FI ELD ENHANCED | NDUCTI VELY COUPLED PLASMA ( FE-1 CP) REACTOR BACKGROUND
Field [0001] Enbodi ments of the present invention generally relate to
sem conducwor20priadesssi ng equi pnment, and, nore specifi cabdyys08/050916

i nductively coupl ed plasna processing systens. Description pm

I nductively coupled plasma (1 CP) process reactors generally form

pl asmas by inducing current in a process gas disposed within the
process chanber via one or nore inductive coils disposed outside of

t he process chanber. The inductive coils EBbe di sposed externally

and separ at ed FFlR ENHANGED INBMCTIVE LYHQUBLEBPLASMA (REJGR)REACTOR

dielectric lid. For sonme plasma processes, a heater elenment nmay be
di sposed ab ectric lid to facilitate maintaining a
const ant te%fc'k ﬁoqj‘hﬁﬁ t he chanber during and between processes.
[0003] The heatier may be an open break heater (e.g., a non closed

el ectrical 1oop) a no break heater (e. a closed el ectrical
| oop). In em&]ﬁi némbgd\m?@ 2Ot e REsedl '%é?'”g'ﬁﬁrﬁenﬁéa”érfe@%?? peraigrnductor
heat er el empidcesting BRAGrAENtE|MEIE ThoreNbpOItERS B FSAIRIVN-dddplar PlabMa

that can result, for exanple, in non-uniformetch rates of a
substrate b@RFSHPSERILER or asymretry in the etch pattern. This

pl asma non-uniformty can be elimnated by replacing the open br eak
heat er el emd®SciiPtigna no break heater el ement. However,

enbodi ment s Wo8" € |HdeivaRRERIpicdl AR (Ibﬁ’) %rd&@s@Fe%@iﬁr@ﬁ@ﬁé?élleﬁﬁoﬁﬁg%magF

ener gy dellvered to the inductive coil | so 1 nducti vel

the no br ealPYHERICEHO HMERERE Pregess ewd@w@gw@m Y1e PEQIGES ﬁ@arﬁbﬂé ViEredy
avai | abl e t endrennnuatv asiERIMNoLED Butiag o@wsr%éegsh@f@wer( Q”hgérbdu]EhFe Qs

break heater el enent reduces the plasma strike w ndow).

there is a MedP$ shispesed ﬁﬁ?em?é'ﬂ ﬁ”ﬁ(ﬁﬁ?@ﬁﬂq ?'%GB’%HO’}HI @§n‘ﬁ‘aﬂ‘é’§&tbéif for

example, a dielectric lid. For some plasma processes, a heater element may be
disposed above the dielectric lid to facilitate maintaining a constant temperature in
the chamber during and between processes.

[0003] The heater may be an open break heater (e.g., a non closed electrical loop)
or a no break heater (e.g., a closed electrical loop). In embodiments where the
heater element is an open break heater element, the heater element introduces
plasma non-uniformity that can result, for example, in non-uniform etch rates of a
substrate being processed or asymmetry in the etch pattern. This plasma non-
uniformity can be eliminated by replacing the open break heater element with a no
break heater element. However, in embodiments where the heater element is a no
break heater element, RF energy delivered to the inductive coils also inductively
couple to the no break heater element, thereby undesirably reducing the energy
available to form a plasma within the process chamber (e.g., the no break heater

element reduces the plasma strike window).

[0004] Thus, there is a need for an improved inductively coupled plasma reactor.

SUMMARY
[0005] Embodiments of field enhanced inductively coupled plasma reactors and
methods of use of same are provided herein. In some embodiments, a field

enhanced inductively coupled plasma processing system may include a process
1



SUMMVARY [ Nos] Enbodi nents of field enhanced inductively coupl ed
pl asma reactors and net hods of use of sane are provided herein. In

some enmbodiygmig4dsfi el d enhanced inductively coupl ed ylyagdBo0s0016
processi ng system nay include a process chanber having a dielectric

lid and a plasma source assenbly di sposed above the dielectric lid.
The pl asma source assenbly includes one or nore coils configured to
I nductively couple RF energy into the process chanber to form and
mai ntain a plasnma therein, one or nore electrodes configured to
capaci ti vel xhembgd reviRlg & diefegrici lict anct & plasmacesscecdsaainbly dispoked abdveethe

pl asma t herein ' re.electrodes are electricall
Poupt ed o Gieetit thelBA0GE R e el Gber bito JaferealE o Bt
to the one dardugivedy couhle tRF enengy listoaihd pribesssnehambento dored @at rrosieimin &n
sonme enbodi , e r_el ' S h

ST ecr e e PR ol FLRTBA R B PR e BRI gl eneoy
enbodi nent s,nta th@tp!namzssfchambmi g faampihasplasmaghereiol wilergpr the dnergr anore
Process gas eﬁe%trgﬁ'ec# H%eEIeXf%émecélee% R BhEDE tﬁ&%ﬁg%rr rn&\é' &ﬁls,aand an RF
dielectric I'Td an avi ng one or Pror & coi I's "ahd one OF “nore

el ect rodes diespetedcaipiede ta Hee |dng, onimegrei indudiwe ocndls oanchidine askeeot maates

are el ectri g ckr}fdéé(?ulﬂls%ﬂwéé?n%)bﬁ%ﬁtgﬁ%ﬁeﬁ@@el@%emgy ﬁ@iﬂi’sé%s(?ggb ré—f@ﬁr thbS

provided to the one or nore one or nore ‘el ect om an
RF power soufatesticAidgradhe plasmbsoutsd absembly.he process gas using the RF
power provided by the RF power source that is inductively and o
capaci t i vel yo0e8uplespmeembredippoised e o jorming aplasoa mayriecleds previding
one Or NDr e 4e)86dds QRS0 ERMEVlUN® ¥ a process chamber having a dielectric lid and
having one or more coils and one or more electrodes disposed above the lid,
wherein the one or more electrodes are electrically coupled to one of the one or
more coils. RF power is provided to the one or more coils and one or more
electrodes from an RF power source. A plasma is formed from the process gas
using the RF power provided by the RF power source that is inductively and
capacitively coupled to the process gas by the one or more coils and one or more

electrodes, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007) So that the manner in which the above recited features of the present

invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to
other equally effective embodiments.

[o008] Figure 1 depicts a schematic side view of a field enhanced inductively
coupled plasma reactor in accordance with some embodiments of the present
invention.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0007] So that the manner in which
the above recited features of the present invention can be understood

in detail,wd ARiALarticul ar description of the inventiQiudidekdoas
sumari zed above, may be had by reference to enbodi nents, sone of

which are illustrated in the appended drawings. It is to be noted,
however, that the appended drawings illustrate only typical

enbodi nents of this invention and are therefore not to be considered
limting of its scope, for the invention may admt to other equally
ef fective entwodi neigue 2pdbodgpicti sphematic thppiiews of ceishemhtlectrededeofva wid

u th some enBoahant LB e CthuEE BSRoL BRER " RGhBRrhigoreh 2R088
depi ct schereathodintents of teevereséntamvaniorand el ectrodes of a field

enhanced i nductively coupled plasma reactor in accordance with sone
enbodi nent s [@A0]t hEigyure Sedepitta e sehematic] Bwl wpwrbyar kesgerdelpinent of a field

schemat i c t%ﬂh%!ﬁcfe\ﬁ' %?&ti%}?t %B@é&”ﬁ@%mgf r détbre'iﬂ . E@x‘aﬁﬁ& with some
i nductively coupled plasna’ reactor ['n accordance w SOmne

enmbodi ment s epfhodimenty efdbgpresentdmventon. [ (kni Figures 4A-B respectively
depi ct schematic views of various configurations of a plasma source
assenbl y of @8 f FigueescinBieerectiyriy eepidieichematipVieys of daripyscontqusations
Figure 1 inaGepadRBCRHUM BssepiBly eiriandiiemndrhafted HRUBMVEREESUpled plasma

i nventi on.
reactor of Figure 1 in accordance with some embodiments of the present invention.

