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WD 2004/ 032220 PCT/ US2003/ 030605 1 METHOD FOR

REDUCI NG WAFER ARCI NG by I nventor Andreas Fischer
WEAUKMGBRAMD OF THE INVENTION 5 1. Field of theCT/US2003/030605

I nvention The present invention relates to wafer

processi ng nethods and, nore particularly, to

efficient and cost effective etch operations for

waf ers. 2. cription the Rel a Art MNodern

m crochip y#&flﬂm&@U@m ABBR ARCENGor e

conplicated chip 10 structures and toward increased

nunbers of processing stepg for a single chip. In
particul ar, the nunber of2Yfté#€bnnected netal |ayers

stacked on top of each OtAE{%Ea@ own conti nuously
over the past. Wth it, the ehugsedr;i&of pl asma

processi ng st eps BACKGROUND OF TIE INVENTRDNN

electric stress each wafer rncurs

' X increased as well. As a result of this
L BEREASRL R ARNS

conplexity in chip manufacturing plasma
iniigé:ed d mage may gq(}[cur nmore frequently 15 leading
t o el EE " RETHHRD: Fegticalfy WAt airetcsrag nghodsenny, |megeparticularly, to
effi@lBntAnB oM eeiec iRl @h ofdiatlohR k&Y afdRf er et chi ng :
operations, the wafer is clanped by an electrostatic

2, ﬁé&?ﬁbﬁ&%%heﬁaa{eﬁ ot he wafer does not nove during
waf er et chi

ng operation. Under prior art operations, a
hi oltage is typicall lied. to the el ectrodes of .
t hgq?:c\é@ ﬂ%%gocb.}peg%%i%qssb%\{q qug‘l BpRfiRg fRV¥hetrer jmore complicated chip
struét@eR ARG Bovetrd ili@eRPhiRFerY B thC th Y
force between the waf er randbﬁggss%%%ggéﬁ-%ﬁmpg%r@%asﬁl pirticular, the
numbeoafl derpdmeatedimetal tayels stackbe onabp rof patteothealhas grown continuously
ner al l.y.. gr.i ven to a egiat ive value with respect to
OVG’?‘E‘S P&‘ﬁar%’ UP 1hdPg Qugben it Plasmaepjopessidg staps @pd the amount of thermal and
lectrld! 1385 SRR SvafdIf i ' | nd; tRe -
et oh proces sé, t héehréeg?%%%% rgk%:slgglfg%?gg%??e\% %%J{So‘_g‘gl' REa result of his
enhaplecherpoiploxikyim, chip yphefattuying pasmy itdioeddangesmyy ddeut Blre frequently
1 dchanﬁe In RF power. To avoid upsetting the voltage
cading i HeWcq desfiuetiomyids thsaiiew., iondeld hessopares proguctavalemat i c
bi as conpensation, managed by the 25 ESC power supply,
hd8 tyideateratsr aseine opdrationsdthe wafertis slavpep by satelairostatic chuck (ESC)

t int of .t two pol.e voJtages is )
SO tlgfitﬂgsg\gm{eg 8&)6%2%&3}5& eg ug’@ﬁ?‘?’a(f%‘] qulap% m)grapo%s %H%rgwéqrért operations, a
highsitth@c tipicalBCpplibd id e BRERoRSEr R 1S .U*rhgéfeétm-s%lﬂbe $ield developed

. however, may lead to arcing on the wafer, since
in response of the applied voltage produces an attractive force between the wafer and the ESC.

However, as soon as plasma is struck , the wafer potential is generally driven to a negative
value with respect to the chamber walls within a few dozen RF cycles. Furthermore, when RF
power levels change during the etch process, the wafer potential is driven to a changed value,
typically nearly synchronous with the change in RF power. To avoid upsetting the voltage
balance between both poles and the wafer, an automatic bias compensation, managed by the
ESC power supply, has normally been utilized. In this compensation method the center point of
the two pole voltages is driven to the same electrical potential as the wafer surface by
equalizing both ESC pole currents . This, however, may lead to arcing on the wafer, since the
ESC power supply is too slow to follow fast voltage changes on the wafer surface as they occur,

for instance, during plasma ignition.
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ESC power supply is too slowto follow fast voltage

changes on the wafer surface as they occur, for
wonswaaze) during plasma ignition. W 2004/ 032R20/US2003/030605

PCT/ US2003/ 030605 2 Figure 1A shows a silicon wafer

12 that is damaged by an arcing event that may occur

duri ng an etching process. In this exanple, a surface

PRI Rk G BTNy LARRER deinae B ARG fhat may occur

durlr%I 8 it gﬂfcbﬁg & thietexbin PIL’ r ms pcﬂhtiah €fopt eh@[nple -1000V) is
hand, a su strate?otentla exists in

gene@@ﬁbbatrﬂ;c etapf surfaee S el Walsh Whé\cfhelrs i?ang'I"-}ﬁ)é‘ﬂ@F@ﬁde y alqétrw during an

o5y REH T B P TS S BB Rb 15 KOOyl o sttt of e

silicd hftd 124 TiRAefors die Be e pdtetell thfféi&ﬁdéCBdﬂW@é&l m&‘ae @€dhe dielectric
inthe dielectric of the wafer 12 since t hey establish
wafedsiifisend i wost sayoa wrales & oin prrer beinean aetal structures embedded

i SRS P BB By MR OE R BRS cviog he svvce-

to- su'bE‘@atg é)%te%ﬁﬁlr fopOf Wi tM@h6ka dg%x&ﬁ’@féﬁuhlh@etﬁhﬁﬁ bﬂjla&ﬂit_metal structures
br eak vvnstrengtho t hat electric, 10 arcing wll

withimctherdielb@ridiofi ghet waftaenepsds thedelsetrical thireakdowntstiength of that dielectric,
structure WJthl n.the dlgﬁectrlc

aring bty eadinely " duRtRs o EREPB P! [ GLRBPEP 0D felighec laver
In mggtl dasékS dﬂ]%% | Serftfer ARew el uRibablRGve@ Righ BAYy B@Mﬁlebéé&fhe die on the

fecté y the arcing. Consequently, if such
wafep aeayriaee besn affetal lb3ot)sedar¢mg Bapgegnentlynsf sich ybp@lrcbgces are allowed to

woul d be cre d and oduction co
T
real -tine surface potentlal during plasma 15 ignit
4 Figury elEg ﬁb(m‘ﬁ acerepo v thats shaxeya gealitane gpfageepotential dunng plasma

igmtggxt E#] t ;@E |gaapgle d%lo Vs nﬁ Wegc#}ﬁéetat%uglzﬁgc% otent 91{ gg}t én‘ﬁl an ﬂ"lltlal substrate

ensa

poteftial Yaas ESGoRAWRIdrEeR Fb!y)f.h@&as EémpERbtich @ittfulitrtg’ tEfﬂESC power supply as
et ching process. The gr 40 shows the surface ) .

