
istration required, and the picture de· 
gradation inherent in such a process 
have all but discouraged everyone from 
using this approach. Successful trans­
lation by electronic means has been 
accomplished in Europe for horizontal 
timing differences only (e.g., the trans­
lation of a 625·line, 50-Hz TV picture to 
a 405-line, 50-Hz TV picture). There is 
reason to believe that in the future a 
similar electronic approach will be de­
veloped to convert from European to 
American TV standards in color. 

SUMMARY 

The average TV receiver can accept 
without picture disturbance some dis­
continuity or timing error in synchro­
nizing pulses, both vertically and hori-

zontally, which may occur during the 
course of switching a program. When 
not tuned to a TV station the TV set will 
scan a raster and utilize the synchro­
nizing signal from a station only to 
lock in the receiver vertical and hori­
zontal oscillators. Many components of 
equipment used in a broadcast plant, 
however, are driven by the synchroniz­
ing generator, and any discontinuity or 
timing error of the pulses can result in a 
serious discontinuity in the TV picture. 
The video-tape machine is one such de­
vice that is very sensitive to any syn­
chronizing pulse discontinuity or tim­
ing error. Experience indicates that 
synchronizing-pulse tlmmg must be 
maintained within certain limits. The 
maximum timing error of vertical fram­
ing that can be tolerated during a pro­
gram fade, dissolve, or switch, must not 
exceed the time of half a TV line or 
± 32 usecs. The tolerance of the tim­
ing of kine blanking must be main­
tained to ± 0.05 usec to avoid visible 
picture disturbance during program 
switching. Finally, in color TV the 
phase of the 3.58-MHz color subcarrier 
must be adj usted to ± 3 0 to avoid 
color shift during a program switch. 
These tolerances must be maintained 
not only during a program originating 
from the local TV plant but between all 
other program sources (including local 
mobile unit, intercity pickup, or coast­
to-coast pickup) that are synchronized 
by any of the methods described above 
for color or black-and-white TV. 

In timing TV synchronizing signals 
that are not identical in line rate or 
frame rate, a more fundamental prob­
lem in time is encountered. Standards 
conversion as described is only a report 
on the state of the art; the technique is 
adequate but is not considered the ulti­
mate solution. Some thorough investi­
gations have been made of this prob­
lem. Information theory offers some 
possible solutions. A solution is to 
sample or quantize video information 
on one standard and reconstitute a 
picture on the desired standard. Re­
sults of such approaches have been 
encouraged and are useful in some dis­
ciplines, such as space and military 
applications. As yet, however, the re­
sults have not been considered accepta­
ble for commercial TV broadcasting. 
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BIGB-SPEED, TWO-CORE-PER-BIT, 
FERRITE MEMORY SYSTEM 

Operation of large high-speed memories is complicated by the generation of 
noise and transient c_onditions that add considerably to memory cycle time. 

Thus, control of these transients is an important consideration in the design 
of the electronics for a high-speed memory. As a new approach to controlling 
transients, digit lines are treated as a system of mutually-coupled parallel 
transmission lines and are terminated for the existing modes of wave propaga­
tion. The memory system described in this article employs two cores per bit 
and is operated with partial switching, using transformer-coupled word lines 
to reduce the noise generated when a word is selected. Signal sensing is 

accomplished with a differential amplifier which employs a tunnel diode in the 
final stage as a threshold. Cables and strip lines are used throughout for 
interconnection,. and some circuits are located on the memory stack to aid 

high-speed operation. The system provides an operating cycle time of less 
than 0.5 microsecond. 

H. AMEMIYA, T. MAYHEW, and R. PRYOR 

Applied Research, DEP, Camden, N.J. 

RECENT advances in computer tech­
nology have greatly increased the 

demand for very-high-speed memories. 
Scratch-pad memories of up to 128 
words with cycle times faster than 500 
nanoseconds are commonly found in 
computers on the market, but larger 
memories of the same speed range 
are not yet commercially available. The 
unavailability of larger memories is 
due to the complexity of the problems 
encountered in building a large memory, 
a much more complicated task than the 
building of a small memory. To better 
understand these problems, a 1024-word, 
100-bit memory system was built. Stor­
age cells consisted of a linear-organized 
arra y of ferrite core~ in ji two-core-per­
bit arrangement. To simplify core­
threading, only two conductors per core 
were used, one of which was plated, 
leaving only one to be threaded. 

MEMORY CELL OPERATION 

Linear selection (word-organized mem­
ory) and partial switchingl-7 are the 
t.?o" techniques commonly employed to 
achieve fast cycle times in high-speed 
ferrite memories and, consequently, are 
used in the system described here. Lin­
ear selection offers the advantage that 
read currents of large amplitude 
(limited only by the drivers) can be used 
to increase speed. This method contrasts 
with coincident current selection, in 
which read currents are dictated by the 
threshold characteristics of the ferrite 
cores used. Partial switching, in con-
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trast to full switching, decreases mem­
ory cycle time by narrowing the drive 
pulses. 

Linear selection and partial switching 
techniques can be used in single-core­
per-bit operation. However, as memory 
speed is increased by continually nar­
rowing the width of the write and digit 
pulses and, subsequently, the width of 
the read pulse, a point is reached where 
two-core-per-bit operation becomes nec­
essary. There are two reasons for this. 
First, the sense signal generated on 
reading a 0 becomes large as the rise 
time of the read pulse is decreased. 
Second, the difference in sense-signal 
amplitude when reading a 1 and reading 
a 0 becomes small, because the digit 
pulse in the presence of the write pulse 
switches irreversibly only a small frac­
tion of the core. Two-core-per-bit oper­
ation provides a means of cancelling the 
reversible flux contribution to the total 
sense signal. 8-11 

The particular scheme used in the 
memory under discussion is shown in 
Fig. 1. Each core is threaded with one 
conductor in the word direction and the 
other in the digit direction. When writ­
ing, both core A and core B of the same 
bit pair receive a write pulse. In addi­
tion, either core A or core B receives a 
digit pulse, depending on the informa­
tion being written in. When reading, a 
read pulse is applied to both core A and 
core B in the direction opposite to that 
of the write pulse. Sense signals, gen­
erated at both core A and core B, are 
added in a differential sense amplifier 
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where that portion of the signal due to 
reversible flux change is cancelled. 
Noise that is capacitively coupled from 
the driven word line is also cancelled. 
Therefore, only the net signals (Fig. 
I-c) reach the threshold circuit of the 
sense amplifier. This two-core· per· bit 
scheme has the following features: 

1) Bipolar sense signals provide more 
reliable sensing than a unipolar sense 
signal. 

2) Word line impedance is constant reo 
gardless of the information pattern, 
because each bit (i.e., each pair of 
cores) presents a constant impedance 
to word pulses even if a 1 or a 0 is 
stored. 

3) Read and write pulses may have 
loose tolerances. 

4) Balanced digit lines that are paired 
for one bit location offer a possibility 
of controlling wave propagation in· 
side a memory stack. 

The ferrite cores used in this memory 
have an outer diameter of 0.030 inch, 
an inner diameter of O.OlD inch, and a 
thickness of 0.010 inch. Operating con­
ditions are shown in Table I. 

TABLE I. 
Operating Conditions of the Ferrite Cores 

Width 
Drive Ampli- Rise Fan at 50% 
Pulses tude Tilne Time points 

(rnA) (ns) (ns) (ns) 

Write 220 ± 5% 40 40 80 
Read 630 ± 5% 80 30 80 
Digit 70±3% 30 30 75 

Sense signal from cores - ± 40 m V 
Kickback voltage when reading - 0.25 volt/bit 

WAVE PROPAGATION IN THE 
MEMORY STACK AND TERMINATIONS 

A basic requirement of a memory system 
is that it must be able to store any infor· 
mation pattern desired at any word 10' 
cation. Since some words are located 
close to the digit drivers and sense am­
plifiers and others are located far away 
from them, digit lines must be able to 

Fig. I-Two-core-per-bit scheme: 0) basic read­
write scheme, b) magnetization applied to 
cores when writing, and c) net sense signals. 
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carry digit pulses and sense signals 
without distortion. The two-core-per-bit 
scheme of Fig. 1 uses paired digit lines. 
Since either of the two lines of a pair is 
always driven by a digit pulse, regard­
less of whether a 1 or a 0 is being writ­
ten in, digit pulse propagation can be 
considered a superposition of a differen­
tial-mode component and a common­
mode component (Fig. 2) with current 
amplitude one-half that of the digit pulse 
on each line. 

Digit lines are terminated to eliminate 
reflections, because undesired reflections 
reduce system reliability and prolong 
cycle time. However, digit lines propa­
gating the differential-mode component 
require different impedance termina­
tions than those propagating the com­
mon-mode component. The T-termina­
tion network shown in Fig. 3 will 
terminate lines with both components 
without reflections. The digit line trans­
position method equalizes coupling be­
tween any two adjacent line pairs and 
eliminates the bit-to-bit interference 
problem. Note in Fig. 3 that the digit 
drivers and sense amplifiers are con­
nected to the midpoints of the digit lines. 
This connection minimizes the digit line 
delay measured from the driving and 
sensing point. 

DESIGN OF MEMORY STACK 

In the memory, one of the two conduc­
tors passing through each core is a 
conventional wire and the other is a 
plated conductor. Fig. 4 shows how 
memory cores are assembleQ. into a 
strip. Individual cores are first metal­
ized by vacuum deposition and then in­
serted into a groove cut in the middle 
of an insulator strip etched with con­
necting conductors. The strip is then 
electroplated to improve. contact and to 
lower the overall resistance of the con­
ductive path. Since the connecting con­
ductors on an insulator strip connect 
two neighboring cores on the same side, 
the resulting conductive path has a zig­
zag pattern. 

Each ferrite core strip contains 128 
cores, and each memory plane holds 200 
strips . ..--plated conductors were used as 
digit lines because they permit the pair­
ing of two neighboring conductors to 
form a bit pair. Such pairing helps 
to maintain good balance between the 
two lines of a pair and aids in simplify­
ing transposition. If, on the other hand, 
the plated conductors are used as word 
conductors, it is necessary to pair two 
nonadjacent digit lines because of the 
zig-zag pattern of the plated conductors. 
Another reason favoring the use of 
plated conductors as digit lines is that 
heating of cores due to repetitive switch-
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Fig. 2-Propagation of digit pulses: aJ digit 
pulses on digit lines, bJ differential mode com-
ponent, and c) common mode component. 
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Fig. 5-Memory plane construction. 
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Fig. 6-Block diogram of the memory system. 

ing is greatly reduced when every core 
in a word is individually threaded by a 
plated digit conductor which doubles as 
a heat sink. This cooling effect by the 
plated conductors is very important 
when a word is addressed repeatedly at 
a high repetition rate. 

A memory plane consists of a sub­
strate and 200 ferrite core strips (Fig. 
5), of which 100 are mounted on the 
top surface and the remaining 100 on the 
bottom surface. Ground planes are pro­
vided on the top and the bottom surfaces 
of the substrate, over which ferrite core 
strips are placed. The ground planes are 
connected to the supporting structure at 
the four corners of the memory stack 
assembly. Eight memory planes are 
assembled to form a complete memory 
stack. 

ELECTRONICS FOR THE 
1024.WORD MEMORY 

The memory consists of four major por­
tions (Fig. 6): 1) memory stack as­
sembly, 2) control system, 3) word sys­
tem and 4) digit system. The control 
system generates and supplies all timing 
pulses for the drive system and for data 
transfer. The word system, at the com­
mand of the control system, supplies the 
proper read and write current pulses to 
a selected word for reading and writing 
information out of or into the memory. 
The digit system is used in a dual fash­
ion 1) to provide sensing of the informa­
tion stored and 2) to write back into the 
memory, simultaneously with the write 
pulse, formerly stored or new informa­
tion. Parts of both the word system and 
the digit system are packaged on the 
memory stack. 

Control System 

The control system generates the neces­
sary timing pulses for each of the three 
cycle types: 1) read, 2) write, and 
3) split. The first two are standard 

Fig. 7-Portion of the 32 x 32 bipolar matrix. 

cycles for destructive-readout, random­
access memories. Both require a two­
step cycle (read-regenerate or clear­
write). The unusual feature of the split 
cycle is that it combines the read-write 
operation and, thus, eliminates the re­
generate and clear operations. The first 
command for this cycle generates only a 
read operation accompanied by a strobe 
of the sense amplifier. The retrieved 
information is available for processing 
but is not regenerated since the entire 
memory cycle has been temporarily sus­
pended. When the second command is 
given, the memory register is reset again 
to receive the newly processed informa­
tion, which is then stored in memory. 
Thus, the first half starts a conventional 
read cycle which stops itself in the 
middle, to continue upon later command 
as a write cycle after clearing the mem­
ory register. The time-saving features 
of this type of cycle are compatible 
with many of the common computer 
operations. 

Word System 

The word system is required to distrib­
ute a large read pulse with the genera­
tion of minimum noise, followed by a 
smaller write pulse of opposite polarity, 
to anyone of the 1024 words addressed 
by the 10-bit address register. The bulk 
of this decoding is performed in a bi­
pofar diode matrix (Fig. 7) _ The matrix 
is driven by 32 pairs of read and write 
drivers along one side and 32 switches 
along the other side. The 1024 intersec­
tions of this main matrix are trans­
former-coupled to the 1024 word lines 
of the memory stack. The DC level of 
the word line is restored by a diode­
resistor network in the secondary of the 
transformer. Without this network, a 
DC quiescent current in the word line 
will build up at high repetition rates 
because the read current is larger than 
the write current. 

The main problem encountered in de­
signing a word drive system for a high­
speed, high-bit-capacity memory is the 
minimizing of noise introduced into the 
stack. Since the electronics are a sig­
nificant cost factor, it is desirable to use 
a bipolar diode matrix that performs the 
selective function with drivers and 
switches. Experience with the various 
types of bipolar matrices has revealed 
that severe switching transients are 
introduced when the switch selection is 
made. Moreover, it was found that the 
characteristics of a memory stack show 
much tighter capacitive coupling be­
tween the network of word lines and the 
network of digit lines than can be made 
to exist between either of these networks 
and a ground plane. The result is a 
tendency for the conventional word se­
lection matrix to introduce a very size­
able noise pulse onto the network of 
digit lines. 

The purpose of the pulse transformer 
in each word line is the capacitive de­
coupling of the word selection matrix 
and the memory stack. Since the inter­
winding capacitance of the transformer 
is a maximum of 7 picofarads, whereas 
the capacitance between a word line and 
all the digit lines connected together 
is about 60 picofarads, the resulting 
switching noise attenuation is about 10 
to 1. This noise must be displaced in 
time from the sense signal by causing the 
timing pulse for the switch to start 
earlier than the timing pulse for the read 
driver. A switch is turned on for a spe­
cific length of time to let the read and 
the write currents go through; otherwise, 
no switch stays turned on. The switch 
noise is appreciably reduced by holding 
the switches off until after the memory 
address register has completely settled 
from the address transfer transient. 
Otherwise, a spurious selection of 
switches during the address transfer 
transient will inject additional noise into 

I 
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the stack. By turning off the switch as 
soon as the write pulse is terminated, 
the problem of slow switch turn·off can 
be easily eliminated. 

Another closely associated problem is 
the injection of noise via the half-se­
lected word lines controlled by the same 
switch during the read pulse. This con­
dition results from the passage of the 
read pulse through the finite impedance 
of the switch circuit, and the mechanism 
of noise injection is very similar to the 
one described previously. This type of 
noise is a threat because it always coin­
cides with the sense signal. It is obvious 
that this problem can be minimized by 
lowering the impedance of the switch 
circuit. A low switch impedance is also 
desirable from the standpoint of matrix 
operation, because it permits unim­
peded flow of the read and the write 
pulses. The problem was solved by 
eliminating cables connecting the switch 
channels and the word selection matrix 
and, instead, packaging the output 
stages of the switch channels at the 
memory stack. Again, the isolation pro­
vided by coupling transformers allevi­
ates the noise problem greatly. 

As shown in Fig. 3, the read and the 
write pulses have two different timings, 
designated A and B, depending on the 
word address. This feature is necessary 
because the digit line delay of 20 nano­
seconds from the driving and sensing 
point to the termination is not negligible 
compared with the drive current widths. 
In the present memory, the strobe and 
the digit pulses are fixed and the read 
and write pulses are shifted according 
to the word address. The 1024 words of 
the memory are divided into two groups 

of 512 words each, with one group being 
closer to the digit-driving and sensing 
points than the other. The former group 
uses word pulse timing A, the latter 
group word pulse timing B. 

Digit System 

The digit system' (Fig. 8) consists of 
the circuits that detect and write or re­
generate information in each of the 100 
bits of a selected word. During the 
write time, the digit driver feeds a cur­
rent pulse to one of the two digit lines 
to add to the write pulse in one of the 
two cores of a memory bit. The digit 
driver consists of two identical current 
drivers under the control of the timing 
generator and a flip-flop in the memory 
information register. 

Digit lines are terminated at both 
ends to reduce the recovery time of the 
memory stack. As a result, only half the 
difference signal from the two cores of 
a bit is available at the sense amplifier 
input. The difference signal is bipolar, 
where one polarity represents a 1 and 
the other polarity represents a O. The 
sense amplifier amplifies the difference 
signal and is strobed during a portion of 
the read time. The polarity of the sense 
signal at strobe time is sensed and if a 
1 is detected, the sense amplifier pro­
duces an output pulse which sets a flip­
flop in the memory register. If a 0 is 
sensed, no change occurs at the sense 
amplifier output. 

The first stage of the sense amplifier 
consists of two emitter followers con­
nected to the center of the digit lines 
(Fig. 8). The high input impedance 
provided by this stage prevents the sense 
amplifier from loading the digit lines 

Fig. 8-Digit system. 
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and from interfering with the termina­
tion of the lines. The emitter followers 
and series diodes are physically mounted 
near the center of the memory stack and 
are connected by a 125-ohm shielded 
twisted-pair cable to the plug-in board 
that contains the regeneration loop 
circuits. 

The second stage of the sense ampli­
fier is a differential amplifier with the 
transistor collectors connected together 
through a delay line. This stage ampli­
fies the difference between the input sig­
nals and sums the inverted amplified 
difference signal and the delayed ampli­
fied difference signal. This action pro­
duces output voltage waveforms at the 
collectors that do not have a DC level shift 
with repetition rate variations. The delay 
of the delay line is long enough that a 
usable amount of the inverted amplified 
sense signal is passed before the output 
is reduced by the delayed amplified 
sense signal. The delay in this system 
is 25 nanoseconds, approximately one­
half the base width of a sense signal. 

The third stage of the sense amplifier 
is an Ac-coupled differential amplifier. 
One output is used as a test point for 
observing amplified sense signals, and 
the other output drives the next stage. 
The last stage is the strobe and pulse­
stretching circuit, wl;!ich contains a bi­
stably biased 5-milliampere germanium 
tunnel diode which drives an output 
transistor. The tunnel diode is normally 
biased in the low-voltage state and is 
unable to switch to the high-voltage state 
during the digit transient because of the 
current-limiting action of the third 
stage. During a portion of the read time 
the sense amplifier is strobed by remov­
ing the inhibit current, thereby biasing 
the tunnel diode in the low-voltage state 
near the knee. A difference signal of 5 
millivolts at the input of the sense ampli-
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fier in the polarity of the 1 signal is 
sufficient to trigger the tunnel diode to 
the high-voltage state_ The tunnel diode 
turns on the output transistor, which 
produces a pulse used to set a flip-flop 
in the memory register. The tunnel 
diode remains in the high-voltage state 
until the inhibit current is applied by the 
strobe circuit. The inhibit current re­
sets the tunnel diode and terminates the 
output pulse. 

PACKAGING 

The circuits of the memory, except for 
those parts that had to be near the mem­
ory stack for special reasons, are pack­
aged in four nests surrounding the 
memory stack (Fig. 9). Each nest has 
10 removable mother boards, each of 
which can accommodate up to 56 small 
plug-in modules. Individual modules 
contain such parts as logic blocks, por­
tions of drivers, and portions of the 
sense amplifiers. When a nest is com­
pletely assembled, all of the circuits 
within it are interconnected by 70-ohm, 
printed-strip wiring on both sides of the 
mother boards and grandmother boards. 
(Mother boards plug into the perpen­
dicular grandmother boards.) Nests are 
interconnected by coaxial cables. Some 
of the memory circuits that did not lend 
themselves to modular packaging, be­
cause of power dissipation or size con­
siderations (such as driver output 
stages), were packaged on specially built 
mother boards by removing some or all 
of the provisions for plug-in modules. 
All logic level interconnections are made 
via 70-ohm cables, and read and write 
driver outputs are transmitted to the bi­
polar diode matrix at the stack via 70· 
ohm cables. To obtain a lower imped­
ance, the output stages of the switch 
channels are located at the memory 
stack. These stages are connected to the 
rest of the switch channels via 50-ohm 
cables. The digit driver outputs are 
transmitted to the stack via 100-ohm 
cables, and the sense amplifier first 
stages are connected to the rest of the 
sense amplifier by twisted-pair balanced 
cables having a common ground sheath 
and a differential impedance of 125 
ohms. 

TEST RESULTS 

The 1024-word, two-core-per-bit mem­
ory was built with a complete word 
system and a full digit system of 100 
bits." Also, a special memory exerciser 
was built for thorough testing of the 
memory system. Fig. 10 shows switch 
voltage, read and write currents, and 
digit current waveforms. The switch 
waveform was observed at the center tap 
of a word line transformer primary 
winding (Fig. 7). The undulations on 
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the plateau were caused by the flow of 
read and write currents through the 
switch circuit. These undulations would 
have been much larger if the switches 
had not been mounted on the memory 
stack. Read and write pulses of both 
timing A and timing B are shown in the 
figure. Note that the read and the write 
pulses of timing A are close together, 
while those of timing B are slightly 
seRarated. The digit pulse was observed 
at the end of a digit line. 

Fig. 11 shows related waveforms at a 
sense amplifier test point. Fig. 11 (a) 
shows two bits, one at the edge of the 
memory stack and the other at the cen­
ter, regenerating l's and O's alternately 
over the entire memory of 1024 words. 
Note that the sense signals are delayed 
to avoid the switch noise. The switch 
noise, although comparable in ampli­
tude to the sense signal, is minimized 
through the use of coupling trans­
formers. The negative-going sense sig­
nal represents a 1 and the positive-going 
sense signal a O. The digit transient 
takes about 350 nanoseconds to decay, 
measured from the start of the digit 
pulse. This time includes approximately 
300 nanoseconds attributed to the base 
width of the digit pulse and the stock 
recovery time, plus 50 nanoseconds at­
tributed to the sense amplifier. This 
relatively slow recovery of the stack, 
even with the elaborate T termination, 
appears to result from the imperfection 
of digit lines as transmission lines. 