[0012] Figure 5 depicts a flow chart for a method of forming a plasma in

accordance with some embodiments of the invention.

[0013] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. The
figures are not drawn to scale and may be simplified for clarity. It is contemplated
that elements and features of one embodiment may be beneficially incorporated in
other embodiments without further recitation.

DETAILED DESCRIPTION
[0014] Embodiments of field enhanced inductively coupled plasma reactors and

methods of use of same are provided herein. The inventive inductively coupled
plasma reactors may advantageously provide increased radio frequency (RF)
energy available for striking a plasma (e.g., an increased or enhanced plasma
striking window). In addition, the inventive inductively coupled plasma reactors may
advantageously provide excellent plasma strike capabilities without substantially

altering the uniformity, density, or other desirable characteristics of the plasma.

[0045] Figure 1 depicts a schematic side view of a field enhanced inductively
coupled plasma reactor (reactor 100) in accordance with some embodiments of the
present invention. The reactor 100 may be utilized alone or, as a processing
module of an integrated semiconductor substrate processing system, or cluster tool,
such as a CENTURA® integrated semiconductor wafer processing system, available
from Applied Materials, Inc. of Santa Clara, California. Examples of suitable plasma
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100121 Figure 5 depicts a flow chart for a nmethod of form ng a plasma
in accordance with sonme enbodi nents of the invention. [0013] To

faci | itat eygngygiiandi ng, identical reference nunerals gay@:hRR%916
used, where possible, to designate identical elements that are common

to the figures. The figures are not drawn to scale and may be
simplified for clarity. It is contenplated that el ements and features
of one enbodi nent may be beneficially incorporated in other

enbodi ments without further recitation. DETAI LED DESCRI PTI ON [0014]
Enbodi ment s redctdrs ethdt enlyaambediagecistt beedfiy fom phadifiqakiors rim aceardinges withd

Coupl ed ol aSt PndFTPL e PRI 1G] Bidbas BN b HoHEG: 36h
frequency (REct@reugly asvihe IEERB ehrfeoof sdmictndugtoa qqh@mmt (sich.as the DPS®,
| nor eased OnIRINAIGAS RE38ARe ol A Ahd BISYIce b a0fel hRBa WL fror

inventive in ti'vely coUp react ors rmy adva ageous
provi de exc@ppbstt Mpicsigisalnst rTHeeabmpélbﬁﬂgl @fi aemmntihdu[ equifyserang lllaStrqtlve

altering t h%nl_{z“%h@ fgetrétchdr%%t']c_ﬁsy ang’ oﬂte@éﬂ eﬁ.g ADLGaE DR F‘era;ct%% &

of the plasna ure I depic |c S|de Vi ew
fi el d enhanodwri samiceridusioy mo@qssled mLargnwti gaayt @so( beagitilgbly 100Yified in

accor dance %&&d%e Utlﬁm‘ggdéggﬁtttéamngtshe present invention. The

react or 100 one or, as a processing nodul e of an

i ntegrated ?&%]CO'?H&%Q&OISH@été&b%l@rrﬁ&@é& %gp%%éése%har%erch'i’@tr%bm

tool, such as RA('r grated sem conduct or fer processi ng

system avalcpﬁfﬂﬂcé"@ P@ﬂﬁ (ag5p) 1?@(13"!%5! dietesiris lid (180 (thaf toggjh@rade@ngﬁ;processmg

Cal i forni a. v@&ﬁi@?'@&tﬁfrat@@ubé&* BedtlsB 186 disBasddWithid (hatprd@¥sing volume, a
advant ageously bénefit from nodification i nh accordance wth

enbodi nent s PEBMEhEOWER S8RRMPI 0 196 & rrentiglier i W@uctiheevgll 43R5 dypically
pl asma et ch chgaed & §n ?éi&ﬂlcéﬁzﬁohﬁd DBS( rm sbmeeer%oomﬁ@ﬁtgomets@ ecsrt pedestal

equi pment (such as L ét % E, B
etcher, DPS(§3thass) 13@ "'FEH’ebEFF ‘é)'edalt%@ o &i firglynate 'F‘%rﬁejﬁw* @ toa '531”9

Mat er i aI S, Ipawer Ihecahove Thbfbidsn'@ Qi‘ur@eemzcﬁhaﬂlrlﬁis@étw%%d)%ehrcbé‘of up to
|IIustrat|ve on!ﬁ an ot her etch reactors, non-et ch equi pnent

(such as cvpoP@ taéras CPBENBY HE?D@QW@%JQ«?@MHF6ﬁaé§§|°ﬁ©até%u9fBF%’HF')‘Q

may ﬁ! so be eahlert@tnhyucrmdjrfpu@édlg@w@acemh@l@gm@thw fréqueheie® 5AG §Blvers may be
teachings. provided as desired for particular applications. In other embodiments, the source

122 may be a DC or pulsed DC source.

[0017] In some embodiments, the dielectric lid 120 may be substantially flat. Other
modifications of the chamber 110 may have other types of lids such as, for example,
a dome-shaped lid or other shapes. The plasma source assembly 160 is typically
disposed above the lid 120 and is configured to inductively coupling RF power into
the process chamber 110. The plasma source assembly 160 includes one or more
inductive coils, one or more electrodes, and a plasma power source. The one or
more inductive coils may be disposed above the dielectric lid 120. As shown in
Figure 1, two coils are illustratively shown (an inner coil 109 and an outer coil 111)
disposed above the lid 120. Where multiple coils are provided, the coils may be
concentrically arranged, for example, having the inner coil 109 disposed within the
outer coil 111. The relative position, ratio of diameters of each coil, andfor the
number of tumns in each coil can each be adjusted as desired to control, for example,
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10161 The reactor 100 generally includes a process chanmber 110 having
a conductive body (wall) 130 and a dielectric lid 120 (that together
define a pyeCEifgs;Vvol ume), a substrate support pedestghy,ddbf 9,030916
di sposed wthin the processing volunme, a plasna source assenbly 160,
and a controller 140. The wall 130 is typically coupled to an

el ectrical ground 134. In some enbodi nents, the support pedestal
(cathode) 116 may be coupled, through a first matching network 124,
to a biasing power source 122. The bi asi ng source 122 may

il lustrativehe pluileaos denstte obfthes platmaliiHity meda Hachqodinof th@fone or more

appr oxi mat el. that. i s.C bl e .of gum ng E|the

SOt | muous. diuBle Beioleder i) Fosb B a5 W PORUERTe8 Seglo Pty
be provi ded sasor[diemalcbdgfr@huqmntmctnlaaplaap@lpnwalt saunce 118 Dhdrplasma source
enbodi nment s

sone enbodi r‘?ﬂ%t siﬁlxsg'%?veeY é%?? ?abli)‘? ’d pr?g g&kys&g{?&&té u{ué%lﬁ [rrg géﬁqcy

