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Skl i con-Doped Titani um Wetting Layer for

| NVENTI Oy ¢} The invention relates tig, o( tifon processes fof
fabricatingfal um num plugs which electrically conne diff erent | ayess . of,

a sem condugtor int t g ) tiqn_al relates to.the "=
al um num‘pl igs cr ea@gédﬂblg&seg%&%lr@gﬁé,‘]é}ggéLg%ﬁoém&gu: THE | NVENTI ON

Sem conduet-or integrated circuits generally have successive | ayers of

sem CEEUDIOR THHEWVERSTIORY netal conductors, each |ayer being separated by
an i nternedjate di.el eftri c layer. Electrical connections between

sem conduct GIedDUEREPB ISl I SRULTST depasition proesssasifon falygangleminystpligt Walked by
net al eictripailyvbormbeteliffaad 1dyefs @ g RerhidSndib@t Mitdafdtdd cirdu®! vk i@ @HBOA hlsY rdldtes _
f§1br| cigg’ed brﬁi g}t&ghl nc? a g)ol e whi ch extends conpletely through a dielectric
Iayer , 1 B HOHE RIS A PYSIALPIOFESSS as to fill the hole.

Al um num (optionally doped with copper) is a desirable material for plugs
becau GRGY HQP ' nductivity. However, there are a nunber of
diffi ﬁfl\‘g{es In g&?@%w(&%num pl ugs. One difficulty is

conpl et el y Semi¢anducteciatagtated irouitstgendrallyi mversuroesaiye layersof sdngieanductoy unfil | ed
"voi d"deWctdHnad hdifl cBRduRs ' | . il si stance of-
t he plégg anfl cr eatce g?(? ﬁgﬁ%?g%%f E@?@%P#%g%gh%ﬁéﬁa@gﬁﬂaﬁe%a% to ltz)\;’egken
connectYHHR! COeCHORS Retyaen ssruGARAUSory ard/orgondyptaess pr didigreat leyers are t he hol es

ust  hecoasplished el fosSilititexad thidagh e RIed I lelé%sgé%}almstﬂa@mcatéaaéy is, a
high r wi_dt Is difficult to fi a narrow,

o aof ,le h to I i gh
as pecte%ﬁ’%ﬂgi agm%%wgl%\ﬂt%tcow elely tthrough a dleﬁ% layst.cane then depasitimg ad?etgégds i s
poor astoefEll the Hoket ween al umi num and silicon dioxide, the nost comonly used
dielectric, ' G Loum pl.ug, to separate or "de-wet from
t he side \/\/zapflﬁ\i\mgl?1 H} @gﬂ%n%ﬁgﬁggeﬁgﬁ g’?)éf ngrrglgta,ld%ayaglevrg?taga?%r@gw&q:ﬁu% 1"Ssol ution
to t hihighplesticaheanduetiyitile Howeverztheve ate anynibey of difffculties turfalbrivatng sltvminmal | of
tshe hehggsbefore filling the hole with al um num However, when depositing
al um num over ttjﬁ}:‘ani_um the titaniumand alum numinterdi ffuse and react to

form tit aniOnditaruvinromelecly flling cach hole wighialumiaum se s tg natlgtierany unfllesh| ens.
One prodiiewithimubelblybeddise YoidsThére s tefelebtral R§isthndeof & pli}cin@dfdtd N t he

' . of . .al um I Ti Al . h h. hi gh
e T G AN
For natitegrated cif¢udy, thalbokey nidist teyes marréw Napossiﬁmandﬁmﬁt ha]?yt rahighPispect ]faﬁ-?-pihft[ 355], .

