METHOD AND APPARATUS FOR | NDUCI NG D( VOLTAGE ON WAFER- FACI NG ELECTRCDE
BACKGROUND OF THE I NVENTION [Para |1 Advances in plasma processing have
facilitated growth in the sem conductor industry. Plasna, processing nay
involve different plasnma generating technol ogies, for exanple, inductively
coupl ed plasma processi ng systens, capacitively-coupled plasnma processing
systens, nHIREMEDoENG APRIA RAABDS POR ESHNGINYS DEY Qhd AGE Oike.

Manuf acturers often enpl oy ngq@rtg;@‘p\{;- EouRdgR@PISM processi ng systens
in processes that involve etching and/or depositing of materials to
manuf act ure sem conductor devices. |Para 21Next-generation sem conduct or
devi ces being fabricated with new advanced nmaterial s, conplex stacks of

dissinmilar materials, thlHﬁéﬁ“ﬂggb%?(”sﬁﬁﬁﬂ@r“?@é@ﬁres and tighter
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control process paraneters. art et hods
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facilita prior art
pl asma pn@messkagMSy@MEmbﬂ@@omnmhmamnexﬁemmahuEEugeﬁmnahmmuﬁ24n@9upIed to
an upper electrode 104. Plasma processing system 100 may he a singl e,
doubl e ( DEGH, }or tthhen&mﬁmuemﬁmnﬁﬁuﬁaaamhmEMgK&xkd&&ahamgeaéymudnl In an

exanpl e, radl C|es lnc re.not B 27 and
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subst r at gotdQfccb @iangocdiss pRsed paaabamw aydameritehectakodeadband Para 4] Consi der
the situation wherein, for exa substr 108 is beln&F§ essed

te
During plPREARSYVBEREsion glasghige gééﬁéWS?ﬁ 'TébgﬁﬂFﬂnﬁﬂﬁé?ﬁ fBund may

supply a plM: Bﬁvc@lsﬁ& D ONREratbDinl @V@rw@l&merxoﬁﬂml@@m&h& pUghsian b\RE;nrrat ch 118.
in an exanple, RE match 118 nay be used to maxi m ze Pomer dellvery to the

pl asma sYSHETHNSTRRAMBIREFO FIER) < ?@“‘@éﬁéﬁ Rlagma 19eq ¥RERSS PHAPHESr BBV i th a gas

to ignite,plasiPdal-peigas @ady Tph%esq @Hﬁu@rmnwugmwm&m sl i fy
schematic) between upper el ectrode 104 and | ower el ectrode 106. The plasna

may be udedugney EtiOreamdobeT WepBEia Dietostel #lusceont o substrate 108 to create

el ectroni c devices.
{Para 3} To facifitate discussion, Fig. 1 shows a simplified schematic of a prior art

plasma processing system 100 with an external RF generator 124 coupled {0 an upper
electrode 104, Plasma processing system 100 may be a single, double (DFC), or triple
frequency RF capacitively discharge system. In an example, radio frequencies may include,
but are not Hmided to, 2, 27 and 60 Mz, Plasma processing system 100 may be configured

to include a subsirate 108 being disposed above a Jower electrode 106,

fPara 4} Consider the situation wherein, for example, substrate 108 is being processed.
During plasma processing, an RF generator 120 with a path to ground may supply alow R¥
bias power to lower electrode 106 through an RF match 118, In an example, RF match 118
may be used to maximize power delivery to the plasma system. The power from RF
generator 120 tends to interact with a gas to igaite plasma {the gas and the plasma are nat
shown io simplify schematic) between upper electrode 104 and tower electrode 106, The
plasma may be used to etch and/or deposit materials onto substrate 108 to create electronic

devices,



[ Para 511 n the exanple of Fig 1, |ower electrode 106 is electrically
isolated froma grounded bottom extension] 14 through a bottom i nsul at or
116 Upper electrode 104 is electrically isolated froma grounded upper
outer electrode 110 through an upper insulator 112. [Para 61Consi der the
situation, wherein, for exanple, a manufacturer may warn to adjust the
vol tage di’a:u\mjer elreibe podeld G4 gr | oRGL ﬁb@sﬁai‘#ﬁi@@@s@mﬁg iﬁ@aipﬁi buinde

addi tiongl ¢ Ir;tq{ub} L‘gxdl‘ag)ll %§4@ﬁb&{(;9§3%%;§{y1ﬂ gl}bgﬁtgi)? e{ )?I‘U” ¢l io\{igh hage of upper

el ect r ode 10! & through an RE
mat ch . 12&cwichly aoipetilnmhm gpmuhdi up;Exbmmaécngémerfahmugliam aprannmhaozexarrpl e of
Fig. I, m%y be a high RE powered generator, [Para 7,1 In addition, Fig. 2
shows a si mplified schematic of a pr| or art pl asrra proceSS| ng syst em 200

with an ter rSource | e rode 104.
Pl asnma pr 66’5 i nngy‘g% ge“foﬁu‘ gengy b‘*“”}%‘ ‘\é’m?hp % éu”‘“tu ‘“#‘ng iy ‘P & ‘ht i oned
inulti-f rsejqx@ﬁn@yolmpax:m;tpbw@wme@um @x@L@Bﬁ&a pdm@ge:ssnmgos;ysm&im&@@ of Fig.
1. [Para al In the exanpl e, of Fi ext er nal rce, 224 is

Soubl o CEMERHEH TG B R TSy TR B P essgeE RAE b h Lo

ground. REjuich behn 242mhiSicd8R0F &4 rousiesh RP nf@vRdeidtieMUatioand of unwant ed
har moni ¢ RE energy w t hout introduci ng | osses to DC power source 224.

