" APPARATUS AND METHODS FOR HANDLI NG WORKPI ECES | N A PROCESSI NG SYSTEM
Cross-Reference to Related Applications [0001] This application clains the
benefit of U S. Provisional Application No. 60/823,175, filed August 22,
2006, the disclosure of which is hereby incorporated by reference herein in
its entirety. Field of the Inventlon [0002]The |nvent|on generally rel ates
to processi ng spBPARATE i IN AEESIMAJ net hods for
handl i ng workpi eces in a proceiﬂQﬂ@&@&EL&ﬁi;EMckground of the Invention

[ 0003] Processi ng systens, such as plasma processing tools, rely on hol ding
mechani snms to support a morkplece such as a sen1conductor ceramc, or
netal substrate or wafer, i LT Sy palieatdans qur j ng the perfornance
of a treatnent ﬁrocess Cbrtaln hoIdlng mechani sms i ncl ude a plurality of

lift pins tH80hre cdhFpRplipasign elgmy G beaely of P shBrovisipnaifprligation B9- | i fti ng and
| owering thewes ki3l REEALRLAL] 2086, 1R dRISAR FWhicAGRe@by ifcospdpRALY. 1N the

| ower ed ‘position, the tips of the Iift pins are either flush with, or
slightly red@@é@ﬁhﬁ@PHMPCWH@ytop surface of the support so that t he

wor kpi ece at | east partially coniatérshd inGedtidR Surface. In the raised
position, the tips of the lift prns _contact a botton1§urface b ck5|de) of
t he wor kpi ed8& é’thd el SUREEPHMLRrl FakS & BBTTERE HESPS SRFFREEIHY t he

support. to apparatus and methods for handling workpieces in a processing system.

Background of the Invgntion

[0003] Processing systems, such as plasma processing tools, rely on holding
mechanisms to support a workpiece, such as a semiconductor, ceramic, or metal substrate
or wafer, inside a process chamber during the performance of a treatment process. Certain

.holding mechanisms include a plurality of lift pins that are configured to raise or lower in
unison for lifting and lowering the workpiece relative to a top surface of a support. In the
lowered position, the tips of the lift pins are either fiush with, or slightly recessed below,
the top surface of the support so that the workpiece at least pzirtially contacts the top
surface. In the raised position, the tips of the lift pins contact a bottom surface (backside)
of the workpiece and elevate the workpiece above the top surface of the support.
Typically, multiple lift pins establish multiple points of contact with the backside of the
workpiece. The resulting gap between the lifted workpiece and the surface of the support
permits an access space for insertion of an end effector.

[0004] The requirement for lift pins in conventional processing systems necessitates
ope or more mechanical feedthroughs in the process chamber for transferring mechanical
motion from a location outside of the process chamber to the lift pins. Each mechanical

' feedthrough requires at least one port extending through the chamber wall of the proceés

chamber. Each port provides a prime location for vacuum Jeaks. Moreover, contact
between the lift pins and the workpiece mayv daimage or contaminate the backside of the
workpiece. Further, the process of raising and lowering the lift pins may generate particles
that contaminate the process chamber and, if not remediated, eventually, resukt in

contamination of the processed workpieces.
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'Typical ly, multiple lift pins establish multiple points of contact with the
backsi de of the workpiece. The resulting gap between the lifted workpi ece
and the surface of the support permits an access space for insertion of an
end effector. [00041The requirenent for lift pins in conventional _
processing systens necessitates one or nore nechanical feedtbroughs in the
process chanB¥¥] f or tueuddtbereforrde desiddlend prmvidapwptkpicdervomica lit ocat i on out si de

of the pr OC%llaﬁﬂﬁrm?EddI‘egseE E‘ﬁ@sclahé csthep.h . iEnJi?e@%pc ; ee%gﬁgﬁ%ogl@n&%% through

requires at least one port extending through t r of the
process charh¥eEsSNEaE®™port provi des a prine |ocation for vacuum | eaks.

Mor eover, contact between the |ift Qj_“ﬁﬁlaﬁ{ld the workpi ece may damage or
contam nate the backside of the worKprece. Further, the process of raising
and | ower i nd%Uk | i f n pisdodimgnt getheintengon al pperpascopipstes e pleeani nat e t he

process char@fbeARtudilefupp®tnd BHEDicatRAL, AN Bdidh of R & clbdkogOQt ani nati on
of the processed wor kpgiuggégs. 11_11161_111111%?111%l 1111111111111111111111111

*G00002* [ COBPI taierog hhwrkritsr duie PresHRgmbh BotsiepriovirdEfa wor kpi ece
vertical [|ifhechmBhanispteed hake Reldi-Re588:. e SerkpRel iR detl.aignci es or
chal | enges af lLlgjonvgan.t i-onal processj ng ﬁ)}gst ens. Sumary [90006] In an
enbodi ment  SFUERE SPHEERTIOSTPS BRPCEAFATAT DLV EaMisPReE o slegtages.

The vertically movable member is configured to move vertically relative to the pedestal

portion of the lower electrode between first and second pesitions. In the first position, the -

vertically movable member holds the workpiece in a non-contacting relationship with the

pedestal portion. In the second position, the pedestal portion of the lower electrode

projects above the first member so as to transfer the workpiece from the first rember to

the pedestal portion.

{0007]) In another embodiment, # processing method includes transferring a

workpiece to a vertically movable member inside a process chamber and then moving the

movable member vertically toward a pedestal portion of a lower electrode so as to trapsfer

the workpiece from the movable member to the pedestal portion of the lower electrode.

The method further comprises generating a plasina inside the process chamber using the

lower electrode and an upper electrode, and processing the workpiece with the plasma

while the workpiece is supported on the pedestal portion of the lower electrode.

Brief Description of the Figures

f0008] The accompanying drawings, which are incorporated in and constitute a part
of this specification, illustrate embodiments of the invention and, together with a general
description of the invention given above, and the detailed description given below, serve to
explain the principles of the embodiments of the invention.

' [0009] FIG. 1 is a perspective view of a plasma processing system including a
workpiece vertical lift mechanism in accordance with an embodiment of the invention.
[0010] HG 2isa fr'onf view of the plasma processing system of FIG. 1.

[0011] FIG. 3 is an exploded vi;w of the enclosure and workpiece vertical Lift
mechanism of the plasmia processing system of Figs. 1 and 2. -
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charmber including upper and | ower el ectrodes. A pedestal portion of the

| ower el ectrode is configured to support the workpiece during processing. A
wor kpi ece vertical lift mechanismis disposed in the process chanber. The
wor kpi ece vertical |ift nmechanismincludes a vertically novabl e nmenber

di sposed between the upper and | ower electrodes. The vertically novabl e
menber is comoiu;ured FIG. m)r«endﬂer biphdtd \yewrﬁlt&tvbdt@ietcavarhtal peaREhah portion of
t he | ower ILct}leqsgabetweeon LF nﬂ nd positions. In the first

posi tion, the ver bt e &ty o 5?/%‘?5‘? fBSnh &y Ids the workpiece in a

non- cont act i M§1ilel at |]ﬁﬁs41us P crakstdactioha Vlﬁedﬂ!&t@lnerﬁiﬁraldngﬁne 4-intFlpe2. second

posi tion, th[eo ﬁdest aPLI?rart |r(3£15 s%fno%a e ma”Ohgonﬁnt“ﬂgh?ﬁéfﬂ s above the

first rrenber SO as t nsf € Workpiece nber to the
pedest al portHware{st)@@ﬁt}dtmthuhgbheloftanhmldmmnt a processing nethod includes

transferri ngP@ﬁ/}or kplﬁ@eG gn&]ay%guvg% ‘JFT%A;(R\@Q{GeA‘rrenber i nside a process

chanber and then noving t er vertically toward a pedestal
portion of alPbder ellded Todarsrsrsaertiveoviewsaimiliete Figh billwortig teceofpicom t he
novabl e nenbgLaitO.dg pedestal portion of the |ower electrode. The nethod
further conpri ses generatl ng a plasma inside the process chanber using the
| oner el ect r B4 and dAC Uit PesPestivy deresho wmg 2 FodpisesTerfigaltlifl enegiaripinece Wi t h

the plasma Wich@ak iR RGErbR diRROME B¥erfibn t e pedestal portion of the
| oner electrode. Brief Description of the Figures [0008] The acconpanying

drawi ngs, whi%®tlare iFRE0PFor RepsBertiveviemnef actpakpidee vrrécaklifiyaachanishin hj s
speci fi cat i ofcorddnkdiSitly @ laRerRBROGIDIBIRES oPhe hhgriblventi on and, together with a

general description of the invention given above, and the det ai | ed

description given bel ow, serve t&%i%ﬂlﬂ‘-ﬂﬂ princi pl es of the enbodi ments

of the invenoon. [Omaﬂl%&celo msamearpm%pﬂoy@swgs@%e@io AnBhigsma processing

system i ncl udin i.ece vertical lift chanismin accordance with an
oritfle S BB

enbodi nent avinesditdf erde ba? ]16§P%P Viidrihe i Idwpstst supmog pl asma
processi ng syt esmoiicpEJd& frdm the0Q 14 LhhEper Sedu®ddt?, 8)Rl00RHo0t1 2 WL T he

encl osure and i ec erfical_|i chani.sm of the plasnma processin
system of Fi ‘60 lﬁ_ce ﬁ&cagﬂt Imechanism 20!) GIT& 3m% The plasma processing s?zstcm 10 huEt) her g

includes a tubular separating member or ring 26 positioned between the upper and lower
electrodes 22, 24 and contacting confronting faces about the perimeter of.the upper and
lower electrodes 22, 24. The confronting faces of the upper and lower electrodes 22, 24
are generally planar and parallel plates and have approximately identical surface areas.
{0020] The support arms 18, 20 mechanically couple a housing 46 of the lid 14 with
a lifting device 28, illustrated in the representative embodiment as a ;.mcumatic cylinder,
which is configured fo raise and lower the lid 14 relative to the base 16 between a raised
position (FIGS. 1, 2, 4) and a lowered position (FIGS. 5, 11). Alternatively, the lifting
device 28 may comprise a linear slide. When the fid 14 is in its lowered position, a
conducting member 64 is captured between the respective perimeters of the fid 14 and base
16, which are metallic. The conducting member 64 supplies a good electrical contact
between the lid 14 and base 16 to establish a conductive outer shcll surrounding the upper
and lower electrodes 22, 24.
[0021] The upper electrode 22 is suspended from the housing 46 of the lid 14 by a
plurality of electrically insulating spacers, of which spacer 42 is visible in FIG. 4. As a
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"[002] FIG 3A is another exploded view of the workpiece vertical lift
mechani sm of the plasma processing systemof Figs. 1, 2, and 3. [0013]FI G
4 is a cross-sectional view taken generally along line 4-4 in Fig. 2.
[0014]FIG 5 is a cross-sectional viewsimlar to Fig. 4 in which the lid
of the enclosure is in contact wwth the base of the enclosure. [0015]FIG 6
i s an enl ar geshltyihewpof clgtresig2f inmmscafong:w?& thdhou[siﬁg)itﬁ‘]vﬁhm.ﬁd E4 ;lshoaéclElzy §

erspective YL L4 4 Al l ' str.ating the wgrkpie oadi ng
Br ocgss. [OOt\{lL?] FI%&M%ILC?V&EC%&Egaﬁsg%aencq;tlév{'/eée%\ﬂoséwngﬁegd\}\lnwntﬁ ﬂ\é&\?\%r Qpi 8 vertical
| i ft mechani $eiid K ialoverediatecentedt tith the bt fl € pyshe wivie FEGrSodicniing tnepber hie

invention. compressed between the separating ring 26 and a perimeter of the lower electrode 24 to
define a process chamber 40 (FIG. 5). The process chamber 40 includes the volume or

space bounded by the inwardly-facing horizontal surfaces of the upper and lower electrodes
22, 24 and the inwardly-facing vertical surface of the sidéwal] defined by the separating ring
26.

[0022] In the raised position, unprocessed workpieces 55 can be transferred to the
workpiece vertical Jift mechanism 200 and processed workpieces 55 can be removed from
the workpiece vertical lift mechanism 200. The workpiece vertical lift mechanism 200is -
operative to facilitate the loading of workpieces 55 onto a pedestal portion 286 of the
lower electrode 24 and the unloading of workpieces 55 from the pedestal portion 286 of
the lower electrode 24. In the lowered position of the lid 14 and upper electrode 22, the
process chamiber 40 defines an environment that is suitable for plasma processing one of the
workpieces 55.

[0023] For in-line applications, the plasma processing system 10 may be provided
with an input carrier (not shown) that provides unprocessed workpieces 55, an output .

