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One particular method of plasma processing uses an inductive source to
generate the plasma. FIG. 1 illustrates a prior art inductive plasma processing reactor
200 that is used for plasma processing. A typical inductive plasma processing reactor
includes a chamber 202 with an antenna or inductive coil 210 disposed above a
dielectric window 212. Typically, antenna 210 is operatively coupled to a first radio
frequency (rf) power source 214. Furthermore, a gas port 215 is provided within the
walls 208 of the chamber 202 that is arranged for releasing gaseous source materials,

e.g., the etchant source gases, into the rf-induced plasma region 204 between



di el ectric wi ndow 212 and a substrate 206. Substrate
206 is introduced into chanber 202 and di sposed on a
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operatively coupled to a second rf power source 218.
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combination with neutral species, activate the etching reaction.
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One problem that has been encountered with inductive plasma 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 a result, it is extremely difficult to control the



WO 2004/ 010457 PCT/ US2003/ 022206 paraneters
associated with a work piece, e.g., critica

walomnsisons, aspect ratios, and the like in ther/vsme3022206

10

15

20

25

30

of integrated circuits. Additionally, a non-uniform

etch rate may. . l.ead to device fail.ure in the .
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c C}pw’er CHBHRELVHEE to dransmission line effects. A number of approaches use
multiple actively powered antennae. U.S. patent no. 5,401,350 (Patrick, et al.)
describes a coil configuration including a first spiral coil attached to a first rf supply

by a first matching network and a second spiral coil, within the first coil, connected to
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connected to a supply, in which a central coiled part
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there are desired i nproved nmet hods and appar at uses
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un|f r m of the etch rate are still desirable. 30
4”% ‘HMRF%? T4 WD 2004/ 010457

PCT/U82003/022206 According to a first aspect of the

i nvent ilBryiew pethe forgzeipsithers arexdesigerd impnyaved methods and apparatuses

for improving the uniformity of processing at the surface of the substrate. As

processes move toward smaller sizes, e.g., 0.1pm sizes are currently required,
proportionally precise improvements in the uniformity of the etch rate are still

desirable.

SUMMARY OF THE INVENTION



arrangenent for generating an rf field distribution in
a plasma processing apparatus. The arrangenent
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supply can be connected to supply an rf current to
gener at Ny ' -figld . en
into a ‘gf%ﬁ%& B(;earl] fe‘liszg%élp%{jorfe%él@r‘{ Eﬂt}g npglse %‘l i gﬁj&%{eél nn aan?e a
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pl asma chanb increases the processing uniformty
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ct. of the ipventi.on her.e is. pr ded an ant enn
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padasmachagibermeeaseptibe prasessing uatpenitnof the prm@mg/@lpyratus
coupled t con

to genel?é\é%éélgg tJ% ﬁ*‘&gﬁ%&)\/\%t Of% 1%9 | egt g‘? S PRt Jaeld%n affenna
di @tanigbribitdor gdnetaigg ah rf fied dlstrdjufslbﬁ labzupllaﬁﬁa reidieMi aGRasma
I's provided for_noving the passive antenna to alter

{ PREOF B RCvies BREATAGEmPBingpdsiia f Mdpeigicgntenna and a passive
d| u
i rh PacsRleaha hfcly by eb Bt RRECH indhhtptenna and i
pI camlﬁgumdm@ earratg annf fiadd mhich meodiegthea sadial distdlaginreg the rf field

tenna arr.apgenent nerates an rf field
SB‘&?‘} oh deice H’é)r?ﬂeﬂg? 5%("}& %egsgwwn@ew togalteg the radial
'r‘cﬁktﬁ@ﬁﬁorﬁ&tﬁérﬂﬁ@&@fsiﬁ%ﬁ@ﬂtenna connected to an rf

power supply to supply an rf 20 current to generate a
first rACCfOtrd;hgi teex fusthdr agpectraf dhe invenplondinme gpprevided agmethod for

regi on .and assive antenna.configured to nerate a
< ey PR Do BRI B GRS i Plesle e T egph dhtenna
| NgtiplbmentehtRh bR of fidl@ dRARUHYE iRMcaRBladhsl ptREsside device, and
i nductive antenna. The passive antenna is positioned
t oineladeseant i indysdpmrntermafcpanegteddo pn ff Hopver mepply toe,xuppfy an rf
fi t ion
o St SRl a8 Al Ll R by BB s adiregign and o

u r]bafsﬁﬁﬂhﬁtynnhfcohﬁguﬂ@ﬂ o€ gafkdiga Sohd €f fiold. C@hdmﬂﬂmﬁ Qoﬁhpnses the
further aspect of the invention there is tprow
we%t%& ﬁlaﬂ»ctwq]ﬁ conplingdhe passive patepnasand;thgrfjingpcgve awema The
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distri fon of the rf antennais
| esush tion ehepréi fisidwiisteibbtéomnia thd Hagmprockasing idedide iricyeisss the

oupled to the rf tenna. The effect of the passive
TEFSINE 3prTeiEmits of 1A PRCEHSMEACKIR] but i on i o t hen

d Td1 T or
1.1 At V0 S L0 51 o

wi tuhinguhe Hdrelddivtabtuboresf ané aatofina foayseiesitplisea processing device.
The rf field distribution of the rf antenna is determined. At least one passive antenna
is provided, inductively coupled to the rf antenna. The effect of the passive antenna

on the rf field distribution is then determined.



understood by reference to the follow ng description
taken in conjunction with the 5 acconpanying draw ngs

WO moowhiab? Figure 1 shows a schematic cross seetT/0smE003/022206
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drawi ng of a plasma processing device including a

Behematic orosaKER PERGRISRGY b St BraREYLS °
processing device simlar to that of figure 1 and

i ncludi ng an antenna 10 arrangenent according to the
pr esent Theripwentionfogrheyuwigh Birthabady antagestibergef, magibestihiet
di agr 14 ' t.. or the rf .
BT AL R AOLSE RGPl Bl win e

Vigeompartyive drawiigean awhichngement of figure 2; 15
Figure 5 shows a _contour plot illustrating the effect
on etch rat F18YRilFHPYH e ychsmaticwrass seotignalidiawing of a plasma

el ectr j y [ ' [QR; | shows a
cont ourt o e fp kel ik dPinaubh@bforla?

uni form ty rl8gweishgwh acoheniatic @nise nevsiondlrdangiageiit plasma
shown in figures .2 and 4; _Fi e 7. shows a schematic
cross srgequgﬁaﬁe‘a?%ﬁmglﬁ-r tortngtod gheeching m%glal.g_raaﬁ@@ﬁ%m
of fi guiresoéméldcébrdng té iR f[ﬁésgﬁtqhvé?ftiohpe passive
antennae on the magnetic field pattern at an instance

in the rf cylopae 3mhgwe esclgmatio circuihdiagraruitipbteating the current path
alternate,sh s .of the passive antenna of the

ar ranng:?ﬁme;r?%%&ff}vg aé‘peélﬂg’ws a schematic cross

sectional diFgire™sabwaa seiepic Fhftview of e ahf@ina Rir&iMRthent of

arrangenent for altering the radial distribution of
the elfeg¥edmagnetic field at the plasma region;
Figure 10 s ' IS [, | agqram a
enbodi ment gﬁ E@rte %eS%glrQ{? g?ﬁ}g%‘é’? 3?1181 g%dﬁ*gitﬁéc%geﬁ ?ﬂ% g{gh thle
shi el diwfopaigbf ssyamheriesin the gecteonidgnstivofisld dissihaisat i
perspective diagram of a further. 30 enbodj ment of the

ant enna ar r aigEREOVARICORPHLPIAt YNptEatime the ipreysdeetch rate

ant enng;nify O, P Ei .
on " Sipiferf EAAG D e bl ae B th #41R8 2 and 4,
secti onal drEigimgshofvs alschenfatiartass sectianal dsagramtof kle antenna

magnetic field tern,. a tric.. magnpetic.field
batt or ATEIEEMEH R [gutes 2200 4 2 the cfecL el thp gassive antennae on the

magnetic field pattern at an instance in the rf cycle;

Figures 8A to J show example alternate shapes of the passive antenna
of the arrangement;

Figure 9 shows a schematic cross sectional diagram of an embodiment
of the antenna arrangement for altering the radial distribution of the
electromagnetic field at the plasma region;

Figure 10 shows a schematic perspective diagram of an embodiment of
the antenna arrangement including a shielding passive antenna;

Figure 11 shows a schematic perspective diagram of a further
embodiment of the antenna arrangement including a shielding passive

antenna;



Fi gure 13 shows a perspective view of the antenna
arrangenent shown 5 in figure 12Cillustrating the
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schemati c perspective view of an alternate enbodi nent

of a passive..ant 11~ QU 5.sh schemati.c .
per spect | veeF\/1 ervevgg?&’alzg ut Lélh@rCl %FR%%@Y& O‘Aéﬁ%’g&aﬁﬁﬁfosﬁfemonal
a passidtewimgt entha rf diferiniagd eyrhfmetansen2tic GbRIMAtES, asymmetric
perspective view of a yet further alternate
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schemati ¢ pef; i ] . I
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pl asma processi ngi dgvi ce simlar to that of figure 2

and i ncl udi fg8YefaShoNt 2 SHBIHE RerRechive YiewRfi amadigmate

ant enNaHJdnaR T8 A hadfentinig to the present

invention; Figure 19 shows a flow chart illustrating

an rf el ect rlogurgriéishews & ethgmatic penspdstive wiewt afia flagther alternate
met hod %ﬁr di Q%ft 0 the é@iese_nt i nvention; and 20

Fi gur es’ Mt Pl EPAREW LBt i ¢ drawi ngs of

concept ual pEAgES 165showda Edheiati€ padpdchibé $1ewadfiangt fildther alternate
sources of symetric and non-symetric rf fields. In

t he Fi qunbodimentiofa pafspieamtsangumeral s refer to |ike
component s I | L DESCRI PTI

THE | NVENTI g\‘&“ﬁ%ﬁ%ﬁ&%ﬁc}‘%ﬁ“\‘i‘gﬁ? SR TR ey oy altemate
and appattaidittert Of a pAsiveamitenga, processing uniformty

across a workpiece in a plasnma processing device or

tool . Fi guridsuredfshavsa phavesra sshemptioarpss ssetérnakdiamang of a
devi ce sl SEUSSIRE d i Gfurd

i nduct ip\?e r f&ant en aegg%ﬁgéﬁﬂgctg gtdd tﬁgugénf%&ggl\?\lg%afmher
suppl y entiodiment @f b deslifi antema aorengeinent acwordigto thepicbent
antenna. In sinple terns, the rf antenna generates an

rf el dBY$ 4 R8gnetic field distribution in a plasm
processing rggiRN9ishow s ABHAHES SilRGatifd ARElech O WY
ignites and 'sg%t ai r?soa pl asma 204. 27”1% ZOOAFICOQOJ?%&%GM
PCT/ USZ098boRa08ing Timthrasl dcsorming tb theppresegeinvantidng and

antenna and an rf rrent, in the rf. antenna.. The rf
vol t age var ibggurgf %% }{’ %"e&lsh?l‘ﬁtsﬁ’e anfﬁéa“éfﬂg%ﬁfé’nﬁ?ﬂﬁ“atl Rarts of
| ar gestanuphhteer ididitfaihe Meesoufoes bw(ijnc,aéthx ahd ﬁ%-?giﬁm_‘lé_ﬁﬂ: rf

e. . e

(i.e. termnal) to the other end (i. term na
| ar gestfields.

