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SEM CONDUCTOR SUBSTRATES CROSS REFERENCE TO RELATED APPLI CATI ONS 5[ 0001]
Thi s applwoabixms7slai ns priority to U S. Patent Applicarconshion/odsds976, 391,
entitled: "VARI ABLE-DENSI TY PLASMA PROCESSI NG OF SEM CONDUCTOR SUBSTRATES"

filed on 22 Decenber 2010, which is hereby incorporated by reference inits
entirety and ARIABLERDENSLEY PLASHARRAS REs N6 0 SEAHE QURTCHABet or
substrate process tools use pl asmeSUBSTRAJEY ocessing. In sone

pl asma- assi sted processing tools, the plasna may cause non-uniform

processi ng near the edge of the substrate, |eading to substrate thickness
non- uni f oRASE RPBERENAIEAHO RELSTRID tAPRIJCATHANSkness non-uniforniti es can

be difficult, as it nmay be difficult for 15lithography tools to accurately
transfer E00At t dhis appligasionshaime preFify ) S AmRAYNliotse Nacl2sy 6i39d) v,
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vari abl e-density plasnas having a greater plasnma density in an outer
porti on oRUBSTR#EIES aflnwh on €9iDmecibar2(il 0, which iniesrctpointdrporacdd Uyhefopdras ma
regi on. For exanple, in gne enbodi ment, a sem conductor substrate process
station c%?@%@yén%ﬁﬁ@rmeﬁ-ncl udi ng a shower head el ectrode, and a
substrate hol der including a nesa conprising a nesa surface configured to

suppo a lé?ﬁé wherein the substrate hol der is disposed beneath the
shovvei eag.%’ ek?m]?r ate hol der includes an inner el ectrode disposed in an

i nner 25 jon,of the substrate holder and.an outer electrode bein

di sposed 1002h S STEETGHCEE SR St SI N BioR I At BEath on

al so conpsdieplAmAlASER] PREREFhO o9 Nthe PHisath Ay FA0K' ASLuR fhAPIRedsthed

pl asma regi on di sposed between the showerhead and the substrate hol der, and

a cont r ol hear thopdggelr bd substiadntleasing teesubstaipdhiglerss apounifoimaty. Magerning

el ect rOdefllr}lsh %vi ugu% t%ic %és%olgoglbunal‘f]od }tlheg csafng\l\ele{iil% 1?‘1?%%'581 tngaOdge td&ﬁ%lﬁﬂ %Crt a
greater plasnma enSIty I N an outer portiron o e plas regl on than I n

an i nner fAgokiphy eold foeicplragshBtrim®r abalyrnaouphuAfoinh €ilpyt er el ectrode with
one of the inner electrode and the showerhead el ectrode. [0004] This
Summary is provided to introduce a selection of concepts in a sinplified
form t hat canpvfa her described below in the Detailed Description. This
Summary is not 1ntended to identify key features or essential features of
t he cl ai nEI00S ubjAscordiadly,evariowsr erhisodiMENtR Oiir2 / QB RdPhdreldSHAL 1O GBIARE to

generating variable-density plasmas having a greater plasma density in an outer portion of
20  the plasma region than in an inner portion of the plasma region. For example, in one
embodiment, a semiconductor substrate process station comprises a showerhead including
a showerhead eclectrode, and a substrate holder including a mesa comprising a mesa
surface configured to support a substrate, wherein the substrate holder is disposed beneath
the showerhead. The substrate holder includes an inner electrode disposed in an inner
25  region of the substrate holder and an outer electrode being disposed in an outer region of
the substrate holder. The process station also comprises a plasma generator configured to
generate a plasma in a plasma region disposed between the showerhead and the substrate
holder, and a controller configured to control the plasma generator, the inner electrode,
the outer electrode, and the showerhead electrode to effect a greater plasma density in an
30  outer portion of the plasma region than in an inner portion of the plasma region by
coupling the outer electrode with one of the inner electrode and the showerhead electrode.
[0004] This Summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This Summary is not

intended to identify key features or essential features of the claimed subject matter, nor is



it intended to be used to limt the scope of the clained subject matter.
Furthernore, the clained subject natter is not limted to inplenentations

t hat sol weoaniz/sr73al | di sadvant ages noted in any part ofPCrhisgoidioss®bosure. 5
BRI EF DESCRI PTI ON OF THE DRAW NGS [0005] FIG 1 schematically shows an

exanpl e seni conductor sybstrate process station accordin o0 _an enbodi nent
of the prHsBiTPIH @ctreogﬁfﬁét?tlmb%%cwecff ﬁlesq%wggé%aftdmﬁgt PihsEmsEedts ve
view of acgyhst rsﬁ%]%cth%ﬂf%f RCRON dinfieedt Qo ampraRadhamat aat e %ﬁsslntau

di scl osure. 10[0007] FIG 3 shows a bottomperspective view of the

subst r at edisadvdetragshmvted inrengip@rt of thif 0B0BurEl G 4 shows a cut away side view
of the substrate holder shown in FIGS. 2 and 3. [0009] FIG 5 shows a
cl ose-up cross-sectional view of portion 5 of the substrate hol der shown in

FIG 45 1BRICEDIEFIRGPTEOONTOMTHEDRAMWPGS el ectrode set for use with a
substrate hol der according to an enbodi nent of the present disclosure.

[0011] FI 8007] shdias] aehsrtadicalbyshopisenaxampleggaiepadugtor subseat@iprercss Skt r at e
hol d i-ng,t Thodi rent t discl . 0012
Fe s endne i @ ARanBOR I p Bieal BB o' Wt b subst rat & hol der

20 accor d[00961 o Fa@. 2ehedd aeimbwed tdphgerfpeesentictli (el abstiae hplABd3]cofdifg tod
shows anot her exanple el ectrode set for use with a substrate hol der
accor di ng2? emapdiEkRBLRfi the Rtcsatt disslospitesent di scl osure. [0014] FIG 10

shows )@ fL(ﬁi{th &, 3 Ll d Sitong éi'gﬁ%e%ﬂp@gfem%ﬁogub +4FE h B, .fﬁo“l?lriﬁﬁé.sk.”g a
sem conduct or” substrate by gene}r)at ng a vari abl e-density plasma in a
25sem confld8br FGbdtshatve apcuoaess sidt ati¢tvornf thdQdis)ratel i@lddrisheehemaf iGSal vy
shows anoth § exanpl e process station according to an enbodi nment of the
present df&cfosure. [0016] FIG 12 shows a graph illustrating a

rel ati onsfigpopetryges sighv it iR RosQiccloftARAG bf ¥N&16QRLF fle Gbiiekd holald an
anount of power distributed to an inner and an outer 30el ectrode according

to an enb_@idiwreithlﬁf. 4t he present disclosure. [0017] FIG 13 shows a graph
L2 gt LRI PRSP 0L PR SO
embodi mento H crhbRlime@F e slesat @stlbsure.
[0011] FIG. 7 shows another example electrode set for use with a substrate holder
according to an embodiment of the present disclosure.
[0012] FIG. 8 shows another example electrode set for use with a substrate holder
20  according to an embodiment of the present disclosure.
[0013] FIG. 9 shows another example electrode set for use with a substrate holder
according to an embodiment of the present disclosure.
[0014] FIG. 10 shows a flow chart illustrating an embodiment of a method of
processing a semiconductor substrate by generating a variable-density plasma in a
25  semiconductor substrate process station.
[0015] FIG. 11 schematically shows another example process station according to an
embodiment of the present disclosure.
[0016] FIG. 12 shows a graph illustrating a relationship between an adjustment of a
capacitive control circuit and an amount of power distributed to an inner and an outer
30 celectrode according to an embodiment of the present disclosure.
[0017] FIG. 13 shows a graph illustrating relationships between electrode power
supply, process station pressure, and current density of a variable-density plasma

according to an embodiment of the present disclosure.



WO 2012/ 087737PCT/ US2011/ 065099 [0018] FIG 14 shows anot her graph
illustrating relationshi ps between el ectrode power supply, process station
pressur e,wandi2o8rment density of a vari abl e-density pl ageca/iseaionaionyg to an
enbodi ment of the present disclosure. [0019] FIG 15 schematically

shows ano r.e rocess station according to. an 5enbodi nent of the
present d[@ﬁ%sfﬁ@) !“f o520y hephs” ePNSHBE 38 571 ?ﬁsgwagaweﬁawgeqrpﬁﬁgwsﬁi ng a
rel ati Onsmp%lﬁe%%%@b@ i PredGRSidnY AREEAP OVt 5Ht | | Pitab RIYAGEP ARG t O an
enbodi ment of” the present disclosure. [0021] FI'G 17 schematical l'y shows

anot her exeoplieg pr acasodsmeantiodtheapressmddisgoswe.an enbodi nent of the present
di scl osur [ 2] FILLG_ 18 schematically sho anot her. exanpl.e process
Stati on aBdPh R0GT S SRR e G PN R Aol B &
19 shoys am@bd@Rtant bt tHS pFeaddt@schsi@di @l current density profile for a

plurality of i)r ocess station el ectrode configurations according to an
enmbodi ment0039] t HEGpleskeaws @i Feploand e, tabls[ihogwfingjagelapignygim daardacs urignis hows
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DETAI LED DESCRI PTI ON [ 0026] Pl asmas for pl asnma-assi sted sem conduct or
subst r at ecbpdipat ofithe prnant disclpsurep| asma et ch tool s and/ or pl asna- enhanced

chem gal [’(ﬁ)@?{ ﬁ@ogé %E%ﬁ&ﬁegﬂlﬂhma&%&%}%@ee oPYs ABRIoY ! B0rdido2! £
frequency (RF) field to a lowpressure gas using two capaC|t|ve]I>$ coupl ed
pl at es. | embaditiconoftthe presergdssclostneeen the plates by the RF field 25 ignites

a plasm, creati e electrons in.the pl.agsma di scharge region. These
o1 ot rons P&t LY Sl sirrhaTmitiner abdidl ey Eoney dotls B Sgutiiace
reactant HPbﬁfé@iseﬁaticﬁ%ﬂe&t%d%”cd?lfﬁghﬂ%ﬁs @éc%_?diﬁgrt‘é aW etn'ibordﬁﬁ@r{tacmt_hg‘ib'ré‘s‘éﬂﬂ es
may formradi cal species that participate in Substrate processing. In sone

exanpl es, disblespktasma regi on may be forned directly above the substrate
surface. e nzLimtin X | e, reactant,radicals 30generated by the
SPARS CPAL e P T S KRS R G R R E R S R
embodiment of the present disclosure.
[0025] FIG. 21 schematically shows an example multi-station process tool according to

an embodiment of the present disclosure.

20 DETAILED DESCRIPTION
[0026] Plasmas for plasma-assisted semiconductor substrate process stations (e.g.,
plasma etch tools and/or plasma-enhanced chemical vapor deposition tools) may be
generated by applying a radio frequency (RF) field to a low-pressure gas using two
capacitively coupled plates. lonization of the gas between the plates by the RF field

25  ignites a plasma, creating free electrons in the plasma discharge region. These electrons
are accelerated by the RF field and may collide with gas-phase reactant molecules.
Collision of these electrons with reactant molecules may form radical species that
participate in substrate processing. In some examples, the plasma region may be formed
directly above the substrate surface. In one non-limiting example, reactant radicals

30  generated by the plasma may deposit a film layer on the substrate. In another non-limiting
example, etchant radicals generated by the plasma may etch the substrate surface.
[0027] The plasma discharge region is surrounded by a sheath that forms at the
boundaries of the plasma. In some plasma-assisted processing tools (including but not

limited to the deposition and etch tools described above), the position of the sheath and



exanpl e, etchant radicals generated by the plasma may etch the substrate
surface. [0027] The plasnma discharge region is surrounded by a sheath that
fornms at wbeotrasmtdari es of the plasma. In sonme pl asnma- a®sirdiSed 10639€ssi ng
tools (including but not limted to the deposition and etch tools described
above), the position_qf the sheath and WD 2012/087737PCT/ US2011/ 065099 t he
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non-uni formty. For exanple, depending on the process conditions, t%e

subst r at edepppdingva the purveexconditmns,ghe swvstragmanhdveradanycx 6f @0@8javeabner ni ng
films with thickness non-uniformty can be difficult. For exanple, it may
be diffictf 0l?ndy‘downstreamIithography tools to accurately transfer a
pattern tpo28NUPaft&nMgf filni¥BwitiPastkRRPAGRGHES e @AY VediiFuR! P&ESSmple, it
non-uni formty have used process-specific hardware that may be inconpatible
with a di frghertiffisnldesdowsgeamihgairenhysots to asquraplyrtsasises pritrn ielaon-
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surfaces to adjust RF coupling across the substrate. Thus, it wll be
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using multiple electrodes in a sem conductor substrate process station to

adj ust pl awreistdiensite. ymae mysbvet tplaserent rodttee g veuhdad cand/dEgeplascamgnk of then one
enbodj srent he vari abl e-densjt |.asma be .adj usted and controlled to
of fect o e, SPpbE R Epl b IR, TR BopEPbn R mRRe PR e on
near a subdgdifigt ® tB6a6whinan ckpenddh dsboredted@ithicRingdg poecspdsasma region fart her
fromthe substrate edge. Accordingly, it will be appreciated that sone of

t he embodl(fBAT s Thescrvineuws iseveiimansy e Epgivrssdeticretr dhadi eclge foedomeing,
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her ei n mayerhieotitody@lstiaie prédegak@tion t6amipenpidsmal dnsitypcerasnghe substrate
Wi t hi p-substrate non-uniformty dﬁrieglg t% praocess at the process station.
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particles away fromthe
near a substrate edge than in an inner portion of the plasma region farther from the
substrate edge. Accordingly, it will be appreciated that some of the embodiments
described herein may be employed to avoid or reduce within-substrate non-uniformity
25  during a process at the semiconductor substrate process station, and that some of the
embodiments described herein may be employed to mitigate or compensate for incoming
within-substrate non-uniformity during a process at the process station.
[0030] Further, various embodiments are disclosed herein that are related to controlling
and adjusting a variable-density plasma to direct floating particles away from the
30  substrate surface as a plasma is being ignited and/or as a plasma is being quenched. As
explained above, during processing, a plasma may be formed above the substrate surface,
which may provide a greater plasma density and enhance a substrate processing rate.

