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cessing system are provided. In some embodiments, an apparatus for treating
a gas in a conduit of a substrate processing system includes: a dielectric tube
to be coupled to a conduit ot a substrate processing system to allow a tflow of
gases through the dielectric tube, wherein the dielectric tube has a conical
sidewall; and an RF coil wound about an outer surface of the conical side-
wall of the dielectric tube, the RF coil having a first end to provide an RF in-
put to the RF coil, the first end of the RF coil disposed proximate a first end
of the dielectric tube and a second end disposed proximate a second end of
the dielectric tube. In some embodiments, the RF coil is hollow and includes
coolant fittings to couple the hollow RF coil to a coolant supply.
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APPARATUS FOR TREATING A GAS IN A CONDUIT

FIELD

[0001] Embodiments of the present disclosure generally relate to substrate

processing equipment.

BACKGROUND

[0002] Some gas treatment systems utilize radio frequency (RF) energy to ignite a
plasma within a conduit to at least partially destroy or break down the gases flowing
through the conduit. For example RF energy may be provided to a conductive coil
disposed about a dielectric tube to facilitate ignition of gases flowing through the
dielectric tube to form a plasma to treat the gases. However, the inner wall of the
dielectric tube undesirably becomes eroded over time and needs to be replaced.
The inventors have observed that replacement of the dielectric tube typically
requires replacement of expensive components coupled to the dielectric tube.

[0003] Therefore, the inventors have provided an improved gas treatment system
for treating a gas in a conduit that enables portions of the system to advantageously
be reused rather than thrown away.

SUMMARY

[0004] Apparatus for treating a gas in a conduit of a substrate processing system
are provided herein. In some embodiments, an apparatus for treating a gas in a
conduit of a substrate processing system includes: a dielectric tube to be coupled to
a conduit of a substrate processing system to allow a flow of gases through the
dielectric tube, wherein the dielectric tube has a conical sidewall; and an RF coil
wound about an outer surface of the conical sidewall of the dielectric tube, the RF
coil having a first end to provide an RF input to the RF coil, the first end of the RF
coil disposed proximate a first end of the dielectric tube and a second end disposed
proximate a second end of the dielectric tube. In some embodiments, the RF coil is
hollow and includes a first coolant fitting coupled to a first end of the RF coil and a

second coolant fitting coupled to a second end of the RF coil.
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[0005] In some embodiments, an apparatus for treating a gas in a conduit of a
substrate processing system includes: a dielectric tube to be coupled to a conduit of
a substrate processing system to allow a flow of gases through the dielectric tube,
wherein the dielectric tube has a conical sidewall; an RF coil wound about an outer
surface of the conical sidewall of the dielectric tube, the RF coil having a first end to
provide an RF input to the RF coll, the first end of the RF coil disposed proximate a
first end of the dielectric tube and a second end disposed proximate a second end of
the dielectric tube, wherein the RF coil is hollow and includes a first coolant fitting
coupled to a first end of the RF coil and a second coolant fitting coupled to a second
end of the RF coil; a first end flange coupled to a first end of the dielectric tube; and
a second end flange coupled to a second end of the dielectric tube, wherein each of
the first and second end flanges are configured to couple the dielectric tube in-line in

a conduit.

[0006] In some embodiments, a substrate processing system includes: a process
chamber; an exhaust conduit coupled to the process chamber to allow a flow of
exhaust gases from the process chamber; a vacuum pump coupled to the exhaust
conduit to evacuate exhaust gases from the process chamber through the exhaust
conduit; a dielectric tube coupled to the exhaust conduit to allow a flow of the
exhaust gases through the dielectric tube, wherein the dielectric tube has a conical
sidewall; and an RF coil wound about an outer surface of the conical sidewall of the
dielectric tube, the RF coil having a first end to provide an RF input to the RF coil,
the first end of the RF coil disposed proximate a first end of the dielectric tube and a
second end disposed proximate a second end of the dielectric tube. In some
embodiments, the exhaust conduit is a foreline. In some embodiments the dielectric
tube is disposed between the process chamber and the vacuum pump.

[0007] Other and further embodiments of the present disclosure are described
below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Embodiments of the present disclosure, briefly summarized above and
discussed in greater detail below, can be understood by reference to the illustrative
embodiments of the disclosure depicted in the appended drawings. It is to be noted,
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however, that the appended drawings illustrate only typical embodiments of this
disclosure and are therefore not to be considered limiting of its scope, for the
disclosure may admit to other equally effective embodiments.

