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WD 2005/ 048342 PCT/ US2004/ 033417 METHOD FOR
PREVENTI NG AN | NCREASE | N CONTACT HOLE W DTH DURI NG

WOGBRFNEF2FORVATI ON - TECHNI CAL FIELD 5 The pr eP&dtUS2004/033417

| nvention g A8RGR kvl RrhBAN IveREA G meRNrgepduCt or

devi ce fabri CellfRvm E)%RI»R?(E(B;W Adfatihe Present
invention is inthe field of contact formation for

sem conductor devices in a sem conductor die.
BACKGREMNRIARIDCont acts are utilized, anobng ot her
things, to provide connections between a transi stor

r egi by psfentapvention isgsppianin 86 88l Gt seticendypier devite fa'ﬁtC@P'e d\ﬁﬂ*fect

PN BT eE10 ¢ 1 TRRHGP T o P RBEE BB R e
%g%gﬁgghh¥ have a hi gh aspect ratio, nust fit mnthln a
area of the sem conductor die w thout touching

or ogheosiosepiantrerfering with each other. As such, it
is inportant to control contact hole wi dth during

cont &attach or wititdd onotzothadiinze eraidc ontegots baseh mgpngstor region ot a
sufficiently small width. During a conventiona

sepispRASEY die 41T BiErIrBTt ltﬁabl@éssgua*ea ARyThedetsisgpeen) Ko achieve high

cx;c:XxP &C?ns%z thse conract giﬁh g\énexalbb \cha. %@h%éec drat? tgquﬁt %tth(fn sgall ateagﬂhc

exanp ove
seﬁmgr(da{ﬂo? |dl§ tv%outﬁ(ﬁlgili@ B dHerve ﬁ@m. & QM&lQﬁlea Al o, sfr hﬁlportant to
resulting contact hole can be torned over a silicide
ahayemmamheﬂhmeﬂmg@ammmanQmeﬁm&@puﬁ@mh@manwﬁapmammuwmuL
source or drain area in the transistor region of the
s e m Rainguenerion @ntaarﬁ@w@emr@eeq& aﬁ@ntaét hpls lsm’é%ly fqfi Prééay W‘Glg’ﬁ‘phy

barri er as tita
AT @&d%f% i RE b e G LU POt T F bR e
di¢ Oﬂlg geglﬁtin ectcm bez rtl&}ro@el ngmdp%{/er r Wideh ia@ye%gnn&%@tobﬁ example, a
deposi te e Si e ‘contact hol e and on

sotn'&,em Stkalni=fh ﬂ €he Ré}lssét@%@i}n &ltife wafistuadr dehene b@tati Qs iOfhen lined with a
contact hole, a native oxide |ayer that forns over the

beiiek lageh chenpllisiny @ metgrLssdh aftitanigtn, dpdfilled withoanethl, suelpps tur@ten, to form a contact,
conventional contact fabrication process, nativ
H@W"@ebqf%%}@rba‘? iy Iy ;Sar“@%ﬂ""P‘ﬂf‘t‘%d éﬁ%?/%‘&w%‘f} of “Eﬁ"tc?“ltaf}tf?[ﬁ@“i a ﬂ‘e Sﬂmde

la¥czﬁgtu%t raf G brottog{) oé‘ ﬁon%gf goie a native ox1dc|=’]1%/eﬁ[1ag%rms over tae sy %{dé %a)%i'l I’rF]lllSPfgl st be

céss, top corner por
13915\}69 € Ith@Yo%{'en&olﬂﬁ Uongﬁftalbn:@b?bn Ellaéss ORLA G%éehzglel & tﬁafcg [yaézr%%d by
etched in addition to the native oxide I'ayer, which
utlidtS LSutie®h bio@sseémpiihg agomnt act hole to 25 increase in
wdth. As a result, the contact that is forned after
t he Horraduinh e eulbsagichipeesss, Pi ¢olneigbompies ht tbwigfsleyelﬁhan H{ﬁlses &
undesirable increased width co

“HeBE o e e PR i agt PREME rRpuRtp e ngre o
mcrgage in w%tl ? a 1@3 ﬁ itte ntad thqgg ﬂal?lgd if@:rthe c_QJlam igg hR &R ﬂ‘e@@ﬁhﬁuntgsten

a tranS| St OI‘ regiron o sem conduct or
ha@ Erﬁaﬁ@ai;a% & HedddGOS domkAle® 1ol IRGHIRASIAh bitheGaRtathnfobr. W dt h

during contact fornation.
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 undesirabie 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 30 The present invention is directed to nethod
for preventing an increase in contact hole wdth
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cgrggcmtﬂa@cn T};Elgﬁscptr rﬁ;@x@'m adéh&%?ﬂ’aﬁ#a?&eﬁg n%c%%fc’tgesa]l t@cﬂq ]gnethod for fozmmg a

resolves the'need in the art tor a net

cBntacCBHadbilsistOMEion Bf  SERABGAuSIHIQNe Q@ veR RindirBdR mcﬁﬁﬁﬂ U&ﬁa@trhole

die that prevents an undesirable increase in contact

vhish duingmoritchfodhatianng cont act formati on. According to one

exenpl ary enbodi ment, a nmethod for form ng a contact

over A§coEje F"c‘i“?j‘%ﬂlﬁlé?y-‘/é?“b@“‘?f“t Mﬁi‘"@@fof fﬁ"mé?gé Qﬁia@ GYFﬂiu?i‘"tc'kﬁ‘P layer
deposi

ie.co n
sguaiad in a msl’concﬁsioa %16 con p Scf sﬁ:gf) dcposxtﬁné gzﬁuex }h I Veéwab ()% a%omact hole
ah@t}ﬁ% at@é $x'tﬁ@§a§<g szﬁgtec@t m&&m1:9gon$a@ ﬁolcc ch%tsm&%s%w d%@(f t%' the

the sidewal | s are defi ned contact hole in a

colited PR d dRickiayiefer. FE@K&B\@%,&IEE}]I»E@@! Ialych Qa0 Eitahki @4/ ithrA B it id¥ayd