O her nodi f nm:atramugisfrmrh S0hdHzctoatBozd MHEQalreygh atter debeendcegpmsl miwdrs dey
such as, for, i ther shapes. The plasnma
source asser% &q@%}e sﬁ%ﬁoﬁﬁ?ﬁﬂ%@i?g%ﬁo@gﬁoggove the lid 120 and is
configured ndyc I i

190, She- pl A" HERAHE ShoBBRnIS ek Mfler, SIch 4517 RIBRPED LA REY
coils, one de provided |bebracodive, CCdadnfeth@msrm mommds@uec@ﬂs Theooine tbe
nore inducti 0 (o) i .
Shonn 1 n Fi GapLer bl RE BRBORBHar RYE dioShd sBREY Stk Db nfS
109 and an cﬁ@ﬁp@stl\@ofpcm81fpy cYarsples a8l shpwy i Ffln@rel 1, da RR@eT clméﬁ:re1 Gfumey pee

coils are prdﬁ%\éb&’&ﬂm tﬁé‘ﬁn&%dp‘ﬁp@% Pﬁer%ﬂ%gtahbffﬁé Bl)(te 6|laﬂ99(9 thd Bl%sma

exanpl e, having the 1 nner coi di sposed wthin e outer coll
111. The remawex/éonp'seﬂﬂﬁofﬁr G@ratm"wgoﬂweoﬁraweqfsl?%powaﬁ:ﬁrqy@ﬁﬁ to afgh ooil

the nunber QFheFe‘BSx'?éc;litQtlr@ﬂé‘d?ltr%Pbﬁ piBdha eAsBchAsRYIN ShRL BhredBSidiRsil e

control, for exa profile or density of the plasma being
f or med. EacHﬂ"@()?Pd Qﬁtef%fsbne or more inductive coils (e.g., coils
109, 111 as shown_jn Figure 1) is coupled, thr ogqgh a second mat chi ng

network 1191909 a7 ?Q&ﬁe@fﬁﬁ%re'%ﬁw%aiEELS'eC*T'ﬁ@'Y oyeled to ANecH fﬁ%@“ﬁé—v
i Il ustrati vehye hedueagablie (efg. m@@l@mm@@wpugm 1,080 &le AN&UEAI® or the

frequency in ng m 50 kHz t hough ot her ,
1 eanenct es oufb BhdL TnpR B ErayBa I Re a e et fad £ dlysipted in
appli cat i 0n$49u1@3l3']e drie Slomﬁreﬁélbaﬁbdﬁemf?ehe plagmwOudjevaségmblymhméﬁ ba

di vidi ng ca aC| 1 ded ween t he coil t one_or..
Tor &1 nduct N8 Sepads B1oALpriope BT e Gt del 1B e g e o
provi ded by 1t m&arm pRiximgioVie diclactde #1820 0 Bdeh ¢lestrriet § 1A, clds Sma)FDé

The i ne codpomkgt frRtiariter ReRau 09,67 bacdieda 15, f-BRRe "

pl asrrg gomFxmncea&ﬁaeétmdecumr 01 Zel i gotihed m‘nhertiute)‘fcoRH‘lpwmrespectlve
1 t at 1
oy et or | oEfERtial ShinebboRETFRY (13C Rt (BiuaF tha§ A hdvicRh (BUufiE Bhe og s

[ 0019] The efeetrodesna ¢heeplesrha pdesr arwceaﬂﬁhvlalthmlnbyctwetqoll énlwhich diney @&
t he one or re jpductiv i 0. igure 1,
either the i° H@?d Qec#r {hfd%‘eg?‘o'k E%égrt}ﬁ%})u@ ?‘ § IgIure E)Ee exenpl ary
non-limtin odj , ; il st rat , k8. .0

nore el ect rgn(?gds]bog, gﬁ@EpFﬁgﬁ%{ﬁ%B{S’r é@éa‘{s"geﬁg“;&ieﬁg%? e%em%‘%g"e Hiovebly
el ectrodes toggled tolom i b osedr bersvaductivaeoiiniveacitiotd the 0glativedpastiiening
outer coil Cy h

114, 1129 rré”%%gg %%?@g ?/Mc}%a%'ed?&gég tt‘)h{@rg %ﬁ%ct,nﬁﬁ@nﬁi gﬁa%gﬂ'&r
t he outer cmapemtltp egth alfegsi dtoe@xamplBi gug er morepesiticmingcmedwsistisanay peB
is coupled I I [ S
13h 1130, CPRFIEAE AR orlicatladhtoRS RREIGAS € SRl g bosRnGEler
vi a the pl adha pgeitiering oechaniangmal detany shiablr devies, owinuata awftinsted, e}
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[0020] In sone enbodi nents, the one or nore el ectrodes nay be novably
coupled to one of the one or nore inductive coils to facilitate the
relative of the one or nore electrodes wt =

t he di el egﬁﬂ%iﬁngﬂ%o and/or with respect to each ot hgéﬁ@gﬁ&%a&g%
exanpl e, one or nore positioning mechani sns may be coupl ed to one or
nore of the at | east one electrodes to control the position thereof.
The positioning nmechani sns may be any suitabl e device, manual or
automated, that <can facilitate the positioning of the one or nore

el ectrodes aan dasiitatedthespméﬁ:oamgd@‘vheemei orc ok B@ctrm S< ewimed, Isuote ak

b i , St t th . Th t | .
connector s CBURES e R e SR Bt np RipoPb e S s Pugr the e,
i nducti ve cdhe aeytrica o&drmctbfsecmmhhgcmélchrmt er smmrla ¢lettaddey etorma viemidular
For exanpl e,

i ncl ude one 'rbdr Cﬂge?gg'lfrﬁ@&gglﬂgx'ﬁ%stﬂa{%?'ﬁﬂg éf rﬁg‘gﬁr}ﬁﬁc e§°w¥aé“%l? in
ot her conducboe. einBO@mkehts, Slumelmtrtmdlcnmﬁcmr raayd isgudie pheta@dmore Fexbliee

o bt _fiofjieg”kﬁ&h%@?g&maeJbﬁé‘?ﬁi*ﬁ?f% f&riiiBhendent |y control the
posi ti on andy0fy e aldah LABLEOEnEaS.d Nl eI 78! 12 RG2
3 o pog Pk ]

and the pha Xt ension o he el e
enbodi nent s madhenipws it ﬁmn’lﬂﬁg meefcmatmuple(isigw eﬁaly of weegm’qraém (fyg c@lncﬂ'qﬁes

the verti cal Eos'ﬁisﬁpo nd@ eﬁhf%hf?getrﬁf Bglf?orp)%ﬂdoﬁnéﬁ?ét%n thereof (as

el ectrodes. epicte ure 4 ositlon
el ectrode 11fzilﬁcaﬁ%®b!btéef@©ﬁ‘ltaff@WBé§2WdﬁmDh@Wr@tm@haﬂﬁimlﬁqmeS 112A,

i ndependent lyy20f |80 SirbtdinéHts %s%asﬁeﬁ.ﬂé%%éehaﬂﬁgggggnsgeﬁﬁehyenuy

posi tioni ng mechani sm 1158.  I'n addition oSiti ni sms
115A, 1158 ayireldpe Nerticaloppsition of pach slficsode pf thel eneppr Maee eleelsadesddr

