TRI M PROCESS FOR CRI Tl CAL DI MENSI ON CONTROL FOR
| NTEGRATED Cl RCUI TS BACKGROUND OF THE | NVENTI ON Fi el d
wobtoorhessknventi on [ 0001] The present inventi onPCEUSL08%005639
to the field of integrated circuit fabrication,
particularly to a trimprocess for critical dinension
control for integrated circuits. Description of the
Rel ated Art [0002] In the sem conductor industries,
integrated circuit (1C) devices have becone faster,
smal ler, and nore efficient. This trend has conti nued
with the devel opnment of fabrication technology to
increase circuit densities on chips. [0003] Reducing
critical dinmension is one of the inportant ways to
| ncr eagRINI PRO CESSIBORI ERITITHEL OIMERSION OBNIOOL
(CD) is the dinension of the smallest geonetrica
features (width o ORIEFEGRAHED IGIRCUERSt act s,
trenches, etc.) which can be formed during
seni conduct or devi ce manufact ur i ng. Critical
di mensi ons needBACKERORMNT 6F THEINVENTION aci | i tate

Fiel he  f rmap on of snmaller conponents and faster, nore
——%%ahég%w Perertegtrcuits. [0004] One way of reducing the CD
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r n be trou en qnl .
fear RS0 iRt BT dines o GRE P ebit g BEG Ffbbe omed during
semsuilxiuct(ntckvtc@ xdelﬁmfﬁﬂuﬁﬁgl |ICdiral dirRénsidn8encpll @b WegBHiSded in order to

|s aIt the etch ocess b he tine the
facil R Brindu® SENE I e Bonetty Db iee B LTt trats. | o
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0t Srereh. Hoodsh ot BaprIBMIBAY L4hhietants Bopiagost material

becoh&ﬁlﬁcﬂé&&‘ﬂgl& Qphdi@NBItRE ligntPahbREd ef the BhReRNMbRII®gPdphic technology

P .a substrate.
has a limit in reducing the CD.

[0005) Another way of reducing the CD is trimming or shrinking a photoresist
pattern by an etch process after forming the pattern by a photolithographic process. A trim
process is typically employed for reducing feature edge roughness, reducing size of features,
and/or increasing spaces between features. However, etching into underlying layers or
structures with small CDs can be troublesome when only using such a photoresist. When
A etching deep into a substrate to define small features, the photoresist pattern is altered by the
etch process by the time the etch process is complete. This causes the substrate to be etched

outside of the desired pattern. Poor etching can cause defects in the performance of the

-1-



[ 0006] Yet another way of reducing the CD is shrinking
or trimmng a hard nmask by an etch process after
WO e@nabBu3 i ng a pattern from photoresi st but bep¢DUS2007/005639
transferring the pattern into a substrate. However,
this nmethod is not without any problens. Wile
shrinking the pattern wwdth of a hard mask, the
t hi ckness of the hard mask can al so be reduced. U. S
Patent No. 6,420,097 illustrates a process by which a
hard mask is selectively recessed beneath photoresist.
However, whil e shrinking the hard mask, the substrate
.or layer aof. .ntgrest. . underlying the har k is also
aevigd g Bion Beicho TameER bebldhe P dlah Fhespanrngs ranster o
pattepd frofiea ptavtclesiRsikto Afidseatpr obl ens prevent the use of an
aggressi ve etch process to reduce the CD. Furthernpore,
th Oggbces%et paotheryvpy gt feiugiag thy CPAs shuwiag ondpreming ghard mask

by ahldh PlokéssPBeRtfansRARES h Pite@NGoRVHOrBliS RAMDKGE Ydnsferring th
yain_deg?éf?ong ffgn1?ﬁg§dg§i?ed %i&gﬁgfoﬁs. SUﬁNARY CEe”"% ©

patteymte AFENTEION Howperry this reptbodismet wihput any nreblemsi dfhilegshrinking
the &ﬁgﬁo\gndﬁf of} %g}cf‘nng?ﬂgghéiﬂ}iél&%%@ﬁg qlxaﬁf dx?\géﬂ tarl Bso be Igegliruged. U.S.

disclosed. T conprises providing a first
Patentphik. 620/096villstoatesa pgrypcdsayyr whphow ibdidhgnask seceledtively recessed
[ . a r i- r:
venclll] Bl YR NET LR o fShe L SR S e or tver of
interpgiskndedyieg ; thé drand mopsh ipadisce expdsed tthehphetdormask stchant through the

opeshB8Siing PRSLELY H0d DELRALLEL I, L0E R S60R DA proces
reduvd the €he Phtcones| de prayess iohinticd tofust v paataim haedhls that will
sk layer. [0008] In the.above. nethod, the target .

pemiLgeEses Rk Aid SYBP b o2 RabIE ) S P EPBh LB TGRS

consi sting of insulator, sem conductor, and netal. The

first hard mask | C [ n_amor phous car bon

| ayer. The first Sﬁéﬁ@@@f%%@%n se an

or gOFE Undeht ayRet ofithe idieh&én, RahahsBsKetb@YE rfommnk&%wed circuit
. .a thickness ranging from about 200A to about 20, 000A.
is distiesedi rEhe mathedrremerisay eroviriys Ralst hardaspikclayerapyes aofrget layer;
provid@ss a sBaMdaRes m AR 1avkr JvBPAR! fidsP g AL %ggra gﬁﬁﬁcﬁihg%dphotoresist

above, the second hard mask |ayer may conprise an
layey o ghardeeondaasd mapk dasiencioraimise padipay inthy phoensiss kyer; transferring

hEtd I BB A& LB Nfercaat | -

tho (HHEREENT L Ble AR LA MR B Lol ko8t pasclayer with
the phirtorepiss lgyec omtripseti thgsesnd bauidguaskdzyani tri de, silicon

OX'[(R)%S or .Iﬁltue &80 Q';Ae%oqje-t eT Iﬁa? eqzel%gé}dm aE:g nlqgekaln%{ltgrrial selected

may cohprise a SC1T Cori-con alngng rgamni ?gyer. €
fromstbe @nebphamdistias R rsylatornsemibenductharckmetss Thafistdard mask layer

from about 59A about | - 000, I tge netgof t he .
mayp(iﬁ)grfp ot rsgs%ns?m?}rnpg}gg% oI ?)Io d¥Ty, h@{)% rdé%tl 4 JApk R PRy fomprise an
orgahicaingerdaypr. COmsfimt harg rofskdayed nyrhapb atiticlesiss fangmgfeotmabout 2004
to about 20,000A. The first hard mask layer may have an aspect ratio of less than about 20:1.

[0009] In the method described above, the second hard mask layer may comprise
an inorganic layer. The inorganic layer may comprise a dielectric anti-reflective coating
(DARC). The inorganic layer may comprise a material selected from the group consisting of
silicon oxynitride, silicon oxide, or silicon nitride. The second hard mask layer may

comprise a silicon-containing organic layer. The second hard mask layer may have a



phot oresi st, a 193nm photoresi st, and a 248nm
phot oresi st. [0010] In the above-descri bed nethod,

WO e@naésu3 i ng the pattern into the second har dP@EEK2007/005639
| ayer may conprise using an ani sotropic etch process.
Usi ng the ani sotropic etch process may conprise using
a fluorocarbon-based plasma. In the nethod, trinmm ng
the second hard mask | ayer may conprise reducing a
feature width of the second hard mask | ayer by at
| east about 10A. Trinmm ng the second hard mask | ayer
may conprise selectively etching the second hard mask

. r.relative to.t hot or.esj | ayer and the firs .
kSRR RRYE Sy 0% PEAbRRELANA! ol Sl Syl hBorsist
compmse € phpoiessst edehed foinhde peegncbratidg B8 K 3| 5aye phétbredist, a 157nm

r at e, of, het ween about 1,000 tjnes faster than
photpsisha, Pgltvﬁ‘c’&?’re?ﬂea‘ﬁl‘? 2&%’%\? CHESRY ayer. Tri mming

t h¢0@®F ONdinhthethbReedcdped Maod OiRiskEane it bAerh Rfto the second

second hard nmask | ayer at a rate of between about 1A

hard REsk) IeyerJaty Cuusivg US[Rer I 1HrOPHeSt R PISERS. t{5ipgrihfgniseopic ctch

proce&CARG diplisBask gl 2WRIordRYLSHOPRED PashDOt EPRIL Alethbd, trimming the
et ching the second hard mask layer. Trimmng the

secogd @BWo‘%h%\? laveraagy qompaise wedncangpioetee vidthiohthetsheonslideh thask layer
by alg a%&t MWkt \Gxe rTWn_‘IHnQ e d&dRd ﬁ@p sﬁslg?err@%é g%pfxgez Selectively

a fluorine-containing plasma. T asma’ ma np
etchingiha saepnd diaee magk flaysnrelatévegicotne rhotesésstt ilaygr ehd ghe first hard mask

laye%F?'ﬁ%ﬁ Vtg% ?/«”S'de %gd ﬂlagc: 1ayP 3% n‘gdlﬁén?%.e&%hsiﬂg the second hard mask

er nat trimm ng the sec ["ayer nay
laye einprdts of bstiwegn abewtl atd hjOGg thpnasclaster thdsithgetch @ataif the first hard

in [ oces i se,using a buffered axide
mas 50 D SRS TR O 55 0B UL e ccond v
maslg taypr atseratesifibgtvasenebolital A tnd 00f pessdagndd=, NH F, and H

0] 2] The nmet hod, descri bed above y,.further )

co*%dr)liqie t Pa ¥t BNy témﬁ’é’tnlgeaﬁ nggmiﬁ?aﬁ% rf‘?% ayer may comprise
isotrbpically Bghingehseeondhhdrrtaskaaler] ayBfimingttBe §nd hhltmask layer may

har d nﬁsgﬁLayer. ra sfeﬁring the pattern_resulting )
COmpPRHPERNEIPRGPRE hert BIRaK havel Withsk Plastrar  The plagpe may comprise a

fluoffihé-8énthialind praska.l ARl plABNa GRVPEIRSES] BhsRaNeBlited from the group
den3|tgﬁplasna etch process. Transferring the pattern

consitlg) ¢f Ad Fratrd Plafmanand ReSEckeasnd Missme médlernagiyely, trimming the

hatard hest idyet mhgdnRak usRyel ' b3€s. e UG i
ol R g PRt AR IR 38, LA wor g

ProcesSFRaY FYRPETe Ysiign? Priersd ofideateh procesie Thedwhgradanxdde etch process

may@BHpris@¥&he ar ERRS @blpRgink1er R@ LAy Fe6YI ting from
trinmm ng t%e second hard nmask | ayer into the first

hal@lFhsk The methedydesenpnd shwvetnedy figtheheorthprist trivesfaring a pattern
R im0 SRR PR T o e
Trangtegiapg] theapaticnm sesultmgefromnirionming the rss¢ondaradd meask lagereinto the first
hard "TRYsKCRTH 1’n§§ c&lnB}%epgsing a high density plasma etch process. Transferring the
pattern resulting from trimming the second hard mask layer into the first hard mask layer may
comprise etching the first hard mask layer at a rate of above about 5 times faster than the etch
rate of the second hard mask layer. Transferring the pattern resulting from trimming the
. second hard mask layer into the first hard mask layer may comprise etching the first hard

mask layer using a sulfur and oxygen-based plasma. Transferring the pattern resulting from



between 10 seem and 75 seem of sulfur dioxide into a
processi ng chanber. Transferring the pattern resulting
wo e@mi103343mmi ng t he second hard mask | ayer i nt oP€HES2007/005639
first hard mask | ayer may conprise flow ng between 20
seem and 60 seem of sulfur dioxide into a processing
chanber. Transferring the pattern resulting from
trimm ng the second hard mask |ayer into the first
hard mask | ayer may further conprise flow ng between
10 seem and 100 seem of oxygen into the processing
chanber. Transferring the pattern resulting from
9 t second hard kdayer into the first . .
il kA RS T TS gt Pl B RS i Simrise fowine
betweart 00 tdven prid & ssinngf sllfurliboxid¢ Gd 3 Jprddeesimetimtber. Transferring the

descrj bed. above may further conprise provjding a
pattel (BRI BITRUE D6 SEoRE AR TORAFE eIy dhe BiFLpafrask layer may
comS@eanving betwire Rolsyif and F0&cHRbF aifatibNi8d 186 h MR essing chamber.
[ ayer may have a thickness rangi ng from about

coatin 3 .
Transfeme; Beantiem sepiAne [ o 4Tmywing ikt Rerond dppek magk Iavge into the first

hard iR MyleP Phay FuABdrREghpHIE 11ARMHL G 4L MikcaR dnBt188584E8Ef oxygen into
circuit device is disclosed.” The nethod conprises
the pspeRssing ifambey. r Sranpfgrrinentisipagony regulsing froma tramming the second hard

masiP 8% Ghidgur BREMAk Rk lmkmg%/%rtﬁé}ec&ﬁﬁr%e ﬁ@mg%gﬁ into the

providing a resist having a pattern over the seco
procefaing er.-ani sotropically etching the second hard

nma in t . resj st., an . .

