Jan. 7, 1964 W. E. BLAIR ETAL

3,116,958

AUTOMATIC FEED FOR EVAPORATION MATERIAL

Filed Dec. 26, 1961

5\

8 ~_]

DRI

s

7272

NN \>

<

NN
NA

N
AN

INVENTORS.
WILLIAM E. BLAIR
gy RICHARD P. RADKE

Skt Tt

AGENT



United States Patent Office .

ted Jan, 7, 1864

1

3,116,958
AUTOMATIC FEED FOR EVAPORATION
MATERIAL
William E. Blair, Redotido Beach, and Rickard P. Radke,

d
MNorthridge, Calif., assignors, by mesne assigmments, (o
43

Eear Siegler, Inc., Santa NMonicn, Calif,, a corperaticn
Filed Dec. 26, 1961, Ser. No., 161,946
4 Claims. (Cl 312—49)

This invention relates to apparatus for evaporating
material in a vacuum chamber and more particularly to
apparatus for continuously feeding material to be evap-
orated into a heated filament.

When material is to be evaporated and deposited onto
a substrate to form a thin film on the substrate, the work
is performed in a vacuum chamber. This vapor deposi-
tion is particularly adaptable to the manufacturing of thin
film microcircuitry. It is common practice to use a fila-
ment in the shape of a trough, or the like, wherein the
filament becomes extremely hot. A material to be evap-
orated is usually piaced in the filament prior to the
vacuum chamber being sealed. The substrate upon which
the material is to be deposited is usually positioned above
the filament. Once the vacuum chamber has been evac-
uated, the filament is heated and then the material
vaporizes and deposits on the substrates. The problem
is that if more than one substrate is to be coated with
the thin film, there is the problem of replenishing the sup-
ply of material to be evaporated.

It is very time consuming to open the vacuum cham-
ber, put in new material and evacuate the chamber again.
The evacuation of the chamber may take up to two hours
while the vapor deposition of the material only a few
seconds. Sometimes it is possible to put an over-supply
of material to be evaporated in the filament, but in this
case it is extremely difficult to control the amount that
will be evaporated on each substrate.

Another known method in supplying material to be
evaporated to the filament is to have the material in a
long strip whersin it is fed through an electrode in the
shape of a circle, and the material itself becomes the
anode and is evaporated by electron bombardment. The
problem with the electron bombardment method if evapo-
ration is, again, one where it is hard to accurately con-
trol the amount of material deposited on a given sub-
strate. To control the exact amount of material deposit-
ed on a given substrate, the easiest method is to place a
known amount of material in the filament and to evapo-
rate all of the material. With the substrate at a given
distance from the filament, this process may be repeated
with a certain degree of accuracy. But, again, the prob-
lem is that the vacuum chamber has to be opened afier
each operation to put a fresh supply of material in the
filament.

Tt is, therefore, an object of this invention to provide
a means for antomatically feeding material to a filament
in a vacuum chamber.

Another object of this invention is to provide a means
for automatically feeding and accurately controlling the
amount of material to a filament.

Still another object of this invention is to provide suc-
cessive feeds of material to be evaporated wherein the
material may be several types of material.

Other objects and advantages of the present invention
will become apparent in the following description when
taken in conjunction with the drawing, in which the sole
FIGURE is a cross-sectional view of the present inven-
tion.

Referring to the drawing, a shaft 1 is rotatably sup-
ported at one end by a support 2. It is to be noted that
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the support 2 may be the base of the vacuum chamber
in which case the seal around the shaft 1 can be a vacu-
um seal of the type well-known in the art which allows
rotary motion of the shaft . The shaft 1 has a threaded
portion 3. The other end of shaft 1 is rotatably support-
ed by the end plate 4. A housing 8 connects the end
plate 4 with the support 2. A threaded nut 6 engages the
threads 3 on shaft 1. Extending from the nut 6 is an
arm 7. A slotted tube 8 is also supported by the hous-
ing 6. The slot 9 of tube 8 runs longitudinally along
the axis of the tube 8 The slot & is wide enough to
permit the arm 7 to extend into the tube &.

It can be seen, now, that as shaft 1 is rotated, the nut
&, which would normally rotate with the shaft 1, is caused
to move up and down the shaft 1 on the threads 3 be-
cause the arm 7 holds the nut ¢ stationary with respect
to rotation.

