HARDVASK OPEN AND ETCH PROFI LE CONTROL W TH HARDVASK OPEN BACKGROUND COF THE
| NVENTI ON 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

density, f oar AARDREASROPERANG PREHPROMILE CONIRALIVTR uARIFAARK .
critical dinension (CD) of the featuresgpNch 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 iit has been widely used in the
fabrication process of the hi M@Mes Mul ti-Layer

Resi st typi capdpa]i Ncl udsg pResBAtih iR Fela@S trdichiRY 8N etch 18R} an&[ghoé Rask (SOG
interlayer, and a bottomresist layer. The patterning résist layer may be a

phot or esi st . duitieg betprodncties bf 4 s¢raigenductyy doeice. Monet specdgaldlythopre@htf i | m  or
spun-on carbon film A SUMVAR .THE 1 NVENTI.ON 0 o ,achi eye the

f or egoi ng ané“veﬁu%ﬁe&art?fatﬁc?éc IHgF ﬁ@’eﬁiﬁaﬂ?)ge@t‘g gﬁ‘@Jgg ‘5}? SMP&%

met hod for E%@gomﬁhﬁ&nldg&gfdéw&rs a substrate and di sposed bel ow a
hardmask | ayer di sposed below a mask 1s provided. The substrate is placed
in 25 a pl as @002} ocessDuging semizenduciorevdfer pioesking sfgaturds of dpeseedcdyluttoowi ng
a hardmai(l)< genl n a %/ﬁ\gegh a COS or 2 conponent into the plasnma chanber,
form ng YiEE £1F QRGP RPHITESd 183Eni ng gas and stopping the flow of
the hardmask[ GURNI N9 93 e SRR HHERSSA denGh: Ffzelmau&hchhh@% bé hr ough
t he har dmask. hardma 'S rermve I n another manifestation of
t he inventi omchlaredmyhechirrgrthetmlmamglrmnsemc(ﬁfl])a)jfdte featares awBighs¢quatee and

di sposed bel ow a %? sk | ayer di sposed bel ow a mask wherein the hardnmask
conpri ses ondBIRYPY %‘Pfl based material or a silicon doped

[0004] In forming high aspect ratio features in an etch layer, a hardmask layer

15 may be formed over the etch layer with a mask over the hardmask layer. In addition,
Multi-Layer Resist has been widely used in the fabrication process of the high
performance 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



carbon based conponent is provided. The substrate is placed in a plasna
processi ng chanber. The hardnmask | ayer is opened by flow ng a hardmask
openi ng gas conprising an openi ng conponent of at |east one of 02, CO2, N2,
or H2 with an additive of COS or CS2 into the plasma chanber, formng a
plasma fromthe 5 hardmask openi ng gas, and stopping the flow of the

har dmask operflafpndused qaznonertys aroxidet c Ao substratetihplaeedcin a plgsema processigly t he

har dmask. The,har drask .i d. [0007] I t i festat | f th
avents on. | HADRET T Ao pRRR YR s rrnor o B B R R PETLE BhOr e on an
etch |ayer ov®mpistghatopatife cSmpsidnt Sed leatfneaiNesk, NaveH, widdisposed

bel ow a patternéd mask. The substrate is placed in a 10 plasnma processing
chamber. The additivawé KOSagrdrSaiistoghe plesinb yhadnhtmwi fogmiag kol thmeskoropleni ng gas

i ncluding_.a conmponent into, the .pl3as ch r, formng a plasma from
the hardmgs k%éﬁsglépﬂﬁgg N ﬁn%ftB%f‘)%g‘egﬁ’é" ?ﬁgbﬁ/ﬁﬁrﬁnpﬁﬁoﬁ\?%&%k%ﬁﬁ@ﬁsng

gas. The har diskhddan@ theéBikh RS eFBdS8 i SARERBAY STHeAaRRRaskqS rdifdieq0f spun-on
carbon, and the hardmask openi'ng gas may further include 02. 15 F0008]In
anot her nani 1@3}7at i on d&f andtherimandfetstaton ofthenbtvieotorf, ammaihahiongpeniapan-  on
carbon layer in a nulti-layer resist mask formed on an etch. |ayer over a
substrate is® 891[)8%6&.113’?{’&"}/8&?5{3? -QIHVQPHP8§fC lf‘mgkeriwp%"é%lstﬂfgvgﬁgn-on

car bon | ayer ThadRaRiade 14858 dispBicdteRiw b gé(t?erméﬁ PRAS efheQWBEAdR dﬁz{&!ﬁ PR

carbon | ayer, and a patferned nmask disposed on the oxi de-based materi al

| ayer. The splasmegracessingxthaobdr.i TheshapdmaskdaR0 ipomned by Agwidgaaiedmasihe

oxi de-based materi al .I@X%r izﬁﬁtterned usi ihe pgtt rned mask. The
spun-on car b8A"&y&F TS Gped STHRPERE LY 814 B PEY: ?’rﬁlﬁé"f‘?al
layer, by fl ehite RaldtHa0BSNIMPER Sl GSbpind b YW Re ﬁ@@mﬁﬂ%ﬁg%dsnto the
pl asma processi ng chanber, fornmng a pl'asma fromthe hardmask openi ng gas,
and st oppi ngThbarfimesk laferthay bramadrsfiamppmusgades, orfhalehdsdamsk cagbenj ng gas
may further inglude 25 02. Features be etched into the etch |ayer

t hr ough t he %rﬁgﬁll?sg‘a@br@ﬁk%end%%ﬁnﬁ‘y eri ﬁlﬂﬁ? en, the patterned spun-on
carbon | gyer[oppg) be  emyBthel hahitestRATI%he inkORA] & hetRRLBES eF'l?r&thI fhat i on
of the invention, an apparatus for etching high aspect ratlop eatures in an
etch | ayer abprovarben kydyshmamdtidayts besisomask famied on o etchi layen gvérar siesite el ow a
mask is provided. | as rocessi ng .chanber is provided 30 conprising a
chamber wal | prglgﬁ?-ﬁgﬁ%nﬁﬂg rﬁ?létc‘@%sgi lﬂﬂ“g‘%éﬁ%éﬁunéﬂb?%@ﬂ‘r layerga oxdeT at e
support for syuaPREiHI0 r%lﬁg,g Ld 'tg' Loh R q@g{a j mber
encl osure, a presgure ragegul tor(ﬂ%‘%Fmrees {J{ﬂaoti ﬁrgg'%lh p’ragfslg§§§§1?lﬁ(gfr%gl§pl asma
processi ng olispused orethelcaidertensedimatesiabiayan &helsebstiraadie placed pr Oplasinag power to

the pla . . : . .
P 3’63 processing chamber. The oxide-based material layer is patterned using the patterned

mask. The spun-on carbon layer is opened using the patterned oxide-based material
layer, by 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 opening gas. The hardmask opening gas may further include
25  Oy. Features may be etched into the etch layer through the opened spun-on carbon
layer, and then, the patterned spun-on carbon layer may be removed in the chamber.
[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
30  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



processi ng chanber enclosure for sustaining a plasnma, at |east one RF power
source electrically connected to the at | east one el ectrode, a gas inlet
for providing gas into the plasma processi ng chanber enclosure, and a gas
outl et for exhausting gas fromthe plasma processing chanber enclosure. A

gas source is in fluid connection with the 5 gas in]et an onprises an
openi ng. compoHBHSS B GHEBber SHCIBHER oy aumaieckp I Ao A R IPLRe A
controller CO&&J&@@%&&%&S%&Q I sRIGRD 48 A @nmtﬂaﬁgﬁ%i £RasAl c©
and at | east one RFpower source and conprises at |east one processor and
conput er readabphsiie graressTitpechaobpridreiosneqd@bd gasmeniicbfor eximruistrs gasdingm tler
readabl e code for opening the hardmask | ayer, coppri sing conputer readable

code for 10 fRIRHRARIOSESHAR GhaBRerSPelAsHE Hals SHHRT 1SN A IePrapenaYit Bisponent

of at |east . , . , . i urce
W th an agdi (s L sabsHisesdly opRink epnbOift P S LR AOUAARE Bha R 12
chanber, conpudtiive se@dabAcoaoiderfconitrdltubiy cuginected asthe ghy sonrdeh thelRIF biams k

openi ng gas, and conputer readabl e code for stopping the flow of the

har dmask operfPHigequd at kgt & pagaapiiee apleomRIisce iRRY Gne BroresPtits int o
the etch |ayQlnbliciiladi0 AR HHRHOmpBRIPLUIHEh AR RISl EafaREE Code for
provi di ng an et gas fromThe etch 5as source, conputer rea e code for

form ng a pl asadablercode fdr@peiing tigdmrdmand layenpohgtisingadaipuer eendeble edbdsfooppi ng
the etch gas, and conputer readable code for renoving the hardmask.