el S5 SR S0l MR8 S Wi prpgios o
antirefbeitist cﬂatitngp(Byf\R@lelaS@C onet Mar decmek hardO8®k5E lapert heThe bottom
antir%:rrfz %%:21?/5 jco%l?n% l:ag%rg ge}rygl%agzg a%ﬂxiﬁ:ﬁrlilés% rag]?gv}/n:gg orﬂn,ggo%%ﬁg 2‘\: t§ gbgm 500A.

circui
m §00ap} ocefas anothdih aspeesioft theajt@enticay € aAgthbs efod manufacturing an

. terial. selected fro he groyp consi sting. of '

imegS8 8t SEvidha P Rbr T mHRoH GgRRBRY treGHise.» gy mask over

a subsira®tf) gfdeding afrecdnddHard RRisk BV&Ithe Bifst hard hhdR; PFOGESS afr8dist having
critical dinension control for |ntegrated circu

t
a patirg ioyer the sgrad ped rasksramisytiopicplly elebwedBspisoad dard mask using the

pattept 6F Bfelrcfigt; and m{)ﬁ@ﬁlg/ EidhinB Gh@ sdcohMRIIQREXSWRY the resist on top of
providing a first hard mask over the substrate with

mesﬁﬁ@@ﬁ@ﬁ%ﬁmﬁérd mask underlying a second hard mask
oy o ghex o AL AR SEB ons. h
integgatped §irgit g@Rvice payf compuisg ecmiriopraeessormskhe fBBL Hyer mayeomprise a
mate?igféég%&?ﬁtﬁgﬁcthe Qlf uE) !agngiﬁ}ﬁ%rgfiagﬁotc?eﬁghh %ﬁ irﬁh{iﬂx‘t‘cqa”&gggaphy resist.
gratea circult 1s disclosed. e skin
st H9d6Lr e loompthies esspest foif rthe itvgntomess kirh pyegess demettical dimension
cont®Y $br ﬁutegrated circuit device is disclosed. The trim process comprises protecting a
substrate during a trim process by providing a first hard mask over the substrate with the first
hard mask underlying a second hard mask having a pattern; and protecting a top surface of
the second hard mask during the trim process by providing a resist on top of the second hard
mask.
[0017] In yet another aspect of the invention, a masking structure for an integrated
circuit is disclosed. The masking structure comprises a first hard mask layer formed over a

target layer; and a second hard mask layer formed over the first hard mask layer, the second
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target layer; and a second hard mask | ayer forned over
the first hard mask | ayer, the secondhard mask | ayer
w@ompnosiehg a pattern with masking portions cop€T/ga20end005639

to cover the first hard mask layer; and a resist |ayer

formed over the second hard mask | ayer, the resist

| ayer conprising a pattern with maski ng portions

corresponding to the masking portions of the second

hard mask | ayer. In the masking structure, each of

exposed side surfaces of the masking portions of the

second hard mask | ayer nay have an average roughness

of less than. about 50 A.rns., Each of expgpsed,side
hard Bl RUETCOBPTERE HRET Y B STiS BRSO AP LBEEH B fepgthe first hard
maskNRS; laay el résy 1agerefodfe@\WEAGR: §R2UGNNRSE nttfsk Deyere @R resist layer

about 10A rns, and apout 50A rns.- 10018] I.n the masking
compgisingct BRECTR ¥R iMPaslingRRTEONS FYTISROSES H thFa@rskige portions of the
secordOhdrl AASskOfayth € 15 8RO Rehskidk GtiiBke, | RAYE o MBYoRA side surfaces of the

substantlalyy the same as wi dths of the corresponding
maskipgsiariensefrthe serongfharhmagke kiyer mpy have anapvegggggopghaiess of less than
abouﬁ(ﬂ}&rﬁns@fli Co Ld}Osi ﬁEﬁHfé%Q?oﬁ{hctrﬁgs PO oRaL RS &ond hard

ayer may be narrower than w dths of the correspondlng
maskrtagsk iy hawe i enerags rougknase of batweenyaout E3d mmefnd heout SO0A rms.

e d side sur e f [ A .
OSBRSS Bl TISE L0, C O s pocins
of the esviosd hhalympasiblayet mhyp bs sutisfentinDP 18] salne asewidérsoifitbe corresponding

aspect. of e invention, t hod _of . manuf act ur.i n n
meskfRPBGHaRb oT % AT M A BRLES s R e Reipl BoRibns of tne
secontbhang nidsle lapgs kiaybestditomted teandeidtsidiebe adresspodding masking portions

rocess selected fromthe.group consjisting. of dopin
of B ERGRIDGh, AT Pl U FORCeCcHE SEVGE Py RRRLRABAR O the sccond
hard BREERyBERERbETdcbe@bedddth MRAMNGTef BP20kadtisgures | A -

I F are schematic cross-sections illustrati a_process .

of [08{hi ndn 65F 2RAMEh PERFChCEdNT ITFERIP™ A gbed p{pgutacturing an
integhltédcigdhitcigpdidreat TRE nidiod et sing %bzﬂahsldi:h% s R%urd described

-2Cillustrate a partial process of formng a hard, .
abovehera press sswcadd%@ﬂ ftheyroHP £ORTiginesed] dopingy Prigation, nitridation, and
selecBPEQERRAGG. Wi th an enbodi nent of the invention. [0022]

Figures 3A and 3B illustrate a partial process of

formng a hard mask using a BARC | ayer in accordance

wth an embodiiil pRSCRISIION eRlHeR DHARARKSM oure 4
f the partia

is a partial perspective view o0 ly formed
i nl0@gVlat eFigures Uit ol F FrGschieaticO024-seFtigay 8luBtratgngaa process of

e BRI B o g TR
i NWORA1S on Higo2SPAF §Gribsstéie a paGahpwcesscafdgmaipp s, hard mask using

an etE]?a%) Qvit\f\{i 4 hl} gﬁ sgigglr]vaqg a c!o?ggnrcg With an embodiment of the invention.

[0022] Figures 3A and 3B illustrate a partial process of forming a hard mask
using a BARC layer in accordance with an embodiment of the invention.

[0023) Figure 4 is a partial perspective view of the partially formed integrated
circuit of FIG. 1D.

[0024] Figure 5 is a graph illustrating a trim rate for a hard mask layer in

accordance with an embodiment of the invention,
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m croscope, of top views of hard mask patterns tri med

at the trimrate shown in Figure 5. [0026] Figure 7 is
waemooenbaryed view of Figure 6C. [0027] Fi gure BCT/HSH07/005639

m crograph, taken with a scanning el ectron m croscope,

of a side cross section of the trimmed hard mask

pattern of Figure 7. 10028] Figure 9 is a graph

illustrating a trimrate for another hard nask | ayer

i n accordance with an enbodi nent of the invention.

[0029] Figures 10A - 1OC are mcrographs, taken with a

scanni ng el ectron m croscope, of top views of hard

nma tterns trinmed the trimrate shown, in Figure
9. ?‘@é% L EEBEECRPT 6 A TR OBREREREAEn EREBD ng electron
microeddpe] ¢1l top 9ie3GFkrd Matingat@aittaimedfi at tiY SintREIEHRNN, in Figure 5.

th teﬁlm "sem conductor substrate" is_defined to mean
ani‘“@& st ri@Heohis BT e ¥ OfF SRRt or mat eri al s,

| N¢ho2H NY, FiRlte S8 a HidobRgh ! @kerP¥k a%%mr%ggp BELH microscope, of a

.. materials such as a seniconductor wafer t her al one
side GFosp geqtiop of the temnmedbard Inpask paigerpof Eigvee 6t her material s
L N906R)) . ARHeSEN & OPANGHRLAIRE A il rd QYS! Skl RS mask layer in
al one or in"integrated asse es conprising ot her
accorggnes wathgip enfindimentmf tseipsentame” refers to any
su I NO: t e, J{cludin but _n lim.ted to,.
t hid%s%(re9 ' c%%ﬁ%? og@é u—bstdr&gtafees mdgfg ey ésédpa%%%v%{th A §8pre clectron
micoh@peorftten viewts dfthiasl vlesiupatetns ttilvenddert mhe' driay gaté shown in Figure 9.
enconpasses both the singular and the plural unless
ot herwi se indicated. As used herein, the term
" or gdPETAIIED ®ESCRIPTAONODF IHE PREPORREONERBUDIVMENTS
D fmateri al s, thus including anorphous carbon as well as
2eUBONSr esi sts. Also note that "sul fur oxide," as used

heneo3n] NMERNtheadBhtSQNGTOMNIAERRENE  thD Ge@S S88thicBhdVEI R sistrate” is
conmbi nation of sul fur and oxygen, such as sulfur

defigfidoidl BEan PO SPPSTbiopefamPristiegRamipeRdEtor maferiglggincluding, but not
limiR@rt] Pulk ls@ffdohdh@of ma s HithVM LEnSE R WS (either alone or in
. devices, conponents, or parts are formed or processed
integrated AgReMmPlied Compeasing oer gratsialy therganlo ¢ed bgrniggndugiat material layers
it 8fone DR §REGEed! RYSHLITRY BlaloRdr hli¥eriats). « >
© sem cgnduct Qr&sauebst rate dgg?ﬁ’,’%eg Oe{bgve.gt%mrﬁlg) t gp%éetm substrate
refersdg apy gegpopang sbsseteofnclvding butswiilisuteduet be semmmphductor substrates
deschiBed! Ial%v%r -AlsB ih Rte Eﬁﬁtgﬁt of tﬂ)’se(fccuﬁl%ﬁ{, 'tt?@?err%f“lécymr’e grqc%s-rﬁa%sses both
circurt devices such as nenories or 'm croprocessors
the sragulpyearfdotheeiurallinless vtheories sndigdted: hAsughd haredh, ths ksm “organic”
' Lbe . pr e L. odipents _as. et chi.n
el o SSAGA S e AR S PSP BBl o v o
phototreisks | Alsd nate thehisulfuk bxapfrasaised Berehiainganoaessormgpund consisting

esseg{iengrr of%nc:%%lq)li%potnsof%gf}uxg é)nr;;'l'pgxlyéeeri, sgé]'xgais’ sulfur dioxide.

[0031] The term “target layer,” as used herein, refers to a layer in which

semiconductor devices, components, or parts are formed or processed according to a pattern
formed in an overlying hard mask. The target layer may be part of the semiconductor
substrate described above. The target layer may be formed of metal, semiconductor, and/or
insulator. In the target layer, portions of integrated circuit devices such as memories or
microprocessors may be formed. While “processing” through hard masks is described for the

preferred embodiments as etching to transfer the hard mask pattern into a target layer, the
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oxi dation, nitridation, selective deposition, doping,
etc. through the hard nmask. [0032] The term
wO eeo7od3mgy, " as used herein, refers to cl eani nBCT/US2007/005639

roughness of a layer or reducing a feature width of a

layer in a lateral direction. The term may be

i nterchangeably used with "shrinking." [0033] It wll

al so be appreciated that transferring a pattern froma

first level to a second | evel involves formng

features in the second |level that generally correspond

to features on the first level. For exanple, the path

., of lines.in the.second level wll general.ly followthe.

skilled prisay il Pty HBRY PREFSB B OURE SHIRC T g Cpmbrise: o8-
oxidBlonehitd diibh) REeclie HERsBRGPAShIhE \e6d. thiblidh theheepatd t o

the | ocation of simlar features on the first |evel.

