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(54) Regeneration of cryocondensation pump panels in a vacuum chamber

(57) A method of regenerating cryocondensation
pump panels disposed in a vacuum chamber, which cry-
ocondensation pump panels, before being heated for
the regeneration, are screened from the vacuum cham-
ber by screening panels, a reduced pressure relative to
the vacuum chamber being created in the screened
space in which the cryocondensation pump panels are
situated, and a non-condensing gas being carried into

the vacuum chamber so that non-condensing gas flows
from the vacuum chamber via narrow gaps between the
screening panels relative to each other and/or the vac-
uum chamber walls into the screened space.

The invention also relates to a vacuum chamber
provided with screening panels for carrying out the
method and to an apparatus provided with such a vac-
uum chamber.
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Description

This invention relates to a method according to the
preamble of claim 1.

The cryopumping technique is a pumping technique
largely used in vacuum technology. A detailed descrip-
tion of this pumping technique is to be found in different
handbooks such as "KRYO-VAKUUMTECHNIK" written
by R.A. Haefer and published by Springer-Verlag Berlin.
The cryopumping technique is a clean pumping tech-
nique, i.e. in contrast with many other pumping tech-
niques the pump does not contribute to the level of con-
tamination of the vacuum. It is another advantage of the
cryopumping technique that very high pumping speeds
are possible, provided sufficiently large panels can be
placed in the vacuum.

A drawback of a cryopump is that the pumping ac-
tion is finite. It is a fact that the gas removed from a vac-
uum chamber condenses on a cryocondensation pump
panel with the result that a temperature gradient is
formed over the layer growing on the cryocondensation
pump panel. After some time the temperature gradient
increases so much that the pumping action decreases
and finally ceases to exist. For this reason the cryo-
condensation pump panels must be regenerated from
time to time.

In a known regeneration process the cryoconden-
sation pump panels are heated so that the pumped gas
is released. The released gas is then removed from the
vacuum system. If the pressure remains lower than the
atmospheric pressure, then the amount of gas will have
to be discharged with an auxiliary pump or a pump group
capable of transporting the gas to atmospheric pres-
sure. In the regeneration process the pressure some-
times exceeds the atmospheric pressure so that the ma-
jor part of the gas from the regeneration can be allowed
to discharge into the outside air.

The relatively high pressure of condensable gases
during the regeneration process promotes adsorption of
condensable gases on walls that do not form part of the
cryocondensation pump panels and have not been
brought to a sufficiently high temperature. The walls of
a vacuum chamber which are, e.g., at room tempera-
ture, when being exposed to a high water vapour pres-
sure, will be highly contaminated with water with the re-
sult that the pumping process will be impeded at a later
stage.

A solution to this problem known from practice is to
dispose a vacuum valve between the vacuum chamber
and the cryopump which in closed condition prevents
contamination of the vacuum chamber during heating of
the cryopanels. Since in this solution the cryopanels are
outside the vacuum chamber, the pumping speed can-
not exceed the maximum volumetric gas flow capable
of passing the pump opening, as determined by the ki-
netic gas theory. In practice, the pumping speed of such
an external cryopump, i.e. mounted on the vacuum
chamber, hardly exceeds that of another type of pump
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with the same pump opening.

Extremely high pumping speeds can be obtained
only if the vacuum chamber is provided with cryopanels
having a surface much larger in its totality than the pump
opening of an external pump. However, especially when
the vacuum chamber cannot be heated, the desired ef-
fect contemplated with the higher pumping speed for
condensable gases of this internal pump, namely an im-
provement of the vacuum conditions, is often not or only
partly obtained because the desorption of the vacuum
chamber is brought to a higher level by the regeneration
process. The heating of the vacuum chamber to a tem-
perature at which the adsorption of gas released during
the regeneration process, on the chamber walls is neg-
ligible is often impossible or undesirable in practice. The
reasons therefor are, e.g., that owing to a rapid succes-
sion of pumping processes from atmospheric pressure
to low pressure the regeneration time is too short to suf-
ficiently heat the vacuum chamber and its components
or that the heating causes too high a temperature load
on the sealing materials of the vacuum chamber or too
high a consumption of energy.

The object of the invention is to provide a method
of regenerating cryocondensation pump panels in which
the gases released during heating of a cryocondensa-
tion pump panel do not increase the level of desorption
of the vacuum chamber walls, i.e. do not precipitate on
the vacuum chamber walls or vacuum chamber compo-
nents. To this end, the method is characterized by the
steps according to claim 1.

