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PLASMA PROCESSING SYSTEMS WITH MECHANISMS FOR
CONTROLLING TEMPERATURES OF COMPONENTS

BACKGROUND OF THE INVENTION
[0001] The present invention relates to controlling temperatures of components of plasma
pracessing systems. As an example, the temperature control may relate to components involved
in adjusting electrode-to-electrode parallelism in plasma processing systems.
[0002] In plasma proceséing, the shrinking feature sizes and the implementation of new
materials in the next generation of device fabrication have put new requirements on plasma
processing equipment. The smaller device features, larger substrate size, and new processing
techniques (involving multi-step recipes, such as for dual-damascene etch) have increased the
challenge to maintain good uniformity across the wafer for better device yields.
[0063] In capacitively coupled RF plasma reactors, the electrode opposite to the substrate
electrode is generally called the upper electrode. The upper electrode could be grounded, or
have one or more radio frequency (RF) power sources attached to it. The substrate electrode is
generally called the lower electrode. A mechanical arrangement for a lower electrode in a
capacitively coupled plasma processing chamber may involve cantilevering the assembly that
includes the lower electrode from a side of the chamber. This cantilevered lower electrode can
be a fixed distance from the upper electrode or can be designed for a variable distance from the
upper electrode. In either case, parallelism of one electroﬁe surface to-the other is generally a
critical mechanical parameter that can affect the process performance on the wafer.
[0004] Due to added complexity, many capacitively coupled RF plasma reactors may
forgo the feature of precise parallelism adjustment between electrodes and may rely on tight
manufacturing tolerances of the assembly components to keep parallelism within acceptable
limits. This approach typically adds cost to tﬂose components and may limit the ultimate
parallelism specification that can be achieved. For example, given that the assembly components
may be subjected to temperature variations and that different components in the reactors may
have different thermal properties, achieving the tight manufacturing tolerances of the assembly
components may be challenging and costly.
[0005] Some arrangements may include slots or clearance holes in mating parts allowing
free play to adjust parallelism during assembly. Such arrangements may be time consuming and

may usually require repetitive processes to achieve the correct configuration. Such arrangements
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may also require the plasma processing system to be disassembled to some extent to adjust the
necessary components. Further, the temperature under which the components are adjusted may
be substantially different from the temperature which the components are subjected to during
plasma processing. The effects of temperature variations may render the configuration incorrect
or may require extra efforts in performing the adjustment.
[0006]) Some arrangements may attempt to provide a means for adjustment, but may have
no direct means to correlate the amount of adjustment to the actual effect on at least one of the
electrodes. As a result, such methods may also require iterative processes to dial in parallelism.
Some of these methods are also vulnerable to shifting of the adjustment over time due to
vibrations (such as shipping loads) and/or temperature variations.
SUMMARY

[0007] An embodiment of the present invention relates to a plasma processing system
with improved component temperature control. The system may include a plasma processing
chamber having a chamber wall. The system may also include an electrode disposed inside the
plasrha processing chamber. The system may also include a support member disposed inside the
plasma processing chamber for supporting the electrode. The system may also include a support
plate disposed outside the chamber wall. The system may also include a cantilever disposed
through the chamber wall for coupling the support member with the support plate. The system
may also include a lift plate disposed between the chamber wall and the support plate. The
system may also include thermally resistive coupling mechanisms for mechanically coupling the
lift plate with the support plate.
[0008] The above summary relates to only one of the many embodiments of the
invention disclosed herein and is not intended to limit the scope of the invention, which is set
forth in the claims herein. These and other features of the present invention will be described in
more detail below in the detailed description of the invention and in conjunction with the
following figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference numerals

refer to similar elements and in which;
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{0010] Fig. 1A shows a partial perspective view of a piasma processing chamber
including an adjustment mechanism for adjusting the orientation of a lower electrode in the
plasma processing chamber in accordance with one or more embodiments of the present
invention.

[0011] Fig. 1B shows a partial side view of the plasma processing chamber illustrating a
first rotation (or the pitch) of the lower electrode in accordance with one or more embodiments
of the present invention.

[0012] Fig. 1C shows a partial rear view of the plasma processing chamber illustrating a
second rotation (or the roll) of the lower electrode in accordance with one or more embodiments
of the present invention.

[0013] Fig. 1D shows a partial side view of the adjustment mechanism in accordance
with one or more embodiments of the present invention. '

[0014] Fig. 1E shows a partial perspective view of a pitch adjustment user interface of
the adjustment mechanism in accordance with one or more embodiments of the present
invention. 4 |

[0015] Fig. IF shows a partial exploded view of the adjustment mechanism in
accordance with one or more embodiments of the present invention.

[0016] Fig. 1G shows a perspective view of a roll adjustment cam of the adjustment
-mechanism in accordance with one or more embodiments of the present invention. |
{0017] Fig. 1H shows a partial perspective view of a roll adjustment user interface of the
adjustment mechanism in accordance with one or more embodiments of the present invention.
[0018]) Fig. 11, another view of Fig. 1A, shows a partial perspective view of the plasma
processing chamber including an adjustment mechanism for adjusting the orientation of the
lower electrode in the plasma processing chamber in accordance with one or more embodiments
of the present invention.

[0019] Fig. 1J, another view of Fig. 1B, shows a partial side view of the plasma
processing chamber illustrating the first rotation (or the pitch) of the lower electrode in
accordance with one or more embodiments of the present invention.

[0020] Fig. 1K, another view of Fig. 1C, shows a partial rear view of the plasma
processing chamber illustrating the second rotation (or the roll).of the lower electrode in

accordance with one or more embodiments of the present invention.
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[0021] Fig. IL, anbther view of Fig. 1D, shows a partial side view of the adjustment
mechanism in accordance with one or more embodiments of the present invention.

[0022] ' Fig. IM, another view of Fig. 1E, shows a partial perspective view of the pitch
adjustment user interface of the adjustment mechanism in accordance with one or more
embodiments of the present invention.

(0023] Fig. IN, another view of Fig. 1F, shows a partial exploded view of the adjustment
mechanism in accordance with one or more embodiments of the present invention.

[0024] Fig. 10, another view of Fig. 1G, shows a perspective view of the roll adjustment
cam of the adjustment mechanism in accordance with one or more embodiments of the present
invention.

[0025] Fig. 1P, another view of Fig. 1H, shows a partial perspective view of the roll
adjustment user interface of the adjustment mechanism in accordance with one or more
embodiments of the present invention.

[0026] Fig. 2A shows a partial cutaway view of a plasma processing system including
mechanisms for controlling temperatures of components of the plasma processing system in
accordance with one or more embodiments of the present invention.

[0027] Fig. 2B shows a partial cutaway view of an electrode assembly of the plasma
processing system including thermal insulation mechanisms in accordance with one or more
embodiments of the presént invention.

