METHODS AND APPARATUS FOR SUBSTRATE PROCESSI NG

BACKGROUND OF THE | NVENTION [ Para 1] Advances in
w@bk@sgnesopr ocessi ng have facilitated grow h in PEEUS2008/067829

sem conductor industry. Since the sem conductor

industry is highly conpetitive, device manufacturers

generally want to maxim ze yield and efficiently

utilize the real estate available on a substrate.
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{e.g., fluorinated polymers, etc.) to form on the substrate backside andfor around the substrate
edge. Fluonmated polymers generally are comprised of photo resist matenial previously exposed
to an etch chemustry, or polymer byproducts deposited during a fluorocarbon etch process. In

general, a Hluormated polymer 1s a substance with a chepucal equation of CHF,, where x, z ate



general, a fluorinated polyner is a substance with a
chem cal equation of CxHyFz, where x, z areintegers
wQ@e@aneiet han O, and y is an integer greater tPENUS2008/067829
equal to O (e.g., CF4, CF6, CHF , CAF8, C5F8, etc.).
[ Para 5] However, as successive polyner |ayers are
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may bggge dlogger én%tfé}sm&m*w&}er yutg?rétat@éwevhm pRaptiadly affggting

mmuﬁé%@éﬁgfﬁ&l@ I'n general, a source RF generated by source
generator 210 is connDnIy used to generate the
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. ubst r(a such as a sem conguctﬂ supstrate or a

Para §f ;o Generally, aﬂ appropriate set of gases 1s Howed through an miet 13 an upper
electrode 202, The gases are subsequently tonized to form plasma 204 1n order to process {e.g.,
etch or deposit) exposed areas of substrate 206, such as a semiconductor substrate or a glass
pane, posittoned with a bot edge ning {(HER) 212 {e.g., Si, ete.) on an electrostatic chack (ESCY

208, whych also serves as a powered electrode.
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pane, positioned with a hot edge ring (HER) 212 (e.qg.
Si, etc.) on an electrostatic chuck (ESC) 208, which
WaL®oe®syes as a powered el ectrode. [Para 9] HoCT/E829a8/067829
ring 212 generally perfornms many functions, including
positioning substrate 206 on ESC 208 and shi el ding the
underl yi ng conponents not protected by the substrate
itself from being danaged by the ions of the plasna.
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[Para g8k h (RF Gheud is sveralti updd tperovidemtienedtiod @8 vwamieihRE power
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soarcedOMAE) cdsPaRk ddbe R may bave a higher potential (being at ground) than the DC
potential of the substrate (being generally negative during processing, m an embodiment). In this

case, the angular 1on distribution will also tend toward the substrate edge, albeit to a lesser



potential of the substrate (being generally negative
during processing, in an enbodinent). In this case,
w0 b@oagoed ar i on distribution will also tend tPRPUERDS20081657829

substrate edge, albeit to a | esserdegree than when the

edge ring is coupled to receive voltage fromthe

positive term nal of the DC power source. [Para 14]

However, aforenmentioned prior art methods enpl oying DC
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D(imwweuﬂ@@W|cat|on of deV|ces In addltlon ar ci ng
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pittingGRaNBRFate (RS JSUBSELRUE HeYedsP ARG 2RAN B (A GAUCK and
“surrounded by an edge ring. The edge ring’is

el ectrically isol agadwvf femdshanghiteion The net hod
i ncludes providing first RF power to the chuck. The
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edge i v OB B BiPEGHER hirheshid, “RaRTaRTy CRHE poviding
first REPOULy 130hKHitick OTRDBYhod Qlsditlude ek lidtni sdpd Hey Bﬁge tage
an_edge ring potential. The nethod further

commr %ngnégzg\érlztn%ﬁ% F‘éiﬁ” rH@? BF bq%gié%mwct! mrﬁpgeﬁ@mﬁp saypied to the edge ring

to pmﬂﬁ@%@é&! RP pERANBEK: d Qe PHOCERS DRI REBSEEAIShe HCered to the edue
substrate is being processed while the edge ring RF

ring hagal i @gexmc;ﬁtabmlt 7ari<rﬂmge\h@m¥ OiMdHe opduligurie dhet wlge sug batihean edge
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one of the many i ments of the i.nvention
soltagp B TN o O REEAIGREN 0 1 St PR TSGR B ipHaally
equal mrme@ﬁnb@ﬂmwm‘e@ubq&m&e& h Jeq:rrb&séim Ex@%ulgslt@tens herei n.
These and other features of the present invention wll

[Para 6] deSEll B8 LAY Se1f8L Rl dniP&lQW sl dinhilCerifiaahdBor the
description of the invention and in conjunction wth

mventiohalige b:ist*cbkmrﬁg afd g;umegnexgaﬂ @plmg@m@m adhaOBvaFrBn, which is set
forth :WN}N%F S an-l(ifo?h L%?t]% s of tlQ px@gctnpgn u%mn W ;%I be described in

more dunm Heltdol OIthe msta m@eﬁgﬁm pne s mﬁ: nhh“ﬁn@f:m any umg; o with the

awi ngs and in which Iike reference nunerals refer to
fQi"“éi’f*ftﬁ‘ﬁ’*‘éi‘ﬁ’elema\nts and in which: [Para 18] FIG 1 shows
a sinplified d|a%)an1of a substrate in which a set of

edge pol ymeBRIEFDESCRIPTION OF THE DRAWINGS
[Para 17] The present nvention is sHlustrated by way of example, and not by way of
himutation, in the figures of the accompanying drawings and in which ke reference numerals

refer to stmilar elements and m which:

[Para 18] FIG. 1 shows a simphified diagram of a substrate 1 which a set of edge polymers

have been deposited on the planar backside 1s shown,



have been deposited on the planar backside is
shown.[Para 19] FIG 2 shows a sinplified diagramof a
W@ 2panddosx/ el y- coupl ed pl asma processi ng syst enrPCHUSHIE 067829
the DC potential of the edge ring is substantially
greater than that of the substrate. [Para 20] FIG 3
shows, in accordance with an enbodi nent of the present
invention, a sinplified schematic of a
[Para §8PaCIHVE 'ab{o&@%%@ﬁn&i AN %Q@ 2kt HQ \,%(ﬁ'&bﬁﬂb“@ﬁl@ processing
i ndependent | ow freéequency (LF) vol tage contr ol
systemainrengeiire BXC pfi@arho2h} edeGngds aﬁm&n&ti&liﬁmt sgochaahsie! the
%Ath an enbodi rent of the invention, a nultifrequency
%%pam tively coupl ed pI asma processing systemwth | ow

{Para épﬁq eﬂgy 3 Rilg( \{){, g‘;nﬁ?‘g’ Ange mghan Wb‘% E}%{}éﬁ%gkﬁ @'t}%gm‘?n\-'emien, a
simphfigy Qﬂtﬂn@iﬁh ofa @pagtively-esiptehamtid oetsify segreniie thdbRrRdent low
and arr angemant s for |ow frequency RF power delivery

frequepgy @dde RESOYABRONTPPHIR4SEBILEI G 6 shows, in accor dance
with an enbodi nent of the invention, a sinplified
{Para dthenmdt!ifc 4 thrwso ﬁb‘épt’i@a‘l’qw* ighév\sméiwdﬁmié §F B Ry B BPTu ngH
I S
hequem» &3?&@4}(&? er ﬂgﬁed IZ!%%% i?t%g%%_f se,e egié\(ﬁ ]tﬂﬁ g{@f’ré #s;&elﬁ%{)om R¥
generaDESCRI PTI ON OF EI\/BCDI MENTS [ Para 24] The present
invention will now be described in detail with
{Para 22F er dfiCe s slooves, frewcendbodi wigntrsenttheiieoft clteithteustr, atsedplified

schempy I ERGHoT e oC *Sganr & et orear g baferdghygy o each
segmehf) order to provide a thorough understanding of the
present invention. It will be apparent, however, to

{Para OBE Skithd 8dhdu, hhﬁc@ir(ﬁmwt&nﬂ{ art &%Lﬁihﬁ@ﬁ GFH‘L”:Y\%B&M’Q sHRMified
be practiced without some or all of these specifi

schempe tgicpscepiualip iy ag w@q&aﬁ%@lmwém “‘kﬁﬁ’émﬂﬁlﬁ@%‘g&d g’tSé]@s\
tempeﬁﬂgé‘%}%t%} éﬁ%‘ixwﬁé Raye Ho'[l{i{% CB@‘?SIS described in detail in

0O not unnecessar|l cure the present

i nventi onc%}v%/“ F‘?Eéﬁgh%@ﬁh{’)ﬁ%&gﬂﬁﬁgkmﬁ\@@ gescrl bed

her ei nbel i ques”

[Para 20pul ATkt inldhiith REl hBRhe UBR riboWRMetaaRy i ﬁhstmﬁk $03 few
cover articles of manufacture that includes a _computer

emboduagps Breeeohagilur gl sk L@gﬁ@ﬁ*ﬁé{rdﬁu@gaa bipghe followmg deserption,
namerb Bk EHQE H&ng‘w {{9 CetGaKIE LQQL;’%‘ :a@@oiqh%ﬁct}?m%x SHhGing m‘ the

I nventive nique are stor he conputer readabl e
ple\emexslﬁmmnwéw nlldnel apgeentt bow ssxar&qabm: skelgdiic dmdama: thar the § wresent

e BONELI C. 0Dt O- | etic Lige
imen LRty BRI B RGO Y FE0" Bes PP R Eope JF P Ealearess. ver
knowrC@d€ass Rt deror sf tlil@mLﬂhﬁﬁBﬁ)b@iﬂ,eﬁﬁy&c&k\&()ﬁﬂ!éﬁﬁ 1A PRRF atwses

for practicjng enbodi nents of the invention. Such
unneuébfgg} shysar ergsypggﬁ@[t Hggntion.

