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PATTERN DEFORMATI ON AND PHOTORESI ST PO SONI NG | N

WGEGENHEARBICTOR DEVI CE FABRI CATI ON  BACKGROUND E¥FT/UH#803/023746
I NVENTION 5 Field of the invention Enbodi nents of the

I nventypfr6s FORREPUQRE IANERM SEFGRRA TIOA A 109 PHOTORESIST

parti cul PorsoNINGENSEYECONDUSITONR M ICRFABRIC STION
deformati on in senm conductor devices. Related Art The

bon filmas part of a hardnmask
BAC%@%&]? @ﬁ%ﬁ%ﬁ@g MOSFET features has 10 been
neficial due to the ease with which
lﬁ)lax%éﬁs & %{e?‘g&tl@%lakéQO &ﬁia%ﬁﬁ&&%lﬁ@ﬂoﬁ QIQI 1ﬁ]bﬂljﬂ:ular, to methods of
ect|V| ty of anmorphous carbon relative to typically
ehm@%@d’a@a‘rfbfoﬁ’@“@?m prtcedrevEviidt erial s such as silicon
oxRéj@edAr& licon nitride and silicon oxynitride. Figure

na le\é\gqﬁ glgc%;t)hro‘lljs%tarﬁégﬁll?‘lgg llﬁ?gttolf g%arc? as ;@%iﬁggb olgInghalI features has
been Bturduchateefitid dhatd the cae wigniddrohophas cashob sty etpattepneth andi tipdhigh
select%&&ﬂmg%hﬁf 2 b%n Ieﬁme to 991%19 us@ UJpSﬁé Q ﬁJtéau\re%{egﬁ§su€H as &ilicon oxide,

yer a gate’insulati ng material 6 such
silicopgitridp gyg suhgonpwm Blowr 1 fhgwt hEruelp &l dpeamohpg jashondat ay be used
in theg@{naloﬁ GfH.MOSHETE ThestredtirainclBdes sighicasind@padnol hsing fiddoxides 4 that

o Sy TR BLFE DS IE yPOL b, 020 B1EH B
the submatduétlayvef 4 atsﬁ@pndsctivsmaeriah&wdmwpeé peleskiconrie foprid r‘?ger ¢ substrate

and “ﬁmfﬁ&%éto?&& he 1@6@{116 1dsert RukARR: B g;ﬂ@éoﬁ&deﬁ\}e 121yé1~)8§§ a
such hotoresi st mask 14 for defini

hardreaﬁssstaﬁlamlwf}s a&fmqrﬂ@usgca&b%n et FOpeh epPRRe aiEiadmE AP ST %SN- A

photorsiti@faklal4 fordyfaing 1H2 pattefAbf tha gatis BLESIN Fig SiON dappitmagtialiayesi2.
used to tran .
Dunnélpmsingya fi r?} eéf; &t se& tﬂo&ragﬂegtth% gc%rg’sgst %g gattgrﬁttc; il ﬁ?&?ay{erﬁsecond etch

a secon to trans .
is usegioCNnshie §k SIPAt ack priterp torthreamerpbeys kbR layerr HB¥! qidjeised tgremove oxide

from thB bufrfece@F fﬁ@gatescoﬂéﬁﬁge fager, raﬁ@@fﬁﬁhe@é‘tblﬁ@are fekomet Reich the Lidle@ying gate

of the t|v and a further etches are
Cond‘ﬁ[éYﬁfl??Frr‘rg‘ %Scléﬁ@ﬂic %ﬁcfn)?latltf g4t t@r%m&%(h ducti ve

| a@erprebéimngthiiteetriSiu@Ne Elgdre aisoiaptho ersorghavsivathonpadidrighhasrelaigvely poor
seleclﬁlltp @ng’% to t%lyﬁ% S p Ea@%oﬂu&@e Haérlzﬁ th(rfﬂg IhU f)&ysﬁﬂccor!:étéﬂ uefn@ as]a result

us carbon material has relativel
the arfmiwus cgréw&aﬂwrcw difineretcpiag koo glicomeesyina s faerd i g‘y fee
transfEi@AGLEE. ArdPBde Edlvilibon @id pRehIdnt i toftiopeytisdl dmofpBdus €4rie with Aictogen, which
nor hous carbon is al so etched
S111CO

polysilicon, resulting in
delfretert thoriragén dobiag terlaiqus @yaee cthqyatoblemythat hecpmepers aignificant as

devic® &h%siogsrhretrgiugéal @n@ﬁr@@énﬁmdl@s Igo@sogﬁ)é)& tHe Bﬁot@&ﬁ[ \ﬁhﬁﬁlﬁ)gen from the
carbon with _njtrogen, whi enhances its sel ec

