PUVPI NG ARRANGEMENT This invention relates to a punping arrangenent and in
particular to a punping arrangenent for differentially evacuating a vacuum
system Iwoaoahi/dsg@eenti al |y punped nmass spectroneter sysremBocGawpde and
carrier gas are introduced to a mass analyser for analysis. One such
exanple is given in Figure 1. Wth refe]rence to Figure 1, in such a system
there exists a high vacuum chanber 10 imrediately follow ng first,

(dependi ng on the type of systen) second, and third evacuated i nterface

chanbers 11, 12, 14. The fir "g f B N@Eﬁﬁe‘ 1-s the hi ghest-pressure
chanber in the evacuated spe y contain an orifice or
capillary through which ions are drawn fromthe ion source into the first

i nterface chanber 11. The second, optional interface chanber 12 may i ncl ude
i on opt i Ebistipvefigniatgiesdas wramngtaféawgqra?nﬁ%%W%‘@C@lﬁé%érpumpmato the
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vacuun chanber 10. In this exanple, in use, the first interface chanber is
at a pressure of around 1-10 nbar, the second i nt erfa(fe chanber (where

used) i slmk@ dgfqupeggllyrwrapegm@ﬁﬁdsaqp rometepgystem 4 saple gno agher ffanber
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rrec hani sthe mngslt-;br@sasE&jchamberatm thesymcyatedisnechomster sysiempird Mayr st ages
conpri SCoftain’ g}? orifi é%rr %gp hrougth%Fcrh iohs a?'é théng BofiMhe ion source

into the first interface chamber 11. The second, optional interface chamber 12

may include ion optics for guiding ions from' the first interface chamber 11 into the
15 third interface chamber 14, and the third chamber 14 may include additional ion

optics for guiding ions from the second interface chamber into the high vacuum

chamber 10. In this example, in use, the first interface chamber is at a pressure

of around 1-10 mbar, the second interface chamber (where used) is at a pressure

of around 10™'-1 mbar, the third interface chamber is at a pressure of around 102
20 10 mbar, and the high vacuum chamber is at a pressure of around 107°-

10°® mbar.

The high vacuumvchamber 10, second interface chamber 12 and third interface
chamber 14 can be evacuated by means of a compound vacuum pump 16. In

25  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 (three shown in Figure 1, although any

30  suitable number could be provided) of rotor 19a, 21a and stator 19b, 21b blade
pairs of known angled construction. The Holweck mechanism 22 includes a

number (two shown in Figure 1 although any suitable number could be provided)



sui t abl e nunber could be provided) of rotor 19a, 2 la and stator 19b, 2 1b
bl ade pairs of known angl ed construction. The Hol weck mechani sm 22 i ncl udes
a nunber Wwowoosaiassn i n Figure 1 although any suitabl e necirarB2oauogsbe

provi ded) of rotating cylinders 23a and correspondi ng annul ar stators 23b
and helical channels in a manner known per se. In this exanple, a first
punp inlet 24 is connected to the high vacuum chanber 10, and fluid punped
through the inlet 24 passes through both sets 18, 20 of turbonol ecul ar

stages i : F1g]! ' hunp vi a
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chanber gtHan@aald i buhdnpemnipgssivit bepsgh the inlet 26 passes through set 20 of

t ur bonol ecul ar stages and the Hol weck mechani sm 22 and exits the punp via
outlet 30. In this exanple, the punp 16 also includes a third inlet 27
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chanber I's connected via a foreline 3 1 to a backing punp 32, which also
punps f| déddand doid piemped liktoug the inlab2G papsesithrougiuseat g@mﬁtlﬂbo- The backi ng

punp typicall s al r.mass flow directly, fromthe first chanber 11
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stages before exiting fromthe punp, the punp 16 is able to provide the

requi r edselectively lopesed and ¢lnsed Aadisansfor@xample makgithe usaof BadrieElpunp 32
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through the Holweck mechanism only and exits the pump via outlet 30.
15
In this example, in order to minimise the number of pumps required to evacuate
the spectrometer, the first interface chamber 11 is connected via a foreline 31 to a
backing pump 32, which also pumps fluid from the outlet 30 of the compound
vacuum pump 16. The backing pump typically pumps a larger mass flow directly
20 from the first chamber 11 than that 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, 12, 14, with the backing pump 32
providing the required vacuum level in the chamber 11.
25
The performance and power consumption of the compound pump 16 is dependent
largely upon its backing pressure, and is therefore dependent upon the foreline
pressure (and the pressure in the first interface chamber 11) offered by the
backing pump 32. This in itself is dependent mainly upon two factors, namely the
30 total mass flow rate entering the foreline 31 from the spectrometer and the
pumping capacity of the backing pump 32. Many compound pumps having a

combination of turbo-molecular and molecular drag stages are only ideally suited



pressure (and the pressure in the first interface chanber 11) offered by

t he backing punp 32. This in itself is dependent mainly upon two factors,
nanmel y t hwotodcal4sevass fl ow rate entering the foreline 3ptTieB2N0Yd0@031
spectronmeter and the punping capacity of the backing punp 32. Many conpound
punps having a conbinati on of turbo-nolecular and nol ecul ar drag stages are
only ideally suitedto relatively | ow backing pressures, and so if the
pressure in the foreline 3 1 (and hence in the first interface chanber 11)
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downstream fromthe first punping section, the sections being arranged such
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t he
15 In a first aspect, the present invention provides a pumping arrangement for

differentially pumping a plurality of chambers, the pumping arrangement
comprising a compound pump comprising a first inlet for receiving fluid from a first
chamber, a second inlet for receiving fluid from a second chamber, a first pumping
section and a second pumping section downstream from the first pumping section,

20 the sections being arranged such that fluid entering the compound pump from the
first inlet passes through the first and second pumping sections and fiuid entering
the compound pump from the second inlet passes through, of said sections, only
the second section; a booster pump having an inlet for receiving fluid from a third
chamber; a backing pump having an inlet for receiving fluid exhaust from the

25 booster pump; and means for conveying fluid exhaust from the compound pump to

one of booster pump and the backing pump.

As used herein, the term “booster pump” means a pump which, in use, exhausts
fluid at a pressure below atmospheric pressure, and the term “backing pump”

30 means a pump which, in use, exhausts fluid at or around atmospheric pressure.



booster punp; and neans for conveying fluid exhaust fromthe conpound punp
to one of booster punp and the backing punp. As used herein, the term
"boost er wonpis/oae@ns a punp which, in use, exhausts fl uipdTaiB2003M0&BIUr €

bel ow at nospheric pressure, and the term "backi ng punp" neans a punp whi ch,
I n use, exhausts fluid at or around at_r}p;spheri C pressure.- AFor a given
punpi ng nmechani smtype, the various design paraneters typically offer a
conprom se of capacity against conpression. As such, if the conpression
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performance can be provided at t third, or. hi st, essure chanber than
in the pHhasyaneauyaierlysieed agﬂ%%ﬁ"‘%rﬁ @??'G’Wénﬁi,"?qq%\é’?eeﬁﬁ{hﬁerng the mass
flow rat ﬁ\ééﬁtaﬁismfyﬁ@i rd chanber to be increased w thout increasing the
pressure at the thi'rd chanber. Wth the exhaust fromthe conpound punp

being directed to either the booster punp or the backing punp according to
t he perf

roance requirement of the first and second .ch rs, t pr esent
i nventi oﬁ”gg‘?l%‘ﬂrﬁﬁg' ?@PBQU@P%‘P%?%F%PW%@53&093880@&%2@%%'9 ng
arr afﬂ@_ensﬁérd‘télin dirhbREARI HiBW egRHEPbIRtrE hatHer idekidndtBiopérateanteios (i n
conparisoh to a solution enploying Iarger or nultiple backing punps all
exhaust i wigcous & highpinensidonal sesausy regimsh ByPEOYidingtangeoser puapcaithaund
punp. pr e[)gcr;l?qulg u(r:r?%r 'sesr‘leess,% I%P{erplﬁ(}gl' &gperformance can be provided at the third,
or highest, pressure chamber than in the prior art arrangement shown in Figure 1,
thereby allowing the mass flow rate into the third chamber to be increased without
15 increasing the pressure at the third chamber. With the exhaust from the
compound pump being directed to either the booster pump or the backing pump
according to the performance requirement of the first and second chambers, the
present invention can thus provide a relatively compact and low cost pumping
arrangement for differentially pumping the first to third chambers (in comparison to
20  a solution employing larger or multiple backing pumps all exhausting to

atmospheric pressure).

Each pumping stage of the compound pump preferably comprises a dry pumping
stage, that is, a pumping stage that requires no liquid or lubricant for its operation.

25 The compound pump preferably comprises at least three pumping sections, each
section comprising at least one pumping stage. In the preferred embodiments,
the compound pump comprises a first pumping section, a second pumping section
downstream from the first pumping section, and a third pumping section
downstream from the second pumping section, the sections being positioned

30 relative to the first and second inlets such that fluid entering the pump through the

first inlet passes through the first, second and third pumping sections, and fluid



stage, that is, a punping stage that requires no liquid or lubricant for
Its operation. The conpound punp preferably conprises at |east three
punpi ng swotwemmgeoeach section conprising at | east one puommBgoaaZE. | n
the preferred enbodi nents, the conpound punp conprises a first punping
section, a second punping section downsgreamfromthe first punping
section, and a third punping section downstream fromthe second punping
section, the sections being positioned relative to the first and second
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punp t hr ghigbedditl 886 Gl pohplingasstimst hr ough, of said sections, only the
second and third punping sections. Preferably at | east one of the first and

second punpi ng sections conprises at |east one turbo-nol ecul ar stage. Both
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aer oglynam ¢ punping stage for receiving fluid entering the punp from each
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a rotor elenment of the nol ecul ar drag . . . .
embodiment, to improve pump performance, the third pumping section comprises

15 at least one Gaede pumping stage and/or at least one aerodynamic pumping
stage for receiving fluid entering the pump from each of the first, second and third
chambers, with the Holweck mechanism being positioned upstream from said at
least one Gaede pumping stage and/or at least one aerodynamic pumping stage.
The aerodynamic pumping stage may be a regenerative stage; other types of

20 aerodynamic mechanism may be side flow, side channel, and peripheral flow
mechanisms. In one preferred embodiment, a rotor element of the molecular drag
pumping stage(s) surrounds rotor elements of the regenerative pumping stage(s).
By arranging the pumping section in this manner, improved pump performance
can be provided with no, or little, increase in pump size.