be titaniumtitaniumnitride and dielectric |ayer may

disctirPay DNy o BR- VD Thide. s’ﬁl@fw ofdenpeiiye dic biviirylarche theaidevwaly of the contact
n the %I dewal | s %S,jfe contact = hole and on the

lzﬂ%{ d\?létlg%tlaieo‘{ %‘Vgll’ car&lgﬁpt%zc {,l} tpﬁt t?c‘e mgldzgﬁ hf%ﬂ'eatflﬁlgckuess at a top
opﬁg c[olltgcrt thlcqyag 2 thltl%%ss% tgarbgt%&%g‘ 111£gl1tgclt(&?ss at a top 10 of

e contact ho han a thi ckness at the bottom of the
cont agdord@toBnis e%ﬁ&[ﬂhﬂ@mte@: f.tﬂ"fheﬁao@%ﬁﬂlﬂoﬁﬁrhées%mle@i@ﬂﬁg, a portion
the nethod further conprises a step of renoving a
opibe tairpnayecid hhwgtisaridd loe: shapes thabaoh bigkenatactihele @xkel® the silicide
| ayer situated at the bottom of the contact hole to
*%‘2 pB"s’é‘at“H‘é “§|PP’PQ?| offi@e bayr "&‘))?éfﬁl a“‘?ljbf‘r“a@i arsliaser sifupfed 35189 hoftgypof the

rrirer

cont t holte cacri\%e iemi)\i%d bybOszné a sputfel I?% é)lOCBé O:’{f ce%%acﬂg‘e 801%0 1ﬁ:3 %‘: glectrical

c&@a@@Mc@g wpé( o éléct‘u@a‘l &gta@wélp %tnt)ter{meﬁgao@ the Epgt@e?t&& plOI@@ The dielectric
contact hole conprises al el ectrical 15 contact

Ik @b rkhrischde E@net ldGonebigadd Fadljﬁ:éﬁt to @ BENAE tholWWiwikdthd t8) dd@Er regions of the
i ncreased by the sputter etch process. The dielectric
diclagrey layeonoed e@ésurimaqbe 0 phevovinnem rign ittt batice dyajd de enve oxide
to the contact hole, where the top corner regions of

laygj aituaigd b he pgip f ”I‘eé%aft halp¢ tPbeca‘@{’sc"‘Ffj 'ﬁﬁ?t?%ﬁifffhﬁ é‘°~‘§’ﬁ‘§'§°“81’“ will
bgﬁ:glnfpn\}lmy dEl)h %pzp FI%[ to hose OI%Edmalhekd{pi%Eh%% Eaeﬂerﬁev ewm %e? l%vhng detailed
dGQt@Ghd Q@nganyggg;g,rmgg eat ures and advant ages of the
present invention wll becorre mor e readi |y apparent

to those of ordi B& B3d [ NE BRAWINGE er revi ewl ng
the follow ng detailed 20 descrl pt| on and acconpanyi ng

d r aV\,F 1ﬂ'§j§‘ is B Ve DESERK P e e Y T dDRmACRdS: mioga smaodiment of
i ; owchart corresponding to exenplary met hod steps
’58’@?‘3?&?"%’0‘{0 one enbodi ment of the present invention.

Fi guf‘lgun,zﬁ; Illll.lsltéféta £BL Stiothl GELSS p&@&l%'f%l :}!deéééfél a@Joadglg to an
portion of a wafer processed according to an

embodiment of the invention, corresponding to certain steps of 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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25 enbodi ment of the invention, corresponding to
certain steps of the flowhart in Figure 1. Figure 2B

WQ 0P34t es a cross-sectional view of a port iP&A/GROG033417

waf e f‘xgtﬁé @&Ciﬁlﬁzﬁgé; a 6% %Et@hangev& &a @(ﬁ'tmn %f&b&@k H&%ed Q(fcm&h?to an
i nvention, corresponding to certain steps of the

cihhooe i af the ihvantih, GleQorliing folc@in @ep3 ofitlg flawdhbromEined 1.
correspondi ng to exenplary nethod steps according to
one Biboth ifusites pfross-yepnghyiese aporion gigrtafepmocesseg agpgyling to an
2005/ 048342 PCT/ US2004/ 033417 FI% re 4A illustrates a

SRIGEET ST TG ViR BF 0 &7 BB FEer ol @PW%IW&F B brocessed
acco
corr gg&pg%ia%l %é@itﬁnot g(g:gs??r{gl{‘(% thfeg%lglg( lgl?lhdd @%{%Efcb:fﬁ to one exlnlﬁodtment of

thEbG4h@vetiol gure 4B illustrates a cross- sectlonal Vi ew
of a portion of a wafer processed according to an
enbodipnent illghaids heos-Frutnd vieng! a potian espofedprivgsdl oceoding @im
steps of the flowchart in Figure 3. 5 Figure 5 is a

eplodiieH AT the ipERticr §%‘6§ﬁ€ﬁdﬂ§mﬁfi§m‘é %@ﬁrﬁﬁﬂgrﬂy\*%f "E#st eps
accoy, esent

ment .
Fi gu rléﬂi%% 1htisi1a(f)es % c1os§ Séa%ttogal vxewb osi % posxtleog f}P ov%ger proc.essed acc?tgmg to an

emﬁ&nlerg B thfm‘@ntf‘é@tc@l espmdfﬁpﬁ%ét%q st@}:@ QIQITCQI'OMMI iPRige 5.
enbodi nent of the invention, corresponding to certain
steps of the fl mmahabmscmnﬁmmoen& INFEgDIog 6B
illustrates a cross-sectional view of a portion of a
waf efhepresroienysmion iadieerddd nghot &t meventinDinstvisd ehiniaes hale wfith fiae
i nvention, corres ondlng to certain steps of the

Ccfnfabtv(fﬂ%{‘fo’f in aﬁen’{t_f.iOliljfa?t% dts Th B@M’flnr_géﬁmm WFW[C@[&)HFP‘EH pertaining
to the il}‘l[p me%mp Qﬁhe%regeﬁtelru'te;ltmrp \fﬁpgkhlguﬂn hﬁ ar ﬂb h ?e&%ﬁ% t%?théwetsgpgventmn

