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photolithography technology. A bilayer resist film typically includes a relatively thick lower
resist layer (also referred to as a masking or planarizing layer) disposed over a wafer or
substrate, and a relatively thin upper resist layer, or imaging layer, disposed on top of the lower
resist layer. The upper resist layer is patterned by light exposure and subsequently developed.
The resulting upper layer pattern is used as a mask for etching the lower resist layer. In this
way, a resist pattern with high aspect ratio can be formed in the bilayer resist film.

[0005] In order to provide sufficient etch resistance to the upper resist layer when the bilayer

resist undergoes a lower resist layer etching process, silicon is typically incorporated into the



[0005] In order to provide sufficient etch resistance
to the upper resist layer when the bilayer resist
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first layer of the bilayer resist into the etch chamber. Then, SiCly gas flows into the etch
chamber. Next, a plasma is struck in the etch chamber while flowing the SiCls gas. Then the

bilayer resist is etched.



first layer of the bilayer resist into the etch

chanber. Then, Sid gas flows into the etch chanber.
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flowng the Sid4 gas. Then the bilayer resist is
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[0018] Figure 6 is a photomicrograph of shallow trench isolation features which include top
and bottom rounding.

[0019] Figure 7 is a schematic of a silicon substrate having a stack of layers thereon prior to
carrying out a gate etch.

[0020] Figure 8 is a schematic illustration of a silicon substrate having silicon nitride and
polysilicon layers thereon etched through to a gate oxide.

[0021] Figure 9A is a simplified schematic diagram of an etch profile without the use of a
silicon containing gas in the etching gas mixture during the over etch step.

[0022] Figure 9B is a photomicrograph of an etched gate feature with CD control.



pol ysilicon | ayers thereon etched through to a gate
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silicon containing gas in the etching gas m xture

during the over etch step. [P022] Figure 9B is a
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rcon for shallow trench isolation etch applications
invention. Figures 1-11 discuss the use of silicon for shallow trench isolation etch applications

and gate etching applications. Figures 12-15 discuss embodiments directed to the use of SiCly
for etching bilayer photoresists.

[0031] Many plasma etch applications rely on the generation of a passivation layer to obtain the
desired feature profile. The primary mechanism for profile control involves the balance of etch
and deposition reactions. The etch reactions are generally directly controlled by the reaction

chamber parameters such as input power, pressure, and gas flows. In plasma etching of silicon



and gate etching applications. Figures 12-15 discuss
enbodi nents directed to the use OSiC 4 for etching
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an outlet in a wall of the reactor. Etching gas can be

supplied to a showerhead or §njector arrangement by
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temperature of -10 to +80° C. The substrate support may include a bottom electrode for

supplying an RF bias to the substrate during processing thereof and an ESC for clamping the

substrate. For example, the substrate can comprise a silicon wafer which is electrostatically



in the reactor. In general, too |ow a reactor pressure
may | ead to plasma extingui shnent, whereas in a high
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lead to the etch stop problem For high density plasma
reactors, the reactor is prejerably at a pressure
bel ow 100 nmTorr. [0040] The substrate support
clamspgabadtdonigd b suppdmg batucis) asadssiredipressuredsiygesinibe wafer and top

ch Ly, ¢ t
wr%&%%@eﬁ%@@ ?ﬁ%ﬁﬁgﬁﬁﬂ%ﬁﬁ%mqum
maikfiyneda0d preessiresdf IOmo B(h'@om inoheé B}ﬁb@bfamcbnftbe' weafer aml tbé chuck

oo - SRELRMs 3R P Ly oD R AP s s

a 511115@1 BYES tAsAdhews ipPiguie lt, a sﬂlcble mpmrm a0 énchfdes 4 GtatloofBfers thereon

The stra i ncl at.t
1n°]él|dgl§tar Paéiroxéq% F}gf 5? aysF g Cé)ntnﬂ%xd% 8{? §t6|9g tAethlck bottom
antFeldcige waﬁﬁgﬁAKG) 16)ene @f32601 A turkHSEr o0 phatbi@sipi 18gwhidl has been

substrate or exanple t he substrat an C

presionIL GRASTRATEP PRGN BTB a0« BT ST eI G PERBLO AR Ticon vater,

the Qﬂoﬁé;mpYS %leﬁblﬁﬁé‘ﬁarg%ﬂeﬁlﬂgs( i@éorﬁ%&po&dﬁg% ﬂﬁ@eﬁfeﬂ&féﬁﬂﬁlocanons
etween the wafer an surface of the ESC In or der
The siliper mmieriayeﬁ a4 i ppomedsel e dRsaions fithepronnes P8 fo {He f ptterned
haldB¥asP€ Meintained at a pressure of 10 to 30 Torr in
t he. space between the wafer and the chuck. [0041

[00F2ylr epeting (> kandwnask barthe BARCeleywsiéris apensd avitr 2 plgsnapeteh. In an
exeﬁﬁ% éeoggxb fgqythp Chfhiel € bOLP 2 &adiund gﬁ@suk@MPS -mTir and the

|con substrat e i ncl udes a
aniﬁﬁrﬂOiSed)fO ingdyaively tcheple mqllq fwluamymglemymo the ghathbex padebe set at 350

00 A thick |
el Bt hpark et e h oRUAE Rl b sl Bl povering
the®lédtode Wwith 8K wlaay eThaBARﬁoﬂayr‘tzes:msﬁedlﬁmwal pddsmiazeschbweitin S0 sccm CFy

orp g\é(:: o Slgfﬁ.ﬂ? %%{R):eagr}lnlzgt@%g gp e:(re Q% ri)%utz&)" d nNext the silicon

nitABOTaQEERI Sild ph8 owide 112 iarcdpeded mathm opamgsgg vﬁﬂl the chamber set at the
corresponding. to the desired t

sam¢ presyie vt RISHE tped?g?nnil POWEr B)pg)re?@ d;vaé flﬁxg sqg:ggﬁtgﬁ% lagf:r can be
etchB€ woRETY &% @QFE @nd B0MNsEcrp Art i@f 18 Ghebbndsl witls kmaiht@hig] the wafer
I'n opening the hard mask 14, the BA er 16 i b

terppseateng ahwomt 60°(St- oA fer thatthe phqtorgsistand R%R? e g%(glﬁg}g a chamber

pre%%lﬁp of f(hngSH ARP EH00GRHRs REthe hntBnné 2 TUY Phd¥bresisihay Wefstripped using 200

