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EJECTOR PUWP The present invention relates to an

ej ector punp, and to a punpi ng arrangenent conprising
wW@rooejogssbr punp. Ej ector punps are an est abl i B&EAGB2006/000106

technol ogy for punping gases over a range of

pressures. Wthin the ej ec_tf_r punp, the gas to be

punped becones entrained within a high velocity stream

of air or other notive fluid at a relatively | ow

pressure, and transp r an orifice into a

rel atively high pres%r“'tr:‘%sjT RIQ the punp. Wth

reference to Figure 1, a known ej ector punp 10

nprises a main body 12 provided in fluid
The Rf@mdnmtmhra}ateﬁ teaglﬁmtehpemwe@ﬁ tq 2 HEOPIRG AFANgement
|V|ng a gas to be punped. The suction
conm*ﬁhﬁ%m%gﬁﬁﬁﬁgﬁses a nozzle 18 for receiving a stream
of notive fluid and ejecting the stream at high

elocity into u er 14., The increase in
EjectyaThof Gt B stablisDoa e OmIoe I rabing Gegeaover & rande of
press@F&s L @gthid EHB éjaétdi*%mp? tﬁé@%%%‘é ﬁhrhﬁé\d BEESTEE @ntfdined
vacuum wt he sucti on chanb 4. whi ch causes
wnthlrgablgrbv@@cw atmammfwgvr ether mﬂtwe fmﬁi aha reJstivens low pressure,

and WEsRBHAT bl bR A b BT AR AP T PlesShfe Lo ohie

pumplO. The main body 12 conprises three main portions,
- converging mxing portion 20, a throat portion 22 and
a divergi ng di ffuser portion 24 |leading to an outl et
‘i
With (tefRnoblE AR e T B 0 R e L Py 42
provigest ini ftuid Zzbrrandmeahcm wﬂhfaesmbtfdnmmxr’m bawﬂg anwh kst dienfor

recei t.he vel OCIt of tg xed str @Fguced t hereb R
‘f"ﬂ%@&f’sﬁ ﬁ?gb PUMBEEs s'dl&es 'Fﬁ” Sy O;ZL%J'et or
recel\ﬁ%@ @Lﬁieeﬁﬁ%f havetird aH8 lepdctidg the searelahgaﬂﬁ. A" Qnto the

than the ?as entering the punp 10 fromthe i nl et
suctioggnehamber T14. The i mcrease in the velocity of the stream of motive ﬂUId as it

is ejected from the nozzle generates a low pressure, or vacuum, within the suction
chamber 14, which causes gas to be drawn through the inlet 16 and become
entrained within the stream of motive fluid flowing from the nozzle 18 into the main
body 12 of the pump 10. The main body 12 comprises three main portions, a
converging mixing portion 20, a throat portion 22 and a diverging diffuser portion
24 leading to an outlet 26 of the pump 10. The gas mixes with the motive fluid

‘with the mixing portion 20, passes through the throat portion 22 and enters the

diffuser portion 24, wherein the velocity of the mixed stream is reduced, thereby
increasing its pressure. This enables the pump 10 to exhaust gas from the outlet
26 at a higher pressure than the gas entering the pump 10 from the inlet 16, and
so the ejector pump 10 is thus capable of boosting the pressure of the gas passing

therethrough.

An ejector pump can be used as part of an exhaust system for pumping a wide

-variety of gases. - PFC gases such as CF4, C,Fg, CsFs, NF3 and SFg are commonly

used in the semiconductor manufacturing industry, for example, in dielectric film
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so the ejector punp 10 is thus capable of boosting the

pressure of the gas passing therethrough. , An ejector
w@evp/082367 be used as part of an exhaust systenmP¢DGB2006/000106

punpi ng a wi de variety of gases. PFC gases such as

CF4, C2F6, C3F8, NF3 and SFp_are conmonly used in the

sem conduct or manufacturing industry, for exanple, in

dielectric filnmetching. Follow ng the manufacturing

o : : : I
ccifge PPN LA oot Mt WG [y e
conteyddr the ggsipuenpadciomehe processsteph readesathat RR€rgasesokquire
to convert the PF i nt.o pne or e oynds t hat
treap@af B Rparal APaiBRtl Hobesguel BF Fircy TER aRgI & Mage
compouMd8thhPea bé%y&bémenﬂaﬁﬂ? digpbsaldd fdred@dhiple, by
i ncrease the cost of the exhaust system It is an aim

conventienal setbinge Thiscsasn sigaifieaniidineeeasethetgost pf theeexhaust

s Steinpventi on to pravide a punping arrangenent that can
y provi de both punpi ng and abatenent of a gas stream 1In

a first aspect, the present invention provides a

. punpi ng arrangenent copprising an ejector punp and a i
It is PRI 9 tigast herretarred erabagieenof fherpressminadion to provide
! o L on: £ .
a p”'ﬁgrﬁ’gi one,1 @n ?ﬁﬁ @tag?(%? %@A@%Q?%ﬁ%’ﬂgh@ st?gg?r{ei nt o otfﬁ\egas
streagmas m xi ng portion, an outlet for conveying the gas
streamfromthe diffuser portion, and a gas abatenent
device for ejecting a stream of plasma through a

In a fit9Zadfact,the rtr_ege@taﬁv@.ﬂﬂmomae%i@ﬁumbiﬁgﬁarréﬁ@émeht to
provide a notive fluid for the punp and deconpose a

comptisifishae eie@er pwapgsl & bpeldng panw, wiereimtherrieetas kump

] 0 1 e I t he .
come$itg8 o Herfifiot Rafho SLAREHHfa bBrlos iy byt bl g et
for cdiregmesa gat Isticaed into tie gas hexing awion, an outlet for conveying the
gas stream from the diffuser portion, and a gas abatement device for ejecting a
stream of plasma through a nozzle into the'gas mixing portion of the chamber to
provide a motive fluid for the pump and decompose a component of the gas
stream, and wherein the backing pump has an inlet connected to the outlet of the

ejector pump. °

The gas stream entering the inlet thus becomes entrained within the plasma
stream and conveyed through the chamber towards the outlet. Under the
intensive conditions within the plasma, one or more components within the gas
stream are subjected to impact with energetic electrons causing dissociation of
those components into reactive components of the gas stream. These
components can react with one or more reactive species added to the plasma
stream, or with reactive species already present within the plasma stream, to
produce relatiVer stable, low molecular weight by-products that can be readily