[Para 25] Various embodiments are desceribed hereinbelow, miclading methods and

subsit

techmgues. It should be kept in nmund that the invention might also cover articles of manufacture
that includes a computer readable mediom on which computer-readable mstractions for carrying
out embodiments of the inventive technique are stored. The computer readable medium may
melhade, for example, senmconductor, wagnetic, opto-magnetic, optical, or other forms of

computer readable mediuom for stormg computer readable code. Further, the mvention may also



circuits, dedicated and/or programable, to carry out
tasks pertaining to enbodi nents of the invention.
wWEx@npd@s2 of such apparatus include a gener al - PUF/pz)es/067829
conmput er and/ or a dedi cated conputing device when
appropriately programmed and may include a conbination
of a conputer/conputing device and
dedi cat ed/ progranmabl e circuits adapted for the
cover Yihl04ss RSk HARL ‘él%bn'ﬂil R 8¢ BERRAALABN Sc8 R8s may include
imvention. [Para 26] |In accordance with enbodi ments of
crreuts, Rledicaed pad’ @mt ogm@nezbb;r 1) cprzg\wutj:gfdu[mﬂmgd}g taagbodiments of the
el

nven 110:18%2%11 %rﬁeex %fs Wé aé ag’if:ﬁ gu]fxd% Vgt?nepli é}uﬁ;é)» oY o x&peuzesr aﬁg or a dedicated
compupag deetevien ‘ﬁipihq:dllalmmﬁrsuﬁfmﬁdﬂemti mwenhdlate 4 ek illm‘iﬁmn ofa

delivering, a.lowfreque r.to HERto .
COMPYSEEQTERN ‘&e‘%‘i‘* fEdng PE@W? gp‘ﬁ%‘l"‘é\‘?&?g CIERY ?ér{‘]’@‘ﬁ’g da ‘g%t’%“@ﬁ tasks
peuauﬁmsmwoat@mm:@éﬂme@m@nr ing. Thus, the equipotenti al

lines of the pl asma sheath for a given plasma process
[Para gﬁiy b%%@&dvﬁﬂm’:@ Crish [ @:(}Qm"?ems oli l'r\kqgﬁn‘ﬁ(m M€ iﬁ’rmg\qli&ﬁﬁgtﬁudh and

he invention, an independent |ow frequency R
mamp@%qt fog sonEmiriand piasTRIPTORESTR SYSRNOP kenppapye b@r@ﬁwm @Mma
proces%ﬁb 8?34&%% % %g?tpc% V\'{%e':m t\;}ierﬁ? ny Eﬁxozﬂbsfclu@{w%e%\ eﬁgé !Oﬁ' d@{ﬂuem\ RF
powercomi HBR 0 @hceﬁﬂe@&e@éleﬁﬁc shieat AWl éxﬁg@beﬁ@eﬁdﬁz @hstrate and an
sub:s irate edge rlgs respect tg an area of RF
edge rgie a P Y5 2HBE'eAH léﬁ%nf"s‘ﬂ}ﬁg’la?‘ﬁf ghep 157 dALER PSR Pisgess may be
optimi@k@Ctric potential differences. [Para 28] In another
enbodi ment of the invention, |ow frequency RF power
{Para m?P’ ber, 3k by SERE{RdBRTER {fler 9%;@%}%} R Bdé@ Hf\\cﬁequenw RE
which normal Iy delivers nmulti-frequency RF power to a
powersolyse pat @ RE magh vewemb hay ba emhsa«brceie&lapdtﬁ poverrayn BER

oIRGB RSl TR, D8 SOMBNRY BE B conol of an ara of

RF sh@ﬂﬁbﬂaw@ ointve @lsuodraaredas gay afw.h Rispsheathavobf RY @he&ﬂﬁ@(ﬂta@ above
ubstraée eg ge rlgg W th rgi ect to an area of RF
A ‘*"“b"gﬁfeéﬁ R R T o & PISUBSYHERE T produce desired
| ectric potent ial difference. [Para 29] In_one or
[Para g8k o dnBodihHeARodgReY RETP Wéﬁ!ﬂ% FOW HROKERY Fhpoper may be

deliveRQRS koL i“ﬁq‘r&lq afd §Y§0§ ij;drt'ﬁ'@l Mﬁéh QbrRARAL & nfdERequency RF
segnent of be electrically isolated from~

power tﬂh@ sgtshate. @egn@mrsﬂeby variglleraphditoy vel benswlaved rscontrolhe low
frequer Ee‘)l QA gwm\ o 4¢ CFF“ s i (hHEﬁ bgmb&? {mntg U thch%P &hgzalt?e cagggi of an

anaoﬁ@ﬂﬁmﬁﬂrﬂﬁﬁgéﬂmhiB@ﬂﬁﬁﬁﬁ&ﬁﬁFﬂ@@%ﬁﬁn&pﬁﬁhi$6m€0ﬂmmmﬂﬁﬁm
ower source | d|V|duaIIy q ﬁ{led by a
“}““Lbr“ﬁf‘r‘aldﬂ‘ﬁ}““dfc R ‘?“Sbff gestad Pleee EHEBH! FHYESEf t he
invention enable individually controlling the anouyn
{Para dPRE JHWEF ChBPHgEer ey %mé%wns@gﬂé%tn%fbem@ﬂﬂzﬁs‘ to have

a plurdl @ meﬂ&% a?hdﬁ'—klhﬁ&m%@ kHeQiR (Ay @F cRLARIM SPERLHERIm the other
around”t he su strateege

segrnents by 8 plurality of msulators. Low frequency RE power may be mdivideally controlled

and debivered to each HER segment and a conunon RF power soarce. The low frequency RF

power from the common R¥ pover source may be individeally controlled by a plurality of

variable device. FEmbodiments of the fnvention enable mdividually controlling the amount of

&



[Para 30] In one or nore enbodi nents of the invention,
one or nore additional controls may be enpl oyed to
W@e@vie®enn i ntegrated solution for inproving BEEUS2008/067829

uniformty of a substrate during plasma processing. In

an enbodi ment, differential gas flow may be enpl oyed

to conpensate for the differential of plasnma species

and chem stry that may be caused by abrupt change from
RF poly pﬁ)&l&b&ﬁﬁ ak8:d é)a(,ﬁge&HEeRt 01* e YA BEHPRTRARLTBO uniformity of

el ectrostatic clanping of the HER to a bottom
plasmadpecies odendridly siistrewplipyed to individually control the

tenperature of the HER In yet another enbodi nent,
{Para 88 er rnalonbC@ wortmdiodmagpihe thmjglln gy'@@i t'e @ Emire @didi&,@@i onmtrols

obERLERLS, 31, The Leatures and advantages, of LOS . cubstra

may O RYRRETON Ry DY BERHET Wt 18F‘§‘8 68’8%‘% FBPEP B g fguostate
duringtit@ndal ;ﬁMa@Snﬁ g adies®ugiaieansliftdhatiafl alslmwe mky Be uﬁpl&h&v\!&

in accordance w.th an enbodi ment of the present
c,ompelﬂﬁ\;%m |ﬂt‘.‘?rF? gy eg@a&ﬁt PlepaysReske gt $henpiryghat may be caused by abrupt
changERRAGHE LXGka: GOHPIER. Bl AR, BLAGERShN I SHRLETLARBIN dithe HE

I ndependent | ow frequency (LF) vol t age contr ol
o a bcanonmifgmvéfmnaw bPamaloged th!h@Aswlaalﬁy mgmhﬁ gexmgﬁg‘trermog g HER. In

yat ang? %r en%ogxmqn? Qel f ’mﬁ%l(fbén%gengrgmﬁe ? Jn 88}]5 ﬁ% \x ;Jf O & HER.
e LR 0 U P B8 LTV LBy

refererd@Co MR shRs @AM Ais@uEets thet foneh UdG: & $ulstin at@rdabe kel ag
di s osed above an electrostatlc chuck (ESC) . 308. ESC
embodyyalt OMIEGHEAT SN SEPDESTE liledrshwral dpsaricatgly-gagpled plasma

procesqxlng Q\Q\‘?&‘g 38DQUR 1 RchQBA: 16k %ﬁ&ﬁt@ f(§11)81(f [ &@x@@ ool arrangement.