mlorr the antenna used to inductively couple radio
scdm Bgfrerdéyeaonds: gy i nto the chanber can be set at 350
[0%’ AE a b0t gii"tkﬂé ts{rﬁt ep %Q@AI{C RN ph%{egigﬂa% 1l & btéPRoved and

provi des an bi as gomerlng he” el ectrode
areaB bf‘le:ﬁﬁsedaaﬂn@n ha"t'ﬁebemm:oxiéyecb o ieh @l Plpsinag Ixharpp)gxgwéary process,

th eﬁgtlﬂ}b\gﬁég ¢ a% $ Sﬁ‘g%r%gé 3%6) (N £ pg’\%iqg g\ﬁ)tpﬂ%%{oethgﬁh@fxﬁ MrOoxidized

ure er at abo Next, the
silitoh fisc&tchediusing &6 sbem €F, fat hMOrphdvldilnwltdlzmgrtbe Wp@n teghperature at

b8 A SRS EE 5 KBRS 0 U, e s 50

mTde afd 10GOWat péwetebelngysapplisdrtolibe antenna. The bottom electrode may be

supplied about 220 watts power and the etch gas can include 125 scem Cl, 14 scem O, and 14
sccm N, while maintaining the wafer temperature at about 60° C. In order to provide desired

rounding and/or profile and/or CD control, a silicon containing gas such as SiCls can also be



etched with 70 seem CHF3 and 300 seem Ar for 44
seconds while maintaining the wafer tenperature at
wahost00603C. After that, the photoresi st and BARDUS2®5/022809
stripped using a chanber pressure of 10 mlorr and 1000
watts to the antenna. The phptoresist nmay be stripped
usi ng 200 seem @2 for 45 seconds. [0043] As a result
added tottheetsh gisp Adtee ﬁmntrigeheam stntysh &t ey shews dn Figyeer3, fgyafer can
een, I enNDv.e d.an xpo becone
be cloanef YE 3 7 8 mm t%Hﬁgj% qg]llowe dﬁ%ﬁ)ghzgg >LZJ 3%’8 Fbe{? ;f/ﬁ{ %r ocess,
[0044)€Fi amisaa phaomﬂromphﬁafmmmh s tuBSHrmed psng)mccmsfllz and no
siEeBRen o Do o BBim T L LR e R o Boved profle and
subfBAcRE @bdttons. Tagrowed @[ﬁcﬁl&ﬂiﬁ@ﬁsﬁinL(CB) ahd plofilit conflol@an Ilsie)obt,amed by
t he S|I|con substrate may be etched _w th the .chanb

addinges silipen-euainpng 5o forde ¥°Qn%fs ToatE & PIRIRPICERR of & trench
strSHRP EdrBad theh REsi YL RBMAninENAs ROtded Bueihe eer ﬂﬁnomn&le etch. The

suppl i ed about 220 watts power and th as
trerich SreRNEre SRBVSBERFUE) 5 Was scRIGHIGD HrY na%éér?%@ il gwre 6135
a pﬂagﬂfc?dg?dﬂﬂ%fttgb%réﬁecfe%heﬁ AR ﬁﬁlﬁ&&i t@f)s AABHitoBE afa réshlt of using a

er to provide desired rounding and/or profile
siliemmelontaindiy gesdurieg the shallpyitigath @@t ai ni ng gas such as

[00%4%1{2%:899 afth %%réogc"ﬁgxgﬁﬁs tr%rés@ﬁa@&e@f etbih.t RE sﬁcﬁlﬁr[‘]nnlﬂgure 7, a

ench structure own I n |gure
silivef weafer3hinokided aean@:dofd@fersgthae@l whishtireludes gil§ 4 gnelolasy of oxide

32 by1(§6g% RZR0 ﬂf‘\%%lfsﬁhc&q kR L3088 th1c£k0193434‘]0f 51'11961{ Bitrfheiss, , d 2 2000

crograp enc structure forned u3|ng
A &ﬁﬂdﬂaﬁrZoihpl@btairesﬁl 38, 4vhicddhdsi loeen tpattered &g @whgiasopemggs 40 therein

coréeﬁaovgs&%qP (ftl Lge n%atce «?e((% q?alogﬁivbee g R Qe daier layer is

nprove I mensi on
not( ke sl smé@f niuedec ORé1 @lanpien ohe shlﬂie(aumelmb my veill ohpp@cate that the

hargatio SO PRI isateo ey (HOR. PESHishh By Gy, mn

addiidd, ﬁﬁﬁh@ﬁi@s@éﬂih@&rﬂﬁ?ta}ieﬁmuﬁw3wIdi?gnj? bt(heﬁdilﬁhﬂlehhlckness While
trench etch. The trench structure shown

a smbe aeimedis R TSIOREHE & B D ETE ST Seftguipere will be

afly bﬁ‘en@h RO Lo EEREHAR heQlesiteaNSatbhstior@RGaRs. havi ng
roun ed tops and bottonms as a result of usin

[0046] A @ﬁemmwamrmeﬁyofgea&atwﬁh g dolioven dpitialy: ErEAEHng figh s carried
out \?914@113 aFa{n%é'i giess%reasrégﬂq 5 %forﬁ&ﬁ@ﬁ@éﬂt&ﬁa p&REREEN 1B bv‘dt@s The etch

e et own I n Flgure , a silicon wafer
gassmr mdhumasg step tarciuclode 3GigeemsHBhandelPhscomi @h Theay theeidicep nitride

layﬁr ?GA is chela ‘L@%&l c(l)lglaggf &gteaﬁc%% sc J(:FIQQO ﬁrc;svme% J) 119fthe silicon

ySI I con ayer o I con n| de
mtﬁdia laﬁmwoﬁﬁ@bnmng h) ‘d&k openjrey 4(bfTIp|nothg pekypidicorss, etqhﬁql ghfour steps