removed from the gas stream in a subsequent treatment.
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stream and conveyed t hrough the chanber towards the

outlet. Under the intensive conditions within the
WQL@sse3sone or nore conponents w thin the gasPGI/GBaw6/000106

are subjected to inpact with energetic electrons

causi ng dissociation of thase conponents into reactive

components of the gas stream These components can

react with one or nore reactive species added to the

o 508 o R B OB RG34 b g an

outlet @riackrl 16 thiedhlet of Heavejsetarpunas. Whahtisdy imeardbitiasion with
that can be readily renoved fromthe gas streamin a

otherippaRaygafs of V@a@%@ﬁtngrﬂréamﬁmewg SHER 3R @ehmﬁter pump and/or a
[

backBHHEN I eletibBlmriRey il AopegthS DUl ot Bliniing diages
requitétefior treebdooster potrim atnidéor redtite theheaipaaitypeqeineseat of the

punpi ng arrangenent, such as a booster punp and/or a
baCk'Echakpi“?fg punp, the ejector punp may either reduce the

nunber of punpi ng stages required for the booster

, and/ or reduce the capacity regyl rement of the

Thetmk lorigirpRmay Pradvackagrpusbinprorislpdiey atquiringpuripy As the

- gas et By ¥oe ot Pubis Rl TR el ERE o

pumg, Reyrwater-soilible 8onpoRtats sfithelghe steapparivashéd frite thas
stream are washed into the punping water and thus

pPuMpiRgwater andomusswérrga@dsfmr@éhe SEE @Fr@am betora s gxhausgt at or

aroufy afiqUshere pRBSElIe! rbnpiRaSAE: Faf BRbiife RfiboTls such as
CF4, CéIFES CHirg, I Fe omva: QB¢ cBntbe cmmreetad itB @‘@t aind Hhavithin the
t [ be tak nt.o [.ut
oot G0 v EhekEh Sl D LPURGREIRG R e
example/aret BE; iviHieh Nanascbiverfdni N, anliHi #HRNSPE, which can be
converted into SO2 and HF. The liquid ring punp can

COnV@'ﬁﬁdslf‘tb(p&%@CbHFboth a wet scrubber and an atnospheric

The liquid rinQ pump can thus operate as both a wet scrubber and an atmospheric

-.vacuum pumping stage for the gas stream, and so a conventional wet scrubber is

no longer required, thereby reducing costs. Furthermore, unlike a Roots or
Northey-type pumping mechanism, any particulate or powder by-products
contained within the gas stream do not have a detrimental effect on the pumping
mechanism of the liquid ring pump, and so there is no requirement to provide any

purge gas to the atmospheric pumping stage.

The reactive species are preferably chosen to convert a component of the gas
stream into a differenf compound. For example, one or more components of the
gas stream, such as SiH4 and/or NH3, may be converted into one or more
compounds that are less reactive than said component. Such gases may be
present where the ejector pump is configured to receive gas streams exhaust from
different process tools, or where different process gases are supplied to a process

tool at different times. Conversion of SiHs and NH3 gases can inhibit the formation
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vacuum punpi ng stage for the gas stream and so a
conventional wet scrubber is no |onger required,
W0 banokassT educi ng costs. Furthernore, unlike aP@RGB2006/000106
Nort hey-type punpi ng mechani sm any particul ate or
powder by-products containeg within the gas stream do
not have a detrinental effecét on the punping nmechani sm
of the liquid ring punp, and so there is no

I i ] Q. PLOVI Y. rge he..
of oS AL B BHAY 5 SRR ERER Bk B g g wroatod
to fomh giepabl y chosen to convert a conponent of the gas
streaminto a different conpound. For exanple, one or
nore conponents of the gas stream such as SiH4 and/or
0
As afftfer SRAmPR, S0V EAGRE Stcfes By e ARISEnGBTRRAER S S ponent
of thégaprstéeant intdarconmpeure) #het iv less mpadtivedthan isgit @smponent with

. [ t f h t f diff t
the lig &1 2 8¢ URREF BraYGacLARN TS 5e YBIEM g BSClordP DB Mo
exarﬁélﬂe awﬁﬂﬁqf'%ﬁg sbRPle Fithf WE\Ee’rgFt?néy SRSt WﬁﬁW&ﬁé?#@fbrﬁf insoluble

H4 "and gases can | nhi _t’he formationo
compaayls, guclyas Of xt Gomgeralarhef-1 into gaswithin daerejeebor pump can

- le .S can be treated to form Si Q2. As anot her
|nhlbgiﬁﬁqrgjatpﬂg&rsgggtqovn%o% "es may be chosen to convert
a conmponent of the gas streaminto a conpound that is

| ess reactive than said conponent with the liquid of a
In a fyEthgp BERMpBles g ERRAYRIEPECESNEY b ¢aseBjte coBver @ine. or more

' wateﬁﬂ{so%gﬁhﬁwgf%ﬂf%f tﬁér a8 SR liftoYre b n %telj-%olgg%

react wt I nsol ubl'e conpounds, suc
compigtint€o Exempiamofdliquid-insdublelleompdunds tahe perfiucdrivratedinp

can [nhibit t fo ,.an Qf_ suc oupds. In a
comqur{cJﬁ,eﬁug;(g e C@Ega(lt"éigé’t(?fé §|5€‘b|lgs3 ?ﬂi{}gg@ Hibsen to
hydr&MiBF8EArbBRoRipdtRicR. Wat er - i nsol ubl e conponents of the

gas streaminto one or nore water-sol ubl e conponents.

Exanpl es of |iquid-insoluble conpounds are
By pl%?/féilhé'%rt'egmiage in which reactive species are formed from a reactive fluid

for subsequent reaction with such components of the gas stream, it has been
found that the energy required to cause the destruction of the component in.the
gas stream, and the efficiency of that destruction, can be radically improved. For
example, H" and OH" ions formed from the dissociation of water are capable of
reacting with, for example, a PFC contained in the gas stream at ambient
temperature, and thus at a much lower temperature than would be required if the
water had not been pre-ionised. Further advantages are that a relatively cheap
and readily available fluid, such as water vapour or a fuel, for example methane or
an alcohol, can be used to generate H" and/or OH ions, as the reactive species,

and that the reaction can take place at sub-atmospheric or atmospheric pressure.