Th@0}tleci JbedrapeimmngT 2856 et JFEs tapleguipg revgipess of a
layert &€ rddubSl 4 G¥&hrel RidtheoS8CRNE [re¥ Claterd) ONYREHN AU he fi8fn may be
) exanple, to the trimand growh steps. For exanple,
interghapeesdhigsed poh ‘shankisgéni stries and conditions, the

Si of . ' j

oS RV BEbE PR PRLan (RRLRRE, 4 PR S B it level 02
secomti hviel simendvesefomminge faapures én phe seqomdolevelnhaf igengrallye ¢efrespond to

ile F L S I . hg s ERLLd Al g MOgel wi
featug}eénaﬁhﬁtfk%’fclﬁl{/eﬁg R g%%ggfe[ 36:3%@ 19? gh%éef’si\ tilﬁ\@%:otn% 19vel will generally
follow! thel Qgthavlf dines w’r_eﬂnhd'dstdf:v@tanh ﬂw_goqﬁammnauﬁ othrer égmat:edn the second level
i G4l 5625y £ ST 155 PRI e
sizes@fdatares khs vargtfeond ek fikh#avel @ the setonddewdt] askeveaghes, for example,
130 is,provided over the target |layer 120.. A second .
to t i MRV s S5 R Rp bt ReneibE Epon RGRieh e g conditions
the si@S lf iy Rlatih3Qpacih@ 15t edirithd d6AurdB $dindigy e tiA@fein®d pattern can be

preferably .thinner than the firs r sk . layer 130. .
enlasgrd gpdipitRed rRgtye 4o R el s er}%g?@wh?lg iy fregnbling the
samOhital PpdtRpal different fromthat of the first hard

mask layer 130. Finally, a photoresist layer 150 is

provi ded over the second hard mask | ayer 140. [0035]

OverB8 R AN BrdcBssFi gure 1B5 a pattern is formed in the
photoresist Tayer 150, using |ithography, such as a o
colfPant i odagurph ol F tiHugrap i met}@éhﬁfble@éylg fiean intpgrated circuit

accoggﬁog Ec{/ % Eﬁbwlﬁ{&gt &F {h%oinbéﬂtgﬁb freefél%ﬁging Pl it @%ﬁg,lg@m&er 120 is

: an etch process as shown In ure 1C T
proviied oier iavkstrateskl O altean, 240stihnrd meak tayerhdQisarrogided aker the target

layexf)%ygpﬂx 5%:8)%5 %Q}d%%glg%%r19§2§ éro\(}'meg %vgrht € %bsqthgfdeﬁiagﬁ lfxcg 130. The

'S on econd hard nmask | ayer
secomad heibwnask ayer ddp ds IpPefeGOB6ihiNex tthart He fimst therdimiask tdper 130. In

addit%c?ncf QHLQ s@c%ﬁg hgpdshxakléya%r :]'51(9 ig %r&%@%?%%gtggali (ﬂhgresap Bom that of the

first hard mask layer 130. Finally, a photoresist layer 150 is provided over the second hard

mask layer 140.

[0035] Referring to Figure 1B, a pattern is formed in the photoresist layer 150,
using lithography, such as a conventional photolithographic technology. Then, the pattemn is
transferred into the second hard mask layer 140 by an etch process as shown in Figure 1C.
The second hard mask layer 140 is then trimmed or shrunk by an isotropic etch process while

the photoresist layer 150 is on top of the second hard mask layer 140 as shown in Figure 1D.



first hard mask |layer 130 as shown in Figure IE. In
one enbodi nent, an SO2-based plasma dry devel op etch
W@ DEN0san be used to transfer the pattern i ntBCT/H82007/005639

first hard mask |layer 130. Using the dry devel op etch
process, the first hard mask layer 130 is etched to
forma hard mask to etch the target |ayer 120. The

target layer 120 is then processed, in the illustrated
enbodi nent, using the first hard mask | ayer 130 as

shown in Figure |IF. The second hard nask | ayer etched

140 can be left in place as shown, renmoved prior

h .
el BSBELS NG R gl i e BB sl TP 405 Flfemed nco e
first bzﬁ’donasikﬂaﬁ@tla()las shiawgl 1rl\/HE§ﬂreLaEeﬂn Qﬁé&ﬁabﬁ&n{eﬁﬂ&ﬁSOz-based plasma
dry ey HBh RieH PPN G B8 “petbios Bt THROREN 1 (g BRGhAr task layer 130.

Using Tho diynB&lelopetsh! &He?J el ARt hardohes Bgek 830 tshackRatbodim a hard
of the portion 1 In the illustrated enbodinent, the

masks iph&eh A targed 1gvsr AZ% IThe Sfresiiouer 0 then Broggssed, i the illustrated
embm@m m@mgsthe RS IRHP RSB Frer 190 q@thn P F%%ﬁe @F. OfH&econd hard
pes of Sem conductor materials. tar get
maSM er ctrhed 140 can pedeld e placheass @iwrr,a?trerem@@ed Prier foaprpsessing the
r
targe &}9@{ lé%ﬁ’é&%th?ﬁ% ?éérrﬁ é%ésgr \eﬁa{:}g Bgﬁﬁ@ fs{egy §%A\§éhwf@u%g5‘ﬁé‘&§scnbed below
lndd%&N|cat|on processes. Exanpl es of the conponents,
parts, and structures include transistors, capacitors,
resistors, diodes, conductive |ines, electrodes,
H_Lﬁﬂaﬂebsi_ﬁlﬁﬂphes etc. The kind of target I|ayer

LSRR TR oA FDitiiss, A eEin, A6 3%, et ARG o) 10 be

fabrxﬁzﬁéd& Iacm‘drdmg ne lord embbdimeiit.e Aetibstatdl 11@distp@ovitded al thieWottom of the

oSG0 Y QA0 TB i 322317 3. 1 e

embédxmhtshafe@um&le 11®@yasy B3fbrave of bésr tybes @ﬂsfeﬂﬁ&diﬂﬁctb@mﬁ&nals.
procegseddé etched). The first hard nmask aéﬁr .
13093Fbvi éar&etd%xef &P 1t igrped pyex g pbpiarie 1 (19-o The farget layer 120 is
a ]ay%ﬁ'irg Shidrey&ioud 20- coltonbhis SparlRa bl g@é&fux'e@ﬁ?é tol B0 fd'fﬁ‘bédt}ﬁrough IC
formed of an organic material. In the illustrated
fabrigahnwdprestees: themnlessef the Fempersats, pyds, andetrpaures ingbyflegransistors,
capa&iH5 PROYRE ARRY cofd iR §ine8 Lid¥RfcO kpRARR! REAUR s G PPRe kind of
is a colorl'ess, transparent carbon that facilitates
targep Hested Iaatpgﬁn@ppnd%om Expgi efgd¢vageetosbe Bermedsiaa thieiarget layer 120.
t S: er I
Exm%%ggughﬁﬁgn1coulkgﬁf &@9@ o?% a 1éﬁﬁe%? F%g %Tﬂgito,anﬂmor
semigeithctarndsidinetent s, t he flrst hard mask | ayer 130 may

be[dO%bFEd /Qfﬁrﬁ bard mask layer 130 is formed over the target layer 120. The first

hard mask layer 130 overlies the structure to be processed (e.g., etched). The first hard mask
layer 130 provides a pattern to be transferred into the target layer 120. The first hard mask
layer 130 may be formed of an organic material. In the illustrated embodiment, the first hard '
mask layer 130 is formed of amorphous carbon. A preferred type of amorphous carbon is a
colorless, transparent carbon that facilitates photo alignment to underlying layers. Because
the first hard mask layer 130 is preferably thick, an opaque film could hinder photo

alignment.



pol ynmeric material which can be also used as a

phot oresi st underl ayer. Preferably, the polyneric
worioendmh3 i s an organi c material which has norBCT/ER1HOTI005639

content than a conventional photoresist. Exanples of

the polyneric material are disclosed in U S.

6, 890, 448, which is incorporated herein by reference.

In addition, the polynmeric material may be AR series

antireflectants conmercially avail abl e from Shipl ey

Conmpany, Marl borough, MA. [0041] Preferably, the first

hard mask |ayer 130 is quite thick in order to inprove

o OBFPE orin Pt iRy R o) menE et T g dfkiche formed of

polylabrﬁmtma'&ma& ﬁhiﬂ:hZ&n@lA}sonﬁ%& e@f:ﬁfpﬁbﬁiﬁés)(st heidegayer. atmrldferably, the
500A ap .}0,000A.;A tq%%g L t hard k | ayer l
polympric, fia T3 ety gganig Mt @hjch 3‘39 13| Qﬁr R&OH P‘o‘hﬁ‘hé gonventiona

photdieyigy EExarhpies b itekpEisHed nlah@ial bfeSlisbidsdll MBSIS. 1628981448, which is
dep ends on the aspect ratio. The aspect ratio of the

mcowraé? hexria Byaserencge In gddition; the e?wﬁwnates% mMayhe AR series anti-

r t i ond
oA el iy, L e,
g

| av@r‘lhso P e dn frsh hard rﬂ%rdam;lép xqqetﬁnﬂm}q igersdey to improve
proc&@@ntegr%f M @r#? latygxapﬁf efl'fqu'st' l{yr@kr;a lanyf %0 R@ a thickness of

130 he “second hard layer ?era
betwperpebais 208 Apand 89,800t inore prafaraie betwqo;ewbdtlw@m&annd ngpooA A

thick? fhrﬁ l}%:@ h‘gg a§)e§ b 3% aé(% ngjo ‘bet%eqot%s #rocgssmc’ £ %ug l'p %{e Iharc’,l mask.

ayer norga
Howeveratigi thrcd;oq:sscxf rthcafirst hardongrknlayer| dependsi an ﬂlhelSpect ratro The aspect

ratio: (léil #ﬁSt {irsE and £ maaféi lirar)?eg:l’BOt g:%r?,lerar nd hs%trt?]a §8at|t %g rf01l L;'u(a)echanical
stabi{iRARC) , for exanple, silicon-rich S|I|con oxynitride
). r ont ilicon in an
BT ) SRt B RSt 0 aOCE B Ot e B mask layer
130.r ehese0a6 hbal inhsk laptral40vRboildts Ofpafidif tb d¢@Fansferred into the first hard
Prefer l.ayer ntal silicon in an
masih s 3y oSG 150 AHENT 9T MO4 ERObEPEVBIEE potem with 2
narrdv lin@tvadth \WeinGthbt ¢Ffthd iRtdraYi&laydrn 5enot her enmbodi nent,
the second hard nmask | ayer. 140 may be fornmed of

si [9%43h, sThs %ﬁn%kiﬂéenfssu lepor 140 mapy pe dermsdi ¢fj apeinorganic material
or a @@c%M)mtaErQQéf@]‘gaH} ﬁpé%t hﬁrthg W&%@mb&&‘xﬁe&e%@cm Hard mask

mask | ayer 140 may f or ned a silicon-containing

layerob4faisi fotmred ef aairelecme aetr-r@fl@éﬁvee?ﬁt@em«rgl@} demngxemple, silicon-rich
sﬂ1c&p5>@>';d1ﬁqde é§ 1O R,ﬁ erl'ﬁ@bﬁflf@ 'Iley%r Hﬁ&%rohffym Qifhc&\‘ﬂ irpgl Ellﬂgunt from about

first | ayer 130 can bé forned
30 vgt4 i éhmliofiﬁ StH with oetgzance 1o dye totplpyeigbhhitlre kiyen. c Breferably, the

DAR(@ agfé ﬂﬂgl&mﬂtaﬁ{ chﬁpﬂ% a]ng)ou% %00593§Q9‘9t to%%om ’}(bwt% with reference
r e renc

to the total weight of the layer. In another embodiment, the second hard mask layer 140 may
be formed of silicon, silicon oxide (SiO,) or silicon nitride (Si3Ny).

[0044] In another embodiment, the second hard mask layer 140 may be formed of
a silicon-containing organic material. The silicon-containing organic material is different
from a material of which the first hard mask layer 130 can be formed. The silicon-containing
organic layer may contain silicon in an amount from about 10 wt% to about 35 with reference

to the total weight of the layer. An exemplary silicon-containing organic material is SHB-

9.



to the total weight of the layer. An exenplary

silicon-containing organic material is SHBA629 ( Shin
weEe@ajo33The second hard mask | ayer 140 pref er abCyURmg7/605639

t hi ckness of between about 5gA and | 5000A, nore

preferably between about | OOA and 7QgA. Phot or esi st

Layer Creation and Patterning [0045] Referring back to

Figure I A5 a photoresist layer 150 is fornmed over the

second hard nmask |ayer 140. In the illustrated

enbodi nent, the photoresist |layer 150 nmay be fornmed of

a photoresi st sensitive to comon wavel engt hs of [|ight

G | th clu | .
A629e {%fm? %‘.Ssqq 3 sec%%é ﬁ%?é%?skqa)(ege 46%}0% ? %hlglgﬁeiégg between
abouh3A and hﬂO&hemmeqﬁreﬁedhhﬁEmwahoaHouﬁm amﬂ 7GODOqA, nor e
preferably between about 1,000A and 2, O0OgA. In Figure
I B, the photoresist |ayer 150 has been patterned using
Phot&B¥stIuiveadlatioh adOP&8rSihe Pr ocessi ng t echni que. 10046]
In other enmbodi nents, the resist |ayer 150

f olORSY of Referang back e figusr 1ot parhofdrpg [ayer| ﬁ%hlagfpmover the
secodPhar@tdsR 1dyel MREI NOmEMidsharewhodirkA MRk %ﬁofaies%u Her 150 may be
|'i t hography include, but are not limted
formed pf a\Pmeé%Sls(c SRSt tocRPIEpY waé@éftlit@hﬁeomlsbtaﬂmxépmd in lithography,
mcluﬁgg\@%lﬂrﬁ h%rrﬁﬂhy57 dfnl &M 13, §rﬁﬁ)g§’mm§rﬂ%e Edr@gxst layer 150 has a
contact |'i thograph y. 10047] Referrl n ure A,
thickhesstafrheaiedn abost IS804 apd 36%(1 , [TYOTERNA aulwewe%@bwﬁyl 000A and

