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METHOD OF TREATI NG A GAS STREAM The present invention

relates to a nethod of, and apparatus for, treating a
w@a®wedowenm and in particular to the treat meneCoDGB2a006/000879

gas stream containing a siliconcontaining gas, for

exanpl e a pyrophoric gas such as silane. The use of

pyrophoric gases to deposit process layers on to

silicon wafers or flat panel displays is well known.

Such gases i ncl ude sil ane, d|S|Iane di chl or osi | ane

and trichl or odMEBEHEOD OF TREATINGALASSIREAM. 2 i sk
in that they may cause a spontaneous and uncontroll ed
pyrophoric reaction on contact with air. In order to

MHal present lhﬁelﬁﬂlcﬁkré?éte@fto Wneefiddodd, efld raﬁpapdmls ifor, treatlng‘ a gas
reaction due to the presence of ?yrophorl

wiream anddnpastieulat todhm tesaimest of 2 giastiean: g%@én"ﬂ%@ silicon-
copia DR St S purBhDrOGss slbn a3 siBnbLE L0

flammebl e limts by causing the pyrophoric gas to

react with air. Such b tuhe d
e URSOLPYTREPHO HSEARI APPSR PIRGER R LS PE 10 putban yagrs or

tng? pgxé&ngnggg iORen kABLAI gsrrlfh% d@ég@m@@ sﬁ!aﬁéf@@n@n‘é

cing a contr and cont ai ned
mwmmmsnarme aad dticldorosilahé.n Pyhephaiierdases candoese @ kil i that

uct of conveying th t t
iy e 4 Sohsb oS b rkbRhed B aRfRig "t on
Sohtd@ vRPVEIET IrP6Riek 86 FRAImMivE kg risiaBf éﬁmﬂndbmrtblleli:byrbbhorlc
reaction chanber, inlets and downstream duct.

resctian du@tpuiher PrEseRee Bl PWOPHREC Gases avithin F%W??f@ostream
SbBlsCR e A aBE) 31 KApWA Y erfReRie, B boi i “burn
&@ttB@*ettba*bfﬂcfﬁ/el thethdwommrlcx'::@stw’toraapom&traﬁme bedowifiaghraable
otential fire hazar u t .
Loy aneuhe o B b 3t B R o covices
ﬁeh%féﬂa)%%d@ éjl‘éa‘éﬁﬂﬁ cﬂéﬁ}betrm'vﬁ@ ihletd Fdrreesiing l*heépyrophorlc

I's not in or inmmediately
lmlsm@tammsptreign reclha sireamf efraidicapreducing a controlled and

contained pyrophoric reaction within the chamber, and an exhaust duct of

conveying the waste stream from the chamber.

When silane, for example burns, large amounts of silica powder are formed,
which can rapidly block the reaction chamber, inlets and downstream duct.
As a result, regular cleaning of the device is required, which can increase
costs and incur downtime of the process tool. In addition, if a fault occurs, the
temperature in the device can rapidly rise, posing a potential fire hazard.
Furthermore, it has become common practice to dilute the silane bearing gas
stream with a diluent gas, typically nitrogen, to a level at which it is not
flammable in or immediately behind a pumping mechanism for drawing the
waste stream from a process chamber (a level of below 1% is often
recommended). Such dilution renders the subsequent use of burn tubes

ineffective.
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waste stream from a process chanber (a | evel of bel ow
1%is often recomended). Such dilution renders the

waamsao4ent use of burn tubes ineffective.lt |iBCHGBa0GI000879

of at |east the preferred enbodi nent of the present
invention to seek to solve thesg and ot her probl ens.

In a first aspect, the present” fivention provides a

net hod of treating a gas stream containing a
silicon-containing gas, the nmethod conprising the

dt '@p@ aim obat/@ﬁsh%et mr@f@"a@d smbegdiment ef tharpsessnigpygntian to

el G R R 0l RS 12 Dt and a 1 qui o

and exhausting fromthe punp said |iquid containing a

by- product of the oxidation of the silicon-containing
das firshasprcleigaRIPRBAL INVeRtorpryidaspmelaed &f fregting a gas

r [

SR Pk E S0P g5 oD fh s . tops

Loito@hveymg r’]che gescsmeeﬁm mbia @ghim s&@ptwmg ’[CﬁbéleSpudJﬁpHmeOXIdant for
ousi n e. rotor as ades t t exten r I Q
cﬂa@%m&tpeﬁq@pefqoaﬁa'am %ﬁseWEG'GaIﬁP;P%@BH %‘ﬁog'iqwe

r »
s BRI Pl SRR BS A 8o SR ot
rafttioe shicadesntaigingeyashe I iquid and for mit into an

annul ar ring inside the housing. This neans that on an

inlet side of the punp the gas present in the

4R BReaSRbOMIni& t‘h@spdrﬁﬁ %bﬁ%r?é@b\é\elﬁjhl@ﬁhgfpﬁmﬁp r atIRjuid ring
bl ades i s noving radi al Iyoutvvar away fromthe rotor
y

NP GAMPEISEA atﬂ@éordgtateb sneented in ge W& hrusipg sueh that
'mél 'rtFtt%r e&ﬁy @l chehtﬂ%{) ‘i’hé %ﬁ{rgl é)ﬁg of ﬁ{eotﬁ]oﬁylk? -I'I:ﬂgz‘gtor has