I e {
d tch. I

wo3pd550 PSR A%, LO5| MR AP 05 08 08 iy v 1
theShrealtibugk s&ppfhe maaveeokldlmpmsmhet thaswifee 0If alyeesili¢amn imetched because

limted to si nitr r _exanmpl Qn i
some, clgqﬁlgstgpﬁ, e\Ri> god}oé E'i‘:’éﬂ’é? Sg(ﬁ asﬁ r{ﬁiéf?)gn n’gs Et V§1Ifl be a?;gejarent to one
skiflB® i @BtaktQRati whesd thie CBEmictrd ¥oriing SFORe wse osualurmnnough step is not

oxynitride (SiOxNy). In
necessary. In the first main etch, the chamber is set at 10 mTorr and the antenna is set at 800
watts power. The etch gas includes 50 sccm Cly, 175 scem HBr, 60 sccm Cfy and 5 sccm Os.
In the second main etch, the chamber is set at 30 mTorr and the antenna is set at 350 watts. The

etch gas for the second main etch includes 300 sccm HBr and 3 sccm O,. In the over etch, the



addi tion, the thickness of the barrier |ayer may be
300 A, or any other suitable thickness. Wiile a single
wopesiong9d0 is shown in Figure 7, in etching gaC®US2005/022809
structures on a wafer there will be many openi ngs 40
corresponding to the desired, | ocati ons of the gates.
[ 0046] An exenplary process of a gate etch is as
chafbbi io\ast. at BAimTaat and the anteinaris ﬁgopb@tgépq Yatisapawesd The gtch gas in the
ove, ttcg mcpu%escigb QQ@YE I‘ﬁl‘ é 3&& @‘1%28 Eﬁd a%()utlﬁo @&ﬁ HealAdSIi:l(tb% contalnmg gas
LRtaAla power sef at ts. The etch gas for the
such b$ Sidilneandteeddaiztn therﬁfsm eccd0d wemreichpnd/on the yersaeinto dpprove gate

t.he . si.
Pfogpfacr?ﬁ% lagd Wlté’l’“ seem %E’A ?‘ )gtg{)trh g@ iﬁlhg‘%nc‘%%g r#ﬁ ng&l‘?@z extends
to th@@t@bhd@&ﬂ)amliowmdﬂﬁgaw 36 corresponding to the

[Oﬂgﬂglglglﬂ-gﬁ Oﬁ 3 H@r}n E}ggcg S eO| %SI Ll %rglﬂ% S ettclgi: Ig?oq'll# Qvnfh?ﬁ,t the use of a

sili%ﬁncdﬂ)ﬁtaﬁmfgega@ rhdthﬁ&tdhu@tg@hmamﬂe doripyihe oeér@tnh stap. tHighed gate feature
r eakt hou

102g, throygh 18%c gwgldglq({t%gﬁq% Iaed gg :efn @Sﬁgtécht-ga?e features. As

pre%ﬁﬁk Stﬁé &8 inte ,at R endlof [Hét et pfbcééﬁewl&fn@olﬁﬁﬁdohysmtgers are
uni It wi be apparent to, one

ren‘erFd,that(ﬁ/lm the Q"ﬁée*@h éWP»sli‘lg}y SCEHHYLY F%thélf’&‘“iet ‘F?Sd%g’ eoIPamtamed
I SepNOtANQC 21 h

Gl G g s e T

phenomemona by gvlg@t thegt 2280 OXideat qrsthp Galsrmatgpd, s @qqheélagelectwely in small

locahz%d g%gss‘reggtn’?%?ﬁ@c%% og tkf%ﬁw&?ﬁxmeﬁﬁﬁth tﬁgreﬁﬁ&%tgg‘bn@n d 5

Sec mal n etch, the chanber i's set
[ooasl &@umﬂaﬁ fis am@xethplarphotomsciograpieof an cBed \gater Satupnwith critical

et ch gas f.on.t.h t
ot 35 8,57 R o Shallld P, BER68 s
accdBianed willDondlemtrodmmait dfitbe mmrmnnaSﬂ]sorsWInleg g800 theegilicon etching

ga%xturg 1%(2%50&15 r'f%“oélgloﬂfi g@e% V:alrssn‘?a]_éﬁ i%?&er (é(? ‘T‘m&ga(?e AP idtching.
ThE) bR foitie 1025 tiseih 183c SeGhdwit havilpea adididret (baiehblefto it sidewall

or second nd t he. ove tch t
oo Eb e LAl S Hrob ARG B0 R it respec o
ha{df t8dk e apPlicuBons] eRnsigdwall, pa@sﬁvrmbﬁ Mhdigly Adneixts exfcs Si, ®, X-based

he gafe oxide 32, as shown i

e SRS i S S B T O o MG e

OmR'sRiilbd § 9k hAQHT apftecirts ehadihe Ralbhdn BONbE aspendent agﬂ@aa:huchemlstry
the etching gas m xture during the over, etc

okt dhrefirsty BrcectEle slepy BoqrpoEier iR o ﬂ@z&aSFlﬁ%}O&gé‘/‘ﬁﬁ R thg substrate
thrgngéx Rbctldif ugﬁﬁ\ﬁ g%fetcﬁ rofthictd. NEIoReGdl; BRiR dndadfuihe polydidicon etch,

serving t egrity at the end of the etch
dupng)dwswewhteh seol $hsi siliconrhassd rhm@éF@S ayeedaplaigsh s, toj th% depletion of

SlllgOlil ala%n% bg\é‘tz“c% & t gpth%%ﬁﬁe tngle aﬂ %E}%e\ﬂe& Xoﬂc@n&ﬂﬁn is increased.

Raeds*to Be maintaln ormng t
Asavesulelitle ;mksmpznomis qr@t@istmengthepvmqmste;gmdeth@ ;pp@;@g passivation at

thétD hgeb%?gleﬁlg}a CR Pé) gg%c?(g% l%& the c&n%?ﬁa\?gigg ?esgﬁ graelr]l Wtching of the

polyeitiadn Efel HMoeaser, the dditimg of Bnhentmﬁurmg thé otzérs:t@u $tee ol replace the

under peat h,
depleteg s{lllcon prev1t01r1]s }E seukf) hec{ bya&le sqgco% ma%erlal being etched.

