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PRODUCI NG UNI FORM PROCESS RATES Background of the

wo poogfoticosr The present invention relates to app&Er/as2084/004399
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and nmet hods for processing substrates such as
seni conduct or substrat es for use |n I C fabrication or
ANTENN OR PRODEGING UNAEORM; PR() SSRATE

appl i catl ons Mor e partl cuI arly,
relates to inproved Bagk pd of ¢ gntie
capabl e of processing substrat es W|th a high degree
of procgssing unifaorm:t Cr 0SS the surface.

Pl abrm. Drorecel RyediRabi Fh S e B B Perate
Ui uBstrdtuch Aesenfddiuctk @ﬂﬁﬁfaﬂéﬁ Qﬁ%§iﬂ"]§3 faYSERIIB or glass panels
utilizing inductively coupled plasm sources, elecCtron

1 forysxl intflabpanck display eppl{cEGR)s. é‘domeqaestculaalwaﬂme tpirssent invention
sou i ke, have been _introd

Teleb% dnintovkd Tistres Higrewe Saops selt B shucrone

S%ﬁ&t?ﬁéseﬁltﬁﬁ HichdegRe ?%Eém ifoRditPhAEESHRE Bhstrate surface.
mul tiple dep03|t|on and or etching steps are typically
enpl oyed. During deposition, materials are deposited
ont o a Rlaist pratessimgsysiems havedicen aduad fctrh?em@lllmﬁeac@vetrfthayears,
al anel or a wafer). For osited | ay

0 iR Ses G st lbiing P SR coipled SR s ofecfion
Si dy’cfb%n%s‘bﬁérg:% (ECRY %ﬁc@né’ap‘aﬁﬁvé bdiBodBihdiBe 1ikQrHIR b
thé surface of the substraté. Conversely, etching may
bentoghicey end employed wctarives fegreastv pravesseemadondiictonsubstrates and
p;édefl n d areas on the substrate surface. For

f5IP8CEt ched features such as vias, contacts, or

trenches may be fornmed in the 20 Iayers of the
substr alb&rirag(%t%c&%‘hg' Skkple dBbHAGH 2hd/& AR RepChHe %?&Ily
uses an I nductive sSource to generate the plasna.

1 dénhplogdd: a@ltr'mgaieposmon amateriaielare thepasitpd asiow qubsimes sirfege (such

reac 100th ed for. pl asnma prqcessi . A
{ yPriEaPTHRaaGE FOE BPSbT BrEReby AU SemReq Hopdud as
3 CHATDRmA0E sﬂtb&ﬁ‘ SARoARL AR Aok RS BRIEBI! e may b

di sposed above a 25 dielectric w ndow 106. Typica
anfoemedion 0 susfa@:mfrthd: substrytec CopVastly, @tchirfg msy beREmployed to

o r source 108. er nor. e as ort 10 i s
Cdé%ly\ﬁ?f{l%‘i’eﬁn%tﬁ% @Pmlmﬁd@fwg? tg aﬁ*té%ttﬁt? gface. For
r eéx% @%tcﬂ@éfe%{‘tﬁ‘esss‘%ﬁ §§v1'§§tcgf ﬂa@t!s o1 t ghes Iﬁ%ﬁoeefoﬁﬁ@cpﬁi the
source gases, Into the RF-in uced sna r
betayere nf theallestiatd. c mnndom1106 and a substrate 112.
Substrate 112 is introduced into chanber 102 and

di spose8 on a huck 1&4 which -1,
ne partlc ar method of plasma processing uses an inductive source to

generate the plasma. FIG. 1 illustrates a prior art inductive plasma processing reactor
100 that is used for plasma processing. A typical inductive plasma processing reactor
includes a chamber 102 with an antenna or inductive coil 104 disposed above a
dielectric window 106. Typically, antenna 104 is operatively coupled to a first RF
power source 108. Furthermore, a gas port 110 is provided within chamber 102 that is
arranged for releasing gaseous source materials, e.g., the etchant source gases, into the
RF-induced plasma region between dielectric window 106 and a substrate 112.

Substrate 112 is introduced into chamber 102 and disposed on a chuck 114, which
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el ectrode and is operatively coupled to a second RF
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process gas is input into chanber 102 through gas

port 110. Power is then supplied to inductive coil 104
usgeneratly pets arm plesieadesnd iceperadivelygoupied ta @ pgsiond RFRPWer source
engay coupl es through the dielectric wi ndow 106 and a
Iarge electric field is induced inside chanber 102.

More specifically, in response to the electric field,

a Ci r cUndriidigo EiebtePlasnt, b pEbEe&Tbak ik ﬁbacriﬁ@)rcha%er ifdzethrough
electric field accelerates the small nunber of

el e PPBrd OpPeweris thensiugpliadHe iedwetiveroit Hifsusieg fitseRF power source

C I [ w.th.t as_ml e s of th r,0cess, ga

© s, T tbics e AT RupY] Bidh A BEAE RiRact 06 and a taree
i rméduaé fiend i9fndaced inGhER@nI 100, a81Re dpkBificAily, | B r@@lo 1se to the
known in the art, the neutral gas mol ecul €s of

pradestrs figldsa M@ﬁatmbauerentel@l utd@c@dwsvéambmowg @h@ehectnc field

fields lo el.ect rons nd | eave |ve

i gea PR E SR S B oS FyORg IE s Datrben Ghiding them to
negdtdoxeltly tHe Rk aRtkceleg ot tiRProRBdsRe tthER CO@?S%OI{EQEWhQ&HZ&UOH
(and/or atons) are contained insSide the plasma 118.

Asandanitiatign phediseheagd armplasatael 18f At iscwelbkmpyr mrtlae afo the neutral

o1 G dh B e Weth #RIe3GHEo iR uiissTrigy Hads tose
t hﬁed@fo?ﬁ MR d 18R£8 @eltuﬁd B@sﬂ{/él? chRdd BUar AS ai‘é@:ﬁlt %Hsft%ﬁl Qarged

the substrate. By way of exanp? one of
nmeioha megativetynthaigded telengomscmtlhaeu‘paﬂ@e noédecoies (ztrrel/crr@tuctmsjl ase
gas nol ecul.es at the ubstrate pay be diffu
( {icoptatngchiBsifs eI e s S99 AbITELEAREen Faie PSS Heotys
f utral species (e.qg.
neut rﬁs)theﬁr fous atéa t}}e?l?s[maplonﬁ@s

gas m) ecu y typically be found al ong
the surface of substrate 112. Correspondi ngly, when
bot t om @hecthe ptiema hastbdes fomvesl; ednirilgas ntodavdles mside the plasma

d hey, |
CaFES fubd SrPelo v et S bE SubaEre, BT Capaiengne of
r 6@ hric@Rani&R %01Hf19£’tllr§‘%7ﬂottﬁ@ﬁre§@1%e BEGR neReAY Eﬁserﬁgl@cm%st £ the

i nductive plasm s such 25 as the“one
nmesubktoate dlaak]»@\dﬁ)fusﬁms(l beﬁre mmionahm&amemtmflrﬂtéecmﬂ@hnmde the
per.f or fnﬁﬁ#across ubstr ., a non-unif

et TP, hdtlays o 8‘?1%1 PRES1SS d gheelg%g%srlafﬂ@c@@%)énay fypically
et%ﬁnd o % Cﬁ%?l%éaé’e +ﬂﬂ95t@£@i ffr(Fﬁ{%gon %12 vr/l?e%%otttoni dlectrode

is extrene Icult to contr
askldicis pbedred] iohs tehé to adcelyrat avacdsthe sltbstrate@vhere:thley iigal
di mensi ons, aspect_ ratios, and the |ike.

AdtArRRIBFED Wit BT hsefich kv e qiching frasHiaead t o

device failure 30 in the sem conductor circuit, which

typi cal bye bk HafRastebD eftiodhefedfist HdhQive! Bﬁsma systems, such

as the one mentioned above, has been variations in the etch performance across the
substrate, e.g., a non-uniform etch rate. That is, one area of the substrate gets etched
differently than another area. As aresult, it is extremely difficult to control the
parameters associated with the integrated circuit, i.e., critical dimensions, aspect
ratios, and the like. Additionally, a non-uniform etch rate may lead to device failure

in the semiconductor circuit, which typically translates into higher costs for the
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Moreover, there also exist other issues of concern
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m cro-1oading, selectivity, and the like. In recent
years,. it has been found that these non-uniformetch
r dpEipEyrepeMokro Ve, dagie also exigtathefisyasof goneera spehaasithe overall

d ' . e s te, i.e., ab
o agiate BERTRITEGRUGAEE, Mo VB T ML e ot <
of reactive species (e.g., positively charged ions).

Whi | e nintresdns héang it lers beerbound thay thebemdnyunifdrmi éch rates may be the
believed that the variations in plasma density are
crigsitleef yiakensindhe plagna ¢ensity paossdlip gurfase phthe sgbsteate, i.c., a

tr ] S5 | SE r._couplin
IS 0500 AR ACHE LAkt 67 BP0 .o

| fpdshisreposkarged doud).i MhilehoB®RTHR!tH be botid 5% MBS/, 19 believed that
reason _that 10 the circulating current of the Induced

el e vauiations & plagips fensity atyaiented Dicasyameptr¢sehaifasy Sund frethe
Ia 3 'rvrfcfgitx'ralﬁéhlﬁ%gn gﬂirréést%ﬁtﬁp of)tfhe %?\%elp éo%%ﬂﬁg,}/\cﬁré,l %?%gﬁ&he dielectric

varration
denmidb, d/br f1esned detRtpRiet codplihg 8XaFRINtriS ARardi8 t € FAsbn that

X
arrangenments induce a current_tﬁat Is strong in the
c dhe ewcstingrarest of the induepsbalecitic fipld volltherasgiamticeand iherefore

U O -
chankeplafias dstrawivill be Bhéounterddly Hh 384p1 1R)ne ail@ina arrangements

standard techni que for overconm ng an asymmetric power
c ouiderfgeuntest thekie strene nchpesnsatod ther cobla hthwealoattthe tier diameter

as tries. For exanple,.using.a pair of | anar

ARt FGomsrBhndt@TTE vatip B i Ftercpous BuR e center of he
CUYSThERE cRArBReR (ad PoWh M FIGAI B} pladBITPEY)S tO a spiral

antenna to formnore circul ar |oops at different

radii, varying the 20 thickness of the dielectric

wi ndow thy delaabisehnigie loneveseamidens iasymaetristposrycoupling has

current areas. ver, Lhese bal ancing techni ques .

© i RororPBE T oF GAEE ts R TR e bR IR, JoRg R b of

C Q1 ar Rfitendd¥ab incPeast BRYufbAd denbifnd Wk Qﬁﬂ&t%@aﬁ,ﬁaﬂﬁh@&dml
variations that |ead to variati'ons in the plasmhg,
whirethbera kes spiral dhfchiaiol fornt ooobtisiuterdoars ag diffeorniiradyi. , varying the
Mor eover , sf. .ant.enna, aryapgenents used today form
SOMERETH o B et uf Rl o AR tng clEtilgeRb g song current
argr AN M AN cf, 18sP bAaABng (RRAGds 4R FRWP IR B azgm%th.aelly

created by a voltage drop between the antenna an
pl sysmeetrid heweondaupbpeg. dFlo is, thegistiBiténg tb bavsazathatueted hariations that

val tage at .or .near the coqupling wndow, For the nost
paFid et HdR R Rt G umeles T LEquy o Rhtap g B esmy.
el ectrode (powered). That is, the ions in the plasm

tend t oVBRoRES BRE AiGfha AFERSI RGN BRY forf'me type of
therefore accelerate
capacitive coupling between the antenna and the plasma. Capacitive coupling is
created by a voltage drop between the antenna and the plasma. The voltage drop
typically forms a sheath voltage at or near the coupling window. For the most part,
the sheath voltage tends to act like the bottom electrode (powered). That is, the ions

in the plasma tend to be accelerated across the sheath, and therefore accelerate
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negatively charged coupling window. As a result, the

waec@elogrees i ng ions tend to bonmbard the surfackCDUS100€004399
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coupling wi ndow. These bonbarding ions will have
subst g?g'[l ally.the sanme effect on the coupl.i ng Wi N

adOVHEy e eghI YA chagRth GoupPRNS YINdOW. (R el it B Hgranng ions
ett 8ot BRAEIN: r Goupl i ng wi ndow

ace0 Thﬁg négﬁ%%égﬁ%égﬁﬁ%mg Ie and/ or
unpredlctable results. For exanple, deposited materi al
may acclihesd berebardingiensouilijlaive gihs/tantia)l\lw ﬂlﬁdarbe effaat ontthxecoupling
sour&e of _har nf ul gartl cul ate ecially

s B OGRE S e TheR0L ek b T st material on the
R I
SRR ISl AL AEOUR DRI b BB Bt

| Fot ek akplesdepositdd mattsal mmymcemﬁubmrdrﬂhe oduplihg Witidow and become
exanpl e, in the power transnission properties of the

polerouEes oA hargfyl @aﬁlcmateaﬁﬁpéﬁﬂléy whpe matarial Hakgs eéigvgto the

I :
B sl R BNEE mAl A A5, HELb Bl IRy PR e ea simiter
| reffebie Bentuailndtie imfeacs sradécieasd in thickméseivill B&use process variation,
foregO|n there are desired i nproved nethods and
agphé @41 theqrowsr FanEIFtOLPIoPEIties BF e @ewrhepualing freg.,
S lﬁ%{e%g ﬁ%leétﬂg \Aﬁ#&;ot%é gﬂsﬁla) 1gs a%ﬁg&goéﬁngr&c&? %ag%t\llozlﬂl%@ﬁ%gd to

Inventron re n‘-‘one’e
afﬂoﬁﬁgﬁﬂﬁﬁﬁtprocfe@s'mg enesialehd'® @RicR!feitdre i thkisemtohdsdtdieiRuit.
process chanber through a wi ndow. Cenerally, the
ant enna arrangenent conprises an outer |oop
conpr i SPEPYROF thederegringitherp é@ﬁiqswdwlmnrgw@@@rhadmﬂcapmratuses

R it R 808kine 6 SRR AR~ hor o

the inner loop is closer to the antenna axis than the
outer loop is to the Snienng ocixhslnventdash azi nut hal
direction, and a radial connector radially

el ectri caIIy connect i n% t he outer Ioo to the inner
12

| oop, wher ei TheiREentiog d¢lgies,dp ARR eBed 1¥T’§nb‘loa€'@é‘@te§11‘l‘ giFrggement
diggf %?at{“r%%?em% eﬁ@' %qeggﬁoéégé/ 1 ttﬁgﬁ%ge?&/mdoaf
anot r rrent M processin

afpareadilys theaintepho meagieﬁt@macoaqﬁseg at @teﬁ@ﬁ;ﬁ; fc@lrpyising a first outer
process chanber is provided in which a plasnma is _both
i JAPR BYN S18ROSA SN S aptsang Hds. 5 dpRsS 4997y CompRFipgafiest inner loop

f

T s URuR1 g B GRS AT oL Get e grcons
c haigfann thA diiltﬂrtlmoﬂ 1@Y@ﬂﬁdm&ﬁh£ﬂbﬁ§1ﬂ &chdpiaaeind] dh@cttdiheand a radial
wi ndow and . configured to produce an electric fiel d

vieanpgcterfadiglly pﬁgﬁrl@@ll}g@ngecﬁm@]é%gut@mﬁﬁgy the inner loop, wherein the
radial connector is placed a large distance from the window.

The invention relates, in another embodiment to a plasma processing
apparatus for processing a substrate. Generally, a process chamber is provided in
which a plasma is both ignited and sustained for the processing. A window forms a
side of the process chamber configured to allow the passage of said RF energy into
said process chamber. A multi-layered antenna is adjacent to the window and

configured to produce an electric field via RF energy inside said process chamber.
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antenna conprises an outer |oop, conprising a first

woeien7icop turn di sposed around the ant enna BXI/BS20841004399
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i nner | oop, conprising a first inner loop turn

di s ose?,?round t he antenna axis, wherein the inner

| obpe MeltsfayeranteraacRpEpRseamnpaterlop, compmsinga fistioater loop turn
|l o i Xj S:in € i.nut h .
BRSSO SR i 838 LRI At o oop

el ispdded atduyid Ciouiedina Agist Wherekh! tBE it@OPop & E16Rr kd @ antenna axis
| oop, wherein the radial connector is placed a |arge

di e Hesoterdnen Ko ferrabwna Brisé cabgeimphalshireotion, lhad a radial
E][ @3@@1{129”%}' %é?lﬁgﬁ/%?eﬁggagg @é’ﬁ?ytc%]?gnth}: ?)H#elf Qﬁ’)g{)] ?ﬁeﬁﬁn@ﬁg&“{f )(Vherein the

f i gidia@ Sofectol & FeceanNamny diands AWhESs wandbw.n whi ch |ike
reference 10 nunerals refer to simlar elenents and

in which: FIG 1 illustrates a prior_art inductive
pl asma processi ng rBHef Bescriptioniof thesPriawings pl asna
processing. FIG 2 illustrates a plasm processing

system i i ] . I nt _and

coupl i nghﬁﬁ? (Ej%{\}vﬂglf ?@%‘8@%@ n% , tﬁdﬁ’%égpﬁg{?ﬁl@gﬁv\ﬁﬁ% g way of
15limithideli, iethe fpfurdshe iy fseMbartyitedrhwitgs afd & wBich $ik8 reference
schematjc illustration of a partial antenna turn wth

a paperalspeier topimyacelemprpand & Whichist rat i on of a
mul ti-turn antenna arrangenent. FIG 5 illustrates the

mul ti-t . rdance wi.th.one
embod o o RER SRRy plaE SRR s R0 usea
cr fos plsmatprarsdingi de vi ew of the nmulti-turn antenna
arrangenent. FIG 7 is a cross sectional side view of
the multj-layered coupling window, in _ accordance wth
one enbbd- @éﬁﬁstwe%wa%%@éﬁﬁssma@%%@mdﬁQIumn&an@nteglla

S A L e R L R e

seatbatimefit dfftiee prebdnt ifvéntiorant enna of FIG 8. -5 WO
2004/ 077608 PCT/ US2004/ 004399 FIG 10 is a top view

of a thHé]I turn., FIG 11 is top view of a fourth turn.
- 3 1s a schematic illustration of a partial antenna turn with a gap.

FIG. 4 is a schematic illustration of a multi-turn antenna arrangement.

FIG. 5 illustrates the multi-turn antenna arrangement, in accordance with one

embodiment of the present invention.
FIG. 6 is a cross sectional side view of the multi-turn antenna arrangement.

FIG. 7 is a cross sectional side view of the multi-layered coupling window, in

accordance with one embodiment of the present invention.

FIG. 8 is perspective view of a multi-turn antenna of an embodiment of the

invention.

FIG. 9 is an enlarged section of the multi-turn antenna of FIG. 8.



FIG 12 is a top view of an upper connector above the
fourth turn. FIG 13 is a top view of a second turn.