25
The compound pump preferably comprises a drive shaft having mounted thereon
at least one rotor element for each of the pumping stages.. The rotor elements of
at least two of the pumping sections may be located on, preferably integral with, a
common impeller mounted on the drive shaft. For example, rotor elements for the

30 first and second pumping sections may be integral with the impeller. Where the
third pumping section comprises a molecular drag stage, an impeller for the

molecular drag stage may be located on a rotor integral with the impeller. For



punpi ng stage(s) surrounds rotor elenents of the regenerative punping
stage(s). By arranging the punping section in this manner, inproved punp
per f or marwe 20@4B@2pr ovi ded with no, or little, increasecrcGRuog0si3ze. The
conpound punp preferably conprises a drive shaft having nounted thereon at
| east one rotor element for each of thg69unping stages. The rotor el enents
of at least two of the punping sections nmay be | ocated on, preferably
integral with, a common inpeller nounted on the drive shaft. For exanple,
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the ismpeller. Various arrangenents of inlets to the conpound punp and
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punpi ng $&8@%W-on, so that the punping arrangenent can create a different
vacugm | evel at the fourth chanber than at any of the first to third
chanmbers. Alternatively, the conpound punp may conprise a third inlet for
recei vi ngof eyaample,dhe chapavinddd WhHR My Comppse anlentiopat thindhelebfyst er punp.
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that fluid entering the compound pump through the third inlet passes through, of

said sections, only the third pumping section, so that the pumping arrangement
15 can create a different vacuum level at the fourth chamber than at any of the first to

third chambers.

Alternatively, the compound pump may comprise a third inlet for receiving fluid
from the third chamber in parallel with the booster pump. Providing such parallel

20  pumping of a chamber can provide a greater level of performance on the parallel
pumped chamber than using a single pump inlet of the same capacity. The third
inlet may be arranged such that fluid entering the compound pump through the
third inlet passes through, of said sections, only the third pumping section. In one
preferred embodiment, the third pumping section is positioned relative to the

25 second and third pump inlets such that fluid passing therethrough from the third
pump inlet follows a different path from fluid passing therethrough from the second
pump inlet. For example, fluid entering the compound pump through the second
inlet may pass through a greater number of pumping stages of the third pumping
section that fluid entering the compound pump through the third inlet.

30
In addition to this third inlet, the compound pump may include an optional fourth

inlet for receiving fluid from a fourth chamber. This fourth inlet may be located



punped chanber than using a single punp inlet of the same capacity. The
third inlet may be arranged such that fluid entering the conpound punp

t hr ough twe 20dvmscoenl et passes through, of said secti oneCcT@H2905d0e03thi rd
punpi ng section. In one preferred enbodi nent, the third punping section is
positioned relative to the second and third punp inlets such that fluid
passing therethrough fromthe third punp inlet follows a different path
fromfluid passing therethrough fromthe second punp inlet. For exanple,
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stages being selected according to the backing pump inlet pressure, the mass flow
15 rate and the pressure requirements of the third chamber. Each pumping stage of
the booster pump preferably comprises a dry pumping stage. In the preferred
embodiments, the booster pump comprises a molecular drag mechanism. In one
embodiment, the booster pump comprises at least one Gaede pumping stage
. and/or at least one aerodynamic pumping stage, for example a regenerative
20 pumping mechanism, located downstream from the molecular drag pumping

mechanism.

A rotor element of the molecular drag pumping mechanism preferably comprises a
cylinder mounted for rotary movement with the rotor elements of the regenerative

25 pumping mechanism. This cylinder preferably forms part of a multi-stage
Holweck pumping mechanism. Whilst in one preferred embodiment the booster
pump comprises a two stage Holweck pumping mechanism, additional stages may
be provided by increasing the number of cylinders and corresponding stator
elements accordingly. The additional cylinder(s) can be mounted on the same

30 impeller disc at a different diameter in a concentric manner such that the axial

positions of the cylinders are approximately the same.



enbodi nment, the booster punp conprises at | east one Gaede punping stage
and/ or at | east one aerodynam c punpi ng stage, for exanple a regenerative
punpi ng meohaswm@sqo2l ocat ed downstream from t he nol ecul aPCurGaRo@ENO@I3Ng
mechanism A rotor element of the nol ecul ar drag punpi ng mechani sm
preferably conprises a cylinder mountedgfor rotary novement with the rotor
el enents of the regenerative punping nmechanism This cylinder preferably
forms part of a multi-stage Hol weck punpi ng mechanism Whilst in one
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the rotor. Wth this arrangene of blades, the rotor elenment of the
nol ecul aMm IS0 R m\ﬂa&ﬁrgh{'rg%n %mﬁeﬁﬁ’"@ﬁtsl"% ﬂﬁhhﬁtrg fon the sane
side,pf the rotor. The regenerative punping mechani sm may conprise nore

than one stage, and so include at |east two series of blades positioned in
concent r Theaegeherativerpiyapiog neechnisie naay gowprisadnere: than anerstaget anthgoaxi al

PoeT L ol RS B B BEREb T el IF 5530 By it bl df 1 o1 o
said one said of the rotor such that the axial positions of the blades are
approximately the same.
15
To assist in minimising the size of the pump, a common stator may be provided for
the regenerative pumping mechanism and at least part of the molecular drag

pumping mechanism.

20 In some embodiments, the booster pump comprises a first inlet for receiving fluid
from the third chamber and a second inlet for receiving fluid exhaust from the
compound pump. These two inlets may be combined into a single port in the
booster pump depending upon the configuration of booster pump and compound
pump ports selected. In these embodiments, the pumping stages of the booster

25 pump may be arranged relative to the inlets of the booster pump such that fiuid
entering the booster pump through one of the booster pump inlets passes through
the same number of pumping stages than fluid entering the booster pump through
the other one of the booster pump inlets. In this case, the booster pump may
pump both gas streams through a single port. In other embodiments, the booster

30  pump comprises a first inlet for receiving fluid from the third chamber and a
second inlet for receiving fluid from a fourth chamber. In these embodiments, the

pumping stages of the booster pump may be arranged relative to the inlets of the



t he regenerative punping mechani smand at |east part of the nolecul ar drag
punpi ng nmechanism In sone enbodi nents, the booster punp conprises a first
inl et forwoeoai/mssng fluid fromthe third chanber and a ®et@wBRoooed31f or
receiving fluid exhaust fromthe conmpound punp. These two inlets may be
conbined into a single port in the boosger punp depending upon the
configuration of booster punp and conpound punp ports selected. In these
enbodi ments, the punping stages of the booster punp may be arranged

relative ' t ter i [ e
boost er 5ﬁﬁ$&$ﬁ%®ﬂ%§5§hQkﬁﬁn@%gﬂﬁi@gﬁgg%§§ﬁ%RﬁﬂV@?§“8Qé§g@eﬁﬂﬁﬁégﬁgPﬁe sane
nunber ofpupapTilete pRisBeS shroligh o differbret Mueibergoftpuenging stajespthan fluid ough t he
ot her one of the booster punp inlets. In this case, the booster punp may
punp bot engprinGsthedpastenpwngiheughihe otherrene phtherprostenmgapiriets, t he
booster punp conprises a first inlet for receiving fluid fromthe third
chanber and a second inlet for receiving fluid froma fourth chanber. In

t heses enfTedhravidesa compapgtippimping dagegernént, iee bangtiey stages ofdlye be ar r anged

relative to the inlets of thebooster p such that fluid entering the
boost er ﬁQH‘quUﬁchm{jﬂp@ﬁ%pwquy’tﬁigﬁuéﬁ%@ﬁsﬁm'%@scﬁ' ithihsugh a

di 11 er enty fTRG s1RlosTHL Mbo|igR g 11l theUidbshi SithBInA1Be RBATE Rty P

t hrough t'h er “one er punp inlets.” To provide a conpat
punpi ng answieewarthe congpquopugpst dlge two putties KayEismdse angpnamen
preferably, aIthoPgh not essentially, co-axial with the punping stages of
t he boosP@WEHGHBPYand t he booster punmp may be conveniently nounted on the
conpgblnd punp. The two punps nay al so use a common power supply. Were the
fluid conveying nmeans is configured to convey fluid fromthe punping

sect i ons Véherettbe floithcameeyiugrmaanstis eoptigienedrto manyey flbis fsomitbe ppimping

the 71 i GOLBTVET thg oL PRABIPAGF sblsB) s g ubCedfifSfindttl, ™ 1"
conpound ppk{PPmay be simply connected to an inlet of the booster pump, with the fluid

conveying means being provided by the exhaust conduit of the compound pump

15 alone without the need for any additional conduits or pipework to convey fluid from

the compound pump to the booster pump. Alternatively, where the fluid

conveying means is configured to convey fluid from the pumping sections of the

compound pump to the backing pump, the fluid conveying means may be provided

by an arrangement of one or more conduits connecting both the outlet of the

20 compound pump and the outlet of the booster pump to the inlet of the backing

pump.

The present invention extends to a differentially pumped vacuum system
comprising first, second and third chambers, and a pumping arrangement as

25  aforementioned for evacuating the chambers. Therefore, in a second aspect the
present invention provides a differentially pumped vacuum system comprising first,
second and third chambers, and a pumping arrangement for evacuating the
chambers, the pumping arrangement comprising a compound pump comprising a
first inlet connected to an outlet from the first chamber, a second inlet connected to

30 an outlet from the second chamber, a first pumping section and a second pumping
section downstream from the first pumping section, the sections being arranged

such that fluid entering the compound pump from the first inlet passes through the



al one wi thout the need for any additional conduits or pipewrk to convey
fluid fromthe conpound punp to the booster punp. Alternatively, where the
fluid corweybsgp4smans i s configured to convey fluid fromrcrleB2pesmoiosy
sections of the conpound punp to the backing punp, the fluid conveying
means may be provided by an arrangenent f one or nore conduits connecting
both the outlet of the conpound punp and the outlet of the booster punp to
the inlet of the backing punp. The present invention extends to a
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chanbers, an ment as a

chanber s .setbad @ilet pasde’ tArcirfn ofl sakissdtiohbcomly ¢lse secomy satticn apboodtdes a
differentiall % punped vacuum system conPri sing first, second and.third
chanber s PUsHINAVIpE A5 Iﬁ@t&pnaﬁ@éﬁ*etﬁtarf outlel\feary 2he Hird sharaharisehackinge

punpi ng af et CoOnRri.si IS4 N | t
Connect e B P AaVRB e CIEt conhPed, AR BN IRTROC P puf AR B,
an ous | effoff carmelying fdd @xtlaabiaindrarthe o paindopurpp iirestiy to one aifitheabeestend
punpi ng section glg%vgst reamfromthe first punping section, the sections

bei ng ar PAAYRAENG BREPIPUIRY ent ering the conpound punp fromthe first

I nl et passes through thefirst and second punpi ng sections and fluid
entering the conmpound punp fromthe second inlet passes through, of said
sect i ons,Thendgmpdends pempdnay dei eomveaidnblysheuntedan atdeasigpornof thiedirstandect ed

to an outlet fromthe third chanber: a backing pu havjng an. inl et
connect edeE8NE RBAEPRE AT OTRE HRDSSIEP e Carlieng it Mo ted Ahdheng
f1 ui dyexpgpsbhimeBsr.t he conpound punp directly to one of the booster punp
and t%e backi ng punp. The conpound punp may be conveniently nounted on at

| east one of the first and second chanbers, and/or the booster punp may be

The. chanbiie PR3 ofibkfiehldfe SARPER (oh AdIF oA ALY SfbciiBifeter™n

system.