o PPRSpEL EORBIEAN JLF L Bﬁﬂhd%\/wé? iRt gy oeter duing
SiONGepsifih. Tl&@tbﬂblé{;wetem;ﬁalb/ esendicyatirough Ob B@m;awh atabline aiomgen dopant from
the a%réh%usscla%?n t0 dlﬁasgti t§tRe phg{%}/es&te Pgéoqg#b%{)t Bt Rlafrdufe QHQIECQ’B by

em 1 nvol ves pol soni n e photoresist wth
convqnhqnalaig@ivpm sehnigrs and3beredere fp h@wgedd&?tbfe%st flegipdgs the quality of the

photoPe@ktSanEﬂ UQ SidN c%ﬂ ﬁpérﬁgcckﬁié tRheH) Bk &solnﬁg ﬁrblﬂensbe&\h& &i@re'pﬂﬂl&fnced
t hat randomn 05|g| on.

o1 P B SR P SR 2B ey e P o e

undeﬂbmg@blysﬂeaxa lﬂgumngmngﬂ 2ioifjestratel arblefur Bgare ZalEova ropplewsa patterned
amo cr«rgl)us cgr'gon lge di' Heélg?l}%) %tg (!:OHI re&HQEo(?Je? 1?6| résiilhmgf ﬁ)dn%ﬁﬂ‘églces in the thermal

ot or esl st 0O renove y conventi onal

expangigy meﬁipuemgofﬁ@@nlrww@gn aﬂlasﬂtcweaﬂéﬁts}l% Asiifs iyt S dfidige decreases relative
to its EH@E @e %&hp%sm\@Q&Ee@ dRse th&l@ng@d-bi ke tiye WRfonte BRnifiQRAGL g@eraeﬁﬂhaﬁﬁthose across

econe thinne oi son
e i e S B - BIP DB PO B SRR PLS B o B BT sive
forcendo natiBfopeSneC HEpboyer, dwinglgpiealpracebdigranefch &t chhedng oxide from the
anor phous carbon fromthe

o i b ot
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underlying polysilicon. Figures 2a and 2b illustrate
this problem Figure 2a shows a top view of a

w@adoumi2e6l  anor phous carbon line. The |ine i SPEIYDFM0$/023746
to conpressive forces 16 resulting fromdifferences in
the thermal expansion coeffi cr ents of anor phou

~ polygikigop ker ispenfaraed after pattesyg ths; mREphons carhop, afd s AR PP rqmoypg most or

all oﬂtﬁ@&@ﬁ%@éﬂyfne{haﬁdldl‘lﬂroustc&bbﬂ igel Rlﬂljﬁt f)bmt thh éteERNPEP RSV Eorces of the
rces al on

amog)Fﬂlﬁ f:EFl?OE g]ﬁtn? gyn%F Ig%]ialélgc{ dC%he a{nﬁrglsl’céus caagbron géédm nlatetq r1%1-8m &ae a{mlﬁ,ﬂying
polygificoh hrel nhay agumeS¢'sduigply” rageraa8$h@d it Bipurd Zoytlest effegtivoly émethins tpline to
relie(uhc% g:r%gfvg haus Tﬁiﬁgala&ﬂ whil 3€eprdaltea fflmt)l?s?lﬁ:'ory @pon FRh&G €8 hikkD resulting in
ormthe However, during typical
a defﬁrreé &xislineg Theapveriy eFhip Bieblem s Uiapgd BAIEREET4oBREt he WO
20 Qﬂfn&lf%&‘ﬂ}ﬁth&@ /W23 86 3l BER ThbredupOpay&h didf&Mitioh ayihotbiSsist poisoning

o e e e PR £ o S DR e P At B PR

overlying the anorphous carbon line. At that point the

SUMMI\E?@%'TH%%ML%%MG forces of the anorphous carbon

are no | onger restrained, and the anorphous carbon

del laiphehieso! fop Bitce iRy cring errr%vrerr)@“erwfoyg%ﬂr)r R aTmicRepcipR evice
fabrR&dENMe a "squi ggle" pattern as shown in Figure 2b that

N S PR
alterhdtiag s/ dpeommbpo mal‘bmratldtreﬂoretl erhdrphgus cprben ITrhr: rlrglOIreﬁ amegphous

carng?lfaﬁfsrggrqe Q%ﬁfﬁer ia&e%qhat IJﬂﬁraﬁﬁlYe%%&syof QJmpFetéHl\% s@ersmltlﬁﬁhé d®ped amorphous
enhanced by trogen do Consequently, there is

car Y OB G Al etk A1 bk HORRP PR BL i g e lver
bendaii Ge@EPHig &Tateﬂ%laﬁe@ RipfegerabWhindopedaiiotphaus brirtivg td th@iceg®ioresilyipaisoning.