200980 ANl 15 (L TAPELTER 10 BECR0 BT Paly sy s

phot(ace'sttwme@ahgyecmrg{am c, enhance the resolution by

pr tin flec f .t he uItrav | et
r a@ 05 i on tbf)\g/é’%cé’s’lﬂhe IS8R RoEST essrbs ay ég&?ed (o @ resist used
for athetelkypeavet li&mlgmphgnﬂ)r apaetetts unahglyigsm ah¢ edatbas edxampsies of such

t he, sel ion of the resist_ mat t he UV
lithoggtty BGtH: Otimesc e GraTy et ﬁﬂvi?ﬂzﬂgﬁw iRy, wiraviolet
(EUEY ethogdphy, WK-FHToHegaghyoid imiptift EdiRack GEQFRRYI

phot oresist. The O%tl onal BARC | ayer 360 pr ef era

hat047k hi Hefesiaede Firsraehnm bejiam agfomﬂ%ﬁac SeRSiRg (ﬁé\?ﬁQ layer 360

may _l?_f)@&f‘&‘il? Me)foﬁﬁéd’\ﬁﬁﬁzeab Qiétsegtgf?ﬁla@@ chAR Oﬁer Bad LRd fhe photoresist layer

ransfer into the Second Hard nmask 48] The pattern
350. {RARes which pes fypisaldy exgpaie, erdangedthp F@Pb&“&b by preventmg reflections of

the uitfaam&e(wa)otaamlen 1€ aSRGRA %éwo@o;@a% BARCYSIdWidBly available, and
| asma et ch process, nost preferably a high densit

are %P%mle@t@hbq@% spes thepyelscapmiof yhe Tehist platasieh aed die UY/ wavelength.
0 | t pL.QC n ;
PARE 068 St AURP SR SHEp, PLRC ] QBB T, vt e
accompsnyie® photoagsitter Thel ophemsl t%R§ebmd36&mdefméw hagyethickness of
0
servbeli S04 ME506A 3o SLELAN) e dbaPUm SPGB BN
A dry etch, preferably

Pattern Transfer into the Second Hard mask

[0048] The pattern formed in the photoresist 150 is preferably transferred into the
second hard mask 140 using a plasma etch process, most preferably a high density plasma
etch process. Preferably, the plasma etch process is an anisotropic etch process.

[0049] In Figure 1C, the pattern from the photoresist layer 150 has been

transferred into the second hard mask layer 140. The transfer is preferably accomplished

-10-



enpl oying a high density plasma, can be used to
provi de patterning of the second hard mask | ayer 140
wo poo/1ommher faithful to the di nensions of thePCEERSENT/005639
el ements. The power levels and flow rates will vary
based upon a sel ected processing chanber. Preferred
chanbers i nclude Lam Research Corp.'s (Frenont, CA)
TCP9400 and TCP2300 poly etch chanmbers and Applied
Materials Corp.'s (Santa Clara, CA) DPS2 poly etch
chanber. Skilled artisans will appreciate that there
are several possible etch processes that can be used
ransfer the pattern fromthe hot |st
using t BUGEerBin Gl Ra P HALIN AyErcIg: crHoR

emplyBiges Kikh Yiensityepl ahaiyoet be ﬁ'@édotkéqﬂmh@e @&t@d’ﬁmh@ Q)f$l%3§b66nd hard mask
hard mask 140 .i used to tr|n1or shrink the second
Iayemb‘{odnﬁdgmeagaeﬁh%f&&@ thedimsasigase! e &gpist glemsnts, pheRauss devels and

flowhated wiBSkry) 8388 updd aReRcREPRoREGRE Bharht®, PREEREd chambers include

purged during a transition ste he ionizing power is

Lam| Begéatsh ChRp- S HARBRAL i) ifﬁ?@%&b@né HEF2399' palyrieh shambers and

e [ |
Appl-f&gl\/ll%i@%%g% d r(%eg{tatx %‘ie&g (g ?%g)gﬁtgh Qﬂ&gbm%&:llﬁ %n'fxsans will
appre@es lthatRike miengavml aogsjblésetstfopmmsssts th#tecapebomeedthtn transfer the

(0)

patieff S B ottt In gL Phebbo MR hatabeld far o
nam5phyerpriﬁtmblﬂihbe tclhalmlbstt eppkoaedsets ewhcthi rsgcqml bard mask 140 is
sed.ltﬁiigx'tr\%r sgn ﬁlt I cé%ndr eaé% (rx:n:ag é/axi L in é‘é%t'ele)?%lﬂe&h Ir{ggegrsihg Lcond hard
maslPt@élel'@Hhaﬁ beerhetchdgﬁs: @farrtblemsm@’drﬂdrmg(h s kionays). The ionizing

T N A T

the secstdiieid thasiSlager B0 ik poigea fiotn Blechapb@cess. [ 0052] In
Figure 4, the photoresist [ayer 150 and the second
hard mask | ayer 140 before the trimstep are shown in

Seuﬂﬂﬁh&dmmgaq5unThe second hard mask | ayer 140 had an
initial linewmdth L., After the trimstep, the secon

hat@5thsk FRefgmingiadigges A0y adibdhe Ffmewhat%mesk lamemo is shrunk
or tddlﬂﬁmiile i pﬁo‘i‘&eﬁ@tqﬁ 138056 0B o AE séHnR ﬁ]‘iﬁ@ﬁlﬁ@ Déyer 140. The

reduced by at | east about 10A. I'n ot her words,
trim e GAUEIFCRCBE ik alaterné dnrﬁmqnaqhat redeciisdhe cnnaaidhmﬁ@slon The trim

step LRIYERR S fariM SR rbugtiksPBERIAN, Xhéaédglfeg 8Pthe 8 i Haﬁi mask layer
terms of the extent of etching, each he exposed

havesjrjavemgefraeghness (Rahef bdween alh:alrt dOhasie anéyaéputlm/% gns. Preferably,

5 | at I
this g.fn(r;ec?llsg(\fl1@l\é1 %)éccl)ggem%rgr%g%ﬁtﬁgﬁgm}Iﬁgt{éﬁﬁewadfLaof a 75nm
| i i&05&hs riadliged 4 dlea#m’wre!sint layat 190randtho séared thard dnesk layer 140
befokrér {Pxﬁ}fn\ﬂi%;s@epoire SR bdeRG MRS TRAVGSHa her-LLNR IR 15bHd an initial

linewidth L. After the trim step, the second hard mask layer 140 has a reduced linewidth L.

ere:tcl1i,5 greferably

The linewidth of the second hard mask 140 is preferably reduced by at least about 10A. In
other words, the difference between the initial linewidth L and the reduced linewidth L’ is
preferably at least 10 A. In terms of the extent of etching, each of the exposed side surfaces
of the second hard mask layer 140 is etched away by at least about S5A in a lateral direction.
In one embodiment, the linewidth of a 75nm line was reduced to 64nm. In another

embodiment, the linewidth of a 77nm line was reduced to 67nm.
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[ 0053] The second hard mask | ayer 140 including Si OxNy

or SiN may be shrunk using an isotropic plasm dry
wetoh/1pBezess. An etchant enployed in the tri nPGI/ER200%005639

preferably chosen to selectively etch the second hard

mask | ayer 140 while only minimally etching the first

hard mask | ayer 130, thus protecting the substrate. In

certain enbodi nents, the second hard mask | ayer 140

may be etched as fast as the first hard mask | ayer

130, but not slower than the first hard mask | ayer

130. Preferably, the second hard mask |layer 140 is

e§§g§£—€h§§£é%%e of between about 1 and 1,000 tines

f te ! etch rate of the first hard mask |ayer
130053101 € The 8k@hdMayd RREMESEr 840 iicludidNgiCL 80 of ISi®Snay be shrunk
faster, nost preferably bet ween about 10 and 100 ti nes

usingf g tigproRiQEiAa YoREh BRI MeAR, Cithnt sERRIAYECh Y (haridR step is

prefe}a@YﬁEho"séxQ t1&8d edehR1yoMeH kiyd 8o 8LQr G8dkSTaydrad® wihd ofBYminimally
be "et ched u3|ng an etchant wwth little or no
etchingtheclins/harg mpsk Wisisn 1 3Gobes pratesiipaithe subpleate.e &b peitay pgbodiments,
the s&@ﬁg hgr%yrﬁgsk]ig%r rfﬁé! b%te?ﬁ)%g a@&'as@aé' Ak %rﬁ %Qﬁ} I%Q;H ﬂ%éryl 30, but not
he sane as or even Slower than the etch rate of the '
slowmtéam yhan rpp et masl dyer ay@r Pr@ﬁarabﬂaeftm s¢qegd thard-pgel dayer 140 is
etche%igg ta r§§ cﬁj’i)%%v%e Satlbﬁe S%)([:Cg E] 8aﬁ%n{ %\ﬁgn ﬁ‘lt Jgpattﬁeoiat?)e first hard
maskFlager @30,Dnotehprefidratilp rresivetn hlay:erQ 3] lhastlrb@efasencmeat preferably
seco hard mask | ayer 140 while |ine
betw%edlg%%?’gbgﬁ?w({e{;@ t(IJIf’estﬁ:dtesecond hard mask | ayer 140 is
cl [@ase]d up[n QﬁleVﬂmﬂoﬁnhhﬁ gecandnd dadl mask ldyaiy @40 b40 ths overlying
shrunr ave ﬁired f eat ur mﬁdtg. 0055% N b
photeyEFigh Iayst bl FENE TIAHICHE tharHRE BIBJIILE O 2y eRiyy between
thoset ﬁhhfelﬁﬁ%S ST sde6%S hdrdaRadk, RGGA 403 agbe Redhed RBWiBE sabstantially the
hi gh selectivity for the second hard mask | ayer 140
samey3s| of eV ¢ SO er thah Bivortet s ot the vyeilyng phetaresist [aversky- fRgferring to

Figudeli®,tthe Ph&bRBist 1Eymr5©ss S atl d 1ausds 1Bit@s IR A teMecond hard mask
process_of form ng hard mask u3|n%ﬁan etchant with a

layeth@h BeFigers 1P+ t}lemhowé%%%tdmém hap Dgen gleherdtiphrEeh @ the second
hard hﬁ@k IFAWAS @ao %ﬂe luﬁe %agyfo%gh@e%s %ﬁthesgeeaﬂcﬁ{ar@ %Jsﬁ 1@%13140 is cleaned

referenced by reference nunbers simlar to thosée of

up orllwlgxdﬁ e segondphaplmaskeyandatieshrppk togmve Resk@m fisgugeowidth.
I’Sgl 2A, ¢ e?ElglPBdlLr% lin §V?l'9cﬂ E‘le B%Ur&gsg 628/\4165asaa th1c (ejss of less
mas

rate 1 I rst ["ayer I ovi
than 3090 he etchpgdiaving perige sdectiviizdonie shennd e alaers 140 relative

to thg %R?%)?eesgsltc g?b ?s gre%\(%%%hge% ifok* ril?et taglggt%eg?"?%ﬁhésayRQngl%ﬁtééa a partial

I'S provi e secon

procersaslk forayieg a B4d. mPBRosmgew Qf,czhapaMtb rariiigtgseqmwits frogasprdagee with an
nducted i.n a nmanner r,Qr_.id nt to-that

e GRREHF REthe Be@uy 1 v 2Rty B bbaF g Rl py roference

numlibdrg Hihﬁla?/%o thopa bf Bigardsnl A-hE boh oicmrﬂmtéd b)l' er%ﬁiﬂm Figure 2A,
a targe%qaycr rZQBSf; grrorvnc%d over a substrate 210. A first hard mask layer 230 is provided
over the target layer 220. A second hard mask layer 240 is provided over the first hard mask
layer 230. A photoresist layer 250 is provided over the second hard mask layer 240.
Photoresist patterning (not shown) is conducted in a manner similar or identical to that

described above with reference to Figure 1B.
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into the second hard mask | ayer 240. The pattern

transfer process is simlar or identical to that
walemanoizexl above with reference to Figure 1C. PODEF3001/005639

