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RADIO FREQUENCY GROUND SYSTEM AND METHOD

BACKGROUND

Field

[0001] Embodiments of the present disclosure generaily relate to systems and
methods of manufacturing a semiconductor device. Mors particularly, the present
disclosure is direcied to systems and methods of providing a radic frequency

ground path.

Description of the Related Art
{0002 Plasma Enhanced CVD (FECVD) are processes used to deposit a film

on a substrate, such as a semiconductor substrate.  CVD is accomplished by
introducing process gasses info a process chamber that contains the substrate.
The process gasses are directed through a gas distribution assembly and into a

process volume in the process chamber.

[0003] Radio frequency (RF) power is used {0 activate the process gasses in
the process chamber to generate plasma. The RF power returns to the source.
in some cases, arcing occurs from the RF power in the process chamber which
damages the chamber and components therseof. A ground path is provided to
direct the RF power away from components of the process chamber to prevent
damage therefo and attempt {0 reduce an occurrence of arching in the process
chamber. However, current ground path designs are complicated, expensive,
high maintenance over time, and do not entirely address arcing in the process

chamber.

[0004] Therefore, there is a need for a simple, less expensive, lower

maintenance, and effective RF return path design.
SUMMARY

[0005] in some embodiments, an apparatus is provided including a chamber
body and a lid defining a2 volume therein. The apparatus includes a substrate
support disposed in the volume opposite the lid. The substrate support includes a

support body disposed on a stem, and a ground plate disposed between the
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support body and the stem. A top flange is coupled 10 a lower peripheral surface
of the ground plate and a bottom flange is coupled to a bottom of the chamber
body. The bottom flange and the fop flange are coupled o one ancther with a
plurality of siraps, each of the straps having a first end coupled to the bottom

flange and a second end coupled 1o the top flange.

[0008] In some embodimenis, a method of processing a substrate is provided
including positioning a substrate on & substrate support it a volume of a
processing chamber, the substrate support disposed in the volume opposite the
lid. The substrate support includes a support body disposed on a stem, a ground
plate disposed between the support body and the stem, and a top flange coupled
to a lower peripheral surface the ground plate. The processing chamber includes
a boitom flangs coupled to a boltom of the chamber volume, and a plurality of
straps, each of the siraps having a first end coupled to the botiom flange and a
second end coupled {o the top flange. The substrate support is raised 1o a raised
position forming an upper portion of the volume. The method includes introducing
a gas o the upper portion of the volume, and activating the gas using radio

frequency.

[0007] in some embodiments, a ground assembly is provided including a top
flange having a iop flange upper surface and a top flange lower surface. The
ground assembly includes a botiom flange including a bottom flange upper
surface and a bottom flange lower surface. The bottom flange has a lower portion
axtending radially inward from an inner diameter of the botlom flange and the
lower portion has one or more apertures configured o receive screws. The
ground assembly includes a plurality of straps, each of the straps comprising a

first end coupled to the botiom flange and a second end coupied o the top flange.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above recited features of the present
disclosure can be understood in detal, a more particular description of the
disclosure, briefly summarized above, may be had by reference {0 embodiments,
some of which are illustrated in the appended drawings. It is {o be nolsd,

however, that the appended drawings illustrate only example embodiments of this
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disclosure and are therefore not to be considered limiting of its scope, for the

disclosure may admit to other equally effective embodiments.

[0009] FIG. 1 depicts a schematic view of the processing chamber according to

an example embodiment of the present disclosure.

{0010} FIG. 2A depicts a ground assembly at a lowered position according o

an example embodiment of the present disclosure.

[0011] FiG. 28 depicts a ground assembly at a raised position according o an

example embodiment of the present disclosure.

[6012] FIG. 2C depicts a ground assembly and jig prior to installation according

to an example embodiment of the present disclosure.

{0013 FIG. 2A depicts a top view of an example botiom flange of a ground

assembly according to an example embodiment of the present disclosure.

[0014) FiG. 3B depicts a cross-sectional view of the bottom flangs according to

an example embodiment of the present disclosure.

[0015] FIG. 4A depicts a top view of an example strap of a ground assembly

according to an example embodiment of the present disclosura.

