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OUR COVER 

. the first issue of the RCA ENGINEER 
(June -July, 1955) was "an artist's concep- 

tion showing the wide and varied activities 
of engineering throughout RCA "; this cover 
has been repeated for the past eleven "Anni- 
versary" issues. To maintain the spirit of 
this original theme and, at the same time, 
symbolize some of the new and interesting 
activities of engineering and research at RCA 
we have modernized the twelfth "An 
versary" cover. Many of the activities sho 
on this new cover were only embryo id 
when the first cover was drawn -and now 
predict that the increasing rate of RCA's to 
nological progress will demand future mode 
izations at successively shorter periods of tint 

njwerik, 
AnnivemcVt, 

This issue marks the completion of 12 years of publishing professional papers by RCA 
engineers and scientists in their journal -the RCA ENGINEER. First published in June 
1955 the journal was dedicated to the task of matching the forward -looking interests 
of its readers. Now, over 70 issues later the Editor of the RCA ENGINEER and his staff 
are to be congratulated for continuing this dedication of purpose of following the 
changing engineering and scientific trends at RCA. The RCA ENGINEER began as a 

56 -page engineering journal; by contrast, today's 96 -page issues epitomize the 
technology explosion and the seriousness of the modern engineer's efforts to keep his 
associates informed. The papers published in the RCA ENGINEER clearly reveal the 
interdisciplinary nature of engineering today. The RCA ENGINEER editorial represen- 
tatives have projected plans for the next two years which promise issues devoted to 
such themes as medical electronics, space technology, graphic systems, educational 
electronics, data processing, broadcast and television, and integrated circuits. 

The intrinsic value of the published papers that record the engineer's work is 
impossible to estimate. Management, sales and marketing departments, public rela- 
tions, and almost every conceivable activity within RCA find the articles of great value. 
This accounts for the remarkable utilization of reprints of engineering articles from 
the RCA ENGINEER. Three hundred and forty -five reprints have been made available 
to date and during this last year, as many as 70 individual reprints were ordered, 
published, and distributed; these range from individual 4- and 8 -page booklets 
containing 1 or 2 articles to special brochure -type collections of many articles ranging 
up to 88 pages. Over 100,000 copies of such reprints are fruitfully utilized by RCA in 
the same one -year period -and represent the annual accomplishments of over 200 
engineers. 

The Editorial Representatives, the Advisory Board, and the Editorial Staff have met 
their major objective of publishing in the RCA ENGINEER the finest engineering articles 
available. Congratulations again on this your twelfth Birthday issue. 

D. F. Schmit 
Staff Vice President 

Product Engineering 
Research and Engineering 
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RADIO CORPORATION OF AMERICA 

Part IV -The Years 1962 -1966 

DR. ELMER W. ENGSTROM 

Chairman of the Executive Committee of the Board 

Radio Corporation of America 

FOR 
the Radio Corporation of Amer - 

ica, the years from 1962 through 
1966 were characterized by vigorous 
growth and an outward thrust that took 
the company into new areas of business. 

By any measure, the rate of growth 
was impressive. Total annual sales in- 
creased from $1.75 billion in 1962 to 
$2.5 billion in 1966. During the same 
period, net profits more than doubled. 

RCA's manufacturing capacity was 
vastly increased as more than $500 mil- 
lion was spent to build new plant facil- 
ities and expand existing ones. In 1966 
alone, the company undertook the larg- 
est domestic capital expenditure in its 
Final manuscript received May 1, 1967 

history, allocating $198 million for the 
construction of new plants at 11 loca- 
tions and substantial expansion at 15 
other operating facilities. These addi- 
tions involved such key activities as 
color television, home instruments, semi- 
conductors, computers, and communi- 
cations. 

By early 1967, total employment had 
grown to exceed 120,000 people in the 
United States and abroad, up from 
approximately 93,000 five years earlier. 

During the four -year period, RCA 
maintained a growth rate that consis- 
tently outpaced the average of all 
American manufacturing enterprises. In 
1966, the percentage of sales increase 

over the previous year was double that 
of the average for all other manufac- 
turers, and the company's profit increase 
of 28% contrasted with the average 
manufacturing rise of 11 %. 

This outstanding performance re- 
flected many influences -a sustained 
period of strong consumer demand for 
RCA home entertainment products; a 
steady growth in other established areas 
of business, such as commercial and 
industrial electronic products, and a 
vigorous involvement in new ventures, 
such as publishing, the graphic arts, 
education, and medical electronics. 

Coupled with these trends was a 
gradual change in the character of the 

DR. E. W. ENGSTROM, received the BSEE at the 
University of Minnesota in 1923. In the early thirties, 
Dr. Engstrom directed RCA's television research 
toward a practical service. He was responsible for 
development and construction of apparatus used in 

field tests, and in the early planning and coordi- 
nation of black- and -white television. Dr. Engstrom 
was a member of the NTSC at the time TV stan- 
dards for broadcasting were established and a 

member of the Radio Technical Planning Board. 
He was a member of the NTSC which developed 
technical signal specifications for color television 
transmission, adopted by F.C.C. Dec. 17, 1953. In 

1942 when all research activities of RCA were 
brought together at Princeton, N.J., Dr. Engstrom 
became Director of General Research. On Dec. 7, 

1945, he was elected Vice President in charge of 
research of the RCA Laboratories Division; on Sept. 
7, 1951, he was elected Vice President, RCA Lab- 

oratories; and on June 4, 1954, he was elected 
Executive Vice President, Research and Engineer- 
ing. In Oct. 1955, he was named senior executive 
Vice President. In 1961, he was elected President 

of RCA, and on Jan. I, 1966, he became Chairman 
of the Executive Committee of the Board and 
Chief Executive officer of the Corporation. He is 

a director of RCA, of NBC, of RCA Communica- 
tions, Inc., and of Random House, Inc. He is also a 

member of the Board of Directors of the Prudential 
Insurance Co. of America. Dr. Engstrom has been 
awarded honorary degrees by 14 colleges and 
universities. In 1958, he was the recipient of the 
Industrial Research Institute Medal for distin- 
guished leadership in Industrial Research; in 1962, 

he received the Medal of Honor of the Electronics 
Industry Agency; in 1965, he was awarded the 
Charles Proteus Steinmetz Centennial Medal at the 

first annual meeting of the National Association 
of Engineers of which he is a founding member. 
In 1966, he received the Founders Award of the 

IEEE and the William Procter Prize for scientific 
achievement from the Scientific Research Society 
of America. Dr. Engstrom also is a member of 
the Royal Services Academy of Engineers and 

Scientists, and in 1965 the King of Sweden conferred 
upon him the rank of Commander of Vasa. 
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electronics industry. From its initial 
concern with communications and en- 
tertainment. electronics was steadily 
evolving into the role of a basic in- 
dustry whose products and services are 
vital to virtually every other industrial 
activity. This provided a broader base 
than ever before for the . company's 
growth. 

COLOR TV AND THE 

CONSUMER MARKET 

While all these factors contributed 
materially, the force that gave the 
greatest impetus to RCA's performance 
between 1962 and 1966 was unquestion- 
ably color television. The pioneering 
days of the late fifties and early sixties 
were over, and in five short years, color 
television mushroomed from an annual 
retail sales level of $200 million to 
more than $3 billion. This latter figure 
was achieved in 1966, when consumers 
spent more money to . purchase color 
television sets than they did for all 
other home instruments, including 
black- and -white television, radio, phono- 
graphs, and tape recorders. 

Beyond the manufacture and sale of 
sets and tubes, the color television 
industry embraces the production of 
studio and transmitting equipment, such 
as color cameras and video tape ma- 
chines. It includes broadcasting, pro- 
gramming, service, and the production 
of the many electronic components that 
go into the final assembly of a set. 

Because of its decision to blaze a 
trail in color, RCA had long before 
developed its own capabilities in all 
these areas. It was recognized that if 
color television were to succeed, it had 
to be presented to the public as a total 

The versatile, battery -powered tope recorder 
found new uses in the home and in school 
lecture halls. 

system. As a result, many divisions of 
RCA experienced major gains in sales 
as public opinion on color television 
changed from the cautious interest of 
1962 to the unrestrained eagerness of 
1966. 

RCA was in a position to take full 
advantage of the new opportunities pre- 
sented by the rapid expansion of the 
market and to take the lead in many 
new developments. Slimmer cabinet 
styling replaced the earlier, bulkier 
models as the 90- degree rectangular 
color television picture tube gradually 
replaced the 21 -inch round tube which 
had been the industry standard for 
nearly a decade. By the end of 1966. 

production of this older model was en- 
tirely phased out. and RCA was man- 
ufacturing four different color picture 
tube sizes -15 ". 19 ". 22". and 25"- 
for a diverse line of portable. tabletop 
and console model receivers. (When 
used in sets, these tube sizes are now 
designated as 14 ", 18 ", 20 ", and 23" 
picture diagonal.) 

The addition of rare earth phosphors 
from materials research added greater 
brightness and clarity to the color pic- 
ture. In 1966, integrated circuits were 
introduced for the first time into home 
instruments when RCA employed them 
in the audio stage of its color and 
black- and -white television sets. 

The RCA engineers in the background discuss integrated -circuit applications in the 12 -inch, 
portable, black- and -white, TV receiver while those in the foreground examine the complex deflec- 
tion yoke for the 90° color picture tube. The chassis in the foreground shows the trend toward 
more compact color receivers using shorter rectangular picture tubes. 

Standing among the more than 50 different 
loudspeakers used in Home Instruments Divi- 
sion products is W. E. Davis of Radio "Victrola" 
Engineering in Indianapolis. H. D. Ward of the 
Record Engineering Laboratory shows a tape 
cartridge from the Record Division and the 
YGG45 reel -to -reel stereo tape recorder pro- 
duced by Home Instruments. 

Portable television sets being readied for ship- 
ment at RCA's Memphis, Tennessee, plant. 

www.americanradiohistory.com

www.americanradiohistory.com


This advanced RCA Spectra 70/45 
data processing system at the new 
RCA computer center Cherry Hill, 
N. J. is one of a family of data pro- 
cessing systems which employ "third 
generation" monolithic integrated 
circuitry. 

4 

RCA Communications' Electronic Telegraph System (ETS) 

processes message telegrams to and from overseas points 
in fractions of a second at RCA's Global Communications 
headquarters in New York. In 1966, RCA's ETS processed 
more than 10 million overseas telegrams via the 100 
full -duplex input and output buffers associated with the 
computers. 

The years 1962 through 1966 also 
saw steady advances in the manufacture 
of color transmission equipment. A new, 
all- transistorized tape recorder for both 
color and black- and -white television, the 
TR -22, found a ready market among 
broadcasters and closed- circuit tele- 
vision operators both in the United 
States and abroad. 

In 1964, as the result of a major 
engineering development effort, RCA's 
Broadcast and Communications Prod- 
ucts Division presented an entirely new 
look in broadcasting equipment. The 
new line featured sweeping changes in 
design, appearance, and function, and 
employed the use of solid -state compo- 
nents wherever possible. 

By the end of 1966, 450 out of ap- 
proximately 650 commercial television 
stations in the country were equipped 
to originate color programs from film. 
About 150 stations could originate live 
color programs. 

Leading the way towards full conver- 
sion to color was the National Broad- 
casting Company. In the autumn of 
1962, about 68% of NBC's total night- 
time programming was in color. By the 
end of 1966, the entire network sched- 
ule was broadcast in color, with the 
occasional exception of feature films 
originally photographed in black -and- 
white. 

The spectacular growth of color tele- 
vision was the principal feature of a 
generally thriving consumer market for 
electronics. 

In 1965, for example, RCA sold more 
black -and -white television sets than in 
any year since 1955. By the end of 
1966, industry sales of both imported 
and domestic radios were approxi- 
mately 44 million units, up from a little 
over 33 million units sold five years 
earlier. 

Stereophonic sound was firmly rooted 

in the home instruments market, and 
industry sales of phonographs increased 
each year from 1962 to 1966, with RCA 
"Victrola" phonographs leading the 
way. Music on tape gained in popu- 
larity during the period, and the com- 
pany responded by marketing a full 
line of reel -to -reel and cartridge tape 
recorders. 

As phonograph and tape recorder 
sales increased, the RCA Victor Record 
Division also enjoyed a succession of 
peak years. In 1966 the Division com- 
pleted three successive years in which 
all -time sales volume levels were 
reached. A significant development in 
1965 added a new force to this aspect 
of the home entertainment market. 
This was the introduction of prere- 
corded Stereo 8 tape cartridge and 
player for use in automobiles and 
homes. RCA Victor Records pioneered 
in the production of musical selections 
on Stereo 8 cartridges, and a home 
player for the tapes was introduced in 
the 1966 home instruments line. 

The Stereo 8 cartridge and player 
typified the growing trend to more 
casual electronic entertainment equip- 
ment, designed for use anywhere. The 
television set and the phonograph were 
no longer regarded only as items of 
furniture for the home, and demand 
grew for personalized, portable enter- 
tainment indoors, outdoors, and on the 
road. 

COMPUTERS AND 
INDUSTRIAL ELECTRONICS 

The expansion of the consumer elec- 
tronics market in the five -year period 
had its counterpart in commercial and 
industrial markets. RCA served this 
market with a wide variety of products 
and services ranging from data process- 
ing installations to radar equipment for 
the aircraft industry. 

Electronic data processing equipment 
was the most dynamic element on the 
commercial and industrial scene, both 
in technology and in business growth. 
In hardware alone, the sales volume of 
the computer industry rose from about 
$1.8 billion in 1962 to more than $3 
billion in 1966. 

The period brought significant ad- 
vances for RCA in system design and 
programming concepts, and the com- 
pany further solidified its position for 
the long run in the computer market. 

At the end of 1962, the product line 
consisted largely of the 301 system for 
medium and small business enterprises, 
and the larger RCA 601 for industrial 
and scientific use. In 1963, a versatile 
new unit, the 3301 Realcom, was added 
to the line as the first computer de- 
signed to span the full range of data 
handling capabilities in a single system 
-business data processing, high -speed 
communications, real time management 
control, and scientific computation. 

In the same year, a significant ad- 
junct to these systems was introduced 
in the RCA 3488 mass memory, de- 
signed to hold several billion characters 
and to operate with either the 3301 or 
the 301. 

Progress in circuit design and system 
concepts led in 1964 to a major step 
forward. RCA introduced the Spectra 
70 series, the first in the industry of a 
new third generation of computers. The 
group initially included four compatible 
general -purpose computers -two of them 
employing the first monolithic integrated 
circuits to be used in commercial equip- 
ment. A fifth model was added in 1965. 

Singly or in multiples, these systems 
were ordered by insurance companies, 
manufacturing industries, airlines, rail- 
roads, government agencies, and many 
other users in the United States and 
abroad. 

As the 1960's progressed, computer 
systems were put to increasingly so- 
phisticated use in a wide range of busi- 
ness and public functions. At their 
inception a decade and a half ago, 
electronic data processing equipment 
was regarded principally as immensely 
powerful tools for use in the repetitive 
and clerical tasks of commerce and in- 
dustry. Through the past few years, 
progress in programming techniques as 
well as hardware has led to increasing 
application of the systems in more com- 
plex tasks of information processing, 
from management simulation to the 
analysis of physical, social, and other 
problems with many variables. 

Within RCA, for example, computers 
were employed on a growing scale for 
management information. In this func- 
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tion, systems at various operating divi- 
sions and at corporate headquarters 
were programmed to supply current 
information on all áspects of the com- 
pany's operations and to aid in plan- 
ning and decision -making by indicating 
trends in the wide range of factors 
affecting production and marketing. 

Another significant trend was the 
growing relationship between com- 
puters and communications -both in 
the development of computer-to-com - 
puter links and in the use of computers 
to increase the speed and flexibility of 
communications. 

RCA introduced several advanced 
terminal devices during the 1962 -1966 
period for communication between com- 
puters and users. Among then were a 
voice response unit that provided 
spoken replies to inquiries telephoned 
directly to a computer, and a self -con- 
tained video display unit employing 
integrated circuitry. 

The greater use of computers as tools 
in communication systems was evident 
in the operations and services of RCA 
Communications, Inc. In 1964, an Elec- 
tronic Telegraph System (ETs), em- 
ploying RCA computers of special 
design, was put into operation at the 
RCA Communications, Inc. facilities in 
New York to route, process, and trans- 
mit overseas messages electronically, in 
great volume at high speed. The inno- 
vation came at a time when communi- 
cations satellites were on the verge of 
multiplying international channel ca- 
pacity. The combination of expanded 
channels and electronic message switch- 
ing promised, by the end of 1966, to 
revolutionize international communica- 
tions in terms of volume and scope of 
services. 

There were indications of this in two 
new services introduced by RCA Com- 
munications. In 1965, the company 
announced DATEL, a service for over- 
seas data transmission from punched 
tape or cards, or magnetic tape, at 
speeds up to 1,200 words a minute. In 
1966, it introduced a new service con- 
cept incorporating computer techniques 
in an Automated Information and Res- 
ervations Computer Operated Network 
(AIRCoN) for message processing and 
reservations. 

In addition to its activities in com- 
puters and data processing, RCA 
played a significant part during the 
period in supplying new products and 
services for other business needs. 
Among the notable contributions were 
airborne weather radar systems for 
commercial and business aircraft, and 
at the end of 1966, RCA was one of the 
largest suppliers of such equipment. 

Two -way mobile radio communications 
systems were developed and installed 
in trucking fleets and public transpor- 
tation bus systems, including those of 
the New York City Transit Authority. 
In the fall of 1964, the Western Union 
transcontinental microwave network, the 
longest single microwave project ever 
undertaken at one time, went into 
operation with RCA equipment in its 
267 relay and terminal stations. 

ELECTRONIC COMPONENTS 

In 1963, RCA's Semiconductor and 
Materials Division was consolidated 
with the Electron Tube Division to 
form a new operating unit known as 

Electronic Components and Dev. ces. 
The blending of the newer techno_ogy 
with the older in an organizational 
sense can be said to symbolize the corn- 
ing of age of solid state electronics as 
a business. The move enabled al_ of 
RCA's talents in the field of electronic 
components and circuitry to be em- 
ployed on a more closely coordinated 
basis. The results of the union have 
since demonstrated both the potential of 
the young slid state art, and the contin- 
uing vigor of electron tube technology. 

Electron tubes remained unchaller ged 
in many areas. In the fall of 1)64, 
RCA produced its three millionth color 
television picture tube, a short time 

w. 
Vapor- deposition equipment in RCA's Ha rison, New Jersey, plant produce "VAPODEP" 
superconductive ribbon. These superconductive ribbons, released in January 1966, 
provided outstanding performance, increased current capability, improved economies 
of application, and superior mechanical strength in the construction of commercial 
high -field- intensity magnets up to 100 kilogauss. 

In November 1965, these high- temperature 
furnaces were added to RCA's integrated 
circuit production facility in Somerville, N.J. 
At the some time, RCA announced its entry 
into the integrated circuits market with a 

broad line of 17 new digital and linear 
integrated circuits. 

One of the final steps in the manufac- 
ture of integrated circuits is performed 
by this probing equipment at RCA's 
plant in Somerville, N. J., where produc- 
tion facilities were expanded to meet 
growing demand in 1966. 
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Solar panels for Lunar Orbiter II were prepared 
for final testing at RCA's Space Center, Prince- 
ton, N.J., before joining the spacecraft that 
mapped the moon for possible manned landing 
sites. The spacecraft carried four solar panels 
(only two are shown) to convert sunlight directly 
into electricity to power the spacecraft and 
recharge its batteries for nighttime operation. 
Each of the four panels contains 2,714 indi- 
vidual solar cells. 

after it had turned out its 25 millionth 
monochrome tube. Significant innova- 
tions were made in television pickup 
tubes, including improved vidicons for 
studio cameras and a number of special 
purpose types. Among the latter were 
several built for use in the Ranger 
lunar vehicle, and one employed for 
underwater television equipment used 
by the Navy to recover missiles and 
torpedoes. 

Many other special tube types were 
provided by the new division, includ- 
ing a high -efficiency traveling -wave tube 
for microwave systems, high -efficiency 
thermionic converters, and special klys- 
tron power tubes employed in the 2 -mile 
accelerator at Stanford University in 
1966. 

The application of new solid state 
technology and materials research led 
to significant contributions during the 
period in new and improved compo- 
nents and devices for a variety of uses. 
In 1964 and 1965, for example, RCA 
introduced the new "overlay" transis- 
tors and a promising line of silicon 
power transistors for use in public ad- 
dress and home sound equipment. The 
company also continued as a leader in 
the production of transistors for use in 
automobile radios. 

A major new activity was launched 
in 1963 to engineer, develop and pro- 
duce integrated circuits for general use. 
Two years later, RCA made its full 
scale entry into this new market with 
an initial line of 17 types for applica- 
tion in communications, instrumentation, 
and industrial and military equipment, 
as well as computers. By mid -1966, the 
family of new circuits had been increased 
to 25, and integrated circuit sales had 
become a significant factor in RCA's 
total components business. 

The new Electronic Components and 

Weather pictures from the RCA APT camera 
system on the Nimbus II satellite are automati- 
cally transmitted to small ground stations where 
they are reproduced on a facsimile machine as 

shown. Storage of the weather picture on the 
APT camera vidicon tube permits transmission 
to simple ground stations located in any area 
of the world. The APT system is one of two 
advanced RCA television systems aboard the 
experimental Nimbus II satellite. 

Devices activity launched other vigorous 
programs to develop new business. An 
outstanding example, based on pioneer- 
ing work at RCA Laboratories, was the 
company's entrance into commercial 
production and sale of superconductive 
magnets, principally for use in nuclear 
research. 

SPACE AND MILITARY ELECTRONICS 

The most dramatic achievement for 
RCA in space between 1962 and 1966 
occurred in 1964 when NASA's RANGER 

7, with a six -camera payload designed 
and built by RCA's Astro- Electronics 
Division, reached the moon and sent back 
the most detailed photographs ever 
taken of the lunar surface. This was 
followed in 1965 with the successful 
launch of the RANGER 8 and 9 spacecraft, 
which together obtained and transmitted 
to earth nearly 13,000 close -up views of 
the moon. 

The TIROS television weather satellite 
program continued an unbroken series 
of successes. In 1962, three TIROS satel- 
lites, developed by RCA, were placed 
into orbit, providing television pictures 
for world -wide weather forecasting. 

The following year, two more TIROS 

satellites were launched, and RELAY I, 
a communications satellite built by 
RCA for NASA, completed its sched- 
uled year -long mission. Among RELAY'S 

achievements were the first space trans- 
mission of a color telecast, simultaneous 
voice relays between the United States 
and Brazil, and the first trans -Pacific 
transmission from the United States to 
Japan. 

RCA in 1963 was assigned major 
roles in the APOLLO program, this 
country's attempt to land astronauts on 
the moon. The company was selected 
to develop communications and control 
systems for the LUNAR EXCURSION 

MODULE, which was scheduled to per- 
form the actual landing. In addition, 
RCA contracted to build the power and 
communications equipment for the 
LUNAR ORBITER, designed to transmit 
pictures from an orbit around the moon 
in search of a suitable landing site. 
During 1965 and 1966, spacecraft in 
the orbiter series returned remarkable 
pictures of selected areas from altitudes 
as low as 28 miles above the moon. 

The major RCA contributions to the 
nation's space program in the 1962 -1966 
period included the picture- taking sys- 
tems for NASA's experimental NIMBUS 

satellite to map global weather condi- 
tions; a second successful RELAY com- 
munications satellite ; three more TIROS 

weather satellites ; and a continuation 
of the TIROS program under the name 
of ESSA (Environmental Science Services 
Administration) which established the 
first operational weather satellite system. 

In other aspects of the space effort, 
RCA delivered tracking radars for the 
APOLLO Radar Instrumentation Ships 
and the APOLLO Recovery Ships. It 
provided communications links between 
NASA headquarters in the United 
States and various overseas tracking lo- 

In 1966 an RCA mobile two -way radio network 
was provided to the Singapore Police Depart- 
ment. 
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Students from more than 60 countries throughout the world have received training in electronics in 

courses conducted by the RCA institutes. 
RCA's Graphic 70 Videocomp was designed to 
set type electronically for the printing industry. 

cations, including voice and teletype- 
writer circuits to tracking vessels at 
sea, alternate voice /data and teletype- 
writer circuits to Europe, Africa, the 
Caribbean, Australia, and several points 
in the Pacific. RCA computers were 
developed for test and checkout of the 
SATURN launch vehicle in the APOLLO 

program. 
In 1964, the RCA Service Company 

was awarded a contract for the plan- 
ning, installation, operation, and main- 
tenance of communications for NASA's 
Spaceport at Merritt Island, Florida. 

The company's military support activ- 
ities were highlighted by operation and 
maintenance of the Ballistic Missile 
Early Warning System, the electronic 
systems used on the Air Force Eastern 
Test Range at Cape Kennedy, and the 
White Alice communications system of 
the Air Force in Alaska. The com- 
pany began delivery of communications 
equipment for the Department of De- 
fense AUTODIN data communications 
network in 1964. Delivery continued 
throughout 1966, and when the project 
is completed, the continental portion of 
AUTODIN will be the most advanced 
data communications system in the 
world, with individual switching sta- 
tions capable of handling 6 million 
messages a month. 

As one of the leading industrial con- 
tractors to the Department of Defense, 
RCA continued to supply a wide range 
of military electronic devices and sys- 
tems. Among them were microelec- 
tronic receiving equipment, various 
types of radar, secure communications 

systems, laser range finders and related 
equipment, and mobile radio relay units. 

In 1966, RCA became extensively in- 
volved in the challenging new area of 
underwater technology through a three - 
year contract awarded by the U. S. 

Navy to manage, operate, maintain, and 
support the Atlantic Undersea Test and 
Evaluation Center ( AUTEC) in the 
Bahamas. AUTEC is a naval facility em- 
ploying weapons, acoustic, and sonar 
ranges located in the deep -ocean areas 
south of Nassau. 

THE INTERNATIONAL MARKET 

Technological progress and rising as- 
pirations in most parts of the world 
between 1962 and 1966 created new 
international markets for electronic 
products and services. This was espe- 
cially evident in the spread of color 
television abroad. 

In 1964, RCA Victor Company, Ltd., 
of Montreal, began the assembly of 
color picture tubes. In the same year, 
RCA sent a specially built mobile unit 
on a six -month tour to demonstrate the 
United States color television system to 
European governmental authorities. By 
1966, RCA's Canadian subsidiary had 
substantially expanded its color picture 
tube facility, and had started construc- 
tion of a new cabinet plant in Ontario. 

In anticipation of regular color broad- 
casting in Europe, a new company, 
RCA Colour Tubes, Ltd., was formed 
in England in association with the 
British firm of Radio Rentals, Ltd., to 
produce RCA color picture tubes for 
the British and European markets. 

On the other side of the world, the 
Philippines became the second Far 
Eastern nation after Japan to begin 
color broadcasting, employing RCA 
color studio and transmitting equipment. 

In addition to supplying color and 
black- and -white television equipment to 
nations in Asia, Africa, and the Middle 
East, many other RCA products were in 
use throughout the world. 

In 1963, RCA's Canadian subsidiary 
received a contract from the Canadian 
government for the design and con- 
struction of an advanced satellite com- 
munications ground station in New- 
foundland. The station began operations 
in 1966. RCA Communications, Inc., 
was selected by the government of 
Thailand in 1966 to install Southeast 
Asia's first communications satellite 
earth station. 

During the five -year period, RCA 
subsidiaries were active in the Latin 
American Free Trade Area, exporting 
electron tubes to this expanding market. 
The recording operations of RCA Ital- 
iana, conducted in Rome at Europe's 
most modern recording facilities, in- 
creased substantially. Two -way mobile 
radio units were supplied to the Hong 
Kong Ambulance and Fire Service, and 
to the Singapore Police Department, 
and NBC reached audiences in 93 
countries through the sale of television 
films to government broadcasting 
authorities. 

The continued growth of new oppor- 
tunities abroad led at the end of 1966 
to a realignment of RCA's organiza- 
tional structure to capitalize upon its 
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special skills for foreign markets. The 
change was designed to draw the do- 
mestic operating divisions more directly 
into RCA's overseas businesses in order 
to make the most effective use of the 
company's resources in an expanding 
world market. 

NEW BUSINESS AREAS 

Major diversification moves were made 
during the four -year period to develop 
positions of leadership in new technol- 
ogy and new markets, ranging over 
wide areas of information processing 
and education. 

In 1965, RCA organized a Graphic 
Systems Divison to apply computer and 
electronic technology to processes used 
in the printing industry. The following 
year the Division marketed its first two 
products -the Graphic 70 Videocomp 
electronic typesetter, and the Graphic 
70 Color Scanner, which electronically 
produced the four basic color separa- 
tions needed in full -color printing. At 
the same time, a vigorous applied re- 
search and development program was 
launched to supply a flow of new 
products. 

The company expanded into pub- 
lishing and took major steps into new 
areas of education. In 1966, Random 
House, Inc., became a wholly -owned 
subsidiary of RCA. 

The educational facilities of the RCA 
Institutes, Inc., were expanded sub- 
stantially. In 1966, the RCA Service 
Company received multi -million -dollar 
contracts to operate two Job Corps 
Training Centers for the Office of 
Economic Opportunity. 

In order to coordinate the sale of Tv 

systems, cameras, learning laboratories, 
and other equipment to the educational 
market, RCA formed an Instructional 
Electronics Department in 1966. That 
same year, the nation's largest educa- 
tional TV system, installed by RCA for 
the Catholic Archdiocese of New York, 
was put into operation, and a similar 
system serving the Miami Diocese was 
extended. 

Other new opportunities explored in 
1966 included an agreement with Hoff- 
mann- LaRoche, a leading pharmaceuti- 
cal firm, to collaborate in the devel- 
opment of new medical electronic 
equipment. 

Also in 1966, the company estab- 
lished the Magnetic Products Division 
to speed the growth of RCA's business 
in computer and other tapes for use in 
industry and the home. 

Finally, late in the year, the Boards 
of Directors of RCA and The Hertz 
Corporation approved an agreement for 
the acquisition of Hertz by RCA. 
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RESEARCH 

Many of the products that so radically 
changed the character of the electronics 
industry between 1962 and 1966 repre- 
sented the successful application of re- 
search performed in earlier years in 
the laboratories of RCA. 

The company's research and develop- 
ment activities during the period were 
scattered widely through the principal 
operating divisions. spearheaded by the- 
oretical and applied research at the 
David Sarnoff Research Center of RCA 
Laboratories at Princeton, N.J. 

In 1963, and again in 1965, major 
expansion programs were undertaken at 
the research center to increase labora- 
tory facilities and to accommodate new 
research activities associated directly 
with specific product divisions of the 
company. 

The research program itself pene- 
trated increasingly into new areas of 
basic materials and phenomena, and it 
produced a number of significant ad- 
vances leading to new devices and tech- 
nology applicable to present and future 
businesses for RCA. 

Extensive research efforts relating to 
lasers led to a number of new laser de- 
vices and techniques for employing 
lasers in possible future communica- 
tions systems. A highlight of the pro- 
gram was the development in 1965 of 
an argon laser producing the highest 
power of any visible light laser yet 
known. The device was translated into 
a new commercial product and placed 
on the market by RCA in 1966. RCA's 
scientists also achieved in 1965 the first 
injection laser to emit visible light at 
room temperature. 

Continued research in computer mem- 
ories led to a number of new concepts 
and techniques of considerable promise 
for the future. The program followed 
several different lines, including new 
types of ferrite devices, thin film tech- 
niques, and superconductive memories. 
The latter effort achieved in 1966 a new 
technology for making high- capacity 

superconductive arrays that promised to 

out -perform present mass storage elec- 
tromechanical memory systems and to 
compete economically with them. 

Experiments in thin -film techniques 
employing improved photosensitive ma- 
terials resulted in an experimental tube- 
less television camera. This device 
employed networks of thin films of 
photoconductors and other semiconduc- 
tor materials, and digital scanning tech- 
niques, to perform the functions of a 
pickup tube and picture processing 
elements in a conventional camera. 

These are highlights of a wide - 
ranging effort that also produced new 
understanding of basic phenomena, ex- 
plored new materials for a multitude of 
device applications, and developed new 
technologies for manufacturing micro- 
miniature devices in large arrays. The 
results promise to carry RCA forward 
in many existing and new areas of busi- 
ness in the years just ahead. 

PROSPECTS FOR THE FUTURE 

In assessing the performance of RCA 
between 1962 and 1966, and looking 
ahead at the prospects for continued 
growth and development, David Sarnoff 
told shareholders at the 1965 Annual 
Meeting, "In all my years with RCA, 
I have never seen our company more 
strongly positioned for progress than it 
is today -in personnel, in products and 
services. and in the promise of continu- 
ing profitability. Color, computers, com- 
ponents, and communications; broad- 
casting, service, records, and broadcast 
equipment are among the most active 
contributors to the country's growth - 
and they illustrate the breadth as well 
as the diversity of our strength." 

These words were equally appropri- 
ate as 1966 drew to a close. Electronics 
in 1966 remained the nation's fastest 
growing industry. and its most chal- 
lenging. No company was more deter- 
mined than RCA to explore the many 
opportunities for service that electronics 
will offer in the years ahead. 

This experimental "sun- pumped" laser, which is powered by the sun's rays collected in the para- 
bolic mirror, was developed by RCA's Applied Techno!ogy organization, Camden, N. J., for NASA's 
Manned Spacecraft Center, Houston, Texas. This was the first step in a 50- million -mile communica- 
tions link between Earth and spacecraft near Mars. Adjusting the equipment is RCA physicist 
Richard J. Tarzaiski, who helped develop the system. The device is believed to be the first to 
transmit television pictures over a light beam from a laser powered by sunlight. 
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INTEGRATED -CIRCUIT OPERATIONS 

AT RCA SOMERVILLE -A Review 

Development of integrated circuits was initiated at RCA Somerville in 1964. 

From a handful of engineers and scientists working with the most rudimentary 
facilities in a small developmental laboratory, the organization has grown to 
include a staff of more than 1,000. The organization represents the successful 

combination of a staff embracing a wide spectrum of skills with a large devel- 

opment and production facility. Production and Engineering operations have 

grown to include well- equipped development and model shops, as well as a 

multiplant manufacturing capability consisting of a factory in Palm Beach, 

Florida, in addition to the manufacturing and engineering operations located 

at EC &D's Somerville plant. Production operations already require nearly 

100,000 square feet of floor space, with almost explosive further growth 
planned over the next five years. Engineering operations now require an area 

in excess of 30,000 square feet to accommodate a staff of more than 400. 

This paper reviews the production, testing, and quality control processes that 
have evolved in these integrated circuit operations. 

E. M. TROY, Mgr. 
Integrated Circuit Products Mfg. Operations 

Electronic Components and Devices, Somerville, N. J. 
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cA's basic integrated- circuit produc- 
tion capability has been expanded 

since 1964 to include all processing re- 
quired to produce a finished product, 
with the single exception of raw silicon - 
wafer manufacture. Expansion of the 
production capability to include epi- 
taxial wafer processing and the manu- 
facture of a complete line of packages 
(including the TO -5, ceramic flat pack, 
and ceramic plastic dual -in -line pack- 
ages ) has occurred during the past year. 

Wafer processing is carried on in 
laminar -flow rooms especially designed 
for this purpose. These facilities, which 
now require more than 20,000 square 
feet of floor space, are maintained at 
better than Class 100 conditions and pro- 
vide the dust -free environment so impor- 
tant for the critical wafer -processing 
portion of integrated- circuit fabrication. 
The laminar -flow rooms allow flexibility 
in equipment layout and product flow. 

The simultaneous rapid development 
of monolithic silicon technology and pro- 
duction requirements has posed many 
equipment problems. Equipment being 
developed was subjected to numerous 
design modifications to permit accom- 
modation of the technological changes 
that had occurred in the manufac- 
turing process during the equipment 
design and fabrication period. Equip- 
ment versatility and the minimization of 
obsolescence was, and still is, the key 
consideration in the multimillion -dollar 
integrated- circuit production. 

PRODUCTION PROCESSES 

Wafer Processing 

The basic monolithic process is still the 
cornerstone of integrated- circuit manu- 
facture. Refinements and variations of 
this wafer -processing technique have 
been developed that have led to the fab- 
rication of a wider variety of devices than 
was possible previously, as well as to 
improved process control and to circuit 
yield improvements. Although wafer 
fabrication is still essentially a batch 
process, recent advances in techniques 
have permitted substantial increases in 
lot sizes while at the same time mini- 
mizing labor costs and largely eliminat- 
ing wafer damage caused by individual 
wafer handling by operators. 

A flow chart showing the steps in the 
processing of a typical wafer is shown in 
Fig. 1. Following the first diffusion step 
(N +) , an epitaxial layer is grown on 
the wafer. The wafer is then cycled 
several times through the furnace- photo- 
lithographic -etching series of operations 
to provide the requisite pattern of suit- 
ably doped layers within the silicon slice. 
Precise alignment equipment is used to 
define the required patterns on the slice, 

Final manuscript received April $0, 1967 
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Fig. 2 -View of Integrated -Circuit Diffusion- Furnace area. 

Fig. 3 -View through window in Laminar Flow Room showing the 
Wafer Photolithography Processing Area. 

Fig. 4- Enlarged view of circuit probe tips contacting wafer. 

10 

Fig. 5-Typical TO -5 and flat-pack headers 
with chip attached. 

and windows are etched open in accord 
with these patterns. The patterns define 
and interconnect the various circuit ele- 
ments on the chip. The wafers are then 
processed through a series of deposition 
and diffusion steps in which carefully 
controlled quantities of dopants are de- 
posited on the wafer and diffused into 
the window openings under closely con- 
trolled temperature -time conditions. The 
wafer is then ready for metallization. 

In metallizing, a thin film of aluminum 
is deposited by evaporation over the en- 
tire active surface of the wafer. A photo- 
lithographic step follows in which the 
interconnect pattern for each chip is de- 
fined on the wafer with photoresist; an 
acid etch is then employed to remove 
the unwanted metal surrounding the 
interconnect pattern. 

At this point, the wafer is "back - 
etched" to clean up its back surface and 
to reduce its thickness. As a final step a 
layer of gold is deposited on the back of 
the wafer to permit metallurgical mount- 
ing of the chips it contains onto their 
respective packages. 

In a significant volume operation 
where a large number of different 
chips are being processed concurrently 
through this process cycle, careful 
scheduling and control of product flow 
is necessary. For this reason, studies 
aimed at the implementation of compu- 
ter- controlled product -flow techniques 
for this critical operation are currently 
underway. Fig. 2 shows a portion of the 
diffusion -furnace area. Floor gratings 
and ceiling nozzles are used to direct the 
laminar flow of specially filtered air dur- 
ing this operation. Fig. 3 shows a view 
through a window in the laminar -flow 
room in the wafer photolithographic 
processing area. 

Chip Preparation 

By far the most costly processes in the 
manufacture of an integrated circuit are 
the assembly, packaging, and testing of 
the device. Assembly costs are high be- 
cause of the great amount of labor re- 
quired. Package costs, especially for the 
ceramic type of enclosure, may be equal 
to or greater than the chip cost. Al- 
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though the cost of testing is not pro- 
hibitive, the cost of rejecting a packaged 
unit at final test is very substantial. The 
substantial loss arises from the fact that 
for every circuit rejected the entire cost 
of assembly and packaging is lost. There- 
fore, until such time as assembly and 
packaging become automated and their 
costs assume more modest proportions, 
the final test yield will exert a very 
strong influence on final product cost. 

The method currently used to avoid 
assembly and packaging of defective 
circuits is to eliminate the defectives at 
the wafer /pellet stage. Circuit probing 
is used to evaluate the electrical per- 
formance of each of the circuits on a 
wafer and to determine the defective or 
marginal pellets. In circuit probing, a 
multiple probe head with as many as 
fifteen probes is used to contact the 
bonding pads on each chip. Fig. 4 shows 
an enlarged view of the circuit probe 
tips making contact with the wafer dur- 
ing this operation. The probe head is 
operated in conjunction with a conven- 
tional automatic test set such as that 
used at final test. A prescribed series of 
tests is performed on each chip as the 
probe head makes contact. The equip- 
ment is designed so that the probe auto- 
matically steps from circuit to circuit 
on the wafer after completion of each 
test sequence. During the probing pro- 
cess, chips failing to meet test require- 
ments are physically identified so that 

Fig. 6 -A metal lead frame used in processing 
lastic ackaged chips. 

they can be eliminated from the batch 
before it enters the, assembly stage. 

Because of the very small spacings on 
a chip. the large number of contacts to 
be made, the size of the contact pads (3 
to 5 mils across), and the sensitivity of 
a number of the circuits to small changes 
in probe -tip contact resistance, circuit 
probing presents a unique problem in 
integrated- circuit processing. Making 
consistent simultaneous low -ohmic con- 
tacts on up to fifteen 3- to 5 -mil pads 
located on the periphery of a chip 30 to 

60 mils square on a production -rate basis 
presents extremely severe mechanical 
and electrical problems. After circuit - 

probe testing, each wafer is scribed with 
a diamond -tipped needle and diced into 
individual circuit chips by rolling or 
flexing techniques. Defective chips are 
separated out in a subsequent inspection. 

Assembly 

The first step in assembly is mounting. 
In this operation, a progression of auto- 
matic equipment developed by RCA is 
used to locate, orient, and mechanically 
and thermally attach the chip to its 
package by eutectic alloying, by ultra- 
sonic bonding, or by nonmetallurgical 
means. Typical TO -5 and flat -pack 
headers with chips attached are shown 
in Fig. 5. In processing plastic pack- 
aged units, the chip is affixed to a 
mounting pad which is part of the metal 
lead frame shown in Fig. 6. Chips re- 
main on the lead frame through the 
mounting and bonding operations. The 
frame contains the leads or posts to 
which the connections to the pads on the 
chip are made. The leads will ultimately 
be cut and formed to fit the finished 
package outline. Extreme care must be 
used in handling a chip during the 
mounting operation if mechanical dam- 
age is to be avoided. In all mounting 
techniques, the chip is transported, ac- 
curately positioned on the package or 
header, and properly aligned for bond- 

ing by tiny vacuum chucks with pick -up 
heads designed to contact the chip on 
its periphery. 

After mounting, the unit proceeds 
through the wire -bonding operation. In 
this step, thin (1.5 -mil) aluminum wires 
are connected between each of the pads 
on the chip and the corresponding post 
on the header. RCA uses ultrasonic 
bonding exclusively in the wire- bonding 
process because it is a low- temperature 
process and because it affords very -high- 
reliability bonds. The labor costs in the 
bonding step are very high with present 
assembly techniques. The high cost 
arises from the fact that from 8 to 14 
wires must be manually bonded at both 
the pad and the post for a total of 16 to 
28 bonds on each unit. Much work is 
being done in the industry in an attempt 
to find a practical means of automating 
the bonding technique so that the labor 
cost can be reduced. 

Packaging 

After bonding, the units are sealed in 
packages. RCA integrated circuits are 
currently packaged in three distinct con- 
figurations: the TO -5 glass -metal pack- 
age, the ceramic flat pack, and the dual - 
in -line package. There are two types of 
dual -in -line package, one of ceramic 
and one of plastic. 

The TO -5 package, an extension of the 
standard transistor -type package, has 
from 8 to 12 leads; the flat pack and 
dual -in -line packages have 14 leads. Ce- 

ramic packages, either flat pack or dual - 
in -line, offer the ultimate in hermeticity 
and package integrity, but their cost 
is high because of the basic complexity 
of their fabrication process. The dual -in- 
line plastic package is at present rapidly 
achieving popularity in the industry. 
Molded packages of this type, such as 
the one shown in Fig. 7, are less costly 
than the ceramic package and can be 
readily designed to accommodate more 
than 14 leads. 

Fig. 7 -A molded plastic dual -in -line package. 
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Fig. 8 -A flow chart of RCA's integrated cir- 
cuit manufacturing process and Quality Con- 
trol check points. 

r 
REPEAT CYCLE 
ACCORDING TO 
REVD NO OF 
DIFFUSION STEPS 

L - - -- 

PURCHASE SUBSTRATE 

INCOMING INSPECTION 

GROW EPITAXIAL LAYERS 

LOT ACCEPTANCE 

OXIDIZE OR DIFFUSE SLICES 

PURCHASE PHOTORESIST 

LOT ACCEPTANCE 

APPLY PHOTORESIST 

12 

PURCHASE MASKS 

LOT ACCEPTANCE 

EXPOSE AND DEVELOP PHOTORESIST 

INSPECT DEVELOPED WAFER 

EVAPORATE METALIZATION 

LOT ACCEPTANCE 

APPLY, EXPOSE AND DEVELOP PHOTORESIST 

ETCH METALIZATION AND REMOVE PHOTORESIST 

INSPECT PHOTORESIST REMOVAL 

LOT ACCEPTANCE 

WAFER PROBE 

SCRIBE WAFER AND SEPARATE PELLETS 

INSPECT PELLETS 

LOT ACCEPTANCE 

MOUNT PELLETS 

LOT ACCEPTANCE 

ULTRASONIC BOND 

PURCHASE STEMS 

PURCHASE BONDING WIRE 

INSPECT MOUNTED AND BONDED UNITS 

LOT ACCEPTANCE 

LOT ACCEPTANCE 

SEAL 

DEVICE CONDITIONING 

LEAK TESTING 

ELECTRICAL TESTING 

LOT ACCEPTANCE 

BRAND AND PACK 

LOT ACCEPTANCE 

SNIP 

PURCHASE SHELLS 

OC QUALITY AUDITS OF OPERATORS, 
MACHINES, AND PROCESSES. 

OC IN -LINE LOT ACCEPTANCE TESTS 
ON IN- PROCESS AND FINISHED GOODS. 

M MANUFACTURING DEPT. 

OC QUALITY CONTROL DEPT. 

RCA's techniques for hermetically 
sealing TO -5's and flat pack and dual -in- 
line ceramic packages is to weld a cap 
onto the package in a dry nitrogen at- 
mosphere. Plastic packaged units are 
sealed by the plastic covering molded 
around the metal lead frame to which the 
chip is affixed during mounting and 
bonding operations. 

The final step in assembly is precon- 
ditioning. In this step, circuits are put 
through a series of temperature -cycling 
tests and checks for package hermeticity. 

TESTING 

In final testing, the packaged units are 
evaluated 100% during an extended 
series of DC and AC tests. These tests 
include those performed during circuit 
probing plus a number of additional tests 
required to establish adequate circuit 
performance. In general, more than 
thirty -five DC and AC tests are performed 
on each circuit. Testing is normally done 
at room temperature without preheating, 
but for some circuits rigorous preheating 
requirements are imposed. In addition 
to the need for development and mainte- 
nance of sophisticated high -speed elec- 
tronic test equipment, final testing pre- 
sents some very serious mechanical han- 
dling problems. Present integrated cir- 
cuits are housed in packages with 8 to 
14 leads. As large -scale integration de- 
velops, packages with many more leads 
will become common. The problem will 
be to get these multilead packages into 
the test set at such a rate that maximum 
advantage can be taken of the inherently 
high test speed (thousand of units per 
hour) of the test equipment, while mak- 
ing sure that low -ohmic contacts are 
made to each lead. It appears that the 
most practical solution to this problem 
exists in the combination of an auto- 
matic handling system with the use of 
multiplexing to permit time -sharing by 
a number of test sockets. For those cir- 
cuits requiring preheat, the problems 
involved in automatic handling increase 
substantially. 

QUALITY CONTROL - 
PRODUCT ASSURANCE 

The old axiom about not being able to 
test quality into a product was never 
more appropriate than for integrated 
circuits. The quality of the materials 
and the workmanship that go into a cir- 
cuit during wafer processing and assem- 
bly directly determine the yield of ac- 
ceptable circuits at final test and the 
ultimate performance and reliability of 
the circuit in its application. Because 
each successive step in wafer processing 
tends to mask the preceding steps, it is 
impossible to control production unless 
a rigorous quality -control program is 
enforced at each step of the process. 

EDWARD M. TROY received the B.S. degree in 

Electrical Engineering from Rutgers University in 

1948. Upon graduation, he joined RCA as a Prod- 

uct Development Engineer. In 1957 he was ap- 

pointed Manager, Receiving -Tube Test Engineering, 
and in 1959 was appointed Manager, Receiving - 

Tube Design. In this position he had broad respon- 

sibility for the direction and coordination of engi- 
neering effort on electron -tube development and 

manufacturing problems and the introduction of 
improved designs, materials, and processing tech- 
niques to device manufacture. In 1963, he trans- 

ferred to the Thermoelectric Products Engineering 

activity, where his responsibilities included the 

development and direction of technical programs 

on thermoelectric energy conversion. He was 

closely associated with the SNAP -IOA and SNAP - 

17A thermoelectric programs at RCA. In Novem- 

ber of 1965 he was appointed Administrator, 
Operations Planning for the Integrated- Circuit 
Operations Department, and in December was ap- 

pointed Manager of Integrated- Circuit Products 

Manufacturing Operations. In this capacity he 

directed RCA EC &D's production build -up on in- 

tegrated circuits. Mr. Troy is a member of Tau 

Beta Pi, Phi Beta Kappa, IEEE and the AMA. 

Only by this means can reasonable yields 
be obtained. RCA's integrated- circuit 
production program is based on a com- 
prehensive quality and reliability assur- 
ance program that meets MIL- Q -9858A 
standards and that is designed to control 
process variation and product quality. 
The program includes an inspection and 
verification of incoming raw materials, 
in- process quality control, and finished - 
product quality audits and reliability 
assurance checks. A simplified flow 
chart showing RCA's integrated- circuit 
manufacturing process and quality -con- 
trol check points is shown in Fig. 8. The 
triangles represent quality audits of 
operators, machines, and processes; the 
squares represent in -line lot- acceptance 
tests on in- process and finished goods. 
These quality checks are performed in 
addition to the 100% inspection accom- 
plished by manufacturing personnel at 
critical points throughout the produc= 
tion process. All production personnel 
receive extensive training in a company- 
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sponsored training center; proficiency 
must be demonstrated before an opera- 
tor is permitted to work on the produc- 
tion line. 

Process -control charts are used to 
monitor all segments of the manufactur- 
ing process and to isolate any undesir- 
able trends that occur so that timely 
preventive action can be taken. In many 
critical areas, such as bonding, individ- 
ual control charts are kept for each 
operator so that trouble areas can be 
pinpointed. RCA's process-control tech- 
niques for integrated- circuit manufac- 
ture are among the most complete, 
sophisticated, and precise in the semi- 
conductor industry: photomasks for the 
photolithographic process are checked to 
a dimensional accuracy of 10 millionths 
of an inch, the thickness of epitaxial 
layers is controlled to tenths of microns, 
and oxide and diffusion layers are con- 
trolled to hundredths of angstroms. 

After final tests, all lots are sampled 
by Quality Department operators and 
tested on independent quality -control 
test facilities to determine adherence to 
all applicable operating specifications. 
After branding, a final visual and elec- 
trical quality audit is performed before 
product acceptance. 

RELIABILITY ASSURANCE 

The reliability of RCA's integrated cir- 
cuits derives directly from the integrity 
of the design and manufacturing pro- 
cesses. A reliability assurance program 
has been established to determine the 
capability of all new integrated- circuit 
designs to meet comprehensive reliabil- 
ity standards. In addition to basic de- 
sign reviews and reliability checks, 

mechanical and environmental testing is 
performed on all types of integrated cir- 
cuits manufactured. These tests are as 
outlined in Fig. 9. Both shelf and oper- 
ating life tests in the form of electrical 
performance evaluations are performed 
periodically on all circuits under am- 
bient and high- temperature conditions. 
High- temperature life history of more 
than 5.5 million unit -hours has been ac- 
cumulated. Tests are also performed in 
actual customer circuits as a further 
check on the reliability and life expec- 
tancy of the product. The reliability loop 
is completed by the performance of ex- 
tensive failure analyses on integrated 
circuits that fail to meet environmental 
stress testing or customer specifications. 
Follow -up action is then taken in the 
design or manufacturing areas to elimi- 
nate the causes of these failures. 

SUMMARY 

Over the past three years at RCA EC &D, 
integrated circuits have moved from the 
research and design stage through the 
development phase into commercial 
product status. Production has ad- 
vanced from prototype development to a 
full- fledged production operation with 
an annual output in the millions of units. 
From the early days when only three or 
four different chips or circuits were 
available, the product line has expanded 
to more than sixty circuits. Fig. 10 illus- 
trates the growth in the number of cir- 
cuit types over a three -year period. Fig. 
11 outlines the current RCA integrated - 
circuit product line and shows the many 
types of circuits now available to meet 
the ever -expanding diversity of applica- 
tion needs. 

Fig. 9- Mechanical and environmental tests performed on all integrated circuit type. 

SUBGROUP TESTS & CONDITIONS 

Subgroup Test 

Physical Dimensions 

Solderability 
Thermal Shock 
Moisture Resistance 

Shock 

Vibration, Fatigue 

Vibration 

Constant Acceleration 

Terminal Strength 
(Lead Fatigue) 

Salt Atmosphere Corrosion 
(TO -5 Style Pkg.) 
Soldering Heat 

High Temperature 
Storage Life Test 

High Temperature Operating 
Life Test 

Conditions 
MIL -STI)- 

750 METHOD 
I. 

H. 

IH. 

1V. 

V. 

VI. 

VII. 

65 °C to +150 °C - 5 cycles 
240 hrs., temp. cycled 
25 °C to 65 °C at 90% 
relative humidity 

1500G's - 5 blows in each 
of 6 planes 
96 hrs., 20G's 
non -operating 
Variable Frequency 
(100 - 2000 cps) 
20,000G - 6 planes 

1/2 II). -3 90° bends 
2 lbs. - 3 sec. 

24 hrs. at 35 °C 

260°C 

non -operating 

TA - 125°C 

2066 

2026 

1056B 
1021 

2016 

2046 

2056 

2006 

2036E 
2036A 

1041 

2031 

1031 

1026 

Fig. 10- Growth in chip and circuit types over 
a three -year period. 
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Fig. 11 -RCA Integrated Circuit p -oduct line. 

INTEGRATED CIRCUITS 
MONOLITHIC SILICON TYPES 

TYPE 
Linear - Amplifier Function 

dCA3000 
CA3001 
CA3002 
CA3004 
CA3005 

CA3006 
CA3007 
CA3008 
CA3010 
CA3011 

CA3012 
aCA3020 
aCA3021 
aCA3022 
aCA3023 

aCA3028 
aCA3029 
aCA3030 
aCA3031 /702A 
aCA3032/702C 

Linear - Amplifier/Discriminator 
CA3013 
CA3014 
CA3015 
CA3016 

Linear - Active Arrays 
aCA3018 
aCA3019 

Digital 
High -Speed ECCSL* 

CD2100 
CD2101 

Ultra- High -Speed ECCSL* 
CD2150 
CD2151 
CD2152 

Low Power DTL 
CD2200 
CD2201 

aCD2202 
CD2203 

aCD2204 
aCD2205 

DC 
Video 
IF 
RF 
RF 

RF 
AF 
Operational 
Operational 
Wide Band, Low Voltage 

Wide Band, High Voltage 
Audio 
Video 
Video 
Video 

RF 
Operational 
Operational 
Operational 
Operational 

Wide Band, Low Voltage 
Wide Band, High Voltage 
Operational 
Operational 

Transistor General Purpose 
Diode General Purpose 

Dual 4 -Input Gate 
Quad 2 -Input Gate 

Dual 4 -Input Gate 
Dual 4 -Input Gate 
Single 8 -Input Gate 

Dual 4 -Input Gate 
Quad 2 -Input Gate 
Dual 4 -Input Buffer Gate 
J -K Flip Flop 
Dual 4 -Input Gate Expander 
Dual 3 -Input Gate 

*Pronounced EXCEL (Emitter- Coupled Current - Steered Logic) 
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THE RCA COMPUTER -CONTROLLED 

INTEGRATED- CIRCUIT TEST SYSTEM 

A Spectra 70/15 computer -controlled integrated- circuit 
test system is currently in operation at Somerville, N. J. 

This system provides great flexibility in testing and reduces 

the final product cost by eliminating the reject analysis 

normally performed by engineering personnel. The system 

offers the additional advantages of allowing on -line data 

analysis and diagnostic testing. 

E. C. CROSSLEY was awarded O.N.C. and H.N.C. 
in Electrical Engineering, with endorsements in 

heat, light, sound, electronics, and measurements, 

at Bath Technical College, England. In 1955, he 

joined Westinghouse Brake and Signal Co., Ltd., 

Chippenham, England, where he worked on the de- 

sign of specialized test and production equipment 
for rectifiers and semiconductor devices. In 1958, 

he was promoted to section leader, and in 1959 to 

Manager of Electrical Design in the Equipment 
Development Group. He joined the General In- 

strument Corp., Newark, in 1962 as a senior engi- 
neer to design test gear for large power rectifiers 
and SCR's. Since joining RCA in 1963, he has 

worked in the Equipment Development activity of 

Electronic Components and Devices at Somerville 

and Harrison, N. J., on a variety of production and 

test- equipment projects. 

B. J. WALMSLEY received the B.Sc. degree in 

Physics from the University of Manchester, England, 
in 1950. From 1952 to 1958, he worked as a receiv- 

ing -tube development engineer with Associated 

Electrical Industries Ltd., Enfield, Middlesex. In 

1958, he was promoted to Section Leader of a 

Measurements group in the Transistor Development 

Department of the same company. In 1961, he 

joined RCA at Somerville as an engineer in the 
Rating Laboratory, and worked on Test Engineer- 
ing and Reliability. He was promoted to Engineer- 
ing Leader in 1962. In 1965, he transferred to the 
Integrated Circuits Engineering activity, and is 

now Group Leader of the Test Engineering and 

Reliability group. 

