METHOD AND APPARATUS FOR | NDUCI NG DC VOLTAGE ON
WAFER- FACI NG ELECTRODE BACKGROUNDOF THE | NVENTI ON

wQ BPasa21bb4 Advances i n plasnma processi ng have PCT/US2008/058314
facilitated growth in the sem conductor industry.

Pl as roces may_invol ve di ffe ent
MIEREIGE AR BeSRIN B ELY Pl RN IR G RN QL TAGE ON
coupl ed pl asnﬂ»\’p’&ﬁﬁﬁ%d’@@l%tléh@( TRODE
capaci tivel y-coupl ed pl asnma processi ng systens,
m crowave gener at ed pI asrra processing systenms and the
i ke. Manufacturers of aci tively-coupl ed

enpl oy ¢
pl asma processPiy 1\5%*/%%%?@ R Hﬁ%éﬁ%’gé‘glf)ﬁat i nvol ve
chin aTo I f o
|Par aelgm co%\ ﬁcr?%?%agﬁggzgdt,?%n& htg?'iﬁe igﬂcsi %(g}tgﬁl:? W AS W R ductor
mdeﬁ nPleendpoicossidavicas Qh&ld&ﬁ@tfﬁﬂhﬂﬂﬂﬁi s&ﬁhcmmh tﬁmhu\ﬁl ogies, for
dvanced terﬂﬁa f conpl ex stacks of dissjm | a[? .

exampley I8PRAIVELY OHPISHS AS[IPEP SIS RY S PASEENY -Caghigd plasma
procedsh &hsx@{ulkohlﬁfz &) %Qstftﬂ@b{ti&ieﬂé&n&ﬁn BL@&F(Q bp‘ftaﬁse £ 0 Jike.

systéms with nore exact control W der operating
Manufiichdow o rempb:amaqmnW\essumai alnsne pexcesFgssystams in processes
that lfgx.ng.é,t(%g"}et g dloﬂvég{e}é‘g}%{g}‘ 3%?7%3" @é? I]}CBIJE“.TEH} Sﬁfﬂé%(ﬁ)gﬁkttﬂ' devices.
[Par &lgf}grﬁfalt*qg §,§%fsr2§tg§|g§.§$§gcsofl 11? Sd::}lg(g, Capggég If%)gggﬁtgggﬁom‘m{ d(L anced
materfRId, QhmBlek sARLDOUS & Qit HARFEQALs, Hh@é@ﬁa{ @“L a8 PROCESS and tighter

paraneters may include an external radio frequency

oter a(NRF)magenewm [Giﬂbtm{ ptamem;e:{i rtains DOhpoeverexss wneieo! fPavider
i SCUSSI

ﬂpefaemﬁh’?mé e R TR
pmsmwpt deedinext @haaleRhy @e&em&@ fivd24o6@uPbRMNE r L@@%bﬁ’f@tﬂﬁtum&

el ectrode 104. Pl asma processing system 100 may
possesy iggtagablg @qbqoe:o(\m:i@ pluggdity off Phend jet @yessapax amete; S, Przor art

mbihl%@ Qt? &mﬁ,& (Yg ‘errg uagtﬁg lrpgoe eg' y}%& f [Et%m nn.,t m?luge%l S\itgl na}ld rfgi

’nequamg{ RO) Mrerardl @&ﬂ&\mmmsm@m&wﬁz&e‘m 100 may be
configured to include a substrate 108 bei ng di sposed

[Paradiove g oliavBiedifshkion el 06shohRar andiliidonsbdaic é\.‘hﬁpﬂ or art
situation wherein, for exanple, substrate 10S is being

plasmp PORIS BERRISY SDU ft%wﬁh a8 wBtep Bﬁggﬁmgmr dpt mt@%@r@ttwui
em%g%oﬂw tiﬂai% me%xqaq %mq ggg%t\,sb%p'tp 5 Oi dogﬂ_‘ieﬁé C'h’ ; }épie