WG2004/@776081 is a top view of a first turn. Fl G PABUSR0H004399
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top view of a second upper connector above the first
turn. FIG 16 is a cross-sectional view of turns with
an i nsuf&t.df igp gposed of Adrel tuget ween. FIG 17 is a
cross sectional view of part of a third turn and
fourth Fﬂ§q~q§?$"§woégﬁ%9%ﬁh r enmbodi ment of the

i nvention & 8 vi ew of the device shown in
FIG 17 with a passive antenna. FIG 19 is a top view
of a farFmslay ishi@ dew bf &h u@kr iconiecte ABEHRLthE fouirtBWnel
anot her enbodi rent of the invention. Detailed
Description of Preferred Enbodi nents 15 The present

i nvent i BYF-PIIF 2 FPWIHE oflasesopBdEni n detail with
reference to a few preferred enbodi nents thereof and
as illugfd 3t4qga!t b6 oRE GOIRARYI Ng drawings. In the
fol |l owi ng escrlihlon nunmer ous specific details are
set forth in order to provide a thorough

under st Blidlilags efoptHew pf e sexohd upyerbhmattor labowd the fibe tarn.
obvi ous, however, to one skilled in the art, that the

pr esent ntion ma practjiced w.thout so

b 50« st O e Rtigrali <Ry of Gbovgr o eviaine dispossethere
Kngwhed 0cess steps have not been described in detai

in order not to unnecessarily obscure the present

i nvention. In processing substrates, one of the nost

i mpor t ablG. ddnaaetoss sectitnzal vipmooksst ofeartgirchaﬁnsné faurtheutnoused in
i mpraove i uni formty. As the termis enployed
hg¥5ﬁﬁ?eH®98 (ﬁﬁPE@FHPFqukaTS to the uniformity of

the entire etch process across the substrate -6 WO
2004/ 07798 sRET kw20 @843 owhih FRSE 7 mﬂ; thﬁﬁleecﬁl%na.
rate, mcrol oadi ng, nask sel ectivity, underlayer
selectivity, «critical dinension control, and profile
char act BIG.dPiies tdp wew of déweddy shivdd.e and roughness. |f
the etch is h|ghly unlforn1 for exanple, it is

the- subtlaPds b SatbiC yb oot Pbofreniathe v

case, it is less 5 Ilkely that one area of the
substrate w | | phaileBedorigical oratrehedinb8dRhdiRE areas
remai n i nadequately etched. The present 1nvention

provi des a plasma processi ng system for processing
The present invention will now be described in detail with 1eference to a few

preferred embodiments thereof and as illustrated in the accompanying drawings. In
the following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be obvious, however, to one
skilled in the art, that the present invention may be practiced without some or all of
these specific details. In other instances, well known process steps have not been

described in detail in order not to unnecessarily obscure the present invention.

In processing substrates, one of the most important parameters that process
engineers strive to improve is process uniformity. As the term is employed herein,

etch uniformity refers to the uniformity of the entire etch process across the substrate
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substrates that is capable of producing a uniform
etch. The plasma processing system includes an RF

wpowe7B0kIr ce and a process chanber. The pl asnmeCT/US2004/004399
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processi ng system 10 further includes a substantially
circul ar antenna operatively coupled to the RF power

soshréase Hrdding plel saie. apistadoagding, mesk spl¢dtivisy, underayer selectivity,

I e R A Y
?l fcﬁlghﬁdss._amtﬁ@ 83h id ﬁigl@l? hifSiM, §8r &Qniph YGS Ak cRld8RAtthSetch rates
ield inside the process chanber w th RF energy

getietiferett pyjntsioe URFsUbsise tewd o be subFhatislibeqmht Inahis yase, it is less

ci f.cyl ar . ant enna_has east, a 15 first pajr, of
coalgéeiﬁ f N gap gt iy gshal;esmea“ﬁ’émyﬁvg‘é‘@@ﬁﬁd Bgﬁ‘? offpr areas
C ORGSR fHabBed@RPpctcRed® second plane is placed in
relation to the first pair of concentric |oops. The

first pair of concentric |oops and the second pair of
concent Theplesai snventon plosidane plasty pretestingsisteantbr processing

sy rically aligned with one .anot her .al o a conmon
o ORh S ol poe i S B s PEatceran system
t UndRidedareRE ol Pﬁblﬁ@@dﬂldraﬁgoéﬁs By C ‘Fﬁc‘é E%Erlng Prgotecgs%ing system

same 20 direction in all l'oops are place
di Srthecieciudena sthstaptialtosircaied atlernaopecgivetyi @upleddpthe RF power

Preferably.. radjal connectors are placed far fromthe,

wi TGS Biatoneivd o € adtine deed ocr PR op g ale i

CURik Y8 vathth 8208 \GakibeEf? brdcesitd RE shisehndsiy i&ilar antenna
pl asma processi ng system further 1 ncludes a coup}(l ng

wi 1Isdonfiglirsp trsimduceyat elentric fitld insdeethn aravest dhambpr 0tk RF energy

chanber.. Th ling window i s confjgured to 25

| PP s KiovisH Yo, LR gpbs Bl brarcalfe apisana s ghleast a
in | : . aF . i .

i A b S oy PRSI ARESEs SLTHREE ATSEy ik WEpRaHel B in.
sesonutl players rilaced omfedlgionad thedfimseshitcsf doheenvidd Toage TheOfxrst pair of
formed hetween {iﬂ% wi ndow, and the, plasma by absorbing.

at CINESEFIC 109ps psl G ssEondwinadicengsaticiappsyae sestantialy iflentical and
th N ] i . C : .
e R TS L Ibltn 15 b conncctions
wobdtwtantt kencentid tnrmminvachAbopuidyairéd/tosyimRiett ip kiasdime

i rcgii de the lgr ocess -7 WD 2004/077608 _ ,
PCTF989B 0 o (2089 81 Riarsrisdiree Histangs Bawche window and the concentric

SUBSREN LA AL IBE SRR PHLATE LIREIUGAC oo

t hethprtegentidé opeingamrrets @6@ senelGinkcelidl dfteseiOBEdd. he
substrate surface is achieved by providing an 1 nproved

ant enna rrangenent confiqured faqr producing a )
uni f or mt % @éﬁﬁ% PIRSCIFHIR ﬁygﬁ@gfyﬂbﬁmlu@ a coypling windpw digposed

Znﬁeﬁﬁg%} fgt@ iah%éﬂﬂ& fnPle Bloebls dnimb i rfle B0inE WIREHW! ‘r}snctolnﬁgured to
allow the passage of RF energy from the antenna to the interior of the process
chamber. Further, the coupling window has a first layer and a second layer. The
second layer is configured to reduce the voltage drop formed between the window and
the plasma by absorbing at least a portion of the voltage that passes through the
coupling window. The substantially circular antenna and said coupling window are

arranged to work together to form an azimuthally symmetric plasma inside the process



el ectric current inside a process chanber.
Correspondingly, the electric field accelerates the

W@b@anT®ns i n the process chanber causi ng t henP@DUS2004/004399
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collide with the gas nolecules of the process gas,

which as a result ionizes and initiates the plasma. 10
Fothamhen@at predeges asibsianstally Heifoynasieacss pataeeropsthe surface of the
suyg i (%d to a lower electrode and the ions are
acélﬁ%%%ted towards the substrate. The accel erated

ions and neutral reactants at the surface of the

subst r ahect@dsitcewritthodd pstabetheprésehl i PGHRE, SBcdsE Bniformity
substrate surface and therefore process the substrate.

| recgess dhepgubstygie aurfare izledhidvey by providieg ph aspravedagemat er

at, one_ar ea gé th& substrate, a noniunifo m roceis .
- s gp b e R gingy A pedo e AR R FITA, phs PRERRGEpower is
anguBPR&] @RI MmANGHAR B indBeLANIEde BoldlAdf RRb&Renty) 88 culating
pl asma variations by inducing an azinuthally synmretric

el deatri¢ eurkgng inidesaerocesh ehanfier e Correshovdinglyntheelastrid el

P oREE T e iy i HE HroRFuMofer criede Fh TegTdauih e ges
f ofioRbhleTbBhE PEHRE JIYIWRkh 64/4 FRAT forlizbs GAG hﬁﬁétéﬂh\é?puama.
an azinmuthal 20 current placed as close as possibfe to

the m ssing segnent or gap. 2) Cancel all non-
azi nut hitllozing thetoseaiion lof teplasera, pewerds supppied tea layer electrode

clo as _possi bl.e. Ke non- azi nut hal as tric

c PR TaR BReArp St o b REP e by ie i ior B o dneutrl
W e Mts BMBB siirffacde D8 YheAluBstERTREASATIEthe REAERNs dikPbs@fBn the
enbodi ment, the inproved antenna is configured to

pravbsteate surfge end thereforerngocsses thesubstiatet Ih geaeralywhbmthe\density of
Sy ric. Wiile not w shing to be bound. t heor )

R Bl i 50T HAe A e ST e oL PR B ES Tssll be
Of prbiifcROWRE RN, HIDinfr&RAlISntAR: THANRmNAT !cﬁ%@.ggi {o'feduce

the circulating current in response to the
el theterplasnia elrdiionsheisdudingas mismsthaty kymmetric electric field, and
characteristics tend to produce standi ng waves that

f SPAREFITE BYQLET A Ro%F BHEOTRFPIRRSHIAGd | ow vol t age al ong
the length of the antenna, which as a -8 WD

2004/ 07’Flﬁ§)i§vglggng§gxggéy HO0AR9a bﬁi@ﬁ_ﬁla_% bEQ IS5 < Hl%.tlegxg\}.viﬂg rules:
and | o

areas of high w current densities in the induce

el Bdtompensite débroh]l miseing awinerthal berrems tragpeh ingmn iwithan dzhreuthal
current is low and when the vol.tage is |ow, the

oA PlpGed R GH0Se AS PRSI 19 g RETHIE SEPRBSY 2Ri £) Gencehall non-

t heialifhal RENETs WRIPOSUnkdr @BrrbAtt 1ag$}?%d%s%sagﬁo§§?cﬁ§.n§)zt1(%@p non-

the current density. For exa , ere the curr
dearsintthal symingiriGourhemt pleasnta vdéndeir privaa dsx tta feen fieghindow
and mhéke the current, density is | ow the plasm

deHEP t4hERHg SoOPPenataddizadXc cor di ngl y, an azi nuthal |y
asynmetric plasma is typically

In one embodiment, the improved antenna is configured to produce a
circulating current that is azimuthally symmetric. While not wishing to be bound by
theory, it is believed that transmission line characteristics of the power coupling create
azimuthal variations in the circulating current in response to the induced electric field.
These transmission line characteristics tend to produce standing waves that form

fluctuating areas of high and low voltage along the length of the antenna, which as a



produced when the current density has fluctuating
areas of high and I ow current. To be nore specific,
wob@n/oriees wavel ength of the RF energy is snal | BCT/URZIN4/004399
the length of the antenna nore nodes will appear in
t he standlng wave pattern. 10 Generally, standing
vvaliﬁé‘é It fgre {eniuating @resy of igh and law ewmrens densities ie ﬂ@anduocmelectnc
g&hhl %%ﬁen til Xﬂ qgﬁg %ognrtgsr féw %ng%enl{ﬁb %ltatgg is low, the

arr

abéuﬂfenz i glv\ﬁﬁﬁisaﬂﬁl lbrﬁ)w'lf‘to' tBEk@Iskilled MelthRSrtapsw&tebosition into the
produce about 3 to 5 nodes. These nodes correspond to

t h@laqsrewvnﬂnflag@&lermﬁ@m&mmatfcw@xarrrhle thsﬁ theeqiirzgnt demaidy is high

5 O RLFAER S A RS SRR 59 b

dedidn¢Ry Yengy &5 l%moﬁvatA&brdlﬂg'w A azIrﬁ@tHﬁ[S] ?m%tﬂld Plésmd Malpically

is, the inproved antenna is configured have an
appadeead wieaihe pnrravhtensity sanflicinatingzmneas b highapH dovg bhrrent,
of the RF energy at the operating frequency. As a

result, e armunt f odes i s reduc t herefore,

the azi rrut RATTS S ﬁgn g’fe Wa{vﬁ% gﬁdﬁ%@ﬁﬁ??@%fs sg}ailer than the
suab@nfited dritermb | |nli6rél ﬁb@e;é vﬁ[ldlpf)éh@ id fIRREGRUBS Ve palisin.

anal ogy no 20 |onger holds n one enbodinent, the

10 j nﬁﬁl@ﬁ;t@léiy aﬁm@lﬁg atvaéw& @mgen@ncd Pistha equdtion, anterma elgvtrémhength =
that a +ke.a sin mul ti-turn
AR SBen PPl o MRS BinstHite b ianistashis are
t haouk mquUté%oat Dk Wa%lbﬁ%h@fn 11319@19 Sand‘é‘@ b ¢duf, é)l Sodulc® %ﬁ(ln}f 3t05

wound and stacked toget By cl osely w nding and

st aades nghedeaoferoqpsrespypdtth die, lowheltegesmagdritiofsd shave.

(e.g., outer dianeter) of the antenna may be made

smal | er t hout acting the engt h of the indyced

ci rcul aﬂ\{m?]]dnpcra‘(efd %n%) nn&ﬁ?’%ﬁ%’lnes W %?@gﬁgﬁ%@' [ %‘?“Lzé-’@umd to
15 Of hdHAGe a8l Iu@rﬁfé@ cirb@it O¢Blead in th@ﬂgztfé? d@fwér? §y5%ﬂ1 %H@r théla

be made snal which as a result reduces

tr tammlwrolmd ﬂﬁ@t shihe ampmvcé aitesnaof colfeguagtt herhaae an apparent

o TP ana'ss yoaliel A RO eVt ey BEhaIE AT Bif operating frequency.
t YR G3édult, e uRRunt3 ldAEIR SEIUCHY R (RBM GRS, S’cﬁe Qﬁnﬁl%'i' ¢&htions of

Correspondi ngly, the inproved antenna -
2004 (10260 BuIROT AgSROO AUt B0 3T Minzed amlghfrafmltsmlssmn line analogy no
20 ad\éant ﬂ%ﬁ)usl y induces a circulating current that is
20 aZioRgE symetric. Accordingly, the azinuthally
symretric C|rculating current tends to form an

azi mut hagnl ghe SFBBINE, tAE ASIBvedMHiia %ﬁal?geﬁ?eﬁ’t" ryﬁﬁnﬂﬁl

to produce uni form plasma ~ processing at” the surface
of antermagha srisdike a shghnottharteramp gt nmﬂtl{tlhm amteinha it amubstantially

stggé

€ con&ucgve € el%%ﬁtatﬂgt 1gglu&es asphtlrlﬂe]lﬁtyso(:"tJ lgc;ps, which are closely wound
and stacked together. By closely winding and stacking the loops together, the overall
25 size (e.g., outer diameter) of the antenna may be made smaller without impacting the
strength of the induced circulating current. Further, by decreasing the size of the
antenna the overall length of the antenna can be made smaller, which as a result
reduces the transmission line characteristics of the antenna. Further still, because the

loops are disposed proximate to each other, the radial variation typically found

30 between turns may also be reduced. Correspondingly, the improved antenna

-9



shi el ding characteristics, i.e. the plasma is shiel ded
fromthe antenna term nal voltage by the turns

w@ejoaoeds t o the wi ndow. This | eads to a si gni PCT/ESL1004/004399
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reduction in capacitive coupling and subsequent

wi ndow erosion, both of which, will be discussed in

gr @éﬁnéﬁme@teqdaantagf@udwumww cicatntingsugentithdt inammbthally

aspect of the |nv ved cou

o RGP FREREHe s ERHME o FRE Y Rl BB PRt form
t hat aGGthaRy @ﬁﬁl‘f@@i& pldshf, RlcAnBa réfdt, s Rl FSMRe ulSim plasma
power coupling arrangenents (e.g. antenna,” coupling

wi praesssingad thslsatfaee) ofdheabeiratone capaC|t|ve coupl i ng

bet ween the antenna and the pl asma. CapaC|t|ve

couplin create vol t op that occurs
b ot nenberisBa ST Ham GO A9EpG bR an SR 55 tho selr
dr Q@emﬂ]@lcﬁ@a&wﬂﬁ{c@aﬂ@&l@lmg malea #@fh the %ﬁeéhﬁ@ﬁeﬁnﬁ& Lvoltage
the coup Ilng wi ndow. As is well known to those ski
528

i nbyt the tamns adjeeent tosthe aindoro (Thagleadsey alsegnifidant Edukpttqnon ahpacmve

variat.ions.in the the ath

Vot Rle A hstaee RPN srartin, Sy R oicth B dwssed in greater
CagshinBelgwr eduction in the inductive coupllng

coefficient. Additionally, the sheath voltage may even
produce 20 significant particle contam nation due to

t he bonbaacderdancesyith nwthen ﬁ@eagaﬁ the preséns invsotigi, iangmproved

w ndo Mor eover u on  bonbar dnen

or AREb g MG Ricon e R R stRaiile - REHIgIAL pecies between
gefhe %ﬁﬂehﬂé'and”dﬂb?[hsﬁl@f e pﬁé\ﬂér%{lﬁfh gerﬁeﬁ‘@(teé antenna,

pl asma density for a given power. |h order to reduce

t h@uchpgwmd(me apd pjpkinapcrowEt wEen cztmeltlam teupimgaetivdchéhe antenna

roved.couplin wig copfigure

P oRLTRY plfa Gt QouP i S Rreatic B & \alvar dromgeyt Syes between
t h@e aﬁ{eﬁnadam% %F&sﬂnﬁg q*hﬁ%u dg o Wgﬁéﬂl ek akRKE eamﬁ&e
is the layer disposed inside th ss cha I'S
prmbmrmj«b to the nbigungedndor.ads 1sawe];hk3d>mt tar tthsﬁ;eedimlted m the art, the
2? slht%ia1 v, gtg%q %qu %& %Cgﬁtl ‘L g%yql}f@ H)m t,?f%r g)lija{rrflpa}g,ethe sheath
e i t.
SR iy S RBSSRS O GAARS P AU (Lt
c oinnﬁugufreeﬁ@uphngtdefﬁmm e Atltigionalpag thet shesth V@ltd@ M even produce
2004/, 77608 PCT/ US2004/ 004399 = (el ectrost at i
gr AFHERML pertglgraniamingfion Qede the @mha&raentﬁﬁrheéom%@m@the
th %
T SHAAS, b Sy 808 o B BR BB ot e i
wi isdypically wwandilabie fod plaamb baekatibng @htchccaﬁaspohﬁhigly causes a lower

coupling through the coupling w ndow, while allow ng
thléla%iﬂ% ﬂﬁ&ﬁ@ 3 $YRERINE] y form the plasma (wit hout

In order to reduce the capacitive coupling between the antenna and the plasma,
the improved coupling window is configured to include a dielectric layer and a
shielding layer that are disposed together. The shielding layer, which is the layer
disposed inside the process chamber, is preferably configured to act as a electrostatic
shield that directs the voltage away from the surface of the coupling window. The
shielding layer essentially suppresses the capacitive coupling to the plasma.

