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(57) ABSTRACT

A device evacuates a chamber and purifies the gas extracted
from said chamber of any foreign substances. The device
comprises a dry-condensing vacuum pump having an input
connected to the chamber to be evacuated and is suitable for
maintaining the input pressure at a constant level at the output
despite variable conditions. An intermediate line which con-
nects to the output of the dry-condensing vacuum pump and a
liquid ring vacuum pump, the input of which is connected to
the intermediate line, are additionally provided. A corre-
sponding method makes it possible to purify the gas of any
foreign substances reliably and effectively.

N
2
-
el 18
22
A
7
16—

1
;
{




Patent Application Publication Mar. 12, 2015 US 2015/0068399 A1

17
6t
)
AR |




US 2015/0068399 Al

DEVICE AND METHOD FOR EVACUATING A
CHAMBER AND PURIFYING THE GAS
EXTRACTED FROM SAID CHAMBER

BACKGROUND

[0001] The invention relates to a device by means of which
a chamber can be evacuated and the gas that is extracted from
the chamber can be purified of entrained foreign substances.
The device comprises a dry-compression vacuum pump, the
inlet of which is connected to the chamber to be evacuated.
The vacuum pump is suitable for keeping the inlet pressure
constant despite variable conditions at the outlet, in particular
despite variable pressure at the outlet. The invention also
relates to a corresponding method.

[0002] Such devices may be used for example in deposition
processes, such as, for example, CVD (Chemical Vapor
Deposition) processes. CVD processes are utilized in many
industrial sectors to produce coatings on different substrates
at reduced pressure. For this purpose, gaseous metal com-
pounds are converted into the desired coating system on the
substrate surface at high temperatures and/or with plasma
assistance. The relatively high gas pressures that can be real-
ized permit high growth rates and have thus become widely
used in all sectors of vacuum coating technology. A disad-
vantage of said high growth rates is that the deposition reac-
tions take place not only on the substrate, but also in all
regions of the coating installation. This applies not only to the
process chamber walls, but also to the lines and devices
between the process chamber and the outlet for the waste
gases. Furthermore, the gaseous outlet and intermediate prod-
ucts are generally toxic and corrosive, and such CVD instal-
lations are thus always also equipped with a corresponding
waste-gas treatment arrangement.

[0003] Inmodern CVD installations, to remove the depos-
its in the process chamber, etching processes are performed
between the process steps, which etching processes convert
the deposits in the process chamber into easily evaporable
substances. A typical representative of said substances is
ammonium chloride which tends to repeatedly build up on the
walls further along the line. This applies in particular to the
vacuum pump and to the pressure side of the vacuum pump,
because here, in accordance with the law of continuity, the
volume flow rate decreases significantly and thus makes it
possible for the solid substances to build up.

[0004] To solve the problems resulting from this, there are
nowadays basically two solution strategies used in industrial
installations. One strategy is the installation of cooling traps
downstream of the process chamber, with a heated line to the
cooling trap, in order to accumulate the condensable sub-
stances at one location. This approach has the disadvantage
that the cooling traps must be cleaned/evacuated at regular
intervals. The other strategy is intensive heating of the lines
and the adding of extensive amounts of inert gas in order to
achieve an adequate volume flow rate even on the pressure
side of the vacuum pump. Disadvantages here are the energy
consumption and the thermal and thermally corrosive loading
of the pipelines, valves, etc. Furthermore, the inert gas flow
places a burden on the waste-gas purification arrangement,
which is generally composed of a waste-gas scrubber. Fur-
thermore, waste-gas scrubbers are highly susceptible to
blockage at the gas inlet, because the temperature drops sig-
nificantly here in the case of a high pressure and low volume
flow rate.
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[0005] Taking the prior art mentioned in the introduction as
a starting point, a device and a method is proposed by which
the gas that is extracted from the chamber can be purified in an
expedient and reliable manner.