Figure 2B, the second hard mask |ayer 240 has been

selectively etched relative to the photoresist |ayer

250. The second hard mask | ayer 240 is etched

preferably at a rate of between about 2 and 1000 ti nes

faster than the etch rate of the photoresist |ayer

250, nore preferably between about 2 and 100 tines

faster. Wth a highly selective etchant, the

p sis onI nlnl etch Whl
ed gb@ﬁﬁughﬁégggn#ﬁé se%gﬁ qﬁaF%OKne §§§?5§iﬁsggﬂluathHEd
intogdhe agvedd dardvmakle 1dyle240e c Ohel pltsara trapstier bﬁ}cefs i240mil& or identical to

d f i dt h, Iting i
BRI HE i AP O HFEE Enown. {005B] I n i gur &

2C[o@57pat t B Rigure 1B1&hs 60NE hBAT fhafRkel 2AERasdfben Bél&:tlvely etched
ransferred into the first hard mask | ayer 230.

fe‘afrvf‘et%é PRAMArpIshiR S Of amseavad dardomasiniayer 248 dketrgdgrreferably at a

rate 24 Bt abb@ 5 Mcﬁlodm*irgem%r {}@M Qﬁe é3f r!at% o'f@%nﬁﬂo@cﬂ'las&rlayer 250,
simlar to a pattern transfer which will be describ

morp prepraply bréwasn abgvt B a0dfOPeiees faster g‘aﬂea ihEehly @fé@gn]ve etchant the
photB?és?srtR%'S@gs 5Qy EhigHh A%, é&eﬁ%t)l?éehné 2N0 %ﬁ'{) Ayislalel %{E%H& hard mask

| ayer "360 1s forned between a resi st
layeg 840 as gleanek oo miilh dhel sepand hla’a%/emslsmer RAO B glurels t@Aave a desired

rer¥h 3, S 3h - RALS, B BabRLRLENCE, By ef erence

ers simflar to t 0se 0 res but
i ndPeF¥int eth Byg2OCC, | an pattérs mntb:@dsqcrem ,hatchenaBiARGydr BAGr has been

tran%ﬁlq'%é ht& Ehen‘?rgt ﬁard Ak a ayWa%%BD Sllznhe &agtﬁ@q( 1333 I‘grtogaatthe seconlt]%ard mask

or esi| st aye r
layes 4@ irito viee ficst hmtdahaskgayan3Q éc aledtitr o simisde tb aypatterd4fhnsfer which

b h hot Si.st | ayer 360 are
Wm%’ﬁ I%egcrﬂ%ﬁﬁ :@F‘i ¥ d@kail (EE?rFréceltP %Eg“é‘a “roughness of the
seqmﬁb] har Hefamshg tayRires4N asd ReJus aaomér whbb@niche a BARC layer
on %ard nmask | ayer 340 _is shrunk to have a desired
360 FEETIPL BRHER Ao PRY PG BRLS Seronedarbts M 40, In Figures
3A 4B, sWhIl& sQir@ hegrenodatly r@fel’&x‘&'e $8h®ets! sthHéﬂr th QHOSE Q)? Figures 1A-
second hard nask 340, the photoresist and th

IF pulyacremsnted Bye2Whr ihkhinemiodigeat, éhﬁrﬁs%Rgéayea#OGp egahed at a rate

alméATh&EarhH AL tltadfia:tf tRé phbiere3ge Qﬂfgr has.d RS lﬁn'é@é‘iﬁﬂflt ﬁéﬂly selective for
simlar to the enbodi nent of "Figures |A- .

etchigethgsgepndaasd imask dafee B4H| the phetpessist é@@uﬁSQ apth the BARC layer 360
are &qyrﬁﬁﬁnﬁlw eRRLDwWhiIEERe Qg QrédgggesstJﬁBT: Iséconaz&wmsk layer 340 is

about and 10A/ sec on eacCh
ed“ﬁ?‘é?’é?vhé@ thet sepenit hard mask daver B4R istsbpundriothare pdesired feature width as

sh0\§1? GPPduRAEE BaSKe bAYPhari? Qith2E Lre3dPwith adow sel ectivity for the second

[ uorine- cont al ni ng
hard mask 340, the photores1st and the BARC layer would be shrunk at a rate almost as fast

or even faster than that of the second hard mask layer 340 similar to the embodiment of
Figures 1A-1F.

[0060] The etch rate is preferably between about 2 and 20A/sec for both sides of a
line, that is, between about 1 and 10A/sec on each side of a line. A preferred etchant for the
trim step on the preferred second hard mask layer 140, 240, 340 is a fluorine-containing

plasma. The fluorine-containing plasma may include a NF; or SFg based plasma.
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pl asma. The fluorine-containing plasma may include a
NF3 or SF6 based pl asna.[0061] One preferred chanber

wo or07ibE343 ri m step is Lam Research Corp.'s TCPPEADOSWoOT/§05639
etch chanmber. Using this chanber, preferred precursor
gases include NF3 and Ar. In a preferred enbodi nent
wth a single wafer, the flowrate for NF3 is
preferably between about 10 seem and 50 seem nore
preferably between about 15 seem and 30 seem The fl ow
rate for Ar is preferably between about 15 seem and
150 seem nore preferably between about 20 seen1and 75

S In the ch r e_pgessur refera
o dTURLLn B AP PP Db nikdr P P iy By Kgfgreh Corps
TCPo%00 peigetaixthamber. nUeing thie dhdrﬁbeﬂTmfmeHhﬁedumdr zhsey 1nclude NF; and

source preferably deljvered in situ, i .
Ar. By 81REFEBPY Bianr ot Hos S BV for NF is preferably
betweeh @b&talY ycheiiesmsaan Uﬁor&@%féx@ﬁ@ ROOWn dbrat b5 accrpa®BO scem.
is preferably between about The waf er tenperatur
The flaw mtefes émlsy PEréeTRIY PR et ab%éé ssfit G030 PSie more preferably

betwdeh ecfb@ﬁta@(b chbﬁta%eﬁ ﬂ*&FhUt Irp% aRthbt ke pPJ&Q&rQQE preferab]y between

preferred chanber is Applied Materials Cor

aboutygh i ogr it Warfoe myroPsSErably, beiacamisbertre prontﬁ@ by myforr. The
1omzl§1 %Bux‘@@ o%PdM%Fe%xy 'aeﬁvéf@i‘ ?r{flhp% B%f&gb@ l;e@\QQenAabout 100W and

ot ore ['ayer, a 730 A I con-containi ng organic
400W,a1yxewe qualdedmdemabbmalélew apdr300dhd Bhe b power is preferably

e SHBIE Tl il b AT B Sy MRS an 20
morej pn:ferablhye behesdneabou Hi¥Ce haid6P Cwadnothef ipgefeed tecbamhbsreisaApplied
Matef] ure]S%SfP&%% ICnWogr and a source (inductive)

a HRCIERGE

mer B¢ ér these conditions, a trim
r goee)f abouoie 6mbodisent,fthe tramfsegt wae ctMlcdtch:dV@Sa wafer including a

i ned. a sho ' ure 5.. Ln ot her \words, h
1600 K B BT anrt 200 Sbe etk SORPET RO ErOF REHeq HGoRY hord mask
layer 2dhd X308 6 o@nic wdeOhyel Bea Figg Gadl masidiapas kKaboay 20 sccm of NF; and
[0063] Figures GA-6C are n1crog¥aggﬁ taken with

abou%%oa%ﬁ%@f TS BAWRT E1to dhso HATERES Vg afghred to have a

pressHRSHEF Rt QORSToiF bR BGsdRYcet (Rhickii &) Séwedr sessoul ROOW. Under these
above. The IlnemndtH% in mcrons of the second hard

condigigag agrft BiNL ahaat SHe (e & & Fraturoyidthrtas Qbfdpedqs spawn in Figure

5. Inf bk §SrdsB&f ekch rEt'%Q)fta'Bbm $RERec (WAE oBRGRAGNBEG H@SKf an exposed
| ayer had an initial |inew dth of about 81lnm After

portigrhaf the sepond Bprd sk leysiewi dt h was reduced to about
73{66&3‘;70”9‘1 u"il&d é@ I3 aa?esnﬂ%m%xlaghf | QLS J&ﬁﬁ‘x ?BscaﬂxrﬁQg electron

spect vely. It took 12 secon
micraseesn @f forangwg df heed oredk peerns hiamiricd dwm tﬂrpﬁrltnostbxe described above.

e SRS 01OR Ly fANog 0 2 RED o G 6L e comer
of thh figdresn Beforaytbe tsioigp, ithe $cgud bard mask layer had an initial linewidth of
about 81nm. After the trim step, the linewidth was reduced to about 74nm, 70nm, and 69nm
as shown in Figures 6A, 6B, and 6C, respectively. It took about 12 seconds, 19 seconds, and
21 seconds for the linewidth to be reduced to about 74nm, 70nm, and 69nm, respectively.
Figure 7 is an enlarged view of Figure 6C. The second hard maék layer shown in Figure 7

has a trimmed pattern having a linewidth of about 69 nm.
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has a trimmed pattern having a |inew dth of about 69
ran.[0064] In addition, Figure 8 is a m crograph,

w0 a00en03s3 h a scanni ng el ectron m croscope, of PEI/F8ZIO7/005639
cross section of the trimed hard mask pattern. Figure
8 shows a cross-section of |ine/space patterns after a
pattern transfer fromthe second hard mask | ayer into
the first hard nmask which will be described later in
detail. The second hard mask | ayer which has been
trimred as descri bed above remains on top of the first
hard mask Iayer Figure 8 shows excellent fidelity and

of DR e i eRiT LR 1 d) & Mieavioh Guay ag's Sy clecton

mlcrcsseu;gdw rwSaSS1eaa}os9fse&t&InV\6ﬁmea1bmuhe&ﬁmﬂ gk pﬂfbrﬂb@gur&@shows a
roms, nore preferably_ an averag_ rou hness
8

crossr%g%ont plancdtrsee paiteras pfie 2 R Hratfer Hpmythy ﬁew@‘rf&g% mask layer

into theYFANRSS maSevhth Vot ¥easscabaiatekQn Aetallb m@e@(ﬁﬂﬂﬁaré @hask layer
Ar 065] I n another enbodinent, the trimstep wa

whicl é’ﬁéi @@@rgaénraﬁlea afedespribelc FRRYE AT GOOIOR Phibedhies pard mask layer.

Figuie® Q{o’wsaexég%nf\f @éﬁg An@)&%ﬁson@blg@ge '%d%@‘ ohAYS! Fasfebly, the edges
second hard ayer, and a 2000 anorphous car bon

of the amdet@rcanfarslf éztyeh have mgwrawmughnqss (R wfciebveionahent 10 A
and a%o% A &}r&%ﬁa@l \)’érz}glggogm d{ﬁ?'](gf lgﬁstﬁgﬂ z?c%% 50 A rms,

above wt ence t I gures
mostgeefmmably ammemq r@lﬁdﬂutSSEBa)s@émwenmwaeWeAfrm@m@ abcmt §0 A rms.

t h Og%}anbelr angﬁ'l%{ gl{ﬂ%ﬁ% nY\@ﬁ’e Pn% Eeg%a%%\cl)\é&co%y grbgwafer including

re OF
a I6(KD:®\phoﬂdm}tes[ :ayh;eaetoednam<b rasyer a 260 |/3rmmce1agér aloseton®l Herd mask

/ se feature wwdth was o ined as .shown:j.n .
teyer i 200068 s OiHE Pk o' 3 S B Eh AR 8RB B ergpodimen, o
BARA &ger Wwas uszdt 81 inabe Embodiatdnt slesteibed ammewtmsexérqmeé to Gtgures 3A

and 13% k %‘é&ggrglé}%l}d aﬁg‘gr?lgﬁ}r“t %;CQE%OGG%{ SiB'H)t echam er. The

chaniBe€ @S GCRRBgured tb MavY iabWesfite bl BBAf pla)elerd}ahh@ ran&aabb@ér of about
attern transfer fromthe second hard

a
200% n{Underthese qoaditions.t tiga KatgAf dpufy | SB“efQié’st?tPEf‘erlﬂat"é? obtained

as shoWnd@Fddre 0TNR ARG W df A GidPke bEIRLL Wi KRed1d8s BBBIRed for each
trinred as descrlbed above remains on top of the first

side ﬂ%%ruewa&é rogtyet of thgseqquddgrdimpsk layerni crons of t he

ﬁﬂﬁg] har ﬂﬁﬁ% k l@ﬁl loR! NSe %fcré%% qgkénh QvitiP pa |s@z§r1nmg electron
corner” of the flqures Before the trim step,

micregssepndifiep dicwasi linglspacenpattemrs 4fier @i nattern; tmé\ﬁfqzitfrﬂr@fhe second hard
maslé’si &Ilgﬁﬁfgx?éiréfﬁagé fr;algﬁ v&t'k{u':}m;vﬁi 9des¥ IPiﬁeJl l%&% QfeQIIOfTﬁeI']s%cond hard

econ ayer was re UCG
masi6Byen wisink hégbrmdsmeslas dencritied mbewe @mmﬂc@BOP avrﬁ dhel@@t hard mask

el ORREGHASY s RO AOUL P00 o 25, BECR e op e
cornab ofithe7 Signnes.6 9Reforanise &3nnstep,ethpectondehyrd mask layer had an initial
linewidth of about 85nm. After the trim step, the linewidth of the second hard mask layer
was reduced to about 75nm, 69nm, and 63nm as shown in Figures 10A, 10B, and 10C,
respectively. It took about 14 seconds, 23 seconds, and 32 seconds for the linewidth to be
reduced to about 75nm, 69nm, and 63nm, respectively.