Furthermore, the shielding layer is configured to eliminate the capacitive

-10-



5 substantial |osses to the shielding |layer). Mre
specifically, the shielding layer is electrically

w0 siarmos and formed froma conducting or PCT/US2004/004399
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sem -conducting material. Therefore, the voltage drop
that would normally occur between the antenna and the

pl &larirostals. gadigns opapoksatiel) plecten fislinwhilg lravingdhe inductive (curl
hy ' j .th heat t
ke U R e S G e

r egtiiied, is whihfdurébioblodsditdet Eapasiaas esupling thrbastthi ¥oupling
coupling coefficient and reduces the power |oss due to

t heingaps vdile ellowingdhe adensde indentivady farmehe plaghe feyithout

Wi w. .. EUrt her npre.. an uyngrounded el ectrostatic
sh?ue?%nt\}mﬁﬁ?gsﬁsrtg u%gm%ﬁb iti?‘%rr)m el ectrostatic field,
shielding only the variations of the electrostatic

fiel ds wioes speb@icallgahe s'lﬁel@lfnﬁ?ldiﬁr Rhilebibally Motatb@Sid formed from a
feature may be used to facilitate striki n% of the

pl edWEctingdisempaendugtingeetenisk Theselate Bledioftged dyp that svould

expased to the interior of the process chanher, it. is

pre “E:i’ragﬁ Py~ or s ngileo?‘ﬂtm‘é ﬁ}ealawaqo%gwu&qtg?ent g antenna
t hgtdet shieldedy 167dr. ARBELRIPYS tisAdheh VBRAS Rbr Ple@8Fce of the
processing. The features and advantages of the present

| neapting indoy issubsantiofly ueriieed mdeh as20resilt increeses tisninductive

to the fi es_and discussions that fol]l]ow FILG. 2.

e Eps bR G BB R o e R s i e
Presabdrdmeit T ild &Jﬁpliﬁ%ﬁﬁlﬁﬁﬁfﬁ processing system 200,

i ncl udi ng a process chanber 202 within which a plasm
204 is both ignited and sustained for processing a
subst r afwthpgsore, Sunegrewndsd 2iretrespiceshenid will heoduce a uniform

2SESAREIE o8 S RBBETR S, vaLiG il 257580k Sl Over thearea
depast b86d. ThistheEMuEan S 1RGRSS BFfHlitat@ stk (AR Rlsrh

be processed into a fl at_%anel di s'flplla%/. SAchi%f(? ona Ilasyﬂle9
prbddisisnallyahtsanse the shickling leyaiatippsal odhgiteriap obthe process
SR TR G PP P b Gy B Pt T SO g frmal, ehemica
Shﬁiéﬂﬁlgbi@alrgfkgg otfgpdtsmtali;,@odggﬁﬁnt i nvention is not

limted to the above and that™ various configurations

of the process -11 WO 2004/ 077608 PCT/ US2004/ 004399

chanber Thsfgatyecsind ddvaitagseral e possdiingensips ey 120@tter understood
further. i ncludes.an antenna arrangenent 210 and a

c O\HBF RN gﬁ? fgvgs e v tﬂ%&#‘;ﬁﬂwar e configured

to couple power to plasm 204. Antenna arrangenent

210 i s ERupliBtstiaGesdinf dckSidakde WA vt erd b tii R tsent

invention, a plasma processing system 200, including a process chamber 202 within

which a plasma 204 is both ignited and sustained for processing a substrate 206.
Substrate 206 represents the work-piece to be processed, which may represent, for
example, a semiconductor substrate to be etched, deposited, or otherwise processed or
a glass panel to be processed into a flat panel display. Additionally, process chamber
202 is preferably arranged to be substantially cylindrical in shape, and have
substantially vertical chamber walls 208. However, it should be noted that the present

invention is not limited to the above and that various configurations of the process

-11-



5 1is configured to supply antenna arrangenent 210 with
RF energy having a frequency in the range of about

wW@20b4MFB08 0 about 50 MHz. Coupling wi ndow 212 PGI/US2004/004399
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configured to allow the passage of the first RF

energ% from antenna arrangenent 210 to the interior

ofchalibgr Wayeedsedehanber . Preferably, coupling w ndow

212 is disposed between substrate 206 and ant enna

arrang : , I 1

houl o penke i ess b B0 ot BN AR Brorggffont 210

t carldacddupling eitdosy drempahen210f whikharecodbgured BRéoupke power to
the closer the antenna arrangenent is to the coupling

wi e 294 eAgerna asrangeraent 24 8 assaupledito g ifiastR I pasar supply 214 that

pr. ' 1 hi r.Furjher..still . antenna

a rlg gﬁ%@%@%ﬁ {Orfuf gpl&g Sjbe‘rﬁ%?gea?%ﬁerﬁwmairlr %@é@kte%}é%% rﬂ?ﬁ‘f@%)@ ifgauency
Wi ibhthdeibe pf 40a66.4MBEFREIb0A0B0 Mg SolstinkatiRdAP812 tdconfigured
shoul d 15 be understood that a symetric placenent of

t He allaveheRasargea et REwperas iprcantennaarishgenment 210 to the

uni_f.orm . he, substta surf.ace,. ho r,.it
R s AT B R
arfetReaisnbirdd 00RAH S04RL AN MRAPM @12 W | | be _
described in nore detail below A gas injector 215 is

typically provided wthin chanmber 202. Gas injector
215 20Firtepraatcapapirangginepiotldshavldpeduttivéentlpsase to the coupling

per i pher.y of.. r._202 IS r ed for

F HoBERE BT Bt fiera e TG s igapnne

S Qlif dbi@erfl @RS o thatupling wWihddwidHE 8atePIRSARNA{IIPE current
between coupling w ndow 212 and substrate 206.

Al nredirgd iwigiiy theqchambera Swother $iblu pgennreareangahent 24 isprsterably

be rel e d from.port,s. built into,t wal | s. of 't

BT Ty Garor SO BB tos bstrBdb oA S e Pl raboutd
di ) @flefst o dWh I diri S PAtrier B B MRS %ﬁ%@m%ﬂﬁhﬁgenhance
symmetric distribution of gas may enhance the plas

urthe plasing ynifarigsacress sheswbstrate swfway Hovower, # hinonm e réduired for

may, not be required for all processes. An. e l.e of i

n BLRIOGSSE | BUETBTEperRR G e EguRE EatoT AT¢ Bl be described
examdred¥tallRpwR  Processing systemis described in

greater detail in a co-pending patent application

entitled, "PLASMA PROCESSI NG SYSTEM W TH DYNAM C GAS -

12 WO 26@4¢ 075602 1 PGTIyDE2Aro 048 $athiDLIBTRIcBLA2. ONas injector 215

CONT .S. Patent lication No. . 09/470,234,

£il 85%%“?/#&?8%@@%& 8 Bist By CRCYrpanae: DBl Frapyged for
r ebRESA & sduh@ mRstapard ' 4

intr odu%g%lsei ntso charrbera 202%t ,JH%H%?%%%@;@@@Q%#,?% ﬁ}LlJeCEF induced
2 IBasnwhiegloni bstweeen fcoyplingdvindow @)1 d ahbeulstrbist2061 Al@nratingy, the

r i ng.
b g%%eeosusslsogrce %age%gls may also be released from ports built into the walls of the

chamber itself or through a showerhead arranged in the dielectric window. It should
be understood that a symmetric distribution of gas may enhance the plasma uniformity
across the substrate surface, although, it may not be required for all processes. An
example of a gas distribution system that may be used in the exemplary plasma
processing system is described in greater detail in a co-pending patent application

entitled, “PLASMA PROCESSING SYSTEM WITH DYNAMIC GAS
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5 216 may represent, for exanple, an ESC
(electrostatic) chuck, which secures substrate 206 to

wa b@4ptmeek’' s surface by electrostatic force. TRQI/US1004/004399
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chuck 216 acts as a bottom electrode and is
f [ d b d RF
R I R TN CORINOE s 75 P A Aptipnaine 9908, 256, Bled on
I [
oINSl @b Yoot R IRAARAL &1 LY 1 ocess

chanber and the chuck are 10 cyllndrically symmetric.

Chuck ZH@ theynoal jsat, btd)st'rafefzog g @ttotiocedunte chehb¥eern2and disposed
first S|t|on énot shown) for | oadi ng and unl oadi ng

su%% P]é‘t ZBevaica incudiesird t%glidtth%wbsvﬁfétdugmmeqsmg Chuck
’rﬂ@ﬁ@ %%résglgtﬂf%%éﬁtgbos%% vve eﬁﬁl& %levﬁnc}% Fecures substrate

ZOZ)Gamdhe:biumk's gﬁﬁaceP@\/@fwﬁbstaﬁ&lﬁn@& Typicaldy, 2BEIEIIS ARfs as a bottom
t he exhaust port nmay va 15 according to the specific

dedpgjipdsfng a%me&raé%bla @s@?‘ﬁ@i RY powm sourcecd$eddditionally,
V‘h&{u%k 316 1 Ig'g]fega%%p gr?an%fed H)nlge s%rb?? ¥aﬂ ﬁér{léagg} %hap%%ml axially

b eali:g_lnbtﬂ Wlﬂlﬁﬂ&de@ tiéimbeP _E@i Qfoﬁbhat ith @éé@ Chfbdr add bhel chuck are
configured for exhaustlng by- pro %@%ases f or med

dusslingripplbcoBsnege. Khvelhelo may h]ég b@ cpfigura© meve between a first

© VHREh GO onbl RGPS B68AG asegnd position
welnbt Kidem) féiprbbsiag sitd dubgightd.n the art, the

t ur bonol ecul ar punp nai ntains the approprlate
pressure inside chamber 202. Furthernore, in the case

of seni tdheferise Fé@o%é@@h@lst Bart B2 Qs (b‘ip@ls\eddlﬁ-’@weglscé@mber walls

r a t t.he
S0t 3B P DR R PR B ghRRS Dy vy
t odcRORINELIONBS bﬁefcﬁic debign o€ mr}ﬁésﬁfaepr@cf:es&lhg SRR, eﬁﬁdza@& where a
chanber 1s one 25 such paraneter. Since the etch

t opigh éﬁgfée chwdforetiylis ¢reitpab éxmv@mm acybedrivale dyrdeeiricexhaust port

i R A T

COoRbHfdt ghdd FeinRydeivrig pestdsies- Ftﬁbhei’\’%Xhzﬁfst ForRoR) {%’coﬁft)led toa

tenperature managenent systemthat nay be used
ext@lrhﬂﬂmlwuéﬂf@@m (ppothesa),igpisatlstlesatédoutside hf ehaimigr 202. As is

BTG By L G5k A Pt S

! TEMRERATLRE. QONTRG, CAVSHEMEOR PLASVA - 13 VIO
20 7608 PCT/ US2004/ 004399 PROCESSI NG APPARATUS" :

U.S. Patent No. 6,302,966, issued on Cctober 16, 2001
and i ncorpsraeesd lfhtéﬁ éﬂ&@ %yem@bedtwmearocﬁslsjng, isucriadtsl a}qh processes,

22%%11:1}%#; %%a&ae?ers within tﬂee {)%cias%{]ngl c%aa%gf r?e\éd S be t1ght y controlled to

maintain high tolerance results. The temperature of the processing chamber is one

such parameter. Since the etch tolerance (and resulting semiconductor-based device
performance) can be highly sensitive to temperature fluctuations of components in the
system, accurate control therefore is required. By way of example, a temperature
management system that may be used in the exemplary plasma processing system for
achieving temperature control is described in greater detail in a co-pending patent

application entitled, “TEMPERATURE CONTROL SYSTEM FOR PLASMA
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the plasma process is the material utilized for the
pl asma processi ng chanber, e.g., the 5 interior

wa ofiatwes such as the chamber wall. Yet anot hePCT/US2004/004399
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i mportant consideration are the gas chem stries used
rocess the substrates. of exanpl e, both

to

ma? 9%S§H\T§%PPg“a%AEH§Fh Y P@tgnfthi@t6 382,966 isgeadcpri @ctober 16,

ex I roce stemare described in
gr%gﬁégdge g@ﬁﬁ%ﬁﬁg%%&%%%ﬁ%lﬁé pat ent application

entitled, "MATERI ALS AND GAS CHEM STRI ES FOR PLASNMA
PRCIZESSAELH:EU&Y:SIEIEB@therhkn§ortﬂﬁtc6ﬁﬁlde&§ho‘mﬁ|ab1@1@{f1lng Righ¥ocontrol over
09/ 440, 794, filed on November 15, 1999 and

i N6 PSPaDEPChES dhampfpriak wiliged ﬁzréhe wlﬁsrm mr@peasmgm@abgr, e.g., the

R s SR S——

anﬂhe RASCIhiiFgENRA 0 BhedsShdQibkirktsd. BYwap @ﬂ\_@im@y 'fofh materials
214, and a |arge electric field is induced insid

c hiishass ch@glstrms g may Heaserpin thy exampdow plasma pr@ssmg system are

electric .er at es hes

el (gc rrftc))erﬁi sm eage§ gﬁ{% ih&cqd e?‘?'l‘gg B gﬁ(ia@?ﬂ%%%&eﬂg I8¢, eMATERIALS
coANDHg AN CHEMISTRESS FORFIUSIAPROOESSING STITEIAS”, U.S. Patent
These collisions result in ionization and initiation

of Appléation Aoge9/440, 74, ddedhorpNayerleeril§, 14991 and iosempdrated herein by
tho§e skilled in the art, the neutral gas nol ecul es of
t HE'BFECess gas when subjected to these strong

electric fields | ose electrons, and | eave 20 behind

posi ti Vel gtdehacaat d slagna, é%r@eeéﬁgdéhi inpRORtd ¢M4&IB%r 202 through
charged ions, negatively charged el ectrons and

n eerlallectgaglﬁmﬁ’%wwe@ea sepndigh taimethai anmng%nq.ﬂt 230rmsipg first RF

Once th

ST OB BT hand & en g R BB R aalbrr Y Houen
S Ugdud ﬁﬁ% QﬁndokXﬁZFw biter M cBric ﬁé’ld‘él@délé?ﬁte@ﬁfé@ﬁ{aﬁ nu?rﬁ%r 8f electrons
the nmechani smcontributing to the presence of

nepresel insifleshardliaghgt exising théne teeolEdbwith dteegamyolexmles of the
di ffusi on m.novenment af. ml ec

ot it ik polliiSnd BAIP ER SR g e Ro G2 Eehremor

( eplfsma DMt ARs HABKIINEOYh&S kkIMRY irt HRiafadn
a-%ngn%he surﬁace of substrate 20% Cgfrtggg%@?ﬁfﬁﬁB%muhSOf

whiba phasessoges elhen suigaged R1Beicstipogweleetdic fiebisdogeasietttons, and leave
?Fgl,ll}él?te t&l rds t he sAJbstraite wher.e g %{

Uil TGP al Speeib SoSIHEely ANEsd imsiegpiively
pfélfé M trohs fhd neBhENER InolectPesOpPAHLih O indRE LR
P! (e dibtrobs S il Sl Ao ek D A h Ao SR p e 264
nost part, plasnma 204 predom nantly stays in the upper
regi on Ofice the pblsarrhes been. fgrmectancutxaé gaﬁgblﬁtm)lﬁs neidevier plasma
ot%}xé e (%rec%etgle[m?/ar%s the Sr‘rll% ace otn tﬂe sﬁastrate By Way of example, one of
the mechanism contributing to the presence of the neutrals gas molecules at the
substrate may be diffusion (i.e., the random movement of molecules inside the
chamber). Thus, a layer of neutral species (e.g., neutral gas molecules) may typically
be found along the surface of substrate 206. Correspondingly, when bottom electrode
216 is powered, ions tend to accelerate towards the substrate where they, in
combination with neutral species, activate substrate processing, i.e., etching,

deposition and/or the like.
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entire chanber. The plasnma generally goes where it can
be sustained, which is alnbst everywhere in the

we banozos By way of exanple, the plasma nay fiPCT/UR®04/004399
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30

areas below 5 the substrate such as the bell ows of
t he puggin arr angenent ge.g., non-active region). |If
t he pl aBorehe BQetiast, plaswe 284 predomintagtly starpiwshe peper region of the

an 0Sl: : e [ su whi ¢

P 8 R0t o B B3 TR oS W e

C haitip@ hanhbel. ThOplagths Bérghlty®eatvaredf cdnl RKNEINGH, which is almost
deposited material. Furthernore, an unconfined plasma

t eFVgEYWhere by the shaveher.uBy eyl skample, the olagmi areyrfill thie ezads below
to riatjions.in.the.process performance, i.,e. etch ..
uriPr SYiRCels VU5 ay e DG i PE PR A Gt g Toractive

M @gRm). OB dhd §lasrBLtaeick MidsY aredd) @tcdhh@epokii®n ahdVoPESHEsidnDf the
reduce the aforenentioned effects, 'a plasnma

c oifasTameensuerwhisly ey tnad taparbiele pondminatioo nfsidethe peocess

DR o7 kicPingdhe e Bt 08kPe S dReSERmARARy ol asma

processi ng systemfor confining a plasma is descri bed

i n gr eak@thekpoftehdinhcohfindl SIBsRERANNG BAH @Rbn uniform plasma,
application entitled, "METHOD AND APPARATUS FOR

CONTRDMayNexdrior axraianyn e progksvperfortyas:;e, Ratatelt uniformity, overall

6, 322. 661, .fil Nov er 27, .2001 i.ncar porat ed

e iy el b OB YR A TBPHRES feduce the

| nyBRi cAfondd&ifdRtsas ?_ﬂsrﬁﬁ &Rt APRBEAEMSNAPLe used to confine the
provided with a nulti-turn antenna arrangengnt such

t helestam By vianioh exdmypleyamiesma eonfipémeiteckangandnt ¢latimiag be used in

i nduced inside the process chanber .of th | as : .

o8 SLEPHG® B P S ORS T Er P a B SFHaS BeeiPrin srcater
t gAaCHeASRpdditnd RhEh AR Nt AIR! AFFRITIRIWNTS APPAR ATUS

azimut hal ly synmetric al so decrease. The antenna turns
arEOR{cONPRET 4. TN g pOLEVE QF MASAHA Bl SeBatenthee3 220t , filed
of ..t he anten | ogps to prevent shorting. Such a gap
25N%%¥ﬂlfﬁféieﬁﬁ)lt%g 1§30 eﬁ?ﬁﬁfﬁ%nﬂﬁ’irﬁ T Fmut hal |y

symetric. FIG 3 is a schematic illustration of a

parti al A@é’&'@iﬂ?@o v hdped O it ihleiodahe %%ma?ﬁ%%egﬁﬁﬁ%pparatus is

C
azi mut hal sector 312 defined by a first
c ambaidad withe: muli-1808antAins ecengknazit muhihdt asecinorthAR0ymmetric

def.i ned .by, .a.second .angl e 324 does nof_contain the gap
B e R e e U g e
azipuidpgl sector 312 to be less than the RF power in
the second 30 azi nmuthal sector 320. Various current

carrying el ements have been used to bridge the -15 WO
2004/ 074608t RCHNYSE04 LQ0UBO D deragnse Tedolenmssanfoet plasmb that is

f grgo aglrnilquzillpygsyg{mequg glgo ch};earsrg.k %hg gr?tlglm%l tgrrlrlg g}esinggl%gllet% and gaps
are provided between the ends of the antenna loops to prevent shorting. Such a gap
may prevent the plasma from being azimuthally symmetric. FIG. 3 is a schematic
illustration of a partial antenna turn 304 with a gap 308. A first azimuthal sector 312
defined by a first angle 316 contains the gap 308. A second azimuthal sector 320
defined by a second angle 324 does not contain the gap 308. The gap 308 causes the
RF power in the first azimuthal sector 312 to be less than the RF power in the second

azimuthal sector 320. Various current carrying elements have been used to bridge the
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provide a desired uniformty. FIG 4 is a schematic
illustration of two partial antenna turns 404, 408,

wowraoh/o7geps 406, 410 respectively. A bridge 41BCT/5S2004/004399
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provi ded to conpensate for the gaps 406, 5 410.

