REDUCI NG PLASMA | GNI TI ON PRESSURE BACKGROUND OF THE
I NVENTI ON [ 0001] Pl asna has | ong been enpl oyed in
W@ Rk@s/H0B0pF ocessi ng equi pnent to process subst r BCEES2005/021098
(e.g., sem conductor substrates, flat pane
substrates, nano-machi nery substrates, and the |ike)
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pl asma i gnition has taken place at a relatively high

chanber pressure, for exanple at 120 nmforr for a 2300
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. [00 e r eason uirin hi gh
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due to a | ow reactor gap, the use of relatively |ow

the hkﬁ) inteyiedrlerives @rg. pmmm cirvuitatflad pazetel nehe nfashines, ad the like).

Up AR 4P TR IS o e Biraae sy or example at

120 MTostYoPh @§0@Ekaaﬁ®@bﬁ@s%w§ﬂn4 B8 cREing sydéth %féﬁﬁ@évaﬂame from Lam
certain processing challenges. For exanpl e,

Reseatvhrfipogties sfiFemuvay, GAduce et ch dlrectlonallty and
contribute to hi gher | evel of poI ymer formation on the

bst f to hlnonS|ste I e e .
10003 £ebBe BhinsTonn i arbiinin HeRebpRag e oAt bBaa initon i
that pIa&H31gnMort 185 BB QLY RIO I 189S LS resFLsC A 1 AL 'tc{ &W?e%ctor gap, the

econe nore exact, the reduced etch directionality and
use dftrelativeip bow RE\fEdqueﬂcnmﬂoy plasmé gemmmdtiomrand eloofaet that the RF energy is

being, < g PApS R By i SR H1he DIEBURPBeTPIF WS ot which
plasx@%?s%?ﬁﬁecﬂﬁqﬁé i&r ag'%rlecﬂgs ug;%l%&@m tcﬁﬁlengesg ForQ&L@We a high

orr 1 n sone cases. ssur can

changhies prgsige plageedish ra@h&ti@ptuﬂr@hgr andtodnatba toGRgher tsvie) o ﬁ)ﬁwlymer
the requirement of a hi ressure égnltlon step
formgHer omHepybstatosaface ] Htl&) o gieh igesisiencies @nctpas(ﬁ@ls gfop and

mo%mbﬁgkﬂhg@%é?%n%%ggsl y increases the overall etch

he hi gher pressure ignition step
may require a challenging transition
[0003] As technology progresses and etch requirements become more exact, the reduced

etch directionality and the higher level of polymer formation become significant disadvantages.
This statement is particularly true for processes that require a low process pressure during the
plasma step, e.g., below 50 mTorr in some cases. The pressure can be lowered during a
processing step (e.g., to about 60 mTorr) but the requirement of a high pressure ignition step still
adds an additional step to the overall etch process, which disadvantageously increases the overall
etch time. Furthermore, the higher pressure ignition step may require a challenging transition
phase in which the process pressure will have to be reduced to its target magnitude. In addition,
excessive polymer may be formed on surfaces during the high pressure phase leading to

problems such as etch stop on the wafer or anomalous plasma formation.



phase in which the process pressure wll have to be
reduced to its target magnitude. In addition,
we@eds30ve pol ynmer may be forned on surfaces deeT/ngo0$a21098
hi gh pressure phase | eading to problens such as etch
stop on the wafer or anomal ous pl asma
f or mat i on. SUMWARY SOMIHR Y \NMENHIEON VENOKIN The
invention relates, in an enbodinment, to a nethod in a
| asma ocessi.ng system for. pyocessin ) )
10008k 77 cond e B RM BT E él.anr%bfg{nag%mp% %@@%P%P&e\;@@mmmg
sy B S SO S e T oBsing yrm inludes a
plasmid pmigessingldiantbet habhan ¢ledtrodasic ichuikt dongled tph dfaymompessation circuit.
asma ignitiaon stef. Pl as

pl ) . ignition step is . . _
The piethogindidssignang a plasge ip agiaswgﬁ%téﬁ%ﬁﬁeﬁng%w agpition step is

i ' ' ' i . N

perr LRSI s s R SOTOTBLL At b B o

the chuelsBunbstamtialiy zetohmdpllidrafipt deater pgsabawiin ths peawrocessing
about. 90 mlorr. The nethod further .includes processin

