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PASSIVE LIFT PIN ASSEMBLY

BACKGROUND
Field

[0001] Embodiments of the present disclosure generally relate to lift pins for
positioning a substrate relative to a substrate support in a substrate processing

chamber.

Description of the Related Art

[0002] Lift pins are typically used in the semiconductor process tooling, such
as a processing chamber, to support and position a substrate during substrate
transfer operations. In conventional designs, the lift pins generally reside in
guide holes disposed through the substrate support disposed within the
processing chamber. In these conventional designs, the upper ends of the lift
pins are typically flared to allow the lift pins, when positioned in a lowered
position, to be positioned against a mating portion of a substrate support and
prevent the pins from passing through the guide holes formed in the substrate
support. The lower ends of the lift pins extend below the substrate support and
are actuated by a lift plate that contacts the pins at the lower ends of the lift
pins. The lift plate is movable in a vertical direction between upper and lower
positions. In transitioning from the upper position to the lower position, the lift
plate moves the lift pins downwards to lower a substrate onto the substrate
support. In transitioning from the lower position to the upper position, the lift
plate moves the lift pins upwards to extend the upper ends of the lift pins above
the substrate support to contact the substrate, and raise the substrate above
the substrate support to facilitate substrate transfer. Guided lift pins designs
will generate particles and commonly lead to eventual failure (e.g., jamming)
due to the repeated interaction between surfaces of the lift pin and surfaces of

the substrate support guide hole.

[0003] The lift plate is typically powered by one or more electrical or
pneumatic actuators and a control system, which add complexity and cost to a

processing chamber. In some instances, the lift pins do not contact the
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substrate simultaneously, or do not raise or lower the substrate evenly. The
substrate can slip, and can be incorrectly positioned on the substrate support,
which will generate particles on the substrate and adversely affects the
processing of the substrate. There is a need forimproved systems that address

such problems.

SUMMARY

[0004] The present disclosure generally relates to lift pins for positioning a

substrate relative to a substrate support in a substrate processing chamber.

[0005] In one implementation, a substrate support assembly includes a
substrate support moveable between a raised position, a lowered position
below the raised position, and an intermediate position between the raised and
lowered positions, the substrate support including a support surface configured
to receive a substrate, and a reference surface. The substrate support
assembly also includes a lift pin assembly including a lift plate and a plurality of
lift pins. Each lift pin is disposed in a corresponding hole through the substrate
support, and includes a first end coupled to a first surface of the lift plate, and
a second end on an opposite end of the lift pin from the first end. The substrate
support assembly also includes a stop plate positioned below the support
surface of the substrate support, and configured to limit an upward movement
of the lift plate. The substrate support assembly also includes a plurality of
biasing members coupled to a second surface of the lift plate opposite the first
surface of the lift plate. The lift plate is disposed between the plurality of biasing
members and the reference surface of the substrate support. In use, the
substrate support assembly transitions between first and second
configurations. In the first configuration, the plurality of biasing members biases
the lift plate against the reference surface of the substrate support while the
substrate support moves between the lowered position and the intermediate
position. In the second configuration, the stop plate prevents upward
movement of the lift plate while the substrate support moves between the

intermediate position and the raised position.
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[0006] In another implementation, a substrate support assembly includes a
substrate support moveable between a raised position and a lowered position.
The substrate support includes a support surface configured to receive a
substrate, and a reference surface. The substrate support assembly also
includes a lift pin assembly including a lift plate and a plurality of lift pins. Each
lift pin of the plurality of lift pins has a first end that is coupled to a first surface
of the lift plate and a second end that is on an opposite end of the lift pin from
the first end. A hole formed through the substrate support is configured to
receive a lift pin of the plurality of lift pins. The substrate support assembly also
includes a plurality of biasing members and a stop plate positioned below the
support surface of the substrate support. The stop plate is configured to limit
an upward movement of the lift plate. The lift plate is disposed between the
plurality of biasing members and the stop plate. The plurality of biasing
members comprises three or more biasing members. The plurality of biasing
members is configured to bias the lift plate against the reference surface of the
substrate support when the reference surface is positioned below a contact
surface of the stop plate. The plurality of biasing members is configured to bias
the lift plate against the contact surface of the stop plate when the reference

surface is positioned above the contact surface of the stop plate.

[0007] In another implementation, a method of manipulating a substrate,
includes moving a substrate support upwards from a lowered position to an
intermediate position. A plurality of lift pins protrudes from a support surface of
the substrate support, and is positioned on an upper surface of a lift plate. The
lift plate and the plurality of lift pins move simultaneously with the substrate
support. The method further includes contacting the substrate with the plurality
of lift pins while the substrate support and the plurality of lift pins move
simultaneously. The method further includes moving the substrate support
upwards from the intermediate position towards a raised position while the
plurality of lift pins remains stationary. The method further includes lifting the
substrate by the substrate support off the plurality of lift pins while the substrate

support moves towards the raised position.
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BRIEF DESCRIPTION OF THE DRAWINGS

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

disclosure, as the disclosure may admit to other equally effective embodiments.
[0009] Figure 1 is a schematic view of a processing chamber.

[0010] Figures 2A to 2D schematically illustrate a substrate support

assembly that may be used in the processing chamber of Figure 1.

[0011] Figures 3A to 3C schematically illustrate another substrate support

assembly that may be used in the processing chamber of Figure 1.

[0012] Figures 4A to 4C schematically illustrate another substrate support

assembly that may be used in the processing chamber of Figure 1.

[0013] Figures 5A to 5C schematically illustrate another substrate support

assembly that may be used in the processing chamber of Figure 1.

[0014] Figures 6A to 6C schematically illustrate another substrate support

assembly that may be used in the processing chamber of Figure 1.

[0015] Figure 7 is a flowchart of a method of using any of the substrate

support assemblies of Figures 2A to 6C.

[0016] Figure 8 is a flowchart of a method of using any of the substrate

support assemblies of Figures 2A to 6C.

[0017] To facilitate understanding, identical reference numerals have been
used, where possible, to designate identical elements that are common to the
figures. It is contemplated that elements and features of one embodiment may

be beneficially incorporated in other embodiments without further recitation.
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DETAILED DESCRIPTION

[0018] The present disclosure concerns lift pins for positioning a substrate
relative to a substrate support in a substrate processing chamber, such as

during transferring operations.

[0019] Figure 1 illustrates a schematic cross-sectional view of a processing
chamber 100. In general, the processing chamber 100 can include an atomic
layer deposition (ALD) chamber, chemical vapor deposition (CVD) chamber,
physical vapor deposition (PVD) chamber, etch chamber, degas chamber, an
ion implantation chamber, ashing chamber, cleaning chamber, a thermal
processing chamber (e.g., rapid thermal processing, anneal, cool down,

thermal management control), or other type of substrate processing chamber.

[0020] However, as illustrated in Figure 1, the processing chamber 100 is
configured as a Plasma Enhanced Chemical Vapor Deposition (‘“PECVD”)
chamber. Nevertheless, the processing chamber 100 may be configured to
perform one or more other processing operations that may or may not involve
a plasma. The processing chamber 100 may include relevant hardware

associated with any of the above processes.

[0021] The processing chamber 100 includes a chamber body 102 with a
floor 103, a substrate support assembly 110 disposed inside the chamber body
102, and a lid 108 coupled to the chamber body 102. In some embodiments,
as illustrated in Figure 1, the processing chamber 100 includes a showerhead
140 that can serve as an electrode, and is coupled to a power source 144
through a match circuit (not shown). The power source 144 is a radio frequency
(RF) power source that is electrically coupled to the electrode. Further, the
power source 144 provides between about 100 Watts and about 3,000 Watts
at a frequency of about 50 kHz to about 15 MHz. In some embodiments, the
power source 144 can be pulsed during various operations. The electrode and
power source 144 facilitate control of a plasma formed within the processing

volume 150.
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[0022] The showerhead 140 features openings 142 for admitting a process
gas or gases into a processing volume 150 from a gas supply source 130. The
process gases are supplied to the processing chamber 100 via the gas feed
134, and the process gases enter a plenum 136 prior to flowing through the
openings 142. In some embodiments, different process gases that are flowed
simultaneously during a processing operation enter the processing chamber
100 via separate gas feeds and separate plenums prior to entering the

processing volume 150 through the showerhead 140.

[0023] The gas supply source 130 includes one or more gas sources. The
gas supply source 130 is configured to deliver the one or more gases from the
one or more gas sources through the showerhead 140 and into the processing
volume 150. Each of the one or more gas sources provides a process gas such
as silane, disilane, tetraethyl orthosilicate (TEOS), germane, a metal halide
(such as titanium tetrachloride, tantalum pentachloride, tungsten hexafluoride),
an organometallic (such as tetrakis(dimethylamido) titanium,
pentakis(dimethylamido) tantalum), ammonia, oxygen (Oz), hydrogen peroxide,
hydrogen, diborane, chlorine (Cl2), sulfur hexafluoride, a hydrocarbon
(generically CxHy), among others. In some embodiments, the process gas may
be ionized to form a plasma within the processing volume 150. In an example,
one or more of a carrier gas and an ionizable process gas are provided into the
processing volume 150 to process a substrate 154. For instance, when
processing a 300 mm substrate, the process gases are introduced to the
processing chamber 100 at a flow rate from about 6500 sccm to about 8000
scem, from about 100 scem to about 10,000 scem, or from about 100 sccm to
about 1000 sccm. Alternatively, other flow rates may be utilized. In some
examples, a remote plasma source can be used to deliver plasma to the

processing chamber 100 and can be coupled to the gas supply source 130.

[0024] In some embodiments, the processing chamber 100 includes a
physical vapor deposition (PVD) target, which is similarly positioned as the
showerhead 140 illustrated in Figure 1, and thus takes the place of the

showerhead 140. In this configuration, the PVD target serves as a sputtering
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material source, and is coupled to the power source 144, which is typically a
DC power source. The DC power source is adapted to provide a DC voltage
at a power level that is typically greater than 1 kKW. A magnetron (e.g., magnet
assembly not shown) is positioned behind the PVD target and is used to help
control the gas ion bombardment of the lower surface of the target during
processing to allow for the uniform erosion (e.g., sputtering) of the target

surface during processing.

