WO 2009/100288PCT/US2009/033318 ELECTRODE ORIENTATION AND PARALLELISM
ADJUSTMENT MECHANISM FOR PLASMA PROCESSING SYSTEMS BACKGROUND OF THE

INVENTION [000L}}g plgsip@darocessing, the shrinking feature sizes and the igplgresiiation 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 maintay) geogi i AOCRR HIONAR[ordRItSL deyiesyig sy 0N aapacitively

coupled RE plasma reactors, t trode opposite to the substrate electrode’is generally called the
upper electrode. The uppevigletivadid EvUIK bR Biokhddd, BRHAUESHENG BB TaNGSfrequency (RE)

power sources attached to it. The sub}?t_rb éﬂﬁ%%)ed? %}FQ%Ra#XTﬂ%d the lower electrode. A

mechanical arrangement for a lower e éctrode ina Capacitivély coupled plasma processing chamber
may involve céifflevering thepbisserpblyetaiginbiudeskhe Bwercaiectronkbtirompéesideobthel ochamber.

This cantilevered. layer, elecliode. cands é’fﬁ%@Qﬁé&@@&%ﬁ%@é'b%r“:%klﬁ#e&{ﬁ%ﬂ%%ﬂ8 9% AL.pe designed

for a variable distance from the upper electrode, In either case, parallelism of one electrode surface to
the other is gdWRTENPE WhtieEFhedhaRA PARRRRRHISE CHigAMERIAE HrocUXEISERIRRTATIER on the
wafer. [0003]R¢igipadied cemplexitdepranecapacitively taupletRimplasmaredaterssiarge the

feature of precjs% é)ara_llelis ,adjustgwen{. between electrodes {an% r?ly n.tighl anufacturing

TAHen e (O marmtanl vood uniiprimiiy across g walel O Detiel devics vi S .
tolerances of fhe assemb y components t6 eep parallelism within"acceptabte Timits. This approach
typically adds{é6&2}to thoséncepmponehtsamtaiy imrtheadtimate: phratislismspdcifichtionttrateccan be

achieved. Othar ayangemenia,nelkdeats arrlearanceolssdn mating pavs allowingdies play to

adjust parallelism during assem.blg&;]rfhls approach is time consuming and usually requires repetitive
processes to AE§ieve thB STk CERERRatidR B RisstrHsayHRE rdbairebthatp plishadsrécessing
system to be gisassgahledite seme-txieniioadustdienpcessanytamponeatsicatbes methods

attempt to provide.a means {or aijustment but may have no direct means to c?rrelate ghe gmount of
) capacitively co efl Slag ‘}1'0%‘6?3‘11‘1&20% I 1be|1 Ay Involve canfilevering th  assem ia* Hha

adjustment tothe actual efféct on at least one he elec es. As a result, such methods may also
require iterativeprgedesey to digtivdp&ratialisis. S dmetofthese hiethoids areddiseevaledradsiedo shifting
of the adjustnentVaIHMEHYR {0 NIIBHINT SHER SScERIRPIRG: $A8ERr W Skiable distance from the
2009/100288PCT/US2009/033318 SU MAI§Y, [00(%41An embodiment of the invention relates to a
mechanism fé?’%jﬁ@ﬁﬁ@dﬁn In either case, parallelism of one electrode surface to the other is generally a

critical mechanical parameter that can affect the process performance on the wafer.

{0003} Due to added complexity, many capacitively coupled RF plasma reactors forgo

the feature of precise paralielism adjustment between electrodes and rely on tight manufactaring

tolerances of the assembly components to keep parallelism within acceptable Hmits. This

approach typically adds cost to those components and may limit the ultimate pavallelism

specification that can be achieved. Other arrangements include slots or clearance holes in mating

parts allowing free play to adjust parallelism during assembly. This approach is thme consuming

and wsually requires repetitive processes to achigve the correct configuration. The approach may

also require the plasma processing svstem to be disassenibled to some extent to adjust the

necessary components. Other methods 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 paralielism.

Some of these methods are also vulnerable to shifting of the adjustment over time due to

vibrations, such as shipping loads.



orientation of an electrode in a plasma processing chamber. The plasma processing chamber may be
utilized to process at least a substrate, which may be inserted into the plasma processing chamber in
an insertion dlrectr% T ﬁ %%&hanlsm may include a support plate disposed OHESI’RJ% m)j@}%r wall of
the plasma processing chamber and pivoted relative to the chamber wall, The support plate may have
a first thread. The mechanism may also include on adjustment screw having a second thread that
engages the first thread, 'fuming the adjustment screw may cause translation of a pottion of the
support plate relative to the adjustment screw. Th?{rmsrlngn of the portion of the suppon plate may
cause rotation of the support plate relative to the chamber wall, thereby rotating the electrode with
respect to an a%#8%hat is orthotBbRIitcH T HESHISH INEBSRS %@B@}Tﬁ@%&fc‘%@hﬁ%ﬁé@ relates to

only one of theeany@badinentaofihginweriierdisclosesvberein, ;ﬂ&l@h&ﬁ;ﬁ@éémw%ﬁhmlt the
scope of the invention, WhICh is set forth in the claims I'éer in. T%ese ai%oth ‘Eﬁ 7tures of the present
invention will B&Y ré%é’r‘i‘t&é‘d i TSRS HAEAT B S YA A2 TAREOH S TP IAVER R SRESn
conjunction withatheeMHewing:figurdseB8RIE IR EBESCRIRT @kl OkliddE DEAWING S }p08g]Fhefresent
invention is "'%Sérar%ilbmr%mtwn kﬁoéogl,rgoérl%xqwe@xmm@HQ&dr 4@&4 SR OLREN. The

accompanying drawr@gs and in which like referénce numerals refer to similar elements and in winch:
[0007]Fig_ 1A SHONS Hasamny FispEstivarcidw Orasriamspricetsigolmisran adinenaingan

adjustment mgghan isBadnd adiastine: @1&@@@&@&% aﬁfa@d'O‘l‘{%ﬁleﬁiéQ@iﬁd&mﬁ r&mp Qgessing
chamber in accordance |th One olf lore emb diments of the present inventio 0008%%?“1 3 shows

a .partial side e gt f)%&noé’ﬁ %ﬁ’ﬁ&ﬂ 3}%15 et s ?ﬁ&’}é\f &"Fofér‘é ‘r"fhaé} f the
lower electrodédpatonrfaheeupptingheeoninoresembatinErts efiiheresertanventita cf@d08iFig: IC

shows a partigl, fegl.vigw Qlihg, RIASTA IACSHENY %@?t’&‘@x‘?&i'?é‘éﬁ?&%&ﬁgﬁﬁqg Agtatiop: (gr the rol)

of the lower electrode i accordance with one or more embodiments of thé present invention,
direction.