* carrier (not shown) that receives processed workpieces 55, and an end effector 280 (Fig. 7)
on an articulated arm of a robot (not shown). The robot includes a series of actuators (not
sbown) that permit controlled, multi-axis articulated motion of the articulated arm and end
effector 280. The end effector 280 is manipulated by the robot for trapsferring workpieces
55 from the mput carrier to the process chamber 40 and from the process chamber 40 to
the output carrier. In addition, a plurality of workpieces 55 may be introduced in such a
way that each individua] workpiece 55 is independently introduced into the plasma
processing system 10 or in such a way that multiple workpieces 55 are currently introduced
inte the plasma processing system 10. Individual workpieces 55 may also be positioned on
a support or cartier and transported thereon into the plasma processing system 10. The
plasma processing system 10 may comprise a single process station among multiple process
stations that cooperate to sequentially process mﬁltiple workpieces 55 moving in an

assembly line fashion among the multiple process stations.
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'"[0028]FIG 13 is a perspective view of a workpiece vertical |lift mechani sm
in accordance with an alternative enbodi nent of the invention. Detailed .
Description [0019]Wth reference to FIGS. 1-4, a plasma processing system
10 generally includes an enclosure 12 having a |lid 14 and a base 16 upon
which the Iid 14 rests, support arms 18, 20 depending fromthe lid 14, an
upper el ect rl8ePd] 22, aA pawgeyupply 8% whiglis c@ubledawitdl the upper kopl leee elearddescal | ft

mechani sm 208, £l GrioRé cou 1ol SYMRLRLRE §5 309, YSLAM Gl bier i ncl udes a

tubul ar separating menber or ring 26 positioned e upper and | ower
el ectrodes ZFPvendavehiid fegecief muytienovitheanpdray hagebotaden®2, ¢h&hper i net er of

the upper andet iy § Rtbe Qﬁiﬁém%glg cgrf]éni ﬂ:{}@e{) %&R‘g E)}S’égéugg %aa{’l %ﬁ_ﬁ:&g@ ftlﬂ“;[ he upper

and | ower electrodes 22, 24 are generally n ates and
have appr oxiffPaE@FY sichentdiRemd 814 acehighredis equaR0ichhe4Giiipod 3.5 s 18, 20
mechani cal | WiBoWP) Ledurh QS DA, b afshlﬁaHL,lo@latJAni%&rkbe%eJ#JéLéyt fg, gevi ce 28,

illustrated in the representative enbodi nent as a pneumati'c cylinder, which
i s configur & 92 Hievawameprhdfary eisreopeials of duat iaaencipesupgimphed bpae 16 bet ween

a rai Sed_ posoin& ianyEhef. FA]@%ati\;le]y, tge po4l)er ﬁgﬂyg{) h&vﬁrawgﬂeké (_@&) QE\LeGS 3, 11) :

Al ternativel Y t.he | ftlp devi ce 28 nay con‘Frl se a linear slide. Wen the
lid 14 is i fTRY™ FYRR Ped=Bud) torgirilatdne: Brskre oyt vrembetingis, paveg apt ur ed

bet ween t he sugtyBdahdy\iEppherrhdiEfticPRE fevdr bénpbfentitel fRARRs d@nseMhi ch are

metal lic. The conducting nenber 64 suypplies a good el ectrical contact
bet ween t he pﬁ‘f’ﬁ" iy aﬁ%ﬁé&@%@&ﬂé?ﬂ&ﬁﬂ%‘ﬂw IBCTERA R EPTTSEVBgtier  shel |

sur roundi ng afféreingithp elasnardednskpwer el ectrodes 22, 24. [0021] The upper

el ectrode 22.{,s, suspended fromt he using 46 of the |]id 14 by a plurality
of electri ci?qzé] i ns ul%é cftﬁ”ém’sﬂ’ﬁ’a%né”:’}%?ng? m‘\?ﬁ?ﬁ%”hg‘&f}%‘ﬁeér*“pﬂll' 38§“¥/PI§F‘15€1 ein FIG
4. As a resubreor rhe rafipisguetiechd ndede2? inpdase mahteig teiwobk @behdaysi ng 46
when the i i e Lifting device between the raised and

| ower ed posiql#%‘ﬁdss&rre g%%gg%%gglﬂgwt%gé%i t."me\ﬂﬁjéﬂlct“ﬁ%r f“}%d"vicﬁehg‘gm Bwered into
cont act wit R2t24andplgenatenfiag thdeboivetnbafll 1G.thespowar ssga 300 Therpipb®ince52 i S
conpressed BetWeeN.il, i [y apd a perinpeter. .of the | ower

el ectrode 24 to def) ﬁg a?%%%%%eggg%%ﬁgg%%ﬂﬁpfﬂe upBEy .g&fh"@mﬁlfz?)@]éss chanber
40 i ncl udes refheed/psingnd horongipyetive obwdnuietchitgnetvreksiinwaerdbod- Hyapkmen dior i zont al

SUrLRCEP O AR GS0E A PUER LGSk AD083 2P 0P Y 1
matching network by changing the capacitance of variable capacitots within the matching
network to mgtch the impedance of the power supply 30 to the impedance of the load as
the load changes. The power and voltage levels and operating frequency(ies) may vary
depending upon the particular application.

[0026] A vacuum pump 36 continuously pumps byproduct generated by the plasma
process and non-reacted process gas from the process chamber 40, when the plasma
processing system 10 is operating, through a vacuum manifold 38. A sealing member 50
(FIGS. 4 and 5) is compressed between the separating ring 26 and the upper electrode 22.

" The vacuum pump 36 is operative to maintain the total pressure in the process chamber 40
at a sub-atmospheric level sufficiently low to promote plasma generation when power is
applied by the operation of the upper and lower electrodes 22, 24. Typical pressures
suitable for plasma generation range from about twenty (20) millitorr to greater than about
fifty (50) torr. The pressure within the process chamber 40 is controlled in accordance with
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:[0022] I n the raised position, unprocessed workpi eces 55 can be transferred

to the workpiece vertical lift nmechani sm 200 and processed wor kpi eces 55
can be renmoved fromthe workpiece vertical |ift mechani sm 200. The
wor kpi ece vertical |ift mechanism 200 is operative to facilitate the

| oadi ng of workpi eces 55 onto a pedestal portion 286 of the | ower el ectrode
24 and t he wpiadirnigsied pleorippracad pSGafly oristhef ppadastsaire pokribitns 286 of t he
| oner el ectr; - 4 per
el ectrode 2 gglqﬁ%pé}g%%)s%eaés Elﬁ; 5&%&)&9)}1%%54% |ng£sﬁﬁlﬁlh%§\’f!5rs %rcll%rse ﬁ‘%gfﬂﬁgf IS
sui t abl e f orthepivesypted presesebaibatflone of the wor kpi eces 55. [00231For in-line
appli cat i onggpfie pl asgm mﬂ{ﬁagg)gM@X@&%ﬂhwrﬁmﬁmsmage/m&dlpwlth an input

carrier (not shown) rovi des unprocessed I eces 55, an out put
carrier (notekstmﬁv\/ﬁ§ "ﬂh?@@s lﬂletdéqw]@é Isﬁp‘ﬁé“ééﬂseeaﬁmﬁ%i @@ésie%ry ism#i3an end
effector 28Qu4F pﬁxcesZ)gasQ,GppW‘ll@rAhﬁé«l'ﬂ%%@mﬁﬁl&? a‘il&aﬁov[ B@&ﬁrcé&x@kzv&@%}w . The
robot includes a series of actuators (not shown) permt controlled,
mul ti-axis aPeynerabaedst furroeferadie regkiedha fioped °§P moaﬁagaéﬁamélfer ector 280.

The end ef f ggdcads o g1@11malpgusa$@d1zbyrh;@@nnalpatc lf)@ﬁmlﬁc[eaﬂi&fn&fuBhHQ
wor kpi eces 55 fromthe m&g%?carrler and fromthe

{9 rocess ch
process charfB&fecu@otgevhé el c(l?étt“f'diee? mdf‘ﬂ"g%“a‘igﬁ G sg%‘”"ﬁ gfil ty of
wor kpi eces ShthAmydiddebutidh pagaliec 65hd gas BCHata 1062y Tht patap@aciie et vi dual

wor kpi ece 55 i s inde endentl i ntroduged t he . plasma pr.oc SSI ng system
10 or in suc?i"’rcé"d\?vﬁg PR iB‘FBroﬁﬁﬁsr%ﬁ?‘B“égé?%gueﬁ pé‘lif’sisé%t °nt r oduced

into the pl gsdeesspliaadessi ng system 10. I ndi vi dual workpi cces 55 may al so be
posi ti oned suppgyt or carrier orted thereon.into the plasna
processi ng g&nﬁem 10%1 &ms r°°°r§?ingpsl’sg°cl %és’ln?l'édsegymfcg’r?fofﬁssrfaasegorrpr| se a single
process st atcbmmuar(mghdmb thbtpd Ieogﬂmsscmralth@mratmﬂdf awepethat e to
sequentlally roce ces 5 an ass ly line
fashi on am)ng Fhe" rfu tpowf”[i)%ryg@le)tées%§ “AthORs 6 m\f{ %ﬂ’]cﬁs Folht=iae ellT[Q)pl y 30,

whi ch i s couft admpk,ttlm ctoim)llupmtateaﬁ:d pbwmvclelveugcsodssn@a;d fR4udpgiesshi el ded
coaxi al cabl tran e tivel controls the
power | evel ?El Wcr Lﬂgﬁ%é%f %esérra{ag wfsgxtl ﬂfepmcgpségs fgoﬁ%pr S * el ectrodes
22, 24. The sm:phem&tguqipé Mﬂ@&gmtbmanpahpﬁrmajtﬁmg smtablpma$sulpm1/\/er supply

operating at_an fre Gh 50 0 Hz, at a high
radio fr equeP °ccsscsucl:)ﬁ "}/%f)or T a EE eq?}qg%lglt\h-ﬁsnlggmms m &E?ﬁmrgadl o]

frequency, . [@QZ&h as Pum*&zprocmsmapf \aorkmuts:F dhvdlveepofrrrgpled bstvemetipag -2. 4 GHz.
The power S%RﬂoMeﬁeQecHPaés?J §Pb %as L}%%fl’llces a @19&!1%&5@%& %M(ﬂe”posed upon

one anot her ternative e po Irect current
(DC) power gepsps yhambendfidglmed brewqyn épsrtmpcr andrigyver elsq’sxolﬂdt@t?—a %gﬂhvn hebd ber

al ternative aﬁamghmymm R UES anSHRBhen? i RY ro? gmax,m%esm&'s Brolagiguency (RF)
power conponent t rovi des a dense plasma a conponent that
i ndependent e Flmilioewe@c fiedshexetgethg proggsy mmcse-aﬂfl@mprqﬁgss%@glm ®ema density.
[0025] I'n Cerﬁa@hzﬂstﬁ%ﬁh%%ﬁnc@ﬁy O EopliBUGETSip8Rer ﬁoﬁﬁpop/@lvﬁﬁplﬁﬁmm the 30 may
operate at one or nore radi o frequencies and include an inpedance matching
net wor k ( notdurstiengiyhetplpsma tieakec es refl ect ed power fromthe | oad represented
by the upperp@afl | oWe foRl LI QL SHpropriadtooiEimit AS R Habld ngshther ebet ween
‘back to the power supply 30. The i npedance matchi ng{ net wor k adj usts the
frequency ofir §pREPEFEHHIGIPPHEHEP wH 5pTSHeRER: Ehanditi sisioure iiesutteF PBct ed power .
The construcg]ta,.ls%f&fcoaﬂgmcgﬁ;nﬁmmsxﬂe;mhhs aﬁcsm%@l@mt@p&omg@ person of
ordi nary sKki in the art. For_ exa edance mat chi ng, networ k nay

tune the mat Pt Ay lpBeEn Ftwdbﬁﬁzd‘faﬁglt%cﬁdh%ﬁt (FtSAtBude PRideds) e

capaci tors Whdhai1a «& hgindBddohht rtﬁﬁkmmgg;&omtsﬁﬁmytmm&mcm t he power
supply 30 to the inpedance of the as the Toad changes. The power and
vol t age | eveP®- and operating frequency(ies) may vary dependi ng upon the
particul ar application. [0026] A vacuumg.punp 36 continuously punps byproduct
generated by the plasma process and non-reacted process gas fromthe
process chanber 40, when the plasnma processing system 10 i s operating,

t hrough a vacuum mani fold 38. A sealing nenber 50 (FIGS. 4 and 5) is
conpressed between the separating ring 26 and the upper el ectrode 22. The
vacuum punp 36 is operative to nmaintain the total pressure in the process
chanber 40 at a sub-atnospheric |evel sufficiently owto pronote plasma
generation when power is applied by the operation of the upper and | ower

el ectrodes- 22, 24. Typical pressures suitable for plasma generation range
fromabout twenty (20) mllitorr to greater than about fifty (50) torr. The
pressure within the process chanber 40 is controlled in accordance with




‘a particular desired plasnma process and primarily consists of partial
pressure contributions fromthe process gas, which may conprise one or nore
i ndi vi dual - gas species, supplied to the evacuated process chanber 40.