it oqgutsemmm an} 2ichingt PmeSSprE@ﬁr e A0 Fhievssthepwirigee pRgential 42 as time
surfac enti 42 .at an ea [ e

proggbis, Tof BB of i 38085 oBIERL1Y 2b ety 7 KBty steep so the

surfdc@ pbfb%tlﬁtéﬁﬁﬂﬂcléfa ficPeaSsl th Ak sty %hrfé& po'fé}ﬁfaeﬁ@r Therafore, a very
very 20 large voltage difference 46 may occur

largemlta@ﬁehf;ferqmecald ynay @pwe'eqxtnemlmmcldzz deprsearihe amrfaﬁz Pefeatial 42 and
the i |t| al subs t ot en 44 Unfortunat

the ipffad Sehsiafratein A SRS ip s AR MRS Yl potential 42

1ncréa9& ﬂ)W (Edi My f6F tHeh® n%ﬂﬁ’ﬁﬁ‘ﬁaéﬂcﬁﬁ ol the BIC ?Ew&h guppBf> Therefore the

Therefore the substrate potenti al
subscratenpnterhml aai}mm;t bel adjustad tin meﬂu;aelwesmn@ tq thet fvefage ppggial increase.

pot ent i i ncreas h ref r_ar
ThelgBae, VHEHeE RS Bra CEHERSL 4 19 ?Ceevpke lz*cg%y O{Jﬂgsfg%rgby damaging
the xgi?fg?%l A 8re§?l}p%c| eé@?r&fucﬁ&?yi@ﬁﬁirﬁ%?ﬂﬁ@nd@/af er production

Therefore, there is a need for method that overcomes the problems of the prior art by
using different bias voltages that correspond to different wafer etching stages and processes so

in any suitable etching process, the bias voltage utilized can reduce wafer arcing.

SUMMARY OF THE INVENTION
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Therefore, there is a need for nmethod that overcones

the problens of the prior art by wusing different bias
woabwageot hat correspond to di fferent wafer ePcChiusgn3/030605

stages and processes so in any suitable etching

process, the bias voltage uti3ized can reduce wafer

arcing. 30 SUVWWARY OF THE | NVENTI ON WD 2004/ 032220

CCHLBAOSPRIREN, ot g IR, L0 AL GRS s ot

redubiQ@ UgAfBg atdifeein wafet B@hing opetfionet dhiigldperappicoiated fhut the present
shoul d be appreciated that the present invention can

invepiéori epn deeimmpemenicd iprasIPEoUsaYaYs, iiANGAE M aPrecess, an apparatus, a
rocess.,. an apparat . . '
sysff o GEesdy o BRARE, el VB ol
desclibdERdlb®@N are 5 described below. In one enbodi nent, a
met hod for reduci ng wafer damage during an etching
Pr 8t &re ﬁllngodiﬁfe v g%gtho& Ror0fd8u@he WakerRAcE WRAHE BRREching process is
the nethod 1 ncludes assigning a bias volTage to each
providedat Inl @sesof thaenatycdihbglipentseths, method greheteatassigning@ bias voltage to
, d bi I s TR
eachgtsfsz{t geggtt O@Lpgg@%/ghéog%gﬁ%gfwggrg%ﬁi%&fe %té%igtg:&q:;i%ﬁ x?cﬁégg Leftopeeinitiation of
on 553,20 REcs AN AindP kS g AR pinc v
voltdgeas tin eleetr@taticichgekivefare disitstionTf@ne af thegin dstlinastching processes. The
_voltage | evel reduces wafer arcing. In yet another
assigagd bm yaliage levehiadhess Wast #dRfici ng waf er damage duri ng
an etching process is provided. The nethod includes )
gefreryat amgher erelddimenti asmethpd don rraucingcvafge damage during an etching

associ ati.on tween at.least one bias vol.tage and. a :
Procpgsa Ly PB(hVé&éfc g n}?ﬂ@?e%?ﬁér%m‘érg e chd®qB® 512% Eag’lea{that includes
assob@A8hs BRRea] SbAg oRE BREIBItERY RASN ! e ét@hth‘ @rétless where each one
| east one bias voltage. The nmethod also includes
of tinbertdeast niegtching gradesneprmsposkng toothpat teasidensttees valisge. The method
mat chi ng t he etchi rocess ,to a.correspondin i as,.
50 NGRSO GG RO BESEE P oo . FRERRE" Fibgfe Sning process
to a Igﬁe%f)%hﬁmg bﬁéér\lonﬁge by BGhYHRSIERTRIOAE YRR t@ble! MPe@hethod further
'east one bl as voltage corresponding to the etching
inclydes @esaratingl bee nfthecd ledss ond hiek wdbsgeapptepporglinghto dretahfing process.

Theé?ﬁ?@% elllgg(ag;c}l n(e?pg{yilar}fg eﬁglag{n? tﬁc? attaﬁgsetléglgtrﬁi%;\tz(gfagg é(i 8p clectrostatic
chuc@@is@g%e%re tillﬁﬁ?t%n !c)jleﬁﬁtetéﬁﬂ% PoBSssY a8 of HRILCIBSst one bias voltage
arcin er

In a wa uring the etching process. In yet
reduaenirbiag ie aiwadérrdaning tiee avetihgprotess. det er m ni ng bi as
vol tage for reducing wafer

In yet another embodiment, a method for determining bias voltage for reducing wafer

a . .
?s[e Rg rﬁh& gr&séenrg invention are

damage during an etching process is provided. In this embodiment, the method includes
determining an etching process to be conducted. The method further includes matching the
etching process to a corresponding bias voltage by using associations in a recipe table which
includes associations between at least one bias voltage and at least one etching process where

each one of the at least one etching process corresponding to the at least one bias voltage.

In another embodiment, a computer readable media is provided that has program
instructions for determining bias voltage for reducing wafer damage where a bias voltage
setting circuit determines the bias voltage that a voltage bias generator applies to an electrostatic

chuck (ESC) during etching to reduce wafer arcing. The computer readable media includes
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damage during an etching process is provided. In this
enbodi nent, the nethod includes determ ning an
wenaedoaze2pr ocess to be conducted. The net hod f BCTHS2003/030605
i ncl udes matching the 25 etching process to a
correspondi ng bi as vol tage by using associations in a
reci pe table which includes associations between at

| east _one bias | tage _and at. | e '
N MR NS Y T p—
readdMlO GR%IPa QRO BSREABYipigerh@ fnkGudionk a8 tmAClEnYitAS etching process to a

voltage. In another enbodi nent, a conputer readable .
correspatiding kiapvolagicay udieg agsaeiafpnsgn niecipgdeble vthighmchuges associations

v 5 AT SR L5 0 oA BRES o st o

etchih Brdeb@TorbpRameltb Me & 1081 bROfadiABgEener at or applies
to an electrostatic chuck (ESC) during etching to

re S ' t I | i
EHHE SRR 3L ST TR AR, MR by oy i

methoB ST asebdiahsy bias vathgssnappliad tanhe ekhirogatir ooeks(HSC)bwith different
conducted. The conmputer readable nedig also includes,.