Two different techniques may be used to form the plasma stream using a dc
plasma torch. In the first technique, the plasma torch receives a stream of
reactive fluid. An electric arc is established between electrodes of the torch and

the reactive fiuid is conveyed along the arc to generate a plasma flame containing
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compounds, such as CF4, C2F6, CHF3, C3Fs, CA4F8, NF3

and SF6, and hydrof | uorocarbon conpounds. By providi ng
W@2a0e08235yue i n which reactive species are forPEdGB2@A000106

a reactive fluid for subsequent reaction with such

conmponents of the gas stregp] it has been found that

the energy required to cause the destruction of the

conponent in..the gas stream and the efficiency of

destruction. "can _be_radical l.
e Bl B8RS 130t IR AL e G BstBip rrou
the n@ZzI&@d EIrmiiife HREE gas dbr theasjéttoe puiriphand psact waththe, a
PFC contained in the gas stream at ambi ent

compppapkebiheraas stikPhus at a nuch | ower tenperature than
woul d be required if the water had not been
pre-ioni sed. Further advantages are that a relatively

In the(:éammdatedhme;aéi the plasinkaad Igenéfajéd frosuarscascenvgae different from
fuel, for exa t hane or, an al cohol

0
the regghve§ulsh ek 6ajBpler a0 &t IRl SR SURGHES nioGeREr argon,
can beS&riveYEd %g&?%ﬁ% ardg g%lf‘néffaté ke PRATHA BBnfed¥0r ERBoRiRBRhe

at sub-at spheri c or at ITDSp eric pressure. WO
chambief frepegh tm@obnzlqué&;smmbﬁ readivet ituid dnpinges yploasthe plasma

stream.u S t.orch he,.f f
to forf bR g v epecinr sl P RRSPE: i te ot gy become
entrafr@aAGkitVA thé wigbmAflaleafisticanffroni theasdad, lsﬂlﬁdt heflaag
el ectrodes of the torch and the reactive fl ui

contaiing dye eantiyagpreriesds eiadedEner Hieenezzie- aéﬂarrﬁtla'ﬁh/ the
react|98 '?fu?d Qha%gﬁaé %%Ehlvlﬁ?? ﬁ@,}gé?ﬁ‘{ﬁ’r@? ﬁ) the chamber

quent1y>ejecte
througl@ ze$r§edtmef|nlets twhith mietreaetn@fhuﬂ drecbheéng Jeetramedpmh‘pn amai

dissOGBIHBY 0% RS TR a i Shes RS n KRG Bar AR PF bfh cember to
form %We%%tlﬁé@pgbl%fs Vit tHe é’r‘iﬁrﬁb@r MAACH ége@méé duBsed®ntly react

exanpl e, an inert ionisable gas such as nitrogen or
with the gomparnent ioé theogae gieeami diys; easecond agpaelthedresent

e e R R e R A T
portiodl &sd'& diffuser portion, a first inlet for conveying a gas stream into the gas
mixing portion, an outlet for conveying the gas stream from the diffuser portion, a
second inlet for receiving a stream of reactive fluid, and-a device for ejecting a
stream of plasma through a nozzle into the gas mixing portion of the chamber to
provide a motive fluid for the pump and within which the reactive fluid stream
becomes entrained to form reactive species for reacting with the component of the
gas stream. In a third aspect, the present invention provides a pumping

arrangement comprising an ejector pump as aforementioned.

In order to improve the operating efficiency of the pump, means may be provided
for shaping the plasma stream ejected from the nozzle. For example, a magnetic
field may be generated to modify the shape the plasma stream ejected from the
nozzle indepehdent from the pressure of the gas stream passing through the
chamber. A pressure sensor fnay be provided upstream or downstream from the

ejector pump for providing a signal to the shaping means indicative of the pressure
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to formthe reactive species wthin the plasm. The
reactive fluid nay becone entrained within the plasna
w0 b@aesaipst ream from t he nozzle, so that a pl aBEEGB2006/000106
containing the reactive species is ejected fromthe
nozzle. Alternatively, the geactive fluid and the gas
stream may be separately conveyed into the chanber
- through respective inI ets, with the reactive fluid
n
of th@@%@ @tr%?[rg vhfh"‘t gmégge%)éihiwﬁf@%r%g ngPbﬁﬁe received
S|gnai haatpist the érzerartdiier $twtgtln métltqomgaetlwﬁem. n the
chanber, which species subsequently react with the
component of the gas stream Thus, in a second aspect
Featlile® d¥sBABEH dbd\eNnk ir&ation fb’tf@qﬁsﬁﬁsﬁécﬂ@f@ﬁe i/ &Rtion are equally
conpri sing a chanber having a gas m xing portion and
appligable de éne pecondaspeact, epndvicerwessasf or conveyi ng a gas
streaminto the gas m xing portion, an outlet for
conveying the ,gas streamfromthe diffuser portion, a
PreferstblR@tirakasf the préssiiinention vill hedbe tes&itsdd Wih Ffershce to
and a device for ejecting a stream of plasnma through a
the aﬁ@%@P@”Y'HQ(WﬁW@%d@Wﬂ'% ng portion of the chanber to
provide a notive fluid for the punp and wi thin which
the reactive fluid stream becones entrained to form
Figuneehitiusiratespmahicasatioatly mdawwmejestdr punipe conponent  of
the gas stream In a third aspect, the present
i nvention provides a punping arrangenent conprising an
Figur@l 2RuStrafedngthdenaticallp %ﬁ@)daﬁﬂﬂé’ of bR GEt8F phip é’EFHo?cYﬁg tothe
the operating efficiency of the punp, means nay be

presgiitdvendi®nt or shapi ng the plasma stream ej ected from

the nozzle. For exanple, a magnetic field may be
generated to nodify the shape the plasm stream

Figurej 2ifiusatesand bmbodiraéet afrosipemaegdndratonor ise pue@safr ngre 2
of the gas stream passing through the chamber.

inmgtedledriie sensor may be provi ded upstream or dovvnstream
fromthe .ejector punp for providing a signal to the
shapi ng neans indicative of the pressureof the gas

Figuret4 dustratestdanather embpdimentedasplbsmagaranaiog of e pumpss

. the. received.
: Flguretbeln more defjall;

Figure 5 illustrates schematically the plasma stream emitted from the nozzle of the

pump of Figure 2;

Figure 6 illustrates schematically another example of an ejector pump according to

-the present invention; and

Figure 7 illustrates a pumping arrangement including the ejector pump of Figure 2

or Figure 6.