S. N. LEVY received the BEE degree from Cornell 
University in 1955. He was employed at Hughes 

Aircraft Company from 1955 to 1959 where, as a 

design engineer, he worked on pulse doppler radar 
systems and participated in the Hughes graduate 
engineering study program at UCLA. He joined 
the RCA Service Company in Riverton, New Jersey, 
in 1959, as a field engineer for the BM EWS project. 
He later went to Thule, Greenland, to work on the 

installation of the computer system for the BMEWS 

Radar. After the system became operational, Mr. 
Levy continued on as Manager, Technical Mainte- 
nance, of the site with responsibility for engineering 
and maintenance of the radar, data processing, 

and display equipment. After leaving Greenland, 

Mr. Levy was responsible for system evaluation of 

all three BMEWS radar sites. In 1964, he joined 

B. J. WALMSLEY, LDR. 

Test Engineering and Reliability 
Integrated Circuits, Somerville, N. J. 

E. C. CROSSLEY 

Equipment Development 
Harrison, New Jersey 

B. V. VONDERSCHMITT, MGR. 

Circuit Design, Integrated Circuits 
Electronic Components and Devices 

Somerville, New Jersey 

and 

S. N. LEVY 

Automatic Test and 
Measurement Systems 
Camden, New Jersey 

the newly organized corporate staff group con- 

cerned with automatic testing in RCA. This group 
is responsible for implementing corporate poli- 
cies, plans and programs relating to Automatic 
Test and Measurement Systems within RCA. Since 

that time he has been instrumental in implementing 
automatic test projects in several of the RCA divi- 
sions, with particular emphasis on computer con- 

trolled systems. Mr. Levy is a member of IEEE, 

Eta Kappa Nu and Tau Beta Pi. 

B. V. VONDERSCHMITT received the BSEE from 
Rose Polytechnical Institute, Terre Haute, Indiana 
and the MSEE from the University of Pennsylvania. 
Since joining RCA, Mr. Vonderschmitt was asso- 

ciated with Monochrome and Color Television De- 

sign as part of the Electronic Components Divi- 

sion and the Consumer Products Division. In 1959, 

he joined the Semiconductor Division, Somerville, 
New Jersey, working in the Microelectronics De- 

partment. In 1963 he became manager of Inte- 
grated Circuit Applications. Since 1966 he has been 

manager of Integrated Circuit Design and Applica- 
tions. He is a member of the IEEE, Tau Beta Pi 

and is a registered professional engineer. He has 

been awarded 13 patents. 

E. C. Crossley 
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Fig. 1- Computer controlled test system. 

ONE of the most expensive steps in the 
development of an integrated cir- 

cuit is the engineering analysis of early 
samples. This analysis is performed to 
determine the correctness of the masks 
used in generation and to assure that the 
characteristics of the total circuit comply 
with specifications while allowing some 
leeway for variability in processing. 

Usually a minimum of 20 lots of de- 
velopmental integrated circuits (50 cir- 
cuits per lot) are analyzed to determine 
compliance with normal process varia- 
bility. For each of the 50 circuits, 30 to 
40 parameters must be measured. This 
means that 10,000 to 15,000 readings 
must be analyzed and plotted, and aver- 
ages and deviations calculated. In addi- 
tion, an analysis of catastrophic circuit 
failures must be made to define failure 
modes and to separate failures due to 
processing from those due to design er- 
rors in the masks. 

Until recently, these measurements 
and analyses have been accomplished by 
the application of vast amounts of expen- 
sive engineering manpower and have re- 
quired much tedious manual analysis of 
data and plotting of distributions. The 
result was high finished -product cost. To 
help alleviate this high cost factor, the 
RCA Computer -Controlled Integrated - 
Circuit Test System was developed. 

The system (Fig. 1) consists of an 
RCA Spectra 70/15 computer with peri- 
pheral magnetic tape station, card 
reader, card punch, I/O typewriter, and 

Fi,,al naaiiuscript received April 15, 1967. 

a Special Equipment Controller (SEC) 
that governs the operation of the Test 
Set. Four program segments -an Execu- 
tive, a Test Program Generator, a Test 
Program Controller, and the specialized 
Integrated Circuit Test Program -con- 
trol the types of tests to be made and the 
parameter to be measured. The system 
is capable of performing successive tests 
which include (1) the application of 
voltage and current of any polarity to 
certain prescribed terminals of the in- 
tegrated circuit under test, (2) the con- 
nection of loads to certain terminals, (3) 
the measurement of a specific parameter 
at a prescribed terminal, (4) the com- 
parison of this measured parameter to 
specified limits, (5) the classification 
of the device by the use of sorting logic, 
and (6) data logging. The system is also 
capable of performing diagnostic tests 
and of providing typed -out messages 
which indicate the specific component or 
groups of components within the inte- 
grated circuit causing the circuit failure. 

SYSTEM COMPONENTS 

The Computer and 
Its Peripheral Equipment 

The computer used is an RCA Spectra 
70/15 with an 8192 -byte high -speed core 
memory. Connected to the 70/15 is a 
Spectra magnetic tape station, a card 
reader, a card punch, and an input -out- 
put typewriter. The typewriter is the 
main control device for the entire test 
system. The only other test control avail- 

able for routine operation is a start but- 
ton on the test equipment. The minimum 
of controls and indicators permits test- 
ing to be accomplished by an unskilled 
operator. 

The magnetic tape station is used for 
storage of operating programs and in- 
tegrated circuit test programs; new in- 
tegrated circuit test programs generated 
by design engineers are entered through 
the card reader. The card punch is used 
for placing test data on cards for storage 
and later analysis. 

The Special Equipment Controller (SEC) 

The SEC is a general purpose device 
that can be connected to any RCA 
Spectra computer; it is capable of con- 
trolling a wide variety of test equipment. 
The SEC was designed and built by 
Advanced Technology, DEP, Camden, 
to meet the general requirements speci- 
fied by the Automatic Test and Measure- 
ment Systems staff. Details of its func- 
tions in the system are described below. 

Integrated Circuit Test Equipment 

The integrated circuit test equipment 
was designed and built by Equipment 
Development, EC &D, Harrison, to meet 
the special requirements of the Inte- 
grated Circuit Engineering Department 
at Somerville. 

One of the prime functions of the test 
equipment is to connect voltage or cur- 
rent stimuli to one or more of 40 termi- 
nals of the device under test. Constant 
voltage supplies are accurate to ±1 milli- 
volt at the device terminals and are ca- 
pable of dissipating as well as supplying 
current at any voltage within their range, 
including zero volts. Constant current 
supplies are accurate to ±0.1 percent or 
±-1 microampere. Provision is made for 
switching power supplies on and off., in 
sequence, as instructed by the computer. 

The test equipment also connects loads 
or networks (such as diodes, resistors, or 
combinations of both ) to any device ter- 
minals or in series with stimuli- which- 
ever is necessary to fully test the device. 

The current flowing to or from any 
device terminal and the voltage on any 
device terminal may be measured by the 
test equipment. The values read are put 
in digital form before being read into 
the computer memory. The test equip- 
ment measures current in the range 
from 1 nanoampere to 1 ampere and 
voltage in the range from 100 micro- 
volts to 100 volts. 

SYSTEM INTERCONNECTIONS 

A block diagram of system compo- 
nents, and the major functional areas of 
each is shown in Fig. 2. The interface 
of the RCA Spectra computer and the 

15 

www.americanradiohistory.com

www.americanradiohistory.com


COMPUTER SPECIAL EQUIPMENT CONTROLLER 

RCA SPECTRA 70 15 

BM MEMORY 

CARD PUNCH 

r CARD READER 

MAGNETIC TAPE STATION 

r INPUT -OUTPUT TYPEWRITER 

OUTPUT 
LINES 
PER 

INPUT 
UNES 

00) 

TEST SET 

t° 
INTERRUPTS In { 

STIMULI 

LOADS 

CONTROL 
LOGIC 

I DV M R 

SWITCH NG 

I 
MATRIX 

DATA START 
READY 

INTEGRATED 
CIRCUIT 

UNDER TEST 

Fig. 2 -Block diagram of system components and their major functions. 

Test Set is accomplished through the 
SEC and consists of three categories of 
control lines: 

Output Lines: Convey instructions re- 
quired for one parameter test from the 
computer to the Test Set through the 
SEC. 

Input Lines: Convey test results from the 
Test Set to the computer through the 
SEC. 

Interrupt Lines: Carry pulses signaling 
requests not included in program 
words (e.g., start, and test -set initiated 
interrupts requesting- a read -in of test 
data). 

The digital voltmeter in the Test Set 
is used as a high- impedance analog -to- 

digital converter. The Test Set also con- 
tains control logic and test stimuli 
circuits in addition to the switching 
matrix that controls the connection of 
40 test device terminals to any of 
15 cross -points: 5 stimuli, ground, and 
9 lines. The 9 lines can be connected to 
networks on a plug -in load card or used 

for interconnections between terminals 
of the device under test. 

COMPUTER PROGRAMS 

There are four computer program seg- 
ments. 

1) Executive (EX) 
2) Test Program Generator (TPG) 
3) Test Program Controller (TPC) 
4) Integrated Circuit Test Programs 

Executive (EX) 

The primary function of the executive 
is to handle interrupts from the SEC and 
the typewriter. Depending upon the re- 
quirements of these interrupts, the exec- 
utive calls in other programs or branches 
to appropriate subroutines. The exec- 
utive resides in memory at all times and 
occupies approximately 1200 bytes. 

Test Program Controller (TPC) 

The function of the test program con- 
troller is to govern the sequence of 

Test Word 

T1$ PO2= G $P03 =L1$PO4= L1$L1= 1$PO6= PS3$PS3 =_+ß.00$P13 =PS4$ 
PS4 = -6.000$P09 =L6$D V M= L8,G,1,T04,S02$LU1= -{-0.800,-{-1.000$ 

LU2 = +0.300, +1.300$LU3 =0.000, +1.800 

Explanation of Instructions (Instructions are separated by a $) 

Instruction Meaning 

Tl 
P02 = G 
P03=L1 
PO4 = LI 
L1=1 
P08 = PS3 
PS3 = +6.00 
P13 = PS4 
PS4 = -6.000 
P09 = L6 
DVM = L6,G,1,T04,S02 

LU 1 = +0.600, +1.000 
LU2 = +0.300, +1.300 
LU3 = +0.000, +1.600 

Test No. 1. 
Device pin No. 2 is connected to ground. 
Device pin No. 3 is connected to line 1. 
Device pin No. 4 is connected to line 1. 
Line 1 is connected to terminal I on plug -in load card. 
Device pin No. 8 is connected to power supply 3. 
Power supply 3 is to supply +6 volts. 
Device pin 13 is connected to power supply 4. 
Power supply 4 is to supply -6 volts. 
Device pin 9 is connected to line 6. 
The DVM is connected between line 6 (connected to pin 9) and ground. It is 
to read on a 10 -volt full -scale range 4 ms from receipt of start; a Data Ready 
interrupt is to be generated 2 ms after the DVM has completed its reading. 
Limit 1 is +0.6 volt to +1 volt. 
Limit 2 is +0.3 volt to 1.3 volts. 
Limit 3 is 0 to 1.6 volts. 

Fig. 3- Complete test word and explanation of parameters. 
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device -testing operations. It routes test 
words to the SEC, accepts the parameter 
values from the Test Set, performs com- 

parisons, and prepares the statistical 
summary. The TPC resides in memory 
with the executive when testing is in 
progress; it occupies 3400 bytes. 

Test Program Generator (TPG) 

The primary function of the test pro- 
gram generator is to accept cards 
punched with new test programs, check 
for any error in test programming, corn - 
pile a series of test words, and store the 
test program on magnetic tape. The 
TPG resides in memory with the exec- 
utive when test programs are being gen- 
erated and occupies 3400 bytes. 

Integrated Circuit Test Program 

The test programs are groups of test 
words comprising the parameter tests 
for one type of integrated circuit. Hun- 
dreds of different types of integrated 
circuit test programs are normally stored 
on magnetic tape by the TPG. The TPC 
calls out one, places it in memory, and 
performs the specified tests. One inte- 
grated circuit test program composed of 
50 parameter tests occupies 3500 bytes of 
memory. 

TESTING PROCEDURE 

The testing procedure is divided into two 
major phases: test program generation 
and device testing. 

Test Program Generation 

The test programs used with the RCA 
Computer- Controlled Integrated- Circuit 
Test System are generated by assembling 
a number of simple statements. These 
statements, which comprise the test pro- 
gram language, have been developed in 
such a way that engineers with little 
knowledge of computer programming 
can, by following a simple format, gen- 
erate their own integrated circuit test 
programs. For example, to connect ter- 
minal 5 to power supply 4 an engineer 
writes the statement P05 = PS4; to set 
power supply 4 to +0.8 volt, the engineer 
writes PS4 = +0.800. In a similar man- 
ner, loads may be connected (P02 = 
L1,L1 = 1), limits may be specified 
(LU1 = -0.850, -0.750), and the digi- 
tal voltmeter programmed (DVM = 
PS3,G,O,T04,S02) . These statements 
are then grouped to form test words. 
One test word specifies all information 
necessary to test one parameter. A typi- 
cal test word, composed of statements 
similar to those just described, would ap- 
pear as follows: 

Crossley, Walmsley, and Levy 

T1$P05 =PS4$PS4=- 5.000$P02 =G$ 
P09 =L1$DV M= L1,G,O,T04,S06$ 
LU1 =- 0.850, -0.750. 
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TABLE I- Examples of 
the More Important Input Messages 

Input Message Explanation 

ICxxxxxxx Selects the IC test program corres- 
ponding to the number typed in. 

T,a,b$c,d Specifies that parameters a, b 
through e, and d be run, 

DVM,a,b$c,d Specifies that DVM readings on 
parameters a, b through c, and d 
be typed out. 

P Requests that DVM readings be 
saved on EAM cards. 

PTP Requests that DVM readings be 
saved on magnetic tape. 

SP Requests that the statistical sum- 
mary be typed out. 

A complete test word and an explanation 
of the format and allowable instructions 
for each test statement are shown in Fig. 
3. When all parameters to be measured 
have been determined and written as 
test words, the test words are assembled 
into the test program. 

The test program is punched on EAM 
cards and read into the computer. Dur- 
ing the reading operation, the TPG 
checks the accuracy of the statements 
and the punctuation. The test program 
may then be used immediately or stored 
on magnetic tape for use at a later time. 

Device Testing 

Any of the test programs that have 
been generated and stored on magnetic 
tape may be transferred to memory and 
made immediately available by the in- 
put (through the input -output type- 
writer) of a simple nine -character 
message: ICxxxxxxx, where the last 
seven digits represent the identification 
of the test program desired. When loads 
are required for a particular test se- 
quence, a programmed load card must 
be inserted in the Test Set before testing 
begins. 

The operator has various options 
available to him with which to control 
the mode of operation of the Test Set 
and the form of the output data. The 
operator may wish to perform only cer- 
tain tests, to type out certain parameter 
values, or to save all the data on EAM 
cards or magnetic tape. The more im- 
portant of the input messages required 
to specify the desired option are listed 
in Table I. 

Actual testing commences when the 
operator pushes the start button and 
causes the generation of an interrupt, a 

10- microsecond pulse that causes the 
computer to set 312 lines (39 bytes) of 
the SEC output to the binary configura- 
tion of a certain test. The setup of the 
test configuration begins but with the 
voltage and current regulators not yet 
enabled. Before setting the last eight 
lines, the computer performs a parity 
check and, if satisfied, issues the last 
byte to the remaining eight lines. One 
bit of this byte is used to initiate the test 
sequence; the times specified in the in- 
structions are measured from receipt of 
this signal which starts a counter in the 
Test Set, allowing the Test Set to assume 
control of the test. 

At a specified time, a read command is 
issued to the DVM. Simultaneously, the 
counter is stopped so that no change can 
take place during the period in which 
the DVM is reading. At the end of the 
reading period, the DVM generates a 
signal that starts a second counter; the 
second counter controls the shutdown 
sequence. The final operation in the cycle 
of one parameter test is the generation 
of an interrupt at a specified time to in- 
form the computer that the test is com- 
plete and that data is ready. The com- 
puter then resumes control, reads the 
data into memory and compares it with 
up to six limits. Immediately after the 
computer has accepted the data from 
one parameter' test, the program changes 
the SEC lines, where necessary, so that 
the test equipment can receive instruc- 
tions for the succeeding test. The 
change takes place in approximately 0.5 
millisecond. 

At the end of a sequence of tests, the 
computer performs the sorting logic nec- 
essary to categorize the device and puts 
out a signal to the Test Set that lights 
one of the 14 category lamps on the 
front panel. 

When the testing of a group of units 
has been completed, the operator may 
call for a statistical summary by typing 
in SP. A sample statistical summary 
is shown in Table II. This summary 
consists of a seven -cell histogram of each 
parameter, an average value of each 
parameter, and yield information for 
each set of limits. This type of con- 
densed information is very useful to the 
circuit engineer in evaluating new de- 
vices and studying trends. 

TABLE II- Example of a Statistical Summary 

PARAMETER TEST YIELD #TESTED = 020 #PASSED =010 

T# L3 L2 L1 
1 2 1 1 4 
2 8 2 8 0 
3 2 0 0 10 
4 o 0 0 0 
5 0 0 0 10 

COMPOSITE TEST YIELD 
LI -Ul = 0 L2 -U2 = 3 L3 -U3 = 7 FAILED - 10 

U1 U2 
4 o 

0 0 

0 0 

3 7 
0 0 

U3 
3 
0 

0 

2 
0 

AVG. 
0.2028 
0.1823 
3.5350 
0.2252 
3.9990 

COMPUTER- CONTROLLED 

TEST SYSTEM ADVANTAGES 

The advantages offered by a Computer - 
Controlled Test System are many. Inte- 
gráted circuit test programs can be 
stored on magnetic tape where they are 
rapidly accessible. The programmed 
signals for the terminal connections and 
stimuli magnitudes can be quickly 
routed to the test equipment from the 
computer core memory. The computer 
can accept readings in digital format 
from the test equipment, make rapid 
comparisons to multiple limits, and sort 
the device under test into one of several 
categories depending on the results of a 
series of tests. A wide selection of data 
logging equipment is available with 
computers so that a choice can be made 
of a data logging device most suitable to 
the user. 

In addition to controlling the inputs 
to, and outputs from, a test set, a com- 
puter offers the additional advantages of 
on -line data analysis and diagnostic test- 
ing. For on -line data analysis, computer 
programs can be written to perform 
statistical analysis on the data as it is 
being generated. It is extremely valuable 
to integrated circuit engineers to have 
summarized data on a sample lot of de- 
vices instantly available so that new 
devices can be readily evaluated. 

Most non- computer controlled inte- 
grated circuit test sets can perform tests 
in a fixed sequence only. It is extremely 
desirable, however, in diagnosing faults 
in an integrated circuit (particularly 
when investigating yield problems) to 
have the following additional capability 
that only a computer -controlled test sys- 
tem can give: 

1) The ability to branch to a specified 
test depending on the result of a pre- 
vious test. 

2) The ability to perform arithmetical 
operations on test results. 

3) The ability to perform a search routine 
to determine a particular point on a 
characteristic curve. (Examples are a 
maximum, a minimum, a crossover 
point of two curves, and a sharp 
change in slope.) 

4) The ability to perform logical func- 
tions on the results of a series of tests. 

All these functions can be written into 
an integrated circuit test program. 
Simple typed -out messages can be used 
to indicate the reasons why a device does 
not meet specifications. With this diag- 
nostic capability and a well- organized 
test program, the circuit engineer can 
pin -point the problem areas in a circuit 
within a very short time and can con- 
tribute greatly to lower -cost higher - 
quality products. 
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RCA NEW BUSINESS PROGRAMS 

A Corporate Staff Activity to Evaluate 

New Opportunities 

F. H. ERDMAN L. F. JONES 
Division Vice President and 

Mgr., Engineering 

New Business Programs, Princeton, N. J. 

N 
EW Business Programs is a Corpo- 
rate Staff activity established for 

the purpose of identifying, evaluating 
and exploiting major new business op- 
portunities for RCA. Though such new 
businesses must fall outside the estab- 
lished interests of present manufactur- 
ing divisions, the help and close col- 
laboration of these divisions is sought. 

The New Business Programs organiza- 
tion consists of Industrial and Automa- 
tion Products located at Plymouth, Mich. 
Medical Electronics presently at Tren- 
ton, N. J., and the New Business Pro- 
grams staff at Princeton. In addition, 
the staff has resident representation in 
Washington, D. C. and has made ar- 
rangements through RCA Great Britain 
for representation in Europe. The or- 
ganization is shown in Fig. 1. 

INDUSTRIAL AND AUTOMATION 
PRODUCTS DEPARTMENT 

This activity develops and produces a 
variety of electro- mechanical products. 
The mechanical orientation of engineer- 
ing within this group is a unique asset 
within RCA. The largest segment of 
I &A's business is in the manufacture of 
gauging, testing and automatic assembly 
equipment produced on a custom basis 
for the automotive industry. The I &A 
business has experienced steady and sub- 
stantial growth. Metal detection equip - 
Final manuscript received April 7, 1967. 
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ment is produced for a variety of appli- 
cations that require the identification of 
foreign metal particles as in food pack- 
aging, textiles and certain mining and 
quarrying operations. I &A produces the 
popular VE -DET vehicle detector which 
employs loops buried in the roadway for 
use in ascertaining the presence of motor 
vehicles by inductive coupling. Signals 
thus generated can be used to activate 
traffic lights, count vehicles at toll booth 
entrances, sense the direction of travel 
and actuate "wrong way" signs on ramps, 
or sense the speed in order to activate 
warning signs or alert police. I &A also 
makes the TP -66 motion picture studio 
TV projection equipment sold by the 
Broadcast and Communication Products 
Division. (For further information on 
I &A's operations, see Reference 1.) 

I &A further carries out a special re- 
sponsibility of New Business Programs, 
namely that of providing automation 
equipment to other RCA divisions. This 
service, available to any division that 
requests it, facilitates the spread of auto- 
mation within RCA. The most recent 
equipment in this category is an auto- 
matic assembly machine for Stereo -8 

cartridge production, used by the Record 
Division at Indianapolis. Another exam- 
ple related to RCA internal automation 
is computer controlled automatic equip- 
ment for testing components. An instal- 
lation at EC &D in Somerville, New 
Jersey, for automatically testing inte- 
grated circuits, features a Spectra 70/15 
computer, which operates in conjunction 
with a controller (interface) and soft- 
ware provided by New Business Pro- 
grams. I &A will produce additional con- 
trollers for automatic test installations in 
various RCA locations. Plug boards, 
printed circuits, transistors and inte- 
grated circuits will be tested. In addi- 
tion to controllers, which are of modular 
design so as to satisfy the requirements 
of each application, New Business Pro- 
grams will provide software assistance 
and will make arrangements with EDP 
to obtain computers and peripheral 
equipment. 

NBP PRINCETON STAFF 

One objective of the NBP staff is to iden- 
tify, in cooperation with Corporate Plan- 
ning, broad areas in which new RCA 
businesses may be developed. After pre- 
liminary identification, the engineering, 
marketing, manufacturing and financial 
aspects of such opportunities are evalu- 
ated and full business programs devel- 
oped. When a plan is recommended and 
approved by top management, NBP es- 
tablishes a new business venture. An 
example was the establishment in 1966 
of the Medical Electronics activity of 
NBP. (See article this issue.) 

Typical of the broad areas currently 
under investigation by NBP are automa- 
tion, transportation, nonentertainment 
home systems and food procesing. Each 
will be described briefly. 

Automation 

In addition to current activities in auto- 
mation at I &A in Plymouth, steps are 
being taken to expand this effort so as 
to prepare for a more significant pene- 
tration of the potentially large market. 
The projects under study relate to retail 
food and banking automation, new pe- 
ripheral devices for data processing, and 
various applications of computer -con- 
trolled automatic testing. In each case 
systems studies and market analyses are 
underway, and engineering development 
has been initiated where feasible. 

Transportation 

This is another broad area offering po- 
tentially attractive business opportuni- 
ties. Its importance is emphasized by 
the Federal Government's recent estab- 
lishment of the Department of Transpor- 
tation. It is timely that NBP take 
exploratory steps to investigate and 
evaluate the transportation market. Of 
particular interest to us is the control of 
vehicular transportation. There is a 
nationwide drive to achieve safety, econ- 
omy and convenience in automobile, bus 
and truck transportation. Comprehensive 
systems approaches are needed. Accord- 
ingly, New Business Programs has begun 
a systematic study of this whole area. 
To assure increased emphasis, Vehicular 
Traffic Systems, has been established as 
an activity of I &A. It is headquartered 
in Trenton, N.J., and the marketing 
and engineering organizations are being 
developed. 

Home Systems 

Home entertainment products- radio, 
television, phonographs and records - 
already are part of the Corporation's 
mainstream business. This is not so for 
non -entertainment products, however. 
Therefore, NBP has begun a series of 
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studies relating to the opportunities for 
profit that may exist for RCA in this 
latter area. Innovation in marketing in 
this area may be as important as innova- 
tion in design. 

Food Electronics 

The acceleration of the freeze -drying of 
foods by means of radio -frequency heat- 
ing has been the subject of extensive 
experiments by EC &D. The current 
RCA program is directed toward a con- 
tinuous- product -flow system. This 
method lends itself to the uniform appli- 
cation of ay-- energy and may effectively 
displace the batch -type freeze -drying sys- 
tems now in use throughout the food 
processing industry. Detailed economic 
studies are being prepared and, if prod- 
uct tests currently underway show that a 
viable business can be established, NBP 
will assume the responsibility for pro- 
gram implementation. 

OPERATING POLICIES OF 

NEW BUSINESS PROGRAMS 

The main objective of New Business 
Programs is to establish within the RCA 
framework sizeable new business ventures, 
autonomous and responsible for their 
own profits and losses. Prior to establish- 
ing a line organization for a new busi- 
ness, we must evaluate its requirements 
and markets from such standpoints as 
engineering needs, size and nature of the 
potential market, competitive situation, 
marketing methods, start -up costs, capi- 
tal investment required, production 
needs, social and economic environment, 
effect on corporate image, patent and 
legal position, manpower mix and service 
requirements. It is the New Business 
Programs staff at Princeton which has 
prime responsibility for making such 
evaluations and for developing an overall 
business plan which will make it possible 
for Corporate management to decide 
whether or not to embark on the selected 
ventures. 

Many engineering feasibility and de- 
sign questions are encountered in this 
evaluation process, as well as questions 
relating to the development of experi- 
mental and prototype demonstration 
equipment. These engineering needs are 
stet by N131''s own personnel and also 
by turning to appropriate engineering 
groups throughout RCA. Market evalu- 
ations, too, are carried out by the NBP 
Princeton staff, using outside specialists 
when required. 

Through the purchase of investigatory 
services of RCA Great Britain, the New 
Business Programs activity is evaluating 
European products which might be 
manufactured and sold in the U.S.A. 
Particular attention is paid to gauging, 
assembly, sensing and other industrial 

developments and products which could 
augment the I &A activity at Plymouth. 
The representative in Washington, D. C., 
maintains effective liaison with the 
non -defense and non -space federal or- 
ganizations interested in major govern- 
ment programs. Transportation, automa- 
tion and crime prevention are examples 
of areas in which there is current federal 
government interest. Increasing federal 
support in these areas over the next 
several years is in accord with sociologi- 
cal and economic trends and could form 
the basis for an RCA new business 
evaluation. 

T. A. Smith, Executive Vice President 
for Corporate Planning, establishes cor- 
porate policies relating to business diver- 
sification and expansion. New Business 
Programs works closely with Mr. Smith, 
coordinating and tailoring its programs 
to fit into the guidelines of overall cor- 
porate policy. 

NPB maintains close liaison with 
RCA Laboratories and the RCA product 
divisions. Located at the David Sarnoff 
Research Center, NBP has ready access 
to the concepts, the technologies and the 

FRANK H. ERDMAN, Division Vice President, New 
Business Programs, has been associated with RCA 
since 1963. He graduated from Swarthmore Col- 
lege in 1941 with a BS in Mechanical Engineering. 
While at Swarthmore, he was the recipient of the 
Thomas B. McCabe Engineering Award. He later 
took graduate courses in mathematics and engi- 
neering at New York University. Mr. Erdman joined 
the Applied Research Department of the Wright 
Aeronautical Corporation in 1941 and subsequently 
became Head of the Applied Mechanics Section 
with responsibility for stress and vibration analysis. 
From 1946 to 1953 he was associated with the 
McDonnell Aircraft Corporation, where he held a 

series of management positions of increasing re- 
sponsibility, becoming Assistant to the President 
in 1952. In 1953 he became Vice President of 
Experiment, Inc. (now a subsidiary of Texaco), a 

research and development firm specializing in solid 
and liquid propellant propulsion systems and com- 
mercial product development. In 1958 Mr. Erdman 
was named President of the U.S.I. Technical Center, 
a division of U.S. Industries, Inc. Five years later, 
in 1963, he joined RCA as Administrator of Pro. 
gram Planning for the Missile 8 Surface Radar 
Division in Moorestown, N.J. Mr. Erdman trans- 
ferred to RCA's David Sarnoff Research Center in 

Princeton at the end of 1963 to head up a newly 
`ormed New Business Programs activity, A recent 
outgrowth of this activity has been the Medical 
Electronics group announced in December 1966. 

Mr. Erdman is a member of Sigma Tau, Sigma Xi, 
the American Institute of Aeronautics and Astro- 
nautics. the American Society of Mechanical Engi- 
neers, and the Society of Automotive Engineers. 

research staff involved in the research 
programs of the Corporation. This prox- 
imity has proved invaluable. As for the 
product divisions, liaison with their engi- 
neering and long -range planning groups 
already has been established on a syste- 
matic basis and has resulted in effective 
communications as well as collaboration 
on several programs. Four of the DEP 
divisions, for example, have performed 
engineering services for NBP. All divi- 
sions are encouraged to submit ideas for 
new businesses. 

Whether RCA enters a new business 
or market depends heavily on the com- 
pany's broad engineering know -how and 
on whether titis can be brought to bear 
in the particular circumstances under 
consideration. One responsibility of 
New Business Programs is to develop 
an answer to that question and, in so 
doing, provide the engineering assess- 
ment so vital to a new business decision. 

BIBLIOGRAPHY 
1. N. R. Arnhem, "Industrial and Automation 

Product. -A Review," RCA ENGINEER, tt -1, 
June -July, 1988. 

He is a registered Professional Engineer and has 

had several patents issued to him. 

LOREN F. JONES graduated from Washirgton 
University with a BS in EE in 1926 and attended the 
Graduate School of Business of Stanford University. 
He joined GE as a development engineer and 
transferred to RCA in 1930, where he undertook 
engineering assignments in several European coun- 
tries. On his return to Camden. N. J. he was active 
in broadcast and associated fields. In 1937.1938, he 

represented RCA in several nonmilitary engineer- 
ing projects in Russia. During World War II, Mr. 
Jones represented RCA on a corporate -wide basis 
in government research and development protects. 
He served as chairman of the Direction F nder 
Committee and as a member of the Communica- 
tions and Radar Divisions of the Office of Scientific 
Research and Development, for which he was 

awarded the Presidential Certificate of Merit. He 
was a member of the Scientific Advisory Board of 
the United State Air Force. In 1951 he originated 
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. He managed the marketing and 
product planning of EDP and subsequently became 
Manager of Product Planning, IEP, and of Ad- 
vanced Technology. Mr. Jones presently is Man- 
ager, Engineering, New Business Programs. He is 

a member of Sigma Xi, the Institute of Electrical 
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RCA MEDICAL ELECTRONICS 

A New Business Collaboration with Hoffmann -La Roche Co. 

FOR many years there has been an 

interest in medical electronics in 
many parts of RCA. Exploratory work 
has been done in RCA Laboratories, and 
in some of the operating divisions work 
has been carried to the extent of produc- 
ing, demonstrating, and selling equip- 
ment. A notable example is the use of 
Tv equipment in the operating room and 
for remote monitoring. A radio pill has 
been demonstrated which could send tele- 
metric signals from inside the human 
body to an outside receiver. Devices use- 
ful in medical research have been worked 
on, and use of the electron microscope 
for medical investigation is well- known. 

It was apparent, however, that a siz- 

able entry into the field by RCA should 
be based on designing and producing 
those types of equipments needed in rela- 
tively large quantities. This would capi- 
talize on one of RCA's greatest capabili- 
ties. It meant that the business should 
be based on supplying the needs of prac- 
ticing doctors and hospitals, rather than 
supplying the limited market for tools 
of research. 

The need, then, was to find a way of 
entering the practicing physician and 
hospital environments. To do so would 
require determining what electronics 
could do for the potential users, and 
finding a means for proving it to them 
(clinical testing) and bringing it to 

Final manuscript received April 7, 1967. 
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Division Vice President 
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them (marketing) . Thus, RCA's exist- 
ing capability in the development and 
production of electronic devices would 
have to be supplemented by an equally 
strong capability in the clinical develop- 
ment and marketing of such devices. An 
obvious solution was to team up with an 
organization having the required clinical 
and marketing capability. 

COLLABORATION WITH 
HOFFMANN -LA ROCHE CO. 

The Hoffmann -La Roche Company was 
interested in entering the medical elec- 
tronics business. The two companies 
recognized that they each had what the 
other needed, so, in April 1966 an agree- 
ment to collaborate in the field of medi- 
cal electronics was negotiated. The two 
firms will work together on the develop- 
ment of new devices. RCA will design 
and manufacture the devices, and 
Hoffmann -La Roche will handle the clini- 
cal evaluation and marketing. Also, 
RCA will offer to service the devices. 

Hoffmann -La Roche started operations 
in New York City in 1905, although the 
Swiss parent company had been making 
drugs since 1896. From an initial staff 
of nine employees, the American sub- 
sidiary has steadily grown until now it 
encompasses three major product lines, 
over 6,000 employees and a 100 -acre, 70 
building plant site at Nutley, New 
Jersey. On an international basis, 

Fig. 1- Organization chart of medical electronics staff. 
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Hoffmann -La Roche is the world's larg- 
est pharmaceutical organization. Its 
major product lines are 1) pure pharma- 
ceutical specialties, 2) pure alkaloids, 
and 3) bulk chemicals. Roche is a major 
producer of tranquilizers and sulfona- 
mides. It produces over 75% of the 
vitamins made in the USA. It is, in fact, 
a pioneer in pharmaceutical research and 
quality control. 

It was as an extension of the Roche 
philosophy of considering its activities 
to be the "health field" that sparked its 
interest in medical electronic devices as 
an adjunct to drug products. Since these 
instruments would be utilized by the 
medical profession for the benefit of the 
sick, they are in keeping with Roche 
policies. 

The news that a major electronic com- 
pany and a major drug company had 
agreed to pool their resources to make 
available medical electronic products 
was warmly received by the medical pro- 
fession. 

THE MEDICAL ELECTRONICS MARKET 

In order to determine how two com- 
panies, RCA and Hoffmann -La Roche, 
could enter this field on a national and 
eventually international scale, a team 
composed of representatives from the 
two companies made a thorough business 
survey of medical electronics, looking 
ahead ten years. 

The medical electronics business today 
is based upon a few established clinical 
devices, such as x -ray and electrocardio- 
graphic equipment, pacemakers, defibril- 
lators, and a large variety of devices for 
use by medical researchers such as 
recorders, transducer amplifiers, etc. 
Excluding x -ray equipment, scientific 
equipment used in pathology and experi- 
mental laboratories, and data -processing 
equipment used for administrative pur- 
poses, the medical electronics business 
at present is on the order of $200 to $250 
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million annually. The growth antici- 
pated over the next ten years, with the 
special incentive of federal and local 
legislation designed to expand health 
care, is expected conservatively to reach 
approximately $500 to $600 million. It 
is a characteristic of the medical field 
that the market is limited more by the 
rate of invention and perfection of useful 
devices than by the willingness or ability 
of the users to purchase these products. 
This provides a special impetus for inno- 
vation, and success in this field will de- 
mand a large measure of creativity and 
venturesome spirit. 

Relatively few types of devices are in 
wide use by clinical practitioners. The 
demand for new and advanced tech- 
niques and equipment for general medi- 
cal use is rising in accord with the effort 
to extend medical services to greater 
numbers of people. So far there has 
been a serious lag in the application of 
new technologies to meet this need. It 
seems natural that techniques and de- 
vices being developed by researchers 
today will result in clinically useful diag- 
nostic and therapeutic devices tomorrow. 
Thus, it is this area in which RCA and 
Roche will concentrate their efforts, so 
that the fruits of research will become 
widely available to the public through 
the practicing medical specialist, in the 
hospital and in the office. The special 
experience and knowledge of Roche with 
respect to the medical profession, com- 
bined with the technological resources 
of RCA, provide an ideal basis for 
achieving this special goal of providing 
new tools for the practicing doctor, mak- 
ing possible more effective methods than 
are now available for diagnosis, treat- 
ment, and prevention of disease. A num- 
ber of potential products already have 
been identified and show promise for 
development into devices that will repre- 
sent a significant advance in their fields. 

RALPH S. HOLMES, Division Vice President, Medi- 
cal Electronics, received his BS in Electrical Engi- 
neering from the University of Nebraska in 1923 

and later did postgraduate work at New York 
University. In 1923 he joined the General Electric 
Company in Schenectady, New York, and worked 
as a development engineer until 1930 when he 

transferred to RCA in Camden, New Jersey. In 

Camden he worked on broadcast receivers and in 

1931 was made engineer -in- charge of development 
and design of television receivers. In 1940 he was 
named Section Leader in charge of radar systems. 
He transferred to RCA Laboratories when it 
opened in 1942, and successively became Head of 
Radio and Radar Systems, Manager of Technical 
Services and Manager of Contract Projects. He 
was made Project Engineer in charge of color tele- 
vision receiver development and design in 1950, 
then Director, Contract Research Laboratory. In 
1959, he was named Director of Project PANGLOSS, 
a large -scale Navy communications project. In 

RCA DIVISIONAL INVOLVEMENT 

In January 1967, 21,000 square feet of 
space was leased in Trenton, New Jersey 
for the immediate build -up of the engi- 
neering and administrative staff needed 
to work on the development of the pro- 
posed product line. A number of devel- 
opment engineering assignments are 
being carried out by other RCA activities 
to support the goal of early product 
introduction while the Medical Electron- 
ics staff is being assembled. This work 
is now being done by CSD and Applied 
Research in Camden, by M &SR, Moores- 
town and by RCA Service Company at 
Cherry Hill. 

When the products have been devel- 
oped, prototypes will be clinically tested 
by Hoffmann -La Roche and, when ap- 

1963, upon conclusion of Project PANGLOSS, he 

was made Director, Special Projects Laboratory. 
In June 1966 he was appointed Staff Vice President, 
Communications Research, RCA Laboratories, and 
on November 9, 1966, was appointed to his present 
position as Division Vice President, Medical Elec- 
tronics. More than twenty U. S. patents on televi- 
sion, radar and communications systems, have been 
issued in Mr. Holmes' name. He has been for the 
the past 13 years chairman of the Board of Editors 
of the RCA Review. He is the author of many sci- 
entific and technical papers and contributer to 
research and television reference books. A member 
of Sigma Xi and the American Society of Naval 
Engineers, Mr. Holmes is a Fellow of the IEEE. He 
is RCA Laboratories representative to the National 
Security Industrial Association. In 1937 he received 
the Modern Pioneer Award of the National Asso- 
ciation of Manufacturers. In June, 1959, he was 
awarded honorary membership in Eta Kappa Nu. 

proved, will be made in RCA production 
facilities. It is anticipated that within 
two years the Medical Electronics facil- 
ity will move to a location where the 
complete cycle of development, design 
and production can be carried out. 

Medical electronic devices must be 
safe, of very high quality and highly reli- 
able. Also it is important that adequate 
service be available when required. The 
RCA Service Company will offer such 
service. The technical service units are 
strategically located throughout the 
United States and can be geared to pro- 
vide prompt efficient service to practi- 
cally every potential customer, whether 
he be a physician in office practice, in 
the laboratory, in the clinic or in the 
hospital. 
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AN INTEGRATED CIRCUIT FOR 
REMOTE CONTROL TV RECEIVERS 

An integrated circuit has been developed to replace the four -stage discrete - 
component amplifier employed in the remote -control TV receiver. The inte- 
grated remote -control amplifier offers an improvement in performance and 

eliminates 19 discrete components. The 10 -lead TO -5 package contains three 
individual amplifier stages connected by external capacitors to form an ampli- 
fier chain with 120 -dB gain. In addition to high gain, the integrated remote - 
control amplifier has low noise and good limiting capability. The performance 
is maintained over a wide temperature range and remains relatively constant 
for nominal changes of the power supply. The use of pretested integrated 
circuits simplifies the manufacturing of the remote control amplifier. 

L. A. HARWOOD 

RCA Victor Home Instruments Division, Indianapolis, Ind. 

Advanced Development Engineering 

THE discrete -component amplifier in 
the remote control unit employs a 

relatively large number of components; 
therefore, the integration of this circuit 
is very attractive. However, the require- 
ments which must be fulfilled by this 
amplifier are very difficult, as evidenced 
by the following description of the re- 
mote control system. 

This system, shown in Fig. 1, has been 
successfully employed in RCA TV re- 
ceivers for many years. A portable trans- 
mitter generates acoustic waves at eight 
discrete frequencies corresponding to the 
eight controls in the TV receiver. The 
signal, selected by means of individual 
push button switches, is detected in the 
Final manuscript received April 13, 1967. 

ACOUSTIC 

TRANS- 

MITTER 

receiver by a condenser microphone -and 
fed to the amplifier. After amplification 
the signal is applied to eight selective 
filters through an output transformer. 
The filtered signal is amplified; and the 
rectified DC component activates a relay 
corresponding to the chosen function. 

Since the signal strength will vary de- 
pending on the position of the transmitter 
with respect to the receiver, reliable 
operation must be maintained for a wide 
range of signals. The remote control 
unit must be immune to undesired sig- 
nals such as those generated by clinking 
coins or jingling keys. Performance 
must remain essentially unaffected by 
line voltage variations or the nominal 
temperature rise in the receiver. 

MICROPHONES 

AMPLIFIER 

OUTPUT 

TRANS- 

FORMER 

HIGH Q 

FILTER 
DETECTOR RELAY CONTROL 

8 FUNCTIONS 

Fig. 1- Remote control system for color TV. 
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Thus the important characteristics of 
the amplifier are low noise, high gain, 
large output signal and good limiting 
capability. 

The extent to which these require- 
ments can be fulfilled by an integrated 
circuit is not obvious. 

For example, in a high gain amplifier 
the effect of coupling through the sub- 
strate and through capacitive elements 
will vary depending on the circuit con- 
figuration and the geometry of the com- 
ponents on the chip. Considering that 
the amplifier gain is approximately 120 
dB, the largest concern is the proximity 
of the input and output terminals which 
is dictated by the size of the chip. 

The integrated remote -control ampli- 
fier described in this report demonstrates 
that with proper circuit design and care- 
ful layout of the components on the chip, 
a high gain amplifier with good stability 
is feasible. 

DESCRIPTION OF 
THE INTEGRATED- CIRCUIT AMPLIFIER 

The schematic of the high gain amplifier 
developed for the remote control re- 
ceiver is shown in Fig. 2a. The amplifier 
operates over a 35 to 45 kHz frequency 
range and provides 120 -dB gain for 
the signal which is derived from a con- 
denser microphone. The three stages are 
coupled by means of external capacitors 
and the output signal is developed across 
the impedance of a tuned transformer. 
The operation of the amplifier is opti- 
mized by selecting a suitable circuit con- 
figuration for the individual stages. 

In the input stage the first two transis- 
tors form a Darlington amplifier with an 
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input impedance sufficiently high to 
avoid excessive loading of the micro- 
phone. 

The third transistor is connected as an 
emitter follower and furnishes amplified 
signal to the second stage by means of 
an external coupling capacitor connected 
from pin 3 to pin 4. An external feed- 
back network, formed by resistors R1, 
and R18 and the capacitor C, is provided 
to maintain the three transistors properly 
biased and also to establish a high -pass 
characteristic for this stage. 

For reasonable beta values (13> 50 ) of 
the first transistor the DC voltage drop 
across the resistors R and R,8 is negligi- 
ble. Consequently the voltage gain of 
the first stage is determined by the value 
of the DC voltage on pin 9 and to a first 
approximation is independent of transis- 
tor beta values. 

The collector currents of transistors 
Q, and Q2 are chosen to optimize the 
noise figures of this stage. The resistance 
value in the collector of the transistor Q2 

and the effective capacitance to ground 
determine the high frequency perfor- 
mance of this stage. The overall response 
of the first stage is illustrated in Fig. 3. 
As can be seen, the frequency response is 
tailored to resemble a selectivity curve 
centered around 45 kHz. A 6- dB -per- 
octave roll -off at very low frequencies 
results from the divider action between 
the capacitive source impedance and the 
resistive termination of the first stage. 
The effect of the RC feedback network 
between pins 1 and 3 becomes noticable 
at intermediate frequencies below the 
passband and combined with the divider 
rolloff, yields a 12 -dB -per- octave slope. 
As the frequency increases above some 
20 kHz, the reactance of the microphone 
becomes negligible in comparison with 
the input impedance of the transistor, 
and the effect of the feedback due to the 
RC network vanishes. The amplifier 
reaches its maximum gain at 30 kHz and 
remains constant over a relatively narrow 
frequency range before continuing to 
drop at a 6 -dB -per- octave rate. 
To prevent damage to the circuit by an 

accidental voltage discharge from the 
coupling capicitor C,, a diode D, is in- 
cluded on the chip and is connected be- 
tween pin 1 and the ground pin 2. To 
limit the discharge current a 1,000 -ohm 
resistor R18 is provided external to the 
integrated circuit. (The external ca- 
pacitor C1 is charged by the 300 -volt 
supply necessary to polarize the capaci- 
tive microphone.) 

The second stage consists of a grounded 
emitter amplifier followed by an emitter 
follower. The collector current in the 
transistor Q., is regulated by an internal 
supply and the gain of this stage is de- 
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Fig. 2a- Integrated circuit amplifier. 
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termined by the value of the resistor Re. 
The voltage gain, approximately 40 dB, 
is independent of temperature and tran- 
sistor beta values. The emitter follower 
serves as an impedance transformer and 
its output is fed to the third stage by 
means of a coupling capacitor external 
to the chip connected from pin 5 to pin 6. 
The frequency response of this stage is 
determined mainly by the product of R 
and C values in the collector of the 
grounded emitter amplifier. The gain 
remains constant up to 2 MHz, then rolls 
off at a 6 -dB -per- octave rate. 

The internal bias supply (formed by 
transistors Q, and Q8, and resistors R. 
R,. and R) provides a low- impedance 
source at a stably fixed reference voltage. 
The bias supply is, in essence, an ampli- 
fier stage with negative feedback to 
stabilize its operation and the collector 
potential of Qs is maintained at a fixed 
2Vbe value. Thus the collector current 
in Q. is independent of temperature and 
can be set by the value of R,,. An equal 
amount of current will flow in the col- 
lector of Q, because of the matching 
characteristics of the transistors Q, and 
Qs. The value of this current is given by: 

Ie_EB-2Vbe (1) 

where EB is the supply voltage; Vbe for 

silicon transistors has a value of approxi- 
mately 0.7 volts ; and R is the resistance 
in the collector of the transistor Qs. 

The last stage consists of a single 
grounded- emitter transistor together with 
a reference supply to control its collector 
current. The collector of the transistor 
is terminated in an output transformer 
which resonates with its collector ca-3aci- 
tance and stray capacitance at a fre- 
quency of approximately 180 kHz. The 
response of this stage is shown in Fig. 4. 
The secondary winding of the output 
transformer feeds eight tuned circuits, 
corresponding to the eight controls ii the 
Tv receiver. The internal bias supply is 
structurally identical to the one used in 
the second stage and the previously- ex- 
plained design considerations also apply 
in this case. 

The simplicity of the integrated ampli- 
fier becomes evident from a comparison 
with the discrete component amplifi - r in 
Fig. 2b. The integrated circuit replaces 
4 transistors, 4 capacitors and 11 resis- 
tors. 

The structure of the amplifier wits the 
integrated circuit and that of the original 
amplifier with dicrete components are 
illustrated in Fig. 5 and 6, respectively. 

The physical layout of the integrated 
circuit is shown in Fig. 7. The chip . s 55 
mils square. Because the voltage gain 
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from the input to the output terminal is 
on the order of 120 dB, the arrangement 
of components is critical. The input and 
output terminais are located at the oppo- 
site ends of the chip. The individual 
stages are placed in separate isolation 
"boats" in such manner that the first and 
third stages are separated by the second 
stage. Thus the relatively large output 
signal is prevented from reaching the 
input terminal by the multiple reversed 
biased junctions of the isolation boats. 

To avoid common impedance coupling, 
a separate ground terminal for the out- 
put stage is provided and individual 
metalization paths feed the +B supply 
to the respective stages. 

The geometry of the first two transis- 
tors (lower left corner) in the input 
stage is optimized for low noise perform- 
ance at relatively low frequencies. This 
explains the relatively large size of those 
transistors. 

PERFORMANCE OF THE IC AMPLIFIER 

The performance of the integrated- circuit 
amplifier is established by its sensitivity 
and ability to reject undesired signals 
and those aspects deserve a detailed dis- 
cussion. 

Sensitivity of the Remote Control Receiver 

The useful sensitivity of the remote con- 
trol receiver is determined by the noise 
level at the input terminals of the ampli- 
fier, the signal to noise ratio required for 
reliable operation of the relays, and by 
the gain necessary to amplify the small 
input signal to a usable level. 

The noise sources present in the ampli- 
fier can be represented by the noise 
generators acting in series with the con- 
denser microphone as shown in Fig. 8. 

The source noted as EIN in Fig. 8 is 
the equivalent noise voltage of the con- 
denser microphone produced by the fluc- 
tuations of the air molecules. The magni- 
tude of this noise was derived by Van 
der Ziel; for a membrane of 1 square 
centimeter and a bandwidth of 1 Hz, this 
level is 160 dB below 1 volt. 

The source EIN is the equivalent noise 
voltage generated in the first stage of 
the amplifier, and includes the thermal 
noise from the resistor RI,. This EIN is a 
function of the noise figure of the ampli- 
fier F, the frequency of operation f, the 
noise bandwidth Of, and the source im- 
pedance which in this case is determined 
by the capacitance value C of the con- 
denser microphone. The expression de- 
rived for EIN is: 

EIN = 4FKTROf 
1 + ' 

The resultant noise voltage, acting in 
series with the condenser microphone is 
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Fig. 4- Frequency response of the third stage. 

the root mean square value of EIN and 

The minimum signal to noise ratio re- 
quired at the output of the system, i.e. 
the relay coil, is a function of the "pull - 
in" and "drop -out" currents of the relay. 
The relay contacts close when the recti- 
fied component of the applied signal 
reaches the pull -in level and they remain 
closed until this current drops below the 
drop -out limit. The amplified noise is 
also rectified in the output detector and 
produces a dc current in the relay coil. 
The amplitude of this current must be 
maintained below the dropout level or 
the relay will function improperly. Typi- 
cal values for the pull -in and drop -out 
currents for the relays in the remote 
control unit are 7.5 mA and 1.5 mA 

103 

respectively. An acceptable limit for the 
current due to noise rectification is 0.5 
mA. The ratio of the pull -in current to 
the noise current establishes the required 
minimum signal to noise ratio and the 
numerical value in this case is 15:1. 

The signal to noise ratio at the input 
terminals depends on the transfer char- 
acteristic of the receiver. In the remote 
control amplifier the last stage operates 
as a limiter and its characteristic is non- 
linear. However, for signals below the 
limiting level, the characteristic of this 
stage is compensated by that of the out- 
put detector and the resulting transfer 
function is essentially linear. Thus the 
previously established signal to noise 
ratio applies also at the input of the 
amplifier. 

Fig. 5- Integrated circuit amplifier. 

Fig. 6- Discrete component amplifier. 
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EIN E2N 

Fig. 8- Equivalent circuit of the first stage. 

L. A. HARWOOD graduated from Munich Institute 
of Technology in 1949 with a BSEE. He received 
his MSEE in 1959 from the University of Pennsyl- 

vania. Following engineering experience at Pilot 

Radio Corp. and Picattiny Arsenal, Mr. Harwood 

joined RCA in 1952 as an engineer in the Home 
Instruments Division; his experience in television 

receivers includes work in development and design 

of UHF and VHF tuners, development of paramet- 

ric and tunnel diode converters, and development 

of a transistorized UHF tuner for TV receivers. 

Now located with the Home Instruments Division in 

Somerville, he had most recently been a member of 

the Home Instruments Affiliated Research Labs., 

Prince-on, N. J. He has been granted several 

patents in his field of work; he is a member of 

the IEEE. 

Fig. 7- Integrated remote controlled amplifier. 
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Fig. 9- Rejection of undesired signals. 

The noise level is determined by the 
selective circuits preceding the output 
detectors. Each channel is approxi- 
mately 1 kHz wide and, using Van der 
Ziel's data, the computed value of E,N is 
0.3 AV. The equivalent noise voltage E,N 

calculated to be 1.13 AV for a receiver 
having the following parameters: F = 6 
dB, R = 30 ktt, C = 100 pF, and f = 40 
kHz. The magnitude of the resultant 
noise signal acting in series with the 
reactance of the microphone is 1.17 AV; 
and the smallest detectable signal is 15 

times larger, 17.7 µV. 
The gain of the integrated- circuit am- 

plifier is approximately 120 dB and the 
amplitude of the output signal is ade- 
quate to drive the detector circuits. 

The measured sensitivity at a level 3 

dB below limiting is 20 AV which is reas- 
onably close to the computed value and 
compares very favorably with the dis- 
crete components amplifier. 

Rejection of Undesired Signals 

In the remote control receiver the rejec- 
tion of undesired signals is determined 
primarily by the limiting characteristic 
of the amplifier since the succeeding fil- 
tering is insufficient to protect against 
the various sources of interference. 

The filters consist of high -Q circuits 
tuned to eight discrete frequencies which 
are spaced at L5 kHz intervals. With 
practical Q values the response 1.5 kHz 
of resonance is 12 dB down; however, 
the range of signals at the input of the 
amplifier may exceed 100 dB. Thus the 
variation of the signal level at the input 
of the detector must be kept smaller than 
12 dB and it is one of the functions of the 
amplifier to provide adequate limiting of 
the signal. 

An important characteristic of the re- 
mote control unit is its immunity to ran- 
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dom signals such as produced by clink- 
ing of coins, jingling of keys, ringing of 
the telephone, etc. A common feature of 
such signals is the simultaneous presence 
of several harmonically unrelated corn - 
ponents at frequencies which are close 
to the eight channels. The resultant 
waveform of two simple signals is shown 
in Fig. 9. 

In a linear amplifier this waveform is 
preserved and the frequency components 
of the signal coinciding with any of the 
eight channels may activate the relays. 
This undesired effect can be reduced con- 
siderably by nonlinear processing of the 
composite signal as indicated in Fig. 9. 

The signal from the output stage consists 
of pulses which appear at a rate un- 
related to the frequency of either of the 
input signals. The fundamental fre- 
quency of the output signal is equal to 
the beat frequency of the input signals 
and is easily rejected by the selective 
filters. The harmonics are reduced in 
amplitude so that they will not cause 
much concern. 

Limiting 

The output stage of the integrated- circuit 
amplifier operates as a limiter to satisfy 
the system requirements outlined in the 
previous sections; this stage is designed 
to produce narrow pulses of constant 
amplitude which are independent of the 
level or waveform of the input signal. 
The repetition rate of these pulses is 
equal to the frequency of the input sig- 
nal, and the fundamental frequency corn- 
ponent is obtained through filtering. 
The sinusoidal signal is rectified by the 
output detector and the resulting dc 
current energizes the relay coil of the 
addressed function. The amplitude of 
the pulse is designed to produce the re- 
quired pull -in current. The relationship 
between the amplitude of the pulse and 
the circuit parameters is considered in 
the following paragraph. 

The pulse waveform is determined by 
the response of the output stage to a sig- 
nal processed in the preceding stages. 
The operating point of this stage is of 
considerable importance and it is esta- 
blished by the internal Vo, supply and by 
the external resistors R :o and R,,. In 
absence of signal and noise, the collector 
potential is approximately Vb, (0.7 volt) 
and the current in the primary winding 
of the output transformer is determined 
by the supply voltage and the resistance 
value of R,,. The inductance of the pri- 
mary winding resonates with the stray 
and collector capacitance at approxi- 
mately 180 kHz. A negative signal ap- 
plied suddenly to the base terminal of 
the transistor releases the magnetic 
energy stored in the transformer winding 
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and the collector circuit rings at its na- 
tural resonant frequency. The sinusoi- 
dal waveform, generated by this process 
is distorted by the presence of the tran- 
sistor. The base to collector junction is 
forward biased during the negative peaks 
of the output signal and the resulting 
waveform is a clipped sinewave. 