[0025] In either or any of the various possible processing chamber
configurations, the substrate support assembly 110 includes a substrate
support 112 that is configured to support the substrate 154 on a support surface
118 in the processing volume 150 of the processing chamber 100 during
processing. The substrate support 112 is disposed on a shaft 124 that is
configured to raise and lower the substrate support 112 by use of an actuator
assembly (not shown) that is coupled to the shaft 124. In some embodiments,
the actuator assembly includes a guide rail (not shown) and electrical motor
(not shown) or pneumatic actuator (not shown) that is configured to guide and
drive the substrate support 112 in a first direction (i.e., vertical direction). When
driven in the first direction, the support surface 118 is a closer distance to (or a
further distance from) the floor 103, or in an alternate view, is a further distance
from (or a closer distance to) the showerhead or the PVD target. In some
embodiments that may be combined with other embodiments, the substrate
support 112 is rotated by the shaft 124 while the substrate 154 is undergoing

processing in the processing chamber 100.

[0026] The substrate support assembly 110 includes one or more lift pins
114, each of which is disposed through a corresponding hole 116 in the
substrate support 112. It is contemplated that the substrate support assembly
will typically include three or more lift pins 114, but may include more lift pins
114. The lift pins 114 are moveable to lift the substrate 154 off the support
surface 118 to facilitate transfer of the substrate 154 into and out of the
processing chamber 100. The substrate 154 is provided to the processing

volume 150 through an opening 126. In an example, the substrate 154 is
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transported into or out of the processing volume 120 using a carrier that is
conveyed by a robotic arm. In another example, the substrate 154 is
transported into or out of the processing volume 120 using a carrier that is

conveyed by magnetic levitation.

[0027] The substrate support 112 contains, or is formed from, one or more
metallic or ceramic materials. Exemplary metallic or ceramic materials include
one or more metals, metal oxides, metal nitrides, metal oxynitrides, or any
combination thereof. For example, the substrate support 112 may contain or
be formed from aluminum, aluminum oxide, aluminum nitride, aluminum

oxynitride, or any combination thereof.

[0028] As illustrated, an electrode 122 is embedded within the substrate
support 112, but alternatively may be coupled to a surface (such as support
surface 118) of the substrate support 112. The electrode 122 is coupled to a
power source 120. It is contemplated that the power source 120 may supply
DC power, pulsed DC power, radio frequency (RF) power, pulsed RF power, or
any combination thereof. The power source 120 is configured to drive the
electrode 122 with a drive signal to generate a plasma within the processing
volume 150. It is contemplated that the drive signal may be one of a DC signal
and a varying voltage signal (e.g., RF signal). Further, the electrode 122 may
alternatively be coupled to the power source 144 instead of the power source

120, and the power source 120 may be omitted.

[0029] In some embodiments that may be combined with other
embodiments, the electrode 122 may be omitted. In some embodiments that
may be combined with other embodiments, the electrode 122 (or another
electrode in the substrate support 112) is configured as a chucking electrode.
In some embodiments that may be combined with other embodiments, the
substrate support 112 includes a heater, such as a resistive heating element.
In some embodiments that may be combined with other embodiments, the

substrate support 112 includes one or more coolant channels.
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[0030] An exhaust port 156 is coupled to a vacuum pump 160. The vacuum
pump 160 removes excess process gases or by-products from the processing

volume 150 via the exhaust port 156 during and/or after processing.

[0031] The substrate support assembly 110 of Figure 1 may be configured
according to any of the substrate support assemblies 200, 300, 400, 500, or
600, described below.

[0032] Figures 2A to 2C schematically illustrate a substrate support
assembly 200. The substrate support assembly 200 includes the substrate
support 112 disposed on the shaft 124. The substrate support 112 is moveable
between a raised position, a lowered position below the raised position, and an
intermediate position between the raised and lowered positions by use of the
actuator assembly described above. Figure 2A shows the substrate support
112 in the lowered position; Figure 2B shows the substrate support 112 in the
intermediate position; and Figure 2C shows the substrate support 112 in the
raised position. Figure 2D is a top cross-sectional view showing aspects of an

exemplary configuration of the substrate support assembly 200.

[0033] The substrate support assembly 200 includes lift pins 114, each of
which is disposed through a corresponding hole 116 in the substrate support
112. In some embodiments that may be combined with other embodiments,
the substrate support assembly 200 includes three lift pins 114. In some
embodiments that may be combined with other embodiments, the substrate
support assembly 200 includes more than three lift pins 114, such as four or

more, five or more, or six or more lift pins 114.

[0034] In some embodiments that may be combined with other
embodiments, a sensor 166 is disposed at an upper end 115 of one or more of
the lift pins 114. In some embodiments that may be combined with other
embodiments, the sensor 166 detects a temperature of a substrate (such as
substrate 154) or a substrate carrier 170 (i.e., hereafter carrier 170) that is
proximal to the sensor 166. In an example, the sensor 166 is a thermocouple,

RTD, or a thermopile. In another example, the sensor 166 includes an optical
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temperature measurement device that utilizes an optical fiber that has an end
disposed at the tip of the lift pin 114 (at the upper end 115) and an opposing
end that transmits the electromagnetic radiation to a radiation detection sensor
that is disposed outside of the processing chamber 100. In some embodiments
that may be combined with other embodiments, the sensor 166 is configured to
detect a presence of a substrate (such as substrate 154) or the carrier 170 by
use of an optical or electrical detection technique. In an example, the sensor

166 is a proximity sensor or a strain gauge.

[0035] In some embodiments that may be combined with other
embodiments, each of two or more lift pins 114 has a sensor 166 of a common
type (such as temperature sensor, proximity sensor, or strain gauge) disposed
thereon. In some embodiments that may be combined with other embodiments,
a first sensor 166 of a first type (such as one of a temperature sensor, proximity
sensor, or strain gauge) is disposed on a first lift pin 114, and a second sensor
166 of a second type (such as another of a temperature sensor, proximity

sensor, or strain gauge) is disposed on a second lift pin 114.

[0036] In some embodiments that may be combined with other
embodiments, the sensor 166 communicates with a controller wirelessly, such
as by RF, Bluetooth, or the like. In some embodiments that may be combined

with other embodiments, the sensor(s) 166 may be omitted.

[0037] As illustrated in Figures 2A-2C, each lift pin 114 is disposed on a lift
plate 210. In some embodiments that may be combined with other
embodiments, each lift pin 114 is disposed on a separate lift plate 210. In some
embodiments that may be combined with other embodiments, two or more lift
pins 114 are disposed on the same lift plate 210. In some embodiments that
may be combined with other embodiments, every lift pin 114 is disposed on the
same lift plate 210. In some embodiments that may be combined with other
embodiments, the lift plate 210 is in the form of a ring or a partial ring around
the shaft 124.

10
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[0038] One or more biasing members 220, such as spring 222, are disposed
between the (or each) lift plate 210 and a base 104. In some embodiments that
may be combined with other embodiments, the base 104 is a fixed structure,
such as a plinth, a beam, or a wall within the processing chamber 100. In some
embodiments that may be combined with other embodiments, the base 104 is
part of, or disposed on, the floor 103 of the processing chamber 100. The

substrate support 112 moves vertically with respect to the base 104.

[0039] The spring 222 is a compression spring, such as a coil spring, a
Belleville spring, or the like. In some embodiments that may be combined with
other embodiments, each biasing member 220 is a bellows, such as bellows
322, described below with respect to Figures 3A to 3C. In some embodiments
that may be combined with other embodiments, each biasing member 220 is a

flexure, such as flexure 422, described below with respect to Figures 4A to 4C.

[0040] In some embodiments that may be combined with other
embodiments, the substrate support assembly 200 includes a single biasing
member 220 that encircles the shaft 124. In some embodiments that may be
combined with other embodiments, the substrate support assembly 200
includes a plurality of biasing members 220, such as two or more, three or more,
four or more, five or more, or six or more biasing members 220. It is
contemplated that each biasing member 220 may be disposed at a discrete

location on the base 104 around the shaft 124.

[0041] In some embodiments that may be combined with other
embodiments, the number of biasing members 220 is less than the number of
lift pins 114. In some embodiments that may be combined with other
embodiments, the number of biasing members 220 equals the number of lift
pins 114. In some embodiments that may be combined with other
embodiments, the number of biasing members 220 is greater than the number
of lift pins 114. It has been found that utilizing a plurality of biasing members
220in an array type pattern in the horizontal plane (X-Y plane) is able to provide
improved lateral stability (i.e., X and Y directions) and torsional stability (e.g.,

vaw stability), and control of the vertical motion of the lift pins (e.g., pitch and

11
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roll stability). It has been found that arrays of at least three or more biasing
members 220, such as four or more biasing members 220, or five or more
biasing members 220, or six or more biasing members 220 provide improved
results. In one example, the support assembly 200 includes at least six biasing

members 220.

[0042] Figure 2D is a top cross-sectional view showing aspects of an
exemplary configuration of the substrate support assembly 200. In the
illustrated example, there are three lift pins 114 and six biasing members 220
that are aligned in a circular array about a central axis that is coincident with
the central axis of the shaft 124. The lift pins 114 rest on a common lift plate
210 that is disposed around the shaft 124. The biasing members are disposed
below the lift plate 210. As illustrated, in some embodiments that may be
combined with other embodiments, at least one biasing member 220 is aligned
vertically with a corresponding lift pin 114, and aligned parallel to the central
axis of the shaft 124. In some embodiments that may be combined with other
embodiments, every biasing member 220 is aligned vertically with a
corresponding lift pin 114. In some embodiments that may be combined with
other embodiments, at least one biasing member 220 is not aligned vertically
with a lift pin 114. In some embodiments that may be combined with other
embodiments, at least one biasing member 220 is aligned vertically with a
corresponding lift pin 114, and at least one other biasing member 220 is not
aligned vertically with a lift pin 114. In some embodiments that may be
combined with other embodiments, every biasing member 220 is not aligned

vertically with a lift pin 114.

