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A process tool typically has a plurality of process chambers, each of which may be
at respective different stage in a deposition, etching or cleaning process, and so
the gas being exhausted from the chambers at any given time may have various
different pressures, compositions and/or mass flow rates. During these
processes, there is typically a residual amount of the gas supplied to the process
chamber contained in the gas exhausted from the process chamber. The
perfluorinated compounds CF4, CoFs, NF3 and SFs are known to be greenhouse
gases, and so it is desirable to remove these gases from the gas exhausted from

the process chambers prior to the venting of the gas into the atmosphere.

Perfluorinated compounds can be removed from a gas stream with high efficiency

using a microwave plasma abatement device. An example of such a device is



Perfl uori nated conpounds can be renoved froma gas
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wabaveass: device. An exanple of such a devi cePCT/GB2006/003551
i sdescribed in UK Patent no. GB 2,273,027. In that
devi ce, a wavegui de conveys m crowave radiation froma
m crowave generator into a gas chanber housing two
el ectrodes in a closely opposed rel ationship. A gas to
desdsibedrin dite Patérdwm. IGR 8,2713094As Ircthatbevice ha sayegaidgasonveys
. inlet @ng Ié)g_sses bet ween t he egecttrodes. The i t
micrayvaye radiauon JpjLa raicroyiays YeraRipl o 4 8ag chemiet hevging two
elecRbdédIm AcRIsRWRYSHIRM reldthshRpS SA BEs tebeutthibd Aokkanahe

so that a m crowave plasma can be initjiated and
gas ehambenthiough s inleé arbpassas: helwesnithe eladiewdgas The

elecioBél RéyRIib B @y St PeRe e 8iktic 08 s tnd Pyl B8%Ten
passhitptipengh thletarhber s tieatsi microwadé plawmsa vah berinitiaged and

pl asma, species within the gas stream are subjected to
sustaipgd betypen theygelactodps fiom e gas Hpwipadetwsendbeon

. ti . ‘ . -
coch % OREL SHEHEs 1A LA O BIAHAL A o
the getsadileenibgr: pundierdhe intéhsiveesinditonsavitan dhe plaswed, species within

e Sl SRR G BT 0L 5 o

dissHISRIPRtb Ryadilg spagiesthaedar Lot with %btg%eﬁ BEhg&Dgen
chanber. For any given m crowave gower, e extent 'to

addeghliodhetgas stieandiapedioraelatyelyisiabledwy-miaduicts.t he
chanber is dependent upon a nunber of factors,
i ncluding: chanber pressure; the mass flow rate of

The tBstr@ga®nsdriccimdvil efidieridieoitd alilrenavetplasraampaserhsnidevice
of the gas stream  wear or damage to the el ectrodes

is d%ﬁ“@?%@ﬂp%ﬂﬂ?@f@ﬁﬂgt fmichawayrRpwer thatds aﬁ?@" bgdiw the gas
stredf B pAE Bl o S aIRRRr FOL ) Ben TR Bl the
exterttiatvenie thelmicrowave paowerrig ebsteaedegidindhé chagder is dependent

uportA P REHATS BRUMIRGhe pover of the. morovave
oracq{a%ﬂ)é}'br%s&efi xed, relatively high level, for

o the mass flow rate of the gas stream through the chamber;

e the composition of the gas stream; |

e wear or damage to the electrodes or other components of the chamber; and

e any debris generated within the chamber from the erosion of the electrodes.

Therefore, when a single microwave plasma abatement device is arranged to
receive the gas exhausted from a plurality of process chambers, it is usual practice
to set the power of the microwave radiation at a fixed, relatively high level, for
example 6 or 12 kW, in order to ensure that the efficiency of the device remains
high at maximum values for the mass flow rate of, and the concentration of

perfluorinated compounds within, the gas stream entering the device.
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In arfiosti dspeich dhé Ipeedemirereationerovides enigaswankeapthema abatement
apparatus comprising a microwave generator, a gas chamber for receiving
microwave energy from the microwave generator and within which a plasma is
generated using the microwave energy, means for monitoring the amount of
microwave energy that is not absorbed within the gas chamber, and means for
adjusting the power of the microwave energy generated by the microwave
generator in dependence on an output from the monitoring means.

