WD 2006/ 082357PCT/ GB2006/ 000106 - 1 - EJECTOR PUW The present
I nvention relates to an ejector punp, and to a punping arrangenent

conprisin ofi3Sis9r punp. 5 Ejector punps are an esta&%ﬁléﬁlﬁﬁwoﬂgé

t echnol ogy for punping gases over a range of pressures.

ej ector punp, the gas to be punped becones entrained within a high
velocity streamof air or other notivé-fluid at a relatively |ow
pressure, and transported through an orifice into a relatively high

pressure region of the iopunp. E{Eg Eﬁggi@Ege to Figure 1, a known
ej ector punp 10 conprises a mai J vided in fluid

conmmuni cation with a suction chanber 14 having an inlet 16 for
receiving a gas to be_punped. The suction chanber 14 houses a nozzle

18 for 1BreR@EseNhigvanian Eaiesio apeiselorauwnRl aagdo & RERPIRG aMeagsMeshm
at high éﬁﬁ*ﬂ%iﬁé’aﬁ%&t&%nﬁ%m i on chanber 14. The increase in the
y 0

vel oci t the” stream of tive fluid as it is ejected fromthe
nozzls generates a |low pressure, or vacuum wthin the suction

chanber 4. ' S : '

becons. dpeal Rubs KRR ishoa ReripRed bibpllo geBet B e KA dr,e
nozzl e IBesstrest Mathimihe &6ctoopgymp? thef gdshie tpupump€d bétmmenientraindd 12
conprises three main portions,.a convergin 1. X ortion 20, a
Uhroat It aieh elogRe st Pt ke atier dalve iiid piR iyl lbvigrass s,
outl et 2mdofarispertedrithrol@h ahhsifigesnioi xegativelyhigh presetife/@didrubitthed t h
t he rnXiFﬁganortion 20, passes through the throat portion 22 and

ent ef% t | ffuser portion 24, wherein the velocity of the m xed

streamis reduced, thereby 25increasing its pressure. This enables
the punp 10 to exhaust gas fromthe outlet 26 at a_ hi gher pressure

than t héNS%G‘céFﬁ’Eei tﬁd: igyre 1@@&5101‘0‘ ¢ipeter PH@PiW @maesadaibbedie12
Sja ng ﬁrg pﬁﬁ@?g@ﬂ}gﬁgwﬁnﬁﬁ%rﬁwﬁ alRRAsA BRarhB& ™ BAANG Bnhiet 16 f&aS
receiving a gas to be pumped. The suction chamber 14 houses a nozzle 18 for
15 receiving a stream of mofive fluid and ejecting the stream at high velocity into the
suction chamber 14. The increase 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 o be drawn through the inlet 16 and become
entrained within the stream of motive fluid flowing from the nozzle 18.intc the main
20  body 12 of the pump 10. The main body 12 comprises three main porticns, 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
25 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.

30  An ejector pump can be used as part of an exhaust system for pumping a wide
variety of gases. -PFC gases such as CFy, CoFs, CsFs, NFz and SFs are commonly

used in the semiconductor manufacturing industry, for example, in dielectric film



30 An ejector punp can be used as part of an exhaust system for
punping a wi de variety of gases. PFC gases such as CF4, C2F6, C3F6,
NF3 and SF oo iR ek nly used in the sem conduct or nanug@l%ﬁ{ﬂw&m%
i ndustry, tor exanple, in dielectric film - 2 - etching. Follow ng
t he manuf acturing process there is tyg} cally a residual PFC content
in the gas punped fromthe process td&l", and so the PFC gases require
treatnent in a separate abatenent tool to convert the PFCs into one
or nore ¢ ou ] can _be e convenigentl.y. di.sposed o r
oxanpi o, SHPEr Q5oL il e oat i e sRERP e PRG: case
t he]c cost c@ﬁtﬁghia_tﬁalgaaﬁunﬂ)@ih o thé protess tadl naref saithd }Bl_a%tgakbg require
preferred enbodi nent of 't resent invention t rovi de a punpi ng
A R O P N R
i ost r eamgohPodndd that cas BeGhoerel dBRvBRIBERN HishOYRNS, A3 Xafldlayy a punpi ng
arrangenment conprising an ejector punp and a backi ng%?unp, wherein
t he ef ectoivaptinpalsshpbhisgs ThisctmNgTicaly inpreagadherrost agthesdreat and
a diffusgig@grtion, an inlet 15 for conveying a gas streaminto the
gas m xing portion, an outlet for conveying the gas streamfromthe
di ffuser portion, and a gas abatenment device for ejecting a stream of
pl asma thr : l.e. int i i f to
b ovi de L6H7 Ry oF RERES: L' feleHE i diheRRonaE bR InVeB R B luge
gas st r eampumginy atrengémenhihabeark progidelbmih baspiny amd ebateoreme of adiato
t he qgtlet of the 20 ejector punp. The gas streamentering the inlet
t hus Hhecd entrained within the plasnma stream and conveyed t hrough
t he chanber towards the outlet. Under the intensive conditions wthin
t he pl as .one or re conpanents within the gas 25 stream are
subj ect ol # BSF AP TUEL HCERE BERTIEN &Y QAR VR AGPRHREGRI at i on of
t hose copRApeshg ah@]@ctbﬁﬁ@rhp\éﬁld@mmjﬁé@ﬂﬁjwh&%irg@@ gédteppymphese
conponents can react with one or nore reactive specie$S added to the
pl asma sEYBBIFESR CORTRET BAKDY RlasgBngsPaalioneany apfidesanrorianmin klak
Pl asg Sigr @8y AIJaBUWERah®Intd thesdas MbdHy Sortib®VaBlRE ¥brdontBBif the
by-products that can be readily ‘
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