{0016} FIG. 4B depicts an end of a strap secured in a bottom flange of &

ground assembly according to an example embodiment of the present disclosure.

[6017] Fi3. 5A depicts a bottom view of an example top flange of a ground

assembly according to an example embodiment of the present disclosure.

[0018] FIG. 5B depicts a top view of an example top flange of a ground

assembly according to an example ambodiment of the present disclosure.

{0019 FiG. 6 depicts a flow diagram of an example method of processing a

subsirate according to an example embodiment of the present disclosure.

[0020] To facilitate understanding, identical reference numerals have been

used, where possible, 1o designate identical elements that are common o the

(93]
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figures. His contemplated that elements and features of one embodiment may be

beneficially incorporated in other embodiments without further recitation.

DETAILED DESCRIPTION

{0021} Embodiments praesented herein are directed {o radio frequency (RF)
grounding in process chambers. The process chamber includes a chamber body
and a lid defining a volume therein, A substrate support is disposad in the volume
opposite the lid and is coupled to a ground assembly. The substrate support
includes a support body disposed on a stem. The ground assembly is coupled to
a ground plate that is disposed between the support body and the stem. A top
flange is coupled to a lower peripheral surface of the ground plate, and a botiom
flange is coupled io a botiom of the chamber body. The top flange and the bottom
flange are coupled to one another by metal straps. Each of the straps is coupled
to the bottom flange on a first end and {o the {op flangs on a second end of sach

strap.

[0022] FiG. 1 depicts a schematic view of the processing chamber 100
according to an example embodiment of the present disclosura. The process
chamber 100 includes a chamber body 102 and a lid assembly 104 disposed on
the chamber body 102, The chamber body 102 and the lid assembly 104 define
an upper volume 110 and a lower volume 111 therein. A bottom 148 of the
chamber body 102 faces the lid assembly 104, The lid assembly 104 includes a
faceplate 108 with a plurality of holes 134 formed therethrough for supplying a gas
from a gas source 130 which is coupled to the lid 104, A gas from the gas source
130 flows intc a plenum 132 defined at least partially by the lid 104 and the
faceplate 108. The plenum 132 is in fluid communication with the upper volume
110 via the plurality of holas 134. The plurality of holes 134 formed through the
faceplate 108 enables a substantially uniform distribution of the gas into the upper
volume 110, A power source 170, such as an RF power source is coupled {o the
substrate body 112 and is used to energize the gas from the gas source 130

within the upper volume 110

[0023] A channel 124 is formed through the lid 104, The channel 124
surreunds at least a portion of the upper volume 110, The channel 124 is in fluid

communication with an exhaust pump (not shown). The channel 124 enables gas
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and particles to be removed from the upper volume 110 to prevent damage o or
contamination of a film deposited on the subsirate. In some embodiments, it is
contemplated that the channel 124 may instead before formed in a sidewall of the
chamber body 102.

[o024] An opening 126 is formead through the chamber body 102 and enables a
substraie to be loaded through the opening 126 onto a support surface 150 of a
subsirate support 105 (e.g., a padestal). The support surface 130 is substantially

parailel o and faces the lid assembly 104,

[0025] A substrate support 105 is disposed in the process chamber 100, The
subsirate support 105 includes a support body 112, an isolation plate 122 a
ground plate 146, and a stem 108, The isolation plate 122 is positioned between
the support body 112 and the ground plate 146, which together are disposad on
the stem 108. The isolation plate 122 is fabricated from an electrically insulating
material, such as a dielectric material or a ceramic, such as silicon oxide, or
aluminum oxide to slectrically isolate the substrate body 112 and the ground plate
146, The support body 112 may be a chuck, such as an electrostatic chuck or a
vacuum chuck, and includes a bottom surface 156 that faces the bottom 148 of
the chamber body 102, In some embodiments, which can be combined with other
embodimenis described herein, the support body 112 is a unitary member. The
stem 108 extends laterally through the bottom 148 of the chamber body 102. The
stem 108 is substantially normal to the bottom 148, The botlom 148 is
substantially parallel to the faceplate 108, A conductive rod 114 is disposead in
and extends through the stem 108 and is electrically coupled o the ground plate
148.

