
PLASMA ABATEMENT DEVICE The present invention relates to a plasma
abatement device. The invention is particularly suitable to a plasma
abatement device for treating a gas stream exhaust from a polysilicon
etch process. During the formation of a semiconductor or flat panel
display device, various different process gases are supplied to
various process chambers. Chemical vapour deposition (CVD) is used to
deposit thin films or layers on the surface of a substrate or wafer
located in a deposition chamber. This process operates by supplying
one or more reactive gases to the chamber, often using a carrier gas,
to the substrate's surface under conditions that encourage chemical
reactions to take place at the surface. For example, TEOS and one of
oxygen and ozone may be supplied to the deposition chamber for the
formation of a silicon oxide layer on the substrate, and silane and
ammonia may be supplied for the formation of a silicon 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 during the
formation of electrodes and the source and drain regions of a
semiconductor device. Etching gases can include the
perfluorocompounds such as CF4, CHF3 and NF3, other halocompounds
such as HCI, HBr, BCI3, Cl2 and Br2, and combinations thereof. For
example, CF4 is 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
Cl2 is commonly used to 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 SF6 and oxygen, is
periodically supplied to the etch chamber to remove the unwanted
material from the chamber.  



During these etch and cleaning processes performed within the etch
chamber, there is typically a residual amount of the gas supplied to
the etch chamber contained in the gas exhausted from the etch
chamber. Perfluorocompounds such as CF4 and SF6 are greenhouse gases,
and an abatement device is often provided to treat the exhaust gas
before it is vented to the atmosphere. The abatement device converts
the more hazardous components of the exhaust gas into species that
can be readily removed from the exhaust gas, for example by
conventional scrubbing, and/or can be safely exhausted to the
atmosphere. Perfluorocompounds (PFCs) such as CF4, SF6, NF3 and C2F6
can be removed from the gas stream with high efficiency using a
microwave plasma abatement device. An example of a microwave plasma
reactor is described in UK Patent no. GB 2,273,027. In that device, a
waveguide conveys microwave radiation from a microwave generator into
a gas chamber housing two electrodes in a closely opposed
relationship. A gas to be treated flows into the gas chamber 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 gas chamber. Under the
intensive conditions within the plasma, species within the gas stream
are subjected to impact with energetic electrons causing dissociation
into reactive species that can combine with oxygen or hydrogen to
produce relatively stable by-products. A convenient source of oxygen
and hydrogen for reacting with the various species contained in the
gas stream is water vapour, which may be readily added to the gas
stream upstream from the abatement device. For example, reaction of
CF4 with water vapour will form CO2 and HF, and Cl2 can form HCI
within the chamber. HF, HCI and HBr can be subsequently removed from
the gas stream by a wet scrubber located downstream from the
abatement device.  Various parts of a plasma abatement device, such
as one or more of the electrodes, electrode holders and the inner
surface of the chamber, are typically formed from stainless steel. In
addition to iron, carbon, and chromium, stainless steel may also
contain other elements, such as nickel, molybdenum, niobium and
titanium. In the presence of air, a passive surface oxide layer is
formed, which protects the underlying stainless steel from corrosion.
However, in the presence of acidic gases such as HF, HCI, and HBr,
the passive layer can be stripped, exposing the underlying stainless
steel. For example, HF may be present in the gas chamber as a
by-product of the treatment of a perfluorocompound within the gas
chamber, and HCI or HBr may be contained in the gas exhaust from the
process chamber during an etching process. 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 to 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, Br2 or C12, 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 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, 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  part, the gas chamber.
For example, the housing may be formed from a stainless steel body
having an inner surface coated with said electrically conductive
material. Alternatively, the gas chamber may be defined at least in
part by a housing formed from said electrically conductive material.
One example of a suitable material is titanium. It has been observed
that titanium exhibits remarkable corrosion resistance in oxidising
acid environments. The strong oxidising nature of moist halogens
creates a passive surface oxide layer on titanium, which protects the
underlying titanium material when the chamber is exposed to a humid
atmosphere containing gases having the general formulae HX or X2,
where X is a halogen such as F, Cl or Br. 



In the preferred embodiment, the plasma abatement device comprises a
microwave plasma abatement device, but the invention may also be
applicable to other types of plasma abatement device, for example a
plasma torch abatement device, which may have stainless steel
electrodes and/or a stainless steel gas chamber coated with said
electrically conducting material. The gas is preferably treated at or
around atmospheric pressure by the abatement device. 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 quality 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  titanium can provide
reduced conductor losses in comparison to a resonant cavity formed
from stainless steel or Inconel. The interaction of electromagnetic
radiation at the metallic surfaces of the resonant cavity gives rise
to a flow of current, and therefore power losses which manifest as
conductor losses. The power dissipated within the walls of the cavity
is directly related to the skin depth of the material from which the
walls are formed; the higher the skin depth, the greater the power
dissipation within the walls and so the lower the amount of power
available for gas abatement. As titanium has a smaller skin depth
(around 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. 



