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WD 2005/ 059960 PCT/ US2004/ 041433 SEGVENTED RADI O
FREQUENCY ELECTRODE APPARATUS AND METHOD FOR
WORIFARWETY CONTROL 5 BACKGROUND Equi pnent fBET/US2004/041433
processi ng sem conductor wafers in a plasma gas
environment typically couple radio frequency (RF)
SECMENTED RADIT FREQUENCES HIECTROBIE aPHARATIECAND METHOD

surface treat menfoROONIPFORMIEY CGNIROE! chi ng,
deposition, etc.). In a current reactor configuration,

the RF- povvered el ectrode receives the wafer or
substrate for processing. Traditionally, the

RF- powered 10 el ectrodBAiC}K@RGU@e slab of netal,
about the same size as the wafer, fh coupl es bot

Eduinghent £o5 AreRTSHAS amwe@d%&maf%fé i 2 Blasg,e3 %Vl{%&lent typically

e

of the wafbt (e0d., adfhihfelefdostion, lptet ). ('In a@rhrrblhferemor comffiigatatios, the RF-powered
novi ng through the RF-powered el e h
electro%aes?la%@?wa% oL G BBEFOTE (RO BL v SRaREPofbred
electroH@is aﬁéh?%& a9 B G W8 the 'sﬁn@ gizé hetbaraferd @hichlduples both, a high
e etch rate at the center of the wafer to
to low ﬁhquemay powEr gouecentifreugheitieywalesti & thifernp fashiens Generally, the RF-
poerPAEIERE s TED 35 P SRAV IR BB RUBR0S: BL lubse .

which Ishﬁox)’ih ﬁhr&?g}i tﬁE Wov%r@@el@étﬁﬁﬁ%‘i% wefentrol ling t he
rate uniform not al ways possible for, each

aqnutoslmgly, intorddirnig cpmtc;d dssetcinente prelosety o ibe Bt in partwular for

ma‘cchlpg]%u {;1%1;,&?0 ettg‘ﬁ é%t?srnghse%/ali%ﬁﬁttgé %%gf]thg ercéa'g nF process

param&&8 kudPas fresure) gid G lah@highso v frequensg pbwer m:ms hmmserg
and controlling wafer processing parangters.

Howexf@aropns;dtrmg the vide Varietiebetel piseesses, contEqlling thy ‘“ﬁ%h  tepformity s
equa t,ch _or ross the wafer
not alwags g O?f‘g”l? gornegﬁlg %ﬁ‘? e}*ngt{ahlhgﬁ?&fe %f exanpl e, etch depth
0As the Qbini condteoihdudngl ovestto swailat feruide sn eadi chip enhtheeffort to

_an ag aratus and nethod of proc conduct or. d
transitiggfte 5 0 0 piages vire JaisCoshaAV gt @aﬁ%%% H] d“omtormg an
controﬁﬁlg‘;xgﬁér pémhé‘ﬁﬁﬁﬁee}' erfChidReiddle, § Wlll hEcorké ﬁ@?@dl‘?ﬁmﬂﬂ@ maintain

enbodi ment relates to a power
equal aﬂgmeddpesiualfrqmemmm tkd wafer ledding pxpmmuuﬁorfrmty o ﬁmedamgle etch

o R T P R L OB S
procesgilﬂ §5rﬁf gﬁddc@(ﬁ] \#’Q@ 1ﬁ gidg tga@élﬁﬁfo‘hﬁféﬁts Iﬁvﬁ@qﬁi@@oved process

ctrode surroun he first electrode;
uniformitg lhexobs the en‘ateaun%tbe ofthempésed bet ween the fi | rst
el ectrode and the second el ectrode, wherein the
dielectric material electrically isolates the first
el ectrode fromthe secongugiMaRyde; at |east one

dual frequency radio fr e_ueFﬁ/'T_RF power. source
aOnpembodimentreiates tRA nowiee pegaented powered electrode apparatus for

providing uniform processing of a substrate in a plasma reaction chamber. The segmented RF

powered electrode apparatus includes a first electrode; a second electrode surrounding the first
electrode; a dielectric material interposed between the first electrode and the second electrode,
wherein the dielectric material electrically isolates the first electrode from the second electrode;
at least one dual frequency radio frequency (RF) power source adapted to output RF power at a
first frequency and a second frequency, wherein the first frequency and the second frequency are

different; and at least one radio frequency switch adapted to at least route the first frequency or
1
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first frequency and a second frequency, wherein the
first frequency and the second frequency are 35
waledobeswrd ; and at | east one radi o frequency sBET/UR2004/041433
adapted to at least route the first frequency or 1 WO
2005/ 059960 PCT/ US2004/ 041433 the second frequency
the secﬁlﬁ@ﬁ‘queﬁcﬁfrohﬁhs it loas ofde dhalffregqgermyspuso to te first ¢léatrode, the
first elec de, the cond el ectrode, or the first
secondgleetpdle 9 tgdrst ﬂ%‘”@‘@&?ﬁg the ﬁﬁ?l}cﬁ‘gﬁcmiﬁ ot her embodi ment
ﬁgofi‘ﬂe@ SbBdfnchY peﬂt@@%oea SURRAE Supfbaidaskel & ﬁfat suBstrate in a
strate 1n a plasna reaction chanber of pl asma
plasmapeaxﬂma&hmgb@}dttherrplaisme pmbsmga@tyetegu ﬁwbstraﬁ@; ﬁWﬁgn@udmg a first

fi 5 d
e ST S S O AR AR by

betweelﬁ%.é"ﬁ%’ﬂ efebtode d’nﬁ&h@ée‘é@h& gderanRdwhbRisERe @Mecﬁh@ﬁiate@ﬂe electrlcally
wherein the dielectric material electricall i sol at e

1solate$ ﬂe ﬁrstr@etctreﬂ@ ﬁpm)hhe s¢qontheleodes ebleastong dpp UChgy radlo frequency
ast one ne ’

