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METHOD FOR PREVENTI NG AN | NCREASE | N CONTACT HOLE
W DTH DURI NG CONTACT FORVATI ON TECHNI CAL FI ELD The

w@e@som34t nvention is generally in the field oPCT/US2004/033417

senlconduct04 3§¥%$e¥§€§£NTﬁ3§'°n Mor e artlgﬁlarly,
the presentM ‘%“1‘*5 %) ct
formation for ¥R Y &U%P%FGg TeEE FPRMAT conduct or
di e. BACKGROUND ART Contacts are utilized, anong ot her

t hi nggembieaPE@Mb de connections between a transistor
regi on of a sem conductor die and an interconnect

et althd @@t in&htiohl B b@ekalphvictdheseh ik amagiosdedte fabagii@nMort 0
achieve high circuit density, these contacts, which
pgrtiewdarLi [tHe yredepijraengiontis ipy the Bebdod eqntagt Zrpagion fe permicopquptonpviags ina a
smal | area of the sem conductor die w thout touching
sgrciye i se interfering with each other. As such, it

i's I@B@k&ﬁ%ﬁNﬂ&hfontr0| contact hole w dth during

cont n to achi eve a contact having a

suf f | EonBd akertiSB@ hrhonp\btE fingsD proig cainEcHEHY BfebrQBdsistor region of a
contact fabrication process, a contact hole is
s&mpmaabi@e@@émMQﬂmbymhmmhogmaghyman@UQMﬂheﬂbﬁﬁbamwwh@h
oxi de layer, which can be situated, for exanple, ove

cieuit dgNig} fts?ﬁ‘mt?césg‘f"éfﬁ exfrelly have Ahighasctaieymugl figvithg ghall arca arine

sFrgl)S/ogxijt}c O{I\qge withou t[touc‘hlg%or ot%erwme 1%ter%ru%g w1tggach é%ﬁ{ere rAs 3110113 L’“lsci:mp%r ant to

can conn

S HfacPoledid cﬂ'lru%r Bt £5) mgtmﬁtotaghm?esi ookl ha{;neggx' sﬁf‘me@tﬁy shRBwidth.

sem conductor die. The contact hole is then lined with

a bamuiigla cdrRan@inal@ QiR fabEdatidh plocddB i @htact BdlGityA@!lyt definadiyUirpgraphy

and filled with a netal, such as tungsten, to forma
apbeithetin an okdglepe whickserf b nsiélatfch@r emnld ever 9 tragﬁ‘éfpr legém ofggemiconductor

deposited on the sidewalls tﬂe con%ac% (?ng.on |

tn ah%raau'e%centacav@ FgT PURY B DU EB B OO G 6P R Bt Semole

Sf)urce o}j dram Q"%aatn} t}'{eetl ags&g gr%%nln%yt%g s&!nﬁﬂ)%uctoﬁ&ysf nOfihet ﬁona(xes tl’?éhl ln%h gl@h a

enove e conventi onal

&91@#1@@%0&@8@ eﬁﬁe‘ial QUdh RERGHS Snd LBy @b Bud%d 1kRstdnAY &Fm & Sntact.
typically removed by ut|I|2|ng a sputter etch process
Do) tefofa the darifpolayer ddowalv@sited ahulireisidgpvatldrd the prathdt nte agd @lthe silicide
process, top corner portions of the oxide |ayer than

Lot stvnéed atifsdotion af edtet 1| denatye é"‘%ll@ﬁ ﬂ@ftferﬁéavelu Uhe SBIEICH [Tyt first be
r%rg(mt_ec!;(eﬁ tg%%?v\ér%f) O (ioﬁc%c}} b81.>S/ aetloﬂ prc\)/é%]\%ls e na v o‘uds la;t;elljl% B/F)l{:a}ﬂy {etﬁoveg] bey
Lﬁiﬁﬁgaagﬁuttérlg@ﬁ préoSss go%lrgg,% addt er t he contact hol e has been

) tungsten has an undesirabl e increased
W dt hHoweRp akiethd sputtbdi@h prideds) t@l covdr @érlonOdf tHe bede 2@ thed dreids the
contact hole. Thus, there is a need in the art for a
quetkdnigdt afe@iso ftabedin midition ietbitatie oxidaiaen whidhcaupes thatoie! the exgiagifiole to
of a sem conductor die that grevents an undesf%qu%
ed with tungsten

ipgieapedmwidth 45 2esHb Be b SRR g rREC dgnieskeen ©

lfag)gnrlrlg‘éelsir%g]é increased width compared to the initial width of the patterned contact hole.

Thus, there is a need in the art for a method for forming a contact over a transistor region of a
semiconductor die that prevents an undesirable increase in contact hole width during contact formation.
SUMMARY

The present invention is directed to method for preventing an increase in contact hole width during
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SUMVARY The_present invention is directed to nethod
for preventing an increase in contact hole wdth

wa@leoosg342- cont act fornmation. The present inverT/Usz004/033417

addresses and resolves the need in the art

FRPHBEPF S TPOYHChg AR BHERE g he prdindr %rf e We&g? Brforming a
&Eta@oé?ﬂaﬁs%&%&&n% a gh‘ nﬁ&%}i di chag g;g\gﬁéan%pdeéﬂglggﬁér&%m c%ntact hole

I ncrease |1 n contact e W d uring contact

fafh ARE eRtact AEA6AI Ng to one exenpl ary enbodi nent, a

method for form ng a contact over a suicide |ayer

Si t uateeddingto ene senmplag athadhat, a deterd 6o Mpfihsesnidt gtrepiligde layer
depositing a barrier layer on sidewalls of a contact

Hotted I‘H%'Fe‘n‘%d‘ﬁt"%@t qowww plepeot @eagﬁélrg adpetrigfdayer@n aﬂéeweﬂls%t%m hole

of, the con si.de

w og zhrgmvc? SH% AR sﬁlgn gét aﬁ\,@tgm tlée cgn(t:af:tPPIE m\)\'{%ggltz? 51Je]g281|5 are dert]me by the

%Mpcllﬁn a gllgg:trg @aF'JrI o xlmﬂyee{ he SEHYr l!%@r r1t1a|y %@tﬁénlﬁmtﬁah&ﬂ Hlltrfdgénd
nitride and dielectric layer may be PECVD oxi de.

