;e3ej $j | LN6T$0" A WD 00/58995 2 5 SEP 2003 PCT/ US00/ 07902 APPARATUS FOR
. | MPROVI NG PLASVA DI STRI BUTI ON AND PERFORVANCE | N AN | NDUCTI VELY COUPLED
~ -PLASMA Field of the Invention: This invention rel ates geney &l38P 2053

" sem conduct.or processing utilizing a plasma, and specifi ates to

*the inpr ov‘&ﬁ@?{%’)%f pl asma di stribution 5 and process per?@%ﬁé?{@g&vﬂhi n a
pl asma gener ated "and sustai ned t hrough i nductive coupling. Gas pl asna
generation is widely used in a variety of integrated circuit (1C
fabrication processes, including plasm etching, plasm enhanced 10
chem cal vapor deposition (PECVD), and plasma sputter deposition
applications. Generally, plasnmas are produced within a process chanber by
introducing a | ow pressure process gas into the chanber and then directing
el ectrical energy into the chanber for creating an electrical field
therein. The electrical field creates an electron flow within the chanber
whi ch ionizes 15 individual gas atons and nol ecul es by transferring kinetic
energy through individual electron-gas nol ecule collisions. The el ectrons
are accelerated within the electric field, producing efficient ionization.
The ionized particles 1 s 25 SEP 2003 WO 00/58995 PCT/ US00/ 07902 of the
gas and free electrons collectively formwhat is referred to as a gas

pl asma or ooy @R.IMAROIING FAR N BIRPRIFUTIONM ANDIPENDRMANGE INQINI IRBUCTOBLY @elep from
10'i up t4MAy ionized plasma (based on the fraction of ionized particles
with respect to the total nunber of particles). 5 The plasma particles wll
generally be positively charged, and are

Eieid of the Invention:
This invention relates generally to semiconductor processing utilizing
a plasma, and specifically relates to the improvement of plasma distribution
5 and process performance within a plasma generated and sustained through
inductive coupling.
Background of the invention:
Gas plasma generation is widely used in a'variety of integrated circuit
(IC) fabrication processes, including plasma etching, plasma enhanced
10 chemical vapor depasition (PECVD), and plasma sputter qeposition
applications. Generally, plasmas are produced within a process chamber by
introducing a low-pressure process gas into the chamber and then directing
electrical energy into the chamber for creating an electrical field therein. The
electrical field creates an electron flow within the chamber which ionizes
15 individual gas atoms and molecules by transferring kinetic energy through
individuat electron-gas molecule collisions. The electrons are accelerated

within the electric field, producing efficient ionization. The ionized particles
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commonly utilized for etching a surface of a substrate within the chanber
.or depositing a layer of material onto such a substrate. Wthin an etching
, process, the substrate may be negatively biased such thpb 38 2@dsitive

pl asma paw‘{;){?gﬁs are attracted to the substrate surfacep¢gudaggaggd t he 10
*surface an us renove surface particles or etch the substrate. In a
sputter deposition process, a target nmay be positioned within the chanber
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Generally, there are various different ways of producing a piasma

within a process chamber. For example, a pair of opposing electrodes might

20 be oriented within the chamber to capacitatively couple energy to the plasma.
A microwave resonant chamber utilizing ultra-high frequency micro.wave

fields might also be utilized. Electron cyclotron resonance (ECR) devices, on

the other hand, use controlied magnetic fields in conjunction with microwave

energy to induce circular electron flow within a process gas to create and



20 material through which the inductively coupled energy may pass. One
~Suitable dielectric material for a wi ndow or chanber side $ P foprtz.
Various | CP systens are known and utilized in the art, as éenced by.
varl ous i ssuedwpPeX0/8$9% directed to particular ICP details, sHNYIPPasm 3
*2 5 SEP 2003 WD 00/ 58995 PCT/ US00/ 07902' wuniformty, RF matching, and the
per f ormance characteristics of the antennas or other inductive el enents.
The geonetry of an ¢Raimys bREMas Ieduwtientduptiag brdcasdesraré aisdqiopular, Ninddareot h
the plasma density and uniformty, and ultimately, the processing 5
uniformty over thepartiegiady désvableddrthgindapabifyrof pestiging AHigI-E8/E1 . plasmd. S
desirable to produce a uniform high-density plasma, over a significantly
| arge area so that I|naugtvebudmipteatptastiag¢icPrgghdraleutiize o shampkat &dl.or Batenna
exanpl e, manufacturing of today's ultra large-scale integrated (ULSI)
circuits requires apositisreed withfrespecptatheeprovessirgachagenizanhis tinductigei @supig
di ameters of 10 approximately 200 nm Mbre specifically, in an | CP system
the plasma Bs excit eseryy ifteahé pepcessirexctahitey ant ¢isrorette and sbstaipl AsEBmBegi on
of the processing chanber. The inductive currents which heat the plasm
el ectrons are deri vedrdinom oscill ating nmagnetic fields which are produced
proxi mate the inside of the 15 dielectric w ndow or sidewall by RF currents
wi thin the inductive ant®esmexampleoinl onelbartisplat idesigulifet an brductivelpfcouplede
magnetic fields is a function of the sumof the individual magnetic fields
produced by each poplasma (ISP)sgstemanan infudtiee caiidranteanais positibonextprdxictate the
Therefore, the geonetry of the inductive antenna or coil significantly
det erm nes t he spat topl pattist raf thet crambef td treatsl & plasmaawithir? thepetrambenl Mdrg t he
spatial distribution and uniformty of the plasnma ion density within the
process chdfber. Assmeuificaipnbheantannads pesiticnedaon npe aide'of'a dibleptic Hateloras
that disclosed in U S. Patent No. 5,669,975, establishes a significant ion

- density in the centwindoaw atahefoptdfthegmbeessiag ciambergiret elédtriqabenergl ol the t he
outer portions of the antenna will also contribute significantly to 4 A

antenna is coupled through the dielectric window and into the plasma. One

such design is illustrated in U.S. Patent No. 5,556,521 which is commonly
owned with the present application.

15 In an alternative ICP processing system, a helical or solenoidal-
shaped coil is wound around the outside of a sidewall portion of the
processing chamber to inductively couple energy to the plasma through the
chamber sidewall, rather than through the top of the chamber. In such a
system, a portion of the chamber sidewall is fabricated from a dielectric

20 material through which the inductively coupled energy may pass. One
suitable dielectric material for a window or chamber sidewall is quartz.
Various ICP systems are known and utilized in the art, as evidenced by

various issued patents directed to particular ICP details, such as plasma



' 2 5 SEP 2003 WD 00l 58995 PCT/ US00/ 07902 pl asma ionization. Wile a

signi ficant advantage of an I CP systemutilizing such an antenna is the
linearity of the systemw th respect to the power delivenelSEB W antenna
and al so tweowssddsus of the process chamber, and while thecousmemno:’ CP
systens and antenna designs utilized therein have 5 provided sufficient

pl asma generation, such systens still have certain drawbacks. For exanple,
wi thin the confmifoesityRFenatehingiand@Re pgridnmanscecidracénstiosoithebh@gnnad i ons, it
is difficult to scale the process chanber to a larger size for handling

| ar ger subst r abesthes inbuaiive elegmarts.cant |y i ncreasi ng the di nensi ons of 10 the
antenna or coil. An ICP antenna with a larger footprint nust be

accommodat ed w t h eEReegedmetryraddnflCOatysteam @ sigmifigant (et ingletarsirimg
Furthernore, |arger antennas and their associ ated plasmas exhi bit greater
sensitivity tobgthothespiagna alepsity andi uriiormibhearchaltinately, Five progegdimg t he

pl asma process, such as an etch or deposition process, becones nore 15
sensitive to punifeesiy pyeathe area ofithe aubstiade.s Hxsttodays tprodemsgstit ¢ st ance
within a sputtering system the target material within a sputtering system
t he pressure wiédiiablettb producea ssifartmahighwdensityplasne, beerghdigrificanty thirde
configuration of the chanber. Furthernore, current |ICP systens utilizing

pl anar spiral araesonthst lbegecsubStratehsidzst eightise aoadmmoddted eiFor eR@mplest ri but i on
of the plasma is not aligned with the central axis of the chanber. Such

pl asma asynmmet mandiagiusiog of today's.uitré dtarge-sgale intedrated| (HESH cirodits fequises formi ty
of the deposition or etch process, thereby affecting the overall system

ef ficiency. Stalderfse; tuniform lasa over elarges snibstrateshiHavinga diarmegersr of
doughnut - shaped plasma for one process and 5 WO 00/58995 2 5 SEP 20U3
PCTI US00107902apprexicateinddhapnset of paranmeters, while creating a centrally
peaked plasma , far another process and other paraneters. Accordingly, the
pl asma shape and urMererspecifically, inan ICBsysteme the plasna is excitad bgihesting ens and
wi || be process dependent. Therefore, the overall |1C fabrication process
will not be 5 obexnitingesiectionsin thecplasraa regien ofdbe pracessingichambpt. aErea pr ocess.

inductive currents which heat the plasma electrons are derived from
oscillating magnetic fields which are produced proximate the inside of the
15 dielectric window or sidewall by RF currents within the inductive antenna or
coil. The spatial distribution of those magnetic fields is a function of the sum
of the individual magnetic fields produced by each portion or segment of the
antenna or coil conductor. Therefore, the geometry of the inductive antenna
or coil significantly determines the spatial distribution of the plasma, and
20 particularly the spatial distribution and uniformity of the plasma ion density
within the process chamber. As one example, an antenna having an ‘S’
shape, such as that disclosed in U.S. Patent No. 5,669,975, establishes a
significant ion density in the central area of the antenna. At higher RF power

levels, the outer portions of the antenna will also contribute significantly to



Anot her drawback wi th planar antenna systens utilizing an S-shaped antenna
.or coil, is that the outer portions of the coil marginally qafnégﬁ

pl asmas created by the central region of the coil, thus gl@ P |nut hal
dependence wi t Wioros#ees pl asna, and a corresponding azi nut hal BEHESETEE 10
“in the etched or deposited filnms on the substrate. That is, along one axis
of the plane defined by the coil _the plasma will have a dlfferent
uniformty and densP@§me FP&ﬁaﬂP%nWﬂ@tWﬁcﬁlnhﬁ%‘fanﬁﬁgiesd@f‘ ILResystem utilizing
Accordingly, it is an objective of the present invention to overcone

dr awbacks in the prPBY¥h ?m&ﬁﬂaﬂﬁéﬂﬁ H@aﬂpr%@ﬁéyéﬁeﬁbygglrﬁ@e&&ﬁmP% 15
particularly an I CP system a dense, uniformplasma is created. It
i s anot her obj ecti vEeltyeradda tb‘? é@'@ﬁf’a iand &'sa R r?‘!i”?)Pf)\'/‘FdE"%F%rﬁh\ambﬁf rﬂ"ﬁsna
which is | ess dependept upon the_ size and shape of the rocess chanmber than
current plasma procé’g kg e Qrent P systems and pitenpr erigns Biilizeethereindhayeovi de
a plasma which is symetri 0 the oceSS|n chanber I s anot her
obj ective of the pré?&qﬁd %«%ﬁﬁf agga ;ﬂeg\‘?ﬁi‘?” Sy FM?tﬁF‘SdéwlsbaYﬁ £8fainover
a large area, such n area sufficient to handle a 200 mm wafer, while
mai ntai ni ng a conpa 'aniﬁﬁf‘ St nexpensi ve design of the inductive coi | or

antenna. 6 2 5 SEP 2 3 WO 00/ PCTL USO /0790 k IS sti II anot her
obj ective of the present qrﬁmﬁ’ﬁ'o (CG0TRRS L SXISNG: 8 tSYBleTSAPdANRNNGL i on

Geposi t1 on pr ocesseesraipRRaea ks JEES é&%@ﬁ&ﬁ%b@rﬁéﬁéﬁhﬁgﬁgﬁiﬁﬁ%&@m
such as pressure anﬁanJﬁng g?g@?%ﬁbs?ra r;e&lg%ut sxgnlﬂcantly increasing the dimensions of
10 the antenna or coil. An ICP antenna with a larger footprint must be
accommodated with expensive modification to the processing system.
Furthermore, larger gntennas and their associated plasmas exhibit greater
sensitivity to process parameters within the chamber. For example, the
plasma process, such as an etch or deposition process, becomes more
18 sensitive to process parameters such as the substrate-to-target distance
within a sputtering system, the target material within a sputtering system, the
pressure within the process chamber, and the height and width configuration
of the chamber.
Furthermore, current ICP systems utilizing planar spiral antennas have
20 exhibited asymmetry wherein the distribution of the plasma is not aligned with
the central axis of the chamber. Such plasma asymmetry degrades the
uniformity of the plasma and the uniformity of the deposition or etch process,
thereby affecting the overall system efficiency. Still further, planar antennas

may exhibit a ring or doughnut-shaped plasma for one process and



5 These and ot her objectives will becone nore readily apparent fromthe
-description of the invention set forth bel ow. Sunmary of Ig;l ntion The
above objectives of the present invention are addressed Z)I).? Pp essi ng
syst em f owqoose®ssi Nng a substrate with a plasnma whi ch utecriuses740d "uni quel y
“shaped inductive elenments for generating and nmai ntaining the plasm. The
systens described herein utilizing an inductive elenment configured in
accordance W tdbriddfofdihg eetdf@aratheteRs while ssating 8\centrdlgpeakefpi@smauni form
and dense plasma over a significantly large area in the chanmber without
requiring a sifgnahottenprocesy Sasethenparaniatees. AbZadihgly, the prIFHackHapag 15 t he
i nductive elenent. Wereas, in prior art plasma processi ng systens,

i ncreased energpd unifotaitiie @dt ¢arsidtéri avithinasiom ICR gysteresland will@eigrbsssgt | ncrease
in the size of the inductive elenment as well as the correspondi ng size of
t he processi ngdegemdiar., THerefpreosthst overaienCi fabrigutioni presesiendiensinibkor m

pl asmas while maintaining a conpact, and therefore relatively inexpensive
processi ng 20 cirsistent fiopesnd plagmbproddae topanstesyiagns prokess. conpri ses a
processi ng chanber defining a processing space therein, and including a

substrate support fAHotisetRipaWback With plartas bntehea Yystdmgutiibing B Scstapedy space. A
gas inlet introduces a process gas into the processing space, and a plasm

source of the gytehmdror coil, is WaDIRE® obfdd Portidns oBlike 2EW0BRalREIN2R8ARE02 i s
operable for creating a plasma fromthe process gas. The plasma source

conpri ses a disiheahs createdbipthelcmntrapregiapeafenakoiy tlsagiving anakignghalwhi ch
interfaces with the processing chanber proxi mate the processing space where
the plasma is dependendenitiattheAlasnngl wndiarespaning dzénynslideperdhcd out si de
of the chanber and proximate the dielectric window and is operable far
coupl ilg el ectinitbebtchae boyeposited flmsanythe lsumstrgte.t Tieat ds, @longtone @xisiofdow and
into the processing space to create and naintain a plasnma therein. The
i nventi on cont theplartectefined bythe adilf the péasmadeitl ihgve a dffferdre uhifatmity iand el enent
for achieving the goals of the present invention. In one enbodi ment 10 of
t he i nventi on, dérsity thahualbny encthemplanarcdagofitiseesoi coil which has multiple
Accordingly, it is an objective of the present invention to overcome
drawbacks in the prior art and provide a plasma processing system, and
15 particularly an ICP system, in which a dense, uniform plésma is created.
It is another objective of the present invention to provide a uniform
plasma which is less dependent upon the size and shape of the process
chamber than current plasma processing systems.
It is still another objective to provide a plasma which is symmetrical in
20 the processing chamber.
It is another objective of the present invention to provide a uniform,
dense plasma over a large area, such as an area sufficient to handle a 200

mm wafer, while maintaining a compact and inexpensive design of the

inductive coil or antenna.



coil turns disposed successively along the length of the coil and from one
.side of the dielectric window. At |east one of the coil turns is qriented
ina first plane, and another of the coil turns is ori ent ed@ BrSEL ond

pl ane whi ch i swameFa®es from the first plane. Specifically, mRGIYPYORG; |
turns are oriented 15 within the first plane and multiple coil turns are
also oriented in planes which are angled fromthe first plane. The first

pl ane is oriented gener dtibgtilpanctitdr ebjettiveat themnesentioventiom tagdrovidescatisistent t r i ¢
wi ndow. In that way, the coil turns within the first plane lie flat agai nst
t he diel ectric w nduasmIigeneratibn and therebygireddd cansistend pfacessespbunheasoeten

di sposed at an angle to the dielectric wndow. In one 20 enbodi nent, the
coil turns which arproaesfesdand tdeppsitigre progesseshewifi¢h sre éssndegandeot iupoted t o
be generally perpendicular to the first plane. In other enbodi nents, the
coil turns are anglpracass pargmetendrsugl as prassuiecandiar charpbemgeontatryfozisizsl v,
multiple sets of coil turns are oriented in the first plane whereas the
coil turns $hat are angl@eserapmatihes objactvespvill beceme meos readiyiapbasentvicoem 8
WD 00/ 58995 2 5 SEP 2~3 PCTI US00/ 07902 ' those sets of coil tums. In that
way, a uniform pl asthe descrintioatat the iByentignisetfiorth bgloworre coil tums of the

i nductive elenent within a plane that is flat against the dielectric

wi ndow, pl asnma st abSyinmaryofithe inventiod. Utilizing coil turns which are

angl ed fromthe planar dielectric window provides for a 5 greater nunber of
coil turns along the di eTrecabive athjecdives phthe presend irventarhamvadiiressedimi ag a
generally planar coif of generally the sane dinensions. That is, the

i nventive el ement cprogessingsyiien donpro¢essingd substratetwith a plagma vdichpatilizeslesi gn
whi ch does not require significant increases in the size of the processing
chanber. Th@ coil tumiguelyishaped inductiven elementy fartgeperating .and meintaipharthe and
concentric, and define an inner coil end and an outer coil end. In

al ternative enbodi neiasmaof Thaesyistemm dpsniibed mereipi ytilizingsanwtindsptiver elemeant ed
wth respect to the planar dielectric wndow are coupled to the coil turns
within the first pleandigurediimaecasdanceavithiihe prigeiples efithe oresgnt inventionicesate oi |
end to vary the configuration of the inductive elenent and thus vary its
effect on the 15 playniiorm andiderseRiasrea averia sioriticastly lasgroaneadt therhapbes ent
invention, the processing system may conprise a second inductive el enent,
such as a helical cwithoutregiwing apignifeant indreasedn charkearsize foceacommagdation i s
utilized in_conjunction with the inventive inductive element. In that way,
el ectrical 120 ener gifieiidyatie elementy Whareas it 8tor 31t Blasmp|RI_FRSSIHG SHSTMSM t he
end of the chanmber as well as fromthe sidewall of the chanber. Preferably,
each of the inductiPereasehBPRraY in{ogyRed iBlg the PIaAMR Aedlired designificaptiperease
energy source for i,ndege,nden ly biasing the fir nd second, i nductjve

el ements. Al so, Far@di SléﬂPéﬁ‘ng%{-FéW?)P %srye%tégf i GHESPINHNRARER bR of

t he i nductive elenents and 9 , . ) )
processing chamber, the present invention provides dense uniform piasmas

1

while maintaining a compact, and therefore relatively inexpensive processing
20 system.
Specifically, the processing system comprises a processing chamber
defining a processing space therein, and including a substrate support for
supporting a substrate within the processing space. A gas inlet introduces

a process gas into the processing space, and a plasma source of the system



2 5 SEP 203 plasma to enhance the inductive coupling of electrical energy
-into the plasma and reduce capacitive coupling. The present invention,
utilizing multiple, independently-biased inductive el enents SERY200 utilized
for a var gl ysefesdi fferent processes, including etchingpptr@sageer and
“deposi tion processes. The present invention has been found to be
particularly useful for ionized physical vapor deposition (iPVD). To that

end. the targels giBlddid @) cith a&ssms%mtﬁélgg,c%@gaﬁfﬁebBemqis%L?cg”ticve

wi ndow to be sputtered by asnma gener at e 1 nventive I nduc

el ement proXi madfoddaata Qiefciid WirkioW REGY al &?&W&?R&%M&é& @{;ﬁ%ﬂﬁer aspect

of the present invention, the inductive elenment utilized wth

it e cor || HagEs Bin3Re sy cramERr pARhaORE drofesdhd Bhded 'R "D
| whi oh | , i al e W 3 |
Bhich are ang SR heigsrts felfs Be Hhaied Sohtlbfye bR HHofid o' 2nes

i nduct ve el engitigbapalchkibér ﬁacbrgiigﬁ%rthé’Qire?é&?rfbswi%osyv%ﬁ{%‘ﬁhgﬂéﬁlecOi' tuns

whi ch arcuate portions are oriente spaced I n genera ori zont al

planes to for mov%&aufaslénaet&taﬁ@#gg,(g{a'ukti»rewmrough%g%reﬁé&ﬁé kéﬁg% d coil

tuns are oriented genérally par to the drelectric wn gai n,

utilizing Stac}ﬁ@th@%&cﬁﬂﬁ&?@a&e @ Pédt8 and AR aés,ﬁaiﬂheréw ns may be

utilized within the'inductfTve el enent w thout 1ncreasing the overall

hori zontal footpri RtheGhvehtih SdrRemPiated VerdUsifdraft d{ﬁ?i?dﬁg%fttﬁ?inagétﬁ/epf the

processi ng chanber that is necessary for accommp ng the i1nductive

element. !N ACERiEAGEFacMehodNOLEAS ofthR BRbeRlinvehfioR! A erhibRAbAC, the

i nductive element 1's not 1n-t rmof a coil, but rather, conprises a

plurakpty 10 oftng inyeRtig0 e indlichenaahent cipfued aleof AMERNS ALKBROCI 11 8

non-coi |l fashion and positioned In circular pattern aroun center of

the inductive elieRfY ishdtedRacesEaRdlyTbNo b /léndiftRE BILELICAR NG nes egent s

of the inductive elenment are disposéd to extend radially outwardly fromthe
center of the kiﬂé"éFEHchﬁeleétﬁgWiﬁdow. PAﬁBQ%t'&ﬂé o2 &N is diénte@nR at ed

segnents thenselves formindividual coils. The coils are arranged in a

circul ar patt efiigt Rard! AAd BREhEEHRE c@i; tutr¥ds bRERLE iirY 8 seESHENANE Mflickr © not

simply successive individual turns of a larger coil elenent. The repeated

conduct or segMRHnyied o thefirsEplahs. Bpabifcaliganetiplel doilRamsl drelorikftedhe pl anar
surface of the dielectric window. The inductive el enent conprising a

