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tion, New York, N.Y., a corporation of New York

Filed Oct. 17, 1962, Ser. No. 231,157
23 Claims. (CL 204—298)

_ The present invention relates to the deposition of thin
films of materials upon articles, and more particularly, to
an improved method and apparatus for depositing thin
films by cathode sputtering. )

The prior art methods for coating articles by means of
cathode sputtering are uneconomical and unsuitable to
mass production techniques. There has not been, until
the present time, a satisfactory way to confine the mate-
rials sputtered from the cathode for deposit only upon the
desired area of the article. A large portion of the mate-
rial sputtered does not reach the article to be coated but
is distributed throughout the vacuum chamber. The re-
sult is a loss of expensive cathodic material and a con-
stant apparatus clean-up problem.

The prior art cathode sputtering procedures are basi-
cally batch type. An automatic or semi-automatic meth-
od has not been forthcoming primarily because of the
frequent clean-up necessary. The frequent clean-up nega-
tives the advantages that might be gained through auto-
mated procedures.

The problem of coating cylindrical or irregular articles
by cathode sputtering has not been solved because of the
inherent problems involved. To coat cylindrical articles
using conventional cathode sources would require either
the cathode source or the cylindrical article to be rotated.
The mechanical rotating mechanism for this type of struc-
ture would be cumbersome and expensive. In addition,
the resulting coatings would probably not be uniform over
the external surface of the cylindrical article.

The fabrication of thin magnetic film devices for use
as storage elements in a digital computer has been under
considerable study by the computer industry. The cylin-
drical closed flux thin film magnetic core structure is one
core geometry under consideration. These devices have
been made by electroplating and vacuum evaporation pro-
cedures until the advent of the present invention.

The electroplating and vacuum evaporation procedures,
however, have inherent disadvantages. In the electroplat-
ing method there is a need for a conductive underlayer.
Since the basic substrate is composed of a siliceous mate-
rial, preferably glass, cylinder it is necessary to apply a
conductive underlayer, such as by vacuum evaporation,
onto the siliceous cylinder. Further, the current density
distribution associated with the resistance of the under-
layer must be finite and in practice relatively sizable. The
vacuum evaporation method has problems associated with
it, although it would not suffer from the electroplating
limitations and is a one step operation. The principal
problem is the maintenance of a composition uniformity
over the desired thickness range, due to the large amounts
of material that must be evaporated. Where an alloy,
for example, is evaporated the lowest vaporizable metal
will first evaporate, then the next lower and so forth.
This method then has obvious limitations in the deposition
of alloys. )

It is an object of the present invention to provide a
method and apparatus for inexpensively and uniformly
depositing a wide variety of coating materials onto articles
of any shape.

It is another object of this invention to provide a cath-
ode sputtering method and apparatus for coating articles
irrespective of geometry at high sputtering rates.
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It is another object of this invention to provide a cath-
ode sputtering method and apparatus for confining the
glow discharge within a cylindrical cathode whereby parti-
cles not deposited onto the article will return to the cath-
ode surface and are again sputtered.

It is another object of this invention to provide a cath-
ode sputtering method and apparatus which will allow the
tailoring of the physical and chemical properties of the
sputtered layer through the control of the substrate tem:
perature.

Further, it is an object of this invention to provide a
continuous cathode sputtering method and apparatus for
producing a large number of coated articles rapidly and
efficiently by the cathode sputtering technique.

It is a still further object of the present invention to
provide a cathode sputtering method and apparatus suit-
able for fabricating closed flux thin magnetic films useful
as storage elements in digital computers.

These and other objects.are accomplished in accordance
with the broad aspects of the present invention by provid-
ing a novel cathode sputtering method and apparatus.
The cathode structure is in the form of a hollow cylinder.
The article to be coated is located within the cathode cyl-
inder. The cylindrical cathode is positioned within the
cathode sputtering vacuum chamber and the pressure level
of the chamber regulated so that the glow discharge fills
and is confined to the inside of the cathode. During this
glow discharge, there is effectively a gas of the cathode
composition inside the cylindrical cathode. This cathode
composition material will be uniformly deposited over
the surface of any object within the cathode irrespective
of the object’s shape or position in the cylindrical cath-
ode. Further, if there is sufficient room within the cath-
ode more than one article could be coated at a time within
a single cylindrical cathode. :

The particles that are sputtered from the cathode will
either strike the article and remain there as a portion of
the coating or they will continue their movement until
they strike the other side of the cathode. The loss of
the cathodic composition from the cylindrical cathode is
thus kept to'a low value. The remaining portion of the
vacuum chamber will remain clean for long periods of
time and, more important, the loss of expensive materials
will be virtually eliminated.

The foregoing and other objects, features and advan-
tages of the present invention will be apparent from the
following more particular description of the preferred em-
bodiments of the invention as illustrated in the accom-
panying drawings.