f0005] The above surmmary relates to only one of the many embodiments of the
invention disclosed herein and is pot intended to Timit 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
{00061 The present mvention is iflustrated by way of example, and not by way of
limitation, in the figures of the sccompanying drawings and in which like reference manerals
refer to similar elements and in which:
00071 Fig. 1A shows g partial perspective view of a plasma processing chamber
including an adjostment mechanism for adjusting the orientation of a lower electrode in the
plasma processing chamber in accordance with one or mors embodiments of the present
mvention,
{00081 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.
{0009} Fig. 1C shows a partial rear view of the plasma processing chamber itlusteating a
second rotation {or the roll) of the lower electrode in accordance with one or more embodiments

of the present invention.
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WO 2009/100288PCT/US2009/033318 [00101Fig. 10 shows a partial side view of the adjustment
mechanism in accordance with one or more embodiments of the present invention. [OOll]Fig 1E

shows a partial pe view of a pitch adjustment user hit the adjustment Eﬁgn
accordance with o‘??eg gﬁr:&rbﬁ%)oroezgembodlments of the present invention. [0012]F|g %g‘{w%@ a?splgrtlal

exploded view of the adjustment mechanism in accordanceh one or more embodiments of the present
invention. [00113]Fig. IC shows a perspective view of a mu adjustment cam of the adjusunent

mechanism n gegsrdance Wi o6 SLIarG SmPRLEN 1 G ISSEILIAN, [00R4IEIR, B shows 2

partial perspe t|v iew of aToI Ustment USer Intertace o men tmechanism in accordance
with one or m@ﬂ&éﬁfb@”dﬁﬁb?ﬂ@@?&h’émgéh@ MOERiBH ROBT5]Fig. IF another view of Fig. 1A, shows a

partial perspeg;mq }/'eW of the plagmans 99&‘1‘%&&5&95 @W%EM@PQB&@&%&H@&W@% mechapism for
adjusting the arienfation of the lower electro eint ?[élasma processing cha&}?r in accordance with

one or .niore émﬂ%‘ﬁﬁ'é%“chﬁfé“bfé‘é‘e‘ﬁﬂﬁ (EISHSH  0BE SFIT 4 S RABTER S RAMPEPESF™ B, shows a
partial side vienvsitifie plasma
[0012]} Fig. 1F shows a partial exploded view of the adjustment mechanism in
accordance with one or more smbodiments of the present invention,
{0013} 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.
{0014} Fig. 1H shows a partial perspective view of a roll adjustiment user interface of the
adjustment mechanism in accordance with one or more embodiments of the present invention.
{0015} 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.
[0016] Fig. 1], 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 emboediments of the present invention,
{0017} Fig. 1K, another view of Fig. 1C, shows a partial rear view of the plasma
processing chamber iHustrating the second rotation (or the rolf) of the lower electrode in
accordance with one or more embodiments of the present invention,
{0018} Fig. 1L, another view of Fig. 1D, shows a partial side view of the adjustrent
mechanism in accordance with one or more embodiments of the present invention.
{0019} Fig. 1M, another view of Fig. 1E, shows a partial perspective view of the pitch
adjustment vser interface of the adjustment mechanism in accordance with oue or more
embodiments of the present invention.
{00201 Fig. IN, another view of Fig. IF, shows a partial exploded view of the adjustment
mechanism in accordance with one or more embodiments of the present invention,
{0021} Fig. 10, another view of Fig. 1G, shows a perspective view of the roll adjustment
cam of the adjostment mechanism in accordance with one or more embodiments of the present

Jrvention.
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processing chamber illustrating the first rotation (orthe pitch) of the lower electrode in accordance with
one or more embodiments of the present invention, [0017jFig. 11C, another view of Fig. IC, shows a
partial rear view OQB%(B gsprocessing chamber illustrating the second ro"%@%&@%ﬁ?@ of the
lower electrode in accordance with one or more embodiments of the present. invention. [0018]Fig. IL,
another view of Fin. ID, shows a partial side view of the adjustment mechanism in accordance with
one or more embodiments of the present. invention. [0019]Fig. IM, another view of Fig, 1E, shows a

partial, perspggljye, view Of;s;tae@,'s‘{ng?r@eiluam@%%?fém%@g% ofdhe ;?e%g@am%r{t;wmgiﬁm in

accordance with 'one or moré embodiments of the present invention. [0020]Fig. IN, another view of Fig.
IF, shows a pafiRiesplsaadreice i a aflistirsnt PREGRRIRH AT SeestehiiB WRIPOHESr more
embodiments.ofib@prasentdrveaian{QA&3HEig. 10, another view of Fig. JO, shows a perspective
view of_the roll adjustment cam of the ijustrgggi W@gﬁgg&gg@ dance with_one ormore
embodiments of the. present WO 2009/10 / 8 [00221Fig. | P. another view
oiFi.i H, showa2partial pefdpectivat inewtafthaltoliw be described in detail with reference to a few

embodiments thereof as illustrated in the accompanying drawings. In the followmg description,

mumnerous 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.

[0024] One or more embediments of the invention relate to 8 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 g low combined cost.

{00251 The mechanism may allow electrode orientation/parallelism adjustment to take

place while the system is under vactaum, at atrnosphere, andfor 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

systen.

{0026} The mechanisn may enable precise electrode orientation/paralielism adjustment.

Precise adjustment of paralielism with accuracy up to 0.01 mm can easily be achieved. The

mechanism may also include calibrated index marks to give clear feedback of the amount of

adinstment, thereby eliminating the need for iterative adjusting and measuring.

[0027] The mechanism may also enable locking electrode oriemation/paratlelism

settings. Once an adjusted electrode orientation/parallelism setting is securely locked down, the

setting should stay vnchanged through normal vibrations and shipping loads.