However, small particles may form within the plasma from various deposition and

etching reactions. These small particles “float” electrically, so that electron and ion



30 substrate surface as a plasma is being ignited and/or as a plasma is
bei ng quenched. As expl ai ned above, during processing, a plasna nay be
fornmed abwoeotds7sabstrate surface, which nmay provi de aP@Tasten/opioasma
density and enhance a substrate processing rate. However, small particles

may formw thin the plasma from.various deposition and etchjng reactions.
These smafiTggy piedeod P dho- DRl H fﬂi?,ca% D TEN e PO @ﬂfoa eV
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Because an electron typically has a higher mnobil ﬁan an ion,

particl e payiclseowysentegpatd aeplasoh shaddboddasesy udntd ymolerhles dragdpices frem may
be trapped at ,plasma sheat h boundari es ere mol ecul.ar .drag fprces from
neut ol " s A A LR aee AR o R Y et e UL 15 REEER I ance
el ect rost art& difcofed @swaldnReHIesnd 8Maded REioR! asma di scharge region. [0031]
Quenchi ng the pl asma extinguishes the el ectrostatic forces, which may cause

the parti £9084] t Qucaphing thetmasmadséinguisieesshe elaeeostatarfercey. edhicthmey gasetlst e t he
substrate grﬁrclie@‘? Flall§% %Ee"&%rsﬁrgé shipi & f)%%‘éleﬁ %%HE' O ate 46T ﬁl%%‘r?atg Culplb§hdACe
9 efe armytllrmtéy Moni Sh de pe an

nmor phol og ct $7an i I vice rformance

reliabilihppeaSanbteafape eaghes:s defedistor giatifng rdedpaclogy d0fccts @ad @thyhytimately
pl asma- generated particles include alternating punpin% and purging of the
react or eAIPBAMEYCS PRRiEREsC adslebilyp PoRe haBPRASNBe @ | FEtisBInEu ACHRSand

may regluc I i I i i . om
tho sibat riar Sy PasteaEhl el Jhia & KEENL AR Mo BhEDfRey jie
schemat i cadakbtpr sinowsinant. diyodicnendse eppraacerineayrduobtoconsulnsty atlendysregnacess
station 100, .including a vacuum chanber 1Q2 for intaining a | gw pressure
i r onmeE) SFBHEPI A E PG e S B0t A VacHDIHAHSHFREF TH02 | s
fluidly cenpeshesd Wdnprehemhaust line 134 and a pressure control valve
130. [0033] Sem conductor substrate process station 100 al so includes a

gas- di st r (8321 oFlehdweetvamticdlds shows dins tmbodinieny obr  sewscogdsdsr tsubsrate

vari abl e-densi t | a region 118 20and sub e 186 durin rocessing,
and & bupoirare ErOEIT mEHEE HRuER P TElhoensl ety PP RREE ng.
[0034] Aseshfothend afdufrd slibstEOWBH hiRiditlg Idcdssiey Udesuuan Rhathigdri 102 Rf filiglyes 106
t hrough whi ch various process gases received via one or nore process gas

feed I'i nesomnggteawmythya erhaust iipat &tiand 4 picrsuvaeantiol eHaebed. 102. Wile
shower heaﬂ)O]}gfl IS%I’IE&%%C‘[@IS s&s%ﬂa{%gbl%'cess station 100 also includes a gas-distribution

showerhead 104 for distributing process gases to a variable-density plasma region 118
20  and substrate 186 during processing, and a substrate holder 110 for supporting substrate
186 during processing.
[0034] As shown in FIG. 1, showerhead 104 includes a plurality of holes 106 through
which various process gases received via one or more process gas feed lines 108 may be
distributed within vacuum chamber 102. While showerhead 104 is shown as a single-
25  plenum showerhead in FIG. 1, in some embodiments, a dual- or a multi-plenum
configuration may be provided to segregate potentially incompatible process gases from
interacting within showerhead 104. Further, while holes 106 are shown to have a uniform
radial distribution in FIG. 1, it will be appreciated that any suitable radial and/or
azimuthal distribution of holes 106 may be employed in some embodiments without
30  departing from the scope of the present disclosure.
[0035] In the embodiment depicted in FIG. 1, a portion of showerhead 104 forming a
showerhead electrode 105 is shown in electrical connection with plasma generator 124.
Plasma generator 124 is controlled by a plasma generator controller 125. Plasma

generator controller 125 may, in some embodiments, include one or more of various



25 pl enum showerhead in FIG 1, in sone enbodi nents, a dual- or a

mul ti-plenum configuration nay be provided to segregate potentially

i nconmpat iwbeormes3s gases frominteracting wthin showechasdo11043509%urt her,
whil e holes 106 are shown to have a uniformradial distributionin FIG 1,

it will be a reC|ated that any suit radi al and/or azi nut hal
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30departi pgufyu@bh tnlaﬁ)vosfﬁéj pa‘idodcapﬁaﬁvéj E@I?tf'onlrersd(ﬁ Ccie%ﬂfe@ be[&%:gﬂ thhf) cfuplﬁg a
embodi nent depicted in FIG 1, a portion of showerhead 1 fornm ng
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t 124. Pl 124 t
Qont 1 ol | ePe8 28U 5 dUr- Qe Sr5r comieat aro s g TR ePBUE Flsht s
i ncl ude omnpvarmreed&lfsuy@[ds@lusfegi&l 208 2¢ B3 %D&T 4ﬂﬁ$29éxlioﬁ615©9a91d%t &hbmg
circuits (which, in sone enbodi nents, Hﬁ% i ncl ude a tap-phase circuit),
t

di st ri but Petiondt horbrse thererfeeqrisubstie rollers (as described bel ow) so
that, durgﬂgpgctroéyﬁfdgﬁﬁgﬁégmﬁwﬁﬁﬁﬁr§§ﬂﬁﬁkﬁ% sﬂ%g@é@fgg%gﬁﬂﬁ&g&?édﬁg4 to

shower hea cou an outer e prOV|

subst r at echrolected wlifiOplasins cgmadr bedt ,L0Wvill ®e mppfeoiamdvihid, abkemeendbliyndptsas ma
region 118, conp r|S|ng an i nner portlon 119 and an outer portion_ 117, above
t

the surf atdscgpscdybrey %10]’}’8@1% f othesgd W%en‘@ﬁé?eeﬁlﬁﬁ‘ﬁlcél%ﬂé%@dﬁ%aﬁu@eéct rode
105 sheown ogﬂgﬁ ]ﬁggg it
wll be ag{p?P lglhgteeém? %%\Heg%?rei?k%%% I rretﬁfvg %l SCUSS ggi ow§ g[tp(e)ﬁower head
eIectrodeoﬂ@Eowu&ehbléﬂedtwﬂtaklMngﬂmuﬂﬂewu Fursbher emb@liteotsgshéwerhesdanpl e
shower hea tr 05 shown.in 1 tegrally forms a portion of
shower heagle‘:"t‘@%f 03%“1 © frRasr s ?‘@ﬁhf’aﬁj‘a{b “in some enbodi nents,

shower heaghghectiy oge UOSicRBY cRBoSiERAL atghstrhRMphRyel irad dQ seﬁogé%hﬂr‘the
depi ct ed enbodi ment, substrate hol der 110 is di sposed beneat h shower head

104, so t Haweshddt Hk 50186t pubstirteeltd is dixgtly eckpoeedyar vairibée-dengy tpfasplaas ma

15 region 118 I, N rocessin aolder.110 onfl d

ot ai 0 oubgitnf B 48 RRE R SRR B Sk SRR R B e
mat eri al  and nkghngo, Sruéa@qm)ezdml@ﬁsﬁ?lalﬂmcdtﬁa maferfal @n €¥EAP bgppoRedBy icBlubnG. 1.
I n sone enbodi nents, substrate holder 110 rmay be thermally cou Yed with a

heat er 1164% & the suamplesbawn i FEabk thn spme cadbogimantg sphsietedioldry. 11@tﬁlliﬁéftb@at e

hol der 91 [ ft&%l&ﬁwﬂﬁ %W?e?{e? qll LS 3{0 &)n(g\fl(? uhgat Yo g@.’ieé a%dl 6pd1ﬁ1 ﬁrg d%sglﬂg uni t

and/ or 20 "an tor unit (not provi Fot ati onar r “hei ght
adj ust nen‘subsmﬁea&ﬂcﬁdrvlebynayf a%0 lsajrhsélraﬁicelmof ﬂaﬁlylcwpwcitth alretafie@c tnit and/or
shomerhead 104. [0038] shown in a 140 (depicted in

cr oss2&ecti SlFVHAT FHPIG(HOI)Sh‘P‘ﬁ@I tacnéngQ? rqt%ta@xal eﬁi*f@oro%ﬁl&bt st desneevely sposed

In an out g (6B hotdd 19 WIBSRsedProtdwlinch &84, One
[0038] As shown in FIG. 1, mesa 140 (depicted in cross-section in FIG. 1) includes at
least one outer electrode 114 disposed in an outer region 122 of mesa 140 and at least one
inner electrode 112 disposed in an inner region 120 of mesa 140. As described in more
25  detail below, plasma controller 125 may control plasma generator 124, showerhead
electrode 105, inner electrode 112 and outer electrode 114 to effect a greater plasma
density in outer portion 117 of variable-density plasma 118 than in inner portion 119. For
example, in some embodiments, plasma controller 125 may control plasma generator 124
to power showerhead electrode 105 and/or inner electrode 112 and/or outer electrode 114
30  to generate variable density plasma 118. Though outer region 122 and inner region 120 of
mesa 140 are not depicted in alignment with outer portion 117 and inner portion 119 of
variable-density plasma 118, it will be appreciated that, in some embodiments, inner
region 120 and inner portion 119 may substantially align and outer region 122 and outer

portion 117 may substantially align.



inner electrode 112 disposed in an inner region 120 of nesa 140. As
described in nore 25 detail below, plasma controller 125 may control plasma
gener at orw02412/8hmer head el ectrode 105, inner el ectrodeCTAR2@ndcdae er

el ectrode 114 to effect a greater plasna density in outer portion 117 of

emboat menk@ b Yefbe eafederent Aot sy 160t ol GRLSR-hBRaar o

pover showRth&rd @ g6tdQdal)ofRMar b% ANBhdR4SE aRda 31 A2 RHTH Oh redt F

el ectrode 114 30 to generate vari abl e ‘density plasma 118. Though outer

regi on 120utandldctrnde Idégison siie efectreda thatOis sglectnotllydeginetted with gilasgpranent

W th outer porti 7 and .i nner rtion 119 of vari abl e-densit | asma
Tie, 1t werRrny B8tk SREnege Aot BrbSind En i ST 00 and
i nner por §i1Hnble? MG oFubSisaEt iofloliber 21 dcBBd AN 40MbE be eRGrRAI1} 250 ARH ik er
portion 117 may substantially align. WD 2012/ 087737PCT/ US2011/ 065099 [ 0039]

I n the enbegipiaare efepiceordisqt @f ppier clectrodss 114 avedthat thh firiand spaont isels snat
outer ele r ri.cal ' 3. As
Chten oo E SRS, BEPUEELEALY ORIREHEA Avg? SROTHER HEW LD

el ect ri calkdeyive powectrett pladnia gghasitor 1g¢ner at or 124. However, in sone

enbodi nent s includinq a plurality of outer electrodes 5 114, one or nore of

a first sEt048} dencercleqtinder bideds iposegy ih@cst ey pralls pepasgirdléRms Pwes one
or noyg Oéle@tréd’ecgg%aga?}a(vg{ ?f;ééﬁkl%&trﬁ'rﬁ&&ﬁaggqﬁ? TWien 8Qsd DAY istheadd 6§fne§{[3fo de

second sets may n as electri y I ndependent outer e
zones, onether smabk mdnnehilo thaeyanpde dioven jpdiler 1f moen Ptasaa 1¢2 mecladtacally24.

[0040] Inner electrode 112 is disposed in sa 140 and. . is separated from
buter. 10" Broweeiat Siomily AahEuget S rErul R CREVORT RFOR, SHCRACEROHeoa
140 is fofpehayde él@ctﬁ&‘é{ﬁéd’iﬁécté&“té ?Hﬂsﬁa l’?ﬁé}%{or 1bA. AbehEXRTRIFEGS NOMWRe N

FIG 1, inner électrode 2 is electrically grounded (not shown). However,

in sone enfsoodeehtlsisdi stngds eldctvadcodispasnd denedtie substdee 13® Mayevse in other

| i cal | d | . 124. As i.n, Fl 1,1
ol cct FbacoThofRERE” by B Bt uteea Saleattiomesy ROG Bs 0 Par b e o

However, idhcPtRRetoded bRMROSETRIS, isdleRa fiA) aMRYordO§ER loif $he cRIctb@dsi Joythef

i nner electrodes 112, a first set of inner electrodes being electrically

i sol ated fheymay becophiglledss d¢ctiigptlgrindaperdanpasr eectrddgzondsey may be
controlle el ri LY. d i.n tr Fl GS.
>"and 3 STk Foart 3 SEn ol ERENES s s Ebu G BF ARG AR iR o sy

hol der 11Roldadi i@ didtd mopepapectivyef aibstsatbabdldat el hedsgestiviBOFIG ebginatsiavel y.
FIG 4 shows a 20 cutaway side view of substrate holder 110 taken along the
cut awdy pPUAWAE RGeS OFpubstrate hogsdsa 110 ke tie*ﬁ Cpippgay pla anm@%m udes
a top surhace 202 configured to support substrate 186. Mesa 140 includes a
plurality of raised contact points 212 protruding fromtop surface 202 that
cont act a[(WdCksiAdeshofvnsulbdGr Atrecsh86Ovihanddsheetop sbefaccal(® ¢omfigestlito gumgort25

substrat e hol der 0 a a pluraljty.of lift, pin hol.es 0 fro ich lift
e ba1 - pURuae 1o Head T ARt fabiglid e iRl PR Ao meet i e i efe o
that an e&gj Ki8E007 1k cHREE! LHIRYIdPBE SutRBLIMERE W Bk shRGRtZR%and dnhe
backsi de of substrate 186 during a substrate transfer operation. sa 140

my ha3ve arytreigitokdst &1&iand a niwrabiyeofdifhmpl holas<HA fram whigdploft pinsg 1 3Gshonm
silicon W%I fi¢ '3) rﬁlea%raen%‘ége tc]oa1§alis% aqlidqu%gresrub(s)tfratgq% W itha b8 le}{d lc'gf‘ec?tér or paddle
may pass between top surface 202 and the backside of substrate 186 during a substrate
transfer operation. Mesa 140 may have any suitable size. In one example used for
supporting 300 mm silicon wafers, mesa 140 has a diameter of approximately 12.75
30  inches.
[0043] Optionally, in some embodiments, such as in the example shown in FIG. 2,
mesa 140 may include a raised edge 204 around all or a portion of mesa 140, such that an
interior lip 206 of raised edge 204 and top surface 202 define a wafer pocket 207. In one

example including wafer pocket 207, a tolerance between an edge of substrate 186 and lip



