M CROMVE PLASVA REACTOR The present invention relates to a m crowave
pl asma reactor. The apparatus finds particular use in a plasm

abat enent system although the inventionis not limted to such
systens. CF4, C2F6, NF3 and SF6 are comonly used in the

sem conductor manufacturing industry, for exanple, in dielectric

| ayer etching and chanber cleaning. Follow ng the manufacturing or

cl eaning process there is typically a residual PFC content in the
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to be destroyed is caused to flowinto a high density plasnma and

under t hdOBHERA¥$G®Sconditions within the plasma the PFCs are

subj ected to inpact with energetic el ectrons causing di ssociation
into reactive species which can conbine with oxygen or hydrogen to
produce r@tatehalNFsarabBEs arreommnbeb'wseld imﬁiegisﬂmmnqim(ddun’lasufafchmng
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havi ng an axi al hole through which an excited gaseous diumis
exhaust fUngasiraide braatse they gre Iﬁ&twwa to bave eafati igh @f@ﬁ@%«se@@tmm on
I's conveyed into the chanber froma m crowave generator by a

wavegui de. In order to reduce the anount of m crowave radi ation

r ef | ect e®ldsok abatemart dasipeoeabiedegam effedtive rhgthbtdor degiadation of PFCs

to less damaging species. In the plasma abatement process, an effluent gas
containing the species to be destroyed is caused to flow into a high density plasma
and under the intensive conditions within the plasma the PFCs are subjected to
impact with energetic electrons causing dissociation info reactive species which
can combine with oxygen or hydrogen to produce relatively stable, low molecular
weight by-products, for example, CO, CO; and HF, which can then be removed in
a further treatment step.

in one form of previously known plasma abatement, the plasma is a microwave
plasma. An example of a microwave plasma reactor is described in UK Patent no.
GB 2,273,027. In that device, a microwave plasma is generated between two
electrodes located in a chamber in closely opposed relationship, with one of the
electrodes having an axial hole through which an excited gaseous medium is

exhaust from the chamber.

In such a reactor, the microwave radiation is conveyed into the chamber from a
microwave generator by a waveguide. In order to reduce the amount of

microwave radiation reflected back into the microwave generator by the



wavegui de, the waveguide is provided with one or nore tuning screws
extendi ng substantially orthogonally thereinto. By adjusting the
anmount by which each of the screws extends into the wavegui de, the
amount of mcrowave radiation reflected back into the m crowave
generator by the wavegui de can be ninigised. However, the presence
of the tuning screws serves to reduce the energy absorption into the
pl asma The present invention provides a m crowave plasma reactor
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The presence of the tapered portion of the waveguide serves to tune the
waveguide to inhibit the reflection of microwave radiation within the waveguide
without reducing the energy absorption into the plasma generated withiln the
resonant' cavity.

The tapered portion of the waveguide is preferably located adjacent the chamber,
and preferably has a length in the direction of propagation of microwave radiation
therethrough equal to approximately one half of the wavelength of the microwave
radiation.

The tapered portion of the waveguide preferably has a first, preferably
substantially rectangular end surface for receiving the microwave radiation and
having a first height substantially parallel to the TEg electric field of the microwave
radiation, and a second, preferably substantially rectangular, end surface opposite
the first end surface and having a second height smaller than the first. The height



of the second end surface is preferably substantially equal to the
hei ght of the resonant cavity. By reducing the height of the
wavegui de fromthe first to the second height, the intensity of the
electric field is increased. The tapered portion of the wavegui de
preferably conprises two convergent S|§e surfaces each extending
bet ween and being inclined at an acute”angle to the first end
surface. For rectangul ar wavegui des having approxinmately the sane
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Due to possible erosion of the electrically conducting nenber during
use of the reactor, the electrically conducting nenber preferably
conprises a replaceable tip protruding into the resonant cavity. The
tipis preferably fornmed fromcorrosion and heat resistant nmaterial,
such as tungsten, copper or ‘a tungsten alloy. In order to provide
cooling of the tip, thus extending ir§11ife, during use of the
reactor, the tip may optionally be hollow and conprise a plurality of
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dielectric insert, re erably arranged to introduce gas into
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to spiral within the chanber and achieve a uniformpressure drop in
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field maa}/nd heat resistant material, such as tungsten, copper or a tungsten alloy. In order
to provide cooling of the tip, thus extending its life, during use of the reactor, the tip
may optionally be hollow and comprise a plurality of apertures extending
thereabout. The gas flowing between the gas inlet and the gas ouilet of the
resonant cavity can pass through the apertures to cool the tip. Each of the
apertures preferably has a diameter sized to enable the microwave radiation to
pass therethrough. .