SIeetT hrou

freg Llf.hﬁ} &F expacpl tﬂx dREharat ehrtehl SIﬁEﬁzye\"a@zpuﬁ @dh& SrefiRabidk 2Ry include,
power deli very to the {pl asma system The power from RF
but arg gpeimtied 101§o~ h R Yiely ﬁ)ti@r‘b}d?cf OiSHAL AY 8 P06 ey iercaniigured

{38] iﬂcﬂlldgirgﬁbs(uta%ei@%;&D{ﬂ&ﬁ(ﬂ@d RLAS B0 RELBQ ode 106,

[Para 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 a low RF
bias power to lower electrode 106 through an RF match 1R, In an example, RF match 118
may be used to maximize power delivery to the plasma system. The power from R¥
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shown o siroplify schematic) between upper electrode 104 and lower electrode 106, The
plasma may be used to etch andfor deposit materials onto substrate 108 to create glectronic

devices.
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SUMMARY OF INVENTION

jPara 11] The invention relates, in an embodiment, to a method for processing a
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fPara 17] Fig 4 shows, in accordance with an embodiment of the invention, a simplified

schematic of an RF coupling circuit arrangement.

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

values.
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jPara 22| in one or more embodiments of the invention, an RF ground coupling circuit
may be emploved to control plasma processing parameters (e.g., plasma density, 10n energy,
and chemistry). The RF ground coupling circuit is a passive circuit. Control may be
achieved by generating variable inpedance cutputs, for exarnple. In another example,

control may also be achieved by generating variable resistance.
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[Para 26| The fealures and advantages of the invention may be better understood with
reference 1o the figures and discussions 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 1o a plasma
processing system 300, Plasma processing system 300 may be a single, double, or triple

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

(o )



controlled by adjusting the resistance val ue through
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al so” be enpl oyed} in the construction of |ower

circuipgrangsiont. ri ng 314. [Para 30] In the prior arts, RF
coupling and DC bias to an upper el ectrode may be
{Paraciiffi eveédabymbogheyi sighektveninal, apondictiso tkmcpésg ntdmhﬁok 816 1s

dispalLOr art t.hods, RFC "I!%g_ra d DC hi as n d att
isposedPRYRe B IHP B FeT g o @%mc o er“@f‘ﬂ?‘ﬁ“f“ Syt 5bﬁ‘f8“ & d pain
for DERGrEnTEEPRILRE. Conductive coupling member 316 may be constructed of
sificon. Ahternatively, conductive coupling member 316 may also be constructed of other
conductive materials.  In the implementation of Fig. 3, conductive coupling member 316 15 a
ring shape. The ning shape advantageously provides radial wmformity for DC current return
to ground at the bottom of the plasma processing chamber. However, conductive coupling
member 316 may be formed into appropriate shape, e.g., a circular disc shape, a doughnut

shape and the hike, that may provide untformity for DC current return to ground.

&



circuit arrangenent. [Para 31] In an enbodi nent of the
i nvention, a conductive coupling nmenber 316 is

walr@poswds above the al um num portion of | ower PCEUB2008/€58314
extension ring 3 14 to provide a path for DC current

urn to d. Conduc coupl i ng.ne
{Par ‘b% cond? # YPE%‘?B}F“% FPPES ‘*“Ni? é&ﬁ‘éﬁ*“g‘éﬁ?m@gﬁ% *tqw@*w
ulpu&&uﬁ\lgkﬂgmr@m%t BRI RE %&1;@@1099 @ﬁﬂ:‘%ﬂcﬁtﬁ%f@rfdbi%) I’[‘\%br art
conductive materials. In the 'inplefentation of Fig.
examplon ictdupbng grmapm Fgpogreners 23 1eed m)taequir@gmsmaqami phhver \uppiv

