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METHOD OF TREATI NG A GAS STREAM The present invention
relates to a nethod of treating a gas streamusing a

wohewrmaoapat ement devi ce. The invention i s par PCTMB2006§002795

suitable to the treatnent of a gas stream exhaust from
a polysilicon etch process. During the formation of a
sem conduct or or flat panel display device, various

di fferent process gases are supplied to various

process chanbers. Chenical I{gour dep05|t| or@ﬁ(ﬁ? IS
used to deposit METHOD QF TREATING A GA ce of
a substrate or wafer located in a dep03|t| on chanber.
Thi s process operates by supplying one or nore

r'B@e presenymvestido rélhmsdbwmthocbéftmﬂr@' agas streani asing a

s, to the supstrate's surface under conditions that
e%n@a?&@f%n@ﬂf) @%\rw@ eEgﬁl%\{%‘t@a ig aﬁalc]yf wéta&a%i%@ he

ﬁt}l;gaft toF gr a8 n? exH&iSP g Iagfb?yﬂgzgglgt@ﬁg)r@&% gozone

suppl |e to the deposit
fornatlon of a silicon oxide |layer on the substrate,

55 i Bpatod BT B asfrifpid e st panel fiselay deyias, ierious

Sdlffét‘é‘hﬂ prétesBYasss lars 80pplicy BeRRRIUEHoBEsd aearﬁy&%t r@hémical
by the deconposition of silane or a chlorosilane

heegour depesitian €CYD3 ds ysgrbia eepasit thin Bmshorclayetsern th@ surface

R S00B2 BE ey 1B6GRUT e cHarhr, ¢ ABF Bl P
a)“piaraiaxs Bosuppdying dnerarimoreagtiotie Qés@ Rethiecehadiutsdrobften using

devi ce. Etchi ses can include th
FRFATIob 038 IRIBRIBSEAIGS srfage Undesqepngiiioneptiat eaomrage

PG eAMRYBES: %%k?%lé;;% at thB'su rfggé ?(’:Eggegaﬁ@@e quf(DSad?lQl one

conblnatlons t er eo exanpl e I's c
uza‘ex*ygen |andtoza>hleynay> bmsa;ppb@datu thg depcmtroega:rmmbér far the

Thimafi.ff 2 $1Qf sal ByS oM Sitiede g Slancatn afHionia
thy BeesupblieBrorand féindatioh Mﬂ@éﬂnlﬂﬁ@é’ Idyer. Polycrystalline
subsequent|y etch the exposed p silicon. The etc

@w@@ @aﬁOkyéa@@n,vwmpasmPam%sg tfaiefh)’rthﬁdiﬁﬁ@mﬁ%ﬂ%n of
Hg%{qsan%mgrtosngﬁdgbg%eg? periodically renoved fromthe
et C

Cl eani ng

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 NF3, other
halocompounds such as HCI, HBr, BCls, Cl, and Br,, and combinations
thereof. For example, CF,4 is 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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gas, typically conprising SF6 and oxygen, is
periodically supplied to the etch chanber to renove

woheo7inesEmt ed nmaterial fromthe chanber. Duri ngCrieBe06/002795

etch and cl eaning processes performed within the etch
chanber, there is typically %Oresn dual anmount of the

gas supplied to the etch charfber contained in the gas
exhaust fromthe etch chanber. Perfl uoroconpounds such
as CF4 and SF6 are highly dangerous if exhausted to

fThe edthing gases canmeaciovitma pheloresist to formianasis g tars that

feon da bediorkalgFoBoue b i SRR e iad 85 2508 hino
g%t §BRAlY @SMp‘Pl@lr@@P@éﬁé ok{i§erTes pehodisaipsispplied to the eich

onponents of the 'exhaust gas into sge0|es that can be
chaaibey to m&wthamwami@dmw@u@t frgmdhechambednpl e by
conventional scrubbing, and/or can be safely exhausted
to the atnosphere. Perfluoroconpounds (PFCs) such as

Suring3hbse bitch @r@cl@éﬁﬁg@bc@&dsewmfmme‘dwmmhbe@m chamber,
stream wi_ t h hi heff|C|ency u5|n a mcro e\’Elasrm

thrredwrbmicalna @@l dygh agieunb o& ths 985 SHRRIGHHY h§| chyghamber
cﬁﬁ{éﬁr‘géd insthgeg%%réﬁ%ﬁsi florthBaEN En ARbefBréritibo ipolints

evi ce, wavegul de conveys m crowave radi ation
suoimas @ﬁmmvg age hlghm dmngem)us if exhaustednibdhe latmosplhere,

588 sedniew oL b o R e tBh 8 B LI sfansbere. an
%ﬁ%térﬁérﬁtde\ﬁé@ls%ﬁ]%ob%ﬁﬁéﬂrééﬁ%@bﬁﬁéd&ﬁ@@& T3 dement

a mcrowave plasnma is initiated and sustai ned between

devicevrorabes the nwse hagaidavs eprpanas Ahthsepiasist gag into
SPECRR I B rtcul M ENEE i T ERER oB, R shalue By

icoheastiorsl Saﬂutﬂ)btrigo asdidridanrbd bafely @drmisteapiecthesatmiosphere.

the gas stream are subjected to inpact with energetic
el ectrons causi ng dissociation into reactive species

%ﬁl{&%e?@ggﬂg $ P“‘FCE%QB%EM ¢ CH,, SrINeBesnd €,P 884 B8 removed

Ive R CoRveni ent source of
cﬁnoyugme gasl stigaimogitm highreffigiancy bgingia microwavaplasma
\%%% Y eg/iaelr 2 glqlxgr%pqee 0 gsmr?;H\A‘?é"V@ ;i)I%err\l%t feactoPR€HEscribed in
UK Patent no. GB 2,273,027. In that device, a waveguide conveys
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
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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added to the gas stream upstream fromthe abat enent
devi ce. For exanple, reaction of CF4 with water vapour

woi2bd7/baa7an CO2 and HF, and C 2 can form HCl w POT/GB2NE/002795

chanber. HF, HCI and HBr can be subsequently renoved
fromthe gas streamby a vvet_§crubber | ocat ed
downstream from t he abat enent “devi ce. Various parts of
a pl asma abat enent devi ce, such as one or nore of the
el ectrodes, el ectrode holders and the inner surface of
tAEoBManisBE souree of pxyeen RRd hygragentfos reantiagnvidsthe various

S : It [ j .
SyETies e8apiih e b Sk 83m B3HAREyaB AR s rsraiy
aaddedccioethe gasl stheten upfstreéamﬁ'rdn‘r}tb@ dbhidnaen g tltd‘éviden_ Edveexample,
resence ai.r, a passive surface oxide |ayer is

BRREGH) Ol bk WasE Ve PWaW BN (G nanS FI AELGl: semdorm HCI
¢ . o >
R 6E Cpaier, MR and B Do BRSEREGLEM od from the
tgassttréqpday, a wepestiubyet loeatettdowystnear tiainm thes absteesdnt

For .exanpl e, HF may be present in the gas chanber as a

b -Vbqeoduct of the treatnent of a perfluorocom pound
within the gas chanber, and HCl or HBr may be

cont-ained in the gas exhaust fromthe process chanber
Nariqus partsetaplaga sbalementdericenhsuch ak@neoxinderd aiitbe