&Gti@pic BFer SRPRPECVIMkide N'ehe & of deBdsitihExyeHarrionaytrbe ths k16ﬂ£’\ﬂﬁ Iof tBe contact
of the contact hole and on the native oxide |ayer can

Tée apdynitheingtivel oxddg debier £dndre optithied lyexh thitéhe birggy layer hea & grepteg thigkpess pt a top
t hi ckness at a top of the contact hole than a

tifecpppeidale den ﬁtﬂé‘nﬁbﬁt%?ﬁ“ﬁ’f offhjeoniEgiielact hol e. Accor di ng

E: 8 rr;) PAcgoertgngq ITPII{S %!e [c)ngny em dclhmenp ¥hb metpo% E‘D:I Q(gn??flge%’l?r]sgep 0{1 emova a pOI'thl’l

EBhrri@ mmehemam Yiie Qe gﬁatéd@Mﬁ‘erbot%'mto‘ﬂﬁE Qfhaddhold th&pose the silicide
bottom of the contact hole to expose the suicide
lagey. eFor exiniplle, X @N{oh & thetblrger P dnd O naife dxldelaaditnadted kt thedbytem of the
and the native oxide |ayer situated at the bottom of
f0hfect bdTremketr enm?déy etaiﬁinwpwgwﬁ% eFesyyThat P‘?“FaFt 2?1ﬁ@>marissm eleciical
“c°8‘ﬁ‘it g {rho‘&l]eﬁ?}ﬁ elev\ﬁ:gl c%ntaf:t Cc}th 1f. ré)&lfl?r?a%egﬁy the smttgr efch Wo%ﬁs {"}feéhelectnc
@ Tokngxcr‘ Esquscgger%élohsnﬁua%@&d}a&eﬁtrto tﬁé c%Hacpﬁo%C\%ét% the TOB %ornel regions of the
tric layer conprises top corner regions situated
86lichB R it Qot biRRIUERNMT36T of RObENg EE® of €bal B ayeR®he native oxide
regions of the dielectric |ayer are not etch during
kfvesitgdia@pt tipfbottagab the prgtadt hide. 9teitfrabires of! advingrgbsaf the reesent iayeatfon will
and the native oxide |ayer situated at the bottom of
beRRNCESFPREY aPRITCR o sl PPt erae 2a e R R e de e
? esent 'a&\ée% o réra\‘/vvlnl | becone nore readily apparent to
FORE" S 5P B AT | in the art after review ng the

foll owing detai | esRigeSRTR PHo/dFANE DRAGAGRANYI Ng
drawi ngs. BRI EF DESCRI PTTON OF THE DRAW NGS Fi gure 1

i s a Hijguevahetolvclad cairess@aingd exgmiloy @stenpépa icyordiny thad estiodipsnt of
accordi ng to one enbodi nent of the present invention.

P gereréingtiqn| | ustrates a cross-sectional view of a
portion of 11gﬁﬁwafer grocefsed acc

) . t;)rdfjgﬁto an o
embodiFHE IBFARETIHERE 0RO LRFIPR LS SHES Ry ete6 2w apipalp P
éﬁb%&f?ien@gf tl*e I;}l%enfti!)n(,)mg%ngmé e ceﬁﬁngwpﬁof the flowchart in Figure 1.
Figure 2B illustrates a cross-sectional view of a portion of a wafer processed according to an
embodiment of the invention, corresponding to certain steps of the flowchart in Figure 1.

Figure 3 is a flowchart corresponding to exemplary method steps according to one embodiment of

the present invention.
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Figure 2B illustrates a cross-sectional view of a

portion of a wafer processed according to an
W(entmsmmm of the invention, cor r espondl ng t OPCEUSBNN4033417
? :: g glgijlgtlgsga\ggpfggcﬁﬁlla&ggIgX é)%lf)n olf §1/ w tphoce dsed atccorde}lg to an
e%g(‘}d%éﬁi ame by OenfRR &0 SRR TR airQlepdoP e RIWERA Hrih@YENt i ON.
-2-Figure 4A Tl [1ustrates a cross-sectional view of a

por t irQre@B ill@stiivefa@fossREOGRS R df :30:E6H il b Refertp@cedd according to an
enbodi nent of the invention, corresponding to certain
egedirsentd! tht neenfidnpprdsimndingitqpelingigpseof Be fdmiclypef ing’isgB 3.

illustrates a cross-sectional view of a portion of a
waf erfigyied Sedevdarersionieg T PHH REPBOTRPHASHFINg o opfgnbodiment of
F rgﬂ%mwtb corresponding to certain steps of the

ko) t"'n Figure 3. Figure 5 is a flowchart
corr q:ﬁ%gferaﬂ Gtk RXEERbANEwIEL J30i6h 1 GRS pRBERS HloRGhelidhn
one enbodi nent of the present invention. Figure 6A
dnbbditBdnt @the Biveltid®) OBSpoSERtid @A steyd oihe Bfwcirtpdiigiiedn of a
waf er processed according to an enbodi nent of the
i nverfigusiB ileweteasioerieriong viey otrerrian of s ytfnpodsd oppeling to an
flowhart in Figure 5 Fi e ustrate
TP FLBIEEEE Ry C\‘?'ireé‘?/?/“%‘fg i °%i5a8“rsfef’s Oﬁth%%owéha\‘}\tléri‘l:ég?" e g r ocessed
accor di ng to anpefhod SRk pPlon dieHEMN GG, ,
corresponding t0 certain steps of the flfowhart in
Fi gure preseddEveNida ildirddheSORleddd 6N Cdntink icrehsBMVIRMNE] HON wiiiRiuring
present invention is directed to nmethod for preventing
domant Pasich icomahiamtiuctaodiee Tiw folfokving desdripiipn coRinamtcifit arfomeetiprangrtaining
in a sem conductor die. The foll ow ng_description ] )
e glﬁtnmleﬁngnteglﬂég fhe present ﬁf@?%?{ledﬁlleﬂél}t{wgﬁ mlH@:ognge @ﬁg‘le present invention

IPa[%f rTFerrr]lgr%td Imon ar?ner J' t]fjereniHrror%%teﬁsge‘tmﬁf leg}scusseq in t?}mesen x%h.ca%on

recogni ze present ‘I nve
Mﬁ‘yovgesohm Ith@ Eg@@ﬁc%gtalls Bt t@e 1%@1@@2& rQ{ cflstlﬁgeg rﬁtordt:rrn&% (;bnﬁjé the invention.
specificall'y discussed in the present application.

