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WD 2004/ 053980 PCT/ US2003/ 029985 METHOD FOR REDUCI NG

CONTACT DEFECTS I N SEM CONDUCTOR CELLS 5 TECHNI CAL
WO-RalD53PRE present invention relates to sem coPdIUs2M03/029985

devi ces, and nore particularly to a nethod and system

for providing contacts having connections for

nonvol atile nmenory cells using polysilicon. 10

BACKGROE: ARFo R BY SO ra B THe BB S A md BYIRRSor CELLS

such as conventional nonvolatile nmenory devices,

typically include gate stacks, sources and drains

Generally, a source is positioned at one edge of the
gat e stack, mhile the iﬁ%ﬁﬁchgFg@LQtue opp05|ng end of
Lg?lbhg Hr(:?senﬁfwaelrmo 6elatteh (o) serm{:o lfiuc?c{r E:gs %‘ I ::rjnoopes {:u arlry%o a[l%{ethoH and system

for pyev@lihgtcontatsdeting cgralbcttlynﬂfg@blarbletﬂdmﬁﬁcer etit usthe wly,Séson The

field insulating regi onsc¢&dom safr! Y 15 conposed of
oxi de. The gate stacks, sources and drains are

| NStHnRnBShalksrhiBehd@br HViceY, Lua R rcoIQElﬁblﬁﬁﬁoﬁbcﬁ}atﬂeh&hoi.y%evices, typically
pical |y conposed of HDP, TEOS or  BPTEOS. ch ,
1nclv§i)é éeﬁe qta&]§se§our0fsy\bq (Eadpsl 9engialh' youiss wsﬂppeégt We F%/ot[etﬁeegate stack, while the
draih Bhi@hd o@y(erng elidek @€ patd seack. Fialdmrsdarng fe@iond daseradlp Am@erbéndiaddr to the gate
stacl?s an a%g tgmll%'l ?11}:1 ered 0. e}éctgcealli:g gol%t%g &%%nge/éé/ﬁ: : gh%g‘lefdgné‘rlﬁauél reg%gs are typ1ca11y
comglmd dexids mmaiastactkheomqemnﬁ drampate pallatedgsingedn intdriqyey ﬁlelleqtrlqtbﬁt is
typ1Iaﬁ§ égrrlp&gd &Qﬁi@@ﬁés or%P@E’G% An %tgh 4t@byl§fer {yﬁlcefl? rSM SN, i&®elow the
nponent, such as the drain, to reduce the electrical

mw@@%@?@ﬁﬁ&e to the contact. An antireflective coating

(" ARGrdr fbl&l{&f)n\}eﬁtwﬂzﬂ @éﬂhd&ﬁdﬂmt&bﬁ\ﬁ& th hﬁctiomteﬁEtl‘latY@)htact is made to portions of

di el ect h ARC |
the GG SRR PR Pt SR S PG ARGY4° e CoS

layeARREG @0 the cdiyengh etch ksglsd dsdin, marsducd theodlagglied resistpree toulreggntact. An

antil%ge%g% chEigg é‘gﬂg’g g}gler(?sf pfr&gh%d ébrclgeqié 1§t¥rﬁgefrq eEl:tﬁg trBé ﬁ\,‘\ﬁifeglg typically

or m cont act
compesed ¢fFiR5or STON- ephapesist ey is, pravided dbatedh A&Sﬁa‘ﬁyeﬁ fré? Ié‘é‘loﬁlﬁf mask includes

apel@xﬁlé.j; abdvE e RbiBR ok AY ﬁlfeﬂ@y@xe:h({le%ﬂ”@ ViBidh drbitode StHRE loQorﬁltc&'ilact lﬂ)les Typically,
form 25 contact hal es, exp 05|ngfthe under |

port’oayg Ithe éayﬁh@P Blpeg@iersclleleﬁglg Rnd] € tﬂ%]ﬁyeg p feﬁlﬁ%elg iTa smgle etch to form
cont-{(}t ﬂd)lé‘saéxbc)émg Li: ¢! ﬂndeﬂhﬁgt @Sﬂsyeﬁ ﬂ‘hdmsﬂérems madkrid tmnetﬂlpph'ﬂl ’Ji’yglcﬂlly the
phoB%eFlft ngskpls s(grtlpgec*'I us% an ashnF rr%cg(ﬁlaenk 0 Ee%mﬁag lis 29sr<]) t%?ca]? erféfrmed to remove
rempants ef thcagt@rof the mtedmyer didectris sadh aapolypotsyvitbin shewpritdef h@let A eonductive layer,
such C8 QR’@‘%Eg, E(alépgsneé‘tocfﬁ)lr?%%%técﬁ%lés e Eonduc&%cle}exac%n t‘ﬂenWe B&lﬂ&d typlcally using
the contact hol The conducti ve
a chpralyzg\ pechamcat ppdish (k@/ﬂb @)prpgeﬁse’ahus {t %@@gr qhycoagqcﬁ@ laygr outside of the contact
holes ResHFad an?‘?Qﬁ)@fE's&ﬁge ;ﬂ&‘ldeg h ( CvP") pr SC GS? Thus a
ortlono t he conaduct er, out e of t

50" hesl et Mk OB Sl e bats o Pt e bTged o B
in a@efnn@hdijcﬁﬂfeylcsﬂéiulti in défectshiEor ewatnpledthel etch efibkd ARC lam,cmgmazee dielectric and
etch sg)g Eaﬁ%r C%D % quagystalg nllla}clé éeq?%es u?‘ n tl?e coitzg:{ 1?5‘1 ' o?c%ﬁt% ?e%o%e thik jg?olymer a wet
cleag )@@pqg|tceremtp\{q@e@p]@hcars)zfrlsmh@omﬂ@cqn'a?téple fqrrnzttlgqi |Ng)yf@yer ashing is typically used

to r(gﬁo% g aan Crnéd ‘fhuluﬁl% Q(ghlp(ﬁga%g a&hﬁ]! &d Jey BL5RL br)ﬁcegs@ﬁy;geillﬁresult in defects,
ol ymer residue within the contact hole. In orde

