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ELECTRODE ORIENTATION AND PARALLELISM ADJUSTMENT
MECHANISM FOR PLASMA PROCESSING SYSTEMS
BACKGROUND OF THE INVENTION

[0 fu plasma processing, the shrinking feature sizes and the toplementation of new
materials in the next gencration of device fabrication have put new requirements on plasma
processing equipment. The smaller device features, larger substrate size, and new processing
techmiques (frvolving multi-step recipes, such as for dual-damascene etch) have increased the
challenge to maintain good uniformity scross the waler for better device yields,

f00021 in capacitively coupled RF plasma reactors, the electrode opposite fo the substrate
electrode is generally called the upper electrode. The upper electrode could be grounded, or
have one ar morve radio freguency (RF) power sources attached to it. The substrate electrods 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 = fixed distance from the upper electrode or can be designed for a variable distance from the
upper electrode, In either case, paraflelism of one electrode surface to the other is generally a
critical mechanical parameter that can affect the process performance on the wafer.

[O0033 Due to added complexity, many capacitively coupled RF plasma reacrors forgo
the feature of precise parallelism adjustment between electrodes and rely on tight manufactaring
tolermnces of the assembly components to keep parallelism within acceptable Hmits, This
approach typically adds cost o those components and may limit the ultdmate paraliehism
specification that can be achieved. Other arangements include slots or clearance holes in mating
parts allowing free play to adjust parallelism duning sssembly. This approach is time consuming
and usually reqaires repetitive processes to achieve the correct configuration. The approach may
also require the plasma processing system o be disassembled to some extent to adjust the
necessary components. Other methods attempt to provide a means for adiustiment, but may have
no direct means to correlate the amount of adjustment to the actuaf effect on at least one of the
electrodes. As a result, such metheds nay also require iterative processes to dial in paralielism,
Some of these methods are also vulnerable to shifting of the adjustment over time due to

vibrations, such ag shipping loads.
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SUMMARY
60041 An embodiment of the invention relaies to a mechanism for adjusting an
oriestation of an electrode in a plasma processing chamber. The plasma processing chamber
may be utilized fo process at least a substrate, which may be inserted into the plasma processing
chamber in an insertion direction. The mechanism may inclade a support plate disposed outside
a chamber wall of the plasma processing chamber and pévoted relative to the chamber wall. The
support plate may have a first thread. The mechanism may also include an adjustment screw
having a second thread that engages the first thread, Turning the adjustment screw may cause
wranslation of a portion of the support plate relative to the adjustment screw, The translation of
the portion of the support plate may cause rotation of the support plate refative to the chamber
wall, thereby rotating the slectrode with respect to an axis that is orthogonal 1o the insertion
direction.
[0005} The above surmmary refates o only one of the many embodiments of the
invention disclosed herein and is not intended o limit the scope of the invention, which is set
forth in the claims herein, These and other festures of the present invention will be describad in
more detail below in the detailed description of the invention and in conjunction with the
following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

fo006! The present invention is ithustrated by way of example, and not by way of
limitation, in the figores of the accompanying drawings and in which tike reference numersls
refer to similar elements and in which:
{0007} Fig. 1A shows a partisl perspective view of a plasma processing chanmber
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plasma processing chamber in accordance with ane or morg embodiments of the present

inverdion.

{00081 Fig. 18 shows a partial side view of the plasmas processing chamber lustrating 2
first rotation {or the pitch) of the lower electrode in accovdance with one or more embodiments
of the present invention.

[0009] Fig, 1C shows a partial rear view of the plasma processing chamber illustrating a

second rotation {or the roll) of the lower electrode in sccordance with one or more embodiments

of the present invention,
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(00107 Fig. 10 shows a partial side view of the adjustment mmechanism in accordance
with one or more embodiments of the present fnvention.

{on11] Fig. 1F shows a partial pergpective view of a pitch adjustment user intexface of
the adjustment mechanism in accordance with ene or more embodiments of the present
wvention.

[0012} Fig. 1F shows a pantial exploded view of the adjustment mechanism in
accordance with one or more embodiments of the present tnvention.

60137 Fig. 1G shows a perspective view of a roll adjastment cam of the adjustment
mechanisin in secordance with one or more embodiments of the present invention.