(or an el eCte&QrﬂSlePé@H iced 1 '|rPP U|kéy4A ke Bék@tld?lr ofrHHarc@‘roﬁé Q“F%,I MQ?%E coEt?cFIled

exanple as shown I n %P ure , the ang e of I ane fined

the el ect r og¥Positionng megearﬁfﬁry Yéna dnsiepeediandy of mea@qai@ntcﬁ eéedreﬂ%ﬂ é?m@s
pl ane 402 (fc@ﬁtr&Péé'H?';ﬁsntnBﬁ‘iﬁé‘He%haﬁlQmUh%%Chﬁé’ﬁtﬁ*ﬁon' trd ﬂo%ﬂbn#\ﬁ Bafsms

both of positioning nmechani sns 115A Alternatively, a separate

nmechani sm ( H6§A’sﬁéﬂmayﬁé‘§7‘h%’e°‘ﬁ}t@{/ theetndle @ dHtefdhe tei?étrﬁ’ﬁqut (o5 fant eH%ctrode

el ectrodes. Idh‘é%ﬂﬁélﬁﬂ;t tr@%fcmmd?é%recirb@es\!elfbﬂ &@hd@%‘s%h@@nﬂf Figh 4B,
el ectrode relatlvetoth ot her _el ectrod /[ or control

f'he
tilt or anglie® 8pglewd ae@'é%@t FBH depmeshiy fhea%'??trqdéﬁéé?a hb'Zednay P%éontm"ed
quantity of rgapaciota Véi‘er@ﬁb@blaﬁ@ mzqwr@dehé bﬁ@u@lt@qﬁé @lﬁ’@ﬁbdrﬂldmZO) by

nor e capaC|t|vec ortiops of t el rodes dis

T oser DoC b oo BB b Eo st msphangms  Dbecd T M alia e geparate

]g:apaCI L ive eestpbhisg thyalt Mbﬁvhplﬂr%yof)etmﬁvi@écﬁ@d roggm mbsggg)gdhi Widdietes.
romthe Processi n VOl U (0] rocess cna er A or

ol a8 Pr kR dhy sarHTe! el SeT e h P eirada bl @he other
pr oxihmaéI e Ftete@&ed@‘ ahb@r contr@ cdnike tllﬂo&aﬂblénﬁ theliicarodd plahy, falialdsethe

to the | ele

t he capaci tléa{"@oﬂﬂ?q %r%@?% \gemggbé]wg @'Pé@?&ﬁegﬂer%gﬁg?§cr?e 5" Wore
configurati @aﬁadﬁvetdmepMQew patess aff the pistbbdedispusrdatoskals g drieessing

volume of the process chamber and less capacitive coupling by portions of the
electrodes disposed further from the processing volume of the process chamber).

[0022] For example, in some embodiments, the electrodes may be positioned
proximate a base of the coils and in a plane substantially parallel to the dielectric lid
120 as shown in Figure 1, thereby increasing the capacitive coupling provided by the
electrodes. Other configurations of the electrodes are possible such as having the
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el ectrodes di sposed at different vertical distances and/or different
angles with respect to the dielectric lid 120 and each other. Control
over the aWaidoisRE capacitive coupling of RF power prmgﬁg?%gogtlpe
one or nore electrodes of the plasna source assenbly 160 facilitates
controlling the plasma characteristics within the chanber. For
exanpl e, the increased capacitive coupling provided by the one or
nore el ectrodes of the plasna source assenbly 160 increases the

pl asma stri ke wi ndow (enhances the capability to strike a plasna over
a w der rangtotrbdes aispesedgt abiifetent omrdigalwWistaacasaiand/ar riffegert hangles with

desirabl e characteristic f an Jjnpductively. coupled plas Sel ective
cont r ol ovelfeW"F(gE %sﬁ idéﬁiecgrfc ﬁ%eh@nan Faﬁ%roéheé e PPt(S(ge%"egﬁp%v%"aPﬁtV of
j ust enough cappdibiet caplicp op Rngower pracided thyt the sinei & mgrd blecipbdesnel the

w t hout coupl] ch R V. i nt S once for -
ther aby undliatg ol Fbmbly RSl PalPipd ke e Sl winin
di ssoci at i onhd clartibeyn,Farerémeplet thel incrabsan capacitihe coulieg privimieddyethe one
control over rel ative L i t,he . .
ol ect rodes. e PRpRbdeEorRE blas B sBlckiaske by 186 RGeS 4 hwa siree
nmay ot herw _sw.indoa\a@nhmcmsrhlwcarﬁabiﬁmm;slrasrta:}l@mbvasa wider-rangd off progssing
velocities 'cBn&iH&nnsg%ﬂ?%irﬂé‘iﬁin@%é%%ﬁ SHar r{s‘ﬂ&l b4 1@[]&{\/% coupled
punpi ng). For éexanple, by I ncréasing € capaci tlve couplrng rn

regi ons of IpasnE. aSatectide gentrol ove the ipeeitiormof tbgicoar oford elghterdes| adiews for
density, th [ [ frs r .
mmdo mor e untSEFEaH paBR0RpNeh 1 tclibhe Uikl e PEsi ARG RYIAfioo
[0023] The onshoRFnenesgklinde tthe déasmsf ontre fgymad mtheseltyr vedesiglyrizligring ts
rraybesym‘r%f.,' Ly n At ol ri i - 1

uni f orm coup :é%%%b%%ﬁF(e(ré 'érgggw?b%gﬁgagﬁlﬁsﬁé&%h '@é‘#ﬁﬁgﬁ‘ﬁ%@i’ %é%gm&%ﬁe
one or nor e Mareeweroerntios own%pgﬁleéme tpgsition op tih\wif dbe @ne ot Nagoelectpeiel
that may ca {}QJ I Lt _
el ectrodes. q%?ceg?gﬁ Iﬁr?é ?/‘%&Pél%esﬁ’tl)odi ﬁgrr?k%é Heéf fghﬁéfgﬁg@ge%gte?dot e is
utilized, tHhBifRMedFHFe (BYO) PRCTAYENRM| 8a% veloctieprisalies gedmberatue He

el ectrode d%%imﬂ%?ricfg%%rﬂeﬁvé?%gl&bh?ﬁ%in@ﬂnl!:'éraéxafnip[bg by RSBy the USEhRive
singul ar break may lead to plasma non-uniformties due to asymetry

of the conf icguplRgi Bnregions fbewi Piasis daneite relativentpl eegianscef bighen glasma

utilized, thgngiyeliesiovbal Pianka akiridiRo® Gl 8fe chEbdEmBP Dbt 888 dndre
conpensate for a natural Et:aasma distribution in chanber,” such as to

