Multiple Inlet Vacuum Punps The present invention relates to nultiple inlet
vacuum punps. Vacuum punps having nmultiple inlets are well known in the
art. An ewerpiomsedrosuch a punp, configured as a turbo- mpceas2aro/gEwsp, is
described in US6709228. These types of punps are suitable for differential
punmpi ng nul tipl e chanbers, anongst other, applications. In a differentially
punped nmass spectroneter system a sanpré1and carrier gas are introduced to
a mass anal yser for analysis. Typically, the sanple is ionised and the
carrier gas has neutral charge. An exanple of such a mass spectroneter is
shown in Figure 1. Wth refMuldipleInlet Waguum Pumps such a systemthere

exi sts a high vacuum chanber 10 i mrediately followi ng first and second

evacuat edThatpeedeartenvdmiohaemtd2to mdiltipldildti vagiurmpenmpace chanber 12 is the
hi ghest - pressure chanber in the evacuated spectroneter system and nay

contain an orifice or capillary through which sanple ions are drawn from an
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t he hi gh vacuumc arrber 'S a pressure of around 10~5 nbar. The uni oni sed
carrier gas is renoved fromthe nmass spectroneter chanbers by the vacuum
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spectrometer is shown in Figure 1. With reference to Figure 1, in such a
system there exists a high vacuum chamber 10 immediately following first and
second evacuated interface chambers 12, 14. The first interface chamber 12

is the highest-pressure chamber in the evacuated spectrometer system and
may contain an orifice or capillary through which sample ions are drawn from
an ion source into the first interface chamber 12, and ion optics for guiding
ions from the ion source into the second interface chamber 14. The second,
middle chamber 14 may include additional ion optics for guiding ions from the
first interface chamber 12 into the high vacuum chamber 10. In this example,
in use, the first interface chamber is at a pressure of around 1 mbar, the
second interface chamber is at a pressure of around 10°mbar, and the high
vacuum chamber is at a pressure of around 10°mbar. The unionised carrier

gas is removed from the mass spectrometer chambers by the vacuum pump

Both the high vacuum chamber 10 and second interface chamber 14 are
evacuated by means of a compound vacuum pump 16 having multiple inlets.
In this example, the vacuum pump has two pumping sections in the form of
two sets 18, 20 of turbo-molecular stages, and a third pumping section in the
form of a Holweck drag mechanism 22; an alternative form of drag
mechanism, such as a Siegbahn or Gaede mechanism, could be used
instead. Each set 18, 20 of turbo-molecular stages comprises a number of



formof a Hol weck drag nmechani sm 22; an alternative form of drag mechani sm
such as a Si egbahn or Gaede nechanism could be used instead. Each set 18,
20 of turWo-2omloesrbar stages conprises a nunmber of rot or pe9a;B28l@se0sd St at or
19b, 2 1b bl ade pairs (three are shown in Figure 1, although any suitable
nunber coul d be provided) of known anglgg construction. The Hol weck
mechani sm 22 includes a nunber of rotating cylinders 23a (two are shown in
Figure 1 although any suitable nunber could be provided) and correspondi ng
annul ar stators 23b and helical channels in a manner known per se. In this
exanpl e, eotor 18a, plapnd stater PAb,iX bdade paird (hvee hee BhgnvaEigue dhanber 10,

and fluid_{or gas nolecul es unped. t hrough the inlet 2 asses through
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out| et 30neinneh&nownmpeand. vacuum punp 16. As fluid entering each punp inlet
passes through a respective different nunber of stages before exiting from
the punp, the punp 16 is able to provide the required vacuumlevels in the
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inlet 26 is connected to the second interface chamber 14, and fluid pumped
through the inlet 26 passes through set 20 of turbo-molecular stages and the
Holweck mechanism 22 and exits the pump via outlet 30. The first interface
chamber 12 is connected to a backing pump 32, which also pumps fluid from
the outlet 30 of the compound vacuum pump 16. As fluid entering each
pump inlet passes through a respective different number of stages before
exiting from the pump, the pump 16 is able to provide the required vacuum

levels in the chambers 10, 14.