[ 00271A gas inlet plate 106 is fastened to an upper horizontal surface of

t he upper el ectrode 22. The gas inlet plate 106 is coupled by a gas port
112 and a ddfP3kry IW@T@“&)WW“&”%E@S%“ ya ey amelestricallinpss 1 ow

control |l er apghudivt @WHidTRAGUE SIIRREm BN s A0 EineSIBWBImedB¥mRGoRr OVi ded t hat
cooperate to requlate the flow of each process gas fromthe process gas

supply 114 to8rdfile gglctiiomiterieh and ispqpstigeled 1p e aile tgvthgianddle Rl udes

di stri buti oRnPREERPASdtHObro SROMbeAFWitHB S PR EonEhBelnzA8lSpréedsskd1Cl udes
passages (not __shovg%) coupl ed, with. the distribution passages of the gas
inl et plat e “"PH§CECre Gragdghis mntestha thy gi3tspal dorang s depasbing Gigriini cat e wit h

t he process shduaitherbstddialioesiitiit RCkdhAG b flRGs: @Rt ithOprbd@ pirgee®s chamber .
[ 0028] The pl.asma pr.ocessi system 10 includes m cr oprocessor - based
control | er (ﬂ&“"%ﬁ%?ﬁ%ﬂ“g?ﬂg%“i%a Vﬁf“(ﬁﬂ'ﬁg?ﬁ‘?gﬂlr?odl'cc?ﬂ‘ﬁ‘f"r“ﬁlmafcﬁél’ B RN of
anong ot her peafg e Rvh@umisda@bdoosse the SpaPind 134k ek dssa@eaam punp 36, and the
process gas ly 114. .For exanple, the controll.er regul ates the power

| evel s, vol t[gdégg, cug:(r”ésﬂ?l%m%&ﬁnigoélbﬂﬁ%ﬁésfnéiswgfm e heimf)r(%ﬂév?tﬂg’f}’ﬁb y 30 and

or chest r at egnatelid op the wogkipere ffto perbe 88 dgared furfornmprdicess. Thaplasuaipl y 114 and
the punping rate of vacuum punp 36 to define_a suitabl ressure in process
chanber 40" chtiiiebe AT E BHP adfe il il o Br BohaRs S0 RH

appl i cat i on pap@@29jublusasi thegchpmisttyesf Shierpgpeesb gampthk piessce iske thelppcgower appl i ed

bet ween t he HRRES I , 4 .. ower s | y 30 produces
an el ectrorragnefgi48’ a??e °d |ntfﬁ%}%%{%lgfg§§eq§%%§é}l%ﬁ gef eﬁ%%ﬂ‘g% ween the
upper and | clerodel28ctr JHeplaR przdssinhisiern h@mby dolddt aandd! foas ecdgbitame
contacting «m@,ﬂﬂqt%mg AAERkaRUh b fzck Yher?d ARHR pREQE RS R Giclli, PFOVI ded.

The el ectromagnetic fi excites the process gas prese I n the processing
regi on to aPpiceshas 1gecheder predatesbinddgndpegt af. pltegnatiyely, hlastayppicesestoiaghe of power

from poner SipPlalediflod Alenbfaf bl pifed i Pl asma treatment. [0030] A
forced fl ow of an appropriate coolin urd may be circul ated through the

fl
air naps bet¥é&h t he Wifigelrregisde F’&ﬁe}’gél"eé’@dr%ﬂé@@ﬁ}fc plrepgeauptials encl osure
12, such as r@irfto EidReafifos if AGSCOMMRNEe § R 35/Ba1 Bk R\ggﬁlﬁénpﬂ)()%ylﬁf'agﬁp 10 and, in
particular, for cqgoling the upper _and | ower el ectrodes 22, 24. To that end,
a fitting SRRl plately aeorigrcss e 290n2 tehef wilignthubipsed yaporté4ta cool ant
port for couRbHafghipcduPRipdRt workhMeb Fxt&8 240FkiE thbwid diddtr§ 0§ Bundh Let HPS -
[ 0031] The upper and | ower, el e%t rodes 22, 24 are forned froman .
el ectrical | ¥& ently-biased push devices 258 projecting from the upper electrode 22 toward the lower
electrode 24 and the workpiece fixture 290. An outer peripheral edge or perimeter 274 of
the workpiece fixture 290, whicl is positioned between the upper and lower electrodes 22,
24, is encircled by the separating ring 26. After lid 14 is placed in the lowered position
contacting the base 16 to seal the process chamber 40 from the ambient environment and
the process chamber 40 is evacuated, the workpiéce vertical Jift mechanism 200 resides
within the evacuated process chamber 40. ‘
[0034] The workpiece fixture 290 includes a lift plate 202 and a workpiece ring 204
that are joined, for example, by a pin-in-socket type engagerment in which one of the lift
" plate 202 or workpiece ring 204 carries a set of projecting pins (not shown) and the other

of the lift plate 202 or workpiece ring 204 carries a set of sockets (not shown) that register

-



conductive material, such as alum num The separating ring 26 is forned
froma nonconducting dielectric material and is constructed to be able to
wi t hstand the plasma environnent inside the process chanber 40 w t hout
unduly contam nating the processed workpiece 55. Generally, this inplies
that the material form ng the separating ring 26 should be substantially
resistant to@feRi*iy thspinshEhesyekmige fivers éM is apfomitisalymosesls ichanber 40. The
separating riBgncabh @ll@;dpg AaVRlihd fda B agg\&ﬁiw(lut 95@ ‘E&Qntcrgengoncg et ma‘t erial,
in addition to provid %e vacuum seal t 3d" T owe

el ect rodes 2?“524’051T‘@0‘31?f1@6ﬁ1§t1|4t1wmed %b@t@s“fmtﬁiﬁthendmlatsm cont act and
interact w tﬂsﬁ%ﬂ%@ﬁuﬂ@ﬁ@fs'ﬂﬂ Ik ;Eo@xﬁoﬁ’@{amytgg% 1A 162 9§€$19er desired
surface nodification. plasma is configured to pel ormt &5i 1 ed
surface rmdu%ulea@?rdwrfhfth% werkmmrueec?éﬂs@vwowﬂéeﬂqmg:dpemtamms such as

the cheni st rypp@tictiae BT OEBSS AS, hdnhﬁ,“efdaﬁéfd&@réléa§$£%4m§ 1%‘3, ey Chamber
40, and the amount of power and/or frequencgEt appl i ed th pper and | ower

el ect rodes Z2anbsyd0 aphmopss sesvprd (e seRohign &y @mrr@crrmlyﬁmnou@éwan end poi nt
recogni tion tﬁemuerxwémmﬁllawa)d&chaaczautomatI cally recogni zes when a pl asma

process (e n et roc has_reached_a predeterm ned end point

or, alternath Qﬁé? ﬁ%ﬁg‘% é‘b@gés"aﬁﬁ bae‘:"f’?rri’é"&“'%é%ﬂ de§ 3 Gp A and

enpi ri cal | y- ﬂappartmlmtﬁﬁt upaRkR $E chy 108, Tﬁéﬂaﬁaﬂ)s\%ﬁy*‘h]éb%é Fﬁrﬁ«ﬂl@ﬁu hOsdppdsS. 3, 3A

4, and 5 In\ﬁ\é\@bCh like reference nunerals refer to ke-features in FIGS. 1

and 2, the hi R E-sgeket PRLTIERETEt pe RUFEHHGH, Bo@aRA0R ehdsmpReri A0 maties a | ft
pl ate 202, aowtukepin@o@rd,ioxt-piee cAlfhned TR coddr pl@siokh@ntdoye hicak@d supports
240 mechani c J gh% A rkpl ec ture 2 the | ower

el ectrode 24c LtLC¥ ﬁp&gﬁe't“ﬁg?; FEL 1 Byt tleeb"‘%f REFepus 204&3%/}‘&%@“%@8 proj ecti ng
fromthe uppfénen @b btt4ripbioe22 Ammmt mheodkpmrﬁx&zlrmm@dim 2érkpied sshe wor kpi ece

fixture 290. of the workpiece
fixture 290, aré\%ﬂ pg)h&%{ate gjslvl{)l oneﬁmﬁg&?\%gan {) ioﬁﬁbcg?ctr&%ﬂgmlwm?’c el ectrodes 22,
24, is enci rPéﬂFréftl’lWQStnEeYS@e‘p@rla@nmgngtp lggleﬂa&améshmnslm tle firbcdsschphizeed i n t he

| over ed POSighi,ANo SRM.A6E { he prqgcess chanber 40 from
t he ambi ent er%w ?g%rrent ljz]i(ﬁgce”ﬁ?m&%ég s%cc%:shczli &t élﬁﬁltgeé@sﬁ‘éuat ed, the

wor kpi ece vdd®3pkal IAfl@cewé’éhamcsmdm(bacledtue@mmtohﬂmlowa&mu&&ual ed process
chanber 40. 4,0034] 'Elfghgggrbgsgl ud s.a lift ate 202 and a
wor kpi ece ring 204 that areﬁg?]ﬁtégaﬁgs%ﬂt ,21%9‘6% ftﬁlemar%erf“h&ic’é‘c?ket type
engagement iclcligde Hve@ﬁémg)flﬁer ﬁ?e rftSPefCtlvepdrCaStSélZ@Zorobd vmdcmnesmethc lomer 204 carries
a set of prQicasdl P HbBIing RO aShWR)1 &1 L the lift,plate 202 or
wor kpi ece ri r?? 204 carJrl eés a set \g? soc%gtozﬁ’f%c s Z%MEIOH%P egl ster and
mate with t Hé4 pitthe ntrpally foeaded epewing 314t Bedb n@gﬁtmwoatalﬂana'ﬂsthtioycdrmveabl ein
conj unct i on iye RSy E&m@ﬂﬂth%é’éép%vé gh%w‘l{lhlgr ﬁss&r}‘h W.Jn_SEDOUt g er ator

i ntervention between a rai sed position d i's opened, as best
shown in FI &rmiag thysepport P‘Eﬂf\eflé%i‘dfﬁd?ﬂ% B airle pint 238 is|riathd Jdth s witemadly ¢l 0sed

posi tion rel@ddideeopbmhgt216 op@aéﬁmg'lﬁlmga@sttﬁgt TR 1Rtk gh:g aS op%ﬂm I ';16%{' her words,
the workpiece fixture 290 noves toward the |"ower &d posi B 0 he upper

el ectrode 22a41§1°%‘9%b°5b§/14ﬂh@‘“’l‘113é1S“Eﬂth@tdbmllewe%thegllﬂéﬁ/velr°?@Ipen¢6tsmdze 24 to seal

t he process dg&&a&ﬁze&,m&gmaﬂqﬂag@ogs toward the raised position as the upper

el ectrode 22 is noved the lid 14 away fromthe | ower el ectrode 24.
[0035] As bed{?¥&hown '?%‘fh PT%%RC?S%%F 139450b&ﬂ@@éewpbwd&yéyza@stmwelbudes a cap 208

and a suppeﬂr&]dr&mldémtzweﬂéfdlnb Qﬁh&H&HQQn@Qgcvelg—ch& faRR im33s BE%sd SO be
joined with_the support pi n-i n-socket type engagerre t or,

al t er nat i vePS/¥es ﬁ‘ée"f?ﬁﬁz%@’g aéﬁldsuéféFﬁﬁ%‘? of therigwerslpoieasia 4. Thetdameler éfiteegr al |

one- pi ece CaspDRLEL4, wHEnRa¥aE hplopb8fadOfR6lia sremte0Mh LSS bRl coNnt act ‘wi th
t he | ower eI Afﬁ?g!ef 4, as %ng t he workpiece ring 204 and Iift plate 202,
when the Ilfi‘ I Rk resgss a result, the workpiece fixture 290 and t he
wor kpi ece 55 are at approxi mately the_gsarre el ectrical potential as the

| oner el ectrode 24 when the plasma processing system 10 is operating to
generate a plasma inside the process chanber 40 and to process workpi eces
55 inside the process chanber 40 with the pl asna.




"[[0036] A recess 212 is | ocated near each of the corners of the | ower

el ectrode 24. Each recess 212 has a base 211 that represents a relatively
thin wall of the nmaterial of |ower electrode 24 renaining after the
respective recess 212 is fornmed or machined in the | ower el ectrode 24.

Projecting fromthe base 211 of each of the recesses 212 is a nounting post
214 with an [O#8&r nal [Bach gwide #ndad0 bpledes pgpbstamialryluniriend pae-thirgdsshak 214 may be

positioned t L i of the
Focesses 2122 PEo PSRRI Gl GRS Blad by S0P TEBAROAONE R18 24 Lo 218

of a gui de pesrsEP Bt 2&%1thetdewvmhct wfuamoéfnﬁhthvn>twdéaa%raw@mmﬁrg‘ 216 of

each mounting, %@:ﬁém Qéé-cnm@mmmwﬂh onguadzrpﬁazi@qnm@,mcﬂguﬁma&& each
nount i ng post 214 is_orient ed such that the respective guide pin 220

projects in wWeHiadet T@‘-iw‘lct“b%ﬁtoéleﬂ%@@clpﬂ"zﬁiVé&‘@%‘?tsabeFBF‘]"E‘ﬂ&PP"&Gf t he

recesses 212pl Sadl &R smmﬁd,f%nmha&%wmyar@sauh}sa althdeabd Yegad i ndri cal
sidewal | 222 extending to the base a beveled or flared rim 224

di sposed bet &k wpdugadrd Shﬁ‘é‘fzg{nﬁ’ﬁd“”f H‘ﬁﬂag?frspﬁ‘(lfézgzﬁfga%‘fg“ldﬁgmlz BB el ectrode
24. The di anm¢ dewal 2320 1 |r@ﬁdﬁdve¥rbcﬁ352224hav\i\lbl k\ﬂ)Elaﬂtﬂll}B:l‘oSﬁﬂhﬁankélﬂ:mt op surface

226, is gre t han |arret er, of. each [.ecess 212.
[ 0038] Each &c’% pi néZ‘ab ﬁé]”ﬂ’ﬂgs“@ ms‘% t‘éstﬂasn pﬁgﬂg“%y ICdfabﬁlacf%SPe” hon- t hr eaded
shank 228 exdnedhﬂgmier}:mmme;mdwm’aﬂadznqdﬂﬁb&rkpcmfﬂurahﬁndzaafﬁhp The head
230 may inclyd recessed feat| r(e ives the tip of a tool (not
shown) " used #?fﬁag%’@iﬁ'éﬁéa?%égﬁg‘f”gb‘mee &dt &n%‘{ W@ﬁaltbﬁrgof% BEdeY tip 218
of guide pi n2432Qeming titchegiht Ge hadyl2¢4. t’ﬁmeaht@ﬂompaﬂlpng:c@lﬁ)f effdrgedhead 230 of
Sach O 08 Ml 7 Rl e AP E BucBln LiEES R0 Whfth i BROVE L he Dearby 1 op

surface 226 ofld arrres 'a are surface 225 | ocat ed
near the noreithmnfeadcedy ﬁ)hanlhe td2B8244 T ke anbpreet! head 2diecf cgdharvlp bl02IB243f each gui de