pluraltsty of rgpertRAiGPEHNER MARYEEHI EmedRYe BBoloREARE implahe® GRickd segnent s
within a single plane, or nmay conprise |ayers of repeated conductor
segnents. For gpeaigled frotife it pRined TheWieki plaPk iS 866MBE gehérallfpalafiiuct i ve
element may forma first layer, and a second |ayer may be fornmed by simlar
repeat ed condutDplanr@iEadesofhe didleatric wirkida/ ah that a@yetibedd itviAs Withim t hose
segnents in the first layer. The repeated conductor segnments m ght al so be
utilized to cothelfiestepiatieie fatayainet thehaisteetric iwindovao The il @ivds \sigledpor t i on  of
the chanber and a sidewall portion. To that end, the repeated conductor
segnent s i ncl uftemhios firstopidred are iippesédsatain anglead tied dis@cticavinddver inagrég wal | and
vertical segnments oriented along a sidewall. In accordance w th anot her
aspec0of the pmesdinient, iveodil ms whiph atessyietDwitly séspechmytha firdtiptanhean

i nductive elenent which is operable for coupling energy to the processing
space si nul t anerustigntéd dmnbeogéneralyi derpahdicular to the first plane. In other

embodiments, the coil turmns are angled at less than 80° from the first plane.
Preferably, muitiple sets of coil turns are oriented in the first plane whereas

the coil turns that are angled from the first plane are positioned between



" portion and an end wall portion of the chanber. To that end, the
-processi ng chanber has a sidewall portion and end wall porti % ﬁﬁlﬁzﬁ@ are
formed of a dielectric nmaterial. In conventional processi n92 é , an
end wal | 11  WA903B4958995 2 5 SEP 2003 PcTl usool 0~90a ' por PEHHSIOSIWA as a
“dielectric window, m.ght be utilized in conjunctive with a planar
+ conductive elenent. Alternatively, a conventional processing chanmber m ght
utilize a sidewal | thosersetsodf cpildiugisectrr thet mayeni wlifomhenlasnma i ¢rehtedal Byoi |
is wapped around a sidewall for inductively coupling energy into the
system 5 |n accor daaptainipg semeneoilduing of ihedndustive ¢lempniwithin a plane thatinflatt he
processi ng chanber includes both a sidewall portion and an end wall portion
formed of a di el ecta3gainstihedielgctricmiadow iramy stadllipnismaisteinsdi dddizingswsinent
thereof which is oriented along the chanber sidewall portion and also a
segment thereof whiturmsi whigh jase Eagled| fomg the olanaa disgctic wingow prevides dar &or
coupling 10 energy sinultaneously into the processing space, both through
the sidewal b and ergfegigr Inupwer iod g9l dyrns idonghthepdielectris windew dhan woid be
i nductive el ement conprises a coil having nmultiple coil turns. Segnments of
the coil turns are anhieypéd atlizingom generaliycpiararaoil of genkrally thesemedimansions. her
segnents of the coil turns are oriented along the chanber end wall portion.
The coil may be 15 Thaidnftheinveativuelrmentereaiesta derseonifore plasma utifizing a
segnents which are oriented al or]gi1 the sidewal |l are angled from each other.
For exanpl e, si dewstampagtdasignsvhigh daes nebienuire sigrificangincregsesinithensizelof the
general |y perpendicularly to other sidewall sections of the coil turns.
Al ternatively, the RfPerRssifigl chambsronshericghturpe afiesiedswithiaithe dfirstopisneligre er ent
angles rather than a right angle associated 20 with a perpendi cul ar
orientation? The cdiarlaganardsangentss, andidefing ag iner GQIWB:P 309 2D enter et engt.
turns being positioned generally along one side of the chanber and anot her
set of turns bei ng |pademativecembrdimeats|of the iByeptianthreeil Yiraewhich @fe agalgdber .
12 A 2 5 SEP 203 WD 00/58995 PCT/ US00/ 07902 ' The processing system of
the present inventiWih [RSPestAPihe Pianar giglantiic, windaw Arei caupleddadhe Sopteppde
dense, uniform plasnas in a conpact design. The jinventive primary inductive
el enents nay be utiWithiethe rstriafeRiPPO the innes sebrad Py at therutarnrell @nddant s
for further enhancing asnma processes, such 5 as ionized physical vapor

| ] | Y%
deposi tion. The i nWR¥ F"Sr?"ﬂ@%’"ﬁ@"l.ﬁf the ipdetiye element.and thus vary its effect on the

15 plasma.
In accordance with another aspect of the present invention, the
processing system may comprise a second inductive element, such as a
helical coil wrapped around a chamber sidewall section which is utilized in
conjunction with the inventive inductive element. In that way, electrical
20 energy is inductively introduced into a plasma both from the end of the
chamber as well as from the sidewall of the chamber. Preferably, each of the
inductive elements is coupled to an independent electrical energy source for
independently biasing the first and second inductive elements. Also, Faraday

shields are preferably positioned between each of the inductive elements and



greater amounts of electrical energy into a sustained plasnma w thout
Tequiring an expensive increase in the size of the chanber necessary for
accommodating the inductive el ement. These advantages andgdj ISEP 200Bvant ages
of the present invention are set forth in the detailed description 10
her ei nbel ow. The acconpanyi ng drawi ngs, which are incorporated in and
constitute a part of this specification, illustrate enbodinents of the

i nventi on and,pESHEeIOIféIhaWBttEeéIId@EIHV&%ﬂUpw&gﬁ?ﬁéqcﬁwnﬁgyﬂ'ﬂ@tIIerRII%SfI‘t’? on given
bel ow, serve to 15 explain.the principles of the invention. Figure 1Ais a
per spective vigdr ?U%¥°?%8I35? F9PliBfeent utilized in the plasma processing
system of the inveqtion. Fi gure Jf B ist..a. frontI.Yi ewdof t he igduc ive

el ement of Figure TR® BIGPE 13Veatiod. Ltliaipg , YItRR, (HEREIFENHYO@S8R nat i ve
enbodi ment of .ap 20 i qduct i ve elbem@1 (ljg acgordglncfe gl th the Eri nci pl es of
the present | MAHAINGSSRPYS MY BB Pizgd Jpiga ANKY R Fiie15at PIO%eRSPShr oken away

' f I i t ' ith th i nci pl f th
b csent. | nventIOHING: SRR P BLFSS] B RERPTOe RPERESY 1 KR8 RO ve |

I t of Fi A utili | Far ad ield. 13 .2 5 SEP 2003 WO
001 58995 PCTI (NEGPD Pab bed epthfobd s e yiehuTetioniceh Bhvsisabrandh | nduct i ve

I t. Fi 2A., i ti [ f | t [ di t of
“nducti ve el eiBRPRT AR aare d'ah 19, (F PPh R LT CROeEEh,
[ tion. Fi 2B | ti ' f the inducti I t of
Flgure 2o 5 WHRRERIE CBIFTE IO G RILPGREY A paeHe GoREed Odhea. Fi gur e
3A is a perspective view of an alternatiye réil'l)odi nment of an inductive
el ement in acé"b‘feﬂ‘&ménq?dc V¢ ?Iﬂ@eﬁtr?rﬂﬁ'mt%é‘a(ss' §FHCIHREMAt i nvention. Figure

B i front view of the in ive el nt .of. Figure 3A.
3 s a ont € Ir(x) actcoreclancéI l\Iv(It ar?otﬁere gs?petct Oof tI1:e %Irjeseeng invention, the

inductive element utilized with the dielectric window at an end wall of the
chamber comprises a coil having muitiple coil tums. However, rather than
the coil turns being within a plane which is paraile! to the planar dielectric
window and other planes which are angled from the planar dielectric window,
the alternative inductive element has arcuate and linear portions of the various coil turns which
arcuate portions are oriented and spaced in generally horizontal planes to form vertically
stacked coil tums. The vertically stacked coil turns are oriented generaily
parallel to the dielectric window. Again, utilizing stacked coil turns, a greater
number of coil turns may be utilized within the inductive element without
increasing the overall horizontal footprint of the element and thus increasing
the size of the processing chamber that is necessary for accommodating the
inductive element.
In accordance with another aspect of the present invention, the

inductive element is not in the form of a coil, but rather, comprises a plurality

10



Figure 4 is a perspective view of an alternative enbodi nrent of an 10
-inductive elenent in accordance with the principles of the present
invention. Figure 5A is a perspective view of an alterna2bvEERddi nent of
an inductive elenent in accordance with the principles of the present

i nvention. Figure 513 is a perspective view of an alternative enbodi nent of
an i nductive elenent in accordance with the principles of the present

invention. 15f répegitac coAdicton skments Cavratigedninakt smadil Vashmbadd ment of a
pl anar inductive elenent in accordance with the principles of the present
I nvention. FpegitienedBniasciaulae panedtdryndthe centér afithaliidectivad elg@estrbodi nent  of
a generally planar inductive elenent in accordance wth the principles of

t he present InmnveatentodidéntFitigl repeated sormiupter spemithtscofvihevinddctiae al t ernati ve
enbodi ment of a generally planar inductive .elenent in accordance with the

princi pl es oéletrfent preedispbsddnceaitemd radially outvabdipFidn2 @ Y¥RtE0fTRO95
PCT/ US00/ 07902 Figure 6D is a perspective view of an alternative enbodi nent

of a gener al ingugtivenatemantuciin Vancthe? MemMibodifies ahe drpeated kégrhdis Pri nci pl es
of the present invention. Figure 7Ais a side view of an enbodi nent of an

i nductive el geBigbives fdmlildividi#ITolls. THa\eI ar@ardhddd iAerkircOlar S4ttdp i Ng
el ectrical energy into a processing chanber fromthe sides and end thereof.

Fi gure 7B i saufd dte vester of thalndutkieslelekrht arid e redt isihpipklLisceskivsluct i ve
el enment in the present invention utilized for coupling electrical energy

i nto a prdadiskiuaigunkafdiargef codiraldnteat, SThdespeated canmddctbiwepmerits ark Qriéntgline 7C is a
side view of an enbodi nent of an alternative inductive element in the

present i Nyl bGikrdtlyipatali8ido fHRplBAURHHRDT HeWedchkAinddver e ihdicAvé
element comprising a plurality of repeated conductor segments may be formed as repeated

' segments within a single plane, or may comprise layers of repeated
conductor segments. For example, the repeated coﬁductor-segments of the
inductive element may form a first layer, and a second layer may be formed
by similar repeated conductor segments which are generally co-extensive
with those segments in the first layer. The repeated conductor segments
might also be utilized to couple energy into the chamber from both an end
wall portion of the chamber and a sidewall portion. To that end, the repeated
conductor segments include horizontal segments oriented along a chamber
end wall and vertical segments oriented along a sidewall.

In accordance with another aspect of the present invention, a
processing system may utilize an inductive element which is operable for
coupling energy to the processing space simuitaneously from both a sidewall
portion and an end wall portion of the chamber. To that end, the processing
chamber has a sidewall portion and end wall portion which are formed of a

dielectric material. In conventional processing chambers, an end wall

11



processi ng chanber fromthe sides and end thereof. Figure 7D is a schematic
-perspective view of an enbodi nent of an alternative inductive elenent in
the present invention utilized for coupling 15 el ectrical2&n8tfMBnto a
processi novob@ssimer fromthe sides and end thereof. FigurreT8R&00/9@ "Si de
‘schematic and partially broken view of a sputter deposition processing
systemin accordance with the principles of the present invention. Figure

88 is a side sph@BRiduech@3th BRlectriz| wibiddw,aHight be @ized irfcarmpurdtios with adeposi tion
processi ng systemin accordance with the principles of the present

I nvention. Fi gpbRar¥ontsctite gieftfens CAlRMitively abnpertional drycdasinl§@havbew of a
sputter deposition processing systemin accordance with the principles of

the present i nwigitiutiize dSidBwall iAmea/ch8 AfectriccmaieRallWRednld MERANLELIO02 Fi gure
1A is a perspective view of an enbodi nent of an inductive elenment in

accordance Wit 3 virappgtt arocndoh eriewhi! fon indpetiveiyebuplimg@mergyintodhe systerhn a pl asma
processi ng system such as that shown in Figure 1 D. Inductive 5 elenent 10

I's utibized told schoeddncsIwitrcthieprinciplescdf ithes plesermtangantion! thedprBEsssrrsSi Ng
chanber, for igniting and sustaining a plasma for processing a substrate.

Pl asma pr ocesschdgnbet indiudel botis# didewall fortioband ah end wali@ortRwaihed oft he
I nventive system m ght be used for sputter etching and deposition

processes, pl agrdelettheratshalVDhé Riduvie glementsconiprisesd SeyindniythdredtvD)
processes, 10 and reactive ion etching processes (RIE). Figure 1 D

i1 lustrates a phizhas drieged \ddrMmhéZhambbr Sidewslcesrtiomana gtbse seddetithi ch
defines a processing space 14 therein. Processing system 12 is suitable for
use Wi th vari otieredf wiich isrgHientddvaiond ereecHambee ead iwatichortion for coupling
10 energy simultaneously into the processing space, both through the sidewall
and end wall portions of the chamber. To that end, the inductive element
comprises a coil having multiple coil turns. Segments of the coil turns are
oriented along the chamber sidewall portion, and other segments of the coil
turns are oriented along the chamber end wall portion. The coil may be
15 configured such that sections of the coil turn segments which are oriented
along the sidewall are angled from each other. For example, sidewall
sections of the coil turns might be oriented generally perpendicutarly to other
sidewall sections of the coil turns. Alternatively, the sidewall sections might
be disposed at various different angies rather than a right angle associated
20 with a perpendicular orientation. The coil generally has sets of coil turns with
one set of turns being positioned generally along one side of the chamber
and another set of turns being positioned generally along another side of the

chamber.

12



herein. A substrate support 17 in space 14 is configured for supporting a
.15 substrate 18 to be processed. The substrate support 17 mai_) g‘,%gﬁom at ed
with a larger base 16. A gas inlet 20 is coupled to a proced S

22, such as anweangst9gas supply, for introducing a process J&3USHYYO 2he
processing space 14 to forma plasnma. A substrate bias power supply 19

bi ases the substrate support 17 and substrate 18 as is known in the art of
20 pl asma processi ng. ThHb&emromessisg sgstay of thmpresenhiovention btiléy the nvedtive or
top portion 24a fornmed froma dielectric material, such as quartz or

al um na, which is uhdudtizecidroents gunidevddnseconifirnm madsmasr in catorapest ggsignom

el enment 10 into the processing space 14. 16 AT 2 5 SEP 2003 WD 00/ 58995
PCT/ US00/ 07902 To ThHedihveninle pamaryridductives elementsemey, besuliizedais cehjgnetion with
illustrated in Figure 1A is positioned on top of the dielectric w ndow
24a. The processi ngesypsdarynirfductiviesziemnents tod fisther erhaating pR4dina pratessks, such
surroundi ng the processing space 14. Portions of sidewall 24c may be forned
froma diel&®ctric rastienized physicalrapoadeppsition.zThanhveandiommay be utilized ta inodudsib i s
formed fromnetal. Portions of sidewall 24c may be utilized to inductively
coupl e el ectrical ereatgy dmamtarofielecittal \aneedyeindmta isustaingg antasnial witheut

di scussed further below. The inductive el enment may be any of several

i nducti ve el enent s réfuichg spdexpensivel intrahse i thensizel of the ahamber retessary for
illustrative purposes only in Figure 1 D. The 10 inductive elenent 10 is
coupl ed t hrough a racommuagiating tthe Gadyctive elermente dhese advantagds andrather such
as RF power supply 26b, which biases the inductive elenment 10 to create
varyi ng RF magnet i cadvastages pfithe ipeegendineentiongre patderttiin the detaiaddesgriptign asma
28 therein, in accordance with known | CP principles. The matching unit is
an el ectri &l circuiereineelowknown to those of ordinary skill 15 in the art
to accommpdat e the |rrpedances of RF power supply 26b and inductive el ement
10 to provi de maxi nBgieffesari efFigures t he el enent 10 and pl asma under
various conditions. Plasm 28 IS then utilized for processing substrate 18,
such as by plasnma et chi Teaccappanying diawogs, whish arsiocuparated in andeanstiu es
wel | known to a person of ordinary skill in the plasnma 20 processing art.
The inductive nagnea ipertfofcthissspesificatiand ilstrate emboediments\gfithe inveption gRdct i ve
el ement 10, are coupled into space 14 through dielectric w ndow 24a.

Di el ectric w ndow 2agether wthar ggneyaliseserintion of dheninventien aiven brlewasersaitd ace

30 agai nst which the inductive elenent 10 is oriented. O course,
non- pl anar 187 explain the principles of the invention.

Figure 1A is a perspective view of an inductive element utilized in the
plasma processing system of the invention.
Figure 1B is a front view of the inductive element of Figure 1A.
Figure 1C is a perspective view of an alternative embodiment of an
20 inductive element in accordance with the principles of the present invention.
Figure 1D is a side schematic partially broken away view of a plasma
processing system in accordance with the principles of the present invention.
Figure 1E is a perspective view of the inductive element of Figure 1

utilized with a Faraday shieid.
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2 5 SEP 2(~3 WD 001 58995 PCTI US0O0I 07902 wi ndows m ght be utilized and the
-wi ndow may have contoured surfaces or other shaped surfacesgiggpaggpr dance
with dielectric windows known in the prior art. The confiduration of the

i nductive VeP R8PS 10 and its position with . respect to PCRAASRYYEYSSi ng
*chanber 12 and djelectric window 24a will affect 5 the shape, density, and
uniformty of the plasma, in accordance with the principles of the present

i nvention. The pr esEigure 1fviempesspestive Wewes an industive eiement shortcomings in
prior art plasma processing systenms by using unique designs far the

i nductive el enents Figuiea?4 ist hperspestive yiew ebare glternativerembrdipeotefsai ng
chanmber by such inductive elenents. 10 To enhance inductive coupling into
processi ng spadiduciive glemean acerdanes With #ie: Prinsipieseef thenprespptdnverdioaday shi el d
15 is shown positioned proximate the dielectric window 24a in Figure 1 D,
proxi mate the si de biButerdB iiamempettive gy obia infuctive elagiedtofdfigureAchanber 13
and toward substrate 18. A |lower Faraday shield 21 m ght be positioned in

t he chdnber anWithd reduesd rumnker ohigducterssn dhe egntrahared@i el ectri ¢ si dewal | 24c.
Wi |l e both Faraday shields 15, 21 are shown positioned on the inside of
chanber 13, they nafighee phis a penspective vieweoban siterpatfe ermodimentefraras wel | .
The Faraday shields are placed between any inductive el enents, such as

el ement 10, andihdubtiveierpentdn agrogdsace with theprinsipldscof thexpresentinvantionat ed. The
| ower Faraday 20 shield 21 nmay be particularly useful when utilizing a
second inductive el Bigem 3B isiacond yiewrofdhe induetiveralementsf fiamse BA24c (see
Figures 8A-8B). Faraday shields are known in the art and effectively

provi de i nproved i nOigute 4ds a8 pepireatlyeoview s Bgyaltarnative lempadimant ofa oss t he
dielectric window, 18 4 2 ~ SEP 2003 _ WO 00/ 58995 PCTI L1S00/ 07902 and
into t¥e procedinsiugiivessiement iragcgerapce wita thesprinciples of dhe presantdryentigncapaci ti ve
coupling between the inductive elenents and the plasma. Cenerally, the
Faraday shi el ds wi | FigurrcPhyirea aerspestiveiviw of an; pitaraativererabrdimentef ai el ds, as
illustrated in_shields 15, 21 of Figure 1 D, In shield 15, the 5 slots 23
are arranged t dugtiverglementin asrordanee with thepringiniasofithe presentdnyentigs.
illustrated in Figure 1 E. Shield 15, as shown in Figure 1 E,  is in the
formof a plate madEigyfe $RisA permpeciive Niew ¢f an altemative egibogisant &f |3n

hori zontal and parallel slots 23 fornmed therein. Shield 21 is inh the form
of a cylindri cildugtiveplemantdd asrordance Wi e RIMGIAIRS qfiike preseRtdnANtioRe si dewal |

24c vm'tg; generally 10 vertical slots 25 therein. However, the slots, such
as sl ot® 23 in shiefigumes6A is a top view of an alternative embodiment of a planar

inductive element in accordance with the principles of the present invention.
Figure 6B is a perspective view of an alternative embodiment of a
generally planar inductive element in accordance with the principles of the
present invention.
20 Figure 6C is a perspective view of an alternative embodiment of a
generally planar inductive element in accordance with the principles of the

present invention.
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m ght al so be configured in other orientations dependi ng upon the shape of
.the inductive el enents. For exanple, the slots mght follow t‘l}g ngp of
the conductors in other inductive elenents, as shown in Figur S ) Z@”or
7D, and di scuswedoksws her bel ow. 15 Returning to Figure 1A, rdEUsSOMI9CL | Ve
el ement 10 which mght also be referred to as an antenna, is in the form of
a coil having multiple coil turns 32. The terns "inductive el enent" and

; ; d i . | L TS V66 SRR il
forned of an el eotrical CHRAUH B ROCBPA G TS AN i FR B o
The cond . such I Ly WA LR d

coni gur ed antt shapda T, EadSRERNER e Rln Hdchufice Jibhe BLARs ot e

invention to forma RO Mhich will inductively couple energy into a
. tich. ~. .
processi ng chanber \%ﬁ%%ﬁa'n el'ectrical current is passed t hrough the

element. 19 4 2 5 SEP g3 MG QAP oP T biSORHRASA A TRIRES Bbridhy i 0UT ©

1A, the coil 10 conprises nmultip successive coil turns

B Ohoposed si1eces He el Bt il uling Bl enelliSftod blokesihd |

conjunction wth a w1 n acc Wt rincrp

the invention, the E&é@ﬁéﬁfmth@rsﬁ%ﬁ’gﬁ%‘%’gﬁ’{éﬁﬁesSi vely fromone 5 end of

the dielectric w ndo 0 anot € wi ndow, or fromone side to

the other side, as sShownpeRRGlbeich ibw & ehBoditf & 3hlabHiiSe flautlye St

one of the enbodinents of e Invention are arranged one

ofor ao195S the 3 Bt pd iAGAM byl £ SphaBdal EAR b3, e
defined by a 10 gengﬁl%g%nggﬁnﬁtﬁh tﬂF%‘i}Fesa?ﬂéHdltHérteB@t ed in Figure 1A by

t he dashed Iine 36 ar rererence nuneral 1n Figure 1 D. Qher

of the coilqgurns 34b arﬁg%iﬁ%%@ﬂeﬂ/i &P egbgfﬁ,&g@%n%temggqm{%@%e&

as illustrated by the genérally vertical plane o rence nunera

(Figure 1A). In accsdaem i aéafém%%v@rfgskgpmizea f&fcoﬁaﬁ\gpélf'&ﬁé"ﬁl e\g@%ﬁfb%nz

coif turn 34a is oriented in a T tirs ane, such as plane 36, Ichis

angled fromthe Seﬁgﬂge%iﬁé‘&an%éﬂ?foﬁﬁth@'sﬁi& atdreridthdeben coil turn 34b is
odi nent,

oriented. In one e pl ane 36
Figure 7D is a schematic perspective view of an embodiment of an

alternative inductive element in the present invention utilized for coupling

15 electrical energy into a processing chamber from the sides and end thereof.