::mcl?l aS grllt}gn%%: \I’é SXCOP({ %&%Mﬁ%@n@n%%éﬁ%g%&gn ed of alternanng
layergiqf e@pmﬁ maéﬁrlaltarrbarrprrése rarbgnn FhgrAnjogpious errpaadayere m@a‘tetdelreﬁ or undoped.
The ¢8bRE fﬁ@tt:ﬁa@ﬁye&s@e%@lﬁpﬂ%&g tﬁkft cEAEMINGR: efffAYF bR ds@V- strdsBiwithin the

amOfpﬁchg %gr?%ﬁger\é\{ofggy o %PE“E tgp ggeﬁ_ﬁﬁ,ﬂiggsglt&k 18 %omgzi of the capping material.
The &y¢rdemeath iha cappiay/leyesis plfefedxb]p egloprtempipbuscadan poedugadhotoresist poisoning.
The mﬁ E’agg' ?ﬂ@ﬁa&ﬁ&&%ta&% grglg ?l%[ gSQJQI%gl t@%@ﬁl&@% relé)val of the

car | ayers serve a yers that consfrain
hardgek serlrfeet the yyflerlyigpipteriadsiby an erlrgepggcew thin the doped

anor phous carbon |ayers to prevent del ami nation. The

' j i top capping material |ayer.
BR@%@EF%%/IEPB&%’&@%%M@G@apm ng material layer is
pr efreferaddleybadingtalp efthedmontiph oUbhersalteh brretcgbad exith gagerence to the

accogjg%,gl L8Sl&ks. POi soning. In accordance with a second
referred enbodi nent, a hardmask stack is conprrsed of

a| tFégql;'eal( qhﬁ\ﬁs a sp%fgmﬁ Lgln% %aw OE%F@FP%‘P“%{HG ice using an amorphous
carbaiByephous carbon. The anorphous carbon | ayers may be

doped or, undope n terial |ayers

ser pls 3 2a g ?Hlusqrfte dép(rg% rF%%ht%%CC%JRO 1rngrE ergorfnﬁt% effects of

co F@B‘E@§ﬁ %‘é 3gshoe S@CWeﬁ formedidpring rbrieatpron s segobditor dpyiet ig accordance

w1thta%£[n%fé§&iemg(§iu§éﬁlJi%luf?t/&mo{he top | ayer of the stack is
formed of the cap mat er i %ﬁ The | ayer beneat
fire i

capprRY* MAYEPees prETErsie iR dpderefer e a&iﬂ%ﬁm
embbdiméersduce phot oresi st poi soning. The | owest |ayer of

th sk [

{ ac P SrR g s BLAGE et St SRLROBHE S @%B? rﬁsrﬁgfdm vitha
secophprefigmedeembyrinegt ofthe EV¢PHPS by an ashi ng process

BRI IEEM@ES%%' Pﬂc@blﬂﬁ enI&l@a@BA\ﬂ: %d Pfeﬁt-r@([ Jnﬂjgdlment and alternative

enbodi nent s of the invention wl| hereafter be
embadBeS hed with reference to the acconpanying

drawi ngs. Figure 1 shows a structure formed during

fabrication of a sem conductor device using an

anor phous
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30 carbon layer. Figures 2a and 2b illustrate doped

anor phous carbon |ine deformation. Figures 3a and 3b
w@hawosaact ures formed during fabrication of BCT/US2003/023746

sem conductor device in accordance wth a first

preferred enbodi nent of the invention. Figure 4 shows

a process flow enconpassing the first preferred
DETQIMMPMO@@MR&Eb\BMB(ﬁﬁMEmsdi ments. Fi gur es 5

shows a_str formed dur.i ngdfabr cat

t
se gé“igﬁ%ﬁ]aeii gl?, % elelétlve rv,]trué:ltcl:lrcc:a 5? anlél écc\%d%rﬁe W}ﬁl fgst Brefcfrred embodimen

of thpimednesnt ed enbodi nent of the invention. Fi gure 6 shows

a p[th &Slg’tﬁre ol” ﬁ%‘re%?&ﬁ@é@%%nﬁ&n&@@r &9&9@@ th%fﬁ@lﬁ Bﬁges 4 that bound

enmbodi nent ternative nbodi nent s
sourge(igyisy ek @p 4% MOSHEUSR OB phpmripulatne majetie HsESCHProrf Hpgiggenductive

