PLASMA- ENHANCED SUBSTRATE PROCESSI NG METHOD AND
APPARATUS BACKGROUND OF THE I NVENTION [Para 1] In the
w@e@ses®eng of sem conductor substrates, plasnpCT/US2007/087670
processing is often enployed. Plasma processing nmay
i nvol ve different plasma-generating technol ogies, for
exanpl e, inductively-coupled plasma processing
systens, capacitivel y-coupled plasna processing
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processes that involve the etching of materials using
a photo resist mask. [Para 2] I|nportant consideration
for plasma processing of substrates involves a high
etch rate and ammROUNDQFEHESNVEﬂHKmi vity. A high
etch rate refers to.the rate at t he target.
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the plasnma density during plasna processing. In a
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d Ltd i pRAVRGSYm&RPACH ti vel y-coupl ed pl asma processing
a@%& éh1§00 Fﬁc“ﬁ%es a chanber 102 which is disposed in

(PaREd)Veen cAR waP REincrease the etch rate is to increase the plasma density during
plasma processing. In a capacitively-coupled plasma processing system, plasma density may
be increased by increasing the power of the higher frequency RF signals. To facilitate
discussion, Figure 1 shows a prior art multi-frequency capacitively-coupled plasma
processing system 100, representing the plasma processing system typically employed to
process substrates. As seen in Fig. 1, multi-frequency capacitively-coupled plasma
processing system 100 includes a chamber 102 which is disposed in between an upper

electrode 104 and a lower electrode 106.



el ectrode 104 and a | ower el ectrode 106.[Para 5] In
the inplenentation of Fig. 1, |lower electrode 106 is
w@e@siostwat with nmul ti pl e RF frequencies, such aBCRUS2007/087670
Megahertz, 27 Megahertz, and 60 Megahertz. Upper
el ectrode 104 is grounded in the inplenentation of
Fig. 1. Mu'ti-frequency capacitively-coupled plasm
processi ng system 100 al so includes a plurality of
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satisfactorily confined, electron loss to the upper electrode during plasma processing places
an upper limit on the plasma density within chamber 102. It has been found that as the
plasma density increases; electrons are lost to the grounded upper electrodes or other
grounded surfaces of the multi-frequency capacitively-coupled plasma processing system

100, thereby causing the plasma density within chamber 102 to reach a saturation point.



grounded surfaces of the nulti -frequency
capacitivel y-coupl ed pl asna processing system 100,
WO b@sokap2rcausi ng the plasma density within char@BpUSH02087670
to reach a saturation point.Beyond this saturation
poi nt, increasing the RF power of the higher frequency
RF signal does not increase the plasnma density since
the el ectron | oss outpaces the generation of ions.
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temperature of the electrodes is minimally effective in controlling the photo resist selectivity

while providing no solution for the plasma density saturation effect.



art inplementation of Fig. 2, the increase in RF power
to the upper electrode nay | ead to saturation point of
w@b@soseodensity. Furthernore, the prior art PCT/US2007/087670
i npl enentation of controlling tenperature of the
electrodes is mnimally effective in controlling the
photo resist selectivity while providing no solution
for the plasma density saturation effect. SUMVARY OF
I NVENTI ON [ Para 13] The invention relates, in an
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has a pl asma processi ng chanber and at | east an upper
[Pagd Bt r odkhe amvention| reharss, imdreembodideent, khemsthbdfor atoeessing a

3002 p A e BB EFRIR U BB g progesin
chanibeg andrIFlegstgmapper dlettinde hslnelower edestrodrd g he Tlld:@trite rssi.l spmﬁd on
thesi bxgcl}%‘ ecn&i% aﬁngé g?%réa;ﬁro{e%@% ?ﬂg?ﬁethnﬂ ?ncfuldg e&m\BEmgc' htqgﬁl a first