chanpes isshpbhey phew G0Amhorsy bhe pgthod fpeberdaglndesregesdng te Sugrate in 2
l.as I.S..Lgni -BL o '
R o, OB T PRBRUEILS o gt
secohd Biak campERanEm $Eltdge Prdliddibyl tht bk cobmpbhsghed cikdiaithktie higher than
first bias conpensation voltage and a second chanber
the fiysidisugompenbaitcanoltags gndegeapnd ehapthsr piesgre sihataptally equal to the first
ressure. [0005] In another enbodi nent, the invention
F RS8P a met hod for processing a substrate in a
pl asma processing system having a plasma processing
[ooosnanber ragnhiae cAREIn@S B infveRilMLle]SAUB laeRkth@] for Pt@Sssing a
conpensation circuit. The method includes igniting a
subsph@sma plasidagrecek$ing systinabadogp eleseaiporceysing elgenber and an electrostatic
rovi d by. t he bi as.conpensation circujt to the chuck .
et BEpi5 o Pios PP pPYBREST Gy G LB e (Rl Pl while o
first BieQ %@&gbﬁ@tﬂ)ﬁ‘ Qo6 RIS bypdhb %‘iastcbﬁlrpgﬁs%ﬁﬂﬁ ciruit Bhd 8flick is
usi ng second bias conpersati on voltage provided by
substanéialhy asro c Gitgp eretladd aso imcludes protésaingitse fibytrate, afteanhe plesma is ignited,

using gk R OB COTPA o SR AR oA SRPIPPRISgON circu hat i

: ' ' [ L win the detail ed
hlghglgtz%{l |H|¥oétef|ﬁjr (s)fnﬂ%{@&ﬁ%e%%@g n\io?%%&and in conjunction with
the follow ng figures.

[0006] These and other features of the present invention will be described in more detail

chas

below in the detailed description of the invention and in conjunction with the following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference numerals

refer to similar elements and in which:

[0008] Fig. 1 shows a typical prior art plasma processing system, which includes a

plasma processing chamber and a chuck on which a substrate is disposed.
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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0007] The present
invention is illustrated by way of exanple, and not by
woyeoi2obs mtation, in the figures of the accoPgEDN$1005021098
drawi ngs and in which like reference nunerals refer to
simlar elenments and in which: [0008] Fig. 1 shows a
[0009)y pi cal Figt RAris asimpiifrd miagpam slessing thesyetearievirtisedps required to
i ncludes a plasnma_processi ng champer and a chuck on
procegs A SRbsrak iyaeT %ah@hipéesavr@ps@gg@? HODBIFIEIY: 2A is a
sinmplified diagram showi ng the nore rel evant steps
qul r eg: t . 3 . i .
0oL | oFiel P3¢ REATIRa PHRS BRI iFacyRanBY FRAUA Smbodiment of
the pdsel ih¥dneidniha gelavant bepsietaitédig, procesa subistaroeheni thdplasma can be
. .enbodi nent of the present invention, the rel evant
ignited gsslopepPicPR®e-t 0 process a substrate when the plasma
can be ignited at a | ower pressure. [0011] Fig. 3
ows i f: j i fi : i .
0015171 g ST Il St HOEDREhrt SRR, iy RoRERA, WATEE embodiment
of tht presaitdivengon,tha siehbafmetchingde aplasmagyrsdessing bystent des does not require
~not require a high pressure ignition step. DETAILED
a highpoERIP TENOOMertHE PREFERRED EMBODI MENTS [ 0012] The
present invention will now be described in detail wth
reference to a few preferred enbodi nents thereof as
i | | us DELAMBDDESECRIRTION @F/THE PREFMRRISD HMBODEMENTS
foll owi ng description, numerous specific details are
set forth in order to provide a thorough understanding
[0013F the phepwsentinxeation yil now bgidescriped hddpibpith reference fo a few

h . ' ' . .
RSRS8O e ot
descHPESE nERefduk isPecild @dthiss ark BetFoien drist 8 LSEde Wedrolghaitiderstanding

process steps and/or structures have not been
of thd gsesenttimvention. dBtveillbeiappaentehowevende one pleded sethe pif, that the present

. __Obscure the present inventiqgp..The features..an .

v L BB SR Ehe e SR of AL RHAFG: oy BERAET lgrotherinstances

well¥RE8®H ﬁ&@% M Ashinbi R 81-8R6Rs hive R bk PI¥sPgISe A detail in order to not
di scussions that follow. [0013] In accordance with one

unnegsgacly obcurh thegrresaninvemtioant iTha featurehasl dbyantages of the present
di,scove

invention may Lee gettcelg %Elderstood with reference to the drawings and discussions that follow.
[0013] In accordance with one aspect of the present invention, it has been discovered that
if the bias compensation voltage is kept at zero, or close to zero (“substantially zero”), during the
plasma ignition step, plasma ignition can be reliably achieved at a lower chamber pressure. As
such, the invention works with any multi-pole electrostatic chuck that is coupled with a bias
compensation circuit. The invention may also work with a mono-polar electrostatic chuck.