[0028] Fig. 2C shows a partial perspective view of the plasma processing system
including thermally resistive members/mechanisms in accordance with one or more
embodiments of the present invention.

[0029] Fig. 2D shows a partial cutaway view of the plasma processing system including
the thermally resistive members/mechanisms in éccordance with one or more embodiments of
the present invention.

[0030] Fig. 2E shows a perspective view of a support plate of the plasma processing
system with thermally resistive members/mechanisms implemented therein in accordance with
one or more embodiments of the present invention.

[0031] Fig. 2F shows a partial perspective view of a lift plate of the plasma processing
system thermally resistive members/mechanisms implemented therein in accordance with one or

more embodiments of the present invention.
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[0032] | Fig. 3 shows a partial cutaway view of a plasma processing system including
thermally resistive members/mechanisms for controlling temperatures of components in
accordance with one or more embodiments of the present invention.

DETAILED DESCRIPTION
[0033] The present invention will now be described in detail with reference to a few
embodiments thereof as illustrated in the accompanying drawings. In the following description,
numerous specific details are set forth in order to provide a thorough understanding of the
present invention. It will be apparent, however, to one skilled in the art, that the present
invention may be practiced without some or all of these specific details. In other instances, well
known process steps and/or structures have not been described in detail in order to not
unnecessarily obscure the present invention. »
[0034)] One or more embodiments of the invention relate to a plasma processing system
with mechanisms for controlling temperatures of components of the plasrﬁa processing system.
The plasma processing system may include a plasma processing chamber having a chamber wall.
Inside the plasma processing chamber, the plasma processing system may include an electrode
that may support a substrate during plasma processing; and a bias housing that fnay enclose a
bias power source and may support the electrode. Outside the plasma processing chamber, the
plasma processing system may include a support plate and a lift plate. The lift plate may be
disposed between the chamber wall and the support plate. The plasma processing system méy
also include bearing mechanisms for coupling the lift plate with the chamber wall and for |
guiding the movement of the lift plate. The plasma processing system may also include a
cantilever that may couple the bias housing with the support plate for supporting the weights of
the bias housing, the electrode, the substrate, etc. The plasma processing system may also
include temperature control mechanisms, such as thermal insulation members, one or more
electrical fans, and thermally resistive members/mechanisms, discussed below, for controlling
temperatures of components of the plasma processing system to optimize operation and extend
life spans for the components.
[0035] The plasma processing system may include insulation members, such as one or
more thermally insulative rings, disposed between the electrode and the bias housing.
Accordingly, the effect of the temperature change (e.g., ranging from -10 °C to 80 °C) of the

electrode may be limited to the electrode without substantially propagating to other components
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of the plasma processing system. Advantageously, problems conceming unwanted thermal
expansion and condensation may be minimized or prevented, and components (e.g., mechanical
components and electrical components) of the plasma processing system may be protected.
[0036] The plasma processing system may also include a fan for blowing ambient
temperature air (e.g., the air from the fabrication facility with temperature of about 20 °C) at the
support plate, thereby minimizing temperature variations for the support plate and members
thermally coupled with the support plate, such as the cantilever and the bias housing.
Advantageously, the components of the plasma processing system may be further protected.

[003 7] The plasma processing system may also include one or more thermally resistive
members/mechanisms serving as interfaces between the lift plate and the support plate.
Accordingly, even if the temperature c_hange of the electrode during plasma processing causes a
substantial temperature change of the support plate through the thermal coupling provided by the
cantilever, the temperature of the lift plate may still remain substantially constant. As a result,
there may not be substantial, unwanted expansion or contraction of the lift plate to exert
unnecessary loads on components coupled with the lift plate, such as the bearing mechanisms.
Advantageously, the components coupled with the lift plate may operate properly and méy have
long life spans. 7

- [0038] The plasma processing system may not requirel complicated heating and cooling
arrangements or devices, such as electrical resistance heaters or coolant channels. Accordingly,
the manufacturing and maintenance costs for the plasma processing system may be minimized.
[0039] . The plasma processing system may also include a mechanism for adjusting
electrode-to-electrode parallelism. Since the temperature variations of components related to
adjusting the electrode-to-electrode parallelism are minimized, the electrode-to-electrode
parallelism may be accurately adjusted and may be maintained for a long period without frequent
calibration. Advantageously, efforts and costs for optimizing plasma processing may be
minimized.

[0040] One or more embodiments of the invention relate to a mechanism for adjusting
electrode-to-electrode parallelism in a plasma processing system. The mechanism may
separately adjust the orientation/rotation of the lower electrode in the pitch (front to back) and
roll (side to side) directions. The mechanism may include low-cost, simple parts that collectively

accomplish the high-precision adjustment for parallelism with a low combined cost.
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[0041] The mechanism may allow electrode orientation/parallelism adjustment to take
place while the system is under vacuum, at atmosphere, and/or in-situ, since the user interfaces
of the mechanism are disposed outside the plasma processing chamber. The mechanism may
also allow the adjustment to be made with minimum or no disassembly of the plasma processing
system.

[0042) The mechanism may enable precise electrode orientation/parallelism adjustment.
Precise adjustment of parallelism with accuracy up to 0.0l mm can easily be achieved. The
mechanism may also include calibrated index marks to give clear feedback of the amount of
adjustment, thereby eliminating the need for iterative adjusting and measuring.
[0043] The mechanism may also enable locking electrode orientation/parallelism
settings. Once an adjusted electrode orientation/parallelism setting is securely locked down, the
setting should stay unchanged through normal vibrations and shipping loads.

[0044] By utilizing low-cost parts and allowing fast adjustment-locking of parallelism to »
a precise level, the mechanism may reducing the need for tight manufacturing folerances on
major components and may cost-effectively optimize process performance with regard to
electrode parallelism. '

[0045] One or more embodiments of the invention relate to a plasma processing system
that includes the electrode orientation/parallelism adjustment mechanism discussed above and
further discussed in the examples below.

[0046] The features and advantages of the present invention may be better understood
with reference to the figures and discussions that follow.

[0047] Fig. 1A shows a partial perspective view of a plasma processing chamber 198
including a mechanism 100 for adjusting the orientation of a lower electrode 110 (or chuck 110)
in accordance with one or more embodiments of the present invention. For optimizing the
processing yield in plasma processing chamber 198, the electrode-to-electrode parallelism
between an upper electrode 198 and lower electrode 110 may be ensured by adjusting the
orientation of lower electrode 110.

[0048] Mechanism 100 may include a tunnel support plate 102 (support plate 102)
coupled with lower electrode 110 through a cantilever 114 and a bias housing 112. Mechanism
100 may also include a pitch adjustment screw 106 for adjusting the pitch of lower electrode
110; the pitch of lower electrode 110 is illustrated in the example of Fig. 1B. Mechanism 100



WO 2009/152259 PCT/US2009/046931

may also include a roll adjustment cam 104 for adjusting the roll of lower electrode 110; the roll
of lower electrode 110 is illustrated in the example of Fig. 1C.

