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FORESORD

This report was prepared by Pelph ¥, Hoeckslman of ths Gourtar
Blectrie Products, Inc., Boyne City, Michigan, on Air ¥srce Contract
AF 33(600)-22909 under Projsct No. 5155, ®Micronic Capecitors for
Trangistors,® and sumarizes the research for the period of February 15,
1953 tc February 15, 1954, The work was administered urder ths direc-
tion of the Electronic Gomponents Laboratory, Dirsctorata of Ressarch,
Wright ALz Development Center, with Mr, Albeirt C. Speake acting as the
project engineer. He was later succeeded by Mr. Roger L. Faust,

Investigations of techniguss and muterials are bsing continned
and will be reported from time to time,
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ABSTRAGT
Preliminary investigations leading to a small, iightweight micronic
capacitor which would perform at high temperature are outlined. Special

laboratory equipment and techniques are described, and experimental tests
and evaluations of various dlelectric materials are presented.

PUBLICATION REVIEW

The publication of this report does not constitute approval by the
Alr Force of the findings or the conclusions contained therein. It is
published only for the exchange and stimulation of ideas.

FOR THE COMMANDER:

[;’ L4 {ﬂ ‘<
RICHARD S. CART.;
Colonel, USAF
Chief, Electronic Components
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Directorate of Research

WADC TR 5Lh-2l1 iii




TABLR OF CONTENTS

I, Introduction. . . . ¢« ¢ ¢ ¢« « ¢ ¢

II, Experimantal Program. . ¢ « « o« « «

IJII. ApparatuB . « « « ¢ ¢ ¢ o « o o o

IV, Procedura « . « o+ ¢ o o « s o o s

V. REBULEE . 6 o6 5 6 o 5 o = o 5 o

VI. Discus8ion. . « « ¢« ¢« « o« « o ¢ o o« «

<}
i
[
L ]

ViII. Bibliography. . « « : ¢ o ¢ o o « & &
Distridution ist . . . o o o

WADC TR 54-2L1

Metal Filmsg . . . « ¢« & « « « &

Dielectric FilmBe « ¢ « &« ¢ o« o &

Evaporation Technique . . . . .

Post Evaporation Technigua. . . .

Properties cf Silicon Monoxide.

Physical Problems . . .

Conclusions . . « ¢« ¢« ¢« v ¢ ¢« ¢ «

iv

Page

(o NN « NUNEE VR S I




1. INTRODUCTION

The idea of a micrcnic capacltor compoged of evaporated thin
ns of metals ard dielectric materials originated late in 1950, Early
in 1951, Mr. Reefman contacted the Weapons and Components Division of
the Wright Air Development Center in regard to this disclosure., No
capacitor then available had a high temperature potential equal to that
of & quartg dielectric capacitor.

Somewhat later that year, Ccurter Electric Products, Inc.
began work on the development®, of the micronic capacitor. After many
frujtless attempts to build capacitors with evaporated quartz, sap-
phire, zircon, titanium oxide, or magnesiun fluoride dielectrics,
geveral successful capacitors were produced using silicon monoxide as
a dielectric material, Ths "bugs" were never successfully overcome
and the capacity of single sandwich units was disappointingly low,

The excessive handling and time consuming steps performed in the fabri-
cation of these units made them uneconomical.

The original ldea appeared to be sound as good quality capaci-
tors were actually produced. The realization that a considerably
longer program involving the expenditure of a sizable research and
development fund prompted the closing of this work.

The status of ths work was brought to the attentlion of the
Weapons and Components Divigion of the Wright Air Development Center.
This contract is a result of the conferences held to dis¢uss the re-
gearch and development of a micronic capacitor. The program as out-
lined in the exhibit provides for a four phase program covering a
period of three years, This summary repcrt covers a substantial part
of the initial phase of the program.

II. EXPERTMENTAL PROGRAM

The experimental work was divided into sewvaral areas of
investigation, The first area of investigation was the evaluation of
dielectric materiels by surveying the literature and by experimental
tests, The investigation was limited to inorganic dielectrics.

The second area of investigation was the study of techniques
and the determination of properties of the various capacitors pro-
duced., The techniquee for controlling the thickness of films; qualiiy
of films, and post evaporation requirements to produce uniform good
quality capacitors wera studiad. The evaluations of dielectric comn-
gtants, dielectric strength, temperature coefficients, and agzing
characteristics were made,

The third area of investigation was essentially physical,

The problem of cbtaining a large capacity in a small space was studied,
Handling, holding, masking, and packaging were investigate,

WADC TR S5h-241 1




I:I. APPAHATUS

All experimental work cn this contract was conducted in a
special laboratory 29 ft by 12 t't, The laboratory was air conditioned
to eliminate dust and oil particles from the working arez, The room
was kept at constant l.emperature by a Bard oil burning furnace and an
Armstrong cooling unit. All air whether intake or recirculaicd was
passed through a Trion electrostatic air cleaner. The dust content of
the air in the laboratory was considerably below tha encountered in
the rest of the plant, ‘

A1l of the experimental filming teste were performed in a
Distillation Products, Inc. (Consolidated Vacuum Corp.) vacuum coater,
model LCI-1lly. The vacuum coater contains two Welch Mechanical Pumps
Type No. 1403 which serve as roughing pump and holding pump. The dif-
fusion gump is a DPI model MC-275 capable of producing a vacuum of
5 x 10”2 mm Hg pressure. The diffusion pump is connected to the evap-
oration chamber by a straight section of steel pipe containing a DPI
model VPSB-4 high vacuum valve., The pressure is measured by a Pirani
and a Phillips gauge. The vacuum coating chamber is 1l inches in dia-
meter and 2l inches high., Tne steel bass plate contains 9 insulzted
feed-throughs for conducting elactrical power to the inside of the
unit. A 2 KVA Variac voltages control and fixed step~down transformer
supply the power for evaporation., An auxiliary 2 KVA Variac voltage
control and fixed transformer supply power for additional operations
such as simultaneous evaporation, heaters, etc. A Stokes No. 276 AC
Vacuum gauge is used to calibrate the Pirani and Phillips gauges and
to measure pressuree in a small additional vacuum chamber.

Visual examination of evaporated films may be made at magni-
fications of 60 to L60 times as seen through the Bausch and Lomb metdl -
lurgical microscope. Photographic attachments are available for
recording the appearance of the films,

A Christian Beciter analytical balance rieasures weight gains
and losses of filaments, cricible contents, glass substrates, stc.
The talance is a valuable tool to asgsist in measuring film thickness,
angle of evaporation,i.e.,digpersion, efficiency of operation, and
amount of adsorbed ccntamination,

Capacitors are tested electrically for capacitance, resistance,
and dissipation factor. The initial resistance measuramant is made
with a Simpson test set. Additional resistance measurements are made
at voltages of 100 vdc to 600 vde by an Industrial Instruments megohm
tester. The capacitance and dissipation factor are measured on a
General Radio Company Impedance Bridge balanced with the aid of a
Heathkit vacuum tube voltmeter.

The post evaporaticn heat treatments of capacitors are per-
formed in an Electrikiln oven regulated by a Bristol temperaturs
controller.

Facilities available in the special laboratory include 110 vac
power, hot and cold water, and compressed air. The gervices of a small
model machine shop are available including hardware and tools,
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IV. FROCEDURE

Preparation of Substrate

Glass substrates were used in most of the experimental work.
Several different types of glass in different sizes and thicknesses
were svaluated. Small steatite ceramic plates, brass; and tantalum
were also used for substrates in several tests to determine the most
promising base material, Clags appears to be the bsst all-around
substrate because of its lightness, smoothness, hardness, availability
at low cost, and satisfactor; performance.