Once ignition occurs, the bias compensation voltage may change to a value which is dependent
on the specific plasma conditions and may be significantly different than zero. Since plasma
ignition can take place at a low pressure and even at the same pressure set point required during
the etch step, there is no need to spend time lowering the chamber pressure from the high
ignition pressure to the lower etch pressure. Accordingly, the overall etch time may be

substantially reduced. In a non-obvious fashion, igniting the plasma at a lower pressure set point
3



if the bias conpensation voltage is kept at zero, or
close to zero ("substantially zero"), during the
w@b@sowodyni ti on step, plasma ignition can be PET/U&N§021098

achi eved at a | ower chanber pressure. As such, the

i nvention works with any nulti-pole electrostatic
whilckesplagtthabias sompernshéoh vwltdge at Birasr sbspenalt 2eom also reduces the time

circuyit, The inventiagn may al so work w.th.a.nono-pol ar
requigfeLig i Risy B PIASERERIINER Lt AR QHEHNEC WHE: bi as

conpensati on voltage may change to a value which is

[oo14iePendente QR ahfABeSRRCkAtLfes BE B3 TRynaBA nidy R DeBAIIRNIRA with
significantly drfferent than zero. Since plasna

referemgaite therfignass andldéscpbagms that falldwwhigr éshewea Gipicabpdor ait plasma
t he sanme ssure.set.point required duri,n e etc
procdstigs S sran 00; GHRR il B eperaccenstes PR 157 fpgh huck 104 on

whicfi fa%ﬂpﬁataofm§ WP ofddO MHeRE:s RisBBwédRLE 1 08 fRIRSHHLE thOetchant gases
the Tower etch pressure. Accordingly, the overall etch

into thie whamisey itnerienbldt atut R&| doyver edhphesystelm] B (iprieaipincuding RF
fashiop, ignitjng the plas at . | r pressure t ..
genelRiRTH ?crreesxz%@m@%q%@%%@@%%@%‘gﬁgewgwf& f?ﬂ&@l&l@f The ignited
?éﬂgs [ e%fé?n : reduces the tine
plaségfc?%ioﬁg t %%F}?g&ﬁne p aréﬁé?,s’lqu}ésulti ng in an even
| ower overall etch tinme. [0014] The advant ages and

[0015at ur eBigot alsbehowyhetposmrr sapplybfer tietdetrostatie clioka®0, which
. .wth reference to the figures and di scussi ons_t hat . .
includey 3 erentpupply andahias sompensation grculy Indhe cape o Kge. 1, chuck 104 is a bi-

polaRSERRI DTS MRy A IS B Rt Asis vtk
knovalieih ERtRost& dhsickl, ppSifieclandiivgatvd FolAgs@We,+300¥cand0800V)

for providing the etchant gases into the chanber
supplipd wrthesie Pl providmemn pleeisestaigspanpisg Eregnvabich ¢layps gl supstrate 106

o ey e S A BB FRBRTR A% g s
chucR! WBilfPa éeok®@Bdiduedr 032 proides te @hfive@IMRBE td the@thet Héle of the
[0015] Fig. 1 also shows the power supply for the

electedstatic chsdka The bisls gompe@tionpirgit helies maaiima consistentt clamping force
wrof P B0 ek B SRR RS o B bEAe e e. T
e
somapcesgahayweavse tedgasvalrgegon the30BMrataich be8QOYm@e ppditiey while other
proc%q%?ség;‘}? gwps)g l;h%f}qig{fgg/tiagg gr? g}?gl%lggttg{teg%l%tg(i)r%e cr:rlloal}ggiegna%ve. Since the

clamping force between a pole of the ESC chuck and the overlying substrate region is dependent
upon the difference in their respective voltage values, unless the variance in the bias voltage on
the substrate is accounted for, the clamping force between the ESC’s positive pole and the
substrate may be lower or higher than the clamping force between the ESC’s negative pole and
the substrate. The differences in the clamping forces across different poles of the ESC chuck
may cause the substrate to be clamped unevenly. This may result in the substrate being cooled
unevenly, thereby causing the processing results to vary from region to region of the substrate.

By providing a bias compensation voltage, the bias compensation circuit essentially forces the



to chuck 104. A conductor 130 provides the positive

voltage to one pole of the electrostatic chuck, while
wa@2@eomod3 conduct or 132 provi des the negati ve ROT/USIYE5/021098

to the other pole of the electrostatic chuck. The bias

conpensation circuit hel ps maintain a consistent
clampingrfpicegcross the sabsttstot ieeequalo Biasabmpeurating ciptwtsrage known in the art

ond B Fp et oR for i foBb LS B the bi-aes
vol tage on the substrate differently. For exanple,