In the drawings: i

FIGURE 1 is a perspective, partially sectional view of
one form of the apparatus of the present invention; ’

FIGURE 2 is a vertical sectional view illustrating the
construction of the cylindrical cathode of the present in-
vention; ‘

FIGURE 3 is a B-H hysteresis loop taken in the easy
direction of a thin closed-flux ferromagnetic film made ac-
cording to the present invention;

FIGURE 4 is a B-H hysteresis loop taken in the hard
direction of a closed-flux thin ferromagnetic film made
according to the present invention; .

FIGURE 5 is a first automatic sputtering apparatus
useful in coating a large number of articles; and

FIGURE 6 is a second automatic apparatus for coating
a large number of articles.

Referring now, more particularly, to FIGURE 1, there
is shown a cathode sputtering apparatus 10 which is com-
posed. basically of a chamber 12 capable of holding a
high vacuum, a substantially cylindrical cathode 14 and
an anode 16. The article 8 to be coated is positioned
within cathode 14. The chamber 12 is constructed of
two parts, a bell jar 18 and a plate 28. The vacuum
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chamber may be constructed of any of the usual mate-
rials such as glass, porcelain, metal or the like.

The various inputs and outputs to the vacuum cham-
ber are made through the plate 20. A chamber ouiput
port 22 is connected to a suitable vacuum pump (not
shown) for removing gases from the chamber. The
variable leak gas input tube 24 is connected to a source
of gas, such as an inert gas, with which the chamber may
be filled prior to the application of a voltage across
the cathode and anode to cause cathodic sputtering.

A base plate 26 is situated upon the plate 20 and
insulated therefrom. The base plate 26 is constructed of
a conductive metal. The cathode 14 is supported by a
cradle means 28 which is secured to the base plate. The
cradle means 28 is constructed of an insulating material,
such as Pyrex glass. The cradle may be made by bending
Pyrex glass tubes into the desired supporting configura-
tion. Upright structures 30 project from the base plate
26 on either side and opposite to the open ends of the
cathode. The upright structures 30 each have annular
upright portion 32 which is directly opposite to an open
side of the cylindrical cathode. Attachment means 34
composed of an insulating material such as glass are sup-
ported by each of the upright structures for holding the
article 8 to-be coated within the cylindrical cathode.
The upright structures 30 are composed of an electrically
conductive metal and made of the anode of the sputter-
ing chamber by electrical connection 36 to the base plate.

Referring now to FIGURE 2, in addition to FIGURE
1, surrounding the substantially cylindrical cathode 14
there is a cooling jacket means 40 and a cylindrical
grounded conductive shield 42 in that order. The cath-
- ode 14 is connected to a high voltage source 44 through
electrical conductor 46. The high voltage conductor is
insulated from the coolant within the cooling jacket
means 40 by an insulating tube 47. The coolant input
and output means 48 and 50 are connected to the cooling
jacket means through the plate 20 from a coolant source
(not shown). In each coolant line, there is a ceramic
insulator tube 52 which electrically insulates the coolant
source from the high voltage of the cathode.

The cooling jacket means is preferably contiguous
with the external surface of the cylindrical cathode.
Where practical, the cooling jacket surface contiguous
to and the ends 54 substantially perpendicular to the
cathode should be composed of essentially the same
material as the cathode. These precautions as to mate-
rial are taken to reduce all possible sources of contami-
nation from the applied sputtered coating.

The variable leak gas input tube 24 is connected
through the shicld 42, cooling jacket 4¢ and cathode 14
so that the input gas flows directly into the center of
the cylindrical cathode 14. The gas is thereby used to
cool the article 8 during-the cathode sputtering period.
The article temperature is thereby brought under some
control. ‘

In the fabrication of thin ferromagnetic bistable film
it is necessary to magnetically orient the film as deposited
upon the cylindrical substrate in a substantially circum-
ferential direction. One convenient technique for orient-
ing is shown in FIGURE 1. A conductor 55 is threaded
through the cylindrical article. The conductor 55 is
connected to either an A.C. or D.C. voltage source 56.

In the operation of the invention it has been found
that the glow discharge may be confined to the inside
of the cylindrical cathode, rather than being present over
the entire surface of the cathode as would be expected.
Experiments show that there are three forms which a
glow discharge can assume where the cathode is cylin-
drical.
the glow is concentrated on the outer edges of the cylin-
der. At low pressures, the discharge takes the form of
a very thin filament along the axis of the cathode. It is
only at intermediate pressures that the glow fills and is
confined to the inside of the cathode.

At high pressures within the vacuum chamber,.
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The intermediate pressure range in which the glow dis-
charge filis the cylindrical cathode is a function of the
internal diameter of the cathode. The mean free path

.of the gas at that pressure in millimeters of mercury is

of the order of thé internal diameter of the cylinder.
For example, a hollow cathode of 1 cm., would operate
as described at about 1 mm. of mercury pressure. Larger
diameter cathodes will operate at lower pressure. Were
the inside diameter increased to 10 cm., the pressure of
the chamber must be reduced by a factor of 10 to approxi- -
mately 0.1 mm. of mercury to cause the glow discharge
to fill the cylindrical cathode.

