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SUBSTRATE SUPPORT ASSEMBLY

BACKGROUND
Field

10001] Embodiments of the present disclosure generally relate to a substrate

support pin for use in, e.g., semiconductor subsirate processing.

Description of the Related Art

0082} Substrates (such as semiconductor substrates) are conventionally
processed in a substrate processing system that includes multiple processing
stations {o process the substraie. To facilitate transfer of the substrate between
the processing stations, support members, such as a plurality of it pin
assemblies for example, are mounied within a support pedestal within the
processing station so that the substrate may be lifted from the support pedastal.
This allows a transfer mechanism such as a robot blade to slide underneath a

back side of the substrate and lift the substrate off the support members.

00083} Conventional lift pin assemblies that rastrain the rotation of a hift pin
include a kit pin disposed within a bore of a housing. The housing has a bore
shaped to engage the surface ¢f the pin to stop the pin from freely rotating
relative {0 the housing. As a resull, the pin contacts and rubs against the bore
of the housing during the axial movement of the pin. This contact between the
pin and housing resulls in particle generation that can interfere with the process
being performed within the processing station.  Additionally, this contact
progressively wears the surface of the pin and housing which increases the
friction thersbetween, which results in increased particle generation and can
result in the pin vibrating within the housing as it scrapss along the surface of
the bore. This vibration can cause damage {o the substrate. Further, if one or
more pins used {o raise and lower a substrate are vibrating, then the vibration
can cause the substrate to fall off the pins which can damage the substrate. In

such a case, processing may nead o be halted until the fallen substrate is
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refriaved and the faulty pins are replaced. Additionally, a spring may be
disposed in the housing 1o bias the pin in a retracted position. The spring force
has a tendancy to apply a torsional force to the pin which increases the friction
force between the pin and housing. The pin may become locked, stuck, or jerk
due the frictional forces caused by the worn area of contact between the
damaged pin and housing and/or the spring force. A pin becoming locked,
stuck, or jerking can result in a substrate being dropped and/or otherwise

damaged.

§0004] Therefore, there is a need in the art for a lift pin that is rotationally
restrainad with reduced particle generation and instances of failure, such as
becoming locked, stuck, jerking, or vibrating during use. Additionally, there is
a nead in the art to increase the longevity of the lift pin 1o reduce maintenance

of the processing station in which the Hift pin is installed.

SUMMARY

10005} The present disclosure generally relates to support assemblies
configured to support and move a substrate within a substraie processing

station.

[0006] in one embodiment, a support assembly for supporting a substrate in
a processing station includes a housing, a pin, a plurality of bearing slements,
and a retaining member. The housing includes a bore, & groove formed on an
exterior surface of the housing, and a plurality of windows disposed in the
groove that intersect the bore. The pin is disposed in the bore and moveable
between a retracted position and an extended position. The pin includes a shaft
including a plurality of bearing surfaces. The plurality of bearing elements are
at least partially disposed in a corresponding window of the plurality of windows.
Each bearing slement includes an ouler surface configured to engage a
corresponding bearing surface of the shaft. The plurality of bearing elemeants
and bearing surfaces cooperate to maintain an angular orientation of the pin as
the pin moves betwesn the retracted position and the extended position. The
retaining member is disposed in the groove.
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{0007} In one embodiment, a support assembly for supporting a substrate in
a processing station includes a ceramic housing, a ceramic pin, a plurality of
bearing elements, and a retaining member. The ceramic housing includes a
bore, a groove Tormed on an exterior surface of the housing, a plurality of
windows disposed in the groove that intersect the bore, and a shoulder at an
upper end configured o engage with a surface of a pedestal. The ceramic pin
is disposad in the bore and moveable between a retractad position and an
extended position. The pin includes a shaft including a plurality of bearing
surfaces and a head with a supporting surface configured o engage with a
botiom edge of a subsirate. The plurality of bearing elements are at least
partially disposed in a corresponding window of the plurality of windows. Each
bearing element inciudes a ceramic roller with an outer surface configured to
engage a corresponding bearing surface of the shaft. The plurality of bearing
elements and bearing surfaces cooperate to maintain the support surface in
alignment with the bottom edge of the substrate as the pin moves between the
retracted position and the extended position. The retaining meambaer is disposed

in the groove.

0008} In one embodiment, support assembly for supporting a substrate in
a processing station includes a ceramic housing, a ceramic pin, and a plurality
of bearing elements. The ceramic housing including an outer surface, an inner
surface defining a bore, and a plurality of first windows extending from the outer
surface and the inner surface. The ceramic pin is disposed in the bore and
moveable between a retracted position and an extended position, wherein the
ceramic pin includes a pin shaft including a plurality of bearing surfaces and a
head with a supporting surface configured to engage with a bottom edge of a
substrate. The plurality of bearing slements are at least partially disposad in a
corresponding window of the plurality of first windows. Each bearing element
includes a bearing shaft formed integrally with the ceramic housing and a
ceramic roller with an outer surface configured 0 engage a corresponding
bearing surface of the pin shaft. The plurality of bearing elements and bearing

surfaces cooperate (o maintain the support surface in alignment with the bottom
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edge of the substrate as the ceramic pin moves betweaen the retracted position

and the extendead position.

[0009] in one embodiment, a method of moving a substrate includes
extending a plurality of pins of a plurality of support assemblies from a refracted
position {0 engage a bottom edge of a substrate that is engaged with a support
surface of a pedestal. Each pin is rotationally locked by a pluraiity of bearing
elements engaged with the pin that are disposed within @ housing of sach
support assembly. The meathod further includes extending the plurality of pins
to an extended position to lift the substrate above the pedestal. The method
further includes disengaging the substrate from the plurality of it pins in the

exiended position.

BRIEF DESCRIPTION OF THE DRAWINGS

{0010} Sao that the manner in which the above recited features of the present
disclosure can be understood in detall, a more particular description of the
disclosure, briefly summarized above, may be had by reference o
embodiments, some of which ars illustrated in the appendad drawings. His o
be noted, however, that the appended drawings illustrate only exemplary
embodiments of the disclosure and are therefore not 1o be considered limiting
of its scope, as the disclosure may admit to other equally effective

ambodiments.

06041} Figure 1A is an isometric view of a support assembly according (o

one embodiment.

0013 Figure 18 is an isometlric view of a housing of the support assembly,

according to the embodiment shown in Figure 1A

{0013} Figure 1C is a partial cross-sectional view about the section line C-C
in Figure 1A showing an arrangement of bearing slements and a cross-section
of the shaft of the support assembly, according o the embodiment shown in

Figurs 1A
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§0014] Figure 2A is a partial cross-sectional view of a support assembly
disposed in a padestal showing the support assembly in a retracted position

according to one embodiment.

0015) Figure 2B is a partial cross-sectional view of the support assembly
disposed in the pedestal showing the support assembly, according to the

embodiment shown in Figura 2A, in an extended position.

0016} Figure 3 is a partial cross-sectional view of a support assembly with
a set of bearing elements that includes three bearing elements according to one

embodiment.

06017} Figure 4 illustrates a partial cross-seclional view of a support
assembly with a sel of bearing elements arranged in a triangular configuration

according to one embodiment.

{0018} Figure 5 illustrates a partial cross-sectional view of a support
assembly with a set of bearing elements including a channel arranged in a

diamond configuration according to one embodiment.

§0019] Figure © illustrates a partial cross-sectional view of a support
assembly with a set of bearing slements including a channel arranged in &

triangular configuration according o one embodiment,

{00203 Figure 7 illustrates a cross-sectional view of an exemplary support
assembly showing a set of bearing slements arranged {o rastrain the rotation

of a pin according to one embodiment.

0021} Figure 8 illusirates a cross-sectional view of an exemplary processing

station.