wafep es§ingrpOeRsEes 815 BiAS VelrecHmay fhl@tetllﬁ%ﬁn@f/ A 1992 a?%leglég bias voltage
to.a ' | a e P ivat i

et GAEEAPRUFLP GBSy Y8 \AGCCl AaingpResselal LA ponce

diffeddnt vERSle poRatial Baweal & sgeacand tat whieasid arbstrete chn hg compensated for
process, each one of the at |east one | etcging )
thergby sedusingcvrieeaisoid i’l,‘—h@rqf@ret pradipstingpad tajfpaing the bias voltage applied to

tage., The..ad f e [ ' .
e B0 5850, TRER YGNRERGReR] o4 SyRIE SRObe | BYPRLNARY S an st
manférS OCTIré o, Dhdaniagbda e sthspphdtest! tepablbe the eader @ft multiple etching
chuck (ESC) with different mafer_etchingﬁprocesses,
chemibisiepiaad ai¢l cheyabernegndiions roethat giffarest elehing ppgrations may be used
.. particul bi as vol t age, . bef or ch  parti .
i s s BF ki SR TENTESE & AL b e igine prcess

AddfiRahily, BREREKA KT dAfhafd Edniealtired@id dgatelI9Nthe alafer yield loss can be
bet ween a surface of the wafer and substrate can be

decressaphensat ed for thereby reduci ng wafer arcing.
Therefore, by adjusting and tailoring the bias voltage
apuithe@thsperts tik adEB@tdzes ehdie mpent inventom Wik deporoe epparent from the
waf er arcing can be reduced in @ﬂ ffective

t 1 » . .
follayein ederaPe IBNBIEOT e At AyoRRIRGton nydh (e AeromRaprigg drawines
. he ' ' ' ' tch
il S el P BePrERERa o RN bttt €t €

operations may be used 15 w thout t_ni)ﬁ& of
arcing. This WWJQEHH -8 %t chi ng
rqqcess. Addi t.i onal.ly, . e
Gedre atserapismieh oy g AiifiaB} B diPRREG GAR R description in
conjHEGIRANEE- tthdla@(Bmﬁﬁﬁlﬁfgt gragiitbsad Tanteitiese olis tdescriptidagiike reference

invention w becone apparent fromthe
numerals designate like structural elements.

Figure 1A shows a silicon wafer that is damaged through an arcing that may occur

during an etching process.
Figure 1B shows a graph that shows a real-time surface potential during plasma ignition.

Figure 2 shows an etching chamber with voltage bias control using a recipe bias table in

accordance with one embodiment of the present invention.
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foll ow ng detail ed description, taken in conjunction
Wi th the acconpanying draw ngs, 20 illustrating by
woay4aB22eranpl e the principles of the present PCT/US2003/030605
i nvention. BRIEF DESCRI PTI ON OF THE DRAW NGS The
present invention will be reaflily understood by the
follow ng detailed description in conjunction with
t he. . ' ' i )it LSy :
(CTIAFES AN U Bner Lok B4 Rl Bl npeppgane it one
embsdiiedt of the pedsenmnvaitiod5 Fi gure 1A shows a silicon
waf er that is damaged through an arcing that may occur
dUtFi Rge a1h6HE i By dNaRGRSFing™ BRI YBr SRR HFRRR setting signal in
that” shows a real -tinme surface potential during plasna
accordpmice imath. one Eipodienchit ohthadneentiet.chi ng chanmber with
vol tage bias control using a recipe bias table in 30
ac Gogula s chows tahfloweherrvhithrdsfineo thet federatiag fita recipe setting signal in
i nvention. WD 2004/032220 PCT/ US2003/ 030605 5 Figure
accopdgni wéthrome smbadingant gEths IFERR¥INtNG: a reci pe setti ng
signal in accordance with one enbodi nent of the
pr &spme 6 mhestriates ncirdsitgyu that 4fos hesttinga bias ovedtage tinsinonidagee with one
a nethod for generating a recipe setting signal in
embodimyingg @Spﬁsgwla‘ﬁeéﬁlgﬂbodi ment of the invention. 5
Fiqure 5 shows a_flowchart which defines the . .
gemisuse inshayrs addidenahcisritty; 1y seitigabias yoltage: By aggpedance with one
Wi 4 n ' of the present invention. Figure 6
embpflﬁesn Patthggpeglg#tgg?{nrug)gt hat for setting bias voltage in

PSRkt 805 e GEROSLTERS S5y ESRERLe g oo embosimen

of the8ideRinbifgpvol tage in accordance with one 10
errbodi nent of the present invention. Figure 8 shows

ci el L by NGl , .
o 5, IR R4 ALABR 0 AR 3R gnce it on
emb8dinhdnti 6f thatpessefitifidigionCi rcuitry for generating bias
vol tage in accordance with one enbodi ment of the

P G3EPAnfY| iprioN 'S i PREFERRED Tt dBMEfers

S
PREFERRED—E=VBEDF =N

An invention is disclosed for a method to intelligently decreasing wafer arcing during
etch procedures and other procedures such as, for example, deposition procedures or whenever
there is a process where plasma interacts with a wafer and a bias compensation is needed. In
the following description, numerous specific details are set forth in order to provide a thorough
understanding of the present invention. It will be understood, however, by one of ordinary skill
in the art, that the present invention may be practiced without some or all of these specific
details. In other instances, well known process operations have not been described in detail in

order not to unnecessarily obscure the present invention.

In general terms, the present invention is directed toward a method whereby an etch
process may be utilized with a dramatic reduction in arcing between structures of the wafer,
between a structure and the substrate, or between a structure and the plasma. This may be
accomplished by presetting bias voltages for each separate etching process. Because each
separate etching process may create the possibility of different bias voltage potentials, by
associating bias voltages applied to the electrostatic chuck (ESC) with different corresponding

wafer etching processes, the bias voltages may be intelligently set to a particular bias voltage
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An invention is disclosed for a nethod to

intelligently decreasing wafer arcing during etch
wonrosedenzes and ot her procedures such as, for egamsk®3/030605

deposi tion procedures or whenever there is a process

where plasma interacts wth g wafer and a bias

conpensation is needed. In the follow ng description,

nuney ous. speci f.i.c det ail [re t..fo .1Nn.0 :
beforﬁreé‘{?{‘ d’@ﬂé{m?"ﬁ s S%@e'u n]g‘e S ‘évrsﬁl itr%lﬁ o%‘é}llhlge p#fgtgé n‘%o(?tage difference

betwedhV ARt duPfce lof e MWaf&ieaddngRer sibSiede chpWwevietducedywhich rafy decrease or
ordinary skill in the art, that the present invention

eliminaiy theoguaetdecedvatet droing. Hoyrusingrsugh p nesthqd; sedergpecepsing operations
etai]ls. In other instance Il kn . . . .
may gﬁ él?ﬂé;pﬁsﬁs W%@t w ésnaraiéiglglfvgﬁg ggn?r%te égige?fﬁiaﬁ m ovxr/aétérr productlon

becatl! thk QddIRERESSBEIcING MAECHilE ddiager #ERRAIred RV @Y waler iknreduced or
general terns, the present invention is directed

eraditatedir d a nmet hod whereby an etch 25 process may be
utilized with a dramatic reduction in arcing between
StFidGieUZ o afi Behingf efambeb@0Oweth volsize iidsucantmhadsinpe recipe bias