There is effectively within the cathode cylinder a gas
of the cathode composition, along with the gas com-
position which fills the vacuum chamber. The cathodic
material will be uniformly deposited over the surface of
any object or objects suspended within the cathode ir-
respective of shape or position. Care must be taken
that the object to be coated does not touch the cathode,
since this could both harm the cathode and cause non-
uniformity of the coating on the article.

The control of the substrate temperature within the
cylindrical - cathode is important, because the substrate
temperature can effect both the physical properties and
chemical composition of the sputtered film. Lower sub-
strate temperatures are needed in instances where oxidiz-
able materials and alloys are sputtering or the sputtered
film" is - magnetically - oriented - during the - deposition.
Higher substrate temperatures are useful where a reac-
tive sputtered layer is formed on the substrate. Where
the temperature of the substrate is held within predeter-
mined limits, specific and uniform physical and chemical
properties in the sputtered layer may be consistently

" gbtdined.
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The oxidation of sputtered deposited materials at high
temperatures proceeds rapidly even with the presence of

-only trace oxidizing impurities, e.g., oxygen and water

vapor, in the chamber. Where 2 high purity film is de-

" sired, then, substrate temperatures must be controiled

within a range that will not promote oxidation of the
sputtered layer as formed. However, if an oxidized film
is desired in whole or in part, this can be obtained by use
of a high substrate temperature plus.sufficient oxidizing
reactants in the chamber. Combinations of pure and
oxidized spuitered materials can be obtained by initially
having a low substrate temperature which allows the
formation of a pure layer of cathode material and then
allowing the substirate temperature to rise whereby an
oxidized layer would be formed.

In the case of alloy sputtering, nonuniformity of com-
position can result. due to diffusion effects which are
promoted at higher temperatures in the deposited layer
and the cylindrical cathode. As an example, the cathode
alloy composition is sputtered onto the substrate and then,
while continuing to spuifer, the substrate temperature
rises subsantially. Diffusion of the material having the

-higher vapor pressure in the alloy to the surface would

result. Further, if the cylindrical cathode temperature
rises unduly diffusion will occur at a high rate in the
cathode itself, thereby causing a materially higher con-
centration of the more volatile of the alloyed materials
at the surface of the cathode. Sputtering under this
condition results in a coating having a nonuniform alloy
composition throughout its body.

The magnetic orientation of a ferromagnetic alloy dur-
ing sputtering is affected by substrate temperature. The
coercivity H; of the sputtered magnetic films is sensitive
to changes in film composition homogeneity and. to small
amounts of oxygen contamination. These variables can
be controlled by substrate temperature to give films of
a variety of desired coercivities.

" The methods available for controlling the substrate
temperature are to highly cool the article prior to en-
trance into the cylindrical cathode, cooling the article
during sputtering and holding the cathode at a low tem-
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perature to reduce radiation heating effects. The prior
cooling can be accomplished by exposure to a high cool-
ing medium such as liquid nitrogen. The article cooling
during sputtering is done by circulation of the gaseous
medium in the chamber, wherein the input gas is caused
to flow within the cylindrical cathode for cooling pur-
poses. Cathode cooling can be by use of a water jacket
or cooling coils in contact with the external surface of
the cathode.

The gas flow article cooling method operates at its
highest cooling efficiency where the chamber pressure is
at its highest practical pressure, since there is then the
greatest possible gas flow. A compromise is then re-
quired between higher pressure and smaller diameter
cathode, so that the glow discharge is maintained within
the cathode. . :

The orientation of ferromagnetic sputtered layers dur-
ing deposition on a substrate requires the application of
an orienting field surrounding the substrate. The most
practical method of supplying the orienting field circum-
ferentially around a cylindrical substrate is to pass a cur-
rent along the length of the substrate. The current con-
ductor can be in the form of a wire threaded through
the cylindrical substrate or a conductive coating on the
external surface of the substrate. The substrate could,
-alternatively, be itself a conductive wire.

The following is an example in detail of the method of
the present invention used to fabricate thin ferromagnetic
bistable films. The example is included merely to aid in
the understanding of the invention, and variations may
be made by one skilled in the art without departing from
the spirit and scope of this invention.

A .030 inch outside diameter-.020 inch inside diameter
glass tube was thoroughly cleaned by use of standard
chromic acid solution, rinsed in distilled water and dried.

A three inch diameter cathode was made by bending
a nickel-iron (81-19%) alloy sheet into a cylindrical
shape and welding the ends of the sheet together with the
same nickel-iron alloy. This cylindrical cathode was in-
serted into the chamber supported by a cradle structure as
shown in the FIGURES 1 and 2.

