M CROMVE PLASVA ABATEMENT APPARATUS The present invention relates to
a mcrowave plasnma abatement apparatus, and to a method of operating
such an apparatus. The invention is particularly SU|tabIe % & 00355
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polysilicon etch process, hydrogen bromide and chlorine are supplied to the

chamber. Cleaning gases such as the perﬂuorinatgad compounds CFy, CoFs, NF3
and SFg, and fluorine (F2) may be periodically supplied to the chamber to clean

unwanted deposits from the chamber.

A process tool typically has a piurality 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, CaFe, NF3 and SFs are known fo 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



described in UK Patent no. GB 2,273,027. In that device, a waveguide
conveys m crowave radiation froma mcrowave generator into a gas
chanber housing two electrodes in a closely opposed rel ati onship
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The destruction and removal efficiency of a microwave plasma abatement device
is dependent upon the amount of microwave power that is absorbed by the gas
stream flowing through the gas chamber. For any given microwave power, the
extent to which the microwave power is absorbed within the chamber is dependent
upon a number of factors, including: '
| ¢ chamber pressure;

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

e the composition of the gas stream; |

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

» 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 praciice
to set the power of the microwave radiation at a fixed, relatively high level, for
exampie 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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generator, which may result in damage to the microwave generator; and
« a change in the impedance of the gas chamber, which may reduce the

destruction efficiency of the device.

It is therefore desirable to minimise the amount of microwave power that is not
absorbed within the gas chamber without prejudice to the destruction and removal

efficiency of the device.

In a first aspect, the present invention provides microwave plasma 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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detector may be located in a circulator, a tuner or any other part of the waveguide.

The gas chamber preferably comprises a microwave resonant cavity.

The amount of microwave energy that is not absorbed within the gas chamber
may be continuously monitored, or alternatively it may be periodically monitored.
The periodic monitoring may be performed at predetermined times, for example
every few minutes, and/or the monitoring may be triggered by one or more events,
such as a change in the gas stream entering the gas chamber. Data relating to a
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 controi system for
controlling the amount of purge gas that is added to the gas stream, or from a flow
mefer for measuring the mass flow rate of the gas stream entering the gas
chamber. Data relafing 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 upsfream 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



A detector for detecting the power of mcrowave radiation reflected
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In a third aspect the present invention provides a nethod of
operating a mcrowave plasma abatenent apparatus conprising a
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chamber, detecting the amount of microwave energy that is not absorbed within
the gas chamber, and adjusting the power of the microwave energy supplied to the
gas chamber in dependence on the amount of unabsorbed microwave energy.

Features described above in relation to the apparatus aspects of the invention are

equally applicable to the method aspects, and vice versa.

Preferred features of the present invention will now be described with reference {o

the accompanying drawings, in which:

Figu‘re 1 illustrates schematically 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 L.LPCVD process, and sources of hydrogen bromide and chlorine may be
provided for etching polycrystalline silicon. The process tool controls the supply of



Figure 1 illustrates schematically an apparatus for treating gas
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illustrates schematically an enbodi nent of a m crowave plasma B
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the pumping systems also comprise a primary, or backing, pump 14 for receiving
the gas exhaust from the furbomolecular pump 12 and raising the pressure of the
gas to a pressure around atmospheric pressure.

LPCVD and metal etch pllocesses can result in the production of condensable
species as a by-product of the process, and HBr can corrode stainless steel in the
presence of moisture. In order to inhibit condensation of these species within the
backing pump 14, and to sweep the volume of the pump of any corrosive gases, a
nitrogen or argon purge gas is éupplied 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 fo the

chambers 10 from a suifable source thereof. These cleaning gases are fypically

fluorine-containing gases, such as F, or a perfluorinated compound, such as CFs

NF3 or SFg. Perfluorinated ecompounds may also be conveyed to the chambers 10
. for other reasons, for example for the plasma etching of openings such as