(RF) pggarr Sé')grceailt Faesgglile glﬂai é nc??iécgﬁ fg% @éﬁ?ggﬁ@) éé}g%rusgﬁig@ adapted to

output @Fﬁov@?\%ﬁ fiss® We@@erfég}&ﬁﬂ Qdedond fasqupndy, REenecmﬁe st faaquency and the

first frequency and a second frequency, r 3
secondf freqyendyr arg diffresntasnd at H@Sﬁ@lesféé@rfée‘h“i?@é’uﬁé‘ﬂff; aﬁ?@e to at least route
the ﬁrsg grfgfglt%ngg}t of th%rbg eas%r %}pﬁ%rtﬁ@étqea{sf &Ih@ﬁeﬁﬁ‘éﬂc?lgource to the

irst requency or t he
first els@fodathé Eaﬂﬁ& Elby‘trf)dl@mr thedfiratt eléotrmd amdlﬁledaajndfed@rqmdncy

source to the first electro t he sec ectrogde
oA fyrgfer pnxbgfhnaqnéaqmt%@ RN R PSSR g & RiaSha

procesglﬂgts?s‘? Tom, ot H‘Fggpe E%g?&f; ?ag ﬁ’orﬂﬁé heghst@te di LEDIFABGupport in a

4 ng system conprisin
plasmd f&ctﬁl&ﬁm& (§)egenstatipg iplasmg 1mt1@lmmaate@ctm chamber with a
substrate support.in a 1 reacti cha
segmeptsy Ryrureat] HgE e BRLE Rl SRt P ot GRpgpnding the
first el@%ﬁcj‘(‘leam'gl EONERLEHY RieRAWRESRD &l BREWEQBe Fiddtieh@tradé hidthe second

a second el ectrode surrounding the first
electroeue,ewheremehe dietkctricdnetesalt al¢atrieadly asalates tha st siesiigde from the second

bet t t t h
ctectsoFehgh ) ol GeEp RO arT A ron AP FafrrS 8 b Souree
supph&chﬁ; thé Fisdk eREBSAd AdGhE EQFLE BRCEETRRE thae hﬁﬁ@ﬂh@ﬂ@ceﬁﬁ@ is applied
(c) controlling distribution of power froma

aCI‘OSSfarSBCfaWWhRﬁthUWrtO beprasessed, whgppinididripwionpd th“r P%Wef to the first
electroglle } Ods%&c?r} lg%ﬁde %g%he Séls%tgagé {as%%gifi a%delt)}g ?tflegﬁs@ bhO&Mtch adapted to
at leasb S thafiest i qiéndRr R eRssend b@reatnfrdmsthe hbleast one dﬁaltﬂ'muency
power to the first electrode and%t%he second Iectr de d
sourcedp thenlirsselbesrqds: theisscqpdreiesiteter o fhofirsi deditods dad {5 yeepnd clectrode.
adapted to at least route the first frequency or the
second frequency fromthe at | east one dual frequency

source to t h@RIEFIHESCRIRTIONOFR THETRRAMINGSCt r ode
or the first electrode and the second el ectrode.

BRIGFL HieSOReEPT sepmared FdipRaguencselericpde and §wiishing %;rgaYaaccordmg

nted radi o frequency el ectrode and sw tching
toang}ﬂ?(gﬁm % or di ng

FIG. 2 illustrates a segmented radio frequency electrode and switching array according to

an alternative embodiment.
FIG. 3 illustrates a segmented radio frequency electrode and switching array according to

a further embodiment.
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to an enbodinent. FIG 2 illustrates a segnented radio

frequency el ectrode and switching array according to
w@o0at5%ba er nati ve enbodi ment. FIG 3 ill ustraP@&pus2004/041433

segnented radi o frequency el ectrode and sw tching

array according to a further enbodinent. 2 WO

2005/ 059960 PCT/ USZ2E0AMOEDAESCERIPTADNED DESCRI PTION In

the case of a_ sem conductar, wafer, jt.is typical

bdesigede &

i cess o1 SEHOBORCIGNIR G SR ~Eptfomy
process%{%rco];t?%?eﬁg)fotsédﬁlrﬂ@é 81;]%1“8 mrﬁjfd}ﬁ REnttitoRAEE tHeh@Fe Alccording to one

. g to one e control of the plasnma
embodiRAS ichittrélfdeplasneddanistth isachryadwithd sREMpRiRe R&dpowered electrode

el ectrode 5 whi ch bal
B RGN, SR
expose(% W AREer e \%e}@r gﬂi@(f@ﬁs Rhifrh & sfet Proceysgyales [during etching a layer on

rocessi ng, ring etching a layer on the wafer
the wafer obtiilditigup allayer drathewader. t he waf er. The segnented RF

power ed el rode ca e .l ncor por ' '

e SeturtobEF apeCeRons S TG Rt FERRTeE
electroSHRSIHRKE o SHEHo en® fSr 218l GRS 6 vetisthtewatieas asemiogndublor wafer during

proce55|né thereof. The electrostatic chu%k can
processiugihieieof ‘Bhoelpdtastatistebiatk esn commsise o pRolachapieek 9hgryPe of
ot ERRERERE 15065 05 bl S FEUEE L EEoROLE! A b ncomorae
in an uEHECIdcR&: 6f 2 pariitdl pldieblepkdearahgatem o a ptasamageation chamber or

pl asma reaction chanber or in other_systens such as

in othensystamaiLrsich e by indg iy by ?om, and,a hslicon p,gqs S@?’st o
:}g gl%wp cgaag ? erg?éssﬁrg%c\ﬁz?ﬁf iq't?s 3s Qlesirddtto pfoH@sl@lthiform plasma

ovi de a unii form plasma 15 density above
densityt |_z%ﬁ)v@ XRas@dsauifaceofthe thkriabeprocessbd Hooecegsdepending on the