I'ncreased cont act
Illg;solﬁtuﬁﬁ&mﬁt&f 1%&1:!1119@ diktErer@tr LA Q}@@Xﬂ:ﬁl@/tdgéqud i@ the prkX8ht application.
foll owi ng description contains specific information
Mpebiteq kdirienfjhe sheifit feild afhk Brepiih it ho Aiscofedtih@depirop® @ture the invention,
invention. One skilled in the art will recognize that
the Prasuaies i homriet fwﬁﬁca@n g}wib@cqmwfewmleé esirintiog ave directed to
meig 0 g:»g;;n glgré fﬁt{li}%rgigl?mtts egtrg? 1P\6:hhon 1"\%1581%1{}1 é)l,cvrgs%lﬁ%emg?d(i?eﬁ% gidthe present
m%&’l 81' atcl oGt sgegtﬁailll%(?esﬁged H? pI:eEEXteaEJhl:aga] oA £re IQ)PJpecﬁLIcﬁlg Hﬁs%?rtgd {Jy Mhe
er not to obscure t I nventi on. draw ngs in
p&ﬁﬁdgmagent application and their acconpanylng
detail ed description are directed to nerely exenplary
enb ofienmehhevsgflowchat iflusiasretai examplarom et for Bivpinggreenydctoyer a transistor
ot her enbodi nents of the present invention are not
regig o pinriegpdusior dis axeprlipd o ﬁ“"ioﬂ‘é‘e% Pfé%cé’rffeﬂwﬁfr“wb SeegAceRad

f‘e%tures hrz]u(f)et beeang‘L olutf olff:l:o%lcllzay 1(50I tlllayst ! %%ﬁtq P %rsgnl ? rdm s&{ll mslﬁenagnl“m

Shove' a
e.‘@?ﬁﬁi@}a!m@ﬁ Maym{s El@f’ong SlinofeQUERR G ndy ﬁ%%ﬁlalgéﬂ%ﬁuqﬁwut or materials, as
transi st or
known in the art. Steps 150 and 152 indicated in flowchart 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,
priot to step 150, includes a contact hole formed in a dielectric layer and a native oxide tayer situated overa

silicide layer at the bottom of the contact hole, where the dielectric fayer and silicide fayer can be situated over
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region in a sem conductor die according to one
enbodi nent of the present invention. Certain details

WORHF04BEAt ur es have been |eft out of flowchar PCTAG240HA33417

oSt RRRA S‘t‘"AEubEtQte oRRER enbr t18‘i"911e@)a fsb{ ucfitgd dsh addE?JIQEgLﬁ‘GSEA and

or exanple, a ? tep may consi St one or
2B URGLERS AL ofnsaym thifBy 64 a\@uchR8Gu@hd Z6:GhcONG FoRRR M a d@lectric layer
materials, as 25 known in the art. Steps 150 and 152
situpdiogat aghsibter rdgionyte dwitie IOGha@mén spudiiic Gruentdistugsetidser stebel 50 and
one enbodi ment of the present invention, other
18 rbiaritEAtsestcitelie i nvention may utilize steps
di I flgcrfet?rﬂntgf)mr orﬂ:p [Q(?l% Ewule PE\INQ st{uaure HO thF uaeEz& élslgg'ISO ohlcltwscTadOO

no processi ng
ba@(e?laﬁ?’mfz %réggsglecgﬂer%lew@th{yer 2% brpshiewal pf()lﬁ Ql@ 2@7Q)i ShER hMS and over
i ncl udes a contact hole formed in a dielectric |ayer
nafiveChxide ARt 119 @tu@ddiatk@tdned] @ bf cSitdethalk @ aMMBH6 silBated St Glicile layer 214. As
| ayer at the bottom of the contact hole, where the
shehireih Bigwre P45 diclagyrisray AR issdithated predidicayjielnyecd h Whish B bitngalopd a
over -3 WO 2005/048342 PCT/ US2004/033417 a transi stor
irzin%i!ﬁr beﬁmf)?f aéubgtﬁﬁ é"t"?sg‘i"@ 11( Fﬁ%‘fe 2§h (RA?(I]{:G uhla)ﬁh%?tl Eﬂn cctnﬁaése silicon dioxide,
whl?hg:%ln b%%l osnt§{, P&Snl[l Tci %?811@1%%(%%]%@11(:“[ vla:po%[gogﬁ %‘%H?‘Gg‘é Process.

l“ust r ai erformn truc
Sihdﬂﬁhlb@dc@%oﬁte@i@ mﬁmﬁa ph;@ésﬁs £1sa,namfdd to B “aschrﬁJx@etur thEprds@y er
situated over a transistor region of a substrate (not
apglivaion. Naivanide ofer 11h & sfuniglovesiicidila eusisedabliv ef cogiceps 208 and
150 and 152 of flowchart 100, respectively. 5
caR@ﬂ@riSreithsww"ﬁl@Méﬂt @pwmeﬁa%w@w@moeﬂq laygivd® @ Payet iclgess of

oobar 08 A eS8 Pt Rl B0 s SHFRR Gt P aghggma 207

of ekt 100 28 AEvALL & d%%m 310 U fccRORLARE ;nagh&el%Q&n ;r@iﬂgart
over native oxide |ayer 210 situated at bottom 212 of

an@ QR eagtisdi@hem 208uan@dal- Soins). titatathb@bmenis, Sirhidr Gl ¢ eozlnay 8fprise
214, As shown in Figure 2A, dielectric layer 204 is

a @ﬁfetrqyartoebﬁnaiivreqf mefpledrecippipriale siyederme!] @n thapmisbpmbedinging iadeedition of

a transistor region of a substrate (not shown in
ba}i“ie’g‘@i"?ez"%ﬁﬁl be g ctep ih&‘ pP‘é\‘i}’é?1326’&“‘&fa\ﬁ e E?ﬁﬁi‘f‘"‘Feg aliagqnt ip o fmmer
1«.3%?:15 5’52 a?ihe lloof% é&h%&%‘ggag %/e tlslcl gsgtgegllp%&%n%)f (@%&B\?

