PLASMA REACTOR The present invention relates to a plasma reactor. The
apparatus finds particular use in a plasna abatenent system although the

i nvent i orwDoemi4sdoumi t ed to such systens. A prinmary stepcCriGH22be/do3dr8i cati on
of sem conductor devices is the formation of a thin filmon a sem conduct or
substrate by chem cal reaction of vapour precursors. One known techni que
for depositing a thin filmon a substrate is chem cal vapour deposition
(CVWD). In this technique, process gases are supplied to a process chanber
housi ng the substrate and react BIOASMIAREACTORf i | m over the surface of the
substrate. Exanples of gases supplied to the process chanber to forma thin
filminclude, but are not restricted to: Silane and anmonia for the
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f or mat usa it plastha bbatensentdystarhpaltenigh We(iGkEhtdrashomibtiedwaredh for the
formation of an alum niumoxide film Plasm etching processes are

t ypi caPYSteHISso perforned in the process chanber to . etch circuit features.
Et ching gases are typically perfluoroconpound gases such as CF4, C2F6,
CHF3, NF3 and SF6. The inside surface of the process chanber is also
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substrate. Examples of gases supplied to the process chamber to form a thin film

include, but are not restricted to:
e Silane and ammonia for the formation of a silicon nitride film;
e Silane, ammonia and nitrous oxide for the formation of a SiON film;
 TEOS and one of oxygen and ozone for the formation of a silicon oxide film;
and

e Al(CHs)3 and water vapour for the formation of an aluminium oxide film.

Plasma etching processes are typically also performed in the process chamber to .
etch circuit features. Etching gases are typically perfluorocompound gases such
as CFy4, CoFgs, CHF3, NF3 and SFe.

The inside surface of the process chamber is also regularly cleaned to remove the
unwanted deposition material from the chamber. One method of cleaning the
chamber is to supply a perfluorocompound cleaning gas such as NF3 or CoFg to
react with the unwanted deposition material.

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 exhaust from the chambers at any given time may have various

different compositions. During these proceéses, there is typically a residual



di fferent conpositions. During these processes, there is typically a
resi dual anount of the gas supplied to the process chanber contained in the
gas exhauws0 2bomuasivhe process chanber. Gases such as sil aoe/Geeoeh/@BsTeNi a are
hi ghl y dangerous if exhausted to the atnosphere, and perfl uoro-conpounds
are greenhouse gases. In view of this, before the exhaust gas is vented to
t he at nosphere abatenent apparatus is often provided to treat the exhaust
gas. The abatenent apparatus converts the nore hazardous or undesirable

conpongmicsindbf theegaxsisiicdgashé precexsastapsbdivuntgined hetHegad byxhagstoved from
t he exhaust gas, for exanple by conventlonal scrubbi ng, and/or can be
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gas inlet, and passes between the el ectrodes,” so that a nicrowave plasma
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wi t hi ngtiissppleds,ma, species within the gas streamare subjected to inpact

with energetic electrons causing dissociation into reactive species that
can conbine with oxygen or hydrogen to produce relatively stable
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Patent no. GB 2,273,027. In that device, a waveguide conveys microwave

raaiauon Trom a microwave generator into a resonant cavity housing two

electrodes in a closely opposed relationship. A gas to be treated flows into the

cavity 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 resonant cavity. Under the intensive conditions

within the plasma, species within the gas stream are subjected o impact with

energetic electrons causing dissociation into reactive species that can combine

with oxygen or hydrogen to produce relatively stable by-products. For example,

C2Fe can be converted into CO, CO; and HF, which can be removed in a further

treatment step, and SiH4 can be converted into SiO..

A microwave plasma abatement device may therefore be connected to the
exhaust from each process chamber of the tool to treat the gas streams exhaust
from the process tool, each device having its own microwave generator. However,
as the gas streams exhausted from the process chambers typically have a
relatively high flow rate, the microwave power required to both initiate the plasma

and maintain an acceptable destruction and removal efficiency (DRE) tends to be



fromthe process tool, each device having its own m crowave generator.
However, as the gas streans exhausted fromthe process chanbers typically
have a reweatnvmisgooni gh flow rate, the m crowave power requiGBdod33rst h
initiate the plasma and maintain an acceptabl e destruction and renoval
efficiency (DRE) tends to berelatively high, typically between 3 and 6 kW
Therefore, the costs associated with the m crowave pl asma abat enent devi ce
tend to be relatively high. As an alternative to using mcrowave plasna

