HARDVASK OPEN AND ETCH PROFI LE CONTROL W TH HARDVASK OPEN BACKGROUND COF THE
| NVENTION 5 [0001] The present invention relates to etching an etch | ayer

t hrough a nmask during the production of a sem conductor device. Mre
specifically, the present invention relates to etching high aspect ratio
features through a hardmask during the production of sem conductor devices.
[ 0002] Duri ng sem conduct or wafer processing, features of the sem conductor

10, devi e, a1 e ek pREASRI PEREASEREHPRb AN AL W PR AR
critical dinmension (CD) of the featuresgp@Nch requires inproved

resolution. [0004]In form ng high aspect ratio features in an etch layer, a
har dnmask | ayer 15 may be formed over the etch layer with a mask over the

hardmask |ayer. In addition, | ti-Layer Si it has been widely used in the
fabrication process of the hi ﬁ%ﬁ%ﬁ%&@%ﬁ%es Mul ti - Layer
Resi st typi cgpdpq)! ncl udgg s%tlhfédﬁbﬁgelﬁé§ tdechiny 84 etch 18R} &ug@lm &as (SO5

interlayer, an a bottomresist |ayer he pattefning reéesist lfayer nay be a
phot or esi st . ditieg thetpradncties bf4 sdmaigenductyy doeica Mout specHatalinthopred@tf i | m  or

spun-on carbonfllm SUVMARY, OF THE | NVENTI.ON [ O o .achi eye the
f oregoi ng and™%°A I%Ibf?éart%satﬁ(?&: lh‘t'?f(‘_< APepUIRpS Sty L gﬁ@%ﬁé&ﬂé&ﬂi H}Eﬁ%% a
met hod for Eﬁjyg In‘éébnhﬁé’t@fd@){ a substrate and di sposed bel ow a

I spose

har dnmask | ayer elow a mask is provided. The substrate is placed

in 25 a pl asf@00gt ocessDuging semtvenducidrewdfer ploessking Afpaturds of dpeseeticdndutioow ng
a hardmask opening gas with a COS or 2 conponent into the plasnma chanber,
form ng X pl deViee e GriReEPaPHIsESE BEni ng gas, and stoppi ng the flow of

t he har dmask ing g ggg hr ough
t he har dmask.w@gg har d%?ﬁglgé}rﬁg%%%eﬁ %gp?&gudjg?fznlano? er ITB.I’II ?gés%atl on of
t he i nvent i oachievedblyhathcimy the thtidah dimdnsinglCD)ay die fentaresawhichséquatee and

di sposed bel ow a hardnmask |ayer disposed bel ow a mask wherein the hardmask
conprises ondnRIPved éﬁlb‘é‘PP based material or a silicon doped carbon based

conponent is i ded. |
chanber . The[(ﬁgzrm mask }nayer :él}ﬁ%ﬂ ?S%&c:f %n&ﬁ%ﬁ;‘?gs lhgn%ﬁﬂl lﬁiﬁﬂoggﬁﬁgggras
conpri siTfy amappefirigd0osnmeerh IWer afithl agr@adk @I&eﬂﬁfhaﬂﬁnas@@yerNﬂl adalitio®? Wi th
an additive of COS or CS2 into the plasma chanber, form ng pl asma from

the 5 har dmel¥ltbpayar Rgsighkas b&ﬁ@wsdeéqom%gnﬁhfefabnmoafpr?%és ‘Pfa‘h@l Rk openi ng

gas. Featur e;?erformance ULSI devices. Multi-Layer Resist typically includes a patterning resist

layer, a spin-on-glass (SOG) interlayer, and a bottom resist layer. The patterning
resist layer may be a photoresist. The bottom resist layer may be a sputtered carbon
20  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
25  aplasma 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.
30 [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



are etched into the etch layer through the hardmask. The hardmask is
renoved. [0007]1n another manifestation of the invention, a nethod for
openi ng a carbon-based hardnask | ayer forned on an etch | ayer over a
substrate is provided. The hardmask | ayer is disposed bel ow a patterned
mask. The substrate is placed in a 10 plasma processing chanber. The

har dmask | ayeartion bapesigempopertippionigled. The srhstritedpplatethingadasnmcpraodéssigga COS

t intg t h f j Dl f t he hard k
coon e gas Aa0S: PR TG EE HEDk W Sy e Bt R GE LR The
har dnmask | ay %xsx%?iﬁn@%n BBEEnS LodPRIRNOUR 1&8F BN BA CORAR,, (I)—%Q\Hﬂf & carbon,

and the hardma opéni ng gas may further 1nclude 02.157[0008] [ n anot her
mani f est at i ordditive o€COSVveES.anto the plastha dhangrer,dfpemingg Masspuitemalne car bon

| ayer in |tj-1ayer .resist sk .for on.an etch | ayer over a substrate
s provi dod. TSR PPripg g andepRRing e lon i Beba ek SRRTnEERSC FHBIFS! ayor |
an oxi de- bas g ABArih@!thé 8¥ETa F BRASE g%@geg&maéi@ TRURAr@Rask3E RMbVeayer, and a

patterned mask di sposed on thé o material |ayer. The substrate is
pl aced in a 0005 20 bu ecebsimmifchatiteot thd hevention] e-nhabedforapeningh | ayer is
patterned using the ttern magk. The spun-on carbon |layer is opened

usi ng the paf?‘gf’ﬁ'gaseﬁjﬁaﬂgl‘%gg@'&‘ ?Fﬁ?’égpalanle@éﬂer By=tra Bhste & Maridrtsk

openi ng gas iTHe hkidhiigi fyEGP dRPERAMRMw h BARrhQEmRUASITR RbQERSSiked HRADET |
form ng a plasna fromt%,e hg%grrask openPng gas, and stopplﬁﬁg r‘ﬂ%e??gw of

t he har db@sk ppmaiprgessasg chifhibeh aflinesdmagkdayands gaaedrby flowingwehariimatiude 25

02. Features nay be et h(rd i the etch layer thro gh t he opened spun-on
Rea s % AL/ fo

carbon | ayer °P gidpct EMRRREBhLIR BF PLRSPBSAITES e Foriiie HRI2BADY ed
in the chanbggm hd : ' - o ¢ j b

apparatus for rgttch?%g}dﬁ%ﬁ@g%g%?%%%@aﬁhgr@ ggf?ftr\tﬂilrll&g%{%%%ayg} S'ove a
substrat e andthédbirdmask egernay lbombdd of angprplarud racbion berl roadesofrspsik-oh sagbonyi ded.

A pl asnma processi chamber .is provided 30 ¢ ri sing a chanber wall
forming a pl %&43‘368 Pﬂﬁll%&%ﬁ%?yfg‘ﬁg?rdgwggg& substrate support for
supportiqg trat el Wyl ﬁ&mﬂ% : L a
pressure reg[lﬁ%gfbgr fo‘reln\r,ﬂé%)u egﬁaﬁg“? t@p@é@iﬁgglﬁlﬁiﬁ? e pl as%ﬁ?@gﬁi@ng
chanmber encl ascarkon layerlie ashultfeyee resist radle fdrored pnawniecihrigyqrower a substrite ipl asma

processi ng chanber enclosure for, sustaining a plasma, at | east one RF power
source el ectPP¥Sedy Thomyli-tayer fegist Haskdnclpdesthe sprm-on earberplayer. an gsidei n| et
for providi G5 al : gﬂrﬁ 1 I a gas
outlet for re‘%ﬁaus?feﬁéﬂég%q?&gmt eepg%;s?rﬁrgog%(%@gggaﬁf a?ﬁ%r?bagt%g%c glgure. A
gas source idisposed bnihe oxiderestd oaterial Riyéhdhe sgbsrates placatth £pphases an
openi ng 2(E)orrponent, source, an etch gas source, and an additive source. A

r

control 178 JUnRtesENg shanpbero A he exidg-baged aferjaldayes i pasterned disiug the pajtespngr ce,
and at | east e [ . r and
comut er  odRah; e sBREA AR BRIl AR Re Rt fARbuanE R BRERRE,
readabl e codeyelr dy fipeing athatdieashdpekiing kad inykidingoDOS icempgnar imy ey plagasabl e
code for 10 flowi ,ng a hardnmask openi ng gas conprising an openi ng conponent

of at |east PPResERE gmberforming aglasppe frem dhe hasdwpdneneginggspomd Horping ce

wi th an addid | g Al ce.l .
chanber, cor?%éufi{(g‘?’%? éh%ﬁ%asﬁg&flggh %Qrﬁh rﬂagh%lb%ﬁe%%?rg{gf Srrﬁ% ﬁléltt %rlgér@éga
openi ng2§as O,aFdatnesyphiyete dictddhloahe exde 1dyer thedupphdgpdnee shhdvh edrbbhe

har dmask openi ng 8as, conput er readabl e code for etching 15 features into
the etch | aj@erenf Sirgnthematteraed mprskon e layerpaxbmistoved it sbrabetode f or
providing apogjogh 925 if 190 LG BRI S B YRS PSRl G80ABk S, SRS for

formng a plas from gas, and conputer rea e co oppi ng
the etch gasspeanftic demputein dreactaller Modeakabsttaemmdibeibv hearban domaiting
[0010] I n another manifestation of the invention, an apparatus for etching
an 20 etch hamashbepwa masksis pravadads i glaamenpradessing ehantbss isqrrovidek f or ned

t hereon,i s L. The nul ti-layer resist mask includes spun-on car bon
| ayer f%dr neg&ﬁﬁ}lgﬁgag %rﬁbﬁré’glag f,o g&glésg_lao%rg ge&s%tcg?ring?r ‘"1“83’8?1%&‘ sposed on

t he spun- ong@RtrB@RuppEfor sapdrandR bdtRirAe dvias hedil SRS RdcARing REaMkEde- based
material |ayer. The apparatus conprises a plasma processi ng chanber. The

pl asma pr ocenpdosity, aipzsbee regudatoritos regudsit prgstiurre n3he plagina grecepding ma
processi ng chanber encl osure, a substrate support for, s rting a