PR, ey nolfom A E e SRS P Pl e

|ltgpiebBy furmedfrematsialest stedleWw padiidnReirof thibon, GREM -
ﬁ‘? to the water adsorbed on the stainless st eel

PR, stREless gestiney lsa coalneotherelenanis caieh as nickel,
qﬁSFyBQSnlhe? ngb rﬁ%@qﬁé?iﬁﬁﬂ eﬁw?@e%r@%rﬁé&ﬂ@fﬁair %b%{%i\fé;@urface

reduce t I cl ency o aterent devi ce.
axidg layef isafiorinedswhicheprpteststheashdartyird) stairtless stebkfrom

KRRy HOGRKEEH Lk PESNSE Al A PLsSHaRg UamEs. biCleand
IHBO eeaTpaYside 54 tadbe Hifippslll expBsird hedriterfitg tainfdss
Vs?gglyrFor 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

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
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
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.
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using a plasma abatenent device.ln a first aspect, the
present invention provides a nethod of treating a gas

woani7ared7mg varyi ng anmounts of a hal oconpound aau/GB20®@r002795

vapour, the nethod conprising the steps of providing a

pl asma abat enment devi ce conpri,sing a gas chanber

having a gas inlet for receivﬂﬁg the gas and a gas

outlet, heating the chanber to a tenperature that

i nhi bits adsorption of water on a stainless stee

shor & &xsé agpedii the presehbimventiore provégasng mdtbod atreatingia gas
gas .chanber for trea% nt, thereof within the chanbﬁ{, q
R R YRR R e OGomBPUBH G0 gl vapour, the metho
t esrRBFighY ke Stdpsd grb@aingeablaRid ASatdAent Bbvic8&dmistising a
the gas chanber in this manner to prevent the .
adrRvEMMbEr bavingBegasonleifigr recaivitiehe gaseand sgasamalet, heating

it hi i carrosi ve hydraogen
P Rt 16 PR AL 5Bk R T e b s
nstbel surfawet wittiiadhé sham®escinvbeipg the ek t6 #fe B8s chamber for
inhibited, as there is insufficient npisture present

fEpatment therepf wihinghe shanmhescand maingining thenehamber atfor
Feive™ . S
R b O Ao Foathdr PR L e of "any

stai nl ess steel conponents that are exposedf%o t he gas

' t prough the gas chanber. This is different to
387 B gt e or ehaimbARnuER B850 trusuell Biiasoration of water
V& hy aER9ESS RRI 8lirfacs WithiN e Tchahfsdr, B¢ rfe%ﬁor%f’ corrosive

still take place if the tenperature of the chamber is _
notdregen balidas, sueh @stHEr and Ve Bre atdil, pathrihe oetatshédsitained

[ on t. ynless steel surface. In
ot SPAMBHEGIH o8 ebfndhal o7 Hend CRanftler? fusRe prosent
dbatheereaictionte takeailbye MW e have fsliret that brRifeINM iR chamber at
range between 120 and 3500C, npre preferably between

BIFTEpRIalEgdTexeeRs ehkeib&r Campiopticaptly Breats the lifetime of any
BRLGTS  IPRS edarBdd U, % e

gdascehamben Tusais diffiererd to lsamplg eatiag the cbé:tnbbe abO\lle f[hde dew
hanb d 0l || t.he t t t id. .

AT AR AR edettblch ot 8 3nBebRRE CReS nigy sl eke bidss if

Ithe R@Mperdtlrd &F the\Whambdr i$ A8t RERBRUFTidicHtyeatVR! the dew point

ei t her :
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
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,

the chamber temperature control circuit extends about the gas outlet.
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above, below or surrounding the gas chanber. In the
preferred enbodi nent, the chanber tenperature control

Wwoi20072037¢xt ends about the gas outl et. The tenpeCcatGB2e06/002795

of the fluid may be controlled by flowing the fluid
t hrough heat exchange rreans,_gr]d controlling the heat
exchange neans to control the“tenperature of the
fluid. The heat transfer fluid may be selectively

oled to first fluid tenperature, preferably |ess
¢ Ham omerrefurgof 3he fikiskmabe conimlied by Tosving St Bedithrsiugh

d ' h th
et Bphtihde FRERETahl Lofieb D B hHeFort BBLEME IR0 Siyrol
dhe dempdratea ofethelfideThe Tleat fransfer figiatmay dearysdtiveRYcooled

, [ devi,ce, h on-i nsul at ed e o
8 SRS {PrPE G, Aop ey ik (ho ! 20 Gy adirabodtat
¢ . . . .
(Senahie, ha SeRciivol Khatel 1 b dBRYnd QubNcAfertfrd BfediBr than
itge firdiflelichismperaturer preferdblyi atdeastrt2030), ¢t coyeddnel heat

The, ci rcul b f d such th
AR T B b el i o groh e i Suoh as a
exhhiasglated pipe dfiihe tstperitredcorlob eirdlt, Q@rﬁ?i@%iﬁéﬂrg%ggéf from

eﬁchanger s, . dependi ng on the tenperature
dhe frtimal fiHids of #rpay Re@neadtivg dsyiaeoeontlled hysa ngntoller. The

. . of
SREDRA Rt B RATRF 5 BRAEPN T AR e b bRt e
h:ﬁntrolldar, 'Eheacih&ﬂhmayfdle;nmgigum% bech tHae gﬁ@heéﬂ tbérdsferngd
FRBABLRUEHY el st biSharios.cor o iy acioleted gis afdhe
heat eReHEMRfers, AdRintfld ¥ethe ?ﬁ@kﬂéﬂﬁg&? 'ﬂlwqéTgé{s RRaMBaF S this

by operating the abatenment I C enerat es ‘a
terapekatyie meyde mhsitered usingarnempdrathiccsensiar lodated shehe

t chagber i ng, an external heati .
2 offle G Ao B! o AT e PR RIRAEDY hot o,
dizghermtie diughbogthee ternidd guil asna abat enent devi ce
conprises a mcrowave plasm abatenent device, but the

i nvention may al so be applicable to other types of
ThaMBnARARAFBE eyl | & PeS
THETRLTRAREPDE R fonl o SHBR el ETTad ol ransir
8uidqpriavde supply/afrtha gas to the chamber. Alternatively, the chamber may
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
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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stai nl ess steel gas chanber. The gas is preferably
treated at or around atnospheric pressure by the

wahei7eneats device.In a second aspect, the presear/GB2006/002795

i nvention provides a nethod of treating a gas

cont ai ni ng varyi ng anounts of 62 hal oconmpound and wat er
vapour, the nethod conprising-the steps of providing a

pl asma abat ement devi ce conprising a gas chanber

having a gas inlet for receiving the gas and a gas

ot @ secontbasher, thearepantiiayentipnaprowidies rrametobof tagating a gas

R TS e Gl o REPAR G fmetnos
t tempusing tiaé stepsadf proddiviearbRismd aibaterrent e@PReaofistising a
range from éZQOC to 35Q0C during treatnment of the %a .