220 and
g IuBst ant ?gl Ié/lg}éog&]?%%\@gs?%ﬁg%ﬁ% tJPL}%T %cg%gfﬁﬁekv\éﬁz#%ﬁ?%%%%gpﬁ%gtfgo i ncl udes
a stop bl ock\wﬂmﬂcrmﬂlédwbswraﬂnésQ}Sbmdveecmnlé)cwedtméipgeﬂ exteripi stdgw@PO with t he
lif I 2 | ud
1Tt plate '[2%% % m&rrag?svfﬁe)g&ﬁé 3&5 h\%}gas %hs?agg’ ﬁﬁﬁﬁplé%iﬁpﬂé &9&%0124 i ncludes a

body 244 w an en a cent re or passageway 248
ext endi ng t hedejvelhpdhs dﬁpoachéethwdyhezmﬁo T éhertaied lektyrico sidsveatl @3 rBp ect | on of

enl arged he a 4 d eredl P 250,
whi ch extenglgm%%?,c%n%%%%u\rétg I aQbéﬂgdugggmglﬁgﬁugﬁfgi%%dg'%\vgggﬁr @{ éegd head 246

of each st opsutfhas@kB Mzaﬂiwstdrmrtlopnf:qhﬂﬁléﬁaléldlﬁ%’ rignbspelipesd3®r t aper ed exteri or

si dewal | 25215hfpt deCAﬂﬁé}eécegs@s@5@%@&@&%@%#tﬁ@gcﬁaﬁamgnmﬁfamﬁ fromthe
l'ip 250 and a second bevel ed or tapered exterior sidewall 234 that

i ncreases i nPi¢ e (The tapgredexichersilayiliig? of welanienbldck gid & meeagad 80, The

exterior si dr%é’ﬁ@!dve ebriig ﬂgdeésﬁgeiﬁtgZWtT%@%tlltmaéh'ﬂQrcgégcsﬁm il dRckapered
exterior sidewall 252. The passage\é\%é)fsf i ncludes a substantially
G

cylindrical 9hthaedespIgvedprine spig ¥ fpisf gcey 23 A0f BpeedeEiPhat  narrows a
portion of thgusibatatih @LI!. Mo&)ﬁh?. Rd téreRlingSutlch af @i 238,200 QQéchle&widlar ed recess

254 is defined near each of the perip eraﬁ%ucorners of the |if
the stop blocks 242, The mclmatxon angles of each flared recess 254 and the coucspondmg

tapered exterior sidewall 252 of its stop block 242 are matched to assist in securing the
stop blocks 242 with the lift plate .202, yet permit ready removability of the lift plate 202 by
a vertical force of sufficient magnitude.

[0041] When mounted to the lift plate 202, the tapered surface 238 of passageway
248 in stop block 242 is located generally between one of the recesses 212 in the lower

electrode 24 and the workpiece fixture 290. Disposed in each of the recesses 212 is a
-0-



‘plat'e 202. The tapered exterior sidewall 252 of each stop block 242 is
engaged with a respective one of the flared recesses 254. The depth of each
flared recess 254 is selected such that a respective inclined surface 256
of the flared recess 254 and tapered exterior sidewall 252 of each stop

bl ock 242 are contacting when the Iift plate 202 is secured with the stop
bl ocks 24- 2.spihgeelimes] 6hathich maphayk ths ffn of achnpi¢sgereapringionnyd 1284 and t he

cor r espondi gyt ARGIEHirL L dpfie PGV ks e PEiglil S AARIRLQLK 2242 are

mat ched to ass{ st in gecdn“ﬁ the stop S‘bl ocks 1543}% W&t%ttl he %ft plate 202,
yet pernit raddyraptendieatsicn be yasppllidne teilip 254indheregpoivbjiombloaki#?.cal force of
suf ficient rggni t ude. o d0Od L AHERGIRURLBShot-RrkRE2d0l fd exRhliG AR the tapered
surface 238 of passagew@g_ 248 in stop block 242 1s | ocated generally :
bet ween one Wrkpitre fixaredibipn therpisqdipogitinn. |Aswersuibithedifnistre202 ancavretkiidse wor kpi ece
fixture 290. /8P osROwiKbi€a&HuR b0 HEsUpEsEE FESedikAtl Bathg nSRhd: BEp &k €MENt 260,
whi ch may have the formof a conpression spring forned froma %ellcal coi |

of wire. EachPRopfPily Eremeitadsaplsddy st misPfediverkpiere riped(elt i ve recess
212 and is CRRLJEIGEND 0B T NBaRaSE il red R deBBo IshsPerd 301V R €Spect i ve
stop block 242. [0042] As best ghown in FIG, 6, the spring elenents 260 are
ext ended wheiis 2 Roreisitarsurticr 1240 0estods 4t he rai sed position. As a
result, the (ood3y pl atme AP Haco0sKRLAEE tHe NG A0FcTh5 b Wan kg gce fixture
290 are supported in a resiliently floating manner atop the supports 240.
Under the | cBU OB ICRPHy 2PAENF FPP f9Vetice] Depen3ian o PRFPECE™ Prarg® 204, the
spring el emaninghe26i8dg0didon C Theirdlifation wigxled o SipE flddg sh@idce @25dull trecdpedd t o suspend

or elevate the |ift plate 202 above the top surface 226 of |ower electrode
54, °1 00451 Tridtips R whREs SOBu398 opeat L Rt BUPPELE 295 on t ho
head 230 of gidegd 220 WhRAZR WadkpcoOfitae 290 i hd falwed petitgn. bk puweidtt heal noti on
when the workpjece fixture 290 is in.the raised.position. T inclination
angl es of thvg’q i$F 8 u‘éeﬁ?qtgé%ulﬂ%aréﬁlad‘fc%ge Sf’ag‘ﬁgkr’ceaagns‘ivsﬁ lé"’égméﬁ gﬁiare mat ched so
t hat each straigedyositdo. 2aldrni this pevidescampredeibleduratidnevithingihend proessyjigi de pi n 220
when the workpiece - fixture 290 is jn the rais [tion. This permts the
wor kpi ece fi%X a?g@g‘?é%‘c?%lkf"ﬁc%rgﬁ”?%dbé t}rlcevf)orropdtﬁ?:?%\"gagdpati al location when
residing in [0®&]rai sed egdaiet inglstail below,unaveminheShepiddvite e wared pgitioduci bl e

| ocation wit/k 2508 2SS £ the workpi.ece 55 carried by
t he wor kpi ec@c?isgltnure 58%&81F%§1ﬁ% A%ﬁé(p%%ﬁgg@ﬁ\os g?\é@f Jﬁgr(ea%bw, novenent of
the lid 14 tewmarehsowbe sdugdsicnts 360. (45I1@& wakpisrp Gemre 2his Wovekegdi thekead | xt ure 290
tovard a | owapQH.PPSt dd 'g,-ﬂgzzom%qw ORE GRS Syl D8 SRELAE 1§l ements 260.
As the workpi ece fi xturggﬂeé 0 is |ower e%ir,egbtghe ead Za%O o‘? ea(t:% of the guide
pins 220 nowe W jts respective passageway 248 toward the lift plate 202.

[0045] As best shown in FIGS. 3 and 3A, the workpiece fixture 290 includes a

central opening 270 extending entirely through the‘lift plate 202 and workpiece ring 204,
and a gap 272 that extends radially from the central opeuning 270 to the outer perimeter 274
of the workpiece fixture 290. The cover plate 206 is dimensioned with a width
substantially identical to the width of the gap 272. When the workpiece fixture 290 is
lowered to a process bosition, the cover plate 206 fills the gap 272 so that the central
opening 270 is surrounded by a sq'bstantially planar surface defined collectively by the top
surface 266 of the workpiece ring 204 and a top surface 276 of the cover plate 206. To
promote the requisite coplanar arrangement, the respective thicknesses of the cover blate
206 and workpiece fixture 290 are selected to be approximately equal, which permits the
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"[ 0045] As best shown in FIGS. 3 and 3A, the workpiece fixture 290 includes a
central opening 270 extending entirely through the lift plate 202 and

wor kpi ece ring 204, and a gap 272 that extends radially fromthe central
opening 270 to the outer perineter 274 of the workpiece fixture 290. The
cover plate 206 is dinmensioned wwth a wdth substantially identical to the
wi dth of t he'opasfages 306, Yietn be spproninaieli flsehewhion theuroskpoofiitye P¥lieindd to a

process posijh&QBd pdsien. Oﬁﬁé‘é{ntrﬁ’lloﬁlxﬁlgzle@ls nlnlnliﬁl thdRpdRRaE 2 §&u£«4§@t the central
opening 270 i s surrounded by a substantially planar surface defi ned

col | ecti vel yH9yiFvemibe espal oprofa 2&0 mehapt othe ghapspoupipisasstangilasg 204 and a top

surface 276 @pschhe coy@builsaf G 2%6 whidlPis Qéﬁgpﬁl%etm;ﬁe%gfhh gtsi(lri et:og@am anar
arrangenent, the respective thicknesses of the cover 206 and

wor kpi ece f i SEiffics hogentrafapening 240t Thy redipl WW%X’W’&Q@W‘D@H@&H seleiffi ch pernits

the -10- t ofclsmitfoal @ Shiflular 2dibact Bl (RPPERNEDBS BlcHuridddDh mwhgrn7t he
wor kpi ece f| ture EQO is inits |owered position. The central opening 270

is round |n tae il s i HRS dihad  tmay pogherpaimatelitéguat ir iria openi ng 270
may have ot hEH‘e d&bﬁqae&me&u&:m @SnihEL ANGproinately QAADBD Mesdidldrmeor i m 278,

which is deflndl iece rin axiall'y encircles the central
openi ng 270."” 1cct3gdless thccff({‘r%ﬁ‘gi“(’)sr‘?né’f %‘H’tozﬁg o'[cft}teﬁ”é’ Thpieffis 27 reingt 'e¥rect ed such
that only a thhgeamericdlblape o tekanal cfp&:&@ 7.00 istsklectatab kqiifameo B shape srapt act ed by
the rim 278. Fre | e e radi nsi on of t rimz278 my be

appr oxi mat el 5 &GA ‘trqé)11 Gé'mr%tz?”ﬁ%ssﬁﬁﬁ t°8f‘"€aﬁ GEQE@F HPRBREAPRg 270 s
appr oxi mat el3p4 enuadmovm r¢linet d trenistiaess ofthet he:kpmlﬁpl Bhen bokpiesss she radi al

di mensi on of _t.he il th oL kpi eces t.round, the
geonet ri cal 12?)%]{ 0 S%%Demf:de 0 e i 1r’fg T”vsm’s T"%g? BAPRTURASY orm t o t he

shape of thecomdkwph@le@pﬁﬁfdcél?ﬁé ofthnwﬁﬂcaleceﬁrulgeoessed bel ow the top surface
266 of the g@(ﬁk’ 'ece'ﬁl Qgﬂlzoqﬂ‘ggy é{gésughtglz%tagd dtc?f tor%ga Qill(géness of the
hs re

wor kpi ece 5 en vvor pi ece I'ng on, rirmz278, a
top surface %KPQSh@rW%px@@éZ@@ap%ssa@p:m@mm& Wodmptaasfanngm th the top

surface 266 u@fxro&c@ﬁd %fk%ﬂ:c? Q?torﬂﬁer%rg&%e ﬁ)%t%gégd %ﬁ ?cnwvgl% grogis Lhe gap 272 is

sel ected such that an end effector rough the gap
272 and accegsknigses 56 dignythd waskniasee hgmz ?@ﬂ fhe end AngérelBp ismguplmdpitbeessed

wor kpi eces  Jghot, Qudnhia VEM-IR 'cgrﬁﬁxarfltlaﬁwgt@d/gs cgnbgﬂgboll:t] grlggh Eﬂﬂf«?{og GERS¢€ d

wor kpi eces 55 from the wor kpi'ece fixture 29 or 280 is
coupl ed wi t FRSEryRedy @ peeratavaug ogdingsy &kikit the agonpl i ant arti cul at ed/ assenbl y

robot arm ( HARA) I OBl lowd%IHRIL DS ARG o aa{n@esoa%ﬁamb@agau%gc argpnary skill in
the art. [0048] The |l ower el ectrode 24 further conprises a renpvable
el ect rode se€fiish includes a mounting flange 285 situated in a recess defined in the lower

electrode 24 and the pedestal portion 286. The pedestal portion 286, which defines
representative a workpiece support, projects from the mounting flange 285 toward the
upper electrode 22. The electrode section 284 is secured with conventional fasteners to the
underlying and surrolmding remainder of the lower electrode 24. The top surface 226 of
lower electrode 24 and the top surface 226 of the mounting flange 285 are approximately
flush. The surface area of a top surface 288 of the pedestal portion 286, which is elevated
above the surrounding mounting flange 285, is approximately equal to the open cross-
sectional area radially inside the central opening 270. The diameter of the pedestal portion
2806 is approximately equal to the diameter of the central opening 270 of workpiece ring