[ 0010] | n Inotiestingra hnrmesk ppesingogas CREPIIANE A1 PBFNINS FOEPEREPL AL 1ga5F ong hi ng
an 20 etch | gye r i [ P far med
thereon is p?%i/?gg’ .2"?ﬁle1§ l#&ﬁ {hgf"g?ﬁé ?%g?%@h%dsuﬁéﬁﬁ Sggédlg{’esgﬁéﬁ-bgr?g car bon
| ayer formed QG fidaethetadbitivayeurce o theiptanizadeniben cempater teagsile dodefosed on
t he spun-on carhon | ayer, and a patterned mask di sposed on_the oxi de-based
mat eri al | ay&rminga plaswa fiony e dgrdmask egening pass Apd rrappeieipblacadsdpr  The
pl asma procesgsi rel ]

P ocoss, ng. cnnnas WATAE s AR EHAFRE MblicfvalMELAR B BARE™
substrat &5 w Fdahited ino ik 2chdayer Gaesgh thg hedambecoapeisihgwomputer péiable icode
regul ator for regulating the pressure in the plasma processing chanber
encl osure, aforpsewing s ehegas frogrthe sichigas yowren GomEHisF readable gods 195

! ; e
Cour oo el act P 5 FRERRESFE® Blcn i, BU B RguRr B5BREcoftfor SREbingRR, o PO

provi di ng gagasd, Bidcdrisut@l rasdiBledode Essemgvigaidiird@add. osure, and a gas
outlet for exhausting gas fromthe plasna processing chanber enclosure. The
appar at us f ul00A8} conphi anethes mpaifegationcef theinveation, ap ApRasatny forgiching #e gas

inlet, i | udi a patter,nin as sour.c an . ni q rese_and an etch
gas sourdt, Sl BRI AR ST SOMERys o RIBRKIIHaT pRR Y IE BT e
RF bi as sour ¢ge manflagér regaSthaskfclifesROMRN-oh QAo 1ayeh Coréatonthé eichilget,udes
at | east one processor and conputer readabl e nedia. The conputer readable

medi a i ncl udasoxiderbasied materied Hyerdigpried o theppuneniiafpntlayer panddepatigmed
material |ayer .usin he .patterned, mask 0 er_readable 5 code for

openi ng. t ho SRt et PROR SraFePed PG ek BHR bl avhBRhR ColrnaGdtFimbl o
l'ayer which ﬁ@éﬁ%%@ﬁarﬁmq&ewa{sﬁﬁ%eﬁsiﬁg’éﬁ@aﬂw ifdliek A¢hambarwarrsk openi ng
gas including a conponent 'into the plasnma processi ng chanber, conputer

r eadabl €5codertimg af plasmagroeesping shambermmcloserchasubstiaik supromt oy sepportingwl
conmput er readable code for.stopping.the flow of the hardmask etching gas.
The conput er™ téag‘_f‘;lﬁ’lltgl"ﬁéﬁ?g‘s% p??ﬁ"?%’éﬂ &E‘WF F%Cégsué%rﬁ?ﬂ?sgwerrggg%tﬂf ]éorcode f or
et chi ng featupasidgdhe piddsur8ifthelRafia froERHEE chiifb@RANBSLIE i TeaBioredr bON

| ayer which includes conputer readabl'e code for providing an etch gas from

t he etch gaslestriade for proviging eoweeticthb plasme geodessing chatibeg eaclpdusefar from t he
etch gas, and conputer readable c for stoppjng.the etch gas., .Th
computer " 1 odUY BGOSR R G CRRer SE BloeTiSAI Br et as PO gne
renmovi ngot hejRabie e iflAUBr ProviBALEA ih@RNBE 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



[0011] These and other features of the present invention wll be described
in nore detail below in the detailed description of the invention and in
conjunction with the follow ng figures. BRI EF DESCRI PTI ON OF THE DRAW NGS

20 [0012] The present invention is illustrated by way of exanple, and not by
way of limtation, in th ures of the acconpanyi drawi ngs and in which

fi ng.
li ke ref er ence®ifgHerconto %bfliégont“SC‘gﬁ(i)Fﬁ ‘ihﬁlga%ﬁ%lFF@nf}@%%ﬁ]g‘ai‘ PPWﬁ,éﬂ‘.iat[IB@B} FI G
1is a highl t ' | o 41 Fl G
2 15 2 sohomatre uP e oPURe T AR L ABCk: 1Rl MPrpRESt ot L g
for etching. fcO@bimtda. ThedtnPutdr kesghislanedn iaclopes @npmys remablodd fdrs
suitable for inplenenti n%A%Econt roller used in enbodi nents of the prbeﬂsent

i nvention. [OWiEmneshe gx segiratgid] daner peing thepattgimed mask,Qenputss e
accordingsto |- ' ' | - | S re
dotailed fl ow"%?ﬁg‘?@%@@“@%S@%“%@S%@ﬁ?%* ﬁﬁﬁ%?%r?[éggl%?%§’élﬁ‘%‘§%ﬁﬁi% & ti ve.
[0018] FI G 6 layer avhschheim@irises @ngsiserseaiablvatie firdluvahg 8 Radkaspbgerdig gas
multi-layer resist mask formed on an etch |ayer forned on a substrate in
accor dance wiltHuding a&hbenmpaneniinta the plwas Prrcessingehambst, cpopeey madably s a

high level flou ﬁﬂ%ﬁmﬁé aﬁla@&%ﬁ%ﬁ% th%fha%&em( %9erﬁﬁ]g S&s? Qn(i M};uter readable

code for stopping the flow of the hardmask etching gas. The computer readable media

10  further comprises computer readable code for etching features into the etch layer
through the opened spun-on carbon layer which includes  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. The computer readable media also comprises computer readable code for

15  removing the patterned spun-on carbon layer.
[0011] These and other features of the present invention will be described in
more detail below in the detailed description of the invention and in conjunction with
the following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

20  [0012] The present invention is illustrated by way of example, and not by way
of limitation, in the figures of the accompanying drawings and in which like reference
numerals refer to similar elements and in which:

[0013] FIG. 1 is a high level flow chart of an embodiment of the invention.
[0014] FIG. 2 is a schematic view of a plasma processing chamber that may be

25  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.

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

layer with an additive.



5 formed on a substrate using a nulti-layer resist mask in accordance with
this enbodi nent of the invention. [0020]FIG 8 is a schematic view of a

pl asma processi ng chanber that nmay be used for opening and etching in
accordance with one enbodi nent of the present invention. 10 [0021]FI G 9A

Is a schemati 0SS-S ional view. of the profile of a spun-on carbon

| ayer after t[ﬁ@f peni néﬁfbr 8&%%%‘: E‘aﬁ‘éﬁlﬁﬁﬁi%ﬁ‘fg@%"fw eéﬁ?‘ﬁ'@g? ?Ifgtﬂ't‘ﬁ"f)llay‘?rhe
present 1 1V erli@inask 0fddd drGn bh fagerRoRORSIPL Libs(hO 57 aBRInPORich Ghg W Of L he
profile of a spun-on carbon layer ?ter a conventional opening process

(W t hout COS)enitdiment o€ therptesentlini¥ntidhl ED DESCRI PTI ON OF THE PREFERRED

EVMBODI MVENTS 50023] The present invention wll now be (Eescri bed in detail
with referend801 a feklr &1t high levebBow shat of ¢ proressiof giching andtehleyd in the
acconpanying {]ﬁ%ﬂ I i .0 .0 ecific
details a?e ng o({r}‘?%sqblrsﬁ%téggp g? 51]1 Lgtrénc%{l}%ge%%? ag% glu%ﬁoﬁglg%;‘gfté%g%?ng of the
present i nvermbadimdnt ofhkelinteatiappar ent, however, to one 20 skilled in the

art, that the present invention may be practiced w thout sone or all of
t hese speci fil80283t ai | s FIEn8 tiransshemptia vigwes a phasma REpcsiping Flnrales that sy bend/ or

structures h ] i ks ] . 1ecessarily
obscure the Sl\rggds%g%p %E%%Iﬁf%%{lh%} %Od?ﬁ%?g&%e?g:ﬂf #%a%g(ﬁdgﬁrgggtsﬁ%% n%’?’ QFI G 1lis
a high I evel idJeattoehart of a 25 process used in an enbodi ment of the

i nvention. A substrate with an etch |layer over which is a hardmask | ayer

over whi éf i $0&1kmsk i FIGI Yk isp schematictops-wrtipmnd vievselthe pofile offh ePWaptinask

| ayer is ope .0 ' | t roonyl

sul t1 dey o ol ByPEafll RN Bl fiefaRE i U ShnddiepERmE |
etch | ayer t bfegéiilindengomar dnask (step 112). The features are passivated

usi ng a passivation 30 gas conprising COS or CS2 (step 116) during the said

etching proct¥82] The hEHafikis 4 sshematie wespieatiena) vieanitbei Prosilept aspyp-on
[0025] Fi gure .2} 518 SSRE TRbh entibEW o8lnifle BlARTRwRhOGEEE5 'S FRATRR. (etch