Figure 2 shows a known alternative compound pumping system suitable for
use with a differentially pumped mass spectrometer. In this instance, the
mass spectrometer comprises four chambers which are pumped to different
pressures; a third chamber 13 is located between the first and second
interface chambers 12 and 14 respectively. In this example, the vacuum pump
has two pumping sections in the form of two sets 18, 20 of turbo-molecular
stages, and a third pumping section in the form of a Siegbahn molecular drag
mechanism 22; an alternative form of molecular drag mechanism, such as a
Holweck or Gaede mechanism, could be used instead. A third pump inlet 28
connects the third chamber and fluid pumped through the inlet 28 passes
through the Siegbahn mechanism or pump inter-stage 22 and exits the pump
via outlet 30. Typically, the third chamber is pumped to a pressure in the



stages, and a third punping section in the formof a Siegbahn nol ecul ar
drag nechani sm 22; an alternative formof nolecular drag nmechanism such as
a Hol weckworofBaseonechani sm coul d be used instead. A PhirrgB2pLonsoisal et 28
connects the third chanber and fluid punped through the inlet 28 passes

t hrough the Si egbahn nechani smor punp kgter-stage 22 and exits the punp
via outlet 30. Typically, the third chamber is punped to a pressure in
thetransitional flow reginme, between viscous and nol ecul ar flow regines.
The transitional flow regine is generally understood to be between 0.01 and
0.1 nbar. trensitona flave regipel betwdemesceus-Handwkecttahiiow segineshThe t hat
illustrated
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backi ng pressure to produce an inlet pressure of above 10~3 nbar may cause
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rotor behaves like a rotor of a turbo-molecular stage, and thus provides a

pumping action through both axial and radial interactions.

In some applications there is a general requirement towards higher mass
throughput (gas flows) in mass spectrometer systems, so as to improve their
performance. In order to increase system performance, it may be desirable to
increase the mass flow rate of the sample and a carrier gas from the source
into the first chamber 12, whilst maintaining a low partial pressure of neutral
carrier gas in the high vacuum chamber 10. In this case, additional pumping is
required at one of the intermediate chambers 13, 14 to remove the carrier gas
before it reaches the high vacuum chamber 10. This can be achieved by a
number of methods including the addition of more pumping stages and
chambers (as shown between figures 1 & 2), increasing the capacity or
pumping speed of the pumping stages or increasing the conductance of the

pumping ports.

For the pumps illustrated in Figure 1 or 2, higher mass throughput could be
achieved by increasing the capacity of the compound vacuum pump 16 by
increasing the diameter of the rotors 21a and stators 21b of set 20. For
example, in order to double the capacity of the pump 16 at the interstage



nunber of methods including the addition of nore punping stages and
chanbers (as shown between figures 1 & 2), increasing the capacity or
punpi ng sweediofsoisne punpi ng stages or increasing the ceodigranasiesh t he
punpi ng ports. For the punps illustrated in Figure 1 or 2, higher nass

t hroughput coul d be achieved by increasipg the capacity of the conpound
vacuum punp 16 by increasing the dianeter of the rotors 2 la and stators 2
1b of set 20. For exanple, in order to double the capacity of the punp 16
at the interstagebetween sections 20 and 18, the area of the rotors 2 la
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mul tiple goh@itiSnsis described in the prior art, characterised in that the
punp further conprises a turbo-nol ecul ar sub-stage di sposed on the final

The present invention aims to ameliorate the problems associated with
multiple inlet vacuum pumps described above. What is more, it is an aim of
the present invention to provide a multiple inlet vacuum pump with increased
performance, particularly (but not exclusively) in the transitional pressure

regime, without a substantial impact on the pump’s power consumption.

To achieve this aim, the present invention provides a compound vacuum
pump having multiple inlets as described in the prior art, characterised in that
the pump further comprises a turbo-molecular sub-stage disposed on the final
pump stage prior to an outlet, and molecular drag sub-stage disposed on a
turbo-molecular stage prior to the final pump stage.

More precisely, there is provided a multiple inlet vacuum pump, comprising; a
first and second pump stage having an inter-stage volume therebetween; a
first and second inlet, each being arranged to receive gas molecules from a
chamber; and an outlet arranged to exhaust gas molecules from the pump;
wherein the first and second pump stages provide a flow-path from an inlet to
the outlet, the flow-path being arranged so that molecules entering the first
inlet pass to the outlet through at least a portion of the first pump stage, the
inter-stage volume and second pump stage, and so that molecules entering