20 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
25 siream are subjected to impact with energetic electrons causing dissaociation 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 relatively stable, low molecular weight by-products that can be readily
30 removed from the gas stream in a subsequent treatment.



30 renoved fromthe gas streamin a subsequent treatnent. - 3 - The
punpi ng arrangenent preferably further conprises a booster punp

havi ng an ggth&lsedpnected to the inlet of the ejector RuiEsMiRbi0s
used in conbination with other conponents of the punping arrangenent,

such as a booster punmp and/or a backing punp, the ejector punp nmay
ei ther reduce the nunmber of punping s?’ages 5 required for the booster
punp, and/or reduce the capacity requirenment of the backing punp. The

backi ng may be advant eo sl i.de a liquidri

Phe uas B BuBhg R Bttty Rithéh ioSiohYes’s HoBHls” phihi e
of the rd')met@umct@dlto Wtifket s;ﬁ{hd)é;ectﬁppmﬁpew%rousédwm @ﬁﬁblﬁéﬂ‘tﬁ'&fﬂtﬁr e
washed into the water and thus renpoved fromthe as strf?gm

bef ore i PtNEECYRA & ogtheo?urapwgﬁar%ﬁ[;@ﬁhadptg as ,aeggqﬁt%r Y @ne
punp. Fopg fp, tﬁ@ %@ﬂﬁurﬁﬁ?ﬁa@éﬁl@?%dt@e the Hdfrber 68 Eﬁmpﬁfgdstgég§

can be converted |nto F wth he ejector punp, which can
be t akenreianired &5ithe beestenpume. BRier educadhe aapACiprRaviremereie es are
NF3, whig dgb Lgfglﬁ_converted into N2 and HF, and SF6, which can be
converted 1 nto and HF. The liquid ring punp can thus operate as
both a wet scrubber and an at nospheric vacuum punpi ng stage for the

gas St efn ere@B B B8 SRRRtaglBleP BIRRE by £ iGDANIHIARD. As the

reqU|red g cos rmor e
Nor t hey - gaepstrgzumis G@smdb@nmtmu@ntwmﬂhctbémmmmg paiater thy ripg oduct s
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requi r engirhpihg vititeVaritethais e iovee fidas tHeQydshreaimbéiohe Itiis et or

stage. 25 The reactive species,are preferably chosen to convert, a
companerAroBN EHECSERS ST ESsHIE o AN RPAFEr Sr XS REOM O FH D AS,

one or nEFg GPINOMENIGFf ande,Biasarbhé 8iert2dGftoadSO hhid HINGItEH thi3,

may be converted into one or nore conpounds that are | ess reactive
than sai@ieelshipeRBnyhicBiER bantakeniplp seuitign ”bﬂ”@s'@#!d Uipe PEMPRe Od*ct or

punp, 4 s &%ﬁl@é’é%@ v&lﬁ&t‘?béﬁﬁ baonvbiERR RYBAYTF, farn%@lfﬁ f:\);h‘?dr%ﬁn be

process tool's, or whére different process gases are su to a
process canverie inde SQeranst HFr mes. Conversion of SiF14 and NH3 gases
can inhibit the formation

The liquid ring 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

20 no longer required, thereby reducing costs. Eurthermore, unlike a Roots or
Northey-type pumping mechanism, any particulate or powder by-producits
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.

25
The reactive species are preferably chosen to convert a component of the gas
stream into a different compound. For example, one or more components of the
gas stream, such as SiHs and/or NH3, may be converted into one or more
compounds that are less reactive than said component. Such gases may be

30 present where the ejector pump is configured to receive gas streams exhaust from
different process {ools, or where different process gases are supplied to a process

tool at different times. Conversion of SiHs and NH3 gases can inhibit the formation