matef: BEF%@p%%MM ﬁn&édgﬂérel& s@ﬁtrﬁd’kﬁid 318 bﬂt&fned to form a gate line and

t t t
o o PSP Y L B TR R R PO SaTRH Dupin
amoiphdublCirth @ortién fhringdlin @ordat withdhetndéeslyiag sdyvilicwmn dopcAmyrphous carbon portion
is coﬁlgﬁ)s%& St? (jgretg d@ﬂl\éﬁﬂgga EIJS gﬂ dg%eq)gfngrgﬁous ca}ﬂEﬁ‘EZ Q)Qtldlﬂﬂg dopant such as nitrogen

ralrn regrons of aers of ate
for epiagiteds Firfyseleaivisy felafivede berdysiicongg A a'aor@%%w on 20 that contains

essef@MOHAEd dFUR etcHBIcEEvitAbnhhc S 8dpad S tﬂ@cﬂ)@di 1pels Y514 dafping 188:1E12 of SiON,
ver

silic%ng)lgiﬁg gr 815?nemtr1iiere11%f%§% t()\r;eg 1? %nq'cg]r}r)llou ca ng} po(r)t Oon f){{Ee %é&%tack, and a
photbredismabk d% for ddfinieg Gapagero oftdeugatel lipeis Foanpesion gheicapping gar d praBiie total height
ofth§£e§%sl&§?a%i<ﬁ%¥eﬁgab@rappr% U%n HQOH portion forned in

cont act ysilicon. The anDHPhous
carlke ﬁf“ﬁt&}‘i“'t"f @ﬁm’ﬂ? di‘fgerscf@%]?ei & %"&“"o‘ff Figpee d indpssef proprd@mprghous
carbl)rﬁy}%fsSO afcoljOpReGh vﬁtﬁBﬁeﬂiﬂ auR deRE bmmptibﬁs @it layersi 229 Tebogpéuped layers 20

serve as %u‘%ferl\r}%la)(ers t?gconstr re C?Ig]%(%gigel A %'ih% gop%g ecf{]iZVt!) Lerent

delamatbo nWER anh ettmber@n@ aﬂem of doeeisaequmeﬂ ipmetn% b Pmnl?Véd #aggqrdance with
this ectﬁJo@ﬁlEﬂt \'ﬂ it ﬁfreﬁx@é&@@&b\ﬁ‘& o fRMostMyert o @nd@@ﬂ Qﬂorblﬁ))iﬁcfaﬂ)mz]% corffact with

f Si I
the CHTRTRIIE 9 B4 PR P cn IR B A BV P e e agprptous

carbbhferniea bldmaﬁﬂdezﬁzh@@édysﬂamdlam tofile @b r@istiagt tovlgkindtibnf or

d :L’J!‘Fl)lie l}‘] aﬁl@r%ﬁo%%_%\bgﬁ 8&!1?1 %@&a@eﬁ{lﬁ Iil re ﬁ aqufBrH: e]&j ?SQIETLE&% @ayers in

mdegemé@kprpogssm aitrer Bion yteaetp‘feée@%%@@vry ‘f?@@lreaﬁ%g%et @Wd opleped layers
may%& FortddW§ &n@fuolsii@ers & iRBraldfif Eiélﬁe ifH’ aHis lshleneibiy K/My‘ahgﬂo@amiource gas flow

rates1 cig.gll:l&glr‘agsmglﬁ Ic?nﬁlln%g% Eﬂ%lé‘?‘{ %ﬁc%gs roduce a oEanﬁ%roﬁle lgavmé (aj Qesnred gradient
throgghnttre phoyious crto perficaypéths ha@@naskTh e u ndoped | ayers 20
S € rf\{lﬁhe@ ﬁtegﬁinfeg{o lHd gtnlcﬂnYe@ Bpﬁlguna@ga &1@ BE Blg@e:n{ﬂloS/ B §reater number of layers of

ressive stresses within the ers%
dopeﬁra Britped tRIBRTSTAPPH A %?rraégeatwe atree? CLFER gt clye by baving a
dopdﬂ@@&dorﬁﬁdjodlﬁéi(hﬂ@ﬂmk ﬁyﬁﬂﬁom’&yfubl&r aiiphioyag aliemagecaiptha maerials such

as si 1con r1chﬁ<gudte ho;r ghcon r18';rn1t|rﬂr§ &nda Ergplg' e&) rlg gtﬁlrfurﬁlg e&%ocﬁ&al\{s] gl@h l‘ﬁﬂlmask

phous carbon 1 n contact
struqmntshnay behfem@g opr ndjifereny miptetiah torbg gtglg:é, smljxég pipeia] jwiging layer, or may be used to

formPU RO b of ﬁaﬁtgrn&f%tr&rt&é/ ISIQE ash oM R&tonh@yer of undoped
anor phous car bon_f or med %n th underl% Efq’ iy st
| ay BT GRS TR eT B £b B ek e

pref&ray ehisodfent itefoadbhitphalilercaivdoand futthdr hitamaiitelembddirsne dotierplicitly

dlSCllSS fnma@ Es%atra ((:)0r g r‘Faa% ?ﬂe?ﬁye? {)ﬁnalte?i)ﬁq{ Itﬁodlcﬁd 30). A hardmask stack is
[ eh Si t he

naepen proce n an er na lve
thengrmesbam i At GUESTBEM S e sk eSS oF a1 APePions cubon

portion formed in contact with the layer of material, and a capping layer formed on the amorphous carbon

