PLASVA ABATEMENT DEVI CE The present invention relates to a plasm
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nitride layer. Polycrystalline silicon, or polysilicon, is deposited on the substrate by

the decomposition of silane or a chlorosilane by heat.

Gases are also supplied to an etch chamber to perform selective etching of areas
of the deposited layers, for example duting the formation of electrodes and the
source and drain regions of a semiconductoer device. Etching gases can include
the perflucrocompounds such as CFs, CHF3 and NF3, other halocompounds such
as HCl, HBr, BCls, Clz and Bry, and combinations thereof. For example, CFsis
commonly used to initially form an opening in a region of a nitride or oxide layer
formed over a polysilicon layer and which is exposed by a photoresist layer, and a
mixture of HBr and Clz is commonly used fo subsequently etch the exposed

polysilicon.

The etching gases can react with a photoresist to form deposits and tars that need
to be periodically removed from the etch chamber, and so a cleaning gas, typically
comprising SFs and oxygen, is periodically supplied to the etch chamber {o remove

the unwanted material from the chamber.



During these etch and cl eaning processes perfornmed within the etch
chanber, there is typically a residual amount of the gas supplied to
the etch CRADSN0«ERHt ai ned in the gas exhausted from t hg-w&EER6/003480
chanber. Perfluoroconpounds such as CF4 and SF6 are greenhouse gases,
and an abatenent device is often provided to treat the exhaust gas
before it is vented to the atnosphere. The abat enment device converts
the nore hazardous conponents of the exhaust gas into species that
can be readily renmoved fromthe exhaust gas, for exanple by
conventional scrubbing, and/or can be safely exhausted to the
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with water vapour will form COz and HF, and Clz can form HCI within the chamber.
HF, HCI and HBr can be subsequently removed from the gas siream by a wet
scrubber located downstream from the abatement device.



It is an aimof at |east the preferred enbodi ment of the present
I nvention to provide an inproved plasnma abatenent device that is
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hal oconpound, such as HBr, HCI, Br2 or Cl2, and water vapour. In a

first aspect, the present invention provides a plasma abatenent
device conprising a gas chanber having a gas inlet for receiving a
gas to be treated by the device and a gas outlet, at |least part of
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Once the nickel oxide layer has been removed, HBr, and HCI can react with the
metals contained in the stainless steel when moisture levels are in excess of a few
parts per million (ppm). Due fo the water adsorbed on the stainless steel surface,
the by-products of these reactions can degrade the gas chamber and the
electrodes, which can reduce the efficiency of the abatement device.

It is an aim of at least the preferred embodiment of the present invention to provide
an improved plasma abatement device that is suitable for treating a gas stream
containing varying amounts of a halocompound, such as HBr, HCI, Br; or Clp, and

water vapour.

In a first aspect, the present invention provides a plasma abatement device
comprising a gas chamber having a gas inlet for receiving a gas fo be treated by
the device and a gas outlet, at least part of the inner surface of the gas chamber
being formed from, or coated with, an electrically conductive material that is
resistant to corrosion during treatment of a gas containing a halocompound and

water vapour.

The inner surface of the gas chamber may comprise a layer of said electrically
conductive material formed on the inner surface of a housing defining, at least in



In the preferred enbodi ment, the plasna abatenment device conprises a
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The electrically conductive material may be diamagnetic or paramagnetic. The
weaker the magnetic susceptibility of the material, the greater the transparency of
the material to a magnetic field established within the gas chamber, for example
when the device is a microwave plasma abatement device. Consequently, the use
of diamagnetic materials such as brass, gold and silver, and paramagnetic
“materials such as titanium and aluminium which have a relatively low magnetic
susceptibility in comparison to superparamagnetic materials and ferromagnetic
materials, such as steel and nickel, will result in less distortion of the flux lines of
the magnetic field established within the gas chamber, and enhance the guality of
a plasma generated within the gas chamber.

The gas chamber may be located, at least in part, within a resonant cavity of the
device. Forming the inner walls of the resonant cavity with a material such as



In a second aspect, the present invention provides a plasm abat enent
device conprising a gas chanber having a gas inlet for receiving a

gas to be twegakwmdsdys t he device and a gas outlet, at |eagstr/dphdsotdsso
the inner surface of the gas chanber being forned from or coated

with, titanium In a third aspect, the present invention provides a
m crowave plasma abat enent device conprising a m crowave resonant
cavity having a gas inlet and a gas outlet, and a waveguide for
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7.5 microns) than stainless steel (around 8.6 microns} and Inconel (around 11.4
microns), the destruction and removal efficiency of the device may thus be
improved by the use of titanium for at least the inner walls of the resonant cavity.
Consequently, the electrically conductive material preferably has a skin depth less

than 8 microns.

fn a second aspect, the present invention provides a plasma abatement device
comprising a gas chamber having a gas inlet for receiving a gas to be treated by
the device and a gas outlet, at least part of the inner surface of the gas chamber
being formed from, or coated with, titanium.