szl%&%ﬁﬁ@om n@bﬂcb&a@tmold b@@x A@Iaemﬂ@ ﬁas}ﬁdnt ﬁ@ of bRkrid 1M RIOGER Bt
is also referred to as "PECVD oxide" in the pr esent

préyapbn faragp comer reladsi2et Xt ® ldyay@rdu@g @ subsqusit brued eich ppoges. Contact
silicide layer 214 at bottom 212 of contact hole 208
holprydidth B8 yvhich Wﬁ’le figiancg [ﬁ@ﬁem‘dp\xﬁll 6{]6@%}]’2069( iCipgsct hBy” %yalsgfcferrcd to as

exanple, natjve oxide | ayer 210 ¢ ve a thic
Bt aA 1 o RO S SN K0 G AR B SBae T e
ﬂdu@%ﬁ'&oogpﬁiusﬁéé& bpﬁnugﬁpﬁ%%' ted on si %MIRL §lth23Qa91§nng %QJI a;]rd'-3
of contact hole 208, over native oxide |ayer 0,

stiNRE 250 ineli QR LB aCsteh a.saez,r f1o3QKhrtit (0, RorFRLIA ©F balkiErGaEY znnnm J;hﬁveardﬁe
and can conprise titaniumtitaniumnitride ("Ti/Ti N').

laslen210 tilveted agbrbord P iAeiromict oli2pq agrenhogsfay exp@Xilindylaxsodtprfogion 219 of
a different conbination of netals or an appropriate

bagic’rl‘@lc'ez(’?rﬁi“ﬁ?d at L]oﬁont Bdéofm)réag@ﬁllc 2(@%16 wﬁ%d(e la}/?l Hg) can be removed by
02 ch
utift ﬁlggta SE)uth.l cp:h P}roceﬁ 1\@)10[1 ?an Bon}pnye ar 012( /g gr %E 6‘%&% Iﬁttau)r(%cess %so lGI!’HJV&S

rie
pofthsR€ BRter bR 208 RruKQIaNES top of sicewalls 206 and 207. However, since portions 218 of

e
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regions 222 at the top of contact hole 208 have a

greater thickness than portion 219 of barrier |ayer
WOYISHEB3E t uated at bottom 212 of cont act hol @CADBI200033417

eru!r @@éﬂ l2(§2’ {shw :L b? c§2/g a'a%e Qxfﬁc;pi@ ﬁﬁcl(r%{s to p@()t’e@tr top%ggel perglgh/s 29@0{ dieleciric

sufficient protection for top corner regions 222 0

16lEr@be0h Edifr tb@daer22 GO ot Blthed dd@naAncSHNG GGURIREss. SRULL@T, cofthd Role

process. Contact hole width 220, which is the

wilitts2@119 e @ inbietsedalenmg die deiwattéh pROGs. PndacPOR 2¢fcarctp fiti@otith hobtd such as

208, is also referred to as "electrical contact

CREERR e STORPIPRESP oSS ciFph (PR aiop disferring e Bievte #Ry the gsutiofitap 452 of

150 of flowchart 100 is
ﬂgeﬁuspgwﬂﬁzHB&mwwfﬁggﬁre 250. Continuing with step 152

i n Frgslhand en@&ﬁne@t@f 8 MGt M¥eRiod 513?1g|m@ 1 Foly Gbbihi Waekidy lay@202 prior to
step 152 of flowchart 100, portion 219 of barrier
pérRyneis a2PRerani prxads ov@nogadiatie oxideayen 1 2ddopshkidahefdmation of barrier
bottom 212 of contact hole 208 are renpoved to expose
laggr 92 hepaeskr jpgantiop pvpids pehing jop prriR ©eienp 222 plgtickepeie lafepdpér As2QRult, the
situyated at bottom 212 of contact hole 208 and native
plasgaat digeqtlgyagi;amﬁ%_eﬁusl& gci,l]nebeéa (i,ogtﬁctf)tl/'léldg zbvnt'i.cbttof |w1d£] thz& s got %rﬁets?:déjprmg
o bR RESS FocedDi Ch can conprise argon ("Ar"). The
sputter etch process also renoves portions of barrier
| ay eFigLQQQsh&irstalﬂlaxLoﬁﬂt iRlstrali rl'g@n E\@ﬁpl@f/ m&hod Q)‘x‘\ﬁlnh@ a2 Bac@RNG 4 transistor
207, However, since portions 218 of -4 WO 2005/ 048342
16E©T¢f@82@1014d0®!313mwe empaiinrentef thé @gsert nRORn.( Srawwietai nanfFfeguresdhave
have sufficient thickness to protect top corner
b?eé f ey &f o dhaip 00 fpigreapraieftée @ pP‘é&‘é?P"“g iy skiy tﬁ‘bheé‘érl??é?mmpie a sfep
na e(%nmsposfone m%g S%.bs?eﬁ%(il %gycmvogfe Sé)%clahze eqmpmen%f I.tﬁr% as mnwn tl‘l the art,