I'es asma proc
Rchmnltie thevlmo\hqreblgt]octen di h@ﬁrngE\sigmah mscﬂefdstF&F &mgmaﬂy dhe fitseRF
Shamt
si gHB FZE{P ﬁﬁﬁ\ d p%js%'a i H]% lpﬁ?rw gl‘éce?Ln gﬂ@%ﬂgﬁl&é g\%ﬁe {g‘&‘é& Fgglbﬂ% %ﬁ:ed
RF§ngynladn thd wemtm&ﬁe ThiemethoRRElsp inslydesprgvidiag phesvs@d RF sighnd to
theﬁﬁ&%@c%&ies 0y ?écox cﬁRleglgﬁa?Elsg h meaﬁrpchaﬁ@e ncS/ ﬁ gjhh{e%tf thg

ess t han
secout R elgnal mfﬁdrefsotm plrse off the)finstRF signad by atfeéuamatl iglessthan 10%.
Th?_ﬁigﬂgggdvager;ﬁ hﬁ{r‘lgers };/ﬁo?% mg\eﬂseq?%tr%tg v{/hhg H\g @%f%ﬁd EJF §%H£1 Qgﬁ'owded
to herbprgr feditode.of t he i nventi on di scl osed herein and is
not intended to limt the scope of the invention,
Thetabests spmawtrelfiss torpnishone|ob the Mmanyrembash ments of thesigentipridisclosed

her@inR84 islRAhIh &R 18 Timife RbEIR e ihRUESH. Wﬁf&h\f\é det foR€ in the claims
described in nore detail below in the detail ed

hergias dpssgendethesifeatyres efileantesersinvention wilds dpssd b%q i oy depil
belm {he HEtﬁHW,d'&scfn?ﬁlM{ &tShe iBRNESH HaSCEUNCEMN Wb thEollowing

Para 14] The present |nvent| on is
figges ust r at ed by way of exanple, and not by way of

Lllr g1vv|t ﬁ;;ogndlé}}f%%&%ﬁéwéf iplgr@’g'g%ﬁ‘g% ggr efer to

[Pagd ra]l ar mbgr&aﬁl ?vér?d)nhmmdﬁﬂafeb by W??ﬁexl&bleﬁin@noﬂb AT
ior a mul ti -frequency, capacitive ou
"mﬁP‘E%‘n’& thy euss o Hig assrorramying dpyiageandiimy tch@ 'feéeg*mse numerals
ref@ntosieslal digmaydne i wiiph:.cal | y enpl oyed to process
substrates. [Para 16] FIG 2 shows a prior art

[Paranisi] eneFI@L | showwh enatnyt rﬂlﬂ&-fl@t‘]ueﬁty‘ @phigyelyf-coapled playmKRF
als . are prov rode.

r elec
oS0 o ik i ol B PR e Bl SRcul @lsi6ea  Sproces
substrates.
[Para 16] FIG. 2 shows a prior art implementation whereby one or more high frequency
RF signals are provided to upper electrode in order to provide additional control over the

generation of ions within chamber.

[Para 17] FIG. 3 shows a simplified diagram of an implementation wherein a mirroring

circuit is employed to detect an RF signal from the lower electrode and to provide the upper



generation of ions within chanber. [Para 17] FIG 3

shows a sinplified diagramof an inplenentation
wWoL@BeB2928 mirroring circuit i s enployed to deP€rUSENT/087670

RF signal fromthe |ower electrode and to provide the

upperel ectrode with a transforned RF signal that is

i n-phase with the RF signal of |ower el ectrode during
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[Para 22} In accordance with embodiments of the invention, there are provided methods
and arrangements for controlling the electron loss to the upper electrode such that the plasma
density can be increased without the need to unduly increase the power to the plasma. By
increasing the plasma density without a concomitant increase to the RF power requirement,
the target layer can be etched at a higher rate without unduly degrading the photo resist

selectivity. In an embodiment, the upper electrode is configured such that the upper electrode



and arrangenents for controlling the electron loss to

t he upper el ectrode such that the plasnma density can
wheoosgdensed wit hout the need to unduly i ncr eRCEUS1IQ7/087670

power to the plasma. By increasing the plasma density
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[Para 26] In the implementation of Figure 3, lower electrode 304 is provided with

multiple RF frequencies signal 302 such as 2 Megahertz, 27 Megahertz, and 60 Megahertz.
In an embodiment, the RF signal from lower electrode 304 may be detected by probe 306,
wherein probe 306 is a phase and amplitude detector designed to pick up low frequency RF

signal, i.e., frequencies less than 10 Megahertz.



di fference between the RF signal to the | ower

el ectrode and the RF signal to the upper electrode is
wowaokioseoabout 1% [Para 26] I n the inplenentatPCrUSL007/087670

