1 METHOD OF TREATI NG A GAS STREAM The present invention relates to a nethod
of treating a gas streamusing a plasna abatenent device. The invention is
particularly suitable to the 5 treatnent of a gas stream exhaust froma

pol ysilicon etch process. During the formation of a sem conductor or flat
panel di spY@yod8iBte, various different process gases EFEBIMSIPEL to
various process chanbers. Chem cal vapour deposition (CVD) is used to
deposit thin filns or layers on the surface 10 of a substrate or wafer

| ocated in a deposition chanber. This process operates by supplying one or
nore reactive gases to the chanber, often using a carrier gas, to the
substrate's surface under ibbUS TR R RS Ajpcal reactions to
take place at the surface. , ygen and ozone nay
be supplied to the deposition chanber for the 15 formation of a silicon

oxi de | ayer gn the substr.ate nd_sil ane and apmoni a be supplied for the
For mat i on oft & PR iantep Feiatle 8 maRse R o B0 pichs Teertudhb s,

pol ysi | i con,plagmalapatehiet device hehs ihehfigi B furtidlhisrhdegempos theon of silane or
a chlorosilane by heat. 20 Gases are al so supglie to an etch chanber to

per f or m $el deeatenifagamsteran exhausbfropha pakypilieen 8WhIRIPesss; for exanpl e
during the formation of electrodes and the source and drain regions of a
sem conduct or device. Etching gases can include the perfluoroconpounds such
as CF4, CHFPwing tNeSormetioerof hadestconstictod ©r fatcpared didblay ddBlice, Batidys Cl 2 and

Br2, and congj i.on 5 r eof r | e 41 sed to
initially fo Qg’ﬁlj p(cj}Béﬁ%n%ésl%% aggrs 8%‘5%51 tgpgg&ﬁsi rPrrl ag° %ﬁarﬁgg%g%%%;ﬁ'?glf or nmed
over a po:cysrébbaloaciiedosjtmh (@N’(ﬂ))\mu?dsd iOSd?OBmﬂﬁﬂﬁbﬂs ar talyletsomreﬂiﬁssuglaayer, agd a
m xture of HBr a 2 i s _conmon ed t equently etch the expose
b0l ya! | 1180n O @ SUBStratis AT hIPRGIoH R BoEar P R GEEHFL n A pFORESPes) st Lo for m
deposi ts angpkaitss b?@hpyﬂ?ﬁ@otn‘éct?@n&;@rréé’ﬁlv@@dsés&@%V&%rﬁﬁé}ﬁbﬁé}?uﬁhgh ,
chanber, and so a cleaninhg gas, typically conprising SF6 and oxygen, is

per i odi cal | y2 caIpgN gasd tq thetsubsiraiers suitaspaindebconditinns thakeneiaged mat eri al
th h . ' . g
rom the, chapBflica) FodbhOf, LREScE! S ARt Elcan) RIS SREGE REIp e

within the ere’rs typica anount™ of the gas
suppl i ed t o df brygarcéndbzorizamay betsappléi torthé¢ depgsitorexzhauber for tra t he et ch

gQ ﬁgﬁg[ éapte gcf)rHLJ?glrogtccﬁrp@EsglLﬁg)%Zox?&leclgygrson%dé s%%csjtra '(:a?aﬁcri %ilebrll erl apn%}%‘ﬁg ous if
may be supplied for the formation of a silicon nitride layer. Polycrystalline
silicon, or polysilicon, is deposited on the substrate by the decomposition of

silane or a chlorosilane by heat.

20 Gases are also supplied to an etch chamber to perform selective etching of
areas of the deposited layers, for example during the formation of electrodes
and the source and drain regions of a semiconductor device. Etching gases
can include the perfluorocompounds such as CF4, CHF3 and NFj3, other
halocompounds such as HCI, HBr, BCls, Cl, and Br,, and combinations

25 thereof. For example, CF4is commonly used to initially form an opening in a
region of a nitride or oxide layer formed over a polysilicon layer and which is
exposed by a photorésist layer, and a mixture of HBr and Cl; is commonly

used to subsequently etch the exposed polysilicon.
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10 and so in view of this, before the exhaust gas is vented to the

at nosphere, an abatenent device is often provided to treat the exhaust gas.
The abat ewenvomruizae converts the nore hazardous conponectsB2bodidoerssxhaust
gas into species that can be readily renoved fromthe exhaust gas, for
exanpl e by conventional scrubbing, and/or can be safely exhausted to the

at nosphere. 15 Perfl uoroconpounds (PFCs%'such as CF4, SF6, NF3 and C2F6 can
be renoved fromthe gas streamw th high efficiency using a nmcrowave

pl asma abat enment device. An exanple of a mcrowave plasma reactor is

descri bed MheldcHapeHsesaan@Badt, \Rift3 aqehotorenist teaforoedepasits angdaesyiiatie

conveys 20 m crowave radiation fr a mecr e generator into a _gas
chanber ho@@?ﬁdomooeélogﬁqﬁ&fgg‘oivﬁggh@ ﬁ%?@ﬁaﬁﬁggﬁ ?'%(15 §Piaoﬂ§ﬂplﬁ'.g A gas to
be treated OMS)id ; S eBriedigaby & fed @He RASHES

bet ween thgfaél @@%dra@gg?%ﬁ“ﬁ%’fpgﬁgn%’%%\%%gf'ggmam.’ s@fibiﬂi tiat egl and

sust ai ned lchamben to remowe the eawadig¢dsnaiesial frae echand¥@ng bet ween t he

el ectrodes. One of the 25 el ectrodes has an axial hole to provide a gas
outlet Promthe gas chanmber. Under the intensive conditions within the

pl asma, SPERirRy thetsiefcr At BRANFIY BrRBbeses Serpranicwithin thewact charmber,
energetic electrons causing dissociation into reactjve speci hat can

conbi ne wi tiherexs ferically siapidi aMINscbdirgas éP@@'ie\FjeWhﬁQim Eﬁ%@})EF oducts.
L3 B COMBRISN iR R @{lhat?fégﬂgﬁsﬁ@detéw%aﬁm%r.f PorfiRAGLAMBolihAY ¢ he

vari ous Sp cont al streami1s water vapour, I C may be
readi | y addedhtss CheaghSFstare aighipdanganous ifeerhaiusteabiat taeetmodphéree.  For

exanple, reaction of CF4 with water vapour will form nd HF, and C 2
can nPoﬁPn HENASS 0 iR OFH@S’CKP%%&’.G ?%dpLﬁgga%f?dV%?d é%&%g%@%miﬁﬁeﬁﬂ ly
removed fr Eé}ﬁeﬂ%\ﬁéé RAANprdvitRld 1BareHles ekRs@tfsdompshsament om t he

abat enent devi ce. ious parts of a plasma abatenent device, such as one
or nore of devizeltbrakedstthe deye helzardqusdernponrnts oathe exhaustiges irfar f ace of

t he chanber, are ically formed fr i nl teel 1IN pton to
iron, car bgpgcgﬁdﬁ%ﬁqm%ﬁ?acﬁ@gpmoggﬁ'qusr@{\@ﬁé@%@%‘gtg%egﬁ ?ﬁbg% hgr

el ements, sYalerSoritl &kRlbbir lanairtarism basalelyusxiendtdd tethielatmdsphete presence
of air, a passive surface oxide |layer is formed, which protects the

under | yibng stainl ess steel from 15 corrosion. However, in the presence of
acidic gas%erﬁH&J&cB%p@ﬁndyﬁbFCQ?guch as CF4, SFs, NF3 and CzFg can be removed

from the gas stream with high efficiency using a microwave plasma
abatement device. An example of a microwave plasma reactor is described in
UK Patent no. GB 2,273,027. In that device, a waveguide conveys

20 microwave radiation from a microwave generator into a gas chamber housing
two electrodes in a closely opposed relationship. A gas to be treated flows
into the gas chamber through a gas inlet, and passes between the electrodes,
so that a microwave plasma is initiated and sustained between the two
electrodes from the gas flowing between the electrodes. One of the