Unwant ed.Esapihgaicata 2dnisrbgeseaplgen Erat 282y b 4 Heh BF ﬁgﬁﬁ‘ﬁg“éﬁﬁéﬁ’ge and may

be kept from being returned to the DC power source by RF filter 222. [Pan
91 Consi dBra Hdn afdivien ¥ &n»sbméwﬁlmpliff@wt*émpéﬂ pfé@fnl&r?&ﬁé%eémwm&ay want to

adj ust th@st%”@@ts@tﬁtah@{te&ﬁ PORBHebeet bafdenh@4edduhh DSpPbR&MA RNHCESSI NG tO
provi de additional control over pI asma processi ng paraneters. The DC

pot ent i alPlismappgrersing ssemcde ol big, 2 jshirpike iathe eranepiopridgnul ‘2‘1““%&? “be adj ust ed
by enpl chjaﬁ‘&:tﬁvae&ﬂ e;>%1192%£~5§39l4{‘5§n 8o hiPara Winfortunately, the

af orenenti oned pl asim procéssing-systems require enpl oying an external RF

power Suqiﬂl% ég%‘ﬁ% gﬁpireI%Fki‘é%}e%&%m?ﬁ(ﬁﬂw‘ép%[ce heclbede: @upsd external DC
power supp to c DC potential on an up ger el ectrode to attain

addi t i onafectrod mm:@v@r mpﬁt}ééﬁ@ RaMatedapep arsndr BF iie22dyeinpiahe predof
ext er nal tl?ﬁ%[de%&%{;u%&&z Sﬁxmf%ﬁze@mgﬁﬁ MG én%@ygﬁk}%gﬁ ﬁocﬁ:@ﬂ&?{g%s%@@s' rabl e

oper ationa costs devi ce nmanutacturers F NVENTI ON [ Par aThe
i nvent i onponet aties,224nUenwboedd wembnit & Faenpmgy rogknéroted pr be ebshndischarge and

may be kept from being returned to the DC power source by RF filter 222,

[Para 9} Consider the situation, wherein, for example, a manufacturer may want to adjust the
DC potential of upper electrode 104 during plasma processing to provide additional control
over plasma processing parameters. The DC potential of upper electrode 104, in the example

of Fig. 2, may be adjusted by employing external DC power source 224,

[Para 10] Unfortunately, the aforementioned plasma processing systems require
emploving an external RF power supply to change the voltage on an upper electrode or an
external DC power supply to change the DC potential on an upper electrode to attain
additional control over plasma related parameters. The requirement of external power
sources may be expensive to implement and add andesirable operational costs for device

manutacturers.

SUMMARY OF INVENTION

[Para 11} The invention relates, in an embodiment, 10 a method for processing a



substrate. The nethod includes supporting the substrate in the

pl asma- processi ng chanber configured with a first el ectrode and a second

el ectrode. The nmethod al so i ncludes coupling a passive radio frequency Q F)
circuit to the second el ectrode, the passive RE circuit being configured to
adj ust one or nore of an RE inpedance, an RE voltage potential, and a DC

bi as pot enbiuate. dire hfechod eodinds elwwﬁin@de su@sﬁauean the2kThe-pabovmashemiry rel at es
It g (r)l(r;lt yl ﬁ(?}gfn%ié&} \tsn h F?h¥ffb%é8§ i \ﬁ’bk)q:d (tzthblft)db lrﬁl’ttﬁﬁ%fgtpi <(lj 35119(hl(1)(§,§90lp)?1[3& k (r_;r taﬂdl s
t he cl ai rqu‘h&rremn.tleffak@se(}Hndnamhenhefceamuremu@de thh@apive fentrchinbent i on wil |
be descri bed nore detail bel.o ed descripti

Pvent | orfOSHETTHOGBRFAREOT BTG O N HEPTGNTo i RG P arants g e b

D: ESCRI PTdotiial@n ildecRAWNGR. [ Para 13/ The present invention is illustrated
by way of exanple, and not by way of l[imtation, in the figures of the

acconpanyjppgh jaw mgsataRe sinmhirgRed tlok"ﬁ\Rﬁdfz@[ﬁ}@@}ﬁlnﬂuﬂﬁ&aﬂu&ltﬁSfflﬁé to simlar
el ements and in which: [Para 141Fig LZ WS a Si fied schematic of a
prior ar t“’ﬁl"ﬁ%‘hﬁ’“ﬂ?%&é%@i“rf@‘ ‘t"ﬁ“‘éfﬁ}db‘ edinbihe F{E’pbé \ ?5’[‘8‘?“080135 Fat o an
upper el g6tk QdRe cthiPandrekd] e and ofRONEN A SF IR btdbR theseliAM@NILE deRfibal pri or
art plia processing systemw th an external power. source connected to an

upper el éetieRidetal imbavaintba pigjled JessHptig ofithy inrEEPHAE CORIVIC RN YERYSdI ment  of
the preseagfioliAyeaption, a. sinplified schematic of an RE coupling circuit

ar r angenent coupf’ed to an upper electrode with a path to DC ground in a

pl asma processing system

BRIEF DESCRIPTION OF THE DRAWINGS
{Para 13] The present invention is ilustrated by way of example, and not by way of

limitation, in the figures of the accompanying drawings and in which like reference numerals

refer to imilar elements and in which:

fPara 14] Fig. 1 shows g simplified schematic of a prior art plasma processing system

with an external RF generator coupled to an upper electrode.

{Para 13] Fig. 2 shows a simplified schematic of a prior art plasma processing system

with an external DC power source connected to an upper electrode,
[Para 16] Fig. 3 shows, in accordance with an embodiment of the present invention, a
simplitied schematic of an RF coupling circuit arrangement coupled to an upper electrode

with a path to DC ground in a plasma processing systent,

[Para 17] Fig. 4 shows, in accordance with an embodiment of the invention, a simplified

schematic of an RF coupling cireuit asrangement.

{Para 18] Fig. 5 shows, in accordance with an embodiment of the invention, @ graph
representing dafa showing the measured effects of RF coupling circuit arrangement on
plasma-related parameters of the plasma processing system at two different capacitance

values,

va



[Para 171Fig. 4 shows, in accordance with an enbodi nent of the invention, a
sinplified schematic of an RE coupling circuit arrangenent. f Para 181Fi g.
S shows, in accordance with an enbodi nent of the invention, a graph
representing data showi ng the neasured effects of RE coupling circuit
arrangenment on plasma-rel ated paraneters of the plasm processing system at
two di fferent capaci talhE:‘é\Xté]Ih@&“i("'ti'mmILZED"’DBSYD?I\FP‘N"IG\I OE EMBODI NI ENTS

ot erencdPEa 2Tt ca Brmedl Hare ot o ier S FiE T R e Bbanyi ng
dr awi ngs.enibadit:ketstioddooes mgqtdmicﬁxrptalcm;pmunemusnspecmé miodetgal | s are set
forth in order. to E}lrov! de a tho oug\kﬁvg (,ierstandl n resent

i nvent i of'SSFPIGH PIMFEURFEHF B Agtal: g gragnie PERy ‘?e] % Om }the art, that

the preseptedRyRnt R Fagnbigy PR3t i e aéMgtthm h&om; @5 mﬁzl skitefl id dnes;e
specific details. In other instances, well process steps_ and/ or