Figure 3, lower electrode 304 is provided with

mul ti ple RF frequencies signal 302 such as 2

Megahertz, 27 Megahertz, and 60 Megahertz. In an

enbodi ment, the RF signal from |l ower el ectrode 304 nay
[Pae2T et eah ectohingervitheanZabodimbsrof the ppsserh éhvBﬁkﬁanl the Sighd &

thetpabs 0k by repted o anre irgt S0 T Py s i ayiaggywitn e
capWbaIver plasd didrampRitHe hdjusha@o Littansefontik modifi ceddaad irephtse

f th resen |nv ntio the.s t he, probe
andjeyambinif SEGF G SRS 3eine oF SeRpE IR REHEM iig oL or
outcof¥phiesetwithGBe RB sigiiab fionhahle Iwwbrfbléctredd::mpabl lity for phase

and anplitude adjustnent allow ng for the nodification
[Pand 28]he [Fhasentahsifmal canipg batwd eontiol ¢ifveit BB sidgeméd to an RF signal
oh :
enoe?aQ%BSb ocg ggrgeré’é‘ﬂ.g Al ﬁ‘g \gﬁg EEer%z%fgﬂg} 1#::531%1% ge%e albd %p%%e

gereraomtis omhemﬁ@éhmpﬂlﬁm‘ (ana%]phiﬁn 82@Qomthe desirsd ghrat oxm_mnhngie.outthe
conQext éP tlpl% %!)(?C TH& u*‘ tthe reSent mvgnltlrog Ct}\ ed tl?uaaey oﬁﬁe RE girg},r‘r’xlzllls from the
: or “generatl st gnal .

upﬂéln endlafereal qcmpdim aRFcogsidpned to ge rhe lsancewthdmyhd?{%llgae nbthasmplitudes

e d (via anplifer 320) to the desired
am aseﬂ%F %ﬁp éegln the context of the enbodi mnent of

[Paté'gl1 g So1Pr ES{E tHe 1#11?1'%1%@&&%’& %%eli qg@érﬁﬁh‘ﬁ@@ RF Q%;agl hfonﬁ'ﬁe amplifier

rom | ower | ectr es are
32@:tﬁﬁgiem#tedﬁettmptr@quﬁ@des’d%ecmmeﬂ%e the R K gegnablfeinglirected to the

up;?e'flplle&t]:ddg &SnPhise %MMR@Q%M belré@ ﬁEpl%@qg'thgim ele&tﬁﬂg th
I'n the i'nplenmentatio 3, the anplified RF
aCC@T n@WIflr@rﬂnbh@mnmﬁthqmse@mentsondu rected to the upper
el ectrode 312. Consequentlé%( t he RF_signal beij n%
[Pagi 3Qct edPhedeapuies anp pevaniagsof hayins theRF sigpm duestes) to ferupeer

eleBiFod Indiflg iR Bhdi8 with B! Rleéggvﬁpfrétﬂ ﬁwbeweam@h R HaSERn 1bB better
accordance with an enbodi nent of present

undersieadithrongh Fipuesfagof 4rniisyrade showss aaﬁ@%%{ﬂ&%@%gFéfgna'

frohakd RQet O€tBle, i Laadarte Wi bEEledibdiniét bmﬁ@?reféhﬁﬁwnﬁéﬁ
runni ng |n-phase with the RF signal from]l ower

F*?é‘ree@t%wfﬁ Famgpg oot ebap Resignet @'éeﬁtee fRIBE UPRSHEIeEtFAde (HgRAIng in

phdst Gith &% Riosi aadfrdih theftb Qs eRchaie D OWS 42 Th KYSHTRICE with @he Of
an RF S|g£m romthe | ower el ectrode i n accordance

embpdipens of @it HYRROYf the present invention. Figure
4b shows an exanple plot of an RF signal directed to
[Pardhi&l Juppeks nedng oilerdqnienauallyninrpgasie nlemhessiee imiptementatorRivherein the

pha%% glrf‘i%l' nf:«{ b Wvée?h rﬁ*"é‘%n Sﬁe lo&?r ele?:tr?{ ﬁ)4 aﬁ(‘?the signal to the

upperc1 glg;ttq?iggfz 1\[2II Fﬁmhm &Mq:t 1% Atghe moired ppme\duougihy pegativepdyakse of
me‘iﬁﬂl‘a&%ﬁa&dﬂ%f T@l &b t1g‘ttllxeong yi@rﬁ'i &1 d]oftﬂntqower electrode and the RF

signal 450 of the upper electrode are at the most negative voltage values with respect to the

plasma.