con 'S no
Sﬂeﬁl@gfﬁﬁe?@jq ugiézﬁédnrgﬂotwaﬁu §d@ld;te'éutﬁﬁclcﬁttl@&scgﬂ&gmodmQQ{Hf ]e Eresent
hol e 208 can be fil a netal such as tungsten
inkddtidh, GtbSeadiesis oSttuﬂﬁ)Jelttl@n ﬁ@'rﬁplhzﬁﬁt@s A dn et thoed sHBEn iOfMwehart 300.
Referring to Figure 2B, the result of step 152 of 5
Itﬁ&l netv@cfh?aﬁw plm@@in&; éepi; { 1Pvu1§m ﬂw@er 3gp\pregerforrect! oF @wz@a’zvhicwmyg o step
he pr esent |nvent|on in Fig
35|0 111%Vesfa6i)ri1ﬁcH\QIe Boépqdl1xxéalﬂxciegycelixyclzfﬁcéa 1B|i1ve B\r[dfi Fer s%trccf ﬁFrl’?lS]llf@dedayel
L& RN &
<R Bl EIBLACERR L0 LATE ML I Ay LA
rebiBCofREBEAR {not AWANM dnPEr 1AVIRIES S8ichRth 150 aldQE2 16 BEIIRI4A and 4B illustrate
regions 222 of dielectric layer 204. As a result, the
thpreegeferormingnt b gnctadvaninageotes hye faahd iy dgecaic Gomtiagtd overa
having a contact hole width that is not increased
tregiter Rgion 9 sytetedrohtharetin iy phikettiers) Picweed shgve. mpyRiP and3sz of
\ ) hart illustrating an exenplary nethod for
ﬂ?mgw%%?uﬁwgmﬁ¥act over a transistor region of a wafer
acc OIEC@E]II n&vpto 9@@35@&1’@ %gk‘, R glru@ttuc EJ@% [Qéru%slgrgt stépr’}oy@& 'ﬂ!)v%natt 300,
Certain details and features have been ft out
nadil vab@get 418 Gattdradr siadid 10 parri©Bhovkdnt &tt@em en:oﬁzéct hole 408 by
ordinary skill in the art. For exanple, a step may
ut@i@n&ﬁe@{ive@fdthg@a@q{eamﬂﬁ dtig Lm@tt@p@,hoggh npER Yy Oidavegdr ¢ & is removed at step
peci ali zed equi pnent. or materials, as known in the
35£r‘ta“"ef’sdeé%3’é*p4§° AR 2 e BBl R G oHignvention.
InaIrl% i) 4%]‘ gl ech@pag'cistf@fl %§§1%,rs d@»@a[l?twg an%rr&?go gcgpole 435, n!mvceomde tayer 410,

and silicide layel 414 in structure 450 correspond, respectively, to dielectric layers 204 and 216, sidewalls 206

-5.
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inventi on, other enbodi nents of the invention may
ilize steps different fromthose shown in fl owchart

W%@-”"’ 8% is noted that the processing steps SK3HB2P4H/033417

add 20V6ARE: o1 S, Ve ol & Qnemd & ﬁhd@]aﬁ@ﬁ B stV e@Z@O in pl%t!u OFA. In the
to step 350, includes a contact hole forned in a

pelicatlcgiiimen, iyt lagnid4 eonipaskd PEEVD Xtighewli@ Y lbe Sidentdin@flannealing
over a silicide |ayer at the bottom of the contact
pl}q@;FS@fterMérP@Cf/ﬁ@Aiéﬁ) s et q‘ep(@ite[i a’g})@:’r digiprétic didr pdiishencll tadlenthan native
og%gagx r4éq, gh%{%fggggi%\émn rgﬁ@s t’bef %?lr é‘%‘?’} aé% | ga;lpe?aftmca As aresult,
wRLHEL W Syl 20 @mcﬁé% Ve b ERe SR N 3R |e leldSt J Blcfive
the result of performng, on a 'structure rn nél udi n
heieRingetcleh0d3e, tdp@bhi® thgibil 48 cdii@dcRiC tahdr o4l YR bre ﬁﬂuiiéeﬂ@hﬁ‘edops of
over a transistor region of a substrate (not shown in
sigawylls@fo, trhieot fighgly rigs) codicsiplsssithidi2 @ bbivie’s thedigps b3BE divdal8 B and
of flowhart 300, respectively. Referring now to step
4heopippt pefh & not ngrrgpedaliprpe foriace abgrelivg hrrdrogialrpeckm 43%uContact hole
wsc'ﬁheﬂBO {f Srgtla?to contagl'yl\{(r-)’\llg\g?d{l} §C|m Fl%ﬂle%g\f ts al%?efe?x eé c¥ 'B%fc{ng%mdth’

I'tua [ P S EHEVRE
m4l;]e re@hit afrﬂi@atu@rp tReJ%th@to #08e @y the MLk b sZeb BY) of f%@@htcn't y(ﬁ is illustrated by
hydrogen pre-clean 43 Is noted that although
sthatt ¥®. oxi de | ayer 410 | s renoved at step 350, native
oxi de layer 410 is shown in Figure 4A to better
il u%qwhutnewtﬂhv@pé??érsléme Jendstettureeii? indfzurt Mg atistavASA of fowehart 300,
In Figure eectr ic layers 404 and 416, sidewalls
ba&‘t?éla%ﬂﬁz ifd?*"’s‘t(’: ?ﬁ’t’"’ﬂ"c“ta 1318 @ ﬂ%gf IE 'i“\fe“o%?("e‘osé‘“ld%{flyé’r“%ﬁt%a‘ed at
NS t
bo?lgrg 4p 12 é)% éla\%% ﬁolel fﬁy %131 oﬁ%é&(c:lt!:cﬁci g&e Iggaﬁagl?egtlﬁggnf%%p S)Srg(% 'in a manner
kvl AR bk §d 2&@01?1[515@%1‘:210 Qﬁ%h%%%&aeﬁ%& LdPRAOAA ngyaﬂn]a?i rise Adirent
207, contact hole 208, native oxide | ayer 210, and
cogiblnttion denclaiayen adlodiaeningt herd t Con@ct RBOAOR tan bd flet @thd Aetallsich as
the present enbodinent, dielectric | ayer 404
pgspip p SEEIPEEIC eAPE “O“Wﬁ EPRtig rﬁ*e*ﬁ‘é“‘ﬁa¥f@é?1"é‘d“’? fgsufy pf step 352 of

cess after it (i.e. PECVD oxide) has
ﬂ%wparte}!(}ld lsgusnged Y SURTE 4512d| electric layer 404 is nuch

har dﬁﬁs fnh‘@@m%@ﬁex\{%f theq%e'sédﬁmjer@[xﬁrﬁ ré%@g bmmﬁ\lik AGOBRE llly§1%§en pre-
silicon oxide that is thermally grown at room

cléal PiP@Es &t retfi®e o MASvexilESdl i the M@ A coratiihMEprioxth PoshtiayBfarrier layer
410 is etched away (i.e. renoved) by the reactive

injhy demisefépic: ie pregehtanypntion adgantageaply pipyides 2 oytebt byiee qortest [pleadth that
430 or ner re |ons 422 of dielectric |layer 404,

dc\‘i\ﬁw‘]“’@ﬁ“‘eﬁ{geu‘%‘ﬁf‘ﬁﬁfteﬂ "“the tops of si dewal | s 406, ar e
Sf)gtlz %g%%wf {ai\gole{ﬁ:?lag?l em%%%eﬁ%%) 1y me I:Og]izg%l m’uF a con&l%l ove{ a trans:stoz