15 In a third aspect the present invention provides a method of differentially
evacuating a plurality of pressure chambers, the method comprising the steps of
providing a pumping arrangement comprising a compound pump comprising a first
inlet, a second inlet, an outlet, a first pumping section and a second pumping
section downstream from the first pumping section, the sections being arranged

20 such that fluid entering the compound pump from the first inlet passes through the
first and second pumping sections and fluid entering the compound pump from the
second inlet passes through, of said sections, only the second section; a booster
pump having at least one booster pump inlet and a booster pump outlet, and a
backing pump having a backing pump inlet; connecting the pumping arrangement

25  to the pressure chambers such that the first compound pump inlet is connected to
an outlet from the first chamber, the second compound pump inlet is connected to
an outlet from the second chamber, and a booster pump inlet is connected to an
outlet of the third chamber; connecting the backing pump inlet to the booster pump
outlet; and connecting the outlet from the compound pump to one of the backing

30  pump and the booster pump. Features described above relating to pumping
arrangement or system aspects of the invention are equally applicable to method

aspects, and vice versa.



system In a third aspect the present invention provides a nethod of
differentially evacuating a plurality of pressure chanbers, the nethod
conpri si /yotzh&/ms@ps of providing a punpi ng arrangenent PCOMGB2E/00¢03a
conmpound punp conprising a first inlet, a second inlet, an outlet, a first
punpi ng section and a second punpi ng §e|c|tj on downstreamfromthe first
punpi ng section, the sections being arranged such that fluid entering the
conmpound punp fromthe first inlet passes through the first and second
punpi ng sections and fluid entering the conpound punp fromthe second inlet
passes through, of said sections, only the second section; a booster punp
havi ng atPrbfifdd RRURGASTRE pRoEEN iMlePitionWill AoROIBS Uekcied byuvdebf and a
backi ng punp having a backing punp inlet; caonnecting the gynplng
ar r angengf@mple oY, pibsielerensa dpthe aceerppanyiag drawingsy iy Waishpound punp
inlet is connected to an outlet fromthe first chanber, the second conpound
punp inlet is connected to an outlet fromthe second chanber, and a booster
punp knl @igire tasmsificdacress-satiien ttrbugihe krivwrdpotmdinzearrasgement i ng t he
backi ng punp inlet to the booster 'eﬁu outlet; and connecting the outlet
fr om t he StBAPGUIRE SpasyRting 2 Alfesentially R?q?dnﬁﬁr?rﬁp%ﬂﬁomﬁ@rl%g‘ﬁ ®r punp.
Feat ures descri bed above relating to punpi ng arrangenent or system aspects
of the invention are equally applicable to nethod aspects, and vice
ver sa. Pr ¢iguree?lisf & asinplfiedafros sreegliars trmougmadinst emboadinientof/aqeurdpigr i bed, by
way of exanple only, . wth reference to t.he agc anyi drawi ngs, in which:
Fure 1 a@ngegiensisuinbls Tof St EHRE bR dnebiRRiPRmbaH Tt mshe i maRgenent
sui t apl e { Qe VRERlEAY a differentially punped, mass spectronmeter system
Fi gure ZSPS ea s?rrp Ifi gd cross-section through a first enbodi nent of a
punpi ng arrangenment suitable for evacuating the differentially punped nass
fﬁfgbrgﬁ"‘fgﬁg?@g(iﬁtag%g@iﬁﬁgﬁégsfégc@ Guch heont Thbddifient bPS BuRising "

arrangement suitable for evacuating the differentially pumped mass spectrometer

system of Figure 1;

15
Figure 4 is a simplified cross-section through a third embodiment of a pumping
arrangement suitable for evacuating the differentially pumped mass spectrometer

system of Figure 1;

20 Figure 5 is a simplified cross-section through a fourth embodiment of a pumping
arrangement suitable for evacuating the differentially pumped mass spectrometer

system of Figure 1;

Figure 6 is a simplified cross-section through a fifth embodiment of a pumping
25 arrangement suitable for evacuating the differentially pumped mass spectrometer

system of Figure 1; and

Figure 7 is a simplified cross-section through a sixth embodiment of a pumping
arrangement suitable for evacuating the differentially pumped mass spectrometer

30  system of Figure 1.



arrangenment suitable for evacuating the differentially punped nass
spectroneter systemof Figure 1; Figure 4 is a sinplified cross-section

t hr ough awohbeab4esododi nent of a punpi ng arrangenent sui rablaB2b@vooensacuat i ng
the differentially punped nmass spectroneter systemof Figure 1; Figure 5 is
a sinplified cross-section through a fouth enbodi nent of a punping
arrangenent suitable for evacuating the differentially punped mass
spectroneter systemof Figure 1; Figure 6 is a sinplified cross-section

t hrough a.fifth. ' of ' r ' re evacuati ng
IR S %‘@%ﬂ%&@@%ﬁ%@‘é@?§ﬁ%3’ﬁ@§§?@%‘“&?”@ﬁ‘3§¥@a§@ fofd Fi qur e
7 is a sigvkubting tity arSsspetirometdr yssdmafHiglie ©dd p@npingf a punpi ng
arrangenent suitable for evacuating the differentially punped nass

spect r om@rENgeRertsoprPsagua eomppugd menp {100 hayving @ iti-cprponerbbadvent  of
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mul ti 5corpmotart(nbbdiyodNy, for &xamplehadirusisies® dotreotos, pbsiticheshatbdut1Rd shaft
Rotation of the shaft is effected by a nptor Enot spown), for exa

br ushl essl0de ?&h,aﬂp% FirBﬁBﬂtQQHHU PReRitespRATINGBIAOt $ARVRha ©r £4a pligf :
mount ed Qg 9998%!’1%5 %ﬁ??’? éngr’dor@Wé -thHEI petRBREARL mi ﬁg??é%fﬁrtgaﬁﬁt 104

may be supporte per mnent” magnet "bearing an | cat ed
beari ng ojldulencatétidepuing systdnudes at | east three punping sections 106, 108,
110. The first punping section 106 conprises a set of turbo-nolecul ar
stages. In the enbodi nent shown in Figure 2, the set of turbo-nolecul ar

st aggg 1%§®%P!iﬁé§dé§ﬁf a8t fre® lpRffsingREclidHL0S I RIDM 10l atgs fipdt known
angl ed construction. A rotor blade is indicated at 107a and a stator bl ade

i s i ndi c@uemping seolien 106 comprises a set of turbo-molecular stages. In the
embodiment shown in Figure 2, the set of turbo-molecular stages 106 comprises
four rotor blades and three stator blades of known angled construction. A rotor
blade is indicated at 107a and a stator blade is indicated at 107b. In this

15 example, the rotor blades 107a are mounted on the drive shaft 104.

The second pumping section 108 is similar to the first pumping section 106, and
also comprises a set of turbo-molecular stages. In the embodiment shown in
Figure 2, the set of turbo-molecular stages 108 also comprises four rotor blades
20  and three stator blades of known angled construction. A rotor blade is indicated
at 109a and a stator blade is indicated at 109b. In this example, the rotor blades

109a are also mounted on the drive shaft 104.

Downstream of the first and second pumping sections is a third pumping section

25  110. In the embodiment shown in Figure 2, the third pumping section comprises
a molecular drag pumping mechanism in the form of a Holweck drag mechanism.
In this embodiment, the Holweck mechanism comprises two co-axial rotating
cylinders 116a, 116b and corresponding annular stators 118a, 118b having helical
channels formed therein in a manner known per se. In this embodiment, the

30 Holweck mechanism comprises three pumping stages, although any number of
stages may be provided depending on pressure, flow rate and capacity

requirements.



exanple, the rotor blades 107a are nounted on the drive shaft 104. The
second punpi ng section 108 is simlar to the first punping section 106, and
al so conpwoes/as®@et of turbo-nol ecul ar stages. In the eciaBoevi4shown in
Figure 2, the set of turbo-nolecular stages 108 al so conprises four rotor

bl ades and three stator bl ades of knowq3§ngled construction. A rotor bl ade
Is indicated at 109a and a stator blade s indicated at 109b. In this
exanpl e, the rotor blades 109a are al so nounted on the drive shaft 104.
Downstream of the first and second punping sections is a third punping
section 110. In the enbodi nrent shown in Figure 2, the third punping section

conpri sesrm ﬁ@étﬁfg%ﬁﬂhd@@g’l eanpi Ma@mﬁm formebdrdreanerbon fibpd weck drag
mechanism | n this enbodi nent, the Hol weck nechani sm conpri ses two co- axi al

rot at i ng regteriabl@nd aregrouUnteskPLA does elasBetnthh grafieranivin Hiafosmsofia disc 118b

havi ng helj~cal.: f d,thenein, | P ; hi s
enbod! mon?®: MU BIOG R BLIE W LRCR104, In FSSantiE ehfibe 120 4 sk
any ngnmberowitedionghs drbne dieafpt@di ded dependi ng on pressure, flow rate and

capacity requirenents. The rotating cylinders 116a, 116b are preferably
formed froma carbon fibre material, and are nounted on a rotor el enent

120, pref ' | S& ' ' : Lve
shat t 1080t of e ¥ bAnpRg S ion o einElst EoRACHES iloh BESEES (Par
104. Dowtistoughrthe botliel 02hofrttie momuoun dsparh p @amdi prosides dramsttet fomfiuidt 122,

whi ch passes throu t he body, 102 of the conpound punp and provi des an

out | et fﬁXﬁPP%ﬁwﬁo@gﬂﬁﬁgmﬁm RYBPdPhound punp 100. As illustrated in
Figung 2, the conpound punp 100 has two inlets 130, 132; although only two
inlets are used in this enbodi nent, the punp may have an additional,

opt i onal Asnillestratadiic kigieat, thggompiouod pearp B0 deisdwoi inlelts 13peh3) and cl osed

and can, a‘itﬂ%u&ﬁ‘%mﬁl' o irrr]?el%Se atrg Bs€d %s ienmtb(%)rdri]nz%len{? ?ﬁé Ipﬁrsnpt Ma lf\ia(\j/% adri fferent

additional, optional inlet indicated at 134, which can be selectively opened and

closed and can, for example, make the use of internal baffles to guide different

15 flow streams to particular portions of a mechanism. The inlet 130 is located

upstream of all of the pumping sections. The inlet 132 is located interstage the

first pumping section 106 and the second pumping section 108. The optional inlet

134 is located interstage the second pumping section 108 and the third pumping
section 110, such that all of the stages of the molecular drag pumping mechanism

20 112 are in fluid communication with the optional inlet 134.

