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OBJECTIVES 

To disseminate to RCA engineers tech- 
nical information o f professional value. 

To publish in an appropriate manner 
important technical developments at 
RCA, and the role of the engineer. 

To serve as a medium of interchange 
of technical information between 
various engineering groups at RCA. 

To create a community of engineer. 
ing interest within the company by 
stressing the interrelated nature of 
all technical contributions. 

To help publicize engineering achieve- 
ments in a manner that will promote 
the interests and reputation of RCA 
in the engineering field. 

To provide a convenient means by 
which the RCA engineer may review 
his professional work before associ- 
ates and engineering management. 

To announce outstanding and unusual 
achievements of RCA engineers in a 
manner most likely to enhance their 
prestige and professional status. 

OUR COVER 

Magnetic memory stacks for the 
RCA -501 computer - the "mate- 
rials" in this case are the ferrite 
cores spilling over from the hand 
of Joseph J. Sacco, Manager of 
Magnetic Materials Development, 
who has played a prominent role in 
their development at the Needham 
Materials Operation, Semiconductor 
and Materials Division, Needham 
Heights, Mass. The whole assembly 
-from cores to wired -up stack -is 
fabricated at Needham prior to 
shipment to IEP in Camden for 
installation in the 501. Lloyd B. 

Smith, Manager of Production 
Methods and Process Development 
during initial manufacture of the 
stacks (he is now Manager of Engi- 
neering Services at Needham), was 
the man behind the techniques of 
production. (On page 16, Mr. Sacco 
tells about the "Development of 
Square -Loop Ferrite Memory Cores. ") 

MATERIALS FOR GROWTH 

Growth is An attribute of healthy man- 
kind. We grow in size and number, as 
do other living things. More signifi- 
cantly. we grow in knowledge and under- 
standing, and in our ability to appreciate 
and utilize information. Man is increas- 
ingly demanding information that is 
more acceptable in form, quality, and 
cost -when and where he wants it. 

Electronics provides the fastest and 
most versatile means for supplying infor- 
mation. The highest speed of propaga- 
tion has already been attained by using 
the fleetest elementary particles, particu- 
larly electrons and photons, to carry 
messages. Versatility, however, continues 
to increase. The increase is provided in 
large measure by the growing number 
and uses of materials the different com- 
munities of atoms with their different 
properties. 

It is impressive that just three elemen- 
tary particles, the electron, proton, and 
neutron, can form over a hundred differ- 
ent atoms. These can combine to provide 
millions of compounds, and the com- 
pounds can unite to form countless 
materials. There is practical allure in 
the potentialities of an infinite number 
of materials and properties. Research in 
this field should always be interesting, 
because the possibility of finding new 
and greatly intensified electronic and 
other effects is ever present. 

In recent years, there has been a great 
upswing in research on electronically 
active solids, notably semiconductors, 
photoconductors, photovoltaics, electron 
emitters, phosphors, and magnetics (fer- 
rites) . Those materials have already 
been incorporated in devices that pro- 
vide useful means for detecting, convert- 
ing, processing, storing, transmitting, 
and reproducing information. In the 
future, existing devices will be improved 
by the advent of superior new materials, 
and other useful devices should come 
from research on materials such as ferro- 
electrics, electrets, superconductors, and 
thermoelectrics. 

We are experiencing a remarkable 
increase in our ability to utilize obscure 
and small -scale effects in special mate- 
rials. The short -range quantum- mechani- 
cal tunnel effect of electrons has recently 
been put to use in the tunnel diode. 
Electrons that exhibit negative effective 
masses in certain materials show promise 
of being useful in future devices. Bound 
electrons have been made to function as 
amplifier agents in masers and para- 
metric amplifiers. A next step is to utilize 
nuclear particles, as we have set out to 
do in studies of nuclear magnetic reso- 
nance, in research using the five -mega- 
watt nuclear- fission reactor of Industrial 
Reactor Laboratories, and in our con- 
tribution to Project Matterhorn, whose 
goal is the production of useful energy 
from thermonuclear fusion. 

Our increasing ability to utilize small - 
scale phenomena becomes especially 
valuable in our program to decrease the 
size and cost of electronic apparatus, 
while increasing its reliability, capabil- 
ity, and capacity. Conventional electron- 
ics, with its separate functioning parts, 
has led to the micromodule - which 
achieves a density of a million parts per 
cubic foot. Beyond that looms integrated 
electronics, wherein one small crystal is 
designed and made to perform many dif- 
ferent electronic functions. Thus far, 
some parts of digital- computer circuits 
have been made, by integrated- electronic 
techniques, with a density of one hun 
dred million parts per cubic foot. This 
growing confluence of circuitry, devices, 
and materials requires technical men 
who can grow in knowledge, understand- 
ing, and creativeness in all three fields. 

The electronics industry has provided 
a source of nourishment for continuing 
growth by custom -making new electroni- 
cally active materials to satisfy the 
changing demands of its customers. 
Additional nourishment for growth could 
be, and probably will be. provided by 
custom -making other materials to replace 
those that are vital and presently unsat- 
isfactory. 

The writer would be pleased to 
receive, from readers of the RCA 
ENGINEER, suggestions as to areas 
wherein improvement in materials could 
substantially increase RCA's growth. 

H. W. Leverenz 
Director of Research 

RCA Laboratories 
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ALL 
8% 

Fig. 1- Extent of readership 
throughout RCA. (Less than 
1% indicated "don't read it.") 

MOST OF IT 76% 

VERY LITTLE 
16% 

SECOND "RCA ENGINEER" 
READERSHIP SURVEY 

This is the second readership study made of the RCA ENGINEER. The first 
study was made in 1956 in the second year of the journal's publication and 
has since that time helped to guide the editorial decisions to achieve the 
aim of the publication -a magazine by and for the RCA engineer." This 
second study is an attempt to assess the acceptance and value of the 
magazine among RCA engineers and to guide future editorial decisions. 

P. C. FARBRO, Manager and 
Professional Personnel Programs, 

RCA Stall 

AQUESTIONNAIRE WAS distributed 
with the Feb. -Mar., 1959 issue of 

the RCA ENGINEER asking that it be 
answered and returned anonymously 
to the editor. A total of 5,769 question- 
naires were sent out; 905 question- 
naires were returned -a 16- percent 
return, generally considered good for 
mailed readership surveys. 

Several findings support the con- 
clusion that the RCA ENGINEER is a 
good publication and is acceptable to 
the engineers at RCA. Of the 905 who 
returned their questionnaires, only 
one person said he didn't read the 
magazine. Eighty -four percent read 
"all" or "most" of the magazine. 

Fig. 1 shows how the readers 
answered the item, Check one cate- 
gory that best describes the extent of 
your readership. 

Also important to consider is the 
variation among various subgroups 
to see if one publication can be writ- 
ten successfully for a complex organi- 
zation engineering and researching in 
diverse fields of entertainment prod- 
ucts, industrial equipment, defense 
systems and space devices. 

The publication seems to be appli- 
cable to this audience diverse in the 
areas in which they work as shown 
by Table I. 

MAGAZINE BALANCE 

A majority of the engineers indi- 

2 

J. M. COOK, Administrator 
Personnel Research, 

RCA Staff 

cate that the balance between techni- 
cal and nontechnical information is 
about right to suit them. In answer 
to the item, Balance is satisfactory or 
unsatisfactory, 88 percent indicated 
they were satisfied with the relative 
emphasis given to technical and non- 
technical articles. This is common to 
the various operating units of the 
company as may be seen from 
Table II. 

INTEREST IN CLASS OF ARTICLE 

One item instructed the engineer to 
Please rank the classes of articles in 
order of their interest to you (1, 2, 
3, 4 and 5). The classification of 
articles and their rank order of inter- 
est was as follows: 

1. Semitechnical (Generalized 
papers on technical subjects) 

2. Technical (Descriptions of de- 
sign techniques, mathematical 
analyses and scientific papers 
on specific technical subjects) 

3. Editorials, Professional Infor- 
mation and Business Planning 
(Orientation of engineer in his 
company and in his society. 
Economics of the Corporation 
and case studies on interdepart- 
mental projects) 

4. Engineering Activities, Engi- 
neering Services and Plant 
Facilities ( Descriptions of engi- 

PATRICK C. FARBRO received his A.B. 
and M.S. degrees in psychology from the Uni- 
versity of Tulsa (1947) and Purdue University 
(1948) respectively. He has also completed 
post -graduate work at Temple University and 
Institute of Pennsylvania Hospital. His occupa- 
tional experience includes work as a graduate 
teaching assistant in psychology at Purdue Uni- 
versity, 1947 -1948; Personnel Research Analyst, 
RCA Victor General Office, 1948 -1949; Employ- 
ment Supervisor, Lancaster Plant, 1949 -1951. 
In 1951, Mr. Farbro was appointed Manager, 
Personnel Research, RCA Staff; in 1957, Man- 
ager, Training and Personel Research, RCA 
Staff; and in 1959, Manager, Professional Per- 
sonnel Programs, RCA Staff. Mr. Farbro is a 
member of the American Psychological Associa- 
tion, the American Association for the Advance- 
ment of Science, the American Society of Train- 
ing Directors, the International Association of 
Applied Psychology, and Sigma Xi. 

JOHN M. COOK received his M.S. in indus- 
trial psychology from the University of Minne- 
sota in 1951. He spent one year as a student 
counselor in the Minnesota Institute of Tech- 
nology before coming to RCA as a personnel 
specialized trainee. He worked in Camden Engi- 
neering Employment and was Manager, Engi- 
neering Training and Personnel Studies prior to 
his present position as Administrator, Personnel 
Research, RCA Staff. Mr. Cook is a member of 
Phi Beta Kappa, the American Psychological 
Association, and the Division of Industrial and 
Business Psychology. 

neering functions at various 
plant locations) 

5. Magazine Departments ( Patents 
Granted, Pen and Podium and 
News and Highlights) 

Although Engineering Activities and 
Magazine Departments were ranked 
lowest, there was evidence of enough 
interest to warrant their continuation. 

"IMAGE" OF THE MAGAZINE 

Forty -three statements about the 
magazine were used in the study 
which asked the respondent to answer 
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by checking if he strongly agreed, 
agreed, was neutral, disagreed, or 
strongly disagreed with the state- 
ments. From the responses to these 
items it is possible to develop a 
"composite image" of the magazine, 
as viewed by its readers. 

These statements were scored by 
giving a weight of +2 or -2 if the 
person checked strongly agreed or 
strongly disagreed, respectively, in 
responding to the statements; +1 or 
-1 if the person checked agreed or 
disagreed, respectively, to the state- 
ments. A weight of zero was given to 
the neutral responses. 

The image of the magazine 
described below is made up of those 
statements which reflect the opinion 
of more than one -half of the respond- 
ents and are listed in order of the 
strength of the engineers' feelings 
based on scores, as described. 

This image can be considered to 
represent the feelings of the engi- 
neers in all the major operating units, 
since there is a high degree of agree- 
ment among the operating units. Evi- 
dence for this is that the correlation 
of each major operating unit's scores 
with total corporation scores ranged 
from 0.99 to 0.67 (median 0.87) 
where a correlation coefficient of 0.28 
would be significant at 1- percent level 
of confidence. 

In the "image" (see Table III ) 

statements are listed in order of the 
strength of feelings of the respondents. 

AUTHOR VOLUNTEERS 

Another indication of the acceptance 
of the RCA ENGINEER is the interest 
indicated in the publication through 
volunteer authors. Through the ques- 
tion, Would you write or co- author an 
article for the RCA ENGINEER ?, over 
400 (close to one -half of the respond- 
ents) answered affirmatively. In addi- 
tion, approximately one -half the 
respondents suggested titles or ideas 
for articles that would interest them. 

Suggestions for articles range all 
the way from administrative systems, 
and managerial concepts and tech- 
niques to highly technical subjects and 
review articles describing a complete 
product line or research and engi- 
neering effort. These are on file in the 
office of the Editor of the RCA 
ENGINEER and will be used in planning 
future issues. 

TABLE 1- Percent of Readers Who Read "All" or "Most" of the 
RCA ENGINEER by Major Operating Unit 

IEP 85.1 Tube 85.6 
DEP 83.0 TV 100.0 
International 100.0* NBC 100.0* 
Laboratories 79.3 RCA Communications 100.0* 
Radio & "Victrola" 90.9 RCA Staff 71.4* 
Semiconductors 86.6 Records 33.3* 
Service Co. 100.0 AEP 70.8 

TOTAL - 84% 

*Response too small for reliable estimate. 

TABLE II- Percent of Readers Who Indicate Satisfaction With The 
Balance Between Technical and Nontechnical Articles by Major Operating Unit 

IEP 86.9 Tube 89.4 
DEP 88.0 TV 95.2 
International 100.0* NBC 80.0* 
Laboratories 87.2 RCA Communications ........ 0 

Radio & "Victrola" 90.9 RCA Staff 100.0* 
Semiconductors 85.2 Records 75.0* 
Service Co. 83.3 AEP 87.0 

TOTAL - 88% "Satisfactory" 

*Response too small far reliable estimate. 

TABLE III- Readers' "Image" of the RCA ENGINEER* 

(Statements in Order of Strength of Response) 

The RCA ENGINEER places importance 
on the engineer as a vital link in the 
Corporation's progress. 

The RCA ENGINEER is valuable to the 
experienced as well as the younger 
engineer. 

The color covers are in keeping with 
the dignity of the engineering pro- 
fession. 

The interest and reputation of RCA 
and its engineers are increased by the 
journal. 

Paragraph subheadings and explicit 
captions are good. 

The editors do a thorough editing job. 

The RCA ENGINEER is helpful in fur- 
thering the engineers' insight into RCA 
as a Corporation. 

There should be more papers by engi- 
neering managers and top manage- 
ment on plans and objectives. 

The publication helps the company's 
engineers to be better informed, thus 
enhancing job performance. 

The RCA ENGINEER is satisfactorily 
meeting its published objectives. 

There should be more papers devoted 
to business planning, economics and 
company objectives. 

The journal has a professional atmos- 
phere that engineers recognize and 
appreciate. 

The RCA ENGINEER is especially valu- 
able to the younger engineers. 

All engineers have an equal oppor- 
tunity to write articles for the journal. 

The RCA ENGINEER encourages "profes- 
sionalism" in engineering. 

Engineers like to show the RCA 
ENGINEER to their guests and visitors. 

The RCA ENGINEER is a good means 
for recruiting engineers. 

The RCA ENGINEER emphasizes the 
importance of interdepartmental coop- 
eration on engineering programs. 

The Pen and Podium section is a good 
reference source. 

The publication encourages engineers 
to write. 

* Made up of statements reflecting opinion of more than half of the respondents. 

3 

www.americanradiohistory.com

www.americanradiohistory.com


Dr. ROLF W. PETER received the M.S. 
in Electrical Engineering in 1944, and the 
Ph.D. in Radio Engineering and Physics in 1948 
from the Swiss Federal Institute of Technology 
in Zurich, Switzerland. From 1946 to 1948 he 
was Assistant Professor of Radio Engineering at 
the Swiss Federal Institute of Technology. In 
1948 he joined RCA Laboratories in Princeton, 
N. J. He was first engaged in traveling -wave 
amplifier research. From 1953 until 1957, he 
supervised the microwave and gaseous elec- 
tronics research group. Since 1957 he has been 
Director of the Physical and Chemical Research 
Laboratory. Dr. Peter is a Member of Sigma Xi 
and of the American Physical Society, and a 

Fellow of the Institute of Radio Engineers. 

MATERIALS RESEARCH 
by 

Dr. R. W. PETER, Director 
Physical and Chemical 
Research Laboratory 

RCA Laboratories 
Princeton, N. J. 

rTIHE EXPLOSIVE RISE of electronics 
1 from fiftieth place before the war to 
fifth today in American industry seems 
intimately related to the equally fabulous 
rise to importance of materials research 
and development during the same period. 
The general trend of this development 
in electronics is reflected in statistics of 
RCA Laboratories. When the Laboratory 
was started in 1942, only half a dozen 
scientists were involved in studies on 
materials, about half of them chemists. 
In 1959, about one quarter of the mem- 
bers of the Technical Staff are closely 
connected with materials research, and 
about half of those are chemists, metal- 
lurgists, and ceramists. These scientists 
are studying and trying to improve a 
vast number of materials, from insula- 
tors to superconductors. Of all areas of 
research at the Laboratories, materials 
research has expanded the most. 

SPOTLIGHT ON MATERIALS RESEARCH 

Why has the field of materials research 
and the need for new materials so sud- 

The author, Dr. R. W. Peter, and 
Dr. R. E. Michel observing electron 
spin resonance in a paramagnetic 
crystal. Inset are some crystalline 
forms of important electronically 
active materials. 

denly gained this pre- eminent impor- 
tance? Dr. A. B. Kinzel, in his opening 
address at the 1959 Navy Materials 
Symposium, pointed to the core of the 
situation : The cry for better materials 
is as old as engineering itself. However, 
in earlier times, the engineer who cried 
didn't know how far materials, such as 
steel, might be improved and, therefore, 
didn't wait for any improvements which 
in time came along. Today, by virtue of 
a better scientific training in the engi- 
neering education and also due to the 
influx of scientists into the sophisticated 
engineering areas, the engineer knows 
of the potentialities of materials, 
requests improvements, and waits for 
them. This puts an unprecedented pres- 
sure on the respective materials research 
groups. Success of their research now 
often becomes the key to the success of 
a whole engineering project of which 
the ultimate goal is based upon projected 
materials advances. 

The main areas of research in RCA 
Labs are shown in Fig. 1: materials (and 
phenomena), devices (and components), 
apparatus (and circuits) , and systems 
(and particularly, sub -systems). Each 

area critically depends on the area above, 
upon which the spotlight is focused 
when it is in trouble, until, at last, the 
spotlight stays and rests upon the 
materials group. As an illustration, let's 
look at a project which aims at creating 
a super- high -speed computer system. 
After eliminating optimum systems engi- 
neering as insufficient for achieving the 
task objectives, the search was after new 
super -fast switching and computing 
devices. Of the many possible solutions 
uncovered by the device research people, 
the tunnel diode shall be singled out. In 
spite of its outstanding capabilities, its 
frequency response has to be further 
improved, and this has to be done by 
improving the material. Presently, the 
spotlight is still on the semiconductor 
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MATERIALS 

DEVICES 

APPARATUS 

I 
SYSTEMS 

Fig. 1 -The four main areas of research at 
RCA Laboratories. In the downward direction, 
the areas increase in complexity, each one 
depending crucially upon the preceding ones 
as building blocks. The left curve shows the 
relative importance of the limitations imposed 
by the laws of nature. Materials research is 
most- directly limited by nature, while prog- 
ress in device research is impeded by imper- 
fect materials much more than by the natural 

research group, which has to find a new 
way to greatly enhance the activator 
density in germanium for this purpose. 

EVOLUTION OF MATERIALS RESEARCH 

Even before the Laboratories were 
formed in 1942, materials development 
groups were responsive to the needs 
of apparatus and devices engineering 
groups in various Divisions of the Com- 
pany. RCA's prime business in the pre- 
war period was in communication, radio, 
and phonograph, and the supporting 
materials work included most every 
component of a vacuum tube -cathode 
coating, metals, glass, and glass -to -metal 
seals. When the Labs were established, 
some of the most basic and critical 
materials problems transferred to 
Princeton : studies on dielectrics, phos- 
phors, and dark -trace materials. In time, 
the materials program was aimed more 
and more at understanding and improv- 
ing electronically active properties of 
solids, such as emission, luminescence, 
photoconductivity, and magnetism. The 
primarily passive aspects of materials, 
such as mechanical and chemical proper- 
ties- tensile strength, elastic constants, 
specific heat, diffusion of gases through 
solid, chemisorption -were primarily 
studied in the Divisions materials groups 
as their more or less immediate needs 
demanded, just as were most of the 
linear electrical properties -such as 
ohmic conductivity, dielectric constant, 
permeability. 

The general trend toward optimiza- 
tion and miniaturization of each indi- 
vidual part of electronic devices, how- 
ever, has recently brought to light the 
need for more investigations into the 
passive properties of important mate- 
rials. The aim of Integrated Electronics 
is to concentrate all functions of pre- 
vious "circuits ", including active and 
passive aspects, in one unit with minimal 
dimensions. Active areas with transistor - 
like properties will be integrated with 
passive, resistive, capacitive, or struc- 

laws (such as the finiteness of velocity of 
light). The right curve indicates the impor- 
tance of the requirements imposed by the 
customer, expressed by the distribution of 
RCA sales in the different areas. RCA's busi- 
ness in materials is negligible; materials 
research consequently is aimed more at 
improving devices, rather than at the outside 
materials customer. 

tural supporting areas of the material 
unit. Basically, of course, all properties 
of a material, whether called "active" or 
"passive ", depend upon its atomic and 
electronic structure. 

Fundamental physical studies, there- 
fore, provide the foundation from which 
more detailed investigations can be 
launched in either direction. 

During the past two years, research 
investigations have been started in the 
Laboratories into some primarily passive 
materials properties. Studies such as the 
following are representative : heat trans- 
fer between hot surfaces, heat conduc- 
tion and other thermal properties in 
metals and insulators, dielectric behav- 
ior of insulators (including electric 
breakdown), deposition of inert surface 
layers on semiconductors, stable resistive 
films, organic materials to bind magnetic 
particles on a tape or electroluminescent 
particles on a panel, and mass spectro- 
graphic study of diffusion and evolution 
of gases from solids. 

MATERIALS CLASSIFICATION AND 
SOME CONCLUSIONS 

The wide range of materials studied at 
the Laboratories may be classified in 
many different ways. In Fig. 2, the order 

is according to the energy -band gap of 
the material. It is inversely related to 
the conductivity as indicated. The con- 
ductivity scale also seems to give an 
approximate indication of the degree of 
the existing physical knowledge on any 
of these materials and the related phe- 
nomena! This is a rather astonishing 
fact, considering that some of the earliest 
known and most extensively studied 
materials head the list., such as insulat- 
ing and luminescent materials, followed 
by photoconductors. Although scientific 
studies on luminescence go back to 
the 16th century, the basic complex 
mechanisms involved are still very much 
less understood than semiconductivity, a 
relatively recent addition to the list of 
observed materials phenomena. 

The reason for this peculiar situation 
lies in nature itself. It has been said 
that every additional electron volt of 
energy gap increases by at least an order 
of magnitude the difficulty to synthesize 
a crystal of equal chemical and struc- 
tural purity. Semiconductors are dis- 
tributed near a 1 -ev gap, visible photo- 
conductors around 2 ev, phosphors group 
around 3 ev, and their order of com- 
plexity increases accordingly. In addi- 
tion, the difficulties for the synthesis 
chemist or metallurgist further grow 
when he progresses from elemental crys- 
tals, such as Ge or Si, to binary com- 
pounds, such as InP or CdSe, or ternary 
compounds, such as AgFeTe2. Solid -state 
theory at present is barely able to 
explain adequately "from first princi- 
ples" the phenomena found in highest - 
purity Column IV crystals, Ge and Si. 
This standard of purity requires the con- 
tent of foreign atoms to be less than one 
in a billion atoms, and the dislocation 
density to be below 100 /cm 2 Progress 
toward better understanding of mate- 
rials, therefore, is closely linked to the 
availability of chemically and structu- 
rally purer materials. 

Fig. 2- Materials are classified here according to their energy bandgap. The high - 
bandgap materials on top are good insulators, the zero -bandgap materials (metals) on 
the bottom are the best conductors. Materials in the right -hand column show sponta- 
neous polarization, while the materials in the main column do not show this phenomenon. 
Generally speaking, materials are more complex and, therefore, less understood, the 
larger their energy bandgap. 

Energy 
Band -gap 

H.gh 

Low 
Zero 

Zero 

Conductivity 
(in darkness) MATERIALS 

Negligible 

Low 

High 

Dielectrics (Insulators) Ferroelectrics 
Phosphors 
Photoconductors (visible) 
Paramagnetic Materials Ferrites 

Emitters 
Photoconductors (IR) 
Semiconductors 
Thermoelectrics 
Metals 

Infinite Superconductors 

Metallic Ferromagnetics 

5 

www.americanradiohistory.com

www.americanradiohistory.com


Dr. A. G. Fischer adjusting a high- temperature, 
high -pressure reaction furnace for use in crystal 
growth. 

THE THREE MAIN FACES OF THE 
MATERIALS MAN 

Before discussing some specific materials 
research activities, consider the main 
problem the materials scientist is faced 
with -be he chemist, physical chemist, 
metallurgist, or ceramist. The device 
man requests from him improvement of 
a certain property or phenomenon in a 

material (keeping all the others the 
same, of course! ) . For example, he may 
be asked for a material with higher 
carrier mobility at elevated temperature 
for improved, heat -resistant semiconduc- 
tor devices. 

The first and main step the chemist 
has to face is the selection of the material 
which might best provide the optimum 
combination of desired characteristics. 
At his disposal is the whole periodic 
table of some 90 elements to play with. 
Combining two elements at a time leads 
to over 4000 combinations, of which a 
larger fraction are mixtures and a smal- 
ler fraction are actual compounds. If 
he also considers ternary compounds, 
built up of three elements, the number 
of materials he has to select from grows 
to over 100,000. The task in its full 
aspect is obviously fantastic. Besides 
some general rules and the chemical 
annals and handbooks, good horse -sense 
and infinite patience in trying out hun- 
dreds of variations are the best aids to 
the searching chemist. 

MATERIALS ANALYSIS 
MATHEMATICAL SERVICES 

There will come a time in the future 
when a fast computing machine will be 
able to supply physical data, such as 
bandgap and carrier mobilities, on a 

large number of simple compounds. The 
machine then will select the one or few 
best suited materials, e.g. GaAs as the 
preferred binary semiconductor in our 
example (what the best ternary com- 
pound is, we still don't know ! ) . We 
have such an ambitious theoretical pro- 
gram active at the Labs, but do not 
expect to be waiting for the theorist to 
provide the choice selection for some 
years to come! 

Even at that time, the other two most 
demanding tasks still remain with the 
materials scientists: the ultimate puri- 
fication of the choice material, and the 
controlled alloying, "doping," and acti- 
vating. The attitude and the talents of 
the scientist involved in purification have 
to be similar to those of a Sherlock 
Holmes! The killers he is after are 
unwanted impurities and defects in the 
materials. In the example of GaAs they 
appear to be as tough and elusive as 
the criminals in a perfect murder. 

The third job the materials man has 
to perform is the one of an artist. Highly 
sensitive to the resulting change, he 
alloys the purified elements and com- 
pounds and, finally, introduces the active 
impurities and "dopes." Sensitive meas- 
urements guide him step -by -step in this 
final endeavor of activating a piece of 
purified material to bring out the 
desired particular quality or phenome- 
non. Ge or GaAs, for example, may be 
activated to become basic material for a 
transistor, for a tunnel diode, or also for 
an infrared photosensitive detector. 

The conclusion is that, symbolically 
speaking, the "materials man" has to 
have three faces to carry out his com- 
plex task of creating a new material 
with the desired characteristics to order. 
He has to be a "cook" with good 
horse -sense and much experience, as well 
as many recipe books, a "detective" with 
imagination and analyzing power, and 
an "artist" with sensitivity and thorough 
knowledge. 

SCIENTIFIC GUIDANCE 

MATERIALS RESEARCH TEAM 
SYNTHESIS 

MEASUREMENTS 
THEORY 1` 

MATERIALS AND 

DEVICES TECHNOLOGY 

MATERIALS 
DEVELOPMENT 

GROUPS 

(IN OPERATING DIVISIONS ) 

DEVICE RESEARCH 
GROUPS 
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In all three areas, the materials man 
depends upon sophisticated apparatus 
and often he is no better than his 
equipment. Besides standard chemical 
and furnace facilities, a speck -pure and 
a high -pressure lab are at his disposal 
at the Laboratories. At present, the most 
modern arc -image furnace and other 
facilities for high- temperature synthesis 
are being installed, opening an entirely 
new area of possible materials synthesis 
to RCA. Similarly, the most advanced 
equipment for sophisticated measure- 
ments is available. Examples are the 
several 12" Varian magnets, spin and 
nuclear magnetic- resonance equipment, 
the most sensitive existing susceptibility 
balance, and many others. 

ORGANIZATION OF MATERIALS RESEARCH 

The scientists with all three faces men- 
tioned above are very rare. This is why 
materials research is most successfully 
carried out by teams, which together 
comprise the talents of a "cook ", a 
"detective" and an "artist ". They are 
recruited from many professions: chem- 
istry, metallurgy, ceramics, both experi- 
mental and theoretical physics, and 
mathematics. In close cooperation, they 
pool their efforts in synthesis, measure- 
ment, analysis, and theory. A typical 
materials research group is shown in 
Fig. 3. As is schematically shown, the 
materials research team in the center 
depends in an intricate way upon coop- 
eration with other groups and indi- 
viduals in the Laboratory and in the 
Product Divisions. 

The "Materials Analysis" group coop- 
erates on the determination of the ele- 
mental components, impurity traces, and 
atomic structure of a material. Physical 
analytic methods - such as X -ray, 
ultra -violet, light, and infrared spectros- 
copy, electron microscopy, and mass - 
spectrometric studies -are complemen- 
ted by wet chemical analysis methods, 
in part very sophisticated. Super- sensi- 
tive trace -element studies are carried 
out with radio -isotopes. The Industrial 
Reactor Laboratory research reactor, 
located near Princeton, where RCA as 

Fig. 3- Organization of materials research. The 
materials research team is closely cooperating 
with groups which can provide the analytical 
services and scientific guidance on the one 
hand, and with groups, either inside the Labs 
or in an Operating Division, which can assist 
in materials development and sampling. The 
main customer of all materials efforts are the 
respective devices research groups. 
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co -owner occupies a permanent labora- 
tory, will permit carrying out analysis 
by neutron activation and diffraction. 
The "Mathematical Services Group" 
provides programming and computing 
services. Besides running its own IBM - 
650 computer, this group also has 
access to much faster IBM -704 and 709 
machines when needed. 

Of great significance for prosperous 
and successful materials research is the 
general scientific stimulation and guid- 
ance provided by a number of outstand- 
ing scientists with international repu- 
tation in their fields. Some of these 
experts are members of a particular 
materials group, many of them are in 
what we call the "General Research 
Group ", and some are members of the 
small research Laboratory maintained 
by RCA in Zurich, Switzerland. As their 
main function is to advise and consult, 
these experts have an obligation to stay 
on top of their respective scientific 
field and, consequently, have to select 
and direct their work accordingly. 

Small companies usually depend upon 
outside consultants, University profes- 
sors mostly, as their scientific advisers. 
For a large laboratory, such as ours, 
the advantages of having leading scien- 
tists located right in the Laboratory 
whenever a profound problem arises 
are very great. They provide an ever - 
present critical advisory and sounding 
hoard for problems and novel ideas. 
Sometimes they save the Company large 
amounts of dollars by proving that 
a proposed project is as doomed to fail- 

ure as one on perpetual motion. Less 
tangible than their direct, short -term 
economic effect are the contributions of 
these top scientists to the stature of the 
Laboratories and RCA as a whole in the 
scientific world. They open the doors 
for us to other research institutions. 
They hear about the scientific news 
before it appears in print and may give. 
thereby. a decisive head start in some 
rapidly changing field. 

The "Materials and Device Technol- 
ogy" group assists the materials research 
group in supplying most advanced sam- 
ples of new materials to the device 
researcher by duplicating achieved mate- 
rials synthesis and providing him with 
large enough samples. Often a "Mate- 
rials Development Group" in a Product 
Division may take the function of the 
device man's "new- materials supplier ". 
A Lancaster group, for example. dupli- 
cates and produces our new phosphors 
and photoconductors in large- enough 
batches for the device groups at the 
Laboratories to carry out their experi- 
ments on novel photoelectronic devices. 

THE I.G. OF A RESEARCH LAI 

The intelligence and inventiveness of 
an individual may be measured by 
some factor of merit, called "I.Q. ", 
which shall not be defined in any detail 
here. This I.Q., it is known, does not 
only depend on selected special capa- 
bilities of an individual, like an indeli- 
ble memory for names, but seems to be 
commensurate with the individual's 
capability to cross -correlate different, 

1. A. Zanoni changing ferite samples on a 

magnetometer, which measures the magnetic 
movement of materials. 

not a priori related areas of experience 
or talent. Post -mortem brain studies on 
individuals with eminent intelligence 
revealed. as the only perceptible differ- 
ence. a larger than normal number of 
nerve connections between individual 
brain areas. 

Similarly, a social organism, or 
organization, built up of many indi- 
viduals -such as a research laboratory 
-has a collective intelligence which 
may be expressed by an I.Q. factor. 
In a highly centralized authoritarian 
organization, the collective I.Q. may be 

M. Kestigian measuring optically the temperature of crystal boules in a Verneuil Furnace. 
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not much larger than the I.Q. of the man 
on top. In a successful research lab, it 
is considerably higher than any individ- 
ual member's I.Q. 

I submit here that, just as in the 
physiology of the human brain, a lab- 
oratory I.Q. increases with the number 
and quality of the cross -linkages 
between individuals, groups, and sec- 
tions inside the lab and out. Basically, 
our Laboratory is organized by func- 
tions, as shown in Fig. 1. Each area 
roughly corresponds to a "Section" or 
"Laboratory" in the RCA Laboratories. 
Linkages within each Section grow 
easily and naturally as they follow not 
only lines of authority, but lines of 
common scientific background and 
interests. Much less "self- organizing" 
are the linkages between Sections, along 
project lines. These project connections - some shown in Fig. 3 - change 
dynamically with the character of the 
projects. Formal and informal meetings 
and discussions between individual 
scientists are the basis of these cross - 
linkages. To further assist in establish- 
ing these "vertical" linkages, "Project 
Coordinators" are appointed and 
endowed by the Director of Research 
with special authority and responsibility 
for the organization and technical per- 
formance of a project group. Our High - 
Temperature Semiconductor project is 
an example. The "Project Coordinator" 
usually has direct -line authority over a 
part of the activity and advisory or 
indirect authority over the rest. The 
Laboratories collective intelligence. 
inventiveness and general effectiveness 
-in short its I.Q. -is greatly dependent 
upon these projects- oriented connec- 
tions, and much effort is spent to nur- 
ture them and let them grow. 

RECENT ADVANCES IN 
MATERIALS RESEARCH 

Finally, I would like to illustrate the 
effective functioning of our materials 
research activity by pointing to a few 
striking recent advances spearheaded by 
research teams at the RCA Laboratories. 

They serve as representative examples, 
as completeness is impossible here. Sev- 
eral papers in this RCA ENGINEER issue 
provide more -detailed testimony. 

Major advances were recently made 
at the Laboratories in perfecting phos- 
phors and photoconductors, the photo - 
electronic materials which are basic to 
most image- detection, -reproduction and 
-storage devices. 

In the phosphor, or "light- genera- 
tion," domain, dramatic improvements 
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Fig. 4- Progress in photoconductor per- 
formance. After only nominal progress 
during the two preceding years, a break- 
through has recently been achieved in 

crystals. The yield of fast crystals, however, 
is still small (about 25 %). 

were made in electro- luminescent and 
in cathode -luminescent films. Fig. 4 
indicates the increase in efficiency of 
various phosphors used for converting 
electricity into light. The steep and 
continued efficiency rise of electro- 
luminescent phosphor efficiency points 
to its imminent importance for many 
display and special lighting applica- 
tions. It is quite conceivable that greatly 
improved electro- luminescent panels 
might ultimately become competitive 
with conventional means for general 
lighting. The efficiency of cathodolumi- 
nescent films rapidly approaches that 
of powder phosphors. Higher contrast 
and definition, and the possibility of 
color change by electron -voltage change 
promise possibilities for cathodolumines- 
cent films in television and radar repro- 
ducer tubes. 

Photoconductors are in an equally 
exciting period of major breakthrough. 
Recently. large possible increases in 
performance were predicted by theo- 

R. W. Smith measuring photoconductive processes in single crystals. 

rists at the Labs for photoconductors 
with the correct impurity content. Dur- 
ing the past year, crystals with about 
two orders of magnitude higher per- 
formance factors were grown than ever 
known before, as shown in Fig. 5. 
Though an exceedingly difficult task, it 
can be assumed that eventually the 
same performance may be achieved in 
powders and sintered layers, which are 
required for most photo -electronic 
devices. Infrared photoconductors have 
been perfected to a similar degree dur- 
ing the past few years. Their spectral 
response can now be tailor -made to an 
amazing degree. 

The phenomenon of space- charge- 
current flow, well known in vacuum 
tubes, was recently predicted and later 
measured in highly purified insulators, 
such as CdS. Initially considered no 
more than a particular aspect of photo- 
conduction, space- charge current flow 
has since been used for the first time in 

Fig. 5- Progress in phosphor efficiency. 
While photoluminescent phosphors (in fluo- 
rescent lamps) and cathodoluminescent 
powders (in kinescopes) showed only nom- 
inal improvements during the past few 
years, electroluminescence and thin -film 
cathodoluminescence are rapidly reaching 
competitive levels of light- conversion effi- 
ciency. 

a solid -state analog to the vacuum -tube 
triode. Although still very much in its 
infancy, this high input -impedance 
device may herald a new class of "insu- 
lator devices" to reach importance as 
solid -state complements to the low - 
impedance semiconductor devices. 

A newly built flame -fusion furnace was 
used to synthesize at high temperature 
the refractory paramagnetic crystals 
presently operating in the Lab's most 
versatile maser amplifier. Several 
types of non -linear materials, such as 
magnetics, dielectrics, and ferroelec- 
trics, may be applicable to parametric 
signal amplification besides semicon- 
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ductor diodes. Basic material studies 
in these areas will provide new insight 
and possibly new solutions. 

In all communications systems, signal 
amplification at any frequency from 
audio up to microwaves remains the 
pre- eminent function. Semiconductors 
still provide the basis for by far the 
most important solid -state amplifier 
devices. After an extensive search, GaAs 
was selected as the semiconductor mate- 
rial with the best combination of advan- 
tages. Its high carrier mobilities and 
high- temperature operating capability 
(up to 475 °C) place it potentially 
far ahead of Ge or Si. A large team 
effort of "detective" and "artist" talent 
is being aimed at purifying and con- 
trolled doping of GaAs. The first oper- 
ating GaAs transistor -type device was 
recently demonstrated, a major event in 
this field. Parametric and tunnel diodes 
prepared from GaAs have a higher fre- 
quency response and lower noise factor 
than any similar device made of Ge or 
Si. As mentioned before, the last word 
on the "ultimate" semiconductor has not 
been spoken yet. Search for better ter- 
nary compounds has led to two mate- 
rials with very promising properties for 
tunnel -diode and thermoelectric appli- 
cations. Still better ones may be 
uncovered. 