» S .
| SASChIMPEr BaYiRg @ gasiBlel frsieseiving ket gasnans avgageautigt, heating

Phadmnikats réet%fn e:%?%ﬂ'u?@ of AIRGEFH g2 c%%e?iﬁg'?ﬁ? rgg? do the gas

having a gas in or recelving a gas to
bsharhlgerdev ireatraent therss vothin #te clemdbérh endahaiataitinglthe

ans for [Nt gi ni the chanber at a tenperature .
CREPar AR o O L dusnhes wiliisa Gierabiie Rganamesd) G esps0°C
SalifRE@edthidHt bf thtegadanber during treatnent of a gas
contai ni ng a hal oconpound and water vapour. Features

descri bed above in relation to the first aspect of the

' . li.cable to th d d :
R i sCebeRE (R RAR s BRBEE Prylfe prfS Ra st dlpy device
tdeenprisiag atgdsotembenhaving atRe iRkt d8Setei0rRE, a Bis ¥e¥e Heated
xanple only, with reference to the acconpanying
SLPrRRYICE ANGhi G Ol A thermaheontialaneans for maintaining the
Qe RE ey ae T e e TR G T Bistainioss steel
Fiuwface viithifritiyei ceardbes daring treatrsetttofengds wombairtifig augh

t,he device alo Line A-A of Figure 2; Figure 4 is a
&%Q%Q@BQTr?%ﬂQE%t%W&EWugh the device along line B-B
of Figure 2;Figure 5 is an enlarged view of region C

identified in Figure 3; and
Features described above in relation to the first aspect of the invention are

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

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;

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;

Figure 4 is a cross-sectional view through the device along line B-B of Figure
2;
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Figure 6 illustrates a chanber tenperature control
circuit for controlling the tenperature of the gas

woheomimee37ef t he device. Wth reference to Fi guPes/GB2065/002795

4, a mcrowave plasma abat enment device 10 conprises an
electrically conductive housigg 12. The housing 12 is
preferably formed fromstainléss steel. This may be an
austenitic stainless steel, such as 304, 304L, 316, 3
1EL, or other non-magnetic grade. As illustrated, the
holgerehe is aneaaregd ey pkeacieny G identfiessin-igora 3nand

slot 14 is forned in the housing 12, for exanple by
machi ni ng, and extends across the wi dth of the housing
1Riguce @iillustraéesaa chamban ternpaidtyrecdoritiod cadait Rredhtrolling the

evi ce 10. e end of the resonant cavity 14 is
38%@5@@'66 Pg}? Q\%ﬁ’/%@@?‘g@r ebthedtevigiveyi ng micr owave
radi ati on froma m crowave generator (not shown) into

the resonant cavity 14. The other end of the resonant
clithtreferan¢ss tacbigness &do dpaanisrowavecplasmat abclemenedevice 10

PR an SisGHPRl BB Rgfiobis Hrning 12 HiBiegiusing 12 is preferably
Sohabanonnbiainiess slde! ThRR hhg béd%q}l%@étsﬁfﬁb's@aime%h &), such

the m crowave radiation conveye rough the wavegui

1@ 3041304 346ndeL, vather um-mmeac@rmmdmdpusmg?ﬂahe
j j i on. e
R T 50 b BhgBbu bl BTl LM A 881 BhiS i o

rretsary U2, gfor brayipleoby mechiind aaridnextbhés BefRRaRE v dfthe
4, the’ ?cond_cgeodyégorti on 22 having a hei ght. h2 and
%S&%Gh@,o RrRMiqe fzesenant cavityof e abateenhfevce 10. One end
) ; . .
o APy I RPN [P DB G ey Pling
oigyovpaNe fastiatim framea micregaivd @eb@rdtor {ratrshoampinte ise a

, t ti 4 of width w | ocated
SR e 1, Sl bRt S ol 568 e o
tshpetre@duftors i on 24 conprises a first end surface 25a

adj acent the first body portion 20 of height /?i and
width w, and a second end surface 25b adj acent

The waveguide 16 comprises a first, substantially rectangular body portion 20
having a height h substantially parallel to the TE electric field of the
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
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
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
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the second body portion 22 of height h2 and width w
The tapered portion 24further conprises first and

weoeeowrdoxwide surfaces 25c¢, 25d extendi ng bet weeaTidB2006/002795

end surfaces 25a, 25b and inclined at an acute angle

to the second side surface 23? such that the first and
second body portions 20, 22 dfé co-axial. The tapered
portion 24 has a length / in the direction of

propagati on of the m crowave radiation through the
vantiegrucaeprisss ﬁub’ealed keconcgidelsurkaces @box2bdestendamgebetween

Sorrdsietet 248 SRBvndacineg Ahett &iion pk fane Second Side
WRyResioee skehafaf e MePasd ts@céﬂoﬁl@odgf pbtiens €90 Qerare co-axial.
cavity 14. The short circuit 18 conprises a chanber 27

déte taparachperapn 2dyhama denothl it @ezﬂarqthaﬂ qfwwa;;aé@@eqf the

ThEEVE e B WRGER RS Ta P [P GgURL B

ek @ditnete P wnthaalfestdhe vatvelstyth of ﬂw m(ﬂtﬁwave radiation.
el ectromagneti c standi ng wave within the resonant

caV|ty 14. The position of the end plate 26 relative

ti@et ﬁpcd?tf 14 PF‘% % RIS PofdRe Qvat\}eggld%@’l’@ BHItHE

e adj usta ort Ci rcul conprises a
tampesltézglwmfdhd réscmartt lu:evﬂa;n @4 pTheeshdt cimuitt Lehcorgptibes a
ort Ci

h |1
haatoes 27ttt a el i sn s el K MRdgiceg ffom the end
%f”i:l’ﬁ@Q@ccﬂfd E)(B‘@ioﬁtl’_@réf tﬁbrvﬁé’l)e‘guib% W@DCFI Bt thd tdrsht of

the screw extends into the 27 substantially

ps@lprsyvmlecnad@ﬁtlomsmﬁeqied @&t’ih@@ndfp@ﬁcﬂﬁ@dmmrﬁmf t he

B RARAAE  hoR vleDe A8 e 5p iy 72 THE sl on of

Qla@ ehé plate si8rativiectorthe @ndi dfithe sbbend pertloar224f the wavegjuide
the short ci rCU|t 18. The resonant cavity 14 houses

thRomay decrdiv$tablst at e menbers 28, 30, preferably formed
from PTFE or other suitable material for retaining
adequat e corrosion resistance whil st being

Siihesshaort ciaduity1& camppaes attuner 2hepacaedt ramviherardl plaie?6 for

HaRBatRs shorgiile B an 55 URSkael Siatpere o edinef piirings o
ek 20nAtdadedantd®edbp eeitae8 oPthe short circuit 18 such that the
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.