25 electrodes has an axial hole to provide a gas outlet from the gas chamber.
Under the intensive conditions within the plasma, species within the gas
stream are subjected to impact with energetic electrons causing dissociation
into reactive species that can combine with oxygen or hydrogen to produce
relatively stable by-products.
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HBr, the passive |ayer can be stripped, exposing the underlying stainless
steel. For exanple, HF may be present in the gas chanber as a by-product of
t he treatwenbvomioz4perfl uoroconpound within the gas chamroerGBaswboki®s or HBr
may be contained in the gas exhaust fromthe process chanber during 20 an
etching process. Once the nickel oxide layer has been renoved, HBr, and HCl
can react with the netals contained i n"tHe stainless steel when noisture

| evel s are in excess of a few parts per mllion (ppn). Due to the water
adsorbed on the stainless 25 steel surface, the by-products of these
reactions cArfon¥gRigatsowseqdoxyaemsed hydbganefos reactingdeit) thehvarfousan r educe

the efficie . : ; iLce i.s.an aimof at |east,the
preferred e%fc)%cglg gn%%&%brfeqf]th%:g'éggﬁ:\téaﬁh(fe‘&%ﬁefﬂa[)gur?ﬁv (ﬁb aéfebearr?%dfjr%roved
met hod of tadddd teothe @aSsteddre UPsTeaindrérh e \bBaIEHENIEIBYIEY. SF8f eample,

hal oconmpound, such_as HBr, HCl, Br2 and Cl12, and water vapour using a

. Cl .
pl asma abat EREHON @bGFeavith water vappyr wilkfornsCQs gad tHF tang Gbeearferm m@nt i on

provi des a : ti i R j

Rl ocompouniand e, HE et 8P ah b nsruLil AR S Becyi di ng
a pl asma abgasseeamdsyva et sombbies iovgited dawnstheardrorhdivé apatengas i nl et for
receiving the.gas and a gas outlet, heating 5 the chanber to a tenperature
that inhi bi € "g‘?jsorpti on of water on a stainless steel surface within the
chanber, conveying the gas to the gas chanber for treatnent thereof within
t he chanber, and maintaining the chanber at or above said tenperature
during treaYatious parts heaglasma absienerdtdevice, Baclyas arlesorbraore of thei s nanner

to prevgnt or pt | ter any stainl ess, steel surface within
t he cha@be‘r%lggﬁﬁgg‘%sséf@‘%ét%gjeg{’c’l %rlsragkcf{ﬁl_g 'Héﬁ'ﬁr%‘ﬁt%%%ﬁh_ﬁ& aMORHAT®s HBr and
HCl, Br2 ortyficallydrmddfeormedtainfesediédli Nedddiiohhs igncalRws aptieel can be
inhibited, as there is insufficient noisture present for the reaction to

take place.Cl@Midestilns steat Maialearantalp ether eleanernds, suchisanickaber at ur e
I N excess %oﬁ/ﬁg%ﬁﬁ” nﬁitﬁu%fdn%atﬂ%hi)brﬁ.n tﬂgjgeggﬁcé bf ﬁth%%%%{ve?ﬁﬁrf%éeg' nl ess

st eel conpone at are exposed to'the ¢ passi ng

chanber. Thixddé kyer i< foreed, whichi prptecthéat imgeryivey staiiibss siaedfrent he dew
poi nt, 1%3 vvater.adsgrgltion.a} a stainl e?s steel surface Hn?:y still take
place i t HOTIASIEr Howeyehdn thrpiasense of Asidingasassush aw b HEn@ng above

the dew poilBr,2Ré paksive Pajert@ntie SHPREA! &:QIbsHY tRCudetyPsEind&e! surface.

steel. For example, HF may be present in the gas chamber as a by-product

of the treatment of a perfluorocompound within the gas chamber, and HCl or
HBr may be contained in the gas exhaust from the process chamber during

20  an etching process.

Once the nickel oxide layer has been removed, HBr, and HCI can react with
the metals contained in the stainless steel when moisture levels are in excess
of a few parts per million (ppm). Due to the water adsorbed on the stainless

25  steel surface, the by-products of these reactions can degrade the gas
chamber and the electrodes, which can reduce the efficiency of the

abatement device.

It is an aim of at least the preferred embodiment of the present invention to
30  provide an improved method of treating a gas stream containing varying
amounts of a halocompound, such as HBr, HCI, Br, and Cl,, and water vapour

using a plasma abatement device.



In order to prevent overheating of the chanber, the chanber is preferably
mai ntai ned at a tenperature range between 120 and 350C, nore preferably
bet ween R0 200mh2089C. The chanber may be conveni ently necmtGs0&tor®s25 this
tenperature range by flowing a heat transfer fluid through a chanber
tenperature control circuit for controlling the tenperature of the chanber,
and controlling the tenperature of the-fiuid. The chanber t enperat ure
control circuit nmay be located in part within a wall of the chanber, for
exanpl e either above, below or surrounding the gas chanber. In the
preferred ehlbadrstmspect3thépreseatrimventiempevides @ noathbd of treating atgasxt ends
about the gas outlet. WO 2007%0(%0374PCT/ GB20Q6/ 002795 - 5 - The

t enper at ur eI YAYING ARPURES Ashbalgepragoy)d angwalsr vaeown theimetiesligh

heat exchang&naﬁgng,th@gﬁbp%%ﬁﬁrebibiﬁggag%ﬁg%ﬁ@?ﬁm@%@w@sﬁ gn”ol the

tenperature of the fluid. The heat “tr |y cool ed
to a first gaschambepbavingreegapinidtdontscpiviresthe gaman@® aQasgutket fligatingheat 5

than the 1 PR ORI DeledahEe iR fplE A apPoa a8t s dnfsssond
heat exchangeel sdifecd withih the @haieh aagfieyimmnbe s t@@ﬁéigfasrcﬂgrﬂwe@,forsuch as a

non-i.nsul ated pipe of the tenperature control circuit, fo i ssi pati ng heat
from t he t hiseagment tiigrgof within theeghanbeinand majetaining e emmbet aleet by a

controller. %@aﬁgﬁd%&%@o tpge?&u%ﬂgﬁ't%éntio? oty Ségr ably an active device

controlled contr circulrt my configured such that the
heat transfer fluid flows through both heat exchangers, or through only a

sel ected on f the _heat exchangers, depending on the tenperature of the
gas cha%ergy%ﬁiaéng heerse ?'@%ﬁgy‘%@'ﬁ'@ nebicRreyenhieadsorpiianeivaiesensor

| ocated on éengstaiflebs Sledi BArias WHARNMRR chalifeN iR rddchds bPRofballd may, be

provided by hot”oil, diathermc r ot e chanber
may be i ni thydrogembatides,tsoich@isdHBeapd HEluBe dnyCh hdthitbetmetatnedraainedui d

prior to su f. the gas to.the chanber  Alternativel .t he chanber may
20 be heat elﬁ%és%gllea?rsﬁegeﬁt(;ﬁg b&dat‘@ﬂ&ﬁ?a H\ﬁr‘éés,"\%ffwfﬁ@%?@(%er%se& asma to
treat the ofestisd reeRioAnd taly slacel We haae$dirid the@ndiftalrisy BRscisdapdes: usi ng
an ext ernal heatlna device, or _in any other convenient manner. In the

preferrd FRIBP re ip pxcpsaehbQibatamsignifigant'y incceags thedifetime of any
stainless steel components that are exposed to the gas passing through the
gas chamber. This is different to simply heating the chamber above the dew
point, as water adsorption at a stainless steel surface may still take place if
the temperature of the chamber is not heated sufficiently above the dew point

20 to inhibit water adsorption on the stainless steel surface.

In order to prevent overheating of the chamber, the chamber is preferably
maintained at a temperature range between 120 and 350°C, more preferably
between 120 and 180°C. The chamber may be conveniently maintained in

25  this temperature range by flowing a heat transfer fluid through a chamber
temperature control circuit for controlling the temperature of the chamber, and
controlling the temperature of the fluid. The chamber temperature control
circuit may be located in part within a wall of the chamber, for example either
above, below or surrounding the gas chamber. In the preferred embodiment,

30 the chamber temperature control circuit extends about the gas outlet.