100223 Figure 8 is a flow chart of a method of moving a subsirate using a

plurality of substrate assemblies.

{0023] To facilitate understanding, identical reference numerals have been

used, where possible, to designate identical elements that are common {0 the
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figures. It is contemplated that elements and features of one embodiment may

be beneficially incorporated in other embodiments without further recitation.

DETAILED DESCRIPTION

0024} Embodiments herein  are generally directed to  substrate
manufacturing and, more particularly, 1o systems and methods for raising and
fowering the substrate within a processing station of a substrate processing

systam.

[0025] Figure 1A discloses an isometric view of one embodiment of a
support assembly 100. The support assembly 100 includes a housing 110, a
pin 130, & plurality of bearing slements 150 (Figure 1C), and two retaining
members 170. The support assembly 100 is configured to facilitate axial
movement of the pin 130 to raise and lower a substrate. The support assembly
100 may be disposed in a pedestal of a subsirate processing chamber. Figure

1A includes an XY, Z coordinate system (o show the orientation of the pin 130.

{0026} Figure 1B illustrates an isometric view of the housing 110 without the
other components of the support assembly 100. The housing 110 is an annular
member with a longitudinal bore 113 that extends from an upperend {1 to a
lower end 112 of the housing 110. The bore 113 is defined by an inner surface
of the housing 110, The housing 110 is preferably a cvlindrical tube as shown
in Figure 18. The upper end 111 may include a shoulder 118 that protrudes
past the cuter diameter of an exderior side surface 120 of the housing 110, The
shoulder 118 includes a shoulder surface 118 that is configured to abut a
surface of the pedestal (see Figure 2A) to support the weight of the housing
110, bearing elements 150 (Figure 1C), and retaining members 170 (Figure 1A}

when the support assembly 100 is instalied in the pedestal.

{00271 The exterior side surface 120 extends from the upper end 111 o the
fower end 112. The exterior side surface 120 shown in Figure 18 is defined by
one or more grooves 122, a lower side surface 124, a middle side surface 126,

and an upper side surface 128. Each groove 122 Is shown as a circumferential
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groove formed in the exierior side surface 120. The lower side surface 124, the
middle side surface 126, and the upper side surface 128 may have the same
or substantially the same outer diameter. The one or more grooves 122, such
as the two grooves 122 shown in Figure 1B, are formed in the side of the
housing 110 and separated from ons another by the middie side surface 126,
The groove 122 closest to the lower end 112 (e.g., lower groove) is separated
from the lower end 112 by the lower side surface 124, Additionally, groove 122
closest to the upper end 111 {(e.g., upper groove) is separated from the upper

end 111 by the upper side surface 128.

0028} Each groove 122 inciudes a groove surface 123 that is recessed with
respect to the side surfaces 124, 126, 128 A plurality of windows 114 arg
formed in each groove 122 that exdend radially from the groove surface 123 and
intersect with the bore 113. Each window 114 is aligned with ancther window
114 on the opposing side of the bore 113, Cut outs 116 are also formed in the
groove surface 123 of each groove 122 on opposing sides of the windows 114,
For example, the housing 110 may include four windows in each groove as

shown in Figures 18 and 1C to accommodate four bearing slements 150,

0029) Figure 1C illustrates a partial cross-section along the line C-C in
Figure 1A looking toward the lower end 112. The pin 130 is engaged with one
or mors sets of bearing elements 150, The support assembly 100 includes two
sets of bearing elements 150, Referring to Figures 1A-1C, the first set of
bearing elements 150 are disposed in the windows 114 and cut outs 116 formed
in the upper groove 122 and the second set of bearing elements 150 are
disposed in the windows 114 and cut outs 118 formed in the lower groove 122
As shown in Figure 1C, the windows 114 and bearing slements 150 are
arranged in a square configuration. The bearing slements 150 are arranged {o
facilitate axial movemaent of the pin 130 relative to the housing 110 within the
bore 113 as the pin 130 moves belween a refracted position (Figure 2A) and
an extendad position {(Figure ZB). The shape of the pin 130 and the
arrangement of the bearing elements 150, however, cooperate {o rotationally

fock the pin 130 while permitting the pin 130 to move between the retractad
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position and the extended position to maintain an angular orientation of the pin
130. In other words, the pin 130 is restrained from rotating about the Z-axis as

it moves batween the extended and retracied positions.

{0030 Figure 1C only shows one bearing element 150 in cross-section.
Each bearing element 150 includes a shaft 152 {(e.g., bearing shafl} disposed
in a roller 154, Each shaft 152 extends into an opposing cut out 116 that is
formed though the housing 110. Thus, the shaft 152 is supporied on opposing
sides of the corresponding roller 154 by the housing 110. Each roller 154 is
disposed in a corresponding window 114 and partially extends info the bore 113
to engage the pin 130, Each rolier 154 has an cuter surfacse 156 configured to
engage a corresponding bearing surface 134 of the pin 130. The outer surface
156 complements the bearing surface 134, in that the cuter surface 156 is flat
similarly to the fiat bearing surface 134, Each roller 154 is rolatable
independently of the other rollers 154 relative to the housing 110 io facilitate
axial movement of the pin 130. The rollers 154 are held into place via a friction
fit facilitated by the ends of the shafis 152 arranged opposite one ancther within
the cut outs 1186 formed within the housing 110, Additionally, the ends of each

shaft 152 may be chamfered to form a conical shape as shown in Figure 1C.

{0031} The pin 130 includes a shaft 132 {(e.g., pin shaft) that is disposed in
the bore 113, The shaft 132 includes four flat bearing surfaces 134 that
correspond to a respective roller 154, The bearing elements 150 are arranged
in the housing 110 such that the outer surface 156 of each roller 154 is parallel
with a corresponding bearing surface 134 of the pin 130, This arangement
restrains rofation of the pin 130 within the bore 112 because the opposing
surfaces of the pin 130 and rollers 154 will contact one ancther to limit rotation
in the event that the pin 130 tries to rotate about its longitudinal axis (e.g., £-
axis). Additionally, the shaft 132 and rollers 154 are sized {0 restrain rotation
of the pin 130, in that the outer diameter of the shaft 132 is large enough to
restrain the shaft 132 from freely rotating (e.¢., being able to make one or mors
complete revoluiions in any rotational direction) within the gap between the four

rollers 154.
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{08323 In some embodiments, the shaft 132 is sized such that the four
bearing surfaces 134 are constantly engaged with a corresponding roller 154
Alternatively, the shaft 132 may be sized such that a clearance is present

between the outer surface of the shaft 132 and one or more rollers 154,

0033} As shown in Figure 1C, the shaft 132 has a cross-section that
resembles a square with rounded adges 136 betwaen the flat bearing surfaces
134. In other words, the bearing surfaces 134 are arranged in a square
configuration. The shaft 132 may include the roundad edges 136 {o facilitate
fitting the shaft 132 into the bore 113, In some embodiments, the shaft 132 has

a square cross-section without rounded aedges 136.

{0034} The partial cross-section in Figure 1C is representative of the cross-
section of the second set of bearing elements 150 disposed in the windows 114

and cut outs 116 formed in the lower groove 122

[0035] A retaining member 170 is disposed in each groove 122 after the
bearing elemeants 150 are installed in the housing 110, The retaining member
170 encloses the bearing elements 150 within the housing 110 and prevenis
the bearing elements 150 from falling out. The retaining member 170 may be
a C-shaped retaining spring as shown in Figure 1A The retaining member 170
is snugly engaged with the groove surface 123 to prevent the retaining member
170 from being separated from the groove 122 while the support assembly 100
is instalied in a pedastal. The opposing ends 172 of the retaining member 170
may be engaged or separated by a small gap when installed on the housing
110. Additionally, the retaining member 170 has a thickness less than or equal
to the depth of the groove 122, In other words, the retaining member 170 does
not protrude from the groove 122 1o prevent the retaining member 170 from
interfering with the installation of the support assembly 100 into a pedestal. In

some embodiments, the retaining member 170 is a snap ring.