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

curved sidewall portion 34 which define in part a substantially cylindrical gas
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propagati on of the m crowave radiation through the
resonant cavity 14, and a curved sidewall portion 34

woehbwh2aeii ne in part a substantially cylindri eai/GB2006/002795

gaschanber 36 within the resonant cavity 14. The gas
chanber 36 may have a circular or elliptical
cross-section. Each plate menBer 30, 32 has a first

bore 38 forned therein providing a gas inlet into the

gas chanmber 36 of the resonant cavity 14. In the

i thamsherai@withivatherresonatd\davity 18, Toreegad charabeoBd@smaBBhave a
I S aI| ne .nlet port 40 fornmed in a

s?"bcéj\/@{q? eﬂ#p\%ﬁpﬁgcrﬁggﬁeﬁ 932 for receivi ng gas froma

first gas conduit 42 nounted on the housing 12. A

second gas port nmy optionally be fornmed in the
ge m&n@b@] 30,612 hasea ficgidiong 38 fofraed ﬂmfeimﬁ)m)gldg@a gas

f. b

@,WOE SRR oREmEE 30 ang R BB 1, o s TRl
Hbdtement bevuf;e r1$)1; ogesf tanboids HRis dlighbd 9dth 4 @lagt‘mltaﬁport 40
d{%eferabl y.configured so that gas enters the gas

HRed in 8sidevs oHBethausingyh far dreeivingamssiipratanfiist aps y

ORIl W09, UL BIEESLIL Sl o
o‘banbdam 8% oppagdile sidewalt opiiethobsinis 12 éormedeiving dees fhasea

Seehbl o380t Boich e OREY b e B oS el §a8auia. dhe gas
F@thénﬁ’gfrtl@‘é@sf‘%ahbéf@@ Woﬁﬂhé fﬂfst 83@ Eiohéwpﬁﬁf &fh! r‘%‘s inlet is

co- axi al h, the gas chanb | ate me
mef%ablwosp@flgu@das@ pes e@éerertlde bes @hambfeofsﬁe‘obm the first gas

L RN e
Qassattinhlyers36 toavsrpatientenioy ef thel @é@cl’i&nb@r B6.0A G @ltlet port
ﬁ{] refﬁtl on, wi ndow for enabling user to observe a

maRsh 8t Kekpsh eHMR h%lé"@a& i sepueying ogs frane the gas
f t3 0 ty 4
FRRIRR A0R baoght S8 bOUERS Tk e RGP B 446K fis
Heaunsivarpeh2of, tahd i® prefetable xo-exdil mdtht, thmgarsclsahbeo%t he
resonant cavity 14 and defining with the resonant
cavity a gas chanber of the abatenent device 10. The

e Sidtd meRird02BbaIse Ras é%ﬁéﬂérﬁée@@n@bb?é 48k &indd herein.
as chanber 36 and gas outlet port 44

ne 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.

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

the electrically conducting member 58.
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bore 54. receives an electrically conducting assenbly
56. The assenbly 56 conprises an electrically

woanduweeizmg nenber 58 and a hol der 60 for hol dPaG/GH2606/002795

el ectrically conducting nmenber 58. The electrically
conducting menber 58 conpris ,@Qan el ongat e tube 62,

whi ch may be fornmed from copp or other electrically
conducting material, and which engages a tubular tip

6 |IIustrated|n nore detail in Figure 5. The tip
ﬁ*@ §F astrigadly genduetiicheenheshéenmpisasnametbrigade tube 62, which

(Y HePimEB m Bopp @ STlASr LHBRRRAL 8o detnd RleR o
'quench|qmlgﬁgemytubelapltlp\64dﬁd lwusgrlat?d ?iomgﬂ% glébeéllgﬁ g']:é%ure 5. The
o6 R SRaabBornEdmen Panslongnaeatesigtest vatoel, such as
ttngateh dr%ﬁﬂuﬁgh?élntélf ugdy etngr}ﬁlé %26‘341?2%(# tﬁlﬁﬁt&ﬁ’ égd lanthanum.

enhance the ¢ f the
a'Fh_e fp eflanapbeg pﬂowdaé Ghineal mea!itjmf apertm@seaﬁsext@ddﬁh@l on

h hol 60
AREDLl I ik g ouinaHettean fE eaniniet s6.gnd the gas
rmltlet 4alto paus PadisllptroNGIe e ﬁﬁ S@ 'andﬁhé% nl%‘?]c%fthe e ggoling

simlar grade to the housing or a ferent
éh%F'@@%r i cha alyerMﬁa@éiarﬁgorﬁhmbly c&%eaa@nbdls@dhaﬁ@ucrowave

f und during use of the
3o IR0 pR St rBhgFYR B Besd 750 has & hol | ow
|nter|or mnthln mhlch the tube 62 and tip 64 of the

nber 58 f bly a
jq%&%cﬂégq flii(i) Ys fy @?mgg f@%%ﬁh@%ﬁﬁ%;ﬁﬂgét?@é@tenal such

@%@télﬂﬂes@%’c@@v' ﬁpcl BR&iir g?ﬁoeéqg' ﬂ;g fﬁ)fuls r}ge'P%on' 2

which is | ocated on anged openi ng
gliffesent gradro ddiengletRicalyn canduatipg Faembep 56 \dndietblbet 6@ are

reFl e BBk o] A0GE SRS A% bl dorva To. The
hokieg &0 Inpea lhauowwbxfoamhmrwmeh%@tmfe GZtaﬁB% ¥ nof the

t ereabout As illustrated in Figure 3,
elecliically capdyicling mesebes A& argepreferahly aysliding fitbEhe zmnwer 60

ggﬁ{gﬁggé % ﬁ?ﬁfe l?ééclﬂﬁp&fhoh%% ﬁé\ﬁ@ gﬂmg{ﬂlf g%t'eﬁhﬁg sirt 68,
mibvirgn 3eocmpdrmn mgau@smmpemhg 7or frth ore KUrdf th8 holififlg 12. An
@HH&; 728 'prr]&ndeacy Begzveen 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
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i nner dianeter that is substantially equal to the
di aneter of the bore 54, and whi ch nakes el ectri cal

woami7aee37wi t h t he housing 12. Alternatively, tReETIGB606/002795

of the skirt 68 nmay nmake electrical contact with the
housi ng 12. The hol der 60 fur{ﬂer conpri ses a second,
el ongate body portion 78 that' extends into the bore
54. The second body portion 78 of the hol der 60

term nates with a conical projection 80, which
pinég theagas chirrebend®. phetintetral diametes of e séarisdbodeportion 78

ARG el BT it p BEBRBO 8 St ¢2dneengages

shei 8¢1of 8 fih sl t@m@@gemeaupr bavdthirtthe Rsidér 60. 64hb%econd
retain the tip 64 within the hol der 60. The second

beRAY PRIiEN Ji® qfsh@ﬂmdc}eé 8Rois drsefesably intpgkst sdthaagth the first body
iég'ﬁ ﬁ@l émg bﬁ%rl%ghe first body portion 66 and the
S H? g

strated in Figure 5 the tip 64
preferably protrudes into the gas chanber 36. The

d h h of th d
e lussatecn FigtBrs ihe TR raably BOkHEpsIniBigS GRe SeAMber
sgo.U iRk Iérg%?h o Fheﬁﬁp BAL sRGBr ﬁnéJFe@BFH & ﬂb'%%@oﬂa%toagg)%rtlon 78

into the andi ng wave generated w thin the reso
cd\theylokier(ﬁ@pmplnerﬁ@’abiy a:mlsehrmmehtk}e tif 64 lexteridsraowave

h [ 4.. Th b
L D RO B el R
hervetg 1 46dbpeidiing bl #ié fregdendy Gﬁh@mi%FHWé\Ha %lé?cfon%tfﬂled to

electrically conducting item may be | ocated wth

tthe rasprat cguitgdéh t hat one end of the spring 86
engages a first annular projection 88 fornmed on the
tube 62 and the other end of the spring 86 engages a
netteatubiecs? moirefarab§theldh irealdetticahtontbbiewitio tiskeholder 6ThAs

t.pb 2.h I t 92 spaced from
ilhdtated s aretahsang s SLoveh e%@?x%@?luégﬂﬁectawp@@muw be
QBé‘é‘t%'w;ﬁﬁn E’rﬁat ME1BBr Bb%u@ﬁ'tl’i’ﬁtforﬁéo %r%esﬁrﬁﬁ;e?@gngfges a first