In the Figures, like reference numerals refer to like components and elements.

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to methods and apparatus for increasing
processing uniformity across a workpiece in a plasma processing device or tool.
Figure 1 shows a prior art plasma processing device as discussed above. The device
includes an inductive rf antenna 210 connected to an rf power supply which provides
a source of rf current to the antenna. In simple terms, the rf antenna generates an rf
electromagnetic field distribution in a plasma processing region in the processing

chamber 202 which ignites and sustains a plasma 204.



vol tage difference can typically be of order several
t housand volts. Both the rf 5 voltage on the rf

wapdoennesand the rf current in the rf ant enna PEIUS2003/022206
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affect the plasma. The rf voltage on the rf antenna
directl duces .an _electric field incth pl asnm.
The coulThy Td! TRGesPadie ftcpibeHhanSrigu iR fhantenna. The

ant eslfageivarity flos@tte)engtieb£the eftetntn &Rl thePagdst Volige difference is
coupling. The rf current in the rf antenna produces an

r ftyPiginiEemeoneicad §-§. fermpalldp dagethoufinddi-¢- iergueal). ahhe largest
el | ikl ' i) B t

) SBAEL 814 ke gL SIS A GO 8o e

t woltagd b1y theat entexach dnd tixsrf cumreintat itheerf amteqmhd ¢ag.affect the plasma.
Theref qre t.here can, be. both rf inductive coupl.i nd

e G ante H VOl GanY Tt dere D RSoqces t RGEC ARl in the

plasHR:. THE dlidelo B¥bRSMA BEthESf M 1tak ' is typi
dip;}t ri buit.i on" svlvi%)I , %I ess the con%aeggtonif%%ngegtngés typically

otraferned $@ as tapacitiwel couplingf Ehe tiumaent ih thetf@ptenuaprgdetds@n rf

field distributi h . ind jve. (i.e. ti
petpensf ieley8 il Sl VA R B i i B e
i %Uﬁﬁﬁg/ﬁa thé pRiSTAa HOtheGLourtdheirbthe hintéina ROWBIcal P ETEREH to as
to the plasma fromthe antenna by inductive couplin

i sndictive spunlign Theeeforadhane carb if indupsive gouplimgtang r

pl . Lt i.ng. n . “
AR e g BORAL EHe ST v HED L0 Blin et
c ofidd diRgritamion b evili, ptess tetcontEhieinglcassrathesvise) bt ugddetd rbf¢r to an rf
the capacitive 20.coupling and then sustained by the

i rfdesdiomagnetis ftld diptribatien hayjae ap gduetie £ 4gagnptie] past and a
al&g%iﬁy@g_legaggtﬁcﬁar{ he rf antenna, the capacitive
coupling fromthe antenna to the plasma varies from

di f f er dfdr apandistioé plabrea smtres tiee. anldumnt vhpovedriconpled to the plasma
capacitive c%uplé*’ln% can be seen in vigible até erns

t HE3m dg-AniennadyRdpciixe gounline Bhgregify ban figamaynt of pawer coupled

di g ltiRchaiha By BRQApRYW c%%ﬁﬁnéz OBt &DindRMIVEST antenna, the effect
material fromthe w ndow at 25 regi ons where the

c aif@epaditiee eoopling ean hesmportantgdde plaSunss pitiaterkby the capacitive

processin st ens ve used Faraday shields o reduce .
PSR A B e i e RS ClRlied VAR dhoa Pl varies
t hioritl A8 M@BhgtSbiCRe 8f ndnaslale sdpacitide cSuping! ¥ heldnina to the
nmet al di sc, a plurality of radial slots, and

havi n sl d.
wHilaging arjeg ér@pe@lf%éftn&mrrﬁ oftthgantennae thhe yamattoarin gapasitive

O Ll BT SRS BELEM 1 L bt
c aheadieldcwéc windplvibyoplisind ibes whizhrputtdrimdtdrial Feratiawindow at

shield iil@rat a uni form r}ﬁ,n-zero rf potential, then the
c dfgiont MheredBu ARG Ve EOUPNBS A1 HEWEEStwi | | be uni form

Radi al §d0d S1a8he pRIceY te %&%@F W&y Gl

prevent rI? 1?:Lajlr rehts g%lesga f|?1rs1§uce %y%{&ggy 9?6 gﬁ%oerﬁ%%ce the

whiapiciwoeitaipbing ef m sdudtivecktenhatd thd ptasimae SacupFamday dhield is a

2004/ 01 7 PCT/ US2003/.022206. . qf the rf antenna

B S ] B{rar e R SR Gt 1oy PEAHER B GHed between

C P lriduBtivd dierdnha and dielectric window. If the Faraday shield is at an rf potential
of zero volts, then there will be no capacitive coupling to the plasma. If the Faraday
shield is at a uniform non-zero rf potential, then the capacitive coupling to the plasma

will be uniform. Radial slots are provided in Faraday shields to prevent rf currents

being induced by the rf antenna which would otherwise block the inductive coupling



field distribution in the chanber will still have sone
rf electric part as a result of the rf nmagnetic part.

W(Fmgumm427 shows a schematic cross sectional di pgr/as008$022206
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a plasna proceSS|ng 5 device like that shown in
Iud|n an .e ment .of an anten
e eRihs sEbR g T G R A5asech pLARY SiChg coupling, the o
arﬂe@@ AR trutish 4eme @hammwﬁ%ﬁu haPeladtd M RletkricRteRRFekbf the rf
and a first passive antenna 220 and second passive
annﬁﬁwBCPQIZ Figure 3 shows a schenatlc circuit

di agra Lustratin curren

o ol RpRRs b Sthdnfiic SRS S0%ioR A dlagrh o A Blasma progessing
didegicanike thad Shdvat inngguré) € bwn@maintgl a@Rthivddhent BEaPRAREINGE
antennae relative to the inductive antenna. Figure 2

s HERESCTREYE 26454912 SR BHEPBY: IBVICBIRM. | Th?eammna grrangegangingludes
Tflﬁddcglgg ot z%n\f&lngritl O0fa fild} S&N%qn?e%ﬁa? g%cgéeco&f’ga%&ge antenna

C|rcu & anten enen
I ar F}ngxre 32B6woh schiematit arciandiegmm iHheraing the chivenugple for the
pai r ri ses i nner | oop,antenna el enent 228 and
S AngRstp ‘5P A agiad shosteichsmgti Rign frgran Bistrafing the
al RRitAMY I IRSpALvE BitEinde PARLI A oA AIRLIREBRTenR= 2F1%Ufe 2 shows
an outer 'l oop ~antenna el ement 234. The upper and
I dhecropsasactlam eloophoeA¥’ iof fighst. a cent ral axis 245

of  Che Dk B EPeRRa e € vpled P3P dfcigpantenna

axdlsméits s iRbAd, ddbwar pait 228 ichahlasSanierih elenfhtst Mahe Jpper pair
pl asma.  chanber itsel f 202. 20 Each antenna el enent

MEGEPSICHPPION lasn antgn/cdemend 288 agd arerteidoep arenna element 230.
ﬁg%ealﬁwe eluy §1§ 9(& meéx%%s &?Bﬁgr Ioo agte d%ig ! '81:%92(3? ot ggﬂ,?uter loop

Spproxi va

anghteéna elam:mt méﬁﬂﬁieafppetf aripwexpditire lcyno%ntr{clagoét £éehtral axis
The antenna elenents are nmounted on a circul a

c rifSi resndingrsybetantisdly ipsipendipparly tothe plang @€ tb@fanWFFE The central
av&&'l 2k qm‘é&d\gﬁlé&lbg)(r%Bf}S@thmmTc%lh&%al g)gﬁ?gféfgfﬁla%ma%ma

e support Icrent "to pre
beﬂmmbarit%ﬁ“%menna el enents. The support serves to
ntenna el enents .in_.the cor tive

hol d t
sgat i alrfaﬁgﬁflfel"% elgmantis aipdpaf wr?ema%fgﬁ/én% §4m) square cross
a%@m@sl%ﬁﬁﬁféﬁ%of)ﬁé? MRS il ctiRPRIdrRY haPa tntEheter of

magneti c forces during operation. As illustrated In
f |ag>prceumatetyh@’ (el AtSemp andireowen dameter clhappentimatebt 8’ ’[@@14fcm) The

fr end rovi.de a.single current .h _such

er SR TRHBITA Of 4 S0 sFisTOB SEsa etiph S 236
pl A& P THE addil®Nder the Gdié Rithe TeRsIS ﬂ?e&hﬁeﬂm&fs%faﬁ@support
provided at the free ends of the antenna 210 by wh

t tase pyffigtonkto pseispt ycmgbesvalthfe@tmna@m@m Tthy suneort serves to
arﬁo%] [}%eaé‘l%%h ?%m%gs ru’il[}{eoé?)rreésr eltaHSe %}{lﬁ s}{lon%rﬁa %{]S %eips to

connec power source s
prevent the antenna elements from being repelled apart under magnetic forces during

operation.

As 1llustrated in figure 3, the antenna elements are connected at their free ends
to provide a single current path such that the current flows in the same sense within
the plane of the antenna. rf current feeds 238 and 240 are provided at the free ends of
the antenna 210 by which the rf power supply 214 supplies rf current to the antenna

during operation. As the inductive antenna is connected to the rf power source such



WO 2004/ 010457 PCT/ US2003/ 022206 that rf currents
flowin the antenna it can be considered an active

wapdoennes7 The rf current feeds are a source OPCT/US2003/022206
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azi mut hal asymmetry in the predom nantly symretric
el.eqt I hat .t he antenna w | |
etﬁéeirrg ?&%Qsehé)\g rl]lfé #h%l a%te%ﬂ%}t%ﬁrp bé 2 pOMs] &e{e narl]laaé:?lg? %ntenna The rf

deﬁngme@edscmba sarc 8ot idmbithabasynietiyGn tHd redghiabhtsy Sinmetri
the construction of 5 the rf 1 nductive antenna 210 are

predesERmegnstic il éaﬁféqm &@@ thejanteanywg] generaet Inagaprabaiot alhrf
|
254 0 g AL BRI 3 T potion o

Pnbedsadmnveantehya wda z{repmsentai ingdreatert deeaiia .8 npaerdhpplication

e K0I035 A0 R DR . Zagipriens Masiadog Apparatus

S P rbdhctddeUhifeH Fl%cess mtey@y WIKERoh QP alC3Re Ahtents of which are
practiced using any rf inductive antenna

cdwﬁqbgunmrp@ﬁted%ﬁefemwpl e alt er nat | ve rf inductive
ant ennag_can have | ant
ol enent Che ARt Js Ryt T e Sl R Bopd T e ares.
S UNHedif erfiion @2 BﬁRﬁa@ﬁ&idesdg&ny&ﬂﬁhu@i\Ie%f&ha ¥éhfiguration. For
enbodi nents of the rf antenna, an air gap between
adpameln alisgatiye sfindugiive apiennae cen havse siaglg o sulinle spiral antenna
ar f
£ BRSO SR 2y PR e or AR REGSheiritls M Ihere.
s u;pplo a]lternzﬁ% enfbudirmepof the AGHitdnng, ancksgprbea e8ntdpicent coils of
b journaled in a sypport body 404 which is
pit SERi 9a%meéd° BIFVENIAIERS PEWERHPAISOY thmanteimap| asma
chanber ¢ JR&AnA a |
the pas s} %/'Hé) ant ern g@?sﬁg& g&ghﬁlg i %ﬁo{sl’ﬁ%(rﬁhte%g& aa#lﬂgort
s PorTthealipmus4tthiocindes 4n am @ﬁdwhlch Esnbmlalm irod sugpert body 404