Radi al | egs 416 %éovi de an electrical connection

beg¥e chemvasyameiry pt sieh bridging glemsnizonay weke such eldneents unable to
br e a conplete current path between
h%l%gﬁe%]d%m%&mﬁfc’%tgnna turns 404, 408. Al though the

rad| al current conponent may be small and partially

conpensBled iby sehdp@itic iDistiatiomss o paRddlRafenheM@hs 404 408, with
has been found that this radial current provides a

si s o0 raspRiEaly.yA boidge 414 wé%@Vld@dg@ c@mpensate fou the gaps 406,

f ﬁgﬁ)r a |d§%‘léf%r r er?%g‘g%lé)%{ éle&mc $598 ?8n %@%%ﬁf?a’&%% pRtenna

t hemsp®d 10T atid ®e baoge 4:14atd1§rovi@e hadhplet€ B batﬁ%fefbvéeﬁ the two
defined as being far fromthe window, if the radial

c UPFBaltanisang turgs é@4 H8&s Althpughethe rade@, ctiyentdospangy nfaydmsmall

th urthest ant e urn. T
et o eh e B4 DRSO H T el B s und ha
S eid radlial éiﬁ'kéﬁ@ﬁrofvi@h d iR OTRA Abme 9. @11§:'e'fhés@ ﬁefgg %lff’ea 1?3{he same

current 15 section of the antenna i se . The fie
dr 1@ipnfo¢8fth9 paplel artemaltume 40408 cthg tratdlzdfcutrhm patlaidi“alose” to the

curr ection .divided.b .thesure of t .

Rl SE PR oS A HirePh ayhie ot 55 Bing fa
C OMﬁﬁ@erﬁiéﬁﬁ the eaded) chRént PMS B 1%!15@ B i€ M RABWe from the
conpared to the desired symetric antenna

cowindpwyasitomfurthie antennotupd. Thetadiat esrerthevhiekis anhezimuthally

ant enna.and t asne, Si f the ndow and the

ST b DR R B Gt et An A et naasy cutrent

t haBtidPof the BntentHitdH2 )T R 1M G0 f

d2>31 d(ID) %I E? 5 &6 ill ustra%ogirﬁ%ﬁ%tﬁhgnétﬁ hOfthe

arradingeureant s@0ion dividalclyothd aqees ¢the diseneerbbdbrdartd s@ﬁnﬁcantly
invention. The multi-turn antenna

t he

ar A e B 4 SACTHoHER ARDHRINE oD PlasiHg Snal Boavindow

0 p&‘fnﬂ;a'réﬂsﬂo%hé: a6 d c%te%ﬁ%&ntﬁgﬁﬁcﬁle ! Qdii@ gf A filbs

for exanple, respec |ve y correspond to’the antenna

2 11831:\&6@11 thh anﬂéﬁlepmmbthe p}aenna side Bithel wihdew I(@I)md ithe drdviadial
ntlo he an enna Lhs, small wth

r e%eﬁ%%li g %ﬂ%?&i(fe‘?f‘glﬁfﬁ ther, K i lteh ég]t/ A 2nsH which s apreximately

de&gglgr;on of the power coupling is no |onger

appropri‘ate, and the power coupling begins to behave

as a lunped circuit elenent. Therefore, 30 nulti-turn

ant ennafigll? & itlosttatga nmdti-tan bateenpart S@eHBnttd0A! inl &cordance to

smal ler than the - 16 WO 2004/ 077608
PCERIS eyt 3 g present invention. The multi-turn antenna arrangement 600

includes a multi-turn antenna 602 operatively coupled to a RF power source 604
which, for example, respectively correspond to the antenna 210 and the RF power

source 214 illustrated in FIG. 2.

As mentioned, if the antenna length is small with respect to the wavelength
then the transmission line description of the power coupling is no longer appropriate,
and the power coupling begins to behave as a lumped circuit element. Therefore,

multi-turn antenna 602 is configured to have a length that is smaller than the
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wavel ength of the transmtted energy. By decreasing
the length of the antenna, fewer nodes are created in

wo b@4®tmokli Nng wave pattern, and as a result theCTU§004/004399
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25

vol tage and |ow voltage areas in the azinuthal
direction of the antenna are substantially reduced.

Theavelangth efithe transreerheniosgp rRiy dacatssipg dlemienghoé thet aptenna, fewer

h [ tiple, . : 5 cl ly_di
¢ oyt e B b il Se BBl ey B & ST P8 Mkt velg eno
apBfAfotab®ass infth@MiRutaNdik&tibH bR thRhRRARareMIbRantially reduced.

specifically, by placing the turns closer together the
current produci ng capacity of the antenna is

i ncr easBlep mpkir-tugxamignne is prefarady aenfegwed todiave myuttinde bims that are
four turns that are oxjnpl _to on t,her then, the
et €Rnebd BieePrEs R Al Romihyl BB IE BrdiFg Anbers o be
ti B8 ad%ngdd APM BntdSnal MbREpSHGNR ALy Hakihe SRAGHs RWs¥r together the
this 10 concentrated current carries over to a

c onvexsnt pratiecing apseity ofthe antsnnros encnedsédbrifar eAgmale, if the antenna is

t etk Oy B Bhas Porsad © BhERbaer g SRS drofen the
S Bihdrd tenWdHodR dbBuil BNtk ESACRDRS ab BEthé BB, lQ'fogIéé@Eondingly, this

antenna. The actual size of thée antenna w I_
deswcéeted qurigniecirags ajet Wi d cdpeédvatednlignia that is nzore eniferm. As a

602 i.s substantially circul.ar and includes at_.]east a
¢ sl g o9t ottt Y e S E OB RRR ST P proceSs
Pl aRgRA Eabs BHAOSnMRd whikh FPREE Bl déded RO RSBLOF thd aftenna. The
second plane. Preferably, the first pair of concentric

| sl 6126 ofithd anteens wdbbeldgaiibedoh grexdercletsiltietow.oops 610
are substantially identical and symetrically aligned

be not edtieh AentRBSe AlhFpERY i and hittyedes abief a st pai
pchFBéﬁ@erﬁrié%?& g%ﬁ indd fiddt ﬁlhﬁ&éﬂdaa[se%ﬁ%afui &fd‘oh@érféliic Wabsh10ina

as result wl produce a substantially circular

pl sesomd plaee ofrdferallly; thdlstpaeof dvacgntoc beps 60@adrkthe servdd pair of
the substrate e ciycular i.t stands to reasgn fhat .

¢ (ROTGEBEE 495 S0 grocrpRtialy iealil fof sHEwelpagy hgied with one
m{)r%tl&é@ 'afo%ﬁ\%]l Bfl@ﬁﬁ&qélié" 8141 LR SHE LAEE tfﬁf ak tantialil% %cular

substrate. ile the present 1 nvention has been s

anthtelesoriilpecivas alsehstaptiaHybstidmt dladtdiq/fieldy whichms rdstilt will

shoul.d be uynderstood that alternate shapes for
appriecs §ta@tsﬁfyéaﬁﬁ}ﬂ.am S ?%ﬂlﬁlg@hﬁiféasestﬁagmcﬁs&wmber

SUGHY @B shidfratdiaSPLiRTar O std iR ¢ ' i .
asynmet r y i'n caﬁar%g%lr gt:ess% gn (‘r;my e ggstgggub%%n\ﬁglgﬁﬁ %%Culal plasma
exianjd t,crest@moschafesm ppocessing bidhgsirfiuce shthpeaabstiatd
circular corners follow ng the same principles set

PCT] Uso DOME SOBBEHt BUPR A 0 06ct SR P Sesagied sppeine

conmeRhfilify iRARS, iPARuR K MRfRSRARY afERGHSHapes for applications
requiring different shaped substrates such as for displays or for compensation of some
asymmetry in chamber design may be used. By way of example, oval shapes, or
rectangular shapes with circular corners following the same principles set forth above

may also work well.
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above the second pair of concentric |oops 610.
Si ngl e- pl ane antennas typically produce an increased

w@ewunt760§ capaci tive coupling because the terpPTEE2004/004399
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voltage and all of the voltage nodes are in direct
prOX|n1ty with the w ndow. However, because of 5 the

st acked" &ifteamAEe, dedisheiferagenttic lappgpfiteate piederalla stacked
th nd.t he second
pachovs i sRBd il o RREERAC s { RS p@R o R Sicply
adp‘r@ﬂﬂ(&@&ﬂh&ﬂe}iseﬂfhhﬁiuﬂﬂ&f dayaditﬁ}@ Fﬁﬂgibé&lhé'e t8é terminal voltage and
concent ric | oops. Mre specifical the voltage drop
( ea 1of the ypleganodes argipHirery praximity mﬂm the witpsloval Hgwewsg,thecause of
first ..concentric.loo nd th

SRR S PR iRy Bt g G Soncentri
c om)@p@ fkd t‘he |s@c§2ﬁ§ pRir Q¥ bolRentRic SSPALGE hyh t@ﬁﬁlhalf \%rlta%@
vol tage drop and therefore the voltage drop wilT not
i ntdsiepiegequstyshidideddyatberaccond dair pbHeaaickntric laapst Miae speoifically, the

cong ntric | oops 606 ude firs

o S BERS ik R RRr s v tsnithel el el b afty ofshaf betwder the frs
C O RBitEk SodPARILEPRsRE &f SbaRhnall

618 and a third sugns620 Furshepg&?%ggFa?ﬂéﬁﬁgg%oh&b&rOf
s ubsgcenitic d0dpy preiedesi acmndudive pathrfdr thespbsgdirap endtherefore the

d t h 622 bstanti al |
 EARe A1 Y AT SRR 08 (i "t 620, Fir

turn 616 i's operatlvely coupled to second turn 618,

second AdA#icBAB, ifiSst paiR OF Bdrcketiy 16P4RI08 %réf@raf)ﬂ/' 1ﬁ61u&é1£ ﬂ st turn
620, and third turn 620 is operative coupled'to fourt

t upI6 B2 forthiure28, ofd sebandinaime cbe¢entyicaoopn@dcbraforably include

that th urrent . fl.owis j S 20 d rection

ar USSR LSk ETEA 420, JBOPRr S CAS FORb PNl identica
Mot dnd%p%s@éb%@@ 8cdofid nir 6 0% A fi TP ﬁL Sﬁ%’gﬂﬁh% Yfntical

el enent. However, it should be noted that this is n

a foi amidtdagpioset ahoule thimk tutrh@Omul ti -t urn ant enna may be

formed fromseparate parts that are structurally and

el ectrigall pl ed together. Additionall )

mul 1 - O3 R R aled 40 Spond AR Of Ssgcasiumy s is

anoitRiely ¢RPILARS hirdMIHEEROTRYd ﬁ%d‘%%'mt@ ggéeri\FéT%uﬁéd to fourth

25 power source 604 via a ead 68

e nﬁm@ﬁ% rWlth talgh Of tixmums badg @ﬁanged 50 mmt dta oveteyt fowpd @dhe same
E H t turn 616, Asgo end of

t nietipl i ﬁmegnao@sf» Gt4-ViBIope Euhismsgiatign.hs pud-tusp gntenna is

of fored Hodf a ﬁﬁ@l@%@ﬁ(ﬁfch@é"@lenﬁms GERRG L qg%h Blid e gédr tfl&t this is not

connector is operatively coupled to irst en

t helipgebomlandithat thi Buldtee anﬁedneemdy bt fdrhredfmoﬂﬁﬂ)ataw parts that are

618 i eratively 30 coupled to a first

© i Y RIS oL s | SgHioR s kb ta ghignna 602

- 1&0%@&9%9?1@@@@24? Xnlf éﬂ%%%”l&g%ég,gwhlch may be connected to the RF

power source 604 via a lead 680.

In this embodiment, the input lead 624 is operatively coupled to a first end of
the first turn 616. A second end of the first turn is operatively coupled to a first end of
a first conmector 640. A second end of the first connector is operatively coupled to a
first end of the second turn 618. A second end of the second turn 618 is operatively

coupled to a first leg 632 of the radial connection. A second leg 636 of the radial
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connection is operatively coupled to a first end of
the third turn 620. At |east where the first and

w@ewentehegs are close to (not far fron) the wemus2004/004399
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the first leg 632 and the second |l eg 636 are
substantial ly perpendicular to planes defined by the

t UPHECEI0E. 1 Opergtivedppoupdpito apﬁgsteenépémthwwumﬁaof iAit dgast where
e 33600 L 8ER 1AL ASA Hh¥od PrBNARER IO B 6032 ana

the turns a entir
t hﬂhefsbd’o‘ﬁﬂ le 6B o€ autsktaneigy perﬁamldmlt@blaﬁemmieerb @&2urns 616,
of the radial connection extends fromthe first ?, :
630218 620.H22. ddare ﬂ?aefpreglyabs@ﬁrsaww $¢ﬁ9ndo]@g%%ﬂ§$’ﬁm¢tldlamlayto planes

eratoeS by R RS i it e LR a tees.

f 1 TR ra@fddl c&nedioB 68DBLkhE 4R ChbRfecldrt extbn&EFAA theMdt BE 632 to the
the second connector 644 is operatively coupled to a

10seepndleg &6, apd reayfbﬁﬁilbﬁantmlkw p@Mel & theplones dafidedby thedumns. A

fourth tu at i veI t he .0 t ut

Hgb Rt Sk BERiaTe R biiavesr Rl g di g g Bicona
t h&&ﬁi@&’mr 64 A k&cohd bHd Bf @é@ecohﬁ rc@ﬂﬁgzlatotr lagq {d Jp%i“atlvely coupled to a
connector 640, through the second turn 618, ough

t hiérst grdsef 4 @grﬂasan@fm Heseredi end of trenfeotth tnm 6ﬂa nm@hatlvely

t el e R ddee N dhgnrehal O8N Rk BrP RO through
15th% -Queh 61%&1&&@5%& Fikst Ebn@@@tor e tﬁr@uéme QM b 83

This current Tlowis indicated by the arrows.
Adlhm@hrt@ st RE 638 rorf thetradis] comdection, tﬂatcm,ghttlmf seghd leg 636 of the

mul t,i -turn ant n RF vol tage

Dol e, B S B8 T B taaﬁeqoeg&owstor 644,

St i fy Quhr

sk CuhShetohfidubiaab! % to Mooyl QA0 il IBS iSindicated
62y thagnaWbaAgemdmgWemrmhaﬂ nsatde tnflotvuhmougi Blultl turn antenna
/“$Q§ &@ er turns g third and fo

tu ARIKIRS P%\ éfP tageal?FéWeernsf eyt lead 624 élfcla'ihsl@wut fead 626

dlsposed proximate to the inner turns (e.g., first and

second &l fb?émn:grkt@hg's S5 &t eodrttubde 2 s 191% éhﬁmeter than first

preferably arranged to be proximate to thefirst
6 1@®yn alfd andhitdiimd620uras a 1626 dlsmﬂueeﬂaan adaloyd aurn an ae AlﬂhOugh the

be r oxi te to the econd n a result of
it s e g HP@&% @g}ﬂhf alg@r jraeersibey are sreferably

an@isﬁfs%& pldxiBatd 1§ fﬂe%ﬁerttﬁ’rﬁ%ea%t ﬁ@f@m&(s%c d tufr). That is, the fourth

substantially no space bet turns ccordingly,
t hterrhﬁmls@lrefbnamcamanged todregasximate tb tie: fiathuah 6DI6 raﬁd: thethird turn
% subst antj al lé redg)ged To &ener alize to oth

Fredera DEUEmRISHA M SCEPIITBF L K deresult of their
ﬁg«%géfﬁg?}ggr}@h ﬁ%ﬁjﬂﬂttgﬂfﬁﬁé tl’lél%l Zkfokts Eaé] g%tﬁ ﬂﬁe 3 Qllﬁ%fequlal AhtdlRa e.g.,

s embﬂtdnmallyrrm spWleﬁBthﬁl thirshtAccbtdimgly, shevhighion 1w €urrent areas in
rth tﬁ{ the first turnis closer to the antenna

radiglligefion gapvhstangelly trdpcedn T gengsalipgichether antenna shapes
d' &efi bl 805 shapeldircular shape, and square shape antennas, the third and fourth

turns have larger widths (diameters) than the first and second turns. When the first
turn is within the fourth turn, the first turn is closer to the antenna axis than the fourth

turn in all azimuthal directions.
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WD 2004/ 077608 PCT/ US2004/ 004399 Instead of using a
bridge 414 with radial |egs 416 adjacent to the gaps

wa@eoosn7tehe pl ane or between the planes of the PCF/S2004/004399
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the antenna of Figs. 5 & 6 provide radial connectors

between the turns a | arge distance away fromthe .
wi ndow §tsad of usingabridgei4 1t vithadial loga Ateadiatenkiorthe E@PS an in the

PR, B 0 e B O O il

2 lednné¥teisdeteect 2hd Birrdshidlargd id$§tzﬁd&6 ewbg foReRe ieddvagi Bl Distance
connector 682 of the radial connection and the plasma

si Heis thy digjanerdetwasn the frsthestmget of ithet tarns & 1664 Mo 620,138 of the
d {. of
c oM BT AP in ARG Sl gal tan PRESK Wrisine

artﬁstbﬂ@ Yebklbadl the SN @EAREL0E 882 BPthe $adihl dofttioh Bh@fhe plasma side
times the di stance between the wi ndow and the 10

f AftwiadewFa2t Toe largredistgnepbedieantibe wm@mddhe radml gonnector 682

t he..di st anc t n t.h
7t P et S B R PR Syl PR B radia
f adona¥ér 682 dX Basiehdt@hred M@ﬁﬁ@ﬂﬁr&e'b@h&é@h&ﬁﬂrﬁ%w and the
following this invention are achieved wth any

i nferthess pait nf thedums Qf the@etehra d\beMOIMEeﬁezammﬂmﬁﬂsymce between the

as tri adi.a n ' bel ow t he Wi ndow

YRRt R B e SEREPELE: SHfe Faiih ooy fspm gt avay s

S r&%héﬂ?h%t E{pré%éMﬁh Rinikerntity foN8wMeNERY Rtivh gfe'hcﬁfev&cb%ﬂh any

antenna are needed to make significant 1 nprovenents.

| nnggasexia i @st@ﬂcetﬂﬂt\semth@dzﬂmﬂtallyamhang gadialsegments and just
I east 4 | To provjde suc a

o e g AP G iR ableA ap i ey tiias srpgfigo the width

t

UL‘?SS@W’W SRS B2 i %‘625%%%?4 mARy TR H ot By gments

t hlatanazampiehe]thia synbnditnrent sheclapsetistimee dsvatl1bast 4dhichks. To provide

currents nay cause .r.en 20 uniformty in wafer

or YIRS G VRS B5 PHAERAR! HSyARBTIY 88! Reatideihaspme correction of
d [ d

o SR e E A S AREREL i UG b pdgitRen found
antatpazixitinak symmesriesadusel byisnall G&Oalcfuriehie neiytqause hecthon-