%ﬁ?@at bxmu@ftad £\ Fﬂiﬂlﬂ\WardllyltHdTrefrom @rﬁcgalaeedquallﬁ/ spaced
enbodi alrst_asmet rqvi ded at the inlet
é"%’é”%ms Fﬂfz% ugptityfra PHEPRG '@48@%@@@%@%?%@3{%@'”“

$h Eﬂéﬁﬁuﬁﬁ t@lsrthe%aﬁ%taftég tﬁé@aaélrwdés% egétheqiqhﬁﬁand

into t aces between adj acent rotor
form it into an annular ring inside the housing. This means that on an inlet

side of the pump the gas present in the compression regions located between

- adjacent rotor blades is moving radially outward, away from the rotor hub,

while on the outlet side of the pump the gas is moving radially inward toward
the rotor hub. This results in a piston-type pumping action on the gas passing
through the pump.

In this preferred embodiment, a first gas inlet is provided at the inlet side of
the pump so that the gas stream containing the silicon-containing gas, for
example silane, is pulled into the spaces between adjacent rotor blades where
the liquid is moving radially outward. A second gas inlet is also provided at
the inlet side of the pump for conveying a second gas stream such as air or
other oxygen-containing gas to the housing. A further inlet for conveying to
the housing liquid for forming the liquid ring within the housing is typically
provided at the bottom of the housing, between the inlet and outlet sides of

the pump.
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the liquid is noving radially outward. A second gas
inlet is also provided at the inlet side of the punp

wo or060033EYi Ng a second gas stream such as ai rPOT/GBRIV6/000879

oxygen-contai ning gas to the housing. A further inlet
for conveying to the housing Iiguid for formng the
liquid ring wwthin the housing™®Ps typically provided
at the bottom of the housing, between the inlet and
outl et sides of the punp. Wthin the housing, a gas
phase oxidation of the silane takes place. For

| wh h th d
PR e Neiisthd a5 PhaRe oislin i dhe g TGS AIeh oFor
té‘)@aﬂnb%“%eh‘ tAg oxﬁsﬂarﬁlrg bRJgdrs tiRE Bxideaen %rrﬁé@nh@é‘l%i@z) which

side so that a ui d stream containing t u
tbecoraes edtramegrv@ﬂ inthe liquidtring. r Aaoutlehistrsguidadrat e putlet

§$¥g°t rmg @Hﬁﬁg&%@% H%h@gé tiﬁ%ﬁlaﬁgdq{gf@g]glelm-pﬂoduct from

ﬁlh@ﬁeabﬂor@fbgéﬂ%r Wwiti ey [oedr, confiSoiBHT® of eedfiiss @Ad econd gas
screw pu g nmechanism preferably a nulti-rotor

in
sereanseakrificsie e PaPM'S@@r@@ﬂmm BHMunps are
capabl e of punping m xtures of gas and liquid, and can
thus be used as an alternative to a liquid ring punp
flnrandtlaerpembedimentymu pump dkﬂnhprisesta)screw pumpingpineghanism,
rrechan ng(htgse of two or Mot attl ng scre .
vﬁ’ﬁefﬁrﬁ rU-ERLaF FoeMamsch af‘ﬁm‘m IFq BTE eg-mechanism
:T%@ﬂ?g%?é eQ émwf'pnmmng hixtiRds bf §8s BAK rﬁ@g@lcp)énﬁrt%n thus be

ng tee h of the scfew rotors. The direction of
fUussaanmmaitematMertO@hquldengﬂmapf@ﬁhes)rae@ainmentlmrpdmltn-
direction .of ti.on of th

Borr 3k € AikiRG e R Sonia e S ahifis ropating screws

mﬂthuhya stadon@stdther) irwhtieh iR @litér%fport\dd@d’lallySn Qlﬁé eavities
i nply at nospheric pressure. In this enbodine

SPITRETpYJHS Mesring tEethrcd e seres ratis. | e diresiprop i
erpPer%%n{ W?Q@?] Iﬂﬁég gaﬂbﬁgﬂ‘i @l %ﬁ@wrete@?ugon the dlre%tlon of rotation

I con-con s'1s dra
ssfdhedcgas rotolset Compressionliopgvides, not mtknratheqvwnp hteelf but

i nt OdUCB. cf&'eefff %ggeﬁ&;gy é}fﬁatnrgﬁn%lf 8Pr%8é5}1er% pressure.

In this embodiment a primary gas inlet is provided at the inlet end of the pump
so the gas stream containing the silicon-containing gas is drawn into the
pump. A second gas inlet further along the rotors allows the introduction of
the second gas stream containing the oxidising agent (such as oxygen,
ozone, a peroxide, air or a halogenated species). A third inlet provides for the
introduction of a liquid stream, which may be introduced continuously or

intermittently.