. 6315 , or Jdon, of. Ti err] iIs
2o creafithradeHoled RALOH. PSRBT HES fore, nikh dsBlel o Biieapbit | Lot

vol un¥%td8an the el emental titanium and al um num consumed to produce the

Ti Al [err] . OnBpoténtid Bsures ofdoids is pdok Gtiesih betwelR aluREnnEafd iIfdn SdXsde G2 Of
Ti/A Si_bilayer strLéﬁures,", .
most commonly used dielectric, Which can cause the aluminum plug to separate or “de-wet” from

the side wall of the hole, thereby creating a void. A conventional solution to this problem is to

5 deposit a wetting layer of titanium on the wall of the hole before filling the hole with aluminum.
However, when depositing aluminum over titanium, the titanium and aluminum interdiffuse and
react to form titanium trialuminide (TiAlz), which causes a number of problems. One problem
caused by the formation of TiAlj is an increase in the resistance of the aluminum plug, because
TiAl; has much higher resistivity than aluminum. (P. R. Besser et al., “Effect of Si on TiAl,

0 Formation in TiAl Alloy Bilayers,” Mat. Res. Soc. Symp. Proc., vol. 355, pp. 631-636, 1995.)
Another problem caused by the formation of TiAl, is the creation of voids within the plug, because
TiAl; occupies less volume than the elemental titanjum and aluminum consumed to produce the
TiAl;. (R.K. Nahar et al., “Effect of Si on the reaction kinetics of Ti/AISi bilayer structures,”
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problemis that the fornatlon of TiA[err] on Nalt™ h hol e
narrows the aperture of the hole, and thereby i ede 8EPLAQED he

remai nder of the hole with al um num One nethod that has been

pr opos bi t,i di [ tyae ] rlying
F1 t o apt Sh TRl v 38 dos a0 431 ooy KSR GBI RaF R Bhnad AR

R BesTil; on thea;lde waémfraéxolmows the. apwahgﬁf téc hele. and ghepeby i pﬁm/@ﬂmg, the
i ncor p&hﬁﬁﬂd@r ot}}tﬁé‘ﬁoléwlﬂxcaﬁﬂmhﬁma” al um num plug | s undesirabl e because

convent i onal emstries for etching alum num w not rea(i si gnificantl y

with silicofine Rsted that has hegnpropessd) fcrmnmwp%w%ﬂffgw bresuplyminumAnd,ag

sgl i d- gadely Qﬁamwh r@@@d@p@ﬂh@ﬂmﬁﬁhﬁlﬁx wittea se4ll aneuhi of GlconD IR R . Besser et
SUMVARY OF THE

ect _of .the invent. rocess
For f athooei@i #15 Sk aangr el o), Eadrediin cnrmpreghe oy o 8 eldnfulce o
wor kpi plog is ﬁidesnable&:&tammoomemmnala:hémlsfms fdrietchingglundnurowill hotgbachspect rati o
hol es, Ve er
react | SENDe b ol Rath PUTeARehf A SR nd i sbha phrabe i€
t he wewhichgat egntamingte thetsemiconguctdr wprkmageer i s creat ed by covering the side
walls of a hole with a titaniumfilm doped with silicon. Second, the hole
is filled by de805|t| a_material consisting primarily of al umi num
Alvant ag¥Bv W(l‘iﬁé ONoms in the wetting layer inhibit the titanium

from react | Ofle &\épEL‘t of E}ﬁlﬂ'l'duﬁbxﬁlis@pr@dé@b fohﬁbﬁ@tuhg ﬂ@tdl plogs, shetcdslaldminem filling
the hole wi,th the a 4uum nu mateiha. Wi I hout . it %1 Eﬂl unfi Ileﬁ ﬁOI ds rati

Pr of or BBy In # ppidui MompuRe; Shepedivion Nyiadle 1o inehiaont high ettigtia

tit ani hotess pnd the inveqtidramipirhizesothe formiatian & TiAd;top ofh@fseadtioniproduots arisipg from

pr ef ef ety ﬁ%etgv%e/ﬂ e b kﬁ%&’}? @m@a@ afef f&gtaab‘%vxmhg alw ik ey psput ter

dep05| al unt nu ) erin contaln ng
dépant govsunmttaydsomﬂg of a trele fwithial titanduro fi mldppngwm i¢om) éewndhtheholm filded t he

al um nwﬁg%hggﬂ%}ﬁpé&gmﬂﬂﬂl 2Bt AurhuRer formed "hot', specifically,

with t ece at ature_ bel ow t he | tl %cgllngt of al um num but

hi gh enough Bafﬁgéﬁ%b’etheéf 108\1\/3‘81"’5 {hibe ¥eking layeyngi Gr‘i‘i‘erﬂi BIMEeAGHBECRI PTI ON