[0016PTE P PGESARS s SRYpIRRESEadrhlR sROARg R hB&S RN akt¥eps required to
substrate to becone nore positive, while other

procgfsacebsete when € higheressuretgaition step igrequired: Ehesatisbaginsewith a

s BT PP g BT e TSCRRhhLA) A HECh P 4 goumee gos s

introﬁﬂ&ﬁtahataﬁo%&g{ooﬁaﬂiﬁzéjﬁRﬁ@ﬁli%lﬁér ﬁﬂé’s@ﬁre}s@@p&'ﬁtf EERIERCRr tdliable plasma

their respective voltage val ues, unless the variance
ignitiom (tlge 180 asTorl tTagrestahilitdtionstepss typically sn doradert efdl Oftorl 3 seconds,

whiche HE FFRRR B R P B Sche BESHFGHIO] ReHRa i £ S the gas to
the Hi@] 8ssARL WeRfint )@éﬁu?gpﬁr REGasA ¥enPpli6: #nd the

substrate. The differences in the clanping forces
across different poles of the ESC chuck nay cause the
[00181ibst r alneste2(e(betverrpaina/fibA end 2 AT Hhe plasiya issigaited. i This high-

M DR AT L —
to th?/ f(l)ci\%é?%hétﬂtgirgﬁ‘%l%&re B uiﬂard%érI fld Eﬂ)c@ss l?é(ﬁ?et, gﬁéﬂjfsnﬁ).aﬁl:l?{/} in this example.

age, as conpen atiron circ essenti a
Thisfpa¢ss@s rédvetidmppp 296 (tweeraimne I3 Atdnd TS shdyathlee, tfor dxample, between 5
equal ., Bias_conpensation circuits are known in the art
and § seeopds dapending eneas flowand theanagiure af g Presswe chapce After the

. L Q.. | S: j i fid
presife el Bhenl e st W0 (i livh Gy 3 RBlsalloBfa gy proceed at the
low PR fredsubel BisectfRidehywhe prozedirgdipfr essure ignition step

is required. The etch begins with a stabilization step

202 (between tine TOA and Tl A) during which the, )

[0018} chant FigodBdea gaeplifipdidiagrey déustraing] Imptcovdagce with an embodiment of
tabi.dize at.theg hi [ pr e _se [ equi r

the PRt ol o e Py RABRE TS0 B3l gl bt s an be

ignitsd abd loweRpbicsurs!t SRpi2S2t(Wdtveat lie TOB 4ha TIBIRMa sbsshi® dtabilization step,
.13 seconds, which is the amount of time required for

whichtatroduessiie etchenitgas fintaslstplamsmprocessinglshitnber. e gug theressure

stabi{li%%tiogl:,s?%,fog\? f’n_svgfv%s %%W&Oﬁrggsm‘rees tull)c{ir?tdanfd%ayl ke felss? e o accomplish

in some cases.

[0019] In step 254 (between time T1B and T2B, the plasma is ignited at the lower
chamber pressure. During this plasma ignition step 254, the bias compensation voltage provided
to the ESC chuck’s poles is at zero, or substantially zero. In many cases, it has been found that
the time required to ignite the plasma is also less, compared to the time required to ignite plasma
under high-bias conditions at the substrate as has been done in the prior art (e.g., about 2 seconds

versus about 5 seconds in one example).



[0017] In step 204 (between tinme Tl A and T2A), the
plasma is ignited. This highpressure ignition step
WO o8y t akes about 5 seconds or so. Ther eaPCEUS20051621098
pressure is reduced to the | ower chanber pressure
required by the process recipe, such as 70 mforr in
[0020hi s exBnpbs.caFis) the prasswa atwhisl ot plesmaiségniR@ds substantially the same

bet ween time T2A gnd T3A) . nm ake, f.or exanple,
as i, SRR PESSSTE T IEE QL BTl PeBh i 8 iRy ibsgaent pressure
redudRE d A efif e %\Q&%Maeigﬁﬁﬁﬂ%?essﬁ% 1 diffeh®it BO8SHE LBamber pressure
reduction step, the ‘etch step 208 (starting fromtine
requif&ijor itlse eith stedhe tacpthetplesmatgnition thlew pidvarbe tovrebsmber pressure
speci fied by the E#,ocess eci}%e. 40018 Fig. 2B is a i
reducss 1B FPWH Of HERS R i0 3ecuse HirgpresSHede dusSiGEE St PRimbpauired for
the ¢ j ment of the present invention, the relevant
steps required to process a substrate when the plasna
can be ignited at a | ower pressure. Step 252 (between
[0021] ne TOR siqul258 @ftestime J1283 sthe etch isafwrformad.i Thisstahxstep is similar to

the e\?ﬁ%@s%qi end trfg%ggrg?l?ﬁi eé@%@ér&%@%éqt?aﬁ;gggkggé{]ﬁ@& ?ssoqlaly provided up until
o RO S8 PO XL N BESSHLE 7l o oy

will daecthe bjd30bRhgd 10 astabye A6k 1 et aveeh biak reltddeBeased bydle wafer from the
the plasma is ignited at_the | ower chanber pressure. .
genepaiion e therplasny dheath. iApsprdingly.dherp lszmqhaﬂa@t%ﬁ%ﬁ@rocess recipe, and the
._.coppensat | Vol rQvi t ; ck! I
vias PRI AORJL 0 AR5, Y9, R0 DL ol o