TR T A ou TRy BB e el amber. The am

t '8 5 hah@ed 408 Qt a At9B8d Maﬁh@gsas%w@fantenﬁa ﬁrdﬁ‘acHeﬁtaﬂH%%tlfe]- 2nd.
about the axis of the arm and the support body

cafhetsuppast a]tl@ﬂs the @OSITlIh@ alpxb@iletmtamn@tf the falsgive antemmdh be adjusted
passi ve an%pe be .alte

P eSpe LR ndR B B A BE epdoi iR b ponglated 410

t raagied the agis olfﬂteaatrmd rotatbd 41224boRf thetaRBrofitisCar, b@ﬂ@dgﬁﬁbn body
t hree-di nensions with respect to the rf antenna. 2

pridéican be refaed 43¢ (The ppalen ofcithar armsglepassiveangnpamay be altered
P! 1ﬁ%ﬁ¥]g&é Qs lc‘ébglﬂ%ﬁt F?Isé{?ﬂﬁﬁﬁu ffe rp%?@@eegrhérﬂlge M)a b%zﬁs’aislat d, rotated,

ant en art o rocessing devi
s ujifedror ofterwisherissted ndthmaﬁm\mmmtmlﬂn&sp@t twothe $f1mt‘6hna
for the sake of cla ports can serve to

al ter tHBPRsErEcaMM aﬁf@gaﬁwﬁ@a&eﬂw léheléﬁapbsébyeéupport
ar&ﬁ@ﬁ?@eoxﬁl%&ﬁig”lhe BRiRaaRhY Lo ﬁ? gﬁsrﬂa #o%gﬁfr%oe&vwe. A

position and also o prevent magnetic forces
noeuppyt fdreh@wsnd/paﬁwe @nienim is Abt shouwmt fowtheysake dfeclarity. The

passi ve antenn a l ace ncil.la arts of
t hsgpg?rgss%g sgﬂlgﬁg éﬁerqg técgl an J'Eﬁ;]@lpéﬁs jeAntennae, retain
C Q{ié b@slde%tenﬂ@é’inca%reﬁﬁ'e& Boﬁﬁ@éﬂeﬁs@toﬁiﬂmﬁf faficRes from
ant enna.
moving the passive antennae. Alternatively, the passive antennae can be placed on
ancillary parts of the plasma chamber, such as a window temperature controlling

device, which provides a support for the antenna.

10
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schematic plan view of the antenna arrangenent of the
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t he second passive antenna 222 each has a "D shape
and is de f m an

of sil ‘Feﬁﬁ ¥y aésli‘ N mt‘%‘%@ﬁ*\?@%ﬂf‘%ﬁ%ﬂ&%’ﬁﬂt ége

masieseaf indehtioal @krﬁrﬁéiabéivdlﬁl'ﬂéilﬂﬁ RROEnPthEREGINdPassiRikntenna 222
preferably are a metal and have as high a conductivity

asapibBay HI¥ shapeaidis made frgayan apprarémately h”o(@cfkcm) avide band of
SR o STDERG 380838 g 7 BRppavcine

poﬁatémalnbmq;wfe&b@m‘e Adndt4) and pPrecasi Hig zﬁbc}hdllct@wﬁ‘}‘ 8G6sspE.
outS| de the periphery of the inductive antenna. The

el hagar pehant léﬂ‘n‘FéIVQ spfenra 3 dhg antenmadeqsh Poant a3rig @f deck, the

a%S 0% pReRAN TP RichRd BOR! BT pEiHor o rébifting (o
Bcﬂpprobchnatebla]ss iclogk and etmnnie tter eripberiytoif dreciddwdtivg lahleyna. The
above the er suyrface of the inductive..antenna, and
wET DAY SR 2035 Doy Bpraidlar PesitivRC T mpndane to

Ffd&%ﬁ’t%lyvﬁ‘o 3R @H@Wlt’ﬁlﬁlvthélﬁerﬂﬁr%w o088 idddBtive antenna. Both the
con iguration and structure of the antenna
arpraawgvemsmnae aterwsﬁmpmhghﬂy ebovenbe appersndacerafdngiadestive

escr Wi t articyla ref eren
FieotsrBe o0 SRR R ten® Sl B e Ry Aot antenna
T azi mutialing d&cHb&IthE Qo ffuitioh And 8ft@ith@lof @leseﬂftéiﬁlﬁ ARBhgement,
about the central axis 245 of the plasma processing

d dbs ereration ofjthe anterpacgraggement @i gowibg depeyibed with rrrtiwlas
S SRPURe B gﬁ}%? ST, Bh&Y. £60m@Galelstc ?2 arzﬁ{nﬁhgls ]gs%sed to refer to

function Oﬁ posi i'tron over ?%e sur

p ramgelas éidplasémgnt abutitios ceatrl qiseBISeofphioplagna pcesitgtRvice as
Slm%ﬁﬁitOt at sho in Figure 1. The top center

ofillpgygt line30de ’($HEFS ‘to the position of the RF
ant ennaﬁ% &84 shid atcgﬁtoﬁleﬂgffe%t%kg tﬁ{@tclﬂa% aCPRIERAPObsition

to the central axis asma processi ng
dewim:&xe sﬁifecemfrat\mfcr prabeskesl Lishtg xpiie artydasacprocatiagidavice

uni t tro er m . C be seen,

ot SR TRl The 6 el e g REso ehpRnds to the
b%’sfﬁ@h'oﬂﬁe R aﬁt@ﬁiaoﬂe@d aﬁ&‘ @hetclaﬁt& QF\?@ t'@oﬁ‘e ﬁ(ﬁsotb the central
toward the top right of t e25g nce, there is a

graeh 245t ofithe plagrna processuigrdsyise.t be omft@rr lalmls;mdtch@ the ethh rate in

rirlls of AnBedeR! S i e Al o BESceh R RHoh TR 1S ket a sector
t hewetdahe bétidn 0fesf thBglotalicihe 1Mt m@cﬁir €dvdra e 10y @ight of the
the surface of the wafer is 29.9nmnmn, with a

stp,i% dfenceidberads aragientinsiahyrateraceaselthe wafpigeAlee the etch rate is
ot Cﬁﬁjr e -di Feft ARG a?&?l\ﬁsthgw RP ttﬁéjl{efo% ﬁ{eﬁezgn g%lmtula?al

ate as a functron o over surface
ofasymmfrgnn frecatelsmecovies thegvatfdﬁe "Etﬂnﬁeanrewtﬁaﬁ: oa8r thealirface of the

USv(\?a er is 2t9rbnm/mm with a standard deviation of 1.0nm/min and a range of
3.5nm/min.

Figure 6 shows a contour plot 270 of the etch rate as a function of position
over the surface of a wafer processed using the same process as that used in the
process corresponding to figure 260, but using a plasma processing device having the

antenna arrangement as shown in figures 2 and 4. The top center of the plot

11
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pl asma processi ng device having the antenna

wa@eooangesent as shown in figures 2 and 4. The POPUS2003/022206

10

15

20

25 cu

30

center of the plot 11 WD 2004/ 010457 PCT/ US2003/ 022206
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S gRERRABCE, 12 bt Pl KPuoftnd e S EERE I ERE o,

axdosregptindofo thbeerttah axia 245 Oﬁms$ﬂdsglad)e¢lde§£ng dévécec cmé Odtitour

| abel ndi c he etch r te n units of Ang

pZ?b%%sw'E}{Cé{e th Sichpip wse; At“lglétro”gﬁ 'B?{Smlatl@ |/‘§Sctaﬁ ge seen, the

hl&(l:hel%&: i5 thehiglhst B a &@%fﬁvatr@ el l@[ft bf e (H,ecm @@ﬂ in a sector

the lowest in"a sector 5 toward the top rig t o? the

pltowardkﬂbv\mpenght phtherpdetn Howehver; etteencnnentclt fate evgr flecerfade of the
waf 29. m rab e

ot 28 7apdmis iR e et e Lk sERRRR ot PEavid) o standard

0.deRitith Bf 8BEmMAmIPREe rahgelofArgHnThdiA: ile. the uni¥Brmity of the etch rate
uniformty of the etch rate has been doubl ed and the

v dep hegrodpubledrand the wariatign @ Yk etehantg Mathangledwme theen decreased.

d nt en
a?ﬁ%ﬁegé%gh% etIF ?{tﬁ (19 Bg (tel}seglgl e%l}l% \lajré% egleﬁﬁé)ﬂge b%genq 1nve Q?n has a
urdrénémini fpriaitg and a:m:mhﬁl sysytiecey thyin thuaaof thb@hoﬁﬁrtt he

prior art. Wthout w shing to be bound b%@theor

factor Wehew|wighiag te be brund by theosyiafactonjsiheligned to be the passive
”%'tén}ﬂh@ﬂloﬁﬁﬁn?fthcf i %efh cﬁgtﬁﬁﬁﬁ&%'tf?@ lafind ?ﬁ‘a Peltﬂx%ﬁ%?n fo

generating regro increase the Azl nmu
ofin¢rhaserthe ﬁmmluthaHS)Bnmetbwd)ﬁ therfi fivld dstrijutismin the péasaaigegerating

regi.on t her fact woul d impartant if the rf

AR ARAengicior S hRoart FE G angesder s mot co-
t hixal§3%@ned On'TRs (c8de, ROWaB¥ITRE SintmERiR thd iRl Sstribution
di stribution producéd by the rf antenna alone, there
vxmnb@qed ke lthe 1 @nt§ngmalfm¢; drere wanlddikieyrtss dignificemt Vamactllonmgl the

over the.wa fac aSS|ve ant enna

¢ s Bl O A b2 o By ARG B USRLR bty the

t he ﬁeldaﬁgfﬂb@tmmaﬂmn tasladnid@RehbeRinad éidéad Iy aeRlErdihe: the

symmetry of the rf antenna rf field distribution

Wi swmmﬁt?rfef the elomtenan sifiedd distsibutionwathin the p;psrinn chamlsgs, but
g utl\?}'dg@g ’u?&{gégsg ¥heolfn1foprﬁltg bP fflg ??dc? %}tagﬁ OO%?E zﬁ’er\l\é% V\ﬁcec tl'l)y

enera Strl |on

| nEeneades at hfad distribation azhloariﬁasaseé tﬂemmmt afeat 6f low etch
and vice versa, over the wafer surface. Figure 7 shows
a TeEhEMRYIPE VP OYCIBE FiadH SBfache rf antenna 210, first

220 anquﬁ&%@%gwg %%cl%?a?i’g\é?os?@é&ggg? tqem{] Qﬁ‘tﬁi?na 210, firs, 220 and

generating region 252 an
ofse€omgiz28 phssive guiergnag, e ginerasing @10mﬁ2aarﬂamfenﬁ)6 along line

e and net c fi istribution of the antenn
éﬂ%w“ 0 510’ G Shrtmitiea @ ient Spneti feld