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0023] The present invention will now be described in detail with reference to
a few preferred embodiments thereof as illustrated in the accompanying drawings. In
the following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be apparent, however, to one
20  skilled in the art, that the present invention may be practiced without some or all of
these specific details. In other instances, well known process steps and/or structures
have not been described 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
25  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
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



reactor) that may be used in practicing the invention. In one or nore
enbodi nents of the invention, an etch reactor 200 conprises a top central
el ectrode 206, top outer electrode 204, bottomcentral electrode 208, and a
bottom outer electrode 210, within a chanber wall 250. A top insulator ring

207 insulates the tgp central electrode 206 fromthe top outer el ectrode
204. A bot t ontlf A&EREeD AN efchgeastor 209 samprises & tRR cental slersodeciits P @itesct r ode

208 fromthe 8&&0‘&@2@&'}&!&0@ %ﬁ&ﬁloqucn%g%? 2?@&%@ a%&%%uw?%lﬁ%ﬁg ee % ﬁ?&‘é@q’éggo’

a substrate 2 I'S positioned on top ottomcentra

Optional |y, thehabmet oallQ80t Aabp @iselitdreihg 220 8nsuneathetopt@btral edddloddbes

substrate chucki ng nmechani sm (e.zg)@, el ectrostatic, nechanical clanping, or
e

the Iike) forfToBIths 9y optee clegisede e Abettom msplomy sing 243 dnssntescthe bottom s
d <t i t . I
Connect o0 5t 0 i UERelE 364 HopB0nANh SUBPLESREPAOCIG, B B 8cf, PL o™

exanpl e, the rgasorAV0) & eubdbte QSO pc@sonad of &P oitBe BétFors Gette cRbdodeArnget ch
gas source 266, and a COS or CS2 source 268, which provide the gases used
for the har driRRtionalie thbotipas censl elogipope R0B jingormRraten puitabiesmbsteate phupking
excitation RE . 2 . S . | |0 . 6 are
electrically n&%ﬁ%ﬁelg@éégt glet@ﬁgst%%cé %%rg%g%ﬁ;?laé%ygf ﬁrr @Eé;%%’j;{og gﬂlt%?ncﬁ t?%r 235 to
provi de powersubsratd280el ect r odes 204, 206, 208, and 210. The bias RF source

248 generates bias RF power and supplies the bias RF ggwer to the etch
reactor 280. [ er abl A gasreuise 234 Reqssosied tedbe gich reagias 200 apd sumpdias theki | o

Hertz (kHz) . . r r t i.as. RF Jpower
has a freque%ﬁ:@ %g r&é%ﬁ%@%%%ﬁ N ME\feaﬁPJﬁ%pg dgﬁlel%/ tehreaeg(?n ,mfehsgesbi s RF
power has a fhieeaxmnsly, thé gaouice 22Mdamptif3 28]opbaing ighssouerecid4ahn ewdh Ris sour ce
252 generates source RF power and supplies the source RF power to the etch
reactor 200. SPHES &6taBngd a GOy er GeasopeceRE8pwhishmervidihe gases aigerbfes fhet hat i s
greater thanythe Dbi - wer. More preferably, this source RF power has a
frequency thgt |s?p%gﬁelﬁf 0 MHz and 40 MHz. Most preferably, this source

RF power 151as [@027] equenaybiad RE §olvkl 244, QGAEH ckdRathRRIPEo8¥E 258 bh @A sé¥ongour ce
256 generates another source RE power and supplies the source RE power to

the etch rea€¥dwtionBF spprcaddb areshecticalll sommectd tp digeatchyeaeton@ithsgughiee fir st
crct Al on R ghE 0.5 DAL e AL EPHSE S0 D ROIRLS o L SBHETEY
More pref er alduyce 1436pene@l GifRH peidrand KippiRy et RE polvEL@URHEMN reactor
200. Preferably, the bias RF power has a frequency between 1 kilo Hertz (kHz) and
20 10 mega Hertz (MHz). More preferably, the bias RF power has a frequency between
1 MHz and 5 MHz. Even more preferably, the bias RF power has a frequency of
about 2 MHz.
[0028] The first excitation RF source 252 generates source RF power and
supplies the source RF power to the etch reactor 200. Preferably, this source RF
25  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
30  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



that is greater than or equal to 40 MHz. Most preferably, this source RF
power has a frequency of 60 MHz. [0030] The different RE signals nay be
supplied to various conbi nati ons of the top and bottom el ectrodes.
Preferably, the | owest frequency of the RF should be 5 applied through the

bot t | ectrod i,ch th teri ' d..s pl , which i
hi s oxanpl o T4 REaBopd e ol rago btk olesskb guSafrtokhontFoida "2as
i's connected tQueh& &xp MO ce 224, the bias RE source 248, the first

excitation RF source 252, and the second excitation RE source 256. The
control | er 23603QInt r ol sThehtiffedeotRBfightle metydble sgpdieidrio satities emblinatieasbHr 200,

as 10 well as,the eration of the ower, fromthe three sour ces 248,
252, 258, ¢ hahgfophd 8&8m58%?°§%}r?§§bpya% 12Y6§‘rpé?ﬂaeftoﬁé’f shoyldihe 220.
0032] I n tzhi i i r Fe\A i

[ lint Sap’ﬁﬁ@&@%ﬁx%%é‘%t%???tr«%eﬂﬁﬁvﬁ@ﬁ (e rﬁat&ﬁﬁ‘ﬂeﬂ%‘ét&l&d?&f ﬂ‘é&éﬁe

confinement of the ma an i ch pass between the con enent rings
and ar e exhausghielinthistadxempleha tietbogtanpeental la@dddg EOQures 3A and 3B
h.is suitable for inplenmenting_the

illustrate a ut er stem \#@i .
control | er 25@81{?5 ed i n Bxeopkol |2_§5 Enpaesiehtosthe gas 0urs 224 ethe bias\Rdht i on.
Fi gure 3A shqQyg.ce Q@S,Rﬁ’éﬁfspky&itaagrﬁkﬁ%huLfcg Qgﬁ,ogndkﬁheTeE A by EF%H%M%Q 0. O

course, the conputer system may have many physica ms rangi ng from an
i ntegrat ed ci256uiThe centfmiien2&dcamitrotsuthé flowarfdhe etvldgas intoathe etthnellvedr@00eas ce up

to a huge, 20 super, conput.er. ter system 300 _jncl ude nitor 302, a
di spl ay 284 “é?llllh"ét'i'%ﬁ grycEbgn Ogﬂc'gir@tp‘ﬂ’f"?r\fé’r@%,tﬁ%"l@yﬁ?&%"a%ﬁﬂz@aﬁé}‘%use

312. Disk 314jekfods2PIPMHIERQ %ﬂ?é EnfA%RH 4§84 dor ansfer data to and
from conput er sygtesm 300. ’?0%34 F?dg)jurne SB‘!’%&:HSa aﬁ’ g%anzgfe of a bl ock diagram

for conput er [@032] em 30n thiX ¢xaaipiy] confimeysme ringa023426 pravidedwb geowida | ety of
subsyst ens. Protgessoréf% 322 (also 25 referred to as ceptral processing
units, or CPEnementeffBe rlasmg aad gass bt tRetwesthie caniRe Rt Hngs ayhare

Menory 324 igﬁ[aggggb?m%gg@?énemry (RAM and read-only nenory (ROV).

As is well known 1 n the art, cts to transfer data and instructions
uni -di retii of3BY to t RigufdddAaadl IBWusGate a@dmipyfer e@tdny, Which isvushEle fehat a and
instructions, in a bi-directiognal_ manner. Both of these types of nenories

may 30 incl ublPlamgntng the gerradler Lhaused i opeer mewrathodiments of depsasried bel ow.
D T e
conput er - r ea0fbd@sa) et dnfREs siyhad nsl iowe nfny @tlydés KorddGangiig hemuged to
store progr airrrllt;égra(zg(i[ gifcu?t?g pxtirrlltgd |c1|rcl§1it l:?c?a?d,i a%dtays?lia(lzlallalnéhﬁd device up to a huge
20  super computer. Computer system 300 includes a monitor 302, a display 304, a
housing 306, a disk drive 308, a keyboard 310, and a mouse 312. Disk 314 is a
computer-readable medium used to transfer data to and from computer system 300.
[0034] Figure 3B is an example of a block diagram for computer system 300.
Attached to system bus 320 is a wide variety of subsystems. Processor(s) 322 (also
25  referred to as central processing 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
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



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 conmputer-readable nedja 5 descrjbed, bel ow. [0035]CPU 322 is al so
coupl ed to a SFSPRAREYSteREF MSHRMLEHEAS %&é@@, théUéﬁ{oéi‘éefg}aélWS@@fagﬁe%oard