204. The electrode section 284 has a good electrical contact with the remnainder of the
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'284," which includes a mounting flange 285 situated in a recess defined in
the I ower electrode 24 and the pedestal portion 286. The pedestal portion
286, which defines representative a workpi ece support, projects fromthe
mounting flange 285 toward the upper electrode 22. The el ectrode section
284 is secured with conventional fasteners to the underlying and

- sur roundi ng lavshelfaiges 24P thap e pesipgsal pestieicd 36 garbsupport 2t aretabpbgaptiflicle 226 of

| ower el ectr BN flange 285 are
appr oxi mat el %%epoﬁcétﬁgmh%mgﬁ;r&g%@ug% gggléggﬁ sl p;og(%?f ace&ggglsof t he pedestal
portion 286 Pyiine Hq %Pl@mvalf%@“al%\wcﬁéh@@%‘g’undl ng rmounting flange 285,

i's approxi mpgeaby equathe dofertphfs 200 Sdhpritd SSeuRP ¢lise @R 84 the1dcbledldi¥n | NSi de the
central openi n%efzm The dianeter of the pedestal portion 286 is

appr oxi mat elP§* Bpaticctsabevedhclaap el thermappptingfisngeaiip (AP cypeiithiPo2rd of
wor k- pi ece Liddgal38dion imnﬁylce&pﬁs@sig@ee&%m A4 Basn fopeiadrehast ri cal

cont act vmth t he remai nder of 11- |l ower electrode 24 so that the
pedest al porfrhe Sawe 28 ‘Asli?ﬂﬁtb"F]tY tbcl‘f?"%{rpg‘“‘azt(mé‘ﬁbé‘l’%ﬂﬁ’fﬁ XYt he same
potenti al asohfd@ert GaEk nBheedb Qﬁexe&{bda\ébaﬁbntjseamm}mn@&ne&aﬁsmagdesyst em 10 is

operating and a plasma.is rocess.chanber 40. [ 0049] The
cgver pl gte@ﬁ%‘g&‘ [T r‘igieﬁg"rus? f’é“éta“‘gg 3d’ﬁ5“c5?nt€ RYBPRE B de s!acti on

284 t hat prmlm&&tﬁmmlbmﬂ@tmmahmmédﬂxguﬂmnge 285. The cover plate
206 and . t al tion 2 rise a single or unitary raised

regi on proj Z@f’ ng frg’ﬁhe ﬁ‘ ﬁ%ﬁ’ﬁ?”%%‘b“e%gﬁd%w"f%" aﬂﬁ)fcéf‘%"é't“?’\’lé?'?ac}/t he cover
plate 206 mhystweandpr vakpice S8 pairtixttep mquaaﬁ&nﬁpeﬁdmtpqrmmmmla‘drsﬂ@ t he _
hectrode SSRhban S ERdvolRel 05 haNER R, 36 HAE LORALIRO £ 0S (ot

shown) or the sed mat 1 ca posi foon cover e 206
rel ative to wolkpieceiftis aicom;pdrw wihda7 Sy stmuctireomibe kqdas@dgorﬁmaﬂﬁ,rtbc 12@6

[ 0050] When t I i oner 1R posi tion,
cont act bet \/?E‘grn\é?%g%\%(rg%ﬁ:;gaégé%gna%gretlzghltg 0 ogtg?‘%'(g%@ %gg]ﬁ?ﬁ]pedestal
portion 286 pdesiniphusios 28thdn the ldepicd prcESpdsitionrt thewerbpidcp fisem 260, i (04 to the
- pedestal por, . nmpl i shed

W t hout any Eé'%drgﬂ%:ﬁt%g’?go%ﬁ&u Q%‘id‘g%?cg{“:d%}cfﬁttq%’ril 2 %E)B Lﬁé %ﬁgf&% ectrode 24,
or the base pi®stafportie 2¥n duoguplesma Zeguénti thrgvarkpitch 65 wefs kipthete s&8cont o t he

pedest al porztsg mlglﬁ@csta\ Bdidi@ghovered process position of the workpiece
fixture 290, op surface 266 of workpiece ring 204 is recessed slightly

bel ow t he tcﬁ‘%)%lur f ac dhodatrede spatian Hebad thy [ift pletetZDDeare o@etruchd fiomgn pl asma

treat ment, (P& MPLHB A SudPas uRinSm Ofhe BE 2050 Moié‘%ﬁtc%@@arﬁfthet he pedest al
portion 286 [ 0051} The el ectrode section 284 and the [ift plate 202 are
const r uct ed Workpisraine@Oé ane coustatcted Gk ae cloriricakineintarsr ditlertricntiah 2sThe cap 208 on
the cover plah6a 208200 MGninVKRLEES, thd P 2806 B Sv& QRRLOY GlagEL from an

el ectrical insulator or dielectric, such as alumna or high-purity alumna.
Al t er nat i velRprpicpraing 284 pgaligrbe eopstrictsd G mpn gleet i@ gistr A Aor kpi ece ri ng
204 may al sQub8umOnad f4eiRds § ERAMRR i@l bl GaLpCONGEL Bber pRldGhe @S al um num
“The selection of a constituent material for the cap 208 01P the cover plate

206 and t he AbPxpPERiereropd0ipdicpted By the tpeen] PB@*D%R?@”O respirgs) imdem

per f or mance phaGiyird @hink @)swﬂmogb;aasgmcmr%aﬁ@pre&swoemcwsa‘ Qunhseghar ticul ar
pl asma process on workpi ece 55. t hough not w shing tqo be bound by theory,
it is belieP8dvithpsgo Eeotffgfwf Ricthsomyy!t tsr‘?éh%%ﬁhaze@smmﬁaqtée B e o206 and

wor kpi ece T iphg 280 4nd W ERiRB rifd B4 ioinGA bledt@AHsGERIor OREniA &6SraRlaGnr at € driven
pl asma processes or treatnents and that construct | the cap_208 of the

cover pl at e PO BTSSRV KBHEERS 0 Ryt opsfrueting therap 24 %gFF?Y’?T BFE P zes
uni formty dad Nﬁﬁpx&k&iﬁ@%ﬁdﬂﬁ&ﬁﬁ&&}c optimizes uniformity driven plasma processes.
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"[0052]Wth reference to FIGS. 3A and 4, one of the push devices 258 is

| ocated spatially near each inside corner 15 of separating ring 26 and, as
apparent, near each correspondi ng outside corner (not shown) of the upper
el ectrode 22. Each of the push devices 258 includes a pusher block 262,

- which is secured with the upper el ectrode 22 by the cooperation between an
insert 261 dé§2h shoVitderfelowtk to EI63, 3 Aznd 4 aous pf theprsk Hevteesd58 Bdarateffach of t he
pusher bl 0CksuZRA:Na5a St BFhATS bAblYaiY 6 3 88 of Shfth e W L 2
respective o%g fcyhé:sfop %%ocis i%é&gtnégend Sf%#hetsp(iﬁg el enent 264,
whi ch nmay hag@espanding giide erepnelhisrie sEhorpreprachedrgr Fsd of PoRIsA helical coil
of wire, iIs £aRL v5EAnReL Mﬁmrhack%b%&ﬁ@ss@m\a&%&fppé@r@c&u@m bl ock 262

and the upper electrode 22. The pusher bl ock 262 is construct ed, from an
i nsul ating dke caprerasien patwecagn erert2pl and gshpulder bplt 283, 4pd LsPring P eHe?ftnsert 261

and shoul dergaQlfthe20denByckDes2Mha 1686k cah i@ o rfBE AllatioBHE HitRS refpesiadi Nl €SS
steel. The shoul der bolt 263 has a threaded tip that is fastened in a

t hr eaded bol%thefites tap iasks 3gpOpe i atths iR Jomenriid. Bhidyey hgedhades2 of each
}oush devi ce o2& %m@mﬁoﬁh ﬁﬁﬁl‘éﬁ:lﬁ:ﬁl chingr mlpia k@aﬁedb,gd“tce@aaama@wé\egn aoI
irst position. (Fl 4) in whi the sprin nt 4 is_extended and a
second posi thle‘ﬁlr?%? et p%ﬁ“’rib]r‘idi/&?ﬁéﬁi 'Jt‘%‘ﬁ’pg‘pﬁk’ﬁ‘g‘bd%&?gﬁéeﬂ‘%ﬁ%b °°ﬁ§g%5rrpressed. The
spring el emegistddd Pl ihaktia op diekd@dederhl, ashtoa @amlt, pudshdaisebRock 262 in
the first position. [0053 he lid 14 is noved towar he base 16, the
pusher bIocKmﬁﬁﬁmﬁ?bQ%%%‘EQQT%@mﬁJ§ﬁ”Hg$?€B 1§§é“€§ﬁﬁ§%fbmﬁﬂﬁlcﬁp sur f ace
266 of wor kpokees tak nthrea@:l tipmight ks etemp it nfjreaded belfhektisth@Gppetrdgirale2d. conpr ess.
As the lid 14 approac t he base 16, he spring.ele ts, .264 further
conpr essed, ipgﬁlelgbgﬁtﬂi%g%o% “hipﬁsi]rdg‘é‘%cizrqglsf St gbele rtegmfeﬁoe{ﬂeﬁg’roﬁlg'frg’glé grfng 204
t hat causes tefeeniirk pocite (FIGK U ehidOBe {poingraisaent 204y htchded atdoysesmdf ace 288 of
t he pedestal_porti 86.a toward t l.ower el ect.r t he
wor kpi ece fﬂ§§ﬂ¥%h§88;?§mfgg¥ e 8ﬂg?e ﬂﬁﬁﬁ f%%& ?ﬁggﬁgégﬁgl'ggterior
si deVal | 234upphiesaigedioagitdipasind eclkp@ikPblodk6a ot the fittgpofitiar ed ri m 224 of recess
212 and eac her bl ock..262 is jjoved.to it ecan kiion, [:0054] The
inclinationqgﬁgfes-o?“@ﬁ@dﬁﬁgﬁgEéﬁwﬁggﬁggﬁ&atéﬁggggmg%?%%?%?dg#demalI 234
are approxi rbe mbhydegigesalls8 omntag the lapdsurfaph 60 af veorpirekis@ e atfdithetsprieg 290 is in
the |overed pOSILbONegE ARl N8 af ki £hpldabiRs e fask $6, i GRARLRHEW th the
respective 5%%%%% thegegiegﬁgffE?tgmaFf%m2§4.SThe%coﬁtaé gutoﬁgtically
sel f - cent er S6éaie ferbeiomblesiek Waidanpfics Rl nciersgedusyie dreinmekpeerdng0212.
Consequent | vy, GRACH ﬂ{e'%gkgiéa@ﬁxc&rb@gd th Bhodolkd RUES Gftace LBEAMRI JisGLe fixture
290 returns to a reproduci ble spatial location relative to the |ower
el ectrode 2&cgivn 236md vatsrehelowenclegerde 3t cWhavihogarkpipre fixteli@®? & %4 noves t he

wor kpi ece fixtddaodd6h, R tiphea ek VIR DB oh IR stob Blokilli4D corfeflsShddr OVi des a
reproduci bl e I ocation for successive workpieces 55 on the pedestal portion

286 during e isgdhehreresl 218 mukeseh RushentlorkR63 Is nogpHs 11 ford @0 wi t h
reference tquishfsS. 1.ThlinciBiatiodAugl@BEthé nabdd rich B4 dnbi ehpdida dxteribs ide@li t 0 an open

position relative to the base 16 (FIGS. 2, 7) and Ia,,ced‘out of contact
with the bas@*¥s2Pyiigaelheasehogmyghei Phenihe PREPESHTBRETP & Wi Pre™hor kpi ece |
vertical |iflshBChanbEm £PQ Haves @R chithdt wah tRMEpRGIRObt BRSex@isSt Shown in
FIG 4. The spring-biased supports 240 urge the workpiece fixture 290 away

: . g .
from the | ovieval &t TBmeonsst tupnpfiel éoids vash Yerplipsdit Fipe ™men the
wor kpi ece fixdpbige RS0s 319, COnsbdiently daGREncRRS kileii@ N4 ANk faNthd®brkpisecest abl i shed
between the tapered surface 225 and flared surface 238 of each

Spri ng- bi aseFEIAIBST DA reriequelplp SaAL foptian FdRtiNg o Iper gBTOHR A T8r t he
central openkighabld Be@dd Radon2bewiRn the Gl £ EHRE 1REQNGRB: MHeRE DUstRl y pl ace
wor kpi eces 55 on the workpiece fixture 290.