. ring sha ousl. rovi des ra

e, o pyPRis R, Y RPLPIR b RlhecEer RS By B Bk S with o

circul pﬁﬁﬁzﬂ@ﬂﬂﬁ@;@@&ﬁxk@ Gn OB %c.q std‘l‘%&é\@yﬁfaﬂf@ Qﬂdﬂctdﬂ‘f‘ﬁa potential and/or
coupl’ing nember 316 forned into appropriate

the DERaparotatigh on epret ffl@um# Wegespshiapdy. a doughnut shape

and the Ilke that may provide uniformty for DC

lPamwﬁMrenﬁk;éhhmwsﬁaagnmmn@tw@mnmt@ﬁthnuamfénﬁoﬂﬁﬁenrlﬂwmﬁﬁcd
upper. el.ectrode 304.is cou

schertP O RE ol B Pt Sy PoRE e rg S Tgement

400 of Pip0h QMR tht ReGANLF RS leohRidd diRit @frhn BXAMPLESof RE 3. Therefore,
coupling circuit arrangenent 324 does not reqU|re ‘an

Fig. dax tlepyrasd powrkerios ipbleys ¢ fagiliatgupdsgindngircuit. The RF
coupling circuit arrangenent 324 may be confi gured

{Par avMi h a s euboditenvaitye tiveniop edandde anphidanca heuit may be

ump Lfi‘ﬁgtb %Eﬁ%gg{% én(‘t“%g‘li%og ﬁRpr(\érS néq?«g%rpg L en{%}g%ltmg gqldgabk

impeda88P8aHY Sldbvek PR 33 ndeh@ntAnSNOME thd DinRCHENAINELent
w th an enbodi nent of the invention, a sinplified

con: p@m@ﬁm penestingri RRablouppedigoe ag alse b@rﬁﬂéﬁ%ﬁe fn 1400,
Lrcul t arr. errent

lﬂ’lp} C{ﬂﬁﬂldgé‘t‘! éH Fé 2&‘%&){8}6& ﬁlurhia?glg g 1{.,11 ?.a}gg)alﬁ égﬂ {l ltl L(g‘éip ? !Hd uctor

(L) 405 ig sedes Witles €hoatee cdpaiord () 304186 US8atd droff] @t karriidig 2
Fig. 3 to facilitate understanding. [Para 34] In an
variabdpriieRiidae ougrute Hewmﬁ/@ﬁwmmta GRRTIEBIHEY My dgan ggues. without

Iumtagg%g%'in%%eg%g *)Q[glrg Ogjfg L0400 gt)(p%' \Kl? n z?é%@@?& 1% ; ab%ut 2MHz). In

uctor
some vabbdiblcats, nyectand®® mut pane a Mw\x‘aﬂmuomfhﬂﬁnm phdgenthnbl
i nvol ving the sane and/or different conponents for

{Par agfsyer alhh R e@by@fcabhihd IReanc RFFEﬁMpHJuS@ rdd@ f@mmy@d 400 is
In the inplementation of Fig coupl ing circui

furﬂ%awl@tr@@%wh AP B tehtes gRp r@@lmﬁe@dm # wafaq%b ¥ PRIt oR) ¢4 amb@%mh
410 ¢ rrl&ﬁgtr ke Wﬁuji% a?} ﬂ?ﬁ}@@l}tﬁ{z&aﬂ?&ﬁ Qb 12&?1 04;\ m*t% hré c: ened

pmmautimmppsl aleson ie ﬁbmtmmihﬁ}, CUC@PEIG ﬁmngﬂf@ﬁo@yhhm&xn.
val ues, without limitation, between about 20 pF to

[Paradlzqut  AVROChERch(@Whensd regdensyd b&ikute ddrdvhizgath tads to flow
sone enbodi nents, inductor 402 may have a val ue,

from ypieRelgetr q3qerﬁ{Hat{zq()@g§3 phpma e shgyn ‘htpq DC ground lower extension ting 314
via conductive coupling member 316 of Fig. 3, in accordance with an embodiment of the

invention, Variable capacitor 404 and mductor 402 may be disposed in the current path
thereby providing the impedance to the current flow.  The impedance of RF coupling circuit
arrangement 400 may be adjusted by changing the valoe of variable capacitor 404, The RF
voltage potential of upper electrode 304 of Fig. 3 may be controlled by changing the