elimf@fob6Lthe h edshd ighifi®n siepBvil@GUhe et WiBlloW EallofEng the process
plasma is al so | ess, conpared to the time required to

enginggn ivider fatiudatouiesian ahiappropiiate Peenash repipp fora regged etch.
substrate as has been done in the prior art (e.g.,

out 2.segopnds._versus..about seeonds. in. on . .
002302 o B 60807 K BRE8 e RERRE el hsBRpoc ity pn embodiment
of the %@es%ﬁﬁ‘{?@ltibﬁ, the Bieh & fbr iefchfilsis aaiMshil fricds5ifg S7@n &sat UBE not require

chanber pressure required for the etch step, thereby

a highl fresswatigmition st s bsen e thestei Bzationstegus perdornetle Fhis stabilization
Even if the |ower plasma igniti essure jis .

step {f P Iseay 1o htcHE CE AR R b u bl rlere B el 257 of Fig: 2B After
tabifiz&ibnS iRl i @ftfed DAY iR Rep 2 4t RNMoWRK &&& point whil

St 1at anf owg)rac a?rber pr ess1 re reduces the grmuﬁlt%ss?fr ti ﬁgm ware

the hissquintpedsation veltageas kbt ap zere u sebstamtinthe zqro e &s omeeersleddiment, the

. . point requiredfotr, X

ignition pressure 1s between about 40 mTorr and about 90 mTorr. In another embodiment, the

ignition pressure is between about 50 mTorr and about 80 mTorr. In yet another embodiment,

the ignition pressure is between about 60 mTorr and about 70 mTorr.

[0023] In step 306, the etch step commences with the bias compensation voltage being
controlled by the bias compensation circuit of the electrostatic chuck power supply to a value
that may be significantly different from zero. If the ignition pressure is slightly higher than the
chamber pressure required for the etch step, a short pressure reduction step may also be

optionally performed before the etch step, as mentioned earlier.



the etch step. [0021] In step 256 (after time T2B)
the etch is perforned. This etch step is simlar to
W0 b@oo120b3 st ep 208 of Fig. 2A. A zero or substBel/U8100y021098

zero bias voltage is only provided up until the
incipient ignition. As soon as plasma is |lit the bias

[002¢bnpensas cambe appredisted by thedomgaimg, smbg@lisnemntslolf tldr invention eliminate
the bias voJtage to a value close to the actual bias

theh‘%?q E

RISFHCISREOY SEP> £1q8S WAPE' cPRemI{ant disateniagee sichas ereessive
i S | I o . .
PO o G Dl PESGrhE RS pl i YBitage of the
ESCuiasngpnifeasaionivistie pt zekro vt ier seroend icbinbalsniabe makigrtte wafer be
h pressure ignition

that the elimnatiaon of the hi | )
near gg1g yolf5 alspsPlpTaa gAGReagdably Heoe ot o0iEr AEFSTHe piuge Eisse is no need to

SR 8l B WS B B SEBEARLLEy rsr, si
is reqinedgor the avemlpidhfprectss. | Bitfeantdref nhasibeeni foumthar ¢ah @e bias

wi th, an enbodi nrent of the present invention, the steps . .

comﬁe&ﬁatm‘wftﬁge #r7eE0 o %‘@?Fﬁntb%”g@é%%h% lpyyes pgnition pigswie, less time is
LD g o Copit '

requijh ok At ibhiof stod THRLAOBI @Ml kb A0 il SbAe of a wider
procésks alinddve and o redsic&povesalberah tigielboth of wWhith ¢ BighBseEantgeous for the
. . connection with reference nunber 252 of Fig. 2B. After
indugfyabi | j zation, the plasnma is ignited in an ignition

step 304 at the | ower pressure set point while the

j as Cco 4.1 ] ; t or

1002353, anESES ftaliB) hADRkeh et BRba B ieR{ f.&ral prefed

embgi@ssts] Belerdaltoreinhs afepnititadiond)hod eqend e ahichH@I A the scope of
I n anot her enbodinent, the ignition pressure is

this ipeeniioan Fapexamme, althonsh tadpeshiduimmdementation hasihegrdliscussed in

anot her, enpodi nent, .the ignition pressure is between
comn AR i SRR o TR e DR essi v PR ghtioR aBPafPlio other
subsﬁﬁ@tp%&ksﬁg RELGQIRIRBGE agmsidbnt BRath&obIREARSE | RBny other

vol tage being controlled by the bias conpensation
processingiwhersby plasme lignstiomistrequitedc Fuckerpeveartheughphy spesifac example is

oG e ey e T b e
also BOSPRYePIEsBARashRAtbEREnE @isltérﬁ‘se, éﬁl&ﬁng {oRe etf}pﬁwg}ﬁfgtinductively-

pressuie reduction step nay al so be optTonall

coupprdrflasnme dameitive y-¢dupled tpddsnst EQR-gemeraimlt (eleatadn-cyclotron resonance)
liier.[ 0024 b jated by the f i ng,
plasrg%gl io?:,g{]p@gty ] %&?Eﬁ,&%ﬂ%@lﬁé gqcc:hgq)lggile%yh shguld (ejdrsg glnrc])?ed that there

are many alternative ways of implementing the apparatuses of the present invention. It is
therefore intended that the following appended claims be interpreted as including all such
alterations, permutations, and equivalents as fall within the true spirit and scope of the present

invention.