WO 2006/ 082357PCT/ GB2006/ 000106 - 4 - of reactive gas m xtures within
the gas stream For exanple, Si1-14 can be treated to form Si02. As

anot her exgbfsoshdde reactive species may be chosen to gensBihe@o1os
component 5 of the gas streaminto a conpound that is |ess reactive

than said conponent with the liquid of a scrubber provided downstream
fromthe ejector punp. For exanple, wifitst F2 is soluble within

water, it may react with water to forminsoluble conmpounds, such as
OF2. Conv I‘SI n_of F2 ctor hi_bi he
For mat 1 off ekl fos hbiietiaghe Hod skfn o qamplte Siingen Ba e
speci es maforiwesSichosen to convert one or nore water-insol uble
conponents of the gas streaminto one or nore water-soluble
conponents. Exanpl es of |iquid-insoluble conpounds are perfluorinated

conpoundag setieraxakiple, tﬁE F@act;@é‘%ﬁecu@ ray @5?059'?}"‘?3 c%HQer%EQJon%é@

hydr of | uor ocar bon conpounds. By providing a technique in whic
r eact § veokiieqgasssteaam nie epmpannddhaidadessueastve tham @ﬁldsm@mﬁﬂtwdh

reacti ongy uu; HER sEMEB%P?:‘Bvﬁje‘Eifd&\M%tl%gﬁl oA dek rfﬁﬁne&e%r f ound

t hat the ene required to cause t est ruct oh conmponent in
t he 209a§><@°ﬂ p@amhﬂ@triﬂa is Isefublg withionegtenfit manteagewith urtaterohm fopannsmuble

radi cal | a n | d fromthe
i ssooi b7 BRBAR Such o P WRorfertia &y BAIYTRE Wi Ing S0 b
PFC cont 'mhrt&ttherfoMmgas‘ssrbhmmmiundsbl ent tenperature, and thus at a
much_| ower tenperature than would be required if the water had not

been'bre-ioni sed. Further advant ages are that a relatively cheap 25

and readid s{fL&t{'ﬁérle&bh'@Eef lthis Ebactive bpa@es\m@rbymeh t0lcodvértehe of Afore
exanpl e mah:\éane or._an al cohol, can be used generate Fr angJ/bE? Ot

i ons, asWerR-IngRldbleFeMEPReNESOf the gap ﬁH?aWH@tOr N IBArECYRLE SR ace
at sub- atompehErts C Exbmpldeskelid-fsBILBRSeErirounds are perfluorinated

compounds, such as CF4, C,Fg, CHF3, CsFs, C4Fs, NF3 and SFe, and

15 hydrofluorocarbon compounds.

By providing a technique 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 o cause the destruction of the component in the

20 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

25  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
30  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 fluid is conveyed along the arc to generate a plasma flame containing



Two different techniques may be used to formthe plasma stream using
a de 30pl asma torch In the first technique, the plasma torch

recei ves reactive fluid. An electric arc is, ERbdahed
bet ween eI ectro es of the torch and the reactive fluid f?%onvéye@
along the arc to generate a plasma flane containing - 5 - the

reactive species. This flame is subsefuently ejected into the chanber
t hrough the nozzle to formthe notive gas for the ejector punp and
react with the, conpopent_qf .the . gas stream 5 |In the, secon

F echni quBe TENdE SRS T Rnarea hsRoHe A Blarled GRanGTRRdeRt PR,
the T eackiVRHb\b okt ROBIPLEs fRMhé BREtoripRIfiPald RecdBfithgbeh as
nitrogen or argon, can be conveyed along the arc to generate the

pl asma f¢%ﬁﬁ0ﬁ‘&f5¢0§}[’@c@ﬁi%ﬁr¢§‘mo t he chamber through the nozzle. A
stream of reactive fluid inpinges upon the plasma to formthe
reactive species within the plasma. The reactive fluid may becone to
ent r & ndd the shcend teshpicaenthef plagraa ispgeresatedfirapmat sosirgrogas diffepamtfiom a
pl asma ep ject

A o nat TSN SEBPRS B, AR FEk IOy ELES, Fital i ThibBEn SR Bruch,
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i as, stream _Thus seco aspect

react wwth the co d

| haC s et GRER IR plasthailiang APsr e Jom T it e dn RS QESREbe:
havi ng & @asiniythd feRAivbisplcRB s a;eetet:lfﬂrb%ﬁ!&h@ﬁéiﬂ@n;\n@mfawa thal et for
conveying a gas streaminto the gas m xing portion, an out et for

conveyi nigactie H4d 2ot tea gae sERRTHEAY P ﬁ@@@'rat?lb eenvayvedinieghe shamtper ni et
for r ecgcb?’ L{é@u Eéﬁ%th%{s W%é Yéadive idid FE¥dniing 8MtraR el Wit Qﬁél ing a

stream rou nozzle into the gas mX|ng ortion of the
chanber dl@sqwaied &y the w&mffamawhfrbthemé rpifing ravdompt ﬂ%ﬁrﬁhﬁmbﬁﬁ t® he
reac r t f or
Feact ngolih e eS8 BpasEe RHFREIhaREer ibALBRLES ShhsenRRRf ket O

present wittv et coonpgurent iofl e %smtrqamugTﬁ&S an aeaﬁyenémsp@dﬁm psdsegt an
o] et O By Bl 6 R i RE Sl SR o el P B R B R
st ream gj@tidednd madifftide poottar, & flrﬂnmeef(mmpheeysag aa@satnmm ingd thengas be
generat enq]xtln% Eé’r‘é' E:)}: yar% ggt]gtf}a gontvgyenng the HS‘S %%rggr% rorh %1Ct 8%u£éro por%gne, a
20 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

25  arrangement comprising an ejector pump as aforementioned.