Consi der the situation wherein, for exanple, substrate
{Para 39‘6 ' SPR%&}‘?E c@éﬁﬁﬁ%@ﬁgn 30y Ehg%e Rlsﬂﬁ'@a d&fb‘?@ %§ sl c}ﬂ.gh edhency RF
frequenhcy RF generat or a path groun
R pac:(mdt dshimx\gﬁ aystem rip ki Byantie ridig lineez)enmy neM p}:ﬂh}del blw*iRFnot timited

T A AR 3

mclud@ @‘@ﬁi’str% Q06 deidy UispmeREhgenardadcabstdiO:Haly (HIT)Snac ESH mb_ which
as (not shown to. sjnp Ilﬂé the figure) tg ignite
also “%Wé%é pepaed alefseds- shwrse Bers dlperesploctnds *ddbst rat e
06. PlLasma may be enpl oyed to etch and/ or. deposit
[Para ﬁék or | PR TS ST MO0 PERA AN TRIEP o processed
Durt ntdﬁl\%rﬁzFﬁmm{aEﬂL 1Sy n?lé}l]mh:le@ etnp)e R'i' ﬂ@l}&%r‘ﬁ af x'\ R, gf\th %) gmugd &u ot shown
ertain et app i cati ons require upper ectro
to simBIgR theofipee)gnourgeld o tRF &sgmcm tt lowar t: e:vmie el ét:itrmmﬁxem RF

mﬁtch\émﬁ}{g'%?k éﬂ?)f %\P ) té ﬁ‘(ﬂ“‘g’& M_émugt} YQ@SE{{ ey uéli" 8 1%1,(5 fmmeRio generator

310 mAapPldr&AkEONSET0t ERgl keibeii tduppe ignal pikihe de4 aftdleen
the | ower electrode to_be RF powered u3|n9 simlar RF
upper g F‘étiﬂilé REt akd fqbét,nge é@(] w@ﬁ‘%‘h@\?\h bg ﬁmﬂpbﬁ*d g e FHondisy 3@1{35@ materials

onto \\lﬂbg'gk(?h'gﬁ) crdd cQERGHEAldWper forms many functi ons,
i ncludi ng positioning substrate 306 on ESC 308 and

P %Q el ai,ng. LG Pé 8g, Q%ERQH%‘&%S& f? tBBé"& FedirDY

tPara E substrgggﬂﬁ ?ﬂ #rdh1be|ng danaged l}ﬁé Soﬁs i
electr ctdh 80P kealsnmpuridet \xe@gespﬁctﬁg a lower electrode, wi mc 1 is RF powered. The RF
power is at least one of 2MHz, 27 MHz, and 60 MHz, Sull other etch applications may require

both the upper electrode and the lower electrode to be RF powered using stiilar RF frequencies.



312 may further sit on a coupling ring 320 (e.qg.,
quartz, etc.). [Para 36] In the prior art, a
W@ ovbogiesabl e DC power source may be coupl ed tRCTU$2008/067829

edge ring through an RF filter. Unlike prior art

met hods, an i ndependent | ow frequency RF power source

322 and an RF match network 316 may be enpl oyed to

deliver RF power to HER 312 thr ough an RF filter 314
[Para 38] 2CCOL GRNGS, Wd B, 120 -eahadi BN @ﬁ Q&hﬁa lﬂ%@ﬂt lh@ﬂxaml finctions,

an exanpl e, RF match net vvork 31 enpl oyed to
mcludmgx:iom:w@tngﬁxtpom coteh EREraPStand HEE{dg}jpzht fledping wmptmuus not
pr meuﬁ_e‘gg Pgliefu%simte Rscegag((%g 3em%éfmd.§:§%@lﬁecslogg %IEF e Hl%sxm I{im edmf: £ing
312 mbwnAthat Orosd @eyBnSA6: 3As(ehaprtt BcBl g. 3, RF filter

314 is generally used to provide attenuation of
{Para BepantigduRirianes codficiobl: DOLHREUGLAY theIBSeSuHIa] 1w edge ring
. frequency (ahout 20 KHz to about 10 MHz) RF power
througd gy %éeﬁ'@zz Injilg PRV ps gEhBHeReBER T (Y H%q“ﬁl“a‘s% power source
322 ¢ m‘&' 3§W§1&%1QQQOFPY PGay &p&né’iﬁﬂm B LR W;}éﬁﬁ?ﬁy OR L39Wepy ough

frequency RF power source RF tilter . | Para

an RF 3;‘]?!}?1 o ip meqpeq%mn@ﬁﬁb ou pmbm@n‘{eot Aubsiy g‘[{@n?,d)s;m Qxhsg}pie R¥ match
netwar&e,ﬁ%\lim? e% wiéﬁa t(g%i\mi(lgquﬁ pé‘x Fl?!:;};g 5 ms:%u{ic,e an e;gbodimem,
low frebedi &memx; erfm'ﬁfbetch*hx fr E@QLH&HE)Z I bemmg:odeﬂai M@l’e&ﬁéte@cmm in an

bi gs el ectrodg, q] %Fsps. .By. decou g from
umulatgb %‘T‘Fa’ré %éhmtxhyé} lb é&@éﬁ&%hﬁpmﬁ afwe (5 Pl@éldﬁéi!ﬁﬁialmﬂ
of um\sak*l@glfd'%wté? \\H@Rtﬁ&@o&@% 5‘@&*&'031’0\1» We txéﬂ@g%%mhy 1o about 10

controlling the induced VDC on 2, not the
"»!Hz)\lﬁélnoagé%mcaﬁ’ﬁ dhepgyict ye Sﬁitfs"fﬂ?thtﬂéi”l%@@‘m‘i{ ﬁlasﬁ‘@zq;sz}ldmﬁ“ he kept

from @QE'_'%Q 1%?[ é(& RW ifl&bzg}('%rﬁyg(ﬁg ezl%gvx\(% 3§9 Hy f‘? Qe @Pﬁt r °| vDC

atively

|Para E'er M u}el%\ ent ?}gh:o%l %utﬁ 6103{%@:' §8¥\'§£ ftgcgu%m\ of tﬁé iig(i,u%ﬁ,v RF

power us«agebém dzelrmi edytd BIGERNS Ighmd v eodi ey, R&;mwmxxh@u‘c{mﬁ gel

votae e higher to achie VDCcontr ,
frequepy iy 5 CreAaPB GB0 Sl OB F 1L 3 1 808 oPE freone ‘%ﬂ"lﬂ?ﬁh@m
306, *d)Q:QG\f» 'iﬁklﬁ@kl RN ROV cSIRMELCE phIR A B h@*ﬂ ’P\/(CtleE ﬁﬁ@n PhdER

may al so require nore giomer to achi eve the sane

mdﬁpcv@@tkmﬁﬂm@lm@ﬂﬁ Hﬁﬁtéﬂﬁm el VER Hgevuistoy thel ’\@W?qfeqm@mafm to
substrRE3pover al lows for easier RF match resulting in
"c erage for the whol e range of the process Wi ndow.

[Para [%5’ a ¥%9e]11p?:5&: &gl‘%w f@u%&e%séoz ol \Rﬁurceﬁ csqmngm v ig"%n HER 312, the

urc

power d:ej sak,\lﬁ;rxéﬁz e BRI 2oyt @lhigwrdpendyiiependentrce. Since high
_control of an arrﬁa of RF sheath vol t%?eab ve the

RF fregyicy pigy do8dg 6O PR a e ROMES st 'Y 678 “B}Lé‘é"*lb?’“ﬁf—*"“ RF

powe cr%‘ St V&'ﬁ'&@gﬁx %@‘}W&d DORMDSthealiBe 332 c4BraP bR ERES 12
desired el ectric potential differences in accor dance

Aunalogiiusty. BROTeWDOHItEBRE P PEAE eontigvsa bh B DORRY SQURkE 10 Lo A g AliRge on
HER #h Qzlﬂlq di‘%tig{?&n[eag\& e%gg ER9EL B EnP Ul {;(egt R4 on HER 312.

Advantageously, low frequency RF power allows for easier RF mateh resulting o coverage for
the whole range of the process window.

