;e3eD,.Z 6TD: i ~A~sen~ REFRACTORY METAL CAPPED LOW RESI STIVITY METAL
CONDUCTOR LI NES AND VI AS FORMED USI NG PVD AND CVD The present |j ' mulm
generally relates to the nmanufacture of electrical conductor I'llmmmmwmm S
that interconnect circuits on substrates such as semn conductors anggf&l at ed
packages and, nore particularly, to a |ow cost nethod of filling seans or

hol es in substrates using a conbination of a low resistivity
deposi ted by physical vapor dépdsitient (PVD)T an® & refract orﬂmmm“m"mwm,
deposited by chem cal vapor deposition (CVvD). The invention has {)ar ircular
application in_submcron circuit manufacture. Low resistivity me %8¢ * such
as al um num and copper and their binary and ternary alloys have been w dely
explored as fine |i REARMCIORINIMETAL | CABREDR dawd RESAISTIIMIIYact uri ng. Typi ca

exanpl es of fd | To\'e )] %p%ct“@t I FYRMEDE pvpMAKE e sum of
x and y is g{cﬁ}%&' tdgﬁ?rqe andcr'bot X andﬁyﬁsare ar eatuélrmte;an or "equal to zero

and | ess than or equal to one, ternary alloys such as Al-Pd-Cu and

Al- Pd-Nb, Al-Cu-Si, and other simlar lowresistivity netal based alloys.
Today' s enphasis on scaling dowm |line width dinmensions in very |arge scale
i nt egr at ed (P‘UESP)reéieP&uilt"r"%"lﬁrﬂﬂ AN YLys neddtes £ tRSi1ity probl ens

i ncl udi ng | mafefaatares olfatellemt el raundycdbrol inasdapdandaiszghagn. The

| BM Techni cgl . Di sclosure Bulletin to Ahn.et .al. . Vol. 33, No. 5, Cctober
1990, - pages 12475 pgRBHEC tseud o) ot P iR as B cebhoar SBmAGRS s and vi a
holes - 2dut&briscanddrigylaseide gackagespesid;i meraspagticomlardye ob W6 and
St In the sPhegeRestohoRAGHOGEN £ sHNGHIS WelhS ol ThELEENARCLARLI ke those of

Ahn et al. have signi f1cant . . resistance to electromgration and the
smal | grai ns§ragesf uging| eccordimatdaredts @l Arrenpedstinitycprahad and
thereby enhaepesitba BYi pbhi¥iefaipheldd Wepesarhynt ppUS)t @nfiogus and resol ve
phot or esi st igageg. Howeyer, the t.un en kaéer Forned,uain t@ | ow
enper at ur cZSAESEEPREATEY A HEROSAEC B §PBRIERT | KBROF BRPPEITEON 3. 409
and woul d n¢tvbé.a @GhbedidwvEhitidiomn hlaar piagtt itolacopppl isattenchpper
resistivity A d mati on of copper silicide. Thus, it
i's difficuIfwgéhggpgsgﬁggﬁg?fP%éﬁg%%E%?%Fer by selective neans at | ow
tenperature. Mreover, the Ahn et al. technique relies on the fornmation of

a donut shafzewa&egfﬂgtpeitgmnefcau@eshicm\e%swe&ﬁmm&mr@ﬁara&b%f sreahgd by the
reaction of outgassing noisture and WEG. The creation of %e donut shape is

bel i eved t otB8lRoPiPRFYaBPE. LREPREN &L18Vs, haNe PegmiCLeaty, June 12-13,
1930, paQSSeaﬁ%Bea,a@ofmhs et ha&:leacbﬁhewhl11€A&mﬁe§ﬁa@atbﬁvol ?/i ng Si H4
and H2 reductiop_of W6 to forma,s [RY; ngst en, | ayer _on_an al um num
or all oy cofidtie %FI:?Iéls’S?fs hpftﬁgli %é%&%&?gt%gng’cﬁef]r{ﬁ ih’ég‘?\’f'the al um num
and tungst efonneetfaetalFhéncludei Ad, Chcer phene i tie i sum dfpxoandtyof the

reaction OfiW:@%Waiht@l YALNYAHABoEROWN aBY ané‘éiﬁ?fbé_teﬁqthénvﬁp + 2A1 ->
2A1F3 + W The thin Ia%/er of . alum num fluoride wiTl iIncrease the series

contact resPIRAhcEOoFERRt aNd11eESVERGR 9T PREAL [£0 1R r HRFRIEN t hat
sputtering ALYé¥s| suen aspadFpkeuabudl AUAPRFNDS AD-CwHgS) eam@ncapsul ation

using CVD eliminales;1ng poobLelhots e hotaABAIEY Moys.
Today's emphasis on scaling down line width dimensions
in very large scale integrated (VLSI) circuitry

manufacture has led to reliability problems including
inadequate isolation, electromigration, and

planarization.

The IBM Technical Disclosure Bulletin to Ahn et al.,
Vol. 33, No. 5, October 1990, pages 217-218, discloses

tungsten wrapped copper conductors and via holes



.- 3 Dalton discloses a traditional schene for interconnect formation
wherein alumnumis first deposited on a planar surface, it is overcoated
with the sputtered TiWlayer (the only difference fromtraditional
processing), the aluminumis then patt2rned using photoresist inmaging and
devel oping followed by reactive ion etching (RIE). The resulting structure
is then overcoated with a passivation dielectric such as Si 02 or polyimde
whi ch it selfeBs ARG Rient § ) PatterdrRps Sty ed & BB UHhifd Yfetal i zed to
create a nwirt] layeredy stincihg prdsagite df i1pydadkem f r amdaalstudra tasd shows
that multtl.a rer doevi ces p ductergll Sb L8 a%itti otnaélll pr ocveessi ng schenes have -
seans in t HEFEREHFTIE | ¥ sERE G e 1084t o of )Hﬁe nmetal conductor |ines
and have asvgny fiirqathllarhigesurdsictande it o Fddtodntigre tdom evel pl anarity
of the dielectrd S] . RIE., Pl [ 1S4 depe t on the pattern
density, a%ﬁ%nér#pﬁwar%%sxﬁréazc{s@fpgsu%%l%%ipﬂ%%’{rgg pr ogﬁgﬁs during

subsequent resitugas zaflrctancemm Ehaxahy grhanceiksddeopbddiifvniofe, an etch

stop is negfed J1art HRMMHy oot eddils Ghd a1 PhotbFe@li skopper
based |ines when th i nes are etched dovvgito t&%tﬁ%ld}“ m.de surface because

t he phot or &89S e eVttoc ¥t UFL88. YREE of any

hi gh coppenosonicaiieratiuras Wasarr ibeapdry @AHmyet salexwoaldl pedi fficult. -A
serious dr of _.t i 1ional, preQc i .hglude al RRE is that a
| ar ge nurrbgﬁqg%%r?etra J}g%ldeﬁ'tgg' t esnﬁ%ﬁo }Zﬁao\y&%rﬁigﬁeng ?g‘é?jretry due to
particl e ddidéusionybarmse fioy @PPeIDE ingeRappPest rgsisgiiydtyses a net hod
For fillingqtitete \wlgrddEdy ithe! ifainit SANAC cdpple®S siifl 1 B4k, | evel VLS
metal lization structures. In particular, an internediary netal such as
tungst en ofhHSlyHdeddndid Hidtdr toedepasid ¢ dl-ffﬁ’m&@pééifi"éﬁri RYopeni ngs