Figure 8A is a side schematic and partially broken view of a sputter

deposition processing system in accordance with the principies of the present
invention.

Figure 88 is a side schematic and partiaily broken view of a sputter

20 deposition processing system in accordance with the principles of the present
invention.

Figure 8C is a side schematic and partiaily broken view of a sputter

deposition processing system in accordance with the principies of the present

invention.
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and coil turn 34a are generally perpendicular to plane 38 and coil turns
. 34b. In a processing system such as system 12 shown in Fi gﬁrg F;LCZEP
i nductive elenment 10 is positioned agai nst one side of theédi 'I':e Tric
wi ndow 20wd4es®ech that the first horizontal plane 36 i BCHPSWMMAIMH general ly
~parallel to a planar top surface 30 of the dielectric window That is, the
coil turn 34a and other simlarly oriented coil turns of elenent 10 are
oriented in a Petailedddescripkibn: parallel to the planar surface 30 of the
dielectric window 24a. In such an orientation, coil turn 34b, and coil
turns simlarly orifégarediAss g@erspective ¢éw of a3 emiBidim@00& an MBuEtWe58995
PCTI US0O0107902 34b, are oriented in vertical plane 38 and in other vertical
pl anes si m | ar élemeni isr@ceardbnrte Wittt the prihgiplep atthe dresamt jrvantion¥8r usessinshown i n
Figures 1 Dand 1 E. The coil tunms 34b are thus oriented generally
per pendi cul ar &elashe ploaesaing systeroesBb ax thahshawreinddgureci Dui imdaetivel n t he
enbodi nent of Figure 1A, multiple 5 coil tums, like turn 34a, are oriented
gener abl y hori elemeat 10/is afilizedrte ingactivelyl douple @lgoiricabenesgydintocnpreodssing wi t h each
other. Coil turns 34b are angl ed above the horizontal plane 36 and, in the
enbodi nent of ¢Ghayber, oA igrating grhesustdining\eptasmalforyprocessirigeal subdteteoi | t ur ns
34b are not co-planar, but rather lie in spaced vertical planes. The spaced
vertical planeBla8®aaprecessing i Wdeghamuaed éh |G Fabricatian.h Borhexampms, theown i n
Figures 1A and 1 D. Although coil turns 34b are generally vertically
ori ent ed, thosiaventivasystemonighttieused Sagpotteretchthganddepasitoroproessses] general |y
in or parallel to plane 36. The segnents 39 are generally parallel to each
ot her and are plasma®hhangedQND REQD s@grasaes iohizedPUD(iPVD)Lprecesdes, The
conbi ned segnents 39, 41 of 15 the various coif turns of elenent 10 create
an ar 88, i ndi canctreaptivebionekehingiroressesdBi®. 1 A, which results in a large
area of effective ionization within the plasm. The area of effective
i oni zation 43 is | drigwe 1Ralustiatesareprocessingnaystérn H2 hwithv adpragessingri or art,
conpletely planar coils having generally simlar horizontal footprints. 20
For exanpl e, bekamkas 13 whiabedefinesta pragsssing spsce i14. therain.nPreedssingar e not
co-planar with the turns 34a, those turns 34b nay contribute the segnents
39 for plasma syt A isvitapleferuse with yprioysepf thedndychveelementssieseredd t he
outside of the existing tunms 34a. As may be appreciated, in prior art flat
coils, such ashefgins-Asapetate supPert 17 in spaggr'é is configused flFfyPPPRGR segment
41 21 R

15 substrate 18 to be processed. The substrate support 17 may be associated

with a larger base 16. A gas inlet 20 is coupled to a process gas supply 22,
such as an argon gas supply, for introducing a process gas into the
processing space 14 to form a plasma. A substrate bias power supply 19
biases the substrate support 17 and substrate 18 as is known in the art of
20 plasma processing. The processing system further includes a window or top
portion 24a formed from a dielectric material, such as quartz or alumina,
which is utilized to inductively couple electrical energy from element 10 into

the processing space 14.
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2 5 SEP 2003 WD 001 58995 PCTI US00/ 0790Z woul d requi re anot her co-planar and
.concentric turn 35 simlar to turns 34a, around the outside gf ﬁgﬁ Zﬁﬁi sting
turns. Those additional turns 35 would significantly increas 5t

hori zont al f oowproossgssnf the coil. The larger coil footprint PEUASHNO19R T urn,
“require a larger dielectric window 24 and a |arger 5 chanber 13, which

i ncreases the overall cost of the chanber and overall system However, each
addi ti onal segnment 39 cOotthathend| agirtdactiveceiémantz atdhoas slemant4®, tifisttdied 81 enent
10 does not require another coil turn wapped around the outernost coil
turns in plane 36. ARarédA, istdositionad ort topres theddielactsc windew @da.oTh@pabessify and
only increase the vertical height of the elenent 10, rather 10 than its
hori zontal f oot pri systefhferteéoineludes sidewalssd4bgand Bichsurrdunding gheaprovedsirey

hori zontal cross-section may be utilized. The coil turns of element 10 are
shown as gener al | y space t4.r Eattians ofrsidewagii @4c mayibg formpedifiom 4 Sjelettrd naaterial, E)

al t hough they coul d have ot her shapes as well in accordance with the

i nvention. 85 | ndusucivas guantz mhile anothecmritan24b isiformedifronpmetat.i Portisndf t he
present invention, as shown in Figures 1A-1 E, 2A-2B, 3A-3B, 4, 5A and 58
create a | arger ar aidewalld4cavay be uiilizad 1@ indactiveiyt douplecelqitdcatrengryp fremisamng
chanber than nay be achieved with prior art planar el enments which have
general |y sim | ar siimdgdtifeeleprentint. sp26e 14, asdisousbamtfurtbertbelows Thé irguciieed i n
Figures 1 Dand 1 E, the inductive elenent of the invention is positioned
W th respect to a KEersertymsahibel ahysof sdvatal titductivey slenients38iscidsed Heveim argl ar ea
43, are oriented perpendicular to the slots of the Faraday shield. As shown
in Figure 1 E, indedamemnt &0 asretitizetOfar silystrativd puspdsesd ouky idi l6gwet 10.c Thendow
24a and slotted shield 15. The slots 23 22 - 25 SEP 2(~3 W 00158995
PCT/ E1S00/ 7902 arirdustives ategent A0 ish¢asipteditBrough lasmatehing shit 6pterpsoutceaf ar to
the coil turn segnents 39, 41 within area 43. Such an arrangenent, as shown
. in Figure 1 E, enslastricaherargy sush geRFepawsrtsupply 26bawhich binsescthe induetiveg gy
coupling and gas ionization within a plasm than a systemw t hout such a
shiel d. 5 Accor di nglemert 1040 geeatalearging RFanagnetiafields inthe prengssing bpacet e
processi ng space 14 of a chanber 13 with the inventive inductive el enent 10
whi | e mai nt ai ni ng tferforaing aplasva 28dhersin, i aaestanss wWith knnwn dCRpsnciples.

w ndow 24 and chanber 13 than nmay be achieved.with prior art coif inductive
el ements and ant enrfde.matgping ainitisran eleqtdeat cirauit walldmewn do thore of erdinaryiskill
illustrated in the Figures and described herein are |ess |imted in their
nunber of il turid ) aitHe arspmmedate therimpedancesicd Rl PewefesysPl 2EbANG he
dielectric w ndow and processing chanber. In that way, an increased nunber
of useful coil tunﬂnmqu)elemem ?Q%P'W'S’ﬁ maximym dglivaredrawarninathe eement
invention within an area 43 than woul d be spatially possible wth a purely
pl anar coil antennd0 amd plasmagLngdar @'Mﬁ@(ﬂdﬂﬁﬁ%nﬁ§sﬁ? 2 isvifen HiilizeddPe 1 F.

The principal plasm ) _ .
processing substrate 18, such as by plasma etching or sputter deposition,

according to principles well known to a person of ordinary skill in the plasma
20 processing art.
The inductive magnetic fields, created by RF currents within the
inductive element 10, are coupled into space 14 through dielectric window
24a. Dielectric window 24a is generally pianar, and will have a planar surface

30 against which the inductive element 10 is oriented. Of course, non-planar
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generation region 43 will generally be proximate the center of the
-inductive elenent, and therefore, utilizing the inventive ﬁFg such as
t hose of Figures 1A-1E, 2A-2B, 3A-3B, 4, and 5A-58, for e; e, re coil
turn segnewo se/a%s 41 mi ght be positioned in the center rregisne/er3eot t he
“inductive 20 elenent for creating a nore dense plasnma while not
significantly affecting the horizontal footprint or cross-section dinension
of the inducti vindewemmght bd dtililes amd the wirdsw frayrdve kahtouhst dumdiees brve el enent
10 of the invention still maintains the stability of the plasnma by
mai Nt ai Ni Ng CeltidrBhapad surfacs i dccerdangd with disleriSindOME kndWn0A k3995
PCTI USO0/ 07902 turns 34a) wthin a plane oriented generally parallel to the
pl ane 25 of t herieh £t eerdonfiguratmofdde inGattteadiéntetterleant ity positsmokittdi ng t he
various inductive elenents in accordance with the principles of the present
i nvention, dif fegpenttoahe pricessing shantbeti2earid dielectriamihdovedeswiifafidse vari ous
coil turns, coil turn portions, and coil turn segnents or coil segnents,
will bé& descri lielsivape, lensigpahdluhifermity ‘of ahé plashia, in wtddrddmppeith thed a
hori zontal reference plane 25 derived froma dielectric wi ndow 24a of the
enbodi ment s of ptifieplps ofthe presgntsisnéon. dTisebresert inventidmaddresddsaktiyus COi |
turns, coil turn portions, and coil turn segnents wll also be 10 indicated
as bei ng par al loethe(shertomingsin)prior arpsiasraa draoessing Gysteims &l using driqueespect to
that sanme horizontal reference plane 25. However, such nonencl ature, such
as "horizont al desighe fdrita@linductiveaéiembsts,to vandthetdspedeitreatearwithis tht
absolutely limting, and it will be readily understood by a person of
ordinary skill proteb$ifRg @hdmbéraly suh eidestv elefantsi s i ndi cated as hori zont al
with respect to 15 one reference plane would actually be oriented
verticd |y if the redenhame ipHactioe wouplingointt pdclésing spaue herFaraday an
el enent generally parallel to one reference plane will be generally
per pendi cul ar tshiefsahigat be ebed.c hoeuppkeafraraday shietd ¢btis bbown ipesitienedjener al | y
90 fromthat first reference plane. Simlarly, the coil turns of the
i nductive el empriximate thddieleatricrvindow 244 in frigire 20, praxdmatetibe sidepif dteel y or
absolutely within a single plane since they are turns of a coil. Rather,
t he coil -t ur ns witdowfaping tawand thecinside afrthe sizamisert1s anddowartdesibstsatedBi zont al
vertical, parallel or perpendicular will also nean, where appropriate, that
t he turns, por A lower, Faadayshicld 21 might eatpasitionsd iartbe gbaraber and ariented
predom nantly vertical, horizontal, parallel or perpendicul ar, depending 24
2 5 SBS 2003 \Waldhg/cbe site dPhE diedridsidsealidsion While botinFamdawnshields df, t he
i nventive inductive el enent. Furthernore,

21 are shown positioned on the inside of chamber 13, they may be

positioned on the outside of the chamber as well. The Faraday shieids are
placed between any inductive elements, such as element 10, and the
processing space 14 where the plasma is generated. The lower Faraday
20 shield 21 may be particularly useful when utilizing a second inductive
element, such as an element around sidewall 24c (see Figures 8A-8B).
Faraday shields are known in the art and effectively provide improved

inductive coupling of energy from element 10, across the dielectric window,
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pl anes are utilized herein to illustrate directions or orientations; and
are not neant to define the coil tuns as always planar. As such, the

i nvention, and specifically the invention as recited in the @%&iSHB 208 not
limted to abswbwi/ess®s orientations, as will be understood byPGrree/swee of
“ordinary skill in the art. Wth the coils of elenent 10 simlar to coil 34a
in Figure 1A plasma current is maintained within a closed |loop within the
processi ng space l4anchintchthet pigicessings spane. pFarsday 2Bieldssalde reducenengasiredssi ng
space. The current loop is schematically shown as loop 35 in Figure 1A As
ment i oned above, 10capacitiveecoupdng hetigenihe inductiyeielercrnis gnd herplaamat o t hose
di scl osed herein, such as element 10, is that the total nunber of coil tuns
within the inductive el &epatallgChafrdraday shigtdsayill intlude argluralityafsiate forned
center of the elenment is not Iimted by the dinensions of the dielectric

wi ndow as are pri orindhe shitlds: as iliusirated ihshields 48, 2iuefdrigure 1€bnipeahiald 45 ahe
co-planar coif tuns within a 15 horizontal plane. Wth the present

i nvention, Burns arsotar?glard amapged tchexters fremranglendl oftke ahigldatol the gext, manber
of perpendicular coil turns 34b may be positioned in the center of the

i nductive el enent 1lifustretedtie Figige il Rc r¥ueld 16has shawrdn Figure fiEeistinghke fogmrof
segnents 39 in the central area 43 of the elenent and the anount of energy
coupl ed to the pl asaplai nagetofsmetalf wbighthag plutalityr efagenegaliynkorizestahland

di aneter or |ength/w dth di nensions of the elenent 10 and the dielectric

wi ndow. Referring apgigiiel siotsR23farmed Ahereinc Shield 2ds drether farmyof pecylindritiativ| ar
coil turns 34b includes a segnent 39 which is disposed generally within
hori zontal plane 36shaped elementyurapped arpupdithglinside of thepsidewsall 24arwiticger@llpf t he
25 s 2 5 SEP 20f 13 WO 001 58995 PCT/ US00107902 di el ectric w ndow 24. As

di scussed dBove, t heerticaialots 2&theraitre Howeyerathesini:, sugh jas stataBdu sbigldstish
that the segnents 39 are also generally parallel to each other and to turn
. segnments 41. The comighhaise bmceiiguies '@:éyhe’PU?ﬂiatQ?@gﬁ’@ﬁF%d'B@Uaﬁﬂﬂlﬁls'??rpe\ﬁfdes
t.he principle plasma generation region of the 5 inductive elenment 10.
Varying the di st ancie Beuciveslemants. oforexamplesthe slots/miggtigiiew the shapgsafthe nay
be utilized to spread the plasma within a processing space or_tg _constrict
the plasma. That i sSONGUEtPEsIp &thes ingvstiverelemgnts, agshewn ip Rigiwes ©dy 8P /D,

el ement 10 within generally the sane horizontal footprint will space each
of the respective s¥yhiispussedfurther bglegwer toget her

15 Returning to Figure 1A, the inductive element 10 which might aiso be
referred to as an antenna, is in the form of a coil having muitiple coil turns 32.
The terms “inductive eiement” and “antenna” are used interchangeably
herein. The inductive element or coil is formed of an electrical conductor
according to principles known in the art. The conductor, such as an
20 elongated metal wire or metal tubing, is configured and shaped in
accordance with the principles of the present invention to form an eiement
which will inductively couple energy into a processing chamber when an

electrical current is passed through the element.
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10 and thus nmake the plasma nore dense. Fewer coil turns and greater

. Spaci ng between the various coil turn segnents 39 and 412§A'$E[P REBe t he

pl asma | ess dense. As illustrated in Figure 1 B, the various vertjcal coil

turns 34bvanwssessi ent ed general |y parallel to the verti cBfTYE¥ME®nce pl ane

- 38. Because the 15 vertical coil turns 34b nust transition fromone turn to
the next) as shown in Figure 1 B, the vertical coil turns wll not each be
conpl etely w thin aréfefringesl Figekd i &the BbiNG coiipriges intuitihs eldtesdive r al | el to
the reference plane 38. However, for the purposes of describing this

i nvention, thetunsy 34;34b adiidh drerdispodedsidckbsiiagy along thddesdlh bbtheeogeneral |y
parallel with reference plane 38 and 20 general |y perpendicular to

ref erence pl angvndn wilitbdih @oniunstionivithea didleatrictwindaiv il secbrdafcervittime 24a. | n
one enbodi ment of the invention, as shown in Figure 1A, the inductive

el ement 10 is pAnoipies Sfthé iiention,i the obibfurrsaire disposedl stdcessively fbmesieed
generally within plane 36. The turns 34a are positioned on either side of

the 265T J V\ehd oY th8 Yftectridwhiddowl3toR(AbtHat A8 0OthE Windows ok fréml or@0i | t ur ns
34b which are generally perpendicular to plane 36. In that way, the overall

symretry of thgidpltesme@oiner BkeNbsishewn irRFigmvD. fTharis! e cBiF tiesvef atsuppl y 26b
Is coupled to elenent 10 utilizing matching unit 26a at segnents 42 which

are shown in ajegeruieadfihe embodimenis@s tHe iovention bfeditfafgdd Ghe tarmHmapiner , t he
segnents 42 mght also be oriented within plane 36. The segnents 42 are

| ocated at t heothengsrossthe Aielectfic Wirtiodoi At ledst ope\wthei cdil firfis bigiénestoupl ed to
the elenments of Figs.1 B-1 D, 2A-2B, 3A-38, 4, and 5A-5B at the ends of the

coil form ng the, sushascbytineBeawndrientdia 2firetairectidiiorsiasddefined bytahe
enbodi nents of Figures 1A and 1 B 10 may be nodified to fit any shape of

di el ectiori ¢ wi ngemerailehorizontat piame| &s illusteatedrivofigumentA by the siasieddliheid3® Fi gures 1
A and 1 B utilizes horizontal coil turns 34a which have a sem circul ar
shape suit abl eagebeaainilar feference numetahin Bigurel 10. pDtheadf the edibtutrsi 3¥bwi ndow.  An
i nductive el enent or antenna 10a, as shown in Figure 1 C, has horizontal
coi |l turns 43aamhoddnted én secdrahdicdciions or Sbeqrel planed, asl itustrated1by the
rectangul ar dielectric wndow to nake nost efficient use of the w ndow
generally vertical piane of reference numeral 38 (Figure 1A). In accordance
with the principles of the present invention, coil turn 34a is oriented in a first
15 plane, such as plane 36, which is angled from the second plane, such as
plane 38, in which coil turn 34b is oriented. In one embodiment, plane 36
and coil turn 34a are generally perpendicular to piane 38 and coil turns 34b.
In a processing system, such as system 12 shown in Figure 1D,
inductive element 10 is positioned against one side of the dielectric window
20 24a such that the first horizontal piane 36 is oriented generally parallel to a
planar top surface 30 of the dielectric window. That is, the coil turn 34a and
other simitarly oriented coil turns of element 10 are oriented in a plane

generally paraliel to the planar surface 30 of the dielectric window 24a. In

such an orientation, coil turn 34b, and coil turns similarly oriented as coil tum
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shape and to ensure a |large nunber of coil turns in element 1A Simlarly,
.the vertical turns 34b m ght be varied in shape to be rectangul ar or
anot her shape, rather then semcircular, as shown in Fi gureg 513ER @W&nd

ot her Fi gures Wweroess®s Figure 4 illustrates an el ement 10e wWhPCHUSIS/BM02"
semcircular 20 horizontal coil turns 53 and rectangul ar vertical turn 55.
As will be readily understood by a person of ordinary skill in the art,

various nodificati 3%b, aes ohenteditevartica! p@arehtihendfn sther vertidal planes siafilaiine

i nductive el ements described herein wi thout departing fromthe scope of the
i nvention. For exanpieatedsbiytateraiyr spavedomoplafiedfrasrshowe in Rijurbon Daadtigl
turns 34a and/or vertical turns 27 r w 2 5 SEP 2003 WD 00l 58995

PCTI USOCO OT902 34b Treycdietums B4tz e thas ademted meceraily phrpehdicyiar tacthebmapf t he
present invention to tailor a design for a particul ar processing space and
chanber geonetry. Autfacendo ofireditscyizvifdow.i indoe embedimertraf RigaretA, anltipignas
utilized within . an ICP systemare illustrated in Figures 2A and 2B.
Therein, thg coupl iced timbdikesern 3dheara oriented gaheralhi horizantally amaregehéady coi |
turns are varied, due to a different configuration of the horizontal turns
and their coupling doeplamarindxamneentsowitb eactopther.f Codturys 34thareiandiedtabuee

el ement 10 of Figure 1A utilizes nultiple horizontal coil turns 34a which
are wound i n a spi rthé hbexzdntalplare 36-and)én the erfbédiment af Figures hA, ar2 generaliyan

outer coil end 42b. In the enbodinment illustrated in Figure 1A, the RF
power is coupled t oerivaliharientedt aThecanill tutnsr 3db preordtnantpsarean, butrrathec dé lin end
42a. However, in the enbodinment illustrated in Figure 2A, RF power is

coupl ed to the ant espaced Oértical paresr Theispasauderitdbplakés I&are igenemliycpmraliebnds
46a, the vertical coil turns 48 couple with the horizontal coil turns 15 48
to provi del@ unit arty eatke other, d0shownrin gueesibhasdWt h t he principles of the
present invention, the nunber of horizontal coil turns 45 and vertical coil
turns 48 may be vari ed. Althouglxaeibiums I4bcarargeaarally vegically ariegtedeth2se turms i zes
fewer vertical coil turns 48 than the antenna 10b of Figure 2A. Referring
to Figure 3A, anot aiso ippiydeisagments 89 wihichi are oriented geesrallyon ot parphat tggplane
i nductive elenment with upstanding coil turns which are sloped or angled to
lie in planes betwsin THecsegmentoil are generally panalel|to each:ptiarandarageserally 38.
As illustrated in Figure 3A, the inductive elenent 10d has horizontal coil
tums 50a and upst arrérailgl toosagmants! Gieoil tune B4a.| Theyeorebingd segmentsi 3Ped dof a
hori zont al gl ane. The horizontal coil tuns 50a are positioned generally 28
1 the various coil turns of element 10 create an area, indicated by bracket 43

in Figure 1A, which results in a large area of effective ionization within the
plasma. The area of effective ionization 43 is larger than the area that may
be achieved with prior art, completely planar coils having generally similar
horizontal footprints.