The electrically conducting member preferably comprises an electrically
conducting body portion engaging the tip. An annular coolant channel may be
provided, the annular channe) extending about the electrically conducting body



di sturb the inpedance matchi ng between the wavegui de and the resonant
cavity, and this can lead to reflection of m crowave radi ati on back

t hrough the wavegui de towards the m crowave generator, and thus
reduce the energy absorption into the plasma. If the reflected energy
is too high, the m crowave generator qu_be damaged. Therefore, a
tuner may be provided co-axial with the"electrically conducting
menber so that the inpedance in the plane of the electrically - 6 -
conduct i NGoMFIHR ; i : ide,at the
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reactor chamber preferably comprises a transparent inspection window located in
a sidewall thereof, said at least one dielectric insert having a bore formed therein
extending between the gas chamber and the window,

The presence of the electrically conducting member within the electric field may

. disturb the impedance matching between the waveguide and the resonant cavity,
and this can lead to reflection of microwave radiation back through the waveguide
towards the microwave generator, and thus reduce the energy absorption into the
plasma. [f the reflected energy is too high, the microwave generator may he
damaged. Therefore, a tuner may be provided co-axial with the electrically
conducting member so that the impedance in the plane of the electrically



- 7 - seconds. Ceneration of the glow discharge may be ceased after
the plasma is ignited within the resonant cavity; thus the gl ow

di scharge may generated for up to 10 seconds or for exanple for up to
5 seconds, for exanple for from1l to 5 seconds. The reactor
preferably conprises a mcrowave generator for generating the

ni crowave radiation. As an alternativedto provi ding a neans for
igniting the plasma, the generator may be configured to generate the
m crowave radiation at a pgwer, syfficient ignite a plas within
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radi ation is generated, for exanple, to between 2 and 3 kW after a

predeterm ned period of time, for exanple for from1l to 5 seconds.
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a side view of the reactor of, Fi gfure 1; Figure 3 is a cross-sectional

§

vi ew t hr Sigiriainwith g kelderingkina) slertrioal gogtackwih tiee ohamber. The holder
preferably comprises an outwardly extending skirt that is mounted on the chamber

to form a gas-tight seal between the chamber and the holder. The skirt may make
electrical contact with the chamber. Otherwise, an annular ring depending
downwardly from the skirt may make electrical contact with the chamber. The
distance between the base of the skirt and the end of the electrically conducting
member is preferably chosen to maximise the electromagnetic field within the
resonant cavity. The holder preferably comprises an elongate bbdy portion having
a conical projection for retaining the tip of the electrically conduéting member

therein.

The electrically conducting member may house means for igniting a plasma within
the resonant cavity. The means for igniting the plasma preferably comprises
means for generating a glow discharge, which preferably comprises an elongate
electrode located within the electrically conducting member. A glow-discharge gas
is preferably conveyed to the electrode for forming the glow discharge, the
electrically conducting member providing a passageway for enabling the glow-
discharge gas to convey the glow discharge to the resonant cavity for ignition of
the plasma therein. The glow-discharge gas may be nitrogen or a noble gas or
any other substantially inert and ionisable gas. When a reactant is required for
reacting with the gas conveyed through the resonant cavity, the reactant may be
contained within the glow-discharge gas.