25 microwave plasma abatenment device, but the invention may al so be
applicable to other types of plasma abatenent device, for exanple a plasm
t orch abawermewoeeyi ce, whi ch nay have stainl ess steel eceadBoesm2asd/ or a
stainl ess steel gas chanber. The gas is preferably treated at or around

at mospheric pressure by the abatement device. - 6 - In a second aspect,
the present invention provides a method“of treating a gas containing
varying amounts of a hal oconpound and water vapour, the nmethod conprising
the steps of providing a plasnma abatement device conprising a gas chanber
havi ng a gaghé)FﬁrBPeWrerfgé'é@@'UW@M@WU@HGd@yg‘h&vmgltm@ﬂuldrtbwugrmg 5 the

I : veying the gas to the gas

chamber {or 5 SaeRafd ik, BhdicBRfhIpA e REAEERENtRe et Th eniel: ne
t enper at ur eheftetriperathesrbktheviluidhi The Healpeansfew figid r@l@%fbeféé?é&tﬂd%%dd?e&_mc
10ln_a third aspect, the present i nvention

i t.qf th . , :
glrjtr)l/ingetsr:attﬁlrgggrﬁéﬂﬁ'gé?geWgﬁagtué“e\ﬂréf?r@@bfﬂﬁﬁsstihﬁg @%@s by iedlirseheatavi ngtia 1g:gas |
i nl f LhWi s qutlet, an
her mal Ccont o dag smditetchodea 155, sbeont AL fFieiSeralttuP By M o
i nhi bi ts adbefisstiftid tdmperatureppreferstbdi al least K20P€), byur §eamamddti n t he

' . of tai ning a 15 hal oconpound and wat er
vapour. Fedt{inabofEsTHe bl neRb OEaT R IAY B ARSSEHE JIaR USRS of ¢ he.
| nvention ath-PeURkeY pRRRITIRE K APbRILRS A BRcERdof BistBafiigREhProAnd Vi ce

bfat
versa. 20 Preferred features of Phe present invention w _
descri bed, tB§ thenalfluid milireay hieyan agtivie device eonteolled iyhe cantroligramieng

ol asmm Sbareeont fga el i3 BreSieBH. L BRSPS FORIEIGAEY M of R gure 1
Fi gure 3 i soatroliers stisecircuihmay\Wecvorifiyuestd Budihth=Aevé RBatraNgel fing A A of
Figure 2; flows through both heat exchangers, or through only a selected one of the
heat exchangers, depending on the temperature of the gas chamber. This
temperature may be monitored using a temperature sensor located on the
15 wall of the gas chamber. The heat transfer fluid may be provided by hot oil,

diathermic fluid or other thermal fluid.

The chamber may be initially heated to said temperature by the heat transfer

fluid prior to supply of the gas to the chamber. Alternatively, the chamber may
20  be heated by operating the abatement device, which generates a plasma to

treat the gas stream and which will transfer heat to the gas chamber, using an

external heating device, or in any other convenient manner.

In the preferred embodiment, the plasma abatement device comprises a

25 microwave plasma abatement device, but the invention may also be
applicable to other types of plasma abatement device, for example a plasma
torch abatement device, which may have stainless steel electrodes and/or a
stainless steel gas chamber. The gas is preferably treated at or around
atmospheric pressure by the abatement device.
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WO 2007/ 020374PCT/ GB2006/ 002795 - 7 - Figure 5 is an enlarged view of
region Cidentified in Figure 3; and Figure 6 illustrates a chanber

t enper at we 20@m20x4 circuit for controlling the tenperaruorsRbodderogas
chanber of the device. 5 Wth reference to Figures 1 to 4, a m crowave

pl asma abat ement device 10 conprises an_electrically conducti ve housi ng 12.
The housing 12 is preferably forned frofstainl ess steel. This may be an
austenitic stainless steel, such as 304, 304L, 316, 316L, or other

non- magnetic grade. As illustrated, the 10 housing 12 may have a

rect angul ar Inca 6ggordaspes, tha I@‘eeenmnvelstldmpnwnﬂasra m«aéhd)d)utira@ﬁn@a gher

exanpl e by d 0ss _the the ho S|n 12 to
provi de a rg@@%mﬁgg\yﬂ{gﬁarﬁ?hﬁ% &a%ﬁ?lgﬁgwpoaa@a@g vi%ter UARCYY

resonant cagompridifigithe etspsesievidihga aS@teﬂﬁierft@fevﬁférbfﬁﬁpMn@bcr owave
radiation froma mcrowave generator (not shown) into the 15 resonant

cavity 14. Q%CB@'HEEF BAYngme @&ﬁelnﬂ%tg‘@rn@wvmth@gqman@acgﬂm@dteémeailr@ short

circuit (8. i ] ially rectangul ar
body por5'éL| on 2 v‘%ﬂg éjt%hnjé‘%rﬁﬁﬂgflf %at% ?’ICO%\]@?hg é?ﬂa&@ﬁl&eg%

el ectric fichambér mhﬁeéﬁnenk:mevmmvmmﬂlﬁ cmb@n\aﬁm&damkﬁnﬁmfthéhe wavegui de
16 to the resonanm\pg r’;% 14, and,a width w orthogonal to the electric

field of thEMRYA ehahbehwithine ioaeyatue rqag%frgm 4807y 12880 second,

substanti al fyride ﬁéﬁlﬁ%ﬂt%’fﬂbﬁé&sportl on 22 facing the resonant cavity 14,
t he second body portion 22 ving a height h2 and a width.w, where h2< hi.

In the illustrated 25 exanple, the second body portion 22 has a hei ght of
appr oxi ter ne f the 0 first bod orti 20. The
wavegui ngﬁ])c[q]%;pe@gr;ﬁ?lp&%erﬂ 'P&Pfo}é@ﬁ%@r grna ?Wﬁ”gae‘ﬁ?ewi dth w

| ocat ed betmpnéuhg af §dSEhAMBesRHANG akRAinROFdr 1RBSIVIHY a %gs td b8 tl?é)dté@per ed
portion 24 conprlses a flrst end surface 25a adj acent t first bod

portion 20 B thesieyiee And agpspeliel, and themal seriseldneans fmrmalamlmag th@lj acent
the second Qod¥,Hositd A serallre 1AEARAILRE 2388 pHoAtdt Whter 85 oL BRI RQL 1 on 24

surface within the chamber during treatment of a gas containing a

15 halocompound and water vapour.

Features described above in relation to the first aspect of the invention are

equally applicable to the second and third aspects, and vice versa.

20  Preferred features of the present invention will now be described, by way of

example only, with reference to the accompanying drawings, in which:

Figure 1 is an external perspective view of a microwave plasma abatement

device;
25
Figure 2 is a side view of the device of Figure 1;
Figure 3 is a cross-sectional view through the device along line A-A of Figure
2;
30

Figure 4 is a cross-sectional view through the device along line B-B of Figure
2;



- 8 - further conprises first and second side surfaces 25c, 25d extending
bet ween the end surfaces 25a, 25b and inclined at an acute angle to the
second siwe 2sami2esze 25b such that the first and second IlpowyGER066idooTds 20, 22
are co-axial. The tapered portion 24 has a length / in the direction of
propagation of the 5m crowave radiation_through the wavegui de 16, where /
is equal to approximately one half of fHe wavel ength of the m crowave
radi ati on. The short circuit 18 provides an extension of the wavegui de 16
on the opp05|te side of the resonant cavi dy 14. The short circuit 18
conpri ses aFigore Rdsparerdarggdniew of regipaC ideptiied bnBdigpreaBrans t hat i s

di stanced fromthe end of the second portion 22 of the wavegui de 16 such
that the incident mcrowave radiation is reflected by the end plate 26 to

form an el eEigupardinastiates h ahdhh@rieviperitift corith clresiefdHonGdlinghd4. The
position of the end plate 26 relative to the end of the second portion 22

of the wavelfiRgFatEe Of g, 9ae chambst abthe demiee.short circuit 18 conprises a

tuner 29 spaced fromthe end plate 26 for tuning the short circuit 18. In

the illustrated exanple, the tuner conprises a screw 29 threaded into the

top surfaceWith referest®id Figuresiil tto 8 asnichowdat plasma2abdtethenotietiae 19cr ew

extends into the chanbf%%ééé,substantl Ilgﬁﬁgﬁr endicular to the direction of
n oS

pr opagat i on"BFPHHE 3 € Y CRAAYES - tiRe mﬁﬁpr@@rw n| ng
the head 2%rmbd e S ﬁl\é’s@gteél h?h%”rﬂa?fbeté}ﬁaéﬁéﬁﬁfc?s?alﬁ%%%?%%aﬁe r esonant

| owered within the chanber to tune ort circuit
cavity 14 hudes, 30d-, di1él é&@k,lqudhatt romrETABFEtic 2Bad&0 Aspllueftetedy| thef or med

f PTRE 4 ' I ' f

reai st altee NRE T2 Bt PevEa ek kg orfssrosdioBna s Bt RS il iadae "

radi ation dmu@)g?dth@f@MQmpﬂdlBthﬂﬂﬁ@ Wék%néiéacﬁ%éﬁh@'vﬁ&ﬁ) oEpRer 28, 30
has a flat si devvaII portion 32 extending orthogonally to the direction of

30 pr opagath%"&ﬁ ?E%Plﬁ\ﬁqi%ﬁ/d%orﬂ%[ﬂloé‘b/ltbﬁf ther apafpmMené dewiseridht Ovaendy 14,
and a curveg tﬁé g@é’%{ént RaUly 28 i o td 8L WiegDid & 1 crRRlAgt! a1y

cylindrical
mlcrowave radiation from a microwave generator (not shown) into the

15 resonant cavity 14. The other end of the resonant cavity 14 is connected to a
short circuit 18.