D Lbstrat o i LRIGRT EaorS Shistis e Eledhic bh arbiine e S e BES B oo r o

regul ator for regulating the pressure in the plasma processi ng chanber

encl osure, at |east one electrode for providing power to the plasna
processi ng chanber encl osure for sustaﬂning a plasma, at |east one RF power
source electrically connected to at | east one 30 electrode, a gas inlet for
providing gas into the plasma processi ng chanber encl osure, and a gas

. o o o ——




5 code for opening the spun-on carbon |ayer using the patterned oxi de-based
mat eri al | ayer which conprises conputer readable code for flow ng a

har dmask openi ng gas including a COS conponent into the plasm processing
chanber, conputer readable code for formng a plasma fromthe hardmask

openi ng gas, and conputer readable code for stopping the t]ow of the

o ok ot & HERGFSYRE ChayRkeT EB BT forr GIABIER METh 2 ot i I Pasti P e
conputer rea ' hot g gh the
opened_ spun- on ke 9 dGndalea b HY e I RSoUE b L BIGRHAL ghithl)!

provi di ng an tké¢ phsgaprdcesing dhambecénchmares and £ gas anlepfor exhavwstnnpdsdrandee f or

formng a plasma fromthe etch gas, and conputer, r_e%‘dggl e code for stopping
the etch gas.Plasma ReeRsting charabey gpelesHedA828 SYCE P HiteeonaseHm ¥ith theadabl e

code for 15 1SURLIRGLRoRGL el BUALORE 00 oh B lons LRI LRGSR 2nd

ot her feafur sent VEnti on e describfed in rore det ai

bel ow i n t he Jdéitize seceleacohpblictonfrolldbey ¢onvedted thagsk sourepthetRIEbiaon Wi t h
the follow ng figures. BRI EF DESCRI PTION OF THE DRAWNGS 20 [0012] The

present i nverfenise and af jepgiome REERPVESF saripe and earaprbies at Isat) ORe Prasgsspagich

limtation, i | t ' .d\%ﬁﬁ‘i | ich I'ike
ref erence nuﬁgpgpgergéggﬁlg oealsal' m %gg&gjﬁe@m?%gﬁgﬁﬁ\é | CSEQQT%%%FI G 1lis
a high | evel réddavlecbaé for@pering ereinedmasktlayet, dobeprisigentrparer r¢ddabld]cbli€Xor? i s

a schematic view of a plasma processing chanber that may be_ 25 used for

et chi ng. 1P00 fiypingn haydmasizopaning:gas SPRPHSEE I QPEHNG GANBPRC{HAS trledstorg o ap| e
for inplenmentdn 0 N ' : ich\.ent i on.
[0016] Fi G 8 OprePP JF 8L BR o 43l SRRy Rt Dl Wb G iGE BRb QS e o

enbodi nent ofCS; Hi@n th¢additios sowdBe {ndd thé]pHsta chamber competerighditiedodd fow chart
of a step of opening a hardmask layer with an additive. [O0018]FIG 6 is a
schemati ¢ cr 6&ninga plasmafrom dy herdmask opanipe g2 Andrepmputeiizadablecqdetforg sk

enboat mont _of Py b R BTG o FobbyRF RAUMIDERIYS ichg

chart of 18 praERsSIngS theethilngr @itositCihe hajiiask, doaptBihgaupnusitbeddableeodsi ng a
mul ti-layer resist mask in accordance with this enbodi nent of the

i nvention. [ 6@z0pvidiag ag efch gas Sioneihactd spp sqpred. camprigs ardable sedssiong chamber

E)P at h gai; ] gg e ﬁcfrrergr}élg h]tai(s)xgg ?rioprgthg régcheg}ag,hzinago}nguég %2121%’19 %gdé’\f.‘og QtoBBﬁlg ?ﬁ@&gﬁ ment

gas, and computer readable code for removing the hardmask.

oy

[0010] In another manifestation of the invention, an apparatus for etching an

20  etch layer over a substrate using a multi-layer resist mask formed thereon is provided.
The multi-layer resist mask includes 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 apparatus comprises a plasma
processing chamber. The plasma processing chamber includes a chamber wall

25 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 processing chamber enclosure for
sustaining a plasma, at least one RF power source electrically connected to at least one

30 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



10 [0021]FIG 9A is a schematic cross-sectional view of the profile of a
spun-on carbon |ayer after the opening process in accordance with one
enbodi ment of the present invention. [0022]FIG 9B is a schenmatic
cross-sectional view of the profile of a spun-on carbon |ayer after a
conventional opening process (w thout COS) as a _reference. 15DETAI LED
DESCRI PTI ON @ontrpiermrptredfabbreamypetesd iopthey 829 toes) theRIpbias sqiircs, apdatlpasy wi | |
now be descri ' t.aj | r jrent s
Ther eof as. 11900 Bpa ' Blyernahae bR r bRl Cu deds LB RIS PR eF
descri ption, BaimBleaH&dis PRRidohputte taaidhisle lediaSiatlufiey dopuber @64dablelcedPiavi de a
t horough understandi ng of the present invention. It will be apparent,
however, to diaderpmeste pridg-basedipaterglayer neing thedapemed mask.rppgmputes ticadablepe

practicedw thout sonme or. all of these specific details...ln other .

et ances > webe Faroirpe Geaptn S o8 fPbiahs S offi Bt Ruige Bad! Blieria

descri bed i n 18t aihich ddn@iidey cdntpubétireadaAPREOES BirifloyiRbs Bardehabih BpdHi@s £t
invention. [0024]To facilitate understanding, FIG 1 is a high level flow
chart of a 29n¢v@ogs$ Qiseampaneninintnibe plavma presessitgchambshicomputenreadpller at e
wth an etch | rcover which i.s a.hardmask | aver over. which is sk is
placed in an ng%ﬁ)ré amer P gltnggmfb%e%aﬂdr%asﬁg gr%‘]g Ry g@%?or}iguq%rprgﬁ%g?eﬁsi ng an

openi ng gas \bidforBtopgililthe/Bowlof (HehaltdirdsR@AtingSgHsf THE FoRputeSralaaé hetia
sul fide) éstep 108). Features are etched into the etch |ayer through the

har dnask 10 st érther symprises cpappigr exadable codedter ¢tehiag fepturagyingo gigsdehlaysron 30 gas
conpri si ng 0 st.ep. 116) during. the i,d, etchi L QC . The

har ek s THEER AR OPERLRPuo b Rh MR ES IS0 2 ApRPu REGRT cddl
schematic vi ew bvidinplaa%roh Rk BoABHEREhGAAREEe, COnpliter RAGIKIE todd¥af MRy be
used in practicing the invention. In one or nore enbodi nents of the

i nvention, afPratiigha plagiae dionpihe etcbrgss.iand somppispraadhle gpdedor stoppige throseh t op
outer el ectrqde <204 oftom.central electro of t out er

olect r ode. 2180 PRt AREER il AEEIMANE SRl S diR B B

i nsul at essthgrﬁda,ﬁhg:@etpmém@i qﬁlhr&p@rb'{gﬁa drom the top outer electrode 204. A
bottominsulator ring 212 insulates the bottom5 central el ectrode 208 from
t he bott om ol{0dl] el ect Thebe apd othepfeatnred efitheiprepent énventipewill be dasggbediin
substrate 280 is egor%ﬁ%ﬁiﬁ)orle 0 tt]'og of 1the bg{hlt omcentral. el ectr?de 2@‘8.
Optional I'y, PRE $EHT BrowdRfiesctalicd dErerREoD 85 e ARSAEEP AL Spnlipetigy e
substrate chg,glfj,mgyiﬁgﬁ@gfgs'sm (e.g., electrostatic, nechanical clanping, or
the like) for holding the substrate 280. 10 [0026] A gas source 224 is
connected to the etch reactBRIER CRIPIOQN O)H EE] AVWINES gas into a plasma

regi on 0o e etch,yeactor. 200, .ri. th . etch ocesses. In.this

exanpl e,zzzh helf"Si@ sour ceOPESLH YIRS ﬂ‘%gﬁf‘fﬁi gVYdE 58P e AHEDOL bY WAy oy
gas source 2&Gim@d Qn?‘i_n%ﬁ@ﬁre%?th%%&ﬁﬁpa%gﬁlg dMUvﬁsz REPM Wich BRe B3SRRcISEd
for the hardmask opening gas. 15 [0027]A bias RE Source 248, a first

exci t ati on REngaals cde2®3imbactlemedsamtin vehich:t ati on RF source 256 are
electrically nect e o.the etch reactor 2Q0 throygh a ntroller 235 to
provi de powe[Pﬁf‘g t he g‘f@cﬁﬁ%ﬂ@@é@‘ﬁﬁl%2560%31263??5@03‘%&“ ?ﬁ@‘elﬁ‘?‘é?guﬁl’i source
248 gener at qgof4jas RE \emer, 2 eﬁéﬁ@bie%oﬁiﬁa%@ﬁ SH%V&EIIH%QI ttthem%r Eﬁi o

reactor 200. Preferably, the bias RE power has a ﬁ‘requ ncy between 1
Hertz (RBz) wmedif@@tchthgrega Hertz (MHz). More preferably, the bias RF power

has a frequ bet we
a GEB&YS] e}'!:}G.’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.