(bl 1D6ccombpon R STBPATIEL 6t TR BIHS G agh s GRbodiment, the
etchigg{fl gthiaﬁjgglg Irlg@ nShLGlY Qg;%owe?%f“ ? ctrRRE Fi‘i’% i%lnﬂa& %r?lﬁﬁeé”e@éc‘?rode 102 to

; cess nay ea e possi Ity o

prodtie pIaEaAtwiliRShe/ Sdndie 1001 ETHe eambeb)l00 atsonichileng radio frequency
bi as voltages applied to the electrostatic chu%k (ES?). :

(RP)wegereratorf fldBenilhe oRFerpenidesngrates wigswp 4 ipngiching operations i a

rocesses, .the Dbi I ' [ . Memminac!

mec RSB oL M5 PRt ShIBSEE Tt BB 8l atent e

may BETHRR08EABAE Of thSetbhgoperatel Nahéild bk appretiatedrthat the apparatus
stage. In'this maéﬁ the magni tude of the voltage )

and dietfaslolgyedestihedebereinhmay (efused with ne syiable reqipes; g any suitable

bstr at b duced whj ch
e AR ' RBUBE T IRRm e e B TETE L ng
adbe PiBERIG B0 Bo0M-GI s 3 HEERBYS SOEROTRC] 108 which in one

embcgéi%g‘fai{ Iﬁéé/ gh%*léi@ e Faryelﬁf@ léfetctrgﬂhgﬁ 10 aHSHdt i€ RF powered electrode

rren _ arcing“that cou amage structures In
112 tHemegTheld fhe waetuosdn place éurdg amtetingfipguation2 WitinghaRSC 108 are

et chi ng chanb 100 with [ [
cccoumad oo 1T a5t b D g e S agh o e P generr

nbodi ' i T
120 EFRR ERke St DO FLERSTe DRI P A0 foj8 diposed over bse 12
In oRO¥BbEEnRhE Chid RYe Tob2ofahe ESCorasLis dexdeeiue of a dehiy tidedtac material so

10 produce plasnma within the chamber 100. Th
the dlogredesd 10 rﬂgﬂuﬂésaré Aecdieally rsé@&‘éﬁ?é%fed ]}Rﬁf)byg%f}%é? h'agﬁgky capacitors

118. The power . r i .
et 5 Y S AL TS, M 16" S o
the $ci@-iAdllatindSmhtSriMiehhy koamsiitableltpatardl, thatithdyescaritinsulate the electrodes
reci pes”
from one another to sustain a voltage drop between them and to the substrate. In one
embodiment, the semi-insulating material may be any suitable type of DC semi-insulating

ceramic. The powered RF electrode may be any suitable material such as, for example,

aluminum, stainless steel.

In one embodiment, the level of the bias voltage (also known as bias voltage level) is
determined by a recipe bias table 128. The recipe bias table 128 includes associations between
at least one voltage level and at least one etching process. Therefore, a particular etching

process corresponds with a particular bias voltage level. In addition, the particular bias voltage
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may be utilized depending on the etching operation. It

shoul d be appreciated that the apparatus and
worbhagpdzd2ogy descri bed herein may be used w t hPamgs2003/030605

suitabl e reci pes and any suitable 15 nunber of

reci pes to reduce arcing that 7may damage a wafer 106.

The etchi ng chanber 100 al so includes an electrostatic

S i L::.00€y: i.ent may..i ncl ude .
levegf L}iéig}g alfsgyé%rre}sggr’)d'@? gg‘fllflg{?eg@’ilfg ?{E’r%géf’sesan an t%}éecgdzeacg of the etching
progesses isdudddaattho cheipelbids tabRt1288)c1b@dsth éd}fésﬁ@rfcﬁﬁ%%%§ ifglgage level that

|l.ace during an_ etchi n&scﬁerati on. Wthin the
Con‘g?lé the veléages deglier1ty tha 108 threugh éhet Hiungekl41a@l Alfito reduce wafer

arci%%%xﬁdﬁea%ﬂ'&f‘&%te?ﬁéé%rﬁi Las voltage generator 20 120

vol't age 1*and 116 respectively. The
M e Y
that etifodoRsl el %Efeﬁrﬁlnﬁﬂ)@ i wil Ia%}{ gxgtaﬁit?g?ﬁe%gﬂg&pélghe recipe is a

and 111 are electrically sem-iso
set femetisionngndezakhicic ypatdhing mkeswplece. dFarguampit, Bipagicular etching recipe
) ol t.ages are a8$l. .ed to lines 114 and 116. It should .
coull helfids lvees O AP Presess Ehemisfissl BRYGH JoVehi e Ahershye, depending
' ' .- kRSl t he. :
o B O ek o S B CL e Gitrerentials may
existesyedres wefen stifiemand d viadert substeind SComquenkly, git@cular bias voltages may

odiment, the sem -insulating material may be any
be “ﬁﬁ%‘g ré’aftwiﬁ&f‘%w QRGN w%w tegloring thnbies voltege to the particular
be,. ' terial .suc .
o g e SEF (Tt P A blad STt el o aitterem
recipeniuset! foprichingprobevel, 08hdulebbipsrediolelane thetteefheknayable 128 may

be & bi as \/%{tage level) is 30 determ ned by a recipe
© eﬁﬁ%{sel{%ml i Eftwigle oF dardyeary; deresaspea paiculse bigsewltage level for a
i at. . vol t I I d
comGpaRERELLARS PRTENEy bObIaBRRA LPARE b WEen e Bocees
t ghj ith a partjcular bias )
oo i BOBREST oF D50 e ol 45 B 3 e s,  rcie
settio kigagieis\Ven2 @94/ 9132 23R R At 919&11@3%9501%7\/&1%‘%%' self% circuit 124
al so correspond to nmultiple etching processes. “I'n

manggies dleq biag xokiagst genbiatart 120 to gengmiecths b5 voltapdl dBdondetbediment, the
L as .tab des.a correspondi ng bi as

bias G4BTt T s anTeAcS disdial &t PRRS CamRFEE pervert a digital

recipE@@ttiﬁ§§ig$glﬁotahraﬁﬂggVbiilg?gel ines 114 and_ 116 to reduce
waf er = arcing during each of the etching processes. 5