abat em?élbtid@lyif'@’ﬁ,t%@icdny BEAVEEh 3 aha !B lAVat Ef@Biord eieCdsiPdshistegdyitip treat
each gas stream exhaust fromthe process tool. As'is known, a dc plasma

torch dheatierowavel Rasmarahaiemenbdevee tens 10 be selatiealy Bidhas such as argon
conveyed between the el ectrodes of the torch. The gas stream and a suitable
source of hydrogen and oxygen can be conveyed into the plasma flane to

react g droalembtive ¢b asingahicrowvaka plaByngpslivateaicht enidesadicaltastaa Pl asma
torch abatenent devices are relatively cheap in conparison to n crowave
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reacting with as flowing fromthe s inlet to the s outlet.
l-%wever,t egabatement pgrformance for%? i gﬁuorocarbons

eaning gases such as
and NF3 tends to be relatively low in comparison to that of microwave plasma

abatement devices.

It is an aim of at least the preferred embodiments of the present invention to
provide a plasma reactor that can combine the relatively high destruction efficiency
of a microwave plasma abatement device with the low cost associated with a

plasma torch abatement device.

The present invention provides a plasma reactor comprising a microwave resonant
caVity having a gas inlet and a gas outlet, a waveguide for conveying microwave
radiation to the resonant cavity, and a plasma torch for injecting into the resonant
cavity a plasma stream containing ions for reacting with a gas flowing from the gas
inlet to the gas outlet.

The action of the microwaves on the plasma stream injected into the cavity by the
plasma torch can significantly enhance the reactivity of the plasma stream
produced by the plasma torch, such that the DRE of perfluorocompounds is
comparable to that of a microwave abatement device. We have found that the

microwave power required enhance the reactivity of the plasma stream to this



The action of the mcrowaves on the plasma streaminjected into the cavity
by the plasma torch can significantly enhance the reactivity of the plasm
st r eam prwoduoenh4gp4t he pl asma torch, such that the DRE ®CT/GB2006/003578

per fl uoroconpounds is conparable to that of a mcrowave abatenent device.
W have found that the m crowave power required enhance the reactivity of
the plasnma streamto thislevel can be less than 1 kWfor a gas stream
exhaust from a chanber of a process tool, and the m crowaves can be
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stream a so [ce of said ions for inpinging upon the plasnma streamto form
sai d i 88%3Hk ions may conprise heated OH and/or H+ ions. By forning
heated OH and/or H+ ions froma suitable source thereof, such as water or
an al cohol, for subsequent reaction with the gas flow ng t hrough the
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means for conveying the gas to the plasm streamfor injection into the

resonant cavity with the ions. The plasma stream may be injected into the

r esonag\t re?ﬁNEVcr%%aéﬁa Féé’ngaQ)QnéB@ fluid, such as water vapour or a fuel, for

example hydrogen, hydrocarbon or an alcohol, can be used to generate H* and/or
OH’ ions, and that the reaction can take place at any convenient pressure, for
example, around or below atmospheric pressure. Examples of a suitable alcohol
include methanol, ethanol, propanol, propan-2-ol and butanol. Other examples of

a source of H" ions include hydrogen, a hydrocarbon, ammonia and a paraffin.

In one embodiment, the plasma torch is arranged to inject the ions into the
resonant cavity through the gas inlet. In this embodiment, the plasma torch may
comprise means for receiving the gas, and means for conveying the gas to the

plasma stream for injection into the resonant cavity with the ions.

The plasma stream may be injected into the resonant cavity separately from the
gas, and so in another embodiment the resonant cavity comprises a further inlet
through which' the plasma stream is injected into the resonant cavity. The
resonant cavity may be provided with multiple inlets for receiving respective gases,
for example from respective process chambers, and/or for receiving a plasma

stream from a respective plasma torch.