[0006] In many applications, it is highly important that the
pressure in the chamber to be evacuated (for example the
process chamber of the CVD process) can be kept reliably
constant. The chamber thus has connected to it a dry-com-
pression vacuum pump, which can perform this task even if
the conditions at the outlet of the pump cannot be reliably kept
constant. Basically, a pump is suitable for keeping the inlet
pressure constant despite variable conditions at the outlet
only if the pump comprises a multiplicity of working cham-
bers arranged in series. The inlet and outlet are then separated
from one another by a multiplicity of sealing gaps. An
example of a pump which can perform this task is a screw-
type vacuum pump. An example of a pump which is not
suitable for keeping the inlet pressure constant despite vari-
able conditions at the outlet is a Roots-type pump. Here, the
inlet and outlet are separated from one another by only one
sealing gap, and therefore a change at the outlet has a direct
effect on the conditions at the inlet owing to the leakage flow.
Roots-type pumps are thus typically used as forepumps in an
arrangement comprising multiple pumps. Conventional
pump arrangements having a Roots-type pump as a
forepump, such as are described, for example, in FR 1129872
and in U.S. Pat. No. 3,956,072, have nothing to do with the
invention.

[0007] A liquid ring vacuum pump is connected to the
outlet of the dry-compression vacuum pump via an interme-
diate line. The liquid ring vacuum pump would not be suitable
for being directly connected to the chamber to be evacuated,
for two reasons. Firstly, the liquid ring vacuum pump cannot
generate a vacuum lower than the vapor pressure of the oper-
ating liquid. A lower pressure is, however, often required in
the chamber to be evacuated. Secondly, a vapor partial pres-
sure can escape from the operating liquid of the liquid ring
vacuum pump in the direction of the suction side. This is not
acceptable, because it must be possible to maintain defined
conditions in the chamber to be evacuated.

SUMMARY

[0008] Inthe chamber to be evacuated, an atmosphere pre-
vails in which the solid substances are dissolved in the gas. To
prevent the solid substances from condensing and being pre-
cipitated on elements of the pump as the gas passes through
the device, it is firstly necessary for the pressure of the gas to
be kept low, and it is secondly necessary for the volume flow
rate to be kept high, such that the gas moves at an adequate
speed.

[0009] Against this background, the dry-compression
vacuum pump is used to increase the pressure, but to a value
that is still considerably lower than atmospheric pressure.
Thus, in the intermediate line, the pressure is low enough, and
the speed high enough, that condensation does not yet take
place. Condensation occurs for the first time in the liquid ring
vacuum pump. Here, the substances can however be imme-
diately absorbed by the operating liquid of the liquid ring
vacuum pump and transported away, such that as a result,
undesired deposits do not form. The expression “condensa-
tion” encompasses in particular a situation in which a sub-
stance changes directly from the gaseous phase into the solid
phase. A further waste-gas scrubber downstream of the liquid
ring vacuum pump is not required in the device.
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[0010] The pressure at the inlet side of the dry-compression
vacuum pump may for example lie between 1 mbar and 40
mbar, preferably between 2 mbar and 30 mbar, and more
preferably between 5 mbar and 20 mbar. The pressure in the
intermediate line may for example lie between 80 mbar and
300 mbar, preferably between 100 mbar and 150 mbar.
[0011] A further possibility for counteracting the conden-
sation resides in a scavenging gas being fed in at the outlet of
the dry-compression vacuum pump and/or in the intermediate
line. Feeding the scavenging gas in said region has the advan-
tage that a considerable increase in the volume flow rate, and
thus speed, can be achieved with a small amount of gas. The
opening for the feed of the scavenging gas may be a suitably
arranged valve. It is also possible for the scavenging gas to be
fed through an opening which is formed in the dry-compres-
sion vacuum pump between a shaft and the housing and
which must be sealed off in any case. In this case, the scav-
enging gas can simultaneously serve as barrier gas of the
dry-compression vacuum pump.

[0012] Theliquid ring vacuum pump is preferably provided
with an inlet and an outlet for the operating liquid. Said inlet
and outlet are furthermore preferably designed so as to permit
an inflow and an outflow of the operating liquid during the
operation of the pump. This is desirable in order that operat-
ing liquid that has been enriched with foreign substances can
be replaced with fresh operating liquid. In this embodiment,
the pump may be designed such that the housing of the liquid
ring vacuum pump is provided with an inlet opening for the
inflow of the operating liquid and with an outlet opening for
the outflow of the operating liquid. Configurations are also
possible in which the operating liquid initially emerges from
the pump through the same outlet as the gas flow. The oper-
ating liquid can be separated from the gas flow in the subse-
quent line.