the high pressure ignition step, along with its
concom tant di sadvantages such as excessive pol yner
wo coor@idoon and | ow etch directionality. By setPCTyS1008021098
bi as conpensation voltage of the ESCs bias
conpensation circuit at zero or near zero and
coincidentally maki ng the wafer be near zero volts
al so, plasma can be reli abIOLAlg)ggted at a | ower
pressure. Since there is no need to reduce the chanber
pressure fromthe high ignition pressure to the | ower
efch pressure, less tine is required for the overall
Whaétscﬂlnanﬁi’tegé%ss. Furthernore, it has been found that with
the bias conpensation voltage at zero or substantially
zero and the lower ignition pressure, less tine is
1. reha plesind procistng yeiein ipvimtelasnidproeessmgtchhmbeaddanaslectrostatic
tch process that is capable of a w der process w ndow
chuc r‘f@ul’ée BU"EI%@@! CWE?WPO%?W% # methaddonpipeesstigenseatieonductor substrate,
com: gl.y advant ageous for the industry. [0025] While
‘inventi on has been described in ternms of several
pr gﬁqﬁfﬂg&tbl&sm@ﬂi dplatiBa ignitnested, eaidpleemaltigfifién step being performed
permut ati ons, and equival ents which fall within the
whilg a &5 b CORIDENSaHOB YO tegs. pr@ﬁdedebaaw bias gpmpensgtion giecuit to said chuck

been dIS usse
is suBRERIaNY Bl AR R £sf Shes RESLrp M AR @ EplsBna prasgsoine chamber i
belowlaBput doh@TbRYENti on al so applies to other
substrate-processing techniques (e.g., deposition,
cl efdaispid, plmwmgm‘@dt proeessiog Sad)%ubﬁtﬂamm@rwbssfm—pgl)cessmg step, said
ition is required. Furt
substiEEveo fad SR emBRyieohsesnd F boriof i Tege Pifgded by said bias
comﬁéﬁ@z&tﬁ)’ﬁtm&ﬁlt A IR ghehaldAd ﬁfs§§{fa§ @&nﬁéﬁ%‘@h Pl @%ﬁél 8Y9%cond
system the invention may al so be enployed in oOther
chanpieapressiype sdstaitialy sqsi enwid fist¢hadibegptekose enpl oyi ng
i nducti vel ycoupl ed pl asma, capacitively-coupl ed
pl asma, ECR-generated (el ectron-cyclotron resonance)

pl t
2. t e?ﬁno %hglﬁgé'gfaln? 1S ﬁerf:%@gﬁ Etb‘tgésaé)ﬂgpnot gggégﬁ%l%;l]tggeem employed only
long ramyhab tespasd savdplasyis fofsaidnpberaenpioogssingstappar at uses

of the present invention. It is therefore intended

that the follow ng appended clains be interpreted as

in [ I : I ti d.
3. eqﬁ#l%%{e{eﬂ%fi%lf cla?r#iczlhivﬁlérgl?l aacfu'ra?ﬂ% otf g%g Sllal’l gﬂ%ﬁ peg 6i)léelow about 10
secofds. t he present

4. The method of claim 2 wherein a duration of said plasma ignition step is below about 5
seconds.
5. The method of claim 1 wherein said igniting said plasma is performed while said first

bias compensation voltage is zero.

6. The method of claim 1 wherein said igniting said plasma is performed while said first

chamber pressure is between about 40 mTorr and about 90 mTorr.
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i nvention. CLAIM5S What is clained is: 1. In a plasm
processi ng system having a plasma processi ng chanber
wareeamnoes ectrostati c chuck coupled to a bias PCT/US2005/021098

conpensation circuit, a nmethod for processing a

sem conduct or substrate, conprising: igniting a plasm

in a plasma ignition step, said plasnma ignition step

bej r f.or.med ile.a first .bias. c ensat i.on . .
7. vorbemein &t it A el s Bink S ROEBRI Pl Rhss il seid st
chanfR} freSfEls Hebwsenbdbaio RlTbd 288 o @RY nihéde a first

chanber pressure within said plasma processing chanber

i s bel ow about 90 niorr; after said plasma is ignited,

pr.ocessjn i d substrate .i.n.a substyate-processi.ng. .
8. ot }bemg‘rglog oigi&g’{lﬁa\?lée_rﬁpgelgggqlﬁag %iBfaémpgwr . dv&%ﬂe said first
chan@REPRERL RDHPEERGBSAL 6(PRTYRIhaAdBoRIGOVH &Y. by said bias
conmpensation circuit that is higher than said first
bi as conpensation voltage and a second chanber

ressur ubhstantially equal t.o said first chamber . .
0. D ERikGoT 57 iR 1 sihardia S SiniliFh 00 Rivsma s SR vyl said first
chmr?ieﬁgregs%@%rb%ﬁ}vw&fu\f%b is enployed only |ong enough