VDI €0 Hrawife® ABhe@feschtgplisip@thd their acheh@hitig dexhiled @€ ription are directed to

i nvention are not discussed in order not to obscure

rhdnay ¢xpryrdant dmhedimey ef t@rilawitimg go npintpipyeyeyiy, eﬁl@ﬁmb@i@mtﬁ of & presqnt
and their acconpanying detail ed description_a

eptiop f18 Aot REC AP dp s ‘bé‘k‘é HpPrEs; RelBiea AHEHe: S’Ei’flﬁﬁa‘r‘ryé“‘““a‘ed by the

i nventioon. To maintain brevity, other enbodinents of

resens drawm . . .o .
he resent i nvention are not specifically described

int rt@gu[%rl SRRAL fiRR G Abing fh ARG A @ hBObr I5R8E b fdnGableya transistor
illustrated by the present drawi ngs. Figure 1 shows a
fegioVit h@mtconidiclouidit scatding ip canendxdngi @thy prasett roatidiofertfipdetrlirgd

a contact over a transistor region in a sem conductor
faeeshere st ichg™ efdlowﬁéﬂ @ﬁ%tafe ﬁ@ﬁﬁ?m W PErFfE O gy igill in the art. For

i nv nt ion ures hav

SpPiy? St?p| m(%\g)ﬁsm‘i ?fj Oﬂ.e(?bm%rﬁ %s%egs or ma mvo ve ?%)?cwglzegequlﬁmen?m matex?atls, as
ogﬁ f @{eXrt.SoerlpJ 1|50 4nld 152%1C§£dtm ﬂJ\:RQﬁ’alt 100 are sufficient to describe one embodiment of

the present invention, other embodiments of the invention may utilize steps different from those shown in
flowchart 100. It is noted that the processing steps shown in flowchart 100 are performed on a wafer, which,
prior to step 150, includes a contact hole formed in a dielectric layer and a native oxide layer situated over a

silicide layer at the bottom of the contact hole, where the dielectric layer and silicide layer can be situated over
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exanple, a step may consist of one or nore substeps or
may i nvol ve speci alized equi pnment or materials, as

wanosm483a2zt he art. Steps 150 and 152 indi cat edPC"l1/U82004/033417

flowchart 100 are sufficient tﬁ%descr

TR Rt O 8 FOTRE (BB Y AR HEY N SgPR BHBTR e A ond
ﬁ]lllusgfﬁe thé’]rgsgl%f 869? nﬂ% nl'éts!rLlc f% nclﬁ{I %ongact h&@ﬁ)%%l f rd%ﬁlmc layer

ose shown | hart i's noted that
PEAQGSS b Msisddr RPiSn 0 Wrate thof shoMMGNAY df thd BreBldRcuRBd foBVelBREs 150 and
on a wafer, which, prior to step 150, includes a
wont feethahodogespotieied i n a dielectric |ayer and a native
oxide | ayer situated over a suicide |ayer at the
bot t dipfesing pdveo dartlie Fistivl wd siipiar 20 tfigva P lRietep 100 flogiyart 100,

??'Etgrgf I%I%r 2%# %geplgﬁ%de over% ectr c?%/ ZBzﬁoant s?dgwaﬂs Z%g and §(%76<‘){ ﬁ)ntg'(g Eol JOQ and over

st¥ at
x_ta'n?:%;(lgé‘l)iyer §B 51M§$dla{{ b%l%omzﬁ 9 of@%c&@lg 2d8 ra]nd%lsgéﬂt[lﬁél o?e%ﬁeﬁl@ 1a?ﬁ$214 As
Illustrate the result of perform ng, on a structure
dhoved bl g A dicleitic @§dr 2004 sRuafed bRTGhidctc layech1 € Iwaih & bifiattdy & b
situated over a transistor region of a substrate (not
singvm region gfia yubeifate {rhishdwindn i) 2 Al iDiteatg slevdr 2Ath e eompgtegifjepn dioxide,
150 and 152 of flowchart 100, respectively. Referring
Yieieh cercPe deratyeds Boriplern g plre® gaharyieq cheicp|prg dgPogiEy ((RFCVD”) process.
gb%rlil 51(%{1(? %é osatt in aﬁﬂ%\’i‘)&%&%g i (rll 09 aatrv gs ;&ZQ/'E gﬁg ru& t%! prlsQ’)Y er

osited ove ectric layer
§p|pﬂ:§%@| ILIa?tlve?(Qﬁe BReh18Q Guatd @@@ﬁl@&tlayé}@h%t R0 218 Bﬂ:o&%ﬁfole 208 and
native oxide layer 210 situated at bottom 212 of
@pﬂh@ﬂkﬂhmhaqaﬁﬁoﬂmdBawaoﬁsmmmamﬁdumwemesuoamdaehaybmwof
214. As shown in Figure 2A, dielectric [ayer 204 is
eivteeralt0 ddhngrents 2eH B0 dagsirgns. B%yfékayez%’é can\Rhdepdsited gn sdeqfla gQg@nd 207
over a transistor r on.of rate
A dob A S el bt T uy SO e g Prget e Taghee
d ggﬁlcgn?prls %kqﬁxn/g&xﬁﬁn B@ldeqeﬁ@ ?N”} %helf eglgod%gtm!u gel lak}/Z@ may comprise
asma enhanced chem cal vapor dep05|t|on
P&@&@LS&mbl&tlbﬂ & B Ba16ldr axdpplepride pagd ead i the p&séﬁﬁ@%f&n@&nﬂﬁle%osmon of
is also referred to as "PECVD oxide" in the present
ot kealR o be ditinizadeuch stptaertipna 18 of LATiEy ldye 267 situptet] eCliiaC@vte top corner
sui ci de |ayer 214 at bottom 212 of contact hole 2

ﬁﬁﬂ’s Bt B F%‘@ctﬂ‘ﬂ%%oﬁﬁﬁvf“‘ I LR hﬂl@mlwl?ﬂ%ﬁyaw Ryer 202
s1 atebelbottom ﬁ%&f/ 81’:% o 08I %ya resu(% %%B(%E) artrleléi‘aﬁé‘l%% (Qr?dg §ufﬁcxent