[0009] Figure 1 depicts a processing system suitable for use with an apparatus for
treating gas in a conduit in accordance with some embodiments of the present

disclosure.

[0010] Figure 2 depicts a schematic cross-sectional side view of an apparatus for
treating gas in accordance with some embodiments of the present disclosure.

[0011] Figure 3 depicts a partial perspective view of an apparatus for treating gas

in accordance with some embodiments of the present disclosure.

[0012] Figures 4A-C respectively depict various cross-sections of an RF coil of an
apparatus for treating gas in accordance with some embodiments of the present

disclosure.

[0013] Figure 5 depicts an exploded view of an apparatus for treating gas in
accordance with some embodiments of the present disclosure.

[0014] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. The
figures are not drawn to scale and may be simplified for clarity. It is contemplated
that elements and features of one embodiment may be beneficially incorporated in
other embodiments without further recitation.

DETAILED DESCRIPTION

[0015] Apparatus for treating gas in a conduit are provided herein. Embodiments
of the inventive apparatus may advantageously provide improved maintenance and
replacement of components (e.g., a dielectric or ceramic tube) at a reduced cost as
compared to conventionally utilized plasma driven gas treatment systems. Without
limitation of the scope of the present disclosure, embodiments of the present
disclosure are applicable to any of several in-line abatement or ionization chamber

applications, for example, as described below with respect to Figure 1.
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[0016] Figure 1 is a schematic view of a processing system 100 suitable for use
with an apparatus for treating gas in a conduit in accordance with some
embodiments of the present disclosure. The processing system 100 generally
comprises a process chamber 102, an exhaust conduit (such as a foreline 108)
coupled to the process chamber 102 to receive exhaust gases from the process
chamber 102, and an apparatus for treating gas 104 coupled to the foreline 108.

[0017] The process chamber 102 may be any process chamber suitable to perform
a process on a substrate. In some embodiments, the process chamber 102 may be
part of a processing tool, for example a cluster tool, in line processing tool or the
like. Non-limiting examples of such tools include substrate processing systems such
as those used in semiconductor, display, solar, or light emitting diode (LED)

manufacturing processes.

[0018] The foreline 108 is coupled to an exhaust port 112 of the process chamber
102 and facilitates the removal of exhaust gases from the process chamber 102.
The exhaust gases may be any gases, for example such as process gases or
byproduct gases that require removal from the process chamber 102. The foreline
108 may be coupled to a vacuum pump 106 or other suitable pumping apparatus to
pump the exhaust gases from the process chamber 102 to appropriate downstream
exhaust handling equipment (such as abatement equipment or the like). In some
embodiments, the vacuum pump 106 may be a roughing pump or backing pump,
such as a dry mechanical pump, or the like. In some embodiments, the vacuum
pump 106 may have a variable pumping capacity with can be set at a desired level,
for example, to control or provided additional control of pressure in the foreline 108.

[0019] The apparatus for treating gas 104 is configured for treating gas in a conduit
and is disposed in-line with the foreline 108 to facilitate treatment or abatement of
the exhaust gases from the process chamber 102. A power source 110, such as a
radio frequency (RF) power source, is coupled to the apparatus for treating gas 104
to provide power to the apparatus for treating gas 104 to facilitate the plasma
treatment of the exhaust gases. The power source 110 provides RF energy at a
desired frequency and power sufficient to form a plasma within the apparatus for
treating gas 104 such that the exhaust gas flowing through the apparatus for treating
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gas 104 may be treated with the plasma (e.g., at least partially broken down into one

or more of ions, radicals, elements, smaller molecules, or the like).

[0020] In some illustrative embodiments, the power source 110 may be a variable
frequency power source capable of providing RF energy at a range of frequencies.
Embodiments of the present disclosure can use a low frequency (LF) or medium
frequency (MF) band power supply to drive an inductively coupled plasma (ICP)
discharge for gas abatement. LF to MF bipolar and RF power supplies can be used
for driving, which advantageously will have a much smaller coil potential than higher
frequency bands, such as high frequency (HF), very high frequency (VHF), etc. The
smaller coil potential decreases capacitive plasma coupling and increase ICP power
efficiency in the apparatus for treating gas 104. In addition, a lower potential on the
RF coil can help reduce sputtering of inner surfaces of the apparatus for treating gas
104, thereby increasing lifetime of the apparatus for treating gas 104. In some
illustrative embodiments, the power source 110 may provide about 2 to about 3 kW
of RF energy at a frequency of about 1.9 to about 3.2 MHz.