OF  THEwIRMY d¥eninum, and tﬂ'é\ﬁetﬁhglaﬁl& fheilitateS Bling Qﬁaiole\kmﬁv\theﬁluﬁmnﬁxh thedefinim pl ug
fabricated Eccord % } (tihe present invention. DETAILED DESCRI PTI ON OF THE

PREFE Figure 1 shows an al um num plug fabricated
abcor di ng t Prefénabiptixseetting hayearis created By spattercdepokitidrorsingar titpniemeputéeripgovi ded

2\ oy el CARAG AF1oRto Bl R ML Boot HERHED $RIFIPESEhRG TR U " oo
is a preferably is filled by sputter deposition using an aluminum sputtering target, optionally containing
dopants such as copper. To facilitate filling the hole without voids, the aluminum sputter
deposition preferably is performed “hot”, specifically, with the workpiece at a temperature below
5 the melting point of aluminum but high enough to promote reflow of the deposited aluminum.

BRIEF DESCRIPTION OF THE DRAWING
The Figure is a sectional view of an aluminum plug fabricated according to the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

30 Figure 1 shows an aluminum plug fabricated according to the present invention. A
semiconductor workpiece is provided having a semiconductor or conductor feature 10 exposed by
a hole etched in a layer of dielectric 12 which overlies the feature 10. When the workpiece is a
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3- silicon wafer, the feature 10 typi, r gl of a
sem conduct or device and i s conposed of Msy &Ta Agrar%& vely, the
feature 10 may be a contact area on a net Wal) Lot fhe dielectric

typically is SI l'i con di oxi de. | f the feature 10 is a sem conductor
mat er i r.la 14 optionally_is deposited so as. to cover t he
bot t o S?‘Ié""&% e{afur%%fﬂ icaly fsea terppipal Hﬁ? @9”?‘&‘? ndygtor ¢eyigs apd fsompgsediofshoul d

be onesilidonc Mtemahvdby tthee felatideuSintay befa cohtadtiarsadniathcal tiltercs@i¥cs aThd didleetricl 0.  For

exanpl de is conventionally deposited as a barrier |ayer.
The ?%m%llfl?@ ga%@?{ufi% the barrier layer can be any nethod capabl e of

covering t Héth@cfﬁﬁt@fmlﬁfls 2 MIW@tomﬁmd& armay kayeni4 optmnaltyeia depositedsquidst er
deposithicover Aiccdidm dhdisiag waall'sg%%l C e ?f%ltérfaf@ttﬂé baélsl"é{" laﬁg ng)upcf OF&RSHicH ©F

deposi.t p itanLum nitri barrier are

cormnrfP@‘ g%%ﬂ%jﬁ@ﬂ of plyminpgy igterthe scmigmdueor i/(b For pxamapletitanium nimde i, 371, 042 to

01]9, tdmavmbnzﬂ};' e@neﬂnwa Birri@agfer. othe/ﬂtﬁetﬁbd éfrsdé Jtsws@% i eb&fx?[l@ﬁb’r%&r%b a%er

refer i 0 urtable sputter” deposition

charrbgﬁétﬁ% ‘%ﬂ %Eh?mg% t}‘ﬁﬁ PrSuc ?Sea‘iﬂ’&‘?ﬂt‘%édeqcﬁv%w&nl y- assi gned

u. fnﬂhp@mcm Iﬁpzb'S&usT@a echiebieal cplliptatal SnitdbleSrdcesseé Zort deposlipetitaniamd ] o
re.co re here