30i nches. [0043] Optionally, in sone enbodi nents, such as in the exanple
shown in FIG 2, nesa 140 may include a raised edge 204 around all or a
porti on oVOreR#8170, such that an interior lip 206 of racyast2@dneso294 and
top surface 202 define a wafer pocket 207. In one exanple including wafer
pocket 20 a taol erance be n an ed of . substr at 86 and |lip. WO

2012/ 0877 S0bEY o0 PP OBE5 | %o@ﬂhﬁyheg&taoéaﬁlé%f RCA0F o DAPPE RIS of
rai sed edge73d JPY-RRrPREAX] MR &lrbicd of (ai50 &fscMRASHI BF SLEAE 80X QRqsur f ace

of raised edge 204 to top surface 202, and a dianeter of wafer pocket 207
may be approxtaref elajer bockrt 20¢ hnag be appoguditeladditinomal |y or al ternatively,

' i i nel udi fer.pocket 207 5 t
shown ey tha | aieinsify HE bl Bl gESSRatm boimsa 3R WarS pPoRS 2070
symrets i cghd ¥r SBACEHs ZndtishoFAPMaiBY iRGudHdSIRAsRED 8d IbSeekBHIE 8R4

[0045] Top surface 202 is formed froma suitable dielectric material to
prevent dbyre@etrisplée shacedl-le@apemey bp dspesedaroudigisedhedze 298 and t he

I degydR¢! ' : : : f
202y b e) o el BBt MR PR PlefRniTaRuA S AR ARGl 2@

may be cospagicaldcoancetdinricereth Qibktrag 166 ALd act eledthgles Mdheteddh invedh M40 In Wi | |
be appreciated that, in sone enbodi nents, top_ surface 202 and portions of

mesa 140 PFRI)C BEATRRIEHERese rldhh aarripr swhicedi08) may br dommgdelrom) sscqramiy, matggpler i al s
havi ngy a §j.m : effi ¢i - of P10 a i ;

nosent] odhst s BinEAChinid] BOlicR bl BE Ty BKEA R el b Bl mibedte, 140
I n the exatpiatistipwt will B¢ GBpreRiatmddthdt, imeseancldfibatiohents) topnsukfize K08 and

unitary pedestal .piece, though.it will be_appreciated that, in sone

ebod rehPUToRSE D AR ol el S TE RO s PRI G o FRLTi at o

pi eces suhi@bl ¥ sifif RcARUSS bathcAnseBhYsiofahse Idigblnedsuderddr fbbange 221
configured to mate with a feedthrough spool” 218 and a ‘collar 216. A gasket

222 seal stogedwye 221 20 against a conpl ementary mating surface of

feedt hy ou oqQl. 2 under_ the. urgin f. col.lar 216, .so t.h ohce, seal ed,
o nier B04BF R0 15 ey P Y R R il Yo BB R B R 0 B oY e
pressure (Rsg140 &l &HhENY2 RFES SnikLY pbdaiul pheeet Nt @AY bé @ppresihte@fithacacuum
chanber 102. A plurality of bolts 22§ are provided to secure feedthrough

spool 218in spreofmbedimests, mgeudH) prd gplumnbld2appy e isaitedy 19iaed Ean ssprfakb| e

t 3 l. i I i t I i f
of 1 coat nPsSt RRIAS G IduRna K 2O IR, (A RTR CTIL A0 RGN BT 20
of the presentvittli s cécdsitoegh b4 7)1 8 Rarldi lebDarghl G PO alasiRA @22sseanflarger 24 t o

provi de el ectrical connections between outsjde power sources and inney
el ect #bdea @RSt 23epMpjeingtay) @eftmg)a@fa&ﬁsofzfsgqsth@ﬁah seegler! Spindlen Aty wigkigued

wi thin cobymn 4429 ng,s'onge %Qeﬁecﬂ S OMeh NG c@lhﬁlﬁt [@d?n&élge Ghfhikgakly 30

connected to inner electrode bus 230 at inner electro connecti on o] 0] nt
231. Fl G c@npdratveelya highar piestuye ¢f.g.c emdodidny praasurs) thiB ticomddugor edritboment

electrical{ connect outer electrode 114 wth outer. %L ctrode bug 232 at
outer el o8t VERBME SHREI R poPfiroias s WG 1 RPTAhE AFprodraisahat i n
sone enbogigmemS 1§ RIIRGLEs, CARGUL  WRI BE MppkdialBAYthGORNEShitBW &5niREBE 5 0de
connection point 233 with outer electrode 114. CQuter ‘el ectrode
25  sealing flange 221 against the complementary mating surface of feedthrough spool 218
may be employed without departing from the scope of the present disclosure.
[0047] Feedthrough spool 218 is configured to provide electrical connections between
outside power sources and inner electrode bus 230, outer electrode bus 232, and heater
bus 240 included within column 142. FIGS. 2 and 4 show inner electrode 112 electrically
30  connected to inner electrode bus 230 at inner electrode connection point 231. FIG. 3
shows a plurality of conductive arms 113 configured to electrically connect outer
electrode 114 with outer electrode bus 232 at outer electrode connection point 233,

though it will be appreciated that in some embodiments a single conductive arm 113 may

connect outer electrode connection point 233 with outer electrode 114. Outer electrode



WO 2012/ 087737PCT/ US2011/ 065099 bus 232 and i nner el ectrode bus 230
termnate at el ectrode bus connection 250, which may include a suitable

di el ectriworat2a87Blr 252 to el ectrically isol ate the busesTfusernfoemds hr ough
spool 218. Simlarly, heater bus 240 may be electrically isolated from

feedthro ol 218 b e dielectric materi al noI shaown) .
5[ 0048] Xgueﬁﬁ%vﬁné Hnef Ctr95%h 2&) feswaay afué}ﬁct otru's ?“ﬁ’@rﬂ De W)&Lrél or
nore | OcahiaS)ng!uﬁé 2 it RN il Bieigd rﬁa@eri%'l'ﬁ@ foeéleg&lﬁﬁlwgibla%’%é b%&& B

conpl ementafy portion of vacuum chamber VWil e not shown in FIGS. 2 and
3, it wil fecthraypbr smioht2dd. tSmatlanlsn 5 The lansb%ﬁ meayt b¢ dlenticahly oisglteslpom 218
may be cofi ure I um cha r.102 en installed

t herei n. figlb%ﬁq' SPPﬁ%§ ??CSITJI“%WS ng&gf %@&"ﬁg cross-secti onal

view of t[un4RNdiAzaliReP ol tE'IGB 25andoﬁ Fd GthrGughASpcol VR inkdlidbSond, ort dke | Nner
el ectrode 112 is disposed in a plane slightly below that of top surface

202, so t lngating piay dP4 epnigguspdt #lign fgedtbrough sseﬁaZrl&tw gestpheradidary peeion

el ect r ode h I y be

| ocat ed ano{]%cﬁ}l h a{m%&oﬁgzg ndt@B&P ?ﬁﬁ@szﬁar dce ‘%B@Le %&’f’%rgagfﬂl&% %ﬂ 5

shows out armeleﬁtbbdmdﬁtslféedl&&bm@ @@p@&édnambamoﬁﬂg@éd e ged againstmesaudd0 and

in a plane slightly below a plane of inner electrode 112, so that a |ayer

of diel ec'el@%b%%whan 1@%@%&%@“’( he inner el ectrode fromthe outer

eI ect de o] e mat el y
0 | DL P a3 oG P Ol ShgRA R HoRE RO TRUR) \REPREhERRAGN™ D

| nner di apmtlen “6F obEI&r4. e“lseshbwndeF]LG45 ithatgmmtetmtrbdtmhlhsﬂﬁ)spnmdl mwrplahearret er

of inner tro SO t ere i s horl ont al bet ween i nper

ol ect  ode Sy IRIG LR BPctiattits 16 4L e fefer ob8efasis, BrBrieHePGapS dBlor i bed
above. '”ﬂ%ﬁﬁn&Xﬁ&Hﬁﬁb1ﬂﬁn%&9ﬁﬁ>Qhﬁﬁ@tQﬁ(ﬁ%eﬁﬂ&ﬁk %hﬁ?%&%gﬁdélﬂzﬁﬁﬁlﬁ%CGEd
a maxi num di aneter of inner el ectrode 112 by approxi nately 5 The
hor|zontakwawdapmpﬁnmﬁﬂy@éﬁgndﬁsbﬁkbe@pabﬁveﬂﬁﬁy separate i nner el ectrode
112 f m rode 114 to_ avoi ectrical, .25 ar et en e

o oct | oaeltifl | 1608 HEHF: it B8y & B REG aR BT S B R RS ¢ ne
el ect r odegnd ﬂfh@mng@nghﬂpmyelm dplﬁlﬁd guingsk daardcan2psedet £Ndyen 6 dRreIc
ranges for each of the electrodes and a dielectric breakdown val ue for the
di el ect r i Bapatab sengratesathenignet pleetradsnisomthe oubmsclechigde.vbir enc gxangdlp origr al so
provi de a o} Live
e 113 <EHtEn B REPBE Moa) BEMRRR-ACUES iR hUOP iof R sRRR AR S,
113 may bes klasat @dFEGS.a4 ghéat e isleptdiadhétomnmof omner elebte@der chhelslgraatele{hahlave to
outer_electrode 114. [0051] Inner electrode 112, outer e|ectrode 114, and
condudq i vEaxipm fiemaienofiipner slsciredg bH. £ St disye i hotpatal SHRRVERER er i al

or materi élleéﬁoo’?;ﬁﬁﬁ'a ddtépetléc%dggmé &eflfas %ef@gﬁ ?h}%ges@%@& hidvel fn one

al um num Furt I nner electrode 112, out
2012/ 0877&7@@% us2ihdy G6H0ed oﬁrmdtecetadtrodie V&t arapsexddsl mxbmrﬁajwmeﬁelt ed in

any suitable ) n exa e abricated.f tal., nesh

Y er e Mince ilieod D8 G AR Bty St he PRrisfRe R o e HEJostay be

1; ?b% cgt igb&% bk} heguraRhihd! b¥ciRRtt erNindeh BuftBledlerbiid MAubi R8id aReikat i on
S

25 arcing between the eclectrodes while permitting a predetermined amount of coupling

between the electrodes. These gaps may be configured based on predetermined power
ranges for each of the electrodes and a dielectric breakdown value for the dielectric
material, among other considerations. The vertical gap may also provide a suitable
separation between inner clectrode 112 and conductive arms 113, though it will be
30  appreciated that portions of conductive arms 113 may be located at a greater depth from
inner electrode 112 relative to outer electrode 114.
[0051] Inner electrode 112, outer electrode 114, and conductive arms 113 may be
fabricated from any suitable conductive material or materials. One non-limiting example

of a conductive material is aluminum. Further, inner electrode 112, outer electrode 114,



5[ 0052] As shown in FIGS. 2-5, the depicted enbodi nent of inner electrode
112 conprises a single, substantially disc-shaped el ectrode and outer

el ect r odew02d12/8787si ngl e, substantially ring-shaped el ecrrsde.l/obivoe
specifically, the exanples shown in FIGS. 2-5 show a geonetric center of

t he inner e|ectyode being conc a geaq ric center of the nesa
surface a %C%Vegé%%? H Elaﬁgﬁtébﬂﬁﬂ‘te‘{ H’eal%ﬁlég‘%[ﬂ Ry rlgde WWé‘&Fertheﬁ t
will be 191a§F‘Hérf@&ﬁ&%&l%&rﬁ%etﬁ%eﬁ%&&t@h%@QH&EQQE thﬁh% |fé‘orﬁﬁ§&€‘in RS thef

el ectrodes fray be enployed in any suitable arrangement w thout departing

from t he swwpde.ofhey hmayprbgstbticdid dyobtmograpiiiealdy pattermingl abwetab prmcdwined
that, in i ne eandi megtﬁ, the inner and outer el ectrodes may be confi gured
to provid Aongafioly ot pgpa é nmut hal control of plasnma density within

vari abd e- g t asphiasitR ifi iGN 2138 hel dbMORS] crhiydiR Bt @anck| &trofic 9112
schemati cal | y show various conpl enentarily-shaped el ectrode sets 600, 700,
800, and mpnxégpetgdq, velsjantighly diserehansd etactrodesndiauterapiertiode di4 & evnglodes

oi cot rode Lo R A Sreral APrbl Y R HRRIERe R AN Y08 U

provi des glagv algesmaﬁrrcaien&i of fiec maed d&itﬁ)dd&i&ﬁigtanpétﬂﬁmlﬂh&g'g@inetﬁolﬁéﬂtai of a
radi al pl asma density 20 ma%lt provide a way to adjust plasnma procgessing

par anet er §f §hg naesp é‘éﬁf?’é’ie agfl pathr§ Remeties ce@i@aﬁé the, Oultedcﬁleéﬁo% rHOrV%ﬂvebflt wl.lebem asma
densi ich
iR SRS b o haneNeGahe o L Shage g ARy o
Thus, in unm}ema'mbleea,rramggamﬁr\ajﬂhqm clopareng \ﬁnonhthe &mapeeof thebhstseat élstllosmrkness

non- uni f o /. of substrate comng fro eamtool rtially
or 25 comshun di §11bBe 28D eHar 4 PHge RsRCaTES shE et G0 o SLBEs ng at
an enbodi Hﬁ?tbeoﬁorﬁf‘gﬁké"cp&ﬂﬁﬁv@de S LAt @zuﬁh@ﬁ?%@n@&la&ﬂ AR Qendify AnAIher

exanpl e, a Substrate in process at an enbodi nent of sem conductor substrate
process svmabdmdmﬂymmbeegwmd:b&sed to preenptively offset a known

oot Foda WaeT 760" srerrs T8 9 Ry pRou LA AR AR b B hensd

density felkectddlcascts 800,STUMPB00.LCAHPHEITBRERENVERL 0f0fnnel elettieudesl12ElRcCéutade set
800 of FIG 8 jncludes a plurality of outer electrodes 114, and el ectrode