{Para 32] Referring back to Fig. 3 when both RF signals are in-phase and at their
minimal, as shown in Figs. 4a and 4b, during plasma processing in the plasma chamber 314,

the upper electrode 312 and lower electrode 304 are at their most negative values. The



phase difference between the RF signal to the | ower
el ectrode 304 and the RF signal to the upper el ectrode
wW@1idsios292i t hi n about 1% At the mnimal poi nt SPALUBIG7/087670
the negative cycles of the inplenentation of Figs. 4a
and 4b, the RF signal 410 of the | ower el ectrode and
the RF signal 450 of the upper electrode are at the
nost negative voltage values with respect to the
po@ﬁ\&&ﬁﬁgec{ drgoncpatit)es et e}fdv\'ml)lgl tbﬁﬂksn’(a(‘.t:hﬁh@er 334 wiiestcélatte and
nals are at r. mninmal, as shown
vorparE PP SeETRde AL S IPs GG e LB ABErRY e ird O
elefthoais 004 @@@dﬁ’eﬁfe pBibthry dl&trobppPiith £k kel ¢reas ecitdhsandlsdcomiary
gﬁﬁ‘% gre % t hei r, nost negative val ues.
CMIFER ?F?“W%w@ﬁ PHABNSPYBNEFE M cl es (not shown) in the
pl asma chanmber 3 14 will accel erate and bonbard the

[Pamoiﬁd r elSince beidhezsubstraperdd 64 diwosedigtop the leweriedectrofe 304, and the
up&'r §198§ﬁg 3 ﬁp ‘al}{@ngttng nL&W@J cﬁ‘eeo(?kﬁgféﬂalg’ Qb at %lf%?ﬁé@ﬁ@ve

primary el éctrons which are om1ener?£ | ect rons "and
valyesc ha arynuanpssndalpeprese theyper gleptaade 3l eand lgwerelrsirede 304 with

mngxa%& m@@s mL E@h@st a%&uo%uﬁsﬁn@ Of2 eIeQ@orﬁlt'mE&ﬁé & ltBe upper

i sposed ;8 | oner el ectrode 304, and_ the uppe
ele@r%’e?i%eréhes strmluéﬁgldttﬁPgtwqb‘?thnéweéatwlymmse upper

eleSthd#8 31 @and@ﬁ@ne@ﬁtn\lel'}edlz{semgtrd?@g@t Whigh 1idp8sed abdV@ the lower
HHX|nun1§otent|a bet ween 't he upper el ectrode 312 and

clegteage P04 | pgertbradections aie pegati ity Pretgsdrdhecsleciiorsmighigrepel in
betb«bamawoerlegmvegr&h&@@dowp@xgelecTrB@e ﬁ'z%ﬁ& rowasenwl%ael %@mngtazd of

per electrode he substrate

t he
be‘t‘%)‘"H%edW%\bb’é'dc’ HBRShEeH AR e %@@ ey beths case dfuppenlnstipde 312 is

groah&e@t fopdlampie? 1R meaatnbay Bﬁ\ﬁ&td F&'eléc@d)&%@ﬁi miay Rl Al fe
ch is di sposed .above ower el ectrode 304. Since

chaygrg e@@@ﬁrt&ﬁgbya%&ﬁ%@sﬂemny tpedragerd in pehween wperelgsgode 312

andTo@bil el dcBBE 304 ToREbNRE Perfdd BF liMe. R ARV Nat SRaLARM throunh
upper electrode 312 and |l ower el ectrode 304. Ins

the gtechasi sTyofi rrron cqtlisiop. thesesat el fipwed erdans ¥4 é"%ni}?""x ipst toRF
grolRy3@e the case if upper electrode 3 12 is grounded,

for exanple) the negatively biased upper el ectrode 312

may repel the negatively charged el ectrons, thereby
[Paggaifdi ng Tk éonetrecsicieoctstim@ofbbe megatbple/ohhhnged)écwwwimpipelasma

r [¢3
chagléar%xlc% 13‘%G§m§uté%o%¢5 a.fdggsg:g &?ﬂ@m@@ n@L aﬁ%@@@%ﬁ
increased t¢te amowntrpE RA @nwsrmumheﬂ anplesmacopdesssrigohambgr00. Note that
e ARAR S@%%“&f%%?ig‘gﬁf%%“%&? BNt Ak o Rr
powiks genplio@iothe RE sigeals. fansaqnenly, the piterepisissienti vitagmns ne@tively
I

il R Y el Balm B ANGL b ASBRARAT Kokl densip
beeﬂ@g\b?veébbmcreéﬂns @C;BIF@@W&T Iorebcessi ng chanmber 300. Note
{pawst] thextmﬁmp&&@durn%rtﬁ@aﬁnwsycms%meuﬂﬁeaem.oafomgs