[0049] Fig. IB shows a partial side view of plasma processing chamber 198 illustrating a
first rotation 192 (pitch 192) in accordance with one or more embodiments of the present
invention. Mechanism 100 may facilitate the adjustment of first rotation 192 (pitch 192) of
lower electrode 110 with respect to a pitch axis 118. Pitch axis 118 is substantially orthogonal to
a substrate insertion direction 116, in which a substrate may be inserted into plasma processing
chamber 198.

[0050] Fig. 1C shows a partial rear view of plasma processing chamber 198 illustrating a
second rotation 194 (roll 194) in accordance with one or more embodiments of the present
invention. Mechanism 100 may facilitate the adjustment of second rotation 194 (roll 194) of
lower electrode 110 with respect to a roll axis 120. Roll axis 120 is substantially parallel to
substrate insertion direction 116

[0051] Fig. 1D shows a partial side view of mechanism 100 in accordance with one or
more embodiments of the present invention. In mechanism 100, support plate 102 may be
disposed outside a chamber wall 126 of plasma processing chamber 198 (shown in the example
of Fig. 1A). Support plate 102 may be pivoted relative to chamber wall 126, for example, by
pivot 122 and/or another pivot mechanism at a portion 138, e.g., the upper portion, of support
plate 102. The support plate may have a thread 146 that may engage a thread 128 of pitch
adjustment screw 106. Accordingly, turning pitch adjustment screw 106 may cause the
translation of a portion 140 (e.g., the lower portion) of support plate 102 relative to pitch
adjustment screw 106 in an outward direction 142 or an inward direction 144. The translation of
portion 140 of support plate 102 may cause rotation of support plate 102 with respect to chamber
wall 126. Since support plate 102 is coupled with lower electrode 110, the rotation of support
plate 102 following direction 142 or 144 may substantially cause rotation of lower electrode 110
with respect to pitch axis 118. The precision of threads 146 and 128 may enable the amount of
rotation 192 of lower electrode 110 to be stably and precisely adjusted.

[0052] Mechanism 100 may also include a lift plate 124 disposed between chamber wall
126 and support plate 102. Mechanism 100 may also include one or more bearings, such as
bearings 134 and 136, coupled with lift plate 124 and chamber wall 126. The one or more

bearings may facilitate and/or guide the movement of support plate 102 relative to chamber wall
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126 (e.g., translation in direction 142 or 144, and/or translation in a direction perpendicular to
direction 142 or 144), for smooth and precise adjustment of rotation 192 of lower electrode 110.
[0053] Mechanism 100 may also include a clamping mechanism, for example, including
a split clamp 132 and a clamp screw 130, for locking/fastening pitch adjustment screw 106 to
support plate 102, thereby preventing pitch adjustment screw 106 from rotation and translation.
ForAexample,' it may be desirable to have pitch adjustment screw 106 clamped after the pitch
adjustment for lower electrode 110 has been completed for locking dowﬁ the setting. Split clamp
132 may surround pitch adjustment screw 106. Clamp screw 130 may be disposed substantially
perpendicular to pitch adjustment screw 106 and may be coupled with split clamp 132 for
pressving split clamp 132 to secure pitch adjustment screw 106. A tool slot may be implemented
on clamp screw 130 for facilitating the user to rigidly lock/clamp the entire mechanism 100 once
the pitch adjustment has been completed. '

[0054]) Fig. 1E shows a partial perspective view of a user interface 182 of mechanism

100 for adjusting pitch 192 of lower electrode 110 in accordance with one or more embodimenfs
of the present invention. User interface 182 may include at least one pitch adjustment index 150
implemented on support plate 102 for providing visual feedback concerning pitch adjustment to
a user. User interface 182 may also include an indicator 148 implemented on pitch adjustment
screw 106 for cooperating with pitch adjustment index 150 to indicate the amount of pitch
adjustment. Alternatively or additionally, a pitch adjustment index may be implemented on pitch
adjustment screw 106, and/or an indicator may be implemented on support plate 102.

[0055] Mechanism 100 may also include a pitch adjustment clamp screw 106A coupled
with and at least partially inserted into pitch adjustment screw 106. Pitch adjustment clamp
screw 106A may secure pitch adjustmeht screw 106 to support plate 102. A tool slot 186 may be
implemented on a pitch adjustment clamp screw 106A for facilitating the user to rigidly
lock/clamp pitch adjustment screw 106 and/or the entire mechanism 100 once the pitch
adjustment has been completed.

[0056) In one or more embodiment, pitch adjustment screw 106 may be coupled with an
automatic control mechanism for controlling the pitch adjustment and/or calibration in an
automatic fashion. The automatic control mechanism may include, for example, a sensor, a

control logic unit, and a motor (e.g., a high-resolution step motor).
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[0057] Fig. IF shows a partial exploded view of mechanism 100 in accordance with one
or more embodiments of the present invention. Mechanism 100 may include a roll adjustment
bar 154 coupled with roll adjustment cam 104 and may be actuated by roll adjustment cam 104.
Roll adjustment bar 154 may be coupled with support plate 102 by pitch adjustment screw 106.
Accordingly, through roll adjustment bar 154, roll adjustment cam 104 may actuate translation of
portion 140 of support plate 102. As a result, support plate 102 may rotate relative to chamber
wall 126 with respect to pivot 122 (shown in the example of Fig. 1D), thereby causing rotation
194 (roll 194) of lower electrode 110 shown in the example of Fig. 1C.
[0058] Constrained and guided by slot 160 in lift plate 124, roll adjustment bar 154 may
translate along a long axis 164 of roll adjustment bar 154 in direction 166 or 168. Accordingly,
the amount of rotation 194 of lower electrode 110 may be stably and precisely adjusted.
[0059] Mechanism 100 may also include a roll adjustment lock-down screw 158 coupled
with roll adjustment cam 104. Roll adjustment lock-down screw 158 may lock roll adjustment
cam 104 relative to roll adjustment bar 154 and may simultaneously lock roll adjustment bar 154
relative to lift plate 124, thereby preventing (further) rotation 194 (roll 194) of lower electrode -
110. Roll adjustment lock-down screw 158 may be utilized, for example, after roll adjustment
| for lower electrode 110 has been completed.
[0060] Mechanism 100 may also include a washer 162 (e.g., a precision, hardened
washer) couf)led with lift plate 124 for receiving pitch adjustment screw 106. Washer 162 may
protect lift plate 124 from being damaged by pitch adjustment screw 106. Washer 162 may also
provide low friction to facilitate smooth movement of pitch adjustment screw 106, thereby
further smoothing and stabilizing the operation of mechanism 100.
[0061] Fig. 1G shows a perspective view of roll adjustment cam 104 in accordance with
one or more embodiments of the present invention. Roll adjustment cam 104 may include a
portion 172 disposed in an eccentric/offset arrangement with respect to a portion 174 of roll
adjustment cam 104, for enabling roll adjustment cam 104 to actuate roll adjustment bar 154
(shown in the example of Fig. 1F). Roll adjustment cam 104 may be replaced with other
replacement roll adjustment cams with different eccentric/offset arrangements for particular
actuation effects that suit particular roll adjustment needs.
[0062] Fig. 1H shows a partial perspective view of a user interface 184 mechanism 100

