Febh. 5, 1952 G. H. BANCROET 2,584,660
VACUUM COATING PROCESS AND APPARATUS THEREFOR
Filed Sept. 24, 1949

2 ~10
12
284 %30
/ [ \
33-4—ll 6 ' ; 35
314—||| 20(E -3
¢ 2""\éq 1 13
- 18
i ; _ 1 1f// ([

3 i [ 2 /—gé’{l T GENERATOR
J ’ e ¢ 5-50K.C.
PUMPS 2578 s 2 7

ST 2011 26
- p
36 :
27/:& 37 Il
_J) [
FI6.3 { é
FIG.2 —

INVENTOR.

GEORGE H.BANCROFT
@ Al rf)
- s ey
ATTORNEYS



Patented Feb. 5, 1952

2,584,660

UNITED STATES PATENT OFFICE

2,584,660

VACUUM COATING PROCESS AND
APPARATUS THEREFOR

George H. Bancroft, Rochester, N. Y,, assignor,

by mesne assignments,

to Eastman Kodak

Company, Rochester, N. Y., a corporation of

New Jersey

Apphcatmn September 24, 1949 Serial No. 117,598
(CL 117—93)

9 Claims.

1

This invention relates to the art-of coating ma-
terials under vacuum and is particularly con-
cerned with ceating materials with metal vapors
evelved by thermal evaporation under vacuum.

It is an object of this invention to provide im-
proved apparatus for coating materials under
vacuum.

It is a further object of the invention to pro-
vide means for continuously ccating strip mate-
rial with metal.

It is a further object to provide metal coating
apparatus not subject to breakdown during oper-
ation. )

Another object of the invention is to provide
means for subjecting coating metal to thermal
evaporation in a progressive manner withoui in-
terrupting the coating process.

Another object of the invention is to provide
an improved process for thermally evaporating
coating metal under vacuam.

Another object of the invention is to obviate
the necessity of employing physical supporting
means to laterally support molten metal being
evaporated under vacuum.

Another object of the invention is to provide
metal coating apparatus not subject to crucible
failure.

Other objects will be apparent from the draw-
ings, description and claims.

Of the drawings:

Fig. 1 is a view in elevation and partly in sec~
tion of vacuum coating apparatus constituting a
preferred embodmient of the invention;

Fig. 2 is an enlarged fragmentary view in eleva-
tion of the coater shown in Fig. 1 with particular
reference to the source;

Fig. 3 is a fragmentary view in elevation of a
modified source; and

Fig. 4 is a fragmentary view in elevation partly
broken away and in section of a further modified
souree, including a crucible and a charge of metal
having the configuration assumed by the metal
when melted in accordance with this invention.

The invention is best understood by reference
to preferred apparatus embodying the invention
as shown in Fig. 1. The preferred apparatus
comprises an evacuable chamber 10 formed by
wall means consisting of base 1 and bell dome
12. Bell dome 12 is movable into and out of seal-
ing engagement with base plate If, gasket 13
providing a gas-tight seal when dome 12 is in
position on base plate i1.

Chamber [0 communicates with pumping
means 13 through conduit 15, pumping means
13 comprising any suitable vacuum pumping ar-
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rangement for evacuating chamber 10 to a pres-
sure below about 100 microns Hg. and preferably
below 10 microns Hg. The pumping means de-
sirably comprises a plurality of diffusion pumps
backed by a mechanical pump in the manner
well known in the art.

The source for thermally evaporating coating
metal in chamber |0 comprises induction heat-
ing coil 16 connected by leads 11, 1T through base
plate i1 to current generator 8.

Coil 16 preferably comprises a plurality of turns
of copper or other metal tubing defining a central
opening in which an alternating electromagnetic
fleld is established when coil 16 is energized by
i8. Coil 16 1is rigidly supported in
generally vertical position inside chamber (08 by
post 20 which is mounted on base plate (1.

Generator 18 adapted to energize coil 16 is an
alternating current generator supplying current
having a frequency of about 5 to 50 kilocycles per
second.