[0014) Fig. 1H shows a partial perspective view of a roll adjustment user interface of the
adjustment mechanizm in accordance with one or more embodiments of the present invention.
[O01s] Fig. 1F another view of Fig. 1A, shows a partial perspective view of the plasma
processing chamber including an adjustent mechanism for adjusting the ortentation of the
lower slectrode in the plasma processing chamber i accordance with one or more embodiments
of the present invention.

[0016] Fig, 1], another view of Fig. 1B, shows a partial side view of the plasma
processing chambey iflustrating the first rotation (or the pitch) of the lower elecrode in
accordance with one or more embodiments of the present invention,

0017} Fig, 1K, another view of Fig. 1C, shows a partial rear view of the plasma
processing chamber Hustrating the second rotation (or the roll} of the lower electrode in

sccordance with one or more embodiments of the present invention,

[0018% Fig. 1L, another view of Fig. 1D, shows g partial side view of the adjustment
mechanism in accordance with one o more embodiments of the present invention.
100197 Fig. 1M, another view of Fig. 1E, shows a partial perspective view of the piwch

adiustment vser interface of the adjostment mechanism in gccordance with one or more

embodiments of the present nvention.

[00201 Fig. IN, another view of Fig. IF, shows a partial exploded view of the adjustment
maechanism in accordance with one or more embodiments of the present invention.

{0021} Fig. 10, snother view of Fig. 1G, shows a perspective view of the roll adjustment

cars of the adjnstment mechanism in accordance with one or more embodiments of the present

Hmverion.
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[0022] Fig. 1P, another view of Fig, 1H, shows a partial perspective view of the roll
adiustment user interface of the adjustment mechanism in accordance with one or more
smbodimenss of the present Invention.

DETAILED DESCRIPTION
[0023} The present invention will now be deseribed in detail with reference to a few
smbodiments thereof as ilhustrated in the accompanying drawings. In the following description,
manerous specitfic details are set forth m order to provide a thorough understanding of the
present invention. It will be apparent, however, to one skiiled in the art, that the present .
invention may be practiced without some or all of these speaific details. In other instances, well
known process steps and/or structures have not been described in detait in order to not
mmmecessarily obscure the present invention.
[0024] One or more enbodiments of the invention relate to a mechanism for adjusting
glectrode-to-electrade parallelism in & plasing processing systemn, The mechanism may
separately adjust the orientation/rotation of the lower electrode in the pitch {front to back) and
roll {side fo side} divections. The mechanism may include low-cost, simple parts that collectively
accomplish the high-precision adjustment for parallelism with & low combined cost.
[002317 The mechanism may allow elecirode orientation/parallelism adjustment to take
place while the system Is under vacuum, at atmosphere, and/or in-sity, since the user interfaces
of the mechanism are disposed ouiside the plasma processing chamber. The mechanism may
also atlow the adjustment to be made with mindmum or 0o disassembly of the plasma processing
system. _
[0026] The mechanism may enable precise clectrode orlentation/parailelism adjustment,
stiment of parallelism with scouracy up 10 .01 pam
mechanism may also include calibrated index marks to give clear feedback of the amount of
adjfustment, thereby eliminating the need for fterative adjusting and measuring.
(0027} The mechanism may also enable focking electrode origmation/parsiletism
settings. Onee an adjusted clectrode ovientation/parallelism setting is securely locked down, the
setting showid stay unchanged through normal vibrations and shipping loads.
(00283 By utilizing low-cost parts and allowing fast adjustment-locking of parallelism to

a precise level, the mechanism may reducing the need for tght manufacturing tolerances on
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major components and may cost-effectively optimize process performance with regard to
electrode paratlelism.

{00291 One or more embodiments of the invention relate to & plasma processing system
that includes the electrode ovientation/parallelisin adjustment mechanisin discussed above and
further discussed in the examples below,

100301 The features and advamages of the present invention may be better understood
with reference tw the figures and discassions that follow.

[0031] Fig. 1A shows a partial perspective view of a plasma processing chamber 1908
incinding s mechanism 100 for adjusting the ordentation of a loser electrode 110 in accordance
with one or more embodiments of the present invention. For optimizing the processing vield in
plasma processing chamber 198, the electrode-to-electrode paralielism between an upper
electrode 198 and lower electrode 110 may be ensured by adjusting the orlentation of fower
electrode 110.

