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ABSTRACT OF THE DISCLOSURE 
This invention is an improved apparatus for establishing 

in a closed chamber an ultra-high vacuum. The chamber 
of the apparatus includes a ?rst junction means for con 
nection of a ?rst preliminary vacuum pump, a second 
junction means for connection of an ultra-high vacuum 
pump and a single valve movable between ?rst and second 
valve seats or an intermediate position. By moving the 
valve between its positions the chamber may be open to 
the preliminary pump means, or divided into sealed regions 
for establishing an ultra-high vacuum in one region and, 
subsequently providing a preliminary vacuum in the re 
gions without exposing the entire preliminary pump means 
to atmospheric pressure; also the effect on evacuation of 
out-gassing of a work piece within the chamber is sub 
stantially reduced. 

This invention relates to an improvement in devices 
having a closed chamber in which operations take place 
which require a very high vacuum corresponding to pres- - 
sures less than 1()—5 Pascal. It is known that certain oper 
ations such as, for example, the vapour deposition of thin 
layers, must be effected in ultra-high vacuum so that the 
various elements employed are protected :from any con 
tamination, or to obtain beams of molecules or electrons 
under the conditions desired. To obtain an ultra-high vac 
uum in the chamber in which the said operations take 
place, use is preferably made of pumps operating on the 
?xation of gas molecules, ion pumps, cryogenic pumps, 
etc., which are made operative with the use of a prelim 
inary vacuum which is usually obtained with a suitable 
pumping system comprising a primary pump, a secondary 
diffusion pump, a system of shields and an adsorption or 
condensation trap. 
To ‘bring about and maintain ultra-high vacuum in a 

given chamber by means of the above-mentioned devices 
one generally encounters several difficulties such as re 
sidual leaks, out-gassing or degasi?cation of the elastic 
packings, interference degasi?cations of certain products 
employed, re?ux beyond the pumping system, desorption 
of the walls of the duct or chambers provided between the 
ultra-high vacuum and the pumping system of the said 
kind. The disadvantages of the elastic packings can be 
obviated by using metallic packings, but these can be used 
only if numerous dismantlings have to be carried out. 

Residual leaks can be decreased by known so-called 
double-walled devices. These devices comprise two cham 
bers one of which, the inner chamber, is intended for the 
ultra-high vacuum and the other chamber of which en 
velopes the inner chamber at least in part and in which 
a preliminary vacuum, for example ‘from 10-1 to 10*5 
Pascal, is maintained: leaks through packings which de 
pend upon the diiference between the pressures prevailing 
on each side thereof are thus found to be reduced con 
siderably. However, these devices have the drawback that 
two pumping systems are required, one for each chamber, 
at least one pumping system having to reduce the pressure 
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in the inner chamber from the atmospheric pressure to the 
ultra-high vacuum, which involves very long periods of 
pumping. However, these devices do not mitigate the dis 
advantage of the degasi?cation of the products employed, 
for example in depositing thin layers on a substrate, dur 
ing which process the latter must be protected from the 
evaporation of impurities of the initial product and of the 
container for the latter. 

Devices for the vapour deposition in vacuo are also 
known which do not have the last-mentioned disadvantage. 
These devices include two chambers one of which con 
tains the products to be evaporated and the other of 
which contains the elements or substrates on which there 
must be deposited, apertures to allow passage of useful 
jetsof molecules being provided between the two cham 
bers. However, these devices again have the disadvantage 
that two pumping systems are needed, at least one of 
which must reduce the pressure in the chamber containing 
the substrates from the atmospheric pressure to the ultra 
high vacuum, which likewise involves very long periods 
of pumping. 
The reflux beyond a diffusion pump cannot be eliminated 

completely by shields and traps of known type which are 
usually provided between the chamber and the pumping 
system. Further the packings, the ducts and all the ele 
ments located between the chamber and the pumping sys 
tem liberate a certain amount of gas after each entry of 
air, which gas is added to possible molecular leaks, re 
sulting in an impermissible residue atmosphere being 
formed. Even if removal thereof is possible, a considerable 
loss of time is involved due to lengthening of the pumping 
period. 
The present invention provides a solution for the prob 

lems attended with the above-mentioned di?iculties by 
making it possible in a closed chamber rapidly to obtain 
ultra-high vacuum and proceed in this chamber without 
in?uencing by interference evaporations, degasi?cations 
and the re?ux of gas molecules beyond the pumping 
system. 