[ R an i anUbéu@E:thr&maml@ @i il\g@ﬁ Xé.vedD@léQﬁithﬁ@ .O?/Morbb@eept the aHnface aRd in
t he openings of the insul ator ) en. a pl.anarizatign resist, such as
azoqui none%%vﬁ‘ﬁacﬁefﬁwquélsel sFtesl,J‘%ﬁolo a roﬂrgtté‘é),n 8 I?i ﬁPBE , or other

t her nopl asshepeaiadr itdles batdcappifi détkeovdmesherhtigh dfs nbemahldgr nedi ary netal .
A pl anar i zgde SEEUCHY @ HeS 2Rt 180 @'fn%@_t?és%ti‘ﬁ B9 15Qudel sra'wf\h?re the
internediary netal is even with the resist. Thé Brown et al. nefhod does
not avoi d RBEaFrestdedi Of he Soret shéPecds heddevate§onwbennetching and is
not useful rE@Kapli@nari zing Al-Cu or other soft alloys because they have
different properties fromthe harder netals such as tungsten and

nol ybdenum Moreover, using the Brown et al. nethod, it is difficult to
conpl et el ypalkbnvieds adng NMIEs CodfBreRategniiuhed42~-8336 1098gypages al .

di scl oses _ghem cal.-nec i ¢al .pal k.shi t.echni hich can be used to
produce cogfggn%?%ﬁeﬁgll :{%s%ﬁgzt g-‘ria i?n%'%%n@%ls}uggﬁr g#g_c !rjlﬁparti cul ar, Beyer
et al. coniswplatdsgp&idyr dindg Hynreductipmneti WEyl &ei fgrmager, depositing an
Al-Cu fil meppeellen tusigaded 1R§ECah- BRCRARKIAWPBL aRisg techni que
wherein an alumna slurry . in di gte nitric aci,d is _mechanically rubbed on
the surfacEoRBUFEREy FeRILES. 1R EhgoLneRrRgTabdsduRd £LHAELRS 'ﬁgve a

sih gni fi cianthys h'ughemmemmalitumgseehonnﬁlbz@acbhfanmbefmgdﬂhyi nﬁ i nsul iator. )
The resulting structyre i.ncludes_ Al- in pl anari, ze i t he insul ating
| ayer, andkggﬁﬂ’aﬁ@%’ olnay%grg ggﬁrgégﬁéyo e%z‘&dggafﬁif’ﬂe#Ma 6cation of

mul ti | ayerwéthuefluméaumyag. shRawenby4EQeatdon tle Cote et al. discloses a via
filling and planarization techni que wherein Al-Cu alloy |ines are patterned
on top of a first passivation |ayer on a substrate, the lines are

overcoat edEdit b a se®¥8gd+ 2A15->paddFygatti ¥n | ayer which is preferably a
doped gl ass such as phosphosilicate glass (PSG or borophosphosilicate

gl ass (BPS ich confor over .t he ntoyrs of .the Al-Cu al] oy |ines,
vias are t%ﬁ\l\’?bﬁﬁe ayRLt ﬁ% Eé&g‘ﬁ&“ﬂaggf’\%{ip&nwl’*&éj“f’ﬁ‘*%%ﬁo‘ééet he |ines,
and tungst sariesapphitadtoresishansar bficMethlt NetoeMendl passiaati on | ayer
and in th | b Lyt b Syl ' e a t ungsten is
conf or mal eP%ig ar ég%?tgﬁdtggﬁ' ?pﬁﬁtggé'n@l gghwf,?égu%m(:%%; t?’r%/a\l/%i ds. The
structure @sumhBumppPZAQri £€dtbpgpbrnsRnFgPaulAtannabe4Bgveve| urry.

eliminates the problem of fluorine absorption.



Nei t her Beyer et al. nor Cote et al. recognize that polishing is not
practical for lowresistivity, soft nmetals such~as Al-Cu alloys. This is
because such materials tend to scratch,_snear on the surface, and corrode
under the influence of the slurry. MrFebver, creation of the planarized
structures in accordance with, Cote et aI t akes several processi ng steps
whi ch mcregzalls cos(? d reduces§ g Rossnagel et. al . Vac. Sci.
Technol . CNAr T A 05199@1‘—)\ WAt b5 b It TS chtg%fétw Sout ter
deposi tion t@mﬂrquwfrotremposalmmgmﬁmlm fiihadt ateposdneat iddl @ with [ift-off
patterning t;?fm ues ﬁ}% ofe {ilsidg.o e LRGN q‘rée élp'%%tazle%dorﬁswent ed in
e

U. S. Patent h 7s herein |ncorporate erence
Shi ozaki . et leﬁyer Nishe nly otiifRrange o é‘r@rﬁ,iél@magol id State Devices

and Materi algrodisfimpes dhe arﬁﬁnmurﬁeiﬁcanérﬁ gattestea deneg tion for hole
filling on t of a hi gh resrstr%rlf;ydhar met al_such as MbSi'x and is

unrel ated t & skt i SR BN% HRAPing & odyopRRy PaF IRRE LENGENTI ON | t
is an objecticf dthehiMESEQRIE) Nvertie aredud ANy istiralceudRe ier thene

di sadvant ageve(}fcoaq% s&iqr }rt aﬁﬁva;tqbc?rgcfri a{'%%ﬁﬁaspergrtﬁ: ofa tlg pr esent

i nvention tere 3% ose |Qh aspect
rati o, submicor @elylmideanthildhestsfprissisvpsequentdy pt’at$p|mnteer,| ng a

refractory @be%'edﬂe@'ﬂd)kﬂd“ e tGAl1 1Rt @ Egggtgwﬁr gh aspect ratio,

subm cron hol e l[ine 1n lectrrc at a pressure ere scattering
deposi tion M%@é’@-’t‘%ﬂ @r"é?a’t"é'—“df%onff'dr%‘&le c,loétsr kgkenafrom Raltper.

Accor di ng t@n@n@mﬁrs AFRAC mudft £ &3 %“e@flfcelsn‘pQBEih@@dt pore is disclosed a
met hod of f a Irner in hi,gh aspect 2\“0 submni ¢ron, hol es and |i nes,

conpri si ng t ¢ PLOSHH N F LSS DAV §CRBEaENotPSI | oy t hrough a
col lI'i mat or ldritedea:tmighlamemst atattihey lodatiionoofhthe metlailne in a dielectric

at a pressupgiens el anal Hishey Veay doulhaier Lepopaateca, conf orm
I rst Iayer I n sal aspect ratio, mcro e |ne and

sputtering a refractory netal ‘or all oy through a coIIrrrator into said high

aspect rati @t Subeiigraeunel @ Ofadnived @m%éidyetafc:thécd@éféaé@t&l first
Iayer at a gressure mher scatterrn osition dom nates, Accordlng to

still anot h8FIBGp&IE -of P ﬁ@aﬁr%é’eﬂts i ﬁ‘v AEtoAePRBABNESOR| ERRosed a net hod
of creati ngpmh:almzaitemntlyr,nasxcammﬁpaanam susifbsesatresute@nNphi Si ng the

steps of: o] i d a substrate,
sai d openi ngu?g\@?‘ng g%%ri Q\% dg‘rf)l&%t% %%% B%glgt f%‘ﬁ%aﬁ???§?°?ef rgitory nmet al
or alloy ora@oﬂﬁ@uﬁecbﬁiauteoéssMrSanic@nopoémlmldeel antetchastiopt im bott om of

sai d openi nﬂee@%BOSf'otr' aamavtaqworfeim%ttbwsxsmaal t8p. ak' 9! Y ftim S&4+ d
refractory nmetal or al OryLPron said top surface sai d ?ectrrc and at

sai d bot t onFOPPEE; faggenildfeso vRehoithe BdPsH §§Pdef—6‘be‘3f dgyh dt®peni ng;
deposi ting aheepongl'imeﬂeasumfﬁcmemlcaoseahhéypnu%réﬁigt| peméesL stivity

t al I t l,] d t rf f
sai d di el eoPFPgeRng PelbenaBE, 2B BoafimBeny e h phRobEH o ati v st
refractory @epaperocoatesy,orltvdpumor sapgeroallegi £si extyemel;al or alloy
and said SeSQEQiEMEEaCIQrﬁeEFB%E Arabudk bECELEhLePOhAT SpAbOYSLo2! C top Of

said dielectric anar structure is pr udes a
met al i zati o §pbelnclude metal RIE is that a large number of metal
shorts tend to develop with fine geometry due to

particle defects.