[00321 Mechanism 100 may include a tunnel support plate 102 (support plate 102)
couplad with Jower electrode 110 through a cantilever 114 and a bias housing 112, Mechanism
100 may also include a piteh adjustment serew 106 for adjusting the pitch of lower electrode
110; the pitch of lower electrode 110 15 illustrated in the example of Fig. 1B. Mechanism 100
may also include a roll adjustment carm 104 for adjusting the roll of fower slectrode 110 the voll
of lower electrode 110 15 illustrated in the example of Fig. 1C.

[0033] Fig. 1B shiows partisl side view of plasma processing chamber 198 illnstrating a
first rotation 192 {pirch 192} in accordance with one or more embodiments of the present
prvention, Mechanism 100 may facilitate the adjustent of first rotation 192 (pitch 192) of
lower electrode 110 with respect 10 a pitch axis 118, Piteh axis 118 is substantially orthogonal io
a substrate insestion direction {16, in which a substate may be inserted into plasma processing
chamber 198,

[0034] Fig. 1C shows a partinl rear view of plasma processing chamber 198 illustiating a
second rotation 194 {roll 194} in accordance with one or more embodiments of the present
invention. Mechanism 100 may [acilifate the adjustment of second rotation 194 (roll 194) of

fower electrode 110 with respect to g roll axis 120, Roll axis 120 is substantially paralle! to

substrate Insertion direction 116
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[0035] Fig, 1D shows a partial side view of mechanism 100 in accordance with one or
more embodiments of the present invention, fn mechanisim 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/er another pivol 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
adiustment screw 106, Accordingly, tuming pitch adjustment serew 106 may cause the
transiation of a portion. 140 (e.g., the lower porton) of support plate 102 relative to pitch
adjustment screw 106 in an outward direction 142 or an inward direction 144, The translation of
partion 140 of support plate 102 may caunse rotation of supporr plate 102 with respect wo chamber
wall 126. Since support plate 102 is coupled with lower electrode 110, the rotation of support
piate 102 following direction 142 or 144 may substantially cause rotation of lower electrode 110
with respect to piteh axis 118, The precision of threads 146 and {28 may enable the amount of
rotation 192 of lower electrode 110 1o be stably and precisely adjusted,

[0036] Mechanism 100 may also include & 1t plate 124 disposed between chamber wall
126 and support plate 102, Mechanism 100 may also include one or more bearings, such as
hearings 134 and 136, cougled with Bft plate 124 and chamber wall 126, The one or more
bearings may facilitate and/or guide the movement of support plate 102 relative (¢ chamber wall
126 {e.g., translation in direction 142 or 144, and/or translation in a direction perpendicular to
direction 142 or 144), for simooth and preciss adjustment of rotation 192 of lower electrode 110,
FO037] 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

For example, it may be desirable to have pitch adjustiment screw 106 clamped after the pitch
adinstment for lower elecirode |10 bas been completed for locking down the setting. Split clamp
132 may swround pitch adjustment screw 106, Clamyp screw 130 may be disposed substantially
perpendicular to plich adjustment screw [06 and may be coupled with split clamp 132 for
pressing split clamp 132 to secure pitch adjustment screw 106, A tool slotmay 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.
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[0U38]} Fig. 1E shows a partial perspective view of a user interface 182 of mechanism
100 for adfusting pitch 192 of lower electrode 110 in accordance with one or more embodiments
of the present invention, User interface 182 may include af 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
adivstment. Alternatively or additfonally, a pitch adiustment tndex may be implemented on pitch
adjustment screw 106, anddor an indicator may be implemented on support plate 102,

[0036] Mechanism 100 may also melude a pitch adjustment clamp screw 106A coupled
with and at least partially inserted into pitch adjustment screw 106, Pitch adjustnent clamp
screw 106GA may secure piteh adjustment screw 106 to support plate 102, A tool slot 186 may be
implemented on a pitch adjustment clamp screw 106A for facilitating the user w rigidly
lockiolamp pitch adjustment screw 106 and/or the entire mechanism 100 once the pitch
adjustnient has been completed.