[0067] Preferably, the chamber that was employed for the trim step is used to etch

the first hard mask layer 130. After the second hard mask layer 140 has been etched, the
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[0067] Preferably, the chanber that was enpl oyed for
the trimstep is used to etch the first hard mask
wo 2008n103B3D. After the second hard mask | ayer I1POI/O&®07/005639
been etched, thechanber is purged during a transition
step. The ionizing source power is left on in the
chanber, but the bias power is turned off. The plasma
fromthe trimm ng of the second hard nmask |ayer 140 is
purged fromthe chanber. Wet Etch Trimm ng [0068] The
second hard mask | ayer may be shrunk using an
i sotropic wet etch process. In one enbodinent in whi ch
he.second hard nmask
chamﬁ} cg

[
Gf 12Peg§° ﬁ“ﬂ%g&%wsﬁﬁgygtgpeéﬁf ipélbzlrf%rsmfrﬁc poglgrt' oy leﬂ on in the

chambei, bat gl bidsqeees is thiedsf.f Eh@ﬁlaﬁma @tlemrethe irisaditig bf)the second hard
contains HF, NH F, and HO In one enbodi nent, the
maskdaysilt8 s puseksiEemihe $hamiee concentrati on of bet ween

ab@idt EQhETrl/Mimmﬁ’ and 20 wt. % nore preferably between
about Ww. %and 10 wt. % The substrate tenperature
i slﬁﬁﬁ%lf er bk yetnadviash maskUeyToTay RE SBOWE, usigy an isotropic wet etch

procé% ehehab %%bp(ﬁhb\@ﬁf?‘e‘?p Htin@ 0QGnandrPrbsk 19850 BYoMR of Si0,, a

exanpl e oxl de etch solution contalnlqéé
buffe@ecB%1dé etelr ma45% Dbl etifor Alreis6i80160oMGE etiel2 Prasiesth eBhedp red oxide
r at T
etch sgluﬁon ¢on ?‘océ@gwffé@ \C/Jg@r‘f-? (g]ase d)n n}%éﬁi%dén‘t) r}hg ol'ﬁﬁgn is used with a
HF cbnmmdmhoﬁifetwm abeobhd vha%danmwt éyenoxtcln@afe@bm Yepeleen about 2
t|o reC| ate t hat neSNt: o
wt BT AR Py e b RE BTG & dReRlfERIRE ol | 82 ana sovc,
mord [afeebiy bldft@::erambut m@ceamz:im at | on can be chosen based
on esired roug hness or, feature the se
ol Refie k TRaYEF PO, SR RRET TR FUHL TGP BB G0 5% of HF.
34%5@&{41:151%1 6% anfo ¢tBResSHI0R A2 Rae of Amsk 10@YRMMid4The duration of
uring the trimste aggressive etch ocess, ca
he e hing BosFE P06V 4 eed ¢ Hlﬁw‘?ﬁég%‘? LREM e Pe o oieang mask layer
140. 16N APradSIdRESW N BapphédiatB HOR BSRSche&rafioh of &Q&ﬁﬂ‘fe&é&ﬁeteh solution,
t hi ckness of the second hard nmask | ayer 140 because

the sphgraie [rmsratirenansk the igichsaaien $arks Gheske baggdon padrsired roughness
or fei,fl G dr @Y sééaﬁd@mlhwg ghotoresist layer 150. In
addition, the first hard oSk | ayer 130 forned over
t hEDOPAT getBy awrdlnmhq)pmtemsw fdyer 189 gottop ayfethe 3o@nd hard mask
layerf rlgén c{'ulp1 atgg r'c‘ra‘ifnS séé LQKESach Jegg (3 ’bea%){{?lro?ed to reduce
gr essi Ye or Tonget tr| step can be conducted to
roughle@a caadt ﬂoeredJD:thehGDt Sude sinr epressivegich praches deasgeat reduce the
thlcﬂn%X éftfzggecpf?&‘ ﬁll}d%a&%? e@qg.b%%féu\ég h%rtﬁ# ﬁ&g% otfrﬂll J@E&Phard mask
I cul"ar 'y "advan ageous repeate
layelpaﬁt(l ismpnstecied by theys edfingi plotatesisilayer 180. g]n; adCﬁltm:es teofirst hard mask

]ayer%%%nar QY thg Qar gtcla%r IQOF@rgge;f\:{rstatgé %arggctlgyercﬁo from the aggressive

m Cr opr ocessor
etch process. Therefore, a more aggresswe or longer trim step can be conducted to reduce the

CD without undesired damage to the target layer 120. Such a more aggressive or longer trim
step is particularly advantageous for forming repeated patterns on arrays of high density, e.g.,

lines for memory array, conductors, capacitors, etc. or microprocessors, €.g., logic arrays.

Pattern Transfer into the First Hard mask
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Pattern Transfer into the First Hard mask[ 0071]
Referring to Figure IE, a shrunk or trinmed pattern is

wo e@ngésus ed fromthe second hard mask | ayer 1HOT/U81007/005639
the first hard mask |ayer 130. In Figure IE, the
pattern in the second hard mask | ayer 140 has been
transferred into the first hard nmask |ayer 130. The
first hard mask layer 130 is preferably forned of an
organic material, nore preferably anorphous carbon.
Preferably, the etch process is a dry devel op etch
(DDE) process. Preferably, the etchant includes sulfur

an ge dis preferably a_plasma. Jn the,
oKy 3¢ et do Risits T8 A fuPor By s tpmafeped from the
secofid B&idBmask 1u§&d1 Mthetmh&mEd h?sla lagrlreme@ﬁ I Blfgerer €8, the pattern in
as on etch step ref erably, e, pl.as
the SB‘?‘%@&‘?’% rask layged 40 B%?st&en fenserrpd &ip ds {m{ hedgra:sgdﬁyer 130. The
first [HARY Aasth@y&t €30 R PeFSabl Ofontngg dfi &S ordWalcd niXRstal,| RBRS preferably
130 is conducted with a high selectivity to the first

amonphpp FAPRN afesferably. the gichvrrosess of Hedry dyesiap stdh(RRE) process.
P féﬁlﬁ,s%eo%h r dheiRsK shRyeh ah 2 )| In th
e trary | ay e?ﬂlzgﬂﬁﬁﬁgfg¥2 mﬁ%&{%ﬁﬂfl@§§Qﬁ§§%bﬁj plasma the
illustrafe renzrbeelm@ltetacwé@r Aioxide 43@:)obasad Mtesmebisubisey @Si ﬁe§tchant in a
te.o h
prosh @SB NBNLIDIES Skl faphet % SRARR G Sfpces uss incr
gﬁm$khm%p$wsbeﬁhep@®i3] One preferred chanber for such an
75]? LI e ot % earrocgss q;or e tﬁ?]e prdz %15158% ngyffryl 3§ oenrdéJB ed with a high
seledmattmﬂe mhaﬁmeard ﬁrask E@cnrrm relativer © qhef hyerblsyc}bei Vlﬁ:esrt}:cond hard

mas Rl L BE e bebate PRt by 170 DRl PS MR PR taver 130

is etdhed afVaoack d0EboE aBBIiteS AhRE Q’is‘&kﬂ titarb eeveen raa@ 0fItheZs2BorMY hard mask
mym-gr 350 W  The |as power is preferably between about
2

ﬁp$§%mﬁ¥ FiBYEn Bt OB y Ot sidatterabout 30 W and

10@0%1 The(ﬁlleeﬁltef&ﬂz@ LRSS Atd# SuchS aR &EET180L 4 PREWBRRA Corp.’s
out -5C and 15C, nore Eﬁgferably bet ween about 00C
TCP%%O mel@etcftslr%b@rhﬂ% thip gA#aPer TEPUEY 1serefeaaly Jetzesn 3 mTorr

and 2(‘5‘ FA”Nﬁl]e n%?e’pr%rabwqget&&en éﬁbu@ 5%¢B§rarn@dl sefPeR PBRYionizing source

a’'single wafer, the flowrate for SOis
pOW?#’F erE&ralleebmrwé imsif éprefbmrbby beivanrl 1 75 W sl 0GB anore preferably

bemr%ﬁs&r@ahy WehyBsHwWA b1§9 gg&% 1%%34}%11;9&365% and 125
vve en

rate for O1s preferabl seem an
W, meeprefpebly lrmf‘emraéﬂbhyﬂb& mwcawo u’fhezﬂcqevémtembr@@re is preferably
bctw%@x? Thout8o& g 18k n‘ro% 'r%’ferlaﬁ %r?éna é{xt 1@%0 ubsmg this
seem and 175 seem Pe pre et meen out 0

changee prafeded 40 hgaiegasey 1@@M4§ SOn, @n @mﬂ eﬁrr gn (afpeq:ﬁegdd embodiment with a
singl%h\%@re, "the ﬁB&' a% fo'x\'/%'tg § 8r|e§erz%a %etﬁeelng%ogtx dj gcc% gnd 75 sccm, more

preferably between about 20 sccm and 60 sccm. The flow rate for O, is preferably between
about 10 sccm and 100 sccm, more preferably between about 20 sccm and 80 scem. The
flow rate for Ar is preferably between about O sccm and 175 scem, more preferably between
about 0 sccm and 140 scem.

[0074] In another preferred chamber, Applied Materials Corp.’s IPS oxide etch
chamber, the pressure is preferably between 5 mTorr and 20 mTorr, more preferably between

about 7 mTorr and 16 mTorr. The in situ ionizing source power is preferably between 350 W
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chanber, the pressure is preferably between 5 nmlorr
and 20 niforr, nore preferably between about 7 nilorr
wa@e@7Aa@s3adiorr. The in situ ionizing source poweCT/UUS2007/005639
preferably between 350 Wand 1200 W nore preferably
bet ween about 400 Wand 1000 W The bias power is
preferably between about 40 Wand 150 W nore
preferably between about 50 Wand 130 W The el ectrode
tenperature is between about -25C and 150C, nore
preferably between about -200C and 100C. Using this
chanber, preferred etchant gases include SC2, Q2,
dj t n
and \All\g@fe]%\”,%éé %rcgf\ev%rrbg %Et&\%gn @& g&g rlue’ fa\éMflaEﬁ)@O ?\é v gjl"ﬁe bias power is
prefeadidy betb@es elmntamcw?aﬁldslée W, m@rquembermwwmmeemw and 130 W,
bout, 20 see 0 s fl rate for IS
The JEgd TBT GBO REeP BT Saem i SO0 mSIaHF S g between about
-20°Qnhed eoab! wsih@tmeenaxab Fre&r&e%mmﬁdga&@s BRRie STUICOL,I10Mind Ar. In
rate for Ar is preferab y bet ween abqut_ 0 seem and 175
a prefereed cmdamgteyich 2 pinglen@itie 17 flayotae Brs¥ddt Bivéeragy between about

10 s&%? Bd TH8cdnh, OoreatBreladly N?tw'e@n Rb&f ebaRlby Qx@téﬂeﬁﬁmabﬂ%t flow rate
seem and 125 seem nore pref erably between about

for Q?éé RiAPIGPY 0Tt e foquo O 7553 m NP Oascamp s @aefﬁﬂa‘a’é/re?tween about 0
scend &1 90 §Rin. MRRL ARSI RY Ar 1§-§Feferm&@3td/&nparb%{ne@ 8QInY and 175 scem,
anor phous carbon, is etched with a % selectivit
morq prefarplly bepvedneahnut Onescmand lﬂbkccmayéf e1ly ratpgor N is preferably
betwéﬁ% %'ﬁ't sg&n %d b E§ ]§ nﬁcgrg g%&&a&k%‘eﬁ?&%jt}%k)% &rcglvdnqel 00 sccm.
an exce I'ent nas or 't rint eatures on
tat@éﬁ] I ayléfrmaZc’O queers'@q plasmaddh¢ ifost, hadge nfask sltaydraiiﬂ, which is
[ rably e e b
prefeqaislé él{ﬂ@fgk%oyusrce % n, \@ge g{cgecfﬁfé%un ]é?ﬂ ssellm\r’]\'g{'{ %ela{xge to the second hard
mask’l.&@er ﬁ(lef’ﬁte&tmlle;cpvtth ef fherBIDE kaththgnpmrekesk hykps pi(S.@de &1 excellent mask
p d at &l ate ove Fout ti mes faster than the
O”}é‘ci F’ﬁtoéo ot urteﬁé’n i 9 1247e?Y120, nore preferably

abpogepbout abditidnrefe fudShad madk ihyepried es pxeq#erﬂap @tdhadt ith a high
sel ect vi tg%abo e 100:1 can, be attained

selectivith rpiptRe I they Wleprpe Jpigst byen Ll Pﬁ?fa@\}’emeyﬁ%ﬁbhi‘rﬁe‘““k layer