At and downstream from the second gas inlet, the two gas streams mix within
the pump housing and gas phase oxidation of the silicon-containing gas takes
place. Similar to the liquid ring pump, the solid oxidation by-products (for

example, SiO; in the case of silane oxidation) are entrained by the liquid
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ozone, a peroxide, air or a hal ogenated species). A
third inlet provides for the introduction of a liquid

wa@eoeam43nhi ch may be introduced continuously PET/GB2006/000879

intermttently. At and downstream fromthe second gas
inlet, the two gas streans m x wthin the punp housing
and gas phase oxi dation of t he™&il i con- cont ai ni ng gas
takes place. Simlar to the liquid ring punp, the

solid oxidation by-products (for exanple, SiQ2 in the
csitganof Thiel pumep ouilebaliawy fantke distchargeedf e liquid stream from the
I iguidstream The punp outlet allows for the discharge
OQUquﬂ-e liquid streamfromthe punp. The liquid ring

punp or screw nechani sm punp thus operates both as an
abat ement device for the silicon-containing gas and as
arhealiqHid piRerpwmp & sarevrmgshegissn pyend Bustonergiasiothas an

A en UEAE AP SRt oA TR BRES n Elmiathers
praeaant pumbiny stabdoptiefiret gas desam. At regand torthe abatement

for the oxidation of gases. Heat %en,erat ed during the
Fapgst PHihe; ligwg HAg PR Ar serennmechgnism RHAW; e Frdduced

HEEue iin o U Bovices FratSrbatiinef R e daton of
asds| iHpatgeneratedyringehp wxplatiohiis treasfere/enthe liquid within
JhEi . ThES B sey B PRt 1 Gu S G iR Abe stmP.
HrR E9EPMedd fb?ﬂ'@ldtik}élypéﬁm Ii&ﬁf’d%ﬁt@ﬁn# 8 pdmpt MERiS chiA prévent
cl ogging of the punpor the outlet Therefrom and so
texeeesive tervpaeidra Wses withindhamumpplir additianr amgayrealid by-

EpeiEP RErL e REPBAOR S i BERTEH foe AETB AR ¥ Ruiq there
4 notdiwyging oethesp@obldriths outiet tierofediaandsd thereiy rfo veed to
the |liquid can generate a noist atnosphere within the

mﬁ%demwssemgatséérarf%m@ﬂtfer Eﬁ_é“@éHGﬂ“ﬁ%ﬁ?'i%bY'PmdUCtS from
ORI BRe Bl A ERTIRPHALL PR cter
fiquanus sohttiannivaterstapeamaing speay frosdthesliquiichgan generate a
moist atmosphere within the pump. This has been found to be beneficial in
promoting the oxidation of a silicon-containing gas such as silane. ., .
Additionally, no dilution of the silane-containing stream is required, saving

great costs.

With regard to the pumping aspect of the liquid ring pump or screw-

mechanism pump, unlike a Roots or Northey-type pumping mechanism that
may be used as an atmospheric pressure pumping stage, any particulate or
powder by-products from the abatement of the silicon-containing gas do not

have a detrimental effect on the mechanism of the pump.

In the preferred embodiment, the silicon-containing gas is a precursor used in
the manufacture of a semiconductor device. Examples of such silicon-
containing gases include silane, disilane, dichlorosilane, trichlorosilane,

tetraethylorthosilicate (TEOS), a siloxane, such as
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used as an atnospheric pressure punping stage, any
particul ate or powder by-products fromthe abatenent
of the silicon-containing gas do hot have a
detrinental effect on the mechanismof the punp. In
the preferred enbodi ment, the silicon-containing gas
i sctametbyleycotetinsiaxame (OMGES)Amorganosiane. The silicon-

seni Qr i anpl es of. such ~

S EPhERAY Bbs e b o et R plif s3Un i ibong, aseg the present
dirsh@oeproades atméitlbldaTasidiinfe gas stream containing a pyrophoric
tetraethylorthosilicate (TEOCS), a siloxane, such

agaeBrstelId\Romnriaing §19 sieRA©T COMETENI dhe gas stream to a pump,
OSBRI e pORD 3 SERDERT HidleRE (8 BB R ggs within the

pyr a in"a second aspéc e 'pres

| pueipt arecha fliqoid; ded exhaestaglifrom thegaurmpgaid Basdd sohemming a by-
cont ai ni a pyrophoric gas,, the nethod conprising the

sP CBPPM%WS" ‘t"{} eg‘%@"@'@?"&ﬂ%o a punp, supplying

to the punp an oxidant for oxidising the pyrophoric

gas wthin the punp and a liquid; and exhausting from
t Imeaghditipn msiticon-ganthining tgaises nethar pyrophodagases thatenay be

idati.on of th hor i ddi ti .
PRS0 R g o Be hetdif i FrBb Abhireo sl By s such
ngy dioranéahe phioBphitieS IARMAIRToN t@oéméﬁydg@t Sthéarh, Metsecond gas
ot her non-netallic hydrides, such as di borane and

pHERFAIM@Y compagaiain. Jathes sefablgyayidans incluge halogessosiech as
. [ ' Sui t abl e oxi dants

Gpihe ST EHENE O R e SRR Br o ne, na

ozone and a peroxide. In a third aspect the present

i nvent.i on proyi des apparatys for treating a gas stream
oA Hird ﬂafe&%q piesank Bwveafion RECiaes apa%raé‘@gxaﬁﬁmg a gas

Fareh Sofiiind LRILAH-cORERNG s B8 Ak S Ao TG R pump
sfor recaiviog theigas stregas means for sbipplyingoto theduanp iaguixigant for
a@quigﬁ]%%e silicon-containing gas within the pump, and a liquid; and means
for.conveying from the pump liquid containing a by-product of oxidation of the
silicon-containing gas within the pump. ‘

In a fourth aspect the present invention provides apparatus for treating a gas
stream containing a pyrophoric gas, the apparatus comprising a pump for
receiving the gas stream, means for supplying to the pump an oxidant for
oxidising the pyrophoric gas within the pump, and a liquid; and means for
conveying from the pump liquid containing a by-product of oxidation of the

pyrophoric gas within the pump.