According to the invention the ultra-high vacuum de 
vice includes a closed chamber which communicates with 
?rst pumping means ‘for bringing the pressure in the whole 
chamber to a value corresponding to a preliminary high 
vacuum, and includes second pumping means for in 
creasing the high vacuum to ultra-high vacuum in one 
region of the chamber. The invention is characterized in 
that the device includes a valve by which the region of 
the chamber into which the ?rst pump is connected can 
momentarily be separated from the second region com 
municating with the second pumping means. The valve 
part in its closed position permits passages between the 
regions which allow a ?ow which is small enough to rap 
idly establish and maintain high vacuum in the second 
region, whereas in its open position the valve allows a 
large ?ow which is suf?cient to make the ?rst pumping 
means operate ei?ciently in the whole chamber. 

Advantageously, valve seat means co-acting with the 
said valve part are provided and supported by the wall 
of the chamber through which the duct empties. This valve 
and seat provide connection of the duct to the ?rst pump 
ing means, and the valve in a third position insulates the 
whole chamber relative to the ?rst pumping means. 

‘In one modi?ed embodiment of the invention the de 
vice includes a second wall which is integral with the valve 
part in the closed position thereof, and in this second 
closed position the valve can co-act with the valve seat 
supported by the wall of the chamber, in order to insulate 
the whole chamber relative to these pumping means. The 
valve part preferably has the shape of a disc and is dis 
placed along its axis by means of a pin, the pin passing 
hermetically through the wall of the duct which connects 
the chamber to the ?rst pumping means. 
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The movement of the valve part is advantageously ob— 
tained by arranging a piston at the end of the pin located 
opposite the disc. The piston can reciprocate in a cylinder 
by creating suitable pressure di?erences in the cylinder on 
each side of the piston, the pressures required being 
chosen of the lowest possible vaiues. 

It will be appreciated that the valve part according to 
the invention, since in its closed position it divides the 
chamber into two distinct regions, permits the ultra-high 
vacuum region to be insulated from any contamination 
originating either from the other region of the chamber, 
or the ducts, or the pumping system comprising the ?rst 
pumping means, or even the products employed in this 
second region. 

In its open position this valve part leaves a passage which 
permits effective pumping in the whole chamber, a 
cryogenic trap advantageously being arranged close to the 
valve part in the region intended for the preliminary 
vacuum. 
The valve part constitutes, together with the aforemen 

tioned second wall, a seal between the chamber and the 
?rst pumping means. This possibility of sealing is used 
prior to each new entry of air into the chamber; the entry 
of air is thus limited to the chamber only, the volumes 
comprising the traps, the de?ectors, the ducts and the 
pumps being held under vacuum. To obtain again ultra 
high vacuum, it su?ices to create vacuum again only in the 
chamber itself without the whole remainder of the installa 
tion having to be exhausted and degasi?ed. 

‘If the second pumping means comprise an ion pump, 
this pump can be used with the device according to the 
invention under better conditions than with devices hither 
to known. The relevant ion pump is put into operation 
only at a pressure corresponding to the preliminary high 
vacuum, which is attended with a much smaller consump 
tion of energy for the said pump, resulting in a less im 
portant supply device and a much longer lifelength. 

If the second pumping means is of the diffusion type 
instead of the ?xation type, the ultra-high vacuum can 
be reached in a device according to the invention within 
a short time. In fact, when the whole chamber is exhausted 
to preliminary high-vacuum with the aid of the ?rst pump 
ing means, the diffusion pump which in this case forms the 
second means can be insulated from the chamber by a 
suitable regulating cock and it is not contaminated. 

In order that the invention may be readily carried into 
effect, it will now be described in detail, by way of ex 
ample, with reference to the accompanying diagrammatic 
drawings, in which: 
FIGURE 1 shows a partial cross section of a device ac 

cording to the invention, 
FIGURE 2 shows a partial cross section of a modi?ca 

tion of a device according to the invention; 
FIGURE 3 shows an assembly diagram of an ultra-high 

vacuum installation according to the invention. 
FIGURE 1 shows an ultra-high vacuum device ac 

cording to the invention including a valve 2a which divides 
the chamber 1 into two regions, one region 1a for the 
ultra-high vacuum and the other region 1b for the pre 
liminary high-vacuum. The plate-shaped, preferably cir 
cular, movable valve 2a is ?tted on a pin 7 and can co 
act in position 2a1 by its conical peripheral surface 6 with 
a ?xed seating 2b; this results in an adequate seal being 
obtained between the regions 10 and 1b without the in 
terposition of an elastic or metallic packing. It will be 
evident that the sealing surface between the valve and its 
seating need not be conical and can be spherical or 
toroidal. 
The region 1a of the chamber includes an ion pump 3 