In use, each inlet is connected to an outlet from a respective chamber of the
differentially pumped vacuum system, in this embodiment the same mass
spectrometer system as illustrated in Figure 1. Thus, inlet 130 is connected to an
25 outlet from low pressure chamber 10, and inlet 132 is connected to an outlet from
the middle pressure chamber 14. Where another chamber 12 is present between -
the high pressure chamber 11 and the middle pressure chamber 14, as indicated
by the dotted line 136, the optional inlet 134 is opened and connected to an outlet
from this chamber 12. Additional lower pressure chambers may be added to the

30 system, and may be pumped by separate means.



flow streans to particular portions of a nmechanism The inlet 130 is

| ocated upstream of all of the punping sections. The inlet 132 is | ocated

I nt er st agwot2hes/d48603t punpi ng section 106 and the secondPpurgB20¢5/®ei3ti on
108. The optional inlet 134 is |l ocated interstage the second punping
section 108 and the third punping sectifep.110, such that all of the stages
of the nol ecul ar drag punpi ng nechanism 112 are in fluid conmunication with
the optional inlet 134. In use, each inlet is connected to an outlet froma

r espect i VEhe highbenessiret dimnabéif £t @édrﬁiéc‘t’ed)b‘iﬁpﬂbrém%'ﬁ'%?c?%t gln this
enbodi nent_t he .sag)?é Ss,spectroneter systemas illustrated 1n Figure 1.

Thus, i nIGANNESHOR stardHnap 140 ang a backingrpunopv1gle Ther edchasteondd®, and

inlet 13214 t t he mi ddl hanber 14.

Were anct ey thacro s pEREHI Btnd BRTRdLS Aing oF i Bonrier pnimas0 11

and the réngdthe haokingupemphiaithe Fot 4xaamle,Nd i@ bATINMERESKIRL ﬁ#FHu’Pﬁzl?’&

t he ogt | ?néile hnl etF 134 .1 (sg\ggigened and connected to an outlet fromthi$s

chanb®r 19° SXBatsh cangit; 1 genpsstaddodhaderslise 1ap, be thatfadd erhabst feyat em
d t ' h '

A Y o BUTRRANEY DAY 2isEBR HoliNR M LSS BRI P tnd S 140

connected via a foreline 1 0 a serres conne

and a babrekigomuimp 142. Alterneiielys bs tudicatiet! bl2Reafashbd RRMRUACERUFP2100 s
140 and t he backi ng puﬁp 1%2. For

al so con an f,-t,he booster pu

exanpl e, ﬂi?eﬁggﬁ%ﬁsgr?ﬁ{}ﬁilﬁéﬁ? @ﬂ%%ﬁ ff%“ﬁf? to the haekingxprampt142dndaisuitab i s
connect edriafgbhre ' nMcre: : f ALl f t he conmpound

100 asseg tﬁrougﬁgi)g?%@fhe bocgz@gﬁtg?S%d'%ﬁ‘ﬁWﬁé%@%E%&?ﬂﬁﬁzz_ PHIP
Al t ethat 1481 yVakes inayi bapsevidgd ahsuitatshdatdtions il e brhdigWoRdait 1oDesfxhaust

ar rangentt orut EmERBAREhEtL ab% U it Whetaar it dvid mebassdram punp

140. Val thescoragobied puey t801issdoraiéybahb @ithBEld Kisstd £ condui t
122 and this condui% arr angenent tyo enabl e a user t%rgp%rgﬁect Whether the

fluid exh@eldRd PHBIR 14 conpound pump 100 is conveyed to either the booster
punp 140 or the

15 In use, fluid passing through inlet 130 from the low pressure chamber 10 passes
through the first pumping section 106, the second pumping section 108 and the
third pumping section 110, and exits the compound pump 100 via exhaust conduit
122. Fluid passing through inlet 132 from the middie pressure chamber 14 enters
the compound pump 100, passes through the second pumping section 108 and

20  the third pumping section 110, and exits the compound pump 100 via exhaust
conduit 122. If opened, fluid passing through the optional inlet 134 from chamber
12 enters the compound pump 100, passes through the third pumping section 110
only and exits the compound pump 100 via exhaust conduit 122. Inthe
embodiment shown in Figure 2, all of the fluid exhaust from the compound pump

25 100 merges with the fluid from the high pressure chamber 11, and passes through
the series connection of booster pump 140 and backing pump 142 before being

exhaust from the pumping arrangement at or around atmospheric pressure.

In this example, in use, and similar to the system described with reference to
30  Figure 1, the high pressure chamber 11 is at a pressure around 1-10 mbar, the
optional chamber 12 (where used) is at a pressure of around 107'-1 mbar, the

middle pressure chamber 14 is at a pressure of around 102-1073 mbar, and the low



backi ng punp 142. In use, fluid passing through inlet 130 fromthe | ow
pressure chanber 10 passes through the first punping section 106, the
second puwpi2og/me@ki on 108 and the third punpi ng secti orciAdBoemd4@xi ts the
conmpound punp 100 via exhaust conduit 122. Fluid passing through inlet 132
fromthe m ddl e pressure chanber 14 enigrs the conpound punp 100, passes

t hrough the second punpi ng section 108 and the third punping section 110,
and exits the conpound punp 100 via exhaust conduit 122. |If opened, fluid

passi ng thuABEN10 e aPRiprstire bR bRSuBA0Pr1orh mbanbefowd/eenties thd he conpound
punp 100, passes through the third punping section 110 only and exits the

conpoundagditiphaloropressionaafdote drrigps exbaust fromibe spppureriRunap @R and

Figure 2, all of the fluid. r with
the 1 ui ety fioghtherugh SRt s ahices 1T bR KodeRe A IR B 21 o
connect i giofer Bagpt R40 BaBeAA0atBliveprakower backingd pledieirotetizecorppexrhdust
fromthe punping arraggement at aor around atnpspheric pressure. In this

exanp e, pumpul¥) thandndheqprigr agtovhilss asgaMEAARLISE FPHRY INGreASeEMASEHoW t o
Fi 1, .the high. 1 i oW oar,
the " opt it ierbtfidH B30 CRARBEE 11 s Tanidtifeaith realie e bobier e

nbar, t hgorEueiborPoEBRUENpingrdreangetnérst artd impoes the everallgumupidg10 2- 10 3
nbar, and the | owchanber 10 is at a pressure of around 10 5-10 6 nbar.
However , PEIf@Mafceaddi t i onal conpression of both the gas exhaust fromthe
conpound punp 100 and the gas drawn fromthe high pressure chanber 11 by
t he booster punp 140, the booster punp 140 can serve to deliver a | ower
backing Phedoostertpunth¢40 ompoinctidevany 30@itakié pnmping eghanism fontmesting t

accomodating_for an increase ss flow rate_ into the high pressur
chanber e paardarie TGADRECIENE] ISR REUbEPPEGSARTIOR o Fohe
punpi ng é&érﬂage%&Péql?émguﬁaé&é/rﬁjérh?:,uﬁv;%ainlveﬂéﬁaﬁm BBV EIBINES-a &8l
booster punp 140 may include any suitable punping nechani smfor neeting
pump, may provide the booster pump 140. However, in the following
embodiments the booster pump 140 is illustrated as a high speed, single axis
15 pumping machine having one or more pumping stages similar to those of the

compound pump 100

With reference first to the second embodiment of a pumping arrangement
illustrated in Figure 3, the booster pump 140 has a pumping section 150

20 comprising a molecular drag pumping mechanism in the form of a Holweck drag
mechanism. In this embodiment, similar to the compound pump 100 the Holweck
mechanism comprises two co-axial rotating cylinders 152a, 152b and
corresponding annular stators 154a, 154b having helical channels formed therein
in a manner known per se. In this embodiment, the Holweck mechanism

25 comprises three pumping stages, although again any number of stages may be
provided depending on pressure, flow rate and capacity requirements. The
rotating cylinders 152a, 152b are preferably formed from a carbon fibre material,
and are mounted on a rotor element 156, preferably in the form of a disc 156,
which is located on the drive shaft 158. In this example, the disc 156 is also

30 mounted on the drive shaft 158. Rotation of the drive shaft 158 is effected by a
motor (not shown), for example, a brushless dc motor, positioned about the shaft

158. The shaft 158 is mounted on opposite bearings (not shown). For example,



t he performance and power |evel requirements of the punping arrangenent.
For exanple, a frequency-independent punp or inverter driven punp, such as
a scrol | worpge/oassp2pr ovi de t he booster punp 140. HoweverCTigB20d5008mh | owi ng
enbodi nents the booster punp 140 is illustrated as a high speed, single
axi s punpi ng nmachi ne havi ng one or noregpunpi ng stages simlar to those of
the conmpound punp 100 Wth reference first to the second enbodi nent of a
punping arrangenent illustrated in Figure 3, the booster punp 140 has a

punping gRC ana"sﬁaﬁ%semy Eb%ﬁpaoﬁléél] %?LH Aybrid pgr rsiBNtTEagRsti iudrig andt he

formof a k drag nechani sm hi s” enbodi ment, simlar to the
conpoundommmncmmn bearingbysier. mbe Mew shthedqraasile slasaopresinaiki af theddnpag

i nd 5 52b d
el i cal - SPBn Al TP GRoIBE (e EABTHE SrngAraoia0dan Spal tug Btfpe; fifts 140" 1O
enbodi e B 8rividn @(Cc;mﬁnﬁqrp IcUpply.ses three punping stages, although
agai n any nunber of stages may be provided depending on pressure, flowrate

and capacity requirenents. The rotating cylinders 152a, 152b are preferably

f d f f ' , |
156, pr el oA hret i hBBHEE g, PRESEHTRKS E iR iBbetinel TP
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the punpBumeo!00, 45 vigs Versagy gléﬂ §h% EBRD RUPHRERY 3);%?]

