WD 2006/ 100432 PCT/ GB2006/ 000879 -1 METHOD OF TREATI NG A GAS STREAM The
present invention relates to a nethod of, and apparatus for, treating a gas
stream and in particular to the treatnent of a gas stream containing a
silicon- Wakuwpap43ng gas, for exanple a pyrophoric gaBcsaBhoasesisl ane. The
use of pyrophoric gases to deposit process layers on to silicon wafers or
flat panel displays is well known. Such gases include silane, disilane,

di chl orosilane and trichiorosilane. Pyrophoric gases can pose a risk in that
lo they may cause a spontaneous and uncontrolled pyrophoric reaction on
contact with air. In orde ncontrol |l ed
pyrophoric reaction dué c 4 gases within the
waste stream exhaust fromthe process tooI it is known to enploy a "burn
box" or "burn tube" to renove the pyrophorlc gases to a concentration bel ow
f | ammabl e 1Bhé prasest inyesliaisiciajes kea pyetben of iandgpparajus éefctreglinthagias. Such
burn tube d S t ets for
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produci rgy acanaihingl dasgl farreckanpden & goyregrhopig rgap soch @srsélacée.i on wi thin t he

chanber, and an exhaust duct of conveying the waste streamfromthe
chanber. 20 When silane, for exanple burns, |arge anmounts of silica powder
are forned, Thewsé Bf S@EBphId géséshb%lpogmgrdc%@ﬂm% 6haBfEon Waf&tsrand
domnstrean1duct As a resu regul ar cleaning of the device is required,
whi ch can |fiﬁ§rpé8§bdlsré‘@¥$ i \&@Jhknmr Su@mewem@ludewéaw giglgge; ool . In
addition, i 5 int rapldly
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practi ce t ahdy huatyecetdse esspcm’nmémmein@rgmntro&ed pymspim)mmr@oﬂoh went gas,
typically ni e.in. or

i medi at el fofﬁ]igﬁqﬁ@maéibuﬁ‘p?rﬁar Wé@ﬁ‘émi%%? gpk BFQWHE]OTtH@ Mé?@%fcr eam from a
process chaghetior dud &Vl présdrdeds plrdpHosic@fabe8 within the waste stream

exhaust from the process tool, it is known to employ a “burn box” or “burn

tube” to remove the pyrophoric gases to a concentration below flammable

15 limits by causing the pyrophoric gas to react with air. Such burn tube devices
generally include a reaction chamber having inlets for receiving the pyrophoric
gas-containing stream and a stream of air for producing a controlled and
contained pyrophoric reaction within the chamber, and an exhaust duct of
conveying the waste stream from the chamber.

20
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

25  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

30 recommended). Such dilution renders the subsequent use of burn tubes

ineffective.



30 recommended). Such dilution renders the subsequent use of burn tubes

i neffective. WD 2006/ 100432 PCT/ GB2006/000879 -2 It is an aimof at |east
the preferred enbodi nent of the present invention to seek to solve these
and ot her Wonbé/eni$32 In a first aspect, the present i nveatr/iGeppP@sTddes a
met hod of treating a gas 5 streamcontaining a silicon-containing gas, the
met hod conprising the steps of conveying, the gas streamto a punp,
supplying to the punp an oxidant for oxi‘dising the silicon-containing gas
within the punp and a liquid; and exhausting fromthe punp said liquid

containin Jby-pr.oduct, of the oxidatiopn ,of the,silicon-containin as. 10
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punp conpri s8gk & 56t/8thédel #Pbhyr pREnesl i n an annul ar housi ng such that
the rotor axis is eccentric to the central axis of the housing. The rotor

has blades that extend radially outwardly therefromand are equally spaced

has bl ade: ally outvardly theref; |
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the |iqubd atrdamfantainingi ansibcamcantainingr gas, tige methatkecdrhpridiog iengtep¥hi s neans
that on an inlet side of the pu the gas pr.esent, in the conpression
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punpi ng act E¥haeHingHeorg ke paBRisalf liquig eeRfAINING:2 Byrsodyst of fiaoxdalien r ed
enbodi ment, aufd &ifdord@snthiflngtgdss Provided at the inlet side of 25 the punp

so that the gas stream contaihing the silicon-containing gas, for exanple
silane, 10s pulled into the spaces between adjacent rotor bl ades where the
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pump comprises a rotor rotatably mounted in an annular housing such that
the rotor axis is eccentric to the central axis of the housing. The rotor has
blades that extend radially outwardly therefrom and are equally spaced