t he punpi ng systens al so conprise a primary, or backing, punp 14 for
recei ving the gas exhaust fromthe turbonol ecul ar punp 12 and rai sing
the pressure of the gas to a pressure around atnospheri chressure_._
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perfluorinated cleaning gases are known to have rel atively high
greenhouse activity, and so before the gas streans exhausted fromthe
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to the atilﬂJ%?ere%riﬁ'more detail in Figure 2. The apparatus comprises a microwave
generator 30, a power supply 32, a waveguide 34, a gas chamber 36 and a short
circuit 38. The microwave generator 30 is a magnetron capabie of outputting from
125 to 6000 Watts at a frequency of approximately 2.45 GHz. The power supply
32 supplies power to the microwave generator 30 for the generation of microwave
energy, which is supplied by microwave generator 30 to the waveguide 34. The
waveguide 34 conveys the microwave energy to the gas chamber 36. Depending
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
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WD 2007/ 060385PCT/ GB2006/ 003551 di ssoci ation into reactive species.
These reactive species can conbine wth H2 or H20 added to the gas
streameither upstreamfromor wthin the gas chanber 36_to produce
rel ati vel yWOZ8HI%9383- pr oduct s When a process chanber 16%¥FﬁﬁhWWﬁml
use, it is a common practice to reduce the speed of the punps 12, 14
used to evacuate that process chanber, and to reduce the anount of
purge gas supplied to the backing punp 14, to save costs. As

illustrated in, Figure 1..a coO 0 o ' - ad)#siyl
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controller 50 that nmay re%ei ve data, fromthe process tool or a host
conput er tq REAdySE rGUVRY SRR MHBrOGCISI4 are to be, or have been,

sl owed down. In response to this'data, the purge gas controller 50
out puts appropriate control signals to.valves 52 or other vari athlpe
f1 ow conWhen apraasss chamber 4Qis peldn agauhis HEOPIHPrgaLcesRIpHvENeo

one or f ' At a4k Vv :
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t he gas chanber 36, and so }Q;hen t he nass {EI %w e, decreases ?%qfo
anount  ofoRFRlsyaiRRkisjyRMieed by purag gas coatolerat hat MaY S dalsdrem s
al so deﬁ%rgér’ﬂs%geséfab: Bt § HOUEMSNRRER didatihg Whidhosuraps op pefiam fofte) of he

gas cha I's not only wasteful, but can | ead to overheati of
Phe gas. bhverbeen SI0EAAITOND. Torasnons o B Aidr BRILOP 987 SOTBHIADK

towar ds- Bﬂ@gﬂg éé@-gg}e{&teﬁ%ﬂg%g%igﬁaﬁ% vaRLEBp or Btﬁé?@rﬁﬂ@ﬁl;@ﬁ% &Int@dD

i sol at or, ment apparatus 20. In view of this, the
abat enentievippataadisst the lamiamt af pemegdsaupptied foPhe g REe ahbahacking

hi s enbBHRBrEh 1t e esBua yder by B o Pl oL B P ST Ogkeding &

t he powerhefeceivet@sgye energy reflected fromthe gas chanmber 36 back

towards the m crowave
When the supply of purge gas to one or more of the pumps 12, 14 is reduced, the
total mass flow rate of gas through the gas chamber 36 also reduces. The amount
of microwave power that is absorbed within the gas chamber 36 is dependent
upon, inter alia, the 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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generator 30. As illustrated in Figure 2, the detector 60 may be

| ocated in the wavegui de isolator 40. The detector 60 outputs a

si gnal |nd|cat|ve of the detected power to a controller_ 62. This

si gnal mayWBEYYMEWEE cont i nuously, periodically, or in BRGN035
command i ssued by the controller 62. In dependence on the received

signal, the controller 62 outputs a control signal to the m crowave
generator 30 to adjust the power of the generated m crowave energy.
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the procCagso wﬁ Bliver BR4rie8. q%r%' tH%dOLﬁplutrﬁPn'é' doPiroér éfbeaﬁa@feﬁnm é he
val ves and ot | ow control devices used to control the SUDE.

t he gas eb;aluafmrrtbe mlmem@ ghich the reflected power from the gasc amber
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 confroller 62 may then instruct the microwave generator 30 to

generate microwaves of this power.
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Clainms: 1. A mcrowave plasnma abatenent apparatus (20) conprising a

m crowave generator (30), a gas chanber (36) for receiving mcrowave
energy fraomthe m crowave generator (30) and within which | asma i s
gener at ed \YQMU’“P??@m crowave energy, wherein the gas (?P‘FJH%%ZB%(O%‘TI
has a gas inlet (42) for receiving a gas streamand a gas outl et