refI6H Ba 408 acchi8infQtin dufd6dRASL M. Rt R nwaa%f QFATPRES: 2 featares have been
reacti ve hydrogen pre-clean 430. Contact hole wdth

le# @QofiflgwenrrdoD nt ate@ppaiom toaptrson of cadinatydkiMin 242 Grt.i Rar debsgpliy EsteR Aay
and is also referred to as "el ectrical contact w dth"

coase'ﬁt ¢t ﬁnetoh’@olb?“é%?éﬁ‘tf mapipolve @@qiaéwd cRfEY Pimaigriasors oy inghe 4, Steps

of s | ust r.at ed

d Sg%miy cattcd in ﬂo P 50%} iugiciﬁ ﬁ: éies \Mlqj ﬂne §|{1[é081m§r§2{ %eﬁneﬁntdﬁvlngmn,
OEI%I @ﬁgduﬁ&rs Hﬁh&ﬁ@nt‘]ﬁ?%aﬂ ulalIzF Et&yﬁ ﬁerél’llt’ﬁom t‘%se :,‘-E!S\ﬁﬂn §0§.%11a9f500 It is noted

fl owmchart
that the processing steps shown in flowchart 500 are performed on a wafer, which, prior to step 550, includes
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barrier |layer 432 is deposited on sidewalls 406 and
407 of contact hole 408, over silicide |layer 414
WO0p38ed at  bottom 412 of contact hol e 408, PATQ/BUEH033417

a gdn@t!:tﬁ&& fo}n{-‘ed an)éErectﬁ'cqzbe: aﬁﬁarnﬁtlvggmdle %y& g: uﬂtgfi?ov& gghcl'i.‘h@ layer at the bottom

deposited in a manner known 1nh the art and can
oiGﬁHEﬂftchlﬁleTWl{efEIﬂMd1e!la<ﬁ110(&th8de sROROS e RN Snadd@ldr b Bdnsidt@YeRion of a

432 may conprise a different conbination of netals or
sugiraig (OFsbpimi i o herighre). (ficiles S5Camitsatih FlaotséA 4QI8E dariraly gre result

filled wwth a nmetal such as tungsten in a subsequent
O@F‘@ﬁm‘% O’b%)sﬁrﬁcit‘ﬁﬁ ‘é"h@@ﬁi’ spptpet holsrinred “bihd‘c‘ﬁé'F @}“‘1‘ fifggedyyr a transistor
reng?é’iL 2 ubs ate &nogs owntn} ’li'il‘lé Ff d]?agﬁgti%)gpscu.ﬁ*% bove stepst %8‘%’3%%2 of, f?’org?ghattaoo
1e§1fect$/$];€ pr esent invention in Fi gure 3, by utilizing a

reactive hydrogen pre- 20 clean process to renpbve a

nat i Regen@igincleto sy B0 inditgut hénd Batdemoaf Figirecant agtssdokerchar 500,

prior to depositing a barrier layer in the contact
beyést layer §03 & dgwé@émsidFW%ﬁQﬁ ine 07 ablpetrrt apépebO sYeynafive oxifledersr 640

SN S KA T+
f | t

G e R
1aRE04 it BG, &iRwaAB cH0T, BRAL: had 608, Iaawpém R 610NGRIM d19Ridicide layer
Certain details and features have been 25 left out of

6 1] rowiolr&t & p&00 6 thantaabode va@¥pa,. enftoptcomer =qaens§®hn @ffucture 650 in Figure

ordinary skill in the art. For exanple, a step nmay
O BHEPYLE: lif'Pcc%b"ﬁ'é fE)P"“I‘?b’F@* e B@‘F%ﬁé“yﬁif zof‘rﬁvl °|1%§)‘8’I""%‘ 206 and 207,

con%gcg?ol%to% natwe %% lzp mg %og ISI CL% e aaer 2119 ]p(iltloo\ll‘ﬁ: %1 & Ip%xp %1689(900‘;1 éct

hoRUfidih ﬁoedra& tob QrlESEL DS mgn@tm@ ARQCEIRIN, Ghus sl 888Pfote width
i nvention, other enbodiments of the invention may

2201 mg'uzeezAsctoapxshauH JFifuese Bhisd efaral toho'srctsdaawiaci vidtl ionehaed
500. It is noted that the processing steps shown in
applicapion. h%im'tl”“ B0a ri%tﬂ?éefé@rilﬁ ]leméﬂt} Wewsiﬁm@raﬂ ievéhbietqfﬁ cap bg qfimized in
to step 550, incl 6. WD 2005/ 0483
th?jmsfrl_]%@a f,rtf)%xglhclaf pol téon%édﬁ?f 3% lthl H6q1 802@&\;1%3&] a?eﬁt t%ltop corner portions

729 Iathqu;toﬂ talt ﬁ%géos ﬁlznrga gcagﬂﬁ ﬁ}{&%&% tpglﬁonl e"f‘b’ &%ﬂﬁél Fayel %O%Q:luated at

Ticide 'ayer™ at e con
boR&th 812 YRR s. Al c@BE L Fighe 6/2YE FesudRbkteP 540l o€ Hidh@halt Y08 illustrated
can be situated over a transistor region of a
bysuppstatd®.e (not shown in any of the figures).
Structures 550 ano] 552 in Figures 6A and 68 illustrate
t he Qoel%lmng Wlﬁbgfep 5%7“1’ %%“fﬁ Sr?gd 5“‘6%“6595%WF i&'&?@ﬁ & SESP afcﬂoﬂﬁmlémo a
cont oS0 dl SLACLLLG 3Le
sa%u !}COU&S%UW%H?C / ePogxlglonsproccgs iS pocnOlm_? Oalelgl& en%t %mde E’lh@b?l glﬂ.%tvﬁq{)vcr
s:lche ﬂﬁ‘y Glgrfat ﬂol&ﬁh glb gﬁ:ﬁr@ébhog [’)G%Chl;‘cf[%@ﬂu@ah&\{sesputéx eﬁpécpéégn [ﬁ&gss Arx
flowchart 500, respectively. Referring nowt
caﬁﬁeﬁﬂ 1755@1 dptitteFdt@lag end /BN ehn 8¢ deptGitetl Besidddls 608 arkl hgtd;ﬁﬁll“vﬁipontact
at step 550 of flowchart 500, barrier |ayer 602 is
holtedpd stilizied forrew bl awaldr depGien ephddau@0ihe ofiulpmiatsapiter h@i/f@position
608, over native oxide |ayer 610 situated at bott

