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| ayer through a hard mask during the production of a

sem conduct of Vi eci [ th sent
ovent o elNeall CoPHOTORESIS b STl dURiNG

phot or esi #LASMA Eﬂé@HIQJGf@FhAde NEKHARIDMABSK i ng
sem conduct or waf er processi ng, features of the

sem conduct or devic % ﬁtﬂgﬁv%Tgl\patter ned

hard mask. The sem may be

t [@00d{ er r ed Thapeestténveation pesks wSdtetinga piliobOIgsi thtoughd hard

by pI asma etching of the hard nask. After the features
afEsk Aaiag @FrPéQﬂUICH%OE HEenHgenlugios ke vieh eMoghgiesifiGally. the present

T i e
t be0024r d ma@urlag demewodetdrheafphaborseing sfeatuffstod thet deeniconductor

enin t.h rd mask, wafers are rempved fromthe

8%%9%2?81‘18& ppaftenipd; lﬁfcleamaskse SatTEC H‘EtﬂlgdeVlce features
e%lymm&hsffe%d ﬁites tﬂ%mawmtan@usﬁ@@pmtaﬁs@hﬁidoaﬁpﬁassﬁa ettiing of
thi § case, another expensi ve equi pment 1s néeded

s dieehayd fosk.t Aiersthe fpiragarefransferrphmt@thediant maskh thetremaining
UI res. ad fabrication . .space and wafer

%tggeg Shﬁn ﬁﬁer}r\?ﬂ{]ﬁg?ﬁ)@% © R \ﬁgf ers fromthe plasma

C hﬁ)ﬂ?;?r My TealiSehaVRf RpsrateCqaPientshre Qfddas opwh tHe HalPmask and
environment, which may | ead to nodification of t he

efhe the Phetewssish niifterihe epanirgopfahe hadtmagks wafes are sarpoved from

SRR BT PBUARR A BPLY8 RABE PRSP Sy o
acanditiag phowidshst.t rethpusapg agothér dxipengiveaspiiimerin Vﬂ[ﬁedﬂhscﬂely for
nmet hod for etching features in a sjilicon_ |ayer i

p.ﬂtsf\ﬁtlalaang of qhapaotﬁﬁé;ét Vet reﬂglr?scardﬁgwnéb%larlff%@ane&aﬁ wafer
t [

Y&E 51 tﬂﬁ@ Eéﬁﬁ{élr% tﬂ@%ﬁfefsa@oerfrl %egﬁgsggé’n o éltﬁﬁéﬁﬂﬁ? cguse wafers to

p honnc nreeom;ztct Wathehe eisvismnieppedidympy tail ¢ mgdrﬁcaﬂlmn qup:hn gtched

O ) e RS TR 0S5 ARG Pl rces

frequency RF power, g@ﬁp@m(yﬂwﬁ{g@wﬁf@wency RF power
has a power | ess than 50 watts; and stopping the

s{0004bi ng gde aﬂhieme thedorshoingrad iirsaccmi}lecre wih ﬁterpurbmd of the
ven

ng{eﬁ%%f llflVCFl?lgltl 8ﬁner% cﬁég{a HE]% fea?%urgs U g%%“ llta er 1 prov1ded A hard

Phevk U8dr isAomaddb VRl silayaayes. f\qmﬂﬁiﬂes@ét ezryet nefoﬁnéd &1 the
| ayer. A bottomanti-reflection coati ngim‘ayer

i Bﬁliﬁiéﬂas(lf\lé‘fef{ Aae harddnapidayer syanenedy Biror @gﬁlgttlayer is stripped by
providing a stripping gas; forming a plasma with the stripping gas by providing a high

frequency RF power and a low frequency RF power, wherein the low frequency RF
power has a power less than 50 watts; and stopping the stripping gas when the
photoresist layer is stripped.

[0005] In another embodiment of the invention, a method for etching features
in a silicon layer is provided. A hard mask layer is formed over the silicon layer. A
bottom anti-reflection coating layer is formed over the hard mask layer. A photoresist
layer is formed over the bottom anti-reflection coating layer. The bottom anti-

reflection coating layer is opened. The hard mask layer is opened. The bottom anti-
1



| ayer is formed over the bottomanti-reflection
coating layer. The bottomantireflection coating | ayer

WO 2008p¢1186l. The hard mask | ayer is opened. TheP@DUS2908/064159
antireflection coating | ayer and the photoresist |ayer

o FeheRtion e oD treiehfofs & by BEh B S PR b it & stripping
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CHEBRTREHE ar b BB s e e P R A e

5 feouoel es i nl@y&iahbGenethByRmentdTeh€inRedtht, st hppgaediud @Y efching
i s under a hard mask | ayer, which in turn is under a

piRstwee sstiligoplayer. Whergmdbfr gieon ey i ppdar athgsd mask layer, which
R BRP PR, 5 0 T e BB e
CpﬂméuﬁgﬁjﬁnmhﬁﬁQQESMBidaﬁ@ﬁﬂb@@ﬂ&rplasn& processi ng

ch er enclosure; a substrate support for_ supporting
%Iﬁg%f

Lt r at e THE PREMA PRCCHIBG TRIMICH E¥BRIISSS 2 CR pwall {orming a

10 ?&lsﬁ’iﬁ ?f&ﬁss%l%&ﬁ%ﬁ)léf gncrl(?sgd'g %tsﬁﬁstlfagsr sugﬁ_b kﬁis'ugﬁoﬁlﬁg a substrate
pressure I n the p asma proceSS|ng ch er encl osu

atwitlhﬁaﬂnb pbmymagiretyingehandrer pmdmudﬁt rgreswerregdatbhor regulating

oL BSTE LSRTRhAG, ehamter snclpsue (o, Sqeteln 10,80

C BRNEEHEPol & th iR Ahsth£pDke R BhABET ERsuR fglasilsiamlﬁg a plasma;
for providing gas into thelP asma processi ng chanbe
i

entleas one Rawvea sgaee dattrieallyf eonnesterbioghe agegaond ¢19¢tr0de' a gas
rocess r_encl O
15 B Qs R R T IR PR Bl PO Besaalls g eos owae
ofortdRBaptiag BB PHAGRSPlatifa pRRENAT, chambecaRshizes an
i ng gas source; and a strippinhg gas source. [0009]
Tﬁw()&bnt r ol iT8g gpsssousstip 81 fleig|conecsHae tithdhe gastiplst gliathe plasma

D ?%gélr%{@lgg‘isﬂgﬁ %Igld %ﬁrﬂﬁ%seg g.ﬁ O%IIRQ%S[ Sloglggr %I‘tﬁi ;tﬂg]%\ﬁ% I%as source.

p{GoYO}sor; dhel comnglet Breonealdeidy eonmedied fo thidigaksource and the at

npri ses_ conputer reada Ie code for opening the ha
e Meyer rPO%ﬁ&O%ﬁﬁga@ FERPABrEsIEg qRAmbsT @@rqoamrﬁgs at least

t BRe EJBQ&S‘Q&Q $hé EoﬂlﬁYt@Ir readMIERGQ mfllcﬁ €SmpAH l&)ﬁnlguter readable
readabl e code for providing a stripping gas; nput er
r eaditafiol epawoethe dmrdf roash lag:raamﬂl cammltmrwdab]hméet farppippong the

%ﬁ%éﬁfgr pvi dl A LA AR A S g‘é"gt%@(?@ng&gg}ppmg

h@&g RoRPURT réa&ﬁﬁe &&tﬁrfoﬁﬂarﬁmgt Splagdhs w@tﬁrmélitﬁﬁplhg 38BN Broviding
code for stop ing the strippi gas

25 phditgiﬂrfé@lus:ncy @pwmsargitarho;wpgezﬂue{lqoliEPOWh@@élethﬂWr
§atures thehgresent LNV # on wi.l.l ;be descri

PRIGPEY KT P B T ROVRde R 18 dhany FPrPon of %‘i'e e for

| @Mppﬁlg @it @APpihH g8ORheHIBE lpﬁdﬁltoiMsIshlatybﬁs fs@ip‘p@&\ﬁ ng
figures. BRI EF DESCRI PTI ON OF THE DRAW NGS ) ) )
[0010] These and other features of the present invention will be described in

20

more detail below in the detailed description of the invention and in conjunction with

30  the following figures.