Pyvrex or plate glass substrates 1/16 in. to 3/16 in, thick
were scrubbed with Alconox detergent, washed with hot water, rinsed
in anetone, and dried. The glasses were visibly clean., Microscopic
examination revealed some imperfections mainly in the glass surface
itself, The seeds, striae, etc.,present in the surface of the glass
wers more proncunced defects than dirt or dust particles remaining
on the glass., The gross imperfections in this glass led to a desirs
for much smoother glass substrates., Other tests indicated the limited
capacity of silicon .7onoxide base capacilors and the desirability of
stacking several units in parallel. Thus, thin glass substrates would
also be beneficial, To achieve both the desirzl smoothness and thin-
ness, optical cover glasses were chosen for the substrate material,
These glasses are available in larges quantity at reasonable price and

The thin fragile nature of the optical ccvar glass forced
the abandonment cf the original cleaning process. & new chaaxical
cleaning process was used to replace the scrubbing technique, The
glasses were dipped in hot chromic-sulfuric acid, washed in hot water,
rinsed in acetone, and dried. The glass surface appzared clean and
free from dust and stain when viewed under the high magnification of
the microscope. This cleaning prccess is the standard technique
adopted for cleaning optical cover glass substrates.

Operation of the Vacuum Coater

The bell jar wae raised two feet above the base plate and
locked in position., Filaments and material to be evaporated were
placed in position, A rack holding the substrates was placed over
the filaments. Shields, heaters, or other devices were put in place
and the bell jar was lowered over the entire assembly., The air vent
to the vacuum chamber was closed, the valve to the roughing pump
opened, and the roughing pump turned on, The holding pump and dif-
fugion pump were turned on or may have becn lefs on from the previous
run,since the vacuum valve isolates the diffusion pump from the bell
Jjar,

The Pirani and Phillips pressure gauges wers turned on, When
the pressure in the bell jar became lower than 50 microns prsssure,
the valve to the roughing pump was closed and the valve to the dif-
fusion pump was opsnied. When the pressure reachad 0,3 microns the
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filaments were outgassed and neaters,if any, were turned on. The shislda
were removed and when the pressure reached 0,1 to 0.2 microna Hg, evap-
oration waa begun. At the end of the evaporation period all powsr to
the bell jar was turned off, the valve to the diffusion pump closed,

and the air vent opened. The rack with the filmed substrates was re-
moved. The pump down period exclusive of the filming operation requires
one to one and a half hours.

Evaporation of Metals

Aluminum, copper, nickel, chromium, and nichrome were evap-
orated by several different methods. Aluminum is the easiest metal to
evaporate because it boils at a low temperature, wets a tungsten fila-
ment, and its soft ductile nature makes it easy to attach to the fila-
ment. Aluminum alloys with tungster and limits the amount of metal
that can be evaporated from a givei nass of tungsten, The rate of
evaporation is also important,since any metal which evaporates is no
longer available for alloying. The aluminum evaporates from the alloy
and redeposits tungsten on the filament but not exactly in the same
place from which the tungsten was originally removed. The filament
acquires an irregular cross section and limits the life of tungsten
filaments.

Copper did not wet tungsten or molybdenum filaments but melted
and dropped from the filaments before any substantial quantity could
be evaporated. A tungsten filament embedded in copper powder fused
the powder together and shorted out the filament. Copper could not os
evaporated in this way. A very fine copper wire wrapped arcund a
tungsten filament gave much better results because appreciable evapora-
tion took place before the molten copper agglomerated in drops of
sufficient weight to break loose from the filament., Best results were
obtained by electrovlating copper directly onto the filament. Rapid
gvaporation from copper coated filaments preduced satisfactory copper
films.

ickel alloysad with tungsten resulted in burned out filaments.
Nickel could bte evaporated by pilacing nickel powder in a crucibls,
heating the tungster f:lament to a dull red, and touching the powder
momentarily. The filament containing a small amount of nickel was
heated white hot and th2 nickel boiled off. The process was repeated
until the desired thicxiess was obtainad,

Chromium pswder placed in a crucible was evaporated by aslowly
raising the crucible so that the powdsr just touched a white hot
tungsten filament, Evaporation was slow because the fused chromium
powder conducted the heit away rapidly and shorted out the filament,
Chromium was evaporated easily from a tungsten filament covered with
an electrodepgosited chromium film,

Nichrome, a chromium-nickel alloy, was evaporated easily
from tungsten filaments, Nichrome wet the tungsten filaments and
alloyed to some extant but substantial amounts of nichrome could be
evapcrated withou: pirning out the filaments.
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Evaporation of Dielectrics

A1l of the dielectric materials were avzilable in powdered
form., Tungsten filaments were embedded in these materials and heated
to the evaporation or decomposition temperature, These materials
were generally composed of light weight and sometimes finely divided
particles., A very rapid evaporation almost certainly carried massive
particles in the vapor stream which hit and damaged the films on the
substrate. The dielectrics were evaporated at a much slower rate
than the metals.

Unstable oxides attacked the tungsten filaments at high
temperatures causing burn outs. This problem was not sericus,since
unstable oxides produced very poor dielectric films., Oxices generally
avaporated or decompcsed without melting. Fluorides generally melted
before evapcration. The dielectrics which melted shrank in volume
and pulled away from the filament. "he crucible containing a molten
dielectric was raised so that the filament again touched the dielectric,

When a combination of dielectrics was desired, the mixed
dielectric was placed in one crucible and the mixture hsatsd., Anothear
method of producing a ccmbination dielectric film was the simultaneous
evaporation of dielectricsg from different crucibles, A third method
of produc ng & composite dielectric was the filming of alternate layers
of different dielectrics.

Post Evaporation Technique

Films were treated to improve the electrical characteristics,
hardness and abrasion resistance. Heat treatment was tha most effective
method of improving the quality of films. Capacitors were placed in
a steel rack and the rack was placed in a thermostatically controlled
oven, Tne heat treating perio.is varied from 15 minutes to 15 hours.
Heating in vacuum and in steam atmospheres were variations of the heat
treating process. Capacitors were placed on a ring heater in a small
vacuum chamber. The neater was controlled manually by voltage control
equipment,and a thermocouple and potentiometer measursd the temperature
attained, A steam aimosphere was obtained by placing the capacitor
in a chamber containing boiling water. Chemical treatments of the
surface,such ag water washes or immersion in oxidizing agents,were
generally ineffective. Lengthy aging periods affected the precperties
of the filus.

Another type of post evaporation treatment was the electrical
conditioning or aging. When a voltage wag applied to the capacitor,
the properties changed for a period of time after which the change
became progressively slower. The change in properties was essentially
similar to that produced in the heat treating and aging processes.
These methods supplemented each other. No one single method of treat-
ment produced the change of properties that a combination of treat-
ments produced.

WADC TR 54-241
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Testing Procedure

Capacitors were tested with the Simpson test set. Good
quality caepecitors iisasured infinite resistance., Occasionally capaci-
tors were shorted out or had low resistance. Any cape~itor having
low resistance, i.e. below 1 megohm, cn the Simpson test set could not
be tested satisfactorily on the bridge because the unit acted as much
like a resistor as a capacitor. Capacitance readings in such cases
meant nothing,

After the capacitors had been tested on the Simpson test set,
they were placed in thes bridge circuit and the capacity and dissipa-
tion factors measured, The bridge was balanced with the aid of a
vacuum tube voltmeter. The capacitor was next placed on the megohm
tester. A4 voltage of 100 vdc was applied to the unit, For the first
few minutes during the initial period of testing; the resistance
climbed but gradually stabilized at a peak valua, The capacitor would
reach the peak value guite quickly after the initial aging period.

If the leads were reversed, a longer time was required tc¢ reach peak
registance than if the capacitor were always charged in the same
direction. The resistance readings were not always identical in both
directions. The original pouition gensrally gave the nighest peak
resistance possibly indicating aome type of polarization,

The same instruments were used in making measurements under
vacuvum or at high temperature or other condition,

Tha thickness was tested by a weight determination before
and after filming, The weighings ware made on a standard analytical
balance. The capacitors were clsan and dry when weighed,

A visual inspection of the capacitors revealed the over-all
quality. Peeling, improper masking resulting in misplaced films,
and mirror quality were easy to detect with the naked eya. A micro-
scopic examination revealed minute cracks, dust particles, azglomerates,
or other defects.