st ruct ur 4B FHARESSRIHIN BEERD BEsRT PREEe] Witk éﬁ"]‘e ‘i“riﬂicﬂf dere PPECHBE iR essari |y
Cbscure tdg, p{s%@@twam&m I Pkess[sRR0 aRfor kVakl Y B HBOsHFRAL Shali s asl@scr i bed
her ei nbel ow, including nethods and techniques. it Should be kept in m nd
that the i ﬁ\ﬂéh@l*@hw‘rﬂﬁ@ma“éﬂ ocipiferramtineadcnof nanuf acture that includes a
conput er readabl e nmedi um on which conputer-readable instructions for

car ryi ng [Buta Bibodl wetve smepdipiees pinderribybhyrapbiipgdechylies Sebrddnd The

conput er r&adall g @@gw@kgﬁyn hﬂﬁi't&'ﬂ%e ;R@erme%@mk Qso &R} £ORAUGL or, magneti c,
optomagnetic, optical, or ‘other fornms of conput er readabl e nedi umfor

storing conplrcere th@am@meea@@ﬁ@nemwm fuediueon wiieheoramiterdagadabiso cover
appar at u%S‘\b%m[ﬁ)Jm E’&rcaiﬁrtr{uﬁ’v na &‘3 {cﬂﬁ O B Qv chf kfnl tkﬁ;\ﬂtﬁ;ﬂg L QoG aPPar at us may

include circuit edi ca pr ogr ama carry out tasks
pertai ni n:gmmteemyszéiienmﬁmn ofy trwmdnvfemuamm e, Exanplegonfagieth w@ppar at us
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appropriate

conput er /wchcrrpw: ahe;gt xdemecxamand« aiadnmat@dérpmw@mmmdubmu @mbcciiimsts atlapt ed f or
the various tas ertaining .t i nvent Pan 211| n
accor danc®'s ‘\Ri“f‘hkﬁ‘r‘rg&%ﬁ“ﬁ’é‘fﬁ‘%g f‘&t’ﬁﬁo“ "H\/S”ﬁ‘t(f‘tf‘ﬁ& ‘Y‘hé’ B h ?ﬁ °df8dY 8t hods
and ar r ang&ppatasihon eﬁi&oﬁ&s@i&@ﬂfh@ UL, ngmpiresui \tucllz ﬁp;ﬁxap]séﬁdﬂi&ieptr ocessi ng
systemto control plasma p jces g Qar anmet ersr unld coupl i ng
circuit rE)HPUERH é%‘f%ﬁeif"ﬁ ‘e iﬁﬁ‘ﬁ i P’@B‘E‘%dié‘w%” W’é’i}%ﬁﬁi‘tﬁ‘t o DC ground.
Embodi ment:gsr@hmbdignd imentih @ analdol bes &ﬁwalrka;gﬁnmtd@mma and/ or DC bi as
vol tage on the upper €electrode to be adjusted round coupl%ng
circuit. dedicated/programmable circuits adapted for the various fasks per‘mmmcr to embodiments o

the invention.

[Para 21| In accordance with embodiments of the invention, there are provided methods
and arrangements for an RE ground coupling circuit inn a plasma processing system to control
plasma processing parameiers. The RF ground coupling circuit may be connected to an
upper electrode with a path to DC ground. Embodiments of the invention enable the RF
voltage potential andfor DC bias voltage on the upper clectrode to be adjusted with R¥

ground coupling circuit.

fPara 22| in one or more embodiments of the invention, an R¥ ground coupling circuit
may be emploved to control plasma processing parameters (e.g., plasma density, ion energy,

and chemistry). The RF ground coupling circuit is a passive circuit. Controf may be
achieved by generating vartable impedance outputs, for example. In another example,

control may also be achieved by generating variable resistance.



[ Para 22.1in onc or nore enbodi ments of the invention, an RE ground
coupling circuit may be enployed to control plasma processing paraneters
(e.g., plasma density, ion energy, and chenistry). The RE ground coupling
circuit is a passive circuit. Control may be achi eved by generating

vari abl e i npedance out puts, for exanple. In another exanple, control may
al so be aememd byl ag@népdmeng avarduablegongBizstarise s eu{;ﬁaﬁ&b%mlrﬁmam

enbodi nent asma

pr ocessi ﬁ)é(’méahg vufun&d ib;f)sg %88;)8@9%[?2@%1}0%{{11@0 tyaef\:gl it\)Yn JPEI‘ [ergr ound from
an upper cadcgedd aglen elampba @bﬁaﬁpbz@ce@z@kMﬁEx puaoe&ﬁsie agumjma?bamdnay i ncl ude

an upper el ectrode coupled to a RE ground co ui t I

connect ed“’t‘%e‘i e lﬁpia‘@'r”ﬁtqoéﬁif*%ﬂéw g ?%Uﬁ?i“@(%ﬂsqq‘i‘ W@r et E{%n*ﬁ e

provi ded (whiihediRat Raf 8 prBDEd&IEHIERath ﬁtlur(ma;mgfcawnd) deherdah@eereenabl i ng t he
RE ground coupling circuit to control voltag m({ Ogr DC bias on the

upper el é@%q}’@ééh” harRRet e NS P ol e VA BREMKY SV Biatpt hFig"‘?f?énber may

have a rifg:sRANE a4 AP ERUbER hME dbndd B QDY h@bePRag HEve@Mng @psd tO
ground at the bottom of the plasnma processi ng chapber. I n an exarrpl e, a
f

pl asma prioeedsidig whamier fopaY Huﬁé*Pfﬁéféma‘O cEyRdaiche 1"?7@%‘6&%‘1 PRt drenber, whi ch
may be a ﬂgbm@&hgf;}a@ Q ﬁp&%ﬁgica'pﬁ\!i@xxﬁprjooé‘y@&r @f%smnsmnmuuaga cbiQubreVi de

radi al orm-t curr eturh to ground. iPara 24]1n another
embodi nerm,lpitf!@@imegr\‘dw’a}dmydwm flivgn ¢ive dubesedppan gépeniexiessigpitd. §ured to

briovi oo yRbiablg ! (RRIRNSR: BUIRHER im0 dRlk0 enabl @ ad) usttent of the RE

vol t age g e upper ectro n an exdnple, capacitor(s) and/or

i nduct or ( )1 r@ﬁf beinem hgxyglqmdgu gx]‘?qgcr@}e 1@&&%@!1&1 ﬂBﬁ@! RHLRUL S,

However, 'OLHer arrangement s | NVol Vi ng he sa erent conponents
f or genercanﬁ:ngecmv\pamubzblae'ahlwpmm Omyi»at gdeide ee&ﬁ%ﬁ WEd‘nfUrhbi keRfhe prior

art, t he %é[ a&gg a)%u 6.,?(,(. rgut rlglal ?gm ie hz?H 12@9{;%%% &rlp@(t()%) 19:9 WeL gener ator.