The chamber was evacuated with a blank article placed
within the cathode. .A voltage was applied between the
cathode and anode, and sputtering occurred with the glow
confined to the cylindrical cathode. This procedure
cleaned the surface of the cathode. The blank article
was then removed and the prepared glass tube was placed
within the cathode. An orienting copper wire of 16 mil
diameter was threaded through the glass tube and con-
nected to a D.C. voltage source. The pressure within
the chamber was reduced to 6 X 10— millimeters of mer-
cury. Argon gas was measured into the bell jar until
the pressure within the jar was 100210 microns as meas-
ured by a thermocouple gauge. There was no cooling of
either the article or the cathode in this particular exam-
ple. The sputtering voltage of 420 volts was applied
across the cathode and the anode and the sputtering cur-
rent was 300 milliamps, The glow discharge was sub-
stantially confined to within the cylindrical cathode. The
voltage was applied for a pericd of 25 minutes and the
orienting current in the orienting wire was held at 3 amps
throughout the sputtering time. It was observed during
the sputtering that the glass tube substrate was stressed
by the expansion of the orienting field wire through the
tube and the heat in the vacuum so that the tube was
bowed somewhat. The tube was cooled to room tem-
perature and then moved from the chamber. There was
a thickness of 10,700 Angstrom units of nickel-iron on
the external surface of the glass substrate. ’

Standard B~-H hysteresis loops were run on the bi-
stable thin film deposit in the hard and easy directions
by proceeding through a cycle of values for the mag-
netizing force—from zero to a negative maximum, and
back to zero—to form a loop of flux densities. The re-
sults are shown in FIGURES 3 and 4. The hysteresis
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loop in the easy direction, FIGURE 3, is almost square.
It is noted that the coercive force H, in the hard direc-

“tion, FIGURE 4, is of an order of 0.5 oersted. The

magnetic properties of the thin film are therefore seen to
be suitable for bistable magnetic switching.

The cleanliness of the novel cylindrical cathode sys-
tem, together with the ability to control the temperature
of the coated article, and the.cathode itself during sput-
tering, makes a continuous cathode sputtering system
now practical. There are two alternate means for moving
a series of articles to be coated into the cylindrical
cathode within the vacuum chamber and removing them
after the application of a coating. The articles can move
from outside the vacuum chamber to inside the chamber
through. a means that will stop any air flow into the
chamber and be removed from the chamber in like
fashion. The alternate is to have a. dispensing means
within the chamber which will upon signal deposit an
article within the cylindrical cathode and upon another
signal move the coated article from within the cathode.
Further, means for holding at least one article within
the cylindrical cathode is needed because there should be
freedom of motion of the articles coated through the
cathode and articles touching the cathode during sputter-
ing would not give a uniform coating at the point of
contact. .

Referring now to FIGURE 5, there is shown a first
continuous cathode sputtering apparatus for coating a
plurality of articles. The cylindrical cathode and general
auxiliary sputtering equipment is identical to that of
FIGURES 1 and 2 and is therefore shown only sche-
matically in FIGURE 5. Like numbers are used to show
like structures throughout the drawings. The chamber
78 which is capable of holding a vacuum may be large
enough to hold two or more cylindrical cathodes as indi-
cated by the two cathodes 14 shown and separated by
the broken lines. The chamber 70 has inlet and outlet
air locks 72 and 74 respectively at opposite ends of the
chamber and aligned with the open ends of the cylindri-
cal cathodes 14. The air locks are connected by means
of vacttum lines 76 to a fast vacuum source (not shown).
The fast vacuum source maintains lower pressure in the
air locks than is present within the chamber 70. This
condition seals the chamber 70 from leakage of air from
outside the chamber. The articles 8 to be coated are
supported on wires 84. The wires 84 with the articles
8 thereon are tautly held by upright holding means 86.
The wires together with the articles to be coated are
threaded through the inlet airlock, the cylindrical cathode
-and the outlet airlock and secured to the holding means
86. The clearance between the external surface of the
articles to be coated and the inlet and outlet air locks is
kept to a minimum. A means for continuously moving
the wire 84 through the chamber 70 at a speed regulated
to the amount of coating desired on the external surface
of the articles 82 is provided. An example of such
means is illustrated as the rack 88 and pinion 90 structure
which are driven by a motor (not shown). The wire 84
should be composed of a conductive material such as
copper if it is to be used as a current conductor for appli-
cation of a magnetic field around the article during
deposition. i

FIGURE 6 shows a second continuous cathode sputter-
ing apparatus for coating articles. The cylindrical cath-
ode and auxiliary structures of FIGURES 1 and 2 are
utilized and like numbers indicate like structures through-
out the drawings. . Within the vacuum chamber 92, there
is located a dispensing means 94 which holds a plurality
of articles 8. The articles 8 are iHlustrated as tubes with
wires 98 threaded through and the wires secured to the
tubes by means of a suitable welding material. A first
relay 100 operates an arm 102 which acts on the notched
bar 103 to progressively move the dispensing mechanism.