, d di
N T NI TR
the wa q%%@l{%c%g %‘\ég Iir%s;agﬁ%ﬁﬁ{)glﬁsgrﬁé' BERRS mdyHe drotéred @lfo whide center than at the

reater”at "the wafer center than
edge tidredfioe (\jfice ld'@ﬁsal Tae sefmanted/RE powered zlecFhée aesgring torrembodiment
power ed el ectrode accor di to .one e I e . . .
can priya G008 BERE AP AP ALY Ty BT AT oy at g umiformity
compa?é&’@tp?&’i@%ﬁy&kﬁﬂ%?é’l@&?&fe arfngdphd. Mty 20 conpared to
previtousl'y known el ectrode arrangenents. A segnented
RE spementetiRElpeviraiddediade having ddasl fraqugueaye sawice can be used to

e PR b MRS 0 g e
electro?% g%%?{)ﬁtgf]a &l 8GhE QRtrhie s 15}?:@!’ et @t@ves awhfee foi posdessing the

t b
_ at receives a wafer for praqcessing,. the
electrodleean imiiglecatrastrchistidleetrodedagt cicylpy decteadgl gridyysecond electrode

(e.g., ér?g-giabetf ial[agtgol es. Xl (Flgl%(gtlolg %latééfmij (@g.;c’ﬁﬁé}qg irﬁél‘f)géerd%%veen the first and

the second electrodes to electrically isolate the first electrode from the second electrode.

Preferably the dielectric material provides sufficient insulation to substantially reduce RF cross
talk between the first and second electrodes.

A dual frequency RF power source (€.g., @ POWEr source having RF generators
outputting 27 MHz and 2 MHz RF power) can be connected to the first and second electrodes
via at least one RF switch. The RF switch can route the RF- power to either or both of the
clectrodes using the at least one switch. For example, power can be routed to the first electrode,

to the second electrode, or to both the first and second electrodes. If desired, a pair of dual RF
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25 (e.g., ring-shaped electrode). A dielectric

material (e.g., ring) is interposed between the first
wapras/54960 second el ectrodes to el ectrically i sPUBHUS200H@41433

first electrode fromthe second el ectrode. Preferably

the dielectric material provides sufficient insulation

power sBQrcééJ@a‘htWHsb@td Muteashives idhedisistectiodt kndieweemd diestrode in equal
first and second el ectrodes. A dual frequency RF power
or uneqed wMeEN{Se. g., a power source having RF generators 30

fngt&xg ﬁtgg.lillgne%‘l fl sﬂ\égﬁ AfG21 24‘510 E"t%at@ SYehater RtheBrk @R RE&hREnductor

second trodes via at |east one
wafer WREs suipbéieddl on'l';hﬁle’Eats\Mllbpmt E2Anintioefoemtdfe wRifer @mnlénsyqt@m 110

th
located Stlngpg?mg %ngéag pﬁa&&éﬁg]eg ect ’ ?a%goér}ldg ﬂg 85%% syste ﬁﬂf‘fo includes a
segmenhc]l lﬁ? ?1% ﬁode f%) \R'*iheh %&?9@%&":@ Tdc'étﬂyl Qar gﬂhe bfobtdf couphng

secon ctrodes. desire a pal r of
of RF efléigly 11RE 1% ;\mrﬂ@w (EeG60pRETA us@:@mw/fmih@,ge RF powered

e S At AL SR i o

electrod: ual di%[E@H{btlﬁateth 160as ﬁfté@@@ﬁ%ﬂﬁeeﬁhﬂa\ﬂrdt BleEilr@e M0 ad the
strate or wafer in the formof a sen conducto

second ‘a&f;'eodew 505 Thepheleetrd nuertel $oMrrovides elegiisal isolption {’Wﬁ%the first
waf e stem 110 5 located in a plasm
electroéeeg@qngﬁﬁ% ipl%girocge %féasma reactor 100. The chEck
Sﬂl% tﬁ%gvei&aﬁoa@ c40 1§ FefBrabBagroalii and a&emme raefitstedadios (R el 42. The
O which can be used to | ocal I&ﬁvar he ano

first radmsuﬁl]l) ng2 ioprefratdy abepf /&0y’ pithgteialnadivg (gor qﬁ)értpég us (R3) 154)
of the Igl%‘ B%‘F‘FIS@ 8lei§6dq\/\ﬁ3tqe "Bor BRSm %gt'ﬁ@ Titrﬁ Jadflis @OYAUEQ S a gegmented RF

es a ’rst ectrode 140 an
powereﬁeé@&%d@ E‘cﬁ%UO@dﬁmlﬁﬁ‘elSwhrhawbdum Thenf (1815 cne) teabpwded1.25 mm
. Adielectric material 160 is i sed
(13. 125 m;) fand snore peederallar@beut Odner (¢ (k8 19 a@%ﬁ&ﬁﬁ 42&%’@ %nd most
t | 1
preferalllogloqbgpl Onggg{ge&,}eﬂ;]l cC materia 60 provides electrical

the first electrode 140 and the
SEeechnd! datiode @40 Sthrefetubly fingthapedand @d@ndﬁéb@tW@n a second radius

®2) 12w i 310 d e Reopnd st ar P s 3 about
to abo%g/?ls)f fle Eét?lhlgﬁlﬁgh fol 8&1 1¢, 364 44500(8Mm Rafeh) 'tliéiserc@ﬂdl i:ﬁlu(sRR)Z) 152 s

omere 8l ectrode 130. For exanp
betweenh®otfiti 18515 mac{1us7 5(dﬁd)) to Bh@utdB 125 seyridhi 88 e ang Ip@wr@grably

shout ?e(lh ri%}?éo ‘g%) ];t% Ogﬂgmmw%? ﬁ‘?f? %gitgper %%%ﬁr?t;o%t Bg nﬂﬁ]to about 100

mm (9 %%{o%a&hy BRAHEd ?a(humkn)z(si 154 kxtbRdsaee thel dedteror &ﬂelsegm)ented RF
nost * preferably about 90 m’né9 cm . The second
powerm ﬂecttrcxdddmwthe@dgc of heaptopdrelasodhbfed and ext ends

en a s di.u r

DL AT e b PR A9 e ond
electrofd[a 98) ahPUlbctlic4ily RlateR bt elétéodel140 Hiwni titealecaraidtlersrode 150. The