Fig. 3 does not require the incredse in
4a and 4b the RF signal 420 of the lower electrode and the RF si gna] 460 of the upper

electrode are at the highest positive voltage values with respect to the plasma. In accordance
with an embodiment of the present invention, secondary electrons are not being emitted
during this time because the potential between the upper electrode 312 and the lower

electrode 304 with respect to the plasma is low.



power supplied to the RF signals. Consequently, the
photo resist selectivity is not negatively inpacted to
w0 b@smsayel degr ee that nmi ght have been i npact edP¢HUS100B087670
hi gher plasnma density been achi eved by increasing the
RF power |evel. [Para 35] At the maxi ma points during
the positive cycles of the inplenentation of Figs. 4a
and 4b, the RF signal 420 of the | ower electrode and
[PaH‘Gi’)] RF Fugna) duﬁﬁ@ttﬂ}‘poinh& dyﬂp ahe ﬁhﬁ&}qﬂoﬁ&ﬂ&al&xﬁ the @tasnhk‘leolume is
e voltage val ues with respect
subge Sl et bl el he Pt By P R B vy W

secPidageddctrioMgRtdddiom thereBdiicial gloaet laas(ear, grauad pibes BB and

emtted d this ti th tial bet
L R RN TN X Lo T
long&rtrébide&&rlﬁﬁﬁ anti@ higher pasatrdansity. Dowr.thfaniee 36l (bothi hdpative and
durgﬂ% Si dve c%/ he,. t he cﬁl asma potential in the
POSiVe "\Y‘HF‘ asmg §Lr°‘b‘§ St ‘5?’?%58 i gher than the
2T ot DL BTN B L e g ove
eleqende prhﬁhaRF gng.,oal rﬁnbnﬂhaumr (lectrgde; cagrbe umd aph &bebsto 30ri|t8>1 and
um?omn t%gfr er‘? al S0 tbregg Lﬂ%{)to resnstt F&ec@w?ystgﬁllle undgrpenge?IEYem%gln%gtcleed
In me nwlmmktaaom oglhg r3, ph mgerd@n whery the@hase of the Ré&rsignnladirected to
the gégésr i%lte§/tpol‘2it§ h ) %9&%%‘&6{.;6%%!;% é?eo%%:p\g%ﬁg {i]gnaﬁgfetﬂeal% Pelléac?:%@e
304 hweinp hasef thie §yfckervdreoth®RE wizaals drbet tRr @by megative mhuets h e
| oner el ectrode and the RF signal fromthe upper
[Pagd 383t r odfer examplseit i;sl@dwmﬁlaﬁomrcﬁyengm eleoirans @nd hijgleer energy
ele&@ng Qﬂd!ﬂ:ttt}fe 8&1 8’5 Jgale it n‘?way@ %Hc@% h %sttg%ﬂ\ %ﬁer energy
selectivity t € un ylng y el ng
elegtrpas jsippli @/ﬁémb&themﬁ cef fOFp@oto ssnstam eatr\ﬂtangméemabwmemenx ¢qees
to &gﬁﬁ@g%ﬁ%hbﬁer @%ct?ddg A% toddaﬁs%%o%jof{tﬁ’e i ?ﬁer P el&'n%ﬁét%%@e

usted to th egaseo si gnal
b

trappad It bwézeereotéewmét wexpeetad bangfipaletching umﬁ@muty anay bm@\d@ed
by Sclg@su RE th%' Qzﬂ@ bigrefin€e l?eftwéelﬂ ?Helr Rslﬂﬁéial ﬁ?&%ﬁ hyfe &gﬂe\" Bi€ctrode 312

For exa I energy
heRF F‘Gﬁ% ffah’dhﬁbgﬁ’é?‘eféfﬁé? # dufipgthe o%atww&bt In #rsordpneg with

an aﬁ&ﬁmt bﬂhé’b&{eﬁ{ AlnG YR YR ph%e@ﬁ#m@g i0FdiRd R bleheficA to etching
gher ener el ectrons Is believed to be benefici al

U“'f"(‘i‘?’“}bf?@?bﬁlsﬁ g@ﬁewcq:,@l@éthawwt 19%. i s desirable in nany
ases to negatively hias upper electrode 3 12 to cause

