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Corporation, Cambridge, Mass., a corporation of 
Massachusetts ' 

Filed Feb. 1, 1963, Ser. No. 255,524 
12 Claims. (Cl. 137-1) 

This invention relates primarily to vacuum chambers 
and more speci?cally to demountable closures for such 
chambers. The vacuum systems of interest herein com 
prise a large chamber with a chamber door which 1s 
adapted to go through many open and close cycles, a door 
seal and a pumping system for evacuating the chamber‘ 
via a port in the chamber wall. Such vacuum systems 
are used for a variety of tasks in metallurgy, semicon 
ductor manufacture, vapor deposition, materials research 
and space simulation. The advanced state of these arts 
requires vacuum systems capable of reaching the ultra 
high vacuum range, i.e. pressures of l><l()—9 mm. Hg 
abs.(torr) and less. This requirement poses great diffi 
culty for systems having chamber sizes of more than a 
few cubic feet or large door seals. 
A major source of leakage at ultra high vacuum opera 

tion is leakage of air into the chamber via the door seal 
and internal leakage of volatile components of the door 
seal itself. One approach to circumventing this known 
problem is the use of soft metal gaskets. However, metal 
gaskets are permanently deformed by closure since they 
do not have the resiliency or organic gaskets. Thus, fre~~ 
quent changing of the gaskets is required-~an awkward 
and expensive step in large systems. 
Another prior art problem which we have noted is that 

during preliminary bake-out of vacuum system which use 
diffusion pumps, a vapor pump oil ?lls the chamber. 
Where conventional gaskets, such as butyl rubber, are 
used for sealing, they must be cooled since they cannot 
withstand the high bakeout temperatures. This permits 
condensation of the oil vapor in the region of the door 
seal and builds up a potential source of vapor which will 
create di?iculty during the later operation of the vacuum 
system. ' 

It is therefore a principal object of the invention to 
provide a vacuum chamber with demountable closure for 
operation at ultra-high vacuum. 

It is a further and more speci?c object of the invention 
to provide a door seal which will permit operation at 
ultra-high vacuum and will have a long operating life. 

It is another object of the invention to provide 'a de 
mountable closure for vacuum chambers, pipelines, and 
the like operating in the ultra-high vacuum range. 

It is a further object of the invention to provide a de 
mountable closure which will permit bakeout of the por 
tion of the chamber around the closure seal and of the 
closure seal itself. 

These and other objects of the invention will in part be 
obvious and will in part appear hereinafter. 
The invention accordingly comprises the apparatus pos 

sessing the combination of elements and the arrangement 
of parts which are exempli?ed in the following detailed 
disclosure and the scope of the application of which will 
be indicated in the claims. 
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For‘ a fuller understanding of the nature and objects‘ 

of the invention, reference should be had to the follow 
ing detailed disclosure taken in connection with the ac 
companying drawings wherein: 
FIG. 1 is a schematic, partly sectional, view of an 

ultra-high vacuum system having a demountable closure 
sealed in accord with the invention; 
FIG. 2 is an expanded view of a portion of FIG. 1; 
FIG. 3 is a schematic, partially sectional view showing 

another application of the invention-to demountable 
closures for feedthroughs; and 

FIG. 4 is a schematic, partly sectional view showing 
still another application of the invention-to demountable 
closures for pump inlets, pipe couplings and the like. 

In accordance with the invention, the gasket material 
selected is chosen from those rubbery materials having 
the characteristics of low vapor pressure, 10*8 mm. Hg 
(at 20° C.), and less, such as Te?on, Mylar and silicone 
rubber. The latter material is preferred. Such mate 
rials have high permeabilities which would permit air to 
leak through the gasket itself. This limitation is over 
come by the apparatus arrangement described below. 
Volatile impurities absorbed in the gasket are cleaned out 
by the technique of double pumping on the gasket in the 
manner described below. The high permeability of the 
gasket makes it possible ‘to accomplish this in a reason 
able time. The use of such low vapor pressure mate 
rials permits bakeout at the seal since these materials 
can withstand temperatures on the order of 250° C. 