[0013] There are numerous possibilities for the flow of the
operating liquid. The liquid that is discharged from the liquid
ring vacuum pump may be disposed of and replaced with a
corresponding amount of fresh liquid. Also conceivable is a
circuit in which the liquid discharged from the liquid ring
vacuum pump is partially or entirely fed back to the pump.
Provision may also be made for the heat of compression to be
dissipated by means of an installed heat exchanger.

[0014] Inall cases, it is desirable for the operating liquid to
be disposed of only when it has become sufficiently enriched
with foreign substances. For this purpose, provision may be
made for the conductivity of the operating liquid to be deter-
mined by means of a sensor. The content of foreign sub-
stances can be inferred from the conductivity. The sensor may
be arranged for example on the liquid ring vacuum pump or
on a line or on a vessel through which the operating liquid is
conducted. The device may be designed such that operating
liquid is fed in and discharged only in required amounts in a
manner dependent on the content of foreign substances.
[0015] Theoperating liquid may be water. It is also possible
for the operating liquid to contain a solvent which is coordi-
nated with the foreign substances contained in the gas. Such
a solvent can contribute to particularly effective purification
of the gas.

[0016] In the gas, there may sometimes be entrained sub-
stances which are either acidic or alkaline. In this case, for the
purification of the gas, it may be expedient for the operating
liquid to correspondingly be opposingly alkaline or acidic.
For this purpose, a pH sensor may be provided in order to
determine the pH value of the operating liquid. Furthermore,
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a control device may be provided which adjusts the pH value
as a function of the measurement values from the pH sensor.
This may be realized, for example, by virtue of water being
added to the operating liquid if it is sought merely to neutral-
ize the operating liquid. It is also possible for an acid or an
alkaline solution to be fed to the operating liquid if the pH
value is to be adjusted in the corresponding direction.

[0017] Some foreign substances in the gas can best be
eliminated by combustion. For this purpose, a combustion
device may be provided which is preferably arranged in the
intermediate line. Said combustion device may operate with
thermal combustion, that is to say with a flame fed with
natural gas, for example, which flame is brought into contact
with the gas. Also possible is a catalytic combustion in which
the gas is brought into contact with a heated surface com-
posed of a catalytic material. By means of the combustion, the
foreign substances in the gas can be brought into a form in
which they are absorbed by the operating liquid.

[0018] The invention also relates to a method for evacuat-
ing a chamber and for purifying the gas that is extracted from
the chamber of entrained foreign substances. In the method,
gas is drawn out of the chamber by suction. The pressure is
increased to a value below atmospheric pressure, wherein a
pump is used which is suitable for keeping the inlet pressure
constant even if the outlet pressure is variable. The gas is
conducted onward to a liquid ring vacuum pump which out-
puts the gas at atmospheric pressure. In the method, the pres-
sure and the volume flow rate of the gas that is conducted
onward to the liquid ring vacuum pump are set such that
condensation of the foreign substances does not yet take
place. The foreign substances condense for the first time in the
liquid ring vacuum pump, and are absorbed by the operating
liquid in the latter and discharged. The method may be refined
with further features that have been described above with
reference to the device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The invention will be described by way of example
below with reference to the appended drawing and on the
basis of advantageous embodiments. In the drawing:

[0020] FIG. 1 shows an embodiment of the device.

DETAILED DESCRIPTION

[0021] A process chamber of a CVD process forms the
chamber 14 to be evacuated. The inlet 17 of a screw-type
vacuum pump 15 is connected to the chamber 14 to be evacu-
ated. A pressure reduction valve 16 is arranged in the line
between the chamber 14 to be evacuated and the screw-type
vacuum pump 15, by means of which pressure reduction
valve the pressure in the chamber 14 can be set to be higher
than the pressure at the inlet 17 of the screw-type vacuum
pump 15. In the present example, a pressure of 80 mbar
prevails in the chamber 14, and a pressure of 20 mbar prevails
atthe inlet 17 of the screw-type vacuum pump 15. The screw-
type vacuum pump 15 has the task of keeping the pressure at
the inlet 17 constant even if the conditions at the outlet 18 of
the screw-type vacuum pump 15 vary. By means of the screw-
type vacuum pump 15, the gas is compressed to a pressure of
approximately 120 mbar and output via the outlet 18.