With reference to Figure 2, a first example of an ejector pump 100 comprises a
main body 102 provided in fluid communication with a suction chamber 104 having

an inlet 106 for receiving a gas stream to be pumped. The main body 102
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signal to adjust the size and/or strength of the
magnetic field. Features described above in relation

W@ 200bkg2387 r st aspect of the invention are equald/GB2006/000106
applicable to the second aspect, and vice versa.

Preferred features of the esent invention wll now
be described with reference to the acconpanying
drawing, in which Figure 1 illustrates schematically a

| comdﬂé%% @Aaﬁgb&]f hé’\Hﬂg’thr@e%éﬁ] rhbu'wé”é | ng 9#@‘&%@; éBHl&h 108

an exa ect accor sent
prowdedadjaoent tHe gutrtmrﬁchdmbisn TCM esthovet pmbomi |1r‘rﬁrancbé diverging

difusgs paror F guhe outt dredivegs fir.ewdpos das AR fim the

diﬁu%gﬁﬁﬁ@?@bﬁf@eﬁﬁtdr%nﬁb‘ﬁ@ pof Figure 2 in nore

Figure 5 1llustrates schematically the plasma
stream emtted fromthe nozzle of the punp of Fi gure

A no%;fle Fh 6@ Bhﬁjﬁr '8Poci 8{[{%5 1?)%' flﬂg %rcgbgsé st?é(gm of motlve

fluid infy gt mﬂ(hg pBEtidr 008 €o fhatl Inisde, Qﬁ@gaé siiep Bftering the ejector
arrangenent including the e] ect or of Figure 2 or
gﬁ meéip withig

pump= g@ itfa,foegh Vire inlele? @6 basemes enfrg the m@tl\@&!\tﬁgl passes
throug& g@? J@JgS’IEMnIoWFFb 208 eﬁPéFthhéaﬁfuégﬂBbﬂuo%o 2 ]&pr?%relrpothe

comuni cation W a suc
velocit) 4f ey migedigas streamli@Getioced, doexiebyngcraageas its tpressure o
be punped. The nmai n body 102conprises a chanber having
three main portions, a converging mxing portion 108

In th@éfé%td?%nﬂ?ﬂ 80 ?IﬂIstrta'?@d %PFFg'uPé‘ZCi%@PéanJrQ)‘ﬂm&nferﬂLﬁé‘ﬁs in the

portion 110 and a diverging diffuser portion .
form oﬂaIp@snlastreanvep@tetdnfeomdhpnglasﬂ L3 foemm/eﬁmgtdm or more of

the components of the gas stream into one or more other compounds.

A device in the form of a plasma generator 118 located upstream from the nozzle
116 forms the plasma ejected from the nozzle 116. In the preferred examples, the
plasma generator 118 comprises a dc plasma torch 118. Figure 3 shows in more
detail the configuration of one-arrangement for the plasma torch 118. The plasma.
torch 118 comprises an elongate tub‘ular electron emitter 120 having an end walll
122. Water coolant 124 is conveyed through the bore 126 of the electron emitter
120 during use of the torch 118.

The bore 126 of the electron emitter 120 is 'aligned with a nozzle 128 formed in a
start electrode 129 surrounding the end wall 122 of the electron emitter 120 and
substantially co-axial with the aperture 130 of the nozzle 116 of the pump 100.
The start electrode 129 is mounted in an insulating block 132 surrounding the
electron emitter 120. A bore 134 formed in the block 132 conveys a stream of
plasma source gas 136, for example, nitrogen or argon, into a cavity 138 located

between the end wall 122 of the electron emitter 120 and the start electrode 129.
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di ffuser portion 112 of the ejector punp 100. A nozzle
116 is located in the suction chanber 104 for ejecting
w@2®b0gan1 of notive fluid into the m xi ng portPONGBR®6/000106
so that, in use, the gas streamentering the ejector

punp 100 through the inl et 306 beconmes entrai ned
within the notive fluid, passes through the throat
portion 110 and enters the diffuser portion 112,
L : t hew i :
in onfR13fich B HEpEGRAbIh Bla ABIGTAER T 0BhERASY bRtween the
elecepeetittentZPpaidthe btarstleatrode 1RIFiITher &rcds dgeherastbdeyna high

of nofjyve fluid.is in the formof a plasna stream .
frequgnay; E@Y*f%ﬁ@gﬁﬁégw%ﬂmea&ww dcn? GeNerRfobAssepialagh with
o iy Sy RATRANGSISSR!, e RHLERTH P B8EnSfod o
sourge gas dlowind iBthieawswity d 38p sind dhim dischargd pravddes a clib@nt path.

f | ' f | 6, .|
The 8 s Bt naebhdfe cleiiobeaBibr R0 tripltees
electfodls 1R §§iT8esd HeCsoukdS gakl &%m&hgjﬁﬂﬂé}\dﬂﬂ@ 198%&ikoduce a

. the configuration of one-arrange for the plasm
high meerepntung plasie paaerni.ionised soun® gamisemsibe timokthermnazle 128.

I ] ' .

Tho {5 SlssBb I8 85, A8 0N n0 Bt R g B2 oz
116 bﬂmegdwnp rlggwh;n'rt %mwio‘b%%rdanbdwfm&he @ﬁlazsléﬁg tdir@{ﬁ cir 81.s(1j|€d

. The bore 126.0 e ectron emjtter, 120 is aligned _ .
defingsinPl2SHE,P0IOM 2 1 SPRAIPZIE K1 has @ TG iipbiid i geceiving a

¢ L RS i&n I '

srosp 8.9 ARNEIR1 M b 1nd sl A BELLERETLY 5 t
formaeactive sprciksewithip tbe plasmpuegionOEt2. THeesst mactiet speciedare

s B B B o BB A\ 85, Bt e

bl ock 132 conveys a stream of plasm source gas 136,
. for _exanple, nitrogen or argon, into a cavity 138
Figunegt Jlusiratast s alietnagive @irangement forggensiating the plesma stream.
an - ; I P '
i ST Ertd, B0 ARk 998 19 3| PRAFALA 8 e
plasrgarercat £t8. bas shewntih&igure 4, the reactive fluid stream is conveyed into

.the bore 126 of the electron emitter 120. The reactive fluid stream passes from

the end of the electron emitter 120 into the cavity 138, where it is ionised by the
plasma flame created from the source gas 136 to form a plasma stream containing
the reactive species and which is injected from the nozzle 128 into the plasma
region 142. In this arrangement, water coolant 124 is conveyed within a jacket

150 surrounding the electron emitter 120.