Eagiyf i s h ticular, .
e MRk E 0o oF R gl P e B e iy gpcordance with one
embattbodel dgyprdese inveadomne Ngidhedybdiemeied Bihd Polg%ﬁ setting code 212

.Suitable type of recipe. The recipe is a se
receiyes s tecipeshianiable 138iand thenproegsses that arekelse plilinsd in Egarticular etching

operaﬁf&ﬂ%eoneae%&ilirlgﬁﬂ le 1? ! 1@&1@196‘[5}%% %Seration includes stage-1 202, stage-2
204, stage-3 206 and stage-4 208. In one embodiment, the stage-1 utilizes a process-1, the
stage-2 utilizes a process-3, the stage-3 utilizes the process-1, and the stage-4 utilizes the
process-2 and the process-1. It should be appreciated that the methodology described herein to
set a voltage bias to reduce or eliminate wafer arcing may be utilized with any suitable type of
numbers of etching operations. In addition, it should be understood that the methodology
described herein to reduce the wafer arcing may be utilized with any suitable etching operations

that may have any suitable numbers or type of processes.
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coul d include usage of specific pressures,
chem stries, power |evel, etc. Therefore, depending
wonodva22eo chi ng process and t herefore dependi ngComstdwa/030605

recipe, different voltage differentials my 10 exi st

between a wafer surface and ag8wafer substrate.

Cbnsequently particul ar bias voltages may be

j.cul I r 0
:Ijlh %?a% vfo fha Pl ééd??l?‘ey?{%ﬂ?%gz&gacﬁﬁecﬁﬁ%e% %ﬁeﬂﬁt 206, and 208 to

deteﬁﬁﬁ:lé &iha@ brdc@ssé@ gieaRedVitBreact 6f thg stdged.f Thanby biiAg the reape bias table
voltages may be assigned to different recipes used

128,fthe beqsamltiage p@%@&?;@@sﬂa may meaitideask ofghe @tqca%@a Witha corresponding

bias Vgﬁ?‘%vaelf 'lk?-ﬁ Oé %llfﬁ Ocr:eesgesaﬁlg;cro e%%q %Dblgs {/cﬁtage levels are

iden¥fibd a8& al @v @k vbn dgea 21655 GehdrR@RGneh Bt b€ BARIhe GRS sses that are
may be cal cul ated to optimze a wafer etching process

doneAf the r cagescie biisnEeliagn lgvel$ hee ititiged; ol Thegeforeevtbe sebrof avoltages 216 is

neof b 8 E e 5550 128 55 B 0 iR g i
disckd ﬁg@fei@{gelt@glg%égw t 124 manages the bias voltage
generator 120 to generate the bias voltage. In one

SRR Doy i R 8 SHOLA OB SO Sl £ hcing s

in adtogahed witB@ne eaibpéinsat bf thg isvegtiah. FlowahamBa0 beggins with operatlon 302
voltage. Figure 3 illustrates a nmethod of generatln%

whighegengiates e 1ering seffips aigndlivhiels Br agrrarbodiment dhihe recipe selting signal 126

as d@érl:ngd {Haf%fergr(ce 0% ? i aggﬁ%éélﬁ?édﬁgl@gtég{é (gi%gatlorn e3((:)g|1§/ éhse bias voltage

settihf€odecTIPH dvsaﬁbeﬁabbﬁe ih8fepdiidte th Tiguros.e The Sedliwdettﬁfgalgnal includes
to be utilized in a particular etchin operati on.

a seémé whigaen tahcorrespene 4o tnr@QﬂS%as ‘é’fﬂéhlfﬁ%eo]é% (SERZEEH Of a Wafer etching

opera grll “ﬂg%ﬁgg%‘%ﬁ&lﬁ@ %ias %/B f ga%%l?o%he é&@&ges }%%?)tlﬁpﬁj Voltage level

oneée enbo

mayﬂf@@tﬁﬁ&d'for tAd protaay erﬁchthfnaif lbé fore oI REIAS Sinde tlfub Qnethod reduces the
stage-3 utilizes the process-1, and the stage-4

voltagej diffgeentiply éoetvme@dbg svaﬁeréﬁﬁa@maotpm?é asg the Wlafer§ﬁbi§IaEF potential. In
one Flalbog g:l t@t fe{d;lgtg Digs t ¢ tlrg%cﬂzg %P egg%ng %§ ce% fs%d I&ﬁ‘fheée?tam stage(s) of

ce or
a pAfi&ilAgetdBivig oéésb'Wlﬁ@l@i ifMehdh agypciatedt ﬁhh&a 'bi/d@evdlfa e. In this way, a
nunbers of "etching operations. In addition, it should

partisalan paenest oartespords torreparieadibias gpliaty et earl tedacher eliminate wafer

th f be util d with
sy bELE Site ot BeRied SR EEar ey have any
sui t abl e nunbers or type_ of processes. q2004/ 322%@?
PCTH] @sme@ﬁlesé@éstheganﬁad BrlvARcgRotor oRgEations 304 which gsts plectrodes to a

bias?é@{ngﬁg&%gqlﬁ% td Bf e®hid gj:ﬁ%@eg%eg?%e Qédlﬁéﬂg tt?eﬁ@le&?odes 110 and

rocesses eac
111 sk alges .deddribad by refsienge toBignecl paylbeast toabveltagbA8vel icheesponding to
bi as voltage setting code 212 may_ match each of the
the Eﬁcb@gsg@geswtp rbedi%rlﬂe@p@ﬁ]éipﬁ g:hamber The voltage level that is utilized is

predetermined as indicated by the recipe setting signal so the wafer may be attached to the ESC
and arcing is reduced or eliminated. Consequently, different voltage bias levels that adjust the
substrate potential to be closer to the wafer surface potential may be utilized for each process

used in a wafer etching operation.