15  around the rotor. A quantity of a pumping liquid such as water is maintained
in the housing. As the rotor rotates, the rotor blades engage the liquid and
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,

20  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

25 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

30 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.



the inlet side of the punp for conveying a second gas stream such as air or
ot her oxygen-containing gas to the housing. A further inlet for conveying to
30 the housing liquid for formng the liquid ring within the housing is

typi cal | ywgpsowicded at the bottom of the housing, betweengBb®@sohssst and

outl et sides of the punp. WO 2006/ 100432 PCT/ GB2006/ 000879 -3 Wthin the
housi ng, a gas phase oxidation of the silane takes place. For exanple, when
the oxidant is oxygen, the oxidation forng-silica (Si02), which becones
entrained within the liquid ring. An outlet is provided at the outlet 5 side
so that a liquid streamcontaining the liquid and this solid by-product from
the reaction together wth any ot her conponents of the first and second gas

streans entef,ing.th unp can b i SC. m_§ | n anot her
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stationary stator, In I's tTansp ort ed cavities 15
formed by tHee mmlongog@berhwbh anhetrmrcemnooemss:zf tMéérstliand secomd géasf | ui d
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of the screw rF%{T%?r%“. e "ﬁﬁ%ﬁng’ 6&%@1&% ecf’u'{P(%ﬁttF1 %Pﬁ‘ipn the punp itself but
by the restriction to the outlet, which is often sinply atnospheric
pressure, 20 In this enmbodi ne rimary gas inlet is ovided at the inlet
end of t he puRpot "@69F’$Pé’dﬁﬁ‘§nt BP%HQESHWQ IBYhe SCHRY QPWPE&J“ESW'H?WI’ ng gas is
drawn i “rbo é}}hﬂa i TP BErIATebRAfEM! WikIebtorkeray-fieehaERT S al l ows the
i ntroduction of e second gas stream containing the oxidising agent (such

as oxygen, PomRFare£apebeaidsmuing mixtueestefigegamatliyic padicam)thunbehi rd inl et
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contlnuously or
rotor screw pumping mechanisms comprise of two or more rotating screws

within a stationary stator, in which fluid is transported axially in the cavities

15 formed by the meshing teeth of the screw rotors. The direction of fluid
movement through the mechanism is dependent upon the direction of rotation
of the screw rotors. Compression is provided, not within the pump itself but

by the restriction to the outlet, which is often simply atmospheric pressure.

20 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

25 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
30 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



intermttently. At and downstream fromthe second gas inlet, the two gas
streans mx within the punp housi ng and gas phase oxidation of the
silicon-containing gas takes 30 place. Simlar to the liquid ring punp, the
sol i d oxi datioomobys2pr oducts (for exanple, Si02 in the peseBmbssiokBne

oxi dation) are entrained by the |iquid W 2006/ 100432 PCT/ GB2006/ 000879 -4
stream The punp outlet allows for the discharge of the liquid streamfrom
the punp. The liquid ring punp or screw#hbchanisn1punp t hus operates both
as an 5 abatenment device for the silicon-containing gas and as an

at nospheric vacuum punping stage for the first ?as stream Wth regard to
t he abat enmestreams pé pwhp ohided @'&WSJOF thegdipehasge o ther lisvidveleeamnifom tgp, the
reduced prﬁﬁﬁ]re wi thin the punp provides a safe environnent for the

oxi dation o ases. Heat generated during the oxidation is transferred to
the liquid within 1o the punp. Thus, during use, relatively hot liquidis

exhaust fromthe punp, and is replaced by relativel ol.d |iquid entering
the punp. | THN gyl ilebuRp o sgraveesaamsrrui s orelaleS AathAR e purp.  In
addi tiong agpaneitdedicBYor heaiitohcontaihg jRs @nddat A Btriésphesigoved from t he
punmp with the liquid, there is no clogging of the pu or the outl et
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liquid within ror other —aqueou I on, water vapour and
spray from phesslureqwitbindbe pgempepravidea a sabé shviednmeaitfer thevaxidationtdie punp. Thi s

has been found to,be beneficigal. i rqnoting the oxi ion oOf .
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t he punpi ng aspect of the liqujid rin Or SCrew ml_achani sm\%%?p, unl i ke

| 1g . punp ;
a Roots or RBHIEplacgadyieativaly Gaid itind §HP9F'ﬁStthe pump. This can pre

excessive temperature rises within the pump. [n addition, as any solid by-
products from the oxidation are removed from the pump with the liquid, there
is no clogging of the pump or the outlet therefrom, and so there is no need to

15  provide any separate arrangement for removing these solid by-products from
the pump. Furthermore, where the liquid within the pump is water or other
aqueous solution, water vapour and spray from the liquid can 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.