(44); characterised in that the apparatus (20) conprises neans (60)
for nonitoring the anobunt of m crowave energy that is not absorbed

wi thin the gas chanber (36), said nonitoring means (60) conpri sing
nmeans (60) for detecting the power of mcrowave energy reflected from
the gas Thantmtrol pécedaraimay desnifise) Fasiodia)lyismidiey ia Iespepwe to signalse

m crowave ener ener at ed mcr r Eo(30)
dependon e ip ey BENGUROR oY Tha e hay BHE - RERTEP bl kg izt ere,
adj ust i ngag®BasA a(dhdngedn dendmountast puegadas atidéd thowasesexhingst from
m crowave ener enerated by the m crowave. generator 0) in
respons th%P@Cg%%\%]@@“[’ﬁr St ﬁ% %‘E@’ nativeby o gﬁgﬁ'Pﬂﬂ@’ ' #H% ca%églé%amye )
to m ni MhagnitiARIATPEEHONSE tHh GigHAR ML RRRI M lahbséifre RBhs@TBPIdAftoring
w thin the gas chanber (36) whilst nmmintaining a gas destruction
ef fi ci endie plesswe wiffiailia gas cramben 3G endir repnsnee & SioRpIssace b .
2. APPar fhiSa bokoRE PN BBoLE: Dofindichiivd/BPE Bhndd) 18 cBRidoRlioRRANS
i s disposed wthin a wavegul de for conveying m crowave
the gases being supplied to the process chambers 10. Alternatively, the controller
62 may be isolated from the controller of the process tool, in which case data
indicative of a variation of the composition of the gases supplied to the process
chambers may be obtained by monitoring the state of the valves and other flow

control devices used to control the supply of the gases to the process chambers.
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radi ati on fromthe mcrowave generator (30) to the gas chanber (36).
3. Apparatus (20) according to Claim1l or Claim2, wherein the
detecting neans is disposed within an isolator |ocated between the
gas chanber (36) and the m crowave generator (30), or wherein the
adjusting neans is configured to periodically adjust the power of the
m crowave enefl@mgienerated by the m crowave generator (30) 4.

Apparatus (20) according to any preceding claim wherein the
adjusting neans is configured to adjust the poWwr of the mcrowave

changs P the mss 1 AmereRERsPREARAMGN sherub e sBHang 2
chanmber (36) and/ or amgiewaye denetdier (S0aasistchamber (36)fer gasivingr eam
entering the-gas C_hanﬁﬂﬁt\‘ovéa%@energy from the microwave generator (30) and within
which a plasma is generated using the microwave energy,
wherein the gas chamber (36) has a gas inlet (42) for receiving a
gas stream and a gas outlet (44); characterised in that the
apparatus (20) comprises means (60) for monitoring the amount
of microwave energy that is not absorbed within the gas
chamber (36), said monitoring means (80) comprising means
(60) for detecﬁrig the power of microwave energy reflected from
the gas chamber (38), and means (62) for adjusting the power of
the microwave energy generated by the microwave generator
(30) in dependence on an output from the monitoring means
(80), wherein the adjusting means (62) is configured to adjust
the: power of the microwave energy generated by the microwave
generator (30) in response to a change in the gas stream
entering the gas.chamber (38) to minimise the amount of
microwave energy that is not absorbed within the gas chamber
(36) whilst malintaining a gas destruction efficiency of the
apparatus (20) at or above a pradetermined level.

2. Apparatus (20) according to Claim 1, wherein the detecting
means is disposed within a waveguide for conveying microwave
radiation from the microwave generator (30) to the gas chamber
(36).