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



[Para 35] In an enbodi nent of the invention, RF

coupling circuit arrangenent 400 is further configured

wowak/1ansRKRF filter 406 connected to a vari abl ePCEESRNE058314

(R 408 and a switch 410 for generating a vari abI e

reS|st gout yut. \Wien switch 458 IS set to
prior ?d‘b‘é’ﬁ"@&’ FroouRling HerwigpPear et ePedesy f?if?ﬂ&@.ﬁﬁ@\@ﬁaﬂ power
suppi{l0 current is flowng through the circuit. [Para 36]

When switch 410 is set to the closed position, the
[Paralff] S0 Fullf %@% @?gg B8 rdds gzuumg@&p&%mgtfﬁa thO8G AR Bath 1o
provi@xies msnm(mhmgu &Mﬂw a m anduatpiv.ahe auplinng aﬁ&htzeﬁp BilGircuit

ccordance with an enhodinent of the
art: matﬁwh??ﬁbwas bta@ﬁ? ég&éb%e he yoge ghirT %ﬁ*@%ﬂfﬁt&% g the
Dne pil;%@m% SPRSSRH ele@ti'lé&e%(%%m@m 3 R Be E{E\ﬁﬁﬂl@bf tapgx%\(lug' ]'?agiatuhﬁm the

i npedance to the current- flow. elnrpeaceo

DC potoutph i r\ mlgu:bﬁncwtt Dérﬂrcange,ne nthid0de waiicibe Had] Kigt €k <tp75mud, and

chan bI e, capaci tor 404. The RF
be ”’\?Ul“tl q\b% %H{“? “ﬁ% r&’pg cIOFEkt r ode 304 of Fi g. 3 rmy

be controll d by chan the i (aance t. gh t LC
tParagtilt i oftpf ¢ ﬁ%’»mﬁ%%%q?ﬁc P AN 3‘9"?‘5&5 ﬁtefw@w%lﬁph S00

rgpre&%QPﬁ&f &z} sfiRRhb ﬁﬁ, lﬁ&kuﬁ‘ﬁ%@ﬂ%{@ Sf REGoGRMR) é;ﬁ%n%rr zﬁﬁ'ént\em on

arrangement 400 does not require an external powe
piaxmsup!yateyi pa[a%mt’a 5 37 theflasthigroonseg n ¢ yetdnabt &y miaﬁe&hbmpa@&nce

n the urre th to
value] ghipof LSRR ohetutitrie e e T i teR b eSnding
resi stance of ,RF co ng circuit_ arrangenent 400
{Paragd] 5 4j ISt8AVBYP Emﬁdﬁﬁbwﬁéﬂwﬁw %w%wwaw deqtiggp mww A

doﬁedd'lq)x%: WUFW%w\QEQ&z‘ Be fﬁ)@{t @&Ef: 3l Wi cHURARS, «ﬁbS}aw 048 §§Qe‘he@f A dotted

be ‘cont ‘to provi e gra tionin
line *@Csiuotﬁ{mpé)C valung s bétc@msamh)@]fﬁ bDBitel Mgy clbgedwhi ch t he
switch 410 of Fig. 4 is opened, and DC ground, in
{PmaV\hi]Ch $abigc B, d Qefpharfd Yde & thevatiogadis shbar ehe38teFDY.bik and
i n. accordance with an, enbodi ment_of the

umm.e#ﬁréﬁéi? B, voitags H‘b‘ﬁ‘m&é‘@“ﬁ%‘ﬁ’e‘@e‘ﬁ)ﬂ ey \dat esrRish e el S plot
lines g@@swxedl f*zfn? Q»ti ) e B couR! ]g.b;rxl%sg% #i]ﬁu kd \,@{‘w@(}g@gegit th@ fbft-

| asma”rel’ated paraneters o asma processi ng
hand sysbiete atritcwoxd. fihademon chp aghﬁ—mwed dealfulesverkia axB shgws the
4 to facil.