00407 I one or more embodiment, pitch adjustment screw. 106 may bz coupled with an
mfomatic control mechanism for controlling the pirch adjustment and/or calibration in an
awtommatic fashion, The antomatic control mechanism may include, for example, a sensor, a
control logic andt, and a motor {e.g., & high-resolution step motor).

o041} Fig, 1F shows a partial exploded view of mechantsm 100 in accordance with one
or more embodiments of the present invention, Mechanism 100 may include a roll adjusiment
bar 154 coupled with roll adjustment cam 104 and may be actuated by roll adjustment cam 104,
Rall adjustment bar 154 may be coupled with support plate 102 by piech adjustment screw 106
Accordingly, through roll adjustment bar 154, roli adjustrnent cam 104 may acivate iransiation of
portion 140 of support plate 102, As aresult, support plate 102 may rotate relative to chamber
wall 128 with respect to pivot 122 (shown in the example of Fig. 1D), thereby causing rotation
194 (roll 194) of lower elecrode 116 shown in the example of Fig, 1C,

{0042] Coustrained and guided by stot 160 in Bt plate 124, roll adjustment bar 154 may
tranglate along a fong axis 164 of rolf adjustment bar 154 in divection 166 or 168, Accordingly,
the amount of rotation 194 of lower electrode 110 may be stably and precisely adjusted.

[0043] Mechanism 100 may also include a roll adjustment lock-down screw 158 coupled

with rolf adjustment cam 104, Roll adjustment lock-down screw 188 may lock roll adjusiment

~X



WO 2009/100288 PCT/US2609/033318

cam 104 refative to roll admsimam'bar L34 and may sinvultanecusty Tock roll adhustmesnt bar 134
relative to it plate 124, thereby preventing (firther) rotation 194 (rolf 1943 of Tower electrode
110. Roll adjustment lock-dows screw 158 may be utilizned, for example, after roll adjustment
for lower electrode 110 has been completed.

{00441 Mechanism 100 may also include a washer 162 {e.g., 2 precision, hardened
washer) coupled with hit plate 124 for receiving pitch adjustment screw 106, Washer 162 way
protect lift plate 124 from being damaged by pitch adjustment screw 106, Wagher 162 may also
provide low fiiction fo facilitate smooth movement of pitch adjustment screw 106, thereby
further smoothing and stabilizing the operation of mechanism 100,

o045} Fig. 1G shows a perspective view of rolf adjustmnent cam 104 in accordance with
one ot more embodiments of the present invention. Roll adjustment cam 104 may include a
portion 172 disposed in an eccentric/offsed arrangement with respect to a portion 174 of roli
adjustruent cam 104, for enabling roll adjustmcn% 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 suil particular roll adjustment needs.

{0461 Fig. 1H shows a partial perspective view of a user interface 184 mechanism 100
for adjusting 1ol 194 of lower electrode 110 In accordance with one or more embodiments of the
present invention. User interface 184 may include at least one roll adjustment index 178
implemented on lift plate 124 for providing visual feedback concerning roll adjustment fo @ wser.
User interfhce 184 may also include an indicator 180 oplemented on roll adjostment cam 104
for cooperating with roll adjustment mdex 178 to indicate the amount of roll adjustment.
Alernatively or additionally, a roit adjusiment index may be implemented on roll adjustment
cam 104, and/or an indicator may be implemented on Jift plate 124, A ool slot 176 may be
implemented on rolf adjustment cam 104 for facilitating the user 1o perform the rotl adiustment,
for example, utilizing a screw driver.

[Q047] In one or more embodiment, roll adjustment cam 104 and/or pitch adjusmient
serew 106 may be coupled with an gutomatic coptral mechanism for controlling pitch and/or roll
adjustment and/or calibration in an sutomatic fashion. The avtomatic corttrol mechanism may

include, for example, a sensor, a control logic anit, and a motor (e.¢., a high-resolution step

MoOtor).
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f00481 Az can be appreciated from the foregoing, with low-cost parts, embodiments of
the invention may allow fast adjustment and locking of paratlelism o 2 precise level
Accordingly, embodiments of the invention may reduce the need for costly tight manufaciering
tolerances on major components, Advantageously, embodiments of the invention may cost-
effectively optimize process performance with regard to electrode paralielism,

{0049] Embodiments of the hyvention may enable precise elestrode
orientation/parallelism adivstment. Embodiments of the invention may also include calibrated
index marks to give clear feedback of the amount of adjustment. Advantageously, the need for
jerative adjusting and measuring required in the prior art may be eliminated.

fO050} Embodimenss of the invention mayv allow the adjustment of electrode orientation
andfor parallelism fo take place while a plasma processing svstem is under vacuum, atnosphere,
and/or in-sity, since the user interfaces are disposed outside the plasyna processing chamber,
Embodiments of the invention may alse allow the adjustment to be made with minisaum or no
disassembly of the plasma processing svstem. Advantageously, system down titne may be
minimized, and productivity may not be compromised, while the needs for electrode orientation
andfor parallelism adjustmen are satisfied,