Fig. 11 (b) shows operation at a repe­
tion rate of about 450 nanoseconds 
cycle time. It depicts the regeneration 
of l' sand 0' s on alternate words over 
the entire memory. Information is avail­
able at the memory register within about 
230 nanoseconds from the beginning of 
the read command pulse. Note that 
switch noise and digit transient recovery 
are made concurrently without affecting 
the sense signals. The waveforms shown 
represent only a small portion of the 
tests performed, on the memory with the 
aid of the memory exerciser. 

Proper digit line termination was 
actually more important than expected. 
In the beginning, digit lines were ter­
minated for the differential mode only, 
using one resistor per line connected 
directly to the ground. This method was 
used because it was felt that the T ter­
mination, which uses three resistors per 
digit line pair, was too complex to be 
practical. However, as the result of 
sustained common-mode propagations 
caused by digit drive, the best cycle 
time achieved was about 700 nanosec­
onds. The reduction of cycle time to 
450 nanoseconds was made possible by 
changing to the T termination. 

The use of ground planes in the mem­
ory stack did not cause ringing prob­
lems, in spite of a general belief that it 
would. The ground planes are con­
nected to the memory plane supporting 
structure on the four corners (Fig. 5). 
However, the planes are not used as 
return paths for digit currents. Such 
paths are provided by a low-impedance 
common return outside the memory 
stack. It is believed that ground planes 
are useful in bringing common-mode 
propagation under control. (The differ­
ential mode, by its nature, does not re­
quire ground planes.) In the particular 
memory stack design used, the ground 
plane also provides the necessary isola­
tion . between the digit lines on the top 
surface of a memory plane substrate 
and those on the botttlm surface. 

The independence of bits in this mem­
ory is excellent. As observed at the 
sense amplifier test point, there were no 
changes in the sense signal waveforms 
regardless of signals propagating on 
other digit lines. The digit transient 
waveform showed some interaction, but 
the recovery time was unchanged. 

CONCLUSIONS 

Development of a word-organized, two­
core-per-bit ferrite memory with a short 
cycle time requires careful consideration 
of the various transient conditions in the 
memory system. These transients pro­
duce noise that can interfere with reli­
able detection of the readout signals. In 
the memory described here, the use of 
transformers to couple read and write 
pulses to individual word lines has 
proved very successful in alleviating the 
noise problem associated with the word 
selection matrix. Transformers are used 
for capacitive decoupling of transients 
in the word selection matrix from the 
memory stack. There is' a possibility of 
reducing this noise further by re­
ducing the transformer interwinding 
capacitance. 

Noise was further reduced: by placing 
the voltage switch in the word selection 
matrix near the memory stack. This 
provided a low-impedance path to 
groun9.--for the large word currents and 
reduced the noise injected during the 
read pulse via the half-selected word 
lines controlled by a common matrix 
switch. 

In the digit system, consideration was 
given to the control of wave propagation 
along the digit lines to minimize digit 
recovery time. The basic requirements 
for control are: 

1) Use of two neighhoring digit lines as 
a pair for one-hit location. 

2) Equalization of coupling he tween the 
digit lines. 

3) Use of differential sense amplifiers. 

4) Termination of digit lines on hoth 
ends for all existing wave propaga­
tions, with particular emphasis on the 
differential mode termination. 

The use of the ferrite core strips with 
plated conductors provided a path for 
heat conduction, and core heating effects 
were negligible at high repetition rates. 
The uniformity of core signals was good, 
and attenuation through the stack was 
insignificant. 

Two-core-per-bit operation provided 
bipolar sense signals, and tight control 
of sense amplifier gain was not required. 
A delay line in the differential amplifier 
minimized the problems of DC imbal­
ance and level shifting when sensing the 
small sense signals in an environment of 
large unipolar digit pulses. The use of 
a tunnel diode strobe circuit provided 
low-level thresholding and high-speed 
operation. 
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RADIATION TEST TECHNIQUES 
RCA has designed and fabricated prototype models of a Preflight and Opera­
tional Status Test Set (PTS) for checking out avionic equipment in U.S. Army light 
aircraft. This PTS had to meet the following operational requirements: I) use 
radiating techniques to reduce or eliminate complications of test connections to 
the aircraft equipments, and 2) permit testing of all electronic systems without 
removing the equipment from the aircraft. This paper describes the results of 
this program, including the extensive field evaluation period under actual and 
simulated operating conditions. 

DAVID GOLDBERG, Ldr. 

Aerospace Systems Div., DEP, Burlington, Mass. 

THE Preflight and Operational Status 
Test Set (PTs) acts as a ground re­

ceiver/transmitter station and radiates 
appropriate test signals to, and receives 
response signals from, the aircraft elec· 
tronics equipment under test. The PTS 

checks communications, navigation, and 
instrument landing system (ILS) equip· 
ments in the frequency range from 100 
kHz (kc/s) to 400 MHz (Mc/s), and 
identification friend or foe equipment 
(IFF) at transmitlreceiver frequencies 
of 1030/1091 MHz. 

FIELD EVALUATION OF PTS 
RADIATING TECHNIQUES 

A typical test setup for checking the 
electronic complement of an aircraft by 
radiation techniques is shown in Fig. l. 
The effectiveness of this technique, i.e., 
the accuracy with which PTS can make 
measurements, is influenced by the vari­
ables in different aircraft configurations 
and test conditions. An important fea­
ture of PTS is that it can be programmed 
to eliminate or minimize the effects of 
variables observed during the initial 
field trials with the developmental 
models. Programming for these vari· 
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abIes can reduce the test tolerance that 
must be taken into consideration when 
testing a specific unit under test (VVT). 

However, progr.amming requirements 
can be established only by a compre· 
hensive field test program. The purposes 
of the test program were to evaluate the 
PTS system and antenna modifications reo 
sulting from earlier tests and to deter· 
mine the radiating test requirements for 
improvement of the design and opera· 
tional use of PTS. 

Two basic types of tests were per­
formed: one to determine the optimum 
position of PTS with respect to an air· 
craft, and another to collect data on the 
effect of the variables when PTS was 
operated within specified location toler­
ances from the optimum position. The 
basic measurement was the PTS signal 
output required to induce a l·microvolt 
output at the aircraft antenna. 

The field test program was performed 
using a representative sample of Army 
helicopters and fixed-wing aircraft under 
typical operating and environmental 
conditions. Table I lists the aircraft and 
avionic systems for which test data were 
obtained. All data were considered for 
the evaluation but only the more signifi· 
cant measurements were included here. 

Fig. I-Typical test setup. 

The significant result of the field test 
program is the establishment of system 
test tolerances when the PTS is pro­
grammed for each of the variables. The 
evaluation of the PTS performance is 
projected further to include analyses of 
error probabilities (in terms of trans­
ceiver power/sensitivity) and trans­
ceiver intelligibility (in terms of signal 
plus noise to noise ratio) which are com· 
bined to operate the go/marginal/no· 
go test result indicator. Included also 
with these analyses are trade-offs made 
possible by consideration of the avionic 
equipment mission profile. 

PROCEDURE AND TEST DATA 

System test tolerance data were obtained 
with the PTS positioned 50 feet from the 
aircraft at an orientation of 315 0 (i.e., at 
45 0 in the forward port quadrant) with 
its antenna perpendicular to the aircraft 
antennas. Readings were taken at dif· 
ferent positions. within prescribed posi­
tion tolerances (± 5 feet on radial dis­
tance and ± 10 0 on angular positions) 
and averaged. The PTS was set up spe­
cifically for each avionic equipment, and 
the measurement was the PTS signal out­
put required to induce I-microvolt at the 
aircraft antenna. Significant variables 

TABLE I-Aircraft and Avionic Systems 
for which Test Data Were Obtained 
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for aircraft/avionic configuration were: 
1) Antenna configuration versus avionic 

equipment. 
2) Operating frequency for avionic equip­

ment. 
The significant variables for ground con­
ditions were: 

1) Wet and dry ground in a cleared area 
(control condition). 

2) Wet and dry reinforced concrete. 
3) Wet and dry steel mats. 
Average readings for the above-ground 

conditions are shown in Fig. 2. The 
spread of these data indicates that when 
the PTS is set up to test a given avionic 
equipment, the test tolerance is ± 17 dB. 
As the various conditions are taken into 
account, and programmed for, the 
spread rapidly reduces. 

Examination of the spread in signal 
output for similar UUT'S using different 
antennas reveals that antenna configura­
tions have a significant effect. For ex­
ample, addition of the APS-94 radar an­
tenna in the OV-1B Mohawk reduces the 
strength of the received PTS signal out­
put by 10 dB when testing the ARC-44 
at 49.9 MHz, as compared with the sig­
nal required when the ARC-44 operates 
in the OV-1C Mohawk. The configura­
tion of a helicopter, with its blades, 
causes a change in reception compared 
to the configuration of an airplane. 

Similarly, UUT reception and trans­
mission will vary subject to the antenna 
used. An ARC-44 when used with a whip 
antenna will operate over longer dis­
tances, and receive better than when it 
is used with a long wire antenna. 

Distance from, and angular position 
with respect to, the aircraft affects the 
transmit/ receive tolerance, e.g.: 

1) Radial distance from the aircraft (50 
± 5 feet): ± 2 dB. 

2) Radial position to the aircraft (315° 
± 10°) : ± 1 dB. 

In addition, a large variation in the re­
ceived signal is caused by changing fre-

quency when testing the same aircraft 
antenna under the same test conditions. 
Part of this change is due to the radia­
tion path loss. Much of the remainder 
is the effect of cancellation and addition 
of the signal caused by aircraft reflec­
tions and antenna characteristics. Simi­
larly, minor effects are caused by wings, 
struts, and other aircraft structures. 

By programming the test set to com­
pensate for variances caused by aircraft 
and operating frequency, the test data 
given in Fig. 2 can be normalized and 
plotted as shown in Fig. 3A. 

Another major contributor to the sys­
tem test tolerance is the effect of ground 
conditions. The data plotted in Fig. 3A 
show that the distribution of the test 

conditions is almost completely random 
except the steel-mat condition. Data for 
the steel-mat condition are generally 
lower than the other test results. Be­
cause of the highly conductive ground 
plane of the steel mat, less PTS signal 
output is required to induce 1 micro­
volt at the antenna terminals. Also, note 
that the steel-mat effect is negligible at 
the lower frequencies, i.e., below 20 MHz. 

Normalizing the data to program for 
ground conditions results in Fig. 3B plot. 

The effects of the major variables on 
system test tolerance become a function 
of programming requirements. The 
testing tolerance can be reduced from 
± 17 dB (Fig. 2) to ± 3 dB, as depicted 
in Table II. 

Fig. 2-Field data plat of average PTS signal output for ovionic equipment in aircraft. (All fre­
quencies shown are in MHz.) 
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TESTING ACCURACY 

The signal plus noise to noise ratio, 
(S+N) . 

N ' IS an accurate measurement 

of receiver performance. The intent of 
field checkout is not to measure the 

(S + N) ratio but to determine whether 
N 

the UUT is performing correctly, i.e., 

whether the (S t N) ratio is above or 

below a required value. The accuracy 
of this measurement is important; an 
accuracy to ± 1 dB is readily attainable. 

CHECKOUT ERROR PROBABILITIES 

At the time of issue, or after bench tests, 
a UUT meets the minimum power sensi­
tivity level specified in the technical 
manual and generally has a range capa­
bility in excess of the normal mission 
requirement. This fact suggests a method 
for establishing test limit criteria based 
on the probability that among all the 
UUT's being tested, a unit would be ac­
cepted when it is faulty, or vice versa. 

An error analysis was made by assum­
ing the system test tolerance of ± 3 dB or 
± 1.5 dB, a good decision limit being 6 
dB below the nominal value of the UUT, 
and a bad decision limit being 3 dB far­
ther away. These limits result in a mar­
ginally good area of 3 dB. The equa­
tions, plus curves, of the analysis are 
given in the Appendix. As shown in 
Table III, the probability of judging a 
bad unit good or a good unit bad is no 
worse than 0.28 percent. 

CONCLUSIONS 

The PTS program demonstrated that the 
use of radiating techniques can elimi­
nate connections to aircraft avionics. The 

prototype models of the PTS that were 
designed and built, and the field evalu­
ations that were conducted under various 
conditions verified that design goals can 
be met. Operational checkout by PTS of 
a UUT provides a probability of error of 
less than 0.8 percent, thus raising pilot 
confidence in equipment prior to depar­
ture on any mission. 

Although the PTS has not been adopted 
for Army use, significant conclusions 
based on data obtained during the field 
evaluation are summarized here: 

1) Radiation testing is feasible on the 
flight line under various operating en­
vironments, i.e., steel mat, reinforced 
concrete apron, bare ground, in or 
near hangars, in the vicinity of other 
aircraft, and under wet or dry condi­
tions. 

2) The overall system test accuracy that 
can be achieved can vary from ± 3 
dB to ± 17 dB, depending on the de­
gree of programming used. The vari­
ables that can be programmed include 
type of UUT, type of aircraft, frequency 
attenuation, type of ground cover, 
(i.e., steel mat, concrete, bare 
ground), and ground condition (i.e., 
wet or dry). 

3) Variations in test tolerances caused 
by vertically or horizontally polarized 
antennas are negligible. 

4) Using radiating techniques, the UUT 

can be checked out operationally with 
less than an D.S·percent probability 
of error. 

Special antennas are not required in 
the frequency range covered. Precise 
analyses indicated that idiosyncrasies of 
near field testing (distances < 5A) might 
make test results meaningless. As a re­
sult, the data taken in testing the ADF 

equipment (ARN·6, ARN-54, ARN-59, 
R-5ll) with a loop antenna were re­
viewed carefully. The results indicate a 
consistency that gives confidence in the 
equipment configuration. 

APPENDIX 
Probability Density Distribution 

When avionic equipments are bench­
tested to check operating performance 
according to the power! sensitivity rat­
ings prescribed by the applicable tech­
nical manual, they must meet or exceed 
a minimal operating level. This fact 
leads one to certain basic assumptions 
for establishing probability density dis­
tributions for the equipment operating 
level: 

1) The average operating level of all 
equipments of the same type at the 
time of installation in the aircraft ex· 
ceeds the minimum acceptable level. 

2) The operating levels of all equipments 
of the same type can be expected to 
be statistically distributed according 
to a Gaussian probability distribution 
function. 

When the equipment power/sensi­
tivity is tested during checkout, an input 
stimulus is applied and the output is 
measured. Gaussian errors in the input 
stimulus and the output measurement 
lead to a Gaussian error in the determi­
nation of true equipment operating 
level. The Gaussian probability density 
distributions for 1) the true equipment 
operating level, and 2) the error in de­
termining the operating level, suggest a 
bivariate problem in the determination 
of the percentage of erroneous checkouts 
as a function of the test (or decision) 
limit. 

The probability density distribution, 
f(T), for the true equipment operating 
levels is shown in Fig. 4. Value S is the 
specification limit for operating levels 
that are unacceptable (no.go). Value D 
is the decision limit for operating levels 
that are acceptable (go). The region 
between Sand D represents marginally 

Fig. 4-Probability density distribution far true equipment operating 
levels. 

Fig. 5-Probability density distribution for error in determining oper­
ating levels. 
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good operating levels. The probability 
density distribution, f( M / T), for the 
error in determining the operating level 
is shown in Fig. 5. 

In Figs. 4 and 5, the Gaussian curves 
have been approximated by back·to·back 
exponential curves to get a closed· form 
answer to the bivariate problem. The 
equations for the approximations are: 

1.15 [ ( T)] J(T) = 2<TT exp 1.15 ~:;: 

for - a: <T::::; 0 

= 1.15 exp [-1.15 (~)] 
2<TT <T~ 

(1) 

for 0 <. T < a: 

where lIT = standard deviation of the 
true operating level distribution. 

f(M/T) = 1.15 exp [1.15 (M - '£)] 
2<T M <T M 

for - a: <M::::; T 
(2) 

= 1.15 exp [-1.15 (M-,£)] 
2<TM <TM 

for T <M < a: 

where lIM = standard deviation of the er­
ror in determining the operating level. 

Error Probabilities 

Three types of errors in determining 
operating levels were considered: 

1) The probability of calling a bad UUT 

good, i.e., the probability of an unde· 
tected defect, P ud. 

2) The probability of calling a bad GUT 

marginally good, i.e., probability of a 
marginal undetected defect, Pm ud. 

3) The probability of calling a good UUT 

bad, i.e., the probability of a false 
alarm, Pia. 

An undetected defect may result in 
sending an aircraft on a mission with de· 
fective equipment that should have been 
repaired. This type of error is the most 
serious. A marginal undetected defect 
may have similar results, but the fact 
that the measurement showed the equip· 
ment to be marginal rather than bad is 
a safeguard. The efle~t of a false alarm 
may mean needless expenditure of time, 
money, and spare parts while a mission 
is delayed for unnecessary maintenance. 
Calculations for various error probabili­
ties are given in Fig. 6. 

Numerical Example 

Equations 3, 4, and 5 are solved in terms 
of parameters based on values specified 
in the technical manual for the AN/­
ARC-55 Communications Transmitter/­
Receiver. For this example, three sets 
of values for S, D, lIT, and lI.l! are postu-

lated in Table III to bracket anticipated 
field conditions. In this case, Fig. 4 de­
picts a distribution of UUT'S where the 
nominal value is either 9 dB or 7.5 dB 
greater than the technical manual stated 
value. Fig. 5 depicts a system test toler­
ance, of measured value, of ± 3 dB (see 
Table II). Table III gives for each of 
these sets of postulated values the cor­
responding calculated probabilities of 
undetected defect, marginal undetected 
defect, and false alarm. 

TABLE III-Calculated Error Probabilities 
for Sensitivity Measurements on 

AN/ARC.55 

Parametric Values Error Probabilities 

s D 

-9 dB -6 db 6 dB 1 dB 0.00020 0.00616 0.00050 
-7.5 dB -6 dB 6 dB 1 dB 0.00151 0.006990.00280 
-7.5 dB -4.5 dB 6 dB 1 dB 0.000266 0.00810 0.00066 

From the error probabilities shown in 
Table III, when testing for sensitivity, 
PTS would judge: 

1) 0.02 to 0.151 .percent as good when 
they are really bad. 

2) 0.616 to 0.81 percent as marginally 
good when they are really bad. 

3) 0.05 to 0.28 percent as bad when they 
are really good. 

Similar calculations of error proba­
bilities could be made for the other types 
of UUT's that can be checked out by PTS. 

Fig. 6-Error probability calculations for: a) undetected defect, b) marginal undetected defect, and c) false alarm defect. 

(a) Probability of an undetected defect: 

(3) 

(b) Probability of a marginal undetected defect: 

Pmud = Ja:J(T)[1 J(M/T) dM ] dT = Ja: ~.:: exp [ 1.15 C~)] 11 !:~ ex{ -1.15 (~~ T) ] dM [dT 

(4) 

= [ <TM ] exp [1.15 (~) ]-exp [1.15 (SUT - D<TT + S<TM)] 
4(<TT + <TM) UT <TT UM 

./' 

(c) Probability of a false alarm defect: 

PI" ~ IJCT) [J.'CM/T) dM}T ~ I ~;: "+'5 (!) ] lJ. ~:~ "P [Ll5 (~~T) ] dM[ dT 
(5) 

+ l ~.:: exp [ -1.15 C~) ] 1 Ja: !:~ exp [1.15 (~~ T) }M[ dT 
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A SCAN CONVERTER 
FOR APOLLO TELEVISION 

Most television ~amera systems for spacecraft have been designed to obtain 
scientific data. The Apollo television pictures will have a different purpose; as 
they are received from the moon, they will be retransmitted to the American 
public over home TV channels. Because of stringent bandwidth requirements, 
Apollo TV pictures will be at a different scan rate than commercial TV pictures. 
Therefore, these pictures must be changed from one set of standards to an­
other by a ground-station scan converter. This paper reviews underlying con­
siderations of 'TV scan conversion along with some past approaches. It also 
presents NASA's approach to the problem and describes the equipment built 

by RCA to implement this approach. 

WALTER G. GIBSON 

Spacecraft Electronics 

Astra-Electronics Div., DEP, Princeton, N. J. 

T HE objective of the Apollo program 
is to land a man on the moon. In­

cluded in this mission is a TV camera sys­
tem that will enable the American public 
to watch the epochal proceedings on their 
home TV sets. Although TV camera sys­
tems for spacecraft are satisfactory for 
obtaining scientific data, special require­
ments must be met to supply TV pictures 
for commercial broadcasting. In addition 
to providing scientific data, the Apollo TV 

system is designed to produce a broad­
cast picture of acceptable quality which 
can be converted to broadcast standards 
by a ground-station scan converter. 

APOLLO TV SYSTEM 

Because of the great distance from moon 
to earth and the high cost of providing 
transmitter power from the moon, the 
Apollo TV system relies on different scan­
ning standards than broadcast television. 
A bandwidth of only 500 kHz (kc/s) is 
employed, compared to 4.5MHz (Mc/s) 
of broadcast television. This reduction 
of nine to one in transmitter power, due 
to the bandwidth reduction, is extremely 
important because of the high cost of 
power consumption in a space vehicle. 
Of course, if the band with is reduced, 
then the scan (frame and line) rates 
have to be reduced. For the Apollo TV 

system, a non interlaced frame rate of 10 
frames per second was chosen. This rate 
produces some erratic motion when ob­
jects move rapidly, but the resultant pic­
ture is still quite usable. By using a 
frame rate which is an integral sub­
multiple of the 30 frames-per-second 
rate of commercial TV, scan conversion 
systems are easier to design. The use of 
320 active lines yields a TV picture with 
220-line resolution both horizontally and 
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vertically compared to a median value 
of approximately 330 lines of resolution 
for broadcast television. An additional 
requirement of the Apollo TV system is 
that it must transmit high-definition still 
photographs for scientific purposes. To 
accomplish this within the 500kHz band­
width requirement, these photographs 
are transmitted at a rate of one frame 
per 1.6 seconds, allowing 1280 lines per 
frame. 