[Para 391 fn the implementation of Fig. 3, low frequency RF power source 332, which s
bemng delivered to HER 312, may allow for independent control of an area of RF sheath voltage

b



[Para 40] While not wishing to b e bound by theory,
the inventor believes that the ion angul ar
wa@le@voddosr i on may be controlled by altering theCIS2008/067829
potential between the substrate and the edge ring,
thus optim zing the equipotential lines of the plasm
sheath for a given plasnma process. In an advant ageous
manner, changes may be made to the electric field
above ﬁ{eoiﬂﬁgrﬁé@m% YRS BEALGL SEYERY +C RN R s R R IGRUR WP She
an edge ring. In an enbodi nent, the chuck Tis
substr csu bsi a!rm waM yesated @tqc amaiiﬂtoyumlsbﬂ s fir @m}mihrewe’dgem

c:mboc{nﬁgrgsu “‘f Q{e r}lé: BiS W Iag «giu %n’n %m%ﬁu{] xubigcaég (Sbn%at are 1 Uéa%na.ted
Ubst r

{Para Qet)ent\l&ﬁge g{)lﬁ\gr H&% 0 e hamgg})}( gﬁ?’i\o}%“’ L L&S}hg%%ﬁ F 8} St thD Shn

uiad ﬂlsﬁ e RN $e guanit k& by bllerai} 18¢ PE Rfcntibehpl &SR Sheati®and the
above both the substrate and he edge ring, a set of

eda«@ lrﬂénth%%mawémarléf RGPS HAES Gt We e abael or § grven plasma

P ocw@eﬁpﬁﬁgﬂx %Hliia,{l JEA Q&EIQ_’? L%gtlg%t Er@r‘%( %ﬁ, IIE H@ E{aihé %iu. JFQVP%Y{? gmm J the
poten Ial of the substrate ed ge 1s

sub“tr@m b@eamqharrgf% g RF emaming fof omvddeain®Clpet enbéduinenf the kbuck is

wbm%‘i’ﬁre -e'cF ity i»@;"te%r}rom %}% Jbe diptribution is generally

i'the area of the pl asma

[Para ﬁgf o?g%\z/;ﬁ%g,? gﬁrgt[gfbﬂt?xg}%gthfr hlg‘% gf‘%ﬁg"% qu%fstamrg]’h e same as

the D(ﬂ@dﬁezum HOmhBeiM et dhgf (@ 20Ok L. O-¥.RE 3 O, aﬁe&m@ﬁmﬁ Redistribution is
substrate and th ed e rlngﬁj Para 43]. I.n
uenemga\ygm)léxg e%%exﬁrgg Y-Oh *m #8680 e@ SRR tsb% h ?5%?‘? H%thé)éeg%rbatr ate and

the edéd znrgz HRY: #%d NdgRend %X{EM 119 Q&zrs% (8fiafit 9&%}5&%1&&% 'éiﬁe\ubstmte

Substrate. Consequently, the difference between t

ii’an@@f entir@le\Qf i EE}@ D‘&%%bﬁét{t%@t 1951%'35"@% fat @Lﬂklﬁﬂ}ﬂlﬂfdrr’f&%m from
edge ring nmay be op mzed In order to contro

the D(amfg&rhtalﬁ otiths tdicouty ow iof atdnir Flssrimumeis%e(maﬂ gech-ofismi n

¢ Qnseﬂrhen gg d tti;re zﬁea[r%r tp%%la§?%§]§%€ ﬁ? DY %%Oah ﬁ%?ﬁlg%r%%ﬁa&dghpeagd%e f]}f{;g a set

of ion &EJtAR gRNBAhe ABadbEli $8 @dnulifhingwitB respédd &F the B IBNths substrate
%gi/ be provided in which | ow frequency wafer/substrate

and thxrdgsdtiigr may be enpl oyed to deliver RF povver to HER to
control RF shealth vol tag Fig. 4 shows,

[Para 48k or darEad ViMoo ETRITATISM: PR 4T en Lieslag rraﬁmdabL

indey wrrui_q&rx c%ﬁ@rﬂ?’e%%n Fﬁpécrhé LY. C%@ﬂe Gkl aﬁ@ﬂrf@f&@@ﬁé&x@& the

syst frequency F gener at or
DO pod'ﬂl@a rﬁltlasmarpmomebs Dhg)@gt@ﬁbc}rﬁ%@ﬁimyw @@\fdmn@hgmédn pwler to

umtmil%‘ré angaﬁg déegrtﬂ?z%gp glﬂ*gprp )hm\ e!\ (“&géjéj Po8! m the P 85}11? ar ouné fhe edge of
the sulgheet rode 418, a hot edge ring (HER) 412 a coaxi al
cabl e 424, and an insul ator sl eeve 426. [Para 45]

{Para @9NSi d@ldlifien & b akr@RentiREBhShod B SratRhét oS UR&IERLIR Fig. 3,
406 i s being processed. Plasm 404 may be struck when

other grafodupsits BRolhPEsded Hpvlick kav fegipe) w rfht Bibaiegts Rfjnopepmay be
emploP@B deliver RF power to HER to control RF shealth voltage. Fig. 4 shows. in
accordance with an embodiment of the invention, a multi-frequency capacitively coupled plasma
processmg system 400 with low frequency RF from RF generator 410, Plasma processing

system 400 may be configured to inchede a grounded upper electrode 402, a substrate 406, an



from RF power generator 410. Plasma 404 may be
enpl oyed to etch and/or deposit materials onto
wWQawsve@se 406 to create el ectronic devices. [IRaF/EHSH63$/067829
As af orenenti oned, substrate edge effects, such as
electric field, plasma tenperature, and the | oading
effects from process chem stry, may cause the process
results near the substrate edge to be differed from
electidsRBe (&@'{95@94{(509%% kil Ok 4 ﬁ@l eﬁutp%& Fﬁ@{} for L cma\mi cable
exanpl e, the equipotential |ines of the plasna sheat
4$£am®¥1w@dwneﬂ§nsﬁ@pted causi ng non-uni formion angular
di stribution around the substrate edge. [Para 47] In
Para df} en‘d&dﬁ»iﬂenﬁxe sRbpowerresp trcs a4 dl, sobkicgh4¢endemi:lpyocessed.

Pldsmca-ZH Vay gﬁi bwt,? \sﬁgr 5 ov%ﬁl%%é\e}:k Pm%pg HE%Q&%,TSHFHWD{\J%%E gﬂi ;g}wm'

from R ghvdepesiteocy ORPIidndat@r il beantldycdas babhel/'GarRpedit @iterials
vari abl e capacitor 416 may be

416. I n an exa
onto sEhyBRiEEA (¢ ¢ @e@ﬁn&‘b‘l‘m? &RV FFequency RF power delivery to
HER 412 in accordance with an enbodi nent of the
{Para gl entMoHorepigatenedt HosFaheddesiugheysh REelginclelf rdwnre
4 -
lEmpe&ﬁE? ﬂﬁgf ig%(gi {:%z qu’}]d:h?kl O\é at%gtrﬂ{lg T{e_lg\l?i‘v %3% f!ﬁ% pg)%@s !Q&Jﬂulib gar
the sulsrbediipenthe Jifacd 48] the renta}im’ng frphteﬂeni’xa:tt lz]mubinaﬁ ghor gxample,

e el S e a8 TS 0 G107 ot efig g g on
angulad BisatR8o® hroRid ﬁ]@%ﬂﬁ&khbé@ldg@ge above the substrate edge
ring 430 with respect to an area of RF sheath voltage

[Paraabpve thhe «61bsihial @ 4 et QoREONOC S hIlB Skk@MLElBGEE IRF power to
potential difference in accordance with an enbodi ment

substi 46 anayhpertieRd THdive] et auestitorowatye HERdHE thigugirs high
fr equeH Qe 8 »plgrt'ipld S&QQ?&R{{I@E%&\ @G 4§dexpé:1 {Igﬁlpidélgm %le'l&&&ﬁz%mnﬁ may
e same RF generator Para 49 houg

be exmwloi dddg eommy e fregrnroRF ww\byd&m atyrto HERY! A heceaddnge ofth an
embm@agxgt {e d }1‘%6%%12; {ng %,uetggr ?‘%‘“ ncg,;gzll_l (SE é‘é@rﬁg Fﬁm?}ﬁfi‘ Ekg]\ggart?rtdﬁ{} may
be delidERd 41 BERNatwid fiskaneibhgl hackagkn GlsulandeRende® in an

control of RF power to substrates 406 and/or HER 412,
embodd @Mt r ade- of f in not enpl oying an i ndependent RF power

source nmay be of fset b* provi di ng devi ce
[Para d8l uf dedld Bplayentiien ghH1g tylowdreaBaay dF poves seyepl O, which is

being é’cRka%Q? HERHRR ‘b]a@ q%\{ ‘P&l%&e‘&"&‘!oﬁ&&%‘%@ G¥a BERPONESN { Qime sbove

requency RF power source to I nmprove etc
the subrsaibe odpd ﬁmg: #0 yuh feRpacattO] ardtihe | R ﬁm&rhwnﬁhum@m cothb gub%n ate 432
o proqi Sy el TR b S b8 e PO b MR
mventfofe Tsbdatidd thieR AeS Se dGO ﬂ*SRK:'i eswdihe bethisuaiiaanioshed ek H,F R 412
for exanple, IOM/frequency RF power may be supplied to

being frya thipseniedel pgueHger 41

[Para 49] Although HER 412 voltage may be controlled by controlling the ratio of RF
power to substrate 406 and HER 212, the RF power 10 substrate 406 may drop if more RF power
is shifted to HER 412, Notwithstanding the lack of independent control of RF power to
sabstrates 406 andfor HER 412, the wade-off 1 not employimg an independent RF power source

may be offset by providing device manuvfacturer(s) the ability to control induced DC voltage on