{00311 Embodiments of the invention may also enable locking the settings of electrode
orientation/paralielam, An adjusted clectrode orientation/parallelism setling may stay
wnchanged through normal vibrations and shipping foads. Advantageously, the resources (e.q.,
labor, time, ote.) required for the re-adfostment of elecirode orentation/paratielism may be
minimized.

foos2] While this invention has been described in terms of several embodiments, there
are alterations, permaiations, and equivalemts, which falf within the scope of this invention, }
shauld also be noted that there are many altermative ways of implementing the methods and
apparstuses of the present invention, Furthermore, embodiments of the present invention may
find wtility in other applications. The abstract section may be provided herein for convenience
ard, due to word count limitation, may be accordingly writien for reading convenience and
should not be employed to Hmit the scope of the claims. It may be therefore intended that the
following appended claims be interpreted as including all such aliernations, permutations, and

equivalents as fall within the ue spirit and scope of the present invention,
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CLAIMS
MCSLLP

What is claimed is:

I. A mechanism for adjusting an orientation of a first electrode in a plasma
processing system, the plasma processing system configured for processing at least a
substrate, the plasma processing system further including at least a plasma processing
chamber, the plasma processing chamber including at least a chamber wall, the first
electrode positioned inside the plasma processing chamber, the substrate configured to be
inserted into the plasma processing chamber in an insertion direction, the mechanism
comprising:

a support plate coupled with the first electrode, the support plate having a first
thread, the support plate disposed outside the chamber wall and piveted relative to the
chamber wall; and

a cantilever configured to couple the support plate with the first electrode:

an adjustment screw having a second thread, the second thread engaging the first
thread for pitch adjustment, wherein turning the adjustment screw causes a first
translation of a portion of the support plate relative to the adjustment screw, the first
transiation of the portion of the support plate configured to cause a first rotation of the
support plate inward or outward relative to the chamber wall, the first rotation of the
support plate configured to cause a first rotation of the first electrode with respect to a

first axis that is orthogonal to the insertion direction,
2. The mechanism of claim 1 further comprising a first clamp screw coupled with
the adjustment screw and at least partially inserted into the adjustment screw, the first

clamp screw configured to secure the adjustment screw to the support plate.

3. The mechanism of claim 2 further comprising:

a clamp coupled with the adjustment screw; and
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a second clamp screw disposed perpendicular to the adjustment screw, the second
clamp screw coupled with the clamp, the second clamp screw configured to press the

clamp to fasten the adjustment screw to the support plate.

4. The mechanism of claim I further comprising:

a first index implemented on the support plate for providing visual feedback
concerming the first rotation of the first electrode; and

a first indicator implemented on the adjustment screw for cooperating with the

first index to indicate an amount of the first rotation of the first electrode,

5. The mechanism of claim | further comprising:

a first index implemented on the adjustment screw for providing visual feedback
concerning the first rotation of the first electrode; and

a first indicator implemented on the support plate for cooperating with the first

index to indicate an amount of the first rotation of the first electrode.

6. The mechanism of claim 1 further comprising:

a lift plate disposed between the chamber wall and the support plate, the lift plate
coupled with the support plate; and

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 the first translation of the

portion of the support plate.

7. The mechanism of claim 1 further comprising a washer coupled with the support
plate, the washer configured to receive the adjustment screw, the washer further

configured to protect the lift plate from being damaged by the adjustment screw.

8. A mechanism for adjusting an orientation of a first electrode in a plasma
processing system, the plasma processing systern configured for processing at least a
substrate, the plasma processing system further including at least a plasma processing

chamber, the plasma processing chamber including at least a chamber wall, the first

It
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electrode positioned inside the plasma processing chamber, the substrate configured to be
inserted into the plasma processing chamber in an insertion direction, the mechanism
comprising:

a support plate coupled with the first electrode, the support plate having a first
thread, the support plate disposed outside the chamber wall and pivoted relative to the
chamber wall;

an adjustrnent screw having a second thread, the second thread engaging the first
thread, wherein turning the adjustment screw causes a first translation of a portion of the
support plate relative to the adjustment screw, the first translation of the portion of the
support plate configured to cause a first rotation of the support plate relative to the
chamber wall, the first rotation of the support plate configured to cause a first rotation of
the first electrode with respect to a first axis that is orthogonal to the insertion direction;
and

a cam coupled with the support plate, the cam configured to cause a second
translation of the portion of the support plate relative to the chamber wall, the second
translation of the portion of the support plate configured to cause a second rotation of the
support plate relative to the chamber wall, the second rotation of the support plate
configured to cause a second rotation of the first electrode with respect to a second axis,

the second axis parallel to the insertion direction.