for adjusting roll 194 of lower electrode 110 in accordance with one or more embodiments of the
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present invention. User interface 184 may include at least one roll adjustment index 178
implemented on lift plate 124 for providing visual feedback conceming roll adjustment to a user.
User interface 184 may also include an indicator 180 implemented on roll adjustment cam 104
for cooperating with roll adjustment index 178 to indicate the amount of roll adjustment.
Alternatively or additionally, a roll adjustment index may be implemented on roll adjustment
cam 104, and/or an indicator may be implemented on lift plate 124, A tool slot 176 may be
implemented on roll adjustment cam 104 for facilitating the user to perform the roll adjustment,
for example, utilizing a screw driver.

[0063] In one or more embodiment, roll adjustment cam 104 and/or pitch adjustment
screw 106 may be coupled with an automatic control mechanism for controlling pitch and/or roll
adjustment and/or calibration in an automatic fashion. The automatic control mechanism may
include, for example, a sensor, a control logic unit, and a motor (e.g., a high-resolution step
motor).

[0064] Fig. 2A shows a partial cutaway view of a plasma processing system 200
including mechanisms for controlling temperatures of components of plasma processing system
200 in accordance with one or more embodiments of the present invention. Plasma processing
system 200 may include a plasma processing chamber 298, having a chamber wall 226, for
enclosing the substrate to be processed and for containing the plasma generated for processing
the substrate. '
[0065] Inside plasma processing chamber 298, plasma processing system 200 may
include an electrode assembly 288. Electrode assembly 288 may include an electrode 210 (or
chuck 210) that may support the substrate during plasma processing. Electrode assembly 288
may also include a bias houéing 212 (or support member 212) that may enclose a bias power
source and may support electrode 210. Electrode assembly 288 may also include one or more
thermal insulation members, such as insulator 216, disposed between electrode 210 and bias
housing 212. Accordingly, the effect of temperature change (e.g., ranging from -10 °C to 80 °C)
of electrode 210 may be limited to electrode 210 without substantially propagating to other
components of plasma processing system 200 through bias housing 212. Advantageously,
problems concerning unwanted thermal expansion and condensation may be minimized or
prevented, and components (e.g., mechanical components and electrical components) of plasma

processing system 200 may be protected from damage and/or malfunction. Electrode assembly
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288 and the thermal insulation members are further discussed with reference to the example of
Fig. 2B.

[0066] Outside plasma processing chamber 298, plasma processing systemn 200 may
include a tunnel support plate 202 (or support plate 202). Plasma processing system 200 may
also include a lift plate 224 disposed between chamber wall 226 and support-plate 202. Plasma
processing system 200 may also include one or more bearing mechanisms (such as bearing
mechanism 234, bearing mechanism 236, and-bearing rail 238) for coupling lift plate 224 with
chamber wall 226 and for precisely guiding the movement of lift plate 224 (thereby precisely
guiding the motion of the cantilevered electrode 210). In one or more embodiments, given
material characteristics and small contact areas, the one or more bearing mechanisms may
introduce thermal isolation between lift plate 224 and chamber wall 226. For example, a bearing
mechanism may include stainless steel ball bearings that provide low thermal conduction and
small contact points. '

[0067] Plasma processing system 200 may also include a cantilever 214 that may couple
bias housing 212 with support plate 202 for supporting the weights of electrode assembly 288,
the substrate, etc. Cantilever 214 may also be utilized for controlling the motion of electrode
assembly 288 to adjust the electrode-to-electrode parallelism for plasma processing system 200.
[0068] Plasma processing system 200 may also include one or more thermally resistive
members/mechanisms serving as interfaces between lift plate 224 and support plate 202 for
providing thermal isolation between lift plate 224 and support plate 202. The one or more
thermally resistive members/mechanisms may include members made of low-thermal-
conductivity material, such as stainless steel, and/or thermally insulative material, such as
ceramic material. Accordingly, even if the temperature change of electrode 210 during plasma
processing causes a substantial temperature change of support plate 202 through the thermal
coupling provided by cantilever 214, the temperature of lift plate 224 may still remain
substantially constant. As a result, there may not be substantial, unwanted expansion or
contraction of lift plate 224 to exert unnecessary loads on components coupled with lift plate
224, such as the bearing mechanisms. Advantageously, the components coupled with lift plate
224 may operate properly and may have long life spans. The thermally resistive l
members/mechanisms are further discussed with reference to the examples of Figs. 2C-2F.
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[0069] Plasma processing system 200 may also include one or more fans, such as a
electrical fan 274, for blowing ambient temperatufe air (e.g., the air from the fabrication facility
with temperature of about 20 °C) at support plate 202 (disposed between chamber wall 226 and
electrical fan 274), thereby minimizing temperature variations for support plate 202 and
members thermally coupled with support plate 202, such as cantilever 214 and bias housing 212.
Advantageously, the components of plasma processing system 200 may be further protected
against unwanted thermal expansion and condensation. Plasma processing system 200 may
include an enclosure enclosing plasma processing chamber 298, lift plate 224, tunnel support
plate 202, etc., wherein electrical fan 274 may introduce the ambient temperature air into the
enclosure. Support plate 202 may include ridges (such as ridge 272, disposed facing electrical
fan 274) to maximize the surface area of support plate 202 that is exposed to the ambient
temperature air for effectively minirhizing temperature variations of support plate 202 as well as
components thermally coupled with support plate 202. '

[0070] With the thermal insulation members and/or the thermally resistive members for
introducing thermal isolation and with the one or more fans for introducing ambient temperature
air, plasma processing system 200 may not require complicated, expensive h;aating and cooling
arrangements or devices, such as electrical resistance heaters or coolant channels. Accordingly,
the manufacturing and maintenance costs for plasma processing system 200 may be minimized.
[0071] Fig. 2B shows a partial cutaway view of electrode assembly 288 of plasma
processing system 200 (shown in the example of Fig. 2A) including thermal insulation
mechanisms in accordance with one or more embodiments of the present invention. For
example, the thermal insulation mechanisms may include insulator 216 (e.g., an insulative ring)
disposed between bias housing 212 and electrode 210; a first o-ring disposed between insulator
216 and electrode 210 (e.g., installed at o-ring groove 252 of electrode 210); and a second o-ring
disposed between insulator 216 and bias housing 212 (e.g., installed at o-ring groove 254 of bias
housing 212). Insulator 216 and the o-rings may be made of thermally insulative material. For
example, insulator may be made of ceramic material, such as alumina; the o-rings may be made
of flouro silicon material. Accordingly, the temperature change of electrode 210 may be isolated
without substantially propagating through bias housing 212.