626,..s0.t hat %@e currents fl ow antl-parallel to
f UHfoEmIty dy ek PrRseseith e mE gy W@ﬁt@wwm deviations in
r a&hﬂhthﬁ%lfrfeﬂiss il 'gédlhén W daalih Qweétggg A %u&Fll ly pqax% p parallel

he art, a small space bet ween

t yemdcpibhmaw ot Iedlar I@mer@Oklﬁ‘tthE@nplﬁth&d 695, SOtk @uents flow
Thereforlie1 the = space hetween the outer and inner
I

witiRarpliel | to gy rwcglﬂm azimhel asRMCRY caspdbrgadial currents.
arcing. However, in one inplenentation of the present
i nventi ' i
mat er i a‘fwt o‘;/éz}ﬂ ow t E th?csr?ﬁlérﬂegg%mg&ﬁé?s’?gf} Eéa%tg %E%xgeen two

di @pdsedrsasillaysisalyaseatpashigticavdon tharayadidiietss. Whietefore, the
subst ant| aI |y elimnating arcing.between the inner and

305PgeR RFtW oufsy aggings tugssimied g p distanee thas pliminates arcing.
m%é@rﬁnhﬁ\é LiBlefhenfAAGE opt%%\ff?e%gnt invention, the space is filled with a

dielectric material to allow the inner and outer turns to be disposed as close as

possible to one another, while substantially eliminating arcing between the inner and

outer turns. By way of example, Teflon or ceramic materials having a space between

about 0.2 to about 1 cm. work well.
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about 0.2 to about 1 cm work well. -20 WD 2004/ 077608
PCT/ US2004/ 004399 Furthernore, the multi-turn antenna

w0 go0germspal |y formed from copper. In one PCT/US2004/004399
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i npl enentation, the nulti-turn antenna is formed from
copper coated with silver. However, it should be
not ed tHathermerepihiermultivim antrman ifegangraly forhiedi framal cénper. In one

CO: .copper coated with silv and t hat e
su bttt B Pyt sy ctva 3, Brpgd o™ SpppRccog ed vith sitver
eneeEvE it shdud@be hee 15 telriltiAhrnt MEnAR § SN @irﬁife%yifc%pper or

rectangular to facilitate a repeatable |ocation o

e akpPPioeptadi with sibesp end thabanytseitehle dowluatide mahmey bensed. In one
| ogp,. ..Howewer, it shoul.d be noted that the this is
oo Eiesnse sriem s gy Hopds Fotingiieb feotiete
ShRBESaAB theali&Lf dRY 1R wisteRspedt trhB Al ¥nd &R other loop.
antenna | oop may be formed froma hollow conductor to

f aldoweveat ié shawip be notad ehat tetthislis fdt adimitftionwind ghat ofHeticidss

10 there thro .. Wth respe to.the erall size of
ORI PP ALy o SeL AlFEBGYR gy the G ghRdtapt mey be
| SEgRBE Bh ¥ hlRY S5k ®r %%&ﬂi&l@% te ﬁégﬁ% t%hﬁéu-&l?ﬁé?ﬁ&mg a fluid

to size the antenna to e snmaller 't
cribss-thmoghlon of the process chanber in order to keep
the plasma concentrated in the regi on above the

substr and to event.. undu | aspm diffusion 15 to
the. chantrosesel SThCRTEH! S B RILGEHTan R 4 Rigouer
Od;8mBRYET islBnQBRY BleferitllE (buP haSIROIREDF ARk h%') 33/ %i%@gﬂfe antenna to

and increases wall erosion. Furthernore, t

t hiee sopdlles Hentthe brosgectomvEttie gpewessathapbeninroedqran disept the plasma
the size of. the antenna ysed, and therefore, the o
W?W@%t{?ﬁ# %ﬁﬁ%}fﬁ@nﬁ%m Hhe SRbAalE g 1P BFevaMLhdhie plagma diffusion
| StoSHOSHAMer dlalty, wiskiTHisadvahBeldirydi QIR

sugstrate In Sraé? to Sraﬁucé a &ﬂ% orn?%?g oﬁgﬁgppg?mthe
20plasya pfocessmglystemtadnd isdresesofall beswubFurthdramra ke size of the
tﬁgically bet ween abou{ 6 to about 12 inches, and

t

PERHOPE gngtatedeBealhENTosPeIs torthe siza ofrthe apewRiged, and

hag e RRor@ Yhe fnuili- 2R bfifennd i i
Rl AR e DRI S0P LRI gy
Cc wimélat tocthp dimnteyer off thee. substrstd in-drderno peotdueananifhiad etdgife. By
like a single turn, the nulti-turn antenna m

i ) be
coNPY QUPEIIS thesizsoidhapibsiratenas tnieallihssy veatasoutihigrabout 12
is; e : 0 - 0 .
ko AR SRR A e A S LAy st
S Uilstveat shout 6 tehtmuk d2 behesader st ood  however that the
use of smaller antennas nmay not be required for all

processes, {) e.,.an antenna nay be configured to be )
PREs STiBE: Pepruse didhrietcasqdicugen (RadgH@ emulti-turn

| arger Thsk
antenna that acts like a single turn, the multi-turn antenna may be configured to be
smaller than the substrate. That is, the higher concentration of current tends to produce
a plasma that is large enough to process the substrate. It should be understood
however that the use of smaller antennas may not be required for all processes, i.e., an
antenna may be configured to be larger than the substrate. However, if a high degree
of uniformity is critical, the use of smaller antennas can be quite beneficial. By way

of example, the diameter of the antenna may be configured to be between about 6 to
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of uniformty is critical, the use of smaller antennas
can be quite beneficial. By way 30 of exanple, the

waelr@amwtmns of the antenna may be configured to PET/US2004/004399
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bet ween about 6 to -21 WD 2004/077608

PCT/ US2004/ 004399 about 15 inches, and preferably

beabgeehd be*tﬁs ard prgfesaidybetween sl to phpup Harches in order to

b IS TR L

aciﬂd&hat&héﬁct@il siZ8@f il MiHRa e a\éc@lﬁﬁ@tg iR peBificRe of the
specific size of the substra e.g., the antenna

s i sméstnm? (b®, heahwuinasizamwey b sozaﬂm@iraswaddeffhe@rsm@cgelrlafger
tes are vol ved) a eci.fi.c desi

o SR HyPledt Sid e by e ol et ol spprem.

frequency enpl oyed, as a general guideline, a |lower RF

f r equenpyth(:Bspet to HRSRE iR Rents Mﬁ?&ye& R A ch&alQGAARE lower RF
the effects of the transm ssion [|ine characteristics

of freqvengotees:, lessdlyin FoMblr) teds ti degresathdiefigetnad the transmission

A A R M (IR UL O
C haroaeh ell®dnkd tedilis ﬁﬁmﬁlﬁ% ﬁ@ﬂ%ér@tﬁ%zﬂﬁlﬁﬁ‘ﬁ%ﬁ%nemc cou%/)hng

Furthernore, at a | ower frequency, the capaciti
c oczharactﬂglsbeof/\semt@rhm lestpeonvaneadd Eunhemncms,rmaﬂwm Ribfrequency,

ronounc and therefore i nbar dnent, of the
c 5 PG e a0y e e B PG e s AP uneed
Ofaﬂdnﬁelgﬁar@ﬁifﬁfonﬂﬁ%ﬁ&t 4 tlﬁ%@@%lﬁ{'\%_\lﬁz/inﬁewflé @dﬁ@éﬁ % eRfore, the

| ess than or equal to about , preferably
beﬂrmpencyacbﬁihe RO ppwekgowaelis @bmrallﬂ®1ﬂgm;edam te hm3s that or equal to

r at abo | d be under st ood
phﬂiao ReMive Pesrcrdretyoaqhend SU i Tot! bevFqand sare
rlg%ﬂblf faP o QMHIZIOW%K&EM b'efun@ergﬂfog{f‘ tlg? eSe 8F lower frequencies

ormty Is critical, the use requenc:l es
c amapeotdasi mqalltMI‘fef all:pmlcessés Haneveg 1ﬁa3h1|ghfdeglm=: ofieniformity is

foregoj ng, antages of the firs aspect of the
i n%fﬂai &PP“&SFQ HD’Y%F@E?@CIGE)PW SHte apfsddinent s or
i npl enent ati ons may have one or 20 m)re of the

fol I ow nscapw@g%ﬁ%ﬁl thOB6re nggxgqﬁ@ Mthélﬁg égg@t of the

is that an azinmuthally sy I'S produ
[ nlﬂlvelmcmhne prroeess Diffandre rembéémmntmumplemanmeaﬁﬁg have one or

process n formty is achieved, which jncreases,
s dag{er%ft &@&%hﬁan tagse JORCE VeRtagecet theinvention ig et an

. | Nehfaneay gﬁﬁneegﬁrp%s&naﬁg gfuagaédvlhgme Al fp&ggesssaﬁﬂﬂ ?t QS a result,

eing processed. “Anot vant age o I nven
[ smt:imaa;edtmecasmmafnmmtg isndheeved, \ihich rﬂmgmbﬁtrdts t}ﬁ@lghput
shi el di ng,. and therefore the capacitive, coupli

belieitbess derige Tl e ARG IngFr@sestbe BY"&%lhﬁroidBthVéWLPcf e Stbstrates being
g 1d t
CHESESRANCA RS . oD ARSIl M RSB
c oarpdnigaigent in skf\sliclding, and therefore the capacitive coupling between the
antenna and the plasma is reduced. Correspondingly, the ion bombardment of the
coupling window is reduced, and therefore the life of the coupling window is

increased, and particle contamination associated with ion bombardment is reduced.

According to an embodiment of the invention, a plasma processing apparatus

is provided with a multi-layered coupling window arrangement to substantially reduce
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i ncreased, and particle contam nation associated with
i on bonbardnment is reduced. According to an enbodi nent

wo@Roosheredsvent i on, a pl asma processi ng appar at BGT/USID04/604399
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provided with a nulti-Ilayered coupling w ndow

arrangement to substantially reduce -22 WO ) ]
2 OWP%?’Y% 9@1@%/%@8@@@ Hegmienne and thepdasmay L ocfaeilitatediscussion,

e ST D BLRLIF o B 18 corinc

c owjth iong etbodieents f the gREEN invé@Bon. ’Dh@ﬁaﬁ@f-ﬁ?]‘ﬁ‘é@ coWlinB window
one enbodi nent of the present invention. The

mudttangPagel K rediissnostvely persspond todhe eormling mondavad12 illustrated

! ' . . th [ i nd 2
| RAE Y Saptu SRR iR R B DS s anca
708comtlayeieroatPréferbly, first layst 7045y 8bnddddo 38na layee ?%H] Un one

| ayer 706. Preferably, first layer 704 is bondéd
s edgtementyieon, fpgwol layeshare thampprlbyrbendst itegether hHowemer, it should be

I t.hermal I.v .bonded. t o her. .However, it
SSTFERELE ol Bl IR A0 R b ASRhS onar AR Srses miayg used

t hatterabitedly, BOSHOU b HOMEBBQS A PBM ayI6e UGRAed between the layers, i.e., a
Alternatively, it should be noted that a gap nmay be

di wsowadzaber waep tq Hiow gasdtosy bétween tha layersy shulestily aptaoring the

a ga o, al l,0 as, fl ow bet nt | ayers, while ]

= TPttt PR L Tt (I mBlTooR, ol piv the inner
S esRipetaYiftacé QB tRPEREPHMBELT M8 part of the inner

peri pheral surface of the process chanber. Referring

first to the second |ayer, the second |layer is

conf i guRelgrnng fast todke spondlapern thestemiddayshisalodfighad to act as an
reduces. the potential di.fference.on its surface.
o e R B BN Rorlne O o B it sBee. Further, he
el R6bid BebdiY alrsfcak®Be aBeiPART i8S 1aRN Ynd BfESHI A MA from a
conducting or sem -conducting material that Can

f awindhetitgeortshmi-pornkiatieg whterinlthett dau dadiitateghe papgaderafiinductive RF

t he antgenna to .the asna. Addjtionally, because the .
setShd f%ﬂ}z]?e f%em’aig h@@?%- ﬁfjéﬁfb?fﬁﬁﬁv&ye\cﬁéqﬁa@ Rend layer is
Prag8ssl 1©hBsPI8Ema Irﬁﬁlelstl?etc%g?es!s BN Rhbdr SthP S &dRA RLY is.pr?ferably

formed froma materia I'S su%stantlaﬁ{iy resi stant
t ofoempd &remea mhterial thatef ewbseati2ily esisadi wenilasnd dnsgeefded

lrrg%’flel?ro%%@{n?{ n%%cfg@ﬂé?fegg fg?ﬂ%%] Olglb.'ﬂ‘ie?é]l(éail‘gq’g ,({gigj.&i %gﬁ@xe most
P rﬁ’gﬂ, st caf fet e %enﬁhﬁ??’%r&@él%ﬁﬁ%ﬁ%’g%l effedls Q‘Q@'g%ﬂlg Processing.

SiICis generally classi as a ectric,
yilaladditmanBiC is gesdraliyceadsificdhe a didlestriqfyetyiekie séme TR&tance to the
resi stive %{to&grt%. i.s what produces the shieldin

1 Cr }S

eff@Eere ° T ISHY RRPPFYY BriopéProfupes thmhieléintg%ﬁ%ct, and the
'rkﬁé‘l%éﬂri\é%rﬁ%%é flat ABwE HRILESL SdphY of the second

| ayer 1sa ortant paraneter nsuring that the
| ayer act as an electrostatic shield, while not
i npact i ‘Hap tebistivitioefdhé seeord bgerris an fmpdrthnt parameter for ensuring that

the layer act as an electrostatic shield, while not impacting the inductive electric field.
For the most part, the particular resistivity range to be used in the invention depends
on the exact dimensions of the antenna with which the coupling window is being
used, the operating frequency of the power coupling and the thickness of the second

layer. By way of example, a resistivity from about 100 ohm-cm to about 10kohm-cm

-23 -



For the nost part, the particular resistivity range to
be used in the invention depends on the exact

walremenzicosrs of the antenna with which the coupP@TyS2004/004399
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wi ndow i s being used, the operating frequency of the
power coupl.ing and the t hi ckness of the second 30

| ayerks Wil g eer dkahnpldde wderstood thaj i desred ieissigtivioam be
poHE&Bisde 85 St eiase biiom Bl AP R (i e 1310) s

ungeresiileadditisaticildyedesi red, the resistivity can be
configured to be greater than 106 ohmcmto nmake the

second | ayer (e, SiC) act nore like a dielectric

| ayer. W]iﬂleelo'htﬂs Wgstﬁlbﬁé’ot“@ﬂ hethserynid ivelictedibyt the eleckical

betlegigtéﬁjge &h[ﬁé sércgg% 2 gtc]%r%e%% ar gi.lZ)%%C%ttl?P glﬂﬁa?%‘%oetﬂe Bracgss gas used

Pr RGeS tl@qﬂaslﬂﬁeﬁ ct:orte@alhprerraftda egrifi@softhe PREMS; XtﬁHBbl%nttal on the
after |lgn|t|on of the plasma, the potential
A

s eveepifl Jasgrds substantinly wdueed) du;@ to é@m@anmtweftﬂ@ }tlhfena to the second

d .
PR et . alRiT ey e B el Rempdn o gragole,an
f oligRelpart, ayhiSX RTBHEed B the ARIREri ORIt laydMHaG hgl aScohQaBApacitance,
by the dielectric first | ayer having a constant

c afpm]cﬁ lowiee part, phielnts farmhashiesr thp aenductiing sehomdslay@ramédhdaghamber

t. d | dt ha
boF BN 1B A e UGG R PUS PyBUBRdLT Blpdis e eniton.
t hBethea@HRtoﬁftﬁeefoWeg Phr hia smzﬁﬁée@ﬁﬁta‘ng@ 'ahﬂ AMerdiBfe thOWeL o large
part has a smal| capacitance, and t herefore there is

| argiage vidingageitiande.ggin Q}ﬂﬁlt uoomtlete tog dis¢hargs; deapactive electnc
di schar. e ele [ field

tiate th
| nﬁellg‘gsl %B{C @y ﬂ%cgésgggg%ft t}xa #ﬂ‘(qur Qﬁrtﬁtﬂr I faég\%?apﬁ%ﬁatnce such
h agaftht @69%&@9(%&5@91@}%@3&%& a1 thB@kort n%é)gé)h&tqga% qo§1ag(‘rjuﬁcant

substantially reduced,” and therefore It es not
t ocapghié powmertcouplgaci ti ve power coupling. Referring
now to the first layer, the first layer is preferably

f d di el t hat f it
e pasK BB GUBE Fit Tt Urchigy oyt Gh ERE 1 rgist grom o
t ogibRerie Al i "cﬁﬁ" Parcﬂltitg heldabSke h@fﬁ‘d’ t1§e R@%ﬁlb%g{ﬁ%% the

to be strong enough to 20 structiarally o d vac and
r obusmadmtheghastne. dairtas |t1heyﬁﬂsallayt¢res1lcm:hfrgjumgl tpéeistdigcenough to

cI an he chanber, Additi I the first |ayer
L ey P SR BE TR o Shbyiebto B Fieily Dk itting griodic

haﬁeaﬁ’h‘tﬁ@%f tRE cﬁaﬂ%é&mlA&mQ&%‘H tﬁ§ ﬁ%s‘t’ 13)?3?@' g%nérg Fd' Ak Hm a

contr ol of the w ndow. ectric

rmdhelectallcsnéftmam]mht 1ha$)$np8r1bn 1hannd1\|ptdpled®s td Siade tﬁfnperature control
rk.well. However, it _ sho

AI um num §A¥Z,g2 W?
G P Way OBBhanHAlS ieloqist matehaly o adlicon Nitide
t h@ﬁNP&hRfunﬂﬁﬁrﬁerﬁtd% (X REUR&S- HEREve R Bd b&hME-A80d that

this is not a limitation and that other materials may be used. For example, alumina

and quartz may also work well.

The overall thickness of the multi-layer coupling window 700 is configured to
be thin enough to effectively transmit the antenna RF energy to the plasma, while
being sufficient to withstand the pressures and heat that are generated during

processing. Preferably, the thickness of the multi-layer coupling window is between
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and quartz may also work well. The overall thickness
of the nmulti-layer coupling window 700 is configured

wo e004b0z76bhi N enough to effectively transnmt thRCHOSHEN4604399
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RF energy to the plasma, while being sufficient to
w thstand the pressures and heat that are generated

dmbphg(l) é@n@ abfwéésmﬁ?g Fupther, élreofiyis blayqrr?@4t8h¢ld hewsa thicknhss greater
abh 5 SEetna BT RS SRR e iR X8 e Sy Nirapetyreen about

| NER and-bbdu e ﬁmch‘éb EFdrtHesthoteditRithiéRidks$ BOME Bedd@Y ®ayRr is preferably
t hi ckness greater than t he second | ayer 706.

