Cathode Sputtering—A Commercial Application*
By HAL F. FRUTH

The theory of cathode sputtering with the advantages and limitations in
the application of this process is discussed, followed by a description of the
commercial equipment and methods for applying gold electrode surfaces
to diaphragms of certain types of microphones.

By proper design of the vacuum chamber and the inside parts, a fairly
uniform discharge current density and a uniform deposit is obtained. A
constant sputtering rate is produced by the use of a bleeder valve which
maintains a proper residual pressure. “Adherence and continuity are ob-
tained by the use of a special cleaning process.

An extensive bibliography on cathode sputtering is included.

INTRODUCTION

ALTHOUGH the process of electrostatic deposition of metals by
high voltages in a partial vacuum, commonly known as cathode
sputtering, has been known for more than a half century, it has hereto-
fore found but little commercial application. Rather extensive use of
it has, however, been made in physics research laboratories for such
purposes as the production of highly reflecting surfaces on mirrors and
prisms, for spectrometers, interferometers, etc., and the making of
extremely thin metal films for fundamental studies in atomic structure
and electron theory. Sputtering has also been used in the manufac-
ture of very fine conducting quartz fibres for suspensions in sensitive
instruments such as quadrant and string electrometers, galvanometers,
and electrocardiographs, and, to some extent, for etching certain
metals.

In the following paragraphs it is intended to give a brief explanation
of the process and a description of a commercial application in the
production of diaphragms for certain microphones.

THEORY

Some fifty years ago, various investigators working on high voltage
discharges in vacuo discovered that disintegration of the cathode oc-
curs for nearly all metals and that the removed metal is deposited in a
very fine state of subdivision on nearby objects. Various theories have
been formulated as to the mechanism of this phenomenon. Some
investigators have attempted to explain it by stating that it is a type of
electrical evaporation where the electrical potential is analogous to the
temperature potential in ordinary thermal evaporation. More plaus-
ible theories, recently advanced, are that the metal atoms or particles
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leave the cathode as a result of positive ion bombardment, either as a
result of single impacts or by cumulative action. This does not seem
to hold for all metals and residual gases, and it has been suggested
that in some cases sputtering is due to the absorption of radiation pro-
duced when the gas ions are stopped at the cathode.

There has also been a great deal of controversy as to the structure
of the sputtered film. Most of the more recent evidence indicates
that the films are of a crystalline nature.

ADVANTAGES OF SPUTTERING OVER OTHER METHODS
oF METALLIZING

In general, cathode sputtering cannot compete with the more com-
mon processes of metallic deposition, but in many special cases it can
be employed where other methods are inapplicable. This is especially
true (a) when metals are to be deposited upon non-conductors, (b)
when the surfaces to be metallized would be injured by contact with
chemical solutions or high temperature, (¢) when either a very thin
continuous metal coat or a very smooth, highly reflecting coat is de-
sired, (d) when metals are to be deposited that are very difficult to
deposit in any other manner, such as silicon, tellurium, or selenium,
(¢) when a metal is to be deposited upon another metal far removed
from it in the electrochemical series, such as gold or platinum upon
aluminum or magnesium. In such cases, electrolytic corrosion is very
apt to occur in the presence of moisture or traces of electrolyte.

COMMERCIAL APPLICATION

Cathode sputtering has been used commercially by the Western
Electric Company with excellent results in the manufacture of dia-
phragms for carbon broadcasting transmitters, illustrated in Fig. 1.
This type of microphone consists essentially of a tightly stretched
duralumin diaphragm located between two chambers containing gran-
ular carbon. The manner in which the double button type of micro-
phone is connected to the amplifiers of the broadcasting, public address,
or sound picture system is schematically shown in Fig. 2. Those
parts of the diaphragm which come in contact with the carbon are
covered with gold, a metal which has been found to be ideally suited
for microphonic purposes. It is exceedingly important that the gold
coating be continuous and remain adherent, for if the carbon should
make contact in a number of places with the duralumin, it is quite
likely that the microphone would be noisy and therefore unfit for use.

When the gold spots were formed by the plating process previously
used, considerable trouble was experienced because of such defects
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as blisters, peeling, and pin holes probably due largely to electrolytic
corrosion. The substitution of the sputtering process has practically
eliminated such defects. Some additional advantage over electrolytic
plating is that a thinner continuous film can be deposited, making it
possible to stretch the diaphragm to a higher natural frequency with
less tension. This decrease in tension has resulted in a smaller fre-
quency loss due to fatigue. The introduction of the sputtering process
has, therefore, not only improved the quality of the microphone, but
lengthened its life.
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Fig. 1—Cross-sectional view of the two-carbon-chamber, stretched-
diaphragm microphone.