[0043] In some embodiments that may be combined with other
embodiments, each biasing member 220 is disposed below a separate lift plate
210. In some embodiments that may be combined with other embodiments, a
plurality biasing members 220 are disposed below the same lift plate 210. In
some embodiments that may be combined with other embodiments, every
biasing member 220 is disposed below the same lift plate 210, such as

illustrated in Figure 2D. In some embodiments that may be combined with other

12



WO 2025/049007 PCT/US2024/039230

embodiments, the (or each) lift plate 210 is integral with one or more of the

biasing members 220.

[0044] In some embodiments, a plurality of biasing members 220 bias each
lift pin 114 upwards. The plurality of biasing members 220 bias the (or each)
lift plate 210 upwards. The plurality of biasing members 220 bias the (or each)
lift plate 210 towards the substrate support 112. Returning to Figures 2A to 2C,
the plurality of biasing members 220 bias the (or each) lift plate 210 towards a
corresponding stop plate 230. The stop plate 230 is coupled to the base 104.
The stop plate 230 includes a contact surface that can include a lip, ledge,
shoulder, or the like that provides a maximum extent of vertical travel of the (or
each) lift plate 210 above the base 104. In one example the contact surface is
a planar surface that is positioned over, and configured to contact, a surface of
the lift plate 210 when the lift plate 210 is in its top most position. The stop plate
230 is generally configured to control the upper most position of the lift pins 114
and lift plate 210, and also control how level the lift pins 114 and lift plate 210
are relative to a horizontal plane (X-Y plane) and/or substrate supporting
surface 118. The ability to control how level the tips of the lift pins 114 (e.g.,
substrate supporting portions of the lift pins 114) are relative to the support
surface 118 has been found to be useful to avoid the sliding of the substrate
relative to the support surface 118 due to a misalignment of the lower surface
of the substrate to the support surface 118 as the two surfaces are brought into
engagement and disengagement during a substrate transferring process. The
sliding motion generates scratches and particles on the lower surface of the
substrate, which will affect downstream substrate processing processes, such
a lithography processes. The avoidance of such a sliding motion is a beneficial

feature of the substrate support assembly 200.

[0045] In some embodiments that may be combined with other
embodiments, the substrate support assembly 200 includes a single stop plate
230, such as in the form of a ring or a partial ring around the shaft 124. In some
embodiments that may be combined with other embodiments, the substrate

support assembly 200 includes two or more stop plates 230, such as three or

13
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more, four or more, or five or more stop plates 230. In one example, the

substrate support assembly 200 includes three or more stop plates 230.

[0046] In some embodiments that may be combined with other
embodiments, the number of biasing members 220 is less than the number of
stop plates 230. In some embodiments that may be combined with other
embodiments, the number of biasing members 220 equals the number of stop
plates 230. In some embodiments that may be combined with other
embodiments, the number of biasing members 220 is greater than the number

of stop plates 230.

[0047] In some embodiments that may be combined with other
embodiments, the number of lift pins 114 is less than the number of stop plates
230. In some embodiments that may be combined with other embodiments,
the number of lift pins 114 equals the number of stop plates 230. In some
embodiments that may be combined with other embodiments, the number of lift

pins 114 is greater than the number of stop plates 230.

[0048] The stop plate 230 includes one or more adjustment mechanisms
232 that are configured to alter a distance between the base 104 and the
contact surface of the stop plate 230 and a corresponding lift plate 210. In
some embodiments, the contact surface of the stop plate 230 is defined by one
or more of the contact points 234 of the stop plate 230. In an example, each
adjustment mechanism 232 includes a screw that includes a tip that is used to
define the contact surface. In another example, each adjustment mechanism
232 includes a solenoid that has a solenoid shaft that has a tip that is used to
define the contact surface. In another example, each adjustment mechanism
232 includes a locking bolt that includes a tip that is used to define the contact
surface. In some embodiments that may be combined with other embodiments,
each adjustment mechanism 232 is operated manually in-situ. In some
embodiments that may be combined with other embodiments, each adjustment
mechanism 232 is operated remotely, such as by a controller located outside

the processing chamber 100.

14
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[0049] In some embodiments that may be combined with other
embodiments, the number of biasing members 220 is less than the number of
adjustment mechanisms 232. In some embodiments that may be combined
with other embodiments, the number of biasing members 220 equals the
number of adjustment mechanisms 232. In some embodiments that may be
combined with other embodiments, the number of biasing members 220 is

greater than the number of adjustment mechanisms 232.

[0050] In some embodiments that may be combined with other
embodiments, the number of lift pins 114 is less than the number of adjustment
mechanisms 232. In some embodiments that may be combined with other
embodiments, the number of lift pins 114 equals the number of adjustment
mechanisms 232. In some embodiments that may be combined with other
embodiments, the number of lift pins 114 is greater than the number of

adjustment mechanisms 232.

[0051] The alteration of the (or each) adjustment mechanism 232 provides
for changing a maximum extent of vertical travel of the (or each) lift plate 210
above the base 104. The alteration of the (or each) adjustment mechanism
232 provides for changing a maximum height of the upper end 115 of each lift
pin 114 above the base 104. In an example, the (or each) adjustment
mechanism 232 is altered such that when each lift pin 114 of a plurality of lift
pins 114 is positioned at the maximum height above the base 104, the upper

ends 115 of the lift pins 114 are in a common horizontal plane.

[0052] Figure 2A shows the substrate support 112 in the lowered position.
The plurality of biasing members 220 bias the (or each) lift plate 210 upwards
and against a shoulder 113 of the substrate support 112. The one or more
biasing members 220 bias the lift pins 114 towards an “up” position in which the
upper ends 115 of the lift pins 114 protrude from the support surface 118 of the
substrate support 112. The vertical distance between the tips of the lift pins
114 and the support surface 118 is well controlled and maintained due to the
contact created by the biasing members 220 urging the lift plate 210 against a

surface (i.e., reference surface 113A) of the shoulder 113. As shown in Figure
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2A, the (or each) lift plate 210 is not in contact with the stop plate 230. The
carrier 170 with a substrate 154 resting on a lip 172 thereof is positioned above
the substrate support 112, and out of contact with the substrate support

assembly 200.

[0053] Figure 2B shows the substrate support 112 in the intermediate
position. The substrate support 112 has moved upwards from the lowered
position. During movement of the substrate support 112 upwards from the
lowered position to the intermediate position, the one or more biasing members
220 continue to bias the (or each) lift plate 210 upwards and against the
reference surface 113A of the shoulder 113 of the substrate support 112.
Additionally, the one or more biasing members 220 continue to bias the lift pins
114 towards the “up” position. In such a manner, the substrate support 112
and the lift pins 114 are coupled such that the lift pins 114 move upwards
simultaneously with the substrate support 112, and remain protruding from the
support surface 118. When the substrate support 112 is in the intermediate
position, the (or each) lift plate 210 contacts the (or each) stop plate 230, such

as at the corresponding adjustment mechanism 232.

[0054] As illustrated in Figure 2B, the lift pins 114 have lifted the substrate
154 off the lip 172 of the carrier 170. In some embodiments that may be
combined with other embodiments, an elevation of the carrier 170 within the
processing chamber 100 is not changed while the substrate support 112 moves
from the lowered position to the intermediate position. In some embodiments
that may be combined with other embodiments, the lift pins 114 lift the substrate
154 off the carrier 170, and then the carrier 170 is removed from the processing
chamber 100 before the substrate support 112 reaches the intermediate
position. In some embodiments that may be combined with other
embodiments, the carrier 170 is removed from the processing chamber 100
after confirming (such as by using the one or more sensors 166) that the lift
pins 114 have lifted the substrate 154 off the carrier 170.

[0055] Figure 2C shows the substrate support 112 in the raised position.

The one or more biasing members 220 continue to bias the (or each) lift plate
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210 upwards and against the (or each) stop plate 230. The lift pins 114 remain
disposed on the (or each) lift plate 210. The substrate support 112 has moved
upwards from the intermediate position. During movement of the substrate
support 112 upwards from the intermediate position to the raised position, the
shoulder 113 of the substrate support 112 moves away from, and out of contact
with, the (or each) lift plate 210. In such a manner, the substrate support 112
and the lift pins 114 are decoupled such that the lift pins 114 remain stationary
while the substrate support 112 moves upwards from the intermediate position
to the raised position. For example, the substrate support 112 moves upwards
with respect to the floor 103 of the processing chamber 100, whereas the lift
pins 114 do not move upwards or downwards with respect to the floor 103 of

the processing chamber 100.

[0056] As illustrated, the lift pins 114 are in a “down” position with respect to
the substrate support 112 such that the upper ends 115 of the lift pins 114 do
not protrude from the support surface 118 of the substrate support 112. The
substrate support 112 has lifted the substrate 154 off the lift pins 114. The
substrate 154 is supported by the support surface 118 of the substrate support
112. The raised position of the substrate support 112 corresponds to a position
of the substrate 154 when undergoing a processing operation in the processing
chamber 100.

[0057] When the substrate support 112 is moved down from the raised
position to the intermediate position, the lift pins 114 remain stationary. For
example, the substrate support 112 moves downwards with respect to the floor
103 of the processing chamber 100, whereas the lift pins 114 do not move
upwards or downwards with respect to the floor 103 of the processing chamber
100. As the substrate support 112 moves down near to the intermediate
position, the lift pins 114 (while remaining stationary) protrude from the support
surface 118, and lift the substrate 154 off the support surface 118. Then, the
carrier 170 is positioned for receipt of the substrate 154, such as shown in
Figure 2B.
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[0058] When the substrate support 112 arrives at the intermediate position
from the raised position, the shoulder 113 of the substrate support 112 engages
the (or each) lift plate 210. When the substrate support 112 is moved down
from the intermediate position to the lowered position, the (or each) lift plate
210 and the lift pins 114 move downward simultaneously and are guided by the
substrate support 112, due to the contact between the reference surface 113A
of the shoulder 113 and the lift plate 210. As the substrate support 112 moves
down from the intermediate position to the lowered position, the lift pins 114
remain protruding from the support surface 118. The substrate 154 moves
downwards on the lift pins 114 until the substrate 154 engages the lip 172 of
the carrier 170. Further downward movement of the substrate support 112 and
the lift pins 114 separates the substrate 154 from the tips of the lift pins 114,
and the substrate 154 rests on the lip 172 of the carrier 170.