correspond WM thesghvoAaciiatingmats WdPym RIAgREHNS| asna density or

proxi mate a_punp rt of the chanber. 0024] In sone enbodi nents,  at
st o ol BRI oREE onf or iere SRATOBS o HRod v ERSP YR ASE PP B BOdRSY 0B
E lasma af }‘ e@y@_nmwgaAmn@b@t@B ﬂhbeﬁfﬂédt@c I}Fcpmtom@m&@ﬂ#rﬁfb@n ebgshg l@ﬂRS-
or exanple, Figure epi cts a schematic t vi ew of one exe ar
oo ment - STCIHeldy s PERME0 ThagT ey STRBU AT e diecpr JHite SSgR0E ¥
112B subst arbhfijured eoudtdiredidantlgonimace hati tat eaghca0bd earremdo despased
bet ween t he i.tglneé1 coil 109 an {h(ge ou%er oi,l 111. The sturface ar.e
of the el ect¥BlederG B TOr FEI RS oREFATINGYel FRROLARNR WHG @ single
coupl i ng pr @ldcttede by utilredeltec blcotiede miy ipdotle d Hieleetriechreokl esiciiralyatbige
pl anar or sugsira tial lX tﬁl anar., '&4 n:Sone uErrbodi rpfnt S t{:\@éel ectlrogesk
may have an *5CECTBAZEH AAY ™R SPAYFIEL AT o T B SHigRA Stheglar brea
i nducti ve condysleaddotplasma nbedunifamitiesl et td aswpaetey bethee emnfigbetion. In

el ect r odes. be e ccor di.ng| v...for. the purposes, of
defining thg-'qsiﬁf;1 ae%tég]a%%ge St Sgngi: %Eeﬁ%gé%ﬁ‘?d e&'l%%d q’ﬁug'el?ﬁ@cd@rﬁgléé” of'
RF ener gy t leédctroden niey bapasitibnace iy compphsate ifort @ rabhealpplasres disttiautioarin

110 (00251 Ak hpual et 3ssiRhy 8 ofbeS! ERETEL gL 00 sbrdl

as, three, fpoaximatera puompeporfairthexizarplbes, as shown in Figure 28, four
quarter ring-shaped electrodes 117A, 117B, 117c, 117D may be provi ded
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conprise a no break heater, such as an annul ar el enent, thereby
facilitating uniformplasma formation within the process chanber 110.
[ 0027] Formﬁgﬁ Figure 3 depicts a plan view of a hgatgs t
121 in accor aﬁ@ggﬁfth sonme enbodi nents of the present |nve59?@§@?
heater el ement 121 may include an annul ar portion 300 having fins 302
extending inwardly therefrom In sone enbodi nents, the annul ar
portion 300 may be di sposed along the periphery of the dielectric lid
120 as shown in Figures 1 and 3 (e.g., the annular portion 300 may
have an out geoz4li afres@ne ebdbdinenty bbb kastt tval digctredesbret dilikdetoasyinetetrically

di t f | tri h |

oo on 300 datipuisSo dheng el g b b QEREESP RS R Ry

I esfs t han t IFat exiémgblb,eFlgliJreliﬂcdefplms I(alsd'lehgaglg 6 I?Il@fjur cﬁb?é abérﬁplaf[yhembodlment
i gurations n ar ortlon ut.lLhl z a

o et T R e S, i oS PR udes P 113 bRt

302 may be @huars}arslwspadtﬁdefrcvmébm othengh@dnsposdﬁehsetwemdimnnmwoﬂ|109 and

ai'stri but 1 o ePeReBe | TR BrbRebeY ks SERHES TeotF Ml e, ol v
Fi gure 3, t e Eapasitis® 2Zouping Ip&)vaﬂedabygbei elegtmoadst | Asaducy, Mbwlﬁctrbhes may be
I I d d I
var d t her HTBRC PR BRI SoRRGaP TR s TRl & el A ah”
substrat e 15 [espthharaka awcﬁbrsumleitmﬁtobetmaérethecndmmhecomw toartnemtam a
table f d
ot ocess. gas Gty otk REERNM SBoRE, BES e Hhy s iERETE Cordhitly B
ports 126 t dhd pwrnv@esgefsieﬁmsg thexsuriaee 35 ofi gash elactredgranddiiss bhaieprse of
110. The ga {q%t)ﬁ%%ﬁ p%ﬁ%&%{ﬂdﬁ% tﬁ@b%ﬁ@}:@éf‘%ﬁ@r Jr‘ﬁ? in the

process cha y appl yrng po omt asma source ‘118 to

the inducti aﬁo' ARhokfyP:shdvd a@%cbaIrIb?e%Eﬁod?—:rs lmirg%r&' £&id @ﬁeo?hér%ugnutues
112A and 11 as discussed I n nore bel"ow w th respect

Fi gure 5. |@n§@mp%%dhwmcyod%m Pegsig. t sish hasa dhregu fass QQH‘Qﬁ%\y Fisis
al so provi d%SIathglet he sﬁsﬂﬁcongtu}lelﬁa e qBé@érS gﬁsl-}@tpbb“eﬁbc%&eé 4! rg‘ri]”f

of the chamb usi ng tle val ve
vacuum punp 1136.11ThemPr B %%'Qﬁ%tO&UbﬁI@Et'QIIHM@P“MBI '”&%(POIIéIQQI?@"Q the

control | ed ‘éﬁbd?ﬁfeIérﬂé't%Fe@ﬂt arid MelrC QuiHAr ting( @@btrémwma tb@tsubsltant.au
through the wal| 130. [0029] The tenperature of er 114 may %e

control | ed S§UEiSERY ispreRy fé""f'&@ﬁ'épg'leﬂra@d onav *P\%d@a?ﬁ?&rqet\ﬁ%b%annqlc@"
I'n one enmbodipgRAY thd8littHERIORS . fELM de@d8e 30V & frad b8 d&ﬁ%leb@o ﬂfe%UtéI%rl

a

via a gas COﬂ?UIt 149 to channel s defined between the hacksjde of th
waf er 114 ard? §7dB% Egeq ol 10K YRR redrachv dactiral CRNgHI d <P ap E&r?'ﬁ%‘@ca'
The helium @@ﬁndcliorslSQQAﬂrﬂai 86 lshbét@iti@im@@iwélérﬂrf@fr@relmﬁo@e@@hriea@rs 113A-

d I dt , th d | 116
may b heat GHIBHSSET BUPEAIDEEHER B QAR Shoan) w thi n {he. pedest a
t t ead te t dt hel f | it
uni for m heat TS oFeLRE 67 10 J: = RFaiY SHER{ et fey b6 flspbred g the
f 114 dir kyitalee heaing ttiae inget ff
g/gt \i/re e gw:;éeleg Ct)omlgieﬁ?; twfaogias h@'anf tjé tuﬁtgféwgtn Eﬂﬁpﬁsaﬁhagfszo 10. The
conpri ses a 'GaHT g i% &g ﬁn?'? EI,IIG‘I e rI;Ié‘?CI%‘IIS/CI' G/gd the
support ci rmdutﬂveldtﬁlsf‘mg tlh‘eaﬁ?ﬁ)ld]e]:&dd@qu@NIhlaoateeernbmmlhemb bkt Heater
t : h, of t hods of, f
ol e, " suchenet; 2 aeLi ek fosaRE i sty ey s St
any form of pgeresapplpdeposehcaspu Al ppwec suply, dohBduredito peovideeslfiicieran
| ndustrial %ﬁ&r‘gw% c&ﬁéorlrgnr%&%&g%Iagdg%mﬁg'rhf%gger ‘?H§1 %’I% befysen gbqut 50

sub- processors nedi
CPU 144 may theband0brdegees Gﬁ‘lawsaaldisloyneaarabdcbrberﬂs nibenbegtes aleimeas 12 amdpm

or any ot nerval PR SRR e, BPERRY crifdiimerhs MRRNES TR, By



entry ports 126 and formthe gaseous m xture 150 in the chanber 110.
The chanber conmponents, such as the wall 130, the dielectric lid 120,

and t he s%%{ _Q stal 116, nmay be heated as descri be&ﬁ@ﬁ 086%8

desired terrpera{ure before or after the process gases are provi

The dielectric lid 120 may be heated by supplying power fromthe
power source 123 to the heater elenent 121. The power supplied may be
controlled to maintain the process chanber 110 at a desired
tenperature during processing. [0032] Next, at 504, RF power fromthe