For exanple, for a 300 nmwafer, the seconoller adi us
dielectfiRMatdrit 168 should be of a sufficient thickness to suppress RF cross talk between the
first electrode 140 and the second electrode 150. Preferably, the dielectric material 160 hasa
thickness of about 5 mm to about 10 mm for processing a circular 300 mm wafer. It can be
appreciated that by electrically isolating the first electrode 140 from the second electrode 150,
the RF powered electrode 130 can control etch rate uniformity on the wafer. The dielectric
material 160 can be any suitable material such as ceramic, quartz, polymer, or Teflon.

A dual frequency RF power source 170 adapted to output RF power at a first frequency

and a second frequency, wherein the first frequency is different form the second frequency, is
4
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bet ween about 18.75 nm (1.875 cn) to about 131.25 mm
(13.125 cnm), and nore preferably about 70 nm (7 cm
W 0008/0529650 110 mm (11 cn) and nost preferably abOTUSH04/041433
mmto about 100 mn (9 cmto 10 cm. The third radius
(R3) 154 extends fromthe center of the segnented RF
connecRAWe tiedirel dedtrodd @40 30d the stévmdetiptrods 15heiags tegsicone switch 180.

R SIen 20 22 e S 7 L, L A
power ?t.?ﬁé:’ﬂfét Fgéél%t:{r QR R AT RuBEdy! tegpédtivelys Ot @&indse dppeeciated that

irst eleCtrode 140 fromthe sécond el ectrode 150, The
the duatifrequenty RE poetee sowbe ¢80ussiany combisaton of Sequepeipeith 2 MHz and 27

t hi ckness. t Q suppre RF cross tal k between the first
MHz frggsncies @nﬁi%e%‘%geqeﬁ}%@bcﬁe&‘ el ect rode 150.

Refaelcak! e stviteh 486 sadhpied tomfudy dt ddastlthe fiastfrauency or the second

thi ckness of about 5 mmto about 10 mm for processin
frequerydiane tHezat leagioonerduabfrequeney sasgs 1o 19 dhebiist %P%?‘g&@hg‘?‘ second

ectrical l,y.i solaki ' .
ctccrofi S, BE bS] A BB P WP DA BAE TS0, iyl b
180 préi3@bBARCIa@td Bist ot iedhifi@ireays2f lapted yo supplyhthedahlkfrequeéhey power

dielectric material 160 can_ be an s_wt%glg magﬁj r|aI1 he dual
source ¢a/di fugt etesirade &40,qnd aisscond sMteRing %ﬁyqagfh dapge fpaqupp y the dua

frequelac%\%g)uw%g%gugg%: ?0?@%‘@%00?18 WeEhode/ S 2 d8RA 88 iHeQwRtthRistarfAys 182 and 184

_ requency and a second frequency, )
includo\it@sRt B sitteh positsonsf pesitivani 2, isd irespectively fayreach electrode. Switch
second frequency, is 4

005/ 059960 . ...
position ¢ UG EMHEISY CcBerie e dav GRFREVT'P g clegtindey Sidieh position 2
of the %QCW&@%Q%E Sb&mlREGerkby Qo WePel@trod8 ASThi IR switch position

power sourcCe has a first RF
3 of thg ewgelah® arrdy? Zheael eetende dloesmabt REcetyeredthar WequERAy.t 0 out put

RF ] he fi t f 1
FheaHap F1Bc2dBe PPYE! pureeil 1 Helpab Ny BPSE SAVRE generator
174 angl%ﬁ%% Lluf) LEADF gazl?gsn\gi?eéfgo\fmﬁftbﬁrg& @BofIE saMyhing arrays 182 184

is contferted de thei 25 MBlzi Rig getecatpr Bite iveanwhileqivetabi positioneis gonnected to the
| east one jtgh. 180 s apt ed :

2 Mt R enefiige L, Vit ositriE A $9e8 St hofin hERR che® MHz nor

2 MHZ RESEn@RSr BUdhnédi@ie@y: 5o tist eletiffdd Di(t drethé becond electrode 150. A
el eCtrode 140, the second electrode 150, or ﬂ{@ezﬁi rst .

hi passefiléart178 dad adaw gne filkrs 196 pravantdhe d Midaand ty, 27pBlzfrequencies from
| east one swytch. efer i des a first

traveligg i 398D Sfi‘? ?%?Ft’fg%’ §§8§% eg 0?% " ?yp%%éét he dual
fsxgﬂawid@gmef thd @iﬁﬁ@lﬁcﬁrsdd switdhéng érrzg):j 188l ety albaves 2AB[Hz RF

encrgytindboduh orod fesipa i 105gags | L Ragdtton, HaNLed g sSeotl dlectrode

switch{elrlgia%a{yg%ﬁ id79% i@?&gﬁfo&bﬂﬁlﬁﬁ%ﬂ&% &QPI ANIAY R &fer &N be delivered

ude 4 swi tch positfons, position 1,
to the gacond eledtrodecisjoe dh ithie birarfgement die bt gadwmtioBwr qudd occur

oot s A B SRS B S Ehgoae. Ass
conse € BB 2 FOBORELE 5 SEGAP oNgae i hd e o

waferSW t ching array, the el ectrode does not receive either
frequenc

The apparz%fls also includes a coupling switch 190 adapted to couple the 27 MHz and the
2 MHz RF generators to one another. If the coupling switch 190 is in an open position, the 27
MHz and the 2 MHz frequencies will not be coupled and either 27 MHz or 2 MHz frequency is
delivered to the first or second electrode. Alternatively, if the 27 MHz and the 2 MHz sources