Ween rons an

f)r@ty(,%[;n R0 638 r %ﬁnst&'elta&{i 1498 684 ddl‘?n‘é@ Ldb§qu%1Q§pua@ dtcl%@%es@fContact
contact hole 2 over native oxide |ayer 210, and
ROleBTidiRl2o) vatich Isitie distarglFetvid@didewhll 206RBIMOBST charrcibble 208, it $1® redigried to as
and can conprise titaniumtitaniumnitride ("Ti ATi N') -
Tetpctitahrentach Wil tin e pressnt adphgetidne Refqrigpg gorisp@ 2A rikgyesel i ppr 1S@ofa

B TSP B0 BL ot 2, o PR 5L e

gﬁ&@rg’ kStz mofﬁgungZB ba%éi) ) & or h(ﬂ%ﬁe{t 1800 gortﬁ)ﬁ@l 9 @ﬁoa&’ gtlz'tyg] 26;99@ §éﬁ9&h)x1de
at portions 218 of barrier layer 202 t uat ed

ARGt A0 Rkated £ bdHOR 2100F dRct FoRQDOMSerdo el t@&xp&sé’kﬁcfd@ﬁye@ilél. Portion 219 of
contact hol e 208 have a greater thickness than portion
Rilr@r lofer BA situbtetat hogigne?12 202nim ltols 493add mtive lddetlaypn2P01@n lppfremoved by
contact hole 208. As a result, portions 218 of barrier
Pté‘ylé&f a spgipr gipp BoTeetevhid Fafnlcﬁ?pé‘ﬁ’targﬁ‘? (otrec Thespte §ich RH°S RprReyes

gor ns or}%arr% 2% er £0t2 tsx uatede a%: %]tlo CofI s@éév ﬁs ’7900 nd %‘7] r%ovxgver since portions 218 of

Seguent
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hole width 220, which is the di stance between si dewal |
206 and 207 of contact hole 208, is also referred to

wago0sghgatri cal contact width" in the present PCT/US2004/033417

EPyEh: B alihar P ro0rTe i Fote pat i B R el
g}g0204 %nglné? H& 2% a!rJhoﬁ:tcﬁég dgrégthls Q)utl: } Gn 1%cels ag gresult contact hole
Structure 252 i Figure 2B, at step 152 fl owchart

vhEE 220000t lhdﬁd’dsez Eththfle $@kdetcR prodeRy €nta Qe 208 danmaﬁllekl @ittdaheBsuch as
| ayer 210 situated at bottom 212 of contact hole 208
tanegter e mwireghertt gerax poslete e fochetipna RefprritalFiguRPBt thousuP dfgtep 152 of
of barrier layer 202 situated at bottom 212 of contact
frarehart 3¢9gs lﬁﬁfﬂat?ﬁlét’ fYEpirde | ayer 210 can be removed by

util Iﬁll n%}hﬁ er%lpo#lﬁl E)f tfxef:%)%pentenvgnQ1ﬁ jrgtil F1 uref gy fo mg bgl ypa&er §(ﬁ prior to

argon ( er etc reno

;p:%rl:nﬁng B $pud: etaﬁﬂ'cfcés@tﬁ relrn@\)é%ﬁtwg&%e ﬁﬂ/et' M@'Al@i@ptﬂﬁm&h@ f&rﬁigloﬂ)gf barrier
sidewal I's 206 and 207. However, since portions 218 of

laybr 10a1tiieipeEend igvg@ion ROIds efcBigroycointr rdglogiprof Aiblpctiivaayer 204. As a result, the
sufficient thickness to protect top corner regions 222
oyfsend ingdnigas tadhvirtage Qgheichiggyp coasidieviprageitacthalg pvigghabipyot iggressed during
not etched during the sputter etch process. As a

PEOYPE CMAEMPEEES hol e width 220 is not increased during

t h € Sfri) L&Fe%%@ow@& ﬁg&cﬂftgﬁlglé 4 ax@mp@aglmeﬁ% ﬁr fgrglﬁlgg.%tapt%ver a transistor
illed such as tungsten i n a subsequent

§£1&ﬂ)f b Qa6 QEPLRE 8 oe@RbAGknt bokd PddnQmventie fRfdid d3Qilda0d features have

Figure 2B, the result of step 152 of flowchart 100 is

bekd Iefsdur eftflengchint308 thet ae bperent @5 Eersowflsrsiinaliy rskilll in hle are rﬁ;@deirrm’emstep

of the present invention in Figure

Barepsisor ?%V@YOTQSG@‘“*??IOF B “’tVEJ‘V"'p*éeIC‘F‘I&Fdrﬁqﬂ@“eét %Bﬁfrta@ras o wHn the art.

g ? Sér?d 3t59 m F]at n%owc%t r& 308 arg ?uf Blent taad¥scr1 one em ogwnt o{ tﬁeepresent

f'ormation” o
ﬂ{;eﬁtcf‘bg ru‘.thelI eﬂfﬁ&ﬂﬁén@ th@\ﬁglﬂgé’l n%ty gthiz@&p; c@fﬂ:l eg'tq{oﬂ@froser sﬁ(gdn @HRwchart 300.

2 of dielectric layer . As a result, the present
lt B‘Vi@ﬂitt]haﬁhﬂe Rebvsing éﬂa@ﬂﬁmhl‘yﬂo&%ﬂt B0 @S pafodi bxemafeh aitich) griofito step
contact hole width that is not increased during the
BOritchndes atantaptiiplp frmep madiglsdric lfprgufaaati¥e efitsipser stuptpdoweria gligide layer
|IIustratlﬁr}g an exenp od for form gacontact

?t §

h
B ot £y gﬂf*aﬁe BB oA ST 1 RAP e P R CE g s
re%l(gl 0? glg!t]r%te othsav T f%(‘l}e& %In h%ulren)v gtnICtImeSSO gﬁ%% J’l ﬂglggtllg !alld%B illustrate

eat ur e een out of flowchart 300 t
B Rsuf PRSIz, b2 AuddBd iSMinOf coRbEcEihot@briiedSKa didleciiB layd ﬁtuﬂd'dtover a
For exanple, a step may consist of one or nore
Saisdr epin offa subsliptei(misdiwnén Spefdlicdibirepiicgdirbpyresps P and 352 of
materials, as known in the art. Steps 350 and 352
flonghasaPl esresvely- owchar t 300 are suffi ci ent to describe

gﬂ‘g oe gllg g(? nt]E) st?}{{) 19 ?1 Be ?a?cﬁo %ru%Q XS%?nt [l 1%ure 1A, a% s@e%%SO of flowchart 300,