C ydiitﬁbut‘ictheof thé aﬁﬂlﬁﬂaedi'ltangéinérﬂ e Ak {hea1h &RPA ihSafaliR 'Eﬁer}g cycle the
the right hand side of tThe rf antenna (passing

t € e jn thedf antenriang enthang e trightieh dssidpeofdlic tfhatenﬁa (passmg
e SR BRI b BRSSP o o s
| IT}ﬁ§ current results in the magnetic field pattern shown in solid lines.
The first passive antenna 220 links magnetic flux of the rf antenna magnetic
field and, according to Lenz’s law, a current is induced in the passive antenna which
generates a passive antenna magnetic field, shown in dashed lines, opposite in sense

to the rf antenna magnetic field within the passive antenna. Hence the net magnetic
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antenna which generates a passive antenna nmagnetic

fiel own. i n-dashed |ines,.opposi,te hn sens to .
] poed RS AT RS AGha IPRRR FfS 8EER tepassive
arinemAfa mapRaiefidld ﬁla?@te e @Raink diredtbn\¥O tROFAhhA4MAgnetic field
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p akistiibredicawrwiinin sheoprocéssing shambdrandrayerahé plagme peneadtingtregion

posi,tion of.. th ssi.ve antenna within .the rf antenna
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Iinks magnetic flux of the rf antenna mnmagnetic field
arfiitengg é3¢ Whird geperptes 2 Passivganteang g magnetip dield, ghevatin deshed

t i . i p X i
RSP SO CE Rl R0 S DR, e
odposk tle net nmgnae figdd bhe thd aramnbdEtha passhgrdtdnaa is retigted. In

wi thin the passive tenna. Hence the net nmagnetic
f i RERICEAS rﬂ“lto Wéteé!ﬁle%tatg? PRYIYC FHIEENI8 NQht BERHEC! FAIGUSHBE.

| MmadeRE hibRGyitas (e SssBL fltbiHa iQﬁottﬂE?fe&?}?'éin\éﬁlﬁrHu?n?ﬁ? er:]ffect of

is not a perfect conductor, the magnetic field wi
t Hbe peresd pesswatanienna 220 dbat pler hegetiy fiekint dhd mditmntof the passive

The. ef f ect . of d ' 220 .

{ e RbicR s RF GrBRSe RaeBReT It B ha g weye i’

antigfipaicn Bhid ehd daniBer ant P ﬂleip‘fashﬁlcgéﬁ@f@tih? ﬁcfgﬁ’&%% 2% shown
e C

chan%épgg the rf field distribution wthin _ _
arky fagree 0 the ngll effpsholfan By apassiye peighene i Brincisgsesthe waiformity of

Dyt b@HEfo BuelhiewdR) seifgct of the two passive
antennae 1S 10 I nNC

rease the uniformty of the etch

rate ovaydishissetedbere gierd magbe a ASmberssTusHebuthe BRtor® Rocess
may be g nunber of contributing factors to process 25
ndiPngHiogRHY Rhichriagbedeticpd using theddssiy sdennae bherisyive

AN HAEmay BE uRRER i Geast MR {}Pﬂ)é .

i ncr easemtage élym”retlr ye?se. ge.eégdaﬁlget zZi ﬁ?ﬂﬁ?%ﬁ}& ry,etxg? of the
t b fieldfdidtiibhtebrdingbe plasrha generating hegig. ahepageine aatehig may be
"8 Ieg ?o' mggi?y %%? hgﬁ (ﬁgt;lglﬂpo%eln rt'?laeyprgc(::"essing chamber so as to reduce any

inherent asymmetries in the rf antenna or the plasma processing device. Also the
passive antennae may be used to reduce the symmetry of the rf antenna rf field
distribution, if that results in a more uniform processing rate, e.g., because the wafer
and rf antenna are misaligned. Also the passive antennae can be used to modify the rf

field distribution within the plasma chamber to counteract any effects of elements of

13



used to nodify the rf field distribution in the
processi ng chanber so as to reduce any inherent
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device. Also the 30 passive ant ennae nmay be used to

gﬁgg?ﬁgﬁlg ﬁro%g er es&‘jle { Secﬁﬁllng g{eb({n (ill]]stg?)}ﬁlon SO as to
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i nductively coupied to the rf antenna b i nki ng

f 1flow exid ndigomeredrt ewrentsalrraasgve anderhac leqola%mameumed at the
antennas . easqg rfr ngew re their own power supply. In an
al¥ernatt imen a one or all of the passive

ant enn aeema méq&esﬂnaﬁﬁéntid’m prbeidésd way oA AGingWrthimhd®: the rf
rf antenna. However, even then the antennae are

p destipgaghetionfieké disthaioy Within @ plasme progesstgdevigelbly using
%}%ﬁg&e ]Iglagéa%rdgﬂ a;%efd q%%&eeﬂﬁamag P)t 1383’1?? {h\é?ﬁ ﬁgﬁi?lnsre%ution so

ntai ne sane vo
arusemnmeai@thldqusﬁingumfmytfon znwefetl on provides a way

of flngg B or tri E’}P el ect romagneti ¢
field dndent pidbe 8po¥si itieion. et a g AOESP e are of ce
by, n'i‘egltmg W&%N@Bﬁle%aﬂl’lﬁeﬁ @11@5‘&1)6%5‘ %E QduBRE b¥ fctors

antennae to nodify the rf fiel I'stribution so as to
i nocleding thehehape, sizesind ngtumﬁtbfv mIOthflcﬁth @ thaffdield Histribution that

e T OO
dengymth HBcAsing AbELe /Y wfn@ﬁ bR passivd AMtéiidicag bE BP&C@J‘ apl?e location of

size and nature of the nodification to the rf fiel
dithe passiyeiantennhrelativade the rf antpranarweitlelsodreck faotoe, as will the

pr tters such as th ce available within
PiRhlsrgh oF Sl Sv i ohile SRR Bt o b asel vo

ant ennarig@es BA- J@h@@ﬁﬁam’p't&dﬂeﬁﬁﬂ% emb@iimehfa@ f RS e antenna.
antenna relative to the rf antenna will al so be a

f akltedrassiyganignna hap thextrughureefanalestricaily cprdysting ﬂqp@ providing a
arlt)@r}gﬁstﬁ e%tuh\éﬁt ﬂa‘ﬂl gd;glat&{ re@&)tngﬁg ?mtﬂ%ﬁ] lea et%é%d ﬁﬂ? ¥e

exanpl e alternative ment's o
anhdmmd by tH'ehRF pateany Buatitlexdrie thapassive aﬁtehm:tlEigere@BAa(ﬁ show
electricall rgaﬂuctln Ioo providing a_ | ow

r ST Prehce! eiphicnsa haRgt Rl RS #Hegng can
mnetalcﬁnfea ShibeVilch 28§ c1rb1ﬂglU§1§ B¥%ehentiFsnapy, G
l'i nked by t hezq)pas& ve ant enna. ﬁ’e Fi gﬁ%@s BA- %[%s’how %‘%Jt%ape’ an
pem@bemlhpseldail shapeofThapassiveatieusa parsdsoteavantsebsiantially polygonal
shapes. The passive ant enng can :
shape, such as a’square or triangular shape, and can be a regular or irregular polygon.
The antenna can have an irregular shape, being made up of linear and curved sections
or a combination of both. The passive antennae of figures 8A to G have a
substantially flat planar shape. The passive antennae of figure 8H has a less planar,
‘saddle’ shape and the passive antenna of figure 8I also has non-flat planar shape. In

a further embodiment as illustrated by figure 8], the passive antenna can be a more 3-
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have a curved shape, such as a circul ar shape, a
segnental shape, a crescent shape, an oval or

webdospsastal shape. The passive antenna can al BOT/iS2083/622206
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substantially polygonal shape, such as a square or
ul a a and_can a. I ar, or.jr ul ar .

PRSI p 30 REn 18R SRR sfcrBicl foMeRhndbid bleidaHeroid, cube,
b eind thigheel Bud Berdf sldedles aMHe BoHivLchn IR GEH QM or iR8z1ir add can
conbi natjon of both. The passive antennae of figures
g Aaye a eplichgsfage guea have ap epgrture ax ansriarestheseiape. The

paSSIV
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arthe Rifgintenna uhliepaseifve shtgandio dmcemted'ldm@ dopplore S0@ smtHatthe position
ar or irreqular and can h id surface .
o 1 ot Sls el RiPle P ol i 24 p iR BiasimariesPang device can
shﬁw%m@&dalternatlve enbodi rent of the antenna
arrangenent 300 of 5 the present invention. The RF
| nduct i The supparhivgludepan mg%whyhmhﬁesm@sanmauure ina
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arRl&Reis pQ8 %whtcédhwsgvg apipeRa 28508 adashed i the gepport. The
pqﬁbﬁdﬁfj}% e(l)e?r( tn%%%nﬁ)%s oVﬁe@ Wlt‘flrh!%ﬁmﬂb ?m}&‘:t‘rgn %rl])% Sﬁé%ort can be

axi's processi ng
c hmng&iebtriérdhlg csnlqhmtmg ahd caruskesondigurd 3o 2 Aotvihigeherpie 28 ¢ $urther

thr aperture upport. bo 504 and.so. t hat
b B Coaénagrl%tﬁgfa Teld pefmmettion, T Sipperdhaaing dhe passive
ardﬁ‘terﬁﬁ‘%o-@xﬁﬂ%h@héﬂ@u&ﬂz@ aflteRRS ANLhE Hanﬁé 5%6‘§f R gﬁﬂﬁﬁt can be

radi ally extending nounting elenents
paypsiaiel tarchargethe posifion @&thapmwetaotenmsalen@ﬂmrav(is 2A%e 15

nount i elene n be OV|ded ith az

symmet r Shearelt efithes S B Pashe B deRedi by he RE antenna are
c @hawgtfbln@ iagendedn t}l&ﬁrf‘é?ﬂfe wgthrtBél ciPen@istHbutibR iI0RAEEAT The
any further substantial electric or nagnetic field

ashpasree aterna linke mogpesis fluned th¢ Hiantenninmagaelisi fiadd and, according to

it e PR i bt i ol BRERS o B 28T onkitfs =

t heagest fieldpafiallji ehgvassi btsk@ntrfe@)r@pablﬁgl thd ffi@nt@hBfield within
245. 20 The magnetic field lines of the nagnetic field

geth@ PLER O tfwmﬁ%e watenidt dlense e anagapliisicld éFe%’ﬁh imike plecma
' r}egllaﬁ 255 1&Vdrl Shebehlir 'is!']@eci:eléggde rﬁoﬁt%v%f fak OitdvlP1h ﬁ%ur? P the passive

strate The passive antenn i'iks magnhet’i
ofanltehma nﬂagaett()aﬁnm aomgmaetieasd the inthgaeti, fiddd ootsilie mlg;e passive antenna.