-13-



"[0056] The end effector 280 is mani pulated to transport one of the ,
wor kpi eces 55 to a location near to the plasma processing system 10, as
shown in FIG 7. The end effector 280 noves the workpi ece 55 fromthis

| ocation, which is outside of the enclosure 12, to a position between the
upper and | ower electrodes 22, 24 and above the central opening 270, as
shown i n FI devged nppiben. (B madisas vidses spodusibierlagedqndes weretsive tRkpiessel ef f ect or
280 from t hesslReRttR0abivh 08 Rfind Heh SQHEh@SPhEItRLGAe position above the
-central openl&giz 0 of the_ N,vorkpiece fixture 2 e wor kpi ece 55 is not

90, the w
gui ded by an{0%f r uct Up 8se8L Hith sefescsfp FI0S hed dnth aadA-Ll e Id d4 s fiftds rai | s or

anot her typeaoei o;ﬁfﬁg&ﬁi@h Fekive MStbhRI 1B YFIGESS 0L i@ bR dWuL dF bRt BRSPS 16 Of

encl osure 12. [OowThe_ end effector 280 is |owered so that the outer

peri phery of%eHé Wor Kj5ild & ke, the ampatests ohide pripioegeitind i aeeiisg ent r al

openi ng 270 b have bkRiiAGEafebnght &0Ast RInSNAAN4] TheFsbae-tasedldigpo0dopi ece 55 is

then fully sugeport_e_ .on_t he r6m278. After the workpiece 55 is transferred

to the wor kpl&d® Yorkaissr Bxwg370 1178 Tamdredt YL eleeirdo ghtoiPo Wi f1d#stn ¢ hr ough t he

gap 272 to apokifihatWinmthe aapRELAyrO0S il @e afiscl Baitoa@iduohd: iof the lid 14 and
base 16, as shawn.in FI 10. .The e effector 2 hysically fits within
the gap 272 eatgg’iw??a%?tﬁfegt eetﬁfﬁéeﬂé‘ér%&?ﬁgf&?‘{%“ﬁeéi.s“f‘ﬁ%ggﬂlfﬁé%iﬁ%‘f”ﬁﬁ ¥y of the

wor kpi ece S5Supmrt 28 p edpiaideitily loeaint & défined fohtht bentrhliopenng®@ 7050 himtcread openi ng

270 and is s e d_above .t he | ower. el ectrode 24. 58] The |id 14 is
Cowered r ol aTT(E ggcaf’ﬁeé’r dﬁ%ltély?efléc,e ”_Vg@(pgﬁ% of e pie plei%?oxgﬁ%%g-gewent ual 'y
contacts thd0isése 16 The embdffadzbi 280 istnlreiphtede drap@sit bheodt theasrigphtoaassin FI G 11.
Lowering the Lid 14 noves the upper electrode 22 t g he | ower el ectrode
24. As the Iqloéllo?%%f] lsleqFté’\%Ecrpel%m?Bﬁﬁsﬁ%shsge%icgé‘seﬁmﬁ%?i |'o7g,ﬁ“f W8 pusher bl ocks
262 proj ect idffeptdri28fmefrethe FarkpiecepiidomahieivtationlevhtB iscatstdaof tht frelofuop sur f ace

266 of the WorRipGaRn bl:itndlpnd iy GO RELAEAHS SR 10 B BILDG,E! SMENLS 264

to conpress, which applies a orce tot wor kprece fixture 290. The
appl i ed bi asrfinegcd0fay dawn wdTS ot | Wpn dle cvwelipicse Y64 trgfsfetrbrcbysesind eféevioces 258

overcones t hdag IR0 ot AS i el t.80 o s the
hRo AR AR 1d&ieARGARY éﬁiéeael% 10r 1&1;3 uRYBRRNS 4@%%@9& qpss

wor kpi ece fixture 290 toward t ower ele | nmot'i o of the
wor kpi ece 557®Af thhwerliigcr friaedod itheripri@iepn® it Botighided hyapy t@gthredi r ect i on

relative to fdgabese der@bskrR, GREhASHLLanbthe ALt JravalMed BSodower el ectrode
24, and fails to include an S|C%g|f| cant notion conponent in a horizontal
én

direction rergeiftedvithghe e ure IH059] Each gui de pin 220 has a

non- cont act ijpg7y el at irshiePecds b it RGO etOSPER heVRites gé}ilghé;l} SGke Ptgs the

wor kpi ece fixture 290 noves between the rai sed an owered positions. As

the wor kpi ecé Pyt ihed i iprids il ceniel perting 7P eivserkpicqs s8¢ 204t Sbafeh 18 he

spring- bi as&gc U AROtbkpiedG5 Yo (RludSiysppoddd oh AR hoyRI ALAGL FOH§e29s the

wor kpi ece 55 is transferred fromthe rim 278 of V\prk§| ece ring 204 to the
pedestal . pdt g2 g6haFotknisce s 2981 thiced stRstop 480 inpithdsgvrdiopgh heover ed

posi tion of duh2rowek lepities EorhlotddRsidd 3Othe toB BNt KRITE G £ aDadeQ8L8 ON t he
pedestal portion 286 _of the | ower electrode 24 and a_small clearance (e.g.,

2 or 3 ml sy GRS HbtTheard tiqeion?8hplymgaly fits ithiptheasal 275 guetha and t he
wor Kpi ece 5Requence of motions. The outer periphery of the workpiece 55 is supported by contact

with the rim 278 of central opgning 270 and is suspended above the lower electrode 24.

[0058] The 1id 14 is lowered relative to the base 16, as shown in F1G. 10, and

eventually contacts the base 16 to establish the closed position, as shown in FIG. 11.

Lowering the lid 14 moves the upper electrode 22 toward the lower electrode 24. As the

lid 14 is lowered toward the closed position, the pusher blocks 262 projecting froin the
-14-



"[0060] The process chanber 40 is evacuated using vacuum punp 36 and process
gas is introduced fromthe gas inlet plate 106 to establish a suitable
pressure. The upper and | ower el ectrodes 22, 24 are energi zed by power
supply 30 to generate a plasma fromthe sub-atnospheric pressure of process
gas in the process chanmber 40. Wien the plasma treatnent of workpiece 55 is
conpl eted, t'PECTSieeEed? conmpiiey topgutaee 296 at theiwankpicqchios Pid Thacapfactencl osure 12

is raised. MNQVEOBOpRS cidndfis YRR oﬁbégt&}@&%p&%s M@svfoifca %J@&@@@er el ectrode
24 opens the process chamber and eventua %/ renoves Contact between

push devi ces9882%ndhe el bigs Dire figmaherganesiemgnt REf @éf@pmhrﬁngw As a
result, the dweisses Wegpbﬁﬁgmé E}ﬁmg\@iwlt&fs@ppthmwaﬁd 1%9@3 {HRF méé}ﬁmkéwver

el ectrode 24 bs gradual |y renoved he spring el enents 260 of the

spring- bi ased é‘tYﬁ‘fjb‘Pft‘gW‘?“&b"té‘?dé zf'eﬂé’d%"é’an efoheesqskipiers £ o the vprkpiseonpr essed

st atﬁ whi chexauig mmtmsaardmm ﬁe&lbﬁ?@ﬁw?ﬂ%d?}d’lﬁ&t@?&c%ﬁ&g%@ﬁf@dﬁ&ﬁar&' ﬁt ure 290
to the raise 03| tion of the workpiece on the workpi ece
fixture 290 TRPRA cepst 24 é’%ﬂ&’@ﬁ‘i’é’é]ﬁliietﬁ’i‘yflém%%'i“\%’“?%c‘t“wen%’d%é 16 of the

encl osure laqoaﬂﬁltalﬂl\éarodrdlafm@etéﬂﬁbﬁfase?ﬂﬁeCtrOde 22, and does not include any
noti on conpoy horn zon rection.rel atl he base 16. The
wor kpi ece 5% |s tran ChrgP g5° ‘flLZ%n%m{S orbcoalgglf"&Ilel%BP%{’ipo‘ﬁ& eBtThe | ower

el ect rode 24stdpdipick 243 ashuewprhmeac?i&noé7Mokr1mbe®ecmthagals2&)éhdlwkﬁd [ 0061] As t he
rai sed positj i.S ed.surface d flared surface
238 of each sogg?nrsl Aiﬁgsegpme%k%lfe?ﬁ ﬁ{é"e@{I BT 05‘1613'%%@ “*0"&gai n define
t he repr odud114§¢d@ulbmcal400nldﬁ mwatchbc bwmeﬂeadrodo Bé rﬂlangorR}iﬂ:p 55|' h erms&pad ation
between the 4 owWal, bﬁc&% a f t.he workpi ece
fixture 290 pr ov'Tr es an o%‘glﬁg@spnéfc&gd' Ogjr?et ﬁéén t(r)(’dgal n access
to the backsitdét bt fidnlokvepd pesiios eﬂhmvrkmcecﬁetu&&?ﬂ Itha‘ wmkm@e }55 sgessed

wor kpi ece 55; f.0Mm.1 rocessed
wor kpi ece Sgthféom t&gmgggiérigtepl?g%glseggﬁgZgglng?ag%al%&p%hca(\%hg f’f&gtor 280
physi cal | y fexists beiiveeh ithe 1ipidd 8 ghiporkpicceding 2Hgnd tievoskpizaeifee of notions. Wien
t he wor kpi eGgggaP 1S Lav. o] A IO NN 71 Jposition
within the gent ,rpal o&gﬁ;}% S%ﬂ“‘?‘)érld;@&‘g?gb‘%?g%‘ggc 55 1's nSthﬂ%J’& by any
structure asg—'@b'éin&t’%’ﬂc"vﬂf’ﬂ ¢ #rs ik plats J (¢ te eutgblish pagsennesswier Rpitprse verti cal
lift mechanism.20Q0Rdded B m&araczre?onz%b bhowilk g@ y 6! Qe o ,gr{}ﬁmﬁloasm
processing system 10 whil e the plasnmd treatnent occurs. e wor kpi ec, e
vertical i fthe steaamiginProm ot @merss gasan thapretayechambes 0. ceokherrlpsmy st em t hat

el i mnates tthemBRetwéREic88S is\emPRed) ARipfikss AP ANCR NS MAhe3] 1#BLhani cal | y-
or electrically-actuated |ift pins. This sinplifies the design of the

pl asma_pr oc 487 18 étivh Mg vesrsatal §s vpprs kiR ey Femithedarer Pdpdrechani sm

200 el i m nat®spdub@e BREM; Jh%b%ﬁﬂ@'&h% rcf‘rﬁ@egmyc%%%m%%usth'a@vdck ke, that are
characteristic of active wafer chucki n% systens th a concomtant cost

reduction. TPAE*HERE Yrugec Bt RigTwrecy iy OéaﬁSPPF‘tl‘ H’éé%%rﬁf@i‘ﬁ%o readily

pernits modivdigatd ifise 190 Wapaine 1MF Uk BE&Es ifadhnydihé@a ertle spligensi ons. The
wor kpi ece ve t| c I i.ft mechanism 200 may be retrofitted to exi-sting plasm

processi ng 0 oS srope-piagsf SipEoit 24P H’é refspadsp spands thsite not cont acted by

lift pins orunwreﬁ&mgate Nh aitb itlcalfleleuftdsh@rettict e wORDHKRI R BEEHanges.

| nst ead, the workpi ece %ﬂPﬁxture &gl Q rmts the workpiece 55 to be lifted
and | ower ed By GREEOR Srn M8 LLBR A P*rﬁ°2§8ﬂ3ﬁavo&r’ﬁa?%w Z04UPrar band near
‘the wor kpi e@em&li pieciqaheiat watkgese [R63khdbsan 1akicbRat ivepprbedonent , the
separat i ng % éﬁgg omtted and the hnt erior of the enclosure 12 may
be ot herwi s& ‘?C(f,]Eﬂ’ Y PR PR PR Perfrg el dleqtign e lpiYedt By t he vacuum
punp 36 to d;es‘cnmermmrmeeﬁ i€ hafeed fSdnitht pededr0 pPEiOCESHSf BRXREr 40. In this
i nst ance, th "y Q‘i{ nt % elfectkrodes ﬁré 24 are resident in the process
chanber 40. P &n3t s °e'1‘lf'°tr3? Rt vetissdledtht . the upper el ectrode 22 and
~the lid 14 may be consolidated into aistnitary structure in which all or a
portion of thelid 14 operates as an el ectrode.



