HARDVASK OPEN AND ETCH PROFI LE CONTRCL W TH HARDMASK
OPEN BACKGROUNDCF THE | NVENTI ON [ 0001] The present

w0 poodnsicom rel ates to etching an etch | ayer thporyb2088/062411
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mask during the production of a sem conductor device.

More specifically, the present invention relates to

et ching high aspect ratio features through a hardnask
dupiAiSDAES r(ﬁﬁmt' ' ?«’fyﬂ : %h“
Duri ng semlgon uctAol?BmEg%l?qﬁ%gggg%(gﬁT eat m}l[gf‘g‘? e SK
sem conduct or device are defOREN by a patterned mask.

[ 0003] To provide increased density, feature size is
reduced. This may be achi eved by reducing the critical

di mensi on (CD) of ghe bRSe THE ISP GENI T €S

I mproved resol uti OH—FM h aspect

r §000d] f eat uMds pidRedrin@inibn kdytes to achivg sin@sk 1dyaydroughy mask
be formed over the etch layer with a mask over the

hardnggr predpstion pha seairendyistor Beies - Mayretperiéispldy, thegaresent
e bt R B0 R 65 [ PR RAER S RO IR curing e
t ypoduatidryofl sealicthdactar gaiidegr ni ng resi st |ayer, a

spi n-on-glass (SOG interlayer, and a bottomresist

| gg;g)g] The @yﬁng rspmwgnqhggcprswafpragr@?esp,tgg, figatuges of the semiconductor
phot.oresi st.. The bhattom resi st |ayer may be a

s%ﬁ‘fl ee?rgéise%%?do%yna Pal(l)[ferrﬁle orPasz(pun_- on carbon film SUMVARY
OFO0DSE | NVENDI Vil OR Rk setiadeasiby, gveurt REe fiofe@@@idnahaday be
in accordance with the purpose of the present '

i adiaetaddyy, reduonng the drifienl denersiang Gih of thenfeptayasr whigh reqires
substrate a@godi sposed bel ow a hardnmask | ayer di sposed
b&MBW'E" HaSK"PY provi ded. The substrate is placed in a

Plesoap pr Oc@ﬁﬁirﬂlﬂlgqh%ﬂﬁ ect rhR8 (AR dk@Y8er] Shardmask layer
opened by flow ng a mask opening gas with a COS or

C81ayhefomendt ovienths etdhdaydr agthen whender theftordrandy layepl bosarilition,

oA et s e GASet B (P TER or et e T ey
t Rerf&ihtincs BYSI déhEQU Mulﬁ&%y@@ﬁ&‘f@%icaﬁ@@nﬁ?dég @Keﬂnﬁlg resist

renoved. [0006] In another "mani festati on o
i tayentispim-oraglaet (360 fioterleyar indg tanttoet hist lay@r The @attening

substiae and di epoced, belquwa hardrpsk Laver, disposed.,
film, or spun-on carbon film.

SUMMARY OF THE INVENTION

[0005] To achieve the foregoing and in accordance with the purpose of the
present invention, a method for etching an etch layer over a substrate and disposed
below a hardmask layer disposed below a mask is provided. The substrate is placed in
a plasma processing chamber. The hardmask layer is opened by flowing a hardmask
opening gas with a COS or CS, component into the plasma chamber, forming a
plasma from the hardmask opening gas, and stopping the flow of the hardmask
opening gas. Features are etched into the etch layer through the hardmask. The
hardmask is removed.

[0006] In another manifestation of the invention, a method for etching an etch
layer over a substrate and disposed below a hardmask layer disposed below a mask

wherein the hardmask comprises one of a carbon based material or a silicon doped



wherei n the hardmask conpri ses one of a carbon based
material or a silicon dopedcarbon based conponent is
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processi ng chanber. The hardmask | ayer is opened by

fl om ng a hardnmask. openi ng gas conprising an openin .
cbBR g?&edﬁpmat)nqné KSTOBHE of I Stk 1S R dp o g pafocessing
aBhAfskrt iThe n@lin@B19E: 163 eﬂeatbg ﬂﬁﬁnghﬂmaaba g gas
formng a plasma fromthe hardnas peni ng gas, an%
stopprisigg tinepddinycanipdnast dfar thastsine @b €3) GQ.,g%s or H, with an

Features_are etched into the etch | ayer through the
hatdifue Rt COR O™ ke ditadle FlasTis r. fpRag Piaﬁmégﬁ%fﬁg}e

g
THRLLAR Sl 2 ARy USLSE e 8 LRy O
overetéhed Uls tthicadteh lagepthouigh elek. haftheadharthedakinhay és ren®ved.
di@ﬁpsed bel ow a patterned nask. The substrate is .
plUOdl i n alppropthes mandedtadomef the Hiystion, Taeethed 9raRging 2
| . . : .
P IERAR D L D0 NRLATRS SRS UMRRES roviae
f Ohehagnasiplagsing disposaditetvhapasradd @peni T sgbsrat@iRlaced in a
stopping the flow of the hardmask openi ng gas. The
h&lagra Proceesjies chagipeh el haaltfedmpskalapsi @h@%ﬁ@eé’ By Bgringoy hardmask

A I IR S
maidh{ @8 hatdn@Rk operdifgdsnMeNdtoing the TRENSTthE BiirdBRSKb PGB gas.

sgynon carbon layer 1n a nulti-layer resist mask
f dherbardenslalyet By baypede efanorghaystrathon; er madaniepreed carbon,

TQS%%'I{a}dn'la%}é%r %ﬁiggifg%ste%g\éaéu h%P@HﬁHS%)J he spun-on

car ayer, nmat er al -l ayer di sposed

OYEU08] he s PuNarihe dioresth@NES, the et h tn@dtRRDfoBSding a spun-
di sposed on the oxi de-based naterial |ayer. The

s gbsaiban éayesingl mekidlayer resig|maskdoprasicasa ai¢h labeirayer a substrate is
The qf'd nmat er i atterned, us

i,des bas | layer Jis ing the. .
oA B e aRC- e e e BNy B P o Mg e
UBhded nb A& i ddyeLiipske@ sl Elahd Mo @8I 18Yer] MEH patldhed mask
fl ow ng a hardmask openi ng gas including a Cté

cdisporedion thaoxde-hasedinesatenial pryer eBkd nsiciaimodacedfion plasga

a plasma fromt har. sk .openi as nd st oppjn
CRBPT O PP i ek sh Bt B pa e L Batemed
ORRRk."ThIGhnBHYcak BUnt 1RS id Hsdnbd ﬁsiﬁ% theFRALHEE Sx 1B RR material
etched into the etch Tayer through the opened spun-on

ciaybo by flayeng a hardmakleppenitgegas andleding d CE}uepnaponesalribtorthe plasma

Iaﬁfr may .be renoved in thefchaﬁgﬁg. OEOQ%gIn anonp%r .

RHICE S UERR B fOTHRS { AR COR! N5 RaidsiF QPeping gy and siopping

e b A oPing haRBRRR bpéRkd gasf. e WalfndsR oBEhifE 4% thay Birther include

above a substrate and below a carbon contai ni ng

hérd ﬂfaakr_eb mayWeg:tmé kntp slle_rﬁtdv]aglﬂcthroAgkn thesypengst memi qagpon

claber, leaprouided. comprlsing 4 chanber vall f0 Mmber
[0009] In another manifestation of the invention, an apparatus for etching high
aspect ratio features in an etch layer above a substrate and below a carbon containing
hardmask below a mask is provided. A plasma processing chamber is provided
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 processing

chamber enclosure, at least one electrode for providing power to the plasma



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

WO e@alidtedr for regul ating the pressure in the PUHESN08/062411
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processi ng chanber encl osure, at |east one el ectrode

for providin ower to. the plasmaprocessing c er

e HECICS%GE%&FBW%CE‘?Jg%%Hﬁ fRESUS9MEE ﬁﬁ?asﬁl@’ ‘Iltj%?é? Oﬁglglgbﬁﬁwer source
Y Qlé@{ric%@y&&l%e&l:@ & tht GAleh¥ oROBREGIRI A LA e fﬁiprl)ﬁﬁﬁl? gas into
one electrode, a gas inlet for providing gas into e

p tlegiiasnpr poessing ghahbarizacloane| andurgas oathet far gxhauvinglgat from the
for exhausting gas fromthe plasna processing chanber

e REPDHE RFECS A GARMOGY FREOTIE | A\ 2Y e o HREe CBRNSRDR With the
¢ ' . g ing

L 5. 08 L0 OB SR RESRL LG EORBA Rl angan
cadditiot $iicec dhtomtdlzbtyntediablgcbatkctad tb e gasoswoelrtheRF bias
the RF bias source, and at |east one RF power source

afiehreD Apf ALleast ane REpocp gt Bieostrisai leashpra Ripcessor and

; . he ghbe .
e R e d0E LR PH G A TR RIS
C eadtibls icodr oo bpeiigy the dadiabisk 5o eomprisihf owip@eareadable code for

har dmask openi ng gas conpri si.ng an openi ng conponent
ofloging BBYHMEHEORTNING 825 COMPriNDS AR PPIPNT $HPRWREL Y3 IFRHPne of
C e [ o g
;RIPEGEM JEHL S5t e bk, She @ ytln SRl 05 o

r €3d @hethe additib o sofred Mt e plphashBmbe orhpaehaidhitisdode for
openi ng gas, and conputer readable code for stgPB{ngd ]
aple code 1or

t FEmfinghPlspma fenhihe hawlaask paening stfadnd ¢HmpiiRiapa

 OUTEL R S0 A8) il 0B ¥l

C echeurt Ointdthe etclilngr 8togitciie BasinfakiereohlpeiskeBm@atr readable code
source, conputer readable code for formng a plasma

f forarevidingag gtaass frgnvthe sHhRae For ek gabPeet wadatigeode for
st.oppi n he etch. ga and conputer r abl ode f.or
 ERBOhRE ol RFTnBERn ROcof RO Er b ARG FEPae b fre o

Okad, ARd totMBIREl @RdabBlcclp P& @indSinkhe RirgMbdg an etch
Igger over a substrate using a nulti-layer resist mask
f

HOY t her doanatler pragidiesteidon afttbe mykention, ay epparatys &ir etching an

oPEh S eI B R L B BRRE D AR maghuPRir Eotel ipprovidea.
t e SRIMLI[Rr £31PAAsK RYRHes AGFindoRAtBRI 18RS MR on the etch layer,
di sposed on the oxi de-based material |ayer. The

appaxidtibssasdongreiigdsyen dppastwngho spwsimgurtedrdairer andphgatterned
pl asmy. processi ng .chanber incl udes chanber wal |.