In a fifth aspect, the present invention provides a system for evacuating a
process chamber, the system comprising a vacuum pump for drawing a gas
stream from the chamber, and apparatus as aforementioned for receiving the

gas stream from the vacuum pump.
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for conveying fromthe punp liquid containing a
by- product of oxidation of the silicon-containing gas

wowdokiten4she punp. In a fourth aspect the presePCT/GB2006/000879

i nvention provides apparatus for treating a gas stream
contai ning a pyrophoric gas, the apparatus conprising
a punp for receiving the gas sfream neans for
supplying to the punp an oxidant for oxidising the
pyrophoric gas within the punp, and a liquid; and
means for conveying fromthe punp liquid containing a

Y g BB B PR A entin ar
Pequalyespicals R eragpeiraitiéasitbéysiemaadpee s ahdoiceThersa.

the system conprising a vacuum punp for drawi ng a gas
stream from the chanber, and apparatus as

. " i fr
CERIETSATLA0EE e a0 A LB
tledenenta da ttas pecdmpényihg drawingfs| inwhich: equal |y

appl i cabl e to apparatus and system aspects, and vice
versa. Preferred features of the present invention

‘géigbré" @Wlﬁ?ra@&&%ﬂé?ﬁé*tid’%llyb mﬁfﬁ&ﬁh%? %vé&éltﬂfél a process chamber:

onpanyl ng draw ngs, Fi gure strates
schematically a system for evacuating a process

TR0 7 B emat G PSPy 1T anyabeteis Jar reating
o: g4s stream aRavioiromane FBasdeehamber; Fngure 3
ilTustrates schematically another enbodi nent of an

apparatus for treating a gas streamdrawn fromthe

S AN s, GRS, i EL B Sy for

ltedtimg a gagistream dnzevipironothe grooessshgabes from gas
sources indicated generally at 14 in Figure 1. The
process chanber 10 may be a chanber within which the

Y8388 AT GARS 451350l AGHOAE Y BRI at ot
mmevinttd d 2ffor receiting one or more process gases from gas sources
indicated generally at 14 in Figure 1. The process chamber 10 may be a
chamber within which the processing of semiconductors or flat panel display
devices takes place. A mass flow controller 16 may be provided for each
respective process gas, the mass flow controllers being controlled by a
system controller to ensure that the required amount of gas is supplied to the

process chamber 10.

A waste gas stream is drawn from the outlet 18 of the process chamber 10 by
a pumping system indicated at 20 in Figure 1. During the processing
cdnducted within the chamber 10, only a portion of the process gases
supplied to the chamber will be consumed, and so the waste gas stream
exhaust from the outlet 18 of the process chamber 10 will contain a mixture of
the process gases supplied to the chamber 10, and by-products from the

process conducted within the chamber 10.
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punp(s) 22 d

chanber 10. A waste gas streamis drawn fromthe

outlet 18 of the process chanber7 10 by a punping
systemindicated at 20 in Figure 1. During the

processi ng conducted within the chanber 10, only a

p%ti on of the process gases supplied to the chanber .
wil NP PAENRIBASY A 28rrPraRyisaseatiaasionmsecandaanperpald fone

f ] t S 0. .
SO ¥ ERlre P, fofion e sRAA6ESR rRRBERE, tirhitide gpending
chartive caplcityoitheyprpceshichambeot®). hEagh ssesmlatp pduy 22 may

within the chanber 10.The p i ng system 20 conpri ses
aPOMRRSE Somyltisiagh fty pu ihge %@%Mﬂﬁlﬂ%tﬁgw@/ he

it _ . S
obiceaing IR outsl B0 Br NUTERY (TBY RS iR ¢! N0

sticbomalacuamunap, awd/ocsmeleselandng triechanigen, dfepepding on the
H B BN BBy BRBeE KRRy d0h el ne socondary
t i@ (&) fesHH IbSco IR dapiEfedr diing BV REMtiBh oHtRIprocess chamber

mechanj sm dependi ng on the punping requirenments of
t H® g5y Yusiateghnftiaurerba prege ges ewchtasenisegemanhglium, may be

p . r ' : j v, ion_of the
B L AT S e
gsauree @6 eftheipurgg gas withheburye por28usf esichdceddal) pump 22.
each secondary punp 22 via a conduit system 24

connecting a source 26 of the purge gas with a purge

OPRS 4B R 22085 RS2 el SRR quet 10 o
1tBegirocers pharobes 1@ laadiaxhaust thedyasstoesn at lmesubratmospheric

TR bV W AR o B4 BHO B B Prbesid

ltheM W19 fridWbBthis, tRe PURIKING s?é’téhﬁm) 26bliiensd a%%%kiﬁgtpoump 32

backi ng punp 32 having a first inlet 34 connected

thavirg A dlist intet 3drcanmectastiorharexhpushd@ pf the secondary pump(s)
22 via a conduit system 36 for conveying the waste stream to the backing
pump.32. - ..