{0028} By utilizing low-cost parts and allowing fast adjestiment-locking of paralielisn to

a precise level, the mechanism may reducing the need for tight manufacturing tolerances on



adjustment user interface of the adjustment mechanism in accordance with one or more embodiments
of the present invention. DETAILED DESCRIPTION [0023]The present invethion will now be described
in detail with referegge, i A5y embodiments thereof as illustrated in the acco ﬂ'ﬂglggg\{\gngs. 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 hi other instances, well
known process, sieps,aidlerSUelHies haveraet Bred sse insdiln petallinarderionolygnecessarily
obscure the present invention. [0024]One or more embodiments of the invention relate to a
mechanism fof:lﬁﬁ‘ﬁ?gﬁr?@“@%tﬁbde-to-electrode parallelism in a plasma processing system. The
mechanism mgyseparatelyadivshiheiipatation wiadon.ehthe lowerelesiade Jatha pitch (sant to
back) and roll (sifle,tp side). dieetions, The meehagism may, nelude low.cost, simple pars they
collectively accom"pﬁ‘sh(ﬁwe' %Tg(h-premsmn aéjué)tmen ?‘ordp FAeHem With & oW combined c88¢
[00251The méskheisincrmad atléw eleopisdédrentation/parallelism adjustment to take place while the
system is undgfgsaguum, atAmEsPRerts AL IinSRER InGHUSELINGIARES AL IR MEChanism are
disposed outside the plasma‘Provcess_lng chamber. The mechanism may alSo allow the adjustment to
be made with FIiFRGHSF Hothdeessapl bt gitid Bidtessing system. [0026]The mechanism
may enable pfecisg electradg orientationfpaiallphispadiusiment . Presisgadiustnaentebparatielism
with accuracy 4o 9,9.9%, mym.gan easl b achieved.dhe mechaiom may. alea indude calibrated
index marks 10 give Clear feedback of the AMOUnt of adjustment, thereby aliminating the-Read for
iterative. adjustifigoandrmiesseimbefi[00RyPT Hee prettaiisentnay Eisonsinabiec| dekings elgoy pis] in
orientation/pagaliglismselingennes padivsied slesyederieniainniparaliclism.seing is securely
locked down, the settmg should str?%/ unchar;j(%}ed through normal vibrations and Shlpplg% loads.

[0028]By utiliZAHg o0 S8 PhIte ardeaiioing Hashals aten oKyt ha RrIRHt S BB cise level,

the mechanisatemayaeadaicing the need for tight manufacturing tolerances on

{0032} 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 eleétredc
110; the pitch of lower electrode 110 is tllustrated in the example of Fig. 1B. Mechanism 100
may also include a roll adjustment cam 104 for adjusting the roll of lower electrode 110; the roll
of lower electrode 110 i3 illustrated in the example of Fig. 1C.

j0033] Fig, 1B 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
nvention, Mechanism 100 may facilitate the adjustment of first rotation 192 (pitch 192) of
lower electrode 110 with respect fo a pitch axis 118, Piteh axis 118 is substantially orthogonal to
a substrate insertion direction 116, in which a substrate may be inserted into plasma processing
chamber 198.

{0034} 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 (voll 194) of
lower electrode 110 with respect to a roll axis 120, Roll axis 120 is substantially paraliel to

substrate insertion direction 116



major components and maycost-effectively optimize process performance with regard to electrode
parallelism. [0029]One or more embodiments of the invention relate to a plasma processing system

that includes the %g&gﬁogfj;?ntation/paralIelism adjustment mechanism discl;@%gz%%\g%?@d further
discussed in the examples below. [0030]The features and advantages of the present invention may be

better understood. with reference to the figures and discussions that follow. [0031]Fig. IA shows a
partial perspective view of a plasma processing chamber 198 including a mechanism 100 Cm

adjusting the i%@f“on Ol IR SlEC e 4 10. I Aceordancaiiin NG QL mele e Whedimgnts of the

present invention. For optimizing the proCessing yield in plasma processing chamber 198, the
electrode-to-eR3t SARHPIBIRNTB SRRSEh AP HEPe B BEHEHS ISR HARRTE o tirotay0 may be
ensured by adjusting theiariertakionoklonwes eiaieaeyle16:[00 3RIMeshaniam ¥Qmayeineiyde a
tunnel support plate 102 (support plate 102) coupled with lower electrode 110 through a cantilever 114
and 2 bino ot I, 115, NELVARIES, Koy A HARAE S Fre s b PO TR Fofacquoting
the pitch of lowertelgttratie 11Ghtheipitcohioiwer ¢lkeptrode 1390 dxtilltistraisd motie exampleiof Fig.

113. Mechanism, 19@:may.alg. lachide %0tla%gigﬁ&f&ﬁmm&%&f%@%mw@z@oélf%&@xvv_er
electrode 110; the roll of lower electrode 110 is illustrated in the éxample of Fig, IC. [0033]Fig. 1B

shows a parti8fi &R et Hasmacprétessingrarspibe rAos MRS etHG ¢ faY FEHGH 1.92 (pitch
1.92) in accorgane@witT opaeiimag emhpdimentsoaldioprassat imvention.Meehaniss 100 may
facilitate the adjustment pf_f_!ir'ségotation 1%21(Ritph§,19@70f Igwer:glef ,.o“d‘? 1104xvitﬂ respe ttIo a{pitch
axis 118. Pitch aRie I &g supstastial i}\b‘ﬁ 058%5%0 a SUbsStrate insér |cjjcr’1ndire‘ct‘|‘o}ﬁ 46, inWhich a
substrate maypdgcnsédtetsimtopipisma Provassing chaimberf 1980084 R WOishoprstaqantiabrear

new of plasmaprosessing: dhamAsALiustaing 3 sesand ielon196 URllaaMlin Assgigance with

one or more embodiments of the present invention. Mechanism 100 may facilitate the adjustment of
second rotatidfite 83 Bllorguy Bttt Mectrddd e GURHRYELPEIES BIiPaREase sitsiradad 1o is
substantially pagtedlehte sebhitoieiinsetionditeation dflreads 146 and 128 may enable the amount of

rotation 192 of lower electrode 110 to be stably and precisely adjusted.

{0036] Mechanism 100 may also include a 1ift 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

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,

{00371 Mechanism 100 may also include a clamping mechanism, for example, including

a sphit clamp 132 and a clamp screw 130, for locking/fastening pitch adjustment screw 106 to

support plate 102, thereby preventing pitch adjustment serew 106 from rotation and transiation.