The waveguide 16 comprises a first, substantially rectangular body portion 20
having a height h substantially parallel to the TE electric field of the

20  microwave radiation conveyed through the waveguide 16 to the resonant
cavity 14, and a width w orthogonal to the electric field of the microwave
radiation. The waveguide 16 also comprises a second, substantially
rectangular body portion 22 facing the resonant cavity 14, the second body |
portion 22 having a height h, and a width w, where h,< hy. In the illustrated

25  example, the second body portion 22 has a height of approximately one third
of the height of the first body portion 20.

The waveguide 16 further comprises a tapered, convergent portion 24 of
width w located between the first and second body portions 20, 22. The

30 tapered portion 24 comprises a first end surface 25a adjacent the first body
portion 20 of height h1 and width w, and a second end surface 25b adjacent
the second body portion 22 of height h, and width w. The tapered portion 24



chanmber 36 within the resonant cavity 14. The gas chanber 36 nmay have a
circular or elliptical cross-section. Each plate nenber 30, 32 has a first
bore 38 fwomea/beEmei n providing a gas 5inlet into the gas/GHreesn®e7936 Of
the resonant cavity 14. In the illustrated abatenent device 10, one of the
bores 38 is aligned with a gas inlet port 40 forned in a sidewall of the
housing 12 for receiving gas froma fiTdr gas conduit 42 nounted on the
housi ng 12. A second gas port may optionally be forned in the opposite
sidewal | of the housing 12 for receiving gas froma 10 second gas conduit,
whi ch gas rfasthérecdrhprisemiirshand secdind sidei duafaces ,25ch25d axtendirey betgvaeme gas

hamb 36 the, fi duit 42. Each I i f bl
charber 3¢ f1om e Lol ok 9ag conlily 12, cech goo L Shl @ RES ety
40 subst antd gy ZS%F%RW‘['Q@{ Méfi@?aﬁé]‘%%tg\%ﬁ’tﬁb@&ﬁﬁémoh%%d pvay dlp-aMigihi n the

gas chanber 36 towards the centre of the gas chanber 36. A gas outlet port
15 44 is forhest@pered pertivas?4 bds akendgibd# thg dicedtion of gmopggatipngeishér om t he

gas chanber 36 to a second,.gas conduit 46, e gas putlet port 44 extends
r anvepsamictuad R whaab R Watedifar 167 vBR RS Gkl B nwer 56, Each
pl ate nmembefppidximelflone HiSofthe Wadefsngie oPfite Btrowabe radigBent herei n. 20
One of the bores 48 1s aligned with an aperture 50 formed in a sidewall of

t he housing and cl osed by a transparent cover plate 52 to provide an

i nspecti on -w : e L rated within
t he gas chémé;%%&@(;u'ﬁ;%%de\}s?%ensgﬁﬁ%ggevﬁs& ym%ﬂ%W?\ﬁe b‘gezﬁ'@P gtq ﬁg abat enent
devi ce 10. cHpolits gidenofrtheabsdmard cadity 44alThe harheictuit 8 bembeisss ag 12, the

e sdoma PR BT B bl A5G0 bl bl i R
port a4 TRAADS $EBTT PR 26 e A S R idg holy %86, “The.
assenbl y Senowavepradaoreis reflededibydhe endanaliecit togforrdrer 58 and a hol der
ggo;?{)zgg;dl A yéﬁ%@%%%é@lglv}//avceovr\]/ﬂH%tthg%ggnrgbn?rca\SII%y ’14.W?he position of
the end plate 26 relative to the end of the second portion 22 of the waveguide
15 16 may be adjustable.

The short circuit 18 comprises a tuner 29 spaced from the end plate 26 for
tuning the short circuit 18. In the illustrated example, the tuner comprises a
screw 29 threaded into the top surface of the short circuit 18 such that the

20 body of the screw extends into the chamber 27 substantially perpendicular to
the direction of propagation of the microwave radiation through the chamber
27. By turning the head 29a of the screw 29, the end of the screw 29 can be
raised or lowered within the chamber 27 to tune the short circuit 18.

25  The resonant cavity 14 houses two dielectric plate members 28, 30,
preferably formed from PTFE or other suitable material for retaining adequate
corrosion resistance whilst being substantially transparent to the microwave
radiation conveyed through the resonant cavity 14. Each plate member 28,
30 has a flat sidewall portion 32 extending orthogonally to the direction of

30 propagation of the microwave radiation through the resonant cavity 14, and a

curved sidewall portion 34 which define in part a substantially cylindrical gas



- 10 - The electrically conducting nenber 58 conprises an el ongate tube 62,
whi ch may be formed from copper or other electrically conducting materi al,
and whi chwengemgeses7a tubular tip 64, as illustrated i n mpce/gBbaido2ioa Fi gure
5. The tip 64 is preferably formed fromcorrosi on and heat resistant
material, such as 5 tungsten or a tungsten alloy, for exanple an alloy of
tungsten and | anthanum The tip 64 nay'Qe provided with a plurality of
apertures 65 extending thereabout to enable a gas fl ow ng between the gas
inlet 38 and the gas outlet 44 to pass radially through the tip 64 and

t her eby enhararabehads within the resondret davity 84. Theegapehambes36may kaws af er abl y
di nensi oned _.so .t hat crowave 1OEadiation passes through the apertures 65.

The hol der BEY& ‘fi’r%ﬁ?ﬁt}cg PLPSP 8"from el ectrical |y conducting material,

such as stainless steel. This may be of simlar grade to the housing 12, or
a different _grade. The electrically conducting menber 58 and hol der 60 are
15pr ef er abl gaeh plate sremisen 3G risdings d dirstrapre S8 fofmethéherbint prosidinglegase 10.

The hol der . : Ll ow i.nterd gr, Wi thin i C. e tybe, 6 nd tip 64 of
the el egafr i @Eﬁt :@Séﬁﬂggéﬁ ﬁg{bﬁé?@le& thg r%?@a&\fg?}é'rya{lﬁy"éﬂ‘ﬁ 'i”H?Ztﬁ%egi t. The
hol der 60 cafatemeas daviter®l ohedf RObbIABHR ARnelIvita akWalet byrt et endi ng
skirt 68, which is located on a flanged opening 70 of the bore 54 of the

housi ng 12.fopReddn a-sidewalyof the hnusinditd fareeaeiwina grs &rinra fisd gaad t he

fl anged opet 29,7 ey S ' [ n | anped to

the flange o@gi%gwghgd%ﬁgh égh%u%hgﬁ? 7%3%%@;@?%@6@&%%28%@%”3%@56

i |1 ustr at edformeéiinytheeoBpoditeesi@ewalngf 2 hicushiegl 2 fablegel &slfropi 81 de of the
as chanber and therefo ide of the electromagnetic field generated

g g g

e out .
t herei n'9 arRPGPR{ 988 s Uity Which-gRs My be theszame ag sodisaintiien &0, dBAWIRE! dI v
fromthe skd i I g I i ; Ad'S
Subst ant i al 1y CARGihe B Bfiatkar 361Ren B 1SS o conBt 42, THthas Mt IS
el ectri cal efarably asinfigurdskshthadioag entersAhe ganahiawddey 36t fnemlihs dirsifgashe

skirt 68 eelectrical .contact wt e housing 12. 30 The hol der 60
furt her cg%n%oﬂ@ﬁéogs@&&%ﬂ@?’yéf%ﬂi{a@yb%%B‘%5?‘? 98’?\5‘?@% 'H&@@Xt"\é‘ t &to the
bore 54. Theassetpnite®B!ovwartsited céfir@of titeghobilanbeP36 e anbadetWorh 2
coni cal proli ection 80, which preferably does not protrude
15 4 is formed in the base of the housing 12 for conveying gas from the gas
chamber 36 to a second gas conduit 46. The gas outlet port 44 extends

transversely of, and is preferably co-axial with, the gas chamber 36.