The amount of microwave energy that is not absorbed within the gas chamber
may be monitored, for example by monitoring the temperature of the gas chamber
or, more preferably, by monitoring the power of microwave energy reflected from
the gas chamber. When the amount of microwave energy that is not absorbed
within the gas chamber is relatively high, the power of the microwave energy
generated by the microwave generator can be reduced to inhibit overheating of the

chamber and to reduce operating costs. When the amount of microwave energy
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within the gas chanber is relatively high, the power
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change in the mass flow rate of the gas stream may be received from a pump that
receives a purge gas for pumping with the gas stream, a control system for
controlling the amount of purge gas that is added to the gas stream, or from a flow
meter for measuring the mass flow rate of the gas stream entering the gas
chamber. Data relating to a change in the composition of the gas stream may be
received from a controller of a process tool. Alternatively, the data may be
supplied by a host computer that receives the data from the process tool, or from a
gas sensor located upstream from the gas chamber. In the event that the gas
stream is exhaust from a process chamber, the data may alternatively be
indicative of the composition of the gas supplied to the process chamber, as from
this data the composition of the exhaust gas may be predicted. For example, data

indicative of the variation of the gas composition may be obtained by monitoring
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microwave generator, a waveguide for conveying microwave energy from the

microwave generator to a gas chamber for receiving said gas and within which a
plasma is generated using the microwave energy, a detector for detecting the
amount of microwave energy that is not absorbed within the gas chamber during
treatment of said gas within the gas chamber, and a controller for adjusting the
power of the microwave energy generated by the microwave generator in

dependence on an output from the detector.

In a third aspect the present invention provides a method of operating a
microwave plasma abatement apparatus comprising a microwave generator and a
gas chamber for receiving microwave energy from the microwave generator and

within which a plasma is generated using the microwave energy, the method
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Figufd ¥iiRYBsR SN dBatically an apparatus for treating gas exhaust from a
plurality of process chambers; and

Figure 2 illustrates schematically an embodiment of a microwave plasma

abatement apparatus suitable for use in the apparatus of Figure 1.

With reference first to Figure 1, a process tool comprises a plurality of process
chambers 10 each for processing, for example, semiconductor devices, flat panel
display devices or solar panel devices. Each process chamber 10 receives
various process gases for use in performing the processing within the chamber 10.
For example, boron trichloride and chlorine may be provided for performing a
metal etch process, ammonia and dichlorosilane may be provided for performing
an LPCVD process, and sources of hydrogen bromide and chlorine may be

provided for etching polycrystalline silicon. The process tool controls the supply of



abat enent apparatus suitable for use in the apparatus
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10 each for processing, for exanple, sem conductor
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nitrogen or argon purge gas is supplied from a source 16 thereof to one or more
purge ports 18 of each pump 14 for pumping with the gas exhausted from the
chamber 10. The purge gas may alternatively, or additionally, be added to the
exhaust gas at the exhaust of the pump 14, with the purge gas back streaming into

the pump 14, and/or supplied to the seals of the pumps 14.

In addition to the process gases, cleaning gases are periodically supplied to the
chambers 10 from a suitable source thereof. These cleaning gases are typically
fluorine-containing gases, such as F», or a perfluorinated compound, such as CF4
NF3 or SFs. Perfluorinated compounds may also be conveyed to the chambers 10

. for other reasons, for example for the plasma etching of openings such as
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on space constraints, the waveguide 34 may include one or more curved sections
(not shown). As illustrated in Figure 2, the waveguide 34 includes a waveguide

isolator 40 for removing microwaves that travel within waveguide 34 back towards
the microwave generator 30. As is known, the isolator 40 uses magnetic fields to
redirect these microwaves towards a dummy load that is configured to absorb the

redirected microwaves.