set 900 ofleprades gl IinElesirede sctob.athiopy iof Flat b deniets acrandighetien of 1imnend
outer el e S hyra t hal
contr ol \E/tg(?(%ablea%ieﬁgg%{]gfec (gdse\,\ngffglé?g}rét %(g\% % Fg(r?%vizdl gfg@iélzc ﬁ%?ﬂa%sw
control ofadpdl aﬁ)ﬂﬁold@ﬁ"lﬁlbtv;arlable%hilt}f pldirad regdot. r@ntroled geradiabpldmpldeasins may
be WD 2012/087737PCT/ US2011/ 065099 gener at ed, potenti al !%,‘i/ pr ovi di n an
appr o#th f‘@ydgﬂiélfiﬁtaewﬁyv%% Sérﬁ’iaég’& EP&%Sﬁ‘élgdW?rﬂﬁerﬁr@c%é ﬂg,lr%‘;}PEh Pay be

used to OE{a%gﬁlf rQJh?f(éb% léli‘{)t'ﬂw'ﬂﬁ E%rd'éhstd(fﬁ f@%@fﬂ'e%ﬁ@olvﬂftcﬁn g%%ﬁ@?dgblﬂgld/ or

downst ream 0055 e understood that the war e descri bed
above mayskb?@edlmmao géundr ag Fowadv aani amjreaodietms ge:r;erepd: asneavac aod Jomdidal-
substrate. (? 10 sh a.flowchart illustrating an eg‘&gdl%ent ‘t? a
method 10B6P6F RS siiNy i OBk CHRMfetbrecats Y LI £1 fyPsirate
vari abl e- qgaél'eﬁsvn&mﬁfmmw o@a%%@tﬁmmﬁhgﬁoﬁyaﬁaﬁsﬁre@mnwcrﬁasb@]%ﬁlmnor
However, it will be appreciated that, in sone enbodinents, "portions of

met hodb 1og@nnla§@1>b@ffmt Aggeatating @c@cﬁfeeplema Aty promymsett amembediment ofmay be
suppl enent ed. vmrbﬂt g)g I’trl n § ig@ 1 tglo eaof ]| Et ent di scl osure.
At 1002, MEPRIYML 6“'%3%1?8% fedeh AN 0y r %811’5% tSH SUAIHTR RS Aol der .
At 1004, pRtRA0ddiRaR dfosmﬁecﬁﬁactsursabwaﬂeg focpisastiBordas0 tayt Be HeFdssNEuCt or
substrate process station. [0056] At 1008 met hod 1000 conpri ses ng@geratl ng
the vari aBleemgtvaly offiseladdiwnnyipn-ufom g patiesn shatagcrvies of grdomnsirean Fsdie wi t h

one of t hﬁ)dSQ?erEl&ltr%ElE 5&%0 %?gl(t}hﬁaﬁg'&% 'i)poq;i‘(ge radial control of plasma density for

30  a star-shaped complementary set of electrodes. Electrode set 800 of FIG. 8 includes a
plurality of outer electrodes 114, and electrode set 900 of FIG. 9 includes a plurality of
both inner electrodes 112 and outer electrodes 114, either of which may provide both
radial and azimuthal control of variable-density plasma region 118. By providing

azimuthal control of plasma density as well radial control, wedge-shaped plasmas may be

10



15 el ectrode. In sonme enbodi ments, coupling of the outer electrode with the
second el ectrode may be realized by distributing power fromone or nore

pl asma gewmerat2ms37vo two el ect rodes sel ected from the orCErUuSediansioode, the

i nner el ectrode, and the showerhead el ectrode while the third electrode is

el ectrical | rounded. [0057]. FIG 11 schenati cal | ho n_enbodi ment of
a pr ocessg%‘{eé%f’(gr?oiefﬁéﬂ{; REDUUPAED 2PRCRY Ky Bt fiot SF- SRS PG icor
el ectt 0depbldGRUR IRt Whi b8NisLANE oL IAILONRs TbA-unfBFnRKITRIR I RLPGHES

station 1300 shown in i ncl udes a hi gh-frequency plasma generat or
1102, a | opstfcrmguédtieylophsisaam gelser at or 1104 and a shower head el ectrode 105.

In sone e i nt hi -freque | . asnma, generator 1102 ma r oduc

f r equenci @%gt'{r&}e‘gﬁf be ‘I\%r%%oéﬂgﬁtntﬁ}{ﬂ?gr_gw af)eoﬂilé?n BVEPEe B8y élﬁg%@ SAPE and
5000 vt t §.vafiblslblaghsity2Sladnile 8Q0% £RPRELRERIG, 10 SN6Wd £ Me@NEDArDllRSHRInGERET at Or
1104 may produce frequencies between 1 KHz and 2 MHz and power |evels

bet ween 3ompedimenigaia sotmd\BiG0sof Mapdseinglagemgondapioe sebshatetbyhggisratiag g

| ow f r equeng rators. i ' ' i

enbod rman BebRGRR HEREIR e Ricdiiuthl By SRRIEE) B Wiloue! RFOTE
hi gh- f r equgitesiatpl alsarpingRAey @hbsdihtR, portibaef methee NP0 phas b agemedah or

1104) 30 wthout departing fromthe scope of the present disc¢losure. [0058]
In the exdiisrat gsdsre By b omitesd, pr may aﬁﬁflméa%@fé@e yiheshdeppates dost the1o2 s
el ectfhca t ghi ' i [ a
mpediice e o Pieaa dieb B, AR10%, ShEEH bodd BnfRGH LRt iRl oh
circuit 1fhtOsubstndte dotded A0 1604t methad € 000 wemptriccp owvpplyibg angdhesa gappd yheng t he
inner and outer el ectrodes. In the WD 2012/ 087737PCT/ US2011/ 065099 exanpl e
shown in PIRECONMCIOFPURTRIGRATPSHS 8#PULi t 1110 includes an LC circuit.

Low f r equegmsy] PlAasies 98esbationo Jséﬁ?igrihé“s &heatinhg aRl 16 RUNEGHE PlabRa By, at

| ow-frequency matching circuit 1108, configured to provide matching

i npedance 190§ couphngetho arliteresi¢csroda pptiognaraf dleyine@ diete)de aaddhé shevebead cal |y
connected to djstribution.circuit 1110. A optional cable. 1114 (e.g., a
cor il glBraler Sl SRBUITRAL o5oPlne il BoBviel RsRe uhanth Sofhue Fon

and/ or matiebirdtd @hy GUiréalized By [d@IHRG VIR v €RInk 08 or Mor®HRBEA Jeftrdlorslbl6,
power fromdistribution circuit 1110 is divided between an i nner el ectrode

power br afehelpatiaics selgetad figawde ouberichstpdaitee peidecdnopleasiyl tha shewerpead

el ectrode . I er electrode 114. 10[ 0059]

Cont i nui ngl%\&/’#‘?c{]e ‘%ﬁ%ﬂtﬁgg%dzn%%{@ggi%% &@%\!ﬁf r%trg%@,éhat 1010, setting an

i npedance[@57h FEIGCUI §chstpptaflyngopsweembodiatat of a prloecsdyiadivn ell @¢ inchdéngand

the second e] ectrode so that the plasma density of an outer pforti on of the

vari ab! e- aeHRE Beldenhl( havipgeguter cleptsiede hist pruplsdavil g8 thgergHectiods diér

portion ofrpf '%Qaﬁ{@"egﬁl?é&s %{]ﬁ{k hYo@k in FIG! hpi@mgiamﬁgﬁ-ﬁ%pem gﬁaslr:ﬂae 11,

the plasnma generators are electrically connected to innér e ect? e 112 15

and out er galeetor bdR2, 4 ley-fandeshpienirezdertadll 0éded b sheveabtad dadttogdedbbunded,
t hat , i lied to i | ectrod 2 and outer electrod

104, an’ elbstnE SORPUnRY Diskare ey BOUBE SR TH GERATOT TGRS o

degree of p&QKPA DNIHZSINBEOWIER it BYwar RIBR Gt ded 30004tEsdnlded00d IladtseF@edri cal |y

connected with a branch providing power to outer electrode 114. As shown in

FIG 21, tapueé cinpedigisnts; d0W-drequacy peowd desraepati4 mag neditce dicquarlien

adj ustnent_of a r ppl.ied to outer .electro 114. 1 n e N+ li.m ting

exanpl e, %%fﬁlgglil #W@Bﬁ% ]gﬁze?‘ndlllﬂ‘ﬁerr}ﬁ\ﬁlel?) &)8‘[\‘/"?68%%§d?' %}Est ar?éiné()%@fwa{‘:][gspggiu “nce

in a rangei®f 1 apgiiexivaat Righ- 464 Rfw-fieq@diey Pxisiat @nyra@l0), ipkvill thaipgheciatedM | |

be appreciated that other ranges may be appropriate dependi ng on el ectrode

i npedancethghdn pemsrenahpdiingnts a8 0 tymeueft Hayma penoryer ey hsl @nplpvn(cis, FI G

11, varyi t i C I r y r

capacs 11 vars e REARY iy e QUiEhoP 1E62 WP Ao, oAl Bkl 130,

power 30 n ottheiit ®bating diden thewespdufanchredch?Qisoios@et han an amount of a

| owfrequenc | asha power. However, it w|| be appreciated that, |n. sone

enbodi ngnﬂg)ﬁ%]:gﬁ%élilq P&%@Vﬁ% Kepisieddp Flg 3 I%gghﬁgeqe@ffgﬁ Rfatra eeReTYgF 102 is

hi gh-f r equeREY, RN dbiHectcd Vs ﬁﬁ%&%ﬂ%ycipéﬁﬂﬁmpé’déﬁf kP! i tOiMdShce of

el ectrode power "branch 1120 1n any suitable 30 \%ay. [ 0060] FI 12 s%ows a

gr aph 1200ightfreqetngt plagma geakmtarohHi2i pnd et detrbution adjcus t he At caffigared to

itive. | ci it | yi : f th t I d

o e, VBGE Phyfh 6 dobd ORCLhmSBTURE shOanS Eh. o5 SR RHeE B Ui e

el ectrode (curve 1204) and the inner electrode (curve 1202). In the exanple

showmn in FIG 12, the capacitive cont rqlll er



WO 2012/ 087737PCT/ US2011/ 065099 was arbitrarily adjusted back and forth to
denonstrate power division between the el ectrodes. Because a single plasm
gener at orwoas12sen7in this exanple, FIG 12 shows that POTMSasli1GpPDWEr
supplied to the outer electrode results in a correspondi ng decrease in

power supplied to the. i r electrode. However, it wll be appreciated
that, in Byt s DAbBarmeies, astrﬁiﬂmﬁgr%rcmtaﬁﬁ& geeieadr Sty Btinect ed
to differgatufbeoldshetnsQdrNang a9 cREirkel T Mncb RdROYEIOWSHARIch&Andani}e

el ectrode may not affect power supplied to another el ectrode ('di scussed in

nmor e det acircipe!| 140§, cpol@atd Lioc atovpdeasnacideg simpedapg b neras uerebbdaintits.a

pl asma probe t.hat .s l.es .an amount .of . ion current..dr fromt pl.asnma at
B G ven vanraganisis S0oHERr R togriGin PwEHeh R thRlie (R foBra o

Wi th ashi gh@dnaPtaseal denss t ¥ chhiklag cablt aVEEmé eMbEMIARY idH¥Iuded ketadRctM th a
| ower plasma density. FIGS. 13 and 14 show graphs 1300 and 1400,

respect i vBleydistjifpéen pnd/ersmptghingamrcait 4ol tesncetivg pleeisdticp A dransbpogitoddoi on
t densi a. ti.on..of, - subs i us.. i h
T Fros. B3yt R S PRl Be LA it | Lo RO LR * 12"

mm i s t helenyeedingapa3d-tormsdathdédt@ide . 1 1AsantiSars b@an clcttrddcGiowkbraich 110 pr obe
ion current density varies as power supplied to the outer electrode is
i ncr eas edRABMPEPISF QU ATSrode W4as shown in FIG 13, to approxi mately

35-4L; W @3§r0%nitiﬁuiﬁgg’zithlﬁ6 @6,%%%@8@%@%&%&,%@16@,% gn%%ﬁf}ﬁegllar\?v&t rAgde

is decrea rom approxi mately t o ‘approxi mate
expl ai nedofboweiit supplyiind pdvecrappne of e edtdr kctrpdodel thorsecud ckatrodteststhaty nmay

be used tq approximate plasm density; 20 .thus, FEI . 13.and 14 illustrate
Dhat S ocr TR TR of ol s SER o ohf aHEb s er Ui S et (1 1

outer por hjaQia Aendifieol 8 i@k 85 bt YhePV ARBR-ddnQP lastanid My agbyitlnf! G
10, in sone enbodirrents, method 1000 may conprise, at 1012, setting a
process sshvirom [PHGed $uthe phomalgsneratoes picatartricdpspmectd tamrsoekctrpdy ti2on of

the variabl e-densi t l.agma i reater than th | asma_densjty of an inner
por t1 b of 4 AR dfeTgeheMe T Sleniodt i ol ihgiaitah od i i
density dpswéd iQuppladtl @EMntallsct@dde a18 UAE bleR cREtrddcOrESS 8n $lc@iricOfelRE S&LH €.
FIGS. 13 and 14 also illustrate the effect of increasing pressure within

the procewsll spunle orith therasharapprisyli ofer degred of eeuplingus weay1daioly arrdpadio®) to
appr oxi Magglv 2 § 917 ofeGHNRP cdrit Qe Wil # ¥hnch réRRHEHoTRE & Yufdr bRESKUT Ves

114. As shown in FIG. 11, capacitive controller 1112 provides capacitive control and
20  adjustment of a power supplied to outer clectrode 114. In one non-limiting example,
capacitive controller 1112 may provide adjustment of capacitance in a range of
approximately 40 pF to approximately 600 pF, though it will be appreciated that other
ranges may be appropriate depending on electrode impedance and power supply capacity.
Further, in the example shown in FIG. 11, varying the impedance of outer electrode
25  power branch 1120 at capacitive controller 1112 may vary an amount of high-frequency
plasma power in outer electrode power branch 1120 more than an amount of a low-
frequency plasma power. However, it will be appreciated that, in some embodiments,
capacitive controller 1112 may be configured to vary high-frequency and/or low-
frequency plasma power supplied to outer electrode power branch 1120 in any suitable
30  way.
[0060] FIG. 12 shows a graph 1200 illustrating a relationship between an adjustment of
a capacitive control circuit supplying power to one of the outer electrode and the second
electrode and an amount of power distributed to the outer electrode (curve 1204) and the

inner electrode (curve 1202). In the example shown in FIG. 12, the capacitive controller
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1306 and 1406) - on radial current distribution. Thus, it wll be
appreciated that, in sone 30 enbodi nents, adjusting the process station
pressur e WOad012208yi3Mg t he power supplied to one of the owrC&rusediamsioegde and
the second el ectrode may further adjust the density of the variable-density
plasma in an outer. portion of the ﬁ)[ari abl e-density gllegs wll be