Thus, TR asSi ve circuit,
is able temp(b@/mﬁ rauke;zeqaieaaﬂm@nmmésm ngppxar Einw’e*em ,sntlwranRE’emaMB agehwigt hout

i mpl enment X ve extern S enbodi nent,
the RE gr%%%ﬂ“é’fﬂﬁﬁ?&ﬁ@' B ‘r"gﬂmf‘méﬁ %Wélﬁ{l f ?:%n“f hﬁ’ ﬁcg“g V\AL g(gjl&\/al | able
resi stor dpi@dd owuadawpmmu m?\tﬂh@,em‘f}b@t@m&adlwﬂfmatt laEeU{arpeirR}é{><mrode. in
an enbodi nent, t} groun cougl [ ng‘i circuit arrangenment .doe p] have an
ext er nal S0THEe EURHRY STMR SoPPERS BT HEHE S h &5+ %Hf?%’ﬁw“t‘ﬁé‘ BE bi as of
the Uppermﬁt':@%‘lJx@:@?rnﬁ@%nb%aﬁa%tefﬁdlﬁ Re By RA{ithsld ingldhheuiesl spande val ue

t hrough the variable resistor. Therefore, plasm paraneters may he affected

by the cHaige! PAVEHEIC bi as of the upper el ectrode. ['Para 26] The features
and advant ages_of the invention etter understood with reference to

the figurl83radil di Ycisgitodienehsie FI‘%FPB “‘FPB“’ GO SR EOPRMAL B W e wi t h

an enmbodi Bt Lk R&i RIS 8w AdPY@RH: 8Mthe DCSHARI i ek SHhENRL08e Ofs san RE
coupling ci rcwt arr angenent 324 coupl ed toupper electrod.e 304 with a path

to DC gr curgdinenk the fserausk el ﬁrﬁ@“%?@%“é’»ﬁ‘?‘@ﬁ@*“ﬁ%%% ‘*Brcbfclé’s‘ki)ﬁg system

300 may q%w%r § Q! &, azQQH[m&ﬁn ent OF th fduRh@onl f8 q}!‘elﬂﬁé’ ofRﬁ GRRAGbdIME Yy gk schar ge
syst em |'n an arrp e requenC| es nmay i ncl ud e,
controlled by adjusting the resistance value through the variable resistor. Therefore, plasma

parameters may be affected by the change in the DC bias of the upper electrode.

[Para 26| The features and advantages of the invention may be better understood with
reference 1o the figures and discassions that follow.  Fig. 3 shows, in accordance with an
embodiment of the present invention, a simplified schematic of an RF coupling circuit
arrangement 324 coupled to an upper electrode 304 with a path to DC ground iv a plasma
processing system 300, Plasma processing systern 300 may be a single, double, or triple

frequency RF capacitively discharge system. In an example, radio frequencies may include,



but are not limted to, 2, 27 and 60 MHz. Pl asma processing system 300 may
be configured to include a substrate 308 bei ng di sposed above a | ower

el ectrode 306. [Para 27j Consider the situation wherein, for exanple,
substrate 308 is being processed. During plasma processing, an RE generator
322 with a path to ground may supply .thw RE bias power to | ower el ectrode
306 t hr ovgharanctRimiretae 2, 324d 6 (Dh‘éHREPl{awepz ofgsemy HEtegreﬁféha&\oire @20gure

t t t t t sh t
ol 1y reige Ay iee B € Bl Brbtt PodEasdho R ver "ol ectr ode 306,
Pl asma n?ébrflﬁgﬁ;sgd &‘Z){C})m@éghe ﬁnqioglrxﬂgje i1 %In't K \gx% )38 su?snaie {HS §<§?§ 0 ~-I.:Sbe%d.3g8 to

create el On (0] I gure o,
upper el eafinggRsBfrobSsigh QO gaklayor LsSZJ{wah@(ﬂ»aﬂhyo gxms.ndl&uj atpply IBERIF rom a

grounded upper extension r 310, . & ‘dle,d upper, extension 310 may be
const r uct'&tl PBT‘”&“’[& FRIGEEFUE gf‘dﬁ?"ﬁﬁrﬁ"%ﬁnﬁ?‘?éfp‘? e’é’t"e@gsp"c‘f"c?vg{%’ “Wth a quartz
| ayer on w%xk@atﬁruf"ﬁ}&ﬁ'% mt@ﬂa”c@u@i%—é@ tS o8 plaBinirtibe ¢ ua% antl pMBHa 8k @ot dhode 1306 is
electrically isolated froma DC g Lgn ded | ower Yiﬁﬁt]rode Xt ension ring

314, whi GHUIdY Melaﬁfédbsfﬁvﬁflh@%b%‘% e f 04 #e I prash %%éé’sﬁﬁ&”eﬁ% er, by an

i nsul at or; 38 eteh b/ @nmac phiPLRERAL &lib AhsOfte FODio Beatd QVBLLRNEABSI ON ring 314
may be constructed of conductl ve alum num material that nay be covered with

a quartz ypawers; on Lhee SiiERGe oPoNEuQaNOMGE EarIBL N sl Std¥aly Bblg@d he
enpl oyed 1n the constiuction of |ower extensign ring 314, [ Para 3011 D the

prior arthy amRsulapsd bt g 2ol Ee BIPAECHO SRR rigger BIuRiKGBesHE{FHE achi eved

by enpl oy Reha@XE £5al, tﬁPY‘?eiru E&%x@@%umuﬁﬂi hEBHANRRYs ALtredBiBadanAEyes0ouUpl i ng
and DC bi'as may be ac |eve y providing a DC current return to ground and

a RE couphitngeudhecui t arrangenent, [Para 311lln an enbodi nent of the

i nvention, a conductive coupling nmenber 316 is disposed above the al um num
portion dPaiadlibr efestamade F@(Péﬁéﬁfdﬂﬁiﬁfp% i clegriproviddedfipaed s or

current s“%ulﬂgﬁ l%geg{ié)clﬂ@?e e\q&ﬁ o4 GAHB tlf»‘. ﬁ‘&q&g Eb(%at@n BBYe p;Qq;QQHSt ructed

of silicon con uctlve coupling er 316 may al so be
constr uctpab:be@fneaﬂahrebuchmduomk\xer Trét éfrilalﬂsplvmmﬂtﬁm df . énfewedsiapionf Fig. 3,

conduct | 48 oSN RL 18 ARIRGL: AdBud e LLOGNARG L] BO-SAARG o

advant agé’tﬁlﬁsl fOVI urrent return to ground
at the bca;mmma@eﬁ ohle: qnﬁa@rrwtmr@omksﬁmnmhmgam alsoivesreplpyaiontdect i ve
coupling ﬁ annes 4| nto appropriate shape, e.g., a circular
di sc shaﬁB“‘”éf“b‘B‘dé hd “”’@ﬂ%ﬁé“%m the |ike, that may provide unifornmity for