20  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
25 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.

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

tetraethylorthosilicate (TEOS), a siloxane, such as



25 may be used as an atnospheric pressure punping stage, any particul ate or
powder by-products fromthe abatenent of the silicon-containing gas do not
have a detrinental effect on the nechanismof the punp. In the preferred
enbodi mentyo fobwosdski con-contai ning gas is a precursor RSEGBI06/0089t he

manuf acture of a sem conductor device. Exanples of such silicon- containing
gases include silane, disilane, dichlorosilane, trichlorosilane,
tetraethylorthosilicate (TECS), a siloxane, such as WD 2006/ 100432

PCT/ GB2006/ 000879 -5 oct anet hyl cycl otetrasi |l oxane (OMCTS) an organosi | ane.

The silicon- containing éas.may be péro horic, and so_in a second aspect the
present i nagtamethyfyeletelasilaxans (IICIE) epesganasilangad hetsilieant cont ai ni ng a

pyr ophoric . ISl ; j gas stream
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to silicon- fenin Oéja%oégr,’”%@% 9‘?%8%%"83”5% 9eRate FEPUTR: t r eat ed
inthis %ﬁn@fpplynfq]!édﬁerﬁﬁw ah exidadt fof britisitheglyedphdricdyad wideis theuch  as
di borane and phosphine. In addition to an oxygen stream the second gas
stream may dipp @ adigrid; epd éxhaustingdrem dhe sampsaitiquid sontaine@adY-such as
chl ori ne angJr GOSN R e gﬁ)dat‘?&f)@ﬁh@[bgrr fhg%gégde. 15 In a third aspect the

[ s'for tr

present invention provides appara eating a gas streamcontaining a
silicon-containing gas, the apparatus conprising a punp for receiving the

gas stream neans. for suppl yi to the p an oxidant for . oxidising the
2T cons condBrRPRGndas PRI REHRS geri: BHFE s dRoan diaradie o or
conveyi ng f ngatédm thismpahnstuheluge Ricaaliic Bad atHey nehadetdliictHydaesadichn of the
20 silicon-containing gas within the punp. In a fourth aspect the present
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pyrophoric gagant figy RBRHBE 4. CORBF bGitdhle 8xiBHAR ih@lide halogens, such as

chlorine and bromine, NO, ozone and a peroxide.

15 In a third aspect the present invention provides apparatus for treating a gas
stream containing a silicon-containing gas, the apparatus comprising a pump
for receiving the gas stream, means for supplying to the pump an oxidant for
oxidising the 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

20 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

25  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
30 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.



receiving the gas stream neans for supplying to the punp an oxidant for 25
oxi di sing the pyrophoric gas within the punp, and a liquid; and neans for
conveying fromthe punp liquid containing a by-product of oxidation of the
pyr ophor i ¢;0@gs/bizRi N the punp. In a fifth aspect, thep@i/essotodogwenti on
provi des a system for evacuating a 30 process chanber, the system
conprising a vacuum punp for drawing a gas streamfromthe chanber, and
apparatus as aforenentioned for receivi n‘g6the gas stream fromthe vacuum
punp. WO 2006/ 100432 PCT/ GB2006/ 000879 -6 Features descri bed above in
relation to the nethod aspect of the invention are equally applicable to
appar atus and system aspects, and vice versa. 5 Preferred features of the
present inventl i ] Lk i t ref er : : anyi ng
G awi ngs, 1 1 ke CeppifLedieifTEEhOT & el eiioR SRBRLS G Gy BR gFeP "
evacuat i ng a&qoaiig epplicabéntoeappardtas kingleyste?n aspacts, ramidescesobeamt i cal | y one
enbodi nent of an apparatus for treating a gas streamdrawn fromthe process
chanber; and Figure 3 illustrates schematically another enbodi nent of an
appar at ug f Qrefdrfcdifbhiifefo0Re presaRMENBYA Will A5 baeddycABed witkhanber. 15 Wth
reference first to Figure 1, a process chanber 10 is provided wth at |east
one inl et 1Zefesengeclodheiaggoropenying Arawings,de ¥dichyases from gas sources