A filament 19, shown as a VY-shaped trough, is elec-
trically connected to a power supply (not shown). The
top of the tube 8 has a spout portion 11 mounted to form
an angle of less than 90° with the tube 8 and extending
from the tube 8 to a position over the V-shaped trough
10 but not touching the V-shaped trough 19. Note, that
the spout portion 11 has a small lip means 12 blocking
its upper end to prevent the pellets from being emitted
from the upper end. The material to be evaporated is
in the shape of balls 13 and positioned above the arm 7.

In operation, the shaft 1 is rotated to lower the nut
6 and arm 7. The vacuum chamber is opened and the
balls 13 are fed into the tube § either from the top of
tube § or from the bottom of tube 8. The balls are
selected to be the proper volume to give the desired
thickness of evaporated thin film. The vacuum chamber
is then closed and evacuated and the filament 19 is heated.
The shaft £ is then rotated so that the desired number
of balls i3 fall intc the filament 10 where they are
vaporized. Ii is to be noted that the balls 13 may be
fed into the filament 19 before the filament 18 is heated,
but that heating the filament first provides for almost
instantaneous vaporization of the material, rather than
proionged vaporization, as in the case where the filament
1% is brought up to the temperature with the material
in the filament. The tube 8 holds several balls of mate-
rial, and therefore, the evaporation may be done in any
number of substrates without opening the vacuum cham-
ber to put in new material in the filament 18. In order
to accomplish a new evaporation, shaft 1 has merely
to be tuned to allow more balls 13 to fall into the fila-
ment 18,

t is to be noted that if different materials are to be
evaporated, the first few balls are of one material and
the next few balls of another material, and so on. This
allows one filament to evaporate several different kinds
of material without opening up the vacuum chamber.

This system has two major advantages: one, in stor-
ing a supply of material inside of a vacuum chamber
thereby eliminating the need to open the vacuum cham-
ber to re-supply the material to be evaporated; and sec-
ondly, the size of the balls can be controlled with extreme
accuracy so that each ball gives a desired film thickness
of evaporated material on the substrates.

Example 1

A ¥ inch diameter copper baill used with the present
invention with the substrate twelve inches from the fila-
ment in a vacuum of approximately 10—5 millimeters of
mercury provided a film thickaness from 2-3 thousand
angstroms, The balls were placed in the tube and the
filament was heated and then the balls were ejected one
at a time from the tube. One ball was used for each
substrate providing approximately 2-3 thousand ang-
stroms of film thickness.
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Example II

Alternate balls, first 18 inch diameter copper balls and,
second, ¥ inch diameter nichrome balls used in the
same apparatus and with the same vacuum as in Exam-
ple I provides a film thickness of copper of approximate-
ly 2-3 thousand angstroms and a film thickness of ni-
chrome of approximately 2—3 thousand angstroms. The
balls are ejected from the tube successively so that the
first film is deposited on the substrate and then the sec-
ond film is deposited on the substrate, either over the
first film or on a second substrate.

Example 1T

By using a ¥¢ inch diameter ball of nickel in a tube
to accommodate the same, the resuits in Example I,
change to a film thickness of approximately 1.2-1.4 ang-
stroms, and by the same token changing the ball size to
1 inch diameter and the tube accordingly, the results
in Example I are changed to a film thickness of approxi-
mately 10-20 thousand angstroms.

Although this invention has been particularly described
above, it is not intended that it should be limited by the
above description, but only in accordance with the spirit
and scope of the appended claims.

What we claim:

1. An apparatus for feeding material to be evaporated
to an evaporating means in a vacuum chamber, com-
prising

(@) a tube having an open end and a slot running

longitudinally thereof capable of storing pelletized
material to be evaporated,

(a¢’) a dispensing spout means, fixedly mounted
on said tube at said open end, said spout means
having a first end and a second end and hav-
ing an opening in the bottom portion thereof
with said opening registering with the opening
in said open end of said tube,
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(b) a threaded shaft means rotatably mounted ex-

ternally of said tube and parallel thereto,

(¢) nut means threadedly engaging said threaded shaft,

(d) an arm member fixedly mounted on said nut

means, said arm member extending through said slot
and into said tube, whereby rotary actuation of said
shaft means brings about longitudinal displacement
of arm member within said tube and thereby pro-
vides a means for expelling pelletized metal from
said tube upon movement of said arm member to-
wards said open end of said tube.

2. The apparatus of claim 1 wherein said threaded shaft
means extends through a wall of said vacuum chamber
and is adapted to be actuated from without said chamber.

3. The apparatus of claim 1 wherein said spout means
is mounted so that the part of said spout means con-
taining said first end forms an angle of less than 90°
with said tube.

4. The apparatus of claim 3 wherein said spout means
has a lip means mounted at said second end to prevent
pelletized matter from being emitted from said second
end.
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