RE power souwbfRpridd § noyedkenaie?Vvéddstanp dnhelapBlemeht, IRETehy faciiteting/ éniform
coils and the one or_Jmor e el ectrodes to be rﬁfpectively i nductively
and capaci t iRASMA EEWE}PBCY‘”WB‘ RErsER AR d 18 xt ure 150. The SF power

may |IIustrat|veI ed a 40 Wan

raquency | 02T akge SrPBRES oIS 3 G s SRR ML 4 15 et BRaerp Rd
and fr equen@ce&dame Wigh sdmé ierbddinentoofithe rpeeqehamnentro“ﬁheﬂ@mqmmmfammt
si mul t aneou

the one or ) eMer ekt Pt 23hiak PEHBRoH0Y SRS, i Phctiafdho nithdy
el ect ri cal | yharefagrh e dn some reentmfdirtdmds, dh@anmulamm@trommmaye)eamdosed along

[0033] In s i afrrs t of 0,
i nducti vel y%:%ﬁ%?p‘g% %’%ﬁ%éielectn A ‘é“”t'%é:%&f% ‘Y‘% ?ﬁ?%gr ﬁ'beu%'?’]“\Fé
coils, as sipovionatOboGy HEve drl Deﬁer ailmnmer bt &F symsietiaiiypgqled to the outer

undesi rably GSEES: Y SAER BFTAE 8fsoPelamBLARn 05 49,8} BOER s00

(e.qg., enbo ere er el’enent s a no
el enent) duenayohavqoem tautar abameﬂee thiat ris teithero greaten fth&E op daser thbeithgl of the

d I i
ki ng 1€ SR (2 il SRS oofcRRRith bhe SR BOUACRT haTbE,
of SF power utlh;zedatbatoellpmﬁer substantielyduniferm heafinmefelbe digtectid id 12 The fins
el ectrodes \J;é%%na} upf’f%n@%%bl?% idth Gendif, Mr%e?j&@ﬂﬁg% {J'r%b ttr%:arg'%‘?r

is capaciti into the process gas reduced
i nductive c@aﬂ onngPt 9 prioridaendesiragd euaniity arzdldlStrlbetI@eebhaatat@otbﬁtpr@resst

pover i nproygsmbhe; rab'Aé .ruy traed% Fidife & R ﬂﬁ@@o%@@lge%nangéu Writh&trically

range of conditions. he second anount

capaciti vel @b@@iufbﬁe?cﬂmt-'@f Ph@'oﬁrmeﬁéhijﬁgatﬁaﬂeﬁ@nééﬁi raﬁﬂlr@“iy extend radially
exanpl e, by i AGHeRségn (t 0 reduce capacitive coupling) or decreasing
(to increase capacitive coupling) the distance between each el ectrode

(e.g., el ectigosies RéddAng ]téz%uﬁénd tengli splerstoh] @ bishtrh#D 114S(such bas a

di scussed above, thewposrtr on of the one or nore el ectrodes may

control | ed [SRENSOBAUIN Woles & Hother subsiale %I'@E'?r@ﬂé’?sﬁﬁ/p'lﬁ’ée%lm@y Bf
unequal |y spaged dnltagpebsstdi eleesid precéslsobas&ena;r t5d aurwpﬁe@&bme@@aeeaﬁbr

el ectr ode a t he heater el e t may al so be control
prevent arci ga IF mfaé]S o ?orm aygaseous m?xture §§0 wlrthrn trre process

chamber 110 The gaseous mixture 150 may be ignited into a plasma 155 in the
process chamber 110 by applying power from the plasma source 118 to the
inductive coils 109, 111 and the one or more electrodes (e.g., 1124 and 112g), as
discussed in more detail below with respect to Figure 5. In some embodiments,
power from the bias source 122 may be also provided to the pedestal 116. The
pressure within the interior of the chamber 110 may be conirelled using a throttle
valve 127 and a vacuum pump 136. The temperature of the chamber wall 130 may
be controlled using liguid-containing conduits (not shown) that run through the wall
130.



[ 0035] The second amount of SF power capacitively coupled to the
process gas may al so be controlled, for exanple, controlling the

tilt, :@?fgg\)mi%geen the el ectrode plane (e.g., the E SR R5dbe

electrode 8) and the dielectric lid 120. The pl anar
orientation of the one or nore electrodes (e.g., electrodes 112A,
1128 ) may be controlled to facilitate adjusting the second anount of
SF power capacitively coupled to the process gas m xture 150 in
certain regions of the process chanber 110 (e.g., as the el ectrode
pl ane is ti ljgoes, §b€Etep\@etaitlﬂGsof0fhet h:efe@n’elzlomalynb@ cmhealtetdodyestwlllzingbe
closer to t?e di e{ ect lid 120 t%al(r; @tsh[a %rgeo F? %0 36] Atf 510,
the plasma 1%BP§'8 “f%P ?“rpB Hrdeprbt B sy dment Si54E %Ry AL’
first and segerdurestddinmydie frbvipedvein ama@md@ﬂtb@@tbhﬁammmaéﬂned betwdea
109, 111 and_t he ,el ctr des .11 respectively. on_striking th
ol s, and Wb ParHIBeE PR STRES T Phg BEERER 1l bl BB SHGh dan el
ends and pl asﬁacqor'ﬂtaetsslumggamyuseﬁwtolfaumammedeebnm belhegerctha ppiestalti1é
process may _C inu art ower settings
na other Aot e 314, adiing BioPBisg, I batslo e B Eq pEbbu" e
Al t er nat i velrysigtivei heatso ribotrsdibivai withih eéhe pedextal o resteddcsteledespreurb end
noved furth om.t he.di.el i i C

capacitive gﬁ &%gg% mﬁﬁ%(’)"\?\éetrg Uﬁﬁé@ E%Aet'”gr‘%ﬁ‘%ss%%@d 55|&€guta1uthermal
t he process.comirtlcthaatafardly noay illustrabvaly betaatgingchas aoﬁamperatureroébetween 0

el ectrodes NRY 5Bﬁd5§eé89c%| fRer to the dielectric lid 120, or may be
tilted at an angl'e o Increase the capacitive coupling of RF power