The short circuit 38 provides an extension of the waveguide 34 on the opposite
side of the gas chamber 36. The short circuit 38 comprises a chamber defined in
part by an end plate that is located such that the incident microwave radiation is

reflected by the end plate to form an electromagnetic standing wave within the gas



32 supplies power to the m crowave generator 30 for

the generation of m crowave energy, which is supplied
wdygooriosissnave generator 30 to the wavegui de 34PCTB8B2006/003551

wavegui de 34 conveys the mcrowave energy to the gas

chanber 36. Dependi ng on space constraints, the

wavegui de 34 may include one or nore curved sections

(not shown). As illustrated in Figure 2, -the wavegui de
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gas anber therefore provides a m crowave
wavagrsde 34t b@@ﬂMem csmmnberdiﬁ andl th@&ou‘aﬂigr 40so
conprise a tuner for tuning the short circuit 38. This
tuner nay be provided by a stub screw threaded into
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conveyed separately to the gas chamber 36.

The gas chamber 36 may include one or more electrodes for intensifying the -
electric field created in the gas chamber 36 by the microwave radiation.
Depending on the power of the microwave energy conveyed to the gas chamber
36, the intensity of electric field created within the gas chamber 36 may be
insufficient to ignite a plasma within the gas chamber 36 from the gas passing
through the gas chamber 36. Therefore, the gas chamber 36 may include an
ignition device that is used to strike the plasma during initiation. Under the
intensive conditions within the plasma, species within the gas flowing through the

gas chamber 36 are subjected to impact with energetic electrons causing



gas chanber 36. In this case, the gas outlet port 44
is formed in the base of the gas chanber, preferably
W@ e0a0b@Bs Wi t h t he gas chanber 36. In the evenPCT/Ga2006/003551
the gas streans exhausted fromtwo or nore of the
process chanbers 10 are chem cally inconpatible, the
gas chanber 36 may be provided with one or nore
additional inlet ports each for receiving a gas stream
disseltiatien Info feavtivelspepiewi Tipseysaetivospeciee spoconvene with Hz or
process chanber

Hzo@éw@gg@(y %gag,sglegm,e?lger: e ncgr%' bltglggt $%sgrjémbber 36
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Intensifyin tric field created in the gas
chanber 36 by the m crowave radi ati on. Dependi ng on

t he po :
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Ignite a plasma within the %as chanber 36 from't he gas
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asna ur| ng initration
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conteal syEiere s pioV Yo gas @@trP@e Rics: G/ Teceive data from
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reactive species ca H2O added
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used to evacuate that process chanber, and to

pumpsdleﬂcm thie example by vapinghegiow satgnfitae PUEIq gasHignanding on
the %S%Féfa%é-o save costs. As illustrated in Figure 1, a

stemis provided for adjusting the anDunt of
purge gas supplied to the backing punps 14. In the

Whesythg SHpPHCOLS 98T 8191 OGOl TP apy 14 B Fak /o8, the
total V{hﬁ&%}flg\ﬁ nrﬂgt;eo({i?a% %‘Pgl#%t?fh@%@soéﬁarﬁﬁgf/’? %'ésgn%giégag MHhe amount
of motmmwavda PONES fﬂmtse absortredswithindhe ghe champer gésis dependent
upor%: Qm{err%lllla {he mass flow rate of gas through the gas chamber 36, and so
when the mass flow rate decreases, the amount of microwave power that is
absorbed within the gas chamber 36 also decreases. Any microwave power that
is not absorbed within the gas chamber 36 is not only wasteful, but can lead to
ov‘erheating of the gas chamber 36 and the reflection of microwave radiation back
towards the microwave generator 30, which, in the absence of an isolator, can
damage the abatement apparatus 20.

In view of this, the abatement apparatus includes a means for monitoring the
amount of microwave energy that is not absorbed within the gas chamber 36. In
this embodiment, the apparatus includes a detector 60 for detecting the power of

microwave energy reflected from the gas chamber 36 back towards the microwave
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out puts appropriate control signals to valves 52 or

ot her variable flow control devices to adjust the
w@prmanso3ss purge gas supplied to one or nore oOPCT/GB2006/003551

backi ng punps 14, in this exanple by varying the flow

rate of the purge gas, depending on the received data.