"[0064] The lift plate 202 and workpi ece ring 204 of the workpiece fixture
290, the renovabl e el ectrode section 284 and its pedestal 286, and the
cover plate 206 nay be collectively replaced as a conponent set to adapt
t he wor kpi ece vertical lift mechanism 200 to handl e workpi eces 55 of

di fferent sizes and/ or geonetrical shapes. [0065]As shown in FIG 12 in
whi ch |ike 636} ence Aatheetisal gosition srappreachid e fappredigfacei2dS mddged 1- 11 and in
accordance w gggﬂg@l L e 290a
includes a |1 %ﬁme Q{k d’%%ﬁg H’M&d tﬁg‘;csteablrﬁﬁg&%mgggﬁﬁﬂgaﬁe simlar in
construct i orifl-’tf@ﬂ“FlPlFﬂ“ﬁI"af‘é ﬂ?GE““&HtWW%& dhecseparaiign bsween t§dowidr kpi ece

- fixture 290a1R@%ie24 hQUACeREMNbcRhg DTV tHE Fodhiae BiRG: 00" rmca%;m of a different
di aneter than the. respective central opening 270 and rim 27 of workpi ece

fixture 290 spyf &7 tigrnd cfiectarcdh HEdLET o &%ﬁ*ﬁ? e carhipracesigdy torkmipse

r EIOIr< esent at I%amﬂth@ﬂfm&kba@aoﬁﬂécecsb%lalcaﬁca:em;!ae@bcﬁyg zodirk hvehaad u@di amet er t hanf
wor p| ece 55. The replacenent entails repovi onsisting o
the lift pl ePf%msz‘z“‘ﬁﬁ%‘* rr& éaﬂmr?éocﬁﬁﬂlg&fsteablpk%f’%?g gtéﬁﬂru % 290 fromthe
| ower el ect rppgk@aBAitsMvittin the gapfzv: Aging OfsGequeiice af MRPAI. tWEka tefvfeigidy s t o ,

di sengage the flared rec fromthec r n ered exterior
si dewal | 257° BF°¥H 2’ P’ég’bde%?‘ft?fe}%g?omﬂﬁ PEERE ﬁ‘?ﬂe cma? 6% %Z@étﬁff wor kpi ece
fixture 290awdﬂqmdca53xahcktgdldmbyeng@@cmng atshdatéd mlﬂﬂe febessks (not shown) in

“the lift pl redr 254 in lift
pl ate 202, \jn&f%?t he gﬁ?%°rgﬂﬁcﬁéfr?§a%’6‘e°hﬁ’ﬁsén%’§ aﬁﬂsﬁg‘“ gaat %S'g?op bl ocks
242 are capalibe pﬂimmodagsmgmsmenrlsasllﬁlq/thusleﬂlna\mathmmacdmmom)t werkpirek pi ece
fixtures 290, .2 that is. requ & si cal
connecti on be V\%gﬁmtc%hg"%nﬁ% etscnmﬂ%”%%qf h%‘“é%“éc?%. C dotrf"e o?tgsnﬁe wor kpi ece
fixtures 29premﬂatwenmtlahicddsslstanctctWClpdsa:snlmnparlbcceskctngﬂl&y@mammhﬁ0 [ 0066] A
newrem)vablee BoLI Of ecti o nt for
el ectrode séct |on 3@91 tﬁ cﬂ?n?r}l(gue es agmce e asl‘%tggwl?l %lﬁe%‘ég giggnm oned
di ametri cal |vprtied lift imechigiinh 709 ciieatesetht read foopleqlnﬂmcgl fzmoughsn andrike lIkepr esent at i ve
embodi ment, g, %era%&ngllc%g&h@;wa%r cmx%ﬁaﬁg%@émmmu&%&,ﬁé& cbst rc%{,augpt ly less
than the inner diameter of fhe round openi ng 270a. cover plate
206a, whi ch Tl dssign ¢f atorkipiscecygition! lifs Imgehanisg 300 fp%iﬂﬂpfslp@sfwhﬂcﬁloas fgap 272a, which
i's simlar 4,0, 88002 2eDklor Gk tlrnten i O ThiAGk fiRe td¥Geal B BREanlin¥BHST ONS  Of
the central opening. The pusher blocks 262, which remain the same, nove the
wor kpi ece fimayle etroliod U eistiscitias o Bropassiateysieimi Lenifricriens;sb S totiaiscs n

conj uncti on siatdhot G 00EHY kDR BHary 088t MhRHical shfcrhit durkd wolhRRe t he wor kpi ece
fixture 290a is in the |owered position, a top surface 266a of workpiece

fixture 290xgAeEes %ii’d*s‘h"r‘f’%&@e%?%m&ﬁg E%V%Srﬂ‘w"%\’%‘%‘e%ééét’ berlifedar oxi mat el y
copl anar andodh& 1yeesest adly ROwdeh AR 2288A 2R alnSlaSHahOithd e aDAMEEhe top
surfaces 276a and -17- 288a. As a result, the workpi ece 55a contacts and
i s suppor t ecPeHgPerR! "(dé‘b surface 288a of the pedestal portion 286a.

[0067] Addi tijosma} Wor kpintgiemitivy bn#odBrents 0¥ SdpafdligkirRs 26 ABfbeIn@Ci a8 sect i ons
(not shown) may be supplied that are substantially identical to workpiece

fixtures 290’““"?’985‘115% 8y 17y de odise seriguredindeic g sPpr B2dect i ons 284,

284a, but |rhw¥88ht6@bﬂtﬁ&ﬁ@&1uﬁﬁﬂﬁ?ﬂ6m&ﬁm&fc@kﬁﬂb@r @ﬁ&emﬁaaassehmund

di sk- shaped wor kgﬁeces of different di arretg%% For exan*ﬁ a set of four
different cdtfpdhBiirsepestbeupperiad joFerAlasaede o 2 8% SHdeH M BePPfsism pr ocessi ng
system 10 t Qh&RPM. tn Mb@wﬂﬂﬂemltﬁ@ chBadingdf) (i¥ppon dieciR@e TAnWEHe&E $4 may
respectively, by sinmply replaci n t.he_ wor kpi ece fixture, cover plate, and
el ectrode sél?tcP’t?ﬂhda‘[ﬁé ‘W‘FH“FLE & 1B R lher e pestion of theid J4iopHaFs /A 1 of er ence

numer al s refacudde. | i ke
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‘features in FIGS. 1-12 and in an alternative enbodi nent, a conpression ring
300 may be carried by the lid 14 that, when the lid 14 is closed, contacts

t he workpi ece 55 to establish a seal encircling the outer perinmeter of the

wor kpi ece 55 and press the workpi ece 55 downward toward the pedestal

portion 286. The conpression ri ng 300 includes perfbrations 302 for the
passage of dd%¥3 thatThpdk me 202vad pedpisesring?ahpidhe wakpiese fatues28e Wt ed by

vacuum punp 38evabRQRQ LR L1ERELRd lﬂ?f)t%l‘:@dl&% Lr tﬁ@co%é*}(i)nteafém m\é?ﬁé ical "
"horizontal", etc. are made by way of exanple, and not of

way o
lintation, qofectealiyBplrcetias g cpmpaent &t teffeptgheatorkiiogprerigal IFP@P@F‘W’QOO Ter ns,

SUCh as Upﬂ@handlc \l'd?ﬂ}ﬁ’é'ccsé’i opcﬂfforent ﬁﬂ:@\ﬁﬁﬂor cck?ﬁcltrQWsha 'de" (as in
"sidewal | ), "hi ghe ower", "over' beneath and "“under", are defined

with respectl ?(élt he H‘&rﬂ‘%ﬁ% HG. H'&r‘i‘é“"himfe tefsrepgARPElntsérr toHike foglres ous ot her

frames of refierENeaiamyin ReoBd PUEL NehiOYEnmidRRRA i RerhiE@IKduheosPi rit and
scope of the invention as a person of ordinary skill wll pg}rem ate that
5

the defined lrcﬂladﬁ%akﬁpliﬂé?‘@ﬁéfﬁl@é*qf@lﬁﬂ%fﬂé&%@ié*&f@%ﬁ@&@&ﬂts&sﬂv&a it e,
[00701Whi | e gx&aezozrhmmukg&ch@@vdaewﬂc Wl)ﬂkbiS&rnﬁﬁlMQbé/haﬁd dRECEmRIopindf Vvari ous
enbodi nment s A ?ﬁ,‘Ym I e2 hefscraﬁfie dg i ment.s have:been descri.be f} i n. consi derabl e
detail, it i< R8T RE RS HICEA Brctheen I“?SEfﬁ‘h‘te )l 4PEUPE 7044 h any way
linit the s copef wbrkpibe fiappeHEEUs.Gl) &ir A ointosatitha €k pitde 55a°dth ﬁhb onal

advant ages and_no i ons din the

c t ho
et Tha s BRI A peRii S Eh e Eet O ARt P RS I PEd o 1 he
speci fi ¢ detreplicsment epiile sanviag thy essahyaroadivisg enick Inﬁtgﬂdmm}s andwerkpitdeust rat i ve

P % ur i B0E ASRELL Bgtle oSRRL L DOEYeccBERTE Wi EReilBlo RIS T O Such

details withofit dep ar Ktant' s general
i nventive comgepide cﬂ'da&'vcsmbﬁ@ga@é tht Agred ruvans Eﬂrfrqrﬂmed:drrcahmﬂgiapcmdl y be

defined by t&%nglpsgﬁ&g%" (811 rﬂé %ctlvm% blhﬁ(e 9J17a| ’I‘i@ge ia\.emmg worﬁecc ﬁXtL:lIi'C An

apparatus for processing a pl ece appara us conprising:
290a is installed by engaging the flared recesses (not shown) in the lift plate 202a, which

are similar to the flared recesses 254 in [ift plate 202, with the same supports 240. The
guide pins 220 and stop blocks 242 are capable of being universally used with each of the
Woﬂ(picce fixtures 290, 290a. All that is required is to establish a physical connection '
between the supports 240 and th‘c specific one of the workpiece fixtures 290, 290a instailed
in the plasma processing system 10. '

[0066G] A new removable electrode section 284a is installed, as a replacement for
electrode section 284, that includes a pedestal portion 286a dimensioned diametrically to fit
.W'ithin the central opening 270a. In the representative ermmbodiment, the outer diameter of
pedestal portion 286a is slightly less than the inner diameter of the round central opening
270a. A cover plate 206a, which is similar to cover plate 206, is disposed in a gap 272a,
which is similar to gap 272 but slightly wider due to the larger dimensions of the central
opening. The pusher blocks 262, which remain the same, move the workpiccé fixture 290a
between the raised and lowered positions in conjunction with the opening and closing of the
lid 14, When the workpiece fixture 290a is in the Jowered position, a top surface 266a of
workpiece fixture 290a and a top surface 276a of cover plate 206a are approximately |

coplanar and the pcdeétal portion 286a projects slightly above the top surfaces 276a and
-17-



“a process chanber including an upper electrode and a | ower el ectrode, said
I ower el ectrode including a pedestal portion configured to support the

wor kpi ece during processing; and a workpi ece vertical lift mechani sm
in said process chanber, said workpiece vertical lift nmechanismincluding a
vertically novabl e nenber di sposed between said upper electrode and said

| ower el ect r23de, Asadsuahdwargpitce §3d doytacroandli sepprerdier a topafrfacpP88Obft 0 NDVe
vertically rel at,i t i.d pedestal portion between a first position in
whi ch said vtg?'feldecsaﬁeff}org%sz\%g'l e nmenber holds the workpiece in a

non- cont act i @71 el at i Aldiibah woukpibre Siatiorts,seve slatet, aprbidcirody seatidesgnagecond

posi tion in WALGH.S8l dPRESHE A BRIkl hePtc 8 GhfpRROMRS 06 ! ti cal |y
novabl e rrerrbs\gtr%@gmgs tBBtFer alns%esru t nellfv%tj)rpﬁtg)cl ietce ?_(rpom _salr% Ver ty(?a(':al | y novabl e
nember to saiotkrphtte 8@POGoME Flowode ctioFhidEdaiidarbatinghigh thedegpmpotensher ei n sai d
upper el ectrQgg. 1St HtoSad QWRS HaSdbsha hRAPBlec&loPaiti0f Grm@Bd 7 t her

conpri si ng: a plurality of spring-biased pusher bl ocks mechanically
coupl ed wi t hexamplel agpspéfourdiuee ennponesticll map bt prgvitidderare pilsherlaBirocks adapt ed
to contact Sﬁbé&sﬁ@sfskeﬁﬁh‘dsd@&@fﬂomg@ﬁﬁu 20@5u? Hadob RREY S €ct rode is noved
toward said 1 ower el ectrode, so as to nove said vertically novabl e nmenber

fromthe fi rstPesige (i simplderleriae be Warkaess S&ors 69ver Plae. ayechpdsspiohs of clai m
2 further compsgisi NY: Wit RREEE @RI, 13 in which likd MfeRBaRME K eliatd ke to sai d base
bet ween an open position_in _vvhi(ih said lid is separated frgm sai d base and
a closed posTAREHRFH i lE AR PP VP EiSEReP A PP SIOLTRE 0L Yher ei n sai d
upper el ect rqged bpthaBE aditCwlleh Yhe GO Upis eldsed] dohtagaihe woikgieceaiIdo sstiblikh a

spri ng- bi ased pusher bl ocks ar eb‘?f‘.(?lfapt ed.to_cont act  sai .ver_%i cally novabl e

menmber, as sEPEYFEERe FE BEF RN RFER DULPITHRC FORRFYE O he cl osed
position, Sodoaswhid tait@eths pddektal portiorCab| YhermwpiebsntafBEr ndvdesm t he fir st

position toward the cond position, 4. .The apparatus,of .claim 1l wherein
sai d upper ahg° lla%%’éé 6ngloret?:l? P%ﬁ%%ofﬁgg%mgﬁﬁ%&$en% éeJcFSyclil?)néhreé q)teolb_econf ronting
surfaces, angasakedbyverturgaidpge.novabl e nenber is | ocated between said

o i of oot 11 QOREha at I PR BRRBER LD ThoRr TEeT ofls "HHONEE d Upper
el ectrode, swaiyehfeiagiplecdod net bg epaeiditnitsgnrtd pgablided thire¢-dyvensiophldrine ofde, and said
upper el e.Ct r r%ﬁi:Fc 0 l'l'lcgn%t siu\c{hel y‘tép%?ru,nﬁicjx@g‘, 5 j’,d‘akF rvg’(,:eo%l%wc h‘ﬁu@?g 'in ?‘”d sai d
vertically rmvaﬁfe nmenber 1o ed perfp erall y'inside sai d ‘'di el ectric
separati ng risidgwall’), “higher”, “lower”, “over”, “beneath” and “under”, are defined with respect to

the horizontal plane. It is understood that various other frames of reference may be

empioyed without departing from the spirit and scope of the invention as a person of

ordinary skill will appreciate that the defined frame of reference is relative as opposed to

absolute. |

{0070] While the invention has been illustrated by a description of various

embodiments and while these embodiments have been described in cousiderable detail, it is

not the intention of the applicants to restrict or in any way limit the scope of the appended

claims to such detail. Additional advantages and modifications will readily appear to those

skilled in the art. The invention in its broader aspects is therefore not limited to the specific