U.S. Patent 4,824,802 to Brown et al. discloses a
method for filling interlevel dielectric vias or
contact holes in multilevel VLSI metallization
structures. In particular, an intermediary metal such

as tungsten or molybdenum is either selectively



7 having a lowresistivity netal or alloy capped by a refractory netal or
altoy that is planarized with said dielectric, said refractory netal or
all oy being applied to said lowresistivity metal or alloy at a tenperature
such that said lowresistivity metal "of alioy is unnelted, said | ow
resistivity nmetal or alloy in said opening being encapsul ated and wherein a
liner is praoduced conforningﬁto si.de _wal.l s gf sai d_openi ng. According to

still anot h8FPRSPEEE of PRETIFESenT PRVERTISAPRePE s discl osed a net hod

of creati ngnoet-akilzatiiorllyi dHepocandedi ageonthesabstirat epréanprasdng the
steps of: f ' ing i ' I.C,ROsi,Hi O oQ a substrate,

sai d openingkﬂg@%nggggﬁggsagé gh%o?bg%?g é%oggpﬁxg’aeﬁ??st refractory netal
or alloy or PdaRpaimrdténnarespssur FuEk 8f 3apdudnenesPrpPéa@aniya a bottom of
sai d openi Nngesd8RAST boAymadthawr{eatesi VphbYyiRiaksOr o2l bepepver said
refractory netal or all oy on said tog surface of said dielectric and at
sai d bott ontBETEQPHashdRAi Rgtesialpei hf BRPOIPLaPUCF opBf CQRI B obRfi ng:
depositi ng ansecnbdieelr aetaly netplanarabéaysoractsaedisovhéesi stivity
metal or all n_sapd r o] e r y j . surface of

sai d diel ecf’%%gé‘ q°by Sggéﬁﬁét %rﬁo\iggﬁ?d"%gﬁi %8;3 gﬁtdglr"%é%&/‘?%é said first
refractory metal &s eveoywdthcbhponesistai dThewBreensetvaly methkodor all oy,

and sai d seggpd hefraGheaYmEBLE! cOFr8sioy Ah@MbERerPRLAS FePOVE said top of
said dielectric, whereb anar structure 1s produced which includes a

. y.a pl .
net al i zat i oASEPEEaRETFi HYtR gBV\M’é%i and vig ynakrusedrl af Py capped by a
re;ractory ﬁEhﬂ!larQﬁiﬁ :ny-dt:)habrismdlzm%dsfzedmbyl@ becgusk etlesgri c, S?i d
refractory pretal .or_alloy bein [ t o, sai w resistivity netal or.
1oy ot & PEKBerE6RE=RY REPREr E0E N FRE) Sor ¥t Fotata Hichi oy i o
unnel t ed, wasrtiungsted shépmolybdemsit i njosadder) resingftlactBrogwmet al or
all oy or cogpound h5tAGR) eyed;ysange folid MBS cdodptitery N And aad i ner s
produced whi ch c@n orns fo alf i nsi de surfaces of sald opening and said top
surface of aafddlénefectric. According to still another aspect of the
present invention there is disclosed a nethod of creating netalization
| ines and vial on a subst e onprising the ste of : form ng an opening
in a diel ec't’r?c.BBE?FFO%E%‘?%ne%ébg?r F¥ s%?oaipe‘ﬂf%‘biqﬁﬁﬁ fy a top and 7a
a bottom depesitabgmachanstal gpobidluinyg netchniqual wodclorcaaoi@ound on a top
surface of i e I ] 1d.0 1ng;. depositing a
| ow resisti ‘\§/Ig § gré%t ?gé?égal ?%1%5/%1? ngeg%édf)}r%%%gﬁ% fr)r@tq%%]%onr ddaI | oy on said
top surfacesebstoatedi Ehepa¥ttcular atBeysd ¢otabm edntraplatigeni ng to point
bel ow sai d g,gptglf:nls;@?da,gp,m_ él,giyfrirﬁ)gfrdgdﬁgtpnéep@fgir[ q{grﬁg tal or

all oy over said low Tesistivit or alloy on said ref ri;t(r:%h ry metal or
all oy on sa®Q AbpCeufiiRe 379 sEhep g3 i hembrat —refhendfdlom of sai d

op_egi Ing; anﬁgx.e@nyh@gté@]hlldiéthé Sthe e AT cirorayl uret red sQIduxﬁ!:h,:c @h inl(m:la)oulnd,
sai ow resjstjyvit or and ,sai d secand refractqry netal or
all oy from %Jrérjp i%%%gg%ov%e%%ﬁdiﬁo%lpl%fld%%%&aﬁ"éIéé}&et rsilﬁfra\ﬁnee% y a pl anar
structure isepeveukskdCwhi chhé redldising marpound i tands tte haven@ a | ow
resistivity r Ya YA y that is
pl anari zed ?M{?%ﬁsg?%ngif%%%?}?%ep%%% reﬁ%%tcfo(rp{/ net a tg{rynaﬁlﬂoe‘; bei ng

appl i ed t o $RHRFIBING ebnSH1Eey. Nt TASWtIRG AtEctapsedaialudesuch t hat
sai d | ow registhViiNesEhBanLFiHed Qyitls tHuTel AAd atief Gliaﬂ(eigi Gt ep of
depositing said first refractory metal qr al%g%/ i hi eved usi ng

evapor at i orS URFETER L s ?%Iexf%f?aefzt‘?ﬁiﬂ%&é? AEES Jhi¥'%ai d bottom of said
openi ng but faiot icatdeonmad f snwlt Sayeoparuturecording to still anot her
aspect of the present invention there is disclosed a nethod of creating
nmetalization |ines and vias on a substrate, conprising the steps of:

formi ng an Wpeni Patemt at A ekt it fotia i9hedl ofiAamagest & vd& d openi ng
having a top; eNfh@ HedtSransernst tdimt el igle MA{dACHPN 16RE @119y al | oy or
conpound on_a top surface of said dielectric and at a bottom.of sSaid

openi ng; deptR§g i?ﬂaap‘?%wrf’é%c?sqr} ViR, Qr'étaalfjcﬁs'falqacﬂf’ldi}aéirioé‘ailéyteé‘f ractory
met al or aldmwya asuisat fato®p s flaioe ofasaiahatt@laodd ivel BNG ateceaiad bot t om of
said opening to point below said top of said opening; depositing a second
refractory nmetal or alloy over said |lowresistivity netal or alloy on said
refractory netal or alloy on said top surface of said dielectric and at
said bottom of said opening; and renoving said first refractory netal or
all oy or conpound, said lowresistivity netal or alloy, and said second
refractory nmetal or alloy fromall points above said top of said