310, nouse 312. SRKEH - t{: ice may be
any of: vi de(l)‘g Iéll @éﬁgf{e@ tragtlﬁgﬁf?@ﬁ%ﬁg%?ﬁh%y ogir%gé}i dﬁﬁg%%%ﬂ?s{

t ouch- sensi tiappraprap @AyS, bé neoipdttal ingaindanddadéumsas vilgl @tdngor9lin pRprEy t ape
readers, 10tabl ets, styluses, voice or handwiting recognizers, bionmetrics
readers, or oteRessabledisk 31¢mpyIake b forgnal Wq&a}ﬁ@@m;fp@abkdn%m her

conputer gr teleco ications network using network interface 340. Wth
such a network 1nt grgfg%(%, it is contenplated that the CPU m ght receive

i nformati on f[0038]t he nalPWBR2 isailsdGodpled @olh Phitiety Bf DipoHbUtPHt deRidefiGuetiedsvor k in
t he course of performng the above- 15 described nethod steps. Furthernore,
net hod enbodidiPkrys3 W keybeaidrdfemouseriidntndopenteeys 30 dnwenesal, an npygewpaPU 322

or may eXEC“%vBé{ﬁ% %e%ﬁ&‘é@{dtfde%‘%ﬁ%fl%fs &A% dafll §hide ke&?%ﬁé%#"#ﬁgé%ooﬁfw th a

t
renmote CPU that s es a 1 on he procéssi ng. ion,

enbodi nent s abudhhengitiesdigplayd) emdducdt chtd rehdis, hedgatwc drpapentapd ead&s,or age
products with a conputer-readabl e nediumthat have conputer code 20 thereon
for perfdPni dPIEESBUES COHgSUN dAnd WliRgReROEZeSh SfaRstassTeades oxellies and
conputer cod e I i ted for the

pur poses of 1(:3 ﬂ@%trg %sg%?ﬁ?%v%%t%ﬁ%w 111%5( g‘?ﬁ%@%ﬁ@hgﬁ%‘“‘%% wel I known
and avai | abl eelé@nirhageativay hewgosikidihg hétwblieineofipeIB40. Wathtsoali & nagtwicsk Exanpl es
of conputer-readabl e nedia include, but are not limted to; magnetic nedi a

such as har diHPEcs, it coppmplatad that thed ELS mighjresei e infosmatigpirpedhe petdiosk.such
as CD-ROMB aﬁpgxsglt | ﬁpﬁ'f&mﬁﬁﬁh (S n@%ﬁﬁ@ﬁ%%bﬁ@ f g@rﬁdrgmi%ﬁlg aBSyd.| opti cal
re at y ure

di sks; and har evices t are speci a conftl store and
execut e p§ ogdeseribedimethod clRpasFagierinos methodRatotlinenitdbfxHe pieschtGhventibh S
(ASI Cs), programmabl e | ogic devices (PLDs) and ROM and RAM devi ces.

Exanpl es of BE@kphtate woipip upertCEHS 27w mayexegue oves adistuark suefnactag Iygmst

iler, 30; fi C i nj igh . . ted b
o comput er - ulk A neh iR BB Crt) BN Bhorb £ it oF ARl P TR o

conput er codpoBspnsm t Inedlidijonde®ibodiefts off @iefpredednNiblve RIBNORIFEEL relatetocar i er
wave and representing a sequence of instructions that are executable by a
processor. %‘I’Fﬁﬁé@mg@mg‘}%wﬂh@i dompates-reasdble srediern tlept bve epmpuieraieds on,

FIG 4A iOS athgx%gg oSN pie?forming various computer-implemented operations. The media and
computer code may be those specially designed and constructed for the purposes of
the present invention, or they may be of the kind well known and available to those
having skill in the computer software arts. Examples of computer-readable media
include, but are not limited to: magnetic media such as hard disks, floppy disks, and

25  magnetic tape; optical media such as CD-ROMs and holographic devices; magneto-
optical media such as floptical disks; and hardware devices that are specially
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,

30  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.



cross-sectional illustration of a stack 400 wwth a substrate 404, over

whi ch an etch | ayer 408 is provided, over which a hardnmask |ayer 412 is
provi ded, over which a 5 mask 416 is provided, over which a photoresist
mask 420 is provided. In this enbodi mrent of the invention, the substrate
404 is a siliﬁon fer and the etch |ayer 408 is a dielectric |ayer, such
as a doped or—éﬂﬂég%d silicon oxide inorganic or organic based | ow k

dielectric hal , t . i S mask
16 1o i 11 colBTE e | oo BRIAR L AURind SP e InRARORIAL 4 AR P 8lhontalE TEUK
the 10 etch |aypersecgomi illwastionsta stdckal08iwiticosubtdirate 404, dves etlichaihetdtal |

organo-silicate glass, a silicon nitride based material, a silicon
oxynitride bad¥d 408deproxided.qver whichadiasimeskdayes 41 hisirspyided. oyer whigh aor

pol y-sili con [ n I &l onl: 1pl es the
har dmask ICS(; car kg{\mgggréﬁﬁdﬁgt%‘?e?g\{h%c})‘r%os? |%t§%£s%§ggd§ﬁ%§’[§?aﬁgﬁ)h a carbon
conponent . 1%m¥Aa8enkloE tirlibhsdntiohethd Odbstratecddliay eilicdd) Gafenand tesdcH ayar 412,
and nmask 416 are placed in the etch reactor 200 (step.104). The mask_ 416

i s etched thrfi¥ghadifechitlaprresichas geored ¢ yeoped flieancoxidesinorgagic oforeamisian i n

FIG 4B. Ot _gﬁé ] ri . %ng | ayers

( BARC/ DARC) ?%(S)ﬁ 1%%1 nt F""%E‘P %tg{llmvgééglad ?’{‘aﬁg} 4#%%{62(3'[{6“ C Ahot%% c é(la)f) ﬁ’etg ive
Coating). Thamaskuidb igsiticdmoape(SiOni & silicpg oimitriiRK SKON&a othdrleamplesttzon or
hydr of | ugrocar bon based chem stry, with or wthout Ar and Q2 addition.

Yo . . )
[ 0039] ThdOharetchauge 1§ ahjeast pre Rf feilicpn diprde hasedmatsriabsreaailisajeglass 8p 108) .
FIG 5is a al A £ Of . i r dmask
| ayer using gﬁ{%&gﬁ%‘rﬁé @gdgﬁ&g%ﬁ#&:&ﬁ%% ogggﬁ?ﬁéﬁaggcgin&%?ﬁﬂgﬁﬁggg%{b@e is
fl owed i nto tasdahatbridpsitit@ndigioly-siliegn mAtkyial, bnaiyhinstabxaeplaceriabninafkd Ng gas
conprising 02, COS, and possibly an inert gas is _Pr ovi ded. The_ opening gas
i s formed i ntamPlss thedgrqnaaskps cibon baspd materiaher 3 sligenchpsedmgfsaial wih 2
har dmask. FlI i ematic cross sectional view of the stack 400 after
t he openi ng g?rg)glégémﬁgz&gpened features into the hardmask | ayer 412. Once
the feat us es [6038] openedht Buishatelu et kaybay®; hdlithask heef 4 @Vvagd makle4 ppeni ng

30gas is stopped (step 512). Most |i kel é during this step, the photoresist
(PR) |ayer gatelacsan Hieattsfi reagton209. (stepdd). Abheanaghst16 is etchesbthranghdhear drmask
openi ng provi . r..pr e .o Q.mlorr. I rostati uck
tenperature g&%eglﬁf%?%%%pg el%?géj@.%k E%\(’ZH atsj[%?boe“r]nléllég}‘fe rd'gde eélh%“e??}éefsgr@%i S

mai nt ai ned atorffseCof Aldyef (IPARTEbY2 1dybe (BIARK/DAR @Y (Bottohus#ti-RefB&Ivat ure is
mai ntai ned at 30 C, and the upper el ectrode tenperature is maintained at
110 C. An op€rttng/Bietectic 20@-RedeetvoLanting ) The asyal gmgojopep thiy hve@f 880 wat t s

t 60 [ i ded f 2 ds., Far thi l.e 5 r.eci t tch
o O B GRS W ATV SR BB ald o
etched into jdwgigich | ayer through the opened hardmask |ayer (step 112).

The recipe used depends on the type of material that has to be etched. For
TECS, BPSG, [039k- di eTheharilmaskHiggzr isppenedusing adi@$ er €8 agdibeetstepr K8).pes

are requir ecjFIG. 5 is a more detailed flow chart of the step of opening the hardmask layer using an

COS or CS, additive. An opening gas with an additive is flowed into the etch
25  chamber (step 504). In this example, an opening 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
30  gasis 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.