;?ﬂ&#greégan}%ﬁg%%rfgeé% ét:l’%)tglggl%uﬁee glalsnrla Eeg?on 26\552 around the periphery is
increased. Hence, locating the circular passive antenna co-axial with the circular RF
antenna modifies the radial distribution of the rf field distribution within the plasma
chamber and in the plasma generating region 252. Hence the radial rf field

distribution can be altered within the plasma generating chamber so as to tune the
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magnetic field (partially shown in broken |ines)
opposing the rf antenna field within 25 the area of

wo b@4pamsi ve antenna. Hence the magnetic fi el dpeL/usIIgH/622206
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in the plasma region 252 toward the center is

decr ease [ s_shown fi

AERSRGE Heg R ER e PEp BT Prog ettt s Mo Rt
fldtélﬁn@yég_l , 8ot Afd pﬂSﬁhye antenna. Therefore the
magnetic field strength in the plasm region 252
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tune "t he 15 WO 2004/ 010457 PCT/ US2003/ 02 magneti c
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with differ chant s, n and chl
ot et ivinedhe aSR el iilasn b M ey 3 posion 254
r awnadlscdmhgé 125 RFOMuxOfinkaBe bu€Walt HEQ8RE HRtdiGtatdeWetvden the
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d@pswasaraﬁmgmd lsbargleait thatebg ioseaning thg ¢ffect hbithg passing antenna
f?él&i lqlth?étlji‘lﬁglldtdlé%gbutm ing the passive coil away from
the 1 f" ant'en asma region into position 282

(upwar dnas atb@wive mbcfdngumtgth%am\td antdhah @86 i WutdaPBIRF
of rf antenna flux that is linked and wll al so

r edtrnga epdswinnds heRtomtermarsp as padangethy sadiphthstribetion of the

t

N T i —
t digwos 9,tthe) ant2@d alﬁngtrhéntahus nchidarigffertiteypds off rfinntenna such as a

i nk ., but I ﬁcre Ehe di stance be en the
DSt o bR RG] SHisE FBRST Gt e passive
efdnfha @hn bR RS b oAMIB With tHelrBhrtteA dhll ?na[yf orfrhéﬁJ bt be the
distribution. In an alternative enbodi nent,
pasgme\sbamﬁSéhmﬁ ap®ena.singhe sxaieple hmbRﬁmeamhemman digdre 9, moving
rounds t e a so as.to ch
o 10F F1502 bt oRb iR SreE R e A 6 Pepolat fithe radia
pl RnéR @ @ rf AbldNBHEButPorCth G hiddifidd. Fot 8fFRfert $f SQWA and
in igure 9, the antenna arrangenment can include
diFesgy e prtennagsemetries anchdifterans relafivie mevementsef the passive antenna
a [] e
%ﬁgpﬁltgrgn tﬂ%ﬂ‘&o%?ﬁgl%tg%lf tah%?ié ﬁ%g d{f‘séﬁblglé)nlmil e éaoc? fied toa

n(girealéla)tllédséryeant hlS réiprirell iilbidentaanéreshe iy t@ie thBYrdeedsing or
be the sanme shape as the rf antenna. In the exanple

e#ﬁ@ﬁ?ﬁ?éh%%ﬁ?é%ﬁ%thﬁﬂge?eéﬂgg moving 20 the passive
t
ant enn gl 18 shils & SciRfe g@rngeshg% AR bfPhurlnbr bibodiment

di ¥0raif Ibhet andennt laa'angesnemm df the édvenfran. Ihi thisenmotlinidnt, the passive
t t ' d diff t
iz 2T RERE g PPy, HhishAgioses th rf antenna 210 and

extends along most of the length of the rf antenna, apart from the rf feed part of the rf

antenna. In an alternative embodiment, the passive antenna also encloses the rf feed
part of the rf antenna. This can be beneficial if the rf feed part of the antenna is a
major source of the asymmetry in the rf antenna rf field. The passive antenna 330 has

a substantially annular shape. The passive antenna is made from an appropriately
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and rf antenna, other conponents of the rf field
distribution will be nodified to a greater or |esser

wezdoani045as required in order to increase finepeTis2005e22206
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processing or 25 increase the uniformty of the

pr. oG of i1 6t
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g S e

| rbehbfici pleia prorediag earimal sbreehidg obsonps ofhe egdmibeciasimaherf
shi el d asswe antenna that enclosed the rf antenna
1d yin dheggonstraints of srayins A 1o Begitien #1dya gap to allow the
cqﬁt tBndk glgeft Juke! d of the antenna, not
al | o?\ln!lngatrﬁm nlagneltl c field to reach to the plasmm
gener atThegpasayge mnemA§3ﬁnalls|o dots a5 adbepdday sleidldito ager@hie rThe part of

SRR R
figbedtd DabsahtiiRean¥RGR Fﬁﬂaﬁa}f i6é1d ahd Adut&gnd f:apaél't‘ﬁ'@ @&ﬁ)lmg

woul d generate in the absence of any asymmetries.
s thetuesa thé rﬁaméennp ardihe plasmadalthouigh thane Will $tilt bé a CaIECItlve

paraIIeI t S [ arts of .t

SeReeEen e 7 ARG BN a6 SRR lowever,the
anheMiag pARMe anttnhi 330 B cbRfififed b Redehddifyahe Hitield distribution by
providin rmX| mal screening of sone of thegghkymret ries

i rrempgingfthe widesirkasymaneirioparsi from e indursive Sield dnepntrast
r %%HbéﬂtﬁgalaFJrﬁfag s? 1(31 tg}é)&n?i%ﬁ.ﬁa sd %9 t& asE ﬂeq%&clﬁ%ggﬁrt of the rf

antenna magnet | e ant
al fsadd adtheutanodifyieg aday shi el d to an extent The part
of th surfac of the passive antenna | ocated between

the rf EifVEnahayRe i JHie PETspective deaving el st srabedjment
argm,l JFihd @S ﬁ%e%lléijlt Plle iRAUGES fghﬁﬁ%ﬁ%ﬁg Srﬁnéél\f,ethe passive

coupling between tThe r ant enna an
( @ntdnoe QEO ieoeded inl the forhi oflreshzeld shinthi enchoges thorfmtennt 210

f . th f field. di but th |
crBRBER e tigfetsro S st bt € B sipnferu PBe Al atgms made
| fGa Eb%ﬁ@@lﬁﬁnﬁ@d §Héef6¥@hlfvé’r ﬁlﬁl@d E(ﬁppfef etk passive antenna again

distribution b rermwngt e undesired asymTetrl
pares g cfese ﬁﬁqtngall shepecvhieh la‘ pazaltel td the mgnctasﬁelg Qines of the

C o W %geﬁn P%asu Ef?fle/ Cejtaaégepna SSR girs :?cf s% ogtJ t‘h% gsysntl)mg’g’rlctp%rts As

the feed part of the rf antenna is considered to be a major source of the asymmetry of

the rf antenna magnetic field pattern, the passive shielding antenna can be located at a
position about the rf antenna diametrically opposite the feed part.
The principle of operation of the shielding aspect of the passive antenna will

now be described with reference to figures 12A-C and 13. Figures 12A to 12C show
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field without nodifying it. Figure 11 shows a
schemati ¢ perspective drawi ng of a further enbodi nent
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this enbodi ment, the passive antenna 350 is provided
I
%65%36&8{) ljmt &%W%aﬁg t&'fg‘{ %t?%ateig%t %Zﬁ?eg%g sflgwéy #rx%gﬁalc field
r flirer4@rat an m'Ehmcqs)aSthe RE aynlecfonthe |p9rfafa1;leynmﬁetﬁmRF antenna.

appropriately forned.s . of silver plated copper

TbewadoP Bolse v A inp 46T & 4 et (roRh £y dh s

Whis Gl etriPRE @hiefha, mwmﬁ aﬁ@gma &pfels&{tﬁhglth@&gnmetﬁbﬁm of the

syniretric parts of the rf antenna field as to

s hﬁlédi gatéern hahleecasiidarkto rthfcpqaﬁﬂCt Seld pwtterhlshowe HdFigaretl%\f Figure
r source

R L T 0 o e

pathé Qﬁﬁmeirfdﬂup AfShnai A p&tedh. MIhSGirADO B G:@ ?amvel AERhE 5k parallel
at a position about the rf antenna dianetri cal

oppdke magndtie frekelingvof thimagnetia diefd & cyerympsitian |61§¢¢pbfhe lobe
t hi el di ng aspect of the passive antenna will now
be déscribed with reference to figures 12A-C and 13.

Fi gur esExez@Aparo oflthe nsgastic fleld \&ﬁh@@iﬁlﬁg Pt Can b]? decomposed into a
PCT/ US2003/ 022206 S sectiona raw, ngs of th
arfpé?maelztl\’dmlnsg@faéleﬁ tobewymmetsgAield ing 342 4ad 2 qonv@onent that

3%%&%}eﬁﬁlcﬁlgﬁjm%é)§yﬁlﬂ&ngﬁe@ﬂ§ e?ﬁlﬁo "As tﬁﬁg ?fvte %ﬁ{elﬁfa surface

ric antenna.” Figure 1
file bairalle]rte tixsynahetao fiekds itavil de af all bl‘acé?.l-'pat:@lkel ® the tor@ponent

é%l‘n%gi ﬁRYF‘Pﬁ’E% e?‘ﬁ%ﬁ ?tramﬁﬁ hcte?alfe%%? é‘%ﬁéfa?q ngrgpal to any

%&ﬁnﬁlé&?ﬁ c@ﬁﬁ@néﬁ@j dggi ilhRtrhBe npﬁélfr@ q8, dtia ?o@t@ﬁ%k@ bf the passive

shown in Figure 12A. Figure 12C Shows’ a shield
paadsnpa, the pelrpn@m@e@f demponenttvil, aranmling todsng sdaw,onduluce a surface

S PPERES7g e SRE bt bR e by b i K'Gance the
Me@Rsdndiculdr ebMpbhene HéteOthe hhgivRGRRInk 860 iiu6tivlly @Mﬁ‘)‘léé with

position except the [obe part. 10 Every part of
nethf evaeeetid fagld of therhantenmgang é‘#ﬂfaCS@Erf@%tﬁ atsen@@@é N‘fm@e@ncel the

[ [ 4 to
S;/Hr(r)?rle %ﬂ:ﬁ&ﬂ‘g gFrS lafthwﬁlf %ﬁezdnzin ﬁgﬁc y n £T6 OT) tﬁg tsurfe}cg of the passive
peanpendi Eiches thdegmimetry bﬁtl&)tﬂﬁﬁiéﬁnacﬁfﬂd Bliflcredse@ thefeby ifdreasing
t he passive enna surface arallel to the
ﬁﬁél’rP{“G Er ~elgcfroggagnetigdield matﬁ? Plgsrae 8engElngI PEIPL 0
t he C 0“@%&&9%4 td & Qlolv@ilte%ﬁlté Qﬁbé&{% o fhe sh%@cﬁn?ﬂ%u@tﬁvely

all placés present a surface norm
pempphdipcasdi‘&r antompoibepassiks antehmsz%(Hﬁlrme in filguguirdeis 1iBthe form

ST TR S
i rg& C81an8 Wisb&nd gap YBS.The Width bf'th%liﬁmﬂﬁ‘xsﬁdrﬁ’(ﬁ" tﬂé]%)lﬁfem@less than

|ch generates a magnetic field 372 to cancel
pethp eadlaviscafithe inpemndiametat of thie awmilartpiae. pHsing veo gapsino@ases the