di el ectric, whereby a planar structure is produced which includes a
netalization site having a low resistivity nmetal or alloy capped by a
refractory netal or alloy that is 7b planarized with said dielectric,

e . e I — o o o, M 1



According to still another aspect of the present invention there is

di scl osed a nethod of creating netalization |lines and vias on a substrate,
conprising the steps of: formng an opening in a dielectric positioned on a
substrate, said opening having a tQpé@nﬂ a bottom depositing a first
refractory nmetal or alloy or conpound on a top surface of said dielectric
and at a bottom of said opening; depositing a low resistivity netal or

al | oy overpsag ﬂvét_efcfraclté?}é’r rmtlaih qrs dedt Qb 1SR A dResWiiface of said
dielectric aqg ald botton1 S openlng to a point below said top of
sai d openi gy’ % & éﬁ?hct Mtal or alloy over said | ow
resistivi tlyomceplabspnosa:lllmﬁm Sanisth r(eB‘Prﬂl:t o dretaadn farcmed logperon said top
surface ofypaido Al APY Gt 4 oLy A PaLk oD, Ofvfaag d,QPghg; and
removing said first refractory netal al’l"oy “dr ound, "said | ow
resistivi tforerdlinrtha sgro @a§§|wa§é@@ndawfrr a:@t @mporﬁﬁ &heor alloy from

all points ghoyve S er%t%fn sal dp18leRCidvies t‘Méers%tha%eO'o%n%'heSt ructure is
produced whi ch i ncl udes nmetal i zati on site having | ow resistivity netal

or alloy cgfiRR{ @F%lr"é'ftrlé’é‘t dayefrend dn &Ihleoy’ltaﬁ;ath §VB-anditi 28d with said
dielectri Cre;ic&i'tdald eifrl awt@r yetrraual tha talovoy th@g@@e@ﬁ@sl Q:@ntf@lrﬁ\alld | ow
resistivit tal_aqr o rat yre s t hat__sai ow resistivity
netal or é%? éﬁ1 %}g %%°P§nﬁf@ﬁ§ 88id first
refractor yvaﬂeisa-l drhealsltayacctmreomso&hep madalrdwedebysipio\hﬁsyungt al or alloy

and said %Pﬁ%ﬁhﬂkysq% or alloy includes the step of
chem cal - anlca pol i shi ng terial above a top surface of said
dlelectrlc Accordlng to still another aspect of the present invention

thgrte If d:&qirfe&ecb@ézemodtmf n@&e@b}tégelfehﬂ I %atcbgm&bneaaagd ?/I af on a
substrate rjsi ste or ning in a_dielectric
p05|t|oneéxgﬁ' g&? 3’p§§§§iﬁﬁénfﬁ§nh8glﬁ&sgggéﬁlgﬁd §966t t om
depositirumetJIS}ﬁncnehma@uecu aRflalysor EhheylsrbeeapeunéuOh a top surface
of a0, Ohliaslidis Mo Bottam oLuaaldoRPeReng;, daRasi Ligo a | ov
re5|st|V|ty e or alloy ovéer sai'd"re rac ory ar-or’all’'oy on said top
surface cﬂCQnﬂQﬂQﬁuﬂdﬁnzﬁmG énélaﬁn§§|be@hﬁoﬁﬂutrYaldMgpenVﬁg:to a poi nt

bel ow sai %ﬁ&wn A Qh@p?ﬂbﬂﬂriééﬁ%t&:h@gu%e%e@ﬂchE@EHéﬁE@ry metal or
all oy over said |lowresis |V|t§ r allo n said refractory netal or
|

al 1oy on $td (GFS G &le 6R*EHI §eYPERecPEPES ﬁél“gt 558P8 BBLFBm of said
openi ng; dntrexsws rYPstai dnbli ketucekr aatpuy.netal or all oy or conpound,
said lowresistivity netal or alloy, and said second refractory nmetal or
all oy fromall points above said top of said dielectric, whereby a planar
st ruct ur e Rosspaglcet BRi.cd.i NeFud8sia Merhhpilat RoR6di (Mandkpng a | ow

resi stivitysoBt A1 s ddlels0% eem@ﬂa%damagﬁée%ﬁr ¥pligtek or alloy that is
pl anari zed wit'h said dielectric, said ractory fretal or alloy being

appl i ed t SePAsdHiSR teshad ayet FoRedsPosLtangof idnsathafip@rat ure such t hat
sai d | ow icowipHtitilley withall ige- alflfOpat&ekmlifﬁbt edchwhguesnafai Hoséep of

r enovi ng first efrac Qry ne 0 said | ow
resistivi #Lﬁﬂ% Fr§|| Eﬁﬁéugaﬁa 3388n8r?§FP§8§ EB ﬁegal or all oy
i ncl udes Wmmbnwhé,ﬁﬁép§4éfwhéabt1sehevaiat¢hcngpandtedebycal-nechanica
pol i shi ng Bt KId e @abOve a top surface of said dielectric. According to

still anofher aspect of the present invention there is disclosed a nethod
of creatlng netalization lines and vial on a substrate, conprising the

st eps ofh u@agamgt@& gpgolngsf?aatglgkegh%lggagsgghggggngg §$bstrat$ Isald
openi ng ha nd.a bo e ing,a first refractory metal or
al | oy or 6H33h a%ﬁ §3F55e§uFP§gg gFggah FE&P?PE 5he aﬁeapgotton1of
sai d opemsa;eqtﬂmmyﬂunggtanldapoe&tsbnvmby nenalfmmlahboynov@p said
refractor ralls a o] face,of sgid.,dielectric and at

sai d bottg)tn%f %iﬁ%d rgesé%)é%%tg hgrél ﬁ?éggl s~ Bars @83 of & §§ % openi ng;
dep05|t|n@na€§GUGMdtmeﬁméépéﬂyahépalOéraasbﬁy metalsaid low resistivity
nmetal or alloy on said refractory nmetal or alloy on said top surface of
said dielectric and at said bottom of said opening; and renoving said first
refractory nmetal or alloy or conpound, said lowresistivity netal or all oy,
and said second refractory netal or alloy fromall points above said top of
said dielectric, whereby a planar structure is produced which includes a
netalization site having a low resistivity nmetal or alloy capped by a
refractory netal or alloy that is 7d planarized with said dielectric,
said refractory netal or alloy being applied to said low resistivity netal
or alloy at a tenperature such that said lowresistivity nmetal or alloy is
unnel ted, wherein said step of renoving said first refractory netal or
aIon or conpound sald Iom1re5|st|V|ty netal or all oy and said second

e . N M .



