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GROUND PATH SYSTEMS FOR PROVIDING A SHORTER AND SYMMETRICAL
GROUND PATH

BACKGROUND
Field

[0001] Embodiments of the present disclosure generally relate to process
chambers, such as chemical vapor deposition chambers. More particularly,
embodiments of the present disclosure relate to ground path systems providing a
shorter and symmetrical path for radio frequency (RF) energy to propagate to a

ground.

Description of the Related Art
[0002] Chemical vapor deposition (CVD) is generally employed to deposit a film

on a substrate, such as a semiconductor wafer or transparent substrate used for flat
panel displays. CVD is generally accomplished by introducing process gasses into
a vacuum chamber that contains a substrate. The precursor gas or gas mixture is
typically directed downwardly through a gas distribution assembly situated near the
top of the chamber. The gas distribution assembly is placed above a substrate that
is positioned on a heated pedestal at a small distance such that the gas distribution
assembly and the process gasses are heated by the radiated heat from the

pedestal.

[0003] During CVD the process gasses in the chamber may be energized (e.g.,
excited) into a plasma by applying radio frequency (RF) power to the chamber from
one or more RF sources coupled to the chamber, referred to as plasma-enhanced
CVD (PECVD). A RF source coupled to the pedestal through a RF matching circuit
and a faceplate of the gas distribution assembly grounded to the chamber body
facilitate formation of a capacitive plasma coupling. The RF source provides RF
energy to the pedestal to facilitate generation of the capacitive coupled plasma, also
known as a main plasma, between the pedestal and the faceplate of the gas
distribution assembly. However, a parasitic plasma, also known as a secondary
plasma, may be generated underneath the pedestal in a lower volume of the
vacuum chamber as a byproduct of generating the capacitive coupled plasma and

ground path of the faceplate. The parasitic plasma reduces the concentration of the
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capacitive coupled plasma, and thus reduces the density of the capacitive coupled
plasma which reduces the deposition rate of the film. Furthermore, variation of the
concentration and density of the parasitic plasma between chambers reduces the

uniformity between films formed in separate chambers.

[0004] Accordingly, what are needed in the art are ground path systems for

reducing the generation of the parasitic plasma.

SUMMARY

[0005] In one embodiment, a ground path system is provided. The ground path
system includes a ground bowl and a bottom bowl configured to be disposed in a
chamber. The chamber includes a processing volume, and a pedestal disposed in
the processing volume by a stem coupled to a lift system configured to move the
pedestal between an elevated processing position and a lowered position. The
ground bowl is coupled to the stem and the pedestal by a thermal barrier. A bottom
bowl carrier is coupled to a track. The bottom bowl carrier configured to move
linearly along the track to move the bottom bowl between a ground position and a
transfer position. The bottom bowl is coupled to the ground bowl by a ground bowl
conductor, and the bottom bowl is coupled to the chamber by a bottom bowl

conductor.

[0006] In another embodiment, a ground path system is provided. The ground
path system includes a ground bowl configured to be disposed in a chamber. The
chamber includes a processing volume, and a pedestal disposed in the processing
volume by a stem coupled to a cooling hub connected to a lift system configured to
move the pedestal between an elevated processing position and a lowered position.
The ground bowl is coupled to the cooling hub. A ground bowl conductor is coupled
to the ground bowl. The ground bowl conductor is in a compressed state when the
pedestal and the ground bowl are in the elevated processing position and in an

expanded state when the pedestal and ground bowl are in the lowered position.

[0007] In yet another embodiment, a chamber is provided. The chamber

includes a chamber body having a processing volume, and a pedestal disposed in

the processing volume by a stem coupled to a cooling hub connected to move the

pedestal between an elevated processing position and a lowered position. A ground
2
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path system is disposed in the chamber body. The ground path system includes a
ground bowl coupled to the stem and the pedestal by a thermal barrier and coupled
to the cooling hub. A bottom bowl is coupled to the ground bowl by a ground bowl
conductor and coupled to the chamber by a bottom bowl conductor. A bottom bowil
carrier is coupled to a track. The bottom bowl carrier is configured to move linearly
along the track to move the bottom bowl between a ground position and a transfer

position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above recited features of the present
disclosure can be understood in detail, a more particular description of the
disclosure, briefly summarized above, may be had by reference to embodiments,
some of which are illustrated in the appended drawings. It is to be noted, however,
that the appended drawings illustrate only exemplary embodiments and are
therefore not to be considered limiting of scope, as the disclosure may admit to other

equally effective embodiments.