Returning to Figure 2, the plasma stream thus generated by the plasma generator
118 is ejected from the nozzle 116 into the converging mixing portion 108 of the
pump 100. As shown in Figure 5, as the plasma stream 152 enters the mixing
portion 108, the plasma stream 152 entrains and mixes with a gas stream 154
providing directional momentum to the total gas stream which passes through
restriction 110. The reactive species within the plasma stream 152 can react with

one or more of the components of the gas stream 154 to form different
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electron emtter 120 and the start electrode 129. The
arc is generated by a high frequency, high voltage
W@ e@nas23sypi cal |y provided by a generator assorRCHGB006/000106
with the power supply for the torch. This signal
i nduces a spark discharge _igw_the source gas flowing in
the cavity 138, and this discharge provides a current
path. The pilot arc thus formed between the el ectrode
e t, tart { I.ONL 585 -
compee st Seide nlfied BharteRE a3 2 BN hAR jons,
for ex@inghle(Tnakst vapopl canththie gaestedar @ointaids sqparfleo@esnfpoumd, for
the tip of the nozzle 128. The flanme passes fromth

exampte, Alea, 108 PSS geppRiem Y &2 Rlapia g60RN dipeosriEsiae
]?g : ) owbieh Vi el for the

watep s&nglﬁ%?ghgqq ar{gﬁ\%\é@ﬁ@@% I%%'Zlgarn%gregl on 142. The
nozzle 116 has a fluid inlet 144 for receiving a
stream 146 of reactive fluid. In use, the reactive

fluid i s dissoci &84 ByHt heH | ame to formreactive
species within the plasnma region 142. These reactive

. Species are thus emt fromthe bore 130, 0f . th
whictf 555, 526 tgh et hithifie Segydr R Berigd i i Body 102 of
the pUidpUB00 & R¥PcarBbh elididdé ¥Ad MF a8BEFoHUERF generating

the plasma stream |In this arrangenent, the stream of

reactive fluid 146 is conveyed directly to the plasm
torch 118. sh din_Figure 4, t reactive fluid
streamis c vé?ggﬂfHT%Htﬁé(ﬁa?é*f%% of the electron
emtter 120. The reactive fluid stream passes fromthe
_ I " . . '
A et R EHGEARINEYD B AHIHER 4 b Bl 2 contan

differingeproportionsgsfthé 3@ases GHFCaF pl| Gdtseorsitheapertlootiaatednar
the reactive speci nd ich,is inject fr. -
hydrafliss Gt 0on Gt BUC WETSS TS RHOT A seadiiss qrifie b @nd BFr ions

with {AE58RBBIPIHenty'Bt fle tPddim WAt differ &9 Gé_féﬂ?ﬂwé"{iéﬁérﬁl form will
] acket 150 surrounding the electron emtter 120.

be asReltaneni ng to Figure 2, the plasma streamthus
generated by the plasma generator

As another example, where the reactive fluid is a source of H* and QH' ions, for
example, water vapour, and the gas stream contains NF3z, the NF3 'gaééomeé -
dissociated within the plasma to form N2F4, which reacts with the H" and OH" ions
to form N2 and HF:

ANF; — Nz + 4F, + NoF4

NoF4 +2H" +20H. — Nz + 4HF + O,

As the plasma stream /gas stream mixture passes through the throat 110 of the

- body 102 and enters the diffuser portion 112, the velocity of the mixed stream is

reduced, thereby increasing its pressure, typically by around 100 mbar when

compared to the inlet pressure at 106.
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118 is ejected fromthe nozzle 116 into the converging

m xi ng portion 108 of the punp 100. As shown in Figure
WG 200898238 pl asma stream 152 enters the m xi ngPEDGBR@E/000106

108, the plasnma stream 152 entrains and m xes with a

gas stream 154 providing di rOectl onal nonentumto the

total gas stream which passes t hrough restriction 110.

The reactive species within the plasna stream 152 can

As IGEREled loBs dnalRt 7p8 iy e HRGHRRE Praerbll fflaoneti

field whﬁfddn}/hﬁe rsﬁapéldf ¢hé blasthd stréarf B2 infprbke apdrdiig efficiency.
i ons exanp wat er vapaour, and the gas st ream

The eomyaiping %nqaewrgjag SVt GREIestsr pé%@ﬂeeger@ra lly glaped to
prowBEaéﬁTﬁ‘n@rﬁr@ﬁé\Bﬁgy pﬁp‘é}&%@g%ﬁé&% djﬁé?)ﬁ%&?lﬁﬁlﬁ%the

wat er vapour 1 ons. Wi t h
shapee:g‘ltbe pla@na IS Eakht1 EZ}ﬁdephndhnhI}ofnenspﬂmeqnes rm‘ﬂlqzemce;amay be

he perflu oco unij Wi thin bo 102, Cf%bt he
OPt'"Ba%OY%atfa"%P dl s Meangn aAYPHHyidseRY &
pernﬁ’:n%nfrr?e@ﬁef &Eﬁ‘tr&%gﬁet@"‘guﬁeﬁf)’éér%g @8its "Qdﬁe%cﬁlcfu%ng

formng a dielectric etch in & process t ool
mag@eiﬁtcmq’ﬁh@* syitatiler depice 96 devisas forf generatjng dhe margﬂetlc::fslssj
CAF8 or other perfluorinated or hydrofl uorocarbon gas,
but whil st the chem cal reactions of the H+ and OH

Figureo flluetrates & eeeond eramply 6f &if e}ebﬁ)rg:aﬁnptmeam wmbh a plasma
differ in detail, the g)‘(le_neral formw || be as

streang iswechas ths EMaiive fiuihfardhe REMPLQ'| thipgpammenstead of

the réQ4VESIRY bEhREShYelidBthe bA ®e 18PAEM186, as in
S f it

he 'gas stream’contain econes
the edaerﬁm: desertbed above,tih mls Isasamd erarfnpitarthéfebctivdflaid is

conv%}??ag kﬁo%éggtmg)e@ L{lgonrg asecond |nle91f78rkgncal}c%d d%wnsrreamNﬁom
the nozzle 116. In this second example, the plasma generator 118 may be similar
to that shown in Figure 3, with the exception that the inlet 144 is no longer
required. Similar to the gas stream entering the pump 100’ from the inlet 106, the
reactive fluid is drawn through the inlet 170 due to the reduced pressure within the
suction chamber 104. The reactive fluid becomes entrained within the plasma
stream within the mixing chamber 108, wherein the reactive fluid dissociates into
the reactive species for reaction with one or more of the components of the gas

stream entering the pump 100’ from the inlet 106.