Referring now to FIG. 1, there is shown a vacuum sys 
tem comprising a chamber 10, a pumping system 12 and 
a door 14 for the chamber. The pumping system com 
prises an optical baf?e cold trap 16, a ?rst diffusion pump 
18 backed by a second diffusion pump 20 and a mechani 
cal vacuum pump 22. Annular mating ?anges 24 and 26 
are welded to chamber 10 and door 14 respectively to 
make a tight closure. The leakage path from the atmos 
pheric pressure side of the interface 28 to the vacuum 
side is blocked by inner and outer gaskets. The inner 
gasket is silicone rubber O-ring 30 housed in an annular 
recess 32 in one of the ?anges. The outer gasket is an 
other silicone O-ring 34 housed in an annular recess 36 
in one of the ?anges. An annular recess 38 is provided 

' between the O-rings and means are provided for pumping 
out recess 38. The means for pumping out recess 38 is a 
pipe line 40 leading to the mechanical pump. The outer 
gasket 34 can be a conventional elastomer or silicone 
rubber or the like. ' 

Referring now to FIG. 2, there is shown an enlarged 
view of a section of FIG. 1. It is seen in this ?gure that 
the interface 28 is actually a narrow passage which is 
blocked by the O-ring seals. The slight passage that is 
inevitably formed serves as a pumping passage. Under 
cuts 29 are provided in ?ange 24 to facilitate double pump 
ing of seal 30. Volatiles outgassing from the silicone rub 
ber O-ring 30 are rapidly pumped away during the pump 
down cycle via the main chamber 10, recess 38 and line 
40; the O-ring is said to be “double-pumped.” The 
pumping means acting on the recess 38 should maintain 
it at a pressure on the order of about 0.1 mm. Hg abs. 
and below to support ultra-high vacuum operation in 
the main chamber. However, pressures as high as 10 
mm. Hg abs. can be maintained in recess 38 with some 
bene?cial effect from the double pumping. 
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Example 

In an experimental run, a system generally comparable 
to FIG. 1 was built. This was a large 3-foot diameter 
by 4-foot long chamber. A separate diffusion pump was 
used to pump out the groove between the O-rings. Sili 
cone rubber was used for both O-rings. The groove 38 
was evacuated to less than 10-4 mm. Hg and 1.5><l0_11 
was held in the main chamber for over a day. Then 
the separate pump was shut down and the line 40 was 
connected to mechanical pump 22. The pressure in the 
groove rose to 10“2 mm. Hg and 1.5 X10‘l1 was still 
held in the main chamber for two more days. 
The guiding criterion for optimum pumping‘ out of 

the recess 38 is to ‘reduce the pressure therein to the point 
where the rate of diffusion through the permeable sili 
conerubber O-ring 30 is less than the rate at which 
volatile components evolve from the O-ring itself. Thus, 
the permeability of the low vapor pressure material be 
comes an‘ asset rather than a liability since it permits 
quick removal of the volatile components. Yet, leakage 
of ‘gas from the recess 38 through the O-ring 30 to the 
main chamber does not‘ constitute a serious gas load on 
the ultra-high vacuum system when the pressure in recess 
38 is kept at a low value. 

After the initial cleaning of the ‘inner O-ring, the groove 
38 may bepumped out continuously or intermittently. 
When the line 40 is valved off, pressure in groove 38 
rises slowly and leaks into the main chamber via the 
inner vO-ring. It is preferred to pump groove 38 con 
tinuously.- _ V v , 

,Referring now to FIG. 3, there is shown another ap 
plication of ‘the invention. An ultra-high vacuum system 
110 is provided with a port 102. The port is covered 
by a disc 114 providing, a demountable closure therefor. 
A ‘conventional electricalor‘ mechanical feedthrough 104 
passes through the disc. Coaxial inner and outer O-rings 
130 andl34 are provided for sealing the leakage path be 
tween the disc and wall of chamber 110. An annular 
double pumping groove 138 is provided between the _0 
rings and a line 140 is provided for connecting groove 
138 to avacuumlpump system which may coincide with 
the vacuum pumping system for chamber 110 or, may 
be an independent pumping system. The disc issecure‘d 
toychamber 110 by a peripheral series of welded studs 
108. The "inner O-ring 130 is selected from the low 
vapor pressure materials discussed in connection with 
FIGS. 1 and2 above. ~ , 

Referringvnow to FIG. 4, there is shown the applica 
tion of the invention to a diffusion pump inlet. A diffu 
sion pump 210 is provided with a vapor jet assembly 
202, cooling coils ‘204 and an inlet ?ange 224. vA ‘pipe 
214, , with exit ?ange 226, connects the pump to the 
vacuum system. -, The inlet ?ange 224 is provided with 
anyinner O-ring 230, a double pumping groove 238 and 
an outer 'Q-ring 234. The double pumping groove 238 
is connected with, a low stage of the diffusion pump via 
pipeline 240. v This provides a simple way of double 
pumping the O-ring 230. The material for O-ring 230 
is selected from the low ;vap‘or pressure materials 'discus'ed 
in connectiongwith FIGS. 1 and. 2. 