0 cor ikt beikPlayEbeE heibed th UGmOhly Ssighil @Eeﬁﬁtﬂtﬁiﬁgﬁgg aHRASPHE, ot Fo

to a rR®a> t-’ﬂﬂu%éép Opaitthegntire-¢omtentsrof hmlm of gvhichraee hexebyciat orparateid g referenee

coNV efho g atéxﬁ@b@cﬂﬂ:aﬁ@rp@lﬂtﬁble @ﬁ%@?ﬁ%ﬁﬁﬂorp&laﬂﬁ@g htaﬁﬁé‘}fﬁe ?a\ﬂ?caQ&%B8 tom

covera out  a mecB,anl cal ayer 16 then
is deﬁges@qsggbegdnggmpgn sjraienedh - Paients 431,789 &1 Mosely kbale 5 3(62n37249d| tion to
cover (Tepmiatyeand Sl 1440 ko mlehreealh@ieemufmnmfstdf e&hloimachtay@h&aw y wll at

t th | e t{ f
A U R I I L
atit a;harubnrﬂaamg d opselnidal ¢ollihitor @ nonvientiomallioniZéd spuitwerichambdratn bedised to gr eat er
than Ledevek %bﬁ&ﬁnge?agg‘éﬁfﬂgﬁtaz}ﬂl%ﬂaxﬁéa%glglﬁgo?/aShou' d be | ow enough to

prevent t orma I on cause tter conpound is very
brittle an(ThWFtngt #1616 then jisdeposited s s tolsever shectidamall 18 ofthohale ngny t he

| adi | d
% iy %‘%&??ﬁ’“ ’“?@@S‘:iwé‘h@fﬁ}f OB ke e ety sl aDloly BEAMYoRBEL oo
it | e H“%E‘P??‘i% gpetigm goversge QQ%a@t%nﬁéaB@pﬁmetan@e 9t i on of
SI i carwenson, thetwettingalage 1slft1t§ti1ﬁmtﬁh&%npai widsiléon, invdTiEN aﬁﬂﬁé ﬁm@m to aA

e ran
sw tagfeta %aﬂq? aﬁ' %flej%(glsﬁoflcer? a?wrgﬁ{qb@&qoagﬁg&oq thoé‘ﬁf‘ Eﬁﬁrﬁ)éet“f Mg 1ayer 16
i s spiarmationiefibiSiz besausesherlgtter compoundris very gﬂttlecandpmalﬁctemf todlaké aff of theof

tit angiawand A%graﬁ,g@ 8 shib6n %ﬁg&lt{aﬁ%& tﬁg“‘h&ﬁ r?%ﬂﬁ i %%gefergblﬁ%h%ur%l

i_ncor de osite non-conve

or
far gege %Pa‘}‘% Fange of about Q. 6?& to2Prat, p%@e@@refmbbrdeml;ambﬁ% whittd aveid fgminges s
capablTis lgf%eapéceﬂelomﬁlawmémrhﬁ& o?lsﬁﬁoml ih ﬂﬁfraﬁéa%f 'ae&ﬁ 574BNY9N1, onal
non-i Q %} éﬁrt g[egos ition usin ahme an%? [1mator typicéally can
achi eve' é(f85e SO 3 LT AtPRiF ’QPIGB" fr} the ggmge g bé’“b*bl:@s‘%es for non-ioni zed
sputter depositshlometibd af ddpbsitingire siliton-dsped aitanived wlattmg Iayatf B idemititet bed | n
Usﬁ)@iﬁﬁ al.es havin
L Bt S A e £ R o U o B
EPL Aheatigrdesitecktp be incorporated in the deposited film 16. Aside from the non-conventional

target material, the sputtering process can be any conventional process capable of completely

covering the side wall of the hole. Conventional non-ionized sputter deposition using a mechanical

collimator typically can achieve good coverage of the side wall. Suitable processes for non-ionized

sputter deposition of a titanium nitride barrier layer are described in U.S. Patent 5,371,042 to Ong
5 cited above. However, for holes having an aspect ratio greater than four, conventional ionized
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-4-  sputtering may provide better cove.rage_of the |ower portion of the

si;de wal | . [oni zed sputtering general u MEE ﬁAgi}l al sputtering
trajectories without requiring a colli get'ot ' He wetting | ayer 16
shoul d be deposited to a thickness gredt enoﬁ AOER ¢ tting layer to

ot ™ S BOERAP Dok Be oA oG B o SRR B el vﬁf GRS Lt nurn
deposi ganerallp poxissss vesxalrsphitating édapetorieHwitmunerequiting awellimatog. | ayer shoul d be