punp stage prior to an outlet, and nol ecul ar drag sub-stage di sposed on a
tur bo-nol ecul ar stage prior to the final punp stage. Mrre precisely, there
i s provi dwo 2a10m8b37opl € i nl et vacuum punp, conprising; aPpCirrcH20endoasecond
punp stage having an inter-stage volune therebetween; a first and second
inlet, each being arranged to receive g nol ecul es from a chanber; and an
outl et arranged to exhaust gas nol ecul és°fromthe punp; wherein the first
and second punp stages provide a flowpath froman inlet to the outlet, the
fl ow path being arranged so that nol ecules entering the first inlet pass to
t he out | ethe secanghintet ppreate the puitatitimough at heastiargartipnop the inter;stage
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capacity of the turbo-nol ecul ar sub-stage, relative to the nol ecul ar drag
substage, acts to inprove the gas throughput of the punp. Preferably, the
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Preferably, the first and second pump stage are interposed by an inter-stage
volume, and during use, the pump is operable so that the pressure in the
inter-stage volume is typically between 0.001mbar and 0.1mbar, or between
0.01mbar and 0.1mbar. As a result, the pump operates efficiently.

Preferably, a rotor component of each of the first and second pump stages is
disposed on a rotor shaft arranged to be driven by a motor. Thus, a single
motor can be arranged to drive the pumping components.

Preferably, a third pump stage is arranged upstream of the first pump stage,
and a third inlet is arranged to receive gas molecules from a chamber into the
third pump stage. Additionally, the third pump stage can comprise only turbo-
molecular sub-stages. Thus, the third pumping stage comprises solely turbo-
molecular components and can be operable to evacuate the third inlet to a
pressure lower than the first or second inlet. Furthermore, a rotor component
of the third pump stage can be disposed on the rotor shaft so that all the rotor
components can be driven by the same motor. Thus, additional pumping
capability can be achieved. Yet further, a flow path through the third pump
stage is arranged so that molecules entering the third inlet pass to the outlet



notor can be arranged to drive the punping conponents. Preferably, a third
punp stage is arranged upstreamof the first punp stage, and a third inlet

i s arrangeo 2bm/aseei ve gas nol ecul es from a chanber i nt ectrles2btvosdospunp
stage. Additionally, the third punp stage can conprise only turbonol ecul ar
sub-stages. Thus, the third punping stagf conprises sol ely turbonol ecul ar
conponents and can be operable to evacuate the third inlet to a pressure

| ower than the first or second inlet. Furthernore, a rotor component of the
third punp stage can be di sposed on the rotor shaft so that all the rotor
conponent groagh B timridvﬁrstla;ndtse@osdrmmmstage rreap@,cti\a@w Thumdlighpunpi ng
capabilité?can be achieved, Yet furt M/path t hrough the third punp
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outletthrough the third, first and second punp stage, respectively. Thus,
hi gh vacuumfpr essures are achievable at the third inlet. Preferably, the
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descri bedsutpstagey o@fcomtﬁmmlcmthwéd‘i. reference to acconpanyi ng draw ngs, of
which: Figure 1 is a schematic diagramof a known multiple inlet conpound
vacuum punp; Figure 2 is a schematic di agram of another known multiple
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enbodi menwitbfrefdrenge u:sam0mpmwmng drawmgsmf\mhlclm figure 3, where features of
the systens descri bed above have been given the sane reference nunber

i ndi cators. The punp 116 is coupled to a differentially punped nass

Figure 1 is a schematic diagram of a known multiple inlet compound vacuum
pump;

Figure 2 is a schematic diagram of another known multiple inlet compound
vacuum pump; and

Figure 3 is a schematic diagram of a multiple inlet compound vacuum pump

embodying the present invention.

An embodiment of the present invention is shown in figure 3, where features
of the systems described above have been given the same reference number
indicators. The pump 116 is coupled to a differentially pumped mass
spectrometer 110 comprising chambers 12, 13, 14 and 10, where the
chambers are arranged to be pumped to different vacuum levels, as
previously described. Each chamber shown has an outlet 25, 28, 26 and 24
respectively. A backing pump 32 is arranged to evacuate the first chamber 12

and to provide a backing pressure to the outlet 30 of the pump 116.