30 [0017] FIG. 5 is a more detailed flow chart of a step of opening a hardmask

layer with an additive.



1 Wz and 5 MHz. Even nore preferably, the bias RE power has a frequency of
about 2 IMHz. [0028] The first excitation RE source 252 generates source RE
power and supplies the source RF power to the etch reactor 200. Preferably,
this source RE 25 power has a frequency that is great er than the bias RE

power. More pr rably, h| S soyrce RE power, equenc at_ 1]

bet ween 10 d 40 lﬁﬁ‘fﬂéﬂ%f‘f%ﬁ §F‘3“P‘Pﬁ A LA A
frequency of rat es
ano;q her Zour é@%‘&fﬁ‘?’%ﬁd @%ﬁ%ﬁ%g s‘%‘ﬁ% %@%@Eé%%o@g gé@etggﬁgh

reactor 200, dnﬂ)odﬁdéritioﬁﬂletpbes‘ehﬁnﬂﬁltibﬁ power generated by the first
excitation RE source 252, Preferably, this source RE power has a frequency
that is greatl@1%han trngb7a%aIREhéqyﬁlﬂ‘éwéh%“f’fr%P‘quF%StOfRf‘:"héB&ﬂntea?}} B¥ersour ce.

ore bref 8r ahlbned ey SBSONL SR L AN I FERONEE R RuhaIHERGY | that TS

greater than or equa pr e era thi's source wer has

a frequency embtodinidriz of (He@Bkhiibe. di fferent RF sr gnal s may be supplied to
vari ous conbi nati ons of the top and bottom el ectrodes. Preferably, the

| onest fr eque[Wb%ﬂ] of t hFIGFS istfoiehematic wew s aipkasmanieersHng Rhambarthahnadyde r ode
on which the .bej d J e is the
bottom centrarl foro cmn rg%%a{lfggbﬁ d%cgeg»g‘?h W%@%(g@efl@fégﬁ %g%ﬁ éd to the

gas source 22duentibe b| as RF source 248, the first excitation RF source 252,
and the second excitation RF source 256. The controller 235 controls the
flow of ife @]lgas i FG. Vhis aschpmpdneosy-seetional yiew of the profile of pgpun-on

o ot rodes 26eokaer SETe iRl Sec iR ARUAR I duorgimept i | 1 Fr

exanpl e, coni)fdg@mmenﬁbﬁrgs 202 are provided to provide confinenment of the
pl asma and gas, which giass bet ween the confinenment rings and are exhausted

by the exhaULQOZQhrrp 1 Cﬁm}?se]arscg@mety: Qpssaiatianl view Rfithepeofie eonprmem
system which ui t I errentl ng ed in one
or nore enboﬁ#’r%%fa e a?Pelr ﬁé"‘&%‘%@ PRvenel oﬁgsr@lt%g{r}[teégg %{1 ?e’%geﬁ% possi bl e
physi cal 14 or m of theDﬁ@ﬂmtbmseksﬁmkmommgmmm@enm er system
may have many physical torns ranging rroman 1ntegrated circuit, a printed
circuit boar ¥023hd a sﬂfh¢prehamunenﬁomwlrlnew@pdres¢ eﬁrrgéet@@%@p"efermmter
Comput er system 30 2, .a. di 304 ousi ng, 306, a
ok dr ve, 308 Bekeieatangs Birodes ifigads 5 Raloniyind RV

conput er - r eagalbowig 'dHéBri!;ﬁﬁ@ﬂ M&é@@‘éﬁﬁc dalais i@ seifbrthlin Bkded EPprofidesy St €M
300. [0034] Figure 3B is an exanple of a block diagramfor conputer system

300. Attac heﬁhotamghyasd@ratamilsg 8P theipsesentindentipar ilewill byf appateny doweser, to one
Processoy(s) .322 (a] so 2 ferred.to as cen ores: i units CPUs)
are couptted %l%l%%dt’%afaeg eegresqnﬁg}vlgagl%mﬂ%hgpvc zficwf\g?rg?’@’mﬁfﬁ pﬁgl udes
random accesgeBdEBLivic aaﬁ\m ASindiSAdanRl Ywd PERIwh o6 steP$ ahdoMRhlcnls®OWn in
the art, ROM acts to transfer data and instructions uni-directionally to

the CPU and lmAknbsbeeneldsdribei ¢atldtyil irondentogfot nnuksessatilycotisoare thecpriesans i n a
bi-directional nmanner. Both of these types of nenories may 30 include any
sui t abl e of 1Pl‘ﬁ‘“en“d?Brrputer-readabl e medi a described bel ow. A fixed disk 326

| s al so couppgslgioi - di r*ﬁ&rdcpﬂakb}id§ 1Sfeine 336 1'1§aﬁrg9\4&rt¢aoadaraw&raal dat a

storage capacity and may al so inc e ahy of the conputer-readable nedia
descri b@d belrovess fseddd adiesibodidfentraf/thoénventidn.t & sibstrase prithgmanteh lagatower and
thellkeandlstylcall%( L. ) )

which 1s’'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

30  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



secondary storage medium (such as a hard disk) that is slower than primry
storage. It will be appreciated that the information retained within fixed
di sk 326 may, in appropriate cases, be incorporated in standard fashion as
virtual nenory in menory 324. Renovabl e disk 314 nmay take the form of any
of the computer-readable nedia 5 described bel ow [10035] CPU 322 is al so
coupl ed to a thainvepijonrnieishueaciri9lconpuisesastop el glectpde iy toppterk ey boar d
310, mouse 31dec A 3BRRBESR cildhoBE RS And o BbARKLL QB SRY iy De
any of: video displays, T ack aﬁs, m ce,” keyboards, m crophones,

t ouch- sensi t i a/¢haditepvall 250t Raop thsaRkorG¢igR07 eRURItSs, thegn@hirgl «dctpAP06t ape
readers, 10tabl ets, styluses, voice or handwiting recognizers, bionetrics

readers, or dJroBthecopputcsplsctramP0dpA bystare iplajor rig 248 iewlasesetie bettemot her
conputer @r tgla0RIIRLCahd ﬁ&% HELIRSS ol ngc NEfAK Al tert{u%ctﬁ 34 Wth
K &Y% Ui ght “Fece

such a nefworkK interface, 1t Is contenpla at’the ive
information freqtort200, Neibyahs 2800s Pos@itine® bh op ofi thé BoMEHh certrd] @lebredEIgNOr K i n
the course of perform ng@t he above- 15 described nmethod steps. Furthernore,

net hod enbodiPrtipnglinfthe britose eensiat elpefiasdst208 Angeaoratve & seitabloubsiyate sheckOmU 322
or may execut et C . Intern i.n. jpunction with a
emote cpy t Aoy R T 8 S RHS Bl OF Bl B ol TaBE R HERBAERe
enbodi nent s ghbdthae: 280sent invention further relate to conputer storage
products with a conputer-readabl e nediumthat have conputer code 20 thereon

for perfdPmi h8020dr i ous A spouee 220t eonangtedtobe eghirenstor 260 andsepniea the
conputer cod Speci i C cted for th

ur poses of ¢ish 6 Bfeh sRRRa3ARGh 210 ¥ BRI TR AN0TRRAL B AEpeBh ot T
and avai | abl ehit exdrhysle ahdax s’(bgrc%lQZMCOin@ribé%anC@@mhF%ﬁs Sairée/ BG4 aRblch gagxanpl es
of conputer-readable nedia include, but are not l[imted to: magnetic nedia
such as har d SeHrs& 300, fne psyOTpks; sonres 268, whigheredde Bsaasespsed &r thedi a such
as CD-ROV a | | c..devi ces; magneto-optical media such as floptical
di sks; and hg%&%%rslg%égﬁ@% % t hat are specially configured to store and
execut e psog[egzrtode, ukiAs RE sapt DL&ta At SRR&idH RF sodegD s, Qdd Gisk&daldt S

(ASI Cs), programmabl e | ogic devices (PLDs) and ROM and RAM devi ces.