Electronic conversion of radiation 
into electricity, without use of moving 
mechanical parts, open new possibilities 

M. Abrahams operating the Instron 

for our Company. The photovoltaic, 
thermionic, and thermoelectric prin- 
ciples are studied at the Labs as most 
promising and mutually complementary 
in their field of application. All three 
methods depend critically upon new 
materials for success. Our sizable ther- 
moelectric materials effort has led as a 
first result to the most efficient low - 
temperature thermocouple - 7- percent 
energy conversion at a temperature 
drop of only 300 °C. Materials for ther- 
moelectric cooling are quite different in 
composition from those specifically 
designed for power generation. The tem- 
perature range of operation is one of 
the main factors determining the best 
semiconductor mixture. For this reason, 
best generating materials will even 
vary in composition from the hot to the 
cold junction. Advances made during 
the past few years are evident from 
Fig. 6. The cooling efficiency of a refrig- 
erator based upon a material with a 
figure -of -merit of 3 X 10 -3 is about 
equal to that of a small, or about half 
the efficiency of a large, commercial 
mechanical refrigerator. Considerable 
improvements appear possible. 

Information storage for computers 
and recorders is being achieved in ever - 
tinier specks of ferromagnetic and other 
materials. From magnetic cores, printed 
ferrite, and metal plates with micro- 
scopic holes, the trend toward higher 
and higher information- storage density 

tensile strength testing machine. 
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Fig. 6- Progress or the cooling efficiency 
of thermoelectrics, as generally expressed 
by a factor of merit. (Assumed is that the 
hot terminal of the thermocouple is at 
room temperature.) Using materials with a 
figure -of -merit of 3 x 10 a, a thermoelec- 
tric refrigerator can be built to operate 
about as efficiently as a small or about 
half as efficiently as a large commercial 
mechanical refrigerator. 

leads to magnetic tapes and films. 
Attempted improvements in ferroelec- 
trics may some day make practical the 
use of those materials for certain switch- 
ing and storage functions. Basic studies 
carried out on new superconductors and 
on the mechanism of switching will per- 
mit improving the design of novel 
cryogenic memory and storage devices. 

SUMMARY 

Materials are becoming more and more 
the key to progress in electronics. The 
demands for new materials increase rap- 
idly. The complexity and sophistication 
of materials research are growing. Teams 
of scientists with required diverse talents 
appear to be best suited to handle the 
three -fold aspects of materials research. 
Long -range fundamental investigations 
of the basic properties of matter are 
important to provide broad scientific 
guidance in today's accelerated search 
for new and better materials. Close 
cooperation between different teams - 
particularly those involved in related 
materials and devices research -is essen- 
tial. The quality and quantity of cross - 
linkages between groups- complement- 
ing the formal organization - relate 
directly to the laboratory's "I.Q." 

During the past decade, RCA Labora- 
tories scientists have contributed greatly 
to the science and technology of elec- 
tronically active materiials. Pioneering 
work has established RCA Laboratories 
in the eyes of the industry and the scien- 
tific world as one of the leading scien- 
tific centers of materials, especially 
solid- state, research. Our aim is to affirm 
this position by future contributions to 
RCA and indirectly to the materials 
sciences at large. 

1958 
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EFFECT OF CRYSTALLINE ELECTRIC FIELDS 
ON THE MAGNETISM OF MAGNETIC OXIDES 

THE MAGNETIC OXIDES have become 
important in the field of electronics 

mainly because of their high electrical 
resistivity and the ease with which they 
can be prepared as ceramic materials. 
The major macroscopic properties of 
the magnetic oxides basic to their 
engineering performance are the mag- 
netization, tithe anisotropy. and the Curie 
temperature. Such other properties as 
the permeability, the coercive force, and 
the B -H loop shape are describable in 

by 

Dr. P. J. WOJTOWICZ and P. K. BALTZER 

Physical and Chemical Research 
RCA Laboratories 

Princeton, N. J. 

terms of the above major properties. A 
knowledge of these characteristics is 
usually sufficient for the intelligent con- 
ception and design of useful magnetic 
and electronic devices. 

The macroscopic properties such as 
magnetization, anisotropy and Curie 
temperature, however, are in turn the 
result of the individual and collective 

Fhe visualization of atomic arrange - 
me.ts and electric field configuro- 
.ions in crystals is greatly aided by 
the use of "ball and stick" models of 
lattice structures. Here the authors, 
Dr. P. J. Wojtowicz (left) and P. K. 

Bollzer, examine a model of the 
Perovskite lattice, a structure com- 
monly encountered in studies of 
magnetic oxides. 

properties of all the ions, magnetic as 
well as nonmagnetic, of which the sub- 
stance is composed. To properly 
understand the behavior of magnetic 
materials, it is of the utmost importance 
to first understand the physics and 
chemistry of single magnetic ions, of 
their interaction with each other, and of 
their interaction with the crystal lattice 
in which they reside. Once an under- 
standing of this information is obtained, 
it should be possible to predict the influ- 

J 

Fig. 1 -Cubic arrangement of negative 
oxygen ions about positive metal ion. 

Fig. 2- Tetragonal arrange- 
ment of negative oxygen ions 
about positive metal ion. 
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ence of these microscopic interactions 
upon the properties of future magnetic 
oxides. The ultimate aim, of course, is 
to be able to specify the composition of 
materials that will satisfy the require- 
ments of given specialized practical 
applications. 

Within recent years, our understand- 
ing of the complex microscopic inter- 
actions within magnetic materials has 
been significantly advanced by the appli- 
cation of the crystal field theory. The 
success of the crystal field theory in 
explaining and predicting the magnetic 
properties of matter has in fact been so 
pronounced that it is now clearly appar- 
ent that the crystal -field point of view 
will become important to magnetism 
as the energy -band viewpoint is to semi- 

DR. PETER J. WOJTOWICZ 
received his B.S. in Chemistry from 
Rutgers University in 1953, ad the Ph.I). 
in Physical Chemistry and Physics from 
Yale University in 1956. He was a 
National Science Foundation Fellow at 
Yale, 1953 -56. Dr. Wojtowicz joined 
RCA Laboratories at Princeton in August 
1956 as theoretical physical chemist. 
Presently he is a member of the General 
Research Group and is responsible for 
theoretical investigations of the mag- 
netic, thermal, and structural properties 
of magnetic materials. He is a member 
of the American Physical Society, Phi 
Beta Kappa and Sigma Xi. 

PHILIP K. BALTZER received the 
B.S.E.E. from Northeastern University 
in 1952 and the M.S. in Physics from 
M.I.T. in 1955. He joined RCA Labora- 
tories, Princeton, N. J. in 1955 and since 
1956 has directed the basic research on 
magnetic materials. He is responsible 
also for coordinating the applied 
research activities on ferrite materials 
involving the RCA Laboratories and the 
RCA Semiconductor and Materials Divi- 
sion. He is a member of the American 
Physical Society, Sigma Xi, Tau Beta Pi, 
and Eta Kappa Nu. 

conduction, photoconductivity, and lumi- 
nescence. In this article we shall present 
a brief outline of the crystal -field point 
of view -what a crystalline electric field 
is, how it arises, some of its important 
properties, how its influence on magne- 
tism comes about, and its impact on 
magnetic- material research. If at the 
end of this paper the reader no longer 
finds it incongruous that crystalline elec- 
tric fields actually influence the magne- 
tism of a material, then the purpose of 
this article has been fulfilled. 

THE CRYSTALLINE ELECTRIC FIELD 

An atomistic description of the macro- 
scopic properties of the magnetic oxides 
requires a consideration of how such 
materials are constructed from their 
constituent ions. The positively charged 
iron -group metal ions and the negative 
oxygen ions are arranged in a regular 
periodic structure known as the crystal 
lattice. Since the crystal lattice is peri- 
odic, it is possible to describe it com- 
pletely in terms of small, identical, 
elementary building -blocks called unit 
cells. The systematic repetition of unit 
cells in all three spatial directions then 
makes up the complete lattice of the 
material. The unit cell in turn is con- 
structed from even simpler geometrical 
units such as that shown in Fig. 1. 
Depicted is the characteristic arrange- 
ment of six oxygen ions about a central 
metal ion found in most magnetic oxides. 
By the systematic packing of small 
numbers of such units, the various unit 
cells actually found in magnetic oxides 
may be constructed. An important aspect 
of these, is that all the positive metal 
ions are surrounded locally by negative 
ions only, and vice versa. 

Now, since each ion possesses an 
electric charge and gives rise to an 
associated electric field, any orle ion in 
the crystal lattice is bathed in the net 
electric field of all the surrounding ions. 
This net electric field experienced by 
each ion in the lattice is called the 
crystalline electric field. The condition 
for the mechanical equilibrium of the 
lattice demands that the net crystalline 
electric field vanish at the exact center 
of each of the ions. However, in the 
region of space immediately surround- 
ing the geometrical center of the ions - 
the region in which the electrons orbit 
-the net field is nonvanishing. Thus. 
while the ions suffer no net electrical 
forces, the magnetic electrons thereof 
do actually experience instantaneous 
forces from the crystalline electric field. 

The net electric field in the immedi- 
ate vicinity of a positive ion is almost 
entirely due to that produced by the six 
negative ions locally surrounding it 

(see Fig. 1 ) ; contributions from more - 
distant positive and negative ions in the 
lattice largely cancel and contribute lit- 
tle to the net field. The character of the 
crystalline electric field at a positive ion 
can therefore be simply discussed in 
terms of only the six nearest neighbor- 
ing oxygens. The geometry of the field 
is therefore necessarily related to the 
geometric arrangement of the oxygens 
about the positive ion. In the arrange- 
ment depicted in Fig. 1, the oxygen ions 
are seen to lie in the faces of an imag- 
inary cube surrounding the central 
positive ion. The geometry of this 
arrangement is clearly related to the 
geometry of the cube. The symmetry of 
the oxygen arrangement, and hence that 
of the resultant field, is therefore the 
same as the symmetry of the cube, that 
is, cubic symmetry. 

The value of recognizing these sym- 
metry properties will be illustrated by 
the following example. As we shall see 
later. one of the most important char- 
acteristics of the crystalline electric 
field is the location of the areas of max- 
imum field strength. The areas of maxi- 
mum field strength will be those in 
which the negative electrons of the cen- 
tral ion experience the greatest repul- 
sive forces from the oxygens. The 
repulsive forces will be greatest along 
the lanes drawn between the central ion 
and the oxygens shown in Fig. 1. Now, 
just as there are six equivalent faces in 
a cube, so must there also be six equiv- 
alent regions of maximum field strength. 
The areas of minimum field strength 
will be those in which the electrons 
suffer the least repulsive force. These 
areas will fall along cubic edges, explic- 
itly avoiding the neighborhood of the 
negative oxygens. As there are twelve 
equivalent cube edges. so must there also 
be twelve equivalent regions of minimum 
field strength. 

The cubic arrangement shown in Fig. 
1 is the most symmetrical possible, but 
is not the one always found in nature. 
Quite often in the magnetic oxides, the 
tetragonal arrangement shown in Fig. 2 
is found. Here the magnetic ion is still 
surrounded by six oxygen ions, but now 
two of the oxygens are more distant 
from the central ion than the other four. 
The equivalent figure in whose faces the 
oxygens now lie is a right- square prism. 
The symmetry of the crystalline electric 
field in this case is therefore the tetrag- 
onal symmetry of the right- square 
prism. The major consequence of this 
change in symmetry concerns the num- 
ber of equivalent regions of maximum 
field strength. In Fig. 2, the faces of 
the prism are no longer all equivalent 
as in the cube. Thus, the six regions of 
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Fig. 3- Relative allowed energies of magnetic electrons in crystalline fields. 

maximum field strength will also no 
longer all be equivalent. Reference to 
Fig. 2 shows that the four areas of 
maximum field strength associated with 
the lines drawn to the centers of the 
four equivalent vertical faces remain 
equivalent. The two faces at the top 
and bottom of the prism, on the other 
hand, are equivalent to each other but 
not to the remaining four. Thus, the 
areas of maximum field strength asso- 
ciated with the lines drawn to these 
faces will be equivalent only to each 
other but not to the previously discussed 
four. Furthermore, since the oxygen 
ions in these two faces are more distant 
from the central metal ion, the magni- 
tude of the maximum field strength in 
these two equivalent areas will be less 
than that in the other four equivalent 
areas. 

MAGNETISM OF IONS IN CRYSTALS 

Magnetic ions derive their magnetic 
properties from just a few outer -orbiting 
electrons which we will call the mag- 
netic electrons. The remaining inner - 
orbiting electrons and the nucleus do 
not contribute to the magnetism and may 
simply be thought of as providing a 
suitable carrier for the magnetic elec- 
trons. Now, each electron acts as a 

microscopic permanent magnet capable 
of assuming various orientations in 
space. This electronic magnet is popu- 
larly known as the electron spin. Within 
an ion, the magnetic electrons may have 
their spins aligned either parallel or 
antiparallel to each other. Two elec- 
trons with spins aligned antiparallel to 
each other are called spin -paired; the 
magnetic effect of paired spins cancel 
exactly and hence do not contribute to 
the magnetism of the ion. The net mag- 
netic moment of an ion is just the sum 
of the parallel aligned spins of the 
unpaired magnetic electrons. 

In order to understand and predict 
the magnetic moments of ions in crys- 
tals, it is necessary to take full account 
of the influence of the crystalline elec- 
tric field in determining both the total 
number of magnetic electrons and the 
number of unpaired spins. The maxi- 
mum number of magnetic electrons pos- 
sible in the iron -group ions is ten. The 
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maximum number of unpaired spins is 
five; any increase in the number of elec- 
trons above five automatically requires 
spin -pairing. The actual numbers 
present will be those corresponding to 
the state of minimum electronic energy 
for the ion. 

We must therefore consider how the 
crystalline electric field affects the pos- 
sible energies of the magnetic electrons. 
In the free ion (that is, one not under 
the influence of electric fields), all the 
magnetic electrons present will be 
equivalent having the same allowed 
energy value. If, however, the ion is 
placed in a crystalline electric field of 
cubic symmetry the electrons will no 
longer be equivalent and two sets of 
allowed energies now prevail. Fig. 3 
illustrates how the allowed energy level 
in the free ion is split by the cubic field. 
The depressed energy value corresponds 
to those electrons whose motion carries 
them predominantly into the regions of 
minimum field strength (discussed in 
connection with Fig. 1) , while the 
raised energy value pertains to those 
electrons which predominantly orbit in 
the regions of maximum field strength. 
The numbers associated with the energy 
levels in Fig. 3 indicate that while as 
many as five unpaired electrons could 
have the same energy in the free ion, 
only three unpaired electrons may now 
possess the low energy value allowed 
in the cubic field, the other two possible 
being constrained to have the higher 
allowed energy value. 

A reduction of the symmetry of the 
electric field to tetragonal symmetry 
(Fig. 2) causes further splittings in the 
allowed energy levels as depicted in 
Fig. 3. Since the regions of maximum 
field strength are no longer equivalent 
in this case, electronic motion in these 
regions also cannot be equivalent. The 
high allowed energy value of the cubic 
case therefore splits into two new levels. 
The higher energy corresponds to the 
motion of electrons predominantly in 
the plane of the four close oxygens, 
while the lower energy obtains for elec- 
tronic motion along the line connecting 
the two further -removed oxygens. As 
indicated in Fig. 3, only single unpaired 
electrons may now possess the upper 

energy values discussed. The lower 
energy level of the cubic case is also 
split, since the regions of field strength 
minima are also not equivalent in tetrag- 
onal symmetry, as can be seen by 
reference to Fig. 2. The very -lowest 
energy value corresponds to motion in 
regions near the edges at the top and 
bottom of the prism, while electronic 
motion in the regions near the vertical 
edges of the prism will give rise to a 
slightly higher energy value. 

In Fig. 3, as well as in the preceed- 
ing text, we have indicated the number 
of unpaired electrons that are permitted 
to have the various allowed energy 
values. Actually, twice these numbers 
of magnetic electrons may have these 
energies. But, when the additional elec- 
trons desire these energies they must 
pair their spins with those already pres- 
ent (thereby reducing the total number 
of unpaired spins). It would therefore 
seem that the ion could lower its total 
electronic energy in the field by pairing 
spins and requiring that all its electrons 
have the lowest allowed energy values. 
This would be so if it were not for the 
competing tendency of magnetic ions to 
possess as many unpaired spins as pos- 
sible. The resulting energy and number 
of unpaired spins per ion will depend 
on the outcome of these two competing 
processes. 

The application of the crystal -field 
point of view to the resolution of this 
problem will be illustrated in a number 
of examples that have been of concern 
in the magnetics research programs at 
the RCA Laboratories. There are two 
distinct mechanisms by which the num- 
ber of unpaired spins may be altered 
through the agency of the crystalline 
electric field; these are (a) the valence - 
exchange mechanism, and (b) the spin - 
quenching mechanism. In the first 
mechanism the total number of mag- 
netic electrons per ion is altered, this 
effect necessarily being accompanied by 
a change in the electric charge or val- 
ence of the ions involved. In the second 
mechanism the total number of mag- 
netic electrons remains the same, but 
the number of spin -paired electrons is 
increased. Examples including both of 
these processes will be discussed in the 
following sections. 

THE VALENCE -EXCHANGE MECHANISM 

Many of the magnetic ferrites used in 
electronic technology today contain 
both iron and manganese ions. In those 
compounds where the combined valence 
of these ions is constrained to be five, 
the usual facts of chemistry tell us that 
these ions will coexist as Fe3+ and Mn2 +. 

Both Fe3+ and Mn2+ have five magnetic 
electrons. In the cubic crystalline fields 
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encountered in the ferrites, the tendency 
toward the maximum number of 
unpaired electrons is maintained, and 
a contribution of five unpaired spins per 
ion is expected; however, measurements 
of the magnetization of these compounds 
do not support this expectation. 

To understand this discrepancy, it 
is necessary to examine the electronic 
energies of the ions in cubic fields. If 
both ions are to maintain five unpaired 
spins, the splitting diagram in Fig. 3 
demands that two of the electrons have 
the higher cubic field energy values and 
three the lower. The total energy in 
this case turns out to be the same as 
if all five electrons had the free ion 
energy values. In other words, placing 
Fe3+ and Mn2+ into cubic crystalline 
fields does not raise or lower their elec- 
tronic energies. 

If, however, the Fe3+ and Mn2+ ions 
exchange valences, becoming Fee+ and 
Mn3 +, the energy situation changes con- 
siderably. The Mn3+ ion in the cubic 
electric field has four magnetic electrons 
with unpaired spins. Three of these 
electrons will have the lower energy 
value. The fourth electron will have the 
higher value. Since there are now three 
electrons with low energies and only 
one with a high energy, Mn3+ will have 
a reduced electronic energy when trans- 
ferred from free space into a cubic 
crystalline field. The Fee+ ion has six 
magnetic electrons. To maintain the 
maximum number of unpaired spins and 
still have a low electronic energy, four 
electrons must have low energies and 
two the higher energy. Within the group 
of four low- energy electrons, two are 
required to be spin -paired, leaving only 
two unpaired spins. The two high -energy 
electrons will be unpaired so that the 
Fee+ ion possesses a net moment of four 
unpaired spins. Because there are now 
four electrons with low energies and 
only two with the higher energy, Fee+ 
also will have a reduced electronic 
energy when placed in cubic fields. 

By lowering the electronic energies 
of Fee+ and Mn3 +, the cubic field 
enhances the stability of these ions in 
crystals. It becomes reasonable to expect 
therefore, that Fee+ and Mn3+ will be 
the coexisting ionic species in the fer- 
rites rather than Fe3+ and Mn2 +. The 
fact that Fee+ and Mn3+ carry only four 
unpaired spins is now sufficient to 
explain the magnetization measurements 
on these compounds. (An experimental 
verification of the coexistence of Fee+ 
and Mn3+ in the magnetic oxides has 
recently been achieved by Dr. Arthur 
Miller, RCA Laboratories.1) 

In summary, this example illustrates 
the effect of the crystalline electric field 
in promoting the transfer of an electron 

from one kind of ion to another. Electron 
transfers of this nature always alter the 
magnetism of the ions involved and most 
often also change the magnetic proper- 
ties of materials containing these ions. 

SPIN -QUENCHING MECHANISM 
In recent years, a number of laboratories 
have prepared a variety of magnetic 
oxides containing significant amounts of 
chromium. In the oxides the stable ionic 
species is Cr3+ which has three magnetic 
electrons. It is usually assumed that 
the three electrons each contribute an 
unpaired spin to the magnetic moment. 
The saturation magnetization of most 
of these materials, however, has been 
found to be anomalously low. 

In cubic crystalline fields, Cr 3+ does 
indeed have three unpaired spins. Refer- 
ence to Fig. 3 shows that the Cr 3+ ion 
can maintain both a maximum number 
of unpaired spins and a minimum energy 
by requiring three electrons with 
unpaired spins to assume the lowest 
cubic field energy value. In those com- 
pounds where anomalously low magne- 
tization values have been observed, the 
Ct3+ ions are found to reside in crystal- 
line electric fields of tetragonal rather 
than cubic symmetry. To maintain the 
maximum number of unpaired spins in 
a tetragonal field, the energy diagram 
in Fig. 3 demands that two electrons 
have the lowest energy values and one 
the next highest. If the tetragonal field 
becomes very strong in these materials, 
the energy difference between the two 
lowest levels may become quite large. 
In that event it becomes energetically 
uneconomical to keep an unpaired elec- 
tron with such a large energy. The 
tendency to maintain three unpaired 
spins is then overcome by the crystal 
field. The high- energy electron will 
assume the low- energy value by pairing 
its spin with one of those electrons 
already possessing the low energy. The 
total number of unpaired spins is thereby 
reduced from three to one. 

The concept of the spin quenching 
of Cr 3+ is particularly successful2 in 
explaining the low magnetization of 
such magnetic materials as NiCr204 
and CuCr204. An especially illustrative 
example is the magnetization behavior 
of the compositional system 

NiFe.,_xCrx04 (0 <x <2). 
The observed saturation magnetization3 
of this system as a function of the com- 
positional parameter x is shown in Fig. 
4. Curve A is the theoretical prediction 
of this behavior based on the assumption 
that Cr y+ has three unpaired spins. 
Curve B represents the prediction of the 
crystal field point of view based on the 
conclusion that Cr3+ is spin quenched 

with a single unpaired spin. A compari- 
son of these curves makes it clear that 
the application of the crystal field theory 
has provided a considerable improve- 
ment in our knowledge of the magnetic 
behavior of these materials. 

There 
SUMMARY 

are also many properties of the 
magnetic oxides besides magnetization 
which are just as strongly influenced 
by the internal crystal fields. Some of 
the more important of these include the 
magnetic anisotropy, the magnetostric- 
tion, the distribution of the magnetic 
ions in the crystal lattice4,5, and the 
cooperative deformations of the crystal 
lattice.6 

The explicit use of the crystal -field 
point of view in magnetic materials 
research has been initiated only within 
the past few years. Further develop- 
ments of the crystal field theory itself 
and of its application to the important 
areas of magnetic behavior are now 
being pursued in laboratories through- 
out the world. 

1. 

2. 

3. 

4. 

5. 

6. 
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Fig. 4- Magnetization vs composition in 
the system, NiFe2_,Cr :04 (Experimental 
points after McGuire and Greenwald). 
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NEW FERRITES FOR ELECTRONICS 
by 

H. LESSOFF, Dr. W. J. CROFT, and J. H. McCUSKER 

NICKEL-ZINC FERRITES have been 
widely used in intermediate-fre - 

quency transformers, wide -band trans- 
formers, and miniature inductors 
because of their linear B -H character- 
istics, low induction levels, and high 
stability. The improvement of other 
properties of these materials is desira- 
ble, however, in such areas as higher 
frequency range, temperature stabil- 
ity, mechanical shock resistance, 
higher saturation induction, and lower 
losses at moderate induction levels.1,2 
This paper describes improvements 
obtained in frequency characteristics, 
magnetic quality factor (Q), and 
temperature stability. 

PREPARATION AND MEASUREMENTS 

Nickel -zinc ferrites are magnetically 
soft ceramics prepared from oxides of 
iron, nickel, and zinc. Like magnetite, 
the ferrites have spinel -type structure. 
Their resistivity is higher than that of 
magnetite because all of the iron is in 
a higher state of oxidation and, there- 
fore, eddy- current losses are low. 

Ferrites are processed by the stand- 
ard ceramic technique of blending the 
oxides, adding a binder, pressing, and 
firing. The electrical properties of the 
finished component can be varied by 
varying such processing conditions as 
firing temperatures and pressing pres- 
sures. The addition of trace amounts 

Advanced Development 
Semiconductor and Materials Division 

Needham Heights, Massachusetts 

of certain impurities to the ferrite also 
affects electrical and magnetic prop- 
erties. The effects of many additives 
under different firing conditions were 
studied to determine the resulting 
properties of the final ferrite body. Of 
the additives investigated, the follow- 
ing proved beneficial: molybdenum 
oxide, barium oxide, cobalt oxide, and 
carbon black. The properties influ- 
enced were high- frequency response 
of initial permeability (p'), the mag- 
netic quality factor (Q), and the tem- 
perature coefficient of initial permea- 
bility (TC). 

Electrical properties of the compo- 
nents were measured with Boonton 
type 190A and 260A Q- meters, a 60- 
cycle hysteresis -loop tester, and a 
slotted -line. The initial permeability 
for frequencies below 50 megacycles 
was calculated from the following 
equation : 

L. - L,, 

where L; is the measured inductance 
of the sample and L is given by the 
following expression: 

d, L - 1.17 X 10-2 N=H logt 
d2 

where N is the number of turns in the 

4 

MOLE PERCENT Ba02 

5 

Fig. 1- Effect of barium oxide additions on high - 

frequency response of initial permeability (tC) and 
magnetic quality factor (Q) at 100 megacycles. 
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Fig. 2- Effect of molybdenum 
oxide additions on initial perme- 
ability ((o) and magnetic quality 
factor (0) 
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toroid, H is the height in inches, and 
d, and d2 are the outside and inside 
diameters, respectively. 

Above 50 megacycles, measure- 
ments were made with a coaxial 
sample holder on both a Q -meter and 
on slotted -line apparatus. Good agree- 
ment was observed with both. 

ADDITIVE EFFECTS 

The temperature coefficient of initial 
permeability (TC) of a nickel -zinc 
ferrite was varied by controlled addi- 
tion of fine -particle carbon black. The 
smaller the particle size of the carbon 
added, the lower the TC became. The 
smallest size available, 100 -angstrom 
material, gave the best results. Within 
a given particle range, the amount of 
carbon black added also controlled 
the temperature coefficient. Increasing 
the amount of carbon black tended to 
lower the TC and, in fact, it was pos- 
sible to make the temperature coeffi- 
cient negative. The RCA Micro - 
module now uses ferrite toroids stabi- 
lized with carbon black for 4.3 -mega- 
cycle inductive elements. 

Barium additions to ferrites 
increase the maximum operating fre- 
quency and lower the TC. Barium 
ferrite,3.4 which is magnetically hard, 
has a hexagonal crystal structure and 
is widely used in permanent magnets. 
The mixture of cubic, magnetically 

0230, 075 i0 20 
MOLE PERCENT 04505 

Fig. 4- Effect of cobalt -oxide additions 
on initial permeability (ii) and magnetic 
quality factor (Q). 

Fig. 3- Multicomponent ferrite 
torpid. 
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soft ferrites with magnetically hard 
barium ferrite4,5 provides a class of 
ferrites having fairly constant perme- 
ability up to approximately 1000 meg- 
acycles. The addition of barium oxide 
to nickel -zinc ferrite results in a large 
decrease in µ', but the Q is higher 
over a greater frequency range. 

The effect of additions of barium 
oxide on initial permeability and 
quality at 100 megacycles is shown in 
Fig. 1. The useful frequency range of 
a ferrite containing 5- mole -percent 
barium oxide is from 10 to 130 mega- 
cycles. The temperature coefficient of 
initial permeability is also affected by 
barium additions; with a 5- mole -per- 
cent addition, the TC is 0 ± 100 parts 
per million per degree centigrade. 
This type of material is also being 
used in the RCA Micromodule equip- 
ment at 50 megacycles. 

Small additions of vanadium 
oxide,6,7,8 arsenic oxide,9,10 and 
copper oxide9,10 to magnetically soft 
ferrites increase the initial permeabil- 
ity and lower the coercive force, but 
reduce the quality factor Q. These 
impurities probably act as fluxing 
agents during firing. 

Small additions of molybdenum 
oxide increase both initial permeabil- 
ity and Q in nickel -zinc ferrites, as 
shown in Fig. 2, but additions of 
greater than 1.0- mole -percent molyb- 
denum oxide result in a decrease in 
both initial permeability and the qual- 
ity factor. The combination of molyb- 
denum and barium or cobalt oxides 

TABLE I- PROPERTIES OF TYPICAL 
FERRITES WITH SMALL ADDITIONS OF 

OXIDES OF Mo, AND Ba OR Co. 

Frequency 
(megacycles) µ' Q µQ X 10 -3 

0.5 170 290 49 
4.0 175 115 22 

11 110 130 14 
25 70 150 10 
50 10 110 1.1 

200 10 110 1.1 
200 15 80 1.2 
300 11 75 0.83 
300 6 110 0.66 
500 10 40 0.4 
500 7 80 036 

1000 10 4 0.04 

results in ferrites useful for inductor 
material in the frequency range of 0.5 
to 500 megacycles. The properties of 
some typical ferrites resulting from 
small additions are shown in Table I. 
At several hundred megacycles, the 
µ Q product is about 100. Combina- 
tion of various ferrites in a single 
toroid, as shown in Fig. 3, permits the 
variation of frequency response or 
inductance in a single ferrite body. 

The effect of small cobalt additions 
to ferrites has been investigated by 
Van der Burgt11, Van Uitert12, and 
Bradley,18.14 among others. Cobalt 
has a large effect on the magnetic 
crystalline anisotropy of a ferrite, and 
changes the magnetic properties of 
nickel -zinc ferrite. Resistivity in- 
creases, Q increases, and initial per- 
meability decreases. Fig. 4 shows the 
effect of cobalt additions to a nickel- 
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zinc ferrite. Most commercial inductor 
ferrites have small amounts of cobalt 
in the ferrite formulation. 

SUMMARY 

By controlled additions of various 
oxides, inductor materials can be pre- 
pared for wide frequency applica- 
tions. New inductive elements for use 
in the FM and TV frequency ranges 
now appear practical,. Some degree of 
control of the temperature character- 
istics of inductive elements is possible 
for use in temperature- compensated 
tuned circuitry. 
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DEFINITION OF TERMS 

1. Driving current (I.) : the peak value of the current pulse 
required to switch a core from its I state to its zero state, or 
vice verse. 

_. Switching time (t,): the time interval between the instant the 
driving current rises to 10 percent of its peak value and the instant 
the undisturbed I (tart) decays to 10 percent of its peak value. 

3. Undisturbed I response voltage (uVi): the peak value of the 
output voltage produced when a core is switched from its undis- 
turbed I state tq its zero state by a current pulse having an ampli- 
tude equal to the driving current fm. 

t. Disturbed zero response voltage (dV): the peak value of the 
output voltage produced when a core which is in its disturbed zero 
state is subjected to a read pulse having an amplitude equal to the 
driving current 

5. Peaking time (tn)s the time interval between the instant the 
driving current rises to 10 percent of its peak value and the instant 
the uf', reaches its peak value. 

6. Break current (Is): the maximum partial -write current (I,,,,,) at 
a given driving current (I / which a core in the zero state will 

tolerate without any substantial increase or change in the amplitude 
of the disturbed zero. 

Current -pulse rise time (t,.): the time interval between the instant 
the driving current rises to 10 percent of its peak value and the 
instant it rises to 90 percent of its peak value. 

H. Current -pulse duration (te): the time interval between the instant 
the driving current rises to 50 percent of its peak value and the 
instant at which it falls off to 50 percent of its peak value. 
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Fig. 1- Hysteresis loop and pulse program 
sequence. 

' J. J. Sacco, right, and L. B. Smith, left. (See 
inside front cover). 
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Magnetic Product Development 

Semiconductor and Materials Division 
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HE DEVELOPMENT OF the magnetic- 
1 T core memory has made possible a 

marked increase in the speed, reliabil- 
ity, and memory capacity of digital 
computers. The rapid and extensive 
application of magnetic storage tech- 
niques has been made possible only by 
the availability in large quantities of 
high -quality memory cores. The devel- 
opment of memory cores, and of meth- 
ods for mass production of uniform 
cores, has been so successful that cores 
can now be designed for specific appli- 
cations and manufactured in large 
quantities to rigid specifications. 

This paper discusses the operating 
principles of magnetic cores in the 
coincident -current memory applica- 
tion, defines the core properties of 
interest and illustrates them by data on 
typical cores, and gives two examples 
of the application of the fundamental 
understanding of materials : (1) to 
develop an improved version of an 
existing core by the use of a different 
material and (2) to develop a faster 
core, using the same material. 

OPERATING PRINCIPLES 

The operation of a ferrite core in coin- 
cident- current memory application is 
explained in terms of the hysteresis 
loop shown in Fig. 1. The -B, state 
of the core is defined as the binary 
digit 1 and the +Br state as O. If a cur- 
rent pulse producing a magnetizing 
force +H,,, (read) is applied to a core 
in its -Br state, the core switches to 
the +Br state, and a large signal volt- 
age (uV 1) is induced in a wire passing 
through the core. If a second current 
pulse producing a magnetizing force 
+H,,, is then applied to the core, the 
flux changes only slightly, and the 
induced voltage signal is small. The 
state produced by this current pulse is 
called the undisturbed zero state. 

A ferrite core for coincident -current 
application must have good signal -to- 
noise ratio when read. In addition, its 
magnetic properties must be such that 
the flux will not change significantly 
when magnetizing forces up to one 
half that required to switch the core 

MBCRT TEMPERNTME=25 ° C 
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Fig. 2- Average characteristics of XF- 3018H. 
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TIME = 0.2y5EC /cm 

Fig. 4- Response voltage of XF- 3018H. 

(i.e., -Hm /2 or +Hm /2) are applied. 
Thus, if a series of current pulses each 
producing a magnetizing force -Hm /2 
is applied to a core in its +B, or 0 
state, the first few pulses of the series 
should cause only slight degradation 
of the zero state, and the remaining 
pulses should produce no further 
change. The state produced by the first 
few pulses is called the disturbed zero 
state. 

The pulse program shown in the 
lower part of Fig. 1 is employed in the 
testing of memory cores and was used 
to generate the data given in Figs. 2 
through 10. It produces the following 
sequence of events : Pulse No. 1 reads 
an undisturbed 1 output signal (uV1) 
which was written by pulse No. 11 of 
the previous cycle. When pulse No. 1 

is completed, the core is left in its 
undisturbed zero state. Pulses No. 2 
through 9 are partial write pulses 
which only degrade the flux slightly to 
its disturbed zero state as long as the 
core is square and not overdriven. 

AMBIENT rE RAi E=25-C 
PIU.SE 

LCNGTn(ta MSCC 
PNItTIAL WRITE CURRENT(IP.)=0.51 

2000RIVINGSCUNPENT2(=m 3MILLNA2ER 5" 

Fig. 3- Average characteristics of XF -3673. 

17 

www.americanradiohistory.com

www.americanradiohistory.com


TYPE 225MI I I 

PULSE RISE TIME =0.5O SEC 
DRIVING CURRENT= 250 MA 
PARTIAL -WRITE CURRENT = 125 MA 

TIME= 0.5 y SEC /cm 

Fig. 5- Response voltage of XF -3673. 

Pulse No. 10 reads the disturbed zero 
output signal (dVz) and returns the 
core to the undisturbed zero state. 
Pulse No. 11 then switches the core to 
the undisturbed 1 state. 

TYPICAL CORE PROPERTIES 

The most important parameters in- 
volved in the fabrication and selection 
of a ferrite core are its driving - 
current requirements ( Iß,1 and switch- 
ing time ( to l . Other factors are the 
undisturbed 1 response voltage (uV 11, 
disturbed zero response voltage (dVz), 
peaking time ( t I , and break current 
(/b). Both the voltage outputs and 
switching times are affected by the 
amplitude and shape of the current 
pulses. The pulse shape is normally 
defined in terms of rise time (t,.), 
duration (td), and overshoot for a 
given amplitude (See Definition of 
Terms for an explanation of these and 
other parameters.) 

Types XF -3018H and XF -3673 are 
typical production cores having the 
same dimensions (0.050 -inch outer 
diameter, 0.030 -inch inner diameter) 
but different current and switching 
characteristics. Type XF- 3018H, which 
has a switching time of approximately 
1 microsecond at a nominal driving 
current of 500 milliamperes, is used 
primarily in computers which require 
a relatively fast cycle time. Type 
XF -3673, which has a switching time 
of about 2.2 microseconds at a nomi- 
nal driving current of 250 milli- 
amperes, is used mainly in commercial 
applications which require a lower 
driving current. 

Figs. 2 and 3 show the average 

18 

characteristics of XF -3018H and XF- 
3673 cores when the pulse program 
shown in Fig. 1 is used and the cur- 
rent amplitude is varied. The data for 
the various parameters were compiled 
from hundreds of acceptable cores 
representing different production 
batches and firing conditions. This 
information was then averaged and 
plotted as a function of driving cur- 
rent at 2 -to -1 coincidence. Individual 
values of tei to, and dVz vary only 
slightly from the average values, while 
the variation in uV 1 and Ib for a given 
firing condition and between different 
firing conditions is generally about 
± 10 percent around the average fig- 
ures. Figs. 4 and 5 represent the 
response voltage of the two cores as 
displayed on an oscilloscope. The 
large trace shows uV 1 and the small 
trace dVz. 