l ow of cooling water is suppl |e
(ﬂfsmm projection 88viatreed lowi thg tlsb@ﬁﬂlaaéd the atlher enthaod the spring

o o oAl TR ey i BetnteF B8 e

annul ar channel

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
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
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
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94 through a coolant outlet port 98 passing through
the hol der 60 and | ocated substantially opposite the

woaal7ane37inl et port 96. Dependi ng on the power POT/GH2606/002795

el ectromagneti c radi ati on conveyed to the resonant
cavity, the intensity of el ec{élc field created within
the resonant cavity 14 may be Tnsufficient toignite a
plasma Wi thin the gas chanber 36. Therefore, a

gl ow-di scharge el ectrode assenbly 100 may be housed

WFARPHSEHa PiaERaaran, ﬂl@wmmg@ele@tmée 198, whigh is in the
R R A s LT U

aspe&iedrfg?l’ﬂethehugb GZOd)fttbg elait&@etllygﬁ?dbcm@gi ﬁﬂar?b%r 5862A .

[ I t ro e tube o]
Rl e nEots e R R B POHCE SHPRIEE 6104
CEBBREAS 1D @neﬂ} Sé"tﬁn‘égee&%g éth@rn‘?ﬂWth?ém&/ aperifre located

el ectrode 10 hr ea
cestcsniriaady ywithrthed@@dnaw t Argasl lnbaﬂ 86 is foroesuk witlsialthe tube

k t 106 formed within
162 RyrrfeeikBare oW of & oW IREcnaTaS g SuatT as, MliaEieRap G gas,
gsrsanysothbr %bﬁéhf&%ﬁer’t%n@l@hi@ag@sgaso'fro?rf‘é oishBfet port 108
substanti al | ésl nert and ioni sable froma gas

i gtendipg radialstrequeth dhenfirst aadnpppthrr%g@ﬂnet neldéi 6@t The gas

' |
q@%l’ Pg@g}d&g;écgﬁ/eggql% h8| %ﬁ% g<£e 9% H&ﬁ%ﬁg' A ﬁ%g? {))Iattached
]td:@hahbhielnénii‘ d:cmrtelaan@ d:th@l gas ir?étt %ﬂmleg&% Iag;g#gfe gﬁme glow-
ource o
fﬁ%cefgfé obtﬁﬁet s @f r&Pds m@r@ly argeged aafwntlaay mjth
Wekbedtas @I‘?&boFé’oF e tQBé B2qdf tﬁ@ %&égﬁ%llg%o%yﬁﬂf%member 58 to

el ectrically conducting nmenb rono
drroenofe fargwtion| afva hpelical ﬁmwm&xﬂw atautdt edetrdd? 102 genatdlly

h 64 0 e electrical
co%u“cE %r?héto%%%ﬁ]%@q B¢ ‘? ﬁﬁ’:’} ﬁaﬂ}ﬂl CPHSW&& rmepiber 58.
when the holder 60 is nDunted on the housing 12, t he
el ectrically conducting nenber 58 extends into the

o5y Wustiateddi Figitre 2 whepeihpdiadderBtis meunted afi thedausing 12,
the BB SRbas RS MENREnA Y, b, 5yl
tpesperadiculbathitie dctiod dflpeomgatmntdfehe peiciowkdes Th®ughithe

t
%Aésocfhatm eref:l6e%tnrdllg %Llagtan?al?yugo-axgl WItm)oth 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.

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
second gas conduit 46.



10

15

20

25

30

58 is preferably located at a maxinumintensity of the
el ectromagnetic field fornmed within the resonant

woawintogosz4 duri ng use of the abatenent devi ce BOT/GB2006/002795

During normal use of the abatenent device 10, a flow

of cooling water is supplied jkﬁ t he annul ar channel

94. A gas is punped into gas cthanber 36 through the

gas inlet port 40, flows spirally within the gas

chanber 36 and passes beneath the tip 64 of the
eMigrowara radiatom ifiediintg therrpsenad dswityrld, pedihiugginthithe gas

bR ierd o Bt by Bl ol neP Vi & Blite,p o the
i §hdred|r¢mt 8 té’fbd@ﬁwmrdrowaveé 1o fofm @@ténﬁmgswatré withltethe
gas chanber 36, for a rra%etron by the wavegui de 16.

moaﬁa‘f vl d 4o avithrtheriip @?ihe&le@tapalMeoricafqﬂ@@trgemh@r 58
ThEIRG b AR S R LRI A, HHif: fBERAARbrion

ch dﬂtﬁa wgvemrite 6%rverst enishibjtithg ttamendssion and réfledtion of
ortign 24

ithin th 36.. Th
e autang tadlatort TaBT TlednieiratAmabpeD fee hrosABHEsSoB body
apshibss bBCHD end walEHauev® Wik ?fﬁé)@r‘?‘nsﬁﬁ@fﬂé ng?rtg?/ absorption

interface between the first and second ons
20f, the plagima hd hﬂmﬁ@gﬂmtqean@ pakitips tof leqwenamgfaché 12 of the skirt

B HSRIFEPSA e eSS RESEL Pl Aldngmember

th@iheaden sfiﬁthhetrﬁ Ib\A%rtsQrfbb@ 142 §4e ekirtt 6B provides, with the
el ectrically conduc 58 is chosen so that

L
tineer siiEacesel thgdwre 155 Q%fth@ h@ﬁgmgrﬂ %rsd Breoouigesurfage af the
d
RERR TS Ble A8eC80 5 88 Bl tifertBl Hfthid 4
hmpmianﬁé in tahe:plaagidlthe eleetridatly cmaduhhmggrﬁehd)errﬁﬁetdahee

i.n the of the ectricall condu

treREnBrt e gsuifin gt AnEE ehwSREY & tenBidpegHs rRation.
of the m crowave radiation. Wen a gl ows- dlscharge

el ectrode assenbly 100 is used to ignite a plasnma

withenra glewscdisclhigaisdectasle assemplyi00iis cred e igpite a plasma
%%ﬁglié gﬁélcﬂ}%’[r{ob%t %§g gb : @I%&ﬂ&?ﬁﬂéé]{gg g%tcaﬁggd % flg)wethrough

| thW\gzistlﬁ@@ pohti it sfithe enve 62 WnelEintcsthediure off gt tubel 6 A low-
t%tgreoﬁ%hlc(:)uzrrena%ggu?cehllsgc%nnected 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
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
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
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voltage is applied tenporarily to the el ectrode 102.
The high voltage results in a corona di scharge through

woheo7gh@md di scharge gas fromthe tip of the el ecr/GBiens/002795

102 towards a proxi mal portion of the tube 62. That
corona di scharge provides a pzoh t hrough which a | arge
current fromthelowvoltagé urce can flow to
ground. Flow of the large current causes formation of
a glow di scharge in the gl ow di scharge gas. The gl ow
diupphatogib etdiestrdde @2l is switcheseaff (typichky witbiw tafo ertaree
Iovv-gl scharge gas within the tube 62 to nove fromthe
t565°849Shf the el ectrical Iy conducting menber 58 into

t he gas chanber 36. M crowave radi ation within the gas

chanber 36 is able to couple efficiently to the gl ow
dT e plasge@ iailiaéfed withipphegasychasslen Jthis aanked eubinam thaegas

aﬁeaa%“{ﬁ Sian ot AL VR Ok IR RS0 e
| SHdrapers3®Rinded dontdiéd aanirctherdeeond@as! comelu@fdeerThe
e povversuppl to the electrode 102 is switched off