Then operation 306 performs the etching process. In one embodiment, once the bias
voltage is set for the etching process, the etching process may proceed without problems of

wafer arcing. This may occur because the bias voltage reduces the voltage potential differences
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bi as voltage | evel. Therefore, for all of the
processes, the corresponding bias voltage levels are 5
woOdentost2ed and a set of voltages 216 i s gener RCEAS36/30605
that for each of the processes that are done, the
correct bias voltage |levels age utilized. Therefore,
the set of voltages 216 is incorporated into the
recipe setti S| | 126 to be sent to the bias .
betol G 85w 38k ity B it Botrde o S0, G e g amy suitable
typefof @tbheng2or depBsitien HreeB@V¥ha@bd bereshridtsudly B, FOoMafpld etching of low-k
nmet hod Tor generating a recipe setting signal Oin
dielegtrtasy argapionfielrctons etenbodi ment of the invention.
Fl omchart 300 begins with operation 302 which
geAdteatopsration 806,pthe settiddmosgésgoadpevdtionlBO8nwinnk determines if a further
enbodinent is the recjpe setting signal 126 as
etchiigsRIPFase ds i bF ePBAuSHCe {foarrﬁ%dav@lai SIOPNEHARCETHIS P HEfonducted, the

. : 02 h . .
e Q081 SLANGAS0d Sk BaP308, MPUEORe B7HHMIO RO procss e
methadande setting signal includes a set of voltages that
correspond to processes which make up stage(s) of a
vafehur€ Ghowda fiIsweRet 302 Which B¥fiR&Mhe Gerr&RRGffalr6cipé Sting signal in
vol tage for each of the processes, the optinmal voltage
accordane¢ withapndembodliment of for peset ipretoss tlewehgrt 582 begins with

e SR TSR bR AT bS58, APALATo2 e
creafifiadBEiSfior B EAlBclP Bt ﬁete't@ﬁn% prBcesQRewiRiTR QRhiidBIRE biak BBItage where

reci pe bias table includes at 1east one process used
the \patticulzerias rvodtagaye haye dben prepsastadctd de Eundi mgfgor arcesslucing bias
whi ch is each associated with a bias yoltage. &n %his :
comﬁw’au%p %targg%t ﬁx a:?sgplaglﬂg)g)g?goq?&eﬁ & g cogrespgnding bias compensation
tdcukat. i t ; c I+ labid €onti i
w5 kg, 0, 48| A MBI R WSS UL A optmum i
compSGatidx vatagopfor ahy euitaBBXstctiheproetss@d anylgwap @f etching processes.
operation 304 which sets electrodes to a bias voltage
COIATRS PPOEL 68 40D, tAE neieIdl Y aikie@ ¢€ Beralitn @0£ which determines which of
enbodi nent, the electrodes 110 and 111 as those
the ejeling prosessias) fociecsefic & shouldibgyinderstogd ha ghesaiehing pepcesses that are to

volta | evel , corre nding to,2 h chi .process
be dBge 589G r Tt GrinblRR GO ubas Vb Gl PhbRiRlEDE R processes are
plackd@f siosagé! tol bez REkidved Y BE iRl Valmed sagink e 2t 2chsisdubed above in

reci pe setting signal so the wafer may be attached to
referehee ©3tguigrid Hrechingvoltnge codeesn dhtain thapraegsees. from any suitable type of
¢ Co q§e‘1[guent ly, different voltage bias |evels that
SIOrag8 G€¥°t he “substrate potential to be closer to the

waf er surface potential may . be utilized for eac

i

h .
pr JBER §P3r8§%4 hmatehgs the cihing H@C%Sﬁ@sbﬂ Hrespendinghias voltage(s) as
. r. . r 3 . : 1
ne QR8O ARG BN TR0 EnSLSLAT (L AEGAE k0 0 e wed n
etchitfgGdperigionr ace®ald bdgppedoiiedin pryatessg oporatom teelmay be one or more
wi t hout problens of wafer arcing. This may occur . .
eichifgcsiages Qaple Withaat lpatrongeprpesgtic &ach 1 the prosgiseh gee Atnagicular recipe

whiéﬂ Ha?rr E&%ﬁ?e different wafer surface and wafer substrate potentials. Therefore, by

utilizing a certain bias voltage level for a particular process, wafer arcing may be avoided.

After operation 406, the method proceeds to operation 408 which includes the
corresponding bias voltage for each of the etching process(es) in a recipe setting signal. In one
embodiment, when the voltage bias levels have been determined for each etching process in

each of the etching stages, this data is incorporated in the recipe setting signal to be set to the
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WD 2004/ 032220 PCT/ US2003/ 030605 9 between the wafer
surface and the wafer substrate. It should be
wappu@seabed that any suitable type of etchi ngComUS2003/030605
deposition process may be perfornmed such as, for
exanpl e, etching of Iowk diielectrics, inorganic
dielectrics, etc. After operation 306, the nethod
. es . oper.al 308 i r
bias gglgatggﬁe lélgﬁll%gi O[H;In JgY x\@éz%gl&% g%tgttger]g{]ﬁﬁgé {hﬁ%é%&?othﬂgé ?nerator 120
as diSuBfdNBoE R Ferics té Pighfe Zonduct ed, the method
repeats operations 30 306, and 308. If there are no

fup f‘aé's ftﬁ%% BARK %ﬁ%ﬁﬁlaﬂ[ AFcuittR AP tha§idsutiliZe8 46 %et5and generate

sho art 302 defines the generating of
bias &oh&ek. pét sheutd bgagirgriatkd itnt tleccdoudanstown bélownie merely exemplary in
embodi nent of . the resent i nventi The f] owchart

natugseqfichtapaiy suifEple @éﬂea‘? i RArdwers %?03{3}‘.’3&% ePa f‘eée%ﬂf?tsé%)g“mg as the
1nvel%\%5rf-étﬂgélcﬁo L0, ORE ARG IE e uti@Rgd at i on 402 i ncl udes

ng 2886¢ei at ons bet ween each of the etching

cesssvvltha | as..vo .
ot b itals Bl 500 flas 207 Sufy PEITALAEG Fy gt gfdance with one
emb&ﬁﬁiaﬁt SRhebredém ihRAUGH Nt &aea@nbmﬁeﬁnﬁetcmmu\ycsma@aﬁdes pins 1 and
By associating the processes with the correspondi ng

14 Wﬂmca’tserxablmn@mmdrbla&/mm@g éfsoramdftwa@bu A§e pied aeayde 3 hias voltage set
assoc et erm ne
poinf SRRGFEcA P “DDRecaghle r ops dnf Sty uife P R B A o fbiavanaiog
conv%ftexaQTD’A@ oup of etching processes. After operation
the met hod advances to operation 404 which

dei:%ru[l% ?es Fug(ﬂbgrﬁal c %tr?toﬁ‘g)g fgﬁ Séé (lgﬁa%e i dR€ordance with one

used. under's e et
embPdiaRas £ thet Iblaien&ﬁrﬁfeh@on bén dan embodllnténbethst:ﬂcmtfy(ﬁoo is configured to

inputted in any suitable wa I n one_enbadi S«i t he .
recekye @éegtseé biagveltags) seénoints frosy (Ge shjevifry 598 as é?%ng n lﬁgﬁrence to Figure
t he s vo £ [
6 to lgﬁnei 3 engegg qulg—!}’gur oIy Qﬁl}(ﬁd}gxgﬁts tl% o%#g%e Cs‘g\ggﬁége setpoints are

deri @At Both E&fﬁvﬂéoﬁﬁﬁsﬁs forr examply, aWitalbRagey peatind code such as, in one
st orage device. Then operation 406 matches the etching
embpdigeat slicene descrindrabepoingrieeense ixFigBrahge(s) as
included in the recipe bias table. In one enbodi nent,
t h&igre I8 sgowst ageuitry 0k fort ggl@r@tsgd blan \aﬂtagetluhﬁmgrdance with one

embfiarcat Phiic PR HEIBE ohons Fiprianess B EHFHGY sRhgegonfigured to
receﬁ/%%lﬂ i@%&t%f e q>1§§"§ett%cﬁﬂﬁfr&f19ﬁee§1§cult%3560 of adsBELRI AGERADRe to Figure 7