Depending on the process conducted within the process chamber 10, the
waste stream entering the backing pump 32 may contain one or more silicon-
containing gases used as a precursor in the manufacture of a semiconductor
device. Examples of such gases include silane, disilane, dichlorosilane,
trichlorosilane, tetraethylorthosilicate (TEOS), a siloxane, such as
octamethylcyclotetrasiloxane (OMCTS) and an organosilane. Silane, for
example, is typically used as a process gas in the deposition of polysilicon or
silicon dioxide layers in a chemical vapour deposition (CVD) process. This

gas may be pyrophoric.

In view of this, the backing pump 32 is configured to perform a controlled

oxidation of the silicon-containing gas contained in the waste stream. Two
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waste stream entering the backing punp 32 may contain
one or nore siliconcontaining gases used as a
precursor in the manufacture of “a sem conduct or

devi ce. Exanpl es of such gases |nclude si | ane,

di sil ane, dichlorosilane, trichlorosilane,

t @mb@@lirnwf@rqﬂao%mltat&%backlmgwnp wilknowsberdesosiber with reference
|
OF ERELY 2061 S) FLARHERABOIME Ml S M ump i gpvided by

aa liguier drece pampa aindin tie sdegras eitnbodinéntp teyBatking Buaip is
SI l i cé)n di oxi de |layers in a chenical, vapour deposition

R 8UMARAYING A SerRYY- ty@em»m@lﬁermec amHs; ew of
thls t he backing punp 32 is configured to performa
controlled oxi dation of the silicon-containing gas
cWfitraiefierénca fitdtdo wagire & tthe diquid wepptrogi 3Einckides sasecond inlet

abl e, back . i1 b b
- 9h Lt S ceRE Ry et a0 1 il de of Merisbild Aagipumo
t b2 RASKNG iPPIGUré 2. mgﬁuﬂ;%m@wénbkm'n@fdr'da@duahgpany silicon-
and in the second enbodi nent, the backi hg punp

PEDVRIEND 9Ses, i Hhis example ailane, evithity e wastsi steeam is connected

TR sBPhe Wikha® 55 B Ry siombubB seut hetoud Sarem 43
agihizhenipplibe thd bﬁﬁahﬂicﬁheﬂ@u@nh@gumﬁ 82. The&sovkcd A6 may
liquid ring punp 32, as shown in ure 2. A source 40

ofonyenisntlyHomprése ageures Wgalarwnéamnnsmsﬁﬂéommglsmg the

I
SRRSOl BB ARk RLS B2 DRy iR R ¢ R g
prupp 32 fopthar twhdlast a thist iefet42, thvdsugihwbia:hrjiqumsfdrliermmg a

id tq the |jquid 32.. Th 4 .
JitL e 4B M e Pt 25, BeieyOiram aSakfes s geredt via
QORI sy8terR s2di [fitAE érﬁBoélHe'methe%_?ﬁi isAlALRF, o ngﬁ any other
i ncl ude "ozone, NO, and a peroxide ltquid rin

mAAHeors solutianemayhe uskd a third inlet 44 through
which liquid for formng a

As illustrated in Figure 2, the liquid ring pump 32 comprises a rotor 54
rotatably mounted in an annular housing 56 such that the rotor axis 58 is
eccentric to the central axis 60 of the housing 56. The rotor 54 has blades 62
that extend radially outwardly therefrom and are equally spaced around the
rotor 54. With rotation of the rotor 54, the blades 62 engage the liquid and
form it into an annular ring 48 inside the housing 56.

The waste stream entering the liquid ring pump 32 through the first inlet 34,
and the air stream entering the liquid ring pump 32 through the second inlet
38, are pulled into the spaces 63 between adjacent blades 62. As a result, a
gas phase oxidation of the silane contained within the waste stream takes
place at a sub-atmospheric pressure within the liquid ring pump 32. For
example, where the oxidant is oxygen, the reaction occurring within the liquid

ring pump 32 forms silica (SiO2), which becomes entrained within the liquid



10

15

20

25

30

liquid ring 48 wwthin the punp 32 is conveyed from a
source 50 thereof via conduit system52. In this

weetwoedowent, the [iquid is water, although anyPGL/kE82006/000879

aqueous solution may be used. As illustrated in Figure
2, the liquid ring punp 32 coqgg[ses a rotor 54
rotatably nounted in an annul ar” housi ng 56 such t hat
the rotor axis 58 is eccentric to the central axis 60

of the ho ng 56. The rotor 54 has_bl gdes 62 t
euagé@ufqraé%émﬂyném REidl 1, PamrToonT B OGS TP 2 s

@P@\ﬁ?ﬁd Q\Ltl‘ﬁ“ég‘g dt®¥4%n ﬁfeh Wét@l(ﬁé’fl@rémoﬁexﬁé‘@stfr@ ®6m the

engage ulrd and form i nfo
pangn8R ldiquid slyed a:ontanhmg Imp,utitﬂmm the Bauid Ting 4égn@ the by-

prodictiianefhesatdghan onaiane. AFTaBKTE coavvies T indCmpust
"tl‘\(%]%of’ﬁgEoﬁguﬁ Q{/& EIJEESB h@eIRERN AN ﬂB%aﬁ%e régrén%ﬂddelﬁy

aces ef ween Cﬁcléacent bl ades
rsapplying ﬁte@abqqudae ¢hexiouaingd® vib thiné indel 4he Thedigdichetseam _

ag%graﬁ@ﬁ?l @@i@ﬁ{}‘@tﬁf Hﬁg(l t?%gulﬁg (ﬁ ntly treated to remove

y HroQu@TRERroMe FellbWh ke atansnt] thetremted Ilqtjhiemay be
reaction occurri within the liquid ring punp 32

frefused o sw%ﬁ&% re-UgRi ch becones entrained within

the liquidring 48 formed within the liquid ring punp

32. The liquid ring punp 32 is provided with an
PHacerpbobifnant it hichutHeebackinke puimgr 8dfs Providednsitls Bistgew-type