[0049] Figure 10 is a simplified cross sectional schematic diagram illustrating an etched dual
doped gate structure. Here, gates 110 are composed of n-doped polysilicon, while gate 112 is

composed on p-doped polysilicon. It should be appreciated that adding a silicon containing gas



[0048] Figure 9B is an exenplary photom crograph of an

etched gate feature with critical dinension control
wohowione®3 by addi ng a silicon containing gas taCcrhs2005/022809

over-etch process in accordance wi th one enbodi ment of

the invention. Silicon-contgyning gas in the silicon

etching gas m xture increases the anount of sidewall
duripgsisd ansitd aeh process etdandes tirei foingdion ofp Passiyeiias lager, thexghy mitigating

dlffgfg{‘lcgeﬁ fci?l?stgéejﬁ%th% %zs m]ilﬂr QH%E é%%%g’ll@f[l]l%F %ﬁ' %'kubﬁfé'té" Ortf® amount of the

ase ue passli vat | on
latefll @vthcltasdn Also vy witidibeidoping ftyrsi dumg theclng tsteng) ofy ths . gaterptch process

with respect to
whi FeREROEE barting] MRrerre e toft, FRRL, GitbEquenty, the profiles
defREd & Bk firdDsteyi-olf @sedilidth tetuhi Iﬁziy W iltered 1hehenﬁnael stwaii depelimgap profile

a m xture of br.om ne, .chl.or
ancfartisht donsin e ceS D IeE e 1AL S GHPPC Jd i sg sefeged to a
n/ptp%ﬁle ihginBaTiRgen ABthePEmBRBRGACNE additidef taulce of silicon on a gas
chem str Here, the first two etch steps inco
b A L T TR S
1oaﬁ1ng q}é%eﬁ Qﬁi‘férérﬁ nt§péanfohdﬁeH‘ GilRbeN Tyfadambuc tife. silireysrradds more
he end polysilicon etch, durin fg b h
peseiyationdo O 191¢é|dhef?lh’efe§‘lclu}gctb‘ﬁ irpergiedf By BF%"H&%PS‘J prgnees between the
vargo%géﬁgfgdﬂﬂgdﬁ oh 38 tEGRLAE iOMi@dn. S1 | 1 con material to

e same tinme, the etching species
IO%OhAmtdmgly,mddms aj siliconserteininggagin e gich gas pixtpig during the silicon

etc? W g Yrgltnl tg Od ﬁsotc(fﬁr&\a/att A i 6fnt feh&irlY %rddﬁfoﬁahlys 1RRilRBALcontaining
I'nNg passi ation at e base of Ine can

gashih the teﬂihl@si rﬂlymtehduregdhc ngersqj@:; pteps wikh gm,qrqaqscp] @hq gelectivity to oxide.

uxglbt‘%l?lplieg mgf Lhe §161}g > Is I1r|1 £24 h semnéflﬁké"ﬁ&ﬁ{ tht E’iﬁcon eftch will reduce

urlng over-etc step W |
theﬁﬁ@ﬂil@@ﬂ‘fetdﬁéeﬁﬁb«b&h elgk \mmloumype of doped ustqn esepl oretle pyme substrate.

the sjlicon.material. bein
T 1 Hshiers BHCUTGRLTHEE EHOR SPIORACT AT Sy rE shilod B vil
redul:é ﬁh@ EAifddal tﬂlﬁleﬁéiorﬁlﬁl@d'ldiﬁ'eﬂnk&h betaparh- qued Isﬂopedtou nadoped lines.

gates 110 are conposed of -do | ysild co .
o0RR P s B arR R SRR B Elgdy i
silRE}P U&Péal}ﬁﬁ ?9&9&1@ F%%@eﬂ Qe praekis. nutoa cBinhb&I20 dadhides Rhsiplet 122,
gasdur i e entire etch process eﬁtgances th

torf elegteodp dg4,o¢lec€§:o§;at§s phgki1dR spwét}ng VHEY %?W?I}%ﬁ%\t?’i ﬂﬁ)strate 126.
Etéilt Jhal% o&r‘l(?@%lsgm B¥tidt N80 AihisintHy Rin loReSnihaingcation with a pump

ures on substrate. The ampunt of the | ateral
fomvaa@hngzaw eaqhsqilamhf:ry Ripeass gqf,esugﬂpg,lﬁ% it wp%ova ﬁprpmmpﬁgm with gas

1n1eth 22 SE ﬁl%ﬁlb b o%%cﬁ%ﬁ%ﬁﬁ%%sﬂaﬁ@ﬁ %ﬁha‘ﬁﬁﬁé‘ ghd)@.getaCdilicon containing

S nore selective to the gate OXId
gaﬁemmmmmad lafgvet may pbr: cpm\h@d toldhd ehaghbenthronahfgap grtlefs%p Controller

13 ,egjﬂh glg’ltl{lslc%)‘%g C%tl ﬂbéref aﬁdn ltolagss];%? p°1§r €B4; may be

e an Crl |caI |on ences
cobfegun&rio deteet a/pxssloatmnoknqmmzﬂ qoagutloms e. |an @ver czt¢hspr0¢@ﬁ ey ggponse to

SRR RSB AL i DgBIRAOR s s sy 13
suﬁﬂ? aldilicohl lcBnthifink RS kcﬁsﬁanﬂke p20. oft shévdd bt appre‘aatgd that hgltroller 134
over-etch step decreas e chr t
mayeefgsbihe B?‘Sﬁ‘f"éﬁl(@rﬁarﬁ%‘@g B?n E’B fi ay ‘ﬂ 3%‘ tﬂ’% ir the start
fttﬂee ovir lebd®OR oGRS Y S TP iR PP ldf &hd ﬁl[icancdnlt&mhg Res, Furthermore

t hereby reducing the 1 npact o lateral etch
codfrélfes f i%)@ ésgemqlmsq gpatputer in one em odiment.




vari ous types of doped silicon on the profile
definition. [0050] Accordingly, adding a
weizbietoss9gont ai ni ng gas in the etch gas m xt ur eCUmIS209§/022809
the silicon etch will elimnate the notching at the
base of the features. Additijpnally, the
silicon-containing gas in the etch-gas m xture during )
[0052] The\perametersessdoipedavitl the introduction ofthesticer eonjainipg ges, e.g., SiCls
oxi de.. Fgﬁ&ﬂ fggre. a silicon-containing gas in the
are gyrupatized BLEBLFE: during the silicon etch will reduce
the profile differences between the various type of
doped silicon present on &R%L%qne substrate. That is,
adding a silicon-containing gas in the etch gas
m xture during the Bedsiieon @0GSHR0GInhTorr ¢duce t he
critical dinensionbias—difterepces—be{ween n-doped,
p- doped or undoped]ﬁWﬁEs. [OB%%Pmkﬁbure 11 is a
sinplified schemat|gcdiRar aoai— 3o seékh chanber
configured to provide a sililcon containing gas during
an over etch procesEmmetawehanbér 20040 |i ncl udes gas
inlet 122, top el ectrode—124,—etectrostati c chuck 128
supporting wafer or sem conductor substrate 126. Etch
It shinadrbe sppt&eted thar TARIK H ésexomplact anti30t wieins o halimiingi dhat is, any
Jlow . .conmuni cation wt uat i
o8B SPBORLE Bery ol S RheRIE BhleRlink G G Buamber
corEiguTaion, Clad tange ofiphiamei@ss mayvaty. 122. |t shoul d be