V. RESULTS
Hatal Films

Vacuum coating of objects has been a commercial enterprise
for quite a few years. Mirrors, reflectors, toys, and door knobs have
all been metallized by thermal evaporation in vacuum.l;2 Moderately
kigh boiling metals produced the best films and, fortunately, these
matals possess good electrical conductivity and sufficient hardness.3
Aluminum, chromium, copper, gold and silver were evaporated.

Aluminum, copper, nickel, chromium, and nichrome were thermally
evaporated in the vacuum coater. All of these metals produced smooth
adheront coatinge on a glass surface., Each metallic film was charac-
terized by its own properties. Aluminum was soft, highliy conducting,
and could be dsposited in thick layers. Chromium was hard, fairly
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conductive, and could be deposited in an adherent £ilm up to 1000 A
thick, Aluminum, copper, and nickel had high coefficients of thermal
expansion,while chromivm had a low coefficient of expansion., The
initial metal f£ilm had to adhere tenaciocusly to the glass base and
possess hardness 2nd durability as we.. ac a low coefficieni of thermal
expansion, Chromium was ideally suited as a base for the dielectric
£i1lm except for the brittlensss which limited the thickness of adher-
ent chromium films, The metal film serving as a dielectric base was
composed of nichrome fcllowed by pure chromium. 7This combination of
metals allowaed substantial f£ilm taicknesses to be applied without
pesling or blister formation.

The final metal film covering the dielectric had to be soft
and ductile to aid in ®*burning out" or self healing of weak spots in
the capacitor. The final metal film had to adhere to the dielectric
and had to be able to withstand the LOCOF heai treatment imposed upon
the finished unit. An aluminum film gave good results,

Dielactric Films

The first major area of inveetigation was the evaluation of
dielectric matsrials. The oxides which make good dielectrics are very
high melting, kigh boiling meterimls. The evaporation of these oxides
is a difficult problem because their boiling points approach the boil-
ing point of the heater elements. The heaters are subject to burning
out due to melting, evaporating, or chemical reaction with the oxides,
Many of the oxides are unstebls in vacuum at such high temperatures.
Moreover, most of the oxides do not possess good wetting characteris-
tics, However, such oxldes as silicon monoxide and f%ugrides such as
magnesium fluoride have been evaporated successfully,.”??

Two classes of dielectrics were investigated, the salts and

the oxides. The salt type dielsctrics will be discussed first. Salts
generally have very high dielectric constants as compared to the com-

mon organic type dielectric used in many commercial capacitors. The
dielsctric constants of various salts are listed below.’

Balt Dielectric Salt Dielectric
Constant Constant

LL ¥ 9.3 Rb C1 5.0

Na F 6.0 Fb Br 5.0

Na C1 5.6 Rh I 5.0

Na Br 6.0 Cs Cl 7.2

Na I 6.6 Cs Br 6.5

KCl b7 Th C1 32

K Br L.8 Cu C1 10

K1 k.9 Cu Br 8
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The dielectric comstants of the salts listed are generally
£.0 or above in contrast tc the dielsctric cemstants of most of the
organic materials which are below 5.0.. The advantage of using a mater-
ial with a high dielectric constant is obvious. A salt dielectric with
a dielectric conatant 2 to 5 times greater than that available in a
competitive capacitor would hold 2 to 5 times as much charge for a
given thickness of dielectric. The thermal evaporation process might
give more uniform films than those obtainable by rolling or other
processing and thus may be made 1/2 to 1/10 as thick as conventional
dielectrics. A salt dielectric capacitor may have 1C to 50 times the
capacity of a comparable commercial capacitor,

Of course,many other properties are as important as the
dielectric constant., The electrical resistance of solid state salts
is high if they are not made cocnductive by solution in water. The
extreme hygroscopic nature of many salts limits their usefulness,
However, some salts are not hygroscopic. The fluorides are essentially
non hygroscopic and magnesium fluoride is being used comuercially in
tne coating of lenses.

Still other important factors are chnemical stability and
dielectric strength. The salt must be stable so that it does not
undergo decomposition during the filming cperation. It must alsc be
stable in contact with the metal fllms cf the capacitor. The salts
should be composed of halidas of active metals so that the metailic
part of the salt will be less noble than the metal used as capacitor
plates.

Of the vast number of possible salts available, magnesium
fluoride and lithium fluoride were selected for the first choices
because of their chemical stability, non hygroscopic nature, and high
dielectric constant.

Magnesaum, calcium, barium, and strontium fluorides have
been evaporated, Although fluorides have been evaporated by many
pecple, the propertiaes of the films are not completely known with
respect to evaporation tgchnique, tyre of substrate, post evaporation
treatments,etc. Cameron® states "Barium fluoride appsared to adhere
better than calcium fluocride, although it was no improvement from the
chemical standpoint, since all the coatings were porous.™ Schulz’ has
shown that evaporated salt films are composed of crystals with consider-
able voids throughout the film. Salt films with appreciable voids
would nct be expected to provide good insulation resistancs or dielec-
tric strength., However, this assumption had to be verified by experi-
mental evidence.

Magriesium fluoride and lithium fluoride vers obtained as
powders and evaporated frum porcelain crucibles heated by an immersed
tungsten filament. Tests of fluoride dielectric capacitors are listed
in Table 10
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Magnesivar fluoride appears to form a erystalline deposit. The
dielectric film in test number 50A was depositsd on a heated substrate
whereas the film deposited in test number 50R was deposited on a cool
subsirate. In both cases the resistance of the film was less than 100
ohmg. By combining the high dielectric constant of magnesium fluoride
with the insulation resistance of silicon monoxide a high capacity unit
with good insulation might be realized. In tests 31, 32, 33, S51A, and
51B alternate layers of magnssium fluoride and silicon monoxide were
filmed in the hope of realizing both high capacity and good resistancs.
However, as the resistance improved; ths capacity dropped so as to offer
no advantage over the straight silicon monoxide capacitors.

The lithium fluoride capacitors had properties similar to the
magnesium fluoride units, The capacity values were quite high and the
resistances were suvmewhat better than magnasiwm fluoride units. The
combination silicon monoxide-lithium fluoride film in test number 61
had about twice the capacity of a comparable siliccn monoxide-magnesium
fluoride film of equal resistance. Even this ccmbination offers littls
advantage over straight silicon monoxide capacitors,

The second type of dielsctric material studied wis thes oxides.
The vapor pressures of the oxides are not very well known and many of
the reported res:lts are confuging cad coatradictingz. Some oxides boil
at quite low temperatures such as arsenic oxide which boils at 730°C.
Data from the International Critical Tgbles state that cupriec oxide at
950°C has a vapor pressure of 6.5x10 ~- mm Hg and silver oxide at 1316°C
has a vapor pressure of 0,46 mm Hg. The boiling point of silicon dioxide
is listed as 2230°C and the boiling point of aluminum oxide iz listed
ag 2210°C. The values of vapor pressures from the International Criti-
cal Tables covers wide range of temperatures and pressures. Yet many
investigators have claimed that all of the materials listed,i.e.,Cu0,
Ag O, 8102, and A120 ,are unstable at thelaemperaturas listed and the
coﬁpounds decomposé.” Brewer and Margrave™ 1list three types of oxidas
distiaguished: ™®(1l) by vaporization as a gaseous oxide molecule whose
composition corresponds very nearly to that of a sslid; (2) by vapori-
zatior with partial decomposition to a gaseous oxide molecule of composi-
tion differing from that of the solid oxide and matal, or (3) by vapori-
zation with complete decomposition to the elements, i.e.,ths metal and
O or O, as i3 appropriate to ihe temperature. As examples of the first
type of vaporization one may use Hn03, Sro, HO3, Sn0, and Pb0O, the
second type of reactien is illustrated by A120 and 5i0,, and the third
reaction type is that shown by FeO, MnO, ZnC. 8d0, and Rio."

Many of the difficulties of determining the vapor pressura of
an oxide at some given temperaturs can ve appreciated by realizing the
many possible environments and methods of meamurersnt used. £n oxide
stable in air at a given temperaturs riight decompose if placed under
high vacuum. An oxide might react chemically with the walls or con-
tainer or measuring device. And again decomposed oxides might recom-
bine in cooler portions of the apparatus creating false impreassions
of evaporation.