are coupled, the 27 MHz and 2 MHz frequencies can be delivered to the first electrode 140, the
5
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As shown in FIG 2, the power source 170 preferably
includes a 27 Mz RF generator 174 and a 2 Mz RF
w@emsnswer 172. Switch position 1 of each of tPET/US2004/041433
switching arrays 182, 184 is connected to the 27 Mz
RF generator 174. Meanwhile, switch position 2 is
secondogdemede é60,tar to beth tBe fit4 clRetrqptenici0aind tha Reondselectedre 150 by

ition,3 is. an tch nei ther the 27

amu“ﬂ%iiﬁﬁﬂ“‘k@o g 0 gﬁa¥ﬁga¢m¥gﬁ%okgected to either
th %oﬁtkdl%tmtel'%%éf@%ly]&ﬁnﬁfs th® 168¢ oRIswik@Ct 800 e sWARhind arrays

hi pass filter 178 and a |low pass filter 176 prevent

182, 18handxthyppntzeigwiteh 199. Whaccfnt@au@uﬁé%ﬁrerf@r@w inglpdes| 4 gegaputer or

iR REA LS RS Bt BB 20 e

secondMbdifode 190 21T Ekirdd Zh@zﬁ' 1¥asBbhestEtcR 1 8O Hhe Rivitcking agyys 182, 184, and
be delivered to the first electrode 130. I n addition,

ﬂwcoMnﬂswu¥h290pﬁeb%@m@ﬁadéw@@t ode 25 switching array 184

ePB YRR REIC. Fabfilofthe Mok Aicfinlidenirations and the
relative RFt dhleﬁgyaddirag"mteartb the fivst glecsida 19@ ard titei secondosiéarode ddo are
predom nantly over the center regions of the wafer
ShOWH@WkéVﬂl?ﬂﬂ§ﬂ el ectrode or inner electrode). As a
consequence, the etch rate at the center of the wafer
woul d be higher than at the edge of the wafer. 30 The
appar aTABIL®E ko i ncl udes a coupling switch 190 adapted
to couple the 27 N+h nd the 2 Mz RF generators to
ta As Bne pllng swtch 190 is in an open
i tien, th 271 N+E the 2 MHz frequencies wll
ﬁ%? beygoupled and eltéﬁﬁ 27 MHz or 2 MHz frequency is
d&Tiveded to It he3firsvpar second el ectrode.
tern tlvely |E the 27 Mz and the 2 MHz sources
e co pled 27 MB®and 2 MHz frequencies can be
d@llve@ed to;ghe3f|rsbpﬁﬂectrode 140, the 5 WO
2005/ 059960 PCT/ US2004/ 041433 second el ectrode 150,
o@ to Bbth the filrst ep&ctrode 140 and the second
ectrpde 150, by, adjusting the switch positions of
t e swi'tching arrays P8 184. A control unit 192
ppeferably controls thgeat | east one switch 180, the
swtching arrays 182, 184 and the control switch 190.
The colfrol uhit 1192 pP®fFerably includes a conputer or
r ce r aptpd.d 0 control distribution of RF
%&%? ?ggﬁheﬁﬁpr%?pelgc ?%de 130 and the second
etﬁgzrode 1401 | B8 destcloesi the at | east one switch
180, the switching arrays, 182, 184, and the contro
sti t ch21gh caR bd opefF®H manual I'y. Using the
switching array of FIG 2, each of the various
swi tching configurations and the relative RF energy
bai sigrationt &e stvitching betweeh pebiions is geefddblyagradiroHable dywandically
el ectrode 140 are 10 shown bel ow in

from a process recipe and/or in response to a sensory input ch;? g}')t?mlllr:n uniformity control. For
example, as shown in FIG. 2, if a plasma etch process starts with a known center-fast step and is
followed by an edge-fast step, the process could be run in switch position 2 for the second
electrode switching array 184, (and switch position 3 for the first electrode) during recipe step 1-
all RF power to the second RF-driven electrode counteracting its “natural” center-fast etch rate.
During recipe step 2 (edge-fast) the first electrode switching array 182 could be run in position 1

(with switch position 3 for the second electrode) to produce a higher etch rate over the first

electrode.
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TABLE 1 First Second ABC 27 27 1 1 open 1527 0 1

3 open 2 2 2 2o0pen 202 3 open 027 3 1 open 0 2
w2500 20 27 2 1 2 open 2 27 2 1 open 27+PCRUSRD04/041433

1,2 1,2 closed 27+2 0 1 3 closed 0 27+2 3 1 closed

25 In operation, the switching between positions is

[Tt efnelabbey appesdisted thabihe cdiytnalddahdtiiputidir efiRBppwercmsde used to

=Y AT TR A ——
exampigel ffe e%zhf lafe & Stl?é i gﬁritogfti‘héf)\g/?%? Ssh B Rbicasell With fosBE®Wthe etch rate