.-.'Q

portion. The amorphous carbon portion is comprised of alternating layers of doped amorphous carbon

3
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25 may be forned as continuous layers as illustrated
in Figure 3b. This is done by varying dopant source
w@a®w40lnws rates during a single continuous depoBU$10031023746
process to produce a dopant profile having a desired
radi ent through the anorphous carbon I Qn
cont{pipg PRk for @Q?HPIH%‘?“héPIFCéWWa‘I“B’\f@g“f‘BthF ettt A prng a‘B“FPhO“S carbon

that&JnQME@s.&n%ya@Qoﬁbedwtenpl oy a greater nunber of

|l ayers o e 0

ar ?/Aaﬂ'@g)rets%téxggpf ggpe ?%ne&l er 81 HarnfmaF {3 JIll%a 21?]2 r@&@ may 1mmed by

a phévevedisn ginmaningEocebo PEE hirdryak staod; fisrfiee eopd pm tnnmetpqegzqt mgsk as an nital eich
maslptg lfc}{'ﬁ‘ll lhﬁr&gﬁk foL %tt@ﬂfﬁlé E@End@ﬁ%&%&ﬁﬁt@s al ter nat | Ve

capping materials such as silicon r|ch oxid
si | Hugtess progessingmay plpochs PRrEYMEsSudRpPRysraiag the PPP%ftl?YPII of f‘\aﬁeftl% @yd removing
@ﬂ@ﬁﬁlnents such hardnask structures nmay be forned

net%@%ﬁd S}l?\’i{fg’l SF%@:}B rngfl mﬁg@yrdﬁxéce &fglé?jsefogg pr]pérreg] LnBodient of the
inveghichf erent type of patterned structure, such as a

co nfh% g&uc e ok ﬂ?lﬁg ?@HH&Q& sem@o%gtgr sﬂbs@ﬁ%vﬁg RASGERS4 Ih!it(BWmd

for manufactu a sem conduct or device encorrpaSS| n
sourgeyfisaif fegigns of MORFRT: diayeescpl & saroaT eitemateripld suph 3s dlirampsidyAatp sate
conddbitve MBidiidl ¥ 85k asaBkd hbthdilkes aredotrid raadr ihv sub&rite0 Ghd@rtcendidibe layer 8
will E%;?%?rﬁééittl émbd I a?j: %S Sfea% éF%ITg kor% oevrer augta)t%tcgn c%veI layeeaS is a hardmask
stack 3@)dingAltraticTasks of amﬂhouss:arbom@mnd olpyved a@FPPtnE maigyigh & such as silicon
ox1dla aNiEdn r&glden@rtsﬁ[:dn%lxyn(u?ige) Thel: Qﬁdﬁ%@%&@ B@@dﬁed ot undoped A photoresist

0]

rise an anor phous carbon_portion forned
mask bﬂnnggraf}fﬁmw thepafiqrpotjtheyzate liggis fogped op Bp UPPEIRY Ll 63RBIgP Pi‘@‘em1 The total
heightay @6 hdr@haseghcbi pfeha&b@ﬂﬂfr@&ﬂdﬂﬁy A kipSroms POletlayen of chpygng material are
S carho rtion is conprised of alternating
preffiaR? eir?’g%f‘“gq“"ms i hefle phous carbon 3 WD 2004/ 012246
Pmtesm@e/o@@sw@ differs frem tha trigrurt opEigtre ¥ ipiits ish REE iRiplternating layers

of aﬁ@rﬁln)uss&{b@& ﬁn'd\éép‘pﬁ‘lg Whibdh MBS RE&E oftcBbpin Siaildmdl €1 dedk as tﬁff&mg layers that
Un op ed armr% ous, .car bgn at. co

th I ns essenti.al
cons{gh ETGTeS YraHsp A ST P EGE ThRaR L Pl e
upp@met laydn ef dagping maskal 6viil4t)/p1ca11hee photdduesg B¢ conmsd evhiyg thehardmask, the
remzlmqlhgg%g%?%ers & %91% a%ﬁél %Jill 11615‘1 dm&’égt cféfafﬂﬁl%ﬁ The