This waveform is generated during 
each cycle of the applied signal. The 
output from the first two stages, when 
overdriven by a sinusoidal signal, is a 
square wave. Both stages are biased so 
as to produce unsymmetrical limiting 
and the duty cycle of the negative pulse 
is reduced to a small fraction of the 
full cycle. 

The ringing time of the resonant out- 
put circuit is now restricted by the dura- 
tion of this signal and it is possible to 
control the number of the clipped sine - 
wave pulses appearing in each cycle of 
the applied signal. The integrated- circuit 
amplifier produces only one pulse per 
cycle so the repetition rate of those pulses 
is equal to the frequency of the desired 
input signal. 

The signal waveforms at various points 
of the amplifier are shown in Fig. 10. 

The previously described process ex- 
plains the conditions prevailing in pres- 
ence of relatively large signals. Small 
signals are amplified without distortion 
and the output from the second stage is 
a sinewave contaminated by noise. In 
absence of signal the random noise 
pulses drive the output stage into cutoff 
and saturation and the output consists of 
clipped noise with a spectrum centered 
at the resonant frequency of the output 
circuit (180 kHz) . The applied sine - 
wave signal modulates the random noise 
and therefore the resulting output is in 
the form of noise bursts appearing at the 
rate equal to the frequency of the applied 
signal. The fundamental frequency corn - 
ponent is recovered by the subsequent 
filtering. 

The nonlinear operation of the output 
stage, maintained at all signal levels, is 
the important characteristic which de- 
termines the immunity to random inter- 
ference signals. The limiting character- 
istic of the amplifier is shown in Fig. 11. 

DESIGN OF THE OUTPUT STAGE 

In order to activate the relays the output 
stage of the amplifier must produce a 
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Fig. 10- Limiting of a large input signal. 

pulse signal which is sufficiently large to 
develop the required pull -in current in 
the relay coil. The filtering preceding 
the output detectors rejects the har- 
monics of this signal and the relationship 
between the amplitude of the pulse and 
of the fundamental frequency component 
is obtained from Fourier expansion. 

The pulse amplitude is a function of 
the quiescent current flowing in the 
transformer winding and the adjustment 
of this current provides a convenient 
means to control the pulse height. To 
facilitate the design of the output stage 
the relationship between the quiescent 

Fig. 11- Limiting characteristic of the amplifier. 
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collector current and pulse amplitude is 
developed in the following analysis. 

The waveform for the ringing of the 
resonant output circuit is given by: 

(3) 
L " e(t) =1 , / exp ( -at) sin w "t Cwn 

where: a = R/2L; wn = - a2; 

w" = 1 /"/LC; and L is the inductance 
of the primary winding of the output 
transformer, C is the total capacitance in 
parallel with L, R is the resistance of 
the primary transformer winding, and 
wo is the angular resonant frequency of 
the tuned circuit. 

The amplitude of the first peak of this 
signal is obtained from Equation 3 by 
setting t = To /4 = 1/4/0. The Q value 
of the primary transformer winding is 
larger than 10 and the following simpli- 
fications apply; 

a= 

hence: 

R wR f 
2L 2w"L Q 

To 77- 
a 

4 4Q 

exp [- a (T./4) ] 1 

also: 

1 - a2 

wa wo 

R2 

4wó L2 

1 
4Q2 

and: 

w" 1 
wn N 

Thus the peak value of the pulse is given 
by: 

ep=1 
C 

and the quiescent collector current is: 

(4) 

I = e/VL/C = (5) 

The relation between the peak value of 
the pulse and the amplitude of the fun- 
damental frequency component is ob- 
tained from the Fourier series expansion 
for the clipped sinewave: 

C. .---- ep 
4t, 

77-T, 

cos (nr -t" ) 
T., 

1 -(2n ) T 
(6) 

Since n = 1, and (ta /T,) _ (f1211) 
(where f, is the frequency of the input 
signal) we obtain: 

C1= ep 
2f" 

(7) 

The term C1 is the amplitude of the sinus- 
oidal signal required across the primary 
winding of the output transformer. 

From Equations 5 and 7 the expres- 
sion for the collector current is given by: 

C,7[1- (42] 
I= 

2w0L f" COST' f' 
f. 2f 

(8) 

Since R ~ E, /1, where E, is the supply 
voltage, the value of R is expressed by; 

Multiprobe tester for integrated circuits 

2w,L f ' cam 
E,"=E, a II 

I 

Cl? [ 1 - ( ) 2] . 
(9) 

For the integrated- circuit amplifier ° E, 
= 13 V; f, = 40 kHz (center frequency) 
fo= 180 kHz; C1= 7V and L= 18 mHy. 

And the computed values are: I = 2.5 
mA; R = 5K52 and ep = 50V. 

Thus, a 50 -volt pulse signal is required 
to produce the pull -in current in the 
relay coil. The corresponding quiescent 
collector current in Q. is 2.5 mA and is 
established by a value of R.= 5K0. 

CONCLUSION 

The developed integrated- circuit ampli- 
fier improves the performance of the 
remote control unit employed in RCA TV 

receivers. The integrated circuit elimi- 
nates nineteen external components and 
as a result of this the manufacturing of 
the amplifier is simplified and its relia- 
bility improved. The new circuit demon- 
strates that the proximity of the inte- 
grated components on the small chip and 
the circuit layout on the printed board 
are not limiting factors in the design of a 

high gain amplifier for the remote con- 
trol receiver. 
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RFI Control 
Whose Responsibility ? 

Radio -frequency interference is a challenge to the contractor, subcontractor, 

and certainly the engineer- designer of electronic system equipment. This paper 

describes the responsibilities and the teamwork and control which must be 

exercised by the various groups. 

R. F. FICCHI 

Systems Engineering 
Communication Systems Division 

Camden, N. J. 

Who needs an RFI engineer? I never do anything wrong. 

Emergency stoking. 

THE growing awareness of the prob- 
lems associated with electromagnetic 

compatibility (Emtc) and radio -frequency 
interference (RFI) has resulted in the 
question of responsibility being exam- 
ined by all those persons concerned. 
Whose responsibility is EMC and RFI? 
One can reply to this question with a 
trite answer, a meaningless answer, or 
think about the question and come up 
with a real answer. 

One can say that the responsibility 
lies with whomever has the system re- 
sponsibility. This of course, does not 
solve the problem: the systems con- 
tractor is so wholly dependent upon 
subcontractors that without their coop- 
eration, he could never solve the prob- 
lem. 

One can also say that the responsi- 
bility lies with everyone who is con- 
cerned with the system. This is a 
meaningless answer because it implies 
responsibility to everyone and yet the 
order of responsibility is not clear. An 
individual subcontractor can certainly 
not be identified with responsibility for 
problems on a system basis nor with 
the problems of subsystems other than 
his own. 

The question then must be answered 
by an examination of the functioning 
of particular systems so that principles, 
rules or guidelines may be developed. 
These can be applied to particular sys- 
tems and the question of responsibility 
will be clarified. 

Unfortunately, in endeavoring to ex- 
amine a particular system one cannot 
find the specific examples from one in- 
dividual system. Systems designers and 
equipment designers are too knowledge- 
able and too clever to permit enough 
difficulties to develop in a particular 
system to illustrate our discusion prop- 
erly. Consequently, let us examine a 
purely hypothetical situation which is 
conjured up from many different sys- 

Final manuscript received December $8, 1966. 
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tems and thereby have a whole series of 
problems to discuss. Our system may 
look as though it were put together by 
a "Keystone Cops" routine, so one must 
bear in mind that no designers operate 
in this fashion. 

A HYPOTHETICAL SITUATION 

The hypothetical situation to be con- 
sidered will be the design of a com- 
munication transmitter. Because of 
competition, this must be a low budget, 
highly cost competitive design. There 
is design criteria given for the fre- 
quency range and the RF power output 
from the antenna. The size, weight, and 
input power is also specified. Needless 
to say, a tight cost constraint is put on 
the completed design. 

Now that we have effectively tied the 
hands of the design engineer, we direct 
him to proceed and develop the opti- 
mum design. The design engineer mulls 
over the problem a bit and then gets 
to work. His first decision is to use 
power tubes in the final amplifier stage 
which require forced air cooling. He 
now has started the fire which tradi- 
tionally the RFI engineer has to extin- 
guish. In an effort to reduce the num- 
ber of frequency multiplying stages in 
the transmitter, the design engineer de- 
cides to triple in the final RF stage and 
to work all preceding multiplying stages 
to their maximum power limits. This 
adds a rather large log to the fire. The 
design engineer then decides to use 
tubes all with the same heater voltage 
so as to reduce the size and weight of 
the power supply. He even goes a step 
further and grounds one side of the 
heater winding of the power transformer 
and runs a single lead to all the tubes. 
This furnishes another rather large log 
to the fire. The air cooled tubes previ- 
ously mentioned require a necessary 
level of forced air cooling that can 
only be furnished by a rotary blower, 

Don't put all your eggs in one basket. 

which because of the space constraint 
has to be a small high speed blower of 
over 10,000 RPM. An AC -DC universal 
type motor with brushes and commu- 
tator is needed to drive this blower. 
The fire is now burning brightly; it has 
plenty of fuel; a crisis is at hand and 
the RFI -EMC engineer is called in. 

If one attempts to solve all the hypo- 
thetical problems which have been de- 
scribed. the basic constraints of the 
design will have to be removed. Costs 
will go up, weight will increase, the 
size of the equipment will get larger. 

Let us examine the various ad hoc 
solutions which can be brought to bear 
to solve the problems which have been 
identified. A filter was placed on the 
input power line. A band rejection 
filter tuned to one -third the transmitter 
output frequency was placed in the 
final amplifier tank circuit in an effort 
to reduce the radiation of harmonics 
from the antenna. In terms of the anal- 
ogy we have been using, we have now 
merely poked the logs around a bit - 
the fire is still burning brightly. 

The blower motor which is required 
creates such a high level of interference 
that the power line filter will not be 

very effective in reducing interference 
to tolerable levels. Additional filtering 
can be provided to the blower motor 
leads, but the only type which could fit 
in the limited space was a metallized 
capacitor which, in itself, is a source of 
interference. In addition, the frequency 
multiplying stages generates numerous 
harmonics and the filter in the final 
amplifier tank circuit was not fully ef- 
fective. The high speed blower causes 
other problems in addition to interfer- 
ence; carbon dust from the brushes of 
the motor gets into the air stream flow 
from the blower and shorts out some of 
the insulation in the final amplifier 
stage. The "comedy of errors" is com- 
plete; the equipment does not function. 
Some one has to put out the "fire" or 
the equipment will disappear with re- 
sounding Wagnerian background music 
in a re- enactment of the "Twilight of 
the Gods." 

THE RESPONSIBILITIES 

How can such difficulties be over- 
come? Who is responsible for the 
avoidance of such compounded confu- 
sion? In the first place, the inherent 
good sense of the technical manage- 
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ment and the skill of the designer will 
eliminate most of these problems before 
they start. But one cannot depend on 
problems solving themselves. There 
must be a positive identification of re- 
sponsibilities and a clear identification 
of control in the various steps of the 
design process. Secondly, an orderly 
approach to the assignment of responsi- 
bility will establish a clear criteria as 
to what must be accomplished at the 
various stages of the design process. 

The responsibilities can be separated 
into two parts: those which are incum- 
bent upon the system designer and sec- 
ondly those which must be assumed by 
the suppliers of the subsystems of what- 
ever configuration the system designers 
must use. To illustrate how this is ac- 
complished, let us set down design cri- 
teria which when used, by the design 
group, will identify their responsibility 
in the control process. This design cri- 
teria is applicable to the transmitter 
design described previously. 

1) Provide sufficient low level frequency 
multiplying stages to preclude the 
necessity for tripling in the final stage. 

2) Use twisted pair filament leads to can- 
cel out inductive fields. 

3) Place low power stage in compart- 
ments and provide effective shielding 
isolation between stages in the com- 
mon filament, bias and plate supply 
leads. 

4) Provide space allocation for necessary 
cooling. 

5) To reduce the harmonic frequencies, 
each stage succeeding the oscillator 
should be tuned. Parallel tuning is 
preferable since it minimizes the trans- 
fer of off -frequency signals. 

6) Overdriving of lower power stages 
must be avoided. 

7) The cabinet must have an effective 
shield. 

8) Internal leads must be carefully 
routed to avoid interference. 

Every item in the foregoing criteria if 
not adhered to will supply a log for the 
metaphorical "fire" that must be extin- 
guished before one can say there is a 
good RFI -free design. In this trans- 
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mitter design, it is quite clear that the 
responsibility for the RFI control is with 
the system designer. No matter how 
good the subsystems are, unless they 
are put together following a set of rules 
which have been given sketchily there 
will be an RFI problem. 

The next logical question which must 
be asked is: I f all of the foregoing 
rules were applied in the design of an 
equipment and this equipment is in- 
stalled, how do you explain the RFI 

problems which arise on a particular 
installation? The glib answer to this 
question is simply that one does have 
problems if this is always done. But, 
since as a matter of fact, such problems 
exist, one must identify their source. 
This is relatively easy to answer re- 
membering that in many installations 
there are other items used which are 
not electronic equipment but which can 
cause interference problems. Fluores- 
cent fixtures, switches and portable 
tools are examples of this phenomena. 

To illustrate this, let us examine an 
innocent looking item such as a por- 
table electric drill. A portable electric 
drill is fitted with a universal electric 
motor, having a commutator and 
brushes. In addition to turning a drill 
point, it is capable of generating elec- 
tromagnetic energy which may interfere 
with the operation of nearby electronic 
equipment. The levels of interference 
generated by this drill have been found 
to vary over extremely wide limits. At 
a given frequency, two drills, other- 
wise supposedly similar, have generated 
interference levels which were different 
by factors of as much as a thousand to 
one. Laboratory analysis of many of 
these drills has resulted in a compilia- 
tion of a list of factors which influence 
the generation of this interference. 
These factors include: 

1) Arcing at the brushes. This is the 
source of 90% of the interference. 

2) Capacitance and inductance of the 
field and armature coils form local 

ROCCO FICCHI received his BS degree cum laude 
from St. Joseph's College in 1941 and has com- 

pleted graduate courses at the University of Penn- 

sylvania. Prior to joining RCA in 1958 he spent 15 

years with various consulting firms, specializing in 

electrical distribution systems for the chemical, re- 

finery, and atomic energy industries. He has been 

involved in three major programs at RCA -Atlas, 
BMEWS, and Minuteman -and has been particularly 
concerned with problems associated with the per- 

formance of electronic equipment in the electro- 
magnetic environment. He has authored over 20 

technical papers, is the author of Electrical Inter- 
ference published in 1964, and is general editor and 

a contributing author for the forthcoming EMC 

Handbook. He has been active in the History of 
Science Society, the New Jersey Academy of 
Science, and the American Association for the Ad- 
vancement of Science. 

resonating circuits for multiples of 
line and commutator frequencies. 

3) Discharges of electrostatic energy 
built up between moving parts. 

4) Poor concentricity between the com- 
mutator and bearings, causing brush 
bounce. 

5) Too few commutator segments. 
6) Too little or too much brush spring 

tension. 
7) Lumped windings in the motor fields. 
8) Poor mechanical balance of the ar- 

mature has been found to result in ar- 
mature shaft "whipping," particularly 
at high speeds. This in turn results 
in brushes bouncing on the commu- 
tator and arcing between the brushes 
and the commutator. 

9) Armature shaft of too small diameter 
resulting in shaft whipping, particu- 
larly under load. 

10) Radiation of interference from air 
vents adjacent to the commutator, 
and from the plastic covers of brush 
holders. 

It should be obvious from the forego- 
ing that most of the factors mentioned 
could have been corrected by an im- 
proved portable drill design. Manufac- 
turers of portable electrical drills have 
followed these rules and their designs 
are relatively interference free. Not 
only do they solve the interference 
problem by exercising this control but 
they end up with a better drill. There 
is adequate brush area on the commu- 
tator, the motor shaft is sturdy, the 
bearings and the commutator are con- 
centric and contamination of the motor 
by loose particles is eliminated. This 
improved design is clearly a case of a 
manufacturer taking the responsibility 
for an RFI -free design. 

From the foregoing, the question of 
responsibility begins to get clarified. 
Every guideline, every criteria in itself 
results in better equipment. If the 
guidelines are followed for a trans- 
mitter, a good transmitter will be pro- 
duced and it will be RFI -free because 
it will be a minimal source to other 
equipments, and it will be minimally 
susceptible to other equipment. If the 
rules are followed for a portable drill, 
a very fine drill will result- efficient, 
thorough and capable of doing a good 
job -and it will be RFI -free. 

This then is the answer to the ques- 
tion of responsibility. The responsibil- 
ity must rest with whomever the control 
of the program lies. In the case of the 
system contractor, he must be responsi- 
ble because he is in a position to con- 
trol. For the manufacturer of a simple 
device only of minimal importance, he 
must be responsible because the manu- 
facturer is in a position to control the 
device. Unless the particular system 
contractor or device manufacturer is in 
a position to control, then no respon- 
sibility can be charged against that 
individual. 
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RECENT ADVANCES IN TRAVELING -WAVE -MASER SYSTEMS 

The traveling -wave maser circuit, the closed -cycle liquid -helium refrigerator, and 
the superconducting magnet have recently experienced significant improvement. 
This article analyzes some of the current engineering advances, the latest find- 
ings on important parameters, and particularly the unique combinations of these 
components of traveling -wave maser system design. The TWM system is ready 
now for more effective utilization by the systems engineer. 

HE traveling -wave maser ( TWM ) has 
1. undergoing development for 

about eight years: The closed -cycle 
liquid -helium refrigerator and the super- 
conducting magnet have undergone peri- 
ods of equal development. All of these 
disciplines have long since passed the 
stage of scientific curiosity and are well 
into the area of engineering development. 

Some excellent discussions of the basic 
physical principles of microwave masers 
are available, and therefore will not be 
covered here' This article analyzes some 
of the recent engineering advances, par- 
ticularly the unique combination of tech- 
niques such as dielectrically loaded slow 
wave circuits, cryogenic refrigeration, 
and superconductivity, employed in trav- 
eling wave maser system design. 

As fairly well recognized by most en- 
gineers, traveling -wave masers provide 
the lowest effective noise temperature 
(10 °K) of any microwave amplifier. 
However, a number of significant maser 
characteristics such as virtually complete 
freedom from intermodulation distortion, 
extreme gain stability, and insensitivity 
to pump power fluctuation as related to 
gain saturation, are not as well under- 
stood. These properties are also reviewed 
here. 

Final manuscript received March 28, 1967. 
* Formerly called DEP Applied Research. 

Fig. 1- Schematic of the traveling wave maser 
circuit. 
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The economics of operation, second 
generation refrigeration, solid state 
pumping, and new maser crystals are all 
leading to a new device, capable of corn- 
peting both from a performance and 
economic viewpoint with the more tradi- 
tional low noise microwave amplifiers. 

The final utilization of course rests 
with the systems engineer's imagination 
and ability to utilize these unique proper- 
ties to create new systems previously not 
realized. 

TRAVELING WAVE MASER 

CIRCUIT DEVELOPMENT 

After the initial maser principle was first 
demonstrated with a resonant microwave 
cavity, research effort was directed 
toward distributing this bulk negative - 
resistance amplification mechanism 
along a propagating circuit to form a 
traveling wave amplifier. That is, the 
incoming power carried by the wave in- 
creases with distance as exp (gal) (where 
a is the gain coefficient and l is length of 
amplifier). The first TWM was designed 
by DeGrasse, Schulz- DuBois, and Scovil 
at Bell Laboratories. It employed a ruby - 
loaded comb circuit. The immediate ad- 
vantages of greater bandwidth and gain, 
as well as ease of tuning, became evident 
when compared with the narrow band, 
limited -gain cavity circuits. Additional 

advantages were discovered such as non - 
reciprocal forward gain, large reverse 
isolation, and the ability to artificially 
broaden and tune the resonance line - 
width. These all evolved over a number 
of years with various slow -wave circuits 
and paramagnetic crystals. 

Let us look at the TWM circuit briefly 
and review some of the basic parameters. 

Equations 1 and 2 for the gain and 
bandwidth expressions define the maser 
material and important circuit param- 
eters required for useful application: 

27.3 X (c /vg)N 
Gaa (1) 

where c /vg is defined as the slowing fac- 
tor, N expresses the length of the circuit 
in free space wavelengths, and Qm is the 
magnetic Q of the circuit. This may best 
be described by: 

1 72h1 oNa2 

- 
The important parameters are: I, inver- 
sion ratio ; N, the thermal equilibrium 
population difference per unit volume; 
and f , the magnetic resonance linewidth. 
The bandwidth expression is given as: 

B = f, 3 

G,,n-3 (2) 
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Fig. 2 -A meander -line slow -wave structure. The active crystal is placed on both sides of the circuit. 

From these two equations, we can de- 
scribe the important parameters: a cir- 
cuit that provides a long interaction time 
with the maser crystal (large slowing) ; 

and crystals with good inversion ratios 
(the ratio of power emitted to power 
absorbed by the crystal) , large popula- 
tion differences for large gains, and wide 
resonance linewidths for adequate band- 
width. 

The meander line circuit with iron - 
doped rutile (Fe': TiO2) incorporates 
these desirable parameters and is of the 
type developed by RCA.34 Fig. 2 shows 
a typical meander line maser and its asso- 
ciated components. The active crystal 
shown is chromium -doped rutile. The 
circuit is a copper flattened helix photo - 
etched on a 1 -mil substrate. It may be 
folded a number of times to reduce linear 
length and enhance the packing density. 
What has been accomplished with this 
type of circuit and how it may be con- 
veniently and effectively combined with 
a superconducting magnet and closed 
cycle refrigerator will be discussed in 

later paragraphs. Let us now look at a 

few of the other advantages of the travel- 
ing wave maser that were not as obvious 
to system designers when the initial 
maser development began. 

IMPORTANT PARAMETERS 

Gain Stability 

Gain sensitivity, defined as oG /G for a 

traveling wave maser, may be expressed 
as: 

AG = In G 
G 

Before discussing the property of gain 
stability for the TWM, the property of 

nonreciprocal gain and reverse isolation 
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must be briefly reviewed. The TWM gen- 
erally has high gain in the forward direc- 
tion and much greater attenuation in the 
reverse direction. This characteristic 
provides unconditional stability, against 
a varying input or output impedance. 
This results from the fact that the opti- 
mum transition probability (or maximum 
gain) varies with the microwave mag- 
netic field orientation. For maximum 
interaction, positive polarized fields are 
required; for minimum gain, negative 
polarizations are required; that is, the 
gain mechanism in itself is completely 

nonreciprocal. The slow -wave circuits 
generally employed for traveling wave 
masers have these regions in which the 
fields have both senses of circularly 
polarized fields about the propagation 
axis. Thus the location of the maser 
crystal in the proper magnetic RF field 
provides maximum gain. The ratio of 
gain forward to gain backward is an 
important parameter. A typical number 
is 20:1 for the rutile meander line circuit 
at C -band. 

When a ferromagnetic material is 
placed in the negative polarized field, 
additional reverse isolation is obtained. 
This is analogous to a classic ferrite iso- 
lator. The material is generally some 
form of yttrium- iron -garnet (YIG). Its 
shape factor, linewidth, and volume, 
along with its ability to resonate at values 
of magnetic field close to the paramag- 
netic resonance value, determine exactly 
how much isolation may be provided. 
Fig. 3 shows the boundary conditions 
and shape factors that may be employed 
for various gadolinium substitutions in 
YIG. 

Isolation greater than 100 dB in the 
reverse direction is common for TWM cir- 
cuits, and ferrite resonance linewidths 
are presently much wider than paramag- 
netic linewidths ; therefore circuits with 
adequate isolation and tracking over a 
50% range can be easily designed. 

Another important parameter, a key to 
stability as well as extended bandwidth, 
is the fact that the TWM is virtually in- 
sensitive to fluctuations in pump power 
if the pump transition is fully saturated. 
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Fig. 3- Various boundary conditions and usable shape factors for gadolinium substitutions in YIG. 
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The TWM also has the ability to artifi- 
cially broaden the pump linewidth by 
providing staggered magnetic fields and 
sweeping the pump frequency across a 
broadband at a rate faster than the re- 
laxation time between the pump energy 
levels' These characteristics provide 
assurance that the maser will be very 
stable against either amplitude or fre- 
quency variations in the pumping circuit. 

Gain stabilities of ±0.03 dB /hour 
have been measured recently with a trav- 
eling wave maser, and short term stabili- 
ties have been measured to approximately 
±0.002 dB /5 min. 

Broad Bandwidth 

The ability to inhomogeneously spread 
the pump energy may also be extended 
to the magnetic field. By providing a 
series of discrete magnetic fields f (the 
material linewidth) may be inhomoge- 
neously broadened and additional band- 
width can be exchanged for gain. How 
this is accomplished with a supercon- 
ducting magnet will be described later 
in this article. Both these parameters, 
broad pumping and varying bandwidth, 
are electronically variable elements con- 
trollable from outside the cryogenic 
environment. Therefore gain can now be 
exchanged for bandwidth, and the ampli- 
fier response can be tuned and shaped 
without altering the physical configura- 
tion of the circuit. 

intermodulation and Dynamic Range 

An extremely important property of the 
TWM is its literal freedom from distor- 
tion. This was first discussed by E. O. 
Schulz- DuBois, and demonstrated by 
Tabor, Chen, and Schulz- DuBois of Bell 
Labs 1.2 This parameter may well prove 
to be one of the most important proper- 

Fig. 4 -Com- 
parison of 
the frequency 
dependence of 
gain saturation 
and intermodula- 
tion. The ordinate 
is in units of 2m2 o 
Ti T2 and the 
frequency scale 
on the abscissa is 

applicable to the 
ruby maser transi- 
tion. (From 
Ref. 6) 
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ties of this type of low -noise quantum 
amplifier. The results of this work are 
briefly reviewed here. Although the ex- 
perimental confirmation was done with a 
ruby -loaded comb circuit, the results are 
equally applicable to a rutile- loaded 
meander line circuit. 

When the center frequency f, of any 
amplifier is in close proximity to a higher 
powered RF signal level 12, gain compres- 
sion occurs. In conventional microwave 
amplifiers which achieve their amplifica- 
tion through a single -valued character- 
istic curve, appreciable amounts of inter - 
modulation or frequency mixing occurs 
with this gain compression. For the TWM 

case it was recognized that intermodula- 
tion levels would be very small compared 
to the signal even when the gain is run 
into compression. 

Briefly, intermodulation depends upon 
the short spin -spin relaxation times, 
while the gain saturation process is pro- 
portional to the spin -lattice relaxation 
time. The difference is some seven orders 
of magnitude. 

For a traveling wave maser, the third - 
order terms are the only signals that can 
readily fall within the structure pass - 
band. The second order terms fall far 
outside the normal circuit operating 
band. From the theoretical predictions, 
the intermodulation distortion power 
levels can be expressed as: 

P(212- fi) dBm = 
2P (h) dBm +P(fl) dBm -A 

Fig. 4 illustrates the dependence on gain 
saturation and intermodulation terms 
and how they are related. The experi- 
mental data obtained by the Bell workers 
yields A = 95. Essentially, intermodula- 
tion distortion terms are below the noise 
level of the maser even when the ampli- 

102 104 106 IOB IOIO CYCLES 

FREQUENCY DIFFERENCE, f2- f1 

fier is operated in a state of gain com- 
pression, and the TWM is still a very 
linear amplifier.' Even a one or two 
order of magnitude reduction in spin 
lattice relaxation times will still permit 
us to achieve this low distortion property. 

In summary, some of the more impor- 
tant, but lesser known, TWM character- 
istics are: 

CORE 

1) The maser crystal is a bulk device vir- 
tually free from burnout by large over- 
load signals. 

2) The maser crystal linewidth may be 
magnetically broadened, and gain can 
be exchanged for bandwidth electron- 
ically and remotely. 

3) The TWM is unconditionally stable and 
relatively insensitive to pump power 
and frequency fluctuations. 

4) The maser is virtually distortionless 
and has large dynamic range. 

Let us now look at the major supporting 
components utilized in traveling wave 
maser design. 

MAJOR SYSTEM COMPONENTS 

Superconducting Electromagnets 

The utilization of the superconducting 
magnet has provided the major imped- 
ance toward making the TWM a practical 
device.' The combination of supercon- 
ducting shielding with high current - 
carrying capacity of the superconducting 
wire permits the generation of extremely 
uniform fields over reasonable gap open- 
ings.'" Fig. 5 shows the general magnet 
components. Magnets weighing between 
5 and 15 lbs and provide large fields with 
extreme uniformity. Hence the need for 
the heavier (100- to 200 -1b) permanent 
magnets has been eliminated. 

This combination of independent 
superconducting coils and magnetic 
shielding has provided a number of addi- 
tional advantages. Spatially controlled 
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Fig. 5- Exploded view of superconducting magnet and coil assembly. 
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magnetic field profiles (see Fig. 6) , re- 
mote electronic control of gain and band- 
width, and independently controlled gap 
openings permitting multi -channel opera- 
tion are among the most important. 

By properly controlling the magnetic 
field profile along the length of the mag- 
netic circuit, gain may be remotely 
exchanged for bandwidth. Fig. 7 is an 
example of a seven -coil -wide bandwidth 
maser magnet. Fig. 8 shows the tunable 
gain and bandwidth for this amplifier; 
this is again accomplished by adjusting 
the coil carrent though the magnet. 

Essentially, maximum bandwidth is 

fixed by the natural linewidth of the 
material, the number of independent 
superconducting coils employed, the dis- 
persion characteristics of the slow -wave 
circuit, and the efficiency of the pump 
circuit. 

The utilization of a common core with 
independent well openings provides a 
layer of superconducting shielding which 
permits multichannel operation as shown 
in Fig. 7. Under these conditions not 
only may the gain and bandwidth be 
adjusted remotely in each channel, but 
all channels may be independently tuned 
for exact gain and phase tracking -an 
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Fig. 6- Schematic 
of single -step 
magnetic stagger 
tuning. Each ele- 
ment of crystal 
length is resonant 
within its own 
magnetic field 
(HI, H2, etc.); by 
slightly displacing 
each field, gain 
may be traded for 
bandwidth. 
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important parameter for radar applica- 
tion." Fig. 9 gives the tunability for vari- 
ous 1 -dB bandwidth settings. (This TWM 

superconducting magnet assembly was 
first designed for the Advanced Tech- 
nological Satellite (ATs) and is presently 
installed in a 40 -ft antenna at the Mojave 
tracking station.) 

The final selection of a superconduct- 
ing magnet configuration depends upon 
the closed cycle refrigeration to be em- 
ployed, the number of driving leads, and 
the utilization of superconducting persis- 
tent switches ; these factors will be 
reviewed later in this article. 

SUPERCONDUCTIVE WIRE WOUND 

ON PERMALLOY CORES 

Fig. 7 -The ATS dual well magnet (top view). 

Fig. 10- Typical maser control console for a broad 
tunable bandwidth traveling wave maser system. 
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Pump Circuit and Controls 

Pump power for full saturation may be 
expressed as: 

P = hrAN/2T 

where P = power absorbed by the spin 
system, w = the stimulated transition 
value, h = Planck's constant, v = fre- 
quency, T = spin lattice relaxation time, 
and AN = population difference between 
pump levels. 

There is a physical limit to the maxi- 
mum power absorbed by the pump spin 
system. Essentially the pump transition 
and signal transition are quantized and 
the maser system operates in the "pump 
saturated mode." By combining broad- 
band sweeping techniques with full 
pump power, the difficult pump stability 
problem generally encountered in other 
low noise amplifiers is eliminated. 

Present TWMS developed at RCA uti- 
lize one backward -wave oscillator swept 
across the pump band at a rate approxi- 
mately ten times faster than the natural 
relaxation time of the crystal. Over the 
past two years these backward wave 
oscillators (manufactured by O.K.I., 
Japan) have shown remarkable improve- 
ment in power, frequency range, and life 
time; tubes operating for well over 
1,000 hours with over 1 watt of power in 
M band (50 to 75 GHz) are presently 
available. The expected life of these 
tubes is 3,000 hours. 

The controls for a TWM undergo a 
variety of packaging configurations, de- 
pending upon the system requirements 
(Fig. 10) . The essential components are 
Bwo power supplies (or klystrons), a 
magnet control supply, and adequate 
cryogenic indicators. With the increased 
reliability of the subcomponents, the 

need for elaborate monitoring, control, 
and adjustment is being eliminated, and 
simpler control centers are beginning to 
evolve. This simplicity of controls, the 
lack of pump power regulation, and the 
utilization of persistent superconducting 
switches, are greatly reducing the need 
for control design. Consequently a re- 
duction in system cost also will result. 

Closed Cycle Refrigeration (CCR) 

Recent advances in closed cycle refriger- 
ation have been deliberately withheld 
from discussion in this article, until some 
basic knowledge of all components that 

require refrigeration was presented. 
What are the cryogenic loads presented 
to the cut? The main types are: 
1) Input and output microwave leads, 
2) Magnet current and control leads, and 
3) Pump power dissipated in the slow 
wave circuit and maser crystal. 

Until early 1966, almost all closed 
cycle refrigeration at 4.2 °K was rather 
expensive ($70,000 to $90,000) with lim- 
ited capacity (0.5 watts) and relatively 
small working volumes (see Fig. 11). 

Over the past three years we have had 
the opportunity to evaluate three sepa- 
rate closed cycle refrigerations designed 

Fig. 11 -The A. D. Little CRYR -210 closed cycle refrigerator: 11a, refrigerator system; 11b, com- 
pressor unit. 

TABLE 1- Comparison of closed -cycle refrigerators evaluated by RCA 

Refrigerator 
Manufacturer 

Compressor Cold Box & Engines Excess 
Capacity 

at 4.2 °K With 
Mas(wa Installed 

Cool-down 
time with 

Maser Instal :ed 
(hours) 

Redundante 
and 

MTBF 
Remarks Weight 

(lbs) 
Size 

(feet) 
Power 
(kW) 

Weight 
(lbs) 

Size 
(feet) 

ARTHUR D. LITTLE 
No. 210 

Compressor -Oil lubricated. 
Works in only the horizontal 
orientation. 
Cold Box -May operate in 
any orientation. 

800 3 x 8 5 120 2x 4 0.05 24 

No redundancy 

2500 hours 
MTBF 

Requires 
high vacuum. 
Marginal 
working area. 

LINDE 
No. Rhe -1 
Compressor -Water cooled. 
Works only in the horizontal 
Position. 
Cold Box -May operate in 
any orientation. 

800 3 x 8 4 150 4x3 1 24 No redundancy 
in engine 

3000 hours 
MTBF 

Not as 
stringent 
vacuum 
requirements. 
Temp. stability 
marginal. 
Tends to leak. 
Largest opera- 
tion expen. 

AIR PRODUCTS AND 
CHEMICALS 
Compressor -Air cooled. 
Works in all orientations. 
May be antenna mounted. 
(Two compressors.) 
Cold Box -Operates in 
any orientation. 

180 2x3 4 170 3x0 0.8 7 5000 hours 
MTBF 
Redundant 

High vacuum 
requirements. 
Least expensive 
to operate in 
the field. 

NOTE : Since we evaljatec the ADL 210 machine, a series ADL 400 has been built ant is now 
operational. Although no claim is made here for direct experience, reports indicate that 
a number of the disadvantages listed above have been eliminated. 
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Fig. 12 -The A.D. Little 3401 closed cycle refrigerator. 
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Fig. 13 -The JPL modifications to the 3401 
15'K parametric cooler: 13a, schematic show- 
ing JT value and heat exchanger added to 
CCR; 13b, top view of JPL internal refrigerator. 
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by leading cryogenic manufacturers. The 
Arthur D. Little CRYR -210, the Linde 
Rhe -1, and the Air Products and Chemi- 
cals R311 -a redundant system (see 
Table I) . 

The major areas of difficulty encoun- 
tered were: 1) limited capacity (0.5 
watts), 2) small working volume, 3) the 
requirement for high vacuum integrity, 
4) oil contamination, and 5) limited 
operating time between maintenance 
periods. These problems were not in- 
digenous to any one manufacturer, each 
had its own unique set of problems. An 
important point, however, is that some 
of these problems exist even today at 
temperatures greater than 4.2 °K. 

Gaseous helium systems (15 °K), al- 
though smaller, do not necessarily exhibit 
greater reliability characteristics since 
those components below the 15 °K heat 
station are passive; i.e., a Joule- Thomp- 
son valve, an additional heat exchanger, 
and bypass switches. These do not add 
a note of unreliability. Therefore when 
reliability is the sole basis for the selec- 
tion of a refrigeration system at an ele- 
vated temperature ( >4.2 °K), without 
consideration of the total system param- 
eters, a costly mistake may be made. 

Second- Generation Coolers 

Recently, workers at JPL under the di- 
rection of Dr. W. Higa extended the 
range of the ADL 340 -L 15 °K cooler to 
4.2 °K by adding a novel heat exchanger 
and Joule -Thompson valve. This, coupled 
with a unique thermal switch, resulted in 
a 1.0 -watt (at 4.2 °K) reliable, low cost 
cca. The details of the heat exchanger 
design. thermal switch, and J -T valve are 
beyond the scope of this paper. However, 
as of this date, over a 1/2 year of opera- 
tion. without failure has been achieved. 
Fig. 12 shows the basic cooler without 

vacuum dewar prior to modification. 
Fig. 13a and 13b show the schematic and 
JPL modifications. 

Essentially the selection of a cooler 
depends upon a number of important 
operational considerations other than 
capacity alone. These are: 

11 The period of operation which is toler- 
able without maintenance 

2) The cool down and warm up period 
3) The size, weight, and power that is 

available 
41 The attitude and motions of the com- 

pressors and cold box 

Small coolers with dry lubricated, com- 
pletely sealed compressors (Air Prod- 
ucts and Chemicals) are available. De- 
signers of transportable, easily assembled 
military systems may. now consider the 
use of the maser and its closed cycle 
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refrigerator. Fig. 14 shows the projected 
curves of size and weight for closed cycle 
coolers. These curves are based upon a 

study of most existing coolers, presently 
available or under development.'° Fig. 
15 gives both temperature and weight 
variations for a 1 -watt refrigeration 
system. 

TRENDS AND FORECASTS 

Effective utilization of the traveling 
wave maser now rests primarily with the 
imagination and understanding of the 
systems engineer. As for the future 
developments, three major areas of im- 
provement are predicted. 

First: Improved materials with large 
linewidths resulting in larger bandwidths 
and reduced pump power requirements 
are closest to realization. Bandwidths of 
500 MHz or greater are most likely to 
evolve. Fig. 15 shows a predicted band- 
width vs. development time curve for 
traveling wave maser circuits. 

These material improvements may 
allow traveling wave masers to exhibit 
other forms; for example, masers with 
50 MHz of bandwidth and 100% tun - 
ability, or combinations of reasonable 
bandwidth; e.g., 100 MHz and 40% 
tunability, may be produced. This com- 
bination of amplifiers will result from the 
improvements in maser materials. Some 
of the improvements have already been 
observed and will be reported in papers 
by Dr. Wittke of RCA Laboratories. 

Second: Highly reliable closed cycle 
refrigeration is already a fact of life. 
Competent cryogenic manufacturers are 
now working toward much reduced costs, 
and major price reductions are very 
close. Fig. 16 shows the projected curve 
of periods between maintenance opera- 
tions. 

Another important characteristic 
worthy of system consideration is the fact 
that additional refrigeration capacity 
may be had at relatively little additional 
cost. For example, systems capable of 
producing 150 liters of helium /hour may 
be combined with thousands of small 
quantum amplifiers in a closed cycle 
configuration, thus drastically reducing 
refrigeration costs. Phased arrays in 
which thousands of low noise gain and 
phase stable amplifiers are required may 
make this application feasible. Fig. 16 

shows the projected cost for such a sys- 
tem based upon data on existing helium 
liquifiers, solid state pumps, and im- 
proved maser crystal. Fig. 17 shows the 
cost per watt of refrigeration. 

Third: Another major area which 
shows promise for improvement lies with 
the pump circuitry and supporting con- 
trols. Recent advances with Gunn oscil- 
lators operating in the limited- space- 
charge -accumulation mode have already 

shown oscillation at 51 GHz -a maser 
pump frequency. The utilization of solid 
state pumps integrally coupled to the 
slow wave circuit, or in close proximity. 
will eventually evolve. This technique 
combined with persistent superconduct- 
ing switches will eliminate the need for 
power supplies complex. It will also 
virtually eliminate the control center as 
we have come to recognize it. 

Optically pumped masers, nuclear 
quadrapole masers, and phenomena in- 
teraction in maser materials are addi- 
tional areas of investigation both at RCA 
and elsewhere. The scope of this paper 
does not permit adequate discussion of 
these techniques and their eventual ap- 
plication. However, these phenomena 
also will play an important role in the 
eventual application of microwave quan- 
tum amplifiers to complex electronic 
systems. In addition, the use of turbo - 
compressor closed -cycle refrigeration 
systems have not been reviewed because 
sufficient operational information and 

long periods of test data are not yet 
available. 
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Fig. 16- Forecasts of various dements of operation 
and cost in traveling wave maser system design. 
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LOW COST MASS MEMORY 

This paper covers the development of a low -cost mass memory system in the 
200 -millisecond average access time, 70- million eight -bit byte capacity region. 
Three card handling concepts were investigated: a quadrant machine, a verti- 
cal machine, and a simplified version of a presently designed random -access 

mass memory. It was decided to implement the latter concept with bread- 
board hardware. 

J. D. SULLIVAN 

Engineering Stall 
West Coast Division, Van Nuys, California 

xE simplest design is inherently the I best from the standpoint of both cost 
and total performance. Consequently, 
the design which employs the fewest 
number of mechanical motions and actu- 
ators was the most desirable. Evaluation 
of candidate design concepts was based 
on this philosophy as well as the proba- 
bility of meeting the performance speci- 
fications. 

CARD HANDLING CONCEPTS 

A basic decision had to be made as to 
whether the card selection technique was 
to be analog or digital in nature. It was 
felt that a high degree of technical un- 
certainty was inherent in an analog ap- 
proach. Furthermore, the decision to uti- 
lize an existing card influenced the 
placing of more emphasis on digital se- 
lection techniques, since the card is 
notched in a quasi -digital pattern. How- 
ever, the decision to utilize this type of 
card imposed limitations on the design 
concepts which could be used to achieve 
the other requirements. 

In general, if the number of discrete 
cards in a deck is a power of two (such 
as 256) then the minimum number of 
mechanical actuators necessary to select 
one card out of the total deck is equal 
to the exponent -eight in this case. How - 
ever, the notch patterns of the card used 
are not set up to allow for this minimum 
number and modification to the card was 
neither desirable nor allowable. 

This consideration led to the "bin stor- 
age approach." In this approach, 256 
cards are stored in 256 individual bins, 
making the presence or absence of any 
notch pattern on the card immaterial. 
Individual card selection can then be 
made with the minimum number of me- 
chanical actuators operating on "doors" 
in front of each bin. This is a very feas- 
ible selection concept, and it is estimated 
that the time required to open a door 
from the initiation of selection will be a 
maximum of 50 milliseconds. If all 256 
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bins are parallel to each other and are 
made of 0.031 -inch thick sheet metal on 
0.062 -inch centers, then 16 lineal inches 
of bins are required. Under these condi- 
tions, the average card travel distance to 
the read /write head will be on the order 
of 24 inches-or traveling at 400 inches/ 
second, average travel time per card will 
be 60 milliseconds. This will yield an 
average maximum access time of 110 
milliseconds. 

To further reduce the access time it 
was proposed to take the bin storage ap- 
proach and arrange the bins as rays of 
a quadrant with a pair of pinch rollers 
at the apex of the quadrant. The "front 
doors" of the bins would be located on a 
circumference at a radial distance of ap- 
proximately 2.5 inches, yielding a total 
arc length of 4.0 inches for the 256 bins. 
This would give a 0.010 -inch space for 
each bin having 0.005 -inch thick walls. 
At the rear of the bin, the card return 
point, the corresponding pitch would be 
0.113 inch on a 29.0 -inch circumference. 
For this situation, the travel distance to 
the read /write head would be the same 
for all 256 cards and would be on the 
order of 16 inches, or result in an access 
time of 40 milliseconds, thus yielding an 
estimated maximum access time of 90 
milliseconds. 

The reason that these concepts were 
not implemented further is that a reliable 
way could not be conceived to return the 
card to the bin after selection. An ana- 
log system carrying a single fixed gate 
could be utilized, but projected cost and 
technical uncertainties ruled this out. A 
stack of 256 individual overlapped return 
gates was proposed, but no method of 
actuating the proper gate could be con- 
ceived. 

Since there are 16 bail tab notches on 
the bottom of the card used, it was pro- 
posed to arrange the 256 cards in 16 
groups of 16 cards each. A selection 
scheme similar in nature to the random - 
access mass memory selection scheme 

could then be employed. In order to re- 
duce the complexity of the machine, it 
was suggested that the cards be retained 
in a horizontal orientation and the trans- 
fer plates and channels, which are neces- 
sary in the random -access mass memory 
return mechanization, be eliminated. 
This proposal would have increased the 
number of return gates by a factor of two 
and would have negated the experience 
gained on early mass memories. This 
experience demonstrated that card re- 
turn into a deck was marginal from a 
reliability standpoint, if the returning 
card was allowed to return in contact 
with the cards in the deck. Consequently, 
it was decided to retain the vertical ori- 
entation of the cards and utilize a return 
scheme similar to the random -access 
mass memory. The 16 cards per deck, 
16 decks per machine concept did offer 
distinct advantages from a technical 
standpoint as well as the probability 
that it could be implemented to achieve 
all the requirements. 

MECHANICAL DESCRIPTION 

As implemented, the machine contains 
256 cards arranged in 16 decks of 16 
cards each (see Fig. 1) . As no read/ 
write station was associated with the 
machine, a card recirculate assembly was 
incorporated to select and return cards. 
The unit is housed on a frame from an 
existing random -access mass memory and 
uses one of the first power supplies from 
this memory. All logic necessary for ma- 
chine operation and control is self -con- 
tained. Gross size of the selection and 
return mechanism is 19.0 inches wide by 
21.0 inches high by 23.0 inches deep (see 
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from the University of Pennsylvania in 1959 while 
on the RCA Graduate Study Program. Mr. Sullivan 
joined RCA in 1957 and has 10 years mechanical de- 
sign experience on various study contracts and a 

multitude of equipments. Mr. Sullivan recently had 
responsibility for the mechanical design of the Low 
Cost Mass Memory System study and is presently 
involved in the mechanical development of a high - 
voltage fluorochemically cooled power supply for 
shipboard use. In the past Mr. Sullivan performed 
studies which led to the Ballistic Missile Early 
Warning System (BMEWS) radome concept. He 
had responsibility for the mechanical design of the 
AMR Video Integrator, the AVQ -70 DME Main 
Frame, and a video tape recorder for the DAMP 
ship. Mr. Sullivan is a member of Sigma Tau. 
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Fig. 1- Low -cost mass memory, illustrating 
card decks. 

Fig. 2) ; it weighs approximately 160 
pounds. All mechanical actuations are 
performed by rotary solenoids. 

There are five main assemblies in the 
mechanism: 

1) Lower Bar Assembly; 
2) Gripper, Upper Bar, and Upper Chan- 

nel Assembly; 
3) Extract Transport Assembly; 
4) Entry Transport Assembly; and 
5) Frame, Transfer Plates, and Lower 

Channel Assembly. 
The lower bar assembly contains 16 se- 
lect bars, eight bail interposer assem- 
blies, and two bar -up flags. The basic 
operation concept of this assembly is an 
interposer -on -an - interposer technique. 
The select bars are grouped in eight 
pairs with each pair capable of paired 
horizontal and individual vertical trans- 
lation. The bars ride on rollers and have 
a light spring retaining them at each 
end. The horizontal drive is by means of 
devis driving the bar in an open notch. 
A tab is located near the center of each 
bar -the tab on the odd numbered bars 
is to the right of center, and the tab on 
the even number bars is to the left. When 
one pair of bars is actuated, their tabs, 
and only their tabs, line up over the two 
bar -up flags. If one of the two flags is 
actuated, the select bar will rise. The 
bars are designed to bottom out on the 
bail interposer housings so that, in a 
fully actuated condition, they are level. 
The bail interposer assemblies are very 
similar in operation to those utilized in 
previous random -access mass memories 
with the exception that one bail assembly 
covers two decks of cards rather than 
one. When the bars, bails, and flags are 
operated in their proper sequence, one 
mechanical card address, the desired 
card, and an unwanted one from the ad- 

Fig. 2- Low -cost mass memory, illustrating 
selection and return mechanism. 

jacent deck, will be raised 0.250 inch out 
of their decks (see Fig. 3). Further 
selection and extraction of the card is 
performed by the gripper assembly. 

The gripper assembly operation can 
best be understood by analogy to an 
eight -pole, double- throw, center -off, mo- 
mentary toggle switch. Eight pairs of 
fixed jaws are located slightly above the 
card deck line and slightly outside the 
deck width. Each pair of decks is sepa- 
rated by a 0.250 -inch thick divider plate. 
Located in this width at the same level 
as the fixed jaw is a movable jaw. There 
are eight of these moving jaws, all 
ganged together. When the action of the 
lower bar assembly has lifted two cards 
up into the gripper -zone area, the moving 
jaw closes right or left making the final 
one -out -of -two card selection. The jaw 
closure mechanism is kinematically iden- 
tical to the well -known Geneva mecha- 
nism to minimize the impact strain on 
the moving parts (see Fig. 4). The 
entire jaw assembly is now translated 
by an eccentric mechanism actuated by 
a 95- degree rotary solenoid driving 
through a Scotch yoke. This principle 
of operation approximates simple har- 
monic motion for the forward transla- 
tion of the gripper assembly. The pres- 
ent design incorporates the added feature 
of being able to change the travel dis- 
tance in increments of 0.125 inch from 
1.0 inch to 2.0 inches. Measured actua- 
tion times on a test rig ranged from 45 
milliseconds for a 1.0 -inch stroke to 70 
milliseconds for the 2.0 -inch stroke. 

For the extract transport design, two 
endless belts spanning the length of the 
transport are so located that they are 
out of the recording area at the top and 
bottom of the card. Located inside the 
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EVEN BAR 1/,,ZÁ6 

Fig. 3 -Card selection bar assembly. 

loop formed by the belts are sixteen fixed 
rollers -eight top and eight bottom. Rid- 
ing against these rollers on the driving 
side of the belt are sixteen spring -loaded 
rollers. When the gripper brings the 
card forward out of the deck and re- 
leases it, the movement of the belt will 
tend to deflect the card into contact with 
the spring- loaded roller. This roller, rid- 
ing on the belt against the fixed roller 
provides a "pinch" and the card is ac- 
celerated from the gripper terminal 
velocity to the belt velocity of 400 
inches /second (see Fig. 2) . A test fix- 

ture was designed and built to evaluate 
both the principle of operation and the 
card wearing characteristics of this con- 
cept. The card wear was found to be 
well within acceptable limits and the 
operational concept was found to be very 
feasible. 

The entry transport is a reduced cost 
version of an existing design employ- 
ing sheet metal construction. The card 
guide fairings are secured to the top 
and bottom plates by means of tabs 
on the fairings and holes in the plates. 
Of necessity, a portion of the holes 
lie in the card track but no detri- 
mental effect to the card has been noted. 
The final drive set of pinch rollers is lo- 
cated in the plane of the final rest posi- 
tion of the card. Therefore, their tangent 
point must be located to the rear of the 
card deck at a distance equal to the 
radius of the rollers plus an arbitrary 
amount of clearance. The card must 
then skid this distance (0.375 inch) in 
free flight before it has completely 
entered the return channels. To negate 
the possibility of the card bouncing 
back into the entry transport a pawl 
spring latch was incorporated in the de- 
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sign. While this concept appeared sound, 
the implementation did not work out ex- 
actly as planned. A new design utilizing 
nine ganged shutters which would pre- 
vent the card from bouncing back into 
the channel was designed but never in- 
corporated into the unit because of lack 
of time. 

The upper and lower channels and the 
transfer plates are similar to existing de- 
signs; however, all the lower channels 
and all the upper channels are ganged 
together to common drives. To restrain 
the card from lifting when the upper 
channel is actuated, a fixed pin protrudes 
through the channel to a point slightly 
above the card line. This pin, in conjunc- 
tion with an overhang from the entry 
transport, prevents the card from lifting. 
The transfer plates are ganged together 
in two sets, one left hand and one right 
hand, and actuate in a translational 
fashion rather than rotational. Both of 
these new methods of implementation 
work well. 

It was originally planned that no hold 
bars or push -down bars were to be imple- 
mented in the machine. Push down bars 
appear unnecessary in the select se- 
quence, since only the desired card and 
its complement in the adjoining deck 
are pushed up and the gripper performs 
the "OR" selection. However, because 
of excessive card wear, hold bars have 
been designed and installed. Installation 
of the hold bars eliminates the need for a 
stacking bar which "stacks" (aligns) 
the cards before selection. 

No read /write station has been imple- 
mented yet; however, it is planned to 
take existing read /write subassemblies 
-capstan, head support, belt support, 
etc. -and mount them on a new base- 

plate. The entry and exit tracks will be 
new designs which reduce the linear dis- 
tance from the extract transport to the 
magnetic head and thereby reduce ac- 
cess time. An estimated saving of 25 
milliseconds will result from this change. 

Economical construction techniques, 
such as sheet metal stampings and 
match -drilled mounting plates, have been 
used in the design. Design techniques 
such as matched mounting surfaces and 
continuous card rest surfaces, were em- 
ployed to reduce assembly and alignment 
time. 

LOGIC DESCRIPTION 

The logic in the Low -Cost Mass Memory 
system is designed to mechanically oper- 
ate the system; it contains select and re- 

turn sequences. No logic has been in- 
corporated for read /write operations and 
the read /write operation format is a 

system decision. 
The select sequence is broken down 

into five steps. These five steps are gen- 
erated by three flip -flop circuits. The 
setting and resetting of these flip -flops 
is controlled by variable delays, which 
will allow setting of the optimum select 
time. The five select steps are as follows: 

1) Bail over and hold, select bar over 
and hold, actuate hold bars "O" and 

2) Select bar up and hold, release hold 
bar "1" or "0 ", activate three other 
hold bars corresponding to card ad- 
dress. 

3) Close gripper jaw and hold, release 
hold bars. 

4) Release select bar up, actuate gripper 
forward. 

5, Release select bar over, open gripper 
jaw, release bail over, reset state 
counter. 

At present, two micro -switches are 
employed to inhibit continuance of the 
select sequence until the respective me- 
chanical movement has been completed. 
The two mechanical movements are bail 
forward and select bar up. It is possible 
to remove these switches and rely only 
on timing of sequences. 

The return sequence consists of five 
steps of operation: 

1) Activate magazine gates and open 
transfer plates. 

2) Activate lower channels and release 
magazine gates. 

31 Activate upper channels. 
4) Release transfer plates. 
5) Release upper and lower channels. 

The return sequence is initiated by a 
photocell on the recirculate assembly 
(when the read /write is installed in the 
capstan area . A second photocell in the 
return transport senses the card in the 
return channels. The remaining steps of 
the return sequence are again controlled 
by variable delays. 

In addition to the select and return 
logic described above, a sequence stop 

and a variable function mode have been 
incorporated. The sequence stop will in- 
hibit the select and return logic in any 
of the five select or five return steps de- 
scribed. The variable function mode will 
allow numerous operations to be selected 
as follows: 

Continuous: Allows continuous selection 
and return of any card selected by the 
address switches. 

Random Card: Randomly selects and re- 
turns the cards in a given magazine. 

Random Magazine: Selects and returns a 
given card from random magazines. 

Random .11achine: Selects and returns 
random cards from random magazines. 

Sequential Card: Sequences through the 
cards in a given magazine. 

Sequential Magazine: Sequences through 
the magazines with a given card. 

Sequential Machine: Sequences through 
the cards in a given magazine then steps 
to the next magazine. 

Magazine Mates: Selects and returns a 
given card first from the right of the 
magazine then from the left of the 
magazine. 

The variable function mode was installed 
in this machine for test and operational 
control purposes only ; it would not ap- 
pear in a production version. 

An additional switch on the mainte- 
nance panel inhibits operation of the 
magazine gates. This allows removal of 
a particular card without opening the 
machine. Switches other than those pre 
viously described are provided to allow 
for addressing of cards and magazines. 

At present there are approximately 
sixty -five logic boards of the RCA -301 
computer type in the system for card 
handling. For a production -type model, 
this amount would be approximately 
fifty -five. 

CONCLUSIONS 

A machine has been built which has a 
storage capability of 70- million eight - 
bit bytes on 256 cards. Preliminary 
measurement of excess times with no at- 
tempt to optimize the select timing has 
yielded figures of 310 milliseconds. This 
was with the transport running at 365 
inches /second, rather than at 400, and 
all electronic delays in the select se- 
quence set at maximum. The mini- 
mum average access time measured was 
185 milliseconds with optimum select 
sequence times. The fabrication cost 
of the machine on a one -quantity bread- 
board basis was approximately twice 
that allocated for production quan- 
tities. indicating that the allocated cost 
is realizable. Reliable operation has been 
demonstrated and preliminary indica- 
tions are that the reliability goal can be 
readily achieved. Ease of assembly and 
maintenance appear superior to previous 
mass- memory designs due to the reduced 
size of the machine and the modular con- 
struction. 
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COMPLEMENTARY MOS INTEGRATED BINARY COUNTER 

K. Keller 

A. K. RAPP, L. P. WENNIK, and H. BORKAN 
Defense Microelectronics 

and 

K. R. KELLER 

Electronic Components & Devices 

Somerville, N.J. 