[o0286] The ground plate 146 is coupled o a ground assembly 160, The
ground assembly 160 is coupled to the support body 112 via the ground piate 146
and isolation plate 122, The ground plate 146 is Tabricated from an slectricaily
conductive material, for example a metal such as aluminum, and is coupled to the
isolation plate 122. The isolation plate 122 is coupled {0 a bottom surface 156 of
the support body 112, Alternatively, the ground plate 148 and the isolation plate
122 includes a central opening through which the stem 108 is disposed, allowing

contact between the stem 108 and a central portion of the bottom surface 158
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The support body divides the interior of the process chamber 100 includes an
upper (or process) volume 110 and a lower volume 111, An actuator 116 moves
the subsirate support 105 between an upper or raised processing positioning and

a lowered loading position.

[oo27] The ground assembly 160, which includes the plurality of straps 121,
physicaily and electrically couple the ground plate 148 o the bottom 148 of the
chamber body. The ground assembly 160 includes a top flange 118, a bottom
flange 119, and a plurality of straps 121, such as flexible siraps, extending
therebstween. An RF return path is provided from RF source 170, o the
substrate body 112, travels through plasma in the upper volume 110, and back
down along the chamber walls to the chamber bottom 148, 1o the ground plate
146, up the straps 121, 1o the top flange 118, to the ground plate 146 and {o

ground via the conductive rod 114

[0028] The top flange 118 of the ground assembly 180 is disposed along the
lower paripheral surface 142 of the ground plate 1486, and is fastened or adhered
thereto using fasteners, welding, brazing, or a conductive paste. The top flange
118 is disposed in a plans substantially parallel {o the support surface 150, The
top flange 118 extends along the lower surface 142 of the ground plate 146 to
align with a radially outer surface 144 of the support body 112, The top flange
118 is ring shaped and is fabricated from a conductive material, such as a metal,
such as aluminum or steel, such as stainless steel. The top flange 118 is
glectrically coupled to the botlom flange 119 via the plurality of straps 121, The
top flange 118 is configured to move with the substrate support body 112 between
the lowerad position and the raised position as the actuator 116 lowers and raises
the support body 112, During actuation, the straps 121 flex, for example inward,

to accommodate the movement of the support body 112,

o029 The bottom flange 118 is coupled the bottom 148 of the chamber body.
The bottom flange 119 is a ring which is axially aligned with the top flange 118
The top flange has an ouler diameter that is substantially equal o the outer
diamater of the support surface 150 and is substantially squal to the outer
diameter of the bottom flange 118, In one example, the bottom flange 119 and

the top flange 118 have the same dimensions. The bottom flange 119 is
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fabricated from a conductive material, such as a metal, such as aluminum or
stainiess steel. The botltom flange 119 is fixed in position during movement of the
support body 112, The bottom flange 119 facilitates flow of RF current away from
the RF source. The RF current path is provided from RF source 170, io the
substrate body 112, travels through plasma in the upper volume 110, and back
down along the chamber walls to the chamber bottom 148, o the ground plate
146, up the straps 121, 1o the top flange 118, to the ground plate 146 and {o

ground via the conductive rod 114

[0030] FIG. 2A depicis the ground assembly 180 in a lowersd position, 2.3,
compressed position, and FIG. 2B depicts the ground assembly 180 at a raised
position, e.g., extended position. At the lowsred position, the straps 121 are
compressed radially inward as depicted in FIG. 2A. At the raised position, the
straps 121 are extended as depicted in FiG. 2B. In the lowered position, the gap
batwesan the bottom surface of the {op flange 118 and the top surface of the
botiom flange 119 is large enough to so that the screws on the top flange 118 do