DC curre . ,
r'{ ara g{i rn n OhIhd pum 'mk RY coupling and DC bias o an upper electrode may be
achieved by employing external power sources. Unlike prior art methods, RF coupling and
DC bias may be achieved by providing a DC current return to ground and a RF coupling

circuit arrangement.

[Para 31} In an embodiment of the invention, a conductive coupling member 31618
disposed above the aluminum portion of lower electrode extension ring 314 to provide a path
for DO current return {0 ground. Conductive coupling member 316 may be constructed of
silicon. Ahernatively, conductive coupling member 316 may also be constructed of other
conductive materials.  In the implementation of Fig. 3, conductive coupling member 316 13 2
ring shape. The ring shape advantageously provides vadial uniformity for DC current seturn
to ground at the bottom of the plasma processing chamber. However, conductive coupling
member 316 may be formed into appropriate shape, e.¢., a circalar disc shape, a doughmut

shape and the like, that may provide uniformity for DC current return to ground.

&



[ Para 32]in an enthodinment., upper electrode $04 is provided with an RE
coupling circuit arrangenent 324 that controls the RE coupling to ground.
In contrast to prior art exanples, RE coupling circuit arrangenent 324 does
not require an external power supply, i.e., a passive circuit. The RE
coupling circuit arrangenent 324 may be configured with a circuit to %iny
t he | nped&mce32ind/ brantdnerodmesi. sapmcbcumcmieélﬁa@geo\tih@i \REh #oRE agelipot ent i al
AT St O R SHO R AT TR e

si mpl i fi edasgbematdoapiofy caﬂuaREzmupbmng»fi b @i ;teqxaremmgamhpovd@@uppp\n RE
coupling circuit arrang RE coupl i ng

circuit arfrARGERE ﬁfrc‘§§4ﬁg§ﬂﬁoﬁp g C‘}Fﬂlégle’f%?@emlfr‘é may be §0‘§J<‘§Eﬁq§§3‘

rel ation ¢uiHoGas3ht Quptideiab@beh ARS8t dharGe vleRar 60]1348-?(&6@;@3 emwdl ment
of the invention, a variable 1 npedance ci I’lejlt may be inplenented by, for

exanpl e, tE%Bg@FqS@PF%‘a;Qﬁ&PW‘?eh@‘tftf”[’@f‘("ss)ml“b Ygenerating a variable

i npedance_ o However, other arrangenmenis _involving the sane / or
differ entfpﬁ‘o“r% nenf& fb‘%m\g’e‘ﬁe*r"é{’i“ﬁ‘g“ 51 47 PBPEEHPEHEA ‘é"%\jaé‘l“%?ﬁg

enpl oyed,scidh ARS8t AR 0RML LA Slandnnt 4o, R ROURIpHAGiEdl GHbdgeakRANgEMENt
400 is configured with an Tnductor (L) 402 in series with a variable

capaci t ort0f € Figod shpsiihapdasale T R cgrdina dirfbr argaperea FHppeld s/ dr iABEES: npedance
out put . hi;, SQUE;&RRAdA ?@é}fcﬁw £RPAG HalindhidBdsbaye val ues, without

limtation, between about 20 pF to about 4,000 pr~ (when frequency i s about
2 MHz) . Iipysong emhog) éﬁ@;’?}'@lﬁxexlk &QH@Tﬂ%mx(}ﬂO@\ %Miehﬂﬂ&iaﬁce‘@k&l?maWﬁ hout
limtation, of about 14 nli. [Para 3511in an enbodi ment or the invention,

RE coupl itmglegienietiby. far vxanglnesvecing®) ind/or induplers)dengdngiaiegis virehlean RE fil ter
406 con n‘?&&;&gn& otﬁ}m\{ afl‘o@'@x! & dife? 'aﬁglmum(.ﬁ)» uv\%ﬁ uﬁ‘ﬂrlge @mﬁe"%ﬁ%hdzﬁ%&n{ or

generating a vari e resistance out put en sw tch Is set to the
opened pesipbonts fohenapper a elrableripgdedanes nivodsd bﬁgﬁaﬁ‘dbﬁoi@h?rent is rovvi ng

t hrough tl!blﬁlﬁ%{,ﬂl H(I)t;[ 01" 1{1 Q‘rr ﬁf%@iﬂ_}g\g uram de Iclq“éHLq}t héo ] %Bﬁlfg%letdhﬁ&zqinggaﬁgtteﬁ f ough.

posi ti on, ow from uppéer eltectro
pl asma (b} 4(Shawer)cst‘ot z[acs agild e nghabiowe( )ﬁ)étxemsa path o mgu:@]tmﬂgwezatiwnduct ive
coupling af, t he

i nvent i ona\lérgz’i %EHF’ ”‘%“éﬁg%) '?3? k‘%ﬁﬁ”ﬁﬁ‘dﬁnﬁg f‘péq'F szf 4(% mr?%l%d‘be A i “"*3’88‘ inthe
current pﬂrﬁxﬁubrﬁ]@ﬁﬁ’&yn BHSGW pelphegn dboer 4 mn)qdaMen tr@qa(éh@; i€ uﬂmerat\imowzn The
i npedance of Rg‘ﬁoq | Ci rcylt rrang | ﬁ ad ’s‘t
changi ng t'H& W4 E" ‘(} Floagle™ey %1\’& ‘6 “"4\’)’4“’“&' B ”\/‘6‘1“{%1@X 0 entl al of
upper eleggtr ooL 304 0 cont changi ng the i npedance
P ough REET por i1 81 Yt FRbe Bapt R e FoElne Ve an gt DO6 e r
contrast fhigher configured with an RF filter 406 connected 1o a variable resistor (R) 408 and a switch

410 for generating a variable resistance outpul. When switch 410 is set to the opened

position, the upper electrode is floating and no current is flowing through the cireuit.