When the supply of purge gas to one or nore of the

punps 12, 14 is reduced, the total nmass flow rate of
gengatort 30.0Aghllustraterhin Eigand 2 thitdetestor 6€dnayg e Idbated in the

wavgaarsaaiar 406 1% elRltan oyl a SKIeH Meisaiverafdnsdsiected
pow&L% ldhofdr G@STﬁﬁrs‘?w éﬁ@f b@%tﬁuﬁ%ﬁ#ﬁhuéﬁﬁlyf"g%léd?cally, or in

en the mass flow ra eases
response doaveorpmaad issid by thehsanthdier 82t Hinnepkeadgase on the

recsfiit S50k BuOTHESI 2Rt % kot S ta TR Migiapipve ©
genm@mto adjust BepdveabittRe QetehRal nfiBrdfavd end@§. For

nmber 36 "‘and the reflection of mcrowave radiation
examalﬁk in Bwaewntihat thees bagbecy andnaressedn thewsflaeted powas the

contfRE Rt BresgBy SNLE spBfhr B BAR o BARRE Blronre

generlaccbrtstlea) dedreass tli@powenof e gehdrbdanifiowaeés until the signal
ronave energéy that is not absorbed within the gas

recemﬁﬁﬁ@?" the detectohtQ indigrigs daafithe raliecipd poxen ds ?h@'f belew a
predRtARliRcy ¥ |u@9 Iﬁgﬁlfsqﬁéﬁﬁ%r' 'PIQeHQ chQ fa r%%r%ﬁ%ﬂ cﬁerace/ of the

energy reflecte romthé gas
abatehaanhappavﬂue@@mambo mamtammi atl dn&ﬁiavataadredetﬂngneé el
h.tgﬁ det ect rh60 'y (:f i.n t.he vva(yegui de
whilgtdBe oyyer 4 therangiates f%?roé‘@VSEt'%U}'%'”Hs% gnal
i ndi cative of the detected power to a controller 62.
- This signal may be output continuously, periodically,
Itis glearly desipbiadhat ieLdastivetinn andyeawvey etfisensymf the pbatement

appﬁéﬂ{sl %YI) F@rﬁggl%eaﬁ%? F?S)?)élggﬁ% g?é:oeét%éﬁﬂﬁn%ﬁgg\?%l suﬁ)ﬁgantlally at all

times] Thevefoee, ggaT theomass flow rat ufsmet@as fowviey thfoughethe gas
Chargenerat ed m crovvave ener%sa For exanple, in the event

ek 36 sEbeequantlydacregses inwhen ﬁn?Iﬂ? e Qfdheprocess
charﬁBéWsWO EF@reQGI'F\'éﬁ%lL%re ﬁ%s Fﬁ?&ﬁérﬁ%éﬂt fhe rF the enerated

propriate-control e m crowave gene
mlchWat/es desuflicisat tdmapdamrthefreqmleecgdestrmtm anct rama\\(/aés
efﬂaentcy Irt1 Oleevic’ Io@tﬂ?sl the controller 62 may be configured to periodically
determine-an optimal power for the microwaves generated by the microwave
generator 30. This may be achieved using a relatively simple control procedure, in
which the controller 62 controls the microwave generator 30 to first increase the
power of the microwave energy, and then to decrease the power back towards the
current level. The controller 62 monitors the output from the detector 60 as the
microwave power is varied. From this output, the controller 62 can determine a
value for the microwave power at which the reflected power from the gas chamber
36 starts to increase rapidly, indicating that above this value there is a marked
increase in the amount of microwave energy that is not absorbed within the gas
chamber 36. The controller 62 may then instruct the microwave generator 30 to

generate microwaves of this power.
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received fromthe detector 60 indicates that the
reflected power is at or bel ow a predeterm ned val ue.
wo poozlosmsssranner, the destruction and renoval ebPET/GBe0V6W03551