KENNETH R. KELLER did his undergraduate work 
at Rutgers University in the "Physics Option Pro- 

gram" in the department of Electrical Engineering. 
He received his BS in 1961 and his MS in 1963 

from the same university. In 1961 he joined the 
technical staff of RCA Laboratories where he has 

worked on lasers, in superconductivity in inter - 
metallic compounds and design work using new 
semiconductor devices in television applications. 
Four years were spent using microwave ultrasonic 
techniques for the study of impurity scattering of 
phonons and for an investigation of the elastic 
properties of Nb3Sn. In 1966 he transferred to the 
EC and D division of RCA to work in the field of 
integrated circuits. Mr. Keller is a member of the 
American Physical Society, IEEE, Tau Beta Pi, Eta 

Kappa Nu, Pi Mu Epsilon and Sigma Xi. 

L. P. WENNIK graduated from The Pennsylvania 
State University in 1963 with a BSEE degree. He 
contributed to the logic design of an advanced 
multipurpose test system in addition to extensive 
evaluation of developmental ferrite -plane memo- 
ries. Mr. Wennik participated in the development 
of a neuron model for neural networks, using silicon 
ntegrated circuit technology and has a patent 
penning for the circuit which was developed. Re- 

cently, Mr. Wennik has performed stability studies 
of thin -film field -effect transistors (TFT) and devel- 
oped a sense amplifier for use with core memories 
compatible with silicon integrated circuit tech- 
nology. Mr. Wennik was awarded a patent for the 
sense amplifier circuit. He also has completed 
logic, circuit, and topological layout design of an 

Final manuscript received March 6, 1967. 
* This work was supported by the U.S. Army Ma- 

teriel Command, Harry Diamond Laboratories, 
under Contract No. DA 49 -186- AMC- 331(D). 

L. P. Wennik H. Borken 

all- thin -film "Divide -by -N" array, using only TFT's. 

Currently, Mr. Wennik is involved in the testing 
and performance analysis of complementary metal - 
oxide- semiconductor (MOS) devices, MOS logic 
gates, and all -MOS digital arrays. He has just 
completed design and testing of an integrated 
twelve -stage complementary MOS counter and is 

presently designing a ten -stage complementary 
MOS shift register, using computer aids, which will 
operate at the highest frequency possible for a 

given area of silicon. Mr. Wennik is a member of 
Eta Kappa Nu, Sigma Tau, Tau Beta Pi, and the 
I EEE. 

HAROLD BORKAN received the BS degree in Elec- 
trical Engineering with high honors from Rutgers 
University in 1950 and the MS degree from the same 
university in 1954. In 1950, he joined RCA Labora- 
tories in Princeton, New Jersey, as a Member of the 
Technical Staff where he has done research on elec- 
tronic devices and circuits. He has been concerned 
with circuit designs for, and analysis of, television 
camera tubes. From 1960 to 1965, he has been con- 
cerned with the measurement, analysis and utiliza- 
tion of developmental thin -film semiconductor de- 
vices and also with these devices integrated with 
thin -film passive components. In March 1965, Mr. 
Borkan transferred to RCA's Defense Microelec- 
tronics activity at Somerville, New Jersey, as an 

Engineering Scientist concerned with monolithic 
and thin -film integrated circuits. He is now Engi- 
neering Leader of the Integrated MOS Fabrication 
Techniques Group responsible for DME's effort in 
the development of MOS integrated arrays. Mr. 
Borkan is the author of over twenty technical papers 
and the holder of five patents in the areas of tele- 
vision camera tubes and semiconductor devices. 
He is a Senior Member of the IEEE, a member of 

A. K. Rapp 

Eta Kappa Nu, and is the recipient of two RCA 
Laboratories Achievement Awards. He is a mem- 
ber of the team that received an outstanding paper 
award from -he 1964 IEEE International Solid State 
Circuits Conference. 

A. KARL RAPP received a BSEE degree from Drexel 
Institute of Technology in 1954 and an MA degree 
in Applied Physics from Harvard University in 1955. 

In intervals during his undergraduate studies, he 

was employed as a Cooperative Student Engineer 
by the Philco Corporation. He joined the Research 
Division of Philco Corporation as a Senior Ergineer 
in 1955. In 1956, he was promoted to Project Engi- 
neer and, in 1958, to group supervisor. There, he 

performed research in solid -state digital circuits, 
investigating high -speed logic and memory tech- 
niques based on semiconductor and magnetic de- 
vices. In 1963, Mr. Rapp became a Member of the 
Technical Staff of the Electronic Research Labo- 
ratory of RCA Laboratories. There he explored 
integrated digital circuits based on metal- oxide- 
semiconductor, field -effect transistors. He trans- 
ferred to the Defense Microelectronics activity of 
RCA at Somerville, New Jersey in 1965, and in 1966 

was promoted to Leader, MOS Circuit Develop- 
ment. Mr. Rapp is the author of nine technical 
papers. He has contributed chapters to two recent 
books: MOS Integrated Logic Nets, Symposium on 
Microelectronics and Large Systems, Spartan Books, 

Inc., 1965, and Applications of Field -Effect Transis- 
tors in Digital Circuits, Field Effect Transistors, 
Prentice -Hall, 1966. He received an Outstanding 
Paper Award from the 1961 International Solid -State 
Circuits Conference. He has been granted three 
patents and has six other patent applications filed. 
Mr. Rapp is a member of IEEE, Tau Beta Pi, Eta 

Kappa Nu, and Phi Kappa Phi. 
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ATWELVE -STAGE binary counter, Ca- 

pable of arbitrarily low counting 
rates, has been developed as a monolithic 
array of p- and n- channel Mos transis- 
tors.* An outstanding advantage of such 
complementary Mos circuits is their ex- 
tremely small power dissipation. The 
cofabrication of both types of devices re- 
quires that both n- and p -doped starting 
regions be available, a requirement which 
was met within a single silicon chip by 
utilizing a diffused isolation region as the 
local substrate for the n- channel devices' 
(Fig. 1) . 

Implementation of conventional 
Boolean logic functions with comple- 
mentary Mos transistors requires a 
dual series -parallel connection as in the 
nand gate of Fig. 2a. -'' Instead, the four 
transistors can be connected as in Fig. 2b 
to yield a circuit with switchable data 
paths. This transmission -gate circuit 
utilizes the bilateral properties of Mos 
transistors to transmit either hi or lo 
logic levels via a single data path." For 
some applications, transmission -gate cir- 
cuits are most efficient logic elements 
than Boolean gates. Binary counting is 
one such application. 

SIMPLIFICATION 
USING TRANSMISSION GATES 

The considerable simplification that 
transmission gates can produce is demon- 
strated by the following comparison. An 
original design for the binary counter, 
based on multi -input gates of the type 
shown in Fig. 2a required 336 comple- 
mentary Mos transistors to perform the 
basic 12 -stage counting function. Seventy - 
two more transistors were needed for re- 
setting the counter -a total of 408 tran- 
sistors. By contrast, the application 
of transmission -gate techniques reduced 
the total transistor count to 196. 

w 
ca 

Fig. 3- Substrate -bias 
dependence of threshold 
voltage: effect on non - 
complementary transmis- 
sion gate. Varying thres- 
hold causes transmitted w 
VD,,, level to be attenu- 
ated to Ce,. Vrl would t- 
obtain with constant 
threshold. 

AB 

+ VßØ 

(a) 
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4 VSUBSTRATE 
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SOURCE- SUBSTRATE BIAS Vss 
( -Vc) 
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Fig. 2- Complementary MOS -gate forms (a) 2- input, positive -NAND gate. Requires dual 
series -parallel sections. b) Switchable data paths (transmission gates) A -' C or B -* C under 
control of B. Approximate Boolean equivalent indicated. 

Fig. 1- Schematic cross- section 
of complementary MOS struc- 
ture. Circuit symbols indicate 
corresponding metal regions of 
integrated circuit. 
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The transmission -gate circuit of Fig. 
2b and the circuits in the binary counter 
utilize complementary transmission 
gates. Noncomplementary gates of the 
type described by Wood and Ball' would 
have further reduced the component 
count, but were found unsatisfactory for 
the following reasons: 

Transmission -gate transistors operate 
either in a common -source or a source - 
follower mode, depending on the level 
transmitted. In the common -source 
mode, the level is transmitted exactly; in 
the source -follower mode, however, the 
receiving node can be brought only to 
within the transistor's threshold voltage, 
VT, of the transmitting node. Moreover, 
VT does not remain constant, but in- 
creases as the source voltage changes, 
because of a substrate -gating effect. 
Severe level attenuation then results, as 
illustrated in Fig. 3. The dependence of 
VT on source -substrate bias occurs be- 
cause the substrate acts as a second con- 
trol electrode, modulating channel con- 
ductance by the junction -gate field effect, 

Fig. 4 -Block dia- 
gram of counter 
stage. Inverted 
pairs are alterna- 
tely latched into 
flip -flop. State is 
transmitted directly 
from upper to lower 
rank, inverted from 
lower to upper. 

i.e., depletion -layer widening of a semi- 
conductor junction. (The major portion 
of the channel of an Mos transistor is 
close to source potential and hence fol- 
lows voltage variations of the source.) 
The resultant effect, reflected to the in- 
sulated -gate electrode, appears as a shift 
in VT. The extent of the shift is related 
to the doping level of the substrate 
material, as described by Hofstein.' 

BASIC BINARY -COUNTER STAGE 

The basic binary- counter stage is formed 
by interconnecting two transmission -gate 
flip -flops,' as in Fig. 4, thus creating a 
type of two -count ring counter. With 
each cycle of the input signal, data are 
transferred unchanged from the upper to 
the lower rank and then back in inverted 
form from lower to upper rank. Two full 
input cycles thus are required for the 
output to return to its original state. The 
complete counter consists of twelve such 
stages plus two input- inverter stages. The 
inverter stages are required to generate 
the complement of the input signal and 

to control the input signal during reset. 
Provision for resetting the counter to 

zero is achieved without additional tran- 
sistors. The source of one n- channel 
transistor in each inverter -pair is tied to 
a common reset line (Fig. 5) . During 
counting operation, the reset line is at 
ground potential and the inverter func- 
tions normally. Reset is effected by rais- 
ing the line to supply potential (VDD), 
thus forcing the inverter output level hi; 
however, the n- channel transistor oper- 
ates as a source follower during this reset 
operation. Hence, it is subject to the 
signal -attenuation difficulties described 
above. By placing the n- channel tran- 
sistors used for reset in their own p wells, 
however, these wells also can be raised 
to VDD potential during reset. Proper re- 
set thus is ensured. 

Fig. 6 presents a photomicrograph of 
one of the counter chips. Preliminary 
counters have functioned well with sup- 
ply voltages of 4 to 10 volts. Less than 
100 microamperes total current is drawn 
at 8 volts. Reliable counting has been 
achieved with input repetition rates from 
DC to greater than 3 MHz. 

BIBLIOGRAPHY 

1. Yagura, K. K., Hutcheson, J. D. and Catlin, G. 
M., "Monolithic MOS Complementary Pairs," 
presented at Electron Devices Meeting, Wash- 
ington, D. C., October 1988. 

2. Wanlass, F. M. and Sah, C. T., "Nanowatt 
Logic Using Field -Effect Metal Oxide Semi- 
conductor Triodes," ISSCC Digest of Technical 
Papers, p. 32 -33 ; February 1963. 

3. Burns, J. R., "Switching Response of Comple- 
mentary Symmetry MOS Transistor Circuits," 
RCA Review, Vol. 25, p. 827 ;December 1964. 

4. Wood, J. and Ball, R. G., "The Use of Insu- 
lated -Gate Field -Effect Transistors in Digital 
Storage Systems," ISSCC Digest of Technical 
Papers, p. 82 -83; February 1965. 

5. Burns, J. R., Gibson, J. J., Harel, A., Hu, K. 
C., and Powlus, It. A., "Integrated Memory 
Using Complementary Field -Effect Transis- 
tors," ISSCC Digest of Technical Papers, p. 
118 -119; February 1966. 

6. Hofstein, S. R., "Field -Effect Transistor 
Theory," Chapt. 5 of Field -Effect Transistors, 
edited by Wallmark and Johnson, p. 150 -151, 
Prentice-Hall; 1966. 

Fig. 5- Circuit diagram of counter stage. Reset is effected by raising local 
substrate (and source) of an N- Channel transistor in each inverter pair. 
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Fig. 6- Photomicrograph of complete, integrated, 12- 
stage binary counter. 196 MOS transistors (98 P- and 98 
N- channel) are contained. 
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ELECTROFAX IN THE REPRODUCTION INDUSTRY 

The reproduction industry, which includes office- copying, duplicating, and high- 

speed printing, is becoming aware of the potential benefits of electronic 

technology. The electronic and communications industry is also becoming 

aware of the contributions which it can make in this field. RCA, with its back- 

ground in soft display and information handling, is in an ideal position to move 

into the hard -copy- reproduction area. A survey of the various reproduction 

systems is given with a description of RCA's Electrofax process and where it is 

now used. The office- copying market is currently the major user and is expected 

to continue its rapid growth. Many other areas appear promising for Electrofax 

applications, including non -impact printing for computer output, remote -station 

output devices for time sharing, multiple -copy reproduction for the duplicating 

field, and color printing. Continued research on the Electrofax coatings and 

toners and on new reproduction systems should provide products which can 

be exploited by the appropriate product divisions and by RCA's Electrofax 

licensees. 

THE reproduction of graphic materials 
by copying or printing has been one 

of civilization's most profound techno- 
logical achievements. While not as glam- 
orous as space travel or other means of 
communication such as television, it is 
hard to imagine our present society lim- 
ited to handwritten originals or soft CRT 

displays. Not only would we have lost 
much of our history but the dissemina- 
tion of knowledge throughout the world 
would be limited or nonexistent. Print- 
ing or graphic reproduction is as impor- 
tant as any single element of our tech- 
nology. Without it our present social 
structure would exist only with great 
difficulty. 

RCA as a communications company 
is active in the production, transmission 
and presentation of real time information 
as in TV. It is also concerned with the 
creation, transmission, and presentation 
of information as non- real -time hard 
copy. Some of the methods used for hard - 
copy display are described below, to- 
gether with RCA's current involvement. 

MECHANICAL PRINTING 

To reproduce large amounts of material 
cheaply we must have low priced masters 
which can be re -used many times and a 

Final manuscript received Feb. 16, 1967. 
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method of transferring the information 
on the master to a cheap substrate. Con- 
tact printing on paper using liquid ink 
has been the answer but has required 
many innovations to reach its present 
state. Although hand carved wooden 
masters were used for reproduction as 
far back as 700 A.D., they were expen- 
sive and delicate to handle. Gutenberg 
is generally credited with being the first 
to use separate movable type around 
1440. These could be assembled into 
page form to make the master. Once the 
master was used to print the required 
number of copies, the letters were re- 
moved from the "chase" and re -used. 
The master could be assembled by a 
printer instead of being the work of an 
artist. 

While a simple concept to us today, 
the use of separate, movable letters was 
a major innovation and had far -reaching 
social implications. Once the spoken 
language could be reduced to printed 
form, order began to come out of the 
literature, and the widespread dissemina- 
tion of new social and cultural ideas 
could become a reality. Language de- 
velopment became frozen once it was 
reduced to print. 

The history of printing since Guten- 
berg's time has been mainly a series of 
mechanical innovations allowing the 

inked master to be used to produce 
copies at higher and higher speeds. To- 
day's high -speed presses, the result of 
ingenious mechanical design, handle 
paper at speeds of up to twenty -five miles 
per hour. These presses use three basic 
types of master or plate to selectively 
deposit the ink on the paper. In a letter- 
press printing plate, the letters stand out 
about 40 mils above the base plate and 
are formed by a deep chemical etch of 
the substrate or by molding molten metal 
in a form. In gravure printing, shallow 
depressions up to 40 micrometers deep 
are chemically or mechanically formed 
on a smooth surface to pick up and hold 
the ink which is subsequently transferred 
to paper by contact. Offset printing 
makes use of the oleophilic properties of 
a surface to attract oil -based inks and the 
hydrophilic properties to repel the ink. 
The result is a flat printing plate. Each 
method has its particular advantages and 
disadvantages, and selection is based on 
the particular work to be done. 

PHOTOCOPYING 

In addition to the reproduction of mate- 
rial by mechanical contact, there is the 
equally important area of photocopying. 
This extends the technology beyond me- 
chanical reproduction and includes all 
of the conventional and nonconventional 
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photographic and optical methods for 
making an exact replica of an original. 
With it, copies may be made individually 
(as in office copying) or it may be used 
to form masters for duplicating (low - 
volume printing) or printing plates for 
high- volume reproduction. Photocopying 
is an important part of the printing field 
and is expected to become more impor- 
tant with the advent of computer com- 
position and the need to convert elec- 
tronic or optical serial output to parallel 
storage. 

In photocopying, the image of the 
original is projected onto a photosensi- 
tive surface by reflection or transmis- 
sion. The former is more convenient, 
since it places no demands on the sub- 
strate and the original may be printed 
on both sides. Ideally, each incident 
photon should be recorded as a separate 
event. Since the eye and most recording 
systems have a limiting resolution of 
about 1 micrometer, each photon should 
be recorded as a 1- micrometer grain or 
spot. Such a grain will contain about 
10'° atoms. Since each photon will alter 
or effect only one or two atoms, some 
amplification is needed in the system. 
The ideal would be a gain of 10'° 

The second requirement of a photo- 
copying system is the development and 
storage of the optical information. This 
may occur during a processing step, 
as in some photochromic systems; or, it 
may occur during the development step, 
in which case the latent image must be 
stable between exposure and develop- 
ment. In extreme cases, the information 
may be stored in some completely differ- 
ent form (such as magnetic tape) for 
later reproduction, with the amplification 
carried out by standard electronic sys- 
tems onto a mechanically deformed sur- 
face which can be used as a printing 
plate. 

The final requirement for a photocopy 
is its presentation. In photographic and 
office copying systems, this is done by 
altering the optical properties of the sur- 
face at the time of development to pro- 
duce reflection or transmission images. 
In a magnetic system, presentation may 
be by a cathode ray tube for direct view - 
mg or as a permanent copy by some 
secondary type of photocopy system. In 
printing, the image must be in a form 
which can be used to transfer the infor- 
mation on the photocopy master to or- 
dinary paper. This may be by using the 
photosensitive surface as an acid resist 
for subsequent etching of the exposed 
areas as in gravure and letterpress or by 
altering the surface properties of the 
photosensitive surface to accept or reject 
ink, as in offset printing. 

HISTORY OF PHOTOCOPYING 

Silver halide photocopying is the oldest 
nonmechanical reproduction process. In 
1839, Daguerre first demonstrated a 
practical photo process. In 1900, photo- 
stats were being made in this country 
and Europe; but they were slow, gave a 
white -on -black image, and were expen- 
sive. In the non -silver -halide area, 
Herschel demonstrated the blueprint in 
1842. In 1920, it was shown that dia- 
zonium dyes exposed to ultraviolet light 
could be developed by ammonia vapor 
or alkaline solutions. This system is 
widely used for producing copies from 
transparencies, as well as a photosensi- 
tive coating for printing plates. It is slow 
and is seldom used for reflection copy, 
but has good resolution and is cheap. 

Electrostatics also has an ancient his- 
tory. Lichtenburg first produced pat- 
terns by electrical discharge in 1777. 
Ronalds made an electrographic recorder 
using a resin base in 1842. Swan showed' 
that insulating liquids could be repelled 
from charged areas to form images in 
1897. (This latter method was "redis- 
covered"' in 1945, and is currently re- 
ceiving much attention) . Konig reported' 
on an electrostatic recorder in 1899 using 
a lacquer surface and a pointed stylus, 
and developed the images with a mixture 
of red lead and sulphur powders. One 
powder was negative and the other posi- 
tive, and he was able to determine the 
direction of current flow by the type of 
toner which stuck to the image. The 
technical and patent literature is full of 
many novel applications of electrostatics 
in an age where instrumentation was so 
crude that our modern physicists and 
engineers would have been almost unable 
to work. 

In the late 1930's, a number of these 
systems began to show promise for prac- 
tical photocopying. Gevaert and Agfa in 
Europe, and Land in the United States, 
used diffusion transfer from silver halide 
films to produce copies. Carl Miller at 
the University of Minnesota (and now at 
Minnesota Mining & Mfg.) demonstrated 
thermography, which later became the 
basis of the Thermofax system. Chester 
Carlson received his original patent on 
electrostatic copying in 1938. 

While few new machines or processes 
appeared during the 1940's, considerable 
effort was spent in research and develop- 
ment. There was particular interest in 
convenience copying -under 10 copies 
from the original -where the primary 
requirements were speed and simplicity. 

During this period, the silver halide 
systems were modified and improved 
with respect to convenience and cost. 

DR. DONALD A. ROSS received his B. Eng. degree 
in electrical engineering from McGill University in 

1947. He worked with General Electric X -ray Cor- 
poration until 1950 doing application work in the 
medical and industrial X -ray field. In 1950 he 

joined the High Voltage Engineering Corporation 
where he worked on the design and use of high 
energy particle accelerators. From 1953 to 1957 

he attended Yale University where he received the 
M.Sc. degree in 1955 and the Ph.D. degree in 1957 

in physics. While at Yale he did work on radia- 
tion effects in biological and chemical systems 
using high energy electrons and gamma rays as 

well as work in nuclear physics using a high energy 
linear accele rator. Dr. Ross returned to the High 
Voltage Engineering Corporation in 1957 and was 
responsible for radiation applications in the medi- 
cal, industrial, and radiation research fields. In 

1958 he ¡oired RCA Laboratories as Head of the 
Nuclear F.eactor Group carrying on research work 
with the ndustrial Reactor Laboratory five mega- 
watt nuclear reactor. In 1965 he became Head of 
the Electronic Printing Group (now a part of the 
Computer Research Laboratory) conducting re- 
search in novel methods of copying and printing 
by electrostatic and electromechanical methods. 
Dr. Ross is a member of the American Physical 
Society, Sigma Xi, and the American Association 
for the Advancement of Science. 

These systems, using the diffusion trans- 
fer of undeveloped silver or the transfer 
of unexposed dyed gelatin, dominated 
the office copying market in the 1950's. 

In 1954, Minnesota Mining & Mfg. 
introduced commercial machines using 
their Thermofax process. They were an 
almost immediate success, and within a 
year overtook and passed the silver 
halide systems in numbers of copies. 
Although the quality and spectral re- 
sponse was poor and special paper was 
required, the system was simple, clean, 
and foolproof. Thermography still has a 
substantial share of the office copying 
market, but its rate of growth is low com- 
pared to the electrostatic systems. 

Battelle had undertaken development 
of Carlson's xerographic process in 1944. 
In 1947 Haloid began to support Battelle 
and subsequently purchased the rights to 
the process. The first commercial ma- 
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chines were produced in 1950 and during 
the next 10 years improvements were 
made in their operation. In 1960 the 
Xerox 914 was introduced and rapidly 
passed the other convenience copying 
systems in volume of copies per year. 

Electrofax office copiers first appeared 
on the market in the early 1960's. RCA's 
interest in the office copying field came 
via facsimile. C. J. Young and his group 
had worked on facsimile systems for 
nearly 40 years. The early facsimile units 
used impact styli with carbon paper to 
produce the image. In the early 1930's, 
Young's group moved from Schenectady 
to RCA Camden. While in Camden they 
developed a wet electrolytic printing sys- 
tem which had many advantages over 
carbon paper. This was the system used 
for newspaper facsimile tests in the late 
1930's and early 1940's when a full page 
of the New York Times was transmitted 
in a few minutes via a radio link. This 
was the "newspaper in the home," and 
while technically feasible, it never 
reached the market place. 
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The facsimile group moved to RCA 
Laboratories in 1942. In the late 1940's, 
Young's group began experimenting with 
electrostatic facsimile output systems. 
All of the systems then in use were slow, 
complex, and very large. It was felt that 
there must be a better way to produce 
dry copy electronically for high -speed 
facsimile. Since the image was to be 
formed optically, it required a photo- 
sensitive system. For simplicity, a photo- 
conductive material should be in or on 
the paper. It should be white, nontoxic, 
cheap, stable with time, have a fast 
response to light, and produce permanent 
copy through external or built -in toners. 
In the early 1950's, H. G. Greig invented 
the Electrofax system' and a method to 
dye- sensitize the zinc oxide binder -layer 
used in the system so that it would re- 
spond to white light' The initial descrip- 
tion of the system by Young and Greig 
was published' in 1954. 

As part of RCA's continuing research 
program, a number of prototype office 
copying units were built at RCA Labora- 

tories to demonstrate the usefulness of 
the process and to serve as test vehicles 
for further technological developments. 
Many manufacturers recognized the 
merits of the Electrofax process. A num- 
ber took out licenses and built machines 
for carrying out the process. 

Commercial sales of Electrofax office 
copiers, together with Electrofax paper 
and other supplies, began in 1962. The 
growth of the use of this process has 
been as dramatic as Thermofax and 
Xerox. Fig. 1 shows the growth in num- 
bers of Electrofax copies. The Electrofax 
machine population had reached about 
85,000 by the end of 1965. 

PHOTOCOPYING SYSTEMS 

Of paramount importance in any photo- 
copying system is the gain, defined here 
as the number of atoms affected by an 
incident photon. Secondly, the atoms 
should be fixed in their altered state so 
that the image is stable with time after 
final processing. 
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Silver halide is the highest -gain photo- 
copying system in general use. The am- 
plification is due to the chemical reaction 
between the developer and the silver 
ions. Each grain must absorb about 10 

photons to form a nucleation site. The 
developer acts first at this site and 
eventually reduces all of the silver in the 
grain. Since a 1- micrometer grain con- 
tains about 10'° atoms, the gain in the 
system is about 10 ". Following develop- 
ment and fixing, the image is permanent. 
Either transparent or reflection copy can 
be produced and methods have been de- 
veloped to couple dyes to the grains 
which selectively absorb white light and 
produce colored images. Unsensitized 
silver halide has a relatively wide band - 
gap and will respond only to ultraviolet 
light. Sensitizing dyes have been devel- 
oped which can make the grain sensitive 
throughout visible spectrum. Because of 
the requirements of accurate process 
control, the coated paper is expensive, 
and development requires carefully con- 
trolled wet chemical processing. 

A number of variations of this process 
are used for photocopying. Diffusion of 
unexposed silver halide is used to trans- 
fer the image from a light- sensitive nega- 
tive master to an unexposed silver halide 
paper by wet chemical processing. Gela- 
tin transfer is another process, developed 
by Eastman Kodak, which they call 
Verifax. The softened gelatin containing 
a dye is transferred to copy paper by 
contact after wet chemical processing. 
Multiple copies may be made from the 
master but fading may occur unless spe- 
cially treated copy paper is used. These 
two systems dominated the office copy- 
ing field until the introduction of the 
Thermofax process in 1954. Today they 
represent about 10% of the total office 
copier dollar volume. 

Electrostatic Methods 

The electrostatic systems use a photo - 
conducting insulating layer as the light - 
sensitive element. In the Electrofax 
process, the layer is coated directly on 
the paper substrate. In the Xerox Corpo- 
ration process, the layer is amorphous 
selenium deposited on a metal substrate. 
The layer is made photosensitive by 
charging it in the dark with a corona 
wire system. The charging unit consists 
of fine wires operating at 5,000 to 6,000 
volts. The air around the wire is ionized 
and the ions migrate to the photoconduct- 
ing surface where they are trapped. 
When fully charged, the layer has a 

charge density of about 10" charges per 
square centimeter. 

The Electrofax layer consists of a mix- 
ture of pure ZnO particles ranging from 
0.1 to 1.0 micrometer in diameter laid 
down in an insulating binder. While 
other photoconducting powders can be 
used to form the layer, ZnO is an out- 
standing material for this purpose 
because it is white, photoconducting, 
bactericidal, nontoxic and cheap. The 
ZnO- binder mixture will work over a 
wide concentration ratio range and a 
wide range of thicknesses. For normal 
paper coatings, the layer is about half a 
mil thick and has a ratio of ZnO to binder 
of about 2.5:1. 

Studies of the physics of the Electro- 
fax layer were carried out in RCA's 
laboratory in Zurich as well as in Prince- 
ton.'-'° A physical model which explains 
many of the experimental facts has been 
described by Amick ". It is considered 
to be a homogeneous n -type photocon- 
ductor with a bandgap of 3.2 eV and a 
carrier density of about 10" cm-3 at 
equilibrium. The donors are considered 
to be interstitial Zn. In the unsensitized 
state, the bands are flat at the surface as 
shown in Fig. 2a. On charging with 
negative corona, the extrinsic surface 
traps (assumed to be adsorbed oxygen) 
are filled with electrons, and the resul- 
tant space charge forms a depletion layer 
at the surface as shown in Fig. 2b. The 
charge concentration on the surface is 
about 10" cm' and the resistivity of the 
layer is about 10" ohm -cm as measured 
by its decay -time constant. 

On exposure to light, each photon with 
bandgap energy will form a hole -electron 
pair which will discharge one of the 
surface traps. For complete discharge 
about 10" photons /cm' are needed. The 
quantum efficiency is believed to be lim- 
ited to unity because of the blocking 
contact at the surface which prevents 
electron injection. The very short hole 
lifetime prevents effective hole injection 
at the paper -layer interface. Thus, no ef- 
fective charge multiplication mechanism 
appears possible 

ZnO has a band gap of 3.2 eV. Since 
high -intensity light sources with this 
energy are difficult to obtain, the ZnO 
is made sensitive to visible light of 
less than bandgap energy by adding 
sensitizing dyes to the layer. Since these 
dyes should not give the paper an objec- 
tional color, their concentration and the 
types used are limited. With these re- 
strictions, it is not yet possible to make 
a white or near -white coating completely 
panchromatic, so that the effective quan- 
tum efficiency of the discharge process to 
white light is usually less than unity. 

The real gain mechanism in electro- 
static imaging systems is their ability to 

attract a very large number of atoms with 
a limited amount of charge. About 1,000 
charges on a 1- micrometer toner particle 
are sufficient to make it adhere to the 
charged surface. Since a 1- micrometer 
particle has about 10'° atoms, the over- 
all quantum efficiency -the number of 
atoms affected by a single photon -is 
about 10'. This is confirmed by com- 
paring the effective optical speed against 
a silver halide film of known ASA rating. 
Electrofax has an equivalent ASA speed 
of about 1. This is about 100 times 
slower than medium -resolution silver 
halide emulsions. 

Organic photoconductors have been 
incorporated in an insulating matrix and 
used in the same way as the ZnO layer 
by charging, imaging, and toning". They 
are currently more expensive than the 
ZnO binder system and more sensitive to 
the environment. There does not appear 
to be a real advantage to such systems for 
paper coatings at the present time, but 
they have potential since they would be 
lighter in weight than the ZnO layer. 

The only other systems with a poten- 
tial for high speed are those using chemi- 
cal gain through free radical or polymer- 
ization chain reactions triggered by an 
incident photon. While much research 
is going on in this field, few commercial 
products have appeared. Control of the 
gain appears to be the problem. Tech- 
niques such as microencapsulation may 
help but it is doubtful if they will be 
competitive with existing systems in the 
near future. 

A number of other photocopying sys- 
tems which are now in use or have been 
proposed are listed below. All suffer 
from low sensitivity to light with gains 
of 10' to 10' compared to 10' for electro- 
statics and 10' for silver halide systems. 

Thermography 

Minnesota Mining & Mfg. has been the 
most active in this field. Their Thermo - 
fax process revolutionized the office copy- 
ing field when it first appeared in 1954. 
An infrared or heat -sensitive paper is 
reflex -exposed, producing an image of 
the original. The gain is low because it 
is essentially a photochromic reaction, 
and only single molecules are effected by 
the incident photons. High- intensity heat 
sources are readily available however, so 
that the time per copy is relatively short. 
The method relies on local absorption of 
the infrared, which produces enough 
heat to develop the image. Since black 
copy absorbs most of the radiation while 
colored copy may absorb only a small 
fraction, the sensitivity to colors may be 
poor. Ir- spite of these limitations, many 
Thermofax office copiers are in use and 
represent a sizable market. 
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Photochemical 

Kalvar is a process developed by A. D. 
Little and Tulane University with the 
patents being assigned to the Kalvar 
Corporation. A thermoplastic film con- 
taining diazonium compounds is exposed 
to ultraviolet. The compounds decom- 
pose, releasing minute bubbles of nitro- 
gen gas. When the film is heated the gas 
expands to form cavities about 1 microm- 
eter in diameter producing an image due 
to scattered light. This process has been 
used to make contact copies of motion 
picture film and other types of trans- 
parencies. It is doubtful if it will be 
useful for office copying. 

PIP (Persistent Internal Polarization) 

This process was reported by Kalman 
and coworkers at N.Y.U. It makes use 
of light and electrical fields to produce 
polarization images. There are a number 
of variations in the process and it appears 
to have potential but so far little commer- 
cial use. 

Photoconductive 

Minnesota Mining & Mfg. uses a ZnO- 
binder coating on a conducting substrate 
which forms a resistivity pattern on ex- 
posure to light. The toner is electrolyti- 
cally deposited to form the image. They 
have a color development process using 
this system as well as black and white. 
Exposures must be from a negative to 
produce positive copies. 

Deformation Plastics 

RCA, Xerox, and GE have been active in 
this field. The images are produced by 
sensitizing an insulating film, exposing 
it to light, and heating it to develop the 
image. The images appear in the form 
of ripples due to contraction of the soft- 
ened surface or to crazing of the surface. 
E. C. Giaimo," N. E. Wolff' and F. H. 
Nicoll" of RCA Laboratories have 
worked in this field. There are no com- 
mercial applications at the present time, 
although its use as a high resolution film 
is foreseen for video or data recording. 

Photochemical 

Diazo is a copying system where the inci- 
dent photon causes the decomposition of 
a diazonium dye molecule. The image is 
developed and fixed by immersion in 
alkaline solutions or ammonia vapor. 
The speed is low since only the molecule 
where the photon is absorbed is effected. 
Since there will only be about 1,000 
atoms per molecule the speed by our 

previous definition is only 10`. Diazo is 
used extensively for engineering- drawing 
use where exposure is through a trans- 
parency. Enough light is available 
through the transparency to develop the 
image in a reasonable time but it is much 
too slow to be used for reflection type 
copying systems. 

Photochromic 

In a photochromic system the absorbed 
photon produces a change in the optical 
properties of the light sensitive molecule 
without a development step. If the acti- 
vated molecule then absorbs light a 
direct image will be produced. There is 
difficulty in stabilizing the image, how- 
ever. Continued exposure may cause the 
whole sheet to change color unless it is 
fixed. Systems have been developed 
where exposure to one wavelength of 
light will develop the image and to 
another will deactivate the unexposed 
molecules and fix the image. Photo - 
chromic systems have the potential of 
essentially molecular resolution and ex- 
treme versatility. Because of their slow 
optical speed, however, it is difficult to 
see their use in the photocopying field 
unless much more intense light sources 
in a suitable part of the spectrum become 
available. Lasers may solve this problem 
if it becomes possible to achieve ade- 
quate intensities in the appropriate spec- 
tral region at economical costs. 

COMMERCIAL APPLICATIONS 

Office Copying 

Office copying is one of the most impor- 
tant uses of photocopying. It can be 
divided into two general areas; conveni- 
ence copying where the demand is for 
under 10 copies and duplicating where 
anywhere from 10 to 10,000 copies may 
be required. 

Convenience copying has been the area 
where major innovations have taken 
place over the past ten years. The total 
number of copies has increased" from 
about 500 million in 1955 to over 11 
billion in 1965. The total dollar volume 
in 1965 was close to $550 million'' and 
is predicted to reach $1 billion by 1969 
or 1970. Fig. 1 illustrates the growth of 
the numbers of convenience copies over 
the past 15 years.18 The rapid rise of the 
dye- transfer and diffusion -transfer sys- 
tem in the early 1950's is followed by 
the dramatic success of Thermofax in 
the mid 50's. The wet -chemical systems 
immediately began to lose favor. The 
introduction of the Xerox 914 in 1960 
and Electrofax in 1962 were just as 
dramatic, and the electrostatic methods 
appear to be destined to take over the 
convenience copying field. 

Duplicating 

In addition to convenience copying for 
office use, there is the huge office dupli- 
cating field. As a means of comparison, 
over 11 billion copies were made in the 
convenience copying field in 1965 at a 
cost of about 5 cents each, totalling $550 
million. In 1964, in the duplicating field, 
over 380 billion copies were made at a 
cost of about 1 cent each totalling $3.8 
billion." 

No system has yet been able to offer 
major improvement over the presently 
used stencil, spirit, and offset processes. 
Electrofax coatings on paper and metal 
have been used to prepare offset masters, 
but the costs and convenience are not 
drastically different from the conven- 
tional diazo or dichromate sensitized 
plates. Xerox has made an attempt to 
cover both the convenience and dupli- 
cating field with an office copier capable 
of producing up to 500 copies of an 
original. It remains to be seen whether 
the higher cost per copy and the slower 
reproduction speed will be able to corn - 
pete with the standard duplication meth- 
ods. Minnesota Mining & Mfg. recently 
introduced a novel duplicating system 
called Adherography. Infrared light 
softens the surface of a master in the 
imaged areas, and minute amounts of an 
oil film are transferred to the copy paper. 
The oil film takes up an ink giving high 
quality black and white reproductions. 
Several hundred copies may be made 
from the master and its preparation is 
reported to be simple. 

It is too early to say whether any of 
these systems will succeed in displacing 
the conventional processes. Each has its 
advantages and disadvantages. A great 
deal of research is being done to find the 
low -cost, low- volume printing system to 
revolutionize this market. To date it does 
not appear to be in sight. 

High Volume Printing 

At the high -volume end of the duplicat- 
ing field, the area of true printing be- 
comes of interest. The offset process is 
used in both areas, the main difference 
being the number of copies required 
from the plate and the type of press. 
Paper- backed Electrofax plates treated 
to make the background areas hydro- 
philic and the imaged areas oleophilic 
can make over 10,000 copies. The limita- 
tion in life is generally due to mechanical 
failure of the paper. Metal- backed 
Electrofax plates give longer life and are 
much faster optically than the conven- 
tional diazo or dichromate plates but are 
still in the development stage. They 
should give over 50,000 copies and have 
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done so under controlled conditions. 
However, the advantage in optical ex- 
posure speed over conventional offset 
plates is offset by a slightly higher cost. 
Considerable development work is going 
on in this area. Successful Electrofax- 
coated plates which can be exposed in a 
process camera in seconds rather than 
requiring a full -size contact transparency 
and minutes of exposure could have a 
large market. Most small suburban 
newspapers are now printed by offset, 
and the demand for cheap, highly sensi- 
tive masters is bound to be large. 

Letterpress plates are used for very - 
high- volume printing such as metropoli- 
tan daily papers. Electrofax coatings and 
toners have been developed which can 
act as acid resists and be used to prepare 
tLese plates. The advantage is the high 
optical speed (compared to other resists) 
which permits camera exposure and 
eliminates the contact transparency 
needed with current systems. The etch- 
ing process still requires 10 to 15 min- 
utes, however, and innovation in this part 
of the process is needed to compete with 
the conventional automatic hot -lead line - 
casting machines. 

Gravure printing masters are usually 
cylindrical with shallow impressions of 
10 to 40 micrometers which hold the ink. 
This process is the simplest, fastest, and 
(for very high volumes) the cheapest. 
The masters must be made to very high 
mechanical tolerances, however, and the 
process is only used for special runs. 
Since the need for speed in plate prep- 
aration is not as important as in letter- 
press for newspaper printing, conven- 
tional chemical resists are used and elec- 
trostatic resist coatings have limited use. 

In addition to the mechanical printing 
systems, there are several electrostatic 
systems being used for special work. 
One reported by Stanford Research In- 
stitute uses a screen mesh through which 
electroscopic toners can be attracted. 
The surface to be printed lies between 
the mesh and a conducting plane. Since 
there is no contact, the process can be 
used to print on fabrics, and irregular 
surfaces such as glass or plastic con- 
tainers. 

A variation of this process has been 
developed by the Interchemical Corp. 
and the Battelle Memorial Institute 
where a gravure plate or roller has the 
impressions in its surface filled with a 
powdered ink which is subsequently 
charged by corona. When an electrical 
field is applied between the plate and 
the printing surface, the toner is at- 
tracted to the surface and is then fused 
by heat or chemical vapor. Again, this 
system has advantages for printing on 
fabrics and irregular shapes, but will re- 

quire further development if it is to dis- 
place the more conventional mechanical 
methods for printing on paper. 

The Gravure Research Institute has 
reported on the use of electric fields to 
electrostatically pull liquid inks from 
gravure plates. The process improves 
the transfer of inks from small grooves 
which might not otherwise make contact 
with the paper fibres. 

SPECIAL USES OF ELECTROFAX 

In addition to the uses described above 
for Electrofax systems, there are a num- 
ber of special applications which may 
become commercially important in the 
future. These include color, high -speed 
reproduction of computer output using 
a special cathode ray tube, facsimile and 
multiple copy reproduction by transfer- 
ring the image from the Electrofax 
master to ordinary paper. 

The use of colored electroscopic toners 
was pioneered -by RCA in the develop- 
ment of a system to reproduce maps for 
the U.S. Department of Defense." Elec- 
trostatic images produced by transpar- 
encies representing different colors were 
made in sequence to produce multiple 
color maps. Subsequent development of 
techniques to make screened images by 
multiple exposure are being investigated 
for use as a proofing system for the color - 
printing industry. One system is already 
on the market and others will follow. 
The possibility of making continuous 
tone prints from color transparencies is 
also under active investigation. 

Because of the limited optical speed 
of the Electrofax process, it is difficult to 
image directly from a conventional CRT. 
A special thin -window tube has been 
developed" which permits exposure of 
Electrofax paper at speeds of up to 20 
inches per second for 8- inch -wide paper. 
This is much faster and quieter than pos- 
sible with mechanical printers used for 
computer output and is much simpler 
than using silver halide emulsions. 

The use of Electrofax for facsimile 
reproduction is old. However, there has 
always been the problem of image qual- 
ity and the market for such systems.- It 
is becoming evident that facsimile repro- 
duction systems will be needed in a wide 
number of fields and Electrofax repre- 
sents a simple, automatic output printer 
which can supply this need. Develop- 
ment work is continuing in this area. 

One of the serious objections to the 
use of Electrofax for computer output 
has been the need for multiple copies. It 
has recently been demonstrated that dry 
powder toners, once deposited on a latent 
electrostatic image, can be transferred to 
ordinary paper by an opposing electrical 
field. This process can be repeated a 

number of times without destroying the 
original electrostatic image making it 
possible to produce a number of copies 
and still retain the optical sensitivity of 
the Electrofax process. Ill fact it is pos- 
sible to remove the toner after the trans- 
fer process and re -use the Electrofax 
paper a number of times. With this tech- 
nique, supply costs are no more than 
making multiple copies with carbon 
paper and the quality is much better. 

These novel applications of Electrofax 
for reproduction purposes are still in the 
development stages. They hold forth the 
promise of providing the reproduction 
industry with systems which will provide 
hard copy in black and white or color 
from either digital or analog electrical 
input. 

SUMMARY 

The reproduction and printing industry 
is on the verge of major technological 
change. The ability to handle massive 
amounts of data electronically will alter 
the editing and composition function. 
Serial, real -time output from computers 
will be rapidly transferred to parallel 
storage in page form for proofing and 
editing. Some systems for such opera- 
tions are now commercially available, 
such as in the convenience copying field. 
The next major area of innovation will 
be to find cheaper ways of getting the 
computer -generated information onto pa- 
per. It is felt that there are new and 
exciting uses of Electrofax in the rapidly 
expanding graphic reproduction field. 
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HIGH -RESOLUTION DISPLAYS 

FOR PROCESSING AND DISTRIBUTION OF PICTORIAL MATERIAL 

A Review 

The type of high -resolution display technique to be employed is dependent 

upon the requirements for the display. "Hard" copy has been the preferred 

method of high -resolution display, but limitations of time and processing 

complexity are considerable, especially under conditions of continuous varia- 

tion. Direct -view oscilloscope displays, while feasible, have not attained a 

high degree of refinement because of lack of a suitable market. This paper 

discusses various types of displays and the possibilities in several areas of 

high -resolution display devices. 

TWO decades ago, television had tre- 
mendous and immediate impact in 

entertainment, news, and advertising, 
which in the last decade, has expanded 
into education and industrial applica- 
tions. In general, the quality and stan- 
dards for these applications are the 
same today as they were when televi- 
sion was introduced. Yet, the market 
can be expanded substantially if the 
quality can be improved without losing 
the inherent advantages of rapid and 
timely distribution of information. The 
most obvious new area is that of a dis- 
tribution and display system as an ac- 
cessory for computers and data storage. 
A more specialized and more demanding 
area is that of distribution, processing, 
and display of pictorial material. This 
is an area of special interest to RCA 
which will be discussed in detail in this 
paper. 

Government agencies at all levels are 
the principal customers for high -quality 
pictorial systems. Military reconnais- 
sance from aircraft and spacecraft has 
grown tremendously since World War 
II. Aerial photography is widely used 
by industry and by government at all 
levels for mapping and resource evalua- 
tions. The Federal Government is now 
seriously considering the development 
of a natural resources satellite to pro- 
vide an inventory of crops, forest and 
geological resources, and other elements 
of national wealth. The Astro- Electron- 
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ics Division ( AED) pioneered in the 
development of meteorological satellites 
such as TIROS, now being used opera- 
tionally. Imaging sensors are a most 
important tool in the early exploration 
of the moon and planets. 

In general, users have preferred 
photography to television because of its 
better quality, especially its high reso- 
lution. However, as the amount of the 
pictorial data has increased, transmis- 
sion and handling have limited the 
utilization of the collected data. For 
example, in tactical reconnaissance, the 
targets are moving and the collected 
information is valid for only a short 
period of time. In other cases, the vol- 

ume of data is sufficiently great to pose 
problems in the retrieval and transport 
of paper. There are techniques for the 
rapid processing of film and there are 
scanning devices to convert film infor- 
mation to video signals. Film recorders 
are also available. However, one begins 
to question the logic of such a system 
when it is compared with television, 
since this all- electronic system was de- 
signed specifically for sensing, trans- 
mission, and display in essentially real 
time. 

RCA has responded to current require- 
ments with the development of several 
high- resolution sensors. Dr. Otto Schade 
(of EC &D, Harrison) has demonstrated 
8,000 TV lines with a 41/2 -inch return - 
beam vidicon (xev) and AED is working 
with a 2 -inch RBV having 4,000 -line reso- 

lution. Developments are under way to 
produce 6,000 to 8,000 TV lines over the 
1- inch -square format of the 2 -inch tube. 
Over a period of six years, AED has 
developed dielectric phototape recording 
and demonstrated better than 80- cycles/ 
mm resolution. This corresponds to a 
resolution of about 9,000 TV lines on a 
usable width of 55mm produced on 
70 -mm tape. A 35 -mm dielectric -tape 
panoramic -slit camera has been built and 
space -qualified. Its sensitivity and dy- 
namic range are comparable to those of 
good photographic film. These dielectric 
tape devices feature storage of informa- 
tion directly on the sensing element. 
Readout may be deferred for long peri- 
ods and the readout rate may be tailored 
to fit within a communications bandwidth 
varying from a few hundred kHz to 20 
MHz. Thus, TV sensing and electronic 
video transmission can be adjusted to 
satisfy a wide variety of requirements. 

DISPLAY REQUIREMENTS 

The wealth of pictorial data available is 
of no value until the information is trans- 
ferred to a human being. Although pat- 
tern recognition and signal analysis tech- 
niques have been under investigation for 
many years, the only practical solution to 
date is a pictorial display that faithfully 
reproduces the scene. The display sys- 
tem, in addition to providing faithful 
reproduction, must accept information at 
sensor transmission rates and discharge 
information at rates compatible with the 
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display device characteristics and with 
the demands of the user. In general, a 
buffer storage device is required for this 
purpose. This function can be performed 
by magnetic or dielectric tape. Hence, 
the display itself is the critical item. 

In extracting information from a scene 
or display, a human interpreter performs 
four functions: scanning, detection, rec- 
ognition, and orientation. Although a 
scene may contain a large amount of use- 
ful information, one interpreter is rarely 
interested in more than two or three 
things at any one time. To find these, the 
observer fixes on small areas subtending 
about 6 degrees of visual angle. Each 
fixation requires 0.2 to 0.3 second. It is 
apparent that a large area requires more 
time for scanning than does a small one. 
However, objects of interest are almost 
always associated with certain terrain 
features -boats are on water, vehicles 
are on or near roads, and so on. This 
tends to reduce the scanning time sub- 
stantially as compared with the theo- 
retical time required to scan a complete 
area. During scanning, the observer de- 
tects an object of interest and marks it 
for future analysis or immediately begins 
the analysis. 

Recognition is somewhat more compli- 
cated, since the observer must determine 
shape and associate this with his back- 
ground of knowledge. A reasonable ap- 
proximation of the time required for 
detection (including scanning) and rec- 
ognition is shown in Fig. 1. These times 
assume adequate resolution, brightness, 
and contrast to perform these operations 
with the unaided eye. (These factors will 
be discussed in some detail later, but we 
can note now that detection requires one 
or two resolution areas whereas recogni- 
tion of shape requires from 10 to 100 
distinguishable resolution areas.) Since 
the resolution capability of the eye is 
about one minute of arc, the recognition 
curve is displaced from the detection 
curve as indicated in Fig. 1. It can be 
seen from this graph that detection and 
recognition should be accomplished in 
about a minute for small images and in 
from 10 to 20 seconds for larger targets. 
In practice, photographic film interpreta- 
tion usually requires more time primarily 
because film formats are too small and 
microscopes are needed to obtain a reso- 
lution observable to the human eye (i.e., 
the film resolution is greater than the 
capability of the unaided eye). Also, if 
the contrast in the vicinity of the image 
is insufficient, film processing may be 
needed to increase or stretch the gamma. 
Finally, since orientation is needed both 
to assist in recognition and to identify 
location relative to other objects in the 
scene, the display should be as large as 

possible for comfortable viewing at 12 to 
18 inches distance. In summary, the 
viewing time per scene will be a few 
minutes nominally but may vary from 15 
seconds to one hour. 

It will be assumed that the resolution 
of the human eye is one minute of arc. 
This determination was made under a 
very specific set of conditions and hence, 
the value is not always accepted without 
question. Under some special circum- 
stances, the eye can detect images sub- 
tending 30 seconds or less, while in 
others one minute is decidedly optimis- 
tic. Photo interpreters are demanding in 
their. preferences, but they will accept 
one minute of arc limiting resolution for 
the unaided eye. This value subtends 
about 0.004 inch at one foot viewing dis- 
tance, hence the display should have a 
resolution of 250 lines per inch. Only 
the central portion of the eye has this 
capability and for fixed viewing, the 
screen size should not exceed a 30- degree 
subtended arc. However, the viewer can 
move his head, and since a larger area 
will be required frequently for orienta- 
tion, a viewing angle of about 60 degrees 
seems more reasonable. This results in a 
screen size of 14 to 16 inches square, 
providing 4,000 resolution lines in each 
direction. If it is assumed that most 
images of interest will be defined by 5 to 
10 resolution lines, a screen of this size 
should provide sufficient additional in- 
formation for orientation purposes. 

Photo interpretation has been investi- 
gated primarily by the photographic 
community and hence some explanation 
is required to translate their standards 
into TV terminology. Resolution is usu- 
ally measured by imaging black -and- 
white bar charts. Limiting resolution in 
cycles or line pairs per millimeter defines 
the spacing of bars in the finest pattern 
discernible by the eye or other measuring 
device. This is comparable, approxi- 
mately, to the smallest sine wave pattern 
distinguishable on a display tube in one 
scan line. Each half -cycle is one resolu- 
tion line. Kell (RCA Labs) showed that 
the number of resolution elements per 
unit length in the scanning direction 
must be less than the number of scan 
lines per unit length in the direction 
normal to a scan line by a factor of 0.7. 
Although this factor corresponds to the 
limiting resolution, picture quality is 
considerably degraded and hence a fac- 
tor of 0.5 is a more conservative value. 
On this basis the raster should provide 
four times as many scan lines as there 
are cycles per scan. Finally, resolution 
is a function of brightness and contrast 
between the image and its immediate 
background. Ambient light is a part of 
the background, but since it can usually 
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be controlled to some degree, the ambi- 
ent room light may be assumed in most 
cases to be 10 footcandles or less. Under 
these conditions background light in the 
vicinity of the display should not exceed 
about one footlambert and 30 to 50 foot - 
lamberts highlight brightness should be 
adequate. 

Contrast requirements are consider- 
ably more complicated. Fig. 2 shows the 
relation between resolution and contrast 
thresholds at various brightness levels. 
Contrast thresholds are somewhat analo- 
gous to signal -to- noise. Schade has de- 

fined sensor limiting resolution as that 
resolution at which the signal -to -noise 
ratio is 3.5. This is approximately equal 
to 32 dB for large areas and it implies 
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Fig. 2- Contrast thresh- 
old versus resolution for 
the human eye. 

Fig. 3- Detection proba- 
bility versus resolution 
and contrast threshold. 

Fig. 4- Effect of signal - 
to -noise ratio. 

about 50 percent probability of detection 
for the smallest discernible area. Figs. 3 

and 4 illustrate tradeoff values between 
contrast threshold, resolution limits, 
signal -to -noise ratio, and detection prob- 
ability. 

Finally, with regard to dynamic range, 
the eye senses the logarithm of light in- 

tensity. The range in a typical high - 
contrast glossy print corresponds to a 

reflectance ratio of 32, or ten equal 
contrast steps. Electrically, this is a 
31 -dB range. Note that a 40:1 contrast 
scene, as viewed nearby on the ground, 
will not have more than 10:1 contrast 
from low aircraft altitudes and not more 
than 2:1 contrast from space altitudes. 
Hence, the display should have provi- 

sions for contrast stretch (that is, gamma 
manipulation) . Magnification of 3 to 5 
times is also highly desirable, since it is 
sometimes desirable to scan and detect 
at a lower resolution than that used for 
recognition. 

Information retrieval time should be as 
short as possible. This applies whether 
the information is at a remote sensor 
connected to a display by a radio link, 
or located in a storage device near the 
display. However, a single 4,000 -line 
picture of Kell factor 0.5 contains 16 X 
100 cycles of information. With some 
allowances for margins, a minimum of 
20 -MHz bandwidth is required for re- 
trieval time of one frame per second. It 
is reasonable to assume that retrieval 
times that are short compared with the 
viewing time would be acceptable. Thus, 
a 4- second retrieval time would bring the 
bandwidth within that commonly used in 
commercial TV. In some special cases, 
data -compression techniques can be used 
to reduce retrieval time or bandwidth by 
a factor of 5 to 10. In general, however, 
bandwidth and retrieval time are directly 
proportional and it is unlikely that re- 
trieval times in excess of 5 seconds would 
be acceptable for a real -time display. 
High -resolution photographic recorders 
require 15 to 20 seconds for film develop- 
ment and the retrieval time is longer. 
The desirable characteristics of a high - 
quality display suitable for interpretation 
by the unaided eye can now be specified: 

Area 16 X 16 inches 

Resolution 250 Tv lines /inch 
70% response 
2,000 cycles /scan 
6 000 to 8,000 scan 
lines /square format 

Brightness 0 3 to 30 footlamberts 
Retrieval time 2 to 4 seconds for 

real -time system 
30 to 60 seconds for 
photographic 
reproduction 

Viewing time Minutes normally 
1 hour maximum 

Manipulation Gamma stretch 
5X magnification 

Quality Free of flicker and 
shading error 

STATUS OF DISPLAYS 

Normally, a user is faced with the prob- 
lem of selecting a few frames from a 
large file of information or a limited 
amount of data from a single frame. The 
advantages of a video display as well as 
a hard -copy record for these purposes 
appear to be obvious. When the desired 
information has been selected from a 
soft -copy display, a paper copy is often 
essential for filing and distribution. Thus, 
the ideal system should consist of a soft - 
copy display with a hard -copy repro- 
ducer attachment. Unfortunately, there 
is no high- quality soft -copy device. 
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A number of photorecording tech- 
niques have been devised for video re- 
cording; namely, facsimile, raster and 
line -scan kinescopes, laser recorders, and 
electron- beam -on -film recorders (EBFR). 
Excellent photofacsimile reproducers 
having the characteristics shown in 
Table I are available, and developments 
now in progress indicate that the pre- 
ceding specifications (with the exception 
of input rates) could be met. However, 
these devices are electromechanical, and 
it is difficult to build into them flexibility 
in input rates and format. Raster kine- 
scopes are available with the necessary 
resolution, but the brightness is barely 
sufficient for film recording. A line scan 
tube is available that has better resolu- 
tion and brightness than the raster kine- 
scopes but this device requires a precise 
film transport. The largest high -quality 
kinescopes have a 9 -inch diameter, which 
provides about a 6 -inch raster format. 
Optics are required both for the record- 
ing and for subsequent film enlargement. 
In general, copy lenses have a limiting 
resolution of 5,000 lines on axis with 
considerable distortion off axis and both 
resolution and linearity fall off at the 
edges of the kinescope. Thus full- format 
kinescope recording cannot meet the 
specifications. 