[0011] The present invention is illustrated by way of
exanpl e, and not by way of limtation, in the figures
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ref erence nuneral s refer to simlar elenents and in

whi ch: [0012] FI :s a_ hi %h ;! géel fl oW chart of an

enbodi nent of the Sis a

SEATRE | C ViITEWpR e N ASBRA0RESS] g@aﬁ@ehlpwahd HBdby way

be used for etching. [0014] FIGS. 3A-Billustrate a

c ohuntitetiors yis therfi guvdsi of lthd @csmpawgdlfamngsmpd emwhichigdre geference
enbodi nts oL the present

[ Hvlelﬁfa:lsorﬁfer F‘bﬁ%ﬁﬂ éF]%nts Il—?gplé: schematic views of a
s{emR] pr ocess@dl ﬁcaqegldlemel flv aRareSEHnBRIA m&it of B invention.

i nvention. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMEI8I VENTSFIO( ]2 sthempgicegetitof p ilasiripsproniing clhigypep ghat may
d etail with reference to a few preferred
eﬁ%g%éd%gf&ﬂlflger eof as illustrated in the acconpanying
diGoangs. | FIGHe3A-@ illaviranga dempiitePiyis@m, whidTeis atisable for
specific details are set forth in grder to provide a

t HBPISHGRIREYEILIOARTTITY IBFMPREMSAE O Hhe RIRFERITVERION ¢
}"'L(gdtlsre apPEFEHI4A- IPPM’@\éa{ema'ﬁg V‘im@s St éticﬁ%rbd’és&hedc@tﬁhmg to an

he present invention may be practi
sembodimeal of thé itvieesen.specific details. In other

i nst ances, _wel known proce s stﬁ nd/ qQr structures
have not bPe.. HER S HRETIO Y R eMBOBIMERTS

upsraessari e 9¥b§§ﬂiﬁ1@ve‘iﬁ§n Wﬂ@ ﬁ@@tbéd@&'&ﬂkﬂ Mdethi® AdhlreftRnce to
facilitate understanding, FIG 1 is a high level flow

c Raew prﬁfferaeckﬁr@lmis@emrs guerdaf agHlvetriod rrrrélntacmmnahemg drawings. In

eefg lraxging d/_\ i%tlon,llhuén%ro?sy S(?SCIﬁF getgl%ls ra].rae sebf%rth i Btdet P provide a

pqioy@ughl haBrsta@tgtoRlhd present inlvél(lm)n auwnl BSapbakdnk,ilo@@ver, to one
waf er, anor phous silicon, or any other téf)es of
sikifledin thype, B the presergy@yentian giapdepracyiced pifheut some or all of

S 'tﬂesg Q&wa‘rie?yls Woéﬂgly?lst?lé %%?Ql]ﬁ kn(LerQ %I%l:?fs‘ sn:i:}(% tag(ggrr structures

ti-refl'ection coatin ayer
t he\/eh&rt Bedraddscilityden deamilep oidbd}o noThlﬁnmt da@ily obscure the present
anti-reflection coating layer is optional. |In another
e68i%ent, the bottom anti-reflection coating |ayer

?E()()l‘? pt Dbe %%chhéteqﬁl%f%&%ﬁh%t Fi(?ylerﬁ alh$ Hl@@&%wpé’rﬁ)h of a

bottom anti-reflection coating I aye (step 120
Tmepsh;otsod Hrsatlsttmbcaiylecnmﬁ tlsd isventwh. fAebdrdmaesk laykei sHowndd over a

ThERa) e R Shh el P iy B (uaRa giicon. such
Mas K silidyevafel norphous silicon, or any other types of silicon. The silicon layer
is generally a pure silicon, which may have a dopant.
[0018] A bottom anti-reflection coating (BARC) layer is formed over the hard
mask layer (step 110). The bottom anti-reflection coating layer is optional. In
another embodiment, the bottom anti-reflection coating layer may not be used. A
photoresist layer is formed over the bottom anti-reflection coating layer (step 120).
The photoresist layer consists of features, which will eventually be etched into the
silicon layer.
[0019] The stack that includes the silicon layer, the hard mask layer, the
bottom anti-reflection coating layer, and the photoresist layer is placed in a processing
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bottom anti-reflection coating |ayer, and the
phot oresi st layer is placed in a processi ngchanber
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i s opened using an opening gas (step 140) Thi s
pr S inv e l asma et.ching the
ﬁﬁ%rﬁwgeﬁ Py TR P RER R arh b SaRH e ioneasd yiagan
{aérﬁﬁgj AN slePa4ONOLHRE FRLSL ihANRSs PlAthf didiin PGk LBIbM anti-
|-re | ection coating |layer. The hard mask | ayer is
t h@lﬁ:Cbp}@MHg dayiey toatmans fee thenfgatyees d@@ngbm]gb@photmﬁmst layer into the

| ' he. hard
P PRER et e e Tt TG AR Rk G TPE pe P b an
l apémﬁ@gashaﬂ'eﬁ 1585 krﬁlﬁyle)besshw&&s pldRehale@dfkhgWhB iard mask layer to
photore3|st ayer and botton1ant|-reflect|on coati ng

| Apesierthe %@m@fm@ﬁ i theiphpioesiss {aygr mapthe hpygl pagk layer.
nment ,

Cﬁg‘%@l try | ;[‘ﬂﬁ e%% fh‘n@}#%‘f@ st B rglgﬁnglso#}f\éﬁhpaqgf({eﬁgétio%%oatlng

ayebat tranvadat dr-strgfpee cita:p)mogoat omn;)eriﬂat;cﬁnnsml, amedbat pbyer

or shortly after the opening of the hard mask. The

sPFICH \w&l epedatinn chepyishiy is gsqd to sigip the remupining photeggpisk agdbottom
aﬁ'@ kéf&%ﬂo@é’&*iu‘hg@ eri Mlatg?%r Qﬁ’(ﬁﬂk "éﬂeloﬂcheto @mf?ggt)f @8Mhard

anti-reflection coating |ayer and the hard layer

( S’Iae]psTﬂ@‘f@rlppldg £50magndmphe Qt, N-pai Hg aod ntalyehave a halogen

géore5|st | ayer and the bottom anti-reflection
c8%t''AY I ayer (step 160) are perfornmed in-situ, in the
spe21p! asmaThb @ﬁaﬁﬁ%of-r A8 8RS H Qhti-rtilR:(idh 364¢inH lﬁffértaﬁ@ the hard

silicon |ayer and the opened hard nask | ayer are

r arsly e Gstﬂpﬁ i #i@ aech hfhend (het sepppiTOpt thiphotorrsiss laypicand the

IS d e patterne S|n he hard mas
| B SRS el SRl RRE P e PRl RE TR g e
I @La@ma anginbdie Tlhﬁl%ﬁﬂ& thrsehcRBsith thay@icoh Bypt Aiale bpened hard
anot her plasma processi ng chanber. The features are

t Hewk Eyenhu remedifrm gha Gheaber Gigerl 70p Newithrsilieqn kpyer is ready
a 8Q) S