[0059] In some embodiments that may be combined with other
embodiments, an elevation of the carrier 170 within the processing chamber
100 is not changed while the substrate support 112 moves from the
intermediate position to the lowered position. In some embodiments that may
be combined with other embodiments, the substrate 154 engages the lip 172
of the carrier 170, and then the carrier 170 and the substrate 154 are removed
from the processing chamber 100 before the substrate support 112 reaches the
lowered position. In some embodiments that may be combined with other
embodiments, the carrier 170 and the substrate 154 are removed from the
processing chamber 100 after confirming (such as by using the one or more

sensors 166) that the lift pins 114 no longer support the substrate 154.

[0060] Figures 3A to 3C schematically illustrate substrate support assembly
300. The substrate support assembly 300 includes the substrate support 112
disposed on the shaft 124. The substrate support 112 is moveable between a
raised position, a lowered position below the raised position, and an
intermediate position between the raised and lowered positions. Figure 3A

shows the substrate support 112 in the lowered position; Figure 3B shows the
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substrate support 112 in the intermediate position; and Figure 3C shows the

substrate support 112 in the raised position.

[0061] It is contemplated that the substrate support assembly 300 may
include any one or more of the components, features, or aspects of the
substrate support assembly 200, described above. The substrate support
assembly 300 includes one or more different or additional components,

features, or aspects, such as described below.

[0062] The substrate support assembly 300 includes one or more biasing
members 320, such as three or more biasing members 320, or even six or more
biasing members 320. As illustrated, each biasing member 320 is a bellows
322. In some embodiments that may be combined with other embodiments,
each biasing member 320 is a spring, such as spring 222, described above with
respect to Figures 2A to 2C. In some embodiments that may be combined with
other embodiments, each biasing member 320 is a flexure, such as flexure 422,

described below with respect to Figures 4A to 4C.

[0063] In some embodiments that may be combined with other
embodiments, the substrate support assembly 300 includes a plurality of
bellows 322, such as two or more, three or more, four or more, five or more, or
six or more bellows 322. It is contemplated that each bellows 322 may be

disposed at a discrete location on the base 104 around the shaft 124.

[0064] In some embodiments that may be combined with other
embodiments, the number of bellows 322 is less than the number of lift pins
114. In some embodiments that may be combined with other embodiments,
the number of bellows 322 equals the number of lift pins 114. In some
embodiments that may be combined with other embodiments, the number of

bellows 322 is greater than the number of lift pins 114.

[0065] In some embodiments that may be combined with other
embodiments, each bellows 322 is disposed below a separate lift plate 310. In
some embodiments that may be combined with other embodiments, three or

mnra hallnyg 322 are disposed below the same lift plate 310. In some
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embodiments that may be combined with other embodiments, every bellows
322 is disposed below the same lift plate 310. A seal 326 between each lift
plate 310 and each corresponding bellows 322 facilitates the pressurization of
each bellows 322. In some embodiments that may be combined with other
embodiments, the (or each) lift plate 310 is integral with one or more of the
bellows 322.

[0066] Each bellows 322 is mounted to the base 104 via an adapter 330. A
seal 328 between the base 104 and each adapter 330 facilitates pressure below
the base 104 (e.g., atmospheric pressure) to be communicated into the interior
324 of each bellows 322 through each adapter 330. In an example, the
pressure below the base 104 is greater than a pressure in the processing
volume 150 of the processing chamber 100. In such an example, each bellows
322 biases each lift pin 114 upwards; each bellows 322 biases the (or each) lift
plate 310 upwards; each bellows 322 biases the (or each) lift plate 310 towards

the substrate support 112.

[0067] A rod 332 in each bellows 322 is coupled to the corresponding lift
plate 310 disposed on each bellows 322. As illustrated, in some embodiments
that may be combined with other embodiments, each rod 332 may be used to
stabilize the lift plate 310 and lift pins 114 against lateral movement by a bearing
334. Each rod 332 extends through each corresponding adapter 330, and is
coupled to a stop plate 336. In some embodiments that may be combined with
other embodiments, a position of the stop plate 336 on the rod 332 is adjustable,
such as by a screw thread. Each lift plate 310, rod 332, and stop plate 336 is

configured to move vertically with respect to the base 104.

[0068] Figure 3A shows the substrate support 112 in the lowered position.
The bellows 322 bias the (or each) lift plate 310 upwards and against the
reference surface 113A of the shoulder 113 of the substrate support 112. The
bellows 322 bias the lift pins 114 towards an “up” position in which the upper
ends 115 of the lift pins 114 protrude from the support surface 118 of the
substrate support 112. Each stop plate 336 is not in contact with a stop surface

338 of the adapter 330. The carrier 170 with a substrate 154 resting on a lip
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172 thereof is positioned above the substrate support 112, and out of contact

with the substrate support assembly 300.

[0069] Figure 3B shows the substrate support 112 in the intermediate
position. The substrate support 112 has moved upwards from the lowered
position. During movement of the substrate support 112 upwards from the
lowered position to the intermediate position, the bellows 322 continue to bias
the (or each) lift plate 310 upwards and against the shoulder 113 of the
substrate support 112. Additionally, the bellows 322 continue to bias the lift
pins 114 towards the “up” position. In such a manner, the substrate support
112 and the lift pins 114 are coupled such that the lift pins 114 move upwards
simultaneously with the substrate support 112, and remain protruding from the

support surface 118.

[0070] When the substrate support 112 is in the intermediate position, each
stop plate 336 is in contact with the stop surface 338 of a corresponding adapter
330. The force exerted by any compression of bellows 322 and pressure acting
on each of the bellows 322 on the (or each) lift plate 310 is communicated via
each rod 332 to each stop plate 336. The bellows 322 bias each stop plate 336

into contact with each corresponding stop surface 338.

[0071] As illustrated, the lift pins 114 have lifted the substrate 154 off the
carrier 170. In some embodiments that may be combined with other
embodiments, an elevation of the carrier 170 within the processing chamber
100 is not changed while the substrate support 112 moves from the lowered
position to the intermediate position. In some embodiments that may be
combined with other embodiments, the lift pins 114 lift the substrate 154 off the
carrier 170, and then the carrier 170 is removed from the processing chamber
100 before the substrate support 112 reaches the intermediate position. In
some embodiments that may be combined with other embodiments, the carrier
170 is removed from the processing chamber 100 after confirming (such as by
using the one or more sensors 166) that the lift pins 114 have lifted the substrate
154 off the carrier 170.
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[0072] Figure 3C shows the substrate support 112 in the raised position.
The bellows 322 continue to bias the (or each) lift plate 310 upwards. The force
exerted by each bellows 322 on the (or each) lift plate 310 is communicated via
each rod 332 to each stop plate 336. The bellows 322 continue to bias each

stop plate 336 into contact with each corresponding stop surface 338.

[0073] The biasing of each stop plate 336 against the corresponding stop
surface 338 maintains each lift plate 310 and each lift pin 114 stationary with
respect to the base 104. The substrate support 112 has moved upwards from
the intermediate position. During movement of the substrate support 112
upwards from the intermediate position to the raised position, the reference
surface 113A of the shoulder 113 of the substrate support 112 moves away
from, and out of contact with, the (or each) lift plate 310. In such a manner, the
substrate support 112 and the lift pins 114 are decoupled such that the lift pins
114 remain stationary while the substrate support 112 moves upwards from the
intermediate position to the raised position. For example, the substrate support
112 moves upwards with respect to the floor 103 of the processing chamber
100, whereas the lift pins 114 do not move upwards or downwards with respect

to the floor 103 of the processing chamber 100.

[0074] As illustrated, the lift pins 114 are in a “down” position with respect to
the substrate support 112 such that the upper ends 115 of the lift pins 114 do
not protrude from the support surface 118 of the substrate support 112. The
substrate support 112 has lifted the substrate 154 off the lift pins 114. The
substrate 154 is supported by the support surface 118 of the substrate support
112. The raised position of the substrate support 112 corresponds to a position
of the substrate 154 when undergoing a processing operation in the processing
chamber 100.

[0075] When the substrate support 112 is moved down from the raised
position to the intermediate position, the lift pins 114 remain stationary. For
example, the substrate support 112 moves downwards with respect to the floor
103 of the processing chamber 100, whereas the lift pins 114 do not move

upwards or downwards with respect to the floor 103 of the processing chamber
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100. As the substrate support 112 moves down near to the intermediate
position, the lift pins 114 (while remaining stationary) protrude from the support
surface 118, and lift the substrate 154 off the support surface 118. Then, the
carrier 170 is positioned for receipt of the substrate 154, such as shown in
Figure 3B.

[0076] When the substrate support 112 arrives at the intermediate position
from the raised position, the reference surface 113A of the shoulder 113 of the
substrate support 112 engages the (or each) lift plate 310. When the substrate
support 112 is moved down from the intermediate position to the lowered
position, the (or each) lift plate 310 and the lift pins 114 move downward
simultaneously with the substrate support 112. As the substrate support 112
moves down from the intermediate position to the lowered position, the lift pins
114 remain protruding from the support surface 118. The substrate 154 moves
downwards on the lift pins 114 until the substrate 154 engages the lip 172 of
the carrier 170. Further downward movement of the substrate support 112 and
the lift pins 114 separates the substrate 154 from the lift pins 114, and the
substrate 154 rests on the lip 172 of the carrier 170.

[0077] In some embodiments that may be combined with other
embodiments, an elevation of the carrier 170 within the processing chamber
100 is not changed while the substrate support 112 moves from the
intermediate position to the lowered position. In some embodiments that may
be combined with other embodiments, the substrate 154 engages the lip 172
of the carrier 170, and then the carrier 170 and the substrate 154 are removed
from the processing chamber 100 before the substrate support 112 reaches the
lowered position. In some embodiments that may be combined with other
embodiments, the carrier 170 and the substrate 154 are removed from the
processing chamber 100 after confirming (such as by using the one or more

sensors 166) that the lift pins 114 no longer support the substrate 154.

[0078] Figures 4A to 4C schematically illustrate substrate support assembly
400. The substrate support assembly 400 includes the substrate support 112

disposed on the shaft 124. The substrate support 112 is moveable between a
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raised position, a lowered position below the raised position, and an
intermediate position between the raised and lowered positions. Figure 4A
shows the substrate support 112 in the lowered position; Figure 4B shows the
substrate support 112 in the intermediate position; and Figure 4C shows the

substrate support 112 in the raised position.