0

repare sald plasma tfor said substrate-processing
step. 3. The nethod of claim2 wherein a duration of
sai d pl as ignition step,.i.s hel ow apout ;10 seconds., .
10. 5 Theysethed REaisn lovhrainsoidigniung said algsmeiisrerdmedglile said first

chmr@e?ﬁf@%u&?ﬁiﬂei&ﬁa b8 BoiSTHE! oW about 5 seconds. 5. The

method of claiml wherein said igniting said plasma is
perfornmed while said first bias conpensation voltage
is zero. 6. The nethod of claim1 wherein said ) )

11. i ghhe method af glapn dsieereia spidIasmRauocssing Syera Tenresspts an inductively-

coup %ﬁ%@%wg§&%$#é%wgéﬁbetmeen about 40 mforr and about

od of claim1l wherein said
igniting said plasma is performed while said first

12.  The method of claim 1 wherein said plasma processing system represents a capacitively-

coupled plasma processing system.

13.  The method of claim 1 wherein said plasma processing system represents an ECR plasma

processing system.

14.  The method of claim 1 wherein said electrostatic chuck is a multi-polar electrostatic
chuck.

15.  The method of claim 1 wherein said electrostatic chuck is a bi-polar electrostatic chuck.

16.  The method of claim 1 wherein said electrostatic chuck is a mono-polar electrostatic
chuck.

17.  The method of claim 1 wherein said processing represents an etch application.
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chanber pressure is between about 50 niforr and about
80 nTorr. 8. The nmethod of claim 1l wherein said
w0 govevi20g3 sai d pl asma i s perforned whil e sai d PCT/EB2005/021098

chanber pressure is between about 60 niforr and about
60 nforr. 9. The nmethod of claim 1l wherein said
igniting said pI asma is perforned while said first
c er 0. The

18. thB fglg r%’i W ege}llé ?%nggl?sg}ate rg Jiese%lig ) sellnalcgrllcgls?% vYager for

prodmﬁgm edbirdugt sai d first chanber pressure is bel ow
about 50 niforr. 11. The nethod of claim1l wherein said
pI asma processi ng system repr esents an

o ot ol B &t T uReP PG SRR Bkt for

prodlﬁiiﬁg @c%efs@@ﬁ&ﬁaﬁ@iaﬁel&h béhatel ycoupl ed pl asma .
processi ng system 1 e method of claim 1l wherein

sai d pl asma processi ng systemrepresents an ECR pl asnma

20. gra T “;’tllgg Piéé,{l?%]?e Téxf}%eg%la %-al glqlgsttﬁqfﬂ rgggeﬁegaltsgelf 1[1nanlo-macehril(;"eI Substrate for
prod@u@gﬁz{r@s[hgéﬂugeschuck 15. The nmethod of claim11 wherein
said electrostatic chuck is a bi-polar electrostatic

chuck. 16. The nmethod of claim 1 wherein said
electrostatic chuck is nono-pol ar el ectrost
21 CHl

@kplas_{n;a pr?ﬁﬁswgts?ﬁ%sm&avgg Ainlasina pracessigg ggqragetria%d an electrostatic
chucerrgt @cﬁﬂo%1fnse&fnﬁ§e% tRondrchit Cﬂg@ﬂﬂ% bQsikBa stbrate, compnsmg

od of claim1 erein sal subs ate represents
s eighiting dupddsnra whilee fifsobiap cotlpeisadon wileage ateddecd bycsaid b1as
19. The. nethod of claim1 wherein said substrate
comneé&i@géﬁpgﬂgﬁ w«gfh%ﬁﬁub%%%l}ya%e@;f or produci ng at

sﬁﬁ?&gs ﬂgé a}’%&géﬁﬁ% $ %ﬂ}éﬁgte el J%goﬂﬂe&gé)gompensatlon

repres
Voltagﬁhtghéi&hhn sed ﬁtﬁa Mafs abmpkmation voltage.

22.  The method of claim 21 wherein said first bias compensation voltage is employed only

long enough to ignite said plasma.

23.  The method of claim 21 wherein said igniting said plasma is performed while said first

bias compensation voltage is zero.

24.  The method of claim 21 wherein said igniting said plasma is performed while a chamber

pressure within said plasma processing chamber is between about 40 mTorr and about 90 mTorr.