into the progess e rﬁeﬁ{mﬁ%omj chRIOASIY HOberkiaP prr@degg,lgg%rﬁwm%mf

RE power capaciti ve y cou into reg| ons o ess
110.. [0037]memery 148, an@wp@ﬁwa:ﬁ@w%rfau@eﬁ%ﬂ94%@n@rf%“dltqje~°a§wrol of the

reactor and gﬁﬁ?gﬁ’gﬁs of th‘é%@a&@r"ﬁ)d)@r%n aQ"sQéH %?%eﬁ%’d@'o@fon:ﬁnﬁ 4 bl%gr% such

enhanced in fvely coup | asnma ‘react or of present | nvention
may advant a@éa@qudﬁw%we%ﬁéo@mpr 1) maghe QBWQF ambfors of gaa)-parpose
pl asma W t hicBmbfr %Fl:?&%@ﬁr tH\éttc!%ﬂLﬁe @dddShizRnQisAR sQﬂtlﬁ?"F& controllmg vsarlous

characteristics, such plasma uniformty or ion densi
enhanced i ntcagmh?'@@nﬁlsﬁgwqeﬁﬁgﬁoﬂ-h@fnw P €8@Rvter Fﬁp@ﬁplpdﬁeq‘l‘ﬁ? 142 of

further advapd egePysd YnayCHdohelor rﬁ&@/&rreaéﬁgué‘laﬂatﬂé a8dfory such as random
characteristics such as uni for mty and ensity durjng processing.

[0038] Whi | &4 PEMeBoTHM): geed oblycaampry (AN TRERK Gisks NTHC, i Gty

invention, et fordNeF digitdl BRIragiTiedi sehivtdf Thd SuppoviediicLieN148ire®upled
devi sed WlthOUt d rting fromthe basic scope thereof, and the scope

Chor oof 15 doiles rNGAhyon ORI, oL Hatespel Mo conventonal manner. Thoss

circuits include cache, power supplies, clock circuiis, input/output circuitry and
subsystems, and the like. The inventive method may be stored in the memory 142
as software routine that may be executed or invoked to controf the operation of the
reactor 100 in the manner described above. The software routine may also be
stored and/or executed by a second CPU (not shown} that is remotely located from
the hardware being controlled by the CPU 144.

[0031] Figure 5 depicts a method 500 of forming a plasma in a field enhanced
inductively coupled reactor, similar to the reactor 100 described above, in
accordance with some embodiments of the present invention. The method generally
begins at 502, where a process gas (or gases) is provided to the process chamber

110. The process gas or gases may be supplied from the gas pane! 138 through the
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CLAIM5S 1. A field enhanced inductively coupled plasma processing
system conprising: a process chanber having a dielectric |id;

a plasm sﬂﬁrzﬁﬁ/ﬁ§%§nbl y di sposed above the dielectric ﬂéﬁuszﬁ@?oswm
pl asma source assenbly conpri sing: one or nore coils

configured to inductively couple RF energy into the process chanber
to formand maintain a plasma therein; one or nore el ectrodes
configured to capacitively couple RF energy into the process chanber
to formthe plasma therein, wherein the one or nore el ectrodes are

el ectrical | engpyiried126 apdGodi thd GaseiiisOmixXmEe 1300in thevblarater 110. The

AU i CEIE TG il T T R

of claim 1, pabestai 116} mayd8tediedmRIdesEitedabbug tohedediredsrhserature before or
after the process gases are provided. The dielectric lid 120 may be heated by
supplying power from the power source 123 to the heater element 121. The power
supplied may be controlled to maintain the process chamber 110 at a desired
temperature during processing.

[0032] Next, at 504, RF power from the RF power source 118 may be provided to
the one or more inductive coils and the one or more electrodes to be respectively
inductively and capacitively coupled to the process gas mixture 150. The RF power
may illustratively be provided at up to 4000 W and at a tunable frequency in a range
from 50 kHz to 13.56 MHz, although other powers and frequencies may be utilized
to form the plasma. The RF power is simultanecusly provided to both the one or
more inductive coils and the one or more electrodes as the cne or more electrodes

are electrically coupled to one of the one or more inductive coils.

[0033] In some embodiments, a first amount of RF power may be inductively
coupled to the process gas via the one or more inductive coils, as shown at 506.
The first amount of RF power may be undesirably reduced by the presence of a no
break heating element (e.g., embodiments where heater element 121 is a no break
heating element) due to a portion of the first amount of RF power being inductively
coupled into the heater element 121, thereby undesirably making it more difficult to
strike a plasma. However, a second amount of RF power is capacitively coupled to
the process gas via the electrodes 112,.5., as shown at 508. As the second amount
of RF power is capacitively coupled info the process gas and is not reduced by
inductive coupling to the heater element 121, the second amount of RF power
improves the ability to strike a plasma under a much wider range of conditions.

[0034] The second amount of RF power capacitively coupled to the process gas
may be controlled, for example, by increasing (to reduce capacitive coupling) or
decreasing (to increase capacitive coupling) the distance between each electrode
(e.g., electrodes 1125, 112g) and the dielectric lid 120. As discussed above, the

position of the one or more electrodes may be controlled independently such that
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an outer coil; and an inner coil. 3. The systemof claim2, wherein
the one or nore el ectrodes further conprise: tw el ectrodes

equi di StaWOﬁPﬁgﬁg apart and di sposed between the i nri?d"r/l‘}ﬁini prlele
: ere p &4 P8 he

t he outer coﬁ in each electrode is electrically cou

outer coil. 4. The systemof claim2, wherein the one or nore

el ectrodes further conprise: four quarter ring-shaped

el ectrodes equidistantly spaced apart and di sposed between the inner
coil and the outer coil, wherein each electrode is electrically

coupl ed to tthe efdtredesCAialy . bedequdly & YiseqUulRf sdcal Mok teitilehetric lid. The
conpri si ng:
P g distance between each electrode and the heater element 121 may alsc be controlied
to prevent arcing therebstween.

[0035] The second amount of RF power capacitively coupled to the process gas
may also be controlled, for example, controlling the tilt, or angle, between the
electrode plane (e.g., the bottom of the electrodes 1124, 112g) and the dielectric lid
120. The planar orientation of the one or more electrodes (e.g., electrodes 112,,
112g ) may be controlled to facilitate adjusting the second amount of RF power
capacitively coupled to the process gas mixture 150 in certain regions of the process
chamber 110 (e.g., as the electrode plane is tilted, some portions of the one or more
electrodes will be closer to the dielectric lid 120 than other portions).

[0036] At 510, the plasma 155 is formed from the process gas mixture 150 using
the first and second amounts of RF power provided by the inductive coils 109, 111
and the electrodes 1124, respectively. Upon striking the plasma, and obtaining
plasma stabilization, the method 500 generally ends and plasma processing may
continue as desired. For example, the process may continue, at least in part, using
the RF power settings and other processing parameters per a standard process
recipe. Alternatively or in combination, the one or more electrodes may be moved
further away from the dielectric lid 120 to reduce the capacitive coupling of RF
power into the process chamber 110 during the process. Alternatively or in
combination, the one or more electrodes may be moved closer to the dielectric lid
120, or may be ftilted at an angle to increase the capacitive coupling of RF power
into the process chamber 110 or to control the relative quantity of RF power
capacitively coupled into regions of the process chamber 110..