[0079] It is contemplated that the substrate support assembly 400 may
include any one or more of the components, features, or aspects of the
substrate support assembly 200 or 300, described above. The substrate
support assembly 400 includes one or more different or additional components,

features, or aspects, such as described below.

[0080] The substrate support assembly 400 includes one or more basing
members 420. As illustrated, each biasing member 420 is a flexure 422. The
flexure 422 is a dome including a metal, such as Inconel, brass, bronze,
beryllium copper, nickel, Monel, or stainless steels. In some embodiments that
may be combined with other embodiments, each biasing member 420 is a
spring, such as spring 222, described above with respect to Figures 2A to 2C.
In some embodiments that may be combined with other embodiments, each
biasing member 420 is a bellows, such as bellows 322, described above with

respect to Figures 3A to 3C.

[0081] In some embodiments that may be combined with other
embodiments, the substrate support assembly 200 includes a plurality of
flexures 422, such as two or more, three or more, four or more, five or more, or
six or more flexures 422. It is contemplated that each flexure 422 may be

disposed at a discrete location on the base 104 around the shaft 124.

[0082] In some embodiments that may be combined with other
embodiments, the number of flexures 422 is less than the number of lift pins
114. In some embodiments that may be combined with other embodiments,
the number of flexures 422 equals the number of lift pins 114. In some
embodiments that may be combined with other embodiments, the number of

flexures 422 is greater than the number of lift pins 114.
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[0083] In some embodiments that may be combined with other
embodiments, each flexure 422 is disposed below a separate lift plate 410. In
some embodiments that may be combined with other embodiments, two or
more flexures 422 are disposed below the same lift plate 410. In some
embodiments that may be combined with other embodiments, every flexure 422
is disposed below the same lift plate 410. In some embodiments that may be
combined with other embodiments, the (or each) lift plate 410 is integral with

one or more of the flexures 422.

[0084] The flexures 422 bias each lift pin 114 upwards. The flexures 422
bias the (or each) lift plate 410 upwards. The flexures 422 bias the (or each)
lift plate 410 towards the substrate support 112. As illustrated, in some
embodiments that may be combined with other embodiments, the flexures 422
bias the (or each) lift plate 410 towards a corresponding stop plate 230, as
described above with respect to the substrate support assembly 200. The stop
plate 230 is coupled to the base 104. The stop plate 230 includes a lip, ledge,
shoulder, or the like that provides a maximum extent of vertical travel of the (or
each) lift plate 410 above the base 104. As described above, the stop plate
230 includes one or more adjustment mechanisms 232 that are configured to
alter a distance between the base 104 and a contact point 234 of the stop plate
230 and a corresponding lift plate 410. In some embodiments that may be

combined with other embodiments, the stop plate 230 may be omitted.

[0085] A rod 432 in each flexure 422 is coupled to the corresponding lift plate
410 disposed on each flexure 422. As illustrated, in some embodiments that
may be combined with other embodiments, each rod 432 may be stabilized
against lateral movement by a bearing 434. Each flexure 422 is mounted to the
base 104 via an adapter 430. Each rod 432 extends into a corresponding
adapter 430, and is coupled to a stop plate 436. In some embodiments that
may be combined with other embodiments, a position of the stop plate 436 on
the rod 432 is adjustable, such as by a screw thread. Each coupled lift plate
410, rod 432, and stop plate 436 is configured to move vertically with respect
to the base 104.
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[0086] In some embodiments that may be combined with other
embodiments, each lift pin 114 is connected to each corresponding rod 432. In
some examples, each lift pin 114 and rod 432 are in the form of a unitary
member. In other examples, each lift pin 114 and rod 432 are in the form of

separate members that are coupled together.

[0087] A seal 426 is between each flexure 422 and each corresponding
adapter 430. Another seal 428 is between each adapter 430 and the base 104.
As illustrated, each adapter 430 is closed such that a trapped volume of fluid is
inside each combined adapter 430 and flexure 422. Each flexure 422 biases
each corresponding lift plate 410 and lift pin 114 upwards by a combination of
a spring bias of the material of the flexure 422 and a difference between the
pressure of the trapped volume of fluid and the pressure in the processing
volume 150 of the processing chamber 100. Each flexure 422 biases each

corresponding lift plate 410 towards the substrate support 112.

[0088] In some embodiments that may be combined with other
embodiments, each adapter 430 is not closed, such that a pressure below the
base 104 is communicated into the interior of each flexure 422 through each
adapter 430. In an example, the pressure below the base 104 is greater than
a pressure in the processing volume 150 of the processing chamber 100. In
such an example, each flexure 422 biases each lift pin 114 upwards; each
flexure 422 biases the (or each) lift plate 410 upwards; each flexure 422 biases

the (or each) lift plate 410 towards the substrate support 112.

[0089] Figure 4A shows the substrate support 112 in the lowered position.
The flexures 422 bias the (or each) lift plate 410 upwards and against the
reference surface 113A of the shoulder 113 of the substrate support 112. The
flexures 422 bias the lift pins 114 towards an “up” position in which the upper
ends 115 of the lift pins 114 protrude from the support surface 118 of the
substrate support 112. The (or each) lift plate 410 is not in contact with the stop
plate 230. Each stop plate 436 is not in contact with a stop surface 438 of the
adapter 430. The carrier 170 with a substrate 154 resting on a lip 172 thereof
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is positioned above the substrate support 112, and out of contact with the

substrate support assembly 400.

[0090] Figure 4B shows the substrate support 112 in the intermediate
position. The substrate support 112 has moved upwards from the lowered
position. During movement of the substrate support 112 upwards from the
lowered position to the intermediate position, the flexures 422 continue to bias
the (or each) lift plate 410 upwards and against the reference surface 113A of
the shoulder 113 of the substrate support 112. Additionally, the flexures 422
continue to bias the lift pins 114 towards the “up” position. In such a manner,
the substrate support 112 and the lift pins 114 are coupled such that the lift pins
114 move upwards simultaneously with the substrate support 112, and remain

protruding from the support surface 118.

[0091] When the substrate support 112 is in the intermediate position, the
(or each) lift plate 410 contacts the (or each) stop plate 230 (if present), such
as at the corresponding adjustment mechanism 232. When the substrate
support 112 is in the intermediate position, each stop plate 436 is in contact
with the stop surface 438 of a corresponding adapter 430. The force exerted
by each flexure 422 on the (or each) lift plate 410 is communicated via each
rod 432 to each stop plate 436. The flexures 422 bias each stop plate 436 into

contact with each corresponding stop surface 438.

[0092] As illustrated, the lift pins 114 have lifted the substrate 154 off the
carrier 170. In some embodiments that may be combined with other
embodiments, an elevation of the carrier 170 within the processing chamber
100 is not changed while the substrate support 112 moves from the lowered
position to the intermediate position. In some embodiments that may be
combined with other embodiments, the lift pins 114 lift the substrate 154 off the
carrier 170, and then the carrier 170 is removed from the processing chamber
100 before the substrate support 112 reaches the intermediate position. In
some embodiments that may be combined with other embodiments, the carrier

170 is removed from the processing chamber 100 after confirming (such as by
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using the one or more sensors 166) that the lift pins 114 have lifted the substrate
154 off the carrier 170.

[0093] Figure 4C shows the substrate support 112 in the raised position.
The flexures 422 continue to bias the (or each) lift plate 410 upwards. The force
exerted by each flexure 422 on the (or each) lift plate 410 is communicated via
each rod 432 to each stop plate 436. The flexures 422 continue to bias each
stop plate 436 into contact with each corresponding stop surface 438. In
embodiments in which one or more stop plate 230 is present, the flexures 422
continue to bias the (or each) lift plate 410 upwards and against the (or each)

stop plate 230.

[0094] The biasing of each stop plate 436 against the corresponding stop
surface 438 maintains each lift plate 410 and each lift pin 114 stationary with
respect to the base 104. The substrate support 112 has moved upwards from
the intermediate position. During movement of the substrate support 112
upwards from the intermediate position to the raised position, the shoulder 113
of the substrate support 112 moves away from, and out of contact with, the (or
each) lift plate 410. In such a manner, the substrate support 112 and the lift
pins 114 are decoupled such that the lift pins 114 remain stationary while the
substrate support 112 moves upwards from the intermediate position to the
raised position. For example, the substrate support 112 moves upwards with
respect to the floor 103 of the processing chamber 100, whereas the lift pins
114 do not move upwards or downwards with respect to the floor 103 of the

processing chamber 100.

[0095] As illustrated, the lift pins 114 are in a “down” position with respect to
the substrate support 112 such that the upper ends 115 of the lift pins 114 do
not protrude from the support surface 118 of the substrate support 112. The
substrate support 112 has lifted the substrate 154 off the lift pins 114. The
substrate 154 is supported by the support surface 118 of the substrate support
112. The raised position of the substrate support 112 corresponds to a position
of the substrate 154 when undergoing a processing operation in the processing
chamber 100.
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[0096] When the substrate support 112 is moved down from the raised
position to the intermediate position, the lift pins 114 remain stationary. For
example, the substrate support 112 moves downwards with respect to the floor
103 of the processing chamber 100, whereas the lift pins 114 do not move
upwards or downwards with respect to the floor 103 of the processing chamber
100. As the substrate support 112 moves down near to the intermediate
position, the lift pins 114 (while remaining stationary) protrude from the support
surface 118, and lift the substrate 154 off the support surface 118. Then, the
carrier 170 is positioned for receipt of the substrate 154, such as shown in
Figure 4B.

[0097] When the substrate support 112 arrives at the intermediate position
from the raised position, the shoulder 113 of the substrate support 112 engages
the (or each) lift plate 410. When the substrate support 112 is moved down
from the intermediate position to the lowered position, the (or each) lift plate
410 and the lift pins 114 move downward simultaneously with the substrate
support 112. As the substrate support 112 moves down from the intermediate
position to the lowered position, the lift pins 114 remain protruding from the
support surface 118. The substrate 154 moves downwards on the lift pins 114
until the substrate 154 engages the lip 172 of the carrier 170. Further downward
movement of the substrate support 112 and the lift pins 114 separates the
substrate 154 from the lift pins 114, and the substrate 154 rests on the lip 172

of the carrier 170.