10



in increasing the sheath thickness and i npedance. The
vol tage drop is a conbination of the voltage drop
wW@emosesothe sheath and the vol tage drop acr ossPETES2008/067829
surface on top of the substrate. Due to the higher
vol tage drop across a thicker sheath, i.e., higher
i npedance, ion bonmbardnents to the substrate nay be
| ess. I n an enbodi nent, the sheath thickness may be
HER ﬁ@@lﬁrﬁgﬁi B¢ Ryuadivust b&%;tihﬁ: YAl 2e%iRL, kP EQ\HEJ%OEM Qughy
frequency RF power to affect 10n bonbardment on
mli?!U*tdredsmb@twmﬂemn{l@ara 51] Anot her indirect effect from
appl ying I ow frequency RF power to the HER is the
[Para DO} | | K&hdd fx@oﬂs}gizmd twrbonnd Gp gleyivn e DO enpr ﬂahi@e»afpper the 1on

bomba L AT e a8 TG e ol e e P R s e

slmamh:’ﬂﬁ ﬁﬁaﬁxeior Asxap 6. 88ulequdRe RE dosvean BB lippYiadl tage HIroRsulting
er el ectrode causin secondar electrons to
in mc,rﬁzé%l xéj tg% tl@ai y ‘h‘l‘b"@(\ﬁ @u pxg@ﬁ:ﬁ}cfz n%k(‘ee‘a‘gWﬁ@ ¢ qaﬁé» ﬁft%g‘ﬁ}ﬁit](}ﬂ of the

v oimog 3&‘?'&@(\% UM ;ﬂ?ﬁh@l @ﬁtﬂg dgw?»nﬂot%y ih@% e 0@1955 kr)ﬂlhkl.‘, Shstrate.

he vol tage on the hr ough frequency
Due mptbv\hwhex[@&nge &pp q¢rnv<>qetheha] Sh@:h[byy&’f ﬁ@n@enwdﬂﬁep@mpmb@*dmen ts

to the \lﬁ%%i}%tr? n‘1|t39 b-tg- E(Ja% V&S }n ensq)o 89&;{8 & ?i}e%ﬂ [qug% g mg L(1\1 %ﬁgd by

ad ;usnﬁ}l: dq*mag(e aﬂﬁhpmﬂﬁﬁi@h hev tehianey EH poaret #fben‘HERmbyo mbardment
rpensl ve coaxial cable in an enbodinent. In prior
D“‘}‘eé}‘lf“ 4t%hen hi gh frequency RF power is being supply to a
| ocal i zed spot on the HER the azinuthal uniformty

of
{Para §f bs e Rl ivestiresl SirRbT PREP M FE O w dgRUSHEY “Bé’ol“ﬁwi‘d!]% HER is the
DC- hﬁgn@%te%%‘iﬁlég%gﬁ%ﬁaﬁzﬁ@( foﬁ@é"hﬁd%?ei@h&ﬂlef FEAUSHEYe, Bl RAWEES low RF

~ g\ frequency RF power, the energy
may b rormakidgh ciuse rendyce®Ri np oner hir?a& tqcmtuma@ ts & fesuiptaeima a higher

mitaggf ﬁx%%mésf%e u;gwgzc @@Et{oaéﬁt mﬁsmgn gz EY el%}zgug eﬁ}%rer@h@é ugt ?Jﬁje ;9%;113
mcreadRY the Qlasth elaﬁﬁyl d@@iw 2Bkelp Ief,lfneﬁénxﬂﬂ niah &e bﬁﬁzoiﬁh ey bi@woltage on
affects the voltage at the HER
the HT{/ﬁ S‘ﬁ‘&ﬁﬁ%‘b%ﬂ‘l‘%@" %(gi’t“ﬁé' pl asma species. As the termis
yed herejin, azinuthal refers to the hor.i zont al
{Para 6gﬁ‘porf§r#?"f‘6¥‘ L by fesppeny, Rippejver it easisa & piotvdicoptroldlian high

frec an&' RO pHRAS YR 8l LR HiBE o PG Z%Ofﬁxd 4[ E@J ﬁe é]myv\bﬁﬂml\ QWHM be
frequency RF povver delivery to the HER, e dzi mut hal

deliveygdité the rﬁftiy bmyxibehm gbaxidfaeblazi mxmdu‘tmtf brpricryrtofhen hugh
freque RJ:e‘)aﬁ{rﬁ? r 1S %gﬁc‘iu nt% ﬂt heahV\@J %'gt povver et a?n.gutt%}{!elf%f%y;mt\ of

requency

piamn.i‘ﬁﬁuci:m@umﬁ 18 m\f@ ,LdLﬁnl’na’C B@kﬂ%&:&n ett hc(ﬂm(eﬂﬁmdtrmnbg Bibh
the_jnventio silg%llfled schematic of a se

freq quepgsRE pgw grqlxatﬂbg 3 FB AN R qlifé‘ﬁéy‘ 1@@1% i hiﬁ\ frequency

RF pu@@rl éﬁM@E%kaUQﬁCghd@n%@@BE& h R8s @usbMe dAnbBR uniformity around the
| ementation of Fig. 5 an HER may be divided into a

water ehsrr!ahu:h yings Iiﬁ‘e@%‘ﬁﬁ@f REpereT 'B06B;! cBRoBMrigeGI8D) o1 e HE
The Ioanm_%r@&qlﬂe{\uw erafEls HRR uﬁggzn;fl" Bt 1RY WBfout coupling to the plasma

species. As the term is emploved heren, azimathal refers to the honzontal component of
direction, e.g., compass direction, as being measured around the horizon.

[Para 53] When low frequency RF power delivery to the HER, the azimuthal antfornuty
may be high. The azimuthal uniformity of plasma species around the wafer edge may be

H



electrically isolated fromthe other by a plurality of
i nsul ators (508A, 508B, 508C, and 508D) in accordance
warab/oeeeenbodi ment of the invention. |In an enbCHUNH0$/067829
| ow frequency RF power may be individually controlled
and delivered to each HER segnent. In an enbodi nent,
for exanple, the | ow frequency RF power may be
delivered froma comon RF power source 502. The | ow
xmpszerdqgl-k@@ﬁé’ntﬁg tlf?@i\lﬁr Hd ORI SRR t«:p{ﬁmrh {thl% CEheR%, in
may “be i ndi vidual Iy ‘control ﬁ)ed by a pluralit
accordgage wib) & tdahnd@ew O50%ARveB04B a ssemi@mda,numw Dj atsepagpgsht HER
and dllc‘u‘l*’d‘mfiilgqrriﬁ}l Uﬁ"l au%{%%{llggg }wmwie 1% 61% iO Ffiargi 5%%!}161%| gf‘rﬁ:ﬂb:d
Ie mat ches
tParag n%b b i“‘é pr’l‘%%‘&f‘“ﬁ B r% e 1“ e‘gélﬁ‘éf z’ﬁt “d%‘ﬁf\f“{ﬁl“ *gf“ A ‘H"e“
segmed@l FoseN, Yook, tae &z@%ﬁ@?ﬂdﬁ%ﬁmﬁﬁmﬂm\ﬁﬁhtlQ:Rme HER{ mm bt,
Para 55] Con5| der the situation_wherei

electri%e{lg%q‘*ééd halln {hegmﬁfrégﬁap bwge(éggqlw itosg S, ﬁ%%}& 5«@8( *md ’BG‘»D} 1n

a&mrﬂﬁﬁuﬂ%ﬁh@{ eI B 0@ ﬁmlﬁ%ngﬂn t ﬁ%'ﬂ%ﬁ%aﬁn&?%@ @Eq&%@@ﬁr power
w frequency RF power may be adjusted |ocally by

may bad]dusrﬂuaﬂg corirdliabloed ddvicsd 16028 HIR eament| intahem&?némmu for

e\amp?e the iﬂ&) %%%benwé rlﬁ ooﬂx%'g ma {ljgdlelsﬁqexe'_c&Etroxg%gopﬁ{L nE}& ?qw r;ngg%lce 502.

The 10@f imﬁzmismcereﬁmaﬂxe woeknioh &R Fysdvelr \@dgeeﬁmaw\bse indiv ;dm

roved by indivjdual l ontrol ling the, ampunt of
wmmhgﬁ)‘é 2 B@rﬁ'@ Heryiple 88V Es ﬁ%h 3 }ésn%ﬁﬁi pd %tw B Er
segmehd iagwd: ¥ el m;z;] @% terdh8d iBleh 04t iﬁé tm whehe heealilized aefif&Ghay be

of power deli ve&y on an R may cause azi nut hal
smplem@ﬁedﬁm fayrhietyatchearipr elapwt. d‘éieu \eeilye deviRrs spovierenpdoysd 1o

prov idR %Qgg&degi Loﬁpoﬂ%azen%’{ B ov\flti%qg eqF%tcg %\r}é%] eg‘cjﬁ 1ai|il: R segment.
{Para \é%\eag( 1%@-} ﬁ}g h% a%aﬁ & ieu c?the\"?%lh@r %1%4 g ﬁ#qx%zaqgc%gﬁxygﬁ E;Eme may

be Mllt1ﬁtﬁ)ﬁi&diﬂ&3ﬁk0h@1 npmomed&:}am sephegriated Tao o lraﬂaefuﬂr RF power may