Cl pe mey generate different
andga{eﬁte awlfbaaseirszad/aM£ er substrate potentials.
Therefore, by wutilizing a certain bias voltage |evel

f O @ Britli stk fuRhOCARTitrM80Efor RefdragngTbits keltagedindedordance with
one embodiment of the present invention. In one embodiment, the circuitry 800 is configured
to use the dual bias drive inputs received from the circuitry 700 as described in reference to
Figure 8 and generate bias voltages for, in one embodiment, the lines 110 and 111 as described

in reference to Figure 2.

While this invention has been described in terms of several preferred embodiments, it
will be appreciated that those skilled in the art upon reading the preceding specifications and
studying the drawings will realize various alterations, additions, permutations and equivalents
thereof. It is therefore intended that the present invention includes all such alterations,

additions, permutations, and equivalents as fall within the true spirit and scope of the invention.



After operation 406, the nmethod proceeds to operation
408 whi ch includes the corresponding bias voltage for
weaal3/00t220 he et chi ng process(es) in a reci pe SeCrTiusgn3/030605
signal. In one 30 enbodi nent, when the voltage bias
| evel s have been determ ned flar each etching process
in each of the etching stages, this data is
L ncer.parat.ed in the recipe setting signal to be set to
Wha RCeRiBRaR 4/ 032220 PCT/ US2003/ 030608 10 bi as vol tage
setting circuitry that may utilize the data to nmanage
the bias voltage generator 120 as discussed above in
reference to Figure 3. Figures 6 through 9 show
exenplary circuitry that may be utilized to set and
generate bias voltages. It should be appreciated that
the circuitry shown belowis nerely exenplary in 5
nature and that any suitable type of hardware or
software may be generated as long as the inventive
met hodol ogi es as described herein are utilized. Figure
6 illustrates circuitry 500 that for setting bias
vol tage in accordance with one enbodi ment of the
present invention. In one enbodinent, the circuitry
500 includes pins 1 and 14 which enable an externa
bi as control (fromsoftware). The pin 8 nmay be a bias
vol tage set 10 point input for a bias voltage val ue.
This value may cone fromsoftware via a digital/anal og
converter (DAC). Figure 7 shows additional circuitry
600 for setting bias voltage in accordance with one
enbodi ment of the present invention. In one
enbodi nment, the circuitry 600 is configured to
recei ve external bias voltage setpoints fromthe
circuitry 500 as described in reference to Figure 15 6
to generate bias voltage setpoints. In one enbodi nent,
the external bias voltage setpoints are derived from
software such as, for exanple, a bias voltage setting
code such as, in one enbodinent, the one described
above in reference to Figure 3. Figure 8 shows
circuitry 700 for generating bias voltage in
accordance with one enbodi nent of the present
i nvention. In one enbodinent, the circuitry 700 is
configured to 20 receive an input of the bias
setpoint fromthe circuitry 600 as described in
reference to Figure 7 and generate dual bias drive
values. Figure 9 illustrates further circuitry 800 for
generating bias voltage in accordance with one
enbodi nent of the present invention. In one
enmbodi nent, the circuitry 800 is configured
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to use the dual bias drive inputs received fromthe

circuitry 700 as described in reference to 25 Figure 8
wana4gareo at e bi as vol tages for, in one enbodi FREMUS200B/830605

lines 110 and 111 as described in reference to Figure

2. Wiile this invention has d@en described in terns of

several preferred enbodi nents, it wll be appreciated

that those skilled in the art upon reading the

precedi ng specifications and studying the draw ngs

will realize various alterggiééﬁs addi ti ons,

per mut ati ons and equi val en hereof. It is

therefore intended that the present invention includes . .

al Il sucH: methed dor Tefucing waler dampage dusime AeighingRrocessFomprising:

equi valents as fall within the true spirit and scope

of the ispigring obias Wita2e 8¥¢a08 2PA(eFCMUBIINBPOSHE05 11

VWhat is clained is: WO 2004/ 032220 PCT/ US2003/ 030605

12 CLAI ienerdtingAheekdigebdftoss velthge ibefpreviritaticaofagre of the at least one

during an etching process, conprising: assigning a

biﬁ@hmﬁmﬁﬁ§§¥@@ﬂeach of at |east one etching process;

5 generating the assigned bias voltage before

i nitiat iapplying tassighed bies ealtage tosan qi«p@rost@ti@phqe;g before initiation of one

process; . and applying the assigned bias voltage to an
el Qgﬁiﬁé‘g{e&ftio@eg%l}%’ﬁ EF5FE initiation of one of the
at | east one etching processes; wherein the assigned
bi as volMthggrn thevstisted dinssltpgerleyel mdupssgyaterggeipg. A
met hod for reducing wafer damage during an etching
process as recited in claiml1, wherein the etching
process involves etching of a lowk dielectric. 3. A
mehod A metlesdiforngdwaige wafta dagegel doiing aaretaticdiprgess as recited in
_process as recited in (15 claim1, wherein #he
claimdls péhateiny the sEqhireaRroerss B1VeTves Righingeof Bilaw-Kdelesgis: ¢ hat
reduced wafer arcing for the at |east one etching
process. 4. A nethod for reducing wafer damage during
an etching process as recited in claiml, wherein
gener at ixgndthel &g seduén biafes danlapagering @hudesng process as recited in

claim 1, wherein the assigning includes determining the bias voltage that reduced wafer arcing

for the at least one etching process.

4. A method for reducing wafer damage during an etching process as recited in

claim 1, wherein generating the assigned bias voltage includes:
determining a particular etching process to be utilized,
matching the particular etching process to the assigned bias voltage,

generating a recipe setting signal including the assigned bias voltage.

5. A method for reducing wafer damage during an etching process as recited in
claim 1, wherein applying the assigned bias voltage includes applying the assigned bias voltage
to electrodes in the ESC.
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20 determ ning a particular etching process to be

utilized, matching the particular etching process to
woheo4asz2gned bi as vol tage, generating a reci peT/US2003/030605

setting signal including the assigned bias voltage. 5.