prpergailfgzgpgit gﬂ“ Itﬁrégﬂe %1%#%23%%1&%1%2%%?&h apg ﬂm gm“tnhlg Fag 5 plot ines
{514 '\h\‘ar‘l“§%Pﬁ"itﬁldaﬁ?éﬁsuéb&\lﬁexbﬂﬁiz WPRENy -eheclrade {}mtﬁﬁliﬁﬁ’d sile of the
dotted Iine 502 shows a top DC float setup, inh which

verticgMixich 410 of Fig. 4 is opened. A dotted |ine 504
shows a top DC ground in which switch 410 of Fig. 4 is
{Paractigs ed CohRderahd Gfuation Ritgreid, fot bampdd, twhaind1 &ivdeF ofutling circuit

,,Ve”',..-g ssho e. wafer DC bias apnd u

arranggpisal § e T 4 B1OPAG BOTE TS TGS o LPHEVETiage 204 of Fig. 3
is flodi¥l -and RREES S ROMEL AL 18 an 3xBh Bk, the measured values for the DC
current on upper electrode 304, as ilustrated at point 518 for plot hines 514 and S16 of Fig. 5,
are substantially zero when switch 410 1s opened.

-~

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

coupling ring 316, which s disposed above the aluminum portion of fower extension 314, in



lines (506, 508, 510, and 512) with solid |ines
correspondi ng to vol tage val ues of the | efthand side

wo@bomsheiesertical axis. In addition, the right-pPerusSmogiess3i4
of the vertical axis shows the upper el ectrode DC

rrent ures in a ere ere are SOS
the PYETRSTAoB CTGH 1RGN (DI B 22 & CAPETSchiGhBEPT Firegode 304

may &q{m%wpn%&g d@n&s%{re\naixa{w&% oBfehiie right-hand side
the vertical "axis. [Para 41] "Consi der the situation

s rei Qlai, Ny upl:Ln .
{Pam\éﬁcw ?_)ugxrnr nz%?éﬁg}?{)&%g%%%@m g\gighl 48 Boﬂ gﬁ*eg L0 Q)_suig for example,
varialihé az&mmr«l@ees ﬂih{gmphm)emed zesz‘n‘madeu&@ﬂ o@t 1.3{:Hgna‘.3)d ®ljusted to

| pati ng there is no DC current patq
vary 4 S(ﬁ?ﬂﬁﬂdé““%‘h e SSTFEEIY IO BYeTRE v ohh ¢ A &E]‘r*‘iséﬁtméﬁ’* Fig. 4 may

be a&;‘é&@&ﬁﬁ»%@%ﬁ&%@ﬁ%&@&“vai@eﬁ illustrated at point 518 for
p ot lines 514 and 516 of Fig. 5, are substantially

éﬁ]ﬁ{' \%}lgb L%aﬁd%ﬁ@@-gm ng) ana c{% %1 stgg A&z‘"’*‘(tnﬁjg value of

iPah é .
410 is ose er e rode
0.8 ndnbFarad ms) grrsosmdnadc,@ndmbek ﬁue of & EJE: Tlie hﬁmmrﬁhm;irpu blectrode
De @ccor dance th an n‘godl nent of the jnvention.
¥ f

{HeF @RtenK %lt“@ 158 2t B gProdhRar théﬁﬁeﬁett@f@ &rt 8@‘@""@@2@ by plot lines
306 gntuh ﬁi%*' Qagt.\gﬁ <Rl agmB A% 16 ‘?n;?] :Cg oY B OMPLAR G ibﬁ%r ‘;3{]p§mﬁm e value

| sposed above 'um num portion of [ower
of 0. ‘ae»t*t fénms @ladddchaing imeD{ wpltaregrtettiabneoh bigggr ciBingk m slope, in

contrast tQ r RF cou [ ing wit er
compgPaEs ot 368 iy b6 B kP Wfﬂﬁw @ﬁﬁfgyi g
_ ext er nal ovver gen rato [ Par ]l Dgrln
{ParagdS)ces 4 méfipR AR Y ”humc tr il Me“ﬁcw&w Ry be
adjusted @Wheﬁw tY@i‘ixla 8@;’; £ z;zfc@@@!%% to?(ar‘f"@»ée Q& *-*.Bl!; 468 up&l Sl er 15(‘

ar rangerre e adjusted to va
voltage n:p)edmnbeai wadtieSnF Gmawuame m:m;w of plat tiee Mt mm‘ebgv pld] um d to any