SCAN CONVERSION TECHNIQUES 

The TV signal received from the moon 
must be converted from the Apollo scan 
standards to broadcast scan standards 
for proper display on a commercial re­
ceiver. Over the past several years, a 
number of scan conversion systems have 
been investigated. The earliest method 
consisted of a broadcast-rate vidicon 
camera pointed at an Apollo-rate moni­
tor. The vidicon target acted as the 
storage medium (all scan conversion 
schemes require storage capabilities). 
Three broadcast frames were read out 
for each Apollo picture laid down; how­
ever, this system had a serious defect. 
Vidicon target material with low lag 
properties has a very destructive readout 
in that very little signal can be obtained 
ovan additional readout unless more 
light has been imaged onto the target. 
Vidicon target material with less de­
structive readout properties has high lag. 
It was impossible to get three frames of 
video reasonably alike (which is needed 
to avoid the flicker that would result if 
the frames were different), without also 
getting a large amount of stickiness and 
motion smearing. No usable compromise 
of these two target parameters could be 
obtained. 

Another approach utilized storage 
tubes. Because of the prepare-write-read 

cycle requirements of the storage tubes, 
three tubes were required with one tube 
being in each of the above modes at any 
one time. There are two problems with 
this arrangement: 1) the beams in the 
three storage tubes are very difficult to 
register, and 2) shading and transfer 
characteristic differences produce a 3*­
cycle-per-second flicker. 

After studying the problems asso­
ciated with the above approaches, NASA 
decided upon the approach described 
below. This approach is basically sound 
and promises to be acceptable for con­
verting other slow-scan TV systems to 
broadcast standards. A photograph of 
the complete scan-converter equipment 
is shown in Fig. 1. 

BASIC SCAN CONVERTER SYSTEM 

A block diagram of the system with sig­
nal waveform points is shown in Fig. 2; 
video waveforms are shown in Fig. 3. 
The Apollo TV signal is applied to the 
Apollo monitor, and the picture formed 
on the monitor is focused onto a broad­
cast vidicon camera. In effect, the vidi­
con target stores the Apollo signal. For 
every third broadcast frame, which is 
once during each Apollo frame, the 
camera reads out one frame of video 
signal at broadcast rates. For the next 
two frames, the scanning beam of the 
camera is gated off and no video is pro­
duced. The video from the camera is an 
interrupted video: one frame on, two 
frames off. In addition, the two video 
fields comprising the video frame have 
different video levels because the read­
out of the first field reads out a portion 
of the second field. In broadcast TV, 

Fig. I-Photo of the 
scan converter equipment. 
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Fig. 2-System block diagram with signal waveform points. Fig. 3-Video waveforms. 

each frame is composed of two inter­
laced fields in order to increase the num­
ber of pictures from 30 to 60 per second 
and thus eliminate flicker without in­
creasing system bandwidth require­
ments. This technique is unnecessary in 
the Apollo system since the system must 
be scan converted to broadcast stand­
ards before transmission over the com­
mercial TV networks. To equalize the 
video levels in the two fields comprising 
one broadcast frame, the video signal is 
fed to the flicker corrector, which is an 
electronically controlled, variable-gain 
amplifier. The interrupted video is fed 
next to a magnetic disc recorder, where 
the interrupted video is converted to con­
tinuous video. Each active frame is re­
corded on the disc, read out three times 
to fill in the off frames, and then erased 
to make room for the next active frame. 
From the magnetic disc recorder the 
video is fed to a conventional stabilizing 
amplifier, where the sync pulses are 
cleaned up. At this point the video is 
ready for transmission over the commer­
cial broadcast networks. 

The slow-scan sync lock keeps the 
vertical sweeps synchronized, and a sync 

WALTER G. GIBSON received his BSEE from the 
University of California in 1948. From 1946 to 1964 
he was with the RCA Laboratories Division, Prince­
ton, New Jersey. During that time he was engaged 

in various phases"bf the development of color tele­
vision, including work on color television cameras, 

vertical aperture equalization, color tape recording, 

color reproducers, and integrated electronics. In 
1964 he transferred to the Astro-Electronics Division, 
where he worked on cameras and sensors for sppce 
applications prior to his present activity on the 

scan converter for Apollo TV. Mr. Gibson is a 
member of the 1 EEE and Sigma Xi. He has pub­
lished several articles in the television field and has 

been granted 12 U.S. patents. 

generator controls the vidicon camera. 
A gating generator supplies pulses to: 
1) turn the vidicon beam on for desired 
broadcast frame readout, 2) control the 
timing of the gain change in the flicker 
corrector to equalize the video levels in 
the two fields comprising the one active 
frame readout, and 3) control the disc 
recorder so that it will record only when 
the camera is putting out useful video. 

STORAGE TIMING 

Storage timing is a critical phase of the 
conversion process. The video signal is 
stored at two different places in the scan 
converter: on the photoconductor target 
of the vidicon, and on the magnetic disc 
recorder. The first storage process con­
verts one frame at Apollo scan rates to 
one frame at broadcast scan rates; the 
second storage process repeats each of 
the on broadcast frames three times to 
produce continuous broadcast video. 

The relative timing between the verti­
cal deflections on the Apollo monitor 
and on the vidicon camera is shown in 
Fig. 4. The beam on the monitor scans 
downward, painting a picture onto the 
vidicon. This picture is stored as a two­
dimensional charge pattern on the pho­
toconductor. When the Apollo beam is 
one-sixtieth of a second (corresponding 
exactly to one broadcast field) from the 
bottom of the picture, the v-idicon beam 
is gated on, and the vidicon reads off the 
first field of a frame. The vidicon beam 
catches up with the monitor beam during 
vertical" retrace, when both beams are 
blanked off. Since the vidicon beam 
moves faster, it can read off the second 
field of the same frame while the monitor 
beam follows behind painting the next 
frame onto the vidicon. In this manner, 
the beams never interfere with each 
other and the vidicon can read out both 
fields. If the vertical deflections were 
not locked together by the sync lock, a 
bright horizontal stripe would appear as 
the vidicon beam passed the monitor 
beam. 

The timing on the disc recorder is 

straightforward. The disc rotates at 1800 
r/min, locked to the broadcast video. 
One complete frame can be stored on 
one revolution of the disc. When a frame 
of video arrives at the recorder, the pre­
viously recorded frame is erased, and 
the new frame is recorded on the disc 
using a record head. At the same time, 
a read head, diametrically opposite from 
the record head, is reading out the sig­
nal continuously; hence, the read head 
does not need gating signals. However, 
as described above, the record head and 
the vidicon control grid require gating 
signals from the gating generator, and 
these are locked to the incoming Apollo 
vertical sync. 

SINGLE FIELD OPERATION 

The operating mode described above 
depends upon the ability of the flicker 
corrector to equalize the two active inter­
laced fields to reduce flicker. There is a 
second operating mode which exhibits 
no flicker. In this mode, only the first 
of the two active fields is recorded and 
this same field is played back five addi­
tional times, using both heads for play­
back by switching, alternating from one 
to the other. However, by using only one 
field of the two available, the vertical 
resolution has been cut in half. At pres­
ent, both operating modes are being 
investigated; the trade off between the 
flicker in the one mode and loss of verti­
cal resolution in the other mode is yet to 
be finalized. 

MONITOR 

The monitor, built by RCA specifi­
cally for the scan converter, employs 
a 5CEPll flying-spot tube. An anastig­
matic coil reduces line structure without 
affecting horizontal resolution. As pre­
viously mentioned, the Apollo TV system 
has two scanning rates: 10 frames per 
second with 320 lines per frame, and 1 
frame per 1.6 seconds with 1280 lines 
per frame. The deflection circuits were 
specially designed to maintain size, cen­
tering, and linearity when switched be-
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tween the two scanning rates: a 4:1 
horizontal rate change, and a 16:1 verti­
cal rate change_ 

The lO-frame-per-second Apollo TV 

system uses either a conventional pulse­
type sync or a tone-burst sync at 
409.6kHz. The high-definition still sys­
tem uses the tone burst for its sync. The 
purpose of the tone burst is to reduce 
the transmitter power required. Since 
the tone I:;urst occupies the same fre­
quency band and gray-level domain as 
the video, sync separation is more diffi­
cult. The sync separator for the pulse­
type sync uses a conventional amplitude­
type sync stripper; the separator for 
the tone-burst sync employs a crystal os­
cillator that is locked to the incoming 
409.6kHz bursts. This frequency is 
counted down to generate the Apollo 
horizontal timing pulses. Proper phasing 
is obtained by comparing the counted­
down pulses to an amplitude-detected 
tone burst and feeding error signals 
back to the count-down chain. The 
amplitude-detected tone burst is jittery 
and not immune to noise, but by build­
ing inertia into the pulse comparison cir­
cuitry, the amplitude-detected tone burst 
becomes a reliable reference. The am­
plitude-detected tone burst is also used 
to gate the tone burst to the crystal 
oscillator. 

VIDICON CAMERA 

The vidicon camera is an RCA TK-22 
film model, modified to accept an ex­
ternal vidicon gating pulse. It is also 
modified by the addition of gamma cor­
rection circuitry that is variable so an 
operator can place the break points in 
the transfer characteristic wherever de­
sired. This feature is necessary because 
the scan converter should be as linear 
as possible so as not to compress or ex­
pand either the black end or the white 
end of the transfer characteristic. The 
transfer characteristics of kinescopes 
and vidicons tend to complement each 
other, but the match is far from perfect. 

When the vidicon reads out the first 

field, it reads out a little of the second 
field also, due to the finite size of the 
scanning aperture. To minimize this 
condition, a larger-than-normal vidicon 
(type 8480) is employed. This vidicon 
has a diameter of 1% inches and a lim­
iting resolution greater than 1000 TV 

lines in any part of the picture. A 
high resolution implies a small-diameter 
scanning aperture. 

FLICKER CORRECTOR 

If the video level in the second field 
differs from the level in the first field by 
more than approximately 5 percent of 
the peak highlights, an objectionable 
flicker will result. The flicker corrector 
varies the gain of the second field with 
res pect to the first field so that the video 
levels of the two fields will be the same. 
This gain variation requires a timing 
pulse from the gating generator that 
differs from the gating pulse fed to the 
camera and to the disc recorder. The 
variable gain is obtained by controlling 
the drain resistance of a field-effect 
transistor in a resistive voltage-divider 
arrangement. The drain resistance is 
varied by appropriate settings of the 
gate voltage. By restricting the drain 
voltage (DC + video) to plus or minus 
several tenths of a volt, the field-effect 
transistor is made to act as a linear 
resistor. 

DISC RECORDER 

The disc recorder is similar to those 
used for instant replay in televising 
sporting events, but the design is modi­
fied considerably; the logic timing for 
the record head was revised for this ap­
plication. The disc, about 12 inches in 
diameter, rotates at 1800 r/min and is 
servo-controlled for long-term stability 
of ± 0.2 p.s; short-term stability is much 
better because of the inertia in the metal 
disc. The record head is on one side of 
the disc near the edge, and the read head 
is ap.proximately 180 0 away. The heads 
can be adjusted radially to a new track 
if the disc shows signs of wear. The disc 
recorder was designed for this applica­
tion by MVR Inc. 

./ PULSE AND TIMING UNITS 

The sync generator, sync lock, and gat­
ing generator are solid-state units em­
ploying mostly digital logic to derive the 
desired timing pulses. The sync gener­
ator is a standard unit, but the sync lock 
was designed especially for this appli: 
cation by Telemet Co. The gating gen­
erator was made by RCA especially for 
this system. There have been several 
modifications in the scan converter sys­
tem and its components since NASA 
built the breadboard feasibility model. 
To satisfy the requirement for high-

definition still photographs, the sync 
lock was extensively modified to control 
the sync generator in this mode; the 
sync lock does not produce a gating 
pulse in this mode. The addition of the 
flicker corrector to the system and modi­
fications to the disc recorder by MVR 
Inc_ resulted in a requirement for 
three separate gating pulses. For these 
reasons, a separate gating generator is 
now required, where, originally, the sync 
lock supplied the necessary gating pulse. 

PERFORMANCE 

The 10-frames-per-second readout by the 
Apollo live pickup vidicon yields slightly 
more lag and motion jerkiness than nor­
mal broadcast TV. The scan converter 
cannot improve this; it can only convert 
what it gets. Since all photoconductors 
have some lag, the scan converter actu­
ally increases the lag a little on moving 
objects, but it does not affect the jerky 
motion. The magnitude of these effects 
is fairly subjective and hard to describe 
quantitatively. Slow motion, however, 
is completely satisfactory. The photo­
graph in Fig. 5 is representative of the 
overall performance of the system, from 
pickup by an Apollo-rate camera, 
through the scan converter, to display on 
a broadcast monitor. There has been 
very little overall picture degradation. 
The scan converter has good gray-scale 
fidelity, a signal-to-noise ratio better 
than 35 dB, and a resolution response 
down less than 6 dB at 4 MHz. 
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INTELLECTUALISM AND THE 
AMERICAN ENGINEER 

This paper describes a limited survey made to determine the intellectual atti­

tudes of a group of engineers. Intellectualism is defined, the sample group is 

described, and the results of the survey are analyzed. 

R. F. FICCHI 

Systems Engineering, 

Communications Systems, Div., DE?, Camden, N.J. 

THE term intellectual has no precise 
meaning, as is evidenced by diction­

ary definitions. Merriam-Webster' s New 
International Dictionary, Third Edition, 
Unabridged, gives three separate mean· 
ings: 1) Endowed with intellect, 2) 
having the power of understanding, and 
3) having the capacity for the higher 
forms of knowledge or thought. Fowler's 
Modern English Usage says: "Intellec­
tual-one in whom the part played by 
the mind, as distinguished from the 
emotions and perceptions, is greater 
than in the average man." Its meaning 
is so varied that to some it represents 
qualities that are to be distrusted (e.g. 
egghead, long hair), whereas to others 
it is the highest achievement. To the 
Philistine, the intellectual obstructs the 
serious business of living; to others, he 
is the soul and conscience of the com­
munity. This very imprecision of the 
term requires that it be defined to suit 
the purposes of the ensuing discussion. 

S. M. Lipset' defines an intellectual 
as anyone with a university education; 
or he who creates, distributes, and ap­
plies culture, including science, art, and 
religion. Such a wide definition leaves 
out a significant group who are not en­
gaged in any of these pursuits but who 
are generally mind-oriented rather than 
thing-oriented. 

Neither all academic men nor all pro­
fessional men may be called intellectual 
without qualification. Intellectualism, 
unlike intelligence, implies a capacity 
for detachment from immediate experi­
ence. Intelligence requires one to limit 
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finery, and atomic energy industries. He has been 
involved in three maior programs at RCA-Atlas, 
BMEWS, and Minuteman-and has been particularly 
concerned with problems associated with the per-

his attachment to the pragmatic tasks 
of the moment. RichaJd Hofstadter has 
said' that intellectuals are concerned 
with the critical, creative, and contem­
plative functions of the mind while 
merely intelligcnt people seek to group, 
manipulate, reorder, and adjust. The 
intellectual feels that he must go be­
yond the concrete task at hand and be 
concerned with meanings and values, 
so that other future concrete tasks may 
be more readily accomplished. Intel­
lectuals are concerned with "core values 
of society." They are concerned with 
moral and ethical aspects of the sim­
plest concrete tasks. Intellectuals are 
not satisfied with the status quo, but 
seek constantly to examine and analyze 
to find a deeper meaning. It is for this 
reason that intellectuals are disturbing 
to the ordinary citizen." 

In our times we have seen the emer­
gence of a highly educated, extremely 
intelligent group of people. They can 
solve the deepest problems, they are 
able to create, they can seize nature and 
shake down her secrets, and, if need be, 
they can destroy the world. As a group, 
RCA engineers are highly educated, 
extremely intelligent people who do, in 
fact, solve some of nature's deepest 
problems. But are they concerned with 
more profound truths that have been 
mentioned, such as the moral and ethi­
cal aspects of their professional activi­
ties? Do they make the value j udge­
ments/' or the moral judgements 
necessary in our increasingly complex 
world? The most difficult problem to 
solve is to determine whether they 
have this attitude of intellectualism 

forma nee of electronic equipment in the electro­
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technical papers, is the author of Electrical Inter­

ference published in 1964, and is general editor and 

a contributing author for the forthcoming EMC 
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Science Society, the New Jersey Academy of 

Science, and the American Association for the Ad­
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necessary to make such judgements. 
How one measures this attitude is a 
question to which an answer is 
attempted in the following material. 

For the purposes of this paper, the 
initial approach to defining intellectual­
ism is to call it an attitude of the in­
dividual in which he is most concerned 
with the ideas behind things. This con­
cern with ideas makes understanding 
possible. Consequently, intellectualism 
is concerned with the non-thing interest 
of man because this will provide him 
with the data for understanding. To 
define intellectualism in another fash­
ion: man is a unitary whole or system 
consisting of mind and matter. This 
unitary whole or system comes in con­
tact with everything outside the unitary 
whole-his environment. This environ­
ment consists of other systems made up 
of mind and matter like himself and 
other systems consisting of simply mat­
ter. An understanding of these systems 
requires intellectual knowledge, as op­
posed to sense knowledge which merely 
enables him to know these systems. 

A group of questions was constructed 
to attempt to determine the intellectual 
attitudes of a sample group of engi­
neers. Admittedly the questions are 
loaded if by loaded one means that they 
were constructed so that certain kinds 
of answers could be drawn from them. 
The author does not believe it possible 
to construct a question that is not 
loaded. The key to the questions is not 
what kind of answers are received (be­
cause certain questions lead inevitably 
to certain answers), but how many per­
sons would give one kind of answer op­
posed to another kind of answer. The 
attitude of the persons questioned on 
matters that relate broadly to the intel­
lectual view of the world can be deter­
mined in this way. 

DESCRIPTION OF THE SAMPLE 

It is estimated that 800,000 to 900,000 
individuals are classified as engineers in 
the various breakdowns of the U.S. 
labor force. This figure includes the 
more than 100,000 members of the 
Institute of Electrical and Electronic 
Engineers. This organization represents 
a merger of the American Institute of 
Electrical Engineers and the Institute 
of Radio Engineers, and its members 
are associated with all phases of the 
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electrical and electronic industries. 
These individuals are, therefore, associ· 
ated with industries and activities that 
have been identified with one of the 
most rapidly expanding and developing 
technologies. They are in the forefront 
of new uses of engineering sciences in 
missile, space, advanced communica. 
tions, and atomic energy applications. 
To restrict the data to manageable 
levels, an engineering group at one geo­
graphical location of a major manufac­
turer was selected for this study. This 
engineering group, consisting of ap­
proximately 1200 engineers with a vari­
ety of educational backgrounds and 
various levels of experience, was con­
cerned with applied research, analysis, 
design, and development associated with 
highly sophisticated electronic equip­
ment, including data-processing and 
space communications equipment. This 
group is compelled to be abreast of the 
state of the art of the latest technologies 
and, in many instances, is pushed be­
yond the state of the art to provide 
better equipment to satisfy functional 
needs. Approximately 13% of these 
engineers were randomly selected and 
supplied with a questionaire. Ninety­
three replies to this questionaire have 
been received. This sample, 7.8% of 
the total group of 1200, was considered 
statistically valid for the initial data 
compilation for this paper. 

ANAL YSIS OF THE SURVEY 

The group replying to the questions 
was analyzed to establish some typical 
features. It was found that the average 
number of years in the engineering pro­
fession was 13. Of this group, 78% 
identified themselves as electrical! elec­
tronics engineers and 18% as mechani­
cal engineers; the remammg 4% 
included physicists and chemists. Con­
sequently, the tested group can be typi­
fied as a group of electronics engineers 
with 13 years of professional experi­
ence. 

As has been noted, a series of ques­
tions was formulated and presented to 
the engineers in an endeavor to. gain 
some insight into their intellectual at­
titudes. These questions were selected 
to shed light on the following: 

1. Predisposition to study engineering 
(questions 1 and 2) 

2. Undergraduate curriculum (questions 
3 and 4) 

3. Graduate studies (questions 5 and 
6) 

4. Reading habits (questions 7 and 8) 
5. Level of particular knowledge (ques­

tions 9 and 10) 
6. Attitude toward intellectual life and 

attainment (questions 11 and 12) 

A specific purpose was built into 
each question. (See Appendix.) The 

construction of the questions depended 
on the subjective approach of the ques­
tioner and the problem of their inter­
pretation. Others might have worded 
these questions differently, used dif­
ferent questions, or, perhaps, inter­
preted the results in a different light. 
The following analysis is the author's 
evaluation of this survey. 

Questions 1 and 2 

1. Did you decide to study engineer­
ing because you enjoy taking things 
apart to see how they work 'and then 
attempt to put them together again 
(e.g., automobile engine, radio, alarm 
clock) ? 

RESPONSE: Yes-43; No-48. 

2. When you were starting your 
engineering ;;'ndergraduate study, 
which one of the following did you 
consider the most accomplished: a) 
Henry Ford; b) James Clerk Max­
well; c) Thomas Edison; d) Lee 
DeForest? 

RESPONSE: Edison-60; Ford-13; 
DeForest-8; Maxwell-7. 

Question 1 indicates that almost half of 
the respondents were predisposed to 
study engineering because of their in­
terest in taking things apart and put­
ting them together again. Since the 
group was almost evenly divided, one 
must go to question 2, where an over­
whelming number selected Thomas 
Edison as the most accomplished. There 
is no point in attempting to detract 
from Edison's obvious accomplishments, 
but it must be noted that Edison's 
talents were those of an inventor-an 
applier of principles rather than a 
developer of principles. Based on the 
results of questions 1 and 2, it can be 
stated within the constraints of the 
sample size and the problematical lan­
guage of the questions that the majority 
of engineers tested entered the profes­
sion predisposed toward things and the 
application of things. No attempt is 
made to judge whether this is the best 
kind of predisposition. 

Questions 3 and 4 

3. What percentage of your under­
graduate credits were taken in non­
technical subjects, such as history, 
literature, languages, and philoso­
phy? a)5%; b) 10%; c) 15%; d) 
20%. 

RESPONSE: 10%-30; 20%-28; 
15%-17; 5%-15. 

4. If your undergraduate college per­
mitted it, would you have not pursued 
such courses as English, languages, 
or history? 

RESPONSE: Yes-40; No-51. 

Question 3 bears out the expected fact 
that in most engineering curricula, the 
percentage of courses in the Humanities 
would average about 15. Question 4, 
however, is much more probing but 
more difficult on which to base judge­
ments. The question was framed in a 
negative fashion to emphasize the posi­
tive reply required from people who 
were not satisfied with Humanities 
courses. Slightly less than half of the 
respondents indicated they had a de­
cided feeling that the Humanities 
courses had limited value and pursued 
them only because they were required. 
This reply follows logically from the 
findings in questions 1 and 2, from 
which it was concluded that the predis­
position of the prospective engineering 
student was thing oriented. 