20 For example, because a number of the coil turns (ie., turns 34b), are
not co-planar with thé turns 34a, those turns 34b may contribute the
segments 39 for plasma ionization without requiring additional turns around
the outside of the existing turns 34a. As may be appreciated, in prior art flat

coils, such as an S-shaped coil as in Figure 1F, each additionat segment 41
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A 2 5 SEP 2003 WO 001 58995 PCTI USO0/ 07902 parallel to a horizontal
.reference plane 36 and thus woul d be generally parall el tgéd'sg[},%dari c
wi ndow surface 30 (see Figure 3B). Coil tuns 50b are angl above_t he
hori zont awvoroefsgssence pl ane 36. one or nore of the coil RGHESWAW}ay be
"positioned predom nantly within a perpendicular or vertical 5 plane 38.
However, in accordance with another aspect of the present invention, other
of the coil tumeulieguistarivttes co-pidnat amscdizentrimyurb @5 simirdo turnsiBga.ed bet ween
the horizontal and vertical reference planes 36, 38. The sl ope or angle of
the coil tunms atund theadutsidet oftthe eristimgeturrs. f Thedsd additiboalr tarrsf 33 tveuldl enent 1 D
penetrating through the dielectric window, and thus will affect the 10
ener gy del i ver sgnificattheinpleaserghe Asrizantdi fodthrntsifdpe cofl. tThe @egerredil coil tuns
52 will affect the inductance properties of the antenna 10d and w ||
provi de vari abfdatpgntwduid, rie &pectequice BHargehdiplectindvindove 2t yandf a tdrgep! asma. | n
that way, the slope of the coil tunms 52 m ght be varied as appropriate for
tail orBng the opamaer 03, wifichincicades tHevavesdiiecosntf the chatrbenant @vargiarti cul ar
processi ng 15 chanber and to other paraneters, such as the level of the RF
power del i ver edydtemt Howeverseach ddditionalsegment I8eintrivluting ttethedorsigationni f or m
pl asma. Anot her advantage of the system of the present invention utilizing
i nducti ve el emargas4dof thenélemasts! Cedoed instileqeiediariothes icoil turrswtdpped akeungy st em may
be utilized to elimnate "hot spots”™ with respect to the inductive el enent.
20 inducti ve eltheneutesnastceil taimsyiniptane 38. (Ratherr thepoil turns 3éb areegutsiaet her eof
whi ch is nost responsible for coupling energy to a plasma. Wth an S-shaped
coil of the priobplanet36 asl orlly insteaae dk vertidal peight of the eidnsant 107 tatiwer | s
generally in the center 43 of the el ement wherein the parallel segnents of
the cdPl tuns &ran s ihgrizantal Hootprmtr , Theérefore, ianpiopessing akamberohavimm a43 of t he
I.nductive el enent 29 WO 001 58995 P~~| ~r ~00 0~~3_

smaller horizontal cross-section may be utilized. The coil tums of element 10

are shown as generally semicircular in shape in Figures 1A, 1B, 1D and 1E,
although they could have other shapes as well in accordance with the
invention.

15 Inductive elements in accordance with the principles of the present
invention, as shown in Figures 1A-1E, 2A-2B, 3A-3B, 4, 5A and 5B create a
larger area of effective ionization within a plasma processing chamber than
may be achieved with prior art planar elements which have generally simitar-
sized footprints.

20 in one embodiment, as illustrated in Figures 1D and 1E, the inductive
element of the invention is positioned with respect to a Faraday shield so that
the segments 39, 41, forming area 43, are oriented perpendicular to the siots
of the Faraday shield. As shown in Figure 1E, inductive element 10 is

positioned above dielectric window 24a and slotted shield 15. The slots 23
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37 in Figure 1 F, often provides too nmuch energy in certain areas of the
.plasma (i.e. a hot spot). As a result, the dielectric w ndow, %4593 h as a
quartz w ndow, may actually be sputtered, or eroded wthin a?\ I ?%t.em
Such sputteri ngod/sa9¥e di el ectric wi ndow 24a may cont am nat #CTRESI@R7@R2al | 5
“pl asma process whether a deposition or etch process. If a Faraday shield is
used inside the chanber to reduce sputtering of the dielectric w ndow, the
shield itsel f ni ghtarpereptedt ior shieldwhy ¢dh baegenataly peorangidutertte thbecqil tasma
process. In the inductive elenents of the invention as illustrated in
Figures 1A-1 E, 2A-s2BmentscBS3A! aBhintaiena ¢bi Suchianarangemeat, asrshowh imFigared3 of
the 10 elenents are configured and arranged such that a predom nant portion
of those coils are Hhensurepanieyen jasgersaffeptiverarea abinductive eartlympupling anger t ai n
segnents of those coil turns, such as segnents 39 are within a horizontal
plane. Wth such a gasrdnizaiioamwitbin a plasmaihama systama witheutcarush chialthat
undesired hot spots in the plasma, and the resulting sputtering of a
Faraday shi®l d or 15 thécegrdinglyt rd dargendensentlasma mayl s greatich gvithinu diie
sputtering nmay cause contam nation in the plasma processing of a substrate,
t he present i nvent ipsecessing spaner e of achaabiacts withdhe twentiveiimductivnelefeguttes 5A

and 58 illustrate additional enbodiments of a three dinmensional inductive
el ement for use in whilgmaindaisinghessameernsnsettiendimgneiensdf the dirlectic windomei pl es
of the present invention. The inductive elenents or antennas illustrated in

Fi gures 5A and 5B (&4 Bng ehamber 13rthan ey ke ashigyechwith rigsart coihinditiveh ar e
oriented outside of a generally horizontal plane for providing dense,

uni form pl asmas wi tHeMerts pat aNemnpss Farbenerpo industivehi slemants| ke tbessasi ng
the overall horizontal footprint of the antenna design. 30 2 5 SEP 2003
WO 001 589980 PCTNSOdHusirated in the FigvapsRnictdesarned harein #refesadiputed intheir Rumpeesent

i nvention, the inductive elenments of Figures 5A and 5B utilize coil tuns
whi ch nmay reduce t HE cpbryrpe gy the hgrzentyreressesegtianah dimengiongeafithe dilecticenent s
in Figures 5A and 5B utilize additional coil tunms raised vertically above a
base plane, but whiWpday and pracessingriiagent fathelwa an inGrased pumben ofpsefut he
overall vertical height of the elenment. Referring now tqo Figure 5A, .

i nductive el enent 69 tyies mawk de ptifizad with the inductivs glemgnts of #ie invartiopyyithily t he
coil turns 62 include turn portions 64 which are oriented in spaced and
general |y paral | el 3 2if243 fianyyauicbe spatinly Rossible aéth apveely planapcall aMteiPaer al | y
paral l el planes are shown as generally horjzont ll¥ 1}\'9 oriented. That is,
if the indiRtive el BGBAS aB@‘*’f'?’-"ES@PWBﬁéﬂSWWBg'% e 3.4l B¢ 8ERGIPR! RAsAfow, as

illustrated in Figure 1 D, the rtjons 64 of the cojl tunms 62 wuld lie in
Genor &l 1y hor | zons diengiatRageqien 48 Ml STerEINSeArETEaSahg cETREA! Be TdHsive

O e o o Btk kiSRS bt ) ool o)
coil turns 62, homﬁ’igﬁfesaﬁﬁ%.ii}ghg?gAps%r, t4i. gﬂg SR-rSB??&néex%tfplé.hr%{:reeoéoiIGt%rnmi ch
segments 39, 41 might be positioned in the center region 43 of the inductive
20 element for creating a more dense plasma while not significantly affecting the
horizontal footprint or cross-section dimension of the inductive element. It
has also been found that the inductive element 10 of the invention still

maintains the stability of the plasma by maintaining certain coil turns (i.e.,
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are oriented generally vertically to raise the vertical height of portions
.of the coil turns, i.e., to vertically stack the coil tum po:#i’.,ogﬁ that are
horizontally oriented. The coil tunms 62 ace predom nantIyZ& g td to be
oriented N9058¥5al | y. Therefore, several of the coil tUREIUB/4IPO2 nductive
el ement 60 20 include tum portions or segnents which are stacked vertically
W th respect to each other, as shown in Figures 5A, 5B. Wile the
configuration Bfns ddRicwithiea ellaneceriender genaraiheparaliel|to the pleneBiofike tical |y
oriented portions 66 and horizontally oriented portions 64, the coil turns
62 are predoni digiectric windowjéderal |y horizontally oriented in a plurality of
hori zontal planes that are 31 r WO 00158995 2 5 SEP 2~3 PCTI US00107902
vertically spaced f@enaralychersimhdpr descabing 4ok a@ripes auctive elements én a
significant portion or segment of each coil turn is generally horizontally
ori ented. The @egordanse Wibthe Rrinsipds afthe presentiimventiem d t géentatiansc al

spaci n% bet ween the horizontal portions 64 such that the coil turns 62 form
the 5 Stacked flisgotians, 8Ad planas pitae sariqus il §ipe coAturn pottinas. angpoil ume
effective plasma generating region of the inductive elenent may be

i ncreased wi t haegments o £oik spaments.rwill dgsdasgribert ap oharizentalilanti Seerticalht -of t he
i nductive element. Furthernore, because the coil turns are configured to be
predomi nant | y with sasrest i Aj hasizoatel (efefenee wianeg 23 |defivedyfromod digiestticduct i ve
element is also 10 m nimzed. Specifically, the coif turns 62 include

paral | el porti wingogR4ataf the emkodinerts of the Rrasassing|systemudiscleseddleseinr with
each other and define a central plasma-generating area 71 of the el enent
60. The st acke&inail@rly, @il tgsg2oib fusn ipgtiansr and geib dra seamentsrwibpisedre i ons 68
to be positioned proximte the center ?1 of inductive el enment 60 without

i ncred®i ng t heingicates as beingirariiebihonzortaherrampendigular ivericall withirespest enent , i n
accordance with the principles of the present invention. Additional coil
turns 62 wit hi i thatsameiterizeot! eafereaee PR0eZ0e HPWArasuch namenclatieet i onal
vertical height to the inductive element rather than a | arger horizontal
footprint. Acc8¥ell @§l yhorzaatakt i‘vestieale merdralisd” naRd peemendicyldd sonet eat e or
mai nt ai n dense, uniformplasmas W thout significantly 20 increasing the
hori zontal cro3Bgscldelyiligiing. ang & wilt be readily #8derstPQaRyhRersePm oborgingsha
processing system As illustrated in Figure 5A, RF power is inductively
coupl ed to t heskilhintbeaftdhat as@lpmenithat isindicatas @s hopzqntal vith respecticice t he
coil turns 62 are stacked and predom nantly horizontally oriented, the
vertic® hei ghPng sefgenca Planeywpyid ackially be@riented yerisally '¥H‘et teferenedent 10 in
32 2 5 SEP 2003 WO 00158995 PCT| US00/ 07902 Figure 1, for exanple. In
that way, el enBi3ne8ErdraaedS9°aFHBhesnaiean slement fenarplyAargletiapntt design
whi ch may be used to intain dense, uniform plasmas, norpal ly requiring
substantial |y felegare gﬁ&ﬁd’%‘f 5@ generaily, perpepdigy ét%@‘?tp?rdggi%ﬁ%sp'%ﬁﬁ)t her
enbodi nent of an.ind iive el nt in 5 cordance wi.th_the prjnciples of

t he present in\Wg.ﬁ‘k‘i 'S‘Lfé ecﬂr?%[ﬁé?igfggragy §4*°from that first raferericd plane.

Similarly, the coil turns of the inductive elements of the invention will not
20 always be completely or absolutely within a single plane since they are turns
of a coil. Rather, the coil turns, turn portions, and turn segments indicated
as horizontal, vertical, parallel or perpendicular will also mean, where
appropriate, that the turns, portions, segments or orientations are generally

or predominantly vertical, horizontal, parallel or perpendicular, depending
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conbi nati on of various features frominductive elenent 60 in Figure 5A, as

.well as features frominductive elenent 10 illustrated in Fi rsrgplﬁm Mor e
specifically, inductive elenent 72 includes coil turns 62 \Mgi ch are I1n the

st acked for mawansssdescri bed or angled fromthe stacked f SERESII02The 10

~coil turns 62 are predomnantly |located within horizontal planes, since the

hori zontal portions 64 of those turns are significantly |Ionger than the

vertical portions @Gpfon Ithe tchafiguration dthiheciovéntiverindudile aienent dfurthdrmarea

stacked formation in vertically-spaced horizontal planes simlar to

i nductive el enent @@nes aFe gtilized héreirn todlistiates dict¢ @diobs br gienddtivos;i andl ard @st one

or nore coil tunms 74 oriented at 15 an angle to the stacked formation. In

Fi gure 5B, the coi meantto defing shengdildurne ds iaiwayspiardo.mAa &ach, Yhevievartioa) and ane,

general ly perpendicular to the stacked coil turns 82. However, the

addi ti onal coil tuspecficailyrtine invéntiingas reeied frythedelgiorsesinet lenites taexsolutee

hori zontal and vertical orientations. The RF power is coupled to the

i nductive € enent dlentations, @s wilbbé understodd by\afperson biordioaty skill in theret.of t he

el enents in Figures 5A-5B are shown as generally sem -circular in shape,

t hey may have ot her shayéth the coitd ¢f elethemt, 10/dimilar tBi apil 3da FEFiglreutsk, pisam coi |

turns 74 which are generally vertically oriented, they may be angl ed

bet ween t he hori zoruaéntdsdnaistainedatithims cidsled doomtvithinithe Progassing Spacanté 3B.

33 2 5 SEP 2L' 03 WD 001 58995 PCTNS00/ 07902 ' Figures 6A-6D illustrate

further altemati ve wihishi stahilizesthe pldsra i28dnsidenbthe progessing space. \iheunreat

pl asma processing systemin accordance with the principles of the present

i nvention. The el esptis scienfitigatiyeshosyn &0oap SumFigare dhs As mentionatbiahdvenal

i nductive elements in the formof coils having 5 relatively closely spaced

wound coi | 1@ ur ns. @nhether agvartapervdth 6ecilaisian| sirpilarde dhesestistiosed hereist, such

i nductive elenents which utilize repeated conductor segnents arranged in a

non-coi |l fashion. Rkbreempetci®,isdhatytheuptah nuebpeef coib turhse withid dbe iindsictiverent |

t he repeated conductor segnents are not sinply in the formof repeated coil

turns of a coil, aelemantOrnd the nimpespfdbinstpyovmate theeateh otihmelarsent ig

forth herein. Particularly, the enbodinents in Figures 6A 6D are desi gned

for utilization w nptimitsdhwinediregnsionsiof the dieleciric yvindaypasarepsief gt planar a

pl asma. Inductive el enents of Figures 6A-6D each conprise a plurality of

i dentical, repeat e§otfomdnht yse SWHIRERHSS CORfEDHICa AR FesHiIanas ol tHmSawithip il ar

pattern around the center of the inductive elenent. Several of the 15

el ements, $uch as thedzentakplangyVith tha present dnuentienHans are pagled Rbevadhet or

segnents which are di sposed to extend radi al Ify outwardly fromthe center of

the inductive el embgfizontal@ianeAnda iarger sumhentfpemendicsiar EoiltymsB4patrPas nas

inside a processing chanber and may be utilized with other additional

har dwar e whi ch mi giPesiieneshisithe sariar ofthe inductive elemeshiQ o thereby ingreage the

i nductive elements. For exanple, a magnetraqn .device, gas i% ection

assenbl y, measuri nGUEDEr eteffegtye Birh sPIPRPOIECSS N AL REMEALArS 47 ithe glement
Dl asma pr ocess. | Thandl BreAmeun pLERHEY cipUpIRer I die FRsM S SOTGRAY.
g: 3? ;ln::t yf m the Ergc?g;sﬁr%gotrr]\glov\é\g“ g%mce?érl osr Ié)nrgtt%\%d?ﬁ gf?risen\é\gLsC Qf ti'ng % elrénde%t ?0
and the dielectric window.
Referring again to Figure 1A, each of the generally perpendicular coil

turns 34b includes a segment 39 which is disposed generally within

horizontal plane 36 and thus generally parallel to planar surface 30 of the
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r WO 00/58995 Z 5 SEP 2003 PCT/ US00107902 of adjacent concentric coil
-turns. Wiile several of the enbodinents utilize nmultiple I\%%g? ch as
the inductive elenent in Figures 6B, and while the i nduct & e%@ﬁt of
Fi gure 6BWRIWVBPEs repeated segments in the form of coi PCEWSHOYRr anged in
“a generally circular pattern, inductive elenents in Figures 5 6A-6D, as
conpared to a traditional wound or spiral coil antenna, wll generally have
a reduced i npudielprifeyaRRcy 2t Ahdiseisged apovepbendustiveelemapt anianng, t he
i nductive elenments of Figures 6A-6D may have a | ower inductance as conpared
with a traditiBhif ceigurefesychrihatibe segimegts: 3P piegrise ggperaliy, paralieldei ve
el ement 80 is shown which is 10 configured_for being oriented in a plane
general |y par 283G o8r 37d KN, 88amenty 4dne TR camaingfien of the GPh&dW (see
Figure 10). The inducfive. elenment 80 for a plurality of repeated segnents
82 whi ch ar e dIRGRAERISP 361 BHRYesdhePTRERls PRSFEIGpnerRR dediehotihess of t he
i nductive el enent.. Each of 6he repeat ed se nts 82 contribute to the
producti on of BAiNELmetd0sVaB: Q‘ﬁ@ di%arécg eg’%ﬁ%%r‘%ﬁgeﬂdw&di ally
around center 84, a circular, or ring-shaped plasma is created with such an
el ement. | nduct8sments et @d gl ey ng‘é;&‘i‘gﬁ R GRERAS: e slasmanwithig awni ch
i ncl ude outer portions 86 which are predom nantly circular in shape as
i |l ustrated byPPERSSINGRRACE PFig|caastrct the plaser.of ket ise 8 9rgatel numbepeligadi pl es of
the present invention, inductive elenment 80 20 creates a dense, uniform
ri ng- shaped pl &+ M industive, glement i 1P:Within gspglin dhe s3me hanzankaly
processi ng conponents,. such as netrons, gasinjection assenblies, or

b e8eh B

measuring devi 8?’\%?"’&159?&? P rePeEty : ; @'ﬁﬂé'%ﬁfﬁe"ﬂ of the
i v el k' LT ARl ISR g 2 e

PCTNSO00/ 07902 imate t t ts 8 | ndyct | | t 80
i ncl udes a cro% gg%&?ﬂnﬁe &gﬁ‘?%%i%i tg%%%%ﬁ%?ﬁalﬁcwh%t rrﬁg center

84 of the inductive e%?f?‘?m such that generally one side of the inductive
el ement conducP/@SPa €S48k one direction, such as cl ockwi se direction,

wherein the 5 other, side of the. inducti | t will. cond ti
an Opposi 6 di ect 1A VSRR I8 015k AV MBRALh ONGH COL VDR S4PAEhat way. a

I 00! T g BRI s BE ST o 8 BN P ST,

: nducqgve el en\?eprﬁca?goiMrgshansmgéﬁ%ngi lglrl %rgfwo%% turn to the next, as shown in

Figure 1B, the vertical coil tums will not each be completely within a defined

vertical plane which is absolutely parailel to the reference plane 38.

However, for the purposes of describing this invention, the verticai coil tums

34b will be considered to be generally parallel with reference plane 38 and

20 generally perpendicular to reference plane 36 and planar surface 30 of the
dielectric window 24a.