Circuitry may be provided for providing a voltage sufficiently high to initiate the
glow discharge and for sustaining the glow discharge, preferably for at least 0.1



Figure 4 is a cross-sectional view through the reactor along line B-B
of Figure 2; and - 8 - Wth reference to Figures Ito 4, a m crowave
pl asma reactor 10 conprises an electrically conductive housing 12.
The housing 12 is preferably fornmed fromelectrically conducting
material, such as stainless steel, or ﬁay have internal electrically
conducting surfaces. As illustrated, fhe housing 12 nay have a
rectangul ar cross-section. A slot 14 is fornmed in the housing 12, for
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the m crowave radi ation through the wavegui de 16, where / is equal to
approximately one half of the wavel ength of the m crowave

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

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

Figure 1 is an external perspective view of a microwave plasma reactor;

Figure 2 is a side view of the reactor of Figure 1;

Figure 3 is a cross-sectional view through the reactor along line A-A of Figure 2;

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

Figure 5 is an enlarged view of region C identified in Figure 3.



radiation. - 9 - The short circuit 18 provides an extension of the
wavegui de 16 on the opposite side of the resonant cavity 14. The
short circuit 18 conprises a chanber 27 defined in part by an end
plate 26 that is distanced fromthe end of the second portion 22 of
t he wavegui de 16 such that the incident, m crowave radiation is
reflected by the end plate 26 to fornf&%'electronagnetic st andi ng
wave within the resonant cavity 14. The position of the end plate 26

relative tp d ' he equi de 16 may

be. ac ust aplte RafBee f Fiotfos £PR"S BAEADe Shctl | o nates o on
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propagation of the m crowave radiation throu
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orthogonal ly to the directign of propagation of the m crowa
radiatioﬁxyﬁpgéﬂﬁofﬁguyﬁgﬁwgﬂ@-cavity 14, and a curved sidewal |
portion 34 which define in part a substantially cylindrical gas
chanber 36 within the resonant cavity 14. The gas chanber 36 nay have
a ci rcul abh%Vaeguida 1€ spmprises a fissic suksiantizdly negtbagulaneodesoridn 282 has

a first bpm ' Mol ag, inlet into the gas
chanbor 35 90 heBPLRLeUEA Rl BoPleFld We el B achiel Bhfecnbrdiovm,
one of t Hedigiersomgyed thtdughdie wiavbgridgds tonhetegetht dit AUTBAdian @
si dewal | t ' for. recejvi as froma first gas conduit
e | Bl BB 0% e RE SRR P B85 adiebon s Sy oo
formed i riGidiso opmpprisdsea sedav subsfantifle reetengNir b8ay BbriloficS Mg Has
froma second gas .co&dl%lt, whi ch gas may be 't he :

resonant cavity 14, the Second boo% portion 22 having a height s, and a width w,

where ho< 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 paortion 20 of height #
and width w, and a second end surface 25b adjacent the second body portion 22
of height f1; and width w. The tapered portion 24 further comprises first and
second side surfaces 25c, 25d extending between the end surfaces 25a, 25b and
inclined at an acute angle to the second side surface 25b such that the first and
_second body portions 20, 22 are co-axial. The tapered portion 24 has a length / in
the direction of propagation of the microwave radiation through the waveguide 16,
where /is equal to approximately one half of the wavelength of the microwave
radiation.



- 10 - same as, or dissimlar to, the gas entering the gas chanber 36
fromthe first gas conduit 42. Each gas inlet is preferably
configured so that gas enters the gas chanber 36 fromthe first gas
conduit 40 substantially tangentially, so that the gas swirls
inwardly within the gas chanber 36 tomqﬁgs the centre of the gas
chanber "36. A gas outlet port 44 is forhed in the base of the housing
12 for conveying gas fromthe gas chanber 36 to a second gas conduit

46. Th : ; f, d i f bl
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gas chanber, 36 of the resonant cavity 14 during use e reactor
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54 ext endia@nbredsyovael : jnt 4 _and definj W th
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i s pref ers@topdquasiend? chifewaweguidall 6 maybd hdjugadleshanber 36 and gas
outlet port 44. The bore 54 receives an electrically conducting
assenbly 56. The assenbly 56 conprises an electrically conducting

menber 58Tlamehart bintulets 66mprsediakeior@otdpricel aohf i/ pBRNSHitMing
duct i ng nenber 58 conprises an

nber 58, The el ical
¥ omat o DBRLOHHEG B, T R crorin bagworr omar: coow 25
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S 1T uory reaceanererinG i TS o tho 8k 1P 183620 Bt the HOY) B toblfrd!
formed f roneRdyipksingrehanben @ftsubstantialnpenpendiculal to thecdirexsioh whgst en