Bt RpER S g 1A 3 Pl Ao it R GG EL G with he
viiisofayar pldaBerapened bl madkdhydrayplaeediia @dothar plasma processing
pract|C| the invention. In one qor nore enbodi nents

oFhamRer; Al At arg thangched g dhsor lionayes ip Apidresach ve grgas
CRY o) SrRE hi0RakO0imeh BB reh el Qe 494, bot tom

centr el ectrode 208, and ton1outer el ectrode
21@224i t hi n Feguch2meschemblic 2i6¢. of A ployma nesudathar may bgyused in

207 | at th tral trode. 206 f th
C B R Betibg o B S RO st TS e PR 9 phasma

| RGOS chIBriRQb O GRAL ElattrRlce0b! @F@uidlebir&dn 102ebottom
bottom outer el ectrode 210. Also within the plasna

r eenttad eleoare 2035 yiska beftam oger ¢lgctm§1§|2tlpowéhim@rphtam|bewall 250.
b% ttokgJ QPR rcrle nti(ﬁ in ulz?t trhgge ge%?ral eclgctro%n %b% Yiont (hE t?p outer

m cen | ncor porates a sul
s glestrodt B4c f’AIBJStItd’iﬁl 1ﬂ§ﬁlhftﬁfﬁin'gm 1Qenﬂllate§aﬂh8 ebit@s kcalttat electrode 208

ge Q%g}aq?llglcl:)gltgg@%&? ielr;:%t’roc?erﬂtol? eAllsé 5v?t in]c t?lz: p{]aglngl irga%totrg%o, a substrate
280 is positioned on top of the bottom central electrode 208. Optionally, the bottom
central electrode 208 incorporates a suitable substrate chucking mechanism (e.g.,
electrostatic, mechanical clamping, or the like) for holding the substrate 280.
[0023] A gas source 224 is connected to the plasma reactor 200 and supplies
opening and stripping gas into a plasma region 240 of the plasma reactor 200. In this
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[0023] A gas source 224 is connected to the plasma
reactor 200 and supplies opening and stripping gas

WO p108/1477p¢ asma r egi on 240 of the plasma react oPCRO82008/064159
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t hi sexanpl e, the gas source 224 conpri ses an openi ng

as saqurce 264 an strippin as source 268. The . .
OB, BE et courac 2] shmpliR Maw iR tht s iy g pping gas
hasdcdBed TIRYSHeninbBis SSELOPEN QJ}%Q@S SRUDESperaiT B BRI BSsk layer.

gas for stripping or renoving the remaining o
pAbe strippingtgab aguee 368 supplitragad forpstiipping er reafoveng thieemaining

2 S50t iy B PR R e e L e S oo ol

coouzagt ed t o hibe fiph@siFR RTe@ate25208d hhéw d@huéncy RF source 254
controll er 235 to provide power to the el ectrodes 204,

20w, clenpygcallysgnuected tyitle plpgpa fepetgu Pt hraehagigntallasds to

- at [ f '
PP R heral R S0 208 a0 1L Ty R
Psafres 25 yenetdas HiglghedueadyREQpwiFambypplibatbe &igh frequency RF
frequenc reater than or equal to 20 nega Hertz
( RRP'ST towé %lai%#éﬁ% PY0. Pisterahlyrihe pigg fesBgn R HBoesr has a
Pmﬁ?g@enfcg/ g?éé?e'? ‘f:ﬁ’anQ{r%gﬁ% lto b ﬂﬁgg He&d l{l@det) O Mofe Mlg%ralgy,eﬂﬂe high

preferably, i gh fréquency RF power

f frequesg REprovatr s 4 haquency ecpagl thao o@qivitizo 27 840125 ] Evidmemore
| ow_ frequen sour ce_254 generates | ow frequenc
R S e e A o S SO A P

phggya reactor 200. Preferably, the |ow frequency RF
power has a frequency |less than or equal to 20 nega
HEM22] ( VHz ) Thevibrve fpqedngy Kbl spurce R84 [gongritee lpyefiequeRFy RE power

power has frequency less than.or equal to

EOR T Be L SRR ISP BT S AR oy te
f IepBeRECc) RFSpdwraRadk fregueaty 1e@s aVioz eqUa0 Q28] mEReHertz (MHz).
controller 235 is connected to the gas source 224, the

hiMie preéejallnciiie oy Sisaveney ReDpovegs dag pErefesicy fesg than oy el to 10
I f
f’ﬁ}lﬁf eEgéflmor-Enagef%&m}é ﬁ{e 164 f?e%lﬁer?csgﬁlf Eé@gf 1€ a fLe%Wer?JP/olfrzss than

e opening and stri’pping gas I n asna reac
20Pequasto®MHAs t he generation of the RF power from
the high frequency RF the low fr

252, . RF
sHfi2eL " 254, Tip omfodier ?3‘3@%‘35@%}6% éhe SHgoursh 395335 high
t Iﬁ%ﬂ@éﬁlage soBH;‘E@S% 28hd t[19 W}re& ] E% R@ s%ﬁﬁg'@!sgneThe controller 235

1N
confinefent rings 202 are provided to provi

c ooriticdethertovodf thhepplissaal sinppigagas i thh phass rérstondf, as well

t he confinement rings and ar xhaust ed the e st
Pzt goee B gpet et G et tut VR altad 252 1 tow
C ARRERY RIYHU A2 5WNihe Blekb§oddiZnab (s, DOS, dndRh €A tthé &k haust
the controller 235 used in one or nore enbodi nents of

t pempr2d8ent

[0027] In this example, confinement rings 202 are provided to provide
confinement of the plasma and gas, which pass between the confinement rings and are
exhausted by the exhaust pump 220.

[0028] Figures 3A and 3B illustrate a computer system, which is suitable for
implementing the controller 235 used in one or more embodiments of the present
invention. Figure 3A shows one possible physical form of the computer system 300.
Of course, the computer system may have many physical forms ranging from an
integrated circuit, a printed circuit board, and a small handheld device up to a huge
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i nvention. Figure 3A shows one possible physical form
of the conmputer system 300. OF course, the conputer
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integrated circuit, a printed circuit board, and a

smal | handhel 4 devi ce u a esuper c ut er

oSG ERTPAE: CRBTET LR RS e TOR 0D A aPEy PRy
3@dusify foylaidng BRE.308, éike})spgﬁl M8, AR mBudeeNOoFHick 3Dis a
and a mouse 312. Disk 314 is a conputer-readable
meoiinpwtetiradatileo medims fised tol fnasferglagmni@ and drane oerpputer system 300.