[n 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 madify the shape the plasma stream ejected from the
30 nozzZle indeperident from the pressure of the gas stream passing through the
chamber. A pressure sensor fnay be prov'ided upstream or downstream from the

ejector pump for providing a signal fo the shaping means indicative of the pressure



30 nozzl e independent fromthe pressure of the gas stream passing
t hrough the chanber. A pressure sensor may be provi ded upstream or

downst r eanwbrososiegs ej ector punp for providing a signalpd®cbiesnooios

shapi ng neans indicative of the pressure - 6 - of the gas stream
wi th the shapi ng neans bei ng confi gur_%d_ to use the received signal to
adj ust the size and/or strength of the magnetic field. Feat ures

descri bed above in relation to the first aspect of the invention are

equal I'y 3f BR|dsCaRlkas, vﬁtt’if ﬂ\\‘;eeﬁfai‘bméﬁrﬁseﬁ%w%gﬂg%ﬁ@@.tﬁggé%n? %c"efx%rdre

features of t'he present SCri
r ef er enceignal totagjust donpleyanddordtiengihgf the megnetic field. gure 1
illustrates schematically a known ejector punp; Figure 2 illustrates

schematically an exanple of an ejector punp according to the present
i nvent i oReatlBesHieparibed abiolva s relatis tortiee frdb adpesindf tiod ineepli@sam equally

f fFi 2 | detail; Fi 4
et r aredoahBinBHE Badns AL e ¥Ra gener ator of the purp of

Figure 2 in nore detail; Figure 5 illustrates schematically the
plasma streamemtted fromthe nozzle of the punp of Figure 2;

i qur e 6PTHPLR] [RRES S o RIS et Iy oRimut HUm oA sorreCafl T cdeienre i
accor di nghet@cdmpbhging #a®iHg, imMyARhi on; and Figure 7 illustrates a
punpi ng arrangenent Including the ejector punp of Figure 2 or Figure

6. 30 Wth reference to Figure 2, a first exanple of an ejector punp

100 ePNPEERS1 alugﬁsfésmrﬁaﬁi%awkh&ﬁﬁiejé&tér'wrﬁip;commni cation with a

suction cith;anber 104 having an et 106" for receiving a gas streamto

be punped. The mai n body 102
Figure 2 illustrates schematically an example of an ejector pump according to the

present invention;

15 Figure 3 illustrates one embodiment of a plasma generator of the pump of Figure 2
in more detail;

Figure 4 illustrates another embodiment of a plasma generator of the pump of
Figure 2 in more detail;

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
25  the present invention; and

Figure 7 illustrates a pumping arrangement including the ejector pump of Figure 2
or Figure 6.

30 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



- 7 - conprises a chanber having three main portions, a converging
m xi ng portion 108 provided adj acent the suction chanber 104, a

throat porgphQhshisfnd a diverging diffuser portion 113, @%&0%6

114 conveys the punped gas streamfromthe diffuser portl on

-the ejector punp 100. 5 A nozzle 116 iLs located in the suction
chanber 104 for ejecting a stream of “fotive fluid into the nixi ng
portion 108 so that, in use, the gas streamentering the ejector punp

100 th h th h fl :
100 L1 US| B aRl BTER b ANRRE, A VD RS A
112, Mhepr@mlﬁieﬁleétﬁnvﬁmdﬂxbnaj’hamr o4 editgest [®irfieam § snteddioeding
thereby creases | In the ej ector 100 il lustrated

pr.ess
in Figurd Ese"tﬂ?ét‘@ﬁi%n’la‘ﬁfo il V& CoPYRYa T %pPWpﬁﬁé]gg(ﬁtrﬁaﬁ? framdngsma

stream efigGi&horticim 106f thezgbstot pmboropconverting one or nore of the
conponents of the gas streaminto one or nore other conmpounds. 15 A

devicde in the formof a plasma generator 118 | ocated upstream from

the n022A0338 1f1@rié7ﬁ)crﬁ19§‘dﬁﬁé%cﬁér‘?ﬁﬁé’rﬁ'bérrﬂ@fbpé BARG btk moﬁ\bbe

preferr exanpl es asma generator 118 co ri s S
torch 118uid Fitg th@manwnpmonm Qﬁﬁceﬁ‘@étllah‘ée,t’fh@ gesstregur antetng th‘e ejector

compr1 saangh 0p ShBleh e BFSTDR eeilbs ooy B3R 1k Ml s
122. V\attdarougm\dharﬁtroéﬂaontlsnddlﬁ)\mycbmmmtbeglifftxsbepbtcbiloe TH26 whierdih ¢he