S“dr % RS PEeSREF 6 PHIEAISS st they a%‘Pnal hapdling, of te sgrmicepdpcgpr F@’n‘ﬁ%\}’é additon, the
1ayetr h@l@@mmbc&ssabmnmmfcm e ARE 15avh aptof theditedrizmgtitl Xhereby forming
massiyede cf ga{:ts 1n.flhe czrg of £ 0?1%% '}e(kg%e Oscratle}és m%keg das‘i‘lll t?o cfls%ﬁ%us %ehpgrtlcle defects
frorg the goratah . Typelsdag pblypngz@pllsfleq:e@@nyltq remwed@ft@o%l%? layesig @ider to preclude . .
presence of particles due to the additiona
mrﬁ%ﬂﬁﬁﬁm of the sem conductor device. In addition, the
| ayésacowngw@laweiffl Fsiemad RelhadyforEviding A esniqopdyetarevice having
| ayer on top of the dielectrié material, thereby
formng nmassive defects in the formof scratches.
These scratches make it difficult to distinguish true
particle defects fromthe scratches. Typically a-1ong
pol i shing step-is necessary to renpve the top ARC

ing contacts
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40 scratch formation. Accordingly, what is needed is a
system and nethod for providing a sem conductor device
whaooisisposd WO 2004/ 053980 PCT/ US2003/ 029985  cPOIL/EHE1083/029985
with fewer defects. The present invention addresses

such a need. DI SCLOSURE OF | NVENTI ON The present
confaply Wit fewm defecy i Bmyesent insenkencrddrerdessyeb e @epdf or  pr ovi di ng

at | east one cont actDlgS@L@SUﬁ@@quﬁm devi ce. The
sem conductor devi ce includes a substrate an etch

st o e BEFRY invemfion B vides appatiod gndsysisgy Py reovidkne 3hleqstge gqnpagt in a
senﬁdomﬁctbtayﬁfe, TigRensitdntuctoe fidvREintivdes £BstrtGn étél%p 141yaty & intexhyer dielectric

rl ayer. di.el.ectric attk1
on t% T%Ch SQ)P Ea €r, aﬁtl e chve coatm% CAR%E]I%%% Ion € 1nt%rtle1¥er 1electrr11c agt{ a% least one feature

g
beldvethstichotop 1aa<t§e4i teat?teia%l@dvm&as leht ong appriure brel rexR@glom ihe PRI dayer is provided.

Thed%k féyst (91@ gperturl—neabcﬁfts arl &Eo%&d &Qﬂﬁn BRES ARE l§yelr %h@lgé?%ﬁ alzfmsystem comprise
exposed portion of né; The net hod and

etcfg%ﬁéteémot%e&r?ﬁtﬂps%f theREHYHpne el ﬁfe%edecws PElpW e eifposedhortion of the ARC
layeﬁﬁﬁxduﬁd&fng gl heetdnitop lay@ YBirovitie @ @& df 6t 106 08¥eoh® hole. The method

3os ortion of the A er Wi t hout et chi i
PR PR Ut B e 5 p gk m o rottesd oo irsh vey g voosedn
the b@'@@tqf the & legnherottadn bdleto prbhide thedt keaa orib@omntﬂlckyiﬁ tlmm_n&fi]ﬂiﬁ)g the at least
one%gmtﬂoﬁ%it?xggﬁ-t hc‘ilge Jﬁﬂ&af esist mask in situ, removing a

portlon_o t stop | ayer exposed in the portion
of * prerdig tq tb%%’tte%ﬁ’é netbﬁct dsstosed b¢rein.tthy ppasenyinvratiqntperfeyis a portion of the

fabrllﬁﬁ"eﬁltof m@&m@erﬁtles%mgm 1§-s1tuQes§i sttri-ﬂ) to ﬁe&idefal thdrd aﬂcttvbsos@&ch polymer
one _contact hole with a ductive mater

femﬂei SPigh HgPlss PrResCuIEHPRRECYHE PO e e aﬁetgétl%wet cleaning
prodebes fadl @SB thd diweabiiindper Basigrtalepor t i on of the
fabrication of th n in-situ
resist stripto p‘rﬁog&gﬁ%&gﬁgﬁz?#jéiéf&?‘ggagost etch
pol ¥igwe 1 3 hightemel dbw chtiiofdne simbpgimefitioesmétind ipwetrdag@rwith g present

mv&i&ﬁt@;ﬁl&ld&\é%rﬁac@@l&khmm&kﬁg addi tional ashing and
wet cleani ng Ej:élitgrocesses and reduces the chance of

i nt Figueg isAgorreiriaitad fipw phart of e emippipept ofyemetimd eeyxlagye with the present
inv@%\ﬂmldﬁigg@m&ttauhlraiu&dlatfg:lﬂ; | evel flow chart of one

th d th the
I BRI e B g LA SOt 1 bl B e AL present
invéd@onfdugngrfebridatios a nore detail ed flow chart of one

enbodi nent of EMR E\%tﬁfﬁ pr esent

i nvention for l\g?lg%ﬁg [ ngbégﬁgg\g% o3 tclﬁl re ucegﬁ\éef ects.