harder than said second netal or alloy and is planarized with said
dielectric, wherein said second netal or alloy is a netal having a
resistivity lower than that of said third netal and said third netal is a
refractory netal and wherein said thirdgnetal is deposited on said second
metal at a tenperature such that said second netal is unnelted. According
to yet another aspect of the present invention there is disclosed a nethod
of creating a liner in higlSGMMARY 6F THESINVENTOON10l es and | i nes
conprising the step of sputtering a netal or alloy into a high aspect

rati o, subm cktonahobgcoof thermesent avdntdrest ameliaateanprersporeed ivdienmages of
directional deposition dom nates, w thout collimation, to create a

conf or mal the@alor ag-t hat is a liner. 7e According to yet another aspect of
the present invention there is disclosed a nethod of formng mcron and
sub-mi cron nefEAIrYEE; Brene; #BECRHdthg| RIEseHh inveation there ds dissiased i Mgthedeotst eps
of: formng a nijron.org%fb-nicr n si,zed op ing in a dielectrigc positjoned
on’ a substrFainE  JIneh T bish ARCHaPHRG ST GPIE les A fings Compsing s REP<2fi d
openi ng w t | I b treri I tal, or tal alloy
ot a prosrtetnl fireRiorfThe) Br oy Wrquiut Eoliecdl e ik, B b
sub-m cr Oﬁlbﬁtié%ﬂ HREB! Nk iS2 LR 1daR tao%e%}@lvgéﬂe' s@é(ttéﬂﬁf\%;&é@ﬂli}ioﬁ '(gl){n'iﬁ} gsai d
m cron or sub-mcron sized opening fromsald bottomtowards sai op to

forma copfQedRh c%ﬁﬁ)trfnﬁgcdalﬁﬁ%%\f?sra liner/f The foregoing and other objects,
aspects and advantages w || De better understood fromthe foll ow ng

detai | ed descAapgdrii@R t0fanéther &peéirfahe pheeihtavintioh thdie id MEIDEddoN meHda of
reference to the drawings, in which: Figure 1 is a cross-sectional side

vi ew of afapmiingy a diher sehigh aspghec tatio, Sullmicrat kolshiand figesarcompeigiag thoptepsibf:ace;

Fi gures 2A through 2E are sequential cross-sectional side views of a

sen conduspudterisgites tefeaceory | inetgt oatalloy thrmighaa icatlimatonfintohe highy @specomatio,

Fi gures 3A~and 3B are sequential cross-sectional side views of a substrate

with a desibadcionehelsnobvitiec dntedligdocten atnguprgssure beerg preptianalz depgsitiodr to

C ose- SechoBITales 37 desald & samOTTal Seshiissh et o, BUEFLTR, SHYGIcrat holg o

anot her Vﬁrrlé;aa;[nidosgut grir{ghae réfpa\cl:teorr];[r irr(ljert]zﬂ or alloy through a collimator into said high aspect
ratio, submicron hole or line in said dielectric over said first layer at a pressure where
scattering deposition dominates.

According to still another aspect of the present invention there is disclosed a
method of creating metalization lines and vias on a substrate, comprising the steps of:
forming an opening in a dielectric positioned on a substrate, said opening having a top
and a bottom; depositing a first refractory metal or alloy or compound on a top surface
of said dielectric and at a bottom of said opening; depositing a low resistivity metal or
alloy over said refractory metal or alloy on said top surface of said dielectric and at said
bottom of said opening to a point below said top of said opening; depositing a second
refractory metal or alloy over said low resistivity metal or alloy on said refractory metal
or alloy on said top surface of said dielectric and at said bottom of said opening; and
removing said first refractory metal or alloy or compound, said low resistivity metal or

alloy and said second refractory metal or alloy from all points above said top of said

dielectric, whereby a planar structure is produced which includes a metalization site



Fi gure 5A through 5E are sequential cross-sectional side views of a

sem conduct or substrate illustrating still another variation of the
invention; Figure 6 is a scanning el ectron m crograph (SEM of a liner
deposited in a via using PVD, Figures 74 and 7B are sequenti al
cross-sectional side views of a sem conductor substrate illustrating yet
anot her variation of the invention; g _ Figure 8 is a cross-sectional
vi ew of ahavéxgmaploar yesistivityihetulebr atlayraapgstebsta veftatctary whetakion WD thhex Suy
alloy is capped with CVD tungsten; and Figures 9A and 9B are

cr 0ss- secplavarided SENh saidrdiglectpihs s@fl refraciotyumetsl wi taHoy beipgt applied ppeaid AbwCu
alloy lines prior to and after chem cal -nechani cal polishing, respectively.
The i nventasistvity mesalearzalioy at @l tamperatuge seehhdds sqiddow gesistivity maetal of plloyeds vi as
and conductor lines on a substrate where the vias and conductor |ines

i ncl ude auBelied, |gif fQwresistivityymeid or alloycip sad opspiag heing, eacapsplated astdy

hard, refractory metal which i i stant t . and
o1 et rom HSKTLH MG FMBICES PHROUREE ‘aARCUESCEBR SPENBE or e pi anar wi th a
dielectric | ted on the substrate, Several different and.

St ructur ee ar SO ORT R s bifie] 8 Tl e ReRhP bR PRle ¥ RiEBA Rt on
ith Fi (E, i AN i 7 i ~Py/D
deposi t 1 o crisares erea vk ERLEiC g o) G 87 ARep STRSRRI 18 MARTRYG e

and resul t4:AgnShA la;?tamlgsn A elltic!goditioREl bR AUfibS@aBNYaid ragsﬁih'g qla%gsitf { es
and dielectric overlays, (e.g., composites of inorganic and orfgani ayers

|i ke that aghgwottbm; egositas 2Ars refttctdhr fe@Bbr BRoW L dompoRl bn a0 istidh&@

| ayers of inorganic or organic insulator materials). reover, the

i nvent i onof saidafielecst mhd taed Hottoanyt gedd topenihgr depebising @olvloi re3istioing metalt drer ,
an objective of the invention is to overlay a soft, |ow resistance netal or
met al  al | ejoynoten saidhmfrdctoest metd or plloy balsaiditop surfzee ofi sahbkdigledtrivesnd, at said
corrosion and el ectrom gration. The invention has particular relevance to -
el ect ri cabotsgms tadrrgidippesingutoea Fpintibelaw azid tep whepridaonening; siepesiting atsaeonseen
di scovered that uniform_conformal coatings of a refractory netal |iner

mat eri al FAFRCHEY dRg5JQriadlQYiqyes sadilQw sesistivay mefal or allay on w% FeiFastoryjmaqal
reliable hi

aspect, ratio.fillin sjing. PVD col ljpated sputtering. The
ot r act or 9 Aden PR sairbIoRuPrect i R, SeleRicrand i id BPRATRTOH  Bheriis 41
copper fo e p [ it fer o..Fi - strate
10 s i SR SyE P RERDY At S elol St BRORud Sl B BBty fafeoned
The subst i r il | r i : ther
materi ol e s ol R (EPadlory nbFBr oHBY AT RN Bov e B 08 of AL
substr at eqibiciRY WRerbf A pidhdr stBIGASS . is Ofro@R¥ROWhiIcE iMBlugsd 8l memFRphYsiksed
for packagi ng sem conductors and for making thin filminterconnections. The
subst r at ehdngpracfosy addistivitgsmetaplotirafloy toappdd B¢ eefrabusy ometde i Gtisy faamad
therein which may include field effect transistors {FETs), bipolar
t ransi st opkpanizegli witbrssid dekatrick yaidireftestoryometaher lallky being apiptied do baid low
understood that the substrate 10 shown in each of Figures 3A-B, 4A-E, 5A-E
7A- B, andIeistigiy nieiseoramlpyoft a temperature suehe thatipaid dew aesistydtyemptelior Ao isot her
attributes known within the art. The dielectric conposite shown in Figure
2A i ncl udBBmelisd, afydetsén 18l isieBr ghrfiepotiiing said: ifesy zsfeactory 1maRd arz alloy or

or“Ere 1 Rofool ot LSl kot AR, B Icpb L
. . Dot PECVD S 02 i .
FRI 8 N e T T B o L e Rt
E.rm is proviJed ds & 3af rdn%%e?%g&%toﬁﬁ{%' bleesz!(:jﬁnin%ﬂtg)ﬂs'ch%{:b iéo‘d%sjalo%@ra
organi c dielectric IFayer 12, such as a polytmde, 1S depositeéed between the

i nor gani ¢yl §f drba@iid mbBilizA¥idreliR&! Antevia® ohne sehs@h@RC chinprisif éisfegs ofeat ed

by layers 11, 12, and 13, a single layer of an inorganic dielectri such
as Si 02, Fsfnin®han Bp&tng & a AikléWuG@Pbditioned on substrate, said opening having a top and