AT or Fedhonk oy el oo S FABRRL Ry Bt fitem 300

bustadiZQl tb Sydeibde 39@Isi % e Vhrisy S Yt s§6Ems PPALESSAEN B (also
322 (also referred to as central processing units, o

r
Crfgiyechiots seifpH SEPe g Writtger GV e counird Qdtaiaeamsises

324, r i

Ao R e o R ARG SRRERR R ED b AN and
ardad-diGMnagiosy (ROWM) ansfieweld ahawa ivdthe agtt ROM haRn o transfer data
uni-directionally to the CPU and RAMis used typically

t 874 pustiops yar direiand P HigdiRi Y ippsed; yRigs olegranster
MR Ghel irﬁ%@ticg;s 11:1 E%ﬁ@ir&éﬁ?}ﬁ% RindSEBEinST thRY t}gﬂég bf'gﬁrélgries may

any suitable e conputer-readable nedia describ

balchwle aAy fsiixabde di thk c@Rputesreatigde owdial deseribed below. A fixed disk

bi_- di ti lly to CPU 322: ]t ovid it I

ae i egeRe Rl Peraa b U e Bh e ety B gorase
C @@%@&; and B@dakbendmd & yde s ddagshiiat bl th&ae déicsiked below.
326 may be used to storé prograns, data, and the |ike

abitkedsligydgioandyl §e used ée gnanggromsr dage ané thedtse(awddhtyasaly a

hard disk) that i.s slower than.pripmary storage. .t
pronfS Sostel ey AT TP Y SRV PEREF puy sorege.
Wl il Inbef dpys fedi otk Stk a 3B 6 iff@iynatiof réPREQ RIithad BxddaE §8320@ay, in

i ncorporated in standard fashion as virtual nenory in
mePRIPY 8o gaseRdivetsPaEg ik standprdrphioaies virfal memeryn memory

any, o - - ' i | .
A BGOSRl meci
i dpatibedibgdoty. devi ces, such as di splay 304, keyboard
310.. nouse 312 nd speakers 330. In general, an .
i HI30T out pu Pai_e%/%%clé afragosred i &r!etw%@euté%wtéﬂyglse& such as
t ﬁﬁgﬁy@@h,l 55 bgérﬁg;lo,krﬁbflps@a_’;rlg,sandrgggﬁl&msln eneral, an input/output
t ou h-sen5|g|ve i spl ays, transducer card ﬁeaders,
melgviet inay be apppk videapls playaderck batlahiet, e yboayd s sgsrophones,

or .handwritin reco%nizer bi onetri cs reader

i , d
ofOUE BN S TRy s TS 8 33 1R Sty TR R ICaLeT™:

t QAR LRBEseS QFRYLSR ma@dwﬁﬁ{fe&@%m&g BtdrAS eI, bor other
usi ng network interface 340. th such a network

i aepitarseCPU3229 ptiomlbnphabedouptest toahethaPegnpgudgytor

r ef"ieeclo\r/ne 1|1nr%<f:a 'rogsat cl%tgv%rlg rs\o}\% ﬁe x?vor el w&falc(:e 32(5. Wfit%hstuc og tngtl\’gork
I NnTormati on (0] e ne I'n e course o pertormng

t heede)Ve desmidnisiteretad @ GPEPsightetdihemi@fRtioN loRAtthe network,
enbodi nents of the present invention )
or might output information to the network in the course of performing the above-
described method steps. Furthermore, method embodiments of the present invention
may execute solely upon CPU 322 or may execute over a network such as the Internet
in conjunction with a remote CPU that shares a portion of the processing.
[0031] In addition, embodiments of the present invention further relate to

computer storage products with a computer-readable medium that have computer
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may execute solely upon CPU 322 or nmay execute over a
network such as the Internet in conjunction with a
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[0031] In addition, enbodi nents of the pr esent

i nv ion further relate to co or r od

W o9F g BRI PO PE AR 4B G LT TP e SFSter s dRedia
t hed @&ﬁpﬁt@fco@@ "rrfa%/rﬁ'@ tHQseVsﬁédlﬁlﬁsdéé%ﬁE&' hed cd¥RLanR mreﬁe purposes
operations. The nedia and coriputer code may be those

S pémeanlrftsyntdeserngwedorahdy wonbe plitheddind well kinewvp amtcbwelebloﬁo those
t he .pr i nvent or they.my  .be of th

A RE ST Ol Bor Pl el VTR Sostombfr b Sddia

C ipLeebutsed hovaingitedlltb SmadnetitPhedita Qich @O RRUIdRs | RapFliks, and
medi a i nclude, but are not |limted to: magnetl c nedi a

s agnefic tHBFh @pa?% racdig yush gy CEI-BRMs apdcholegpdis devtiggsemagneto-
oG8R 2 G0 ENe IO L e 5>

haoivgiiel Wewre asd é;tmtlteq&egxsmexoﬂa,l sluyh amﬁpihgwceldspte@iﬁc integrated
store and_execute %r am code, suc | ication-

s pEifs; <é\SJ€%%>e@rPg{aéan%h ¢ 198i% @V{C&sﬁ&?w aﬂfl Mrang i AM devices.
| @Qh&ﬁ%@\ﬁf G&ﬁplitgﬂ-c%} 1mthﬂfédcoB@Mugl‘?¥§ ﬁ%ﬁuceﬁﬁ@éo%%pﬂer

uter code include machi ne code, such
p andlfibe dottyinangelo pipdr|leve] ofwiefthdt@ase oenttad by agompgt@e psing an

| evel of de t hat exgcut ed, by a conpute u5|n

| FRtePpiet &omRaihtAdaPIe B By ahabe SomRYERFas psmiticd by a
CebmphteF dALGEnil Al lifd cRicAwatdm Rpred@itmgSi @f@&nce of
enbodied in a carrier wave and representing a sequence

ofnshmetians dhdt eresexehietabla by agxesstabl e by a processor.

PR32 10 30 iRl e R R kg R AR a3 hegpatic

a cksacdctibBll inidtRtian 8f 4 baan4dPy R a4ilkon BMent L@l Eyentually,
features will be etched into this silicon layer to

d&mates wit beetchadda thippdicon layep tp Jedipgactveparpas. The silicon layer
glﬁt@g I{s%:.klé(rlaﬁy :i)ﬁress'ﬂlléoﬁglg?t sﬂf&)}% okl (fe%_([) th%é]b Hﬁrl(% AIii 61115 %%}nple the

I'1'Tcon
skilicow tnywaaf Y is arsilRbh maddT o6 uﬂmsbm aﬁtstraue hsahaid sk lzlyayefzo is

420 is formed,_over the silicon substrate 410 (ste
ed joyer; e silicab sehsHate! 1 01Hep KD Inidgembgdipenty ﬁler}wi mask

b@ay%f hi(%lﬁ Besifidon-b&ed EX8Blafpld, '?l?e Rag %a@?ﬁgef %aﬂ%’

dielectric materials, such as SIO
Nd1ele1ilr6: matedalypsikh ha§Hd,, ELON rmyilﬂ\hnﬁiheélar@mgswy@ 420 may

Iaerofaatc ar materi al r | ayer.s. of
B SRR kbl E P o e Herind qriutibR sk R

i ﬂlaté}ﬁlseﬁaqﬁls ARtk RO Worl dRafibfe, infthe eﬁlhsdlﬁﬁhdsmkm FIG. 4A, the

| ayer 420 comZJrlses a layer of Si O 422 of

ab@‘iddmsﬂfd%@lf% QG@I@PN?Q@ﬂ%W\Of HiQu2laf @pprosirestely 1089 dngstrom
? t | éﬁ [Plleézo%ff%%}f%?lp %ff% ﬁﬁlﬁ R 10r%9<1 Ar} 1086] An gattrom én thickness.

ness tom a n thron c
| pO033]1430 |9 tscnfdﬂfeahtpwecﬁchﬁcdaaﬁgiuyesmd ig¥&imed2ef Gk @ard

;]ﬁ%)sk }32/% zi%l?(f q\gm@ﬁ' 1r1]0)l:|a§sho{rvet>1 in IQ/I%I E:Lgl ll}gf’picglbtf),oat go?tror]m anti-reflection
coating layer 430 is formed between a material layer (in this case, the hard mask layer
420) that is to be patterned on a semiconductor structure using photolithography and
an overlying photoresist layer (see step 120 and FIG. 4C below) in order to suppress
the reflections from the material layer surface into the photoresist layer that may

degrade the patterning. The bottom anti-reflection coating layer 430 is optional. In
7



coating layer 430 is formed between a material |ayer
(in this case, the hard nmask | ayer 420) that is to be

W@2i0Ba4718€ on a sem conductor structure using PCT/US2008/064159
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phot ol i t hography and an overlying photoresist |ayer