Fi glitcgsesgningmtighegptestio srimpreveyod iirtﬁemtcoretcm deyiéond. dda fplleviegrdescription
is pREMIER chdBleREER LRSS SkilMntld bt REmMRE EREM the 1h@¥tﬁ)ﬂtaﬁcgp rovided in the context

during fabrication. MODE(S) FOR CARRYING OUT T
of PF\WERPPF‘W’?@CI Wéq%‘F‘e@’e nY2ripiReifisatiops fodhe Rietgreq eénb%mem will be readily
appmmnfommmnéd i the SERd megeddm bmrmptéeweme&y belz d@ﬁteﬁ @l kheMdmB@iments. Thus,
the grﬁse?t va tulo{? ﬂ not 1ﬁ¢fein86t[d§g’ l?erl (I%ted 10 gme gml o%ln%ntosg%vs\// é nl{t 18 todbe acca%led the widest
Scomcgnﬁtswetdwth the pti@iptes priddoatures éffscré)ecplateent applic at | on and

it STﬂe%gééén[ ﬁ@‘ﬁ%%rov‘é@sra! rf?éth%d mQ&stetn(:fa‘tp'r&ﬁﬁtgtaﬂer&%e contact ina

preferred enbodi nent w | readi | apparent to
Semt"ﬁ’@s@‘)rﬁ‘fltet By Stnﬁcqnﬁetoaﬁiewcealﬁfaud@wubseﬁeratl elchpPARyPpangierlayer dielectric

on tH@d't&l sfdp IEW R Qntﬂﬁtﬂﬁch\%@oattlﬂg @kbﬁﬁyc@@ﬂﬁhﬁ%&rﬁhela&h& Qnd at Iehk@one feature
sent Fventlon IS not intended to

e PSR B B0 SEET HEGEHE OhPARE I s providd
ThesiCloptone gr8urs ts@biive wi dxpostdpertipi offiel ARCsyea Mtk rhet@t] aifdesgstem comprise

etchgngﬁlﬁo gtggeq Qrﬁ&%f Bre A}Iaqayglr SF ﬁ@&tetl%grec{%tiéc&@ b&dY t‘ﬂé Q{E%G@%O{non of the ARC

system roviding "at lTeast one c
layqr prithput eiching Bisiefibe ieh sigp Ay €. provivie 2 peshened pideasttons-cotfesy hade The method

andisfehA6 SondriSe4BRdvin@ 1 resi@i a8l if Eltusxteﬁ@vulg%@lrtlon &Ffthe etch stop layer exposed in

interl ayer dielectrjc
the portion of the at least one contact hole to provide the at least one contact hole in situ, and filling the at least

2
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on the etch stop layer, an anti-reflective coating

(ARC) layer on the interlayer dielectric, and at | east
wop@4Hsmsure bel ow the etch stop |ayer. A resPGL/USHSK029985

having at | east one aperture and residing on the ARC

| ayer is provided. 35 The at | east one aperture is
onegértagehokervith 2 podedtivgooatatislon of t he ARC | ayer. The net hod

an dT%%fs&mnmemM@ﬁe et il ¥rnds Bﬁ%@%&d@%ﬁ@% st@k. Furthermore, for
the A | ayer and the interlayer dielectric belowthe

clarly, Efl??édpsdber‘tn?“éﬁ‘} e of préinamygsill ip %ff willj thesdiere readiypRoBRize Mt this method
andtsﬁfemwglm ofeh& e eﬁ‘edﬁbbl;sfbﬂrme} ﬁ&ﬁfds Eia@m@ iehdtbrl @nddor pdditiohaD fepdfThalpresent

em al
1nve&8%?_ a[{'sggesrcrélhg %ﬂ clg%rdur{cﬁcgn v?tgs Ip crlrlf%rasep(‘ucon ué%(i)rtda‘y cetha%cerrsﬂam Cé)mponents
Hoypoert o pf apdinatshesillén harswit padiy@pgnex (patgicprisent lntldmeorpecrcmsls@qnt with a
se; ()nd‘ilagr d@\ywe hgxﬁﬁgtotkgpﬁxdﬁxo&ffg&¥ conlgén%ntg o provide the at

east one contact in sit and filling the at '
| ea$e more pyDialuRillewan do PR WSHEB IGTBE. WEh e piststdrvention, refer

nowht@ b@uﬂm tdgplalng OB iRt TR tnBthéPtl00 in LBRrdefic8 S8R the hodRMRvbidn for

Pf%ﬁ?& B g ggef!ﬁr}r bariief oo Pt YEP%%% shegd g bsn proviced
on thd semﬁorﬂnﬁor(dmldet ’Eﬁ senfi¥veducthr devicH indrdys aaleich $top lnyet, Arein@tidyer dielectric layer
on t‘ﬂ\é each’stogfI ?mdo aln%htlrgﬂg(?g' co¥1t1 ?élg%q%y T onttl?%terfa?eﬁ ﬁlelr%rlch ﬁl% dASRC layer and
etcltﬁa)mlaag el flodecSi e SION. Habclterlasn éaple@mcepgefewnfrpré@@ﬁpr BPTEOS.