(nlwmaéhw rewemblﬂs aitinee geRe@ted benprls)the tiRd4nnd gytending
'cmtttlln%gﬁ@ﬂ éﬁ%bgﬁgb#gl pg@ ‘%Hﬁﬁ?ﬂgf et:ézgnhggg%acforn'dﬁﬁ %Utl?ueaothe

from hr ou outle
yhlgllﬂtérhpewlsrefmemedg/vntﬂnn@h@ becdmad gas cohduulbeﬁ d&ﬁngarsé of the

is conta hi n t e second s conduit 46.
Ahaamenhipe dbn oot PR as Jiater SRU P thIENEs Rk the outer
td prfed G @é&&mﬂgag cOMduit fﬂé %’%oltth@ s%én@ @bls%neartue

44 1nto the second gas conduit .
tenperature created withi n t he second gas condwt 46

o< A ug o' BAGRATED b AR G DRy oea for

SeROMBedappapdLes! CHe élﬂbrﬂ@@pokb% R C0E @Peﬁﬁﬁeﬁﬂﬁ’f@gés
46. The m crowave plasma generated within the g

st from arﬁ@rrufé)r\glyé@rﬂ%m%s&ﬁh%@berof ?Rﬁ%éﬁa@n Tapgature of
StHg rBéEs%%%qaklaa Med RGnk g?@é%%’ﬂrpoa%b& gérz/nﬁgﬁ%ﬁhts

2 Sem canadct of process
Mrmfel pﬁrﬂud)mcpnqweﬁdeﬁstaalaung sl GEg Ozﬁe,t(DldF@,rmﬁgssSFs,

R 4 A O R oS ARG BRELLUOLOCFABOUL. o
can be removed from the gas with high efficiency using the abatement device
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
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

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
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silane and anmoni a may be present within the exhaust
gas. These gases can be renoved fromthe gas with high

wehbi7oee1ey usi ng the abat enment device 10. WAt BCTAGB2006/002795

for reacting with these gases can be added to the
exhaust gas upstreamfromthegbaterrent devi ce 10, for
exanpl e by passing the exhaust’ gas through a wet
pre-scrubber or by adding a stream of water vapour to
t he exhaust gas. Wthin the gas chanber 36, these
geapesir peeasnt within theeexksmust gas poteringdht gas desesers3tedan
sequent | rermv&d from

Ot B8 N B s e s BB SR, pla P cakgion of

fthese bhigacdwbe R feadah of HEY, HBY 0B, FEIS dth #hdificwhen
t he exhaust %as contains gases such as HBr, HC, Br2
&eastiugntspir thgridainess sitedlefis wall ar sleghadibe thesyrfaces of these

ﬁsi%@te@@ "stdl iAo e rtﬁ%z ﬁ%q}édgg@f‘gﬁéﬂ%{g &cgré%sf.ioﬁ gan interfere

I'on occurring w't

stith thetiizrpasages entevintdhe resordmt cayiey $4 f 4rmtidiean lead to a
teel surfaces of the housing 12 and nozzle

t . l 1 » e .
ﬁs& ﬁ&wﬁlg,fﬁéﬁﬁéguﬁfgon Ard sempualeaficisnewpf thasas egimeant taking
M&ESERthiM thBidastdia aygst gas entering the gas

chanber 36 can adsorb on'to the exposed stainless
steel surfaces, and pronote corrosion of these

! i th
SU4ERT PR o B e S apkichagef ol el hontan a
azlstRefFslinttsidheas HBra9es B ok tgs %itﬁbﬁéimlﬁ%eéhgg'r\{vith water

conponents, the by-products fromthe corrosion c
VAPEHF ef geparately thereiremopeoety rumpingribetdas intesgasachamber 36

[ ] ' ap. | reduction in the ,
bl % 9e8 Tt Bl 40008 eh Bt 375 hectfed o Bhperature
tthatanhibits adahﬁpﬁignﬁdf&f]mew\bm hﬁ@sﬂaﬁrﬁegsﬁ?tﬁ@hmﬁw%ﬁ%hihﬂg% gas
vi ew, of _thigs, en the gas entering e gas chanber
icbamh@éﬁé- t@'i%a‘?rﬁ?l&enﬁp&f@%w ifiexerss i<l 008e, inHaois
Bxdnple Sctind®l 30%¢Y, & hﬂHiHié@ﬂ%ﬁ%Wo%w“WQEérestY) Ut o the
separately therefrom prior to punping the gas into
gtainlenastasl sgdaces wiihin thee@asashambert3Gort 40, the gas
chanber 36 is heated to a tenperature ' that inhibits
adsorption of water on the stainless steel surfaces

Whiehyas ¢Heeig&S36 may be heated by igniting a plasma within the gas
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
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
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.



10

15

20

25

30

chanber 36. This tenperature is preferably in excess
of 1000C, in this exanple around 120°C, to mnim se

woOheo7roeedr4 of any water adsorption on the stai nPES&B2006/002795

steel surfaces within the gas chanber 36. The gas
chanber 36 may be heated by iﬁgiti ng a plasma within

t he gas chanber 36 fromthe glow di scharge gas, and
mai ntai ning that plasma with the supply of mcrowave
radiation for a period of tine sufficient to raise the
tenperature of the gas chanber to around 1200C before

R S 3 SRR 2 B AT cvtys 1

embatemaédjac@ﬁah@@ab ehaaiee ehdntigigRShBEdFrRNE the MRidesvity 120
chanber 36 above 12Q0C. During use of the abat ement

dexiee @bowfoth@r@&toutleé4&&50r@ﬁh%gaﬁghaﬁ@eg§§ dhihiesenal faid,
QU ols iy, ik oRohSh RSN bl
tsumﬂledtto tiee flhidtcavitip |1!20tthrddg$| avitierinied portpita2omessiny the

of this, |nthe odi nent the
AR 2 Bawiieh 10CeTTRS el R Ase e i freh@eerral cennector
COPY, rwhe@hérﬁwmufo% éi@iﬁhé@z'd' fldie tﬁ@ﬁuheéa%mgwd;ﬁg&]‘%ﬂﬁd
gas chanmber 36.Wth reference to Figures
heutist pgrti(pot sm\m)e@lsa piksing tbmugthythﬁ::t@ubmga‘ta’édnd located

ARG R0 A5iTBB ORI ABseeRy halcial GRreL dzePeatec

tdhaget thd firdiixtethal doriretdred 24 tddeResIHE theé¥nal fiuid from the
pressurl sed steam hot silicone oil or other

diuid puflei ROt uid is being supplied to the fluid cavity
120 through a fluid inlet port 122 passing the housing
12 and which receives thermal fluid froma first

edfitarraterecomtveEigare @ 2the flttic cahtyr 120 fdrimg plart sf thehehishlost

Bt R e N Wt
| emhisst 3811 AFRW of tR8rrhAAEd idbifduIRREWilAS th ’If&ﬁp’ﬂﬁb by a

external connector 126 | ocated adjacent the first
eurep Agk. dawerfeaw of fluidentersdhedkid pavityrfeomedonheaiod 124om

tc!?r%uutgé gb8Hltth8tcaQ/R{/t120 before being exhaust from the cavity 120

through connector 126, thereby controlling the temperature of the adjacent
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
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.