[0022] The outlet 18 of the screw-type vacuum pump 15 is
adjoined by an intermediate line 19 which leads to a liquid
ring vacuum pump 20. The liquid ring vacuum pump 20
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compresses the gas further such that it can be output at atmo-
spheric pressure via the outlet 21.

[0023] The screw-type vacuum pump 15 and the liquid ring
vacuum pump 20 are coordinated with one another such that,
in the intermediate line 19, the pressure of the gas is low
enough, and the volume flow rate high enough, that no con-
densation of the foreign substances entrained by the gas takes
place therein. Condensation occurs the first time as a result of
the further pressure rise in the liquid ring vacuum pump 20.
The foreign substances are then immediately absorbed by the
operating liquid of the liquid ring vacuum pump 20 and
consequently cannot be deposited on elements of the device.
[0024] Also arranged in the intermediate line 19 is a valve
22 via which air from the environment can be admitted, as
scavenging gas, into the intermediate line 19. By virtue of
scavenging gas being admitted at this location, a small vol-
ume of scavenging gas is sufficient to considerably increase
the volume flow rate in the intermediate line 19. The deposi-
tion of the foreign substances can thus be counteracted further
by means of the scavenging gas.

[0025] During the course of operation, the operating liquid
is enriched with an ever-increasing amount of foreign sub-
stances. It is thus possible for new operating liquid to be fed
to the liquid ring vacuum pump 20 and for old operating
liquid to be discharged from the liquid ring vacuum pump,
respectively, via an inlet 23 and an outlet 24 during operation.
Here, a closed circuit for the operating liquid exists between
the liquid ring vacuum pump 20 and a storage vessel 25 via a
feed line 26 and a return line 27. Accordingly, during opera-
tion, operating liquid is continuously exchanged, whereby the
material present in the storage vessel 25 is enriched with
foreign substances to an ever greater extent.

[0026] The conductivity of the operating liquid in the stor-
age vessel 25 is continuously measured by means of a sensor
28. The content of foreign substances can be inferred from the
conductivity, such that the operating liquid can cease to be
used when a predefined threshold value is exceeded.

[0027] The measurement values from the sensor 28 are fed
to a control unit 30. If the threshold value is exceeded, the
control unit 30 actuates a valve 31, such that some of the no
longer usable operating liquid is extracted from the vessel 25.
The vessel 25 is subsequently filled with a corresponding
amount of fresh operating liquid. Furthermore, by means of
the control unit 30, a pump 32 is actuated by means of which
the operating liquid is fed to the liquid ring vacuum pump 20.
[0028] The pH value of the operating liquid in the storage
vessel 25 is measured by means of a further sensor 29. If, for
example, acidic foreign substances are entrained in the gas, it
may be advantageous, for the purification of the gas, for the
operating liquid to be alkaline. The absorption of the acidic
foreign substances has the effect that the pH value of the
operating liquid falls until, at some point, the absorption of
the acidic foreign substances is no longer ensured. This is
determined by means of the sensor 29. When a corresponding
measurement value is output by the sensor 29, the device 30
actuates a valve 33 by means of which additional alkaline
solution is fed to the operating liquid. In this way, the oper-
ating liquid permanently maintains the desired alkaline char-
acteristics.

[0029] If the foreign substances entrained in the gas are
alkaline, the procedure using the sensor 29, the control device
30 and the valve 33 is exactly reversed.

[0030] Finally, a combustion device 34 is arranged in the
intermediate line 19. Said combustion device is activated if
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foreign substances that can be absorbed by the operating
liquid of the liquid ring vacuum pump 20 only after combus-
tion are entrained in the gas.