£ GRE RisPrep oA 4 oBe g mayc i St ThsrhPagleomprises a plasma
fﬁ@%&gsﬁ{gech%%sp FEhef RhsnSHRBELsEinE ShAnBHISdI L@@ WainBbMwall

e plasma processing chanber enclosure, a pressure
r égulieg oplafmn prasgssieg ¢hagbehenchrsess asebstmatetsmppt &8 wapporting a

prqgessiqgrc amher encl osure aﬁaleﬁst one electrqge .

1 SYOSHAB YA § RGN RIGOTREE ShyBPRY <BriBRas) Mg suffagditor for

eRGHPRME ehed BEssure in the plasma processing chamber enclosure, at least one
electrode for providing power to the plasma processing chamber enclosure for
sustaining a plasma, at least one RF power source electrically connected to at least one
electrode, a gas inlet for providing gas into the plasma processing chamber enclosure,
and a gas outlet for exhausting gas from the plasma processing chamber enclosure.
The apparatus further comprises a gas source in fluid connection with the gas inlet,

including a patterning gas source, an opening gas source and an etch gas source, and a



sustaining a plasm, at |east one RF power source
electrically connected to at | east one el ectrode, a
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chanber encl osure, and a gas outlet for exhausti ng gas
fromthe Ia processj ng chanber e ure.

aﬁﬂaf%l{lag t{ﬂmﬁ]awoew&ﬂ Qe HSgaurced ?%E 45 SPP{anand at Jeast
CORARELIRr Ytk IR PR ofldHiflluddsE ie‘d&' dnd ?od%@s‘o} Qﬁc{‘&&ﬂputer
gas source, an opening gas source and an etc gas

sotadelde needch. dbe ndmplitbercadabidt meodik didlydes onmpmkedaatlsibld: bale for

gas source, the RF bias urce, and at | east one
pae\%f‘rrmélg (hecexiderhased gt f@f faéf?r T5iRg the eatterped wage Calﬁeuter readable

P EQ%G%F Qﬁe(ﬁng%dgl‘é QPRHLE Earf)&?fni}ggl lﬁn{getﬂé gatt h& &ﬁﬁ@?ﬁs@ﬁ material

rea udes conput er Fea
p&tytewhich gombﬁsﬂ)dod@ummdalﬁabedd fal ﬂbwa hgiingsk dpening gas
patterned nmask, conputer readabl e code for opening

t he
s psRe %Qpéoqmpgyé@t ipfsi thgplapraa B%)FFsér%é@a@J?Frd éOIBH%téeradable
L R e S

C ooqrofioe Blbppmg Chet fivaw pf e Mardniak e&hinggas) hahé)ecﬁmpu:témnaanable media
readabl e code for form %rlg a plasma fromthe hardnask
opEHieh gogREses éﬁ@%‘@ﬁﬁ’@fi dapetehiag fatyret inks g stahdayer
e
Db Sl T SR BT SR Rl coe

Cc 6steprdddingtaa Rtahgrak E@hlithe stchriao sdulree, ebmbudemeaﬂammmghr
t he opened spun-on carbon | ayer whi ch i ncl udes
c &rpuRet Plagaa dsnethe sied g rang complichipagdable eeds fghstoppingthe etch

L

r eap@bhethe @derhed sginofdangort lgeret ch gas. The conput er
readabl e nedi a al so conpri ses conputer readabl e code
f 011 knovi nghessangdthes fereeresplshe QWS@Her\@ﬁtlplayfel& be described in

I[(rr?{g)lél et%lﬂ g’lo]wl mSIéocgeE% e fdgg%ilf)rtlﬁrsl rorgghe 1?1 n 10% %e n conl]uﬁlctlon with
t e fdebwin q;gu@@scrl ption of the invention and in
conjunctlon V\Aththefollovvlngflgures BRIEF

DESCRI PTI ON OF THRI

W %h%eﬁ?ﬁtﬁﬁvteﬁ g ¥s 1@’? by ‘F?r:‘g"fgéa‘éwgaﬁﬁ% e by way
dbanmnESorR Ml tHe T g s thd &@o&ﬁﬁ@??&ﬂfﬁwﬂ%@%ﬁ@ kSwhigh @ike t&@erence

simlar el’ements and in whic IG 1 is a high
| eveskraty refer ¢hsintilapélemants mhd di which: of the i nventi on.

FI G [ S Vi ew asma . '
D1 g Effirbisr HRAEVRHy b e RERERT g the invention.
mﬁ | EI S‘u Ftl(g’bé?’é a%gfrlérhzﬂﬁt Vidlh ©f § pRRHR Pr&les¥StMber that may be

used for etching.

[0015] FIG.’S 3A-B illustrate a computer system, which is suitable for
implementing a controller used in embodiments of the present invention.

[0016] FIG.'S 4A-E are schematic views of a stack processed according to an
embodiment of the invention.

[0017] FIG. 5 is a more detailed flow chart of a step of opening a hardmask

layer with an additive.



i mpl ementing a controller used in enbodi nents of the
present invention. [0016] FIG'S 4A-E are schematic

Wor@883170 a stack processed according to an enbOOUK®N$/062411
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of the invention. [0017] FIG 5 is a nore detailed

L@(ﬁgi P? Ir f/e f(é?ﬁ%}aesgh%at%pq?gslsgsegt&{@ dyrgzosflélnleggnel}r)le of tn{]ultl -layer
Ch&pe masie ({(fﬁl@élon\ég%\%hqg e?@orﬁﬁﬁ'mlaesu%trdw cc&ﬁ){&re with one
resi st mask formed on an et | ayer forne

saimbbdiateat ofithapoeedameation.t h one enbodi nent of the

present invention. [0019] FIG_ 7 is a high level flow

cHHPl of o FF@ckiss Hgh eveliqng chast %801?{01:%9@# etehipgag etsh layer

a trat

R o A oA e P B i BR0h RAaddd i i

[ @mBOdinfehtof the iveatischemat i c vi ew of a plasm

proceSS| ng chamber that may be used for opening and

el0R0hg i n HEEot darmckematicyionef aploapErfesdsg ¢liqgber that may be
p Nt j.0

c Pge;igfg}s e%e%tfr(%qe{nld e@chné‘go 9123%%%15!11%6 v? ﬁ1 &Tc‘e %b%%*lﬁ&ﬁ olf ?he present
caratiod.ayer after the opening process in accordance

w th one enbodi nent of the present invention. [0022

F[QQZle is E@c%tﬁ&?tﬁcbel@ﬁféfs@m@e@ﬁl@?ﬂéwlew ‘éfvth@PrO[flﬁfeOI] a spun-on
pr.o carbon. | ayer, afte vent i

ok o arRa BB e GFce R0y PGt ol e e
DeGRtRTeatibF THE PREFERRED EMBODI MENTS [0023] The
present invention will now be described in detail wth

r &?(Bﬂbnce t §1G. ey am€b¢reatt<e@0@rﬁﬁgmn&émesv afileg piofileef a spun-on

FSPOMG s a PR DR RRRRp bACeE AR R COP A Sefprgrce
set fort hD‘E‘i‘AﬁMﬁ%EﬁIWI@N IGieTRE PREFIGUGH INiASHRIIARE NY

of the présent rnventron. It Wl De apparent,
_h{ﬁ(l%é r, toToaeresitlihedtipmwilheowrbe desdided ithdetpl watbmeference to

ent| be.practiced w.fhout .so or all .of

R LEE DI e O GRGA eReeR b hSRHte STHR borhaayine dripes. In
pE&%ﬁ@wﬁﬁgQﬁ&r%@ﬁ 0ﬁur§ér5ﬁ’sc§p€51ﬁ§ dB@NEafRQkt B8R order to provide a
described”in detail in order to not unnecessarily

olfscorgh underspindsig rmf therpresmt mnent[omoz{ﬂ‘}vﬂrrbﬁ fparent, thatvever, to one
under st andi ng, F sah| vel 0 art of a
p&&ﬁ%‘i? € ati- Hhat ‘Liﬁ P%Hd‘i“f?é‘ﬂ? H}ﬂy ﬁé’r'c}cﬂﬁ%“éﬁ,‘fv}t oyt sqme or all of
S%Hé%é E;?JcﬁlcVMeEJ‘lsaﬂl StheNink@Y&S, \Qé’lﬁknw}ﬂ ﬁ%eéa% sék E‘QﬁcﬁHP&chmres

| ayer ‘over chis a mask is placed an et
¢ havdoert beat @scnbed in detail in order to not unnecessarily obscure the present

invention.

[0024] To facilitate understanding, FIG. 1 is a high level flow chart of a
process used in an embodiment of the invention. A substrate with an etch layer over
which is a hardmask layer over which is a mask is placed in an etch chamber (step
104). The hardmask layer is opened using an opening gas with an additive of COS
(carbonyl sulfide) or CS, (carbon sulfide) (step 108). Features are etched into the etch
layer through the hardmask (step 112). The features are passivated using a passivation
gas comprising COS or CS; (step 116) during the said etching process. The hardmask
is then completely removed (step 120).

[0025] Figure 2 is a schematic view of a plasma processing chamber (etch

reactor) that may be used in practicing the invention. In one or more embodiments of



104). The hardmask | ayer is opened using an opening
gas with an additive of COS (carbonyl sulfide) or CS

w@ ecashan7esul fi de) (step 108). Features are et cPErUB2908/062411
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the etch layer through the hardmask (step 112). The

at.ures. are SSI vat usi n a assi vation
oY ERG: s biae 30 g el HEPighF 406, top outer

ebrlirbt R10688H cdiify Q@Eﬁ%@%sl snd 68RO BRELLIELYode 210, within
renoved (step 120). [0025] Figure 2 is a schematic

vaehmnbmaw@]Hﬁha%pﬁﬂﬂﬁﬂ&ongngh&hhmum¢ﬂﬂﬁhopeannmekxnode206
that may be used i icing t i nvent.ion.
?ro ﬁhey%m%ﬁ‘ ﬁ‘ﬁwg 5‘?4? hé howglrfm or 4pg %%wsvléfgéflt?rbottom
2000 EREREESES0R H0R of A o Lﬁé&ﬁé&&qg 205AboRuAHRTecch

0 a and a

el ectrode 204, bottom centr ectro e 20
bOdabmﬁQOﬁ)Ltaeiubakm 28@)1§&})021116ned/\d)rt toiprof dlecllimmenwa] élecﬁﬁﬂe 208.