%&%E&qﬁ’q“m%%wﬁ%bb%éééﬁééérﬁ@’&@‘f@?%&”' e ohis, i

,W?L&@Ehﬂﬁﬁgnt%étﬁy  tof ok QiekeribSd SBHVEWRA rEfctBhéd ®o the

aust thereo urt system66, the liquid ring
4iuitieryndo pumeplvid iesgiwen lilye sapel rgfergnee @smaralsui d to t he
housing 56 via third inlet 44. The liquid stream
exhaust fromthe liquid ring punp 32 may be

JHaSHSHRIL M thfGaIedhich thermastetsheahy eptepsted pump 32 is
therefrom Foll ow ng treatnent, thetreatedllq r&a%
tecated at ﬂé\dmﬁb?@@mfghe somir The sagend i SrisoacAiedadHoent
ﬁﬁ# g%_t:uii)gte DAGKIAE iMKIBiIdd%fitiTe PUMY 88 heshdwR in Figure 3. A

source 40 of an oxidant for.oxidising any silane within the waste streamis  ,.....

connected to the second inlet 38 of the pump 32 by a conduit system 42,
which supplies the oxidant to the pump 32. As above, the source 40 may
conveniently comprise a source of air, containing oxygen for oxidising the
silane, or any other suitable oxidant may be used. The pump 32 further
includes a third inlet 44 through which liquid for flushing the pump housing 70
within the pump 32 is conveyed from a source 50 thereof via conduit system
52. In this embodiment, the liquid is water, although any other aqueous
solution may be used. The liquid may be supplied intermittently to the pump
32.

As illustrated in Figure 3, the pump 32 includes a first shaft 72 and, spaced
therefrom and parallel thereto, a second shaft 74. Bearings are provided for
supporting the shafts 72, 74. The shafts 72, 74 are adapted for rotation within
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punpi ng mechanismw || now be described with reference
to Figure 3, in which equivalent features to those

wale®e1ddaszl above with reference to the |iqui d PCTIGBRWGH000879

will be given the same reference nunerals. The first

inl et 34 through which the vvasti streamenters the

punp 32'is located at an inlet pde of the punp. The
second inlet 38 is |located adjacent the first inlet 34
on the inlet side of the punp 32, as shown in Figure
3theshausing & Ompast the 'Qﬂglt&dmal ayes tka gppiradgotatipnal diseetion.

BRI T Ko ERR = SPORFRBY 7y LB 50 cqupied
stquth@sby h@aﬂmcﬂlammg gehl‘sem $01th30in 1A hB®HRIftsIPE 74 rotate at

s urce 40 may nveniently conprise a source of air,
% SATRE SHCEUA PBPORG dirastiogst et raiae S0ds mawited on the

Oﬁ.%%héﬁwafer Rt ﬁi@(}é 1 etdj@%d?rhm@emrﬂﬁ a egond rotor

further includes - a th| rough Whi
f32 i Sll:mlariygnohrdedmfptmosﬂlmg shaft4. hEath bé thetvo d2okss80, 82

3 S SnraR L el Shehe e s hiedhdGofiat oF KiFAugh

arps peEiedly FSHARRISN 398 BUtPBuMRYe kﬂﬁ‘efé%?‘ihe Tl‘i\%ah‘s%‘ﬂeﬂn@?ﬁmg as
be supplled intermttently to the punp 3

i llusieatedt ed in Figure 3, the punp 32 |ncI udes a first
shaft 72 and, spaced therefromand parallel thereto, a
second shaft 74. Bearings are provided for supporting

t Ineuss) diié wasle strdam Brteshg e sdréw-MéchaRisat painpBd ﬂfrough the
rotation wthinthe housing 70 about the | ongitudi nal

Airstinlet 34, @@mthawr&taﬁam@&rtermq Berscsaw-nraehanise pwRRB2
TRréyF MRSSIR[ lh%t gsdéhavsun il cémégghggm$ﬁ+at

coup ed t oget her I'mng gears
||ntanmshir@ isttaifst80, “82 ﬁmarremlt @ gas phases amelaﬂpaetﬂ tiusilane

FhrBRER S SR Streain plds plodhaihe SHe-RImoTNSTC prassure
leﬂﬂ’ﬁ ehe EBrevtitbohahRFR PHNT rPB?.” F%? ekém%'lénvh?érbwhmma‘?ﬁ is

on the second shaft 74. Each of the two rotors
£peaygen, ﬁ@w@a@tlw 0§9IIJI‘FWQrWI<ﬂ%in tlae sprevanmedhagisin h)emp:% forms