The problams of predicting vapor pressure or decomposition
are not the only problems involvsd, {he suboxides such as silicon
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monoxids and germanium monoxids may undergo other reactions. Jol}.y:Ll
states that "solid state (el appsars to be unstable with respect to
disproporfionation. In this respect Ge0 rwaembles beth Si0 and Sn0O,"
And Has says, "1f a vacuum-degouited £iln of silicon monoxide is
heated for zeveral hours at 600°C or more in an inert atmosphere, it
decomposan to aiiicon and silica.”

Other problems involved in filming oxides are the ever present
problema of purity, avaporatlion techniqus or conditions, and post evap-
oration techniques to alter the properties of the films produced.

Many oxides were evaporatsd in an attempt to discover the
electrical properties of the filmas. Several classes of oxides and
suboxides were studied including the three types of oxides listed by
Margravs and Brewsr, The first type of oxide listed shculd be stable
and vaporize without decomposition. PbO was listed in this group, In
test number 39, a capacitor was prepared of sluminum plates and a ¥bO
dislectric, The yellowlish PbO powder evolved a large quantity of gas
during the filming opesration indicating deccmposition., The dielectric
film had a grayish metailic appearance. Tha capacitor had a resistance
of 3 ochms. Clearly Pb0 did not vaporize without decomposition. None
of the other oxides listed in group one was studied, since they are not
genarally recognizsd as good insulating materials.

The second typs of oxide represented by 5i0, should undergo
psrtial decomposition during evaporetion, In test number 36, pleces
of quarts rod were wadged in between turng of the tungsten filament.,
The quartz rod becams discolored at the hottest gections but es=zan-
tialliy no evaporation toock place, In test number 37, small particles
of quartz were placed in a crucible and a tungsten filament was par-
tially embedded in the quartiz. Some of the particles melted and formed
a glass cover over the filament wire. Some evaporation took place.
The coating wes a light amber color. Since the suboxide 5i0 is brown,
it 1s reasonabls to assume thal quartz partially decomposed to Si0 and
oxygen, The film of Si0 was partislly reoxidized giving a caomposite
coating of 8i0 and Si0, having a yellowish color,

In test number 38, a capacitor was built of aluminum plates
and & diglsciric of evaporatsd quertz. The dielectric coating had a
yellowish brown color. The films produced in this test and in test
number 37 were not stable. The dielectric film was not adherent to
the glass or to the aluninum film,

Test number 53 was the preparation of a capacitor with
aluminum platas and a dielectric of evaporated zircon. Zircon (2rSiO;
was expected to give results similar to pure quartz, The dielsctric
£ilm was 6 wave lengths thick and peeled just as other films of evap-
orated quartz peeled. The electrical tests could not be conducted
with any meaning due to the immediate depreciation of the dielectric
£ilm,

The third type of oxide which decomposes to metal and oxygen
during evaporation is represented by Cd0. In test number 40O, CdO was
evaporated to form the dielectric of a capacitor. The metal plates
were aluminum, The brownish red Cd0 evolved a lot of gas upon heating
and the dislectric film appearsd gray. The capacitor had ar electrical
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registance of 6 ohms. The Cd0 had decomposed to metsl and oxygen before
evaporation,

In test number 42, copper oxids, whose vapur pressure was
reportad to pe about 0,7 microns Hg at 950°C, was avaporetsd asg the
dielectric layer of a capacitor. A lot of oxygen was svolved at $50°¢,
Cupric oxide decomposed so sasily upon heating that this procedure waas
later adopted as a standard msans of adding oxygen to the vacuum system.

In test number l), cobalt oxida waam svaporated ae the dielec-
tric fili of a capacitor. The oxide decomposed liberating a large
volume of oxygen. A thin transparent f£ilm was formed., The resistance
of the caracitor was 42 ohnms.

In test number 67, antimony oxide was evaporated as the
dielectric matsrial betwesn aluminum £ilms. The oxide seerzed to boil
easily without much outgassing but the dielsctric film was black., Some
decomposition may have taken place. However. the capacity of this unit
was 0.0168 mf with a dissipation factor of C.25 and an electrical
resistance of 1 megohm, The dislsctric strength wae very poor, sincs
the unit broke down completaly at 9C vdc.

Ths results of tests of the varlous oxides indicated that the
oxldes as a general rula tended to decompose &% high temperatura wnder
vacuun befcrs they evaporated., Moreover, films produced from much
oxides had low electrical resistance. Oxide impurities of the type
which decomposed to metal and oxygen were avoided as much as possible
by evaporating only high grade cheamically pure dielectrics whaneve:r
possible., The inclusion of evem small amcunts of PbO, CdD, Con04, oOr
Cu0 in a high grade dielectric would certainly cause the ecapacltor to
have a much lower electrical resistance than it would normaliy have,

The suboxides are oxides of mstals with lower oxygen content
than normally encountered with that particular metal, The suboxides
in a spenge ars the resulting products of partial decomposition cf the
normal oxides, As an example,silicon almost always has a valence of
L4 and so the normal oxide is silicon dioxide. The partial deccmposi-
tion of silicon dioxlide causas oxygen to be evolved and a new lower
or suboxide to be formed. Silicon monoxide is the usual product of
partial decomposition of silicon dioxide. Therefore silicon monoxide
can be referred to as a suboxide, Other suboxides of interest are
Alzo, TiC, and ZrO. The only snhoxide investigated to date is sili-
con monoxide. The silicon monoxide "»ase capacitors generally have
high electrical rssistance, fairly high capacity, and reasonabla
stability.

In tests 24, 26, 28, 29, and 30 silicon monoxide was filmed
as the dielectric material betweern aluminum or copper films. Ths
dielectric films were quite thin and the capacity was 0.03 m f per
square inch. The electrical resistance was about 1 megohm for a
0.03 m £ capacitor. The silicon monoxide film appearsd to bs stable
and offered fairly high capacity values. The electrical resistance
was low but appreciably better than moat of the other materials tasted.
The electrical properties were altered readily by heat treatmernt,
evapcration technique, etc. Other dielsctric materials might also
respond to various techniques vut silicon monoxide was selected as
WADC TR 54-2ln 12



haying the graategt chznce of succegs, Thersfors, various techniques
wers sxplored in rslation te silicon monoxlde base capacitors 1ln the
hope of producing a capacitor having superior qualities.

Evaporation Technlgue

The first major area of investigation was concerned with the
evaluation of dielectric materials. The second major area of investi-
gation is concerned with the treatment and development of the most
promising dieleciric film. The second area of investigation includes
evaporation technigue, post evaporation technique, and the determina-
tion of fundamental properties of the dielsctric film, Evaporation
technique includes surface preparation, evaporation at different pres-
sures, evaporation at different rates, condensation on substrates at
various temperatures, and the inclusion of other materials in the di-
electric f£ilm tc modify its properties,

Surface prepzration is extremely important in the application
of any £ilm to a base material, Paints, electrodeposited metals, waxes,
and other ccatings are epplied to properly treated surfaces, In capaci-
tor production, the coatings have to te more nearly perfect than in
most other coating work. Since the films are go thin and must be free
from pores and uniformly thick, the surface preparation is extremely
impcortant., Early experiments were performed to tast the affect of
surface preparation. Even dirty surfaces were coated with metals or
silicon monoxide. Many of the coatings on uncleansd glass surfacea
appesared to be smound when geen with the nzked aye. Microscopic examina-
tion revealed the many imperfections in the coatings applied to uncleaned
gurfaces, Tha electrical properties were found to be gignificantly
affected by the quality of surface preparation., Severai different
cleaning techniques were investigated as descritbed in the section en-
titled Procedure. The present cleaning technique as described produces
microscopically clean surfaces and capacitors having good electrical
propes-ties. Better cleaning techniques, however, might improve the
electrical properties or stability of the films, Additional cleaning
precautions will be investigated in the near future. The electrostatic
cleaning of glasses bafore plating might be an additional help in
securing a more perfect base, The elimination of diffusion pump oil
vapor may also help in keeping ths base clean and in preventing con-
tamination during filming.