* As the dispensing mechanism moves one notch, the article

8 to be coated drops through a dispensing hole 104 and
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into the cylindrical cathode 14. One end of the threaded
wire 98 rests upon the table 106. A second relay 108
operates clamping means 118 which clamps onto the
threaded wire 98 to hold the article securely within the
cylindrical cathode. A suitable magnetic orienting cur-
rent can also be applied to the wire 98 through the
clamping means. When the required deposit has been

made upon the article, the clamping means releases the

wire by action of relay 168. A third relay 112 acts in
conjunction with a door 114 in table 106 as a means for
removing the article from within the cathode by with-
drawing the surface upon which the wire 98 is resting.
The coated article then drops through hole 116 into con-
‘tainer 118. Then in sequence the first relay 108 acts to
move another article through the hole 184 and into the
cylindrical cathode and the procedure continues as above
described.

The invention is useful in the fabrication of a wide
variety of coated articles. The classes of materials
wherein the novel sputtering method and apparatus of
this invention is superior to other deposition techniques
include alloys, metals having low vapor pressures, and
expensive materials. The sputtering of alloys is preferred
to vacuum evaporation fechniques in almost all cases
except where the vapor pressures of the alloyed materials
are close together. Metals that are hard to evaporate;
such as platinum, iridium, tantalum, tungsten, zirconium,
and molybdenum, are difficult subjects for vacuum evapo-
ration, but easy subjects for the cathode sputtering tech-
nique of the present invention. Materials which are
expensive, such as gold or palladium, can now be de-
posited by means of the present invention without the
expensive waste of material,

The invention thus provides an improved method and
apparatus for depositing films by cathode sputtering. The
procedures teach how a wide variety of coating materials
can be uniformly deposited as to both thickness and
composition over the surface of articles irrespective of
their shapes. The method and apparatus provides further
for high sputtering rates, while making such efficient use
of the cathodic source material that it is now practical to
sputter highly expensive inaterials. Further, the cleandi-
ness of the system makes its adaption to continuous and
mass production techniques now possible.

While this invention has been particularly shown and
described with reference to preferred embodiments there-
of, it will be understood by those skilled in the art that
the foregoing and other changes in form and details may
be made therein without departing from the spirit and
scope of the invention.

‘What is claimed is:

1. ‘Apparatus for coating an article comprising:

a chamber capable of holding a high vacuum;

a substantially cylindrical cathode having at least one

open and and an anode positioned within said
chamber;

said cathode being substantially smaller than said
chamber;

means for supporting said article within said cylindrical
cathode; a shield disposed about said cathode;

and means for applying a voltage across said cathode
and said anode to cause a glow discharge within said
cylindrical cathode.

. 2. Apparatus for coating an article comprising:

a chamber capable of holding a high vacuum;

a substantially cylindrical cathode having at least one
open end and an anode positioned within said cham-
ber;

said cathode being substantially smaller than said
chamber;

means for supporting said article within saxd cylindrical
cathode;

means for cooling said cathode; a shield disposed about
said cathode;

and means for applying a voltage across said cathode
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and said anode to cause a glow discharge within said
cylindrical cathode. )

3. Apparatus for coating an article comprising:

a chamber capable of holding a high vacuum;

a cylindrical cathode having at least one open end and
an anode positioned within said chamber;

said cathode being substantially smaller than said cham-
ber;

‘means for supporting said article within sald cyhndncal
cathode;

said anode and said means for supporting being ex- .
ternal to said cathode;

means for cooling said cathode; a shield disposed about
said cathode;

means for cooling said article;

means for applying a voltage acrgss said cathode and
said anode to cause a glow discharge within said
cylindrical cathode;

and means for applying an orienting field to sa1d article
during said glow discharge.

4. Apparatus for coating a hollow article comprising:

a chamber capable of holding a high vacuum;

a cylindrical cathode having at least one open end and
an anode positioned within said chamber;

said cathode being substantially smaller than said
chamber;

means for supporting said article within said cylindrical
cathode;

said anode and said means for supportmg being ex-
ternal to said cathode;

means for cooling said cathode; a cylindrical shield
disposed about said cathode;

means for cooling said article;

a current conductor threaded through said hollow
article; _

means for applying a current through said conductor to
produce a magnetic orienting field around said
article;

and means for applying a voltage across said cathode
and said anode to cause a glow discharge within said
cylindrical cathode.

5. Apparatus for coating an article comprising:

a chamber capable of holding a high vacuum;

a cylindrical cathode having at least one open end and
an anode positioned within said chamber;

said cathode being substantially smaller than said
chamber; a shield disposed about said cathode;

means for supporting said article within said cylindrical
cathode;

said anode and said means for supporting being ex-
ternal to said cathode;

means for circulating a gas having a low partial pres-
sure in said chamber through said chamber for article
cooling;

and means for applying a voltage across said cathode
and said anode to cause a glow discharge within said
cylindrical cathode.