_In dielectric, such as polyimde, may al so be enpl oyed and nay be
deposited by any of a n~~nber of well known techniques such as by grow ng
in an oxidative atnosphere, sputtering, or PECVD. While Figures 2A-E and
5A-E show the use of the conposite strugture and Figures 3A-B, 4A-E, and
7A:B show the use of a single inorganic or dielectric layer, it should be
understood that the dielectric layer is not limting to the practice of
t hi s i nvenbowempdepdshaly afiystdiefrhaoty meta( @r @llpy ioh @ogmound on Dicpaslirice uged by
itself or in conmbination could be enployed in the practice of this
i nvent i omaid-diglecwic2adsatmttam ofpsand opening; fdeposstthg @ lavh eesdbtiglte anataloor alloy
conposite, and this opening nay be a via or a trench for a conductive |ine.
I n VLS| agysrisesk refrastory Haetglips tatlay eonl snid Jop isuefage pb saidvéickewisr and husaided t o
t housands of openings 14 like that shown in Figure 2A where the resulting
dense, coMfstosk ohSaidePRENIRE fo pPf Palosy vaif PR (A oRiE OPeRing c deRositizg HseGoRdt he
substrate. .The openings.14 are preferably. forned using confrast enhanced
1t hogr apiFgrapioEL e OF GHEH OB St ek FOPUNY SHedil i AgY e AE R OT TGt ool
t 14

nas The cashRSonHrGpARCalE, A AHAESHE hab g SRELY S B M OCoRRER e e

s _ _ et !
Tayer s arSTvLL sl ol BirEloRRHEE! By AISY of bBpORd SBIow! B SR e
met al  t hi gkessdtQidO&cerP lr&ch@orKVm&Ql 8t Glby GoRPhY I pFie aldve S4d B oftkailiow

tenperatures’ is preferred. It should be understood that the tormation of

t he openi gigledttic, aghdreli aapl@shri ArdchBelrie prédirckd wWifickE, indiddds, a anélaliAtiBa digs wel |
understood within the art and can be created by many different techniques.
- 11 |If hdvéngshalob regissivligtmahleor] @l sappedeby aerefficfooy meelalt bentoyn ths iss
shown in Figures 3A and 3B, as opposed to the flat substrate 10 with no
upwar dl y plamarizediwigh daididieectes, $aid séfoaotory meétalgor ell@abeinpappheliicasad 100
coated over the device 18 should first be planarized before an opening 22

i s creat et¢sispyith sieiad Ariabay @ha tHEPHERIe fech t§9t RidElow pesifitiy Y -meselheinaliay s
pol i shing, a conbination of both RI.E and chem cal - mechani cal polishing, or
by ot her WBgslied, plgiRie sa1d stepeof; depositing said A1rst feHaCtoRy matal OR alpy dhachiswedent

i nvention wherein a. planar. pattierned structur i ch be .either the one
Shown | n gk PEpstisR. SiEfeRantRRACR et e ot salh GOt or Sat Kiepinte

whi ch has ni Qr i.n an overcoated dielectric, then has a
oittho? SR8 s o7 s4id B fla

refractor posfted over the inorganic dielectric |ayer

| 3, and on the (o MK t 0f Thlseal
ABRERE AtoS KA tahBihEr %9%%% ({f Q@ﬁ Ellﬂ'g%eglmsgsﬁnglgﬂ thére i Hﬁcl‘o?l_%in 3 ook

acconpl i shed using an evaporatio escribed In

of Thin FipefRodestitetady me@HSatioMbliifes @indanss &h QNsubMedes averipridingthe stdSB85: PP-
1-100. An inportant feature of enploying evaporation PVD at this point is
that the fefigcimoyening al a Uirjeetriclfositivmsd oatsubstate, tshid cpedmg\ialing ofoptdne
opening 14 in the dielectric. It should be understood that PVD collinmated
sput t er i ngbogomi |dapositing & dirstdeefractotye thetah og.afloy Raiteomtpodnd 24, H40p, swéaced used
in the practice of the invention, but that collimted sputtering produces a
conf or mal sdiyigteciit el atabrattogbeaf saidepesiieks depesidnga lop sepistiyity ametelortallayy to
that which is shown in Figure 2B. The use of collinmated sputtering to
create a Pwrsd seiyactery ametal 9pallpy oy saidhder Burtaceof éa@efh&f)eFtr}?eﬁ’éﬁN?t hid

refractori ML A oY B\ An U CTL) o b SR oY, OfCoRounds S
t ant al i | | . . h - i | ial. |f
ant al um GRS AT Py e N e, 1 9 AR i
used whi Cgrs ggté}reﬂﬁtsaﬂlst éﬂrfaf:é‘%r Qgidb&iél'ébt?ig dnd £ ARCHoRM b B ?%Hnﬁgfsinﬂ”

during su nt processing o eposited copper 1 n the openi into the

subst r at erelfhigy B4i€\RE RetactDBXinetal of 1all8Y Or cBinE@ﬁﬂﬂ, Qhidt RWNAstTRY AldidiZat | on
16 is deposited over the refractory netal 15 by PVD using evaporati on.

Agai n, si pity, eandPaidbdcond irsfratt&@y, mefak o alléy e allPoimpabovdsaid téy of Reid
coated. However, it should be understood that the netallization 16 could be
appl i ed bygieteotrid, "eherebys puplardri stepctura infprotuced sehish ciaciidesmal metahizatiog sife t he
metallization within the opening 14 and on top of the dielectric stack.

Pr ef er abl havingea lost a¢distivityi metal or Allgyiopppednby et réfeactonn wétak onradloy that squal
to one and both x and y are greater than or equal to zero and |l ess than or
equal to one; however, ternary alloys such as Al-Pd-Cu and mnul ti conponent
al I oys such as Al-Pd-Nb-Au woul d al so be suitable. The principle
characteristic of the netallization 16 is that it is a lowresistivity and
soft material conpared to the refractory nmetal 15. Preferably, the,.opening
14, which represents the line pattern or interlevel via pattern, is filled
with the netallization 16 to a depth of 100 to 400 nm bel ow the surface of

o o, N " . -, . A o~ I



Figure 2C shows a refractory netal 17, such as tungsten, cobalt, nickel,
nmolybdenum or all oys/conpounds such as Ti/Ti N, deposited over the
structure. Deposition of the refractory nmetal 17 nay be by one step CVD or
by a two step process, as is best explajghed in Figures 4a-e, wherein the
first step - 13 involves collimated sputtering or the like of an

adhesi on pronoting conpound such as titaniumor titaniumnitride to create
a conf or nplhndvizadleeith saidtdielectrianshid hefrasargndetal epailowe beidg apgh@bsd sdiddow t hin
CVD | ayer of tungsten to achieve a higher degree of conformality. CVD
deposi t i orssfivitheetadfor attopray arremnpdraiuse puahf thataslid/ lave hésestiedy wnethl & doyors H2
reduction of WF6. A particularly preferred CVD procedure involves SiH4
reduct i onusheligds Wheremwsaidbytepi2of gemovingnsaid fivs6 te&aetote, mefal tappakbdy sorTi N

| ayer, CVD of tungsten proceeds snpothly with SiH4 reduction of W6, but

not with §@MRadcfaiddow TrEstaly, me@abpy aley and said seepnddgedragtopie aretal & dloynt |
corrosion, resistant, d el ect ron}'li%éati on réssi stant c atiﬂ?. Q. iﬁhe.

