DEVICE FOR HOMOGENIZING A GAS DISTRIBUTION IN A PROCESS
CHAMBER

The present invention relates to a device for homogenizing a gas distribution in a process
chamber, wherein the device has an aperture shield and a linear drive for moving the aperture
shield in a reciprocating manner in two mutually opposite linear movement directions between

two terminal positions.

In processes in which the workpieces to be treated have to be processed in a process
chamber using a predefined gas atmosphere, or a gas atmosphere matched to the respective process,
generic devices are used to ensure the uniformity or homogeneity of the gas composition to a

sufficient degree.

It is an object of the invention to further improve generic devices in this context such that
said devices can ensure as good as possible a homogenization of the gas distribution in the process

chamber.

In order to achieve this object, the invention proposes a device according to Patent Claim

According to the invention, it is thus provided that the aperture shield is able to be heated
by at least one heating installation of the device, and that the aperture shield by way of at least one
interposed compensation element of the device is connected to the linear drive, wherein the
compensation element enables a relative movement between the aperture shield and the linear
drive in at least one direction transverse, preferably orthogonal, to the linear movement directions

of the aperture shield.

The aperture shield by way of the heating installation can be temperature controlled so as
to be heated precisely to the temperature desired for the respective process. As a result,
temperature-related convection movements in the gas atmosphere in the process chamber can be

avoided. In order to avoid temperature-related mechanical stresses between the aperture shield and
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the linear drive, the compensation element which enables a relative movement between the heated
aperture shield and the typically non-heated linear drive in the at least one direction transverse to
the linear movement direction of the aperture shield is provided in the case of devices according

to the invention.

The device according to the invention, by way of the aperture shield thereof, thus
particularly readily ensures a homogenization, or a high degree of uniformity, of the gas
atmosphere in the process chamber in that in particular turbulences and currents in the gas

atmosphere are avoided by the aperture shield.

The aperture shield is to be distinguished from a closure element of a valve. While a closure
element is provided for the purpose of closing a chamber wall opening in a gas-tight and pressure-
tight manner, the aperture shield is used to the maximum for covering the chamber wall opening,
or in other words for screening the chamber wall opening. An aperture shield thus does not close
a chamber wall opening in a gas-tight or pressure-tight manner. As opposed to the closure element,
the aperture shield indeed serves the sole purpose of homogenizing the gas distribution in the

process chamber.

In preferred embodiments of the invention, the aperture shield is able to be moved
exclusively in the two mutually opposite linear movement directions. In these preferred variants,
said aperture shield can thus perform no other movement. It is typically provided that the aperture
shield in one of the terminal positions thereof covers the chamber, or in other words screens the
chamber, and in the other one of the terminal positions thereof opens up the chamber opening. In
the opened-up state of the chamber opening, workpieces can then be introduced through the

chamber opening into the chamber interior, and/or retrieved from the chamber interior.

The heating installation can fundamentally be configured in various ways. In preferred
variants, however, said heating installation is an electric heating installation, in particular an

electric resistance or induction heater.



The compensation element permits a certain relative movement between the linear drive

and the heated aperture shield. This is primarily utilized for avoiding thermal stresses in the device.

Preferred variants of the invention provide that the compensation element has a sleeve and
a head which is mounted in the sleeve so as to be movable in the direction transverse, preferably
orthogonal, to the linear movement directions of the aperture shield. In variants thereof that are
preferred in turn, it is provided that an elastically deformable member, preferably an elastomer
member, is disposed between the sleeve and the head. In principle, the head can have virtually any
arbitrary shape as long as said head is mounted so as to be correspondingly movable in the sleeve.
As a result of the elastically deformable member which is disposed between the sleeve and the
head, a position without play between the sleeve and the head is achieved. Additionally, the
elastically deformable member can also make available restoring forces which counteract the
thermal stresses and, in the absence of the latter, ensure a corresponding restoring action again.
How the compensation element is installed between the linear drive and the aperture shield is a
matter of preference of the person skilled in the art. The sleeve can thus be connected to the linear
drive, and the head to the compensation element. However, the reverse arrangement is also equally
possible. It is also important to note in this context that the compensation element can however
also be connected directly or else indirectly to the linear drive, on the one hand, and to the aperture
shield, on the other hand. It can thus be provided, for example, that at least one thrust bar is fixed
to the aperture shield, and the compensation element is disposed between the linear drive and the
thrust bar. In particularly preferred variants, the compensation element here is connected to the
thrust bar by way of an element guided on a guide rail. The guide rail in turn can be fixed to a

device housing of the device.