The“réeﬂugdﬁ%{olr @eﬂllcle §1scﬁla§ﬁat§@(§)%&ep ﬁlg et&lnstdf) Qd%rum E}ka%le \%et s@rm@onductor might
particul ar sem conductor device having cert

have gpEAE b unctions fsh ysouresiad Grin Fraiordryrad e FIEh 15p i Maepver features
sucdsltile sr@@Ahd/ot dfaﬁgd@mnz Byt Haaet a shilt@le myasse&ht as COSIARbIE Mo de@uce their contact
devi.ce haV|

res%%g? e raﬁm? an}( gﬁzferaegﬁxgs onfop g lI'IJC %g& }%?r e hB éersltstl IT gPeﬁtemedr with apertures

thatilie ks uhategomshéthmmhomﬂuaorcﬂe‘sgwthamhp pongics ar dﬁmd&eatw th
th eTfPer‘ﬁ&elg};er AnHY r%l&ggp&ele&rﬁf ?Josed %9 We !q%rtlﬁlesqy € reg'lst mask are removed in an

depi cting one e I n accor dance
etchygiop via e 197 Eheeatabing peyiormerl drptep 492 dw Y eritpusly the ejpft aptlayer under the

mteYlQlfexl'}hé‘l&gfé a8 Q pr@ﬁfr&fé‘hﬁedmﬂ'ﬁ? thaeichRdy Qs@@fo%@ét&lrlﬁlgépyl 02 includes C4Fs, C4F,
commences after a has been provided on

Cng, glaﬁg dB’ﬁ’a i}&"t tB"rdlﬂ%:{ﬂc E@tena}-hxgl hg‘@ﬁ’lhtga ﬁq]ﬁﬁg\flté fo s&a&?fl Ehg underlymg nitride film

@wh@@ﬁudﬁs an etch stop Iayer an interlayer dielectric

c oa?ﬁe remsglﬂﬁg 5 rtferrtlo(\:/g]drusl %)1 rl]l vi sge\élqp{t a0 q‘é_S@{eLF aenlgtl a?l! 1I %&%be\éj?:hsuu the resist
mashREetherydin a ggntfolled wnorsneoqoprbfaylér ingraigeuim dllambbe ulsieNo‘a prdyseye and
con§5l@lgas;ghﬁrohlﬁt€§1wo %%ﬁanﬁiérehﬁg hfe 'ré‘shstl n§as191§ %ﬁn@ﬁeﬁm He daIE o:hamber as the etch

he sem conduct or devi ce al so ha
is PPEBPYEP LY oRsrigRthe fh%@beéthe;sﬁa% the pich chyraipty isppleshanas @ an Pplgsed process.
ThiS S ek Glugh fdﬂn@icfjﬁblg dbh ;bacmesg@mn@ﬁgame@gh@ th umtvmngsmms to be
ource n I ons neat t
et e ey B oy Ry b B AT e g Pe it amouator

forrainglgae suclgl#sa/il | on He N mmysheradded. Tawenge of@ibssuésaiepd lzenpelly vagesclipending

upo,; ﬁle g@lgdment uQedOIEoE g{amg? tl{eg Gfe c&ﬁ'@\lzafy iﬁ)%%glt toa aﬁg‘é b%%i@&xclelo T.

I st nmas ltTes on to

| ay She AREHleyer enditistporiessad thegtclpa«eptlmem the mw of %@W%h% are removed in
situl Ydtepl 106 TRROUEhBE h6183teTBt e tmdttﬂih@e SR) CONEUACHRAct 1‘53I %\bb Gfde are
where the contacts. are to be |ocated, The ARC | a
eXPRYALt 1R 7P EPPARER ek B e EOuRPB B YU A pEPT oD 10f. Because the
ARCIgerfatdbdtchtstopugds a@k@noi@ibsi@dhd ARGlayer 210 el gbp Isjeeqde remibv@d in a controlled
envgr%ngxﬁentg'%%f%rﬁ%%m taﬁ/!a:éc% ol qﬁ.mg ¢ lrlgdgrrlé’)@ gresmﬂe %13 tr%ﬁ)e% ggs%%elgtﬁrdg%% }nto the

chagibee] ASestin i prefeired cabyshindf e a8C emmh st hyer aqe rﬁelomqlérnfihmamy chamber asthe -

res1's‘§sergm<§\19& mtsdgl? 18t 'ﬁms kHd sﬁe%ﬁanﬁoggs ﬁs&g’vﬁﬁglﬁ%n%ﬁgthe %Ec@mductor devices from

Fs, C2F6 which etch dielectric materr al have
the éhaWPiEH“%eéP ety FIF’?“SF bis §lta8%?d SRt R FtF}W‘deayﬁrls f‘IF Pigisrably a nitride
film (etch-stop layer). The Pesist mask is renoved in
situ, via step 104. Because the resist mask is renoved
in situ, the resist 25 mask is renoved in a
control |l ed environnent, preferably in a vacuum chanber
under Iom1pressure and controlled gases |ntroduced

N a Y L
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Thus, one chanber is used for nultiple etch processes
by changing the chem stry to allow various filns to be
wer@hessosiThe et ch chemistry used in step 104 iBCT/US2003/029985
preferably 02 based. In sone enbodi nents, a small
amount of 30 form ng gas such as N2/ H2, or H2, N2 may
typelyné mateiipd dfor eRkrepls: thn ¢RCafid gtnh stom layee sngbtsi@dlﬂgéﬁé*haﬁl@ly OVhfrqOQ’?,matlon The

AREEPE BEbnNgso bum@nf@h ﬁgi‘dé)PfHﬁmhe uéﬁ&emf@;pr%mhaude; @@3 CF4, CH;Fs,
ressure could var from3 mlh to a range bet ween - O

or CHF. Fhepratmiee 1asfe raltee e el faa? £ 70 BF tOtSH%m’étdeWn@?w e cqupmentusd.