Questions 5 and 6 

5. What is the level of your gradu­
ate studies? a) None; b) 10 semester 
credits; c) 20 semester credits; d) 
30 semester credits; e) Master's de· 
gree ; f) Doctorate. 

RESPONSE: Master's-30; 10 cred­
its-21; None-19; 30 credits-lO; 
20 credits-8; Doctorate-3. 

6. Was your main purpose in taking 
graduate work any of the following? 
a) Importance to your job; b) Am­
plify your background; c) Deepen 
your technical knowledge ; d) Every­
one says it's important. 

RESPONSE: Deepen technical 
knowledge-43; Amplify background 
-23; Importance to job-9; Every­
one says it's important-3. 

Question 5 reveals that approximately 
one-third of the respondents were at 
the Master's degree level and above. 
Question 6 indicates their motivation 
was, in most instances, simply to deepen 
technical knowledge. It is interesting to 
note that at least a substantial portion 
did not look upon graduate work as job 
oriented, as is evidenced by the 23 re­
plies stating that the motivation was to 
amplify background. 

Questions 7 and 8 

7. What was the estimated number 
of nontechnical books you read in 
1964? a) More than 25; b) More 
than 15; c) More than 5; d) None. 

RESPONSE: More than 5-52; None 
-18; More than 15-12; More than 
25-8. 

8. Have you read any of the follow­
ing periodicals? a) None of the fol­
lowing; b) Kenyon Review; c) The 
Reporter, d) Ramparts; e) Saturday 
Review of Literature. 



RESPONSE: None-48; Saturday 
Review-37; The Reporter-I5; 
Kenyon Review--O; Ramparts--O. 

Questions 7 and 8 were very revealing 
as to reading habits. Since 70 of the 
respondents stated that they had read 
no more than 15 books per year, and 
since these books may have included 
popular novels as well as detective 
stories, one is almost driven to conclude 
that, as a group, reading was not a 
common activity. Admittedly, one could 
do a great deal of reading and yet not 
read any books; but for present pur­
poses, the position is taken that the 
reading of books is a valid basis for 
judgement, since it is uncommon for 
one who reads as a regular activity not 
to read books. Question 8 probes deeper 
into the area of reading habits. Four 
periodicals were arbitrarily selected as 
indices. Other periodicals could have 
been chosen, and this will be done in a 
later study. The Saturday Review and 
The Reporter can be purchased at most 
news stands in terminals and hotels, 
and yet only about half of the respon­
dents said they had read them. Note 
that the question does. not ask if they 
were regularly read. Slightly more than 
half of these people stated they had 
never read any of the listed periodicals. 
One would think the library exposure 
required of a graduate student would 
give him some knowledge of a periodi­
cal such as Kenyon Review, and the 
controversial nature of Ramparts makes 
its articles sufficiently newsworthy to 
be reported in large-circulation news­
papers. (The New York Times regu­
larly reports on important articles in 
current issues of Ramparts.) These 
two questions indicate a rather negative 
reading activity, and since reading is so 
fundamental to intellectual pursuits, 
they provide an insight into the intel­
lectual habits of the tested group. 

Questions 9 and 10 

9. What would be the extent oj what 
you could write about T. S. Eliot? 
a) Nothing; b) 10 words; c) 50 
words; d) 500 words. 

RESPONSE: 10 words-35; Nothing 
-27; 50 words-2I; 500 words-7. 

10. What would be the extent oj 
what you could write about Existen­
tialism? a) Nothing; b) 10 words; 
c) 50 words; d) 500 words. 

RESPONSE: Nothing-44; 10 words 
-18; 50 words-I8; 500 words-II. 

Questions 9 and 10 could have both 
been answered in the 500-word category 
by any individual who reads the daily 
newspaper with any degree of care. 
The questions were very timely when 

asked. Since T. S. Eliot is a major 
contemporary poet, and since Existen­
tialism is considered one of the signifi­
cant philosophical systems of our time, 
it would appear that one with intellec­
tual interests should be able to write 
more than 500 words on each of the 
subjects. 

Questions 11 and 12 

11. Make a list oj the jollowing ac­
tivities, the most acceptable first, the 
least acceptable last. a) Accountant; 
b) Choreographer; c) Poet; d) 
Market researcher. 

RESPONSE: Market researcher-4I; 
Accountant-2I; Poet-I5; Chore­
ographer-7. 
12. I j you were permitted to select 
one oj the jollowing as your hobby, 
which would you choose? a) Card 
playing; b) Woodworking shop; c) 
Sculpture; d) Reading. 

RESPONSE: Woodworking-40; 
Reading-30; Sculpture-I5; Card 
playing-6. 

Question 11 supports the idea that the 
respondents considered activities con­
cerned with things the most acceptable. 
The choreographer, who ranked lowest, 
is the least practical of the activities 
identified. Question 12 follows the same 
pattern, with the preponderant interest 
in woodworking; but it is difficult to 
explain one-third of the respondents 
selecting reading. Perhaps the clue to 
the answer is in the wording of the 
question-it does not ask what they do, 
but what they would do. 

CONCLUSIONS 

It is dangerous to draw conclusions 
from any data, and it is extremely dan­
gerous in the controversial area that has 
been described. It appears that one can 
make several judgements concerning the 
limited sample tested and the limita­
tions imposed by the questions: These 
are: 

1) Despite a relatively high level of aca­
demic training, intellectual interests 
as defined earlier do not seem to be 

.z"common interest to the test sample. 
2) Reading as defined by the questions 

asked seems to be very limited for 
the group tested. 

3) The level of intellectual knowledge 
and attitude toward intellectual pur­
suits seems to be below that ex­
pected, considering the educational 
background of the test sample. 

It must be noted that these judgements 
are limited severely by the data avail­
able, the limitations imposed by the 
questions asked, the small size of the 
sample, and the personalities of indi­
viduals who may be suspicious of ques­
tionaires and the questioner. 

The intent of this paper is simply to 
provide a point of departure for further 
discussion, investigation, and, hopefully, 
interest in intellectual endeavors. 
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APPENDIX 
Intent of Questions 

1. Ascertain whether the individual, in deciding 
to study engineering, was motivated by the 
1nechanical aspects of devices or by the princi­
ples that made them possible. A no answer 
would possibly indicate that he was motivated 
by the concepte involved in the devices or simply 
that he had never thought about the matter. 

2. This lists four people varying in interests from 
Maxwell, who developed basic magnetic theory, 
to Ford, who was not a scientist but was very 
successful in the mechanical sphere.4 Answers 
would be weighed as follows, with 1 associated 
with the person with the least intellectual atti­
tude and 4 with the 11108t intellectual attitude; 
a=l; b=4; c=2; d=3. 

3. Obtain insight into the type of undergraduate 
curricul urn. 

4. A yes answer would indicate the individual 
felt that such courses were of little value to his 
\vhole educative process. 

5. Establish the level of graduate achievement. 

6. Identify the purpose of graduate school. 
Answer (b) would indicate an attitude of under­
standing intellectualism; answer (c) might or 
might not be vocationally oriented. Ans\vel' (a) 
is clearly vocationally oriented, \vhereas Cd) 
shO\vs lack of promise. 

7. Indicate the number of nontechnical books 
read. One can answer (a) and still have a read­
ing progrmll restricted to detective stories or 
popular novels; however, even this offers a wider 
view of the world. 

8. Provide additional insight into reading habits. 
SRL is well known but is concerned with intellec­
tual matters .on a popular basis. Reporter is an 
important, politically oriented magazine. Ram­
parts and Kenyon Review are significant, intel­
lectual, avant-garde types of magazines. 

9. Assess familiarity with an important literary 
man who had much to say about our contem­
porary world. 5 At the time of the survey Eliot 
had just died and one could answer to level (c) 
by simply reading a good newspaper; but to do 
so required that the person pay attention to such 
lnatters in the newspapers. 

10. Same type of question as No.9. At the time 
of the survey, 8a1'tre, a leading Existentialist, 
had rejected the Nobel Prize. Several columns 
were dev.oted to his work in 11108t newspapers 
that used UPI or other wire services. 

11. Obtain insight into the attitude of the res­
pondents concerning two diametrically opposed 
types. The poet and choreographer are uncom­
mon callings; they are long hairs, and the very 
nature of their interest is intellectually oriented, 
according to our definition. The accountant and 
market researchers are common occupations 
with little intellectual overtones. 

12. Estabiish which hobby one would choose, 
not the one he presently follows. Wood working 
and sculpture would reveal manual interests, with 
intellectual overtones in sculpturing. Reading, 
broadly considered, is intellectually oriented. 

REFERENCES 

L S. M. Lipset, Political Man, Doubleday, New 
York,1960 

2. R. Hofstadter, Anti-Intellectualism in American 
Life, Knopf, New York, 1963 . 

3. L. Coser, Men of Ideas, The Free Press, New 
York, 1965 

4. R. M. Wik, "Henry Ford's Interest in Science," 
Proceedings of the Tenth International Congress 
of History of Science, 1962 

5. T. S. Eliot, "The Waste Land" (any volume of 
collel'ted works) 

79 



80 

SCIENTII'IC 
COMPUTER 

APPLICATIONS 
PROGRAM 
CATALOG 

Dr. J. KURSHAN, Mgr. 
Research Services Laboratory 

RCA Laboratories, Princeton, N.J. 

WITH the increasing use of digital 
computers in solving research, 

development, and production problems, 
there is a need for better communica· 
tion among RCA scientists and engi­
neers on available computer programs 
for scientific applications. A corporate­
wide catalog is being established to 
furnish better knowledge of existing 
programs. This should result in the 
actual solution of more problems, mini­
mize wasteful duplication of effort, and 
promote the interchange of information 
between RCA engineers and scientists 
with related interests or problems. The 
Scientific Computer Applications Pro­
gram Catalog (SCAPC ) will help in 
transferring information within each 
activity as well as between different 
company locations. 

Development and operation of the 
catalog is decentralized, coordination 
being achieved through designated 
representatives at a number of RCA 
locations where there are centralized 
responsibilities for programming for 
technical applications. The initial rep­
resentatives are as follows: 

Location 
Symbol 
AEDH 

AS DB 

BCDM 

BCDT 

DEPA 

EDPS 

LABS 

M&SR 

WCDV 

R. Goerss, Scientific and Techni­
cal Computations Group, AED, 
Hightstown 
Joel L. Richmond, Data Proc­
essing, Engineering, ASD, Bur­
lington 
F. M. Brock, Microwave Engi­
neering, BCD, Camden 
LaFarr Stuart, Systems Appli­
cation Development, EDP, 
Cherry Hill 
George Zorbalas, TV Tape 
Dept., BCD, Camden 
R. D. Smith, Applied Research, 
DEP, Camden 
R. W. Klopfenstein, Applied 
Mathematics, RCA Laborator­
ies, Princeton 
R. Faust, Scientific Information 
Processing, M&SR, Moorestown 
A. E. Cressey, Information Con­
trol Systems, WCD, Van Nuys 

These representatives will have the 
responsibility for maintammg local 
reference copies of the catalog, for 
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Program No_ 

AEDH-OOOI 

AEDH-0002 

AEDH-0003 

AEDH-0004 

AEDH-0005 

AEDH-0006 

AEDH-0007 

AEDH-0008 

AEDH-0009 

AEDH-00I0 

AEDH-OOll 

AEDH-0012 

AEDH-0013 

AEDH-OOI4 

AEDH-0015 

AEDH-0016 

AEDH-0017 

ASDB-OOOI 

ApDB-0002 

ASDB-0003 

BCDM-OOOI 

BCDM-0002 

BCDM-0003 

TABLE I-SCAPC Programs and Contributors 

Contributors 

S_ A. Komianos 
R. Hilton 

S. Komianos 
R. W. Meldrum 

S. Komianos 

S. Komianos 
R. Hilton 
L. Miller 

S. Komianos 

S. Kornianos 
D.Almy 

·S. Komianos 

Louis J. Ciabattoni 

Louis J. Ciabattoni 

Louis J. Ciabattoni 

Louis J. Ciabattoni 

Louis J. Ciabattoni 

Louis J. Ciabattoni 

Louis J. Ciabattoni 
Ronald A. Velosky 

Louis J. Ciabattoni 

Louis J. Ciabattoni 
Ronald A. Velosky 

Louis J. Ciabattoni 
Ronald A. Velosky 

R. L. Mattison 
R. S. Fisher 

D.E.Farnsworth 
R. A. J. Gildea 

H. Platt 

F, M. Brock 
T. G. Marshall 
J. Parker 

F. M. Brock 

F. M. Brock 

Program Title~ Descriptors, and Languages 

"Xodal I" 
(Circuit Analysis; Complex Matrix Inversion; Bode) 
7090-7094 FORTRAN II 

"TIROS Spin Increments in Elliptical Orbits" 
(:\Iagnetic Attitude Control; Torquing; Spin; Plotting) 
601 FORTRAN II 

"SADACT, Satellite Array Degradation from Actual 
Current Telemetry" 
(Solar Array; Least Squares Curve Fitting; Plotting) 
601 FORTRAN II 

"SATEB, Satellite Energy Balance" 
(Array Output; Electrical Losses; System Simulation) 
FORTRAN II 

"CAT, Catalogue of Array Output vs. Temperatures and 
Orientation" 
(Array Output; Solar Cells; Plotting) 
601 FORTRAN II 

"Satellite Contact Time" 
(Orbital Analysis; Ground Stations; Radiator Coverage) 
601 FORTRAN II 

"Delay Distortion Effects on a Series of Pulses" 
(Distortion; Phase Distortion; Filter; Response; Plotting) 
601 FORTRAN II 

"Thermal I" 
(N Body; Thermal Analyzer) 
FORTRAN II 

"A Computer Program to Calculate Radiative Configur­
ation Factors" 
(CONF AC; Shape Factors; Configuration Factors) 
FORTRAN II 

"A Computer Program to Calculate the Isolation on a 
System of Planar, Convex, Polygonal Surfaces (Specular 
Reflections) " 
(Solar; Solar Absorption) 
FORTRAN II 

"A Computer Program to Calculate the Isolation on a 
System of Planar, Convex, Polygonal Surfaces (Diffuse 
Reflections)" 
(Diffuse) 
FORTRAN II, FAP, (GAEC Matrix Package) 

"Thermal XV (Earth)" 
(ALBEDO) 
FORTRAN II 

"Thermal XV (Moon)" 
(ALBEDO) 
FORTRAN II 

"Thermal XXII" 
(Absorptivity; Emissivity; Reflectivity) 
FORTRAN II 

"N Body Heat Conduction" 
(Heat Conduction) 
FORTRAN II 

"AUTOMAT (AUTOmatic Matrix Arithmetic Trans­
lator)" 
(Matrix Package) 
501 Basic 

"Inertia and Balance Control" 
(Moment of Inertia; Dynamic Stability) 
501 Interpreter 

"Special Matrix Subroutines to Invert and/or Solve a 
Set of Simultaneous Equations" 
(Real Matrix; Complex Matrix; Gauss-Jordan) 
FORTRAN IV 

"Runga-Kutta-Gill Subroutine" 
(First Order Ordinary Differential Equations) 
FORTRAN II 

"Conj ugate Gradient Subroutine" 
(Conjugate Gradient) 
FORTRAN II 

"Program Library Tape FPB (BCD #1); Computer 
Programs for Filter and Network Analysis & Design" 
(Filter; Network; Analysis and Design) 
Bell Ll/301 ML 

"Evaluation of Magnitude, Phase, and Envelope Delay 
of Network Functions" 
(Polynomials; Network Functions-
Magnitude, Phase, Delay) 
301 FORTRAN II 

"Delay Functions" 
(All-pass Functions; Delay Equalizers) 
301 FORTRAN II 



Program No. 

LABS-OOOI 

LABS-0002 

LABS-0003 

LABS-0004 

LABS-0005 

M&SR-OOOI 

WCDV-OOOI 

WCDV-0002 

WCDV-0003 

WCDV-0004 

TABLE l-SCAPC Programs and Contributors (cont'd) 

Contributors 

A. Pelios 

A. Pelios 

R. L. Crane 

R. W. Klopfenstein 

R. L. Crane 

R. Faust 
R. Wattis 

J. G. Mackinney 

J. G. Mackinney 

J aeq ueline Spangler 

R. L. Hooper 

Program Title, Descriptors, and Languages 

"EIGENS-A Program for Computing Eigenvalues and 
Eigenvectors of a Symmetric MatrixJ1 

(Single Precision; Eigenvalues; Eigenvectors; Single 
Precision Symmetric Matrices) 
601 FORTRAN II 

"EIGEND-A Program for Computing Eigenvalues and 
Eigenvectors of a Symmetric MatrixH 

(Double precision; Eigenvalues; Eigenvectors; Double 
Precision Symmetric Matrices) 
601 FORTRAN II 

"PHASE" 
(Function Evaluation) 
FORTRAN II 

"Automatic Saddle Point and Branch Point Location in 
Root Tracing of Complex Functions of a Real and a 
Complex V ariable ll 

(Zeroes; Non-Linear Functions; 
Ordinary Differential Equations) 
601 FORTRAN II 

"All-Pass Delay Equalizer Synthesis" 
(Circuit; Phase; Equalization) 
601 FORTRAN II 

"RCA 4101/4102 Rollback Tape Disassembly-DF043" 
FORTRAN II, F AP 

"RCA 4104 A-I Assembly Program" 
(Symbolic Language; Assembler) 
4104 Assembly 

"RCA 4104 Debug Monitor" 
(Debugging; Monitor; Trace; Storage Dump) 
4104 Assembly 

"Electronic Switching Programming System" 
(Store and Forward; Message Switching) 
4104 A-I Assembly 

"RCA 1l0A SLAP 2 Software System" 
(Assembler; Loader; Operating System; Edit Pro­
gram; Test; Maintenance and Utility; Mathematical 
Subroutines) 
llOA SLAP 2 

RCA 

SCIENTIFIC COMPUTER APPLICATIONS PROGRAM CATALOG (SCAPe) 

Program Data Sheet 

Program Title: __ p:.:r..::oge.:r.::.m::...::Li:::b:.:,":::r,-Y .::T""P.::'...:F:.:P'::...::(':::C:.O...:I'..::')'-_______ _ 

Computer Programs for Filter & Network Analysis & Design 

Descriptors: Filter; Network; Analysis and Design 

Contributors: F. M. Brock, T. G. Marshall, J. Parker 

Languages: Bell 11/301 m. 
Machines: RCA 301-40K, Prog'md ntg. pt. (305 Processor) 

ABSTRACT 

This Master Program Library Tape contains 8 computer programs useful for 
filter and network analysis and design. The programs were originally in 
Bell Ll language but have been translated into valid 301 m. using the 301-
40K Bell Interpretive Translator program prepared by J. Parker, RCA 
Lancaster. Tape FPB contains an operating control system so any program 
can be called into service by 2 control cards placed ahead of the program 
input data card deck. This operating system is arranged for normal 381 
tape file maintenance. 

Programs on Master Tape FPB: 

FPB01 - "Ladder Network Sensitivity Analysis" - Steady state analysis 
of ladder networks for transmission £:. input/output c'haracter­
istics; also for branch sensitivity. 

FPB02 - "Ladder/Lattice Network £:. Polynomial Analysis" - Steady state 
analysis of ladder &; lattice networks; also analyses poly­
nomial functions (in root form) for magnitude £:. phase. 

FPB03 - "Minimum Inductance Transformation" - Transforms normalized 
even order Cauer LPF to BPF with a minimum number of coils. 

FPB04 - "Image Parameter BPF Image Atten. Calc." - Calc. image atten. 
of specified image parameter BPF sections. 

FPBOS - "Image Parameter BPF l/Z Section Calc." - Calc. element values 
for specified image parameter BPF 1/2 sections. 

FPB06 - "Image parameter BPF Full Section Calc." - Combines lIz section 

FPB07 - ~~~::~~ ~:~:~a~:d O~~;i;::l~~~~i~~~~mputes element values 
for singly terminated LPF realizing Butterworth, Chebychev 
responses up to 10th order. 

FPB08 - "Maximum value of a Function" - Iterates to find the maximum 
magnitude value of a polynomial function (expressed in root 
form). 

EM-6404 

Documentation available: Card deck?_ Program listing?!,.. Report No. __ _ 

Reference: _____________________ _ 

Other: Limited write-ups on the individual programs are available. 

Program Status: Individual pgms. in use since 1961. PLT in use since Nov. 1965. 

Conunents: ______________________ _ 

Date submitted Jan. 31. 1966 Form Ma49 - 1Z/65 

Fig. I-Sample Program Data Sheet used for inputs to SCAPC. Data Sheet 
forms can be obtained from any of the local reference centers listed in this 
paper. 

EDITOR'S NOTE 

Engineers who use or plan to use computers 
in research, development, or design work 
are urged to send their programming ideas 
as directed herein. Contributors to the cor­
porate catalog described in this paper will 
be given due recognition on a regular basis 
in the RCA ENGINEER. 

encouraging the submission of input 
material to the catalog, and for screen­
ing these submissions. Primary input 
to the catalog will be a one-page data 
sheet, prepared in a standardized for· 
mat. The program contributor should 
be someone who has used the program 
and is therefore familiar with it. He 
mayor may not be the original author; 
indeed, useful catalog entries will come 
from adaptations of programs origi­
nally written by others both inside and 
outside RCA. Equally as useful as the 
availability of the programs themselves, 
will be the knowledge that the con­
tributor is familiar with a particular 
type of problem and might be con­
tacted by his counterpart from another 
location who has a related problem. 

Additions to SCAPC will be reported 
regularly in the RCA ENGINEER. The 
first entries are given in Table I by 
contributor and title, with brief addi­
tional infonnation and an identifying 
number designating the ongmating 
source and the serial order of issuance. 
A sample data sheet is shown in Fig. l. 

Initiation of the catalog and assis­
tance in getting it under way has been 
provided by the following ad hoc com­
mittee members: R. Gildea, ASD; R. 
Goerss, AED; T. Hilinski, DEP-AR; 
C. Katz, EDP; R. Klopfenstein, RCA 
Laboratories; and J. Kurshan, RCA 
Laboratories, Chainnan. 