Figure 7 illustrates a pumping arrangemeht including the ejector pump 100 (or the
ejector pump 100’) for evacuating an enclosure. The ejector pump 100 is located
downstream from one or more high capacity secondary or booster purﬁps 200
(one shown in Figure 7, although any suitable number may be provided) each
having an outlet connected to the inlet of the ejector pump 100 and an inlet

connected to a respective enclosure 250.

Each secondary pump 200 may comprise a multi-stage dry pump, wherein each,

pumping stage is provided by a Roots-type or Northey-type or screw type or ball
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N2F4 + 2H+ + 20H (r) N2 + 4HF + Q2 As the plasm

stream/gas stream m xture passes through the throat
wal®ems23she body 102 and enters the diffuser pPCT/GBRO06/000106

112, the velocity of the m xed streamis reduced,

thereby increasing its preﬁﬁu_re, typically by around

100 mbar when conpared to the inlet pressure at

106.As. illustrated in Figure 5 neans 160 may be

and 6L BEP b BRTRENa0Fl AREBENSy % Sr P PRI gb hdary
pum;@é P0G heiicyomphise ecuMssrgolegulangutip/nd/ong melecalaedray
jector punp are generally shaped to provide optipum

mechasta: ereeaRIi A mechaR Tl Fifftes 2 bpEpNaALOL® Sile wall
pum;‘igmg rﬁé(d rﬁgdéﬁé‘rﬁ’(ﬁn ontthg é)‘&lrrz;flﬁg re§uiFdEARf the respective

epen om pressur ncy may

endammeﬂﬁeed over a range of pressures. The nmeans 160 nmay
be provided by a pernmanent magnet, el ectronmagnets,
current carrying coils, superconducting nmagnets or

The Qéd?)?l"daﬁ“b&ﬁ‘ilﬁ' MW 8 s SRS Foni e 8E185@E 78D 4R exhausts
magnetic field. Figure 6 illustrates a second exanpl e

the pafmpad @%@tr@ampairqasut@atmossphﬂmcmfeasweamwtvneethe range from

50 1B 1 el Bt i Todad RO RETRUM R 90 et ios

pumpéd gé@s@éﬁmsuﬁéwmﬁe orMidre of é7e tempbhentsofi thelgae stream
exanpl e descri bed above, in this second exanple the

into qtban:@cpmeom@mﬁﬁdané exhavels dbe pPHIPech@ASSReaMGY a presavike of
arourﬁgﬁﬁ% Qﬁp%by Qeﬁ%&gﬁg%ejﬁl‘%%ﬁ éﬁgga n@éﬁg&%d&?%

I'n this secon ener at or
secondgrylprursp 20Dar to t hat shomn in Flgure 3, with the
exception that the inlet 144 is no | onger required.
Simlar to the gas streamentering the punp 100" from

In thé Bﬁahgémbnigﬁ@wh he Fiaets, \é%édkmgdpump@onfmé Bh wehcémﬂected
inlet 170 due to the reduced pressure with

to the gxhhaust of thBiactarqaumFHE0y &@Ct@aq}@g pumgp mam_s the gas

s RHEARTFoth WL ek 5 TR BHCSMANEII G, el i8 e
atmosphere. Where the backlng pump 300 is prowded by a liquid ring pump, any
components of the gas stream which are soluble within the pumping liquid of the
liquid ring pump, which is usually water or other aqueous solution, are washed into
the pumping liquid as the gas passes through the liquid ring pump. Consequently,
the liquid ring pump operates as both a wet scrubber and an atmospheric vacuum

pumping stage for the pumping arrangement.

As an alternative to providing a backing pump 300, the ejector pump 100 may be
configured to exhaust the gas stream at or around atmospheric pressure. This
will, however, require the density of the motive fluid within the ejector pump, and
thus the density of the plasma flare, to increase, which would require a high
powered plasma torch. Alternatively, or in addition, two or more ejector pumps
100 may be provided in series connection to one another or in parallel to increase
capacity for receiving the gas stream exhaust from the secondary pump(s) 200

and exhausting the gas stream at atmospheric pressure. The gas stream is



the reactive species for reaction with one or nore of
the conponents of the gas streamentering the punp
wao®e/o83em t he inlet 106. Figure 7 illustratesP@r/GB2006/000106
punpi ng arrangenent including the ejector punp 100 (or
the ejector punp 100') for qevacuating an enclosure.
The ejector punp 100 is | ocated downstream from one or
nmore high capacity secondary or booster punps 200 (one
subségeém a} écBrﬁ’egBE %%é wél $41aH88r @WKe Whé P iﬁtd‘éﬂ@@éué@dluh@n or
aving an outlet connected to the inlet
to a sﬁlldtrbecmremadla fmrrpa(lm with the Hmtosformomaelid bytproduct which
S t|ve en sure 250. Each secondary punp 200 may
Ca”}%%ﬁ%Fﬁ ﬁﬁﬁ stage dry punp, wherein each punping
stage is prOV|ded by a Roots-type or Northey-type or
screw type or balland socket type punpi ng nechani sm
Al ternatively, one or nore of the secondary punps 200
may conprise a turbonol ecul ar punp and/or a nol ecul ar
drag nechani sm or regenerative nechanism (with either
a peripheral or a side wall punping nmechanism
dependi ng on the punping requirenents of the
respective enclosure 250. The secondary punp 200 draw
a gas streamfromthe enclosure 250 and exhausts the
punped gas stream at a sub-atnospheric pressure,
typically in the range from50 to 150 nmbar to the
ej ector punp 100. The ejector punp 100 receives the
punped gas streans, converts one or nore of the
conponents of the gas streaminto other conponents,
and exhausts the punped gas stream at a pressure of
around 150 to 250 nbar depending the pressure of the
gas exhaust fromthe secondary punp 200. In the
arrangenent shown in Figure 7, a backing punp 300 has
an inlet connected to the exhaust of the ejector punp
100, the backing punp 300 punps the gas
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"series connection to one another or in paralle