i ndi cated generally at 14 in Figure 1. The process chanber 10 nmay be a
chanmber within which the processing of sem conductors or flat panel display
20 devi ces tridnes 1pillasieated\scoessatidatiyacsystenofdreavatGatiraya beoqasechdetbef,or each
respective process gas, the mass flow controllers being controlled by a
systemcontroller to ensure that the required anount of gas is supplied to
the progesgiglrambigiistidles shendelle oBdenfddABh &F Y AywarhfuRifof featiiy | et 18

of the process chanber 10 by
a gas stream drawn from the process chamber; and

Figure 3 illustrates schematically another embodiment of an apparatus for
treating a gas stream drawn from the process chamber.
15
With reference first to Figure 1, a process chamber 10 is provided with at least
one inlet 12 for receiving 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 fiat panel display
20 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.

25 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
cohducted 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

30 the process gases supplied to the chamber 10, and by-products from the

process conducted within the chamber 10.



a punping systemindicated at 20 in Figure 1. During the processing
conducted within the chanber 10, only a portion of the process gases
supplied to the chanber will be consunmed, and so the waste gas stream
exhaust fwomidnm@onptl et 18 of the process chanber 10 wd1/GBmDE/@0$T9a m Xt ure
of 30 the process gases supplied to the chanber 10, and by-products fromthe
process conducted wi thin the chanber 10._.y\p 2006/ 100432 PCT/ GB2006/ 000879
-7 The punpi ng system 20 conpri ses at | east one secondary punp 22 (one
shown in Figure 1, although any suitable nunber rmay be provi ded dependi ng

on the capacity of the process chanber 10)., Each secondar u 22 may
conprise a ﬁﬁh%?%?@@é»@t@@ gar?ﬁ,m%ﬁ@?éf Waéh‘é'?'ﬁ BRFRSICRY EE@é%ebe 5
provi ded by oRaahsFigyreer, ithdRgh ARy stividfe RUTBERMaTRIENHBIRIBY depending
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pressure, typical in the range from50 to 500 , froman exhaust 30

t her eof . | n PuEUs biromHiecoming dpmeped §uens exasuadion ot theipwcasp sBRMAGT punp 32
having a firgt Lk . t t ﬁgp : e ry punp(s)
22 via a cor@ﬂ?%msu%sr?gé% @gﬂ?@% ﬁ%ﬁ&%ﬁ% e%\?ﬂ@{ré%rﬁ’%géﬁ] r(ﬁ), r'?]%g%li)a!\’acki ng
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10, the vagte stream et 0 Wik PATKE T AHE SRR RA0L A g8, O ore
The secondary pump(s) 22 draw the waste gas stream from the outlet 18 of
the process chamber 10 and exhaust the gas stream at a sub-atmospheric

15 pressure, typically in the range from 50 to 500 mbar, from an exhaust 30
thereof. In view of this, the pumping system 20 includes a backing pump 32
having a first inlet 34 connected to the exhaust 30 of the secondary pump(s)
22 via a conduit system 36 for conveying the waste stream to the backing
pump-32.

20
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,

25  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.

30
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



cont ai ni ng gases used as a precursor in the manufacture of a sem conduct or
devi ce. Exanpl es of such gases include silane, disilane, dichlorosilane, 25
trichlorosilane, tetraethylorthosilicate (TEOCS), a sil oxane, such as

oct amet hyWweysb@togishasi | oxane (OMCTS) and an organosi | aper/GBhdosioss7of or
exanple, is typically used as a process gas in the deposition of polysilicon
or silicon dioxide layers in a chem cal gapour deposition (CVD) process.
This gas nay be pyrophoric. 30 In view o “this, the backing punp 32 is
configured to performa controlled oxidation of the silicon-containing gas
contained in the waste stream Two WO 2006/100432 PCT/ GB2006/ 000879 -8
enbodi ment s @hbedigeintsef @ switaiite hgcldugrpumplwill Rew hsederasibedydth tgfengneerf er ence
to Figures I e f i , i ovi ded by
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i ncl udes, a .second inlet 38

first to Fi t he

| ocat ed adj 8\4‘96@ pgq:pqrggll!\iamngta %QIQW&BP%BUWHFQm?F%@'W the liquid ring
punp 32,5 as shown in Figure 2. A source 40 of an oxidant for oxidising any
silicon- containing gases, in this exanmple silane, wthin the waste stream

i s connect ed/Vith refgraree fgé&:t@ergwﬁlbtth%mw ripg UMRR ciydes 3}3@@&9"@2‘”[@}/
condui t sys A:g“oéc%ed avemc%tméomistmﬁettah%n%b%efs.ago?pfe liflg pfith purp 32.

