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[57] 
A polymeric material such as Te?on polytetra?uoro 
ethylene (PTFE) is glow coated on a substrate inside a 
chamber by placing a thin layer of PTFE powder in a 
shallow tray constituting a cathode, and applying a 
DC. potential between the cathode and an anode to 
sputter the polymeric material and form a thin ?lm on 
the substrate. The substrate can be a part of the an 
ode. Apparatus for performing this process comprises 
a chamber, a cathode in the chamber for holding the 
polymeric material, holding means in the chamber for 
holding a substrate to be coated, and anode means in 
the chamber comprising one or more accordion 
pleated sheets of metal having a surface area much 
greater than the surface area of the holding means for 
maintaining a glow discharge when a direct current is 
applied between the cathode and anode means. 
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4 Claims, 2 Drawing Figures 

3 2 

>1! IIIIIIIW 

4 

[62] Division of Ser. No. 49,468, June 24, 1970, Pat. No. 
3,703,585. 

[52] US. Cl. .............................................. .. 204/298 

[51] Int. Cl. . . . . . . . . . . . . . . . . . . . . . . . . . . .. C23c 15/00 

[58] Field of Search .... .. 204/192, 298 

[56] References Cited 
UNITED STATES PATENTS 

3,410,775 11/1968 Vratny .............................. .. 204/298 
3,526,584 9/1970 Shaw . . . . . . . . .. 204/298 

3,616,451 10/1971 Gallez . . . . . . . . . . . . . . .. 204/298 

3,617,463 11/1971 Gregor et al ...................... .. 204/298 

3 
+ 

/0 
\ 

D. C — 

POWER 
SUPPLY + 

I 42] 
“A? "7/3 

H: <1 1 
A! J l 

i COOL/N6‘ 
WATER 



PATENTE?ncIzalsrs " I ' 3767.559 

u . ’ 

git‘ L 
' F/G‘. 2 

- E 

. 8 } 

F7“ ‘ } ' '/ I /l 
. =l= If’ —/2 @7/3 

/0 v I H>q L L 

\ > . + 

a a _ h ' Tcoau/va 
. WATER 

POWER > t 
SUPPLY + 



3,767,559 
1 

SPUTTERING APPARATUS WITH ACCORDION 
PLEATED ANODE MEANS 

This is a division, of application Ser. No. 49,468 ?led 
June 24, 1970, now U.S. Pat. No. 3,703,585 of Nov. 
21, 1972. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present‘invention relates to a novel method of, 

and apparatus for the DC. glow discharge sputtering of 
polymers onto a-substrate, and also relates to a novel 
coated substrate produced by that method. 

2. Description of the Prior Art 
Polytetra?uoroethylene is a well known polymeric 

organic resin which has been used for coating various 
objects. It is generally available under the trademarks 
Te?on (DuPont), Fluon, and Fluoro?ex, and will be 
referred to hereinafter as PTFE for simplicity. Gener 
ally PTFE is sprayed onto an object and then heat 
treated to sinter. This procedure has been used in the ‘ 
past for coating metallic sealing elements which are 
used to heat seal plastic sheets together. The‘ PTFE 
coating has been quite satisfactory butthe useful life of 
such elements is not as long as is desired before they 
must be retreated or discarded. 

U.S. Pat. No. 3,294,661 describes the coating of a 
substrate with a metal or an insulating film by RF 
sputtering, using a solid body of the material to be dis 
persed. Among the insulating ?lms mentioned is PTFE 
in the form of a sheet. Present technology claims that 
the DC. mode of sputtering is not applicable to dielec 
trics. 
A French Pat. No. 1,452,523 describes another tech 

nique for sputtering a coating material onto a substrate, 
but is primarily concerned with providing a mixture of 
elements such as silicon and lead which is placed in 
powder form on a cathode. This mixture of powders is 
then sputtered from the cathode to the substrate lo 
cated on the anode. There is no suggestion that this 
technique could be used for sputtering a polymeric ma 
terial such as PTFE. 