»’aiue@{ﬂi**%’%ﬁo{ﬁm Yehcdafapodd ga[hﬁa?mﬁ*a?'eﬁ%q e anpl e,

varlable caroamtor 404 my toa firs
Par *‘Cg’éam fnpeahsr srgariss the. “8“??&?1% hF’ér‘éB‘ﬁ? ﬁ‘l’-‘i 38? 3%“5 ERigTHance

sLttiI}%aﬂéc?%deﬁl%%‘ﬁ@g%% Qlf}“«. ity ﬁ}ﬁ 3 zﬁhﬁymﬁa@% g&:ﬁ%@ €1py o ]m o %IO with

tage potenti al val qes
the omapar;xatiamce valet bf i @3& ‘ahews e @meexe:hmw 1|n;1)© bots i kil ﬂé@,@@&mﬂue
, respectivel
in slogD&h PHIISNR 0 Bl oLl kite e bt Ppat Bioop B Bl 1 bhen
'icmréieﬁﬂ,g QU thcanaem%dhﬁezw MRl hAGe oR AL RRLIrRdsmal prEeessify whg@ Qkvitch 410
change in slope, in conparison to curve 508 wth the

of Fig dngdpsedapaci t ance val ue of 10 nF. [Para 45] In
addition, the value of the upper electrode DC voltage
{qupﬁ’l] ent MaLorrdia;g hehadijlustigte byfaRRhblangaytbe adpsicdtharbenging the

| ue, of variable re tor 408. r exa
resisiqfir a8 OB S LN SRS PR RUS. ot onviee Tiearae B e OB o nF
capac@ind@lsBltink P 812 ARe FRY R badljuste eﬁ.t% @iﬂYL along the plot line 310 by

changing the value of vanable resistor 408,

{Para 48] In another embodiment, the upper electrode DC current values at 0.8 and 10
nF capacitance settings are represented by plot hines 514 and 516 of Fig. §, respectively. Plot
line 514 with the lower capacitance value of 0.8 n¥F shows a larger change in BC current i.e.,
a bigger change in slope, in comparison to curve 316 with the larger capacitance value of 10

nk,

9



val ue along the plot Iine 506 by changi ng the val ue of
vari able resistor 408. [Para 46] In another exanpl e,
wo bh@suafees DC bi as values at 0.8 or 10 nF caparCT/anmes/058314
settings are represented by plot lines 510 and 512 of
respectivel Iot .ne 510 with the

{Par wiac. Paried e iraiihe g ﬁkl‘e&’r?@‘é?}eﬂ&%ﬁﬁ ginivgntion
pmu(mn@ﬂh@g?x &ndeérmmauﬁ&ggﬁﬁ L@sh@ﬂgﬁg MhsSh QRKesd ﬁ‘n;ﬁﬁ&@@r{é 8O0Racma
to plot Tine 512 wth the | arger capacitance val ue o

density OionRpeigy, zat;icrdxzneuﬁmz@ébwadjhmam t@n‘ﬁ@dnwemnccfmd frethe DC bias

I ntion eSS|n
p(}t&i‘}ﬁﬂ §n aﬁx quér réﬁg F ’ﬁg?‘é“ % R B SR l:ﬁ L&}it x\iwéa léglcage%tfpath 10
grountihe h@@{ffﬁfoumubﬁ?&mw thenadirbstash b GhRARGH lﬂ_guﬁ;ﬂé? to implement.
resistance val ue of variabl'e resistor 408. For _ )
Also, eswripg lney iterf@hwaﬁféwtmnmnaéﬂwm greedermgl BCipweapauil shees. By

b
climi B NS 2h o B 18 PR, IRICDE,ALSA 6, b2 B Bhite

maintyial naasbinﬁ*oﬁ @&ﬂ@im pré%a,m F Rﬁé 83;14381]33 EH ~@Rplcdefiasma processing
enbodi ment, the upper electrode DC current val ues at