no thicker TMetﬂ?%ﬁZéalh%hoﬁﬁ(B@H%ﬁ)sittédtt@Q'tlﬂgﬂrl@%é;{tpﬁc{ughrf rtﬁ‘é FmHQP{X‘éE

el ectrical conduc
m ni nmuimeainiainndbesion tog and oppEiRICHYCAvaTAGE 0Yes, thedielsetrig mdp é‘@llrlisce‘@ﬂ ebthwm | 18

whi ch élé‘}dtedetgﬁﬁé@m?éj@é& f&@h@iub&éaﬁedﬁﬁﬁﬁdlﬂﬂnh #ioh ?rdc&@ dedceBedBdldw] S a
functiqgn of the snpo Ei‘i"&ﬁgﬁ’gd denS|t of the

a r exanpl e,
we bel Heweveree retin dig thiek %H@nwéeeﬁaﬁg wihand Tekaataat |
shoul dpdageralectrizabdonbltdds ttanialumisurgleposi t ed by non- | oni zed sputtering,
wher eas shoul.d .be suff ient. if if,is i zed.
aput ter | ng. MO BROSAIDCE Ayt icktssof o SetRERS e flpn¥e HERGAESicp vl
W def I whithiwiil emsurd aﬂhemtesfsthc wstting taysntaltheesde will is Iarfmwmbf thh emaethnéss g

lgver aly dggéi &it}[fg wet E;II Ii:%r el ﬁl{g}?é: We! b(éhé)e(ﬁe fﬁ’?:ﬁll;” é%icllﬂ%s@t#fttﬁfﬁ'et Ié osi t ed

non-1o0ni ze ness
wet t i nlgyerr@yléhe s;éwaléswl ¢ gt lqasftﬁ 1fuﬁ|s flepositgdrbyrRonHenizessprreringe Wheretsom of

the hob A shbvg sinsehit =i dlppas by RpiAesAalibY wiarypealenomess thi cker

the hole.” Conversely, non-ionized sputter

films near t ottom
deposﬁtq“?ﬂﬁheﬁﬂﬂﬁli‘b}éé@n% A% hi cker films near the top of the hole. For
ex anpl e, i nWaQBﬁn@‘ﬁnmﬁﬁhrﬁ fHickness” dethe smhlledtthickeest bf thi weting tdyet dtenyypodint ng

R ok MG b AR Ry 16 18 o BolTiny=<TpY olz=0 Bkt EDoffos WenindlC,
eq ual sofdhedepasitedi wettinglayer gomedrallyt willoet b@utmimn fioin thi opets thedrottomtaf thedwlaal s
four. joRizkd ?pdtl‘%f sm&@?é?xgraﬁgﬁdhﬁé&o}n@%%t tﬁ]ﬁ%ﬁ' R ?&pfhﬁ IBRSHA oP{he%QQO A

woul d have to p05| op 0 In order to
achi eVeonversslye Roeivnized spttendepesition podpgss ek gnclqehﬁlr%ﬁ ngar Rhﬁrtqp of thehole. After

t he vversdrleasmbleyﬁrnoi@om@d@w mohlf& tﬁﬁmﬂsm&he @btting GayBodear 5B GUitsn lbe
{)I led.with a
da

d t
i S e AL Y sf e actcenn Bt Ge BRnes memi s op RE B WA R B AL I0R
voi ds. ofAhshile adplats gnepmddtsmaysbeorty thveederaenal thelaggett ratioequalsrfowp U theratter

0RO dob0 kvl ray HRUHE D 11903 drnly RYULGI AR Wb fcblaWRINA Bre 2

enrpera ure 1A m num enoug to pr onot e

r ef | owsids walhin atdgsde hohéeye althikeant GOUb nedsKhs hnﬁommfél@éldeemler atures for
reflow ng aAHSPtHé‘{%tﬁﬁ 1 065 Hl o&&?th‘é@%ﬁﬁ&e} of:the'ﬁbletsﬂﬁﬁ@bé ANRERRH Ur es,

alum num mat erj al osited ‘on the surface of .the dielectric adjacent

the hoAlwmigum 2G: ﬂa‘who}%n bs éll%v%ng %ané?P@‘{?ytl?}‘r"b#B{“i‘W&l éf'@ﬁfﬁl%rt BFOFSSH £3MRGeof t he

hol e vwﬂfnmg th&ﬂbﬁ&wmsﬁﬂewl@v@ds wsm@mb@rocb@txs a édriyBhtiomaD “hptrtaihinG®posi ti on
processe scri bed 412 to