: . | .an h
The ti B”ﬁbﬁ%ﬁﬁg‘ﬁéﬁ%ﬁﬂ%@%"? rEd BTt gt R 72 et g B g
t her eabouteadneitihe serayad9fthewindgfiied serew 2dieargbs raisbebr BRverdd with®

gas outl %eéﬁ?ﬁ,@ﬁgﬁ??Op{%%l'tﬁ[?lﬁéotg%%ﬁ@%t he tip 64 and thereby enhance

the cooling o s 65 are preferably
di rensi oned so that mcrowave radi ati on passes through the apertures

65. , ‘
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 chamber 36 within the

resonant cavity 14. The gas chamber 36 may have a circular or elliptical cross-
section. '

Each plate member 30, 32 has a first bore 38 formed therein providing a gas inlet
into the gas chamber 36 of the resonant cavity 14. In the illustrated reactor 10,
one of the bores 38 is aligned with a gas inlet port 40 formed in a sidewall of the
housing 12 for receiving gas from a first gas conduit 42 mounted on the housing
12. A second gas port may optionally be formed in the opposite sidewall of the
housing 12 for receiving gas from a second gas conduit, which gas may be the



The holder 60 is preferably fornmed fromelectrically conducting
material, such as stainless steel or anodised alum nium The
electrically conducting nenber 58 and hol der 60 are preferably at

el ectrical ground during use of the reactor 10. The hol der 60 has a
hol low interior within which the tube 62 and tip 64 of the
electrically conducting member 58 are %referably a sliding fit. The
hol der 60 conprises a first body portion 66 having an outwardly
extendin skirt 6
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may nmake el ectrical contact with the housing 12. The hol der 60
further conprises a second, elongate body portion 78 that extends
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the gas chanber 36. The length of the tip 64, and/or the |ength of

t he second body Eortlon 78 of the holder 60, is preferably chosen so
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88 to define an annul ar channel 94 between the holder 60 and the tube
62. A flow of coollng water is supplied to the annular channel 94,
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preferably formed from corrosion and heat resistant material, such as tungsten or

a tungsten alloy, for example an alloy of tungsten and lanthanum. The tip 64 may

be provided with a plurality of apertures 65 extending thereabout to enable a gas

flowing between the gas inlet 38 and the gas outlet 44 to pass radially through the

tip 64 and thereby enhance the cooling of the tip 64. The apertures 65 are

preferably dimensioned so that microwave radiation passes through the apertures

65.



Dependi ng on the power of the el ectromagnetic radiati on conveyed to
the resonant cavity, the intensity of electric field created within
the resonant cavity 14 nmay be insufficient to ignite a plasma within
t he gas chanber 36. Therefore, a gl ow di scharge el ectrode assenbly
100 may be housed within the electricilly conducti ng nenber 58. The
el ectrode assenbly 100 conprises a pf %ﬁa-ignition, gl ow di schar ge

el ectrode 102, which is in the formof an el ongate, high voltage

el ectrode | ocated concentrically within, but spaced from the tube 62
of the electrically conducting nenber 58. A connector 104 connects

the el ectrhagw|dd 20Uk bRefardbByRImEY FiRdnY eletiRalY e6idiRHBg HORcNBY sb&h as
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housi ng é&ta&thﬁtr%l%q{ddsrr@w QMRALEHB trféeasj,@oﬁﬁe gmh%dmrag%&et he

bore 54 substantially perpendicular t0 the direction of propagation
of the nelecvrahasntacivdiighetioasiigsiZhanber 36, and is substantially
co-axial with both the gas chanber 36 and the gas outlet port 44. The
tip 64 of the electrically conducting nmenber 58 is preferably |ocated
at a maxThaholdat 8d firtherabriphises lbescondrgjordate bbtie pdrifoer Tethatekiendst he

resonant, ity 14 during use. of, the.r t 0 s _nmay, be .
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use of the reactor 10. Faor exanple, the gas_chanber 36 nmay be heated,
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before | eaving the gas chamber 36 through the gas outlet port 44 and
entert ngAé mgst?aﬁgg rllrgI F?g%?e %?t?%uthat Gf' gfﬂeferably protrudes into the gas chamber 36.
The length of the tip 64, and/or the length of the second body poition 78 of the
holder 60, is preferably chosen so that the fip 64 extends a predetermined
distance into the standing wave generated within the resonant cavity 14 depending

on the frequency of the microwave radiation supplied to the resonant cavity 14.