en etched usin f; ot or esi st
i e P BT a5 A Gk P RS R by orcer

enatfkbh&Vanir g hztrh‘rﬁasklﬁbdﬁﬁﬁh}ﬂg ﬁbg)cémfaﬁﬂ tb &km (113 ppernfobtiatnbi@lious carbon layer of

rocessi.n e pe at.terning. . .
the IF %6881? fgqn‘évé?pe I@P %Pn tg geguce gho?oresmlgpog?rﬁneg 'i-f(])wevgr in alternative
embhdimehtBldowdanggtirer 5a}§h(ﬁmechof g capping materiaf, erdrteegippgymost amorphous carbon

layeﬁﬁque qgﬂé&: §n Mtﬁep elﬁ)o§%ﬁ)cp qnd?l{ag‘ge%ﬁﬂé%g nﬁﬂg;ri)é?sdsluéﬁeag Elh@)ﬁ rltzlhﬁude or silicon

I nvention. he structure of ure 5 inglud j i+hin th
S T e SO 9 81 beR B UpR gitin the same
hard@f@dkiehck. IOl Cfl&t/héifealbdmnﬁ@g] fQEchadad SMEEﬁiay lieazyrem ovef a different
mateqa]i tg be et%lu 4 ls'lu(c:: ?S\% ernn?mg 1r1n% a e@ g?rlle%l e used ?o Jjgrge tg?el elﬂed
strugyre sfch pnaegnteny errinterh@negybst r at e. The gate conduct ive

| ayﬁ%ﬂ‘& sh¥dd Jprcggss A& I’o?ﬁlglﬁlgdcﬁng of Qfemcéldg@dr%edlde@ﬁcoﬁlf)asﬁng the second
For ned over he ate conductijve

Dl B AR G ATt 96 R Al g Eogpons o ot
discssaal ph@npa @wﬁb@ Bondpisiad¥h ugper BY« bf idfierial iCi@{p{dden (FONBA Bardnabk stack is

then%grfne(g %n:}h gs {}e% atyer Ognnlatélrl?lhéi()l q"ﬁd h o aék%%él( g phgg b%a(ﬁgraatmg layers of
cappig matrdigpadiamogphphy otrbmasiwing atrmstle ﬁlsnuprp@rrlayeieff Pwplﬁ@mﬁtﬁé‘l a layer of

amo&ﬁgﬂs%ﬁrgoncﬁtxdehﬂtﬁg HokS ubﬁl_ep ﬁyér stda 11@-?1%39{1 Anl € sebdHa Bdyerl oBYBPing material °
materi al

tota ht of the hard
undglyigg e fage rﬁf@érfoeﬁl%wb%vp BB PRt eﬁk form %vr:rc;pr@ "2%‘4) The
| ayers of capping material arg preferably 20 - 50
angstrons in height.
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The structure of Figure 5 differs fromthe structure
of Figure 1 in its use of nmultiple alternating |ayers
wQ@oeh12a®r phous car bon and cappi ng mat eri al . AEEUS2003/023746
| ayers of capping material 42 serve as buffering
| ayers that constrain conpressive stresseS\Mt
photespeist s ey RedrBe by 4 plgtesesisnripping praceasy tTheRardmasksiek & ’6 Hlen etched using
the p%bxjes@st ﬁlﬂﬁ as 24 PR@I SBShask BYS 2QfrdGRPRE f@edig @E na@briyMglubper layer of
pically be renmoved during the course of etching the
nmwﬁéﬁﬁﬂask the remaining layer or layers of capping
ﬂatfﬁﬂhealbrodﬁésinh magaiRi ba pérformed Sich s eledreing thedndeylying npteriag and removing
me&%§£ rable to formthe | owernost |ayer of the hardmask
ck from anor phous carbon in order to 25 enable
renmoval of the hardmask by an ashing process, and to

f oryihife B iV BHRES HHD Bden B bRIWMS cfeBkcD Q)rits bRkatd @fbodihéne, those skilled in