[0021] Figure 2 depicts a schematic cross-sectional side view of an apparatus for
treating gas 104 in accordance with some embodiments of the present disclosure.
The apparatus for treating gas 104 generally includes a dielectric tube 202 having
an inner volume 204 and an RF coil 212 disposed about the dielectric tube 202 to

inductively couple RF energy to gases present in the inner volume 204 during use.

[0022] The dielectric tube 202 has a conical sidewall 206 that terminates with a
straight end portion 208 at a first end of the dielectric tube 202 and a straight end
portion 210 at a second end of the dielectric tube 202. The conical sidewall 206 may
be disposed at an angle with respect to a central axis of the dielectric tube 202 of
about 1 to about 5 degrees, such as about 2 degrees. The straight end portions
208, 210 facilitate coupling with conduits on either side of the dielectric tube 202 to
facilitate flow of gases through the apparatus for treating gas 104.

[0023] The dielectric tube 202 may be fabricated from any dielectric material
suitable to allow the transmission of RF power to an inner volume 234 of the
dielectric tube 202 to facilitate ignition of a plasma and which can withstand

processing conditions (e.g., temperature, plasma, chemistry, etc.). For example,
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non-limiting suitable materials include ceramics (such as alumina (Al2Os), sapphire,
quartz, or the like.

[0024] The dielectric tube 202 may have any dimensions suitable to allow the flow
of exhaust gases from a foreline and through the dielectric tube 202 for treatment.
For example, in some embodiments, the dielectric tube 202 may have a length of
about 6 to about 15 inches. In some embodiments, the dielectric tube 202 may have
a diameter of about 1.5 to about 4 inches. The dielectric tube can have varying wall
thickness suitable to provide mechanical strength and a desired RF coupling
efficiency. A thicker sidewall will provide extended lifetime but with a lower power
coupling efficiency. In some embodiments, the dielectric tube 202 may have a wall
thickness of about 0.125 inches.

[0025] The RF coil 212 is wrapped about the outer surface of the conical sidewall
206 of the dielectric tube 202. The RF coil 212 may be wound about the outer
surface of the dielectric tube 202 any number of times sufficient to provide uniform
RF energy having a desired density to the inner volume 204 of the dielectric tube
202 to facilitate ignition of the exhaust gases within the dielectric tube 202 to form a
plasma. For example, in some embodiments, the RF coil may have about 5 to about
15 turns. In some embodiments, each turn may be disposed about 0.25 to about
0.75 inches away from an adjacent turn. Spacers (not shown) may be used to
maintain even pitch between turns of the RF coil 212. Embodiments of the present
disclosure employ a spatially designed coil that emphasizes the plasma ignition
function. Specifically, embodiments of the present disclosure emphasize the turn-to-
turn potential drop of the RF col instead of the turn-to-ground voltage, which
advantageously facilitates use of the reactor in larger diameter situations.

[0026] One or more first terminals 216 may be disposed at a first end of the RF coil
212 to facilitate coupling RF power to the RF coil 212. Four first terminals 216 are
shown in Figure 2. In embodiments where a plurality of first terminals 216 are
provided, the terminals may be aligned vertically and placed on adjacent or different
individual turns of the RF coil 212. One or more second terminals 218 may be
disposed at a second end of the RF coil 212 to facilitate coupling RF power to the
RF coil 212. Two second terminals 218 (e.g., a plurality of second terminals 218)



WO 2015/183479 PCT/US2015/029068

are depicted in Figure 2. For example, one of the one or more first terminals 216
may be coupled to an RF power source (e.g., power source 110 depicted in Figure
1) and one of the one or more second terminals 218 may be coupled to ground to
facilitate flow of RF energy through the RF coil 212. Ones of the plurality of first
terminals 216 and plurality of second terminals 218 are located at different locations
to provide flexibility to couple RF energy through a different number of turns of the
RF coil 212, for example, for different applications having different plasma

requirements.

[0027] Embodiments of the present disclosure may use push-pull driving method to
deliver RF power into an inductively coupled plasma (ICP) glow discharge.
Embodiments of the present disclosure further have the flexibility of balancing the
potentials across the coil, and can reduce the peak potential to half, which
advantageously preserves the ceramic reactor wall condition for a longer process
time. Embodiments of the present disclosure can deliver power to a much larger
space as compared to higher frequency systems. Thus, a much bigger space for
gas abatement is provided. Molecules or species subject to abatement have much
longer residence time inside a plasma, which enhances abatement efficiency.