Far example, it may be desirable to have pitch adjustiment screw 106 clamped after the pitch

adjustment for fower electrode 110 has been completed for locking down the setting. Sphit clamyp

132 may swround pitch adjustment screw 106, Clamp screw 130 mayv be disposed substantially

perpendicular to pitch adjustment screw 106 and may be coupled with split clamp 132 for

pressing split clamp 132 to secure pitch adjnstment 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.



WO 2009/100288PCT/US2009/033318 [0035]Fig. ID shows a partial side view of mechanism 100 in
accordance with one or more embodiments of the present invention. [Ti mechanism 100, support plate
102 may be dispo (gy%%%iglez 3 chamber wall 126 of plasma processing chamber 198 (shown in the
example of Fig. IA?.? upport plate 102 may be pivoted relative to chamber Waﬁ)ﬁyg,sﬁﬁ? é%‘?g?ﬁsple, 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. A ingly; turning’.pitch adjustment screw 106 may cause the translation of a portion
140 (e.g., theci%%\fq portion’& %’fgs%f);é(g?tsalg A %? %‘t?i}‘é* t‘éeﬁ‘itgﬁgféf}(fs’;f}r%egﬁf% M 6§3'Ra§ﬁ%utward
direction 142 dP&inimstdiniétioh'2 44 lorres thenislaeidlon gortislantaovsh sup poroplatenddimeay cause
rotation of supgekt gl@t@nlc%gwm&%@@ptnn@rﬁl@m%m%éiaé‘h =IRG8 SHPRRL, 9@&@:&9&. in&QuRled with

lower electrode 110 the rotation of support. &ate 102 following direction 142 or 144 may substantially
cause rotation"BP IS EI SR FBRRP T P it T SSFSeT I It ER e frac i Sramg i BreiveEs a6 and
128 may enahledie deoimtticotationl 9Rohitweneladkade 140iphestablyapicpregisaheadjusted.

[0036]Mechanism,, ay.also include a lift plate 124 disposed between chamber - 126 and support
plate 102, Meb LA LD A B e e o0 13
coupled with Ikt Abipdaiaiiioe rddtiond;, Thddrslios o béexrings m ayrfacititaed empitoh guide
the movemeni g suRREILRIAIE Ondelaly e e chamRes Wah L AR (R Honliansiatiandn girection 142 or

144, and/or translation in a direction perpendicular to direction 142 or 144), for smooth and precise
adjustment oftfdtgdon 192 4FTBaRIBIEKBEE PG TbS A RisSHAMSHTD O R SIS 196 e R IEmping
mechanism, fetidxampleainphudiily msplitdiampdBadandaampstewisdustedngdastening
pitch adjusnne N(S¢pew 199 sFQc%}é% R &’Jﬁ%&%%%gé@&ﬁbﬂé ?; %{gepc}r'p éP'e.t‘iBﬂ adl §§W?Qtz%%rewé96 from

rotation and translation. For example, it. hay esira & pitch adjustment screw 18
clamped aftefiécpitsieddjuspriehtfppiowechisptrode 100 h &y Bediicompletser forrleidking down the

setting. Split CRIAAIZINAY SR UGN sclilvatment seew-LOR - Glameostawhi 3@ may be
disposed subséant_ially E)er endicular toqpitch adjustment screw 106 and. ma.v be coupled with split
0

clamp 132 foPHEEERG ESIREEARIBSS o secure p.itch adjustment screw 106. A tool slot may be
implemeuied @4iamp screverk39 fontasititafing theudesdunigidlysioek/clampmthe entirednaghanism

100 once pitnc SIS DARRERT. COMPISIEdh WO, 2009/3002BEPCT 200910335 1 ©

[0038]Fig. Ib shows a partial perspective view of a'user interface. . of mechanism 180 for adjusting
pitch 192 of |sWenaiedhdren ibsiHersisataaakis Onaisr mardushdo dimentsrfthepresent invention.

User interfaceoh@di maay includedal east @ne RitcdhadivrinngnidndRXtp0 implemented on support plate
102 for provi

ing visual fegdback concerning, pitch g!'#stment to.a yser, User interface 182 may also

inciude an ndE3R0r 148 ik BoMOHEGH TG OGN SErBRIRgE ol QbBaErTHg mtk pich
adjustment ingdexofSrtbothdicattecthbegmsemtiofepifch. ddjustmient | Adternaitiveiyecr ratldifiosallyy a pitch
adjustment Index mexe MR MATISN.RRIe Smant S AR8 NGIPLAR AR Mgy be
implemented on support plate 102. [0039]Mechanism 100 may also include a pitch adjustment clamp
screw 106A dolipidysiieraber af fouay parsanipdisisharnes pPren Sdfuseidriderawt ogemitd.
adjustment clampEarew GRGAITRSY saciHRRIteh BdjusimentsarancdRa 4 skpROKtRIae 1. Atool slot
186 may be imﬁlemlei{bteg on a‘J?iti:h @iys mentﬂcliam\? sc_re\@ 106@ for facilitaf[ir%?_t‘he user to rigidly
lock/clamp pRER SHjUStHERPRIIERF 08 andidt fHE B AtPR MEHAA S IO P BNCE T it H &R tment
has. been cowyilefedyfB04Qitat ompion by Gemboditrentypitehraljpstie ticcre wu k0 mayide
coupled. W'th@rn{mi} 194} of lower electrode 110 shown in the example of Fig. 1C.

[0042} Constrained gnd 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.