Extending through base plate il in vertical
alignment with coil 16 is adjustable feed mem-
ber 21 comprising a threaded shank 22 extending

5 through a threaded opening in base plate 11i,

knurled head 23 and handle 25, and clamping
collar 26. Collar 26 is adapted to hold and ver-
tically support a rod 27 of coating metal with
an end portion of rod 27 extending upwardly into
coil 8. In the interest of simplicity, a manually
operable feed has been illustrated but power
driven feeds and automatic controls may be
added.

Driven rolls 28 and 30 are rotatably supported
in spaced relation in chamber 10 on support
members 31, 3i. Rolls 28 and 30 carry strip
material 32 to be coated. Rolls 28 and 30 are
controllably rotated by rotatable shafts 33 and
35 respectively geared with rolls 28 and 30 and
extending downwardly through gland packings
(not shown) in base plate Il to suitable driving
means (not shown). Rolls 28 and 30 are ar-
ranged to roll and unroll strip material 32 in
proximity to the source.

In a modified form as shown in Fig. 3, the
source employed in the apparatus embodying the
invention comprises a refractory crucible 36
mounted in and supported by coil 16. 'Crucible
36 is provided with an opening 37 through the
bottom thereof, the opening being adapted to
accommodate rod 27 extending upwardly intfo
coil 16. The lower portion of crucible 56 desir-
ably extends downwardly out of coil 16 whereby
the lower portion is out of the electromagnetic
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field established in coil {3 when coil {§ is ener-
gized by generator 18.

In a further medification of the source as
illustrated in Fig. 4, crucible 37 is positioned com-
pletely within coil i8 and is adapted for holding
a body of coating metal 38 for batchwise opera~-
tion, the configuration assumed by the coating
metal when molten and under the influence of
the electromagnetic ficld in the coil being siiown
in Fig. 4.

In a preferred coating process embodying the
invention and employing the apparatus shown
in Fig. 1, strip material 32 to be coated is mounted
on roll 28 and fed across to rcll 30. The sirip
material may be any desired sheet material such
as plastic film, textile sheeting, paper or the like.

A rod 27 of coating metal is clamped in collar
25 with an end of the rod extending upwardly
into coil 15 at the approximate center of the coil.
Rod 27 is of any desired thermally evaporahble
coating metal such as aluminum, copper, silver,
chromium and the like depending upon the ma-
terial being coated and the coating desired.

Deme (2 is then lowered into sealing engage-~
ment with base plate {{ and pumps {2 are pub
into operation. The chamber is evacuated to a
pressure eifective to cause the desirved evapora-
tion of ccating melal when molten. It is usually
desirvapie to carry out the coating process at pres-
sures beiow about 10 microns Hg. although pras-
sures as high as 100 microns Hg. can be employed.
17 Gesired, the apparatus is first empioyed to degas
the material to be coatled, degassing being eflec-
tively accemplished by reneatedly relling and un-
roliing the strip material in the evacuated cham-
ber beiore the actual coating is begun. If desired,
heowever, degassing can be effected in the chamier
by suitable glow discharge means or the material
can be degassed in a separate chamber.

Coil {§ is then energized by generator i3, set-
iing up a localized alternating electromagnstic
field in the coil, the deld having a frequency of 5

t~ 30 kilccyeles per second. The end portion of
'od 27 extending into the field is inductively

ia

melted with the remainder of the rod outside the
field remaining solid. 'The field, at the relatively
low {frequencies embployed, electromagnetically
compects and laterally supports the molten por-
tion of the rod. The sclid portion of the rod pro-
vides vertical support for the molten end portion
and I have found that no physical supporting
means are necessary for lateral sueport.

"The moliten end portion under the infiuence of
the electromagnetic field has the appearance of a
glowing, wavering finger of molten metsl having
a rounded tip and it is maintained in the coil
without use of a crucible or other container
means. Further, the molten tip is seli-cleaning
since any oxide skin forming on the tip flows down
thie sides of the end portion to a cooler zone.