For these reasons, high -resolution 
scenes have been segmented for record- 
ing and reconstructed in a photomosaic. 
This is undesirable, since considerable 
time is required to construct the mosaic 
but it does preserve the resolution over a 
large portion of the scene. Laser record- 
ers may provide the best solution. These 
use rotating optics for scanning and a 
film transport for motion in the other 
direction. Recording should be possible 
up to a rate of 20 MHz. Since these de- 
vices are electromechanical, any specific 
design will be limited as to the range of 
rates and formats that can be accommo- 
dated. Also the rotating optics are diffi- 
cult to acquire. The EBFR can be used 
in the line -scan mode or the raster -scan 
mode. When used in the raster mode, 
complete flexibility can be obtained in 
format and in rates in excess of 20 MHz. 
In this mode, the film and electron beam 
tube are contained in one vacuum en- 
closure. Users object to the time lost in 

degassing, but airlocks could be designed 
to minimize this objectionable feature. 
In the line -scan mode, the recording has 
been done through a Lenard window, 
apparently with some loss in resolution. 
In all film- recording systems, if the re- 
cording rate is greater than about 100 
kHz, retrieval time is primarily that for 
film development. If high production 
rates are required, the first copy could 
be available in about one minute with 
subsequent frames being produced every 
few seconds. 

No suitable direct -view kinescopes are 
available. There are a few 9- to 17 -inch- 
diameter tubes capable of 1,500 TV line 
resolution with sufficient brightness and 
dynamic range to produce a good picture. 
To avoid flicker, the frame rate must be 
40 to 50 frames per second or 30 frames 
per second interlaced. Thus, the beam 
modulation bandwidth is about 60 MHz 
and deflection circuits must operate 
about an order of magnitude faster than 
conventional TV rates. Circuits of this 
quality are being used with 1,500 -Tv -line 
tubes, but it is difficult to foresee how 
these rates can be increased by more 
than a factor of two. The more funda- 
mental difficulty is that of brightness. As 
the resolution increases, the beam spot 
size must be reduced and the scanning 
rate must be increased. As a conse- 
quence, insufficient energy is transferred 
to fully activate the phosphor. It seems 
evident then, that some storage must be 
incorporated in the display tube. A 
phosphor persistence of about 4 seconds 
might be used, but available high- persis- 
tence phosphors have poor resolution and 
poor gray scale. Direct -view storage 
tubes retain the image on a mesh. They 
have the same limitations and, since 
there are some problems in mounting the 
mesh, the available tubes are made only 
in small sizes. There is no evidence to 
indicate that one or the other of these 
methods could not be used if an effort 
were directed toward the problem. 

Photochromics appears to offer an- 
other potential solution. Some of these 
materials can be triggered with ultra- 
violet, viewed in ambient light, and 
erased thermally The triggering energy 
is about 0.5 watt -second per square inch 
or about 150 watt -seconds for a 16 -inch 

TABLE I -Photo Recorders 

Facsimile Kinescopes Laser Recorder EBFR 

Resolution lines 800 to 8,000 line /scan 
Gray Scale, -\/2 steps 10 

Format (square) 81/2 inch 
Brightness 
Retrieval time* 3 to 20 minutes 
Manipulation Gamma 

Problems Low rates; 
inflexibility 

5,000 TV lines 
8 

4 to 6 inch 
Very low 
minutes 
Gamma 
magnification 
Low brightness, 
format size, optics 

5,000 to 10,000 

15 

5 and 9 inch 

1 to 2 minutes 
Gamma 

Limited flexibility 

5,000 to 10,000 

15 

70 mm and 5 inch 

3 to 5 minutes 
Gamma 
magnification 
Degassing 

*Retrieval time includes exposure plus film development time. 

screen. If the retrieval time is two or 
three seconds, the power requirements 
become quite modest. However ultra- 
violet light sources are most inefficient 
(much less than 0.1 %). Either filtered 
incandescent lamps or lasers are possible 
sources. Laser technology is relatively 
new and it may be reasonable to suppose 
that ultraviolet -laser efficiency can be 
improved. 

Direct -view device development has 
lagged because of a lack of an obvious 
market, rather than because of any in- 
surmountable technical obstacle. How- 
ever, this market is growing. For the 
high -quality pictorial display discussed 
here, the government could use an esti- 
mated 1,000 units. This could vary by a 
factor of 10 either way, depending on 
price, size, and operational complexity. 
There is also a growing demand for a 
device capable of displaying text mate- 
rial generated at computers or remotely 
located sensors. For this purpose, an 
8 -by -10 -inch, 100 -line -per -inch display 
would be adequate. Since a system of 
this type has the potential of reducing 
a tremendous volume of filing, reproduc- 
tion, and distribution, the market in this 
case is virtually unlimited. 

CONCLUSIONS 

High -quality hard -copy reproducers are 
within the state of the art. Early models 
of such devices are available now and 
continuous improvement may be ex- 
pected in the near future, directed pri- 
marily toward greater convenience and 
reduced cost. 

High - quality soft -copy devices are not 
available, but appear to be within reach 
technically. Although a substantial effort 
may be required for this development, 
equipment could be available within 
three to five years. 

The market for direct -view displays is 
at least as large as the present one for 
office copying machines. If cost, size, and 
reliability are kept within reasonable 
bounds, it should be almost unlimited. 

Although the pictorial reproducers 
discussed in this paper represent an ex- 
treme in quality, the competition in the 
direct -view display area will be keen and 
quality will be an important factor in 
determining sales levels. 
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CONCEPTION AND USE OF SPECTRA 70 
MULTILAYER BACK -PANEL WIRING 

The heart of the Spectra 70/45 computer system is the multilayer printed -cir- 
cuit back plane, or "platter." These platters provide the printed backplane 
wiring, controlled electrical impedance, and the necessary electrical shielding. 
They also house the printed- circuit logic cards and intraplatter cable harnesses 

required to connect all elements of the system. 

G. R. GASCHNIG, Ldr. 
EDP Packaging Group 

Electronic Data Processing, Camden, N. J. 

THIS paper describes the various 

parameters of the multilayer plat- 
ters, printed- circuit plug -ins, integrated 
circuit packages (tcr), connectors, and 
cabling interconnections used to pack- 
age the Spectra 70/45 System. The 
basic system consists of the basic pro- 
cessing unit (Bru), the main memory 
(mm), the read -only memory (Rom), 
and the scratch -pad or fast memory 
(FM). 

Of significant contribution to this de- 
sign has been the use of the design auto- 
mation programs; these and the use of 
existing computers have aided design 
engineers tremendously in designing the 
Spectra platters from basic ground rules 
to finished product. This was accom- 
plished by output data for use by design 
engineering, manufacturing and testing 
groups. 

The basic platter is used for all blocks 
of logic. The Bru, MM, ROM, and FM are 
all housed on individual platters and 
are arranged in modular -type building 
blocks. The basic platter (Figs. 1 and 
2a) specifications are as follows: 
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1) The size is approximately 17 x 17 
inches x 0.100 inch thick. 

2) There are approximately 16,000 
plated -through holes available, of 
which 8,500 are typically used. 

3) Printed signal lines are 0.010 ± 0.002 
inch. 

4) Plated -through holes are 0.040 ± 
0.003 inch. 

5) Two outside signal layers, orthogonal 
to each other. 

6) Impedance - 100 ohms ±10%. 
7) Three internal voltage and ground 

layers. 
8) Houses 130 connectors; up to 104 for 

logic cards, and up to 26 for intercon- 
nection cables. 

9I Voltage feed is by large plated - 
through holes, symmetrical on both 
sides of the platter. 

10) Mounting is by insulated screws and 
hardware. 

PLATTER FABRICATION 

Figs. 2a -2d illustrate steps in platter 
fabrication. Fig. 2a shows a bare platter 
prior to assembly of components. The 
white markings indicate what positions 
are used for mounting connectors. The 
coded alphanumeric numbering is used 
for both an assembly aid and trouble 

Leader of the EDP Packaging Group, Computer 
Equipment Engineering. He is the author of sev- 

eral articles pertaining to memories and the com- 
puter packaging field. Presently, he is a member 
of IEEE and active on committees of the Institute 
of Printed Circuits. He had served on various 
committees of the Philadelphia Section of the IRE 

and is currently preparing for registration as a 

Professional Engineer. He was listed in "Who's 
Who in the Computer Field -1955 and 1963/64." 

Fig. 1- Author Gus Gaschnig holds a Spectra 70/45 multiplayer 
printed- circuit backplane (or "platter "), illustrating its appearance lb 

lb before IC plug -in boards are assembled to if. In his left hand is a 

typical IC plug -in. White outlines on platter are to guide plug -in as- 
sembly. In background are platters in place in a Spectra 70/45 rack. 
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Fig. 2a -A basic platter before assembly. 

shooting. Markings are on both sides of 
the platter. A solder resist (green 
pattern) coating is applied to the en- 
tire background surface except plated - 
through holes. 

Testing 

After fabrication and prior to assembly, 
the platter is 100% tested for continuity, 
opens, shorts, and grounds on an auto- 
matic platter probe tester. Here, a 
known platter of the same type is used 
as a standard and a comparison test is 
made between the two. If any dis- 
crepancies are noted, an automatic print- 
out is provided. 

Assembly 

The platter is now ready for assembly 
with connectors and blocks of terminat- 
ing resistors as shown in Fig. 2b. There 
are two basic types of connectors. Type 
one is the basic logic plug -in connector, 
and type two is the harness connector 
used to interconnect platters. The con- 
nectors are mounted on 1/2 -inch centers 
in four vertical rows containing 30 con- 
nectors per row. In addition, the top and 

www.americanradiohistory.com

www.americanradiohistory.com


Fig. 2b- Platter assembled with connectors 
and terminating- resistor modules. 

bottom horizontal rows have 5 harness 
connectors each. Each row can have up 
to 26 logic connectors and 4 harness con- 
nectors, giving a total of 104 logic and 26 
harness connectors. Mounted between 
connectors both vertically and horizon- 
tally are terminating resistor modules. 
Space for 156 is provided, and average 
useage is approximately 50 per platter. 

Soldering 

Originally, solder preforms were used to 
provide all solder connections. This was 
achieved using a solder preform setter 
plate and vibrator. When preforms were 
in place, a controlled stream of hot air 
was passed over the protruding connec- 
tor pins and preforms and the solder 
joint made. This method has been re- 
placed in production by an automatic 
wave solder operation. Fig. 2c shows an 
assembled platter ready to be soldered. 
The platter is passed through this equip- 
ment which provides pre- heating, solder- 
ing, washing, and drying. Solder is drawn 
up into the plated- through holes and 
leaves a thin coat on the connector pins. 
Fig. 2d shows a platter just after being 
soldered. Final inspection and touch -up 

Fig. 2c- Platter entering the wave solder machine. 

is next performed and the platter is then 
ready for further testing. 

Testing After Assembly 

After assembly, the platter is placed on 
an automatic platter tester and checked 
using a paper -tape input provided by the 
design automation programs. Again the 
platter is checked for continuity, opens, 
shorts, grounds, and terminating resis- 
tors. An automatic readout device pro- 
vides for recording of any discrepancy. 

DISCRETE WIRING 

Some platters require the addition of 
discrete wire over the printed wire due 
to printed wire density (Fig. 3a). Fol- 
lowing a prescribed set of wiring rules, 
both single wire and twisted pair wire is 
used. A #26 AWG, thin -wall Teflon *, 
Nylon * -insulated solid wire is used. This 
is wired by wire -wrap techniques over 
the pins of the connectors, and dressed 
close to the surface of the platter, using 
a modified wrap. 

After completion of wiring, the platter 
is again tested on the automatic platter 
tester. 

*Registered trademarks of E. I. DuPont 

Fig. 3a- Assembled platter with discrete wire added. 

Fig. 2d- Platter at end of wave solder cycle. 

Approximately 90 to 95% of wiring is 
achieved by the printed lines and the 
balance by discrete wires. Some platters 
have no discrete wiring. Provisions are 
also available to make any changes by 
adding wires since the pins of the con- 
nectors can accept more than one wire - 
wrapped connection. 

The completely wired and tested plat- 
ter is then ready for mounting in the 
platter frame (Fig. 3b). 

"Faston" voltage clips are next fast- 
ened to large plated- through holes on 
either or both of the edges of the platter. 
Normally, each of the four rows of plat- 
ter connectors have voltage connections 
fed independently. The clips provide for 
a jumper wire to be inserted between the 
voltage feed holes of the platter and the 
DC voltage distribution bus which is 
mounted on each of the three platters. 
Each platter is then mounted in one of 
three vertical positions in the platter 
frame. Insulated hardware is used in 
mounting and the platter assembly is 
now complete, ready for insertion of 
logic plug -in boards and interconnect- 
ing cable harnesses. 

Fig. 3b- Assembled platter mounted in hinged platter frame. 
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Fig. 40- Platter mounted with plug -in boards 
in position. 

MODULAR USE 

Platter assemblies form the basic build- 
ing block of the Spectra 70/45 system. 
The same basic size platter is used for all 
designs. Fig. 4a shows the plug -in side 
of a platter used in the BPU. Note that 
only plug -in boards are used in this 
assembly. 

The MM uses plug -in logic platters 
similar to the BPU. In addition, a memory 
stack platter is used which houses both 
memory plug -ins and a magnetic -core 
memory stack (Fig. 4b). The memory 
stack is readily installed and removed 
from the memory platter by use of con- 
nectors. This unit is used to expand the 
memory size from 16,000 to 256,000 
bytes. 

The FM is similarly housed and pro- 
vides for 512 eight -bit bytes. The read 
or access cycle is 120 nanoseconds, 
operating in a linear -select fashion, and 
has an overall cycle time of 300 nano- 
seconds. 

The ROM (Fig. 4c) is also housed on 
a platter. Each ROM is composed of a 
set of two platters, ROM -E and ROM -o. Up 
to three sets of ROMS can be added to 
each 70/45 System. Again the versatility 

Fig. 4b -Main high -speed memory (MM) bank 
shown mounted to platter. 

of the basic platter design is shown in 
this application. 

One typical platter frame (Fig. 4d), 
therefore, has the capability of housing 
a variety of platter types in a subassem- 
bly three platters high. The 70/45 
standard rack is 22 inches deep, 48 
inches wide, and 62 inches high, and its 
internal structure accommodates 18 plat- 
ter assemblies. Six platters are mounted 
in a central fixed frame assembly with 
access to both sides, and three platters 
are mounted on each of four swinging 
frames. Therefore, in a cubic volume of 
approximately 20 cubic feet, the entire 
70/45 BPU and memories are housed. 

Additional memory expansion can be 
accomplished by the installation of a 
standard half -rack measuring 22 inches 
deep, 24 inches wide, and 62 inches high 
or by extra full -size racks. 

PLUG -IN BOARDS 

The plug -in circuit logic boards are one 
of the basic building blocks of the Spec- 
tra system. The Spectra 70/45 system 
uses monolithic tcps for all the basic 
logic functions. The plug -in board (Fig. 
5a) measures approximately 3 x 4 inches 

Fig. 50- Plug -in board with 16 ICPs mounted. 

Fig. 4c- Read -only- memory (ROM) with circuitry 
mounted to platter. 

and is 1/16 inch thick. There are two 
types of boards. One is a double -sided 
board ; the other is a three -layer board 
having an internal ground plane. Both 
use plated- through holes for intercon- 
nections. Printed, gold -plated contact 
fingers are used to make reliable contact 
with the printed circuit connector. The 
plug -in is designed to accommodate up 
to 16 tcPs. Each icr, contains 2 gates; 
therefore, up to 32 gates per card are 
available. In addition, tcps are used 
having other logical functions. 

One of the main requirements was 
that tcPs had to be inserted to the boards 
in the same manner as conventional com- 
ponents and then wave soldered. After 
an unsuccessful survey of the field for 
an automated method of attaching tcps, 
a design project was started to accom- 
plish this. The project was completed; 
a prototype unit built, tested, and used 
to assemble boards for three prototype 
systems ; and production equipment 
built. 

Fig. 5b shows a typical semiautomatic 
tool used for cutting and trimming the 
leads of a standard 14 -lead flat pack. 
The leads are trimmed in a back -to -back 

Fig. 5b -ICPs shown in cutting and trimming 
die after operation. 
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Fig. 4d- Typical hinged platter frame shown 
with one access door open. 

configuration of 4 to 4 and 3 to 3. The 
trimmed flat packs are then inserted into 
a second tool (Fig. 5c) which bends the 
leads. A plug -in board is then inserted 
into place on this machine, a front lever 
activated, and the tcps automatically 
raised up into the matching holes of the 
board and the leads wiped over. Fig. 5d 
shows a view with the board removed. 

PLUG -IN CONNECTORS 

A highly reliable. miniature connector 
was designed for use with the plug -in 
board. Exhaustive tests have proven the 
reliability of this approach. The contacts 
of the connector are designed using a 
welded gold ball as the interface between 
the connector and printed board. The 
gold ball provides low cost but still gives 
a gold -to -gold interface between mating 
units. The contact lateral force of 2 to 4 
ounces was met initially and after 500 
insertions. The contact design uses a 
preloaded design concept. 

The contact extends through the 
Lexan molded body and is designed to 
allow two functions. First, the end is 
tapered, which permits easy lead -in 
when inserting into the platter. Pin-to - 
pin dimensions are held to the same 

Fig. 5c -ICPs shown in position prior to 
forming operation. 

tolerance as hole -to -hole spacing within 
a connector configuration on a platter. 
Secondly, the length of the pin was de- 
signed to accommodate up to three #26 
AWG wires for use in prototype wiring, 
testing, and de- bugging. The connector 
is also designed so that if necessary, any 
pin may be removed from a completed 
platter assembly of over 4,000 pins. In 
addition to logic signals, pins are pro- 
vided for connection to internal voltage 
and ground planes (layers). 

Since the assembled platter is wave 
soldered. the pins of the connectors are 
coated with a thin coat of solder over the 
tin -lead plating. Exhaustive testing of 
wire -wrapped connections over solder - 
plated 0.020 -by -0.030 -inch rectangular 
pins under adverse environmental and 
mechanical conditions has proven this 
technique a success. 

CABLING INTERCONNECTIONS 

To interconnect any logical function on 
a platter to another in the system, cable 
harnesses are used. Fig. 6 illustrates a 
typical interconnection between platters 
on a hinged platter frame and the fixed 
platter frame. To accomplish this, a 
different platter connector called a 
harness connector is used. This design 
utilizes a two -piece connector, with half 
of it mounted on the platter around the 
periphery of the platter. This half has 
the interface contact in the form of a 
tuning fork design with the tail end 
approximately the same as the plug -in 
connector. The mating half of the con- 
nector houses a crimp -type, snap -in con- 
tact formed in a male blade. This half 
makes contact with the tuning fork con- 
tact. A maximum of 36 signals can 
be transmitted on any one of these 
connectors. 

All harnesses are made up on an indi- 
vidual basis and pretested. The harnesses 
are then installed in the basic rack in a 
predetermined sequence, starting with 
the harnesses that contain multi -ended 
connectors and finishing with harnesses 
have a "one -to -one" connector configura- 
tion. A typical system may use up to 40 
harnesses for a basic system plus an 
additional 40 for all optional features 
that can be added directly in the field 
at the customer's installation. All har- 
nesses are designed to be readily ex- 
panded or changed by the use of sepa- 
rate, bundled wire. An impedance of 
approximately 100 ohms average is main- 
tained over all harness wiring. 

CONCLUSION 

This paper has outlined the various 
parameters of multilayer printed circuit 
back panels, the hardware associated 
with them, their use in a system, and 
interconnections. 

As computer speeds increase in the 
near future, packaging density becomes 
a bigger problem, and further advance- 
ments of today's known techniques are 
presently being pursued. The entire con- 
cept of interconnections presents a chal- 
lenge to the design engineer, since to 
attain higher and higher speeds, pack- 
ages become smaller and must be 
mounted closer together. 

Present "state of the art" techniques 
in printed circuitry must be advanced so 
that tomorrow printed circuit concepts 
will be as common to manufacturing 
processes as are today's processes. 

To achieve density such that three of 
the typical platters described in this 
paper will be compressed into one plat- 
ter and still retain all features, is a near 
future challenge. 

Fig. 5d -ICPs as they would appear just before 
inserted into a printed circuit board. 

Fig. 6- Typical interconnecting ca- 
ble harness between platter frames. 
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STANDARD MEMORY INTERFACE 

IN THE MULTIMODULE COMPUTER SYSTEMS ENVIRONMENT 

A standard memory interface can ease the problem of future system growth 

in a multimodule computer. This is especially significant in view of the rapidly 

increasing demand of time -sharing technology. With such an interface, the 

processor and memory units are standardized, thus enhancing system maintain- 

ability and flexibility. 

the growing technology of time 

I sharing, computer systems are ap- 
proaching a new stage in which faster 
processors and massive hierarchical 
memories will be integrated into a 
system hardware base. The demand for 
processing and storage capabilities of a 

computing system will be varied from 
various groups of users. In addition to 
the widely different demands in com- 
puting and storage capabilities, the 
users will expect to be served by highly 
reliable computer systems. These de- 
mands from the users can be best an- 
swered by a computing system with 
multiple module structure.' The mul- 
tiple processing modules and memory 
modules in the future system architec- 
ture will provide system capability to 

accommodate multiple programming, 
multiple processing, and multiple re- 

sponse to multiple users. 

STANDARD MEMORY INTERFACE 

CONCEPT 

The multimodule approach in a corn- 

Final mmnuneript received March lù, 1967. 

Y. C. LEE 

Systems Engineering 

RCA Electronic Data Processing 

Camden, N. J. 

puter system is a familiar one,''°'" and 
there are almost as many variations in 
system modular configurations as there 
are multimodule systems.' However, the 
processing modules and the storage 
modules (memories) compose the heart 
of any computer system. Therefore, an 
effective communication must be in ex- 

istence among the processing modules 
and memory modules. The existing op- 
erational interface of processing and 
memory modules varies from system to 

system. But with the increasing interest 
in multimodule systems plus the adapta- 
tion of standard input -output interface 
by several major computer manufac- 
turers, the question of the necessity for 
a standard memory interface is a nat- 
ural one. The standard memory inter- 
face provides a standard set of signals 
for the operation between any one pro- 
cessing module and memory module in 
the system. The processing modules 
and memory modules can be connected 
directly as shown in Fig. 1 or indirectly 

Fig. 1 -Block diagram of computer system 

without memory switching unit. 
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through a memory switching unit or 
units as shown in Figs. 2a and 2b at a 

standard memory interface. The accep- 
tance of a standard memory interface 
provides many advantages: 

From the customer's point of view, 
the advantages would be: 

1) Serviceability and Maintainability. 
Technical training of service person- 
nel can be minimized in the memory 
area as the relationship between the 
processor and memory units are stan- 
dardized. This also leads to easier 
maintenance and direct labor saving. 

2) Factory Repair. Complicated repair 
would not be necessary in the field. 
The individual processor or memory 
module becomes a black box and can 
be removed for proper attention in the 
factory. 

3) Upgrade or Downgrade of the Existing 
System. As the customer's require- 
ments changed, the standard memory 
interface offers the customer flexibility 
to change the elements in the system 
without having to go to a complete 
new system. 

Fig. 2a -Block diagram of computer system 

with a memory switching unit. 

3 
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From a marketing point of view, the 
advantages would be: 

1) System Configuration. The system con- 
figuration can be changed to meet 
different customer's requirements, such 
as additional processing, memory or 
switching units. 

2) Replacement. With standard memory 
interface, replacement of processor or 
memory unit would be greatly simpli- 
fied. 

3) Product Reconfiguration. Older or out - 
of -date products, can be used to form 
new configurations. This offers the 
advantage of extending the life of ob- 
solescent products. 

From an engineering point of view, the 
advantages would be: 

1) With definite interface boundaries, the 
designers could optimize their design. 

2) Uniform control logic could be derived 
from the Standard Memory Interface. 

STANDARD MEMORY INTERFACE 

TRADEOFFS AND ANALYSIS 

In order to establish a standard mem- 
ory interface, the conceptual require- 
ments were established as follows: 

1) Dynamic system reconfiguration - 
proper and sufficient signals must be 
provided for operation in a multiple 
module switchable structure. 

2) The number of interface lines and sig- 
nals must be kept to a minimum for 
both data and controls. Multiple sets 
of Standard Memory Interface lines 
would be used to meet the switching 
requirement in the multiple module 
structure. 

3) Asynchronous operation"-which could 
accépt memory speed variation, pro- 
cessor speed variation, system cable 
variation, overlapping and simultane- 
ous operation and switch and control 
variations. 

4) Concurrent memory module operation 
among multiple interfaces -the Stan- 
dard Memory Interface should not be 
the limiting factor in overlapping and 
simultaneous operation among mul- 
tiple modules. 

5) Modular for data size variation -the 
construction of Standard Memory In- 
terface physically should be modular 
in structure for the maximum prede- 
termined number of bits transfer. 

6) Adaptable for all data type of mem- 
ories such as scratchpad, high or low 
speed memories etc. -for some mem- 
ory type, a subset of the total Standard 
Memory Interface signals might be 
used. 

Trade -offs and analysis of the above 
system criteria involved an investigation 
in four conceptual aspects: Memory 
addressing, data transfer, switching and 
error detection. 

MEMORY ADDRESSING AND DATA 
TRANSFER ASPECTS 

In order to analyze the memory ad- 
dressing and data transfer aspects under 
the guide line of the above system cri- 
teria, two major questions must be 
answered: system timing and interface 
configuration. 

System Timing 

There are two approaches to the control 
timing in the standard memory inter- 
face signal; one is a constant- pulse- 
width approach, and the other a com- 
mand- and -response approach. With well 
defined system components, the con- 
stant -pulse -width approach will be the 
most efficient in the processor cycle 
timing requirements. 

However, efficiency will be decreased 
as the speed range of the various mod- 
ules within the system increased. The 
command and response approach re- 
quires a longer period of the processor 
cycle timing, but it offers the advantage 
of asychronous operation and in error 
detection during transmission or switch- 
ing. There are also mixtures of both 
approaches, with the result of processor 
cycle timing falling in between the two 
extremes. Therefore, before a standard 
memory interface can be established, a 
definite timing control approach must 
be established. In the study model anal- 
ysis, the command and response ap- 
proach is recommended, since such an 
approach will give a worst case timing 
delay for an assumed system configura- 
tion. 

Fig. 2b. -Block diagram of computer system 
with several memory switching units. 
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Interface Configuration 

The timing requirement and the com- 
plexity of the system controls between 
the processing and memory modules 
depends upon the memory addressing 
and data transfer operations; which in 
turn are functions of standard memory 
interface. 

Three different standard memory in- 
terface configurations of the study 
model for memory addressing and data 
transfer operations are described in the 
following sections. 

CONFIGURATION 1 

Standard memory interface in Configu- 
ration I: 

Data 
Positional Control 
Operational Control 

a lines 
ß lines 
y lines 

Total lines = a + ß + y 

In order to describe the general con- 
cept of memory addressing and data 
transfer, a set of standard memory in- 
terface signals is assumed; they are 
presented in Table I. 

When a memory unit is operable, the 
available interlock (AI) signal is true. 
Memory cycle starts when an execute 
addressing signal (EA) is received. The 
memory address is gated from the 
processor data lines (Pn) into the MAR. 

Both busy interlock (in) and cycle in- 
interlock (ct) go true. The memory 

59 

www.americanradiohistory.com

www.americanradiohistory.com


operation begins the read -out phase of 
the memory cycle. The memory unit 
will not operate the regenerate phase 
until execute regenerate signal (ER) is 
received from the processor; at which 
time, the ci signal from the memory 
unit goes false as an acknowledgment 
of receipt of ER. Toward the end of 
the regenerate phase, the memory unit 
causes RI to go false and reset all in- 
ternal controls to quiescent condition in 
preparation to accept another EA com- 
mand. 

The data movement in the memory 
unit is completely controlled by the 
processor. The memory at the start of 
the memory cycle, always assumes a 
fetch cycle. By the controlling corn - 
mands the processor causes the mem- 
ory unit to operate in a fetch or store 
operation. 

In the store operation, the ci signals 
the processor to place the data on the 
PD lines and to generate the control 
signals SD and ER. Upon receiving the 
SD signal, the memory logic gates the 
data on the PD lines into the MDR, and 
generates the store data interlock (ma) 
signal to the processor to acknowledge 
receipt of the data. The regenerate 
phase starts when the execute regener- 
ate signal (ER) is received and the read- 
out cycle is completed. The processor 
will generate a termination signal (TE) 
upon receiving the WI signal and ready 
to go into another memory access oper- 
ation. 

In the case of fetch operation, a 
fetch data interlock signal (DI) is gen- 
erated by the memory unit when the 
data from the memory location speci- 
fied by the MAR is firm at memory data 
bus (34D). Since the memory data lines 
(MD) are available to the processor at 
all times, DI is to signal the processor 

that the data from MDR is ready for the 
processor to use. The ER can be sent at 
any time and as early as the start of 
EA, but not before. (Memory logic 
inhibits the setting of regeneration flip - 
flop at the presence of EA by ER). Upon 
properly receiving the data for MD, the 
processor generates TE and prepares for 
another memory operation. 

The above is a general description of 
the memory addressing and data trans- 
fer operations with the SMI configura- 
tion in Table I. 

In the Configuration I, the data lines 
are time shared by the addressing infor- 
mation. The addressing information is 
sent to the memory module through the 
data line for the memory module selec- 
tion before any data transfer is made. 
The size of a is a function of the sys- 
tem operational speed and the system 
storage capacity, therefore, it is the 
width of processor data or memory ad- 
dress whichever is larger. In cases 
where the circuit characteristic is uni- 
directional; a separate set of data lines 
have to provide for data transferred 
from memory to processor. The total 
number of Standard Memory Interface 
lines becomes 2a + ß + y. Positional 
control lines provide an additional op- 
tion in store operation. With the ex- 
istence of the positional control, the 
processing module can change any part 
of the complete data length a in one 
memory cycle without effecting the rest 
of the data. The size of ß depends upon 
the resolution desired by the computer 
system (usually ß « a) . Operational 
Control lines are necessary for memory 
access, operation, termination and error 
detection. The size of y is usually in 
the order of 10 to 20 lines. 

For the multiple module system, the 
repetition rate of memory operation is 

fig. 3- Configuration I, timing chart of memory fetch operation. 
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Fig. 4- t1C /tn1e vs. one way transmission time 
in fetch operation. 

determined by the memory cycle time 
and the processor cycle time, whichever 
is longer. The processor cycle time is 
shortest interval possible between lead- 
ing edges of successive execute address- 
ing commands by the processor. 

The memory cycle time is in duration 
of the read -out phase, plus the regen- 
erate phase. 

From the timing chart in Fig. 3, the 
processor timing cycle t , in a fetch 
operation can be express'ed as: 
t = I+ 

tL, - tt 
t, + t7.3 + 1.14 

= tr. + 2t, + 0.4t,, + t,,, + t,., + 
t,.3 + tLr 

TABLE I- Standard Memory Interface 
Signals (Configuration I) 

Naine 
No. Pro - 

Moe- 
Of 

cessor/ Signal 
nnmic 11 irrem- Relation 

ory 

DATA a 
Processor Data (PD) Timed 
Memory Data (MD) F. Timed 

POSITIONAL 
CONTROL 

Byte Control (BC) ß -* Timed 
OPERATIONAL 
CONTROL 7 

Execute 
Addressing (EA) -* Timing 
Execute 
Regeneration (ER) -} Timing 
Busy Interlock (BI) - Timed 
Available 
Interlock (AI) *-- Timed 
Cycle Interlock (CI) f Timed 
Fetch Data 
Interlock (DI) --- Timed 
Store Data 
Interlock (WI) 
ROMAR (RA) 
RIMDR (SD) 
Termination (TE) 
General Reset (GR) 
Parity Error (PE) 
Cycle Error (CE) 
Processor Power (PP) 
Memory Power (MP) 

Timed 
Timing 
Timing 
Timing 
Timing 
Timed 
Timed 
Untimed 
Untimed 

www.americanradiohistory.com

www.americanradiohistory.com


PROCESSING 
MODULE tPc 

6 

EA - 
tL) 1°- 

tt CI 

' DATA 

SD L_ 5 I 
tL3 

J I tt WI 

TE 
tL5 4 

ER 

a 
MEMORY 
MODULE 

3 Htisiti EA 

tLCI 2 _I DATA 

tt SD 

tL4 

_11! ER 

READY TO 
ACCEPT NEW EA 

Fig. 5- Configuration I, timing chart of memory store operation. 

where t = processor cycle time in 
fetch operation, t , = memory cycle 
time (40% of which is read -out phase) 

= priority resolution and module 
selection time, approx. 2.5 pair delays 
(PD) ; tLI = 1 pair gate delays, tL: _ 
2 pair gate delays, t,,3 = 2 pair gate 
delays, t,,I = 4 pair gate delays, and 
t, = one way transmission time delay. 
Thus: t = 2.5 PD + 2t, } 0.4t,,, -{- 

1 PD + 2 PD + 2 PD -1- 4 PD 

= 11.5PD +2t,- h0.4t, 

Assuming maximum pair delay of the 
system circuit is 5 ns and minimum is 
3 ns and cable as 2 ns per foot, the 
ratio of t /t, is plotted against the 
one -way transmission delay time with 
various memory speed in Fig. 4. When 
(t /t,,, ) = 1, the time required for the 
processor to perform a fetch operation 
is the same as the memory cycle time. 
When (t /t, ) > 1, the processor 
cycle time is longer than the memory 
cycle time and the memory unit is not 
operating at its highest efficiency, the 
degree of idleness is in direct propor- 
tion to how much (t /t, ) is greater 
than 1. When (t /t,n) < 1, it repre- 
sents the degree of availability for over- 
lapping operation. An economic com- 
promise in processor and memory speed 
will be when (t /t , ) = 1; however, 
the desirable compromise is when the 
ratio is below one. Fig. 4 offers a pic- 
torial representation of! the interrela- 
tionships of the memory cycle time, 
processor cycle time, and system trans- 
mission time. The specific point on the 
chart represents the operation charac- 
teristics of the system. 

From the timing chart in Fig. 5, the 

1,c 50ns (MAX) 

1,,, 50n1 (MINI 

= 100na (MAX) 

tmc IOOna (MIN) 

t 200ns(MAX) 
%tm 200ns (MINI 

(MAXI, 

MAX), 
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I (MAXI I 

(MINO me 2%'a 

20 40 60 80 100 
ONE WAY TRANSMISSION 
ON NANO SECONDS/ 

Fig. 6- t o /t ,o vs. one way transmission time 
in store operation. 

t in a store operation can be expressed 
as follows: 
t n = tL, +ti, +t, +tL_ +t, +tc3 +t, 

+ tLi + t, + tL6 

ti, + 4t, + tl.l + tL_ + tL2 + tLd + 
tLS 

where t = processor cycle time in 
store operation, t,,, = priority resolution 
and module selection time (approx. 2.5 
PD) , tL1 = 1 PD, t,, = 2 PD, tL3 = 3 PD, 

tLt = 4 PD, tLS = 2 PD, and t, = one 
way transmission time delay (cable and 
switching) . 

Thus: 
, =14.5PD-+4t, 

Under the same circuit speed and 
cable delay assumptions, the ratio of 
t /t, for the store operation is plotted 
against the one way transmission delay 
with various memory speed in Fig. 6. 

CONFIGURATION II 

Standard memory interface in Configu- 
ration II; 

Data 

Positional Control 

Operational Control 

a lines á + 1 lines 
2 

y lines 

Total = (a) -+ (2 -+1 ) -+ y 

In configuration II, the memory ad- 
dressing information and data of a/2 
bits long can be sent to the memory 
simultaneously on the a lines. If the 
data to be stored is only a/2 in length, 
the processor cycle can be completed 
sooner by a significant amount. For 
data of a in length, the second half of 
a/2 data will be sent for the memory 
after the first half is accepted by the 
memory. Thus, the operating speed 
will be approximately the same as in 

Configuration I. Due to the a/2 data 
transfer, only [ (ß /2) + 1] lines will be 
required which represents a savings of 
[ (ß /2) - 1] lines from configuration I. 

If it is only a single word store op- 
eration, the processor cycle can be com- 
pleted sooner by a significant amount. 
For double word store operation, the 
data portion of the PD lines would be 
used twice, thus, the operating speed 
should be approximately the same as in 
Configuration I. This is shown in Fig. 
7, the t , can be expressed as follows: 

t ni = tLi + ti, + t, + tL5 + t, + tLS 

= t,, + 2t, + tLl + tL_ + tL3 

where t , = processor cycle time in 
one -word store operation, t,, = priority 
resolution and module selection time, 
approx. 2.5 PD, tt = one way transmis- 
sion time delay, tj,, = 1 PD, tLS = 4 PD, 

and tL3 = 2 PD. 

Thus: 
=9.5PD +2t, 

With the same circuit speed and cable 
delay assumptions, the ratio of t ,/t , 
for the one -word store operation is 
plotted against the one way transmis- 
sion delay with various memory speed 
in Fig. 8. From Fig. 8, the processor 
can work with memory with higher 
speed and still retain (t , /t , ) < 1. 

In case two full word store operation 
is required, the second full word (4 
bytes) will be sent to the memory on 
the same path as the first full word 
upon receiving the WI signal. Since 
the second full word is transferred after 
the first full word, it takes in essence 
the same amount of time as Configura- 
tion I. Fig. 9 gives the timing chart 
of the two -word store operation, from 
which t can be expressed as follows: 
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tpca = 
t1Ll 

+ tLtLe T tl + tL9 T te + tLS T te 

T t11L4 T te tL5LL 

= tre T 4tt t T tLa tL1 

tLs 

where t .a = processor cycle time in 
two -word store operation, tr, = priority 
resolution and module selection time, 
approx. 2.5 PD, t, = one way transmis- 
sion time delay, tL, = 1 PD, tea = 1 PD, 

tEa = 1 PD, tL4 = 4 PD, and tL5 = 2 PD. 

CONFIGURATION III 

Standard memory interface configura- 
tion III: 

Data a 
Addressing (S 

Positional Control ß 
Operational Control y 

Total (a+ß+Y+8) 
Since memory addressing and processor 
data do not time -share the data lines, 
data of a long can be stored the same 
manner as a/2 data in configuration II. 
It is the fastest data transfer of the 
three configurations for a long data 
store operation. However, it involves S 

lines more than Configuration I and 
[S -1- (ß /2) - 11 lines more than 
Configuration II. 

In all above three configurations, the 
time delay required for initial selection, 
which includes priority resolution and 
module selection, was added to the cal- 
culation to t,. For the first cut esti- 
mate, it is estimated to be 2.5 PD. This 
amount of time can be removed for 
normally dedicated connections such as 
in the case where the memory modules 
are program state memory modules. 
This will reduce t, approximately 10% 
and put the memory of 100 -ns cycle 
time within operational range of (t,/ 
t,,) = 1. 

Predominant factors in the immediate 
future seem to be the cabling and 
switching complexity and the number 
of signal lines is one of the more im- 
portant considerations. The choice of 
a standard memory interface configura- 
tion depends therefore, upon solutions 
on these two factors. From the analysis 
of the three configurations, Configura- 
tion II seems to represent the best com- 
promise in timing requirement and the 
least amount of cables. 

MEMORY SWITCHING ASPECT 

The memory switching is closely related 
to the standard memory interface, since 
the number of data lines to be switched, 
the number of control lines required in 
the memory access operations and the 
amount of time required are a prime 
concern of both standard memory inter- 
face and memory switching. 

From the preceding section, t a is a 
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function of t, and t,. Since both t, and 
t, are the functions of the memory 
switching configuration of the system, 
any analysis of the standard memory 
interface must be involved in the anal- 
ysis of system memory switching con- 
figurations. While there are many 
different types of memory switching 
configurations, the trade -off must be 
based upon the following areas: 

Cable Sets 

In a n processing modules by m mem- 
ory modules computer system, the total 
number of set of standard memory 
interface cable depends upon the 
switching configurations. In the case of 
configuration shown in Fig. 2a, the total 
number of cable sets is equal to (m - 
n) sets while in configuration shown in 
Fig. 10, is equal to (m X n) sets. 

Total Logic Requirements 

In Fig. 2a configuration, all the switch- 
ing and control logic will be located in 
a centralized location. Therefore, it will 
require only one set of processor prior- 
ity resolution logic, while there will be 
a duplication of priority resolution logic 
in each memory module in Fig. 10 con- 
figuration. In addition to the priority 
resolution logic, there will be only 
2(m -}- n) sets of switching gates in 
Fig 2a configuration as compared to 
2(m X n) sets of switching gates in 
Fig. 10 configuration. 

Therefore, from the total number of 
gates required in performing the switch- 
ing and control functions in the (m X 
n) multimodule structure, the Fig. 2a 
configuration offers greater economy 
than Fig. 10. Configuration in the 
direct proportion to the number of 
modules in the system. 

Additional Time Delay 

In the case of Fig. 2a configuration 
where the switching and control func- 
tion is located in separate unit, any 
signal transmitted from a processor to 
the memory module or vice versa must 
go through at least two sets of line 
drivers and receivers as compared to 
only one set in Fig. 10 configuration. 
Since the switching and control func- 
tion is located in a separate unit, the 
packaging of the total system will re- 
quire longer cable length in the Fig. 2a 
configuration. Therefore, from the time 
delay point of view, Figure 10 Configu- 
ration offers a system with smaller 
transmission time between operating 
modules. 

Additional Power Supply 

If the memory switching unit in Fig. 2a 
configuration is packaged together with 
the processors or memory modules, it 

usually can share the power supply 
with the other units in the system. In 
this case, the additional power supply 
requirements will be only the additional 
logic gates in the switching unit. Since 
there are less logic gates required in 
Fig. 2a configuration, the power supply 
required will be less. 

System Availability 
From the system availability point of 
view, the operation of the Fig. 2a con- 
figuration system will be completely 
jeopardized if the switching and control 
unit is out of service for any reason. 
However, one or more sets of switching 
and control logic in Fig. 10 configura- 
tion can become malfunction, the sys- 
tem still retains some operational capa- 
bility, providing a fail -safe advantage. 

The physical packages of the memory 
switching and control units presented in 
configurations Figs. 2a and 10 represent 
the two extremes in memory switching 
packages. There are also other combi- 
nations which fall somewhere in be- 
tween. These are systems using several 
n X q memory switching units, where 
q < in examples shown in Fig. 2b. 

ERROR DETECTION ASPECTS 

No interface architecture is complete 
without consideration of error detection. 
In the establishment of Standard Mem- 

ory Interface, the following areas must 
be taken into consideration: 

1) Parity checks -Parity checks must be 
provided for data and address from the 
processing module to the memory mod- 
ule in the store operation and data 
from memory module to processing 
module in the fetch operation. The 
amount of parity bits provided in the 
standard memory interface should be a 
system study trading off the number 
of additional lines in the standard 
memory interface and additional logic 
requirement against the required sys- 
tem reliability. Control signals must 
also be provided in the standard mem- 
ory interface to commurlicate the 
detection of any parity error from the 
memory module to processing module 
and vice versa. 

MEMORY 
MODULES SWITCHING 

B CONTROL 

2 

2) Operational Sequence- Definite mem- 
ory operational should be established 
at the outset of establishing the stan- 
dard memory interface. Any deviation 
from the established sequence should 
be detected immediately by one mod- 
ule and communicates with the other 
module through proper control signal 
provided by the standard memory 
interface. 

3) Power Supply -Power supply failure 
in any form should be detected imme- 
diately ; a control signal to indicate 
much failure should be provided in the 
standard memory interface. 

4) Diagnostic Provision -The standard 
memory interface should provide suffi- 
cient number of control signals to 
allow diagnostic operations such as 
read -out memory address register con- 
tent, snap -shot operation, diagnosis of 
one memory module by an un- related 
processing module etc. 

CONCLUSION 

With a well- defined standard memory 
interface, its effect on the future growth 
of computer systems can be significant. 
From the hardware point of view, it 
eases the system growth in modular 
manner to meet the ever -increasing de- 
mand of time -sharing technology. From 
the software point of view, it provides 
proper communications among modules 
for diagnostic programming and oper- 
ating system. 
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PARTS SCREENING FOR HIGH RELIABILITY EQUIPMENT 

Parts screening is a test or technique performed on 100% of a product to 
eliminate failures or potential failures. It is a cost effective and powerful tool 
for improving the reliable performance of inherently good component parts 

and, in certain cases, for controlling and significantly reducing factory re -work 

costs during equipment production. Such questions as when to employ parts 

screening on an equipment project, what it costs, and what it buys are dis- 

cussed in this paper. An understanding of these and other parts screening 

concepts is mandatory since their application will have a significant bearing 
on the development, production, cost, and reliability of essentially every 
future military and space program. 

S. SCHACH 

Manager, Parts Applications, Central Engineering 
DEP, Camden, N. J. 

E production of highly reliable 
required for space, or 

any application where maintenance can 
not be provided during the equipment's 
useful life, requires that every part se- 
lected and its application be given the 
most expert attention and care possible 
to insure mission accomplishment. The 
best of systems concepts, circuit devel- 
opments, and packaging designs are lost 
if the parts prove unreliable. 

The parts program for any system 
must be subjected to the same con- 
straints as the other phases of the pro- 
gram with respect to trade -offs between 
cost, time, and performance. The em- 
phasis on weight, size, speed of opera- 
tion, and environmental ruggedness has 
led to the use of many new and un- 
proven parts developed especially for 
these requirements; yet at the same 
time, the sheer number of parts in the 
modern system requires an order of 
reliability on each part that approaches 
perfection. 

Thus, the parts program should be 
implemented early in the hardware de- 
velopment stage in order that: 

1) Maximum use is made of known and 
proven parts for which a great deal of 
performance data is available. 

21 Designs do not become committed to 
an unavailable or basically unreliable 
part. 

3) Time is provided to evaluate and qual- 
ify new and unproven parts. 

4) Necessary controls and tests can be 
placed on parts going into the hard- 
ware. 

Procedures for obtaining maximum con- 
fidence in parts utilized in these high - 
reliability systems are as diverse as the 
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experience and judgment of the engi- 
neers involved and the needs of the par- 
ticular program. Methods range from 
the detailed and rigorous program em- 
ployed by the Bell Telephone Labora- 
tories in selection of components used 
in undersea cable amplifiers to no- stress 
testing of individual parts with reliance 
on the environmental testing of the as- 
sembled equipment to reveal failures in 
potentially unreliable parts. A more 
usual approach, which may be varied to 
suit the confidence level desired or that 
can be afforded, is that of "screening ". 

WHAT IS SCREENING? 

Part screening refers to a series of tests 
conducted on a 100% basis under con- 
trolled conditions on finished electronic 
parts. The intent of such tests is one 
or more of the following: 

1) To detect and eliminate initial and 
early failures. 

2) To eliminate non- homogeneous parts 
from a lot ( those which differ in per- 
formance from normal parts in a lot 
and, hence, are suspected as potential 
reliability risks). 

3) To stabilize performance. 
4) To increase confidence in the parts re- 

maining. 

The overall objective is to provide a 

group of specific parts for production 
use in which there are zero defects, or 
zero potential defects. 

Some examples of tests used as 
screening operations are: high temper- 
ature storage, operational life, x -ray, 
current noise, shock, vibration, dew 
point, and electrical parameter measure- 
ments. Pre -conditioning, burn -in, and 
stabilization are other terms frequently 

used to describe a test that may be a 
part of the screening operation. 

FACTORS DETERMINING 

SCREENING REQUIREMENTS 

The tradeoffs between costs, time, and 
increased reliability actually obtained 
are presently far from an exact science 
for which specific standards can be estab- 
lished and followed without exercising a 
great deal of judgment--as will be evi- 
dent from the following considerations. 

The test that will reveal potential 
failures early or indicate unstable units 
must be tailored to each type of com- 
ponent. In addition, the same type of 
component produced by different ven- 
dors may require different tests, de- 
pending on its design and production 
process. The parts engineering special- 
ist must work very closely with a parts 
manufacturer in the development of 
meaningful screening tests, taking into 
account his test data, sampling plans, 
etc. Good judgment is required based 
on a knowledge of failure modes, and 
criteria must be subjected to continuous 
change as additional experience is ac- 
quired. Such techniques as cycling, 
overstress, noise and thermal measure- 
ments, and observation of parameter 
change are being developed and are 
proving increasingly more valuable in 
the selection process, but must be ap- 
plied with understanding and caution. 

The duration of screening tests can 
often be approximated from previous 
data available, but each project is 

different in regard to time and money 
available and the degree of assurance 
required. Observation of data readings 
at intervals will indicate when and if 
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leveling off occurs and when additional 
time fails to produce significant addi- 
tional data on which to make further 
selection. This is a point where objec- 
tive thinking needs to be applied, tern - 
pered by time and cost considerations. 

Screening costs are determined by 
the volume of parts handled, extent 
of the test decided upon, cost of the fa- 
cilities employed and number of batches 
to be run. Where possible, large sav- 
ings can result by screening enough 
parts for the entire equipment program 
at one time, rather than running tests 
on small batches for one equipment at 
a time. The number of items on test is 
not as significant an item of cost as 
would be the repeating of the tests for 
each of several lots. Frequently, the 
cost of testing far exceeds the cost of 
the product, and this may or may not 
be a wise expenditure. On the other 
hand, the lack of any screening would 
permit defective devices to get into the 
equipment, which could cause delays, 
expensive rework, or mission failure. 

The selection of which parts to screen 
and the relative emphasis to be placed 
on them requires a system approach in 
order that the effort be directed to 
those areas where the greatest benefits 
can be obtained. The trade -offs between 
time or costs and benefits are compli- 
cated by the inability to quantitatively 
measure the benefits. The analysis re- 
quires the participation of Engineering 
parts specialists, who are fully knowl- 
edgeable of the failure modes, working 
with the system project and reliability 
engineers to develop an initial testing 
program. Implementation of a screen- 
ing program continues to require skilled 
technicians under engineering direction 
to protect the integrity of the part, to 
ensure that there is not more harm than 
good done, to interpret the data taken, 
and to recommend modifications in the 
testing program that may change em- 
phasis and costs. Except possibly on 
very large programs involving a high 
volume of parts, this type of screening 
effort can not be standardized to the 
point that it becomes a normal incom- 
ing inspection type of test. 

In addition to the parts screening, 
there is need for the complete equip- 
ment operational tests to further insure 
that the parts selected have been prop- 
erly installed, without damage, and 
work together to perform the equip- 
ment function. It can be argued that 
equipment operational tests could be 
conducted so thoroughly as to make 
part screening unnecessary. However, 
equipment operational tests, in general, 
do not measure individual part perfor- 
mance nor do they subject parts to 
maximum stress and, therefore, are not 

sensitive enough to provide data for 
elimination of potential failures. Fur- 
thermore, if excessive failures are en- 
countered in equipment testing, the 
failures and repairs can lead to further 
damage to interconnections and other 
parts so that the overall quality of the 
equipment is degraded by the rework. 
Also, this may be very late in the time 
schedule to discover the need for a re- 
placement. It is important, therefore, 
that the number of replacements in the 
finished equipment be minimized. Prop- 
erly applied part selection methods help 
accomplish this. 

It has been possible in the past to 
procure screened parts from part manu- 
facturers where high usage of individ- 
ual part types was involved. In many 
current cases, however, involving rela- 
tively low quantities of a broad variety 
of part types, and more sophisticated 
tests, vendors are now reluctant, and in 
some cases are refusing, to supply 
screened parts. In other instances, 
quoted part manufacturer prices are 
excessive due to the facilities and engi- 
neering time required, and the delivery 
times are often totally unacceptable. 
Poorly conceived screening requirements 
can, of course, contribute to these diffi- 
culties, which again points to the need 
for the best judgment possible in deter- 
mining the most effective screening 
requirements to invoke. 

WHEN TO SCREEN 

The basic factors which determine 
when parts screening should be invoked 
as a project requirement are: 

1) The reliability /safety requirements 
and degree of assurance necessary to 
meet these requirements. 

2) Repair considerations relative to ini- 
tial production or field maintenance. 

Although a cost effectiveness analysis 
must be considered for either of these 
factors, reliability requirements in cer- 
tain cases dictate the need for screening 
essentially independent of cost. This is 
particularly the situation wherever the 
mission functions must be carried out 
at an absolute minimum risk; for 
example, where personnel safely is 
involved in manned space flight, or in 
the case of certain weapon- systems ap- 
plications. The primary reason for the 
mandatory screening requirement in 
these cases is that there is no known 
practical alternative approach for ob- 
taining the needed reliability assurance. 
Furthermore, parts screening is the 
only technique that has been success- 
fully demonstrated in prior equipments; 
for example, the underwater transatlan- 
tic cable system and numerous space 
equipments. 

SAUL SCHACH received a BSEE degree i. 1949 

from George Washington University and i d a 

year's gracuate work in the Engineering S.:ience 
and Applied Physics Department of the Harvard 
Graduate School. Mr. Schach was employed for 
three years at the Signal Corps Engineering Labo- 
ratories, where he was in charge of a Component 
Test and Evaluation Group. Before coming to RCA 
in 1956, he was a Project Engineer on microwave 
components and assemblies at Airtron, Inc., where 
he performed design, development, and produc- 
tion work for several years. Since joining RCA, Mr. 
Schach has worked on the design, evaluation, appli- 
cation, and standardization of microwave devices 
and transistor circuits. He was instrumental in es- 
tablishing the RCA Transistor Circuit Quarterly 
Manual of semiconductor circuits and in developing 
microwave radiation detection instrumentation for 
BMEWS. Among other assignments, he was the 
Administrator for the Minuteman Standard Parts 
Program and was responsible for the preparation 
and direction of the RCA Minuteman Parts Pro- 
gram. He is currently Manager of the Parts Appli- 
cations Section in Central Engineering, Defense 
Electronic Products. Mr. Schach is a member of 
the IEEE, PGMTT, PGCP, and Sigma Tau. 

In the case of the repair factor, an 
estimate of the comparative repair and 
maintenance costs should be made con- 
sidering the use of screened versus un- 
screened parts based on achieving the 
same operational effectiveness. It is not 
an easy matter to carry out such a cost - 
trade analysis, since many of the factors 
are not readily determinable. However, 
this type of analysis has been performed 
on systems in the past and should be 
considered particularly where large 
quantities of equipments or parts are 
involved. In several cases at RCA, it 
has been found that an order of magni- 
tude reduction in factory line repairs 
occurred when screened parts were used 
in place of normal military types. 

The utilization of parts screening as a 
production tool (and the degree of such 
screening) must be established on an 
individual program basis since it will 
have a significant impact on equipment 
cost. However, for guidance purposes, 
the following rules of thumb are pro- 
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REGION OF CONVENTIONAL 
MILITARY TYPE PARTS 

NOMINAL PART FAILURE RATE 

Fig. 1- Relative Failure Rate Improvement 
due to Part Screening. 

vided as to when screening is generally 
applicable: 

1) For space equipments. 
2) Where the required average part fail- 

ure rate for the equipment is less than 
0.1 failure per million hours. 

3) For equipments having a contractually 
specified MTBF in excess of 1,000 
hours. 

4) Wherever repair or maintenance costs 
may be excessive; for example, sealed 
or encapsulated assemblies or remote 
location maintenance. 

PART TYPES TO SCREEN 

When required, screening should be 
performed on those part types most 
critical to equipment mission success, 
to "state -of- the -art" types, and to non- 
standard types. Power, linear, close 
tolerance, or high electrical stress de- 

vices are those which should be given 
maximum consideration. In general, 
the best effectiveness is achieved by 
screening the following part types: 
semiconductors, integrated circuits, re- 
lays, and capacitors. 

EVALUATION OF 
SCREENING EFFECTIVENESS 

The question often raised is, "What is 

gained by screening ?" The determina- 
tion of what screening achieves in terms 
of improved reliability on a numerical 
basis is complicated by many factors 
and probably has never been satisfac- 
torily established. To establish such a 

number, it is necessary to consider the 
specific part type, lot -to -lot variation, 
vendor -to- vendor process differences, 
applicable failure mechanisms, the par- 
ticular screening technique, the specific 

applications of the part, and methods 
for measuring part reliability. The 
variables are not only numerous but 
essentially uncontrollable. Furthermore, 
the economics of failure -rate measure- 
ments are so great that they preclude 
the establishment of the numerical 
improvement in failure rate due to 

screening on a direct basis. 
To attack the problem of screening 

effectiveness, one must resort to an 
indirect approach. Before proceeding 
with such an approach, it must be rec- 
ognized that there is not a fixed failure 
rate applicable to any part type (con- 
trary to widespread belief) but a range 
of failure rates. Furthermore, there is 

extensive evidence that this range can 
be quite large and cover several orders 
of magnitude. That this is so, is evident 
by the fact that the same part is gen- 

erally constructed differently by dif- 
ferent vendors and each vendor's fabri- 
cation process not only has variability, 
but is changed from time to time. In 
addition, laboratory and field data show 
widely differing failure rate values for 
the same part type. 