7
Rl T or PERe POt . bty SeRpiict Briorined Yep Aot A ferlitfare bl 12 (0
si i cothe atehm point pfiguminuanbus ixighenoughdgo peopsate iefllivinf thei depesitdd flamdivom bet ween

the al S{ﬂ}' aPi Wt eéehtgmbrér%ﬁtys ‘i'éPreﬁ&ﬁh Qbﬁnhﬂﬂﬁ Blet3isHOC td1$50° ©F Rlthd of the
undesir e conpoun err] heori ze
Jg¢ _  temperatures, aluminum material 22 depos1ted on the surface of the dielectric adjacent the hole will
flow into the hole, thereby promoting complete filling of the hole without voids. Examples of
suitable “hot” aluminum sputter deposition processes are described in U.S. Patents 5,371,042 to
Ong and 5,171,412 to Talieh et al., both cited earlier in this patent specification.
The silicon atoms in the titanium wetting layer inhibit interdiffusion between the aluminum

) and the titanium, thereby inhibiting the formation of the undesirable compound TiAl;. We theorize

-4 - AM 1556

This Sheet Has Been Replaced

LT




t hat the silicon inhibits such interdiffusion by
al:um num crystal structure and by occupyi ng GRS il NnUM gr ai n

boundari es. However, our invention is not dg ited by this
t heory. The al um num material 20 whiig | PELAVER hol el can i ncl ude

dopod it RIS MG syl wt*ss:%ritﬁficaﬁfyiwé@ac?%ﬁs@‘l%e FiiBHA pebormon, _but
m sl eadirrngturet@drwfomupgingcgapmbatweﬂnradummum(gmebomdgnest iHoweykr, ahmmwnﬁam is
at ons) o pgﬁd&,lggn gﬂfrﬂﬁéﬂﬂ)ﬂ&s tﬁgoﬁ{ connects when the interconnects carry a

| arge el ectric curre tabl e nethod for incorporating a desired
concent r at i dieatuingp guferial 20 whih fllsithe halncph inglude dopagtst Fovewaopie, t he

meg er i %lurﬁﬁmmdeﬁmwﬁtfbﬁxmﬁalcer&%&étseéﬂéﬁ% el w?dﬂ cUgﬁcfPﬂ) ﬁhﬂ%%kﬁi&d@b@@&ﬁet
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dopant . mlg‘at“m (a commog, b} migleadin gd@%?‘i”t?&?“ﬁ‘l‘ BRIESkingpesd nigratign ghalpmingg o
titani armonms)}whidecdnaleforsirthd meecronﬁebtmnbn thélfhtbr&fhﬁaﬁd éah-r?gt 1&g elettéicdl cdgard

20 G0 i RSB AR Abia 2
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490051 ot ki1 it Y ik ofeelo bR GHS R Gper O 0POSI L1 ng the
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IS| | i conilidanpdopedititanim sputteiihg Iélge; @@ forepaitirg tbﬁwéiﬁﬁ@fayéﬂﬁ Man]pbﬁsdaaLrl er
er. of creating an abrupt transition fromthe Ti N

B RS E bt 0 2 i o

barrie tting layer, the mtrogenflowrate can be
gradual |y déltmmtimmﬂls,é*stcm@utiardemmndmgtmess itchgp fiitialy, is suppliebip the eat i ng
a gradgghef ééb%bﬁxbﬂ@l’uﬁﬁb@mo r@fct %Ertﬁe utt Y ES d;altugm sB8s Yéf& biica glﬁé/o% dope