which is shown, by way of example, as a means for im 
proving the vacuum in the region 1a to the desired ultra 
high vacuum. This region of the chamber further includes 
a port-hole 4 and a device 5 for measuring the ultra-high 
vacuum 11, all these and any further elements required 
being secured in an air-tight manner, possibly with the in 
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4 
terposition of only metallic packing. A removable elastic 
packing may be provided, ‘for example at 18, between the 
region 1b of the chamber and the atmosphere, in order 
to permit easier access to the two regions upon dis 
mantling, but on the condition that this packing is actually 
provided between the region 1b and the atmosphere and 
not between the region In and the atmosphere. 
A duct 10 of large diameter opens into the region 1b 

of the chamber and is lengthened, preferably at right an 
gles thereto, with another duct 8, substantially of the 
same diameter, which is connected to a pumping system, 
not shown. This pumping system comprises a primary 
pump, a secondary diffusion pump, possibly a vacuum con 
tainer, and a cooled trap or an absorption trap, such as 
zeolites, all these elements being connected in a manner 
as usual in such a case. 
Around the aperture through which the duct 10 opens 

into the region 1b there is provided an annular elastic 
packing 9 which is placed and matched so that the valve 
2a in its position 2:12 can push on this packing by a recti 
linear movement of the pin 7, so that the chamber and 
the duct 10 are completely insulated from each other. 

In order that, on the one hand, the supporting surface 
6 between the valve 211 and its seating 2b and, on the 
other hand, the supporting of the valve 2a by the packing 
9 are evenly divided throughout their peripheries, the pin 
7 is guided in a bearing 11 which is integral with the duct 
10 and placed as close as possible to the surface of the 
packing 9. 
A duct 20 which is connected to the primary pump of 

the pumping system or to the vacuum container opens 
into the region 1b of the chamber in order to be able, 
after an entry of air, to create a preliminary vacuum in 
the whole of the preliminary chamber before it is brought 
into communication with the high-vacuum duct 10. 
The pin 7 passes through the wall of the duct 10 so 

that its rectilinear movement can be brought about by 
operating an outer part thereof. This passage must, of 
course, be hermetic. An advantageous form of a hermetic 
passage is formed by a bearing 17, which in turn is her 
metically secured in line with the duct 10 which includes 
two toroidal packings 17a and 17b between which a cham 
her through which the pin 7 passes is maintained under 
vacuum due to a duct 21 which is connected to the primary 
pump or the vacuum container. 

In the device of FIGURE 1 the movement of the valve 
2a is obtained by means of the following device: a piston 
12 is secured to the end of the pin 7 and can hermetically 
reciprocate in a closed cylinder which is divided by the 
piston into two sections 13 and 14. Two ducts 15 and 16 
each provided at one end of the cylinder may be con 
nected, independently of each other, either to the primary 
vacuum, or the atmosphere, or a source of slightly corn~ 
pressed air. 
Due to the exhaustion of the volume 14 and an entry 

of air at 13, the valve 2a is brought into the position Zaz 
which insulates the chamber from the duct 10. The entry 
of air into the chamber further produces an advantageous 
effect by increasing the pressure on the packing 9. Due 
to the exhaustion of the volume 13 and the entry of air, 
possibly compressed, at 14, the valve 2a is brought into the 
position 2a1 which separates the two regions 1a and 1b 
from each other. The open position 203 of the valve, 
located between the two previous positions, is obtained by 
suitably dosing the entries of air at 13 ‘and 14 or by any 
other pneumatic, mechanical or electrical device for mov 
ing the pin7 and the piston 12. 
To improve the vacuum conditions in the chamber 

during the preliminary pumping process, a tubing 19 
preferably cooled by the circulation of liquid nitrogen 
is arranged close to the valve 2a in the region 1b of the 
chamber. This tubing constitutes a very effective trap for 
water vapour. All the elastic packings of the device of 
FIGURE 1, such as the packings 9, 17a, 17b and 18, pref 
erably consist of a material which is sold commercially 
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under the name “Viton,” the degasi?cation of which is 
negligible to pressures below 10*5 Pascal. 
FIGURE 2 shows a second embodiment of the inven 

tion which is suitable especially for the vapour deposition 
of thin layers. The vacuum chamber is divided two regions 
31a and 31b by a valve 32a which can co-act, for exam 
ple, by polished conical surfaces 33, with a ?xed seat 
ing 32b. 
The region 31a which is intended for the ultra-high vac 

uum, is connected to an ion pump 34, a pressure gauge 
36, and a port-hole 35, but it will be evident that any 
other expedient required, for example electrode passage, 
cryogenic pump, could be provided, all the packings re 
quired having to be of metal, in order to prevent any 
impermissible degassing ?ow. 
The valve 320 is secured to a pin 37 on which a plate 