of the abatenent apparatus 20 can be nai ntained at or
above a predeterm ned | evel whilst the power of the
generated mcrowaves is mnimsed. It is clearly
desirable that the destruction and renoval efficiency

of the abat enent apparatus 20 remains at or above the
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m crowave power is varied. Fromthis out put,
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above this value there is a marked increase in the
anount of m crowave energy that is not absorbed wthin
the gas chanber 36. The controller 62 may then

i nstruct the m crowave generator 30 to generate

m crowaves of this power.This control procedure may be
initiated periodically, and/or in response to signals
received by the controller 62 fromthe purge gas
controller 50 indicating that there has been a change
in the anount of purge gas added to the gases exhaust
fromthe process chanbers 10. Alternatively, or
additionally, this control procedure may be initiated
in response to a signal received froma pressure
sensor for nonitoring

12



the pressure within the gas chanber 36, and/or in

response to signals received froma controller of the
w@r@cmsmss: ool indicative of a change in the coPQDEBR006/003551

of the gases being supplied to the process chanbers

10. Alternatively, the controller 62 may be isol ated

fromthe controller of the process tool, in which case

data indicative of a variation of the conposition of
CLAINMS gases supplied to the process chanbers nmay be

obtained by nonitoring the state of the val ves and

ot her flow control devices used to control the supply

1. Of the ﬁarﬁgﬁkoQvé ggas%é’%ét%n%?ﬂ'% u?at%'%h%réin a microwave

m crowave plasfa abat enent appar s conprising a

m cr onagengeiber, atgas clargber foh aeduiving onicrayeaievémeygy from the
m crowave energy fromthe m.crowav enerator and .
wi thi n PO Sensrator ang dWIIR WRE € FiksTIm & aeesated, using
energy, ¢ {\aUe R &2 hékhd fof nidMtoMngGhe EnsE @R €

ener gy tﬁﬁbﬁg no(te abs%}?t_)ed w thin the 8as chanber,

~and neandcrowmavadinesgy Hpattiheopabhearbed within Hegasahamber, and

energy generated by.the mcr '

depende n§ O'éﬁdjb‘%{'é%sh? P@?ﬁgmﬁ‘ﬁ%ﬁ%‘@%ﬁ% ehégqysgenerated by
Appar at tHe RGewalve geherstbpinnadpentrpiceion ameutputififony theg
means conprises neans for detecting the power of

m cr ona@néeERgyMe@ls.ect ed from the aas chanber.
Appar atus according to Caim2, wherein the detecting
means i s disposed within a wavegui de for conveying

2. m cr ovanepasgtuaticoordingto Claémni, evlemainethgemenitarong means

t he gas chanber. at,u ccording to.Cl.aim?2
Qi 3coMABRER M4 Tabeeaonng the aRder of Rdioiidg Sneray
Wi thin adhdcsd BHRT tHeQsa! &thrliséeen the gas chanber and

the m crowave generator. Apparatus according to any
preceding claim wherein the adjusting nmeans is

3. confi guk%gaPa ud %rcizggfir?gaw éla"f}%jfﬁhetrgﬁ tﬂgvéferte&fngt Pﬁ:\ans is
disposed within a waveguide for conveying microwave radiation from

the microwave generator to the gas chamber.

4. Apparatus according to Claim 2 or Claim 3, wherein the detecting
means is disposed within an isolator located between the gas

chamber and the microwave generator.

5. Apparatus according to any preceding claim, wherein the adjusting
means is configured to periodically adjust the power of the

microwave energy generated by the microwave generator.

6. Apparatus according to any preceding claim, wherein the gas
chamber has a gas inlet for receiving a gas stream and a gas outlet,
and wherein the adjusting means is configured to adjust the power of
the microwave energy generated by the microwave generator in

response to a change in the gas stream entering the gas chamber.

13



m crowave energy generated by the m crowave generator.
Appar atus according to any preceding claim wherein

wo b@7gamssshanber has a gas inlet for receivi ngpar/ga3006/003551

10.