A top insul ator 207 insulates the top.centr
eptiepyle t@d@ttpmoq?fl THleel§siede GQ%WC@IP@&“?%@“E@E sulz\strate chucking

b a t
o PR SRt 8, A BESIt Bhel PSLORLL O, g
Akstatraietd80n t he etch reactor 200, a substrate 280 is
positioned on top of the bottomcentral electrode 208.

al |y, A% Spece 84 Berenpeatedeiodhs ptely ecapog 200 and supplies the
' Q&ﬁ 89{ & S@a@mﬁ 9%%18% fﬁﬂé Etrcﬁlﬁ@ac g %65 'dﬂgngﬁ%%ﬁéﬂ' ptdlesses. In

ani ca

| tﬂieéxd‘nﬁp’le,hﬁ% ghsnguich 228 Ybmbiiads &n%@@nlné @Q@Z‘ﬁ)hro% Wasan etch gas
source 224 is connected to the etch reactor 200 and

S BPPES &0, apda §iQhodad: joutes 283 pivhishwrevads bia 2ases ugdd fopthe
eh&%nﬁgﬁgﬁlnm%g% during the etch processes. In this
exanpl e, A

S’ source 224 conprises an openi ng gas

¢ 264, AABaeRFRo@RAS 258 W fiet ek6fatiRIF 3oubd 3, afeba second
source 268, which provide t he gases used for the

hardiptisk Répeniaag S ats elgaacily cantrictes tRitheseielr tracten @00 durough a

fi RE 5 d )
xbtolfr 83 R B0 pa"Sek s 821l P 2Py ARG ANLAI egias RF
t Boured 248 s@RAkADbIAAF powaUuBa sﬁpﬁlﬁe@ hcObih€RF 93 ef @ the etch reactor
provi de power to the el ectrodes 204, 206, 208, and

2200. RigéerphlpghRpias Blirppevep hgs @&n@uﬁatt}ebetmeasl Rito blowe (kHz) and

00 RARRLLE T, BRI R o e R Pl B ey betwen
betmasand sWIHY. He&d mofdiéierad (HOpiRERR pbeet Kas@Mhency of

More preferably, the bias RF power has a frequency
bebm&édwmmkh and 5 MHz. Even nore preferably, the bias

R r a fre uenc about .2 MHz. [0028] The
ATTE b BN &' 985 A ray 86 SOFCRF Apver and
POVRica il s%HlQQ @F%&é?%o gREG S RioPR0e rPréf@raBE)e ! &hrce RF

reactor 200. Preferably, this source RF

power has a frequency that is greater than the bias RF power. More preferably, this
source RF power has a frequency that is between 10 MHz and 40 MHz. Most
preferably, this source RF power has a frequency of 27 MHz.

[0029] The second excitation RF source 256 generates another source RF
power and supplies the source RF power to the etch reactor 200, in addition to the RF
power generated by the first excitation RF source 252. Preferably, this source RF
power has a frequency that is greater than the bias RF source and the first RF

excitation source. More preferably, the second excitation RF source has a frequency



power has a frequency that is greater than the bias RF
power. More preferably, this source RF power has a

WO e@gogmcy that is between 10 Mz and 40 MHz. ROBUS2008/062411

10

15

20

25

30

preferably, this source RF power has a frequency of 27
029] . The second tation RF source 256

g&lﬁlé}sa&rs%e']arhm Peta8Gr 93@% 3@%& Preéfﬁabslw%a sppice Rfgpower has a

S@H &gmggfg@wﬁglto the etch reactor 200, in addition

to the RF power generated by the first excitation RF

sPa036¢ 252. TRe dffearah RE sigdulssmapbie a@pBEd poveeiouk asmbinations of

frequenc that js greater than the bias RF source and

He tpp prd betornp glertrages o Aredgablyethe ipyest Bratearusl (re Riyyould be
- g}gﬁq tfﬁ)&ﬁglli lr?He' b%'&oﬁ?i lé&%ﬁgg ?}&;chat}\}% R e Tk é’ﬁlg%{chééls tPlaced

ter th or equa to 4 st pre
s eichein s poameple ivtbe doftoaguetng ¥leatrodO2081z . [0030] The

different RE S|gnals nmay be supplied to variqus
cfiSilhat i ondherontrplle %%5 Brr@nprstaddmtiey gastspyiged24. the bias RF

A EE AR toe e RARRLR T RRRPRRY gt 0Redln SRAHLR ¥ source

maser Thd ccbﬂ:ﬂongr 2cdvaetoissh@flawed thediticgasiiftolthd Stcle ¥aopk 00, as
is the bottom central electrode 208. [0031] The
c@m 3¢ theegenoragon ef the fderaved f ’foén thedhiga Fs&@HfC@é%Sz@S%%ﬁé the

DL 3305, 0T AR, 248 20l B0 Ll Ble SR BLIBDFE SOur ce

he  second ex0|ta ion 56. The

cgnmpl | er Zdthicoat, g&i , Soifiienidn®¥in®f 202hge piovitle@as ptovide
the etch reactor 200, as well as the generation of the

RFOIFfUW@ftﬁnf plothe pheme lap¢ gasRIvhichunageketwag the Sonfipment tings and are
and 210, and the exhaust

ctrodes 204 2 6. 208,
%% ?g% PEH?%? Hu?ﬁis exanpl e, confinenment rings

2@(5036] e proviged 30aRl W ildRuenf donfen ty@dm ! WEicR isAsiEble for
and gas, which pass between the conflnenent rings and

ameplerieniing bd chytrelles 28X headst opeippmofcGadBidiperfs pbthe Present

7 Biveitiot dhie 1, Shchhe DA e B SST oyt Wt SR 300
MOFROBDARE BRAb el sEHEmBY B HaryBHOTEAII8rm FBMAE i3 an

shows one possi bl e phyS|caI formof "the computer
syse@ated@0fcuiOfh printadsercuit heardoamiﬁt enalblymidbedaeyichap éo a huge

physi cal .fornms ran nt e
R SRR EB A S A e R
dﬁ&hs%?g S{RS b @ik dMHES08 UPES bGQHF?sllbeJnd GRTRYIAD. UKL M is a
300 i ncludes a nmonitor 302, a display 304, a housing
SOGmpaﬁdﬁs&dﬂwnwénmﬂﬁﬁdwakemﬁ@ahdnghmdﬁ@mdaamm3u§eﬁmn300

uter-re m used to

312 Di sk 3 [ a
t f@?&? e daf B QIR SRR Ak @9&&33}#)@ BomPY g0 300
FIAQUERed3B s g/s?erﬁ%u§ X8RI RAE v@rla& QF L‘uﬂgkfﬁ&hgnplfo%ssor(s) 322 (also

conputer system 3
referred to as central processmg units, or CPUs) are coupled to storage devices,

including memory 324. Memory 324 includes random access memory (RAM) and
read-only memory (ROM). As is well known in the art, ROM acts to transfer data and
instructions uni-directionally to the CPU and RAM is used typically to transfer data
and instructions in a bi-directional manner. Both of these types of memories may
include any suitable of the computer-readable media described below. A fixed disk
326 is also coupled bi-directionally to CPU 322; it provides additional data storage
capacity and may also include any of the computer-readable media described below.

Fixed disk 326 may be used to store programs, data, and the like and is typically a



Attached to systembus 320 is a wde variety of
subsystens. Processor(s) 322 (also referred to as

W@ 008n367(pr ocessi ng units, or CPUs) are coupl eRCT/0S2008/062411
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storage devices, including nenory 324. Menory 324

i ncl udes random access nenpry (RAM) and read-onl
mEFROPYATY ROAES f%ﬁl‘i‘% (s Eﬁaﬁq&ﬁlﬂ%& pyer ReRpibeY yoaee. 1
t A e Shpidaha A eNRIaoPRE MY fhih 86kl ANRINY . in

RAM s used typically to transfer data an
I appropiddte omss,ibe iacdopoerdied é&c stamdwad favhiones virBat meoiory inesemory

t s_of nories. may include any suitable of the )

céﬁfﬁu{%@m@@awélmw%&% "B 2B8 PHRC cAMPPigsEradplig media

386sckipedbSQwecoupl ed bi-directionally to CPU 322; it

provi des additional data storage capacity and may al so

I pE035Hle any CPU 31eis aboputged readakiteofiagitzoutns devibed such as

bel ow. Fi xed di sk 326 nay be used to store prograns,

d&tsalay 2Rd kepkoardl R&0.gRerse S 12y idereakgrsaside dm gaiayal stbingpéoutput
i .3 har ' i I hat

P UE 3. G128 p i ock B8, ko YRl Rlferophones

i euehmedditive digilaisneshsdiddnicardfreadeeh, diaghket@2G papat, tapareaders,

appropriate cases, be incorporated in standard fashion

a&blaty. syl sernaifise\pr ihandraifng reamnizere Riswsies rgadeks 91 gther

e R REREPP L PhPhu W Ot [ B PRARASE,

t @elecovmhuriéations néthotl honyg mativorkemicese 340 CWitSuch 5 pttayrk

304, keyboard 310, nouse 312, and speakers 330. In

génertage; it reanipmplited thauthedRL sughtageebe infeymation prdhe network,
diS Rl Sue tuf AFSmRAbh Fo th%‘n%fWorié YRR, o%&%o%gﬁ‘ﬁ’g&% above-
touch=sensitive 3isp|ays, ransducer card"reader

magdieibt methoR3RPE. FaliermeaRd fiethodtemtlodirfentSbfthe pRSent invention
voi ce or handMW|t|n% recogni zers, bionetrics readers,

omayteRequte engbitees CPERI 237 maypieanaPysy ameywork ssefupy tbg Internet

to anot her copputer o cpmruni catio net wor.k

& BT Ge R bt XRb T8 SR RPEToh LRk

| p0036{ ace, it ad s BiBORInAhebithapretdhe ifvRhtidH Sidher relate to
receive information fromthe network, or m ght output

i nfmpwtat storage pradhess mathordmputertrhadablsunedumfthgdirfoeermpuger code

o PSR B TR S e G TRl T ke an
Sb@biteHARR R bedBEscQpedTRlYy EXBMEY ﬁn(PcY&fstrﬁctQ@fd&fQﬁé‘gt%HSd@:s of
as the Internét in conjunction with a renote CPU t hat

s Herppsseat poeittioononthey may pe of tediimbywell 8038] andavailable to those
agsti n, .enbodi nrents of the esent inventijon fugther.
r ORYPS (S]]flg in {né)lutegts \gﬁrg aﬁt's péewftchguter—reada le media