130 SO ol fidTRsd el YT 5 hdsifst@! Han HLhen ravay theTﬁf%@layer 120,
Layer Etching 00773) tReferrl ng_to Figure IF, once t

morg Pre"%rah%(r@% oy 40 jtimesafapter. n SYith ipreterpd prateriady selgotivity above

100: @rctaﬁecfesa&ﬁn&a kb ﬁll;gee&ar;gs&esé a¥e rphlaaﬁes&heyérars@eéveﬂylng the
120 may be fornmed of "silicon, 'silicon oxide,

secoeﬁi arééﬁa%lwqrdéo ingeasichyd &Ry ot her material that
needs to be selectively processed (e.g. etched)
through a mask during the course of integrated circuit

Targebloaver Btdhing 1 n a preferred enbodi ment, the target

| SH77E20, REPIASETARH AR bR GO SARTBAC L phrcs it can e
usedftmrp@gt%e(q@mtcl‘prtbg agzrgetnigyerThad). t dihgdargenleer 120 may be formed of
silicon, silicon oxide, silicon nitride, metal or any other material that needs to be selectively
processed (e.g. etched) through a mask during the course of integrated circuit fabrication. In
a preferred embodiment, the target layer 120 is processed in the same chamber, but the wafer
could also be transported to a different chamber for subsequent processing. The target layer

120 is preferably etched using an etch chemistry appropriate for the selected target layer.
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120 is preferably etched using an etch chem stry
appropriate for the selected target |ayer.[0078] An
wetoh/1e33ap | ayer (not pictured) can be used beP@EER200ME5639

first hard mask |layer 130 and the target |ayer 120.

The etch stop can be nmade of simlar materials to

those used for the second hard mask | ayer 130,

i ncl udi ng DARC and silicon nitride, dependi ng upon the

conposition of the target |ayer 120. The etch stop

avoi ds damage to the target layer 120 during the

etching of the first hard mask | ayer 130, such as

1;@ s dur U gtcr:]hr t%tr ari%{e?g?cgto%étgﬁ%di Sa%nsl%e us d%egaéei%l th@sfegt hard mask
layer 130 .and hhes target payet 11201 dthe)etdhngiop tanbe wiada of hﬁmﬂa&nga‘bnals to those

| ayer 120 | net a S a lizati.aon | ayer,. )
used (51 Se s6E b B P Eto B e By eRGn B AP e, depending
uponQﬁ@&hﬁﬁosﬁﬁﬁ St tRS\t G EMDasRF DR S’Slhd’l@ch ktbp talieidt an@eate {oayie farget layer
ncl udes an exposed neta t he waf er

120 e e AN BIR BBk it dE0eREh SC B PSR transfer t the

first Mdt hatk @5}@961%@'&gduﬁxgemeﬁsm%?sm@%&eh&d Bhahine 190, This is
he target |ayer is conpleted, any remai ning hard nask

pam%@rér irpportaRY Vﬁ@nrtéﬁrﬁ?fféét yek s @ edialp pedeas agnetalligption layer.
{ I
Mo e B ! St b L i RS e cesing
If thehtarggt laserk! 2|an@1:1qu3@1 hpesadgnethldayeay @etwalf%ryépreé@rew ignsported to a
S, e r
sl LR P IR N0 e 8C00Y (01 BB Bt
is colngjeted, BRAY r¢rhatioimgrhatrdh enzpk{tnmq:m @Inafyl lresrterrhuercd byagkwh3dch processes,
After ar er_.e [ .
such 23 aim{at o?]:gl t g% téhesﬁl)élﬁtrate& gmt; aﬁﬂfne tél@mcos%%% rdelpacrg rll‘rga QYag'gr 140 is left
on tdm of ahplfettehandt mgslaliges c1|3r)cdurtng thqua&gec ddyeoret¢ttongstepr In other

e BB o< ORE e Thesh Yokl 400U P NSRS Berole ppsPeing e

targel Lol 0t ﬂhﬁﬁfgﬁ ﬂfﬂ@’paﬁdﬂnéﬁ faet hedhadi meot 3\fiek hﬁ: ﬁafgema@/he@cmng step
i on MA h ot her

descpli)%lrpgﬁe 1t§1§1€ s(,)tgésug rqsrwet?l 1???6’&"‘5?) ﬁ%}X ulcmslrtprﬂomplete integrated
circulitkt hography is a technique that uses a rigid

mechani cal tenplate for transferring patterns onto a

substrate. In the inprint lithography process, a light
Appl§dHiah kEONRE @j/b@sl omtﬁalg%ﬁd over the second hard mask

“Tayer. Then, a rigid transparent (e.g., quartz)

t eﬁa&m e il thy éu!gmateﬁ eehotiRens b BT Wahpesdt ingopiynction with
phot&llﬁﬁoéljam 1h YRR et BB & & Ithe ﬂntﬁp EtE%‘HaS}%lesem &Jn%chbx? with other

soft resist. The light curab erfral 1s cured
typeg w’ehtbp@'ﬁpfeaw% s @ﬁpnnfglwbomﬂh}t Heppiat {igography [iea fﬁﬁémque that uses
an %lg 'FBE&FaﬁmQP Itﬁ-gpltaﬁe f&ufrgu‘fjsfém}l% Oﬁa?demsT&?cH’ a I6tRAL E N the imprint

s transferr Into the seco hard mask | ayer.

lithoSuwpke preeas! § lightrarabde ontbriabisdlavad kvérdhe secogd Shrdumisk layer. Then,

a riglm51 g%{lg‘)garglgtr(gg:i g;ﬁf'lﬁ@t tgtrnipiialte i.ssor&féhE Qremotiw %ngesiggoo&%t&%l (xﬁlth the light

curable material, imprinting or molding the soft resist. The light curable material is cured by

the application of light and the pattern while the template molds the cured material. Then,
the pattern is transferred into the second hard mask layer. Subsequently, the second hard
mask layer is shrunk while the cured material is on top of the second hard mask layer and the

underlying first hard mask layer protects the underlying semiconductor substrate.
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underlying first hard nmask | ayer protects the
under | yi ng sem conduct or substrate. Maski ng Structures
wQ 0@80p33anot her aspect of the invention provi dBGT/ES2007/005639
maski ng structure for an integrated circuit
processi ng. The maski ng structure may be used for
vari ous processes such as dopi ng, oxidation,
nitridation, and sel ective deposition. Referring to
Figure I D, the masking structure may include a first
~hard mask |layer 130 forned over a target |ayer 120, a
second hard mask | ayer 140 fornmed over the first hard
mask | ayer 130, and a resist |ayer 150 forned over the
second hard nmask |ayer 140. It wi Il be understood that
Maskidd Sewguredtbodi ments the target |ayer 120 represents
the silicon wafer itself where trenches are to be

£ PO, TREOBER GrieFoh A daER MR PRI AT Jrcture for an
mtegﬂaaa*dt&xrcﬁn\yrctdassrwgs KT RImRSKkihE 9RSctGRHhd oy @thf@r GRURE prb®sses such

first hard mask |ayer 130. The resist ‘150 is

dopéies | Qrifasians BitRARNON, apdt FekicHY G deROTHk i r%e foingi nkigure 1D, the

maskﬁx%ré'tx%%&?@giapgnctl@det Qﬁrml‘d RGP OIS rRhed B@eﬁ@?&@@g layer 120, a
hard mask |ayer 140. Each of exposed side surfaces 1

secongfharhmaginlavphif Qolormedayerdhe fin hguowazk laxerd 30aand # aﬁgsestt layer 150
formfs’h4 Q)vplaﬁhtp &€rlaS ﬁg{c}?pﬁaﬁﬁl ia exetlﬁbledlt L&QHS&J dnﬁex‘gﬂ)%d hheat in some

i nent, eac posed side surfaces of
embortasmtﬁ @en@rrgbi laper 130 eheesede dmlsﬂhramdwrfasksell%yéq:re h@gches are to be
e t A afa .
LSS L g Bl PRl LIBENPSARF Bl porions
conﬁgma td eyver thasﬁ“;rstftmvcérrmw tam:r lﬁlarir lequdstdayeRVE) iy mm@gnmdsto have a.

pattey wf B BG4 BULOP SR RUBUL MS0OA Brits Nk POBPBY af dhf gecond hard

masklayeree. abettof i pdsadnsidandfabous1 5Ot masking pertions of the second

line 'dt of .t he naski rtions of the second hard

hard gl o D o g S SRR R PRy t he same as. ¢ he
| ipoegidt h$n Gfe tehthoahéfs emmdbng]maqk)bag sfder durRB&s ef the masking
the resist |ayer as shown in gure This str

portigRtp{Be B50RS RVA By S Tghos ot BB bRl A. “Bach of the exposed
side {BTRES bV inkYndRingl 131iSRCONGhRBEShANRSK nlaaY %yeel Hr[dyr}gavta hieroot mean
trimstep. [008 I n other &%odlnents i newi d
squargf(RMVED) TpsgRnasy op SFHSRLLart (e ros @BA LAY bO sy 1&9@? preferably
less tHRY abifat BOH ANE mdshBR B8y IbeReWh dbbst 10f A thS and about 50 A rms. The
correspondi ng maski ng portions of the resist |aye
linewjiiths of themaskies pasfiopa obhasssend horduspsiglayer wey rbarﬁpbstannally the
I r
same\f/ﬂgtrtﬂe ﬁg@{urgfhr%%g t@%&%ﬁé&s oc\flbﬁé In{rz]iglg %ggﬁfb %951‘%61%%?(%18%& d& shown in
Figursuk?.addés snktot mdebs ebgingdHar ebimensk elchgrtrwigh @o selectivity for the
si st layer. | 0083] Although
seax%ﬁﬁi&?ﬁ%%n ?@%Hh%%hgggﬁ%g:scribed interns of certain
pri@P82)r ed In other embodiments, the linewidths of the masking portions of the

second hard mask layer may be narrower than the linewidths of the corresponding masking
portions of the resist layer. This structure may be obtained by using an etchant with a high
selectivity for the second hard mask layer for the trim step as shown in Figure 2B. The
exposed surfaces 241 of the second hard mask layer are recessed under the photoresist layer.
10083} Although this invention has been described in terms of certain preferred