[Para 36] When switch 410 is set to the closed position, the current path teads to flow
from upper electrode 304 through plasma (not shown) to DC ground fower extension ring 314
via conductive coupling member 316 of Fig. 3, in accordance with an embodiment of the
invention. Variable capacitor 404 and inductor 402 may be disposed in the current path
thereby providing the impedance to the current flow.  The impedance of RF coupling cireuit
arrangement 400 may be adjusted by changing the value of variable capacitor 404, The RF
voltage potential of upper ejectrode 304 of Fig. 3 may be controlied by changing the

impedance through the LC portion of the RF coupling circuit arrangement 400, In contrast to



prior art exanples, RI; coupling circuit arrangenment 400 does not require
an external power supply. [Para 37]Furthernore, variable resistor 408 may
be disposed in the current path to provide resistance to the current flow.
In an exanple, the resistance of RI,. coupling circuit arrangenment 400 rmay
be adj usted by changing the value of variable resistor 408. Thus, the DC
potentiahumfmmagmqmsl%Ebmqﬂeg&ﬁ&hmﬁaﬁkgwn@xwa&abeﬁemnk¢mi@@@nmoapmovide
gradatlon |3 the DC potential val ues between DC floating, in which the
switch 4r8PRY Fig. 4 is opened, and DC ground in mhich switch 410 of Fig.
iment of the

4 is closed. ar a,.3 . 5_.15\9\/_\_@‘]__. enb

i nventi 089 JP eseh‘f’%ﬁﬁn‘gﬁt\ﬁ"§"ﬂ6{/ﬁsﬁ6” '? (hs mh:bgs‘d?p“d“%} s <t“mmfp“i%lc'—l coupl i ng
circuit é}ﬁcﬁ\ad%geﬂﬁﬁktue&mhb|Lﬁx$eﬂﬁﬂb®| & adexlaazlpanm%edf%&tz@fze stthH @hasigipuocessi ng
systemat two different c i.tance val ues d |n relation
Ty go. agun 10 T P Raes bg A S o iy ST ol I oo b
the hori ZII‘INb&l:m%Xbl&p@&%&@cmbb@&%@ﬁn 6|r&&tife(&dﬁuﬂ@d &EhUfde 4 &aemmadz xlsl ne 502
shows a top DC fl oat setup whi ch s }ch 410 of Fi

(0]
dott ed |.%P%&*%h@%mbawt%%é?@%ﬂaw‘ﬁ b&mwwﬁg‘afo* %npf) ghe 4 |s

cl osed, [Rara.A0ki Bnfh Gwitdh 4 kherlehitshand side of the vertical axis shows
t he mafer DC bi as and upper el ectrode DC voltage potentials nmeasure in

vol tage (jMira ﬂ%her CFRS ©sIRNAWR sbbrdd¥e Gith Bn BhSdithé88the HRABxiR0Berapd Syo and
512) with solid linés corresponding to voltage val ues of the left-hand side

of the veértrpgainggdatsshoripedbrimedsuied SHpds of RfhgURRHEC ISP arROBHE ®erti cal axi s
shows t h%%%%ﬂxﬁ%iat%h 9&%}5}9@%@9&%‘&ﬁﬁﬂ?ré@@ﬁﬁ@@%@zﬁ Rt @»Wf@rer(t@x aciliigé e are al so

shown in l'i nes dashed |nes correspondi ng
to curreng WSIEJESS @ﬂf&pﬁ@cﬁhﬁgﬁ@ﬁ%&ﬁﬁl%a d@dcﬁl tdifaiivee phdeaitangiigs. [ Par a
411Consi der the nation wherein, for exanple, switch 410 in RF coupling
circuit dPreaéments#Bovron FRl. §. tha horizopisbaetshawp (hegopiralsraodsrdfe s nYy.  Upper
el ect Fodeiod i soRlfowsh fod Ic 08k LG, ANdhibhelsn '4%0’3%@@4 BUOERAL ARy 1N an
exanpl e, e measur ed or the current on upper ectrode 304, as
illustr atl@d 56 slpoispttopRE dromdph which swisgh 041 Higd4 5\1@*@@ Fig. 5, are
substantially zero when switch 410 is opened. | Para 42]Wen switch 410 is
cl osed, fiBaraet®hnpl B Figphére leb-botdraba! 384 cofcalRixg, shgws e water DC bias and

upper electrode DC voltage potentials measure in voltage (V). There are shown in Fig. 3 plot
lines {306, 508, 510, and 512} with sofid lines corresponding to voltage values of the left-
hand side of the vertical axis. In addition, the right-hand side of the vertical axis shows the
apper electrode DC current measures in ampere (A). There are also shown in Fig. 5 plot lines
(514 and 516) with dashed lines corresponding to current values of the right-hand side of the

vertical axis.

{Para 41] Consider the situation wherein, for example, switch 410 in RF coupling civeuit
arrangement 400 of Fig. 4 is opened during plasma processing. Upper electrode 304 of Fig. 3
is floating and there is no DC carrent path. In an example, the measured values for the DC

cusrent on upper electrode 304, as itlustrated at point 518 for plot lines 514 and S16 of Fig. 3,

are substantially zero when switch 410 1x opened.

{Para 42] When switch 410 is closed, for example, upper electrode 304 of Fig. 3 s
grounded and there is a DC current path, in accordance with an embodiment of the invention.
The DC current returns to ground from upper electrode 304 through the plasma 1o conductive

coupling ring 316, which is disposed above the aluminum portion of tower extension 314, in



grounded and there is a DC current path, in accordance with an enbodi nent
of the invention. The DC current returns to ground from upper el ectrode 304
t hrough the plasma to conductive coupling ring 316, which is disposed above
t he al um num portion of |ower extension 314, in the inplenmentation of Fig.
3. In contrast to prior ait, RE coupling with upper el ectrode 304 may be
achi eved tis toipdenteneniph oy iings. exteenimal opowent, fémenpitngrvity :Rarael488BuUiling pl asna
processin osed, for exanple, variable

capaC|tor9%%2‘ g“ﬁﬁ-w@ﬁ%FvW%U“.w%“e?§£}“an”““*ﬁi 400 of Flg 4 may be
ad] ust ed {Z ~{O$ edaggng ‘HI%;[ é"“'g&tj%}“g duflxm ‘¢h f!l()tfﬁg 412 5 15 Soséﬁc zvt?‘\ralnallzl €