The pump comprises three pumping inter-stages, 118, 120 and 122,
respectively. Thus, gas molecules evacuated from the final high vacuum
chamber 10 of the mass spectrometer pass through all the pump inter-stages
to the pump’s outlet 30; gas molecules from the second chamber 14 pass
through the second and third stages (120 and 122 respectively); and gas
molecules from the third chamber 13 pass through the third stage 122 only.



spectronmeter 110 conprising chanbers 12, 13, 14 and 10, where the chanbers
are arranged to be punped to different vacuum |l evels, as previously

descri bedwokammsestanber shown has an outl et 25, 28, 26 aou/GBroroaspmsetively.
A backing punp 32 is arranged to evacuate the first chanber 12 and to
provide a backing pressure to the outlet_ 30 of the punp 116 . The punp
conpri ses three punping inter-stages, 1f§ 120 and 122, respectively. Thus,
gas nol ecul es evacuated fromthe final high vacuum chanber 10 of the mass
spectroneter pass through all the punp inter-stages to the punp's outl et
30; gas nol ecules fromthe second chanber 14 pass through the second and

third sta 120 and 12 ectivel n m)le romthe third
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conpri sesnimdedty 8N4 'ngﬁﬂiertdﬂ"r@t@r BRidesUl1@a értcﬁﬂ@torrmé@eymgﬁ ﬁ/pmmﬂyer of
rotor blades 119a and stator blades 119b. Typi cal l%@ the required vacuum
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stage 120thioophiigeaation twwdadtlmbmlwhuawomtsagﬁeésmesaﬂén@ﬁrmér&cul ar drag
sub-stage 120B. The turbo-nol ecul ar sub-stage conprises conventional rotor
bl ades 12Ma8Nghd stator bl ades 12 1b. The nol ecul ar drag sub-stage
conprises a rotating disc 12 1c and a stator conponent 121d conpri sing
spiral grooves. In the enbodi nent shown in figure 3, the nolecul ar drag
stage i s dbafseganeguayp sta@ei@@adummiﬁe@cmtmbodnalgcblecaubfstagé $2@Anfiguration
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molecular drag sub-stage comprises a rotating disc 121¢ and a stator
component 121d comprising spiral grooves. In the embodiment shown in
figure 3, the molecular drag stage is configured as a Seigbahn molecular drag
because this configuration offers a relatively compact topology suitable for the
mass spectrometer application. However, the present invention is not limited
to Seigbahn molecular drag configurations and any molecular drag pump

configuration could be used.

The third pump stage 122 also comprises a turbo-molecular sub-stage 122A
and a molecular drag sub-stage 122B. The turbo-molecular sub-stage
comprises conventional rotor blades 123a and stator blades 123b. The
molecular drag sub-stage comprises a rotating disc 123c and a stator
component 123d comprising spiral grooves. In the embodiment shown in
figure 3, the molecular drag stage in the third pump stage is also configured
as a Seigbahn molecular drag because this configuration offers a relatively
compact topology suitable for the mass spectrometer application. The
configuration shown in figure comprises a Seigbahn stage comprising three
rotor components (consisting of rotating discs comprising smooth surfaces)
and four stator components (consisting of two discs each having spiral
grooves on both sides of the disc). Of course, the present invention is not



The third punp stage 122 al so conprises a turbo-nol ecul ar sub-stage 122A
and a nol ecul ar drag sub-stage 122B. The turbo-nol ecul ar sub-stage

conpri seswoanwaisbs7onal rotor bl ades 123a and stator bl asdes/GE28/05003e

nol ecul ar drag sub-stage conprises a rotating disc 123c and a stator
conponent 123d conprising spiral grooves, In the enbodi nent shown in figure
3, the nolecular drag stage in the third punp stage is also configured as a
Sei gbahn nol ecul ar drag because this configuration offers a relatively
conpact topology suitable for the nass spectroneter application. The
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rot or conponents .éco S| stir|1 of rgt ating discs conprising snooth surfaces)
and four yg}pogor’gl H{)%[}?@n?% @pSﬁJsSie ting of two discs each having spiral
grooves on both sides of the disc). O course, the present invention is
notlimted to Seigbahn nol ecul ar drag configurations and any nol ecul ar drag
punp conf iT§isrRHMBCOBEGYr@tioe prewdes Frnelegulap deathbagiinagstage tortbei des a
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punps. However, these nmechanisns haye relatively | ow punping speeds in
Gompar i SoRORSHTBRHRI} RERGANEHE! SUERUNENIaRIBYSTol ecul ar bl ades. By
configuring a punp in the manner descri bed above, we have been able to

increase the inter-stage punping speeds. This is achieved by introducing a
Molecular drag pump mechanisms are known to consume relatively low

power compared to other mechanisms such as turbo-molecular pumps.
However, these mechanisms have relatively low pumping speeds in
comparison to other mechanisms such as turbo-molecular blades. By
configuring a pump in the manner described above, we have been able to
increase the inter-stage pumping speeds. This is achieved by introducing a
number of turbo-molecular blades 123a upstream of the molecular drag stage.
According to our computational modelling results, based on discrete stage
experimental data, this configuration may enable port 28 to offer twice the
amount of pumping speed at 0.1 mbar compared to the configuration shown
in figure 2. An even higher performance increase may be realised at lower

pressures.