[Paf?o3r9é of A bs apREsEiatsA dogyheloprgpingranbodimsatsof th inygntiqny

achi@8 a Iaaea 1@1@5&rprﬁﬂaatdb@hy WigpRSe eRAInD aﬂafgh@heahrgatlmt MGhe
uni.f rray be achi eved by adj ust | ng, t he

CaPEI‘F'T“f -eaveled plapma RiRcesHas ﬂlﬂ"‘?Frg‘ﬁ‘m°“b‘f"rdé‘é’tdéHa$'6g 'lhﬁ éh?}% fraist

durﬁJgQCd‘nTn@d 8y Piovidiiith ﬁl&%arﬁﬁn ﬁr%sﬁ@ Hplasfa h&iﬁﬁ)‘ without
el.ectrode 304, duri ng qﬁ__ ative %ycl e, accor da

realith SRR isHe e Aol of P RE sienah provified mg

plasiid prbdeSgingd chahBétNsladnty déﬁsnb&ﬂﬂ&‘e&‘sbdlh'hﬂ@mﬂ)ﬁd% Fegist is maintained
uni form tn¥ or. ghase differ ence of. 1 ess_than .a?o%t

the $338g or is mi mally impacted. Furthermore, t e umformxty of etching is further

enhanced through the control of the phase difference between the RF signal directed to the

upper electrode and the RF signal to the lower electrode.

[Para 40] In an embodiment, the phase of the upper electrode RF signal may be adjusted
to either lag or lead the phase of the lower electrode RF signal. When the upper electrode RF



[Para 39] As can be appreciated fromthe foregoing,
enbodi nents of the invention achieve a higher |evel of
w@b@soseodensity to i nprove etching through thePCBUSED7/087670
| ayer in the capacitively-coupled plasm processing
chanmber wi thout unduly damagi ng the photo resi st
during etching. By providing a nechanismfor
i ncreasing the plasma density without requiring a
sighd) CQIRbH phade Witlthe Rover élébn’foheRREgMViBlE obsewel that pﬁdtkﬁesﬂt_-

naJs provided to t rocessi chanb
Sel S 1 PR (P seiaih PP 2558 St o BRI ANR)  Bab Tt .
cd’ﬁ%llﬁ‘@%d’t@‘ddef&a&@ﬁ&w@in uhéiu;ﬂibmlémbﬁtykf siped hieDiower electrode RF

sig@# s %@?ﬁ%aﬁ%ﬁ# f?éu‘&fn%fv%w'"gch’rf PR °5ﬁ%!'§§°%iu¥ ? erence
L R L Iy s R T DR

ma@be edjﬁmdil toreittier exceed ghabeloatr thh'ethem'ppjrtu@ of dterl owley eEEtrode RF

. S | b dj usted t h
sngr()ﬁlgl.ggﬁxgn F%égxlpﬁtél? éi!t'{?\% upper gr e I%IF sng lS no quglqo‘i am%hﬁ‘zﬁg of
the&b\@ﬁtereed@leﬂﬂsélggiabddeﬁir&d herkinab bgh@&ﬁ‘emmttﬂy hdre 'diamﬁ%) itis

oo ShRE S TSR e B U L I IR el

certan mpbtanbmusﬂ as(plﬁEl)oresllSt (PR) ymypiynst strnm coommmg)tlht: rategive he
e n F Si m
amghtag‘éfs g\%te%eg% ﬁg C?prelg gle&%‘?_xe RERS ﬁ.x,niki FARc?f ow%l ﬁgéé@gg ﬁﬁ Figaaﬁ n$h
impresatht dafred &srdmfmgnwmrgamﬁRP&ror poiylynﬁer [Para 4 1]
Alternatively or additionally, the anplitude of the
[Pampfidr el Whiterthid énviRtionihghibden desynlbaé lmfmswfesavqr@ pesiferredr

emEHERE Do e AR refp ol PR HEAG S RSB scope
of tfsdutentiaie A0, dieditlal summanoande@ataact ey ptqmeéhgemtf@rcf@n@mence
and {18l RBFLe BEAGEANS, IRE < %Joog Bthe LRl nRth, NEGBLIA aRS bPRb BB hat
erent by nore I't I's observed

theprrase wewsdleatied ways Wimp}eme@tmsem methodygnd |anpamese& afsthe present
invihit tA%m%ﬂ%ﬁoﬂ'e&&ﬁﬁl@%@pm&%d Hefdid, @t'x@m?eggéd tﬁﬁttl'le?»@@xamples