Coercive force (H,.), threshold field 
(H01, and the switching coefficient 
(Sw1 are more -fundamental param- 
eters which can be related to the driv- 
ing- current requirements (I,n) and 
switching characteristics (te). The 
coercive force (He) is defined as the 
applied field for a major hysteresis 
loop at which the induction (B) is 
zero. The switching coefficient, Su,, is 
the reciprocal slope of the linear 
region of the plot of the reciprocal 
switching time (1/te) versus the applied 
field ( HI. The intercept on the H axis 
of the extrapolation of the linear por- 
tion of the Su. plot is known as the 
threshold field ( Ho ) , which is the field 
required to maintain motion of a 
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Fig. 6- Switching constant curves (SR) for 
XF -3018H and XF -3673. 
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Fig. 7- Average characteristics of XF -4028. 

domain wall. These parameters are 
related by the following equation, 
where H is approximately equal to H0. 

Su. = (H - Ho) t, 

This equation applies only when all the 
flux is being switched and only for 
one type of domain switching. In this 
region, H is usually much greater than 
Ho, and the equation can be written to 
a first approximation as S,,. - Hte. 
This equation, which would apply to 
cores used as switches, indicates that 
lower Su, materials are preferable for 
a given H. The Su. equation does not 
apply rigidly in the 2 -to -1 coincident- 
current region because not all the flux 
may be switching, but it does indicate 
inherent switching properties of the 
material. In the coincident -current 
region, H = H,,, = 2H,., or 2Ho. Thus, 
SW in this region for qualitative con- 
siderations can be written as Su. - 
H,. t,. 

Fig. 6 shows the S,,. plot for two 
memory cores, types XF -3018H and 
XF -3673. The value of S,,. is 0.5 
oersted -microsecond for type XF- 
3018H and 0.4 oersted -microsecond 
for type XF -3673. Because the S,0's 
of both cores are about the same, while 
the coercive force of the XF -3673 core 
is about 0.6 oersted as compared to 
1.2 oersteds for the XF -3018H core, 
the switching time for type XF -3673 
in current coincidence should be and 
is about twice that of type XF- 3018H. 

DEVELOPMENT OF IMPROVED CORES 

Decreased Current. If the S,,. is lower, 
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cores having improved properties 
should be possible. Because the S -. for 
the XF -3673 core is 20 percent lower 
(or faster) than that of the XF -3018H 
core, it was thought that the XF -3673 
material could be used and its normal 
coercive force increased by means of 
firing- temperature changes. A substi- 
tute for the XF -3018H core could then 
be made with either a 20- percent 
reduction in switching time at the 
same driving current, or the same 
switching time with a 20- percent 
reduction in driving current. It was 
decided that the reduction in driving 
current was most desirable. 

As stated previously, the coercive 
force (H,.1 of the XF -3018H core is 
approximately 1.2 oersteds. If the 
XF -3673 material is to be processed to 
obtain the same switching time as that 
of type XF- 3018H, therefore, its 
coercive force would have to be 
approximately 0.96 oersted -a reduc- 
tion of 20 percent from the coercive 
force of the XF -3018H core. This 
result can be shown by the following 
reasoning: 

S, XF-3018H = 0.5 = 
H,. ( XF-3018H ) t, 

S- I XF-3673 I = 0.4 = 
H, (X F-3673 ) tR 

Thus, for the same switching time 

tR) H,. (XF -3673) 

H,. (XF- 3018H) (0.4/0.5) _ 
0.8 (1.2) = 0.96. 

The proper firing- condition changes 
were determined, and the resulting 
core was designated type XF -4028. Its 
average characteristics and response 
voltage are shown in Figs. 7 and 8. The 
nominal driving current for the XF- 
3018H core is 500 milliamperes, while 
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Fig. 8- Response voltage of XF -4028. 
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Fig. 9- Average characteristics of XF -4046. 

that of the XF -4028 core is 400 milli- 
amperes. In the case of the XF -3018H 
core, the measurements were made 
with a 0.2- microsecond current rise 
time, while for the XF -4028 core, a 
0.5- microsecond rise time was used. 
Because the switching time and peak- 
ing time of the XF -4028 core are 
longer because of the longer rise time, 
corrections for a 0.2- microsecond rise 
time lead to the following comparison : 

XF-4028 XF-3018H 
Driving Current 

(I,R), ma 400 500 

Switching Time 
(t"), µsec (approx.) 1 1 

Peaking Time 
(t,,), µsec (approx.) 0.45 0.45 

Undisturbed 1 (uV,) 
Response oltage, mv 85 85 

Coercive Force 
(H,), oersteds 0.95 1.2 

Faster Cores. Speeds faster than one 
microsecond in current coincidence 
were also required. This requirement 
led to the development of cores having 
switching times of a half microsecond 
or less. As stated previously, the coer- 
cive force at maximum squareness for 
the XF -3018H core is 1.2 oersteds, and 
the switching time for this coercive 
force is 1 microsecond. Because S, is 
a constant for a given composition, the 
following reasoning applies: 

Si, = Hr ( XF-3018H ) te ( X F-3018H ) 

= (H,rl tR.a 

(1.2) (1) = (fire) (0.5) 

Hex = 2.4 oersteds 

Therefore, to make a core having a 
0.5- microsecond switching time using 
XF -3018H material, it is necessary to 
increase the coercive force from 1.2 to 
2.4 oersteds. The necessary firing -con- 
dition changes were made, and the 
result was the memory core XF -4046. 
The average characteristics and re- 
sponse voltage of this core are shown 
in Figs. 9 and 10. 

At nominal driving currents (0.2- 
microsecond rise time) , the following 
comparison can be made: 

XF -4046 XF-3018H 
Driving Current 

( /m), ma 1000 500 

Switching Time 
(t,), sec (approx.) 0.5 1 

Peaking Time 
(tp), µsec (approx.) 0.25 0.45 

Undisturbed 1 (uV,) 
Response Voltage, mv 170 80 

Coercive Force 
(HG), oersteds 2.4 1.2 

Therefore, by the use of the infor- 
mation from a few basic measure- 
ments, an existing material in the first 
case was converted into an improved 
version of a standard core of different 
composition. In the second example, 
the properties of a standard core were 
altered to fit a specific application. 

The possibility of further improve- 
ment and variations in existing cores 
is limited only by the fundamental 
parameter of S. and the permissible 
extent to which H,. can be varied. 
Materials having even lower values of 
switching constant (S . = 0.3) and 
coercive force (H,. = 0.03 have been 
or are now being developed. 

Fig. 10- Response voltage of XF -4046. 
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ELECTROLUMINESCENT PHOSPHORS - 
GATEWAY TO A NEW DIMENSION IN LIGHTING 
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by 

J. P. STANAVAGE 

Chemical and Physical Laboratory 
Electron Tube Division 
Lancaster, Pennsylvania 

THE MOST EXCITING recent develop. 
ment in the field of lighting is 

electroluminescence. Light has previ- 
ously been obtained from phosphors 
in such devices as fluorescent lamps 
and cathode -ray tubes. In fluorescent 
lamps, the phosphor is excited by radi- 
ation created when mercury is sub- 
jected to an electrical discharge; in 
cathode -ray tubes, the phosphors are 
excited by a stream of electrons from 
the cathode. In electroluminescence, 
however, the mode of excitation is an 
electric field. 

A simple device utilizing electro- 
luminescent (EL) phosphors is shown 
in Fig. 1. When a field is applied to 
the electrodes, the phosphor- dielectric 
layer, acting as a simple capacitor, 
emits light. Appropriate selection of 
substrate and electrodes permits light 
to be emitted from either or both sides 
of the layer. 

The theoretical mechanism of elec- 
troluminescence has been covered in 
the literature. Most authors1-9 con- 
sider the mechanism to be analogous 
with that for cathodoluminescence. 
However, recent developments at the 
David Sarnoff Research Center at 
Princeton indicate that the present 
theories may have to be revised. This 
paper describes the chemical nature 
of electroluminescent phosphors and 
their electronic characteristics (i.e., 
spectral emission, brightness, efficien- 
cy, and life), and compares electro- 
luminescence with other light sources. 

PREPARATION OF PHOSPHORS 

The number of host materials which 
can be used for practical electrolumi- 
nescent phosphors is extremely limited 
in comparison with those available for 
phosphors excited by other means. In 

Fig. 1 -A simple device utilizing EL phosphors. 

Technician L. B. Denlinger inspects an 
electroluminescent phosphor under 
ultraviolet light for impurities. Top 
left: Compounding a formulation for 
an EL phosphor. Left center: Removing 
a sample phosphor from an electric 
furnace after reaction. Bottom left: 
Measuring brightness of an EL phosphor. 

the field of cathodoluminescence, the 
halide, phosphate, silicate, sulfide, 
selenide, and other salts of elements in 
Groups I and II of the periodic chart 
offer almost unlimited possibilities as 
base materials. In the field of electro- 
luminescence, however, the only prac- 
tical host materials found to date have 
been zinc sulfide, zinc selenide, and 
their solid solutions. 

Similarly, there is a shortage of 
suitable activators and coactivators, 
or "charge compensators," for use in 
this field. In the field of cathodolumi- 
nescence, silver, copper. and manga- 
nese are the most common activators, 
but many of the "transition" or rare - 
earth elements can also be used as 
activators or intensifiers. In electro- 
luminescence, however, the activators 
available are even more limited than 
the host crystals. Although manga- 
nese is used in some cases, the only 
practical activator is copper.. These 
limitations naturally restrict the elec- 
tronic and applications properties of 
the phosphors. 

Even with this limited phosphor 
system, however, materials baying 
spectral emission covering the visible 
region can be prepared by careful 
control of preparative conditions, such 
as firing temperature, flux, activator 
concentration, coactivator, and atmos- 
phere during firing. At present, deep - 
blue, green, green -yellow, deep yellow, 
red, and white emitters can be ob- 
tained by strict process control. Fig. 
2 shows normalized spectral response 
curves of phosphors prepared from 
zinc sulfide, selenide, and their solid 
solutions using various coactivators. 

PHOSPHOR CHARACTERISTICS 

To date, five electroluminescent phos- 
phors have been standardized rang- 
ing in color from a deep blue emitting 
at about 4550 angstroms to a deep 
yellow emitting at about 5850 ang- 
stroms and a white. The spectral - 
emission curves for these phosphors 

ELECTRODES 

SUBSTRATE 

PHOSPHOR- DIELECTRIC LATER 
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I -ZnS:Cu:I 
II - Zn SSe (90:10) Cu: Br 
IQ-ZnS:Cu:Br 
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Fig. 2- Effect of composition on spectral emission. 

are shown in Fig. 3. The brightest 
phosphors are those which emit near 
the peak of the eye- sensitivity curve 
(5550 angstroms) . The spectral emis- 
sion is independent of voltage, but is 
a function of operating frequency. An 
increase in frequency shifts the spec- 
tral response towards the ultraviolet 
region. Maximum shift can be as high 
as 300 angstroms. Fig. 4 illustrates 
the frequency dependency of some 
typical electroluminescent phosphors. 

The effect of voltage and frequency 
on brightness is shown in Figs. 5 

through 9. Brightness generally in- 
creases linearly with frequency up to 
approximately 2000 cycles per second. 
Under normal operating conditions, 
brightness varies with the third power 
of the voltage. The voltage- response 
curve can be controlled within the 
range of about V1-4 by careful selec- 
tion of operating conditions and ap- 
plication techniques. As the voltage 
per unit thickness of phosphor layer 
is increased, the voltage response be- 
comes more linear with respect to 
brightness. At constant voltage, it is 

obvious that phosphor -layer thickness 
is a controlling factor of brightness. 
More -nearly linear voltage- response 
curves are obtained when the phos- 
phor is imbedded in a ceramic dielec- 
tric than when plastic is used. Pro- 
longed operation generally increases 
the slope of the voltage- response 
curve. 

EFFICIENCY AND LIFE 

The efficiency of electroluminescent 
phosphors (lumens per watt) , like the 
brightness, is highest for those which 
emit near the peak of the eye sensi- 
tivity curve. The efficiency of most 
electroluminescent phosphors reaches 
a maximum when they are operated 
in the frequency range from 400 to 
1000 cycles per second and the voltage 
range from 100 to 150 volts per mil. 
The dielectric in which the phosphor 
is imbedded can also affect the effi- 

ciency. Phosphors imbedded in some 
plastics can be twice as efficient as 
those imbedded in glass. 

Phosphor treatment after firing is 
critical and can change the efficiency 

Fig. 3- Typical spetcral- energy emis- Fig. 4- Effect of frequency upon 
sion characteristics of EL phosphors. 
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by an order of magnitude. The oper- 
ating efficiency of electroluminescent 
panels prepared from the phosphors 
discussed above ranges from 4 to 8 
lumens per watt. These values corn - 
pare with efficiencies of 15 to 75 
lumens per watt for incandescent and 
fluorescent bulbs, respectively. Effi- 
ciencies of a much higher magnitude 
can be obtained if the panels are oper- 
ated at optimum frequency and volt- 
age and corrections are introduced for 
the light absorbed by the transparent 
electrodes and the dielectric, for edge 
emission, for emission from both sides 
of a panel, and for other similar fac- 
tors. Unfortunately, although these 
corrections increase the magnitude of 
the efficiency, they do not improve the 
operating characteristics. Operating 
life has little effect on efficiency. Al- 
though brightness decreases on life, 
the power consumption also de- 
creases ; consequently, the efficiency 
remains constant. 

One of the major problems encoun- 
tered with electroluminescent panels 
is the decrease in brightness during 
operation. Typical life curves are 
shown in Fig. 10. The deterioration 
on life is caused partly by the physical 
make -up of the phosphor and the 
dielectric. The effects of chemical 
composition and charge compensator 
were mentioned previously. Environ- 
ment and operating conditions also 
affect the rate of brightness deteriora- 
tion. Continuous exposure to high 
humidity is extremely deleterious. 
The rate of brightness loss is approxi- 
mately a function of the square of 
humidity difference (i.e., life is four 
times better at a relative humidity of 
25 percent than of 50 percent) . As 

Fig. 5- Typical brightness character- Fig. 6- Typical brightness character- 
istics of blue EL phosphors (F- 2102). istics of green EL phosphors (F-2114). 
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Fig. 10- Operating life of typical EL phosphors. 

2500 

operating frequency increases, the 
rate of brightness decay increases, as 
shown in Fig. 11. Although operation 
at high frequencies yields a higher ini- 
tial brightness, the brightness of a 
similar panel operated at a lower 
frequency may be higher after pro- 
longed operation because it has a 
slower rate of deterioration. Voltage 
has a similar effect on life. 

ADVANTAGES OF ELECTROLUMINESCENCE 

Although some of the preceding state- 
ments may appear discouraging, there 
is no question that electrolumines- 
cence has definite advantages over 
other methods of lighting. For exam- 
ple, the type of light source used can 
be critical in certain applications. In- 
candescent and fluorescent bulbs are 
point and line sources, respectively. 
Electroluminescence is an area source 
of light. Provided that a low light 
level can be utilized, an area source of 
this type has the advantage of adapta- 
bility in shape. It can be fabricated 
into various shapes or forms. Panels 
as thin as 50 mils can be made for use 

Fig. 7- Typical brightness character- 
istics of green -yellow EL phosphors 
(F- 2099). 
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in applications where space is at a 
premium, such as in aircraft cockpits. 
Up to 200 incandescent or neon bulbs 
are presently used in such applica- 
tions. 

An additional advantage is that the 
electroluminescent light source is an 
integral part of the instrument and 
does not require additional space. 
Also, because the light emitted over 
the entire surface is uniform, observ- 
ers are not bothered by shadows. 

The life characteristics discussed 
previously can also be an advantage. 
Electroluminescent panels do not burn 
out with an immediate total loss of 
emission, as do incandescent bulbs. 
Their slow decay in brightness, there- 
fore, provides a safety factor to pro- 
tect against sudden loss of illumina- 
tion on critical instruments. Another . 
safety factor is the rugged construc- 
tion of electroluminescent panels. 
They are not fragile, gas- containing 
bulbs, but sturdy panels which can be 
fabricated from plastics and metals. 
Even if the electrodes were damaged 
by severe blows, it would be possible 
for the undamaged parts to continue 
emitting. Electroluminescent light 
sources do not have to be rigid, but 
can be fabricated on flexible sub- 
strates or even on wires which can 
then be woven. These characteristics 
provide great potential for design en- 
gineers interested in the future of 
electroluminescence. 

(The author thanks Dr. S. A. 
Harper for his helpful discussions 
and personal data.) 
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PHOTOCONDUCTIVE MATERIALS 
by 

Dr. G. S. BRIGGS and W. M. KRAMER 

Chemical and Physical Laboratory 
Electron Tube Division 

Lancaster, Pa. 

HERE IS A CONTINUING interest in I the development of specialized pho- 
toconductive materials for use in devices 
having more -or -less complex configura- 
tions for various commercial applica- 
tions. In many instances, the usefulness 
of the material depends on its ability 
to provide a photosurface of suitable 
size and configuration having the desired 
sensitivity, response time, and stability. 
This paper describes several materials 
used in commercial applications; the 
development of these materials reflects 
the cooperative effort of several engi- 
neering groups. Some of the techniques 
used in preparing photoconductive mate- 
rials have also been useful in the prepa- 
ration of other materials. 

Three techniques are used in prepar- 
ing large -area photosensitive layers: 
(1) vapor deposition, (2) the forma- 
tion of polycrystalline layers by the 
sintering of adjacent particles on a suit- 
able substrate, and (3) the use of photo- 
conductive powders embedded in a suit- 
able film- forming binder. 

VAPOR DEPOSITION 

The photosensitive surfaces presently 
used in vidicon -type camera tubes are 
evaporated from antimony trisulfide 
(Sb2S3, Sb4S6) mixed with free sulfur, 
antimony, and /or other compounds. 
The fact that the photosurface is 
deposited by evaporation poses several 
special problems. The material to be 
vaporized must possess certain chemical 
and physical properties in addition to 
its necessary electronic properties. It 
must have a vapor pressure high enough 
so that it can be evaporated at a moder- 
ate temperature, yet low enough so that 
the material will not leave the photo - 
surface during tube processing or use. 
The solid -phase transitions must be 
such that unwanted phase changes do 
not occur during tube processing or 
operation. The material should be capa- 
ble of smooth evaporation without exces- 
sive evolution of gas or the spattering 
of liquid or solid particles which may 
cause spotlike imperfections on the 
photosurface. Chemically, it should be 
stable enough to undergo evaporation 
and subsequent exposure to the atmos- 
phere without decomposition. 

The base material, antimony trisul- 
fide, may be prepared by either precipi- 
tation or elemental fusion. Precipita- 
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tion procedures yield a material of 
uncertain stoichiometry which evolves 
gas copiously during evaporation. 
Because of the difficulties encountered 
with precipitated material, several tech- 
niques have been devised for the prepa- 
ration of antimony trisulfide by 
elemental fusion. The conditions for the 
preparation of antimony trisulfide by 
fusion methods are thermodynamically 
favorable at temperatures above its 
melting point. 

Two methods of elemental fusion are 
now in use. The first, devised some years 
ago, is still used in producing commer- 
cial material. In this method, chemically 
pure antimony is mixed with somewhat 
less sulfur than is required to effect a 
stoichiometric compound. The charge 
is heated in an open Vycor tube under 
an argon atmosphere to a temperature 
of approximately 1000 °C. As the reac- 
tion proceeds (violently at times) the 
melt is manually agitated, and addi- 
tional lump sulfur is added until there 
is a considerable excess over that needed 
for stoichiometry. After a digestion 
period, the melt is cast into 7 -mm sticks 
several feet long. In spite of the excess 
sulfur added. the material at this point 
is always found to contain excess anti- 
mony because sulfur volatility and the 
layering of the liquid phases during the 
digestion period prevent complete 
reaction. 

A further refining step is, therefore, 
necessary. The sticks are fragmented 
and the free antimony is removed as 
completely as possible. The readily 
distinguishable differences in the crystal 
habits of the phases make this task pos- 
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Bible with only visual inspection. The 
antimony trisulfide is then re- melted at 
650 °C under argon, digested, and recast 
as before. During this digestion period, 
the excess, undissolved antimony settles 
out because the antimony has a consider- 
ably higher density than antimony tri- 
sulfide. The amount of free antimony in 
solid solution (and precipitated in the 
solid mass) is a function of the digestion 
temperature and the rate of cooling of 
the cast sticks. The freezing -point curve 
of the antimony trisulfide- antimony sys- 
tem shown in Fig. 1 indicates that lower 
digestion temperatures decrease the per- 
centage of antimony until the eutectic is 
reached at 73.3 percent. Material con- 
taining less than this percentage cannot 
be made by this method. In practice, 
this eutectic is not readily obtained 
because of the prolonged period needed 
to attain equilibrium. As a result, the 
finished material varies in composition 
from 74- to 78- percent antimony. 

Another method was developed to 
overcome the composition difficulties in 
the previous method and to provide a 
purer material. The sulfur used is dis- 
tilled, and the first and last fractions are 
discarded. Special antimony of 99.9999 - 
percent purity is purchased as pound 
ingots, which are fragmented as needed 
to minimize contamination. The desired 
amounts of antimony and sulfur are 
weighed into Vycor tubes, which are 
then evacuated, sealed, and loaded into 
iron tubes. The iron tubes are then 
placed in a compartmental muffle fur- 
nace, as shown in Fig. 2. The furnace 
is program -controlled and is so designed 
that the charge is slowly rotated end - 
over -end during the entire firing sched- 
ule. This method effectively prevents 
the formation of nonreactive layers and 
permits the reaction to proceed at a 
slow, nonviolent rate. With this system, 
approximately six hundred grams of 
material can be prepared per firing. 
After cooling, the tubes are broken open, 
the Vycor is removed, and the antimony 
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Fig. 1- Freezing -point curve: antimony trisulfide (Sb253) /antimony system. 
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trisulfide is ground and screened to the 
desired size. This method is effective for 
the preparation, not only of antimony 
trisulfide photoconductors of various 
compositions, but also of other high - 
purity materials. 

This method of preparation promises 
to become an important tool in the con- 
trol of photosurface compositions. 
Because the vidicon photosurface is pre- 
pared by evaporation from an antimony - 
antimony trisulfide mixture, there are a 
number of variables in its preparation 
which are beyond the scope of this 
paper. The composition of the photo - 
surface is controlled by the interrela- 
tionship of several factors -the 
composition, temperature, and degree of 
decomposition of the mixture during 
evaporation, the resulting vapor pres- 
sure of the component materials of the 
mixture, the accommodation coefficient 
of the substrate for the various species 
in the vapor stream, and the ambient 
pressure in the evaporation chamber 
during the evaporation. 

If the photosurface could be prepared 
with no other considerations than that 
of composition, the problem - though 
not simple - would be far less complex. 
Unfortunately, each of the factors con- 
trolling composition also controls phys- 
ical properties of the photosurface which 
are equally important in their effect 
upon the electrical properties of the 
photosurface. None of the chemical 
effects have been independently evalu- 
ated as yet, although some progress has 
been made. The temperature -vapor 
pressure relationship of antimony tri- 
sulfide from 551 to 600 °C is shown in 
Fig. 3. A comparison of this curve with 
that of antimony indicates, in the ideal 
case, that the lower the temperature of 
a given evaporating material the richer 
the vapor in antimony. This relationship 
is based on a variation of Raoult's law, 
which shows that the ratio of two com- 
ponents in the vapor phase is equivalent 
to N1P1 /N2P2, where N1 and N, are 
the respective mole fractions of each 
component in the system, and P1 and P2 
their vapor pressures. It is desirable that 
the thermodynamic properties of the 
antimony- antimony trisulfide system be 
known so that the temperature of the 
evaporating material may be varied 
according to the requirements of other 
characteristics. 

PHOTOCONDUCTIVE SINTERED LAYERS 

Large -area sintered photoconductive 
layers of cadmium sulfide (CdS) and 
cadmium selenide (CdSe) are presently 
being used in several commercial 
devices. These layers, or materials, are 
particularly interesting because they 
have sensitivities (microamperes per 

Fig. 2- Compartmental muffle furnace used in preparation of 
antimony trisulfide (Sb2S3). 

lumen ) of the same order of magnitude 
as single crystals of comparable com- 
position. These sintered layers are pre- 
pared as follows: a desired mixture of 
raw materials is spray -coated on a sub- 
strate, and the coating is then fired to 
re- crystallize the host material in a 
molten solvent. The firing process incor- 
porates the desired impurities in the host 
material and then evaporates the 
solvent. 

Spray Preparation and Application 

The CdSe (or CdS) spray suspension is 
prepared as follows: CdSe, CdC12, and 
CuCI0 in suitable proportions are added 
to a measured quantity of demineralized 
water, and the mixture is ball -milled 
overnight. Variations in the proportions 
and purity of the constituents, as well as 
the particle size of the CdSe, are impor- 
tant factors in the characteristics of the 
resulting photoconductive layer. 

Although CdSe may be p ;epared by 
precipitation from salt solutions with 
H.>Se, by solid -state reaction between 
precise amounts of CdO (3 mols), CdS 
(0.9 moll, and Se (3 mols) in an inert 
atmosphere, or by the direct reaction of 
Cd and Se under vacuum at elevated 
temperatures, the quantities of material 
available by these techniques have been 
limited and have had variable purity. 
The CdSe presently used is a commer- 
cial product prepared by precipitation 
from solutions of cadmium and an 
organoselenium complex; it is of good 
uniformity and purity and has a maxi- 
mum particle size of about one micron, 
but a purer grade of CdSe is needed. 

The CdS, on the outer hand, is RCA 
high -purity phosphor -grade precipitated 
material. The cadmium chloride and 
CuC12 used are reagent -grade chemicals. 

The preferred method for applying 
the CdSe suspension to the substrate is 
spraying. The texture of the coating, 
whether it be porous or dense (i.e., a 
dry or wet deposit). may be modified by 
control of the spray volume and /or gun - 
to -work spacing for any given particle - 
size spray suspension. Deposits by sedi- 
mentation in aqueous media were unsuc- 
cessful because of the poor wet strength 
of the coatings. Coatings deposited from 
organic suspensions such as acetone and 
some of the lower alcohols had good 
coverage with fair wet- adherence and 
provided useful photoconductive layers 
when sintered. 

Because the sintered layer requires a 
supporting surface which is substan- 
tially inert throughout the entire proc- 
essing, dense, high -fired ceramic mate- 
rials containing at least 85 percent of 
alumina by weight appear to he most 
desirable. Certain borosilicate glasses 
(#774 and #7052), however, have also 
been used successfully as substrate 
materials. The least stable coatings were 
those prepared on lime glass; the glass 
eroded badly during firing, probably 
because of the chloride content of the 
spray and the sintered layers had dark 
currents orders of magnitude greater 
than comparable surfaces on high -alu- 
mina ceramics with light -to- dark -current 
ratios usually less than ten. Table I 
shows the photoconductivity of CdSe 
layers on various substrates. 
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Coatings sintered on soft glass con- 
taining lead were highly resistive and 
showed no photosensitivity, presumably 
because of the poisoning effect of the 
lead on these materials. 

Coating Processing 
The formation and continuity of the 
CdSe and CdS layers, after firing, are 
intimately associated with the CdCI., 
content of the coating, the coating poros- 
ity, and the firing conditions. Without 
CdC12 it is not possible to make sintered 
layers of CdSe and CdS. The CdC12 acts 
as a solvent -flux that knits the CdSe and 
CdS aggregates together without 
destroying their structure; it acts as a 
source of donors (the chloride ion), and 
promotes the incorporation of copper 
into the crystal lattice. 

Both CdSe and CdS are soluble in 
molten CdCl2 to about 40 and 30 percent, 
respectively. Because of this relatively 
high degree of solubility, it is necessary 
to control the level of CdC12 in the coat- 
ing carefully to prevent complete solu- 
tion during firing. If complete solution 
of the CdSe and CdS occurs, the texture 
of the layer is destroyed and, on cooling, 
discrete crystallites of sulphide and sele- 
nide form from the melt, leaving a het- 
erogeneous layer. Under certain condi- 
tions, prolonged firing produces layers 
which are "glassy" and homogeneous in 
appearance. In both instances, the lay- 
ers are highly resistive and show no 
photoconductivity. If, however, less than 
10 percent but more than 2 percent of 
CdC12 by weight is added to the coating 
and the firing conditions are optimum, 
a continuous polycrystalline layer is 
formed. It appears, therefore, that the 
controlled amount of melted CdCI0 dis- 
solves only the smallest crystallites and 
the peripheral areas of the larger CdSe 
and CdS particles during the firing 
cycle. After cooling, a continuous poly- 
crystalline layer of CdSe and CdS forms. 
Variations in processing affect the extent 
of this zone, or intergranular area, and 
its composition. Free CdC12 evaporates 
during the firing cycle. Although the 
melting point of CdC1., is at a tempera- 
ture of 568 °C, the solution of CdSe and 
CdS lowers the melting point to a tem- 
perature of about 500 °C. This effect 
explains why sintering may be obtained 
at the lower temperature. Although 
coating density and porosity are modi- 
fied by the particle size of the CdSe (or 
CdS) and the method of application, 
these factors are less important in deter- 
mining the continuity and properties of 
high -CdCL, sintered layers than of coat- 
ings containing less than 5 percent of 
CdCl2 by weight. The former layers are 
prone to "mud- cracking," probably 
because of non -uniform distribution of 
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CdCl2 and greater solution of the CdSe 
(or CdS) . Low -CdC12 layers are more 
continuous. Firing time and temperature 
are more critical with low -CdC12 sprays 
than with high -CdC12 sprays. Excessive 
loss of CdC12 by evaporation prior to 
reaching the sintering temperature pre- 
cludes any possibility of sintering. 

Early in the investigation of sintered - 
layer formation, it was observed that 
slight changes in the firing procedure of 
coatings having the described composi- 
tion had a marked effect on the photo- 
conductivity of these layers. These 
effects are shown in Table II. 

In the absence of air, the CdSe sin- 
tered layer shows low resistivity with 
essentially no photoconductivity. The 
addition of air or oxygen increases resis- 
tivity, and the sintered layers become 
photoconductive. Only partial sintering 
of the coating occurs in the absence of 
air. Furthermore, appreciable turbu- 
lence appears to decrease the complete- 
ness and extent of sintering, presum- 
ably by sweeping away the CdCl2 before 
its function as the recrystallizing 
medium or solvent for the CdSe (or 
CdS) can be accomplished. It was fur- 
ther observed that not only is a par- 

ticular, stagnant atmosphere required 
around the CdSe coating but the volume 
of the gaseous surround should be min- 
imized. The firing procedure itself is 
most critical in its effect on sintered - 
layer characteristics. For example, 
when the rise time to furnace tempera- 
ture was 5 to 8 minutes, electroded sin- 
tered layers at 0.1 foot -candle provided 
31 microamperes current; at zero foot - 
candles, 0.01 microampere. Compara- 
ble layers fired with a rise time of 11 to 
14 minutes gave one -third less photo - 
current with no change in dark current 
under similar test conditions. 

The useful temperature range for sin- 
tering CdS and CdSe layers is between 
480 and 600 °C. Obviously, shorter firing 
times are required at the higher 
temperatures. 

In addition to its action as a sintering 
agent (solvent), CdCl2 acts as a source 
of donors, either by incorporating chlor- 
ide into the crystal lattice or by forming 
a non -stoichiometric excess of cadmium. 
Thus, in the absence of copper, sintered 
layers prepared as described have low 
resistivity but show no photosensitivity. 

Although copper is added to the spray 
suspension as the chloride, it immedi- 
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ately becomes converted to copper sele- 
nide and is present in the suspension and 
on the dried coating in this form. During 
the firing of the coated substrate, the 
melted CdC12 dissolves the peripheral 
areas of the CdSe (and CdS) particles, 
as previously described, on which the 
copper selenide has precipitated. The 
resulting continuous phase containing 
cuprous copper forms the completed 
photoconductive polycrystalline layer. 
Photoconductivity is thus attained by 
introducing acceptors such as copper to 
compensate partially for the added 
excess donors. As the concentration of 
copper is increased, there is a change of 
resistivity under illumination. The con- 
centration of copper and chloride is, 
thus, an important factor in determining 
the electrical properties of the sintered 
layer. 

PHOTOCONDUCTIVE POWDERS 

Photoconductive powders of CdS (and 
CdSe) have been prepared from puri- 
fied CdS (and CdSe) by a two -step or 
three -step firing method in which chlor- 
ide and copper are incorporated. The 
critical parameters are essentially the 
same as those outlined for sintered -layer 
preparation; the CdC12 is the all- impor- 
tant flux which permits the growth of 
discrete uniform crystallites and the 
incorporation of chloride and copper 
into the lattice. Bulk firing is used for 
powder preparation. Because CdC12 is 
water -soluble, the fired lumps readily 
disintegrate in water and provide a pow- 
der of uniform particle size. Subsequent 
firings in chloride and sulphur atmos- 
pheres determine final powder char- 
acteristics by control of the copper and 
chloride content. These free -flowing 
photoconductive powders may then be 
incorporated in a film- forming binder 
for the desired application. Care must 
be exercised in binder selection, how- 
ever, to ensure chemical neutrality and 
stability of the photoconductive powder. 

SUMMARY 

In the preparation of certain broad -area 
photoconductive layers (evaporated 
films, sintered and powder coatings), it 
was observed that the stoichiometry and 
the proportion and type of impurities 
present, the composition of the sub- 
strate, the density of the preferred coat- 
ing, the nature of the atmosphere used 
during the formative process, and the 
time and temperature of firing have a 
profound effect on the photoconductivity 
of the resulting layer. Although the 
effect of these factors on the electrical 
characteristics of the photoconductive 
layer is apparent, improvement of its 
properties by material modifications and 
process changes is not readily accom- 
plished. 

TABLE I- Photoconductivity of CdSe Sintered Layers on 
(Tubes Fired in N2-air) 

Various Substrates 

Substrates 
Microamperes* 

(0 foot -candles) (0.1 foot- candles) 

Glass 

Borosilicate 0.11 86 

Lime glass 9.0 I04 

Vitreous Ceramics 

85% alumina 0 54 

Zirconium silicate 0 29 

Zirconium silicate: mullite 0 5 

* Measurements made at a dc voltage of 9 volts with a gap 1/l6" x 3/ ". 

TABLE II- Photoconductivity of Cadmium Selenide Sintered Layers 
Prepared in Various Atmospheres 

Tube Firing Microamperest 
Atmosphere Temperature 

( °C) 
Time 

(minutes) (0 foot -candie) (0.7 foot- candle) 

N2 P.P. * 600 5 500 600 

A P.P. * 600 5 10,000 

He P.P.* 600 5 280 290 

N2 + Air 600 5 0.02 500 

* Slight positive pressure maintained. 
f Measurements made at 5 volts; gap width 1 /lc" and length %". 
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A 
PPHOTOCONDUCTOR IS A material 
whose electrical conductivity can be 

increased by the absorption of light or 
other suitable radiation. Thus, photo- 
conductors are useful both as radiation 
detectors (ultraviolet, visible, infrared, 
electrons, X rays, gamma rays, nuclear 
particles) and as radiation -controlled 
electrical switches. 

Although photoconductivity was first 
discovered in 1873 by Willoughby Smith 
while investigating selenium as a resistor 
in underwater cables, actual progress in 
understanding and material development 
has awaited the recent leap forward in 
all solid -state physics which was acti- 
vated by the development of the tran- 
sistor. Photoconducting cells were made 
only of selenium, copper oxide, or thal- 
lous sulfide up to 1940; today, commer- 
cial cells use none of these, but are based 
almost exclusively on germanium, sili- 
con, cadmium sulfide, cadmium selenide, 
lead sulfide, lead selenide, or lead tellu- 
ride, all resulting from recent develop- 
ments. It was not until the end of World 
War II that detection of infrared radia- 
tion by the lead -sulfide -type photocon- 
ductors proved superior to former ther- 
moelectric or bolometric methods. Fig. 2 

shows the intrinsic photoconductivity 
response as a function of incident wave- 
length for a number of typical photo- 
conductors. 

In many cases, photoconducting cells 
today perform the same functions pre- 
viously performed by photoemissive 
cells, with the advantages of decreased 
size and cost, and increased ease of oper- 
ation. The solid -state photoconductor 
cell bears the same relationship to the 
photoemissive vacuum phototube as the 
solid -state diode bears to the thermionic- 
emissive vacuum diode. The photocon- 
ducting television camera tube, the vidi- 
con, is partially replacing the photo - 
emissive tube, the image orthicon. Photo- 
conductors currently play a role also in 
computers and a whole host of detection 
and control systems, including street- 
light control, headlight control and dim- 
ming, camera -iris setting, and auto- 
mobile rear -view mirror orientation. At 
the developmental level, photoconduct- 
ors are a part of experimental picture - 
display and light -amplifier systems, 
where the properties of the photocon- 
ductor are beneficially combined with 
those of electroluminescent materials. 
Photoconductivity itself is one of the 
basic tools of solid -state research, being 
used to determine carrier lifetime, car- 
rier mobility, trapping phenomena, im- 
perfection -level location, and capture 
cross -sections of imperfection centers 
for free carriers. 

Research in photoconductivity 
embraces a wide area of chemistry, 

physics, crystallography, and metal- 
lurgy. Photoconductors may be inor- 
ganic or organic, insulators or semi- 
conductors, crystalline or amorphous; 
they may be used in the form of single 
crystals or microcrystalline powders; 
thin sintered, evaporated, chemically de- 
posited, or sputtered layers; or thick 
sin tered pellets? 

In this paper we shall concentrate 
mainly on the physical processes under- 
lying photoconductivity and the applica- 
tions which have been made of the phe- 
nomenon. A reasonable start has been 
made at developing a phenomenological 
theory of photoconductivity, but a con- 
siderable portion of the preparation of 
useful cells still lies in the realm of syn- 
thesis art. 

Fig. 1 shows several photoconducting 
cells utilizing cadmium sulfide or cad- 
mium selenide as the photoconducting 
material. What we shall say here is 
directly applicable to this type of photo - 
conducting material, and with certain 
appropriate modifications, to other types 
of material as well. 

CHARACTERIZING PROPERTIES 

There are four properties of a photo- 
conductor (together with their variation 
with excitation intensity and tempera- 
ture) which serve to characterize it: (1) 
dark conductivity, (2) spectral response, 
(3) speed of response, and (4) photo- 
sensitivity. Fig. 3 and 4 should be con- 
sulted as a background to the following 
discussion. 