I ayeﬁe cBftact Fufes Bid $iBedGHith b BehdeB iEdrialnQkies V\arva stef I0BY.&¢h rksllt, electrical
cont'ag rc?Peba mag 8&1(; %ét}l%g(g tﬁ%?%l?l%o)n&icgr o{c}é d%lg% ?M@ steg may!t g performed to
polishetbkeW ptug, viassiep @ 8 @ihe GMP @oresseioidde ncmmalled & a@y&Gindloasedyce thp introduction
of s%at&%yﬁl&Qhe%Q{a Ligdli@ n junction is exposed in step 106.

ecause t he RC | ayer and etch stop | ayer are
r enBerae ihe reglpfabof theﬁ@lsm@ o piehingeniehe éﬁ@wn%ftt@ﬁtop 4y argagicd out in

situ) TRHFRMBA off the c@ntgc@sn; sﬁr@ﬂhlflgﬁ A cBIMH6RNRBA bshind Ey@fcﬁfy%wd Yo reMovd the resist
vacuum chanb under | ow pressure and S%om;rol ses

masi fanbg AYpdegy 1 iiﬁ]fhé‘ort’ fhepro BPVnehegsiyt sk in§ita fsgiepnggynd may obviate the
nec@Fpathirire ftt, clehligy. PRE datadk istadies in(fcpmlata)}l ef thaxtoetadt BetOe te deduced or

avo;tilgcﬁ a?%ﬁon pec?] seetﬁe Al?(,s la%p}egrﬁe&(oxe/e in 51tu t CF I\ﬁnﬁ aetg pianan%e tﬁpraaterlal filling

€ sane C 'S use renov
the ¢dnactdielrs ic omplificd Hecage e A&S 1fyergmempied sczfﬁemtx@f the ARG lageyduring the CMP
is nbilBi&kch chem stry is changed. Both the ARC and etch

stop Iaéers are | referably anitride 3 W 2004/053980

PCTFigisod 53 /moEgigiaisyd floy ehag of ¢pg prafiorlisent ofgypetaddnin accodppge with the

preséﬁ@w@rﬂidn o ﬁleldifx@d@ntﬁ(fﬁWEH refic@itefehie FRkd - 3]5&63qu& Ghting@iit of a
e Co

semfom&chtﬁr W: ?é§ in a:ﬁc])ﬁlgnce W%Rtgf:e?r%%rg gﬁ(énrthgl%éufl% l%rlc%tmn us[ﬂg;/}Le method 150.
Thel niethod) B0 r G, coftiadnces@Fid eR gtch stp 1agid3da, 1ntéﬂa§33r piclegsgaipyer on the etch stop
laer MQS gntl\(e@l%é{we Io%ﬂng EW#E og R rlHtJdlI;l}% 1&anm-ﬂaxte%ee%%%v@d The ARC layer

tact holes are
andfetctl Ft@dlamr iy ipelude ﬁ@@é‘i’ ?f\ﬁé)NTEb@Fﬂieféﬁyer diglretric i prefarablyi PP TR or

BPHESY. TRSeficdr@ W Hovic hiRHaS feft@b(s) uRdef MR L@ kopIEr. R eX¥RES, thed
the features of the sem condugt or dev%]]&?lﬁél n. a

somipoE OGBS DE A LA BIHEH b BB ShIERETBI e e sor
layes tMeolzérOfcatlﬂﬂﬂudEI‘a'Pthﬁ)foGEESﬂIOSbﬁm Juelctibes na@ hdve @ kdlieide 1byer, such as CoSi, in
llsjtgne the introduction of scratches

drelectric. Because the renoval of

t he Anesssi gask gk alandesexvu iemggions inwhich ARONEediolet adto B¢ fopmed is provided,
via Ltay Bh.Sr h@fe@ist(flﬂglirﬂrggab%piks (')Inop of 'tﬂe lAzRCfIQQJ Plglﬁg BIQ@eths tﬂe@&mconductor

contacts IS sSi TTF fied A conventi onal resist ashi %
devieg Bi0crgldipe a¥etpcks? 1P @RbAPd 20 ermpdan astosiree i sYPareme Lhed 214, 222 and
2242 bstedda 234|’hre_aﬁ ahi Edgeyds the e $cB0eS 9200dnd n:&ma&tieaigew lw8Si layers 204 and 206

havF1 Eega ?Qfxaegg)gtlwfelélll S:ggtié-: ;S/J\é S%ﬁ lélgd%gﬁ éndag%]t% gﬁy 2(:%6 f'md @B on Junc%ons (not explicitly
shoivn)t Angcheed layer 2f@is frarhdédon the Batt $ek2dM128€ 4nd BY] aad grathe Bedi layers 202 and

204, '?I%l‘ggrﬁ?ona[ctor ﬁ‘e‘éi%le %qlso lnaucﬁg thﬁtlsr%ﬁ/elzr’ dltgﬁ&gy’%g ({5‘?1 A&Ecl:dyer 260. A resist

noved 1 n anari Ze
mactkﬁéo Ipging priceyjresf2i72 qnd %4 IS !Wéh%@n"flﬁétm tHi§$ &3 ap 7§ F‘fﬁﬂr‘%"? fhegoSi layers 202

and284, Q‘Htgsem §H38enfMReddcBY &Wicd B0 BHRY S th beSalidtb BB kRgreObeldwte C081 layers 202
ARC | ayer during the CMP is not an issue. 15 Figure 2
andi204.5 npre detailed flow chart of one enbodi ment of a
met TedARGRAydr %Oalﬁdtﬁfed@ﬂ{dﬁzldbmt bsotekigsedpy s ep’a:tturbsrw 2 midi204in the resist

mas%%_rﬂé g %\re{lh\%ld ) n%t%ﬁ‘gt?a?g\tna stV\é tlgé{ [[‘E? elf!&l%g ggﬁ);n%%tngs eé)tlljégcﬂ)r éeﬂ%t etch through the

ord?r%c? lic?]{l]lelr coPtact fes

one

 etclpO e 240 g@eumeterlwtdnlecmezq@rw depictethe $eeworeﬁy¢t1>rnlnge 200 affter step

154f ?ﬁ%ﬂoﬁﬁ%& 'Aolﬂ)rtﬂ)ﬁ 'oﬂgnt&!? ﬁolﬂggmg 2823s beent @ﬁle@'géngﬁgthélé)grtures 272 and 274.