(00431 Mechanism 100 may also include a roll adjustment lock-down screw 158 coupled

with rolf adjustment cam 104. Roll adjustment lock~-down screw 158 may lock roll adjustment



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. h%r%ﬁg/ll%i%rg step motor), [0041]Fig. Ib shows a partial expl gﬁ%g@g&{/of l8echanism
A a8 ey

100 in accordance with one or more embodiments of the present invention, Mechanism
~include a roll adjustment bar 154 coupled with roll adjustment cam 104 and may be actuated by roll
adjustment cam 104. Ron adjustment bar 154 may be coupled with support plate 102 by pitch

adjustment screyy ?@?ﬁreﬁ&‘%&% V%Tél 1(3)’ di%%{)?g&% J"z%Q%;&%%QEB&&%%&J&U ’%g.i“%ﬁ‘%g\%&%%&%ﬂ (3

actuate translation of portion ort plate 102. Asa result, support plate may rota

relative to chardiBersialli i adiRiti tebipeby B PRBtedSurgrowativend Wxambloftig e plersrdby

causing rotatignal Hu{ralilfh.af lowerkelestiedea I4.0:8howin;in.shereampige0h fifrdiGadjustment

[0042]Constrajned and guided b lﬂft 160 in Iifﬁépl te 124, roll adjustment bar 154 may translate along
T

a long axis 16¥ 0PI ST HI W 284 /YHHSEbn 166 or 168. Accordingly” the amoun.t of rotation
194 of lower gigtdidde 110¥rajbastililyandiprecibely adjusted s0042]MeechahismdkOthaday also

include a ro”a%éﬁ%% %E;?&&Q&Wﬂh %&9%4?& couRIgA with, Qﬁ‘ggg{«;:K%%&KQ‘&QQ%‘&%&H%?E%E% .

lock-down screw 158 may lock roll adjustment WO 2( 71002 T/US2009/033318 cam 104
relative to rollsgejeetieniapdPd §aaheirsdpanmdianeistsiiisereyisagiidtaeny bden B maathito lift

plate 124, the{@&\{ Rrexenting iy méif)tﬁfét%@&il%x(éﬁlleﬁ%ﬁtlpw;ﬁ{sﬁiféﬁtf&gﬁxlﬂ&, Eg,@}g@:pjustment
lock-down scr§W 158 m‘a\lﬁgbe utilized, for example, after.roll ﬁgstm&ﬂ for lower electrode 110 has
Ea00s

been complet&t ToRHR] ’Eﬁgﬂéﬁ}?ﬁhﬁ%gﬁfg SARR RS 2 (e.g., a precision, hardened
washer) coup{étanjth lift plate 124Howseqeisirgtpitchadidstiiedisornenw 406} Washerdté&naytprotect

Iift plate 124 fram baing damaged by pieh AdiLstment ser %&9%&’%(%&9%%3%5@ Y ARQpLquide low

friction to facilitate smooth movement of pitch adjustment screw 106, thereby further smoothing and.
stabilizing thePspEration SimecHanisercronc{oBus prigrsoIon st Bperspetroeivew betewladjustment
cam 104 in aceqrslareemith onewenpreaubadineris ehtheopresenkioventiopsRenadiustiment cam
1.04 may inclu }e‘alp?rgigr_ll;zz 1diS_PP,%e~ in n ?c?eqtjgict/of(slet Ayangement with re pectto a portion
174 of roll acREMEE LA OBt dhabing PP SRS AL AL RN T 15 KRGS POl AUjGStment bar
154 (shown ingfiecexampié! ofiEigndF kaRo ivatljdistementcamd Odifmpbaceplace thnptintathiar

actuation effects that swit particular roll adjustment needs.

100461 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 embodunents of the

present invention. User interface 184 may include at least one roll adjustment index 178

tmplemented on 1ift plate 124 for providing visual feedback concerning roll adjustment to g wser.

User interface 184 may also include an indicator 180 implemented on roll adjustment cam 104

for cooperating with roll adjustment mndex 178 1o indicate the amoum of roll adjustment.

Alternatively or additionally, a roll adjustmuent index may be implemented on roll adjustment

cam 104, and/or an indicator may be implemented on lift plate 124, A ool slot 176 may be

implemented on roll adjustment cam 104 for facilitating the uvser to perform the roll adjustment,

for example, utilizing a screw driver.

{0047} In one or more embodiment, roll adjustment cam 104 andfor pitch adjustment

screw 106 may be coupled with an aatomatic control mechanism for controlling pitch and/or roll

adjustment andfor calibration in an gutomatic fashion. The automatic control mechanism may

nclude, for example, a sensor, a control logic anit, and a motor {e.g., a high-resolution step

MOLOT ).



replacement roll adjustment cams with different eccentric/offset arrangements for particular actuation
effects that suit particular roll adjustment needs. [0046]Fig. 111 shows a partial perspective view of a

user interface 184 mechanism 100 for adjusting roll 194 of lower electrode 11Q in accordance with one
W 1US2009/033318

or more embodimenf)szg?gt/ﬁoeozgrgesent invention. User interface 184 may includé St least one-roll
adjustment index 178 implemented on lift plate 124 for providing visual feedback. concerning roll
adjustment to a user. User interthce 184 may also include an indicator 180 implemented on roll

adjustment Caﬁﬂo%@ for Co%@g%?ti% ‘{%irtg‘c{aﬁgﬁagéﬁ‘éﬁ?e%%%@%é %@ﬁxtp&ﬂ%%?ﬁ%gee% %HQ-E.z?ﬁcf; ol
adjustment. Afternatively of addi |or1§ y, a roll adjustment ndéx may be imp em_énfe on fo
adjustment cathe 10vsnaint orad indisatedintypdre sndpleeadonlitiplate apcisetevtislot 176 may be

implemented on.rolhiadiystmeatcamks tohioniagiitatng, hesendanariormdie sell adivstmanh ior

example, utilizing a scréw driver, [0047]In one or more embodiment, roll adjustment cam 104 and/or
pitch adjustméPLERIRY TOBIARSPBE Uisiiple & Nith 4% StHSnFARO LIS PhEKHENRSRPRIFRORRGIling pitch
and/or roll lentfiidicecalibmatienpitcan actmatic fashios: sFheaitamatie.combahmechanism may for
example, a s [;a contrpl logic unit, and a motor (e.g., a high-resolution step motor). WO
0051065508 Ba 2000 BT BTN R e b L e L g with low-cost
parts, embodimaintheonvertiovsmag eitoaniadiralijdsneisne bifd iveringronparkteishdocalibreicise level,
Accordingly, emRediments althe vantianmamseoias (e apedros Aot MapRCHENGdalerances

on major components. Advantageously, embodnuents of the invention may cost-effectively optimize

process perfolfiAHES At IS Ts S ERs S BB B e ANl NS AT RO BRI SUIRIBHES of the invention may