Dark Conductivity 

The conductivity in the dark depends on 
the band gap of the material, and on the 
density and type of imperfections which 
are present. In insulators (room -tem- 
perature conductivity less than about 
10_6 /ohm -cm) the density of free car- 
riers in the dark because of thermal 
excitation is usually much less than the 
density of free carriers created by photo - 
excitation. In semiconductors (conduc- 
tivity greater than 10 -6 /ohm -cm, but less 
than 102 /ohm -cm) the density of free 
carriers in the dark is usually greater 
than the density of photo- excited car- 
riers. This intrinsic difference between 
insulators and semiconductors affects 
not only some aspects of their photo- 
conductivity behavior, but also the con- 
ditions under which photoconducting 
cells are used. Insulating photoconduc- 
tors are usually operated at room tem- 
perature with steady radiation. Semi- 
conducting photoconductors are usually 
operated at low temperatures with inter- 
mittent radiation to produce an alternat- 
ing signal suitable for amplification. 

Spectral Response 

In a pure material, light of energy less 
than the band gap cannot create free 
carriers, and therefore cannot give rise 
to photoconductivity. Photoconductivity 
results from excitation by light of energy 
equal to or greater than the band gap 
(Fig. 3, transition 1). and ceases abruptly 
when the energy of the light decreases 
to a value smaller than the band gap. 
Actually, a maximum response is usually 
found at a light energy very close to that 
of the band gap; the decrease in response 
for higher -energy light results from the 
complete absorption of this light in sur- 
face regions of the photoconductor which 
have an intrinsically lower photosensi- 
tivity than the volume. 

When imperfections are present (Fig. 
3, transition 2) , less energy is required 
to excite an electron from the imperfec- 
tion level to the conduction band than is 
required to excite across the band gap. 
The presence of such imperfections 
shows up therefore as additional 
response for light of energy less than the 
band gap, i.e., as a response to the long - 
wavelength side of that associated with 
the pure material. The lowest- energy 
light able to give the imperfection 
response serves to locate the level with 
respect to the bottom of the conduction 
band. 

Speed of Response 

Trapping centers are those which tem- 
porarily remove electrons from the free 
state and then return them to the free 
state at a later time when sufficient ther- 
mal energy has been supplied from 
crystal vibrations (Fig. 3, transitions 5 
and 6). In a material with no trapping 
effects, the speed of response would be 
identical with the lifetime of the free 
electrons. In actual practice, particu- 
larly for low- light -intensity excitation, 
the observed speed of response is many 
orders of magnitude less than would be 
expected from the lifetime. The occur- 
rence of these rise and decay times much 
greater than the lifetime is caused by 
trapping of free carriers. Trapping 
lengthens the rise time by removing 
photoexcited free electrons from the free 
state and requiring a time elapse for a 
steady state to be set up between the new 
density of free electrons and the new 
occupancy of trapping centers. Trapping 
lengthens the decay time by slowly 
releasing trapped electrons after the 
excitation has been terminated. In the 
case of low -intensity excitation, the 
density of trapped electrons may greatly 
exceed the density of free electrons, so 
that the decay time is really given by the 
time required to free an electron from a 
trap, rather than by the free lifetime 
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Fig. 2- Intrinsic photoconductivity response of typical photoconductors vs. wavelength, 
where "intrinsic" means response of the material itself without incorporated impurities. 
Impurities extend response to longer wavelength than the intrinsic response. Intrinsic 
responses extend from the ultraviolet ( <0.4g) through the visible (0.4 to 0.7g) into the 
infrared (>0.7g). 

determined by recombination between a 
free electron and a hole captured at a 
recombination center. 

Photosensitivity 

The value assigned to the photosensi- 
tivity of a photoconductor should express 
how useful the photoconductor is in con- 
verting light energy into electrical cur- 
rent. There are at least three ways of 
defining this utility which are in common 
use. 

(1) Minimum detectable excitation 
required to give a signal equal to the 
noise. This definition of sensitivity is 
applied principally to detectors of infra- 
red radiation, like lead -sulfide photo- 
conductors. The minimum detectable 
excitation, expressed in terms of radia- 
tion power, is about 10 -12 watt to give 
signal equal to noise in such photo- 
conductors. 

(2) Photocurrent per unit light inten- 
sity at fixed applied field. This defi- 
nition of sensitivity has been called spe- 
cific sensitivity, and has been expressed 
in units of cm2 /ohm -watt. It is obtained 
by multiplying the conductance by the 
square of the electrode spacing and 
dividing by the total radiation power 
absorbed. 

Ai 

Specific Sensitivity S = V 12 (1) 
P 

where A i is the photocurrent, V is the 
applied voltage, l is the electrode spac- 
ing, and P is the absorbed radiation 
power. The specific sensitivity is inde- 
pendent of cell geometry or light inten- 
sity, provided that the photocurrent 
varies linearly with applied field and 
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light intensity. The most sensitive cad- 
mium- sulfide and cadmium -selenide pho- 
toconductors have specific sensitivities 
near unity. The sensitivities of several 
forms of cadmium sulfide are summar- 
ized in Table I. 

(3) Photoconductivity gain, i.e., the 
number of electrons passing between 
electrodes for each photon absorbed. 
This definition is perhaps the most use- 
ful for many practical considerations. 
An analysis of the effects described in 
Fig. 4 shows that this gain can be 
expressed:2 

Gain - Lifetime of free electron 
(2) Transit time of free electron 

If T is the lifetime of a free electron, and 
if we express the transit time of a free 
electron between electrodes separated 
by a distance l as this distance divided 
by its velocity, then 

Gain - T ,(1. V 

l2 
(3) 

where p, is the electron mobility, and V 

is the applied voltage. Gains of 104 have 
been observed in cadmium sulfide cells. 

Lifetime - 
Key Photoconductivity Parameter 

It is evident from Eq. (3) that the 
T ( product forms a kind of figure of 
merit for a photoconductor. The mobil- 
ity I, is more or less fixed by our choice 
of material, but for any given material 
the lifetime T can vary over wide limits. 
In insensitive cadmium sulfide, the elec- 
tron lifetime is of the order of 1 micro- 
second, whereas in sensitive cadmium 
sulfide the electron lifetime is of the 
order of milliseconds. The lifetime r 
itself depends on the recombination proc- 
ess (Fig. 3, transition 4) in the following 
way: 

1 
T 

v Sn Nr (4) 

Here Nr is the density of recombination 
centers, i.e., the density of those centers 
which have captured photo- excited holes. 
Sn has the dimensions of area and is 
called the capture cross -section of these 
centers for free electrons. y is the ther- 
mal velocity of a free electron. 

The product y Sn represents the total 
volume swept out in one second by a 
recombination center. The magnitude of 
the capture cross -section depends 
directly on the chemical nature of the 
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center. A center with a Coulomb attrac- 
tion for the carrier under consideration 
has a capture cross -section of about 
10 -13 cm2. A neutral center has approxi- 
mately a geometric cross -section of 10 -'5 
cm2. Centers which are charged such 
that there is a Coulomb repulsion of the 
carrier under consideration may have 
cross -sections as small as 10 -20 cm2. 
Each imperfection center is character- 
ized by two cross -sections: one for holes 
and one for electrons. Quite often these 
two cross -sections are widely different: 
in sensitive cadmium sulfide crystals, for 
example, the capture cross- section of 
centers B for holes is 106 time larger 
than the capture cross -section of these 
centers for electrons (after a hole has 
been captured) 3 

Maximum Performance 

Assuming that the material parameters 
T and g, have been fixed, the photocon- 
ductivity gain of Eq. (3 ) can still be 
increased by increasing the applied 
voltage or by decreasing the electrode 
spacing. Although Eq. (3) indicates no 
limit to which such an increase can be 
pushed, there are three physical phe- 
nomena which will terminate the appli- 
cability of Eq. (3) under the continued 
increase of applied field. These are (1) 
the injection of space- charge -limited 
current from the cathode, (2) impact 
ionization by free carriers, and (3) 
dielectric breakdown. Injected space - 
charge- limited current is usually en- 
countered first with increasing applied 
field. Maximum gain is reached at that 
applied voltage at which the injected 
current is approximately equal to the 
photocurrent. Traps play a dual role: 
they give rise to long response times by 

Fig. 4 -A photoconductor in operation, 
here specifically for on n -type photocon- 
ductor like CdS. Two ohmic metallic con- 
tacts to the photoconductor are assumed. 
1) Absorption of a photon forms a free 
electron -hole pair. 2) Under the applied 
electric field, the photo- excited electron 
moves toward the anode. 3) Similarly, the 
photon -excited hole moves toward the cath- 
ode. 4) The hole is captured at an imper- 
fection center. 5) After the initial electron 
has left the photoconductor at the anode, 
the residual positive space charge due to 
the excess captured hole leads to the 
entrance of an electron into the photocon- 
ductor from the cathode. Photocurrent con- 
tinues until a free electron recombines with 

OHMIC CONTACT 

N5 l\ 
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`4< 
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Fig. 3 -Basic electronic processes in a photoconductor, here specifically for 
an n -type photoconductor like CdS. (Arrows indicate electron transitions.) 
1) Excitation of host crystal by absorption of light with energy equal to or 
greater than the band gap; for each photon absorbed, one ellectron -hole 
pair is formed. 2) Excitation of a bound electron at an imperfection level; 
imperfections may be either impurities or crystal defects such as vacancies. 
3) Capture of a photo -excited hole by an imperfection center. 4) Capture 
of a photo -excited electron by a center which has previously captured a 
photo- excited hole, resulting in recombination of the carriers. 5) Capture 
of a photo -excited electron by an electron -trapping center. 6) Thermal 
freeing of a trapped electron. 7) Optical freeing of a trapped electron. 
8) Optical freeing of a captured hole. 9) Thermal freeing of a captured 
hole. Transitions 1 and 2 determine spectral response; 3 and 4 determine 
free -electron lifetime and, hence, photosensitivity; 5 and 6 frequently 
determine speed of response; 7 causes stimulation of conductivity; 8 and 
9 correspond to optical and thermal quenching of photoconductivity when 
the centers involved are those with small cross -section for free electrons. 
Transitions 3 and 4 may be either radiative, i.e., give rise to luminescence 
emission, or nonradiative. 

filling and emptying during photoexcita- 
tion, as mentioned previously, but they 
also allow the achievement of higher 
maximum gain by increasing the maxi- 
mum field which can be applied before 
space- charge -limited currents become 
important. Traps bring about the latter 
effect by capturing the injected carriers. 

the captured hole. In general, two types 
of centers con capture holes, indicated as 
centers A and B. Centers A have a large 
probability of capturing a free electron 
after having captured a hole; centers B have 
a small probability of capturing a free 
electron after having captured a hole. 
Centers A exist in all crystals of CdS, even 
the purest prepared to dote; since they aid 
recombination, they cause low photosensi- 
tivity. If centers B are added deliberately, 
a sensitive photoconductor is produced; the 
net result of adding centers B is to reduce 
the number of centers A available for 
recombination by essentially keeping the 
centers A occupied by electrons. 

An expression for the maximum gain 
as limited by current injection has been 
d erived:4 

limas 
To NA 

TR(' Nt 
(5) 

Here T0 is the observed response time, 
TRr is the product of the resistance R 
and the capacity C under operating con- 
ditions, i.e., the RC time constant or the 
dielectric relaxation time, NA is the num- 
ber of positive charges on the anode cor- 
responding to the number of traps filled 
by the field -injected current, and Nt is 
the number of traps filled by the photo - 
excitation process (including the free 
electrons in Nt) . 

If the same traps are filled both by 
field- injected charge and by photoexcita- 
tion, then N ,IN t = 1, and the maximum 
gain is limited to unity for many appli- 
cations for which Ta T RO, such as the 
vidicon or the light amplifier. If, how- 
ever, there are centers which are filled 
by field- injected charge, but are not 
filled by photoexcitation, the maximum 
gain" ,6.7 can exceed -/TR('. Recombina- 
tion centers (centers B) lying at the 
proper place in the forbidden gap (just 
above the Fermi level) meet these re- 
quirements. Alternatively, surface traps 
may capture the injected charge while 
photocurrent flows primarily through 
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volume regions with a such smaller trap 
density. 

Maximum practical performance of a 
photoconductor cell requires maximum 
Gm,az /To, or maximum gain- bandwidth 
product. For a typical case of a sand- 
wich -type cell, we can express this 
product : 

Gmax 
To N 

where K is a constant depending only 
on the dielectric constant and the elec- 
tron mobility of the photoconductor, and 
n is the density of free electrons. The 
gain- bandwidth product can therefore be 
maximized in three ways: (1) increasing 
the operating conductivity, (2) increas- 
ing the density of centers which capture 
field- injected charge but not photo - 
excited charge, and (3) decreasing the 
density of centers which capture photo - 
excited charge, i.e., the conventional 
electron trapping centers. The first of 
these is often ruled out since many appli- 
cations of photoconductors have a maxi- 
mum allowable conductivity. Both of the 
other alternatives involve appreciable 
difficulty in synthesis. 

= Kn 
NA (6) 

SUMMARY 

This is the situation in photoconductivity 
today. Present research has met with 
some success in decreasing the density 
of trapping centers by careful control of 
purity and preparation, and scattered 
crystals have shown photoconductivity 
performance indicating values of N,1 /Nt 
as high as 500. Table I compares the 
low -light speed of response of such 

TABLE I Properties of Various Cadmium Sulfide Photoconducting Materials 

Material 

Specific 
Sensitivity, 

cm2 /ohm watt 
Electron 

Lifetime, sec.* 
Response Time at 

10 -4 ft -c, sec. 

Impure CdS 
(Contains recombination 
centers such as Ni) 10-9 10 -10 

Pure CdS 
(No spectrographically 
detectable impurities ) 10-5 10 -e 

Sensitive CdS 
( Contains deliberately 
incorporated impurities 
such as Cl and Cu) 10 -1 10 -2 10 

Experimental Sensitive CdS 
(Contains only traces of 
iodine impurity) 10 -1 10 -2 10 -1 

*Also the response time for very high light level excitation. 

experimental sensitive cadmium sulfide 
crystals with the standard sensitive crys- 
tals containing chloride and copper 
impurities. The immediate problem is to 
consolidate these advances made with 
single crystals and to determine whether 
they can be successfully carried over to 
other forms of photoconductors, such as 
powders and sintered layers. In addition, 
there are certainly many uses of photo- 
conductors which do not require the lim- 
its of gain and speed to be pushed so 
intensely, so that a rapid growth in appli- 
cations and developments over the next 
few years can be anticipated. 
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sl'ACE- CHARGE- LIMITED currents in vac- 
uum tubes have, for a long time, been 

a familiar subject for engineers and 
physicists. The current in a vacuum tube 
is carried by electrons that are injected 
from the hot cathode into the vacuum. 
The injected electrons form a cloud of 
negative space charge in front of the 
cathode. This space charge prevents 
more electrons from leaving the cathode 
and this limits the current. Fig. 1 shows 
the potential distribution between cath- 
ode and anode in the vacuum tube; the 
curvature of the potential distribution 
indicates the presence of negative space 
charge. 
THE INSULATOR AS VACUUM ANALOG 

In a solid -state analog of the vacuum 
triode the vacuum is replaced by an 
insulator. Electrically, an insulator is 
indeed very similar to a vacuum, since 

it also represents a space devoid of free 
charge carriers. In the same way that 
electrons are injected from a thermi- 
onic cathode into vacuum. they are 
injected from a properly designed cath- 
ode into the electrical vacuum of an 
insulator. In like manner. holes could 
be injected from the anode into the 
insulator. In this paper, we are con- 
cerned only with electron injection. Fig. 
2 shows the resulting potential distribu- 
tion in the insulator. The electrons are 
"shot through" the insulator from the 
cathode to the anode. Provided that 
electrons can readily enter the insulator 
the current will only be limited by the 
space charge that is formed by the elec- 
trons in the insulator. The magnitude 
of the space charge is like that in a 
vacuum diode. given simply by the 
product of the applied voltage and 
approximately the interelectrode capaci- 
tance. The space charge prevents fur- 
ther excess electrons from entering the 
insulator by simple electrostatic repul- 
sion, in the same way as the electron 
space- charge cloud before the cathode 
in the vacuum tube limits the anode - 

current flow. 
While the principles of space- charge- 

limited current injection into vacuum 

and into an insulator are the same, the 
experimental conditions for achieving 
space- charge- limited current flow are 
different in both cases. 

First, concerning the electron emit- 
ting contact, in both cases it is prin- 
cipally desirable to have an electron 
reservoir in the cathode from which 
electrons can freely enter the vacuum 
or the insulator. In order to obtain an 
appreciable electron emission current 
into vacuum, it is necessary to bring the 
electron emitting thermionic cathode to 
a high temperature. In contrast. free - 
charge carriers can he injected into an 
insulator already at room temperature. 
A contact that provides such a réservoir 
of carriers is called an ohmic contact. 
On the other hand. if the free charge 
carriers in the contact material have too 
low an energy to be able to enter the 
insulator. the contact is called blocking, 
since it blocks the current flow. If one 
ohmic and one blocking contact are 
applied to an insulator, carriers can 
only be injected in one direction, and 
the arrangement is a rectifier. In the 
same way. the familiar vacuum diode 
can be looked upon as a vacuum space 
to which one ohmic and one blocking 
contact are made. 
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Second, the crystal lattice of the insu- 
lator and its various defects bring in 
alterations from the well -known space - 
charge- limited current flow in vacuum. 
In a vacuum tube, the electrons will, in 
general, be able to reach the anode 
without collision with a residual gas 
ion. In other words, the mean free path 
of the electrons is of the order of the 
tube dimensions. In an insulator, the 
electrons are scattered mainly by ther- 
mal vibrations of the crystal lattice. 
This effect causes the mean free path of 
the conduction electrons in the insulator 
to be 1 to 100 interatomic distances. For 
this reason, space- charge -limited cur- 
rents in an insulator of the dimensions 
of a vacuum tube will be extremely 
small, but they can become very pro- 
nounced at electrode distances below, 
say, 1 mm. 

Further, in vacuum the electron is 
accelerated by an electric field, like a 
freely falling body is accelerated by the 
gravitational field. In a solid, the elec- 
trons move with constant velocity due 
to "friction" with the crystal lattice, 
like a body falling with constant veloc- 
ity through a viscous liquid. 

Finally, while all electrons in a vac- 
uum tube are free to move, the elec- 
trons in an insulator while travelling 
from the cathode to the anode are 
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trapped by lattice defects or impurity 
atoms during a large fraction of their 
transit time. This causes a reduction of 
the current, since an electron contrib- 
utes to the glectrical current only while 
it is free. In most of the insulating 
materials used in common insulator 
technology, such as ceramics, high - 
polymer organics etc., space- charge- 
limited injection currents are not 
observed because of the highly imper- 
fect crystal structure of these materials. 
The imperfections give rise to excessive 
trapping and a consequent suppression 
of the injection current. 

For the observation of space- charge- 
limited currents, crystals of a very high 
degree of perfection are required. It is 
a paradox that a perfect insulator crys- 
tal is the best insulator when injection 
is prevented but that it can carry the 
largest currents when there is injection 
from an ohmic cathode. It then becomes 
"translucent" to electrons. 

SOLID -STATE TRIODES 

We have seen that by applying one 
ohmic and one blocking contact to an 
insulator, the solid -state analog of the 
vacuum diode is obtained. To make an 
analog triode, one has to apply a "grid" 
by which the space- charge -limited cur- 

rig. 1- Potential distribution between cath 
and anode in a vacuum tube. 

rent is modulated. Since it is desirable 
that there be no grid current, the grid 
should form a blocking contact to the 
insulator. 

At this point, it might be timely to 
outline briefly the difference between an 
analog triode and the various forms of 
transistors in use. In none of the actual 
transistors is use made of the modula- 
tion of a space- charge -limited excess 
carrier injection current. A p -n semi- 
conductor structure making use of 
space- charge -limited currents and 
termed the analog transistor was pro- 
posed some years ago by Shockley, but 
apparently has not been built. The com- 
mon transistor is a bipolar device, i.e. 
the motion of carriers of both signs, 
electrons and holes, is involved in its 
operation. Bipolar transistor action 
implies the injection of minority car- 
riers into a semiconductor in which 
space- charge neutrality is maintained. 
In the unipolar transistor, the motion 
of carriers of only one sign is relevant 
for the operation of the device, but no 
excess carrier injection takes place. 
Rather, the control electrode acts to 
deplete the already existing thermal 
equilibrium density of carriers. Hence 
the electron current flow in the space 
between cathode and grid (or, in the 
case of a p -type semiconductor, the hole 
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Fig. 2- Potential distribution between cathode 
and anode in an insulator with an ohmic 
cathode. 

current flow between anode and grid) 
is not space- charge -limited. 

THE ANALOG TRIODE 

The actual construction of an insulator 
analog triode in which a space- charge- 
limited current is modulated in close 
analogy to a vacuum triode has become 
possible since Smith and Rose discov- 
ered some years ago in the RCA Lab- 
oratories that large space- charge -limited 
currents can be drawn through insulat- 
ing cadmium sulfide single crystals. 

A cadmium sulfide analog triode 
which demonstrates the principle of 
analog operation is shown in Fig. 3. 
Fig. 4 shows the cross section through 
the essential part of the device. The 
insulator substituting for the vacuum is 
a cadmium sulfide single crystal. about 
1 /100 mm thick. The electron- emitting 
cathode is formed by evaporated indium 
metal, and the blocking grid electrode 
consists of evaporated .tellurium. The 
work function of the anode material is 
of no more importance for the perform- 
ance of the analog triode than it is for 
the vacuum triode. For the convenience 
of application, it is also made from 
tellurium. 

Since the device operates in a way 
analogous to the vacuum triode, its cir- 
cuit connections are similar. The basic 

Fig. 3 -CdS analog triode with a common pin head for size ccanpaison. 
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Fig. 4 -Cross section through insulator analog triode 

circuit elements are indicated in Fig. 4. 
A space -charge- limited current is drawn 
between the cathode and the anode. If 
the grid is biased negatively, its nega- 
tive potential extends into the cathode - 
anode space. The negative charge on 
the grid can be considered as enhanc- 
ing the negative space- charge between 
cathode and anode. Since this charge is 
a bound charge. it does not contribute 
free carriers to the current flow, but 
rather acts to enhance the space- charge 
barrier, thus reducing the anode 
current. 

By space -charge- limited carrier injec- 
tion into a cadmium sulfide single crys- 
tal, a current flows that is more than a 
million times higher than the current 
through the crystal without excess car- 
rier injection from the contact. This 
current is reduced to a small fraction 
of its initial value by the application 
of a few volts to the grid electrode. The 
current drawn from the grid is 
extremely small, so that the device 
becomes a high- impedance amplifier. 
The frequency response of present 
devices extends from d -c over the audio - 
frequency range. 

SUMMARY 

Space- charge -limited current through 
insulators can be modulated in a way 

analogous to those in a vacuum triode. 
Mainly because the mean free path of 
a charge carrier in a solid is much 
shorter than in vacuum, space-charge- 
limited currents are likely to be real- 
ized only at very small interelectrode 
distances. For this reason, an analog 
triode is a very small device, and the 
principle of analog operation is well 
suited for the development of integrated 
devices. The frequency response of pres- 
ent preliminary forms of the device is 
limited to the audio range. This limita- 
tion is probably due to trapping proc- 
esses, and any improvement in the 
preparation of pure insulating single 
crystals is expected to shift this limita- 
tion to higher frequency values. The 
high input impedance of the grid elec- 
trode allows the analog triode to fit a 
number of applications not accessible to 
commercial transistors. 

While preserving all the essential fea- 
tures of the corresponding vacuum 
devices, the solid -state analog devices 
will have a greater versatility of appli- 
cations by virtue of the well -known 
advantages of a solid -state device, such 
as small size, absence of a heated 
cathode, long life time, low cost, rigid 
construction, reliability, and possibility 
of high -temperature operation. 
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DIELECTRIC CERAMICS IN ELECTRON TUBES 
by 

W. J. KOCH and T. F. BERRY 

Chemical and Physical Laboratory 
Electron Tube Division 
Harrison, New Jersey 

THE WORD CERAMIC is derived from 
the Greek word keramos, meaning 

"a potter," "potter's clay," or "pottery," 
and is related to an older Sanskrit root 
meaning "to burn." The definition gen- 
erally given for a ceramic is "a product 
obtained through the action of fire upon 
an earthy material." This all- inclusive 
definition covers not only electrical and 
thermal insulators, but also structural 
products, such as refractories and build- 
ing materials, glass, enameled ware, 
abrasives, and cements. The special and 
specific types of ceramic insulating 
materials used in electron tubes, how- 
ever, have brought a new meaning to 
this definition. 

Ceramic dielectric materials are used 
in electron tubes primarily as external 
and internal insulators; e.g., as elec- 
trode spacers in power tubes, or as the 
tube envelope of the Nuvistor tetrode 
and power tube. These ceramic parts 
must be very pure and have a known and 
fixed chemical composition in order to 
permit a high degree of electrical per- 
formance and to prevent tube contami- 
nation. 

The ever -increasing demand for cer- 
amics having better dielectric proper- 
ties has led to new techniques in the 
processing of these materials. Such 
techniques include the use of very pure 
raw materials, better pressing and firing 
methods, phase- diagram investigations, 
X -ray analyses and various types of 
microscopic inspection. 

The first insulators were made from 
mixtures of various clays. feldspar, and 
silica, all of which are mined from the 
earth. Although washed and graded, 
they contained varying amounts of trace 
impurities. Raw materials presently 
used in the manufacture of ceramics for 
electron tubes are either chemically 
pure, precipitated compounds, or natu- 
ral materials which have been refined 
and purified so as to keep the trace 
impurities at a fixed and low level. 

CERAMICS USED IN ELECTRON 

TUBE INDUSTRY 

The principal ceramic dielectric mate- 
rials used in the Electron Tube Division 
occur in the magnesia -alumina -silica 
system, a phase diagram of which is 
shown in Fig. 1.1 Suitable proportions 
of these end members (single oxides of 
the phase system) mixed in varying 
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quantities and fired to the proper tem- 
peratures produce ceramic articles no 
longer composed of a mixture of the 
various end members, but rather a corn - 
pletely new crystalline compound hav- 
ing superior electrical properties, If, 
in the case of the magnesia- alumina- 
silica system, the body composition is 
compounded so as to produce a micro - 
crystalline structure in which the pri- 
mary crystalline phase is forsterite 
(2MgOSiO2), the resultant ceramic 
body is called a forsterite body. If, on 
the other hand, the magnesia content is 
reduced and silica content is corres- 
pondingly increased, the primary crys- 
talline phase will be protoenstatite 
(Mg0Si02) rather than forsterite, and 
the resultant body is then called stea- 
tite. Because compounds of this type are 
formed by partial melting and subse- 
quent recrystallization, the resultant 
ceramics are likely to contain varying 
amounts of glass which has not com- 
pletely crystallized. 

Ceramics having a composition which 
is predominantly that of an end member 
are generally referred to by the name of 
the primary crystalline phase, as, for 
example, magnesia. Theoretically, such 
ceramics should contain no glass. 
Because such compounds are generally 
very refractory, the manufacturer adds 
fluxes which permit firing at lower tem- 
peratures. This practice, unfortunately, 
tends to form glass and, as will be dem- 
onstrated, glass has a significant effect 
on the physical and electrical properties 
of the ceramic. 

Because each vendor has developed a 
particular material formulation and fab- 
rication procedure, the "same" ceramic 
purchased from different vendors may 
have only reasonably similar electrical 
and physical properties, and even these 
may vary from shipment to shipment. 

STRUCTURAL DETERMINATIONS 

Both X -ray and microscopic inspection 
techniques are helpful in maintaining 
the desired compound uniformity. X -ray 
analyses can quickly and readily reveal 
the presence of deleterious secondary 
phases, but only if these phases are 
present in amounts greater than 5 to 10 
percent. However, X -ray analyses yield 
no information concerning glass or 
porosity of a ceramic body. 

Microscopic techniques are particu- 
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Fig. 1 -Phase diagram, MgO- A1203-SiO2. A, 
quartz; B, enstatite; C, cordierite; D, mullite; E, 

forsterite; F, spinet; G, corrundum; H, periclase. 

larly well suited for the determination 
of structures or flaws which influence the 
finished device. The traditional micro- 
scopic methods consist of examination 
of crushed fragments or specially pre- 
pared, ground, thin sections of the 
ceramic material in the transmitted light, 
followed by subsequent determination 
of the minerals present in the fired 
product. The crushed -fragment method 
gives no structural information, and the 
thin -section method is not only tedious 
and laborious, but is limited to non - 
opaque minerals. More recently, the 
polished section technique has come to 
the fore.`' This method is quite rapid; 
is applicable to metal- ceramic brazed 
structures; and is quite capable of 
revealing such internal structures of the 
ceramic as pores, crystal phases and 
sizes, and the amount of glass present. 
Such structures can and do affect such 
physical properties of the ceramic as 
strength, thermal conductivity, thermal 
expansion, electrical resistivity, power 
factor, dielectric constant, and other 
electrical properties. For example,3,4 
the shape and number of pores in a 
given ceramic can alter the thermal con- 
ductivity by a factor of 10, and the pres- 
ence and the type of glass in a steatite 
composition can result in a change in 
loss factor from 0.016 to 0.004. 

To illustrate the use of polished sec- 
tions, as well as to acquaint the reader 
with microstructural differences between 
various vendor's electronic ceramics, a 
series of photomicrographs have been 
prepared. Fig. 2 shows a weak forsterite 
ceramic which resulted in poor seals. 
Improvements in processing by the ven- 
dor resulted in the stronger, more homo- 
geneous structure shown in Fig. 3. In 
each Figure, the black, roughly circular 
areas are pores. It is apparent that the 
latter shipment (Fig. 3) is denser than 
the earlier one. Fig. 4 is a photomicro- 
graph of the same body shown in Fig. 3, 
but made at a higher magnification to 
show the crystalline nature of the cer- 
amic more clearly. The forsterite crys- 
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tais are observed to be light gray in color 
and approximately hexagonal in outline. 
The lighter gray material between the 
crystals is the residual glass. Again, 
the dark areas are the pores. Fig. 5 
shows another forsterite ceramic, made 
by a different manufacturer, having 
much smaller forsterite crystals and 
different glass distribution. Such micro - 
structural variations are the result of 
different batch compositions, as well as 
processing methods, and are a valuable 
clue to the properties of the respective 
materials. 

Microscopic evaluation can also be 
used to "trouble- shoot" or monitor proc- 
esses in which the ceramics are used. 
Figure 6 shows a forsterite body prior 
to metalizing and Fig. 7 shows the same 
body heated to too high a temperature 
during a metalizing process. The 
increase in the size of the pores is a 
definite indication that the body has 
been overfired. A decrease in the tem- 
perature of the metallizing process per- 
mitted successful metallization of this 
particular ceramic. 

FORSTERITE CERAMICS 

A ceramic widely used for small cer- 
amic -metal assemblies (one inch in 
diameter or less) in the tube industry is 
forsterite. It has a softening tempera- 
ture approximately 100 °C higher than 
that of steatite and, in addition, has a 
thermal expansion similar to that of the 
nickel steel used in vacuum -tube enve- 
lopes. The thermal expansion character- 

TABLE I- INSULATING MATERIALS, CERAMIC RADIO CLASS L, JAN -I -10 

Properties Requirements 

Porosity 

Flexural Strength 

Resistance to thermal 
change 

Grade 
Requirements 

Dielectric strength 

Loss Factor 

Grade 
Loss Factor (max.) 
Dielectric Constant 

No penetration of liquid under 10,000 psi pressure 

Not less than 3,000 psi 

A B 
20 cycles 5 cycles 

Boiling water to ice water 

Not less than 180 rms volts per mil 

(Power factor times Dielectric constant) 

L -1 L -2 L -3 L-4 L -5 L -6 

0.150 0.070 0.035 0.016 0.008 0.004 
Not over 12 after immersion in water for 48 hours 

istics of several ceramic materials are 
shown in Fig. 14.5 The close similarity 
of forsterite to this metal in linear coef- 
ficient of thermal expansion throughout 
the temperature range from 25 to 800 °C 
makes it possible to obtain good strain - 
free vacuum -tight seals even after 
extremes in thermal cycles in processing 
or service. Forsterite ceramics have 
excellent electrical properties, as seen 
in Table I, but have relatively low ther- 
mal -shock resistance, due primarily to 
their high coefficient of linear thermal 
expansion. Forsterite (2MgOSi02), 
like steatite (MgOSi02), is generally 
compounded from talc (3Mg0.4Si0) 
H20), an inexpensive source of Mg0 
with good fabricating properties. Talc 
contains sufficient Mg0 to form proto- 
enstatite, but for a forsterite composi- 

tion. the ceramic engineer must add 
additional magnesium oxide, as well as 
suitable alkaline earth oxides to obtain 
the fired properties associated with a 
ceramic structure whose principal crys- 
talline phase is forsterite. 

Because of the nature of the raw mate- 
rials used in the production of forsterite, 
control of the final parts dimensions has 
been rather difficult in the past. How- 
ever, new processing techniques devel- 
oped at the Harrison Chemical and 
Physical Laboratory now permit the 
production of low -cost, close -tolerance 
forsterite parts. 

The physical properties of an average 
forsterite ceramic composition used in 
electron tubes are shown in Table II. 
(The microstructures of forsterite have 
been illustrated previously.) 

TABLE II- TYPICAL PHYSICAL PROPERTIES OF CERAMIC DIELECTRICS (VITRIFIED CERAMICS) 

Steatite Forsterite Zircon Alumina 

Specific Gravity, g /cc 23 -2.7 2/ -2.9 3.5-3.8 3.1-3.9 

Water Absorption, percent 0.00 0.00 0.00 to 0.01 12 to 0.00 

Safe Operating Limit, °C 1000 -1100 1150 -1250 1000-1200 1350-1500 

Thermal Expansion -Coefficient 
Per °C, (25 to 700 °C), inch /inch 7.0 to 9.0 X 10 -6 10.5 X 10-6 3.5 to 5.5 X 10 -6 5.8 to 8.1 X 10 -" 

Thermal Shock Resistance Moderate Low Good Excellent 

Tensile Strength, psi 8,000- 20,000 8000-10,000 10,000-15,000 8000 -30,000 

Compressive Strength, psi 65,000- 130,000 60,000-100,000 80,000 -150,000 80,000 -250,000 

Flexural Strength, psi 16,000-24,000 18,000 -27,000 20,000 -35,000 40,000 -60,000 

Thermal Conductivity, 
watts- cm- 2- cm -°C -1 0.021 -0.025 0.021 -0.042 0.042 -0.063 0.05-0.25 

Modulus of Elasticity, psi 13 to 15 X 106 13 to 15 X 10'' 20 to 30 X 106 15 to 52 X 105 

Dielectric Strength 
for 1/4- inch -thick specimen, 
volts /mil 200 -350 200 -300 250 -300 250 -400 

Power Factor at 1 Mc 0.0008 -0.0035 0.0003 0.0006 -0.0020 0.001 -0.002 

Dielectric Constant 5.5-7.0 6.2 8.0 -9.0 8.0 -9.0 

Resistivity at 25 °C, ohm /cm3 1013 -1015 1013 -1015 1013 -1015 1014 -1015 

L -Grade (JAN Spec. I -10) L -3 to L -6 L -6 L -4 L -2 to L -5 
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Fig. 2- Forsterite (A), 1956 shipment (100x) 

Fig. 5- Forsterite (B), (750x) 

Fig. 8- Steatite, (100x) 
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Fig. 3- Forsterite (A), 1958 shipment (100x) Fig. 4- Forsterite (A), 1958 shipment (750x1 
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Fig. 6-Forsterite (C), (100x), prior to metalizing 

Fig. 9- Alumina (A), (750x) 

Fig. 7- Forsterite (C), (100x), heated to too -high 
temperature during metalizing. 

Fig. 10- Alumina (B), (750x) 
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STEATITE CERAMICS 

Steatite is widely used as a high -fre- 
quency ceramic insulating material, and 
is made in various electrical grades. In 
general, an L -4 body (Mil Spec JAN - 
I-10, shown in Table I) contains the 
minimum electrical and mechanical 
requirements necessary for tube parts. 
The chief raw material used in the man- 
ufacture of steatite is a very- high -purity 
grade of talc. Unlike other ceramic raw 
material, talc is very soft and, therefore, 
more -intricate parts can be pressed and 
mass produced from steatite than from 
harder material. Moreover, talc does 
not abrade the hardened steel or tung- 
sten carbide tools used in the extrusion 
or dry -pressing of the unfired or green 
parts. As a result, such parts can be held 
to very close dimensional tolerances. In 
addition, steatite requires a relatively low 
firing temperature (1250 to 1325 °C), 
depending upon specific composition, to 
achieve vitrification and maximum fired 
density. Consequently, the cost of stea- 
tite parts is lower than that of other 
dielectric ceramic parts of the same 
design. 

The chief limitations of steatite are 
the relatively high linear coefficient of 
thermal expansion, its relatively low 
strength, and its comparatively low 
softening temperature. High thermal 
expansion and moderate strength cause 
steatite parts to have poor thermal -shock 
resistance. Such properties can be 
directly related to the microstructure of 
steatite, which is illustrated in Fig. 8. 

The light gray protoenstatite crystals 
are almost completely surrounded by a 
darker gray glass matrix. Because of 
thermal expansion mismatch between 
the crystalline and glass phases, ceram- 
ics having this type of structure fre- 
quently have poor thermal -shock 
resistance. 

ALUMINA CERAMICS 

Alumina ceramics, despite their higher 
cost are finding wide application in all 
phases of electronic ceramics. Although 
alumina exhibits lower thermal expan- 
sion than metals, the high strength of 
this material permits the use of alumina 
ceramic parts in electron tubes without 
danger of cracking at the metal- to -cer- 
amic bond during thermal cycling. 
Table II, for example, shows that 
alumina has a flexural and impact 
strength about three times that of 
steatite. 