Exanpl es of exfijstioe REseuee2a6 aredeatiehiyroneasins to sha¢tcintrapion dUe Buough &

conpiler, 30 _and,fi cont.ai ni.ng higher |eve fAnE0. th r ecyted by
a conputer uSThy llgrn&ﬁﬁo&rﬁwg? B?Wgr&? ﬁ%%?qg?trngﬁégﬁlzg 8@’ 8“%@;@3&%&?
conmput er  codgouiréer TR BehbRitks DYasRIC poxpatiapl sG@sIRs thedbiad REPORE @Cthé Btchl rEREdr er
wave and representing a sequence of instructions that are executable by a

processor. E0Gnipreesably,oeatipTBFipawier hasa fequedey betwaeti hiloHertagklinvandt i on,
FIG 4A 4 h i = ti |, illust i f tack 400 with

subst r atty 4ol PSS RelE (THRT MEFE bR ot BE el dan f e dituhrieh "
har dmask | aypMH#nd §1vmz).vmie%qno@\@%f¢1\a{eiaﬁ, thedizs RBpEwélsiaSrdfueiydydgd, over

whi ch a photoresist mask 420 is provide I n this enmbodi nent” of "t he
i nvention, tdhoutbidz.ate 404 is a silicon wafer and the etch |ayer 408 is a

or gani ¢ b7t ki BRCERF PEGRPLRF PO A22 REHHIRLIO SR Cr PO s
Ao phouscagiofvs hBSoUTBSKF e & (b bch ehcRF00. BRI OISl

oxynitride (S . I'n other exanples t etch layer“is at |east one of a
si | i con 28i oxioseer basettequeney thal is greagentbarsthe ibeastRE pbwsrs Maregiréfembly, this r i de
based materi al ilicon oxynitride based j al j1i.con _carbi de based
mac or ol s PREs RIS s & Ruky e rieveeto M gt MG TR er rar T
ot her exanplpset8, Bas %@%‘RF%%H%& eﬂcﬁﬁmz. or a silicon based
material with a carbon conponent. 15 [0038] The substrate 404, etch |ayer
408, hardnmad@02%yer 41fhe sacmhdrexskatithoRF smacplHcgeheiatest dnother sburceBEt or 200

(step 104). The mask 416 is etched through th hot or esi st. mask to pattern
Uhe hask 41OMEEIRTSURTEHNEpeircaBF Remeall M RTHRIORAD. topor e 6 RE | ayer
(DARC) gp 2 tpb%ﬁ chef fRERr &ﬁﬁeftmwlireﬁﬁi L1 CaRs sORPRE ectric
Anti - Refl ective ating). The usual gas to open 't |styeofg mask 20 has a
f | uor ocar bompower sdr fsddueneyohat ib @greabes sieech thé bints R sourost dank thoe fisst RFout Ar and

02 addition. . | I
excitation source. More preferably, the second excitation RF source has a frequency




[ 0039] The hardmask | ayer is opened using a COS or CS2 additive (step 108).
FIG 5 is a nore detailed flow chart of the step of opening the hardnmask

| ayer using an COS or CS2 additive. An opening gas with an additive is
flowed into the etch 25 chanber (step 504). In this exanple, an opening gas

conprising 02, COS an ossi bl [her as 1s. praovided. e openin as
s Tor med i nt oG areabhipRaF Envatt O MATE Mol Seteril B geo R ERobReRss® 9
har dmask. Fl Grédfuehdy 6f 6baUIgRL i ¢ cross sectional view of the stack 400 after

t he opening process has opened features into the hardmask |ayer 412. Once
t he feat ures [@#030]JopeneditieniffientRF digaslk nlagybersuggiizd to eribdscoondfindtions openi ng

(o Lyer ooREeURATRE R A Db e RSB Rk emei
Fomper at e 18P ae I g o o B e R bt
mai nt ai ned atwhidipinGhisAixtmpleas theddoptont deatrell dettrods 268.i ¢ chuck tenperature is

mai nt ai ned at & C, and_t he upl@‘gr el ectrode tenperature is nmintai ned at
110 C. An opdfPHd gas ofhesgntralles 7393 cangected tBrREsaswE Photiedias RIG00 wat t s
at 60 MHz is [ . F j P i pe, etch
Tate of T emmyr e thg e ARG R Soulc e S i RO E G RE schhE C

et ched i nto t266. &heboitefler 23 eantigls thé Eloepe nidethia patniaskthk aichrre{csdre0014s?) .

The reci used depends on the type of material that has to be etched. For
Teos, P, m&% a% Hhegeapebipn pf thegdepowsniorm fhe thregiRly souiie 2630%5@5 $56.d8% pes
are required ] J mﬂ{ [ ectional view of the
stack 400 af FE%%{%%%@%@EQ{}Z@Q& etc gﬁst;bﬁ,t&%szt e etch layer 408. The
mask 416 may [0032] he sairethisdxanipdd, confinemyenh sivigs 202ndrk provédedto pi@péds t i es as
the etch layer 408. As % result, the selectivity between the etch | ayer 408
and t he maskcfBemsyt ofdhg alagma gpd gas. hishgiassigtween the ronijpgrasnt fings and-args e
this mask toegﬁu%ggg%@é@@lﬁu&g&}nﬁgg the etching 15 of features in the etch
e hardnma ;

| ayer 408. Because t ayer 412 has different etch properties

t han thel®t c[0083yer 40BigutisAcimiBh Hligtratd QR ontpuses lspstdrh \@hivh &8 sil@BleVibt h
respect to the hardmask. [0043] [ n_other embodi nents of the invention, the
etch | ayer nigPleEeRfingdhe gomrolighdyusseiin epmomess debadimens phthemesent e. g.
TECS, BPSG (o -Sili . I ) i{icon
nitride bas eiglg%ﬁtfbglr' ?Fég‘ﬂ ¢ g?lnsl?lgg)rsl og§%sl%%br%$8%y Sgcgdggogﬁprr‘gt%? ?0211[‘8 ‘ngi %&nnﬁé:dar bi de
based mat er i Of colrsaythe-coftipiet Gdtérd nidly 1y nidlly phyded] €oratangiag frohPA44] I n this
exanpl e, the etched features are passivated (step 116). In this exanple, a
chanber pr esigtageatest cipitagrprinted Theuibbeasd ragdtasmadl handbsld devige patair buges

A 25 paddvarpi gy BB SiEh BB IAE 02 LRl %00 wacts
at 60 M-z i shaukiagizdedh divit HHesI308)aikegbded! B0, nd kheausy 312 Disk 1@lik gved t hat

the passivation provides a barrier that protects the etch |layer during
strippi ng orcompwrrirerslableanerivimmsedktol tiapnsfer dpade and kemcomputes spgems3000 car bon

fromthe a us carbon f,ar.m ng structures.containing C-S or G S S C
bonding. | mf’@‘ﬁm i evelﬁg'frﬁgg ]tgﬁflgxﬂ}%lg O%F‘ b?ﬁ?kc %%Ear %)égp‘gergsé’ﬁtﬁ“‘é@h

resi stance. Aw{RA&d tbhsiar R0 id § wid R, &f%hﬁ%rs@e%@sl -Précdidr(Bh22(fahi C

| ayer stripping process, such as providing an 02 stripping gas nmay be used.
The pas@Pvatrefered tyyasrcentigl fyecassing units, or 6P&ls) atepupleditebtorage idevigesd/ or

organi ¢ di elil?c(i{[l 1}15(3: n{e%}/oer"}rr §24£j ”Meﬁ%& 95"4 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

30  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



stripping. In the alternative, an additive of COS or CS2 may be added to
the stripping gas to further provide a protective |ayer during the
stripping process. A wet-clean process may be used after the renoval of the
hardmask to renove any remai ni ng passivation |ayer, wthout damagi ng the
etch layer. FIG 4E is a schematic cross- 5 sectional view of the stack
after the har@rendary ggage medivgreuchsas g bysd disk) thabis slowsr Hre nelmary seragendt
openi ng gas iS:f i . flyorine .| J . t he
macor i al o (Rl el efedd G polhibilioh REI Rk HERGERRARAR L0
har dmask | ay eippespiiatel dakddgbdicSipbiatédin stahdadThdhisn £xaHdl enernér§ i@ nichfory
hardmask | ayer has a silicon conponent, the opening gas has a_ fluorine
conponent . The4f Resrqvakle diskcddpenyi takethe fieren elanyof ghessoapnuferagpdableamedia or der
to have epou lectivity to the mask 416 layer. [0047]1n addition to COS
or CS2 thg sggﬁ%ﬁFﬁéegﬁé preferably conprises at | east one of 02, CQO2,
N2, or H2. Mjoe3s)r ef er afpy 300 e H4d dadpiled o 8 ari&P BPInpaFsutButdviRs dubl as
component such as Ar. Mire preferably, the strlpgin%hgas conprises 02 15 or
N2. | Nbst  pr efdbspii 304, Keybosndi1Bpmayseghle, enshiperisss 2 Injenas), ap rauter@nbl os

do not provide a_passivatien.ste r proyide a . ivathon .w thout a COS
and| G52’ addi vee RRSERSMY KPS bR BRI Butiehbiho s
carbon or it tGah-sefdtivd disShayd, baMNdaesrahRlrehddrs) nidi@e @O RIPOHGE AaLES,
structure, Mst preferably, the 20 hardmask | ayer is anorphous carbon. Such
a har dmadR méaplese siyluses.omeicsrordmpdividtng vawzqy%%mw@eﬁ ey, sothesy be
deposi ted by c8ﬁlpﬁ{ers. Rosk op'ti%n%ﬁ A Be &tbledo akgﬁepéoﬁ%g{ﬁé&r' ayer has a
carbon conponéent, such as a“car bon based hardrmask, such as anor phous
carbon, or atdédonfiimibaRas nboatBskg Wethvbriain€afade B4@.OWRENRBh a néorknvent i on
can be used in order to etch any aspect ratio feature in such a layer. 25

[ 0050] Pref efdiface, it fecomtearplatad rat the U grightdeseiwxinthsmgtionsfron thpnefwarlsh| v,
t he mask | ay t he | . ve sinlar .11 8s. . Preferably,
the har dmokcl BAR ol BE T BT oeReRakL s B S B RRRb BRablECk [ ayor
and the g3 chdésyibed MBtholi8teps| Beither@bie, BlctibAEmBodinéRs PGt piideiitBvdhtiod mask
| ayer. [0051] Preferably, the invention provides a high aspect ratio etch of
greater 30 tHawezepute solaly eppit €PEr BB of mayeexieeife AVGramebienki syel agthgilgiarmgs pect

ratio etch OL1 reat H1tq n 25:}. ﬁ@g&g%én accondangﬁgygggagge enbodi nent of
t he present Rt aRT W4 ﬁﬂFWPF(Fa ?'%?p?ﬂfﬁf KT Weed in et chi ng
of an etch | ?mgq f or meth QMeforembbGitiets®f thdpreseninseh@sfulhal felatd td ustrat es
an exanple of nulti-layer resist mask 600 forned on an etch | ayer 604

forned on a sumtersteragoproduss with\arcompurir@adgbletrnesdivim|thdt-hawy eompwiet edenask

600 i ncl - bon .(SOQ) |ayer 606 f d t tch | 604,
an ox1 delbasBreRR B e o BBe R S R R SR e B PBOH A1y er 606,
and 5 a pat t &niflerBaK nfal Be thetR P&5aIR ek idBe® ¥ P@mBRIREH f@ttl‘i‘édﬁlghode@lﬁﬁr 608.