The proposed method is based on the use of a lam-
inar gas flow forming a flow resistance to gas moving in
a direction opposite to the direction of the laminar gas
flow. A barrier against the transport of the gas released
from a cryocondensation pump panel to the vacuum
chamber walls is created by directing a laminar gas flow
from the vacuum chamber towards the cryocondensa-
tion pump panel and discharging it there by pumping or,
if the pressure in the screened space exceeds the at-
mospheric pressure, allowing it to discharge into the at-
mosphere.

The degree of separation that can be realized by
means of a laminar gas flow depends on the gas flow,
the pressure and the dimensions of the flow channel.
The pressure ratio of the gas diffusing against the lam-
inar gas flow follows from:

in which Q is the pressuresvolume rate of the laminar
gas flow

1 is the length of the flow channel = gap width

A is the passage of the flow channel = gap height x
gap length

D, is the diffusion coefficient.

The creation of a large pressure ratio by means of
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a large pressuresvolume rate has a number of draw-
backs. Since the laminar gas flow must be clean, the
use a high gas flow is expensive. In addition, there are
the costs of a pump having a high pumping speed, re-
quiredto discharge the laminar gas flow. A high flow rate
in a vacuum chamber has the additional effect that the
dust present in the vacuum chamber can move. Espe-
cially in vacuum processes used in the manufacture of
semiconductors and the manufacture of optical and
wear-resistant layers, movement of dust tothe substrate
to be processed in the vacuum is undesirable.

Consequently, the separation is preferably realized
by means of the dimensions of the flow channel, i.e. by
selecting a narrow or a wide flow channel.

The method according to the invention is particular-
ly favourable because no vacuum-tight seal between
the vacuum chamber and the cryopanel is necessary.
Consequently, the screening panel forming the narrow
gap can be of simple construction, and with a low flow
rate in the vacuum chamber contamination of the vacu-
um chamber with gas released from the cryopanels can
be prevented.

In a further development of the invention the meth-
od is characterized by the steps of claim 2. Thus, the
cryocondensation pump panels are kept from contami-
nation by atmospheric air flowing into the vacuum cham-
ber during release of the vacuum.

In order to prevent the time required for regenerat-
ing the cryocondensation pump panels being at the ex-
pense of the production time of the vacuum chamber,
the method is preferably characterized by the steps of
claim 3.

In a further development of the invention the meth-
od is characterized by the steps of claim 4. When the
vacuum is initially formed after cooling of the cryo-
condensation pump panels, these steps prevent direct
contamination of these panels by an excessive increase
of condensable gases still present in the vacuum cham-
ber.

In order to ensure that the regeneration process
proceeds very rapidly and, moreover, that the screening
panels are not themselves covered during regeneration
with the condensate of condensable gases, it is very fa-
vourable according to a further development of the in-
vention when the vacuum chamber is characterized by
the steps of claim 5.

The invention also relates to an apparatus charac-
terized by the features of claim 6. With a thus construct-
ed vacuum chamber the method according to the inven-
tion can be carried out in a very favourable and econom-
ic manner. The screening panels can be of relatively
simple construction, which is therefore rather inexpen-
sive, since with them it is not necessary to completely
seal the screened space relative to the vacuum cham-
ber. Since according to the method non-condensing gas
is carried into the vacuum chamber, a laminar flow of
the non-condensable gas towards the screened space
is formed in the narrow gaps between the screening
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panels and the vacuum chamber and/or the screening
panels relative to each other. Thus, the condensable
gas released during the regeneration process can dif-
fuse only in very small amounts from the screened
space, against the laminar non-condensing gas flow, to
the vacuum chamber.

The invention also relates to an apparatus for coat-
ing products provided with a vacuum chamber accord-
ing to the invention. With a thus constructed apparatus
a minimum of production time is lost because the regen-
eration process of the cryocondensation pump panels
can be carried out while the treated products are re-
placed by products not yet treated. Moreover, the regen-
eration takes place in a qualitatively excellent and effec-
tive manner.

A number of practical embodiments of the vacuum
chamber according to the invention are described in the
subclaims and will be further explained with reference
to the accompanying drawings, in which

Figs. 1A-8A show a vacuum chamber comprising
cryocondensation pump panels which are regener-
ated;

Figs. 1B-8B show the vacuum chambers of the cor-
responding Figs. 1A-8A, which vacuum chambers
are in the pumping or production situation.