G. The mechanism of claim 8 further comprising:

a bar coupled with the cam and coupled with the adjustment screw, the bar
configured to be actuated by the cam, the support plate coupled with the bar by the
adjustment screw; and

a lift plate disposed between the chamber wail and the support plate, the lift plate
including at least a slot coupled with the bar, the slot configured to guide and Hmit

movement of the bar, thereby limiting the second rotation of the first electrode.

10, The mechanism of claim 9 further comprising one or more bearings coupled with

the lift plate and coupled with the chamber wall, the one or more bearings configured to

12
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guide at least the first translation of the portion of the support plate and the second

translation of the portion of the support plate.

1. The mechanism of claim 9 further comprising a lock-down serew coupled with
the cam, the lock-down screw configured to lock the cam to the bar, the lock-down screw

further configured to lock the bar to the lift plate.

12, The mechanisim of claim 9 further comprising:

a second index impiemented on the lift plate for providing visual feedback
concerning the second rotation of the first electrode; and

a second indicator implemented on the cam for cooperating with the second index

o indicate an amount of the second rotation of the first electrode.

13, The mechanism of ¢claim 9 further comprising:

a second index implemented on the cam for providing visual feedback concerning
the second rotation of the first electrode; and

a second indicator implemented on the lift plate for cooperating with the second

index to indicate an amount of the second rotation of the first electrode.

14, The mechanism of claim 8 further comprising a control unit coupled with the
adjustment screw and the cam, the control unit configured to automatically adjust the first

rotation of the first electrode and the second rotation of the first electrode.

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

a plasma processing chamber, the plasma processing chamber including at least a
chamber wall, the substrate configured to be inserted into the plasma processing chamber

in an ingertion direction;

a first electrode positioned inside the plasma processing chamber;

13
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a support plate coupled with the first electrode, the support plate having a first
thread, the support plate disposed outside the chamber wall and pivoted relative to the
chamber wall;

a cantilever configured to couple the support plate with the first electrode; and

an adjustment screw having a second thread, the second thread engaging the first
thread to provide pitch adjustment, turning the adjustment screw configured to cause a
first translation of a portion of the support plate relative to the adjustment screw, the first
translation of the portion of the support plate configured to cause a first rotation of the
support piate inward or outward relative to the chamber wall, the first rotation of the
support plate configured to cause a first rotation of the first electrode with respect to a

first axis, the first axis orthogonal fo the insertion direction.

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

a plasma processing chamber, the plasma processing chamber including at least a
chamber wall, the substrate configured to be inserted into the plasma processing chamber
in an insertion direction;

a first electrode positioned inside the plasma processing chamber;

a support plate coupled with the first electrode, the support plate having a first
thread, the support plate disposed outside the chamber wall and pivoted relative to the
chamber wall;

an adjustment screw having a second thread, the second thread engaging the first
thread, turning the adjustment serew configured to cause first translation of a portion of
the support plate relative to the adjustment serew, the first translation of the portion of the
support plate configured to cause first rotation of the support plate relative to the chamber
wall, the first rotation of the support plate configured to cause first rotation of the first
electrode with respect to a first axis, the first axis orthogonal to the insertion direction;

a cam coupled with the support plate, the cam configured to cause a second
translation of the portion of the support plate refative to the chamber wall, the second
translation of the portion of the support plate configured to cause a second rotation of the

support plate refative to the chamber wall, the second rotation of the support plate
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configured to cause a second rofation of the first electrode with respect to a second axis,
the second axis parallel to the insertion direction,

a bar coupled with the cam and coupled with the adjustment screw, the bar
configured to be actuated by the cam, the support plate coupled with the bar by the

adjustment screw; and
a lift plate disposed between the chamber wali and the support plate, the lift plate
including at least a slot coupled with the bar, the slot configured to guide and limit

movement of the bar, thereby limiting the second rotation of the first electrode.