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.



10

15

20

25

30

Wth reference to Figure 6, the fluid cavity 120 forns
part of the chanber tenperature control circuit 130

woéano7maed7s ol | i ng the tenperature of the gas chaab&B288/002795

A flow of thermal fluid is circulated within the
circuit 130 by a punp 132. Thg,flow of fluid enters
the fluid cavity fromconnector 124, circul ates about
the cavity 120 before bei ng exhaust fromthe cavity

bt el STRE! Ramuferacnsae 1o didiestedbat fhademperature of
tiaeReisadhdnther 36 RaowBRII e tf)g lé'ngd c‘)fstrf%qaﬁ{&x%lrétﬁpe Pe}/n(@ due to

controller 130 which receive s In
tthe heatrpenataled bythe p@sgm;wdhurtberga%ecrfanwnrases s edntroller

oF BBl i WP ARl B ) o BTG b e

tthmpgesturd beloes thRbtepipetht R Yaid1 86 éi@&rﬁ letoiH RS th
ﬁgrgetg ti n the te peratur%ﬁ)%f r Es)eoﬂ'onﬂ géé% an
|

sPD ﬂﬂ@f&% flsuot;mwgs te r@mﬂhecsenneerateﬁe of the gas
conﬁﬁfﬁ.%ﬁﬁéa??%ﬁhfﬁ [ EEARTRE By 10 Roh g sigats

augput foore the aenstg, 1 3hiadipate tHaa e terh st an Mhamber 36 is
e of tenperatures, preferably

g*g‘ﬁ’ﬁié’[éﬁﬂ?ﬂ?tﬁg%eé% réggﬂs Ff?mpwaéur@%aﬁg%for en@m@é@aﬁer a period

ooty PSRRI, S A (A AETDABH B GRcs o

Seqars h@amemlimngar 438 h@heahmettbafpaal?"(md € eIsebbﬁcrj g?ﬁperature
h d i s tenpe

FAIESF adve Bid RN R S nbe R Exgmplecirnag i arovargo-c.

sb ehajaaeahamm flufbserivBs 6 paIbE The Pémﬂé%t@%%f%ﬁ(?gaé ghamber

gbr st. heat exchanger 136 to cool the thernal

Sk passas)s F%Hgﬁ‘r@etf&l%ﬁﬁvlm +20.cMptionally, éhe irsydeaf or

Lhat the the
O o N A g
ekehranger,13¢ wseuvtermsmeissd thiectiguitt 129 hayibé @@mgwedlgp.

t fromthe sensor 134 indicate

HhheL e, BERRRL B¢ B R o prptnwgi
GrRSH r exanpl e
g?‘?éémgggrtﬁgéérgpéﬁo |ngtﬁ%;gthe re at |63el y cold

thermal fluid, the controller 130 operates a
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
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
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
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second heat exchanger 138 to heat the thermal fluid to
a second tenperature within or above this tenperature

woamg®2037er exanpl e around or above 1200C, so POaGB200®/002795

thermal fluid serves to raise the tenperature of the
gas chanber 36 as it passes tjyough the fluid cavity
120. Optionally, the first heat exchanger 136 need not
be operated during operation of the second heat

exc and viée versa, .and so the circuit 120 nmay

h . .
e &\%&bﬁgﬂa“&“ fRBeresyired demperaturer (12056 indhais example)

- ! n,.
RRe R AR forhihrdf B COREL] YOk o ARIRE STRTHMLES, B,
dheoghelempatatuee control ofitke mirtblating theraed flull 69 g Mlid inlet to
%He tegﬁghaiuggsof t he gas chanber. However an
RiGRES & ‘may be enpl oyed, as outlined bel ow
First, the nom nal and maxi mum conti nuous operating

tenperatures for the gas chanber 36 may be deci ded,
flBradgiitipndiodeing used IB0EMtaNetke, tetrperataxe ofithehgst chamber 36

.55 ' r the_m crowav ower, rce ower
TR R 8ol R ne el ToB UL T A ey 45 B used o
daitially heatthe g2StCHARIBSBEODeORATE §58 R be 't?_@gi’éd"'ﬁntbﬁethe gas
i%%CIfIC heat capacity of the thermal fluid, the ow

BRe5 36 i t t he maxi mum t enperature as previously

determ ned may be derived. The first heat exchanger

136 may then be designed to dissipate a little nore
energy than that absorbed in the gas chanber 36 and
t he second heat exchanger 138 may then be enpl oyed to
control the tenperature of thecirculating thermnal
fluid to the required tenperature (12Q0C in this
exanpl e) so that the tenperature control of the gas
chanber 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 maintain the tenperature of the gas chanber 36
wWithin the selected tenperature range, the circuit 120
may al so be used to initially heat the gas chanber 36
before the gas to be treated enters the gas
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chanber 36. CLAIMS 1. A nethod of treating a gas
contai ni ng varyi ng anounts of a hal oconpound and wat er

woapowee37s he met hod conprising the steps of preeTMiB2gN6402795

pl asma abat enment devi ce conprising a gas chanber
having a gas inlet for receivkyg the gas and a gas
outlet, heating the chanber 10°a tenperature that

i nhibits adsorption of water on a stainless stee
surface within the chanber, conveying the gas to the
gas chanber for treatnent tGleABS within the chanber,
and mai ntai ning the chanber at or above said
tenperature during treatnent of the gas. 2. A nethod

atcor dAngethod Of aieatihg ey €dritain [HREAmMbEntaegtLd to
at least 1200C beforg t he gas igﬁ’cmeyed to the

chambekalogomponad Rod veaiebyapoiy, the moetiad coroprigihgitive gteps of

wher ei [ j ' ithin the range

from 196 S 83 e AR Aihblilabgiad Gtimper

met hodhadiog adjasgnlet fél reteivihg thbeyasi and Aeashanieehdaling the
mai nt ai,.ned w t h|{1 the range from 1200C to 180°C duri ng

t r eat nEIRMRE! torstegaReratire thatjphikis ageemtion i waieney a

prece MeIcei : [ .

bove SaPISTEY SHRIE\ Py g RTRBEr, SnUBIELIEEES to the
f1 ui d gas chaghber fohirebtmentethprsadwithin thenthiavhber, medirhaintaining

for c rollin he tenperature of the chanber, and

contr gﬂF.CﬁgH%@ eﬁgﬁﬁbpg‘? ﬁ?@ tgmRsrure EPHUQ geanagk ¢fdhe gas.
according to Claim5, wherein the chanber tenperature
control circuit is located in part within a wall of

the cHamathod accarding ieddlaim do mdienginttbe Chambes imhededitmat
6, whaLgi . trol circuit
oxt ondeE A, eI e SR PR et ng <o

any of Clains 5 to 7, wherein the tenperature of the

ffuid js controlled b | owi ng the fluid through heat

eichan%@e%ho‘% accordgng % éla?m 16t Claim 2, wherein the%hamber is
maintained within the range from 120 to 350°C during treatment of the

gas.

4. A method according to Claim 3, wherein the chamber is maintained

within the range from 120°C to 180°C during treatment of the gas.

5. A method according to any preceding claim, wherein the chamber is
maintained above said temperature 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.