Ths dielectric film was evaporated under different pressures
in the ball jer. The lowest pressure at which silicon monoxide was
evaporated was about 0.0l micron Hg., Since silicon monoxide is a
suboxide, it had a tendency to absorb oxygen from the system auring the
£1lming operat.ion., The pressure dropped to a very lcw value as soon as
the silicon monoxide was heated to the evaporation temperature. Evap-
orated silicor. monoxide absorbs oxygen Just as the material hezGied in
the crucible absorbas oxygen. When oxygen was added to the system
during the filming of silicon monoxide, the dieiectric film contained
more oxygen than it would normally nave contained. If the evaporation
wag done very alowly in an atmosphere of oxygen, the dislectric film
approachsd ths composition of silicon dioxide., If the evapcration was
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done rawidly, the dielectric film was composed essentially of silicon
morioxide., Therefore, hoth the rate of evaporation and the partial
pressure of uiygen in ths vacuum chawher wara important. The rate of
svaporation was very hard to control and has not been mastersd as yet.
The pressure in ths vacuum chamber was difficult to control at first
but is controlled in a routine manner at the present time by regulating
the rate of decomposition of copper oxids,

Silicon monoxide has a higher dielectric constant than sili-
con dioxicde hut a lower dielectric strength. In addition, filts of
a8ilicon monoxide are quite stable,whereas thick films of siiicon dioxide
almost always peel., The best cambination of properties are possessed
by f£ilms lying somewhere between the silicon monoxide and silicon
dioxide compositions.

Several methods of controlling the oxygen content of
dielectric were possible. Atmospheric air could bhe admittsd di
into the vacuum chamber., This method of controlling the pressure is
practiced in some laboratories but was not investigated on this con-
tract. Instead, pure oxygen was generated in the unit itself, The
first method investigated was the mesthod of mixing silicon dioxids and
siiicon moncxide in a 8ingzle crucible and heating the mixture. The
results of this investigation are listed in Table 2. Some fairly good
quality capacitors were produced but the process was quite unwieldy.
The second method of adding oxygen during the evaporation process was
the decomposition of coupper oxide in a separatsly shielded crucible,
The results of this method of adding oxygsn are summarized in Table 3.
Good quality cavacitors were congistently produced with ths righ
combination of metal filmg, heat treatusnt, surface preparation,etc.
Of the eighty capacitors prodiced in test number 100, fifty of them
had a capacity of atout 0.006 m £ rer square inch of capacitor and
over 10,000 megohma rasistance a2t 100 vdc for a 0.COL4 m £ capacitor,

Ths mechanical stability or peeling problemws encounterad
throughout the entire period of investigation. Some of the factors
responsible for inatabillty of films have already been discugsed such
ag improper clsaning, placing of films of vastly different coefficients
of expansion gide by sgide, very high uxygen content of the silicon
oxide dielectrics, stc. TYet another factor was also responsible for
the poor mechanicai stability of some of the films. Many of the unstabls
£ilmg curled or rolled into cylinders indicating the stressed condition
present in the film itself. Films may be depositad under stress. Con-
trolling the temperature of the substrate very often helps to produce
films of greater mechanical 3tability. Therefore,several tests wers
conducted with heated subatrates in an effort to improve the mechanical

In test number 83, nine silicon monoxide base capacitors wers
prepared simultaneously. Five of the capacitors were heated during the
filming operation and four were unheated. The four unheated capaci-
tors possessed better electrical characteristics than the heated units.
All of the units were placed in an oven heated to LOOCF for 15 hours.
All o” the capacitors unheated during the filming operation peeled,

The five units heated during filming ware intact, The mechanical
stability was greatly improvad by filming the dielectric on a heated
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Test No.

95b
95¢
95d
95e
95¢
95g
95h

951

97

98
99a
9950
100a
100b
100c
1004
100e
100f
100g

1Coh

TABLE 3

BiC BASE CAPACITORS

FILMED IN 0.2 MICRON O, PRESSURE

Average
Capacity
mf

0.0033
0.0035
0.0070
0.00345
0.0026

0.0035

0.0050
0,0030
0.00L0
0.0030
0.00LL
0.0050
0.0035
0.0C35
0.0CL2
0,0045

WADC TR Sh-2l1

Average

DQ

0.065
0.0L
0.05
0,012
0,007
0,041

16

Average
Resistance
at 100 vde

usgohns

1,500

50

Lo

30
30

700
1,500
15,000
11,000
3,000
110,000
15,000
15,000
15,000
10,000

Remarks

Pealing

Blow Evaporation
Pesled

Threes Dielectric
Films; Pealed

HJeztad Rasme
Very Stable

Heated Base
Very Stable

Not Very Stable

rPeeled



Si0 BASE CAPACITORS
FILMED IN Q.2 MICRON Oy PRESSURE

Tests 95 and 97 Al1 metal films nichrome

Test 98 A1l metal films aluminum
Test 99 First film chromium, final film aluminum
Teat 100 First film n'chrome-chromium, final film aluminum

All capacitors were heat treated at LOOF,

Each number on the table represents an average of 10 units,
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substrate alihough the electrical properties suffered.

In tasts number 84 and 85, silicon monoxide base capacitors were
£ilmed with the substrats heated to & higher tempsrature than in test num-~
ber 83. All of the units mede in both tests were very stable from a
mechanical standpeint but the slectrical resistance of the dielectric film
was less than 10 ohms, Several explanations are possibis. The dielectric
film might crack or opep up fissures during cocling although none were
datected. Tha high temperature of the substrate might accelerate the dis-
proportionation of silicon monox‘de in favor of silicon metal and silicon
dioxide., Neither of these assumptions has definitely been proven responsi-
ble for the low insulation resistance of capacitors heated during the film-

ing operationm.

In tsst number 104, silicon monoxide base capacitors were filmed
slowly in 0.2 micron of oxygen on heatsd substratss. In some casss the
dielectric consisted of three films of silicon monoxide heat treated between
each filming oparation. In this case capacitors of several hundred to’
gsoveral thousand megohms were produced., Additional experimental worii must
be done on the mechanical stability of dielsctric films.

The d4electric film might alsc be aliered hy the addition of
other materials to ths film., The properties of many commercial products
ars obtained by properiy controlled additicn of various materials, Rubber
products and plasticg are significant examples. Some experimental work has
already bsean reported in Table 1 on ths addition of fluorides to silicon
monoxide dielectrics.

[}

In test number 3, sulfur was filmed along with silicon monoxide
to form the dielectric materlal. The low Dolling point of sulfur caused
considerable difficulty and evaporation could not be controlled. Sulfur
is not a sultable material for vacuum coating. However, a2 satisfactory
capacitor was obtained.

The investigation of various combinations of dielectrics is an
inexhaustible field oI studv. Somo additioral work in this field may prove
fruitful,

Post Evaporation Technique

At least two post evaporaticn techniques have proveu useful in
obtaining batter gquality capacitora. Capacitours may be heat treated or
voltage treated. The voltage treatment consists of applying voltage in
excess of the rated voltage of the capacitor. Any weak spots in the unit
will burn out leaving a higher resistance unit of approximately the same
capacity and lower leakage., Care muat be exercised in limiting the arplied
voltage to some value lower thzn the general breakdown voltage. If the
general breakdown voltage is reached, a ccnaiderable porticn of the capaci-
tor may burn out wrecking the entire unit.

Heat treating capacitors "sete" the filmz, The films become
harder and more abrasion resistant., The electrizal properties are markedly
affsctad, Ths capacity drops as much as 20% during tihs heating perind, The

dissipation factor drops as much as tenfold while the elsctiical resistance
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of the unit increases 100 times or more. The rather loosely knit coating
becomes more firm which generally increases the over-all value of the coating
tremendonsly.