under | yi nigeludgs the sfep,p1,Teaqtv e iQn pighipg Mmateria) 2boyna 1P JuRtaghe "H‘é; diglectric.
particul arly good advant age si n D.wth SiHA reduction.of. W6 s that
Phe ratio of Sraiods Geatdndle BVt el dudri ol R i pistloberhats of
silicon i t ; i hei eftl : e, it
woul d be BPRpl ey SEk BRI AINIE BF uRERETEhhFRng e RERIBED o
ratio whifemidpea®BEENing il 4 didledth® pdbibs&t bh @ dubstPRé Neid obéfifly hhting SRpdoi ng
will result 1ma lower resistance refractory netal; however, towards tphe
top surfagfl 9boltba; defdsaiifgrd €irdi QeflaROF el oRalloyloStdMpdunhdViiba liap kerfadence
this will result in nore silicon incorporation which has greater wear

resi st ancef sdil$ idiegeditie and av e-bdesar ofosaild Cpgnihg cduposjtiag at loev sislsticion nitoglest
tungsten can be used as a wear resistant coating or a polishing stop (e.
g., it wihlloybevenrsaid refractoryametat or alloyabmwiid o sunfacg dfrsaidedielectrivi andatt saidsed

i n chem cal -mechani cal polishing). Because the netallization 16 applied by
evapor at i beitad@f saidt opsate tohe peingdelga paid ¢op Ohsaidpamenig; Hlapositing TWerandpl i ed

refractory nmetal 17 creates tapering side walls around the netallization 16
and the nisfHCiory eta)pr eHlop Qvehisdd Qyhpesitivity nestel -y allox: aaigsaid, refeactory tpstyl

| d.under | yj . |15 - i d h
{“ﬁé?l sifuﬁ‘r?au(iv”fﬁrsaﬁaﬁir{u? (€ of St JREPeenid g ik Pousm OF EHe PPy
17 ield. i i ve. Vi i ne,
Whi oh i ol 4id (BCRdER, WaRL S dudy b RoRBRbnERAR Bl Ieisth y Heckt t°

encapsul abedl TahaAalPldlond Fatadisty! AEAND: BROY HIPEH SRAE abdve sﬁa%cr,g of QRid

surface I's even wmtht op surface of t ectric conposite on
subst r at eqibfRetrd, apRErbHAL! PBndFafrRurdGs Prodicedenhivh tiALINAANE MétalipRiont RS bY
chem cal nechani cal polishing with a slurry such as alumna in dilute ferric
nitrate ohaviyg Rl ow Resisti@itprmeanoe allby Sappedr brk? rdfementy ahetai ot rayloy Tthat is
chem cal - mechani cal polishing is enployed, slurries can be selected to
rehove di plararézet with ahidl diglectsicpsaid hefrattenykmetebor alaynpeimg applidd ké Wdidnowop of
copper can be renoved using the alumna in dilute ferric nitrate slurry,
and t hen tesistivisyraetal iy alloppen tempensture swah /it $ajd dow resistivifytoetal ef iy is

wi t hout ahum na. Conbi natjons of RIE renoval of the refractory netal |ayer
17 fol | ondemeleds hwhetsH) SaidnseRaff Jsmopie; s ngr%frefqaetonérmﬁm iy alloy or

mor gant cCoaRiids 34, 19N RSt atn eisb PECLEY 2R Sa Lo riaRa S ooy
d , t | ated. i i NG t tal -17. b

G ther chiiler TG clfmtar Rl PO MR BB B nltBeg ot hlid Y oy

down to a iefobi alloy metallization 16 surface as shown in Figure 2D,

t hen, using the'tungsten as a nmask, the Al-Cu CVD layer is etched down to

the inorganic 1 i | JratHeY i joR ; @ on
the dielectri é‘bg%{-r%ngcge?) ?féﬂll ea?It% ﬁrg a%g?{t sdgegi,e %%agtlgﬁ%% oorﬂ%fetEltjﬂtSa ?Egjge?lr? C12

to yield gReodt 6m@1¢eatﬁxeghﬁié&wraaddh fhe@udi vibs ofri 0subead Acbpasial tHes&poof:
anot her variation on the invention where |like elenents to those identified

above ar efdarnfihg ah @getiyig tiha dieleetrio poeitivhad on acsubbtrae, sdié opening having a top

and a bottom; depositing a first refractory metal or alloy or compound on a top surface



Figures. As shown in Figure 4A, copper netallization 16 is deposited in an
opening 14 created in an inorganic or organic dielectric 15 fornmed on
substrate 10. The chief difference between the structure shown in Figure 4A
and the structure shown in Figure 2B isythat prior to deposition of copper
metallization, a thin |ayer of refractory netal 24 such as titanium
titaniumnitride (TiN), tungsten, tantalum or alloys and conpounds

t her eof , ofsaiéplidediad and at atbottomnef geid iopering ;odepariting & ke fdsistivityl mesalr drace
and inside the opening 14 via collimted sputtering. As noted above,

col | i mat eallgyponer eridnmgfriastoge metahior wlloe oo shidadp isurfatef sRat dietectdicS, f44idt o
Rossnagel et al. where a lift-off procedure is discussed. In the present

i nvent i onbotiam [pfsaiskeneniiigs oy @pud beloak sadppp Wi gidceneningadeposiiig asecong at
hi gher pressures where ?catterin dom nat es, as opposed to | ower pressures
wher e di rEdtaciRs med < 109 SHER S el des Sty udak 3 Al logeonesaidh g gy metal

Wi (o g0t ot Al kb efief o Rt g Ry formine SlCenaninei g
e o e EhEs4i8 St Rt OF o'y Siicaotyd | A TP feablb®id i o°
T h ' \ t] I .
consi der e REvEM ShoRA RIS ) BF SfbTinal Al ARs F0GEFE B of sid

scatt eri ngjeje@fsts &'Helgwﬁanﬁltaﬁaxagkﬂl@urgri@ H@c%do&/hﬂcH‘Ti‘ﬁElﬁldésoﬁeﬁleﬂéﬁmt%n%i%ugd