gas, and so in another enbodi ment the resonant cavity conprises a further

i nlet through which the plasnma streamis injected into the resonant cavity.
The r esonsotoerzoasdosy may be provided with nultiple inletech@Boe@nesirsng
respective gases, for exanple fromrespective process chanbers, and/or for
receiving a plasma streamfrom a respective plasnma torch. The resonant
cavity nmay be a nultinode or a nono-node resonant cavity. If the cavity is
a nono-node cavity, the reactor is provided with nmeans for form ng an

el ect ' BIBE it ShORTIR, UEU Stlib S SDLrICABARRRE (B8idM calllg. RitnEach

pl asma IS pre ocat such t at t pl'asma streamis injected
| nt o tbavityagid moab—raodmcamt)orhharead:tocis prbmdedtvat‘rsrrtepneffo;t foemitgeanric fiel d

ithin th ity i k,..th b th t of th
Feact | GlegyoBRaRle sTarking WBYE IR 76 FscBa0t £ CHGIET BRORBRS Gy Ly, i
whi ch {den i |%’ﬁ§1‘ab}9 |e&a€ﬁaes®h%5f iHe 5Ib§‘n@ dtfedhPUIiRjoctemirte the whlity & t he

cavi ty the | asma"torc can | ocat ed at any convenli ent posSi tion. The
pr esena locationtatovhich $we intendityesf the piecitic §eldorithin dae caghuisgpia sealeam exhaust

af or entiev e mp e e RS AR (ol fr BtaE8a et bt ervont

device conprising a mcrowave resonant cavity having a gas inlet and a gas

outlet, a waveguide for conveying m crowave radiation to the resonant
cavi t yIf t%éa‘d%ﬂsﬁwlﬁ'm Gaviityi iy weichiibe infteasibhel thesleelie fieliisty a pl asma
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referr of 't e present 1nvention wll now be
descrlb@dlerﬁle'ntvmsitiﬁn.exanpl e only, with reference to the acconpanyi ng
drawings, in which: Figure 1 is a cross-section side view of a first
enbodi mrent of a plasma reactor; Figure 2 is a cross-section side view of a

seconadrg ngg)?QééFﬁ'Hvé?ﬁuoﬁ a‘Pé@EF@nde?saéé;S’ératlﬁn@r begiing aldstfedAfoxtiaRyt of a
third e di ment of pl asima reactor.

from a process tool, the apparatus comprising a plasma reactor as

aforementioned. The present invention further provides a plasma abatement

device comprising a microwave resonant cavity having a gas inlet and a gas

outlet, a waveguide for conveying microwave radiation to the resonant cavity, and

a plasma torch for injecting into the resonant cavity a plasma stream containing

ions for.reacting with a gas flowing from the gas inlet to the gas outlet.

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 a cross-section side view of a first embodiment of a plasma reactor;

Figure 2 is a cross-section side view of a second embodiment of a plasma reactor;

and
Figure 3 is a top view of a third embodiment of a plasma reactor.
With reference to Figure 1, a plasma reactor 10 comprises an electrically

conducting resonant cavity 12. In this embodiment, the resonant cavity is a mono-

mode resonant cavity, operating in TEgs mode. One end of the resonant cavity 12



Wth reference to Figure 1, a plasma reactor 10 conprises an electrically
conducting resonant cavity 12. In this enbodi nent, the resonant cavity is a
nononode weoTangIsgavity, operating in TEQO node. One erdTaB20dw08TSoNnant
cavity 12is connected to a wavegui de 14 for conveying m crowave radi ation
froma m crowave generator (not shown) into the resonant cavity 12. The

ot her end of the resonant cavity 12 is connected to a short circuit 16. The
resonant cavity has a gas inlet 18 and a gas outlet 20, which, in this
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refl ect by the end plate 26 to forman el ectromagnetic standing wave
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The resonant cavity 12 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 micro;/vave radiation
conveyed through the resonant cavity 12. Each plate member 28, 30 preferably
has a first sidewall portion 32 extending orthogonally to the direction of
propagation of the microwave radiation through the resonant cavity 12, and a
second sidewall portion 34 which defines in part a gas chamber 36 within the

resonant cavity 12. The gas chamber 36 may have any desired cross-section.