Qa!nief oﬁ{d(.elg}ter I 10 g%ttth@& glléljg de 4i4r§s 1@14109%%{t$m ﬁg Qf cmlt&ct ﬂofé 408 b

noted that the processing steps shown in flowchart 305
alligingedcfive hydaGerOfe-deatVaD. €t is notdd kbathjthopghingive dx@le & P103G8moved at step
i ncludes a contact hole fornmed in a dielectric |ayer
3chative nede lgyer 4dis ehewl infjigre &) tp EP&EY@HS“@‘@ de prese gihfeorlighent piedipvention.
at_the bottom of the contact

& Bty diglect rlﬁ&?éetrs 484}.]zaxd 416; s&;lF\?ﬁags 108% 407 (é)ﬂtaobléoleséﬁ%§ ﬂgltveecaude layer 410,

:Sl)n\é %15‘101(% layer%lpéts ;1 §t¥u9t[1re 450 correspond, respectively, to dielectric layers 204 and 216, sidewalls 206
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region of a substrate (not shown in any of the
figures). Structures 350 and 352 in Figures 4A and 4B

woRkbosauszaee the result of perform ng, on a strBCTAWIS2004/033417

TSR0 5B P RS PP S ShEEAFuhENER o

%&%Hoama{t} Yhel@gtrlctl% 464 &Hﬁrgé)l’E(g\b ]§&%§%Qh 9a9 BMrdensd & Qr?annealmg
50 and | owchart 300, respectively. Referring

Pev8sshi@r Blie WEB‘@I@ oAidd) Hat @& depodted MusSdid1ddGit dyee404 BGhuthharder than native
Figure 4A, at step 350 of flowhart 300, native oxide

dxdrg Gwyer ATDOwiEdhtcenapiriged silipgregxids thit sititamalhagrewn athrgein tersperarppreakesult,

at bottom 412 of contact hole 408 by utilizing

yhen &?‘V%‘dﬁ&?’éﬁ ‘8@ ésr?tc'ﬂﬁd éwaé (& 4FRoAep0y ter e"‘th’e Wéres p’t’*ﬁléat“ Le. reactive

%gﬁgen Igleglqlgé Y Ip aorne ons ?2% f{)dlaileltgc yer IO% mﬁlcis_are st uat 2193 t%)s of

hat i ve OX 'S s own i n ure

@&tvglﬁ ho6l drd déBdidh@l @i, r&&nd@tr e §iath 4@"@&@1 MStaQJe bdrdAn sidewalls 406 and
invention. In Figure 4A dielectric layers 404 and
4% 61 costicelewabd, & ndQbreanichiid Pefforneaia bxektivh Dld@ged 8- clemaiB (. @ntact hole
oxi de layer 410, and suicide |layer 414 in structure
wigd 4200t sinellspie pretact heleyyats £30ynd] i%rlre 28.@ndd o esdarred te aSI“évéie%l copiget width”
ﬁg{g Ipéér?t&ga 1Iﬁfgoenlwa§|y11 rttlngéigguxe tﬂeSILeﬁulé i)fdigg %g;ﬁgp&@?&%o% N 1llust1 ated by
%QJ #gg sgre 250 in Figure 2A. In the present enbodi nent,

ectric layer 404 conprises PECVD oxi de, which can
be hacid@nREwitised Bs2a M@ al 30t RILeCESE Fidbt 9, atisitp {5b of@lowchart 300,
PECVD oxi de) has been deposited. Thus, dielectric
baarieelpyed32 isidepositerbdn sideanrithedP6 dndh 4 ofrattacyieledSd, aler slligigelpye] Psituated at
whi ch conprises silicon oxide that is thermally grown
ety g9 rpRpateOR) prd ovepdicleptrie x4, Bifpe Ryeh A icapde %"R?Sﬁﬁg I @ manner

IS etc

ll(noxn the ar?ﬂ‘ld 8an comé)rlseq‘lf?' Wa% ogher embodlrm%tqo gan lﬁ% laxley 43% may com%rlse a different

reactive re-clean,

m%m&zlo@meéman LR SRR heM] &Ht%ct é@&o@&n &1 fﬁ[lacﬂﬁ{hra knCtal such as

| ayer 404, which are situated at the tops of sidewalls

AfMten ia b @bd@ient &bCth thpleid BBt formatibra Refedfiad te FigvraBhth&id@t of step 352 of

which is the distance between sidewalls 406 and 407 of

ﬁ@ﬁh%é?oihfévséatﬂl@sstruiﬁsfeﬁét i ncreased after performance

of reactjve h rol% pre-cl ean 430. C% t hol e wi dth

420 i SV {PderEPocs 8%’?&1’5"’&?“ e R g R ’26‘ f‘"ﬁ% SEFGLYF Ry deogen pre-

Q&Q {)IJO(%SS% reidovk £ Eaﬁge 0 196 lg.ygx PRe bo%nf td. Ednﬁla lhol(glgiial.tt@&e%os%éjat ‘.QI’I’ICI‘ layer

he present application. erring to Figure 4A

Inlﬂﬁ con@Stbit, 1R preseh@iend&hd@htadeduOWibAdel a DLt haSing d doktset HoRtwdth that

by structure 450. Continuing with step 352 in Figure 3
dmaghositaraagtduring ceb farnatibd. gur e 4B, at step 352 of

flowchart 300, barrier |ayer 432 is deposited on

Si devidgures sros a Brighatdipstghne abiierpiry PIo forigming g gafact over a transistor
%gii)ncof gggeradyco (r(im4t]64an g’m It ag:nte (?the %ICSFI’IQ mvenpgi C}f%al Jetalfl:s an& ta (f‘ure)? have been

ve

(48 Gut GAHIWEG: S8 RAS kL Eﬁgmm% aapelgm m%mamgm ttle . tﬂaﬁex%ﬂle AR may
can conprise Ti/Ti In other enbodi nents, barrier

Loy 6F 04e3? mB YubG@E R iapvodve Ehedidliedd editpmed ﬂﬁ}daﬁiﬂeﬂd, BMnodh in the art. Steps
nmetal s or an appropriate single netal. Contact hole