DR. JEROME KURSHAN received his AB (with 
honors in Math and Physics) from Columbia Univer· 
sity in 1939 and his PhD in Physics from Cornell 
University in 1943. He was an Assistant in Physics 
at Columbia University in 1939 and at Cornell Uni­
versity from 1939 to 1943. Dr. Kurshan joined the 
RCA Laboratories in 1943, where he has conducted 
research on electron tubes and semiconductor de­
vices. He has served as Mgr., Graduate Recruiting; 
Mgr., Technical Recruiting and Training; and Mgr., 
Employment and Training. He was appointed to his 
present position, Mgr., Research Services Labora­
tory, in March 1959. Dr. Kurshan is a senior member 
of the 1 EEE, and a member of the American Physical 
Society, Phi Beta Kappa, Sigma Xi, Phi Kappa Phi, 
and Pi Mu Epsilon. 
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High-Power VHF Overlay Transistor 
for Single-Sideband Applications 
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Components and Devices 
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Final manuscript 
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To date, most high-frequency power transistors have been designed 
for class C operation because forward-biasing into Class B or AB 
drives the device into a region where second breakdown occurs. 
For single-sideband operation, however, the requirement of linear 
amplification precludes the use of class C biasing, which is inher­
ently nonlinear. As a result, vacuum tubes rather than transistors 
have traditionally been used in single-sideband applications. 
Recently, however, demands for lightweight, portable single-side­
band equipment have led to the development of a new overlay power 
transistor for this type of application. 

The two major advantages of single-sideband transmission are 
conservation of power and reduced channel width. Signal distor­
tion resulting from nonlinear amplification minimizes these advan· 
tages, since it causes interference in other channels. Therefore, 
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to permit operation as a class AB amplifier, a transistor for single­
sideband applications must incorporate the following design 
features: 1) improved second-breakdown resistance, and 2) ability 
to maintain a forward-bias point that does not shift with tempera­
ture_ In the new RCA Dev_ No_ TA2656 high-power VHF overlay 
transistor, protection from second breakdown is obtained by indi­
vidual resistive ballasting of a large number of small emitter sites, 
and bias-point stability is achieved by use of a temperature­
compensating diode located near the transistor pellet. 

Second breakdown is characterized by localized thermal runaway 
that produces a negative-resistance region in the collector voltage­
current characteristics and causes eventual destruction of the device 
from localized alloyed regions_ In the initial stage of investigation, 
the factors affecting second breakdown in silicon interdigitated 
triple-diffused transistors were analyzed_ Observation of the device 
surface prior to second breakdown showed that hot spots (as 
revealed by temperature-sensitive phosphors) were randomly dis­
tributed over the device area and were not associated with physical 
defects_ The random distribution of the localized alloy regions 
after second breakdown is shown in Fig_ 1. These investigations 
indicated that second breakdown is an inherent condition of a 
transistor rather than a defect phenomenon, and that the design of a 
single-sideband transistor should incorporate protection against 
second breakdown_ Protection in the TA2656 is provided by a 
subdivided emitter in an overlay structure in which the individual 
emitter sites are resistively ballasted_ 

The T A2656 transistor has an overlay emitter configuration in 
which 180 parallel emitter sites are interconnected by metal fingers_ 
A current-limiting diffused resistor is in series with each emitter 
site between the metalizing and the emitter-base junction_ These 
resistors are diffused into the structure and can be varied in value 
from 1 to 25 ohms per site_ This structure combines the high­
frequency advantages of the overlay design with the advantage of 
resistively ballasted sites for second breakdown protection_ The 
device has a high ratio of emitter periphery to collector area and 
emitter area, and thus combines good high-current performance 
with small capacitance_ 

A group of transistors were made with three different values of 
emitter resistance_ Second-breakdown voltage for the three resistors 
at a collector current of one ampere was as follows: 

Total Resistance 
( ohms) 

0.005 
0.013 
0.080 

Second-Breakdown 
(DC volts) 

50 
65 

108 

These data demonstrate that the addition of resistors results in 
considerably increased second-breakdown protection_ 

The T A2656 typically delivers a peak envelope power of 50 watts 
at a frequency of 50 MHz (Mc/s) with a gain of 10 dB in class C 

FREQUENCY=50Me/. 
COLLECTOR SUPPLY VOLTS=28 
POWER INPUT = 5 W 

1\ 
\ 

1\ 
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'\ 
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Fig. 1-Surface of interdigitated silicon transistor after 
second breakdown, showing random distribution of local­
ized alloy regions., 

VCE(SATl-VOLTS (AT 5AMPERES,hFE=51 

Fig. 2-Reduction in output power caused 
by increased emitter resistance, as meas­
ured by VCE!8A'1'). 

fig. 3-Temperature-compensating diode 
adjacent to transistor pellet on TO-6O stud 
package. 
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service. The curve in Fig. 2 shows that peak power decreases as a 
function of emitter resistance, as evidenced by an increased 
VCEfSAT). At lower power levels (10 to 20 watts), gain is not 
affected by the addition of resistance. 

The transistor pellet shown in Fig. 3 is in a TO-60 grounded· 
emitter package, adjacent to a temperature-compensating diode 
which provides forward-bias stability. The pin normally used for 
the emitter connection prov~des a terminal for the diode. 

Temperature variations caused by device dissipation or changes 
in ambient temperature produce a shift in the quiescent operating 
point that degrades amplifier linearity and that can result in 
thermal runaway. The use of a forward-biased diode in the same 
package provides a base-voltage source which varies with junction 
temperature in the same manner as the emitter-base voltage of the 
transistor. The current through the diode must be large compared 
to the current into the base of the transistor to approximate a 
stiff voltage source. 

The TA2656 is designed specifically for single·sideband linear 
applications in the 30- to 80-:\IHz range. This transistor is 
designed for 28-volt operation with a maximum thermal resistance 
of 2°C/watt. Typical single·sideband performance for third· order 
intermodulation distortion of -30 dB is given below for operation 
at 30 and 80 MHz: 

Parameter 30 MHz 80 MHz 
Peak envelope input pow'er, Pin (watts) 3 
Peak em·elop.e output power, Po (watts) 40 30 
Third-order distortion (dB) -30 -30 
Power gain (dB) 13 10 
Collector efficiency (%) 50 45 

Third- and fifth-order distortion of the T A2656 are shown in Fig. 
4 as functions of output power at 80 :'11Hz with a 28·volt supply and 
a threshold bias of 0.5 volt. Peak envelope power of approximately 
50 watts is obtained at an intermodulation distortion of -23 dB. 
Intermodulation distortion at 25 watts as a function of forward bias 
is shown in Fig. 5. Third-order distortion is reduced by 10 dB when 
the device is biased to the threshold of conduction. Further bias­
ing into class AB reduces the distortion by an additional 5 dB and 
results in a stable single-sideband amplifier with a gain of 10 dB 
at a peak envelope power of 25 watts and a frequency of 80 "1Hz 
with intermodulatian distortion of -33 dB. 

This new overlay technique makes it feasible to incorporate the 
distributed emitter ballast resistance that is essential for thermal 
stability. Single-sideband performance of state·of-the-art devices 
has been comparable to that of tube counterparts. The light weight 
and high efficiency of this new developmental transistor have made 
possible peak envelope powers up to 100 watts in transistorized 
portable and vehicular single-sideband equipments. 

The work described in this note was supported by the L~SAF Asionics 
Laboratory, Research and Technology- Diy., Air Force Systems Command. 
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0'---- CASE T1;MPE:RATURE"'30·C Fig. 4~Third- llnd filth­
order intermodulation 
distortion of RCA Dev. 
No. TA2656 as a func­
tion of output power ot 
80 MHz. 
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ParaUel-Varactor-Diode Frequency Multiplier 

EDWARD A. ]ELESIEWICZ 

Communications Systems Division 
DEP, Camden, N. J. 

Final manuscript received February 21 1 1966. 

\" arious embodiments of parallel-varactor·diode frequency multi­
pliers adapted for wideband, high-power operation are illustrated 
in Figs. 1, 2, and 3. 

In Fig. 1, an input wave at a fundamental frequency is applied to 
an input circuit tuned to the fundamental frequency. The output 
of the tuned circuit i~ applied directly in parallel and without an 
intermediary coupling transformer across the parallel circuits. 
Since the tuned input circuit is coupled directly to the parallel 
circuits, the frequency multiplier of Fig. 1 can be operated at 
higher frequencies than would be possible with a coupling trans­
former inserted between the first tuned circuit and the parallel 
circuits. 

Each parallel circuit (Fig. 1) includes an inductor and a varac· 
tor in series. An output wave at a harmonic frequency of the input 
wave appears at the points in the parallel circuits between the in­
ductors and the varactors. This harmonic frequency is applied 
through the variable coupling capacitors to the tuned output cir­
cuit. By adjusting the inductors, the amount of current fed to the 
varactors at fundamental frequency can be equalized. The capaci­
tors isolate the output terminals from one another. Adjustment 
of the capacitors and inductors can control the amplitude and 
phase of the applied fundamental frequency and the produced har­
monically related output frequency. Thus, economical, standard 
varactors (as distinct from closely matched ones) can be made to 
appear matched and are therefore useful in this frequency multi­
plier. 

The harmonic generator of Fig. 2 includes a bandpass filter be­
tween the input terminals and the parallel circuits, including the 
varactors. This circuit can provide 25 watts of RF power at 300 
:'11Hz (Mc/s) with a bandwidth of 14% at the secondary of the 
output transformer. 

A harmonic generator adapted for use in the microwave region 
is shown in Fig. 3. The input conductor slides along and makes 
contact with the back of the upper part of the inverted U-shaped 
conductor. The legs of the inverted U-shaped conductor which 
lie between the sliding input conductor surface and the ends of 
the U correspond to the inductors shown in Figs. 1 and 2. The 
capacitance between the legs of the inverted U conductor and the 
output conductor corresponds to the capacitors of Figs. 1 and 2. 
The open terminals of the varactors are suitably grounded by con· 
nection to a container (not shown). The sliding conductors to­
gether with the capacitances between the conductors and the appa­
ratus container of Fig. 3 are tuned respectively to the input and 
output frequencies. 
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The LaseI' as a Gas Detectol' 

DR. H. 1. GERRITSEN 

RCA Laboratories, Princeton, N. 1. 

Final manuscript received February 15, 1966. 
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Fig. l-laser gas detector. 

The monochromaticity and directionality of the laser make it well 
suited for the detection of traces of certain gases in the atmos­
phere. This property can be useful in detecting the presence of 
noxious or explosive gases, and in detecting leaks in pressurized 
gas sytems. 

The gas detector is based on the use of an infrared laser whose 
~ea~ traverses a space containing the gas to be detected, and then 
Impmges upon an infrared detector. All gases that possess an elec­
tric dipole moment have strong fundamental absorption bands in 
the infrared, usually in the region of 2.5 to 10 microns. The laser 
wavelength is chosen to coincide with an absorption band in the 
gas, so that the strength of the absorption is a measure for the 
gas concentration. 

The most important advantage of the laser over conventional 
i?frar~d, spec~roscopic methods is its monochromaticity. Direc­
tIOnahty and, m some cases, efficiency are additional attributes. 

One may wonder whether the width of the gaseous absorption 
lines is so small that it cannot easily be matched by the width ob­
tainable with traditional spectroscopic methods. Pressure broaden­
i?g due to. the atmosphere results in a widening of the absorption 
~me to a wIdth of the order of 10-4 micron. A large and expensive 
I?frared monochromator is required to reach such a high resolu­
tIOr,t; conseq~ently, less. precise instruments are normally used 
whICh transmIt and receIve a much wider frequency band. Since 
the gas .t~ !:'e ?etected does not absorb over most of this range, 
the senSItIvIty m such a method is far below that which is theo­
retically possible; however, the laser method can achieve the theo· 
retical sensitivity. 

Based on previous experience with infrared absorption of meth­
ane, (1.2) a simple apparatus was assembled for the detection of this 
gas in air (Fig. 1) .. This device consisted of a 20-inch-long, ampli­
tude-modulated, hehum-neon gas laser (which emits 4 milliwatts 
of infrared radiation at 3.3923 microns for a power input of 12 
watts) and a photoconductive lead sulphide cell followed by an 
amphfier. 'rhe power reaching the detector drops to one-half when 
a. 1 % methane concentration is present in a 3-irtch-Iong path in 
aIr. SU?h. a methane concentration is generally accepted as the 
safety hmlt for prolonged breathing. Since methane-air mixtures 
contair,ting .5% or m.ore meth~ne can cause dangerous firedamp 
explOSIOns m coal mmes, the mstallation of laser methane detec­
tors might prevent such calamities in the future. 

In addition to its potential use as a methane detector in mines 
t~e device could also be used to locate leaks in natural-gas pipe: 
hnes .. Natur~l gas, which consists of more than 50% methane, is 
used mcreasmgly as a source of energy and is distributed in the 
U.S. through a rapidly expanding 20-billion-dollar piping network. 

Other gases .whose de~ection would be desirable are the poisonous 
carbon monOXIde and aIr pollutants, such as sulphur and nitrogen 
?xides. In view of the hundreds of gas lasers known today there 
IS a good chance of finding a coincidence between one of these 
lasers and one of the rotational vibrational absorption lines in the 
gas to be detected_ 

G!1s lasers are reliable, have long life, and are very monochro­
matIc, but they are also usually rather large, moderately expensive 
and generally inefficient. Although infrared injection lasers may 
overcome these deficiencies, at present they have certain disad­
vantages, such as poorer monochromaticity and shorter life expec­
tancy tha~ gas l~sers. If continued. research ?an solve these prob­
l~ms, an mcreasmg use of lasers m determming gas concentra­
tIOns can be expected. 
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Electron scrubbing is a technique for cleaning high-vacuum sys­
tems in which high-velocity electron bombardment and the ac­
comI?anyin~ radiation desorb gaseous materials and keep them 
mO~Ile untIl they are p~mped out of the system. Until recently, 
bakmg (normally to 450 C) was generally used to liberate or de­
s?rb primarily surface (or adsorbed) gases by imparting average 
kmetIc energy of the order of 0.05 electron-volt per molecule. 
Electron scrubbing, however, energizes and liberates gases under 
the surface (absorbed gases) by use of an electron voltage of 
1000 t? 40,000 volts and an electron flux density of the order of 
o~e mICroampere per square centimeter. Continuous scrubbing 
WIth electr.ons prevents gas molecules from accumulating on the 
surface bemg cleaned, and makes it possible to achieve surface 
cleanliness equivalent to a vacuum of 10-10 torr when the mea­
sured vacuum is 10-8 torr. 
T~e technique of high-voltage electron bombardment for de­

gassmg purposes was first used in the manufacture of RCA super­
power tubes. The use of high-velocity electron bombardment and 
the accompanyin~ radiation to desorb gaseous materials and keep 
t~em mobIle untIl they are pumped out of the tube insures ultra­
hI.gh vacuum throughout the life of the tube. This technique is 
stIll employed as a production tool in the processing of such tubes 
to prevent breakdown when the tubes are operated at megawatt 
power levels. 

THE PHYSICAL MECHANISM OF OUTGASSING 

Gase.s are adsorbe~ at the ~urface of a vacuum system by both 
phYSIcal and chemIcal reactIOns. The physical adsorption is the 
result of Van der Waal's forces; the chemical adsorption is caused 
by hydrogen-bond forces. Although the nature of these forces is 
known, their magnitudes are not, and it is difficult to conceive an 
~ccurate means of measu.ring them. The average kinetic energy of 
about 0.05 electron-volt Imparted to the gas molecules in normal 

Fig. l-Diagram showing loca~ 
tic" of master and auxiliary 
guns in high - vacuum - system 
chamber for maximum coverage 
of surface area. 

AUXILIARY ELECTRON GUN 
RCA-VX2203 

TO PUMPING SYSTEM 
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baking practice (450 0 C) is sufficient to energize and liberate only 
those gases which have activation energies below 15 kilocalories 
per mole. Gases that have higher energies are best liberated by 
electron scrubbing with high electron voltage and electron flux 
density of the order of one microampere per square centimeter, or 
6 x 1012 electrons per square centimeter per second. 

For example, if a condensed gas such as hydrogen or carbon 
monoxide forms a tightly packed, unimolecular layer on a sur­
face, the number of molecules per layer present in an area of one 
square centimeter is approximately 1014 to 1015. The collision cross 
section of electrons to the adsorbed molecules is then given as 
follows: 

a) 10-19 / cm2 for adsorbed hydrogen and 10-16 / cm2 for gaseous 
hydrogen, 

b) 10-18 / cm2 for adsorbed oxygen, 
c) from 10-18 to 10-21 / cm2 for adsorbed carbon monoxide. 

The electrons supplied for the scrubbing process, however, are 
not the only source of high energy available for cleaning. Soft 
X-rays, secondary electrons, Compton electrons, and long-wave pho­
tons are also generated. These effects tend to conserve energy so 
that the incident electrons impart energy to the surface by varions 
means. When the total snpplied energy excites the adsorbed mole­
cules sufficiently, they are desorbed from the surface. 

Since high-voltage electrons penetrate many molecular layers, 
electron scrubbing is also effective in areas below the surface. In 
a high-vacuum system, some gases are on the surface, whereas 
others are under the surface and about to migrate to the surface to 
be desorbed. All materials continuously outgas as the result of 
gases migrating and diffusing randomly through the materiaL Be­
cause the rate of this diffusion depends primarly on temperature 
rather than on surface or vacuum conditions, it is impossible to 
outgas a surface at a rate faster than the rate at which thesedif­
fusing gases are arriving to the surface. It is possible, however, to 
flush the surface adjacent to the vacuum environment so that the 
apparent rate of outgassing is reduced for a time. 

For example, if a gas such as monatomic hydrogen is diffusing 
through aluminum at a rate of 0.005 centimeter per hour, high­
voltage electrons may be used to penetrate to a maximum depth of 
0.013 centimetl'!r; the aluminum is then outgassed to this depth, 
and the surface is apparently free of hydrogen for a period of two 
to three hours. Electron scrubbing also results in some breakdown 
and chemical dissociation in which complex molecules are reduced 
to more mobile gases, which are then pumped out of the system. 

TECHNIQUES OF ELECTRON SCRUBBING 

The electron-beam gun used for scrubbing should be positioned in 
the vacuum chamber for coverage of the maximum surface area. 
For very large chambers, additional auxiliary guns can be located 
on the chamber wall, as shown in Fig. 1, to eliminate blind areas 
as much as possible. Such auxiliary guns consist of only a filament 
mount, which is connected in parallel with the filament of the 
master gun to the filament power supply outside the chamber. When 
the filaments are placed at a high negative potential, the chamber 
wall (at ground potential) acts as the anode. The use of auxiliary 
guns permits a simplified electrical arrangement and eliminates the 
need for additional openings in the chamber wall for extra scrub­
bing guns. 

Before the electron scrubbing gun is turned on, the chamber 
should be vacuum-pumped as well as possible by convenient rough 
and intermediate pumping. For pressures into the ultra-high­
vacuum range, an electronic pump of the sputter-ion type can be 
used. The electron scrubbing gun may be turned on at any time 
during the operation of the electronic pump. Observatrons with a 
mass spectrometer indicate that gases of all types are released from 
the walls of the vacuum chamber during cleaning. When bombard­
ment does not remove additional gases and the pressure reaches 
equilibrium, the gun should be turned off. 

If an ion pump is used, it is disconnected when the gun is turned 
off, and a cryogenic pump is started. The cryogenic pump removes 
the gases released from the wall of the chamber. Pressures as low 
as 10-12 torr have been achieved by use of this technique. It must 
be emphasized that in electron scrubbing the vacuum-pumping 
equipment associated with the clean chamber must be capable of 
sustaining the degree of cleanliness achieved; a cryogenic pump 
is suitable for this purpose. 

The techniques described in this note are used in the RCA Dev. 
No.-}l931 Extreme-High-Vacuum System. This system employs 
the RCA VC2125 Electron Gun and the RCA Dev. No.-}l902 Cryo­
genic Pump. 
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published in AIAA Journal 

SPACECRAFT 
(& space missions) 

WORLD WEATHER WATCH, Global Communi­
cations for the-H. Gurk, P. Stebe, M. Rehm 
(AED, Prj 1966 Winter Convention on 
Aerospace & Electronic Systems, Los An­
geles, Calif., Feb. 4, 1966; Coni. Record 

WORLD WEATHER WATCH, The Role 01 Satel­
lites in the-L. Krawitz (AED, Pr) Practical 
Space Applications Natl. Mtg.; AAS, San 
Diego, Cali!., Feb. 23, 1966 

SPACECRAFT INSTRUMENTATION 

tTHERMOELECTRICS}: Application of Silicon­
Germanium Thermoelectrics to Isotope Space­
Power Systems-G. S. Lozier (ECD, Hr) 
Symp. on Radioisotope Applications in 
Aerospace, Wright-Patterson Air Force 
Base, Dayton, Ohio, Feb. 15·17, 1966 

SUPERCONDUCTIVITY 
(& cryoelectrics) 

HYSTERESIS (intrinsic) in Type II Supercon­
ductors Plated with a Normal Metal-I. L 
Gittleman, B. Rosenblum (Labs, Pr) Amer­
ican Physical Society, N. Y., Jan. 26-29, 
1966 

HYSTERESIS in the Mixed State of Supercon­
ductors-A. Rothwarf (Labs, Pr) Rutgers 
Univ., New Brunswick, N. J., Feb_ 16, 1966 

MICROWAVE SURFACE IMPEDANCE 01 Type 
II Superconductors, Interpretation of-B. 
Rosenblum, J. I. Gittleman, A. Rothwarf 
(Labs, Prj American Physical Soc., N. Y., 
Jan. 26·29, 1966 

TRANSITION from Type I to Type II Supercon­
ductivity; Observation of Type III Behavior­
G. Fischer, R. Klein, J. P. McEvoy (Labs, 
Pr) Institute of Physics, Manchester, Eng­
land, Jan. 4·7,1966 

TELEVISION BROADCASTING 
(mass-media) 

TELECASTING BY SPACECRAFT After 1975, 
Operational-R. Marsten (AED, Pr) Prac· 
tical Space Applications National Mtg., San 
Diego, Cali!., AAS, Feb. 23, 1966 

TELEVISION EQUIPMENT 
(non-mass-media) 

IMAGE SENSOR, A Thin-Film Solid-State­
P. K. Weimer, G. Sadasiv, L. Meray-Hor­
vath, H. Meyer, F. V. Shallcross, II. Borkan 
(Labs, Pr) Solid·State Circuits Conf., 
Phila., Pa., Feb. 10, 1966; Coni. Digest 

TELEVISION RECEIVERS 
(mass-media) 

TELEVISION INTERFERENCE in Color and Black 
& White Receivers-E. C. Steinman (Svc. 
Co., C. H.) Missouri Valley Eng. Con!., 
Kansas City, Missouri, April 3, 1966 

TRANSMISSION LINES 

THREE-RESONATOR FILTERS (Generall in 
Waveguide-R. M. Kurzrok (CSD, N. Y.) 
IEEE Trans. on Microwave Theory & Tech· 
niques, Vol. MTT 14, pp. 46·47, Jan. 1966 

TUBES, ELECTRON 

COLOR PICTURE TUBES, Problems Encountered 
in the Development of-W. J. Harrington 
(ECD, Lane) Research Eng. Scientific Soc. 
of America. Owens-Illinois Chapter, Toledo, 
Ohio, Jan. 12, 1966 

TRAVELING-WAVE TUBES, Observations on 
High-Efficiency-M. J. Schindler (ECD, Hr) 
Electronic Communicator, Jan. 1966 

TUBE COMPONENTS 
(& fabrication) 

GETTERS-E. P. Bertin (ECD, Hr) Encyclo. 
pedia 0/ Chemistry, 2nd Ed., Jan. 1966 

VACUUM 
(techniques & equipment) 

GETTERS-E. P. Bertin (ECD, Hr) Encyclo· 
pedia 0/ Chemistry, 2nd Ed., Jan. 1966 

HIGH-VACUUM CHEMISTRY, Thin Films and­
L. Pensak (Labs, Prl American Vacuum 
Soc. Section Mtg., Phila., Pa., Jan. 20, 1966 
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Meetings 

MAY 1-6, 1966: 129th Mtg. 01 the Electrochemical 
Soc., Sheraton-Cleveland Hotel, Cleveland, Ohio. 
Prog. Inlo.: The Electrochemical Soc., Inc., 30 E. 
42nd St., N.Y., N.Y. 10017. Attn. Dr. Ernest 8. 
Yeager. 