In use, microwave radiation is fed into the resonant cavity 12, and thus into the
gas chamber 36, from a microwave generator by the waveguide 14. The
generator generates microwave radiation with a relatively low power, preferably
less than 2 kW, more preferably less than 1 kW. The end plate 26 of the short
circuit 16 reflects the microwaves to form a standing wave within the resonant
cavity 12, the electromagnetic field within the resonant cavity 12 having a

maximum located between the gas inlet 18 and the gas outlet 20.



circuit 16 reflects the mcrowaves to forma standing wave within the
resonant cavity 12, the electromagnetic field within the resonant cavity 12
havi ng a waxnmumsdsecat ed between the gas inlet 18 and tkreTgaRo@unBzs 20. The
reactor 10 further conprises a dc plasma torch 40 for injecting into the
resonant cavity 12 a plasma stream containing ions or radicals for reacting
with a gas fl owi ng between the gas inlet 18 and the gas outlet 20. The

pl asma torch 40 conprises a tubular cathode, or electron emtter, 42 having
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and the start electrode 52 by supplying a ?h frequency, high voltage
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gas en ering cavi fromthe rst gas in ce a high
monment water eeolantf toamel fommstheeb&ntm‘n eroittes d@ amjtheestgetsaléatmdetﬁ% tip of the
nozzl e 50. The plasma torch 40 further includes a second gas inlet 60 for
receiving a streamof an ion source, for exanple water vapour. The water is

COHVGY?ﬁefﬁlﬁﬁqb%ro‘th)ﬁé‘s gaﬁstlgyseihle@%tf@r aedénﬂﬁg% gtﬁwn%f @R ibmisabled beneat h
the nozzle 50, so that the water is deconposed he plasma streamto form
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located between the electron emitter 42 and the start electrode 52. In use, a pilot

arc is first generated between the electron emitter 42 and the start electrode 52 by
supplying a high frequency, high voltage signal to a hafnium insert 58. The pilot
arc thus formed between the electrode emitter 42 and the start electrode 52
ionises the plasma source gas entering the cavity 57 from the first gas inlet 56 to
produce a high momentum plasma flame or stream of ionised source gas from the

tip of the nozzle 50.

The plasma torch 40 further includes a second gas inlet 60 for receiving a stream
of an ion source, for example water vapour. The water is conveyed from the .
second gas inlet 60 to a plasma region 62 located beneath the nozzle 50, so that
the water is decomposed by the plasma stream to form H* and OH" ions that

become entrained within the plasma stream.

In this embodiment, the plasma torch 40 is arranged to inject the plasma stream
into the resonant cavity 12 through the gas inlet 18 of the resonant cavity 12. The
plasma torch 40 includes a third gas inlet 64 for receiving the gas to be treated
within the reactor 10 by reaction with the ions entrained within the plasma stream.

The third gas inlet 64 is located substantially co-axially with the electrode emitter



In this enbodi ment, the plasma torch 40 is arranged to inject the plasm
streaminto the resonant cavity 12 through the gas inlet 18 of the resonant
cavity 1l2vothe/@basnma torch 40 includes a third gas inl ecT&B:ha@voosesei vi ng
the gas to be treated within the reactor 10 by reaction with the ions
entrained within the plasma stream The third gas inlet 64 is | ocated
substantially co-axially with the electrode emtter42 and start el ectrode
52 to convey the gas into the bore 48 of the electrode emtter 42 through
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emtted fromthe plasma torch 4 ] the plasma.stream.through the gas
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gas to be treated wth”the ions within the plasma streamso that the gas is
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respective argm%[ %ﬁ%é" DEIsE s may be reduced by providing a
pl asnamrg\eﬁa%e?ggﬁ&%gﬁta}i@t I'S V@(‘)E@l gur to )éi mul t aneously treat two or nore
gas streanms. Exanples of such a plasna reactor will now be described. In

t he second enbodinent illustrated ip Fiqure. 2, the plas reactor 10 is
conf i g%ﬁ@de%tofr Q4paype|uss tast%aBﬁge"%?’ﬁé%Yﬁe fodreahaggs alreamom respective
procesg ﬁé@ﬂt?ﬁfrﬁ a proBesdhrhb8RHBa PrEceABABoL FIVa¥RShIE RéOthehe resonant
cavity )fZ t hrough %_ respective gas%i nlet 70a, 70b. ‘As illustrated in figure
2, theswmnydactire ef sermicanducibraeeiiairpane)dispriay deviees.hSugas woeessipatonver ge
at a IOPn'ar\]/t ha7v2e é\%‘l:uartaﬁt(\j/ of process chambers, and in this case a plurality of plasma
reactors 10 may be provided, each for treating gas exhaust from a respective
process chamber. However, costs may be reduced by providing a plasma reactor
10 that is configured to simultaneously treat two or more gas streams. Examples

of such a plasma reactor will now be described.