Pr@fﬂ@e@kﬂbput 9. hend hbpask Adsisclss. ftsbodldbsunierytord ilst the actual
en a and abput .1 inc her npr e,
D AR PR s ght Y SRRt 18 oS Rl Ao Y Sach layer,
betmeen about 0.1 and about 0.5 inches. It should be
under stiqed thl Merd RoAchHAImRt tHAt Gk @%%f e dod ?Eﬁg“wmw be equal
vary according the specific material chosen Tor each
| dpdhe sizavof the pliama prasessingschamber duigeeeralh howber, 4 $reall coupling

f th b | to.t
¢ RETIYaY rsP et R e A A o P ik B RS e C e
S Medhplo @M Phnl 3 eni’MoHﬁiﬁ\éﬁt TRY sHa EQ HP@le %ﬁ(ﬁow Q@\Iﬂlfn% I @cfnﬁglured to
when expensive material’s suc SiC are enployed

onmimndsodithiretshapeef thd agenrof artahgmmm,ckmd/ themf;»m, tige ¢cgipling

fi .ed to 10 [ W.th t hape, of t
VAN S PoryBrdun e SShreiLy Srofa: T ABSES siTbment, the outer
W nRusibes SABE E@IMiBE wiRdREnsy Be taduddd % e‘i‘ceﬁ@ lél sﬁ{all diftance

anot her enbodi nment, "the outer di nensions of
c quybnmglewutmi dmnm;pnls of dwrehiayua,ed otder Gxtedusk ay&nn]blhng to
tangﬁb,be ond t e outer. dlnen5|ons of the antenna,
t

conluclivg & eg}wtsmgp oy eReire lefbe @ptenna, | Inypne example, the
C Ocﬂﬁéi(iflh% 1@11139&?1% cct)ug'nh% i 8 Qﬁlaﬁés‘éd%? teﬁﬁn@ &R 'i a}ncﬂ Phst the

one exanp the 15 |nenS|on e coupl
Wi mﬂi@vmmsnsamsaafglmjaﬁtmmxtlarydt aimdwt eﬂlboahﬁi’enpaISd cdulpﬁng window
out er dlnen3|ons of the aptenna. yet anot her

erBBuhaEH ShapsRatis sppstargia H@o%wneﬁa e@&tﬁ@na ishdi9ep shaped.

is substantially the sanme as the anten1a i.e., hoop

shaped. \Wﬁltrgsgfegtstg% dlgl‘écttnta;) %Je?t e%gég' gleff’ercﬂﬂ%otlﬁﬁﬁg employed, as

(e.g., dielectric constant a gene
g ud ghaierab gpidaliheywdoweli didledtic constamh st @ariess thargaboul €8 $ends to

n about #Q ten s to 20 decrease the effects of the
%qg%ﬁ%@ae& S¢ts ﬁét EiERsRIsEPn ilpﬁ ghareteristigs phiRepower coupling by
C %@ﬁ?ﬂ% st?%fdmé GAUCE ARG S LR sﬁ%gcﬁﬁ@é‘lg/ £ldvRs tafereRE ?onstant tends to
ically, f 0

speci a |ower dielectric constant tends
makekd the waavlehgh gf thedfantiétedreaagyildricer] veiier @ykdsah@eaitenna look
shorter and therefore

whi ch k th t I k
{ CHEFeTPBeTSIREe KSR PRRPSiRe SIREOS A SHACRE VAYp RRERRN.
Qﬁ‘§9§°ﬁ%1§?*3¥t 1Rver am%uﬁ GIrSGhT fefid B MTAR MLy fRAR: hATRIS

azi nmut
asymmetric coupling characterlstlc of an antenna less pronounced.

Furthermore, it is contemplated that additional elements may be employed,
along with the aforementioned multi-turn antenna and multi-layered coupling
window, to further enhance the uniform processing of a substrate in a plasma
processing system. By way of example, a magnetic arrangement can be arranged with

the multi-turn antenna to control the radial variation of the static magnetic field within
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25 asymetric coupling characteristic of an antenna
| ess pronounced. Furthernore, it is contenpl ated that

waewuvieoml el ements may be enpl oyed, al ong wWeeTIUs19e4/004399
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aforementioned nmulti-turn antenna and nulti-I ayered
coupling w ndow, to further enhance the uniform )
pribe esasesirhgmbsr By fhe ragipneprprmptethe sawplingoedes ang the multi-turn

Sy, ' rran nt. can_ ..
oo A AR o o AR e R RO p Ffboncing
t heateradppllicavion eatitl«n“DAPROVES! BILA SMMBPROUES SINE! SV STEMS AND
within -25 WO 2004/077608 PCT/ US2004/ 004399 the
priEdSEOR A IFHEEFQRY Hé Sy Baes AN Odéil et elssusd ondamlarngd, 2002

wi ndo nd. multi-tuna antenna. An exanple of such
an%(r%lrialg%oe ?lg{egﬁ}eﬁeﬁ%é%e ?reﬁ%ey be found in co-pending

patent application entitled, "I MPROVED PLASNVA

PROCESSFIN 8SY & bEfdbeotiNg vieWEd HORGI il Rkt A2, 800 provillad ®in

No. 6,341,574, issued on Januarg_zg, 2002 5 and

i nerebqsbmantcef themepmicsy Siededhemuli-tum ategng 800z0f FIG. 8, may be an
perspecti.ve Vi of a Lii-turn e 800 provi ded
byunaﬁerﬁén%tgo | %fgtﬁ% chlfamtaﬁgﬂ%uﬁg%th({ni o&ﬁﬁ&s ,Rtﬁ% S3e un%bermg 1s used for
Muht isarh& partA i AaltiSRieh fterink €00 BomPBYesREfiBiturn 616, a second turn

i mpl enentation of the schematic illustration of FIG

6, 0t tsiadrvrm 04 end adourth yseel: diachttime dsfines pplane whithepasses

TSR e
t UgitopBdar foaabh biheR AR{HpiEBustoR 18B6hnawldl ¢ha BAS 86S of the first turn

through the circunference of the turns. These pl anes
ar@ltei A kenond ghd phtheifastitymfd bas casinected tacofitshmat off afistcinnector

ot .+ An inpu S 4 i s connecte a.firs d of

AL i4 §Feop Bt oBlfE 75 cobdssfid Terungyieq e e} &4 g scbond tum
6161 9. SA GRRBE AeaH st DnAcdidrthit sBAE Hiwnlthe Bfst GRABES LR the second
640. A second end of the first connector is connecte

t otugn 61§ istsulsiahtiofly phwesdcdatotti pladés Bfi8ed By tharftrstafm 616 and
the first nect or .t hat ans hetween .the first tur
b tednd i L RSPt ot R ACSan T it Pegd to e st 1eg 632

pePHEAS St 4oL ORI A ORI e o

t ufirst 6180fi the Gorirtent 69, tThetfiret leg 631 arldetye 6&2nd tdg d36ere

radial caqnnectiagn. The second | eg 636 of the radial
comERRR Y Reepsagitiat (e s did b ShmBts Gied|hioPd 622. The
t URiaP &Shned {38 682 bBfhe lrﬁﬂ%}@ég?&ﬂgn E}J&@%&’eﬁ ¢hd tl% 833 Sthe

20 substantially perpendicular to the planes defrned

bysectusd legrods, dilemaytie aG&(pth haPis siibstantiatigipadallelan nigcplafies

68 fof tbhe radi al__connecti gn extends fromthe first

| eée B89 by dhe yens- Jhesrepndegd gBHe thirditurm 2 (s renpeqietig@irst end
t ' j t i

oy hE T B R R P TR < e B ARt S formected
cotortbe fiestl ehdoftht ifewath @n0622. A part of the second connector 644 that spans

between the third turn 620 and the fourth turn 622 is substantially perpendicular to the
planes defined by the third turn 620 and fourth turn 622. The second end of the fourth
turn 622 is connected to the output bus 626. FIG. 9 is an enlarged schematic top view
of cut out section 830 of FIG. 9, which shows a section of the third turn 620, the

fourth turn 622, the second leg 636, the second connector 644, and the output bus 626.
Because, the planes defined by the turns 616, 618, 620, 622 are horizontal, the lengths
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of a second connector 644. The second end of the
second connector 644 is connected 25 to the first end

w@booth®rebourth turn 622. A part of the second POROSDH004399
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644 that spans between the third turn 620 and the

fourth turn 622 is substantially perpendicular to the
pl efrtbe fiesb fegf8d. thy seqpadiled 636, therfsieponesier G40urndithe seaond

622 The cond th 0 622
o S PECRL husBfiRlhy Yofed Sl e ) BERerl R oo rpcian
SCdb(ﬁH@dtioﬁ i %sﬁéhﬁﬁﬂyl@cfnz@ﬁial out section 830 of FIG 9,
whi ch shows a section of the third turn 620, the 30
fourth turn 622, the second | eg 636, the second
connect®dG. 624s a topview ef thetthind tuby §2% JBhe thizd dumdi20 hepe first end

ﬁloﬁjlb?on? secqn% ﬁéhg vgheren %E}%\% e&@éﬁ?ﬁ%@g %ezac%narereld 1008 of the
PGRhIrNS28 @20 QRARPBSratedlbytdirll infrf toap €012638he detkﬁlﬁ%% 886l of the radial

|l eg 636, the first connector 640, and the secon
c ciPmaedtion isaenngeted tmﬁlstfaﬁtenéllpw ofthe fged turmb20. €Therrecond

di al di
G e RsstFr S bineRlag e St eng GOILSE R Bed Runs2p. Bofl the
t hidsfeddurons @ﬁ@ {heT.‘J%@oﬂd"@ﬂddl 008 R tl@aﬁir@ﬁﬁn 820 kit 11cﬁagas 5 020, 1024.

1004 and a second end 1008, where the first end
an/él fritaotobcld3a femeb eu_mvceﬁ oahtdevdrlpprtd)m 1930 of AR ﬁsbend 1004.

ted dt Th d 636
SeRS LR g0 SO0 JOLE T oo g 0,
e nﬂ)Oko Ghe@bichBe 1 @20l 1ob4 Mfdﬁh@gﬁrovag@lecaﬁﬁfé@&%orﬁﬁﬁnl%b 01034 allow

644 is connected to the second end 1008 of the t

t uhe né2@weBernbilavieporfipnst036n wmﬁmeaMgtth@smmdml dmebuon,

100 f the.third turn 620 for not ches_102 024. 10
VhieB DL (s Sefssi coBRertor bt and SuonS L bite el gpers sane

101%91&981récﬁ%n ok }%ttuﬁp @h?x;@l%a for S, sﬁﬁ&%g%}[lg}%%&?h%@%g% -y

forms a narrowed cantilever portion
e nebmpl &6 otchbdtuno {schiesn 40h0wn 10 PHG.aidl thahkasremiatdwddirst end and

cantllever ortions 1030,. 1034 all ow _the narrowed
c aiTEPIkSAgy 3 evEpReFiiony sderearts of Hiesagtilerer nostins of the

r C
0 SO O B

di comatdtoncomheditrbtot the first whd tids aivyg 4 asniman sadhsd gRsih@tHryugh the
conplete turn. A conplete notched turnis a turn as

s HEWTIR 341812652 S§4pn R CHE I RS s RS e

second end to formcantilever portions, where parts of

the Canlt"fd §Y&la E)gr\ﬁé\g) 38 iRf oﬁllﬁ? émE k35 tTI?é%uﬁH%rﬁ%%@ s a first

end |ie al ong sane ra ection, sot
el @clt Ili0d ahd acsenmd chdl 1) m}&dt &l sé;mettéﬂsby" 4 p8i 1EI2d ThHe&Scond
alggg a common radi ys Fa55|ng th h the 20 antenna

s%iora A3 Brrnceiod de Mieb@iORvAReRl bR fivsh Amb it A iikdgonnector
S egﬂ% ectel th%%eéozlg%n ‘i@Ofybfﬂ)[e ?L{m{hqﬁrrf &4 tzg ngfdflri 120 is
622. T e as a firs

ourth turn
formed in the first end 1104 of the fourth turn 622 to form a narrowed cantilever

portion 1130 of the first end 1104. The notch 1120 provides a space for the second
leg 636 of the radial connection to pass without shorting. Since a space is provided
for the second leg 636, the first end 1104 and the second end 1108 do not overlap

along a radius. Instead, the fourth turn 622 is incomplete.

FIG. 12 is a top view of a upper connector 1204 above the fourth turn 622.
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end 1104 and a second end 1108, which are separated by
a gap 1112. The second connector 644 is connected to

w0 b@4ootedHm si de of the first end 1104. A thi rBCT/US2004/004399
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connector 1116 is connected to the second end 1108 of
the fourth turn 622. A notch 1120 is 25 forned in the
f i Fhe unpgEconngeton  244has pdlistend comectpgdo thy thisdl pergpector 1116 and a

1ALl AIRINOR AL G, 8y come

| en 163atcpifis trom thadivadh tGeNsRRAap 18 Mhd peAssmettbN 0204, and the upper
shorting. Since a space is provide for the second

| e"@ne%or Y204 extands alma thel@uf el fithefoseth dwa 6@Adsolthaighel fourth

0 Ion [ ste fourth tur
Sl PE2] Ay RS P54 et gl O B e
c dRneSfRrth 1@ 4vale eﬁsﬁﬁed Er'iﬂqg‘ﬁlllﬁ the@Aahe of tie/fol¥th turn 622 and
2004/ 077608 PCT/ US2004/ 004399 e upger connect or

12@41 diderent miliaklengh dhanghe easliuscpfitlee folgh turiny airadimh neoparent would

sec e 0 ct d to the ou t
578 nRREL P sRrS ey s B PRESHRT W st PO e that cause
exdzantd@al a[s?ﬂ‘ﬂxﬁe]ﬁ@esf Phtda, theuPp&dniddidro 208 %nﬁgé%ecﬁe gap along the
connector 1204, and the’ upper connector 1204 extends

alrows radiel lengtbtas drecfoutth tume 622 (ut ibaverte H28h teo 6RRat
t he fourth 5 turn 622 and the upper connector 1204

nmake a ant | et e tur I f.,.the i he
Mourt h FEP35 308 Bty GBS By o ot ol Boepi ol A  fist
Ofeﬂdrh‘i‘ldfa%@édﬂal dnd] Wh&é 2he?idt erdtand tKU fck&iEMd Jrarl @cond turn 618
 ength than the radi us of the fourth turn, a radi al

c o serartedioyit second tume gale tB 120 Bsrirsiaonnéntortiddg eornected to the

th th t at

Lot T e LR PR B flee B S RSl S onBeRR i
12Q4nbditdgase tdend e &t 180 9:dohg nh 63@MBothadt flst kD Qﬁcf‘the second
as the fourth turn 622, but above the fourth turn .

Flagd of3hd secand o €1 Seformmotdhes. sécﬁ]rstdlotalnrfnrrﬁsl@narfweed cantllever

B hiA Gortes B G, ipe ReondEiRti %ﬁ%‘aéﬁr‘?c?\%%d Sa@a@g%l portion

L u334QF%he RE ar
e g B Ao { A er i opsc 0. 1334

t mlosxeth@ merrowed chtiBvelpatibng 5330, £38468 diealorighhe sak aldial

d h d
COUBEE S b IR o e b DB bl e o
el’}gdﬁf d-fgioRSHRiE rﬂa&”f@m@%%ﬁs%ﬁh@&&ﬂ@%% first notch

forms a narrowed cantilever portio of the first
end. The second notch forns a narrowed cantil ever
por t i onFIGL334s afoptviev sEthedustemoh. 616h é“hncﬁrsihm Gdichat heirst end

narrowed canti | ortlo 1330, |1 ow t he

e G agtor PPy 0, 141 Sa e Bro Pemsrin geo i

t h@niadted fadl ﬁ!)tt(%q si‘ale lb§ EHe' 135 ength '&fbuﬁhlcg cld18 416 [sonnected to

connector 640 and first leg 632 to I1e along the sane
the second end of the first turn 616. A notch 1420 1s formed in the first end of the
first turn 616 to form a narrowed cantilever portion 1430 of the first end. The notch
1420 provides a space for the first leg 632 of the radial connection to pass without
shorting. Since a space is provided for the first leg 636, the first end and the second

end do not overlap along a radial direction. Instead, the first turn 616 is incomplete.

FIG. 15 is a top view of a second upper connector 1504 above the first turn
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radi al direction, which may forma substantially
conplete turn. FIG 14 is a top view of the first turn

WO id4/0THees fi rst turn 616 has a first end and BCEESTON4004399
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end, which are separated by a gap 1412. The first
connector 640 is connected to the bottom side of the
f i6rl§t Télﬁéecqndﬂmmt wnn@mmlé@é thag 4 fisstiend eermeeted éalthedowth

first Lo 16. A nat 2
t GPRE AR AR 8 cod ey sFinektbt T oo P € WG s,
a ddahécherd:16RtdnHeHeH tRO Kitst aitn §488p &f thbRecdhiin beledaﬁnector 1504,
The notch 1420 provides a space for the firs

ofangliiee segondipres woascion i SQbexersls ahpydibatirstshdof th@gﬁrst turn 616,

r1 P pERE Bt RLE BB b oo urhs SRbvsrd ek ayPantall
r agbin@letd kdrBCIf A8 a é} psihe @kt turh dvak 'céﬁbeﬁsﬁfeﬂ b?laq)ridge in the plane of
i nconplete. 30 F 15 is a top view of a Second uppe

c dhe fctt turn 1360 4nd bioa diffetemt fadrad lengtiythan thegadl@s of the first turn, a
200&1@@77608 PCT/ 004/(?81%399 %tﬁ Ee sego d upper .

c JAMBLTURPORSBY VARG DS nepded o goppeatiif Brtarorthe fiFt M frpsing

C QABRLERFendd %&@nc@ﬂﬁ )ﬁca%@é: AR, tLdndibad BR ée?kﬁ'}e&t upper

| ead 624. The fourt connector 1416 extends from
f [ qoslnedtmr 1108 bsidges the gaelosg tersdme ppbal lengthectherfird30eh, 616, but
cond P er connector 1504 extends above the
Qf’eglr‘?otﬁétft“frhé é')i rst turn 616, 5 so that the first
turn 616 and the second upper connector 1504 nake a

subst anii alehfonddOBBLE ta‘%hélé’(ftﬁc m'a’fentahﬁ %99 plaBed lgthEérf tﬁE turns

turn was conpensated by a dge in the plane of
f a1 618168065022 tara&lowtthaummsftbéxeeimposaichsacﬂosb amgomuldn‘a)mne
turn adi al onent

t he radi us, of .the.f]
woteheba HlscbE AT Aty snyruet ingiseclng Peyech BeCIET Ang oyter tums.
U Ui, 1@%’@&1‘898 scrcﬁghzﬁlwéiff%f ﬁ@hgn B\ﬁe%IﬂS 'Y, GEUREh s1ic61 insulation

azi mut hal asymetries. |nstea second upper
c ofispestdthefbtwben. ddesfistheccgagh thirdyragd titverthstames (rléplaSEﬂ 620, 622

Ien th as the first turn_ 616, but . above the fir
%H@f@ fed ggoypdii Gepraldnspidoel 604 taifumpan assemplyt a5 awn The

T AP S SRR Y 0P e B30 R oo

oniasulanol GEY. , T dtensitidst raryt 16880y tied dem'rﬁllahhm@oﬁ.‘[ @4ril mounted
bet ween the i nner _and outer turns. 15 i s

crigiosa el giware of bebeftom fsualRs 181 . toe I@ge 629 1613629mends

SV o1 0 lBUATES, BiEBEn Mot
623p riige ring U1 € troar e figst Jurg N6 t@theifomtt AE062218 (edid® than the

form an assenbly, as shown. The central insul ator
f otrlﬁ%marrb%lffﬁae%iﬂaag%l cAPiYl togueentieings daabpiomdngyladerc12 may

1 g e%)lg%td: fakm#} ]ﬁ\tef?irléﬁ ]\ghlcﬂ-?@é&%}pgﬁﬁ@% L n?lge ddléle&gc window

cent I'nsul at or
212.