[0098] In some embodiments that may be combined with other
embodiments, an elevation of the carrier 170 within the processing chamber
100 is not changed while the substrate support 112 moves from the
intermediate position to the lowered position. In some embodiments that may
be combined with other embodiments, the substrate 154 engages the lip 172
of the carrier 170, and then the carrier 170 and the substrate 154 are removed
from the processing chamber 100 before the substrate support 112 reaches the
lowered position. In some embodiments that may be combined with other

embodiments, the carrier 170 and the substrate 154 are removed from the
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processing chamber 100 after confirming (such as by using the one or more

sensors 166) that the lift pins 114 no longer support the substrate 154.

[0099] Figures 5A to 5C schematically illustrate substrate support assembly
500. The substrate support assembly 500 includes the substrate support 112
disposed on the shaft 124. The substrate support 112 is moveable between a
raised position, a lowered position below the raised position, and an
intermediate position between the raised and lowered positions. Figure 5A
shows the substrate support 112 in the lowered position; Figure 5B shows the
substrate support 112 in the intermediate position; and Figure 5C shows the

substrate support 112 in the raised position.

[0100] It is contemplated that the substrate support assembly 500 may
include any one or more of the components, features, or aspects of the
substrate support assembly 200, 300, or 400, described above. The substrate
support assembly 500 includes one or more different or additional components,

features, or aspects, such as described below.

[0101] The lift pins 114 of the substrate support assembly 500 are cam-
actuated. Each lift pin 114 is disposed on a first side 512 of a corresponding
cam 510. A shoulder 113 of the substrate support 112 is moveable into and
out of contact with a second side 514 of each cam 510. Each cam 510 includes

a pivot between the first side 512 and the second side 514.

[0102] Each cam 510 is biased towards a neutral position. As illustrated
(such as in Figure 5C), in some embodiments that may be combined with other
embodiments, each cam 510 is substantially horizontal when in the neutral
position. In some alternative embodiments that may be combined with other
embodiments, the first side 512 is elevated with respect to the second side 514
when each cam 510 is in the neutral position. In some further alternative
embodiments that may be combined with other embodiments, the second side
514 is elevated with respect to the first side 512 when each cam 510 is in the

neutral position.
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[0103] Each cam 510 is biased by one or more biasing members 520, such
as springs. As illustrated, a first spring 522 is coupled to the first side 512 of
each cam 510 and to the base 104, and a second spring 524 is coupled to the
second side 514 of each cam 510 and to the base 104. For each cam 510, the
first spring 522 biases the cam 510 to rotate about the pivot in one direction
(either clockwise or anticlockwise), and the second spring 524 biases the cam
510 to rotate about the pivot in the opposite direction (either anticlockwise or
clockwise). Each of the first spring 522 and second spring 524 may be a tension
spring or a compression spring. Additionally, or alternatively, the biasing

members 520 may include one or more torsion springs.

[0104] Figure 5A shows the substrate support 112 in the lowered position.
The shoulder 113 of the substrate support 112 is in contact with the second
side 514 of each cam 510, and holds each second side 514 in a “down” position.
The first side 512 of each cam 510 is in an “up” position. Each lift pin 114
disposed on a corresponding first side 512 of each cam 510 is in an “up”
position in which the upper end 115 of each lift pin 114 protrudes from the

support surface 118 of the substrate support 112.

[0105] The carrier 170 with a substrate 154 is positioned above the
substrate support 112. As illustrated, the lift pins 114 have lifted the substrate
154 off the lip 172 of the carrier 170. In some embodiments that may be
combined with other embodiments, an elevation of the carrier 170 within the
processing chamber 100 is not changed while the substrate support 112 moves
downwards to the lowered position. In some embodiments that may be
combined with other embodiments, the lift pins 114 lift the substrate 154 off the
carrier 170, and then the carrier 170 is removed from the processing chamber
100 before the substrate support 112 is moved towards the intermediate
position (Figure 5B). In some embodiments that may be combined with other
embodiments, the carrier 170 is removed from the processing chamber 100
after confirming (such as by using the one or more sensors 166) that the lift
pins 114 have lifted the substrate 154 off the carrier 170.
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[0106] Figure 5B shows the substrate support 112 in the intermediate
position. The substrate support 112 has moved upwards from the lowered
position, and each cam 510 has moved towards the neutral position under the
influence of each first spring 522 and second spring 524. During movement of
the substrate support 112 upwards from the lowered position to the
intermediate position, the second side 514 of each cam 510 moves upwards
under the influence of each first spring 522. While the second side 514 moves
upwards, the first side 512 of each cam 510 moves downwards. Each lift pin
114 disposed on a corresponding first side 512 of each cam 510 moves
downwards. In such a manner, the substrate support 112 and the lift pins 114
are coupled such that the lift pins 114 move simultaneously with the substrate
support 112. When the substrate support 112 moves upwards with respect to
the base 104 from the lowered position to the intermediate position, the lift pins

114 move downwards with respect to the base 104.

[0107] As illustrated, in some embodiments that may be combined with other
embodiments, when the substrate support 112 is in the intermediate position,
the lift pins 114 remain protruding from the support surface 118. The substrate
154 is supported on the lift pins 114. Nevertheless, in some alternative
embodiments that may be combined with other embodiments, when the
substrate support 112 transitions from the lowered position to the intermediate
position, the upper ends 115 of the lift pins 114 move down below the level of
the support surface 118, and the substrate 154 is transferred from the lift pins

114 to the support surface 118.

[0108] Figure 5C shows the substrate support 112 in the raised position.
The substrate support 112 has moved upwards from the intermediate position.
During movement of the substrate support 112 upwards from the intermediate
position to the raised position, the shoulder 113 of the substrate support 112
moves away from, and out of contact with, the second side 514 of each cam
510. Each cam 510 remains in the neutral position, and each lift pin 114
remains disposed on each corresponding first side 512 of a corresponding cam

510. In such a manner, the substrate support 112 and the lift pins 114 are
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decoupled such that the lift pins 114 remain stationary while the substrate
support 112 moves upwards from the intermediate position to the raised
position. For example, the substrate support 112 moves upwards with respect
to the floor 103 of the processing chamber 100, whereas the lift pins 114 do not
move upwards or downwards with respect to the floor 103 of the processing
chamber 100.

[0109] As illustrated, the lift pins 114 are in a “down” position with respect to
the substrate support 112 such that the upper ends 115 of the lift pins 114 do
not protrude from the support surface 118 of the substrate support 112. The
substrate support 112 has lifted the substrate 154 off the lift pins 114. The
substrate 154 is supported by the support surface 118 of the substrate support
112. The raised position of the substrate support 112 corresponds to a position
of the substrate 154 when undergoing a processing operation in the processing
chamber 100.

[0110] When the substrate support 112 is moved down from the raised
position to the intermediate position, the lift pins 114 remain stationary. For
example, the substrate support 112 moves downwards with respect to the floor
103 of the processing chamber 100, whereas the lift pins 114 do not move
upwards or downwards with respect to the floor 103 of the processing chamber
100. In the illustrated embodiment, as the substrate support 112 moves down
near to the intermediate position, the lift pins 114 (while remaining stationary)
protrude from the support surface 118, and lift the substrate 154 off the support
surface 118. However, in some alternative embodiments that may be combined
with other embodiments, the lift pins 114 (while remaining stationary) do not
protrude from the support surface 118, and the substrate 154 remains on the
support surface 118 when the substrate support 112 is in the intermediate

position.

[0111] When the substrate support 112 arrives at the intermediate position
from the raised position, the shoulder 113 of the substrate support 112 engages
the second side 514 of each cam 510. When the substrate support 112 is

moved down from the intermediate position to the lowered position, the
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shoulder 113 of the substrate support 112 pushes each second side 514
towards the “down” position. Each cam 510 rotates about the pivot, moving the
first side 512 of each cam 510 towards the “up” position. Each lift pin 114
disposed on a corresponding first side 512 of each cam 510 moves upwards.
In such a manner, the substrate support 112 and the lift pins 114 are coupled
such that the lift pins 114 move simultaneously with the substrate support 112.
When the substrate support 112 moves downwards with respect to the base
104 from the intermediate position to the lowered position, the lift pins 114 move

upwards with respect to the base 104.

[0112] In embodiments in which the upper ends 115 of the lift pins 114 do
not protrude from the support surface 118 when the substrate support 112 is in
the intermediate position, moving the substrate support 112 downwards from
the intermediate position to the lowered position results in the upper ends 115
of the lift pins 114 rising above the level of the support surface 118. In so doing,
the lift pins 114 lift the substrate 154 off the support surface 118.

[0113] When the substrate support arrives at the lowered position, the upper
ends 115 of the lift pins 114 are positioned at a maximum elevation within the
processing chamber 100. The carrier 170 can be positioned to receive the
substrate 154. In some embodiments that may be combined with other
embodiments, the carrier 170 is moved vertically to lift the substrate 154 off the
lift pins 114.

[0114] In some embodiments that may be combined with other
embodiments, an elevation of the carrier 170 within the processing chamber
100 is not changed while receiving the substrate 154. In an example, after
positioning the carrier 170 for receipt of the substrate 154, the substrate support
112 is moved upwards at least part-way from the lowered position towards the
intermediate position. While the substrate support 112 moves upwards, the lift
pins 114 move downwards and deposit the substrate 154 onto the lip 172 of the
carrier 170. Then the carrier 170 and the substrate 154 are removed from the
processing chamber 100. In some embodiments that may be combined with

other embodiments, the carrier 170 and the substrate 154 are removed from
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the processing chamber 100 after confirming (such as by using the one or more

sensors 166) that the lift pins 114 no longer support the substrate 154.

[0115] Figures 6A to 6C schematically illustrate substrate support assembly
600. The substrate support assembly 600 includes the substrate support 112
disposed on the shaft 124. The substrate support 112 is moveable between a
raised position, a lowered position below the raised position, and an
intermediate position between the raised and lowered positions. Figure 6A
shows the substrate support 112 in the lowered position; Figure 6B shows the
substrate support 112 in the intermediate position; and Figure 6C shows the

substrate support 112 in the raised position.