[ 0053] For exanple, the patterned nask 610 may be a patterne ot or esi st
(PR) nask hath presenttihvankionsy thdy miobe ofithe kind wathlendvr arakdvagalge tamthobe

tt d with. the.i i on 193 nm photqlith hy havi CD about 70
P The oxi Vel FEipe FraPurEspa R A B e B G SR gabls Rty
material , suabas bat BRindt Ak 8l lnReelicHRial sBYEAs Mirdl Qisks, UppY GRS, (a1 about

45 nm The spun-on carbon | ayer 606 nay be used as a hardnmask in etching of
t he undeébl yimagnetic kipapoptipkbemedio 4yuchaasdCIeROMs swd belogedpbia deides; magremin- on

har dmask (SOH).. .The.. - | 606 h t hi ck f about
350 nm - ComPRbEH Mrdin St gIRBHH SAkBoH B se BT Te s En , whi oh
typically r %Hgélg‘éd fo $BkLdnBlexEdutdThOBRAS EddeOBudhl 8 GBBRuatibh 8 p&d?td 1rREhrded Car bon

| ayer is forne y spin coating using a conventional resist coater and thus
| ess expensicieuitSANMCoh poagriromable logic deyiotsy(REDs) andeR@MIandhBAM déviess. t han
anor phous carbon ared with ather aorgani¢c filns, on the other. hand, the
Spun-on car GRS DeGRER oG BHisaRT: MaHOF ot B RGO THLPY BERBEHEE at | on

of oxygep. The fﬁé&%n&'&iﬁ@h@ﬁ@r 1o OF cHBYthReark @J&&%@:ducﬁy' zﬂ&)r@ht&f BHY 4n

pl anari zation material, Such as NFC, 20 available fromJSR Mcrao, Inc.,
Sunnyval e, @GabkipiatemiGymputer oadubie meadie mayl alsushconputer$0d: r@pmmitt&hbcar bon) ,
SOH (Spi n-On Hardngsk),availab[e,fron1ShipIey &b' I nc.., Marl borough, MA
TOK, Japan, “98RUEF €343 sigplembagingd ingerarrqr vaveigad SReseRtne? SEHanceRly pe a
TECS (tetras EHols = SL)d.Cab R ht w8l hoxy-silane) or PE-TECS | ayer
havi ng a thy%&ﬂé%gﬁé?ﬂg%%%%x4c E%Wfﬁ#ﬁgxgﬁbstrate 602 may be made of SiN

or ot her

8



25silicon-based material. It should be noted that the present invention is
not limted to specific nmaterials of the etch |layer or the substrate.
[0054]FIG 7 is a high level flow chart of a process etching an etch |ayer
formed on a substrate using a nulti-layer resist mask in accordance with
this enbodi ne t of the invention. The nmulti-layer resist nmask 600 and the
etch layer 6 lgbscribed above are used as an illustrative exanpl e. The
substrate 602 a st S g
chanber (st op8s . %t 6 el BBk Sahdinp bPRE Inichut MBS TR 1] SORRMS
chanber 800 tdrass-seayoraeillisesakidnosf a deki4006&vith a/a,tbetr@thmog ovier @hdrahesicte Wit h
one enbodi nent of the present invention. The plasm proceSS|ng chanmber 800
conprises conYH&IEht Providgd, aepwhich ahapdimask)layer Abiis movided;, qveahichlaect r ode

808, a gax so e a, outl et.
Wthin pl ?s rrarﬂf%srq{odi:@;lgp ﬁ’g’n%ﬁa%?%‘oép %BSS}S%H%S%%}Q%@%@ &eat %nﬁ]nEe stack of
| ayers) is pashtiddanest of gerintditiohphe sulitiaei40adea 8ilidon Wﬁﬁeﬂaﬁ&\/&t’e étieryéode 808
i ncorporates a 5 sui tabl e substrate chucki ng nechanism (e.g

el ect r ost at i 408padigtactig lagerasyshiag a dgped oreundpRred sifign %@Qﬂt%@aﬂﬁeﬂwmft ate
602. The rea C a sed

i mredi ately g%g%dsl})t%gk ? h%ﬁec r%\/\rgét&g 1 I %odm? aggg%%[l'él? ﬁ%&%?ﬁﬁqu@%@b@h

| oner el ect r anesk808.is dlicorconidéd «mioe)nir sflicog x $fdidda i), t e tee ekhmpids measrra
vol une 84Q. Gas is supplied to the confined plasma volunme 840 by the gas 10
source 818 tIFtdugreras gtal@asr ﬁmee@f j plitascdiogda bassd maderiah, qrganorghicate élé‘ﬁsﬁ 8de,

di ssoci ated ig ower

el ectrode, an Ic(aﬁélﬁﬁ:d\ébae@)% aus a$s¥16ém éﬁ%@%«%"@z&s%ﬁﬁﬂdaﬁ%ﬂ%@ anlg” 40
through the oasddimsieR4lf silicoigs p%t)ﬁsﬁadl mategixl) atisity pofat gatwntatwlaexhﬁuﬁér punp
820. Besi des hel pi naﬁto exhaust the gas, the exhaust 820 hel ps to
regul ate pres§synples fhe hapimaskanhenaberebased trwtertjhgr s glicee 3@& idses a

patterning g a hardmask openi ng gas source 814 and an etching
gas source 8?%'38&'%6&(& eé'rrask openi ng gas source may include a COS gas

source, af OPOOB8F Sour qRe s@iveta@PI04OSBh layeP4 (B hadlatise Idf'éﬁm @?@maﬁmw)
urt her

dependi ng on the opening gas reC|Op The gas source 8

conpri se ot hafe ngds@me@eﬁsryaeq@ Os(sten 1%) al kg mpgkptLbgs g@he uough ther t he
subsequent st in roces or th rdrra rme t he
processi ng cﬁéng;élslsgﬁ‘gs Ag l%ﬁsgﬁ nQEF%fg @?%91%415
electricall YC&ﬁﬁﬁ@@bﬁﬂlaty@r tth&Rtjpm la%ﬁC(BAQl@D@Q&I) GvaoheAntMR efiBctBR2
surround the confinement rings 802, the upper electrode 804, and the | ower
el ect r ode 80§0ammél)ﬁlbcmmel%ﬂlsctmﬁmng} The usuad gM—@ qmw@lrls swercfaask 60
MHz po rce, and ower .souyr ent |nat ns of
connect i 1y RECGoIHPOrE5 i R R SRy, MR v EREEALR

Resear ch Corm@(;ﬂ on's Dielectric Etch Systems such as Exel an(r) Serles,

made by LAM Research Corporati onTM of Frenmont, California, which may be
used in a pr03d% ed en’ﬁbfdhatémasldfayttrheopmémsingm COber £8, mMittitive (skdpzl 08nd 60

MHz power s s make h source 848 cgnnected to the | ower

ol ectrode, - arlsSed Bioes ipaieian RGHEL e Sispah Beting ReCGrmOK Eyer §5ige A8
controll abl YCGS'M‘@SE%Qd&NetJ&ﬁ oBEmﬁggﬁé?@qtﬁﬁﬁ ad@XivausfiowsiRiPRl etcind the gas
source 810. The controll e inplemented in the sane manner as the

cont r ol 128r mnﬂtels@tapw@é) alndhe emrfnplet amgpmg:gmonmsmgd)ﬁEOS and

0056] Referrin ack to FIG 7, Xi de- based er 608

bat tof ned  t (OGN e iy S PSR THEdeceins s g ol apfvHy GRotd: ep
704). Any cmiéemtdrmelusa% c%eh bl a8drh k. EIiIGM(f‘&/a%h&ﬁME s RBrdha YRwpased

material |ayer 608. The spun-on carbon | ayer 606 is then opened through the
patterned oxifdls &baé:eﬂ)OﬁlfwatI&rqpamng PyeesCis qunertgfeatut@nnmahkhudmask@ygas