A second important factor, which in- 

directly provides an indication of po- 

tential improvement available, is the 
degree to which conventional military 
type specifications provide for reliability 
assurance. Reliability guaranties for 

most electronic parts are either non- 

existent or practically meaningless 
based on the test requirements of most 
military -type specifications. This is ndt 
an oversight but is due to the prohibi- 
tive cost of specifying such require- 
ments. Typical failure rates guaranteed 
by conventional military specification 
acceptance tests range from about 100 

to 1,000 failures per million hours. For 
high reliability specifications, accept- 
ance test guaranties range from about 
1 to 100 failures per million hours. On 

the other hand, equipment reliability re- 

quirements normally demand failure 
rates on the order of 0.001 to 1.0 fail- 

ures per million hours. The incompati- 
bility of the part and equipment speci- 

fication requirements is quite evident. 
Correlation between known failure 

mechanisms and techniques to detect 
defects related to these failure mecha- 
nisms is another factor that provides an 
indirect measure of screening effective- 

ness. In general, electrical and environ- 
mental stresses are related to existing 
or potential defects in parts. For ex- 

ample, over -voltage is used to identify 
defects in capacitor dielectrics; voltage 
and temperature are used to detect 
semiconductor contamination defects. 
There are numerous types of defects 
and associated screening techniques to 

cull these defects. It is apparent then 
that the application of a reasonably 
well- designed screening will reduce the 
number of defects in a group of parts 
and, hence, yield an improvement in the 
reliability of the remaining group. 

In summary, there are three key fac- 
tors that substantiate a basis for im- 

provement in device reliability (failure 
rate) through screening. These are as 
follows: 

1) A failure -rate range is associated with 
each lot of part types, and unless a 
means of eliminating the higher fail- 
ure- rate portion of this range is pro- 
vided, there is little assurance that this 
range will not, in fact, be experienced 
in any particular equipment. 

2) Conventional military-type specifica- 
tions (for practical cost reasons) in- 
corporate failure rate requirements 
that are orders of magnitude poorer 
than are actually needed to meet high 
reliability equipment requirements. 

3) Failure mechanisms as well as tools 
fór detecting them are known for most 
part types. 

Therefore, the application of a well - 
designed screen, which can detect 
failures and potential failures, can 
readily achieve improvements of many 
orders of magnitude over that for com- 
parable unscreened parts. The specific 
improvement to be achieved can only 
be determined on an individual part 
type basis considering such factors as 
part failure mechanisms, application 
conditions, and the specific screening 
used. 

In general, it can be expected that 
improvement will also be some function 
of the inherent quality or reliability 
level of the part, and that for extremely 
reliable as well as relatively poor part 
types, the improvement would not be 

Fig. 2- Automatic Integrated Circuit Test Set. 
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as large as for what might be consi- 
dered basically good parts. This point 
is shown in Fig. 1 and in Table I. 

TABLE I- Failure Rate Improvement 

Nominal Failure 
Rate 

Estimated 
Best Final 

Failure Rate 
After 

Screening 

Estimated 
Improvement 

Due to 
Screening 

(failures/ 106 
hours) 

.001 - .01 

(failures/ 108 
hours) 
< .001 1 -102 

.01 - .1 < .001 10 - 103 

.1 - 1.0 < .001 100 - 10' 

1.0 10.0 < .1 100 - 103 

10.0 100.0 < 1.0 10 - 102 

The particular improvement achiev- 
able due to screening must be deter- 
mined or estimated on an individual 
part -type basis dependent upon the 
specific circumstances. However, for 
guidance purposes, the following are 
considered conservative estimates of 
reliability gain due to screening appli- 
cable to conventional military part 
types: 

1) For nominal screens: 10 /1 improve- 
ment. 

2) For more stringent screens: 100 /1 im- 
provement. 

AVAILABILITY AND COST 
OF SCREENED PARTS 

The specialized requirements of screen- 
ing on an individual part -type basis 
combined with the relatively small 
quantities required in space applica- 
tions make part screening a non - 
production type operation. As a result, 
part suppliers are unwilling to supply 
screened parts or quote excessive prices 
and delivery times (16 to 29 weeks) . 

Where high volume is involved for an 

individual part type, screened parts can 
generally be obtained from part manu- 
facturers. Therefore, compliance with 
part screening requirements necessitates 
the availability of an RCA in -house 
capability. 

Screening costs vary quite widely and 
are a function of the following .param- 
eters. 

Number of part types, 
Complexity of part types, 
Quantity per type, 
Number of lots to be handled per type, 
Types of screen specified, and 
Need for special test fixtures. 

Although the screening costs for any 
particular project can be established 
only by an evaluation of the specific 
program requirements considering the 
above factors, the cost information in 
Table II is provided for guidance pur- 
poses: 

TABLE II- Average per Part 
Screening Cost 

(To be added to basic part cost) 

For small quantity requirements, variety of 
part types, numerous lots, relatively extensive 
screening $15.00 

For high quantity requirements of common 
part types : 

Reverse -bias bake and elec- 
trical tests $0.30 to $1.00 
Operational life and electrical 
tests $1.00 to $3.00 

Environmental tests, opera- 
tional life, and electrical tests $5.00 

DEP SCREENING EXPERIENCE 

Although screening has been utilized by 
RCA for many years as a production 
tool (for example: burn -in of tubes), 
in more recent years, starting about 
1959, screening has been employed suc- 

cessfully for reliability purposes on 
numerous space and military projects. 
Since the latter date, DEP experience 
has included the screening of over 15 
million electronic parts of all types, 
including integrated circuits, to a 
variety of screening specifications. 
Screening techniques employed have 
encompassed high temperature storage, 
reverse bias bake, operational life, 
x -ray, temperature cycling, centrifuge, 
dew point, gross and fine leak seal tests, 
monitored vibration, over voltage, and 
power stress tests. Some of the equip- 
ments used for screening tests are shown 
in Figs. 2, 3, and 4. ' Some of the pro- 
jects on which screening was exten- 
sively employed include: RELAY, RAN- 
GER, MINUTEMAN, TIROS, NIMBUS, OGO, 
LUNAR ORBITER, GEMINI, plus several 
classified space and military projects. 
These projects have been unusually 
successful to date with respect to re- 
liable and long -term performance. The 
screening of the parts used is con- 
sidered a vital factor in these successes. 

An analysis of Central Engineering 
screening data covering 45,000 parts 
showed that an overall average of 15% 
were rejected for equipment use with 
the typical range of rejection rates 
being from 1% to 42 %. Where screen- 
ing is performed in- house, these per- 
centages are indicative of the extra 
quantity of parts that must be procured 
to meet equipment production require- 
ments. 
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THE RCA -USAF VARIABLE INSTRUCTION COMPUTER 

System Description and Reliability Aspects 

This paper is intended to show how the unique features of the Variable Instruc- 

tion Computer (VIC) make it valuable for applications requiring high reliability. 
By careful choice of components, use of error checking circuits, and selected 

application of redundant hardware, the basic unextended reliability of the 

VIC is comparable with the state -of- the -art. This is verified by a standard 

MIL -HDBK -217 type of analysis. The variable instruction technique is briefly 
described by use of a block diagram. The method for extending reliability by 

use of variable instructions is explained and an example is given. The concept 

of algorithm change to achieve controlled graceful degradation is discussed. 

An analysis of a typical application of this technique is given and extensions 

of the variable instruction concept to more advanced reliability requirements 

are discussed. 

E. H. MILLER, Mgr. 
Aerospace Computer Applications 

Aerospace Systems Division 
DEP, Burlington, Massachusetts 
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Fig. 1- Concept comparison 

General purpose, 36 bit parallel, stored pro- 
gram 

1 and 2's complement, fixed point sign and 
magnitude, hexadecimal floating point 

67,000 average operations per second 

Up to 128 duplex variable instruction locations 

Two 256 x 38 bit word 0.6 microsecond high 
speed memories 

Two (to eight) 4096 x 38 bit word 3.0 microsec- 
ond main memory modules 

Four input and output channels (1 -36 bit, 3 -8 

bit) 

200 Kc parallel input /output rate 

Fig. 2- VIC -36A specifications 

Fig. 3- Central processor unit 

Fig. 4 -Main memory unit 
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E. H. MILLER received the degree of Electrical 
Engineer in 1952 at the University of Cincinnati; 
he has completed numerous graduate level courses 
at the University of Pennsylvania, California and 
Northeastern. He joined RCA in 1947 as a co- 
operative student working in advanced develop- 
ment of navigational aids, radar and television 
systems. As a development engineer, Mr. Miller 
has worked on electro- static storage devices for 
automatic- track -while -scan systems, and the appli- 
cation of semiconductors to defense communica- 
tions equipment. Mr. Miller was promoted to 
design engineering leader of the Memory Devices 
Group which designed and developed core mem- 
ory systems for the Air Force Ballistic Missile Early 
Warning System. Mr. Miller is currently respon- 
sible for planning and execution of advanced sys- 

tems required in the areospace environment. Such 
systems process realtime data gathered from sen- 
sors, communications and system components to be 
analyzed and displayed for the purpose of com- 
mand and control action. Mr. Miller is a regis- 
tered engineer in the State of Ohio, and a mem- 
ber of the IEEE and ACM. 

THE Variable Instruction Computer 
(Vic) is a joint RCA and USAF de- 

velopment which provides the aerospace 
computer user with a high degree of flexi- 
bility, modularity, and reliability. Under 
an R &D program AF 33- (615) -2588 
sponsored by the Avionics Laboratory, 
Wright -Patterson Air Force Base, RCA 
was funded to build a research model 
which would demonstrate some of RCA's 
Vic concepts. This paper describes that 
research model and discusses the relia- 
bility aspects of the Vic. 

VIC CONCEPT 

First, what is the variable instruction 
concept? The key word is variable, 
which means within a single order class 
the variations may include: 

1) the source of the information 
2) the function performed on this infor- 

mation 
3) the destination of the results. 

The variable instruction tool provides the 
programmer with the hardware flexibility 
to combine, in many possible ways, the 
variations in information sources, func- 
tions, and destinations. This flexibility is 
in contrast with the conventional com- 
puter which forces the programmer to 
use the instruction set wired into ma- 

Final manuscript received January 15, 1967. 

Fig. 5 -Main memory assembly Fig. 6- High -speed memory stack 

Fig. 7 -Logic card 

chine. The result is a compromise which 
is usually less than optimum for the 
application. Fig. 1 compares the steps 
involved in a conventional computer with 
those used in the Vic. In the Vic, the 
macro -order specified a micro -order 
sequence and modifies the source and 
destination of the data. The micro -order 
sequence is a series of discrete steps 
which sets up transfer paths, assigns 
registers, controls shifts, sets patterns of 
logical operations, controls arithmetic 
operations, set counts and tests. 

RCA -USAF VIC -36A 

The work to build a research model of 
the Vic began in the spring of 1965. The 
objective was to demonstrate the Vic con- 
cept by utilizing off -the -shelf components 
wherever possible. To complement the 
unique reliability aspects of the Vic 
approach, integrated circuits, organiza- 
tional modularity, and checking features 
were built into the model. 

Fig. 2 summarizes the Vic -36A specifi- 
cations. A key feature is the flexibility 
which provides the user with several dif- 
ferent number systems. For reliability, 
the variable instructions are stored in the 
redundant high speed memory modules. 
To provide for future growth, the main 
memory is expandable in 4,000 -word 
modules up to 32,000 words. The four 

Fig. 8 -Spit pin wiring wrap- wiring module 
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70 

independent input- output channels are 
built into a traffic control system having 
four levels of priority. 

The physical configuration of the Vic 
central processor unit is shown in Fig. 3. 

Each subassembly may be removed for 
repair including the power supply 
modules and the high speed core memory 
stacks. Cooling is achieved by metal 
thermal conductive paths from the silicon 
semiconductor to a cold plate mounting 
surface. The size, weight, and power 
figures include the duplex 400 -cycle AC 

power supplies. Fig. 4 shows the main 
memory unit with only two of the four 
4,096 -word main -memory modules in- 
stalled. The size, weight, and power 
figures include the full 16,000 -word cotn- 

plement. Connectors are provided for 
connecting a second 16,000 -word main - 
memory unit. With the full complement 
of 32,000 words of storage, the expanded 
36 -bit parallel -word Vic -36A is 4.4 cubic 
feet and weighs 175 lb. These size and 
weight figures include all of the relia- 
bility features and redundant circuits 
described in this paper. 

The objectives of this paper are: 

1) to describe the Vic -36A at the block 
diagram level, 

2) discuss its intrinsic reliability features, 
and 

3) show how the Vic concept extends the 
basic reliability by means of algorithm 
change in order to achieve multiple 
levels of graceful degradation. 

Fig. 9 -MTBF analysis 

FAILURE 
RATE 

A 
ARITHMETIC 

UNIT 
CONTROL 

UNIT 
INPUT- 
OUTPUT 

HIGH 
SPE D 

MEMORY 

POWER 

SUPPLY 

4K 

MAIN 
MEMORY 

MAIN 
MEMORY 

PS 

n nA D DA n nA A nA n nA n nA 

DIGITAL I.C.'S 0.10 774 77.4 950 95.0 503 50.0 266 26.6 222 22.2 

ANALOG I.C.'S 0.30 45 13.5 40 12.0 

HYBRID CIRCUITS 0.40 104 41.6 53 21.2 

TRANSISTORS 0.06 4 0.2 32 1.9 4 0.2 22 1.3 

DIODES 0.03 116 3.5 84 2.5 512 15.4 41 1.2 

CAPACITORS 0.02 19 0.4 9 0.2 93 1.9 66 1.3 63 1.2 21 0.4 

RESISTORS 0.002 166 0.3 120 0.2 III 0.2 58 0.1 

TRANSFORMERS 0.20 9 1.8 8 1.6 

SOLDER JOINTS 5.0 x I0 4 7700 3.8 9500 4.8 5000 2.5 4900 2.5 750 0.4 4600 2.4 350 0.2 

N ELDS 2.0 x I04 2300 0.5 2800 0.5 1400 0.3 800 0.2 70^ 0.1 

WIRE WRAPS 4.0 . I05 2100 0.1 2400 0.1 1260 0.1 1680 0.1 780 - 1540 0.1 280 - 

STACK 1.6 I 1.6 1 1.6 

CONNECTORS (0.001 /PIN) 70 0.07 20 - 70 0.07 20 - 

TOTALS 81.8 100.9 53.3 92.0 8.I 76.7 4.8 

A = FAILURES /106 HRS. 

Fig. 10- Effects of redundancy of MTBF 

mA .I. ̂ . JLE THREAD DUPLEX H51.ß YR,CR d PS DUPLEX HS,, d PS 

F /I06 MRS 4K 3K 16K 32K 4K BK I6K 32K 4K/8K BK /12K 161/230 32K/36A 

CENTRAL PROCESSOR 

ARITHMETIC 81.8 81.8 81.8 81.9 

CONTROL 90.9 90.9 90.9 90.9 

CR AND VR IO 10 

INPUT -OUTPUT 33.2 53.2 53.2 53.2 

HIC'' SPED r: EMCRY 92.0 92.1 

POSER S,JPDLY 8.1 8.1 

TOTAL CPU 336 336 336 336 236 236 236 236 236 236 236 235 

MAIN MEMORY 

_K DS 81.9 82 82 

8K - 9S 163.00 164 164 98 

16K PS 327.6 328 328 180 

32K - PS 655.2 655 653 347 

TOTAL mA 418 500 664 991 308 390 554 881 236 334 416 583 

mTTF = m5 /106 2400 2000 1500 1000 2200 2550 1800 1100 4200 2000 2400 1700 

INSIGNIFICANT BY VIRTUE OF REDUNDANCY 

Fig. 11- Organization 
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COMPONENTS AND CONSTRUCTION 

The Vic design utilizes integrated cir- 
cuits in order to benefit from the high 
reliability afforded by fewer components 
and interconnections. In Fig. 5, three of 
the main memory data register cards are 
shown in the column on the left. Note 
the 8 monolithic -silicon integrated sense 
amplifiers and the 8 DTL flip -flop register 
flatpacks. The two cards in the last row 
in the upper right hold 8 dual hybrid 
switch -circuit packages and the associ- 
ated decoding logic flatpacks. The re- 

maining card in the last row holds the 
four main current -driver cordwood 
modules required for one of the 4,096 -by- 

38 -bit main -memory modules. The large 
heat -conducting flange assures that the 
heat generated by the drivers is con- 
ducted to the heat sink. The driver card 
and the load resistor card in the rear 
column, next to last row, are the only 
assemblies besides the power -supply 
modules which do not contain integrated 
circuits. 

Each card is guided by tracks in the 
metal column separators. The metal 
strips at the top edge of each card make 
intimate contact with the cold plate 
which covers the unit. Each card is 
secured to the column separators by a 

screw at each end of the metal strip. The 
total thermal drop from the active com- 
ponent junction to the cold plate surface 
is less than 25 °C. 

Tests performed on this type of con- 
struction have proven its.ability to with- 
stand environmental hazards encountered 
in both air and spacecraft. For maintain- 
ability, each card is directly accessible 
and its planar construction allows com- 
ponent test and repair with simple test 
equipment and shop tools. 

Memory Design 

In choosing the memory approach for Vic 
the goal was reliable operation over a 

125 °C temperature range with minimum 
susceptibility to stray magnetic fields and 
power supply transients. To meet these 
requirements, the device selected was the 
closed- magnetic -path toroidal core, made 
of wide -temperature lithium ferrite, de- 
veloped by RCA Electronic Components 
and Devices at Needham, Mass. Its char- 
acteristics are essentially flat over any 
100 °C temperature range below the curie 
point. 'Operation is extended to 125 °C 
by modifying the interrogate current as 
a function of core stack temperature. 

Fig. 6 is a photograph of the Vic high- 
speed memory stack which operates on a 

600 -ns cycle. The four modes in which 
the memory operates are: clear /write, 
read /restore, read /modify /write, or 
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Fig. 12 -Main Memory 

read /count /write cycle. The high -speed 
memory is organized as a two- core -per -bit 
linear select memory. It provides 325 -ns 
parallel access to any of the 256 -by -38 -bit 
words. A 30 -mV bipolar readout from 
the two 20 -by -12 -mil cores provides an 
extremely reliable readout signal. 

The main memories employ 30-by-18- 
mil lithium ferrite cores operating in a 
coincident- current mode. They provide 
a 3.0 -µs clear /write, read /restore, or 
read /modify /write cycle time and an 
access time of 650 ns. A typical readout 
signal is 60 mV and the sense amplifier 
threshold level is greater than 10 mV 
at -55 °C and greater than 30 mV at 
+100 °C. 

Both memories utilize monolithic -sili- 
con integrated- circuit sense amplifiers. 
The current switches are hybrid inte- 
grated circuit units which utilize thin - 
film interconnection techniques. Each 
switch is transformer -coupled and two 
circuits are packaged in a single 0.75 - 
inch- square hermetically sealed package. 

DATA 

REGISTER 

DATA 

Logic Cards and Interconnections 

Fig. 7 illustrates a typical logic circuit 
card. Each card is 3.75 by 3.5 inches and 
can accommodate up to 32 integrated - 
circuit packages. The cards are either 
4 -layer built -up plated circuit cards or 
3 -layer welded -wire matrix assemblies. 

Both types utilize the same 70 -pin con- 
nector. The long beryllium- copper pins 
on the connector are designed to pass 
through a multi -layer welded matrix 
backplane as shown in Fig. 8a. After 
the card is inserted in the backplane, 
the long connector pin is adjacent to a 
similar pin which is welded to the wires 
within the backplane as shown in Fig. 
8b. The adjacent pins are then wire - 
wrapped together to produce an ex- 
tremely reliable connection which can 
withstand extremes of shock, vibration, 
and temperature. At the point of maxi- 
mum compression, as shown in Fig. 8c, 
the metals recrystalize and fuse into a 
very low impedance connection at four 
points in every- turn of the wrap. As a 

Fig. 14- Arithmetic and logic unit functions 

CODE FUNCTION ' EMARKS CODE FUNCTION REMARKS 
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000010 Vi OR X 010010 1CNI II COMPLEMENT MAGNITUDE OF C(X) AND INCREMENT BY I 

000011 W AND X 010011 IM COMPLEMENT MAGNITUDE OF C(X) 

î00100 E CR X 010100 CPO + I INCREMENT X BY I 

000101 W AND X 010101 (C(X) II 
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700110 DO CR X C10110 DIVIDE STEP 

3001 I1 . AND X 010111 MULTIPLY STEP 
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001111 ALL ONES 011111 X -ymv SUBTRACTION: SIGN, MAGNITUDE 

ONE PASS 

SNIFTER 

Y 

ARITHMETIC 
& LOGIC 

DATA BUS 

t 
Fig. 13- Arithmetic unit 

result, the resistance of a wire -wrap con- 
nection is only 0.0007 ohm, compared to 
0.006 ohm for a typical solder joint and 
0.01 ohm for a typical connector pin. 
The wire wraps may be removed and dis- 
carded and new wraps may be installed 
as often as required. 

The Vic interconnection technique 
also provides the reliability of a solid - 
encapsulated welded -wire backplane. 
The backplane is built layer -by -layer 
from welded wire matrices which are 
individually inspected and tested. These 
are assembled and welded to pins in a 
step -by -step process with inspections and 
tests at each step. The entire assembly 
is then encapsulated in a solid unit. 

BASIC RELIABILITY PREDICTIONS 

After that introduction to the Vic, its 
components and construction, the next 
step is to determine the basic reliability 
factors based on component counts and 
straightforward redundancy. Fig. 9 
shows the Vic -36A failure rate analysis 

Fig. 15 -High speed memory 

Ilsv.m roro 1=1-':;cRlr 

x,c Res 

DATA 
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CONTROL AND SCRATCH PAD MEMORY 

i.GRAM CCUNTERS 

.ut Cu1PT vRiA9LE1 

SCRATC^ RA: 
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REDUNDANT MEMORY 

S .. .ARUSLES 

SAC. UP PROGRAM COUNTERS 

TNP_T - C,TPUT VARARLES 

RAC. _P SCRATCH PAD 

Fig. 16 -High speed 
memory allocation 

L. .-L- 

for each section of the computer. The 
part failure rates are typical of those 
utilized on the LUNAR EXCURSION MOD- 

ULE (LEM) program. The rates fall be- 
tween those used for military equipments 
and those required on the MINUTEMAN 

high reliability program. Interconnec- 
tion techniques improve as they progress 
from solder to welding to wire wrap. In 
each case, rigid NASA procedures and 
tests verify the workmanship. Connectors 
are the least reliable, as their failure rate 
indicates, and the effect of their virtual 
elimination in the Vic and the effects on 
reliability are significant. 

With the data derived in Fig. 9, it is 

now possible to determine the improve- 
ments attained by the use of simple 
redundancy in Vic. Fig. 10 shows the 
effects of redundancy on the MTBF of 

Vic, assuming that no repair is possible 
during a simple mission. 

The first four columns of Fig. 10 show 
the MTBF for a single- thread Vic of 4,000, 

8,000, 16,000, and 32,000 words of main 
memory to be 2,400, 2,000, 1,500, and 

1,000 hours, respectively. In the next 
four columns, as a result of having 
duplex high speed memories, control 
registers, and central processor power 
supplies an improvement of from 30% 
to 10(;; in MTBF is gained, depending on 

the amount of main -memory capacity. In 
the last four columns, as a result of hav- 

ing a spare main memory and its associ- 

ated power supply, an improvement of 

from 75% to 70% is gained over the 

single -thread case. depending on the 
amount of main -memory capacity re- 

quired. The hardware cost in terms of 

size or weight for the 75% improvement 
in MTBF was only 20 %, while for the 
70% improvement in the 32,000 -word 
machine it was only 12.5 %. 

These basic reliability predictions 
show the effects of employing integrated 
circuits, core memory devices, and ad- 
vanced packaging techniques to yield 
good basic reliability in Vic. The use of 
switchable redundant modules was dis- 
cussed to show how Vic's basic MTBF can 
be effectively improved simply by a 

nominal increase in hardware. A discus- 

Fig. 17- Control unit 

sion of what unique additional reliability 
features accrue from the use of the vari- 
able instruction technique follows. 

VIC MODULAR ORGANIZATION 

The Vic has an unusual modular organi- 
zation as shown in Fig. 11. Each major 
functional unit is as nearly independent 
of other units as possible. For example. 
each of the main- memory modules has its 
own independent address register, infor- 
mation register, local control and power 
supply. Each of the two high -speed 
memory modules has the same indepen- 
dent features. There are two independent 
power supplies in the central processor 
either of which can serve the entire 
processor. The two pairs of order and 
variable registers. whose function will be 
described later, are also independent of 
each other. There are four input- output 
channels, each separately addressable 
and independent of each other. The 
function control. shift, and arithmetic 
units will be treated later. 

As indicated in Fig. 11, the Vic is 
organized around two busses, one for 
data and the other for address informa- 
tion. Each of these busses is unidirec- 
tional and, thus, a single set of amplifiers 
can service all data transfers. Test data 
on a large number of monolithic inte- 
grated DTI. circuits of the type used in 
the Vic shows that 95% of the failures 
in these circuits occur in a condition 
where all circuit impedance is removed 
from the input or output terminals. Thus. 
a condition in which the Vic bus "hangs 
up" and cannot be switched by the sur- 
viving circuitry is highly improbable. 

Fig. 12 shows all the circuits in one 
main -memory module. All of the essen- 
tial circuits are included; in addition, a 
parity generator in the central processor 
generates a parity bit for every word as 
it is sent to memory. When either the 
main- or high -speed memory is accessed. 
a parity check is performed in the central 
processor. Thus, a failure of any com- 
ponent in a memory module will be 
detected when the affected location is 

accessed. 
The arithmetic unit is shown in Fig. 

13. The data bus interface is indicated at 
the top and bottom of the. diagram. Two 
control lines are shown coming in from 
the left. The arithmetic unit is organized 
in a vertical slice so that two bits of each 
of the three double -rank registers and 
two bits of the arithmetic and logic sec- 
tion are all on a single card. This card 
is the one shown in Fig. 7. There are 
eighteen of these cards in the full 36 -bit 
arithmetic unit. 

The variable instructions control the 
arithmetic unit. All the shift, arithmetic, 
logical. and interim storage functions are 
controlled by discrete bits in the variable - 

instruction word. Fig. 14 lists all of the 
functions which can be performed in the 
arithmetic and logic unit. Each of these 
functions is independent and separate 
from the others and may be called out by 
the mirco- orders in a wide variety of 

ways. Making each of these operations 
as simple and basic as possible gives the 
programmer complete freedom to design 
an almost unlimited set of macro- orders. 

Fig. 15 shows all of the circuits in one 
of the high -speed memory modules. The 
failure of a component in either module 
will be detected by the check on parity 
as every affected word is read out of the 
module just as with the main -memory 
modules. One high -speed memory mod- 
ule is a duplicate of the other, as shown 
in Fig. 16. Note that half the memory is 

Fig. 18 -VIC power supplies 

.4 

REGULATED OUTPT 
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Fig. 19 -Word formats 
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devoted to variable word storage, a quar- 
ter to program counters and input -output 
control, and a quarter to scratch -pad 
storage. In normal operation, only one 
of the high -speed memory modules is 
interrogated at one time. If an error is 
detected, the second module is interro- 
gated. If the second module is read in- 
correctly, a diagnostic routine is called 
in, and information may be restored from 
a nonvolatile backup store, if necessary. 
Whenever the information in a scratch - 
pad or program- counter location is 
changed, both modules are updated 
simultaneously. 

Fig. 17 shows the Vic control unit. 
The redundant order registers receive the 
macro -order from the main memory. The 
redundant variable registers receive the 
micro -orders from the control memory. 
The bit content of these two registers is 
decoded in: 

1) the data control to set up the data 
transfer paths in the machine; and 

2) in the test, function and address con- 
trol to set up the number of shifts, the 
functions to he executed, the number 
of iterations and the type of tests to be 
performed. 

The signals thus generated go to the 
transfer gates. shift unit, arithmetic and 
logic unit. program counters, and input - 
oupnt variable- storage locations. 

Vie is unique in that it is an asynchro- 
nous machine and there is no central 
clock source which is critical to the oper- 
ation of the separate functional units. 
Such clock sources are usually non - 
redundant and involve a few components 
which are heavily loaded by drive -current 
power requirements. Central clock 
sources are also heavily dependent upon 
the reliability of interconnection tech- 
niques and freedom from local electro- 
magnet is interference sources and power - 
supply transients. 

POWER SUPPLY FEATURES 

There are two types of AC to DC power 
supplies in the Vte. One is for a 4,096 - 
word main -memory module, and one is 
for a high -speed memory module and the 
central- processor unit. Both types have 
the same block diagram (shown in Fig. 
18) . The 400 -Hz input power is rectified, 
filtered, and then chopped at a 10 -kHz 
rate. The 10 -kHz square wave drives a 
small power transformer with multiple 
secondary windings. These develop the 
various input amplitudes for a set of 
rectifiers, filters, and regulators for each 
of the Dc output voltages required. The 
regulator outputs are sensed for over - 
current, overvoltage, and undervoltage. 
These go /no -go signals are used to initi- 
ate a fast -stop action in the 10 -kHz oscil- 
lator control logic. This control logic also 

enables the programmer to turn off ex- 
cess memory capacity during certain 
phases of the mission. This increases the 
longevity of the memory modules and 
enables then to survive excessive tem- 
perature and radiation extremes. 

VARIABLE INSTRUCTION TECHNIQUE 

Now that we have described the circuits, 
construction, organization, and standard 
reliability aspects of the Vic, we can dis- 
cuss the unique reliability features of the 
Vic. Fig. 19 shows the word formats 
used in the Vic. The program or macro 
instruction operation code is, in part, the 
address of the first variable word in con- 
trol memory. The variable word contains 
three 12 -bit micro- orders which control 
the discrete micro -operation of the Vic. 

The way in which the program and 
variable words are combined to control 
the step -by -step operation of the Vic is 
illustrated in Fig. 20. The hits of the 
order register and variable register are 
decoded to generate specific data address 
and control operations. At least one (and 
sometimes four or five) variable words 
are required for each order. Since every 
variable contains three micro -orders, a 
macro -order may have 12 or 15 micro - 
orders. Because of the great flexibility of 
the Vic transfer paths, arithmetic, logical 
and shift operations, a macro -order can 
be formulated from micro -orders in a 
wide variety of ways. Herein lies the 
fundamental advantage of the Vic from 
the standpoint of reliability. 

Given this most flexible set of com- 
puter parameters, a programmer can find 
a great many ways to execute a particular 
macro-order. With this flexibility it is 
possible to substitute alternative ways to 
execute an order and circumvent the 
failure of some portion of every register 
and control path in the machine. A cotn- 
prehensive set of diagnostics can be 
formulated which can detect failures in 
basic algorithms and then determine 
which secondary or even tertiary algo- 
rithms can be substituted. 

Suppose, for example, that the second 
bit of the adder logic has suffered a per- 
manent fault. Then the data can be 
treated as two half- words, and the addi- 
tion can be performed in two steps in 
the good half of the arithmetic unit. 
Alternatively, the words to be added can 
be converted to their complement, sub- 
tracted, and the result recomplemented. 
Even though these alternatives will re- 
quire more time, the computer can con- 
tinue to operate. The micro -order routine 
for the add operation would be perma- 
nently altered so that every time a macro - 
order calls for an add operation the 
altered micro sequence will be used. 

It is reasonable to consider a 36 -bit 

parallel arithmetic unit as three 12 -bit 
units which normally operate in parallel. 
If one, or even two, of these 12 -bit bytes 
have failed, it is still possible to continue 
operating on a 12 -bit byte. This is some- 
times called "graceful degradation" or 
the multithreading approach to reliabil- 
ity.' The analysis given in Reference 1 

shows that this approach has particular 
merit where high meantime before fail- 
ure goals are required and repair is not 
possible. 

CONCLUSIONS 

A model of a variable instruction corn - 
puter has been built which demonstrates 
the ability of the variable technique 
to enhance reliability by means of 
controlled graceful degradation. The 
features built into the Vic include inde- 
pendent memory modules, redundant 
control memories and registers, asyn- 
chronous operation and independent 
input -output channels. In addition, the 
variable- instruction technique provides a 
means for on -line algorithm substitution 
to achieve multiple modes of operation 
each at successively lower levels of 
degradation (see Fig. 21). 
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Miller, (RCA), "Multithreading Design of a 
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Fig. 20- Instruction flow 

Fig. 21- Reliability block diagram 
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COMPUTERS AS ENGINEERING TOOLS 

FOR FILTER AND NETWORK DESIGN 

During the past six years, the Microwave and Industrial Television Engineer- 

ing Department of the Broadcast and Communications Product Division in 

Camden has used special digital computer programs in the design of precision 
filters and networks for multiplex telephone and data systems. A major applica- 
tion for such filters and networks was in the design of the Solid -State CV -600 
Frequency Division Multiplex equipment.' These filter designs have ranged from 
those with relatively simple requirements to high -order complex networks with 

stringent requirements on transmission performance. This paper will present 

a condensed review of some of these programs for filter design and analysis. 

FRANK M. BROCK 
Engineer, Microwave and Industrial Television Engineering Dept., 
Broadcast and Communications Products Division, Camden, N. J. 

THE filters and networks considered 
here are ladder structures, composed 

of passive RLC elements. These networks 
are considered only for their steady -state 
characteristics of input immittance, and 
transmission magnitude, phase, and en- 
velope delay. 

The major objectives in using com- 
puters in this design work can be sum- 
marized as follows: 

1) To reduce engineering design time; 
2) To determine expected performance 

of design before constructing models; 
3) To free design engineers from tedious 

and error -prone numerical calcula- 
tions; 

4) To allow high -order complex designs 
to he accomplished; 

51 To determine or predict the sensitivity 
to element tolerances of a particular 
design. 

All of these objectives are aimed at im- 
proving design efficiency in terms of 
lowered production cost. improved de- 
sign performance, and minimum overall 
design cost. 

The computer programs to be de- 
scribed all follow a similar format in 
planning, as shown in Fig. 1. For each 
program, certain data describing the par- 
ticular problem is required in punched - 
card form. The main program decks in- 
clude the necessary mathematical rela- 
tions in numerical programmed form, as 
well as the logical processing operations 
for the program flow. The computed 
output can then be prepared on tape or 
cards for off -line listing, or can be auto- 
matically printed on -line. 

Table I is a condensed listing of a 
small "library" of computer programs 
covering the areas of network analysis; 

Foal nmumacript wee'. Led Jcplenlber Li, 1966 . 
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conventional filter design; modern in- 
sertion -loss synthesis filter design ; net- 
work transformations and coil designs; 
and evaluation of network -function poly- 
nomials. The following paragraphs de- 
scribe some of the programs listed in the 
Table. 

NETWORK ANALYSIS PROGRAM 

The ladder analysis program, written in 
FORTRAN, is based on the recurrent rela- 
tions of voltage, current, impedance, and 
admittance in the alternate series and 

shunt branches of a ladder network. As 
shown in Fig. 2, a unit output current at 
a given frequency is assumed, and the 
branch voltages and currents deter- 
mined, working from the load back to 
the source. All currents are complex 
quantities, with the exception of the out- 
put current which is assumed to have a 
zero phase angle. Once all the branch 
voltages and currents have been deter- 
mined, the input immittances and trans- 
fer characteristics are computed and 
printed. 

CARDS/ TAPE CARDS/ TAPE PROCESS 

CARDS/ TAPE 

OFF -LINE 

PRINT 

INPUT DESIGN PROGRAM I ON- LINE 

DATA EQUATIONS OPERATIONS -- OUTPUT 
ll PRINT 

a 

IN LOGICAL FLOW INCLUDES TESTS 
GENERALLY FOR VALIDITY OF OFF- LINE 

SPECIFIC PROBLEM STATED DATA; ACCURACY GRAPHIC 
ORIENTED OF COMPUTATIONS PLOT 

I 

Fig. 1- Typical program flow. 
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VA 

I= }- 

INSERTION LOSS RATIO L 
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Fig. 2- Ladder network analysis. 
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FREQ. 4' I L.DB PHASE DEG. R IN X IN REFL. MAGN REFL. PH. DEG. 

.24000000E 05 73.846 205.336 .000 134.433 0.99999994E 00 154.742 

.24100001E 05 73.779 205.855 .000 137.285 0.99999999E 00 154.224 

.24200001E 05 73.727 206.395 .000 140.251 0.10000000E 01 153.687 

.24300001E 05 73.693 206.955 .000 143.338 0.99999994E 00 153.128 

.24400001E 05 73.680 207.537 .000 146.554 0.10000000E 01 152.548 

s0 

so 

TO 

40 
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24 25 26 27 28 29 30 31 

FREO KHZ 
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C6 L4 CIO L6 CI4 LB 

-I CI1'SI IICn L7 

ILI I C41 

IC5 
C 

IG9 

TCI3 
RL 

30 KHZ 8P FILTER 

Fig. 3- Sample output of ladder analysis, 30 kHz bandpass filter net- 
work. 
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Fig. 4 -Image parameter bandpass filter design. 

The procedure is then repeated at the 
next given frequency. A coded descrip- 
tion of the series and shunt branch con- 
figurations, in terms of RLC elements, is 
included in the input data, together with 
the frequencies at which the analysis 
outputs are required. These outputs are 
normally insertion loss in dB, insertion 
phase shift in degrees, input impedance, 
input reflection coefficient, and return 
loss. 

A sample output for an analysis of a 
30 kHz symmetrical BPF ladder network 

TABLE I- Analysis and Design 
Program Sets 

Title Purpose 

Network Analysis 
Program (ladder, 
lattice, networks) 

Image Parameter 
OFF` Design 

Ladder Network 
Realization 

Synthesis Programs 

Filter and Section 
Transfolmat ion 
Programs IS 

Coil Winding 
Design Program 

Evaluating 
Network Functions 

Analyzes these networks for 
steady -state transmission 
and input /output 
characteristics. 
Calculates element values for 
linage Parameter band pass 
filters. 

Realizes an open circuit 
driving point impedance 
function as an Lc ladder 
network. 

Given the transfer or 
characteristic function for 
n four -terminal network, 
generates the open- circuit 
driving point impedance 
functions. 
Transforms normalized LP 
networks to LP, HP, BP 

networks at any freq. 
range or Impedance. 
Provide impedance 
transformation sections to 
adjust element values 
in networks. 

Determine turns for bobbin - 
wound pot -core coils, 
including tolerances. 
Evaluates network function 
polynomials for magnitude, 
phase, and delay. 

is shown in Fig. 3. Execution time on an 
RCA -301 computer for this 16th -order 
(8 -coil) network was: read -in, 30 sec- 
onds; execute and print, 3 seconds per 
frequency. 

IMAGE PARAMETER BPF DESIGN 

PROGRAM 

The image parameter BPF design pro- 
grams include a set of three programs as 
shown in Fig. 4. The first calculates the 
summed image attenuation of any given 

number of BP half- section "building 
blocks ", at any given number of stop - 
band frequencies. The BP half- sections 
can be selected from a table of 21 dif- 
ferent types, including constant -K and 
m- derived 4 -, 5 -, and 6- element types. 
Information as to the BP center fre- 
quency, the cut -off frequencies, and the 
number and type of BP half sections must 
be entered as input data. 

The second program calculates the 
element values for each of the given BP 

half- sections, and the third program 

90 
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o 
114 12 124 128 132 136 140 144 148 152 

FREQ KHZ 

L3 
LI CI ¡-Y1 CS 

IC3 C4 L4 

I Ï 

75 Y~ L2 ' 

8 C2 
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COIL 0.333 AT 136 KHZ 
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Fig. 5 -Image parameter BPF design example, multiplex carrier select filter. 
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GIVEN THE TRANSFER OR CHARACTERISTIC FUNCTION OF A DOUBLY TERMINATED 
4 TERMINAL LC NETWORK, FINDS THE 0.C. INPUT DRIVING POINT FUNCTIONS AT EACH END. 

O p(sl 
Z I(s) 

ZII 

221 

212 

L- 

M 

Z22 

TRANSFER FUNCTION TI-1 N(S) rr(ZERO FACTORS OF TISI 
LLEV S D(S) P(POLE FACTORS OFT(S)) 

REFLECTION FUNCTION p(9) nisi RI - ZI (S) 

DIS) RI + ZI(S) 

AND Ipis)1° K IT(S)I2 

WHERE MAX 
[K 

I TIS) 
121 I 

SO In(SII2 .1D(S)12 - KIN(A)12. n(s) nl -s) 

LET p(S)- nE +n0 
DE +nO 

Es EVEN PART 

0 =ODD PART 

THEN ZII DE- nE Z22 DE + nE 

RI DO +n0 R2 DO+nO 

OR ZII . DO-n0 Z22_DO+nO 
RI DE+nE R2 DE+nE 

Fig. 6- Synthesis program. 

combines these elements to give the com- 
plete ladder network. 

An example is shown in Fig. 5 of a 
multiplex carrier select BPF design using 
three half sections. The attenuation 
characteristics shown are those com- 
puted by the ladder analysis program for 
this network with coil Q's of 333 at 136 
kHz. Execution time for this design on 
an RCA -301 computer was: 

Part 1- read -in 20 seconds, execute 2 

seconds per half section per fre- 
quency; 

Part 2- read -in 30 seconds, execute 4 
seconds per half section; 

Part 3- read -in 30 seconds, execute 2 
seconds per half section. 

These programs produce conventional 
image parameter BPF designs which do 
not consider the effects of section and 
termination mismatch and reflection loss, 
or the effects of network element dissipa- 
tion, etc. 

MODERN NETWORK SYNTHESIS 

For precise, complex designs meeting 
stringent pass and stopband require- 
ments with a minimum number of ele- 
ments, network synthesis procedures 
must be used. Insertion -loss filter de- 
sign by modern synthesis techniques can 
be divided into three main problem 
areas: 

1) The approximation problem: A suit- 
able describing network function must 
be generated, as the ratio of two poly - 
nominals in complex frequencies, 
which approximates (in some accept- 
able sense) the required transmission 
performance on the jw axis. 

2) The synthesis problem: The net- 
work- describing function must be 
manipulated to obtain a driving -point 
immittance function of a physically 
realizable network. 

3) The realization problem: This driv- 
ing -point immittance function must be 
manipulated and expanded so as to 

allow RLC elements or RLC "sections" 
to be extracted. For a ladder realiza- 
tion, this extraction proceeds until 
there is no remainder left from the 
original immittance function. 

Because of numerical accuracy prob- 
lems, large numbers of significant digits 
must be carried in these manipulations 
if 3- or 4 -place accuracy in the final 
element values is desired. For networks 
up to the 16th order, 16 significant 
digits may be required in all numerical 
calculations. Coupled with a large 
amount of arithmetic calculations, alge- 
braic manipulations, and polynomial 
factoring, this dictates the use of digital 
computer programs for filter synthesis 
design. The realization and synthesis 
programs have been previously described 
by T. G. Marshall? For the approxima- 
tion problem, we have successfully used 
an unique potential analog plane' and 
network function evaluation programs. 

SYNTHESIS PROGRAM 

A brief outline of the synthesis program 
is shown in Fig. 6. Given a transfer or 
characteristic function of a doubly -ter- 
minated four -terminal network, this pro- 
gram finds the open- circuit driving -point 
functions for the network. The transfer 
function must be given as the ratio of 
two polynomials in s ( factor form) . Nu- 
merator and denominator polynomials 
up to the 16th order have been success- 
fully handled. The transfer function 
poles and zeros can be (uniformly) pre - 
distorted to allow for known element 
dissipation. The program forms the 
squared magnitude of the input reflection 
coefficient function numerator from the 
given transfer function, and then factors 
this function. Suitable factored roots are 
then selected and the complete reflection 
function formed. From the odd and even 
parts of the numerator and denominator 
of the reflection function, the two nor- 

Fig. 7- Ladder realization program. 

x Its)= a6s 6+ a 45 4+ 02,2+00 

b7, 7+ b5s5 + D3á + bis 

ONE REALIZATION 

NORMALIZED 
I OHM 8w0 =1 

WHERE: 

06 =3.034444205472875 
,46.8983631721971R40 10 3 

a 2= 7. 928005974513751 0 106 
00 =1.845348975886504o109 

b7=2.000000000000000 
b52 2.007 36 312 3334 20 3 a 103 
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Fig. 8- Ladder network realization example. 
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malized open- circuit network input impe- 
dance functions are then determined. 
All calculations are carried in 16 -digit 
notation. The factoring routine used is 
based on a modified Bairstow procedure 
prepared by N. L. Gordon at the RCA 
Laboratories. 

LADDER NETWORK REALIZATION 
PROGRAM 

For the realization problem, a ladder 
realization program has been prepared 
(some details of this program are shown 
in Fig. 7) . This program computes the 
element values of an Lc ladder network 
which realizes a given open circuit driv- 
ing -point impedance function, expressed 
as a ratio of two polynomials in s. These 
numerator and denominator polynomials 
can be up to the 24th order. The pro- 
gram proceeds by extracting series and 
shunt branches of impedance and admit- 
tance from the driving -point function, 
using the section extractions given by 
Saal and Ulbrich.` The program also 
extracts branches forming specified 
transmission zeros, and normally does 
this in an automatic procedure which 
selects that sequence of transmission 
zero removal which minimizes the prob- 
ability of producing non -realizable ele- 
ments in succeeding sections. The final 
realization, of course, is not unique. 
Many different structures and sets of 
element values can be derived by differ- 
ent sequences of section removals; by 
partial section extractions; and by re- 
moving the transmission zeros in differ- 
ent orders. 

Fig. 8 shows an example of a LP lad- 
der network realization for a 7th order 
structure. Note that the coefficients of 
the Z(s) numerator and denominator 
are given with 16 digits. This program 
was written in Bell L1 -650 language. 
Machine time on an IBM -650 computer 

FRANK M. BROCK graduated in 1950 from the 
University of Alberta, Canada, with a BSEE. He 
received his MSEE from the University of Penn- 
sylvania in 1962. Following graduation in 1950, he 

worked one year on the G.E. Test Course with the 
Canadian General Electric Co. in Canada, and 
then joined the Electronics Dept. of C.G.E., work- 
ing on radar and microwave communications 
equipment. In 1953, he joined the Microwave En- 
gineering Dept. of RCA in Camden, N. J. to 
participate in the design and development of fre- 
quency division multiplex communications equip- 
ment and systems. From 1954 to 1957, Mr. Brock 
contributed to the original development program 
for the AN /GRC -50 radio relay equipment, in the 
areas of local service telephone system practices 
and circuits, and feedback amplifier design. From 
1957 to 1961, he contributed to the design of cus- 
tom voice and data multiplex equipment, inter - 
modulation noise test sets, and special communi- 
cations systems wave filters. Since 1961, he has 

acted as Project Engineer for the development of 
the CT -42 solid state FSK telegraph data equip- 

for this example was approximately 10 
minutes. 

An example of the use of both the 
synthesis and realization programs is 
shown in Fig. 9. A 16th order BP net- 
work was designed to pass the band 12 
kHz to 59.4 kHz, and provide stop -band 
attenuation over 40 dB from 60.6 kHz to 
180 kHz, and over 70 dB from 180 kHz 
to 228 kHz. The network shown was 
realized to have unequal terminating 
resistances. The analysis shown is for 
the complete network with average coil 
Q's of 375 at 60 kHz. This program was 
written in Bell L1 -650 language, and 
execution time on an IBM -650 computer 
for this example was approximately 65 
minutes for synthesis and 30 minutes for 
realization. 

FILTER AND SECTION TRANSFORMATION 
PROGRAM 

Many filter requirements can be most 
economically met by designing networks 
which provide a "standard" type of 

ment; the development of precision filters and net- 
works for the CV -600 voice multiplex equipment; 
and for advanced development studies in network 
synthesis and data communication systems. Mr. 
Brock is a Registered Professional Engineer of the 
Province of Ontario, and a member of the IEEE 
and the IEEE professional groups on Circuit 
Theory, Communications Technology, and Com- 
puters. He holds three U.S. patents. 

transmission response, such as Cheby- 
chev, Butterworth, or elliptic function 
types. Computer- derived tables of nor- 
malized ladder element values are avail- 
able in the literaturea'B for networks 
which provide the LP form of these 
"standard" functions. Programs for 
automatically scaling and transforming 
such normalized tables of element values 
to LP, HP, Bs, and BP filters at any speci- 
fied frequency, bandwidth, and impe- 
dance level then provide useful design 
tools. 

Two such programs are briefly out- 
lined in Fig. 10. These programs are 
written in FORTRAN, and allow scaling 
and transforming of up to 20th order, 
all -pole, or 13th order, m- derived, LP 
networks. As an example of a 7th -order 
elliptic function LP, the execution time 
on an IBM -301 was: read -in and com- 
pile, 2.5 minutes; execute and print, 7 

seconds. For a 5th order Chebychev 
LP -tO -BP example, the execution time 
was: read -in and compile, 1 minute, 50 

Fig. 9- Synthesis design example, 12 to 60 kHz bandpass filter. 
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Fig. 11- Section transformation programs. 
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Fig. 12- Minimum inductance network transformation program. 

seconds; execute and print, 7 seconds. 
Given network structures can fre- 

quently be improved for production by 
applying impedance transformation sec- 
tions. These sections can be used to 

eliminate wound transformers; make 
element values more acceptable for pro- 
duction; and sometimes to eliminate 
elements. Fig. 11 shows some details of 
two FORTRAN programs for transforma- 
tion sections used for BP networks. These 
programs require a minimum of input 
data (one card per problem) ; read -in 

and compile in less than 2 minutes on 
301, and execute and print in less than 
5 secs. per problem. Any number of 
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sections can be run sequentially, allow- 
ing a family of transformation levels to 
be quickly determined for design pur- 
poses. 

COIL WINDING DESIGN PROGRAMS 

In transforming LP networks with finite 
zeros of transmission into BP networks, 
the usual LP to BP transformation applied 
to a LP network with N reactive elements 
results in RP networks with N coils. The 
number of coils in BP networks derived 
from even order elliptic function LP net- 
works can be minimized by using section - 
by- section transformations, such as the 
"Zig -Zag" transformation.' A descrip- 

tion of this transformation is given by 
Saal and Ulbrich.' This transformation, 
when applied to elliptic function LP net- 
works of even order n (and (3n -2) /2 
reactive elements) produces RP designs 
of order 2n with n coils. This is a % re- 
duction in coils of 100 (n -2) /(3n -2). The 
reduction in coils is obtained at the price 
of additional capacitors in the BP net- 
work. Fig. 12 shows an example of a 

10th -order LP elliptic network with four 
finite transmission zeros, transformed to 
a 20th -order BP network with ten coils. 
The designs shown assume lossless ele- 
ments. The BP network has a transmis- 
sion characteristic geometrically sym- 
metrical about the center frequency. 
Execute and print time on an RCA -301 
for this example was approximately 40 
seconds. 

These filter designs have all been 
constructed with polystyrene and mica 
capacitors, and ferrite pot -core induc- 
tors. These high -Q ferrite inductors pro- 
vide many desirable features for use in 
precision filters. The coil windings are 
bobbin wound in single or multiple sec- 
tions. A FORTRAN program has been pre- 
pared for determining the coil turns for 
such windings, for a guaranteed mini- 
mum inductance range centered on the 
nominal inductance design value. Core 
nominal permeability (and specified 
tolerance) , trimming slug range, and 
bobbin winding factors, are included 
and taken into account in calculating 
the required coil turns to the nearest 
one half turn. Fig. 13 shows an outline 
of these relations. This program reads 
and compiles in 2 minutes, 10 seconds; 
executes and prints in 2 seconds per 
coil, on an RCA -301 computer. Any 
number of coil windings can be calcu- 
lated sequentially. 

EVALUATING NETWORK FUNCTIONS 

An important operation in the network 
synthesis procedure is the checking of 
the network function derived for the ap- 
proximation problem. This transfer or 
characteristic function must be evalu- 
ated for steady -state magnitude, and 
perhaps also phase or delay, on the jw 

axis to verify its acceptability in meeting 
the required transmission. Such an 
evaluation program has been written in 
FORTRAN for network functions given as 
pole and zero factors, as shown on Fig. 
14. The program will handle up to 50th - 
order numerator and a 50th -order de- 

nominator. Fig. 15 shows, in some detail, 
an example of an 8th -order BP transfer 
function, evaluated in the pass -band re- 
gion from 2.945 kHz to 3.005 kHz. The 
program will automatically compute up 
to 999 frequency points, commencing at 
a given starting frequency and incre- 
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Fig. 13 -Coil winding design program. 
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Fig. 14- Program for evaluating network functions. 

e H 

0 20 
.n1 ( S+sp) 401(SaSCOi) (SSos) 
o 20 

in1lS+oo.l in1lS+Scoi)IS+s jl.l 
o zo 

snppl ( S4 4.41 No (32+25scoLsco.2+rcoL2 

ill,(S+ojai)i111 (52 +2SocpiaopL2+rco1.2) 

EVALUATES. 

MAGNITUDE d 20 LOG10 IFt jrI 
PHASE e 9 a TAN 

1(i nri 1°1) 
1\\REF( ja.) 

ENVELOPE DELAY . -d 
FROM POLE -ZERO LOCATIONS 
OF F(5) 

WHERE 

H, CONSTANT MULTIPLIER NOT EQUAL TO ZERO 

ens REAL ZERO IN R.P S 

ps =REAL POLE IN R. P.S 

&cot COMPLEX CONJUGATE ZERO PAIR REAL PART IN R.P S. 

mto, COMPLEX CONJUGATE ZERO PAIR IMAGINARY PART IN R P S. 

vy, : COMPLEX CONJUGATE POLE PAIR REAL PART IN R P S 

of cps COMPLEX CONJUGATE POLE PAIR IMAGINARY PART IN R e s 

Fig. 15- Example of bandpass transfer function evaluation. 

Giren Roots of T (,):- at D.C. 

No comple. conjugate zeros. 

8 MIR COMPLEX CONJUGATE POLES: 

P, - - 1.889479.107 j 1.8771502.104 

P 2 - - 1.889479.107 1 19709201.104 

P t - 2.074568.102 1 
1.8409732.104 

64 - - 2.095694.107 J 1.8579)78.104 

SAMPLE OUTPUT: 

FREQ. NZ 

0.29450000E 01 

0.29550000E 01 

0.29650000E 01 

0.29750000E 01 

0.29050000E 01 

0.29950000E01 

0.30050000E 01 

M6N 00 

-0.70107000E 00 

0.52740000(.O1 

0.70760000E-01 

0.00000000(-99 

0.22160000E-01 

0.42460000E-01 

-0.21501000f 00 

.ASE DFGR. 

40.15821180E02 

-0.10266900E00 

-0.50178040E 02 

0.74000000E-02 

0.49662910E02 

0.101017)4E 01 

0.15701429E02 

PS - - 2.024568.102 1 
1.8836989.104 

P6 - - 2.024568102 ! J 1.9017918.104 

P7 - . 1.889479.102 ! 1 1.90820)7.104 

P8 . - 1,8467771110' ! J 111)0582.104 

OELA' SECS. 

0.71278350E 01 

0.12119190E 01 

0.42695700E 00 

-0.50000000E-05 

0.27394700E 00 

0.10693730E 01 

0.70390640E 01 

2 

0 

t I 

1 I 
5\ / 

W 
1.00 

Rn ounual, 

,711l,)00,)e5 
1111E0 1012 

menting by a given frequency increment. 
The program will also compute the mag- 
nitude (dB ), phase (degrees), and 
envelope delay (seconds) relative to 
those values at a given reference fre- 
quency. This is convenient when only 
relative variations in a given frequency 
range are of interest. The example 
shown, executed on an RCA -301 com- 
puter was read -in and compiled in 2.5 
minutes, and executed with on -line print 
at 2 seconds per frequency. 

SUMMARY 

A number of useful computer programs 
for filter design and analysis have been 
briefly described. These programs, along 
with others, have been used as design 
tools during the past six years in the 
design of over 60 different filter networks 
of varying degrees of complexity. Many 
of these designs could not otherwise 
have been accomplished except by the 
expenditure of considerably greater en- 
gineering design effort, and then only 
for designs with more elements and 
therefore higher production cost. In all 
types of designs, these programs have 
reduced model construction to a bare 
minimum, and have insured that numer- 
ical design errors were also held to a 
minimum. 

With the availability of high speed, 
large memory, computing systems in 
RCA facilities, arranged for efficient 
engineering design access, it is hoped 
that these programs can be improved, 
expanded, and integrated to further in- 
crease filter and network design capa- 
bility. 
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NEW COLOR TELEVISION MOBILE UNIT 

AREVIEW of the television networks' 
experience with mobile equipment 

shows that following the period 1948- 
1954, when there was great activity in 
building monochrome units and a few 
isolated color units, a lapse of several 
years occurred before interest was again 
stimulated to produce more color mobile 
equipment. It is most interesting to note 
that during this interval an ever increas- 
ing percentage of live programming was 
being produced with mobile units. Oper- 
ational experience with some of the more 
spectacular events, such as political con- 
ventions, inaugural ceremonies, as well 
as all types of sporting events of national 
and international importance, forceably 
brought to the attention of programming 
and engineering managements the inade- 
quacies of existing equipments. It is also 
true that the majority of the early mobile 
units, compared to today's standard, had 
minimum technical facilities and in 
almost every instance, once the equip- 
ment was installed and tested, it was 
painfully realized that there was barely 
none for program personnel and client 
enough room for technical personnel and 
representatives. 
Final manuscript received April 17, 1967. 

A. A. WALSH, Mgr. 
Facilities Design and Construction 

National Broadcasting Company, Inc. 

New York City, N.Y. 