Particularly preferred variants provide that at least two thrust bars are fixed to the aperture
shield, and the device, for each thrust bar, has at least one compensation element for enabling the
relative movement between the aperture shield and the linear drive in the at least one direction
transverse, preferably orthogonal, to the linear movement directions of the aperture shield, and a
yoke is fixed to the linear drive, wherein each of the thrust bars by way of at least one of the
interposed compensation elements is connected to the yoke. It is particularly preferably provided

here that the yoke is configured so as to be elongate in the direction transverse, preferably
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orthogonal, to the linear movement directions of the aperture shield, and the compensation
elements are connected to the yoke in a mutually spaced apart manner. The heating installation for
heating the aperture shield can be disposed in the thrust bar or in at least one of the thrust bars. In
the case of a plurality of thrust bars it is preferably provided that a respective heating installation

for heating the aperture shield is disposed in each of the thrust bars.

Preferred variants of the invention provide that the device has a device housing and at least
one guide rail fixed to the device housing, wherein the at least one thrust bar, preferably by a
guided element, is mounted on the least one guide rail so as to be displaceable parallel to the linear

movement directions of the aperture shield.

With a view to as good as possible a homogenization of the gas distribution in the process
chamber, preferred variants provide that the aperture shield at least in regions is configured so as
to be annular and encloses in an annular manner an aperture interior for receiving a workpiece to
be processed. The term annular may describe a circular ring shape but is not limited to a circular
ring shape. Rather, said term annular is to be understood to mean that the aperture interior, in a
plan view, is surrounded so as to be circumferentially closed by the aperture shield. A particularly
well homogenized or uniform gas distribution can then be ensured in the aperture interior such that

the optimum conditions for processing the workpiece prevail here.

Besides the device per se, the invention also relates to a process chamber having a chamber
interior and a chamber wall surrounding the chamber interior, wherein at least one chamber wall
opening for introducing at least one workpiece into the chamber interior and/or for retrieving the
workpiece from the chamber interior is disposed in the chamber wall. This process chamber is
characterized in that in the chamber interior the aperture shield of a device according to the
invention is disposed so as to be movable in a reciprocating manner between the terminal positions,
wherein the aperture shield in one of the terminal positions thereof covers the chamber opening

and in the other one of the terminal positions thereof opens up the chamber opening.

As was already explained at the outset, a distinction has to be made also here between

covering the chamber wall opening by the aperture shield, or in other words screening the chamber
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wall opening by the aperture shield, and closing the chamber wall opening by a closure element of

a valve.

Further features and details of preferred variants of the invention will be discussed by way

of example hereunder by design embodiments. In the figures:

Fig. 1 shows a schematic lateral view of a process chamber having a device according to

the invention and a valve;

Fig. 2 shows a schematic external view, rotated by 90°, of the process chamber and the

device according to the invention;

Fig. 3 shows a section along the section line A-A from Fig. 1, wherein a terminal position

in which the aperture shield covers the chamber opening is shown;

Fig. 4 shows the same terminal position as Fig. 3, however along the section line B-B from

Fig. 2;

Fig. 5 shows the same terminal position as Fig. 3, however along the section line C-C from

Fig. 2:

Fig. 6 shows a section along the section line A-A, wherein the terminal position in which

the aperture shield opens up the chamber opening is shown;

Fig. 7 shows the same terminal position as Fig. 6, however along the section line B-B from

Fig. 2;

Fig. 8 shows the same terminal position as Fig. 6, however along the section line C-C from

Fig. 2;

Fig. 9 shows the detail D from Fig. 6 in an enlarged view;
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Fig. 10 shows the section along the section line E-E from Fig. 6; and

Fig. 11 shows the section along the section line F-F from Fig. 2.