L e

to keep the booster pump near the chamber to minimise conductance losses in the
pipe connecting the booster pump to chamber 11.

15
The booster pump 140 has a first iniet 160 connected to an outlet from the high
pressure chamber 11, and an inlet conduit 162 providing a second inlet to the
booster pump 140. The two ports may be combined into a single port in this
embodiment with the gas streams being joined before entering the booster pump.

20 In this embodiment, the inlet conduit 162 is, when the booster pump 140 is
mounted relative to the compound pump 100, substantially co-axial to the exhaust
conduit 122 of the compound pump 100. This can enable the exhaust conduit
122 to be directly connected to the inlet conduit 162 of the booster pump 140
without the need for any intermediate arrangement of one or more conduits to

25 convey fluid exhaust from the compound pump 100 to the booster pump 140.
However, depending on the relative positions of the compound pump 100 and
booster pump 140, it is envisaged that one or more conduits may be required in

practice to convey fluid between the pumps 100, 140.

30  In use, fluid passing through inlet conduit 162 from the compound pump 100
passes through the pumping section 150 and exits the booster pump 140 via
exhaust conduit 164. Fiuid passing through the first inlet 160 from the high



pressure chanber 10 and m ddl e pressure chanber 14 such that the drive
shafts 104, 158 of the conpound punp 100 and booster punp 140 are

subst ant iwbl2gosmassozal . Al ternatively, the booster punp pé®/Gryose4030UNt ed
on the compound punp 100, or vice versa. Equally, the booster punp could be
mount ed near or onto the backing punp. ¢lgpendi ng upon space requirenments. It
I s advant ageous to keep the booster punp near the chanber to m nim se
conductance | osses in the pipe connecting the booster punp to chanber 11.

The boosé,%rssel-agﬁh%ﬂeiiﬁ eﬂ‘%én géﬁeé RHQUgH B S@APRRESsbibA B0 and brits ffeom t he

hi gh preSsure chanber an inlet” conduit 162 providing a second inlet
to the bposster ppopp14@0ia Streushoopduit $64myFieen Bunexhaist canduih 164 niuid Bor t
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booster punp 140 is nounted relative to the conmpound punp 100,

substantially co-axial to the exhaust conduit 122 of the conpound rgurrp 100.
Thi s £anFiguadUdllusteates laathéd ammrimenigfzatmmmynaiar@aglew%nnmﬁwr@ Nghe

inlet conduit 162 of .the bogs u ' t ;

i nt er medPERABISMERH SeFiEHEr g‘? R@hgﬁ HFG %%?Oﬁlg%%hpﬁé?tbmﬁg 26%% x%%tljog{‘ng faust
fromt heeﬁ%?ﬂ@tfﬁ’r‘él%rﬁeﬁlgtéécﬁbﬁ 1hoasittee cormoubdUrhpeemd tthependi ng on
the relative positions of the conpound pu 100 .and ,bog ter 8unp 140, it is
envi sagegurriping saetian 150 ok theobrRAtESPYWRD 1@??@”&8?'?%% g a'rt'QEtt & to convey

fluid between th 100 i ' ?Qﬁﬁﬁ InddH=Rgh. 1 nl et
condui t qq@ﬁﬁ%ﬁﬁﬂ%}%&ﬁ&&@%&%ﬁlSg'égggél?g\/tg ro ghgt he punpi ng section
150 gnd exits the booster punp 140 via exhaust conduit 164. Fluid passing
through the first inlet 160 fromthe highpressure chamber .11 .al. so_passes
t hr ough Emehpaapnerglive oUMRing SLechsRiss: PSEPPJW@S %ﬁlg{%&y Bﬁ’f%orfdﬁ t@‘? 5‘?"& haust
condui t gﬂﬁlyéé 6475 Méﬂuﬁtéoﬁoﬁ,%mmegelalhmm srndui t
arrangenéﬁét @5&9%&?@8@%@%&@ 0 t?1e ‘backi ngaﬁiunp 142. Figure 4
i |1 ustr agRle &f thbidist ¢2dothérehtheotspegiivepnalpcular fige meshamsins Ipdhisi ng
embodiment, each regenerative pumping mechanism comprises two concentric
15 annular arrays of rotors 170; 172, although any number of annular arrays may be

provided depending on pressure, flow rate and capacity requirements.

The innermost stator element 118b; 154b of each molecular drag pumping
mechanism can also form the stator of the respective regenerative pumping

20 mechanism, and has formed therein annular channels 174; 176 within which the
rotors 170: 172 rotate. As is known, the channels 174; 176 have a cross sectional
area greater than that of the individual blades 170; 172, except for a small part of
the channel known as a "stripper” which has a reduced cross section providing a
close clearance for the rotors. In use, pumped fiuid pumped enters the outermost

25 annular channel via an inlet positioned adjacent one end of the stripper and the
fluid is urged by means of the rotors along the channel until it strikes the other end
of the stripper. The fluid is then urged through a port into the innermost annular
channel, where it is urged along the channel to the exhaust conduit 122; 164 from
the pump, which is extended in comparison to the second embodiment to the

30 innermost channel of the regenerative pumping mechanism.



arrangenment is simlar to that of the second enbodi nent, with the exception
that each of the third punping section 110 of the conpound punp 100 and the
punpi ng swotzna4dd@ of the booster punp 140 conprises, POTARNES M0 a

nol ecul ar drag punpi ng nmechani sm a regenerative punpi ng nechani sm Each
regenerative punping mechani smconprisegga plurality of rotors in the form
of at | east one annular array of blades 170; 172 nounted on, or integral

wi th, one side of the disc 120; 156 of the respective nol ecul ar drag

mechani snin this &kirfpRIIPGEERIHG sifAGP t6 BREARIEH KRRY W?yr‘zé‘?&%ﬁﬁhiﬁ‘gh any

conprises_two concentric annular arrays of rotors 1
nunber of Figuraill atheshighysessye whaprheriideid adepenedsug anoupdes$0neart taw rat e

d i i . The innermost stat | t 118b: 154b of h
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174; 176 within which the rotors 170; 172 rotate. As is known, e channel s
174; 176 pigseure ehamkerste is alrmpressere gf aeaund thaA0T malarof Howeviendiue theal

bl ades 170Q; . r rt, of th annel known as a
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channel via an inlet positioned adj acent one end of the strlﬁﬂer and t he

fluid i s RAGKDY BEPSHHENY §r melecHlar srag aLBIRING Aegetmaakaniam i Thiscan ri kes
the | nneraaC PSR tREer GRBraPith 6P phlShe o dRLBURR RSk 1 he”

exhaust dhadwostet22impd 640f andrirhp@veyrarformtanet of shepuaipiiag arrangemeati son to

t he second enbodi nent to the innernost channel of the regenerative punping
mechanismlin this exanple, in use, and simlar to the system described wth

r ef er encer frthdrirdh CastindidiedjoRighrE3S RS, 112 d re around
1-10 nmbar, the opti ong]I dﬁ%nl)erlgm ((Amefredi%e ) ’i@%adtﬁgéupr)?gesrgljrrg@&%f ar ound
10 1- 1 mhanping meechani$re are esgouaded dytibe rathting cytinderpt Hes UbRaajf the ound 10
2-10 3 nbar alnd t he | ow. . . . .
molecular drag pumping mechanism. Thus, a regenerative pumping mechanism
15 can be conveniently included in the pumps 100, 140 with little, or no, increase in

the overall length or size of the vacuum pump.

It should be noted that whilst in this embodiment both of the third pumping section
110 of the compound pump 100 and the pumping section 150 of the booster pump
20 140 include a regenerative pumping mechanism, of course, only one of these
pumping sections may be provided with such a pumping mechanism.
Furthermore, alternative pumping mechanisms may be provided instead of, or in
addition to, the regenerative pumping mechanism. For example, one or both of
the stages of the regenerative pumping mechanism may be replaced by a Gaede
25  pumping stage, and/or additional pumping stages may be provided upstream from
the Holweck mechanism. Examples of such additional pumping stages include

externally threaded rotors and turbomolecular stages.

In addition to varying the pumping mechanisms provided in one or both of the
30  compound pump 100 and the booster 140 to meet the required pumping
performance and power consumption, the number and relative positions of the

inlets to the compound pump 100 and booster pump 140 may be varied according



pressure chanber 10 is at a pressure of around 10 5-10 6 nbar. However, due
the conpression of the gas passing through the punp by the regenerative
punpi ng meohas®@8Go2t he regenerati ve punpi ng nechani sm ca0TaB20e/weo3del | ver
a reduced backing pressure to the nol ecul ar drag punpi ng stage nmechani sm
This can significantly reduce the powefgconsunption of both the conpound
punp 100 and the booster punp 140, and |nprove performance of the punping
arrangenent. Furthernore, as indicated in Figure 4, the rotors 170; 172 of

the reg t%etrn@t L%fﬁb@t"'gfpéﬁdﬂm ga'yeséva%fu%tédmélﬁgQﬁé%u%lﬁ@%rﬁaﬁbémm afl i nder

116a; 157a of rag pumnpin ani sm Thus, a regeneratlve
punpi ng Wmmm‘rehelremméat eacl gzhamrtbleadd?bnmstahee padditonaldnletsso wi t h
little, or |ncrecﬂse|nthe ov e .of th cuum punp.
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booster pu I ncl u e a regenerative punping nmechanism of course, only
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meet the required punpi ngu$terfor mance and nsu tion, the ntFrrber and

rel ati veTbese e imentsibustratethov 8 qhﬁg‘Q%rPgélﬂﬁlQ U@%ﬂe%ﬁ)ﬂ% 8t punp
the punptalb Pa ERyBRER S RdhTad W SHEBEL O ?233??2%%? at ohon chanber.
For instange, gagdickisprigenidritof the compound pump, booster pump and backing
pump;
15 e a series arrangement of the booster pump and backing pump;
e a series arrangement of the compound pump and backing pump;
e a series arrangement of the compound pump, booster pump and backing
pump in parallel with a series arrangement of the booster pump and
backing pump; and
20 e a series arrangement of the compound pump and backing pump in parallel
with a series arrangement of the booster pump and backing pump;

so as to meet the performance requirements of the differentially pumped system.