.. |t
appr eci at ¥ tH2rarn 2dgied b dinte MY, (OIRBONEFGT S90S 5 Ay PR YavaTettt s may
be adj ust gdc@51c5OBLLALd £dinkR AHHS beRhatTRWAL Bidd 1@ BisASIRPHEREGE V2 shows
h | Cr/ US20117 065099

distribution wthin a variable-density WO 2012/087737P (

pl asma. Ndwt incrdasinggposscanpiresd 66 theuahcnpelodrsls retudts iona cpaesneptimggicrrasaude
process gas_conposif.i l..e. . th onposition of. @ gas mxture fed to the
P ocess SEaPTer PR by B G0EGR HaRE ol alitalt BGeisd HifeingRuts) |
total proe@psdigRats! Yo BbR, plNRCEHSrafdrd irlag et IRk toIdefférBntdblectiolss so
tenperatures of various surfaces 1n the process station near the 5plasm
di schar gethaggi Apstnfcp0 6BPOTINtUPAlicchtp Qi Heqrade may, noreaffestipa@OTSURDhgst s es,
at 1014, Qﬁo(%ﬁeefse%cﬂ%ngé Qﬁsc%y%%ﬁtiﬁ Aot &‘ét&iﬁ]bélgf}%va“ abl e-densi ty plasm. For
exanpl e, I'n sone enbodi ments, processing the substrate may conprise

deposi ti nfpos1fi IDFcginplasmsa dsisitat @ay d micadurel asitina giikanc pbe hiedr saalplasaqpor
deposition (PECVD) technique. I n another exanple, in sonme 10 enbodi nents,
processi ngMPHY fuisatquaicat fey e B the ol rtng 2ven; Yakiegs 1 sansplesmas. isi ng a

pl as achf. %At E)q c%ﬁ%n@ﬁﬁﬂg&ﬁ&g@ \91gl$a hL%Q@é]‘ N (ﬁﬁﬁlrt%ﬁbvﬂﬁg aquggrei’on%ﬁ%htdi ng a
vari abl e- «§n5|ty pl asma nay provide appro ches To tigate process-specific
non- uni f onmaytegrrplatet eiting lowaergilastiandgnsito F8GRat 3 wed t4oshdwegpphc EHY ailddioon and

t hose native to upstream and downstream process tools. . 15 Consequently, in
some enboBREHEDY: A MaR s A8 Cramelc FHOORPIOPSHESH Brageipe G AT RO ng
substr at e, Ry REoL BIRMsRh Hadi¥s. Th Ald ShvihEkts BERGEERSEIS. 13”08 108y nik @vi de
conparatively flatter substrate surfaces for subsequent |ithography steps.

defined as the center of the substrate and 150 mm is the edge of a 300-mm substrate. As

15  shown in FIGS. 13 and 14, probe ion current density varies as power supplied to the outer
electrode is increased from approximately 0 W, as shown in FIG. 13, to approximately
35-41 W, as shown in FIG. 14, and as power supplied to the inner electrode is decreased
from approximately 160-170 W to approximately 111-115 W. As explained above, it will
be appreciated that probe ion current density may be used to approximate plasma density;

20  thus, FIGS. 13 and 14 illustrate that increasing power to the outer electrode increases
plasma density in an outer portion of the variable-density plasma.

[0062] Continuing with FIG. 10, in some embodiments, method 1000 may comprise, at
1012, setting a process station pressure so that the plasma density of an outer portion of
the variable-density plasma is greater than the plasma density of an inner portion of the

25  variable-density plasma. In some embodiments, plasma density distribution may vary as a
function of process station pressure. FIGS. 13 and 14 also illustrate the effect of
increasing pressure within the process station — from approximately 1 torr (curves 1302
and 1402) to approximately 2 torr (curves 1304 and 1404) to approximately 4 torr (curves
1306 and 1406) — on radial current distribution. Thus, it will be appreciated that, in some

30  embodiments, adjusting the process station pressure and varying the power supplied to
one of the outer electrode and the second electrode may further adjust the density of the
variable-density plasma in an outer portion of the variable-density plasma. It will be
appreciated that, in some embodiments, other process station parameters may be adjusted

or controlled to adjust or maintain a plasma density distribution within a variable-density

13



[ 0065] Thus, in sone enbodi nents, nmethod 1000 nmay conprise, at 1016,
setting the shape of the variable-density plasnma to offset within-substrate
non- uni f owoi2012/082B7Addi tional ly or alternatively, in someTAs@dioni®ne S,

met hod 1000 rmay conprise, at 1018, setting a shape of the variabl e-density

pl asma to have gne of. .a convex sg E?{ a toroidal shag and a medgg shape.
For exanpP@Smis NapTiHERg EXFIRIFHEESUCH Boceyeiiion: RETICESHEKIE HFaEhE Y

profile Oeoﬂlﬁﬁsn%hbﬁter qhée corﬁb&‘?ﬁ(ﬁy@m EEMYRuRY f%ﬁef§ %Flén'ﬂro%srs r'ktaf'?ﬂlon including

variabl e-density plasma may deposit addltlona | mhear the substrate
edges to vidastdiluhet, pbwmexapt shitie. gd36s)Thitd pragesas gsuflowi mtea pomeprastatidanvel y

nore even covera e, and develo nt of photoresi st un onto,the substrate
2t & 11t hSEEHO R B aREop o TR R e p B e ah Bty Sl idf gE The
operat5onpbhggaﬁihﬁge&%ag) nmet hod 1000 conprises extinguishing the

vari abl e-density plasma. As expl ai ned above, in sone plasma processes,

smal | par tA0oB ks Contipging witle dill cléh inyethod {100 Jomprisesrent @én@mm@%mghéhepl asna
extingui S'&%%tr%ew?f he‘EﬁJ Ox?atnﬁ Cdtegﬁ)f)gﬁ)?ias% URS %9%&? 5 Ofsorﬁ &ﬁ%eﬁﬂsef

whi ch may causée parti on"the su rat'e sur ace.

sone enbogtdmm,t@ thmtlmldtelﬁha@ conippisé desositinlg alfIR2 onexsibsgate IBingch plhema-

vari abl e- den5|2¥ pl asma so that the variable-density plasma is extingui shed
¥

in an i nnéthapesd chsnietl yapar depostiond PN (pehigugrdn @@P@% CHENplg In some

extin

20121 G773 Ee MR GhiuBah HERLR: ol eRichine efimon s sspate v
particIesph&nbecﬁaﬂmi@mianMﬁmhmmuehe pl asma sheath retreats fromthe inner
portion of t pl as tiall av0|d|n causi ng decoration of
Phe. subst 190681 s by auBteifi ABoYST aRtbarthil | hotrbhic D | HevEf als. Piovide
extingui shedeadiel RPfit: %Oprﬂ@éés% %-uﬁ?orﬁ@%attéﬁmﬁblﬂgl ?hﬁos’é‘fﬁﬁ% ate
fromthe Ssubstrate hol der. [0067] It will be appreciated that nethod 1000
may be ustd widachssamtptioni mﬂblt@Spowrveseqopipytr@aml glde dowostecaponfroggss doolon,

RTRERREN T MO S R O N R
enbodi MeniomnL spREhicanag BN dbmaparativdTIRERN Qe cOHretcHAME I THIS 3RBN provide
electr] Calcér%paratlvely flatter substrate surfaces for subsequent lithography steps.
[0065] Thus, in some embodiments, method 1000 may comprise, at 1016, setting the
shape of the wvariable-density plasma to offset within-substrate non-uniformity.
20  Additionally or alternatively, in some embodiments, method 1000 may comprise, at 1018,
setting a shape of the variable-density plasma to have one of a convex shape, a toroidal
shape, and a wedge shape. For example, if an upstream process tool generates a convex
thickness profile on the substrate, subsequent PECVD processing with a variable-density
plasma may deposit additional film near the substrate edges to offset the convex profile.
25  This may result in a comparatively more even coverage and development of photoresist
spun onto the substrate at a lithography track tool and more uniform exposure at a stepper
operation.
[0066] At 1020, method 1000 comprises extinguishing the variable-density plasma. As
explained above, in some plasma processes, small particles “float” electrically in the
30 plasma. Quenching the plasma extinguishes the electrostatic forces on the surfaces of
such particles, which may cause the particles to land on the substrate surface. Thus, in
some embodiments, method 1000 comprises, at 1022, extinguishing the variable-density

plasma so that the variable-density plasma is extinguished in an inner portion of the

variable-density plasma before being extinguished in an outer portion of the variable-
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10 connected with the outer electrode may be adjusted to bal ance an
i npedance of the outer electrode with an i npedance of the second el ectrode
(i.e., theoiznras7B7ectrode or the showerhead el ectrode) PCThiSS01mmysopy ovi de a
current bal ance and/ or a power bal ance between the respective power

br anches, which m ovide a nore st a relative to the exanple
shown in EFRSItY fas %p%%g]ama@e ihe gleﬂg 1p Lﬁ‘éltP & Ftied &Wawéntg?éﬁ ess
station 1300Qihavihd ﬁleeﬁhé@;g&n&%f kl&%l@éﬁ@@okénﬁ@l& Q@&dfﬂ@ d%?&@%ei?sn@t ation
1100 of FIG 11. However li t he exanpl e shown in 1, process

stati on 186®ritivnl afighe ssubistaite busfoh duirisgr plbsrna caxtioftiaqui @n%ﬂ@e pwma by anch

di stri but BGBP ool P it Ep PRSP praRenn§ 148 “Slekn FOlt e

el ect rpdesﬁgtr@@\m[depr anch 1120. Further, in the exanple shown in FIG 15,
capacitive controller 1112 is confi gur ed to varﬁl bot h of an anount of
©

hi gh-freql¥dy M wdihe goveriateddthainmatved 00 may Pousctreiuene yuilibs nevpower
suppl i ed Elgpp;%ﬁ ﬁ& e‘i‘éc%%hé %%ﬁlgl?gﬁén b n%ﬂfd[h 142000 'ﬁ%\ﬁ?a\(%h O }nﬂ@d‘ %bl(gr% and

appreci at & &paci con nmay be

confi gur EChCILth:gaKIalrld’inghhérr @ﬂbt&hmyntaraiéé@rbeh Qmﬁaneoﬂwrik:yelpbva@ﬂﬁ cROMEIE, in
supplied 25to outer el ectrode power branch 1120 in any suitable way. [0069]
FIG 16 sPHUWg cHPapICIEnd ?aPPQ}?PP%PPW@T BN d8Redanes 9é acmweérhra%réln%lrs%tgﬂcaly

schents ' ( LaRetch vl GEgflor TIchA6L ARy bRRANEES SbA ETmROIRE SR A "
usi ng an eleboatementh aof iraf)q[alammeeﬁ tist sdcood ebe@nbigirat theninaeneleatrodcooptimcess
station 1500 of FI t._a pressure, of 30 approxi mat 2 torr shown
T O Laovet e T B PSS Aot HPET eBEs dag b o op Hes balRsonr
current deggjcty t@treﬁﬂ%gtl%‘ﬁcﬁier%g%hé’sf wWHY fddbaRJvider éjlfnb}eesta‘t{lg 917a91.]rla k&apRTe

enbodi nents, variabl'e-density plasmas having a greater plasnma density at an
out er portqunemafmplh@hwvamlmlﬁﬂce-ldienm ty plasma than at an inner portion of

the variapley,d it l.a enerate usin nf i ons where
t he sﬂ%v\em@gh 3@ 1%05“ Wg\ﬁyy %Q‘?? S.L/S%é”g g{d&o Y88 Hnd one
of the inBl%étr&ie%‘dnﬁ?ﬁ'ﬁtlaﬂﬂﬁk& et 98 hRIces! s%tfo'holdﬁolo‘f reGect rmsaddey, @ilieefgded so
|l ong as the outer electrode is coupled with a second el ectrode sel ect ed

from one efamme shawerinefléot Hodwoemsl statienshdWleinglides & @wl-bemeh (Ilmbllt}onAs one
| |
Sigglg sEé?/c\;{%t #-glolz%méfm&gﬁ%vx%@%ead C&%@fro e %gé e%ﬁrg glr bllg Cﬁp oase 114

are el ect 11 padddydisteibne poedr wi dnhinhérgileditode pewerybrpﬂlcasma Sagadan auef clki®adeand
| ow frequency pl i ]el(;%enerat or 1104, while inner eI ectraode 112 i

el ect £9 caPPyferghr ke onihs srapinde shopn waiJSk 195 GApagitike Fostrodr 1 |
provided {0 ARLUSH (& ch!:ﬁ' Big oPEL ‘éﬁl%ﬁntoéftlﬁ%h ?ﬂeﬁl}f‘én nggkl Cgﬁﬁpyomﬁ RPN AWERRERC

el ectrode 105. "As anot her exanpl e shows 10 process
station 1800, loMérequanchi ghsrha eguencypplicls ha ogemeelattorde 1i@2erabdntlow 120.
frequency asma.generator 110 re.electri aIJ onnected with sh r head
el ot 1 oqu oS End FHRB BPEERRAdEs IS BBt oI cdote e orilin 1112

el ectri cahia% WRrungedd b @a?hﬁg%ﬁ@é&ysaﬂﬁ)‘w 16R-tRYyRncdSlas@Ppsildrl iBplied

controller 1112 is provided to adjust inner electrodé 112 so that outer
el ect 2pdetorauer dectiodp bedenbranchi HR8rin ehestitabdevayl2. 15[ 0072] FIG 19 shows a

graph 190P0d6bi u%tléfi ﬂ%v&}’sag(%élpé}l 16?)W1f1§s@}aug§ B?alsrtng pPobOefclulrr%Islt Je%gitf?‘ distributions

in a radial direction for three different power distribution schemes (see curves 1602,

1604, and 1606, shown in table 1610 of FIG. 16) using an embodiment of a process

station configuration similar to process station 1500 of FIG. 15 at a pressure of

30  approximately 2 torr. As shown in FIG. 16, supplying more power to the outer electrode
provides a higher current density at the outer edge of the radial profile.