10 [0042]FIG 4D is a schematic cross-sectional view of the stack 400 after
the features have been etched into the etch | ayer 408. The nask 416 nay be
the sane material or nmay have simlar etch properties as the etch |ayer
408. As a result, the selectivity between the etch |ayer 408 and the mask
416 may be very low or a proximately 1:1, which wuld cause this nmask to be
et ched away do? Pﬂ@ertek—‘étre&‘cﬁmarawebsfmm@ﬁlm?fi@gl‘t% G hélemativelyybe 408,
Because the qt@ﬁ t he etch
| ayer 408, t@e C Ef g@eet% iﬁ%&?@?@é?ﬁe@t‘%@ %/t%ogﬂeg&wlt érnge}f’o"let{g)tﬁgto t he
hardmask. [ 0Gé@pératued Rahaistahediatrel°<. OAn bbaumgwgmifizot) scdn©, @h€ 0 kayer may
be undoped or_doped silicon dioxide based material (e.g. TEGCS, BPSG FSG
etc), organo-GPP icpipEided @Q%gtts(@é@)Mmeglde%@r 5&8?«?@6& Farthis geampls ed
material, ssil | de based

mat or i al | 5 o AR B e SsBRY RS EhEhE i Mo 800G AUl T
exanpl e, the [go41)ed fedlehfues aad echaSigions Btdh (Beerdubb)the bpenehhsrdaagkpl e, a
chanber pressure of 20 niorr. The electrostatic chuck tenperature is

mai nt ai ned atlayer (step 118). Fhpeacips|used fengads emibe tenewnf endteriakthathas tedw at 140 C.
A 25 passi vat g 2 0 [ 600 wat t's
at 60 MHz is %)Crtﬂg(tl/l g%ldﬂﬁggg%ﬁﬁ ‘évﬁ(n Q%Clﬁl;r%% b@:? heorC &ff@{e%}/ °%?S|Sé%°é % hat
the passi vat iapgreguiesd. des a bat her that protects the etch Iayer during

strippi n? or rermw ng the hardmask | ayer. Mst likely the S bonds to carbon
from t he lQnol¥M3lis car E¥a. 4R ise sfematic et wetionsh vismnplile sack 6@0 gt tlg: C

oo g, 11 F%s%&% o) Ehed Bl KR 80 205 RIS SRS B

| ayer stri ppintigerial 6E&AP haveltiilaSetdt propeltibgasatie 8i¢h Sdyel PPE.NYs gaessurfame be used.
The passivation |ayer may be used to protect |owk dielectric and/or
organi ¢ di el é@?“r‘l"é‘ﬂbﬁ%‘?@ ﬂ@ﬂﬁ‘ﬂhl})’?ﬂﬂ@g agd theyppkyt1 0/ may brevesy law gat i ve, an

ddi f id
S0 ) v SRR TR SR AP B R

used aft 83 t befeh@raaMa khetdtc lagelhmsd rmadfusb mam&mmwmmamr%&a&&nvaﬂ on
| ayer, wi thout damaging the etch layer. FIG 4E is a schematic cross- 5

sectional vi BWpPetics Fandheikh kayerd08; e erclylayes 4R8 Ilsa%ctlh%k etsbed withrpspeeld.

[ 0046] I n one, etﬁgg%dreﬂ t he opening gas is fluorine free. Wiether fluorine is
used depends o erl al of the hardmask. A fluorine free opening gas
is able to opea3p har dpBstlierl ctdtRdirhétid 8f tik Nel@ors ithd &EMlaytimaynBd Melopgxanpl e,
where the hardnmask | ayer has a silicon conponent, the opening gas flt)as a

fl uori ne congiolepad siliverediokidgrbiasasl rm@tenairfpasTEOSnBH%J F%Gb@)mrgm silicatelj ust ed

in or der20t 0 nass?O%?Bu t}ogsebggt 11’1!:&}’ mtr?detbgge gt‘érléll sﬂlcoﬁ/ oxynitride based

material, silicon carbide based material, low k- dielectric or any metal gate material.

[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

10



[0047] In addition to COS or CS2 the stripping gas preferably conprises at

| east one of 02, CO2, N2, or H2. More preferably the stripping gas

conpri ses a bonbardi ng conponent such as Ar. Mre preferably, the stripping
gas conprises 02 15 or N2. Mst preferably, the stripping gas conprises 02.

[ 0048] O her exanpl es_do not provide a.passiyati step or ovjde a .

passi vat i on viLRBHE. It Bealtsmirivessn ddiifs oeCOP o6 %Sy My raddsd eghe strppise

har dmask can . i ks Slad r g into the
Aot phous. oar BaneRETRs NG paRcle herXRPnE A RAThinY ploRest POEL Bar

anor phous car propess Buytbeastrhafthraiskrenmmyalbef thpbardmaskoto reteve asy resajimiig

deposited (CVD) or nmay be deposited by other nethads. |In other exanples,

t he har dmask P%i?é{im‘?r}‘giéye& W%Y?%ﬁa%ﬁ‘ﬁ&ﬂ@rﬁ“g‘ ]r%‘?,rh %@-%Eb%?r%ﬁm%%@iﬂ’sﬁ‘iardnask,
such as amrp 3 {1 ; a carbon
conponent @Th%gﬁ%gﬁ{e%ﬁ%gﬁa eﬁtjegg%%&}g?%g?@%ggﬁh Sgﬁr{{ﬁa %’spect ratio
feature in sUydbdé] | ayerin b ekfHIO] thPopérEngpdsyis flubidnefask Wayther flgoritfe isi | i con
oxide or SiON. Preferably, the mask |ayer and the_etch | ayer have simlar
etch properti¥ed dﬁ?"@ﬁ%?‘éé!ey’}atﬁ%% ofs thedivadmaska e Fluerie fire anenivgtgas & dpletoched

w th respect . : h ' ched
W th respeot ‘PnRa g I En e R LKL e FRim bR, SRLET, NEhS
provi des a hilgyer aspecilicoratimparieat) thefopgniagtges hah fllaine20mbondtr Ehepfl@drareabl y
t he inverléi on prov,i_dg; a high aspect ratio etch of greater than 25:1.

[ 0052] | n e csrapraitiophantodser ddpsted 1B prdef b havesaneh sslssHYitn o the nul ti -

| ayer resist rﬁ%@l r@@ﬁ is used in etching of an etch layer fornmed over a
substrate. F g chematically illustrates an exanple of nulti-Iayer

resi st mask GO®4#7or ned InadditioetccOOBay €S, tistfipping dasopreferablpsdmpiis 602. As
shown in FIG, 6, the nulti-|layer resist mask 600 includes a spun-on carbon
(SOC) | ayer 6e6t o181 ¥t COh, Wh@r Bloc Ylorg pestergbly thesiripping gapecsapriseter i al

| ayer 608 di . - r : mask
610 i sposed "SA EruieemiEnE AR RETRRe pRIEHHIY e «gfd ol BHGAIES "The
pat t er nedl5 mask No.1 Maoveyrebeeatdy.ihé steippiad gabhodmpieses €. (PR) mask having a

t hi ckness of about 120 nm The PR mask 610 may be patterned with the
i mrer si on 1980048] phot oQthassErmpley dp aet prgvide emasAion BEPANPIoYide dxi de- based

material |ay Ssgggowm?%ar@éﬁ_agéc%g%& i;{gased material, such as a spin-on
a a‘thickness o

10 glass (S yer Wi about 45 nm The spun-on carbon

| ayer 606 map(a9] used asork daniBste handRiskital Ge @mokfidub 0&86A ¥i REat Chi ng
| ayer 604, and nmay al so be referred to as spun-on hardmask (SOH). The

spun- on car beentigpé incerated inteathe amarphais samben siruetbisu tMe® @refenablgothsar ed
with a hoys..car,bon _i.n_the.previpus odi nent ., which typical reguires
n spuct et FaoBRHE R S AL BoR SRRk Y B SE chdmicEf

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,

11



15carbon | ayer is formed by spin coating using a conventional resist coater
and thus | ess expensive. Spun-on carbon is nore polyner-1like and thus
softer than anorphous carbon. Conpared with other organic filnms, on the

ot her hand, the spun-on carbon has hi gher concentration of carbon and | ower

concentration_of ox%q%gn,. The sgun-on carbon_ |l ayer may be fornmed using an
organi ¢ pl anaFiG: schsmaticaldy {lhstrates @hexaapigef molti-layesirpsiss meask 68@farerdincr o,
Inc., Sunnyval e i i d eni - Spi n- On
Car bon), SCH ns%lchﬁﬁ&lj%r m':les(%]1 %lé\}}ahlgﬁggg :ggé'f ‘F"('%?i‘&l‘qéirrgﬁk%@&o‘ h%cﬁ%l?l,slayer

Mar | bor ough, d¥ist th&dk 600dRdides h3puiMot lcrboh (SOC) Rifer 608EfolrhdEon thB@tchligjer! ayer
604 may be a TECS (tetra-ethyl-ortho-silicate, tetra-ethoxy-silane) or