[0036] Referring back to Figure 1A the pin 130 includes a head 140
connected to the upper end of the shaft 132. The head 140 includes a support

surface 142 configured to support the underside of a substrate (not shown)
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about the periphery of the substrate (e.g., the bottom edge of the subsirate).
The head 140 is not a rounded or flat surface of the upper end of the shaft 132
of the pin 130, Instead, the head 140 of the pin 130 extends beyond the
periphery of the shaft 132 and may exiend beyond the edge of the bore 113
and above the upper end 111 of the housing 110 as shown in Figure 1A In
some embodiments, the head 140 may extend beyond the edge (e.g.,
periphery) of the shoulder 118, In some embodiments, and as shown in Figure
1A, the head 140 is 3 non-uniform body. While the head 140 is non-uniform,
the head 140 may be symmeitrical, as shown in Figure 1A, about a line ¢f
symmetry. The support surface 142 may be located in a lateral position relative
to wheare the shaft 132 joins with the head 140, In other words, the head 140
extends beyond the periphery of the shaft 132 with the support surface 142
located laterally away from the shaft 132 such that the support surface 142 is

not disposed directly above the upper end of the shaft 132

{0037} The support assembly 100 maintains the angular orientation of the
pin 130, and thus the head 140, about the Z-axis (e.¢., longitudinal axis) as the
pin 130 moves axially along the Z-axis bacause the pin 130 is restrained from
rotating due to the bearing elements 150 and corresponding bearing surfaces
134. In other words, the orientation of the pin 130, and thus the head 140, with
respect to their position on the XY axes is maintained while the pin 130 is
translated along the Z-axis. Maintaining the angular orientation of the head 140
during the translation of the pin 130 is keeps the support surface 142 in contact
with the underside of the substrate o facilitate raising and lowering the
substrate. Maintaining the angular orientation of the pin 130 maintains the
support surface 142 in alignment with substrate and housing 110 during the
axial movement of the pin 130. I the pin 130 were parmitied to freely rotate,
then the support surface 142 could become misaligned with the bottom edge of

the substrate which could lead o the substrate being dropped.

0038} In some embodiments, the support assembly 100 maintains the
angular orientation of the head 140 relative to the subsirate and the housing

110 by completely preventing any rotational movement of the pin 130 relative
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to the housing 110, In other words, the pin 130 is translated straight up and
down the Z-axis without a change of an angular position of the pin 130 relative
to the XY axes. In some embodiments, the support assembly 100 maintains
the angular orientation of the head 140 even though the shaft 132 is able to
partially rotate (g.g., wiggle) about the Z-axis as the pin 130 moves axially. For
exampile, the pin 130 may wiggle slightly within the bore 113 if a clearance is
present between a bearing surface 134 and a corresponding bearing element
150. However, this partial rotation is limited and is insufficient for the support
surface 142 of the head 140 ¢ become misaligned {e.g., disengaged} from the
substrate as the pin 130 is moved axially {0 raise and/or lower the substrate. In
other words, the angular orientation ¢f the pin 130 may be maintained by
keeping the angular position of the pin 130 within an accepiable range of
rotation when the pin 130 is translated such that the support surface 142
remains aligned, and thus engaged, with the bottom edge of the substrate. For
axample, pin 130 may be permitted to rotate less than 1 degree, such as less
than 0.5 degrees, about the Z-axis as the pin 130 is translated along the Z-axis.
In some embodiments, the pin 130 is prevented from rotating less than 0.1
degrees. Additionally, rotation of the pin 130 causes the support surface 142
to rub against the underside of the substrate which can generale particulates
that can interfere with the processing of the substrate. Thus, completely
preventing rotation or limiting the wiggle of the pin 130 reduces particle

generation caused by the contact of the head 140 with the subsirste.

{0038} in some embodiments, the head 140 may be a uniform body
extending from the upper end of the shaft 132 with a subsirate supporting
surface that contacis the underside of the substrate. For example, the head
140 may be a cylindrical pad with an outer diameter greater than the outer
diameter of the shaft 132. The head 140 with the uniform body may contact the
underside of the substrate at the periphery of the substrate or the support
assembly 100 may be positioned such that the head 140 contacts the underside
of the substrate at a iocation inset from the boltom edge of the subsirate.
Additionally, the head 140 may be a rounded or flat end of the shaft 132 with

the substrate supporting surface being the upper end of the shaft 132
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corfigured to engage with any portion of the underside of the substrate.
Limiting or preventing the rotation of the pin 130 with a head that is a uniform
body also reduces the amount of particles generated caused by the frictional

contact of the head 140 with the substrate.

0040} The lower end of the shaft 132 may be connected to a pin Iift
assembly that is used to move the pin 130 axially batween the extended and
refracted positions. For example, the pin lift assembly may be a lift plate (e.g,,
hoop) that is moved relative 1o the pedestal by an actuator. The lower end of
the shaft 132 is altached io the lift plate. The movement of the lift plate causes
the pins 130 to move with the liff plate. For example, the pin ift assembly is
used o raise the lift pins 130 relative to the pedestal which causes the head
140 to lift into contact with the substrate. Additional movement of the pins 130
causes the subsirate io be lifted above the pedesial such that a gap is present
between the upper surface of the pedestal and the underside of the substrate.
A blade of a robot is insertable into the gap undemeath the substrate. An

exampie of a pin lift assembly {see pin lift assembly 830) is shown in Figure 8.

[0041] Alternatively, the lower end of the shaft 132 may not be connected to
a pin [ift assembly that moves the pin relative to the pedestal. Instead, tha lower
end of the shaft 132 may exiend past the bottom surface of the pedestal and
the pin 130 may be free hanging in within the housing 110. The pedestal may
be loweread within the processing chamber to & ransfer position, which causes
the lower end of the shaft 132 to come into contact with the a surface on the
bottom of the processing chamber. The contact of the lower end of the shaft
132 with the surface causes the pin 130 to be move relative o the pedestal to
contact and lift the substrate above the pedestal. As a resull, the substrate is
supported above the surface of the pedestal by the pin 130 with a gap between
the upper surface of the pedestal and the underside of the substrate. A blade
of a robot is insertable into the gap undemeath the substrate. The pin 130 can
return to the retracted position under the influence of gravity once the pedestal
is raised o disengage the lower end of the shaft 132 from the surface on the

bottom of the processing chamber.
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[0042] The housing 110, the pin 130, and the bearing elements 150, such
as the roller 154, may each be made of a ceramic malerial. Without being
hound by theory, it is balieved that using a ceramic material reduces friction and
thus reduces particle generation caused by frictional contact. Examples of
ceramic matenials include aluming, titanium nitride, silicon nitride, and silicon
carbide. Therefore, it is believed that forming the housing 110, pin 130, and
rollers 154 from a ceramic material increases the lifespan of the support

assembly 100 and reduces the maintenance thereof.

0043] The arrangement of the bearing elements 150 also prevents the shaft
132 of the pin 130 from contacting the surface of the bore 113, In other words,
the outer surface of the shaft 132 only contacts the outer surface 156 of the
rollers 154 which limits the surface area available {o produce particles due to
the frictional contact to the area of contact between the bearing surfaces 134
and the outer surface 158 of the rollers 154, Thus, the arrangement of the
bearing elemants 15C within the housing 110 seliminates the potential for
particies 1o be generated by frictional contact between the moving pin 130 and
the surface of the bore 113, Additionally, preventing contact betwsen the pin
130 and the housing 110 {e.q., the surface of the bore 113} reduces the
potential for vibrations caused by the wear and damage caused by repeated
scraping of a length of the pin and with the housing experienced in conventional
systems. Additionally, limiting the area of contact between the pin 130 with
other components of the support assembly 100 (g.g., the bearing slements 150)
increasss the longevity of the support assembly 100 and thus reduces
maintenance of the processing chamber that the support assembly 100 is

installed within.