EQuIPMENT AND METHOD

In order to apply a satisfactory gold electrode surface to the dura-
lumin diaphragm by cathode sputtering commercially, it was neces-
sary to develop a special cleaning process for the diaphragms and
suitable equipment with multiple sputtering electrodes.

To insure proper continuity and adherence of the gold to the dura-
lumin, the glossy roll finish on the duralumin is broken up by means of
a brass wire scratch brush to give a matte surface. The diaphragms
are then scrubbed in acetone, rinsed in ether, and rubbed dry with
filter paper to remove all traces of oil or grease. Great care is then
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taken to keep the spot to be coated free from all contaminations before
sputtering.

The unit developed for commercial sputtering is shown in operation
in Fig. 3. A two-gallon bell jar fitted upon a heavy ground pyrex
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Fig. 2—Schematic diagram of conventional electrical connections of the microphone
in a push-pull circuit,

glass plate contains six glass-covered aluminum cathodes, the exposed
parts of which are fitted with renewable gold discs (Fig. 4). An ad-
justable aluminum stand to hold the diaphragm fixture and shield is
placed upon the plate directly below the cathodes. The shield covers
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all of each diaphragm except a central circular spot about 3/4” in
diameter. A vacuum is produced by means of a Megavac pump con-
nected to the bell jar by 5/8 pyrex glass tubing, which is made as
short as possible to facilitate rapid pumping. In the vacuum system
are a small rotating McLeod gauge, a trap, a bleeder valve, and an
anode. The anode consists of a 20-turn, 1/2 helix of No. 14 aluminum
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Fig. 3—A complete sputtering unit.

wire sealed into a one-inch tube at some distance from the bell jar.
The end of the helix is shielded against high current density by a
flanged piece of glass tubing. This type of anode has a life of at least
two thousand hours.

In order to maintain a constant residual gas pressure, the pump is
operated continuously and air is allowed to leak in slowly through the
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bleeder valve which is located near the pump. This practice was found
necessary in order to overcome variations in pressure due to the early
evolution of gases and the later cleanup usually accompanying elec-
trical discharges in vacuo. The valve is of rugged construction as
shown in Fig. 5 and consists of a standard No. 0 taper pin about 23
inches long, very closely lapped into a bronze bushing. A pressure of
.100 = .005 mm. is readily maintained by this method. After a new

Fig. 4—The sputtering chamber, showing multiple electrodes, diaphragm holder
and shield.

charge has been placed in the bell jar, the bleeder valve is temporarily
cut off by closing a stop cock so that the required vacuum can be more
quickly obtained. By this means, sputtering can be started in about
four minutes after the bell jar has been placed in position.

The discharge is produced by means of a 1/2 kva transformer which
steps up the voltage from 110 to 10,000 volts and is regulated by means
of a rheostat in the primary. Safety for the operator is insured by
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having all high tension leads and terminals enclosed in an expanded
metal cage. The door operates a switch in the primary circuit, so that
as the door is opened, the circuit is broken.

In order that equal amounts of metal might be evenly deposited on
each of the six diaphragms, it was necessary to determine experimen-
tally the relative spacing of the electrodes, and the shape and the size
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Fig. 5—Detailed construction of the bleeder valve.

of the shields, stands, and bell jar which would give a uniform current
distribution. The best results were obtained by placing the dia-
phragms 5/8"” from the cathodes, which are arranged symmetrically,
by maintaining the pressure at .10 = .05 mm., by having a 1/2” hole
in the center of the diaphragm holder and shield, and a one inch clear-
ance between their outer rims and the bell jar.
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In commercial practice a single operator runs three units simul-
taneously and produces about 90 broadcasting microphone diaphragms
a day. These diaphragms require a gold spot on both sides which
necessitates breaking the vacuum and turning the parts over. The
time not occupied in loading the fixtures and operating the equipment
is taken up in preparing diaphragms for sputtering, marking, and
packing the finished product. It requires about forty minutes to de-
posit from three to five mg. of gold per spot. Although this deposit
is not more than .001 mm. thick, it is very continuous, adherent, and
altogether suitable as a microphonic electrode surface (Fig. 6).

Fig. 6—Typical magnified gold surfaces after three months' service. The spot on the
left was produced by electrolytic plating and shows many blisters; the
one on the right was produced by sputtering.

This equipment has been in successful operation for a number of
years in the production of microphone diaphragms.
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