enable precisgpel@gtrode 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,
andfor in-sity, since the user interfaces are disposed outside the plasma processing chamber,
Embodiments of the invention may also allow the adjustment to be made with minirmum 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.
{00511 Embodiments of the invention may also enable locking the settings of electrode
orientation/parallelism. Aun adjusted clectrode orientation/parallelism setting may stay
unchanged through normal vibrations and shipping loads. Advantageously, the resources (e.g.,
labor, time, ete.) required for the re-adjustment of electrode orientation/paraliclism may be
minimized.
[0052 While this invention has been described m terms of several embodiments, there
are alterations, permutations, and equivalents, which fall within the scope of this invention. I
should also be noted that there are many altemative 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, dae to word comnt limitation, may be accordingly written for reading convenience and
should not be employed fo limit the scope of the claims. It may be therefore intended that the
following appended claims be interpreted as including all such alternations, permutations, and

equivalents as fall within the rue spirit and scope of the present invention,
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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, [0050]Embodiments of the
invention may allow the adjustment of electrod% i tion and/or parallelism to take place while a
plasma processing system is under vacuum, atmosphere, and/or in-situ, since the usewjipterfaces are
disposed outside the plasma processing chamber. Embodiments of the invention may also allow the
adjustmenjta, pg prade yvith minimum or no disassembly of the plasma processing system.
Advantageously, system down time may be zed, and productivity may not he compromised, while the
needs for electrode orientation /or parallelism adjustment are satisfied, [005]]Embodiments of the
invention may also snahip geiing the settinas ollertiade orisntaionaralsls. Aadigsted
electrode oriemation/parallclisin setting may stay unchanged through normal vibrations and shipping
loads. AdPAPREEBLISKE b idSoRlewad PIpCeatpe, fiffleetofiayiskdoopthecrsingljaistnrehtaof
electrode ﬁ[@%ﬂ@éi,of}{@?@ﬂﬁﬂﬁmé@@s\éi@@ ynispizedalQ0RzINhIle thisdnventionhas heandescribed in
terms of several empodiments, there are alterations, permutations, and equivalents, which fall within

the scopeGF RSN AP IRSARRFSISS BRrRbRdiachidingr&aleasiany Mrehsatvellvahe Gst
implemenghgtibeepetiade @nd RRRAEINEAS Qe RIS BRGNS N Hher Bagks, s oahgdiments of

the present inventjon may find utility in other applications. The abstract section may be provided herein
for converfSHtealtio die RIABRIRIGERTSIASitSRIRDPRAY B8 ARIBHIRGHFS6iEn Wos FaediRi Bnvenience

and shoulgbagirkéngmployed to limit the scope of the claims, It may he therefore intended that the
following appended Claims be int%greted s incl dirfgﬁall such alternations, permutations, and

equivalents as PAFYRRAR HRSro8 St %@ $hpEHrinetioksscheisvBRRR D A MNSR\WHESts claimed

is: 1. A maehahiga foppeliusting anmrieatatioiieftadicshalpairadd itha piasea RRESssIPgIRystem, the
plasma pr%ga(?nsgérr]%]%ﬁ_ste configured for processing at least a substrate, the plasma processing

system further ey iné‘% least a plasma processing chamber, the plasma processing chamber

including at leastaxhdevbecovdiputel fissielpkiraceuppsitonad insidada-plasmapsocessing chamber,
the substrate coggga%r%gtégegtesiglser d into the pla§ a %%io%essir#? I%(gihgllmber in an insertiqn direction,
the mechanism comprismg- - >& Sulsporptate e [g[i]é itHHE Lerotheasasisobtplate
having a filstatiréfad, itelsupiportnptate didpasedtottsidetthe sdjasnbenwalrand pivaiediretative to the
chamber W%lllslari]gn 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 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

10



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 adjustnwa_g jvytgjl)erein
turning the adjustment screw causes a first translation of a portion of the support plate relative to the

adjustment screy,the firsi transiation £f rti upport plate configured,to cause a first
rotation of the supsport plate i wefrrg or oégv%?c? ?e?a%ggt%gﬁ?g é%%ﬁw %S}r\?v% ??#ee n"s%1 ?o%%(floonrg of the
support pldfagopigiiredupledusila thestlortichosthentlr siatarrode with fiespettaopactissthaxis that is

orthogonal g, g)if&g@gg%Q@&I{%ngng}g@mg@t%ﬁ laim 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. The mechanism of

claim 2 fugther comprigingaslampigoyRled with.theadiystment screw; and MC SLL.P a second
clamp screw disposed perpendicular to the adjustment screw, the second clamp screw coupled with

the clamp, the sécHit &lfh EBRIGMESIRHGRd® prerethdldrity toraddiretiesaduserbrtiscrew to

the supposbidateing. thbemaehanianahelain dduiher gamprising: a first index implemented on
the support plate fqr provijding visual feedback concerning the first rotation of the first electrode; and

a first indicator ifplErhSKHE4T8h e SBIEREAet L5t asBharEmh Jarite aReAFREitER andicate an

amount ofiiseifitsk retatigioef theafisstelectindard rdagsnechianism ef-ckaian! 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 fist indefhtonidicateran fendunt ofitherfisihiatatign of the first electrode. 6,The mechanism of
claim 1 further corPPrisindg: . . - .
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 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

11



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 portien of the

support platee 'I?e ] nism af' claim 1 further comprisi washer coupled with the support
Siate, the R D R R R R o protec
the lift platesiided beingldamagsed byotivesadjustamentrsorew. i8seAtiore clianism, foladjashing san
orientatior&&{]grgriﬁ%electrode in a plasma processing system, the plasma processing system
configured for processing at least a substrate, the plasma processing system finther including at least
a plasma processifgpehanibee teaprisiglpibedssing wlimdbethnsludiog atdeabedchantber wall, the
frst M CoiRociaeanp apiRn erinside i lasiaa Riaasasing hamBe s sRst ate genfigured to
be inserted into the plasma processing chamber in an insertion direction, the mechanism comprising:
a support ‘ﬁ}élf’ébébﬁﬂléd with the first electrode, the support plate having a first thread, the support
plate disposed opfsigie.techamber wakand eivpiedrelativededhs.shamberaling aRnagdiustment

screw having a second thread, the second thread engaging the first thread, wherein turning the

adjustmeri P& W Reisee Luampg hardiaiEnRcet AcpomieerRdis o pliee oEmpoetienthé thejustment
screw, thedissbitanslationeidhe pstianefihaisuperrtnlate canfigued o causeadiat spiation of the

support plate relative to the.chamber wall, the first rotation of the support plate configured to cause a