er ab conmences after an etch stop | ayer,
Howwwleagﬁé POféﬁ’Uélf B eiFh op|laygrdfO tsRaipias théP%fﬁofé‘eecfﬁmacr ‘éﬁ‘Fé 80 and 282.
and an antireflective coating4(ARC) | ayer on the
interlayer dielectric have been provided. The ARC
| ayer 20 and etch stop layer nmay include SiN and/or
SiON. The interlayer dielectric is preferably HDP,
TECS or BPTEOS The sem conductor deV| ce aI SO has

r . - I . I
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| ayer. Moreover, features such as the source and/or

drain junctions nay have a salicide |ayer, such as
W@®i/053980 order to reduce their contact resi SPENUE2002629985

, A resist mask having apertures over the regions in

whi ch the contact holes are to be forned is provided,

Vi aThltregist bR 270Themped pslthervagict ipice P&¥raahP8p clepned ingitu, via prep 156.
Bec se B %SA%QSQ AYRS emoEédgﬁjglﬁ t?z&egs@aasﬁgﬁo it ngaﬁmaccgmﬁgée%onmem

evice 200 including gate stack

prefergpliisch Vagyur Chagmbe tupdsE lew prysure apskrousiolederss mpefuged dnto hoghamber. Figure 3C
depa&dhe sérdifond R RElded 32BN fler 2eatbva Bﬁheﬁ{esﬁt hak Qﬁgga:aﬂé thE tbastgameno is

cks, 210, ectivel CoSi ,
ren i SOy BT QRN SR B Rt SOHEEED B 45 R b ana 20
havabedn 2BQansislly eljjrﬁih&edSTlﬁl@,kl& satBiGes afitle @31t bioles| 28071 Gid 232 Sard subxtantially clean.

expl. 3 o B 0
o THEEC e 0B o0 B850 o3 Dl e 80 Bl 250 e
282 agpyrepayedip Situq yiel Step21(§& FigmeSDglendtcthmduicondpctal device 00dier rethayal of the etch

stoﬂ l%lr Mfé%&hé\ﬁsé e Eén%ﬁBle@S@’l Siflo83°€ TRR A3tk @ RoldR60’!| A 862> have been
resist mask 270 havi ng E)ert ures 272 and 274

f°“F§1 afl §’6 Ceidnrrs 20Pad 26 é‘i"t’llh‘ihé%“tazt?? SR GadE s cxposedBGinse i dRC layer
260GaGihe paRloSth28¢ch stop Merzmare r-EﬂbI\&d inl sfiu, thB ARE @436 shd Gle@brtion of the etch
StOIb g%%g@%ta%gg%% nq }:1 (Zc%\%?l'gg %Eonmgrht r%ﬁ%)tly 15% I;’]aefﬁlfnle %ﬁ%ber under low pressure and
conB@Bd gave 1mtm>t1®cd iatp de cithmbéreThe contacHBHBs 2800 owkl$2 Dyre filivg w1th a conductive
mat@x’f’a.(i3 Md%%%&nt&? I%até’?‘fg\g:ha%ZrAZed Dia tstt';?l 60 eﬁs' a%(t,sult @%a&ggacﬁlgﬁ be made to the

enove via ste etchin
featﬁ@gi L dhesemcanductor @(510‘1@@ @]&3%@1&@ %Wmtcpppdmjgﬂe‘ﬂq?@m @”{cﬂqrmahon of the

conat;t@@ol aRY B ak4ABmpIdkey; filitné En@E IR0 i 8L dnll femdWbk the excess
ure BBﬁd |cts t sen conduct or devi ce 200 after

Cong‘ic B M5 PeoEE: B8R Y SR portion of contact hol es 280
an d Bé’cﬁ&e hﬁﬁenbm of theaesisenask eToead hclﬁdgef @psRC urdesh dd2lag@rs@60 and 240

are Icarrled outiﬁﬂ g V& ri’catlog oflt e%%lﬁcac% 1Ps%{:elphlf ?J] {X%an&ﬁ a?rteg Q ﬁs%f gg""ﬁ@%’ used to

renamhezsszst mzskm @@W@é@g@ BdIPOT/ SPBOSHTABYBS the Tasist mask 270 in situ is
clee{ngrsah@ﬁl 2’3@%&6 éd Qeeﬂ ® p@@JIB\é% c@c@gngt 'Bﬁls QR AtodQl 8Forg@dn of the contact
and cl

eaned in situ, via step 156. Because t he
holgs28¢’ Sztnd RS Icambegedueed prea[s@lg%ldm aiifhtg]ntk{ﬁcaus[eﬁl@ ARCJpyes 26pnljf§?noved in situ, the

CM2 ik ditSpldn@iiae MR chalefial ﬂlhﬁ@tlﬁ& &oﬁda&t @6lesBW! £1ANEENE simplified. Because the ARC
A R ST
3C Adeiod g syskeen l@selmmqvwd fap prodiding creta@Qif) a adnti@nduciendsyigd. Although

the gjesehngveﬁtgﬁ b equ%%nbgg Qx acc%%ﬁ&g with t‘h@&nb%ﬁﬁlbrﬁst sh&%s gne %F cgdi.hﬁy skill in the

t he cont act ol es
art kyjllé@ﬁ@treqog}m@| tltagthergwldﬁe yylﬁ@ngto ith efn]aféhn@,egqq prgldl@oseh@p@@ns would be within

the %ﬁ[@f and®36be 288¢ presBd HRerA6E mcﬁdﬂcﬂﬁgﬁ}a Hlﬁﬂyaxwdﬁﬁcaﬁibxhsrﬂaﬁ 84 8#&die by one of ordinary
hus, the surfaces of the a hoI es, 80' and 282’