In 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. In 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
electrically conductive material that is resistant to corrosion
during treatment of a gas containing a halocompound and water vapour.
In a fourth 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, titanium.  Features described
above in relation to the first aspect are equally applicable to the
second to fourth aspects, and vice versa. 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 an external perspective view of a microwave plasma
abatement device; Figure 2 is a side view of the device of Figure 1;
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 plasma 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 the 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 h1
substantially parallel to the TE01 electric field of the microwave
radiation conveyed through the waveguide 16 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 h2 and a width w, 



where h2< hi. 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 portion 20 of height h1 and width
w, and a second end surface 25b adjacent the second body portion 22
of height h2 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. 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
relative to the end of the second portion 22 of the waveguide 16 may
be adjustable. The short circuit 18 comprises a tuner 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 substantially 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 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 abatement
device 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 same
as, or dissimilar to, the gas entering the gas chamber 36 from the
first gas conduit 42. Each gas inlet is preferably configured so that
gas enters the gas chamber 36 from the first gas conduit 40
substantially tangentially, so that the gas swirls inwardly within
the gas chamber 36 towards the centre of the gas chamber 36. A gas
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 36. Each plate member 30, 32 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 observe a plasma generated within the gas chamber
36 of the resonant cavity 14 during use of the abatement device 10.
A cylindrical bore 54 is also formed in the housing 12, the bore 54
extending transversely of the resonant cavity 14 and defining with
the resonant cavity a gas chamber of the abatement device 10. The
bore 54 is preferably substantially coaxial with the gas chamber 36
and gas outlet port 44. The bore 54 receives an electrically
conducting assembly 56. The assembly 56 comprises an electrically
conducting member 58 and atolder 60 for holding the electrically
conducting member 58. 



The electrically conducting member 58 comprises an elongate tube 62,
which may be formed from copper or other electrically conducting
material, and which engages a tubular tip 64, as illustrated in more
detail in Figure 5. The tip 64 is 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. 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 0-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 flanged opening 70 by a clamp chain 74 extending
thereabout. As illustrated in Figure 3, the 0-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,   and which makes electrical contact with
the housing 12. Alternatively, the base of the skirt 68 may make
electrical contact with the housing 12. The holder 60 further
comprises a second, elongate body portion 78 that extends into the
bore 54. The second body portion 78 of the holder 60 terminates with
a conical projection 80, which preferably does not protrude into the
gas chamber 36. The internal diameter of the second body portion 78
decreases at the conical projection 80 to provide a shoulder 82 that
engages a rim 84 of the tip 64 to retain the tip 64 within the holder
60. The second body portion 78 of the holder 60 is preferably
integral with both the first body portion 66 and the skirt 68. 



As illustrated in Figure 5, the tip 64 preferably protrudes into the
gas chamber 36. The length of the tip 64, and/or the length of the
second body portion 78 of the holder 60, is preferably chosen so that
the tip 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. The tube
62 is preferably held in electrical contact with the holder 60. As
illustrated, a metal spring 86 or other electrically conducting item,
may be located within the holder 60 such that one end of the spring
86 engages a first annular projection 88 formed on the tube 62 and
the other end of the spring 86 engages a metallic lock nut 90
threaded into the holder 60. The tube 62 has a second annular
projection 92 spaced from the first annular projection 88 to define
an annular channel 94 between the holder 60 and the tube 62. A flow
of cooling water is supplied to the annular channel 94, the water
being supplied to the annular channel 94 through a coolant inlet port
96 passing through the holder 60, and being exhausted from the
annular channel 94 through a coolant outlet port 98 passing through
the holder 60 and located substantially opposite the coolant inlet
port 96.   Depending on the power of the electromagnetic radiation
conveyed to the resonant cavity, the intensity of electric field
created within the resonant cavity 14 may be insufficient to ignite a
plasma within the gas chamber 36. Therefore, a glow-discharge
electrode assembly 100 may be housed within the electrically
conducting member 58. The electrode assembly 100 comprises a
plasma-ignition, glow-discharge electrode 102, which is in the form
of an elongate, high voltage electrode located concentrically within,
but spaced from, the tube 62 of the electrically conducting member
58. A connector 104 connects the electrode 102 with a power supply.
The electrode 102 may be threaded into a conformingly-threaded
aperture located concentrically with the lock nut 90. A gas inlet 106
is formed within the tube 62 for receiving a flow of a glow-discharge
gas, such as nitrogen, a noble gas, or any other substantially inert
and ionisable gas, from a gas inlet port 108 extending radially
through the first body portion 66 of the holder 60. The gas inlet
port 108 receives the glow-discharge gas from a connector 110
attached to the holder for connecting the gas inlet port 108 to a
source of the glow-discharge gas. The gas inlet 106 is preferably
arranged tangentially with respect to the bore of the tube 62 of the
electrically conducting member 58 to promote formation of a helical
flow path around electrode 102 generally downwardly towards the tip
64 of the electrically conducting member 58. 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 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 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.  Microwave
radiation is fed into the resonant cavity 14, and thus into the gas
chamber 36, for a magnetron by the waveguide 16. The end plate 26 of
the short circuit 18 reflects the microwaves to form a standing wave
within the resonant cavity 14, with the tip 64 of the electrically
conducting member 58 intensifying the 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 maximising 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 ignite 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 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 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). 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 to
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, Br2 and C12. 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, Br2 or Cl2 with metallic
constituents of the stainless steel. As well as degrading the
surfaces of these stainless steel components, the by-products 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, Br2 or C12,
either simultaneously 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  and water vapour. The
electrically conducting material is preferably paramagnetic or
diamagnetic so as to not substantially interfere magnetically with
the microwaves passing through the housing 12. One suitable example
of the electrically 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. 



CLAIMS 1. 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. 2. A device according
to Claim 1, wherein the inner surface of the cavity comprises a layer
of titanium formed on the inner surface of a housing (14) defining,
at least in part, the cavity. 3. A device according to Claim 2,
wherein the housing is formed 



from stainless steel. 4. A device according to Claim 1, wherein the
cavity is defined at least in part by a housing formed from titanium.
5. 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. 




