Vacuum pump system

The invention relates to a vacuum pump system.

Vacuum pump systems with a plurality of vacuum pumps, such as in particular
turbomolecular pumps and Holweck pumps, as well as booster pumps which may
e.g. be claw pumps or Roots pumps, are known for use with mass spectrome-
ters, for example. Mass spectrometers comprise a plurality of chambers connect-
ed in series with each other. Using the vacuum pumps, different vacuums are
generated in the chambers, wherein the pressure decreases from a first cham-
ber, into which a medium to be examined is introduced, towards the last cham-
ber. The last chamber of a mass spectrometer, in which the lowest pressure pre-
vails, is typically connected with a turbomolecular pump. The penultimate cham-
ber is also connected with a turbomolecular pump, wherein the outlet of the tur-
bomolecular pump connected with the last chamber is connected with the inlet of
the turbomolecular pump of the penultimate chamber. This may be continued in
a corresponding manner depending on the number of chambers, while its is also
known to design the individual turbomolecular pumps as turbomolecular stages
of a multi-stage vacuum pump. The first chamber in which the comparatively
highest pressure prevails is connected with a pre-vacuum pump. Further, the
outlet of the pump of the second chamber is also connected with the inlet of this
pump. Such a vacuum pump system is described for example in WO
2006/048602.

Another vacuum pump system is described in WO 2006/048602, in which the
first chamber is connected with two pre-vacuum pumps. These two pre-vacuum
pumps are arranged in series and are connected with the first chamber. The out-
let of the vacuum pump connected with the second chamber is connected either
with the inlet of the first pre-vacuum pump or with the inlet of the second pre-

vacuum pump.



In particular with mass spectrometers, it is required that the gas quantity sup-
plied into the first chamber can be increased. Thereby, it is possible in particular
to perform a more accurate and/or faster detection of a specific gas or a more
accurate and/or faster examination of the gases introduced into the first cham-
ber. However, when supplying a larger gas quantity, there is a problem that the
vacuum pumps, in particular the molecular pumps, heat up significantly. This is

disadvantageous since the mass spectrometer is thermally sensitive.

It is an object of the invention to provide a vacuum pump system which is in par-
ticular suited for use with mass spectrometers and with which also larger gas

quantities can be examined.

This object is achieved according to the invention with the features of claim 1.

The vacuum pump system of the invention comprises at least two chambers con-
nected in series with each other. Preferably, these are chambers of a mass spec-
trometer. The second or last chamber is connected with a vacuum pump which
preferably is a turbomolecular pump. The first chamber is connected with a mul-
ti-stage vacuum pump which preferably is an in particular two-stage Roots
pump. In a mass spectrometer the first chamber is the chamber into which the
gas to be examined is introduced. The second and each further chamber adjoins
the first chamber in series, with a lower pressure prevailing in the second cham-
ber than in the first chamber and a lower pressure prevailing in each further
chamber than in the preceding chamber, respectively. According to the invention,
an outlet of the vacuum pump which is connected with the second chamber is
connected with a main inlet of the multi-stage vacuum pump. Furthermore, ac-
cording to the invention, an outlet of the first chamber is connected with an in-
termediate inlet of the multi-stage vacuum pump. In this manner it is possible,
according to the invention, to avoid a thermal load on the pumps and also a
thermal load on a thermally sensitive mass spectrometer even when larger gas

guantities are introduced into the first chamber of the vacuum pump system.

If the vacuum pump system comprises a third chamber, the same is also con-
nected with a vacuum pump, in particular a turbomolecular pump. The outlet of

this vacuum pump is connected with the inlet of the vacuum pump connected



with the second chamber. The gas pumped from the third chamber thus flows
through the vacuum pump connected with the third chamber, the vacuum pump
connected with the second chamber and both stages of the multi-stage vacuum

pump connected with the first chamber.

In a vacuum system having a fourth chamber, the fourth chamber is connected
with a further vacuum pump, in particular a turbomolecular pump. The outlet of
the latter is in turn connected with the inlet of the vacuum pump connected with
the third chamber. Analogously, the vacuum pump system may also comprise

further chambers.

The vacuum pumps respectively connected with the second and/or the third
and/or the fourth or a further chamber are preferably designed as turbomolecu-
lar pumps or as Holweck pumps. It is particularly preferred that the vacuum
pumps of adjacent chambers are designed as stages of a multi-inlet vacuum
pump. In particular the vacuum pumps connected with the second, third and
possibly a further chamber are, in a preferred embodiment, designed as a multi-
inlet vacuum pump. In a system with four chambers it is preferred to connect a
multi-inlet vacuum pump with the second, third and fourth chamber. In a pre-
ferred embodiment, the multi-inlet pump has a turbomolecular pump as the first
and second stages and a Holweck pump as the third stage. Here, the fourth
chamber is connected with the first stage so that gas pumped from the fourth
chamber is conveyed through all three stages of the multi-inlet vacuum pump.
The third chamber is then connected with the second stage so that the gas
pumped from the third chamber is pumped through the second and third stages
of the multi-inlet pump. The second chamber is then connected only with the
third stage so that this gas is pumped only through the third stage which is in
particular designed as a Holweck pump. The outlet of the multi-inlet vacuum
pump is in turn connected with the main inlet of the multi-stage vacuum pump

connected with the first chamber.

In a particularly preferred embodiment, the multi-stage vacuum pump connected
with the first chamber is a multi-stage pre-vacuum pump with access to a further
stage, in particular the second stage. A two-stage Roots pump is particularly pre-

ferred.



