June 19, 1951 o G. H. BANCROFT 2,557,530
ELECTRIC HEATING ELEMENT

Filed Sept. 7, 1946

Fig. 3

G H . BANCROF T

INVENTOR.
B 2l Coeoione

ATTORNEY,




Patented June 19, 1951

2,957,530

UNITED STATES PATENT OFFICE

2,557,530
ELECTRIC HEATING ELEMENT

George H. Bancroft, Rochester, N. Y., assignor,
by mesne assignments, to Eastman Kodak
Company, Rochester, N. Y., a corporation of

New Jersey

Application September 7, 1946, Serial No. 695,421
(ClL 13—-25)

I 2 Claims,

This invention relates to an improved filament
for use in a coating machine which operates by
the vaporization and condensation of substances
in a low pressure chamber and more particu-
larly to an improved fillament for evaporating
aluminum in a lens coating machine. :

The prior art includes many inventions deal- -

ing with vacuum coating apparatus. For ex-
ample, Patents 2,401,433 and 2,384,576 disclose
apparatus for the production of mirrored sur-
faces in which g wire filament is used. In Pat-
ent 2,387,970, vacuum coating apparatus is de-
scribed in which the filament is the metal to be
evaporated in a refractory vessel. Vacuum
coating apparatus of this type comprises an
evacuable chamber, means for evacuating the
chamber, holding means for the articles to be
coated, filament means for holding and vaporiz-
ing coating material, and means for energizing
the filament means.

The usual types of filament used in vacuum
coating machines have consisted of a thin coat-
ing of the metal to be evaporated on a short
length of wire of tungsten or some other high-
melting material in the form of a helix or coni-
cal spiral. These filaments are resistance heat-
. ed by the passage of a suitable electric current.
If the coating substance is a nonconductor a
small quantity of it may be placed in the cénter
of a spiral of tungsten wire and resistance heated.
Another type of filament may be formed of thin
sheets of tungsten in the shape of boats or re-
ceptacles which are filled with metal to be evapo-
rated and heated by electrical resistance. A
further type of filament consists of a non-con-
ducting material, for example, aluminsa, in the
shape of a boat in which metal may be placed
for resistance heating. In this arrangement
conducting wires must make contact with the
melt. Disadvantages of these various filaments
are the limited capacity of a coated tungsten wire
and the short life of the receptacle in the case
of both tungsten and nonconducting materials
due to alloying or combination of the material
being evaporated with the receptacle.

The object of this invention is to provide a
filament which will have a long life. Another
object is to provide a filament of large capacity.
A further object is to provide a filament com-
posed of material which will not readily react
with material being evaporated. Still another
object is to furnish a filament which will act as
a conductor in the resistance heating of non-
conducting materials. Another object is to im-
prove the state of the art. Other objects will
appear hereinafter, )
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These and other objects are accomplished by
my invention which includes an elongated car-
bon filament with a center section of small cross-
sectional area containing a cavity in which ma-
terial to be evaporated may be placed for re-
sistance heating,

In the following description I have set forth
several of the preferred embodiments of my in-
vention but it is understood that these are given
by way of illustration and not in limitation
thereof.

In the accompanying drawing I have set forth
a preferred form of my invention. Figure 1 is a
top view of the carbon filament which may be
constructed of a cylindrical carbon rod. Figure
2 is a front view of the filament. Figure 3 is a
cross-section taken at plane 2—3.

Numerals 2, 2 designate the end sections of
the carbon filament. Numeral 3 designates the
center section of the filament which may be
given a narrower cross-section by tapering or
which may be cut down abruptly to the narrower
cross-section. Numeral 4 designates the cavity
in center section 3 in which the substance to be
evaporated may be placed.

In operation the carbon filament is placed be-
tween electrical terminals within a vacuum
chamber (not shown) and the cavity fllled with
aluminum or other substance to be vaporized.
After the vacuum chamber has been evacuated
an electric current is run through the filament.
The resistance at the center section is greater
due to the narrower cross-sectional area and this
section heats up to 2 higher temperature than

.do the end sections. The temperature may be

controlled by varying the current flowing through
the filament.

To maintain the end sections cool, the elec-
trical resistance of the center section including
the charge must be greater than the resistance
of the end sections. A cross-sectional area of
section 3 must be considerably less than the
cross-sectional area of the end sections in order
to effect this, but the exact dimensions will vary
with the substance to be vaporized. If a non-
conductor is being vaporized the cavity and
center cross-sectional area may both be com-
paratively large since the resistance of the car-
bon alone is the source of heat. If a metal,
such as aluminum, is vaporized both the cavity
and center cross-sectional area must be com-
paratively small as the aluminum offers less
resistance to current flow than does the carbon
If the cavity is too large the
end sections will heat more than the center sec-
tions,
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By the use of my invention it is possible to
evaporate as much as 15 times the load of ma-
terial using & coated tungsten filament. Carbon
has very little tendency to alloy and a carbon
filament lasts over 12 times as long as a tungsten
filament of the cavity type. ‘

What I claim is:

1. A filament for vacuum coating apparatus,
sald filament comprising a unitary elongated
member formed of carbonaceous resistance mate-
rial and comprising spaced apart terminal zones
and an intermediate vaporizing zone therebe-
tween, said intermediate zone having an unlined
cavity therein arranged to receive vaporizable
solid coating material, said intermediate zone
throughout its extent having a relatively small
cross-section as compared to said terminal zones
and said cavity having a relatively small cross-
section as compared to said intermediate zone,
the combined cross-sectional area of said inter-
mediate zone and said cavity being substantially
less than the cross-sectional area of each said
terminal zone, the cross-sectional dimensions of
said zones and of said cavity being so correlated
that the electrical resistance of the carbonaceous
material of said intermediate zone is substantial-
1y higher than of said terminal zones when said
cavity contains relatively low resistance electri-
cally conductive coating material, whereby said
terminal zones remain substantially cooler than
said intermediate zone when said intermediate
zone is heated, by passage of currént through said
filament, to a temperature sufficiently high to
evaporate said coating material.

2. Coating apparatus comprising a vacuum

chamber arranged to receive a succession of ob- .

jeets to be coated with volatilizable solid coat-
ing material, an electrically heated unitary iila-
ment arranged within said chamber for volatiliz-
ing said material, and terminal means for sup-
plying electric current to said filament, said fila-
ment consisting essentially of carbon and having
a generally elongated configuration, said filament
being formed with spaced apart terminal Zones of
relatively large cross-section for respective con-

" nection with said terminal means and also hav-

ing an intermediate vaporizing zone connecting
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4 .
said terminal zones and having throughout the
extent of said intermediate Zone a substantially
narrower cross-section than said terminal Zones,
said intermediate zone having therein an unlined
cavity arranged to receive said volatilizable solid
coating material for evaporation therefrom onto
said objects, the combined cross-sectional area of
said intermediate zone and said cavity being less
than the cross-sectional areas of said terminal
zones and the cross-sectional area of said cavity
being relatively small as compared to the cross-
sectional area of the carbon in said intermediate
zone and all said cress-sectional areas being cor-
related so that the electrical resistance of said
intermediate zone is substantially greater than

-the resistance of said terminal zones when said

cavity contains either electrically conductive ma-
terial or electrically nonconductive material,
whereby said terminal zones remain substantially
cooler than said intermediate zone when said in-
termediate zone is heated, by passage of current
through said filament, to a temperature adequate
to vaporize said coating material.
GEORGE H. BANCROPT.
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