11.

stream and a gas outlet, and wherein the adjusting
nmeans is configured to adjust the power of the

m crowave energy generated by the m crowave generator
in response to a change in the gas streamentering the
gas chanber.7. Apparatus according to Claim®6, wherein

the adj ysting neans s confi e [ USt .

of the Apergtiatacanelriy Coany ¥ Bhetgnife Fhusifafess s
gener at @nfiguré& P aaRet tHe Fowdesheimictdwavesreligynerated by
rate of the gas streamentering the gas chanber. 8

Appar at i€ miscowayve generaprinrespenseios ghangeseihe massdow
adj usti Sl [ ' power of

the m cﬂr%gevégg%e%éesj aﬁggrfgn%r{éﬁ@%ngya% gﬁ%nmtglrég'wave
generator in response to a change in the conposition

f th t teri th h . 9. e
o= R et aregie lrdabh B35 REn H aere ltop acibsting
the adj yabiho¢% rb§ t&aafusgﬁgo\{vgr ¥Eih% rhifoRaVEEnsfgy

the m crowave energy generate € m crowave _
gener at generated by thesamiictovayve genasatonindrgspapse iga change in

varied,  and determ ne,an opt.i nal wer for the
o owaE g at 5 S ST kRLea Shamer.
dependence on the nonitored output. 10. Apparatus

according to any preceding claim_ wherein the, o
adj ust i Apparatusaseordingr tonvearrecediagjaaim. (wherpbvibe asfusting

the mc i CL:

gener at DRSS E Lt e Fp BoRBE gy Gl BN e eneray

t hat i sgadrateesioy tredmidrbWwane igeaegstsr, shamitmrsaidolifpiut as said
mai ntai ning a gas destruction efficiency of .th ) '
appar at RRV@ isyjarigdoaBd SefRratae ep AR Ipé’\‘/‘@r.fo'lt_%.e Tpicrowaves
M Cr Oveyeh thBy HRAMRIBREVERRABAESIN @spdrdRictih RS

monitored output.

Apparatus according to any preceding claim, wherein the adjusting
means is configured to adjust the power of the microwave energy
generated by the microwave generator to minimise the amount of
microwave energy that is not absorbed within the gas chamber. whilst
maintaining a gas destruction efficiency of the apparatus at or above

a predetermined level.

A microwave plasma abatement apparatus for treating gas
exhausted from a plurality of process chambers, the apparatus
comprising a microwave generator, a waveguide for conveying
microwave energy from the microwave generator to a gas chamber
for receiving said gas and within which a plasma is generated using
the microwave energy, a detector for detecting the amount of

microwave energy that is not absorbed within the gas chamber
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exhausted froma plurality of process chanbers, the
apparatus conprising a mcrowave generator, a

worwegwizde for conveying mcrowave energy fronr¢heB2006/003551
m crowave generator to a gas chanber for receiving
said gas and within which a plasma is generated using
the m crowave energy, a detector for detecting the
anount of m crowave energy that is not absorbed within
t he gas duningtteradoient of saieeyfamnhiﬁfthé ol coambErt Bha atdditroller
gas chanber, and a controller for adjusting the power
of the APLAGWAIRD HisPQieRitbednisowgve areigyganaigted by the

gener at Qt;: . . fro
S or ot il JuaFPaERES i HeBBn ok bn ErOMbEiromy e efoctr.
the controller is configured to adjust the power of

the m crowave, ener gy,.generated t he, m crowave )
12. gener at &p%ati":'?rﬂcﬁgéjéﬁ%m Q?ad%hmwf&?rem thegsieollen is ggnfigured
h . _ e .
that isthaljiRPaR PSfeMbt ﬂﬁb%@?ﬁeﬁgwnéﬁﬁgﬂy the

mai ntai ni ng° a gas destructio I en
appar at micewaye gensratan tpndidisniee saitkamioantbf miowave energy

t di ng. t di | ai m. wherein.
the gas TaAREe! ShaitpeR i e GRS dhbeE ulishoboting a gas
14. A mefebBdctidn emieichky o tife BhsarRay 8t & ASER A pRéGtBIhined
apparatus conprising a m crowave generator and a gas

chamber 19¥8!. r ecei vi ng m crowave energy fromthe
m crowave generator and within which a plasma is
generated using the m crowave energy, the nethod