[0070] In some embodiments, variable-density plasmas having a greater plasma density

at an outer portion of the variable-density plasma than at an inner portion of the variable-

density plasma may be generated using configurations where the showerhead electrode is
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vari abl e-density plasnma generated via the configuration of shown by process
station 1700 (curve 1902) and a variabl e-density plasm generated via the
conf i gur avpan120i87shown by process station 1800 (curve 190Z)us20thiobzoeach
configuration nmay be adjusted to provide a variable-density plasma having a

greater plasna densit t .an outer regjion of the as 20 than in an inner
regi on of PRYECPRAS AR & f?e\mer Cfgtregpddhs pBige ?lﬁeﬁ@?c{eﬁég@a oY Euniei n
FIG_ 19 thab Aitheehlcy cReUWBId NkduPRAIWEEL BLBRL 1T Rx e RSlekfRd tfn 8%alPIR shown

in FIG 17, "'may provide a conparatively higher current density at the edge
of the ratinaf clpetofdclapd thel dhoivedherd claptrodedi r ect | y- power ed out er el ectrode

such as t hown in FI G [.007 hi | e the exanpl e upl

cont gur al 3L Qe BRPIlb D dr e crmiti 2o%sd SRS FRobRR. 0 e

hi gh- f5 equanglc aRewa nOWGE. €RUSHTNErIad SEBCtRAVWET 0D ahdveRIert MBctRIde MPI are

el ectrodes, it will be appreciated that, in sone enbodi nents, only one of

t he hi gh- Fleelgigelhc pornredtedovith regiu disayensy adsrmapacusratamy | e and Jow decquresy
exanpl e, HAS ?g%ne%%%wf,ﬂﬁtﬁle %Ereelgé%)odlreaiqbol fef. %H#tﬁﬂgér&%ﬂé&e&s A
concurrently generate’the plasma, only a il geh- regency power nay be

di vi ded bet@weiem cipaeitiodicontralleedt IDgravided toeadpBt s@gting betveeh batte cabirbd: a

| ow-frequency power nmay be supplied to only one of the outer el ectrode and
t he second!®pe¢shoyahe iﬂgctr%i; Wovisrnothenicrgmelep £HP1 18 yelicaraticplly phoyema
ener gyy an it i £ ALN: a - ' ' vaniahles ity
ol asml) FRIoRs SRR MO RS R TRELLRG AR Eheflof POl IR e

sour ce naylabma ysecraton IdOAt arolel¢otcadipecopyicatéd mathashuvwginhdad edertrody 1RE swlur ce

may be used to, contr |l asma. WO 2012/ 087737PCT/ US2011/ 065099 densi ty.

Thuse i’ Giet SleEhEng o2 PME FRi P dpi 14118 o His a0 oL Bl gl

excl usi velpoulPint 1165 118NEIHabikieC Lo REIer W1 B R ERd IRMERMhPLREFBILTIEN @y May
be supplied to both the inner el ectrode and the outér electrode. This may
resul t i nthatldutet decttodc di4 bosrvatedvetit inher dectiodndd2r egi on of the pl asma,
whi | e, proyidihg di.t,i onal pl as nsity.in an outer 5 region.of the

ol asrkS " TTOGIRT eBGE 4D sPRR: AP BB MRk bt o BBeCt e e F B o5 Gach 1 5
non-lim tivﬂﬁhbld;@énsﬁii%Iﬁ@h@gehﬁat@ﬂ%d"ﬁh& cBARAHLITRNGT, Shb AWy REUSOSHLROWEID MRy
be di vided between the outer electrode and the inner electrode while

hi gh- f r eq(renesy 1 ¥)2a gné apenieblcidsnityoplptiad gensratpd visuthe corfigiatiadel. shopo 7y

Wiile th : ' t] i i rected
15 LA SR (HEPL5 O SUEALLRIRAES SRR BRNS PRy flrect
gener at or yaridblestdrsith @lamaraeingt grchtonplasaadcnvityadian®ntes rémyn pf thei plasna

plurality of plasma generators. As explained above, a plurality of plasm
gener &1 or $1aRdy PrisYrdesionrdtianPlaampytiv disesrpasriated foppihe 13 PESePAFd Bus

el ectrodegyg Fy th%%éﬁ%tlsn JwtrR8TRe BHRP BB as th f?{e%‘%%lﬁl)essth%‘év'nQP ey 17,
conprise two or nore prasma génerators, each generator being electrically
connect edmb§ firovide di térepentivay dcghcodarreftl &nsRP as cherdgd olthy rahdwsroéile

process station 2000, haying t hi gh-freguenc | agma ge afpors 1102 and
Do | ow-{ FOHUENR 97 BIeS it -BOnEra Bl esisort e Shar iR ™er GIO26L ¢ he

hi gh-freqpuangy RVRSBLIEREAAL Wodpldd 20/ CurPiiAReddseekad aMdchaeNgir&RQt her . as
are the |l owfrequency plasma generators 1104. Further, a synchronized

mat chihg siditteg kot eicaihiglefioqucney pndwi ldedrepicperoylagma epofves tbesyaso Hmonezat i on

time (faster 20 than . c in on -limting exanple) .and to .d ower
oscri 1 ar; e FRetBE 7R BEhBisRRRAdRE; W e Bep SOt f3En af 1§ TR

al t er nat i yiegyency indOREy-BBRRELYBMsta YA AN BLdividddC THoR EexRBpIOTK infec Ui t
2020 may include a frequency tuning circuit configured to match a first
pair of gemBediept yeerg two Hp¢iR-Feaugu@niapress aserassepricarrentlyl trogmesiel the

| ow frequ . ge i d 25
ai  of gEAgH AL IRASREFhA! ot il bOajde bR R ARRE BN SR RGN

| ow f 3@ quesvond pleatode gile haddbwrehhOds) powed Ody] baMippied treoiligodwaf eéhe outer

descriptions apove relate to single process stations, it. wll be
appr eci at 8dctofig and Wesssﬁ%nde?#ﬁﬁmd%eﬁb@,mﬁmw %ﬂméngp?qp@é%@/ é?raf?lﬁdﬂ%snﬁay be

i ncl uded Eﬁbrg;lr I%h@&?%%n&@@bvithln”a%ﬂ@&’ef%d $UGBn TG VIRRBIR-deR AR pREmANESOT

supply of various proce
example, under some plasma conditions, a low-frequency RF source may be used to

control ion energy while a high-frequency RF source may be used to control plasma
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30 inputs (e.g., process gases, plasma power, heater power, etc.) may be
distributed fromshared sources to a plurality of process stations included
in the prwoese/oBl7. For exanple, in some enbodi nents, acshmmdlopﬂoasna
generator may supply plasna pomer to two or nore process statlons

anot her exa a shared r|but| mani f ol d u ocC

gases to nP%rT%rHl%o% 03‘( T6H4C aﬁ@fzp/o@@??@n%é? PJ% ﬂ‘FB‘G’EY@ 9
[0076] FI @ t1RinshU&tBdS ka)ﬁi[@ﬁﬂgﬁ ﬂ‘@qﬁ&c?fpl%aeém Hﬁ?tbe%fupﬁhmotﬁo’ﬂ§rt@ on
processing tool 2100 with an inbound Io6ad | ock 2102 and an out bound | oad

| ock 2104inngr elogfondezndahe antentlodapheriis nmyerssllﬂrle addgiopalnbn paméardentrioy e

substrates f.rom a .cas Lte | oade fhrou @0 iéﬁ Qbound I ad | ock
3105 vin En MRS RET o SR80 it LR Bl Ft s by SRR RET | ok
Vacuun sotoGéh ¢Mak B&G@Mﬂl)t wiP behdprecif@nhatti® sRRRLdcScritRi texdmhpR dfgrcﬁlb@%«‘d

i nbound | oad | ock 2102 may be punped down. I|nbound | oad |ock 2102 al so

i ncl udes BOEHEME: Fpr ammﬁe tm@@@tﬂwlzqm@bdlmp@ts foeztér@qwmh PpecEes bpgiddrinber

2114 Thug WD GHATBEL HA AIRPRE [r RPLA REFRRSosBI P ogapts (ot

shown) may nove r'om 1-nboun Ioa
a first ppestkd t6thetduddt cletrodfpr ocessing. [0077] I n sonme enbodi nents,
i nbound | oad | ock 2102 may be connected to a renote plasm source (not

shown) coHWéhr ehidethg @ﬁﬁppleawmeamply gonfiggatione lescribed ahee a5¢ évrs%d enot e

| as tr r qﬂﬁg
Kddlgﬁ%na§%@ z%ggh t|v%%<@&13E§%%%%e éﬂgn% gﬁyﬁﬂ%g%%%meqgvﬁ 2102
may i ncl ud@r&cﬁatad et some( ﬂnbochimanm)ma:}opfovgdtr e gplurelityeait plasmmlgsnafraibes ARhi s
may renove i S and es .adsorbed on a substr. osi.tioned in inbound
Toad | ookEaTERSd Hoihicas PHAAENES N BT EERIET RO e BT Hdeacidba
llocks, it tdl JPehAPRIRRI ABddEiNBor ckdmSeNR W%H&ﬂ&%mts b bRSEsEfhtioh Oof a
substrate into a process station may be provided. [0078] The depi cted

processi ngaglsampese Bvolar m@nmlasg@sgenwtor@ radegmestatticonsslccicatiyrdoenasted r om 1

chamblt 21 SR RO ohibedrbh iy ™y TRrErRcthite iy, PARRERP 50

that subshightfeguiRdy Hlesrhd aaskabised 0anmagwbNewitReess Fhahd g&eratblshaoy.
experiencing a vacuum break and/or air exposure. Each process station

depi ct ed s sEp@n i F1G 20, (e Bigh-fageraysplatrag g@wr@%sltlp&taée plsiserdocked Wathn  at
110 f
or 5{;&% Londr) 2808 RE 98$%qué‘t§cly a@héﬁ{aer 4 eréft&% Fl%ﬁofgﬁéﬁég, ifgﬂcrlrl;cgrﬂ%eéi

enbodi nent's, one Or nore proces rate
heat ed. [ 62%3Ing mbtsomlmmh(ﬁﬂznempmwc&ﬂctb ppoade s Fass tsqil dhoshizmipn ave (fditéd er ent
or nmultiple purposes. For exanpl rocess station may, be sw tchable

bet wedh athPECV/DISEs CUES AYHEMIHE W@&%@. G BYVWEH PrsHEEONY petygedion
deposi t i ofe@ady ehE NABELSourds. Asl%fdoﬂa%t | &ergéﬁ\% afn' \EhY erhﬂocﬁﬁegt bai rs

enbodi ment's, processing chanmber 2114 nay inc nore matc
of deposi syrmhromml:demaﬂuhmgommvasrksbmd:umﬁﬁzo syt heetuda 4 |ffe|qu«my tvainge piosiit ed

and et ched i th process .chanmber. |1 n another exa a process

o Fon e o ity BT E OGS T iy S O ECEE Ry e B 11 m

types, sonm& afd Wffre‘aﬁergﬂg 7@%&%}%@1{%& qymg 1Y fiRed %B&fah&@@lf laNcbdiRy sane
2/ 087737PCT/ US2011/ 0

process chanber. WO 201 099 [0080] Wil e the depicted
processi npaic dnpaeradrs AegonbighSexuemayr pesani ganstatart 11028 abé lowdesaennd t hat

a processi chanb ding to the present disclosure may have any
sui tabl e R@%%%gag?nggﬁﬁﬁﬁ For exanple, in sone enbodi nents, a processing

chamber npoo78RV avhil&/@e QhardREEdStapti @R SboW el g !orsnigl@plfoc@dm%bﬁﬁ ntSilldbe
processi ng chanber may

appreciated that, in some embodiments, two or more process stations may be included in

a process tool. In some of such embodiments, control and/or supply of various process

30 inputs (e.g., process gases, plasma power, heater power, etc.) may be distributed from

shared sources to a plurality of process stations included in the process tool. For example,

in some embodiments, a shared plasma generator may supply plasma power to two or

more process stations. In another example, a shared gas distribution manifold may supply

process gases to two or more process stations.
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5have three or fewer stations. [0081] FIG 21 also depicts an enbodi nent of
a substrate handling system 2190 for transferring substrates within
processi ‘yochemiser372114. I n sonme enbodi ments, substrat e PRAMBRIINGRYSt em
2190 may be configured to transfer substrates between various process

stations r t n a process station and a load lock. It will be
appr eci at _@‘ﬂ%ﬁaﬁ iy @;%@Lﬁ %ﬁﬁ%ﬂ%ws&qfafl@mbaﬂm@ﬁag w&ﬁ%ﬁaﬂa@pwewﬁﬁ oyed.
Non- I'i mi t {Jag> eopARh 88 intdehd dRdgshss 1@@%%%@%3%%& I&qummfﬁtrsb&%@{s' ng

robots. [0082] FIG 21 also depicts an enbodi ment of a system controller

2150 enpl atachosmhetioprassireps oodsmirablodheveonbsteates fiem dwassetts taatledthodugh a

rocessin 2100.. For.e I in so enbodi nent.s,, Syste ontrol |l er
D80  may o PR iR G OR 71 e R e RB olpa} R 4o
har dweg e de®cisi dapicakey&at@urll sourbt AFABhGCNLIRTSL, Svhch GhHENpRBrid pbk QM ¢ & hode
magnet rons and pl anar magnetrons, plasma controllers and power distribution

ci rcui ts, clossktinbguaderdi dockhdH2emay dist penpest downplbofingbpadoleck 31108 radso

Gecor | bod ahgvs: RSB pbu Ba BB RO, Sl aTEL A,

menory dewheesh@hbd, tramgporopoiZ @ 1M € op@rd, SicdlickgebsiavibCsHwhlay mode die or
nore processors 2152, Processor 2152 may include a CPU or conputer, anal og

and/ or di gbspte; fipor mbaepditoado frrkc e I G0 aspedssiel %Qcﬁrrstcawwsgr ptatio deir ds,

etc. [@OB?km&Qi one enbodi nents, systemcontroller 2150 may control all of
the activities of processing tool 2100. In sone enbodi ments, system
cont r ol | ef00ZI5H0 e xemo teetbodmadnits) enbadind rlead kiok € 18Y shaynbe oortnected Sofat e 2158

stored in ss storage device 2154 or other suitable hi_ne- r eadabl.

el o | QBRES PRIGE REROP B BEs B hhe ERSEH I ENOR: JOuEsY PR
System Coptfft SIRihyer&rAdms @Ry kishde pbAaSRLCTH ORBohRr 162N16Q! 11109, the
timng, mxture of gases, chanber and/or station pressure, chanber and/or

st ati on t ddg@ioanlly er alnipdivelyt @ sosrepambadiments.tinbged lpahkck Ré02 gy iRFugsower

| evel substrate 30 dest al huck and/ o sceptor _pasit.ion, and other
par anb er § TeteErb TR R Gt BoBSEa Ao Rl B THR B8R 0 06 3

Syst em condgotedséif bWwabsradd pSsifigdedbia BBodHdIWagdodkn2 80Ty WHild @kl embedmekOr
exanpl e, vari ous Erocess t ool conponent subroutines or control objects may

be writtefcniefcd shtKol2ldpelndasilesd lopks, Hevibrbsowprcciassl thal ipemenergbadsments,
perforn1ngyxgkgg%gfggﬁ%ﬁ%%g@b#ﬁ%&%%égggggg?%géhggﬁkﬂrocess t ool processes.