[0028] To maintain spacing of the terms of the RF coil 212, a potting material 220
may be provided about the RF coil 212 and a lower portion of the one or more first
terminals 216 and the one or more second terminals 218. In some embodiments, a
cover 222 may be disposed around the potting material 220. The cover 222 may be
a thin plastic material, such as polycarbonate, used as a form when potting the RF
coil 212.

[0029] The RF coil 212 is fabricated from a hollow tube of a suitable RF conductive
and thermally conductive material. In some embodiments, the RF coil 212 is
fabricated from copper tubing, such as #60 tubing, although other sizes may be
used. A coolant may be provided to the hollow tube to facilitate removing heat from
the RF coil 212 during operation. As shown in Figure 3, a first coolant fitting 302
may be coupled to a first end of the RF coil 212 and a second coolant fitting 304
may be coupled to a second end of the RF coil 212 to facilitate coupling to a coolant

source (not shown).
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[0030] Returning to figure 2, the RF coil 212 may have one of various cross-
sections. For example, as shown in Figure 4A the RF coil 212 may have a circular
cross-section. In some embodiments, as shown in Figure 4B, the RF coil 212 may
have a square cross-section. Providing a square cross-section enhances surface
contact between the RF coil 212 and the conical sidewall 206 of the dielectric tube
202, which advantageously enhances thermal transfer between the dielectric tube
202 and the RF coil 212. In some embodiments, as shown in Figure 4C, the RF coil
212 may have a flattened circular cross-section, wherein the flattened portion of the
RF coil faces the dielectric tube 202. Providing a flattened circular cross-section
advantageously provides enhanced surface contact between RF coil 212 and the
dielectric tube 202 while utilizing a more commonly available and cheaper circular
tube rather than more expensive square tubing. For example, in some
embodiments, the RF coil may be made from round tubing which has been run
through a rolling die to flatten one side so that when wrapped around the conically
shaped dielectric tube 202 the contact surfaces between the two components are
maximized, thus increasing the cooling efficiency of the coil/tube assembly.

[0031] Returning to Figure 2, in some embodiments, a deformable layer 214 may
be disposed between the RF coil 212 and the dielectric tube 202 to ensure more
robust contact between RF coil 212 and the dielectric tube 202. The deformable
layer 214 may comprise any suitable material having a high thermal conductivity and
RF transparency, such as silicon rubber or thermal grease.

[0032] A first end flange 224 and a second end flange 226 may be provided at
respective ends of the dielectric tube 202 to facilitate coupling the apparatus for
treating gas 104 in-line with a conduit (for example, such as the foreline 108
depicted in Figure 1). A seal 228 may be provided between the respective first and
second end flanges 224, 226 and the straight end portions 208, 210 of the dielectric
tube 202. In some embodiments the seal 228 is an O-ring. In some embodiments, at
least one of the first and second end flanges 224, 226 may be cooled. For example
a coolant channel 232 may be provided in the first and second end flanges 224, 226
to facilitate circulating a coolant therethrough. In some embodiments, the coolant
channel 232 may be formed in a side of the end flange with a 234 provided to seal
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the coolant channel 232. In such embodiments, a heat transfer fluid supply or
recirculator (not shown) may be coupled to the coolant channels 232.

[0033] Figure 5 depicts an exploded view of the apparatus for treating a gas 104 in
accordance with some embodiments of the present disclosure. Shown in figure 5, in
some embodiments, the first end flange 224 may be threaded to receive eyebolts
506 to facilitate handling of the apparatus for treating a gas 104. Moreover, a
support plate 502 may be provided and coupled to each of the first and second end
flanges 224, 226 for example, via fasteners 504. The support plate 502 provide
support for the apparatus for treating gas 104 to reduce physical stress on
components of the apparatus for treating a gas 104.

[0034] In operation, effluent or exhaust gases from the process chamber 102 may
be pumped through the foreline 108 and pass through the apparatus for treating gas
104. RF energy may be provided by the power source 110 to the RF coil 212 to
form an inductive plasma within inner volume 204 of the apparatus for treating gas
104. The configuration of the apparatus for treating gas 104 advantageously may
provide a longer service life as compared to conventional apparatus having
capacitively coupled regions of plasma formation within the plasma treatment

apparatus.