suc t oresi st mer strip, control
be il yatratiap and npellmnwsuw'@des@e%a %@Ne'tf‘l‘?é I}pﬁb@re@r@eteﬂ@fééh %.
fol M@Jp &ndy leﬁ’i\%‘s rbe &li&piele4€inEdiRg G &ch AR ad IFB rpQMx@utitnﬁs and

eS|red result of removing more PR or polyner. [Para
equigdlengysifedl wighin therimpe airiband lseppe EdA Peaant MVvensigni n t er ms

of several preferred enbodi nents, there are

al terations, pernutations, and equivalents, whi ch fal

wWithin the scope of this invention. Al so, the title,

summary, and abstract are provided herein for

conveni ence’ and shoul d not be used to construe the

scope of the clains herein. It should al so be noted

that there are many alternative ways of inplenenting

t he net hods and apparatuses of the present invention.

Al t hough various exanples are provided herein, it is

i ntended that these exanples be illustrative and not

limting with respect to the invention. Tt is

therefore intended that the

10



foll owm ng appended clains be interpreted as including
all such alterations, pernutations, and equival ents as

wo adoB/08292hi n the true spirit and scope of the PCEESIN7/087670
i nvention. CLAIM5S What is clained is: 1. A nethod for
processing a substrate in a capacitively-coupl ed
pl asma processi ng system said capacitively-coupled
pl asma processi ng system avwg a plasma processing
chanber and at | east an | ectrode and a | ower

whal gelafrmdas: sai d substrate being di sposed on said | ower

ele tr durin Ias rocessi.n
ihog FobroBRirts aaapaBn ReopariyELy-SOgIed RlAgne Bpesssing
sys&inﬁ‘ €4idl O4paciti Sy goufpleﬂﬂasrggpﬁ)b@ﬁﬁé syReey l’lﬁ_gmg afp_lalsnhih pBETssmg
sai irst si gn couplin th a. sma
chaneCaaas hst Sishor HEatoac g % fsrsisp o, Ellfal b bt on
said Wﬁﬁ@btﬁ&e Girgaplasan pﬁnﬁtsdnglrtpﬁbnfi‘hgaﬁ rode; providi ngda
second ,RF signal. to_sai u r e trpde, .
e RPgtine “OrEn hist R S8 R bt et b ARF S8R e o
ﬂrsoRF FetebnSe 640 flrsRRF Sigfal @buphag wgh afpfasi xnfsmmlama Em&irg(f)g/
SS t han ()

id fi st RE_si ue .t hat

cheiib. et gt aEauet BESieifenahf PaP e SR Benond e

Si gpftawhdlmgapdfc@ldd BlEd:ghal teaiduppaiptectredec sdid edend KX sigdakalso having
sai{Figh R el e ShRidTeRa Ar i BT Ge Ao § EHAE o8 st
RFSiggaﬂaulyavalue thﬁhelmtmodo%fandl aim lwherein said second

RF si h i.s different m an

Ao Pe B LB T st RecbTERE pEnd) ' pritasiie b e
eleatadem 1 wherein said second RF signal has an arrpl i tude

th

S Zﬁ%mﬁ%"'& BB L e b e o o iea PR Sl i prape pn
said pl&quem;anydf‘rsRIEsigmw RF frequency si gnal 6. The net hod

. Sal f| ¢ %5(1 o\ghﬁle ! ?Iégaﬁas%{ndsatld%\év RES t ellﬁ\n an ﬁéﬁl lglle tha%,ﬁ different

fromehlamdhmﬁeoﬂsandrﬁrstRﬂmei n said capaC| t i vel y- coupl ed

4. p| HRG %I%unpg»\% n dsg&» gﬁ?@l Saﬁ\am éfépl&fd%g;%?l}% same

capaci |ver couple proce
asmﬂwwdgbfsaictaﬁrmlll:we\lel n sal d phase of sai d second RF

5. 3' g'ﬁ}ﬁlemé.rtr%% ﬁﬁé I ‘cb?, J%Sx %d&ﬂ%?@ fF@qBén%g ks@ﬁg\grgﬁnpe%rﬁég}‘r%?‘signal.
6. ar ergnmlmdtof tlaim hmheqemcshndd@s RF frequency signal of said first RF frequency
is less than 10 MHz. |
7. The method of claim 1 wherein said capacitively-coupled plasma processing system
represents a multi-frequency capacitively-coupled plasma processing system.
8. The method of claim 1 wherein said phase of said second RF signal is offset using a
phase-mirroring arrangement.
9. The method of claim 8 wherein said phase-mirroring arrangement further includes

a first circuitry configured to detect said first RF signal,

a second circuitry configured to adjust at least one of said phase and said amplitude of
said first RF signal, and

a third circuitry configured to amplify an adjusted first RF signal.