first rotatiSHPEPEhe St epodteatiRrWRnFSE et tiEsh INataRiOth His BRI st e Yastariba direction:

and  agamisaupled wihitberstuppart platesipsocapheophigusark s 383 SacPRddransiation of the
portion of the Egﬁ te relative to the chamber wall, the second translation of the portion of the

ort pl . . . .
support plafe %ﬁﬁ?ﬁ fo U EESRCSEEO A tASh B Sthnsorab e mace a5 hisceHamber wall,
the seconsghtbtation of the support plate configured to cause a second rotation of the first electrode with
respect to a second axis, th aecond&%xis}gbarallel to the insertion direction, 9. The mechanism of
ed 24}

claim 8 further coniphsifg " SUSHERP ST WE i AR CODPRHSHILP tha stjastfeRtscrew, the

bar configusesldtdrecdciatestynthe damuiliesuspertplaieceypledwithvhe har byihe adigstment
screw; ang 13 Iift%a}tle disposed la}etween the chamb rwe%ll and the support plate, the lift plate

including at1east A Sfot oty LaRHR YRR TR HHYEPd BYide Eadinntatio aiiBat of the
bar, therebypbmitipipthersladondisotatiochafhtie firatielectredend Golhemechasisoppbelame further

comprising one or more bearlnS%s C%J%%% with the | RQI te an CouBIed with the chamber wall, the one

nfigure .cause con on of the 1irst elecirode wit
or more bearln‘obs con%‘lguredato respect fo a second axis,

the second axis parallel to the insertion direction.

9. 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 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 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
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C SL guide at least the first translation or the portion of the support plate and the second translation of
the portion of the support plate. 11. The mechanism of claim 9 further comprising a I%Iggpyvn screw
coupled with the cam, the lock-down screw configured to lock the cam to the bar, the Io‘Ck‘#dbb)\/n screw

further configur lgck th r. to the.lift plate. 12. The mechanism of claim 9 further comprising:
a second %%%%é%%ﬁﬁ%eﬁ%ﬁ tﬁ%lgsﬁ??lgfétgﬁ‘?rmpr%ﬁl |rrllg(r)\7§]isfﬁlgl %%%é?i%gn% g Stﬁceogécond
rotation otk itsieiddhedertandof thasspportdlatticator implemented on the cam for cooperating with
the second index to 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 Mr providing

visual feedback doWcesihgnipa SécdndnrStdshaf heiisirsectdedand screw seopidlindibator
implemented amthedift Blate for LOARLA] %H'}JHS&%Q’&Qd{‘%%éﬂ?'{}dk%%t%aﬁ&%%“s%tr&}}the

second rotation of the first electrode. 14. The mechanism of claim 8 further comprising a control unit
coupled WithiREagistiserie derkvibsianie thadtitplateontrol unit configured to automatically adjust the
first rotation of the first electrode and the second rotation of the first electrode. 15. A plasma
processin&system for processing at least a substrate, the plasma processing system comprising:

a plasma procesSifyreriben te B phsecssmgiERgmber including at least a chamber wall, the
substrate configureddeneitngsrted iimihe PlasmadPeessing Lhapmbeliin an [asartiedigetion; a first
electrode positioned inside the plasma processing chamber;
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.

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 insertion direction;

a first electrode positioned inside the plasma processing chamber;
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MCP 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 chamg%\r{}v;v,allg; a cantilever
configured to couple the support plate with the first electrode; and an adjustment screw having a

second thread, the,second thread « i j 0 pravide pitch adjuystment, turning the
adjustment screw (S:ogégugéggteo caggegggmgt%gn%%t%]é%c%ggeﬁé%rf%ﬁ)rslu ?%{g %ﬁgép%?tv brfgté ryéﬁ%tive to the
adjustmeritiserbvihehaiipst tralastadionost theupofsohot tebepport pladeptonfigudativc cause a first
rotation of{he,pLPRAl. 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, the

first axis orthogoh & B SIS eBFIBH Wl receiomR]e 6ha R Ysceibitiy Jistensdopproardsing at least a

substrate, the p'%ﬁ”éléjﬁ&?&ﬁ%@&%ﬁ&%ﬁﬂ%ﬁmﬁ@%na@aﬂ%%@rﬁ?@&?i&%gélﬁ@%%rﬁ@? plasma
processing chamber including at least a chamber wall, the substrate configured to be inserted into the

plasma proterditgrersb et adirterih tiredroteafiesiarssirsts poanbashside e plasma
processingshamkiftion ofSpRRE Blate-cpplad pitb thadirstslariingtsinesuerart platehaving a

first thread, th§ support plate disposed outside the chamber wall and pivoted relative to the chamber

wall:  AFEIRISIEhECRFFREVIAGDE SURBRE A A0S ESCOIuHEaa BRYdgiamefithe thread,

turning theupgisistpent iserem configuad te-pansedirsidransiasioneln prrins:abihgsUBPeREplate
relative to the adjustment screw, the first traﬁgation of the portion of the support plate configured to

cause first BESGoR 3FthE Lﬁ?ﬁ%‘ittﬁlﬁﬁél?glﬁt iSVREOnahiBe Atic e rs: vothdSHPet e Support

plate configsreditothauiset fisst katatigonaf theHy siRleciieirnith respect to a first axis, the first axis
orthogonal to the insertion direction; a earn 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 @f thespgriomofthesuppors pinie chnfigtiedsiacaseasecendsaiationofjhesypport plate
relative toptr%%e%rs‘%@?%té’}’fi"'c'b}fﬁgr?s?ﬁgznd rotation of the support plate hiCSL. L. P