System cont rol e Co y Sul'tabl e conputer readabl e
progr anm [@78andhageepiftod8pocéRingoRaratdrodi e ndosnpridystioar qratasol stahkwar e
2158 may includg input/outpw%%control | OC) sequencing instructions for
cont r & 1 i AgMPeed EIM dute fanarereartodygaat shpey in FIG. 21.7n some embodiments,

processing chamber 2114 may be configured to maintain a low pressure environment so
that substrates may be transferred among the process stations without experiencing a
vacuum break and/or air exposure. Each process station depicted in FIG. 21 includes a
process station substrate holder (shown at 110 for station 1) and process gas delivery line
25  inlets. In some embodiments, one or more process station substrate holders 110 may be
heated.
[0079] In some embodiments, each process station may have different or multiple
purposes. For example, a process station may be switchable between a PECVD or CVD
mode, or between various ectch modes, or between deposition and etch modes.
30  Additionally or alternatively, in some embodiments, processing chamber 2114 may
include one or more matched pairs of deposition and etch process stations, so that a film
may be deposited and etched in the same process chamber. In another example, a process
station may be switchable between deposition processes for two or more film types, so

that stacks of different film types may be deposited in the same process chamber.
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5 above. For exanple, each phase of a variabl e-density plasma process may
i nclude one or nore instructions for execution by systemcontroller 2150.

The i nst rwot2oens7136r setting process conditions for a vaciraished1meingdty

pl asma process phase may be included in a corresponding a variabl e-density

pl asma recj phase. I n sonme enbodi nents, t vari abl e- densi.t PECVD
reci pe phﬁ@g@] n&aﬁlﬁf‘ethgéiaa@rﬁd] PFSSIgR Fgﬁaé%f 2”36 ORRfioe fous patipnts rwil'?eo

for a varahl-g-sletmat Egor&eé‘s%ﬁd@cpa[n%‘e@%%cd%ﬁﬁg% FhEpRX&R l&lﬁs%ﬂ)sﬁf%%w hed 4y Wit h

t hat process phase. 086 her conput er “sof t ware and/ or prograns stored
on mass ssmwb@enldnbarmé 524‘@45 alrrd/ exampbsyon yome\m&)edml@@s alsmocasamgcthambtr
system contrqll er may e

oY oot ans B atE FisROT SrOT P ater B m i HIRHATENS & Pt B B BT, at e

posi ti9ni RgvRhRGLAMWE sREORESS gas control program a pressure contro
program a heater control program and a plasma control program é0087] A
substrat e[Q8841 t iFdGi Ay apoodpaats ﬁwmmém@é o reogtbatiete dwadiing systase €480 ool
conponent t LOmR". t

cubet  at Ao AR TRaRY b 3Rkt AHREE ) B PP B R an

ot her par handbing By Ste@SElINNgniy0bé c&iﬂghrecﬂﬁ) t[rﬁ&ﬁe&]sulﬁstmt@dﬁ\se@a@ammwmss
program may .i ncl ude code for controlllng@qas conposition and fl ow rates and
opti onal | y2teRs FdEki Y Gas? PREYS GHgoan eadplfO@Eelé villbsrappresiateg Hat any
deposjd i OfifyH1c F%{ra&%&hﬁﬁ% sy &En! Ay FCSAPfed AR P 82 Fkaihdie A
pressure control program may fnc code control| e pressure in

t he proce&ﬁm&Mamm@myﬂymﬂbgmMWHBh@uHEQHOBXaane a throttle valve in the

exhaust s ess 25stati.on, as flow into ces
oo, YRS Ghgor® ARRIEED B0 R PhYIRTnL B Aavsiy Yankblife) D AnAErt o
control i Béhtfd Préddsy @cﬂltdltid?ls %nﬂ%@%dv&ﬂage Wtk of rﬂ%cehﬁngj%%@ 2160 h?%@texﬁrﬁﬁle
substrate. Alternatively, the heater control program may control i|very
of a heat samarsftedingads, (S’B’@hl asnthalerr iS50t may heclsdmsnsﬁaltcmns[ 6ooointiallpigas ma
contr

The. ppbooedref BETR s 1o 5nE BrelBh bl e erBl KBieet Y ST hO B °

enbodi NneEntghodc Bk Endi®Ms Qﬁdq)lﬂﬁlermdgﬁl%@diﬁsa(f)ﬁsﬁﬁsﬁﬁlh@ll@@ detﬂbvﬁe&‘Sdlﬁﬂbutlon
controller 2150. The user interface nmay include a display screen, graphical

sof tware @irapisaysbssrate heldspdwatsr eontplgrer mesodloss ceptieliars.opsssusn Fontel

m o1 ophonie st £ Gl BB PRSI AT e THROREE B4 BHES, T Come

enbodi men{®g3parSgsenesohtratl fruBitsednby ins st @it ©0 Adore he@tor? #o@dcdsedl S6ebed @ t 0
process conditions. Non-limting exanples include process gas conBosition
and fFow MRIeEasy Hpi3es 4EViFe, 21&%@%9@ OGP RIOSIHRIP il o TPSHY A2 REYDi as

pover | evelfilie RFESHH E&ngx%t%ﬁ%ﬁél@ﬁ Yh&or &lfal iTRRRRRACHTREESS, BYpPEndibOVi ded

to the user In t e form
controller boards, etc.

[0084] In some embodiments, system controller 2150 may control all of the activities of
processing tool 2100. In some embodiments, system controller 2150 executes machine-
25 readable system control software 2158 stored in mass storage device 2154 or other
suitable machine-readable media, loaded into memory device 2156, and executed on
processor 2152. System control software 2158 may include instructions for controlling
the timing, mixture of gases, chamber and/or station pressure, chamber and/or station
temperature, substrate temperature, target power levels, RF power levels, substrate
30  pedestal, chuck and/or susceptor position, and other parameters of a particular process
performed by processing tool 2100. System control software 2158 may be configured in
any suitable way. For example, various process tool component subroutines or control

objects may be written to control operation of the process tool components for performing
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S5reci pe, which may be entered utilizing the user interface. [0093] Signals
for nonitoring the process may be provided by anal og and/or digital input
connect i ow® 20f2/8ysrem control | er 2150 from vari ous proce@ess/useal/os®asor s.
The signals for controlling the process may be output on the anal og and

di gi tal output connections of cessing tool_ 2100, Non-limti exanpl es
of procesgatp%wrge%éotpe PPRsESH SRYFb R MIPEHS | P 8 s eodef oy an

control | eggabR! &IPS rSRAFRMPodBMAlInARnpRRMEL €r'S) , thernocoupl es, etc.
Appropriately programed feedback and control algorithnms may be used with
data fron{@U8éte Issomo rembpdlnmmtsatsastﬁnmoweh@fbwd 245 ey 1E1€10@€L}np8yemtpm

troll d t t t.h
above- dest LA Eh SR EFIRE SRHRELER o 2hbH Shog iy Riat BErERe 5 88ht r o
a vari®tyakfvel BolEQAEHES chEH pHIBE 6F & vasalilfdassithPlRerot &Y elay iEiulkd asc Hower
| evel , pressure, tenperature, etc. The instructions may control the
par amet er 5101 inspaetians fon exgoution dyowstemogonstolles Rhﬁ%t%klgsté}ec@@ﬁﬁ ifergsetteng

be
var | 0us eRSELIENAAESE! LD IR SN LRGRTI,TUE, VALLOHR, TR LS 1

| i t hogr apbéreespaiidieg i n@ribbleldengity pia3ars s&@pe fp‘hﬁsee)daf’f@(btﬁe drafoditent20 the
fabrication or manufacture of sem conductor devices, . displays, LEDs,

pholt ovol t ¥pEablaAdsty mntanpeEWPerecw Phases Imay l?%%ﬁ&]g‘ﬁnti%lb’ %@@é@% afplth%ﬁ allsych
tool s{pr Oﬁl‘?%gggﬁn‘é“f&t %bv%n&'a et gﬁ@er i hﬁ)ge%s%%%é]ﬁ e éx%c&e&‘%ﬁﬁ%conp Lhigation

facility ograp ic pat m typi cal i ses sone
or all ofﬂtmpmmammmmam)steps each step enabl ed with a nunber of possible
t ool s: Bxﬂegllc tion of 25 hotor si st on a workpi ece, i subs%{ te
using a s e, C&H&g}“ﬁ‘mo{t are m&%f NGBS Hereph e trB?Sésﬁtogﬁg%Q?Vﬁ@e

plate or f/BacemeFy @évh&rzl%w &@&hﬁe&mm@gm&ﬁ%m&@r 2%9%&3)”'19&: thfloyed in
photoresist to visi‘ble or UV or x-ray light with a tool such as a wafer

st epper; faihe @e\leﬂmrmnrtﬁg Exenplessos prcemaras Ot @e@:@ﬂnecqfl N@gsamseﬁmvtélsr pwipgse and
there patﬁ % usi é%t tool su as ﬁ'QP a spra dev§t0€

(5) transt'é er?gsu HEs B 1%‘%““%)%18%08‘1’*%1 |arﬁr8ceé?1g%“o°°& dePPFRY *A'Y %’rco Pkpi ece
by using grodfam,or hdated soMra $sodrhi@darlt LHlbdig Ealol pRRehnt.6) renoving the resist
using a tool such as an RF or microwave plasnma resist stripper. In sone

enbodi rren{QQ87]an Ag shaiate mﬁltemm& Rragagna rmys mmd@spr@graem@%&rspr@é%dnoll ayer)
and anot her,, ﬁ%&t J}E‘ﬁl?ed%s {hb@t?at@%P?o”%cé’ | E5hh Gndi Y ERd1aBY: Pe

deposi ted pr o applyi ng t or esi

2012/ 087 733@@(1’0&158&11&&1&&5@9&‘[\&9@&% sulistrate ahd obler padesiroadsih g adol L h@D.
conflﬁuratlons and/ or approaches descri bed hereln are exenplary in nature,
and t H8se <peliFsse &b sanifRhtEOGAMe xBhpI 1B UGF eCH6t 970 BBIRIGAS| 8- ed i n

alimti ngorﬁﬁ%bftﬁoodg&gglggflfeﬁergl y i1y ot GSvi %a?‘?ﬁt%'&le or Hofc PREELS 1 €

routines or y repres one or nore of any
nunber of statiprsopessiondepetitiab egioeder ‘rAsst:shjhiE, theapresuse acthe protesststaiped Amay be
perfornmed in the seguence illustrate ot her segﬁences i.n Earallel, or

in some cBYSEYIHGPYY oPmEIiaH‘ewagénclPiiee C%(?ed QRIrpiie AR5 PLSHUS AP BR85S esses
nmay be chang&tvy QA9 IneT s esaaﬁipfecta AR ELal0f if bR DMhESE WY st8inSH! A8 PE&ess

i ncludes all novel and "nonobvi ous
25  station, a gas flow into the process station, etc.

[0089] A heater control program may include code for controlling the current to a
heating unit that is used to heat the substrate. Alternatively, the heater control program
may control delivery of a heat transfer gas (such as helium) to the substrate.

[0090] A plasma control program may include code for setting RF power levels applied

30  to the process electrodes in one or more process stations.

[0091] In some embodiments, there may be a user interface associated with system
controller 2150. The user interface may include a display screen, graphical software
displays of the apparatus and/or process conditions, and user input devices such as

pointing devices, keyboards, touch screens, microphones, etc.
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conmbi nati ons and subconbi nati ons of the various processes, systens and
configurations, 10and other features, functions, acts, and/or properties
di scl osedwbeneiasy73as wel | as any and all equival ents theceafs2011063099