| 120 d .of h The..bore 126 of h
o1 oot orvelfibdt ne ket bad St 1Sfady e 8o BBy T Ratel 1R B RR IR Hogt ar't

el ectrode 129 surrounding the end wall 122 of the electron emtter

120 and s stanlall -axial wth . the _aperture 1 nozzl e
176 of dhdhg errgtorgemer o st bhggag Bowtern sl ede fhiA T he

i nsul at i faem R ahaskd srbama|Bele8drdm thetdelel PIB RFicbh@srtidd Gnedr e of 34
formed in the block 132 conveys a stream of plasma source gas 136,

for ex antﬁﬁéomﬂof‘%ijéﬁ the 9gp @B’ﬁafﬂ IRfene %’a{VP'EGyOtTQBCqJ'BESF‘éQF 30bet ween
the gnd wall 122 of the electron emtter 120 and the start el ectrode

129.
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

20 torch 118 comprises an elongate tubular electron emitter 120 having an end wall
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
25  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
30  between the end wall 122 of the electron emitter 120 and the start electrode 129.



- 8 - In operation of the plasma torch 118, a pilot arc is first
generated between the electron emtter 120 and the start el ectrode

129. The nerated by a high frequency, high voljage;
typically pro{)/q%&g% ﬁy a generator associated with the power suppﬁﬂ(}6

for the torch. This signal induces a iark di scharge in the 5source
gas flowwing in the cavity 138, and thi%s" di scharge provides a current
path. The pilot arc thus formed between the el ectrode emtter 120 and

the start{ el ec rod oni.se e assin hr ou t he
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pl asma r 8PFR 1EHOT rERCHVEiTWicy fRsteactag dyid &Gnsaa@*atfﬂzpw bedsmeatped
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Ret ur ni ng Figure 2, the plasnma streamthus generated by the plasma
gener at 0 wzc::mmtt@dérOéttf@cbqredr%Othéhﬁaa@@!@1iﬁewﬁhm hetmesmmaieBiegi ng

m xing portion 108 of the punp 100. As shown in Figure 5, as the

pl asma stream 152 enters the m xing portion 108, the plasnma stream
152 ent r hignse dnitbisiiajessamaliernativearrangeraentfeugaerating thgi pigsmiasgerimonal

ToTent e i gt Ao oD ARG MOLA, RA3395 i DGR SRER) B

110. The reac cl es W|t asma stre ¢an f eact with
one or nplesmaftctdiel thnpsabows zroFlglem4g’als reqctyvarfiuddb4tréam fio comdivetidntent
-9 .the bore 126 of the electron emitter 120. The reactive fluid stream passes from
20. the end of the eleciron emitter 120 into the cavity 138, where it is ionised by the
plasma flame created from the source gas 136 o 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.
25
Returning to Figure 2, the plasma stream thus generated by the plasma generator
118 is gjected 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
30  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



conpounds. For exanple, where the reactive fluid is a source of H+
and OH ions, for exanple, water vapour, and the gas stream contains

a perfluorgeaimaendy for exanple, CF4, the plasma genergiwgplysdobfs
pl asma gener at or di ssoci ates the water vapour into H+ and OH ions

within the plasma region 142: H20 ---> H +ON whi ch ions subsequently
react wth the perfluoroconpound wi thPA t he body 102 of the punp 100
to form carbon dioxide and HF as by-products: CF4 + 20H + 2H+ -> CO2

* A A S la9a A E 0L RS LOLILOR.R 1SLELRRd b LR dhe,

process contain efirn foportions
C3F8, C4B.8 emmpheh watqare«ra‘plouqrartdathe@ae rstréérrmmmnﬁs aeqesitearboompasnd,dat

Wmlstthec ctions of e nd O4 ions wth. these
ConponerPETiHIey fibedas PR AR PIecdt e PG Beararor fRS AT T f or m
wi Il be agtepbaysur i® Bhahd OH eoRPiKIEN tW@FB@Srriah%gfoﬁamz ve fluid is a
source of El+ and O+ ions, for 20 exanple, water vapour, and the gas

stream contai ns NF3, the NF3 becones dissociated within the plasm to
form N2F4, which reacts with e k& OH ions to form N2 and HF:
ANF3 -> N2+ 4F2 + N2F4 25 Nﬂ??h“’fhfwgm |: --> N2 + 4HF + 02 As the
pl asma stream/gas stream m xture passes through the throat 110 of
the bodywHieR i@@bnﬂmequsnﬂ)ha@adi fuftio s pereludioedmpdnd thidirvigledidlyy! 0 oft he

m xed styeamis reduced reby its pressure,
typi cal I{e BT 8&&8’ ‘%5'55‘ GRsReN awéwbmﬁﬁ? ﬁ3tyo‘§]rf)F'B Cnl et pressure at
CF4 + 20H + 2H" — CO2 + 4HF

A typical gas mixture for performing a dielectric etch in a process tool may contain
differing proportions of the gases CHF3, CaFs, C4Fg or other perfluorinated or

15 hydrofluorocarbon gas, but whilst the chemical reactions of the H" and OH" ions
with these components of the gas stream will differ in detall, the general form will

be as above.