skilbin dheaft yihoy Spagiine o the spirit an FERGRdFd “and the
portion of the etch INDUSTRHMPPZAOABEIThe base of the

gtogp %%éfgp in SSklg ?nqage%ggvﬂ?r%azdﬂg geg?%n&yg t%‘% C(lm 6n%1?1¥ayﬁl?§h0d§0r forming contacts

in aeyBiceRflicér dervecmatls m@lf:fectth Boregaginle, the &g 0|f tfhy ARC 2@, iptprlay¢ydiclectric and
etclpﬁo%%ygrf tyﬂlcrﬂ fry 1@:97951 agﬁfymm&sﬁﬁe \%i%ﬁ)n th@cr&gtaez 8de. In J('ﬂ:ﬁ" §»rentlcn§ this golymer a wet

contact hol'e have been 10 forned,
cle@cﬂh@sédgrempw%er@lyzﬂefz i 12 4 PG IR AGTeaM: e picaly wsed
to rEfEIE thd E@steﬂﬁﬁbﬁlﬁﬂhpleB&ﬁlﬂidﬁﬁl abitigs aARKet biaanels prdEdseafplcdlli @sult in defects,

f ot h tch
sucg ﬁ p(r)?r;ﬁxge :fl% )?g?- tog-g &)duﬁ)az}{ Fzﬁldlznﬁ 8 er:senncelgig%{?{%ew eCIﬁ addition, the

» laysm}piug aye pro@é@loama@y scerbesaig ARG lgyecamneprafficledric-material, thereby forming - --

mas%f‘}g HJféEE rﬁetﬁé rnpgf ?Irﬁg @{J tl‘ﬁ[esé $drafdhe¥ ﬁl‘ilkéliml{ﬁﬂﬂ@cﬁ{tm%{ﬁkﬂ Gle ﬂaﬂi@’le defects

pressure an contro gases I ntroduced I n
frog g seseiehes Trricaboripaedrlihie 8@ ipweessagiip|repg e thedpRARG Weétﬂ' order to preclude
with a conductive material aAd the contact materi al
pl anari zed, via step 160. As a result, electrica
contact can be nade to the 15 features of the
sem conduct or device 200. Figure 3E depicts the
sem conduct or deV|ce 200 after fornatlon of the

e P - NN PN o o N | o



Because the renoval of the resist mask 270 and etching

of the ARC and etch stop |ayers 260 and 240 are
w@aromioss#sout in situ, fabrication of the contarCEHUBR03/029985

sinmplified. A conventional resist ashing typically

used to 20 renove the resist mask 270 can be avoi ded.
scrytch ferepgion on, the process of renpving the resist mask

270 Ac&)rcﬁﬂgt}uwlha%s ﬁée@éﬂrisec{ sy @ andB¥h QI ﬁ&v%&Q%erﬂ@ﬁ%c‘éo@dewce having
orma wet cleaning. Thus, defects introduced in

COH?%V it T e Flie BEe MeniogiEsssmye ned 282" can be
reduced or avoided. In addition, because the ARC | ayer
260 is renoved in situ, the CM used to planarize the
material filling the contact hol es 280" and 282" is
sinmplified. Because the ARC |ayer 260 is renoved,
scratching of the ARC | ayer 260 during the CW is
prevented. 25 A nethod and system has been di scl osed
for providing contacts in a sem conductor device.

Al t hough the present invention has been described in
accordance with the enbodi nents shown, one of ordinary
skill inthe art will readily recognize that there
could be variations to the enbodi mrents and those
variations would be within the spirit and scope of
the present invention. Accordingly, many nodifications
may be nade by one of ordinary skill in the art

wi t hout departing fromthe spirit and scope of the
appended cl ai ms. 30 | NDUSTRI AL APPLI CABI LI TY One of
ordinary skill in the art will readily recognize that
the conventional nethod for form ng contacts in a
sem conductor device results in defects. For exanpl e,
the etch of the ARC | ayer, interlayer dielectric and
etch stop layer typically | eaves a pol yner residue
within the contact hole. In order to renmove this
polynmer, a wet <clean is used to renove the pol yners
arising fromthe contact hole formation. Mreover,
ashing is typically used 35 to renove the resist.
These nmul tiple conplicated ashing and wet cl eaning
processes typically result in defects, such as the
presence of particles due to the additional handling
of the sem conductor device. In addition, the

| ayer- W pl ug CVMP process-normal | y-scratches-the

ARC-1 ayer on top of-dielectric-material, thereby
formng nmassive defects in the formof scratches.
These scratches nmake it difficult to distinguish true
particle defects fromthe scratches. Typically a |ong
polishing step is necessary to renove the top ARC

| ayer in order to preclude 5 WO 2004/ 053980

PCT/ US2003/ 029985 scratch formati on. Accordi ngly,

what is needed is a system and nethod for providing a
sem conduct or device having contacts with fewer
defects. The present invention addresses such a need.
6 WD 2004/ 053980 PCT/ US2003/ 029985 CLAIMS 1. A net hod
for providing at | east one contact in a sem conduct or

i ncluding a substrate (201), an etch stop |ayer

(240), an interlayer dielectric (250) on the etch stop
| ayer (240), an anti-reflective coating (ARC) | ayer
(260) on the interlayer dielectric (250), and at | east
one feature below the etch stop | ayer (240), a resist
mask 5 having at | east one aperture therein residing
on the ARC | ayer (260), the | east one aperture being
above an exposed portion of the ARC | ayer (260), the
met hod conprising the steps of: (a) etching (102) the
exposed portion of the ARC | afer (260) and the
interlayer dielectric (250)
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bel ow t he exposed portion of the ARC | ayer (260)

W t hout etching through the etch stop layer (240) to
w@e@nios®sa portion of at | east one contact hoP€&T/US103/029985