The source venlently conprise a source o I ng oxygen
for oxidisi Mg, tabeshownllarﬁmura%elk sammeréﬂaaﬂamecsqdamﬁmmm(ldjsmganymcoand a
udes.a third inlet t hr ough

per oxi de. The uid rin u 32 further.i.n 44
whi ch |i qui CFOP&ﬁJr%PSIQﬁPﬂﬁth@%%Q?W%S' nﬁng@ &b? Pﬁaﬁtet ﬁtée%ﬁﬁ)c%WG?Cg %onveyed
froma spurae thdsédtricanfet BBaf tioRglid ting ysh®3DBy alddntbit systehpalz ment , t he
liquid is water, alt hough any ot her ~aqueous solution may be used.

which supplies the ox1dant to the liquid ring pump 32. The source 40 may

conveniently comprise a source of air, containing oxygen for oxidising the

silane. Other alternatives include ozone, NO, and a peroxide. The liquid ring

pump 32 further includes a third inlet 44 through which liquid for forming a

15 liquid ring 48 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.

As illustrated in Figure 2, the liquid ring pump 32 comprises a rotor 54

20 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 outwardiy 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.

25
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 aresult, a
gas phase oxidation of the silane contained within the waste stream takes

30 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 (SiO,), which becomes entrained within the liquid



As illustrated in Figure 2, the liquid ring punp 32 conprises a rotor 54 20
rotatably nmounted in an annul ar housing 56 such that the rotor axis 58 is
eccentric to the central axis 60 of the housing 56. The rotor 54 has bl ades
62 that exboendideash ally outwardly therefrom and are egdgldpioipases around
the rotor 54. Wth rotation of the rotor 54, the bl ades 62 engage the
liquid and formit into an annular ring 48 inside the housing 56. 25 The
waste streamentering the liquid ring punc'i) 32 through the first inlet 34,

and the air streamentering the liquid ring punp 32 through the second inlet
38, are pulled into the spaces 63 between adjacent blades 62. As a result, a
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by- pr oduct Fé}g@? 38?8”%:(%' éd)ygrr?g JEeatnent, the treated liquid nmay be

returned to § f &) ($85%10 The enbodinent in which the backi ng
punp 3210 S provi ded with a screwtype purrpl ng mechanismw || now be:
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pumping mechanism will now be described with reference to Figure 3, in
which equivalent features to those described above with reference to the
liguid ring pump will be given the same reference numerals.
15

The first inlet 34 through which the waste stream enters the pump 32 is
located at an inlet side of the pump. The second inlet 38 is located adjacent
the first inlet 34 on the inlet side of the pump 32, as shown in Figure 3. A
source 40 of an oxidant for.oxidising any silane within the waste streamis ... .

20 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

25  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.

30 Asillustrated 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



liquid ring punp will be given the sane reference nunerals. 15 The first
inlet 34 through which the waste streamenters the punp 32 is |ocated at an
inlet side of the punp. The second inlet 38 is |ocated adjacent the first
inlet 34 g bhgobsbet side of the punp 32, as shown i npdE/geIes/®@087A sour ce
40 of an oxidant for oxidising any silane within the waste streamis 20
connected to the second inlet 38 of the pldrrp 32 by a conduit system 42,

whi ch supplies the oxidant to the punp 330-as above, the source 40 nmay
conveniently conprise a source of air, containing oxygen for oxidising the
silane, or any other suitabl e oxidant may be used. The punp 32 further
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The first s i ; rd 1 afts being
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74 rot at e atrespdutivslgrfernsgrbenl thruoutensafaeestheeedd the dihieads intarméestsng et or 80 i s
nount ed on tpe 5 fd' rst shaft 72 for rotary novenent within the chanber 70,
and a second| %H?Ber' 82 is simlarly nounted on the second shaft 74. Each of
the two potors 80, 82 are of generally cylindrical shape and has a heli cal

vane or thread respectively forned %n the outer surface thereof, the
t hr eads i nt &p Hﬁg,ﬁhﬁd\/%e strg%rﬂsqr}t%ﬂrggdt_ e screw-mechanism pump 32 through the

first inlet 34, and the air stream entering the screw-mechanism pump 32
through the second inlet 38, are pulled into the cavities 82 between
intermeshing rotors 80, 82. ‘As a result, a gas phase oxidation of the silane

15 contained within the waste stream takes place at a sub-atmospheric pressure
within the screw-mechanism pump 32. For example, where the oxidant is
oxygen, the reaction occurring within the screw-mechanism pump 68 forms
silica (SiO;), which becomes entrained within the liquid 74 that enters the
screw-mechanism pump 32.via the third inlet 44, either intermittently or

20 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

25 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.