stream exhaust fromthe ejector punp 100 and exhausts
the gas streamto the atnosphere. Were the backing

wWEeep/08387 i s provided by a liquid ring punp, aPgI/GB2006/000106

conmponents of the gas stream which are soluble within
the punping l'iquid of the_kiquid ring punp, which is
usual ly water or other aqueous solution, are washed

into the punping liquid as the gas passes through the
liquid ring punp. Consequently, the liquid ring punp
operates as both a wet scrubber and an atnospheric
vacuum punpi ng stage forCLA#MSBunpi ng arrangenent. As

an alternative to providing a backing punp 300, the

ej ector punp 100 may be configured to exhaust the gas
stream Al SRSRIEH L TN 1 bl i
homevefb\?rsl#@ lagreg}%ﬁensi t yﬁ%éfingﬁgﬁg(gt?l\r/guﬁpﬁ%u b backing
wi t hi npubgp, eyheceiorthp @igctonpdmpresmpriresde aBampeshaving a gas

P ower eiisnagieldh B = ditiset a1 it Bl bhinid pths
two or gifeaf iBtEHegadmitagg BRI anbsu Rt for cﬂﬁ'ﬂ'e'?/mtgothe gas

i ncr eastregapiemtthe idifuses dairtiem gndha 9ga abateraant dsvier far
fromt : j

St r oam RO BD Aopr P et Phiita Sgudilio LR TG B a8 niRfhg

| Ssubs ety bfithe @haeyed to pravideta motivd Heid footheagemphrand
HF i nto aqueous solution, qQr, to a solid reaction dia,.
for 1 eASCPBRORE AHEAMROREIY) the Ie SIS e, Vet e bdcking
whi ch g@ﬂﬁpﬁaé SAMIEY cOHiFRISE b He SlifitMPiHe eRCRINBUME.
arrangenent conprising an ejector punp and a backi ng

punp, wherein the ejector punp conprises a chanber

ol et PopoEBRe ARG ARt day BRI B e
por t i oRreaf Getlel thfoUgrctivedyizig cohairgasastivespedies fior
the diffuser portion, and a gﬁa:ts abat enent devi ce for

ej ect i mgaciing wihthereoppranaat 9THPE RS WSzl e into the
gas m xi ng

A pumping arrangement according to Claim 1 or Claim 2, wherein the
gas abatement device comprises means for generating a plasma
from a source gas, and means for receiving a stream of reactive fluid
which impinges upon the plasma to form within the plasma reactive

species for reacting with the component of the gas stream.

A pumping arrangement according to Claim 3, wherein the source
gas comprises an inert ionisable gas, for example, nitrogen and/or

argon.

A pumping arrangement according to Claim 1 or Claim 2, wherein the
pump comprises a second inlet for receiving a stream of reactive fluid
for becoming entrained within the plasma stream and forming within
the plasma stream reactive species for reacting with the component

of the gas stream.
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portion of the chanber to provide a notive fluid for
the punp and deconpose a conponent of the gas stream

w@eaenkssei N t he backi ng punp has an inlet conPEDGBA0G000106

10.

11.

12.

the outlet of the ejector punp. 2. A punping

arrangenent according to G aim1, wherein the plasm
stream ej ected through the nozzle contains reactive
species for reacting with the conponent of the gas
stream 3. A punping arrangenent according to Claiml

or Claim2, wherein the gas abatenment device conprises
means AQsurapingratarenseritl sasordifg donCiaigohr weengds thearggctive
nmeans for receiving a stream qgf reactive fl ui ggéﬁ@cﬁom the

i npi ngByidhraomerenrangd WHM BispESMA Fireais up

'reactlégé%@lggm es for reacting with the conponent of

the ga Fream 4. A punping arrangenent according to

.Claim3, wherein the source gas conprises an inert

i oni sabl e gas, for exanple, nitr | Qr~argen, ;

i bunpiriebpng e Tt car g g el | of LA whrein the
wher ei ?;a%%a‘?é‘rﬂ@ntc@é'ﬂ?&é 6§ pAsES pRsishs fok edceliving a stream of
recei vi‘|ng a stream of reactive fluid for beconi,\g@q .

ent r ai neaktivietfhiicy ardemenas fer genesaing fem Kiekergtive fiwdA

the plasma stream.r ' | | e WrhBonent
the conpoEncopR g RV SPREFRSr LEcIrERibi e Sirhh

ar r angeyemy gasegedinng to G aim5, wherein the reactive
fluid becones entrained within the plasma stream

upstream fromthe nozzle. ' 7. A punping arrangenent

accor ding, toifd ArahderRenhdRihg toRyTIaIMES 2 to 7, wherein
the reactive species are chosen to convert a component of the gas

stream into a different compound.

A pumping arrangement according to any of Claims 2 to 8, wherein
the reactive species are chosen to convert a water-insoluble

component of the gas stream into a water-soluble component.

A bumping arrangement according to any of Claims 2 to 9, wherein
the reactive species are chosen to convert a perfluorinated or
hydrofluorocarbon component of the gas stream into a water-soluble

component.

A pumping arrangement according to any of Claims 2 to 10, wherein
the reactive species comprises at least one of H* ions and OH' ions.

A pumping arrangement according to any preceding claim, wherein
the gas abatement device comprises a dc plasma torch for -

generating said plasma.
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gas abatenent device conprises neans for receiving a
stream of reactive fluid, and neans for generating

WO c@a0$3387 reactive fluid a plasma contai ni ng rREGB®6/000106

13.

14.

15.

16.

17.