Each plate member 30, 32 also has a smaller second bore 48 formed therein.
20  One of the bores 48 is aligned with an aperture 50 formed in a sidewall of the

housing and closed by a transparent cover plate 52 to provide an inspection

window for enabling a user to observe a plésma generated within the gas

chamber 36 of the resonant cavity 14 during use of the abatement device 10.

25 Acylindrical bore 54 is also formed in the housing 12, the bore 54 extending
transversely of the resonant cavity 14 and defining with the resonant cavity a
gas chamber of the abatement device 10. The bore 54 is preferably
substantially co-axial with the gas chamber 36 and gas outlet port 44. The
bore 54 receives an electrically conducting assembly 56. The assembly 56

30  comprises an electrically conducting member 58 and a holder 60 for holding

the electrically conducting member 58.
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di aneter of the second body portion
projection 80 to provide a shoul der 82 that

engages awoi2o07oxf the tip 64 to retain the tip 64 w tlpcm/dBreodmobder 60.

The second
both the fi
5 the tip

body portion 78 of the holder 60 is preferably integral with

rst body 5portion 66 and the@kirt 68. As illustrated in Figure

64 preferably protrudes into

he gas chanber 36. The | ength of
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different grade. The electrically conducting member 58 and holder 60 are
preferably at electrical ground during use of the abatement device 10. The
holder 60 has a hollow interior within which the tube 62 and tip 64 of the
electrically conducting member 58 are preferably a sliding fit. The holder 60
comprises a first body portioﬁ 66 having an outwardly extending skirt 68,
which is located on a flanged opening 70 of the bore 54 of the housing 12. An
O-ring 72 is provided between the skirt 68 and the flanged opening 70 to form
an air-tight seal, the skirt 68 being clamped to the flanged opening 70 by a
clamp chain 74 extending thereabout. As illustrated in Figure 3, the O-ring 72
is preferably located outside of the gas chamber and therefore outside of the
electromagnetic field generated therein, and may extend about an annular
ring 76 depending downwardly from the skirt 68, the annular ring having an
inner diameter that is substantially equal to the diameter of the bore 54, and
which makes electrical contact with the housing 12. Alternatively, the base of
the skirt 68 may make electrical contact with the housing 12.

The holder 60 further comprises a second, elongate body portion 78 that
extends into the bore 54. The second body portion 78 of the holder 60

terminates with a conical projection 80, which preferably does not protrude

a

ally



- 12 - conprises a plasma-ignition, glowdischarge el ectrode 102, which is
in the formof an elongate, high voltage el ectrode | ocated concentrically
wi thin, bwbspmresi4from the tube 62 of the el ectrical | pcomBluaydormysnenber
58. A connector 104 connects the electrode 102 with a power supply. The 5
el ectrode 102 nmay be threaded into a co ,Lorm' ngl y-t hreaded aperture | ocated
concentrically with the |ock nut 90. Atg Sinlet 106 is formed within the
tube 62 for receiving a flow of a gl ow di scharge gas, such as nitrogen, a
nobl e gas, or any other substantially inert and ionisable gas, froma gas
inlet port ndsthexgamhdhagbendsallhe intermalghambterfof s sécahd padyt porio6&T&f t he

hol der 60. Th 10,.i nl et t. 108 i t he gl i sch f
connect or 19056888 ABtelisTied Praiedion BT piies Arsrpuiths dEar RiGadts 1 08
to a sourceg@in Bh%fﬂ*\é’% ?ﬁ&@h@féﬂ?tr&ﬂﬁp 64 RAtHRthe H&gtﬁr 806 The é@cgpa{ ﬁg' y

arranged tangentially respect to the bore of e tube 62

el ect ri cal | Bodwpaiieni Hgoitbatheldg st is pretanably integrad wirbath the fiedtiboaly 1 ow
pat h around_el.ect 2 rally 15 downwardly towards the tip 64 of the
roy Ej)&ltlgﬁ cﬁ?g%?dné% %@ﬁ@%

el ectrically con 58. As illustrated in Figure 2, when the
hol der 60 is nounted on the housing 12, the electrically conducting nmenber
58 extends into the bore 54 substantially perpendicular to the direction of

propagat i on/afllustiated iprfgiReed, thatiplhpieieraply pradrugraimerthe gas shamber
substanti al P ! ; h | et port
22 et p La TRR RGN A D B ph AR B IFBRTBE o SRR o R 1 ¥

| ocat ed at af thextiolden 60y isepsiferabbf clideenedcettiat dreatimédioxtdnidsd al formed within

the resgnant cavity 14 durin se of the abatenent devigce 10. 25 During
nornmal Use @d?flfé"érb%q Qﬁéﬂcegath @‘@ S?E@'?d'agf"Y% rnerand wilhindee resanadtippl i ed
to the annutajityclpdeedndiy oft tiéfrelgBeREBRG e MicoWave FMARE s%ﬁ)éi%ﬂﬁ@“gh the
gas inlet port 40, flows Spirally within the gas chanber 36 passes
beneat h t hetheirgseaanifcayity 141 ectri cal | y conducti ng mermber 58 before | eaving

t he gas chanber 36 through the gas outlet port 44 and entering the 30
second gas conduit 46. - 13 - Mcrowave radiation is fed into the resonant

cavity 14, Tineltubes2 ispreférablydasid dhelsaeicaBboniber with ikg ReldepBObWE he
wavegui de llﬁ%SThe end plate 26 of the short circuit 18 reflects the

m crowales Hestraipth & matahenring SReeotier kiactically conghabing temi Maylke with the
tip 64 of tjBeaRlskitHih 4% h¥ideP BBYRIchHat G ERd BPthe spring 86 engages a first

annular projection 88 formed on the tube 62 and the other end of the spring

86 engages a metallic lock nut 90 threaded into the holder 60.

20 The tube 62 has a second annular projection 92 spaced from the first annular
projection 88 to define an annular channel 94 between the holder 60 and the
tube 62. A flow of cooling water is supplied to the annular channel 94, the
water being supplied to the annular channel 94 through a coolant inlet port 96
passing through the holder 60, and being exhausted from the annular channel

25 94 through a coolant outlet port 98 passing through the holder 60 and located
substantially opposite the coolant inlet port 96.

Depending on the power of the electromagnetic radiation conveyed to the

resonant cavity, the intensity of electric field created within the resonant cavity
30 14 may be insufficient to ignite a plasma within the gas chamber 36.

Therefore, a glow-discharge electrode assembly 100 may be housed within

the electrically conducting member 58. The electrode assembly 100



Sintensifying the electric field wthin the gas chanber 36. The tapered
portion 24 of the waveguide 16 serves to inhibit the transm ssion and

refl ecti owoahomizes7ewave radi ati on fromthe interface beregaBéwmodiosst and
second body portions 20, 22 of the waveguide 16 whil st nmaxim sing the
energy absorption of the plasma. The geﬁgetry and position of the |ower
surface 112 of the skirt 1068 of the holdér 60 relative to the tip 64 of
the electrically conducting nenber 58 is chosen so that the | ower surface
112 of the skirt 68 provides, with the inner surface of the bore 54 of the
housi ng 12 @Q/A@Pfises gwlasma-igiiten dewtdichasgestediiode 102 which isfintthe hol der
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to couple efficiently to 30 ¢ eﬁ)lﬁgw di scharge and, in typically less than

one second, CIS¢RATHE Peiga TNpgasinlet) pgeferbly gfrapped iargewa@lle withasna whi ch

chanber 36 51 bag tofie PBRNEr e LD e oY S B e Bl 7, %
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downwardly towards the tip 64 of the electrically conducting member 58.

As illustrated in Figure 2, when the holder 60 is mounted on the housing 12,
the electrically conducting member 58 extends into the bore 54 substantially
perpendicular to the direction of propagation of the microwaves through the
20  gas chamber 36, and is substantially co-axial with both the gas chamber 36
and the gas outlet port 44. The tip 64 of the electrically conducting member
28 is preferably located at a maximum intensity of the electromagnetic field

formed within the resonant cavity 14 during use of the abatement device 10.