When operating in the transitional flow regime, the power consumption
associated with the turbo-molecular pump stages can become excessive due
to relatively high operational pressures. To help prevent this, a molecular drag
sub-stage 120B is provided between the inter-stage port 28 and upstream
turbo-molecular stages 120A and 118. Furthermore, by providing a turbo-
molecular pumping sub-stage 122A downstream of the inter-stage port 28, the
pumping speed offered by the drag stages can be improved. As a result, the
flow rate through the pump can be increased.



nunber of turbo-nol ecul ar bl ades 123a upstream of the nol ecul ar drag stage.
According to our conputational nodelling results, based on discrete stage
exper i nenwel2othatsas7ot hi s configurati on may enabl e port 28&crewBbfoasodssi ce t he
anount of punping speed at 0.1 nmbar conpared to the configuration shown in
figure 2 . An even higher performance increase may be realised at | ower
pressures. \Wien operating in the transitYonal flow regine, the power
consunption associated with the turbo-nol ecul ar punp stages can becone
excessive due to relatively high operational pressures. To help prevent
this, a nolecular drag sub-stage 120B is provi ded between the inter-stage

port 28 a upstre tyr bo- mol| ecul ar  st.age QA an 18 . Furthernore, by
D ovi di ng 1o SN BE (ER-BRIRsEi e 08 g 22805 RBUIL elealriub " he

i nt er - st agfeP@iakirddn gt riamet RadsArReduRT pewedintretthmstional ptiapery can be
inproved. As a result, the flow rate throu%h t he punp can be increased. The

desi gn of regi@et Ghisov dneede gpnsidpraicady the pledeslepgine Pnpleyardnueoed to of f er

Toi s wi || 0] REPEaesoudbis AP TeAR B ctes, AT R e et TR ey of
bl ades asop#iniseaisfot tie epdaific pempiny reluirbeebtsades systen.of these factors can

be optim sed for the specific punping requirenents of a system Also, the
provi sion of the nol ecul ar drag sub-stage 120B upstream of the inter-stage

port 28 agfs 4 EF‘di’}f‘é?@n bﬁﬁiﬂ%ugﬁgg}%b%ﬂ@éﬁbﬁ gbéﬁﬁgﬁ

the .
t ur bo- nol ecul’ar” Stages. ng t I ayou escril beg with the
t opol ogi calterashagetoyie?8 attstthee@iex trehpowdctensiusmption éfsheapsirbdm t o provi de
a conpact  splution which of fers enhanced punpi ng speeds with m nim sed
i ncrease %BQW@?CH@%fﬂgﬁtsi on. The enbodi nent describe above is an exanple
of how the present invention

Thus, by combining the layout described with the topological advantages of
the Siegbahn Mechanism it is possible to provide a compact solution which
offers enhanced pumping speeds with minimised increase to power

consumption.

The embodiment describe above is an example of how the present invention
can be implemented. The skilled person will consider alternatives to the
described embodiment without departing from the scope of the inventive
concept. For example, different configurations of molecular drag stages can
be used, as appropriate for the flow rate requirements of the pump’s
application. For instance, the final molecular drag stage can be configured to
exhaust to atmospheric pressure negating the need for a backing pump. The
inter-stage volume can be minimised by using various inlet configurations to
reduce the overall length of the pump. Although the present invention has
been described with reference to use on differentially pumped mass
spectrometer systems, it is not limited to such application and embodiments of

the present invention can find use elsewhere.