Another advantage of the use of this 
material in electron tubes is its relatively 
high thermal conductivity, as compared 
to other dielectric ceramics. Compara- 
tive thermal conductivities are shown in 
Fig. 13.6 Because alumina is very abra- 
sive (second to diamond on the Mohs 
scale of hardness) alumina ceramics are 
higher in cost than the other dielectric 
ceramic materials in general use as elec- 
tronic ceramic parts. More- expensive 
carbide tools, rather than hardened - 
steel tools, must be used to press or 
extrude the green, or unfired, material. 

Alumina forms into the proper micro - 
crystal structure only after considerable 
heat work has been done to it, so that 
firing temperatures between 1500 to 
1750 °C (depending on the specific alu- 
mina body composition) are required 
to obtain a dense, high- strength, vac- 
uum -tight part. In general, the longer 
firing times, higher fuel costs, and more 
expensive furnaces and setting materials 
required for the fabrication of alumina 
dielectric parts, all contribute to a 
higher unit price. 

Alumina is a very stable oxide and has 
excellent resistance to reducing atmos- 
pheres. The high refractoriness of alu- 
mina permits electron -tube parts to be 
metalized, brazed, and outgassed at high 
temperatures resulting in cleaner, lower- 

Fig. 11-Beryllia, (100x) Fig. 12- Zircon, (100x) 
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0.29 Tin Oxide 
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0.17 Topaz, Kyanite, ZnO, CuO, 
CaO, NiO 
0.14 Thoria 
0.10 Silica 

0.06 Zircon, Spinel, Forsterite, 
Mullite, Titanates, Beryl 
0.04 Zirconia -Elec, Porcelain, Stea- 
tite, Cordiesite, Glasses, Glass 
bonded mi©, Ferrites 

Fig. 13- Thermal conductivity of some common 
metals and ceramics used in vacuum tubes. 

gas -level tubes. Some porous alumina 
bodies are used for special parts, such 
as grid spacers and supports, in which 
refractoriness and ease of outgassing are 
most desirable. 

Figs. 9 and 10 illustrate the varia- 
tions in microstructure which are observ- 
able in commercial alumina ceramics 
from different suppliers. Although both 
bodies contain approximately 95 per- 
cent of alumina, the difference in crys- 
tal size between the two bodies is quite 
pronounced. This illustration again 
should serve as a reminder to design 
engineers that similarity in chemical 
composition does not necessarily guar- 
antee similar physical or electrical cer- 
amic properties. In both Figures, the 
alumina crystals are the light gray hex- 
agonal areas, and the interstitial darker 
gray patches are glass between the 
crystals. 

BERYLLIA CERAMICS 

Beryllia ceramics have thermal conduc- 
tivity equal to that of aluminum metal. 
This material also has good dielectric 
properties and is very refractory. Beryl - 
lia, however, is so highly toxic, particu- 
larly during the parts preparation and 
firing stages, that the capital investment 
needed to produce this material safely 
is high. In addition, like alumina, fab- 
rication costs are high. This combined 
with the limited quantities of the raw 
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material cause the unit price of beryllia 
ceramics to be prohibitive for most elec- 
tron -tube applications. The microstruc- 
ture of beryllia is illustrated in Fig. 11. 
Like alumina, this ceramic is predom- 
inantly crystalline with only a small 
amount of darker gray interstitial glass. 
In these structures, the physical and 
electrical properties are largely deter- 
mined by the predominant crystal- 
line phase. 

ZIRCON CERAMICS 

Another dielectric ceramic material used 
in electron tubes is zircon porcelain. 
The principal crystalline phase of this 
ceramic is zircon (ZrOSi02) , which is 
mixed with clay and other fluxes to pro- 
mote vitrification. Fired zircon ceramic 
bodies (Table II) have good mechanical 
strength and the dielectric properties are 
fair to good. Zircon bodies are generally 
rated as Grade L -4 dielectrics, because 
mined, rather than chemically prepared 
and generally less pure, raw materials 
are used to fabricate this type of ceramic. 
The outstanding characteristic of this 
material is its low coefficient of thermal 
expansion. If a ceramic body has a low 
thermal expansion coefficient, it does 
not become strained severely during 
thermal cycling and, therefore, has good 
heat -shock characteristics. The high 
strength of zircon also aids considerably 
in realizing good thermal -shock resist- 
ance. Zircon dielectric bodies metalize 
very well. They can be fabricated by the 
standard ceramic techniques of dry 
pressing and extruding, but, because zir- 
con is quite abrasive, more expensive 
tungsten carbide rather than hardened 
steel tools are required. The price of 
pieces made from this material is higher 
than that of steatite but less than that of 
forsterite and alumina prices. Due to its 
relatively high impurity level and, in 
general, lesser physical and electrical 
properties, this material has been grad- 
ually replaced by alumina ceramics for 
use in electron tubes. 
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Fig. 14- Thermal expansion of some common 
metals and ceramics used in vacuum tubes. 
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THOMAS F. BERRY (left) studied ceram- 
ics both at Columbia University in New York 
City and at Rutgers in New Brunswick, N. J. 

1940 to 1956 he was employed at the Funda- 
mental Research Laboratory of U. S. Steel 
in Kearney, New Jersey, progressing from his 
initial work as a laboratory technician through 
the jobs of experimental machinist and assistant 
petrographer to the position of associate physi- 
cist. He joined the Chemical and Physical 
Laboratory of the Electron Tube Division in 
Harrison in 1956 and has been concerned with 
investigating fundamental factors controlling 
fired dimensions of ceramics, establishing tech- 
niques for metalizing ceramics, and developing 
microscopic techniques for evaluation of 
ceramic -tube metal seals. Mr. Berry has 
co- authored several papers in the field of 
ceramics and holds two patents in this field. He 
is a member of the American Ceramic Society, 
the American Institute of Metal Engineers, and 
The American Society for Metals. 

The microstructure of a zircon cer- 
amic, shown in Fig. 12, is somewhat sim- 
ilar to that of steatite in that the zircon 
crystals are almost completely sur- 
rounded by a glass matrix. Its excellent 
thermal -shock resistance as compared to 
steatite is due to the very low and nearly 
equal thermal expansion characteristics 
of the crystalline and glass phases. 

SUMMARY 

The basic dielectric ceramic materials 
have been generally available for the 
past ten to fifteen years. The early 
dielectric ceramics were made from 
rather impure raw materials, but con- 
tinually increasing demands for better 
dielectric properties and extremely close 
dimensional tolerances required the cer- 
amic engineer to develop new concepts 
of body composition and preparation by 
the use of pure materials and process 
controls. In addition to the use of pure 
chemically prepared raw materials, fab- 
rication techniques have been com- 
pletely changed to include spray drying 
which results in a free -flowing, uncon- 
taminated powder, of uniform granule 
density suitable for easier dry -pressing. 
New and better firing and testing have 
also contributed to the improvement. 

Relatively low -cost dielectric ceram- 
ics having extremely close dimensional 
tolerances are currently being made at 
Harrison. Such results stem largely 
from work done in the Harrison Chem- 
ical and Physical Laboratory which indi- 
cates that linear dimensional shrinkage 
is largely influenced by the density of 
the granule from which the parts are 
pressed.7'8 Other parameters such as 

WILLIAM J. KOCH (right) received a B.S. 
in 1943 and an M.S. degree in ceramics in 
1947, both from Rutgers University. He did 
further graduate work toward a Ph.D. degree 
at Ohio State University during 1948 and 1949. 
From 1943 to 1946, he served as a 2/Lt., 
USAF, working on the Army Airways Com- 
munications System. From 1947 to 1951, he 
worked at Battelle Memorial Institute in 
Columbus, Ohio as engineer in charge of white - 
wear ceramics research projects. From 1951 to 
1953, he was Senior Project Engineer in charge 
of ceramics for the National Bureau of Stand- 
ards of the U. S. Navy project "Tinkertoy." 
In 1953, he became Technical Director of 
ceramics for P. R. Mallory and Co. where he 
designed and directed a plant for the manufac- 
ture of titanate ceramic capacitors. In 1956, he 
designed and installed a small dielectric ceramic 
plant to fabricate steatite parts for ACF Elec- 
tronics in their electronic module fabricating 
facility. He joined the Chemical and Physical 
Laboratory of the Electron Tube Division in 
Harrison in 1958, and is currently working on 
the Nuvistor program. Mr. Koch is the author 
of several technical papers and has been 
granted several patents in the field of ceramics. 
He is a Professional Engineer, a member of the 
American Ceramic Society, and a member of 
the Institute of Ceramic Engineers. 

pressed or unfired density, ignition loss, 
and fired density, and their inter -rela- 
tionship have been determined and are 
being accurately controlled. In all of 
this work, the use of the reflected -light 
microscope has aided considerably in 
obtaining basic information regarding 
body structure, crystalline and glass 
phases, as well as internal porosity of 
dielectric ceramics. 
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Fig. 1- Typical oxide -coated cathodes used in electron tubes. The metal 
tabs provide electrical connection from the cathode to the stem leads. 

A NEW APPROACH TO THE 

CONTROL OF CATHODE ALLOYS 
by 

DR. I. F. STACY and C. W. HORSTING 

Chemical and Physical Laboratory 
Electron Tube Division 

Harrison, N. J. 

ALTHOUGH ANY METAL will "boil off" 
electrons when heated to a suffi- 

ciently high temperature in a vacuum, 
the most efficient electron emitter 
known is the oxide -coated cathode. 
This cathode usually consists of a 
nickel sleeve coated with the oxides of 
barium and strontium, and sometimes 
calcium. The cathodes in different tube 
types may have any of a large variety 
of sizes and shapes, as shown in Fig. 1. 

The cathode is usually heated by 
means of a tungsten heater wire, which 
is inserted into the cathode sleeve, as 
shown in Fig. 2. In the temperature 
range from 700 to 800 °C, the oxide 
coating on the nickel emits enough 
electrons to operate an electron tube. 

Nickel has been chosen as the cath- 
ode sleeve material for the following 
reasons : (1) It is a good conductor of 
electricity (electrons) . (2) It is a 
fairly good conductor of heat (helpful 
in maintaining a uniform cathode tem- 
perature) . (3) It has a melting point 
well above the operating temperature 
of the cathode. (4) Nickel strip is 
easily formed into the cathode shapes 
needed. (5) It has a low vapor pres- 

CATHODE 

sure at operating temperature. (6) It 
is stable in air. (7) It is easily avail- 
able and relatively low- priced. 

The barium. strontium, and calcium 
oxides (alkaline -earth oxides) which 
form the emitting surface on the nickel 
sleeve are not stable in air. The sleeve 
is therefore sprayed with a mixture of 
alkaline -earth carbonates and a 
binder, usually nitrocellulose. (The 
binder serves only to give the coating 
mechanical strength so that it can 
withstand handling during the con- 
struction of the tube. As soon as the 
cathode is heated in vacuum, the 
binder decomposes completely into 
gaseous products which are pumped 
out of the tube.) While the air is being 
pumped out of the tube prior to seal - 
off, an electric current is applied to the 
heater, and the cathode is heated to 
break down the carbonates to the 
oxides and carbon dioxide as follows: 

BaCO3 -* Ba0 + CO2 f 

SrCO3 - Sr0 + CO2 T 

CaCO3 - Ca0 + CO2 T 

The carbon dioxide formed from the 

CATHODE 
COATING 

INSULATED 
HEATER 

decomposition is pumped out and the 
tube is sealed off. 

At this stage, the cathode emission 
is only a small fraction of what it 
should be in the finished tube. An 
additional process, known as aging or 
seasoning, which consists of a sched- 
ule of heating the cathode and draw- 
ing current, brings the cathode to its 
maximum emission capability. By 
means of this process, the oxide coat- 
ing is partially reduced to form some 
uncombined barium, strontium, and 
calcium. 

The reduction is effected by two 
different mechanisms. When current 
is drawn from the cathode, a small 
amount of the oxide is electrolyzed; 
i.e., broken down into barium, stron- 
tium, calcium, and oxygen, and the 
needed free alkaline -earth metals are 
produced. However, the electrolysis is 
very slow and inefficient. The second, 
more efficient mechanism, which oper- 
ates simultaneously with the first, 
effects chemical reduction by means 
of small amounts of chemical reducing 
agents in the base nickel. 

CATHODE BASE METAL 

Among the best reducing agents used 
in the cathode base metal are carbon, 
magnesium, silicon, and titanium. 
They react with the coating according 
to the following equations (although 
only barium oxide is mentioned 
here, strontium and calcium oxides 
undergo similar reactions) : 

C+ BaO- Ba +CO 
Mg+ Ba0 Ba +Mg0 

Si + 4Ba0 -. 2Ba + Ba2SiO4 

Ti + 4Ba0 -> 2Ba + Ba2TiO4 

Each of these reducing agents, how- 
ever, has an associated disadvantage. 
The carbon monoxide (CO) formed 
by the reaction with carbon can make 
a tube "gassy" if the carbon content 
of the base nickel is too high. Because 
magnesium has a high vapor pressure 
at the cathode operating temperature, 
the vapor may deposit on insulating 
surfaces and cause leakage currents. 
The barium silicate (Ba2SiO4) and 
barium titanate (Ba2TiO4) formed by 
the reactions of silicon and titanium, 
respectively, have high resistivities, so 

Fig. 2- Cutaway drawing of cathode showing 
heater, cathode sleeve, and oxide coating. 
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that layers of these compounds at the 
nickel- coating interface introduce 
impedances in the cathode circuit 
which reduce the output of the tube, 
especially under pulsed operation. 

Each of the reducing agents must 
diffuse from inside the nickel to the 
surface before it can react with the 
coating. Because each diffuses at a dif- 
ferent rate, some reducing agents are 
exhausted before others. Carbon, 
which diffuses rapidly, acts mainly 
during exhaust and aging. Magnesium 
diffuses more slowly throughout sev- 
eral hundred hours of life, whereas 
the action of silicon and titanium 
lasts for thousands of hours. The 
action of zirconium, another efficient 
reducing agent, is presently under 
investigation. 

For rapid cathode activation during 
aging and for efficient maintenance of 
the reduction reaction during the full 
life of the tube, the cathode nickel usu- 
ally contains regulated amounts of 
several reducing agents. The mixture 
of several reducing agents also serves 
to minimize the particular disadvan- 
tage of each. These considerations 
make it clear that the control of the 
nickel composition is of prime impor- 
tance in the manufacture of electron 
tubes. 

CONTROL OF BASE -METAL COMPOSITION 

In the early days of oxide -coated cath- 
ode development, nickel for cathodes 
was selected solely on the basis of tube 
performance. In later years, when the 
role of reducing agents in the nickel 
was recognized, chemical analysis 
became one of the criteria for accept- 
ance of cathode material. However, 
because the amount of nickel used for 
cathode base metal was very small 
compared with the amounts used in the 
steel industry, nickel producers would 
not produce special alloys for cathode 
nickel purposes. 

With the advent of much higher 
standards of reproducibility and dura- 
bility for military and industrial appli- 
cations, it became imperative that 
cathode base -metal compositions be 
produced specifically for use in elec- 
tron tubes. Custom -made alloys have 
been made available commercially, 
chiefly by two different sources: (1) 
A producer of cathode tubing has 
developed several commercially avail- 
able proprietary alloys which, until 
recently, were all melted by conven- 
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tional air -melting methods. (2) RCA 
has developed its own alloys, utilizing 
the technique of vacuum -melting. 

RCA began its development of 
vacuum -melting techniques in 1945 
and produced the first commercial 
vacuum -melted materials in 1949 for 
use in directly heated cathode or fila- 
ment -type tubes. It was immediately 
obvious that the quality of this mate- 
rial was superior in all respects to that 
produced by air melting. As a result, 
sleeve materials for indirectly heated 
cathodes were also produced. Because 
the volume of nickel needed for the 
indirectly heated cathodes was much 
larger than that for filamentary cath- 
odes, a much larger installation, the 
500 -pound capacity furnace shown in 
Fig. 3 was acquired. Early in 1958, 
RCA began production of N132, an 
alloy which was designed to replace 
the commercially produced nickel, 
N109, used in the majority of RCA 
electron tubes. The composition spe- 
cifications for N132 and for two com- 
mercially available air -melted alloys 
are shown in Table I. 

Table I- Composition Specifications of 
Some Cathode Alloys 

(Figures are ranges or maxima in 
weight percent) 

Car- Magne- Man- Sili- Tita- 
Alloy bon sium ganese con nium 

0.01 - 
N18 0.04 .08 0.20 0.01 -.05 0.01 -.05 

0.03 - 
N109 0.08 .10 0.20 0.01 -.05 0.005 

0.015- 0.02 - 
N132 .035 .04 0.08 0.01 -.03 0.005 

Note -N18 and N109 are selected from 
International Nickel Co. 220 and 
330 alloys which have even wider 
specification limits. 

An investigation of homogeneity 
from melt to melt and within melts 
not only showed the new alloy to be 
much more homogeneous in all 
respects, but also proved that the old 
air -melted alloys were much less 
homogeneous than had previously 
been suspected. For example, on one 
occasion, in an air -melted alloy, an 
important element like magnesium was 
found to vary from a concentration of 
0.04 percent to 0.08 percent within a 
single roll of cathode strip. 

These large variations, within melts 
as well as between melts, explained 
why so much difficulty was experi- 
enced with commercially available 
nickels. It occurred repeatedly that 

melts which had been tested and 
approved had to be discarded, some- 
times after initial successful use, 
because subsequent cathodes from the 
same melt would no longer perform 
adequately. With the sole exception of 
the alloys used in the semiconductor 
field, the cathode alloys which RCA is 
presently producing are the best corn - 
position - controlled alloys available 
anywhere. Even the most modern high - 
temperature jet- engine alloys are con- 
trolled to only tenths of a percent of 
minor ingredients, whereas in RCA 
cathode alloys, additions are con- 
trolled to within a few hundredths of 
a percent. 

THE MELTING PROCESS 

Basically, there is no secret to the 
reproduction of alloy melts within 
narrow control limits. Sufficiently pure 
materials must be used, and a process 
which does not allow the introduction 
of impurities must be devised. In addi- 
tion, the amounts of reducing agents 
added and the amounts lost, as well as 
the melting, alloying, and rolling pro- 
cedures must be very closely con- 
trolled. Material used in crucibles and 
crucible linings, which are in direct 
contact with the molten metal, must 
have a high degree of purity. And, of 
course, the alloying ingredients have 
to be of such purity that contamination 
from this source is negligible. This 
control is not difficult to achieve 
because the amounts of additives are 
in the order of fractions of a percent. 
For instance, silicon added to the melt 
in a concentration of 0.02 percent 
would cause a contamination level of 
only 0.0002 percent if the silicon con- 
tained as much as 1 percent of an 
impurity. 

Because the impurity level of the 
main constituent is reflected directly 
in the composition of the resulting 
alloy, the purity of the nickel is of 
prime importance. The electrolytic 
nickel used has a total impurity con- 
tent of 0.1 percent, of which the larg- 
est part is cobalt, an inert element in 
cathode nickel. All of the other impur- 
ities are present at concentrations of 
thousandths of a percent. 

The nickel is melted in a vacuum of 
approximately ten microns of mercury 
(1/76,000 of an atmosphere), then 
hydrogen gas is introduced into the 
furnace to remove residual oxygen. 
After the molten nickel has been held 
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Fig. 3- RCA -operated 500 -pound vacuum melt- 
ing furnace, showing interior of vacuum 
chamber and two ingot molds positioned to 
receive melted nickel alloy. 

for ten minutes in an atmosphere of 
hydrogen at a pressure of 20 milli- 
meters of mercury, the hydrogen and 
the water vapor, which has formed as 
a result of the oxide reaction with the 
hydrogen, are pumped off and the 
vacuum of ten microns is restored. 
Pure argon (an inert gas) is subse- 
quently introduced into the furnace 
to a pressure of 1/3 of an atmosphere 
and the alloying agents are succes- 
sively added to the melt. The removal 
of oxygen from the molten nickel by 
hydrogen treatment and the subse- 
quent prevention of oxygen contami- 
nation by the use of an argon atmos- 
phere are the most important steps in 
the vacuum melting process. 

During the process, the temperature 
of the melt is controlled to values that 
are within ±5° C and the time of 
addition of each ingredient and the 
time of pouring are both controlled 
within seconds. Although most of the 
additives have low vapor pressures at 
the temperature of the melt, some, par- 
ticularly magnesium, are volatile and 
thus escape from the melt at a certain 
rate. However, the loss is held constant 
by means of accurate control of time, 
temperature, and gas pressure. For 
compensation for the loss, the amount 
of additives added to the melt is chosen 
so that the required amount is retained 
in the alloy. Most addition elements 
used in the alloys are not troublesome 
in this respect. Carbon, cobalt, man- 
ganese, silicon, and tungsten do not 
present this problem; what is added to 
the melt is found in the ingot. 

One of the great drawbacks associ- 
ated with standard commercial melt- 
ing practice is the segregation of dif- 
ferent components within the finished 
ingot. Segregation occurs in very large 
ingots poured from very large melts, 
because solidification is so slow that 
high -purity nickel crystallizes out 

from the melt first and the additives 
are driven ahead of the solidification 
front in such a manner as to create 
inhomogeneity in the resulting ingot. 
For this reason, a limit of the ingot 
size is important in the production of 
homogeneous material. Experience 
has shown that a 250 -pound ingot, of 
which two are poured from each 500 - 
pound melt, is small enough to solidify 
rapidly and not allow segregation to 
take place. 

ROLLING THE INGOT TO STRIP 

One of the major difficulties encoun- 
tered in producing reproducible cath- 
ode strip is the control of the reduc- 
tion of the ingot to strip. This work is 
done outside RCA, not under our 
direct control. It has been found that 
much more care is needed to produce 
good cathode strip than is required in 
the normal rolling -mill practices 
applied to the processing of most com- 
mercial alloys. 

Because all rolling is done in air 
and part of the initial reduction in 
thickness is carried out at high tem- 
perature (hot-rolling) , carbon, which 
has a very high diffusion speed in 
nickel, is lost due to oxidation by the 
oxygen in the air. This loss is com- 
pensated for by the addition of more 
carbon to the melt than is needed in 
the finished strip. The loss of carbon 
during the annealing stages that com- 
prise part of the final cold -rolling 
process must also be controlled so that 
the carbon specification on the strip 
used to make cathodes is rigidly main- 
tained. Although carbon is not closely 
controlled in most commercial nickel 
alloys, cathode nickel requires control 
within a few hundredths of a percent. 
Too much carbon causes gassy tubes. 
Too little carbon indicates that the 
strip has been exposed to excessive 
oxidation, and that probably some of 
the other reducing agents, which are 
vital to the electron emission behavior 
of the tube, have been oxidized. 

NEW ALLOY DEVELOPMENT 

The development of cathode alloys 
having improved characteristics is a 
job that is never finished. As the tube 
requirements become more strict for 
such factors as behavior during vibra- 
tion, longer life, higher dissipations, 
and higher ambient temperatures, 
cathode materials must be improved 

accordingly. Vacuum melting and 
reproducible composition are the pre- 
requisites. Work in the Chemical and 
Physical Laboratory is pointing the 
way to cathode materials having 
greater stability of emission through- 
out life, absence of interface imped- 
ance and of evaporation products, and 
higher strength at operating tempera- 
tures. 

DR. IRVING F. STACY received the A.B. 
degree in Chemistry from Brooklyn College in 
1941, and the A.M. and Ph.D. degrees in Physi- 
cal Chemistry from Columbia University in 
19-l) and 1954, respectively. From 1942 to 
1944 and from 1946 to 1947 he worked on 
instrumental methods of analysis in the Test 
Laboratory at the Philadelphia Naval Base. He 
served as electronic technician in the U. S. 
Navy from 1944 to 1946. At Columbia Uni- 
versity he was research assistant and graduate 
assistant in instrumental analysis. Since 1954, 
Dr. Stacy has been in the Receiving Tube 
Chemical and Physical Laboratory at Harrison, 
working in the fields of thermionic emission 
and mass spectrometry. He is a member of 
Sigma Xi, the American Chemical Society, the 
American Vacuum Society, and the Institute of 
Radio Engineers, and is an RCA representative 
in the American Society for Testing Materials. 

C. W. HORSTING received the B.S. degree 
in Chemistry in 1934 and the M.S. degree in 
Physical Chemistry in 1938, both from the Uni- 
versity of Utrecht in the Netherlands. He came 
to the United States in 1940, and joined RCA 
two years later as a member of the Metallurgy 
group in the Chemical and Physical Laboratory 
of the Electron Tube Division in Harrison. 
From 1942 to 1951, he worked on such prob- 
lems as carburization of thoriated- tungsten 
filaments, electron -tube cathode alloys having 
high strength at elevated temperature, metal - 
tube mainseal welding, and electron- emission 
problems. He was instrumental in the intro- 
duction of vacuum melting for the production 
of cathode alloys. In 1951 he became Engineer- 
ing Leader in charge of the Metallurgy group 
at Harrison. In 1958 he became responsible 
for Metallurgy, Engineering Development. Mr. 
Horsting is a member of the American Society 
for Metals and the American Institute for 
Mining and Metallurgical Engineers. 
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RADIOTRACERS IN 
PARTS - CLEANING EVALUATION* 

by 

M. N. SLATER 

Silicon Rectifier Design Engineering 
Semiconductor and Materials Division 

Lancaster, Pa. 

DR. D. J. DONAHUE, Mgr. 
Advanced Semiconductor Chemistry and Physics 

Semiconductor and Materials Division 
Somerville, N. J. 

MORRIS N. SLATER received the B.Sc. 
degree in General Science from the University 
of Manitoba, Canada, in 1945, and has done 
graduate work in physical and organic chemis- 
try, mathematics, and radiochemistry at the 
University of Minnesota and Purdue University. 
While attending graduate school, he worked 
part time as a research assistant on N.O.R.D. 
rocket -fuel research, on radium, radon. and 
radiotracers, and on textile research and devel- 
opment. From 1950 to 1951, he worked at the 
Gates Rubber Company in Denver, Colo. on 
analytical development and research on coatings 
and adhesives. He joined the RCA Electron 
Tube Division in Marion, Indiana in 1951 as a 
design and development engineer in the Chemi- 
cal and Physical Laboratory, and transferred to 
the Lancaster Chemical and Physical Laboratory 
in 1956. His work included kinescope glass -to- 
metal scaling, filming, aluminizing, coatings, 
adhesives, parts cleaning, and radiotracers. 
Since 1958, he has been a member of the 
Silicon Rectifier Design activity of the Semicon- 
ductor and Materials Division in Lancaster. Mr. 
Slater is Chairman of the Lancaster Great 
Books Committee. 

KELVIN Is reported to have said, 
"When you can measure what you 

are talking about and can express it in 
numbers, you know something about it." 
It was for this reason -to attach num- 
bers to qualitative concepts of degree of 
cleanliness -that studies on the use of 
radiotracers in parts -cleaning evaluation 
were started and are still going on. 

This paper reports the results of two 
studies in this series: the first was the 
conventional situation of the removal and 
redeposition of an inorganic salt by 
water; the second was the specific prob- 
lem of the removal of etchant -acid resi- 
dues from electron tube cathode sleeves. 

DR. D. J. DONAHUE studied Physical 
Chemistry at the University of Michigan, receiv- 
ing the B. S. degree in 1947, the M. S. degree 
in 1948, and the Ph.D. degree in 1951. He 
joined the RCA Electron Tube Division in 
Lancaster in 1951, and spent the next seven 
years working on chemical and physical prob- 
lems involved in the design of the color tele- 
vision picture tube, including fine -mesh screens, 
transparent conductive coatings, aperture 
masks, and the application of phosphor screens. 
He also set up the surface and radiotracer 
laboratory, and worked on problems involving 
cathodes, conductive coatings, and parts clean- 
ing. He transferred to the Semiconductor and 
Materials Division in Somerville in 1958, where 
he is presently Manager of Advanced Semicon- 
ductor Chemistry and Physics. His responsibil- 
ities in this position have included the study of 
semiconductor surfaces, diffusion masking, pur- 
ification of gallium and arsenide, solid -state 
measurements, and new devices. 

While these results are interesting and 
useful in themselves, their greatest 
importance lies in the fact that a base 
line has been established which can lead 
to a thorough quantitative understanding 
of contamination and cleaning. 

BACKGROUND 

The classical method studying parts 
cleaning has consisted of weighing parts 
before and after various cleaning pro- 
cedures and comparing the weights to 
determine the amount of soil removed. 
The normally low ratio of soil weight 
to part weight and the consequent lack of 
sensitivity of this technique often neces- 

*Describes work done while authors were with the Electron Tube Division, Lancaster, Pa. As 
noted at the end of article, these studies are being continued by the Electron Tube Division. 

sitated prior addition of exaggerated, 
relatively massive amounts of soils, 
which made the validity of the results 
questionable. 

The atomizer spray -wetting technique 
recently developed and described2 re- 
portedly permitted estimation of residual 
organics to a fraction of a monolayer, 
but appeared to be limited so far to 
organic residues and to non -absorbent 
surfaces of regular conformation. Fur- 
thermore, it allowed for little or no 
manipulation of the part. 

The radiotracer technique offers a 

unique method for following specific 
kinds of contaminants in near -molecular 
quantities through specific processing 
steps with precise measurement of the 
amounts remaining. The extreme sensi- 
tivity of detection permits the use of con- 
tamination levels identical with those 
found in actual production. This sensi- 
tivity and the rapid non -destructive 
measurements permit examination of 
parts and processes without effect on 
either, thereby enhancing the authen- 
ticity and applicability of the results. 
Some of the typical techniques and 
equipment involved are illustrated in 
Fig. 1. 

Some previous work in metal cleaning 
by Harris3,4, Hensley5.6,7, and others, 
using radioactive soils to evaluate deter- 
gent systems. while not directly applica- 
ble, provided some valuable insights and 
techniques. 
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Fig. 1 -Far left: M. N. Slater places a sample 
in a windowless gas flow counter. Left Center: 
Dr. D. J. Donahue with counting equipment 
(multiscaler, Geiger -Muller counter and sample 
holder, and count -rate meter). Top: Radiotracer- 
tagged material is removed from lead-brick 
storage vault prior to manipulation. Bottom: 
A syringe and a pipette are used to contami- 
nate a test part. 

REMOVAL OF 
INORGANIC CONTAMINANTS 

In the first study, the contaminant used 
was sodium sulfate, labelled with S35. 
This material was selected because it is 
easily and safely manipulated, readily 
obtained, and inexpensive. For simplicity 
in this initial study, the "parts" were 18- 

12 stainless -steel disks, 1.875 inches in 
diameter and 0.015 inch thick, electro- 
polished, and essentially scratch -free at 
500X magnification. The sample parts 
were contaminated with the tagged 
sodium sulfate, washed under controlled 
conditions, dried, counted, then 
rewashed, redried, and recounted until 
the tests were completed. 

Contamination 
The S35 was received from the supplier 
in a glass vial as sulfate in dilute hydro- 
chloric acid. Next, ordinary sulfuric 
acid was added, and the combination 
was thoroughly mixed and allowed to 
stand for several days to permit 
exchange with any material adsorbed on 
the walls. The mixture was then trans- 
ferred to a larger flask, and a stoichio- 
metric amount of aqueous sodium 
hydroxide solution was added to make 
the stock solution of sodium sulfate. 

Just before use, the parts were soaked 
in concentrated sulfuric acid, rinsed with 
deionized water, and dried under an 
infrared lamp. The parts were contami- 
nated by micropipetting the stock solu- 
tion on each part, spreading it over the 

surface with a loop of 0.030 -inch 
nichrome wire, and drying it in air. A 
reasonably uniform and nearly invisible 
layer of approximately 0.4 milligram or 
200 monomolecular layers of sodium sul- 
fate was deposited on each part. 

Washing 
The washing was performed by dipping 
the part for 3 minutes into 100 -milliliter 
portions of fresh deionized water in 150 - 
milliliter beakers maintained at the test 
temperature. At the end of each dip 
period, the part was removed, allowed 
to drain for 5 seconds, then laid flat on 
a 3 -point support and air -dried. 

Counting 
Initially and after each dip the residual 
radioactivity of the part was counted in 
a windowless gas -flow proportional 
counter (actually used in the Geiger - 
Muller region) having a counting geom- 
etry of 27r. Total counting efficiency was 
approximately 80 percent including 
backscatter. P -10 counter gas (90 per- 
cent argon, 10 percent methane) was 
used. The counter was connected through 
a preamplifier to a multi -scaler. The 
claimed counter resolution time for this 
system was 0.1 microsecond, and the 
scaler resolution time was 0.5 micro- 
second. 

Almost all counts were made by the 
tedious but most accurate method of 
interleaved measurements, i.e., a back- 
ground measurement was made before 
and after each sample and the average 
was used to correct the sample. Only 
when the background was negligible, 
i.e., less than one percent of the sample 
count, was the alternate method used: 
a background measurement after every 
five samples. More than 10,000 counts 
were taken for most samples and, when 
necessary, cumulative background 
counts of 10,000 or more. No sample 
count was less than 2,000. 

Results 
The results are shown in Fig. 2 (left and 
right). Each point represents the aver- 
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age of 2 to 5 determinations. Fig. 2 (left) 
is the results of the first test run, 
which consisted of three successive dips 
of 3 minutes each at temperatures of 22, 
58. and 97 °C. and in boiling water. 
There was no agitation of the parts dur- 
ing washing. The point marked "Factory 
Process" shows the result obtained when 
a tagged part was mixed with a batch of 
standard parts and put through an anal- 
ogous factory cleaning process of three 
dips of 3 minutes each at 90 °C. 

Because it was felt that the lowest 
points on these curves were below the 
limits of counting accuracy, the test was 
repeated with a new stock solution hav- 
ing ten times the specific activity, i.e., 
ten times as much radioactive material 
and, therefore, ten times as many counts 
for the same amount of total sulfate. Fig. 
2 (right) is the results of this second 
run, which consisted of five dips of 3 

minutes each at 26 and 58 °C. and in 
boiling water. In this run, the parts were 
continuously agitated by hand during 
washing. 

Recontamination 
Recontamination of parts by impure sol- 
vents was also of considerable interest. 
Clean parts were dipped into solutions 
of known concentration of the labelled 
sulfate. This test was also run with 
methanol solutions. The results are 
shown in Fig. 3. Both curves were deter- 
mined at room temperature (22 °C.). 
Conclusions 

The following conclusions can be drawn 
from the test results: 

Higher water temperature aided in 
removal of the sulfate. 

Agitation produced some improve- 
ment in sulfate removal at the lower 
temperatures, none in the boiling water. 
This result was expected because of the 
agitation provided by the boiling itself. 

More dips at a given temperature 
removed more sulfate, but with a rapidly 
diminishing effect. This result indicated 
a kind of partition coefficient at each 

0.4 

£ 
o0.3 

§., 

INITIAL RESIDUE: ABOUT 200 MONOLAYERS 

26 °C 

Fig. 2-Left Removal of sodium sulfate from parts by water; 3- minute dips; no agitation; first run. 
Right: same, except continuous agitation; second run. 
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lo 
IO 165 ° CONCENTRATION -GRAMS /MILLILITER 

Fig. 3- Recontamination of parts by cleaning media; 
3- minute dips; no agitation; room temperature (22 °C). 

temperature between the solubility of 
the sulfate in water and its adsorption 
on the surface of the steel. 

Clean parts were recontaminated by 
impure cleaning solutions. The degree 
of recontamination was proportional to 
the concentration of the contaminant in 
the solution. The greater deposition from 
equivalent concentrations in methanol 
was expected because of the lower solu- 
bility of the sulfate in methanol and the 
consequent difference in the partition 
coefficient for this system. This effect 
emphasizes the importance, in evalua- 
tion of a cleaning system or solvent, of 
considering the solubilities of impurities 
as well as their concentration, and also 
their possible affinity for the part to be 
cleaned. 

REMOVAL OF ACID RESIDUES 

FROM CATHODE SLEEVES 

The life of the cathode is one of the most 
important parameters determining the 
life of an electron tube. Extremely small 
amounts of impurities can severely limit 
the emission and shorten the life of 
oxide -coated cathodes. Consequently, the 
cleaning of parts designed for use inside 
the tube is very important and has 
received a great deal of attention. Maxi- 
mum attention has naturally been given 
to the cleaning of the cathode sleeve 
itself. 

One of the processes for cleaning 
cathode sleeves included an acid treat- 
ment with a mixture of acetic and nitric 
acids. This study was initiated to deter- 
mine the efficacy of subsequent washing 
steps in removing the acid and to com- 
pare these procedures with proposed 
new methods such as ultrasonic clean- 
ing. Standard electron -tube nickel cath- 
odes were used for these tests. 

Sample cathodes were treated with 
radioactive acid and mixed with regular 
lots of cathodes treated with ordinary 
standard acid. The cathodes were then 
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Fig. 4- Radioactive acetic 
acid sealed in tube with 
break -off septum. 

processed by the various cleaning tech- 
niques, the two types were separated, 
and the remaining radioactivity of the 
sample cathodes was measured as an 
index of the residue. Acetic acid, labelled 
with C14 at the carboxyl carbon, was 
selected as the tracer material. 

The cleaning process used as the basis 
for this study consisted of the following 
steps: 

1. Two boiling -water rinses. 
2. Two methanol rinses. 
3. One 10- minute boiling -acid 

treatment. 
Ten to fifteen water rinses. 
Two methanol rinses. 
Air -drying. 
Hydrogen- firing. 
Sizing. 

4. 
5. 
6. 
7. 
8. 
9. Ether rinse. 

10. Two boiling -water rinses. 
11. Two methanol rinses. 
12. Air -firing. 
13. Hydrogen firing. 
The acid treatment (step 3) is the 

point at which the radiotracer material 
was introduced. Steps 4 (rinse), 7 

(hydrogen- firing), and 12 (air- firing) 
were selected as the most important in 
removal of the acid. The standard acid 
contained: 20- percent glacial acetic acid 
(by volume), 1- percent dilute nitric acid 
(20- percent concentrated nitric acid in 
water ) , and 79- percent water. 

Key techniques in these steps, to be 
described in the following paragraphs, 
are illustrated in Figs. 4 through 13. 

Washing 
The radioactive acetic acid was received 
from the supplier in a pyrex tube sealed 
with a break -off septum (Fig. 4). This 
tube was sealed to a closed -end Liebig 
condenser (Fig. 5), the septum was 
broken, and the acid was transferred by 
immersing the bottom of the condenser 
in liquid air and heating the tube. The 
tube was then sealed off. Inactive stand- 

Fig. 5- Sealing of acid tube to 
a closed -end Liebig condenser. 