details, representative apparatus and methods, and illustrative examples shown and

described. Accordingly, departures may be made from such details without departing from
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"6. The apparatus of claim1 wherein said upper electrode is novable toward
said | ower electrode, and further conprising: a plurality of
spring- bi ased supports configured to couple said vertically novabl e nenber
with said | ower el ectrode, said spring-biased supports configured to urge
said vertically novabl e nenber away from said | ower electrode to provide
the first pdksispition scopy Ofﬁmhmmppzalle&lﬂm@n@‘fe cohcaptmTBe §cape dide iyentioni si ng: a
base; and nmﬁﬂﬂyddm@&mm@pgg‘&ggg&h said base between an open
position in which said lid Is se ate rom sai d base and a cl osed
position in which said lid is proximate to said base,. wherein said
upper electrode is nechanically coupled with said li-d, and said

spring-bi ased supports are adapted to yield as said upper el ectrode noves
toward said | ower electrode so as to permt. said vertically novabl e nenber
to move fromthe first position to the second position. 8. The apparatus
of claim®6 wherein said vertically novable nenber includes-a first opening
configured to support the workpiece when said vertically novable menber is
inthe first position, and further conprising: a second menber
configured to be coupled by said spring-biased supports Wth said | ower

el ectrode as a replacenent for said vertically novable nmenber, said second
menber including a second opening of a different dianeter than said first
opening in said vertically novabl e nenber. 9. The apparatus of claim$8
wherein said pedestal portion is dinensioned to fit within said first

openi ng, and said pedestal portion is configured to be renoved fromsaid
process chanber for exchange with another pedestal portion dinensioned to
firt wthin said second opening in said second nmenber. 10. The apparatus of
claiml1 wherein said pedestal portion projects fromsaid | ower el ectrode
toward sai d upper el ectrode.
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"11. ‘'The apparatus of claim1l wherein said vertically novabl e nenber
‘includes an outer perineter, an opening inside the outer perineter that is
di rensi oned to receive said pedestal portion, and a gap extending fromsaid
opening to said outer perineter. 12. The apparatus of claim 11l further
conpri si ng: a stationary nenber supported by said | ower el ectrode,
sai d stationary Yhstiredlaithethisng a fixed position relative to said pedestal
portion as salfs.upper electrode noves relative to said |ower el ectrode, and
said stationary nmenber at |east partially filling said gap when said
vertically novable nenber is in the second position. 13. The apparatus of
claim 12 whey ei nﬁ@p&a%??o?b&éés&% a%\ﬂ&&lc@ REPPRInRBpaidsl St surface and
said stationary nmenb has  a second surface, said f| rst and second surfaces
are oriented to me@swjmlrea'nsla@%e A pRSF cledtieds Pd@dovearleFteds ehid PYYt and second
surfaces ar ejsidas iridRbih@) béﬁc&z@g AfAontiiRn t@@b?onytﬁé {b&pkde YufRvabl e nmenber is
in the second position. he apparatus of claim 13 further conprising:
a layer of PUFEPEEti c material on a mpjority of a surface area on each. of
said first and sgamﬁe&ue&@@msmecfh&m&rgb@ lﬁ&fé@msmr Qdid @inaplaackcélbmt her f
conpri si ng: orated r encircles a perinmeter o
e vior ko ed8 BN R R FrEEl Ty eriEbde s b A EUSEA bort§ on
16. A net hockleeﬂiodaﬁmicseﬁscbmelacnw ki s6i6 @erGdafp@b 128K mefba dorfiigeiesioatovpor ti on of

a |lower el ectroge a pr cess .chanmher of rocessi stem. the nethod
conpri si ng: vertically lctl“\“é"r\"gf%‘ P?dﬁﬁalﬁ°%§}b}if87°8’&%grf&°§“\’}b‘f1 hjgholfa%/c&/"eﬁ’ﬁ?}lébl e menber

i nsi de t he phioedssenbaclitdditie workpiece in a non-contacting relationship with said pedestal

portion and a second position in which said pedestal portion projects above said vertically
movable member 50 as to transfer the workpiece from said vertically movable member to

said pedestal portion.

2. The apparatﬁs of claim 1 wherein said upper electrode is movable toward said lower
electrode, and further comprising:

a plurality of spring-biased pusher blocks mechanically coupled with said upper
electrode, said spring-biased pusher blocks adapted to contact said vertically movable
member, as said upper electrode is moved toward said lower electrode, so as to move satd

vertically inovable member from the first position to the second position.

3. The apparatus of claim 2 further comprising:

a base; and

a lid movable relative to said base between an open position in which said lid is
separated from said base and a closed position in which said fid is proximate to said base,
wherein said upper electrode is mechanically coupled with said hid, and said spring-biased
pusher blocks are adapted to contact said vertically movable member, as said lid is moved
from the open position toward the closed position, so as to urge said vertically movable

rember from the first position toward the second position.
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"noving the novabl e nmenber vertically toward the pedestal portion of the
| oner el ectrode so as to transfer the workpiece fromthe novabl e nenber to
t he pedestal portion; generating a plasma inside the process chanber
using the |l ower electrode and an upper el ectrode; and processing the
wor kpi ece with the plasma while the workpiece is supported on the pedestal
portion of the | deipaitect rlaidel thﬂ_ehsafﬂhepqlrmd”i@dcr@kctnidasimem wherein the

processi ng. syakeileh 3&%&%&&% PRRELs ShPGI B8Rl B URKARLE fiowatd sai d | ower

el ectrode, novi nova mernber  t owar e pe estal portlon
further conﬂﬁP@@%%mﬁBVFﬁ@%ﬁW@mapper el ectrode toward the | ower el ectrode;
and transferring a force fromthe upper electrode to the novable
menber, as the upper el ectrode noves toward the | ower el ectrode, effective
to nove the hrovaBheapawitsef cirigvifidher proopisitest al  portion.  18. The method of

claim 17 further ,giERAd s%ﬂtapﬁng rin betwc@ﬂ( §aﬁrlovpcrr gﬁ&t%%é g s&@gpﬁ@&)&&gfuﬁce movi ng
the upper el ectrode away fromt %1 | ower el ectrode so as to rel ease the

force transf%ﬁﬂ@&“?r8&Fﬁﬁénﬂbﬁ@?b@Pé@FV%Hemﬂémé%@mﬁﬁvw%k@dhgﬁhﬁr and

resiliently RussRad bldessopvank andRISFHicANG v -0l bR8.dAMBLRL AR  0de, as
the force is released, so that the workpiece is transferred fromthe

pedest al porf¥Eraf Gelpdvis SNALDE @8enber . 19. The method of claim 17 wherein
t he process chanber includes a base and a |lid novable relative to the base
bet ween an open %,S|t|on in mhICQ the |id is separated fromthe base and a
cl osed positlon imeRRFEH Higlmy | H’??”ﬁWH%?WﬁF@“@B“Wﬁ@mﬁﬁ§€mdﬁﬂ% upper

el ectrode i Sowaukittede, ol fufiier kdnshrisiagnd transferring the workpi ece fromthe
movabl e i nenber t uramy oquprmost;ridas'cl,d s%%otné goqmgul'rlgdt tg %cr)up eossu I;nle,rncaﬁy movable

member with said lower electrode, said spring-biased supports configured to urge said

vertically movable member away from said lower electrode to provide the first position.

7. The apparatus of claim 6 further comprising:

‘a base; and _

a lid movable relative to said base between an open position in which said lid is
separated from said base and a closed position in which said lid is proximate to said base,

wherein said upper electrode is mechanibaﬂy coupled with said lid, and said spring-
biased supports are adapted to yield as said upper electrode moves toward said lower
electrode so as to permit said vertically movable member to move from the first position to

the second position.

8. The apparatus of claim 6 wherein said vertically movable member includes a first
opening configured to support the workpiece when said vertically movable member is in the -
first position, and further comprising:

a second member configured to be coupled by said spring-biased supports with said
lower electrode as a replacement for said vertically movable member, said second merber
including a second opening of a different diameter than said first opening in said vertically

movable member.
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"novi'ng the novabl e nenber relative to the pe'destal portion by contact with
the lid, as the lid is noved fromthe open position toward the cl osed
position, to transfer the workpiece fromthe novabl e nenber to the pedestal

portion. 20. The nethod of claim 17 further conprising: after
processi ng the workpiece, releasing the force transferred fromthe upper
el ectrode to the novabl e nenber; and resiliently biasing the novable

- member away 4.r omrﬁefh?pdr@mrfcﬁhlesqwe%ﬁsaid%éde&tknepoﬁfaﬁ GQlirhehsibRl 8P QGhinSO that the
wor kpiec,e is transferred fromthe pedestal portion to the novable nenber.

P
21. The met 88 5t ORSpRg ARdrad peflettpl@prtiop 5P aigprpgto be removedfqrasaidpresedssi ng t he

wor kpi ece, rdsitet RREkDan v :HghdreacRMBRIR (IYRIREE @ERWidhih Q4B £had pedest al
portion so that the wor pi ece i's transferred fromthe pedestal portion to

the novabl e WEHR Seid sgeond meppberat hod of claim 16 wherein transferring the
wor kpi ece to the novabl e nmenber further conprises: supporting the workpiece
on an end effector; and _ . ni pul ating the end. effectar carrying the
support ed wolkpi gﬁeeap?aéanfsr"éﬂ‘é’?lelﬁeﬁg’ Si‘?\?‘é‘%%blipéﬁ'énP‘i"&ﬁ’isgmﬁéi‘? PF8n out si de of
t he process drhasdeeswatdxaitl hppenaloablie nmenber and wi t hout gui di ng t he wor kpi ece
during the transfer. 23. The nmethod of claim 22 further conprising:

after processing the workpiece, manipulating the end effector to renove the
wor kpi ece fridm t g appwvas|oéclamribdtrereinait hertigdig mbvabla reubsgiidbdafan biter process

chanber and pvénrixtngeory}m o%gnlingglhlrg%e Eh@%ul\,\ep 53%91'(3%&%&cxisudfhlncrﬁgoxtlcla ?o Peﬁ%%sé‘;iﬁ Be’destal

portion, and a gap extending from said opening to said outer perimeter.

12, The apparatus of claim 11 further comprising:

a stationary member supported by said lower electrode, said stationary member
baving a fixed position relative to said pedestal portion as said upper electrode moves
relative to said lower electrode, and said stationary member at least partially filling said gap

when said vertically movable member is in the second position.

13.  The apparatus of claim 12 wherein said vertically movable member has a first
surface and said stationary member has a second surface, said first and second surfaces are
oriented to face toward said upper electrode, and said first and second surfaces are

substantially coplanar when said vertically movable member is in the second position.

14, The apparatus of claim 13 farther comprising:
a Jayer of a dielectric material on a majority of a surface area on each.of said first

and second surfaces. .

15.  The apparatus of claim 1 further comprising:
a flexible perforated ring that encircles 4 perimeter of the workpiece when the

workpiece is disposed on said pedestal portion:
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16. A method of processing a workpiece supported on an pedestal portion of a lower
electrode in a process chamber of a processing system, the method comprising:

transferring a workpiece to a vertically movable member inside the process
charober; .

moving the movable member vertically toward the pedestal portion of the lower
electrode so as to transfer the workpiece from the movable member to the pedestal portion;

generating a plasma inside the process chamber using the lower electrode and an
upper electrode; and

processing the workpiece with the plasma while the workpiece is supported on the

pedestal portion of the Jower electrode.

17. The method of claim 16 wherein the processing system includes the upper electrode
is movable toward said lower electrode, and moving the movable memmber toward thel
pedestal portion further comprises:

moving the upper electrode toward the lower electrode; and

transferring a force from the upper electrode to the movable member, as the upper
electrode moves toward the lower electrode, effective to move the movable member

toward the pedestal portion.

18.  The method of claim 17 further conprising:
after processing the workpiece, 1moving the upper electrode away from the lower
electrode so as to release the force transferred from the upper electrode to the movable
member; and
~ resiliently biasing the movable member away from the lower electrode, as the force
is released, so that the workpiece is transferred from the pedestal portion to the movable

member.

19.  The method of claim 17 wherein the process chamber includes a base and a lid
movable relative to the base between an open position in which the Tid is separated from the
base and a closed position in which the lid is proximate to the base, the upper electrode is
mounted to the lid, and transferring the workpiece from the movable member to the
pedestal portion further comprises:
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moving the movable member relative to the pedestal portion by contact with the lid,
as the lid is moved from the open position toward the closed position, to transfer the

workpiece from the movable member to the pedestal portion.

20.  The method of claim 17 further comprising;

after processing the workpiece, releasing the force transferred from the upper
electrode to the movable member; and

resiliently biasing the movable member away from the lower electrode, as the force
is released, so that the workpiece is transferred from the pedestal portion to the movable

member.

21. The method of claim 16 further comprising:
after processing the workpiecc, resiliently biasing the movable member away fromn
the pedestal portion so that the workpiece is transferred from the pedestal portion to the

movable member.

22.  The method of claim 16 wherein transferring the workpiece to the movable member
further comprises: '

supporting the workpiece on an end effectot; and

mé_nipu.lating the end effector carrying the supported workpiece to transfer the
wortkpiece from a position outside of the process chamber to the movable member and

without guiding the workpiece during the transfer.

23.©  The method of claim 22 further comprising:
after processing the workpiece, manipulating the end effector to remove the
workpiece from the movable member to the position outside of the process chamber and

without guiding the workpiecc during the transfer,
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