[0072]  The outer diameter of the first o-ring (installed at o-ring groove 252) may be
minimized to maximize a vacuum interface 266 between insulator 216 and electrode 210. The
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inner diameter of the first o-ring also may be minimized to minimize an atmospheric interface
262 between insulator 216 and electrode 210. Accordingly, the thermal isolation between
insulator 216.and electrode 210 (and therefore the thermal isolation between bias housing 212
and electrode 210) may be reinforced.

[0073]  Similarly, the outer diameter of the second o-ring (installed at o-ring groove 254) may
be minimized to maximize a vacuum interface 268 between insulator 216 and bias housing 212;
the inner diameter of the second o-ring also may be minimized to minimize an atmospheric
interface 264 between insulator 216 and bias housing 212. Accordingly, the thermal isolation
between insulator 216 and bias housing 212 (and therefore the thermal isolation between bias
houéing 212 and electrode 210) may be reinforced.

[0074] Fig. 2C shows a partial perspective view of plasma processing system 200
including thermally resistive members/mechanisms in accordance with one or more
embodiments of the present invention. In the example of Fig. 2C, lift plate 224 and support
plate 202 are shown as translucent for showing the thermal resistive members/mechanisms,
through lift plate 224 and support plate 202 may not be translucent in one or more embodiments’
of the invention. The thermally resistive members/mechanisms may provide thermal isolation
between lift plate 224 and support plate 202. Accordingly, even if the temperature change of
electrode 210 during plasma processing causes a substantial temperature change of support plate
202 through the thermal coupling provided by cantilever 214, the temperature of lift plate 224
may still remain substantially constant. As a result, there may not be substantial, unwanted
expansion or contraction of lift plate 224 to exert unnecessary loads on components coupled with
lift plate 224, such as the bearing mechanisms. Advantageously, the components coupled with
lift plate 224 may operate properly and may have long life spans.

[0075] The thermally members/mechanisms may include a thermally resistive pivot
mechanism 222 (or pivot 222). Pivot 222 may mechanically couple support plate 202, lift plate
224, and chamber wall 226. Pivot 222 may facilitate support plate 202 to rotate with respect to
lift plate 224 and chamber wall 226. Since pivot 222 is made of thermally resistive material,
such as stainless steel, pivot 222 may provide thermal isolation between support plate 202 and
lift plate 224.

[0076] The thermally members/mechanisms may also include one or more thermally

resistive polygon pins, such as a stainless steel hex pin 246 and a stainless steel hex pin 248,
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disposed at support plate 202 to serve as one or more interfaces between support plate 202 and
lift plate 224. The thermally members/mechanisms may also include one or more thermally
resistive members, such as a stainless steel insert 242 and a stainless steel insert 244, disposed at
lift plate 244 to serve as one or more interfaces between support plate 202 and lift plate 224. For
example, a first end of hex pin 246 may be inserted into a round hole of support plate 202, and a
second end of hex pin 246 may protrude or be exposed from support plate 202 to contact an
exposed surface of insert 242 (which may be bolted into lift plate 224). Accordingly, the
thermally resistive hex pin 246 and insert 242 may prevent direct contact between support plate
202 and lift plate 224, thereby providing thermal isolation between support plate 202 and lift
plate 224. Hex pin 246 and insert 242 may have smooth surfaces and may also smooth the
relative movement between support plate 202 and lift plate. In one or more embodiments, the
one or more polygon pins may include one or mbre pins with other configurations, such as
square pins.

[0077] In one or more embodiments, the thermally members/mechanisms may include
one of more thermally resistive polygon pins disposed at lift plate 224 and one or more thermally
resistive members disposed at support plate 202 to serve as one or more interfaces and to provide
thermal isolation between support plate 202 and lift plate 224. In one or more embodiments, the
one or more polygon pins may include one or more square pins and/or hex pins.

[0078] Fig. 2D shows a partial cutaway view of plasma processing system 200 including
the thermally resistive members/mechanisms in accordance with one or more embodiments of
the present invention. As also shown in the example of Fig. 2C, the thermally resistive
members/mechanisms may include pivot 222, hex pin 246, insert 242 for contacting hex pin 246,
hex pin 248, and insert 244 for contacting hex pin 248. One or more of hex pin 246, insert 242,
hex pin 248, and insert 244 may determine the width of a gap 260 between support plate 202 and
lift plate 224. For example, the width of gap 260 may be determined by a protrusion of hex pin
248 protruding from support plate 202 and/or a protrusion of insert 244 protruding from lift plate
224. The width of gap 260 may be configured for the optimal thermal insulation between
support plate 202 and lift plate 224 and for the optimal operation of support plate 202, etc.
[0079] Fig. 2E shows a perspective view of support plate 202 with thermally resistive
members/mechanisms, such as hex pin 246 and hex pin 248, implemented therein in accordance

with one or more embodiments of the present invention. The hex pins may reinforce thermal
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isolation between support plate 202 and lift plate 224 (shown in the examples of Figs. 2C and
2D). As an example, hex pin 246 may be made of stainless steel and may have low thermal
conductivity. An end of hex pfn 246 may be pressed into a round hole 240, and the other end of
hex pin 246.may be exposed to contact insert 242 (shown in the examples of Figs. 2C and 2D).
Hex pin 246 and hole 240 may only contact at the edges along the length of hex pin 246;
therefore, very little thermal conduction may occur between hex pin 246 and support plate 202,
and any thermal exchange between support plate 202 and lift plate 224 may need to be to
conducted along the length of the pin, a much longer path. Further, hex pin 246 may contact
stainless insert 242 bolted into lift plate 224 rather than directly contacting any thermally
conductive portion (e.g., an aluminum portion) of lift plate 224. As a result, thermal isolation
between support plate 202 and lift plate 224 may be reinforced.

[0080] Fig. 2F shows a partial perspective view of lift plate 224 with thermally resistive
members/mechanisms, such as pivot 222, insert 242, and insert 244, implemented therein in
accordance with one or more embodiments of the present invention. Lift plate 224 may have no
direct contact with cantilever 214, which is thermally coupled with support plate 202 (shown in
the example of Figs. 2C-2E). The thermally resistive members/mechanisms may further prevent
lift plate 224 from directly contacting support plate 202 for providing thermal isolation between
lift plate 224 and support plate 202. For example, insert 242 may have a surface 270 exposed
from lift plate 224 and/or a protrusion protruding from lift plate 224 to contact an end of
thermally resistive hex pin 246 (shown in the example of Figs. 2C-2E), thereby preventing direct
contact between lift plate 224 and support plate 202.