0.3b" 

E 

Fig. 6- Identification of 
tagged cathodes by nickel 
wire. 

and acid was added to the condenser by 
pipette to obtain proper acid composi- 
tion and volume. 

A small loop of nickel wire was 
attached to each of the tagged cathodes 
so that the few tagged ones could be 
identified among thousands of others 
(Fig. 6). The parts were washed in 
water and methanol according to steps 
1 and 2 above. The acid was heated to 
100 °C. by immersing the end of the con- 
denser in boiling water. The cathodes 
were treated by lowering them on a long 
loop of nickel wire into the heated acid 
(Figs. 7 and 8). They were left in the 
acid for 10 minutes, then withdrawn, 
shaken free of excess acid, and mixed 
with a lot of 25,000 cathodes which had 
simultaneously been put through the 
water, methanol and acid washes. The 
entire lot was then divided into separate 
test runs and immediately run through 
subsequent test steps (Table I) . 

After completion of each test, the 
parts were rinsed in methanol and air - 
dried. The tagged cathodes were sepa- 
rated, taken to the laboratory in closed 

TABLE I. WASHING METHODS 

Run No. 

1 (a) 
1 (b) 

2 (a) 
2 (b) 

2 (c) 

2 (d) 

Washing Method 

Standard -ten cold -water rinses 
Ultrasonic, hot -four cold -water 

rinses plus one 10- minute ultra- 
sonic rinse with circulating hot 
(140 to 150 degrees farenheit) 
water 

Standard -ten cold -water rinses 
Ultrasonic, cold -four cold -water 

rinses plus one 10- minute ultra- 
sonic rinse with circulating cold 
water 

Ultrasonic, hot -four cold -water 
rinses plus one 10- minute ultra- 
sonic rinse with circulating hot 
(140 to 150 degrees fahrenheit) 
water 

Hot -four cold -water rinses plus 
one 10- minute rinse with circu- 
lating hot water 
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Fig. 8- Immersing cathodes 
into heated acid. 

(Th 

Fig. 7- Attachment of 
cathodes to nickel - 
wire loop. 

Fig. 10 - Nickel pan for 
hydrogen -firing. 

Fig. 9- Slitting open and flattening of 
cathodes to allow counting of inside 
and outside of cathode -sleeve surfaces. 

glass vials, and measured for residual 
radioactivity. 

The effect of the various cleaning 
steps on the inside of the cathode cup 
as compared to the outside was deter- 
mined as follows: several of the cath- 
odes were slit open and flattened, and 
the wire loops were removed, as shown 
in Fig. 9. The "inside" and "outside" 
cathode -sleeve surfaces were then 
counted. 

Firing 
Hydrogen- Firing: Tagged cathodes were 
placed in the bottom layer of a solid 
nickel pan (Fig. 10) normally used for 
this purpose and arranged as shown in 
Fig. 11. The purpose of this arrange- 
ment was to permit identification of 
individual parts after firing. The tagged 
cathodes were covered with approxi- 
mately 6,000 other cathodes, and all were 
fired in a Hayes furnace for 10 minutes 
at 1,000 °C. in line hydrogen ( -20 °C. 
dew point) . 

Air -Firing: Tagged cathodes were 
placed in the middle layer of approxi- 
mately 2,000 cathodes in a stainless -steel 
wire -mesh basket (Fig. 12) and 
arranged as in Fig. 13. The parts were 
then put into a Hoskins furnace which 
had been preheated to 800 °C; the parts 

TABLE II. 
AVERAGE RESIDUES AFTER CLEANING 

Process 
As Monolayers Ratio, of Inside / Outside Acetic Acid 

Standard 
Ultrasonic, 

cold 
Ultrasonic, 

hot 
Hot 

25.6 6.66 

0.68 2.47 

0.09 2.13 
0.86 6.54 

Residual 
contamination 

after firing 
(percent) 

2.0 
0.03 

Hydrogen firing 0.40 
Air firing 0.009 

Fig. 12- Stainless -steel wire - 
mesh basket for air -firing. 

were left in 10 minutes, removed, and 
cooled. The counting procedure and 
equipment was the same as that 
described above. 

Results 
The results obtained are summarized 
briefly in Table II. Each point repre- 
sents the average of a minimum of three 
tagged parts. 

Discussion 

Hot -water rinsing was very signifi- 
cantly better than cold -water rinsing for 
removal of acetic or acetate residues 
after acetic -acid treatment of cathodes. 

Ultrasonic rinsing with cold water 
was approximately equivalent to hot - 
water rinsing for external cleaning, but 
significantly better for internal cleaning. 

Ultrasonic rinsing with hot water was 
very significantly better than ultrasonic 
rinsing with cold water. This was the 
best method tested. It was far superior 
in reducing the total residue and, most 
important, in reducing the internal 
residue. 

Ultrasonic rinsing, hot or cold, was 
significantly better than comparable 
rinsing without ultrasonics, particularly 
in removal of residues from the hard -to- 
reach interior of the deep -drawn cathode 
cup. 

Hydrogen -firing very significantly 
reduced the amount of contaminant left 
on the parts. 

Air -firing very significantly reduced 
the amount of contaminant left on the 
parts. It was probably the most effective 
single step in the removal of organic 
residues. This result is in apparent 
agreement with some of the results given 
by Feder and Koontz.2 

SUMMARY 

Both of these studies demonstrated the 
unique advantages of the radiotracer 
method: Extreme sensitivity of measure- 

Fig. 11 - Arrangement of 
tagged cathodes in pan. 

3 

4 

14 

Fig. 13 - Cathode arrange- 
ment in basket for air -firing. 

ments (down to 0.005 monomolecular 
layers in the sulfate study, with another 
2 or 3 orders of magnitude readily avail- 
able) combined with extreme simplicity 
of technique. 

Although the work with acetic acid is 
essentially completed, the work with the 
sulfate is only a beginning. Planned 
areas of investigation include : organic 
contaminants and other cleaning sys- 
tems; mixed contaminants, organic and 
inorganic; effect of surface condition, 
probably the most fruitful and most 
important area in the series of studies; 
migration of contaminants in devices; 
and correlation of the contaminant 
(kind, amount, location) with device 
quality and life. 

The authors gratefully acknowledge 
tl'e assistance and advice of S. Kitagawa, 
E. L. Romero, and Dr. C. H. Thomas. 
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Fig. 1 -A conductive rubber roller is cut out of a polyethylene mold. The rubber material 
is a special conductive type formulated and fabricated in the DEP Chemistry Laboratory. 

CONDUCTORS FROM NONCONDUCTORS - 
ADHESIVES, COATINGS, PLASTICS, 

PAPERS, AND RUBBERS 

by 

DR. L. H. CUTLER 

Materials Standards Section 
Central Engineering 
DEP, Camden, N. J. 

IN THIS MODERN electronic age, the 
need has arisen for making nor- 

mally nonconductive materials elec- 
trically conductive - papers, paints, 
rubbers, plastics, and adhesives. The 
art of converting normally noncon- 
ductive materials into conductors has 
been known for many years, but has 
been of little importance until recently. 
In the familiar Leclanché dry -cell bat- 
teries, for example, cathodes are made 
of manganese dioxide -a poor con- 
ductor; conductivity is improved by 
the addition of a small amount of car- 
bon black to the mix during manufac- 
ture, resulting in batteries of lower 
internal resistance. 

SOME BASIC TECHNIQUES 

More recently, RCA'- has developed 
a number of highly successful dry -cell 
batteries employing nonconductive 
cathode materials having high electri- 
cal- energy capacities. In their original 
form, these materials would be unsuit- 
able, since batteries containing them 
would have an infinite internal resist- 
ance. So, by mixing 33 to 50 percent, 
by weight, of carbon black with these 
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materials, satisfactory batteries with 
low internal resistances have been 
manufactured. 

A number of these nonconductive 
materials have such high capacities 
that even after the addition of carbon, 
they still give more electrical energy 
than the conventional cathode mate- 
rials on a weight and volume basis. 
Derivatives of nitrobenzene and the 
new halogen laundry bleaches such as 
dichlorodimethylhydantoin, trichloro- 
melamine, and hexachloromelamine 
are examples of normally nonconduc- 
tive materials made conductive by this 
technique and thus suitable for use in 
batteries. 

This same technique has been 
applied in making other materials con- 
ductive. Conductive papers required 
in the Electrofax process were pro- 
vided by adding carbon black to the 
pulp during the manufacturing of the 
paper. Conductive papers could also 
be used as gasketing material and may 
be of use in other applications. One 
manufacturer ( Knowlton Brothers, 
Watertown, N. Y.) will cooperate in 
the development of special conductive 
papers. 

Vinyl Plastics 

Another commercially available mate- 
rial is a conductive vinyl plastic. 
Here again, the normally nonconduc- 

tive vinyl plastic is made conductive 
by the addition of carbon black dur- 
ing manufacture. The material is 
available in pellet form to be proc- 
essed by the user, in calendered sheet, 
film, and tape form in various widths 
and thicknesses, or in liquid form for 
roller or knife coating, brushing, 
spraying, and laminating. 

It is interesting to note that RCA 
pioneered the use of conductive vinyl 
over 20 years ago. Carbon was intro- 
duced in the manufacture of vinyl 
transcription records to give them 
conductivity in order to prevent static 
charge build -up, which attracts dust 
and results in noise. 

Today, conductive vinyl has found 
use as an electrostatic shield, replacing 
copper braid in communication cables, 
as shielding on microphone cables, as 
a conductor in an interference-sup - 
pression automobile ignition cable, 
and as shielded wire for coaxial and 
high- voltage cables. The material can 
also be used in antistatic devices, con- 
ductive gasketing, de -icing in aircraft, 
and many other applications. 

The Abbey Plastic Corporation, 
Hudson, Mass., which supplies the 
pellets as Abbey #100 Conductive 
Vinyl, lists the physical properties3 
shown in Table I. 

TABLE I - PHYSICAL PROPERTIES, 
ABBEY #100 CONDUCTIVE VINYL 

Resistivity, ohm -cm. 11 

Tensile Strength, psi 1500 

Modulus at 100% elongation, psi 1450 

Cold bend -40 °C 

(50 mil slab, 180° bend, 1/2" mandrel) 
Elongation, % 125 

Durometer (Shore A) 88 

Specific Gravity 1.39 

A number of conductive rubber mate- 
rials having similar properties and 
uses are also commercially available. 
Here again, conductivity is achieved 
by the addition of carbon black. 

Adhesives 

The use of carbon in making mate- 
rials conductive has recently been 
extended to the adhesive field. Emer- 
son & Cuming, Inc., Canton, Mass., 
introduced two adhesives containing 
carbon: Eccobond 60C and Eccobond 
60L. The Eccobond 60C is a one -part 
50 ohm -cm material cured at 300 to 
500 °F; the Eccobond 60L is a two - 
part 50 ohm -cm material cured at 
room temperature to 300 °F. Both 
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materials are used for general- purpose 
bonding where electrical conductivity 
must be maintained. The materials 
have been used to make good metal -to- 
metal joints so to eliminate r -f cabinet 
leakage. These materials can also be 
used to assure an intimate electrical 
bond between adjacent waveguide 
flanges. Eccobond 60C or Eccobond 
60L can be externally applied in thin 
coatings to absorb or attenuate cur- 
rents flowing on the surface of elec- 
trical conductors. These materials 
exhibit excellent thermal conductivity, 
comparable to that of steel, and there- 
fore, they are useful in applications 
where high heats are dissipated. The 
manufacturer lists4 " the properties for 
these materials shown in Table II. 

HIGH- CONDUCTIVITY APPLICATIONS 

Though carbon is very useful, inex- 
pensive, and readily available, the 
conductivity that can be introduced 
in a material by blending it with car- 
bon is limited by the conductivity of 
the carbon itself. For applications 
requiring high conductivity, silver 
powder is used in place of carbon 
black. Of course, the cost of silver 
powder is substantially greater than 
carbon. The use of metal pigments in 
paints is well known, for example, in 
aluminum paint and the decorative 
bronzes. These metal pigments, how- 
ever, are coated with an oxide film, 
making them poor conductors. 

Coatings 

The silver paints manufactured by 
DuPont Electrochemical Dept, Wil- 
mington, Delaware, and Handy & 

Hartman, New York, N. Y. are similar 
to aluminum and bronze paints, but 

TABLE II - PROPERTIES OF ECCOBOND 60C AND 60L 
CARBON CONDUCTIVE ADHESIVES 

Property 60C 601. 

Temperature Range for use 
Bond Shear Strength, 1" overlap of Aluminum 

Plate, psi (Bond Strength was unaffected by 
30 days water immersion) 

Room Temperature 
-70 °F 
+200 °F 

Flexural Strength, psi 

Volume Resistivity, ohm -cm: 
Room Temperature 
200 °F 

-70°F to 500°F -70°F to 350°F 

3400 3000 
2700 2300 
1700 1100 

12000 6000 

approx. 50 approx. 50 
approx. 50 approx. 50 

Thermal Conductivity, BTU /sq. ft./in./ °F 195 190 

Dielectric Constants at frequencies of: 
106 cps 6000 5000 
3 X 109 cps 20 35 
1010 cps 25 39 

Dissipation Factors at frequencies of: 
106 cps 2110 15.0 
3X 100 cps 1.5 L6 
1010 cps 2.0 0.63 

contain powdered silver flake. The 
silver does not tend to oxidize and is 
an excellent conductor, even in pow- 
dered form; hence, the coatings 
obtained using these silver paints 
results in excellent conductors. These 
paints are designed to place a thin con- 
ductive coating on normally noncon- 
ductive materials which, in turn, could 
be used as a base for plating, solder- 
ing, or painted wiring. 

Basically, these conductive coatings 
consist of 30- to 70- percent silver pow- 
der and a bonding agent. There are 
two types commercially available: 

One consists of silver powder mixed 
with a powdered - glass -frit bonding 

agent and dispersed in art organic 
vehicle. This type of coating requires 
a firing temperature of 750 to 1700 °F 
to burn off the organic vehicle and 
fuse the glass, giving a continuous 
film. It is limited to materials capable 
of withstanding this extremely high 
temperature, but yields an extremely 
adherent film having a high conduc- 
tivity-up to 75 percent of the con- 
ductivity of solid silver with the 
equivalent weight and shape. 

The second type consists of silver 
powder mixed with a thermoplastic or 

DR. LEONARD H. CUTLER received the 
B.S. in Chemistry in 1949 from the Philadel- 
phia College of Pharmacy and Science, and the 
M.S. degree in Physical Chemistry in 1950 and 
the Ph.D. degree in Physical Chemistry in 1952 
from the University of Delaware. He held a 
Research Fellowship at the University of Dela- 
ware from June 1949 to July 1952. Dr. Cutler 
served in the U. S. Navy from March 1943 to 
January 1946, and was honorably discharged 
with the rank of Electronics Technician's Mate 
First Class. From July 1952 to December 1953 
he was employed by the U. S. Steel Corporation 
in Pittsburgh, Pa., as an electrochemist working 
on problems involving the corrosion of metals. 
In December 1953 he joined the Chemical 
Laboratory of RCA in Camden, N. J. and has 
worked on a variety of physical chemistry proj- 
ects. He is a member of the American Chemical 
Society. He has presented several papers at 
technical meetings and has had a number of 
technical articles published. 

Fig. 2 -The author, Dr. L. H. Cutler (foreground), 
and a laboratory technician, R. J. Forster, meas- 
uring changes in conductivity of a conductive 
adhesive as tensile stress is varied. 
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TABLE III - PROPERTIES OF SILVER CONDUCTIVE ADHESIVES 

Eccobond 
58C 

Eccobond 
56C 

Hyso! 
6250 

Type 1 component 2 component 2 component 
Cure temperature 300-500°F 120-250°F R.T.-140°F 
Ilse temperature after cure -65. 1000 °F -70 -- 1-350 °F 
Volume resistivity, ohm -cm. Below 0.1 Below 0.1 0.01 
Bond sheer strength, psi 3200 2900 2000 
Flexural strength, psi 9700 12200 

thermosetting organic -resin binder. 
These materials can be air -dried or 
dried at slightly elevated tempera- 
tures. The thermosetting type requires 
baking at 300 to 400 °F. These coat- 
ings are fairly conductive, having 5 
to 25 percent of the conductivity of 
solid silver of the equivalent weight 
and shape. Adhesion of the film, 
though relatively poor, is adequate 
for bonding to the base material. 

Adhesives 

Silver -powder adhesives are similar to 
the air -dried conductive coatings in 
that they consist of fine silver powder 
dispersed in an organic resin bonding 
agent. These adhesives are used to 
bond together materials where high 
conductivity is needed in the bond, 
rather than to apply a conductive sur- 
face film as those obtained by using 
the conductive air -dried silver paints. 
In conductive adhesives, the organic 
resin binders are epoxy based and 
adhere excellently to metals, glass, 
plastics, and ceramics. 

The conductive adhesives are air - 
dried or cured at slightly elevated tem- 
peratures. They are used as replace- 
ments for solder in applications 
requiring electrical conductivity yet 
where soldering temperatures cannot 
be tolerated; for example, in bonding 
to nichrome wire, to conductive plas- 
tics, or to thin -metal plates. The con- 
ductive silver adhesives have high 
thermal conductivity and are, there- 
fore, useful in applications where high 
heats are dissipated. Among the 
commercially available low- resistance 
silver conductive adhesives are Ecco- 
bond 58C and Eccobond 56C manu- 
factured by Emerson and Cuming, 
Inc., and Hysol 6250 manufactured by 
Houghton Laboratories, Inc., Olean, 
New York. 

These manufacturers6-1'8 list the 
properties shown in Table III. 
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SPECIAL FILMS AND INKS 

First, there are the carbon inks and 
paints, materials which are similar to 
the silver coatings. These are used to 
apply a thin film of material contain- 
ing carbon onto a nonconductive sub- 
strate such as glass or ceramics. Thin 
films of carbon have a fairly high 
resistance (over 50 ohms per square) 
and are thus generally used as film 
resistors in electronic applications. 
Carbon films deposited directly from 
a flame by pyrolysis present high 
resistance and are similarly used as 
resistors in electronic applications. 

Inks of precious metals and pre- 
cious metal organometallics are also 
commercially available. Among the 
metals used in these inks are gold, 
platinum, and palladium. Inks are 
sprayed or painted on glass or ceram- 
ics and then fired at high temperatures 
-over 1000 °F. Depending on the 
type and concentration of the metal in 
the ink, resulting films vary in con- 
ductivity from good conductors to 
values low enough to be used as 
resistors. Since these inks are very 
expensive and contain precious metals, 
they are used only where a high cost 
can be justified, as in chemically -inert 
electrical contacts. Hanovia Chemical 
and Mfg. Co., East Newark, New Jer- 
sey, specializes in the manufacture of 
these inks. 

Films of many materials can also 
be applied in varying thicknesses to 
nonconducting substrates by metal 
evaporation techniques. Here again, 
the conductivity can be varied from 
very high values to very low conduc- 
tivity values, making the films useful 
as resistors in electronic applications. 

Another type of conductive film that 
can be deposited on glass and ceram- 
ics is the tin oxide film. Such films 
vary in resistance from 20 to 200 ohms 
per square depending on film thick- 
ness. Because these films are still 

transparent when applied to glass, 
they have been used in aircraft wind- 
shields to carry current for de- icing. 
They are widely used as heating ele- 
ments in small space heaters in the 
home and have found use as commer- 
cially available resistors in electronic 
applications. The film is deposited by 
heating the substrate to over 1100 °F 
and then spraying it with a mist of 
tin chloride solution which is instantly 
reduced to the conductive tin oxide 
coating. Tin- oxidecoated plate glass 
is commercially available. 

CUSTOM APPLICATIONS 

For special applications requiring 
tailor -made products, conductive pow- 
ders are available to the user for his 
own formulations. Practically any 
paint, plastic, adhesive, rubber or 
other insulating material can be made 
conductive. For example, Godfrey L. 
Cabot, Inc., Boston, Mass., Shawini- 
gan Chemicals Limited, Shawinigan 
Falls, Quebec, Canada, and Witco 
Chemical Company, New York, New 
York, and many other companies 
manufacture a high- conductivity car- 
bon black. Handy and Harman, New 
York, New York and Metals Disinte- 
grating Company, Elizabeth, New 
Jersey are among the manufacturers 
of fine powdered silver flake designed 
for use in making materials conduc- 
tive. Many manufacturers produce 
precious -metal powders. 

Finally, laboratories close to the 
product development engineer - the 
Materials Standards Section of DEP 
Central Engineering is a specific exam- 
ple within RCA - can and have de- 
veloped many special conductive mate- 
rials for specific applications. 
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RECENT DEVELOPMENTS IN PRINTED WIRING 
SOLDER- PLATED CIRCUITS 

The solder plating of printed wiring 
boards has become important at RCA 
because it seems to be the only way to 
get what has become known as "Boeing 
quality" solder dip coatings. (This term 
was popularized by Boeing Aircraft Co. 
where rigid specifications have been 
placed not only on the quality of soldered 
joints, to assure smooth, uniform, and 
strong junctions, but also on the quantity 
and appearance of the solder on the 
printed- circuit paths.) 

Solder -plated circuits may be made in 
either of two ways, (1) the entire copper 
clad laminate can be solder plated before 
any other processing, or (2) only the 
circuit part can be plated, the noncircuit 
area being masked off by a resist. 

The first method has an advantage. 
Plated boards are stored ahead of pro- 
duction use, so that the manufacturing 
process is not delayed by a relatively 
slow plating process. It has disadvan- 
tages however; these being difficulty of 
getting even thickness of solder plating 
over large areas, difficulty of plating 
exactly the composition of solder desired, 
and the necessity of using a silk -screen 
process (Kodak Photo Resist, KPR, does 
not adhere well to solder plate) . An- 
other problem is the undercutting of 
the resist to form a copper ledge approx- 
imately 0.005 -inch wide on each side of 
the solder -plated circuit line. This under- 
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cutting does not seem to be too objection- 
able when etching is carefully controlled, 
since this is adequately covered with 
solder in the subsequent solder- dipping. 

The second method, that of solder 
plating only the desired circuit lines and 
areas, is the one used by the manufac- 
turer producing the best -quality boards, 
so far. The entire copper area of the 
laminate is cleaned, then the photo- 
graphic process is used to apply the 
KPR properly and leave bare, clean 
copper in the areas where the circuit 
paths are desired. Next, these areas are 
solder plated. The KPR is then removed, 
and the solder plate is used as a resist 
for etching away the unwanted copper 
areas. For the etching process, the Hunt 
Company's Solder Circuit Etch liquid is 
used in a splash -type etcher. 

Both of these processes are under- 
going tests here at the present time. 

WATER -SOLUBLE FLUXES 

Recently, water -soluble fluxes, which 
seem to offer a great deal of promise in 
dip -soldering applications for printed- 
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wiring boards, have been placed on the 
market. These fluxes may be hydrazine 
derivatives, such as hydrazine mono - 
hydrobromide. They are at least as active 
as Kester 1571, but enjoy the great 
advantage of being completely water - 
soluble. After their fluxing actions are 
complete, they decompose at molten - 
solder temperatures, leaving slight resi- 
dues. These deposits are neither corro- 
sive nor hygroscopic and wash away 
readily in a spray of warm water. 

We have tested these fluxes and find 
no adverse effect on printed -wiring 
boards after one month at 95 percent 
relative humidity and 95 °F, even when 
residues are left on the boards ; however, 
as an appearance item, the boards should 
be washed after soldering. Two com- 
panies are supplying these fluxes: The 
Clinton Chemical Co., Santa Monica, 
California and the M. W. Dunton Co., 
Providence, Rhode Island. The Clinton 
material has been tested with highly 
favorable results, and the Dunton prod- 
uct is now undergoing pilot -plant checks 
in our Automation Group. 

PAPER -EPDXY LAMINATES 

Several manufacturers are offering flame - 
retardant paper -epoxy laminates with 
approximately the same electrical char- 
acteristics as the glass -epoxy laminates 
so extensively used in government work. 
This material has several desirable fea- 
tures, which should lead to wider use: 

11 built -in flame retardance; 
2 ) machines well at room tempera- 

ture, and punches and shears bet- 
ter than any other electrical grade 
of laminate; 

3 does not "age" appreciably or 
harden on further heating; 

4 ) good moisture resistance of the 
order of glass epoxy; 

5 ) high insulation resistance -as 
good as glass epoxy; 

61 much cheaper than glass epoxy. 
Below are approximate price relation- 

ships, based on 1 -ounce copper. one side, 
and a Mu- inch -thick laminate. 

Material Price Per Square Foot 
Paper phenolic 
Paper epoxy 
G -10 Glass epoxy 
G -11 Glass epoxy 

$0.84 
1.55 
2.92 
3.17 

The paper -epoxy laminate has almost 
twice the flexural strength of paper - 
phenolic laminate, yet tests in the labora- 
tory show that it is only slightly better 
in vibration and shock. Nevertheless, 
this should be more than compensated 
for by the other advantages of paper - 
epoxy reflected in the circuit design. 
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The present micromodule concept evolved from 
work performed at RCA during 1957 -58. The 
initial concept then became a reality in 1958 
through RCA work for the U. S. Signal Corps 
under Contract No. DA -36- 039 -5C- 75968. RCA 
has continued as the technical and coordinating 
agency for the program, which has progressed 
industry -wide. In this article, Mr. Eddison reviews 
the wide range of micromodule materials, proc- 
esses, and their associated problems. In the article 
that follows on P. 56, Dr. Schwartz and Dr. Stetson 
single out one of these topics - ceramics - for 
detailed discussion. 

ELECTROLYTIC CAPACITOR 

CERAMIC CAPACITOR 

END WAFER s 

Cz 

RESISTORS 

DIODE 

END WAFER WITH HOLE 

INDUCTOR + CAPACITOR 

TRANSISTOR 

Hg. 1- Exploded view of typical Micromodule. 

ASSEMBLED MODULE 

MATERIALS AND PROCESSES FOR THE 

THE GENERAL PURPOSES, characteris- 
tics, and design features of the micro - 

module have received wide publicity and 
are probably familiar to most RCA 
engineers. The chemical and physical 
means underlying the development of 
materials and processes by which the 
design was translated to a satisfactory 
product may not, however, be so well 
known. 

Miniaturization invariably involves 
problems of both design and materials. 
Since the earliest concept of the micro - 

module, it was realized that material 
behavior would be a major factor in its 
development. Although none of the 
materials contemplated for use were new 
to science, it was recognized that the 
circuitry needs of the micromodule. and 
its small size and geometry, would create 
problems. Some of these needs were 
unusually small spacing between termi- 
nals, the requirements of mechanical 
strength in a construction of fragile ele- 
ments, more -rigorous specifications for 
purchased components and materials, 
the severity of environmental specifica- 
tions, and an indication of the need for 
modification of presently known mate- 
rials in order to accomplish specific 
objectives. (Figs. 1 through 8 illustrate 
a typical micromodule, its components, 
and some of the processes and material 
involved. These will be discussed further 
in the article.) 
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Because the dimensions and geometry 
for the micromodule had been specified 
from its earliest concept, and time and 
contractual obligations permitted no 
change, every effort was made to fit the 
existing capabilities of the component 
manufacturer into the material require- 
ments of the module. Uniformity of 
shape, dimensions, and flatness -where 
flatness is important -were essential 
because automatic assembly was con- 
templated. It was soon discovered that 
although a number of manufacturers 
made excellent products, they were not 
necessarily acceptable for the micro - 
module. The reasons included such 
things as nonconformity to the required 
shape or dimensions. use of materials 
chemically different from those believed 
necessary for micromodule construction, 
some deviation from a required physical 
property, or failure to meet the 
extremely high reliability expectation 
under the storage, operating, life, and 
environmental conditions specified. 
Considerable work was necessary to 
satisfy, through materials and processes, 
the specifications for the prototype 
micromodule. 

MICROMODULE 

CERAMICS 

The importance of ceramics in the 
micromodule cannot be exaggerated. 
Indeed, ceramics having different chemi- 
cal and physical properties may be con- 
sidered as the foundation around which 
the micromodule was developed. They 
serve as platforms or substrates on which 
other materials may be deposited to 
develop a component, as in the case of 
resistors; as supports for components, 
as in the case of inductors and dry elec- 
trolytic capacitors; as end wafers or 
"terminal boards "; and, because their 
dielectric values can be altered by modi- 
fication of materials without jeopardy to 
other useful properties, may function as 
integral parts of the component, as in 
the case of high -K (dielectric constant) 
and precision capacitors. Without the 
appropriate ceramic of the right dimen- 
sion, in the proper place, fulfilling a 
specific function, the development of the 
micromodule would have become an 
entirely different project. 

The word ceramic does, of course, 
cover broad fields of application. This 
program, however, is concerned neither 
with window glass nor chinaware nor 
with such products of electrical ceramics 
as bushings, sockets, stand -off insulators, 
and the like. The ceramics used in the 
micromodule must meet many specific 
requirements. For example, the ceramic 
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substrate used as a platform for the 
deposition of other materials in resistor 
elements must have exceptionally high 
resistance itself, must have an extremely 
smooth, uniform surface, must provide 
adequate heat dissipation, must not be 
adversely affected by the material depos- 
ited on it, and must be chemically clean 
and free of ionizable material. 

Measurements and experiments nar- 
rowed the choice of optimum nontoxic 
ceramic materials to specific kinds of 
glasses and aluminum oxide. Glasses, 
because of their extreme fragility in 
thicknesses of 10 mils, present more - 
severe manufacturing problems than 
aluminum oxide. The present choice for 
a resistor substrate is aluminum oxide, 
in spite of the fact that, because of its 
inherent porosity, it must be specially 
treated to present a smooth surface. 

The end wafers and the substrates for 
dry electrolytic capacitors and inductors 
are generally less critical than ceramic 
parts for high -K and precision capaci- 
tors. The end wafers serve as "dams" 

144. 

Fig. 2 -Dry electrolytic capacitor in 
microelement form (rated up to 60 cf- 
volts). The tantalum anode measures 
approximately 0.180 inch diameter and 
can be made from tantalum in various 
forms. Tantalum surface is oxidized to 
provide dielectric coating. A metallic 
cathode layer is applied by silk screen- 
ing. Additional materials are used in 
making connections and terminations. 

Fig. 4- Toroidal -wound inductor (for use 
to 80 me up to 3 -mh value) utilizes fer- 
rite core and is mounted directly on a 

capacitor microelement to make a com- 
bination L -C circuit. Ferrite -core formula- 
tions and processing have required 
intensive investigation of materials and 
processing. The resulting core perfor- 
mance has been considerably in 
advance of the state of the art. 

during the encapsulating process and, 
because all the riser wires are attached 
to them, also help provide mechanical 
strength. In addition, they afford means 
for making connections to other micro - 
modules or printed- circuit boards, and 
help provide means for heat dissipation. 
Because of the need for as much uni- 
formity of material content as possible, 
aluminum oxide is also used for these 
wafers. 

ELECTROLYTIC CAPACITORS 

The requirement of small size in the 
micromodule spearheaded initial interest 
in the dry electrolytic capacitor. Proba- 
bly the best known example of this type 
of capacitor is that using tantalum as the 
anode. The tantalum may be supplied as 
ribbon, coil, wire, or tape, or may be 
developed from a powder. by suitable 
pressing techniques, to the required 
dimension. If powder technology is used, 
a tantalum lead wire may be introduced 
simultaneously with the pressing opera- 
tion, and the whole unit then be vacuum - 
sintered at a high temperature. This 

Transistor 
Element 

riffk, 
F, 

Prepared 
Wafer 

Transistor 
Mounted in 

Water 

technique provides considerable surface 
area. The next step anodizes the tanta- 
lum surface in a suitable electrolyte to 
an oxide of tantalum which is, of course, 
the actual dielectric medium. Care must 
be taken to ensure that the tantalum 
surface is constantly replenished with 
oxygen. Oxygen may be supplied by 
the use of a thin coating of manganese 
dioxide. A low- resistance contact to the 
anode is then provided. Carbon has 
been found to be a useful interface 
material for this purpose. The next 
process supplies the metallic cathode 
layer, usually silver, which may be 
applied by silk screening or an equiva- 
lent process. 

Considerable progress has been made 
in this field and dry electrolytic 
capacitors filling all the requirements 
of the present micromodule have been 
developed. 

PRECISION AND HIGH -K CAPACITORS 

The field of improved high -K and preci- 
sion capacitors presented a major chal- 
lenge. The development of an improved 

Cap Finished. 
Micro - 

Element 

Fig. 3- Design and assembly of microelement transistors created problems in 
housings and hermetic seals. Different materials employed must be compatible 
and capable of withstanding production handling and heat application without 
adversely affecting performance. 

L r\ 
Fig. 5- Single -layer ceramic capacitors of 10 -mil thickness and rated at 100 
volts are made for precision (left, 5 to 30 µµ.f) and general -purpose (right, 100 
to 6,000 µµf) applications. Various ceramic dielectric materials can be used in 
the wafers, upon which the capacitor electrodes are screened. 
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product requires chemical and physical 
arrangement of ceramic -like materials of 
defined particle size, with or without 
additives, under various processing con- 
ditions, in specific atmospheres, and at 
specific temperatures. Both rare -earth 
and the more common earth oxides were 
used to achieve the objective. In a 
typical formulation, barium and tita- 
nium oxides in specific ratios or molal 
compositions are combined through the 
agency of heat and in the presence of a 
small amount of ceramic flux to yield a 
material having dielectric constants or 
K values of 30 to 35 and Q values of 
1000 to 2000. Lanthanum oxide may be 
similarly combined with titanium oxide 
to yield K values of 40 to 45 and Q values 
in excess of 10,000. The periodic table 
indicates the potential value of a number 
of oxides of different earth elements. 

Composition, however, is not the only 
factor involved in the development of 
high -K or precision capacitor ceramics. 
Of equal, and perhaps more theoretical 
importance, is the study of ceramic 
materials structure. 

RESISTORS 

After a suitable ceramic substrate was 
selected, the problem of resistor develop- 
ment consisted of selecting materials and 
processes to meet the specified resistance 
values, tolerances, and reliability. It must 
be remembered that both the materials 
and processes used in manufacturing the 
various types of resistors presently used 
in the industry are very different, and the 
end results in terms of response to 
imposed specifications and reliability are 
not the same. A selective direction of 
effort was necessary to permit the most 
pertinent and economical returns. 

Of the various resistor materials avail- 
able, two seemed to offer the greatest 
immediate promise in terms of adapta- 
bility to the micromodule, chemical and 
physical properties, and reliability. 
These two materials are tin oxide, which 
is produced by spraying tin chloride, 
either with or without additives, on the 
heated substrate material, and thin metal 
films deposited on the substrate by 
vacuum techniques. Either method pre- 
sents its special problems. If a resistor 
is developed from tin chloride, for 
example, the surface condition of the 
substrate, the temperature of the sub- 
strate at the time of spraying, the 
formulation of the tin chloride spray, 
the method of pattern development, and 
aging the completed resistor all exert 
their effect, individually or collectively, 
on such properties as ohms per square, 
final resistance, power dissipation, and 
temperature coefficient of resistance. 

In the development of metal -film resis- 
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tors by vacuum deposition, the nature of 
the alloy evaporated and its freedom 
from contaminants are important con- 
siderations. Residual pressure at the 
time of evaporation is also important as 
is the method of pattern development. 
These and other factors control the 
properties of ohms per square, final 
resistance, power dissipation, and tem- 
perature coefficient of resistance. 

The common denominators in the 
development of micromodule resistors 
by use of either tin chloride or metal 
films include selection of substrate 
material, its dimensions, its cleanliness, 
its smoothness of surface; its freedom 
from ionizable material; and aging of 
the final resistor and its protection from 
external environment. Such protection is 

provided by coatings and encapsulation. 

TERMINATIONS 

Each wafer of the micromodule is sup- 
plied with a number of terminations 
necessary for the performance of the 
component. The resistor employs twelve 
terminals to provide versatility of cir- 
cuitry by freedom to select different 
resistance values. The end wafers also 
use twelve terminals for connection to 
other circuits. 

Prior work had shown the wide 
adaptability of silver as a terminal or 
termination -pad material. Silver is easy 
to apply, is a good electrical conductor, 
and permits efficient soldering. Its use in 
the micromodule had to be re- evaluated, 
however, because of the number and 
extremely close juxtaposition of terminal 
pads (particularly in the case of resis- 
tors), the extreme environmental condi- 
tions to which the micromodule would 
be subjected, and the possibility of the 
introduction of traces of ionizable mate- 
rials from any one of several potential 
sources. Silver migration had been 
experienced by others in critical appli- 
cation. If the same phenomenon occurred 
in the micromodule, severe restrictions 
would be placed on both its life and 
reliability. 

Wafers were prepared with terminal 
pads of silver having the extremely small 
distances between them found in the 
micromodule. The wafers were then 
placed in a high- humidity cell under 
low voltage. Both electrical measure- 
ments and visual observation showed that 
silver migration did occur and that most 
protective films retarded, rather than 
eliminated, the difficulty. Consequently, 
the metal content of terminations became 
a subject of comprehensive investigation. 

The metals and alloys used for experi- 
mental work in developing terminations, 
and also those used elsewhere in the 
micromodule, were watched closely for 

tendencies to develop metallic whiskers. 
An appropriate test system for such 
observation was developed. Only one 
case, that of electroplated tin on a riser 
wire, was noted. Eléctroplated tin in 
micromodule construction was subse- 
quently eliminated. 

Corollary investigation of the termina- 
tion problem indicated the imperative 
need for unusual cleanliness. Solder 
fluxes, finger prints, and similar con- 
taminants introduced ionizable material 
leading to breakdown. Materials for 
cleaning the micromodule after termi- 
nation and immediately prior to encap- 
sulation required isolation of particular 
solvents that would not chemically 
attack, or physically disturb, any of the 
parts or materials. Ultrasonic energy 
was found useful as part of the necessary 
processing. Because a number of com- 
ponents were externally purchased and 
their past history not totally known, care 
was essential to ensure that the charac- 
teristics of each component would be 
unimpaired by cleaning materials and 
processes. 