[0009] Figure 1A is a schematic cross-sectional view of a chemical vapor
deposition chamber having a ground path system disposed therein according to an

embodiment.

[0010] Figure 1B is a schematic cross-sectional view of a chemical vapor
deposition chamber having a ground path system disposed therein according to an

embodiment.

[0011] Figure 1C is a schematic cross-sectional view of a chemical vapor
deposition chamber having a ground path system disposed therein according to an

embodiment.

[0012] Figure 1D is a schematic cross-sectional view of a chemical vapor
deposition chamber having a ground path system disposed therein according to an

embodiment.

[0013] To facilitate understanding, identical reference numerals have been used,

where possible, to designate identical elements that are common to the figures. It is
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contemplated that elements and features of one embodiment may be beneficially

incorporated in other embodiments without further recitation.

DETAILED DESCRIPTION

[0014] Embodiments described herein relate to ground path systems providing a
shorter and symmetrical path for radio frequency (RF) energy to propagate to a
ground to reduce generation of the parasitic plasma, and thus increase deposition
rate and improve film uniformity. The ground path system bifurcates the processing
volume of the chamber to form an inner volume that isolates the processing region
from the outer volume of the processing volume providing a reduced surface area
for RF energy to propagate and eliminates any non-symmetries of the chamber
body. Therefore, the concentration of the capacitive coupled plasma is increased,

and thus the density of the capacitive coupled plasma is increased.

[0015] Figure 1A and Figure 1B are schematic cross-sectional views of a
chemical vapor deposition (CVD) chamber 100 having a ground path system 200
disposed therein. One example of the chamber 100 is a PRECISION™ chamber
manufactured by Applied Materials, Inc., located in Santa Clara, Calif. The chamber
100 has a chamber body 102 and a chamber lid 104. The chamber body includes
processing volume 106 and a pumping path 108. The processing volume 106 is the
space defined by the chamber body and the chamber lid 104, and the pumping path
108 is a path formed in the chamber body 102 coupled to a pumping volume 112

formed in a pumping plate 114.

[0016] The chamber 100 includes a gas distribution assembly 116 disposed
through the chamber lid 104 to deliver a flow of one or more gases into a processing
region 110 described in detail herein. The gas distribution assembly 116 includes a
gas manifold 118 coupled to a gas inlet passage 120 formed in the chamber lid 104.
The gas manifold 118 receives the flow of gases from one or more gas sources 122.
The flow of gases distributes across a gas box 124, flows through a plurality of holes
(not shown) of a backing plate 126, and further distributes across a plenum 128
defined by the backing plate 126 and a faceplate 130. The flow of gases then flows
into a processing region 110 of the processing volume 106 through a plurality of

holes 132 of the faceplate 130. A pump 133 is connected to the pumping path 108
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by a conduit 134 to control the pressure within the processing region 110 and to the
exhaust gases and byproducts from the processing region 110 through the pumping

volume 112 and pumping path 108.

[0017] The processing volume 106 includes a pedestal 138 for supporting a
substrate 136 within the chamber 100. The pedestal 138 includes a heating element
(not shown) and an electrode 140 disposed within. In one embodiment, which can
be combined with other embodiments described herein, the electrode 140 includes a
conductive mesh, such as a tungsten-, copper-, or molybdenum-containing
conductive mesh. The pedestal 138 is movably disposed in the processing volume
106 by a stem 142 coupled to a heater clamp 144. The heater clamp 144 is coupled
to a cooling hub 146. The cooling hub 146 is connected to a lift system 162 that
moves the pedestal 138 between an elevated processing position (shown in Figure
1A) and a lowered position (shown in Figure 1B). Movement of the pedestal 138
facilitates transfer of the substrate 136 to and from the processing volume 106
through a slit valve 148 formed though the chamber body 102. The elevated
processing position corresponds to the processing region 110 defined by the
pedestal 138 and faceplate 130 of the gas distribution assembly 116. The pedestal
138 has holes disposed therethrough, through which a plurality of lift pins 150 are
movably disposed. In the lowered position, the plurality of lift pins 150 are projected
from the pedestal 138 by contacting a lift plate 152 coupled to a bottom 154 of the
chamber body. Projection of the lift pins 150 places the substrate 136 in a spaced-

apart relation from the pedestal to facilitate the transfer of the substrate 136.