With reference first to Figure 5, in this third embodiment of a pumping

25  arrangement, the compound pump 100 is arranged so as to be able to pump
directly the highest pressure chamber, in addition to the low pressure chamber 10
and middle pressure chamber 14. As well as the inlets 130, 132 and optional inlet
134, the compound pump 100 contains an additional inlet 180 located upstream of
or, as illustrated in Figure 5, between the stages of the molecular drag pumping

30 mechanism, such that all of the stages of the molecular drag pumping mechanism
are in fluid communication with the inlets 130, 132, whilst, in the arrangement

illustrated in Figure 5, only a portion (one or more) of the stages are in fluid



may be provided in each punp, with the inlets being selectively opened as
required for connection to an outlet froma particul ar chanber.

Fur t her nowe,2o@arsdoel punpi ng of additional, or alternatCrsB2odsa0iest s
through simlar or dissimlar inlets can also be provi ded dependi ng upon
the gas | oad distribution and performgt%@e_ requi renents of the chanbers of
the differentially punped system Figures 5to 7 illustrate sone

enbodi ments of such punpi ng arrangenents, based on the second enbodi nent

illustrated in Fi . | t h, of i i nbadi |so b
baseq on coRunPicRfoR ST nRATRTR Bt R, EsPlrg R MR TER! S boi ments
i 11 ust r ategnthistinane tAaksih a0kt chitiuill fA2oRiel ctrhyoulntdTpeshpSHIT Brochmchsd to

evacuated, as required, by one of: a series arrangenent of the conpound
punp, boose«af thagghadst extsitithtpbohthe bapsteirpusp ddPHidbawanddit t he boost er

punmp and i ; ' t 0, . P

backi ng %@eﬂ%@gﬁ%O@\ﬁiﬁﬁgg%xeﬁdsgﬂgﬁﬂg{éc%%gé%od éﬁ% Hgg'gs er egl%grp and
backi ng peifAe backiag dluned144 idther thanite sheiboasteepanip ®40.t he booster punp and
backi ng punp; and a series arrangenent of the conpound punp and backi ng

punp in parallel wth a series arrangenent of the booster punp and backing

; L : . .
Puned oy Behy i o 18 SoRELRB oA T BRE [ Bloss{fe ChamBEFRD SaY
of a pummlegld? isscgereséd td Ar ocutlepbomdhpunipdikdOPrassues claargbdr $4. a4/hieoe be

able to punp directly the hjghest pressure chanber, in addition to the | ow
pressur et@@%‘é’?‘ﬁ féﬁ‘a\éPﬂfrrﬁQd'éﬂgeﬁ‘?@%WéeEﬁ%%Bééﬁo RPSSHE mé%rs” ﬁ‘@ditH?et s
130, 432 ' | i i Omé% i

addi tllgrongﬁalglr?l et g%}%l ?Hoéggf%érdiﬁg%st lEjgg;ran 0 owggﬂ??lhﬁg??gi e Ié}lﬁ)lzrl?dgl;mlgt 5,
bet ween tI84 isbpgped @indtdomnestastiol the ahaaperuizoi Adpe additional inlet 180 is

connected to another outlet from the high pressure chamber 11.

As a result, fluid passing through the additional inlet 180 from the high pressure

15 chamber 11 passes through two of the three, (although in practice the number
may be different depending upon the performance requirements), stages of the
third pumping section 110 of the compound pump 100, exits the compound pump
100 via the exhaust conduit 122 and enters the backing pump 142. In contrast,
fluid passing through the first inlet 160 of the booster pump 140 from the high

20 pressure chamber 11 passes through all of the stages of the pumping mechanism
150 of the booster pump 140 before exiting from the booster pump 140 via the

exhaust conduit 164.

Thus, in the embodiment described above, parallel pumping of one of the

25 chambers is provided by connecting dissimilar inlets of the two pumps, namely the
additional inlet 180 of the compound pump 100 and the first inlet 160 of the
booster pump 140, to the same chamber, in the case shown to the high pressure
chamber 11. This arrangement optimises the pumping performance of the
pumping arrangement both for the additional pumping requirements posed by the

30 introduction of an additional gas load into the high pressure chamber 11 and for
each of the other chambers of the differentially pumped mass spectrometer

system. Providing such parallel pumping of a chamber provides a greater level of



mechani sm such that all of the stages of the nolecular drag punping
mechanismare in fluid communication with the inlets 130, 132, whilst, in
t he arr amngermowo4sdobustrated in Figure 5, only a porti orct@B2oavoomsie) of
the stages are in fluidcomunication with the additional inlet 180.
Furthernore, in this third enbodi nent, 44e exhaust conduit 122 of the
conpound punp 100 is connected to one t he exhaust conduit 164 of the
booster punp 140 or the conduit arrangenment 166 so that fluid exhaust from

boost or e i el R Faed chapsR ST B N RS nbhB s’ ow
pressur e Hnaereapadif,. and inlet 132 is connected to an outlet fromthe

m ddl e pressure chanber 14. Were the optional chanber 12 is present
bet ween the high pressure chanber 11 and the m ddl e pressure chanber 14, as
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passi ng through the additional inl 180 fromthe high pressure chanber 11
passes t UlgEhiremothgrc Qrﬁr%,ﬂ(i&t%@@ﬁh‘? ROpIPLEd R Of fgdhdid ey be

di ff t | : ' the third
pumpi ng SEEOR D LA o R G Bl TR o R P2 ump 100

via the dédustertpwopddDtis had suah that thesfirshinldtaddd isdogater at 4. eduivalent r ast ,
fluid i ng th h the first inlet 160 of the b 40 f th
i gh pr eeepreRdiBaechnLet adefingirompoutd Buapetity dAldr. helWesampi ng
mechapi sitdRd Of thbNBuBRas e HoMwEBk AtnBRishh 8f e Bodef PRt 110, '%233 er punp

140 via the exhau_st cpndwt 164. Thus, in the enbodi ment escrib above,
par al | el segopdneptisinabitdelotoq Isehawdodaded in an paviviatésd poegitionrindbe ioptjonal

dissimlar, | ts.,of the t u ly the additi.o I nl et of the

conpound a4 65 1 b Rebd AL T, B ypfedRi st ine Shgee AT Reo e

same chamhglli-sthde Hobveasmeshamsni of theebdusér pUrBFIM0e  As indicated at 192 in
Figure 6, flow guides or conduits are provided for connecting the optional inlet 190

15 of the booster pump 140 to the optional chamber 12.

In use, the first inlet 160 of the booster pump 140 is connected to one outlet from
the high pressure chamber 11 and the additional inlet 180 of the compound pump
100 is connected to another outlet from the highest pressure chamber 11.

20  As a result, fluid passing through the additional inlet 180 from the high pressure
chamber 11 passes through two of the three stages (in this example) of the third
pumping section 110 of the compound pump 100, exits the compound pump 100
via the exhaust conduit 122, and is conveyed to the backing pump 142. Fluid
passing through the inlet 160 of the booster pump 140 similarly passes through

25  two of the three stages of the pumping mechanism 150 of the booster pump 140
and exits the booster pump 140 via the exhaust conduit 164, and is conveyed to

the backing pump 142.

In addition, where the chamber 12 is present between the high pressure chamber
30 11 and the middle pressure chamber 14, the optional inlet 190 of the booster
pump 140 is connected to fourth chamber 12 via flow guides 192 and the optional

inlet 134 of the compound pump 100 is connected to another outlet from the



chanber 11. This arrangenent optim ses the punping performance of the
punpi ng arrangenent both for the additional punping requirenents posed by
t he i ntrosocbeccms@d an additional gas |oad into the higlrcpraarsevme4mhanber
11 and for each of the other chanmbers of the differentially punped nmass
spectroneter system Providing such parg)lel punping of a chanber provides
a greater level ofperformance on the parallel punped chanber than using a
single punp inlet of the sanme capacity. In the fourth enbodi nent of a

Came. o AL 2t A ERIERER bR Hifuh i< FebSTRMEE B BRri s Chanber <
10, 11, Ihanidera passesafirsuyidalpufheodtagde of the tthirdpuedpingyection 11Big fourth

enbodi nent, the arrangenent of the inlefts of the booster punp 140 is now
such t hatthe gemnaund pumR(1 006 eXitss thepempaund PHMPRR via thetexhgypt ¢Uib t he

dditi lno t; 0, i t f
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of the mtagessehife PBIRIee #staGef thrdoossRIMB AR anbexiigsthendi cat ed
at 192 i I BT | I : } ting the
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use, thepumpst4lnl et 160 of the booster punmp 140 is connected to one outl et
fromthe high pressure chanber 11 and the additional inlet 180 of the
conpound punp 100 is connected to another outlet fromthe highest pressure

chamgr s AfraAge®eHt ban i sroceﬁrtﬁesﬂﬂwtdémwbumﬁn@@fl;ﬁét ﬁigﬁlpr'ég%l% 180

fromthe high préessure chanmber 11 passes through two o three stages
(i n thischamhgrd)l, ahds whetehprayigrohpihe gptienaliahaniiey &, in Hatdberpompingunp
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15 Inthe fifth embodiment of a pumping arrangement illustrated in Figure 7, the
booster pump 140 has a similar arrangement of inlets as in the fourth embodiment
illustrated in Figure 6. However, in comparison to the compound pump of the
fourth embodiment, in this fifth embodiment the compound pump 100 comprises
only the first inlet 130 and the second inlet 132. As a result, the high pressure

20 chamber 11 and, where provided, the optional chamber 12, are evacuated by the
series connection of the booster pump 140 and the backing pump 142, whilst the
low pressure chamber 10 and the middle pressure chamber 14 are evacuated by a

series connection of the compound pump 100 and the backing pump 142.



two of the three stages of the punping nechani sm 150 of the booster punp
140 and exits the booster punp 140 via the exhaust conduit 164, and is
conveyed wo 20dw4b@eki ng punp 142. In addition, where thectleBIoev00d@1i s
present between the high pressure chanber 11 and the m ddl e pressure
chanber 14, the optional inlet 190 of t booster punp 140 is connected to
fourth chamber 12 via flow guides 192 dnd the optional inlet 134 of the
conmpound punp 100 is connected to another outlet fromthechanber 12. As a
result, fLuj gassing through the optional inlet 134 fromthis chanber 12
passes téﬁdﬁ@ﬁ—all of the stages of the third punping section 110 of the
conpound punp 100, exits the conpound punp 100 via the exhaust conduit 122,
and is conveyed to the backing punp 142. Fluid passing through the optional
inlet 190.0f the bdbvpuewitmaangementfaraiffgreptisbesumpmsLgiplublitysst t he

stages of the i hani s 0 of the st 14 its the
boost o purp. 190 v e e R De A SRR o e Bt A ol FuyieD
backi Bg punp 142. Tonsprivifi@adiesenlet eavetbivingomauifden atfirsechdmbél, lse!  punpi ng

of the high pressure chanber 11, and, where provided, the optional chamnber
12, in that the purfscAgdpeet brresrivingfiuigfomha secard chambes dlst er punp