A nmethod for reduci ng wafer dirage during an etching

process as recited in 25 claim1, wherein applying

t he assi j 1 ' ' - o d

0% 5o PRI 85 MBIAD kP St AR X Mk g o i n
claiRO00 44138 20e BEE/ VH2R0 2/d3E6H Foltdgd oterdialrbbin@dn faowafer surface and a

reduci ng waf er damage during an etching process as
wafgrsgbstesde.in  claim 1, wherein the bias voltage reduces

a voltage potential between a wafer surface and a

waf er substrate. 5 7. A nethod for reduci ng wafer

damage during an etching process as recited in claim

1, 7wher e mdiiRl Rirasdudd agferalRgiagoddrihg ahhechahg lpessss as recited in

one etching process is stored in a_recipe bias table. )
clairg, l,Avlmsﬁlﬁotge fodas Yalge iaprienedsterthe adrgst ong pighingrprocess is stored in a
1recieet hi Pg Jrocess as recited in 10 claim11, further

%oﬁﬁ? }hg: perform ng the one of the at |east one

etching process. 9. A nethod for reducing wafer damage

during an etching process, conprising: generating a

reci pe bias table that includes associati ons between o

at & eastA apashasd fps reduping, Makg clagiage uripg a8tetgiBe PIQIPHRS recited in

.Process ch.one of the at |[east one etching process
dmﬁ&%?%@%%ﬁ%@%ﬁﬁﬁ% the at | east one bias voltage;

determ ning an etchin rocess .to be conducted;

naﬂ@ﬁg%ﬁmﬁ @Fﬁ#ﬁﬂ@mﬂﬁgEgg%ﬁ? 18 PESPSespondi ng bi as

vol tage by using the associations in a recipe table;

20 generating one of the at |east one bias voltage
corresponding to the etching process; applying the

ond. of tAmettod feasducing wofeaslamefe during an edghing process, comprising:
el ectrostatic chuck (ESC) before initiation of the

et chi ng geheeessa rev hdtablaharigclodestaisociitiohebstiveemat least one bias
bi as vol tage reduces arcing in a wafer during .
voltage and at least one etching process, each one of the at léast one etching process

corresponding to the at least one bias voltage;
determining an etching process to be conducted;

matching the etching process to a corresponding bias voltage by using the

associations in a recipe table;

generating one of the at least one bias voltage corresponding to the etching

process;

applying the one of the at least one bias voltage to an electrostatic chuck (ESC)

before initiation of the etching process;

wherein the one of the at least one bias voltage reduces arcing in a wafer during

the etching process.

10. A method for reducing wafer damage during an etching process as recited in

claim 9, wherein the etching process involves etching of a low-k dielectric.
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25 the etching process. 10. A nethod for reducing

waf er damage during an etching process as recited in
wobhei4rms®20 wher ei n t he et ching process i nvol vesPeraisemg/030605

of a lowk dielectric. WO 2004/ 032220

PCT/ US2003/ 030605 14 11. A n&thod for reduci ng wafer

damage during an etching process as recited in claim

9, wherein the recipe table is stored in software. 5

12. A method for reducing wafer damage during an

etchi ng process.as recited.in. claim.9 wherein o

apeity o Rt Gt maing Sorroimtise ok MeSoiag pyrsses s recited in
claifol® vaedif el pafabkok kRE&I intseftehRCt rodes in the ESC

13. A nethod for reduci ng waf er damage during an

etching process as recited in claim9, wherein the

bi as vol tage reduces a voltage potential between a

waf.er sunfac d a. 10 wafer substrate. 14. A et hod o
f orl2t equth RETARrer FaurEg S Hith S A Bng AT g ng dbaeRygs recited in
claifS% ivitRekih Bppl¢ingithe Ssighbd biAs KoRASEANEISHRGppRELS BENkdghed bias voltage
the etching process. 15 15. A nethod for reducing
to elgatfredesdatheddS@uri ng an etching process as recited in
claim9, wherein the bias voltage is applied to the
ESQ3t hr cughetkdd édrr edesngl wafrsdehaga siudag taheetcHEE prddess fs recited in

.met hod for _ reduci ntg waf er damage during_an etching
claipy & cwhareigsthe diase witags reduges p yoHpgs, PotpiFad bstvesse a wafer surface and a

%qg ' a ceramc material. 17. A nmethod for
Wm;eté?##%ing bi as vol tage for reduci ng waf er damage

durjing a chi.ng_process, C ri sing. deternmning an oy

et ot g 0 L Fetore B e ek M58 FopiGhEProspas Ao recited in
clai@le; Piitbr B @SASIAgL 0 a corresponding bias vol tage by

using associations in a recipe table which includes

?Z}gﬁioﬁﬁngg%cﬁgﬁm@gfbcggs.l east one bias voltage and at

one I'ng”process, each one of the at |east
one etching process corresponding to the at |east one
bi as vol tage. WD 2004/ 032220 PCT/ US2003/ 030605

15. A method for reducing wafer damage during an etching process as recited in

claim 9, wherein the bias voltage is applied to the ESC through electrodes disposed inside the
ESC.

16. A method for reducing wafer damage during an etching process as recited in

claim 9, wherein ESC contains a ceramic material.

17. A method for determining bias voltage for reducing wafer damage during an

etching process, comprising:
determining an etching process to be conducted; and

matching the etching process to a corresponding bias voltage by using
associations in a recipe table which includes associations between at least one bias voltage and
at least one etching process, each one of the at least one etching process corresponding to the at

least one bias voltage.
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15 18. A nethod for determ ning bias voltage for
reduci ng wafer damage as recited in claim17, wherein
woOheo4@Bz20 ng process involves etching of a | owPkT/US2003/030605

dielectric. 19. A nethod for determ ning bias voltage

for reducing wafer damage as r¥cited in 5 claim17,

wherein the recipe table is stored in software. 20. A

metod f t 100G D Y . [ fer g

Teron el S Q88 Rl VTR ecicd
claimal7, a@erefrefid eRBing prodesadfopes ehinglof heswaediclactriaf er

surface and a wafer substrate. 10 21. A conputer

readabl e nedi a having program i nstructions for

determining bias voltage for reduci ng wafer danage

whegpe a pi et f] ' [ ' o

b1 g vl RTottek BERE-e 08 fOG b SEHARTVARE dulfep go recited
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voltage that a voltage bias generator applies to an electrostatic chuck (ESC) during etching to

reduce wafer arcing, the computer readable media comprising:

program instructions for determining an etching process to be conducted; and

program instructions for matching the etching process to a corresponding bias
voltage by using associations in a recipe table which includes associations between at least one
bias voltage and at least one etching process, each one of the at least one etching process

corresponding to the at least one bias voltage.

22. A computer readable media having program instructions as recited in claim 21,

wherein the etching process involves etching of a low-k dielectric.

23. A computer readable media having program instructions as recited in claim 21,
wherein the bias voltage reduces a voltage potential between a wafer surface and a wafer

substrate.