[0018] A RF source 156 is coupled to the electrode 140 disposed within pedestal
138 through a RF matching circuit 158. The RF matching circuit 158 is electrically
coupled to the electrode 140 by a conductive rod 160 disposed through the cooling
hub 146 and stem 142. The faceplate 130, which is grounded via the ground path
system 200, and the electrode 140 facilitate formation of a capacitive plasma
coupling. The RF source 156 provides RF energy to the pedestal 138 to facilitate
generation of a capacitive coupled plasma, also known as a main plasma, between
the pedestal 138 and the faceplate 130 of the gas distribution assembly 116. When
RF power is supplied to the electrode 140, an electric filed is generated between the

faceplate 130 and pedestal 138 such that atoms of gases present in the processing
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region 110 between the pedestal 138 and the faceplate 130 are ionized and release
electrons. The ionized atoms accelerated to the pedestal 138 to facilitate film

formation on the substrate 136.

[0019] The ground path system 200 provides a short and symmetrical path for
RF energy to propagate from the faceplate 130 to the RF matching circuit 158 to
reduce generation of the parasitic plasma, and thus increase deposition rate and
improve film uniformity. The ground path system 200 includes a ground bowl 202,
and a bottom bowl 204. The ground bowl 202 is coupled to the stem 142 and the
pedestal 138 by a thermal barrier 228. The thermal barrier 228 provides a barrier to
the pedestal 138 that may be heated up to a temperature greater than about 700 °C.
The thermal barrier 228 includes materials having a low thermal conductivity. In one
embodiment, which can be combined with other embodiments described herein, the
thermal barrier 228 includes one or more of inconel, quartz, aluminum oxide,
aluminum nitride, and stainless steel containing materials to provide a barrier to the

temperature.

[0020] The ground bowl 202 is also coupled to the cooling hub 146 that is
connected to the lift system 162. The lift system 162 moves the ground bowl 202
between the elevated processing position (shown in Figure 1A) and the lowered
position (shown in Figure 1B), facilitating transfer of the substrate 136. The ground
bowl 202 includes conductive materials capable of withstanding a temperature in the
processing volume 106 greater than about 700 °C and process environment in the
processing volume 106. In one embodiment, which can be combined with other
embodiments described herein, the ground bowl 202 includes one or more of
inconel, aluminum, and stainless steel containing materials. The bottom bowl 204 is
coupled to a bottom bowl carrier 206. The bottom bowl carrier 206 is coupled to a
track 208. The bottom bowl carrier 206 is actuated to move linearly along the track
208 to move the bottom bowl 204 between a ground position (shown in Figure 1A)
and a transfer position (shown in Figure 1B). The track 208 may also be a rail or
cable. The bottom bowl carrier 206 includes conductive materials capable of
withstanding the temperature and process environment in the processing volume

106. In one embodiment, which can be combined with other embodiments
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described herein, the bottom bowl 204 includes one or more of inconel, aluminum,

and stainless steel containing materials.

[0021] The ground bowl 202 is coupled to the bottom bowl 204 via the ground
bowl conductor 210. The ground bowl conductor is in an expanded state when the
pedestal 138 and ground bowl 202 are in the elevated processing position and a
compressed state when the pedestal 138 and ground bowl 202 are in the lowered
position. The ground bowl conductor 210 in the expanded state provides a path for
RF energy to propagate. The ground bowl conductor 210 includes conductive
materials capable of withstanding the temperature and process environment in the
processing volume 106. In one embodiment, which can be combined with other
embodiments described herein, the ground bowl conductor 210 includes one or
more of nickel-base alloy (e.g., HAYNES® 230° alloy), inconel, and stainless steel
containing materials. In another embodiment, which can be combined with other
embodiments described herein, the ground bowl conductor 210 includes a plurality
of bellows 212 that expand in the expanded state and compress in the compressed

state.