11



a first circuitry configured to detect said first RF
signal, a second circuitry configured to adjust at

wo e@stsdre of said phase and said anplitude of PERUS2007/087670
first RF signal, and a third circuitry configured to
anplify an adjusted first RF signal. | 110. A
capaci tively-coupl ed plasma processing system having a

10 oS FPREP G S0 P QA A A G - BB E PAEe 2 B comber

forq‘oh&estsrn@deutfscrﬁte,cxrompasﬁg ng said substrate said substrate

bei di d d ] | .
o ot ket R BB slefioct o = loPEE R s<Biat oL BisFestine i P PG By
subatrzft? belihg REbosedgmabm I%rdleﬁﬂrd?tduﬁ%% Wasgragirodessingngridiobverr St
RF sal S COo u
clegiode FPHNOER 1158 St RF Sleptloed] A1 SSEha iR gtk requency,
said ﬁduRF ngna nodphdgjw&bl a pPlasisa grsaild pd}igms arodeslsupg eltianeblete c}’lcerdbgl ;e
upl ed to at |eas

mdg%"%la" 'ﬁﬁ‘gﬁgéﬁg %883%%”%@?%% ?Oel ectrode, said
phaasﬁrau ihirting grrargeaerg e oophdd tomlmniaugmpecbléctrowgnu iszlé lcaver

cle R i e 2 Sfngd el Scien R P (BRGa REb% BF SRR
sand)ﬁp;&aeldct&ee cad sREm$RE] nghal hiso hayigf shiidirstfRFofneqaeneh asghasd of said
secon gFf ik r %elﬁf ot%segﬁ I;fgase P}/ saak(fJ te TSt m,grra?b | z? §a ue tﬂé’}” 18950/

rate 1’s processe al'd seco
10%1 sgrdalubsnsteps bzamgjndcessmd séildsaitpgpeondel Feggrabid @rovided toldas upper
ele tEP%am tively-coupl ed plasnma processing systemof claim
L6 %nerei n said phase of said second RF signal is

11i n-Pleaspacuively-coapled mm@rm{esssw sgistérn o6 ¢lai RF Oswigeneah saidlghase of

. c r i ng, system of
iR RORPSLI S ONIh Sl Bhs BRIy o)
12.arr‘pTlietoaptmttvhlatcou;ﬁedjplﬁsﬁ*rarpemmdrrg,(smtam ofctpn tOml&'r@rﬁ sagdsedond

RFfsig[_) ol bRt ”tha]'?é dléﬁ{?&u iU mhgﬁ%hé/ SRR SR AR Righar’

cessing ‘syste h said seco
13.si ghtad catmswalm camptd plastre provassingsysténe ofcam Howlhgrein said second
| RE T
RF%@%\‘&&% ve lmfﬂ@ ,gdl Sdﬂesﬁtm rarsagdp 3 (Iteusdgﬁﬁsgaldspg%m Slg?al claim
14.10 Wmeacnwslarcaurﬂcd msnﬂmrcpqe@q\g@mwn pEclaim PwiRFein said first RF

rhe capacitively-coupled plasna
fi
reé) egg?&r%iigg-g enc gna aim 14 wherein said | ow RF

15fr emwmyﬁ]gftabplﬁ plmaquesfsmg e pbelaienichwheseid giblow RF
fre% ﬁ]%ess stihalikai b Rrgﬁq&%%aﬁ'lésg% V\*.TYO fAup! ed plasma

g system aiml ereln said
16.capbhsi capwmvylyt:c@umrbmawamssmgcs&@@s ohgjaigy K wererein said

cap'gi&m'é?f-%btp&d %lagHL H‘océsgnﬁg %&Wmﬁr@&ﬁ&'aﬁﬁu\{@f%&&ﬂw &gacmvely-
coupled plasma processing system.
17.  The capacitively-coupled plasma processing system of claim 10 wherein said phase-
mirroring arrangement further includes

a first circuitry configured to detect said first RF signal,

a second circuitry configured to adjust at least one of said phase and said amplitude of
said first RF signal, and

a third circuitry configured to amplify an adjusted first RF signal.
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