17. The plasma processing system of claim 16 further comprising:

a first index implemented on the support plate for providing visual feedback
concerning the first rotation of the first electrode;

a first indicator implemented on the adjustment screw for cooperating with the
first index to indicate an amount of the first rotation of the first electrode;

a second index implemented on the lift plate for providing visual feedback
concerning the second rotation of the first electrode; and

a second indicator implemented on the cam for cooperating with the second index

to indicate an amount of the second rotation of the first electrode.

18.  The plasma processing system of claim 15 further comprising:

a first clamp screw coupled with the adjustment screw and at least partially
inserted into the adjustment screw, the first clamp screw configured to secure the
adjustment screw to the support plate;

a clamp coupled with the adjustment screw; and

a second clamp screw disposed perpendicular to the adjustment screw, the second
clamp screw coupled with the clamp, the second clamp screw configured to press the

clamp to fasten the adjustment screw to the support plate.

19, The plasma precessing system of claim 15 further comprising;
a lift plate disposed between the chamber wall and the support plate, the lifi plate

coupled with the support plate; and
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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 the first translation of the

portion of the support piate.

20. A mechanism for adjusting an orientation of a first electrode in a plasma
processing systern, fhe plasma processing system configured for processing at least a
substrate, the plasma processing system further including at least a plasma processing
chamber, the plasma processing chamber including at least a chamber wall, the first
electrode positioned inside the plasma processing chamber, the substrate configured to be
inserted into the plasma processing chamber in an insertion direction, the mechanism
comprising:

a support plate coupled with the first electrode, the support plate having a first
thread, the support plate disposed outside the chamber wall and pivoted relative to the
chamber wall;

a cam coupled with the support plate, the cam configured tc cause a first
translation of a portion of the support plate relative to the chamber wall, thereby causing
a first rotation of the support plate relative to the chamber wall, the first rotation of the
support plate configured o cause a first rotation of the first electrode with respect to a
first axis that is parallel to the insertion direction,

a bar coupled with the cam and coupled with the support plate, the bar configured
to be actuated by the cam; and

a lift plate disposed between the chamber wall and the support plate, the lift plate
including at least a slot coupled with the bar, the slot configured to guide and limit

movement of the bar, thereby limiting the first rotation of the first electrode,
21, The mechanism of claim 20 further comprising a lock-down screw coupled with
the cam, the lock-down screw configured to lock the cam to the bar, the lock-down screw

further configured to lock the bar to the lift plate,

22, The mechanism of claim 20, further comprising:
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an adjustment screw having a second thread, the second thread engaging the first
thread for pitch adjustment, wherein turning the adjustment screw causes a second
translation of a portion of the support plate relative to the adjustment screw, the second
translation of the portion of the support plate configured to cause a second rotation of the
support plate inward or outward relative to the chamber wall, the second rotation of the
support plate configured to cause a second rotation of the first electrode with respect to a

second axis that is orthogonal to the insertion direction.

23, The mechanism of claim 22 further comprising a first clamp screw coupled with
the adjustment screw and at least partially inserted into the adjustment screw, the first

clamp screw configured to secure the adjustment screw to the support plate,

24.  The mechanism of claim 23 further comprising:

a clamp coupled with the adjustment screw; and

a second clamp screw disposed perpendicular to the adjustment screw, the second
clamp screw coupled with the clamp, the second clamp screw configured to press the

clamp to fasten the adjustment screw to the support plate.

25.  The mechanism of claim 22 further comprising:

a first index implemented on the support plate for providing visual feedback
concerning the second rotation of the first electrode; and

a first indicator implemented on the adjustment screw for cooperating with the

first index to indicate an amount of the second rotation of the first electrode.

26, The mechanism of claim 22 further comprising:

a first index implemented on the adjustment screw for providing visual feedback
concerning the second rotation of the first electrode; and

a first indicator implemented on the support plate for cooperating with the first

index to indicate an amount of the second rotation of the first electrode.

27, The mechanism of claim 20 further comprising:

17
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one or more bearings coupled with the lift plate and coupled with the chamber
wall, the one or more bearings configured to guide af Ieast the second translation of the

portion of the support plate.

28, The mechanism of claim 27 further comprising a washer coupled with the support
plate, the washer configured to receive the adjustment screw, the washer further
configured to protect the lift plate from being damaged by the adjustment screw, the

washer further configured to smoothen movement of the adjustment screw.
29, The mechanism of claim 22 further comprising a control unit coupled with the

adjustment screw and the cam, the control unit configured to automatically adjust the first

rotation of the first electrode and the second rotation of the first electrode.
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