[0116] The shaft 124 of the substrate support assembly 600 extends through
an aperture 105 in the base 104. A connecting rod 630 located next to the shaft
124 extends through another aperture 106 in the base 104. A lock 640
selectively couples the shaft 124 with the connecting rod 630. In some
embodiments that may be combined with other embodiments, the lock includes
a locking bolt 642 that selectively engages with an aperture 632 in the

connecting rod 630.

[0117] In some embodiments that may be combined with other
embodiments, fluid pressure (pneumatic or hydraulic) moves the locking bolt
642 into engagement with the connecting rod 630 and/or moves the locking bolt
642 out of engagement with the connecting rod 630. In some examples, a first
fluid pressure is applied to the lock 640 to move the locking bolt 642 into
engagement with the connecting rod 630, and a second fluid pressure is applied
to the lock 640 to move the locking bolt 642 out of engagement with the
connecting rod 630. In some examples, the locking bolt 642 is biased into
engagement with the connecting rod 630, and a fluid pressure is applied to
move the locking bolt 642 out of engagement with the connecting rod 630. In
some examples, the locking bolt 642 is biased out of engagement with the
connecting rod 630, and a fluid pressure is applied to move the locking bolt 642

into engagement with the connecting rod 630.
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[0118] In some embodiments that may be combined with other
embodiments, the lock 640 includes a solenoid, and an electric current applied
to the solenoid moves the locking bolt 642 into engagement with the connecting
rod 630 and/or moves the locking bolt 642 out of engagement with the
connecting rod 630. In some examples, a first electric current is applied to the
solenoid to move the locking bolt 642 into engagement with the connecting rod
630, and a second electric current is applied to the solenoid to move the locking
bolt 642 out of engagement with the connecting rod 630. In some examples,
the solenoid is biased into engagement with the connecting rod 630, and an
electric current is applied to the solenoid to move the locking bolt 642 out of
engagement with the connecting rod 630. In some examples, the solenoid is
biased out of engagement with the connecting rod 630, and an electric current
is applied to the solenoid to move the locking bolt 642 into engagement with the

connecting rod 630.

[0119] In some embodiments that may be combined with other
embodiments, the lock 640 includes an electromagnet that selectively
magnetically couples the shaft 124 with the connecting rod 630, but the locking
bolt 642 is omitted. In an example, the electromagnet does not mechanically
couple the shaft 124 with the connecting rod 630, but the electromagnet is
energized in order to magnetically couple the shaft 124 with the connecting rod
630.

[0120] In some embodiments that may be combined with other
embodiments, the lock 640 includes an electromagnet that selectively
magnetically couples the shaft 124 with the connecting rod 630, and the locking
bolt 642 is present. In an example, energizing the electromagnet moves the
locking bolt 642 into engagement with the connecting rod 630, and also

magnetically couples the shaft 124 with the connecting rod 630.

[0121] The connecting rod 630 is moveable vertically. A guide or bearing
634 inhibits lateral movement of the connecting rod 630. As illustrated, in some
embodiments that may be combined with other embodiments, the connecting

rod 630 is biased downwards by a biasing member 620, such as spring 622. In
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some embodiments that may be combined with other embodiments, the biasing
member 620 is omitted. The connecting rod 630 passes through a bellows 624
on the base 104. The bellows 624 may be configured similarly to the bellows
322, described above.

[0122] The connecting rod 630 is attached to the top of the bellows 624. In
some embodiments that may be combined with other embodiments, the bellows
624 is selectively pressurized to impart an upwards biasing force on the

connecting rod 630.

[0123] A lift plate 610 is disposed at the top of the bellows 624. It is
contemplated that the lift plate 610 may form a ring or a partial ring that at least
partially encircles the shaft 124. Lift pins 114 are disposed on the lift plate 610.
In some embodiments that may be combined with other embodiments, the
substrate support assembly 600 includes three lift pins 114. In some
embodiments that may be combined with other embodiments, the substrate
support assembly 600 includes more than three lift pins 114, such as four or
more, five or more, or six or more lift pins 114. Each lift pin 114 is disposed

through a corresponding hole 116 in the substrate support 112.

[0124] Figure 6A shows the substrate support 112 in the lowered position.
The lock 640 has been activated to couple the connecting rod 630 (physically
and/or magnetically) with the shaft 124. The connecting rod 630, the top of the
bellows 624, the lift plate 610, and the lift pins 114 are depicted as being at a
low position with respect to the base 104. The upper ends 115 of the lift pins
114 protrude from the support surface 118 of the substrate support 112. The
carrier 170 with a substrate 154 resting on a lip 172 thereof is positioned above
the substrate support 112, and out of contact with the substrate support

assembly 600.

[0125] Figure 6B shows the substrate support 112 in the intermediate
position. The substrate support 112 has moved upwards from the lowered
position. During movement of the substrate support 112 upwards from the

lowered position to the intermediate position, the shaft 124 moves upwards.
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Upward movement of the shaft 124 causes upward movement of the
connecting rod 630 via the coupling effected by the lock 640. Upward
movement of the connecting rod 630 causes upward movement of the top of
the bellows 624, the lift plate 610, and the lift pins 114. In such a manner, the
substrate support 112 and the lift pins 114 are coupled such that the lift pins
114 move upwards simultaneously with the substrate support 112, and remain
protruding from the support surface 118. The connecting rod 630, the top of
the bellows 624, the lift plate 610, and the lift pins 114 are depicted as being at
a high position with respect to the base 104.

[0126] As illustrated, the lift pins 114 have lifted the substrate 154 off the
carrier 170. In some embodiments that may be combined with other
embodiments, an elevation of the carrier 170 within the processing chamber
100 is not changed while the substrate support 112 moves from the lowered
position to the intermediate position. In some embodiments that may be
combined with other embodiments, the lift pins 114 lift the substrate 154 off the
carrier 170, and then the carrier 170 is removed from the processing chamber
100 before the substrate support 112 reaches the intermediate position. In
some embodiments that may be combined with other embodiments, the carrier
170 is removed from the processing chamber 100 after confirming (such as by
using the one or more sensors 166) that the lift pins 114 have lifted the substrate
154 off the carrier 170. After the carrier 170 is removed from the processing
chamber 100, the lock 640 is deactivated to decouple the connecting rod 630
from the shaft 124.

[0127] Figure 6C shows the substrate support 112 in the raised position.
The lock 640 has been deactivated to decouple the connecting rod 630 from
the shaft 124 before moving the substrate support 112 from the intermediate
position to the raised position. Decoupling the connecting rod 630 from the
shaft 124 results in upward movement of the substrate support 112 and the
shaft 124 between the intermediate and raised positions being independent of
the connecting rod 630. The connecting rod 630, the lift plate 610, and the lift

pins 114 disposed on the lift plate 610 do not move upward. In such a manner,
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the substrate support 112 and the lift pins 114 are decoupled such that the lift
pins 114 remain stationary while the substrate support 112 moves upwards
from the intermediate position to the raised position. For example, the substrate
support 112 moves upwards with respect to the floor 103 of the processing
chamber 100, whereas the lift pins 114 do not move upwards or downwards

with respect to the floor 103 of the processing chamber 100.

[0128] As illustrated, the lift pins 114 are in a “down” position with respect to
the substrate support 112 such that the upper ends 115 of the lift pins 114 do
not protrude from the support surface 118 of the substrate support 112. The
substrate support 112 has lifted the substrate 154 off the lift pins 114. The
substrate 154 is supported by the support surface 118 of the substrate support
112. The raised position of the substrate support 112 corresponds to a position
of the substrate 154 when undergoing a processing operation in the processing
chamber 100.

[0129] In some embodiments that may be combined with other
embodiments, a pressure is applied to the bellows 624 in order to maintain the

connecting rod 630 in the high position.

[0130] When the substrate support 112 is moved down from the raised
position to the intermediate position, the lift pins 114 remain stationary. For
example, the substrate support 112 moves downwards with respect to the floor
103 of the processing chamber 100, whereas the lift pins 114 do not move
upwards or downwards with respect to the floor 103 of the processing chamber
100. As the substrate support 112 moves down near to the intermediate
position, the lift pins 114 (while remaining stationary) protrude from the support
surface 118, and lift the substrate 154 off the support surface 118. Then, the
carrier 170 is positioned for receipt of the substrate 154, such as shown in
Figure 4B.

[0131] After the substrate support 112 arrives at the intermediate position
from the raised position, the lock 640 is activated to couple the connecting rod

630 (physically and/or magnetically) with the shaft 124. When the substrate
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support 112 is moved down from the intermediate position to the lowered
position, the connecting rod 630, the lift plate 610, and the lift pins 114 move
downward simultaneously with the substrate support 112. In embodiments in
which a pressure had been applied to the bellows 624, the pressure is released
in order to facilitate downward movement of the connecting rod 630 with the
shaft 124.

[0132] As the substrate support 112 moves down from the intermediate
position to the lowered position, the lift pins 114 remain protruding from the
support surface 118. The substrate 154 moves downwards on the lift pins 114
until the substrate 154 engages the lip 172 of the carrier 170. Further downward
movement of the substrate support 112 and the lift pins 114 separates the
substrate 154 from the lift pins 114, and the substrate 154 rests on the lip 172

of the carrier 170.

[0133] In some embodiments that may be combined with other
embodiments, an elevation of the carrier 170 within the processing chamber
100 is not changed while the substrate support 112 moves from the
intermediate position to the lowered position. In some embodiments that may
be combined with other embodiments, the substrate 154 engages the lip 172
of the carrier 170, and then the carrier 170 and the substrate 154 are removed
from the processing chamber 100 before the substrate support 112 reaches the
lowered position. In some embodiments that may be combined with other
embodiments, the carrier 170 and the substrate 154 are removed from the
processing chamber 100 after confirming (such as by using the one or more

sensors 166) that the lift pins 114 no longer support the substrate 154.

[0134] In some embodiments that may be combined with other
embodiments, in any of the substrate support assemblies 110, 200, 300, 400,
500, or 600 disclosed herein, the lift pins 114 are not disposed though holes
116 in the substrate support 112, but instead are disposed around an outer
edge of the substrate support 112. In some embodiments that may be
combined with other embodiments, in any of the substrate support assemblies
110. 200. 300, 400, 500, or 600 disclosed herein, the holes 116 in the substrate
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support 112 are configured as recesses around the outer edge of the substrate

support 112, and the lift pins 114 are disposed in the recesses.