énter-fast owed by an edge-fast
at the hep of theavgfedsesstingmiote RE powar forthe sécood elpotrpdd han fo the first

for_the second 30 el ectrode sw tchin rray 18 d
clectrody TRADISBET S s HekEs b e < PEBEF BLey o Fféﬁg‘g&g Can be
forth a:{qﬁnﬁgag t- all RF power to the second RF-driven
perto efdéc rode gyounteracti ng its "natural"™ center-fast etch

rTatadditioByvia tige RE svpehing epays 182db#4, thestepmentedRi-pewered electrode

el ect rpde..sw.t chi . 1 o D it
50 SRR L A R L B ) B e vt
and in {2 PEREHICR cah B SiREci RS that @ik @eg‘p@iteﬁm sti fosth above are only

el ectrode. 6 WD 2005/ 059960 PCT/ US2004/ 041433 It

ca
exammfsgud e ampeims of power to it fishelectenderldl aad the S@P?Iido‘ilﬁqt&ﬁlg 150 at any
of . RF r,.can _be u . i .
e B RS D I A 2 SRSEE38 picion
to the #Bipe\WahE that EQH be GedBheh of the redijmh aradrdy atfewlod the examples of the

peri phery of the wafer can _be increased wth respect
segmentsd Riep@verRd elepodeas depraibsd Aersin W&lﬁﬁéﬂ Rafesd teym?’fove etch rate

it} 79,10C2 T pover 1, Lhe Secona sl ectyode han 1o

dFIE3. Biib b abernatvepantsdithent\od fliesegmehted Rfopkezeredalebode 120 having
a pair gfe c{ufa(l) %rgglgen((j:%// rl]&‘rgo%vaelr lsgﬁrces 170, 171, wherein each of the RF-power sources can
provide 2 MHz and 27 MHz power to the first electrode 140 and the second electrode 150 via a
first switching array 182, and a second switching array 184, respectively. As shown in FIG. 3
each of the RF power sources are connected to either the first electrode 130 or the second
electrode 140. Thus, the first electrode and the second electrodes can receive both 2 MHz and
27 MHz power either individually or simultaneously. Each of the switching arrays 182 and 184
include at least 3 switch positions, position 1, 2, and 3, respectively for each electrode. It can be
appreciated that the pair of dual frequency RF power sources 170, 171 can use any combination
of frequencies with 2 MHz and 27 MHz frequencies being the preferred frequencies.

With the arrangement of FIG. 3, each of the various switching configurations and the
relative RF energy being routed to the first electrode 130 and the second electrode 140 are

shown below in Table 2:

TABLE 2
First Second A B Cl C2
27+2 2 1,2 2 closed open
27+2 27 1,2 1 closed open
2 | 27+2 2 1,2  open closed
27 27+2 1 1,2  open closed
27+2  27+2 12 1,2  closed closed

7
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15

In addition, via the RF switching arrays 182, 184, the

segnmented RF-powered el ectrode 130 can be used to
wa@l2esos4990 and dynami cally control the RF fiel dPCT/US2004/041433

di stribution beneath the wafer and in the plasma. It

can be appreciated that the recipe steps as set forth

ARRyghafiR @odinéhtekprleeasdantbedin tanmmﬁa fst glectendetand a

the first el ectrode 140 and e second ect ode
second electadle, it sembnepmertag hehBog ﬁaﬁv RO BICETERSS PR OF Pf‘ﬁdt%ﬁ gyparating

the elecf‘ H&’e ﬁl@(? %n%s i oﬂgr o niRGe fﬁe%@@i@e@sﬁnﬁcé beh uatfb@Ritd SEach®f the

that can be used. Each of the recipes
electrod@s & pieerab&ly éleWnoﬁll}t iselated drmph He adjacbmeeleogt@gqu@é@electnc material.

S!St 002 8, 05CELRS0 Ne LML €3 o
chambe?He% ﬂ@gﬂéx%ﬁg [Wets, efectbf RRTERIPErakire BOWRIsEBSstrate or wafer,

aving a pair of dual frequency RF
gap sizepsvmecrsoppret and londr elb7ttodeshgascbaffle designef a shovwr hgyhglpctrode, etch

I TP RTERO T e T

match thé (féﬁag%gb(ilﬁf&ﬂ&tsaa”t each el&@nod@ Besed onaGOMeh ISWVphash iand matchlng
respectively. shown in FIG 3 eﬁfh of

requlreﬂnhms Rthnlom&le febdsras elssigaddo @é}ﬁﬁ&ﬂéﬁn‘l‘ BrOSPISHAG U IOEM Y 1 st

e trode 130,o0r .t e
2 B O oo e s
operatl&?Gﬁt'hH %ré%@ﬁthn@en%ﬁ Hﬂdfev&YtHb’hﬁvdimm shaild hetrbe construed as being
I ndi vi dual l'y or sinmultaneousl Each of

limited 4o theymrti@darembodauents ¢isqusersl hus fhe gbayes S?%‘?F\M crfodifents
0Si ti 0 Raehht
o BB 85s 1RRL|bs  90fle PR MLy
worker§l$idlled fieGib @R GYayRiTalOwsEiatiSInUD Gbrsebﬁ[bodﬁﬂmts:‘eitthmgelemmng from the
conbi nation of frequencies and 27 MHz
scope off thapresast Evepdome ¢ G%P)éf@r%%]w* IBSci es. 25 Wth
the arrangenment of FIG 3, each of the various
swi tching configurations and the relative RF energy
being routed to the first electrode 130 and the second
el ectrode 140 are shown below in Table 2: TABLE 2
First Second ABd. C 30 27+2 2 1,2 2 cl osed open
27+2 27 1,2 1 closed open 2 27+2 2 1,2 open cl osed
27 27+2 1 1,2 open closed 27+2 27+2 1,2 1,2 cl osed
closed 7 WD 2005/059960 PCT/ US2004/ 041433 Al though
t he enbodi nents have been described in terns of a
first electrode and a
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second el ectrode, it can be appreciated that nore than
two el ectrodes can be used for separating the
WeLb@shswee i nto zones in order to achi eve the PEBFUSMA4/041433
surface etch uniformty. Each of the electrodes is
preferably electrically isolated fromthe adjacent
WHATEISECT AdMETDIS:a dielectric material. 5 In addition, it
can be appreciated that, because the plasma processing
is a function of chanber pressure, process gas flow
r gt es, A8leembhiRd RFRMRId d18¢TRRIE Ahp4rauS Forluie 1S plasihk picessing, the
or wafer,” gap size between upper and | ower
apparals eompodieg; gas, baffle design of a shower head
eleﬁtro e tch materials, RF frequencies and process
wi hEHEHAE: el ectrodes in FIGS. 1 - 3 can be chosen

t 05 sd¥BhLE Bletiedwlibasding apUirkedIestiodeat each el ectrode
based on known RF phase and matchi ng 10 requirenent

t oadigl¢apic material iafeuRosad befn & st eleriiadg@np fhessegond electrode,

-pr.oc I els . - i I " )
e fSREREEAR AL T R85 E5E Do Bciode,

opef lRhdt @Re ahaltffequeicgsadid ffequentlyi(Bl) pbowesoarce adapted to output RF

i nvention should not be construed as b%in%: Iiniteg to d
power g fifsh fiepeancy And Aseranfaucney swhaswdhe fig dreqpeney and the secon