0 @ndSahindjeatef jn|foweharj0p fre ayffigiont i) desstipe hneaz@quizm@jsf taprisqyt igvention,
subsequent step to co ete contact for

ﬁgefr &p fh)ﬁaﬂstosth beﬂtfoé a)gp theﬁtéos fi gfgrfnt ? onbf'hosg visn 1@%(2&083111 500. It is noted

that the processing steps shown in flowchart 500 are performed on a wafer, which, prior to step 550, includes
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flowmhart 300 is illustrated by structure 452. Thus,
in the enbodi nent of the present invention in Figure

W@ 2005%0488421 i zi ng a reactive hydrogen precl ean pcmmss&c)4/033417

to renpve a na xi de er.at the hotto

ac°8’f‘f?°é‘£$e ThgFLn %‘F‘ Fw?aéer&‘éﬁlﬂ ‘ ‘i‘ix‘r‘%ﬁla’é?r PATE et 2 ﬁmﬁ%lrayef j the bottom
delE gath@igkvh.!;}@éhgdwl&ﬁ@lap& 25 Sithac LY B %1 teaciye Laﬁs%mgal)ryofa
provi des a contact having a contact t ha

SR8 Sie MGshdwh GaBYET Ehe Bl ds)) SR8 BCAnd Bsznxmagdre@m anﬁlsg WGratBthe result
shows a flowchart illustrating an exenplary nethod for
dfoerfornngp, en acuvtugedicludives cogact ol figm @ tinor diefeetdjd lapar hated owed teansistor
according to an enbodi rent of the present invention.
TERPNL oA 7 ORI ApYsowa i B e fsuese) disaired %%Véﬁtewéfq ang3pp ofgffowehart 500,
fl owctlwart 500 that are apparent to a person of

rssrpf‘f“?dry skill in the art. For exanple, a step may

CoNSi ke B n NG5 s ELurS RS LSRR 4’36 in'Fob¥re Im .0k €50 of flowchart 500,
speci al i zed equi pnent or materials, as known in the

@frier 1ayot @P S ddde BN EidESRER 6D ﬁ)abﬁ;dntdcfhofe le\shakive 3O 136610
sufficient to describe one enbodi nent of the present
sitpajed [t biotbam, 613 pllventacidialo 6 arprerlicsfirig Ipyer G0h ydiak s giatatayer dielectric layer
utilize steps different fromthose shown in flowha

<6 oStepu 0 PEHDT SHOPHAL® (G P HEBSL e B AT fis
lgl,}llelos 5 @gSQigwa"ﬂg %rGBP%)gEcgho(PerkOQ & 0?( ds Ia %@bé 1% I?:) tt091r6| 1? silicide layer

I nclu es -6-a cont act o
éliy %l%@ﬂs%lscpdrtﬁy 619, BREL: Rl P atdp@Bindr @2’161{3 63 ik éﬂr@@t@aﬁo in Figure
over a suicide Iayer at the bottom of the contact
¢r0doggspantiedsgecivile, tahagledaer0Z; diklegyie tay@sad4 sid 2t ddewdliggsandan
be situated over a transistor region of a substrate

ARt hadtrgliatvpoxida iy o 1% ‘Wém“f %16 §Hiddeyaver @4 ppeionyed P‘B'EPG 2k gpntact

lg)gz l?%%lg,:,?g tE)pe (i“f’%nngrpr\esgeabrpliI ? 1&1 rstreuctlurl;c] Z{O 1rgl'4t %1 etzlle gf%lr%?lgng%r tchco?tact hole width
529 Enlﬁglre ZR c@ntéu }ﬁ)le%&l{ 426 is Ial@tyl &lrred {otdy@fe%alqyr@a%t v@dth” in the present
transistor region of a substrate (not shown in any of
dpPi@atfoh 1R BS Jo beHi& GG S@AN BHO\LR, thSde@piBonDBidrrian 16l edPcap be optimized in
flowchart 500, respectively. Referring nowto step 550
thqpréspry embediBeraswch that pagigon il Sof 4B Qer jayer $2 gitweted adjAgentdq topsdormpy portions
550 of flowchart 500, barrier |ayer 602 is deBosi t ed

BA dhedenng popiact BYRFO8 Ry %efte‘d'?wkeﬁﬁflaﬁ&m?ﬁ’&lw of By %F{‘/@rz situated at
id r L ua

%o%%ntm é’él? © ﬁntrc?hoée%é? Repegm% 1Igur Aé?‘ %%u}t Ilglgsgef) ggyeo?ﬂbéré irt 500, is 1lhﬁtrated
'%,sstr,gckutrég@@ ed over dielectric layer 616. Step 550 in

igure 5 corresponds to step 350 in Figure 3. In
par t | Cutirding witestep 622fin FiguyeeStands0Rfureths Zih 8igtre 61 atlsiapy e of flo@hart 500, a
and 616, sidewalls 606 and 607, contact hole 608,
srirattlweus ot etchfcb?gpélfwr@mess lb?ffft’r@Pﬁ IBEROve St eIrielay i pitugadover

ort on act hol e
ﬁlé‘ral%"d%gﬁ% BYs" °¥’“1 6% &@Fﬁﬁ‘r“‘éﬁn%’%ﬁpﬂ“ﬁr effp&ea?sgm%‘%&“e“’ Al
PIRRE beld Y BHN can baePR el bifdidelvAMY &5 alBore

% { %@%%?f%ﬁwrt%yer B O e T
KoY 816z g i@ e dBBe, a Bt Vepos@iXi el@nifudy B sidli@neoldQpukt@Riciddegosition
sui cide | ayer 214, portions 218, portion 219, contact
prodes camiutliizh arPBFopriaip shutteogichilenositon raﬁ@egi:l@wg,na@@@xiiieﬁayer 610 is etched (i.e.

structure 250 in Figure 2A. Thus, simlar to contact
Wanéd)V\PﬂtVﬁ' of example, the ratio of Ar and Ti/TiN molecules can be selected to achieve a sputter

etch/deposition ratio of between 1.0 and 2.0. Thus, by utilizing a sputter etch/deposition ratio greater than 1.0,
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220 in Figure 2A, contact hole wdth 420 is also
referred to as "electrical contact width" in the

wonres@agd4appl i cation. Siml ar to barrier |ayer PROAIS2004/033417

E d?esen?em% dlmgnp%ecwgv% r?orrzoéletéllﬁ atlv xu%qa er fOr whlilgl %roq%rcﬂr%?c% cgrgl{l] regigns 622 of
cﬁé&trl@ fayép @d‘4rb& @eﬁaosltl B 11\5&3( o§tb Ex&la%lﬁ@oaaﬂd &9 6fbntdchofe @(F% Contact hole
corner portions 222 at the top of contact hole 6

doava bafilgt @it Sfictd AthakNSEn ih habseqat ittpddcomil8e @ﬁtadnarnran@r Referring

| ayer 602 situated at bottom 612 of contact hol e 608.
tREgere 6B, thg resul OFﬁiteg B¥2ef Boychart A0 iy iBusited bpfirugreqy2550 of

flowchart 500 is illustrated by structurF 650.