[0135] Figure 7 is a flowchart of a method 700 of manipulating a substrate.
The method 700 may be performed using any of substrate support assembly
110, 200, 300, 400, 500, or 600.

[0136] Operation 702 involves moving a substrate support upwards from a
lowered position to an intermediate position such that a lift pin coupled to the
substrate support moves simultaneously with the substrate support. In some
embodiments, the lift pin moves upwards simultaneously with the substrate
support, such as with substrate support assembly 200, 300, 400, or 600. In
some embodiments, the lift pin moves downwards while the substrate support

simultaneously moves upwards, such as with substrate support assembly 500.

[0137] Operation 704 involves contacting the substrate with the lift pin while
the substrate support and the lift pin move simultaneously. In some
embodiments, operation 704 occurs before operation 702, such as with
substrate support assembly 500. In some embodiments, operation 704 occurs
during operation 702, such as with substrate support assembly 200, 300, 400,
or 600. In some embodiments that may be combined with other embodiments,
the method 700 further includes using a sensor on the lift pin to detect one of:

a presence of the substrate on the lift pin; or a temperature of the substrate.

[0138] In some embodiments that may be combined with other
embodiments, the method 700 further includes using the lift pin to lift the
substrate off a carrier. In some embodiments that may be combined with other
embodiments, the method 700 is conducted in a processing chamber, and the

method 700 further includes removing the carrier from the processing chamber.

[0139] Operation 706 involves moving the substrate support upwards from
the intermediate position towards a raised position while the lift pin remains
stationary. For example, the substrate support moves upwards with respect to
the floor of the processing chamber, whereas the lift pins do not move upwards

nr dnwniards with respect to the floor of the processing chamber.
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[0140] Operation 708 involves lifting the substrate by the substrate support

off the lift pin while the substrate support moves towards the raised position.

[0141] In some embodiments that may be combined with other
embodiments, the method 700 further includes moving the substrate support
downwards from the raised position towards the intermediate position while the
lift pin remains stationary. For example, the substrate support moves
downwards with respect to the floor of the processing chamber, whereas the lift
pins do not move upwards or downwards with respect to the floor of the
processing chamber. In some embodiments that may be combined with other
embodiments, the method 700 further includes contacting the substrate with
the lift pin while moving the substrate support downwards towards the
intermediate position. In some embodiments that may be combined with other
embodiments, the method 700 further includes lifting the substrate off the
substrate support by the lift pin while moving the substrate support downwards

towards the intermediate position.

[0142] In some embodiments that may be combined with other
embodiments, the method 700 further includes moving the substrate support
downwards from the intermediate position towards the lowered position such
that the lift pin moves simultaneously with movement of the substrate support.
In some embodiments that may be combined with other embodiments, the
method 700 further includes transferring the substrate from the lift pin to a

carrier while moving the lift pin downwards towards the lowered position.

[0143] Figure 8 is a flowchart of a method 800 of manipulating a substrate.
The method 800 may be performed using any of substrate support assembly
110, 200, 300, 400, 500, or 600.

[0144] Operation 802 involves moving a carrier with a substrate into a
processing chamber while maintaining the carrier at an elevation above a floor

of the processing chamber.

[0145] Operation 804 involves moving a lift pin towards the substrate while

cimiiltananysly moving a substrate support within the processing chamber, and
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while maintaining the carrier at the elevation above the floor of the processing

chamber.

[0146] Operation 806 involves lifting the substrate off the carrier while
maintaining the carrier at the elevation above the floor of the processing

chamber.

[0147] Operation 808 involves removing the carrier from the processing
chamber while maintaining the carrier at the elevation above the floor of the

processing chamber.

[0148] The method 700 may incorporate any operation or aspect of the
method 800. The method 800 may incorporate any operation or aspect of the
method 700.

[0149] Embodiments of the present disclosure facilitate the transfer of a
substrate between a carrier and a substrate support without changing an
elevation of the carrier within a processing chamber. Embodiments of the
present disclosure facilitate the actuation of lift pins by using motion of a
substrate support. Embodiments of the present disclosure facilitate the
actuation of lift pins such that the lift pins contact the substrate simultaneously,

and raise or lower the substrate.

[0150] It is contemplated that any one or more elements or features of any
one disclosed embodiment may be beneficially incorporated in any one or more
other non-mutually exclusive embodiments. While the foregoing is directed to
embodiments of the present disclosure, other and further embodiments of the
disclosure may be devised without departing from the basic scope thereof, and

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

1. A substrate support assembly, comprising:

a substrate support moveable between a raised position, a lowered position
below the raised position, and an intermediate position between the raised and
lowered positions, the substrate support including a support surface configured to
receive a substrate, and a reference surface; and

a lift pin assembly comprising:

a lift plate; and
a plurality of lift pins, each lift pin disposed in a corresponding hole
through the substrate support, wherein each lift pin includes:
a first end coupled to a first surface of the lift plate; and
a second end on an opposite end of the lift pin from the first end;

a stop plate positioned below the support surface of the substrate support, the
stop plate configured to limit an upward movement of the lift plate; and

a plurality of biasing members coupled to a second surface of the lift plate
opposite the first surface of the lift plate;

wherein:

the lift plate is disposed between the plurality of biasing members and
the reference surface of the substrate support;

in use, the substrate support assembly transitions between first and
second configurations;

in the first configuration, the plurality of biasing members biases the lift
plate against the reference surface of the substrate support while the substrate
support moves between the lowered position and the intermediate position;
and

in the second configuration, the stop plate prevents upward movement
of the lift plate while the substrate support moves between the intermediate

position and the raised position.
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2. The substrate support assembly of claim 1, wherein:

in the first configuration, the lift plate is engaged with the reference surface of
the substrate support; and

in the second configuration, the lift plate is not engaged with the reference

surface of the substrate support.

3. The substrate support assembly of claim 1, wherein the biasing member is one

of a spring, a bellows, or a flexure.

4, The substrate support assembly of claim 1, wherein:
the stop plate is coupled to a base below the lift plate;
the lift plate is moveable to engage the stop plate at a contact point; and
the stop plate includes an adjustment mechanism configured to alter a distance

between the base and the contact point.

5. The substrate support assembly of claim 1, wherein the stop plate is coupled

to a rod extending from the second surface of the lift plate.

6. The substrate support assembly of claim 5, wherein in the first configuration,

the stop plate moves with the lift plate.

7. A substrate support assembly, comprising:

a substrate support moveable between a raised position and a lowered
position, and including a support surface configured to receive a substrate, and a
reference surface; and

a lift pin assembly comprising:

a lift plate; and
a plurality of lift pins, wherein:

each lift pin of the plurality of lift pins has a first end that is coupled
to afirst surface of the lift plate and a second end that is on an opposite

end of the lift pin from the first end; and
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a hole formed through the substrate support is configured to

receive a lift pin of the plurality of lift pins;

a stop plate positioned below the support surface of the substrate support, the
stop plate configured to limit an upward movement of the lift plate; and

a plurality of biasing members;
wherein:

the lift plate is disposed between the plurality of biasing members and
the stop plate;

the plurality of biasing members comprises three or more biasing
members; and

the plurality of biasing members is configured to bias the lift plate against
the reference surface of the substrate support when the reference surface is
positioned below a contact surface of the stop plate, and bias the lift plate
against the contact surface of the stop plate when the reference surface is

positioned above the contact surface of the stop plate.

8. The substrate support assembly of claim 7, wherein the biasing member is one

of a spring, a bellows, or a flexure.

9. The substrate support assembly of claim 7, wherein the second end of each of
the plurality of lift pins extend above the support surface of the substrate support when
the reference surface of the substrate support is below the contact surface of the stop

plate.

10.  The substrate support assembly of claim 9, wherein the support surface of the
substrate support is positioned above the second ends of each of the plurality of lift
pins when the reference surface of the substrate support is above the contact surface

of the stop plate.

11.  The substrate support assembly of claim 10, wherein:
the stop plate includes an adjustment mechanism configured to alter a position

of the contact surface of the stop plate.
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12.  The substrate support assembly of claim 7, wherein the plurality of biasing
members are configured to bias the first surface of the lift plate against the contact
surface when the reference surface of the substrate support is above the contact

surface of the stop plate.

13.  The substrate support assembly of claim 7, wherein the plurality of biasing
members are configured to bias the first surface of the lift plate against the reference
surface of the substrate support when the reference surface is below the contact

surface of the stop plate.

14. The substrate support assembly of claim 7, further comprising a sensor
positioned on the second end of one of the plurality of lift pins, the sensor including

one of a temperature sensor or a strain gauge.

15. A method of manipulating a substrate, comprising:
moving a substrate support upwards from a lowered position to an intermediate
position, wherein:
a plurality of lift pins protrudes from a support surface of the substrate
support;
the plurality of lift pins is positioned on an upper surface of a lift plate;
and
the lift plate and the plurality of lift pins move simultaneously with the
substrate support;
contacting the substrate with the plurality of lift pins while the substrate support
and the plurality of lift pins move simultaneously;
moving the substrate support upwards from the intermediate position towards
a raised position while the plurality of lift pins remains stationary; and
lifting the substrate by the substrate support off the plurality of lift pins while the

substrate support moves towards the raised position.
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16.  The method of claim 15, further comprising using a sensor on at least one lift
pin of the plurality of lift pins to detect one of:
a presence of the substrate on the lift pin; or

a temperature of the substrate.

17. The method of claim 15, further comprising moving the substrate support
downwards from the raised position towards the intermediate position while the

plurality of lift pins remains stationary.

18.  The method of claim 17, contacting the substrate with the plurality of lift pins
and lifting the substrate off the substrate support by the plurality of lift pins while

moving the substrate support downwards towards the intermediate position.

19. The method of claim 18, further comprising moving the substrate support
downwards from the intermediate position towards the lowered position, wherein the

plurality of lift pins and the substrate support move simultaneously.
20.  The method of claim 19, further comprising transferring the substrate from the

plurality of lift pins to a carrier while moving the lift pin simultaneously with the

substrate support.
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