- I enbodi nents shoul d be regarded as

frequel I %rgtdﬂg%%égﬁgt her than restrictive, and it should be

appt east ahe cadih tquishcywwitelr adapheid|tb atlleast rotte tlar firshfrgquency or the

ke varjations to those. enbodi nents w thout departi
second ReRAbToBABRS 1515 PHEC s BEEHGRCY SOWRE Folhe S5t st B scoond
f i j 59960

electro(Fi%ET_o/r 6%%2%%%%%@??? nHEtvl\'lHaAé'I%G%MS-21 %E%?%%D IS: 1. A segnented

RF powered el ectrode apparatus for use in plasm

prqcessing, the a ratus,co IS4 Ng: first .

el éct r odd® 2BPERYY 888%1“8(,11? W&&r@@{%ﬁ%}%&% Cﬁﬁ 8? et §ifqplgr mmer
clectrobectrode; a dielectric material interposed between

the first electrode and the second el ectrode, wherein
the dielectric material electrically isolates the

first electrode fr t he second.el ect r.ode,

oS PR P, RRRTENE b et 8 b ot
electroagdapted to output RF 10 power at a first frequency and

a second frequency, wherein the first frequency and

the second frequency are different; and at |east one

ragi o f ' . : .

R R
the firdt @R tro@O fofiuBé sdcond vlebigydeSosuppressing reelid frequency cross talk between

el ectrode, the second electrode, or the first

the firgt jelestrpdrianchihg se98d sleclpde- el ect r ode. 15

5. The apparatus of Claim 1, wherein the at least one radio frequency switch
includes a first switching array and a second switching array, the first switching array is adapted
to supply the dual frequency power source to the first electrode and the second switching array is

adapted to supply the dual frequency power to the second electrode.

6. The apparatus of Claim 5, wherein the first switching array and the second
switching array has a first switch position, a second switch position and a third switch position,

the first switch position routes the first frequency to the electrode, the second switch position
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2. The apparatus of Claim1, wherein the first
el ectrode is a circular inner electrode. 3. The
wappanstoes of Claim l, wherein the second el ecP€DUS2008041433
a ring shaped outer 20 electrode. 4. The apparatus of
Caim1l, wherein the dielectric material electrically
routes itteodeaorabrequisacy forthe elepteade; anfbthe thind swidchspastivg routes neither the first

el ectrode b uppr.essi adi o frequency cross talk
frequepey hord eSetcﬂ%d%F&@?C%Foe@?rekﬁ%o‘g%d the second el ectrode.

25 5. The apparatus of Claim1l1, wherein the at |east

one radio frequency swtch includes a first _switchin

. . g
ar7ay ahet apsaised Gam bavhegeinthedual frrguancy &F power sourCe has a 27
it chi.n r [ to supply the dua

Lﬂ&zgﬁ%éﬁ%ﬁggm%%%%¥ﬂ%%%?ggﬁ%§8¥he first electrode and the

second switching array is adapted to supply the dual

frequenclﬁ1 power to _the second el ectrode. 30 6. The

appar at ddegpracpiys pf Slaimie flther coraprisipg a ceuFqlamitagapted to control

switching array has a first

the at %\%\A&?}\éﬁ?&{r}g%?{a&%%?&g&g%%ond swtch position and a third

switch position, the first switch position routes the

first f t | de, th d swit
oSt t1 oS Hpesbuns Giace TR casatnes DFs T Egamber
whereinfie §ﬁ:€tg&ﬁ it HROHRAGY [P &ibgirsib %?%ﬂéo?? ¢he saBStrdtd Sugpbltsipports a

sSWwtc osition ‘routes neither i I rst frequc_ency .
single semicbhéuctaovafer, indthesnbsfratasuphert atodedes ed eleztrostatéc chuck which can

pparatus of .Cl ai.m wherein the dual frequency RF
beuseﬁﬁpémeécm%c I 5 Mz RF generator and a 2 Mz

RF generator. S. The apparatus of Claim1, further
conprising a control unit adapted to control the at )
| ed$t oridherappiretus pé Glramcly vhgreie Hie dbel Fequeney PYPeIrsQiiss comprises
. f. daiml, further conpri.sing . I e '
s singf s 167 oy e o d RSPl BURAET Bl e s requemcy and

the sedonl FoqaéeySiheRne single Meqaetytpoatee seupport supports a
singl e sem conductor wafer, and the substrate support
i ncl udes an el ectrostatic chuck which can be used in

t he,pla ' e > .
3 SIS IR ek s ThS ARRBAHLRRLy R pover
sourceChdMPrise£s firsd R¥ poglet sdures|aehe yecpodBIF pooter seyrcg itk first RF power
switch adapted to couple the first fr,equenct)(/edtoﬂfle

&
sourcegig ggnrltqg%dé% thsrlirst dlesiodn ayd therss gql%ieR]% e dens
second Qo fLOUT C€-

12.  The apparatus of Claim 11, wherein the first RF power source has a first
switching array adapted to connect the first RF power source to the first electrode and the second
RF power source has a second switching array adapted to connect the second RF power source

to the second electrode.

13.  The apparatus of Claim 11, wherein the apparatus further includes a coupling
switch adapted to couple the first frequency and the second frequency.