[0081] Fig. 3 shows a partial cutaway view of a plasma processing system 300 including
thermally resistive members/mechanisms for controlling temperatures of 'components in
accordance with one or more embodiments of the present invention. In the example of Fig. 3, a
lift plate 324 is shown as partially transparent/translucent for better illustrating embodiments of
the invention, though lift plate 324 may not be transparent/translucent in the embodiments. The
thermally resistive members/mechanisms may mechanically couple lift plate 324 with a support
plate 302. The thermally resistive members/mechanisms may also provide thermal isolation
between lift plate 324 and support plate 302. Accordingly, even if there is substantial
temperature change of support plate 302, the temperature of lift plate 324 may still remain

substantially constant. As a result, there may not be substantial, unwanted expansion or
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contraction of lift plate 324 to éxert unneceésary loads on components coupled with lift plate
324. Advantageously, the components may operate properly and may have long life spans.
[0082]  The thermally resistive members/mechanisms may include, for example, a thermally
resistive bar 354 (or bar 354), a thermally resistive tube 306 (or tube 306), a thermally resistive
screw 390 (or screw 390), a thermally resistive washer 362 (or washer 362). Bar 354 may be
disposed in a slot 360 on the back side of lift plate 324. Tube 306 may be coupled with support
plate 302. Screw 390 may pass through tube 306 to thread into bar 354 for mechanically
coupling/clamping lift plate 324 with support plate 302. Washer 362 may be coupled with lift
plate 324 to receive screw 390. Washer 362 may contact an end of tube 306. Washer 362 and/or
tube 306 may be configured to determine the width of a gap between lift plate 324 and support
plate 302 for optimizing the operation of support plate 302 while reinforcing the thermal
insulation between lift plate 324 and support plate 302,

[0083] In one or more embodiments, support plate 302 may include a thread 346, and
tube 306 may include a thread 338 that may engage thread 346. Tuming tube 306 may enable
translation of a portion 340 of support plate 302 relative to tube 306. The translation of portion
340 of support plate 302 may enable rotation of support plate 302 relative to chamber wall 326
for adjusting the electrode-to-electrode parallelism for plasma processing system 300. Plasma
processing system 300 may also include an index 350 implemented on support plate 302 and an
indicator (e.g., similar to indicator 148 shown in the examples of Figs. 1E and 1M) implemented
on tube 306 for providing visual feedback in adjusting the electrode-to-electrode parallelism.
[0084] One or more embodiments of the invention include one or more combinaﬁons of
features discussed in one or more of the examples of Figs. 1A-3. For example, an embodiment
of the invention may be a plasma processing system including an electrical fan as discussed in
the example of Fig. 2A and one or more rotation adjustment mechanisms as discussed in one or
more of the examples of Figs. 1A-1P. As another example, an embodiment of the invention may
include multiple thermally resistive members/mechanisms discussed with references to the
examples of Figs. 2A-2F and Fig. 3.

{0085) As can be appreciated from the foregoing, in plasma processing systems,
embodiments of the invention may provide low-thermal-conductivity coupling between
components where needed and may provide high-thermal-conductivity coupling thermal

coupling between components where needed, thereby optimizing operation of the components
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and extending the life spans of the components. For example,.embodiments of the invention
may include insulation members disposed between an electrode/chuck and its supporting
member (e.g., a bias housing). Accordingly, the effect of the temperature change of the electrode
may be limited to the electrode without substantially propagating to other components. As
another example, embodiments of the invention may also include thermally resistive members
serving as interfaces between a lift plate and a support plate. Accordingly, even if the change in
the temperature of the electrode during plasma processing causes a substantial change in the
temperature of the support plate, the temperature of the lift plate may still remain substantially
constant. Advantageously, problems concerning unwanted thermal expansion and condensation
may be minimized or prevented; therefore, components (e.g., mechanical components and
electrical components) of the plasma processing system may be protected for desirable operation
for a long time.

[0086] Embodiments of the invention may also include a fan for blowing ambient
temperatufe air at the support plate, thereby minimizing temperature variations for the support
plate and members coupled with the support plate (with good thermal coupling), such as a
cantilever and the bias housing. Advantageously, the components of the plasma processing
system may be further protected.

[0087] Embodiments of the invention may not require complicated, expensive heating
and cooling arrangements or devices, such as electrical resistance heaters or coolant channels.
Advantageously, manufacturing and maintenance costs may be minimized.

[0088] Embodiments of the invention may also include a mechanism for adjusting
electrode-to-electrode parallelism. Since the temperature variations of components related to
adjusting electrode-to-electrode parallelism are minimized, the electrode-to-electrode parallelism
rhay be accurately configured and may be maintained without frequent calibration.
Advantageously, efforts and costs for optimizing plasma processing may be minimized.

[0089] With low-cost parts, embodiments of the invention may allow fast adjustment and
locking of parallelism to a precise level. Accordingly, embodiments of the invention may reduce
the need for costly tight manufacturing tolerances on major components. Advantageously,
embodiments of the invention may cost-effectively optimize process performance with regard to

electrode parallelism.
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[0090] Embodiments of the invention may enable precise electrode
orientation/parallelism adjustment. Embodiments of the invention may also include calibrated
index marks to give clear feedback of the amount of adjustment. Advantageously, the need for
iterative adjusting and measuring required in the prior art may be eliminated.

[0091] Embodiments of the invention may allow the adjustment of electrode orientation
and/or parallelism to take place while a plasma processing system is under vacuum, atmosphere,
and/or in-situ, since the user interfaces are disposed outside the plasma processmg chamber.
Embodiments of the invention may also allow the adjustment to be made with minimum or no
disassembly of the plasma processing system. Advantageously, system down time may be
minimized, and productivity may not be compromised, while the needs for electrode orientation
- and/or parallelism adjustment are satisfied.

[0092] Embodiments of the invention may also enable locking the settings of electrode
orientation/parallelism. An adjusted electrode orientation/parallelism setting may stay
unchanged through normal vibrations and shipping loads. Advantageously, the resources (e.g.,
labor, time, etc.) required for the re-adjustment of electrode orientation/parallelism may be
minimized.

[0093] While this invention has been described in terms of several embodiments, there
are alterations, permutations, and equivalents, which fall within the scope of this invention. It
should also be noted that there are many alternative ways of implementing the methods and
apparatuses of the present invention. Furthermore, embodiments of the present invention may
find utility in other applications. The abstract section may be provided herein for convenience
and, due to word count limitation, may be accordingly written for reading convenience and
should not be employed to limit the scope of the claims. It may be therefore intended that the
following appended claims be interpreted as including all such alternations, pexmuiations, and

equivalents as fall within the true spirit and scope of the present invention.
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Claims:

1. A plasma processing system for processing at least a substrate, the plasma processing,
system comprising:

a plasma processing chamber including at least a chamber wall;

an electrode disposed inside the plasma processing chamber and configured to support
the substrate;

a support member disposed inside the plasma processing chamber and configured to
support the electrode;

a support plate disposed outside the chamber wall;

a cantilever disposed through the chamber wall and configured to couple the support
member with the support plate;

a lift plate disposed between the chamber wall and the support plate;

one or more thermally resistive coupling mechanisms configured to mechanically
couple the lift plate with the support plate;

a thermally resistive polygon pin, a first end of the thermally resistive polygon pin
configured to be inserted into a round hole of the support plate; and

a thermally resistive member configured to be inserted into the lift plate, a surface of
the thermally resistive member configured to contact a second end of the thermally resistive

polygon pin.