{ AR ST TerE. P B ETar ek CPupierm i 48 4R, B botiom

t Bﬁlm&k%@%aﬁlgh@é@m@ habrefay, mqrﬁe@netsbelsmxta%ry fBthe
The bottom anti-réflection coating |ayer 430

optnubocrhalent sheamon 6. eBdthel bottorn anti-hiefldstion opating layer 430 has a

aﬂ}lkref act 0on Co@do:(} y not be used. The bottom
PR P P oA E6at 1 fT%ng 430, is present, has a
pao34ness. lﬁp% hotoadTit 18yer 4RO i@ fextiediiy®ithed BRMIhd Bottom anti-

FIG 4B, the bottomanti-refl ection coatln%la yer 430

hagflegtiompeaking é@eb%%fﬁpowms ehgw goF IR ¢6t+ Edweiorgne 3 light-

ARSI, F R Ll ome

1ﬁﬂbtpmask sdimyiglitn IﬂFbﬁE erdbodifbord ﬂreqﬁlbﬁiresllﬁ isa polymeric material.
@I’#§Sen3| tive materi al Feat ur es. or patterns are

{er r ed 16 siafle Tfhbabinglides the sidicpn S‘Hﬁ&?@rf‘d@kthﬁél?’iﬁigm%k
aﬁj@f 42d lﬁleq;b‘%toﬁmﬁfjfe%&hn &)‘aﬁngg ?Eloiﬁ)s h3d the$hdk oresmt la er 440
pol'ymeri’c material. [0035] The  stack 400 that includ
t irepladeldiic dre Iﬂadm;t nea¢ter 2Im,step HéOh dfltht rths kotkcay ent14ﬁ&ctlon

t he botto cti o 4
OB 30 by er - 58 She P in B 3P cbls (Pt §F patemms
2Qf¥ikeRitif PhelHitorediit Sfer 440 ﬁreh@in%féﬁ’eé% iheRfth8GntiaBflection
coating layer 430 is opened (step 140), as shown in

FraatingbayerHé0.f buthe p@bO@lrmq@aﬁhoe‘rmsl K6t fHheaftar the brstom anti-

ferred the bott )
DI ET pelipe BHEE 43R e SR AERERR 40 PatIRlel e sio,
S h@mmmpi layén 424Dvhrhtied pirhef hehbRmasktlhyedecdtit@bottom of the
coatin ayer 430 i s opened, slight recesses 423 are

£ o Mo, thp bas rorslaver Hgd ioneasd (steppb0).ak ishown i1 BIG. 4E.
P4 (kb R PRl P SO RGO Bl o e
( smelpnasﬁoayer 480. Stfcﬂmharﬂ nisiGlayE420T @ présat mlmpld efvened1, 422
photore i st | yer 440 are contin

gﬂlé%&’ﬂt aHtery ﬁ%lnﬁ ¢ empedipenptshepwngp @I(L.‘i ?E,tthﬁél tﬁglffaitures are
”ﬁ%ﬁsf&@é’cﬁ% ARy G ONPf 1438%¢ fHé'HahPJn%le ﬁ?f&f o421, 422 of

different materials, as in the enb nment shown in
F[Q936]1E t hénthishenbekmentes @ree the lzand fresk bget 420(step 150), an
ers 421, 422 of the hard mas 420. [0036] In
g@“%%%?d P AiEd g ﬂlﬁiﬂ?ﬁnﬂ%ga%rr%don@l? P&Y8e &%@a%i’@ﬁr“e
1@@1 CAR;, eReRi A9 A& FedubRWERIF kélree Qms@gﬁégﬂm @s@@ﬁ ®lthe
200. The openi ng gas may conprise CF ,
Aplasma hi¢agkpr 208 gLie FrequeRFY gtsaice €1apBp eg@ﬁém P@ ¥tk lir@ﬁvéfrbly, the
Righ 1o A B bR S o 2R e Bl SIHENG el AL DN
r geq 19 20PME "Pieter Ib‘iyyg THe gh requency RF

P OY&EErabigstha hﬁ%ﬂ@é&:ﬁi&ﬁc}/y RF @atver sdpbn@s RF pewslatbetweﬁippmmately
Preferably hi gh frequency RF power supplies RF
é@g pvag@gl%g%(}p Wb dx ﬂqm{r@glgpncy RF source 254 supplies RF power to the

plasma reactor 200 at a frequency less than or equal to 20 MHz. Preferably, the low
frequency RF power has a frequency of approximately 2 MHz. Preferably, the low
frequency RF power supplies RF power between approximately 300 watts and 1200

watts. The opening gas is formed into a plasma. The plasma is used to open the hard



150 watts and 800 watts. A |low frequency RF source 254
supplies RF power to the plasnma reactor 200 at a

WO ec@guerisy | ess than or equal to 20 MHz. Pref ePEU§2008/064159
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the | ow frequency RF power has a frequency of

appr oxi ely 2 Miz. Preferahly, the |ow frequency. RF

o Ghek Aadip PR RLe e SpERB e e et Us iy flow of the
\/\/@f)&ﬁngggi;g@ Bt LS. The opening gas is fornmed into a

I The

pl asna. plasma is used to open the hardmask 430.
Oh¥B71 he f e&buewenple.sholfpdneing in atshecifiaragipgabyt thayyterused for the

430, .the, f| f i i d. 037
Fapenidiieme Mthad IRy S0 PR i e Sl IO 4E:
Mpbesfife BSEXD thiiT i éheRLM ﬁ’@@ldﬁf:%l{fﬁ%oh@i douresksd aipplyifk 50

(step 150) in the enbodi ment shown in FIG_A4E
pivaks gf BFppwepd Jvi Mbrdraquenaye theilg froquensaddy pRiersenise 254

" PUBIERE o SHEPLYP Boda0alh By ey OUED e Mo
S upppiisen GOT SEcnwaf As, 1D sBfm PO @FY, 28tsc@m M HI: egidercycem of O,.

and t he openi ng gas. flow conprises 600 seemof Ar, 110 .
S8 cF ,Thg CradpiRg @po@pﬁsls,t laygtsandhottogy angi-reflection coating

[ @RRBI3T SN r BB hfalk Bg&t il Shipbay 8tepH9). 205 betit om
anti-reflection coating | ayer 438 over the hard mask

| agtemati2 Oraap eecsivnal ppevd of ik emcl 600 afté tis: pHdtoresisalayer 440 and the
schematic cross secti cinal ew of the stack 40hO alf.ter

t Egtt(btﬂ &Pg—rr%ti cfipn F%%;]é‘llg AVED 43{)] Are TRRORSE t B only the silicon substrate
ani 0 afr®fhkdatd BRKARAI420 rtAYIR! 14 8Fs &hBodiSERY & dtripptHdSoas is
only the silicon substrate 410 and the hard mask layer