‘ There can be many variations within'the scope of the 
invention in addition to the ones noted above. ‘For in 
stance the gaskets can be water cooled during bakeout 
and during the operation of the ultrahigh vacuum system. 
Water supplies are available in connection with the diffu 
sion pumps generally used in such systems. A separate 
pump can be used for, pumping out gasket 38. However, 
the main pumping system can usually be relied on to 
handle this additional. gas load. The groove 38 can be 
located in?ange 26 rather than ?ange 24, as shown. 

It will be appreciated that theplumbing for rough 
pumping has been omitted from the above description 
and drawings since such apparatus is Well known -to 
those skilled in the art. 
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4 
Since many changes can be made in the above apparatus 

without departing from the scope of the invention herein 
involved, it is intended that all matter in the above de 
scription shall be interpreted as illustrative and not in 
a limiting sense. 
What is claimed is: 
l. A demountable closure for ultra high vacuum sys 

tems, such as a door seal, pipe coupling, or the like, com 
prising means forming mating metal surfaces to establish 
a demountable interface extending from an inner low 
pressure region to an outer high pressure region, spaced 
inner and outer gaskets blocking said interface, vacuum 
pumping means connected to the space between the 
gaskets, the inner gasket being made of a rubbery mate— 
rial having a low characteristic vapor pressure on the 
order of about 10_8 mm. Hg abs. and less at 20° C. 

2. The demountable closure of claim 1 wherein the 
inner gasket is made of silicone rubber. 

3. The demountable closure of claim 1 wherein the 
said vacuum pumping means are adapted to reduce the 
pressure in the space between the gaskets to the, point 
Where the rate of diffusion through the inner gasket is 
less than the rate at which volatile components evolve 
from the inner gasket. _ 

4. An ultrahigh vacuum system comprising a cham 
ber connected to a vacuumrpump system and including a 
demountable closure, the demountable closure compris 
ing abutting metal walls which de?ne an interface extend 
ing from an ultrahigh vacuum zone to a zoneof higher 
pressure, spaced inner and outer gaskets sealing the in 
terface, the inner gasket comprising a rubbery material 
having a characteristic vapor pressure less than 10-8 mm. 
Hg at 20° C. and means for pumping outthe space be 
tween the gaskets. ‘ 

5. The vacuum system of claim 4 wherein the abutting 
Walls are constituted by annular ?anges and the gaskets 
are O-rings. 

6. The vacuum system of claim 4 wherein'one of said 
walls is grooved to receive both said gaskets. 

7. The vacuum system of claim 6 wherein said grooved 
-wall also comprises a ‘pumping groove intermediate of 
said gaskets. . 

8. The vacuum system 'of claim 4 wherein said means 
for pumping out the space between the gaskets comprises 
a passage extending into the ?rst vacuum ‘pumping system. 

9. An ultra high vacuum system comprising a cham'-. 
ber, a diffusion pump connected to said chamber, ‘said 
diffusion pump including a top vapor jet, said system 
having at least one demountable closure '(such as 'a dif 
fusion pump inlet, chamber door, feedthrough and the 
like) with an interface extending from a zone of ultra 
high vacuum to a zone of higher pressure, spaced inner 
and outer gaskets blocking the interface of each such de 
mountable gasket, the inner gasket being a ?exible or 
ganic material a'nd‘havin'g’a characteristic vapor pressure 
less than 10*8 mm. Hg abs., at 20° C. and‘ passage means 
extending from the spaces between the inner and'outer 
gaskets of each demountable closure into a region of the 
dlifusion pump below the top vapor jet thereof. 

10. A method of sealing the leakage path through a 
demountable closure of an ultra high vacuum system com 
prising the steps of providing a ?exible gasket in said 
leakage path, said gasket being made of an organic ma 
terial having a characteristic vapor pressure less than 10"8 
mm. Hg at 20° C., and double pumpingthe gasket. 

11. The method of claim 10 wherein the double pump 
ing comprises the exposure of an inner face of the gasket 
to the ultra high vacuum. 7 

12. The method of claim 11 wherein the double pump 
ing further comprises the exposure of an outer surface 
of the gasket to a zone of the system for producing the 
ultra high vacuum, in'which zone the pressure is higher 
than in the main ultra high vacuum zone. 

(References on following page) 
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