Advant a eousl l¥p(§ ep05| tin arrrer an ers 1n nti nuous

pr ocesél apfuny piride barrieg L. Pﬂ@rbaa@péﬁyplt haérbemmg%ﬁed tast ég&mém@lmess«&e

becaus @owtof aitfigds 1sttfilﬁied bﬂfﬁsodﬁﬁt ﬂié%ll%h—@@p&i th%l%%tﬂ&qhﬁr B wik 8¢ iéReitdd t he
ess,_chanbers fq the two

vugr Kpi ggerig t wee E E({ g) I, fego& t't
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down atayepronip Tigwdttineg lmuhmgeﬂfmw vate @h&a‘gﬂlﬁﬁally decreased hftértthebatierdayene
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it o doBdiel et Pty o UeR LR il B bl O AR BtV 1 o
Speci fi cal | ﬁxde@g@@mslse\depqsnmgshq hagrdar 2nd wiettingildyersdn e gptingoes protessiwithiniaes of
t he tlalagneu?a tidk H&jodiBion &ﬁm@% c@itfe%éti%%é’au?@ﬁ ATRY tﬂguﬁla%eﬁg&wmcﬁ' ze of the

tltanlu lﬁ%o as, t({) better | nped fusion o uminto the
barri e rggéerwo d be required to the workpiece between two difference processchagapers forof

fabri Cdépoﬂ@ngtlﬁ&ﬁvallayﬁfsu@cluﬂmg tiBRHeR 8 bd Gampifg theFdieetempRitife upland t he
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teflrtlaer having a sid ext endi
silicon atoms will occupy grain boundaries of the titanium mtnde thereby effectively increasing the

grain size of the titanium nitride so as to better impede diffusion of aluminum into the barrier layer.
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the first layer to an aperture at the exposed outer surface;
deposi'ting a silicon-doped titaniuml|ayer having a con- centration of
silicon no greater than 20% by wei ght, wherein the silicon-doped
titanium |l ayer is deposited so as to cover the si et StggeN ol e;
and depositing said netal over théhéblgi;con-doped
wherein the step of depositing said isinitiat

wal | of the hole renmains covered by said si | i cdr=etFEd t ium | ayer

havi i | j . i i -SLIJ . t 1: 2.
ot e B AR lng 2 g e R« Fralebh o Wohibight cofiftsily B Syl (5

i € in stbps afange of 5% to 10% by wei ght. 3. A nmethod according to claim1,
wherein t hegx%ﬂ/ﬁﬂxgoi seﬂf[?c%%ﬁét ﬂ%rﬁpigéel Wlﬁ&?fn@ﬂﬁ@sda fﬁx#d%ﬂ&db’?&r'oﬂ&ﬁicf)ﬁtfu%ﬁ?r

conpri ses depositin he silicon- o[)e Itanium layer wth an atom c nol ar
rétio lyenand asicleptriclaysroverbpingtbe fest jagelshgeln 4. A met hod according to

ckaim 1, wher ei nthelaRlcetrci1gRNhaskaRKPosell biatet suffateded 1S not anneal ed prior to
t t f d it i d | . 5. . A met hod ' t laim1,
whor ei n the st epTBAAREEEIRET Rghds thol it nPPeL B aes P I he mount of
sdi d netdaval atttndingfmomitiee ffretisyennd aredpesturkiat the expsddoduter surfaee; A et hod

di ¢ Y ; . o e . h
C8T1 11 T neSarShhEh hye YRS biRa TRl i RBOR bleBllrie SRAUAINHE AGED_PIPUTC

aPumi nand wor kpi ece at a tenperature in the range of 350 to 550
dggrees Cel gdpdSiting sald-metdl &%k RGitAGRRYENY tO claim4, further conprising
the step of, "before the titani um depoSiting step: sputter

depositing a layer of titaniumnitride doped with silicon over the bottom
of t he2 hRtHediabebrding tosadim 1, mhareinthe fritall @éposition 8 cottnued langienoughap Giflithe ng
st ep, \M]erei nthe titaniumnitride deposition and the titani um deposition
are pe}f“?S'r med inside the sanme sputter deposition chanber. 12. A netal
plug in a sem conduct or workpi ece, conpri sing: a dielectric |layer

havi nds 2 bk asuiarads Aier Skl maes Shibikdie hol e has a dielectric

si de wa

4. A method according to claim 3, wherein the titanium depositing step comprises sputter
deposition using a titanium target. : T e
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5. A method according to claim 4, wherein the titanium target contains silicon. I Im,” l",” m, m ’m

6. A method according to claim 5, wherein the target contains 0.1% to 20% wt silicon.
7. A method according to claim 5, wherein the target contains 5% to 10% wt silicon.