(step 706). ste t he har drrask eni a ta| ning a COS
conponent i ¢ lgngr}’ﬁﬁﬁge% engd g Sirrdmask dayer égg’l ﬁﬁ@o g‘g
processihpg {gbse(; S0 as
to openI3 ?ﬂjél thg g\uﬁélgﬁfméa (S){tlgfeggl}lhh%@el%%t) he ? ?&é&sfgpﬁm)ﬁﬁy& (rs'rttsstsk
openi ng gas comphtaip panovedn accordance with an enbodi nent of the 10 present

i nvention, i&? har dmask opem ng gas. further incluydes 02. Preferably, the
har dmask opédM gas SBhample Eeps ey 3haugmgsk GECHHEKEOV%Qﬁdaé ¥nbeit ant gas

such as Ar

| east one oP SWQ@W'O%?&%%@%%W@%W%% ) lg(%Xor %urther
be added to the hardmask opening gas. In a preferable exanple, the har dmask
openi ng gas contains about 100 15 to 4 sccm 02 and about 1 to 50 sccm
CCs, preferably, about 5 to 20 sccm , hore preferably about 10 sccm CCS.
Alternatively, COS nay be about 1% to 25% preferably 5%to 15% nore

pref erably about 10% of the tot aI flow of the hardmask opem ng gas. An

o o o r o




of the spun-on carbon | ayer after the opening process in accordance with
one enbodi nent of the present invention. For conparison, FIG 9B shows a
schematic 25 cross-sectional view of the profile of the spun-on carbon

| ayer after a conventional opening process (wthout COS) as a reference. By
adding COS to the hardmask opening gas, the profile of the spun-on carbon

| ayer 606 i s AR yppariclesheds tempgiagye if. m@ﬁﬁérzsdsapw% AHieHRVEL. there |i ke
pol ymer ‘and sQf§ ek L0afl, Qg@ﬁ%&g&-tﬁ%{a?@%e& %E 3@@ Oc'\jhﬁlﬁ% ?Héggnp%pagct}o%% spun-on

carbon |l ayer 1S nbrée susce 0 ‘undercu apering, and the

li ke during tt&ﬁé}z)élﬁ@@é RAnAh@GRESt 1 AL | ARBh&NAYS dfR08dcand D, AHs 10868 Ssuch
as CH3F, CH4, 1-14 and CO as an additive to the hardnmask opening gas to

control the pr@¥% i rrowided.heO%yaits a90dMHp dnprosiged foraddeeandsdiarithis ecaaple

unexpectedly _i.nproved, the profile ye intainn ihgh.etch rate of the
openi ng pi Opégggaé&&gl})gage%oﬁefngy *ngct%{e %Ef’fg%g%](c]ﬁ aFoé]tng Gggb]égré’%ﬂfl cantly as
ot her addi ti \jge41][ 0058]Hgiueds drdetchatikitd tBe Blcklayér thicighGhé Bferleh harddRgr ed
spun-on carbon layer as a hardmask, features are etched into the etch |ayer

604 usi ng an lasee frtergl Fas The rasipesisgd dgpengsomtheryngi af gnateriad tlas hgsito er om t he
etch gas sour farm ma fro he ~ga st opping_t.he etch
gas. The et cﬁ?cﬁad'ogmﬁgg %’ta%ﬁé(?’zlﬁgrk r%‘aeyq1e Iéc’p@ﬁz % %lﬁ’e%é'i ?\i?%reél |E Pq%gsrsqﬁ%ﬁ?fer as

t he previous agilgeireent, or may be perforned using any conventional etch
process suitable for the etch layer (TECS in this exanple). In the
subsequeh® pl¢M2ds (st&]1)6-7‘11@}%3Whémhm@rﬁ’a%wcﬁal}ﬂl&e“c@fﬁgpé@ékfm(?éﬁﬁ@\ﬁb@. 10

[ 0059] Whi | e t.his ipvention has. been cri N ter f several preferred
enbod ment s, THErLRIEELT epaPRrE8 B I 45 e SRR hat B fibYaR
various substiatdta® oy HalciithHlar SN Srldpéries adht Bich 14yee 468.08€ a@ésulthine

invention. It should also be noted that there are manéq alternative ways of
i mpl ement i ngselertivite batyeen drretelplaaerA0fsad thy masked Wy maebe versive@soron. It is

e ehhe L WAAEAALP L DA AR Iy BRBERCH A B bR GeBhe
equi val erd s gsfeh@kds inkiedteh IaFl&_ 408U Bes sk ithe RR@makIRGer afl 2 hAe dPfefsi® Bich
invention. CLAIMS What is clained is: 1. A nethod for opening a

car bon- basedpivaetdica dlan|te/eteh fayemd(s, the etah layerHOB dyselectively etched wathrraspsct t he
car bon- based [}grgngsk | ayer di sposed bel ow a patterned nmask, conpri sing:
pl acing the SUBSAFEMEskn" 2 plasma processing chamber; and opening t he

car bon- basedjgpasHmask |potRér enftRARhéts BOthe idvRWios] the &3k HiyBSHhaP BE Bhdipedas
i ncl udi ng carbonyl sulfide (COS) into the plasma chanber; formng a plasma

from t he hareandepkd sipicon digxgrdasaimiatstia(pigndEONe BPEOGWFBE ctfd)eorgamal pikiskte
0P N0 B0 e OV AR e B ol Bk G bl GOy Pased
claim1, whengeRal SficeRERBRE BARAINNESAMRIKK-| BNBEriL &r Qﬂ%ﬁﬁeﬁf gy car bon.
[0044] In this example, the etched features are passivated (step 116). In this
example, a chamber pressure of 20 mTorr. The electrostatic chuck temperature is
maintained at -10° 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
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
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4. The nmethod as recited in claim1l, wherein the hardmask openi ng gas
further includes 02. 5. The nethod as recited in claim4, wherein the
har dnask openi ng gas consists essentially of 02, COS, and a dilutant gas.
6. The nethod as recited in claim1l, wherein the hardmask openi ng gas

further includes at |east one. of 02, CO2, or,H2. 7. Th t hod as
recited in cl SRPE &R}@‘F@Fﬁméﬂveoﬁ? aédlﬂé’l"s%%géﬁtoé iS4 may Jﬁ?é‘t‘ﬁ?‘gtﬂgﬁﬁ\?ﬁr’d’éﬂlg
bet ween t he paitsrnan ?Poﬁrlfd ! B %‘Hﬁh s chasid AYL Get- met hod
further corrpr?agsi ng: pg ternin otéﬁg‘,%x? e- gage%gmﬁérggﬁsfgyefgw&s%%gnthe
patterned nmasprocess may bendedvfesreharehioealbafrthoharimaddtolramdna sy feyahiings opened
t hrough the patterned oxi de-based nmateri al Iayrer 8. .A nethod for opening

a spun-on car BASHVRESPAYGrWitheus damaging dhe etehlayer. FIGK K it aichematiaarosi-ch | ayer
over a substr L = | | | Ne. spun-on car bon
| ayer, an%zxi %gﬁ%nfg 2%“’%%% ftg?y%%%sﬁda? é%%%zgyécr)\ﬁ}gér U%ﬁgﬂ%ﬁ ug'- on car bon

| ayer, and a [p@d46ler ned Inask edirmplesthd openihfgasax flderihafes] Whkeher flbotiyier , t he
nmet hod conpri si ng: pl acing the substrate in a plasnma processi ng chanber;
patterning t HCHLPRAAIHAR By maferdliof th haydipasiis iAnHuenine fsea IRENHERAFESIdIE Bnd
opening the g ALRO el BREintHE RLildR. RRbIGEE sl anBRIRCIRRGLL 2!

| ayer, the opening conprising: owm ng a hardmask openi ng gas

i ncl udi ng carlbyen¥ibs s silitordleorssuBSht, tietapehing gab AsswflporieesaipogethThdiicrine

form ng ﬁQpl asma fromthe hardmask openi.n '
S

C .ng gas;_ and stopplqr;;gtheflowof
the har driiflsk SOPWRFiHEN §asto by prapcalyadiystsd 1 ordes g havg enpugh selsefigity fhideei n t he

har dmask open] rther includes 02. 10. The nethod as recited in
claim?9, V\he?}é#%‘l?ﬁza;ﬁgrdnask openi ng gas consists essentially of 02, CGCS,
and a dilutaf004yds. 1lIn addiiones 008 >SS, &l stepping gad prieferdbly vhrapaied at he

har dmask opening gas further includes at |east one of 02, CO2, N2, or H2-
12. The net hdersbied @z 692 No.or HlamMiore picferably trostripRing 88%1€0mBHLes a25% of t he

12, “wher of n_ GRS AREGRRGRY BOAST ore dterdF PPl RiPhReS: & 7
openi ng @g&s. or M. Mdepiebiriitilg tAs stippingeds tompilik 0,13, wherein COS is about

10% of the total flow of the hardmask opening gas. )
[0048] Other examples do not provide a passivation step or provide a

passivation without a COS and CS; additive.
[0049] In one example, the hardmask can be amorphous carbon or it can
contain Si incorporated into the amorphous carbon structure. Most preferably, the

20  hardmask layer is amorphous carbon. Such a hardmask may be spun on or chemical
vapor deposited (CVD) or may be deposited by other methods. In other examples, the
hardmask layer has a carbon component, such as a carbon based hardmask, such as
amorphous carbon, or a silicon based hardmask with a carbon component. The
invention can be used in order to etch any aspect ratio feature in such a layer.