[0044] in some embodiments, and as shown in Figures 1A-1C, the support
assembly 100 does not include a biasing member, such as a spring, to bias the
pin 130 toward a position, such as the retracted position. A biasing member is
not needed because the bearing slements 150 guids the axial movement of the
pin 130, and the pin 130 returns to reiracted position by a pin Iift assembly or

under the influence of gravity. Eliminating a biasing member eliminates the

13



WO 2024/205755 PCT/US2024/015178

possibility of particle generation caused by frictional contact of the biasing
member with the housing and/or pin.  Additionally, sliminating the biasing
member also sliminates the possibility of the spring force applying a torsional
force that increases friction, and thus additional particle generation, between
the pin 130 and the bearing elements 150 as the pin 130 moves axially.
Furthermore, eliminating the biasing member and including the bearing
elements 150 avoids a problem associated with conventional systems, where
the spring force and the worn area of contact between the pin and housing
would cause the pin 1o become locked, stuck, or jerk, which could result in the

substrate being dropped.

§0:045] In some embodiments, the substrate support assembly 100 may
have only one set of bearing elements 150 and thus only one retaining member
170, Thus, the housing 110 will only have one groove 122 and one set of
windows 114 and cut cuts 118, In some embodiments, the support assembly
100 may have more than two sets of bearing slements 150, For example, the
support assembly 100 may have three sets of bearing elements, with the
housing including a third groove and a third set of windows 114 and cut cuts
116 that the third sel of bearing elements 150 are disposed within. The number
of retaining members 170 corresponds to the number of distinct sets of bearing

alements 150.

§0:048] Figures 2A and 2B lllustrate the support assembly 100 installed in a
portion of a pedestal 200, The pedestal 200 can be installed in a processing
chamber, such as processing station 800 shown in Figure 8. Figure 2A shows
the pin 130 in a retracted position {(e.g., lower position} bensath a substrate
230, Figure 2B illustrates the pin 130 in an extended position {e.g., upper
position} engaged with the substrate 230. Three or more support assemblies

100 may be installed in the pedestal 200 to raise and lower the substrate 230

§0047] As shown in Figure 24, the pedestal 200 includes a recess 210
configured {o receive the support assembly 100. The recess 210 may include
a shoulder 212 configured to mate with the shoulder 118 of the housing 110.

The recess 210 may also include a shaft portion 214 allowing the shaft to extend
14
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through the pedestal 200. The support assembly 100 may be retained in the
recess 210 by a retainer plate 220 which includes a bore 223 aligned with the
hore 113 of the housing 110. The ratainer plate 220 may be attached fo the
pedestal 200 by one or more fasieners 222. The support assembly 100 is
orientated in the recess 210 such that the support surface 142 is properly

aligned with the substrate to facilitate raising and lowering the substrate

[0048] The bore 223 of the retainer plate 220 is sized such that the retainer
plate 220 does not contact the shaft 132 during the axial movement of the pin
130. Preventing contact between the shaft 132 and retainer plate 220 during
the axial movement of the pin 130 avoids particle generation that would be
caused if the shaft 132 and retainer plate 220 were permitiad to rub against one
another during the movement of the pin 130, In some embodiments, the
support assembly 100 is configured such that the underside of the head 140 is
prevented from contacting the retainer plate 220 to avoid particle generation.
For example, the pin 130 may be comnected to a Iift plate and the shaft 132 may
have a length such that a clearance, as shown in Figure 2A, is present between
the underside of the head 140 and the retainer plate 220 whan the pin 130 is in

the retracted position.

[0049] A subsirate 230 is shown engaged with an upper surface 240 of the
pedestal 200. The upper surface 240 is part of the support surface of the
pedestal 200 that supports the substrate 230 during processing. The subsirate
230 overhangs the upper surface 240 above the support surface 142 of the
head 140 while the pin 130 is in the retracted position. The upper surface 240
may be located at an elevation abovs the support assembly 100 in the recess
210 to keep thea substrate 230 from contacting the support assembly 100 during

processing.

{0050] After the substrate 230 is processed, the pin 130 may be raised
axially from the retracted position to the extended position by a pin lift assembly
{not shown) to place the substrate 230 above the upper surface 240 as shown
in Figure 2B. For example, the pins 130 of three or more support assamblies

100 may be simultaneocusly extended to lift the substrate 230. Arobot, such as
15
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a blade of the robot, may be inserted into a gap 250 disposed between the
underside of the substrate 230 and the upper surface 240. The robot may then
lift the substrate off the support surface 142, or the pins 130 may be retractad

to disengage the subsirate 230 from the support surface 142,

0051} In some embodiments, the pedestal 200 may also include a plurality
of guide pins configured to raise and lower a cover ring {not shown) positioned
closer to the edge of the pedestal than the support assemblies 100. These
guide pins may lower the cover ring into engagement with the upper surface of
the substrate once the pin 130 is in the retracted position o isolate the support
assembiy 100 from process gases. The guide pins aiso raise the coverring to
allow the pins 130 to move to the exiended position without cortacting the cover

ring.

[6052] Figure 3 and Figure 4 illustrate alternative embaodiments of a support
assembly configured to maintain the angular orientation of the pin that includes
a shaft with flat sides that engage with a corresponding flat surface of a bearing
element. Figure 7 also illustrates an embodiment of a support assembly
configured to maintain the angular orientation of the pin that includes a shaft
with flat sides that engage with & corresponding flat surface of a bearing

element.

f0053] Figure 3 is a partial cross-sectional view of a support assembly 300
showing a set of bearing elements 350 arranged o restrain rotation of a pin
330. Support assembly 300 includes one or more sets of bearing elements 350
that are similar {o bearing elemsents 150 As shown, each set of bearing
slements 350 in the support assembly 300 has three bearing elements 350.
Only one bearing element 350 is shown in cross-section. Housing 310 is similar
to housing 110 except that i includes three windows 314a, 314b disposed in
the groove 322 formed in the outer surface 320 of the housing 310. The bearing
elements 350 and windows 314a, 314b are arranged in a "U” configuration. As
shown, window 314a formed in the housing 310 and is not aligned with an
opposing window on the other side of the bare 313, Instead, window 314a and

thus the bearing element 350 disposed therein opposes a portion of a surface
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defining bore 313, Windows 314b and the bearing elements 350 disposed
therein, however, oppose one anothear. A refaining member 370 is disposed in
the groove 322 to retain the bearing slements 350 within the housing 310. As
shown in Figure 3, the pin 330 is similar to pin 130, in that the shaft 332 of the
pin 330 has a cross-seclion that resembles a square with roundad edges 338
between the flat bearing surfaces 334. The shaft 332 also includes a surface
335 opposite of the bearing suwrface 334 facing the bearing slement 350
dispossad in window 314a. This surface 335 does not engage a bearing element
350 and faces the surface of the bore 313, The surface 335 may be round or
flat. Similarly to support assembiy 100, the bearing slements 350 are arranged
in the housing 310 such that the outer surface 356 of each roller 354 is parallel
with a corresponding bearing surface 334 of the pin 330. This arrangement
maintains the angular orientation of the pin 330, and thus the head (not shown),
as the pin 330 moves axially bstween a retracied and extended position
because the opposing surfaces of the pin 330 and rollers 354 will contact one
another in the evant that the pin 330 tries to rotate. Maintaining the angular
orientation of the pin 330 keeps the support surface of the head (not shown)

aligned with the substrate and housing 310,

10084} The support assembly 300 may alternatively have only two bearing
slements 350 in each set. For example, the window 314a and the bearing
element 150 disposed therein may be sliminated, lsaving two bearing elements
350 that restrain rotation of the pin 330