The invention will be described hereinafter in more detail with reference to pre-

ferred embodiments and to the accompanying drawings.

In the Figures:

Figure 1 is a schematic sketch of a first embodiment,
Figure 2 is a schematic sketch of a second embodiment and
Figure 3 is a schematic sketch of a third embodiment.

The vacuum pump system of the invention according to a first embodiment (Fig-
ure 1) has two chambers 10, 12 which may be chambers of a mass spectrome-
ter. The first chamber 10 has an inlet 14 for the supply of a gas to be examined.
The gas flows from the chamber 10 through an opening 16 into the second
chamber 12. The second chamber 12 is connected with a vacuum pump 18 which
may be a turbomolecular pump. An outlet 20 of the vacuum pump 18 is connect-

ed with a main inlet 22 of a two-stage vacuum pump 24.

The vacuum pump 24 is a two-stage Roots pump. An outlet 25 of the first cham-
ber 10 is connected with an intermediate inlet 26 of the multi-stage vacuum
pump 24. An outlet 28 of the multi-stage vacuum pump 24 is connected with the

environment, it being possible, of course, to provide a filter or the like.

In the embodiment illustrated in Figure 2 similar or identical components are

identified by the same reference numerals as in Figure 1.

In addition to the two chambers 10, 12, this embodiment comprises a third
chamber 30. The third chamber 30 is connected with a further turbomolecular
pump 32. An outlet 34 of the turbomolecular pump 32 is connected with an inlet
36 of the turbomolecular pump 18. The inlet 36 of the turbomolecular pump 18 is
further connected with the chamber 12. Moreover, the turbomolecular pump 18,
as well as the chamber 10 are connected with the multi-stage vacuum pump 24

in @ manner analogous to the embodiment illustrated in Figure 1.



In the further embodiment illustrated in Figure 3 similar or identical components

are identified by the same reference numerals.

In addition to the three chambers 10, 12, 30, the embodiment illustrated in Fig-
ure 3 comprises a further chamber 38 also arranged in series. The pressure pre-
vailing in the chambers decreases from the chamber 10 to the chamber 38. The
chambers are in turn connected with each other via openings 16. An outlet 40 of
the chamber 38 is connected with a turbomolecular pump 42 which is a turbomo-

lecular pump stage of a multi-inlet pump 44.

An outlet 46 of the chamber 30 is connected with the turbomolecular pump 32 in
a manner corresponding to the embodiment illustrated in Figure 2. The turbomo-
lecular pump 32 is designed as a further turbomolecular pump stage of the mul-

ti-inlet pump 44.

The outlet 48 of the second chamber 12 is also connected with the multi-inlet
pump 44. The gas pumped from the second chamber 12 is conveyed via a pump
stage 50 designed as a Holweck pump in the embodiment illustrated. The pump
stage 50 is analogous to the turbomolecular pump 18 in the embodiments in Fig-

ures 1 and 2.

The three pump stages 42, 32, 50 are driven by a common shaft 52 of the multi-
inlet pump 44.

An outlet 54 of the multi-inlet pump 44 is connected with the main inlet 22 of the
two-stage Roots pump 24 in a manner analogous to the embodiments illustrated
in Figures 1 and 2. In analogy, an inlet 56 is connected with the intermediate

inlet 26 of the two-stage Roots pump 24.



Claims

1.

ries,

Vacuum pump system comprising

at least two chambers (10, 12, 30, 38) connected with each other in se-

a vacuum pump (18, 50) connected with the second chamber (12) and

a multi-stage vacuum pump (24) connected with the first chamber (10),

wherein an outlet (20, 54) of the vacuum pump (18, 50) is connected with
a main inlet (22) of the multi-stage vacuum pump (24) and an outlet (25,
56) of the first chamber (10) is connected with an intermediate inlet (26)

of the multi-stage vacuum pump (24).

Vacuum pump system of claim 1, characterized in that a third chamber
(30) is connected with a vacuum pump (32) whose outlet (34) is connect-
ed with the inlet (36) of the vacuum pump (18, 50) connected with the
second chamber (12).

Vacuum pump system of claim 2, characterized in that a fourth chamber
(38) is connected with a vacuum pump (42) whose outlet is connected
with the inlet of the vacuum pump (32) connected with the third chamber
(30).

Vacuum pump system of one of claims 1 to 3, characterized in that the
vacuum pump connected with the second and/or third and/or fourth

chamber (12, 30, 38) is designed as a turbomolecular pump or a Holweck

pump.

Vacuum pump system of one of claims 1 to 4, characterized in that the
vacuum pumps of adjacent chambers (12, 30, 38) are designed as stages

(50, 32, 42) as a multi-inlet vacuum pump (44).



10.

Vacuum pump system of claim 5, characterized in that the last stage (50)
of the multi-inlet vacuum pump (44), seen in the flow direction, is de-

signed as a Holweck stage.

Vacuum pump system of claim 6, characterized in that the stages (32, 42)
arranged upstream of the last stage (50) in the flow direction are designed

as turbomolecular pump stages.

Vacuum pump system of one of claims 1 to 7, characterized in that the

multi-stage vacuum pump (24) is designed as a two-stage Roots pump.

Vacuum pump system of one of claims 1 to 8, characterized in that a lower

pressure can be achieved in the second chamber than in the first chamber.

Vacuum pump system of claim 9, characterized in that in each chamber a

lower pressure can be achieved than in the preceding chamber.