mproved uniformty. of substrate during plasma
be ad*‘b"f‘&c‘@ Ay ¢ “ﬂﬁ“’%’&cb%@%é’@"\ﬁ" t ’Jti\ﬁ%We‘”BP“ Yé‘”‘“’%‘n‘fﬁ&'& Rigiipgr being
delive@f 1§ RER RVBBL e@@@ fﬁngmn@n&hgwweﬁs@&@%d arm@s WhikdRiR0
enbodi ment of the invention, a sinplified schematic to
untforpgr e plesad snpcish @ngchtmmv@gmgg@@ag bt veproveddint hdividually controliing
by ps 2 I ‘I AR C I N s r U 3 n R I 4 .
e R L L
art whde éo@liwiastﬁeommhep@t a1 defaty ex anmsilhet, mhowuby eguethelynoRRnifornuty,
_ deI ivered to an 612 duri ng | asma
comﬁ}g?%@%g‘g ‘\rﬂj O’P{“EW Iué‘l: i_,es@%gla? hm\} R a‘aé péﬁai}{, {Taie f ﬁ'é arymathal
aniforfnf@bRELOTHE | F&UREe. The chemi stry around the wafer edge
may be affected due to the sputtering of the HER
{Para ﬁ@{ er '@1')0% volt& RYrPrQauat 8 skkiemdiNa. SRLLELS qi(l"'&-R cx one or
erials may interact and i nterfere with the | ocal
more gsligivhplgoatieringy by mtoduersl et eidesggate a@fegc‘ghrpmp torimaroved
unifor :'5'&801{ L fara. éél]lll*fj ;S\mgn %8@5{9{ ﬁ} (R];,Q;Fi 11%.(. Oty Sl LEOEL R diments
I'ow may be'intr ‘oduce ro
of the mvention. Fig. 6 shm\ s, i accordance with an cmhndtmcnt of the invention, a simplified

schematic to conceptually show an mtegrated solution with additional localized gas flow,

temperature, and/or external DC power source controls.



plurality of nozzles (602A, 602B, 602C, and 602D)
across the region that may include a substrate 606 and
W@roobta#s06212 t o provi de different etch gas densP@T/€S820081067829
an enbodi ment. Therefore, different plasna species nay
exist in different regions across substrate 606 and
HER 612 to conpensate for the differential of the
pl asma species and the chem stry caused by abrupt
{Para gh]an ger i iR} SRS RE S8R0, b9 HERR1Rw iﬁ?{ﬁﬁ@mﬁ% power may be
Conceptual ly, to get differenti af gas fl ow across
deliv tsdbcsmr HER @06leangdpopnHERCGERY 1o h@lfm $11§tnhg@)§d$d i ar atn@

HajELl?T\ IsHLl?%a t@%eftﬁl}girﬁ‘-‘i é él EKS I]iiaﬁljﬁhoez\zc?f%l gg% gmv rbﬁ al fFiﬁcéL? ?I??lekig Q’he »puttemw of
the HECoarcdainC &hﬂ\b‘t Pragince fibadbegntiereliEER) ﬁ&leﬁ‘xh&wmat}&rau and

t hr ough ea ozz] e may be actively man at usi ng
uﬂeﬁe&‘p‘p %8 “ilog ﬂrﬂ lavvf{% ROV L8 PARE Tt?a?ﬁﬁﬂ?*r%wh&&%ﬂ%

hani sm (e. mass fl ow contrall er) Henc‘f Iasm?

{Para a%hs. tiy l%‘ﬁawwlee&ﬁﬁ% & ﬁ'é‘d“’ﬁ“ﬁélll 4pp amw heonpgpdised trgreh a
plur ah@shﬁmc}?}l[,é’ (xg,fljxeﬁ”BC aytge By sHYaRL &d 1%%99(‘15;? tH 3991<1F§m. HER A

rraerlals from RF"vol t'age contro‘] Par a
sub&tnﬁ@p{}ﬂ andyerfe Rio 12 tmongngéﬁea:tnu pigh gfs @mﬁ;gf:a @dag@nﬁ*ﬁdlmem

Ther eé%’e %ﬁfelen? ppa 19?/ ‘i*%?? te5 n‘g Eaéﬁmjdzﬁere\lnqﬁ-a m fis.mss\ 3 34 »ﬁqte %GA Ad HER

612 to ldnmmsmlfha@le diteraasbs thmpitamﬂreaxwmm taé LiHERSfﬁi@mﬁ@'VbV abrupt
ersely affec r edge results. For exanple, as
d“‘a"“‘?—ﬁﬁl‘*éﬂ“‘ﬁ@t@(’%ﬁ%ﬁ1%1 he chemistry and reactivity of
sha_speci es of t in the local vicini %{1"
h

(Para BpF Vire oM kel - s JETerTHEl s90 O 515 MBI PN P
the in& gﬁ‘& HOURRE AbNf BOfo-2M 88 X &1L RQGmand/ iR, HER H34 REEHom

be i ndividually controlléd to maintalin process
se-condﬁmz&kgrfmt%y\x@uhq h!ge 1p|aa«gw§‘m|g¢ oiibsg |en@od:|§1ﬁat al i@jgas Aawante through

each u&%% %?E éﬁtg &R:r}';énes {é%li'{meg%frigpsrléf’ef x@%@emgsggm{@ aéﬁébéx

controt @wﬁﬂu&k} {(3158(63)396336, Lédéuaislﬁg‘o Usdnye, ;ﬂ%ﬁﬁmg&e@@ rmadvieecoafrolled
e 1thalv ua Contro e
ind ““glﬁgl' Bi/ﬁ)?ltlﬁt P ERTPEYY é’%ﬂ“‘é L%‘f% “ﬂ‘@‘“ﬁf?( ‘F‘Eﬁ“‘”%’lﬁ“fﬁ% B grpesigs from

RF voRARGHEPAQ81ER8s i an enbodi ment. By cl anping the heat
transfer mechanism the tenperature of HER 612

{Para %ﬁ]anSf?ﬁrﬁninﬁaihcft&%ﬁ%te‘? W8l 881 QdeL 8L QRLQUIERTRIA 2 e .,
Thus, byenpl oyi ng el ectrostatic forces to clanp

Tt BRECT Bbeu60BI0NCIHER d8 1Ry PSR beiesmeahtortratied increases in

tcmpugﬁné DGRy 6*?? ma‘r.] quvclmdﬁll‘ !a ct \\Q%t Ec? ld le ttéog% %HEIE %:EIFIPQ 612 pets

occur propri e ra
hotter ,ttﬁﬁc. 2hti Mﬂt Anﬂ rmmheﬂt»emp aﬁmr \Iﬁééﬁfﬁﬂtﬁc whier wl:dg,hﬁge: loay vieeity of

mani pul at ed an ext ernal ower s 16 through
HER 6]} by i L 16 10 T *@fﬂaaﬁw?’h je F%W"’F‘?‘E’g& ARSI ﬁsawg&f HER
612 m’k@ td‘ﬁRn@nl Zdudi { uﬁﬁm@é@fﬁ%ﬁ%m{ﬂﬂ%ﬂam IRYorR&y ALAHE Hﬁgnd pro\.exsum
| e applying | ow frequency RF power to"HER &

{Para @mpt her, & @H%Lﬁm&t]" ﬁm PGV RAE sutbstBre dDBFHLS 'b‘é%ofi’trm Hed by
negati ve VDC,

electrostaticalty clamping sub&n ztc &0& to chuck (ESC)Y 608, Analogously, the temperature of
HER 612 may be mdivideally controlled by also emploving electrostatic clamping of HER 612

to bottom electrode 618 1n an embodiment. By clampmg the heat transfer mechanism, the

temperature of HER 612 transters heat from bottom electrode 618 onto HER 612, Thus, by



applied while applying | ow frequency RF power to HER
612. [Para 63] Wen | ow frequency RF power is being
wappbioemer o HER 612 during plasnma processi ng, BCVDR0A$H67829

be i nduced on HER 612 to push plasma potential higher.

In order to force VDC on HER 612 to remain at zero,

pl asma potential may tend to shift affecting the ion

energy on substrate 606. By having external DC contro
emploﬂﬂu 'éﬁarx@%xc"mhl:ewmly LbGdiownd Seauerey RE. Q{,oz\ﬁ\ﬁfm 1O e vine MRAY

2, the ion energy on substrate 606 may

bemdﬁ@h@ﬂbL@éuMpﬁdsﬁ@md@ﬁn%ymtﬁﬁarad6d$nﬁmn@®mmwaI devi ce

fabrication tends to be a nulti-steps process. Each
{Parad2p iGrraider e egsitive @vihp@ixf dor qg;knaghai)p"n@@egsfsd{wpgb@xfmm";ju1ais-:d by

an C\lég‘gﬁ%‘[’ g%,\?;(:rﬁaﬁa\ g-gtz glugtligu & @r ﬁlgﬁrjsf;ﬁ 31[!%%%?]18{“% tl é\b %ﬁa\y_ms R¥

powe r$<}9 H@:in #4128 Th enefahgad IRCHC BFW pRwekhutied Baildiheehe thd fe@Rney RF
R to control Iasnﬁ‘sheath to get better uniforpity
P

power a? “é‘»hsfdbs t7 areha aganpls hn Db e A0SRV BRESTE V phdnay b

app lied QW&E ?}g\Hggﬁ}{s RE{ &QWQTH&S.@!O{B thet per applied to the HER
duri ng pl asna proceSS|ng, lons tend to bonbard the