25  [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

30 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.
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15. A method for etching an etch | ayer over a substrate using a nulti-Ilayer
resi st mask forned thereon, the nmulti-layer resist nmask including a spun-on
carbon | ayer forned on the etch | ayer, an oxi de-based nmaterial |ayer

di sposed on the spun-on carbon | ayer, and a patterned mask di sposed on the
oxi de-based material |ayer, the nethod conprising: placing the substrate

in a plasma pFibeésshamaticrllyBbstratppan eampiqof melticRyaachy seagk 6RO donmed anay er
using the pat %ﬁ{@g@g ma;forme on 9&%@&5&? 6h'€ AS REy P 168, BO %egr:%é{ﬁ{-m%r' ng the

patterned oxi terial layer, tThée opening conprisin

fl owi ng a har@saskaskER0indudas sFﬁ@bu@hﬁwn@swﬁlagmrmﬂﬁedm@wtem 1Byes ma
processi ng chanber; formng a plasma fromthe hardmask opening gas; and

. g s .
st oppi ng t he G04%¢n oxide-hasedanateriad Rayer 608 digpasad on gecippargnicadhondast pee.andhe

etch layerz thy h the d_spun- carbon laver: -and ving the
patterned Sspual -ag‘%méér‘%aéﬁ%?g%_? Qf%iié).niﬁe 3’88%' %\%egéxﬁ%réal %YEFI{S‘Z%Dan etch | ayer
over a substr[e0s3]usi ng Forekirhple! @Y PhttdrBed MhsKBIDKMAPBE PatichRidgshotorbdigt

mul ti-layer resist mask including a spun-on carbon |ayer fornmed on the etch

| ayer, an oxi(HR) puglebavieg @ Hiicknessgiabou B0owedThnPR meask §i0 may begapeomed ayer
and a pattern k di spo on, the oxi de- based i | a th
Apparatus coniih et ARPRE R baboRe Ry RAREES T Bt o T doifirne

wal | form ng basda asERalNiRe 668 hidg be ML OF 2 SNO)-BSed @iaterial, such as a spif-opubst rat e
support for supporti a substrate within the plasnma processi ng chanber

n
encl osur 9 agﬁﬁ&éﬁﬁ@bgay@rg\mﬂaggﬁckr@ps oleabarieds vrg. iThe spirees earbon layet@opl asma
processi ng CQ%{“} r | osure: . . . at .l east e el ectrode for
provi di ng pOV\BIy eeousg(ﬂgs aﬁ)ﬁ%{g%Skplrn oe(tzcehsuég %fgth% Hréd r@%ngeeﬁ@fq%%galy & (%6041’ alé%g]taﬁi ning a
pl asma; at | aﬁsu)e@aerral:tmvs?ﬁn@ﬁmmﬁna@kw@nb.cmhé e eesadaie doBenat | east
one electrode; a gas inlet for providing gas into the plasm processing

chanber encl b3y &thicknesspfghgutiidingr. Eompawd aidiamagples cribomin He pevigwa
processing ¢ g%%gﬂne% aﬁh?&u{yﬁiﬁag%s %glg?sjs(r)alg gepf{l?tef Hlnﬁ ld%ﬂocslin%%g)r}gc%t 4 ?li]eeggélhg)ngge etg 2ﬁ

inlet, including ap erni anh opening gdas sou

gas sour¢®; adilon layer is Jora@AtbydplLéoatiff ising b 2Bhven6oft) e6sik dodter dddahEaRss
source, the RF bias source, and the at |east one RF power source,

conpri si ng: &xpengizet Spueopeabes Sonorepolynesriketand thussaéen thamamprephous
conpri si ng: onput er .readabl e code for .patterning the oxide-based
material | ay&POoki GigmPET il gl e iR thaddh Plnk b
openi ng the BRAUIZIRR c6RicR@RidrAYRIarbon and lower concentration of oxygen. The spun-on
carbon layer may be formed using an organic planarization material, such as NFC,
20  available from JSR Micro, Inc., Sunnyvale, California, and other material such as -
SOC (Spin-On Carbon), SOH (Spin-On Hardmask) available from Shipley Co. Inc.,
Marlborough, MA, TOK, Japan, JSR Micro, Inc., and the like. The etch layer 604
may be a TEOS (tetra-ethyl-ortho-silicate, tetra-ethoxy-silane) or PE-TEOS layer
having a thickness of about 400 nm. The substrate 602 may be made of SiN, or other
25  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
30  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
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usi ng the patterned oxide-based material |ayer, conprising: conputer

readabl e code for flow ng a hardmask opening gas including a COS conponent
into the plasna processi ng chanber; conput er readabl e code for
formng a pl asrra fromthe hardmask opening gas; and conput er readabl e
code for stop flow of the hardnas tchin conput er
readabl ¢ codeh e’ég@w@n‘fss%m&@gnﬁeﬂwas@Qseﬁncwpr%@s?trqcﬁ%&gﬁlq% opened
spun-on car bo, ; sbcl d an o£RARUhAp BARUHRLACE RPed:Qut

provi di ng an éel%ééﬁﬁgsoscao stﬁg g%%ﬁngggesour e; P corrf)ut er rseadlai)

code for fornWigirplpdnas pacéssiagchibeat800, masubsmaté 602 (with the:staqﬂmfdaydre)adabl e
code for stopping the etch gas;  and CO% readabl e c de for renoving the
patterned sputPsKIoNedRpRIHhe Igpesr electrode B0 pthedawerglecttadgiShy ingorRarates fay er
over a sulastr r mask,
conpri si ng pﬁ%ggblgg S%Jgég: :i}gag gﬁ e%n?slﬁ]g{%ga rrg&%)lrs %ﬁgs%%rﬁﬁgaﬁﬁ%aﬁ ng\cl)\blgnl ng

t he har dmask thalik¢) fockholing she@ibstrate 602. The reacftbt)mprSQSandmpdmsﬁleQ@@Bﬂ ng gas
with a COS or ZCon%onent into the plasma _cha formng a plasma from

t he har dmask <gs&Rfe804dispossd immedigfsiyeprosiée 'fhpéwv@’rel%qﬁr@dﬁ§9§+rr%?§¢<um%m ng
gas; etching [ I hﬁmgﬁikz

r enovi ng the% ?%Hég 4 l&&%eﬁ%ﬁrgﬁ%rg%ogxgénéx{eééﬁigé éstr?%)czl aim wﬁer ein the
har dmask conplasagsvobiige 840. aGasis b@psplhas&dlermhﬁnécb;blamm wolamei8d0bydipgd car bon
based material with a carbon conponent., 19. g{}g method as recited in

cl ai m 18, ldm@wﬁfﬂ%ﬂmkn (heles) 843 fopneh i e top Pesirode pssogatediinion od
t t
oast one of T8l py B @@o“*éfpﬁ%%;% P aode A e S0 T 50,

wherein the teahahsmafbnoﬂﬁrcogﬁﬁecf plagrievolame3A) siesugt the c@ifinehient niapHdER as
recited in claim17, wherein the mask is of a silicon oxide or Si ON.

The nethod adnd ae Fxhayst Rerichyathaesbaustpmmp820. t Brsides bglping toexhauss the 3. tae
| d
based mas er | Soariagh 8% fllb o ANARRRRIL BRE dhRRimedd, Bie il e A1Q €

mat eri al 15si tomprisedra paaeminy das orce81 X ral lakdmak O@BMng@hﬂéo@é& & dramideni al .

24. The nmethod as recited in claim17, wherein the hardmask is_of a carbon
based mat eri &lching gas source 816. The hardmask opening gas source may include a COS gas

source, an O, gas source, and optionally other gas sources (not shown) depending on
the opening gas recipe. The gas source 810 may further comprise other gas source(s)
818, such as a stripping gas source for the subsequent stripping processes for the

20  hardmask to be performed in the processing chamber 800.

[0055] As shown in FIG. 8, an RF source 848 is electrically connected to the
lower electrode 808. Chamber walls 852 surround the confinement rings 802, the
upper electrode 804, and the lower electrode 808. The RF source 848 may comprise a
2 MHz power source, a 60 MHz power source, and a 27 MHz power source.

25  Different combinations of connecting RF power to the electrode are possible. In the
case of Lam Research Corporation's Dielectric Etch Systems such as Exelan® Series,
made by LAM Research Corporation™ 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

30  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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and wherein the renoving the hardnmask is an oxygen ashing and wherein the
etch layer is a lowk dielectric layer, further conprising, passivating
sidewal I s of features etched into the said etch |ayer before renoving the
har dnask, conprising providing an ashing gas conprising oxygen with an
additive of or formng a plasma fromthe ashlng gas; and stopping

t he ashi ng ga@056]25 Th@efﬁﬁ“tWCk $osF1Ge J; the @xide-hased material layes 688 is t he |
har d k
ek S0 o 4 . SHR SCTBRIRD) 1oy AR SRR G5 o

aspect ratio dopabntionsl ¢ad saitald © elohitRIpatloaN:f; e %Hﬂémaﬁéd&n%ﬁalh@'@\&)& car bon
cont ai ni ng hardmask bel ow a mask, conprisin pl asma proceSS| ng chanber,

conpri si ng: aTWHﬁ@ﬂ oaebion 14xse ﬁ%@ therpppeset ‘Pltﬂélébgpﬁ@r@qﬁiaﬂ%@* asaé| osur e;

a substra or.t, for substrat Iasna ceSS|ng
Chanber | oer BRI 1ayeR 508 HARER nalith BRETAE BsTsith 706N 1h Hfe SReRRIRRY fec | T

pl asma pr ocem&ﬁas&i@aﬁa ga@é&it@ﬁmga CoS component 1s&ﬁtrd;cﬁt@§d fronaheh@dhiagele for
provi ding power to the plasma processing chanber enclosure for sustaining a

pl asma; at | ﬁ%mﬁ‘émmhpml@maﬁme@@n&pme& plgsn@ons fereneddramg thene at | east
one el ectrod t _for Qul dj as_inta | as cessing
chanber encl gisah(?%%% °H8m“g EX Sooauslﬁ? Pt e?éi’%ﬁ}? Betion C%R)%nl?? rog?]t]%éalﬁﬁzsna

processing Chﬂ'ﬁﬁkﬁlﬂar@rﬂ@dk(lﬁiéhﬁg gas gasso@ewrﬁﬁacwrdahw \dltlﬁ@fﬂ&ﬁﬁé(hﬁiénmﬂthet he gas
inlet, conpr|3|ng an opening nﬁonent source; an etch gas source; and an
addi tive 90urpé%sentamaentlon thea epening gasriurtharingindes Qumiueiewdly ¢ha he gas
source, the e

o . " T B RIS, 28 T o

conpri sing: QMmphtteelyl @@dﬁhin@asﬁ@gmﬁggam@ﬁinamdb cOd)at Rasdhe loay)grcoz,
conpri si ng: uter readable code for flow ng a

har dmask opeMngf dagnd epgienadly dy. 410 @b@ gy deiths be addegk toghe hadwaslone of 02,
N2, O H2 fr I%El:&gf gé)soeiﬁ" rfx?ent%%gfeﬁe%%ag %rhgﬁd%k%p%ngggé SdntfinllbodPRof" CS2

fromthe add ource
15  to 400 sccm O, and about 1 to 50 sccm COS, preferably, about 5 to 20 sccm COS,

more preferably about 10 sccm COS. Alternatively, COS may be about 1% to 25%,
preferably 5% to 15%, more preferably about 10% of the total flow of the hardmask
opening gas. An example recipe for a hardmask opening provides a chamber pressure
of 20 mTorr. The electrostatic chuck temperature is maintained at 30° C. An upper