(b) renmoving the resist mask in situ (104); (c)

removing a portion of the etch stop |ayer (240)

exposed in the portion of tQBABMS|east one contact

1. h 0| Q\ rﬁéﬁlo@ Ed? Fﬂoqgmé :n@eaﬂbne c@ﬁ§¥ inQ %&QMQQBCIMg% sﬁ}ﬂtra?é (EZM) an etch stop
g{; ast one cont'act hole wt

lay%ré%]48b &1{ IPR‘?gan‘fé]fe trig 25 ?) feg‘l)i etchstopfayar (P49 Ap pptigetleptivg icc?ﬁu]_g (ARC) layer
(26vmame>| mertatfse dleleamcsmsa)mﬁd@t rmlféague&klew tHeldlch §3Q4er (240), a resist mask

havmé Eleas{ one pe]itlﬁce t%%rmﬁ es1d1tng?,| e I nla%er 2%8 %e lgalfﬁoglg %Fgﬁ?{%ge%gfabove an
exmkeélpmlqp QﬁkheAECrfaytrhi@OBtl@ Imethodnomprising nhe(stzlsz@o)“ includes SiN

and/gr Siff¥he do2) #8ExpBRE Bk 1€ e ic (25

| a ((eér? (280) %(ﬁcl)udesp %9 ) ? kﬁtg(l ( )el SI RN Feﬂ%’eﬁﬁ%cmc(z '0)
belpyy the prrespd pagtionphige AR Hbf‘d <?éP) Vem@t}t ﬁtfsflngfﬂwltgh & clehiigrlpvet @) to provide a
portlds}ﬂ)fsﬁ@gxoaﬁfgomz&h(ﬁ@) pl anari zng the conductive nmateri al

gut scraIchlng urfa%® of the interlayer
dlel ctrf%mwT%@ﬁ? St i@ 0hod of claim 1 further
comi si mgnobinga sirtép obxhe etdhestop Ia@emleOmp(ﬁedpﬁ)ﬂlb p@tonef the hrdeast one

f at | east one
cor@?ﬁﬁ oaeg(%lﬁgvufe%%q le%’spcin? Eoél Hak@ S% é‘rrlnhde conduct or device
i nckdi nglliag Sepdewstanecoitzohde withn cendetivengpial @9Br  (240) ,
2. an T Bl AY LAl Sh&Gh thb fesistdmskrémRing QB &mozgtgﬁther%cﬁl@es the step of:

| ayer (240), an anti-reflective coatin | ayer
(26@)1)onCIFW@glﬂﬁtP%rPP%ﬁngc?ﬂtaé { haleqn sitg. (250) and at | east
3. one Theadthod ef deh 0 wWhirkie the bt st liap 2@y Relude248 and/drisS@ON.
4. gg:‘]?‘ge rfleqhooqp élaﬁrlnlrfﬁl}l%r{:}g hgs\ﬁg?a&/er 6%6%) ch'iégs% lﬁél}ldéorr%lON o5 811%&/(81 rich
nitpgieovi di ng a resi st rrask having at |east one aperture
5. therrﬁéIﬁethoh'aﬁckluﬁmmare&nﬁ@%&lygt&,J@e' ng above an exposed
portion of etching the exposed
por {9 on @kRnaimg thR@dMywatfrm}hmaﬁ@atflﬁ@ ajsyffage qf ghp dnterlayer dielectric.
(25dj el ect r| c (250) bel ow the exposed portion of the 30

: hout etchin hrough the etch stop
6 ayg 5;*2‘536‘2’[5%%'\&7?8‘8“%‘5‘6%?‘? ?t%’r?tf ‘'of at |east one

confact rdiobieg a Foetivo vl thngR(hEye[‘ @s0)31 sitnbsflre iha atdéabtione contact hole is filled.

7. TeMy @igongucpog ECLI |0 [11101951 ?bs@{ti&mztag @tclll s@%{ﬁ%’n e(g & )a{l mtetrlayer dielectric

expose | e por ["'eas
<25ﬂ>cﬂné1etet§h peropiet@4d e alatreﬂeefa@tm@me(AB@hham 260 oh the interlgyer diglectric (250),

andd0fasf dnk kain@ vEIBE th@Etcﬂ s‘?(%sﬂqu%) %%ﬁ\% co Pﬁglr% th sIeB% o

conductive materi al he sem conduc devi ce of .
cl af RmpligiARsoRGE: ity f cautesfs DpingRsPvided BOBroYidied 4 fENss mask kpving at
leadd &(i/aﬁd‘rtuﬁitlﬂ'\dlrﬂﬂhe le&BOnShIRN.lré Singlab®B adxpdstdi@)tion Of thel AT layer (260), etching

the %%%%?? por o tfg:e éﬂg\{ )fang Lha mg\llayel\i\%Sefﬁlé rEZS‘&))hbelow e elxl?o\éeedrportion of the
M@mrdmﬁwwﬁmlﬁeg/ﬂ@%hdﬁe e@h somiayer RH® !tceprwldeh@omm aidtadstoge contact
hol!z %(Imé e QL@ %{kl nzfr‘tq r%&vﬂg ugor&% @Ihg QEI{% laygﬁ% &p&gd in the portion of

ortion of
the gt least one contact hole to prov1de the at least one contact hole in situ, and filling the at least one contact

hole with a conductive material.

8. The semiconductor device of claim 7 wherein the etch stop layer (240) includes SiN and/or SiON or
SiRN (St rich nitride).

9. The semiconductor device of claim 7 wherein the ARC layer (260) includes SiN and/or SiON.

10._... The semiconductor.device of.claim 7. wherein the conductive layer is-planarized without scratching a.-

remaining portion of the ARC layer (260).