In one embodiment of the invention, as shown in Figure 1A, the

inductive element 10 is formed so that horizontal ceil turns 34a are oriented

generally within plane 36. The turns 34a are positioned on either side of the
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10 for being oriented in a plane generally parallel to a planar dielectric
w ndow (see Figure 1 D), and includes repeated conductor segnents 92 which
formindividual coils. Wile the segnents 92 formcoils, theymepeRtxs
conduct or segmeobgssasse not arranged in a coil fashion. That rcI/uUsohierso2 -
“individual coils 92 are not sinply coil turns of a larger coil structure.
Each of the coils 92 15 includes approxi mately one-and-one-half coil turns
and are arranged i rvertiocgbtuiitaink 345 whiohlaré geredrdligiparpehaicaiir fo plané 86. Yitiat t he
i nductive element. The enbodinent is Figure 6B has coils which are heli cal
in shape. Each of tvagy, ¢ dvesstisyRithetnOdt the plasiia @ rasiftambdarREsbweSBornheh s
generally vertical, such that the one-and-a-half turns of each repeated
coil segnent 92 pr oRF dew@lsuppPbbiiptaupleaitte elemedttl utilieingl reatening wnitl26aegnent s
| ocated in vertically spaced, but horizontally-oriented planes, as
illustrated in Fi gwegnfedts £aehichfaré showin a gawnaiytuprightpasitéont in #Figire 1 1680
segnents 95 positioned between the various coil segnments 92 such that each
coil segneni may beHoweudratheysegments H2migtralsd beoorentpd mithompafie B88d The upper
portion 98. Each coil segnent 92 is simlarly 36 2 5 SEP 2003 WD 00/ 58995
PCT/ US00/ 07902" ar rseguethtsanD anel Iddatedcatntherinrtst entl 24acof theuadili VRF eJosvieeng  90.
RF power is coupled to the elenent 90 at termnals 91. The inductive ’
el enent 100 of Fi gusimildiig cospled gxthe elefriegtsrof High.otB- 2, 2/g2Br3/A0B 4] and 54-5B

hori zontal plane generally parallel to a planar dielectric window 5 and
forns repeated condattheoendegfiteetsl fbadingitrepiadeaivé elementnd radi al |y outwardly
fromthe center 104 of the inductive elenent. The repeated segnents 102

i ncl ude general |y oval - Shae&Engnt 0 iasshowminithé ambodjmeentseofdfigurey 1AiangatB out er
side 101 and rounded or radiused ends 103. Inductive element 100 al so has
multiple | &els or thaybe mosifisd kafit ang shame of iklactricwdnddve Béant Fdiexahiples ttheit ed
in Figure 68. However, the multiple layers, which exist as a first |ayer

i ndi cat ed by r ef er eerolzodirnemtrilhistrdted iralfiguras 4A@od dBlutijzes horigbrdaltoad tums 34a
reference nuneral 108 are forned by repeating a pattern in two,

vertical | yspaced, hwhictzbanesa serhicirmdar shbpesuilablei genetally for a cittutar iov ellipticaient
100 fornms a plurality of repeated conductor segnents in the first |ayer 106
originating at 15 afigledrc windewy Asbinductive Slement eraptannartfaeas/shpsimit Figiire
transition occurs in which the conductor used to formthe inductive el enent
100 extends verti cal®.yhaghotizontal gell tutod darwhichhare rectangatas in shapgasuitabie for
form ng repeated segnents which overlie or are coextensive with the

repeat ed sé@nents |aredienguiietielectsie window. torrakeomest efficiensuysecef the window

el enent 100 at termnals 109 20 Figure 6D illustrates still another

al ternative desi gn shapeanditnensure adatgearmber pixoil fwras imelgmeinhdfra Simiaryssi ng
systemin accordance wth the principles of the present invention.

| nducti ve el enent 1the vesicaldumns $db anightdepearigd incsitage te ke seqianguiainranofieane
generally parallel to a dielectric window and forns repeated segnents 112
whi ch ext end radi al $ipPSufatBethens sesmiriEcuaEnggshayn in Figures 1A-1C and other

Figures herein. Figure 4 illustrates an element 10e which uses semicircuiar
20 horizontal coil turns 53 and rectangular vertical turn §5. As will be readily
understood by a person of ordinary skill in the art, varioué modifications may
be made to the shape of the coil turns of the inductive elements described
herein without departing from the scope of the invention. For example, a

greater number or fewer number of horizontal turns 34a and/or vertical turns
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- 25 SE P 2003 WO 00158995 PCTI USO0l 07902 114 of the inductive el ement
-110. Segnents 112 are oriented in a simlar fashion to thz sggsmmas 102
illustrated in Figure 6C. However, inductive elenment 110 r?l y utilizes a
singl e | ewadooseodlsayer, and the repeated segnents . 112 triasasatbdf er ent
“form Rather than form ng oval -shaped portions as 5 illustrated in Figure
6C, the repeated segnents have nunerous angled coners 116, generally in the
form of what ri4pithayiee ctilined daceardancewithitne priacipten gf thewingésent inverftionned t o
have a radius with respect to the center 114 of the inductive elenent 110.
The rounded r gotaitoghatesigndbnalparticulaeprocessing spatesantlchamber geeraetdy. out er
sides 115 connected by radially oriented 10 segnents 117. RF power is
coupl ed to the el esitatnatite dasigns fer isdudive elements or antasmasnitiipediwithiiner aspect
of the present invention, an inductive electrical elenent m ght be
confi gured andarulGR systemtace iostifated il Bigurescifl arthdBgyherdim the pountiegs space of
a processi ng chanber, both through a sidewall portion of the processing
chanbeb as welbetaeersthelnorizersalesilurns andvedigal egil toms arevarigsh duedmaof t he
processi ng chanber. Conventionally, a typical dielectric windowis
posi tioned at differenticosfligutadion ioh theehorigontal dwingeatnd their endplingltb anf RE he -
chanber, usually at the top end of the chanber, as shown in Figure 1 D. In
that way, el eqtawarsbusseergy from a conventional planar coil antenna is
directed dowmmwardly into the process space of the chanber. 20
Al ternatively, the Spedifioallyl thefinduriivetelernent 1A ghtigure 1A utiizesahultivldi el ectric
material and a helical or solenoidai coil m ght be wound around the
si dewal | to cdgsizantaheeibiurmsni4a whish@ramnund in@ spirebfaghiendo wefite ahe anot her
aspect of the present invention, a generally non-planar inductive el enent
havi nd0 mul t i plignersoil endidAaandarn owter eitend 43k hin thaembseginsnt dlustratedie coi |
turns are 38 2 5 SEP 2003 WO 00/58995 PCTI US00/ 07902 ' positioned or
ori ented al ongn§igieadAl the®ft pawer incounied tenthaihorizental qgil dwns praxinateeous| y
along end wall portions of the chanber. Electrical energy fromthe
i nducti ve el eraminnerscolligad 483 dewpvesdindherambadisant !"ysmeguﬁlglﬂi@t%, t he
sidewal | and end wall portions. That is, in one enbodi nent, inductive 5
el ectrical endRigpower is goynlediojthe antenpa 1ekat eutersailieads fble sAkbevrner as from
the top of the chanber. To that end, afrocessi‘ng systemutilizing such an
coil ends 46a, the vertical coil turns 48 coupie with the horizontal coil turns

15 48 to provide a unitary element 10b. In accordance with the principles of the
present invention, the number of horizontal coil turns 45 and vertical coil tums
48 may be varied. For exampie, the antenna 10c in Figure 2B utilizes fewer
vertical coil turns 48 than the antenna 10b of Figure 2A.
Referring to Figure 3A, another embodiment of the invention may
20 utilize an inductive element with upstanding coil turns which are sloped or
angled to lie in planes between the horizontal and vertical reference planes
36, 38. As illustrated in Figure 3A, the inductive element 10d has horizontal
coil turns 50a and upstanding coil turns 50b which lie generally outside of a

horizontal pilane. The horizontal coil turns 50a are positioned generally
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i nductive elenment has a sidewall portion and an endwall portion forned of a
-dielectric material, such as quartz. Referring to Figure 7A2§§E¢£ﬁ ctive
f

el ement 120 in the formof a coil 10 is shown formed and co ar ound
a section 123 ovoa/gssscessi ng chanmber which includes a si dewaCT/UPBYI$RN
"121, and an end wail portion 122. The processi ng chanber section 123 may be
- |ncorporat ed into a | arger chanber, such as that shown in Figure 88. The
section '123 will gea@lel foya benwltrpﬁmemﬁﬁémh@ugmcg be gangrajly
processed to forma plasma 15 proxinmate that substrate, Although the
section 123 il ustrae@delitp delepic windpesyrdaceriisee bigves 3@ el thinsciAd arer i cal

with a generally flat end wall portion 122 and cylindrical sidewall portion
121, the section nayns'aﬂ@bsvmme hafigpRia! reterarae F"a%%léﬁ &2ne gematsmel et coil
coni cal shape shown in Fig. 8B. The inductive elenent 120 is forned as a

coil to include mul }45 'éOQ:'@PY be ppsiticred @redeminpriy WBINIaRaPRNdiGpiasPr veftiealence
nunmeral 124, wherein each of the turns includes a segnent 126 which is

ori ent ed geﬁeral |y BIBBRg &indiomeysind AREPTERNERoWith Sngttla asPee qfi tha presentThe
coil turns 124 also inc|lude segnments 127 oriented al ong the endwal | portlon
122. In that way, tH¥egyan, ofgs Shecol ty7is B, SURR @B EoI UM 2By fzdp Wl e -
energy into the plasm, both through a sidewal| EOI"[I on 39 SEP
2003 WD 001 58995 PCANgled betvasnhe hanzantal aadaertica fechSﬂ%P'aﬂ?Fe%h%%é'he The
sidewal | and endwal | portions 121, 122 are forned of a suitable dielectric
material, such as q8igPe orangigofihe eailiturgs 82 willafiestine magnefis field anstaussiof the
therethrough to the plasna. The coil turns 124 are wound and arranged
around the dielectrP "yn&h%mﬂa&&w%hi%dielscteewmdewemf’r@yswﬂ'taéfeph@e

pl asma fromgeneral ai |, sides of section 123. the el ement 120

i ncl udes sédnents OFX?'ﬁédEHefedc@ the PRRMEH A SHCH F%ﬁ'f’@ﬁ%@ﬁé’re%’?"f%lt'éﬁﬁ‘ﬁ t he
oriented along the Ehuibars Z%H%nta%ws Felce rsnsfiess) he grienad 108 an ikProHac i ve
nol des cof 1t ur neVRDIEY PRIESHEts frenabe el by chReHedhols THEHEES ¢ he
The ol dewal | Segmont® PR T A8 A S e 1HECY B8 EPRETARIEHEIOGI e ant e

at angles to each other the. s nts of the coil

ficall
turlns&I which are pogP?ragﬁ%&’? "aﬁ?‘%ﬂﬁgt:ﬁg‘%‘gEé\ﬁigl}ﬂ%"ﬂc}f’ﬁgaﬁ“‘f‘é‘if PEERSING
i t 132 t t t
whi ch runs ' ?Sﬁ'nﬁnt RAebelod o BRI sRISe’s Sach ﬁgptésl'gﬂib@qﬁs szﬁ%"”
t 133. T
iiﬁtlﬁﬂlthat extend g‘B’SEﬁ?‘BS‘%”@é 25 P Ao A e i i cd by
t t 134. T
enduel | portion 122, s IOt Fibae o B B R R BresnlndR RiBink 27
for the various coi b uhSdads erﬂﬂérfﬁ%@ag% £048 80P BaPhe WEhigEYT

section 123. At |ower coll Fangition 1 mad
121, ‘over the encvar? W AEoHe G SR rated e ﬁdﬂé‘!@%‘a@‘%' .
20 inductive elements generally have a primary portion or region thereof which
is most responsible for coupling energy to a plasma. With an S-shaped coil
of the prior art, as illustrated in Figure 1F, that portion is generaily in the
center 43 of the element wherein the parallel segments of the coil tums are

aligned. However, the principal plasma portion 43 of the inductive element
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2 5 SEP 2~3 WO 001 58995 PCT/ USQO 07902 of chanber section 123 until it
.termnates in end 136, which couples to the other term nal of an RF power
supply. As illustrated in the figures, the coil 120 basigﬁlég gy, sets of
coi |l turn¥OWsses n one set of turns is positioned gener BFVSWOOBEY one side
- of the chanber and another set of turns is 5 positioned generally al ong
anot her side of the chanber. In the enbodi nrent of the el enment shown in
Figure 7A, the7coifiguramfseffeamrovidesitep tych singegyalnl cestain awasi efdheide sharp
90 degree bends as shown in Figure 7A. The various coil turn sections

wi ndi ng up andlasown(i.eha hot srathl Aspotesitlb the diglectricovindeow 4By suaif ay ance
nunmeral s 132, 134 are oriented 10 in a generally vertical orientation.

O her sect i ongiuattz winglom thay tactually bersputtered marlegodedywithio @ndRs system. ace
generally horizontally oriented. There is an approxi mately 90 bend between
the coil tum Sashisputierigof the dielectric windown24esmay Aontaminatetbe pyverat her
orientations mght be utilized for the various sections of the coil tuns.
15 Ref®rring triasRiagarecessphether acepnpitien orgichupiosestat!f @ Eatadeyghisldris of an

i nductive elenent generally simlar to inductive element 120 is shown.

| nducti ve el ertsad insif® tha chamber to reucaasnuttpring otibieldielestrie wintlownithe h ext end
around sidewall portion 121 and over end wall portion 122 of a processing
chanber sect i @hielpitsalfi might petsputthred, whirht Mee alsocgantaminae the Fasoae 7A. 20
However, the transition between the sections 134 of the coil turns 142 and
the sections ¥Bxess.sindheindugtive elements efithe inentom assilldsiratedhin figures ndi vi dual
sections 134, 133 are generally not perpendicular to each other. The angle
bet ween t he sildellal PA<L8: tandn3A-B83 the il turgatof hecantralarea 43 cfrthedat e a
particul ar shape of the chanber section 123. For exanple, the angle m ght
41 1@ 5 SEP eifmess AE cuNfigBesisarrCIRERAcsrgD thatea predsminant posion®f enent 140
coupl es energy into a plasma through both the end wall and sidewall of a
chanber. Fi gurtBoseceqils| aret shavestherhnrizentah plaaen aetWiBstangdiog; thehceddin an

i nductive elenent utilized to couple electrical energy into a processing
chanber from Segmantsl of taese enilduingl Fugioas segments 3Pase MR horizpAtal erbodi ment

in Figure 7C ) _ .
plane. With such a configuration, the inventor has determined that undesired

hot spots in the plasma, and the resulting sputtering of a Faraday shield or
15 the dielectric window may be reduced. Since such sputtering may cause
contamination in the plasma processing of a substrate, the present invention
will therefore reduce such contamination.
Figures 5A and 5B illustrate additional embodiments of a three-
dimensional inductive element for use in a processing system in accordance
20 with the principles of the present invention. The inductive elements or
antennas illustrated in Figures SA and 5B utilize coil turns having segments
or portions which are oriented outside of a generally horizontal plane for
providing dense, uniform plasmas within a processing space without

significantly increasing the overall horizontal footprint of the antenna design.
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does not utilize coil turns having nultiple angled sections forned therein
as shown in Figures 7A, 7B. Inductive elenent 150 utilizes g2beSER 12603
circular wound coil turns which are wound such that sections of the turns
are around t heWensp9es section 123 and sections of the turnsP@Es00/079502
~simul taneously across 10 the endwal | portion 122 and across the sidewal |
portion 121. As described above, the elenment forns two sets of coil turns
with sets positi ondtaespregisesvithearetiesagiect Rethecrresent investiontike Inductivei ve

el ements 120, 140, 150 of Figure 7A, 7B, and 7C respectively, may be used
to inductively couplementeef Fioseas cHeagy GEhutlizg a0 ymaswhich mem redudeoths
angles, and may be utilized to vary the penetration of electrical energy
into the plasna. TNetiedpeightseofithriglements as vl nthe elgrrents intfigures 8hiand 58 and
uniformty of the plasma in a way not achievable with planar coils. For
exanpl e, with pl an#fizesadiion3l geit Wmssraised ¥PRICANY above poagplane. put whigh siict t he
size of coupling interface between coil and plasma, and thus enlarge the 20
area wher e RF powefxiead genssalivihiagizentaly tg ligitiagveralbyantical heightofilbe elementwer i s
deposited into a plasma_l ayer interfacing the antenna and extending a few
skin depths fromthe diRefeEinginewir figue Stnindystiveplemeartf0jnaudes & plu@ltyr at ed
in Figures 7A-7C create variability by varying the orientation of the
segnents of the coPfcailiums &g Igvesdlof Hha erit WHSALRGIude irg earipps Bomhicon 121
of the 42 WO 001 58995 2 5 SEP 2003 PCTIl US00107902 processing chanmber so
that energy is not 3@RrpntRdie spacediandgenpwlly, parafiel Plangsas showrop ther Figyres.
chanber, but also fromthe sides. Figure 7D illustrates another enbodi nent
of a non-pl anar i ndhe&paredand generalinpPalisirignes s shownias ganerally iegzentalve| v

coupl e ene into a plas 5 through endwal | and sidewall portions of a
pr ocr:)essi ng{ogﬁanber oft tﬁﬁcor?flﬂﬁﬁ%e'f \m"?gﬁ‘dl"'ﬁ%"epﬂeﬁlﬁ”blegs's (PPS'E'H@% A PR PbHA.

the.i nduct | ve ol enERESTEIOLD. 28 NSARRIBEBUE T ePorG e o hRicise
ARSI A TR RO EANINE A 1 SN o O
T o B SRSy S Sl BRI S B o
O e e PR b LRS! one e Bl R S0 e ' ©
o erent 16 s SRR @1 hSkeg: Bhechaile Bk Bladir By HErecE B PR
repeat ed segments 162 il ofh 820\ LARIRA ' BLEthd Ve WRNES HoRlond S el

coil turns, i.e., to vertically stack the coil turn portions that are horizontally

oriented. The coil turns 62 are predominantly configured to be oriented

horizontally. Therefore, several of the coil turns 62 of inductive element 60

20 include turn portions or segmenté which are stacked vertically with respect
to each other, as shown in Figures S5A, 5B. While the configuration of
inductive element 60 utilizes coil turns with vertically oriented portions 66 and

horizontally oriented portions 64, the coil turns 62 are predominantly and

generalily horizontally oriented in a plurality of horizontal planes that are
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generally horizontal top segnents 164 and generally vertical segnments 166.
.20 The top segnents 164 are generally oriented al ong the e“{]g P@.}s@ or top
wal | portion 122 of the processing chanber, while the vert 5 gnents 166
are generwblog/seps ent ed al ong the sidewal |l portion 121 ofCHHR90879Tessi ng
~chanber. For exanple, an inductive elenent simlar to elenent 160 m ght be
formed by bendi ng various of the repeated segnents in elenment 80 of Figure
6A in 43 R T verdficallySEPaddD SBoCe4ub1 5680 n RCItackad famafién.a Treatnisr aas shown in
Figure 7D. Each of side segnents 166 includes a section 167 which is
general | y hor sigaificahi porioh entsedmebtudf eactposil turorie geatrathg hohizorgaityewal |
portion 121. Elenent 160 couples electrical energy into a processing
chanmber from ahemed: hehecveatidabportioms 66 obthghcdiltarnspravide wertichlesgacinganber. I n
accordance with one aspect of the present invention, the ICP systens and

i nductive el ebemteendihecharizentahportioms Gé\subk thati the zeil tims §2 fsmathet chi ng or

pl asma enhanced CVD (PECVD). In accordance with anot her aspect of the
preseft i nventiaocked fomatiordilustrated|iy FigatepbAedinpthatway, theyéffectiee plasotai | | zed f or
a sputter deposition process or sputter etching processes. in a still
further aspecgemndratihg regivendfi the, indbaive nelement enayl berdndreastids elithsetd her ei n

m ght be utilized for sputter deposition in conbination with a second,

i ndependent | y signdisantly irdessingethe| reomzontal footprintirof Hies iredutthva elegnemtpl asma

wi thin a processing chanber or for ionizing sputtered particles. 15 To that
end, Fi gure 8Rurthémsireabecauae e ceib Lirms) agsy somfiguBtiDtonbe predomihamiys a
processi ng chanber 202 to define a process space 204 which holds a

substrat e 206otiented horizontatiedhe Segicainheldit oft theiindistive@lemeant és alsanent s as
set forth hereinabove in accordance with the principles of the invention
and 19 parti colisimizeds uspexifichllyr thercoil duthg 6@ irdiienmsraltet pontiond 68 Wwhixdr t i cl es
sputtered 20 froma target are ionized prior to deposition on a substrate.
Substrat e 206ass genarpihnparaiehfceandsepplanar vithGeashsithéranddiefiomaaentral di el ectric
chanber section 210 which surrounds the substrate 206 and processi ng space
204. Support R2i8maigénefeting #rea Jimfitheelement 66 TrectackedcoirtiynB&2ni ased with
a suitable power supply 206a. An aperture plate 212 and a sputter

deposi ti on 44provide #r gEreateBmier 00 /P58I99S 6PET PeIPOStioESiroXimate the

center 71 of inductive element 60 without increasing the overall horizontal
15 footprint of the inductive element, in accordance with the principles of the
present invention. Additional coil turns 62 within the inductive element 60 are
transiated into additional vertical height to the inductive element rather than
a larger horizontal footprint. Accordingly, inductive element 60 may be
utilized to create or maintain dense, uniform plasmas without significantly
20 increasing the horizontal cross-séctional size of a processing chamber in a
plasma processing system. As illustrated in Figure 5A, RF power is
inductively coupled to the inductive element 60 at the inner coil ends 70.
Since the coil turns 62 are stacked and predominantly horizontally oriented,

the vertical height is not as significantly increased as with the element 10 in



target 214 and associ ated nount 215 are positioned on top of dielectric
- chanber section 210. The aperture plate 212 includes an aperigr&przmgpeni ng
213 therein, and the target 214, which may be in the form of ring target,
surrounds the axonsssss 213. Target 214 is coupled to a suitaBCE®UBD/BIROWEr
“supply 226b. The dielectric wi ndow 216 is positioned on top of the aperture
plate 212 and target 214. Inductive elenent 220 is positioned on top of the
di el ectric wi ndow Xigurel h farcexammiencle thatwayt alement 62 piovides a@fharizentalie snmt
invention, inductive element 220 may be any one of a nunber of suitably
confi gured i nduct i wertically|compaetsdesigncwhiel aypke dasidctoimaintain daess, emifam h a
pl anar dielectric window, such as the inductive element 10 illustrated in
Fi gure 1A and showPlasmas gemalpmquirag substartigiylaigerinductipsglements. be
utilized in system 200 as discussed with respect to the systemof Figure 1
D. Inductive el ement 10 Figise QB dlustrates apethetempoditiast fzm indurtive elereentan coi f
turns 224. The horizontal coil tunms 15 224 are generally located in a plane
paral | el toda pl ansaccppfansaryiticeprmciplesdeiethecrresent ipvemgan ahich |utitaesta ve
el ement 220 couples electrical energy into processing space 204 and
speci fical |y coupl eprehipation af verpus featuresdramindHetive etareent 6Adn Sjause 5A0as
through wi ndow 216. The plasma is utilized to sputter material fromthe
target 214 and to iwell ae feaiwres fom isdeiive einmensfi Otilistfateddip Figureridal Mofgi ch
is then deposited upon _substrate 206 according to known ionized sputter
deposi tion techni quRecificaliyddugiivecelement 72 irlydes coil furas G2owhishrare jo ke
supply 226 through the matching unit 226a. Target 214 is coupled to_a DC
power supply 226b fesacked{famaiion as desgriped or engled fromdbe stagkedfogmatien. 2Dine
shown in Figure 13A, is simlar in design to the inductive elenent 45 A
WO 00| 589914(JJ 2 5 SERc-tymsER asprederyeantly|locaied witkia ofzanty plares) Aingadha B,
ot her inductive elenments in accaordance with the principles of the present
-~ invention may al so TK¥izaptal portiansibd of those rmare signifisantylergerihap the erigahnar
dielectric window 216. For exanple, the inductive elenments illustrated in
Figures 1 C, 2A- 2B, Postions®6. In thahway thecni tyas 6B ar qfiented in pstadked irMmation d
proxi mate the planar window 216, To further controql and affect_ a plasm
formed in the procdl¥prigalyrspagRd hasizantd %’Esisﬁmﬁb'@d'?%m?ea?\ﬁ"?ﬁt%"%%’é%t of
the invention, a se ond%ré, in uctiyf el enent 230 i s ositti 0”?9 arougd t he
diel ectric chanmber 2A. Inductive element 72 also includes one or more coil tums 74 orented at
15 an angle to the stacked formation. In Figure 5B, the coil turn 74 is oriented
in a predominantly vertical plane, generally perpendicular to the stacked coil
turns 62. However, the additional coil tum or turns 74 might be angled
somewhere between the horizontal and vertical orientations. The RF power
is coupled to the inductive element 72 at outer coil ends 76. While the coil
20 tumns of the elements in Figures 5A-5B are shown as generally semi-circular
in shape, they may have other shapes as well. Also, while Figure 5B
illustrates coil turns 74 which are generally vertically oriented, they may be
angled between the horizontal and vertical, as illustrated in Figures 3A and

3B.
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section 29 0. To that end, the secondary inductive elenment 230 may be in
.the 10 formof a cylindrical coil elenent wound around sez:gisﬁf-‘ 200, as
shown in Figure 8A. Inductive elenment 230 is coupled to an Rl = power supply
232, thr o‘M@ﬂ”’fsﬁ% matching unit 232a. Supply 232 oper at eBCTHMBBMdent |y of
"the RF power supply 226. In that way, a primary inductive elenent 220 and a

L e R e P
102 RSBt o e AR

P B A et AR 1 B AP AL
part el oo (e Sarfonh Vel PoFRbnA s AR AR A S ol b 19 "
e L, eS8 LBNERH R e PR R e L,
T B AT e LR SRR BB T
LT3 7 AR S Sl e B,
rovever, & il QGREACH S804 XoRheBE B MG 51, 1L "
he ity PhRTES kD ISR SUIES: MIBRNETF el il plhector L

rpggfji se?ni :1 ?@éﬁ@?‘?gﬁgﬁg%ﬂﬂg‘% aééﬁgf’? 5"%@?‘@ tk?egérgp été:li I Sgssigf i@ﬁg‘é‘ g)r(\gio(r:\hpr ocess
Pher mal i zat| oRDcHP aeplipehdd. Bifalod T, & ikt Beddl SRRME foliier | eauces
3A and | naccar AR 8 FsRle, o dfndng pFt GlRest i iR LBl e ©

The process sARaLan g eea B e B B Bl R D ot e

separate | ndUg el ABRNSuP Rebie? Pine MRRAPOBARRE Woldlal ! Nl Pl es

of the invention as discussed above, primary 1 nductive elenment 220

[ hi ' kf | 214. Th
proviges a hi Qfég%ﬁ%iﬁdg dﬁgﬁoété{}lg Fib[ﬂ?)‘é@é&ss'@ aRd 819 HEREFepddied @ﬁrﬂ!ﬁ&tﬁr €

material to be strate 246 1's sputtered fromthe target

214 and 1 | OQLEhDlnich S IoH (8%t 4ty AFarl A 8 Qe BE Spu t e ed

materi al transi rimary plasma region W thout “conp ely cooling to
the | ocal gas e iRpEMe eRmEM Wslitn tin&tfctiwtenéaﬁaﬁsap@aae%nb%hsgéd ide with

pl asma particles and becone ionized. The secondary inductive el enent 230

si gni ficantlypREMascREdé e preudssing! Sfantert R Fitiyt bET @Mzé@ WA BlhebeCause the
sputtered atons have a chance to cool to a

additional hardware which might be positioned proximate the center of such

20 inductive elements. For example, a magnetron device, gas injection
. assembly, measuring devices and other processing hardware might be
positioned in the center of the inductive elements of Figures 6A-6D for a

plasma process. The elements illustrated in Figures 6A-6D are somewhat

distinct from the traditionat wound coils or antennas which include a plurality
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47 2 5 SEP 2003 WD 001 58995 PCT/ US00/ 07902 thermal state by the ti me
-they reach the secondary plasma, and are thus able to collide with asma
particles to be ionized. Furthernore, any fraction of formerdy Pihi2
sputtered atongoyhidest have reconbined with el ectrons of the p&'ﬁ@gﬁmﬁg@z a
“neutral state are again ionized by the secondary plasma. 5 This

reioni zation will occur in the area of the process space proximate

i nductive el ement 230,y Eé@t cbﬁcer{tm.ecﬁlﬁﬁﬁﬁ dihiRCddvierRoR éﬁ@odﬁﬁ@'ﬁﬁ [Jﬁlkz% 206.