PE- TECS | ayer®Qadi pjderbasedanateriad layer abdispsed omthe spre-og¢hbon dayer 60® andy be
made of SizN, o her 25si hi,con-has nat.ecial,. 1t.shoul e noted that the
vert pu R iR b pRir A e BB e S O o

present invention I'S no _ ( he etch layer or
the substrat g00§3]054] FIXor eXarhpleathbip@terh@i@hskf 4 10wh&316d 4 patferediphetRssstet chi ng
an etch layer formed on a substrate using a multi-layer resist mask in

accordance wi(PR) nnasls hatiggd thigiessoif abpet § t TomPR sk G0 maylbgypettemned i st
mask 600 and f.he,etch | aye 04 30 scri bed abov r.e d as.,an .
illustrative ‘)Eél)t(h atrlrlg |“§?“’"ﬁ%%“ {sgu e g?tgﬂgﬁ?aﬁgil ﬁagn%?gjc aboofu%I?@?reﬁr :rqesoxbcfeéc ed in
a plasma protassi MigeG41a8922 608 519 e Athdl of FIS®,-Bases nutci N Q& aCa yiRWn0f a
pl asma processi ngﬂghan‘oer 800 t hat ﬂhn&y be used for the inventive etching in

accor dand8 wiglass 6¥Gelaperavite athigneshel abeuicEnum dhe fpuroen carben layerd196
processi ng 0. connpri;ses.. gonf i nenen i N 802, a pper. el ectrode
804, a |lower e ecﬁ{sgcggs %6%’%38%5136@%11 %fgtﬁ%%c,ﬁerfé/hn&ge zcnhué%%{g?fgﬁdﬁp 8%0

connect ed t 0 ako®RSeforitd &f as SPhi-Bh MapindSKES OHP.CERS$pi@l-chhamuar1ayd 606 s
substrate 602 (with the stack of layers) is positioned upon the |ower
el ect rode 808averntigkyassrof apewit350dan. g0empared mibramasehaus Sarbeniin tiglpsevdelsst r at e

chucki ng nec 3 ew l.ectrostatic i,cal ..cl anpin or the like)
for hol di ng tQ ﬁ'g_bglu eglf’r a_lceh %B’_fsﬁ)i‘ﬁ%uﬁésaﬁp&t ][p g%?g‘%%s}nﬁgé)?%ﬁ AFESPERS upper
el ect r odes 804artlos pYseid formBabyapal %aﬁﬂ%ﬁﬁhg & cbiv@ntiONE restt €64tE:041 (B SessThe
upper el ectrode 804, |ower electrode 808, and confinenment rings 802 define

t he confi nedeHeasive. YRMuaRcghon isgasreipolymgsdike and thyssherdbart smemphpiisas ma

vol une 840 b he gas 10 squr 810 t hrough i.nl et. (hol es 43 forned
inthe top e aé%??‘o%%r,np aed %@‘iogﬁeéd’r%%fco ﬂ%ésgg? %gﬁ%ira@ﬂé tlﬁéysl’tuﬂéor%ﬁg Bher s
applied to the Hi%ﬂ@ codeREhIOISE catitil 4nh e8twéroRXdMdEEREf biyaah t MRe Gamtdmed

pl asma vol ume 840 through the confinement rings 802 and an exhaust port by
t he exhaust ¢aiben B2Q. mBekyd Wevehusipg agorgeniephanasizationengferal, sush aeNFLlust punp

820 hel to r | at e ure, In this e i nent .. the s.source 810 15
conpr i sé@ a ﬂﬂ%?%"%%gﬁg&l%@ %Q‘T%YV%? ’ E%ﬁg)ﬁ%lgka’@poéﬂ?r ﬁ’ga%aaaé Sg‘gmsc'_e 814
and an et chi §QCY8HinSOK Cafbodf GOH (SpilTHNRSIn 0PV ailEb18 BESSHPIES OFIhcl, NCl ude
a COS gas source, an 02 gas source, and optionally other gas sources (not

shown) depeniiaiiborongh. MAOPOKI, hepagakSK MicipelncThed tedikso uFheeet@tDyersyP4f ur t her

subbequent . Sty BEF AERS GRteknd e Wi i hahiniRlnd §FHIRS Rl o' (he
processi ng ah@ies thitRBessl0? @6&ItAB0 P Vhe sibkikde 662 nﬁ%ﬁgﬁmﬁ@ of SfN,?ggﬂzé

el ectrically connected to the |ower el ectrode 808. TChanber wal l
sur r oun@>St hesilieonfhaseshmaterinl. nfshadgd be nhted wings ¢lre prEsent inydeati®@0id nothmiitedit | ower

el ectrode 808. .The RF. so e 848 may conprise a 2 MHz power source, a 60
W pover soRFULS alkiieh Spereh hufEer B8 THuae.
[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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25 Different conbinations of connecting RF power to the el ectrode are
possible. In the case of Lam Research Corporation's Dielectric Etch Systens
such as Exelan(r) Series, made by LAM Research Corporati onTM of Frenont,
California, which nay be used in a preferred enbodi nent of the invention,

the 27 MHz, 2 , 60 MHz power sourc make up .the RE power source 848
connected to ‘E%%B&Q(?C%?%F?B 1negﬁat1ﬁrr€é%§6’%mﬂp@%ad@§8§,w“@rounded. A
controll er 835.4 r ) t punp
590, " ond' 1 ho. CedifodE 808, Pag 36hike 800AGALE Bl et iin P ANER P e RRLE" P

same manner awithireplaond piobdssing 2Bambla<300] the dulsaatesc(R & viththegadkoofAhyers) iSA and

3B. [00561Referring back to FIG 7, the oxide-based material |ayer 608 is
patt er ned t hrRAHIOnehBPYULNE dawra ¢lastiods808. clits lpwpigledirads 8PR incomprafasa (st ep

704). Any o il ' 3 e} clj t [ t | de- based
mat eri al liy&&ﬁ%@g?@%&?&ﬁ%%ﬁ%gﬁ%ﬁﬁ feé%i’eériéég%&?é’ Iﬁ%%ﬁ&%%leégéag%g’r%ugh t he
patterned oxitlelikgSerhddingties dubbtritayel. BRBrebctongpB28 dicdimakteohenipper gas

(step 706). In the o&gnj ng step, the hardnask openi n(t; as _containing a COS
conponent i s Sléstiede b dispossdimmediatel viprporite s lawerciectione 80§. nEhgnrpstm
processing c I i . SO as
to open (etch thge g%g&g&;ﬂ@%ﬁ%g%@?%g?&%gn ﬁ%ﬁ@sﬁ@vﬁé gﬁ Qﬁﬁe&’ﬁgg mask
openi ng gas ipfasataophate 8401 @acioksaEplied toteltoafinehjladnnesiiime 840 b tHlgaer esent
i nvention, the hardmask openi n’gggas further includes Q2. Preferably, the

har dmask 1BperiPwge §5Q theopaly agas i @nlesl$43 fognedin thetsp elegtrpds, ‘Ei‘ﬁoFitﬁf%ri@tog as
h Ar. L t j I COs, at
Tonst one of 5TVERMHELY e RERAECIRTCAB MY BlchRB e AEHIER O Pher

be added to tekkauseddrons theepeafingiplgasa vdlama 3P0 dfreugibthe cenfamgent rihfesrar dmask

openi ng gas contains about 100 15 to 400 sccm 02 and, about 1 to 50 sccm
CoS, pr ef er aBNYan sxyst poreky the exhappt romep 820 (Resifles helpiig t exbst the@as dhen cos.

Al ternativel g% %?sotiit 9 %, 0 9
preferably a}oé}(()}tljat 1 %?% totrgléu {%t}ag\r/ve%gﬁ't e&LSZC{ ngg?é?b%%igég%éég@n
exanpl e t®ci pemprisesa paaedimgsdas opaod 812, arhamimiss opeting ghesoupdecdiguneg aaf 20

mlorr. The el ectrostatic chuck tenperature is maintained at 30 C. An upper
20 el ect r odecichingEra s §15. ndiehardmpasl opening gassourgs myeincinge 409825200 scem
02 and 10 sc [ i de I [ ' rates a
Cross-secti o%a Vi Iév'(\fzg? ¢ ?%{fé&p?%(%%& gO%ngoﬁ?reg@pséﬁ&g%grg@ﬁ%ldaek}‘lé@ﬁa%Sﬁer t he
openi ng pr OC&&%pbﬂﬁng(gﬁ@feG%BC Fhighdsoare oo filthér @mprite ofhee §&¥ouldagnt i on.
For conparison, FIG 9B shows a schematic 25 cross-sectional view of the
profile of t&k:spehrascrstapRinggas seyee far the subseaunny sFpPiBEDrowpwniteidher ocess

(wi t hout qcoq) fer By, i .ng. har dmask openi ng gas,

2 o Oa*r&?xﬁﬁ( tro%eg)p%ﬁged 15 Oﬂrllg E%&gsglx%a&ge} i&ﬁ)

t he profi e spun-on car Is stghificantly inproved.