Qﬁcgég/uo%ﬁevlgar&y S%lljéf(!hng agin)ecp of the passive antenna. Two gaps reduces the

potential difference between adjacent ends of the annular shield, compared to the case
of a single gap. More than two gaps can be used. The shape of the passive antenna is
configured so as to modify the inductive part of the rf field distribution by allowing

surface currents to be induced to remove unwanted asymmetric parts of the rf antenna

field. In use such a shielding antenna would be located concentric with and above or
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the magnetic field of the rf antenna and surface
currents are induced which cancel the 20 non-symretric
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surface of the passive antenna. Hence the synnetry of

t d is.increased.ther 9
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r ednges, 4 Eaadqxﬂhmd lsazlonﬂgtirﬁaé sEcdealg topes th'edpdtmenve part of the rf
3 of the nnular shield, conpared to the case 30 of

a 1514 gpch More than two gaps can be used. The

S hape qflﬁ&ﬁeq SRASWS ¥ BaddiVe@RfAna 382 MRS FEHH GhnSAn@Er, itec-sided
nodi fy the inductive part of the rf field distribution

yre@tpmmrrtgpugb §e Ratoesheald petrthesetunwaated iednstivie pzmsrcé rﬂmm” antenna
urﬁ’e@@%r @s %@rerse fuadl GelOdT AS Ofedttpoag f anffo&&fl%tgpec? in cross sectlon

use suc g ant et

C W RIIEd e idetl hasaip@ropbiatean@ depeh@indln 280hapd OFB RF antenna
PCT/U82003/022206 bel ow t he RF antenna. The passive

arfaghsHe field pagemthatdt 1s@erespan &8/ matehe A5 gnase thap one gheepn be
aﬁ%‘o@iﬂé@mg_ﬁzﬁstsnjeeaﬂ%m@ﬁ)r il %Je%tﬁ%&%?@ Dﬁ oé}% '?1%1%{1] A Other

plasna. I'S passive enna can S
asymbvetimerts obHthp chueldirgg inSS1W§1 mt&&amahemﬂaimgnﬁéxlvmll an outer

field perpe dlcular rface. hough appear.i ng
so’psaelffa.tep aflpr g il ashesiclh i aaiers HROG A5t} With @ many
EggsmgQ$pﬁ?§§kq&qﬁgﬁﬁnﬁ§n§§O can be di stingui shed

eing configured so as to produce a current path
al | owi niggererlivabews afurther glt¢roathe dniwdoeent 384 of the antenna

surface s s.,to c 0 esired ind arts

o REEPER R B R ERent T R paPiends 166 safighies T simple
shi/eé thophatRiglah dEfeed pSiResed. i€ tHel bsdrRe BAGS rf f8d and any other

i nductive part of the rf field unchanged. 10 Figure

15zineihel ynpaeis nEodyringnearssthe iwiret lnep vonldh have a.polmdal

ann n trou S

b AR S bS8 ARGHS200L BAPDE 1 88 4 grix mec,
amma:yllhdﬁlld(efs‘eeuimismm eﬁﬂw@g@ sdelbRWf thd rﬁwtaxﬁﬁ The sections
trough U or C shaped in cross section coul

i) e - L | d v
al 61 Bévews%apecage Q&ﬁﬁlldﬁf%@@gmald%‘é A% bywhiehithey are comnected
shaR& eRalhif 385 %ﬁfsqglgﬁov@?afa%kafda tefau%ﬁéf%e%f MQ Ophssl e
is necessary O matc Al'so nor e Sb
15anpermai38@d Each ¢fithe ptisnsiamsapprerimatély t]nemmevlength and the spacing

B b oL STBRS e CHaR BB e
WBA\Jer aAn g b®hpproximately 30°, and the sections are equi-angularly regularly
spaced about the rf antenna. In this way the passive antenna is made to be as
azimuthally symmetric as possible, thereby helping to reduce introduction of any
azimuthal asymmetries by the passive antenna. Also, providing the passive antenna

along substantially the whole of the length of the RF antenna helps to reduce large
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wall, a top wall or a side wall of the shield, or any
conbi nation thereof, with as many gaps as are

wapmopusat e for the application. Figure 16 shepe®Us2003/022206
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further alternative enbodi mrent 384 of the antenna 20
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s r
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pabs absenandfahe aassﬁde a0teny. d%rcéxmgplehfhe mamﬁal vemanéteo Ragnetic
al stan the ole of the length of the RF

At L ﬁ%flffsu ¥ 31 plefEen By ghsenss qi%@%&%mm@m 390, would be
PGTAHSA00348 %%%QE a cﬁ&ﬁhrecr@s%ﬁeaﬁ;nrlh% IBIQné éfh%lfc%gr hthe wire
symmetry in the plasma region, while snal
didffthswon legfp of Iaetepmaal%s&ﬁa Tﬂletqﬁeret the padurbageffeheofdhestatiding
azi nut hal s |tself The. fin

o cafRhg SestEF SRR 5 ooty BT e Cieds Strsiplahins dus dge 387,
azdfredéthend parsysoatthé §ecﬁ§hs&§rchﬁr Bgd PTRRWRIS k& Sthodth @he transition
effect of the |ocation of the 5 antenna feed.
Fihetwiesn the phigldaterseetiansisnd theegaps intbe easmw ab@na:m odd
nunber n t sectli &t her
gap, is ‘Qf %@ﬁ ltrlé égra?SI 53%} &g(glp otjs}g%p?asgwf’ Rate ocsaetc %I?‘F lefl gl"ng 6's
f %dwnliatlha Qinetdiengthe tangthsof@hcH dtetish) iiedadibaGpppsibté For the cross

antenna 390 tq sonme extent acts as a perturbation on
t rectipnghehape of thenassivrantenma te varyglangnts leneteplaps the rf patenna.

PEESWER r}gaku]r%th%fcfr%‘étse(ﬁfog&l@ﬁﬂ;ﬁé%ﬁh@h(g;%s %P{h%%ﬁﬁ‘s fthe passive

sections can be re 2ross sect
s heanpemna fthet daenecd glessmeagnettin éiekhldﬁas mlfat dmaffi astenia Iﬁﬁlgrtehe ﬁeld would

same as _th ic field |lines the rf antenna
rrab?f%t“? the gaﬁ@naaﬁé‘wnﬁmﬁ rf@ng\sw tp &efjush themsribang effect of

thﬁeﬁaewe%fenhyonmerfﬁén%nﬁbmo the passive antenna.
For exanple, the natural, symmetric magnetic field

for the 1gum%da'l shows theasnnelnsta:mhodlmdm ofitheshichlind pdskiee antenna
S @9%' (iln s 8NbS 1men? %’16 pa\é\g\lf'le antenna is provided in the form of a

substantially planar, rectangular sheet of silver plated copper. The sheet provides a
surface current path 394, so that when the sheet is located adjacent the rf antenna, it
can inductively couple to the rf antenna field, and a canceling field will be generated

to reduce an asymmetric part of the rf antenna field and modify the rf field
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15 a poloidal field having a circular cross section in
the plane perpendicular to the wire of the wire |oop
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the shiel ding antenna sections can be reduced by

the 0 naI pe of the e
AP hOBReRE PRt . SR B et el e proceriias
hah@@nhn snoot h t he tranS|t|on bet ween the shi el di ng
sections and the gaps in the passive antenna. 20
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antenna 392. In this enbodi ment, the passive antenna
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i nductively couple to the rf antenna field, and a

c dneiglainipe # veyFmgl magnetie Epldras thegvafe? (oe dieanagmetic bucket

FHPRERRUE (o0 o ) O te PR N I6H S Bud e otatshbe

di chiambbrtt In@ne iembbdienept, abamagiesivbacke arrsn,gehleﬁt iwabudaﬁthlrﬁy two

i ncrease the proces %glfo mty agure 18 shows

s JIPERARGE n@%&@%&ﬁ?@\%&? thgjrg %m%gnﬁp ion fagters @gtgmﬁ@ng
appakRi s crhe (L) & SIR. §RRY. SRV et, thd Ak ﬁul%bex?}r %usps may

havi ng an additioRal '5 efectRonagnet arrangenent
Th@rjehcw@tdmgrmgth%p@lﬁca&ﬁgsgmm taahpﬂbmmtelsroaessmgsystemt er
[ second i nner C|r ular c

I
gg;ggnﬁﬁfe e??cérom?gn fcagoﬁ]amagﬁm g8 coafignred fo prqvy ca Dé magnetic

Co¥e ﬁ&\ﬁﬁ‘%b @oﬁrd/lﬁtbleﬂ’@hlﬁl wdRAbY wthine la8fmb pidcdYsi mber in
520 which supplies a DC current to each coil an

whhe rﬁglcrrbmgxmat@ﬁ}gd@nﬂ@ﬂ al2-ethg wdial veriationdintheddC magnetic field

T I e L AN X

pl ’Eﬁea’adlfaymirfatlﬁﬁ‘ ir'the T nimgaaRt fieldus cfebtivedtol aRt e processing
around t he periphery of the plasm processing chanber.

Tﬁénf?ﬁrgﬁé@?r@sqo@e reafer 206+ dhe Blremesnesic fiskt ¢aghecgnstant or can be
Bra‘gﬁgﬁﬁ éﬁyr Zn%slfhs&gﬁg%ﬁyﬁ tfo'n%t&? Wa‘ﬁ%ﬁgﬁl\?&g‘}ﬁcetsaﬁg The
2056ecmmgnstldm‘ral1gmaemsinygnetlc bucket arrangement and other embodiments
thereof are described in greater detail in U.S. patent no. 6,341,574, issued on January
29, 2002, entitled “Plasma Processing System”, by Bailey, III et al., the contents of
which are hereby incorporated by reference.
The DC magnetic field distribution provided by the coil arrangement and
bucket arrangement, together or separately, helps to prevent lateral diffusion of the

plasma species and so helps to both confine the plasma and also collimate the plasma
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mai ntaining a very small magnetic field at the wafer
206. The magneti c bucket 15 arrangenent helps to
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processi ng chanber. In one enbodi nent, the nmagnetic
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cfiothe P B gt Aol B eSS B HbA shnorepse the
V\erg]%%{t? %@ééﬁmg%/ thiSRORB6AER20Fhe ?é&ﬁEﬁcﬁlsof 1§@ra@§1fﬁ.@10n by the

enhance their transport toward the wafer surface.
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arrangenent 52 wever
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O e e b5 e St e B e o

SPRfdRE ah®idddBtiVEY B5upded thARErf antenna. Then in step 640, the altered rf
field distribution arising as a result of the interaction between the passive antenna and
the rf antenna is determined. If the resulting rf field distribution is determined 650 by
a criterion to result in an increased processing uniformity, then the method can

terminate at step 600.
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can be realized without significantly reducing the
etching uniformty. As the effect on the wafer of the
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fields are present, the benefit fromelimnating the
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t Qfe"@aﬂi’éd%lﬁhsﬁ%ﬁféoﬁlglgter diid a1 Q:ﬂa/cgé% etic field modeling software.