38 is also ?xed at a distance su?icient for placing evap 
orating devices, crucibles and heating means in the volume 
between the valve 32a and the plate 38. Rectiliuear move 
ment of the pin 37 causes the plate 38 to engage an an 
nular elastic packing 39 provided on a wall of the cham 
ber 31; the chamber is thus insulated from a duct 40 
Which in turn is connected through a duct 44 to the pump 
ing system. The assembly comprising the valve 32a and 
the plate 38 can further occupy an intermediary position 
which leaves a passage between these elements and the 
wall of the chamber 31b sufficient to permit e?icient pump 
ing of the whole chamber. The region 3112 of the cham* 
ber includes a removable packing 41 of which the position 
shown is not limiting, since the said region can have any 
form other than that shown without passing beyond the 
scope of the invention. 

Elements which correspond to those of FIGURE 1 are 
found again in the device of FIGURE 2: a bearing 42 
for guiding a pin 37, a duct 43 for the preliminary pump 
ing and the re-entry of air, a double packing 47 at the 
lead-through of the pin .37, having an intermediate cham 
ber which can be exhausted through a duct 45, a piston 
46 which can reciprocate in a cylinder 48, connections 
49 and 50 for the preliminary vacuum and air respec 
tively, and a tubing 51 which constitutes a cryogenic trap 
in the regoion 31b. 

If the device in FIGURE 2 is used for the vapour dep 
osition of thin layers, the trap 53 must be designed for 
passing jets of molecules under optimum conditions, said 
jets emerging from the initial products arranged between 
the said valve and the plate 38 and being directed onto 
the substrate to be coated which is arranged under ultra 
high vacuum in the region 31a. It is possible, for exam 
ple, to provide threaded holes 30 into which tubes having 
a double wall or provided with heating or cooling agents 
can be screwed; the sole condition being that the total 
area of resulting apertures shall be suf?ciently small, for 
maintaining the ultra-high vacuum in the region 31 of 
the chamber by means of the pump 34, making allow 
ance for leakage through faults in the packing 33. 
The cycle of operations necessary for the use of an im 

proved ultra-high vacuum device according to the inven~ 
tion will now be described with reference to the diagram 
shown in FIGURE 3. This diagram relates to a device 
similar to that of FIGURE 1 to which a device for evapo 
rating thin layers has been added. 

In this diagram the region In of the chamber consti 
tutes the ultra-high vacuum chamber including an ion 
pump 3 and a pressure gauge 5, which is insulated from 
the region 1b by the valve 2a which can occupy the 
positions 2:11, 2:12 and 2a3. 
When the valve ?rst of all occupies position 2:22 a 

preliminary vacuum is created in the regions 1a and 1b 
and also in the chamber 4 in which the initial products 
in the crucibles with their heating means are arranged. 
The preliminary vacuum is obtained by means of a pri 
mary pump 52, a trap 53, cocks 64, 65 and the duct 20, 
The preliminary vacuum is also obtained in a container 
54, and a high vacuum is obtained in the ducts 8 and 10‘ 
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6 
using de?ectors 56 and a trap 55 by means of a diffusion 
pump 57. The preliminary vacuum is also created in a 
chamber 17 through the duct 21 and in a chamber 14 
through the duct 16, dependent upon the position of a 
cock 62. With a suitably chosen position of a cock 63 the 
chamber 13 communicates with the atmosphere through 
the duct 15 whereby the valve 2a is pushed on the pack 
ing 9. 
When the vacuum in the chamber 1a, 1b is adequate, 

which may be tested by means of a pressure gauge 60, 
liquid hydrogen is introduced into the tubing 19 by a 
pump 59 and the cock 63 is turned in order to create vac 
uum in the chamber 13 until the valve has assumed the 
position 2113, the cock 65 then being closed. A similar 
pressure as in the region lb can be obtained in the cham 
ber 4 through the duct 66 of high conduction, and a high 
vacuum may be obtained in the whole of the chamber 
by means of the diffusion pump. 
The necessary out-gassing and descriptions take place 