C HAkeChutBRAR DI MRE! MR TR indadV&ich QRMHRS sk HMhpy disks, and
t hereon for perform ng various conputer-inplenentéd

opeigatticanpe; ophenl medicasvahds CORR MM ancldadographibédeviideosmagneto-

SRS melliaeh WG R ST S BEhS e’ BYick{aPHE RESS
configured to store and execute program code, such as application-specific integrated
circuits (ASICs), programmable logic devices (PLDs) and ROM and RAM devices.
Examples of computer code include machine code, such as produced by a compiler,
and files containing higher level of code that are executed by a computer using an
interpreter. Computer readable media may also be computer code transmitted by a
computer data signal embodied in a carrier wave and representing a sequence of

instructions that are executable by a processor.



the present invention, or they may be of the kind well
known and avail able to those having skill in the

W@ vpas®ro sof tware arts. Exanpl es of conput er - PERUSIINE062411
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medi a i ncl ude, but are not limted to: magnetic nedi a

such a hard di sks, floppy disks, and magnetic tape;

0 S nedi a such as CD- ROVs and hol ogr aphi c devi ces;

oopt i gal

haE r gv\gr e de\(;fa (:f %Jsfﬁgkeg%lﬁgﬁteh “ggléc%fa I;I/l gglotlr?? [ Sﬁ é Aal@q schematic

Stos e sanidndXBeuitacoppdHgrtack ¢@ieith aycbstias zampbvemthldnan etch
ecific integrated circuits (AS] Cs) progrannable .

| gag% Wiy ipeddedppysrywhiciya hesmartslappivd [ddy proyded pouerhich a

o GG oA A TR N FRSE 1P el i

I embbdlﬁfencoﬂee iﬂmhtlm ehcesubetudte d0bis asiliampudfer andsh&etchihayer

|nterpreter nput er readabl e nedia nay al so be

it eiicleetdis 1%3i€ér$§?H 21 2densg ox ue%%éﬁéwoa Siigle dnqygafjic or organic
P‘p g 18\9 K dleiBedfi@ de&ifal ViRY ﬁaﬁﬂﬂsﬁ ?éreZ@Q% hrﬂgrpﬁoﬁsegalfﬁ&c fhe

Instructions that are executa

phock g $e1s. shicnpikak (U036} silidort &thttﬁiﬂ(&(llﬂ)d&ﬂi sthanehangples the
of the invention, FIG 4A is a schematic
c isBdavsaistat dasay orielof gstlican idisxids based matekiak oceagp sHicate glass, a

S lslﬁ’l%&li Tﬁlﬁrﬁde“@a%ed @@éﬁarﬁi"@ ﬁﬂ:og %Xgli &Fhe b%¥§(f itgéall §1hcon %flrt()j1de

O%S@ed\Mfdté‘ﬂhl,asﬂﬁE&ﬁlK)rﬂab@ 51Bcd31r1ﬁéitbﬂﬁdor ﬁl\y&ﬁetu\ﬂ‘gatdﬁmaterlal In other
phot oresi st mask 420 is provided. In this enbodi nent

ofxarples the dardngsk i ¢aebai insed materiaber 4 siligondiapedompteyialf with a

angbgggo§%&ﬁmkayer 408 is a dielectric layer, such as
“d undoped silicon oxide inorganic or organic

bﬂms] | ow k THE liRehici D4n@tIRTayal 408t hadhatidnmedd 1bay®l mask 416
412 is anorphous carbon, the mask 416 is silicon oxide

( Si‘ewlaced fin ielatchonadsy A0t stedd Ofsi gmasikr 16tiheteheskarayigh ghe

the etch |laver is at,| east f a silijc

o RGeSt e Pl e TN ¢ s p B MG 2P, BB 68 mascars
n k:@)ﬂhpﬁﬁs as @@eﬁﬁﬁ&RC@ by 2 i’ayéirs' (BMIC/@A\H(E)t (Bo&@mb@&iiﬁeﬂectwe
material, silicon carbide based material, silicon or

p@oyulQ/anmméﬁ@ﬂeéllectlmC@ﬂWghﬁﬂlahlsgaég@s twenpen thas type of mask
0 exa rbon based mat.eri

oS O BT B SR o e LB Bo N L SRUSH, Ar and Os
[ Q988bn. The substrate 404, etch | ayer 408, hardmask

| ayer 412, and mask 416 are placed in the etch reactor
2000308t ep 104y hafivesktaykr id Dferies winghe@OB lor 65ghdditiee (step 108).

PEGE o3 o BoR LB A B BV i
( O @S AldiR¥esh %ﬁﬁg 5 ﬁ'g%lta&%ﬁhftf%‘lm&\kzecﬁ%ﬁd ﬁ’q@te{c‘l‘le

Coat 1 ng IDielectric i ve Coating). The usual
gahamlorrcﬁpmﬁ)‘hl $n thypexaofpleyas lopening gas comprising O,, COS, and

possibly an inert gas is provided. The opening gas is formed into a plasma (step 508).
The plasma is used to open the hardmask. FIG 4C is a schematic cross sectional view
of the stack 400 after the opening process has opened features into the hardmask layer
412. Once the features are opened in the hardmask layer 412, the flow of the opening
gas is stopped (step 512). Most likely, during this step, the photoresist (PR) layer gets
completely removed.

[0040] An example recipe for a hardmask opening provides a chamber

pressure of 20 mTorr. The electrostatic chuck temperature is maintained at -10° C.



has a fluorocarbon or hydrofl uorocarbon based
chem stry, with or without Ar and O addition. [0039]
wab@shamdmask | ayer is opened using a COS or (OS21/US2008/062411
additive (step 108). FIG 5 is a nore detailed flow
art of the step of openin har dnask. | ayer _usj ng
iﬁlnctﬁg%?le%@zle SOPETRE 15 A ﬁlélﬁ ﬁ"gl‘*&aga witRmafvely, the
a@féh&bs\f&a hubk QAR 0s b ah&lh 0EDES e %gﬁ’er%%)rode
hi's exanpl e, "an openi ng gas conprising . COS,
atmlnpm&mrebh maanamerbatttl 163€. i/ qyreainigdad of I@(ESOOpE@i mgi g)azscm
is forned |nto pl as 508). The as
B H0 ik at f?él%slpémad%dcﬁ%éatsw@nga Fogthis Sample

S‘?&:‘i Oﬁl%' M AW e e A0RKaE hohnd R

3 procﬂess heés openedﬁﬂ{;\e1 guresrclﬁﬁto t% ha gorp;sﬁlql}nayer
4101)41010 e t eatheatrer@chedrimoapesteldlayer thivaigh ahiaibmskd hardmask
| ayer 412, the flow of the opening gas is sto

( éqygb(s'z?le)m VBl repipR #pssl degrendsy thhge of gpteriah Ewt has to be
pg&hgc[a ﬁ%}rzltlir(éi :@Pé(?g?&ggﬁiﬁeg&%‘?bo f)er%\ly neke r@ﬁ@x@gte]élggésg]rempes
chanb@uirqdr essure of 20 niTorr. The el ectrostatic chuck

tenperature i s maintained at -10 C An upper el ectrode
E@@i at ur e FlQ. HRisrit wheraatigerogugconahvicar ofdhe stack/40G ater the
eI e [ t b
feél %rﬁsoﬁav%tbggn étf: c{m%o dtﬂgfg{cﬁ lellejyreg ?dl)JSrse IS&%S% n%dmg e t%{sg:ame
1 xtdsial énm@p Bt i@myasete prag&usemh@e@ﬁ daybO 468 eNy LeSuitSthe
provi ded. 600 watts at 60 MHz is provided for 52
s edenttydty bﬁtyveetl tﬁheset@mm A8randthremagkyel Ganahbe mré leyp or
renovi ng. t.h har SaAL und 0
Fe%?%’f%% t%% Ye ét élh oul 1fsﬁe e cagk Poayeeert(%q[n&r 34 uflh% the etching
15 OpeRathr&din dBskh lawaros( sge@@usé 2 hardMesk 186dr82 Waedifferent etch
depends on the t of material that has to be etched.
FOYOPTEES thaBFDBGtCK Emekélo&;l ths) atelt layer 40B Srelitinely gtahed with respect
dlffere#él}%{iocess recipes are required. [0042] FIG 4D

ic cross-sectional view of the stack 400

afdoy3] t he f gpbueesnhRN SRS eNtRlFNAHh TthOekh eayst ﬁllﬂy be undoped
| ayer 408. The nmask 416 nmay be the sanme nateri al

ydmdellsqomdﬁcamdeebastd matﬁtple} feieIELS, BRSGet6hy dt@)yelrgano silicate

408. | bet ) t h

20 g (oD BREY: R5Chalies a8t maG T Rgigop St based
ARk, rgﬁic%hxarﬂmcﬂe balkt SRRy RAdSR RIS a@%taﬁ gat@ %mtenaa
etched away during the etching of features in thé etch

| §8044] 408. Betausentphe thwtdwdsfkatmayeue phigvdied(step 116) In this

dlfferent et roperties than the etch |ayer 408, the

e FXHMPlgyAgha &%’8 F@Sgé? %g&eq W@ él{hﬁ REQUQTE Fgh rappeggiure is

t BpifanhiBskoo C. An upper electrode temperature is maintained at 140° C. A
25  passivating gas of 200 sccm O, and 10 sccm COS is provided. 600 watts at 60 MHz

10

is provided. Without being bound by theory, it is believed that the passivation

provides a barrier that protects the etch layer during stripping or removing the

hardmask layer. Most likely the S bonds to carbon from the amorphous carbon

forming structures containing C-S or C-S-S-C bonding. It is believed that this type of
30  compound has a good etch resistance.