Rolls 28 and 29 are thereupon actuated to roll
and unroll the strip material to be coated, the
strip material being in proximity to the source
auring passage between f{he rolls whereupon
metal vapors evelved from the rod of coating
meatal condense on ithe sheet material. The rate
of rotation of the rolls is controlied at the rste
necessary tc deposic a coating of the desired
thickness on the sheet material during passage
between the rolls, coating speeds of from 10 to
30 feet per minute oy higher being commonly
employed.

As the end of the rod of coating metal evapo-
rates away, the rod is progressively advancad up-
wardly into the electromagnetic field by turning
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feed member 21 which is operable from outside
the evacuated chamber. The coating prccess em-
bodying this invention is operated continucusly
until the entire roll of sheet material is coated.
By supporting the molten metal electromagneti-
cally, it is possible to progressively introduce ad-
aitional coating metal into the evaporating zone
without employing elaborate feed means or in-
terrupting the process by opening the chamber.

When the sheet material is coated to the de-
sired thickness, the coil can be imamediately de-
energized whereupon the melten tip of the coat-
ing rod collapses and ficws cdown the sides of the
rod, but more desirably the field strengih is grad-
ually decreased unfil the molten {ip hegins to
solidify.

If desired the process can be carried out em-
cloying the modified source shown in Fig. 3. In
tiis embodiment of the inventicn, a crucible of
refractory material such as carbon, graphite,
mica, alundum or the like is placed in the coil,
preferably with the lower portion of tiie crucipie
extending downwardly cut of the coil. When a
rod of coating metal is employed, as in Fig. 3.
the crucible is provided with an opening through
the bottom of a diameter just sufficient to accom-
medate the rod extending upwardly into the coil.

In the process empodying the invention, the
molten pertion of the rod is supporied laterally
by the electiromagnetic field and is cut of lateral
contact witih the crucible. ‘This greatly minimizes
alioying of the coating metal with the crucible
which is a common cause oi crucible failure. The
crucible serves toc catch the molten mstal when
the coil is deenergized and the molten end of the
rod collapses, the high viscosity of the molisn
metal preventing any substantial leakage of metal
out of the crucibie opening around the rod.

By maintaining the lower portion of the cruci-
ble out of the coil, as shown in Fig. 3, the crucibie
bottom is relatively cool and the molten wmetal
quickly solidifies. Furthermore, the crucible bot-
tom is not weakened by prolonged heatinig and
the iendency of the crucible bottom to break
under the impact of the collapsing metal is mini-
mized.

In resuming operation of apparatus employing
the source shown inn Fig. 3, it is not necessary tw
remove the fused metal from the preceding run.
The rod is merely advanced, pulling the crucible
up into the coil. As the metal in the bottom of
the crucible melts, the crucible gradually slides
down to its original position and the molten por-
tion is commpacted away from the crucible walls
by the electromagnetic field.

In a further modification of the invention, em-
ploying a source as shown in Fig. 4, a refractory
crucible having a closed bottom is employed. This
form of source is particularly suitable for coating
a plurality of individual articies held in the cham-
ber by suitably modified holding means, since a
batchwise operation is necessary and a single
charge of coating metal in the crucible is sufficient
for several single coating operations in many
cases.

‘When such a source is employed, the electro-
magnetic field laterally compacts and supports
the molten metal in a configuration correspond-
ing generally to that shown in Fig. 4. The molten
metal is thus out of substantial contact with the
crucible walls and crucible life is extended many
times the normal crucible life encountered when
the molten metal is in direct contact with the
crucible walls. As in the previously described
embodiment, any oxide skin or other material
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gathering on the molten hody of meta]l flows
down to the bottom of the crucible leaving a
maximum evaporating surface.

In carrying out the process of this invention,
field frequencies of from 5 to 50 kilocyeles have
been found to be most desirable although some-
what lower and somewhat higher frequencies can
be employed, generally with less efficacious re-
sults. At freguencies of the order of 100-500
kilocycles or higher, such as are commonly em-
ployed in high frequency induction heating, the
electromagnetic field strength is noct effective to
laterally compact and support the molten metal
out of contact with the crucible.