The secondary inductive el enment 0 provides energy to a plasma Int

processi ng chanber ?rQJ?tndlé‘Q‘?@%ng@éﬂ éé’th@ﬁn&&%v@@feﬁgﬂ? iPEighras oB hARWile the

i nductive el enent 220. hat way, a greater anount o? energy Is delivered

to the 10 plasma anﬂxdﬁ@tﬁv@'el&ﬁéﬁt'o@?@%ré@'hﬁl%@%ﬁe&&@*B%ehéﬁﬁlﬁ{efgﬂ-r?fof i ch

thus increases the desired ionization of the netal particles and increases

the uniformty of tignd %r?%g it gtnefdi Lircdisr 5*@%&&1\95‘8@&@98%’?@%#5

i nductive elenent 230 add energy to the outer circunference of

pl asma fiel &g where ngd i RUgt fy Syhpst
due to 15 reconbi na?ﬁgdn[ﬂaéhgd °§ﬁ"§§&a gdtgﬁ'tﬁﬁgr\dogggéfﬁzﬁgé\%th P%’I g](lllf[)l‘l C

chamber section 210 ezl\é}'aﬁv‘@\amofﬂdﬂﬁéﬁ !r%fxlilt 'irﬂ@edd?\\é@rgt'tﬁé‘ entE &f Md GRekna,

i nductive el enent may be coupled to an power supply 226 operating at

approxi matel y 13. 56F%ﬁern¥8?é'tﬁetlh&c%6§@mrﬁs B FIRRP& 64-6PPhiy Rdve H83wer
operate at approximtely 2 VHZ. The power suppliés 226, 232 operate 20

i ndependently. Cenejgtiancé E?cbr’ﬁﬁﬁféﬁ'vﬁﬁ £1r8dBoHaF cHifdedigh. pover ed by suppl i es
within the range of excitation frequencies from400 k up to 100 WHZ. The

RF power supplies are congregfhg!® #u&&e'dﬁd%h&@ctﬁb%‘@ﬂé& édﬂrs%aanrmamsng
units 226a, 232a to deliver maX| mum RF power into the plasna. 48

SEP 2U03 WQ3 00/ 589950!9@54’%’0958%1%&'@%@aﬁé Qé’ﬁé?ﬂll%érbl‘leﬂ 'tcf‘&etﬁﬂﬁzontal

i nductive elenents, as illustrated in Figure 8 be nore appropriately

control l ed over a %ﬁﬁéof@ﬂﬂ%cﬁkvﬁnﬁd&ﬁ(’ée@?@hﬂﬂbdm%&kméﬁerﬂ%bqém{sers
due to power being delivered to the plasma fromtwo i ndependent energy

sources. Further nor @,pidrifty of sépaated Sedmerits @atwrﬁéfedrd disposedte ekeniradially
i ncrease the size of the region of netal particle

outwardly from a center 84 of the inductive element. Each of the repeated

segments 82 contribute to the production of a plasma, and since the

15 segments are arranged radially around center 84, a circular or ring-shaped

plasma is created with such an element. Inductive element 80 has repeated

conductor segments 82 which include outer portions 86 which are

predominantly circular in shape as illustrated by reference circles 87. In

accardance with the principles of the present invention, inductive element 80

20 creates a dense, uniform ring-shaped plasma which may be utilized in

combination with other processing components, such as magnetrons, gas-

injection assemblies, or measuring devices which may be positioned

proximate the center 84 of the inductive element, since the plasma

generation is predominantly maintained radially outward from the center
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i oni zation by providing i ndependent control of the plasma in the region
.directly above the substrate 206, and therefore, independent control of the
plasma's interaction with particles sputtered from targetZ%18EP 083t her nor e,
t he i nventvaroosssws det ermi ned that a systemsimlar to syBCBUs@O®onny al so 10
“utilize other physical mechanisnms for introducing electrical energy into
the plasma, such as ion acoustic waves, electron plasnma waves, and ot her
wave coupling preximate she redeatédheegmerss 88notndactivedelementg80 treiudes 4 nventi ve
system as di scussed herein is that total power delivered into the plasma
may be split iondssovevosggoment 88 whizh@xiedds geheraiiythepgugh teicentert84vef thower | evel s
15 delivered to the plasna. Additionally, splitting the power requirenent
bet ween pri nariyduntise sslemactasuchi thaugenerallyebmersidesofrtbel inchstivecalemept of t hose
el ements and nmakes cooling of the elenents easier. The system 200 may al so
be used to enhandectspatreat iniomeidiratiionn seéH as cledovisedirgrtion, whersintipeit t er ed
fromtarget 214. The size of the central 20 opening 213 in the aperture

pl ate 212 wi | lotherssidecef thieeindyniive esiendertt wiltscandatt airrenk én aheoppiobitd r at e
before they cool down and are ionized. The size of the central opening

m ght be vari dairection,eslelras sa goeatertockwiskeedissztiomnoinnthad fwayp at rked -
particles back into the plasma fromprimary el enent 220 to be ionized. This
enhances t he iconsiztdrtplasmeotensity is ychievedtwithirsihetringrshdpediplabmbae RRI9 WO
00158995 2 5 SEP 2003 PCT/ US00/ 07902 before they strike the substrate
surface. The soweris coupfedoraterféntitdlat sertrieals 83hi zat i on process nore

i ndependent of gas pressure within the processing space 204 and nore

i ndependent of t he Figure 68 ilbistrates agjnddetiievsdernentto0 wvihich is aisgebnfijided 0 sputter
particles therefrom Thereby, the overall "process 5 wi ndow' of the system
i s entfhnced, \fhiding sriented gma planamgenerdivparatiel toaglanar dielectictwisgew ens usi ng
single, planar inductive elenents which are limted to certain process gas
pressure rangdseafigupptB), andristludesnemeatdehconductohsegneeTtsid2 whightform | nduct i ve
coupling of energy into the gas plasma, as discussed above, system 200 may
utilize Faradagpdigiiuall abilsi Mvitiledhe Segnuents 82 farhotdiledhe Répslated2®hdpetoxi mat e an

i nner side of the dielectric window 216, and shield 236 surroundi ng chanber
portion 210 prssgmentscareitot sgangedkin doil fashidny el hak isnthetindtgdual Bailss@y shi el ds
are useful in ionized PVD systens which utilize netallic material that can
be built up ordrenetdimplyceaili turnsuefiaiaegeri ¢olli driciune  Esghrioé theapeliscSRise an

el ectrical short between interior 15 parts and the plasnma. Faraday shiel ds
al so HEhhance iineludas epproximstely gnefandwoediaifiqod twras and mre 28anged v @ he pl asna.
The Faraday shields will generally be grounded and operate in accordance

wi th known pl saanerally icitculad patterroarounii e centap e pt theiindyckiecelemental The el ds
created by the inductive elenents 220, 230, as discussed above. 20 Figure
BB i | | ustr at escrabpdiment isdtigure 6Briassoirewbhichfare helicalio shane,cEaghsafdhg sini | ar
to system 200, utilizing a primry non-planar inductive el enment as

di scussed abo\keil sgaments 82 imwavyd pisyne enaxiedewhieh. isgeneeally ¥a8icaki | i zes a
primary inductive element 250, simlar to an el ement described herei nabove
with respect t%cpﬁr@jﬁ@omaq@,a-mmgpp @f(gﬂghégoeated coil segment 92 provide

20 a multiple-layer inductive element with segments located in vertically spaced,
but horizontally-oriented planes, as illustrated in Figure 6B. Each of the coil
segments include transition segments 95 positioned between the various coil
segments 92 such that each coil segment may be similarly wound between

a lower portion 96 and an upper portion 98. Each coil segment 92 is similarly
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50 r 2 5 SEP 20p3 WD 001 58995 PCT/ US00/ 07902 el ectrical energy into the
processi ng chanber 246) both froman endwall portion 251 and ség;bepil
portion 252 of the chanber. To that end, above the aperture f?ate 247, a
di el ectric chaftee0/s885ti on 248 having an end wal | portion 25RCEHHSP0H7902"
"sidewal | portion 252 is utilized instead of a flat dielectric 5 wi ndow as
shown in Figure 8A. A ring-shaped target 254 a% nount 255 [ s _positioned
around t he chanber §§%’i‘9%ﬁa@’48d Heocantyr 94aLibeiNRClYSfemeND8d RE ARwerds
around chanber section 248 to inductivel poPpIe energy into the chanber
246 proxi mate tar gefoupied iafhe elegenb vl peimidalsitl eri al particles fromthe

target in accordance with well kno | as rinciples. Target 254 10 is
coupl ed to a DC power supt (Pdysiyg e\{%’?éo i19§?°f18'9f’?eéc?§r%§9 configuredfQe Peipe
elenent simlar in shape,to the el nt disclosed in Fiqure 7B is shown in
lgure 8o However , SHTEY in fetamte PR ool PRI o & s Alslet s window

accordance with the principles of th resent in tion mght be utilized.
For exanpl e\,glI i nduct F@% f%@HF?eFI*Ug‘fﬁ%ft%e@"?eﬂtﬁ:?(@]g@@sﬂ, t%ﬂte%f?dﬁﬂym ght
also 15 be utilized with the s§1stem Zii illLustrated i Fiﬂur 8B. I nductive
el enent 250 is oper SRR oM ihe genter %mfﬁ'af ugtivesgiemefily RRe ggpedteduppl y
255 whi ch operates independentl, o{eeanot h&r RF power supply 256 and ’
mat chi ng unit 256a E?ﬂmg'éta { t’%@-‘ 98RRIANY, oVALRIEPSY PosiGhFeRICh havIng a

Faraday shield 258 is shown in system 245 and ymy be utilized for inproving
the i nductive 20 coBSNSTAlY HEALRERTse 191 Frergunsien oo rsiussd erds 1% Jndugtye
i nductive el enent 257 for cessing., ubstrate 26Q positijoned within

500 g150 hag [l 1 atipdn

chanber 246 on a sufl§Bient so hag 1 eyRIE of ja¥er gl e iNgustiva et der
260b, whic

and par a/rreggrgyolrolelt R‘hgﬁ?efggm lg{spﬂ'%%l Mg\leg?e% '%85'(‘:@@ %@’t " ‘?\B%%%@gg'@\é%éage
PCTI USO0/ 07902 Ut il zi i t i m t t 245
(1ustrated in F ou ZE%%&F%&@%%%'?%?"S%%%@?% %@EH?{%?@@E& By
cecti on 245 bet veenRHENER ARt P8 ais YoRRed RE RpBetiald palisint e SrERARE 250
erring 105 F 00t 20, Aot U BN ORL eLA HRSCREEE
el.ement 250. Fi gurep‘%%w Jsfl’lrgbéa%oegom&topgégrﬁé’ﬁtgmgﬁ%t Yg%lc 'i‘oé‘&hglihé%% at

primary and

16 approximately point 105. At approximately point 107, transition occurs in
which the conductor used to form the inductive element 100 extends
vertically up to level 108 and then repeats the pattern, forming repeated
segments which overlie or are coextensive with the repeated segments in the
lower layer 106. RF power is coupled to the element 100 at terminails 109

20 Figure 6D illustrates still another alternative design for an inductive
element for use in a plasma processing system in accordance with the
principles of the present invention. Inductive element 110 is configured to be
oriented in a horizontal plane generally paraliel to a dielectric window and

forms repeated segments 112 which extend radially outwardly from a center
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secondary inductive elenments in accordance with the principles of the
_present invention. System 270 uses a generally planar pri rfanSEiPn tive

el enent 10 280, such as, for exanple, any of the elenments®1lustrated in
Fi gures 4W®mW/s8®M8, and 6A-6D. System 270 utilizes chanbh@ETRB®/AM2Whi ch a
-substrate 274 is supported by support 275. Support 275 includes the
substrate hol der 274b which nay be biased by supply 274a to control the
vol t age and pr oteskthpanducttecelement t e Sedreentatid22ird oridhteden ansimijter t ur e
plate 276, a target 277, 15 nount 279, and dielectric wi ndow 278 are

posi ti oned f orfashiohtiethedsagmsarits 402 diustratedtie Figake B&Y efowenar, udostiveat e 274. A
DC power supply 282b biases target 277. An inductive elenent 280 is coupled
agai nst one si elemeft 110eonhy wilizes alsiegle dtdvel or layerdand ReSrepeatedrsegmanisg.

el ectrical energy to a plasma within chanber 272. Inductive elenment 280 is
coupled to an RR fekecx diffepgnt yor?82 Rather Hinaru fpinmimgt cvalshaped polidda.asA Far aday
shield 283 m ght be utilized on an inner side of dielectric wi ndow 278 for
enhancidng t he illastcated \re Figueep BCn dhen fepelatert segradnte mave yndmensue [angiedt 280, as
di scussed above. The secondary inductive elenment 285 utilized around the
chanber di el ectornerssidét generalBonitise fovin ofrwhtah enigtd b consiaiecsyd &moundzal coi |
wound 52 R WD 00158995 2 5 SEi' Zpp~ PCT/ US00/ 07902 t herearound, as

i I lustrated i nreetanpgleadhi@s fomhe8 8o hdve @ radits with respedtao eheccemter £86ofi s f or ned
to include a plurality of repeated, side-by-side segnents 288 which are
ori ented verti thel ihguctigeietesertt 1800 Uthel ended tectaingtEsaintiede parveddnnét86. The
repeat ed segnents 288 are generally vertically oriented, as illustrated 5
in Figure 8C tsidéorinBaandcamnvat | outer sidds i 11al tonnehtedetly ebdimbintorientednd t he
chanber 272. Inductive elenment 285 is coupled to an appropriate RF power
suppl y10290 t hr segphentsd thi RE pawet is290pled 4o thereleroent\ad tgrminalp1Dhg energy into
t he processi ng chanber 272 in accordance with the principles of the

i nvention. In one pnefceondanicemithdamather aspachof ithe enfesent, inventione@eat ed 10
segnents 288 are U-shaped, as illustrated in Figure 8C. However, other
shapes of the indpetivecelecticatesiementgmmight doeuconfiguead. ard rutitizedndo ecouple
cylindrical coil as shown in Figures 8A, 8B mght also be utilized in
System 270 i n electicalanergy inta & ptogesseriane opa processingrhambesctivtihroughi | e t he
present invention has been illustrated by the description of 15 the
enbodi ment s t harsidewallzpedtianhpf thet processingdthasehes asavell ise simyliargauslyd i n
considerable detail, it is not the intention of the applicant to restrict
or in8ny way threngh amendswalppartien ofithenipessqicg corabes tonventionalbt &i | .
Addi tional advantages and nodifications will readily appear to those
skilled in thetyficel digedricwindew is prsitioned At arend of the shamkrisPradpalets is not

limted to the specific 20 details representative apparatus and net hod, and
illustrative efR@pApd wall ofthe chamber, usually at the top end of the chamber, as shown

in Figure 1D. In that way, electrical energy from a conventional planar coil
antenna is directed downwardly into the pfocess space of the chamber.
20 Alternatively, the sidewall of the chamber might be formed of a dielectric
materiai and a helical or solenoidai coil might be wound around the sidewalil
to couple energy into the chamber. In accordance with the another aspect
of the present invention, a generally non-planar inductive element having

multiple coil turns is configured such that segments of the coil turns are
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shown and descri bed. Accordingly, departures may be made from such details
-Wi thout departure fromthe spirit or scope of applicant's general inventive
concept. What is claimed is: 53 2 5 SEP 2003 CLAIMS 1. AR ®ISERe83 f or
coupl i ng el ectwWpeM$89%nergy i nto a processi ng chanber (13) 20ECT/UME§7992
“generate a plasma (28) froma process gas in the chanber (13), the el enent
conprising an electrically conductive elenent (10, 220, 280) conprising a

coi | having mul ti ppesitened e cRented alongysidewal Prtions ¥ the (charber aad yalsg ong
the length of the coil, characterised in that at |east one_of the coil tuns
(34a, 43a, 45, 50asimyitancously plongendyyallpqrtions ¢fithgchpmiae Eleslicairnergy t hat
at | east one of the coil turns (34b, 43, 48, 50b, 55, 222) is oriented in a
second pl ane 38 whif@R the ingustivielemert is dhereby Fayried simuitaneuslythropgh bethenent
of Claim1l further conprising another coil turn (34a, 43, 45, 50a, 53, 224)
oriented in the fi & sigpwalkansend wallpogtians. hat isainprnesgmbadimentindustive 222)
in the second plane (38) being positioned generally between the coil turns
(34a, 43, £, 50a, e@gt,ncglg)ergyds £PHpled intara B'Pé‘ﬁé f@H’G e siesasavell asfegem thst
either CCaiml1 or aim?2 further conprising nmultiple coil tums (34a, 43,
45, 50a, 53, 224) &R ehtheachambenre Toj that epd.oh Ereeessing systeRe vidizingesuchafn any
preceding claimfurther conprising nmultiple coil turns €34b, 43, 48, 222),
each tum oriented infustive eleraeridas Asidewall pegionandian engdwall pegiprdomesef a 38) .
5. The el enent of any one of Clains 1 to 3 further conprising at |east one
coil turn (50Db) orid@){ﬂ%mﬁte&a'ﬁ BYGNBSHAYETE- angl ed between the first and
second planes (36, 38}. S4 2 5 SEP 2(103 6. The el enent of any preceding
cl ai m wherei n sai d secoR@fepingrie Figyes 7A.anjpaisiive #legeent 12P IR thedpmaats 62l ar to
the first ane (36).. 7. An elenment for coupli el ectrical  ener into a
processi ngpdchanbfar '% sheywndormed ang,rarfigyred Bﬁ?“ggg? Seelian éﬁqﬁ Prﬁggﬁﬁ%ber,
the el enment conprisjing, an electrically conducti el enent (60, 72, 0
conprising a cg}j I ﬁh@'ﬂ%{ WhiER inpldes i e‘f’ﬁ'Pﬂ@%%g!»a@aéﬁ &0gi éﬁﬂ?ﬁﬁ’“(é&))
conpri sing a predomg nant arcuate portion ,_characterised ip that each
pr ggom’ nagt arpcuat glhﬁo?rP??ﬁ?'”@G‘if)a"%fréﬁﬁ?ﬁq(agé% ey EF d‘é%ﬂmﬁfa?e?’i 'BE’ RAYPEr t he
redom nant arcuate,_portion 4 f at Least first anpd cond coi) turns
bt “the 1 nduct ve. e ChRBRE Bl oteBRwain F0E AR ciressaiaL Far ail Spnaalvhe o

| anes to form stacked cojl turn 62 nd the |inear rtions 68 bein
Cubstant ial 'y Co- pPARAPRGH oRPERE 1 Alntile GThe craBnts dp T8 rPiLrci
t he el enen 60, 72) conprises tiple sets of .st d.coil.turn

posi ti oned*sa((jj acenp}qxaﬂ%{ggﬁgmsg%te- QQ{hFth ineeﬁﬁgﬂ?n gﬁé(@?'ﬁtﬁg?c}' Flglﬁsm%'(@f)
Claim8 further conprisi a third cail .tur 74) oriented at,an.an W th
respect to said st& ?ﬂ%’ngaibﬁ gten?rﬁgy ‘EY@ES'WC%R“%@ Frear%ﬁ?t 5w ’b%'?%gif

el ectrical ener i_nt.o I 0CeSSI C i i i ndow
defining a pl angyt 5%69?{@}&3'{:3' 56\:?%@%%.élr\%%g&ég@sﬁ@g{éﬁ%%ﬁeﬁgﬁeﬁ%ﬁsﬂ,
the el ement conpri si an el rical IR { o8 0,
110, 160, 280y comper ] 8 i borbiboresfiedf Y hoRndTER: 88” duaditetre
segnents (82, 92, Je?e?nenjt%o ils%?mec} QS adhgﬁ: rtc?'ir?clucfee%%ﬂfp?edcoil turns indicated