Fig. 1 shows a schematic external lateral view of a process chamber 2 having a device 1
according to the invention disposed therein. A valve 21 along with the valve housing 23 thereof is
located on that side of the device 1 that lies opposite the process chamber 2. The device 1 is
integrated in the process chamber 2 such that the aperture shield 3 is located within the process
chamber 2, thus in the chamber interior 18, and a device housing 14 in which the linear drive 4 of

the device 1 is located adjoins the process chamber 2.

The valve 21 can be an arbitrary valve known per se in the prior art and suitable for the
respective application. Said valve is illustrated only for the sake of completeness here, but is to be
considered as being independent of the invention. Also depicted in Fig. 1 is the section line A-A.

The assigned sections along the section line A-A are shown in Figs. 3 and 6.

Fig. 2 shows a schematic external view of the process chamber 2 and the device 1. Fig. 2
serves substantially for visualizing the position of the section lines B-B, C-C and F-F. Sections
along the section line B-B are shown in Figs. 4 and 7. Sections along the section line C-C are

shown in Figs. 5 and 8. The section along the section line F-F is shown in Fig. 11.

Fig. 11 shows that the aperture shield 3 implemented in this exemplary embodiment is at
least in regions configured so as to be annular and encloses in an annular manner an aperture
interior 16 for receiving the workpiece 17 to be processed. The aperture shield 3 as well as the
aperture interior 16 are located in the chamber interior 18 which is surrounded by the chamber
wall 19. The workpiece 17 is held or supported in the chamber interior 18 by a holding device not

illustrated here but known per se.

As an alternative to the variant illustrated here, the aperture shield 3 could however also be

configured as a planar or curved plate which in the one terminal position is disposed in front of the
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chamber wall opening 20, thus covering but not closing the latter. The aperture shield 3 in the other

terminal position could open up the chamber wall opening 20.

The sectional illustrations in Figs. 3, 4 and 5 show the terminal position of the aperture
shield 3 in which the latter covers or screens the chamber wall opening 20. Figs. 6 to 8 show the
terminal position of the aperture shield 3 in which the latter opens up the chamber wall opening
20 in the chamber wall 19. In the terminal position according to Figs. 6, 7 and 8, the workpieces
17 to be processed in the chamber interior 18 can be introduced through the chamber wall opening
20 into the chamber interior 18, and conversely also be retrieved through the chamber wall opening
20 from the chamber interior 18. However, in the terminal position according to Figs. 3, 4 and 5,
the workpiece 17 in this exemplary embodiment is located in the aperture interior 16. This position
is chosen if the workpiece 17 is to be processed in a correspondingly homogenous gas atmosphere.
The aperture shield 3 in this terminal position supports the desired homogenization, or
homogeneity, of the gas distribution in the process chamber 2, and in particular in the aperture

interior 16.

It can be readily seen in particular in Figs. 3 and 6 that the aperture shield 3 of the device
1 in this exemplary embodiment is fixed to two thrust bars 12. A respective heating installation 6
is located in the thrust bars 12. The heating installations 6 are preferably electrically operated.
These may be resistance heaters or else inductive heating installations. The current supply takes
place by way of the electric cables 24 which here are only illustrated in a shortened manner. The
thrust bars 12, by the feedthroughs 25 which are known per se, are routed in a gas-tight and
pressure-tight manner through corresponding openings in the device housing 14 and in the
chamber wall 19 such that the chamber interior 18 is externally sealed in a pressure-tight and gas-
tight manner when the chamber wall opening 20 is correspondingly closed by the closure element

22 of the valve 21.