1. A device for evacuating a chamber and for purifying a
gas that is extracted from the chamber of entrained foreign
substances comprising:

a. a dry-compression vacuum pump having a chamber to be
evacuated, an inlet connected to the chamber to be
evacuated and an outlet and which is suitable for keeping
the inlet pressure constant despite variable conditions at
the outlet;

b. an intermediate line which connects to the outlet of the
dry-compression vacuum pump; and

c. aliquid ring vacuum pump, having an inlet connected to
the intermediate line.

2. The device as claimed in claim 1, characterized in that
the dry-compression vacuum pump is designed to generate a
pressure of between 1 mbar and 40 mbar at the inlet side.

3. The device as claimed in claim 1, characterized in that
the dry-compression vacuum pump is designed to generate a
pressure of between 80 mbar and 300 mbar in the intermedi-
ate line.

4. The device as claimed in claim 1, characterized in that an
opening for the supply of scavenging gas is provided at the
outlet of the dry-compression vacuum pump and/or in the
intermediate line.

5. The device as claimed in claim 4, wherein the dry-
compression pump has a housing characterized in that the
opening is a gap that exists between a shaft and the housing of
the dry-compression vacuum pump.

6. The device as claimed in claim 1, characterized in that
the liquid ring vacuum pump has an operating liquid and is
provided with an inlet and an outlet for the operating liquid,
which inlet and outlet permit an inflow and outflow of the
operating liquid during the operation of the liquid ring
vacuum pump.

7. The device as claimed in claim 1 wherein the operating
liquid has a conductivity, characterized in that a sensor is
provided for determining the conductivity of the operating
liquid.

8. The device as claimed in claim 6 wherein the operating
liquid has an inflow and an outflow and a concentration of
foreign substances, characterized in that a control device is
provided which adjusts the inflow and the outflow of the
operating liquid as a function of the concentration of foreign
substances in the operating liquid.

9. The device as claimed in claim 1, characterized in that
the operating liquid of the liquid ring vacuum pump contains
a solvent which is coordinated with the foreign substances
contained in the gas.

10. The device as claimed in claim 1 wherein the operating
liquid has a pH value, characterized in that a pH sensor is
provided for determining the pH value ofthe operating liquid.

11. The device as claimed in claim 10 wherein the sensor
determines measurement values, characterized in that a con-
trol device is provided which is designed to adjust the pH
value of the operating liquid as a function of the measurement
values from the pH sensor.

12. The device as claimed in claim 1, characterized in that
a combustion device is arranged in the intermediate line.

13. A method for evacuating a chamber having a gas with
entrained foreign substances and for purifying the gas that is
extracted from the chamber of entrained foreign substances,
having the following steps:
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a. drawing the gas having a pressure out of the chamber;

b. increasing the pressure to a value below atmospheric
pressure, wherein a pump is used which pump has an
inlet pressure and an outlet pressure and is suitable for
keeping the inlet pressure constant even if the outlet
pressure is variable;

c. conducting the gas onward to a liquid ring vacuum pump

which outputs the gas at atmospheric pressure.

14. The device as claimed in claim 1, characterized in that
the dry-compression vacuum pump is designed to generate a
pressure of between 2 mbar and 30 mbar at the inlet side.

15. The device as claimed in claim 1, characterized in that
the dry-compression vacuum pump is designed to generate a
pressure of between 5 mbar and 20 mbar at the inlet side.

16. The device as claimed in claim 1, characterized in that
the dry-compression vacuum pump is designed to generate a
pressure of between 100 mbar and 150 mbar in the interme-
diate line.
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17. The device as claimed in claim 2, characterized in that
the dry-compression vacuum pump is designed to generate a
pressure of between 100 mbar and 150 mbar in the interme-
diate line.

18. The device as claimed in claim 2, characterized in that
an opening for the supply of scavenging gas is provided at the
outlet of the dry-compression vacuum pump and/or in the
intermediate line.

19. The device as claimed in claim 3, characterized in that
an opening for the supply of scavenging gas is provided at the
outlet of the dry-compression vacuum pump and/or in the
intermediate line.

20. The device as claimed in claim 2, characterized in that
the liquid ring vacuum pump has an operating liquid and is
provided with an inlet and an outlet for the operating liquid,
which inlet and outlet permit an inflow and outflow of the
operating liquid during operation of the liquid ring vacuum

pump.