FIG. 19 is a top view of the faraday shield 1620. The faraday shield 1620 may
be provided to further minimize azimuthal variations in coupling and to control the
extent of capacitive coupling. This may be implemented by either grounding the
faraday shield 1620, applying a specified voltage to the faraday shield or allowing the

faraday shield to float. Since the antenna footprint is in the shape of a ring, the
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20 into a central groove of the bottominsulator 1612.
Atop ridge ring 1616 extends above the first turn

WG i®4armod ourth turn 622 so that di stance al onRCT/082004/004399
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surface of the top ridge ring 1616 fromthe first
turn 616 to the fourth turn 622 is greater than the
mi faragayrslygldrleee ny dedn e eingshaner thet maiches éhesioptpaint pfighe antenna.

B R R e T SN
W igeiaitBatdd dli ﬁ]hﬁb/(fargéigthhﬁ ttR fb&PriMl WL OintéhR aha "vﬁﬂ@éﬁ least one
shield 1620. e faraday shield 1620 nay be provided

t orafligh slaet904i aciass part af thewrinigaln other prefepied eimbodiugmits mgre than one
q go con roI the extent of capacitive coupling.
hi'¢* 18 lnplenented by either grounding the

faraday shleld 1620, applying a specified voltage to

the farmdayexaRprlid 195 efbb@Men thdarm&1626108Y0,920ekdabout 1 cm

to float. Since the antenna footprint is in the shape
oftha:kr i Tihg centred insufegon 102 Gpares Heawds @@W&u@@ 004,/ 01646 622 a

620 [ ' hat
¢ HESERR FAPRY T SPrieSnd B ooy she R A Bekia g bour 615 om.
e n‘bl%iiéﬂ&?é"t‘he disbicé ﬁét%fé@ﬁ/ tHRbS bfjthé @?e@ec'tﬁ;c RiddbRD 1@%@%6 farthest

conductive material that is slightly larger than t
f qmrmﬁ the tughs, théchas thertop ol the fukttd fourth tears616 682 ix Mua:l& cm.

bt s ip 2t o it ghis eBrableE act g ik B merop 82 ereater
g)z(ﬁiﬁﬂ? hRed Ambins d?s‘ﬂi?ﬁg ‘ﬁ%ﬁpﬁle didi& i RIoR 2 t@%l’?e faﬁl?ré% Rart of the

are about 1 cm thick. The central insulator
spacsswhivh i$ cms a d| stance 616, 618, 620, 622 a
di stance of about 0.5 cmapart. The faraday shield has

bet weenAL TS L BRec A G TE A3 E1055 Wb g SE9V ARG Hgdow, the
f aﬁﬁsh%@%i%’l@s Qﬁﬁttant@zfllytﬂ'é?pénﬁfcﬂﬁr 1Rk E)thbltb§%éfgﬁ]dtb99h@{un{s%d is

first or fourth turn o, is a
Thelrefdareseito thehnlsutéedoltﬁ%madtthe fitst commeasi G40k t@nﬂrﬁrrﬁnteac e

Syt GARTS B aRC B o 2o aﬁesn%%%m
f aﬁfsh&ﬁﬁm&@f 84(szmdt1 Eut 1644 6231 :ﬁ;c)r&\é;iﬂx‘i"(i1 dnBel ﬁﬁtl ng
in the area the leg 632 1s close no

t OSLﬂ)latanmlbdhwsntiﬂa éengﬂSoifthe §irst lepgp383 2 tilsassinlihe a:rea Itlad sleyond leg is
perpendi cul ar to the efined by the turns and

pl ane
i sCloiﬂ ‘el e hesoednd Fmpit siebtes2Hy RR@cRdieti iodhe planes
COfHaeH BY ¢ stafld 1 b GAd N
RSy s 4T DRt 3OMITR 83,0030
64éhnnédter 644 tcsmlmmmmymmeﬁrﬂe@ caued b phutt sekerdtile@ 836, output lead
provi de can el ing magnetic fields |ong
626, and second connector 644,

By placing connection concentrations at different azimuthal locations, such as
being on opposite sides of the loop, non-azimuthal perturbations created by the
connection imperfections are separated, which improves azimuthal uniformity. By
placing such connections on opposite sides of the turns residual dipoles, caused by the
connections, may be made to oppose each other. Although the residual dipoles,

caused by the connections, are placed on opposite sides of the turns, this embodiment

causes them to oppose each other, instead of having them at the same side of the turns
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substantially the entire length of the first |eg 632.
At least in the area the second leg is 20 close to the

wowedoweog he second | eg 636 is substantially PCT/US2004/004399
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per pendi cul ar to the planes defined by the turns and

is placed close to the output |ead 626 and the second

c AddRYBIE them In th sama diFpstonasy et ri es caused by t he
second | eg 636, output |lead 626, and second connect or
644. ByTil AGLAE SRR hAR &!Pdh%g ' i L
azinuthé@iﬁbcatfons, sugh gs q@@?ﬁ%ﬂgﬁ‘ggﬁgéﬁ%gﬁ%pgﬂﬂd
si dbeseasd intthe nleanped awdmuthal avyiadiryie mafbrhesduitons creat ed

by the connection inperfections are separated, which

connectT5ha T g GBuAed PO tAmrate P e pA& Pl fourth tum 622
dipeh ﬁ?‘and%ﬁéf% orﬁﬂné&@ tSEth% ‘?Iﬂﬂ:ﬁ b, Offe tg@?fmg.%Z%qg a8t end 1704

oppose each ot her. ough the resi i pol'es,
c auslecsebynd drel OB nehdre dresfirsivend 1704 ard therseamdanid t1§08 of the third
sides _of the turn this enmbodi nent 30 causes themto

opHBs ¥ LHE eRsEHES ‘?Y’ ? Husdduen g0 1Hd9: ABe sarend kg BRof tharadial
b PoRishs atfisge 1oshd A sARY 0Rr @R tumgzg, The second

di domatdtonc44Tib eonneerdto e sagindrnd 1168 obe thif dAd62® The gap
provi de an roximately 2-3 fold decrease in the

oA rcascs SH IR AR 20 HrETm AT RcdpEle 0@l £ 5. FI G 17

is a cross sectional view of part of a third turn 620

and fougfhetiHh [Pulrﬁﬁgtz ﬁlés YEREeAd %%Oi?la%rseg g8k %6121 are

t he i nventi on. Ird turn as a ti1rst ‘end

andparasdbyraczaprid31.70Be sesbrd eorinletof 64451s comtbeleddd tianGkst end 1724
t he. second end 1708 of the third .turn 620 are
s epfdhatagthgymeb22n A thind sepngsiyy 1774 8 coppectediodheisqcend emb1728 of

of ' 9 ti ' tothe first
orit BSPlP IR 730l Aot RO IRE el o O3 pprooies
644op.s connected to the second end 1708 of the third

turn 620. The gap 10 1712 causes the third turn 620 to
forman inconplete | oop. The fourth turn 622 has a

first efffiURRY40BRRYIOY 144¢ Birp Grstiendrergneipd orthathard connector 1736

SRS B 31 0GSRR8 5 cient

6 22om Ahd foiutttl toard2eabas tHidet noennectadartdaht hgpgecpndior
end 1728 of the fourth turn 622. The gap 1732 causes
t he/4p setangs v thobrst end ofithe fmrthrivefeletccthaishe vpper capnector

(PR ERRRERE B DA 2R LR B GRBE FR te hine

a secon n
t herroed(ahd tedtubi2fin F2Efdihiigdwenbasitiily LéaP e iuends

In this embodiment, instead of using notches to allow connectors, such as the
second leg 636 to pass by the fourth turn 622, the second leg 636, passes through the
fourth turn 622, the upper connector 1744, and the output lead 626. A hole 1760 is
placed through the fourth turn 622, and a hole 1764 is placed through the second leg
636 and the upper connector 1744 to provide sufficient space for the second leg 636 to
pass through without arching. An insulator may be placed around the second leg 636
in the holes to further prevent arching. Although the gaps in each turn are not bridged

in the same plane as the turn, radial connectors have been moved a large distance from
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fromthe fourth turn 622 up to the upper connector
1744, and the upper connector 1744 extends above the

wo poog7mogl of the fourth turn 622, so that thePCpPP82004/004399
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connector 20 1744 bridges the gaps 1712, 1732. This

results in the upper connector 1744, the third turn
62tbe WA hBhet mmtﬂhak WYMIBRY or@tqda hydnrtdwlghhb gtprdt itz dayne radial

Iecte guerns gi % tgrrbod i ead f usi €

ﬁ%& B PAMTHRS e RED: ?Eames i %Fs 8?1 grepledy azimuthal
63cf§. yintheRFFonPYadid) Quir@Hs it feduils i62dlial Q:Bl%le%?o(f@ﬁlgrel pi8ed near the
636, passes through the fourth turn 622, the upper

commdowor 1744, and the output |ead 626. A hole 1760

is 25 placed through the fourth turn 622, and a hole

uppor  JBBREGF PRI & ORahane e fpthiroCh b Pgametic etas

t hgorf @sOfdon Eldg 836 ah® outpasisad 616046 b B cﬁﬂ&héa&ﬁ gtber. In
An i nsulator may be placed around the second leg 6

i reddfitonhthlesscand connectart4grieplecad coschio thg. seppridlog Gh6 td‘[HOVIde
ggﬂﬁ in eqﬁh turn are not bridged in the sanme pl ane

asiUTRE PHPHNSr adi al connectors have been noved a | arge

di stance from -31 WO 2004/077608 PCT/ US2004/ 004399

the w nefowi s I crdidd-8etibadl vasy SIRE B¥vied 8RWCGnING. 17, where a
bridging the gaps at the sane radial distance as 't he

t maﬁswm stermd 1I¥04iinplapesl siaventdb dreethard turh @20 and fms‘thrtotn 622.

t th t
BT A ot EEAROBUGTS PREPABPLRKEN NEHe he
W T, 833, Bt (BIkM@h SRR A JpatinRIBr @%Hﬁ'cf-ﬁg [\J‘ﬁl?cﬂmtlkl%cessmg
out put lead 626 the magnetic fields fromthe second

I d@at%’ gbyaHdweld gat., filed dn2ptember 2 2602,anl étdogoratad bedein by
ot h n _addit]j the seco connector 644 is
o Efadearal ferdie. TheBie F SyCeel ity TRt e 4 Grsne
c 3
ooy By hiSticsD LSS HpSAnSREidh B Ko S dEilf of the
1804sive agbace ohad) ledpsrio redirettartehi badk tathe d8iGedariinuthal current
fourth turn 622. Such passive antennas are is
dityssed in U S Patent Appl i cati on Number
10/ 200, 833, entitled "Methods and Apparatus For
Produci Iﬁghé"ﬂr'e(/%gbﬁﬁgﬂiﬁﬁtsqﬁth Pﬁ% %§condbﬁfmhb¥i@ 1‘311 turns 616,

al., filed on Septenber 22, 2, and i ncof porate
hes1si, ﬁz(hﬁzzﬁh& éirsnoed sécond airhs @1& pd8 emy bEkengidersd memner loop

be us %g%red ce tﬂf 15 azi nut ha
%Fg‘ﬁg? Pﬁl hPoUgRY Besesilesd %\/%lt?f&POPa Wlth the legs
c &4 a@igﬁe&ﬁec@& k cﬁ?gt%\ﬁ%le?%? W BRI ER 14X ;5' RS tHieQe

redlrect currentf back to the des a2|nut current
pag¢niibodiments, the inner loop is concentric with the outer loop, where the outer loop

has a larger diameter than the inner loop.

Although in previous embodiments, the antenna is formed from a first loop
and a second loop, where the first loop and second loops are of the same geometry and
are co-axial and where one loop is placed over the other loop, other types of antenna
arrangements may be used. Such other arrangements may use two single loops or may
provide that the second loop is of a different geometric shape than the first loop. The

loops may have more than two turns. Preferably, the azimuthal gaps in the turns
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In the previous enbodi ments with first, second, third,
and fourth turns 616, 618, 620, 622, the first and
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20 and the third and fourth turns 620, 622 may be
considered an outer |oop, wth the Iegs and radial
c onEEsEE the lnene ateimpigimired pnhet the gaps Mplechn xafial augle pf less than

| o@p,..4l.n.these odi t t he. i nner | oop i.S .\
conadeh AR o HEAE T Moyt Migk@PE ¢ b B s somge g aaditon,
hage thpud bLsuthtaeRts ehayt taddakiaBor pAE bf theRRengfist RuShet Way of
previ ous enbodi nents, the antenna is forned from a

f i ledpcing their 28 dm eifert s bribiscennwdpmenthibe turn Iseps dre preférebly about
and,seco | 00 re,of the sane geoneiry and re .
oo "Shet RREA LR oS B BRIy Mtatd chuiover

| aRRtion ffihg Int®BStcREs AMELARR rad@hl BAFKIERE S PB¥d BEFIGS. 10 and

used. Such other arrangenents may use two single |oops
or 1 3ra¥y heip suphi odiented gbntileecr sad ooidh deogn ars impraatichlf the peasent

O R e SR 1L S0 Pt
Jafgrehtthy Mi%glirf‘acddit%am&_g%f&ﬁz gﬁ)ig i faﬁ@&%%ﬁ%@ﬁ?ﬁaﬂel to

conprising the |oops are mnimze o that the ga
metke other huh planemnyltle a dngtlessrlylegual 1@ thenoissiog thiatuthabdap at the

of the ends of the turns adjacent to a gap.,are the

o e A LRRSTHOPR Tort i SESh R TB S o6 B PE LAy ths
coaxial for part of their |lengths as another way of

r educi nguchlithdr athpRnenBiherk | By

turn gaps are rgr efer akgll y g)gosgtt{ng Sg%élioﬁgﬁg&ﬁg?fe&mdéﬁ% the
preterdloby it dfe differenigggosrctnieshaperihen st fadt loyp.oThem ey be more
C ti*err partions fittin intoﬁpoﬁcges at .t he sane

r PRI UIOOPENtRE 198PHRRY PiYretheitimF Feshisey conpling Beldgigoops

S UGBFATI PRIRIGR MY MR P?ﬁgraﬂﬁftt@'a ] ¥ fsed so that the partial
i mpractical, the present invention prefers follow ng

t hierpedmuinpdtmgakinnchgensatt lagsth @ee Fapsl 2 120dzFitut habo4, FIG. 17

cu t. by addi ng an addjtiaonal partial .anfenna turn

i n{@igﬂ%\ f%?f:}Bgaf%ﬁ?q Wlhsa%lg}wﬂa sipandimpkansondy plagesthe two
ol : e | o

203 el bl b oRhan g oL BB i ong s

I nfrefpeablyreqbiees even aribatled spaidgofthapirata conticdting legpafd the

ot her .arrangenents nmay, use two single | oop or rmty )

prisvedRicd pam R ss S8 et PBR IRy 2 nfeger 8per of loop turns is

g - 1 \Y I .

ey SR B4 E R Eloob Ty KRR oIk TG .AE oBRcation.

hi gher coupling fields the | oops 15 preferably have

mor e | cmph¢ present irRreefi@r, atithythe wolidl comectismshetw eenusess fbaway

tgﬁt tltfe rtial  turn con&ensati ng azi mut hal _current

| efigfhq widop) Epproved iyt pricns saypbe copsigictadwith rauliple loops

I o .

. Wﬁ%ﬁ%@%@hﬁt@?&gﬁ? hgn% 5/\'311 AZin i Bl GRRoABGsation at the
same radius (see FIG. 10-11). To make improved azimuthally symmetric fields, the

constraint on having the loops in radial proximity is removed. It is better if the
individual loops are electrically short compared to the wavelength of the energy
transmitted through the antenna. It is preferable that the loops are close together so
that the loops have a combined length that is smaller than the wavelength of energy

transmitted through the antenna arrangement.
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|l oop leads in proximty for field cancellation.
Construction of many | oop turns preferably requires

we @/ 0zsdsut hal spaci ng of the vertical connece@nysSioegen4399
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and the 20 associated azi muthal gaps so that

approximately an integer nunber of |oop turns is
achi evédGnAf fsea whgma@n ﬂﬂgsmilonm anepdpdineeatief 2 mubetiirm antenna

ty.f
PRt 2o i FRGF B onlshRuim o BiERR bugspion. where
f amlpdeyturds REpiVeIcM THE Wulti-fith QREnd AYAREAHED0E MtdSsdes a
can be constructed with nultiple | oops nade of single

o rmyliiHuitpdndering epetatively counléd A Rtﬂph‘ﬂbr uraeg®04, which, for

TORERE [RROTEN TIeRAT 1 SRReHT ERt e REeoN abires 214

cqn§§t{a@écm,fqg paving the | oops in radl al proximty is
renoved. It is better if the individual |oops are

el ectrically short conpared to the wavel ength of the
ener gy Mulawsmranteesd is hmhﬁtaghalﬂ)h@rcal&ﬂr@ndl ancludes atsleast a first turn

1P BBe SheRpE R o B et FIB ) 70 i Rlrively
t h@upRY @b § Mt Rn@br @B%Trﬂ'){ué@otl b aﬁsé&('éﬁcﬁgldtd? HRUER 12016 is

ant enna arrangenent - WO 2004/ 077608
PODEL3820134000143 99a fiFst Gg 22)62 iof the radihlevrmnedion! [Austcomt legr2036 of

of . an odi nt.of a,. ti-tu apt enn rangenent
0 oD et e Vo By Bt Ofof e SBRELBith 2022. At
| N¥RALIRS0 t‘ﬁ@ RifedovP The/ fidsRe LUS NS BILE s&roﬂﬁ hdeshse Wsubstantially

mul ti-turn antenna arrangemsnt 2000 includées a
mpetpenﬂmuiar antheniranapre oéithevedng 200642022 The mdfREF cpowetor 2082 of

< b Bt aics o tasds i (16 oGl 2 Ko oRRe poded legdpgemd may
subéthﬁ{?ﬂtl Bfflel ﬁ) e dlg'ne T QMH drnd YA @efbﬁ&%@@ ar #h%rse%ond turn

st ant circul ar an I NC es at
t umz i 6fiBatielly eouptecdndn butpnt ROR2026. A thirent amytﬂb\mﬁntn, the

R RN T RN
t I
G0, ) PR BRSSO e con

t heror 20#2ahndorthe otitpotricads2 0Y6e Taid cieteyt fow s mdwhad&y the arrows.
first end of the second turn 2022. At |east close to

t HecoRrasky, RF serrentismafely taysthransh mpE-yeratenne§0o bgepplying

£ R PRRAR RIS DDA 08T OB LR 5

the radial connection extends fromthe first |eg 2032
to the Sitmficrihgtp PR AN, thadeovay tirh 2022 haksaggek dRkleyer than the
parallel to a dianmeter of the turns. A second end of

| HersLBERAC G, (ldhough sie Quier @ &8 efogne Bk batetlarggndiameters
0 Uth@}“&re p?&graggz(ﬁspo'%&:woﬂﬁﬁgte e Eﬂn%i“tufn'iso(@ gt.,rfﬁst). That is, the

second turn 2022 is preferably arranged to be proximate to the first turn 2016. As a

result of their close proximity, the multi-turn antenna looks and acts like a single turn
antenna (e.g., substantially no space between turns). Accordingly, the high or low

current areas in the radial direction are substantially reduced.