[0045] The hardmask is removed (step 120). A normal organic layer stripping

process, such as providing an O stripping gas may be used. The passivation layer

may be used to protect low-k dielectric and/or organic dielectric layers during the

10



[0043] In other enbodi nents of the invention, the etch
| ayer may be undoped or doped silicon dioxide based

woraioensmio (e. g. TECS, BPSG FSG etc), organo- BCT/USHD&062411
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gl ass (0SG, porous OSG silicon nitride based
i con . oxynitride eri

I d |, sili .
gg‘fr%{oia% 6%?@&1%&@?/? A adgligye P?P Sy adi'ﬁ@ o F aripping
; gﬁsetorfﬁ;tﬁé'r rp%\rldcg Y Pﬂ)ﬂctllvgl } Sur lest?iﬁ %ng r&regsh edl wet clean

atures are passivated (step 1 I's exanpl e,
C paorbermypy xsisad aftef the @enmﬂicai of th&"therdeiaek to estoat agy cdmumMng

{ BpeRaPaer Sl Gt ceagna: AlAEa atiengigase
oge%lggal &Ubgh@%&c% ggéletﬁghﬁgﬁatalslgla? v fed stggp tts

rovi ound eory,
I {0048] bel i e\hednd dxainpld) ehepaeaing afak mrﬂtmrmz ifte s Wheldtaar fliuerine is
tha rotects the etch |ayer during stripping or
cRgNsHE tharatsiskof By Brrdmpgslst Agﬂq@éqn? fienePinpeRds able to

] RO s B A o
t nuysr liaspesilddonconpouad, dhaSpan@gﬁ ek afluodisé sérap@nt. The fluorine

[ 0045] . The hardmask i s renoved (step 120). A nor nal
oFHARPLLIRRAsto Be PrapsTingdigrted éé%fdefstﬁéﬁV%@n%gB\?Plé?tﬁgtYéﬁ the

gas may be used. The passivation |ayer
ﬁ%&g%éiﬁsgggto protect |lowk dielectric and/ or organic

d{@i4eTtri c Ry®RIiSortierCMY of 0SS thel sRiPpith gdspréfBRbly comprises at
alternative, an additive of COS or CS may be added to

t Frastsanejoh an@og,al%z poHs. uMqﬁ@preﬁqrwm@ Eriprieg gastqopprises a
SR B Sl REAP VRIS A R Bpsnaneoes O

t Or NemMwist mga @étﬂﬁplﬁ $84 Mt pries béyer wi t hout
damaging the etch layer. FIG 4E is a schematic

ci¥Mtect i oﬁhlllerwemp $ do het pyoEidR aghssevatiohstehar gravide a

l aye as 6] In one exanple, the
oBé TR Oﬁg’ét O'ét %éj@gnaﬁﬁgzsfz%g% ether fluorine is used
deeuaogs on fhend@agipldkheardigskhan BERorpHdut LABSA BEt can

free opening gas is able to open a hardmask | ayer
c oortainrii mtg:onpprstﬁdi intothe anmorpimatsiverboexanphe, Mt peeferakly, the

o BETREEK 1P BrPRR s B e A s b B 08 e pmica
h@ﬁ’erQiep@slt@H e D) ¥r ﬁﬂ_ly B lie }gositgd 8y g@lEr febay erneiiRi4GRamples, the

selectivity to the masSk [ayer. [0047] In addition
t baig@Bslotay@has Iae:ashomcpplpngerga&lqn aed earhblh Yased hprdngels, sath as

| east .one o CﬁJZ BIZ More preferably th

S P RHECH e Gb e bois B EIRE COMpBHOMPLEn B

A'inveM?&‘?ca‘?lrt%fli%E@m Srdert B tH dnly RBeROra8iB Fe £ATRA k& BS) 1erOT

. Most preferably, the stri ppi ng gas conpri ses .

[0050] Preferably, the mask layer is of silicon oxide or SION. Preferably, the
mask layer and the etch layer have similar etch properties. Preferably, the hardmask
layer may be selectively etched with respect to the mask layer and the etch layer may
be selectively etched with respect to the hardmask layer.
[0051] Preferably, the invention provides a high aspect ratio etch of greater
than 20:1. More preferably the invention provides a high aspect ratio etch of greater
than 25:1.

[0052] In accordance with one embodiment of the present invention, a multi-

layer resist (MLR) mask is used in etching of an etch layer formed over a substrate.

11



[0048] O her exanples do not provide a passivation
step or provide a passivation without a COS and CS2

w@eodwstsiwer [ 0049] In one exanpl e, the hardnaskPCHES1968/062411
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anor phous carbon or it can contain Si incorporated

[ he anmpr phqus carbon structure. Mst preferably,

RS e g R ArSFHRBIGST BT Sy mas . &0 tined on
hap QQH%‘yeFEM REmERYR aQRbRfarCdtRM £2ho%ARR F1E &R Ofk hﬁﬁlti—layer
(CVD) or nmay be deposited by other nethods. I'n other

exainp sk 60hmchdedmgsin-dageborh@O@) lewr 606 faorp@neik ¢tch layer
such as a carbon based hardmask, such as anorphous

c gﬁwﬁ,oxeﬂﬂ-%?sg PRECHAL 15&?5&)% iParRsqn tSIPP“aO%‘éﬂIB%‘hlaYer 606, and
c ' i . he f 0 etch
R e A

P{e058} abl y, Fohexamgsk thayeteried nadfsk il ) intgrbeaxpatterned photoresist

Si ON. Preferabl mask | ayer and the etch | ayer

, th
h&RR) Btk hayinge %lh:kp?sg (96 2P d 20 ppef hedidt {nask D may Beaaterned

I r . sel ' . it h .
A B R o MR EbEAPEY Mvilh L EPRRGH HPuimn The o
ebadednaerid 1ayesOECnay be ifade bad SiMstast@y@terial, 00hlds a spin-on
Pr ef er abl )?/]é the invention provides a high aspect ratio

e8bEs YOG laxreyith heyckposs of abgpire R Be mngon giebon layer 606
¢ AR P A R S AT TNEE bl P Bl RO s

t BBo e eseitéd ioméepln-on ha@niidk tSOHAY Elie pRaidhtcalfdaRyeBO&K may

iIs used in etching of an etch |ayer fornmed over a .
s bt ¢ Gikneys@Qf aBowSRe At | Camnpared Mithsuoaphoss sprbex dhihe revious

of t1-|ayern. resist sk 600 for on. ch | r
ool YT SETAR) PR R AR AR R, R Rh-on
Mdhibbn I3¥ER f6:@8dHy spasdoaBNfuting b de@%nBoSd) ki@ Bokar dnhus less
(SOCC) | ayer 606 forned on the etch |ayer 604, an

oRkRRESIyAS SHuAR 6tban i myErPobogrdike fod dissafterHbas puprpbaus

AR G 0 L Bl B R on

examkRer cohenpatibiesN@ehdrbald 168 doaYeRRitian BAbX @A The spun-on
photoresi st (PR) mask having a thickness of about 12

naarbTh &yPRuAR K famed treipg lbe opganica argdizeliarhmatgwal, such as NFC,

vl ot AR AR T e T Rir . Al e e gy -
SO (WHLONTEEIH) B8 OHIYFI-OF HArdRisRy Hhilgbia$Hnl $Fey Co. Inc.,

layer with a thickness of about 45 nm The spun-on
c Mdstbordugh eV A6 0® Kalppdye J bR ddicess Iug. rad divalshe. | Mheetchiaygr 604

f th Lyi i i 604, .
- aratpadtios L RRl ek Sy D BB ayer
CRENRE a kBYIETes SOCTBYANEMSE. Thé BhiskRR$D2 PfayaRAHEdeITBIRMr other
Conmpared w th anorphous carbon in the preévious

silicon-based material. It should be noted that the present invention is not limited to
specific materials of the etch layer or the substrate.

[0054] FIG. 7 is a high level flow chart of a process etching an etch layer
formed on a substrate using a multi-layer resist mask in accordance with this
embodiment of the invention. The multi-layer resist mask 600 and the etch layer 604
described above are used as an illustrative example. The substrate 602 with a stack of
layers is placed in a plasma processing chamber (step 702). FIG. 8 is a schematic
view of a plasma processing chamber 800 that may be used for the inventive etching

in accordance with one embodiment of the present invention. The plasma processing

12



enbodi nment, which typically requires a sputter film
deposition process, the spun-on carbon |ayer is forned

whosfpse7€¢oat i ng usi ng a conventional resist CPEI/ES20881062411
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thus | ess expensive. Spun-on carbon is nore

ke and thus softer than anor us
#%al?eééomwpef%épn R Engs ?@B an BHP%) ﬁgecst)ﬁf‘eé ‘haﬁ er
t Qf%cé@dé”gd%n %@sr Q)%ber}sél@ MHOheXnGaR 9@&% rgabic8heRfedG8h %‘outlet
and [ower coficentration of oxygen e spun-on car
| &Yiehin pmymb@réaasm@chmmb&g 8@ tlor gstirate pO2Hwaith thatstaok of layers) is
mat er.i al, such

able fromJSR M cr

SR {oRaddIPoRt LPEYFH?ISC“%?%O& HEF lowgrét chpdé%%nagmorates a
S ) id

R e e T A
J 8fe 1Meg far, holding theanbktitabee6(2i. Kithe rddveoradie R28 agerpotidel thaypper
be a TECS (tetra-ethyl-ortho- silicate
t eleptiods HYpdisrosehigamediptelyEppatiis th%&PéYef Rlegiregs 808. The upper
t T

e e S o B Sk TR RUASAC Bl sD2 e 8 Bonfined
S prasing vbRinmeo8 460 sz,aﬁ supptied tethe rbnfinedendsiany dlen@ 840 by the gas
limted to specific materials of the etch I%%Sr or the

s a%gﬁer %k(éthrw@@zqas mles (helep)s34a fagad iIndheetoprelesiiogh gisogpted into
Elﬁsrﬁ% B§‘ }ng{lﬁf)]ov%rg Q}gﬂl é tﬁqu@gldelg rodle Sﬂlﬂ%{u«%ﬁ% €

ayer-resi s I N accordance

t hkl‘iau@tﬁb mmetcoﬁ)ﬁnddf}ﬂasmme 840 tHaeughthé torfBi¢@ient rings 802
resi st mask 600 and the etch | ayer 604 descri bed above
ared gsexags pert by thesxhays i RpeReSdhdesideT helPgyg exbaust Bogas. the

o bR R el TR pBARE A i RUREHR, the g source 810

Viempatesa patiedify $k 06866 B MY adhadiek oBefing Bad soiRy: 1@ and an
used for the inventive etching in accordance with one

edtsbgrEantowee $he B}eé@éc%maﬁkmpénﬂpg GRS SOPKeE piaigpkrde a COS gas

processi ngchanber % s con in
a rsloulf([::)% eaP gélS tsour%ﬁé ag 2 thrH%. s so chggnog 6%0w1§ deg%ndlng on