[0035] Thus, embodiments of the present disclosure use a conic dielectric reactor
tube inserted into a conically shaped spiral radio frequency (RF) antenna/cooling
coil. The RF coil, end plates, and wiring are all potted with a thermally conductive,
electrically insulative compound (such as a silicone compound) to become a
permanent assembly. Then the conic dielectric reactor core tube is inserted and
end flanges with o-ring seals are installed. For refurbishment only, the ceramic core
can be easily removed and replaced without damage to the RF coil assembly.

[0036] With a conical profile coil wrapping up a conical tube, when replacing the
tube, by pressing along the axis of the conical reactor tube it is possible to
disengage the tube from the coil with little effort as the conic surfaces will separate
as soon as motion has begun (e.g., all surfaces become non-contact). Only the
consumable chamber (the dielectric tube) needs to be replaced, and all other

components can be reused.
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[0037] While the foregoing is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing

from the basic scope thereof.
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Claims:

1. An apparatus for treating a gas in a conduit of a substrate processing system,
comprising:

a dielectric tube to be coupled to a conduit of a substrate processing system
to allow a flow of gases through the dielectric tube, wherein the dielectric tube has a
conical sidewall; and

an RF coil wound about an outer surface of the conical sidewall of the
dielectric tube, the RF coil having a first end to provide an RF input to the RF coil,
the first end of the RF coil disposed proximate a first end of the dielectric tube and a
second end disposed proximate a second end of the dielectric tube.

2. The apparatus of claim 1, wherein the RF coil is hollow and includes a first
coolant fitting coupled to a first end of the RF coil and a second coolant fitting
coupled to a second end of the RF coil.

3. The apparatus of claim 1, further comprising:
an RF power source coupled to a first end of the RF coil to provide RF power
to the RF coil.

4. The apparatus of claim 1, wherein the dielectric tube is fabricated from

alumina, sapphire, or quartz.

5. The apparatus of any of claims 1 to 4, further comprising:

a first end flange coupled to a first end of the dielectric tube; and

a second end flange coupled to a second end of the dielectric tube, wherein
each of the first and second end flanges are configured to couple the dielectric tube

in-line in a conduit.

6. The apparatus of claim 5, wherein the conical sidewall of the dielectric tube
terminates with a straight end portion at the first end of the dielectric tube and a

straight end portion at the second end of the dielectric tube, and wherein the first

11
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and second end flanges are coupled to the dielectric tube at the straight end
portions.

7. The apparatus of claim 5, wherein at least one of the first and second end
flanges further comprise a coolant channel to facilitate circulating a coolant through
the at least one of the first and second end flanges.

8. The apparatus of any of claims 1 to 4, further comprising:
a deformable layer disposed between the RF coil and the dielectric tube to
enhance contact between the RF coil and the dielectric tube.

9. The apparatus of claim 8, wherein the deformable layer comprises silicon
rubber or thermal grease.

10. The apparatus of any of claims 1 to 4, wherein the RF coil has a flattened
circular cross-section, and wherein a flattened portion of the RF coil is disposed
facing the dielectric tube.

11.  The apparatus of any of claims 1 to 4, further comprising:

one or more first terminals disposed at a first end of the RF coil and one or
more second terminals disposed at a second end of the RF coil to facilitate coupling
RF power to the RF coil.

12.  The apparatus of claim 11, wherein the one or more first terminals comprise a
plurality of first terminals, wherein the one or more second terminals comprise a
plurality of second terminals, and wherein ones of the plurality of first terminals and
the plurality of second terminals are located at different locations along the RF coil to
facilitate coupling RF energy through a different number of turns of the RF coil.

13. A substrate processing system, comprising:

a process chamber;

12
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an exhaust conduit coupled to the process chamber to allow a flow of exhaust
gases from the process chamber;

a vacuum pump coupled to the exhaust conduit to evacuate exhaust gases
from the process chamber through the exhaust conduit; and

an apparatus for treating a gas in a conduit of a substrate processing system
as described in and of claims 1-4, wherein the dielectric tube is coupled to the
exhaust conduit to allow a flow of the exhaust gases through the dielectric tube.

14.  The substrate processing system of claim 13, wherein at the exhaust conduit

is a foreline.

15.  The substrate processing system of claim 13, wherein the dielectric tube is
disposed between the process chamber and the vacuum pump.

13
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