Cont ﬂ‘i‘Eﬁ Rdesriofimey ghipepeaenti I?Yer}*—*f"b‘& Flgure. Bihadiea sppinpegusgpster
etch/de o tlon ro@ess’ thea gresé?fl]é 1%%11&’)%%}18\]:63 Ie%gl\é\ﬁ)p%[agve%)g Qe’ layg at the bottom of a

aneous sputter etc eposition process
d%%ft RYidBehtch vef ANV ay@AHIY ReveRfih DR uhdd¥iSYic iR1dse i cBAﬂa%Ih%Q width
over suicide |ayer 614 at bottom 612 of contact hole
&Of cobtint ohetigi Mul t aneous sputter etch/ deposition
process, Ar can be utilized for sputter etching and

T| / TiTe %ﬁﬁlwﬁvése%?é%sr} @eﬂé’erilrmats 8 trametipsin B@E°sAnel* B OtoY enmfopriately

R T MR R e R
S%&H&Q&QQ%E%&%HﬁQ&Q&§§§eQﬁﬂmM&&M&%&a@ﬁmémﬁéQﬁﬁb@kﬁmgm
sputter etch/deposition ratio such that native oxide
UnddsedbletitRask & c@kacinaelwidih d@ing Eoﬁtﬁ@%ﬁﬂi)lon Bycomay, a0fnv@N@Apérdact
the ratio of Ar and Ti/Ti N nol ecul es can be sel ected
fomataiprosse whichslipet aa lAr etichitd épyowdve 4 mative ogide lyergfior etapierdyer
1.0 and 2.0. Thus ut|I|Z|n a sputter

PPy @ﬁ’&%ﬁnf“? ‘B‘HGS‘faélF I“Uea@er‘é%f’f’@‘it 1. 0, - 7-t he pr esent
enbo dPlrom tﬂ above tacles?r}f) o% of empYa?l emgodlmeo 53 Y@ érgen 181 ltdl %ﬁ%est t?a}\oarlous

whi | e pro ecti ng corner
tle@){ﬁlfes 604: Ry fgmkﬂ{tlh c-ghcfep;l-sl oli’\lthbﬁfgsknt R on ShitehRWBYaltiSe Mts
and 607 of contact hole 608. Contact hole 608 can be
dedde] B6reaver Whilatherteation 84 <bh=n éscribadrngy s $peafficirgier@ces uBs@cu@ortiments, a
step to conplete contact formation. Referring to
Rrsgrutf erdpBy skithiethe alsepl repfenisythapchgmes cepld be madgéramtandsdyail W%hout
il lustrated by structure 652. Th
AR o B SR T BRTR i DAPa e B S I o o e
c%hsn&éleﬁ 91'1& %ctssap MES&&&/ 55 QJI] { egg(ﬂ%s Ilttsl}oglﬁ 194 Gr%l?@tood'i@ﬁhe invention is
present 1 nvention achieves renoval of a native oxide
Aoaiifited BlthetphBoulROddn@pmyRhbdinGadcagbed ROLIE i istipatiest maY @hrraAgements,
sui cide | ayer while preventing an undesirable increase
medifcgivhaat! sthalugonnivitolt debartinerfgmaipntopod! the @ravédni on. Thus,
as di scussed above, in enbodiments of the invention in
Fi gur’das methed for gigygniine anjereass Sycpnics hgle i during geofaptfoymitipphas been
%mgg%nce and techni ques for sputter etch and barrier

er deposition processes, the present invention
achleves renoval of a native oxide |ayer at the bottom
of a contact hole while preventing an undesirable
increase in contact hole width during contact
formation. In contrast, a conventional contact
formati on process, which utilizes an Ar sputter etch
to renove a native oxide |layer prior to barrier |ayer
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deposition, results in an undesirable increase in
contact hole width. Fromthe above description of

wexersphsyy enbodi nents of the invention it is PEmiUSE®Y/033417

that various techniques can,he used for inplementing

the concepts of the present*Tﬂventlon wi t hout

departing 4 hQi¥k ko RmsiAREntactIE: 8 ANRE 1ayeWaI14f>etuLtt1ﬁn a semiconductor die,
i nvention has been described with specific reference

fatil neeibd @mprisepbeeotrent s, a person of ordinary skill in

the art would recognize that changes could be nmade in

f or m depitipped A) 4bamiielt1¢>/e‘1ﬁ0211epiawilsﬁ@6 ﬁ<r7b<rﬁat:qmecté¢¢ 2p8) ardqula native

h Th I
BB P RECs  B e BRI ROAEP g BeBD Somgetedty
Lld oL I068) ANADAL wfaba otive. t should also be