The invention is applicable for coating a variety
of articles under vacuum including lenses, and
other optical goods, costume jewelry and the like
and is particularly adapted for coating sheet ma-
terial such as foil, plastic films such as cellulose
acetate and the like, textile material of all kinds,
paper, leather and the like,

The invention provides simple and effective ap-
paratus for metal coating under vacuum and
particularly for continuous coating where a
large amount of coating metal is required over a
prolonged period of time. By means of the in-
vention, metal coatings of a variety of metals
including aluminum, silver, gold and the like
are readily obtained and it is notable that cop-
per coatings are entirely feasible by means of
this invention whereas copper does not lend itself
to many conventional coating processes.

While the invention has been described in con-
siderable detail with reference to certain pre-
ferred embodiments thereof, it will be understood
that the processes and apparatus embodying the
invention may be varied or modified within the
spirit and scope of the invention as set forth in
the drawings and description and as defined in
the appended claims.

What I elaim is:

1. Vacuum coating apparatus comprising in
combination wall means defining an evacuable
chamber, vacuum pumping means communicat-
ing with said chamber, source means for estab-
lishing in said chamber a localized alternating
electromagnetic field effective to vaporize coat-
ing metal and having a frequency of 5 to 50
kilocycles per second, said source means com-
prising an induction heating coil in said cham-
ber with the axis of said coil substantially ver-
tical and an alternating current generator con-
nected to said coil and adapted to supply to said
coil alternating current having a frequency of 5
to 50 kilocycles per second, supporting means
adapted to engage and support a rod of coating
metal of substantial length, said supporting
means being below and generally in vertical
alignment with said coil and being constructed
and arranged to hold said rod with an end por-
tion of said rod extending into said coil, rod feed-
ing means operable from outside said chamber
for progressively advancing said rod into said coil
as said end portion of said rod evaporates, and
holding means in said chamber for disposing ma-
terial to be coated in proximity to said source
means,

2. Vacuum coating apparatus comprising in
combination wall means defining an evacuable
chamber, vacuum pumping means communicat-
ing with said chamber, source means for estab-
lishing in said chamber a localized alternating
electromagnetic field effective to vaporize coating
metal and having a frequency of 5 to 50 kilo-
cycles per second, said source means comprising
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an induction heating coil disposed in said cham-

ber with the axis of said coil substantially ver-

tical and current supplying means for energiz-
ing said coil at a frequency of 5 to 50 kilocycles
per second, supporting means for a rod of coat-
ing metal, said supporting means being positioned
below and in generally vertical alignment with
said coil and being constructed and arranged to
hold said rod with an end portion of said rod ex-
tending into said coil, crucible means in sald
chamber in generally vertical alignment with said
coil and said supporting means, said crucible
having an opening through the bottom thereof
sufficient to accommodate said rod with said
rod extending from saict support means upwardly
into said coil through said opening, rod feeding
means operable from outside said chamber for
progressively advancing said rod info said coil
as said end portion of said rod evaporates, and
controllable means in said chamber for rolling
and unrolling sheet material being coated in
coating relation to said source means.

3. Vacuum coating apparatus comprising in
combination wall means defining an evacuable
chamber, a portion of said wall means. being
movable into and out of sealing relation with
the remainder of said wall means for access into
said chamber, vacuum pumping means communi-
cating with said chamber, source means for es-
tablishing in said chamber a localized alternat-~
ing electromagnetic field effective to inductively
heat and vaporize coating metal and having a
frequency of 5 to 50 kilocycles per second, said
source means comprising an induction heating
coil disposed in said chamber with the axis of
said coil substantially vertical and current sup-
plying means connected with said coil and being
adapted to energize said coil with alternating
current having a frequency of 5 to 50 kilocycles
per second, refractory crucible means disposed
in said coil and supported by said coil for hold-
ing a body of coating metal to be vaporized in
said field, and controllable means for rolling and
unrolling sheet material in said chamber in coat~
ing relation to said source means, said con-
troliable means comprising paired roller means
and means for driving said roller means.