SUMMARY OF THE INVENTION 

We, have provided a novel method for sputtering a 
polymeric material(s) onto a substrate which over 
comes the drawbacks of the prior art described above. 
In our method we provide a chamber having a low pres 
sure atmosphere therein, and also provide a cathode 
and anode in the chamber. A layer of unconsolidated 
pulverulent polymeric material is placed on the cath 
ode and a direct current electric potential applied be 
tween the cathode and the anode to sputter the poly 
meric material from the layer of powder. A substrate to 
receive the coating is positioned at any desired locality 
within the chamber, preferably at a position between 
the anode and the cathode and within the area of glow. 
However, effective coating is obtained even when the 
substrate is outside the glow area. The substrate can be 
a metal piece such as steel, Nichrome, or aluminum, or 
it can be a non metal such as glass or plastic. Pulsed or 
continuous D.C. can be used. - 

After a suitable length of time, such as one-half hour, 
the substrate can be removed from the chamber and 
employed for its intended purpose, such as for heat 
sealing plastics. 
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2 
As an example‘of this process, if powdered PTFE is 

placed on the cathode the ratio of ?uorine to carbon in 
the resultant coating is much different from that of the 
original PTFE. In Te?on PTFE powder on the cathode 
there are about 2 parts of ?uorine by atomic ratio to 1 
part of carbon, whereas the product on the substrate 
has about 1 part ?uorine to 2 parts carbon. Neverthe 
less, the deposited layer has been found to be extremely 
satisfactory for its release characteristics and for long 
life when employed for heat sealing. For example, heat 
sealing bars coated with PTFE by conventional proce 
dures give satisfactory production for approximately 
500 hours, after which they must be removed and ei 
ther discarded or retreated. Experiments have shown 
that heat sealing bars coated in accordance with our 
novel method have provided satisfactory heat sealing 
operations for more than 3,000 hours. 

THE DRAWING 

The principles of our invention will be described in 
more detail below with reference to the drawing, 
wherein: 
FIG. 1 is‘ a schematic side elevational view of novel 

sputtering apparatus for performing our novel method; 
and ’ 

FIG. 2 is a plan view ofa part of the apparatus of FIG. 
1. I 

THE PREFERRED EMBODIMENTS 
Referring to the drawing there is shown a glass bell 

jar or chamber 1 sealingly mounted on a base 9 to 
which are mounted conduits 11 for drawing a vacuum 
and 12 for supplying suitable gas to the interior of the 
chamber. A water-cooled baf?e 8 is spaced above the 
inlet of conduit 11. 
‘A horizontal metal cathode 6 near the bottom of the 

chamber is electrically coupled to the negative side of 
a direct current source 10. The cathode 6 such as one 
made of stainless steel, is formed as a shallow tray 
which is filled with a layer of polymeric powder 5 which 
is to be used as a source for sputtering onto a substrate, 
and is insulated from but supported by the glow shield 
7 as by spaced legs of electrically insulating material. 
The layer should be one eighth inch or less in depth, be 
cause with deeper layers the coating operation barely. 
works. 
A horizontal substrate holder (anode) 3 is placed 

above the cathode 6 near the top of the chamber 1 and 
is connected to the positive terminal of the DC. source 
10, which is also connected to ground, through 
grounded conduits 13 and base plate 9. This substrate 
holder (anode) is supported by a pair of metal conduits 
13 which serve to carry cooling water through the sub 
strate holder (anode). The substrate 4, of metal or non 
metal, which is to be sputter coated is located below 
the substrate holder (anode) 3 and supported in any 
desired way, as by adhesive, clips, staples, or wires. The 
substrate 4 is located in the glow area of the chamber 
1 and between the two electrodes, but could also be lo 
cated elsewhere. ~ 

We have found that with a minimum exposed anode 
surface it is not possible to maintain optimum sputter 
ing action for extended periods of time. This results 
from the coating of all exposed non cathodic surfaces 
with the dielectric material. In order to overcome this, 
we have provided the secondary anode 2 having a se 
ries of thin, folded, rolled or crinkled metal sheets of 
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very much greater surface area than the substrate 
holder (anode) 3. For example, accordion pleated alu 
minum sheet can be mounted on a supporting frame 14 
above anode 3. This construction permits maintaining 
the glow for a long enough time to provide a heavier 
coating on the substrate. 