oo A e hn B BTR: PSSy 3000 BB S o
and @nfiektioramy Se e ahdowi faliogthin eyt andyofsef hopmed inbntign which is to be
I t he upper nost anor phous carbon
Mm%@Q lggw i %b%@%ﬁggn further enbodi nents,
alternatlve capping materials such as S|I|con rich
oxide, or silicon rich nitride my be enpl oyed, and
different capping materials nay be used in different
| ayers within the sane 30 hardnask stack. In stil
further enbodi nents, such hardmask structures may be
formed over a different material to be etched, such as
a netal wiring layer, or nmay be used to forma
di fferent type of patterned structure, such as a
contact or interconnect. Figure 6 shows a process flow
for manufacture of a sem conductor device enconpassi ng
the second preferred enbodinent, its aforenenti oned
alternatives, and further alternative enbodi nents not
explicitly 35 discussed. Initially a substrate
conprising an upper layer of material is provided
(50). A hardnmask stack is then fornmed on the upper
| ayer of material (52). The hardmask stack is
conprised of alternating |ayers of capping materia
and anor phous carbon including at |east a first upper
| ayer of capping material, a |layer of anorphous
carbon underlying the first upper |ayer of capping
material, and a second | ayer of capping materia
underlying the | ayer of anorphous carbon. A
phot oresi st mask is then forned over the hardnask
(54). The 4 WO 2004/ 012246 PCT/ US2003/ 023746
phot oresi st mask may be trimred by a photoresi st
trimm ng process. The hardmask stack is then etched
using the photoresist mask as an initial etch mask to
forma hardmask for patterning the underlying upper
| ayer of material (56). Further processing nay al so
be perfornmed such as patterning the underlying
material and renoving 5 the hardnmask. Wiile the
i nvention has been described with reference to its
preferred enbodi nents, those skilled in the art wl|l
under stand and appreciate fromthe foregoing that
variations in equipnment, operating conditions and
configuration nmay be made and still fall within the
spirit and scope of the present invention which is to
be 10 limted only by the clains appended hereto. 5
WO 2004/ 012246 PCT/ US2003/ 023746 CLAI M5
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What is claimed is: 5 1. A nethod for fabricating a
sem conduct or device conprising: providing a
wG@aimsnIRse conpri sing an upper |ayer of nmateriBCT/83003/023746
form ng a hardmask stack on the upper |ayer of
material, the hardmask stack conprising an anorphous
carbon portion fornmed in contact wwth the [ ayer of
material (8), and a cappi ngA®dier (12) forned on 10
t he anor phous carbon portion, the anorphous carbon
portion conprising alternating |ayers of doped
Whaaireleipadiss car bon (22) contai ni ng dopant for enhancing
etch selectivity with respect to said upper |ayer of
materi al, and undoped anorphous carbon (20) contai ning
essent i & mstheddprdabpifatiggi Ymigendagiar devias commiigiogt phot or esi st
Mahovidkh s@¥é@iie JoREridiahal iR HayslAmlteriaa3gl et ching the

har dnmask stack using the photoresi st sk, (1 as. an
i SRR G PEFHIA 1P aRiaRe g ek colfrE n
amofpaduts exttion pgticefothed ppentact aitake lgkr dfataeriil &), an@a cappier 1aget (1) dormed on

e BT o i CLSLOR R 10 s
amogphRhs CareopiR2) prgtainkie dopaptdengaiancing el seles ity itiyietped fssaid prperdayer of
mate}-ihl,eanﬂ‘eﬁdbﬁga aBbiBhd¥B&hrtoh (2@; @htBhikg esWREIIG héhe bORIIaRGS Al d

phaot or esi st mask rises: ~formng a photoresist
patP8Fs a@ﬁ"t%fasﬂsam%sgglg?%vﬁf tﬁ%&?@?’jas SRds ?’l‘li mi ng sai d
phatcbingthe Bardypalt stk nsingts photordsissinask Cidbirsen fogielpetl ndskrtd fogn a hardmask
for @il GRE LR Yfer &mpgHAiCONduUct or device, conprising. a
substrate conprising an upper |layer of material (8);
and a hardmask stack formed on said upper |ayer of
Mater i al The bid@od\adikias Kaiftl AekheL@MPAidit Ng an  anor phous
o THRPU b P o B el on (TR
anorphvag shedarbok bparaslimgproctshe anor phous car bon porti on
conprising alternating | ayers of doped 30 anorphous
carbon (22) containing dgopant for enhancing etch -
sel®ect i vibeyrelpd W@é‘bgﬁn 1 Wheeipdorpipe 839 Riotoreyfrask fEE e
anubphiuphaatdsoputtéra O) satieniphi kyétgnéssent i al | y none of
sai nf . . tructure clained in claimé4,
mhetgrglgﬁlggaﬁ&ephgt%?%ﬁ%ﬁé carbon portion of the hardmask
conprises: 35 a | owernost | ayer of undoped anorphous

carpon (2Qctu@rsmel @AnSatrdatioPEralseidd8ilctod fievi¥R c&hpriing:
(8); . an ugper,m)st | ayer of uagglggpeg anor phous car bon
( 20 F B AT P CEB MRS TR R R E % Bhppi ng | ayer  (12);
anch hatdmhskastk fomed brespid upef laggogfedtesdsinhghousskecarkrompisp@ jn

L aats

the amETpheys oqyy3 POsian thg amorphous carbon portion comprising alternating layers of doped
amorphous carbon (22) containing dopant for enhancing etch selectivity with respect to the material, and

undoped amorphous carbon (20) containing essentially none of said dopant.