6. Apparatus for coating an article comprising:

a chamber capable of holding a high vacuum;

a_ cylindrical open ended cathode and an anode posi-
tioned within said chamber;

said cathode being substantially smaller than said
chamber;

means for supporting said article within said cylindrical
cathode;

said anode and said means for supporting being ex-
ternal to said cathode; a shield disposed about said
cathode;

a gas input fube positioned in said chamber for direct-
ing gas into the inner space of said cathode;

an output port in said chamber connected to a vacuum
source;

and means for applying a voltage across said cathode
and said anode to cause a glow discharge within said
cylindrical cathode.
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7. Apparatus for coating an article comprising:

a chamber capable of holding a high vacuum;

a cylindrical open ended cathode and an anode posi-
tioned within said chamber;

said cathode being substantially smaller than said
chamber;

means for supporting said article within said cylindrical
cathode;

said anode and said means for supporting being ex-
ternal to said cathode;

a cooling jacket means surrounding said cathode; a
shield disposed about said cooling jacket;

coolant input and output means connected to said
jacket means for circulating coolant through said
jacket means;

and means for applying a voltage across said cathode
and said anode to cause a glow discharge within said
cylindrical cathode.

8. Apparatus for coating an article comprising:

a chamber capable of holding a high vacuum;

a cylindrical open ended cathode and an anode posi-
tioned within said chamber; .

said cathode being substantially smaller than said
chamber;

means for supporting said article within said cylindrical
cathode; .

said anode and said means for supporting being ex-
ternal to said cathode;

a cooling jacket means surrounding said cathode;

coolant input and output means connected to said
jacket means for circulating coolant through said
jacket means;

said jacket means being contigunous with the external

surface of said cathode;

the cooling jacket surface contigucus to and sides sub-
stantially perpendicular to said cathode being com-
posed of essentially the identical material of said
cathode; a shield disposed about the exterior surface
of said cooling jacket means;

and means for applying a voltage across said cathode
and said anode to cause a glow discharge within said
cylindrical cathode.

9. Apparatus for coating an article comprising:

a chamber capable of holding a high vacuum;

a cylindrical open ended cathode and an anode posi-
tioned within said chamber;

said cathode being substantially smaller than said
chamber; ’

means for supporting said article within said cylindrical
cathode;

said anode and said means for supporting being ex-
ternal to said cathode; )

a gas input tube positioned in said chamber for direct-
ing gas into the inner space of the said cathode;

an output port in said chamber connected to a vacuum
source;

a coocling jacket means having coolant input and output
ports surrounding said cathode;

means connected to said input and output ports for
circulating coolant through said jacket means;

a cylindrical shield adjacent to and closely spaced from
the external surface of said jacket means;

and means for applying a voltage across said cathode
and said anode to cause a glow discharge within said
cylindrical cathode,

10. Apparatus for coating an article comprising:

a chamber capable of holding a high vacuum;

a cylindrical open ended cathode and an anode posi-
tioned within said chamber;

said cathode being substantially smaller than said
chamber;

means for supporting said article within said cylindrical
cathode;

said anode and said means for supporting being ex-
ternal to said cathode;
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means for injecting a gas having a low partial pressure
in said chamber through said chamber for cooling
said article;

a cooling jacket means having coolant input and output
ports surrounding said cathode;

means connected to said input and output ports for cir-
culating coolant through said jacket means;

said jacket means being contiguous with the external
surface of said cathode;

the cooling jacket surface contiguous to and sides sub-
stantially perpendicular to said cathode being com-
posed of essentially the identical material of said
cathode;

a cylindrical shield adjacent to and spaced from the ex-
ternal surface of said jacket means; _

and means for applying a voltage across said cathode
and said anode to cause a glow discharge within said
cylindrical cathode.

11. ‘Apparatus for coating an article comprising:

a chamber capable of holding a high vacaum;

a base plate;

a cylindrical open ended cathode positioned within said
chamber;

said cathode being substantially smaller than said
chamber;

means secured to said base plate for supporting said
cathode; a shield disposed about said cathode;

an anode adjacent to each open end of said cylindrical
cathode and physically secured to said base plate;

attachment means on each of said anodes for support-
ing said article within said cylindrical cathode;

and means for applying a voltage across said cathode
and said anodes to cause a glow discharge within
said cylindrical cathode.