2. The plasma processing system of claim 1 wherein at least one of the thermally
resistive polygon pin and the thermally resistive member is configured to determine a gap
between the support plate and the lift plate.

3. The plasma processing system of claim | wherein the thermally resistive polygon pin
represents at least one of a square pin and a hex pin.

4, The plasma processing system of claim 1 wherein the thermally resistive polygon pin
represents a stainless steel pin, and the thermally resistive member represents a stainless steel
insert.

5. The plasma processing system of claim 1 wherein the thermally resistive polygon pin
and the thermally resistive member are configured to prevent direct contact between the
support plate and lift plate and configured to smooth relative movement between the support
plate and lift plate.

6. The plasma processing system of claim 1 further comprising:

wherein at least one of the thermally resistive polygon pin and the thermally resistive
member is configured to configure a gap between the support plate and the lift plate.
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7. The plasma processing system of claim 1 wherein the one or more thermally resistive
coupling mechanisms include one or more thermally insulative coupling mechanisms.

8. The plasma processing system of claim 1 wherein the one or more thermally resistive
coupling mechanisms include one or more coupling mechanisms made of stainless steel.

9. The plasma processing system of claim 1 wherein the one or more thermally resistive
coupling mechanisms include at least a thermally resistive pivot mechanism, the thermally
resistive pivot mechanism configured to facilitate the support plate to rotate with respect to
the chamber wall.

10.  The plasma processing system of claim 1 further comprising a fan configured to blow
air toward the support plate, wherein the support plate is disposed between the chamber wall
and the fan.

11. The plasma processing system of claim 10 wherein the support plate includes a
plurality of ridges disposed facing the fan and configured to maximize a surface area of the
support plate.

12.  The plasma processing system of claim 1 further comprising one or more bearings
coupled with the lift plate and coupled with the chamber wall, the one or more bearings
configured to guide at least translation of at least a portion of the support plate.

13.  The plasma processing system of claim 1 further comprising:
an insulative ring disposed between the support member and the electrode;
a first o-ring disposed between the insulative ring and the electrode; and
a second o-ring disposed between the insulative ring and the support member.

14.  The plasma processing system of claim 13 wherein an outer diameter of the first
o-ring is minimized, to maximize a vacuum interface between the insulative ring and the
electrode.

1S.  The plasma processing system of claim 13 wherein an outer diameter of the second
o-ring is minimized to maximize a vacuum interface between the insulative ring and the
support member.

16. A plasma processing, system for processing at least a substrate, the plasma processing
system comprising:

a plasma processing chamber including at least as chamber wall;

an electrode disposed inside the plasma processing chamber and configured to support
the substrate;

a support member disposed inside the plasma processing chamber and configured to
support the electrode;
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a support plate;

a lift plate disposed between the chamber wall and the support plate, the support plate
being disposed outside the chamber wall and pivotally connected thereto for allowing rotation
of the support plate relative to the lift plate and the chamber wall;

a cantilever disposed through the chamber wall and configured to couple the support
member with the support plate;

one or more thermally resistive coupling mechanisms configured to mechanically
couple the lift plate with the support plate and for providing thermal isolation between the lift
plate and support plate;

a thermally resistive polygon pin, a first end of the thermally resistive polygon pin
configured to be inserted into a round hole of the support plate; and

a thermally resistive member configured to be inserted into the lift plate, a surface of
the thermally resistive member configured to contact a second end of the thermally resistive

polygon pin.

22



o

/ / o / 7
/2,2%@

Upper eleclrode 108

Lower siechrode/chuck 110

Bias housing 112

77 S

,
,
.

.

insertion direction 116
Pitchirotation 192

ustmet

FIG. 1B

Tunne! Support Piate 102

Adiustment mechanism 100
198

™~

Pitch adjustment screw 108

FIG. 1A
J

Roll adjustment cam 104

Rolt axis 120

TR

coceocseeeeeser, = : ll e FIG. 1C

6STTET/600T OM

1€£69+0/600TSN/LOd



Heery 190 Lift plate 124

Pivot 122

Pitchirotation 192 Chamber wall 126
Lower slectrode/chuck 110

Upper portion 138
.

'«,/ ;’;Z;

&

Ti
- unnel support piate 102

%

Lower portion 140
Thread 148

Bias housing 112 Pitch a;cis 118

Cantilever 114 Qutward direction 142

inward diraction 144
Pitch adjustment screw 106

Bearing 134 Thread 128
Spiit clamp 132
Clamp screw 130
" it
v'

Adjustment mechanism 100

FIG. 1D

6STTEI/600T OM

1€69%0/6002SN/LOd



PCT/US2009/046931

WO 2009/152259

Y401 M08 duelo Juaugsnipe ydiid

981 WIS 0L ,/ 901 MBS Ncmws%m? Yol

0

201 @B poddng puun

A

anepsy

By
a

{1951

{6

4L "0

| ¥apii

.
By} JCiesipu]

snsnipe Yo



Tunnet support plate 102

Lower portion 140

Washer 162

Thread 146

Direction 166

Siot 180 Pitch adjustment screw 106

| / Lift plate 124
Chamber wall 126 Rolf adjustment bar 154

t( Long axis 164"

FIG. 1F Direction 168 Roll adjusiment lock-down screw 158

Roll adiustment cam 104

6STTET/600T OM

1€£69%0/6002SN/LOd



WO 2009/152259 PCT/US2009/046931

Rolf adiustment cam 104

Portion 174

:

FIG. 16

Portion 17



WO 2009/152259 PCT/US2009/046931

“

o

N
N R
T T T T G
T T e e e s
T S N
T _n
_TTT_ _=_=_,s
TN _n
T T
N

i

2
%

7
G

s
S
-
iy

//”WWWWWWﬂWMMMMMMMﬂ#ﬂ#%ﬂ%%ﬂ
/w

7

T _—_,
e e_ _,
R T
Nl

e

o

7
e

Al IHHINR
”””””””””W”u””””

s
NN
N

R

\
NN

MMM )
N Nsa

T S

N Nsa
N

N Nsa

_—_—__ e ——_ '