The drawings are all of a very schematic nature and
diagrammatically show a vacuum chamber 1 bounded
by walls 2, at least one of which can be opened, because
it is designed as a door or a hatch. The vacuum chamber
is also provided with at least one connection 3 for a high-
vacuum pump 4. The vacuum chamber further contains
cryocondensation pump panels 5 which in the practical
examples shown are of tubular construction, so that a
liquid or gas can be passed therethrough to control the
temperature of the cryocondensation pump panels 5. All
the embodiments shown are further provided with
screening panels 6, which in a first position put the cry-
ocondensation pump panels 5 into free communication
with the vacuum chamber and in a second position place
the cryocondensation pump panels 5 in a space 7
screened from the vacuum chamber. The B figures
show the screening panels 6 in a first position, i.e. the
position in which the cryocondensation pump panels 5
can be active as pump and are therefore in free com-
munication with the vacuum chamber 1, while the A fig-
ures show the screening panels 6 in the second position,
i.e. in a position in which the cryocondensation pump
panels 5 are regenerated. Connected to the screened
space 7 is a pipe 8 which contains a vacuum pump 9
arranged to create a reduced pressure in the screened
space 7 relative to the vacuum chamber 1. Moreover,
the pipe 8 contains a valve 10 opened during regener-
ation of the cryocondensation pump panels 5 and closed
when the vacuum chamber 1 is in use. Moreover, the
vacuum chamber 1 is provided with means 11, 12, 13
for introducing a non-condensing gas into the vacuum
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chamber 1 when the cryocondensation pump panels 5
are regenerated. These means 11, 12, 13 can be, e.g.,
a line 12 provided with a valve 13, which line 12 is at
one end connected to the vacuum chamber 1 and at the
other end to a source 11 of a non-condensing gas, e.g.
nitrogen. As soon as the regeneration process starts,
the valve 13 is opened, so that the vacuum chamber 1
is filled with nitrogen, which nitrogen, as a result of the
reduced pressure prevailing in the screened space 7,
flows to the screened space 7 via the gaps 14 between
the vacuum chamber walls 2 and the screening panels
6 and/or the screening panels 6 relative to each other.
By the non-condensing gas flowing to the screened
space 7 condensable gases released from the cryo-
condensation pump panels 5 as a result of the regener-
ation process are prevented from flowing to the vacuum
chamber 1.

The practical examples shown in Figs. 1-8 are dis-
tinguished only by the design of the screening panels 6
and the related arrangement of the cryocondensation
pump panels 5.

Figs. 1A and 1B show an embodiment in which the
screening panel 6 is designed as a slidably mounted an-
gled plate 6. At the edges which must connect to the
vacuum chamber walls 2 the plate is provided with an
enlarged edge 6B, thus increasing the width of the gap
14 via which the non-condensable gas G must pass,
which has a favourable effect on the screening of the
condensable gases C released in the screened space 7.

Figs. 2A and 2B show a screening panel 6 arranged
before the cryocondensation pump panels 5 and
hingedly connected at the ends with two closing pieces
6A which in a first position shown in Fig. 2B put the cry-
ocondensation pump panels 5 into free communication
with the vacuum chamber 1 and in a second position
shown in Fig. 2A place the cryocondensation pump pan-
els 5 in a screened space 7. Figs. 3A, 3B; 4A, 4B; 5A,
5B show constructional modifications of the structural
variants shown in Figs. 1A, 1B; 2A, 2B and need no fur-
ther explanation.

Figs. 6A and 6B show an embodiment in which the
cryocondensation pump panels 5 are of tubular con-
struction and are preferably situated in a corner of the
vacuum chamber 1. The screening panels 6 have a
cross-section in the form of a circular segment, within
the concave part of which the tubular cryocondensation
pump panels 5 are situated. In the first position shown
in Fig. 6B the screening panels 6 having the form of a
circular segment are directed with the concave part to-
wards the vacuum chamber 1, while in the second po-
sition shown in Fig. 6A the convex part of the screening
panels 6 is directed towards the vacuum chamber 1. It
is thus ensured that during the normal production proc-
ess in the vacuum chamber 1 the access from the vac-
uum chamber 1 to the cryocondensation pump panel 5
is completely free. It is self-evident that the shape of the
screening panel 6 and the manner of displacing the
screening panel 6 may vary for each individual case.
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Thus the displacement of the screening panels 6 having
the form of a circular segment may be effected, e.g., by
rotation or by translation.

In Figs. 7A, 7B the space to be screened also con-
tains stationary panels 15 disposed between the vacu-
um chamber walls 2 and the cryocondensation pump
panels 5. The stationary panels 15 may be provided with
heating elements designed for heating the stationary
panels 15 during the regeneration process. In the em-
bodiments shown in Figs. 7A and 7B the screening pan-
el 6 is preferably also provided with heating elements
designed for heating the screening panels 6 during the
regeneration process. It is thus ensured that all the walls
6, 15 of the screened space 7 can be simply heated dur-
ing regeneration. This has the advantage that the con-
densable gases released during the regeneration proc-
ess will not precipitate on these walls 6, 15, so that after
the regeneration process has been completed and the
walls 6, 15 have been put again into free communication
with the other parts of the vacuum chamber 1, no gases
condensing thereon can find their way to the vacuum
chamber 1.