MAY 2-4, 1966: 12th Na!,1 ISA Aerospace Instrumen­
tation Symp., Marriott Motor Hotel, Phila., Pa. 
Prog. Inlo.: R. L. Reich, Div. Director, Bolsey Assoc., 
Inc., 15 Crescent St., Glenbrook, Conn. 06906. 

MAY 2-4, 1966: 1966 AIAA Communications Satellite 
Systems Coni., AIAA, IEEE; Wash., D.C. Prog. 
Inlo.: N. Feldman, Electronics Dept., The Rand 
Corp., 1700 Main St., Santa Monica, Calif. 

MAY 4-6, 1966: 1966 Electronic Components Coni., 
IEEE, G-IGA, ASME-SAE; San Francisco, Calif. 
Prog. Inlo.: IEEE Headquarters, Box A, Lenox Hill 
Station, N.Y., N.Y. 

MAY 5-7, 1966: 7th Symp. on Human Factors in 
Electronics, IEEE, G-HFE, Minneapolis, Minnesota. 
Prog. Inlo.: I EEE Headquarters, Box A, Lenox Hill 
Station, N.Y., N.Y. 

MAY 10-12, 1966: Na!'1. Telemetering Coni., IEEE, 
G-AES, G-ComTech, AIAA-ISA, Prudential Center, 
Boston, Mass. Prog. Inlo.: Dr. A. J. Kelley, NASA­
ERC, 575 Tech. Sq., Cambridge, Mass. 

MAY 11-13, 1966: 12th Nat'l ISA Symp., ISA, Sham­
rock Hilton Hotel, Houston, Texas. Prog. Inlo.: 
G. I. Doering, Tech. Prog. Chairman, Industrial 
Nucleonics Corp., 650 Ackerman Rd., Columbus, 
Ohio. 

MAY 16-18, 1966: NAECON (Nat'l Aerospace Elec. 
Coni.). IEEE, G-AES, AIAA, Dayton Sect., Dayton, 
Ohio. Prog Inlo.: I EEE Dayton Office, 1414 E. 3rd 
St., Dayton 3, Ohio. 

MAY 16-18, 1966: 9th Nat'l ISA Power Instrumenta­
tion Symposium, Statler Hilton Hotel, Detroit, 
Michigan. Prog. Inlo.: R. C. Austin, Gen. Chairman, 
The Detroit Edison Co., 2000 Second Avenue, 
Detroit, Mich. 48226. 

MAY 16-18, 1966: 1966 Internat'l Symp. on Micro­
wave Theory & Techniques, IEEE, G-MTT, Palo Alto, 
Calif. Prog. Inlo.: Rudolph E. Henning, c/o Sperry 
Microwave Co., P.O. Box 1828, Clearwater, Fla. 

MAY 16-19, 1966: 4th Nat'l ISA Symp. on Biomed­
ical Sciences Instrumentation, ISA, Disneyland Ho­
tel, Anaheim, Calif. Prog. Inlo.: Dr. Thomas B. 
Weber, Prog. Co-Chairman, Beckman Instruments, 
Inc., 2500 Harbor Blvd., Fullerton, Calif. 

JUNE 1-4, 1966: Accoustical Society 01 America 
Mtg., Boston, Mass. Prog. Info.: L. Batchelder, 
Raytheon Co., 20 Seyon St., Waltham, Mass. 

JUNE 6-8, 1966: Design & Construction of Large 
Steerable Aerials for Satellite Communications, 
Radio Astronomy & Radar Mtg., IEEE, lEE, et al., 
lEE, Savoy PI., London, England. Prog. Inlo.: IEEE 
Headquarters, Box A, Lenox Hill Station, N.Y., N.Y. 

JUNE 6-9, 1966: 1966 San Diego Symp. for Biomed­
ical Engrg., San Diego, Calif. Prog. Info.: L. T. 
Gregg Pub. Chairman, 2063 Cardinal Dr., San 
Diego, Calif. 92123. 

JUNE 6-10, 1966: 1966 Third Internat'l Research 
Symp. on Electric Contact Phenomena, Orono, 
Maine. Prog. Info.: IEEE Headquarters, Box A, 
Lenox Hill Station, N.Y., N.Y. 

JUNE 13-14, 1966: Chicago Spring Coni. on Broad­
cast and Television Receivers, G-BTR Chicago Sect., 
IEEE, O'Hare Inn, Des Plaines, III. Prog. Info.: IEEE 
Headquarters, Box A, Lenox Hill Station, N.Y., N.Y. 

JUNE 13-17, 1966: Soc. for Applied Spectroscopy 
Mtg., Chicago, III. Prog. Info.: J_ E. Burroughs, 
Borg-Warner Corp., Roy C. Ingersoll Res. Ctr., 
Wolf and Algonquin Rds., Des Plaines, III. 

JUNE 15-17, 1966: 1966 IEEE IntI. Communications 
Conf., IEEE, G-ComTech, et aI., Sheraton Hotel, 
Phila., Pa. Prog. Info.: IEEE Headquarters, Box A, 
Lenox Hill Station, N.Y., N.Y. 

JUNE 20-25, 1966: 3rd Congress of the Int'l Federa­
tion of Automatic Control (IFAC). London, Eng­
land. Prog. Info.: Prof. Gerald Weiss, Polytechnic 
Institute of Brooklyn, 333 Jay St., Brooklyn, N.Y. 
112()1. 

PROFESSIONAL MEETINGS 

DATES and DEADLINES 

Be sure deadlines are met-consult your 
Technical Publications Administrator or 
your Editorial Representative for the lead 
time necessary to obtain RCA approvals 
(and government approvals, if applicable). 
Remember, abstracts and manuscripts must 
be so approved BEFORE sending them to 
the meeting committee. 

JUNE 21-23, 1966: Conf. on Precision Electromag­
netic Measurements, IEEE, G-IM NBS, NBS Stand­
ards Lab., Boulder, Colo. Prog. Info.: Dr. Kiyo 
Tomiyasu, Genl. Electric Co., Schenectady, N.Y. 

JULY 4-8, 1966: Rarefied Gas Dynamics Mtg., Amer. 
Phys. Soc., Oxford, England. Prog. Inlo.: C. L. 
Brundin, Dept. of Eng. Science, Univ. of Oxford, 
Parks Rd., Oxford, England. 

JULY 11-13, 1966: Electromagnetic Compatibility 
Symp., IEEE, G-EMC, San Francisco Hilton Hotel, 
San Francisco, Calif. Prog. Inlo.: A. Fong, Hewlett 
Packard Co., 1501 Page Mill Rd., Palo Alto. 

JULY 11-15, 1966: 1966 Aerospace Systems Conf., 
IEEE, G-AES, Olympic Hotel, Seattle, Wash. Prog. 
Info.: T. J. Martin, 3811 E. Howell St., Seattle, 
Wash. 98122. 

JULY 12-14, 1966: William Hunt Eisenman Conf. on 
Failure Analysis-Amer. Soc. for Metals at the 
Waldorf-Astoria Hotel, N.Y.C. Prog. Info.: Ronald 
J. Seman, News Bureau Mgr., Amer. Soc. for 
Metals, Metals Park, Ohio. 

JULY 18-22, 1966: Nuclear and Space Radiation EI­
fects Coni., IEEE, G-NS, Stanford Univ., Stanford, 
Calif. Prog. Info.: Dr. Victor vanLint, Gen'l Atomic 
P.O. Box 608, San Diego, Calif. 

JULY 25-27, 1966: Rochester Conf. on Data Acquisi­
tion & Processing in Biology & Medicine, IEEE, 
G-EMB, Univ. of Rochester, Rochester, N.Y. Prog. 
Info.: IEEE Headquarters, Box A, Lenox HII Sta­
tion, N.Y., N.Y. 

AUGUST 1-5, 1966: 3rd ISA Research Conf. on In­
strumentation Science (Attendance by application 
only). William Smith College, Geneva, N.Y. Prog. 
Info.: K. B. Schnelle, ISA Headquarters, 530 Wil­
liam Penn Place, Pittsburgh, Pa. 15219. 

AUGUST 17-19, 1966: 7th Annual Joint Automatic 
Control Conf. (JACC). ISA, AIAA, Univ. of Wash­
ington, Seattle, Wash. Prog. Inlo.: A. E. Bryson, Jr., 
Prog. Chairman, AIAA Headquarters, 1290 Sixth 
Ave., N.Y., N.Y. 10019. 

AUGUST 30-SEPT. I, 1966: 21st Nat'l Conf., Assoc. 
lor Computing Machinery, IEEE, ACM, Ambassa­
dor Hotel, Los Angeles, Calif. Prog. Inlo.: B. R. 
Parker, Tech. Prog. Chairman, 21st Nat'l Conf., 
P.O. Box 4233, Panorama City, Cal·,f. 

Calls lor Papers 
AUG. 23,1J(' 1966: WESCON (Western Electronic 
Show & Convention), IEEE, WEMA, Sports Arena, 
Los Angeles. Deadline: Abstracts, approx. 5/1/66. 
FOR INFO.: IEEE LA. Office, 3600 Wilshire Blvd., 
Los Angeles, Calif. 

SEPT. 5-9, 1966: IntI. Organization for Pure and 
Applied Biophysics Mtg., Amer. Phys. Soc., Vienna, 
Austria. Deadline: Abstracts, 5/15/66. TO: E. 
Weidenahus, Vienllese Medical Academy, Aiserstr 
4, Vienna 9, Austria. 

SEPT. 8-13, 1966: Physics 01 Semiconductors Mtg., 
Physical Soc. of Japan, Tokyo, Japan. For Deadline 
Info.: G. M. Hatoyama, PSJ, Hongo, P.O. Box 28, 
Tokyo, Japan. 

SEPT. 12-14, 1966: Eastern Conv. on Aerospace & 
Electronic Systems, IEEE, G-AED, Wash. Hilton 
Hotel, Wash., D.C. For Deadline Inlo.: IEEE Head­
quarters, Box A, Lenox Hill Station, N.Y., N.Y. 

SEPT. 21-23, 1%6: Physics of Semiconducting Com­
pounds, I nst. of Physics and Physical Soc., Univ. of 
Wales. For Deadline Inlo.: R. H. Jones, Dept. of 
Physics, Univ. College of Swansea, Singletoo Park, 
Swansea, England. 

SEPT. 22-24, 1966: 16th IEEE Broadcast Symp., IEEE, 
G-B, Mayflower Hotel, Wash., D.C. For Deadline 
Inlo.: IEEE Headquarters, Box A, Lenox Hill Sta­
tion, N.Y. 

SEPT. 23-24, 1966: 14th Annual Cedar Rapids Com­
munication Symp., Cedar Rapids, Iowa. For Dead­
line Info.: IEEE Headquarters, Box A, Lenox Hill 
Station, N.Y. 

SEPT. 25-28, 1966: 1st Natl. Conf. on Non-Conven­
tional Energy Conversion Applications, ASM E, 
AIAA, AIChE, IEEE, International Hotel, Los 
Angeles, Calif. For Deadline Info.: R. E. Hender­
son, The Allison Co., Indianapolis, Ind. 

OCT. 3-5 1966: Natl. Electronics Conf., IEEE, et aI., 
McCormick Place, Chicago, III. Deadline: Ab­
stracts, approx. 5/1/66. FOR INFO.: Natl. Elec. 
Conf., 228 N. LaSalle St., Chicago I, III. 

OCT. 3-5, 1966: Aerospace & Electronic Systems 
Conv., IEEE, G-AES, Sheraton Park Hotel, Wash., 
D.C. For Deadline Info.: IEEE Headquarters, Box 
A, Lenox Hill Station, N.Y. 

OCT. 5-7, 1966: Allerton Conf. on Circuit & System 
Theory, IEEE, G-CT, Univ. of III., Conf. Center 
Univ. of Illinois, Monticello, III. For Deadline Info.: 
Prof. W. R. Perkins, Dept. of EE, Univ. of III., 
Urbana, III. 

OCT. 13-14, 1966: 4th Canadian Symp. on Commun­
ications, I EEE, Region 7, Queen Elizabeth Hotel, 
Montreal, Canada. For Deadline Info.: Prof. G. W. 
Farnell, McGill Univ., 805 Sherbrooke Sf. W., 
Montreal, Canada. 

OCT. 19-21, 1966: 13th Nuclear Science Symp., IEEE, 
G-NS, Statler H'lIton, Boston, Mass. For Deadline 
Info.: IEEE Headquarters, Box A, Lenox Hill Sta­
tion, N.Y., N.Y. 

OCT. 20-22, 1966: Electron Devices Mtg., IEEE, 
G-ED, Sheraton Park Hotel, Wash., D.C. Deadline: 
Abstracts approx. 8/1/66. FOR INFO.: IEEE Head­
quarters, Box A, Lenox Hill Station, N.Y., N.Y. 

OCT. 24-27, 1966: 21st Annual ISA Conf. & Exhibit, 
Hotel New Yorker & Statler Hilton Hotel; Coliseum; 
N.Y.C. Deadline: Abstracts, approx. 6/15/66 TO: 
Conference Prog. Coordinator, c/o ISA Head­
quarters, 530 William Penn Place, Pittsburgh, Pa. 
15219. 

OCT. 26-28, 1966: East Coast Conf. on Aerospace 
& Navig. Elec. (ECCANE), IEEE, G-AES, Bait. 
Sect., Baltimore, Md. Deadline: Abstracts, approx. 
6/4/66. FOR INFO.: IEEE Headquarters, Box A, 
Lenox Hill Station, N.Y., N.Y. 

NOV. 2-4, 1966: N.E. Research & Eng. Mtg. (NER 
EM), I EEE, Region I, Boston, Mass. Deadline: Ab­
stracts approx. 6/7/66. FOR INFO: IEEE Head­
quarters, Box A, Lenox Hill Station, N.Y., N.Y. 

NOV. 7-9, 1966: Symp. on Automatic Support Sys­
tems for Advanced Maintainability, St. Louis Sect. 
Colony Motor Inn, Clayton, Mo. Deadline: Ab­
stracts, 5/1/66 to IEEE Hdqtrs., Box A, Lenox Hill 
Station, N.Y., N.Y. 

NOV. 8-10, 1966: Fall Joint Computer Conf., IEEE, 
AFIPS, (IEE-ACM). Brooks Hall, Civic Center, 
San Francisco, Calif. For Deadline Info.: AFIPS 
Headquarters, 211 E. 43rd St., N.Y., N.Y. 

NOV. 14-16, 1966: 19th Annual Conf. on Eng. in 
Medicine & Biology, ISA, IEEE, Sheraton-Palace 
Hotel, San Francisco, Calif. Deadline: Abstracts, 
6/1/66. TO: Dr. Victor Bolie, Genl. Chairman, Auto­
neties, 3370 Miraloma Ave., Anaheim, Calif. 

NOV. 15-17, 1966: Electric Welding Conf., IEEE, 
G-IGA, Rackham Bldg., Engrg. Society of Detroit, 
Detroit, Michigan. For Deadline Info.: M. Zucker, 
Myron Zucker Eng. Co., 708 W. Long Lake Rd., 
Bloomfield Hills, Mich. 

NOV. 15-18, 1966: 12th Conf. on Magnet. & Mag_ 
Materials, IEEE, G-MAG et al., Sheraton Park 
Hotel, Wash., D.C. Deadline: Abstracts, approx. 
8/19/66. FOR INFO.: IEEE Headquarters, Box A, 
Lenox Hill Station, N.Y., N.Y. 
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Engineering 

13 RCA EMPLOYEES AWARDED 
DAVID SARNOFF FELLOWSHIPS 

David Sarnoff Fellowships for graduate 
study in the 1966-67 academic year have 
been awarded to 13 RCA employees. The 
Fellowships, established in honor of the 
Chairman of the Board of RCA, range in 
value to as high as $6500 each. Although 
appointments are for one academic year, 
each Fellow is eligible for reappointment. 
The David Sarnoff Fellows are selected on 
the basis of academic aptitude, character, 
and promise of professional achievement. 

New David Sarnoff Fellows in Science 
are: James C. Blair, AED, Hightstown, 
N. I.-toward a Doctorate in Electrical En­
gineering at the University of Pennsylvania; 
Joseph R. Burns, RCA Laboratories, Prince­
ton, N. I.-toward a Doctorate in Electrical 
Engineering at Rutgers University; Albert 
W. Weinrich, CSD, Camden, N. I.-toward 
a Doctorate in Electrical Engineering at 
Purdue University. 

David Sarnoff Fellows in Science who 
have been reappointed include: Maurice W. 
Cha Fong, RCA Communications, Inc., New 
York-toward a Doctorate in Systems En­
gineering at Polytechnic Institute of Brook­
lyn; Geoffrey Hyde, M&SR Div., Moores­
town, N. I.-toward a Doctorate in Elec­
trical Engineering at the University of Penn­
sylvania; Chi-sheng Liu, RCA Victor Home 
Instruments Div., Indianapolis, Ind.-to­
ward a Doctorate in Electrical Engineering 
at the University of Illinois; Louis Sickles, 
Applied Research, Camden, N. I.-toward 
a Doctorate in Electrical Engineering at 
the University of Pennsylvania; Frank I. 
Zonis, RCA Laboratories, Princeton, N. I.­
toward a Doctorate in Electrical Engineer­
ing at the University of Pennsylvania; 
Joseph P. McEvoy, Applied Research, Cam­
den, N. J.-toward a Doctorate in Metal­
lurgy at Imperial College of Science and 
Technology, London, England_ 

In addition to those in Science, three 
David Sarnoff Fellows will study toward 
graduate degrees in Business Administration 
and one Fellow toward a graduate degree 
in Fine Arts. 

DR. G. H. BROWN & S. W. WATSON 
ADDRESS STANDARDS CONVENTION 

Dr. George H. Brown, Executive Vice Presi­
dent, Research and Engineering, was the 
keynote speaker at the 16th National Con­
ference on Standards sponsored by the 
American Standards Association at Sar.. 
Francisco in February_ s. H. Watson, Di­
rector, Corporate Standards, spoke on Man­
agement's Utilization of Standardization" at 
the session devoted to Standardization and 
Management. 

DR. V. K. ZWORYKIN RECEIVES 
VWOA DEFOREST AUDION AWARD 

The 1966 DeForest Audion Award of the 
Veteran Wireless Operators Association was 
presented to Dr. Vladimir K. Zworykin Feb­
ruary 19 at the Awards Banquet of the Asso­
ciation at the Park-Sheraton Hotel, New 
York City. The award, which was presented 
by Dr. James Hillier, was given to Dr. 
Zworykin in recognition of "his important 
contributions to physical and medical elec­
tronics."-C. W. Salt 

NEWS and HIGHLIGHTS 

W. R.lsom 

W. R. 150M NEW CHIEF ENGINEER 

W. R. 150m has been appointed Chief Engi­
neer, Engineering Department in the Victor 
Record Division, "reporting to N. Racusin, 
Division Vice President and Operations 
Manager. Mr. Isom received his BS degree 
from Butler University in 1931 and taught 
there from 1937 to 1944, when he joined 
RCA at Indianapolis. He developed the first 
commercially available TV film projector and 
many special mechanisms for kinescope re­
cording equipment for advancing film dur­
ing vertical blanking time of a TV system, 
and for sound-recording equipment for both 
films and magnetic tape. He also developed 
precise, high-velocity, large-capacity mag­
netic-recording systems using tape, drums, 
and disks. He has pioneered the use of air 
bearings, air suspensions, and air-floated 
heads for video recording, tape and drum 
memories, and military tape and drum sys­
tems for broadband recording and radar 
data processing. Mr. Isom is a fellow of 
SMPTE, a senior member of the IEEE, and 
a member of the Editorial Advisory Board 
of the RCA ENGINEER. 

DR. ENGSTROM AND R. D. KELL 
HONORED BY IEEE AWARDS 

Dr. Elmer W. Engstrom, Chief Executive 
Officer of RCA and Chairman of the Execu­
tive Committee, was the recipient of the 
IEEE 1966 Founders Award for "his leader­
ship in management and integration of re­
search and development programs and for 
his foresighted application of the systems 
engineering concept in bringing television 
to the public." The award was presented 
at the IEEE International Convention in 
March. At the same time, Ray Davis Kell, 
a Fellow of the Technical Staff of RCA 
Laboratories, was presented the Vladimir 
K. Zworykin Award of the IEEE for his 
"extensive and significant contributions, 
papers, and inventions which have been fun­
damental in the development of both black­
and-white and color television."-C. W. Salt 

EDWARD STANKO RETIRES 
FROM RCA SERVICE CO. 