PIESEss Cadf‘“‘t?&ﬂ‘taglﬁf‘fpﬂﬁt&fpé“%‘{ﬁ“é/éel’gsﬁkﬂ“ k/cés.uohdlﬂaér}a%v&oiufiedaypéy%lls etchud (i.e.
zexgcgled) }é"hwz% of ex§mp§e, Ihy :%{m oq Al am? ’fﬂ'g\! n@c!le%q’lgsrc!mcbc se%tgc!‘ 10 achieve a sputter

etch/deposition ratic of between 1.0 and 2.0. Thus, by utilizing a spulter etch/deposition ratio greater than 1.0,
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10 616. Step 550 in Figure 5 corresponds to step 350
ure 3. In particular, barrier |ayer 602,

in
““H%@W%@Fpic | ayers 604 and 616, sidewal|s 608CAHH2EBP3I3417

the Pade@ b AR@ 1 8RB reR@ i oY %tl%ki@(ﬁaylel%y@ﬁrlu@ %IQ‘BGI’.IQQEI}[I Q6L Rns 622 of
silicide layer 614, portions 618, portion 619,

dielemtcdaytr Shiodyelepnsittht Mi/ IR Bick @ndidtvas 60©#nA 607 of @IS 662 Z ottt hole
structure 650 in Figure 6A correspond, respectively,
é‘igda‘b“& Fifgdesyith p ogored puclpgy Dingsigi e @tefyert S‘F@y @F‘E’W Outagi fepmaiqug Referring
_ . 208, native oxide
R e R S35 P iy S5 52 o 1§ one
2 18, TIQQ £ tﬁe(?:rﬁbc%;'n%nt of:tﬁ)m (Q&E uwl:%;opgll?%ur% (Mr tl]uh%gé)ez smﬁ'lgaieoﬁsosguttcr
corner regions 222 in structure In Figure .
etdMdSositiil phdcdsil Fre brGse® QdnAGlachR@s @mdtatir B natidedidé Byeldt GooBonldka
contact hole width 420 is also referred to as
cdhipbi bt sithated |over piilfc@e byeyw!dit priventing tnhtedeplfa@s BaItase in contact hole width
application. Simlar to barrier layer 202 in Figure
é%%@“?%%ﬁﬂﬁﬁﬁgltlon of barrier Iayer 602 can be
opt ’musz gsddéslf‘[}gsed ?bo ¢, 19 emebongmi:nls otnp e ;%\J 1 on m Fl u1 shl } gn JS a?é/ epﬁtop; iately

portions arrier layer
sete@erﬂg B0 kiR hce R dhRRS for e @Eh b\ IEIQQ'elQifepogﬁUﬁgﬁ&gseshgé dresent
608 have a greater thickness than portion
inbbAtidmiachievdsayr@ral @0 2atigd dxldat @ et badln btcb@i ok REB hree:axiit aCt
hol e 608. Referring to Figure 6A, the result of step
U@@Gabé?fiﬂcfep%mwmﬁ‘thms O@thjdgring panige forpptiend In geytragiacpryentiongl cHOL
bentlnu ng ep 552 in Flgure 5 and structure 652
ornhatz('g]i pg[ﬁ?_s% é\éﬁ uti fes aé}tAé E)ut?sﬁch 6?1(3{13? Bwﬂ\éarotqdqslﬁvﬁl pug{ to barrier layer
bl IANEAUS . 3BMbE Gl £ DA AEROSIER.ON process i
perfornmed renove native oxid ayer 610 situated
OV errFromsihb hlﬁ*c@&cdpﬁc}h&f ex@iflar@dmb R0 ch© 60 1R 12 c¥hn iCORLEGL thdnQkiBus
608. In the sinultaneous sputter etch/deposition
teginigeesg be Ytd Snganntbethedopdeptyod the present gipentitnevithat dehitingfranit
Ti/Ti N can be deposited on sidewalls 606 and bottom
SCG’EZMB‘FO"%WE léthﬁ ‘”"%mnéﬂsé%d"sb’f’ﬁdl‘ﬂ’% ?Pﬁ%ﬂc refEneeR St @bodiments, a

pers ?n cﬁ' iygmal 68 m he a1 \al:]oultd tee%%&chya?chaqges ceu?c! brglfllila&(: m {e t%uqﬁd cﬁaglllj }thout

cPQMIgtf%‘qu th%gﬂﬁh/ r@@lggébctdf ng%ggoh OriR H&Gibscn:%tmpﬂ@teh%g}m@l@ aqe%) be
ayer 610 is etched (i.e. renoved). By way of

coBXERAP In@1 reblads £ Bhdr@ivodnd At redilvel it/shbhMaBae @GtkeS 1AM iestion is
selected to achieve a sputter etch/deposition ratio

noplimifse tovis@mticklaCex et y2mPrdinEripdsserippy heygii, lilt'ZSicwgb[@f By Fopeangements,
etch/deposition ratio greater than 1. -7 WO

R A VIO [Tk e E s Ué‘ﬁ%f@%’% 3R he SR B’F é‘§“é¥‘ﬂ“ enmbodi ment

aChl'ﬁMse t?‘letﬁo%%?gl@vent% anr]i?&eas% & cgﬁcgugl ﬂ%ﬁed{u % ntam&ma%o has been
protecting top corner regions 5 direlectric |

de@¥edby depositing Ti/Ti N back onto sidewalls 606 and
607 of contact hole 608. Contact hole 608 can be
filled with a metal such as tungsten in a subsequent
step to conplete contact formation. Referring to
Figure 6B, the result of step 552 of flowchart 500 is
illustrated by structure 652. 5 Thus, in the
enbodi ment of the present invention in Figure 5, by
utilizing a sinmultaneous sputter etch/deposition
process, the present invention achieves renoval of a
native oxide |layer at the bottomof a