[B0SS} The housing 310, the pin 330, and the bearing elements 350, such

as the roller 354, may each be mads of a ceramic material

{0056} Figure 4 illustrates a partial cross-sectional view of an exemplary
support assembly 400 showing 2 set of bearing elements 450 arranged to
restrain the rotation of a pin 430, The housing 410 of the support assembly 400
includas a window 414 for each bearing element 450, the windows 414 baing
formed in a triangular arrangement in the housing 410 within a groove 422
formed in the outer surface 420 of the housing 410. The support assembly 400

includes one or more sets of bearing slements 450 disposed in the windows
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414 in a triangular configuration.  The individual bearing elements 450 are
similar 1o bearing elements 150. Each set of bearing elements 450 in the
support assembly 400 has three bearing elements in a triangular arrangement
rather than each bearing element having a counterpart located on the opposing
side of the bore like in support assaembly 100. The shaft 452 is supported within
cut cuts 416 formed within the groove 422, A retaining member 470 is disposed
in the groove 422 o retain the bearing elements 450 within the housing 410
The shaft 432 of the pin 430 includes a cross-section that includes thres flat
bearing surfaces 434 in a triangular arrangement, such as being arranged at
an angle of about 60 degrees from one ancther. In some embodiments, each
flat bearing surface 434 is separated from an adjacent flat bearing surface 434
by a rounded edge of the shaft 432 of the pin 430. The bearing elements 450
are arranged, as shown in Figure 4, such that an outer surface 456 of rollers
454 are paraliel to the bearing surfaces 434 of the shaft 432, Each flat bearing
surface 434 is configured to engage with an outer surface 456 of s
corresponding bearing slement 450 to guide the axial movemant of the pin 430.
In some embodiments, the bearing elements 450 may be arranged such that

the outer surfaces 456 are arrangad 60 degress from one ancther.

10087} The engagement of the bearing elements 450 and corresponding
bearing surfaces 434 maintain the angular orientation of the pin 430 as the pin
430 is moved between an axiended and retracted position to keep the support
surface of the head (not shown) aligned with the substrate and housing 410.
The angular orientation is maintained because the opposing surfaces of the pin
430 and rollers 454 wili contact one another in the event that the pin 430 tries

to rotais.

[0058] The housing 410, the pin 430, and the bearing slements 450, such

as the roller 454, may each be made of a ceramic matarial,

[0058] N some ambodiments, the shaft 432 of the pin 430 may have a
hexagonal cross-section similar to pin 730 shown in Figure 7. The bearing
slements 450 are arranged (0 engage the hexagonal pin to guide the axial

movement of the hexagonal pin shaft.
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§0:080] Figures 5 and 6 illusirate slternative embodiments of a support
assembly configured 1o maintain the angular orientation of the pin that includes
bearing slements with a channel that mirrors the shape of corresponding

bearing surface of the shaft of the pin.

0081} Figure 5 illustrates a cross-sectional view of an exemplary support
assembly 500 to show one set of bearing elements 550 arranged in a diamond
corfiguration to restrain rotation of a pin 530, Similarly to support assembly
100, each bearing slement 550 is disposed with a corresponding window 514
and corresponding cut outs 516 disposed within a groove 522 formed in the
outer surface 520 of the housing 510, A retaining member 570 is disposed in
the groove 522 to retain the bearing elements 550 within the housing 510, A
shaft 832 of the pin 530 has a diamond {e.g., square) cross-saction. Each
bearing element 550 engages a corresponding bearing surface 534 of the shaft
532. The bearing surfaces 534 are where the adjoining flat surface of the shaft
532 converge at an angle. In other words, the bearing surfaces 534 are the
comers of the shaft 532. Each bearing element 550 is similar to bearing
slement 150 and includes a shaft 552 and a roller 554, but the outer surface
556 of the roller 554 is defined by a channel that mirrors the bearing surface
534 of the shaft 532 instead of being flat like outer surface 156, The outer
surface 556 compliments the contour of the corresponding bearing surface 534,
As shown in Figure 5, the outer surface 556 is the outer surface of a triangular
(e.g., v-shaped) channel formed in the roller 554 that mates with the bearing
surface 534 (a.q., corner) of the shaft 532, Ths angle of the converging flat
surfaces of the triangular channel {e.g., the outer surface 556) may be the same
as the angie of the bearing surface 534, This arrangement of the bearing
aslements 580 restrains rotation of the pin 530 within the bore 513 sinca the pin
530 cannot freely rotate due to the engagement of the bearing elements 550
with the bearing surfaces 534 of the shaft 532, Therefore, this arrangement of
bearing elemenis 550 and the shape of the shaft 532 maintains the anguiar
orientation of the pin 530, and thus its head {not shown), as the pin 530 is
moved axially between an exiended and retracied position. The head of the

pin 530 may be similar to the head 140. Maintaining the angular orientation of
19



WO 2024/205755 PCT/US2024/015178

the pin 530 keeps the support surface of the head (nof shown) aligned with the

substrate and housing 510,

§0062] While the support assembly 500 is shown with four bearing element
550 engagead with a corrasponding bearing surface 534 {e.g., cormer) of the
shaft 532, the support assembly 500 may alternatively have just two bearing
elements 550 arranged at opposing corrasponding bearing surface 534 (e.q.,
opposing corners). In some embodiments, the support assembly 500 may have
three bearing slements, similarly to support assembly 300, that engage three

corresponding bearing surfaces 534 of the shaft 532.

F0063] The housing 510, the pin 530, and the bearing elements 550, such

as the roller 554, may each be mads of a ceramic material.

0064} Figure © illustrates a cross-sectional view of an exemplary support
assembily 600 o show one set of bearing slements 850 arranged in a triangular
configuration to restrain the rotation of a2 pin 830, Similarly to support assembly
100, each bearing slement 650 is disposed with a corresponding window 614
and corresponding cut outs 816 disposed within & groove 622 formed in an
exterior surface 820 of the housing 810, A retaining member 670 is disposed

in the groove 622 to retain the bearing elemenis 850 within the housing 810,

{0085] A shaft 632 of the pin 830 has a triangular cross-saction with three
triangular corners. Figure 6 shows one example of a triangular cross-section,
which resembles a three-point shigld with three triangular corners separated by
a rounded surface 638, Each bearing element 650 engages a corresponding
bearing surface 6834 of the shaft 832, The bearing surfaces 634 are where the
adjoining flat surface of the shaft 632 converge at an angle. In other words, the
bearing surfaces 634 are the friangular corners of the shaft 632, Each bearing
element 650 is similar to bearing element 150 and includes a shaft 652 and a
roller 654, but the outer surface 656 of the roller 654 is defined by a channel
that mirrors the bearing surface 634 of the shaft 632 instead of being flat like

outer surface 158,
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§0086] The outer surface 656 compliments the contour of the corresponding
bearing surface 634. As shown in Figure 6, the outer surface 658 is the outer
surface of a triangular (2.q., v-shaped) channel! formed in the roller 654 that
mates with the bearing surface 634 {e.q., corner) of the shaft 632. The angle
of the converging flat surfaces of the triangular chamnel (e.g., the outer surface
656} may be the same as the angle of the bearing surface 634. The
arrangement of the bearing elements 650 restrains rotation of the pin 630 within
the bore 613 because the pin 630 cannot freely rotate due to the engagement
of the bearing slements 850 with the bearing surfaces 634 of the shaft 632
Therefore, this triangular arrangement of bearing elements 650 and the
triangular shape of the shaft 632 maintains the angular orientation of the pin
830, and thus its head (nct shown), as the pin 630 is moved axially between an
extended and retracied position. The head of the pin 630 may be similar to the
head 140. Maintaining the angular orientation of the pin 630 keeps the support

surface of the head (not shown) aligned with the substrate and housing 610.