13. conpr i siAppatdtas sceplirg tovany padedihd tlainywhsieiwthe gas

m crovvavg energ that is pot absorbed within the gas
charber chamges %E‘J@f ISEY At RCTYUAS rRSONERE CAYIBL owave
energy generated by the m crowave generator in
dependence on the anpunt of unabsorbed m crowave
14. ener gy. AIrpethadaftopstating emdicrayvave @haima didgtenteat @pparatus

e o bifislod i 6has A UG ap r6ad REMbER it FSceiving

microwave energy from the microwave generator and within which a
plasma is generated using the microwave energy, the method
comprising the steps of monitoring the amount of microwave energy
that is not absorbed within the gas chamber, and adjusting the power
of the microwave energy generated by the microwave generator in

dependence on the amount of unabsorbed microwave energy.

15. A method according to Claim' 14, wherein t‘he power of microwave
energy reflected from the gas chamber is monitored, and the power
of the microwave energy generated by the microwave generator is
adjusted in dependence on the reflected power.

16. A method according to Claim 14 or Claim 15, wherein the power of

the microwave energy generated by the microwave generator is
periodically adjusted.
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of the m crowave energy generated by the m crowave
generator is adjusted in dependence on the refl ected

wW@owen60386. A nmet hod according to Claiml14 or EBGBRMS/003551

17.

18.

19.

20.

21.

wherein the power of the m crowave energy generated by
the m crowave generator is periodically adjusted.17. A
nmet hod according to any of Clains 14 to 16, wherein
the gas chanber has a gas inlet for receiving a gas
st r eamfamethog ascengingsto, anyhef Glaime 1ditot Hie whareinihedgas

ad; ust SHenbe 1 mdad iothol kYo A PR Shdm L s outet
ent er i nige powvey a$ tiemidrevavé Bnefgygeneditads b tite Rclowave
Claim17, wherein the power of the mcrowave energy

n the . : g
gener atISAeERIor Reing adivsiad dn grsrarwedp a ehapgeaisttag gas stream

respon Héhﬁ? ' e mass flow rate of the gas
stream%z'ﬁ r‘gqrq’j‘tng eaz;%@b%'hhanber. 19. A nethod

according to Caim17 or Claim18, wherein the power
of the m crowave ener enerated by the n crowave

gener aﬁo?‘qﬂ%(\’l@af?@' E@%r&?& ﬂ%m@e(%nénﬁ IPMEGE OF 1] he
coMposinticRiwdfe érﬁ@rﬁggﬁnﬁfﬁtéa Xgﬂb%kwé@%i@g?r%or Is atd{)usted

chamber. 20. A net accor di to any of
19, whér edsponise tpavwerangk intike massolew eateradithy gas stream

gener at e.m crowave generator is varied, the
anount eg'?erﬂfgc{h%v% e&iaﬁr\é\g%ry that is not absorbed wthin
the gas chanber is nonitored as said power is varied,

and an optimal power for_ the m crowaves generated by
the m érioived gespreingde Glainydy «rnfrlaia 18 Wheprin dae dewen of

t he un . ] v, .
ot hod e A g Etral beb A BY e ARt Alave dandiator s
t he powadjustéd irheespbnse s ehange Gy tlgecampbsitioh\of tiegas

m crowaye generator, i s
sfrear entering the gas chamber,

A method according to any of Claims 14 to 19, wheréin the power of
the microwave energy generated by the microwave generator is
varied, the amount of microwave energy that is not absorbed within
the gas chamber is monitored as said power is varied, and an
optimal power for the microwaves generated by the microwave
generator is determined in dependence on the unabsorbed amount
of microwave en‘ergy. |

A method according fo any of Claims 14 to 20, wherein the power of
the microwave energy generated by the microwave generator is
adjusted to minimise the amount of microwave energy that is not
absorbed within the gas chamber whilst maintaining a gas

destruction efficiency of the apparatus at or above a predetermined
level.
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adjusted to mnimse the anmount of m crowave energy
that is not absorbed within the gas chanber whil st

worReoTioan3ss ng a gas destruction efficiency of tPer/GB2006/003551

22,

23.