Si nce spun- of#0ssy bon i As BRYveh inl INE. BOAYRE ko8¢l 869 stefdctridaflp canmicRid@sthecar bon,
it is believed that the spun-on carbon layer is nore susceptible to

under cut, boegelegdef08r Chgmbanwallh#d2 sukreund therpgnfinemensemgn §0d e ess.

AL R T RN N T e

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.

13



control the profile of the spun-on carbon | ayer, and found that COS
unexpectedly inproved the profile yet maintaining a high etch rate of the
openi ng process. COS does not affect the etch rate as significantly as

ot her additives. [0058] Referring back to FIG 7, using the thus opened
spun-on carbon |l ayer as_a hardmask, features are etched into the etch |ayer

604 using an W08 ng gaRefemingdack tBlG. Tpthe oxidertapsymaterialayer §88 i r om t he
etch gas sour L0 I . ' t etch
gas. The. ot ory sl fhebaftatB PRGN TSR a3 e IS | RPION, Wi 7 20
t he previous @mbedionenias sﬁitabl@fbrb&:hﬂ%l’ﬁa&éﬂiﬁfg the bRide dayedapmeedllay2n 808 et ch
process suitable for the etch Ia%er TECS in this exanple). In the

subsequent prBieespyn-Egicaponigier 6phis then enened thienghishe putepnestaxide-hbaspdved. 10
[ 0059] Wi le thi,S.] hen..h n r.i bed 1.n f. several preferred
crbodi ments, Tera L 60F PuER naRER L SATRCE B BT e BRERE Neph 8

vari ous substhaidih&skegpehivalgeNédntaimiip @TTOStdmpbreht B ifthRiuseDR6mAhe hiidfask
invention. It should also be noted that there are many alternative ways of
i mpl ement i ng &2h&OuTes indridie psmameteating elnndier.t Adlpmasia fermedviem then. 1t i s
therefore intgnded,t - ol | ow pends | |nterpreted as
I ncl udi ng al Ih suc%kgp?lépé igsosfﬁ)s%s tg\él"?%ﬂegat? P g%ss, mgg’g Cig/szli)r%#o Sef??] 7St | cl%{oé’v

equi val ents af tiedldrdmbadktipeninggas fsteopppdl.r Irt acamdasopich &f erhb&lipesssithe

i nvention. CLAIMS What is clained is:; 1. A nethod for openi{;g a

car bon- ba8ed PrsERHAYGatoR the hardmask opsninggastiuhardycdudesyr Prefeiably fhgt e, t he

car bon- based g@ . LS A I S1 ng:

pl aci ng the sh 3@1; rat% Eerilsré/g&pﬁ%ggl%%g%ﬁ%g&n@’(%Ejasthgé@ﬁg%e{ﬁ% ﬁ%@%ﬁ%&t%é

car bon- based Alatshirslk, thahardmBRBPEHiISE Bk miy @dviudg CDY)at Baa ke 6pORI 0Q,,9as

I ncl udi ng carbonyl sulfide (COS) into the plasma chanber; form ngi( a plasm
from t he har &ra@in Badppdongdy Arg&@ or CHu may further be added to the hardmas

opening gas. In a preferable example, the hardmask opening gas contains about 100

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
scem 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 CHsF, CHy4, C;H4 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
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stopping the flow of the hardmask opening gas. 2. The nethod as recited in
claim1, wherein the carbon-based hardmask | ayer is nade of anorphous
carbon. 3. The nethod as recited in claim1l, wherein the carbon-based
har dmask | ayer is made of spun-on carbon. 4. The nethod as recited in claim
1, wherein the hardnmask o;feni ng.gas.further includes 02.. 5. The nethod as
recited in cl SRFPYed thp arodile,yet meaiptainingashizh slch irag of the aperiss praceass @B al | y
of 02, CGCs, i t - ited in claim1l,

aﬁ&é %gfs’ frddl Balet@Fite as ?{ﬁgrng%gggﬁ%{@gﬁgﬁd{uﬁ%%

wherein the har openi ng gas s at l'east one of 02, CQ2,
N2, or H2. 7[0038le met hRefeigrtack teHG: 7aisiglthe WBIdpeeddpuf ondArivadfrer
material layer is provided between the patterned mask and the carbon-based
har dmask | ayets,a hapdmasks featrgs are efehedcigtppthe sichdayep 694 vying ametchiog @as (kerbased
mat eri al lzay i . ttern K, nd .wher ei n. t he .car hon- based
har dmask |5ay308?’?%%%§§‘g9§r%%&%‘g?’i%’em pat fcgrgﬁ%éoug%’goer%%%alaﬁ@?@ﬁr% 9 ayer .
8. A nethod feath %@Qiﬂdrh@@irﬁgﬂﬂ@eﬁﬁ 288 r Phletti@d € bf the efhMer imdydeerfoffibdin Mask
formed on an etch layer over a substrate, the nulti-layer resist mask

i ncl udi ng t het SPiac Bannes phd/ prayeys emthedonenicoripayche peasfosmpdisinggey di sposed
over the spun: Qn 4l [, .8 tterned di sposed t

oxi de- based n%gg gef’lll %FQI%C}%& §§§%s%%ul%§%e}a1f8gﬁ1g§§%ﬁ§ “ifgjg:%&"écﬂ% Tlﬁpcelrel)nggli‘er ate in

a plasma pr ogebssiiknt phaefiaktep 120Y, GicHabdnikanbeloniAaery roambesd. al | ayer
usi ng the patterned nask; openi ng the spun-on carbon | ayer using

k; an
the patt 4Pned0838] de- ba Yhilntissinyention e beentdescrisdin tryme o prviesil pepferred
flowi ng a har enl as_lpcluding carbonyl..sulfide (COS) into the
pl asma pr ocegg{ﬂﬁgﬁ%ﬁ%gsh@g??qm?(# %aﬁ%nsap plas Tmnf'r%%‘#lpﬁaleh%g’ra(ﬁlﬁﬁ’é%o%speni ng gas;
and substitute equivalents, which fall within the scope of this invention. It should also be

-
=
R

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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stopping the flow of the hardmask opening gas. 9. The nethod as recited in
claim8, wherein the hardnmask opening gas further includes 02. 10. The

met hod as recited in claim9, wherein the hardnask openi ng gas consi sts
essentially of 02, COS, and a dilutant gas. 11. The method as recited in
claim 8, wherein the hardmask opening gas further includes at |east one of
02, CO2, N2, or H2- 12. The nethod &LABMBted in claim8, wherein COS is
about 1%to 25% of the total flow of the hardmask opening gas. 13. The

met hod as recited in claim12, wherein COS is about 5%to 15% of the total
fl ow of Whetiseleitheddk opening gas. 14. The nethod as recited in claim13,
wherein COS is about 10% of the total flow of the hardnmask openi ng gas.

15 A et hod AdheRdd Rirde §LEBohBYL HYGhask IARPFSHRLSnAA A Byddh b a | aver
resi st mask forne multi-layer re mask |nclu g a spun on
car bon | ayer sibstrategdtho nalﬂabﬁ-be$ddfhal'(hly£k layaen dzpoctd -Hehsed pasdresd ahskl, ayer

di sposed on the spun-on carbon |ayer, and a patterned mask di sposed on the
oxi de- based fRAPEYY38: | ayer, the method conprising: placing the substrate
ina plasm ?Fa@fﬁ@%l% sﬁﬂst?aﬁ@Hp@f)lasrﬁﬁbﬁo%éé%iﬂg%hraﬂl%ep)éh&ie based material |ayer
usi ng the patterned nmask openi ng t spun-on carbon |ayer using the
pat t er ned oxomltgaibedanbané)a$edlhatctlwk layehecooppeisingg conpri si ng:

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 Hj.