In the second embodiment illustrated in Figure 2, the plasma reactor 10 is
configured to treat at least two gas streams, for example, from respective process
chambers. Two gas streams are each conveyed into the resonant cavity 12
throug\h a respective gas inlet 70a, 70b. As illustrated in figure 2, these gas inlets
70a, 70b are arranged so that the gas streams converge at a point 72 located
directly below a further inlet 74 through which a plasma stream is injected into the
resonant cavity 12. As in the first embodiment described above, a third gas

stream may be conveyed to the third gas inlet 64 of the plasma torch 40 for
injection into the resonant cavity 12 with the plasma stream. Alternatively, the ion
source may be conveyed to the third gas inlet 64 to form ions that become

entrained within the plasma stream.



directly below a further inlet 74 through which a plasm streamis injected
into the resonant cavity 12. As in the first enbodi nent descri bed above, a
t hird gaswetwezassyay be conveyed to the third gas inl et p64/gH20tdm@3578as ma
torch 40 for injection into the resonant cavity 12 with the plasm stream
Al'ternatively, the ion source may be conveyed to the third gas inlet 64 to
formions that becone entrained within the plasma streamIn the third
embodi nent illustrated in Figure 3, the plasma reactor 10 conprises a
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of the resonant cavity 12. In another enbodi nent, the plasnma reactor 10 of

t he ththeae@n@atﬁrmfewnb@aw%wa@r@uahtafeﬁaﬁ@%g@%mletrﬂn@t§ QVM lar to the
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enbodi w&hlrsthetr’eeomastcuwny daei rE;soﬁ:Qntmmmtyﬂésnayl hakz&a smgke gadomiletr or t he

cavity 12 be ar ed to operate in _an alternative pgng-node or in a
mul 1 oM RIS Bk o IR EADRRA § 1SoPRNBEAITIPUOh U i 11 - mode
mannerFe tah%a%s)kﬁz.a m crowave oven so that the intensity of the m crowave

electric | el d substantially uniformthroughout the resonant cavity 12,
there is

In another embodiment, the plasma reactor 10 of the third embodiment may be
provided with further gas inlets similar to the gas inlets 70a, 70b of the second
embodiment each for conveying gas into one of the plasma streams entering the

resonant cavity 12.

In the above embodiments, the resonant cavity 12 operates in TEg1 mode.
However, the cavity 12 may be arranged to operate in an alternative mono-mode
or in a multi-mode manner. By arranging the cavity 12 to opérate in a multi-mode
manner, rather like a microwave oven so that the intensity of the microwave
electric field is substantially uniform throughout the resonant cavity 12, there is
greater freedom of choice for the location of one or more plasma torches relative

to the resonant cavity 12.



greater freedom of choice for the |ocation of one or nore plasnma torches
relative to the resonant cavity 12. CLAIMS 1. A plasna reactor conprising a
m cr owavewoesemasd4cavi ty having a gas inlet and a gas ®utTlGH20062009&8egui de
for conveying mcrowave radiation to the resonant cavity, and a plasma
torch for injecting into the resonant cavity a plasnma stream contai ni ng
ions for reacting with a gas flowwing fromthe gas inlet to the gas outlet.
2. Areactor according to Claim1, wherein the plasna torch conprises neans

for gepeiaiid9 the plasma streamfroma plasnma source gas, and neans for
conveyrn'g—Mo'the pl asma stream a source of said ions for inpinging upon the

plasma streamto formsaid ions. 3. Areactor according to Caiml or Caim

2 rein the sma torch is arranged.to inject the iogs,into the
resona t cavity Rrﬂ?%ﬁf@ﬂ reRIOLSRMPHEIE @ MICTR cf?%?nao{% HYH&VW@EU ai m 3,

wherein the pl asgﬁzgg’ét%ocﬁ@ﬁé'oiﬂ%t @\ﬂ/ﬁ\?eélﬂﬂerf%ﬁﬂeyﬁr d Rfcréddve and means