embodiments, other embodiments that are apparent to those of ordinary skill in the art,
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enbodi nents, other enbodi nents that are apparent to
those of ordinary skill in the art,including
weedwodoyzeht s t hat do not provide all of the fer€TIUER07/005639
and advantages set forth herein, are also within the
scope of this invention. Accordingly, the scope of the
present invention is defined only by reference to the
appended clainms. W\E CLAIM 1. A nmethod of etching for
an integrated circuit conprising: providing a first
hard mask | ayer over a target l|layer; providing a
second hard mask | ayer over the first hard nmask | ayer
inclu(?lrgg \éx:n’ IO?I%?%SL gl (f‘otjxéc{tt%gqevadt? %/}F{thfilg E%azgr%? taylgj%g(gv;agtaggssstét forth herein,
are alkd SMBIEIhEisBepcl dTehiB atvieafith.i Ateoriinglys 6zaRepdaf the FBSknt invention is
layer; and trinmm ng the second hard nmask |ayer with
defingdhenly by referengs iy the Appesdedflaibe second hard mask | ayer .
2. The nmethod of Claim1l, wherein the target |ayer
conprises a material selected fromthe group
consi sting of insulator, sem conductor, and netal. 3.
The nmethod of Caim1l, wherein the first hard mask
| ayer conprises an anor phous carbon |ayer. 4. The
method of Claim1l, wherein the first hard mask | ayer
conprises an organi c underlayer. 5. The nethod of
Claim1, wherein the first hard mask | ayer has a
t hi ckness rangi ng from about 200A to about 20, 000A. 6.
The nmethod of G aim1l, wherein the first hard mask
| ayer has an aspect ratio of |less than about 20:1 . 7.
The nmethod of Claim1l, wherein the second hard mask
| ayer conprises an inorganic layer. 8. The nethod of
Claim?7, wherein the inorganic [ayer conprises a
dielectric anti-reflective coating (DARC). 9. The
nmet hod of Claim?7, wherein the inorganic |ayer
conprises a material selected fromthe group
consisting of silicon oxynitride, silicon oxide, or
silicon nitride. 10. The nethod of Claim1, wherein
the second hard mask | ayer conprises a
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silicon-containing organic |ayer. 11. The nethod of
Caiml1, wherein the second hard nmask | ayer has a
wao bdockes3gs rangi ng from about 5gA to about |, OPOBUSDN7/005639
The nethod of Claim1, wherein the resist conprises a
phot oresi st selected fromthe group consisting of a
157nm phot oresi st, a 193nm phot oresi st, and a 248nm
photoresist. 13. The method of Claim1, wherein
transferring the pattern into the second hard mask
| ayer conprises using an ani sotropic etch process. 14.
The nmethod of Claim 13, wherein using the anisotropic
“”3@$ghwprocess conpri ses using a fluorocarbon-based
. 15. The nethod of Claim1l, wherein trinmmng
t he second hard mask | ayer conprises reducing a
feature,width of the second ha mask | ayer. by at
| et DAhaRR iR Fa TR SRR SPRPESn e ef n
tri mm ngrot/fiens £ Gievd Haddan bk NR&K ol @ \akre@ORPEr; S€s
sel ectivel y_ etching ghe second hard sk layer .
rel at i VIFOViingha seeQRe aurdimapk fayshavariee prst Berdimash Ipgsk
layer. drbvidlhiea PisheetdveiRisBichd N RERIayEL " ng t he
second hard nask | ayer conprises etching the second
har d nagﬁmw&yéPmﬁﬁ’5”?§F§ggﬁyﬁétmeen about 1 and 1, 000
tinmes fast@dmihbak fdaemShhnt 8cBn@haldBadk lﬁfér; & d mask
layer. 18. The nmethod of Caim1, wherein trinmmng the
second WapHingdbR s¢eppd halongikilaxes vailcthic mepist hayes ew dardof the second
h er at a rate of between about | A and | QA
pé%gggﬁ%ﬁgbé%g_ The nmethod of Claim 1, wherein
t rZ.nmi nghe metledadifdaimat . dvimasik thatpeget tayepeompgses a material selected
[ [ . e [ : har k | ayer. 20.
fmm'f"ﬁ(gérrorrg? ﬁgtggl%%géfg?gr‘ﬁrp%?g’ \g\ﬁ%lﬁgll%‘(ﬁlg ri {gn}(rﬁﬁgg?he second
hat.d nmafke Insgthod edn@lrins ds veiardinnget et heabnchshdaybr maslprises an
amol yer. vxétrﬂ a plasma. 21. The nethod of d ai m 20,
e e ¥né Pt asnma conprises a fluorine-contai ni ng
pl asma. TE2 melhed et tlain of, Vdhereim thi, fivh@arl mhakhdayr a®prises an
co 5i es a plasma selected fromthe group consisting
orgargf Udqg
5

Y®hased plasma and a SF -based pl asma.
The method of Claim 1, wherein the first hard mask layer has a thickness

ranging from about 200A to about 20,000A..

6. The method of Claim 1, wherein the first hard mask layer has an aspect ratio
of less than about 20:1.

7. The method of Claim 1, wherein the second hard mask layer comprises an
inorganic layer.

8. The method of Claim 7, wherein the inorganic layer comprises a dielectric
anti-reflective coating (DARC).

9. The method of Claim 7, wherein the inorganic layer comprises a material
selected from the group consisting of silicon oxynitride, silicon oxide, or silicon nitride.

. 10. The method of Claim 1, wherein the secoﬁd hard mask layer comprises a

silicon-containing organic layer.

11. The method of Claim 1, wherein the second hard mask layer has a thickness

ranging from about 50A to about 1,000A.
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23. The nethod of Caim1, wherein trinmng the second

hard mask | ayer conprises using a wet etching process.
wWQ@4007/Thss43ret hod of C ai m 23, wherein using theP@BEUS2007/005639

et ching process conprises using a buffered oxide etch

process. 25. The nethod of O aim 24, wherein the

buf f ered oxi de etch process conprises using an etchant

conprising HF, NH F, and H O 26. The nethod of C aim

1, further conprising transferring a pattern resulting

fromtrinmmng the second hard mask |ayer into the

first hard nmask layer. 27. The nethod of C aim 26,

t rﬁnn n.g_t‘ : ana)ggc%fjnggﬂghld Vﬁ}j%%&g rtgil ré%%lss !;I:t{pg)n?iﬁ%s ?n}l‘ngttoremst selected

from hie dgrows kod eyl 0ONPNFHEs photdiekia, Ai DIBnGe ihbtoregitaand a 248nm
etch process. 28. The nethod of Caim 27, wherein
photQresiffsf er ri ng t he pattern resulting fromtrinmming the

seennd Py Gei@alofl@NRE 1] Rh&@etnh@arkidnghy harghtieBSkid M¢akcond hard
conprises etching the first hard mask | ayer at a rate
maskopye ISOPETIEIFOIH AT INITOPIHEY PIOFER t he etch rate of

they secad hardamBskchayels, #RereiGsiiBt R agfsog)ﬁil: Mtch process

26, wherein transferring the pattern resulting from
comnrrsrewmm@aﬂnem@é@@n@aﬁmmamk | ayer into the first

h af ffe ln%fﬁéd q)?n@fakrﬁ €f, &helid gmrng‘gné tflétseQ@{dd hgﬁslﬁ)ask layer

| ayer using a sulfur and’oxygen-b | asma. .
commhmduahg @Ifaatmezgldthmfethe egond lwsifnearsmlmgar bhiat ]@aﬂtaé@w 10/3\

Tl | i afdd [l 1 En8Ra0MRRRE BB RCh Y Rhra mask layer

the ard-iesk 1 ayer conpris
comlir@mactﬂy@lysﬁeMngmbb ?@os@damdahaslulay@'rrethti@xit@l ¢hd resist kyer and the
ﬁﬁqﬁﬂgcesthg chanber. 31. The method of C aim 30,
& ﬁnsferrlng the pattern resulting from
t rim nThé heetBed wfdChhandl ﬂa&lérehrayﬁmnhﬂg ahé hecdnd $ibrd mask layer

har d sk | ayer i ses f|OMAn en 20, seem a
compipes SBRTrIE AP T OETE PR 8 AT SbESSERD Rt pE 1000 times
fastedthan TREtOREAOSF BE ficdtaiard B8k Wher e| n transferring the

pattern resulting fromtrinmmng the second hard ‘t

| afer i hbo metRod igfstlanm & Nasren é?’élfn’?%rq]ﬁe?ec%‘g;?{ guask layer
com;%ﬂl&w'eﬂﬂlr@eﬁl\é%%éb&phéﬁ GHAsRNEyskQR SRR ObetQe¥Y @BowtNED and 10A per

he processi ng chanber. 33. The nethod of C ai m 30,

secoptherein transferring the pattern resulting from

trigm ngnt hReH6s Brdchand: %rén@%ﬁﬁlrﬂnﬂé Otht h&chhd Hard mask layer
hard mask |ayer further conprises flow ng
comprises isotropically etching the second hard mask layer.

20. The method of Claim 1, wherein trimming the second hard mask layer
comprises etching the second hard mask layer with a plasma.

21. The method of Claim 20, wherein the plasma comprises a fluorine-containing
plasma.

22. The method of Claim 21, wherein the plasma comprises a plasma selected
from the group consisting of a NF;-based plasma and a SF¢-based plasma.

23. The method of Claim 1, wherein trimming the second hard mask layer
comprises using a wet etching process.

24.  The method of Claim 23, wherein using the wet etching process comprises

using a buffered oxide etch process.
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argon into the processing chanber. 34. The nethod of

Caim1l, further conprising providing a bottom
wa@ndornefhecti ve coating (BARC) | ayer over the BED/OSm07/005639

hard mask |ayer. 35. The nethod of C aim 34, wherein

the bottomantireflective coating | ayer has a

t hi ckness rangi ng from about 20gA to about 5QgA. 36.

The nmethod of Claim1, wherein the integrated circuit

devi ce conprises a nenory. 37. The nmethod of Caim 1,

wherein the integrated circuit device conprises a

m croprocessor. 38. The nethod of Claim1l, wherein the

resi st J.ayer.,c rises,an i npri | it hogr aph i St .
55 A AR SEPR CUGER 22 bR X, Pt B AR BYoBds comprises
usingC@gichiagt cogapriirdfg MBI NHF dndabl0. | ayer formed over a
target J.ayer; an secon ard mask | ayer. forned over .
tHe-fi r'_ble Wﬁ?‘&grfgs@af'ﬁylerf,%ngﬁec%%%g Apefermagga |Pa‘$f‘e‘P resulting
from GOARAASIHE GecdnB dhidEmnBsiNald inske At BdtrhaRIayenf i gur ed
: to cover the first hard mask |layer; and a resist |ayer

f orfred Hhremeted oldnm Rar aVhedk aayiering e patgraresulting from

trimmiBY The SRBRA haldGadk RPEL BEN MY £8: ABAKhAR 1BRdRiRises using a high
corresponding to the masking portions of the second

densipaplgsmmekh Peggess; wherein each of exposed side surfaces
of ¢ he FRSKih@4aPof (1aRs 29f V\tﬂl'é?eh?qt&ﬁg%ng% thd Batkerh A%&Qiting from

~ has an average roughness of |ess Arms. 40.
trimning trepsskPmhasd mask dayer ito Biedirm 139d matle lepncamapiised piching the first

hard R0 ?aﬁfglljﬁtl Eglea.tes é‘{}kﬁ)%gsabg ¢ 4 Bﬁiegq’ac’slférr{ﬂmpﬂ{etétﬁplsat@gf ?\Q%econd hard

secon ard na ayer has an average roughness o
maskdeyaseen about |1 OA rns and about 5gA rns. 41. The

in truct ure O ai.m 39, .wherein.w dt hs t -
ki ng Bor s o “Seclir Rarh Sl Mg Bt Muting from
trimrsinh 3hastcowd hard ek $are ims the fitkhisard inask &ayeocoresixes dichipg the first

e TR0 8904 R b iR, 42l ek

PO3Q.i OMPhdindiitrl 6£Chith B[ dviterak thayfirigd ehd pattemeresulting from
trimngirr]lgnth\é\/i s%tcgnsd gzlrdt rlllgslg ?g);e? Sigt%n t%ien grsrtrﬁlsalr% r;rgasg olra%/ei:rogosmprises flowing
between 10 sccm and 75 sccm of sulfur dioxide into a processing chamber.

31. The method of Claim 30, wherein transferring the pattern resulting from
trimming the second hard mask layer into the first hard mask layer comprises flowing
between 20 sccm and 60 sccm of sulfur dioxide into a processing chamber.

32. The method of Claim 30, wherein transferring the pattern resulting from
trimming the second hard mask layer into the first hard mask layer further comprises flowing
between 10 sccm and 100 sccm of oxygen into the processing chamber.

33. The method of Claim 30, wherein transferring the pattern resulting from
trimming the second hard mask layer into the first hard mask layer further comprises flowing
argon into the processing chamber.

34. The method of Claim 1, further comprising providing a bottom antireflective
coating (BARC) layer over the second hard mask layer.

35. The method of Claim 34, wherein the bottom antireflective coating layer has a

thickness ranging from about 200A to about S00A.
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of the resist layer. 43. The masking structure of
Cl aim 42, wherein each of the exposed side surfaces of

w0 b@7easks ng portions of the second hard mask PEI/ER200%005639
recessed beneath the resist layer by at |east 5A

36. The method of Claim 1, wherein the integrated circuit device comprises a
memory. .

37. The method of Claim 1, wherein the integrated circuit device comprises a
MiCroprocessor.

38. The method of Claim 1, wherein the resist layer comprises an imprint
lithography resist.

39. A masking structure for an integrated circuit comprising:

a first hard mask layer formed over a target layer; and

a second hard mask layer formed over the first hard mask layer, the second
hard mask layer comprising a pattern with masking portions configured to cover the
first hard mask layer; and

a resist layer formed over the second hard mask layer, the resist layer
comprising a pattern with masking portions corresponding to the masking portions of
the second hard mask layer,

wherein each of exposed side surfaces of the masking portions of the second
hard mask layer has an average roughness of less than 50 A rms.

40. The masking structure of Claim 39, wherein each of exposed side surfaces of
the masking portions of the second hard mask layer has an average roughness of between
about 10A rms and about 50A rms.

41. The masking structure of Claim 39, wherein widths of the masking portions of
the second hard mask layer are substantially the same as widths of the corresponding masking
portions of the restst layer.

42, The masking structure of Claim 39, wherein widths of the masking portions of
the second hard mask layer are narrower than widths of the corresponding masking portions
of the resist layer.

43. The masking structure of Claim 42, wherein each of the exposed side surfaces
of the masking portions of the second hard mask layer is recessed beneath the resist layer by

at least 5A.
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