- 14 - Mcrowave radiation is fed into the resonant cavity 14, and
thus into the gas chanber 36, for a magnetron by the wavegui de 16.
The end plate 26 of the short circuit 18 reflects the m crowaves to
forma standing wave within the resonant cavity 14, with the tip 64
of the electrically conducting nmenber 1 8 intensifying the electric
field within the gas chanber 36. The t'@pered portion 24 of the
wavegui de 16 serves to inhibit the transm ssion and reflection of
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- 16 - CLAIMS 1. A microwave plasma reactor conprising a reactor
chanber, a m crowave resonant cavity located within the reactor
chanber, a wavegui de for conveying m crowave radi ation to the
resonant cavity, the wavegui de having a convergent tapered portion,
means for formng an el ectromagnetic standing wave within the
resonant cavity fromthe m crowave ra%’ ation for initiating and
sustaining a plasma within the resonant cavity, the resonant cavity

havi ng as,. i nl ng from
the gas BnRn e naia Bof PRyl o BN AT a o R 20,
cavity vbhards @adipl i the dedarodiheogdacting reeniber 682 gas outlet. 2. A
reactor according to Claiml, wherein the tapered portion of the

wavegui de has a first substantially rectangular first end surface at

one end A-%sﬁ %ﬁépnaﬁvé?&gmmﬁé)étgw H%’chﬁrg*e%léaﬂﬂié schifigtthend surface

at the ot end thereof proximnmate the resonant cavity, and a hei ght
ort hogonnicrqvma\ta‘@ermra’@cmaM'bQ)@OflfIQ@'p%Fb&iﬂ@bwab’fherﬁWQfM\ﬂée radi ation
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wavegui por I on Fe"Second end
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portion of the vva de cgbrg:) onver ntiﬁgsl de sg faces each

ext endi @'CWW OBE?‘W |9Hé theR redirethg ROME P tHehe i r st

end surfAgfowdve rédreﬁi%ﬁt R eREGPITo b tiveeFaNd 2K, ok@ iRy Sthenhewver n
t he hei ght of the first end portion i s approxi mately three tines that

of the Saffinientdagupi@in therplasma within the gas chamber 36.

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

within the resonant cavity 14 during use of the reactor 10.

Means may be provided for maintaining the gas chamber 36 at an elevated
temperature, preferably at a temperature between 20 and 150°C, during use of the
reactor 10. For example, the gas chamber 36 may be heated, insulated or
provided with restricted cooling to maintain the gas chamber 36 at or around the

desired elevated temperature.

During normal use of the reactor 10, a flow of cooling water is supplied to the
annular channel 84. 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.



-17- 5. A reactor according to any of Clainms 2 to 4, wherein the

hei ght of the second end portion is approxi mately equal to the hei ght
of the resonant cavity. 6. A reactor according to any preceding
claim wherein the tapered portion of the waveguide is |ocated

adj acent the reactor chanber. 7. A reactor according to any preceding
claim wherein the tapered portion of 'the waveguide has a length in

t he direction of propagation of mcrowave radiation therethrough

equal Ba FRlgioh, 878 1Rt ndfesbhEntiRy 304 flucih dbepgiaye

r adi atlo or "accordin ced eérein the
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any precedi ng claim conprising means for cooli n% t he condui f neans.
electric field within the gas chamber 36. The tapered portion 24 of the waveguide
16 'serves to inhibit the transmission and reflection of microwave radiation from the
interface between the first and second body portions 20, 22 of the waveguide 16
whilst max]mising the energy absorption of the plasma. The geometry and
position of the lower surface 112 of the skirt 68 of the holder 60 relative to the tip
64 of the electrically conducting member 58 is chosen so that the lower surface
112 of the skirt 68 provides, with the inner surface of the bore 54 of the housing 12
and the outer surface of the second body portion of the holder 60, a co-axial tuner
for matching the impedance in the plane of the electrically conducting member 58