S @i iRnfhk(as AREbeaIThe @H@M&cmmn&ﬂlrm 6 otter @agRsirce(s)
outlet Wthin plasma processi ng chanber 800, the

s§bStsueh @s asuzppmg 1ghs sqecesfontk sgbsena% s&ipping pyecsisses doretbie

de 808. T I de 808
AR R L ORD g R e PR i dlied

(fo05] el eCctAsQab@h I FICTRC RARFGBLirce R38R dMebiri@llytcBnected to the
|1 ke) for holding the substrate 602. The reacgor top

8 hgvarmetrotrpdr 3d% Chanebenppls 881 sutquod¢chs@fidemprsogs 802 the

g <Bieleds BRERHIE hfir KiRee SpEGLRERE sOlziy sl ay comprisea
CONIHD PORBE sdukd2d8 66 A2H 4 ?dt)\kf&esohﬁ% & 2R A ARFBource.

vol une 840. Gas is supplied to the confined plasma
v blitfereni8bMthyation e ofjemnsdingddr chertth timugjéctadgas: paskible. In the

S LA FAETHh GO PR RETIS T SYRTPI 160 4 BAF RO Seris.

| GVRE b§ I AN RREGcHPOGkpb RGBS of Fremont, California, which may be used in
a preferred embodiment of the invention, the 27 MHz, 2 MHz, and 60 MHz power
sources make up the RF power source 848 connected to the lower electrode, and the
upper electrode is grounded. A controller 835 is controllably connected to the RF
source 848, exhaust pump 820, and the gas source 810. The controller 835 may be
implemented in the same manner as the controller 235 described above referring to

FIGS. 3A and 3B.
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exhausted from the confined plasma vol une 840 through
the confinenent rings 802 and an exhaust port by the

we@z2wanste7punp 820. Besi des hel ping to exhaust PEEU§HNE$/062411
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t he exﬂzuzt punp 820 helps to regulate pressure In
' 0 c
tE‘l@éfm (r)tgl g’&@ére%l?eﬁ%%ﬁ A 'h&ng#ag g&lﬁ%@ laygig008 is
gﬁ'&e&ﬁe(ﬁ&t% H%@&t&h&h'ﬁt@ 9856 R @ gaégrrg%— asl"@{eg%%( Any

eni ng gas source may include a
gasnweatiome gaduitablptiooneliihy/ patdieing gaesoxidiibased n{atotal layer 608.
shown) dependi ng on the openin as reci pe. The gas
sOUf eRnsApcarhgn l%trrrtq@érls E@Hﬁpre% thopeh thypattermad e@%e)based

81 BterBlt Be 2508258 192?51%95 Hr}%ﬁ%@é 6% ey & ?g % EtEp, the

stripping processes ftor t

| haidhesipopaéssingottarines CEBonidabH]is ﬁﬁroﬂhmtrfmm titel Kardmask
8, an RF source 848 is electrically connected to the

| ShetouEedBiortbeiBlagns Prochuiisehamiel- A @hsma it fowmad omethe

RO RSTAL L 8833 100 ol 5 PBE L PEL LR QS AR e o
cofieinagindask olykiring @Ml s®PPEd: eln adcdBarldelzvithowedmisditherd of the
and a 27 MHz power source. Different conbinations of

c OFFRERR g Lire tb%wérim@% eRfeIng we fwige nglwlcp Gy s Prferablynthe

t

SIEAERSE oLy RO TORAGL BN SRR OOSafd PR &y Hicihs Ar
Collfeeradil é19ntht mtrdﬁtastEbpemrg gas@adyi ﬁl@llhﬂd: @osWal ledst 3BY 00O, CO»,
used in a preferred enbodi nent of the invention, the

2 NanpiA Lz, andypptionaly A0 CHpr Gdwerey Swithes be adderdo de hapdmak

PRUSTRERI 5731 T: MRS R 0 B 55 B0 1o

C @ gdckabd yardamaect edst @cinnCORpreRUbEE aB4d,5 ©XxIavsh COS,
punp 820, and the gas source 810. The controller 835

P prefarhle et d@ Sem (RS, sAkenpfivehe CQSmah e about 1% to 25%,

ARG S T ar g nEBBul EBO! bl SPuneHiramasi

O%pélfind g@edxmataﬁrptelecipemra PR8mhsk Arhingreddédy Gagtber pressure
the gatterned PR mask 610 using a patternlng gas (step
al

79ﬂ¥ mfipyr. cldwvedastiostnag Cliys t@npftratlgreelsmntalne t30°C. An upper

hi ng/ pat t t h { I
THECkR Py B GuRd sbEIT L e PGk Bt o0 Bhgitn O and 10
t B&npaises pRsl il de- based naterlal | ayer 608 using a
har dmask opening gas (step 706). In the opening step

t BOXThr dmas K1GgEhnsdhgmgtisalyoHugratisngerasseesiguhpienetithd grofile

roduced fr %a mask gas source into the
pP ggﬁépb‘l "B E&8" gP‘ﬁ &Y% &R Opﬁnglgal%%?sl DB g he
har@p&ienPoem: ?&s&ﬁ%nv?e‘ﬁtlaﬁ' P& QRSAEGE, H05. 915 ShWAUNsBBmatic
carbon layer. Then, the flow of the hardnmask opening
gamss-secsipogpady of the pcafde datheespwi-bh cabor idyedafteeatconfentional
t r(;gening process (without COS) as a reference. By adding COS to the hardmask
opening gas, the profile of the spun-on carbon layer 606 is significantly improved.
Since spun-on carbon is more like polymer and softer than amorphous carbon, it is
believed that the spun-on carbon layer is more susceptible to undercut, bowing,
tapering, and the like during the opening process. Applicants have tried various gases
such as CHsF, CH., C;H, and CO as an additive to the hardmask opening gas to

control the profile of the spun-on carbon layer, and found that COS unexpectedly

14



present invention, the hardmask opening gas further
includes O. Preferably, the hardmask openi ng gas

W@ 8131630 essentially of O, COS, and a dil ut arCT/{jaz08/062411

10

15

such as Ar. Alternatively, the hardmask openi ng gas

may i ncl yde , at | east one of 2 , N2, or H2,
ah‘épr&ﬁﬁ thepre © At m@@taa}m&:ﬁﬂwtw@twg%wmwea& COS
t 6 B KR OREN AT A8ShifitdhiId R bRELI ARt fesexanpl e, the

har dmask openi ng gas conhtai ns”about 100 to 400 seem Q2
ape)58bout 1 Referbie bakto EIR, 7, psiap elicathhy opalod upurboit carBéh layer
seem COS, nore preferably about 10 seem COS

ARt & hardmayle [foatuiepare pighed antg g gtch by erd0dgmingrnetcdiing,gap (step

5% &0 5% : % aof t

of PR iR fn BERLE B AOOkEac BB tcbfifhe L1 O the
hatctiigas knd pepping tipr avh ges Theehdiesf the esh luyer mhy BO performed in
nmrorr. The electrostatic chuck tenperature is )

n&iSHRAT mengt as3he previgys gppadiment Of My de arpanast tHe any

, . ‘ : o
1o D BOEERTh oAl EBE S ERR RS H Rty O e
I khbssiueat pocessEstos 31 Geticiharimhask ineW befcotrpletdly odrhdweedof

t he 58un-on carbon | ayer after the opening process in

atll®Ptance While hisdneavbenhaebrensiesaribed gt wimnef several preferred

I nyent. o C ri-son | G . o e

N R L e B

Calitdifutd ayival@fts, evhich RORVieih kienabposaRisngvdpkion e&Should also be

(W thout COS) as a reference. By adding COS to the

hap@rtiat thepepie mpnyadiernatiee Wwatofli@plsmentag gisunetbeds and

cal, ba(r)a uée%%? he6 qgselnts insérg%lnf &R ttelré(fo}e%{eogee({j ‘ih t%lg ?ellowing

spun-on carbon i's nore ke polymer and“Soffer: t han

aﬂp%dﬁhéw&aﬁ@ tRoRterpretet 9s BRhideyesl] §eataltt RG0S YAmAMations, and

carbon | ayer is nore susceptible to undercut, bow ng,

t apegusgbstipd egwigalents @s sk Withinttheetrapeiitandseepseefghe present

égweicants have tried various gases such as CHF, CH,
"CO as an additive to the hardmask openi ng gas

to control the profile of the spun-on carbon | ayer,

and found that COS unexpectedlyinproved the profile

yet maintaining a high etch rate of the opening

process. COS does not affect the etch rate as

significantly as other additives. [0058] Referring

back to FIG 7, using the thus opened spun-on carbon

| ayer as a hardmask, features are etched into the etch

| ayer 604 using an etching gas (step 708), by

providing an etch gas fromthe etch gas source,

formng a plasma fromthe etch gas, and stopping the

etch gas. The etching of the etch | ayer nmay be

performed in a simlar manner as the previous

enbodi nent, or may be perforned using any conventiona

etch process suitable for the etch layer (TECS in this

exanple). In the

15



subsequent process (step 710), the hardmask may be
conpletely renoved. [0059] Wiile this invention has