Ed Stanko, Manager of Service Engineer­
ing, RCA Service Company and an Editorial 
Represenative for the RCA ENGINEER, re­
tired March I, after 28 years of service with 
RCA. He joined RCA's Installation and 
Service Dept., Camden, N. I_, in 1937. He 
holds several patents ranging from trans­
formers to aircraft landing equipment. He 
is a licensed professional engineer in the 
State of N. I., a licensed amateur radio 
operator, and a senior life member of the 
IEEE. He also is a member of the Society 
of Motion Picture and TV Engineers, the 
Electron Microscope Society of America, 
and a member of the Board of Technical 
Advisors of the RCA Institutes. 

M&SR ANNOUNCES WINNERS OF TECHNICAL EXCELLENCE AWARDS 

Chief Engineer's Technical Excellence Com­
mittee at M&SR, Moorestown, N. I., pre­
sented the 1965 Annual Technical Excel­
lence Award to Tom Howard in March. 
Mr. Howard, who was cited for his efforts 
in advanced radar signal-processing tech­
nology, made important contributions to the 
following programs: high-definition radar, 
coherent signal processor for the AN / 
FPQ-6, Floyd Site signal-processing test fa­
cility, and restricted bandwith signal­
processing technique (REBAT). 

Eight other M&SR engineers were the 
recipients of quarterly Technical Excellence 
A wards in March. They include: 

R. A. Baugh-For devising practical solu­
"t-i6ns to the complex digital control problems 
of steering and control of phased array 
antennas_ 

D. F. Bowman-For the analytical and ex­
perimental development of a transverse feed 
for a spherical reflector. 

C. J. Brown-For leadership in the de-

ABOUT THIS ISSUE 

Our thanks go to L. Carmen, K. A. Chit­
tick, and C. Hoyt for their efforts in the 
early planning, expediting, and coordina­
tion of much of this issue of the RCA 
ENGINEER.-The Editors 

sign, development, and testing of RCA's first 
phased-array radar. 

G. W. Brunner-For contributions to the 
development of the antennule for the REST 
antenna system, having high overall effi­
ciency, by utilizing an efficient power divider 
and advanced element matching techniques. 

Y. H. Dong-For contributions to the 
structural concept and demonstrating the 
feasibility of utilizing - economical cement­
asbestos pipe in lieu of steel towers as an 
antenna support structure for a major pro­
posed system. 

J. R. Fogleboch-For his contribution to 
the CAPRI Program in developing a tech­
nique of forward gain control of extreme 
linearity with minimal adjustments for solid­
state receivers. 

J. L. Sullivan-For his contributions to 
the AN /FPS-95 radar proposal. His direct 
responsibility included receiver, signal pro­
cessor, exciter, display, and radar control 
subsystems, over 70% of the total low-power 
electronic equipment proposed. 

O. M. Woodward-For technical contri­
butions to a new configuration feed system 
and reflector, for participation in developing 
a computer program for the synthesis and 
analysis of doubly curved reflectors, and for 
contribution to the modification of the 
TRADEX antenna feed to incorporate VHF 
without disturbing existing UFH and L-band 
performance. 

A
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CSD ANNOUNCES REORGANIZATION 
OF ENGINEERING AND MARKETING 

J. M. Hertzberg, Vice President and Gen­
eral Manager of Communication Systems 
Division, announced a major reorganization 
of the Division in February. Under the re­
organization, David Shore, Chief Engineer, 
heads the Engineering Department and W. 
B. Kirkpatrick directs the activities of 
the Marketing Department. Mr. Hertzberg 
stated that the objective of the reorganiza­
tion was "to structure the most effective or­
ganization to: a) carry out existing commit­
ments-provide organizational motivation; 
b) obtain new business, including both 
add-on and new jobs; and c) balance the 
use of resources and capitalize on our 
strengths. " 

The reorganized Engineering Department 
includes Project Implementation Teams to 
perform the job, an Advanced Communica­
tions Technology Center to provide the new 
technology, a Product Integration Engineer­
ing Center to furnish engineering support, 
and a Communications Systems Center to 
provide the technical plan for the Division's 
growth. 

The Project Implementation Teams are 
divided into four product-line areas: light 
communications, heavy communications, dig­
ital communications, and recording and TV 
equipment. Each product-line area is headed 
by a manager with two deputy managers, 
one for technical control and the other for 
business control. 

Mr. Shore, with C. K. Law as Operations 
Manager, will have the following staff: R. 
Guenther, Advanced Communications Tech­
nology; K. K. Miller, Communications Sys­
terns; J. B. Cecil, Engineering Administra­
tion; R. Trachtenberg, Product Integration 
Engineering; W. B. Harris, Light Communi­
cations Equipment; E. C. Kalkman, Heavy 
Communications Equipment; T. L. Genetta, 
Digital Communications Equipment; E. 
Hudes, Recording and Television Equip­
ment; and C. G. Arnold, Staff Engineer to 
Chief Engineer. 

The Marketing Department is reorganized 
to reflect the same product line areas as 
Engineering. Each Marketing product line 
manager is charged with" working entirely 
with his Engineering counterpart on product 
line expansion and development.-C. W. 
Fields 

DEGREES GRANTED 
T. S. Kupfrian, DEP-ASD ............................... MSEE, Mass. Institute of Tech. 

J. Manning, DEP-ASD .; ............................... MSME, Mass. Institute of Tech. 

J. S. Pepi, DEP-ASD ................................... MSME, Mass. Institute of Tech. 

R. Tuft, DEP-ASD ...................................... MSEE, Mass. Institute of Tech. 

M. A. Savrin, Corp. Standardizing ............................. MBA, Temple University 

PROFESSIONAL ACTIVITIES 
ASD, Burlington, Mass.: A. A. Clark was 
elected to Sigma Xi by the Case Institute 
of Technology chapter in 1965. T. S. Kup­
frian, J. Manning, J. S. Pepi, and R. Tuft 
have been elected to Sigma Xi by the Massa­
chusetts Institute of Technology chapter. 
W. J. Gray, Reliability and Standards En­
gineering, has been elected Secretary of the 
Reliability Group, Boston Section of the 
IEEE, and is Chairman, Arrangements and 
Facilities Committee for the Group. He is 
also a member of the Program Committee 
for the preparation of the 1%6 Spring Sem­
inar sponsored jointly by the USAF Elec­
tronics Systems Div. and the IEEE Boston 
Section Chapter on Reliability. J. W. Vick­
roy has been named Publicity Chairman of 
the IEEE Group on Engineering Manage­
ment for 1966. J. E. Mutty is a member of 
the NTC Exhibits Committee, Prudential 
Center, Boston, and was nominated for Vice 
Chairman, Professional Group on Commu­
nications Technology, Boston Section of the 
IEEE for 1966-1967.-D. Dobson 

BCD, Camden, N. J.: R. H. Lee has been 
named Associate Editor of the IEEE Trans­
actions on Engineering Writing and Speech. 
M. K. Wilder, Chairman of the IEEE Phila­
delphia Section, participated in the plan­
ning of the IEEE International Communica­
tions Conference for 1966.-D. G. Hymas 

RCA Laboratories, Princeton, N. J.: Dr. 
Jan A. Raichman, director of Computer Re· 
search Laboratory, David Sarnoff Research 
Center, has been appointed to the Newark 
College of Engineering's Advisory Commit­
tee in Electrical Engineering. 

-----------------------------PROMOTIONS-----------------------------

DEP Astro-Electronics Division 
H. M. Gurk: from T35050 Ldr., Eng. to 

D99957 Mgr., Imagery Systems Prog. (R. 
E. Hogan, Pr.) 

G. K. Martch: from T35001 Eng. to V99962 
Administrator, Systems Engrg. (R. E. 
Hogan, Pr.) 

D. E. McCandless: from T35050 Ldr., Eng. 
to V99964 Adm., LEM Testing (c. S. 
Constantino, Pr.) 

E. W. Mowle: from T35051 Ldr., Engrg. 
Systems Proj. to V99961 Adm., Equip. 
Engrg. (R. E. Hogan, Pr.) 

E. R. Walthal: from T35050 Ldr., Eng. to 
D95953 Mgr., Missions Analysis (W. 
Manger, Pr.) 

DEP Missile & Surface Radar Division 
C. A. Spurling: from Ldr. to Mgr., Pedestals 

& Structures (1. P. Schwartz, Mrstn.) 
E. Staiger: from Adm., Engrg. Oper. to 

Mgr., Engrg. Adm. (F. G. Adams, Mrstn.) 
D. FI~chtner: AA Engr. to Ldr., Displays 

(M. Korsen, Mrstn.) 
D. Pruitt: AA Engr. to Ldr., Low-Freq. 

Transmitter Design (R. N. Casolaro, 
Mrstn.) 

M. Weiss: from AA Engr. to Ldr., Material 
Appl. (I. D. Kruger, Mrstn.) 

R. C. Lund: from A Engr. to Ldr., Space­
track 0 & M (W. L. Hendry, Mrstn.) 

W. F. Tester: from A Engr. to Ldr. Field 
Support & Depot Oper. (W. L. Hendry, 
Mrstn.) 

E. B. Darrell: A Engr. to Ldr. TRADEX 0 
& M (W. L. Hendry, Mrstn.) 

R. Adair: from Proj. Control Adm. to Adm., 
Gen. Info. Processing (E. Staiger, Mrstn.) 

to Engineering Leader & Manager 
As reported by your Personnel Activity during the 
past two 1nomhs. Location and new supervisor 
appear in parentheses. 

RCA Victor Home Instruments Division 

I. M. Indiano: from Eng., Prod. D&D, 
C35721 to Ldr., D&D Eng., C35700 (L. M. 
Krugman, Indpls.) 

Electronic Components and Devices 

R. M. Cullison: from Assoc. Eng., Mfg. to 
Mgr., Quality Control (A. G. Krause, 
Lanc.) 

W. E. Harbaugh: from Sen. Eng., Prod. 
Dev. to Engrgs. Ldr., Prod. Dev. (F. G. 
Block, Lanc.) 

S. B. Deal: from Sen. Eng., Prod. Dev. to 
Engrg. Ldr., Prod. Dev. (R. H. Zacharia· 
son, Lanc.) 

J. A. Zollman: from Sen. Eng., Prod. Dev. 
to Engrg. Ldr., Prod. Dev. (R. H. Zacha­
riason, Lane.) 

R. A. Dcr.1nelly: from Engrg. Ldr., Mfg. to 
Mgr., Prod. Engrg. (R. J. Hall, Findlay) 

R. C. Reutter: from Eng., Mfg. to Engrg. 
Ldr., Mfg. (R. A. Donnelly, Findlay) 

P. C. Baumann: from Mgr., Finished Goods 
Quality to Mgr. Plant Engrg. (R. J. Hall, 
Findlay) 

J. P. Sasso: from Mgr., Prod. Engrg. to 
Mgr. Mfg. (N. A. Stegens, Cincinnati) 

R. E. Ward: from Mgr .. Prod. Engrg. Minia· 
ture Tubes to Mgr. Prod. Engrg. (P. 
Sasso, Cincinnati) 

J. J. Hanners: from Eng., Mfg. to Mgr., 
Prod. Engrg. W. Ward, Cincinnati} 

R. McFarlane: from Eng., Prod. Dev. to 
Mgr., T / E Prod. (L. Caprarola, Harri­
son) 

R. Buttle: from Eng. to Engrg. Ldr. (M. 
Ammenwerth, Harrison) 

DEP Aerospace Systems Division 

R. C. Kee: from Senior Proj. Member to 
Ldr. (H. H. Knubbe, Mgr., Burl.) 

E. H. Miller: from Staff Engrg. Sci. to Mgr., 
Prod. Design (E. A. Williams, BurL) 

A. Eliopoulos: from Sen. Member, Tech. 
Staff to Ldr. Tech. Staff (G. T. Ross, 
Burl.) 

W. E. Hatfield: from Sen. Proj. Member, 
Tech. Staff to Ldr. Tech. Staff (D. K. Gil­
bertson, Burl.) 

E. M. Stockton: from Ldr. Tech. Staff to 
Mgr. Prod. Design (E. B. Galton, Burl.) 

B. T. Joyce: from Proj. Eng. to Mgr., Com­
puter Equip. (E. A. Williams, Burl.) 

A. Orenberg: from Staff Eng. Sci. to Mgr., 
Prod. Design (E. B. Galton, Burl.) 

D. Hamblen: from Sr. Proj. Member, Tech. 
Staff to Ldr., Tech. Staff (L. H. Andrade, 
Burl.) 

W. G. Wong: from Sr. Proj. Member, Tech. 
Staff to Ldr. Tech. Staff (A. Orenberg, 
Burl.) 

R. N. Knox: from Sr. Proj. Member, Tech. 
Staff to Ldr., Tech. Staff (P. M. Toscano, 
Burl.) 

A. Baker: from Staff Eng. to Mgr., Systems 
Analysis (S. S. Kolodkin, Burl.) 

R. J. McNaughton: from Sr. Proj. Member, 
Tech. Staff to Ldr. Tech. Staff (H. Brodie, 
BurL) 

H. Brodie: from Ldr., Tech. Staff to Mgr., 
Programming (E. A. Williams, Burl.) 

N. Meliones: from Engrg. Sci. to Ldr., 
Tech. Staff (1. H. Woodward, BurL) 
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PROMOTIONS, Coat. 
DEP West Coast Division 
T. Skelly: from Sr. Member, D&D Engrg. 

Staff to Ldr. D&D Engrg. Staff (F. Worth, 
Van Nuys) 

Broadcast and Communications Division 
W. R. Murphy: from Engr. D&D to Ldr. 

D&D Eng. (R G. Walz, Camden) 

Electronic Data Processing 
J. Clarke: from Ldr. Tech. Staff to Mgr., 

Power Systems & Packaging (H. N. Mor­
ris, Fla.) 

R. Spoelstra: from Ldr. Tech. Staff to Mgr., 
Logic & Peripheral Design Engrg. (H. N. 
Morris, Fla.) 

B. I. Kessler: from Ldr., D&D Eng. to Mgr., 
Common Design Engrg. (1. N. Marshall, 
Camden) 

DEP Communications Systems Division 
C. Arnold: from Mgr. Engrg. to Staff Engr. 

(C. K. Law, Camden) 
M. E. Malchow: from Ldr. Tech. Staff to 

Mgr. Integ. Analog Sub-Systems (E. E. 
Moore, Camden) 

RCA Service Company 
Z. S. Hauser: from Ldr., Eng. to Mgr., Site 

Engrg. (0. E. Cole, Thule, Greenland) 
R. A. Rose: from Install. & Mod. Eng. to 

Mgr., Satellite Tracking (H. L. Chadder­
ton, Cherry Hill) 

J. F. Linsalata: from Eng. to Ldr., Eng. 
\P. 1. Barnett, Cocoa, Fla.) 

ERRATA 
In the previous issue, Volume 11-5, two dia­
grams were transposed in printing. In the 
paper "Lunar Excursion :-"lodule Radar Re­
ceivers," the functional block diagrams of the 
radar receiver and the transponder on pages 
47 and 48 should be transposed. Also, the 
photographs of authors J. B. Friedenberg and 
P. Marcellos were inadvertently transposed on 
page 20 of the article, "LE>I Electronics Relia­
bility." 

LICENSED ENGINEERS 

W. T. Ackermann, ECD, Hr., PE-13007, 
N. J. 

R. L. Boertzel, M&SR, PE,14398, N. J, 
L. Campbell, ECD, Hr., PE-12958, N. J. 
F. E. Coffey, ECD, Hr., PE-16381, Pa. 
H. Eichhorn, ECD, Hr., PE-13486, N. J. 
A. Fischer, ECD, Hr., PE-14533, N. J. 
J. R. Hays, ECD, Hr., PE-13737 
C. Lindsley, ECl)', Hr., PE-13355, N. J. 
S. N. Nasto, ECD, Hr., PE.13493, N. J. 
E. Rudolph, ECD, Hr., PE-13349, N. J. 
G. Samuels, ECD, Hr., PE-13506, N. J. 
F. L Scheline, ECD, Hr., PE-14184, N. J. 
J. C. Schnitzius, M&SR, PE-14604, N. J. 
M. Tuttle, ECD, Hr., PE-12794, N. J. 
H. Waltke, ECD, Hr., PE-14483, N. J. 
K. Wroblewski, ECD, Hr., PE-I4482, N. J. 
R. M. Dombrosky, RCA Ser. Co., PE-I4495, 

N. J. 

RCA LABS ANNOUNCE ANNUAL ACHIEVEMENT AWARDS 

RCA Laboratories announced in March the 
names of the winners of the Annual Achieve­
ment Awards for 1965. This is the 19th year 
that these awards have been granted. Re­
cipients include: 

W. H. Barkow-For continuing contribu­
tions to television deflection systems. 

M. D. Coutts-For ingenious applications 
of electron diffraction and microscopy in 
characterizing electronically active solids, 
and for demonstrating the resolution capa­
bilities of the RCA electron microscope. 

R. E. Enstrom-For materials research 
leading to significant improvements in the 
prepartion of superconducting ribbon for 
solenoid magnets. 

G. H. Heilmeier---For ingenuity and ag­
gressiveness in the application of liquid 
crystal phenomena. 

S. Y. Levy-For the conception of ma­
chine organizations suited to the technology 
of large integrated arrays. 

A. Presser-For the development of tun­
nel-diode amplifiers with large dynamic 
range. 

R. L. Rosenfeld-For the conception, de­
sign, and implementation of a programming 
language for the automatic coordinatograph. 

R. J. Ryan-For the conception and dem­
onstration of novel techniques in construct­
ing built-up interconnection boards. 

A. R. Sass-For research leading to the 
demonstration of memory systems using 
structured cells. 

A. I. Stoller-For research leading to new 
methods of fabricating integrated circuits. 

H. Wielicki-For the discovery and devel­
opment of reversal type liquid and hot-melt 
toners for the Electrofax process. 

R. Williams-For research that provided 
a basic technique for investigating the sta­
bility of oxide layers on silicon, and for 

determination of the energy levels at the 
oxide-silicon interface. 

P. Berger, J. R. Haupt, H. N. Garver, and 
S. Skillman-For team performance in the 
development of new concepts in manage­
ment science. 

L. J. Berton, J. T. O'Neil, Jr., H. E. Kuls· 
rud, and T. M. Stiller-For team perform­
ance in simulation of the Spectra 70 com­
puters, prior to their construction, by pro­
grams for the RCA 601. 

J. R. Burns, J. J. Gibson, A. Harel, K. C. 
Hu, and R. A. Powlus--For team perfor­
mance in the conception and fabrication of 
computer memories made of arrays of insu­
lated-gate field-effect transistors. 

J. P. Dismukes, L. Ekstrom, D. F. Martin, 
and C. C. Wang-For team performance in 
the synthesis and evaluation of a superior 
acicular magnetic material for information 
storage. 

E. C. Giaimo, H. C. Gillespie, and R. G. 
Olden-For team performance in develop­
ing an Electrofax transfer process for mak­
ing multiple copies. 
..---p. V. Goedertier and R. J. Pressley-For 
'team performance in the development of an 
efficient, high-power, optically pumped laser. 

R. Hirota, K. Suzuki, and M. Toda--For 
team performance in devising a new class 
of microwave devices useful over a large 
range of frequencies for control of micro­
wave and millimeter wave power. 

R. J. Ikola and L. S. Napoli-For team 
performance in the demonstration of micro­
wave amplification in avalanche diodes. 

G. L. Kasyk and M. Pradervand-For 
team performance in the development of an 
acoustical-mechanical disc recorder. 

A. H. Simon and D. A. Walters-For team 
performance in the design and implementa­
tion of RCA SNOBOL, a symbolic manipula­
tion language for computer programming. 

L. F. Jones K. P. Haywood 

NEW EDITORIAL REPRESENTATIVES 

Two new representatives have been named 
to the Editorial Board of the RCA ENGINEER. 
Loren F. Jones will serve as the represen­
tative for New Business Programs, replacing 
N. Amberg. Kenneth P. Haywood replaces 
Ed Stanko, who retired in March, as the ed 
rep for Technical Products, RCA Service 
Company. 

Loren F. Jones graduated from Washing­
ton University, St. Louis, Mo., and attended 
Stanford University's Graduate School of 
Business. After joining RCA in 1930, he 
undertook engineering assignments in sev­
eral European countries. On his return to 
Camden, N. J., he was active in broadcast 
and associated fields. In 1937-1938 he rep· 
resented RCA in several nonmilitary engi­
neering projects in Russia. During World 
War II, he represented RCA in Government 
R&D 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 Certifipate of Merit. In 
1951 he established and organized the New 
Products Division of RCA. As a result of 
one of the programs of this Division, RCA 
established electronic data processing as a 
new business. Mr. Jones presently is Man­
ager, Engineering, New Business Programs. 

Kenneth P. Haywood received his BSEE 
at North Carolina State College in 1929. 
Following graduation he was employed by 
General Electric for 2 years in radio trans­
mitter development. In 1931 he joined RCA 
Manufacturing Co. and was assigned to test 
equipment maintenance and calibration. He 
transferred to the RCA Victor Service De· 
partment in 1935, and for 6 years provided 
field service for theatre sound, centralized 
sound, and mobile equipment. Mr. Haywood 
was promoted to Philadelphia District Man­
ager in 1941. Since transferring to the 
Home Office of RCA Service Company in 
1944, he has served successively as Coor­
dinator of Special Services, Technical Prod­
ucts Division; Administrator, EDP Services; 
Manager, EDPS Administration; Manager, 
Facilities, Field Support Services; and Man­
ager, Administration, Technical Products 
Service. He is presently Manager, Admin­
istration and Technical Support, Technical 
Products Division. 