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 screw configured to cause 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 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 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
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configured to cause a second rotation 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 V\/ﬁi;[ﬂnwtq%adjustment
screw, the bar configured to be actuated by the cam, the support plate coupled with'thelbar by the

adjustment ,.and lift plate disposed. between the chamber wall and the support.plate, the lift
plate incl l?: cﬁ?%%yty?g;%t ?%?(e?tac%el?&%% rv(\)/?t%?ﬁeogz%\ﬁests%‘f%léon@g\ﬁ]r@a lt%@s%%{c]té) ér‘nscef‘fﬁ‘ﬁﬁ ?ﬁ%glement of
the bar, tHéretspditditinig theatettmthedtatooofdinectirst;electrode. 17. The plasma processing system of

claim 16 Further cqmpusing:q firtﬁteirbg impl ted on the support plate for providing visual
feedback concerning the% ro\ztvalqu?on of thgﬁ%@é}%@ﬁ%ﬁfg/& gﬁﬁrs %ﬁé{rgftrgr |Sr%r§ e’m%lﬁt(la)agon the
adjustmerfoséraietbiedspasttitednbith the fizst.intiexupriodicdaecaspaniolintidi thhe first hotatien of the
first electro@i@simerR K66Q0d/gdex 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 cooperatihf it hisnased e ingex torintiszher arpirmodthostneaeotrid tbtaibblithe first

electrode.idduding RIaRMA BroRASSNBIRYSIEHR She!aUR IRJWIRECGORRISING, ouidh fIiSh GAMP screw

coupled with the adjustment screw and at least partially inserted into the adjustment screw, the first
clamp scrBREoMYER e direchyd g Hintesersyainiios sf ol pialectzodamp 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 fabten thBARITEMBIACEETEG B3 T8 U suRt plaferther spasisktiaa processing system of claim
15 further comprisifigt indexlifinphaéen disposad letwesptheichambeswaliand he-suRpashaa@ e he lift
plate Courgggcgggéhtﬁesgg t?(r)tt tg%tneé)? H}de 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 processing system of claim 15 further comprising:
a lift plate disposed between the chamber wall and the support plate, the lift plate
coupled with the support plate; and
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SLLP 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 th%%iﬁbbgrt plate.

20. A mechanism for adjusting an orientation of a first electrode in a plasma processing system, the
plasma processiggsystgn, SONgHRd(or AIQCeRsing. A least @ substiats, the plagma progessing
system thither including at]ieast a. Sasm processing cha %er, tie plapsma processing ¢ mber
including atdBadia aivamberowahethiadirstolBgtisdetpasitined linsidéthBrplasmal giosesSihg Chamber,
the substrg(ggtg(ﬁr‘gkgt%e&gb&@ }j)rpg,t%rted into the plasma processing chamber in an insertion direction,
the mechanism comprising: a support plate coupled with the lirst electrode, the support plate
having a first thread, the support plate disposed outside the chamber wall and pivoted relative to the

chamber wall: ~\a:faim GRS W G IRROURIAR e A2 SRTONISELIA GRUse @ fisl ranslation

of a portion of the support plate relative to the chamber wall, thereby causing a first rotation of the
support plRiecfsitveYsiehd dhambsmadrogsssing yotimprrortisarsdoforrpats confiyursdite cause a

first rotatipatithe, first §1§ﬁﬁ9%&&9§‘sﬁ?§@§%¥ﬁ @lﬁﬂ%aﬁiaﬁa%gsa@%aﬂ@ht%m?niyi%%g&ﬁégecﬁon:
a bar coupled with the earn and coupled with the support plate, the bar configured to be actuated by

the cam; &HATPETy The Mlmasprrsssienhantre Bsiming: Walramfusbasuppondlathetasit plate
including afdeasiapeiaticasn pdiviththe hat the &letcorfigmed o oviteand Jimiisorvemegt of the

bar, there? limiting the first rotation of the first electrode. 21. The mechanism of claim 20 further

comprising S T5ek FEWHS RERFCDIBREGSTHRE (FRSBRAT, TheMbEReBIvh SEishiWbrifigumnssiamsek the cam

to the barctheplasikgdown screw further configured to lock the bar to the lift plate. 22. The mechanism
of claim 20, further comprising: .LP an adjustment screw having a second thread, the second
thread engaging&fﬁé‘wg%ﬂ%]@gad%?%ﬁ@hwéﬂﬂ érﬁi,%\ﬁ?@i‘é‘?ﬁtmﬁiﬁ‘ﬁoﬂ?étalﬂﬁ}gth?éﬁ?%@réﬁ%auses a
second tramsiaticthofepportiphaaf thepssppotifitateielatieter theladjusiment sa@uvithecsagond
translation ,of the porﬂc_)n of the support plate configured to cause a second rotation of the support plate

inward or BUtward Telative to the chamber wall, the second rotation of the support plate configured to

cause a second rotationcofithedfirsitblabtrodeprith papechto ensecond gxisithat is.esthaganal to the
the SN LaF T ot TS e TP HOLMEd b i A SRR SEFLl 8 Wi sorow
configured torsecuas cheoAdjastopentisptaw tddtiecsuppertaieer 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 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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24. The mechanism of claim 23 further comprising: a clamp coupled with the adjustmg\ntasgrew; and
a second clamp screw disposed perpendicular to the adjustment screw, the secon@}"éléhﬁ‘ screw
coupled with the clamp, the second clamp screw configured to press the clamp to fasten the

adjustment screw. t SU late T i f claim,22 further comprising; a first
index implement\%%%&rgl%\e ngR rg%or%?t pIa%\égf%rap?%eslﬁ%céﬁ\%§%%58%%%?55%3%?%%3& tslﬁgc%r%tci rotation
of the firstlarRadrdeie;pitsd adjestipsnindideisiiniplamentes afi thengdjustneentcsosew doscmogerating

with the figstindax o ingd E‘?@x‘ﬁoﬂ%?@ﬁ%%ﬁaﬁgwﬁl%%cfﬁgtg\%t%i%f%&ﬁﬁt%?ﬁﬂﬁ?&@?ﬁre £8:.Ihe

mechanism of claim 22 further comprising: a first index implemented on the adjustment screw for
providing VrasAHeBABABR ROar AinGesEREbA R rbIEEEthe fsiselacteris! giation of first indicator

implemeniggRR thesURRALIRIAIS IcQOPRIAING Withdha fiist indexie disatsanpmaunt of the

second rotation of the first electrode. 27. The mechanism of claim 20 further comprising: PA 0 SLOP
one or moTEBYL MRS confirucdith tAesHf srerndratriepRidhntirthslerapdser Walkstrsideet or more

bearings gesfigLsed i@ guidadbleas thairecrpd: Hansiation 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 héheadiustmest seienaiifarwasbenfiiher sonfioursdlesnpethsnmaygment of the
adjustmen}tlscr W. . ) : .
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:
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29. The mechanism of claim 22 further comprising a control unit coupled with the adjustmept screw
and the cam, the control unit configured to automatically adjust the first rotation of th¢cfikst.€lectrode
and the second rotation of the first electrode.

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 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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