B R R e S
mi@Mih dll%floxte@ etch %te?\ﬂ&ﬁ’%@fysﬂlibdﬁroﬁgiﬁll%ﬂleii,rﬂo&tevérz 2 protective deposition
Controller 134, which.,is j.n co j.cati.gn with cha [
e T I e e e g ey
anyf6th6CLitRo10 dBMbMGrésoRt i ke HRhbED idpbaIRdd oh .t gat@bXiGw ey nitridized
etch process. In response to detecting the Egs ivaéjoqh Sio
gatg xIdgc & showdibe ppRyecigtebthaih 8qugiel of OXKERP 1§ RIFY 8 1‘%? SR Y the S0k

laygﬁsT Yn doatbelfOr B RRA YayBr Bhy bEGRate BlotedhB ift@dgafnto? an oxygen
chanber "I20. It shoul d bée appreci ated that_controller

cont@iningrgps @b the dreseine of A8 SXYAIN| CORMABTE SPEIPORTH & fhegfssel, o8-, quartz,

hLo SibkLabd ﬁé}(ﬂﬁﬂﬂ B¢ 1h ShBGHateOBiRY efch&, Sl ft should be
ﬂ%%ﬁ%ﬁgngsg%lgtc ﬁrg%e S may tri ggrethggéapply of the, .
apirbdisted that thetesdhniatecpelyativityFagtwdsa mebisiicon et pxifl¢ becomsy infiite, i.e.,

a gener al 0S ' ' ..
oy SR AR AL I PR SR comnin
oxiglk [1ayean Consetiadnti,niyisgamts én guproBidGiate mtegrig irmmiinigyl ifany oxide

TABLE .1. TABLE 1.1t oul d_he [.aLe T
ot B TP A OGRS SELLeSs iy TPBRror o
ino@éliv!edliétbﬁ add Qaliﬁjz'tibiit}cgfdeﬁs)ﬁkqirdsdewijpﬂsw rsinge e preemds may operate in a

Furt her npr e, endi ng on the chanber conf.iguration,
regigTev e B SRR oo e pe] R
[0653P 8l bAGRYr  enoifhefH, @ 81i@ so@bObhslicehlintpbt énchided in the chamber in

contalnlnglgas is added tq the g%, m xture in the over h
order gnpravidp thethgomr hsippiskaHon Lya (Rt i RGN RERERProcES Where
thepgif?éo?l%i.ng%tc%@cpﬁ%ﬁl;sita(ﬁﬂally depleted, the solid source of silicon provides the silicon

required for the passivation layer in order to prevent notching. For example, a top electrode of

e~

the etching chamber may include the solid silicon source, which may be triggered during the

over etch step by applying a radio frequency (RF) bias to the top electrode.



takes place on the gate oxide. That is, a thin |ayer

of Si Ox, which may incorporate Br or C or any other
weubtcabk@3 el ement present in the chanber, is depoRiStmd022809

on the gate oxide or nitridized gate oxide. It should

be appreciated that a sourcg,of oxygen is also

provided to formthe Si Ox | ayer. The oxygen source for
[00531 labki D llnxayracs limyprotrQSgng} aaxemﬁnezsm&smaw wiith cicetrhing ghamber in
Ord%rom g%iﬁqvﬁ gt%o %8§1éllne tslg es%rh ed h gesug {Vﬁﬁ’? IR&@I‘CRJG ﬁ)nal‘HM§ﬂ etching
con@itied fba,etcamgwgm resistt & sfhlbﬁig be(appmclemd tiot Talbie 2 is exemplary and

substrate. being, etched, etc.
e fors b e, 216 Paambier Gy PGk HeR PR AT B goe of o
| 860 keamERRching hviilkile fﬂomethe agsigeeee (DiSconﬂ;e,ehe: hinpeg lisfed in Table

e gate oxide, as a.result of eg§3|t|on of the
2 meR TS SRR BH OB RS fH@C |Pa’§”°’ﬂi“3%ﬁh° “EBRBEGIEht |y,
this results in inproved gate integrity, i.e., mninma

if any oxide loss, less silicon recess and
significantly reduces t he T&Rkices of pitting.

Furthernore, the [fjckgased elgs-t@iaTaellectivity
wi dens the procesls w ndow sirce the prodess may

operate in a regildfPpdlemice pitﬂﬁﬁ@OQﬂﬁld ot herw se

occur w thout the ovenl_Seiaet [0054] In

anot her enbodineng%ﬂghg%v%a Sg@?ggdgﬁy licon may be

included in the chbmmmnmhm ord@ﬂZKﬁﬂb$OV|de t he

silicon for the pas at+on—hay That—i s, during an

over etch process Ei@ t he sqrrcgﬁ(belng etched is

substantially depleffslv the soloocdosource of silicon

provi des the silifconreqguiredfor the passivation

| ayer in order to %W@W@nt notdﬁﬁﬁﬂmsﬁﬁﬁ exanple, a top

el ectrode of the gECHLPT chanpry— sa¥chnC| ude the solid

silicon source, which may be triggered during the over

etch step by appl yHBgflewr adi o ﬂke&ﬁbﬁ@? (RF) bias to

the top el ectrode{1686551—Tabte2—+t+tustrates the

processi ng paraneters associated with an etching .
[0056pWher rdspecortdethe tgasachinpluped Herirgritedbileret geddsaeh, e suitable

herein with r fere ceto i sQt r opi chi .
conreen e Stchenges @Rl Ao Uy SET, Pemecy roguce aibo,
an@@lﬂf)ﬁﬂ'd @ipd A hide Tabhefldwirste ©f erydeariy agmokimetelymiint 200cstandard

limting. The p aranehf W%ISted in

cu@ﬁﬁw&waermmm%% o VESPS'S DS i) ﬁ?"ﬁ*’dﬁ el 9y Tate of

ni \é@ﬁ hlﬁ%lgechérb@&sﬁ]fi@ ise B @ 86out €9 ad2005ecm! Nshaddge 8pprec1ated that
i"sted in e 2 may vary accor

gpqg to the E%p larv 1
nitrpgeth pysEstsowitlE BRiRaing OSSR SRS pstratenpfipe f?‘b%“é}P ary Low
raté,Nf('ir gfﬁﬁ%@ﬁe Blondi® & MEwdas SSoueFPLAY e6b fbami Nthethyeropéd Brydiide is used

one suitable conbination includes the use

fomdwﬁgmswm)l Tietohingian florppie ijbepweepyplpygkihangy Yhiqge. n one
em%]ogsmkeht %dchfd?lngrﬂ RStk & %%)roxnﬁat&?ri@% §tQhe ERBed HIOW AL Shat is, the

ygen 1's approxi mat standard cubic
ratteeoft nharmkgages floevr ratd touthe clqlglel@ntﬁlow s ds, 1Qsky Gdlpring iyemployeg to help

the e ant e J rate n
rerB?\@CVé) i en%asF I@&s@é now Ong‘az@g gqgaglg 6§g£edrln ¢ é §1?l14 %IIS is used to
helpanafpRineCD at #dordhmt with the embodiments described herein.