chamigrg and 10 nF capacitance settings are represented by
plot |lines 514 and 516 of Fig. 5, respectlveu% Pl ot
{Para §0he 5Wihil his intestibo hey besaplgeirtbad cetoymb abseatrapelgimd
embo& eﬁ% ﬁmk@%?%ﬁm%@&ﬁ gm%&uggng%ng%ﬂ&xﬁenm5&§ugf%gwtﬁmthevxme

ange 1’n's artson to*curv

of fhnl ;a;a @efonC ayagithamee \Mahu% ahd 3Rk drPardidQ]heASn F@RYoReenience
appr eci at ed fromthe f or'egoi ng, enbodi ments of the
and sha W{fﬁb@nl\?ﬁ— B\VAoHE R R SERbe 2F gjeaﬁlq,;gh dereeht X shad aist‘} be noted that

| | ar 4 ‘
there %%%Jn‘? a’l iILQ}%U P& ﬁﬁ{moz%g» “gﬁéﬂgmt%@&%@y £ ’g&?‘ﬁ%‘{"%‘ {q‘ﬁtgp present
imvenRbn. i ﬁhﬁdmh&eﬂ amﬂémz pldserd@obidad hpeient ik aliemied almt uipspe examples

. electro 0 an RF ¢ plln cuit w
be 1”‘6’?]??‘%‘%“ i feﬁ( i H@Pﬂﬁ%qﬁﬁnwmm E@“kﬁwdf% “Grlgation. a set
of o 1@@:15%:‘915 9&4@@)} R@Hr@ﬁﬁﬁ@mr Bk Yﬁk%éé[ﬂ@zﬁieﬁ@ed R BF RN fowing
Al'so, control may be achieved w thout enploying an
appengdsd elnivad beDGtepower as umh.kcyn.seib ol aliByptiohs, pemattimgst del
. need f an exter nal cost .savi.ng may be
cauivilgge s B ST il i RgeSG B pERpIAEH® ™
processing in a capacitively-coupled plasma processing
chanber. [Para 50] Wiile this invention has been
described in terns of several preferred enbodi nents,
there are alterations, pernutations, and equival ents,
which fall wthin the scope of this invention. Also,
the title, summary, and abstract are provided herein
for conveni ence and should not be used to construe the
scope of the clains herein. It should al so be noted
t hat
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there are many alternative ways of inplenenting the
nmet hods and apparatuses of the present invention.
w@\kdokoeigh4 var i ous exanpl es are provi ded her ei nPCT/US2088/058314
i ntended that these exanples be illustrative and not
I i mting wth respect to ChaidMsvention. Further, in
his application, a set of "n" itens refers zero or
“}"ﬁ#{)‘rié‘“}e@ém inthe set. It is therefore intended that
the follow ng appended clains be interpreted as
including all such alterations, pernutations, and
{, edwh p&kanqwg}@&i fatHambet i methb@ fdrpuecespag & Bularrdmscmmé sing:
of the.pr nt inventi nCLAII\/BV\hat is.claimed is: 1.
| ﬁu@o&l gg z‘ﬁ‘th&l:zgg &7 Hi Eﬁéx%gfmg%nﬁ%‘tmEg@ufWtzm;‘cd mth a first
elect-BIORRISSIBPI8URILT at e conpri sing: supporting said
substrate in said plasma processing chanber configured
wiconiurnigas teast] cae rrodescamet ta ismtrgiebnel et eandaid first electrode and

iguring at |east one power source to ignite plasm
“Md‘ﬂé}ﬂégﬁngg %lrst el ectrode and said second

ekegh &Gdﬁm%@ﬂ@i QRUREG R HIBTHCME o a6l Qechieguansy, cBE)passive
circuit to said second €l ectrode, said passive RF