As another example, where the reactive fluid is a source of H* and OH" ions, for

20 example, water vapour, and the gas stream contains NFs, the NF3 becomes
dissociated within the plasma to form NaoF4, which reacts with the H* and OH" ions
to form Nz and HF:

4NF3 — No+ 4F; + NaFy
25

NoFs +2H" +20H, — Np + 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
30 reduced, thereby increasing its pressure, typically by around 100 mbar when

compared to the inlet pressure at 106.



- 10 - As.illustrated in Figure 5 nmeans 160 may be provi ded for
generating a magnetic field to nodify the shape of the plasma stream

152 to i mEBuGRRSSAti ng ef ficiency. The converging and, i ¥efs:dd61os

wal I s of an ejector punp are generally shaped to provi g)e opt I mum
efficiency only at a particular pressure, and so by nodifying the 5
shape of the plasma stream 152 indepeﬁ%lently from pressure,
efficiency may be optim sed over a range of pressures. The neans 160

may be pr.ovi ded by. a-.per nanent et, .electro nets, current .
cat ryi ngRedl el at e B BRcR T e HabeY LEATOURRLOIRTELRITY aianetie,
devi ces figltl tg eM&difytthe @htipe ofeNSthsrha trohift. 150t ee Epérating bffiiedsya
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nozzl e 116, as_ I n the exanpl e described above, i1n this second exanple
t he reacshare ¢f thepdlasne skoayeths intepansenpy fremupressiicy Aifigiessk oray bal et

170 | oca n’JSLﬁ? thd
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the reduced pressure within the suction chanber 104. The reactive
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20 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 arrangemeni including the ejector pump 100 (or the
25 ejector pump 100’) for evacuating an enclosure. The ejector pump 100 is located
downstream from one or more high capacity secondary or booster pumps 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.
30 |
Each secondary pump 200 may comprise a multi-stage dry pump, wherein each,
pumping stage is provided by a Roofs-type or Northey-type or screw type or bali



5encl osure 250. The secondary punp 200 draw a gas stream fromthe
encl osure 250 and exhausts the punped gas stream at a sub-atnospheric

pressure, WyRbssakix¥sin the range from 50 to 150 nbar t edi€aRbiERbRE
punp 100. The ejector punp 100 receives the 10 punped gas streans,

converts one or nore of the corrponenti1 of the gas streaminto other
conponents, and exhausts the punped g 5 stream at a pressure of
around 150 to 250 nbar depending the pressure of the gas exhaust from

t he seco 151 apr S [ EQur

backi ng. iseBt Shsdtnoihd Bebiafydth AREERY O Kkl Bt s odpedo,
punp 100putnbe 2B&ckayngompriye aQ0rbomglculadrguggsasd/oeamerbaastragr om t he
ej ector unR 100 and exha%sts the gas,streamto the atnos hgre. Wer e
the. back G A S0taeoerAibG Bed A (VL GREPNA AY LA Oy e wall
conponenbempingtrhécigitisr} d6sendiid 6h e SuriihyPbquiverhbhts df fite RISPRERG
liquid of the 20 liquid ring punp, which is usually water or other
aqueots SBFE?Y8# Vare 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 $hagecansiary RempurRY digves oas gEeam tfrone Srepgnelesyp 280rRd axbapists
providin 'E‘ﬁﬁéﬂ Ja1¥ixs oI v D i 100 : b Gled
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exhaust i sgednblengasng20@am at at nospheric pressure. The gas streamis
- 12 - subsequently conveyed to a wet scrubber to take the HF into
aqueous solution, or to a solid reaction nedia for reaction with the

HF t @5 f ofrtha =5@ihpEmyit BREWH G Figate h, £Backify peagi 300 v tst Bhnected
to the exhaust of the ejector pump 100, the backing pump 300 pumps the gas
stream exhaust from the ejector pump 100 and exhausts the gas stream fo the
atmosphere. Where the backing pump 300 is provided by a liquid ring pump, any
cemponents of the gas stream which are soluble within the pumping liquid of the

20  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.

25 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

30 100 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



- 13- CLAIMS 1. A punping arrangenent conprising an ejector punp (100)
and a 5backi ng punp (300), wherein the ejector punp conprises a
chanmber (1Q8.290kh8235412) having a gas mixing portion (1GDr@dedoo10
di ffuser portion (112), an inlet (106) for conveying a gas stream
into the gas m xing portion, an outlg42§114) for conveying the gas
streamfromthe diffuser portion, and a gas abatenment device (118)
for ejecting a 10stream of plasma through a nozzle (116) into the gas
M Xi N9 POIdeBekhPEnRBlel 6 s HATRAINIR PLRYIAE L RS deffedusUlitiopl of he
punp an econpose a conponent of the gas stream and wherein the
backi ng fourpoliB3@aytitramedia ianmctborwf&tt%ed'lﬁ to forva aseliddy-protast whichhe
ej ector punp, .15.2. 4 i @g arrangenent according to Caim1l

wherein *ﬂﬂB%r%%%@C@¥£§§ﬁfgjected t hrough the nozzl e contains
reactive species for reacting with the conponent of the gas stream
zo 3. A punpi ng arrangenent according to Caiml1 or Claim2, wherein

t he gas abatenent device (118) conprises neans for generating a

pl asma from a source gas, and neans (136, 146) for receiving a stream
of reactive fluid which inpinges upon the plasma to formw thin the
pl asma reactive species for reacting with the conmponent of 25the gas
stream 4. A punping arrangenent according to Caim3, wherein the
source gas conprises an inert ionisable gas, for exanple, nitrogen
and/ or argon.