20 electrode temperature is maintained at 110° C. An opening gas of 200 sccm O, and 10
sccm COS is provided.
[0057] FIG. 9A schematically illustrates a cross-sectional view of the profile
of the spun-on carbon layer after the opening process in accordance with one
embodiment of the present invention. For comparison, FIG. 9B shows a schematic

25  cross-sectional view of the profile of the spun-on carbon layer after a conventional
opening 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,

30 tapering, and the like during the opening process. Applicants have tried various gases
such as CH3F, CH,4, 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



conput er readable code for formng a plasma fromthe hardmask openi ng gas;
and conputer readable code for stopping the flow of the hardmask opening
gas; conput er readable code for etching features into the
etch layer through the hardnask, conprising conputer readable code for
providing an etch gas framthe etch gas source; conputer, readable code for
form ng a pl J&HREOYedghe pProdileyes madntainingahigh etch rate phtheopeniag grasess. (68 f or
st oppi ng the ; e renovi ng the

o§ oot BRI SlonlfRAP ol Bo Ry

hardmask. 28. as reci erein the hardnask is

of a carbon bpess| mat erReétrrin@MAdcMREFIE. 7, ddiis the TR opendd pubdnaRsh lhgeran

oxygen ashing and wherein the etch layer is a lowk dielectric |ayer,

wher ei n t he csripwrdnasketedaisisarereighed interthp eichdayiep F% Bsing abeishingigas edrinbl e
code for passivati ng si,dewal of .featur etched i.nto the.saiqd etch | ayer
ot or e 1 oo 1087 M duliedBielch i sbREhE SRR i s Diind AR Ra g B |
provi di ng an eaghda3CaridsSopptigthe SichaXYREESCcAiIRS BT the @tchNeyHr ithyHRIReMdEE] OUTr Ce

with an additive of COS or CS2 fromthe additive source; formng a plasm
from t he ashiangmyasmaened asthe préviepstembodigngnigorgaay, be pegformpd using hoy as

recited in claim rrein the. i ng the car ~hased hard | ayer is
Cort ormed ay capvestianiREe Dot iR R el A 6t REORY5 Bits PRIRAIRR In' B o

car bon- based s{ipded i@ lprdceysstep 730), theRrdBiIRAHa e é@ﬁﬂl&@@ refoGédi m 29,
wherein the anti-reflective coating |ayer is opened using a fluorocarbon or
hydr of | udPocd0MM baseVhilethissinygntiondas begmedegenibieddn sesms o€ seveliprefetred m 8,
wherein the s %g-on %arbon | ayer..is a haQqnask I .eQ t he .oxi.de- based
material | aySPOOGmEn ihere s alteratiots, Prglitins. modHicion M VarRNSE S RS TRATE
W TH ETCH LAYERinlt Gt A roAINAO e JcblpE oMMy dftion CRENO AR 1<

noted that there are many alternative ways of implementing the methods and

apparatuses of the present invention. It is therefore intended that the following
15 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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108 ETCH FEATURES | NTO ETCH LAYER 112 PASS | VATE FEATURES 116 REMOVE
HARDVASK 120 ( STOP ) 'A o ETCH GAS SOURCE 266 ?N 224' 200 ilk OPENI NG
GAS SOURCE 264 207 206 204 COs OR CS2 SOURCE

CLAIMS

What is claimed is:

1. A method for opening a carbon-based hardmask layer formed on an etch layer over a
substrate, the carbon-based hardmask layer disposed below a patterned mask,
comprising:
placing the substrate in a plasma processing chamber; and

opening the carbon-based hardmask layer, comprising:

flowing a hardmask opening gas including carbonyl sulfide (COS) into the plasma

chamber;
forming a plasma from the hardmask opening gas; and
stopping the flow of the hardmask opening gas.
2. The method as recited in claim 1, wherein the carbon-based hardmask layer is made of

amorphous carbon.

3. The method as recited in claim 1, wherein the carbon-based hardmask layer is made of

spun-on carbon.

4. The method as recited in claim 1, wherein the hardmask opening gas further includes O,.

5. The method as recited in claim 4, wherein the hardmask opening gas consists essentially

of O,, COS, and a dilutant gas.

6. The method as recited in claim 1, wherein the hardmask opening gas further includes at

least one of Oy, CO,, Ny, or H,.

7. The method as recited in claim 1, wherein an oxide based material layer is provided
between the patterned mask and the carbon-based hardmask layer, the method further
comprising: patterning the oxide-based material layer using the patterned mask,

and wherein the carbon-based hardmask layer is opened through the patterned oxide-

based material layer.
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EXCl TATI ON RF SOURCE 256 FI RST EXCI TATI ON

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;

patterning the oxide-based material layer using the patterned mask; and

opening the spun-on carbon layer using the patterned oxide-based material layer, the
opening comprising:

flowing a hardmask opening gas including carbonyl sulfide (COS) into the plasma

processing chamber;
forming a plasma from the hardmask opening gas; and

stopping the flow of the hardmask opening gas.
9. The method as recited in claim 8, wherein the hardmask opening gas further includes O,.

10.  The method as recited in claim 9, wherein the hardmask opening gas consists essentially

of O, COS, and a dilutant gas.

11.  The method as recited in claim 8, wherein the hardmask opening gas further includes at

least one of O,, CO,, N», or H,.

12. The method as recited in claim 8, wherein COS is about 1% to 25% of the total flow of

the hardmask opening gas.

13. The method as recited in claim 12, wherein COS is about 5% to 15% of the total flow of

the hardmask opening gas.

14. The method as recited in claim 13, wherein COS is about 10% of the total 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:

17



RF SOURCE 252 3/10 320 (304 DI SPLAY (310 KEYBOARD 340 NETWORK
| NTERFACE FIG 3B 4A0 Mo

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
stopping the flow of the hardmask etching gas;
etching features into the etch layer through the opened spun-on carbon layer; and

removing the patterned spun-on carbon layer.

16. An apparatus 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 apparatus 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 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 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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computer readable code for opening the spun-on carbon layer
using the patterned oxide-based material layer, comprising:
computer readable code for flowing a hardmask opening
gas including a COS component into the plasma
processing chamber;
computer readable code for forming a plasma from the
hardmask opening gas; and
computer readable code for stopping the flow of the
hardmask etching gas; and
computer readable code for etching features into the
etch layer through the opened spun-on carbon layer,
comprising:
computer readable code for providing an etch
gas from the etch gas source;
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.

18. The method as recited in claim 17, wherein the hardmask comprises one of a carbon

based material or a silicon doped carbon based material with a carbon component.
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19.  The method as recited in claim 18, wherein the hardmask layer is amorphous carbon.

20.  The method as recited in claim 18, wherein the hardmask open gas further comprises at

least one of Oy, CO,, N, or Hj.

21. The method as recited in claim 20, wherein the hard mask open gas further comprises Ar.
22. The method as recited in claim 17, wherein the mask is of a silicon oxide or SiON.
23. The method as recited in claim 22, wherein the etch layer is one of a silicon dioxide

based material, organo-silicate glass, a silicon nitride based material, a silicon oxynitride based
material, silicon carbide based material, silicon or poly-silicon material, or any metal gate

material.

24, The method as recited in claim 17, wherein the hardmask is of a carbon based material
and wherein the removing the hardmask is an oxygen ashing 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 claim 17, wherein the hardmask opening gas has a COS
component.
26. A semiconductor device made from the method recited in claim 17.
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;
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
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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 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, comprising:
an opening component source;
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,, N3, 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 etch layer

through the hardmask, comprising

computer readable code for providing an etch gas from the

etch gas source;

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 hardmask.
28.  The apparatus, as recited in claim 27, wherein the hardmask is of a carbon based material
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and wherein the removing the hardmask is an oxygen ashing and wherein the etch layer is a low-
k dielectric layer, wherein the computer readable media further comprises, computer readable
code for passivating sidewalls of features etched into the said etch layer before removing the
hardmask, comprising:
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.

29. The method as recited in claim 1, wherein the opening the carbon-based hardmask layer is

performed after opening an anti-reflective coating layer formed on the carbon-based hardmask

layer.

30. The method as recited in claim 29, wherein the anti-reflective coating layer is opened using a

fluorocarbon or hydrofluorocarbon based chemistry.

31. The method as recited in claim 8, wherein the spun-on carbon layer is a hardmask layer, the

oxide-based material layer is an anti-reflective coating.

22