3. Apparatus (20) according to Claim 1 or Claim 2, wherein the
detecting means is disposed within an isolator focated between
the gas chamber (36) and the microwave generator (30}, or
wherein the adjusting means is configured to periodically adjust
the power of the microwave energy generated by the microwave
generatar (30)

13



5. Apparatus (20) according to thy preceding claim wherein the
adjusting neans is configured to vary the power of the m crowave
energy generated by the m crowave generator (30), nonitor said output
as said power is varied, and determ ne an optimal power for the

m crowaves generated by the m crowave generator (30) In dependence on
the nonitored output.. 6. A nethod of treating an effluent gas in a
m crowave pl asma abat enent apparatus (20) conprising a m crowave
generator (30) and a gas chanber (36) for receiving mcrowave energy

fromthe mcgowave gep : i A reih has a
gas inlet foJri' receivi ng‘bi'%g%sé@t r%g%% d&y;pgéls'cegﬁl Icegt"]?' anofelwi thin
which a plasma i s genaditsting raeansds corfigwred towadiust heaowgr ofithe net hod

conprising the steps gpf } j ]

that is not absorbed ﬁﬁrﬁ?%%%r%g%éﬁ%%ggy%%@gcréﬂa\(/\bh&g\ré@?ﬁk? e)g’gv\er
of nicrowave energy r#RPeRedd shange inthganasgrigniyate of 41 gassleami ¢ or ed,
and the power of the Qﬁt&ﬁ%&%a@%ﬁéﬂ%eﬂ@%ﬁﬁﬁd!&% Hﬁan%;Bﬂ'l fieCr ovave

generator (30) adjusted in_response to a change | n the gas stream
entering the gas chanfRIpPqsdion of the grseiaeherdedis Q‘ﬂéaﬁé'?ﬂa@?ﬁ'é%p)pomer,
to mnimse the anount of m crowave energy that is not absorbed

within the s chanbe 36)  whi.l st npintai.nin as. destruyction

ef fici ency the apj péﬁl’{:@s\@b)acaqrdg\g talﬁ'BVBm%egf’gH%L"érv%eﬁ%‘ﬁiheeveI .

7. A method atccgrgi nﬁ\djﬁstﬁb&iéﬁs iy\b@mghredtbeai??gm?owérdfmdm crowave

ener enerate € _m crowave gener.at pr ) Is periodic

o uot ea 8. A et hodMEEMAE eI SRR R B 15 Mo BT R e, of

t he m crowave ener gy rgenitor atidoutput b eail povwenissarigdeedatetarmir@®@n | s

adj usted in response j / of : a
justed In response 4oy 608008, b RS LA Iel B Brhicldigas

streamentering the g er n'Te, sponse to a change
in the conposition ofganeeate8§0sndeanndancenthe mepilejad ovlpuivber ( 36)

8, _ A method of treating an effluent gas in a microwave plasma
abatement apparatus (20) comprising a microwave generator
(30) and a gas chamhber (36) for receiving microwave energy
from the microwave generator (30}, wherein the gas chamber
{38) has a gas inlet for receivingj a gas stream and a gas cutlet,
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 (36) , wherein the power of microwave energy reflected
from the gas chamber (36) is monitared, and the power of the
microwave energy generated by the microwave generator (30)
adjusted in response to a change in the gas siream entering the
gas chambér (36) in'dependence on the reflected power, to
minimise fhe amount of microwave energy that is not absorbed
within the gas chamber (36} whilst maintaining a gas destruction
efficiency of the apparatus (20) at or above a predetermined

level.
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9. A nethod according to any of Clains 6 to 8, wherein the power of
the m crowave energy generated by the m crowave generator (30) Is
vari ed, the anmount of m crowave energy that is not absorbed within
the gas chanber (36) is nonitored as said power is varied, and an
opti mal power for the mcrowaves 'generated by the m crowave
generator (30) is determined in dependence on the unabsorbed anount

of m crowave enerqgy.

7. A method according ta Claim 6, wherein the power of the
microwave energy generated by the microwave generator (30) is
periodically adjusted.

8, A method according to Claim 8 to 7, wherein the power of thé
microwave energy generated by the microwave generator {30) is
adjusted in response to a change in the mass flow rate of the
gas stream entering the gas chamber (38) and/or in response to
a change in the composition of the gas stream enteriné the gas
chamber (36)

9. A method according to any of Claims 8 to 8, wherein the p‘ower'
of the microwave energy generated by the microwave generator -
(30) le varled, the amount of microwave energy that is not
absorbed within the gas chamber (36} is monitored as said
power ig varied, and an optimal pawer for the microwaves
'generated by the microwave generator (30) is determined in
dependence on the unabsorbed amourit of microwave energy.
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