30 - 14 - reactive fluid for becom ng entrained within the plasm
streamand formng within the plasma streamreactive species for
reacting with the conponent of the gas stream 5 6. A punping
arrangenment according to Claimb5, wherein the reactive fluid becones
entrained within the plasma stream upstri®m fromthe nozzle. 7.A
punpi ng arrangenment according to Claiml1l or Caim2, wherein the
10gas abat enent device (118) conprises neans for receiving a stream
of reactive fluid, and neans for generating fromthe reactive fluid a
pl asma cont ai ning reactive species foELAMMSti ng with the conponent of

the gas stream 15 8. 9.
1. A pumping arrangement comprising an gjector pump (100) and a
5 backing pump (300), wherein the ejector pump comprises a chamber

(108, 110, 112) having a gas mixing portion (108) and a diffuser
portion (112), an inlet (106) for conveying a gas stream into the gas
mixing portion, an outlet (114) for conveying the gas stream from the
diffuser portion, and a gas abaternent device (118) for ejecting a

10 stream of plasma through a nozzle (116) into the gas mixing portion
(108) of the chamber to provide a motive fluid for the pump and
decompose a component of the gas stream, and wherein the backing
pump (300) has an inlet connected io the outlet (114) of the ejector
pump.

15 .
2. A pumping arrangement according to Claim 1, wherein the plasma

stream ejected through the nozzle contains reactive species for
reacting with the component of the gas stream.

20 3. A pumping arrangement according to Claim 1 or Claim 2, wherein the
gas abatement device (118) comprises means for generating a
plasma from a source gas, and means (136, 146) 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

25 the gas stream.

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

30
5. A pumping arrangement according to Claim 1 or Claim 2, wherein the

gjector pump comprises a second inlet (146) for receiving a stream of



20 10. 25 11. A punpi ng arrangenent according to any of C ains
2 to 7, wherein the reactive species are chosen to convert a
conponent of the gas streaminto a different conpound. A punpi ng
arrangenent according to any of Clains 2 to 8, wherein the reactive
speci es are chosen to convert a mater-LE?QIuble conponent of the gas
streaminto a water-sol uble conponent. punpi ng arrangenent
according to any of Clains 2 to 9, wherein the reactive species are

chosen to convert a peachivefuidifor kecosting puirained withindhe Glassshptrnemands

the gas streami nt o :
accordi ng [o anly 019 %@ﬁ@ 'ﬁﬁg@bﬁﬁﬁﬁ%ﬁﬁ%ﬁ?ﬁ%ﬁ%&f%@?@imnt~
conprises at |east othe @mgonknt obthe gasdtréam.i ons.

5 6. A pumping arrangement according to Claim 5, wherein the reactive
fluid becomes entrained within the plasma stream upstream from the
nozzle.

7. A pumping arrangement according to Claim 1 or Claim 2, wherein the
10 gas abatement device (118) comprises means for receiving a stream

of reactive fluid, and means for generating from the reactive fluid a
plasma containing reactive species for reacting with the component

of the gas stream.

15 8. A pumping arrangement according to any of Claims 2 to 7, wherein
the reactive species are chosen to convert a component of the gas

stream into a different compound.

9. A pumping arrangement according to any of Claims 2 to 8, wherein
20 the reactive species are chosen fo convert a water-insoluble
component of the gas stream into a water-soluble component,

10. A pumping arrangement according to any of Claims 2 to 8, wherein
the reactive species are chosen to convert a perfiuorinated or
25 hydroflucrocarbon component of the gas stream into a water-soluble
component.
11. A pumping arrangement according to any of Claims 2 to 10, wherein

the reactive species comprises at least one of H' ions and OH" jons.