5. The structure claimed in claim 4, wherein the amorphous carbon portion of the hardmask
comprises:

a lowermost layer of undoped amorphous carbon (20) formed on said upper layer of material (8);

an uppermost layer of undoped amorphous carbon (20) formed in contact with said capping layer
(12); and

at least one layer of doped amorphous carbon (22) between said upperrhost (20) and lowermost (20)

layers of undoped amorphous carbon.
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6. A nethod for fabricating a sem conductor device
conprising: providing a substrate conprising an upper

wo 200e0122fic mat eri al (8); form ng a hardnask st aP&T/Us20031€23746
upper |l ayer of material (8), the hardmask stack
conprising 5 alternating | ayers of- capping materi al
(42) and anor phous carbon (40) including at |east an

UDner C aPREREH for TSRt 24 seln@mﬁct&r@z\)measﬂprmngzower cappi ng
anor phous car bon

o g s W i inern e RO RS A0 | brer ot o
mat fedhiirgla hhrepesk Stadkda Yie ufper lagenef natepdl @) cheeisidstskiyasgdcofribing

altergﬂlg%]k%ﬁeaf E%Elqgﬁg‘tghﬁ {4%Cak§d an?opp(#loﬁtc%awgg) tnllﬁdlﬁ gt%%(ug er capping

oresi st™ nas as an 1 ni
mategipldayertdBiend plovesernping Meleriphiaeek (421 gndfapleasiope ereerplioptyadal layer (40)
forrdd@&@&eeﬁ ﬁ?{@ﬂpeﬂaﬁld m@&ﬁﬁpﬂ& wla®ial lafers (BD¢ met hod claimed in

aéﬁﬂﬁ?ﬁ%gﬁ% @é?ﬁﬂﬁnas ;}@FK further conprises

997°% or med on sai d
u p Wﬂunh ey ardodsk srack @singalle ph@dresiss mam (14())wem ingtiapqdihmgsk to form a hardmask
" L.er Ve ing fornmed on said | ower
(Ké¥% &ﬁ%&gr@arer&4%%§g?§(4o) and 15 wherein the nethod
further conprises: patterning the upper |ayer of
materi al e %)ethucs&mﬁed i amﬁx@r FhEReSi¢he mfaehammﬂ&gr Johlpnses a lower

amog)g?ﬁs gaggolé Ilaggrgg@ orge #‘ e I‘ P‘lgtleﬁ;ﬁig s%{d E)§v r) C?ﬁp%;g material layer (42)
lmmmhemﬂmnw@ﬁbdah@m@hmawﬂpphwmgmtambon | ayer (40)

coqhgkgﬁm”ggwgggﬂggm&g&senhanc|ng etch selectivity

with respect to said upper |ayer of material (8). 9. A

st rAIETHrEhs werrdrel PRy Eawsioe BatFERSER G seni conduct or

deVibiG&ing @RMaidingsk g the Appetibet sfata@riglQEyDY kibdshige @stedspper

| ayer of material (8); and a hardmask stack forned on

sai d upper |ayer of material, the hardmask stack

confor i siTig meihpédrimed imgjaimPEwihegpirespid layfer amppbpus garpratlayer (4) contains
dopinflf%) enﬁe[ﬁginw sQlQ@foy WAL b ¢ u g&‘ﬂy&qﬁ' Rteri (85 east an

upper capping material |ayer and a | ower capping

material |ayer (42), and at Ieast one anor phous car bon

| ayer ( %)uufcmfeﬁﬁdledxelhwmmhe of asppiesndaung déviveepmeaippi Ng

mat eSrl'l sgllte %@%ﬁ&ﬁ%&%ﬁga lﬁ};'ep OJ Eal?&r EnY ture clainmed in

urther conprises a
| ov@é}ﬂrdseskamfm@é gn Mwmnlayeayfe?ate(@oﬁw fogrpicptagicompisipg alternating
layetd Bp@f)pnhglaﬂa@dhaﬂﬁb HIZ& ﬁfofpﬂckus éﬁl)on (ﬁ)@in@u(ﬁlw leas€ ﬁﬂ@bdﬁ Ehpping material layer
mat eri a
) ST (e BB iy €0 () eoTe oy dan P o e beoween e
uppea Al pVeo crppic@migerial lageysd42).( 40) cont ai ns dopant for

enhancing etch selectivity with respect to said upper

Iayer of material (8). 35 7
The structure claimed in claim 9, wherein the hardmask further comprises a lower

amorphous carbon layer (40) formed on said upper layer of material (8), said lower capping material layer (42)
being formed on said lower amorphous carbon layer (40), and
wherein said lower amorphous carbon layer (40) contains dopant for enhancing etch selectivity with

respect to said upper layer of material (8).