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

When a glows-discharge electrode assembly 100 is used to ighite a plasma within
the gas chamber 36, the glow-discharge gas is caused to flow through the gas
inlet port 106 of the tube 62 and into the bore of the tube 62. A low-voltage, high-
current source is connected to the electrode 102, and a high voltage is applied
temporarily to the electrode 102. The high voltage resulits 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 supply to the electrode 102 is switched off (typically within two or three

seconds).



10. A reactor according to daim9, wherein the cooling neans
conprises neans for spraying a coolant on to the outer surface of the
conduit neans. 11. A reactor according to any preceding claim
wherein the means for formng an el ectromagneti c standi ng wave within
the resonant cavity conprises a secong chanber nounted on the reactor
chanber opposite the waveguide for ré érving the m crowave radi ation
fromthe resonant cavity and having an end surface extending
substantially perpendicular to the direction of propagation of the -
18 - mcrowaves through the chanber for reflecting the m crowave

radi ati omhegfifsrha iritidtee witiPmariasCéheniber 36 is carried out from the gas
chan}1ber 36 through the gas outlet port 44 with the gas flowing through the gas
chamber 36, and is contained within the second gas conduit 46. The plasma thus
resembles a flame generated beneath the tip 64 and extending out through the
gas outiet port 44 into the second gas conduit 46. Due to the high temperature
created within the second gas conduit 46 during use of the reactor 10, a coolant
such as water may be sprayed over the outer surface of the second gas conduit

46 to cool the second gas conduit 46.

The microwave plasma generated within the gas chamber 36 may be used for a
number of purposes. For example, the plasma may be used to desiroy
halogenated spegcies, such unused perfluorinated and/or hydrofluorocarbon
chamber cleaning and etching gases, silane or ammonia contained within the gas
stream passing through the chamber. A reactant such as H or HO for reacting
with these gases may be supplied to the gas chamber 36 with the glow-discharge
gas for reacting with the gases within the plasma generated beneath the tip 64 of
the electrically conducting member 58. Where the gases to be destroyed are
chemicaily incompatible, the gas chamber 36 may be provided with a plurality of
gas inlets, as described above, so that the incompatible gases may be conveyed

separately to the gas chamber 36.



12. A reactor according to Caim 11, wherein the second chanber
houses tuning means spaced fromthe end surface of the second
chanber. 13. A reactor according to Claim12, wherein the tuning
means conprises an electrically conducting tuner extending o
perpendi cular to the direction of propagation of mcrowave radiation
through the second chamber. 14. A reactdr according to Caim13,
wherein the electrically conducting tuner is noveable relative to the
second chgphgihs 15 A reactor according to Gaim13 or Caim 14,
wherein the tuner is substantially cylindrical. 16. A reactor
according to any preceding claim Werein the gas outlet extends

the ohandbr. 17, At EEEPAYe Blashin REORS AR SracoeeH YaMAervher of n

t he resonant microwave resonant cavity located within the reactor chamber, a
waveguide for conveying microwave radiation to the resonant cavity,
the waveguide having a convergent tapered portion, means for
forming an electromagnetic standing wave within the resonant cavity
from the microwave radiation for initiating and sustaining a plasma
within the resonant cavity, the resonant cavity having a gas intet and
a gas outlet, and conduit means extending from the gas 6utlet for
containing a plasma conveyed from the resonant cavity with a gas
flowing from the gas inlet to the gas outlet.

2. A reactor according to Claim 1, wherein the tapered portion of the
waveguide. has a first substantially rectangular first end surface at
one end thereof, a second substantially rectangular first end surface
at the other end thereof proximate the resonant cavity, and a height
orthogonal to the direction of propagation of microwave radiation
therethrough, and wherein the height of the tapered portion of the
waveguide decreases from the first end portion to the second end

portion.