[0057] Other settings used during the bilayer resist etch include a pressure range between about

3 and 15 milliTorr (mTorr). The power to an upper electrode is between about 300 to 1000

watts, while the peak power available to a bottom electrode is between about 200 and 300 volts.



nitrogen assists with maintai ning consi stency across

the substrate surface. An exenplary flow rate for
waypdremgere3 br om de i s between about 50 and 100 Be®mIS2008/6022809

hydrogen brom de is used for sidewall passivation. The

chlorine flowrate is betwegen about 10 and 50 seem 1In

one enbodi nent, the chlorine flowrate is

Theafhpinbeti tnmpﬁhtyrellaqz@t(melt mwub tpe T dagergs Celstus ayishewn i Table 2. In
one eglﬁ)é)dat Ing dl?ipfa%ﬁ? gcrr\“ I?S IfnLuﬂ ﬁtb%g%gn tlQ??gc IBlﬂ:loédb'ﬂzecécnlnﬁﬂé’cer and

orlr oye renove
1x10’6| pér dtﬁlcgm’emeteﬂ' hé htSlsﬁnigsfdf oressare @ndl éOIbBQWelHu@ralpdan drable 2
eem Th i S use t
detie 37 BARRESONT, (e Teraau g e iR FBU 30 Bnd Rodull 400 vt

whdr@fhe {dn &defp9fis §ﬁint:ti10’ilgﬁ thtSRiUp&ild ipower supieditd Ehy,é)pttq)re slegt[rode

etch include a pre e ran e be
(OFRITHgure 7 I G ed SHETBIre LN CABBoR Ca Rt i L bilver
resi@CHYGR0] 3P&GUA s@&@aﬂ‘eo ﬁi@;‘éowwuso inklides ﬂid‘]ﬁﬂpﬁﬂklamvﬂé@ bottom

available to a bottom el ectr ween  abo 20
phoggresiss dayex b4 and e PhyerRBE xR ﬁ%i L AR TETR A8 Ge0ts Hapspaventy
paﬁ%ﬁ;oh gnc? Qe\gﬁgé@ e?he??a'ft@f W tayes PRYBrekist, Waldheodsistd 6f MEphotoresist

iment, the plasna density is maintained bet

laydrx 1-3#0angle secgm;b phroterssiti Wre}r%al*ﬁd etchadgpo eg'gl'e % Qe WeIeyp1callly, top
pho(%?rlrs]gﬂt?%;ef fffg A6 fllu)rg gvglggf)otﬁﬁ*@ r@s1§ Miet BRAn BEMRIC photore31st

Ine this plasnma density
[0059181?19%33 33 it 43 BGHUHIOE AN e OUREnGS GHIgHER #BoRIER &édhe bilayer
@D oks, i@ etifrely. Fi
S0 R A BN shepe ARSI et e
13EI1kyl$trete§. ﬁotb]sng asd updelrcfuttgxg schrangatin thechoétgngphotoresmt layer 154 as a

! ! h l b cre is
resf e Gk ph hditP R Pigtd AfEICoRlaBay ks BUSm fFgRt 1A @
a lRe byt bnmn dingyision dmed betvtanthp htohemir‘rwmltphb@y@rst Iegers 154 due to

them@h%rép Oir/}g%{lgs ;Whl'@%/{? r&lﬂ%g/ 1 Jrﬁé’a% Blh %]Elg)se dalms étcﬂnﬁlg §f polysilicon
lay dhege alfléxeéver LHgurbil BBMHlﬁstrﬂﬂBQt}&r@mlﬁdtLon\dﬂlthﬂﬁumhmﬁmg sind fnotching

flrst hotoreS|st | ayer A 154 and sec hot or esi st
withfhe ptizggon jof Serle Basginfrgdused dH%ngaa-Lﬁ a‘%ﬁ’e?&rﬁ]’?gp e@egf 1§ the etching of
bot{t) AR pRAGEQEES)e 154 Abp PiRforbdidt 4y ES6rbdults dan stk b;&raﬁon that does
on1photore3|st | ayer is an organi c photoresist.
nMUg@BQ? Figures 13A and 13B illustrate a pattern
[O@ﬁLF&ﬁl% 14N Qo d@”lh%&&t@ a%alt Rﬁ:r@répw RbrrepoRdE & Eitgures 13A and

n-usi ng stan -silicon chenmstry and Si d
138 a&watmgdh@ effectivesiess of Fthwp of §167k gap maacPiencs vty %ﬁ.eﬁﬁodlmem of
and unde

the igven] 101 5%& W Sl ¥ ) éfJ ”I# ik b8 deltD E%ﬁlﬁﬁﬁl RS %&ﬁa@&l t%tF1gure 14A.

as a res conventi onal chem st ry
Fléulmel@* wh 'lhg respke DﬁuﬂlmtanAsrdsvhtymccprmhﬁnWéHBB@zs N@rdélnrl& the etch

Op%l:fi ?fng%{ﬁ : £ fl)tg]ﬁz%elor e I—ﬂi‘t nﬁ o%nq fcin ggsep %r‘"ﬁ‘l@ RichWperation. It

shédd B& bigectnet] thadtbe Silf fomys Slﬂmw;th the szmnng\/theletqhmpg@tmn in order
the subsegu et ching of polysilicon |layer 152.