[0022] The bottom bowl 204 is coupled to the bottom 154 of the chamber body
102 via the bottom bowl conductor 214. The bottom bowl 204 is in the expanded
state when the bottom bowl 204 is in the ground position and the compressed state
when the bottom bowl 204 is in the transfer position. The bottom bowl conductor
214 in the expanded state provides a path for RF energy to propagate. The bottom
bowl conductor 214 includes conductive materials capable of withstanding the
temperature and process environment in the processing volume 106. In one
embodiment, which can be combined with other embodiments described herein, the
ground bowl conductor 210 includes one or more of nickel-base alloy (e.g.,
HAYNES® 230° alloy), inconel, and stainless steel containing materials. In another
embodiment, which can be combined with other embodiments described herein, the
bottom bowl conductor 214 includes a plurality of bellows 216 that expand in the
expanded state and compress in the compressed state. The cooling hub 146 is
coupled to the bottom bowl carrier 206 by a plurality of bellows 222 to maintain the

pressure within processing volume 106.
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[0023] The ground bowl 202 in the lowered position and the bottom bowl 204 in
the transfer position (shown in Figure 1B) facilitate transfer of the substrate 136 to
and from the processing volume 106 through a slit valve 148 formed though the
chamber body 102. The ground bowl 202 in the elevated processing position and
the bottom bowl 204 in the ground position (shown in Figure 1A) bifurcates the
processing volume 106 to form an inner volume 218 of the processing volume 106
that isolates the processing region 110 from the outer volume 220 of the processing
volume 106. Isolating the inner volume 218 from the outer volume 220 of the
processing volume 106 provides a reduced surface area for RF energy to propagate
and eliminates non-symmetries of the chamber body 102, such as those caused by
the presence of the slit valve 148, that may cause the formation of a parasitic

plasma.

[0024] Furthermore, the bottom bowl 204 in the ground position contacts the
pumping plate 114 to complete a primary RF cage 224 for RF energy to propagate
from the faceplate 130 to the RF matching circuit 158. In the inner volume 218, RF
energy propagates along the primary RF cage 224 from the faceplate 130 to the
pumping plate 114, from the bottom bowl 204 to the ground bowl conductor 210,
from the ground bowl conductor 210 to the ground bowl 202, and from the ground
bowl 202 to the conductive rod 160. The primary RF cage 224, formed by the
bottom bowl 204 in the ground position contacting the pumping plate 114, utilizes
the reduced surface area to enable a shorter and more controlled ground path so
that parasitic plasma is not generated underneath the pedestal 138 in the inner
volume 218. Therefore, the concentration of the capacitive coupled plasma is
increased, and thus the density of the capacitive coupled plasma is increased, which
increases the deposition rate of the film. Furthermore, the primary RF cage 224 is
substantially symmetrical to improve the uniformity of the capacitive coupled plasma

to improve the uniformity of the deposited film.

[0025] Additionally, the bottom bowl 204 in the ground position forms a
secondary RF cage 226 in the outer volume 220 if the bottom bowl 204 in the
ground position does not contact the pumping plate 114. The secondary RF cage
provides containment of RF energy. In the outer volume 220, RF energy propagates

along the secondary RF cage 226 from the chamber body 102 to the bottom bowil
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conductor 214, from the bottom bowl conductor 214 to the bottom bowl 204, and

from the bottom bowl 204 to the primary RF cage 224.

[0026] Figure 1C and Figure 1D are schematic cross-sectional views of a CVD
chamber 100 having a ground path system 300 disposed therein. The faceplate
130, grounded via the ground path system 300 and the electrode 140, facilitate
formation of a capacitive plasma coupling. The ground path system 300 provides a
short and symmetrical path for radio frequency (RF) energy to propagate from the
faceplate 130 to the RF matching circuit 158 to reduce generation of the parasitic

plasma, and thus increase deposition rate and improve film uniformity.

[0027] The ground path system 300 includes a ground bowl 302. The ground
bowl 302 is coupled to the cooling hub 146. The cooling hub 146 is connected to
the lift system 162 that moves the ground bowl 302 between the elevated
processing position (shown in Figure 1C) and the lowered position (shown in Figure
1D) that facilitates transfer of the substrate 136. The ground bowl 302 is separated
from the pedestal 138. The ground bowl 302 includes conductive materials capable
of withstanding a temperature in the processing volume 106 greater than about 700
°C and capable of withstanding a process environment in the process volume 106.
In one embodiment, which can be combined with other embodiments described
herein, the ground bowl 302 one or more of includes inconel, aluminum, and

stainless steel containing materials.