3. A reactor according to Claim 2, wherein the tapered portion of the
waveguide comprises two convergent side surfaces each extending
between and being inclined at an acute angle to the first end surface.

4. A reactor according to Claim 2 or Claim 3, wherein the height of the
first end portion is approximately three times that of the second end

portion.



cavity conprises at |least one dielectric insert |located therein

defining a substantially cylindrical gas chanber for receiving gas

fromthe gas inlet and conveying gas to the gas outlet, and wherein

the gas outlet is substantially co-axial with the gas chanber. 18. A

reactor according to Claim17, mhereH? t he gas chanmber has a circul ar
9

or elliptical cross-section. - 19 - '19. A reactor according to Claim

17 or Claim 18, wherein said at | east one dielectric insert conprises

two dielectric plgt V] : Vv ' I '

20. A réactor acchr BTG Eocadeap A Sridaths SRR Re o B

i nl et extends thresgihdendpatiohdnspprorimatelylepel icdhemegitt of fle A
reactor according to any of Clainms 17 to 20, wherein the gas inlet is
arranged to introEﬁ?@é‘aaéga\f’%o the gas chanber substantially
tangentially. 22. A reactor according to any of Clains 17 to 21,

wherein the reactor ) ] .
6. A reactor according o any preceding claim, wherein the tapered

portion of the waveguide is located adjacent the reactor chamber.

7. A reactor according to any preceding claim, wherein the tapered
portion of the waveguide has a length in the direction of propagation
of microwave radiation therethrough equal to approximately one haif

of the wavelength of the microwave radiation.

8. A reactor according to any preceding claim, wherein the waveguide
comprises a first body portion and a second body portion from which
microwave radiation propagating therethrough enters the resonant
cavity, the tapered portion of the waveguide being located between
the body portions of the waveguide.

9. A reactor according to.any preceding claim, comprising means for

cooling the conduit means.

10. A reactor according to Claim 9, wherein the cooling means

comprises means for spraying a coolant on to the outer surface of

the conduit means.

11. . Areactor according to any preceding claim, wherein the means for
forming an electromagnetic standing wave within the resonant cavity
comprises a second chamber mounted on the reactor chamber
opposite the waveguide for receiving the microwave radiation from
the resonant cavity and having an end surface extending

substantially perpendicular to the direction of propagation of the



chanber conprises a transparent inspection wi ndow |located in a
sidewal | thereof, said at |east one dielectric insert having a bore
formed therein extendi ng between the gas chanber and the w ndow. 23.
A reactor according to any preceding claim conprising an

el ectrically conducting nenber protru%%ng into the el ectromagnetic
field within the resonant cavity. 24 reactor according to Caim
23, wherein the electrically conducting menber conprises a

replaceabl e (10 PrALFUALIS bRkRARE chERARRR ERNHN 1 RicAuaEac! o

according to Caim he™t I'ses a
plurality of apertradiasionbaekthtogd i’eebﬁamavityza A react or according
to Caim25, wherein each of the apertures has a

12. A reactor according to Claim 11, wherein the second chamber
houses tuning means spaced from the end surface of the second

chamber.

13. A reactor according to Claim 12, wherein the tuning means
comprises an electrically conducting tuner extending perpendicular io
the direction of propagation of microwave radiation through the

second chamber.

14. A reactor according to Claim 13, wherein the electrically conducting
tuner is moveable refative to the second chamber.

15, A reactor according to Claim 13 or Claim 14, wherein the tuner is

substantially cylindrical.

16. A reactor according to any preceding claim, wherein the gas outlet
extends orthogonal to the direction of propagation of the microwaves

through the chamber.

17, A reactor according to any preceding claim, wherein the resonant
cavity comprises at least one dielectric insert located therein defining
a substantially cylindrical gas chamber for receiving gas from the gas
inlet and conveying gas to tﬁe gas outlet, and wherein the gas outlet

is substantially co-axial with the gas chamber.