for conveying th to thé plasnma streamfor injection into the resonant
cavity with the rashationsto therresmant cayiyrartichg plasnGh toreh foninjedtiagimt®, wher ei n
t he resonant cav a further inlet thr. h ich e sma
streamis inj ectﬁ@yreﬁ% 'fth(@ @o?rlﬁﬁrin si(ﬁem COB{a"RRﬁ%%%(}S%@ﬂ}%W@ to
Caimb5 , whereiggaBglovdsRont theayad MlétQm@lﬁé?%o@tlétura' ity of said further
inlets, the reactor conprising a plurality of said plasna torches each

arranged to inject a plasma streaminto the resonant cavity through a

respechive furthey, d?: cﬁ'tact%or gp@@léﬁfn VR éﬂ—;‘lﬁﬂ{ Iag% Wr&?@gh:ﬂﬂfg% ai m
wherei n" t he resona cavi rises a p ural Oof sal d gas
t hrough whi ch resmntsrfmeg@aﬁraﬁmg taaplasnizestréda frcmsarpiaismaeeuurqe gas,

and means for conveying to the plasma stream a source of said ions

for impinging upon the plasma stream to form said ions.

3. A reactor according to Claim 1 or Claim 2, wherein the plasma torch
is arranged to inject the ions into the resonant cavity through the gas

inlet.

4. A reactor according to Claim 3, wherein the plasma torch comprises
means for receiving the gas, and means for conveying the gas to the

plasma stream for injection into the resonant cavity with the ions.

5. A reactor according to Claim 1 or Claim 2, wherein the resonant
cavity comprises a further inlet through which the plasma stream is

injected into the resonant cavity.

6. A reactor according to Claim 5, wherein the resonant cavity
comprises a plurality of said further inlets, the reactor comprising a
plurality of said plasma torches each arranged to inject a plasma

stream into the resonant cévity through a respective further inlet.
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8. A reactor according to any preceding claim wherein the resonant cavity
I S a nono-node resonant cavity, the reactor conprising neans for formng an
el ect r omagoavemo4sdvandi ng wave within the resonant cavit PYCTEB2000/00380r
according to Claim8, wherein the or each plasma torch is positioned such
that the plasma streamis injected therefrominto the cavity substantially
at a maxi numof the electric field of the el ectromagnetic standi ng wave.

10. A reactor according to any of Clainms 1 to 7, wherein the resonant

cavity-is a multij- [ lQﬁﬁ i - ' 0 any
precedi7hg cl ai mA v(gg&glr ﬁgﬁﬁe ch%ﬂm)ébgesce#;n\geégfng%ﬁmggeé B’fé;ﬂ;és%bp ﬁgfn 2 kw 12.
A reactor accor deadtytepmpiises @ phutalitly of Isaichgasvndetsithraugh wihichowaves have a
power of less than 1 kW 13. Apparatus, for treating a gas stream exhaust
froma process t%P?C?%gﬁﬁﬁgﬁéﬁlfse@ﬁﬁﬁﬁ Igspgant ‘fﬂ"g@(rra reactor according to
any preceding claim 14. A plasnma abatenent device conprising a mcrowave
resonant cavity having a gas inlet and a gas outlet, a wavegui de for
conveyBng ni cr owAveactadiaatonting to ae prexedingnelatavwhgreintie eespnasia t or ch

for injecting into.the resonant .cavit | as str aining ions for
reacting with a GA4VHF AMRROHNGHS {FeP Cgﬁfyeﬁﬁ? SG?CﬁgP%é@Bbg]bBet .
means for forming an electromagnetic standing wave within the

resonant cavity.

9. A reactor according to Claim 8, wherein the or each plasma torch is
positioned such that the plasma stream is injected therefrom into the
cavity substantially at a maximum of the electric field of the

electromagnetic standing wave.

10. A reactor according to any of Claims 1 to 7, wherein the resonant

cavity is a multi-mode resonant cavity.

11. A reactor according to any preceding claim, wherein the microwaves

have a power of less than 2 kW.

12. A reactor according to any preceding claim, wherein the microwaves

have a power of less than 1 kW.

13. Apparatus for treating a gas stream exhaust from a process tool, the
apparatus comprising a plasma reactor according to any preceding

claim.

14. A plasma abatement device comprising a microwave resonant cavity
having a gas inlet and a gas outlet, a waveguide for conveying
microwave radiation to the resonant cavity, and a plasma torch for
injecting into the resonant cavity a plasma stream containing ions for

reacting with a gas flowing from the gas inlet to the gas outlet.
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