The "novelty" days of programming 
from the field are over; today it is not 
uncommon to find field production re- 
quirements in excess of those of a studio. 
Not only is there the demand for more 
cameras, but additional facilities to pro- 
cess camera signals, insert titles, inter- 
mix video tape for instant replay, genlock 
to other remote locations, and many 
other features are required for the 
simplest type of field production. Con- 
sideration of all these factors, and the 
rapid expansion from monochrome to 
color operations dictated an entirely new 
concept of mobile unit design. Therefore, 
new NBC mobile units have been de- 
signed and constructed to conform with 
the following criteria: 

1) Highest standards of technical per- 
formance; 

2) Allocation of adequate and comfort- 
able space for all personnel; 

3) Provision for interior comfort over a 
wide range of outside temperature; 

4) Esthetic attractiveness; and 

-5) Minimum transport delay caused by 
engine or power train failure. 

In September 1965, NBC put into service 
the first of a series of color mobile units 

Fig. 1 -Photos of units in rockefeller plaza. 

designed to these specifications, in 
August 1966 a second series, and a third 
series is scheduled for delivery August, 
1967. 

VEHICLES 

An NBC color mobile complex is com- 
prised of three air -ride 40 -ft tractor -driven 
trailers, designated: A, equipment unit; 
B, control or production unit ; and C, 

carryall. Fig. 1 is a photograph of the 
units built in 1966. The trailers are 
custom built and incorporate many 
special features, including 2 inches of 

insulation on all walls and top, under- 
floor cable trenches, and recessed light- 
ing and air conditioning distribution. 
The first two units, A, and B, are 
equipped with adequate ventilation, heat- 
ing and cooling to provide comfortable 
interior conditions over a range of out- 

side temperature from +10 °F. to 

+100 °F. These vehicles comply with all 
legal and safety requirements in all 
states, and equipped are loaded to ap- 

proximately 75% axle capacity. 
Two very important vehicle design fea- 

tures included in this complex are tractor 
drive and air suspension, which warrant 
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Fig. 2- Diagram of "A" unit. 

Fig. 3 -Photo video control. 

further explanation. Tractor drive of- 
fers greater reliability of transport than 
a self -powered vehicle because any rela- 
tively simple engine breakdown or other 
mechanical failure of a self -powered ve- 
hicle may cause a delay of several days, 
whereas a faulty tractor can be replaced 
in every part of the country within 
2 to 3 hours. Furthermore, the all too 
common problem of an overloaded self - 
powered vehicle can be avoided. Air 
suspension was selected in preference to 
conventional leaf springs because of 
higher efficiency isolation to road shock. 
Thus, by having the mass of the entire 
vehicle shock- mounted, the use' of indi- 
vidual equipment mounts was unneces- 
sary, saving valuable equipment mount- 
ing space, as well as being more 
economical. 

POWER 

Power required to operate the mobile 
complex may be either 208 -volt -Ac 3- 

phase 4 -wire, or 230 -volt -Ac single -phase 
3 -wire, and the total current drain with 
all technical equipment and air condi- 
tioners operating is 230 to 250 amperes 
per phase. The A unit is equipped with 
two 4 -ton air conditioners and the B unit 
with two 2 -ton units. These units repre- 
sent a substantial part of the total power 
load and are operated on 230- volt -Ac 

single -phase 3 -wire power. The design of 
the power distribution system would have 
been less complicated and more efficient 
with a 3 -phase 208 -volt -Ac 4 -wire source. 
However, there are many areas, particu- 
larly in nonindustrial districts, where 
only a 230 -volt single -phase 3 -wire source 
is available. Voltage regulators are pro- 
vided in the A and B units for technical 
equipment only. Other elements, such as 
air conditioning units, general lighting 
and convenience outlets, are supplied 
with unregulated power. 

TELCO EQUIPMENT 

The A and B units have permanently in- 
stalled telephone facilities with a number 
of private line extensions in each unit. 
This equipment was installed by the 
telephone company in accordance with 
NBC specifications, and like any other 
phone has a monthly rental charge. The 
advantages gained from this type of in- 
stallation are: 

1) The instruments are always in the 
same location; 

2) Connections to external telco lines are 
made in an underfloor compartment, 
eliminating the disturbance and con- 
fusion caused by an installer fastening 
wires all over the inside of the vehicle; 

3) The time required to establish tele- 
phone communications is reduced to a 
minimum with the resultant economy 
in job setup time. 
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CAMERA OR EQUIPMENT "A" UNIT 

The equipment or camera vehicle re- 
ferred to as the A unit shown diagra- 
matically in Fig. 2 combines into one 
vehicle the functions of camera or video 
control, pulse generation and distribu- 
tion, transmission, test and video tape. 
Starting at the front of the unit and pro- 
ceeding to the rear is the following 
equipment: three color monitors used 
for camera balancing and program 
monitoring ; six video consoles, five for 
TK41 three -image- orthicon color cam- 
eras, and the sixth for a monochrome 
insert camera (see Fig. 3) ; a group of 
12 equipment racks containing the equip- 
ment associated with the color cameras, 
pulse generation and distribution, video 
transmission, test equipment, and the 
intercommunications system. (See Fig. 
4 ) . Moving further toward the rear are 
two color video tape recorders with moni- 
toring and tape storage facilities, and at 
the extreme rear right is the power panel 
equipped with metering for line voltage 
and current and branch circuit distribu- 
tion of similar type to that employed in 
any central plant system. Opposite the 
power distribution panel is a coat closet 
for the crew. Air conditioning controls 
are located on the wall about the mid- 
point of the vehicle. In addition to the 
normal thermostat these controls include 
switching for ventilation, heating or cool- 
ing, and, as a special precautionary 
measure, Magnehelic gauges are in- 
stalled in the supply ducts to indicate air 

Fig. 4 -Photo of rack equipments. 
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velocity. Because the air conditioning is 

a closed system, any obstruction in either 
the supply or return ducts can be de- 
tected by a change in the indication of 
the Magnehelic gauge, thus preventing 
abnormal or damaging operation of the 
air conditioning units. 

CAMERAS 

The camera chains are basically the 
standard RCA TK41 Image Orthicon 
color units, except for the repackaging 
of the console equipment into one 22 -inch 
console employing a 14 -inch mono- 
chrome camera monitor, a 529 CR0, and 
the addition of a "cable stretcher" to 
permit cameras to work with as much as 
2000 ft of cable. A variable six -step 0 -to- 

1.2 neutral- density filter system was also 
added to each camera. The cable 
stretcher is a variable horizontal- pulse- 
delay multivibrator which produces 
early pulses. The feeding of these early 
pulses to the camera will effectively can- 
cel the increased total video path from 
control unit to camera and return. The 
variable neutral density filter system is 

used by the cameraman to compensate 
for changes in total ambient light level, 
such as those changes which occur dur- 
ing the progress of an afternoon football 
game. 

PULSES 

The pulse distribution system consists of 
two synchronizing generators with an 
emergency automatic changeover feature, 
two black burst generators and indi- 
vidual isolated pulse feeds to each cam- 
era chain. The "sync" pulse is added to 
video in the colorplexer to obtain corn - 

posite video output. In normal operation 
"sync" generator No. 1 feeds the pulse 
distribution system supplying all cam- 
eras and a black burst generator. The 
horizontal and vertical outputs from 
"sync" generator No. 2 are terminated; 
blanking, burst flag, "sync ", and sub - 
carrier are fed to the second blank burst 
generator. This configuration of the No. 
2 or standby synch generator feeding the 
second black burst generator provides 
a steady state composite video reference 
for synch generator No. 1 when operat- 
ing in the genlock mode. A typical ex- 
ample of this operation would be to 

assume that cameras are being fed from 
synch generator No. 1 which is genlocked 
to generator No. 2 until it is required to 
switch to a nonsynchronous video source. 
Prior to the technical director switching 
the program bus from the local camera 
to a nonsynchronous source, the input 
to synch generator No. 1 can be switched 
from black burst generator No. 2 to the 
incoming nonsynchronous video signal. 
The local camera, while "on the air," will 
take a slow rate of vertical lockup, and, 

when vertical and horizontal coincidence 
have been established, any type of switch- 
ing or special effects can be performed 
between the two signals. Coincidence of 
the local and the nonsynchronous signals 
is indicated by a tally light located on 
the technical director's console. The 
synch comparator circuit which delivers 
information to the synchronous tally in- 

dicator also inhibits the accidental mix- 
ing of any two nonsynchronous video 
signals until coincidence has been es- 
tablished. The method of mating synch 
generators and black burst generators 
not only achieves fast genlock operation, 
but also provides a very convenient 
method of synch generator testing be- 
cause it eliminates the old procedure of 
requiring the discontinuance of pulse 
feeds to cameras when switching genera- 
tors. 

COMMUNICATIONS 

The local communications system pro- 
vided with this mobile complex actually 
consists of three separate and distinct 
systems: 

11 IFB ( Interrupted feedback); 

2) Headset interphone; 

3) Engineering command (squawk box). 

The 1FB system used by NBC is exactly 
what the name implies, program moni- 
toring feedback to all local and remote 
locations which can be interrupted by the 
program coordinator for verbal instruc- 
tions. This system is used primarily by 
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Fig. 5- Diagram of "B" unit. 

production personnel. The Headset in- 
terphone system is shared jointly by en- 
gineering and production personnel for 
the relaying of instructions via conven- 
tional headset type equipment and may, 
if required, be connected to the Telco 
private line. The Engineering command 
is used by engineering personnel only for 
the relaying of technical information to 
a limited number of critical locations via 
loud speakers. The combination of these 
three systems may on the surface appear 
to be superfluous. However, experience 
has taught that thorough understanding 
of all instructions is the key to good 
production and technical operations. 

Fig. 6 -Photo audio console. 

This is particularly true in the field 
where operating locations are more 
widely dispersed than in the studio. The 
design of the communication system was 
made so that all three phases may be ex- 
panded as operating conditions require. 

VIDEO TAPE 

The video tape section is equipped with 
two TR -22 color -Tv tape recorders with 
associated monitoring and switching fa- 
cilities. These recorders may be used for 
on the spot prerecording, such as inter- 
views, instant replay or any other type 
of recording requested by the program 
director. 

CONTROL OR PRODUCTION "B" UNIT 

The control or production vehicle (Fig. 
5) incorporates all the mechanical fea- 
tures of the A unit. However, because of 
its function, there is an entirely different 
interior layout. It is divided by a cen- 
trally located partition into two separate 
compartments each of which is provided 
with 2 -tons of air conditioning. Starting 
at the front there is the audio control 
room with console, associated equipment 
racks, video switching racks, power dis- 
tribution panel, plus adequate space for 
tape recorders, turntables, technical and 
production personnel. The second com- 
partment contains all production moni- 
tors, director's console, TD switching 
console, comfortable seating for six pro- 
gram and technical personnel, and two 
convenient coat closets at the rear. It is 
in this area that the greatest departure 
from conventional mobile unit design has 
been made. The two units, A and B, 
although designed primarily to operate 
as a pair, may be operated individually 
or with other units as required. 

AUDIO 

The audio system, comprised of a con- 
sole, Fig. 6, with self- contained jackfield 
and two equipment racks, was con- 
structed to a design employing RCA 
BN -16C transistorized field amplifiers. 
Auxiliary services such as monitoring 
feeds, loud speaker drivers and facilities 
to feed split outputs employ the conven- 
tional line of RCA audio amplifiers of 
the BA -31 -34 series. To enumerate all 
facilities within this system and describe 
the intergration would warrant a sepa- 
rate paper on audio alone. However, the 
following is a listing of some of the more 
important audio features: 

1) 32 active microphone inputs; 
2) 4- position submixer; 
3) 30 switchable nemo job inputs with 

preview and level setting facilities; 
4) regular and emergency program amp- 

lifiers; 

Fig. 7 -Photo monitors and console. 
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5) program and preview video moni- 
toring; 

6) audio -video tracking switching on 20 
inputs; 

7) 4 patchable no -loss audio filters; 

8) 2 patchable audio compressors; 

9) 2 Pultec variable effects filters; 

10) 8 utility patchable faders; 

11) ample spare coils, keys and line isola- 
tion pads. 

Test results of the system show the over- 
all frequency response to be ± 1 dB 
from 50 to 15,000 Hz, noise level 56 dB 
below + 8 vu output, and overall distor- 
tion at + 16 vu, 0.7% or less. The facili- 
ties as noted may appear to be more than 
necessary for the average program. 
However, this mobile complex was de- 
signed to service not only the average, 
but the spectacular as well. In this con- 
nection, at the Sugar Bowl game in New 
Orleans this past January 2 a total of 
36 microphones were used. 

MONITORING & SWITCHING SYSTEM 

Production monitors, director and TD 

consoles are shown on Fig. 7. The basic 
concept in the design of this portion of 
the complex was to provide a field 
equivalent of that employed in any 
modem day studio. Therefore, a 14 -inch 
monochrome monitor is provided for 
each source input and two 21 -inch color 
monitors for program and preset. It is of 
interest to note that to satisfy some pro- 
ducers it was necessary to install a moni- 
tor position and tally switching system 
whereby the assignment of monitors 
within the bank can be changed without 
physically being removed to other than 
normal positions. 

The switching system is comprised of 
a TD console (Fig. 8) and two equipment 
racks. It is fundamentally an RCA TS -40 

solid -state vertical -interval switcher, as- 
sembled to handle 19 composite inputs 
to each of 9 primary buses. Five of the 
9 buses, by means of the secondary logic 
system, are channelled into either of two 
lap dissolve amplifiers and the special 
effects system. The 4 remaining buses 
are used for video previews, video tape, 
and transmission. 

The first five buses designated program, 
preset, A, B, and C constitute the pro- 
gram assembly portion. The mechanics 
of a vertical interval type switcher is 

well known, making further explanation 
unnecessary, except to state that logic 
from a Dc source directs the trigger 
pulse, generated from vertical synch, to 

the proper cross -point where the actual 
video switch is made in 1 to 2 micro- 
seconds during the vertical blanking in- 

terval. Through the use of two lap dis- 

solves and special effects equipment a 
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wide variety of novel program effects, 
including title inserts, can be achieved. 

CARRYALL 

The carryall as shown on Fig. 9 is the 
third vehicle in the complex, designed 
basically to conform with the old proverb 
of "A place for everything and every- 
thing in place." This vehicle is a standard 
commercial type trailer equipped with a 
side located battery operated lift to assist 
in loading and unloading. Cameras and 
other pieces of delicate equipment, 
mounted on special cushioned dollies, 
cable reels, tripods, and all other miscel- 
laneous items are transported in the 
carryall. Considerable effort was devoted 

to developing improved methods of han- 
dling, and transporting television equip- 
ment. It has paid off, because, with the 
first complex delivered in 1965, after ap- 
proximately 40,000 miles of road travel 
and more than 18 months of continuous 
service from coast to coast, not one in- 
stance of equipment damage attributable 
to faulty transport has been reported. 
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BRIEF TECHNICAL PAPERS OF CURRENT INTEREST 

Chopper -less Amplitude Modulator 

G. HLINKA 

Advanced Technology Department 
Camden, New Jersey 

The novel circuit arrangement shown in Fig. 1 simulates the 
function of a full -wave chopper modulator by using the inverting 
and non -inverting characteristics of a differential amplifier. The 
amplifier performs a dual function by providing the amplitude 
modulated output and also providing use of its gain to increase the 
signal level. The maximum modulating frequency of operation is 
set by the gain- bandwidth characteristic of the differential ampli- 
fier and the diode impedances. 

The waveforms shown in Fig. 2 occur at designated points within 
the circuit. Flip -flop FFI provides the carrier frequency voltage E,; 
both outputs (E, and -E.) from FF1 are utilized. The signal 
voltage, E,, is resistively summed with the carrier voltage and its 
inverted complement. Linear superposition of the signal onto the 
carrier by the summing network causes little distortion of the signal 
waveform. Diode clippers D1 and D2 allow only positive polarity 
voltage to pass to the inputs of differential amplifier, Al. (Positive 
or negative clipping of the signal produces the same result.) For- 
ward biasing of the diodes by a voltage E provides an effective 
means for adjusting the relative amplitudes of signal and carrier 
voltages. This means full advantage can be taken of the amplifier's 
dynamic range for increasing the signal level. Differentially, this 
voltage offset will cancel at the amplifier output with minor adjust- 
ments. 

Because of the inversion of one of the input voltages through the 
differential amplifier, the resulting output, EG, will have the wave- 
form of a full -wave chopper modulator, as shown in the waveform 
diagram. 

Final manuscript received March 22, 1967. 

Fig. 1 -Full -wave chopper modulator using a differential amplifier. 
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Fig. 2- Circuit waveforms. 

TIME 

A Monostable Multivibrator using an 
IC Operational Amplifier 

W. R. WALTERS 

Communications Systems Division, DEP 
Camden, New Jersey 

The monostable multivibrator shown in Fig. 1 is unique in that 
the same configuration serves as a one -shot multivibrator, a fixed - 
delay circuit, or a count -down circuit. The addition of a potentiom- 
eter allows one to vary the amount of delay or the countdown ratio. 

The high impedance characteristic of the integrated circuit 
operational amplifier is the key to the design. This allows a more 
convenient selection of the individual values of resistance and 
capacitance with the resistance much larger than in conventional 
designs. 

The basic operation of the circuit is based on a high -gain ampli- 
fier with positive feedback with a time constant in the feedback 
path. The actual bias levels are enough to saturate the amplifier 
into the two basic states, on and off. 

The circuit was tested as a variable -delay circuit and fixed -delay 
circuit. During the first test, Rl was replaced by a 500 kilohm 
potentiometer and a fixed 47 kilohm, 5% carbon resistor. As a 
fixed -delay circuit, Rl was made a 1% fixed -film resistor, R2 and 
R3 were selected for the best temperature stability, and C was a 
standard mylar capacitor (CTM) . 

Special Advantages of the Circuit: 

1) When used as a fixed -delay circuit, the duty cycle can be 
from 10% to 90%. 

2) When used as a variable delay circuit, the delay can be varied 
ten -to -one with Rl at 500 kilohm. 

3) A relatively small timing capacitor (10 µF) will give delays 
of seconds. 

Fig. 1- Monostable multivibrator. 
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4) Very stable delays (better than ±0.2% timing stability) are 
possible if resistor R1 has a 1% tolerance and capacitor C is 
selected for temperature stability (good paper or mylar) . 

5) The output will drive a kilohm load, so the circuit needs no 
additional output driver or emitter- follower circuit. 

Performance Data: 

Input Trigger Pulse: Amplitude > 2.5 Vpp 
Rise Time < 5 µs 
Width > 10 As 

Output Pulse: Hi Z Load 1K Load 

(F.T. edge = delay edge) 
Amplitude -3V to +5V OV to +5V 
Rise Time X0.3 As X0.4 its 

Fall Time 0.5 As X0.4 ps 

As a variable delay: 
Delay C(µF) R1 

7 ms to 80 ms 0.22 47 -547K 

0.4 sec. to 4 sec. 10 47.547K 

As a fixed delay: 

R2 & R3 

10K 
10K 

317.5 ms 0.22 121K 1% 10K 

°640 µs 0.01 100K 1% 5.6K 

* Timing stability ±0.2% for temperature variations from 0 °C to +50°C. 

Gain Saturation in Crystal Mixers 

P. TORRIONE 

RCA Advanced Communications 
Technology Laboratory 

Communications Systems Division, DEP, 
New York, N. Y. 

In his analysis, Pantell' derives a general power relationship for a 

nonlinear resistance device with two sinusoidal voltages applied. 
His analysis is limites to the case of a large local -oscillator voltage 
and a small signal voltage. The following analysis includes the effect 
of a large signal voltage applied to the mixer. 

The mixer conductance variation with time is now expressed as 

oo 

wg(t)=E 
_ co 

EG,exp[j(rx uy)l. (1) 

Using Equation (1) above, Pantell's Equation (26) thus becomes: 

2' 
[oo h 41 f f Gn 

(2) 
E(-nq)V,nVpg exp. {j[(m+p+r) x+(n+P+u)yl } dxdy, 

nt,n,p.q = - 

where r and u refer to the conductance -variation harmonics of the 
local -oscillator and signal frequencies, m and p are harmonics of 

the local -oscillator frequency, and n and q are the signal- frequency 
harmonics. The x and y terms in the exponent are equal to toot and 
wet, respectively, where w and w, are the local -oscillator and signal 
frequencies, respectively. The variables associated with the summa- 
tions are taken from - oo to + co independently. Using the 
orthogonality principle to integrate the exponents, the following 
result is obtained: 

07 DD 00 

EE-2fvnn =En (n u)V,nnVc.4-.>c 4 >G., 

where the right hand side is from Pantell's Equation (19), and the 
term W, is the power at frequency: mm + n ,. 
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If we confine our interest to the power at only the signal, IF, and 
local -oscillator frequencies, and make the power at all other fre- 
quencies zero by filtering, Equation (3) becomes: 

W01 = 2Vo, [V01G00 + VuG,ol, 

* W, = 2V [ Vn1G,o + VnGool, 

(4) 

where equation (4) neglects conductance variations at second and 
higher harmonics. 

From the power relations in Equation (4), the circuit of Fig. 1 

is derived. An exponential diode is used and the conductance com- 
ponents are' 

al ,1 (aV1o) 1 (aV01), (5) 

where a is the diode exponent, 1, , is the diode saturation current, 
and 1 , (a V10) and 1 (a V11) are the mth- and nth -order Bessel 
functions (of the first kind) with imaginary arguments. 

For simplicity in the analysis, the pump voltage across the diode 
Í V,,,) can be assumed constant, and independent of signal power. 
The magnitude of this voltage can also be determined as a function 
of local -oscillator power.' Also, since the mixer is generally op- 
erated under a small -signal match condition, the values of G, and 
G,5 can be calculated using V01 equal to zero in Equation (5). 

Since the conductances are indeterminate functions of signal 
voltage (V ) , it is necessary to assume a value of V01, calculate 
the conductances (G, ), and then calculate voltage Val. From this, 
the available signal power (14Ve12G,) can be calculated. The IF 

voltage (V11) can be calculated from the knowledge of G, and 
G,F. The mixer loss, 

Loss (dB) = 10 log r2. 112GIFJ 

LVA12G, 

can then be calculated as a function of available signal power. 
A comparison of calculated and experimental data is shown in 

Fig. 2.3 It is seen that the theoretical curve agrees, to within 1 dB, 

with the measured result. The curves were made for 0.5 mW of 

local- oscillator power. 

Final manuscript received April 5, 1967. This work was supported by 
USAECOM, under Contract No. DA 36- 039 -AMC- 02345(E). 
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Fig. 2- Calculated versus experimental data. 
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ANTENNAS 
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Masters Report (MSEE) Brooklyn Poly - 
technical Inst., 5/67 

COMPUTER STORAGE 

FLUX -SHUTTLING: A New Method of the Non- 
destructive Readout of Superconducting Mem- 
ory Calls -A. R. Sass, E. M. Nagle (Labs, 
Pr) INTERMAG Conf., Wash., D. Cr 
4/5 -7/67 

LAMINATED- FERRITE Memory, Integrated MOS 
Transistor -A. Robbi, J. Tusks (Labs, Pr) 
INTERMAG Conf., Wash., D. C., 4/5.7/67 

LAMINATED MEMORY ARRAYS, Development 
of an Improved Ferrite for-I. Gordon, R. L. 
Harvey, A. D. Robbi (Labs, Pr) American 
Ceramic Soc. Ann. Mtg., N. Y., N. Y., 
4/29/67 

LAMINATED MEMORY ARRAYS, Low -Drive 
Temperature -Stable Ferrite for-R. L. Harvey 
I. Gordon, A. Robbi (Labs, Pr) INTER - 

MAG Conf., Wash., D. C, 4/5 -7/67 

RANDOM- ACCESS Memory, Cryotron Based 
-A. R. Sass, W. C. Stewart, L. S. Cosentino 
(Labs, Pr) INTERMAG Conf., Wash., 
D. C, 4/5 -7/67 

READ -ONLY MEMORY, Apertured Sheet -J. 
C. Miller, C. M. Wine (Labs, Pr) IEEE 
Trans. on Magnetics, Vol. 2, No. 4, 12/66 

SONIC FILM MEMORIES, High Magnetostric- 
tive Thin Films for-L. S. Onyshkevych (Labs, 
Pr) INTERMAG Conf., Wash., D. C, 
4/5 -7/67 

COMPUTER SYSTEMS 

VARIABLE INSTRUCTION Computer -E. J. 
Dieterich (ASD, Burl) RCA -DOD Symp., 
Princeton, N. J., 4/3.4/67; Proc. 

CONTROL SYSTEMS (& automation) 

AUTOMATIC MULTIPURPOSE TEST EQUIP- 
MENT, Applications of -P. M. Toscano (ASD, 
Burl) U. S. Nary N. E. States R &D Clinic, 
Phila., Pa., 11/64 

DISPLAYS 

HOLOGRAM -Properties and Application - 
E. G. Ramberg (Labs, Pr) RCA Review, 
Vol. 27, No. 4, 12/66 

ELECTRO- OPTICS 
(systems & techniques) 

PHOTOCONDUCTIVE PHOTO -TAPE, Manufac- 
ture of -P. C Murray, J. P. Morris (AED, 
Pr) Proc. of Ann. SMPTE Tech. Cont., 
N. Y., N. Y., 4/19/67 

ENERGY CONVERSION 
(& power sources) 

SOLAR CELLS, GaAs Thin-Film--P. Vohl, D. 
M. Perkins, S. G. Ellis, R. R. Addiss, W. 
Hui, G. Noel (Labs, Pr) IEEE Trans. on 
Electron Devices, 1/67 

SPACE POWER SUPPLIES, System Comparison 
d Analysis of Tracking and Non-Tracking- 
P. Nekrasov (AED, Pr) 4th Space Congress, 
Cocoa Beach, Fla, 4/3/67; Proc. 

ENVIRONMENTAL ENGINEERING 

MATERIALS and Components, The Thermal - 
Vacuum Environment and Its Effects on-P. 
Wise, R. Feuchtbaum (AED, Pr) Proc. of 
IES -13th Ann. Mtg., Wash., D. C., 4/10/67 

INFORMATION THEORY 

SYNTACTIC MAPPINGS, Bi- Lateral Descriptions 
of -M. C. Paull (Labs, Pr) 1st Ann. Pr. 
Conf. on Information Sciences & Systems, 
Princeton, N. J., 3/30 -31/67 

INTERFERENCE (& noise) 

EMC DESIGN In-Not On -A. W. DiMarzio 
(ASD, Burl) Boston Chapter IEEE -EMC, 
4/6/67 

EMI FILTER Design, Shortcuts to -A. W. Di- 
Marais (ASD, Burl) EDN, 4/67 

LABORATORY TECHNIQUES 

GAS ANALYSIS In Color TV Picture Tubes, A 
Mass Spectrometer for-J. J. Moscony, J. C. 
Turnbull (ECD, Lanc) Symp. on Residual 
Gases in Electron Tubes, Rome, Italy, 
3/14 -17/67 

LASERS 

COLOR SELECTION in Ion Lasers, Infra - 
Cavity -C. P. Wen, J. M. Hammer, I. Gorog, 
F. W. Spong, J. VanRaalte (Labs, Pr) 
IEEE J. of Quantum Electronics, 11/66 

CONTINUOUS ULTRAVIOLET Duty Laser -K. 
G. Hemgvist, J. R. Fendley, Jr. (Labs, Pr) 
Int'l Symp. on Modern Optics, Polytechnic 
Inst. of Brooklyn, Brooklyn, N. Y., 3/67 

ELECTRON - BOMBARDED SEMICONDUCTOR 
Lasers, Far -Field Patera of -F. H. Nicoll 
(Labs, Pr) Proc. IEEE, 1/67 

GaAs LASER Diodes, Hole -Electron Smearing 
and Threshold Dependency in-M. F. 
Lamorte, T. Gonda, S. Caplan (ECD, Som) 
Solid -State Electronics, 12/66 

GaAs LASER DIODES, Thermal Resistance of 
-S. Caplan, T. Gonda, M. F. Lamorte, P. 
Nyul (ECD, Som) Trans. of the Metal- 
lurgical Soc. of AIME, 3/67 

LASERS -Dr. J. Vollmer (AT, Cam) Engrg. 
and Tech. Soc. Council Mtg., Franklin Inst., 
2/4/67 

NOBLE GAS Ion Lasers-J. R. Fendley, Jr. 
(Labs, Pr) Talk at Susquehanna Sect. of 
IEEE, Lebanon, Pa., 4/4/67 

SEMICONDUCTOR AND GAS Lasers -T. R. 
Schein (ASD, Burl) Lowell Technological 
Inst., 3/2/67 

SOLID STATE Lasers -W. S. Byk, Jr. (ASD, 
Burl) Lowell Technological Inst., 3/2/67 

LINGUISTICS (& speech recognition) 

ADAPTIVE SPEECH -RECOGNITION System, A 
Limited- Vocabulary-P. W. Ross (Labs, Pr) 
73rd Mtg. of the Acoustical Soc. of America, 
N. Y., N. Y., 4/1/67 

SPEECH PROCESSING Techniques and Appli- 
cations-H. F. Olson, J. Belay, E. S. Rogers 
(Labs, Pr) IEEE Int'l Cony., N. Y., N. Y., 
3/20 -23/67 

SYLLABLES with Initial /L /, /M /, /N /, and 
/RI, Research Towards Improved Machine 
Recognition of -W. H. Jamison (Labs, Pr) 
73rd Mtg. of the Acoustical Soc. of America, 
N. Y., N. Y., 4/1/67 

200- SYLLABLE Communication System, Per- 
formance of a-E. S. Rogers, E. G. May 
(Labs, Pr) 73rd Mtg. of the Acoustical Soc. 
of America, N. Y., N. Y., 4/1/67 

LOGIC THEORY 

GRAY -TO- BINARY Conversion, An Algorithm 
for-M. C. Wang (Labs, Pr) IEEE Com- 
puter Trans., VoL EC -15, No. 4, 8/66 

THRESHOLD LOGIC, The Status of -R. O. 
Winder (Labs, Pr) 1st Ann. Princeton 
Conf. on Information Sciences & Systems, 
Princeton, N. J., 3/30 -31/67 

MASERS 

MONOPULSE RADAR, Applications of Masers 
to-L. C. Morris (AT, Cam) Naval Re- 
search Lab., Wash., D. C., 1/19/67 

OPTICS 

IMAGE PROCESSING with Non -Linear Optics 
-H. J. Gerritsen, S. Freeman, E. C. Ram- 
berg (Labs, Pr) Modern Optics Symp., 
N. Y., N. Y., 3/22.24/67 
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PLASMA PHYSICS 

ALKALI PLASMAS, Universal Instability Experi- 
ments In-H. Hendel (AED, Pr) APS 
Spring Mtg., Wash., D. C., 5/24/67; Proc. 

MAGNETOPLASMA Surface Wave Propagation, 
Instability in-R. Hirota (Labs, Pr) 22nd 
Ann. Mtg. of APS of Japan, Sendai, Japan, 
4/2 -7/67 

SOURCES in Plasma -M. P. Bachynski (RCA 
Victor Ltd., Montreal) RCA Review, Vol. 

28, No. 1, 3/67 

PROPERTIES, ATOMIC 

ENERGY GAP in the Proximity Effect, Magnetic 
Field- Induced Anistropy of the -R. Klein, G. 

Fischer (Labs, Pr) Swiss Phys. Soc. Mtg., 
Bern, Switzerland, 4/28 -29/67 

EXCITATION SPECTRUM on the 'Normal' Side 

in the Proximity Effect-G. Fischer, R. Klein 
(Labs, Pr) Swiss Phys. Soc. Mtg., Bern, 

Switzerland, 4/28 -29/67 

HOT ELECTRON- PHONON INTERACTIONS in 

GaP, Direct Measurement of-B. F. Williams, 
R. E. Simon (Labs, Pr) Phys. Review 
Letters, 3/27/67 

PHOTOEMISSION OF ELECTRONS from N -Type 
Degenerate Silicon Into Silicon Dioxide -A. M. 

Goodman (Labs, Pr) Physical Review, Vol. 

152, No. 2, 12/66 

PHOTOEMISSION OF HOLES from Silken into 

Silicon Dioxide -A. M. Goodman (Labs, Pr) 
Physical Review, VoL 152, No. 2, 12/66 

PROPERTIES, MOLECULAR 
(8 crysfalography) 

BARIUM TITANATE Single Crystals, Electra- 

reflectance in -C. Gahwiller (Labs, Pr) 
Solid State Communications, Vol. 5, No. 1, 

1/67 

CRYSTAL GROWTH by Chemical Transport Re- 

actions IV-New Results on the Growth of 

Binary, Ternary, and Mixed -Crystal Chalco- 

genidea -R. Nitsche (Labs, Pr) Proc. of 

Conf. on Crystal Growth, Boston, 6/20 -24/66 

CRYSTAL GROWTH of Quaternary 152464 

Chalcogenides by Iodine Vapor Transport - 
R. Nitsche, S. F. Sargent, P. Wild (Labs, 
Pr) J. of Crystal Growth, VoL 1, 1967 

HYPERSONIC ATTENUATION in Insulating 
Crystals, Temperature and Frequency Depen- 

dence on -R. Klein (Labs, Pr) Physics 
Letters, Vol. 23, No. 11, 11/66 

INTERFACE STATES and Interface Disorder in 

the Si -Si02 System -A. G. Revesz, K. H. 

Zaininger, R. J. Evans (Labs, Pr) J. of the 
Physics & Chemistry of Solids, VoL 28, 1967 

IONIC CRYSTALS, Theory of Intrinsic Surface 

States on -J. D. Levine (Labs, Pr) Ameri- 
can Phys. Soc. Mtg., Chicago, Ill., 3/28/67 

LARGE SAPPHIRE CRYSTALS from Cryolite, 
Growth of -R. H. Arlen, M. Robbins, P. G. 

Herkart (Labs, Pr) J. of American Ceramic 
Soc., Vol. 50, No. 1, 1/67 

LATTICE DEFECTS in Shock -Deformed and Cold - 

Worked Nickel -H. Kressel, H. Brown (ECD, 
Som) J. of App. Physics, 3/67 

LIQUID CRYSTALS. I. Fluorinated Anils -J. 
Goldmacher, L. A. Barton (Labs, Pr) J. of 
Organic Chemistry, Vol. 32, 1967 

LITHIUM Solubility and Precipitation in 

Germanium -N. Almeleh (Labs, Pr) Ameri. 
can Phys. Soc. Mtg., Chicago, Illinois, 
3/27 -30/67 

MAGNETOABSORPT ION in Single -Crystal 
Semiconducting Ferromagnetic Spinets -G. 
Harbeke, H. Pinch (Labs, Pr) Physical Re- 
view Letters, Vol. 17, No. 21, 11/21/66 

MODIFIED FLUX TECHNIQUE, Growth of YVO4 

Crystals by a-W. Phillips, R. J. Pressley 
(Labs, Pr) Mtg. of the American Ceramic 
Soc., N. Y., N. Y., 4/29/67 

NIOBATES, Chemical Transport of -F. P. Em- 
menegger (Labs, Pr) Symp. on Crystalli. 
zation by Chem. Transport Reactions, 
Berlin, Germany, 4/11 -13/67 

OH -DOPED ALKALI HALIDE CRYSTALS, Far - 

Infrared Absorption in-D. R. Bosomworth 
(Labs, Pr) American Phys. Soc. Mtg., 
Chicago, IIL, 3/27 -30/67 
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SEMICONDUCTOR - INSULATOR - SEMICON- 

DUCTOR ISIS I STRUCTURE, Analysis of the 

Negative Resistance Associated with the-J. 
Shewchan (Labs, Pr) J. of App. Phys., Vol. 
38, No. 1, 1/67 

SEMICONDUCTOR SOLID Solutions, Especially 

IV -IV Compounds, The Physical Properties of 
-M. Glicksman (Labs, Pr) 2nd Ann. Mtg. 
of APS of Japan, Sendai, Japan, 4/2 -7/67 

SINGLE CRYSTALS front the Vapor Phase, 

Growth of -E. Kaldis (Labs, Pr) Sect. for 
Crystallization, German Engrs' Assoc., 'Bad 
Munster am Atein', Germany, 3/1/67 

SINGLE CRYSTALS of BaA1504 -R. H. Arlett, 
M. Robbins, J. G. White (Labs, Pr) Acta 
Crystallographica, Vol. 22, Part 2, 2/67 

STRESS DEPENDENCE of Si P -N Junction Char- 
acteristics, Effect of Generation- Recombina- 

tion Centers on the-H. Kressel, A. Elsea 
(ECD, Som) Solid -State Electronics, 3/67 

THIOSPINEL CdIncS4, Second Order Transition 
in the-W. Czaja (Labs, Pr) Swiss Phys. 
Soc. Mtg., Bern, Switzerland, 4/28 -29/67 

PROPERTIES, SURFACE (A thin films) 

HAFNIUM TECHNOLOGY, Thin -Film -H. 
Huber (CSD, Cam) Electronic Comp. Conf., 
Wash., D. C., 5/3 -5/67 

HAFNIUM TECHNOLOGY, Thin Film -F. 
Huber, W. Witt, I. H. Pratt (ECD, Som) 
Proc. 1967 Electronic Comp. Conf., Wash., 
D. C., 5/3 -7/67 

HIGH MAGNETOSTRICTIVE Thin Films for Sonic 

Film Memorier -L. S. Onyshkevych (Labs, 
Pr) INTERMAG Conf., Wash., D. C., 4/5- 
7/67 

PERMALLY FILMS, Lorentz Microscopy of Grow- 
ing Domains in-M. D. Coutts, H. Weinstein 
(Labs, Pr) J. of Applied Physics, Vol. 37, 
No. 13, 12/66 

SILICON -ON- SAPPHIRE FILMS through MOS 

Transistor Analysis, An Investigation of the 

Surface Properties of -F. P. Heiman (Labs, 
Pr) IEEE European Mtg., Semiconductor 
Device Research, 'Bad Nauheim', Germany, 
4/19 -22/67 

THIN -FILM AI2O,CdSe MIS Contacts using MIS 

Conductance Technique, Measurement of Sur- 

face State Properties of -A. Maxman (Labs, 
Pr) Semiconductor Device Research Conf., 
Bad Nauheim, Germany, 4/19 -22/67 

VITREOUS SILICON DIOXIDE Film from Silane, 

The Deposition of -N. Goldsmith, W. Kern 
(ECD, Som) RCA Review, 3/67 

PROPERTIES, CHEMICAL 

GRAVEIMETRIC DETERMINATION of Mercury, 
Lead, and Platinum using Trimethylphenyl- 

mmonium Iodide -W. W. White, J. R. Zuber 
(ECD, Hr) Analytical Chemistry, 2/67 

METHANE from Barium Films, The Evolution of 

-J. J. Moscony (ECD, Lane) Symp. on 

Residual Gases in Electron Tubes, Rome, 
Italy, 3/14 -17/67 

PHTHALOCYANINES, Saturation of Absorption 
and Fluorescence in Solutions of -W. F. Koso- 
nocky, S. E. Harrison (Labs, Pr) J. of Ap- 
plied Physics, Vol 37, No. 13, 12/66 

PRESSURE -SINTERED GaSb, Thermal and Elec- 

trical Properties of -P. R. Sahm (Labs, Pr) 
llat'ls Research Bulletin, Vol. 2, pp. 85 -89, 

1967. 

PRESSURE SINTERING of GaSb -P. R. Sahm 
( Labs, Pr) Mat'ls Research Bulletin, VoL 

2, pp. 91.100, 1967 

PROPERTIES, ELECTRICAL 

COMPLEX DIELECTRIC CONSTANT of a Polar 

Liquid by the Liberating Molecular Method, A 

Calculation of the -E. Fatuzzo, P. R. Mason 
(Labs, Pr) Proc. of the Physical Soc., VoL 

90, 1967 

DEGENERATE INTRINSIC SEMICONDUCTOR, 
Electrical Properties of a-R. Dalven (Labs, 
Pr) J. of Applied Physics, 3/67 

POLAR LIQUIDS, A Theory of Dielectric Relax- 
ation in-E. Fatuzzo, P. R. Mason (Labs, 
Pr) Proc. of the Physical Soc., VoL 90, 1967 

PRESSURE -SINTERED GaSb, Thermal and Elec- 

trical Properties of -P. IL Sahm (Labs, Pr) 
Marls Research Bulletin, Vol. 2, pp. 85 -89, 
1967 

PROPERTIES, MAGNETIC 

DOMAIN DYNAMICS in GdIG, Faraday Eifert 

Studies of -T. J. Nelson (Labs, Pr) INTER - 
MAG Conf., Wash., D. C., 4/5 -7/67 

HYDRO -MAGNETIC Instability in Solids -K. 
Ando (Labs, Pr) 22nd Ann. Mtg. of APS of 

Japan, Sendai, Japan, 4/2 -7/67 

MODULAR Nb3Sn MAGNET, A Large -Bore 

High -Field -E. R. Schrader (ECD, Hr) 
INTERMAG Conf., Wash., D. C., 4/5.7/67 

PERIODIC PERMANENT MAGNET ASSEMBLIES, 

Improved Procedure for Design of -M. J. 
Schindler (ECD, Hr) IEEE Trans. on Elec- 
tron Devices, 12/66 

SEEBECK and Magneto- Seebeck Effects in Tin - 

Doped Bismuth and Bismuth- Antimony Alloys 
-A. Amith (Labs, Pr) American Phys. 
Soc., Solid -State Mtg., Chicago, Ill., 3/67 

MATERIALS PREPARATION -D. Richman, 
F. D. Rosi (Labs, Pr) Fractional Solidifica- 
tion (Book) , Vol. I, Chapter 25, 1967 

PRESSURE SINTERING -A Versatile Method of 
Materials' Preparation -P. R. Sahm (Labs, 
Pr) Proc. of the 11th Symp. on the Art of 

Glassblowing, 1967 

PROGRESSIVE FREEZING -D. Richman, E. A. 

Wynne (labs, Pr) Fractional Solidification 
(Book) Vol. 1, Chapter 25, 1967 

PROPERTIES, OPTICAL 

BAND STRUCTURE Investigations using Optical 
Techniques, Recent Advances in -D. L. Green- 
away (Labs, Pr) German Semiconductor 
Mtg., 'Bad Nauheim', Germany, 4/19/67 

EPR SPECTRUM of Fe Doped SrTiOS, Light In- 

duced Changes in the-B. W. Faughnan 
(Labs Pr) American Phys. Soc. Mtg., 
Wash., D. C., 4/67 

OPTICAL ABSORPTION in Ferromagnetic Semi - 

conductors -G. Harbeke (Labs, Pr) German 
Semiconductor Mtg., 'Bad Nauheim', Ger- 
many, 4/19/67 

FLUORESCENCE of Cd,Pbt.,14 -L. Krausbauer 
(Labs, Pr) Swiss Phys. Soc. Mtg., Bern, 
Switzerland, 4/28 -29/67 

INTRINSIC PHOTOCONDUCTIVITY of GBH. 
Kiess (Labs, Pr) 'Nichtgleichgewichtsproz- 
esse Hochangeregter Ladugstrager in Hal - 
bleitern, Deutsche Akademie der Wissen- 
schaftern, Berlin, Germany, 4/6 -8/67 

IRON -DOPED SrTil),, Optical Studies of 

Charge- Transfer Pro in-Z. J. Kiss 
(Labs, Pr) American Phys. Soc., Wash., 
D. C., 4/67 

PHOTON Counting -G. A. Morton (Labs, 
Pr) Optical Soc. of America Mtg., Colum- 
bus, Ohio, 4/12 -14/67 

RARE EARTH DOPED CaF2, Color Centers in- 
D. L. Staebler, Z. J. Kiss (Labs, Pr) Ameri- 
can Phys. Soc. Mtg., Wash., D. C., 4/67 

UV- SENSITIVE Photoerniaers -A. H. Sommer 
(Labs, Pr) RCA Review, 3/67 

PROPERTIES, THERMAL 

PRESSURE -SINTERED GaSb, Thermal and Elec- 

trical Properties of -P. R. Salim (Labs, Pr) 
Marls Research Bulletin, Vol. 2, pp. 85-89, 
1967 

RADAR 

AIRBORNE WEATHER Radar -G. A. Lucchi 
(WCD, VanNuys) Ann. SAE Business Air- 
craft Conf., Wichita, Kansas, 4/5 -6 -7/67 

FUTURE Radar Developments -R. P. Cheet- 
ham (MSR, Mrstn) American Astronautical 
Soc. Symp., Las Cruces, N.M., 3/22 -24/67 

INSTRUMENTATION RADAR -R. Lieber 
(MSR, Mrstn) (Chapter of Book on Range 
Instrumentation), Van Nostrand, N.Y., N.Y., 
3/67 

PHASED ARRAY Radars-Dr. A. S. Robinson 
(MSR, Mrstn) David Sarnoff Research Ctr., 
Princeton, N.J. 4/3/67; Pub'l by RCA Ad- 
vanced Technical Presentation Papers 

RADIATION DETECTION 
(8, measurement) 

HIGH -SPEED IR DETECTOR, Performance of the 

RF- Biased Photoconductor as a-H. S. Som- 
mers, Jr., E. K. Gatchell (Labs, Pr.) 1967 

IRIS Infrared Detector Specialty Group, 
Dayton, Ohio 3/6.7/67 

INFRARED RADIATION, TV Camera Tubes for 
Imaging of -S. V. Forgue (Labs, Pr) Conf. 
on Laser Technology, Pensacola, Fla., 4/18- 
20/67 

OZONE CONCENTRATION, at Early Times, 

Subsequent to the Blue Gill Burst -K. Hicks, 
K. Sittel (MSR, Mrstn) Nuclear Weapons 
Effects Review, DASA 1825, 66 -3 (SRD), 
8/66 

VIEWING DEVICES for Law Enforcement and 

Crime Prevention, Low -Light -Level and Non - 

Visible- Radiation -Sensitive -A. L. Morehead 
(ECD, Lanc) Nat'l Symp. on Law Enforce- 
ment Sci. & Tech., Chicago, Ill., 3/7 -9/67 

RADIATION EFFECTS 

ATTENUATION ANOMALY, Interpreted by 

Residue Debris on Teak Burst -H. O. Benecke, 
K. Sittel (MSR, Mrstn) Nuclear Weapons 
Effects Review, DASA 1991, 66-4 (SRD), 
12/66 

MICROWAVE PROCESSING -W. N. Parker 
(ECD, Lanc) Food Science Sem., No. Caro- 
lina State, Raleigh, N.C., 4/4/67 

OZONE CONCENTRATION, at Early Times, 

Subsequent to the Blue Gill Burst -K. Hicks, 
K. Sittel (MSR, Mrstn) Nuclear Weapons 
Effects Review, DASA 1825, 66-3, 8/66 

RADIO BROADCASTING (mass -media) 

FM BROADCASTING with a Single Antenna, 
Two Polarisation -Dr. Matti, S. Siukola 
(BCD, Cam) Nat'l Assoc. of Broadcasters, 
Chicago, Ill., 4/4/67 

RECORDING (techniques & materials) 

VIDEO HEAD LIFE AND PERFORMANCE, Ob- 
taining Maximum -B. F. Melchionni (BCD, 
Cam) SMPTE Conf., N.Y., 4/16 -21/67 

RECORDING, AUDIO (equipment) 

PHONOGRAPH PICKUPS, Tracking Capability 
of -J. G. Woodward (Labs, Pr) Audio, 3/67 

STEREO and Its Place rn Recorded Music - 
W. R. Isom (HI, Indpls) Audio Engrg. Soc., 
Hollywood, Calif., 4/25/67 

RECORDING, IMAGE (equipment) 

TELEVISION IMAGES from Space, Recording 

of -M. Sullivan (AED, Pr) Ann. SMPTE 
Tech. Conf., N.Y., 4/18/67 

SOLID -STATE DEVICES 

ELECTRON BOMBARDMENT of MIS Structures, 
A Physical Model for the Effect of -K. H. 
Zaininger (Labs, Pr) Semiconductor Device 
Research, 'Bad Nauheim', Germany 4/19/67 

FIELD- EFFECT Devices in Electronics, The Future 

Role of -F. P. Heiman (Labs, Pr) 1967 IEEE 
Cone., N.Y., 3/20/67 

LIGHT -ACTIVATED Semiconductor Switch -D. 
Meyerhofer, A. S. Keiner, H. Nelson (Labs, 
Pr) J. of Applied Physics, Vol. 38, No. 1, 

1/67 

MICROWAVE POWER Sources, Solid -State -F. 
Stelzer (Labs, Pr) IEEE Electron Devices 
Group Chapter Mtg., Wash., D.C., 4/3/67 

MICROWAVE POWER Sources, Solid -State -F. 
Stelzer (Labs, Pr) IEEE Int'l Cony., N.Y. 

3/20-24/67 

MOS and MNS DEVICES, Instabilities In-S. 
R. Holstein (Labs, Pr) IEEE European 
Mtg., Semiconductor Device Research, 'Bad 
Nauheim', Germany, 4/19.22/67 

MOS TRANSISTOR, A High -Frequency Repre- 

sentation of the-H. Johnson (Labs, Pr) 
Proc. of IEEE, VoL 55, No. 1, 12/66 

SI P -N JUNCTION Characteristics, Effect of 
Generation- Recombination Centers on the 

S Dependence of -H. Kressel, A. Elsea 
(ECD, Som) Solid -State Electronics, 3/67 
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SILICON -ON- SAPPHIRE FILMS Through MOS 
Transistor Analysis, An Investigation of the 
Surface Properties of -F. P. Heiman (Labs, 
Pr) IEEE European Mtg., Semiconductor 
Device Research, 'Bad Nauheim', Germany, 
4/ 19 -22/67 

THICK FILM Field Effect Transistors Based on 
Silk -Screened CdS -W. Witt, F. Huber, W. 
Laznovski (ECD, Som) Proc. 1967 Elec- 
tronic Comp. Cont., Wash., D.C., pg. 254, 
5/67 

SPACE COMMUNICATION 
(mass -media & scientific) 

BROADCAST SATELLITES -S. Gubin (AED, 
Pr) IEEE Comm. Tech. Group, Cape Ken- 
nedy, Fla., 5/8/67 

HIGH DATA RATE STORAGE System for 
NIMBUS -R. Curry (AED, Pr) Proc. 4th 
Space Congress, Cocoa Beach, Fla., 4/3/67 

SATELLITE BROADCAST, Direct -S. Gubin 
(AED, Pr) Proc. 13th Ann. Mtg. of the 
American Astronautical Soc., (AAA.), Dal- 
las, Texas, 5/1/67 

TECHNIQUES, Space Communications -R. F. 
Ficchi (CSD, Cam) Frequency, 11 -12/66 

SPACE ENVIRONMENT 

ACTIVE SEISMIC EXPERIMENT for the Lunar 
Surface, Conceptual Design of an -A. Baker, 
V. Head, G. Richards (AED, Pr) Proc. of 
Conf. Concerning Use of Space Systems for 
Planetary Geology and Geophysics, Boston, 
Mass., 5/25/67 

SPACECRAFT (8 space missions) 

AVIONICS; COMMUNICATION in Aerospace 
-R. Callais (AED, Pr) Newsweek (lnt'l 
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G. Greig (Labs, Pr) U.S. Pat. 3,310,401, 
March 21, 1967 

Photoconductive Device Incorporating Stabiliz- 
ing Layen on the Face of the Selenium Layer 

-J. Dresner, H. P. D. Lanyon (Labs, Pr) 
U.S. Pat. 3,310,700, March 21, 1967 

Semiconductor Rectifying Device with a Plu- 
rality of Junctions -J. T. Wallmark (Labs, 
Pr) U.S. Pat. 3,312,838, April 4, 1967 

Coincident Currant Magnetic Plate Memory - 
J. A. Rajchman (Labs, Pr) U.S. Pat. 3,312,- 
961, April 4, 1967 

RECORD DIVISION 

Endless Tape Cartridge -H. E. Roys (Rec, 
Indpls) U.S. Pat. 3,322,360, May 30, 1967 

APPLIED RESEARCH DIVISION 

Threshold Gate -T. R. Mayhew (AppRes, 
Cam) U.S. Pat. 3,317,753, May 2, 1967 

Information Processing Apparatus -T. C. Hil- 
inski (AppRes, Cam) U.S. Pat. 3,310,784, 
March 21, 1967 

Arc Lamp Intensity Control System -C. 
Lauren (AppRes, Cam) U.S. Pat. 3,297,904, 
January 10, 1967 (assigned to U.S. Gov't) 

COMMUNICATIONS SYSTEMS 

DIVISION 

Neuron Information Processing Apparatus - 
F. L. Putzrath (CSD, Cam) U.S. Pat. 3,310,- 
783, March 21, 1967 

AEROSPACE SYSTEMS DIVISION 

Flip Flip Circuits Utilizing Set -Reset Dominate 
Techniques -L. F. Valentine (ASD, Burl) 
U.S. Pat. 3,310,686, March 21, 1967 

DEFENSE ELECTRONIC 

PRODUCTS DIVISION 

Bistable Flip -Flop Employing Insulated Gate 
Field Effect Transistors-E. Ker- Chuang Yu, 
A. K. Rapp (DEP, Cam) U.S. Pat. 3,309,- 
534, March 14, 1967 (assigned to U.S. Gov't) 

Voltage Reference Circuit -A. Ostroff, M. 
D'Agostino (DEP, Cam) U.S. Pat. 3,310,731, 
March 21, 1967 

Signal Distortion Correction Circuit Employing 
Means for Storing Signal Samples and Initiat- 
ing Correction When the Pattern of Stored 
Samples Indicates the P f Distortion - 
C. R. At.enbeck (DEP, N.Y.) U.S. Pat. 
3,310,751, March 21, 1967 

RCA VICTOR 

Pulse Echo Recognition Systems -D. S. Bond 
(RCAV, Cam) U.S. Pat. 3,312,970, April 
4, 1967 

SPECIAL CONTRACT INVENTOR 

Printer With Rolling Anvil Member -C. J. 
Young, U.S. Pat 3,317,017, May 2, 1967 
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Calls for Papers 

SEPT. I I -14, 1967: 22nd Annual ISA Con- 
ference á Exhibit, McCormick Place, 
Chicago, Illinois. Prog. Info.: Confer- 
ence Program Coordinator c/o ISA 
Headquarters, 530 William Penn Place, 
Pittsburgh, Pa. 

OCT. 16 -18, 1967: Fall URSI -IEEE Meet- 
ing, URSI -IEEE, Rackham Bldg., Univ. 
of Michigan, Ann Arbor, Mich. Dead- 
line Info., (Abst.) 8/1/67, TO: T.B.A. 
Senior, Radiation Lab., 201 Catherine 
St., Ann Arbor, Mich. 

OCT. 17 -19, 1967: Intl Symposium on 
Antennas & Propagation, G -AP, Rack - 
ham Bldg., Univ. of Michigan, Ann 
Arbor, Mich. Deadline Info.: (Sum.) 
7/1/67 TO: T.B.A. Senior, Radiation 
Lab., 201 Catherine St., Ann Arbor, 
Mich. 

OCT. 22 -26, 1967: American Documen- 
tation Institute, Hilton Hotel, New 
York. Deadline Info.: Aug. I TO: Paul 

Fasana, Program Chairman, ADI 1967 

Annual Convention, Columbia Univer- 
sity, The Libraries, New York, N.Y. 

NOV., 1967: 20th Annual Conference on 

Engineering in Medicine and Biology, 
with Exhibit, ISA, IEEE, Boston, Mass. 
Deadline Info.: B. S. Hines, Meetings 
Assistant, ISA Headquarters, 530 Wil- 
liam Penn Place, Pittsburgh, Pa. 

NOV. 13 -16, 1967: Conference on Engi- 
neering in Medicine and Biology, 
G -EMB, JCEMB, Statler Hilton Hotel, 
Boston, Mass. Deadline Info.: 8/1/67, 
TO: Bill Maloney, Prof. Relations & Res. 

Inst. Inc., 6 Beacon St., Boston, Mass. 

JAN. 28 -FEB. 2, 1968: Winter Power 
Meeting, G -P, Statler Hilton Hotel, 
New York, N.Y. Deadline Info.: 10/30/67 
(Papers) IEEE Hdgs., Technical Con- 
ference Services, 345 E. 47th St., New 
York, N.Y. 

SPRING, 1968: 14th National ISA Anal- 
ysis Instrumentation Symposium, Phila- 
delphia, Pa. Deadline Info.: (abstract) 
4 months prior to meeting TO: Dr. 
Lewis Fowler, Division Director, Mon- 
santo Company, 1700 South Second 
Street St. Louis, Missouri. 

Meetings 
JULY 18 -20, 1967: Electromagnetic Com- 
patibility Symposium, Shoreham Hotel, 
Washington, D.C. Prog. Info.: F. T. 

Mitchell, Atlantic Res. Corp., Shirley 
Hwy. & Edsall Rd., Alexandria, Va. 

JULY 31 -AUG. 2, 1967: Effective Super- 
vision of the Engineering Project, Amer- 
ican Management Association Head- 
quarters, 135 W. 501h St., New York. 

AUG. 13 -17, 1967: Intersociety Energy 
Conversion Engineering Conference, 
IEEE, ASME, AIChE, ANS, SAE, AIAA, 
Fontainebleu Hotel, Miami Beach, Flor- 
ida. Prog. Info.: A. Merrick Taylor, 
Douglas Aircraft Co., Inc., Santa Mon- 
ica, Calif. 

AUG. 16 -IB, 1967: Computer Program- 
ming- Advanced Management of Com- 
puter Programming. AMA Headquar- 
ters, 135 W. 50th St., New York. 

PROFESSIONAL MEETINGS 

DATES AND DEADLINES 
Be sure deadlines are met -consult your Technical Publications Admin- 
istrator or your Editorial Representative for the lead time necessary to 
obtain RCA approvals (and government approvals, if applicable). Re- 
member, abstracts and manuscripts must be so approved BEFORE send- 
ing them to the meeting committee. 