4 9lowed i the plasmaiescten ¥l lnwine emioditranp phagjripaisg igss comprises

fl owed 4 nto t asma reactar. 200. 1 n one enbodi ne
AR ol ot P LB TRMIETER Shv Pl e B TR AUER N, 0
Fand exesit®,. A heshsfiddubidy RIF BButcE252 SPFREY 15ih kqhed@$ RF power
NH3, 2, and CO or CO2. A high frequency RF source 252

s thpeirksmairggetar2d§uErisraRly. hsviigh frequchey BF aomsr hasacheguency

2 ' /
B VBTt A S0 Y IS 8 pover s
prefeinabloyatdr eanhirghudlnte Quasidy. Rrerpaverpréfambdy, the high frequency

frequency greater than or equal to 27 MHz. Eyven nore .
pﬁgf@ﬁ‘%%% a HRGIRFY Rrepten a8 e §auat 1B Jreterably, the high

f

%@&%@gkp%o%@ér%ﬁ 1RARTYPovRA BahvekR a@a%ﬁ?@%@aﬁp hi¥d 800

t he "hi gh frequency RF power supplie et ween
appitox Moat plefer@@, thahigh feagdei8Rae wer. supplies RE power at

preferably, e high . frequenc owel_ supplies RF

Dar et PGSt 1o S5 RS, SR BB IEY Treaueney RF
S ?ngletoZﬁélpwﬁma@@r bowy PleRaMaPCte By BONRhcY RFtIer supplies

pl asma reactor 200. Preferably, the |low frequency RF

p &Rerovepy bptvieer ORF 6P waits. biiovieifetalily @0 srall emowasr guch as less
pr.ef er abl ly.a | I._amunt,- such.as | gss than or
i Biilee Mpded I bR R fpplPP o e Babha reacrr

sopp! Megk pefdritgy ploasierd@andyoRF 36@er iVBiishlied ed eleatMsyna reactor
nggéow frequency RF power is supplied to the plasm
r edet or

[0039] The stripping gas is formed into a plasma, which is used to strip away
the remaining photoresist layer 440 and bottom anti-reflection coating layer 430. The
stripping of the photoresist layer 440 and the bottom anti-reflection coating layer 430
is done in-situ. The photoresist layer 440 and the bottom anti-reflection coating layer
430 are stripped away while the wafer remains in the same plasma chamber where the

9



200. [0039] The stripping gas is forned into a plasng,
which is used to strip away the remai ni ng photoresi st

WO 20081147480 and bottom anti-refl ection coating PEHES2008/064159
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430. The stripping of the photoresist |ayer 440 and

the bottom ant.i-reflectio oating | ayer 430 done
| Boup gt TR £t A0 85 ka5 B D aff opened and
a@ﬁdrﬂp @ftaetﬁ& ha RARUARY 4bAWEIped G thé [)h(ﬁ@l%glsﬁl@@é’r 440 and
| e"the wafer remai'ns in the sanme plasnma chanbe
mheﬁt@ntahéﬁcﬂetcann gertingrlafer 480 rreoopddtelygehayask tm:s‘l)avanﬁthe
t har d SE ayer 420 are opened and shortly after
tﬁélpﬂgllgogaﬁas Oﬁpgyer 420 i s opened. Once the

PPE040] esi st Foay@inpld thafllofdigd o Mspdific FeRfge@BAti®4Y be used for the
coating |ayer 430 are cgg‘gl etely renoved, the flow of

t ﬁ@p@tﬁguqﬁ ﬁhq@log%rgswtéa}sqr apd tl{ecmzteqn amrreflgciiop|ceatingyiayer 430
X ﬁ ¥\%dﬂ grbllh% e?nb?ﬁ?ﬁénft S &%ﬁe@lﬁ}s gﬁagre%}’eﬁgsoﬁﬁﬂg Ig,r the high
béetmncaRH pavedr seaté @512 aq)@lym@m(}awauts 3AF ()Sxt/apat 26 HEN

t he enbodi nrent shown in FIG 4F. pressure at

nﬁeﬂwvf andifpe piigRing rgéaﬂ%w&ynmmfﬁowp SegLPER? 23@50% center

hYl'nE 9f gg)sofe%hé %ga@és EBE nBONUET; f@(tl 111%3 t oéersﬁﬂ @Hzﬁﬂfber via two

and he~“stripping dgas flow conprises 1000 see
addfes@¥pathnt @ntenendbdgeng of gas f eedi ng (gases are

ly f i nt |
R o " pdin s i bl RESEuGE ePRb b DdRd e opencd
4QQkdthak 1hy26 U0 @SredQed frbﬂnQH@ pRshg Ha@@o@ 2608 &t N€eatures 411

opened hard mask | ayer 420 is renoved fromthe plasma
r exgcttered 2000 tisssiBeomspytratEd H) threughgha opaned daislaebkilayay 420 (step
t hgsi-i con subtrt t hrou theo

ellg(%)r t{]ﬁde(‘(lg? 1ése fg]”(ﬁtghllf.% epeélgs ‘g fgrpgt Iil%lqﬁzht%ag? S’be
d @Qﬁ&ﬂ SInQHlstehﬁ)oHMﬁ)fﬁlt HeciBE lid @'bsttd’!@ﬂl(blﬁssﬂl&n b giped1Ltdte recipe
In this enmbodi ment, because the substrate 410 is

s Pyifablmfor gichgsilison imateial skquld be chasam| Anfetsh g6 énflewed into the
S' ch %gﬂnf)'&ta%ﬁ 'oﬂg oP Eﬁ)i’é %g%ger a &Qers é& ]Ergecgt%‘cthé &ch cli}amber to

I'nto the et one ofr
RlForpD(she e&hae o ppldsed, hich lngeuﬁti thetch &r&wlﬁcomcsub arame 41 Once

etch gas into pl aspa, which is used to etch the ]
s the Sding 115 mp %tlzaféowaﬁéa Y eeast HPRRS sFléof*éP%% gchematic

t laﬁ)sg E&Woﬁcfd VHJW ofle I@tagﬁngO §ft§1ttHP Peeaglref A (@ ha%g'bbél @tched into the

schemati ¢ cross-sectional view of the stack 400 after
t hidichre aithstrate 440 1d dé¢faneeacheeareat. ched into the silicon

S ate 4 to defi ne e areas. [004 Th

CHRh e hdbe e R Sty d iR el ) A ngrmal
NQFdaRc 19ye9@mp91ﬂgq%&es§tsﬁbmg sﬂ[&ﬁ:ea%ﬁi (IﬁP@'h_? @8y be used. FIG.
phosphoric acid (H3PO4 used. FIG is a

s éHelﬁatSi:ILenmﬂsﬁosgéeqtio@ﬁla‘hew|0éwe@ﬁa0ﬂ<w@0§ftatﬂheﬂn@® mpskdpyer 420
esI lgecaf):rﬁcsitsnnas{f bay tiﬁ 61 1%01? %Sl%sggggrlgtsv&;l{rhgﬁgt%res CrJe’]rln mE he

[0043] In the above example, the opening of the bottom anti-reflection coating
layer 430 and the hard mask layer 420 and the stripping of the photoresist layer 440
and the bottom anti-reflection coating layer 430 after the hard mask layer 420 is
opened are performed in-situ, i.e., in the same plasma processing chamber. The
etching of the silicon substrate 410 and the stripping of the hard mask layer 420 after
the silicon substrate 410 is etched are performed elsewhere in separate equipments.