whews/18wscri bed in ternms of several preferred PCT/US2008/062411
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enbodi nents, there are alterations, pernutations
nodi fications, and various substitute equival ents,
which fall within the scope of this invention. It
shoul d al so be noted that thergapyg many alternative
ways of inplenenting the nmethods and appar at uses of
t Méhpisedantediinvention. It is therefore intended that

the foll ow ng _appended cl ai be interpreted as
i Acl udinigedp RN Re Rsr RIS IpEdmakapyes AQrmegyqy an etch layer

v @(/érodl"s%b& ec‘,tthé H&rﬁ?ﬁ?ﬂéy%(ﬁ%B%%l&glaltpa%ﬁlgﬁ Ralifl %e@gﬁﬁng:

spirit and scope o resent invention. CLAIMs
I s cl aphethgitse substréte hred padmb procopény ¢chgndbecandon- based

har dmask | ayer forned on an etch |ayer over a
subst r 9P&1ing the haedransk 4Rl g9BPTigiNgposed bel ow a

patterned : I sing: [ ] { LI a
D asma pr ocoosiig AR ben el DI, SRR LA
| ayer, irtom plaintgchafdbemi ng a har dmask openi ng gas

i ncluding a COS cong;gent into the glasna chanber;
form ng a pfysnee # plasme fomhde daslaask gBsingeyadnd and
stopping th r ' as. 2. The
nmet hod as rg%%%@%“@%ﬂ%ngE?fgﬂﬁﬁgkgﬁgﬁhgga'ardnask

| ayer iThe Mt dals rédied pholdin ¢ awhasin tBe hdidtasielagads agde of
recited in claim1, wherein the hardmask | ayer is nmade
ofmeFiwBhcEl?bon. 4. The nethod as recited in any one

% o2 ity 0GR L L ATBR,ORTILAR B9 o

donh®bel N t he hardmask openi ng gas consi sts
essentially of O, COS, and a dilutant gas. 6. The '
mét hod TAg meghadiasdeqitgd amynioene afclaamail s whesin (ilgdaedopask opening

t he dmask ,opgeni ng gas further includes at |east one
o#a%§%5ﬁﬁﬁa“ ,Sﬁr H2. 7. The nmethod as recited in any

oge of Tat aeodlas@ecitéien elalin aNwRtHahd AGEha RS S gas consists
| ayer is provided between the patterned mask and the

h assdntpad ky qf;@aeﬁ,OSt piad a dilutant gas.

6. The method as recited in any one of claims 1-3, wherein the hardmask opening
gas further includes at least one of O,, CO,, Na, or H,.
7. The method as recited in any one of claims 1-6, wherein an oxide based
material layer is provided between the patterned mask and the hardmask layer, the
method further comprising: patterning the oxide-based material layer using the
patterned mask,

and wherein the hardmask layer is opened through the patterned oxide-based
material layer.
8. A method for opening a spun-on carbon layer in a multi-layer resist mask
formed on an etch layer over a substrate, the multi-layer resist mask including the
spun-on carbon layer, an oxide-based material layer disposed over the spun-on carbon
layer, and a patterned mask disposed on the oxide-based material layer, the method
comprising:

placing the substrate in a plasma processing chamber;

16



met hod further conprising: patterning the oxide-based
material |ayer using the patterned mask, and wherein

W@ b@shamodmask | ayer is opened through the pattRBCTES2008/062411
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oxi de-based material layer. 8. A nethod for opening a
resi st

spun-on carbon | ay in a mul er sk

f or med PHIFTRRESICHY Ef‘a%%ed S et be paifgged mask; and
nul ti - logéﬁﬁﬁ%({h%%bl% ol BsKoh l:lulgsllﬁhgthE ?gttéﬁéﬁ‘oﬁﬁe Bgé'eﬁ%hterlal
| ayer, an I de- based nate [fayer di sposed over the

S yer, oire qreningrrolmpyising: and a patterned mask dlsposed on
t he oxi de-based material |ayer, the tho onpri si ng:
pI acing t he%gww%la%rémﬁk PPingsia st ﬁ% CPgERtnto the

k&ﬁﬁ%hggsgég? ge based naterlal Iayer usi ng the

tter openi ng the spun-on carbon | ayer
u3|ng t he pﬁnhﬁn@eﬁhmma@@ﬂbﬁ@éﬂnmmﬁbbpahngg&@andthe

openi ng conprisin fl a hardmask opening gas
i ncl udi ng asePRIng ‘@ﬁfthemabdm% OBFHEEEr ocessi ng

cganbenr; 0

oSRr e A R SPO 08 A ARRN, ORAR IS e
ga&huQsCEhe nmet hod as recited in claim8, wherein the

har dmask openi ng gas further includes O. 10. The

nePhod Tas megrqdtas deqited dn glpfm 8, Whgieindhe hdmaplapremigeas consists

C | [ly of O, COS, and a
d?gﬁkg%pggg??e?ﬁ%g%ﬁegﬁégﬂgggas recited in claim 8,
wher ei The h&tlhﬂred rr&sied@@elaimg @hsreinuthé hadmakic bped@isy @ils further
| east one of or H2. 12. The nethod as

r &clydsy af lgapye @ﬁ@z,ﬁoﬂ\%i o8- 11, wherein COS is
aff ut JFI{%En t %? %%m{ela%% %r%&gﬂe Jflc?al ?fS dl 1h§/hQ ?%6%53 about 1% to

Op€ni ng gas. as reci in c

Wheedfihé ol ifowedTabé hademack dHimfgakhe total flow of
t he hardmask opening gas. 14. The nethod as recited in

clldi m The mgHadeispedtios 1h slaiph d et Whaemn &FO% rebppt 2 to | 9% of the

olorMBF AMRsk ORERLAG, 88, 15, A method for etching
an etc ayer SVEF< PSPt e using a multi-layer

r@sl st TRBtetHdaraaReiledes eain 18 hehdrintdO$ ay®oul F¥b Sf the total
mask i ncluding a spun-on car bon | ayer
flow of the hardmask opening gas.
15. A method for etching an etch layer over a substrate using a multi-layer resist
mask formed thereon, the multi-layer resist mask including a spun-on carbon layer
formed on the etch layer, an oxide-based material layer disposed on the spun-on
carbon layer, and a patterned mask disposed on the oxide-based material layer, the
method comprising:
placing the substrate in a plasma processing chamber;
patterning the oxide-based material layer using the patterned mask;
opening the spun-on carbon layer using the patterned oxide-based material
layer, the opening comprising:
flowing a hardmask opening gas including a COS component into the

plasma processing chamber;

forming a plasma from the hardmask opening gas; and
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formed on the etch layer, an oxi de-based materia
| ayer di sposed on the spun-on carbon |ayer, and a

weaisasmed mask di sposed on the oxi de-based naR&r/U81008/062411
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| ayer, the nmethod conprising: placing the substrate in

a plasma processi ha r; tterning the

oxi de- based S'i‘?BPlé‘gnlgfl ﬁ‘?"‘c’l)ggﬁl J@F)Cﬁ@asgﬁ&hﬁ&&aéf ned mask;

openi ngtchﬂlg fedttids ?fﬁo @h’%r é?&ﬂa&@r%f%uglg Még’é’ts@%i nﬁf’ﬁh to%rcﬁﬁ%n layer;

oxi de- based material [ayer nin rising:
fhodv ng a har dmask openlng gas including a

conponent |nt??the ﬁsna proceSS|ng chanber form ng
a plasﬁﬁn?v%&ﬁ PALE L ﬂﬁ@%“b%% @¥gas: andst oppi ng

|nto t%ﬁhg%lﬁﬂﬁgggﬁgﬁﬁgoug egggg%g %%ﬂ%&%ﬁgﬁgﬁgfﬁﬁer

| @sest maaln tbrmedohareug), tH&empiatlhﬁlr mexikt sk iendidy o grun-on carbon

| ayer, 16. An apparatus far etchkgg an _etch |ayer over
aliygbormad en fhei gih ayerutt pxiflehaed medsrsd layasispseaa the spun-on

t REHER pa:yelI QE %&émécﬁ%‘n%k di§Is8d o IEH‘[%K)XII Cl+al§9d ng,te?lal layer, the

spun-on’car ayer formed on t et ch Tayer,
oxp@ﬁmbﬁ&m#ﬂﬁmgrlal | ayer di sposed on the spun- on
carbon | ayer, and a patterned nmask di sposed on the
oxi de- BRESEAPEecEHSiag chagyher. copeisli8har at us conpri si ng:

a plasnma pr geﬁaﬁw%a‘imﬂaﬁ{ : Sﬁ?ﬁ%ﬁ%&ng%h%@&%ﬁ&osme

wal | form ng a asma proc er “encl osure;

substrate s u@@lﬁﬁtﬂatef QPp&SY RGP PpIIgnBa SuBEhteatichiHePlama
t he plasma processi ng chanber encl osure; a pressure
r SEAsPngrchpEber GlASHEE ng the pressure in the plasma

processing ﬁgm&% r&gtrllﬁ:elt?rsf{df ﬁi‘guﬁ{lng it &}res%ﬂl% iff ltﬁ#&%s{%%},

for providin essi ng

epedcosiHeechhMbeSetRiAURE NY A plasna at | east one RF
power source electrically connected to the at | east '
one el ect r odeleas ogasleptipdstfof povishrg/ P aide grplasmagrrogrssing

PLARHS:RAASERE FNLu SRR pigdgl,0sure; and
at least one RF power source electrically connected to the at least one
electrode;
a gas inlet for providing gas into the plasma processing chamber
enclosure; and
a gas outlet for exhausting gas from the plasma processing chamber
enclosure;
a gas source in fluid connection with the gas inlet, including a patterning gas
source, an opening gas source and an etch gas source; and
a controller controllably connected to the gas source, the RF bias source, and
the at least one RF power source, comprising:
at least one processor; and
computer readable media, comprising:
computer readable code for patterning the oxide-based material

layer using the patterned mask;
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a gas outlet for exhausting gas fromthe plasm
processi ng chanber enclosure; a gas source in fluid

W@ oiwaasteron with the gas inlet, including a paP@BUSI008/062411
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gas source, an opening gas source and an etch gas

source; and a controller ntro Iab”¥ connpected to the
gas source, the ERMBsreadiicerdedHORRINELNe PRI Gron layer