4, Vacuum coating apparatus comprising in
combination a gas-tight chamber, means for
evacuating said chamber, means for supporting a
body of vaporizahle coating metal in said cham-
ber in proximity to material to be coated, means
in said chamber for holding material in position
to be coated, means for inductively melting at
least a portion of said body of metal and for elec~
tromagnetically compacting and laterally sup-
porting said portion while it is molten, the last-
said means including an induction heating coil
positioned with the axis of said coil substantially
vertical and with said coil disposed around at
least said poriion of said body of metal and
means for supplying to said coil an alternating
current having a frequenecy of 5 to 50 kilocycles
Pper second.

5. Vacuum coating apparatus comprising in
combination a gas-tight chamber adapted to be
evacuated, means for supporting a rod of metal
of substantial length vertically in said chamber,
coil means in said chamber, means connected to
said coil means for supplying current having a
frequency of 5 to 50 kilocycles per second to said
coil means, said coil means being disposed with
the axis of said coil means substantially vertical
and being arranged to surround at least an end
portion of sald rod, means in said chamber for
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holding material in position to be coated, and
means for advancing said rod into said coil means
as metal evaporates from said end portion sur-
rounded by said coil means.

8. Vacuum coating apparatus comprising in
cembination wall means defining an evacuable
chamber, means for evacuating said chamber, coil
means for establishing in said chamber a local-
ized alternating electromagnetic field effective
to vaporize coating meial, means connected to
said coil means for supplying current having a
frequency cf 5 to 50 kilocycles per second to said
coil means, the axis of said coil means being sub-
stantially vertical, support means for holding a
rod of coating metal with an end portion of said
rod extending substantially vertically into said
coil- means and being surrounded by said coil
means, means in said chamber for holding ma-
terial in position to ke coated, angd weans oper-
gble from outside said chamber for advancing
said rod into said coil means as said end portion
evaporaties.

7. In a ccating process in which coating metal
is thermally evaporated under vacuuii, the steps
which eomprise inductively melting at least a por-
tion of a body of coating metal, subjecting said
molien portion to vacuum eifective to cause
evaporation of said portion, and substantially
throughout saild evaporation subjecting said
molten portion to an alternating electromagnetic
fieid having a frequency of 5 to 50 kilocycles per
second and thereby electromagneticaliy compact-
ing and laterally supporting said portion of said
body of coating metal while said portion is mol-
ten, said molten portion being out of lateral con~
tact with physical supporting means, said eiec-
tromagnetic fleld being established by coil means
disposed about said portion with the axis of said
coil means substantially vertical.

8. In a coating process in which coating rmetal
is thermally evaporated under vacuum, the steps
which comprise establishing a lccalized aiternat-
ing electromagnetic field having a freguency of
§ to 50 kilocycles per second by energizing an in-
duction heating coil dispcsed wigh its axis sub-
stantially vertical, vertically supporting zn elon-
gated body of coating metal with an end portion
of said body projecting generally verticaily into
said coil and being surrounded by said coil, in-

ductively melting said end portion of said elon- °
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gated body, maintaining said alternating elec-
tromagnetic field about said end portion and
thereby electromagnetically compacting and lat-
erally supporting said end portion in said field
white said end portion is molten, said niolten end
portion being out of lateral contact with physical
supporting means, subjecting said molien end
portion to vacuum effective to cause substantial
evaporation of said portion, and progressively
advancing said elongated body into said coil as
said end portion evaporates.

9. The process of continuously coating sheet
material which comprises establishing in an
evacuated space a localized alternating electro-
magnetic field having a frequency of 5 to 50 kilo-
cycles per second by energizing an induction
heating coil disposed with its axis substantially
vertical, vertically supporting an elongated body
of coating metal with an end portion cof said hody
extending into said electromagnetic Teld, said
end portion being surrounded by said coil, in-
ductively melting said portion of said tody in said
field, maintaining said alternating eleciromag-
netic field about saidt end poriien and therehy
electromagnetically compacting and supporting
said end portion of said body out of lateral
contact with physical support means while said
end portion is molten, subjecting said molten end
perticn to vacuum effective to cause substantial
gvaporation of said portion, passing sheet materi-
al 10 ke coated in coating proximity to said field,
and pregressively advancing szid body of coating
metal info said coil during said process.

GEORGE H., BANCROFT.
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