2012/ 087737PCT/ US2011/ 065099 CLAIMS: 1. A sem conductor substrate process

tation, head | udi h head el ;5
SUbst r at o (P Henn LYo oS REBRiST S e Wostoa (oI Eor hUFBA to
support argubsd Pﬁ)tcgss doh&itidHY SI‘II cﬁfﬁu@ntﬁ@ é;(%ﬁlpfgsﬁﬁ’&§@éjp1%€@s§ ahl c@rﬂﬁosﬁ%v‘ﬁ{dhead

and the substrate hol der including an inner electrode disposed in an inner
regi on of flowerasasb $¢mperatuteo| pdessuran ¢laamaowendrtionb desuahoake Rifebiag poivspdeets)i n an

ener at 6 BepBdi PHA o ke Ao gt S B 10 BB T CPBUE e and

the supst raiR, Raldendy ®htered utiliAn€ MRS ih@Ffa6QNPri sing i nstructions stored
in menory and executable by a processor to control the plasma generator,

the i nner [M98tt Ségnals foienenitosingehe drossemagiy piewidsh dwertidesdard/etc dicdale to
effect a g{p%? Sﬁne% Sﬁsn%f %gggr%t gontt%ll‘&n 2954 $onP Qfaﬁb&n qufcegsh?ooﬁ s@ﬁ R on
portion he pla er

than in an‘Inner ITBI‘EIOI’]b

eIectrodemgnﬂhiarkﬁm@ﬂﬁﬂgtﬁéQﬁbaﬁﬂen@ebeah@@nfmomkoamﬂogzmbemgnﬂeoumut
el ectrode and the shower head el ectrode, . The process station of claim1,

wher ei n aCusRENS & rEResEne ol 2AR0. .M%Flm&l%%wwéeﬁ of RIReRsE FRO! Sens@rs thaty
geonejgic m%§ 'T)tggﬁorg%)r&hﬁcmé RS AERCRNABHer §rBssBreIRA5BRE (duth G MaGbmBferd)Ne

outer el ect
thermocouples, etc. Appropriately programmed feedback and control algorithms may be

used with data from these sensors to maintain process conditions.
[0094] System controller 2150 may provide program instructions for implementing the
above-described deposition processes. The program instructions may control a variety of
15  process parameters, such as DC power level, RF bias power level, pressure, temperature,
etc. The instructions may control the parameters to operate in-situ deposition of film
stacks according to various embodiments described herein.
[0095] The various hardware and method embodiments described above may be used in
conjunction with lithographic patterning tools or processes, for example, for the
20  fabrication or manufacture of semiconductor devices, displays, LEDs, photovoltaic panels
and the like. Typically, though not necessarily, such tools/processes will be used or
conducted together in a common fabrication facility.
[0096] Lithographic patterning of a film typically comprises some or all of the
following steps, cach step enabled with a number of possible tools: (1) application of
25  photoresist on a workpiece, i.e. substrate, using a spin-on or spray-on tool; (2) curing of
photoresist using a hot plate or furnace or other suitable curing tool; (3) exposing the
photoresist to visible or UV or x-ray light with a tool such as a wafer stepper; (4)
developing the resist so as to selectively remove resist and thereby pattern it using a tool
such as a wet bench or a spray developer; (5) transferring the resist pattern into an
30  underlying film or workpiece by using a dry or plasma-assisted etching tool; and (6)
removing the resist using a tool such as an RF or microwave plasma resist stripper. In
some embodiments, an ashable hard mask layer (such as an amorphous carbon layer) and
another suitable hard mask (such as an antireflective layer) may be deposited prior to

applying the photoresist.
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3. The process station of claim1l1, wherein high-frequency power supplied by
the plasna generator is divided between the outer electrode and the second

el ect r odevoant/oshsrei n | ow frequency power supplied by wPrhE/yst@smesogener at or
is supplied to only one of the outer el ectrode and the second el ectrode. 25

4. The pr tat| 1, wherein.the ntrol l ured to
vary an |ﬁ9&§§i i@sé? %1“{:5 ‘%H}éhﬂﬁ @ap %trﬁtlwmnff}? E&HPFQE‘E admr@ﬁ%h Gter

el ectr Odeaﬁeoex%fnfp u@nﬁ‘tﬂi’@ %n@@tta%@l%e Q?édi\ﬁ@ BmBB&n{%H’EseJr &'aﬁﬂers%'@ném Bhe
second el ectrode. 305. The process station of claim1l, wherein the plasm

gener at or considerdd mst lmtlaegraelgienbuaum numergu$ wetidtems c;mrpmsshlmngae sEednd
pl asma generator in ommuni cation with t electﬁode and

he
Phe: secontipgsr otrfoditeific BRFE MeSniepBurt o b IPF o ¥¥er b of
el ectraod V\%wctstsl atdoicit ARk@SHTRagQRe R PhustBs Mg bS PeABEn&] BchE glpieéd h t he
second 2012 0877§7PCT/U82011/065099 pl asma generator, the first plasm
gener at or Ldatethalngaleasrsdqyingean g@rﬁl:l@lapbrn mmgaseha@éiqdoéﬂ@m&eo theg@Hetot her .
6. The pr f conprising a synchronized
mat chi ng §Pﬁ%§%§$ &%%@%%4¥8%%%¥H§%ﬁ d{ Hg&]ltch a respective inpedance of
the fir st [(@98% A hg 80Bjcatt Matt@Tud tht\ pr3atafisti@uasimludenslt abedl dnd ndackviponer
oscill ations between the outer electrode and the second electrode. 7. The
process sFANPiFAtYS aardphsombingiionn of theoyAsions PrRyCEsCH PAMCHP ARE KORAZFIMSH i on

10 cifgui p r ally
connegfedgmfgﬁkfﬁ%ﬁggtnggbé%9§%d%%§%dﬁgm%g%%%%&ogﬁggg ?éﬁgﬁgé e%%i%%g Iy
connect edalhegnvilbes decardid el ectrode. 8. A substrate hol der for a

sem conductor substrate process station, conprising: 15a nmesa conprising a
dielectric material, the nesa having a top surface configured
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to support a substrate; an inner electrode disposed in a first plane bel ow
the top surface; and an outer el ectrode disposed in a second plane bel ow
the top swofar#s7737 wherein a first layer of diel e®Crius20mesonsl
separates the inner electrode fromthe 20outer el ectrode, and wherein a
second Ia%gr @I dielectric material separates both the inner electrode and
the out er MY ode from the top surface. 9. The substrate hol der of
claim8, wherein a geonetric center of the inner electrode is concentric
with a geonetric center of the nmesa and with a geonmetric center of the

out er 25ellect r ddemicah@uctPhsubstuigs pravess fawslodecorofrisehgi m 9, wherein the outer

el ectrode is substantial.ly ring-shaped rein the inner electrode is

substantial |y EI?@%Wegh%%ela‘?{luglﬁg%yﬁ%‘?lgrgﬁada%@&f?ﬁ& di aneter of the outer

el ectropde is gheab&fatd MONica iNEXAIAE M HegdRb@Prisihg thehckREfaR! iR 1030
11. The substrate holder of claim9, wherein the inner el ectrode has a

maxi mum dpyapasi arsubsteate.i hessbstirate hohda dispased rhsneath ibashewedkad.hend the
bstrat A 5 . The. trat I f
substirate %bg%&e%%#ﬁeé@%é%ﬁ% gﬂnl’tjl%? glje%{r%llees%g@oeség %)ne Plg %ﬁ]tléﬁgeg{lo% 8% éﬂg sgﬁsrtrape

claim 8, planer's I'rs I"ane, and

wher ei n t heldewdndraneduestelcedodd beitg @spdded ad hiy omonrghed thosubmradhekice! ect r ode
power bus by a conductive arm _the conductive arm bei n&ésepar‘at ed fromthe
i nner el ect r odd PpME generagstonfigwad & ggerats a plasmargpa plasaprragian Khirgesd of

claim@ PORLE] helfwAILAHd he sRhEl! Rladkimudes alum num nitride. and

wherein the outer electrode and the inner electrode each include al um num
14. The subst r at eontollcie comprisihgi inst8yctibhe sturtd rin emembryoded beicogablnebyfa a

pluralit ypl%CGSSOl‘ to control the plasma generator, the inner electrode, the outer electrode, and the
showerhead electrode to effect a greater plasma density in an outer portion of the plasma
region than in an inner portion of the plasma region by coupling the outer electrode with a

15  second electrode selected from one of the inner electrode and the showerhead electrode.

2. The process station of claim 1, wherein a geometric center of the inner electrode is
concentric with a geometric center of the mesa surface and with a geometric center of the
outer electrode.

20
3. The process station of claim 1, wherein high-frequency power supplied by the
plasma generator is divided between the outer electrode and the second electrode, and
wherein low frequency power supplied by the plasma generator is supplied to only one of
the outer electrode and the second electrode.

25
4. The process station of claim 1, wherein the controller is configured to vary an
impedance of a power branch electrically connected to the outer electrode to affect a

power balance between the outer electrode and the second electrode.

30 5. The process station of claim 1, wherein the plasma generator is a first plasma
generator, and further comprising a second plasma generator in electrical communication
with the outer electrode and the second electrode, the controller configured to control the

outer clectrode with the first plasma generator and the second electrode with the second
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10out er el ectrodes, one or nore of the plurality of outer electrodes being
electrically isolated fromthe other of the plurality of outer el ectrodes.

15. The swb=vrzasersnol der of claim8, wherein one or nor@Cofuskég/ocioper

el ectrode and the inner electrode conprises one or nore of a netal nesh and

a lithographically 15patternedq netal film and the dielectric materi al
conpr i sgsp Sl@%rﬁ?&éﬁ&’ﬂ’ g@r §Fﬁtd’. Sy SCHPRHO Gﬁgttg%tséc | &M {ECRETETO, BFIng
further cpEREilSiKed tRedBlodid. j oi ned to an underside of the nmesa, the colum
including a flange configured to sealably retain the substrate holder in a
vacuum envi ronnment so that an interior portion of the colum may 20

mai nt ai n ressure higher. th that_ o he vacuum envi ronnent,. . A

et hod of Bor oc e ety Shliohaftsets s Jisber soRBHY Ty dherid TRy pufching .

density phasioB bt SRfgGRAAY Giéh §HRPEREEMPEMNGHES 6f ﬂfeaﬁﬂstog?;lasngeh enerator
ea

sem conduct or substrate process station including a shower or

di st ri but rryths|sgernd rjasna gencrpsontardagipl rovers ips¢ilgtios bepivepsrnthe outepklgstiede

gener at or rat he vari abl e-density plasnma, and a substrate
hol der fo?ﬁgﬁgpggﬁp%%kgg%%bstrate with respect to the showerhead so that

the substrate is exposed to the variabl e-density plasm, the nethod
conprising: sugglying a plasmg gas to the sem conductor substrate process

station; dener APF MHOEHL SKREP | @2 dsi e campisng asbrbbmnch glistHuting er
el ect yode i Lih ng el SEHREHRHer A UE L ally B nh QRAES with Bt T Ode
and tHg sﬁ%ﬁ%rﬂggﬁﬁgﬁegfgﬁgi?égﬂﬁm i ﬁ@gﬂlﬁgg%ttghgzhk iﬁpedaﬁge g%;a
circuit soppt vlagopowad 4 rsocortdheowtadremcheriertataly tenneoted ofvith htbe cuet@rd
el ectrode Fnd he second el ectrode so that the plasma density WO
2012/ 0877387 tJS2011/ 065099 of an outer portion of the plasma region is
greater than the plasma density of a inner portion of the plasma region;
and

8. A substrate holder for a semiconductor substrate process station, comprising:

15 a mesa comprising a dielectric material, the mesa having a top surface configured
to support a substrate;
an inner electrode disposed in a first plane below the top surface; and
an outer electrode disposed in a second plane below the top surface;
wherein a first layer of dielectric material separates the inner electrode from the
20  outer electrode, and wherein a second layer of diclectric material separates both the inner

electrode and the outer electrode from the top surface.

9. The substrate holder of claim 8, wherein a geometric center of the inner electrode
is concentric with a geometric center of the mesa and with a geometric center of the outer

25  electrode.

10.  The substrate holder of claim 9, wherein the outer electrode is substantially ring-

shaped, wherein the inner electrode is substantially disc-shaped, and wherein an inner

diameter of the outer electrode is greater than a maximum diameter of the inner electrode.
30

11. The substrate holder of claim 9, wherein the inner electrode has a maximum

dimension that is smaller than a maximum dimension of the substrate.
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processing the substrate with the variabl e-density plasma. 518. The net hod
of claim17, further conprising extinguishing the variabl e-density pl asna
after provessing7ihe substrate by adjusting the power seppltisedloysovhe

pl asma generator so that the variable-density plasma is extinguished in the

I nner por region before being e ui shed i he outer
portion o the%é? a@#&p @gﬁ@% effé%l gh%h%PHE%IS?PPn P n%l&?lspmér%ﬁw the
processi ngrg Aeins) %tméran%é But%haemdeqp E%ctrﬁﬁf‘)ﬁ b&ﬂheedeamn %%P blcs®Sde
setting the capacitance of the circuit to set the shape of

vari abl e- gdewsi bys py as rendusties fasu; thedenmidnetiver mme@smuggsecpﬁratddefrsmbﬁmmn@, an

offset to &{h $upstrat ﬁn uniformty profile of the sem conduct or
substrateeegﬁé ThTHSUER4 e non- uniformty profile being exhibited by

t he segn conduct or substrate prior to processing at 15the sem conduct or
substrate process tool. 20.The nethod of claim 17, further conprising:
appl yi ng & phoFb?@§$§ﬂwﬂ@kkhéf@@E@Sr@h@fméh®@@fﬁ@“ﬁh@£@ﬁdﬂ@ﬁ@§ﬁ%wﬂmﬁﬁl|ght

20pat t er nj }e r from
theresi ot ARLOERIE! mobite SRR R OB AR RPN BB S Fom
the substrate. 25
14.  The substrate holder of claim 8, the outer electrode being one of a plurality of
10 outer electrodes, one or more of the plurality of outer electrodes being electrically isolated

from the other of the plurality of outer electrodes.

15. The substrate holder of claim &, wherein one or more of the outer electrode and
the inner electrode comprises one or more of a metal mesh and a lithographically

15  patterned metal film, and the dielectric material comprises a compacted ceramic.

16.  The substrate holder of claim 8, further comprising a column joined to an
underside of the mesa, the column including a flange configured to sealably retain the
substrate holder in a vacuum environment so that an interior portion of the column may

20  maintain a pressure higher than that of the vacuum environment.

17. A method of processing a semiconductor substrate by generating a variable-
density plasma in a semiconductor substrate process station, the semiconductor substrate
process station including a showerhead for distributing plasma gas to the variable-density
25 plasma, a plasma generator for generating the variable-density plasma, and a substrate
holder for supporting a substrate with respect to the showerhead so that the substrate is
exposed to the variable-density plasma, the method comprising:
supplying a plasma gas to the semiconductor substrate process station;
generating the variable-density plasma by:
30 coupling the outer electrode with a second electrode selected from one of
the inner electrode and the showerhead electrode, and
setting an impedance of a circuit supplying power from the plasma

generator to one of the outer electrode and the second electrode so that the plasma density
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of an outer portion of the plasma region is greater than the plasma density of a inner
portion of the plasma region; and

processing the substrate with the variable-density plasma.

18.  The method of claim 17, further comprising extinguishing the variable-density
plasma after processing the substrate by adjusting the power supplied by the plasma
generator so that the variable-density plasma is extinguished in the inner portion of the

plasma region before being extinguished in the outer portion of the plasma region.

19.  The method of claim 17, wherein processing the substrate with the variable-
density plasma comprises setting the capacitance of the circuit to set the shape of the
variable-density plasma to effect, during processing of the substrate, an offset to a within-
substrate non-uniformity profile of the semiconductor substrate, the within-substrate non-
uniformity profile being exhibited by the semiconductor substrate prior to processing at

the semiconductor substrate process tool.

20. The method of claim 17, further comprising:

applying a photoresist to the substrate;

exposing the photoresist to light;

patterning the resist with a pattern and transferring the pattern from the
resist to the substrate; and

selectively removing the photoresist from the substrate.
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