20 collectively by reference numeral 124, wherein each of the tumns includes a
segment 126 which is oriented generally along and around the chamber
sidewall portion 121. The coil tums 124 also include segments 127 oriented
along the endwall portion 122. [n that way, the coil turns 124 of the inductive

element 120 couple energy into the plasma, both through a sidewall portion
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55 2 5 SEP 2003 segnents being coupl ed together end-to-end and arranged
_in a non-coil fashion and positioned in a circul ar pattermnnsageugg; a center
(84, 94, 104, 114, 161), the repeated segnents (82, 92, 102, 112 _.164)

bei ng ori & MR general Iy paral l el planes) characteri SETUSPOYRY ¢ he
~discrete, repeated segnents (82, 92, 102, 112, 164) are coupl ed together

end-to-end. 11. An ele t as clajned in C.aim10 erein the circul ar
pattern of the ad'és%ﬂ %chsaglmgftbggsuarpg%{ve'@weﬁﬁ%e\@gnrﬁr@rengwag ReigAEs t er n
generally open. 12. The el enent, of either C aim 10 or Caim 11l wherein the
repeat ed conductdr 13\1@{%2‘9'@%’1@2&} saﬁt@tl?jp?ﬁﬂfgéﬂmﬁ@"éﬁtsé‘ﬁ@ s Q4REE 9f out war dl y

froma center 14) of the electrically conductive, elenent (110). 13. The
ol oment of & a\AlPwBalestHal SneeYite B8 sotelel Hiteibiayh So BIRARSES: or 1 i ndi vi dual
coi | 92), the coi bei, ar ed in ci,rcul ar ;pattern around the

celnt Zr((gzl) of theI hﬁﬁlft?lﬂliqa@se{%jrg‘?ﬁ W%@@fl?”lﬁzﬁ"%?ﬁ%d %I"E‘f?gntf’ecﬂ‘e‘gftﬁ?m 13
wher ei n each of the individyal, coil 92) are heljcal jn shape_and incl ude
appr oxi‘mat el y cﬁ%"’g’ﬁa sgﬁ@_nhth%rtoctbqqp?q érr’ qug_thq-ﬁlgsga repgeasrally gher a ai m
10 or aim1ill erein the repeated, copduc e nt 102)_ of the

conduct i vle ele C?é??ﬂ% 23y gﬁaf’éy@? e[;fij?@; ?éq E‘Fﬂggﬁ%‘é?ﬂ“: 2’fttFi%cE'bnducti ve
el ement further, conpr.ising an %dditi opal, | ayer 108 of repeated conductor
segnents (102) _tur_nsg@uch grasorgpted generaly alqng, Elcé’ﬁﬁﬁFr sigevwribporian 1aher ei n t he

200y ot procedfi o inet bR Wi &8 Ao IR e FhEBRET PRI g &
i hamb 3, 2)_defini i 14, 204 d
fLSF;Z?thﬁcsﬁa@{ b0k J3g0r IO j@f‘é@%gje ﬁ{@ﬁ&iﬁa&g&@%‘g@?@p@ 8 %ugé‘t rate

206 {Son the prtocess1i? ﬁace 13 204) ; 9as i.nlet. (20 or. i ntroducing a

Bung! @f B SERoW e FURY Ak »Ingluges Soffudz yhegein sach,
gg;ﬁngggsp: gtstma i N tée rQc sai n"H S art:é%&]rom 8r CeR das i nt ?od ELS ror
t herein, Ifhe IpI 3%%%??%@”33&%’% \gﬁﬁﬁ 8’°|a‘f AN R?ﬁl?&%ﬁ (azsfzgm 6) hﬁvi Eg
Slr scessi ng chanBar fgs 3ilaliiie et vRLAOort 14 s el %fe%h;eef Iqu?tF%gh“ci e
10, 60, .72. 80 .90, 100. 110, 160, .220 i
¢ Z{ﬁ”éoéi U ondiicling: HE8P sefions, HsD, SR et ot %ﬁé‘eﬁrts%:%féﬁ%ﬁe' "

: . . 1 16 . : - ' .
e S A ol SR TR R B9 >
G ai m B ahor o1 Geistn® SRAMALBTRT 327 et Flules dReR BB IETRREAR (10, 220)
o 8, 00 o Shablh ohrkh, S e ABERER RO AMg O SRR BETIRE Wi

(30) of the di ereiﬁEiE-ét(édvﬂy%(?i%rgtgﬁ?Qctio? 433. %‘hg s%aﬁ%%gmént of each coil

tumn further includes a section that extends back up over the sidewall portion
121, as indicated by vertical section 134. The coil turns then extend back
20 over across the endwall portion 122. As illustrated in Figure 7A, that pattern
is repeated for the various coil turns 124, progressing down one side of the
chamber section 123. At lower coil 124a, the transition is made at segment
135 over to the coil turn 124b which then winds around and up the sidewall

portion 121, over the endwall portion 122, and repeats along the other side
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20. The processing systemof either Caim18 or Claim19 wherein the
_inductive elenment (10, 220) includes nmultiple coil tunms (34b 5§§Ep4@§ 50b,
222) oriented in a plane which is angled fromthe first plang 6). 21. The
processi ng sysvenspIsany one of Clains 18 to 20 wherein at [PERAHSOYH2f
- said coil tuns (34a, 34b, 50a, 50b, 222, 224) has a semcircul ar shape. 22.
The processing systemof any one of Clains 18 to 20 wherein at |east one of
said coil turns (4skchagmerisgstion 1 untihiterminatetipend 236, which spupies o thg
system of any one of Clainms 18 to 22 wherein said coil tum (34a, 43a), in
the first plane (3etheqtarminal chan Rimrawer supplends (lustiated guthediguresnthewtodr coi
end (42b, 46b), the coil turn (34b, 43, 48) in the second plane coupled to
the outer coil endl{Qbasically hasesets of coiplugnsewberein angnset 34 &yrns positieped
processi ng system of an¥ one of Cains 18 to 22 wherein said coil turn
(34a, 43a) in the genesaliypaiong oms)sideendf thes chambemand @optheesgt ©f duns4iga) and
an outer coil end (42b, 46b), the coil tum (34b, 43, 48) in the second
pl ane (38) Scoupl edresitianed ganeeally &ang anethef sigg)of e ahambel.r st pl ane coil turn
(34a, 43a). 25. The processing systemof Cl aim 18 wherein the inductive
el enment further conpri J8dhe egdiodineenhoh e glgmentibewn im Fiowes dfthercoikbturad in
the first plane and a portion thereof oriented in the second plane. 58 2
5 s~ 2n~ 26. The pfeaparts mjorg e pidewallpartian itcludghehamp PO0sdegres deodsi agl ane
(38) is oriented to be generally_perpendicular to the first plane (36}. 27.
A processing syst eBRQUIVID)Figue 7h¢ ?58@!@1%‘5 cail tyrmheactiansewifding up 3fnddawn thehe
system conprising a processing chanber (272) defining a processing space
and includi ng a subdewait rortiemp pés indicater byt neterence mmergaaégrtawe@rigmadt rate
(274) in the processing space; a gas inlet for introducing a process gas
into said'Brocessi g gpagrally ¥ercalgrigntaton. (&hepiactipnsof e itdustive algmenbl asna
in the processing space from process gas introduced therein, the plasm
source conprising RCYAiBGe3eGtoRs iSddai genrs3iivnirizagtaly geeeted: | These & anp
surface, the dielectric wndow (278) interfacing with the Qrocessing
chamber (272) pr oxPRRIDXMRERLY 890%‘?%%&8?‘”&%’?%%1% ef andpectioro, 72,
80, 90, 100, 110, 160, 280). of any one of Cains 7 to 17 positioned outside
of the chamber (27355 MIBTAYRY SIE areptalions TEightbe utiigeskfating yatsus seions
i nductive el ement OP rabl e for coupling electrical energy through the
wi ndow and into th@tEF88$§§Fﬁg space to create a plasma therein. 28. The

01 L ent ot qBnral |y par AFBIAG0 LR BLesATEIa, A AR Ve Fbieh sl an 20
nductive ol onent _BAGGNG SISEHeRk Senaraj s o 1BACE ARIVETAtnS ERetfer
Fepeat ed conduct or TEUGREPIERTSRE 1 ngaRsr DA o1l b TR MR GHeBH: eq
(160) i ncl udi ng vererpd~eeyanen 185 & 8o sl abReR Rl ArredBefoon
br acebsi ng. chanber LRS! SaaPri HEvar 6 B st 125 a5 "n

end wal | rtion (L2 25 t he el ement, operabl o.gener.at e l.agma
froma pr %@ess gas ;‘Pﬁ'e’(?\reﬁ}%gw&?o"&%‘gfe%%)SFCt?Qr?@qQF‘@Fr&ﬁ °°613H59?ﬁ§|8r?§§an

el ectrically condugli . t. , 0 LS coll
having nul tiple cmﬁ'fe %’eﬁ:}:ﬁégﬁgf (a%%g)anaﬁéh%‘r?étg? g’ra 5% ?ﬁéﬁjﬁgf{hgggﬂwgﬁélt he
turns includes a s [ f i ng hhi,oned
al ong a chanber si 3%53@{?% 1%%,?@3%%%%@@@2# eé@g@gﬂ? %E%%{Phgﬁ g%b blle

O e e 0 PPt palh YA ERUARY aBIBRL S84 HORL AR BEeifodlL b

t hrough both the sj q ( a?w?;ﬁé nber
(123). 31. The el o pafiGlat SIS & e W reg?én&'tbﬁgg?r‘uf‘%‘ul%’fe 78, i ahdle of 24,
142) are arranged in sets of coil turns, at |east one set of turns being
oriented generally along one side of the chanmber (123) 246) and anot her set
of turns being oriented al ong anot her side 4t the chanber. 32. The el enent
of either Claim30 or Caim31 wherein the segnent (126) of each coil turn
(124) 142) oriented along the chanber sidewall portion (121 ) includes a
section (133) oriented in a first orientation and a section (134) oriented
in a second orientation which is angled fromthe first orientation. 60




2 5 SEP 2003 33. The elenent of Claim32 wherein the first orientation is
. general ly perpendicular to the second orientation. 34. < QEIQSE{!I:-]”Q system
(245) for processing a substrate with a plasnma, the systé&m conprising a
processi rygoonsmser (246) defining a processing space an’tﬂ"#ﬁ?f’/g'gphg a
" substrate support (261) therein for supporting a substrate (260) in the
processi ng space; the processing chanber (246) having a sidewall portion
(252) and an dedesd thap8Pt.i Blentert 140 counlesenasgy wtelp lasma theoushttmtih al . a
pl asma source operable for creating a plasma in the processing space from
process gas i itne eethwallianthsidewal of smehamiarna source conprising an inductive
el enrent (120, 140, 150, 250) of any one of Clains 30 to 33 positioned
out si de of the chahigere {Qdigftratas anpibeaditasnatye emhgdiment aflaadnductiveé ener gy
into the processing space to create a plasma therein 35. The processing
system of O aielergent wiizedite ceunlel ejectricalsenergy intocnpiocessiagbhanaberdram dewal |
section forned of a dielectric material, the chanber sidewall section being
posi ti®ned belendwalhang sidewaldrtions of theighamber, TheZmbadimentiveigure®e ti on (122,
251 ), the systemfurther conprising a second inductive el enment (257)
proxi mat e t he dopsiaokitiizeseaiithms Hawingfuuitinte angled settings dormsdrtherein aser gy i nt o
t he processi ng space through the sidewall section. 36. The processing
syst em of any sbpwn if FiguegsngA, 7B. t lodadiveieianesnt 15Qiulilizasogenssailygirculanber has a
sidewal | section (24a) 210) fornmed of a dielectric material) the processing
syst em f ur t hetwasioggel imsgwhick areovrundrsgal that seclipasietihe (B9 are2BIUNP 85)
positioned proximate the sidewall section (210, 286) for further coupling
el ectrical endheghantessedtionj2d aad seqtigns piibe tumoare simultanghusinacressiewal |
section. 61 =~ 2 5 SEP 2003 37. The processing systemof either Caim35
or A # m 36 wike endwalpattionetahand acfass thesidemathpertionotddr i Aredesgribed | (230,
257, 285) wrapped around the chanber sidewall section (210, 286). 38. The
processi ng syfoexe.othelgmenicfosms twaisats ofcailtugs witle setshpesionedrar and
second inductive elenents are each coupled to an electrical energy source
(26b, 226, 232prosie sidesdf thysectiond3s or coupling el ectrical energy into the
processi ng space (14, 204), the electrical energy sources (26b, 226) 232,
255, 256, 282, 2907“%@?%“1’?16@6@%ﬂ?@'y“’(ppé'ﬁgbqu:y'ﬂ‘l"érﬂ%n@va?ﬂﬁ REr for
i ndependent |y biasing the first and second inductive elenments. 39. The
processi ng sydewractiyelunpayhe eseddioainductiyslyt eoupie electrical epfapintsi g a
Faraday shield (21) 236, 258), positioned between said second inductive
el eme (230, Plesma forp)vaters anmies) ape Exay; heyutdized to Yany thepenetration ofhe
processi ng system of any one of Clains 17 to 29 or 34 to 39 further
conprising a miacisalenergynty the glasmg, Theweby. the indupivesierpentiaiectthr i nducti ve
el enent and the processi space (14, 204). 41. The processi ng system of
any one of O SfaRility #n d‘“g%"ﬂg’ o Ahg plasmarip & Way “Ebﬁ%ﬂg‘@b WEN R in the
D o) Yor Ry Fijexample, with plarar Golb, 1ere & genarally lte ablity to afiett (o

A A AYSr. Al f.AY. 9. A9. A % AN . A. Al 9. AFH2. Ar. AYh . AHSr.. AY9. A
9. A . AY[ yL. AF the gize g EP')A((IJ%'E*.EEQ?'? .emﬁ?'@!ﬂéﬁt\{as.“,l@m&ﬁ(‘@'ﬁ#ﬂ‘ﬁgf.WZUL. Al 9. AFy

r.Ar,A%An . AfL. 3&%# H9.A3§.AA 9, Av9. AA% A 9, A Q.A % ALAL. AF59. A. . A A
u@. A9 A3@ A9I3rRR Kpe ‘.A@?".’%&g%.%’.sﬁ@d#." hpigsmy Generally, the ICP power
toje Ta T U
Jeo & L A B P el sl Gl hag o o)
-r wr nhch calcalc al cal.cal cal,cal cal cal.cal calc al.cal ca] ca]ca
ca] ca] caUJ] caj (%g]"c%tﬂﬂ @ﬂ' g}lﬁ @gFE%T&T%?L < 64@?%%5' ns ;s ﬂLé:trJteg
in Figures 7A-7C create variability by varying the orientation of the segments

of the coil turns which are oriented along a sidewall portion 121 of the
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{vql ég]/x] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] caU]fg] §E9F] (éa]]aca] caj
cal ca]ca]ca] ca]ca]ca]calcalcalcalca! a q

- 10" AT @\ " #HSHE HEeRe0Fas& N T E((((((] wrmhe”Y] ] ] ca] ca] ca] setrosthembral ca]
- ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca
L(()h)))4*f*** +S+y, -B...#/%)/*/7/ D S/ p00

IML1| wgl gb] Xmhe” Y] ] Lss%lrﬁgadhaaqbe:aéeﬂtﬁadér@kay:@h@ﬁ&rq@hwdt@@dnmhealmu fehcal ca
U] ca] ca] ca] ca] ca] ca U] c”a] ca] ca] cal] ca] ca] cal] ca

11. 2y223f 334Chx 62 6~peadS e chamber, but also from the sides.

; A<u=w={ ====5>?| wr mhc”"Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cal] ca] ca] ca] Caﬂr%er]aq@] ifeetraedsCa otrdr smbtsotiirb ant %t @HAEYBRENRELERP<DI DI
D>Fl GJJz KKKKLOMVYNNOPNQQQ R wr mhc”Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]c

a] ca] ca] ca] ca] ca] ca&seﬁqleﬁa]vﬁ@]\ﬁa&m]eqndnfeﬁ eahéwdticaly calisielepalgyahtoRRaERRKRVR
Rt RRSOSSSUUYUUUVE VWWWeWNAP X XbXdXgXt XXX{ vgkf a[ V] calU] ca] ca] calU] ca] ca] ca] ca] c

a])&g(} ca] ca] 6a] ca] cathedighalepabainlang] siabwal cidrierisc alfca] srakbssig adnarideeahcal ca
ZnZzZZB[ [ [\ e\\\: ]1]]]4&srdaie Rith the principial 5 thednvéintion.c mHoetive dlara¢malsoaioes] cal ¢

a)J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!l,
a_aaa<bbbbcpc{ ccdddgitdutilidd ddpestéd aaaag (duili iurdy Einsilag b Xthé aadwstile adisméms] cal ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca]cal 1j Jj M Q Tj aj ijijstiakddkiniriguread? A PO F Ratiest! inauotive rese@dnt 10Ys ajvaridtdnal] caj ¢
a) ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU
] ca] ca] ca W] ca] ca] thainuctiveeievents illustrated in 6A-6D wherein the repeated segments
xexxxByyz{|[||]|>}}}~Y~~~~~~~ zupj e ZU] calU] ca] ca] cal] ca] ca] ca] ca] cal ca] ca] ca]
ca] ca] ca] céapca] ca] cef| ha] inadctiog erldent]aca dranged i aadaratsiaiashiba adrratddfify Gkv\ V
9} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca
. ] ca] ca] ca] ca] ca] ca] arrdrayeldcia) £ afasdramtteln #e0Und~Riceniek fazis\\| Tioa kegheatscrgcal ca
] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] caU
] cal] ca] ca! el 4" YHigmaselitaeidéqdmtiaty oatvaadcidrn a) eenter af thalifdizliveaglemeot] ca] c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] cal] ca] ca] ca] ca] ca! 1} Xc<7J. bT| wr mhc”
X] 1 U] ca] ca] ca] ca] cafiow¢wsr] elemea] t&] isajatadpoijurad da beajereraliy] flzd joc pldnaapsa) cal
ca] ca] ca] ca] ca]ca] ca] ca]ca] ca! MZ1% Z
\: +| wr mhc”Yrmhe ™ X] | Ullestriatesd iod&igurdscéA-68] bat]rativef elerent/l 6@ has sedments oriented
a] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]calcalU calUc alJca +vK'b[; U
X&{ vql gb] X|1p] ca] ca] alehg a] toa]dof a] chainbat and sefmeahtsajrieatedfodie] alahg a] siddbta] ca] ¢
alU] ca] ca]ca]ca]cal]ca]ca]calca]calcalcal &-91g2_ ! $(5ACGfM|wnmhc”Y]]]]ca]ca
] ca] ca] ca] ca] ca] ca] cremtedrca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] cal] ca] ca] ca! 2U! UKel zupkfa\ W ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] caU] ca] ca] ca] ca] ca] dddreaspreaificallyc edctnpt Me sdneatfd sderaefts al62awhich 2@\ { vql
gb] W U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] caj ca] caJcalc
a] ca] ca] ca] ca] ca] cajnarged] radislly-anound centef pyjp;161 are bent at corners 163 to form
{vql gb] X] U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] caU] cal ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] cegnesdiyatoszantal &g ganerlly xpticabsasmens t88.ca] ca
] ca] ca] ca] cal] ca] ca ca] cal ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] cal] ca]
ca]ca]cal p4%# c op segments 164 are generally oriented along the end wall or top wall
"H LP\w bJ| wr mhc”Y] U] | a] ca] ca] ca] ca] ca] ca] ca,] caU] ca] ca] ca] ca] ca]ca] ca]c
a] ca] ca] ca] ca] ca] caf g?%d]‘b%l]"@ﬁ?%&'pd‘é']aﬁ‘@]’—‘b hjlethg vetigalisegments) 166 aref ] g
b] X] U] ca] ca] ca] ca] ca] ca] ca] ca] ca cal cal cal ca] cal ca ca ca] cal ca] ca] cal ca] ca]
cal] ca] ca] cal] ca] caJenerdirigpleda &&mm 1 qf the progessing) ghambes. (- . |
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In accordance with one aspect of the present invention, the ICP
systems and inductive elements disclosed herein may be utilized for plasma
etching or plasma enhanced CVD (PECVD). In accordance with another
aspect of the present invention, the inductively coupled plasma might be
10 utilized for a sputter deposition process or sputter etching processes. in a
still further aspect of the invention, the inductive elements disclosed herein
might be utilized for sputter deposition in combination with a second,
independently biased inductive element, for further affecting a plasma within
a processing chamber or for ionizing sputtered particles.
156 To that end, Figure 8A illustrates a processing system 200 which
utilizes a processing chamber 202 to define a process space 204 which holds
a substrate 206 to be processed. System 200 utilizes inductive elements as
set farth hereinabove in accordance with the principles of the invention and
is particularly suited for an ionized PVD method in which particles sputtered
20 from a target are ionized prior to deposition on a substrate. Substrate 206
sits upon a wafer support 208 positioned beneath a dielectric chamber
section 210 which surrounds the substrate 206 and processing space 204.
Support 208 includes the substrate holder 206b that may be biased with a

suitable power supply 208a. An aperture plate 212 and a sputter deposition
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In accordance with the principles of the present invention, inductive
element 220 may be any one of a number of suitably configured inductive
10 elements which are operable in conjunction with a planar dielectric window,
such as the inductive element 10 illustrated in Figure 1A and shown in Figure
8A. Faraday shields 234, 236 might be utilized in system 200 as discussed
with respect to the system of Figure 1D. Inductive element 10 includes
vertical coil tums 222 and horizontal coil turns 224. The horizontai coil tumns
15 224 are generally located in a plane parallel to a planar top surface 225 of
dielectric window 216. Inductive element 220 coupies electrical energy into
processing space 204 and specifically couples energy into a plasma in the
processing space 204 through window 216. The plasma is utilized to sputter
material from the target 214 and to ionize the sputtered atoms of target
20 material, which is then deposited upon substrate 206 according to known
ionized sputter deposition techniques. Inductive element 220 is coupled to
an RF power supply 226 through the matching unit 226a. Target 214 is
coupled to a DC power supply 226b for biasing the target. While inductive

element 220, shown in Figure 8A, is similar in design to the inductive element
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101 7109%&' () - 31tbeRrigiples bfithempesartinvintPnroagalsy be utitrag! it pystBN@O0HF G Ja?VK@
10G y109%&' ()-yl0%&' ()- 10%&' ()-!”~0 10988& ()- FMLO%&' ()- M&! 109%&' () -
JJzK} K~KKKKKb @cniaetion g2 alaga( fielecitio yendew(316. 1itor eyample, the inductive
109109 () -yl 4109 ()-y2S#H10%& ()- KLOMVNNOPdEb@ 10G ! "! 10%4| & () -
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To further control and affect a plasma formed in the processing
chamber space 204 in accordance with an aspect of the invention, a
secondary inductive element 230 is positioned around the dielectric chamber
section 210. To that end, the secondary inductive element 230 may be in the
10 form of a cylindrical coil element wound around section 210, as shown in
Figure 8A. Inductive element 230 is coupled to an RF power supply 232,
through the matching unit 232a. Supply 232 operates independently of the
RF power supply 226. In that way, a primary inductive element 220 and a
secondary inductive element 230 are independently biased and operated.
16 The two independent RF power supplies, 226, 232 may be utilized for
adjusting the amount of power delivered into the plasma.
One specific advantage of the inventive system 200 which utilizes two
independently biased inductive elements is realized with an ionized PVD
process. In an ionized PVD (iPVD) process, such as an ionized metal PVD
20 process, metal particles (e.g. Al particles) are sputtered from a target utilizing
the plasma generated and sustained by the primary elements, and, after
sputtering, the particles are ionized by the secondary plasma. An ionized
PVD process allows deposition of metal fiims onto substrates utilizing

features which have high aspect ratios. Maximizing the electron temperature
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iPVD process, however, is that the increased density of metal particles that

exist within the primary plasma quenches or reduces the electron

5 temperature within the primary plasma, which thereby reduces the overall

metal ionization that may be achieved. Furthermore, energy associated with

the sputtered metal particles is often absorbed by the process gas, such as

argon, which results in a reduction in the density or a rarefaction of the argon

process gas. The rarefaction of the argon gas, in turn, reduces the

10 thermalization effectiveness of sputtered atoms and thereby further reduces
the ionization of the metal.