In the exemplary embodiment shown, the thrust bars 12 are in each case fastened to a
guided element 26. The guided element 26 in turn is in each case mounted so as to be linearly
displaceable on a guide rail 15. The guide rails 15 in this exemplary embodiment are fixed to the

device housing 14. According to the invention, it is provided here that the aperture shield 3 by way
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at least one interposed compensation element 7, in this exemplary embodiment by way of two
interposed compensation elements 7, is connected to the linear drive 4. In the exemplary
embodiment shown here, this is achieved by fastening a yoke 13 to the linear drive 4. Two
compensation elements 7 are disposed in a mutually spaced apart manner on this yoke 13. Each of
these compensation elements 7 in turn is connected to one of the guided elements 26. Each guided
element 26 in turn is connected to the aperture shield 3 by way of in each case one thrust bar 12.
The connection of the aperture shield 3 to the linear drive 4 by way of the at least one interposed
compensation element 7 could of course also be designed differently. The number of interposed
components or elements can vary. In any case, it is important that indeed at least one compensation
element 7 is interposed between the aperture shield 3 and the linear drive 4, wherein the
compensation element 7 enables a relative movement between the aperture shield 3 and the linear
drive 4 in the at least one direction transverse, presently orthogonal in this case, to the linear
movement directions 5 of the aperture shield 3. Both the directions 8 and the movement directions
5 are depicted in Figs. 3 and 6. The linear drive 4 effects the movement of the aperture shield 3 in
the two mutually opposed movement directions 5. In preferred design embodiments, like the one
shown here, the aperture shield 3 is movable by the linear drive 4 exclusively in the two mutually

opposite movement directions 5.

By heating the aperture shield 3 by the heating installation 6, the aperture shield 3 can be
brought to the optimum temperature for the process to be carried out on the workpiece 17, on the
one hand. The temperature of the aperture shield 3 is favorably adjusted precisely such that said
temperature of the aperture shield corresponds to the temperature of the gas atmosphere in the
chamber interior 18. As a result thereof, a particularly good homogenization of the gas distribution
in the process chamber 2, and in particular in the aperture interior 16 here in this exemplary
embodiment, is also achieved because thermal and otherwise caused currents, turbulences and the
like in the gas can be avoided. On the other hand, however, as a result of the aperture shield 3 and
the thrust bar 12 being heated, a temperature gradient in the direction toward the yoke 13 and
toward the linear drive 4 is also established because these components are not heated. The
compensation elements 7 which are present according to the invention avoid stresses in the device
1 that could be created by these temperature gradients, in that the compensation elements 7 permit

a relative movement between the linear drive 4, or the yoke 13, on the one hand, and the thrust
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bars 12 and the aperture shield 3, on the other hand, in directions 8 transverse or orthogonal to the

movement directions 5.

Fig. 9, in an enlarged view, shows the fragment D from Fig. 6 and thus the design
embodiment of the compensation elements 7 according to the invention which are used here by
way of example. Said compensation elements have a sleeve 9, which could also be referred to as
a bushing, and a head 10 which is mounted in the sleeve 9 so as to be movable in the directions 8.
The sleeve 9 in the exemplary embodiment shown by screw-fitting or crimping, for example, is
fastened to a first connector element 27 which by a screw 28 is fastened to the yoke 13. In this
exemplary embodiment, the head 10 by way of a second connector element 29 is connected to the
guided element 26 and in this way to the respective thrust bar 12. Of course, this could also be
embodied by a reversal of the arrangement. In any case, it is favorable for an elastically deformable
member 11 to be disposed between the sleeve 9 and the head 10, as is also implemented here. This
can ensure a position without play between the head 10 and the sleeve 9, on the one hand, or else
elastic restoring forces, on the other hand. The deformable member 11 is particularly preferably

an elastomer member.

Of course, compensation elements 7 according to the invention could also be embodied
differently. However, it is indeed important here that said compensation elements enable a relative
movement between the aperture shield 3 and the linear drive 4 in at least one direction 8 transverse,
or orthogonal, to the linear movement directions 5 of the aperture shield 3. Moreover however, the
compensation elements 7 should of course also be suitable for transferring the movement in the

movement directions 5 from the linear drive 4 to the aperture shield 3.

Fig. 10 furthermore shows a section along the section line E-E from Fig. 6. The linear drive
4, the yoke 13 and also the guiding mechanism of the guided elements 26 having the thrust bars

12 on the guide rails 15 fixed to the device housing 14 can be readily seen here.