7. The method as recited 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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fl owi ng a hardmask opening gas including a COS conponent into the plasma
processi ng chanber; formng a plasnma fromthe hardmask openi ng gas; and
stopping the flow of the hardnmask etching gas; etching features into the
etch layer through the opened spun-on carbon |ayer; and renoving the

atterned spyn-o rbon | ayer. 16. An apparatus for etching an etch |ayer
gver a gubst %a’flét?lﬂg?%mﬁmﬁﬁ RSPUR-8) £710PR LAYEE mr?a‘é‘}&{tlr YoreasietBIskdarmeden an

mul ti -1 gyRNlayeedicta Bkad, i MAitGy& SHUHAR iﬁaﬁéﬁﬁg tﬂeasé%-oh%fﬂ%q I%@r,tape etch
| ayer, an oXi de-based nmaterial |ayer disposed on the spun-on carbon |ayer,

and a pakxidetbased matstialdaysp dispasedwvehibe spurden braberdlayert, end abatteayet matkhe

t I.Si : I . i hanber.,. I Si : hanber
wal | f of RPARSH on ghe. Sride-Brse Qulstil lyRs JpmtlRd coRineing” 0 73 qubstrate
support for glBREHkd AbstPats HPS pladh® pWickRidy dnigibBl,asma processi ng chamber

encl osure; a pressure regulator for regulating the pressure in the plasm
processi ng chalfeeng &m)@gqjlng,ed material layer using thp paéerneshmask; ead r ode f or

provi di ng po .10 0 ess| chanber enc|osyre for. sustaining a
Bl asma: ot T ORaitng P IR RERRR e SARTRA oSOCRAR PR B IBKE YR ") ot
one el ecpandxgpecongprasg: i nl et for providing gas into the plasma processing
chanber enclosure; and a gas outlet for_ exhausting gas _fromthe plasnma
processing ¢ hanbeflowing owigaaskppgaing Lg% neliding cfarlmndlq%ﬁ%@%hnm thp plagmagas

inlet, hReld %ggmﬂbaatterning gas source, an opening gas source and an etch
gas source; a " a controller controllably connected to the gas
source, the RF bi fsmsge plesmafrdmtthe hatimadaspendnpegaRfFarpower sour ce,

i si : ) : uter readabl e nedi a,
ggg:: :: 23 at | eﬁcs)lgplr?gn ﬁleq{o%:gfs t?lgilhrd?n%s 81(3)6 ing 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 Oy, 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 Hs.

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:
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conput er readable code for patterning the oxide-based material |ayer using
t he patterned nask; conput er readabl e code for opening the spun-on
carbon | ayer using the patterned oxi de-based nmaterial |ayer, conprising:

conput er readable code for flowi ng a hardmask opening gas including a COS

conponent intp the plasm processi ng chanber; . conput er readabl e code
for forming Hgﬁllngélﬁfgs PHE {tha PRapd Rssgﬁe%aﬂ’é’ebas; and conput er

readabl e codgaifQfing HRRRNIbADE nfak M) &geﬁmmégme&hﬁm;ng gas; and
conput er readabl e cCode for etching teadtures into the etch |ayer through the

opened spun- opengizg thosplrayecarbowm lyei wsingthe patternedoviperbased medetedd layec ol f or
providing an etch.gas fromthe etch gas source; conput er readable
code fofPFOTPYP ™ asnma from the etch gas; and conput er readabl e

code for stoppi ngAbReat edddiak opeRfhg ﬁﬁiéhﬁl'ing; £adalog s ihlrthd gIARMA Ng the
patterned spun-on carbon | ayer. 17 met hod Tor etching an etch |ayer over

a sub;t?@@@gsm@hgmbmsed bel ow a h%irdmask | ayer di sposed bel ow a mask,
compri sing: placi g, t0e, SUBS) Fahenb RanBlRSHRR! 0Re5%{ Ng_chamber; openi ng
I'SI ng: %

t he hardmask | ayer, ¢ hg a hardnmask openi ng gas
wth a COS or CSZstoppipngtierilow of the hhRinplskswhinghasber; formng a plasma from
t he hardnmask openi ng gas; and stopping the flow of the hardnask opening
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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etching features into the etch Iayer through the hardmask; and renoving the
har dmask. 18. The nmethod as recited in claim1l7, wherein the hardnmask
conprises one of a carbon based material or a silicon doped carbon based
material with a carbon conponent. 19. The nmethod as recited in claim 18,

wherein the hardmask | ayer is a r%hous carbon. . 20. The nethod as recited
in claim18, wherein tRETAYEHFALOIOHUs fgnerenine the sPWorkhraradslager | east one

of 02, CO2, N2, Of t Q0] j i.m 20, wherein the
bsifl theh;%%temgﬁ ex{mIAed ﬁ%eé%lflhﬁ#ﬁ%d@rﬁg‘%{

hard mask open gas further conprises Ar. as recited in
claim 17, wherein the mask cempitearesddblconledni Geving aSia@nask2Peniipe net hod

as recited in claim 22, Me@am%(lﬁ(g etch | ayer i.s ?ne of a silicon dioxide
based naterial, organo?%i'PFegle § gomponsny ey e lgsmaye pased material, a

silicon oxynbidcksitmoldgRBenmt erial, silicon carbide based material, silicon

or poly-silicon material, or any nmetal gate material. 24. The nethod as

recited in claim 17, wherei pompaetigadhibbstode Jonformingar membasmdherat eri al and

wherein the renoving tﬁ&dg%&?g@c%k i s an Loxygen ashing and wherein the etch
e

| ayer is a |lowk dielectric %n,g §4r ter conpri sing, passivating

sidewal | s of features etchegompiter fehdabtadode E6CloppiyEthe PRIOGEhe €MOVI Ng t he
har dmask, conprising: praqviding an ashing gas conprising oxygen with an
additive of COS or CS2harflgiask ¢ghisg graéRd from the ashing gas; and stopping

th hi . 25. Th j i - Al . inth
€ ashing gas e m%gﬂﬁ%a&a‘ﬁfé dad ﬁ%&t%]ug%@a&l%s d\‘ﬁﬁ)etilg In e

har dmask openi ng gas has a onent . m conduct or devi ce made
fromthe nethod recit eech tayet thranghZhe opc2éd sAm-appabad lagerf or et chi ng hi gh
aspect ratio features in an.etch |ayer above a substrate and
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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bel ow a carbon contai ni ng hardmask bel ow a mask, conprising: a plasm
processing chanber, conprising: a chamber wall formng a plasma processing
chanber encl osure; a substrate support for supporting a
substrate within the plasnma processi ng chanber encl osure; a pressure

| asma. processi ng chanber

regul atqr, for.,re ating.the essyre in. the

englosuﬂg; The&%&m&a%@mF3dgghﬁﬁégeWB@Fmﬁ %hEHFmﬂ?@VﬁﬂﬁﬁﬁmﬁSWE?C@%O%he

pl asma processi ng chanber enclosure for sustaining a plasma; at |east one

RF power source electrically connected to the at | east one el ectrode; a gas

i nl et f@P. pr dicdiatigpdgsgesitedon chen gBawhereiprtbe bardmask ofeardae furéree comprisss aand a

gas outhet for h Eﬁtinﬁ gas fromthe plasma processi ng chanber encl osure;
2r§|8?¥% h&e

a gas sé%?%gwfh tion with the gas inlet, conprising: an opening

conponent source; an etch gas source; and an additive source; and a
control ler control |l ably connected to the gas source, the RF bias source,
and theZat | dasmedind aRreqisden clobuPOeyhaomphe bard graskoperegastfudhe qomprisssar.
and conput er readabl e nmedia, conprising: conputer readable code for opening

t he hardmask | ayer, conprising:
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.  Anapparatus 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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conput er readabl e code for flow ng a hardmask openi ng gas conprising an
openi ng conponent of at |east one of 02, N2, or H2 fromthe opening
conmponent source with an additive of COS or CS2 fromthe additive source
into the plasma chanber; conputer readable code for formng a plasma from
t he hardnqsk openi ng gas; and conputer readable code for stopping the flow
of the KBFEMESk opening gas; conput er readabl e code for

etching features infasitie cRECH i%}'gfovfd?ﬁé) 1t hel}is cesgfﬂgQﬁgrﬁibé}g

conput er readable code for providihg an etch gas fromthe etch gas source;
conput een¢leswdafireugaidmgfagplasnea;mi ng a pl asma fromthe etch gas; and

codb Tor 1 emovi ng™ REAT aRaRer s deafiPdtaate G0 BEMIEM phe ERdiones 7,
wherei n the hardmagks inget@br FroGidinpias Aas @ fIRES prdbessindREab& it stiReand

renovi ng the hardnmask is an oxygen ashi ng and ereinthe etch layer is a
| ow k dielectric kagpeeutlapfarexhapsting geompuites plasmalptsicessimgdibamber ¢riclsure;

conprises, c r- qﬂﬁp e for .passivating si.dewal | s of features
etched into ?%gygsoglil;ccf ‘et %(glﬁl%‘?tg(%le‘?/glrlte}%rgg%nv? h((jo & rar dmask, conpri si ng:

conput er readabl eagopif®sonps@é¢niiongean ashi ng gas conprising oxygen from
t he openi ng conponent source with an additive of COS or CS2 fromthe
addi tive source; PdFPEES $PUKICA8%h from the ashing gas; and stopping the

S 5 ABSIEn LS I8 L W 12 S e
coat i n;g | ayea Cérﬁrqibdcmﬂr(%llhblymni?mte-dhasmjgdsabdnasﬁe R&V{gas 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 Oy, Ny, 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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30. The nethod as recited in claim29, wherein the anti-reflective coating
| ayer is opened using a fluorocarbon or hydrofluorocarbon based chem stry.
31. The nethod as recited in claim8, wherein the spun-on carbon |ayer is a
hardmask | ayer, the oxide-based material layer is an anti-reflective
coating 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.
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