25  During normal use of the abatement device 10, a flow of cooling water is
supplied to the annular channel 94. A gas is pumped into gas chamber 36
through the gas inlet port 40, flows spirally within the gas chamber 36 and
passes beneath the tip 64 of the electrically conducting member 58 before
leaving the gas chamber 36 through the gas outlet port 44 and entering the

30 second gas conduit 46.



The plasma initiated within the gas chanber 36 is carried out fromthe gas
5 chanber 36 through the gas outlet port 44 with the gas flow ng through

t he gas oWerber2&54 and is contained within the second gas/gBeiio27946. The
pl asma thus resenbles a flane generated beneath the tip 64 and extendi ng
out through the gas outlet port 44 into,the second gas conduit 46. Due to
the high tenperature created within t hel¥econd gas conduit 46 during use of
the 10 abat enent device 10, a coolant such as water nay be sprayed over the
outer surface of the second gas conduit 46 to cool the second gas conduit
46. The m cl\/l'ncwawevmradiaﬁog@w%dain@nthﬁ rehonantreavifyd 4¢ hadibieus Béo theygae used

for a nunber, of , pu es. One .suc urpose i.§ far the treat t .of a gas 15
exhaust f roﬁh‘%(“ég?r{"@’gfﬁaaé?%?”%%g%@“%ﬁ(ﬁ%ﬁ%‘f'ée&pe ﬁ'&d B%tgﬁg qg@%r e of
t he processgfort 8l ® et the MTCrewaces fo foraNR efandittd Wale vatfitHes of
har nful perfluoroconpound gases such as CF4, C2F6, 3, NF3 or SF6, silane

and ammoni ares@papeciyskhiwilly theitip 84 ef tienelastricghy congidioggaembec 88 be
d . . . . e 00 10,
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exhaust gasMIGPYVAVS ragjatign FophilipyBiertase h%@@@nda@ééﬁrﬁ@g&ewdwo@we wat er
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B T T

renmoved from the exhaust gas a wet scr
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h HBr .., H B 12. HB d . HCl t _in the chanber 36,
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t he stainless steel surfaces of the housing 12 and nozzle hol der 60,

exposi ng t hiénet sirpesef Hedwre Sdefdhe hagsingotZ and 8rePaer eBeos pOUE? 95

second body portion of the holder 60, a co-axial tuner for matching the
impedance in the plane of the electrically conducting member 58 to the

15  impedance of the waveguide 16 at the frequency of the microwave radiation.

When a glows-discharge electrode assembly 100 is used to ignite a plasma
within the gas chamber 36, the glow-discharge gas is caused to flow through
the gas inlet port 106 of the tube 62 and into the bore of the tube 62. A low-
20 voltage, high-current source is connected to the electrode 102, and a high
voltage is applied temporarily to the electrode 102. The high voltage results in
a corona discharge through the glow-discharge gas from the tip of the
electrode 102 towards a proximal portion of the tube 62. That corona
discharge provides a path through which a large current from the low voltage
25  source can flow to ground. Flow of the large current causes formation of a
glow discharge in the glow-discharge gas. The glow discharge thus formed is
caused by the flow of the glow-discharge gas within the tube 62 to move from
the tip 64 of the electrically conducting member 58 into the gas chamber 36.
Microwave radiation within the gas chamber 36 is able to couple efficiently to
30 the glow discharge and, in typically less than one second, the plasma ignites,
leading to a stable microwave plasma which can be maintained by means of

the microwave radiation supplied to the gas chamber 36 alone after the power



- 15 - vapour present within the exhaust gas entering the gas chanber 36
can adsorb on to the exposed stainless steel surfaces, and pronote

corr osi onwofodéteerssur f aces by the reaction of HBr, HC pCBrGB2066/002B5Wi t h
metallic constituents of the stainless steel. As well as degrading the
surfaces of these 5stainless steel conponents, the by-products fromthe
corrosion can interfere with the nicrowdves enteri ng the resonant cavity
14, and this can lead to a reduction in the destruction and renoval
efficiency of the gas treatnent taking place within the gas chanber 36.

101 n vi ew ofugply & thehelectrdde ¢02 isewitehatboff (tgpigally aithimbevo @6three | i kel y to
contain a hal ocoppound such as HBr, HCl, Br2 or Cl2, either sinultaneously
with water $869998)-or separately therefrom prior to punping the gas into
gas chanmber 36 through the gas inlet port 40, the gas chanber 36 is heated
to a tenperature' that inhibits adsorption of water on the stainless steel
surfaces wiTlne plashe @ﬁbt&&mﬁhhbmemchﬁmlsen%maﬂiad eut ﬁommega@bl y in

f 1Q0C | f
et er agsorgrrbneos Mrduds g SUGeliort 48t Be Bl Rire uSytt Waorwer 36
The gas ch@ﬁ&éhaﬁﬁb@ma hehdiealopthiRgd Mﬂ!ﬁiﬁtﬁ&s&:oﬁk@%@cdﬁduﬁ'ém ttige gas 20

chanber 36 Tromthe gl ow di scharge gas, and mai ntal ni ng that FI asma with
t he supply miasmﬂadhbs\mmbdss@tﬂameg@ne@et@@beaaatblfthmt 4and iexlenging o rai se

t he tenper 8ha 4t bf ters the
gas chanber&géﬁﬁoﬁggt}gﬁq%% L&@g |nl4ét'ﬂifg{h%%§%gi\§%| e ”@“ﬁt@eﬁggio 12 may
be ext er nal high heaperhtue creatrl wiieinttheetand yas ebniitie 46 auringarseest tBé above

25120C. Du“tﬁ use of the abatenent device 10 to treat the gas entering the
gas chatfberatzBemenbdgyicgdd. amosianiuch @s;watehaiayRe sReyeY VB i Y& n t he

tenper at ur & pf, (f’er@f tHé%eEBﬁ@BSé céﬁd@ft 4§rto %BBM‘Fleasetc%HH?da%thn%uft%t inhibits

the 30 water orptron. In the preferred enbodi nent the
abat enment device 10 incl udes a chanber terrperature control circuit for

controlling.the.te era ure of t as ch %l Wth reference to
o os. 5" SHE BCONEVR e Yot Hief SandT 1 vhs ramber 96 gy bousseir
adj acent t hengabhe? BRpR/J0s38: Ak élﬁ%fﬁp@f@é@é'l@ﬂfrt’the‘tﬂé@trﬁémé\‘&%é(sty 120

extends about the gas outlet 44 fromthe gas chanber 36. A thermal fluid,
15  exhaust from a semiconductor process chamber. Depending on the nature of

the processes taking place in the process chamber, varying amounts of
harmful perfluorocompound gases such as CF4, CoFs, CHF3, NF3 or SFg,
silane and ammonia may be present within the exhaust gas. These gases
can be removed from the gas with high efficiency using the abatement device

20 10. Water vapour for reacting with these gases can be added to the exhaust
gas upstream from the abatement device 10, for example by passing the
exhaust gas through a wet pre-scrubber or by adding a stream of water
vapour to the exhaust gas. Within the gas chamber 36, these gases react
with the water vapour to form gases such as CO; and HF, which can be

25 subsequently removed from the exhaust gas by a wet scrubber located

downstream from the abatement device 10.

Problems can arise when the exhaust gas contains gases such as HBr, HCI,
Br, and Cl,. HBr and HCI present in the chamber 36, together with HF

30 generated as a by-product of a reaction occurring within the gas chamber 36,
can strip the passive surface oxide layers from the stainless steel surfaces of

the housing 12 and nozzle holder 60, exposing the stainless steel. Water



Ssuch as pressurised steam hot silicone oil or other diathermic fluidis
being supplied to the fluid cavity 120 through a fluid inlet port 122
passi ng twe 2nemedsrg 12 and which receives thernmal fl uidptraBe0dioess
external connector 124. The thermal fluid is exhausted fromthe fluid
cavity 120 through fluid outlet port (noiln shown) al so passing through the
housing 12 and | ocated 10adj acent the 1t d inlet port 122. A second
external connector 126 |ocated adjacent the first external connector 124
receives the thermal fluid fromthe fluid outlet port. Wth reference to
Fi gure 6, tVapdurpresardwithyn ir0extmuss gparentarifng the gesacizenb&s38 eamer at ur e

trol ci it,13Q f trolli the tenperature of the gas chanber 36.
ATl ow of  tHHROTP i B0 d sialFes stael fiAdare 960 FEROIE 89 B30R Shurp 132