As is schematically indicated here, the linear drive 4 can be configured as, for example, a

pneumatic or hydraulic piston/cylinder unit known per se. Of course, however, other linear drives



known per se such as, for example, electric linear drives, may also be used in the context of the

invention.
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Device
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Device housing
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First connector element
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1.

CLAIMS

Device (1) for homogenizing a gas distribution in a process chamber (2), wherein the
device (1) has a aperture shield (3) and a linear drive (4) for moving the aperture shield
(3) in a reciprocating manner in two mutually opposite linear movement directions (5)
between two terminal positions, characterized in that the aperture shield (3) is able to
be heated by at least one heating installation (6) of the device (1), and in that the
aperture shield (3) by way of at least one interposed compensation element (7) of the
device (1) is connected to the linear drive (4), wherein the compensation element (7)
enables a relative movement between the aperture shield (3) and the linear drive (4) in
at least one direction (8) transverse, preferably orthogonal, to the linear movement

directions (5) of the aperture shield (3).

Device (1) according to Claim 1, characterized in that the compensation element (7)
has a sleeve (9) and a head (10) which is mounted in the sleeve (9) so as to be movable
in the direction (8) transverse, preferably orthogonal, to the linear movement directions

(5) of the aperture shield (3).

Device (1) according to Claim 2, characterized in that an elastically deformable
member (11), preferably an elastomer member, is disposed between the sleeve (9) and

the head (10).

Device (1) according to one of Claims 1 to 3, characterized in that at least one thrust
bar (12) is fixed to the aperture shield (3), and the compensation element (7) is disposed

between the linear drive (4) and the thrust bar (12).

Device (1) according to one of Claims 1 to 4, characterized in that at least two thrust
bars (12) are fixed to the aperture shield (3), and the device (1), for each thrust bar (12),
has at least one compensation element (7) for enabling the relative movement between
the aperture shield (3) and the linear drive (4) in the at least one direction (8) transverse,

preferably orthogonal, to the linear movement directions (5) of the aperture shield (3),
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10.

and a yoke (13) is fixed to the linear drive (4), wherein each of the thrust bars (12) by
way of at least one of the interposed compensation elements (7) is connected to the

yoke (13).

Device (1) according to Claim 5, characterized in that the yoke (13) is configured so as
to be elongate in the direction (8) transverse, preferably orthogonal, to the linear
movement directions (5) of the aperture shield (3), and the compensation elements (7)

are connected to the yoke (13) in a mutually spaced apart manner.

Device (1) according to one of Claims 4 to 6, characterized in that the heating
installation (6) for heating the aperture shield (3) is disposed in the thrust bar (12), or
in at least one of the thrust bars (12), a respective heating installation (6) for heating

the aperture shield (3) preferably being disposed in each of the thrust bars (12).

Device (1) according to one of Claims 4 to 7, characterized in that the device (1) has a
device housing (14) and at least one guide rail (15) fixed to the device housing (14),
wherein the at least one thrust bar (12), preferably by a guided element (26), is mounted
on the at least one guide rail (15) so as to be displaceable parallel to the linear

movement directions (5) of the aperture shield (3).

Device (1) according to one of Claims 1 to 8, characterized in that the aperture shield
(3) at least in regions is configured so as to be annular, and encloses in an annular

manner an aperture interior (16) for receiving a workpiece (17) to be processed.

Process chamber (2) having a chamber interior (18) and a chamber wall (19)
surrounding the chamber interior (18), wherein at least one chamber wall opening (20)
for introducing at least one workpiece (17) into the chamber interior (18) and/or for
retrieving the workpiece (17) from the chamber interior (18) is disposed in the chamber
wall (19), characterized in that in the chamber interior (18) the aperture shield (3) of a
device (1) according to one of Claims 1 to 9 is disposed so as to be movable in a

reciprocating manner between the terminal positions, wherein the aperture shield (3) in
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one of the terminal positions thereof covers the chamber wall opening (20), and in the

other one of the terminal positions thereof opens up the chamber wall opening (20).
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