140 is that sane a : LAl he
fifth enbodi nent oi%hﬁ%&ﬁg&gﬁbgﬁg‘%ﬁﬁ% ﬁmhggr%%ggﬂ%%gur A b’Brri he
booster punp 140 hdbe éirstipunping aectiogehesectibng béiegsaresnged $uh fhat flti
enbodi nent illustrated in Figure 6., 6 However, fbn _con&gri son to the conpound
punp of the fourth SSHeHE thengompaund,pump frem taaissiiniehpassrs theaydfuthe punp

100 nprises only i j : 3 j
rosul 1 he hi g piacard Sekordbhpdbciing AR BicrRluthe Lempdihd
chanber 12, are evaecugt Fdnmbihetdexosdriniet passesetirough,alf saitbsédimstseoniyuthe 140

and t he backin u 142, whilst the | ow pressure chapper 10 and, the m ddle
pressur e chanbgr plgpégpgggg\éﬂ%taelao%ﬁeﬁpum% having an in ep%r recelvmgq’lwd

from a third chamber; and a backing pump having an inlet for
receiving fluid exhaust from the booster pump; and means for

15 conveying fluid from the pumping sections of the compound pump to
one of the booster pump and the backing pump.

2. A pumping arrangement according to Claim 1, wherein each
pumping stage of the compound pump comprises a dry pumping

20 stage.

3. A pumping arrangement according to Claim 1 or Claim 2, wherein the
compound pump comprises at least three pumping sections, each

section comprising at least one pumping stage.

25
4. A pumping arrangement according to Claim 3, wherein the
compound pump comprises a first pumping section, a second
pumping section downstream from the first pumping section, and a
third pumping section downstream from the second pumping section,
30 the sections being positioned relative to the first and second inlets

such that fluid entering the pump through the first inlet passes

through the first, second and third pumping sections, and fluid



series connection of the conpound punp 100 and the backing punp 142. CLAI M5
1. A punping arrangenent for differentially punping a plurality of

chanber s,woheogusg@ing arr angenment conpri sing a conpoundPRUMGB20@O#I33I Ng a
first inlet for receiving fluid froma first chanber, a second inlet for
receiving fluid froma second chanber,_zg first punping section and a second
punpi ng section downstream fromthe fifst punping section, the sections

bei ng arranged such that fluid entering the conmpound punp fromthe first

inl et passes through.the fir i t j
entering the conpo%ﬂ&erwefﬁ%ﬂ?t 8@@3@%88?@%ﬂﬂ%%g%séggggﬁrrog@gh& %%ﬁsai d
sections, only thessetsnsl tHeosbcondtmbtned munpingadctiengn i nl et for
receiving fluid froma third chanber; and a backi ng punp having an inlet
for receiving fluid exhaust fromthe booster punp; and neans for conveying
fluid frgmthe punpi ' ; oost er
punp and%t he back%ﬁ%ﬂﬁﬁg@?&igegﬁ?r%ﬁcéﬁg&ﬁgﬁggﬂgwaawgﬁﬁﬁg%%stegngi m 1,
wherej n each punpi aftiss figeantl sebend popmimglseatignsceomprisesaidedstyomeinpi ng
stage. 3. A punpi ngﬁarran%grent according to Caiml or Claim2, wherein
the conpound punp EYRErMelesuldr siadest t hree punpi ng sections, each section
conprising at |east one punping stage. 4. A punping arrangenent according
to Claim3, wherein the conpound punp conprises a first punping section, a
second p@npi ng secA mmpingnatargeméntaancohdingito Glaipudpiraise &5 wbereinnd a

third punping sectjop d streamfrom i he second punping section, the
sections being posbf’ﬂbﬂ@ efphand geeq fﬁlémplﬂ%%e%ﬁ&%@eﬂ?{&%%'%?@ one
10 turbo-molecular stage.
7. A pumping arrangement according to any of Claims 4 to 6, wherein

the third pumping section comprises at least one molecular drag
stage.
15
8. A pumping arrangement according to Claim 7, wherein the third
pumping section comprises a multi-stage Holweck mechanism with a

plurality of channels arranged as a plurality of helixes.

20 9. A pumping arrangement according to any of Claims 4 to 8, wherein
the third pumping section comprises at least one Gaede pumping
stage and/or at least one aerodynamic pumping stage for receiving
fluid entering the pump from each of the first, second and third
chambers.

25

10. A pumping arrangement according to Claim 9 when dependent from
Claim 7, wherein the Holweck mechanism is positioned upstream
from said at least one Gaede pumping stage and/or at least one
aerodynamic pumping stage.

30



such that fluid entering the punp through the first

i nl et passe

s t hrough

the first, second and third punping sections, and fluidentering the punp

t hrough twe e@uas2i nl et passes through, of said secti orsT/aBrbys/doles1second
and third punping sections. 5. A punping arrangenent according to Caim 4,
wherein at | east one of the first and_§gc_ond punpi ng sections conprises at
| east one turbo-nol ecul ar stage. 6. A punping arrangenent according to
Claim4 or Claimb5, wherein both of the first and second punpi ng sections

conprise gt |east gn bo- I . i r
accordi ngﬁt 0 any o?\ @"&M&g %@%5%56%%(?%0?%%9% e}rﬁl mhﬁ%ﬁﬁé 1?2
conprises at | east tiggeomploafd!pumpcampsisege. thBd iMlepforpresgvimgriung oant
according to Claim7, wherein the third punping section conprises a

nul ti-stage Hol weckoyrftBRAM®RIWith a plurality of channels arranged as a
plurality of helixes. 9. A punping arrangenent according to any of Clains 4

to 8, wherein the third punping section conprises at

| east one

SR

Gaede

I entor ing-the. ponp T com 2‘2%?"Sﬂmmhjh&"?"“?“?m‘a'ﬁ‘c" o0t thiT g charhor
u IS S |
i et iden

10. A punping ar r aH§enislecaied Sug

wherein the ol weck TRARANI s8R ATbLLANSCLAPSLERSHS LAy
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aerodynam ¢ pu
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chanbers.

tefing' the<re BUWDPAPERHIN ai m 7,
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11.7A

punpi ng arrangenenseatiaording to any of Clains 4 to 10, wherein the
conmpound punp conprises a third inlet for receiving fluid froma fourth

chamber .

10 13. A pumping arrangement according to any of Claims 4 to 10, wherein

the compound pump comprises a third inlet for receiving fluid from

the third chamber in parallel with the booster pump.

14. A pumping arrangement according to Claim 13, wherein the third

15 inlet is arranged such that fluid entering the compound pump through

the third inlet passes through, of said sections, only the third pumping

section.

15. A pumping arrangement according to Claim 14, wherein the third

20 pumping section is positioned relative to the second and third pump

inlets such that fluid passing therethrough from the third pump inlet

follows a different path from fluid passing therethrough from the

second pump inlet.

25 16. A pumping arrangement according to any of Claims 13 to 15,

wherein the compound pump comprises a fourth inlet for receiving

fluid from a fourth chamber.

17. A pumping arrangement according to Claim 16, wherein the fourth

30 inlet is located such that fluid entering the compound pump through

the fourth inlet passes through, of said sections, only the third

pumping section.



12. A punping arrangenent according to Claim 11, wherein the third inlet is
| ocated such that fluid entering the conpound punp through the third inlet
passes t hwougév/o4edo2sai d sections, only the third punpi n@CIEE20@M04B3. A
punpi ng arrangenment according to any of Clains 4 to 10, wherein the
conpound punp conprises a third inlet for receiving fluid fromthe third
chanber in parallel with the booster p@ip. 14. A punpi ng arrangenment
according to Claim13, wherein the third inlet is arranged such that fluid
entering the conpound punp through the third inlet passes through, of said
sections, only the third punping section. 15. A punping arrangenment

accordi nggto O ai maldy w?@r@ngémehhaéébremgnbrmmqel SHClafim AFS WHepsiad
relative to the second and third pu inlets such that fluid passing

t her et hr ough from thebepsted ppuraa0¢mp@$es alse@@sd anlet ﬁoréewvmgé@uﬂ frpmn f1uid

passi ng therethrou t.he gement
according to any o%ﬁoﬁm rl%m?%';?‘%%r%‘g%' @u&tﬁ&%@tﬁﬁ{% %@é% ises a
fourth inlet for reggip/ing fluid froma fourth chanber. 17. A punping
arrangenment according to Claim 16, wherein the fourth inlet is |ocated such

that fluid entering the corrpound punp through the fourth inlet passes
arr angemdSt accor drg BTG AfaniasEnt PR8I Clein? 38 WARH e pBuSRy 0
conpri ses a second pumrﬁtompnsesa@ll\mah’g ¢fl pundpihg atagdeafranged relbtivdoky i n
parallel wth the ttr?eulrntlgtslo?ltﬁé bggsttep%u?n%nguc% t%a?HH% entering the booster
10 pump through one of the booster pump inlets passes through a
different number of pumping stages than fluid entering the booster

pump through the other one of the booster pump inlets.

20. A pumping arrangement according to Claim 19, wherein the booster
15 pump comprises at least one molecular drag stage.
21. A pumping arrangement according to Claim 20, wherein the booster

pump comprises a multi-stage Holweck mechanism with a plurality of
channels arranged as a plurality of helixes.

20
22. A pumping arrangement according to any of Claims 1 to 18, wherein

the booster pump is a frequency-independent or inverter driven

pump.

25  23. A pumping arrangement according to Claim 22, wherein the booster

pump is a scroll pump.

24. A pumping arrangement according to any of Claims 1 to 17, wherein
the booster pump comprises a plurality of pumping stages.
30
25. A pumping arrangement according to Claim 24, wherein each

pumping stage of the booster pump comprises a dry pumping stage.