PCT/ US2003/ 022 ternatively, if the passive
am\e pxenple Oﬂ@@@nmﬁmailyaavadaté@scEMe padkege wouldths Meswélt 3d as

in_incr cesshn orm cr.eas
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re t
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required D .
r%presen%ng the rf antenna feeds and cross over parts. The objective is to provide a

passive antenna which reduces the contribution of the perturbing part 720 to the rf
field distribution while minimizing effect of the passive antenna on the rf field
distribution provided by the symmetric part 710. The ideal solution would be a
passive antenna with the same shape as part 720 and with an equal and opposite phase

rf current flowing in it. However, the passive antenna cannot occupy the same
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described in greater detail. In one enbodi nent, the
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phyigawlakf ﬁl@l@d% PRSbeaR SSmMPN S a dMdftisSetidniflrighd Edaxidl @ofductor bent
field distribution is calculated 620 for the powere

r fintgrix Brgie leopand withatkp trgier eandueter shonted o the outercerdistor. One or
o ¢
SRS RTE N 00t DR R o ATt

Ordisteibutioa i€ ag#ia sneasurad sng aerfpirebd toideramirdhSACkrand field
the rf field distribution is calculated again 640 and

t HistEbytian 649 Ihissletesmingd oot ifithe measpregsi diskbdistripgion meets a

F[’)i 5{)/%5%@& gﬁ@&?ﬁ?ﬁrﬁ%%ﬁt&ﬁ?&cﬁ% qtpiaﬁﬂ:ﬁlag ﬂ@g@g of symmetry,
and if not 635 then other passive antenna configurations are assembled and their rf
field distributions measured. Passive antenna numbers, positions, orientations, shapes
and other properties affecting the rf field they generate may be varied in order to
provide an optimized processing uniformity. When a suitable rf antenna and passive
antenna configuration has been derived, the rf antenna and passive antenna can be

installed in a plasma etching device and their relative positions fixed so that further
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10 distribution, or the rf field distribution
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ofdifeeg.essi ng non- uniformity in the plasm proceSS| ng
device that the rf field distribution is to be
changedn@potbey ¢rakadiment of tirepreensping nifemairy funimgmefher 600, work

p
e oA AR AR & R leriing BT hERAMhrions. Arafor is used
t hws arvork lpedcel add & Iocdtert incapladmagprocdssiaptt@ninAn ectrlis chrried out
ant enna ssive ant.enna contﬁa_éatlon i s, measur ed
G 1T BB PRt T COTERD A e PTORGS SBPERT HeFss the
F w8t g MAsired %@&@ﬂltlﬁ@d 30r &taﬁﬂ)l Hf@%’unng khdeith faﬂe r the
rf test stand and powered using a low voltage sig
Tharfeescafor wafer. Thd @Ich unigarmiityds fedated to thp efd‘@ledxstmmnom within the

rf 2ntenna he absenc Ssi ve ant ennae,
RSBt B AR AR 3y SRR Sr B B0 s step

t f‘@Or fA Hdseive aflfefihid ishdn adﬂed # thé b dntdding 680 aiMd Skothd? work piece

probe can conprise a short section of rigid coaxia

c ovfercis gtchpd wader the ofhervdsejdendicplagpeessing apnditienseand giproprocessed

D BRIRE APl DR R Pl R Gyl

t hitfferencd tidtweer the t @itehnd iakine ahdithe@f antenmgmid Hasspasint@tha

using an rf _probe to determne the altered rf field
2PTGSHRE bi}P?fbﬂ telﬁ}ég tq give 8 measusr Af thegiselfithe paseive antenna on

ﬁ?é’tﬁfﬁﬂ Rhithingi | Birkhipidt 4 pL sf@@%ht%nﬁa atpari"ﬁ%feach?e.lﬁg sition of
uni orm?y criterion or r|t ria, such as a pa 1cOPar
dele anteng yrayenarygse tineich fatermuheﬁaﬁrrespm'rdmg dnenlap pssitioreon the

ant confi.gurati ons are . ass d a their, rf )
AT et OR PR e o SRRy ety Shipt gF ized
POsakdilOftTentdl bRk ?bélﬁé‘ﬁ or SHEARE®N 0B pAkHeL arﬁérﬁﬁ%rahb@ §r further
affecting the rf field they generate may be varied
orpdesive ;tgmap cawvbeladded 63p pndrihen dn@hm@scpanged outona new wafer
|formf{%6{1 en a _suitable
n

P SRt e O eBrink 28 Bty BEMAD B ReaR? T Ghiaspat he

anftwpdasiexfa ﬂﬁi}ﬁi@ﬁae @@Bnideonfifgraon 6lthelf Aeldld#ABution and
etching device and their relative positions fixed so

t Hency PrOEoRsg uzlnfomtyz%uthmbmme bysrop@singhe eighing
T T S T L
enhoeh mmnvamfustrﬁmtmcaea $>a5r$g/etmteﬁ1ﬁﬁ gorifiguiatidinglg net hod

600, rk piece rocef5|ng i, S used to hel p determ ne
the rf heéio et eARiigd 9o vide opifas! undormigyican becdejermined from

WOHK dfffcRGRe BB deft tﬂé’r‘f%ﬁt%ﬁind Dot &&@ggmw 6P QRirti9hiform
An etch is carried out using an r tenna an no
p asehingpatere nhagconsndatidneof pastesmitannad ardf tyteans agkciently

t hc?osely matching that difference will provide the optimal uniformity based on the

antenna configurations measured so far. If generic relationships are identified, such
as increases in passive antenna size or distance from the rf antenna having reasonably
fixed relationships to their effect on the processing rate, then reasonably accurate
estimates as to the appropriate passive antenna size and position can be made based

on the measured results. For example doubling the area enclosed by a passive
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wafer is neasured and quantified, for exanple by
nmeasuring the etch rate over the surface of a wafer.

wabm4eiab? uniformty is related to the rf fi elBCT/US2003/022206

di stribution within the plasma chanber and so a
nmiemmaenayf intteeserthe f;haeﬂgel ird¢teli ratdatithowafes indepearotddedmbiner.
S st.e 0 62 sive antenna is then added to

t dep iy ﬁ?tsmae‘g %’Pﬁd? YHEIRSPd RATSKY ANEBBAC Goaxigrratin provides
%@E&gmg'ﬁﬁ%nﬁ@)‘? VAt EIY"bc%@ptlaG’i% '?éx*g%a heR HRGESE S %een tuned for
conditi ons and the pr ocessed er 1s neasure and
deglikeue@fpremhng grapeeand the metifodrendsi 66 cAltepaatintel f fuetder

differ e.between the rf antenna alone. and.t
rtidtond TR SRR i sk oSk BBt e Pz menna
oéaidqja@ﬁdemexﬁia\éeoﬂﬁg[ﬁaﬁdﬁre of the effect of the
passi ve antenna on 15 the etching uniformty. For

exanpl Buning Pgéfigld distilution usingghisilaten method ischeliposii toben
t h t
I e R

peees irstaoedl thersaurcasioft precessing heplaidaichiByinatichirk fse id®ntital
shaped or i zed passiye antenna, or the position or

OMPESTBIRL IS WYtSH‘éS%@EY {Aadamivfigm toelitp &eplod hergfornfine tuning
SIS B RN GANB AR D 2 AR il
tlhefomndg easbe garundi buirtoideterthine thehdanteond argiyyaasive mtenkae

w rf antenna and passive antenna

H?g 8?h@§ iﬁFFmﬂﬂeP di stribution and hence
pr oc eSAlnnﬁlbuﬁM 06 FatfeLAHhd DRI %nﬁ%éﬁ?e?l?sdde@%/ hibed can
conparing the etching uniformty with tha

witly ﬁ@turwsﬁéh@'tee}bsdmmmtm aséppatveds a@ﬂa&temmy

t' vari oys ..rf. ant.enn v.e ant enna

JE?‘?%KHF’% | o‘h‘%‘ngg% g iaveny &P Pe mlgg'q Eherl@de‘l“(?n b?%lcd’é“dered
Clpiblelmlutddrtb gy dpetiYic @RAMPIBS siewlmuﬁbeﬂgdrépmlyt he
di fference between the rf antenna al one etching

pat t erMthgnghdbe Bregoing ipvention hesbeeatdshiritgd pmsarae detail foe
i i .of . t- t
JRRSELE AR o RASEFARR RIS, Abech! Al Riongppys and

rmodaﬁdzﬁldnb enayﬂiel pmdtlcadhwﬁthrnrthé ycdpasa)e the@ppédiRd cRithE Migerefore,

nf| @L S neasu o far. |f generic
FBRehFBROGIFENS gh 111 be Eren aullus@givesnd Aef resisietva, and the

Hﬁ@ecdti\ﬁﬁ sﬁ&ll@ ﬁeﬁbcsllnﬁﬁe@{ fi 3%@5‘50% rLﬁ)é%lB ht %%u?cﬂ; ed by
havi ng reasonab |xe relati sto el T ertec
dhe fdllvwingclassd zmgl there dull sdope of eqmmiahsk y accurate
estimates as to the appropriate passive antenna size
and position can be nmade based on the neasured
results. For exanple doubling the area encl osed by a
passive 25 WD 2004/ 010457 PCT/ US2003/ 022206 ant enna
may i ncrease the change in etch rate at the wafer in a
predi ctabl e manner. Wen it is deternmned that the rf
ant enna and passi ve antennae configuration provides
processing uniformty, within an acceptabl e range,
then the tool has been tuned for work piece
processi ng proper and the nmethod ends 660.
Al ternatively further
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the thus far optim zed rf antenna and passive
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distribution using this later nethod is believed to be
particularly useful as it i§H9§hE§ved that after major
sources of non-uniformty have een renoved, the
sources of processing non-uniformty in otherw se
identical 10 processing tools vary substantially

r af@ahis glajmeshist ool to tool. Therefore fine tuning of
each processing tool on a tool by tool basis to

achi eve increased processing uniformty can be

cak.r i edAmanteta atsngementdort generafingan efffivdd distitptios aveplasma
antenna configuration that is optinmal fqr each tool. _
A SRBIERS FREQ asia 4 hriBacTafalk ol RFQs<t chamhpb 8L RisvRe brocessing
degphiaRRdcdntishey: 15 conbined with features of other
enbodi nents so as to provide an antenna arrangenent

accor diangf irsluctiee nieneaite whichsscbpaiergupplyche bé nuerttedto

is not copsidered to.be.lim to f.he. cific )

o suRab B R RreskBed f gist B e ndind IO irie generating

f akgieni 4d | nvention has been described in sonme detai

for purposes of clarity of understanding, it will be

appar erft Pastye agtennaathe fupnsguve amenmzdeingdnductiyeiycespladyo the rf

b : i S
T
asfidld buchtthattthy ef frehdldiswibuties bt the plavea gardating@egion increases the

i nvention shoul.d noé be limted to the details given
C

h s aisiBg PRI PIfRe BorFsiag apparatup sompieg g thgt v thg ahsence of
ang EFSR% tehha scope of equival ents. 26 WO 2004/ 010457
PCT7 S2003/ 022206 CLAIMS What is clained is: 5 1. An
antenna arrangenent for generating an rf field

gl :ﬂrjler X onengl% a%a | giegl?gf (g%ne g%ﬂegqqn g?%egg}glarn ??ileﬂlemgdiﬁes the
Pr 96 Feliuch BRA IR ¥ ficl dRARbURINNG thelasnta g.e'ﬁgféﬁh.%\‘@gion has a
antenna to which an rf power supply can be connécted

t odiffgugpipdyynmaetry thaw that enthe absegenefrthe passiveianstna.f fiel d
extending into the plasm generating 10 region; and a
passi ve antenna, the first passive antenna being

| nzjuct i el anteh@b Rtrgskdnient Bclitn 2,iwitbesih kS84 V & MtenANManges the
configured to generate a secpnd rf field nodifying the

f i aznuthpl sypmegtey of thewrfifiedd distaibution gtithe plagima genesatiniggagian.

the plasma generating region increases the processing
uniformty of the processing apparatus conpared to

t hat i rTHelmmtenns araggenient of claim 3, wherein the azimuthal symmetry of the rf

field distribution is increased compared to that in the absence of the passive antenna.

5. The antenna arrangement of claim 1, and including a plurality of passive

antennae, each antenna inductively coupled to the rf inductive antenna and configured
to generate a respective rf field further modifying the first rf field such that the rf field
distribution at the plasma generating region increases the processing uniformity of the

processing apparatus compared to that in the absence of the passive antennae.
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15 the passive antenna. 2. The antenna arrangenent of
claim1, wherein the second rf field nodifies the
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the plasnma generating region has a different synmetry

TG ant ey S AR Fota € iRk M AL CF Mensbrobides an
pad<itricallgrbadursing ipathgesr whieh aaidwiedelectsigairntren cah floheto

rf field distri but'tﬁn at éhtﬁt'eql asma generating region.