INDUCTORS 

Inductance is provided by a toroid -coil 
core construction. In most instances, the 
core is based largely on a ferrite using 
the oxides of iron and manganese, with 
small amounts of the oxide of nickel or 
copper, magnesium, and zinc. When such 
a core is heat -treated at a suitable tem- 
perature in an appropriate atmosphere, 
it provides values of permeability and Q 

Fig. 6- Microelement terminations are coated 
with solder by dipping. Solder compositions, 
metallizing formulas and processes, and basic 
microelement materials must all be compatible 
to assure electrical performance and reliability. 
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acceptable for most electronic applica- 
tions. Because of the electrical require- 
ments of the micromodule and the 
required temperature stability, a ferrite 
was developed using the oxide of 
nickel, modified by the introduction of 
extremely small quantities of carbon and 
the oxides of barium and molybdenum. 

Because inductance is dependent on 
an insulated wire coil, the properties of 
the wire as well as the number of turns 
contribute to uniformity of inductance 
values. The properties of the conductor 
in the wire are important because copper 
purity, tensile strength, elongation, and 
yield point exert an appreciable effect 
on the end result. A conductor subject 
to undue tension may exceed its elonga- 
tion value and cause breakage of the 
wire. A wire in tension beyond its yield 
point may be subject to breakage on the 
application of any further stress. 

The insulation on the wire is also 
important in its chemical and physical 
properties. Physically, it may modify the 
properties of tensile strength and elonga- 
tion. Chemically, it may react with sol- 
vents used in cleaning operations. with 
adhesives and impregnants used in mak- 
ing the substrate coil -core assembly, or 
with the coating or encapsulant finally 
applied. Care was taken to ensure that 
the insulation would meet all the neces- 
sary conditions. 

TRANSISTORS AND DIODES 

Such a wealth of information is already 
available about transistors and diodes 
used in the micromodule that it would 
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Chemical Engineering from Leeds College of 
Technology. His experience includes six years 
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the therapeutic value of ultraviolet rays with 
Corning Glass Company and Cornell Univer- 
sity, and photographic research with Ansco 
and the Bureau of Chemistry in Washington. 
He joined the Chemical and Physical Laboratory 

Fig. 7- Different firing 
processes are utilized in 
making various microele- 
ments. As successive firing 
operations are necessary in 
the process of completing 
many types of elements, the 
materials engineer must 
establish their qualities, 
limitations, and compatibil- 
ity with each other and 
with various processes. 

Fig. 8 - Terminations are 
applied to a diode micro - 
element by screening a sil- 
ver paste onto the wafer 
through a 200 -mesh stain- 
less -steel screen. With the 
screening fixture shown 
here, four diode microele- 
ments can be screened 
simultaneously. The 
screened units are subse- 
quently fired. 

be presumptous to try to cover them 
here. However, a number of problems 
were met in their direct application to 
the micromodule. In particular, diffi- 
culties in housings and hermetic seals 
had to be overcome. 

COATINGS AND ENCAPSULANTS 

Coatings and encapsulants provide the 
means by which the micromodule is 
protected from specified environments. 
Coatings are applied locally to each 
component according to the need. They 
may be organic or inorganic in nature. 
They not only provide protection against 
abrasion and contamination of the com- 
ponent but also where organic materials 
are involved, contribute, by their com- 
pressibility, to a cushioning effect. Coat- 
ings must not react chemically with any 
material of any component and must not 
react adversely with the encapsulant. 

Encapsulation is the last process in 
the making of the micromodule. A num- 
ber of engineering considerations were 
recognized early in the work, among 
them a realization that the encapsulating 
material should not chemically react 
with any material used in the micro - 
module. It must be sufficiently flexible 
to eliminate any possibility of stress 
causing damage to fragile wafers, yet 
sufficiently rigid to maintain mechanical 
strength. The exotherm should be below 
a temperature which might cause dam- 
age to any component, but the softening 
point should be substantially above any 
temperature developed internally by the 
micromodule or any conceivable environ- 

of the RCA Electron Tube Division in Harrison 
in 1929, and became Manager of the Labora- 
tory at Camden in 1941. In 1958, he transferred 
to the Semiconductor and Materials Division at 
Somerville as Staff Engineer in the Micromodule 
Engineering activity. Mr. Eddison is a member 
of the American Chemical Society, the National 
Society of Corrosion Engineers, and the Ameri- 
can Electro- chemical Society. 

ment. Its electrical characteristics must 
be excellent, and it must maintain initial 
values over the expected life of the 
device. It must provide heat dissipation 
and guarantee that the Micromodule will 
meet military environmental and other 
specifications. Suitable coatings and 
encapsulants for the module have been 
developed. 

Because of the small size of the micro - 
module and the presence of riser wires, 
special problems were encountered with 
respect to design of a mold for encap- 
sulation. A number of materials were 
evaluated, including plastisols, silicone 
rubbers, and other polymers, to deter- 
mine the optimum configuration and 
dimensions for final design and develop- 
ment of metal molds for future manu- 
facturing purposes. 

THE FUTURE 

The development of the micromodule 
has presented many problems in the 
chemistry and physics of materials. The 
micromodule itself may be considered, 
perhaps, as at least one step between the 
use of materials for specific electronic 
devices in small mass and a product of 
the future where small mass will be 
replaced by minimum surface and a 
desired effect gained by a more informed 
control of the electron. New materials 
and material purity, difficult to visualize 
-and perhaps more difficult to obtain - 
may be required. Chemistry and physics 
will be equal to the problem and will 
contribute, as a force for progress, in 
our organization and in our industry. 
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Fig. 1 -Basic wafer used in the micromodule. 
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CERAMICS AND THE MICROMODULE 
by 

Dr. B. SCHWARTZ and Dr. H. STETSON 

Micromodule Engineering Ceramic Laboratories 
Semiconductor and Materials Division 

Somerville, N. J. 

CERAMIC MATERIALS HAVE assumed an 
expanding role in this growing 

electronics era. The current trend toward 
miniaturization of electrical equipment 
has contributed to the exploitation of 
the solid -state properties of materials. 
There is an increasing tendency to 
replace vacuum tubes, air- and oil - 
dielectric capacitors, wire -wound resis- 
tors, and other components by smaller, 
solid -state devices. The micromodule 
program represents a major effort to 
achieve standardization of such devices 
so that the greatest advantages of minia- 
turization can be utilized in broad areas 
of electronic systems. This article 
reviews briefly the historical growth 
of electro- ceramics, reports the role that 
ceramics play in each of the micro - 
module elements, and points out areas 
for further research. 

ELECTRO- CERAMICS 

The field of ceramics may be considered 
to include all nonmetallic, inorganic 
materials which are heated to a high 
temperature as an integral part of their 
manufacture. Dinnerware, glassware, 
artware, and building materials such as 
brick, are common ceramic products. 
The new branch of electro- ceramics, 
which deals with the materials used in 
electrical devices, is an outgrowth of 
these earlier compositions. 

As the electrical industry grew dur- 
ing the previous century, porcelain 

56 

(alkali aluminum silicate) and glass 
were used for high -voltage, low -fre- 
quency insulators. These materials are 
still in use because of their electrical 
and mechanical strength and resistance 
to the effects of moisture. In the present 
century, the use of higher frequencies 
in radio and radar required that insula- 
tors have lower dielectric loss and 
improved dimensional tolerances. Stea- 
tite ceramics (magnesium silicate) were 
developed and widely accepted for use 
in these precision parts. 

Advances in electronics created a 
demand for materials with other new 
properties. The discovery of the high 
dielectric constant of titania was a 
major contribution to the manufacture 
of miniature capacitors.' Extensive 
research then followed on other titan - 
ates. The discovery of barium titanate, 
which has an extremely high dielectric 
constant and piezoelectric behavior, led 
to a wider use of ceramic capacitors and 
electro- mechanical devices.`' Approxi- 
mately half the capacitors made in this 
country today are of these types. 

Another recent development was the 
replacement of glass envelopes in some 
vacuum tubes and transistors by enve- 
lopes of alumina and forsterite (mag- 
nesium orthosilicate) .3 This change 
permits the devices to withstand higher 
temperatures and greater mechanical 
shock. The RCA Nuvistor is one prom- 
inent example. Reliable methods for 

hermetically sealing ceramic to metal 
parts have also been developed and are 
now used in production. 

Ferrites, which are magnetic ceramics, 
are also of great importance to the 
electronics industry. These materials 
are characterized by a very high elec- 
trical resistivity which makes them par- 
ticularly valuable at high frequencies. 
(See New Ferrites for Electronics, this 
issue.) 

THE MICROMODULE PROGRAM 

The micromodule concept, structure, 
applications, and potentialities were 
described in detail in a previous issue 
of the RCA ENGINEER.4 (See also 
Materials and Processes for the Micro- 
module, this issue.) The principal ini- 
tial objectives of the micromodule pro- 
gram include: (1) a ten -fold reduction 
in size and weight of existing electronic 
equipment; (2) improvement in main- 
tenance through use of throw -away 
modules; (3) greater reliability as a 
result of fewer connections and 
improved technology; and (4) reduced 
equipment cost, through parts stand- 
ardization and mechanized assembly. 

Basic Wafer 

The first step toward achieving these 
objectives was to establish a standard - 
size element or wafer, as shown in 
Fig. 1. Tolerances on this wafer are 
very close: -}0.004 inch for length and 
width, ±0.001 inch for thickness, and 
±0.001 inch for camber (warpage of 
the wafer ) . Control of camber, which 
is the most difficult of these require- 
ments, is important because the spacing 
between microelements is only 0.010 
inch. Such close spacings are necessary 
to obtain the desired packing density. 
Of the total space of 0.010 inch, 0.002 
inch is reserved for the encapsulating 
material and 0.006 inch for build -up on 
element surfaces of resistors, capacitors, 
solder, and other materials. Therefore, 
a maximum of 0.002 inch is left for 
camber on two adjacent parts. 

The economical manufacture of small 
ceramic parts to these tolerances 
requires special engineering effort. 
Because most ceramics are hard and 
abrasive, the use of conventional press- 
ing methods causes dies to wear rapidly 
and changes the dimensions. In addi- 
tion, linear shrinkages of as much as 
10 to 18 percent occur when the 
ceramic wafers are sintered at temp- 
eratures up to 1750 °C to vitrify them. 
Consequently, close control of every 
operation must be maintained to insure 
production of acceptable parts. 

Some manufacturers are developing 
new methods in which the wafers are 
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punched from sheets of ceramic mater- 
ials prior to sintering, instead of being 
individually pressed from powdered 
ingredients .5 Thus, the needs of the 
micromodule program are advancing 
the state of the art in some lines of 
ceramic manufacture. 

Careful consideration is given to the 
selection of the ceramic materials for 
the wafer. Table I lists several possible 
materials and their representative prop- 
erties. Alumina is presently being used 
for most elements, primarily because 
of its high strength and thermal con- 
ductivity. Other materials, such as stea- 
tite and special glasses, are being evalu- 
ated for selected parts. 

The basic wafer serves as a substrate 
for resistors, transistors, and inductors. 
Whenever possible, however, the wafer 
is also used as a functioning part of 
the microelement. In the case of ceramic 
capacitors, for example, the wafer is 
made of the desired dielectric material. 

Capacitors 

Present ceramic -capacitor requirements 
of the micromodule program have been 

example is a compound of zirconia 
with titania .6 A more complicated corn - 
position is barium pentatitanate, which 
X -ray studies showed to be a mixture 
of barium tetratitanate (positive coeffi- 
cient) and titania. Most positive temp- 
erature coefficient materials having a 

high Q also have low dielectric con- 
stants. The zero -value compositions, 
therefore, also have low K values (about 
20 to 45) I. Present high -K materials 
having a positive temperature coeffi- 
cient have such a low Q that they 
cannot be used in blends for micro - 
module precision capacitors. 

Until new zero temperature coeffi- 
cient materials having higher K's are 
developed, it is necessary to achieve 
the capacitance needed by the use of 
thinner dielectric layers. The capaci- 
tance C of a wafer (in micromicro- 
farads) is determined by the following 
equation: 

0.224 KA 
C= 

where K is the mean dielectric constant, 
A is the area of the electrode (square 

TABLE I- Representative Properties of Ceramic Materials 

Property 
Alumina 
(96%) Steatite 

Electrical 
Porcelain Forsterite 

Dielectric Strength 
(3/4" thickness at 25 °C), volts /mil 290 250 260 250 

Dielectric Constant 
(at 1 megacycle) 9.0 5.6 6.1 6.5 

Volume Resistivity 
(at 25 °C), ohms /cm3 >1014 >1014 >1014 >1014 
Flexural Strength, psi 45,000 20,000 12,000 20,000 

Thermal Conductivity, cal /sec /sq. cm/ °C/cm 0.055 0.008 0.005 0.009 

Hardness, Moh's Scale 9 7.5 7.5 7.5 

Thermal Expansion per °C 
(20 °C to 500 °C) 7.0x10 -6 8.5x10 -4; 5.0x10 -4; 10x10_4i 

Specific Gravity 3.7 2.6 2.5 2.8 

separated into two categories. Precision - 
type capacitors are required to have 
capacitance up to 2000 micromicro- 
farads, usually with zero temperature 
coefficient of capacitance, Q greater 
than 1000, and d -c voltage ratings of 
50 to 100 volts. General -purpose capaci- 
tors are required to have capacitance 
up to 300,000 micromicrofarads, toler- 
ances in the order of ±20 percent and 
d -c voltage ratings of 50 to 100 volts. 

The temperature coefficient and Q 

requirements of the precision capacitors 
are met by a group of ceramic dielec- 
trics based on titania. The Rutile struc- 
ture of titania has a mean dielectric 
constant (K) of about 115 and a nega- 
tive temperature coefficient of capaci- 
tance. By means of reaction between 
titania and certain other oxides, mater- 
ials having essentially a zero tempera- 
ture coefficient can be obtained. One 

inches), and t is the thickness of the 
dielectric (inches). 

Thus, for a wafer having an electrode 
area of 0.2 inch by 0.2 inch, a thick- 
ness of 0.010 inch, and a K of about 30, 
the capacitance is about 30 micromicro- 
farads. If the wafer thickness is reduced 
to 0.001 inch, the capacitance of the 
device is increased to 300 micromicro- 
farads. The decreased thickness also 
makes it possible to use ten such layers 
in the same space, thus providing a 
maximum possible capacitance of about 
3000 micromicrofarads. Multilayered 
capacitors having dielectric layers of 
0.001 inch and less have been made in 

the laboratory. 
General -purpose capacitors are usu- 

ally made of modified barium titanate, 
which is a ferroelectric having a Curie 
point of 120 °C. As this particular 
temperature is approached. the dielec- 

tric constant rises very rapidly, as 
shown in Fig. 2. This sharp maximum 
can be lowered, broadened, or shifted 
with respect to temperature by addi- 
tions of alkaline earth titanates, zircon - 
ates, and other oxides. In general, the 
higher the K, the greater is the tem- 
perature coefficient of the material. 
Although materials having a K of 
10,000 are available, materials having a 
K of about 5000 are currently being 
used because they have better tempera- 
ture characteristics. With such mate- 
rials, equation (1) shows that a 0.010 - 
inch wafer can provide about 5000 
micromicrofarads of capacitance. Multi - 
layer thin -film capacitors extend the 
range beyond the 300,000- micromicro- 
farad value needed. The Q of these 
capacitors is about 100. 

Research at RCA is presently directed 
toward increasing the K of precision 
capacitors, improving the temperature 
coefficient of general -purpose capacitors, 
and extending the upper temperature 
limits of both types. 

Resistors 

Ceramics are used in micromodule resis- 
tors as the substrate for thin -film ele- 
ments, such as tin oxide and evaporated 
metals. Although the substrate is known 
to influence the resistor's characteristics, 
it is difficult to specify the desired 
properties for the ceramic. Some gen- 
eral requirements are: 

1. High electrical resistivity 
2. Low dielectric loss 
3. Good thermal -shock resistance 
4. Minimum porosity 
5. A uniformly smooth surface which 

is free from defects 
6. Ability to maintain close dimen- 

sional tolerances 
7. Thermal expansion coefficient 

compatible with that of the resis- 
tor film 

8. Desirable hardness (sufficiently 
strong, but easily cut by a dia- 
mond wheel or sand -blasting) . 

These items are among the known 
significant factors. However, problems 
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Fig. 2- Dielectric constant of bamum titanate 
as a function of temperature. 

57 

www.americanradiohistory.com

www.americanradiohistory.com


still exist in defining and measuring 
the limits of each requirement. Item 
5 is probably the most difficult to 
establish. Because the film thicknesses 
are in the order of 100 to 1000 ang- 
stroms, smoothness of the ceramic sur- 
face has to be controlled in the range 
of micro -inches. With these orders of 
dimensions, the crystal habits of the 
phases present in the ceramic become 
important. A glass surface is particu- 
larly good in this regard, but cannot 
always meet all the other requirements. 
"Free from defects" implies that there 
are no surface cracks, spots, pits, or 
blemishes. The requirement for high d -c 

resistivity of the ceramic is necessary 
to avoid shunting of the high -value 
resistor elements and to prevent elec- 
trolytic reactions in the ceramic which 
might be harmful to the resistance film. 
Hardness is important when the indi- 
cated cutting operations are used for 
lengthening the film resistance path. 

Electrical porcelains of the clay, 
quartz, and feldspar type were among 
the first ceramics used for thin film 
resistor substrates.78 Alkali porcelains, 
however, are known to exhibit electro- 
lytic polarization, which is detrimental 
to high -value resistors .° As a solution 
to this problem, an alkaline earth por- 
celain was developed.10 Cordierite and 
similar bodies are usually too porous 
for use in resistors. Zircon porcelains 
have been reported as usable sub - 
strates,11 but care should be taken to 

avoid a coarse -grain structure and iron 
spots. Some commercial metal -film 
resistors in current use employ steatite 
as a substrate, and tin -oxide film 
resistors are being made on glass. 
Alumina porcelain is also being studied 
extensively. Alumina has been tenta- 
tively selected as a substrate for micro - 
module resistors, but must still be eval- 
uated fully. Future ceramic needs for 
resistors will lie in the region of 
improved homogeneity and surface 
structure, higher resistivity at elevated 
temperatures, and thermal conductivity. 

Transistors 

The micromodule transistor utilizes the 
ceramic wafer as a hermetic housing. 
In this application, the ceramic parts 
must be vacuum tight in thin sections 
(about 0.005 to 0.010 inch) and be cap- 
able of being metalized and sealed. 
Factors which affect vacuum tightness 
of ceramics have been reported in 
detail.12 In general, diffusion of helium 
and larger gas molecules, such as water, 
through crystalline structures was 
reported impossible to measure. 

Another important requirement of the 
ceramic is high thermal conductivity. 
The transistor is the most thermally 
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sensitive device of the elements dis- 
cussed thus far. To control its perform- 
ance, it is necessary to have good heat - 
removal design. Other desirable prop- 
erties of the ceramic include good 
strength, ease of fabrication into intri- 
cate shapes, low dielectric loss, and 
high electrical resistance. Alumina is 
currently the principal choice, but sev- 
eral other materials are still being 
considered. Fotoceram (Corning Glass 
Works trade name) is attractive, par- 
ticularly because of the advantages it 
offers in fabrication. Beryllia would be 
excellent because of its very high 
thermal conductivity, but it is toxic. 
Transistor design is in a period of 
change toward simpler construction and 
reliability in hermetic sealing. 

SUMMARY 

Ceramic materials play an integral role 
in each of the elements used to make 
a micromodule. The types of compo- 
nents now being used do not encompass 
all the electrical devices available for 
circuit design. Additional ceramics 
which may be used include thermistors, 
piezoelectrics, other types of ferrites 
and dielectrics, semiconductors, and 
insulators. Combinations of elements 
into a single wafer will be another 
trend in further miniaturization of elec- 
tronic equipment. One example is the 
resistance -capacitance (ac ) circuits now 
used commercially. These circuits util- 
ize a resistance film which is deposited 
on a dielectric plate. This concept 
can be extended to RL and RCL cir- 
cuits. Resistance and capacitance can 
also be built into the transistor wafer. 
Another improvement may be realized 
through more extensive use of ultra -thin 
evaporated and "sputtered" films, and 
junction zones within bulk materials 
which are controlled by diffusion. 

It can also be expected that modules 
will be required to operate at higher 
temperatures in the future. Operation 
at these higher temperatures will fur- 
ther expand the need for ceramic. 

To the ceramic technologist, the 
micromodule concept presents the 
opportunity to utilize the best develop- 
ments in the electro- ceramic field and 
to create new materials and processes. 
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Patents Granted 
TO RCA ENGINEERS 

H.oO.., v,n R,,,i,rn M.A. .uim o, ,WU, TOO VO,,, 

DEFENSE ELECTRONIC PRODUCTS 

Camden, N. J. 

Information Handling Device 
Pat. No. 2,877,446 -granted Mar. 10, 1959 
to A. D. Beard, I. H. Sublette, Moorestown, 
and L. C. Hobbs and S. M. Fillebrown, no 
longer with RCA. 

Apparatus for and Method of 
Counting Perturbations in a Field 
Pat. No. 2,907,519 -- granted Oct. 6, 1959 to 
F. D. Covely, 3rd. 

Automatic Programmed Delivery System 
Pat. No. 2,891,654 -granted June 23, 1959 
to D. E. Townsend, and M. Kaplan, no 
longer with RCA. 

Method of Etching Copper 
Pat. No. 2,908,557- granted Oct. 13, 1959 to 
O. D. Black and L. H. Cutler. 

Magnetic Recording Reproducing 
Pat. No. 2,908,770- -granted Oct. 13, 1959 
to H. R. Warren. 

Message Spacing Control System 
Pat. No. 2,907,002- granted Sept. 29. 1959 
to J. N. Smith, and W. R. Ayres no longer 
with RC:1. 

Punched Card Operated Apparatus 
Pat. No. 2,903,529- granted Sept. 8, 1959 
to H. F. Hanthorn. 

Semi -Conductor Squelch Circuit 
Pat. No. 2,904,678- granted Sept. 15, 1959 
to M. E. Malchow. 

Selective Indicio Production 
Pat. No. 2.907,018 -- granted Sept. 29, 1959 
to L. E. Haining. 

Digital -To- Analogue Converter 
Pat. No. 2,907,021- granted Sept. 29, 1959 
to W. E. Woods. 

Turret Lens Indexing and Focusing Apparatus 
Pat. No. 2,905,069- granted Sept. 22, 1959 
to J. J. Ayres, and C. T. Cole, Jr., IEP, 
Camden. 

Power Supply 
Pat. No. 2,905,881- granted Sept. 22, 1959 
to S. Aron. 

Moorestown, N. J. 

Power Supply 
Pat. No. 2,903,638- granted Sept. 8, 1959 
to L. L. Evans and D. F. Sprengeler. 

Information Handling Device 
Pat. No. 2,877,446 granted Mar. 10, 1959 
to 1. H. Sublette, A. D. Beard, Camden, and 
L. C. Hobbs and S. M. Fillebrown no longer 
with RCA. 

Burlington, Mass. 

Magnetic Storage Systems 

Pat. No. 2,911,629- granted Nov. 3, 1959 to 
H. J. Wetzstein and Z. K. Kawecki. 

Magnetic Storage System 

Pat. No. 2,911,630- granted Nov. 3, 1959 to 
E. E. Dinowitz. 

INDUSTRIAL ELECTRONIC PRODUCTS 

Camden, N. J. 

Turret Lens Indexing and Focusing Apparatus 
Pat. No. 2,905,069- granted Sept. 22, 1959 
to C. T. Cole, Jr., and J. J. Ayres, DEP 
Camden 

Secrecy Systems 

Pat. No. 2,905,747 -- granted Sept. 22, 1959 
to M. C. Kidd, and J. J. Davidson, H. I. 
Cherry Hill. 

Television Receiver Signal Pro ing Circuits 
Pat. No. 2,906,817- granted Sept 29, 1959 to 
M. C. Kidd, and H. C. Goodrich, H. I. 
Cherry Hill. 

Monitoring Circuits 
Pat. No. 2,904,781 -granted Sept. 15, 1959 
to A. Katz. 
Automatic Inspection Apparatus 
Pat. No. 2,905,318 -granted Sept. 22, 1959 
to R. E. Schell. 

System to Control Inter- Message Spacing 
Pat. No. 2,907,010- granted Sept. 29. 1959 
to A. M. Spielberg, H. P. Guerber, and L. C. 
Hobbs no longer with RCA. 

Signal Staticizer 
Pat. No. 2,907,989- granted Oct. 6, 1959 to 
H. P. Guerber. 
Relaxation Oscillating Circuit Arrangement 
Pat. No. 2,907,919 -- granted Oct. 6, 1959 to 
R. W. Sonnenfeldt. 
Indexing Device 
Pat. No. 2,906,200 -granted Sept. 29, 1959 
to F. W. Pfleger. 
Information Translating System 
Pat. No. 2,902,679 -granted Sept. 1, 1959 
to W. J. DePhillipo, and K. L. Chien no 
longer with RCA. 
Control System 

Pat. No. 2,902,687- granted Sept. 1. 1959 
to A. J. Grange. 
Automatic Phase Equalizer 
Pat. No. 2,906,866 -- granted Sept. 29, 1959 
to L. E. Thompson. 
Time or Phase Measuring System 
Pat. No. 2,906,946 -granted Sept. 29, 1959 
to R. W. Sonnenfeldt. 
Signal Wave Analyzer 
Pat. No. 2,906,947 -granted Sept. 29, 1959 
to R. A. Dischert and R. G. Thomas. 
Color -Correction Systems 
Pat. No. 2,902,539- granted Sept. 1, 1959 
to L. Shapiro. 

HOME INSTRUMENTS 
Cherry Hill, N. J. 

Secrecy Systems 
Pat. No. 2,905,747- granted Sept. 22, 1959 
to J. J. Davidson, and M. C. Kidd, IEP 
Camden. 
Signal Operated Automatic Color -Killer System 
Pat. No. 2,906,814 -granted Sept. 29, 1959 
to L. Dietch. 
Television Receiver Signal Processing Circuits 
Pat. No. 2,906,817- granted Sept. 29, 1959 
to H. C. Goodrich, and M. C. Kidd, IEP 
Camden. 
Transistor Phase Detector Circuit 
Pat. No. 2,906,818 -granted Sept. 29, 1959 
to H. C. Goodrich. 

Tuned Amplifier Neutralization System 
Pat. No. 2,902,546 -granted Sept. 1, 1959 
to L. A. Horowitz and G. G. Hermeling. 
Multi -Beam Convergence System 
Pat. No. 2,903,622- granted Sept. 8, 1959 
to J. C. Schopp, 

Transistor, Operating in Collector Saturation 
Carriers -Storage Region, Convertirg Pulse 
Amplitude to Pulse Duration 
Pat. No. 2,905,815 -- granted Sept. 22, 1959 
to H. C. Goodrich. 
Combined Synchronous Demodulator and 
Brightness Signal Channel 
l'ut. \U. 2,908,751- granted Oct. 13, 1959 
to R. K. Lockhart. 
Color Signal Demodulating and Matrixing 
Pat. No. 2,908,752 -granted Oct. 13. 1959 to 
R. K Lockhart. 
WEB Reeling System 
Pat. No. 2,908,495 -granted Oct. 13. 1959 to 
D. R. Andrews, and E. A. Bird no longer 
with RCA. 

ELECTRON TUBE DIVISION 
Harrison, N. J. 

Pneumatic Detecting and Sorting Apparatus 
Pat. No. 2,902,149 granted Sept. 1, 1959 to 
H. L. Blust, H. A. Strych, and G. Vivian. 
Matching Device 
Pat. No. 2,901,712- granted Aug. 25, 1959 
to A. G. Hogg. 

Lancaster, Pa. 

Method of Aluminizing Phosphor Screens 
Pat. No. 2,910,376 -granted Oct. 27, 1959 
to J. A. Stankey and M. N. Slater. 
Coating Apparatus 
Pat. No. 2,902,973- granted Sept. 8, 1959 
to M. Weingarten, F. D'Augustine, and G. R. 
Flange. 

Method of Applying Films to 
Cathode Ray Tube Screens 
Pat. No. 2,903,377 granted Sept. 8, 1959 
to T. A. Saulnier. 
Positive Ion Trap Gun 
Pat. No. 2,903,612- granted Sept. 8, 1959 
to D. D. VanOrmer. 
Sintered Photoconducting Photocells 
and Methods of Making Them 
Pat. No. 2,908,594 -granted Oct. 13, 1959 
to G. S. Briggs. 
Electron Tube 
Pat. No. 2,909,698 -granted Oct. 20, 1959 
to L. P. Garner. 
Zinc Sulfide -Coated Phosphor Particles, 
Phosphor Screen, and Method of 
Making Screen 
Pat. No. 2,908,588- granted Oct. 13, 1959 
to S. A. Harper. 

ASTRO- ELECTRONIC PRODUCTS 
Princeton, N. J. 

Class B Transistor Amplifier 
Pat. No. 2,892,045 -granted June 23, 1959 
to A. I. Aronson. 

NATIONAL BROADCASTING CO. 
New York, N. Y. 

Audience Survey System 
Pat. No. 2,903,508 -- granted "ept. 8. 1959 
tu J. L. Hathaway. 

RCA SERVICE CO. 
Cherry Hill, N. J. 

Semiconductor Power Devices and 
Method of Manufacture 
Pat. No. 2,905,873 -granted Sept. 22, 1959 
to J. 011endorf, and J. Bibby no longer with 
RCA. 
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BASED ON REPORTS RECEIVED OVER A PERIOD OF ABOUT Two MONTHS 

DEFENSE ELECTRONIC PRODUCTS 
Camden, N. J. 

Parametric Recognition of Phonetic Sound 
By W. F. Meeker: Seminar on Speech Cmn- 
pression and Processing, AFCRC, Bedford, 
Mass., Sept. 30, 1959. Parametric speech 
bandwidth compression systems in which 
formant frequencies, formant amplitudes, 
pitch, and voiced -unvoiced distinctions are 
transmitted and used at the receiver to syn- 
thesize speech, have achieved a considerable 
degree of intelligibility. This presentation 
discusses the validity of this approach for 
speech recognition. 
Test Equipment Standardization 
By H. S. Ingrahm: Administration, and 
advantages of DEP program. Nov. 13, 1959, 
Annual Electronic Engineering Represen- 
tatives Show, Philadelphia, Pa. 
Experimental Verification of Reliability 
By M. P. Feyerherm: Nov. 17, 1959, Relia- 
bility and Components Lecture Series, Mont- 
clair, N.J. Preparations and factors to be 
considered in testing electronic equipment 
for the vertification of its reliability and the 
interpretation of the test data. 
Design of a Wire Communication System in a 
Shielded Passageway of the 
BMEWS Radar Systems 
By H. G. Schwarz: Oct. 7, 1959, in Chicago. 
Preventive measures in planning stage of a 
large radar system to minimize interference 
on communication links. 

Moorestown, N. J. 

Loaded Cl of Transmission Line Tank Circuits 
By R. A. Henderson: Sept. 18 issue, Elec- 
tronics. The equation for Q is so arranged 
that the greater part can be plotted as a 
function of live length. Then Q is obtained 
by multiplying this part by the ratio of loan 
impedance to live impedance. 

INDUSTRIAL ELECTRONIC PRODUCTS 
Camden, N. J. 

An Automatic Sensitivity Control for 
Monochrome Film Cameras 
By H. N. Kozanowski, S. L. Bendell, and 
K. Sadashige: Oct. 8, 1959, SMPTE 86th 
Convention, New York City. A device for 
automatic control of signals levels from 
vidicon camera chains to accommodate 
unpredictable variations in average density 
of films used in TV programming. 
A Magnetic Disc Recording and Reproducing 
System for Broadcast Applications 
By G. A. Singer: SMPTE Convention, New 
York, Oct. 5, 1959. Pre -grooved disks, 
molded from a dispersion of iron oxide in 
an elastomer over an aluminum cover which 
combine the advantages of magnetic record- 
ing with the handling ease of disks. A spe- 
cially designed narrow track head which 
rides in the groove is used for both record- 
ing and reproducing. 
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New Equipment for Measuring Envelope Delay 
By E. N. Luddy: Annual Symposium, Pro- 
fessional Group on Broadcasting, IRE, Sept. 
25.26, 1959, Washington, D.C. Effects of 
envelope delay distortion in TV systems, and 
improvements by proper equalization and 
the RCA BW -8A Envelope Delay Measuring 
Set, being introduced for TV station use. 
A Transport Mechanism Design for the 
Television Tape Recorder 
By J. G. Lee: Oct. 9, 1959, SMPTE 86th 
Semiannual Convention, New York City. 
Major units of a TV tape transport mecha- 
nism; basic function performed by each and 
its relation to the complete system. 
The RCA 501 System 
By J. A. Brustman: Eighth Annual Indus- 
trial Electronics Symposium, Pittsburgh, 
Pa., Oct. 1, 1959. Design technique in the 
input- output area of the RCA 501 EDP Sys- 
tern and features of the new RCA 502 and 
504 Computers. 
RCA's Automatic Message Switching Center 
By T. L. Genetta, J. L. Owings, and J. F. 
Page: Oct. 13, 1959, NEC, Chicago. RCA's 
AUTODATA, a fully automatic, completely 
transistorized message switching center 
which assimilates the large flow of traffic in 
large communication networks. 
Progress in the Development of 
Electronic Vehicle Detection 
By C. O. Caulton: Annual Meeting for the 
Electronic Committee of the American Assn. 
of State Highway Officials, Boston, Mass. 
RCA Electronic Vehicle Detector, resulting 
from original work by the David Sarnoff 
Research Center in the field of the control 
of vehicles on highways and a subsequent 
contract for the Federal Aviation Authority 
to detect and route all types of vehicles on 
the ground at airports. 
Selection of Air Filters for Electronic Equipment 
By T. G. Nessler: Aug., 1959 Electrical 
Manufacturing, a comprehensive guide for 
selection and application of air cleaning 
devices used in electronic equipment. 
Millimicrosecond Diode Capacitor Memory 
By M. M. Kaufman: Oct. 12, 1959, NEC 
Conference, Chicago. In 1953, the NBS built 
a diode capacitor memory of 10,000 bits with 
a ten microsecond cycle time using junction 
types having a basic speed limitation 
because of minority carrier storage and dif- 
fusion time. This technique has been studied 
and a prototype memory built using faster 
diodes to evaluate difficulties in reducing 
cycle time to approximately 10 millimicro- 
seconds. 
Servomechanisms in the 
RCA Television Tape Recorder 
By J. W. Wentworth; Published by the 
Broadcast and TV Division. Fundamentals 
of servomechanism design and detailed 
descriptions of the three servo systems used 
in the TV tape recorder. First installment of 

a training manual covering the operation 
and parts of the RCA TRT- 1A /lAC TV 
Tape Recorder, completion of which is antic- 
ipated early in 1960. 

Compatible Color Television 
By J. W. Wentworth: A popular lecture 
presented to a group of high- school teachers 
concerning a semi -technical derivation of 
the color TV transmission standards, basic 
principles of colorimetry, and several elec- 
tronic techniques used for encoding and 
decoding color TV signals. 

ELECTRON TUBE DIVISION 
Harrison, N. J. 

Voltage Control of Magnetron Frequency 
By C. L. Cuccia: Electronics, July 10, 1959. 
A new type of crossed -field device, the reflex 
magnetron, which permits control of the fre- 
quency of the magnetron as a function of the 
magnetron current. 

Miniaturized Low -Noise Traveling -Wave Tubes 
for Airborne Applications 
By C. L. Cuccia, H. J. Wolkstein, and J. J. 
Napoleon: IRE WESTCON Convention, Los 
Angeles, Calif., Aug. 18 -21, 1959, and pub- 
lished in the IRE WESTCON Convention 
Record, August, 1959. This paper describes 
developmental L- and S -band traveling -wave 
tubes suitable for use in the input stages of 
octave -bandwidth traveling -wave -tube chains 
in airborne equipment. 

Role of Powder Density in 
Dry -Pressed Ceramic Parts 

By W. C. Allen, T. F. Berry, and W. A. Has - 
sett: American Ceramic Society Bulletin, 
Aug., 1959. Effects on pressed and fired 
steatites of the properties of the powdered 
raw materials. 

The Effect of Flux Distribution on Iron Losses 

By M. J. Schindler; AIEE Fall General 
Meeting, Chicago, Oct. 12, 1959. Attempts 
to determine approximate solutions for Max- 
well's field equations under the condition 
of variable permeability that will lead to a 
modified formula for determining eddy - 
current losses in magnetic sheet steel. 

An Electrostatically Focused Traveling -Wave 
Tube for Wide -Band Amplification in 
L- and S -Band 
By C. L. Cuccia and W. C. Johnson: NEC 
Conference, Chicago Oct. 14, 1959, an elec- 
trostatically focused traveling -wave tube 
designed for use in systems requiring wide - 
band amplification at a power level of 5 
watts in L -band and S -band. 

A Family of Medium -Noise Periodic - 
Permanent- Magnet- Focused 
Traveling -Wave Tubes 

By G. Hodowanec, W. Poelstra, and J. Nel- 
son; IRE Electron Devices Meeting, Wash- 
ington, D.C., Oct. 29, 30, 1959. Traveling - 
wave tubes of the periodic- permanent -mag- 
net- focused type having octave coverage at 
L, S, and C bands and noise figures of the 
order of 12 to 16 db. Design features which 
permit tube operation under severe environ- 
mental conditions. 

Status Report on the Environmentalization of 
Traveling -Wave Tubes 

By J. S. Posner: IRE Electron Devices Meet- 
ing, Washington, D.C. Oct. 29 -30, 1959. 
Novel design approaches to some of the 
major factors which could severely limit 
traveling - wave -tube performance, including 
ambient air temperatures, mechanical vibra- 
tion, and layout. 
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Lancaster, Pa. 

Surplus Searchlight Makes Solar Furnace 
By P. G. Herold: Chemical Engineering, 
June 1, 1959. Construction of a solar fur- 
nace used in investigations of various high - 
melting -point compounds and metal -and- 
oxide combinations to determine their suita- 
bility for use in tube construction. 