{Para @@st' \Qgez fowau Eﬂ@rﬁt\r I@fE Fn@%g en‘w wh@ Y)eﬂ Eﬁ 6ngﬁm ii 1% sma
ta e potenti &l etmeen
pmcc‘sasng cﬂnﬁ &m:bbt mated AR A2 tmmshphtsmmemtbwé[heideledge)ydez to

force \pﬁ%, ng%hfi, ﬁgpfo r%glg%z%%gg §¥3§1 p(? zgpma W%YFIE %{n‘? g&\e/c%%g the ion

energ OGS &S HED Hokaveleeanirng Dikhendbevel BdRrRaedges ms‘e abbi@inu fow
substrate may_be achieved. For E% nple, the of
frequepgeRpaorariodiR Al oo P s dpepe %@n@b%rq*v !
indepchB&ihyOW frequency RF power to be turned off to aIIow
he rTons to bonbard the bevel ed edge in an enbodi nent.
ParalbiRr 2 85 Yo PGoARREE feh Al bela Riils Oi
Para ngo |né%?€§oga %gﬁynvegtﬁﬁn %ﬁ§V| lngghg Cg& éﬂ&hsmp“}q
prmesaranawgen@mm frocession bf obubofratnafag ﬂ}ae@gﬂqweawstetss pyymeters. For
examp ed tgrp?‘%l;els nx%bslps(?i:%‘\ X&n}\,ns? 2)3}]‘0 n%aglgé%o? {?t“i d?]qwggcwt &E\ﬁ%ﬁ%m‘ to be
directe@as aAPEROKG ceh@aitpl:Rathahdth &l RIPRY uhiGFrnfiiyer MBkbsa Rk in an
with | ow RF HER vol tage caontrol (these approaches

embodygermblogipaer ditglararaayensy Rinpary %Wr:waﬁpwdéﬁ HrdiER during

pidxﬂlﬁ%@tb‘@»ﬂlﬁe)msﬁ BR1 R IRASIRPLO6L3SHIR9r PTNRIBE 8006, ﬁ%@é&u &lge, due
be controlled locally to achieve higher yield

to the "d@%@ estebysil diffekeior belateerithe E%iémpi by bulgtrent ésnals thDb'ud the
L% %Q S %oh ynier acémg \DB}F EB« th% &89 g*zac B ntrc{)rﬁ?x’eegtﬂ Gud zh *8e ion

may be
bombﬂrdﬂdﬁﬁe ndent| M. inBjtu poRt: ‘fb@,{i‘]pl g IHERHMB& bagdidpdbf ﬁl& seRtrate may
.Steps of a Q%GSS\TQCIPG an in-situ cleanln%
be achizFd g Laeﬁﬁ‘g F BIOFS "HoRSiop PR TR B P st egly, tha the

fow frddheRAARE hQlor t§ 8y ﬁf:ﬁ!d IR NBRLLE RSN H Sorkthad thk B GAL &lpe in an
ion énergy and plasma density may be controlled during

Lmbocqug}gna processi ng.

[Para 65] As may be appreciated from the foregomyg, embodiments of the rvention provide
methods and arrangements for control of wafer edge resalts by controlling sheath voltages on
HER aroand the wafer edge. By employing an mtegrated solution of tuning gas andfor
electrostatic clamping for thermal control with low RF HER voltage control {these approaches
may be emploved singudarly or in any combination andfor sequence), the plasma processing of

14



[Para 66] While this invention has been described in
terns of several preferred enbodi nents, there are
W@bkdoenetosons, permnutations, and equival ents, wWETHS$088/067829
within the scope of this invention. Al so, 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
wafer & ah@tl edll® Ry BE So R G AlchRY Hﬁlﬂn‘é@e W@M@r R4 LB SR BEMD Gabricated.
he net hods and appar at uses of € present 1 nvention.
BxemgkwhgughnméfKuu@nekanbkwsRE&éﬁbr@uwde@ﬁhéﬂb¢nmLnﬂLygnﬁm
subsuzfte ﬁ%“f %ﬁ cmm t@ﬁd Imdee zéi{n)ﬁ?g%\hcml% {}Sélﬁ tfﬁ%%\ﬁf._a g t“h@ ?fgl c:np xic:p» ofa
pmaeﬂts N{:&)ea@plm- x@tatule@m,nu ﬁﬁ& m@f dépositibh BMRsHEt en shedex @Zed) Edaes In
re EenB int is therefore intended t
adquz% SRR II’G\VWHQ‘?S& bgﬁﬂ’é“ewaqea\?‘h%“eﬁé qxﬁtp&sb?rz SRty dgax ae cmnu}iied
during! fM&hi4dirf@s@hd. such alterations, pernmutations, and
eqU|vaIents as fall within the true spirit and scope
[Para @fi] theppliegaihvbiia Rk By %l MR S\Ay{@;tms 0?1 sé:\lc@lIIERQqu&} 1.

In a plasma processing chanber, a mnet
embnq:am@rueél@mmg:eadtsnabgmsc atrawigiaind agd bmvrréstres b\éwhsgta&ﬂ maposibe scope of
this iny edzgé:? Qxlwéh%{e kil F}lgns n%u\trx [ I%g% gﬁ ql q?tgaé agtio%gjgg h%rreﬁnlg%r éoan %mg;r(ce and
shouldoanps bsdngcopir ﬂt’s/tlﬂlsﬁg:lefdi ﬂsetciﬁﬁs hewar, it choahl dkodheumked that there

provi di ng an edge rlnq RF, volé e control arr%n genent,
are ‘““é‘élaﬁe‘éi‘:‘g‘g YvRgt RePlgart ‘é‘éé““b’&?ﬁ PO AP BRI VSRRt
mventfe@U 911@1@{1;.,5@\ 2Rlde 8dges! ah’eﬁ& ol RefQ¥IRIR i SRLARM Kt RQVWRLamples be

to said edge rin sai d second RF power being
illustradok |'mréﬁ@dm[x1‘gngaptg resgierd 1 tha gnysagom Ifuréﬁqu @n&y abhiegyonta set of “n”
Hems %Q&rﬁz@%ﬂ Lo m%%o*:&m :Q ﬁM_%% i %H% Eiopegx i leflgeat 15{ lﬁéjgp?}mx uﬂgaé)ﬁ%nded
aving an e generati hg
claims\idetihtkmrsai by 3 zpd,laésma a]d) nm@xeﬂ;:srangnsc lpammcm ohg apd eme&'ﬁusmﬁmll
... Substrate, said s st(q;e\being processed while said
““ﬂ“nég‘“g‘é“erﬁ Py ¢ %Ftogg’& RORET B4 angement is confi gured
to cause said edge ring potential to be substantially
equal to a DC potential of said substrate while
processi ng said substrate. 2. The nethod of claim1,
wherein said edge ring RF voltage control arrangenent
includes an RF filter arrangenent and an RF match
arrangenent, said RF filter arrangenent being di sposed
bet ween said edge ring and an RF power source. 3. The
method of claim11l, wherein said RF power source is an
RF generator that is different froman RF generator
enpl oyed to provide said first RF power to said chuck.
4. The method of claim1l, wherein said RF power source
Is an RF generator that is also



enpl oyed to provide said first RF power to said chuck.
5. The nmethod of claim2, wherein said RF filter
wa@eeoakgesent is configured to attenuate unwantBCI/US2008/067829
harmoni ¢ RF energy fromreachi ng said RF power source.
6. The method of claim2, wherein said RF match
arrangenent is configured to maxim ze RF power
delivery to said edge rin . The nethod of claim1,
wherein the frequency of gh{"‘&\’%econd RF power being
v d to said edge ring is different fromthe
“ha“gsleag%uﬁgy of said first RF power. 8. The nethod of
L. cloai gh&?&w mh@:smng]dsm . imahodRier powessingeisnistadel. bad pddtrate being

dispmﬁggftlh S E 6&“’ Lgm su%m%ﬂ\;‘%fggglfilﬁg(gyt ro.fu ?cﬁc_g?g —r %xngg)l\zxglg%%cégggiiy tsolated
from s@idlchiéd, esinb@xi®ai d chuck has a frequency of about 27

MHz. 10. The method of claim7, wherein said first RF

PR eI R igerys & gid #181kai d' chuck has a frequency of

aﬁﬁ%ﬁm@(&m iz m;la}‘r’if TB%J&EF‘@& aﬂfan&lr’&‘nms% d Mﬁe{tﬁ RF S8k control

ge ring IS electrical y ecoup fromsaid
arran, ‘rsmbmthﬂarge*euw@d toRasl adge hogl wom nt:llda s&m&d meer\ e 1o sgiliedpe ring, said

sﬁ,con(F gﬁ PO &rrl% V&gfedc?n iy ug go aéncp {_dic é rmf: a\ a f?’ ugmmfv of Jbggr%ﬂqhﬁy to about 10

MHz, idaglkitd @ @ididgt adnb bhyviaf as &g;mnhqmabé.al Eﬁhﬁ nmet hod of
cl a|m13 erei.n. a segnent of sai pluralit

%‘glﬁléﬂt*%d 5t igéﬂ\é&l ]Ugdéi il‘ﬁf@‘i REQCESHRE § U?béﬁmt%*’%‘és said subsirate, said

substr@t 86hE beRbdYd 1Bl atedik HRad AGEN oS ORHSmEf: iSalifioured to
plurality of segnents of said edge ring. The

cause ypd Privg T poRNtigihe be pybsantigl bagspal ine I@egw@mdé bbﬁf&mggibdxmk while
segnents of said edge ring are configured

prmu?mg %d 559('ngependent control of said second RF power

2. dEIld Mﬁh@dﬂoi @aieal hvlefens adidledite rlv@dSt vdlinge s@gd atsigofent inclades an

ai d Iurall nent s. thod of claiml1.
SR A T L o S
betwe@ChABRI8 rihe dhPh REJbdel ®AQN i Nncl udes said substrate
and sai d edge rin said differential gas flowis

3. prisvpeberd pic @mp] PigTe yHRF pey é@laem @yRH,gﬁl@amox that 1s ditferent
cen 1 T Is \dl 1 t
from ¢L|ﬁr¥;§§%§ di:o‘filtcl %lo‘% @mla P\gld['e‘ﬂ{i]% & Ry 3%'& &)dsggl JHk dag 0

ent cont o eratur sal g€ ring;
4. aﬁmh :petbml o cﬂgme}( tveverra semtRi/ pbtvageucent soRE gerarigedrent also

z.mplm, 1 Bh% prov uge xa%mto%\fpm\ ‘er t0 sng nFu ge r I ng.