[0028] The ground bowl 302 is coupled to a ground bowl conductor 304. The
ground bowl conductor 304 is in a compressed state when the pedestal 138 and
ground bowl 302 are in the elevated processing position and an expanded state
when the pedestal 138 and ground bowl 302 are in the lowered position. The
ground bowl conductor 304 in the compressed state provides a path for RF energy
to propagate. The ground bowl conductor 304 includes conductive materials
capable of withstanding the temperature in the processing volume 106. In one
embodiment, the ground bowl conductor 304 includes one or more of nickel-base
alloy (e.g., HAYNES® 230® alloy), inconel, and stainless steel containing materials.
In another embodiment, which can be combined with other embodiments described
herein, the ground bowl conductor 304 includes a plurality of bellows 306 that

expand in the expanded state and compress in the compressed state.
9
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[0029] The ground bowl 304 in the lowered position (shown in Figure 1D)
facilitates transfer of the substrate 136 to and from the processing volume 106
through a slit valve 148 formed though the chamber body 102. The ground bowl
304 in the elevated processing position (shown in Figure 1C) bifurcates the
processing volume 106 to form an inner volume 308 of the processing volume 106
that isolates the processing region 110 from the outer volume 310 of the processing
volume 106. Isolating the inner volume 308 from the outer volume 310 of the
processing volume 106 provides a reduced surface area for RF energy to propagate
and eliminates non-symmetries of the chamber body 102, such as those caused by
presence of the slit valve 148. Non-symmetries of the chamber body 102may cause

the formation of a parasitic plasma.

[0030] Furthermore, when the pedestal 138 and the ground bowl 302 are in the
elevated processing position, the ground bowl conductor 304 in a compressed state
contacts the pumping plate 114 to complete a primary RF cage 312 for RF energy to
propagate from the faceplate 130 to the RF matching circuit 158. In the inner
volume 308, RF energy propagates along the primary RF cage 312 from the
faceplate 130 to the ground bowl conductor 304, from the ground bowl conductor
304 to the ground bowl 302, and from the ground bowl 302 to the conductive rod
160. The primary RF cage 312, formed by the ground bowl 302 in the elevated
processing position contacting the pumping plate 114, utilizes the reduced surface
area to enable a shorter and more controlled ground path so that parasitic plasma is
not generated underneath the pedestal 138 in the inner volume 308. Therefore, the
concentration of the capacitive coupled plasma is increased, and thus the density of
the capacitive coupled plasma is increased which increases the deposition rate of
the film. Furthermore, the primary RF cage 312 is substantially symmetrical to
improve the uniformity of the capacitive coupled plasma to improve the uniformity of

the deposited film.

[0031] Additionally, the ground bowl 302 in the elevated processing position
forms a secondary RF cage 314 in the outer volume 310 if the ground bowl 302 (in
the elevated processing position) does not contact the pumping plate 114. The
secondary RF cage provides containment of RF energy. In the outer volume 310,

RF energy propagates along the secondary RF cage 314 from the chamber body
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102 to the ground bowl 302, and from the ground bowl 302 to the primary RF cage
312.

[0032] In summation, ground path systems are describe herein provide a shorter
and symmetrical path for (RF energy to propagate to ground to reduce generation of
the parasitic plasma, and thus increase deposition rate and improve film uniformity.
Bifurcating the processing volume of the CVD chamber to form an inner volume that
isolates the processing region from the outer volume of the processing volume
provides a reduced surface area for RF energy to propagate and eliminates non-
symmetries of the chamber body. Furthermore, forming a primary RF cage utilizing
the reduced surface area enables a shorter and more controlled ground path so that
parasitic plasma is not generated underneath the pedestal in the inner volume.
Therefore, the concentration of the capacitive coupled plasma is increased, and thus
the density of the capacitive coupled plasma is increased which increases the
deposition rate of the film. Furthermore, the primary RF cage is substantially
symmetrical to improve the uniformity of the capacitive coupled plasma to improve

the uniformity of the deposited film.

[0033] While aspects herein are described with respect to CVD chambers, and
plasma-enhanced configurations thereof, it is contemplated that other process
chambers may benefit from aspects of the disclosure. For example, plasma process
chambers may benefits from aspects described herein, including plasma process
chambers such as physical vapor deposition (PVD) chambers, etch chambers,
atomic layer deposition (ALD) chambers, such as plasma-enhanced ALD chambers,
and the like.