Test number 71 was conducted to determine tha proper heat treating
temperaivre. A group of, six capaciters were heated simultaneously for 30
minutes at a specifled temperature. The units were cooled and tested. They
were then reheated to a higher temrarature than before and again tested,

The process was repeatad until a heat treating temperature of 800°F had been
reaghed. The 200°F heat treatment produced little change in the units. At
300°F the dissipajion factor dropped conaiderably and ihe recistancs climbed
rapidly. The 4OOF heat treatment produced addijional benefits in dissipa-
tion factor and resistancs measurements. At SO0 F many of the units appearad
to loss maome of the advantages already gained but the loss was small. As
haat treatments continued, the dissipation factor became higher and the
elscirical rosistance decreasecd. Thg color of the dielectric film began to
change to a lighter color at the 500°F heat treatment and continued to become
lighter in color throughout the remainder of the jest. Test number 71 indi-
cated an optimum heat trezting temperature of LOO P produced capacitors

with the best electrical characteristics.

Test number 72 was a repeat test of number 71 over a lower temper-
ature range. Again the h0OOCF temperature produced superior results.

Test number 75 consisted of a lengthy heat treatment at 300°F
followed Ly a LOO®F heat treatment., The electrical properties were tested
during the heat treating process and changed slightly during the L% hours
at 300YF. A subsequent one-hour treatment at 400°F produced considerable
improvement again indicating that a LOOPF heat treating temperature is
supericr. Therefors, 2 standard heat treating temperature of OO F was
uged throughout the ramainder of the program,

Properties of Silicon Monoxide

The dielectric constant and dielectric strength are two of the
basic precperties of dielectric materials, Test number 101 was made to deter-
mine the properties of silicon monoxide evaporated slowly in an atmosphere
of 0.2 micron of oxygen. The evaporation was carried ocut by aevaporating
silicon monoxide rather rapidly for a period of one ainute and then mora
slowly for five additional minutes. This process was repeated until by
visual observation the coating appesred to be the correct thickness. The

total evaporation time was about 30 minutes., Two sets of 9 capacitors each
were produced, tine first set being somewhat thinner than the second or nor-
mal set. In this way 18 samples of varying thickness of dielectric fiims
wers produced, After each svaporation, the capacitors were weighed on an
analytical balance to destermine the weight of each coating. The capacitors
were heat treated st LOOCF in the usual way, The resulis of the 18 capacitor
test are listed in Table L.,

The dielectric film was 1 in. by 7/8 in. giving an arsa o£ 5.6 cmz.
The capacitor area was 3/ in. by 7/8 in. giving an area of 4.23 em®, The
dimensions of ths optiezl cover glass were 1 1/8 in, gy 7/8 in. by 0.008 in.
The dansity of 81 is 2,40 g/cm3, 12, 810 is 2.15 g/cm’, and 810, is 2.2
z/em’, The dielectric was assumed to have a density of 2.15 g/ém3,
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The capacity of the unit was nlotted against the reciprocal of the
weight of each unit and compared with the capacity which a fused quartz
dielectric of comparable size might have as shown in Figurc 1. The dielectric

conptant was calculated from the dimensional equation
Aree of film (cm?)
Capacitance (m m f) = 0,088)2 k Thickness of film (cm)

The dieisciric conastant k for the gilicon monoxide base capacitcers filmed
in 0.2 micron oxygen atmosphere and heat treated at LOO®F lies Letween 5.2
and 8.);. An average velue of 6.8 ¥25¢ represents the disiectric constant of
capacitors filmed and treated to produce a gocd combination of electrical
properties,

The thickness of the dielectric film of a high resistance capaci-
tor tested at 100 vdc averages about 0.GCC6 em thick, The breakdown voltage
usually lies between 300 vcc and 600 vdc. The dielectric strangth of the
modified silicon monoxide base dielectric lies between 1000 volts/mil and
3000 volts/mil. An average of 2000 volts/mil may be taken as the dlelectric
strength obtained in these filming operations.

The values of the dislectric constant and dielectric strength of
modified silicon monoxide films are compared with the reported properties
of fused quartz in ths tabulation below:

Dielectric Gonstant Dielectric Strength Source
of Fused Quartz of Fused Quartaz
volta/mil
3,78 15,000 Ref. Data for Radio Engrs.

Fed. Tel. & Radio Corp.
67 Broad St., N. Y.

5.0 762 Electrlc and Magnetic Fields
Attwood
John Wiley & Sons

3.5 - Cnemical Engirecra!
Handbook
Perry
McGraw-Hill

3.5 - L.2 200 Radiotron Designer's
Bandbock
Langford-Smith
Radic Corp. of America

L.2 - Radio Enginesrs'
Handbook

Terman
McGraw-Hill

L.07 Averagas
6.8
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TABLE U

RESULTS OF TEST NUMBER 101

Wt. of Films (milligrams)

1lst

metal

0.3
0.4
0.35
0.3
0.3
0.3

0.3
0.2
0.3
0.3
0.3
0.4
0.3

Disglectric

b.2
k.25
L,05
3.7
3.6
3.9
4.05
4.0
3.6
6.4
7425
8
7.5
542
6.0

-3

6.9
7.3
649
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2nd

metal

0.0
0.05

0.0

0.1
0.3
0.3
0.3
0.2
0.2
0.2

0.3

Properties after Heat Treatment

Capacity
mf
£,906%
0,0061
0.,0065
0.0068
0.0069
0.0064
0.0060
0.0065
0.,0070
0.0038
0.0036
0.003L
0.0033
0.0043

21

DQ

0.017

Resistance at

100 vde
megohma

12,000
8,000
]
75
L
5,000
3,600
3,800
5,000
30,000
11,000

9,000

20,000
15,000

70
14,000
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The tebulation of propurties allows several important congclusions., Fused
quartz is evidently noi, a completely pure homogeneows materiai. The varia-
tion in both dielectric constant and dielectric strength indicates the varia-
tion between different samples of supposedly identical materiai. The varia-
tion of these properties in controlled experimental tests also indicates the
importance of physical form and chemical composition., Additional experimental
work to improve physical form and chemical compositior: to achieve the maxismnm
performance from ths silicon oxide film is indicated. It is also evident
that the inclusion of silicon monoxide in the dielectric fils: increases the
dielectric constant appreciably.

Al2 of ths properties of the dielectric fiims are influenced by
the evaporatiun technique and post evaporation technique as well zs composi-
tion and purity. The base upon which the capacitor is built mizht also
influence some of the properties,particularly the temperature coefficients,
The temperature coefficients have not been dstermined precisely. The capaci-
tors have not been packaged until very recently and molisture appears to have
a pronounced affect upon the properties. In test number 75 the electrical
resistance at 100 vdc increased with a rise in temperature up to the boiling
point of water after which further heating caused a decre=ase in electrical
resistance., The cooling curve in the same temt indicated that the electrical
resigstance climbed even after passing the boiling point of water. The
resistance dropped, however, upon standing unheatzd overnight. Thess resvlts
emphasize the nee.l for hermetically sealing the capacitor.

In test number £8 the capaciiy wac measured at various temperaturses,
The heating and cooling curves did not ccincide. The cooling curve was less
arratic than the hsating curve,and the effect of moisture absorption wanm
indicated again, The capacity of a modified silicon monoxide base capacitor
might be expested to cganga less than 500 p p m per °C over a temperature
range of 100 C to =40 C,

Another important property of the dielectric film is stability,
The mechanical stability of good electrical qua2lity capacitors leaves scme-
thing to be desired, This problem has already bsen discussed and additional
axperimental work will be done on this problem. The aging cr long tims
stability is akin to this problem, The shelf life of a product is quite
Zmportant and some capacitors prepared early in ths experimental work were
obgerved over several months duration, The changes in capacity, dissipation
factor. and internal resistance are recorded graphically in Figure 2, 3, and
4. The capacity stabilizes; the disaipation factor becomes fairly stable
and should improve conaiderably with proper packaginz; the internal resistancs
increases. The aging characteristics of the modified sillicon monoxide
dielectric are quite good.

Physical Prcblems

The physical problems include masking, holding, geometrical
limitations, propertios of the base, clamps, and packaging material, and the
packaging problam itself.