10 I n use, the waste streamentering the screw nechani sm punp 32 through the
first inlet 34, and the air streamentering the screw nmechani sm punp 32

t hrough the second inlet 38, are pulled into the cavities 82 between
internmeshing rotors 80, 82. As a result, a gas phase oxidation of the silane
15 contained within the waste stream{akes place at a sub-atnospheric
pressure wthin the screw nmechani smpunp 32. For exanple, where the oxidant
is oxygen, the reaction occurring within the screw mechani sm punp 68 forns
silica (CLAMS which beconmes entrained within the liquid 74 that enters the
screw nmechani smpunp 32,via the third inlet 44, either intermttently or 20
continuously. The screw nechani smpunp 32 is provided with an exhaust 64 on

the outlet side the f O q i : 432 Ak AMhg St ream
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si | i con-oxadatian rof the siicon-eonthining ¢as punp and a |iquid; and exhausting from
the punp said | i%uiéi1 gont ai ni ng a bq}(-rproduct of the . oxidation of the

si |'i con- cont HNErelp S LAYASPBIRISER WARTRIIAD 2PRIUSSOLLRB er or an aqueous
solution. 2. The nmethod according to claim1 wherein the silicon-containing

gas : : : - .
2. The method according to claim 1 wherein the silicon-containing gas

is a precursor used in the manufacture of a semiconductor device.

3. The method according to claim 1 wherein the silicon-containing gas
is selected from the group consisting of silane, disilane, dichlorosilane,

trichlorosilane, tetraethylorthosilicate (TEOS), a siloxane, and an organosilane.

4. A method of treating a gas stream containing a pyrophoric gas, the
method comprising the steps of:

conveying the gas stream to a pump;

supplying to the pump an oxidant for oxidising 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,

wherein the liquid comprises water or an aqueous solution.

5. The method according to claim 4 wherein the pyrophoric gas is a
metallic or a non-metallic hydride selected from the group consisting of silane,

disilane, dichlorosilane, trichlorosilane, phosphine and diborane.



is a precursor used in the manufacture of a sem conductor device. 3. The
nmet hod according to claim 1 wherein the silicon-containing gas is selected
fromthe group consisting of silane, disilane, dichlorosilane,
trichlorosilane, tetraethylorthosilicate (TEOCS), a siloxane, and an
organosilane. 4. A nethod of treatigg_a gas stream containing a pyrophoric
gas, the nethod conprising the steps of: conveying the gas streamto a
punp; supplying to the punp an oxidant for oxidising the pyrophoric gas
within ghe punp ang methodWddording teybm atwHidehtREstdeofUppIviRg £ | 1 qui d
contai ning a by-product of the oxidation of the pyrophoric ‘gas, wherein the
liquid clhfpumyean axidant or oxidising teryrepharia gas wshm’rln@pmrmwg according to
claim4 J Nh G RS 4 talli r = lic hydride
selected rdﬁ?ﬁﬁﬁgg?gﬁB&@@@§P§P9ﬁ§t%?mgPFﬁﬁé%pgﬁﬁ%&ﬁﬁﬁ%?ﬂg?gﬁ%@#osi|ane,
trichlorosilane, phosphi ne and di borane. -12- 6. The nmethod according to
claim4 ereint step of supplying to, the p n oxi dant for oxidising
t he pyrofphoric gagﬁ\ﬁ mﬁﬁwdtwogﬁﬂ%ioaﬁam&“ Wh%ﬁﬁmgggégﬁ’p?i%@?%%m ying the
liquid tmetwuﬁ;maﬁaxm@ﬁﬁroabﬁicﬁsiﬁgm@_;swspﬁaﬂégﬁwithiﬁ-théf benpearysl according to
claim4 wherein the step of supplying to the punp an oxidant for oxidising
t he pyr ojstuishicompaisesisuppliingtibe figuid tate pumpisgpathtelydram theegas uppl yi ng t he
liquid hﬁ'gﬁﬁ punp separately fromthe gas stream 8. The nethod according
to clainm4ferein the step of supplying to the punp an oxidant for
oxi di sing the pyrophoric gas within the punp and a |iquid, conprises