30



-15- 12. A punping arrangenment according to any preceding claim
wherein the gas abatenent device conprises a de plasma torch (118)
for generating said plasma. A punping arrangenent according to any
preceding claim conprising nmeans (160) for shaping the plasnma stream
ejected fromthe nozzle. A punping arranggenent according to any
preceding claim conprising at | east one device for generating a
magnetic figld for shaping the plasnma streamejected fromthe nozz|e.
A punping a angeman{H ‘ﬁi’f’b’g?@PH@%%‘“%V‘EPE@%%W’&F‘?H'”%@%i‘Hh‘i"ﬁ@
backi ng punp conpri sgfe gad dsHibifleht diidd e 6r?§esrae@@n%l&éﬁg_t&*&ﬁ (e for
stream fromthe ejector punp and renoving one or re liquid-soluble
conponents from t he geReratingsaid plRYAI ng arrangement according to
any preceding claim conprising a booster punp (200) having an outl et
connected to the inlet of the ejector punp. An ejector punp (100)

conpri stng 18. chanberA pawiping arrgagementiatgoidir@ple anyrgrecedimgdain,di f f user

portion (112), a first _inl.et (106) r._conveyi as streamin
the gas m xi ng port i?ﬂwpréﬁlp%mglaﬂﬁ Qéﬁﬁ?r %@P{ﬂé @gﬁ%q@rq%e&%edtﬁom
stream fromthe diffthagiozgerti on, a second inlet (170) for receiving

a streamof reactive fluid, and a device for ejecting a stream of
pl asma through a nozzle into the gas m xing portion of the chanber to

provide a gptive fluigy %Fnd%r@%rﬁ%@c%g@itg aﬁgirp?gbedin&claim,

the reactive fluid stream becones- entral ne ‘mreactive species
30f or A®acting wit h compristigpatriesst coe devisedasgenarating a magnetic field fox

pump accor di ng to Oghplnkine MU Birddlf efekfil i (RORELAS. 2T ©

15. A pumping arrangement according to any preceding claim, wherein
the backing pump comprises a liquid ring pump for receiving the gas
15 stream from the ejector pump and removing one or more liquid-
soluble components from the gas stream.

16. A pumping arrangement according to any preceding claim,
comprising a booster pump (200) having an outlet connected to the
20 inlet of the ejector pump.
17. An ejector pump (100) comprising a chamber having a gas mixing

(108) portion and a diffuser portion (112), a first inlet {108) for
conveying a gas siream into the gas mixing portion, an outlet (114)

25 for conveying the gas stream from the diffuser portion, a second inlet -
(170} 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

30 for reacting with the component of the gas stream.



chosen to convert a conmponent of the gas streaminto a different
conpound. 5 19. A punp according to any of Clains 17 to 18, wherein
the reactive species are chosen to convert a water-insoluble
conponent of the gas streaminto a water-sol uble conponent. 20. A
punp according to any of Clains 17 to 19z-wherein the reactive
species are chosen to convert a perfluorinated or hydrofl uorocarbon
conponent of the gas streaminto a water-soluble conpopent. 21. A

pump accord1q1_g to anf® B‘fm@ﬁﬁ?%i”ﬁoﬁﬁﬁbjzmﬁiﬂﬁh?_ CHYR\BRG RS are
species conprises at ch@@e’ﬂéo%ﬁv@rft atdont X nf\?ﬁlghgﬁhs str@ﬂﬁ-inté% diferefit

punp according to any of alms 17 to rei'n the device for

ej ecting a stream of cpmpsurd.t hr ough a nozzle into the gas m xi ng
portion of the chanber conprises a dc plasnma torch. 20 23. A punp
according to any of Clainms 17 to 22, conprising at |east one device
for generatidng a magAgiunsp &ecadrding ¢ anpapClaims N tpl 8swhersiry thanmeajtivet ed

fromthe nozzle. 24. A punping arrangenent coppr.i Si an_ejecto unp
according to 25any o?p%ﬁ%ﬁ% %@S?Q?Q&“Vﬁawa%ﬁﬁ 2F?PAR H%t#é
according to O ai m 24as sp@athiiftb R0vateRaslkbREdENehaVi Ng an inl et
connected to the outlet of the ejector punp. -17- the ejector punp

and renovi ng one or nore |iquid-soluble conponents fromthe gas
stream 20. A pump according to any of Claims 17 to 19, wherein the reactive

10 species are chosen fo convert a perfluorinated or hydrofluorocarbon
component of the gas stream into a water-soluble component.

21. A pump according to any of Claims 17 to 20, wherein the reactive
species comprises at least one of H* ions and OH  ions.
15
22. A pump according to any of Claims 17 to 21, wherein the device for
gjecting a stream of plasma through a nozzle into the gas mixing
porticn of the chamber comprises a dc plasma torch.

20 23. 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
gjected from the nozzle.

24. A pumping arrangement comprising an ejector pump according fo
25 any of Claims 17 {o 23.
25. A pumping arrangement according to Claim 24, comprising a backing

pump having an inlet connected to the outlet of the gjectar pump.

30 26, A pumping arrangement according to Claim 25, wherein the backing
pump comprises a liquid ring pump for receiving the gas stream from



27. A punpi ng arrangenent according to any of Clains 24 to 26,

5conprising a booster punp having an outlet connected to the inlet of
the ejector punp.
-17 -
the ejector pump and removing one or more liguid-soluble
components from the gas stream.
27. A pumping arrangement according to any of Claims 24 {o 26,
5 comprising a booster pump having an outlet connected to the inlet of

the ejector pump.