in the chamber 4 and the region 1a. The pump 3 is put 
into operation. The valve 2a is then brought into the 
position 2a1 by supplying, at 14, air at a pressure above 
atmospheric pressure by means of a pump 61, the cock 
62 then having to occupy the desired position. The ultra 
high vacuum is obtained in the region 1a in which the 
vapour deposition process is carried out. The valve is 
subsequently moved back to the position 2:12 and air can 
re-enter into the chamber by means of the cock 65. 

It will be evident that modi?cations can be made to the 
embodiments described, notably by using equivalent 
technical means, without passing beyond the scope of 
the invention. 
What is claimed is: 
1. In an apparatus including a housing de?ning therein 

a chamber, and ?rst and second pump means for sequen 
tially establishing in said chamber a preliminary vacuum 
and an ultra-high vacuum the improvement in combina 
tion therewith comprising: 

(a) a ?rst junction means including a. ?rst valve seat 
for connecting the ?rst pump means to the chamber; 

(b) a second junction means remote from the ?rst for 
connecting the second pump means to the chamber; 

(c) a second ‘valve seat located in the chamber in 
between the ?rst and second junction means for divid 
ing the chamber into ?rst and second regions com 
municating directly with the ?rst and second pump 
means respectively; 

(d) a valve comprising a plate corresponding to said 
valve seats and a rod extending therefrom, the plate 
being movable: (1) to a ?rst position in pressure 
sealing contact with said ?rst valve seat, thereby 
closing the ?rst junction from the ?rst pump means 
while leaving the two regions in communication with 
each other, (2) to a second position in pressure-seal 
ing contact with said second valve seat, thereby 
dividing the chamber into the ?rst and second regions 
while leaving the ?rst junction open to said ?rst pump 
means, and (3) to a third position between the ?rst 
and second valve seats, thereby leaving the ?rst junc 
tion open and the two regions in communication 
with each other; 

(e) means coupled to the rod for driving the valve 
plate selectively to its three positions; and 

(f) a third junction means for connecting the ?rst 
pump means to said ?rst region ‘for creating a pre 
liminary vacuum in the regions when the ?rst junc 
tion is closed. 

2. Apparatus as de?ned in claim 1, further comprising 
a cylinder, a piston movable therein and connected to 
the rod of the valve for driving the valve plate between 
its positions, ?rst and second duct means connected to 
the cylinder, and ?uid means for applying pressure 
through said ducts for driving the piston axially in the 
cylinder. 

3. Apparatus as de?ned in claim 2‘ wherein said ?uid 
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means comprises said ?rst pumping means for applying 
negative pressure to the piston and atmospheric air for 
applying positive pressure to the opposite side of the 
piston. 

4. Apparatus as de?ned in claim 1 wherein the 
chamber includes a wall portion having two spaced aper 
tures therethrough, one aperture being associated with 
said ?rst junction means, the apparatus further compris 
ing a bearing mounted in said second aperture through 
which extends said valve rod. . . . . 0 

5'. Apparatus as de?ned in claim 1 further comprising 1 
a coil of a hollow tubing disposed in said chamber and 
means for ?owing liquid nitrogen through the coil, where 
by water vapor is condensed and trapped ‘on the coil. 

6. Apparatus as de?ned in claim 1 further comprising 
control means for selectively operating elements of the 
apparatus in sequence including: 

(a) moving the valve to its third position, 
(b) drawing a preliminary vacuum in said ?rst and 
second regions by the ?rst pump means, 

('0) moving the valve to ‘its second position, 
(d) drawing an ultra-high vacuum’ on said second 

region only by said second pump means, 
(e) moving the valve to its ?rst position for maintain 

ing said high ‘vacuum in the ?rst pump means, 
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(*5) opening the chamber whereby atmospheric air may 

enter, 
(g) closing said chamber for re-evaouation, 
(h) opening the third junction means for drawing a 
preliminary vacuum in said ?rst and second regions, 

(i) moving the valve to its third position for further 
evacuation of said regions, and 

(j) moving the valve to its second position for again 
drawing an ultra-high vacuum in the second region. 

-7. Apparatus as de?ned in claim 1 wherein the second 
pumping means comprises an ion pump. 
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