suppl yi n&ht he liquid intermttentl \é)ct 0. the punp. 9. The nethod according to
clai m 4 $herein t HdegReHRFaccerding ta-¢lamn 4 mhareinibe sianpf UPRYIRG fohg of

oxXygen, RaQifnp &n BRIIGKI ¥ otk el RISHRErRYasSRRh §Fe pump and a

liquid, comprises supplying the liquid intermittently to the pump.

9. The method according to claim 4 wherein the oxidant is selected
from the group consisting of oxygen, ozone, a peroxide and a halogenated

species.

10. The method according to claim 9 further comprising the step of
supplying oxygen to the pump within a stream of air or other oxygen-containing

gas.

11. The method according to ciaim 1 wherein the silicon-containing gas
is a metallic or a non-metallic hydride selected from the group consisting of

silane, disilane, dichlorosilane, trichlorosilane, phosphine and diborane.

12. The method according to claim 4 wherein the step of conveying the
gas stream to the pump comprising conveying the gas stream at a pressure in

the range from 50 to 500 mbar.

13. The method according to claim 4 wherein the pump is a liquid ring

pump, the liquid forming a liquid ring within the liquid ring pump.



10. The method according to claim9 further conprising the step of
suppl yi ng oxygen to the punp within a streamof air or other

oxygen-contai ning gas. 11. The nethod according to claim1l wherein the
silicon-containing gas is a netallic or a non-netallic hydride sel ected
fromthe group consisting of silanegqzdisilane, dichlorosilane,

tichl orosil ane, phosphi ne and di borane. 12. The nethod according to claim4
wherein the step of conveying the gas streamto the punp conprising

conveyi ng4.t he gas Terr@athoataczomdieg taicigin 13 wiHegeihahg etdp emsupPlyiny @00 nbar .
13. The et hod according to ¢claim4 wherein the punp is a liquid ring punp,
the Iiquhg Pﬂmﬁﬁ%ex'&aﬂtgﬂuodldﬁ'%thﬂ RYRPPNArGedas \qﬁh!a tm RYMpAR a liquid 14, The

met hod bk gsu?ﬁﬁgﬂ] %@d’%%@'p’ﬁ gdﬂ&asre'% l@éloﬁ‘fﬂ&’l‘é‘('vﬂﬂcﬁ%ethe punp an

oxi dant rophoric gas wt punp and a liquid

conpri seiguidipgitgining $a1é byipyaductimextauspirom the mmhpavel bel ow t hat at which
the |liquid containing said by-product is exhaust fromthe punp. 15. The

met hod according to claim4 wherein the punp conprises internmeshing rotors.

16. The 1@t hod accmiedhBthodacebriing kbcluied qitieréinehe pipresmplisas a
screw type punping mechanism 17.” Apparatus for treating a gas stream

cont ai m'ﬁ@"&‘e§ ingdetereont ai ning gas, the apparatus conprising: a punp for
receiving the gas stream supply neans connected to the punp for supplying
an oxidant for oxidising the silicon-containing gas within the punp, and a
liquid; ®d conveTﬁmgeﬂmalrm:co@nr@tdEdlm &5 Wierginithe bompccomprysesta f rom t he
punp liquid containin roduct of oxidation of the silicon-containing
gas wit cﬁe\yﬁ)éoe BYHR! ’\%F@P%X?fp‘{"ﬁe liquid conprises water or an aqueous

sol uti on.

17. Apparatus for treating a gas stream containing a silicon-containing
gas, the apparatus comprising:

a pump for receiving the gas stream;

supply means connected to the pump for supplying an oxidant for
oxidising the silicon-containing gas within the pump, and a liquid; and

conveying means connected to the pump for conveying from the pump
liquid containing a by-product of oxidation of the silicon-containing gas within the
pump

wherein the liquid comprises water or an aqueous solution.

18. The apparatus according to claim 17 wherein the pump comprises
a first inlet for receiving the gas stream, and a second inlet for receiving the

oxidant.

19. The apparatus according to claim 18 wherein the pump comprises

a third inlet for receiving the liquid.