Each capacitor 13 compzscd cf aliernate filma of dielectric and
metal. These films cannot be zimply piled on top of sach olher tut must have
2 certain geometrical apacing. For instance, each metallic film must be
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accessible so that electrical cunnections can beg made to it, Furllhermore
the metal films caanot be allowed to tuouch each othsr at any spot. All
£ilms should be unifcrm in thickness, smoouh, and with sharp beoundaries. The
capacitor area definedas the area of overlapping of the metal films s:oculd
occupy as large a portion of the base as ia practical,

Materials evaporated in vacuum travel in siraignt lines from the
point of evaporaticn to the target. Since the sourcs ol svaporation is a
filament, crucible, or boat, ths evaporation does not come frem a point
gonrce; and shadow effects are rough and ragged. The mask must be clcsc to
the target bto sliminate scattering cf the depcsit. If the mask directing
metal to a certain ares of the basgse could be changed so that dislectric
matarial would be directed to the proper area, successive evaporations of
metal and dielectric could be made without admitting air to the vacuum cham-
ber and subsaquently pumping the system down again., A considerable saving
in time could be realized. Successive evaporation is pcssible because the
evaporated material travels in straight lines and does not bend around
corners. The metal and dielectric could be shielded from each other yet
both being visible to the target area. The early experimental tasts were
conducted with a rotary three-hole mask directing the Initial metal, the
dielectric material, and the final metal to their respective pcsitions in a
single pump dewn cycle.

The problem of maskiiiz must be avaluated constamtly at all stages
of production., The probiems are entirely different for different shaped
capacitor bases, and different types of vacuum coating units.

The problem of holding tha capacitor base through various stages
of processing is also quite important., The capacitor base must be completely
clean before filming. The capacitor bass is usualiy held with tiieezers
during the cleaning operation. Thereafter, the bass is handled only by
touching its sdges.

During the filming opaeration, the base must be anchored in place
to prevent it from moving due to vibration, Various types of clamps have
been used as well as tape and positioning bars. Clamps and metal position-
ing bars are to be preferred over tape, rubber, or other organic or porous
substance. The clamping or holding of an optical cover glass {0,008 in,
thick) securely but without damage to the glass presents a difficult prob-
lem, In this case, the positioning bar method appears to be superior to
clamping, )

During electrical testing, the capacitor is held in the broad
flat contacts of a low compression clip, The description of the method of
holding the capacitor in the package will be taken up as a separate topic.

Several geometrical problems and limitations must bs satisfied in
the design of the capacitor. From a practical point of view, the capacitor
must heve some simple conventional shape. It should not have arms, joints,
or bends. The capaci.tor should be designed to occupy as small a space as is
practical. A cube, short cylinder; or pzrallelepiped are preferred configura-
tions. The filming of capacitors on f’at surfaces lends itself to the prepara-
tion of a cubic or paralielepiped capacitor.
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All diglectric matarials are in powder or lump form. They nuat be
vaporized from a.crucible, boat, or other cozisiner., The dieleciric material
must bz svaporated upward and condsnsed on the underside of ths base. The en-
tire area of the bass vannot be coated because the support for the base masks
off part of the area, It is impractical to hold the base by its edges alone.
It ix also impractical to trim the edges after coating,since the films might
be damaged in the procesa, This geometrical limitation is not serious because
the metal filmay do not extend the full width of the capacitor and the dielec-
tric £i1lm does not cover the full length. The base may be suppcrted along
both sides during the metal evaporation and aloug both ends during the dielec-
tric filming, The suppert area is limited to four very sm&ll corners of the
base in the case of wultiple masks not serving themselves as supports., A
compronise solution to the problem may have to be sought in this cass,

Other gscmsirical problams exist in melecting the proper base on
which the capacitor is built. The capacitor should occupy as little space
ag possibla. Therefore, the base should be as thin as possible to congerve
space and lighter the unii. The bass, howmver; should bs thick enough to
support the capacitor without crumbling or failing mechanically, The optical
cover glassz of v.,008 inches thick appears to be about the optimum thickness,

The dislectric film must overlap the capacitor area on all sides
to make sure that the metal films have no chance to touch each other. The
metal films themselves must be longer than the dielectric film to allow for =
electrical connection, A greater capacitor area per total area of base will
be possible if & rectangular base is used instead of a square base. The
electrical connsctions should be mads to the short sides of the rectangular.
bage.

The properties of the materials used arsz slso importast. For
instance, the capacitor bass should not have a large coefficlent of thermal
expansion. The expansion and contraciion of the base governs the size of
the antire unit and mzy add zreatly to the thermal stresses set up between
the base and the various films, The base should be strong envugh to support
itself and the filmg without bending or daforming.

The electrical propsrties of the base are also important., The
electrical resistance must be bigh and water absorption nil., These prop-
erties are important accordirg to the present capacitor configuration., If
the geomstry is changed, tha properties of the base may ba changzed radically,
A metel base with good electrical conductivity can be used if one metal film
is completely isolated from the base by dieleciric material, The present
configuration, however, requires the base to have high electriczl resistance,

The optical cover glass is quite thin and might be useful as a
dielectric itself, The capacity of thin optical cover zlass with metal films
on either side of the glags is about 200 m m f per square inch of glass, The
cover glass will normally have capacitors filmed on both sides of the zlass
and the additional capacity of the glass itself may be addad to the unit if
the electrical characteristics of the glass are satisfactory. In test number
102, nine cover glasses were coated with metal on sach side of the glass to
form a capacitor. The nine units were packaged together and tested. The
slsctrical resistance was 100,000 megohms at room temperature and the capacity
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wae 0,0013 m £ with a dissipation factor of 0.006. T
hs slectrical rssistance measursd. The alactrical res
conaiderably as shown in Figure 5. Test number 102 pro

of the glass base cannot be accepted because of the poor electrical character-
istics of the glass, In addition, it cast considerable doubt upon the quality
of the electrical characteristics of capacitors having both metal films anchored

to the base itself,

The physical properties of clamps and packagzing material must also
be investigated, Ths clamps must maintain sufficient strength, good elec-
trical connections, =nd must be chemically stable with respect to its sur-
roundings., All packaging material must bs stable over the entire temperature
range of operation,

The problem of attaching a lead wire to a metal film is not easy.
If ths mstal £ilm is anchored to a glass base, savaeral methods are poazsible,
A low melting indium solidor may be used to solder diregtly to ths glass or
metal, The softening point of this solder is only 240°F and thus, indium
base gsolder cannot ta relled upon to hold high temperature capacitor plates
during normal operaticn. Firing silver applied to the glass before fiiming
and cured at 110C"F furnishes an excellent mecans of connecting lead wires to
the plates themselves. Unfortunately, optical cover glasses warp at these
high temperatures and filming becomes extremely difficult.,

Trs mechanical clamping and holding of the glasges may be possible,
A s0lid copper bus was machined to aserve as a connector for glass plates,
Slots 0,008 inches wide were milled 0.005 inches apart. Glasses were slipped
in the slotted busses and tested. These busses did not make sufficiently
good contact with the metal films., However, some other method.of clamping
may be succeasfuvl,

Individual clips were preparcd and slipped cver each glass,
Sgveral glasses wers stacked and soldered together. Thess clips did not
hold very well and wers generally unsatisfactory. When tinned clips were
usasa aud the pack soldersd together, the solder seemed to adhere tc the
surface of the glassss so that a pack of 10 glasses could not be pulled
apart witi 10 pounde of force. This type of connection is satisfactory but
some improvement may have to bs made if the capaciter is operated at high
temperaturs,

A temporary package was designed to house a pack of 15 glagsas
soldered together. A steel mold (see Figure 6) was made to form halves of
a package from cellulcse acetate sheest stock. Tha pack of glass capaci-
tors was slipped into the halves of the plastic package and the halves of the
package were sealed togethaer with acetons., The lead wires were sealed with
gutta percha. This temporary package willi be uged to evaluate temperature
coefficients at low temperatures and to study aging in the package as compared
to aging in atmoaphere. '

VI. DISCUSSION

Many dislectric materials have bsen investigated, The salt tyve
dielectrics appear to be limited to low resistancs,rather porous films,
fSalis are not gensrally acceptable as dielectric materials although they
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may prove unsefil in combiration dielectrics. The oxides are usually unstable
and those oxides which are stable generally do not possess good electrical or
mechanicali properties. The suboxides of the refractery a¥ides appear Lo oifer
the best combination of properties fcr filming. Silicon monoxide in particu-
lar seems to be the riost promising dislectric material.