Alternatively, in another example, all five steps, the opening of the bottom anti-

10



[0043] In the above exanple, the opening of the bottom
anti-reflection coating |ayer 430 and the hard mask

WO 20081147420 and the stripping of the photoresi SPCT/HY®08/064159
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440 and the bottomanti-reflection coating | ayer 430

" herepor Soatge TS 6 RE0) SR s B ek R0 (ep
T'I?O)eﬁféhsltﬁ}gn@% oftthe re?ilzllhﬁig Eh%?bﬂsf alyer m@%ttbﬂﬁantl reflection

strippi ng of har d | ayer 420 after the silicon
sgwtnlgelmeeréti@ (at@p b&Q)hté@I e@hmgpvé tieoti higsuh selbsteaﬁm@]r(é(sm 180), and

arate equi Al ter ive
B E R RER Beg do TRl kg BT e
am04ﬂ§3f | ect mas peQaitiingntiay eppl#3e (HiRP tyld bf ett:ﬁiﬁiﬁ processes,
openi ng of the hard mask | ayer 420 (step 150

s ¥Ghasiviggetehing ped ek aighiee. phian Ryewsf mventay@asmymaeﬁts For
b [

Egngé‘% qpflés l; {f etd St? .‘@gﬁ&h ] v?grtgéueilggR o%r %gg%n:lg only a
a@mjall hmoaﬁtrofpm g ¢quehey RB mdwea&l@ﬂgaye Strr@aﬁhg(oﬁ tlepphotoresist
190), may be daone in-situ. [0044] The present

i }ﬁyémfteaﬁp%ag thehardymagl Premgnt% %é@rdoma%i fEpmggp corner rounding or

p M’;E&ﬁ% €Phe I%H&(Rloﬁsbf Yﬁc@:tlﬁ% 6hing %aMa§H}%Q %Qeﬂsfoﬁhﬂ '&gred{[&e
resent Invention has many benefits. For exanple

h &Eeb@ﬂf trno evtled featureso tHughe;nfgeqaemquRE plgme adyng?ﬁropﬁim higher

or u5|n nl f t he IOM/fre uenc

oBlTerg T e BT br e m o LB S Sefdratures in

atcafar®RRN PGelt he hard mask prevents the hard mask

fromtop corner rounding or faceting. The reduction of
f H&Hﬂ ng of Itt}hlé alsabdemfovkd g thivemnipeadends mesdyiee between

grthfggg S%fte elp gar%h e@(%jskfol%gl%1 grro%g%s £ ngghl S§ clearqqllgeo%c\fllan&ger with
p@kmaﬁcsn aﬁlﬂﬁabt i performdde kekysl Eﬁ&ﬂhéld@d‘)f feh@oredl€dne During the
features in the hard nmask |ayer. [0045] It has al so
béleAning fprinxoniaHIiag polymer denesitetrgumiraad an eectooy plbafier

f
AP0 AIS AL BR ARATORI AR DEREF Rt afs oy
| svafiey Werdi@airtgis kegired periodisiligebyafissembtihg the(rlemr parts and
During the cleanin fl uori ne-cont ai ni ng

dé%gl?lpg the contagrag %j from the stases Halcretan Ras nﬁ‘lquld solvents.
PR §1@L§ sthipp 1%% f tHe \Sﬁﬁiesmlt\llzgﬂp Hﬁ@nd’é@ﬂ@ fﬂegrf‘ fime le@iteR gvét %leamng

per f or ne ter ery waf wet cleaning is required
pbcaa@@h loh styippingdind sérabinigige thwesameawtdatlop ahangisandConsequently,

ubb| th tam nants fromthe fac

- BecRor By PEPEaH G i ool RLHPS: T4k Bt & froppieager vall
ognﬁngsgn@&gk35|st | ayer extends the nean tine between
wet cl eanin ecause both stripping and cl eani ng use
t 046hne ox %’ﬁatq tbm igyeatios hasbeegolasaipad i wyms phseveral preferred

p(rgrsnk cklllmen S th re ]Ftera 1oensI gesrue%atlcofal%‘l Seddlp atf(J)(I)ls yan various
f es peer e romre or wal'l""surfaces

I egbiciade ecilﬂ%@its Whl&lﬁfaﬂlhmﬂlih FRERbHODE thﬁinhﬁlﬁﬁn. It should also be
described in terns of several preferred
noted that there are many alternative ways of implementing the methods and
apparatuses of the present invention. It is therefore intended that the following
appended claims be interpreted as including all such alterations, permutations, and
various substitute equivalents as fall within the true spirit and scope of the present

invention.
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enbodi nents, there are alterations, pernutations

nodi fi cations, and various substitute equival ents,
wariosh47ad | within the scope of this inventi onPCT/US2008/064159

shoul d al so be noted that there are many alternative

ways of inplenenting the netﬂods and appar at uses of

the present invention. It i ef ore i ntended that

the foly @uihod r eletachdl iR sBRoh MyRE RbBIpEWingS

including all such alterations, pernutations, and

var i ougorsubg s handtreaskdayev averthg silisorf ayér; wi t hin t he true

spirit . and scope of. the present invention, CLAIMS 1. A

ot hod 807 ARG pbATereET R nat YRR IR ayer
5 conpriskagnggknhﬂgmgg@@yagmmsk | ayer over the silicon

| ayer; formng a photoresist |layer over the hard mask
| ayer; S%W@mgﬁge phrdongaipidayss¢omRsEe  and stripping the
phot or esi st i.Sj.ng providing a stripping
gas; forninghgxﬁﬁégggﬁﬁﬁkﬁkghe stripping gas by
provi di ng afdrnghg & prguemdth (REstpippiig gantly ardviding a high frequency
frequency RF power, wherein the | ow frequency RF_power
h&E ROWso ARG 2 feve Ereqyeany B Roster svhessig the oppirergieppeRE power has a
ShoiPPEGn AR50 WARH Ll photoresist |ayer is stripped.
2. The method, as recited in claim1, wherein the
openi ng t he stoapidg teeskrippiye gasawbiert the photoigest hagert ikstripped.
phot oresi st |layer are perfornmed in a sanme chanber. 3.
The metheehetlasl, heetitebinichimnly wheesinthealpaniig tHe Zwrd mask layer
wherein the | ow frequency RF power has a power of O
waidq theptripping the phefgresisklayercire gerformedy aga@e shambesi ng
1-3, wherein the high frequency RF power has a power
bét weedha pisthed aiceltsd ingoy wae pkclammes BAowheieinghe Bw frpguency

0 itedn . .any one of clains 1-4, wherein

15 t tglhqogvgeﬁ %?sr i gwér oq Olﬁlxﬁatg

equency ower has a power of

Ay ondPRrRglog: Rt Ring paf A ORE L1 pBiteg HhRbE teluency
C QMY hadd ]fad)\e@%tve&% PPoxRAEKL DY WAtRMnH 860 SaYP
consisting of O, N, and H2. 7. The nethod, as

reci t eghi hepldal M ﬁcité’éﬁ%ra%'& Rnk BEcIginfd PRI WHer8RAShE K, h'ﬁ%‘&luency
conpri ses hal ogen. 8. The nmethod, as recited in §ny

oR¢ miwec had apoviernf appoxenately300varttd. mask | ayer is
silicon-based.

20 6. The method, as recited in any one of claims 1-5, wherein the stripping gas

10

comprises at least one gas selected from the group consisting of O,, N», and H,.

7. The method, as recited in claim 6, wherein the stripping gas further comprises
halogen.
8. The method, as recited in any one of claims 1-7, wherein the hard mask layer

25 is silicon-based.

9. The method, as recited in any one of claims 1-8, wherein the forming the hard
mask layer comprises:
forming a first layer over the silicon layer, wherein the first layer is SizN4; and

forming a second layer over the first layer, wherein the second layer is SiO..
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9. The nethod, as recited in any one of clainms 1-8,
wherein the formng the hard nmask | ayer conpri ses:

wo ooositegs@ first |ayer over the silicon | ayer, PGITES®081064159

10

15

20

25

30

the first layer is Si N; and form ng a second | ayer

over t first layer, wherein e. secand. | ayer is .

316D e webiageprisitecti WOt abRimal S Efrthe g the hard
1nfsk Ve &npridde opening the hard mask |ayer conprises
providing an opening gas; formng a plasma with the

openi ngrayadingyn ppewingigasy a hi gh frequency RF power and
a low f.requency RF r; and st i ng .t he opepin a
when t g up iy oy opdiig gl Pragaingg M EERAgnOdRF
I @6ivkethd oM yeqBheyORF pbweand - 10, further conprising:
formng a bottomanti-reflection coating |ayer over

t he haP@Ppiasihg eRpaingaag vihsa dic hasd mapplayeids openadayer ;
openi ng the bottom anti-reflection coating |ayer; and
stlti ppilhg nteblwdbat teonedaimtany oaé beciningnl -¢.dtither dompesising:

12. The_ net hog as recitﬁe? i n %J ailm 11V \émegei n tpﬁ d
openi ngomg% PR AT T HEHPRELTDS 1RELP H Y BgTdpmasg fyer an
ORRHYr gk %H&oﬂ@ﬁﬁtdaj?@?k | ayer, the stripping the bottom
anti-reflection coating |layer, and the stripping the

phot or es¢seg the pertomraatigefedsiomeaating laygamd chanber. 13.