B



contact hole situated over a silicide |layer while
preventing an undesirable increase in contact hole
width during contact formation. Thus, as discussed
above, in enbodinents of the invention in Figures 1,
3, and 5, by appropriately 10 selecting the sequence
and techniques for sputter etch and barrier |ayer
deposition processes, the present invention achieves
CLABMPval of a native oxide |ayer at the bottomof a
contact hole while preventing an undesirable increase
in contact hole width during contact formation. In
1. confregdhod for ésminen Fateat oxem aibiide fayensituatad ipraosssdepnductor

d@mgm@meykﬂkb%§§$ﬂfa@$3§mutter etch to renove a native
oxide | ayer prior to barrier layer deposition,

r esﬁﬁméltfn% aziarigs dexer captidewals ok 3wontagt pelAtaRdtonhy hative oxide

layd gfated1l&t L hedrh NP saRoy@tAe Pelkel Bétkiosf?dé%ﬁaﬁ@)%ﬂ‘@' é’JfMed by said
corﬁ%&% ments of .the invention it is manifest

é” ARSI G/ANY Balh npWve e IR Beifg) %tHétﬁfj |°H@” ifsilicide

Iay@roncept s of the pr esent i nventl on VVI thout departing

nv on. ha
bee il AASHTR PO R BYer bRy Tl i bottom o
sai¢ ndyoalt heletty ,utitzinge sdter efch/deghsitahypreddss! 1n the art
woul d recogni ze that changes could be nade in form and
detail without departing fromthe spirit and the
2. scofpe okthodefiamimnt wbareirT bad d;w:cofl teatbvergesgid aetve oxide layer
sit@[«g&oqbéreegiﬁ &licd Qa £ gto éi&m ecfli §eﬂ%atl:<% dérc?% c%m%ﬁses

. ['ustrative an rest r|c |ve

Slmuhﬁ‘@oyﬁlbcﬁwuttwa@tchhg saigy drarieoniaye ambtsald matived oxide tlmr and

degd@ftihd %h.@ﬁqﬁm&mhm@ STLAb ARG S dlescri bed herein, but
I's capabl many rearrangements, nodifications, and
substi t ut | ons wi t hout departing fromthe scope of the

3. | nVﬂ{ét h&Red dHksm 1@!‘%5}@@ shRlspRAS RN/ UMD RPN | bl%%&an%g al srﬂ)uttef
act hole wi dth during contact formation has

etc'?f@%‘?ﬂsit'ﬁgéat'oz%eaéeréﬁ%m 1. A method for formng a
contact over a SI licide layer situated in a
senj.conduct o sald od conpri sing steps
4 depd¥ f{‘%ﬁ@é & g T perpiny et oS aBBI pamied it fegions
situbizdexdmioenton said Batthstero ivtlerein sjesputict stidhagpditiod phbtDes

not%chgegldq%ﬁ?@m CF%%'B% f?fsa Oaféj%gfig%ﬁy?l | s being defined by

'c | ayer, said native
oxi de layer being situated over said silicide [layer;

5 Temyl %thl%glog c@%ﬁ g@‘rtgsﬁ? ccﬁ%’tgtftt rale! At S QNS 8t width,

silicrde l'ayer
wherein said e!ectrtcal contact wsdth is not increased by said sputter etch/deposition

process.

6. The method of claim 1 wherein said sputter etch/deposition process comprises
an argon sputter etch.

7. The method of claim 1 wherein said dielectric layer comprises PECVD oxide.



said contact hole by utilizing a sputter
et ch/ deposition process. 2. The nethod of claim1l
wherein said step of renoving said native oxide | ayer
situated over said silicide |ayer at said bottom of
sai d contact hole conprises sinultaneously sputter
etching said barrier layer and said native oxide |ayer
and depositing titaniumtitaniumnitride on said
barrier layer. 3. The nmethod of claim1l wherein said
8. SPUA QAN SRS RPFARRRS bbbt %che?%ﬁm@@ﬁa & §Qx‘éfe‘d% a semiconductor
etch/ deposition ratio greater than I . %
d'eo?a'%*mﬁihﬁgfomﬁ@?'@ #Hersffd diel ectric |ayer corrprl ses t op

Cor&'@fos&h@@b%ner% é#@ineﬁdeﬁﬁl@%?@tcoh@cﬁﬁtblg aﬁ@'Hnaé:hatlve oxide
epOSI tion proce

erein sai utter etch/d

oy gIoRAGE BPRKTE FoofPrEist ol e, SRR BeRBGHeTned by said
corfdctheielin & Gielaap@nayed, The met hod of claim 1 wherein sal d

cont act. hol e lectrical cont. ct wi dt

sai'§TeMB8 % P?ﬂ'g?” Sgﬁ?‘ GO AT PY ﬁ% aH%s 8’&3%&93’69 S%fe‘d’ at
said Fnu.ttdbrerofeaadlhbdﬁausmdlé &6 expPrsRCEH® sytﬁldeTbﬁarrTWhé\Gm &did step of

i QN _proc
dep%gﬂ%&s&ld%ﬁfé?la erers’%lngasl’%gl %\R@f’s e(f %Q g%ﬁiﬁb Rgrazzs 30ch that
sai¢ barrien |hyasthas eigneaeni ttickhashk et & tapof Isaxyle:onhaotr‘rmta thes a REBVBss at
sa|<%+tg>‘?n ofsgéconécpﬁ%@od for formng a contact over a
(R er sittated in a sem conduct or die, said

nmet hod conprising steps of: depositing a barrier |ayer

on sidewalls of a contact hole and on a native oxide

| ayer situated at a bottom of said contact hole, said

sidewal I s being defined by said contact hole in a

dielectric layer; renmoving a portion of said barrier

| ayer and said native oxide |ayer situated at said

bott om of said contact hole to expose said suicide

| ayer, wherein said step of depositing said barrier

| ayer on said sidewalls of said contact hole is

optim zed such that said barrier |ayer has a greater

thickness at a top of said contact hole than a

thi ckness at said bottom of said contact hole. 10
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