~ Many techniques have been investigated in an effort to improve the
properties of the silicon monoxide bese dielectric film. Satisfactory capaci-
tors have been inade with the proper cleaning technique, the right choice of
metal filme, filming the silicon monoxide slowly in an atmospnere of 0.2

micron of oxygen, a Loo°F poat evaporation heat treatment, and a voltage treat-
ment,

Not all of the oromising dielectric materials have beer investigated,
Likewise, many techniques and properties of the filme have yet to be evaluated.
However, during the firzt part of the experimantal program significant advance-
ment in knowledge and in quality of the capacitors produced have been achievad,

Some of ths major achicvementie are:

1. Screening of many dislectric materials
and determining their relutive merit.

2. Detailed evaluation of the silicon oxide
dielectrics.

a. Decomposition of silicon dioxide during
evaporation,

b, The controlled addition of oxygen during a slow
filming of silicor: monoxide produces a film
more quartz-like in naturs.

c. The filming of silicon monoxide on a hot sub-
gtrate improves the mechanical stabiiity but
decreases the electrical resistance of the
£ilm,

d. 7The determination of an optimum post evapcra-
tion heat treatment.

e. The evaluation of the dielsctri~ constant
and dielectric strength of modified silicon
moncxide dielectrics,

3. Evaluation of physical problems.

a. Demonstration test of making an entire capacitor
in a single ev=cuation cycle.

b, Initial work on packaging resulted in the produc-
tion of a temporary packzge for testing,

These advancements in knowledge and technique have added tc the
prior state of the art. It is now possible to lcok forwzrd with renewed
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hope and understanding, The micronic capacivor is advancing from the stage
of a seven dislectiric fllm laboratory curiosity of rather low capacity to a
asingle dielectric film production item of greatly increased capacity. Many
problems remain unsclved but the futurs is bright.

VII. CONCLUSIONS

The modified silicon monoxide film shows excellent promise of
becoming an outstanding dielectric material, Additional experimental work
should bs conducted with this type of film to improve the mechanical stability
and electrical properties., Q(low discharge cleaning and hetter quality
control should be lnaugurated, Additional work should be done on controlling
the rate of evaporatica.

Better packaging is a requirement which must be satisfied. Various
types of tests including life and heal tests must be madse,

Planning for the next phases of the work including pilot plant
production should start as soon as possible,

Of course, other dielectirics and combinations of dielectrics
should not be forgotten and a continual program might be valuable in select-
ing new dielectric materials or in improving the quality of establishead

dislectirics,

WADC TR Si-241 33



k3

2.
3.
L.

#20,
%11,

12,

VIII. BIBLIOGRAPHY

Strong, J., The Astrophysical Journal, Vol. 83, (1936) 401-423
Andrade, C., Phil, Mag., Tol. 16, (1933) 1137-1142
Caldwell, W., Jowrnul of Applied Physies, Vol. 17, (1941) 779-781

Picard, R. and Duffandack, O., Journal of Applied Physics, Vol. 1k,

\
(1943} 291-305

Frazer, R., Instruments, Vol. 24, (1951) 284-324

Frohlich H,, Theory of Dielectrics, Oxford Univ. Prsss, Amen House
London (1949)

Cameron, A, E., E-30% (1952)

Schulz, L. C., J. Chem, Phys, 17, 1153 (15)9)
Brewer and Margrave, UCRL-186L (1952)

Jolly, W. L., UCRL-1638 (1952)

Hasg, @,, Journal of the Am. Cer, Soc., Vol, 33 Ko. 12 (1950)

#Documents available from the United States Atomic Energy Commissici.

WADC TR SL-2l1 3k




vy

DISTRIBUTION LIST

v dwar

Actlvities at Wright-

Other Department of Defense
Agencies (Cont!d)

Coples PFatterson Air Fcrce Base Coples
5 DSC~SA {restricted distribution) 1
l WCOSI {RAND)

3 WCOSI-4
30 WCREO-2
1 WCaTC-5
Other Department of Defsnse
Agencies
1
Alr Force
bl Ccamander
Air Force CambriGge Research
Centser 1
Attn: Docuxments Unit, CRQST-2
230 Ailbany Street
Cambridge 39, Massachusetts
1 Commander
Rouwis Alr Development Center
Attn: RCRES-4C
Griffiss Air Force Base
Rome, New York 1
1 Camsander
AF Missile Test Center
Patrick Air Force Base
Cocoa, Florida
1 Director 1
Alr University Library
Maxwzll Air Force Base, Alabama
1 Chief

Technical Library
Office of Asst. Secretary of
Defense (R&D) 1
Room 3E 1065, The Pentagon
Washington 25, D, C,

WADC TR 54-241 35

Air Force levelopment Field
Representative

Attn: Code 10190

Neval Research Laboratory

Washington 25, D, C.

Aray
Commanding General
Redstone Arsenal
Attn: Technical Library-EC
Huntsville, Alabama

Camanding Generai

Signal Corps Engineering Labs.

Attns Technical Documents
Center

Tvans Signal lab Area,Bldg.27

Bslmay', New Jersey

Navy

Chief

Bureau cf Aersnautics
Electronics Division
Material Coordination Unit
Department of the Navy
Washington 25, D, C.

Chief

Bureau of Aeronautics

Attn: Technical Data
Pivisior TDNL1L

Dziaptment oo the Havy

Wa~hington 25, D, C,

Chist

Bureau of Ships

Code 816

Department of the Navy
Washington 25, D, C.



DISTRIBUTION LIST {Cont'd)

Other Department of Defense
Copies  Agenciee (Cont'd)

1 U, S, Navy Electronics
Laboratory
Attn: Mr, A, H, Attebury
Code 733
San Diego 52, California

Miscellaneous

15 Courter Electiric Products, Inc.
Boyne City. Michigan

WADC TR 54%-242 36




T e A RN < A -_\,“,,-I LA 415 WS

- .l .

ﬁ mnﬂ Qﬁr\ irac |aph il‘ﬂl s ME ar
riiiteu UGIvivgy 1 obitiiibdl 10 iangn
Because of our limited supply, you. are requested to retur : this; copy WHEN FF oAy CERYLD

YOUR PURPOSE so that it may be made available to nthe  reanssivre, Four coon:ration
will be appreciated, .

NOTICE: WHEN GOVERNMENT OF OTHER DRAWINGS, SPECIFICATIONS OR OTHER DAT.
ZRE USED FOR ANY PURPOSE OTHER TEAN IN CONRECTIC 7 W74t A DEFINTI'ELY REL 4TED
GOVERNMENT PROCUREMENT OPF.RATION, THE U, 5. GOV! RHMENT THEREBY INCURY
NO RESPONSIBILITY, NOR ANY OBi.IGATION WHATSOEVER, AND THE ¥ACT TTIAT THE
GOVEZRNMENT MAY HAVE FORMULATED, FURNISHED, OR 1 2NY WAY SUPPLIED LHE
SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT ©C ik EEGARDED BY
IMPLICATION OR OTHFRWISE AS I' ANY MANNER LICENSD: } 'TWE BOLDER OR ANY OTHER
PERSON OR CORPORATION, OR CC/#VEYING ANY RIGATE Of PERMIBSION Ti) WANUFALTURE,

ERJ

USE OR SELI. ANY PATLNTED INV'F NTI(‘)N THAT MAY IN A}\’ TWa ‘! BE R"LAT".TB THERETO,

Remreduced by i
DOCUMEN" SERVICE “&‘Q?zt‘ﬁ

el S b e A i h
» f

£ 23 4 5.
7 3L
| A A

’! /-

,*mmmm’mﬂﬂﬁm"



	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046