6. A method according to Claim 5, wherein the chamber temperature

control circuit is located in part within a wall of the chamber.

7. A method according to Claim 5 or Claim 6, wherein the chamber

temperature control circuit extends about the gas outlet.
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nmeans, and controlling the heat exchange neans to
control the tenperature of the fluid. 9. A nethod

waceewrididlg to Claim8, wherein the heat transfecTidB2ow/002795

is conveyed through at | east one of a first heat
exchanger to selectively cool,{he fluid to a first
fluid tenperature, and a secdnd heat exchanger to
selectively heat the fluid to a second fluid
tamaaunegmmnﬂthm1ﬂmflmtflwdtamaaune

A Arineibad aeceidingtp ary of Glaims 5 tehkvéhereirhibef tempeerature

fluid 2 d th d
t erper e QU ePrirRled BT A v RSl it BREpe
t o anyme&ngaidworfirdlinglfe hétieXchahde nftems tb rc@ﬂﬁ'f)?t'he
fluid conprises ? di athermc fluid. 12. A nethod

accor &?H@)elr%mé@@ Befltidins 5 to 11, wherein the
chanber is heated to said tenperature by the heat
transfer fluid prior to supply of the gas to the
c¢hanb ek metBod AcoertimaptcaClaim @, mheareinahy heae tradsied fluid is

cl ai m_wher ei aba nt. device conprises a

i cr of&¥® %?%ﬂﬁﬁuﬂ%ék %ﬂgﬁf’n@é\/? kst hegt exchargrydo selectively
accor r

oot ooy oAt B S & petefurcy 9RR! Socolf g chhanger
met hodo é‘e@!ﬁﬂtlwlu@eta@t%ﬂu@ﬁe@e&ﬂmddlm temperatwiergreaier than

hal oc ne of a hydrogen halide, such
as hygﬁggéﬁq%ﬁgﬁﬁggﬁgﬁnﬁydrogen chl oride, Br2 and

Cb.16. A nethod of treating a gas containing varying

a] unts of a hal oGonpound and water vapour, the nethod
Zﬁpr iAsedh Meghethacerding terClgia &Mh@@ela tb@ Sestdluithterepasature is

devi ¢ oG & phSIAAOCI AR 12 LB 987\t P!

recei ving the gas én a gas ou
chanber to a tenperature of at Ieast 1ZOOC conveying

t nmb f t t nt th
? hlg Y &%ﬂgﬁcg)éamggﬁ@r&;qf rgppﬁt 530 where(eelgl?he heat transfer

fluid comprises a diathermic fluid.

12. A method according to any of Claims 5 to 11, wherein the chamber is

heated to said temperature by the heat transfer fluid prior to supply of
the gas to the chamber.

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

abatement device comprises a microwave plasma abatement device.

14. A method according to any preceding claim, wherein the gas is treated
at or around atmospheric pressure.

15. A method according to any preceding claim, wherein the
halocompound comprises one of a hydrogen halide, such as hydrogen
bromide or hydrogen chloride, Br, and Cla.
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the tenmperature of the chanber within a tenperature
range from 1200C to 3500C during treatnent of the gas.

waz007A2@7asma abat enent devi ce conpri sing a gaBCTiGBIBEI002795

having a gas inlet for receiving a gas to be treated
by the device and a gas outlet, and thernmal control
nmeans for maintaining the cRamber at a tenperature
that inhibits adsorption of water on a stainless steel
surface within the chanber during treatnent of a gas

160Nt & RidftbRoNREAHRYRQUB d;oatu:inmgt\mrymgmmuntasf aA
devi ce according to Caim17, re nthether

ConL hallogasprn a%n@;@u@@w (; 9 COMRLIsIg, e§teps of
U ne g Bleshid Sbét%g%}@g%b]c%%&@ﬁg ARfCriniens

tr eat evi ce accordi ngi Caim
17 omafirRy agds, mlmhﬁexreea:emhg thé gaswindcpgas outlae hasting the

cont bR t6 RaSTEape e o at st FAT npiryintis 686 5o the
flo r‘%ﬁ% Charsdr fhF ﬁ’@éfﬂ%ntf’théﬂé@f Whvgle dhenbeaad aaintaining

cont circuit, and control means for controlling the .
t errpethauemeecaftuneh@‘ the whdmkzo within epewesaivts tangg ffgm 120°C

0 2, gL BT S oL om

chanmber. 2 1. A device according to aim19 or aim
20, wherein the chanber tenperature control circuit

Bt erﬂ@lmabawmﬁeymel amprising aRas chambelhaying ages
any ﬁﬁlggﬂ% rggg&ﬂw Mﬁéa%é&‘ bg *Eﬁ? He%a%ind%@@éé @htlet

nmean exc ange nmea hr ough
f1ui Obncﬁtrmmedomtcolfrh@ams tdnenamta]mlog tlm@ahamber ﬁ’ga
configured to contro

t
cont rfsmnqaeur%ﬁ&?éﬂ@%'b&t%a orp aneq ag %g%iarl'@g%gséed
accor i g g gr@ﬂﬁh@bﬁamb\é«hanﬁh@ iehenBeest £yabavarintegas

conprises a first heat exchanger to sel ectively cool
t he fhalodompoand andtwatenpepeitrure, and a second heat
exchanger to selectively heat the fluid

18. A device according to Claim 17, wherein the thermal control means is
configured to maintain the chamber within a temperature range from

120°C to 350°C during treatment of the gas.

19. A device according to Claim 17 or Claim 18, wherein the thermal
control means comprises a chamber temperature control circuit for
controlling the temperature of the chamber, means for flowing a heat
transfer fluid through the temperature control circuit, and control means

for controlling the temperature of the fluid.

20. A device according to Claim 19, wherein the chamber temperature

control circuit is located in part within a wall of the chamber.

21. A device according to Claim 19 or Claim 20, wherein the chamber

temperature control circuit extends about the gas outlet.
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tenperature. 24. A device according to Caim 23,

woherraes7ehe first tenperature is | ower than tReT/GB2006/002795

tenperature range, and the second tenperature is at
| east wthin the tenperat uregéfnge. 25. A device

according to any of Clainms 1940 24, wherein the heat

transfer fluid conprises a diathermc fluid. 26. A
device according to any of Clainms 17 to 25, wherein
t Bé gad dsiviaeprgcording de miy of Glaims 39 t0 28 swheredn theothermal

devi ce r di o} a 17 1o 26, in,the. .
for m orotahis . B henaBRndd rigdprody! Which the fuid
devi ceisazugeditd@oo tHd editral el Beihg icaefigired to control the

el ectrically conducting nmenber protruding into the gas

chanbeheatiaxehange means toycopgelithe: iempareivse of Ha figd.
formed from stainless steel.

23. A device according to Claim 22, 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

to a second temperature greater than the first temperature.

24. A device according to Claim 23, wherein the first temperature is lower
than the temperature range, and the second temperature is at least

within the temperature range.

25. A device according to any of Claims 19 to 24, wherein the heat transfer

fluid comprises a diathermic fluid.

26. A device according to any of Claims 17 to 25, wherein the gas chamber

is formed from stainless steel.

27. A device according to any of Claims 17 to 26, in the form of a

microwave plasma abatement device.

28. A device according to Claim 27, comprising an electrically conducting
member protruding into the gas chamber, the electrically conducting

member being formed from stainless steel.