20. The apparatus according to claim 17 wherein the supply means
comprises an oxidant supply means connected to the pump for supplying a gas

stream comprising the oxidant.



18. The apparatus according to claim 17 wherein the punp conprises a first
inlet for receiving the gas stream and a second inlet for receiving the

oxi dant. 19. The apparatus according to claim 18 wherein the punp conprises
athirdinlet for receiving the liquid. 20. The apparatus according to claim
17 wherein the supply neans conprises-an oxi dant supply neans connected to
the punp for supplying a gas stream conprising the oxidant. -14- 21. The
apparatus according to claim20 wherein the gas stream conprises a stream
havi ng at1.l east orndeddpparatus @zoordjngatopraiox2@whereim thehgbogeearned speci es. 22.
The appar at us accotrdi n% to cIt im 17 erein the supply neans conprises a
wat er  sufTR/ISeS AhRireain having Atdeast gae of s ‘P%ﬂnesﬁﬂ)&r%ﬂéoéastream of water to
the punthaldgenalé®spedigs.at us according to claim 17 wherein the punp is a
liquid ring punp. 24. The apparatus according to claim 17 wherein the punp
conprises internmeshing rotors. 25. The apparatus according to claim?24

wher ei n e punp | V. J . i A system for
evacuatiéné;j a procg@sgpé g@ﬁ%&?%cgﬁ@ﬁg/éotciﬁnpmgﬁ%m@&} Rﬁ/g}:nueaa?r}]s’punp for

dr awi ng congarisesta water supplytrheanshaonnectedatodhe pppprfat sspelgiogradstreamo cl ai m 17

for receifvi Qa{ﬁt htE as streamfromthe vacuum punp. 27. The system accordi ng
to clai IYEGHSBERUME vacuum punp is configured to exhaust the gas stream
at a pressure in the range from50 to 500 nbar.

23. The apparatus according to claim 17 wherein the pump is a liquid

ring pump.

24, The apparatus according to claim 17 wherein the pump comprises

intermeshing rotors.

25. The apparatus according to claim 24 wherein the pump comprises

a screw-type pumping mechanism.

26. A system for evacuating a process chamber, the system
comprising:
a vacuum pump for drawing a gas stream from the chamber; and
apparatus according to claim 17 for receiving the gas stream from the

vacuum pump.

27. The system according to claim 26 wherein the vacuum pump is
configured to exhaust the gas stream at a pressure in the range from 50 to 500

mbar.

28. The system according to claim 26 comprising a purge gas supply

means connected to the pump for supplying a purge gas to the vacuum pump.



28. The system according to claim 26 conprising a purge gas supply neans
connected to the punp for supplying a purge gas to the vacuum punp. -15- 29.
The system according to claim28 wherein the purge gas is nitrogen. 30. The
met hod according to claim| wherein the step of supplying to the punp an
oxi dant for oxidising the silicon-conpgaining gas within the punp and a
| iquid, conprises supplying the liquid to the punp separately fromthe
oxidant. 31. The nmethod according to claim 1l wherein the step of supplying
to the Zunp an oXiheéaystenoracoordihigstoroipit@8 whereimthecpungaigaisig gas wit hin the
punp and a liquid, conprises supplying the liquid to the punp separately
fromthé§3¥eN-stream 32. The nethod according to claim 1 wherein the step
of supplying to the punp an oxidant for oxidising the silicon-containing
gas within the pur_wlp and a liquid, conprises supplying the liquid
i nterm t3Gnt |y t o Thegneihed.acgardinghte glaimhbavheseiortiae stpp of stipalyinditonher ei n t he
oxi dant j e he . R.: sisti:ng. of d a peroxide
and a h éth% 8@&!& %@8%95?‘&@%‘8&.%%% fnd sHFc%ﬂ-do?'lHlHﬂg gas%}/}ﬁﬁ the 8&8B%nd

a liquid, comprises supplying the liquid to the pump separately from the oxidant.

31. The method according to claim 1 wherein the step of supplying to
the pump an oxidant for oxidising the silicon-containing gas within the pump and
a liquid, comprises supplying the liquid to the pump separately from the gas

stream.

32. The method according to claim 1 wherein the step of supplying to
the pump an oxidant for oxidising the silicon-containing gas within the pump and
a liquid, comprises supplying the liquid intermittently to the pump.

33. The method according to claim 1 wherein the oxidant is selected
from the group consisting of oxygen, ozone, a peroxide and a halogenated

species.