resistor e 7 esi st [ Par a

4411 n an eXaimptaacivariabl BF caphced (t;mlutéﬁéﬂu&ﬁ)yntbi@()s@tuztOma\ bé ﬁc‘sztzslcﬁiapaCI t ance
val ue of 0.8 nano Farad (tin or a secqnd ca aC|t ce val DR The
roasur od hpEF THREERT JHIDE POITRYR THOREHET O R TR e B i

capaci tan(éegdﬁle;teg(m% aé%qh&@&@@ﬁ&&ed by plot lines 506 and 508,
respectively. As shown in Fig. 5 plot line 506 with the |ower capaci tance

val ue of @af 4 Shews Rahplk0eKi81B 3@ drRODEaY Bt tagen ﬁ@t@@m@m sialu@ of @
bi gger change in slo in conparison to curve 508 with the | ar

capaci tar&:%waﬁ’a@délﬁ?%mamwvf pRg e yarealdP o ohbe ’f“h‘é‘”(?é\l“ﬁ?é‘" Gec *? 1§ upper

el ect r odeyBCoYRk 1hHa@sip C4Isatak @lb aﬁr@y/o pecadhitsteRnhys §0an0inged hepbasisst ance
val ue of variabl e resistor 408. For exanple, the DC voltage potential val ue

at 0.8 riPosahaes rapecdvept Hp rfg»@fm bigof- Q“i’?ﬁ@cB@(B“Hﬁ@%‘é“ﬁdﬁ%tf@ﬁe Hudny

val ue al oipg o f¥6BLO% 1&@9%1@.‘3@”@( 9&%@;}&%@% cvﬁlbﬁ%exocfhm\(@rih abbe g esi stor
408. [Para 461lin another exarrp , the wafer DC bias values at 0.8 or 10 IT

capaci t aromps@t ithgsval®@ widpihe et e@amanm viydHe8 1610 and 512 of Fig. 5,
respectively. Plot line 510 with the | ower capacitance value of 0.8 riF
shows a |i&nrets] chahyaldition e bd"aisofl theaupperelpitiggePCokbmyaotontigdigpde in conpat i
son to plah,del '9@ cl?ajng%%dé {Jg‘%}\tgl{ "%ﬁ &f ya?@ﬁ@?écﬁﬁs@ Qﬁb V@ly lé?an‘?iie JpE, I
accordance wth ment e 1 nvention, during pl s processi ng
when swi t@hclsétlpoanaﬁ} VElug at 38 ing wﬂw&e@dc fePareeot @R\llﬂ\c‘cw{m}ﬁ@q&dlwﬁé tyvalyue of the

waf er \bi h3% orf@¥§1e ;Gfotq% ugd @» ctes%nﬁp g ﬁnxg of ba%abie resistor 408,

[Para 46] In another example, the wafer DC bias values at 0.8 or 10 nF capacitance
settings are represented by plot lines 310 and 512 of Fig. 3, respectively. Plotline 510 with
the lower capacitance value of 0.8 n¥ shows a larger change in DC bias i.e., a bigger change
in slope, in comparison to plot line 512 with the {arger capacitance value of 10 oF in
accordance with an embodiment of the invention, during plasma processing when switeh 410

of Fig. 4 1s closed.

{Para 47] Accordingly, the value of the wafer DC bias may be adjusted by changing the
resistance value of variable resistor 408, For example, the water DC bias value at 0.8 oF
capacitance setting of plot line 510 may be adjusted to any value along the plot line 310 by

changing the vahue of vanable resistor 408,

fPara 48] In another embodiment, the upper electrode DC current values at 0.8 and 10
nF capacitance settings are represented by plot lines 514 and 516 of Fig. §, respectively. Plot
line 514 with the lower capacitance value of 0.8 nF shows a larger change in DC current ie,
a bigger change in slope, in comparison 1o curve 516 with the larger capacitance value of 10

nk.



resi stance val ue of variable resistor 408. For exanple, the wafer DC bias
val ue at 0.8 nF capacitance setting of plot |line 510 nay he adjusted to any
val ue along the plot line 510 by changi ng the value of 'variable resistor
408. [Para 481in anot her enbodi nent, the upper el ectrode DC cunent val ues
at 0.8 and 10 ri F capacitance settings are represented by plot |ines 514
and 516 ¢Paki4g] 5, As mspémp;W®Wed ﬂ?e}m)theIfwsnguia;u&mmd!memhei tlhgwelfmte“&pam tance
:/?l‘l gleogfe p(;)(mc {,Cl d%‘ai amﬁ% 1:}<r<,;¥1ﬁ9VQI @mﬂmtgﬁapqtswé P ocnswéramgiétcg»c(lb lga gleggglr ughg‘?ge
1g nr. [dPadi@, 40 bASesTayd Hendppl Bcidiadg fifeommtplaammmei;mnhmgx eémbodi ment s of

t

process. PAFAHBERAS IR oo S AR Het oo O Surgl Y K erarogt y) by

adj usti ng:&he Rk Rm@&%ﬂ@@u@ﬂdﬁz@lﬁm'[XKEng@ldeﬁ%&u@@él@lﬂ&k}&lxmﬂﬁ t@u LPEE.

el ect rode enpl oyi ng RE coupling circuit with a DC current path to

gr ound. THe. RE“’(%G@} P%@Ch&ﬁ‘F‘%,Lﬂftf‘("éﬁ’é}p'l“h‘@" BEEGEBadC BAVH SHPRY FBITHt iRvel y

si npl e t QijiRligIBRLeed S oSO KB BYcDRoAGHNIBY 88y Wt fh0Mk waiPBl oyi ng an
external DC power supply source. By elimnating the need foi an external
power soupHainessentEdf ﬁammazyOwswmLﬁ%ﬁ*fm\r@upﬁﬁé RREPHPIRESEBRL r ol of

pl asma prd ng ng in a capacitivel y-coupl ed plasna processi ng chanber.