[n a third aspect, the present invention provides a microwave plasma abatement
device comprising a microwave resonant cavity having a gas inlet and a gas
outlet, and a waveguide for conveying microwave radiation to the resonant cavity,
the resonant cavity having an inner surface formed from, or coated with, an
eiectrida[!y conductive material that is resistant to corrosion during treatment of a

gas containing a halocompound and water vapour.

In a fourth asbect, the present invention provides a microwave plasma abatement
device comprising a microwave resonant cavity having a gas inlet and a gas

" outlet, and a waveguide for conveying microwave radiation to thé resonant cavity,
the resonant cavity having an inner surface formed from, or coated with, titanium.



Figure 1 is an external perspective view of a m crowave plasm
abatenent device; Figure 2 is a side view of the device of Figure 1;

Figure 3 i Swé 2w7%§@93sect| onal view through the device alﬁ%g&e&%oﬁsﬁ

of Figure 2; Figure 4 is a cross-sectional view through vice
along line B-B of Figure 2; and Figure 5 is an enlarged vi ew of
region Cidentified in Figure 3. Wth reference to Figures 1 to 4, a
m crowave pl asnma abat enment device 10 conprises an el ectri caIIy

¢ ect angul Pt aelbelted BRovaundRlBh§S ne TSt At A% AR SePREDIS 1 o

exanpl e bw]e@@bm@tm@urtarg@pgmtsegd@vagr\;@ﬁsﬁ the width of the housing 12
to provide a resonant cavity of the abatenent device 10. One end of

the resonant cavity 14 is connected to a wavegui de 16 for conveying
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radi ati on. The wavegui de 16 al so conprises a second, substantially
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body portion 22 having a height h2 and a wdth w,

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

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

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

With reference to Figures 1 to 4, a microwave piasma abatement device 10
comprises an electrically conductive housing 12. As illustrated, the housing 12
may have a rectangular cross-section. A slot 14 is formed in ihe'housing 12, for
example by machining, and extends across the width of the housing 12 to provide
a resonant cavity of the abatement device 10. One end of the resonant cavity 14
is connected to a waveguide 16 for conveying microwave radiation from a
microwave generator (not shown) into the resonant cavity 14. The other end of
the resonant cavity 14 is connected to a short circuit 18.

The waveguide 16 comprises a first, substantially rectangular body portion 20
having a height h+ substantially parallel to the TEy, electric field of the microwave
radiation conveyed through the waveguide 18 to the resonant cavity 14, and a
width w orthogonal to the electric field of the microwave radiation. The waveguide
16 also comprises a second, substantially rectangular body portion 22 facing the
resonant cavity 14, the second body portion 22 having a height h, and a width w,



where h2< hi. In the illustrated exanple, the second body portion 22
has a hei ght of approximately one third of the height of the first

body porti opodbhroldees wavegui de 16 further conprises a t gR& & ho06/003489
convergent portion 24 of width w | ocated between the first and second

body portions 20, ,22. The tapered portion 24 conprises a first end
surface 25a adjacent the first body portion 20 of height hl and w dth
w, and a second end surface 25b adjacent the second body portion 22
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co-axial. The tapered portion 24 has a length / in the direction of
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turning { d 29a of the screw 29, the end of the screw 29 can be
raised or lowered within the chanmber 27 to tune the short circuit 18.

The short circuit 18 provides an extension of the waveguide 16 on the opposite
side of the resonant cavity 14. The short circuit 18 comprises a chamber 27
defined in part by an end plate 26 that is distanced from the end of the second
portion 22 of the waveguide 16 such that the incident microwave radiation is
reflected by the end plate 26 to form an electromagnetic standing wave within the
resonant cavity 14. The position of the end plate 26 refative to the end of the
second portion 22 of the waveguide 16 may be adjustable.

The short circuit 18 comprises a funer 29 spaced from the end plate 26 for tuning
the short circuit 18. In the illustrated example, the tuner comprises a screw 29
threaded into the top surface of the short circuit 18 such that the body of the screw
extends into the chamber 27 substaniially perpendicular to the direction of
propagation of the microwave radiation through the chamber 27. By turning the
head 29a of the screw 29, the end of the screw 29 can be raised or lowered within
the chamber 27 to tune the short circuit 18.