1965 RCA TECHNICAL PAPERS INDEX 
The annual Index to 1965 RCA Technical 
Papers was mailed with the February-March 
1966 RCA E:<GINEER to the entire RCA tech­
nical staff. The Index categorizes by subject 
and author some 1200 items of nonproprietary 
technical literature authored by RCA scien­
tists and engineers during 1965-including all 
published and presented RCA papers, theses, 
technical notes etc. Its scope includes com­
prehensive cov~fage of RCA papers in p.fofes­
sional society and other outslde media, as 
well as those in the RCA ENGINEER, RCA 
REVIEW, etc. Also included is a separate list 
of over 300 U.S. Patents issued to RCA per­
sonnel in 1965. The Index presents complete 
instructions on how to obtain copies of any 
of the papers. Comments concerning the .1965 
Index should be addressed to Ed Jenmngs, 
RCA Staff Technical Publications, Bldg. 2-8, 
Camden, N.J. (PC-3396). 
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ACOUSTICS 
(theory & equipment) 

Wireless Broadcast Microphone System Using 
an Ultraviolet-light Carrier, A Developmental 
-J. L. Hathaway (NBC, N.Y.) 11-1, (re· 
print PE-264.7) 

AMPLIFICATION 

AGe and Gamma Control Amplifier, A New 
Transistorized-V. J. Duke (NBC, N. Y.) 
NAB Convention, Washington, D. c., Mar. 
22, 1965; also in 11-2, (reprint PE·264·11) 

IF Amplifier, Design of a Transistorized TV­
Picture-K. Siwko (HI, Indpls.); 11-6, (in 
reprint booklet Television Receivers, Re­
lated Circuits and Devices, PE.276) 

ANTENNAS 

Cassegrainian Monopulse Tracking Antenna 
for Space Rendezvous-W. W. Carter, W. E. 
Powell (DEP·MSR, Mrstn.); 11-5, (in reo 
print booklet The LEM Program at RCA 
PE-281) , 

Erectable Antenna for Space Communications 
-R. J. Mason, F. S. Wezner (DEP.MSR, 
Mrstn.); 11-5, (in reprint booklet The LEM 
Program at RCA, PE·281) 

Magneto-Plasma, Antennas in a-Dr. H. 
Staras (Labs, Pr.) E&R Note, 11-2, (re· 
print PE-264-18) 

Magneto-Plasmas, Antennas in-Dr. H. 
Staras (Labs, Pr.) ; 11-5, (reprint PE·277) 

BIONICS 

Adaptation Theory-A Tutorial Introduction 
to Current Research-Dr. J. Sklansky (Labs., 
Pr.) ; 10-6, (reprint PE.232) 

Neural, Threshold, Majority, and Boolean 
logic Techniques-A Comparative Survey­
C. R. Atzenbeck, D. Hampel (DEP·CSD, 
N.Y.); 10-6, (in reprint booklet Life Sci­
ences, PE·233) 

Speech Recognition Using Artiflcial Neurons 
-M. B. Herscher, T. B. Martin (DEP­
AppRes, Camden) j 10-6, (in reprint book­
let Life Sciences, PE-233) 

CHECKOUT 
(& maintenance) 

Army Automatic Test Equipment: Current Sta­
tus-O. T. Carver, D. B. Dobson (DEP.ASD, 
Burl.); 11-5, (reprint PE·264·35) 

Computer-Controlled Automatic Testing - A 
Review-B. T. Joyce, E. M. Stockton (DEP· 
ASD, Burl.); 10-5, (in reprint booklet 
Space Electronics, pE·227) 

Large Complex Systems, Automatic Checkout 
and Monitoring of-H. P. Brockman (DEP· 
MSR, Mrstn.); 11-5; (reprint PE·264·37) 

Pattern Generation Under Numerical Control 
-Dr. R. Rosenfeld (Labs, Pr.) ; E&R Note, 
11-5, (reprint PE.264·41) 

Predicting System Checkout Errors-W. C. 
Moon (DEP·ASD, Burl.) ; 10-5, (in reprint 
booklet Space Electronics, PE·227) 

Radiation Test Techniques-D. Goldberg 
(DEP.ASD, Burl.); 11-6, (reprint PE· 
264-43) 

CIRCUIT ANALYSIS 
(& theory) 

Circuits (low-Cost, line-Operated) Using RCA 
2N2583, 4, 5 Transistors-D. T. DeFino, 
N. C. Turner (ECD, Som.) E&R Note, 11-3, 
(reprint PE-264·21) 

Multiple Diode Theorems-R. L. Ernst (DEP· 
CSD, N.Y.); E&R Note, 10-5 (reprint 
PE.235-38) 

CIRCUITS, INTEGRATED 

Breadboard Technique for Integrated Circuits 
Uses Universal logic Board-W. Blackman 
(DEP·CSD, Cam.) E&R Note, 11-2, (re· 
print PE.264.15) 

Monolithic-Ferrite Integrated Memory, Design 
and Fabrication of a-J. J. Cosgrove, A. J. 
Erikson, P. D. Lawrence (ECD, Needham 
Hts.) 11-3, (reprint PE·256; also in reprint 
booklets RCA Advances in Computer Tech· 
nology, PE-257 and Computer Progress, 
PE.258) 

Monolithic Ferrite MOS-Circuit Integrated 
Memory, Research on a Combined-Dr. R. A. 
Shah bender (Labs, Pr.) 11-3, (reprint 
PE-260; also in reprint booklets RCA Ad­
vances in Computer Technology, PE·257 
and Computer Progress, PE-258) 

Photochemical laboratory-Processes for Inte­
grated-Circuit Multilayer Printing Wiring­
G. H. Lines, E. A. Szukalski, F. X. Thomson 
(DEP·CE, Cam.) 11-3, (reprint PE.262; 
also in reprint booklets RCA Advances in 
Computer Technology, PE·257 and Com· 
puter Progress, PE-258) 

(Spectra 70J: The Impact of Monolithic Inte­
grated Circuits on Computer Design-A Case 
Study 01 Spectra 70/45 and 70/55-S. E. 
Basara (EDP, Cam.) 11-3, (in reprint 
booklets RCA Advances in Computer Tech­
nology, PE-257 and Computer Progress, 
PE.258) 

Spectra 70/45 and 70/55, Current-Mode~ 
Logic Integrated Circuit for the-M. D'Agos­
tino (DEP·DME, Som.) & H. V. Crisito 
(ECD, Som.) 11-3, (in reprint booklets 
RCA Advances in Computer Technology, 
PE·257 and Computer Progress, PE.258) 

Spectra 70/45 and 70/55, Packaging Design 
ol-J. J. O'Donnell (EDP, Cam.); 11-3, (in 
reprint booklets RCA Advances in Com· 
puter Technology, PE·257 and Computer 
Progress, PE·258) 

Television and Radio Receivers, Integrated 
Circuits in-J. Avins (HI, Indpls.); 11-6, 
(in reprint booklet Television Receivers, 
Related Circuits and Devices, PE-276) 

CIRCUITS, PACKAGED 

Multilayer Printed-Circuit Boards, Automatic 
Continuity and leakage Tester for-No Parks 
(DEP·AppRes, Cam.); E&R Note, 11-5, 
(reprint PE-264.40) 

"Space Etch"-Making Printed Wiring by 
Etching Spaces Instead of Conductors-M. 1. 
Arbogast (DEP·CSD, Cam.) E&R Note, 
11-3, (reprint PE·264·20) 

COMMUNICATION, DIGITA(· 
(equipment & techniques) 

Channel Capacity, Asynchronously Multi­
plexed-R. C. Sommer (DEP-CSD, N.Y.) 
E&R Note, 11-4, (reprint PE·264·31) 

Channel Capacity, Asynchronously - Multi" 
plexed Binary-R. C. Sommer (DEP-CSD, 
N.Y.) E&R Note, 11-3, (reprint PE·264-23) 

DIVCON-A l'igit'Oll-to-Video Conversion Sys­
tem-R. J. Clark (RCA Ltd., Montreal) 
11-3, (reprint PE·255) 

COMMUNICATIONS COMPONENTS 
(equipment subsystems) 

Delay lines, Solid-State-Plasma-Y. Kuniya, 
Dr. M. Glicksman (Labs, Tokyo) 11-4, (in 
reprint booklet Plasma Research, PE·263) 

Encoder-Decoder, Audio-Frequency Jungle 
Message-E. R. Schmidt, E. D. Simshallser 
(DEP·CSD, Cam.); 11-5, (reprint PE·275) 

Frequency Multiplier for Missiles, Miniatvre 
C-Band Solid-State---D. E. Nelson, J. J. Na· 
poleon, C. L. Cuccia (ECD, Pr.); 10-5, 
(in reprint booklet Aficrowave Systems and 
Devices, PE·210; also in reprint booklets 
Microwave Components, PE-215, PE-219) 

Frequency Multipliers for the lEM Radars, De­
sign of Solid-State-E. Bliss, M. Fromer 
(ECD, Hr.); 11-5, (in reprint booklet The 
LEM Program at RCA, PE-281) 

Frequency Multiplier, Parallel-Diode----E. A. 
le1esiewicz (DEP·CSD, Cam.) ; E&R Note, 
11-6, (reprint PE.264.47) 

Parametrk Converters, Gain Nonlinearity and 
Bistable Instability in-B. S. Perlman (DEP­
CSD, N.Y.); 11-5, (reprint PE·264·36) 

Single Sideband Applications, High-Power 
VHF Overlay Transistor for-R. Rosenzweig, 
Z. F. Chang (ECD, Som.); E&R Note, 11-
6, (reprint PE·264·46) 

Switching Matrix (RF) Achieves 140-d8 Isola­
tion-W. Mergner (DEP-CSD, Cam.) E&R 
Note, 11-1, (reprint PE-264·8) 

COMMUNICATIONS SYSTEMS 

AN/TRC-97/97A-New Microwave Multi­
channel Equipment for Troposcatter, Diffrac­
tion, or line-oF-Sight Tadical Communications 
-W. J. Connor, E. J. Sass (DEP.CSD, 
Clml.) 11-3, (reprint PE·264-19) 

Automatic Checkout and Monitoring of large 
Complex Systems-H. P. Brockman (DEP­
MSR, Mrstn.); 11-5, (reprint PE·264·37) 

Laser Voice and Video Communications­
Applying the GaAs Room-Temperature Injec­
tion laser and the GaAs Electro-Optic Crystal 
-W. J. Hannan, Dr. J. Bordogna (DEP­
AppRes, Cam.) 11-1, (reprint PE·264·6) 

Microwave Relay, MM-1200 High-Capacity­
H. Haug, L. Martin, D. Russell, V. Sawant 
(RCA Ltd., Montreal) 11-1, (reprint 
PE·245) 

COMMUNICATIONS, VOICE 
(equipment & techniques) 

laser Voice and Video Communications­
Applying the GaAs Room~Temperature Injec­
tion laser and the GaAs Electro-Optic Crystal 
-W. J. Hannan, Dr. J. Bordogna (DEP· 
AppRes, Cam.) II-I, (reprint PE-264·6) 

COMPUTER APPLICATIONS 
(data processing) 

Computer-Controlled Automatic Testing - A 
Review-B. T. Joyce, E. M. Stockton (DEP­
ASD, Burl.); 10-5, (in reprint booklet 
Space Electronics, PE-227) 

COMPUTER APPLICATIONS 
(scientific) 

Bibliography of Papers Presented at the RCA 
"Symposium on Computer Applications in 
Engineering and Research"-H. Kihn (R&E 
Staff, . Pr.) E&R Note, 11-2, (reprint 
PE·264-14) Note: copies of papers are avail· 
able only to RCA employees 

Data Plotting by Digital Computer-R. E. 
Simpkins (ECD, Hr.); 10-6 (reprint PE· 
235·39) 

Filter Design by Digital Computer-To G. 
Marshall, ~r. (BCD, Camden); E&R Note, 
10-5 (reprmt PE·235·36) 

Frame-Grid Winding Tension, Computer Calcu­
lation of-P. 1. Musso, T. E. Deegen (ECD, 
Hr.); E&R Note, 10-6 (reprint PE-23540) 

Instrument Analysis with Computer Techniques, 
Expanding the Capabilities of-R. T. Smith, 
J. G. White, J. R. Woolston (Labs, Pr.) 
E&R Note, 11-3, (reprint PE-264.24) 

Scientific Computer Applications Program 
ISCAPCI-Dr. J. KlIrshan (Labs, Pr.) ; 11-
6, (reprint PE-279) 

Square-Root Computations on a Digital Com­
puter, Optimizing-F. H. Fowler, Jr. (DEP­
CSD, Camden); 10-5 (reprint PE·235·33) 

Satellite Thermal Behavior, Computer Analysis 
ol-R. H. Goerss (DEP-AED, Pr.) 11-3, (in 
reprint booklet Computer Progress, PE·258) 

COMPUTER COMPONENTS 
(subsystems & peripheral equip.) 

Advanced Computer Technology in RCA-A 
Review-J. A. Brustman (DEP-AppRes, 
Cam.) 11-3, (in reprint booklets RCA Ad­
vances in Computer Technology, PE·257 
and Computer Progress, PE·258) 

Automata Theory-An Aid to Computer De­
sign-A. S. Merriam (DEP-AppRes, Cam.) 
11-3, (in reprint booklets RCA Advances 
in Computer Technology, PE·257 and Com· 
puter Progress, PE-258) 

Charader Reader, Videoscan Optical-A~ J. 
Torre (EDP, Cam.) WESCON, Aug. 24·27, 
1965; San Francisco, Calif.; Coni. Proceed· 
ings; also in reprint booklets RCA Advances 
in Computer Technology, PE-257, and Com· 
puter Progress, PE-258 under authors Miller 
and Klein. 

Computer Data Communications for On-line 
Simultaneous Processing-B. P. Silverman 
(EDP, Camden) ; 10-5 (reprint PE·235-35) 

DIVCON-A Digital-to-Video Conversion Sys­
tem-R. I. Clark (RCA Ltd., Montreal) 
11-3, (reprint PE·255) 

Spectra 70/45 and 70/55, Packaging Design 
ol-J. J. O:Donnell (EDP, Cam.) 11-3, (in 
reprint booklets RCA Advances in Com­
puter Technology, PE-257 and Computer 
Progress, PE-258) 

(Spectra 70): The Impact of Monolithic Inte­
grated Circuits on Computer Design-A Case 
Study 01 Spectra 70/45 and 70/55-5. E. 
Barasa (EDP, Cam.) 11-3, (in reprint 
booklets RCA Advances in Computer Tech· 
nology, PE·257 and Computer Progress, 
PE-258) 

Spectra 70/45 and 70/55 Memories: Main, 
Scratch~Pad, and Read-Only-B. I. Kessler 
(EDP, Cam.) 11-3, (in reprint booklets 
RCA Advances in Computer Technology, 
PE·257 and Computer Progress, PE-258) 

Spectra 70-An Introduction to Basic Design 
and Philosophy of Operation-A. D. Beard 
(EDP, Cam.) 11-3, (in reprint booklets 
RCA Advances in Computer Technology, 
PE-257 and Computer Progress, PE-258) 

Spectra 70, Peripheral Equipment for-A. J. 
Torre (EDP, Cam.) 11-3, (in reprint book­
lets RCA Advances in Computer Technol· 
ogy, PE·257 and Computer Progress, 
PE.258) 

Spectra 70/45 and 70/55, Current-Mode~ 
logic Integrated Circuit for the-M. D'Agos­
tino (DEP-DME, Som.) and H. V. Crisito 
(ECD, Som.) 11-3, (in reprint booklets 
RCA Advances in Computer Technology, 
PE·257 and Computer Progress, PE·258) 

Spectra 70/45, Internal logic Structure of the 
-R. H. Yen (EDP, Cam.) 11-3, (in reprint 
booklets RCA Advances in Computer Tech· 
nology, PE-257 and Computer Progress, 
PE·258) 

COMPUTERS, PROGRAMMING 

Emulation on RCA Spectra 70 Systems-W. 
R. Lonergan (EDP, Cam.) WESCON, San 
Francisco, Cali!., Aug. 24-27, 1965; Pro­
ceedings; also in RCA reprint booklets: 
Computer Progress, PE.258; and RCA Ad· 
vances in Computer Technology, PE-257. 

COMPUTER STORAGE 

Ferrite Memory System, High-Speed, Two~Core­
Per-Bit-H. Amemiya, T. Mayhew, R. Pryor 
(DEP·AppRes, Cam.); 11-6, (reprint PE-
264·42) 

Memories in Present and Future Generation of 
Computers-J. A. Rajchman (Labs, Pr.) 
WESCON, San Francisco, Calif., Aug. 24· 
28, 1965; Conf. Proceedings; also in RCA 
reprint booklets: Computer Progress, 
PE-258; and RCA Advances in Computer 
Technology, PE-257. 

Monolithic-Ferrite Integrated Memory, Design 
and Fabrication of a-I. J .. Cosgrove, A. J. 
Erikson, P. D. Lawrence (ECD, Needham 
Hts.) 11-3, (reprint PE.256; also in reprint 
booklets RCA Advances in Computer Tech­
nology, PE-257 and Computer Progress, 
PE-258) 

Monolithic - Ferrite MOS - Circuit Integrated 
Memory, Research on a Combined-Dr. R. A. 
Shahbender (Labs, Pr.) 11-3, (reprint 
PE.260; also in reprint booklets RCA Ad· 
vances in Computer Technology, PE·257 
and Computer Progress, PE-258) 

Spectra 70/45 and 70/55 Memories: Main, 
Scratch-Pad, and Read-Only-B. I. Kessler 
(EDP, Cam.) 11-3, (in reprint booklets 
RCA Advances in Computer Technology, 
PE·257 and Computer Progress, PE-258) 

COMPUTER SYSTEMS 

Advanced Computer Technology in RCA-A 
Review-J. A .. Brustman (DEP.AppRes, 
Cam.) 11-3, (m reprint booklets RCA Ad· 
vances in Computer Technology, PE-257 
and Computer Progress, PE-258) 
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Spectra 70-An Introduction to Basic Design 
and Philosophy of Operation-A. D. Beard 
(EDP, Cam.) 11-3, (in reprint booklets 
RCA Advances in Computer Technology, 
PE·257 and Computer Progress, PE·258) 

CONTROL SYSTEMS 
(& automation) 

VE-DET: Electronic Vehicle Detector for Auto­
mated Traffic Control-E. C. Donald (BCD, 
Plymouth); 10-5, (reprint PE·226) 

DISPLAYS 

DIVCON-A Digital-to-Video Conversion Sys­
tem-R. J. Clark (RCA Ltd., Montreal); 
11-3, (reprint PE·255) 

High-Speed Film Processor and Quick-Access 
Display System-E. Schwartz, A. A. Blatz 
(DEP·MSR, Mrstn.); E&R Note, 11-5, 
(reprint PE·264·39) 

Selection of Letter Size and lighting for Dis­
play and Control Panel Legends-W. Basker­
ville, R. N. Gillis (DEP·SEER, Mrstn.); 
10-6, (in reprint booklet Life Sciences, PE· 
233) 

DOCUMENTATION 

Abbreviations for Technical Terms, New (lEEEI 
Standard-(R&E Stafl, Cam.) 11-1, (re· 
print PE.248) 

Books Looking for Authors (The Engineer and 
the Corporation seriesl-C. W. Fields (DEP­
CSD, Cam.) 11-2, (reprint PE·264·9) 

New Approach to Writing Operator Procedure 
Manuals-Dr. F. H. Ireland, T. G. Wiedman 
(DEP·SEER, Mrstn.); 10-6, (in reprint 
booklet Life Sciences, PE.233) 

Scientific Computer Applications Program 
ISCAPCI-Dr. J. Kurshan (Labs, Pr.) ;11-
6, (reprint PE.279) 

Technical Papers and Their RCA Approval 
(The Engineer and the Corporation series)­
W. O. Hadlock (R&E Stafl, Cam.) 11-1, 
(reprint PE.264·1) 

ELECTROMAGNETIC WAVES 
(theory & phenomena) 

Guided Waves in Gaseous Plasmas-Dr. 
T. W. Johnston (RCA Lt., Montreal); 11-4, 
(in reprint booklet Plasma Research. 
PE·263) 

Ionized Rocket Exhausts, Interaction of Elec­
tromagnetic Waves with-A. Boornard (DEP­
AppRes, Cam.) 11-4, (reprint PE·264·26) 

HF Signal Statistics; Short-Distance Sky-Wave 
Rapid-fading-S. Krevsky (DEP·CSD, N.Y.) 
E&R Note, 11-2, (reprint PE.264.17) 

Microwave Emission from Solid-State Plasmas 
-Dr. R. D. Larrabee, W. A. Hidnbothem, 
Jr., J. J. Thomas (Labs, Pr.) 11-4, (in 
reprint booklet Plasma Research, PE·263) 

Propagation in Solid-State-Plasma Waveguides 
-Nonreciprocal Devices-Dr. R. Hirota, M. 
Toda (Labs, Tokyo) 11-4, (in reprint book· 
let Plasma Research, P-263) 

Resonances in the Ionosphere Magnetoplasma 
-T. W. Johnston (RCA Ltd, Montreal) 
Second AAS Symp. on the Interactions of 
Space Vehicles with an Ionized Atmosphere, 
Miami, Fla., Nov. 27, 1965 

Sunspot HF Disturbance Forecasting Based on 
Planet Positions-I. H. Nelson (RCA Comm.! 
N.Y.) 11-1, (reprint PE·264·3) 

ELECTROMECHANICAL CONVERTORS 

Gas-Leak Valve, Electrical Remote-Controlled 
-M. E. Moi (Labs, Pr.) E&R Note, 11-3, 
(reprint PE.264·22) 

ELECTRO-OPTICS 
(systems & techniques) 

Electro-Optical Signal Processing-~1. 1. Can· 
tella, R. Kee (DEP·ASD, Burl.); 10-5, (in 
reprint booklets Electro·Optics, PE-211 , 
PE·223) 

Infrared Fiber Optics-L. Arlan, N. Aron 
(DEP.ASD, Burl.) ; 10·5, (in reprint book· 
lets Electro.Optics, PE·21l, PE·223) 

ENERGY CONVERSION 
(& power sources) 

Electrical Energy Sources, The Revolution in­
A State-of-the-Art Review-P. Rappaport 
(Labs, Pr.) 11-2, (reprint PE·264·12) 

Thermoelectric Water Reclamation for Manned 
Space Systems-Po E. Wright (DEP.App' 
Res., Camden) j 10-6, (in reprint booklet 
Space Electronics, PE·227) 

FILTERS, ELECTRIC 

Filter Design by Digital Computer-T. G. 
Marshall, Jr. (BCD, Camden) ; E&R Note, 
10-5 (reprint PE·235·36) 

Three-Resonator Filters, General-R. M. 
Kurzrok (DEP·CSD, N.Y.) E&R Note, 
11-4, (reprint PE.264·30) 

GEOPHYSICS 

Geophysical Phenomena, Laboratory Simula­
tion of-Dr. F. J. F. Osborne, Dr. M. P. 
Bachynski, J. V. Gore, M. A. Kasha mCA 
Ltd., Montreal); 11-4, (in reprint booklet 
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booklet Plasma Research PE·263) 

Sunspot HF Disturbance Forecasting Based on 
Planet Positions-H. 1. Nelson (RCA Comm., 
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Instabilities in Solid-State Plasmas-Dr. M. 
C. Steele, Dr. B. Vural (Labs, Pr.) 11-4, 
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reprint hooklet Television Receivers, Re· 
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