can be inplenented. The skilled person will consider alternatives to the
descri bed enbodi nent wi thout departing fromthe scope of the inventive
concept. wonrosxspgbe, different configurations of nol ececarGElnagseisages can
be used, as appropriate for the flow rate requirenents of the punp's
application. For instance, the final nolecular drag stage can be confi gured
to exhaust to atnospheric pressure negaﬂﬁﬁg the need for a backing punp.
The inter-stage volunme can be minimsed by using various inlet
configurations to reduce the overall length of the punp. Al though the
present i A&IMSN has been described with reference to use on
differentially punped nmass spectroneter systens, it is not limted to such
application and enbodi nents of the present invention can find use

el sewher e CLAI MEmiitipfe iméttviapLemi pUrap, sceaptisihgunp, conprising a first and
second punp stage; a first and second inlet, each arranged to receive gas
mol ecul es f r onrRAIrgttRNEHEGCONERUNAR StAGS; et arranged to exhaust gas nol ecul es

troman i ol et ParErE b ot AP o T E! Aol Bl Fo ol ccut oo

entering the fchamhbenlald pass to the outlet through the first and second
punp stage, and so that nolecules entering the second inlet pass to the

outlet thr oug_haar?uit'ﬁﬁ giraRgedto ¥Iau 9annAeeyra fr@u”?rﬁ%@%f@@é characterised
in that the figgk, H%?ﬁ&‘?%ﬂd@é@géiﬁﬂ?s@%@g pigvnfﬁé'asﬁ“oﬁgram RrEH ecul ar
e -stage. .

sub-stage and a rm? cular drag su paratus according to claim
1, wherein, th@;létitoshe antlet dvefidwmatp betregpasasged sothatposledulby an

i nter-stage volupe a r.ei u IS operabl e that the pressure in the
i nt er - st age Vopu{%lnggﬁgﬁ%@ﬁppgs% {he ouﬁlet ?hrougﬁ?he Hrstt ang secong

pump stage, and so that molecules entering the second inlet pass to

the outlet through an inter-stage volume and second pump stage;

characterised in that the first and second pump stages each comprise

a turbo-molecular sub-stage and a molecular drag sub-stage.

2. Apparatus according to claim 1, wherein, the first and second pump
stages are interposed by an inter-stage volume and wherein pump is
operable so that the pressure in the inter-stage volume is between
0.001mbar and 1mbar.

3. Apparatus according to claim 1 or 2, wherein the molecular drag sub-
stages are each arranged downstream of the respective turbo-

molecular sub-stages.

4. Apparatus according to claim 1, wherein a rotor component of each of
the first and second pump stages is disposed on a rotor shaft arranged
to be driven by a motor.

5. Apparatus according to claim 1, further comprising a third pump stage
arranged upstream of the first pump stage, and a third inlet arranged to
receive gas molecules from a chamber into the third pump stage.



0. 001 nbar and 1nbar. 3 . Apparatus according to claim1l1l or 2, wherein the
nol ecul ar drag substages are each arranged downstream of the respective

t ur bonol ewol2aro/wesrost ages. 4 . Apparatus accordi ng to clperreekpiodsersei n a
rotor conponent of each of the first and second punp stages is disposed on
a rotor shaft arranged to be driven by notor. 5 . Apparatus according to
claim1, further conprising a third pur'rg1s't age arranged upstream of the
first punp stage, and a third inlet arranged to receive gas nol ecules from
a chanber into the third punp stage.6 . Apparatus according to claimb5,
wher ei n t Ae t hAppaiup ascerdingcionghains eswbargin the hirdnelrep stage sub- st ages. 7 .
Appar atus according to c¢claim4 and erein a rotor conponent of the
third punp staﬁ%miogs%? Qﬁggtggg%moﬂ%@%ro%'sgﬁg?t. 8 . Apparatus according to
claim5, wherein a flow path through the third punp stage is arranged so
that nol ecules entering the third inlet pass to the outlet through the

third, first af@Pgetonacerfndsiosgeim f @ngetwherein a gotor ppmepacnsofaccor di ng
to claimi1, whgrein.t - ﬁ_p@- the first or the second
punp stage is g{)en%ﬂgﬂgﬁggiﬁa%ﬁ%%gsr@%g a eeisrjggsa}ﬁsrrl‘%fﬁr—bl weck, and Gaede

nmol ecul ar drag sub-stage, or conbination thereof. 10 . Apparatus according
to claiml, further conprising a nass sgect,rometer conprising a plurality

of chanmbePs ha(PREaus PEEXAHIG Qe PowhBR AW RAtHNIeHgN edhEdof t he
punp. pump stage is arranged so that molecules entering the third inlet pass

to the outlet through the third, first and second pump stage,

respectively.

9. Apparatus according to claim 1, wherein the molecular drag sub-stage
of the first or the second pump stage is configured as any one of a
Seigbahn, Holweck, and Gaede molecular drag sub-stage, or
combination thereof.

10.  Apparatus according to claim 1, further comprising a mass
spectrometer comprising a plurality of chambers having outlets
arranged to cooperate with the inlets of the pump.