8. A method according to claim 5, wherein the aluminum depositing step comprises sputter
deposition using an aluminum target.

9. A method according to claim 8, wherein the aluminum depositing step is performed with the
workpiece at a temperature below the melting point of aluminum but high enough to promote

reflow of the deposited aluminum.

10. A method according to claim 8, wherein the aluminum depositing step is performed with the
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a layer of silicon-doped titaniumcoyering the side wall of the hole; and”™"
a layer of said netal overlying the titaniumlayer and filli W
substantial portion of the hole. 13. A plug accordi ng.t-e—c -WHAS,BEEN
wherein the titaniumlayer has a concentration of silid I-aengh toj

accor g epeds At Mo k@l fFb s ltel s 1) Cors— i

according to claim 14, wherein the titaniumlayer has a concentration of
silicqy Kirﬂéﬂa&d‘ﬁe inp Qo LTS 4 SFufhe cbpRGAY b eh B beford e i Bipabiang t he
titanium 16. A %Jlalt}1 %ccord”l ‘rllg tg @ Igslru?g {lS,%e\hérgtfoﬁ the1 titani unl1 I%yer has
a coné®Btration of silicon | ow enough to naintain adhesion of the titanium

llayer to tRputker depositing a thyet GTditddien dREQSAOpE®WitR Eilitdifovet thebbidm of the holeA pl ug
according.to claim2l4, wherein the titanium Iegy@(efggﬁ)&a. concenté ation of
h

si | i cONPRIMAPABESTGIR (rash BIP i Heaiym) dppasiiog st BB ARG ani um

tri al uepaositibm apdithdl titatiurh depdsitioh ardperfocasd/indidd the eamd dpattéd depodition dhamber. and t he
al um num | ayer. 18. A plug according to claim 17, wherein the titanium

| ayer has a concentration of silicon | ow enough to nmaintain adhesi on of the
t i t anildnimgpaplugin@isemisoadictos wWorkpigce rpmprisingeposi ti on of the al uni num

19. A plug.,ag | : | | ' |

i tani m © A e Bk ity 2hil ShendhEEBA R, Who] tighgSNE datae
accor ¢id§g¥ally cl ai m 14, wherein the titaniumlayer has a concentration of

\sNinl icon i Eatliﬁrbﬂﬁ%nﬁfop&ﬂt%ihﬂ&%‘g&hesidezxﬂlalldft?&htﬂfl:;_%ﬁ@ordi ng to claim f14,
wher el n tNe || et STl SEalias ud (RRRGS I Ak Hhirga sShithialpdeflod (nd £AG° ©

13. A plug according to claim 12, wherein the titanium layer has a concentration of silicon high

enough to impede the interdiffusion of said metal and the titanium.
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14. A plug according to claim 12, wherein said metal is aluminum. , '"m, """ ml m ,m

15. A plug according to claim 14, wherein the titanium layer has a concentration of silicon high
enough to impede the interdiffusion of the aluminum and the titanium.

16. A plug according to claim 15, wherein the titanium layer has a concentration of silicon low
enough to maintain adhesion of the titanium layer to the side wall during the deposition of the
aluminum.

17. A plug according to claim 14, wherein the titanium layer has a concentration of silicon high
enough fo substantially prevent the formation of titanium trialuminide (TiAl3) at the boundary
between the titanium layer and the aluminum layer.

18. A plug according to claim 17, wherein the titanium layer has a concentration of silicon low
enough to maintain adhesion of the titanium layer to the side wall during the deposition of the

aluminum,

19. A plug according to claim 14, wherein the titanium layer has a titanium-to-silicon molar ratio

L LI — s
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greater than 1:2.

20. A plug according to claim 14, wherein the titanium layer has a concentration of silicon in the
range of 0.1% to 20% wt.

21. A plug according to claim 14, wherein the titanium layer has a concentration of silicon in the

range of 5% to 10% wt.
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