25.  The method of claim 21 wherein said igniting said plasma is performed while a chamber

pressure within said plasma processing chamber is between about 50 mTorr and about 80 mTorr.

26.  The method of claim 21 wherein said igniting said plasma is performed while a chamber

pressure within said plasma processing chamber is between about 60 mTorr and about 60 mTorr.
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produci ng nano-nmachines. 21. In a plasm processing

system havi ng a pl asna processi ng chanber and an
we@b@er1wss at i c chuck coupled to a bias conpenseCT/U82005/021098

circuit, a method for processing a substrate,

conprising: igniting a plasm while a first bias

corrpensati on vol tage provided by said bias

27. PRI AR et PR gfictid dp HERRA Bl e @ chamber

pressaebBitHiAkLd pidsha &ﬂo&@,ﬁﬁ@ ehhiRe iCRNIBRABAIIOM YS! age
hi gher than said first bias conpensation voltage. 22.

The met hod of claim2 1 wherein said first bias

| gni te ngtggﬁlig ?}\?/%g%g%’%ﬁ n %n% gl[}écfr%osg{]dbéﬁaﬁagg go xirged $Bile a chamber

presswéamnﬁ sﬁalp@hshﬁrprbédggng ehAin i 35Bow SbHASDAATERY. Whi | e
said first bias conpensation voltage is zero. 24. The

met hod of claim 21 wherein said igniting said plasnma

0. o BT BpdREEh gL ohelRtrny e ean b s Hrrgrmed at
subst&ﬂ?ﬁll?%’éﬁaxr%)cﬂm%f pre@s%re Jﬁcﬁﬁ{%@&e%m@{lﬁ{ éﬁ@tgf d\ﬁfiﬁg @ah@ igniting

saidigniting said plasma is perfornmed while a ch

said passssure within said plasma processing chanber is
bet ween about 50 nmlorr and about 80 mTorr. 26. The
met hod of claim2 1 wherein said igniting said plasma

30, | 91“&%&95&‘5901% Qﬁmﬁﬂe&ﬂﬁgg?@glagxﬁg\?gd%?sl o eglot%ﬁi{egents an

pl asma processi ng chanber en a

inducgivelyadoapled lhsmagroce@sing fyseenmet hod of claim 2 1 wherein
said igniting said plasna is perfornmed while a chanber
pressure within said plasm processing chanber is

beﬁﬁ:"i’xl@tﬁ&‘l’ bt @i P %ere%?saéa_ Eﬁ%‘gﬁgmg“ﬂ{é @M?ggr v\%e tsa_

wherein saird | gnitin orne

capacﬁﬂi]@lﬂijz}eampididéplasmﬁpméshiﬂg sygtegh. pl asma processi ng charrber
i s bel ow about 50 nTorr. 29. The nethod of claim2 1
wherei n said processing said substrate is perforrred at

32. S uﬂxsetrgélthb?lﬂ %ﬁaﬁryfl %V%QP Qal&rigl%amg Eofeoscgsysinegnsggtgl% r%pgeisgg%n ECR

pressure ext st's aur Tn
plasma processing system.

33.  The method of claim 21 wherein said electrostatic chuck is a multi-pole electrostatic

chuck.
34.  The method of claim 21 wherein said electrostatic chuck is a bi-polar electrostatic chuck.

35.  The method of claim 21 wherein said electrostatic chuck is a mono-polar electrostatic
chuck.

36.  The method of claim 21 wherein said processing represents an etch application.
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30. The nethod of claim2 1 wherein said plasm
processi ng systemrepresents an inductively-coupl ed
W@ b@sowops ocessi ng system 31. The net hod of cPEi/msR03/021098

wherei n said plasna processi ng systemrepresents a
capacitivel y-coupl ed plasma processing system 32. The

37. Hegretbed @%[ elpim 21 whered wichsubgirete serresentspr ssoveidngtor wafer for
syst.emr esents an ECR plasnma processing system 33.

pmduf%rgl {thﬁag%f%fcurgﬁ aim2 1 wherein said electrostatic
chuck is a multi-pole electrostatic chuck. 34. The
met hod of claim2 1 wherein said electrostatic chuck

38. | sThe methpdphelais 3L whewimsai¢suhsrek rergssentellatpahd gulstrate for
claim?2 wherein said el ectrostatic chuck is a

procifk MG Lol Ry SR E i 36, The et hod of
claim2 1 wherein said processing represents an etch
application.37. The nmethod of claim2 1 wherein said

39. substmethed pegrims2hwheinsnd substdaie represenfser nanomachine substrate for

d@roduci &q Lntegrated circuit. 38. The nethod of claim

produging HABDANAChINGS§ S hstrate represents a flat panel
substrate for producing at |east one flat panel
di splay product. 39. The nethod of claim2 1 wherein
said substrate represents a nano-nmachi ne substrate for
produci ng nano- nachi nes.
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