nict contact the screws on the bottom flange 119

[0031] FiG. 2C depicts a ground assembly 160 prior to installation of the
ground assembly {o a process chamber 100. The ground assembly 160 is in a
compressed position and a jig 202 is disposed between the top flange 118 and
the bottom flangs 119, Although FIG. 2C depicts a single jig 202, there is ong or
more jigs 202 disposed between the top flange 118 and the bottom flange 118, In
some embodiments, which can be combined with other embodiments described
herein, there are about 1 to about & jigs, such as about 2 to about 4 jigs, such as
about 3 jigs. The jigs 202 are securad in place betwesn the top flange 118 and
the botiom flange 119 by a screw 204, such as a stainless screw that runs from
the top surface of the top flange 118, through the jig 202, and partially though the
top part of the boifom flange 119, The screw 204 is removed and during
instailation, the ground assembly 160 is installed into the chamber with the jigs
202 in place. Once the top plate 118 is secured to the ground plate 148, the jigs
202 are removed from the side betwsen the top flange 118 and the bottom flange
1189,
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[0032] FIG. 3A depicts a top view of the bottom flange 119 showing a top
surface 317 of the bottom flange 119 and FIG. 3B dspicts an L-shaped cross-
sectional view of the bottom flange 119. The botiom flange 112 is a ring with an
L-shaped cross-section as shown in FIG. 3A and FIG. 3B, A first width 312 of the
upper portion 324 of the bottom flange 119 including the top surface 317 is
defined by an outer circumferential adge 305 and a first inner circumferential edgs
303, each edge having surfaces which are concentrically aligned. The first width
312 is about 20 mm to about 30 mm, such as about 25 mm. A sacond width 314
of the lower portion 322 of the botiom flange 119 including the botiom surface 319
of the bottom flange 119 is defined by the outer circumfarential edge 305 and a
second inner circumferential edge 306, sach edge having surfaces which are
concentrically aligned. The second width 314 is about 30 mm {o about 40 mm,
such as about 35 mm. The second width 314 can be from about 5% to about
30% wider than the first width 312, such as aboul 5% to about 25%, such as
about 10% to about 20%.

[0033] The lower portion 322 of the bottom flange 119 has a first surface (e.g.,
the bottom surface 319 of the bottom flange) and a second surface 318, the
second surface 318 is positionad parallel to the first surface 319 of the lower
portion 322 of the botiom flange 118, A height 332 of the lower portion 322 of the
bottom flange 118 is a distance between the first surface 312 and the second
surface 318 of the lower portion 322 of bottom flange 119, The height 332 of the
lower portion 322 of the bottom flange 119 is about 4 mm to about & mm, such as
about 4 to about 5 mm. A total haight 334 of the bottom flange 119 is a distance
between the first surface 319 and the top swiface 317 of the bottom flange 118
The total height 334 of the bottom flange 119 is about 20 mm o about 50 mm,
such as about 30 mm {o about 45 mm, such as about 43 mm. The height 332 of
the lower portion 322 is about 2% 1o about 30% of the total height 334 of the
bottom flange 119, such as about 4% to about 20%, such as about 5% to 15%.
The height 332 of the bottom flange 119 is selecied based on space available in
the chamber to install the grounding assembly 160, such as to allow removal of
the jigs 202, The outer diameter of the bottom flange 119 is sized to be
substantially the same as the outer diameter of the substrate body 112 and the

outer diameter of the top flange 118. In some embodiments, which can be
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combinad with other embodiments described herein, the cuter diameter of one or
both of the boltom flange 119 and the top flange 118 is about 300 mm to about

400 mm, such as about 350 mm to about 370 mm.

[0034] The second surface 318 of the lower portion 322 of the botiom flange
119 includes a plurality of apertures 308 (four arg shown) disposed therethrough.
The plurality of apertures 308 are configured {o receive fasteners 416 (FIG. 4B) to
couple the bottom flange 119 1o the bottom 148 of the chamber body. In one
gxample, each aperiure 308 of the plurality of apertures 308 are equally spaced
an angular distance from one another. For example, when utilizing four apertures
308, the apertures 308 are spaced about 90 degrees from one another.  In some
ambaodiments, which can ba combined with other embodiments described herein,
the angular spacing between each of the apertures 308 about the boltom flange is
from about 18 degrees to about 36 degrees, such as about to about 30 degrees.
The apertures 308 are arranged {0 be staggered with one or more lift pin standofis
such that the straps 121 do not make physical contact with the §ift pin standoffs.
The aperiures 308 are arrangsad to be staggerad with a current provision hole in

the chamber.