The f1ow ofthbbakdrBnéeny thd Reddish®r ¢Bf! HCIf BOBrAODRRUABLARA, ©f roul ates
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connect or Icagstiueniepithesiainigssi sigelt Hs wellhperdegradingfthe kerfacgsaokthes@0 gas

chanber  36. 1! e r f.t thermal, fluid is controlled by a

cont rol PPer Sf%]g%\ﬁ%iég%&r%m%eg‘%itgﬁgy' rpﬁﬁptgd‘{qrogh%poqrﬂgpp%éptﬁr@% of the
gas chanberwibtte mibrewaess entekipd thbireSonaaft cality 4! ah@this Bafilchy & £, may be
nmounted on the external 25 surface of the housing 12 proxi mate the gas

chamber 36 rﬁﬂuﬁqorhwhéﬂ@éFrUPMﬁﬂérﬁe@@i\/@b@ﬁ@ieﬂéy ofjtheegas tigatnentttakiper at ur e
of the gasrﬁg@@mhinstﬁﬁedaa{g (Ee@ﬁtgér}.;%r't o those signals, the controller 130

control s orle or nore s 136, 138 for controlling the
tenperature of the thermal fluid. 30 To avoid overheating, the gas chanber

[ f ly. ted withi range te ratures, preferably between
120" and0350C VTR0l A1 Wik ficos: HEleqas ton SRR ETERa Sodpdkyda TR A  ne

tenper at ur hdiBfpdursdatPad PIBESAGI, B, or Cl,, either simultaneously with water
vapour or separately therefrom, prior to pumping the gas into gas chamber 36
through the gas inlet port 40, the gas chamber 36 is heated to a temperature’
that inhibits adsorption of water on the stainless steel surfaces within the gas
16 chamber 36. This temperature is preferably in excess of 100°C, in this
example around 120°C, to minimise the risk of any water adsorption on the

stainless steel surfaces within the gas chamber 36.

The gas chamber 36 may be heated by igniting a plasma within the gas
20  chamber 36 from the glow-discharge gas, and maintaining that plasma with
the supply of microwave radiation for a period of time sufficient to raise the
temperature of the gas chamber to around 120°C before the gas enters the
gas chamber 36 through the gas inlet 40. Alternatively, the housing 12 may
be externally heated to raise the temperature of the gas chamber 36 above
25 120°C.

During use of the abatement device 10 to treat the gas entering the gas
chamber 36 through gas inlet 40, it is then necessary to maintain the
temperature of the gas chamber 36 at or above a temperature that inhibits the
30 water adsorption. In view of this, in the preferred embodiment the abatement
device 10 includes a chamber temperature control circuit for controlling the

temperature of the gas chamber 36.



WD 2007/ 020374PCT/ GB2006/ 002795 - 17 - \Wen the signals output fromthe
sensor 134 indicate that the tenperature of the gas chanber 36 is towards
the top ewd2067/020878 tenperature range, due to the heat gemaBb@mobpst he
plasma within the gas chanber 36, the controller 130 operates a first heat
exchanger 136 to cool the thermal fluid éo a first 5 tenperature below this
tenperature range, for exanple around o? fess than 100C, so that the
thermal fluid serves to reduce the tenperature of the gas chanber 136 as it
passes through the fluid cavity 120. Wen the signals output fromthe
sensor 134 indicate that the tenperature of the chanber 36 is towards the

cool i g by Nt REFEhBERT FRLES st fatnt HowBlit T bclidera Bty 18fer at es a
second heat |eytdtpadjaceritifie RshdamBdrad AR erhbodithdr®, tﬁeﬁﬁn‘?@@é\nfﬁﬂlﬁr ature

within or above thi's tenperature range, for exanple around or above 120C,
so that theexteBasnabopt fiecdasepuiled 4oTromithe opR eheaaes 36t A éheffnal ﬂeldgas

chanber 36 C the first
heat 15 5’éxc aané? B?%%%ﬁ%ée@%n ’bljie(ﬂ(;%’f)leC OHF %dl %Lf;rtf'%r &égﬁfﬁ‘f g‘ﬁa W@ second
heat exchangmpllealrtd the Aaidveavity, 1 2antiragh dduidl inktiportl 2P passimetteonfigured to
enabl e one, bot e heat exchangers to be selectlvely by- passed

of th
dependi ng o'r"lo't'fﬂ'ég t12rﬁ5‘éir‘?ﬁ"ﬁhée%'v?$lg‘% Hyignffn asfiyst Qbhemqlmogn@ez@ﬁm e, a
di t, act t ﬁp@g; t as
clh;ﬁi(::)er Ho%fe?‘ﬁgg %r'f' rﬂggjeg é)@]aﬁgfgdﬁ%rg the il o} e fy %ﬁguélfq 8beI oW.
First, the oghetmpeairt (zmntishwnhalsoqxassmlubmgbnbeahousmg @Ims\adatb@ateet for the 25

h d, 0 to 130C th
oot LT el Re g Tl et e 1S R SBTBNS exfitna eosiirgion etioehtbia ot narm
| osses) mayadjace@itpe firsteskierPl 6ahfadigt 1 2Nre@RidsRb 'tlﬁ’é‘m%l fRPFYMERBNT -

Know ng t he speC|f|c heat capacity of the thermal fluid, the flowrate to
linit the niéddulet edber at ure as previously deternined may be

With reference to Figure 6, the fluid cavity 120 forms part of the chamber
15 temperature control circuit 130 for controlling the temperature of the gas

chamber 36. A flow of thermal fluid is circulated within the circuit 130 by a

pump 132. The flow of fluid enters the fluid cavity from connector 124,

circulates about the cavity 120 before being exhaust from the cavity 120

through connector 126, thereby controlling the temperature of the adjacent
20 gas chamber 36.

The temperature of the thermal fluid is controlled by a controller 130 which
receives signals indicative of the temperature of the gas chamber 36 from a
sensor 134 which, as illustrated in Figure 6, may be mounted on the external
25  surface of the housing 12 proximate the gas chamber 36 or at any other
location suitable for detecting the temperature of the gas chamber 36. In
response to those signals, the controller 1030 controls one or more heat

exchangers 136, 138 for controlling the temperature of the thermal fluid.

30 To avoid overheating, the gas chamber is preferably operated within a range
of temperatures, preferably between 120 and 350°C. In this example, the gas

chamber 36 is operated within the temperature range from 120 to 180°C.



rived. The first heat exchanger 136 may then be designed to dissipate
20I?Stle nore energy than that absorbed in the gas chanber 36 and the
second heay 2exmiesrger 138 nmay then be enployed to contrecTidBodenp®sat ur e
of the circulating thermal fluid to the required tenperature (120Cin this
exanple) so that the tenperature contr5479f the gas chanmber 36 is indirect,
that is, through tenperature control of the circulating thermal fluid on
the fluid inlet to the gas chanber 36. In addition to being used to

chanmber 36 within the sel ected
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preceding claim wherein e cha S

ﬁgi ﬁi aﬁnggttgﬁg(fgcﬁg{@t@ghtﬁgﬂgﬁ?iﬁ igpPeraiiiegnaehisaexampis ter & periddt hr otjghe
o “the. chanpee o Y e Ry EbHbmarslhd, B oof Bl el S Periates A met hod
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within or above this temperature range, for example around or above 120°C,

so that the thermal fluid serves to raise the temperature of the gas chamber

36 as it passes through the fluid cavity 120. Optionally, the first heat

15 exchanger 136 need not be operated during operation of the second heat
exchanger, and vice versa, and so the circuit 120 may be configured to
enable one, or both, of the heat exchangers to be selectively by-passed

depending on the temperature of the gas chamber 36.

20  In this example, a direct, active method is used to control the temperature of

the gas chamber. However an indirect method may be empioyed, as outlined
below.