18.

species for reacting with the conponent of the gas
stream 8. A punping arrangguoent according to any of
Clains 2 to 7, wherein the reactive species are chosen
to convert a conponent of the gas streaminto a

di ffer ﬂg@u@@pwq&neﬁ RUBRIAG t&bhyREecETIhg arfral di ng

to any 0 8, wherein the reactive species
are chosmprisimgemeass forsshaging thenslasmisl raswisineéed frem the
the gas streaminto a water-sol uble conmponent. 10. A
punpi nBP%¢'Fangenent according to any of Claims 2 to 9,
wherein the reactive species are chosen to convert a
perfl uorinated or hydrofl uorocarbon conponent of the

gas st Agampingrarangareentsisicartied éo apy mEpgeding claam,
PUITP! N R B ARBLs AGROAEYE0 (&bt atil SlrRhdeté fidtd for

10, wh Spéci es® conprises at | eas

one of shipingrthe dtabridistroam ejéltedArqrartpe mgpzaler angement
according to any preceding claim wherein the gas
abat enent devi ce conprises a dc plasma torch for

gener atyi ' ﬁ%é‘ﬂq i g i

accoydh@% ém%ﬁ%r cegﬁ%célrgﬁrgnnb?g‘%g{rﬁﬁg rrea!\rr?éwfhgrrem

Z hapi n¢he btac:l;ihg:",almmpsi::&bmam@OI adiguitl fine puaefonsecaidng tae gas
punpi ng_arrangement .accordi n recedi A

clai m ?Egﬁﬁ}{rgrinn eeﬁle?tgﬁgvmgr?é%}e%??@gxg E)P %gogﬂ'}éar;%t Il'qnug']d'a

nmagnet kgjubie t8mpdhents from the gas stream. .

A pumping arrangement according to any preceding claim,
comprising a booster pump having an outlet connebted to the inlet of

the ejector pump. |

An ejector pump comprising a chamber having a gas mixing portion
and a diffuser portion, a first inlet for conveying a gas stream into.the
gas mixing portion, an outlet for conveying the gas stream from the
diffuser portion, a second inlet for receiving a stream of reactive fluid,
and a device for ejecting a stream of plasma through a nozzie into
the gas mfxing portion of the chamber to provide a motive fluid for the

~ pump and within which the reactive fluid stream becomes entrained
to form reactive species for reacting with the component of the gas

stream.

A pump according to Claim 17, wherein the reactive species are
chosen to convert a component of the gas stream into a different

compound.
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shaping the plasma streamejected fromthe nozzle. 15.
A punpi ng arrangenent according to any preceding

w@b@sng23dher ei n t he backi ng punp conprises a |PQuGH#2006/000106

19.

20.

21.

22.

23.

24.

25.

26.

27.

ring punp for receiving the gas streamfromthe

ej ector punp and renoving.gge or nore |iquidsoluble
conponents fromthe gas stream 16. A punpi ng
arrangenent according to any preceding claim

conpri 18| Wk r‘é‘i)rﬁlﬂﬁéﬁe%d:t
to theﬁ‘l n e?ﬁgeﬁﬁééﬁpgc 8?%‘43&% ﬁ?tdi?. Aneej ect Ve

punp ceppcits iang chosém i eonvert awatar-gesluble cag n%lﬁﬂt ghthe
and a diffuser rt on i rst | or conveying a
gas st BBASIPAID ad%§9ﬁ§Qﬁﬁ@3B@PEP§% tfan out | et for
conveying the gas streamfromthe diffuser portion,
second inlet for receiving a streamof reactive f|UI?ge

and a demirop dogerdingde Ry of Cdaimsahd & 194 wherein HoRACY

| to th
ol BB R R SR8 R o
the reashiptheht bf thesgassimdadnives wh&rpsnlnble aomnpanent.

reactive species for reacting with the conponent of
the gas stream 18. A punp according to Claim 17,

wher ei é&%ﬁ%ﬁeh{gé@ t§ %‘ﬁg'o?%lélh?s W"’P&QO HRCRANYIRS Fedttive

conponen streaminto a dif ferent
conpourgetids obnigesaatdeasti ong ofdH aippsEndcPh ianNsL7 to
18, wherein the reactive species are chosen to convert
a wat er-insol ubl e conponent of the gas streaminto a

wat er - ngum ead‘c%%ﬁﬁgqatany?& ClANRIND te2d pwdengn tioe deyice for
of d ai 9, wheréin the reactivy
ejecting a stream of plasma through a nozzle into the gas mixing

portion of the chamber comprises a dc plasma torch.

A pump according to any of Claims 17 to 22, comprising at least one
device for generating a magnetic field for shaping the plasma stream

ejected from the nozzle.

A pumping arrangement comprising an ejector pump according to

any of Claims 17 to 23.

A pumping arrangement according to Claim 24, comprising a backing
pump having an inlet connected to the outlet of the ejector pump.

A pumping arrangement according to Claim 25, wherein the backing
pump comprises a liquid ring pump for receiving the gas stream from
the ejector pump and removing one or more liquid-soluble

components from the gas stream.

A pumping arrangement according to any of Claims 24 to 26,
comprising a booster pump having an outlet connected to the inlet of



species are chosen to convert a perfluorinated or
hydr of | uor ocar bon conponent of the gas streaminto a
wowi0e08s6t ubl e conmponent. 2 1. A punp accor di nBCT/GBagvg§/000106
of Clains 17 to 20, wherein the reactive species
conprises at | east one of HfzLons and OH ions. 22. A
punp according to any of Clains 17 to 2 1, wherein the
device for ejecting a stream of plasma through a
nozzl e thetejettoepgamp.m xi ng portion of the chanber
conprises a dc plasma torch. 23. A punp according to
any of Clains 17 to 22, conprising at |east one device
for generating a nagnetic field for shaping the plasna
stream ejected fromthe nozzle. 24. A punping
arrangenent conprising an ejector punp according to
any of Clains 17 to 23. 25. A punping arrangenent
according to Caim 24, conprising a backing punp
havi ng an inlet connected to the outlet of the ejector
punp. 26. A punping arrangenent according to Caim 25,
wherei n the backing punp conprises a liquid ring punp
for receiving the gas streamfromthe ejector punp and
renmovi ng one or nore |iquid-soluble conponents from
the gas stream 27. A punping arrangenent according to
any of Clains 24 to 26, conprising a booster punp
having an outlet connected to the inlet ofthe ejector

punp.