to PRRAENAS hEI dﬁ P-13B illustrates the elimnation of the

[umg@%@w 13 ROa &6 dheit atiigrdgn \x\lidshattdgethemndthqzia[br emhmg a bilayer resist
Si gas intrqduced duri

t t
o ek AU 2 L1 0SBk O ol fin of e

mﬁﬂﬁ&rprﬁ% Bbthb @ @fatcb IO Gtskibs 160 waEre atsﬁhsmtbafa&inlgarpattem defined
does
on a ﬁrst layer of a bilayer photoresist is introduced into an etch chamber. The method then

advances to operation 162 where SiCl, gas flows into the etch chamber, along with the mixture



not |l ose CD. [0060] Figure 14A and 14B illustrate

actual m crographs corresponding to Figures 13A and
wa3Beiookaest rati ng the effectiveness of the usePOISiSeH04/022809

gas in accordance with one enbodi nent of the

i nvention. As shown in Figung 14B, the loss of CDis

m ni mal as conpared to Figure 14A. Figure 14A was the
of gaees Uibted of Tabdd % gAs tesadbaddvifoiefesinge %Wb&%w dlopratergihe SiCls gas
is b%\?enl\lﬁé el qu ofi glgb(%%ﬁérﬁt Qe meﬁiogl{ﬁeer‘l ﬂré&eﬂkt {ol dpé@dton 164

ases for
wh@aen akygam baset] pﬁismalldsmekaxpmemhaﬁlémbqrhdvletﬂ@@ thefiCly gas into

the 8]'%6@ ﬁblerFﬁ tzpseé F?‘ﬁ% tlggeé'éro E%?alﬁ%g Elf?ﬂﬁ‘foghér Eeiﬁxiibgr along with

the a8iC1, Oxis.C hiar 6nedera‘gcrchmmtj b us4snat dengityt h’é beistelio dbéwr 1x10° per cubic

etchin resi st detined, ov t
conpmaSHANL LN c R TTE b ARET taf SR Ber, o another
em&fduhélﬂ’ AnEstictegrof bineenatiduo b0 vollts bt aémuW(IOWohp &rmdinteined in the

0 where_a supstrate having a pat ed on a _ .
etch |CF9§‘%beF a)TQP ngpthod fhen BPErs %%{664“8& gg "?’q%e ﬁ} nbd Ydegoist 18 etched
accbf@ﬁr% 18 the@biditiGR AR Eibed Hdén. I'TEt hod then advances to
eration 162 where SiCl 4 g lows_.into t ? d d ¢
[00@ a?kgeforeggmgn}éasmﬁlqsplrll{qqethﬁ] Bp(nﬁllp S plﬁgg@g ?nlrll%ofc:lgaerﬁ §,and modes o
ope}é?rl%h%f 4he Iﬁ%segﬁﬁ%ﬂtﬁﬁd M¥vieer BleGh@M66n biuldidtebeZohdified as being

ow rate of the SiC4 gas i's between 0.1 and 6 CIM%
limjted m@eem@wlmmbodwt&xéns%@dt hepusp thsc 8Raye-degsribed embodiments

sho%Pde %eﬁtrégg{ﬁ % ﬂ@ngg{a e\iﬁhﬂféﬁé%ﬂa@lnre%éﬁ% Qh@%ﬂ&duﬁi 8¢ fappibciated that

flowng th G4 gas into
vartaltlensah@rﬂmemadd%a rtlegse etbodjmsis by iong é@llw in ﬁher at withop depagting from

Tabl e I fhd he Sid 4
ﬂw§8§eOfﬁmgnﬁmnﬁgkgmﬁgﬁﬂg ?ggﬁ%ﬁﬁgﬁ ity of between
[008BOTiie inx¢n@8n [hes bmnhiescrrbem thﬁnmt igrterascbf|syegil 2xpmplassygrnleodiments.

cent i net er I nt ai ned t.h e n; £
Othen oet“FPnﬁn%eHEo af ﬁ gaveniion ﬁﬁ] ebﬁ:' e?pé) g} eg{] t‘i r{% e%kﬂ};l Soiy gt from
coné@etation vt tB€ Q;pémﬁ(&ﬁoiv aint spragicernif nthaiimenitiom t Hee embhdlments and

cha

e ves to er at.jion
pretfqa“@gffw% espigd 0‘(% Wé?kdhn‘ged“&&lé%fé?@ g’ﬁednl%lafyt W&%"mﬁ%ﬁm being
deGRABY iepperdeselninked herein. [0062] The foregoing has

descri bed the principles, preferred enbodi nents and
nodes of operation of the present invention. However,
WHAE &Nkl on shoul d not be construed as being limited
to the particul ar enbodi nents di scussed. Thus, the
above-descri bed enbodi nents shoul d be regarded as
illustrative rather than restrictive, and it should be
appreci ated that variations may be nmade in those
enbodi nents by one skilled in the art w thout
departing fromthe scope of the present invention as
defined by the following clains. [0063] The invention
has been described herein in terns of severa
exenpl ary enbodi nents. O her enbodi ments of the

invention wll be apparent to those skilled in the art
from




consi deration of the specification and practice of the
i nvention. The enbodi nents and preferred features
wdeswrookmsl above shoul d be consi dered exenpl ar pCTMIS295/022809
the invention being defined by the appended cl ai ns.
What is clainmed is: CLAIMS 1. A nethod for etching a
bil ayer resist defined over ;4 substrate in a plasna
etch chanber, conprising nethod operations of:
i ntroduci ng the substrate j pattern defined on
a first layer of the bilayer resist into the etch
chanber; flowng SiC4 gas into the etch chanber;
striking &nfhR8Te: didhitdebiRyattesid defired ovdria sabstiateinaglasma
the Sid 4 gas; andhﬁxichl ng thﬁ bi |l ayer resist. 2. The
etﬁétchggbeé,fcoglpgflm Hethae apAtPNE A et hod operati on of
f 1 oW G asinfd tle SdStrdt®hsvind Epatbmiticthaingieds firktiayds dethe bilayer
flomng the SiC 4 gas at a flow rate between about 0.1
resish ide e@hﬁh&’fﬂb?éntl meters per minute (seen) and 6
see t further conprising:
fl ovrrllhﬁgngF@ lga%lmglé@éltﬁf%ém%erlet ch chanber; fl ow ng
hydr elgjiginglspiasing én tgaagtch ghambepwhin Honsiag theaigh i@ty an
|nert hanber. 4. The nethod of claim 3,
t°%§ﬁié°'q’?1%¥§??e%€gs is nitrogen. 5. The nethod of
cI a| m 1, wherein the nmethod operation of striking a
pl as i n.the
et tes., TisaneRaf freiAT Shobl hemthrbpauioer Bhilph o4 eas
iﬂiﬁttllimﬂclafhambalumlﬂdesmher ein the nethod operation of
imeters

stri rmln he t.ch cha f

the dots BESTHE HloV R ROATATROT 1 pu i Y
REMMREY(séta) whd b3 9/ cnB and about | x| O 12/ cnB. 7. The
met hod of claim 11, wherein the nmethod operation of
striking a plasma in the etch chanber while flow ng

the Si O 4TEa®ethbEbilam 1 fidhdicampiisigg:an i on ener gy
between about 150 volts a}hcha%gogt 400 volts. 8. The
met hd@wing chlogingees intRras & ®Gret hod operation of

Mai NtRWM Y dfbgen bromide gas into the chamber; and

flowing an inert gas into the chamber.