14. A plasma processing system comprising:
a substrate support adapted to support a substrate in a plasma reaction chamber of the

plasma processing system, the substrate support including a first electrode, a second electrode
10
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11. The apparatus of Claim1, wherein the at |east one
dual frequency RF power 20 source conprises a first
WRB00p09960 sour ce and a second RF power source, PCTES2004/041433
first RF power source is connected to the first
nd the second RF power source is connected

surroupqing e ISP 081 ek Galeciris Sl iolgparek v Gp dshelectrode
and thd decodBIEEkdHe! RBedeli] BE d ed?ﬁé’\ﬁlﬁteﬁgyélgﬁn@@ 1§(t)1fa§'g%ﬁe frat electrode
the Ti’rs power

swtching array adapted to connect
from tlsosecoml ¢lecttdde; fi r st el ectrode and the second RF power

[ d d
¢ nd 68 St i Hi5RE S8t o e REY BB eeep Ga ouput RF
power hBa ﬁirs'f‘ ﬁe@lﬁ&ﬁ@ff ahdig ségon@fﬁ:'qﬂéri]c%l whB8f&hE it 8red %ﬁ:ﬁr%ﬂ $he second

further includes a coupling 30 swtch adapte
frequenmmpélffqﬁ@ltmndst frequency and the second frequency.

s phspE oRR R ShTERE! PR AP RR A ko e 4R RACRERRRSy or e

second Rafich®NréManda et ohd@ual BlegsdiRy B6®EE fo5the First Yebdc8Bte, th€second
substrate support including a f| rst electrode, a

electrodecsile Biskeleetonile and ghe/cowbelr@BsiB60 PCT/ US2004/ 041433
surrounding the first electrode, and a dielectric
mat eri al interposed between the first electrode and

t héssecans s@btemtd’f@@lm wheyiehéin theatdésst Q6 ralli® fM@fuehdiPdwitch
el ectri.call isolates the first electrode fromthe

includes RIHliB %fcrﬁihscféequsncw stohingrerays dhe swikdhinmayaysger edapted to
supply TheaLE BeYu 1?? )RP%W& sotdb ?c?th%gﬁﬁte?&tljoge 91#& ﬁ’llétseé% d efectrode.

ower at "a first® frequency an
mhereln the first frequency and the second frequency
| east one radj o frequency swtch

ar dif rent
ad ted Sssﬁem@gg%éa%kﬁ Fherpan thedyel frequguenRy pever prurce has a 27
m{zfgegé;ﬁ{datérraﬁglé ZfItEl@gf:ﬁé?a@co?t | east one dual frequency
¥ irs

source to the ectrode, the second electrode,
or the flrst electrode and the second el ectrode. 10

15, Th wh the at |east
oo | FER SRRy SLIATEH . Fteluasriess Graiial yog duste 9 contol

the at 1b4sCEHERAI B¥fubhlY Rt rays, the switching arrays are
adapted to supply the dual frequency RF power source

to the first electrode and the second el ectrode. 15

IR PRI e .

the stepdofgenerator. 17. The system of Cla|n114 further

conprising a control unit adapted to contro
n‘s) supporting a substrate on a substrate support in a plasma reaction chamber;

(b) generating plasma in the plasma reaction chamber with a segmented radio
frequency (RF) powered electrode having a first electrode, a second electrode surrounding the
first electrode, and a dielectric material interposed between the first electrode and the second
electrode, wherein the dielectric material electrically isolates the first electrode from the second
electrode; and

(c) controlling distribution of power from a dual frequency RF power source supplied
to the first electrode and the second electrodes so that uniform processing is applied across a
surface of the substrate to be processed, wherein distribution of the power to the first electrode
and the second electrode of the substrate is performed by at least one switch adapted to at least
route the first frequency or the second frequency from the at least one dual frequency source to

the first electrode, the second electrode, or the first electrode and the second electrode.
11



the at | east one radio frequency swtch. 20 18. A
nmet hod for processing substrates in a plasma
wW@r@SAS® g system conprising the steps of. PEy/US2004/041433
supporting a substrate on a substrate support in a
pHgsna eactjon chanber; b) generating E[asna in the
plldsma Yedeetheshothisimds, irther eonauisingnoafroting distdbution of RF
power t4 BERANCHe @Bﬁ)raﬁ%‘f\g{e%@nﬁl' §EhE QG ARYi ng a first
el ectrode, a second el ectrode surrounding the first
el ectrode, and a dielectric material interposed

between.the firs | ectrode and the second, el ectrode,
\N%:Qr ei hFﬁ‘éet{S‘?i?égﬁFP g%nﬁﬁgﬁ comprisggGontrglling distgbeitaacof RF
5  power tdWciehéesthe @fcﬁ%t%%gﬁlefeﬁg@bf i€ s pd el ectrode; and

(c) controlling distriBution of power froma dua
frequency RF power source supplied 30 to the first

el,ectr ode an h econd el ectrodes so that. unjform

0 rzg.c es gfl}]egmfetgloé Bg P?aé]al ];C yvggrgma&w Step piggntgﬁ{l{lg] distribution of power
from tigtsl freduenE PREGoREP KeonBBiled Vs Bblkoluff! | bution of the

power to the first electrode”™ and the second el ectrode

of the substrate is performed by at | east one switch
adapted to at least route the first frequency or the
second frequency fromthe at |east one dual frequency
source to the first electrode, the second el ectrode,
or the first electrode and the second el ectrode. 11 WD
2005/ 059960 PCT/ US2004/ 041433 19. The nethod of O aim
18, further conprising controlling distribution of RF
power to increase the etch rate at the center of the
substrate. 20. The nmethod of C aim 18, further
conprising controlling distribution of RF 5 power to
increase the etch rate at the edge of the substrate.
21. The nethod of Caim 18, wherein the step of
controlling distribution of power fromthe dua
frequency RF power is controlled by a control unit. 12

12