[0067] in some embodiments, the shaft 632 of the pin 630 has a trianguiar
cross-section without a curved edge between sach triangular comear. For
example, the cross-section of the shaft 832 may be an equilateral triangle with
thres completely flat sides. The bearing slements 65C and windows 614 ars
arranged such that the bearing elemenis 650 can engage a corresponding

cormer of the shaft 832,

[0068] Figure 7 also illustrates an embodiment of a support assembly
configured o maintain the angular orientation of the pin that includes a shaft
with flat sides that engage with a corresponding fiat surface of a bearing

element.

{0069} Figure 7 illustrates a cross-sactional view of an examplary support
assembly 700 showing a set of bearing elements 750 arranged to restrain the
rotation of 2 pin 73C. The housing 710 of the support assembly 700 includes a
plurality of windows 714. The windows exiend from the exterior side surface
720 of the housing 710 to the bore 713, Bearing elements 750 are disposed in

some of the windows 714, As shown in Figure 7, the windows 714 with the
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bearing elements 750 disposed within are formed in a triangular arrangement
in the housing 710, In some embodiments, and as shown in Figure 7, the
housing 710 does not have a circumferential groove formad on the exterior side

surface 720 of the housing 710,

0070} The support assembly 700 includes one or more sets of bearing
elements 750 disposed in the windows 714, Figure 7 shows three bearing
elements 750 arranged in a triangular configuration. The individual bearing
elements 750 are similar to bearing slements 150, and include a roller 754 that
rotates about a shaft 752, The shaft 752 is integral to the housing 710 rather
than being inserted into cut-cuts formed in the housing 710. in other words, the
shaft 752 is g portion of the housing 710. The housing 710 and bearing
elements 750 are formed together by additive manufacturing. Thus, the rollers
754 are retained within the windows 714 by being formed around the shaft 752.
Additionally, each shaft 752 is disposed in a window 714, Thus, sach shaft 752
partially defines the window 714 that the shaft 752 is disposed within,

10071} The shaft 732 of the pin 730 includes a hexagonal cross-section that
includes three flat bearing surfaces 734. Each flat bearing surface 734 is
separated from an adiacent flat bearing surface 734 by a surface 736, such as
the flat surface, of the shaft 732 of the pin 730. The bearing elements 750 are
arranged, as shown in Figure 7, such that an outer surface 758 of rollers 754
are parallel to the bearing surfaces 734 of the shaft 732, Each flat bearing
surface 734 is configured to engage with an outer surface 756 of s
corresponding bearing element 750 to guide the axial movement of the pin 730.
In some embodiments, the bearing elements 750 may be arranged such that

the outer surfaces 756 are arrangad 60 degress from one ancther.

10072} The engagement of the bearing elements 750 and corresponding
bearing surfaces 734 maintain the angular orientation of the pin 730 as the pin
730 is movead betwaen an extended and retracted position to keep the support
surface of the head {not shown) aligned with the substrate and housing 710.

The angular orientation is maintained because the opposing surfaces of the pin
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730 and rollers 754 wili contact oneg another in the event that the pin 730 tries

to rotate.

§0073] The housing 710 and the bearing elements 750 may be formed
together by additive manufacturing. An additive manufacturing process may
include, but is not limited to a process, such as a polyjet deposition process,
inkiet printing process, fused deposition modeling process, binder jstting
process, powder bed fusion process, selective laser sintering process,
stersolithography process, vat photopolymerization digital light processing,
shest lamination process, directed energy deposition process, or other similar
three-dimensional deposition process. In some ambodiments, the additive
material process can be used to form the housing 710 and the rollers 754 from

one material or from multiple different materials.

100743 in some embodiments, the housing 710 and rollers 754 are formed
from a ceramic material and are formed togsther by an additive manufacturing
process. Forexample, in three-dimensional printing, a printhead ejects droplels
of a formulation (e.¢g., ink of printable materials, such as a printable ceramic
materialy onio a surface from a nozzle, then cures the droplets with a light, e.q.,
ultraviolet light, from a light source, such as an LED or focused lamp in the
printer. In some embodiments, the housing 710 and the rollers 754 are formed
from the same ceramic material. In some embodiments, the housing 710 and

the rollers 754 are formed from different ceramic materials.

§0075] Forming the housing 710 and the bearing slements 750 iogether by
additive manufacturing reduces costs and also reduces the number of
components. For example, the circumferential groove and retaining member
may be eliminated. Additionally, the time and expense of installing the shaft of
the rollers into the cut-ouls in the housing is also sliminated. In some
embodiments, the housing 710 may include one or more windows in the
housing 710 that a bearing slement 750 is not disposed within, such as the
three shown in Figure 7. These windows 714 may be included during the
manufacturing of the housing 710 and bearing elemeants 750 {0 reduce the

materials cost.
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§0078] Figure 8 illusirates a cross-sectional view of exemplary processing
station 800 used for processing a substrate 840, The processing station 800
may be part of a substrate processing system, such as a cluster tool, which
may include a plurality of processing stations configured process the subsiraie.
The processing station 800 includes a housing 802, a pedestal 810, support
assemblies 820, a pin lift assembly 830, a source assembly 870, and a process
kit assembly 880C. A controller 801 is in communication with the processing
station 800 and controls the one or mors componenis of the processing station
800. An opening 806 is formed in an upper wall of the housing 802 between

the pedestal 810 and the scurce assembly 870,

0077} The pedestal 810 has a support piate 812 configured {o support the
substrate 840 during processing. A plurality of support assemblies 820 are
installed in the pedestal 810. The support assemblies 820 can by any of the
support assemblies 100, 300, 400, 500, 600, and 700 described hersin. The
support assemblies 820 are arrangad in the pedestal 810 to facilitate lifting and
lowering the substrate 840, such as being arranged to support the periphery of
the substrate 840, A pin 822 of each support assaembly 820 is connectad to the
pin lift assembly 830, As shown, the pin lift assembly 830 includes a hoop 832
configured to be raised or lowered relative to the pedestal 810. The pins 822
are gtiached to the hoop 832 and are moved axially between the extended and
retracted positions by the movement of the hoop 832. Each pin 822 of the
support assemblies 820 is extended and retracted to move the subsirate 840

relative {o the pedestal 810

{0078} The pins 822 of the support assemblies 820 may be extended to it
the substrate 840 off the support plate 812 after processing is complete. Figure
8 shows the support assembily 820 in extended position such that the head 824
of tha pin 822, and thus the substrate 840, is above the surface of the support
plaie 812. A robot blade 842 from a robot in a transfer chamber (not shown)
may be inserted through an opening in the processing station 800 and into the
gap between the substrate 840 and the support plate 812 to retrieve the

substrate 840, The support assembly 820 may be refractad o fransfer the
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substrate 840 to the robot blade 842, Similarly, the pins 822 of the support
assemblies 820 may be extended {0 disengage a substrate 840 from the robot
blade 842 baing usad o introduce the subsirats 840 into the procassing station
800 and then moved {o the retracied position to lower the substrate 840 onto

the support plate 812 for processing within the processing station 800,

10079} The padastal 810 and the hoop 832 are moved o positions within tha
processing station 800 by actuators, which may include a stepper or servo
motor actuated lead screw assembly, linear motor assembly, pneumatic
cylinder actuated assembly or cther conventional mechanical linear actuation
mechanism. A seal, such as a bellows assembly 808, is used to form a seal
between the outer diameter of the pedestal 810 and the housing 802 and about
a portion of the pin ift assembly 830 and the housing 802 to isclate the interior

of the processing station 800 from atmospheric air.