RF cigppdging weiigyged snddigupag ot @owffw§tﬂfoﬁ@téﬁﬂq¢omefisf» offge
pnwnﬁﬁ & 6§qg§$wﬁggmfn%%a e%%ggkggéﬁ oy ?ﬂg ﬁefﬁbg'gf
2. crlat,mc}hcfduftdmm iclumghed &nﬂgw&xﬂﬂ)gr@m 3. The net hod
of claim2, wherein said DC ro¥wg |ncludes a
c dRaIRAVO Coim 3. nderimtiad DGgrowpdingiicrba cordugtivg saupling
membdperein said conductive coupling menmber is made of
silicon. 5. The nmethod of claim3, wherein said
4, cdhdm&iMMbﬁ@ﬁuprin@wnﬂmbﬂdLemﬁshamaﬁmasgawnﬁmgu1&Kk?ﬁeﬂk0n
wherei.n sa assi ye RF rcu
S i M S Tt E R S S T PR
6. [ ThIRQuRLdIQehiGl BhReRfin @asd PRENRIHY S&hS iRARAG! & Rlasd hedf a
vari abl e capacitor. 8. The nethod of claim®6, wherein
capacal adiandudacder i s a varlable i nduct or . 9 The met hod of
mhere ng.ci reul i nhcl.udes an

7 R@Fi i il cl e (n mem axﬁ é%f%élit‘ofg’b dn% §\‘7\ﬁ“&‘ﬁm 10.

8 Thee W&Eiﬂﬁﬂ)ff&ﬁ&tﬁ'@k\fﬁe&m Yhe [Riubtos & dhvdrableSh@kcidiS a

vari able resistor. 11. A plasma processing system
S cahpmoghasiget claim 1, wherein said RF coupling cireuit includés an RF filte

Lok

arrangement, a resistor and a switch.

10, The method of claim 9, wherein said resistor is a variable resistor,
11, A plasma processing system comprising

a first electrode;

a second electrode;

at feast 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 {R¥) 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 DU bias potential on said second electrode.

12, The plasma processing system of claum 11 further comprising a DC ground.
i3 The plasma processing system of claim 12, wheretn said DC ground includes a

conductive coupling member,



a first electrode; a second el ectrode; at |east one
power source, said at |east one power source being
weomBitguwsed to ignite plasnma between said firsPCT/US2008/058314
el ectrode and said second el ectrode; a passive radio
frequency (RF) circuit coupled to said second
, el ectrode, said passive RF circuit being configured to
14 aéjhgig{as@ﬁ@rqﬁesw ' s ghclpp jmﬁ@gﬁ:& é&ld aﬁnq:qgnv%pqlg)éz@g menmber
is ma D&gﬁﬂgﬁ , and a DC bias potential on said second
ectrode. 12. The plasma processing system of claim
£s. 1T bt plasteepreegdegd sisng: af Gngwiteid 3aid Theduplias oupling member
cessing systemof claim 12, wherein said DC ground
‘bﬁmgﬁﬁfﬂﬂ%%éa conductive coupling nember.14. The pl asma
16, PH9E %ﬁﬁhﬂ%t &%%ﬁﬁ@@knﬂﬂadmﬂ-?’} WIREL S| kﬂ{ %@Ni ngﬂgllr'&ﬁé YBudes at
coupli ng nenber 7s made of I'i con. . The pl asna
least tp}eoﬁ@stspmtosymzﬁmndm@u aim 13 wher e| n sal d conductive

is
7. bR elSagray S SR E PR A b cor o phls AR e
a@uﬁbJCUIt i ncludes at | east one of a capacitor and an
inductor. 17. The plasma processing system cl ai m of
I8, 1@he pHeT@iPROcE AT waparPtdpin so.avheann b endugvacs ¢ iriable inductor.
1o 1 : ; ‘
19, %ha-}wﬁ%}ﬁ é}?ﬁ?&@‘w@f \g&%‘?}?bg 'ugxy f%g{lﬂg? An ﬂ?éﬂq %:ﬁug 1?8741%&02& ilncludes
an REpilegesgshngey stesisof ael abwitdid, wherein said RF
coupling circuit includes an RF filter arrangenent,
200 éi@p PlETaRrREeaN R RSt obglairh \H"&éﬁé%ﬂ!éﬁ%‘é@gp ﬂgmmh ¢ Teblbml
systemof claim 19, wherein said resistor is a
vari abl e resistor.