18. A reactor according to Claim 17, wherein the gas chamber has a

circular or elliptical cross-section.



di aneter sized to enable the mcrowave radiation to pass
therethrough. - 20 - 27. A reactor according to any of Clainms 24 to
26, wherein the tip is fornmed fromtungsten, copper or a tungsten

al l oy. 28. &reactor according to any of Clainms 24 to 27, wherein the
electrically conducting nmenber conprisges an electrically conducting
body portion engaging the tip. 29. A reactor according to C aim 28,
conpri sing an annul ar cool ant channel extendi ng about the

el ectri ly cond [ Ro]ar VEW |
cool ant Cféo' and fro%%tetbﬁg)r%%%ﬁda %h@%%ﬁ?%éﬁgﬁﬁéé’ggft}&o‘r%ma%{%raglleﬁat to
Cl ai m 29, wher ei nohbdidketdt insea doynprised debidiglectric plate members each

having a curved sidewall portion.

20. A reactor according to any of Claims 17 to 19, wherein the gas inlet
extends through said at least one dielectric insert.

21. A reactor according to any of Claims 17 to 20, wherein the gas inlet
is arranged to infroduce gas into the gas chamber substantially

tangentially.

22. A reactor according to any of Claims 17 fo 21, wherein the reactor
chamber comprises a transparent inspection window located in a
sidewall thereof, said at least one dielectric insert having a bore
formed therein extending between the gas chamber and the window.

23. A reactor according to any preceding claim, comprising an electrically
conducting member protruding into the electromagnetic field within

the resonant cavity.

24. : A reactor according to Claim 23, wherein the electrically conducting
member comprises a replaceable tip protruding into the resonant

cavity,

25. A reactor according to Claim 24, wherein the tip is hollow and
comprises a plurality of apertures extending thereabout.

26. A reactor according to Claim 25, wherein each of the apertures has a
diameter sized to enable the microwave radiation fo pass

therethrough.



body portion conprises a gas inlet port for receiving a reactant for
reacting with a gas conveyed through the resonant cavity, the

el ectrically conducting body portion conprising a passageway for
conveying the reactant into the resonant cavity. 31. A reactor
according to any of Cainms 23 to 30, erein the electrically
conducting nmenber extends into the el‘€ctromagnetic field
substantially perpendicular to the direction of propagation of the

m croway, t hrough, the.re acc n.

any of (ki m 23 obreroRebing BRIRER R & G 2Bo e Ry Ydfoer 1<
| ocat ed opposi te tibgngdfomutihgiten3Sbpplr beacteysta@sahsgdi ng to any Of
Clains 23 to 32, wherein the electrically conducting nmenber houses

means for igniting a plasma within the resonant cavity. 34. A reactor

accordingg to any of rddcfirecdrdify Bany SIS P8 t827, wherein the electrically
conducting member comprises an electrically conducting body

portion engaging the tip.

20. A reactor according to Claim 28, comprising an annular coolant
channel extending about the electrically conducting body portion, and
means for conveying a coolant to and from the annular channel.

30. A reactor according to Claim 29, wherein the electrically conducting
body portion comprises a gas inlet port for receiving a reactant for
reacting with a gas conveyed through the resonant cavity, the
electrically conducting body portion comprising a passageway for

conveying the reactant into the resonant cavity.

31. A reactor according to any of Claims 23 to 30, wherein the electrically
conducting member extends into the electromagnefic field
substantially perpendicular to the direction of propagaticn of the

microwaves through the reactor chamber.

32. A reactor according to any of Claims 23 to 31, wherein the electrically
conducting member is located opposite the gas outlet.

33. A reactor according to any of Claims 23 to 32, wherein the electrically
conducting member houses means for igniting a plasma within the

resonant cavity.

34, A reactor according to any of Claims 1 to 32, comprising a
microwave generator for generating the microwave radiation, the



m crowave generator for generating the mcrowave radiation, the - 21
- generator being configured to generate the m crowave radiation at a
power sufficient to initiate a plasma within the resonant cavity.
35. A reactor according to Caim 34, wherein the generator is
configured to reduce the power at whigh the mcrowave radiation is
generated after a predeterm ned period of tine.

generator being configured to generate the microwave radiation at a
power sufficient to initiate a plasma within the resonant cavity.

35. A reactor according fo Claim 34, wherein the generator is configured
to reduce the power at which the microwave radiation is generated

after a predetermined period of time.