[0035] The top surface 317 of the boltom flange 119 includes a plurality of
recaesses 302 formed therein. Each recess 302 exiends from an outer edge 305
to a radially inward edge 303 of the upper portion 324 of the bottom flange 118
The distance from the inward edge 303 to the outer edge 305 is about 20 mm {o
about 30 mm, such as about 25 mm. Each recess 302 is configured o receive a
first end 410 (see FiIG. 4} of each strap 121, and may exiend {0 a depth equal fo a
thickness of each sirap 121, An example strap 121 is depicted in FIG. 4A. The
strap 121 includes a first end 410, a second end 412, and at least one aperture
414 disposed at gach of the first and second ends 410, 412, During installation,
the first end 410 is positioned within a recess 302 at the top surface 317 of the
bottom flange 119, The aperture 414 is aligned with an aperture 304 formed
within the recess 302, The first end 410 of the strap 121 is secured within the
recess 302 with a fastensr 418, as shown in FIG. 4B. In some embodiments,
which can be combined with other embodiments described herein, the first end
410 of the strap 121 is secured to the top surface 317 of the bottom flange 119 by

wealding or brazing. Each recess 302 is angularly offset from the apertures 308,
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resulting in the apertures 304 also being angularly offset from the apertures 308,
In one exampile, each recess 302 is angularly squidistant from adjacent apertures
308, Although the number of apertures 304 is equal o the number of aperiures
308 in Figure 3A, it is contemplated that the number of apertures 304 may be

greater than or less than the number of apertures 308,

[0038] FiG. 5A depicts a bottom view of the top flange 118 showing a bottom
surface 527 of the top flange 118, The botlom surface 527 of the top flange 118
is defined by an outer circumferential edge 525 and an inner circumferential edge
523, each edge having surfaces which are concentrically aligned. The distance
from the outer circumferential edge 525 to the inner circumferential edge 523 is
about 15 mm to about 30 mm, such as about 20 mm {o about 25 mm. A plurslity
of recesses 522 is disposed on a botlom surface 527 of the top flange 118, The
recesses 522 on the bottom surface 527 of the {op flange 118 is aligned with the
recasses 302 on the top surface 317 of the bottom flange 119, The sscond end
412 (shown in FiG. 4A) of the strap 121 is coupled to the bottom surface 527 of
the top flange 118 in substantially the same way as the first end 410 is secured to
the top surface 317 of the bottom flange 119, In particular, the strap 121 is
secured by positioning the second end 412 within the recess 522 disposed on the
top flange 118, aligning the aperture 524 of the second end 412 of the strap 121
with an aperture 524 disposed within the recass 522 of the bottom surface 527 of
the top flange 118, and securing the second end of the strap 121 with a fastener
416. In some embodiments, which can be combined with other embodiments
dascribed hersin, the second end 412 of the strap 121 is secured to the bottom

surface 527 of the top flange 118 by welding or brazing.

[0037] The bottom surface 527 of the fop flange 118 includes a plurality of
aperfures 508 (four are shown) disposed therethrough. The plurality of aperiures
508 are corfigured o receive fasteners 416 to couple the top flange 118 io the
ground plate 142, Additionally, at lsast one of the plurality of apertures 508 are
used o secure the jig 202 fo the top flange using screw 204, In some
embodiments, which can be combined with other embodiments disclosed hersin,
sach aperture 508 of the plurality of apertures 508 are squally spaced in an
angular distance from one another. In some embodiments, which can be

combined with other embodiments disclosed harein, each recess 522 is angularly

10
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aquidistant from adjacent apertures 508. Although the number of apertures 524 is
gqual to the number of aperiures 508 in Figure 5A, it is contemplated that the
number of apertures 524 may be greater than or less than the number of
aperiures 508. Although FIG. 3A and FIG. 5A each depict four recesses (e.g,,
302, 522), an example ground assembly 160 can have four or more straps 121,

such as about 10 to about 20, such as about 10 1o about 16, such as about 12.