Figs. 8A and 8B show an embodiment in which the
screening panels 6 are designed in the form of venetian
blinds.

It is evident that the invention is not limited to the
practical examples shown, but that various modifica-
tions are possible within the scope of the invention.
Thus, e.g., the stationary panels 15 provided with heat-
ing elements as shown in Figs. 7A, 7B may also be used
in the other practical examples. Also the screening pan-
els 6 provided with heating elements described with ref-
erenceto Figs. 7A and 7B may be used in the other prac-
tical examples.

Claims

1. A method of regenerating cryocondensation pump
panels (5) disposed in a vacuum chamber (1), the
cryocondensation pump panels (5) being heated for
the regeneration, characterized in that the cryo-
condensation pump panels (5), before being heat-
ed, are screened from the vacuum chamber (1) by
screening panels (6), a reduced pressure relative
to the vacuum chamber (1) being created in the
screened space (7) containing the cryocondensa-
tion pump panels (5), and a non-condensing gas
(G) being carried into the vacuum chamber (1) so
that non-condensing gas (G) flows from the vacuum
chamber (1) via narrow gaps (14) formed between
the screening panels (6) and the vacuum chamber
walls (2) and/oder the screening panels (6) relative
to each other, into the screened space (7).

2. Amethodaccordingto claim 1, characterized in that
the screened space (7) is formed before non-con-
densing gas (G) is carried into the vacuum chamber
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(1) and the vacuum in the vacuum chamber (1) is
released.

A method according to claim 1 or 2, characterized
in that the regeneration of the cryocondensation
pump panels (5) is effected while the vacuum cham-
ber (1) is openedfor carrying out therein operations,
such as, e.g., exchanging products treated in the
vacuum chamber (1) for products to be treated in
the vacuum chamber (1).

A method according to any of the preceding claims,
characterized in that the cryocondensation pump
panels (5) are put into an undisturbed free commu-
nication with the vacuum chamber (1) again only af-
ter closing again and substantially vacuum pumping
the vacuum chamber (1).

A method according to any of the preceding claims,
characterized in that the screening panels (6) are
heated during the regeneration process.

A vacuum chamber, provided with at least one con-
nection (3) for a hig-vacuum pump (4) and with cry-
ocondensation pump panels (5) disposed in the
vacuum chamber (1), characterized by screening
panels (6) which in a first position put the cryo-
condensation pump panels (5) into free communi-
cation with the vacuum chamber (1) and in a second
position place the cryocondensation pump panels
(5) in a space (7) screened from the vacuum cham-
ber (1), pumping means (9) being provided to creat
in the screened space (7) a reduced pressure rela-
tive to the vacuum chamber (1), and means (11, 12,
13) being provided to carry a non-condensing gas
into the vacuum chamber (1).

Avacuum chamber according to claim 6, character-
ized in that at the edges (6B) which in the second
position screen the screened space (7) the screen-
ing panels (6) are carried out such that narrow gaps
(14) formed between the screening panels (6) and
the vacuum chamber walls (2) and/or between the
screening panels (6) relative to each other have a
small gap height and a large gap width so that little
or no gas (C) released by the regeneration of the
cryocondensation pump panels (5) can diffuse from
the screened space (7) viathe gap (14), against the
direction of flow of non-condensable gas (G) flowing
through the gap (14), to the vacuum chamber (1).

A vacuum chamber according to claim 6 or 7, char-
acterized in that the cryocondensation pump panels
(5) are of tubular construction, through which tubes
a cooling medium can flow, the screening panels (6)
having a cross-section in the form of a circular seg-
ment, within the concave part of which the tubular
cryocondensation pump panels (5) are situated, the
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10.

11.

12.

13.

screening panels (6) having the form of a circular
segment in the first position thereof being directed
with the concave part towards the vacuum chamber
(1) and in the second position with the convex part
towards the vacuum chamber (1).

A vacuum chamber according to claim 6 or 7, char-
acterized in that the screening panels (6) are
hingedly or slidably arranged angled plates.

A vacuum chamber according to claim 6 or 7, char-
acterized in that the screening panels (6) are in the
form of venetian blinds.

Avacuum chamber according to any of claims 6-10,
characterized in that the screening panels (6) are
provided with heating elements designed for heat-
ing the screening panels (6) during the regeneration
process.

Avacuum chamber according to any of claims 6-11,
characterized in that, moreover, stationary panels
(15) are disposed between the vacuum chamber
walls (2) and the cryocondensation pump panels
(5), which stationary panels (15) are provided with
heating elements designed for heating the station-
ary panels (15) during the regeneration process.

An apparatus for coating products, provided with a
vacuum chamber according to any of claims 6-12.
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