N
4cqg>,,<c¢g>,,4ch”m,,,MW””””ww,,,,,,,,a
X

N

S

N Nsa NN
T __—_——_

it 176

s
5....5....5555.3%” A

=

SR
S ;#///””””/5555/.,.,.,.9.3;5555555555/ 3

R N uuuuuuuuu”””u»u»»u»»»»»ﬂuyﬂuﬂuﬁuﬁ%

AR ///// 5555/.,.,.,.9..zﬁzﬁﬁzﬁzﬁnﬁlﬂﬁﬁ/
N

ool s

R

”#///””””ﬂﬁﬁﬁﬁz.,;;5.355555555;55 T
Mmmmmmmmmmmmmmmmmmm””mwmmy”mmmm””wwwwwwwwwmmmmwmwwwwwwwwwwwwwwwwmmmmmmm N
?....;4...;;;;;.,.,;;;;/”#//Wﬁf%ﬁﬁﬁﬁz.,.,.,.9.355ﬁzﬁﬁﬁﬁﬁﬁﬁy /

R
N

T __—_;s:
R
T _a
T e e _ _= _———_ O,
T Tl R T
/}

b

=

N sS

_____ _=_sf

S //.,./

T é}/}/}/:ﬁ /

N s

T

.S N
Mmmmmmmmmmmmwmmmmmwww NS
R
T
R
T T T T T
.. NS
HN”””””””””WW”””””””” NSNS

N ,,,,,,,,“”””/,”””””””””””””wwwu :

for 180

ica

4

. NN
e

NMIMMRBMIBD

in

?..../..4.5.,555 //////
NAR AR
T
S
//////55.,/555///////554 =
S R 3
%”””””””””W””””ﬂﬂ/ﬁmz
S

NN \
NNk
N

78

T s
S
N
.
. ; :
NS : 3 e

SR
R
3

R

Rolf adjustment index 1

ar interface 184
FIG. TH

U

24

Lit plate 1




FIG. 11

Roll adiustment cam 104

G e —
£

Pitc)}h axis 118 FIG. 1J Rolt axis 120

Adjustment mechanism 100
/ >~ 198

Pitch adjustment screw 106

J

Roll Adjustment /otifmtatian 164
! A

FIG. 1K

6STTET/600T OM

1€£69%0/600TSN/LOd



Pitchirotation 192

Chamber wall 126

Lower electroci\eichuck 110

%
I

Y
g P e

//’*\\

S

Bearing 136

e %

K

Bias housing 1 12 Pitch axis 118

FIG. 1L

Cantilever 114

Inward direction 144/ _______

Lift plate 124
Pivot 122

Upper portion 138

"""" /J unnal support plate 102

Lower portion 140
/
Thread 146

Quiward direction 142

\\ Pich adjusiment screw 106

Bearing 134 Thread 128
Split clamp 132
Clamp screw 130
L. y
TR
Adjustment mechanism 100

6STTST/600T OM

1€£69+0/600TSN/LOd



Indicator 148

o,

Pitch adjustment index 150

o,

- 3

/\/ _-Tunnel Support Plate 102
g

FIG. 1M

Pitch adjustment screw 106 \\\ Tool siot 186

Usar interface 182

Pitch adjustment clamp screw 106A

6STTSI/600T OM

1€69+0/600TSN/LDd



PCT/US2009/046931

WO 2009/152259

P01 Wea usLgshipe 1oy :
891 LORDALQ Ni Ol
851 MBI0S UAMOP-HI0} JSUASHIDR HOM 3R P31 Sxe Buoy y\w
vEE " " 4G Jeq usuasnipe oy 07 oM JequIRy)
824 pea]... » b2} ejeyd 4y /

501 MBI08 JUBWHSHIP? Yolid

9}, uaRIBHQ

9pi peaiy}
29} Bysep

Ot uonsod Jamo

204 syeyd poddns Buuny ‘

AT AR
po R bR

e

N\

091 3018

\4




WO 2009/152259 PCT/US2009/046931

4

ustment cam 1

......

Rol ad

Portion 174

FIG. 10




PCT/US2009/046931

WO 2009/152259

dl "Old

Det JopEspy
8411018 100} 82} ¥apus juausnipe joy

/ \ ¥g1 aorpal 287
m / /

ey
-
At

$Zi aved ¥

O — Sasnmsnnmsnnsnnnsnnnposesel

@

..\.\.\.\.\}.\}.\..< £

E 5

s \\\\\\:\t)\:«

\ Q\\\\‘4‘\\\\* \W
,w”* uwﬁ\ @w\ 7

..... 2 s.::\\\\{




Plasma processing system 200

Plasma processing chamber 288

Lower elecirode/chuck 210 \ Chamber wall 226
P —— Bearing 234 Lift plate 224
/ ‘ e — 55, 5. o . ot v, _
7 _ O
' $ 3 /
= -ﬁ@
— o
Fan 274
3
N
& '
1y . FIG. 2A
/ . / Cantiever 2?4/ B ;\ 236 Bearing rail 238
Bias housing 212 earing earing rai

(support member 212) [ Insulator 218

§

/
Electrode assembly 288

Tunnet support plate 202

-

6S5TTSI/600T OM

1€6910/600TSN/LOd



Electrode assembly 288
Lower electrodelchuck 210

Vacuum interface 266..
MOaring groove 252

e AlTOS GG interface 262

.~ Insulator 216

- Atmospheric interface 264

O-ring groove 254
FIG. 2B

Bias housing 212
{support member 212)

Yacuum interface 268

6STTSI/600T OM

1€£69+0/600ZSN/LDd



PCT/US2009/046931

WO 2009/152259

gyz 1fid xop

byZ basyy
ELT Iond

927 jfers Jaquisyl

¥
’
’
’
;
’
;
14
;
;
;

y22 apeid Yy

207 ayeid poddos jeuun |

\

gpz vid xoH




\J Y
l \ \‘ *

}
Q
/B ‘
-,
N /Y e o ./
w/ 1\( ,;; +ull .' 4 \\\/\\\ \ ‘)ﬁ\

/" Hexpin 246 f \ \\ v \éap 260 \Lsﬂ piate 224
/ insert 242 Pivot 222 \ Chamber wall 226
Tunnel support plale 202 FIG. 2D Hexpin 248\ 4 544 .

6STTST/600T OM

1£69%0/6007SN/LOd



WO 2009/152259

Hex pin 246

Hole 240

Hex pin 24{8 /”mmvmwa

F 4

of

AN
/
M

I'd

PCT/US2009/046931

FIG. 2E




\nset;t 242

Qurface 270 oot 222
Lift plate 724
i

insent 244
J

6STTSY 6007 OM

1£6970/ 600780/ 10d



PCT/US2009/046931

WO 2009/152259

€ 'Ol

00g weyshs Buissaooid suwseld

8CC pEBRY )

Q0¢ 9Gn 1 Ma0s wauashipe Yojid

0gg xepuy .

gpe pesiyy

AR
Ot uoIod BMO'

058 /S
Xoput jusugsnipe yold

A

yGE g
y2e aerd

QTE jjer jsquigyl

/

3
L

IS

09¢ 3018 v