5. The method of claim 2, wherein saxd RF filter arrangement 1s configured to attenuate
unwanted harmonic R¥ energy from reaching said RF power source,

6. The methoad of claim 2, wherein said RF match arrangement is configured to maximize RF
power delivery to said edge ring.

7. The method of claim 1, wherein the frequency of said second RF power bemg delivered to
said edge ring is different from the frequency of said first RF power,

&. The method of claim 7, wherein said first RF power being delivered to said chuck has a
frequency of about 2 MHz.

9. The method of claim 7, wherein sawd first RF power bemng delivered to said chack has a

frequency of about 27 MHz.
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17. A plasma processing system having a plasma
processi ng chanber configured for processing a
wG@aiwsne@se, sai d substrate being di sposed abovECHUSIW®#67829
and surrounded by an edge ring, said edge ring being
electrically isolated fromsaid chuck, conprising: a
first RF power is provided to said chuck; and an edge
ring RF voltage control arrangenent, said edge ring RF
voltage control arrangement being coupled to said edge
10, n&tﬁe&’&foé{g&ﬁ S8caRd. R hﬂ?lﬁfrpok% tdéé?ﬁigrgd td B84 chuck has a
second power belng deli'vered t© salrd edge ring
maywha&ﬁa&ﬁmdﬁdéﬂey of about 20 KHz to about 10 MHz,

il 0 eeﬂﬁ%th%c?af' er gmd h§ ﬁ%sbc# %gzég'gz\c/' ngéﬁ tﬁgg’%usuprﬂc% from sad

mﬁgﬁﬁ@nflgured to strlke pl asma to process said substrate,

_ sai d substrate being processed while said edge ring RF

2. vhruageotsiitivie | arehy Rt recireecon PGBl Y- cause

13, SEInEHEEf 391 pQ&tlﬁﬂlnﬁ &hd &u@@;ﬁé‘%ﬁ%ﬁﬁkﬁ% Lot RE Y hurki Qx of
a DC potential of said substrafe ["fe processing sa

mgﬂws@bstrate 18. The plasna proceSS|ng systenlof cl aim

14, 1@ ﬁqgtem ?mn cimm F‘ % em a ﬁ% ﬁ(iaf bdld lcw )t’r :ﬁtmmt\ dof gﬁld edge rng

is conﬁRExrémﬂbGﬁ gaarcfi a:ﬁ@ﬁ naeme,d f‘aﬁlh akijRent ¢dgbﬁﬁr» ar 3 &mgmﬁ&m obRimgnts of
g%s osed between said edge ring and an RF power
said edggfifge. 19. The pl asm processing system of claim17,
15, WM RERoS& i REcRONEN a8 OMOGRhSnt&bF *RFd GRRBRAIQLABRL of said edee
is different froman RF genefator enployed to provide
ring arg gpefifiredsie hRre poowendeny Lg}ﬁfqy of trid fecoDRF Phwenylelisprgd to each of said
SSl. la [, wherein said RF power
at lc,aaptrmq % 1% 1%9 0§%§&L&q}i‘?§x cgft <8 ﬂ%?{ i's also enployed to
16. ﬁﬁ&mndbo¢aﬂ@hm1rsﬁtﬁ§%q@qmeﬁmto said chuck. 2 1. The
Iasna essin ystem of claim.l17, .wherein t . B
‘fﬁf@ﬂ%‘; 91 srengal ggs 88’ GRS RE SRR P éﬁi“ﬁ@l 17 “li‘\?ér“ d\'u?%rate and samd
edge @al GiglasrehiiNGal ﬁm@h{lﬁtﬁf R84 v k eRkdiheof igduency of said
first RF power, | asma _processi ng system of
Ay ing Elecithgnie Hasaing “?eF”ﬁ‘stf' SRA efesiane Wendrgenenily spag!
' has,;a set of RF frequencies that
Kﬂwe“gnTggggfgggigasﬁmone of about 2 MHz, about 27 Mz,
amdwab@uhwﬁﬁdthuﬁﬁﬁﬂmﬂhelphagmampn@pﬁsgkdg‘sys@enhmﬂedgeung
ctri
7. Gl dlera Be elipg ATk ore S S hef bured for
procesPhQ GRESIAG. SYSLBAt b@;hal;zmxud a¥herihicis @lddhuadgRicd b @n edge
is a monolithic unit. he pl asma processi ng system

ring, syl egpeiing e qlprarieily lss%itﬁi %@F@émﬁl.xh@h §OBBIRGured to

| DEIHRR 8R! W hRNIdHY w@m& eqERi®e 26. The pl asma

proceSS|ng system of claim 25, wherein a segnent of

sai allpp g &IF oytapf cmmml arrangement, said edge ning RF voltage control
arrangement being coupled to said edge ring to provide second RF power to said edge ring, said
second RF power being delivered to said edge ring has a frequency of about 20 KHz 1o about 10
MHz, resulting in said edge ring having an edge ring potential, said plasma processing chamber 1s
contigured to sirike plasma to process said substrate, said subsirate being processed while said
edge ning RF voltage control grrangement 1s conhigared to cause sad edge ring potential to be

substantially equal to a DC potential of said substrate while processing said substrate.
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segnents of said edge ring is configured to be
electrically isolated from adjacent segnents of said
w@kwpabdosy of segments of said edge ring. 27. AEEUS2008/067829
pl asma processing system of 26, wherein at |east two
segnents of said plurality of segnents of said edge
ring are configured to have i ndependent control of
said second RF power delivered to each of said at
| east two segnments of said plurality of segments. 28.
18, TR BLASMORL ?xeisﬁke‘?xgo SAFHEM, ghex‘ﬁe Bdafl kb fr]H[rtR'Fe\r mge control
conpri si ng: ditterent gas flow is con Flg tred
arrangéhow ua:dimiﬁs sn M"r{’égar emangsaedk and gn@lr}r maich ﬁmia"sgeszamtd vnd RF filter
ntial gas

arrangg xr:ag?t bmw 6115(5) \}‘f(’g%& xchn xggluiuc D maioap ﬁfi g%m] % Smnu,

19. e"tz&qizm&t #RbicSsifg QRRINDGT cmaaﬂs; me@ﬁmaicgw 6w E1GoMcO W ﬂdﬂw
sai d edge. ring independent tenperature contrql of said
generagy gt iy gmah*amaﬁ? EXTENOIICT YR LHERT0BRY fOFIAFTARG EERE o said

chuckl S configured to provide DC power to said edge ring.

20, The plasma processing svstem of claum 17, wherein said RF power source is an RF
generator that 1s also emploved to provide said first RF power to said chuck.

21, The plasma processing system of clam 17, wheren the frequency of said second RF
power being delivered to said edge ring 15 different from the frequency ot said first RF power.

22, The plasma processing system of clamm 21, wherewn said first RF power bemng dehvered to
said chuck has a set of RF frequencies that inclades at feast one of about 2 MHz, about 27 MHz,
and about 60 MHz.

23 The plasma processing system of claim 17, wherein said edge ring is electrically decoupled

from said substrate,

24 The plasma processing system of claim 17, wherein said edge ring 18 a monolithic wnt.
25, The plasma processing system of claum 17, wherein said edge ring 1s configured to include

a phurality of segments.
26, The plasma processing system of claim 23, wherein a segment of smd plurality of
segments of said edge ring 18 configured to be electrically 1solated from adjacent segments of said
plarality of segments of said edge ning.
27, The plasma processing system of 26, wherein at least two segments of said plurality of
segiments of said edge ring are configured to have independent control of said second RF power
dehiverad to each of said at least two segments of said plurabity of segments.
28.  The plasma processing system: of claim 17 further comprising:
differential gas flow is configured to flow across a region, said region inchudes said
substrate and said edge ring, said differential gas flow 13 provided by a plurality of nozzles;
electrostatic clamping means is configured to provide said edge ring independent
temperature contrel of said edge ring; and

external DC voltage control arrangement is configured to provide DC power to said edpe
ring.
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