The m%&gg%%gﬁ%%ﬁ&ﬁ S&i{re!he%b@%e !gc}ajci%% 1%;%?"@ n the

strippin omantire IO ating layer

C ri ses: providin str.ippin as;, formn | as
witeh t A8 mefonl prstlebinlAinl R, et e gPbiing FrshaaliArt-
RiefROUSH califlg FayeP\Whd 6RAUBNGY hiXd W] yer WHE E@ipPinigiRe b&Wm
frequency RF power has a power |ess than 50 watts; and

s eefpifirgtiomeoasing ilsi.rigd dhaesstupring theephetarestyhlayer are performed in a

ant|-reflection coating layer is stripped. 14. The
né%[h%él%nlébse%recited in any one of clains 1-13, further

c rising: .etching. the si.licon. layer: and.strippin .
R8P bt el By Pl R, (0 Ros ATl o i b PRyl anci-
f ramectibecominh 0l ePtompiseene of clainms 1-14. 16. A

met hod for etching features in a silicon |ayer,

conpr i $Iaygding a stripping gas;
forming a plasma with the stripping gas by providing a high frequency RF
power and a low frequency RF power, wherein the low frequency RF power has a
power less than 50 watts; and
stopping the stripping gas when the bottom anti-reflection coating layer is

stripped.

14. The method, as recited in any one of claims 1-13, further comprising:
etching the silicon layer; and

stripping the hard mask layer.
15. A semiconductor device made from the method of any one of claims 1-14.

16. A method for etching features in a silicon layer, comprising
forming a hard mask layer over the silicon layer;
forming a bottom anti-reflection coating layer over the hard mask layer;

forming a photoresist layer over the bottom anti-reflection coating layer;

13



formng a hard nmask | ayer over the silicon |ayer;
formng a bottomanti-reflection coating | ayer over

W@ b@shsi786 mask | ayer; form ng a photoresist | ap&r/us2008/064159
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the bottom anti-reflection coating |ayer;opening the

bottom anti-reflection coating |ayer; opening the hard
mask | 80gHng bE hofpm At R e LoRA R ST of | ecti on

coat i ngpdAYethe HAMPIA AGr; and providing a stripping
gas; formng a plasma W th the stripping gas by

provi dtigpagthgbotfane quteraflecipn peaing layied cemprasing; and
frequency RF(pqﬁer wherein the | ow frequency RF power
has a pomerpfé% n%ﬁﬁﬁmggwﬁﬁ?ts; and stopping the

strippi ng gasmithen plab@a PHOL8E eSippingl gy BY piovidihg hng@c{frequency
stripping the photoresist |ayer, conprising providi ng
aR&tnavsp R a e frequangy BY powsakhmeiithglophiseqiepe R F pgwer has a

g rovi g ihgh frequency RF power and a | ow
f?ég%éﬁ%?ﬁéLg%g%ggﬁngherein the | ow frequency RF power

has a power stopping tiadiripflngvaid wherothd padtoppisnyeinie stripped.
stripping gas, when the photoresist |ayer is stripped.
17. Thérpamgdhe phtoresst layd:. f9MRIIS#Sm 16, wherein the

openi ng t he JRRL&iRM apthgfdsection coating | ayer, the
openi ng thepharé %%skﬁka é%}’the stripping the bottom
ant i - r ef | ecforonngoatasmg widntbe strippohgtgae by pravppngg highefrequency

p oresis ayer are formed in a fjrst chanber.
DY G it nlY Pl ExRT S b iRy 8 pgyer has
f?B&Q@kﬁgﬁgp5@§hagaggching the silicon | ayer; and
stripping the hard mask | ayer, wherein the etching the

silicon | ayetopping thensirigping g when the phetotesishkiye iayeipped.
are prefornmed in a second chanber. 19. The nethod, as
r é¢i t edhe meghwg, anecivdd ial ckiimsl 61 6hi&in thh @pening theeboktom anti-

freguency RF power,K has a r of watt, 20. An

B St oot e VB L ot BaciTp 1846 th ATipaipEthe bottom
Va8t clibe cStinb ¢8R | AN fie dtSpMALele pholRédscTRRK aledéformed in a
which in turn i s under a pho?ore3|st | ayer,

conychanbyy: a pl asma processi ng chanber, conprising: a
chanber wall forming a plasna processi ng chanber

en8l oslhemethod, as recited in any one of claims 16-17, further comprising

etching the silicon layer; and
stripping the hard mask layer,
wherein the etching the silicon layer and the stripping the hard mask layer are

preformed in a second chamber.

19. The method, as recited in any one of claims 16-18, wherein the low frequency

RF power has a power of 0 watt.

20. An apparatus for etching features in a silicon layer, wherein the silicon layer is
under a hard mask layer, which in turn is under a photoresist layer, comprising:
a plasma processing chamber, comprising:
a chamber wall forming a plasma processing chamber enclosure;
a substrate support for supporting a substrate within the plasma
processing chamber enclosure;

a pressure regulator for regulating the pressure in the plasma
14



a substrate support for supporting a substrate within
the plasma processi ng chanber enclosure; a pressure

WO 2ahet7e¢ for regulating the pressure in the PCT/US2008/064159
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pl asmapr ocessi ng chanber encl osure; at |east one
el ectrode for EéoYiding power to the plasma processing

c REE I ERMPSLEE 98 sust ai ni ng a pl asma; at | east
one RF poweh BRHIAE cREGS fof BlovIiELPRRG!S thel RadnhtepBbessing

| east one el ectrode; a gas inlet for providing gas
i chambdiengbagerforprsteimsrg mpglaghainber encl osure; and a

g out! Lk BXFRNTIAR, 935 GG PhBSIR g e o

cerbesdd;on with the gas inlet, conprising: an opening
gas source; and an stripping gas source; and a
control | er @At Matifgvidigraas irte thegplasyea prasessiggchamber

aggﬂégﬁéq%dleast one RF power source, conprising: at
| east ore processor; and conputer readabl e nedia,

conpri si ng: aganputiee forfezaakihg gaoiemftin plapanprogedsing chamber
hard mask | ayer; and conputer readable code for
sERSIPM%g the photoresist |ayer, conprising conputer

read abh%a& Qeged Rr1Rd O rdbdch @itk e RRIAIG, SdtipriGRETPUL er
readabl € code for formng a plasma wth the stripping
gas by provadopegniag pasghufceegudency RF power and a | ow
frequency RF power, wherein the | ow frequency RF power
has a power P SSWPIEHAS B GaPd: and conputer readabl e

code f Qloft@RP cHSrdIRB1ySdnhBREND (BABa\dBRctall8 the at least one RF
photoresi st layer is stripped.
power source, comprising:
at least one processor; and
computer readable media, comprising:
computer readable code for opening the hard mask layer; and
computer readable code for stripping the photoresist layer,
comprising
computer readable code for providing a stripping gas;
computer readable code for forming a plasma with the
stripping gas by providing a high frequency RF power and a low frequency RF power,
wherein the low frequency RF power has a power less than 50 watts; and

computer readable code for stopping the stripping gas

when the photoresist layer is stripped.
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