{0038] FiG. 5B depicts a top view of the top flange 118 showing a top surface
502 of the top flange 118. The top surface 502 of the top flange 118 includes a
channel 528 disposed about the top surface 502 separating an outer portion 532
of the top flange 118 and an inner portion 530 of the top flange 118. The channel
528 is configured to receive a gaskst, such as a stainless steel gasket, 1o seal the
top flange 118 {o the ground piate 142, Sealing the top flange 118 prevenis RF
current from leaking in the lower volume 111, The plurality of apertures 508 is
disposed about the outer portion 532 and the plurality of apertures 524 is
disposed about the inner portion 530, The apertures 524 are configured to

receive straps 121

{0039 The fasteners 416 are any suitable screw, such as high nickel content
stainless steel screws. The screws are made from a conductive material, such as
an alioy, such as steel. In some embodiments, which can be combinead with other
embodiments disclosed herein, the screws are free of copper. The siraps 121 are
made from a conductive material, such as an alloy, such as steel. The material of
the straps 121 includes carbon, chromium, nickel, manganase, silicon, nitrogen,
phosphorus, sulfur, stainless steel, Inconel material, alloys thereof, or
combinations thereof. The plurality of straps 121 are symmeirically disposead
about each of the top flange and the bottom flange to provide a symmetric RF
return path in the process chamber, as depicted in the ground assembly 160, #
has been discovered that if the siraps 121 are not adequately symmaetric, process
uniformity and device quality is affected. In some embodimeants, which can be
combined with other embodiments described herein, the angular spacing between
each of the pluraiity of straps 121 about the bottom flange is from about 18
degress to about 36 degrees, such as about o aboul 30 degrees. In some
embodiments, which can be combined with other embodiments described herein,

the angular spacing betwean two adiacent straps 121 varies by less than 5% with
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respect to the remaining adjacent straps 121. The straps 121 are arranged to be
staggered with one or more lift pin standoffs such that the straps 121 do not make

physical contact with the [ift pin standoffs.

[0040] The thickness of each strap 121 is about 0.12 mm o about 0.30 mm,
such as about G.15 mm to about 0.2 mm. The length of the strap 121 is about
180 mm to about 195 mm, such as about 180 mm o about 190 mm, such as
about 185 mm. The width of the strap 121 is about 8 mm o about 15 mm, such
as about 9 mm to about 11 mm, such as about 10 mm. The strap 121 has a
spring constant of greater than about 17 Ib/in, such about 17 Ib/in ¢ about 20
ibfin, such as about 18 bfin to about 19 bfin, such as about 18.4 bfin to about
18.8 ibfin. Each strap is composed of stainless steel such as S8302 or Inconel
material. In some embodiments, which can be combined with other embaodiments
described herein, the material of the strap is any material that provides sufficient
spring constant and corrosion resistance.  In some embodiments, which can be
combined with other embodiments described herein, the strap is mechanically
cycled by bending the strap from about 200,000 to 2 million times without

avidence of mechanical faiiure.

[0041] The ground assembly 160 as used herein is used during NUMErous runs
without changing cut the straps 121, in contrast, previous ground assemblies are
typically regularly replaced or maintained because of loss in the spring constant
overtime. These ground assemblies include a design with a ground component
that is only coupled to & ground plate at all times during processing. Moreover,
the ground componert only makes contact with a seal of the subsirate lid when
the substrate body 112 is in a raised position during processing. During
processing with these conventional grounding assembilies, the substrate body 112
raised and lowered repeatedly which relies on muitiple compression and
gxpansion of the ground component. Mulliple compression and expansion of the
ground component leads o a reduction in elasticity or spring constant overtime
due ¢ overuse and the ground component is routinely replaced. In contrast, the
ground assembly 160 described herein is coupled to the ground plate at all times
during operation and to the bottom of the chamber at all times. Thus, raising and
lowering the subsirate body 112 does not reduce the contact of the ground

assembly 160 to the chamber body. Morsover, since the straps 121 of the
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present disclosure are fastenad at each end to the top flange 118 and the botiom
flange 119, the straps 121 are not reliant on an inherit spring constant to return to
form. Rather, actuation of the substrate support 105 returns the straps 121 to a
desired position.  Thus, issues with degradation of spring constant, which is

troublesome in convertional approaches, is addressed by the present disclosure.