24.

25.

26.

27.

apparatus at or above a predeterm ned |evel.22. A

method of treating a gas stream conprising conveying
the gas streamto a gas chanber, supplying m crowave
energy to the gas chanber to generate a plasma within

t he gasAahethoer of tetiegta ggs streaamooniprisingcom@yingthe gas
energy that is not a&g&%bed vvi}hi n the gas chan‘o?r

and adj §£eaMdOrehgas ENRMDEF, SRRIVRS FUHQVEVERIEIJY to the gas
supplie 5’?% j ﬂ-@&@@@ i
anmount g?érﬁﬁgﬂgoogﬁéﬁ%m@c om?a@@“glﬁﬁe}f ay. ZBCI%AMEEE r%aéectlng the
accor di agouat 6f aiicrog2yewnergy that ieenplodksorbéd mithintevgas
energy reflected framthe, gas cha r 1S _nmonitored .
and CheCimBerand st iR G tfpia e Shg oy mupplied
chamber tJ gheaghdshi@fbbiinl defRPRBACE oA tAB drhsunitalfleebsdrbed
power. 24. A method according to Claim22 or Caim?23,

wher ei nmi¢rewsy@Enesgy-t he ni crowave energy supplied to
the chanber is periodically adjusted. 25. A nethod
according to any of Clains 22 to 24, wherein the gas

chamber Ahasthadggsordihgtto TainT 22 eviérein tHepgasr of méstowave
and a gas outlet, the power of the m crowave ener

suppl i eanergyiralectiad it thoag Cﬁta isgmoRitpead, @ng}/‘? drower

a chan i Bl T
26 A el s JnSFoRaTs ShERRSIHEN Bt Mha@Ber f Ahgtg in
of the depsmience anthegiefleaiedl paydert o t he gas chanber is

adjusted in response to a change in the nass flow rate
of the gas streamentering the gas chanber.

A method according to Claim 22 or Claim 23, wherein the power of
the microwave energy supplied to the chamber is periodically
adjusted.

A method according to any of Claims 22 to 24, wherein the gas
chamber has a gas inlet for receiving the gas stream and a gas
outlet, the power of the microwave energy supplied to the chamber
being adjusted in response to a change in the gas stream entering

the gas chamber.

A method according to Claim 25, wherein the power of the
microwave energy supplied to the gas chamber is adjusted in
response to a change in the mass flow rate of the gas stream

entering the gas chamber.

A method according to Claim 25 or Claim 26, wherein the power of
the microwave energy supplied to the gas chamber is adjusted in
response to a change in the composition of the gas stream entering

the gas chamber.
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27. A nethod according to daim?25 or Caim 26,
wherein the power of the m crowave energy supplied to

wo b@7gamssshanber is adjusted in response to a BOBGBR006N03551
the conposition of the gas streamentering the gas
chanber.8. A nmethod according to any of Clains 22 to
27, wherein the power of the m crowave energy supplied
to the gas chanber is varied, the anount of m crowave
energy that is not absorbed within the gas chanber.is
nmoni tored as said power is varied, and an opti nal

28.powver  f gk MEHROGTACCAANGLS AP Glaims @2ttaTs N\d]ﬁﬁélﬂ the power of
det erm 3@9 @n@ %ga%rbdr%?& sAPpAdift MR HinBEPEVari8h, the

m cr owa
amount of microwave energy that is not absorbed within the gas

chamber is monitored as said power is varied, and an optimal power
for the microwaves supplied to the chamber is determined in

dependence on the unabsorbed amount of microwave energy.
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