19. A punping arrangenent according to Cl aim 18, wherein the booster punp
conprises a plurality of punping stages arranged relative to the inlets of
t he boostwo 2peemas@ach that fluid entering the booster peap/dewaugsone of

t he booster punmp inlets passes through a different nunber of punping stages
than fluid entering the booster punp t ugh the other one of the booster
punp inlets. 20. A punping arrangenment “according to Caim 19, wherein the
booster punp conprises at |east one nolecular drag stage. 2 1. A punping
arrangenment according to C aim 20, wherein the booster punp conprises a

mul ti-stage Hol weck mechanismwi th a plurality of channels arranged as a

pluralityef heliXespudindaREn§émgntaccstaRigEotCars QUtbrOiaim 25) wireld ai ns
1 to 18, wherein the booster punp is a freq uenCél i ndependent or inverter

driven punp. 23. Athrikppsigr aummeenerisesadaelery rtdaaq:pumﬂmmam@n@nm t he
booster punp is a scroll punp. 24. A punping arrangenent according to any
of Clains 1 to 17, wherein the booster punp conprises a plurality of

punpi Bg $k7ages. 25A ﬁumﬁn‘@ agangeapotagsirdmgaorClainy 26pwhleeéimtRd, wherein
each punpi ng stage of the booster punp conprises a dry punping stage.26. A
punpi ng ar r angeneniNAeeWREAFRY PUMEING MeshagisMFIPRIIDSS a\KBBIF'e?tﬁg@he boost er

punp conprises a
arrangenent accorgﬂr@ﬁgé@@%h%g%q%yg I?ﬁe m)H?gﬁlfar Etéag purrpi ng
mechani sm conpr i sepluralityldfinedikegle Hol weck mechanismw th a plurality of

channel s arranged as a plurality of helixes. 28. A punping arrangenent
according to Claim26 or Claim27, wherein

10 28. A pumping arrangement according to Claim 26 or Claim 27, wherein
the booster pump comprises at least one Gaede pumping stage
and/or at least one aerodynamic pumping stage located downstream

from said at least one molecular drag stage.

15 29. A pumping arrangement according to any preceding claim, wherein
the booster pump comprises a first inlet for receiving fluid from the
third chamber and a second inlet for receiving fluid exhaust from the

compound pump.

20 30. A pumping arrangement according to Claim 29 when dependent from
Claim 24, wherein the pumping stages of the booster pump are
arranged relative to the inlets of the booster pump such that fluid
entering the booster pump through one of the booster pump inlets
passes through the same number of pumping stages than fluid

25 entering the booster pump through the other one of the booster pump

inlets.

31. A pumping arrangement according to any of Claims 1 to 28, wherein
the booster pump comprises a first inlet for receiving fluid from the
30 third chamber and a second inlet for receiving fluid from a fourth

chamber.



t he booster punp conprises at | east one Gaede punpi ng stage and/or at | east
one aerodynam ¢ punpi ng stage | ocated downstreamfrom said at | east one

nol ecul arwonrag/@sa@age. 29. A punpi ng arrangenment accor di rgTiGB2a0m00po3ecedi ng
claim wherein the booster punp conprises a first inlet for receiving fluid
fromthe third chamber and a second ipbgt for receiving fluid exhaust from
t he conmpound punp. 30. A punping arrangenent according to Caim29 when

dependent from daim 24 wherein the punping stages of the booster punp are

arr anged3?el ative o, ﬁp gtn.%] %ﬁﬁeﬁ%cﬁ&?&ﬁ%?@ P 38 Yt HééeﬁdéHthom

entering“the booste one o ooster punp inlets passes
t hrough the sane n@ierZ@prequm ithe pumpay sthges DF thalbeoster pumptére boost er

u t hrough the ot her one of, the bopste t 1.
gr ?gngerren%J accor d?ﬁ@”%‘qéﬁlﬁ't'ﬁ? t‘?:mﬁ t§ OF@‘%OO%GEPQMP $YED ‘@S‘Bﬂ't‘éilr ngurrp
comprises a first ppleging iRk HoRfstrpu ftﬁﬁéhghfdr@rﬁftthé Hda»sféi ;ﬁﬁ*ﬁﬁhﬁétsand a

second inlet for recel VI ng fq’ I d fro a fourth chanb unpi ng
arrangenent accor dpags&sﬁfﬁbagfmaailﬁemhénud‘@@eﬁﬂ@hmpmg)ﬁﬁa@ealthﬁaﬂwdmer ein

t he punping stages o 0s are [ rel |l ets
of the booster punﬁn{fﬁ'@ﬂethﬁg% fetﬂ "ﬁlﬂgppg tvﬁggbegoﬁeﬁ%ﬁ%q%ﬁéﬁﬁhgone
of the booster punpéigl ets passes through a different nunber of punping

stages than fluid entering the booster punp through the other one of the
booster punp inlets. 33. A punping arrangenent according to Claim3 1 or

o 2 32aaae o " WIRTBAY aridiRNMEALRRihb tb TIGATBY o iafi? B8 WheRBANS

10 the means for conveying fluid comprises conduit means arranged to
connect the exhaust from the compound pump and the exhaust of
the booster pump to the inlet of the backing pump.

34. A pumping arrangement according to Claim 2 and Claim 24, wherein
15 the pumping stages of the compound pump are co-axial with the

pumping stages of the booster pump.

35. A pumping arrangement according to any preceding claim, wherein
the booster pump is mounted on the compound pump.
20
36. A pumping arrangement according to any preceding claim, wherein

the booster pump is mounted on the backing pump.

37. A differentially pumped vacuum system comprising first, second and
25 third chambers, and a pumping arrangement according to any

preceding claim for evacuating the chambers.

38. A differentially pumped vacuum system comprising first, second and

third chambers, and a pumping arrangement for evacuating the
30 chambers, the pumping arrangement comprising a compound pump
comprising a first inlet connected to an outlet from the first chamber,

a second inlet connected to an outlet from the second chamber, a



connect the exhaust fromthe conmpound punp and t he exhaust of the booster
punp to the inlet of the backing punp. 34. A punping arrangenent according
t o Cd ai mwRoanas/@s@zm 24, wherein the punping stages of trhe/crmsmemdipunp
are co-axial with the punping stages of the booster punp. 35. A punping
arrangenment according to any precedi ngogl.aim wherein the booster punp is
nount ed on the conpound punp. 36. A punping arrangenent according to any
preceding claim wherein the booster punp is nounted on the backing punp.

37 A diTTorent] al by i CBEHUTLRY of SIRCHATRIT S Atk iR dovR G aah and

third chanbers, an g arrangenent accordin any preceding claim
for evacuating thefrohathesfirst pGRIng skdtionr; e sadtionsphaipg drmaagaed sushdhaim

conpri Si first, [ dthird ch d [ t f
evacuating the chafitér@nerng the FATRGUAR PURIL R et sthasse2dtalaha purp
compri sing a fi st ydha} aRANBREHADLARIAL SR ad A dehing e chamber . a

S
second inlet connect eél%to an outl et frg%the_ second chanber; afirst punping
secti®n and a secondmpoupdiinse fonothedssvendrinleipbeses threugh reftsaidinpi ng

section, the sections, bein rranged ,such that flui nteri.ng th onpound
punp fromthe fi _rs?‘e?tfﬂr@'_t' Ogyz@sssﬁ%ﬁr'&?&ﬁn?%ea ‘E)Ppgt[er %H %ﬁé‘eﬂa aﬁ‘dﬁ{?&ng

sections and fl ui dceph&stbAdo BRCOIRRIRGHNhedMIE drzpdha rRkRiburmpet passes
t hrough, of said sections, only the second section; a booster punp having

an inlet connectedhavingranimeteionnesied:tadhe isxhausiitemdhe boostarpumP; ANt

havi ng an inlet copnect t f : ; and means
for conveying flui Bﬁq%gﬁigf ﬁgn%%mﬁgﬁs@é: ité%ghw?ggggéﬁpsoun punp to one
of the booster punpompduhbieupas ks Boe B the booster pump and the backing pump.

39. A system according to Claim 37 or Claim 38, wherein the compound

pump is mounted on at least one of the first and second chambers.

15 40. A system according to any of Claims 37 to 39, wherein the booster

pump is mounted on the third chamber.

41. A system according to any of Claims 37 to 40, wherein the chambers
form part of a mass spectrometer system.
20
42. A method of differentially evacuating a plurality of pressure
chambers, the method comprising the steps of providing a pumping
arrangement comprising a compound pump comprising a first inlet, a
second inlet, an outlet, a first pumping section and a second pumping
25 section downstream from the first pumping section, the sections
being arranged such that fiuid entering the compound pump from the
first inlet passes through the first and second pumping sections and
fluid entering the compound pump from the second inlet passes
through, of said sections, only the second section; a booster pump
30 having at least one booster pump inlet and a booster pump outlet,
and a backing pump having a backing pump inlet; connecting the

pumping arrangement to the pressure chambers such that the first



39. A systemaccording to Claim37 or Caim38, wherein the conpound punp
is mounted on at |east one of the first and second chanbers. 40. A system
accor di ngvoaoe@mss@b C aims 37 to 39, wherein the boost erPcpwr0dsz0mBuNt ed on
the third chanmber. 4 1. A systemaccording to any of Cainms 37 to 40,
wherein the chanbers formpart of a masg) spectroneter system 42. A nethod
of differentially evacuating a plurality of pressure chanbers, the nethod
conprising the steps of providing a punping arrangenent conprising a
conpound punp comprd.si 04, &y ébr’h@tinfeﬂse on c?&fgfgn 'oﬁltlgffror%r}hgqﬁ'%tet , a first
punpi ng section and a 'second punping Section downstreamfromthe first
punpi ng section, thehapswdr tssdminmbean paumge gusipcinldt imtomhedtdd embardutigt t he
conmpound punp fromthe first inlet %asses through the first and second

punpi ng sections arftP'RIl §eeARE FNAFOEhANLAPORRET PUMP Miefis CRBNGEEEE i nl et
passes through, of St thOtird %Mbé#?oﬁﬁ%&ﬂg} ﬁ%%é&dﬂi%ggrl?@oiﬁb‘ﬂo pump
et and a booster punp I et

havi ng at | east one booster punp I n and a
backi 3g punp havi ngha boastermpyinmuoptiétn bed cooneactitg thegouthet frommtheng
arrangenment to the pressure chanbers h.that the firstconpound pu i nl et
is connected to an SGMRRN P‘dmptﬂé’npiC%gﬁe@ﬁ&%ﬂ@rgumﬂéngégﬁt}?@%w@g@ punp
inlet is connected to an outlet fromthe second chanber, and a booster punp
inlet is connected to an outlet of the third chanber; connecting the

backi ng punp inlet to the booster punp outlet; and connecting the outl et
fromthe conpound punp to one of the backing punp and the booster punp.