[0034] While the foregoing is directed to examples of the present disclosure,
other and further examples of the disclosure may be devised without departing from
the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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What is claimed is:

1. A ground path system, comprising:

a chamber having a processing volume;

a ground bowl and a bottom bowl disposed in the chamber; and

a pedestal disposed in the processing volume by a stem coupled to a lift
system configured to move the pedestal between an elevated processing position
and a lowered position;

a thermal barrier coupling the ground bowl to the pedestal; and

a bottom bowl carrier coupled to a track, the bottom bowl carrier configured to
move linearly along the track to move the bottom bowl between a ground position
and a transfer position, the bottom bowl coupled to the ground bowl by a ground
bowl conductor, and the bottom bowl coupled to the chamber by a bottom bowl

conductor.

2. The system of claim 1, wherein the stem coupled to a heater clamp that is

coupled to a cooling hub, the cooling hub connected to the lift system.

3. The system of claim 2, wherein the ground bowl in the elevated processing
position and the bottom bowl in the ground position bifurcates the processing
volume to form an inner volume of the processing volume isolated from an outer

volume of the processing volume.

4. The system of claims 1 or 3, further comprising a radio frequency (RF) source
coupled to an electrode disposed within the pedestal through a RF matching circuit
electrically coupled to the electrode by a conductive rod disposed through the

cooling hub and the stem.

5. The system of claims 1, 2, 3, or 4, further comprising a faceplate disposed

vertically above the pedestal.

6. The system of claim 5, wherein the bottom bowl in the ground position
contacts a pumping plate of the chamber to a form a primary RF cage for RF energy

to propagate from the faceplate to the RF matching circuit.

12



WO 2019/226294 PCT/US2019/030733

7. The system of claims 1, 2, 3, 4, 5, or 6, wherein the ground bowl in the
lowered position and the bottom bowl in the transfer position facilitate transfer of a
substrate to and from the processing volume through a slit valve formed though the

the chamber.

8. A ground path system, comprising:
a ground bowl configured to be disposed in a chamber, the chamber having:
a processing volume; and
a pedestal disposed in the processing volume by a stem coupled to a
cooling hub connected to a lift system configured to move the pedestal
between an elevated processing position and a lowered position;
the ground bowl coupled to the cooling hub; and
a ground bowl conductor coupled to the ground bowl, the ground bowl
conductor in a compressed state when the pedestal and the ground bowl are in the
elevated processing position and in an expanded state when the pedestal and

ground bowl are in the lowered position.

9. The system of claim 8, wherein the ground bowl in the elevated processing
position bifurcates the processing volume to form an inner volume of the processing

volume isolated from an outer volume of the processing volume.

10.  The system of claims 8 or 9, further comprising a radio frequency (RF) source
coupled to an electrode disposed within the pedestal through a RF matching circuit
electrically coupled to the electrode by a conductive rod disposed through the

cooling hub and the stem.

11.  The system of claims 8, 9, or 10, further comprising a faceplate disposed

vertically above the pedestal.

12.  The system of claim 11, wherein the ground bowl conductor is in a
compressed state when the pedestal and the ground bowl in the elevated
processing position contacts a pumping plate of the chamber to form a primary RF

cage for RF energy to propagate from the faceplate to the RF matching circuit.
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13. The system of claims 8, 9, 10, 11, or 12, wherein the ground bowl in the
lowered position facilitates transfer of a substrate to and from the processing volume

through a slit valve formed though the chamber.

14. The system of claims 8, 9, 10, 11, 12, or 13, wherein a heater clamp is

coupled to the cooling hub.

15. A chemical vapor deposition (CVD) chamber, comprising:
a chamber body having a processing volume; and
a pedestal disposed in the processing volume by a stem coupled to a cooling
hub connected to move the pedestal between an elevated processing position and a
lowered position; and
a ground path system disposed in the chamber body, the ground path system
comprising:
a ground bowl coupled to the stem and the pedestal by a thermal
barrier and coupled to the cooling hub;
a bottom bowl coupled to the ground bowl by a ground bowl conductor
and coupled to the chamber by a bottom bowl conductor; and
a bottom bowl carrier coupled to a track, the bottom bowl carrier
configured to move linearly along the track to move the bottom bowl between

a ground position and a transfer position.

14
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