{0080] Figure 8 illustrates the source assembly 870 adapted to perform a
physical vapor deposition ("PVD") deposition process. The exemplary source
assembly 870 includes a magnetron assembly 871, a targst 872, process
assembly walls 873 coupled to the housing 802, a lid 874 and a spuitering
power supply 875, In this configuration, a processing surface 8724 of the PVD
target 872 generally defines at least a portion of the upper portion of the process
region 860. The magnetron assembly 871 includes a magnetron region 878 in
which the magnetron 87 1A is rotated by use of a magnetron rotation motor 876
during processing. The target 872 and magnetron assembly 871 are typically
cooled by the delivery of a cooling fluid (e.g., deionized water) to the magnetron
region 878 from a fluid recirculation device (not shown). The magnstron
assembly 871 includes a plurality of magnets 8718 that are configured to
generate magnetic fields that extend below the processing surface 8724 of the
target 872 to promaota a sputlering procass performed in the process region 8560

during a PVD deposition process.

{0081} The process kit assembly 880 may include a process region shield
882, an isolation ring 883, the sealing assembly 885 which may be positioned

over and/or within the opening 806 formed within the housing 802, a deposition
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ring (not shown), and a cover ring 888. In some embodiments, the support plate
812 contacts a portion of the process kit assembly 880, such as the sealing
assembly 885, to form the process region 860, The process region 860 may be
svacuated via a vacuum pump 865 coupled o a station wall 884 of the housing

802 via a first port within the station wall 884.

0082} For example, the vacuum pump 865 may reduce the pressure within
the process region 860 {0 a sub-atmospheric pressure on the order of about
1073 torr. The vacuum pump 865 may be a turbopump, cryopump, roughing
pump or other useful device that is able {o maintain a desired pressure within
the process region 860. The station wall 884 is coupled fo a gas source
assembly 868, and is configured o deliver one or more process gases (e.q.,

Ar, N2} to the process region 860 through a plenum during processing.

[60383] The process region shield 882 is positioned on a lower portion of the
station wall 884. The process region shield 882 is typically used to collect
deposition sputtered from the target 872 and {o enclose a portion of the process
region 860. An isolation ring 883, which is formed from a dislectric material, is
configured to support the target 872 and be position on the station wali 884,
The isolation ring 883 is used {o electrically isolate the target 872, when it is

biased by the sputtering power supply 875, from the grounded station wall 884,

[0084] To process the substrate 840, the pedesial 810 is raised to a process
position {not shown) from the transfer position shown in Figurs 8. When in the
process position, a region of the support plate 812 forms a separable seal with
a portion of the sealing assembly 885 so as to substantially fluidly isolate the
process region 860 from the remainder of the inferior of the processing station
800, Thus, when in the process position, the support plate 812, the sealing
assembly 885, the process ragion shield 882, the station wall 884, the isolation
ring 883 and target 872 substantially enclose and define the process region
a80.

[0035) The sealing assembly 885 may include an upper plate 8853, flexible
beliows 885b, and a lower piate 885c. The flexible bellows 885h is positioned
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between the upper plate 885a and the lower plate 885¢. In some embodiments,
the seal formed between the portion of the support plate 812 and the upper
plate 8853 of the sealing assembly 885 is created at a ssaling region that is
formed by physical contact between a surface of the region of the support plate
812 and a surface of the upper plate 885a. In some embodimeants, the flexible
beliows assembly 885b of the sealing assembly 885 is configured to be
extended in the vertical direction as the portion of the support plate 812 is
placed in contact with the surface of the portion of the sealing assembly 885
The compliant nature ¢f the flexible bellows 885b assembly allows any
risalignment or planarity differences between the surface of the portion of the
support plats 812 and the surface of the portion of the ssaling assembly 885 to
be taken up so that a reliable, repeatable and separable seal can be formed.
The flexible bellows assembly 885b may be a stainiess stesl bellows assembly

or Inconel bellows assembly, among others.

{0086} While processing station 800 shown in Figure 8 is shown as adapted
to perform a PVD deposition process, the source assembly 870 can include
different hardware to perform a different process. For example, the source
assembly 870 may be adapted to perform chemical vapor deposition {*CVD"),
plasma enhanced chemical vapor deposition ("PECVD"), atomic layer
deposition ("ALD"), plasma enhanced atomic layer deposition ("PEALD"), etch,
lithography, ion implantation, ashing, cleaning, thermal process (e.g., rapid
thermal processing, anneal, cool down, thermal management control) degas,

and/or other useful substrate processes.

{00871 The controller 801 may include a programmable central processing
unit (CPU) which is operable with a memory {(e.g., non-volatile memaory) and
support circuits. The support circuits are conventionally coupled to the CPU and
comprise cache, clock circuits, inputfoutput subsystems, power supplies, and
the like, and combinations thereof coupled o the various components of the
processing station 800, to facilitate control of the processing station 800, For
exampie, in some embodiments the CPU is one of any form of general purpose

computer processor used in an industrial setting, such as a programmable logic
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controlier (PLC), for controlling various polishing system components and sub-
processors. The memaory, coupled o the CPU, is non-transitory and is typically
one or more of readily available memory such as random access memaory
(RAM), read only memory (ROM), floppy disk drive, hard disk, or any other form

of digital storage, local or remote.

{0088} Herein, the memaory is in the form of a computer-readable storage
media cortaining instructions {e.q., non-volatile memory), that when executed
by the CPU, facilitates the operation of the processing station 800C. The
instructions in the memory are in the form of & program product such as a
program that implements the methods of the present disclosure {s.g.,
middleware application, equipment software application, etc.). The program
code may conform to any one of a number of different programming languages.
In one exampile, the disclosure may be implemented as a program product
stored on computer—readabie storage media for use with a compuiter systam.
The program(s} of the program product define functions of the embodiments

{including the methods and operations described herein).

[0089] lustrative computer-readable storage media include, but are not
fimited to: (i) non-writable storage media (e.g., read-only memaory devices within
a computer such as CD-ROM disks readable by a CB-ROM drive, flash
memary, ROM chips or any ilype of solid-state non-volatile semiconductor
memary) on which information is permanently stored; and (i) writable storage
media {e.g., floppy disks within a diskette drive or hard-disk drive or any type of
solid-state  random-access  semiconductor memory) on which alterable
information is stored. Such computer-readable storage media, whan carrying
compuier-readable instructions that direct the functions of the methods

described herein, are embodiments of the present disclosure.

{0090] Figure 9 illusirates a method 900 of moving a substraie within a
processing station. The method 800 may be executed within procassing station
800 by controller 801, As shown by activity 801, a substrate is initially
positioned on a support surface of a pedestal.  This substrate has been

processad within the processing station, such as undergoing a PVD process
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within process region 860. Support assemblies within the pedestal are
extended from a retracted position until the head of the pins of the support
assemblies engage the substrate. Each pin is rotationally locked by a plurality
of bearing slements engaged with the pin that are disposed a housing of each
support assembly. The support assemblies may be any one of the support
assemblies 100, 300, 400, 500, 600, and 700 described herein. For example,
the bearing elements may be arranged such that a flat outer surface of a roller
of each bearing element is parallel with a corresponding flat bearing surface of
the pin to rotationally lock the pin. For example, the pin includes a shaft with a
plurality of corners that are engaged with an outer surface of a corresponding
baaring element to rotationally lock the pin, the outer surface being defined by
a channel complementary to the corner of the shaft. In some embodiments, the
support assemblies may be arranged around a periphery of the substrate such
that each support surface of each head engages a bottom edge of the

substrate.