Utilizing a system, as illustrated in Figure 8A and in accordance with
the principles of the present invention, metal atoms will interact with high
density plasmas in two different regions of the process space, as defined by

15 the inductively coupled energy from the separate inductive elements 220 and
230. In accordance with the principles of the invention as discussed above,
the primary inductive element 220 provides a high density and uniform
plasma proximate the targets 214. The material to be deposited on the
substrate 206 is sputtered from the target 214 and is ionized by the primary

20 plasma. Some fraction of the sputtered material transits the primary plasma
region without completely cooling to the local gas temperature and will thus
not have a chance to collide with plasma particles and become ionized. The
secondary inductive element 230 significantly enhances the ionization of the

sputtered material because the sputtered atoms have a chance to cool to a
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d!' ddYNC 10G 10torepliide with plasma particles to be’ionized. Furthermore, any fraction of
formerly ionized sputtered atoms which have recombined with electrons of _
the plasma to a neutral state are again ionized by the secondary plasma.

5 This reionization will occur in the area of the process space proximate

inductive element 230, that is, the space directly above the substrate 206.
The secondary inductive element 230 provides energy to a plasma in the
processing chamber 202 independently of the effects of the primary inductive
element 220. In that way, a greater amount of energy is delivered to the

10 plasma and metal particles sputtered from the target 214, which thus
increases the desired ionization of the metal particles and increases the
uniformity of the ionized metal flux. Furthermore, the secondary inductive
element 230 adds RF energy to the outer circumference of the plasma field
where a significant amount of the ionized metal flux is lost due to

15 recombination and sidewall adsorption associated with dielectric chamber
section 210. In one embodiment of the invention, the primary inductive
element may be coupled to an RF power supply 226 operating at
approximately 13.56 MHZ, while the secondary RF power supply 232 may
operate at approximately 2 MHZ. The power supplies 226, 232 operate

20 independently. Generally, the inductive elements may be powered by
supplies within the range of excitation frequencies from 400 kHz up to 100

MHZ. The RF power supplies are coupled to the inductive elements through

matching units 226a, 232a to deliver maximum RF power into the plasma.
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ionization by providing independent control of the plasma in the region
directly above the substrate 206, and therefore, independent control of the
plasma's interaction with particles sputtered from target 214. Furthermore,
the inventor has determined that a system similar 1o system 200 may also
10 utilize other physical mechanisms for introducing electrical energy into the
plasma, such as ion acoustic waves, electron plasma waves, and other wave
coupling mechanisms. Furthermore, another advantage to the inventive
system as discussed herein is that total power delivered into the plasma may
be split into two portions providing for higher cumulative power levels
15 delivered to the plasma. Additionally, splitting the power requirement
between primary and secondary inductive elements reduces heating of those
elements and makes cooling of the elements easier.
The system 200 may also be used to enhance spatial ionization
efficiency of particles sputtered from target 214. The size of the central
20 opening 213 in the aperture plate 212 will restrict the sputtered atoms that
strike the substrate before they cool down and are ionized. The size of the
central opening might be varied to reflect a greater or lesser amount of

sputtered particles back into the plasma from primary element 220 to be

ionized. This enhances the ionization probability for the sputtered particles
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to certain process gas pressure ranges and power constraints.

For further enhancing the inductive coupling of energy into the gas
plasma, as discussed above, system 200 may utilize Faraday shields in the
form of slotted shield 234 proximate an inner side of the dielectric window
216, and shield 236 surrounding chamber portion 210 proximate the
secondary inductive element 230. Faraday shields are useful in ionized PVD
systems which utilize metallic material that can be built up on the dielectric
surfaces inside the chamber and cause an electrical short between interior
parts and the plasma. Faraday shields also enhance inductive coupling of
energy from element 230 into the plasma. The Faraday shields will generally
be grounded and operate in accordance with known plasma principles to
reduce capacitative electrical fields created by the inductive elements 220,
230, as discussed above.

Figure BB illustrates an alternative embodiment of the inventive
system, similar to system 200, utilizing a primary non-planar inductive
element as discussed above, and a secondary inductive element. System
245 utilizes a primary inductive element 250, similar to an element

described hereinabove with respect to Figures 7A-7D, which couples
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positioned around the chamber section 248 and the inductive element 250
is wound around chamber section 248 to inductively couple energy into the
chamber 246 proximate target 254 and thereby sputter material particles
from the target in accordance with well known plasma principles. Target 254
10 is coupled to a DC power supply 255b for biasing the target. An inductive
element similar in shape to the element disclosed in Figure 7B is shown in
Figure 8B. However, other similarly designed inductive elements in
accordance with the principles of the present invention might be utilized. For
example, inductive elements illustrated in Figures 7A, 7C, and 7D might aiso
15 be utilized with the system 245 illustrated in Figure 8B. Inductive element
250 is operably coupled to a matching unit 255a and RF power supply 255
which operates independently of another RF power supply 256 and matching
unit 256a coupled to the secondary inductive element 257, A Faraday shield
258 is shown in system 245 and may be utilized for improving the inductive
20 coupling of energy into chamber 246 by the secondary inductive element 257
for processing a substrate 260 positioned within chamber 246 on a support
261. Support 261 includes the substrate holder 260b, which may be biased
from supply 260a to control the process voltage and parameters on the

substrate 260.
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10U: aB4/ 10, ! finlfogde (8B: s0868idn of the%ikodessihy Eharhbes might be modified by
mounting the target 254 in an area of the dielectric chamber section 248
between the individual coil turns of the inductive element 250. Referring to

5 Figure 8B, a target 254 might be positioned in the area designated by

numeral 259 between the adjacent cail turns of inductive element 250.

Figure 8C illustrates another system 270 which utilizes primary and
secondary inductive elements in accordance with the principles of the present
invention. System 270 uses a generally planar primary inductive element

10 280, such as, for example, any of the elements iliustrated in Figures 4, 5A-
5B, and 6A-6D. System 270 utilizes chamber 272 in which a substrate 274
is supported by support 275. Support 275 includes the substrate holder 274b
which may be biased by supply 274a to control the voitage and process
parameters on the substrate 274. Above an aperture plate 276, a target 277,

15 mount 279, and dielectric window 278 are positioned for sputter deposition
of a material layer onto substrate 274. A DC power supply 282b biases
target 277. An inductive element 280 is coupled against one side of the
planar dielectric window 278 for providing electrical energy to a plasma within
chamber 272. Inductive element 280 is coupled to an RF power supply 282

20 through matching unit 282a. A Faraday shield 283 might be utilized on an
inner side of dielectric window 278 for enhancing the inductive coupling of
electrical energy from element 280, as discussed above.

- The secondary inductive element 285 utilized around the chamber

dielectric section 286 is not in the form of a cylindrical coil wound
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10Z>s109%Z& () - My710%& () - O f dED

10, ! 109%& 109&
10110 () F. 1é%?é??’%fééﬁ%dww%g?”%%%"{3“%5?%8? mEe % 100

109 ()- 109%& () -, wiitR%ee dr)entebQié&lc% amst the outside wall of chamber portion 286.
1088! ~* >10%88& () -, Y710%' () -2U Ud

L$109%& ()-1"!10%& ﬂ‘he Lép@%’fed(éegh&eh@/&d ére%%fall&)rerticéW@ne(rIted%&bl@strated
10! Fy Z( lo%fF&' ()-g 10 10

10@s10%& () - L@ 10%&?%&* 3C 10%8mt Jan! dvelaliO8¢findnicaip 3REPEE element around the
10! L109%&' ()-!10%& ()-109%& ()-  |210%& ()-L10%& ()-I FyZ(10%&' ()-gl dEnb@
chamber 272. [nductive element 285 is coupled to an appropriate RF power
supply 290 through matching unit 290a for inductively coupling energy into
the processing chamber 272 in accordance with the principles of the
invention. In one preferred embodiment of the invention, the repeated
10 segments 288 are U-shaped, as illustrated in Figure 8C. However, other
shapes of the repeated segment might be utilized. Furthermore, a cylindrical
coil as shown in Figﬁres 8A, 8B might also be utilized in System 270 in

accordance with the principles of the invention.
While the present invention has been illustrated by the description of
15 the embodiments thereof, and while the embodiments have been described
in considerable detail, it is not the intention of the applicant to restrict or in
any way limit the scope of the appended claims to such detail. Additional
advantages and modifications will readily appear to those skilled in the art.
Therefore, the invention in its broader aspects is not limited to the specific
20 details representative apparatus and method, and illustrative examples
shown and described. Accordingly, departures may be made from such
details without departure from the spirit or scope of applicant's general

inventive concept.

What is claimed is:
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10! 710% h& () -. 10% h& () -, ! 10% h& ()-$10% h& ()-"!10% h& ()-10% h& ()--w S4
10&! 109& ()-s 10%& ()-! :109%& ()-FY10%& ()- 10hh 10hh
10hh! 9@10%1h& - wWA{ dEr S4
10&! 1010%&' () WS () 8L0%& ()-: 109& ()- 109 ()- 10%& ()-FqdYNC 10& 1 10 10
10710%& ()-Y. 109%& ()-f, ! 109%& ()-$10%& ()-"! 10%& ()-# ) q}~?YNC
180(')%‘0‘% (S ) bég%& ()\ngelé%l for coipiiRg (Sledtiitdl enbPYRirtd aSpidcbssing chamber
( 0-5q (13, 202 246) to generate a plasma (28) from a process gas in the chamber
(13), the element comprising an electrically conductive element (10, 220, 280)
comprising a coil having muitiple coil tuns (32, 52, 220) disposed
successively along the length of the coil, characterised in that at least one of
the coil turns (34a, 43a, 45, 50a, 53, 224) is oriented in a first plane (36) and
in that at least one of the coil turns (34b, 43, 48, 50b, 55, 222) is oriented in a

second plane 38 which is angled from said first plane (36).

2. The element of Claim 1 further comprising another coil turn (34a, 43,
45, 50a, 53, 224) oriented in the first plane (36), the coil turmn (34b, 43, 48,
50b, 55, 222) in the second plane (38) being positioned generally between the
coil turns (34a, 43, 45, 50a, 53, 224) in the first plane (36).

3. The element of either Claim 1 or Claim 2 further comprising multiple
coil turns (34a, 43, 45, 503, 53, 224) oriented in the first plane (36).

4. The element of any preceding claim further comprising muitiple coil
turns (34b, 43, 48, 222), each tum oriented in a plane generally parallel to
said second plane (38).

5. The element of any one of Claims 1 to 3 further comprising at least one
coil turn (50b) oriented in a third plane angled between the first and second
planes (36, 38).
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6. The element of any preceding clajm wherein said second plane (38) is
oriented generally perpendicular to the first plane (36).

7. An element for coupling electrical energy into a processing chamber to
generate a plasma from a process gas in the chamber, the element
comprising an electrically conductive element (60, 72, 280) comprising a coil
having multiple coil turns (62), each coil turn (62) comprising a predominant
arcuate portion (64), characterised in that each predominant arcuate portion
(64) is coupled to a linear portion (68), the predominant arcuate portions (64)
of at least first and second coil turns of the inductive element being oriented in
spaced and generally parallel planes to form stacked coil tumns (62) and the
linear portions 68 being substantially co-planar with each other.

8. The element of Claim 7 wherein the element (60, 72) comprises
multiple sets of stacked coil turns (62) positioned adjacent to each other.

9. The element of either Claim 7 or Claim 8 further comprising a third coil
turn (74) oriented at an angle with respect to said stacked coil tums (62).

10.  An element for coupling electrical energy into a processing chamber
through a dielectric window defining a plane to generate a plasma from a
process gas in the chamber, the element comprising an electrically conductive
element (80, 90, 100, 110, 160, 280) comprising a plurality of discrete,
repeated conductor segments (82, 92, 102, 112, 164), the discrete, repeated
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NC 10!! - 161), the repeated segments (82, 92,102, 112, 1642 being oriented in
10%7&' () - 10%r& () - 9&10%r& ()- F10%&' ()-f#10%1u& ()-fF10%r& ()-L""#$/ % %6
dEYNC generally parallel planes, characterised in that the discrete, repeated

segments (82, 92, 102, 112, 164) are coupled together end-to-end.

11. An element as claimed in Claim 10 wherein the circular pattern of the
discrete segments (82) leaves the center of the pattern generally open.

12. The element of either Claim 10 or Claim 11 wherein the repeated

conductor segments (112) are disposed to extend radially outwardly from a
center (114) of the electrically conductive element (110).

13. The element of Claim 12 wherein the repeated conductor segments
form individual coils (92), the coils being arranged in a circular pattem around
the center (94) of the inductive element (90).

14. The element of Claim 13 wherein each of the individual coils (92) are
helical in shape and include approximately one and one-half coil turns.

15. The element of either Claim 10 or Claim 11 wherein the repeated
conductor seanents (102) of the conductive element form a first layer (106) of
the element, the conductive element further comprising an additional layer
108 of repeated conductor segments (102).
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17. A processing system (12, 200) for processing a substrate with a
plasma, the system comprising a processing chamber (13, 202) defining a
processing space (14, 204) and including a substrate support (17, 208)
therein for supporting a substrate (206) in the processing space (14, 204); a
gas inlet (20) for introducing a process gas into said processing space (14); a
plasma source operable for creating a plasma in the processing space from
process gas introduced therein, the plasma source comprising a dielectric
window (24a, 216) having a generally planar surface (30), the dielectric
window interfacing with the processing chamber (13) proximate the
processing space (14); an inductive element (10, 60, 72, 80, 90, 100, 110,
160, 220, 280) of any preceding claim positioned outside of the chamber (13,
202) and proximate the dielectric window (24a, 216), the inductive element
operable for coupling electrical energy through the dielectric window (24a)

and into the processing space to create a plasma therein.

18. The processing system of Claim 17 wherein the plasma source

comprises an inductive element (10, 220) of any one of Claims 1 to 6.

19. The processing system of Claim 18 wherein said first plane (36) is
oriented generally parallel to the planar surface (30) of the dielectric window
(24a).

57



10

7109@2& ()-3. 109Z& ()- @! 109Z& () - L*109&Z& () - Y( 109&Z& () - 9f & 109@& () - <<<<<<<
=3>bC 10! 109& () - 9109%& ()-f#109& ()- Z109%& ()- 10Z 10Z 5 SEP 2003
10Z@10%2& () - 3>_???@ @RIELC 10L@ 109%& () - OL10%& () - Y10%& 3) K

"10%& ()-s' ! 109%& ()-910% () - @ BoBCCCCCAE: / 10

10s, >S109& () - MSF7109& ()- - 109& ()- 1+ 109& ()-L&109%& ()-3"s! 109%& () - CCCDy
DDDCEr S4/ 10y’ ! 109& () - 109& ()- 109%& () -

109 () - yFYL0Y83& () -, ! FY40%& ()-, 10CEI FFG#HLI Wl dE4/

10y’ 110, 1 109%& () - $109%& ()- Y"! 10%&' () -y109%& ()-!10%& () - 10%& ()-w | IRIUIWIX
JYJZJdYNC 10y20.1 1'[he1(prd@@mg%§js(em Lof7iteg; Glainl 186% Claim 19 wherein the

0109%&' 109&' 0% -.1.10% 0t
109 ()- | 21ODRREVE SETGIENE: £TONARRABRAUREAQH Gy (34b) 4a, 4 Bl 232)

(- 10%& ()- @rl&ﬁ@&ur(épﬁn%lﬂ%ﬂ&m(éndﬁd fORBTeE (inst plhpesds) ) - ! 10%m&’ () - OOLP\ Q_Q
QQpQQIYNC 10y 10m 10m

10mL, >10%m& () - : @710% & ()-s- 10%& ()-,! 10%& () - * 10%r& ()-cQoQQRRl SSAEYN
C 10y

21.  The processing system of any one of Claims 18 to 20 wherein at least

one of said coil tumns (34a, 34b, 50a, 50b, 222, 224) has a semicircular shape.

22. The processing system of any one of Claims 18 to 20 wherein at least
one of said coil turns (43a, 55) has a rectangular shape.

23. The processing system of any one of Claims 18 to 22 wherein said coil
tum (34a, 43a), in t.he first plane (36) defines an inner coil end (42a, 46a) and
an outer coil end (42b, 46b), the coil turn (34b, 43, 48) in the second plane
coupled to the outer coil end (42b) of the first plane coil tumn (34a).

24. The processing system of any one of Claims 18 to 22 wherein said coil
turn (34a, 43a) in the first plane (36) defines an inner coil end (42a, 46a) and
an outer coil end (42b, 46b), the coil turn (34b, 43, 48) in the second plane
(38) coupled to the inner coil end (46a) of the first plane coil turn (34a, 43a).

25. The processing system of Claim 18 wherein the inductive element
further comprises a coil tum having a portion thereof oriented in the first plane
and a portion thereof oriented in the second plane.
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the system comprising @ processing chamber (272) defining a processing
space and including a substrate support (275) therein for supporting a

substrate (274) in the processing space; a gas inlet for introducing a process

11 <jjkdEYNC
|11 dEYNC

gas into said processing space; a plasma source operable for creating a
plasma in the processing space from process gas introduced therein, the
plasma source comprising a dielectric window (278) having a generally planar
surface, the dielectric window (278) interfacing with the processing chamber
(272) proximate the processing space; an inductive element (60, 72, 80, 90,
100, 110, 160, 280) of any one of Claims 7 to 17 positioned outside of the
chamber (272) and proximate the dielectric window (278), the inductive
element operable for coupling electrical energy through the window and into
the processing space to create a plasma therein.

28. The processing system of Claim 27 wherein the stacked coil turns (62)
are oriented generally parallel to the dielectric window planar surface.

29. The processing system of Claim 27 wherein the plasma source has an
inductive element of any one of Claims 10 to 16 and wherein the chamber
comprises an end wall portion (122) and a sidewall portion (121), the repeated
conductor segments including horizontal segments (164) oriented along an
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30. An element for coupling electrical energy into a processing chamber
(123, 246) having a sidewall portion (121, 252) and an end wall portion (122,
251), the element operable to generate a plasma from a process gas in the
chamber (123, 246), the element comprising an electrically conductive
element (120, 140, 150, 250) comprising a coil having multiple coil turns (124,
142), characterised in that each of the tums includes a segment (126, 142)
thereof oriented for being positioned along a chamber sidewall portion (121)
and a segment (127) thereof oriented for being simultaneously positioned
along a chamber end wall portion (122) for coupling electrical energy into the
processing space through both the sidewall and end wall portions (121, 122)
of the chamber (123).

31. The element of Claim 30 wherein the multiple coil turns (124, 142) are
arranged in sets of coil tums, at least one set of tumns being oriented generally
along one side of the chamber (123, 246) and another set of tums being
oriented along another side of the chamber.

32. The element of either Claim 30 or Claim 31 wherein the segment (128)
of each coil turn (124, 142) oriented along the chamber sidewall portion (121)
includes a section (133) oriented in a first orientation and a section (134)
oriented in a second orientation which is angled from the first orientation.
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34. A processing system (245) for processing a substrate with a plasma,
the system comprising a processing chamber (246) defining a processing
space and including a substrate support (261) therein for supporting a
substrate (260) in the processing space; the processing chamber (246) having
a sidewall portion (252) and an endwall portion (251) formed of a dielectric
material. a plasma source operable for creating a plasma in the processing
space from process gas introduced therein, the plasma source comprising an
inductive element (120, 140, 150, 250) of any one of Claims 30 to 33
positioned outside of the chamber (246) and operable for coupling electrical
energy into the processing space to create a plasma therein

35. The processing system of Claim 34 wherein said processing chamber
(246) has a sidewall section formed of a dielectric material, the chamber
sidewall section being positioned below said sidewall portion (121, 152) and
endwall portion (122, 251), the system further comprising a second inductive
element (257) proximate the sidewall section for further coupling electrical
energy into the processing space through the sidewall section.

36. The processing system of any one of Claims 17 to 29 wherein said
processing chamber has a sidewall section (24a, 210} formed of a dielectric
material, the processing system further comprising a second inductive
element (230, 257, 285) positioned proximate the sidewall section (210, 286)

for further coupling electrical energy into the processing space (204) through
the sidewall section.
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second inductive element comprises a coil (230, 257, 285) wrapped around
the chamber sidewall section (210, 286).

38. The processing system of any one of Claims 35 to 37 wherein the first
and second inductive elements are each coupled to an electrical energy
source (26b, 226, 232, 255, 256, 282, 290) for coupling electrical energy into
the processing space (14, 204), the electrical energy sources (26b, 226, 232,
255, 256, 232, 290) being independently operable from one another for
independently biasing the first and second inductive elements.

39. The processing system of any one of Claims 35 to 38 further
comprising a Faraday shield (21, 236, 258), positioned between said second
inductive element (230, 257, 285) and the processing space (14, 204).

40. The processing system of any one of Claims 17 to 29 or 34 to 39
further comprising a Faraday shield (15, 234, 283) positioned between the
inductive element and the processing space (14, 204).

41. The processing system of any one of Claims 17 to 29 or 34 to 40
further comprising a mount in the processing chamber (202, 246, 272)
configured for holding a target (214, 254, 277) of material.
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