[0042] FiG. 6 depicts a flow diagram of an example method 600 of processing
a substrate according to an example embodiment of the present disclosure. In
operation 602, a substrate is positioned on a substrate support 105 in the upper
volume 110 of the processing chamber 100. The substrate is loaded through an
operning 126 that is formed through the chamber body 102 and onto & support
surface 150 of a substrate support 105 (2.q., a pedestal). The substrate support
105 is coupled to an example ground assembly 160 via ground plate 148
described herein. Positioning the substrate on the subsirate support includes

positioning the substrate on the support body 112,

[0043] In operation 604 of method 600, the subsirate support is raised using
actuator 116 o a raised position. The substrate support is raised using the
actuator 116. The ground assembly 1680 described herein enables the substrate
support to be coupled to the bottom surface 148 of the chamber body at the
raised position and at the lowsr position. Thus, a grounding path is maintained at
all times during operation and for a variety of different processes performed at
variable substrate support positions {e.g., different substrate support heights).
Processes described herein include operating conditions with a larger gap
between the top and bottom flange. Ground assemblies known in the art provide
grounding for processes with a fixed gap, such as a narrow gap between the
substrate body 112 and the bottom surface 148 of the chamber. The ground
assemblies described herein provides grounding paths at all fimes during
operation for a number of different processes with different gaps between the
subsirate body 112 and the botlom surface 148 of the chamber. The constant
grounding for different gaps between the substrate body 112 and the bottom
surface 148 of the chamber sllows for a wide process window. In some
ambaodiments, which can ba combined with other embodiments described herein,
the gap between the subsirate body 112 and the bottom swrface 148 of the

chamber from about 6 mm to about 51 mm. The constant grounding as describad
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in the present disclosure enables stable processing, such as during deposition of
films, slternatively or additionally, during plasma cleaning of the chamber.
Constant grounding as described in the present disclosure will reduce the risk of
any asymmetric parasitic plasma created due to loose grounding contact. Ground
strap designs known in the art rely on spring constant o make full contact with a
ground path which is not reliable and is uses frequent praventative maintenance.
It is possible to secure ground straps to one or more sides of the chamber.
Howaver, such arrangements are limited in the gap size between the substrate

body 112 and the bottom surface 148 of the bottom chamber.

[0044] In operation 606, a gas is introduced to the upper volume 110, The gas
is supplied from a gas source 130 that is coupled to the lid 104 and is introduced

into the upper volume 110 from the gas source 130 through the faceplate 106,

[0045] In operation 508, the gas is activated using slectromagnetic energy
such as radio frequency energy, and generates plasma via capacilive coupling.
The aclivated gas is used {o deposit material on the substrate. The radio
frequency follows an RF path from the substrale support, through the plasma in
the upper volume 110, {o the bottom of the chamber body, o the ground plate 146
via the ground assembly 160 and {o ground via conductive rod 114, The RF
return path substantially reduces an occurrence of RF leakags, formation of
parasitic plasma, and arcing within the volumes 110 and 111, by providing a
preferred path for BF fravel. The term “parasitic plasma” as used herein, refers o
plasma in volumes cutside of the upper volume 116, In particular, plasma found
in a lower volume 111 of the volume is considered “parasitic plasma.” In some
embodimants, which can be combined with othar embodiments disclosed herein,
the lower volume 111 includes a voltage within the gas of the lower volume 111 of
fess than 100 V. The voltage of less than 100 V within the gas of the lower
valume 111 demonstrates that RF leakage into the lower volume 111 is minimized
dus to the grounding assembly 160 disclosed herein. The ground assembly 180
reduces the voltage of the gas within the lower volume 111 by providing an RF
path from the substrate support 105 to ground and preventing RF leakage into the
fower volume 111, The ground assembly 180 of the present disclosure is usefu

for processing a substrate in a plasma enhance chamical vapor deposition, sich
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process, or any process that uses an RF source provided to the bottom surface
156 of the substrate body 112,

[0048] Certain features, structures, compositions, materials, or characteristics
described herein is combined in any suitable manner in one or more
embodimants. Although the present disclosure hersin has baen described with
reference {o particuiar embodiments, i is o be undersicod that these
ambodiments are maearely illustrative of the principles and applications of the
present disclosure. it will be apparent to those skilled in the art that various
modifications and variations can be made to the method and systems of the
present disclosure. Thus it is intended that the present disclosure include
madifications and variations that are within the scope of the appended claims and

their equivalents.
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