First, the nominal and maximum continuous operating temperatures for the
25  gas chamber 36 may be decided, for example 120 to 130°C. Next, the
maximum heat dissipation from the microwave power source (power losses
and plasma losses) may be determined, by calculation, estimation or
measurement. Knowing the specific heat capacity of the thermal fluid, the
flow rate to limit the maximum temperature as previously determined may be
30 derived. The first heat exchanger 136 may then' be designed to dissipate a
little more energy than that absorbed in the gas chamber 36 and the second

heat exchanger 138 may then be employed to control the temperature of the



control circuit is located in part wwthin a wall of the chanber, 25 5. A
met hod according to Caim3 or aim4, wherein the chanber tenperature
control circuit extends about the gas outlet. 6. A nethod according to any of

Clainms 4 to 5 wherein the tenperature of the fl IIed by
fl owi ng t WO 0 HN20874 hr ough heat exchange 30neans, and ?gﬂ-{(j?ﬁzlo 69({6%{ he heat
exchange neans to control the tenperature of the flurd. - 20 - 7. A nethod

according to Caimé6, wherein the heat18 ransfer fluid is conveyed through at
| east one of a first heat exchanger to selectively coot the fluid to a first
fluid tenperature, and a second heat exchanger to selectively heat the fluid

to a secondofdtihd HERRSITIL © 6 FaladBAPCRIR (2D i thid ddrpgiepr at ure. 8.
A nmethod according to Claim7, wherein the first fluid tenperature is |ower

than 120C, aathatiee @@matureeﬂ@'@rqipw@ gas @harmtmﬁﬁ ig froffrect, ¢had i et hod
accor di ng F@]rﬁ?@h %Tmp%rgt'u%scént}o? o?the"@r%[:%'tiﬂgttr?eerm%?ﬁﬁidtornatﬂgfﬂﬁlrd iHeWod COMprises

a di atherm
the gas chamber 36.

In addition to being used to maintain the temperature of the gas chamber 36
within the selected temperature range, the circuit 120 may also be used to
initially heat the gas chamber 36 before the gas to be treated enters the gas
chamber 36.

10



10. A method according to any of Clainms 3 to 9, wherein the chanber is
heated to said tenperature by the heat transfer fluid prior to supply of
15t he gas to the chanber. 11. A method according to any preceding claim
wherein the pl asma abat enent device conprises a nmicrowave plasm abat enent
device. 20 12. A nethod according to any preceding claim wherein the gas is
treated at or around atnospheric pressure. 13. A nethod according to any
preceding claim wherein the hal oconpound conpri ses one of a
hydr ogen hal i de, such as hydrogen 25brom de or hydrogen chloride, Br2 and
Cl2. 14. A plasnma abatenent device (10) conprising a gas chanber (36) having
a gas inlet (40) for receiving a gas to be treated by the device and a gas
outlet (44), and thermal control neans f.gg.maintai ning the chanber at a
30t enperature that inhibits adsorption of water on a stainless steel surface
wi thin the chanber during treatnment of a gas containing a hal oconpound and
wat er vapour, -21 - characterised theudgsnal control neans is configured
to maintain the chanber within a tenperature range from 120C to 180C duri ng
treatnment of the gas )
1. A method of treating a gas containing varying amounts of a
halocompound and water vapour, the method comprising the sfeps of
5 providing a plasma abatement device (10) comprising a gas chamber
(36) having a gas inlet (40) for receiving the gas and a gas outlet (44),
heating the chamber to a temperature that inhibits adsorption of water
on a stainless steel surface within the chamber (36), conveying the gas
to the gas chamber for treatment thereof within the chamber,
10 characterised in that the chamber is maintained within the range from

120°C to 180°C during treatment of the gas.

2, A method according to Claim 1, wherein the chamber (36) is heated to
at least 120°C before the gas is conveyed fo the chamber.

15
3. A method according to any preceding claim, wherein the chamber is
maintained abave said temperaiure by flowing a heat transfer fluid
through a chamber temperature control circuit (130) for controlling the
temperature of the chamber, and controlling the temperature of the
20 fluid.

4, A method according fo Claim 3, wherein the chamber temperature
control circuit is located in part within a wall of the chamber. -

25 8, A method according to Claim 3 or Claim 4, wherein the chamber
temperature control circuit extends about the gas outlet.

8. A method according to any of Claims 4 to 5, wherein the temperature
of the fluid is controlled by flowing the fluid through heat exchange
30 means, and controlling the heat exchange means to ¢ontrol the

temperature of the fluid.



5 15. A device according to Caim 14 wherein the thermal control neans
conpri ses a chanber tenperature control circuit (130) for controlling the
tenperature of the chanber, neans for flowing a heat transfer fluid through
the tenperature control circuit, and control neans for controlling the
tenperature of the fluid. 10 16. 17. 15 18. 20 19.

-20-

7. A method accarding to Claim 6, wherein the heat transfer fluid is
conveyed through at least one of a first heat exchanger to selectively
coof the fluid to a first fluid temperature, and a second heat exchanger
to selectively heat the fluid to a second fluid temperature greater than

5 the first fluid temperature.

8. A methad according to Claim 7, wherein the first fluid temperature is
lower than 120°C, and the second temperature is at least 120°C.

0 9. A method according to any of Claims 3 to 8, wherein the heat transfer

fluid comprises a diathermic fluid.

10. A method according ta any of Claims 3 1o 9, wherein the chamber is
heated to said ternperature by the heat transfer fluid prior to supply of

15 the gas to the chamber.

11. A method according to any preceding claim, wherein the plasma
abatement device comprises a microwave plasma abatement device.

20 12. A method agcording to any preceding claim, wherein the gas is treated
at or around atmospheric pressure,

13. A metheod according to any preceding claim, wherein the
halocompound comprises one of a hydrogen halide, such as hydrogen

25 bromide or hydrogen chloride, Brz and Cla.

14. A plasma abatement device (10) comprising a gas chamber (36) having a gas
inlet (40) for receiving a gas to be treated by the device and a gas outlet (44),
and thermal control means for maintaining the chamber at a
30 temperature that inhibits adsorption of water on a stainless steel
surface within the chamber during treatment of a gas containing a
halocompound and water vapour,



25 20. 30 21, A device according to Caim 15, wherein the chanber
tenperature control circuit is located in part within a wall of the chanber
A device according to aim15 or Caim16, wherein the chanber tenperature
control circuit extends about the gas outlet. A device according to any of
Clains 15 to 17, wherein the thermal control nmeans conprises heat exchange
means t hrough which the fluid is caused to flow, the control neans being
configured to control the heat exchange neans to control the tenperature of
the fluid. A device according to Caim 18, wherein the heat exchange neans
conprises a first heat exchanger to selectively cool the fluid to a first
tenperature, and a second heat exchanger to selectively heat the fluid to a
second tenperature greater than the first2litenperature. A device according to
Claim 19, wwmﬂnthefwsttmmaaunelslowy than the tenperature range,

and the second terrper tur east hin the tenperature range. A
devi ce according to aﬁ &W%ﬁ}%h%'@a&%” megpsdF Epriiotive t?}@é‘t’“ai”rtﬁ?\sfer f1uid

conprises a diatherm d1ahll:1er within a temperature range from 120°C to 180°C during
treatment of the gas

5 15, A device according to Claim 14 wherein the thermal control means
comprises a chamber temperature control circuit (130) for controlling the
temperature of the chamber, means for flowing a heat transfer fluid
through the temperature control circuit, and control means for
cantrolling the temperature of the fluid.

10
18. A device according fo Claim 15, wherein the chamber temperature
control circuit is located in part within a wall of the chamber.

17. A device accotding to Claim 15 or Claim 16, wherein the chamber
15 temperature control circuit extends about the gas outlet.

18. A device according to any of Claims 15 to 17, wherein the thermal
control means comprises heat exchange means through which the fluid
is caused to flow, the control means being configured to contfrol the

20 heat exchange means to control the temperature of the fuid.

19. A device according to Claim 18, wherein the heat exchange means
comprises a first heat exchanger to selectively cool the fluid to a first
temperature, and a second heat exchanger to selectively heat the fluid

25 to a second temperature greater than the first temperature.

20. A device according to Claim 19, wherein the first temperature is lower
than the temperature range, and the second temperature is at least
within the temperature range.

30
21.  Adevice according to any of Claims 15 to 20, wherein the heat transfer

fluid comprises a dlathermic fluid.



- 22 - 22,A device according to any of Cains 14 to 21, wherein the gas
chanber is fornmed fromstainless steel. 5 23. A device according to any of
Clainms 14 to 22, in the formof a m crowave plasma abat enent device. 24. A
devi ce according to Claim 23, conprising an electrically conducting

menber protruding into the gas chanber, the electrically conducting tonmenber
being formed from stainless steel.

-22 -

22. Adevice according fo any of Claims 14 to 21, wherein the gas chamber
is formed from stainless steel.

5 23. Adevice according to any of Claims 14 10 22, in the form of a
microwave plasma abatement device.

24,  Adevice according to Claim 23, comprising an electrically conducting
member protruding Into the gas chamber, the elecirically conducting
10 member being formed from stainless steel.