The resonant cavity 14 houses two dielectric plate nmenbers 28, 30,
preferably fornmed from PTFE or other suitable material for retaining
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outlet port 44 is fornmed in the base of the housing 12 for conveying
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conducti nﬁarrrqger 55, g\ das outlet port 44 is formed in the base of the housing 12 for
conveying gas from the gas chamber 36 to a second gas conduit 46. The gas
outlet port 44 extends transversely of, and is preferably co-axial with, the gas
chamber 386,

Each plate member 30, 52 also has a smaller second bore 48 formed therein.

One of the bores 48 is aligned with an aperture 50 formed in a sidewall of the
housing and closed by a transparent cover plate 52 to provide an inspection
window for enabling a user to cbserve a plasma generated within the gas chamber
36 of the resonant cavity 14 during use of the abatement device 10.



The el ectrically conducting nenber 58 conprises an el ongate tube 62,
whi ch may be fornmed from copper or other electrically conducting

material, apgigdoengages a tubular tip 64, as illust ratRkbhddiREe
detail in Figure 5. The tip 64 is preferably formed from corrosion

and heat resistant material, such as tungsten or a tungsten all oy,

for exanple an alloy of tungsten and | anthanum The tip 64 may be

provided with a plurality of apertures 65 extending thereabout to
inlet. apd the as ouchl et 44
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hol der 60 conprises a tirst body portion ut war

ext endi ngn@‘nbelt5&38 which is Iocat ed on a flanged opening 70 of the
bore 54 of the housing 12. An O-ring 72 is provided between the skirt
68 and the flanged opening 70 to forman air-tight seal, the skirt 68
bei ng cl difeesledttdcallyedhidactyefimepeer 5§ cbmmryseaaoledﬂr@adzétaib@@m&mtemdyng
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bore 54. The second body portion 78 of the hol der ter nat e
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decreas at the conica rojection der
engages &9rim 84 of the t|p 64 to retain the tip 64 wthin the hol der
60. The second body portion 78 of the holder 60 is preferably
integral with both the first body portion 66 and the skirt 68.

The holder 60 is also preferably formed from electrically conducting material. The

electrically conducting member 58 and holder 60 are preferably at electrical
ground during use of the abatement device 10. The holder 60 has a hollow interior
within which the tube 62 and tip 64 of the electrically conducting member 58 are
preferably a sliding fit. The holder 60 comprises a first body portion 66 having an
outwardly extending skirt 68, which is located on a flanged opening 70 of the bore
54 of the housing 12. An O-ring 72 is provided between the skirt 68 and the
flanged opening 70 to form an air-tight seal, the skirt 68 being clamped to the
ﬂan‘ged opening 70 by a clamp chain 74 extending thereabout. As illustrated in
Figure 3, the O-ring 72 is preferably located outside of the gas chamber and
therefore outside of the electromagnetic field generated therein, and may extend
about an annular ring 76 depending downwardly from the skirt 68, the annular ring
having an inner diameter that is substantially equal to the diameter of the bore 54,



As illustrated in Figure 5 the tip 64 preferably protrudes into the
gas chanmber 36. The length of the tip 64, and/or the length of the
second bodywpasdioeddey8 of the hol der 60, is preferably GheasafocRolhat
the tip 64 extends a predeterm ned distance into the standi ng wave
generated within the resonant cavity 14 depending on the frequency of
the m crowave radi ati on supplied to the resonant cavity 14. The tube
62 is preferably held in electrical contact with the hol der 60. As

illustrat i al
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During normal use of the abatenent device 10, a flow of cooling water
is supplied to the annular channel 94. A gas is punped into gas

chanber 36 WwhneH@lsde gas inlet port 40, flows spiral | pcdddhddobigo
gas chanber 36 and passes beneath the tip 64 of the electrically

conducti ng nmenber 58 before |eaving the gas chanber 36 through the
gas outlet port 44 and entering the second gas conduit 46. M crowave
radiation is fed into the resonant cavity 14, and thus into the gas
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The_gas chiase hELR &R o Bl Lot B 8 e Chanber 561 s
able to couple efficiently to the glow discharge and, in typically
e e s St B e e 10 Ao el 2. e
electrically conducting member 58 extends into the bore 54 substantially
perpendicular fo 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 Jocated at a maximum intensity of the electromagnetic field formed
within the resonant cavity 14 during use of the abatement device 10.