RF power source, uﬁﬁgﬂ{eir@itt_@&éd Bkide §ASd ARLriANAFE SR prising:
and conputer readable dia, conprising: conputer

readabl e code for pattenputagrehdibloxidddobidewentgmataedtmak opening
| ayer using the patterned readabl e code

sk; c ut er
for opening the Spun_gﬁs@gggwﬁaﬂ§5§p0ﬁgpwﬁupﬁ%ﬂwpzwma
patterned oxide-based: BhehLa.- | ayer, conprising:
conput er readabl co%gﬂg%rﬁ%?%mﬁng a hardmask openi ng
gas i ncluding a COS coompienteadabliocddecopfoaning a plasma from the
processi ng chanber; conputer readable code for formng
a plasma from the har 8Fd81slopREHMHEHad"d and conput er
readabl e code for stoppi f aRK
et chi ng gas; and conpgggpg?égggﬁﬁg&%% 8 ?ggﬁggghing of the
features into thaa@hebk b@leg gafiraadgh t he opened
spun-on carbon | ayer, conprisin%ﬁ comput er. readabl e
code for providing ancebppegwaditioerderar @eipg fpagures into the

source; conputer read r ] )

fromthe etch gas; ang&%%ﬁ%gﬁg?&ﬁgg%g%%%ﬁggﬂbgég%ﬂ@hlmmn
stoppi ng the etch gascompssiagnput er readabl e code for
renovi ng the patterned spun-on carbon layer. 17. A

met hod for etching an et chepapeer ispdablycagdgar prayidingm etch
di sposed bel ow a hardmask |

LAYREm TSRS 8k gl a mask,

conpri si ng:
computer readable code for forming a plasma
from the etch gas; and
computer readable code for stopping the etch gas; and
computer readable code for removing the patterned spun-on
carbon layer.
17. A method for etching an etch layer over a substrate and disposed below a

hardmask layer disposed below a mask, comprising:
placing the substrate in a plasma processing chamber;
opening the hardmask layer, comprising:
flowing a hardmask opening gas with a COS or CS, component
into the plasma chamber;
forming a plasma from the hardmask opening gas; and
stopping the flow of the hardmask opening gas;
etching features into the etch layer through the hardmask; and

removing the hardmask.
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pl aci ng the substrate in a plasma processi ng chanber;
openi ng the hardnmask | ayer, conprising: flowng a

wh200d18k0 openi ng gas with a COS or CS conmponeP@T/U81008/062411
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the plasnma chanber forning a plasma fronlthe har dmask

ni n nd sto har dnask
E ni n3h8 aéﬁ?%@ é§ ‘?’]!Pﬁrﬁmtt haé Ragsky cappgrises one of a
t '351%519 Basteﬁ %mli!éﬁaq gp2 glhc@rp goﬂe%@fﬁoﬂg)agéaem!&@ﬁgqﬁ a dfbon
he nethod as recited in claim1l7, whereint

ham@pm&mtconprlses one of a carbon based material or a

sil.i con. doped carbon based terial wth a carbon

conpondhe mefitpd appeciied iy glginm resPadhs hardmaskhayg is amorphous

whgigjn the hardmask |ayer is anorphous carbon. 20.

The nethod as recited in claim18, wherein the

h af)d madke ﬁm&md%Sea‘itedﬁﬂn elhint dfpwheaeia thd hdrématk qra gaf fther
21. The nethod as recited in claim

ZeomﬂﬂﬁﬁéFWaVH@eﬁép@(ﬁasQﬁoﬁ%HZgas further conprises

91,9 - 2T BRABINCLRS if Clh 0. LR OREd Hask bBLTEas gyyther

erein the mask I's of” a SI icon oxi
23omphesmat hod as recited in claim22, wherein the
etch layer is one of a silicon dioxide based naterial,
oP4 anoﬁli3 meghades gecited in anysene of sipims 7 i2d e Whaigithe mask is'of a

%gﬁg& egrgkiNcon oxynitride based material, silicon
ased material, silicon or poly- silicon

ITEB er i Jhe n@thoalng réﬂiteahn glairg 2P/ kdreialthe &éh lalbeis wBé bodlsilicon
as recited in agy one of clains 17-23, wherein the
hdididediasedmateri @%ab@ﬁﬂﬁa@ééﬁsm ahigoa nitsidg bseermeateriglpsilicon

ﬁ { ﬂl‘% bltagk% Iﬁgt gﬁas?tidn (f(a@lgl %a@gfpll rgghc%H?) :ﬁ?ﬁgs?h&n

ayer 1s a r|c

caﬂmﬁmgkmgnyﬁ@&@gmammmguﬁldemalIs of features et ched
into the said etch | ayer before renoving the hardmask

céfrpri Jhp gleﬂmdcw ir@niwg 12 AN Yo 1) qulaélag 1E@ﬁpwh§fﬁh@h@h9@€ﬂ5k is of
W t h ad

A b3} base materlal a : Eesreln the r OVIH% ﬁlerlglrc’?mgs Sy ox§;g61r1n ashing
t he“ashing g St6ppI ng ashing gas
and wherein the etch layer is a low-k dielectric layer, further comprising, passivating
sidewalls of features etched into the said etch layer before removing the hardmask,
comprising:
providing an ashing gas comprising oxygen with an additive of COS or CS;
forming a plasma from the ashing gas; and
stopping the ashing gas.

25. The method, as recited in any one of claims 17-24, wherein the hardmask

opening gas has a COS component.

26. A semiconductor device made from the method recited in any one of claims
17-25.
27. An apparatus for etching high aspect ratio features in an etch layer above a

substrate and below a carbon containing hardmask below a mask, comprising:
a plasma processing chamber, comprising:

a chamber wall forming a plasma processing chamber enclosure;
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25. The nethod, as recited in any one of clains 17-24,
wherei n the hardmask openi ng gas has a COS conponent.

WQa0sA3I®eIm conduct or devi ce nmade from t he met hpET/US2008/062411
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recited in any one of clains 17-25. 27. An apparatus
for etching high aspect ratio features in an.etch

| ayer 2bove AUBE APt i uBRATENe & SURHBEN P s
hgﬁggg§§cgghgﬁf§mﬂﬁﬁﬁy conprising: a plasma processing
chanber,” conprising: a chanber wall forming a plasma

processi ng alpasber requtdtasior esgalasiud steratausip plor pladnor
supporting a subsirate within the plasm processing

c RrbEH F@Eﬂ?@fmﬁﬁbressure regul ator for regul ating
the pressurg, l'eré Lhe elgl:t?&ﬁafopﬁr%ggizl% %%vé}l?@ﬁggﬂasma ppor\(?vcéers sing

encl osure; at ast one elec provi di ng

t ohdrhieer phassmae forcogsisineg Wwhandher encl osure for

sustaining a plasm; _at |east one RF power source

el ectrical | §tleaiinae REPOMST spracegleqtiically conpecigdderthopdeast one
aeggéo&glet for providing gas into the plasm

processi ng chanber enclosure; and a gas outlet for

exhausti ng gass fnl@fort previglngsm ifo aegssinngprobasing chamber
encl osure; a gas source in fluid connection with the
g&&clPrEandconpri si ng: an openi ng conponent source; an

etch gas soyrge, ‘fl%rlathﬁggh%ig%(s:fégr?gﬁ{ﬁgsrgggroéessing echamber

controller c n?ro abl'y conn sour

t becl&¥urdi as source, and the at | east one RF power
source, conprising: at |east one processor; and

conput 8122y gadesn dlupbepraectiinyith dierggs indefnpreRiisiREadabl e

cote {1 CRgRMRAIEIR AR eYer, comr s, o
an etch gas source; and
an additive source; and
a controller controllably connected to the gas source, the RF bias source, and
the at least one RF power source, comprising:
at least one processor; and
computer readable media, comprising:
computer readable code for opening the hardmask layer,
comprising:
computer readable code for flowing a hardmask
opening gas comprising an opening component of at least one of O,, N», or H,
from the opening component source with an additive of COS or CS; from the
additive source into the plasma chamber;
computer readable code for forming a plasma
from the hardmask opening gas; and
computer readable code for stopping the flow of

the hardmask opening gas;

computer readable code for etching features into the
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openi ng gas conprising an openi ng conponent of at
| east one of O, N, or H2 fromthe openi ng conponent

wWe28as76M t h an additive of COS or CS2 from t hRCT/US2008/062411
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additive source into the plasma chanber; conputer

readabl cod pl asnma from the har dmask

openi Y ﬁ@rt hd%ﬁ%ﬂ?@%“?éﬁ@@ﬁﬁggcode for stopping

the flow Of t he har drm_Sk OQ&HP&Qr Q@éabl@mlﬂneﬁrowdm an etch

readabl e code for etching features into theetch f

t hr oughs firbva thaetdimpsksousenpri si ng conput er readable

code for providing an etch gas fromthe etch

source; conputer readabl e EO@BUFhHEAdAGFolg far P§§Wé”ﬂa“na

from ghe & &%Qh%% ;an@nNd conputer readabl e code for

st oppi ng the etc gas; and conputer readable code for
removing the hardmask. 28. cdmputapradaicisodedsr stegpit@the etch
in claim?27, wherein the hardmask is of a carbon based
mat er B4%: 2Bhd wherei n t he removing the hardmask is an

oxygen ashing and me%&mﬁut%ﬁl%a&atb%‘céc@f&f re &g ¢ dmask.

dielectric layer, whereih the conputer reada

f Q81 hefMhe apiiate€Ss rexixvPp it dhint 23 deteran cederdmiisk is of a carbon
aSS|vat|n? sidewal | s of features etched into the said
ebetsdnaferial gad whereinethe jeagy it ehardpask s anonysen ashigg and
ORI e LEATRNL & £RAPL RN R BIh @S BbRFIARadble
conprising om the opening conp

Wnteﬁmﬁﬂﬁrthdd;iotﬂptﬁe@f:oﬁ@eﬂfcadﬁlé &cﬂimfblhlﬁhsﬁ@ﬁihﬂg Ndewalls of features
source; form ng pl asma fromthe ashing and
sesppd Wgo thﬁéalggﬁhr{quﬁ before removing the hardmas comprlsmg

computer readable code for providing an ashing gas comprising oxygen

from the opening component source with an additive of COS or CS; from the
additive source;
forming a plasma from the ashing gas; and

stopping the ashing gas.
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