[0037] Thus, a field enhanced inductively coupled plasma reactor and methods of
use have been provided herein. The field enhanced inductively coupled plasma
reactor of the present invention may advantageously improve the available RF
power for siriking a plasma within the chamber without altering other plasma
characteristics, such plasma uniformity or ion density. The field enhanced

integrated plasma reactor of the present invention may further advantageously

12



one or nore position control nmechani sns coupled to the one or nore

el ectrodes for independently controlling a perpendicul ar distance
defined b dielectric lid and the one or nore

6. The sys gﬁﬁg%hgﬁgin1l, wherein the angle of an eIectﬁ%@@hgﬁgﬁgu;
defined by the one or nore electrodes relative to the dielectric lid
is adjustable. 7. The systemof claim11, further conprising: a
heat er el enent di sposed between the dielectric Iid and the one or
nore el ectrodes of the plasma source assenbly. 8. The system of claim
7, further conpsli showr adiushGIBSME IchatHRFigticsosheds tumifbigityhasd/er density
element. 9. The systemof claim7, wherein the heater element is a

no break hedUERY BIOSARHHIY:
[0038] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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10. The systemof claim 1, further conprising: a support
pedestal disposed within the process chanber having a bias power
source coupled thereto. 11. The systemof claim1, wherein the one or
nore el ectrodes further conprise: two el ectrodes equidistantly spaced
apart. 12. A method of form ng a plasm, conprising: provi di ng
a process gas to an inner volume of a process chanber having a
dielectric Iid and having one or nné Aﬁﬁ | s and one or nore

el ectrodes dlsposed above the |id, Ey.y.n the one or nore el ectrodes

are electrl cou | ed to one o one or nore coils;

provi dilng R%aﬂﬁﬁ‘ié qdiedyeitve Qﬂﬁ’ﬁ%F BI8FNE RIACPSSINY BYsteryr gomprising:

el ectrodes fLrpgeddy éﬂénm{avﬁ-@g aRIddtrid peuctively coupling a first
amount of RF power from an RF power source to the process gas via the

one or nor eaqdasmamodresapssnobly slispaosed@biong the MWC difother plesmRFsource
power Bgﬁcd)%':pri)s?ﬁ'&r source to the process gas via the one or nore

el ect ré‘ag%”,‘

one or more coils configured to inductively couple RF energy into the
process chamber to form and maintain a plasma therein;

one or more electrodes configured to capacitively couple RF energy into
the process chamber to form the plasma therein, wherein the one or more
electrodes are electrically coupled to one of the one or more coils via an
electrical connector; and

an RF generator coupled to the one or more inductive coils and the one or

more electrodes.

2. The system of claim 1, wherein the one or more coils further comprise:
an outer coil; and

an inner coil.

3. The system of claim 2, wherein the one or more electrodes further comprise:
two electrodes equidistantly spaced apart and disposed between the inner coil

and the outer coil, wherein each electrode is electrically coupled to the outer coil.

4, The system of claim 2, wherein the one or more electrodes further comprise:
four quarter ring-shaped electrodes equidistantly spaced apart and disposed
between the inner coil and the outer coil, wherein each electrode is electrically coupled

to the outer coil.

5. The system of claim 1, further comprising:
one or more position control mechanisms coupled to the one or more electrodes
for independently controlling a perpendicular distance defined between the dielectric lid

and the one or more electrodes.
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formng a plasma fromthe process gas using the RF power provided by
the RF power source that is inductively and capacitively coupled to
the process gas by the one or nore coils and one or nore el ectrodes,
respectively. 13. The nmethod of claim 12, further conprising:
controlling the second anount of RF power fromthe RF power source
capacitively coupled to the process gas by adjusting a perpendicul ar
di stance between the one or nore electrodes and the lid. 14. The

met hod of claim 12, the process chanber further conprising a no break

heat er gel engRk :%ﬁd@@w%l@mon) Whérellri the ahfle diteh BrRichode Ylartd akfiddtby the
further conprising ? %/ power to the heater elenent from
& |l®eﬁﬁ

an AC PO&T n%QIﬁpﬂlfiﬁtth"%dﬁkaﬂW leptiiclidds gejusi@ler ocess chanber .
16. The method of claim 12, further conprising:

7. The system of claim 1, further comprising:
a heater element disposed between the dieleciric lid and the one or more

electrodes of the plasma source assembly.

8. The system of claim 7, further comprising:

an AC power supply coupled to the heater element.
9. The system of claim 7, wherein the heater element is a no break heater element.

10.  The system of claim 1, further comprising:
a support pedestal disposed within the process chamber having a bias power
source coupled thereto.

11.  The system of claim 1, wherein the one or more electrodes further comprise:

two electrodes equidistantly spaced apart.

12. A method of forming a plasma, comprising:

providing a process gas to an inner volume of a process chamber having a
dielectric lid and having one or more coils and cne or more electrodes disposed above
the lid, wherein the one or more electrodes are electrically coupled to one of the one or
more coils;

providing RF power to the one or more coils and one or more electrodes from an
RF power source by inductively coupling a first amount of RF power from an RF power
source to the process gas via the one or more coils and capacitively coupling a second
amount of RF power from the RF power source to the process gas via the one or more
electrodes; and
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adj usting a perpendi cul ar distance between at |east one of the one or
nore el ectrodes and the lid. 17. The nethod of claim 12, further
conpri si ng: adj usting a perpendicul ar di stance between each of
the one or nore electrodes and the lid. 18. The method of claim 17,
wherein the perpendi cul ar di stance between each of the one or nore

el ectrodes and the lid is different for each electrode. 19. The

t hod of 12, furt I Si : . di, LSt i th | f
T o ect r odloTpigy8 niettha B I RESERE Sae ysinet RE MBS PERET Ry dng R
t he di gb@et sbardeithat is inductively and capacitively coupled to the process gas by the one

or more coils and one or more electrodes, respectively.

13.  The method of claim 12, further comprising:
controlling the second amount of RF power from the RF power source
capacitively coupled to the process gas by adjusting a perpendicular distance between

the one or more electrodes and the lid.

14. The method of claim 12, the process chamber further comprising a no break

heater element disposed atop the lid.

15.  The method of claim 14, further comprising:
supplying power fo the heater element from an AC power supply to control a

temperature of the process chamber.

16.  The method of claim 12, further comprising:
adjusting a perpendicular distance between at least one of the one or more

electrodes and the lid.

17.  The method of claim 12, further comprising:
adjusting a perpendicular distance between each of the one or more electrodes
and the lid.

18. The method of claim 17, wherein the perpendicular distance between each of the

one or more electrodes and the lid is different for each electrode.
19.  The method of claim 12, further comprising:

adjusting the angle of an electrode plane defined by the one or more electrodes

relative to the dielectric lid.
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20. The net hod of claim 12, further conpri sing: adjusting a

per pendi cul ar di stance between each of the one or nore el ectrodes and
the lid or adjusting the angle of an el ectrode plane defined by the
one or nore electrodes relative to the dielectric lid to control at

| east one of plasma uniformty or ion density.

20. The method of claim 12, further comprising:

adjusting a perpendicular distance between each of the one or more electrodes
and the lid or adjusting the angle of an electrode plane defined by the one or more
electrodes relative to the dielectric lid to control at least one of plasma uniformity or ion

density.
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