4 BeRprateA eé’ﬁ?\%lpaéT?é\ §&7roRt rif€IL| ai m 3, wherein the

azi mut hal symmetry of the rf 25 field distribution is

increased conpared ta that in the absence of the
paksi velterangamna arrBngetitent afdlanm@ velrerein glemmssivointedmi etends

1, ;and i nc] udi lurality. of passive antennae,

e APEA e %p?rﬂg{@? ?@@ofé@%mﬂgc&t&e&n{%a” i nducti ve
antenna and configured to generate a respective rf

field further nodifying the first rf field such that

t e rf Thesngenge agprgamentiof dxmee, wheseip theshassiye arieanaihag a

regl LG ' Lfarm.ty L he ..

ety SR ARE0 o <Rl RAGTay R Rebdgrihe dfcrvg antenna
of the passive antennae. 27 WO 2004/ 010457

PCT/ US2003/ 022206 6. The_antenna arrangenent of claim
1,9-wher Biepnignaa Iggggge@@ngﬁﬁ céﬁﬁh@mlg\wlg dhe passive antenna encloses a
dﬁ%%Jﬁﬁ@thaR%Qﬁ%&hkng pat h over which an i nduced
el'ectrical current can flowto generate at |east a

part of the second rf field. 5 7. The antenna

arrangeﬂ$nt of claim®, mp Lei& t he .passi ve ant enna
extEndsl Nenisiga AR eEment &f S O.gTerFiB HchAStiKe BHtemHencloses the
| NHYEHVY anRRSLAIBAs sibstahiflA SRR IAEIATIRIBRECtRfe dnlefhi

6, wherein the paSsive antenna has a channel shape

whi ch extends at |east partially around a part of the

i nductive antenna. 10 9..The antenna .arrangenent Qqf

i B 1% G ARenastinLof 5, U SRR TE A ingehag a cross-
Of settiéhal Elhpe bhbcCantiall @ MatchinkQhe JitPe dNHRMEnSE AR that the
of claim9, wherein the passive antenna encl oses the

15firshid field weuld heenatdhelospiégpnsefihe passivalantpned in the ahsgece of any
! 9 teﬁ“e@tfon% %ﬁe@%ﬁéh&%f%&tﬁﬁp&f eld. The ant enna
of ctfaim®,

arrangenen erein € passive antenna

has a cross- sectional shape substantially matching

the shape of the nagnetic field Iines that the first

ril%i el ﬁh%mr@a REpRZERIent AECIpBLGrYhske1A the passiye anpraa has an end

a . - ! .

SoREORS A e AR A0k RSV BT LS o

ﬁrsea'uingafrrelmpe clibstdrdually Gratohirertbe shaphef irasagnetiafitldriings that the
af?rs‘frjl rl} ﬁeeﬂ{j would have at the location of the edge of the end region of the passive

antenna in the absence of the passive antenna.

13.  The antenna arrangement of claim 9, further comprising a plurality of passive
antennae wherein the first passive antenna and plurality of passive antennae are

angularly disposed around the rf inductive antenna.
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region with an edge and the edge of the end regi on of
t he passive antenna has a cross- sectional shape
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lines that the 25 first rf field would have at the

| ocat i of .the_edge of .end, reqi on.of. t he passive
oo nathenidhlE affeBEaRng o a6, SAMAN 1R, ot HasBRE g anc
arpleniy dpassigedtdina hreGlibitintRily kyiit H@lael9dNposddWowhd the
plurality of passive antennae wherein the first

pdBdyciixe apeBiha and plurality of passive antennae are

30 angul arly di sposed around the rf inductive antenna.

28 WD 2004/ 010457 PCT/ US2003/ 022206 14. The antenna

arlsangéefterintenfia atrangeniedt ofidianel , whehein thersstondad fieldaalters the
ant en and. pluralj f passiye_antennae are )
< LR athe s s ftia dpie alemw sendatmerogion.

i nductive antenna. 5 15. The antenna arrangenent of

claiml1l, wherein the second,rf field alters the
r dd. al Tiesintdnby pirargeofent dfeclaifn 1S, sthdradn thersedandirf felidralters the

t he. pl er atd jen...16. T ant enna . .

e BB S o o e AR Epperpting aeion
alters the azinmuthal distribution of the rf field
distribution in the plasma generating region. 10 17.

Thie- antésraateans amgrgestent of clamal, durther comphising eshppdrsion folding
a ' t SSIV t or ej .
BVBRRES s P LSBT e YRS e s
pamisdnvie relativieatatige if éldaictivearitenaieadjistaleluct i ve ant enna

is adjustable. 15 18. The antenna arrangenent of claim

1, further conprising a support for holding the

p iV ' ' I -
PR 1 o R amiiEhnlof Jnth B0 bimpRKERsEpifh oy holding
t ah¢ passive antedo twheeein teesappori & nagljabktsaliha thel Grentdidn of the

ant enna_arr angenent gf laim1l, wherein the passive

A RESTH AP THAL Ve e HadictivG antERRads AP ST ¢ he 1

i nductive antenna. 20. The antenna arrangenent of

claim1, further conprising an el ectromagnet
arl9angerhsrantenna etraggemenboicdaim DO/hesgn dte pas§ivehntemiatprovides

h l. .Gh 1.. An f
goneRaf AT RS e oGt Bion ot o bl e

region to sustain a plasma in a plasnma processing
chanmber of a plasma processing device, conprising: an
r 1201 nduldici aptenan pepgement pladaimyb farthes samprising 9o elepepmagnet

CUBLREAR I EhekANEBCARAOI AR 00, R A 60
di stribution of the rf field
21.  Anantenna arrangement for generating an rf field distribution at a plasma
region to sustain a plasma in a plasma processing chamber of a plasma processing
device, comprising:
an rf inductive antenna;
a passive antenna, inductively coupled to the rf inductive antenna and
configured to generate an rf field which modifies the radial distribution of the rf field
distribution in the plasma region; and

a device for moving the passive antenna to tune the radial distribution of the rf

field distribution in the plasma generating region.
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distribution in the plasma region; and a device for
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pl asma generating region. 29 WD 2004/ 010457

PCT/ US2003/ 022206 22. In a plasma processing device

havi ng a process chanber with a chanber wall and an

arp2e nnanarplasngeprecdssihg de genkavargd mgroaessrchaﬁlbéﬂ wiith a chamber wall

di stribution at a plasma generatin e iQn inside_ the
p@aéégén@ﬂam@ge{rﬁet ﬁs@w@émgrapaﬁﬁ tribianat &ipkgman

5 eﬁeﬂaﬂﬁgfe?}]c}hreipﬁﬁéﬁ{é ?&t@%}%ﬁ{b%ij tharft fanaﬂg&p rgu&phﬁsmg an

supp curr gene€rate a first
e>rf endetinge antenmatchengoledsoan gioeveasippdy teegipply @nd carrent to
passi ve conf j.gur d to, generate.a second rf
ggparateaa ﬁré ﬁg'gz?q gyten tlt?ﬁ p}ﬂ%g}g,g&nerﬁp%xgggn@d a passive
u Ninf QR AoV SRRl gehBidtel \RcsidPFieRl, a naligichol rlSvmg plasma
coupling the passive antenna and fthe rf inductive
arpregessing andomutypmmsmgu thgstmﬁeofp assive ant en na to
cause t.h )
Freta SURHTERSophlng hEpiielrg AREM fad BF shindiésyglantennas and
pl asma @ehwhiiy tigpiseiFe @ftenhdtorcaasakic tdtond FORRS & MBdify the first
unlforn1ty of the processing apparatus conpared to

t hat i Af{igl saph that thegf figld i jopat Histndasmg gensrapng regiqm
t hod
oot b fecR bl focstile ‘I@?%rrﬂa%ﬂ‘.’é cdBte AbERa compared to

23, whahstiin thieabs&ce i tregpassivd argethai S appl i ed by an

el ectromagent and the DC nagnetic field has a radial
variation which is effective to 20 affect plasna

Praces SO, iibd 8f Mhiny 22,4Rrthel BEc1008hA % s @fﬁgl%r?g?’d DC magnetic

wherein the DC magnetiC field is applie

peiaidinent nmagnet nmgnetic bucket. 25 26. A method for
tuning the rf field distribution of an rf antenna for
use in a plasma processing device, conprising the

Stps Ofte héthod 6f &% D3 rwhet[aﬁ‘ tHef DEndgfletid BE1EHOMIPIRAbO TN

the rf antenna; (b) I‘OVI ding at | east one passive
arﬁtlmﬁn@alalgntm@tiuthfeDQ r@@gznpn@ﬁeltichas headifl vapatiemwhich saseffegGve to

nin of the passive antenna on
tha)effe(rgf‘e}!;lgi groca® sx{%relfng% |lg%'. 27. The nethod of claim
26, incl ud| ng the step of iterating steps (b) and (c).

25. The method of claim 23, wherein the DC magnetic field is applied by a

permanent magnet magnetic bucket.

26. A method for tuning the rf field distribution of an rf antenna for use in a
plasma processing device, comprising the steps of:

(a) determining the rf field distribution of the rf antenna;

(b) providing at least one passive antenna inductively coupled to the rf
antenna; and

(c) determining the effect of the passive antenna on the rf field

distribution.

27. The method of claim 26, including the step of iterating steps (b) and (c).
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WO 2004/ 010457 PCT/ US2003/ 022206 28. The met hod of
claim 26, wherein the nethod is carried out

weorpoi@si onal | y. 29. The nethod of clai m 26, petyesmo81022206

steps (a) and (c) are carried out b, 5 neasuring the
field distribution of the rf antenna using an rf
magnetic field sensitive device. 30. The nethod of

cl ai m 26, wherein steps nd ( are carried out
&% er i TgHOFar it %her@ﬁth mefﬁpé PP e 9yt BBWPBtﬁ“%W"Y
pl asma processing of a work 10 piece. 31.. The nethod

of claim 26, including the further the step of fixing
t2e pdEhd methoddf claime 26axlwirein steps é3)aad (© |2eg ¢arned outtthe

f t. . 32.. Th t hod .of cl 27, wher ei .
oA Ge AL iR el e SnutnagsBef mediSisidy grpsitve
agdveena. 33. The nethod of claim 27, wherein repeating

step (b) includes reconfiguring the passive antenna.
20 34. The nethod of claim 33, wherein reconfiguring

et Lo AR bRERGy 28 PherkSreel (SRR AR B SY

Pé&érmiging & effudfoPibs irf fi€ld distritaigh bg plddmapasceksitg of a work
antenna orientation; changing the passive antenna

sPI&- changi ng the passive antenna shape; and changi ng

the passive antenna 25 material. 31 SUBSTI TUTE SHEET
(RULE 26)

31.  The method of claim 26, including the further the step of fixing the position of

the passive antenna relative to the rf antenna.

32.  The method of claim 27, wherein repeating step (b) includes adding a further

passive antenna.

33.  The method of claim 27, wherein repeating step (b) includes reconfiguring the

passive antenna.

34.  The method of claim 33, wherein reconfiguring the passive antenna comprises
a reconfiguring step selected from the group comprising: changing the passive
antenna position; changing the passive antenna orientation; changing the passive
antenna size; changing the passive antenna shape; and changing the passive antenna

material.

31
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