erstood that the 1'hvention is not limted to the
par t i ehbvak (180 RRLAIM IRTRAGLIB N S (208 SCishiPRy I HE R (2 DY Situated
i s capabl e of many rearrangenents, nodifications, and
8 whStoftdnudfisabdrentant Kolv@20B) tdlep@e faidnigjcidelapem(Z1iHe scope of t he
i nvention. Thus, nmethod for preventing an increase in
contact hole width during contact formation has been
descrj bed. I thod for_ form a. cont act .
over ia sui'ef ’aethwﬁgtlcg‘ & ﬁ%i U YR aEy Vm%p%) %agrﬁo’@%{ﬁg’lﬂ’l:‘ifé?d
sialrrer lay2R26h) yﬂa@mgme gﬂmlayéa A ssnxae@aﬁ saqubottoqleore Qg CLAtaa&im{e o8
barrier layer (202) on sidewalls (206, 207) of
Qﬁmﬁﬁ@hmhﬁhemﬁ&&ﬂ%x@ﬂﬂ on a native oxide |ayer (210)
situated at a bottom of said contact hole (208), said
sidemalls (206, 207) bei ng defined by said contact hole
(208) a dielectric |ayer 4 enovi ng . (152) a
portib n ( ﬂ‘@‘j‘e“%?f‘ ol %F‘r"lsaé dl@lleéti}‘élf‘ye“((%‘iﬁﬁ"ma’i?&ﬁ teppiger regions
Q ) dl%{lgecpa)éjac(%S t s@i%f @ornt('i g%?()zozﬁ Iv&}iléf'é’}t]i s%q to EQ] %@Je%onp %%%fn a19 dlelectnc layer

cont'act t 0 expose I Cl
(2841\ 4} not &ched MBInd Bt RGO F anoﬁdg@ism sdid I)Mh%ﬁ @19y oS3k hrit BR: (@(52) and said
renmoving (152) said portion (219) of said barrier
hagiyeaid{ 2B 1 Gasitdatsia seld batbh vizaidronekehdled3od)y. (210) situated
at said bottom of said contact hole (208) conprises
utilizing a sputter etch process. 3. The nethod of

I 1 L
1(:: OSI Sor n\g'r}? [ Igethog Ia laktrzg%erelgl %’ctl cg{ltzécaho%{gﬁogg%s A glfcg g@g@&c’c width (220),
%l%ﬂ:;n)%&gl %ﬁ%ﬁ C((n%g %/)dth (%?ig &)lt Her §h§e|d gy stug ppu&e@ gt&%?oc!s@ g9 i ons

said dielectric layer ( are not etched
during said step of renoving (152) Sald portion (219)
of said barrier layer (202) and said native oxide
| ayers. ( 21@) matiof fpafordnzatcontagioger bolictdpiayeoft 143 sivdedgioremicdnductor die,
hole (208), 4. The method of claim2 wherein said
%Uﬁ?@@?mﬂﬁpegf?®§) has an electrlcal contact wi dth

( 220)rEmovm g’g@ B:ﬁ]@é OQ1d§Ja§e?{jl{d€ ggllted 0 e];]sa IlilClXVI Izgrerrh 1(1)231% Ogotton§ ofa

not 1 ncre y said
contact hole (408) by utilizing a reactive hydrogen pre-clean process (430), said sidewalls (406,407) being

defined by said contact hole (408) in a dielectric layer (404), said dielectric layer (404) having top corner
regions (422) situated adjacent to said contact hole (408);
depositing (352) a barrier layer (432) on said sidewalls (406,407) of said contact hole (408) and over

said silicide layer (414).



5. A nethod for formng a contact over a suicide |ayer

(414) situated in a sem conductor die, said nethod
woanprusisng steps of . renoving (350) a native B&TAE2004/033417

| ayer (410) situated over said suicide |ayer (414) at

a bottom of a contact hole (408) by utilizing a

reacty | ve hydragen cfgi['n%'v@llar@@Elldpé‘agf%@lﬁﬁroéeﬂ§rg-)clean%%t:éjs (430) does not etch

S|demalls (406, 407) being defined by said contact hole

i @8 Lorhert (@2lirelitdebticlajeym@y. (404), said dielectric

| ayer (404) having top corner regions (422) situated

adj acent to said contact hole (408); depositing (352)

a barrier layer (432) on said sidewalls (406, 40

said7contg@PmﬁBF@bkﬂﬁgﬁmﬁﬁ8”6@@¥“§5?@&§ﬁﬁﬁﬁd%m?SVE?W“mOum

\£herem saxd elec rlcal con&g I’Vi’%%:‘ Ate}g)c erairﬁc?eased esglds re 4\?83'(5}0 2 ple clean process (430).
etch said top corners (422) of said dielectric Iayer
(404). 7. The nethod of claimb5 wherein said contact

hol e 8( 408)A halsddmn foghiGicprtcaler g giida tler (@il 4 tsimatfdiz @ Jemiconductor die,

“wherein said electrical contact width (420) is not

*ﬁew%deedWng%@Fd reactive hydrogen pre-clean process
(430). for formn nt ct 0

Sui ol D ey e 3e BT bt Rl it Bl fosypgon s e
Qile g eg%tl {} gl%atgcp%‘? Bo‘tt?* 5}galc§501%£?:§hogf(608)ds%{a Qﬁév&raﬁsraam %% Qe)ng Befined by
arrier ayer (602) on sidewalls (60

12 B8n@6itholb @b ® i LB} riaAnEr (602), audﬁl&tvb Wade (Da)_ﬁér dﬂoﬂb&hfg&ftua(e@ 3@)said silicide

situated at a bottom of said contact hole (608), said

lgyed@Waxl | s (606, 607) being defined by said contact hoIe

(608) in a dielectric |ayer said native ox
| aye rre"(‘BT@F% é@i“hr@“@ P’t“ifé"’ty%&‘“@\?‘éiate P ijews e foid) étrs"“d botiom of
N at.ive oxide |ayer (610)
%gtc‘fi%af 18a E)ggé 2 %g& " S%i‘iﬁ%ried}gdef) by er’ (614) at said bottom
of said contact hole (608) by ut|I|Z|ng a sputter
et ch/ deposition process. 9. The nethod of claim8
wher ei n s ahémaioe pr clafm & vénamiv saRigtef Foédjovis@s ) NdlhhtiveoxdX laghe (610)
| ayer (610) situated over said suicide |ayer (614) at
sitpated otrotaidanivigtlayeHpld) ¢ Bidteton ofreid eonfrg by (68% Pﬁmpi‘lsee%nultaneously
si mul t aneousl utter etching said b rrier
ivetsmtchamldsbai% AR IR R s A e
| nitride on said barrier |ayer (602).
%&Qaﬁgﬁ%%kﬂggéﬁgaclaini8 wherein said contact hole
(608) has an electrical contact width (620), wherein
said electrical contact width (620) is not increased
by saiod spu¢heirod etckin epeis dd coraciiob (@8)dias an di@kirical contact width (620),

wherein said electrical contact width (620) is not increased by said sputter etch/deposition process.
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