During normal use of the abatement device 10, a flow of cooling water is supplied

to the annular channel 94. A gas is pumped into gas chamber 36 through the gas
intet port 40, flows spiralty within the gas chamber 36 and passes beneath the tip
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means of the microwave radiation supplied to the gas chanber 36 al one
after the power supply to the electrode 102 is switched off

(typically whbbyR.doyp or three seconds). The plasma ini tgcg@chodiiohikd
the gas chanber 36 Is carried out fromthe gas chanber 36 t(ﬁﬁ ough the

gas outlet port 44 with the gas flow ng through the gas chanber 36,
and is contained within the second gas conduit 46. The plasnma thus
resenbles a flane generated beneath the tip 64 and extendi ng out
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sprayed over the outer surface of the second gas conduit 46 to cool
t he second gas conduit 46. Problens can arise when the exhaust gas
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techni qu ?emporanly to the electrode 102. The high voltage results in a corona discharge
through the glow-discharge gas from the tip of the electrode 102 towards a
proximal portion of the tube 62. That corona discharge provides a path through
which a farge 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 typiéally less than one secend, the
plasma ignites, leading to a stable microwave plasma which can be maintained by
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CLAIM5S 1. A microwave plasnma abatement device (10) characterised in
that it conprises a mcrowave resonant cavity (14) having a gas

inlet and aygag7RWebset, and a wavegui de (20) for conveyigrgdRGRIMYS
radiation to the resonant cavity, the resonant cavity having an inner

surface fornmed from or coated with, titanium 2. A device according
to Caim1, wherein the inner surface of the cavity conprises a |ayer
of titaniumfornmed on the inner surface of a housing (14) defining,

at |east 1n géﬁpﬁbhgrgﬁﬁ&%%ﬁiaﬁm SuSISHEUES 1RE S ShdiodPsdhBh T after the

wherei n tH&
power supply to the electrode 102 is switched off (typically within two or three

seconds).

The plasma initiated within the gas chamber 36 is carried out from the gas
chamber 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 outlet port 44 into the second gas conduit 46. Due fo the high temperature
created within the second gas conduit 46 during use of the abatement device 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.

Problems can arise when the exhaust gas contains gases such as HBr, HCI, Br;
and Clo. HBr and HCI present in the chamber 36, together with HF generated as a
by-product of a reaction occurring within the gas chamber 36, can strip the passive
surface oxide layers from any stainless steel surfaces within the housing 12,
exposing the stainless steel. Water vapour present within the exhaust gas
entering the gas chamber 36 can adsorb on to the exposed stainless steel
surfaces, and promote corrosion of these surfaces by the reaction of HBr, HCI, Br
or Clp with metallic constituents of the stainless steel. As weli as degrading the
surfaces of these stainless steel components, the by—produdts from the corrosion
can interfere with the microwaves entering the resonant cavity 14, and this can
lead to a reduction in the destruction and removal efficiency of the gas treatment

taking place within the gas chamber 36.

In view of this, when the gas entering the gas chamber 36 is likely to contain a
halocompound such as HBr, HCI, Br or Cly, either simultansously with water
vapour or separately therefrom, the inner surface of the housing 12, and preferably
also other electrically conducting components of the device 10 such as the holder
60, are formed from, or coated with; an electrically conducting material that is
resistant to corrosion during treatment of a gas containing such a halocompound
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fromstainless steel. 4. A device according to Claim1, wherein the
cavity is defined at least in part by a housing formed fromtitanium

5. A devi caygsephioeg to any of Cainms 1 to 4, conprisi pgrki006/003489
el ectrically conducting nenber (64) protruding into the gas chanber,

the electrically conducting nenber being formed from or coated wth,
titanium

and water vapour. The electrically conducting material is preferably paramagnetic
or diamagnetic so as to not substantiaily interfere magnetically with the
microwaves passing through the housing 12. One suitable example of the
glectrically conducting material is titanium, which forms a surface oxide that is
resistant to stripping by the halocompound. The housing 12 and holder 60 may
therefore be formed from titanium, or, more preferably, from another material such
as stainless steel having a titanium layer formed on the inner surface thereof by

any suitable technique.
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CLAIMS

A microwave plasma abatement device (10) characterised in
that it comprises a microwave resonant cavity (14) having a
gas inlet and a gas outlet, and a waveguide (20) for conveying
microwave radiation to the resonant cavity, the resonant cavity
having an inner surface formed from, or coated with, titanium.

A device according to Claim 1, wherein the inner surface of the
cavity comprises a fayer of titanium formed on the inner surface
of a housing (14) defining, at least in part, the cavity.

A device according to Claim 2, wherein the housing is formed

from stainless steel.

A device according to Claim 1, wherein the cavity is defined at
least in part by a housing formed from titanium.

A device according to any of Claims 1 to 4, comprising an
electrically conducting member {64} protruding into the gas
chamber, the electrically conducting member being formed from,
or coated with, titanium.
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