V@G @ioL) WHich becomes entrained within the liquid 74 that enters the
screw-mechanism pump 32.via the third inlet 44, either intermittently or
continuously. The screw-mechanism pump 32 is provided with an exhaust 64
on the outlet side thereof for exhausting from the pump 32 a liquid stream
containing the liquid and the by-product from the oxidation of the silane. As
liquid is conveyed from the exhaust thereof by conduit system 66, the flush
liquid may be replenished by supplying fresh liquid to the housing 70 via third
inlet 44. The liquid stream exhaust from the screw-mechanism pump 32 may
be subsequently treated to remove the by-product therefrom. Following

treatment, the treated liquid may be returned to source 50 for re-use.
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threads internmeshing as illustrated. In use, the waste
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the first inlet 34, and the air streamentering the
screw nechani sm punp 32 through,l@he second inlet 38,
are pulled into the cavities 82 between interneshing
rotors 80, 82. As a result, a gas phase oxidation of
the silane contained within the waste streamt akes
pAAMS a sub- at nospheric pressure within the
screw nmechani sm punp 32. For exanple, where the

o8 e PRI BenitEs 6RS Slredly Poig gl hrilfing gas,
beconesenidtiabd edmpirrsigigrthb@e;bé @ﬂ&&wv‘é&iﬁq@l{e &Y StfSarhhs a
ni e

screw nechani sm pu via the third inlet 44, either
i nt er nPHI¥RSHUPPYINGWHheRR B, oxigrntder eXidisienthe; siligon-

punp 32L& [ ' . . t :

Ci'te R BuRhg S 3huth 1k RO IR Bt ARl lgm the
st r eanpont saidilingick denthining a bgrstotibet dhthe ositiationfofdine silicon-
the oxidatiqgn of the silane. As liquid is conveyed

from t RRNE@IHEY 98BSt her eof by conduit system 66, the

flush I'iquid may be replenished by supplying fresh

liquid to the housing 70 via third inlet 44. The

| 2qui dAgnethmd acdoadisg t6 (Glaim hewberaindting siiaon-<ontainipgifas is a

may be subsequent].y .freated to reppve the - product
Char of PEICTRD] 155 Mgt RaAfaniir BRE SBplctd et i iarmy
be returned to source 50 for re-use. CLAIM5S 1. A nethod
of treati n% a gas stream contai ni ng

a
s$1 i cof-reethiogi anoegdipado Glaien e Kdaine nphessinghe Biticon-
steps : ' . t 0.4:2: , '
ot ne U ABME 88 Rohitfisdg br dEAhk LB Ric U RBNAE?
si Lli cotr:t'rc:hhir_aa';ildr::mtga&ghj/lbhhositibiﬂer(lﬂ'ﬁﬁ)&)nad sllokangli slich as
and exhaust i rom t punp, sai iquid containing a
by- pr o%%@f"e&'?)%ﬂﬁféo riaéﬁ?%aﬂ? (S?'a é)sa%oﬁ A REgENOSilANPrg
gas.

4. A method according to any preceding claim, wherein the silicon-

containing gas is pyrophoric.

5. A method of treating a gas stream containing a pyrophorié gas, the
method comprising the steps of conveying the gas stream to a pump,
supplying to the pump an oxidant for oxidisihg the pyrophoric gas
within the pump and a liquid; and exhausting from the pump said liquid
containing a by-product of the oxidation of the pyrophoric gas.

6. A method according to Claim 5, wherein the pyrophoric gas is a
metallic or a non-metallic hydride, for example, one of silane, disilane,

dichlorosilane, trichlorosilane, phosphine and diborane.

7. A method according to any preceding claim, wherein the liquid is

supplied to the pump separately from the oxidant.
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2. A nethod according to daim1l1, wherein the
silicon-containing gas is a precursor used in the

woreovdfieaBur e of a seni conductor device. 3. A nr€hGB2006/000879

according to Caiml or Claim?2, wherein the
siliconcontaining gas conprises one of silane,

di sil ane, dichlorosilane, trichlrtosil ane,
tetraethylorthosilicate (TECS), a siloxane, such as
oct anet hyl cycl ot etrasi | oxane (OMCTS) and an
organosi l ane. 4. A nethod according to any preceding

3 % W84 kB b S8 BRI BRIREG0bin g fauid i
cont aigdiippied to Y@ puap Serzastely fromnibielyd stasgmi sing the

steps of conveying the gas streamto a punp, supplying
to the punp an oxidant for oxidising the pyrophoric

e b ScRTINY ofy bhebdfhs GRENTEle e
oxi datduppliet] inteemjttendipliothepgmp. 6. A net hod accordi ng
to daimb5, wherein the pyrophoric gas is a netallic

or a non-netallic hydride, for exanple, one of silane,

disi | gehetAbs @c@éﬂﬁﬂ}%iﬂhgr&y bRy Odirh ARBerdi 85PBkiB8Nt is one

and di'borane. /. A according to any precedi ng
cl ai mofwixygennozdre, la perodidesarxlip ialagenated Bpegiaap
separately fromthe oxidant.8. A method according to
any preceding claim wherein the liquid is supplied to

the PYNEhétRBAaRt6tding T CIHiMel () ashsrbire@Mged: is Aupplidd e the
according to any preceding claim wherein the [1quid

i s sugpimeaviihin arstieaneat aly of ethaioXygap-contriningridshod
according to any preceding claim wherein the oxidant

I's one of oxygen, ozone, a peroxide and a hal ogenated
siZeci &% method Actetdiglicampprécedingcl@ina whéi@in titeepiophoric

O O e BBt SrhegBll Mt 8 S4reAR. She B btane,

disilane, dichlorosilane, trichlorosilane, phosphine and diborane.