'—'m

4. The method of claim 3, wherein the inert gas is nitrogen.

5. The method of claim 1, wherein the method operation of striking a plasma
in the etch chamber while flowing the SiCly gas includes,

generating an oxygen based plasma.

6. The method of claim 1, wherein the method operation of striking a plasma
in the etch chamber while flowing the SiCl, gas includes,

maintaining a plasma density between about 1x10%cm> and about 1x10'%cm’.



pl asma density between about |xI0 9/cnB and about |xI0
12/ cnB includes, establishing a chanber pressure
woetosesmoabout 3 m | HTorr and about 15 mi || i TorPCT/Ua2®5/022809
setting a power level for a top electrode of the etch
chanber between about 300 watts and about 1000 watts.

9. The nethod of claim?7, whgrein the nmethod operation
of mai nt akd Ao of RRMANGHER QﬁéM@cﬁéﬁWkn%@Qﬂm la$lasma
andrTZboutT4Ig &F(t)s I ncl ﬁ’g T establ i shi ng a radlg P

ifi theqptebrebymigeRMhilp awingdhe Sigh gﬁ@mlad%ot tom el ectrode

bet ¥ QblkSand 8oyt 06 vBRY. hod

of al m%’gg\%ﬁ]g@%{%&#h &paf?%lgtolsper atelmon gfl st rvl king a

pl asma in the etch chanber while flowng the SiC 4 gas

i ncl des ng et

abou ggarpgt}elgé ‘&fe‘ils?ﬁ% %Vgl%gge[%ouaﬂ%?w I%M{Ogleos W@ll%ﬁ%?
plakmaldenm beman stvairhel0”/amhaetdbout{lei0 Yont mgluldq:Sng

critic Jman n bias durin [

conper STRGTRECHEEes Bsras DihueeePode fton! &5 aBouw s Ellitors
JHased plasma in a chanber while flowwng SiC gas into

t he chanber; mai nt{ai ni ng a nsi t et ween

U CORE SRy oLy P T A e R gyt 300

WAk ML 1000 wdne. bi l ayer resist. 12. The method of

claim1ll, wherein the nethod operation of striking an

oxygen based plasma in a chanber while flowing SiC

gas ignt o trH@meth@H‘e%lmw Mh%& thé Ineiod Bp&iti ¥ df i @Sing an

into the etch cha ydr ogen brom de (HBr)

igmsndrgt betwéna abﬂﬁr%é@flmlt%ﬂéﬁb%\ivg%v%ﬁﬁ inchdes. gas into the

cha [ WS een
ot o shite s o BELAL, (X LA ek o Rkl e botwe

aamuf%)ﬁbfeltsm%évmmvm ng Sid 4 gas into the chanber

i ncludes, flowing the SiCl 4 gas into the chanber

between a flow rate of about 0.1 standard cubic

cent i 19et efThe prethodioﬁclaim [.véergn thnthethod eperationtof strikéng a plasma

Faie Srnsayouet bt ST IR 00w do0

vol t Snaintaining a chamber temperature between about 20 degrees Celsius and about

70 degrees Celsius.

11.  Inan etch chamber a method for controlling critical dimension bias during
a bilayer resist etch, comprising method operations of:

striking an oxygen based plasma in a chamber while flowing SiCl, gas into the

chamber;

maintaining a plasma density between about 1x10%/cm® and about 1x10'%/cm?; and

etching each layer of the bilayer resist.

12.  The method of claim 11, wherein the method operation of striking an
oxygen based plasma in a chamber while flowing SiCl, gas into the chamber includes,
flowing chlorine gas into the etch chamber;

flowing hydrogen bromide (HBr) gas into the chamber; and



15. The nmethod of claim 14, wherein the nethod

operation of maintaining an ion energy between about
wa30ewoldvs and about 400 volts includes, estabbCshisngsa22809

radi o frequency (RF) peak voltage for a bottom

el ectrode between about 200 volts and 300 volts. 16.

The nethod of claim 11, wheggin the method operation

o BN BB oS, mai ntai i ng a

power Ievel associated with a top el ectrode between

abou F 3 el tt o %laﬁg 9 &th}ilegqu th\é%etﬂﬁ)d 0%3 tlJIh@f sﬂ%&ﬁ?&

of claim er conpris a ratio
oRfged bﬁded\pdasxaﬁ ) ef drmbxy\gele fg:a\ang $1Ch glahmt(cﬂia nmmber gchudes,

flow.rate of e ch
- bouflons e Sibh S btoth AabERbpeeR A ARATREw B sndard
chifik erinetedieper Rite Gacn) :d Beteseen about 50 seem and

about 200 seem a flowrate for the HBr gas is between
about 50 and about 100 seem and a flow rate for the

chl o4 ne Basméthod@tctean 1 aaabkr cd@psesm and about 50
seem 19. The pethod of claln1é% g@%@ﬁ q Iayer
r esi SwinARNg Aeion SnerEy BetwpeRAbputdR ¥ 35@# §0 &ond
| ayer, the first layer containing silicon.
15.  The method of claim 14, wherein the method operation of maintaining an
ion energy between about 150 volts and about 400 volts includes,
establishing a radio frequency (RF) peak voltage for a bottom electrode between
about 200 volts and 300 volts.

16.  The method of claim 11, wherein the method operation of maintaining a
plasma density between about 1x10%/cm® and about 1x10'%/cm’ includes,

maintaining a power level associated with a top electrode between about 300 watts

and about 1000 watts.

17.  The method of claim 12, further comprising:
maintaining a ratio of a flow rate for oxygen gas into the chamber to a flow rate of

the chlorine gas into the chamber at about 10:1.

18.  The method of claim 12, wherein a flow rate of the inert gas is between
about 50 scem and about 200 sccm, a flow rate for the HBr gas is between about 50 and
about 100 sccm, and a flow rate for the chlorine gas is between about 10 sccm and about

50 sccm.

19.  The method of claim 11, wherein the bilayer resist includes a first layer

disposed over a second layer, the first layer containing silicon.