In the operation of the apparatus described above the 
chamber 1 is ?rst evacuated through conduit 11 until 
a vacuum of approximately 1 X 10‘4 torr is obtained. 
Then a small quantity of an inert gas such as argon or 
nitrogen is introduced through conduit 12 and the elec 
trical energy is applied to the system from a D.C. 
source 10 such as a recti?er. In a short time the glow 
between the electrodes becomes visible and the sput 
tering of the material from the cathode 6 commences. 
Once the glow has been established, the flow of inert 
gas is discontinued and the glow is sustained by the 
products of the sputtering of the powder without fur 
ther introduction of any inert gas. We have obtained 
successful coatings by operation for about one half 
hour at a voltage of 1,000 to 1,500 volts DC. and with 
a current up to 0.1 amperes. Success has been achieved 
with PTFE powder in a 7% inch diameter circular ‘cath 
ode 6, and with the substrate 5 inches above the cath 
ode 6. “ 

We have shown the substrate 4 positioned between 
the electrodes, but we have found that it can be coated 
anywhere within the chamber 1, although with some 
what reduced coating rates. This is an advantage over 
the RF. coating procedures which require that a sub 
strate be located within the glow area between the elec-. 
trodes. 
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The Te?on PTFE powder used was extremely ?ne 
and soft, with the basic powder size being on the order 
of microns. However, the basic powder particles tend 
to agglomerate so that the apparent powder size is 
much greater. Some conglomerates appear to be as 
large as one thirty-second inch in diameter, but vary 
down to much smaller conglomerate particles. The 
term powder has been used herein to distinguish from 
the well known consolidated form of sheet or ?ake 
which we have found to be inoperative in our method, 
probably because they form a solid dielectric layer on 
the cathode. Suitable Te?on PTFE powder is marketed 
by 15.]. DuPont as molding powder composition No. l. 

40 

45 

50 

55 

60 

65 

4 
general, Teflon PTFE is made up of long chains of 

vCF? units having a structural formula: 
F F 

42L 
l l .. 

Wherein n is about 1,000. U.S. Pat. Nos. describing this 
material are as follows: 2,330,654; 2,394,243; 
2,393,967; and 2,534,058. 
The sputtered coating produced from the above 

PTFE material was found to have improved adhesion, 
hardness and wear resistance with satisfactory solvent 
resistance, dielectric strength, release properties and 
freedom from ?lm discontinuities. 
The invention has been described in detail with par 

ticular reference to preferred embodiments thereof, 
but it will be understood that variations and modi?ca 
tions can be effected within the spirit and scope of the 
invention. 
We claim: 
1. An apparatus for applying a thin ?lm of polymeric 

material on a substrate comprising in combination; 
means providing a chamber; 
a cathode in said chamber adapted to hold a layer of 
pulverulent polymeric material; 

holding means in said chamber for holding a sub 
strate; 

anode means in said chamber, said anode means 
comprising one or more accordion pleated sheets 
of metal having a surface area much greater than 
the surface area of said substrate holding means for 
maintaining a glow discharge when a direct current 
potential is applied between said cathode and said 
anode means; and 

said cathode and anode means being adaptable to be 
connected to means for applying a direct current 
electric potential between said cathode and said 
anode means. 

2. Apparatus in accordance with claim 1 wherein said 
holding means for said substrate is between said anode 
means and said cathode. 

3. Apparatus in accordance with claim 1 wherein said 
holding means is anodic and comprises a part of said 
anode means. 

4. Apparatus in accordance with claim 1 also com 
prising support means for said accordion pleated 
sheets, said cathode also being supported by said sup 
port means and electrically insulated therefrom. 

* * * * * 