13. A method according to any preceding claim, wherein the liquid

comprises water.or an aqueous solution.

14. A method according to any preceding claim, wherein the' gas stream is
conveyed to the pump at a pressure in the range from 50 to 500 mbar.

15. A method according to any preceding claim, wherein the pump is a
liquid ring pump, the liquid forming a liquid ring within the liquid ring
pump.

16. A method according to Claim 15, wherein the liquid enters the pump at
a level below that at which the liquid containing said by-product is

exhaust from the pump.
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12. A nmethod according to any preceding claim wherein
the pyrophoric gas is a netallic or a non-netallic

whyaeilae32 f or exanpl e, one of silane, disilanePCT/GB2006/000879

di chl orosil ane, trichlorosilane, phosphi ne and

di borane. 13. A nethod accordi n%%to any precedi ng
claim wherein the liquid corrrir1i es water.or an
aqueous solution. 14. A method according to any
preceding claim wherein the gas streamis conveyed to
ttie pulyethod ascerting & any ohElaimsgkbtd 14nvBerein treppump
nmbar. 15. A nethod according to any preceding claim
wher ei?P'?Wés‘?ﬁJ'ﬁ‘Eem%esg“rfq rqui?rg ring punp, the liquid
formng aliquid ring within the liquid ring punp. 16.
A nethod according to Caim15, wherein the liquid
eH.er sAmrihpd mecarding f@aimutl,oMhensit thet PYRP GeMpNises a

liquid t.al ni ' - uct i s exhaust fromthe
punp. 1370?8\&-’:%?@@%1@@@@?%5@35% O any of Clainms 1 to 14,
wherein the punp conprises internmeshing rotors. 18. A
met hod according to Claim17, wherein the

g | .
cbhpr | ArRaratuscios fierdipg gam s HRARCORRINEG 2 %gg”'conta'"'”g gas,
Appar i : i iR
of T condppptats mifsidy HRum [ HLEORANe @ Sream, means
punp ffor supplging toghe peingman sxideatfommddisingaheslilmoeny¢ergaining
to the punp .an, oxi dant for .oxidising the .

ST 11 CERUIR: P RYTEanA 2 i} ABY SisAnS Tor gogvpying frpm the
and MeaRAp liglidcaBhtaN Hhet sTuRaticilofthe silicon-

cont ai ni ng_“gmby- pr (_)d_lljc afgy%ggi dation of the © sfieen

si | i cormdainmiogagywithin thetpumpt he punp. 20. Appar at us
according to Caim19, wherein the punp conprises a

first inlet for receiving.the gas stream and a second
i70.et Apparafieastordinghte Claingdof wherein the pump comprises a first

inlet for receiving the gas stream, and a second inlet for receiving the

oxidant.

21.  Apparatus according to Claim 20, wherein the pump comprises a third

inlet for receiving the liquid..

22.  Apparatus according to any of Claims 19 to 21, wherein the supply
means comprises means for supplying to the pump a gas stream

comprising the oxidant.

23.  Apparatus according to Claim 22, wherein the gas stream comprises a
stream of at least one of air, ozone, a peroxide and a halogenated

species.

24.  Apparatus according to any of Claims 19 to 23, wherein the supply

means comprises means for supplying a stream of water to the pump.
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2 1. Apparatus according to Claim 20, wherein the punp
conprises a third inlet for receiving the liquid. 22.

wo\ppanei4es according to any of Clains 19 to 2 BCT/GB2006/000879

wherein the supply neans conprises neans for supplying

to the punp a gas strean1conpruﬁing t he oxidant. 23

Appar atus according to Claim 22" wherein the gas

stream conprises a streamof at |east one of alr

ozone, a peroxide and a hal ogenated speci es.

Adpar a%maraa@oa@mgmgdom offClairas A8 ta @4 whzasemvth@ PENRP is a
t he sy H§$ﬂﬁ} onprlses means for supplying a

stream wa 0 the punp.25. Apparatus according to

any of Clains 19 to 24, wherein the punp is a liquid

ring punp. 26. Apparatus accord| ng f Cajns 19
t49-24 Ama@vsrﬁqq%dlﬁeﬁe Wi 1akRs ﬂ%ﬂ%%ﬁe rtb? HUEp

27. A% |ﬂfe°rﬂ1’é§'hﬂggde?org aim 26, wherein the punp

conpri ses a screwtype punpi ng nechani sm 28. A system
for evacuating a process chanber, the system

AP bR AR R oL P B By AL
19 to s%?e\qug,pé BeRipihdehddianiag. stream from the vacuum
punp. . A'system according to Claim28 wherein the

vacuum purrp is configured to exhaust the gas stream at

res . -
21t e ssihioh SRR mSrs SBrPR 355 Suasilh odinpgsino 2
means \fawu&upmhwfagdaaMnQ@egm&rémtfmn\m@ @hmrﬂwmancﬁ
1. A systemaccording to Caim 30, wherein the_ purge
gas i fRRarakigaecording to any of Claims 19 to 27 for receiving the gas

stream from the vacuum pump.
29. A system according to Claim 28 wherein the vacuum pump is
configured to exhaust the gas stream at a pressure in the range from

50 to 500 mbar.

30. A system according to Claim.28 or Claim 29, comprising means for

supplying a purge gas to the vacuum pump.

31. A system according to Claim 30, wherein the purge gas is nitrogen.