[ Para 501 e this invention has been described in terns of several
preferre P”?ﬂ\b%' msﬁ‘thﬁe ﬂﬁh‘ﬁ{’ﬁm@ﬁ @a@%@r@ﬂ@&‘l{%ﬂ% ePRE ALY err@nd

equi val enit s ich fall wthin the scope of this invention. Al so, the
title, swmmdlylez1an@erab@tqita@ﬂorar PPttt drarERiane. srhigoial eniberiBesentl shoul d
not be used;!Q.GRASE AUS M‘ﬁi SHRGA0! alNBEL AP ARG hboinlib SAOUKG Al SO be
not ed that there are man térnative ways o npl enmenti n he net hods and
apparatusmssmmkhhébpwesgm@mmmWBhtumneomm¢ﬁ@ugwevarﬂbﬁ@u@ E@swéﬁéf

Ipr (r)nV![ ?ﬁg tvﬁr% h{@ rm;mb alut;wmrc]t\ eande?fgl\}} 1“?10}5}9 RE m%ﬁ)g@:p ln%sapfﬁ?i wacg‘gﬁfhp gga![\%vtgnang 22%
itens refieratigerdionginoaus bensldsardhevideltherdit, iﬂ’isxitéméﬂbiﬁ}@mée?ﬁ ntended Mat
the foll reted asclnclu

alterati g’ﬁé]ﬁ]‘%ﬁ%‘? {f’gf]?%f%’?n ﬁagé(’dh‘i‘vté’l teh’t%mgém‘f aurhu "? 1‘“ndp? Lid@ yerIu&e"uspl rit
and scopeof” itdne YB&&:QS/@!‘HO; InfENER O tbe @LAK W}&eﬁ}denman@kiaiswmﬁ)emmﬁfeS§| ng

chanber, a net ho ? Pr ocessi ngC
appended claims be iterpreted as inclu mea »uuh alteiatmm permutations, and

equivalents as {all within the true spirit and scope of the present invention.
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conprising: supporting said substrate in said plasma processing chamber
configured with a first electrode and a second el ectrode; configuring at

| east one power source to ignite plasm between said first el ectrode and
sai d second el ectrode; coupling a passive radio frequency (RF) circuit to
said second el ectrode, said passive RF circuit being configured to adjust
one or nore of an RF inpedance, an RF voltage potential, and a DC bias
potential on said second el ectrode; and coupling said second electrode to a
DC grpundgigﬁ@#?h said passive RF circuit. 2. The method of claiml,
wherein sdi ground includes a conductive coupling nenber. 3. The net hod
of claim2, wherein said conductive coupling nenber is made of silicon. 4.

;_h?i rnngat hO(lj. of %Ill %I rIT)]Iazsfnawgfi\)rcxef\sls?ngs %ile(xjml():eor,n %u %eitﬁlo% S lrgcggsiﬁg rgogﬁbsitrﬁtes haped as
comprising:
supporting said substrate in said plasma processing chamber configured with
a first electrode and a second electrode;

configuring at least one power source to ignite plasma between said first
electrode and said second electrode;

coupling a passive radio frequency (RF) circuit to said second electrode,
said passive RF circuit being configured to adjust one or more of an RF impedance,
an RF voltage potential, and a DC bias potefltial on said second electrode; and

coupling said second electrode to a DC ground through said passive RF

circuit.

2. The method of claim 1, wherein said DC ground includes a conductive

coupling member.

3. The method of claim 2, wherein said conductive coupling member is made

of silicon.

4. The method of claim 2, wherein said conductive coupling member is shaped

as a ring.

5. The method of claim 1, wherein said passive RF circuit includes at least one

of a capacitor and an inductor.
6. The method claim of 5, wherein said capacitor is a variable capacitor.

7. The method of claim 5, wherein said inductor is a variable inductor.

11



5. The method of claim1l1l, wherein said passive RF circuit includes at |east
one of a capacitor and an inductor. 6. The nmethod claimof 5 wherein said
capacitor is a variable capacitor. 7. The nethod of claim5, wherein said
inductor is a variable inductor. 11 8. The method of claim1l1, wherein
said RE coupling circuit includes an RE filter arrangement, a resistor and
a switch. 9. The nmethod of claim8, wherein said resistor is a variable
resistor. 10. A plasm processing system conprising: a first electrode; a

second el ctroge
h Llalr S twiREn RANE R FSQUHE iigl ifdludeBast RPNe power
source be?ng c? ?In%h%%oﬁohfﬁﬁite ﬂ?gsna Rgtmegnﬁ%gﬁg]ffrs?deﬁgétrodepand

sai d _SeCOﬁlﬂeﬂrﬁ@‘gérﬁde ares1storaad|aas/$uckve radio frequency (RE) circuit coupled
to said second el ectrode, said passive RF circuit being configured to
adj ust one or nore of an RE inpedance, an RF voltage potential, and a DC

bi as potegtial T Ral0d FTeEANB, Wnefld LA@iesRBH is a variable resistor.

10. A plasma processing system comprising:

a first electrode;

a second electrode;

at least one power source, said at least one power source being configured to
ignite plasma between said first electrode and said second electrode;

a passive radio frequency (RF) circuit coupled to said second electrode, said
passive RF circuit being configured to adjust one or more of an RF impedance, an
RF voltage potential, and a DC bias potential on said second electrode; and

a DC ground coupled with said second electrode through said passive RF

circuit.

11.  The plasma processing system of claim 10, wherein said DC ground includes

a conductive coupling member.

12.  The plasma processing system of claim 11, wherein said conductive coupling

member is made of silicon.

13.  The plasma processing system of claim 11, wherein said conductive coupling

member is shaped as a ring.

14.  The plasma processing system of claim 10, wherein said passive RF circuit

includes at least one of a capacitor and an inductor.

15.  The plasma processing system claim of 14, wherein said capacitor is a

variable capacitor.

12



a DC ground coupled with said second el ectrode through said passive RE
circuit. 11. The plasnma processing systemof claim 10, wherein said DC
ground includes a conductive coupling nenber. 12. The plasma processing
system of claim 11, wherein said conductive coupling nmenber is nade of
silicon. 13. The plasma processing systemof claim1l, wherein said
conductive coupling nenber is shaped as a ring. 14. The plasnma processing
- system of claim 10, wherein said passive RF circuit includes at |east one

of a capagci tor..and. an i nductor. essd nddsst emacl ai m of
14, wher 341 salBf PR5TRi P%’Fesls{s?lgas}(/s%e?? a%rglaggg%g?\? Igérr(.;ﬁ(fl §a?L% The pl asma
processi ng,syrligMd@dr. cl aim 14, wherein said inductor is a variable
i nductor. 17. The plasma processing systemof claim 10, wherein said RF
coupling circuit includes an RF filter arrangenent, a resistor and a
swi tch. . T I AR, f inald’RF woapligcisaitd
esi stor 16 a U PafREBrRERERSS st Sy SRAHNOY whtid e

includes an RF filter arrangement, a resistor and a switch.

18. The plasma processing system of claim 17, wherein said resistor is a variable

resistor.
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