12. Apparatus for coating an article comprising:

a chamber capable of holding a high vacuum;

a base plate;

a cylindrical open ended cathode positioned within said
chamber;

said cathode being substantially smaller than said
chamber;

means secured to said base plate for supporting said
cathode;

an anode adjacent to each open end of said cylindrical
cathode and physically secured to said base plate;

attachment means on each of said anodes for support-
ing said article within said cylindrical cathode;
a cylindrical ground shield adjacent to and closely
spaced from the external surface of said cathode;
means for applying a voltage across said cathode and
said anodes to cause a glow discharge within said
cylindrical cathode; -

and means for applying an orienting field to said article
during said glow discharge. '

13. Apparatus for coating articles comprising:

a chamber capable of holding a high vacuum;

a cylindrical open ended cathode and an anode po-
sitioned within said chamber;

said cathode being substantially smaller than said cham-
ber;

a shield disposed about said cathode;

means for moving said articles into and removing them
from said cylindrical cathode at predetermined times;

means for holding at least one of said articles at a
given time within said cylindrical cathode;

and means for applying a voltage across said cathode
and said anode to cause a glow discharge within
said cylindrical cathode.

14. Apparatus for coating articles comprising:

a chamber capable of holding a high vacuum;

a cylindrical open ended cathode and an anode po-
sitioned within said chamber;

said cathode being substantially smaller than said cham-
ber;

a shield disposed about said cathode;
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said chamber having inlet and outlet air locks at op-
posite ends of said chamber and aligned with the
open ends of said cylindrical cathode;

means for successive]y passing a plurality of articles
through said inlet air lock, said cylindrical cathode
and said outlet air lock;

-and means for applymg a voltage across said cathode

and said anode to cause a glow discharge within
said cylindrical cathode.

15. Apparatus for coating hollow articles comprising:

a chamber capable of holding a high vacoum,;

a cylindrical open ended cathode and an anode posi-
tioned within said chamber;

said cathode being substantlally smaller than said cham-
ber;

a shield disposed about said cylindrical cathode;

said chamber having inlet and outlet air locks at op-
posite ends of said chamber and aligned with the
open ends of said cylindrical cathode;

a wire having said hollow articles threaded thereon
and secured thereto passing through said inlet air
lock, said cylindrical cathode and said outlet air
lock;

means for applying a voltage across said cathode and
said anode to cause a glow dlscharge within said
cylindrical cathode;

and means for continuously moving said wire through
said chamber at a speed regulated to the amount of
coating desired on the external surface of said artlc]es

. 16. Apparatus for coating articles comprising:

a chamber capable of holding a high vacuum;

a cylindrical open ended cathode and an anode posi-
tioned within said chamber;

said cathode being substantially smaller than said cham-
ber;

a shield disposed about said.cathode;

means for intermittently dispensing said articles into
said cylindrical cathode;

means for holding at least one of said articles at a
given time within said cylindrical cathode;

means for applying a voltage across said cathode and
said anode to cause a glow discharge within said
cylindrical cathode,

and means for removing said at least one amcle from
within said cathode after the desired deposit thick-
ness has formed upon the external surface of said
article.

17. Apparatus for coating an article comprising:

a chamber capable of holding & high vacuum;

a cylindrical open ended cathode and an anode posi-
tioned within said chamber;

said cathode being substantially smaller than said cham-
ber;

a cooling -jacket means surrounding said cathode

coolant input and output means connected to said
jacket means for circulating coolant through said
jacket means;

said jacket means being contiguous with the external
surface of said cathode;

the cooling jacket surface contiguous to and sides sub-
stantially perpendicular to said cathode being com-
posed of essentially the identical material of said
cathode;

“a cylindrical shield dxsposed about said coohng jacket

means;

means for moving said articles into and removing
them from said cylmdncal cathode at predetermined
. times;

means for holdmg at least one of said articles at a
given time within said cylindrical cathode;

. and means for applying a voltage across said cathode

and said anode to cause a glow dlscharge within
said cylindrical cathode.

'18. Apparatus for coating an article comprising:

a chamber capable of holding a high vacuum;
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a cylindrical open ended cathode and an anode posi-
tioned within said chamber;

said cathode being substantially smaller than said cham-
- ber;

means for injecting a gas having a low partial pres-
sure in said chamber through said chamber for cool-
ing said article;

a cooling jacket means having coolant input and out-

- put ports surrounding said cathode;

means connected to said input and output ports for
circulating coolant through said jacket means;

said jacket means being contiguous with the external
surface of said cathode;

the cooling jacket surface contiguous to and sides sub-
stantially perpendicular to said cathode being com-
posed of essentially the identical material of said
cathode;

a cylindrical shield adjacent to and spaced from the
external surface of said jacket means;

means for moving said articles into and removing them
from said cylindrical cathode at predetermined times;

" means for holding at least one of said articles at a

given time within said cylindrical cathode;

and means for applying a voltage across said cathode
and said anode to cause a glow dlscharge within said
cylindrical cathode.