Sensitivity and Motion- Capturing Ability 
of Television Camera Tubes 
By R. G. Neuhauser: July, 1959 SMPTE 
Journal. Determines the sensitivities of vari- - ous camera tubes in terms of the illumina- 
tion levels required for both standard and 
non -standard TV scanning rates. 

Color Tube Design: 
A Report on the State of the Art 
By H. C. Moodey: IRE Emporium Section 
Seminar, Aug. 28, 1959, Emporium, Pa. 
Compares a number of important features 
of several types of color TV reproducers. 
Reasons for RCA's choice of the shadow - 
mask system. 

For SSB Service: Cathode- Driven 
Linear Amplifier using 
RCA -7094 Beam Power Tube 
By C. E. Doner: August RCA Ham Tips. 
Extremely stable, five -band, cathode -driven 
linear amplifier for singlesideband service. 

Evolution and Absorption of Bases 
in Electron Tubes 
By J. C. Turnbull and R. H. Collins: Dr. 
A. H. Sommer of Princeton Laboratories 
made this presentation at the Internat'l Sym- 
posium on Residual Gases in Electron Tubes 
in Como, Italy, Sept. 23, describing the 
determination of gas -evolution effects in 
vacuum tubes and the speed of absorption 
of the 21CYP22 color picture tube for vari- 
ous gases. 

Ultra- High -Vacuum System Developments 
for the Model C- Stellarator 
By J. T. Mark and K. Dreyer: American 
Vacuum Society Symposium, Philadelphia, 
Oct. 7 -9. Ultra- high- vacuum system being 
designed for C- Stellarator. 

Evaluation of Large Diffusion Pumps and 
Traps for the Ultra- High- Vacuum System 
of the Model C- Stellarator 
By W. G. Henderson, J. T. Mark, and C. S. 
Geiger: American Vacuum Society Sym- 
posium, Philadelphia, Oct. 7 -9. Pumps, 
traps, and pressure gauges chosen for use on 
the C- Stellarator, and operating procedures 
necessary to maintain ultra -high vacuum in 
a continuously pumped system. 

Ceramic, Sapphire and Glass Seals 
for the C- Stellarator 
By I. E. Martin, J. A. Zollman, and J. A. 
Powell : ACS Electronics Division Fall Meet- 
ing, Philadelphia, Sept. 23, and American 
Vacuum Society Symposium, Oct. 7 -9. Devel- 
opment and use of seals with the C- Stella- 
rator. 

Sintered Cadmium -Sulfide 
Photoconductive Cells 
By C. P. Hadley and E. Fischer. NEC Con- 
ference, Chicago, October 12 -14. Properties 
of sintered CdS photoconductive cells, and 
fabrication techniques. 

Solid -State Image Intensifier 
Under Dynamic Operations 
By C. P. Hadley and R. W. Christensen. 
IRE Electron Devices Meeting, Washington, 
D.C. October 29 -30. Experimental and theo- 
retical analyses of time -delay phenomena 
exhibited by solid -state image intensifiers of 
the photoconductor - electroluminescent- 
phosphor type. 

Princeton, N. J. 

RF Interaction Theory for an 
Electrostatically Focused High -Power 
Traveling -Wave Tube 
By W. W. Siekanowicz. Electron Tube 
Research Conference, Mexico City, June, 
1959. A theory of small -signal rf interaction 
between an electron beam having a peri- 
odically varying dc velocity and a traveling - 
wave -type circuit. 
Microwave Parametric Subharmonic 
Oscillators For Digital Computing 
By F. Sterzer. Proceedings of the IRE, 
Aug., 1959. A variable -capacitance sub - 
harmonic oscillator having an output fre- 
quency of 2000 megacycles and its use in 
circuits for amplifying, scaling and perform- 
ing logic functions. 
An Electrostatically Focused 
High -Power Traveling -Wave Tube 
By E. F. Belohoubek, W. W. Siekanowicz, 
and F. E. Vaccaro. IRE Electron Devices 
Meeting, Washington, Oct. 29 -30. Design 
and performance characteristics of a recently 
developed, high -power, X -band, electro- 
statically focused traveling -wave tube which 
uses an rf structure other than bifilar helices 
to obtain considerably higher power output 
and frequency than earlier tubes of this type. 

SEMICONDUCTOR AND MATERIALS 

Somerville, N. J. 

Investigation of the Electrochemical 
Characteristics of Organic Compounds: 
Part V- Heterocyclic Nitro Compounds 
By R. Blicksman and C. K. Morehouse: 
Electrochemical Society Meeting, Columbus, 
Ohio, Oct. 18 -22, 1959. Electrochemical 
characteristics of heterocyclic nitro corn - 
pounds and their use as cathodes in primary 
cells. 
Investigation of the Electrochemical 
Characteristics of Organic Compounds: 
Part VI- Aromatic Hydroxy, 
Aromatic Amine and Aminophenol Compounds 
By R. Glicksman: Electrochemical Society 
Meeting, Columbus, Ohio, Oct. 18 -22. Elec- 
trochemical characteristics of organic reduc- 
ing agents and the effect of added groups, 
aromaticity and electrolyte pH on their 
anode potential. 
Magnesium Primary Cells with 
Perchlorate Electrolytes 
By G. S. Lozier and C. K. Morehouse. Elec- 
trochemical Society Meeting, Columbus, 
Oct. 18 -22. Desirable properties of mag- 
nesium perchlorate for use as an electrolyte 
in magnesium primary cells. 

Minute Resistivity Variations in 
Germanium Crystals -Their Detection and 
Their Effect on Devices 
By G. Meltzer Electrochemical Society Meet- 
ing, Columbus, Ohio, Oct. 18-22. Develop- 
ment of two methods of detecting minute 
resistivity variations and their correlation to 
provide full information quantitatively and 
qualitatively. 
A High -Power, High -Voltage, 
Diffused Germanium Transistor 
By D. R. Carley. Washington, D.C. October 
29 -30, IRE Electron Devices Meeting. High - 
power, high -voltage germanium transistor 
which uses solid -state diffusion to form the 
emitter and collector junctions. 
Gallium- Arsenide High- Temperature Diodes 
By A. J. Wheeler and L. D. Armstrong. IRE 
Electron Devices Meeting, Washington, D.C. 
October 29 -30. Techniques used to fabricate 
gallium- arsenide diffused -junction diodes 
and related problems. 

Investigation of the Electrochemical 
Characteristics of Organic Compounds: 
Part IV- Quinone Compounds 
By R. Glicksman and C. K. Morehouse: 
Effect of such factor as group substitution, 
aromaticity, and pH on the operating poten- 
tial and coulombic capacity of various 
quinone compounds. 
Transistorizing Automobile Broadcast Receivers 
By R. A. Santilli and C. F. Wheatley: Elec- 
tronics, Sept. 18. A five -transistor automobile 
receiver designed to use newly developed 
economical RCA drift transistors. 
Design of Transistorized DC -to -DC Converters 
By C. R. Turner: Electronic Design, Sept. 
16 and 30, 1959. All the necessary data for 
the design of transistorized ringing -choke 
and transformer coupled dc-dc converters. 
Ultra- High- Vacuum Pumping by 
Vibrating Membrane 
By H. J. Schwarz: American Vacuum Society 
Symposium, Philadelphia, October 7 -9. A 
new type of noncontaminating ultra -high- 
vacuum pump in which a diaphragm or 
membrane is driven into high -frequency 
vibration so that gas molecules are driven 
selectivity in a perpendicular direction to 
the diaphragm surface. 
The Micromodule: A New Approach to 
Electronic Packaging 
By D. Mackey: N. J. IRE Section Meeting, 
Montclair, N.J., Oct. 14, 1959. History of 
the Micromodule program; concept, geom- 
etry and efficiency. 
Infrared Studies of Birefringence in Silicon 
By S. Lederhaudler: Journal of Applied 
Physics, Oct. 1959, covering the study of 
permanent and elastic strains in silicon by 
observation of the crystal birefringence. 

Needham, Mass. 

Thermoelectric Properties of 
Some Mixed Oxides 
By R. A. Home, H. Lessoff, and Y. Kersey: 
Journal of Chemical Physics, Oct. 1959. 
Temperature dependence of the Seebeck 
coefficients ( "Thermoelectric power ") and 
the electrical resistivities of some mixed 
oxide materials. 

ASTRO- ELECTRONIC PRODUCTS 
Princeton, N. J. 

Bibliography of Digital Magnetic Circuits 
and Materials 
By W. L. Morgan: Sept. 1959 in Proceedings 
of the IRE. A list of approximately 400 
references relating to magnetic memory and 
logic circuits divided into 19 sections. 

RCA SERVICE CO. 
Cherry Hill, N. J. 

Some Product "Abilities" 
Important to the Customer 
By J. A. Cafaro: 13th New England Quality 
Control Conference, Providence, R. I., 
November 4-6. Recognition, measurement 
and specification of a number of product 
"abilities" instrumental in obtaining full 
customer satisfaction. 

NATIONAL BROADCASTING CO. 
New York, N. Y. 

A Special Effects Amplifier for Non -Composite 
or Composite, Monochrome or Coloir'TV Signals 
By R. Kennedy: Oct. 8, 1959, SMPTE Con- 
ference, New York. A switching circuit has 
been designed to produce a doublet impulse 
transition of 0.05 microseconds. A method 
of clamping a color signal during the burst 
interval with crystal diodes is presented. 
Nonlinear amplification of the switching 
data prior to regenerative clipping permits 
dependable switching with much smaller 
brightness changes. 
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Engineering 

WENTWORTH WINS HONORABLE 
MENTION IN ETA KAPPA NU AWARD 

John W. Wentworth has been named for 
honorable mention in the Eta Kappa Nu 
Recognition of outstanding young electronic 
engineers for 1959. In capturing this cov- 
eted honor, John Wentworth has established 
an enviable record among engineers through- 
out the electronics industry. 

His accomplishments are so numerous 
and outstanding that they would be the 
subject of a separate article and unfortu- 
nately cannot be treated in the limited space 
provided here. John's professional experi- 
ence began in July 1949 when he became 
a specialist trainee with RCA in Camden - 
following his graduation from the University 
of Maine with one of the highest scholastic 
grades of the university, where he was vale- 
dictorian of his class and a member of three 
honorary societies. 

In January 1950 John was given a per- 
manent assignment in Broadcast Studio 
Engineering and almost simultaneously 
began an initiation of a series of important 
forward steps in connection with color tele- 
vision studio equipment. His brilliant mind 
and ability to absorb and digest vast 
amounts of detailed information soon 
became evident. Immediately, he found 
himself the center of consultations, discus- 
sions and was besieged as a lecturer to 
other engineers, as well as laymen, on the 
subject of color television. His lectures were 
repeated innumerable times, and finally 
Mr. Wentworth authored a 450 -page text- 
book entitled Color Television Engineering. 

While the activities in lecturing and 
writing are outstanding, they are actually 
an extracurricular activity in comparison 
with the serious engineering development 
work which John has done in his chosen 
field. His contributions to development 
of color studio equipment have been 
extremely broad, including work on colori- 
metric problems in cameras and receivers. 
Circuit work in encoders, decoders, switch- 
ing equipment and distribution equipment 
were other areas of his activity. 

In 1954, only five years after gradua- 
tion, he was appointed Manager of Tele- 
vision Terminal Equipment Engineering. 
Most recently Mr. Wentworth was named 
Staff Engineer in the Broadcast and Tele- 
vision Division, where he has responsibility 
for the conduct of engineering studies 
directed toward the development of busi- 
ness opportunities in the field of educa- 
tional electronics. Mr. Wentworth will also 
participate in the planning of training pro- 
grams for customers and prospective custo- 
mers in the use of Broadcast and Televi- 
sion Division's products. -j. H. Roe 
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NEWS and HIGHLIGHTS 

LIEBMANN AWARD TO RAJCHMAN 
J. A. Rachman of the RCA Laboratories, 
Princeton, N. J., was also honored "for con- 
tributions to the development of magnetic 
devices for information processing," by 
being awarded the 1960 Morris Liebmann 
Memorial Prize Award by the Institute of 
Radio Engineers. This is annually awarded 
to a member of the IRE for a recent impor- 
tant contribution to the radio art. 

Mr. Rajchman received his diploma in 
electrical engineering in 1934 and the degree 
of Doctor in technical sciences in 1938 from 
the Swiss Institute of Technology, Zurich, 
Switzerland. He worked for RCA Manufac- 
turing Co. in 1935 as a student engineer and 
in 1936 as a research engineer. In 1942 he 
was transferred to the RCA Laboratories 
in Princeton where he is presently a mem- 
ber of the research staff, leading research in 
magnetics and other solid -state computing 
devices as well as digital systems. 

BEST PAPER AWARD TO WILLIAMS 
Dr. Roscoe C. Williams, a Member of 
Technical Staff of the RCA Laboratories, 
won the 1958 Best Paper Award given by 
the IRE Professional Group on Ultrasonics 
Engineering. The paper, entitled "Theory 
of Magnetrostrictive Delay Lines for Pulse 
and Continuous Wave Transmission," 
appeared in the PGUE Transactions, Num- 
ber 7. Dr. Williams joined the technical staff 
of RCA Laboratories in July 1958 and was 
formerly with Bell Telephone Labs. 

STANDARDS AWARD TO OBERLANDER 

At the Eighth Annual Meeting of the 
Standards Engineers Society, held Septem- 
ber 21 and 22 in Boston, a Special Service 
Citation for Outstanding Service to the 
Society was presented to Fred M. Ober - 
lender, Administrator, Materials Standards, 
Standardizing, Product Engineering. This 
was the first such citation awarded by the 
Society. Mr. Oberlander has held various 
national offices in SES since its organization 
in 1948, and was editor of its magazine, 
Standards Engineering, for six years. 

1960 -61 SARNOFF FELLOWSHIP 
PROGRAM ANNOUNCED 

Dr. Irving Wolff, Chairman of the RCA 
Education Committee announced that for 
the year 1960-61 the stipend granted to the 
recipient of the David Sarnoff Fellowship 
has been increased from $2100 to an 
amount extending from $2500 to $4000, 
depending on marital status. The unmar- 
ried employee is granted $2500 for the 
academic year, a married employee without 
child, $3000, and a married employee with 
children will receive $3500 to $4000 based 
on need. In addition to RCA payment of 
full tuition, an allowance of up to $50 
toward the purchase of textbooks is now 
included. Also in view of the increasing 
cost of education, the undesignated gift to 
the University where the recipient studies 
has been increased from $750 to $1000. 

These Fellowships were established in 
1956 in honor of the Chairman of the 
Beard of RCA and to commemorate his 50 
years in the radio -television -electronics bus- 
iness. The Fellowships are awarded each 
year to outstanding employees of RCA who 
are selected to work toward post graduate 
degrees at approved Universities. Six Fel- 
lowships are awarded in the field of Sci- 
ence, three in Business Administration, 
and one in Dramatic Arts. 

The Fellowship in Dramatic Arts is 
designed for award to an NBC employee. 
The other nine Fellowships are open for 
application by all employees of RCA and 
Subsidiaries. The Fellowship is granted for 
one academic year, but application may be 
made for renewal for an additional year. 
Employees awarded these Fellowships are 
given leaves of absence for the duration of 
the award. Their salaries are not continued 
during this period. 

Information about the program may be 
obtained from C. A. Hurford, RCA Labs, 
Princeton. It is expected that the 1960-61 
awards will be announced in March, 1960. 

EIGHT RCA ENGINEERS RECEIVE IRE FELLOW AWARDS 
At a recent Board of Directors meeting, IRE, New York City, it was disclosed that eight RCA 
engineers had won the highest grade offered by the IRE, that of Fellow. This is bestowed 
only by invitation on those who have made outstanding contributions to radio engineering 
or allied fields. Presentation of the awards will be made by the president of the IRE at the 
annual banquet on March 23, 1960 during the Annual IRE National Convention. Those RCA 
engineers being honored are as follows: 

Recipients 
A. N. Curtiss, General Manager, West Coast Missile 
and Surface Radar Div., RCA, Los Angeles, Cal. 
E. O. Johnson, Manager, High Temperature Prod- 
ucts, RCA Semiconductor Div., Somerville, N. J. 
Harwick Johnson, Research Engineer, RCA Labora- 
tories, Princeton, N. J. 
J. B. Moore, Staff Engineer, RCA Communications, 
Inc., New York, N. Y. 
D. S. Rau, Vice President and Chief Engineer, RCA 
Communications, Inc., New York, N. Y. 
P. T. Smith, Technical Director, C. Stellarator Asso- 
ciates, Princeton, N. J.; on leave as Senior Member 
of Technical Staff, RCA Laboratories, Princeton, 
N. J. 
A. H. Sommer, Research Engineer, RCA, Princeton, 
N. J. 
W. M. Webster, Jr., Director, Electronic Research, 
RCA Laboratories, Princeton, N. J. 

Citations 
For contributions to radio and radar 
technology. 
For contributions to gaseous electron- 
ics and semiconductors. 
For contributions to the development 
of electron devices. 
For improvements in communications 
coding techniques. 
For contributions to international 
radio communications systems. 
For contributions to the development 
of high -power transmitting tubes. 

For contributions in the field of photo - 
emissive surfaces. 
For contributions to gaseous electronic 
and solid -state devices. 
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ENGINEERS IN NEW POSTS 
In IEP, A. S. Kranzley has been appointed 
Manager of EDP Product Planning, having 
previously been Manager of EDP Methods. 

Charles J. Hirsch has been appointed 
Administrative Engineer on the staff of the 
Vice President, Engineering. 

Among personnel assignments within RCA 
Service Co. are John J. Lawler, appointed 
Manager, Engineering; Bruce Aaront 
named Manager of Field Support Engineer- 
ing, and A. L. Christen, Field Manager. 

In Home Instruments Engineering, L. R. 
Kirkwood has been appointed Manager, TV 
Product Engineering. 

In SC &M, appointments are as follows: 
L. H. Good, Manager of Engineering; R. B. 
Janes, Manager, Computer Transistor Engi- 
neering; F. E. Vinal, Manager, Materials 
Operation; D. P. Heacock, Manager, Enter- 
tainment Product Planning; R. M. Cohen, 
Manager, Engineering; J. M. Spooner, 
Plant Manager, Findlay Plant. 

TV and Radio "Victrola" Production 
organization now includes the following 
managers: P. A. Collier, Manufacturing; 
J. W. Good, Manufacturing Engineering; 
and T. F. Whitten, Plant Engineering; R. W. 
Sears, Plant Manufacturing Engineering; 
E. G. Young, Plant Engineering. 

The RCA Electron Tube Division 
announces three new managerships: L. Gil - 
Ion, Marion Plant; S. M. Hartman, Equip- 
ment Development; and C. P. Smith, Engi- 
neering. 

V. E. Trouant has been appointed Chief 
Engineer, Engineering Dept. and the follow- 
ing are new managers in the Broadcast and 
TV Equipment Division: M. A. Trainer, 
Recording Products, High Power and Nucle- 
onics; J. L. Grever, Electronic Recording 
Products; E. N. Luddy, High Power Elec- 
tronics and Nucleonics. 
Charles A. Dickinson has been promoted to 
the position of Manufacturing Manager of 
the Indianapolis Tube Plant. After coming 
to the Indianapolis Tube Plant as a Factory 
Engineer in 1950, he has held the positions 
of Glass Tube Engineering Manager and 
Superintendent of Glass Tube Manufactur- 
ing. Mr. Dickinson is a graduate of the 
University of Minnesota, having received 
both a BS degree in Electrical Engineering 
and a M.S. degree in Business there. 

Robert E. Koehler of the RCA Semicon- 
ductor and Materials Division has 
announced the appointment of George H. 
Ritter as Plant Manager of the new tran- 
sistor and rectifier manufacturing facility to 
be constructed in Mountaintop, Pa. and 
ready for production by mid -1960. His 
32 -year career with RCA includes many 
important positions and extensive experi- 
ence in the manufacture of electronic com- 
ponents. 

E. W. Riedweg, who has been Manager of 
Plant Engineering at the RCA plant at 
Cambridge, Ohio, has been appointed to the 
position of General Plant Engineer for the 
RCA Victor Home Instrument manufactur- 
ing operations. With headquarters in Indi- 
anapolis, he will have supervision over the 
construction, maintenance and other plant 
engineering activities at the Consumer Prod- 
ucts plants in Indianapolis, Bloomington 
and Monticello, Ind., and Cambridge, Ohio. 

A. B. Dickinson succeeds K. M. McLaugh- 
lin as Plant Manager of the RCA Electron 
Tube Division Color Kinescope Plant in 
Lancaster, Pa. A Cornell graduate, Mr. Dick- 
inson joined the RCA Electron Tube Divi- 
sion in 1933 and has since held several key 
positions with that division. 

SINNETT AND PAN IN 
NEW ASSIGNMENTS 

C. M. Sinnett, formerly Mgr., Advanced 
Development, RCA Victor Home Instru- 
ments, was recently named director, Prod- 
uct Engineering Professional Development, 
by D. F. Schmit, Vice President of Product 
Engineering. In this capacity Mr. Sinnett 
will be responsible for administering and 
co- ordinating Product Engineering Profes- 
sional Development and Utilization plans 
and programs in all areas of RCA Engi- 
neering operations. Mr. Sinnett is one of 
the pioneers in the field of management of 
creative engineering personnel. 
Wen Y. Pan was named to the post of 
Mgr., Advanced Development, RCA Victor 
Home Instruments, the position formerly 
held by Mr. Sinnett. Both men have 
been very active in Advanced Development 
and Receiver Design for both black 
and white, and color television circuits. 
Both have also been active in industry, 
professional committees, and professional 
societies work. Dr. Pan has authored num- 
erous technical articles for publication in 
both outside journals and in the RCA 
ENGINEER, and RCA Review. 
For a complete biography of Mr. Sinnett, 
see his article (ideas) " -Is There a 
Limit? appeared in the RCA ENGINEER, 
Vol. 1, No. 6. For a biography of Dr. Pan, 
refer to his article Development Status of 
Parametric Amplifiers (Vol. 4, No. 6.) 

CYRIL N. HOYLER 

RCA engineers were deeply shocked by 
the accidental death of Cyril N. Hoyler on 
October 21 at Moosomin, Saskatchewan. 
His death followed a collision between a 
train locomotive and a panel truck in 
which he and Marvin Phillips, also of the 
Laboratories staff, were riding. Mr. Hoyler, 
Manager, Technical Relations, was on an 
extended lecture trip throughout Northern 
United States and Canada. 

An outstanding lecturer on the subject 
of electronic science, and a former college 
professor and research engineer, he had 
lectured through virtually every state of this 
country and every province of Canada. 

Mr. Hoyler had been with RCA since 
1941. He was graduated from Moravian 
College in 1928 with a B.S. degree and 
received an M.S. degree in Physics from 
Lehigh University. 

DAVID D. COLE 

A great loss was suffered by engineers at 
RCA when on September 21 David D. Cole 
passed away after a long illness. Mr. Cole, 
who had been Chief Engineer of the RCA 
Victor Television Division at Cherry Hill, 
N. J., had a distinguished 33 -year career 
in radio and electronic engineering, of 
which 30 years were with RCA. Mr. Cole 
graduated from the University of Michigan 
in 1926 with a B.S. in E.E. degree. Early 
schooling also included studies in Electrical 
Engineering at the Michigan College of 
Mines. In 1928 he completed the GE Test 
Course and became a design engineer in 
1929. In the same year he transferred to RCA 
at Camden where he also served as design 
engineer on radio equipment. Mr. Cole 
subsequently held a number of positions in 
the RCA Victor Division, and in 1943 
became Chief Engineer, Instrument and 
Standard Parts Engineering, and in 1954 
assumed his TV- Division post. Mr. Cole was 
a member of the IRE and the State Board 
of Professional Engineers and Land Sur- 
veyors. 

Dr. C. B. Jolliffe, retiring Vice President and 
Technical Director, DEP, receives a gift and 
congratulations from A. L. Malcarney, (center), 
Executive Vice President and T. W. Massoth, 
Manager of Administration, DEP. 

JOLLIFFE RETIRES 

Dr. Charles B. Jolliffe, Vice President and 
Technical Director, Defense Electronic 
Products, recently announced his retirement 
after nearly 25 years of outstanding service 
with RCA. A member of the Board of 
Directors of RCA, the National Broadcast- 
ing Company, and RCA Communications, 
Inc., Dr. Jolliffe has also served for nearly 
six years as Executive Vice President, RCA 
Laboratories, and for 10 years in numerous 
important RCA research and engineering 
positions with RCA. 

In the course of a career in which he took 
part in many of radio's outstanding 
advances, Dr. Jolliffe participated in inter- 
national telecommunication conferences in 
Washington, Copenhagen, Madrid, Paris, 
Mexico City, Havana, and Cairo., as a rep- 
resentative of the United States while in 
Government service, and after 1935 as a 
representative of RCA. 

He was born in Manning, West Virginia, 
on November 13, 1894, the son of Charles E. 
and Sallie Vandervort Jolliffe. He received 
his Bachelor of Science degree in .1915 and 
his Master's degree in 1920 from West Vir- 
ginia University, and his Ph.D. degree from 
Cornell University in 1922. He was awarded 
an honorary LL.D. degree from West Vir- 
ginia University in 1942. 

From 1916 to 1922, except for a period of 
service in World War I, he taught physics at 
Ohio State University, West Virginia Uni- 
versity, and Cornell University. In 1922, he 
joined the Radio Section of the Bureau of 
Standards and served there as a physicist 
until 1930. 

Dr. Jolliffe was appointed Chief Engineer 
and held that position with the FRC, and its 
successor, the Federal Communications 
Commission, for five years. Upon his resig- 
nation in November, 1935, he became asso- 
ciated with RCA, and has held the succes- 
sive positions of Engineer in charge, RCA 
Frequency Bureau; Chief Engineer, RCA 
Laboratories; Assistant to the President of 
RCA; Vice President and Chief Engineer 
of the former RCA Victor Division, and 
Executive Vice President in charge of RCA 
Laboratories Division. 

R. F. GUY ASSUMES NEW PREXY POST 

Raymond F. Guy, Senior Staff Engineer of 
NBC, has been elected President of the 
De Forest Pioneers, a society consisting 
of former associates of Dr. Lee De Forest, 
distinguished scientist and inventor. A 
pioneer in radio, TV and short wave 
broadcasting, for nearly 30 years he was 
responsible for planning and construction 
of all NBC transmitting facilities, includ- 
ing the creation of the Empire State Bldg. 
TV tower. 
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ED REPS IN HIGH GEAR FOR THIS ISSUE 

The RCA ENGINEER staff takes off its hat to editorial representatives L. A. Wood, in the 
Materials Laboratory at Needham -to Don Garvin, in the Tube Division, Lancaster -to 
C. A. Meyer, Tube Division, Harrison -to Ed Dickey in the Laboratories at Princeton and 
to R. Samuel in the semiconductor and materials division, Somerville, for their work in 
helping to produce this issue. 

In the article by J. J. Sacco, Jr. dealing with development of square loop ferrite memory 
cores, there were many photos available which illustrate engineers at work in the Semi- 
conductor Division's new labs at Needham, Mass. Since space did not allow running all of 
them with Mr. Sacco's article, we are including here those above. Shown from left to right 
are: R. Gravel; H. Lessoff, (foreground) and Y. Nakada (background); H. DiLuca; and 
A. Barthe (left) and R. Ray (right). 

The RCA ENGINEER has three new Edi- 
torial Representatives on its staff. These 
are D. Oda, West Coast Missile and Sur- 
face Radar, DEP, Los Angeles, California; 
B. J. Goldstone, Airborne Systems Divi- 
sion, DEP, Camden, N. J. ; and R. J. Mason, 
Receiving Tubes, RCA Electron Tube Di- 
vision, Cincinnati. Their biographies and 
photos will be included in the next issue. 

EXPANDED EDITORIAL ASSISTANCE 
AT MOORESTOWN 

Four RCA engineers have been named to 
assist Irmel Brown, Editorial Representa- 
tive for the RCA ENGINEER and Asso- 
ciate Editor, Systems and Advanced Systems 
Planning. This new organization was 
installed to keep pace with the expanded 
activities and development at the Moores- 
town plant, and is as follows: 
I. N. Brown -Editorial Board Representa- 

tive and Associate Editor Systems and 
Advanced Systems Planning. 

C. Anderson- Associate Editor, BMEWS 
A. M. Burke- Associate Editor, Project 

Management 
H. A. Brelsford- Associate Editor, Radar 

Development and Design 
F. Klawsnik- Associate Editor, Radar 

Development and Design 

SURFCOM INFORMATION CENTER 

The Surface Communications Department 
of DEP has established an Information 
Center which embodies the centralization of 
selected data for purposes of improved com- 
munications at minimum cost. The intent of 
this program is to facilitate business infor- 
mation storage and retrievability for the 
purposes of obtaining prompt and accurate 
facts. This area is intended to handle inquir- 
ies from all Surface Communications activ- 
ities regarding day -to -day business trans- 
actions. Although specifically developed for 
Surface Communications, this new business 
concept can be easily adapted to other RCA 
locations. Inquiries regarding the details 
of this program can be directed to Mr. A. S. 
Hays, Building 1-3, Camden, New Jersey. 

E. O. Selby 

RECORD ENGINEERS IN 
ADVANCED STUDIES 

Charles O'D. Knue and August Skele, of 
Record Factory Engineering, and Herbert 
W. Hittie, of Record Development Engi- 
neering, are attending Engineering Man- 
agement Seminars presented by Dr. Shaw, 
of the Tube Division, at Marion, Indiana. 

Purdue University is offering an Off - 
Campus Graduate Program at North Cen- 
tral High School in Indianapolis with eve- 
ning classes. Those attending from RCA 
are: S. W. Liddle, B. J. White, A. J. Viere, 
A. G. Evans, A. Skele, N. L. Covey and 
D. H. O'Herren. 

R. G. Fox has been elected secretary of 
the Central Indiana Mathematical Society 
for the 1959-60 term. M. L. Whitehurst 

SERVICE CO. REALIGNED 

Realignment of operations of Service Com- 
pany into two major departments- Commer- 
cial Service, and Government Service -was 
announced by D. H. Kunsman, President. 
The new organization has been effected to 
keep pace with the tremendous growth of 
the electronic servicing business which 
involves all phases of electronics, both indus- 
trial and military. Radio and Television 
Broadcasting, the growing interest in color 
television, activities in missiles and rockets, 
industrial electronic inspection and auto- 
mation equipment, computers, marine, avia- 
tion, mobile, and many other types of com- 
munications are some of the areas. 
1- 
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G. H. BROWN ACTIVE 
IN LECTURE CIRCUIT 

The schedule of a busy engineer usually 
includes the presentation of technical infor- 
mation to professional societies and Dr. 
George H. Brown, Vice President, Engi- 
neering, is certainly no exception. Listed 
here are a few of the presentations he has 
made over the last couple of months. Dinner 
speech The History of Some Antennas, Sym- 
posium on Antennas and Wave Propagation, 
sponsored by the Cedar Rapids, Iowa, Sec- 
tion of the IRE; Organizing the Engineering 
Program, Special Conference of the Ameri- 
can Management Association, New York; 
Research - The Dynamic Ingredient of 
Standardization, National Conference on 
Standards, American Standards Association, 
Detroit, Michigan; The Development of 
Color Television in the United States, Bene- 
lux Section of the IRE, The Hague, Holland; 
The Development of Color Television in the 
United States, International Telecommuni- 
cations Union, Geneva, Switzerland. 

FOUR SEPARATE SC &M DEPARTMENTS 
A new organization structure, designed to 
meet current and future sales and opera- 
tional requirements of the RCA Semicon- 
ductor and Materials Division, was 
announced by Dr. A. M. Glover, Vice Presi- 
dent and General Manager of the Division. 
The new organization includes four product 
departments with managers named as fol- 
lows: N. H. Green, Manager of Entertain- 
ment Semiconductor Products; K. M. 
McLaughlin, Manager of Computer Products 
and Materials Department; and B. V. Dale, 
Manager of the Micromodule Department. 
A manager of the Division's Industrial Semi- 
conductor Products Department will be 
announced later. 

NEW IEP PLANT 
A new plant for the manufacture of RCA 
industrial electronic products will be con- 
structed in the Washington- Canonsburg, Pa., 
area. The plant, the second new Pennsyl- 
vania facility to be announced by RCA 
recently will provide urgently needed space 
to accommodate RCA's expanding indus- 
trial electronic product activity. 

FEBRUARY 3 -5 
Military Electronics, Winter Conven- 
tion, Biltmore Hotel, Los Angeles. 

FEBRUARY 10 -12 
Solid -State Cincuits Conference, AIEE, 
IRE, Univ. of Penn., Philadelphia. 

FEBRUARY 11 -13 
Electronic Representatives Assoc., 
Annual Convention, Drake Hotel, Chi- 
cago. 

FEBRUARY 20 -29 
Component Parts and Electronic 
Tubes, International Exhibition, Porte 
de Versailles, Place Balard, Paris. 

MAR. 21 -24 
Institute of Radio Engineers, National 
Cony., Coliseum & Waldorf- Astoria 
Hotel, N.Y.C. 

APRIL 4 -7 
Nuclear Congress, EJC, PGNS of IRE, 
New York Coliseum, New York City. 

APRIL 11 -13 
Protective Relay Engineers, Annual, 
A &M College of Texas, College Sta- 
tion, Texas. 

APRIL 11 -14 
Weather Radar Conference, American 
Meteorological Society and Stanford 
Research Institute, San Francisco. 

APRIL 18 -19 
Automatic Techniques, Annual Conf., 
ASME, IRE, AIEE, Cleveland- Shera- 
ton Hotel, Cleveland. 

APRIL 19 -21 
Active Networks & Feedback Systems, 
International Symposium, Dept. of 
Defense Research Agencies, IRE, 
Engineering Societies Bldg., N.Y.C. 

Mike Hyduk consults with Miss D. E. Evering, 
Surfcom Information Center librarian. 
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RCA ENGINEER 
EDITORIAL 

REPRESENTATIVES 

DEFENSE ELECTRONIC PRODUCTS 
F. D. WHITMORE, Chairman, Editorial Board 

Editorial Representatives 

JOHN BIEWENER, Airborne Systems Division 
Camden, N. J. 

I. N. BROWN, Missile and Surface Radar 
Engineering, Moorestown. N. J. 

R. D. CRAWFORD, Design Development Engineering, 
Airborne Systems Division, Camden, N. J. 

R. W. JEVON, Missile Electronics and Controls, 
Burlington, Mass. 

B. J. GOLDSTONE, Systems Engineering, 
Airborne Systems Division, Camden, N. J. 

D. ODA, West Coast Engineering, 
Los Angeles, Calif. 

E. O. SELBY, Surface Communications 
Engineering, Camden, N. J. 

F. W. WHITTIER, Development Engineering, 
Camden, N. J. 

H. L. WUERFFEL, Central Engineering, 
Camden, N. J. 

INDUSTRIAL ELECTRONIC PRODUCTS 
C. W. SALL, Chairman, Editorial Board 

Editorial Representatives 
N. C. COLBY, Communications Engineering, 

Camden, N. J. 
C. E. HITTLE, Hollywood Engineering, 

Hollywood, Calif. 
C. D. KENTNER, Broadcast Transmitter and Antenna 

Engineering, Camden, N. J. 
T. T. PATTERSON, Electronic Data Processing 

Engineering, Camden, N. J. 
D. S. RAU, RCA Communications, Inc. 

New York, N. Y. 

J. H. ROE, Broadcast Studio Engineering, 
Camden, N. J. 

J. E. VOLKMANN, Industrial and Audio Products 
Engineering, Camden, N. J. 

ASTRO- ELECTRONIC PRODUCTS DIVISION 

Ediroriai Kepresenrarive 
L. A. THOMAS. Engineering, Princeton, N. J. 

Editc 
RCA LABORATORIES 

F. T. DICKEY, Research, Princeton, N. J. 

RCA VICTOR RECORD DIVISION 
Cd1I,. ep Hive 

M. L. WHITEHURST, Record Engineering 
Indianapolis, Ind. 

The Editorial Representative in your group is 
the one you should contact in scheduliig tech- 
nical papers and arranging for the announce- 
ment of your professional activities. He will 
be glad to tell you how you can participate. 

RCA ELECTRON TUBE AND 
SEMICONDUCTOR & MATERIALS DIVISI ONS 

J. F. HIRLINGER, Chairman, Editorial Board 
Editcriai Representatives, RCA Electron Tube Divisicr 

W. G. FAHNESTOCK, Conversion Tube Operations, 
Lancaster, Pa. 

J. DEGRAAD, Black & White Kinescopes, 
Marion, Ind. 

D. G. GARVIN, Entertainment Tube Products, 
Lancaster, Pa. 

R. J. MASON, Receiving Tubes, Cincinnati, Ohio 

T. M. CUNNINGHAM, Entertainment Tube Products, 
Harrison, N. J. 

J. KOFF, Receiving Tubes, Woodbridge, N. J. 
H. S. LOVATT, Power Tube Operations, 

Lancaster, Pa. 
F. H. RICKS, Receiving Tubes, Indianapolis, Ind. 
H. J. WOLKSTEIN, Industrial Tube Products 

Harrison, N. J. 

Editorial Representatives, RCA Semiconductor & 

Materials Division 
L. A. WooD, Needham Materials Lab, 

Needham, Mass. 

RHYS SAMUEL, Micromodules, Somerville, N. J. 
HOBART TIPTON, Semiconductor Devices, 

Somerville, N. J. 
J. D. YOUNG, Findlay, Ohio 

RCA VICTOR HOME INSTRUMENTS 
K. A. CHITTICK, Chairman, "Cherry Hill" Editorial 

Board 

Editorial Representatives 

D. J. CARLSON, Advanced Development 
Engineering, Cherry Hill, N. J. 

E. J. EVANS, Resident Engineering, 
Bloomington. Ind. 

F. T. KAY, TV Product Engineering, 
Cherry Hill, N. J. 

J. OSMAN, Resident Engineering, Indianapolis, Ind. 
W. S. SKIDMORE. Radio "Victrola" Product 

Engineering 

RCA SERVICE COMPANY 
Editorial Representatives 

W. H. BOHLKE, Consumer Products Service 
Department, Cherry Hill, N. J. 

M. W. TILDEN, Government Service Department, 
Cherry Hill, N. J. 

E. STANKO, Technical Products Service Department, 
Cherry Hill, N. J. 
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