As in the other embodiments, instead of using a bridge with radial legs

adjacent to the gaps, the antenna this embodiment provides radial connectors between
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i nput | ead 2024 through the first turn 2016, through
the first leg 2032 of the radial connection, through

wao bw4sesend | eg 2036 of the radi al connecti on, PCTIDS20041004399
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the second turn 2022, and to the output |ead 2026.

This current flowis indicated by the arrows. 20
Adbotnnyylagge drstaseeraveaytirons thegwiedew 24 2 olhe largaditance between the

| ti,-t t 2006 [ F volt .
et iz b o i Cord S 7 e e ostion BB g distance
Stidikedneh&windddy 45l thé adid Qonddidr 208Dt 1daNthAL2ignd3ABe @stance
| arger dianeter than the first turn 2016. Al though

t tetwesnghe windeyv {l e farthestaad af tirafprnsied\iee drderger More

RO e n RegPecia i Scominaihe Bt hnedi Bolfor e
{ YatiaPORedtfonils & REAN Y 125dsAROEGahS, RAWBLOKE FREGW fhd the

the first turn 2016. As a result of their close
priaxhesi parf of the twmb of thewntenamt laradditionpoths rahial cantetdriZ82 may be

a single turn . antenna (e.q....substantiall 0 ce
Dl Ehey STREH Ao gieg el KRRATHOGH Ut ofedy R Rno tat the
ar%ﬁ%nfs@]&v@&tf—ﬁﬁ‘aﬁél fé)'hﬁlﬁﬁér' B file &%ﬁﬁl@ﬁs@h{%? causelgllé)y radial

reduced. As in the other enbodi nents, I nst usi
a dmiedge with radial | egs 30 adjacent to the gaps, the
antenna this enbodi nent provi des radial connectors

bet - 34 2004/ 07716 P 2004/ 004399 't
Cur ns. e SebapiERetihabe G fm 0l Bha Wb D Upndbe second
| 366 oS kARG 0L 2027 W M, Q0 LG ol Bt yen 2016. Tn

connector 2082 of the radial connection neans t
di thiszmempletbe fvest turn 126 1 vforche\an amebr {dog and dheadecomhtuec2@?2 forms
s the distance between the

o AP RO 81 %@E@%ﬁ&% ipFlopaeo fhyrandengp axigdhan the Second
a_nﬁr.]lg(f‘MZ My ﬁle %nféglﬁéa i8] dhch taﬂﬁm%a%gﬁ'g(?ﬁmb %e\@ﬁﬁg itl{’ijﬁhlﬁms have a

Wi ow and the ra connector 20 the ra
c odiffercht dinmeter,at ralpbsdnnEcor mustrreseh® adnatatoefihetuwe?2dl 6 with

the wi ndow and the, farthest part of the turns of the
anie ﬁ?ﬁ?!ﬂg [HN A d8F £33 coppretar dgplasedplargshgpncs diom thgyvipdow.

pl I i ' |
T Ry e
andritirpairain fetent®of the fine turhedd de scbendantonddfings a second plane in that

ars%rmetra caused bﬁ radial 10 currents. In this
enB6 87598H Plang masses fgpushythe et girpiaiceenseal the seqng iemeyhere the

t ; h .
2083 P 25 QP b uE ey PRbIOL BB SRR has o
| nlengthitisat éxautsplagtidlieparaliet to the prnedddinked byshefirst MACHnd the

| oop and the second turn 2022 forps an outer |oop, SO

t hegeondh@rs.| Mere prgfarably e fist B ard second fen astceperairzn@ns!

B T L T .
that the first plane and second plane are the same plane 2090. Preferably, an antenna
axis 2014 around which the first turn and second turn are disposed is substantially
perpendicular to the first plane and second plane. Preferably, the first leg 2032, the
second leg 2036, the input lead 2024, and the output lead 2026 near the window are
substantially perpendicular to the first and second planes 2090. By placing the input

lead 2024 close to the first leg 2032 and making them substantially perpendicular to
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different dianmeter, a radial connector nust be used to
connect the first turn 2016 with the second turn. The

wo agial7eeonnector is placed a | arge di stance fPONUS1DE4/004399

10

15

wi ndow. Preferably, the first turn defines a first

plane in that the first plane passes through the

erth¢ plane defgnadfyrthe tiensoicar the Windew, azimwhalrrgymnstréiassconsgd by the
turn lL.ane in that 20 the second

pl lgﬁlgqﬁaéisggg W?‘gﬂ?&‘ﬁ& LB cunf erence of the

second turn, where the first plane and second pl ane

are subfstou: |eﬁibb&1nib@fsatﬂe%%s dhimcEtafll Ald IeANR6 bAKy siBfarftially
length that is subst ant | al araIIeI to the pl anes

d eiermdlduiar thheftimns end ulnamcbni@setthgethg doichel parrgﬂrcvf thivinge,

prefe t.he f.irst econd turn

P B it et AR RS Bt lfieasnoqmmestors

Zoandtllé‘zﬁlsfatd 85t sabiiartiang ﬁ&p&ﬁﬁl&ﬁaﬁfr@ld‘sg RIRARF far 9¥ag From the turns

that the first plane and second plane are the saie

pl @rendgey. thadéﬁ@naml ofher gmbadineamtra thearvetiz® ddtenmaomay be used
J%Ch th flrs n an%@mﬁconddtﬁ@n are disposed is

Ef%]i iyp Wup lﬂi‘glp i OATLrTs @Bd PIRST €8V pl ane and

second plane. Preferably, the first leg 2032, the

second Vidle AA3Mvehtith hRMEEn §Q88b0A ernR s&@al%@f@ﬁ‘éd

| ead 2026 near the w ndow are substantiall

P e@m@d@mmtls,ahem oret disrdtions tvatines medifinatiqok ,apmumgﬂs aBy

I ng. t t 30.lead.2024 cl the fi I

D o5e Iy iveRES wBirh S S s pecpe gePeiniFuiam R spetid aiso be
%ﬁ)té@h@p@i@fecgg 288y ﬁ%&t@%% ggﬂ%ﬁ%neﬁt{h% tRé ﬁﬁﬁwds and

defi ned yt he turns near W ndow, azl nut

asamﬁmtusﬁesf thapwscht blyvenhen It mqauherelf@amtﬁﬁizd t]za’n mha‘ fotlstving

n|n1 In o her e | ments, t)
@en%ﬁr?iﬂé@ﬁ G terp e aniaabing aBﬁ}r{al gt?%fogwaalmmodlﬁcatwm
peﬁd?ﬁﬂgﬂtl%ﬂé ahd Elﬁ)shﬂl@e éd’!ﬁ%sferﬁ@éis 113G ch B3 f)?ﬂ %g@ §lope of the
for the parts of the [egs, 5 connectors, g

t hatseat mvehtose to the turns or w ndows. The | egs,
connectors, and |eads are not substantially
per pendi cul ar or close together far away fromthe
turns or windows. In addition, in other enbodinents,
the inventive antenna may be used for capacitive
coupling plasnma chanbers and ot her devices. Wiile this
i nvention has been described in terns of severa
preferred 10 enbodinents, there are alterations,
various nodifications, pernutations, and substitute
equi val ents, which fall within the scope of this
invention. It should also be noted that there are
many al ternative ways of inplenenting the nethods and
apparatuses of the present invention. It is therefore
intended that the follow ng appended clains be
interpreted as including all such alterations, various
nodi fi cations
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15 pernmutations, and substitute equivalents as fal
wWthin the true spirit and scope of the present

WO pooefoticos. - 36 WO 2004/ 077608 PCT/ US2004/ 004 3BGT/US2004/004399
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CLAIM5 What is clained is: 1. An antenna arrangenent
for generating an electric field inside a process
chanmber through a w ndow, sagdhA@gd enna arrangenment
conprising: 5 an outer |oop, conprising a first outer
| oop turn disposed around an antenna axis; an inner
Idagmneghmnﬁtwng a first inner loop turn disposed
around the antenna axis, wherein the inner |oop turn

is closer to the anten axis t.han the . first quter

b ¢ o oG B ndcebite i o el i iprocess

di ghambkPihrod@it Wado®, adfhiénna ARABEdXNt EaHpMihY

el ectrically connecting the outer |oop to the inner

| oop, wherein the radial connector is placed a |arge

di stance fr o#n Quier logy, somprising afine caker donpauay dispagedranound an
as recit§d inclaiml, wherein the first outer |oop

turn detTHBE 8% r st pl ane and the first.inner |oop

turn defines a second plane, further 15 conprising a

first |eg exircindémigof, comptifiag auiraindd dbpith dsFRe@Rdund the

l eg extending fromthe inner |oop, wherein the radia
connectaenng agisnibereindhe smgeloap twa if ¢loser to tg agtetina s than the
second Leg. .3.. The antenna arrangenent .as.recited j.n

ol ai m 2 hFdoRp ik 155 artelya A T G Wifpph jrection; and

perpendicular to the first plane adjacent to the outer

o

~1oop and whej gidinl thgecidPraigdigraleche@llly Somebsti@heioater Yoop to the

per pendi cul ar to the second pl ane ad]acent to the

i nner  iInBePooR Whpken Hreradiabcoanedeigis iased adrgedistaae frem the
claim3 h%@%;ein the outer loop is a first distance
fron1th%'MAndom4 and wherein the radial connector is a
second di stance from the w ndow, wherein the second

di Bt ancEhd sté@nala@asgenidht 8€rebitditeia ddig 1 iwhsteislitstfafnGaiter loop
25 5. The antenna arrangenent as recited in claim4,

wharedaiinep e firsiipdanclapd ghe fist inpendpen tuahdeltnsp baprondplang, further
t hceong)p%s?nrg e{ AP leg_exg’eﬁding from the outer loop and a second leg extending from
the inner loop, wherein the radial connector is connected between the first leg and the

second leg.

3. The antenna arrangement as recited in claim 2, wherein the first leg is
substantially perpendicular to the first plane adjacent to the outer loop and wherein the
second leg is substantially perpendicular to the second plane adjacent to the inner

loop.

4. The antenna arrangement as recited in claim 3, wherein the outer loop is a first
distance from the window, and wherein the radial connector is a second distance from

the window, wherein the second distance is at least three times the first distance.

5. The antenna arrangement as recited in claim 4, wherein the inner loop is

coaxial and coplanar with the outer loop.
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WO 2004/ 077608 PCT/ US2004/ 004399 6. The antenna
arrangenent as recited in claimb5, further conprising

w@2aisermes ric mediumis di sposed between the PEIES2004/004399
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| oop and outer loop to elimnate arcing therebetween.
7. The antenna arrangenment as recited in claim5 _
wher ei nThaantenigarapgaimeni atirecBedigrcdaim b dyrthea¢emarising a dielectric

jned | i ¥ h | h.of
PSR MRS el e B bRl Pl Sa R e

8. th&kbet@begnna arrangenent as recited in claimb5b,
wherein the outer |loop further conprises a second

outer | oop turn disposed around the antenna axis, and
whér ei nThanteqnapaiangesagnt perechied incdapr ] wherein the smetloop and

i nner J 0o urn. di.s e round the.antenna 10 axis.

o Difido8R Bl b RO RER TS L P R LAY VR upedt o enerey
Wheshdittdd er gl ARdlarietilarlaf@inent Ur n i s di sposed above
the first outer loop turn and wherein the second inner

l oop turn is disposed above the first inner |oop

t ub-n, ahee WHemeiarapgEndnt psrecied iarclaigo] veherein shecputerfeop further
fi inner | urn effectively shield a term nal

ol B0 ook Bl obolao ol ol s P 380 wherein the

se@aadobp Atthel 6@Bpides A-sedddd ittt IGPLHEMNEsFERAIERRMHe affenna
recited in claim8, further conprising a dielectric

me@litim i s di sposed between the first outer loop turn,
the second outer loop turn, the first inner |oop

tugn, inner |l oop. turn $0,elimnmnate
ar%inga?ﬁ%%gggé$§§%ggnaﬁﬁsK?ﬁ% %h.%EH%WQPFgﬁ%SﬁgﬁPdggwrkmp
r ekt BAidpds&d @oke The firet $h@oSPRPH hnkd WHerdHh thE setdnd BMF loop turn
source coupled to the inner |loop and the outer [ oop.

12is dispesasiaberia thediptdnparteen tuas anéeiheesth the fiestaurar 1dop turn and

wherein.the.inner |00 nd, the , outer | oo oper at.e

¢ oTe L LMt R0 ) b te gy e FBR R ot Pyter oop
t NRrPARCIBS Seconl MR Toopi thifh. an RF ener gy generated by

the RF power source, wherein the azinmuthally

symmetric electric field fornms a substantially

azl®ut hEhe snteynepsiapgenat apregderhin aiimch furtleat gomprising a dielectric

supst.ant. al | i form.process, rate across a surface qf

2 SRR b Bt ish el R BrT3 0ot BoR o7 B8R Seol i i, e
13firsf hePRbe Aia, A BHSRBRN InnBS1obE Girh 86l cliMial-AdrBh? there between,
further conprising a first lead -38 WD 2004/ 077608

PCT/ US2004/ 004399 eIectrica!I%_connected to the inner
| obb an@hgaeEyrigrapgaaens peeacieeal dlaimcd fslsrsdmprisingen RF

power source coupled to the inner loop and the outer loop.

12.  The antenna arrangement as recited in claim 11, wherein the inner loop and the
outer loop cooperate to form an azimuthally symmetric electric field inside the process
chamber with an RF energy generated by the RF power source, wherein the
azimuthally symmetric electric field forms a substantially azimuthally symmetric
plasma, which produces a substantially uniform process rate across a surface of a

substrate disposed inside of the process chamber.

13.  The antenna arrangement as recited in claim 5, further comprising a first lead
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outer |oop. 14. The antenna arrangenment as recited in
claim1l, wherein the outer loop is a first distance

wo paiottses wi ndow, and wherein the radi al conneP€DUS1094/604399
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second di stance from 5 the wi ndow, wherein the second
di stance is at |east three tines the flrst di sta

1 slectmrally sernerted 49 therdpesrdenr ands seeendleef ¢lactarallg @nected to the

kn _at | east one of the first outer |oop turn and

?Pﬁﬁﬁlaaner | oop turn is a conplete notched turn. 16.
The antenna arrangenent, as recited in claiml1l5,
whell ei IMhatanteRas brrapemeht dshecitedlds oladin dutvlcreloibp otltdaf foop is a first
and second i nner |oop turn has an azinmuthal gap

r gdtance fipny t@tvaﬁé%wa%\)éwhqr@mthqqr@dlah@@ﬁﬁ%mra% .assecqnsirdlﬁémce from
¢ qg@&/'n‘f‘doqg vﬁlex%"ﬂ{ {he%le%otnldr(qutﬁrﬁle ng%c?eagpﬁfeeacﬁhggghg ?ﬁst 4fPance.
d| st ance from the antenna axis that is equal to the
radi al Thesinesnee atrvegeamntal helitedaclaim f,rvdrerdihet Rastenaaf the first
axis. 17. A plasna processing apparatus for processi ng
a B deomiper a@o%? MaPTIgoP B i eRplelR aatsked whi ch a
plasma is both ignited and sustained for said 15
prQces
Crapor R tobbRalcal 3t AR o bl WIS AERRT ons of the
| Nfecoridnert@riogetsn aftbgebend inaadoap tth has dlmmﬁetﬁahgntp&fmalal
adj.acent to the wi ndow and configured to produce an
el Belengecviay diogn theanienne Aef Y F<PaPrisHE g B3Fise 448 to span the
{1 Ppetal S8 Wckah B oo Hhn 3t loRliol A0ErmgBRERLE. fnfihe antenna
axdx$s thainis iefuitd to the@pdialcdistptideshd\gzimuthial §dp i i@l the @Afenna axis.
turn disposed around the antenna axis, wherein the
inner loop is closer to the antenna, axi s, than the
outler 4 HEEIIRPTRESHIBARNHAIHART BIACESSING ARHIUS i RIPHAIE:
direction; and 25 a radial connector radially
el ectri Jola <Yod Lagl
| oop, Wﬁ@%g%ﬁgﬂwe ré%Q%F%ngﬂﬁg%f%Pols %%% %usaﬁ%&%nsmd
dimbesssiagf rom the -39 WO 2004/ 077608
PCT/ US2004/ 004399 wi ndow. 18. The pl asnma processing

apparatus.as recited i im17, erein he ut
| oop i%“@gp“?éFnﬁgﬁﬁﬁﬂb t ?Bﬁ*?%éﬂgpﬁﬁ éL%Nﬂw
£ @ﬁmg Ghilhd JolaTa tance from t he
V\/Ihlﬁag %go erel {5 ﬁe se on%églﬁst aﬁce Cl|Ss at | east three
times the first
a multi-layered antenna adjacent to the window and configured to produce an

electric field via RF energy inside said process chamber, comprising:

an outer loop, comprising a first outer loop turn disposed around the

antenna axis;

an inner loop, comprising a first inner loop turn disposed around the
antenna axis, wherein the inner loop is closer to the antenna axis than the outer

loop is to the antenna axis in each azimuthal direction; and

a radial connector radially electrically connecting the outer loop to the

inner loop, wherein the radial connector is placed a large distance from the
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5 distance. 19. Aturn for form ng an antenna,
conprising a conplete notched turn conprising a turn

wo oo T76e% ound an antenna axis and w th a firBCT/ERIH04/004399

5

10

15

and a second end, wherein the first end is notched
formng a first cantilever portion and wherein the
second Y8A€4oWs not ched form ng a second cantilever 10
portion; a first electrical connector connected to the

lyigst Cﬁ’fétﬂlzlls%yae X (geggi{l% Qﬁare?c{?éjas 1%&1%&3212%?%11%' 1%%&1%%%?1: ﬂ&ﬁ ’outer loop

f
connhector ‘conn e secon evet

wWhes Eirdt didignct ififost the Mesdaw,al wierume teesdialndnhdiorsie e @ssbnd
el ectrical connector |ie along a comon radius
paksaneg from Swgrindens, whareinibe seeprd disgnceg at least three times the first

distance.
19. A turn for forming an antenna, comprising

a complete notched turn comprising a turn formed around an antenna axis and
with a first end and a second end, wherein the first end is notched forming a first
cantilever portion and wherein the second end is notched forming a second cantilever

portion;
a first electrical connector connected to the first cantilever portion; and

a second electrical connector connected to the second cantilever portion,
wherein the first electrical connector and the second electrical connector lie along a

common radius passing through the antenna axis.
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