. 19. Apparatus for coating an article comprising:

a chamber capable of holding a high vacuum;

a cylindrical open ended cathode and an anode posi-
tioned within said chamber;

said cathode being substantially smaller than said cham-
ber;

a cooling jacket means surrounding said cathode;

coolant input and output means connecied to said jacket
means for circulating coolant through said jacket
means;

said jacket means bemg contlguous with the extemal
surface of said cathode;

the cooling jacket surface contiguous to and sules sub-
stantially perpendicular to said cathode being com-
posed of essentially the identical material of said
cathode;

a shield disposed about the exterior surface of said
cooling jacket;

said chamber having inlet and outlet air locks at op-
posite ends of said chamber and aligned with the
open ends of said cylindrical cathode;

means for successively passing a plurality of articles
through said inlet air lock, said cylindrical cathode
‘and said outlet air lock;

and means for applying a voltage across said cathode
and said anode to cause a glow discharge within
said cylindrical cathode.

20. Apparatus for coating an article comprising:

a chamber capable of holding a high vacuum;

a cylindrical open ended cathode and an anode posi-
tioned within said chamber;

- said cathode being substantially smaller than said cham-

ber;
a colling jacket means surroundmg said cathode;
coolant input and output means connected to said jacket
- means for circulating coolant through said jacket
means;
said jacket means being contiguous with the external
surface of said cathode;

_ the -cooling jacket surface contiguous to and sides sub-

stantially perpendicular to said cathode being com-
posed of essentially the identical mater1a1 of said
cathode;
a shield disposed about said cooling ]acket means;
said chamber having inlet and outlet air locks at op-
posite ends of said chamber and aligned with ‘the
open ends of said cylindrical cathode;



13

a wire having said hollow articles threaded thereon
and secured thereto passing through said inlet air
lock, said cylindrical cathode and said outlet air
lock;

means for applying a voltage across said cathode and
said anode to cause a glow discharge within said
cylindrical cathode;

and-means for continuously moving said wire through
said chamber at a speed regulated to the amount
of coating desired on the external surface of said
articles.

21. Apparatus for coating an article comprising:

a chamber capable of holding a high vacuum;

a cylindrical open ended cathode and an anode posi~
tioned within said chamber;

said cathode being substantially smaller than said cham-
ber;

means for injecting a gas having a low partial pres-
sure in said chamber through said chamber for cool-
ing said article;

a cooling jacket means having coolant input and out-
put ports surrounding said cathode;

means connected to said input and output ports for
circulating coolant through said jacket means;

said jacket means being contiguous with the external
surface of said cathode;

the cooling jacket surface contiguous to and sides sub-
stantially perpendicular to said cathode being com-
posed of essentially the identical material of said

_ cathode;

a cylindrical shield adjacent to and spaced from the
external surface of said jacket means;

said chamber having inlet and outlet air locks at op-
posite ends of said chamber and aligned with the
open ends of said cylindrical cathode;

a wire having said hollow articles threaded thereon
and secured thereto passing through said inlet air
lock, said cylindrical cathode and said outlet air
lock;

means for applying a voltage across said cathode and
said anode to cause a glow discharge within said
cylindrical cathode;

and means for continuously moving said wire through
said chamber at a speed regulated to the amount
of coating desired on the external surface of said
articles.

22. Apparatus for coating an article comprising:

a chamber capable of holding a high vacuum,;

a cylindrical open ended cathode and an anode posi-
tioned within said chamber;

said cathode being substantially smaller than said cham-
ber;

a cooling jacket means surrounding said cathode;

coolant input and cutput means connected to said jacket
means for circulating coolant through said jacket
means; :

said jacket means being contiguous with the external
surface of said cathode;

the cooling jacket surface contiguous to and sides sub-
stantially perpendicular to said cathode being com-
posed of essentially the identical material of said
cathode;
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a shield disposed about said cooling jacket means;

~ means for intermittently dispensing said articles into

said cylindrical cathode;

means for holding at least one of said articles at a
given time within said cylindrical cathode;

means for applying a voltage across said cathode and
said anode to cause a glow discharge within said
cylindrical cathode; .

and means for removing said at least one article from
within said cathode after the desired deposit thick-
ness has formed upon the external surface of said
article. ’

23. Apparatus for coating an article comprising:

a chamber capable of holding a high vacuum;

a cylindrical open ended cathode and an anode posi-
tioned within said chamber;

-said cathode being substantially -smaller than said
chamber; :

means for injecting a gas having a low partial pressure
in said chamber through said chamber for cooling
said article;

a cooling jacket means having coolant input and output
ports surrounding said cathode;

means connected to said input and output ports for cir-
culating coolant through said jacket means;

said jacket means being contiguous with the external

surface of said cathode;
the cooling jacket surface contiguous to and sides sub-
stantially perpendicular to said cathode being com-

posed of essentially the identical material of said
cathode;

a cylindrical shield adjacent to and spaced from the
external surface of said jacket means;

means for intermittently dispensing said articles into
said cylindrical cathode;

means for holding at least one of said articles at a -
given time within said cylindrical cathode;

means for applying a voltage across said cathode and
said anode to cause a glow discharge within said
cylindrical cathode;

and means for removing said at least one article from
within said cathode after the desired deposit thick-

ness has formed upon the external surface of said
article.
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