§0091] As shown by activity 902, the pins of the suppori assemblies are
further moved to the extended position to lift the substrate above the pedestal.
This movement may be continuous with activity 901, or the upward movement
of the pins may be halted once the pins come into contact with the substrate
prior o moving the pins {o the extended position.  Lifting the substrate above
the pedestal allows a robot, such as the blade of a robot, to be positionad

between the underside of the substrate and the support surface of the pedestal.

10083] As shown by activity 903, the substrate is disengaged from the
support surface of the pins. The substrate may be disengaged using the robot
to lift the substrate above the support surface of the ping.  In some
embodiments, the pins may be retracted to lower the substrate onto the robot.
Continued lowering of the pins will disengage the substrate from the pins and

leave the subsirate supported on the robot.

{0083} In some embodiments, each bearing element is configured to engage

with a sharp corngr of as shaft in which the corner is where two flat surfaces
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engage at a point. In some embodiments, each bearing element is configured

to engage with a rounded comer of the shaft.

§0094] A method of moving a substrate, comprising extending a plurality of
pins of a plurality of support assemblies from a retracted position o engage a
bottom edge of a substrate that is engaged with a support surface of a pedestal,
wherein each pin is rotationally locked by a plurality of bearing slements
engaged with the pin that are disposed within a housing of sach support
assembly. The method further comprising extending the plurality of pins to an
extended position lift the subsirate above the pedestal. The method further
comprising disengaging the subsirate from the plurality of {ift pins in the

exiended position.

[0095] In one embodiment of the methed of moving the substrate, the
bearing elements are arranged such that a fiat outer surface of a rolier of each
bearing element is paraliel with a corresponding flat bearing surface of the

corresponding pin {o rotationally lock the pin.

{0086} In one embodiment of the method of moving the substrate, the pin
includes a shaft with a plurality of corners that are engaged with an outer
surface of a corresponding bearing element to rotationally lock the pin, wherein
the outer surface of the bearing elements is defined by a channel

complementary to the corner of the shaft.

{0087} While the foregoing is directed to embodiments of the present
disclosure, other and further embodiments of the disciosure may be devised
without departing from the basic scope therecf, and the scope thereof is

determined by the claims that follow.
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What is claimed is:

1. A support assembly for supporting a substrate in a processing station,
comprising:

a housing including a bore, a groove formed on an exterior surface of
the housing, and a plurality of windows disposed in the groove that intersect the
bore;

a pin disposed in the bore and moveable batween a raetracted position
and an extended position, wherein the pin includes a shaft including a plurality
of bearing surfaces;

a plurality of bearing elemenis at least partially disposed in a
corresponding window of the plurality of windows, whergin each bearing
element includes an outer surface configured to engags a corresponding
bearing surface of the shaft, wherein the plurality of bearing elements and
bearing surfaces cooperate to maintain an angular orientation of the pin as the
pin moves between the retracted position and the extended position; and

a retaining member disposed in the groove.

2. The support assembly of claim 1, wherein the plurality of bearing
surfaces comprise four flat bearing surfaces arranged in a square configuration
and the plurality of bearing elements comprises four bearing elements arranged

in a square configuration.

3. The support assembly of claim 1, wherein the plurality of bearing
surfaces comprises three flat bearing surfaces arranged in a triangular
configuration, whergin each flat bearing surface is separated from an adjacent

bearing surface by a rounded adge of the shaft.
4, The support assembly of claim 1, wherein the plurality of bearing

surfaces comprise a corner of a shaft and the outer surface of the bearing

elements is defined by a channel complementary to the comer of the shaft.
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5. The support assembly of claim 4, wherein the plurality of bearing
surfaces comprise four bearing surfaces and the plurality of bearing elements

comprise four bearing slements arranged in a diamond configuration.

6. The support assembly of claim 4, wherein the plurality of bearing
surfaces comprise three bearing surfaces and the plurality of bearing elements

comprise three bearing elements arranged in a triangular configuration.

7. The support assembly of claim 1, wherein the pin includes a head that
extends hayond a periphery of the shalt, the head comprising a support surface

configurad {0 engage a bottom edge of a substrate.

8. The support assembly of claim 1, wherein the housing, the pin, and

rollers of the bearing elements are formed from a ceramic material.

9. The support assembly of claim 1, wharein a lower end of the shaft of the
pin is connected to a pin iift assembly configured to move the pin between the

extendead position and the retracted position.

10, The support assembly of claim 1, wherein the housing includes a

shoulder at an upper end configured to engage with a surface of a pedestal.

11, A support assembly for supporting a substrate in a processing station,
comprising:

a ceramic housing including a bore, a groove formed on an exterior
surface of the ceramic housing, a plurality of windows disposed in the groove
that intersect the bore, and a shoulder at an upper end configured to engage
with a surface of a pedestal;

a ceramic pin disposed in the bore and moveable between a retractad
position and an extended position, wherein the ceramic pin includes a shaft
including a plurality of bearing surfaces and a head with a supporting surface

configured to engage with a bottom edge of a substrate;
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a plurality of bearing elements at least partially disposed in a
corresponding window of the plurality of windows, wherein each bearing
slement includas a ceramic roller with an outer surface configured to engage a
corresponding bearing surface of the shaft, wherein the plurality of bearing
slements and bearing surfaces cooperate to maintain the support surface in
alignment with the botlom edge of the substrate as the ceramic pin moves
between the retracted position and the extaended position; and

a retaining member disposead in the groove.

12. The support assembly of claim 11, wherein the plurality of bearing
surfaces comprise four flat bearing surfaces arranged in a square configuration
and the plurality of bearing elements comprises four bearing elements arranged

in a square configuration.

13. The support assembly of claim 11, wherein the plurality of bearing
surfaces comprises thres flat bearing surfaces arrangad in a iriangular
configuration, wherein each flat bearing surface is separated from an adiacent

bearing surface by a rounded sdge of the shafl.

14, The support assembly of claim 11, wherein the plurality of bearing
surfaces comprise a comer of a shaft and the outer surface of the bearing

glements is defined by a channel complementary o the comer of the shaft.

15, The support assembly of claim 14, wherein the plurality of bearing
surfaces comprise four bearing surfaces and the plurality of bearing elements

comprise four bearing elements arranged in a diamond configuration.
16. The support assembly of claim 14, wherein the plurality of bearing

surfaces comprise three bearing surfaces and the plurality of bearing elements

comprise three bearing elements arranged in a triangular configuration.
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17.  The support assembly of claim 16, wherein a rounded surface of the

shaft is disposed between adjacent bearing surfaces.

18. A support assembly for supporting a subsirate in a processing station,
comprising:

a ceramic housing including an outer surface, an inner surface defining
a bore, and a plurality of first windows extending from the outer surface and the
inner surface;

a ceramic pin disposed in the bore and moveable between a retracted
position and an extended position, wherein the ceramic pin includes a pin shaft
including a plurality of bearing surfaces and a head with a supporting surface
configured o engage with a botiom edge of a substirate; and

a plurality of bearing elements al least partially disposed in a
corresponding window of the plurality of first windows, wherein sach bearing
element includes a bearing shaft formed integrally with the ceramic housing and
a ceramic roller with an outer surface configured to engage a corresponding
bearing surface of the pin shafl, wherein the plurality of bearing elements and
bearing surfaces cooperate o maintain the support surface in alignment with
the boltom edge of the substrate as the ceramic pin moves between the

retracted position and the exiended position.

18.  The support assembly of claim 18, wherein the pin shaft has a hexagonal

cross-section.

20, The support assembly of claim 18, whersin the plurality of bearing
surfaces comprises three flat bearing surfaces, wherein each flat bearing
surface is separated from an adjacent bearing surface by a flat edge of the pin
shaft.
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