AUG. 22 -25, 1967: Western Electronic 
Show & Convention (WESCON), Region 
6, Groups, WEMA, Cow Palace & Fair- 
mont Hotel, San Francisco, Calif. 
Prog. Info.: WESCON, 3600 Wilshire 
Blvd., Los Angeles, Calif. 

AUG. 29 -31, 1967: Cornell Conference 
on High Frequency Generation and 
Amplification, Cornell University, 
Ithaca, New York. Prog. Info: Confer- 
ence Committee, school of Electrical 
Engineering, Phillips Hall, Cornell Uni- 
versity, Ithaca, New York. 

AUG. 29 -31, 1967: ACM National Con- 
ference, Twentieth Anniversary, The As- 
sociation for Computing Machinery, 
Washington Hilton Hotel, Washington, 
D.C. Prog. Info.: Thomas Willette, P.O. 
Box 21115, Kalorama Station, Wash- 
ington, D.C. 

SEPT. 5 -8, 1967: Solid State Devices 
Conference, U.K. & Rep. of Ireland 
Section, Inst. of Physics & Physical Soc., 
IEE, IERE, Univ. of Manchester Insti- 
tute of Science and Technology, Man- 
chester, England. Prog. Info.: L. Law- 
rence, Inst. of Physics and Physical Soc., 
47 Belgrave Sq., London, S.W. I, 
England. 

SEPT. 6-8, 1967: Computer Conference, 
G -C, Edgewater Beach Hotel, Chicago, 
Illinois. Prog. Info.: S. S. Yau, N.W. 
Univ., Dept. of E.E., Evanston, Ill. 

SEPT. II -13, 1967: Production Engineer- 
ing -The Job of the Industrial Engi- 
neering Manager, American Manage- 
ment Association Headquarters, 135 W. 
50th St., New York. 

SEPT. II -15, 1967: Intl Symposium on 
Information Theory, G -IT, Kings Palace 
Hotel, Athens, Greece. 

SEPT. 17 -20, 1967: Fall Meeting, The 
American Ceramic Society, Electronics 
Division, Concord Hotel, Kiamesha 
Lake, New York. Prog. Info.: The 

American Ceramic Society, 4055 North 
High Street, Columbus, Ohio. 

SEPT. 18 -20, 1967: Evaluation & Measure- 
ment of the Research & Development 
Program, American Management Asso- 
ciation Headquarters, 135 W. 50th St., 
New York. 

SEP1. 19 -22, 1967: Fall Meeting, The 

American Ceramic Society, Nuclear 
Division, University of Illinois, Urbana, 
Illinois. Prog. Info.: The American 
Ceramic Society, 4055 North High 
Street, Columbus, Ohio. 

SEPT. 20 -22, 1967: Organizing, Planning 
and Controlling the Value Engineering 
Program, American Management Asso- 
ciation Headquarters, 135 W. 50th St., 

New York. 

SEPT. 24 -28, 1967: Joint Power Genera- 
tion Conference, G -P, ASME et al, 
Statler Hilton Hotel, Detroit, Michigan. 
Prog. Info.: Henry Wallace, Jr., 110 5. 
Orange, Livingston, N.J. 

Sept. 25 -27, 1967: Intl Elec. Confer- 
ence & Exposition of the Canadian Re- 
gion, Toronto Section, Automotive 
Bldg., in Exhibition Park, Toronto, On- 
tario, Canada. Prog. Info.: R. G. 
deBuda, 1819 Yonge St., Toronto, On- 
tario, Canada. 

SEPT. 25 -27, 1967: Research Project Man- 
agement, American Management Asso- 
ciation Headquarters, 135 W. 50th St., 
New York. 

SEPT. 26 -28, 1967: Conference on Mag- 
netic Materials and Their Applications, 
U. K. & Rep. of Ireland Section, Inst. 
of Physics & Physical Soc., IEE, London, 
England. Prog. Info.: R. G. Cox. IEE, 

2 Savoy PI., London, W.C. 2, England. 

SEPT. 27 -29, 1967: Management Infor- 
mation Systems Design, LaSalle Hotel, 
AMA Headquarters in Chicago. 

OCT. 2 -4, 1967: How Research & De- 

velopment Can Utilize Computers Effec- 
tively -New Opportunities, New Appli- 
cations, American Management Asso- 
ciation Headquarters, 135 W. 50th St., 

New York. 

OCT. 2 -4, 1967: Managing Engineering 
Services, American Management Asso- 
ciation Headquarters, 135 W. 50th St., 
New York. 

OCT. 4 -6, 1967: Allerton Conference on 

Circuit & System Theory, G -CT, Univ. of 
Illinois, Allerton House, Monticello, 
Illinois. 

OCT. 4 -6, 1967: Ultrasonics Symposium, 
G -SU Bayshore Inn, Vancouver, B.C. 
(Canada). Prog. Info.: Burt Auld, 
Hanson Labs., Stanford Univ., Stanford, 
Calif. 

OCT. 9 -10, 1967: Joint Engineering 
Management Conference, IEEE and 
seven other societies, Jack Tar Hotel, 
San Francisco, Calif. Prog. Info.: B. B. 

Winer, Westinghouse Elec. Corp., E. 

Pittsburgh, Pa. 

OCT. II -13, 1967: System Science & 

Cybernetics Conference, G -SSC, Statler 
Hilton Hotel, Boston, Mass. Prog. 
Info.: David, Smith, Moore School of 
Electrical Engrg., Univ. of Penna., 
Phila., Pa. 

OCT. II -13, 1967: Effective Technical 
Service -Improving Coordination and 
Communication Between the Technical 
Service and Marketing Efforts, Ameri- 
can Management Association Head- 
quarters, 135 W. 50th St., New York. 

OCT. II -13, 1967: Improving R & D 

Communications, American Manage- 
ment Association Headquarters, 135 W. 
50th St., New York. 

OCT. 15 -19, 1967: Electrical Insulation 
Conference, G -El, NEMA, Palmer 
House, Chicago, Illinois. Prog. Info.: 
John Lenkey, Anaconda, 605 3rd Ave., 
N.Y. 

OCT. 15 -20, 1967: Fall Meeting, Elec- 
trochemical Society, Inc., Sheraton - 
Chicago Hotel, Chicago, Illinois. Prog. 
Info.: The Electrochemical Society, 30 
East 42nd Street, New York, N.Y. 

OCT. 16 -18, 1967: Aerospace & Elec- 
tronic Systems Convention, G -AES, 
Sheraton Park Hotel, Washington, D.C. 
Prog. Info.: Donald Hagner, Bellcomm, 
Inc., 1100 17th St., N.W. Washington, 
D.C. 

OCT. 16 -I8, 1967: Joint Material Han- 
dling Conference, G -IGA, Milwaukee 
Section, ASME, Pfister Hotel, Mil- 
waukee, Wisc. Prog. Info.: Pfister 
Hotel, Milwaukee, Wisc. 

OCT. 16 -18, 1967: Information Retrieval 
-Indexing and Search Techniques 
American Management Association 
Headquarters, 135 W. 50th St., New 
York. 

OCT. 18 -20, 1967: Configuration Man- 
agement- Administering an Effective 
Configuration Management Program, 
American Management Association 
Headquarters, 135 W. 50th St., New 
York. 

OCT. 18 -20, 1967: Designing Scientific 
and Engineering Information Retrieval 
Systems, American Management Asso- 
ciation Headquarters, 135 W. 50th St., 
New York. 

OCT. 18 -20, 1967: Organizing and Man- 
aging the Technical Publications Op- 
eration, American Management Asso- 
ciation Headquarters, 135 W. 50th St., 
New York. 

OCT. 18 -20, 1967: Intl Electron Devices 
Meeting, G -ED, Sheraton Park Hotel, 
Washington, D.C. Prog. Info.: V. H. 
Grinich, Fairchild Inst., 844 Charleston 
Rd., Palo Alto, Calif. 

OCT. 23 -25, 1967: Symposium on Adap- 
tive Processes, G -AC, G -IT, G -SSC, 
Int'l Amphitheater, Chicago, Illinois. 
Prog. Info.: L. M. Benningfield, Univ. 
of Missouri, Columbia, Mo. 

OCT. 23 -25, 1967: Nat'l Electronics 
Conf., Region 4, Groups, et al, Intl 
Amphitheater, Chicago, Illinois, Prog. 
Info.: P. E. Mayes, Univ. of Illinois, 
Urbana, Illinois. 

OCT. 25 -27, 1967: Production Engineer- 
ing -The Job of the Manufacturing 
Engineer, American Management Asso- 
ciation Headquarters, 135 W. 50th St., 
New York. 

OCT. 30 -NOV. 2, 1967: Nuclear Science 
Symposium, G -NS, Statler Hilton Hotel, 
Los Angeles, Calif. Prog. Info.: R. C. 
Maninger, Lawrence Radiation Lab., 
P.O. Box 808, Livermore, Calif. 
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Engineering 

NEW FORMAT 

FOR 1968 IEEE CONVENTION 

The Technical Program for the 1968 con- 
vention in New York City, March 18 -21, will 
differ from those in recent years: under a 
new policy, the emphasis will be on new 
scientific and engineering topics not yet 
under the active sponsorship of IEEE 
Group, and on interdisciplinary topics in- 
volving interests that do not lie completely 
inside those of any one Group, but fre- 
quently involving two or more Groups. Tu- 
torial and state -of- the -art surveys will also 
be included, with particular attention to re- 
cent advances. 

It is planned to use invited sessions, rather 
than to issue a general call for voluntarily 
contributed papers. However, all Groups or 
IEEE members who know of interesting 
developments meeting the above criteria are 
urged to send their information to the 1968 
Technical Program Committee. 

Members of the 1968 IEEE Convention 
Technical Program Committee are E. W. 
Herold, Chairman; W. R. Beam, Vice- Chair- 
man; L. A. DeRosa, Vice -Chairman; H. 
Trotter, Jr., Vice -Chairman; and R. M. Em- 
berson, Secretary. The other members are 
A. B. Giordano, A. Dorne, P. K. McElroy, 
H. A. Manoogian, P. L. Schwartz, and J. 

W. Wentworth. 

FIRST 14 -INCH COLOR PORTABLE 

INTRODUCED BY RCA VICTOR 

The industry's first portable color TV set 
with a 14 -inch diagonal size picture tube 
has been introduced by RCA. The new 
portable color TV receiver (102 square 
inches overall viewing area) is priced op- 
tionally at $329.95, lower than any color 
model ever shown by the RCA Victor Home 
Instruments Division. 

MANNED SPACE STATION FOR 

ATMOSPHERIC OBSERVATIONS 

A manned meteorological space station has 
been recommended by RCA scientists for 
NASA's Apollo Applications Program. The 
proposed Atmospheric Sciences Laboratory 
(ASL) would enable man to gain maximum 
knowledge of atmospheric phenomena by 
observing, from space, dynamic Sun -Earth 
interactions before, during, and after solar 
flares. 

The Apollo Applications Program for 
which the ASL was proposed is a NASA 
program to utilize equipment and tech- 
niques developed primarily for the Apollo 
manned lunar landing for wide range of 
scientific investigations in space. 

The concept of ASL was developed by 
Dr. Ernst de Haas and Miss Sima Milus- 
chewa of the Astro- Electronics Division, 
Princeton, N.J. RCA plans to submit a 
detailed proposal to NASA at a future date. 
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NEWS and HIGHLIGHTS 

NEW LOCATION FOR VEHICULAR 

TRAFFIC SYSTEMS 

Vehicular Traffic Systems, a new function 
of RCA's new Business Programs, Industrial 
and Automation Products, moved into new 
headquarters at 36 W. State Street, Trenton, 
N.J., in May. The Engineering and Market- 
ing headquarters will be located there. 

-H. Lawrence 

TV CAMERA IN $3800 PRICE RANGE 

A new high -performance television cam- 
era in the $3800 price range has been intro- 
duced by the Broadcast and Communica- 
tions Products Division. The PK -315 cam- 
era, with 5 -inch viewfinder and solid -state 
circuitry, was a feature of the B&CP Instruc- 
tional Electronics Department's exhibit at 
the American Association of School Admin- 
istrators annual convention. 

The new PK -315 will accept one of three 
motor -driven zoom lenses, available as op- 
tions, and makes use of RCA's unique pan 
and tilt system which keeps the viewfinder 
constantly at eye level when the camera 
head is moved up or down. 

ARGON -GAS LASER FOR USE IN 

HOLOGRAPHY, SURGERY AND 

RESEARCH APPLICATIONS. 

A new argon gas laser with more than three 
times the life -span of previous units has 
been developed by RCA for possible use in 
such areas at data processing, space com- 
munications, satellite tracking, earthquake 
detection and "bloodless surgery." 

The new long -life laser now is being of- 
fered to research laboratories, government 
agencies and universities for evaluation and 
product development. 

The new laser, which is far more relia- 
ble than previous DC excited argon -gas lasers, 
is a high intensity, highly directive light 
source housed in a cylinder approximately 
10 inches in diameter. 

CONTENTS OF THE JUNE 1967 RCA REVIEW 

A Review of the Effect of Imperfections on the 
Electrical Breakdown of P -N Junctions 

H. Kressel 

A Survey of Radiation Effects in Metal- Insula- 
tor- Semiconductor Devices .. K. H. Zaininger 

and A. G. Holmes- Siedle 
Time -Domain Analysis of Multiple Parallel 

Transmission Lines H. Amemiya 
Unlock Behavior of the Second Order Phase 

Locked Loop With and Without Interfering 
Carriers F S. Keblawi 

Landau Damping in Electron Beams M. Caulton 
Sonic Film Memory H. Weinstein, 
L. Onyshkevych, K. Karstad, and R. Shahbender 
Boron Nitride as a Diffusion Source for Silicon 

N. Goldsmith, J. Olmstead, and J. Scott, Jr. 
A Programming System for Electron Optical 

Simulation H. E. Kulsrud 
A Collision- Induced Instability in Semiconduc- 

tor Plasmas B B. Robinson 
The RCA REVIEW is published quarterly. 
Copies are available in all RCA libraries. 
Subscription rates are as follows (rates are 
discounted 20% for RCA employees): 

DOMESTIC FOREIGN 
I- year.... $2.00 $2.40 
2 -year 3.50 4.30 

3 -year 4.50 5.70 

HERTZ BECOMES SUBSIDIARY OF RCA 

The Hertz Corporation has become a 
wholly -owned subsidiary of the Radio Cor- 
poration of America. The announcement 
was made on May 11, 1967, by Robert W. 
Sarnoff, RCA President. The move had 
been approved by the Boards of Directors 
of the two companies last December 8, and 
by the shareholders of both companies at 
their respective annual meetings on May 2. 
Mr. Sarnoff said that Hertz will continue to 
function as a separate entity with its own 
Board of Directors and its present personnel 
and management. Leon C. Greenebaum, 
Chairman of the Board of Directors of 
Hertz, is expected to be elected to the RCA 
Board of Directors. 

ENGINEERING UTILIZATION GROUP 

FORMED 

A new organizational function, Engineer- 
ing Utilization, has been formed within the 
RCA Missile Test Project's Engineering 
Support section. According to Engineering 
Support Manager, P. G. Leger, the new 
group will be responsible for ensuring the 
most effective use of Engineering Support 
manpower. It will function specifically in 
the areas of planning, scheduling, and co- 
ordination of Engineering requirements. C. 
L. Sharp, formerly Manager of Maintenance 
Engineering, has been named Manager of 
the new group. James Brady, formerly with 
the RCA BMEWS Project in Alaska, has been 
appointed MTP Maintenance Engineering 
Manager. -W. R. Mack 

LOY E. BARTON HONORED 

Loy E. Barton, former Research Engineer 
at the RCA Laboratories, was honored this 
month when he was admitted to the College 
of Engineering Hall of Fame at Arkansas 
University. "Two or three distinguished 
Arkansas engineers are admitted to the Hall 
of Fame each year in recognition of their 
contribution to the field of engineering and 
in recognition of the credit they have re- 
flected on the University of Arkansas," 
Dean, George F. Branigan said. 

Mr. Barton, a native of Fayetteville, 
earned his BSEE in 1925. During his career, 
most of it devoted to research for RCA, he 
obtained nearly 100 patents. He considers 
his work on the class "B" amplifier his most 
important contribution to the radio industry. 
He was instrumental in the development of 
the amplifier, applied to high level modula- 
tion for broadcast stations. 

Barton joined RCA in 1929 after teaching 
and doing research at the UA. Until he 
retired as Senior Engineer at RCA Labora- 
tories in 1962, he worked on such electronic 
developments as sonar, transistors, and color 
television. He holds the Distinguished 
Alumnus Citation from the University of 
Arkansas. 
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PROFESSIONAL ACTIVITIES 

Astro- Electronics Division, Princeton, N. 
J.: W. Wilson, Mgr., Design Services, has 
been appointed to represent the EIA on the 
board of the United States of America 
Standards Institute in connection with the 
decimal inch. H. Gurin, Staff Engineer, has 
been renewed as Associate Editor of the 
AIAA Journal of Spacecraft and Rockets. - 
S. Weisberger 

J. Hillier, Vice President, RCA Labora- 
tories was recently elected to the National 
Academy of Engineering. This in recogni- 
tion of his work in the development of elec- 
tron microscopy. 

Central Engineering, DEP, Camden, N.J.: 
On April 24, 1967, A. Siegel, Electro- 
mechanical Parts Activity, served on the 
five -man awards Committee of the National 
Association of Relay Manufacturers at Okla- 
homa State University. J. Jakabcin, Mate- 
rials Laboratory completed his twenty -first 
year as part -time Adjunct Professor in 
Chemistry at Drexel Institute of Technology. 

M. Gokhale, Electro- Mechanical Parts Ac- 
tivity and a Fellow of the Standards Engi- 
neers Society (SES), was reappointed a 
Member of the following three SES Com- 
mittees (at the National level) for 1967: 
International Membership, Research and 
Education, and SES -ASTM Awards Com- 
mittee. Mr. Gokhale was also appointed 
(1) Chairman of the Research and Educa- 
tional Committee and (2) Member of the 
Nominating Committee of the Philadelphia 
Section of the same society. B. Tiger, Prod- 
uct Assurance Techniques Activity, was 
elected Chairman, Group on Reliability of 
the Philadelphia Section of the IEEE for the 
next year. Also, he was appointed Chairman 
of the Technical Session on "Reliability 
Predictions" for the Sixth Reliability and 
Maintainability Conference to be held July 
17.19, 1967 at Cocoa Beach, Florida (spon- 
sored by AIAA, SAE and other societies). 
J. Kaufman, Materials Laboratory, was re- 
elected Treasurer of the Philadelphia Sec- 
tion of the Amercan Society for Metals for 
a two-year term. S. Canale, Product Assur- 
ance Techniques Activity, was elected to the 
Board of Directors of the Aerospace Systems 
Safety Society for 1967. He had been Vice - 
President of the same society in 1966. R. 
Green, Manager of the Materials Labora- 
tory, has been elected a Fellow of the British 
Institution of Metallurgists. J. R. Hen- 
drickson 

Advanced Technology, Camden, N.J.: L. 
Morris, Manager, Applied Physics, con- 
tributed to a presentation at Ft. Monmouth 
regarding communications techniques for a 
communications network which the Army 
plans to build in the late 1970's. H. Zieper, 
W. Clapp, and A. Cornish, Machine Organi- 
zation group, presented a training session on 
the use of LOCSIM to approximately 15 Bur- 
lington engineers. Further training sessions 
are scheduled at DME, CSD, and M &SR. -- 
M. G. Pietz and J. E. Friedman 

Aerospace Systems Division, Burlington, 
Mass.: E. Richter was Chairman of the Local 
Arrangements Committee for the 1967 Inter- 

national Microwave Symposium held in Bos- 
ton, May 7 -11, 1967. L. Drew has been ap- 
pointed Chairman of the Goals and Policy 
Committee of IEEE -CADAR (Computer 
Aided Design, Analysis, and Reliability). A. 
DiMarzio has been appointed Chairman of 
the Boston chapter of the IEEE group on 
Electromagnetic Compatibility. A. Spear is 
completing a term on the Educational Film 
Committee of the Society of Women Engi- 
neers. The Boston Section of the Precision 
Measurements Association held its May 
meeting at Aerospace Systems Division. The 
speaker from Hewlett- Packard reviewed the 
recent test equipment symposium. Forty -five 
engineering attended ; J. Engley was host. - 
D. B. Dobson 

M. Bachynski, Director of Research, RCA 
Victor Company, Ltd., Montreal, was re- 
cently elected a Fellow of the Royal Society 
of Canada. This is the Canarian counter- 
part of the Royal Society of Great Britain. 
-H. J. Russell 

On May 10, 1967, R. D. Sidnam addressed 
the student branch of the IEEE at the Uni- 
versity of Illinois. The subject of his talk 
was "Computer System Design for LSI" 
(Large Scale Integration). -G. D. Smoliar 

A. L. Conrad, President of the RCA Ser- 
vice Company, addressed the Fourth Annual 
Space Congress, April 4, at Cocoa Beach. 
Of the 127 technical papers delivered, nine 
were prepared by RCA scientists and engi- 
neers. 

W. Y. Pan of ACTL, CSD, New York was 
invited as a special guest to the Sino- Ameri- 
can Technological Cooperation Conference 
jointly sponsored by the National Academy 
of Science and the Academia Sinica of the 
Republic of China. The Conference took 
place in the Academy, in Washington, D.C. 
on April 5th through 7th, 1967. In 1966, Dr. 
Pan, President of the Chinese Institute of 
Engineers, led a group of sixteen Chinese 
and American Scientists and Engineers to 
China for a three -week Seminar on Modern 
Engineering and Technology. 

F. Huber (DME, Somerville), W. Y. Pon 
(ACTL, CSD, New York), and W. Witt 
(DME, Somerville) received the Conference 
paper Award from the Electronics Compo- 
nents Conference which took place in Wash- 
ington, D.C. in May 1966. They jointly 
presented the paper on "Hafnium- Hafnium 
Dioxide Thin Film Capacitors." 

LICENSED ENGINEERS 
H. Bragdon, DEP -ASD, Burl., PE 35038, 

New York 
W. E. Scull, Lincoln Labs., PE 15283, New 

Jersey 
F. X. Beck, DEP -MSR, Mrstn., PE 15355, 

New Jersey 
D. P. Schnorr, DEP -CE, PE 12703 -E, Penn- 

sylvania 

DEGREES GRANTED 
N. VanDelft, CSD MSEE, Polytechnic 

Inst. of Brooklyn 
M. Feryszka, AED ..Ph.D., Electrical Eng., 

University of Penn. 
R. H. Arlett, Pr. Labs. ...Ph.D., Ceramics, 

School of Ceramics, Rutgers Univ. 
R. Eubanks, ECD ..BSEE, Newark College 

of Engineering 
W. C. Johnson, ECD ....MS, Engineering, 

Newark College of Engineering 

RAPPAPORT NAMED 

FELLOW OF APS 

Paul Rappaport of the RCA Laboratories 
recently was named a Fellow of the Ameri- 
can Physical Society in recognition of his 
contributions to the field of radiation effects 
in semiconductors and for his work which 
led to the development of a radiation resis- 
tant solar cell. Mr. Rappaport is currently 
the Associate Laboratory Director of the 
Materials Research Laboratory. 

DR. LEWIN NAMED OUTSTANDING 

YOUNG ENGINEER 

Dr. Morton H. Lewin of the Computer 
Research Laboratory, RCA Laboratories 
was cited as the Outstanding young Elec- 
trical Engineer for 1966 for "his notable 
contributions to computer research in areas 
of logic memories, and input -output devices, 
and his dedication to community activities." 
He received the award from Dr. Clyde M. 
Hyde, National President of Eta Kappa Nu. 

M&SR AUTHOR'S RECEPTION (1967) 

Authors of Missile and Surface Radar 
Division were hosted recently at the Moores- 
town plant. They were guests of Messrs. D. 

M. Cattier, Chief Engineer, M &SR, and S. 

G. Miller, Manager, SEER, at a reception 
honoring them for their writing accomplish- 
ments. Thirty -eight engineers from M &SR 
who had authored papers during 1966 and 
six from SEER were invited ; hors d'oeuvres 
and refreshments were served. Other guests 
included D. Shore, Chief Defense Engineer; 
W. Morrison, Director, Product Engineer- 
ing; W. O. Hadlock, Editor, RCA ENGINEER; 
and G. W. Van Citters, M &SR Marketing 
and Security Approval. -T. Greene 

RCA VIDICON IN TV- GUIDED WEAPON 

A small television camera tube is being 
made by the EC &D Industrial Tube Division 
for use as the sensitive electronic eye of the 
Nation's first Tv- guided tactical weapon. 
The camera tube is employed in the Navy - 
developed air -to- surface WALLEYE weapon 
to be installed in Navy and Air Force tac- 
tical aircraft. 

The EC &D plant at Lancaster, Pa., has 
already made and delivered a substantial 
number of vidicon camera tubes for the 
WALLEYE weapon. The Martin Marietta 
Corp. which fabricates WALLEYE, recently 
gave RCA a multimillion dollar production 
order for vidicon tubes. This order repre- 
sents one of the largest single orders for 
vidicons ever received by RCA. The RCA 
vidicon is mounted in a compact television 
camera behind a glass window in the nose 
of the WALLEYE weapon. After a pilot finds 
his target, he locks the weapon on its objec- 
tive. Once WALLEYE is released, the elec- 
tronic sight of the RCA vidicon takes over 
and homes on the target. 
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R. S. Holmes, Division Vice President, 
Medical Electronics, announced the organi- 
zation of Medical Electronics as follows: 
G. V. Bradshaw, Manager, Design and 
Development Engineering; L. E. Flory, Chief 
Scientist and Acting Manager, Advanced 
Development Engineering; F. J. Herrmann, 
Administrator, Technical Liaison, Hoff- 
mann- LaRoche; W. E. Lloyd, Manager, 
Financial Operations; and W. J. Schoener, 
Administrator, Personnel. 

W. C. Morrison announced the following 
organization changes: W. O. Hadlock, Man- 
ager, Technical Publications, in addition to 
his current responsibility for the RCA 
ENGINEER, will assume responsibility for 
TREND magazine. J. C. Phillips is appointed 
Administrator, Technical Publications. Mr. 
Phillips will assist in the planning, editing, 
production and distribution of the RCA 
ENGINEER. 

W. O. Hadlock, Manager, Technical Pub- 
lications announces the appointment of E. M. 

Geverd to the position of Administrator, 
Technical Publications. Mr. Geverd's pri- 
mary responsibility will be Editor of TREND, 

the monthly Research and Engineering 
News Digest. Mr. Geverd will also be re- 
sponsible for the expanded use of RCA 
technical articles in outside publications. 

G. A. Kiessling, Manager, Product Engi- 
neering Professional Development, an- 
nounces the appointment of E. R. Jennings 
to the newly established position of Admin- 
istrator, Technical Library System. In this 
capacity, Mr. Jennings will be responsible 
for the development and administration of a 

corporate -wide technical library system to 

facilitate the interchange of technical infor- 
mation and to increase technical informa- 
tion services throughout the corporation. 

The appointment of Gerald B. Herzog as 

Director and Nikolaus E. Wolff as Associate 
Director of the Process Research and De- 

velopment Laboratory has been announced 
by Dr. James Hillier, Vice President, RCA 
Laboratories, Princeton. 

The organization of Manufacturing Ser- 
vices and Materials has been announced by 

A. L. Malcarney, Executive Vice President 
as follows: G. A. Fadler, Staff Vice Presi- 
dent, Materials; M. H. Glauberman, Man- 

ager, Plans and Programs; R. A. Schieber, 
Staff Vice President, Manufacturing ; and 
F. Sleeter, Vice President, Facilities. 

The organization of Manufacturing has 
been announced by R. A. Schieber, Staff 
Vice President, as follows: B. V. Dale, 

Manager, Automatic Test and Measurement 
Systems; R. V. Miraldi, Director, Industrial 
Engineering; E. H. Panczner, Director, Pro- 
duction Engineering; and J. A. Scarlett, 
Director, Manufacturing ServicesSpecial 
International Accounts. 

B. G. Curry, Director, Management Infor- 
mation Systems Programs, appointed E. R. 

Dickey, Jr. to the newly established posi- 

tion of Manager, Corporate Information 
Systems Center. The organization of the 

Corporate Information Systems Center is 
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STAFF ANNOUNCEMENTS 

announced as follows: J. A. Branco, Man- 

ager, Center Operations; K. W. Moore, 
Manager, Systems and Finance; S. J. 

Levine, Administrator, Systems and Pro- 
grams; and W. B. Noyovitz, Administrator, 
Customer Relations. 

E. S. Kauffman, Staff Vice President, Man- 
agement Information Systems, appointed 
B. W. Wheeler, Jr., Director, Systems Con- 
sulting Services. The staff organization of 
the Director, Systems Consulting Services, is 
announced as follows: H. F. Boylan, Systems 
Engineer; M. S. Demurjian, Administrator, 
Systems Projects; T. F. Lalor, Manager, 
Management Systems Studies; and A. M. 

Trifiletti, Systems Engineer. 
The organization of the Industrial and 

Automation Products Department has been 
announced by N. R. Amberg, Manager, 
Industrial and Automation Products De- 

partment, as follows: C. A. Della Bella, 
Manager, RCA Automation Programs; R. O. 

Graham, Manager, Purchasing ; M. G. 

Kopasz, Manager, Financial Operations; 
H. C. Lawrence, Manager, Vehicular Traf- 
fic Systems; G. A. McAlpine, Manager, 
Industrial Automation Equipment Market- 
ing; M. A. Scherrens, Plant Manager, 
Plymouth Plant; Harriett C. Wacker, Ad- 
ministrator, Personnel and R. G. Walz, Man- 
ager, Automatic Equipment Engineering. 

J. Hillier, Vice President, RCA Labora- 
tories has appointed L. R. Day, Director, 
Special Development Projects. In this 
capacity, Mr. Day will be responsible for 
directing the business development of new 
systems which have originated in RCA 
Laboratories, and which now require sub- 
stantial participation of several divisions 
and subsidiaries. 

C. H. Colledge, Division Vice President 
and General Manager, Broadcast and Com- 
munications Products Division has ap- 
pointed E. J. Dudley, Administrator, News 
and Information. 

A. D. Beard, Chief Engineer, Electronic 
Data Processing announced the Engineering 
organization as follows: H. Kleinberg, Man- 

ager, Engineering, Palm Beach; and B. W. 

Pollard, Manager, Engineering, Camden. 
B. W. Pollard, Manager, Engineering 

(Camden) Electronic Data Processing an- 

nounced the organization of Engineering 
(Camden) as follows: C. M. Breder, Man- 

ager, Administration and Control; L. Iby, 

Manager, Design Integration; J. L. Mad- 

dox, Manager, Systems Engineering; J. N. 

Marshall, Manager, Computer and Com- 

munications Product Engineering; H. J. 

Martell, Manager, Peripheral Equipment 
Programs; and G. D. Smoliar, Staff 

Engineer. 
The organization of the Conversion Tube 

Operations Department, Industrial Tube 
Division, RCA Electronic Components and 
Devices, has been announced by D. W. 
Epstein, Manager, as follows: R. W. Eng- 

strom, Manager, Advanced Development 
Engineering ; W. G. Fahnestock, Manager, 
Operations Planning and Controls; L. W. 

Grove, Manager, Development Services and 
Display Tube Operation; J. K. Johnson, 
Manager, Vidicon Operation; J. A. Mol - 

zahn, Manager, Quality and Reliability 
Assurance; G. A. Morton, Director, Con- 

version Devices Laboratory- Princeton; 
M. Petrisek, Manager, Image Orthicon 
Operation; and R. C. Ponti, Manager, 
Photo and Image Tube Operation. 

The organization of Management Infor- 
mation Systems and Services, RCA Elec- 
tronic Components and Devices, has been 
announced by W. K. Halstead, Manager as 
follows: M. A. Cofone, Manager, Manage= 
ment Information Systems Development; 
R. E. Timm, Manager, Distribution Systems 
Development; A. J. Sullivan, Manager, 
Management Information Systems Develop- 
ment; W. E. Bahls, Manager, Computer - 
Control Systems; R. K. Koch, Manager, 
Management Information Systems; and 
J. F. Lynch, Manager, Data Processing 
Operations. 

J. B. Farese, Vice President, RCA Elec- 
tronic Components and Devices, has an- 

nounced that the functions of the Special 
Electronic Components Department and 
the Direct Energy Conversion Marketing 
activity in the Solid State and Receiving 
Tube Division are transferred to the follow- 

ing Industrial Tube Division activities: G. 

Y. Eastman, Manager, Thermionic Con- 

verter Engineering, will report to M. B. 

Shrader, Manager, Power Devices Opera- 
tions Department; L. J. Caprarola, Man- 
ager, Thermoelectric Products Engineering, 
and N. S. Freedman, Manager, Supercon- 
ductive Products Operations, will report to 

W. G. Hartzell, Manager, Microwave De- 

vices Operations Department; and P. P. 

Roudakoff, Manager, Direct Energy Con- 

version Marketing, will report to V. C. 

Houk, Manager, Marketing Department. 
D. L. Mills, Executive Vice President, 

Consumer Products appointed P. B. Garver 
Division Vice President and General Man- 
ager, RCA Parts and Accessories. 

C. E. Burnett, Division Vice President and 
General Manager, Solid State and Receiving 
Tube Division, RCA Electronic Components 
and Devices, has announced the following 
organization of the Solid State and Receiv- 

ing Tube Division: C. E. Burnett, Acting 
Manager, Special Electronic Components 
Department; H. A. DeMooy, Manager, Re- 

ceiving Tube Operations Department; D. J. 
Donahue, Manager, Solid State Operations 
Department; N. H. Green, Manager, Solid 
State and Receiving Tube Planning; J. W. 

Karoly, Administrator, Financial Controls; 
C. H. Lane, Manager, Marketing Depart- 
ment; and W. H. Warren, Administrator, 
Quality and Reliability Assurance. 

The organization of the Solid State Signal 
Device Manufacturing activity, Solid State 
and Receiving Tube Division, RCA Elec- 
tronic Components and Devices, has been 
announced by R. J. Hall, Manager, as fol- 

lows: G. J. Feder, Manager, Discrete De- 

vice Manufacturing, Somerville; G. A. 

Hiatt, Plant Manager, Lewiston Plant; 
E. M. Klein, Manager, Manufacturing Stan- 
dards, Somerville, and E. M. Troy, Manager, 
Integrated Circuit Manufacturing, Somer- 
ville. 
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Staff Announcements (cont'd) 
The organization of the Special Electronic 

Components Department, Solid State and 
Receiving Tube Division, RCA Electronic 
Components and Devices, has been an- 
nounced by C. E. Burnett, Acting Manager 
as follows: L. J. Caprarola, Manager, 
Thermoelectric Products Engineering ; G. Y. 
Eastman, Manager, Thermionic Converter 
Engineering; and N. S. Freedman, Man- 
ager, Superconductive Products Operations. 
The above -named individuals will report to 
the Acting Manager, Special Electronic 
Components Department. 

The organization of the Receiving Tube 
Operations Department, Solid State and Re- 
ceiving Tube Division, RCA Electronic 
Components and Devices, has been an- 
nounced by H. A. DeMooy, Manager, as 
follows: H. S. Basche, Administrator, Space 
and Facilities Planning; M. Bondy, Man- 
ager, Receiving Tube Engineering; W. B. 
Brown, Administrator, Manufacturing Plan- 
ning and Cost Reduction ; G. W. Farmer, 
Plant Manager, Harrison Plant; F. J. 
Lautenschlaeger, Plant Manager, Wood- 
bridge Plant; W. E. Lynar, Manager, Qual- 
ity and Reliability Assurance; J. W. Mac- 
Dougall, Administrator, Controls and 
Standards; E. Rudolph, Manager, Equip- 
ment Design and Development ; and N. A. 
Stegens, Plant Manager, Cincinnati Plant. 
The above -named individuals will report 
to the Manager, Receiving Tube Operations 
Department. 

The organization of the Solid State Opera- 
tions Department, Solid State and Receiving 
Tube Division, RCA Electronic Components 
and Devices, has been announced by D. J. 
Donahue, Manager as follows: R. M. Cohen, 
Manager, Solid State Signal Device Engi- 
neering; R. J. Hall, Manager, Solid State 
Signal Device Manufacturing; R. W. Hum- 
mel, Manager, Financial Controls; R. L. 

Klem, Manager, Operations Planning and 
Services; R. H. Pollack, Manager, Solid 
State Power Device Engineering; H. A. Uhl, 
Plant Manager, Findlay Plant; and P. T. 
Valentine, Plant Manager, Mountaintop 
Plant. 

... PROMOTIONS ... 
to Engineering Leader & Manager 

As reported by your Personnel Activity dur- 
ing the past two months. Location and new 
supervisor appear in parentheses. 

RCA Service Company 

M. J. Harry: from Field Support Engr. to 
Ldr., Field Support Engr. (J. L. Sharp, 
Cocoa, Florida) 

E. W. Hithersay: from Systems Service Eng. 
to Ldr., Systems Service Engr. (W. J. Sid - 
dall, Bermuda) 

A. E. Glei: from Engr. to Mgr., Operations 
Planning (J. W. Falkenstein, Andros Is- 
land, Bahamas) 

M. J. Pedelty: from Engr. to Mgr., Data Pro- 
cessing (J. W. Falkenstein, Andros Is- 
land) 

Electronic Data Processing 

D. Jones: from Mbr. D &D Engr, Staff to Ldr. 
Tech. Staff (H. N. Morris, Palm Beach) 

L. J. Busch: from Eng. to Ldr., Des. & Dev. 
Eng. (R. H. Yen, Camden) 

R. G. Wolcott: from Eng. to Ldr., Des. & 
Dev. (R. D. Sidnam, Camden) 

Electronic Components and Devices 

L. P. Garvey: from Engr. Ldr., Product De- 
velopment to Program Manager, Thermo- 
electric (L. J. Caprarola, Harrison) 

A. A. Kulakowich: from Engr. Manufactur- 
ing to Engr. Ldr., Product Development 
(M. Nowogrodzki, Harrison) 

T. J. Morris: from Engr. Manufacturing to 
Mgr., Production Engineering (A. M. 
Trax, Marion) 

W. S. Chaves: from Engr. Manufacturing to 
Admin., Materials Handling and Package 
Design (J. A. Collins, Marion) 

F. G. Hammersand: from Ldr. to Mgr., 
Super Power Tube, Design & Develop- 
ment (T. E. Yingst, Lancaster) 

J. DeMott: from Eng., Product Develop- 
ment to Mgr., Quality Control (W. E. 
Bradley, Lancaster) 

H. Becker: from Eng. Equipment Devel. to 
Ldr. Equipment Devel. (M. M. Bell, Har- 
rison) 

A. A. Stanley: from Ldr., Product Devel. to 
Mgr., Product Engr. (W. E. Breen, Harri- 
son) 

D. D. Mawhinney: from Ldr., Product Devel. 
to Mgr. Product Engr. (H. K. Jenny, Har- 
rison) 

W. E. Bradley: from Engr. Manufacturing 
to Mgr. Quality & Reliability Assurance 
Power Devices (M. B. Shrader, Lancaster) 

J. J. Free: from Engr., Product Devel. to 
Eng. Ldr., Product Devel. (M. B. Shrader, 
Lancaster) 

H. E. Medsger: from Engr. Product Devel. 
to Mgr., Super Power Device, Production 
Engr. (R. T. Rihn, Lancaster) 

Broadcast and Communications Division 

S. C. Starr: from Engr. to Ldr., Des. & Devel. 
( R. J. Smith, Camden) 

Advanced Technology 

H. R. Teel, Jr.: from Comp. Operator "A" to 
Engr. Design Automation Coord. (D. J. 
Parker, Camden) 

L. C. Morris: from Ldr., Design and Devel- 
opment Eng. to Mgr. Applied Physics 
(J. Vollmer, Camden) 

L. J. Krolak: from Ldr., D & D Engr. to 
Staff Engr., Applied Research (J. Voll- 
mer, Camden) 

J. Vollmer: from Mgr. Applied Physics to 
Manager Applied Research (D. J. Parker, 
Camden) 

D. J. Parker: from Manager Applied Re- 
search to Mgr. Advanced Tech. (D. Shore, 
Camden) 

D. J. Miller: from Engr. Design & Devel. to 
Ldr., Design & Devel. (D. J. Parker, 
Camden) 

Aerospace Systems Division 

Amy Spear: from Sr. Proj. Mbr. to Proj. 
Engr. (A. L. Warren, Burl) 

K. J. Klarman: from Engr. Scientist to Ldr., 
T.S. (S. Piccirillo, Burl) 

F. L. Pratt: from Sr. Proj. Mbr. to Ldr., T.S. 
(S. Piccirillo, Burl) 

H. Logemann: from Sr. Proj. Engr. to Mgr., 
T.V. Projects (S. Kolodkin, Burl) 

H. W. Pownell: from Ldr. to Project Engr. 
(A. Warren, Burl) 

D. M. Larson: from Ldr., T.S. to Mgr. Relia- 
bility & Standards (J. Furnstahl, Burl) 

W. A. Castner: from Adm., Logistics & Sup- 
port to Mgr., Logistics & Support Eng. 
(J. Furnstahl, Burl) 

West Coast Division 
J. M. Chambers: from Sr. Mbr. D &D Engr. 

Staff to Ldr., D &D Eng. Staff (F. Worth, 
Van Nuys) 

M. H. Blasjo: from Prin. Mem. D &D Eng. 
Staff to Ldr., D &D Eng. Staff (J. C. Groce, 
Van Nuys) 

J. C. Wight: Ldr. D &D Engrg. Staff to Mgr., 
Electronic D &D Engr. (J. C. Groce, Van 
Nuys) 

E. A. Cornwall: Ldr., D &D Engr. Staff to 
Mgr., Electronic D &D Engr. (J. C. Groce, 
Van Nuys) 

A. L. Kelsey: from Mgr., Lab. Services to 
Ldr., D &D Engr. Stall (G. F. Fairhurst, 
Van Nuys, Calif) 

R. M. Signer: from Sr. Mbr., D &D Engr. to 
Ldr., D &D Engr. Staff (C. Johnson, Van 
Nuys, Calif) 

Communications Systems Division 
R. L. Davis: from Engr. "A" to Ldr. Systems 

Projects (J. M. Osborne, Camden) 
D. Hempel: from Sr. Proj. Mbr. Tech. Staff 

to Ldr., Tech. Staff (R. Guenther, New 
York) 

R. J. Singer: from Mgr. New Techniques to 
Ldr., Engrg. Systems Profs. (C. K. Law, 
Camden) 

E. T. Wojciechowski: from "A" Engr. to 
Ldr., Engrg. Projects (R. M. Asler, Cam- 
den) 

F. J. McFarland: from "A" Engr. to Ldr., 
Design & Devel. (G. H. Lines, Camden) 

E. J. Wojciechowski: from "A" Engr. to 
Ldr., Engr. Profs. (M. Amsler, Camden) 

A. Paris: from Mgr. Air Surface Sys. to 
Mgr. Space Engr. Proj. (C. K. Law, 
Camden) 

Astro- Electronics Division 
S. Goldfarb: from Sr. Engr. to Ldr. Engr. 

(F. A. Beisel, Astro) 
G. Bandstra: from Associate Engr. to Engr. 

(F. Yannotti, Princeton) 
J. Horowitz: from Associate Engr. to Engr. 

(M. Shepetin, Princeton) 
R. J. Williams: from Associate Engr. to 

Engr. (R. Packer, Princeton) 
H. W. Bilsky: from Engr. to Sr. Engr. (S. 

Winkler, Princeton) 
J. R. Engel: from Engr. to Ldr. Engr. (G. 

Hieber, Princeton) 
L. S. Herczeg: from Engr. to Sr. Engr. (G. 

A. Beck, Princeton) 
G. M. Hieber: from Sr. Mbr. Tech. Staff to 

Mgr. Engr. (F. Yannotti, Princeton) 
J. McClanahan: from Engr. to Ldr., Engr. 

(F. Yannotti, Princeton) 
D. B. Pollock: from Engr. to Ldr., Engr. (M. 

Shepetin, Princeton) 
J. R. Siegel: from Engr. to Ldr., Engr. (M. 

Shepetin, Princeton) 
G. L. Raffaelli: from Sr. Engr. to Ldr. Engr. 

(F. J. Yannotti, Princeton) 

Princeton Laboratories 
W. G. McGuffin: from Ldr. Engr. to Mgr. 

Sanguine Operations (E. Minzenberger, 
Pr. Labs.) 
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E. M. GEVERD IS "TREND" EDITOR 

E. M. Geverd has been named Administra- 
tor, Technical Publications, reporting to 
W. O. Hadlock, Mgr. Technical Publica- 
tions. In this new position, Mr. Geverd's 
major responsibility is Editor of TREND, 

The Research and Engineering News Digest. 
Ile is also responsible for expanding the use 
of RCA technical articles in external publi- 
cations. 

TREND is published to provide RCA scien- 
tists and engineers with a better understand- 
ing of the Corporation's activities including 
current and future technical projects and 
engineering management objectives. TREND 

covers professional activities, scientific and 
engineering advances, policies and new mar- 
kets. 

E. M. (Mike) Geverd received the BS de- 
gree in Electrical Engineering from Drexel 
Institute of Technology in June 1966. His 
early experience included 3 years in the 
U. S. Army as an Electronics Instructor on 
the NIKE Surface -to -Air Missile System, 
prior to joining the RCA Service Co. as a 

technical writer in 1958. Mr. Geverd was 
employed by Renner Inc. as an engineering 
writer in 1960 and then joined AED in 1962. 
From 1962 until early 1967 he was the Docu- 
mentation Coordinator for the Tinos /Tos 
program. While serving in that capacity, he 
was responsible for the preparation and 
publication of all reports and manuals gen- 
erated by AED on the Tinos /Tos program. 
Prior to becoming TREND Editor, he was 
employed as a Project Engineer in the 
Tinos/Tos Program management office at 
AED. 

AL PINSKY MOVES TO LABS "PR" POST 

Al Pinsky has been named Administrator, 
Scientific Information Services, RCA Lab- 
oratories, Princeton, N. J. In this capacity, 
\Ir. Pinsky reports to A. N. Curtiss, Director 
Administration, RCA Laboratories. 

Since 1962, Al Pinsky has been Adminis- 
trator, Professional Development Communi- 
cations, Product Engineering. In this ac- 

tivity Mr. Pinsky served as Editor of TREND, 

RCA's research and engineering news digest 
published and distributed monthly. 

Mr. Pinsky formerly worked in DEP- 
ACCD's Reports and Proposals group in 
Camden. Before that he was a senior tech- 
nical writer at the Burroughs Corporation 
Research Center in Paoli, Pa. Ile received 
a BS in 1943 from the University of Connec- 
ticut. As a Marine Lieutenant (luring World 
War II, he completed special courses in 
electronics at the Harvard University Grad- 
uate School of Engineering and M. I. T. 
After that, lie became a newspaperman and 
was city editor of the Elkhart Truth in Elk- 
hart, Ind., and the Evening Press in Levit- 
town, Pa. 
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J. C. PHILLIPS ON RCA ENGINEER STAFF 

John C. Phillips comes from Astro Elec- 
tronics Division to assume the position 
of Administrator, Technical Publications. In 
this capacity, Mr. Phillips' primary respon- 
sibility will be Assistant Editor, RCA ENGI- 

NEER; he reports to W. O. Hadlock, Mana- 
ger, Technical Publications. 

John will maintain close contact with the 
RCA ENGINEER Editorial Representatives in 
all divisions to assure that future issues will 
continue to contain timely papers of cor- 
porate -wide interest. 

Mr. Phillips, who has been an Editorial 
Representative of the RCA ENGINEER since 
1964, joined the Astro- Electronics Division 
in 1962; he has been closely associated with 
publications for most of the -major AED 
space programs. From 1960 to 1962, he was 
a technical writer at the Bendix Corpora- 
tion, where he advanced to the position of 
group leader. He has been studying at 
Rutgers University Evening School for the 
past five years towards his degree in mathe- 
matics. He previously completed two years 
of evening school at Newark College of 
Engineering. John was on active duty with 
the l . S. Navy from 1956 to 1960, and dur- 
ing this time took advanced courses in radar, 
sonar, and communications. Ile was assigned 
the responsibility for maintenance of all 
types of submarine electronic equipment, 
including a complete prototype missile guid- 
ance system for the REGULUS missile. In ad- 
dition he taught courses in basic electronics 
and electronics equipment. John recently 
coordinated many of the papers appearing 
in Volume 12, No. 6 RCA ENGINEER. 

ED JENNINGS TO HEAD WORK 

ON RCA TECHNICAL LIBRARY SYSTEM 

E. R. Jennings lias been appointed to the 
newly established position of Administra- 
tor, Technical Library System. Prior to this, 
Mr. Jennings served on the staff of the RCA 
ENGINEER; he introduced "Pen- and -Podium" 
categorized indexes and annual RCA 
papers indexes. The staff and the Editorial 
Representatives acknowledge Ed's many 
achievements. 

In his new post, Mr. Jennings will be re- 
sponsible for the development and adminis- 

tration of a corporate -wide technical library 
system to facilitate the interchange of tech- 
nical information and to increase technical 
information services throughout the corpo- 
ration. Mr. Jennings will report to G. A. 

Kiessling, Manager, Product Engineering 
Professional Development. 

Mr. Jennings received his BSME from Il- 
linois Institute of Technology in 1950, and 
has pursued graduate studies in Information 
Science at Drexel Institute df Technology. 
During 1950 -1954, he worked first as a tech- 
nical journal editor, and then as a structural 
design engineer. His military service in 
1954 -55 was spent at White Sands Proving 
Ground, N. M., on missile test projects. 
After discharge, he joined the nuclear - 
weapon test organization at Sandia Base, 
Albuquerque, N. M., where he was Assistant 
Chief, Reports Branch, from 1956 to 1959. 
He joined Astro- Electronics Division in 1959 

as an engineering editor, and later in 1959 
moved to staff Product Engineering as As- 
sistant Editor, RCA ENGINEER. In 1965, he 
was named Associate Editor and Adminis- 
trator, RCA Staff Technical Publications. 
During 1966, he was responsible for a staff 
study of RCA Technical Libraries and in- 
formation retrieval methodology. Mr. Jen- 
nings is a member of the IEEE and of the 
American Documentation Institute. 

GSD NAMES J. L. GOLD AS 
TECHNICAL PUBLICATIONS 

ADMINISTRATOR 

J. L. Gold has been named to serve as 
Technical Publications Administrator for 
RCA Graphic Systems Division (GSD), 
Princeton, New Jersey. He will be responsi- 
ble for the review and approval of all tech- 
nical papers and presentations originating 
in his division and will also serve as the 
RCA ENGINEER Editori:.i. Representative 
for GSD. 

Mr. Gold received a bachelors degree in 
science and a masters degree in education 
from Temple University. He has taught in 
the public schools and held positions in the 
field of adult education in private and mili- 
tary organizations. Since joining RCA in 
1951, Mr. Gold has served in engineering 
positions for approximately five years and 
in writing, editing, and management posi- 
tions in the field of technical publications 
for approximately ten years. He has par- 
ticipated in major RCA projects, such as 
Talos, C- Stellarator, BMEWS, and SAM -D. 

He is currently responsible for all technical 
publications and reports in the Engineering 
Department of the Graphic Systems Di- 
vision. 

Al Pinsky Ed Jennings J. L. Gold 
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Editorial Representatives 
The Editorial Representative in your group is the one you should contact in 

scheduling technical papers and announcements of your professional activities. 

DEFENSE ELECTRONIC PRODUCTS 

F. D. WHITMoos ° Chairman, Editorial Board, Camden, N. J. 

Editorial Representatives 
Aerospace Systems Division 
D. B. DossoN Engineering, Burlington, Mass. 

West Coast Division 
R. J. ELLIs Engineering, Van Nuys, Calif. 

Astro- Electronics Division 
I. SEIDEMAN Advanced Development and Research, 

Princeton, N. J. 
S. WEISBERGER Equipment Engineering, Princeton, N. J. 

Missile & Surface Radar Division 
T. G. GREENE Engineering Dept., Moorestown, N. J. 

Communications Systems Division 
C. W. F>ELDs Engineering, Camden, N. J. 

H. GOODMAN Engineering, Camden, N. J. 
M. P. ROSENTHAL Systems Labs., New York, N.Y . 

Defense Engineering 
I. FEINSTEIN Defense Microelectronics, Somerville, N. J. 
H. EPsiEnv Systems Engineering, Evaluation, and Research, 

Moorestown, N. J. 
J. E. FRIEDMAN Advanced Technology, Camden, N. J. 
J. R. HENDRICKSON Central Engineering, Camden, N. J. 
M. G. PIETZ Advanced Technology, Camden, N. J. 

BROADCAST AND COMMUNICATIONS 
PRODUCTS DIVISION 

D. R. PRArr° Chairman, Editorial Board, Camden, N. J. 

Editorial Representatives 
N. C. CoLBY Mobile Communications Engineering, 

Meadow Lands, Pa. 
C. E. HITTLE Closed Circuit TV & Film Recording Dept., 

Burbank, Calif. 
R. N. HURST Studio, Recording, & Scientific Equip. 

Engineering, Camden, N. J. 
K. C. SHAVER Microwave Engineering, Camden, N. J. 
R. E. WINN Brdcst. Transmitter & Antenna Eng., 

Gibbsboro, N. J. 

NEW BUSINESS PROGRAMS 

L. F. JONES Engineering, New Business Programs, 
Princeton, N. J. 

ELECTRONIC DATA PROCESSING 

G. SMOLIAR° Chairman, Editorial Board, Camden N. J. 

Editorial Representatives 
G. PAFF Palm Beach Engineering, West Palm Beach, Fla. 

GRAPHIC SYSTEMS DIVISION 

J. COLD ° Engineering, Princeton, N. J. 

RCA LABORATORIES 

C. W. SALL* Research, Princeton, N. J. 

RCA VICTOR COMPANY, LTD. 

H. J. RUSSELL* Research & Eng., Montreal, Canada 

ELECTRONIC COMPONENTS AND DEVICES 

C. A. MEYER* Chairman, Editorial Board, Harrison, N. J. 

Editorial Representatives 
Solid State and Receiving Tube Division 
M. B. ALEXANDER Industrial Semiconductor Engineering, 

Somerville, N. J. 
P. L. FARINA Commercial Receiving Tube and 

Semiconductor Engineering, Somerville, N. J. 
R. C. FORTIN Direct Energy Conversion Dept., 

Harrison, N. J. 
I. H. KALISH Integrated Circuit Dept., Somerville, N. J. 
J. KOFF Receiving Tube Operations, Woodbridge, N. J. 
K. LOOFBURROW Semiconductor and Conversion Tube 

Operations, Mountaintop, Pa. 
R. J. MASON Receiving Tube Operations, Cincinnati, Ohio 
J. D. YOUNG Semiconductor Operations, Findlay, Ohio 

Television Picture Tube Division 
J. H. LIPSCOMBE Television Picture Tube Operations, 

Marion, Ind. 
E. K. MADENFORD Television Picture Tube Operations, 

Lancaster, Pa. 

Industrial Tube Division 
J. M. FORMAN Power Tube Operations and Operations Svcs., 

Lancaster, Pa. 
R. L. KAUFFMAN Conversion Tube Operations, 

Lancaster, Pa. 
H. J. WOLKSTEIN Microwave Tube Operations, 

Harrison, N. J. 

Memory Products Division 
G. R. KORNFELD Memory Products Dept., Needham, Mass. 

Technical Programs 
D. H. WAMSLEY Engineering, Harrison, N. J. 

RCA VICTOR HOME INSTRUMENTS 

K. A. CHITTICK` Chairman, Editorial Board, Indianapolis, Ind. 

Editorial Representatives 
D. J. CARLSON Advanced Devel., Indianapolis, Ind. 
R. C. GRAHAM Radio "Victrola" Product Eng., 

Indianapolis, Ind. 
P. G. MCCABE TV Product Eng., Indianapolis, Ind. 
J. OsMAN Electromech. Product Eng., Indianapolis, Ind. 
R. F. SHELTON Resident Eng., Bloomington, Ind. 
L. R. WoLTER TV Product Eng., Indianapolis, Ind. 

RCA SERVICE COMPANY 
B. AARONT EDP Svc. Dept., Cherry Hill, N. J. 
W. W. C00% Consumer Products Svc. Dept., 

Cherry Hill, N. J. 
L. H. FETTER Govt. Svc. Dept., Cherry Hill, N. J. 
M. G. GANDER* Consumer Product Administration, 

Cherry Hill, N. J. 
K. HAYWOOD Tech. Products, Adm. & Tech. Support, 

Cherry Hill, N. J. 
W. R. MACE Missile Test Project, Cape Kennedy, Fla. 

RCA COMMUNICATIONS, INC. 
C. F. FROST* RCA Communications, Inc., 

New York, N. Y. 

RCA VICTOR RECORD DIVISION 
M. L. WHITEHURST Record Eng., Indianapolis, Ind. 

NATIONAL BROADCASTING COMPANY, INC. 
W. A. HOWARD* Stag Eng., New York, N. Y. 

RCA INTERNATIONAL DIVISION 
L. A. SHOTLIFF° New York City, N. Y. 

e Technical Publication Administrators for their major operating unit. 
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