3niforr), while directional deposition dom nates below | mforr. Colli mate

sput t eri npavifig dCRRVF ir&edivith MBGE ofl @llaY | capsddoBy | N réfedtkorf Cinb@n o dllby Fheufses
5A-E and 6. Conpletely coating the bottom surface and side walls of opening
14 with aphedrizdtwitly saidt dikletiaigesaiddefracoiyhmenl on aHoy bemgdepplied tespidclioad | y

i nportant when a copper - 16 based alloy netallization 16 is used since
copper wi fdsistivity umsasali ot adloyres asteimperadire such that said) lewbsesisiivatyt mefiabr alloy is
tenperature processing and ruin the device if no diffusion barrier is

provi ded. umnelted ppdieresptsaid isieRt ObnrerevVERn shid Hey oaffas@rpymeseb rsiaHgy ednt her
evaporation or colljmted sputtering or g;;ﬂgt her t ues. W

subni cr onSORPYHdaspdclow: iesistvifomeial o @llpy apg spid) %eeﬁﬁq ?F'rfr fori feteh g5 alloy

t echni b ful . f filli t hol. ith.alum d
L e AEr) B nae 7 febe Ll oA B PR
t echni quesg.. %??%eﬂog;stggﬁgeo&sgagd 1@1e8{ricfre.t allization 16, a thin |ayer 26

of titani ur?‘; mor chronumis then applied over the copper

netallization f 410, 0 r o] L S
Tongst en i s 1 fbborgiey 88 Suft Oy BURTBed P HeOPresghe AUEROROMUrdTE AgcRUES &5

the structigiRdsoowRaling Meiiz8idtBlindSaRXPhadioned saRaye, cymbting thé'Steph Iof: t o
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or alloy on said top surface of said dielectric and at said bottom of said opening; and
removing said first refractory metal or alloy or compound, said low resistivity metal or
alloy, and said second refractory metal or alloy from all points above said top of said

dielectric, whereby a planar structure is produced which includes a metalization site

having a low resistivity metal or alloy capped by a refractory metal or alloy that is



infinite selectivity). Figure 4e shows that after the wet etch, the
tungsten 17 can be selectively renoved by RIE, polishing or other

techni ques. A preferred nethod for renoving the tungsten refractory netal
17 which projects above the dielectric 4p surface is by chem cal - nechani cal
polishing using an alumna in ferric nitrate slurry or the |like. Because
tungsten is a relatively hard material, it does not scratch or corrode when
subj ect edplhmaréded nwicakaidrli¢lagttic abaig ebfrsdoryometRabhetloy baing tappliéd ke eaidtiow
approach di scussed above, it may be preferable to renove the tungsten

ref ract orsesiséviay niefal artadloy hit n ttmpenatu2d sedhtbsi said fovo mesigtivity anetal e albpizer
netallization 16 | ocated above the surface of the insulator 15 in one step
usi ng chewimeltledaewherginc spidpsiepshf mgmovingupaid Bt tiefrecighy SEetshew ey aotot her
variation on the invention where |ike nunerals indicate |like el enents.
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harder than said second metal or alloy and is planarized with said dielectric, wherein said
second metal or alloy is a metal having a resistivity lower than that of said third metal
and said third metal is a refractory metal and wherein said third metal is deposited on
said second metal at a temperature such that said second metal is unmelted.

According to yet another aspect of the present invention there is disclosed a method
of creating a liner in high aspect ratio, submicron holes and lines comprising the step of
sputtering a metal or alloy into a high aspect ratio, submicron hole or line in a dielectric
at a pressure where directional deposition dominates, without collimation, to create a

conformal coating that is a liner.



via can be obtained. To deposit TiNin-situ, N2 plasma was ~:sed along with
argon in the presence of a titaniumtarget. The liner can inprove adhesion
and prevent any attack of CVD tungsten_on the underlying substrate. The
conformality of a |iner increase when t'Re aspect ratio of the collimator

i ncreases. Wen copper lines or vias are to be enployed in the structure, a
robust |iner I {¢f 1 s i equ .

bressure col 11 afiing REyAEReRaopBoltehe!plently IREhliBh hefe STEISRE 2 MMy

etc.) creatfgdnidg RACRISakl ubChitréh RRtaliPRicH 1HRs Wad viRfort PSuRRER! BSmpridink N t he
dielectric. To prevent this porous structure and provide a dense Structure

on the sitgestépd bf: fortidy & tnBibrodadr! subBhicfsh FeACRREingas acdiplestyositioned on
Specifically, in the first step, a thin |iner was deposited using a

pressur e abmbevatd, Siddpdéningkdvilyni tapnamcioy botage; fd filbing siid apeHigowidngd memlt he
second step, the pressure was increased in-situto 3 to 4 nil to get a dense
m crost r uctme®l @loy Hy sputenak | saits imetpl t dremstureallop| dti anptessure Frelaow t anTdir s
invention, there was no neans available for formng a liner in high aspect
ratio, subitHat eallieition ings paidinaicTap et sutolpicrenpieatoperiss. THe mesludr mewdr e
simlar for Ti/Wand Ti/Ti N bilgyer liners used as a djffusion barrier for
CVD r ef r 280%r YnifRspuy fiHimérsal“b\H“Fé‘é‘i F | \WPICEYK fizggropening; fome saigdpbettamow
simlar steps to.tho?e shown %p Fqures B-E and Figures 4A-E are perforned
' anot haP VoLl s 18R T FOHIRE CoRORSATE MEEOHH K gure 4A, Figure 5B Shows
that an adhesion pronoter |ayer 26, such as Ti, C, Ta, Ti/W or the like,
is deposited by PVD evaporation over the top of the refractory netal |iner
and in the bottomof the gap 14. Like in Figure 2B, Figure 5B shows Al-Cu
alloy or other netallization 16 being deposited by PVD evaporation
techniques toa - 20 level 100 to 400 nm bel ow the surface of the
dielectric. Figures 5CE respectively show deposition of a conformal |ayer
of tungsten or other refractory material to cap the low resistivity
metal | i zation 16, planarizing the tungsten by R E or polishing, or the

| i ke, and planarizing the structure using the two step wet etching of the
al um num copper alloy with H202 foll owed by chem cal - nechani cal poli shing
of tungsten as shown in~Figures 4c and 4d or sinply planarizing by one step
RI E or chem cal - mechani cal polishing. For one step chem cal - mechani ca
polishing, a slurry simlar to that used for tungsten polishing can be
used. Like the structure shown in Figure 2E, the structure shown in Figure
5E has a CVD refractory nmetal 17 encapsulating a low resistivity

metal lization 16 where there is a tapered refractory netal 17 region.

Fi gures 7A and 7B~show yet another variation on the invention where |ike

el ements are indicated by |like nunerals. As shown in Figure 7A, both a
conformal, preferably refractory nmetal, liner/diffusion barrier 28 and a
conformal Al XCuy or other suitable, low, resistivity alloy or netallization
16 |l ayer are deposited in the opening in the organic or inorganic
dielectric 15 on substrate 10 using PVD collimted sputtering procedures.
Subsequently, a refractory netal 17 capping |ayer, such as tungsten,
titanium tantalum or the like, is deposited by CVD to bl anket coat the
structure. Figure 7B shows that the structure is then planarized using R E,
chem cal - nmechani cal polishing, or by other techniques. Contrasting the
structure of Figure 7B with the structure of Figure 5E, it can be seen that
the shape of the via or line is quite different. While both structures
include a low resistivity nmetal 16 capped by a refractory netal 17, the two
nmetallizations will likely serve different environnents. - 21



Experimental tests have been conducted with the refractory nmetal capped

| ines fabricated according to the techni ques di scussed above. In the
experinments, the line lengths varied f{ m13.5 cmto 50 cmwith an area of
the chip close to 1.6 mmR. The netal pitches varied fromlumto 2Nm The
aspect ratio of the holes filled were from2 to 8 and for lines 2 to 4.
Table 2 presents the resistance test results. TABLE 2 LI NE RESI STANCE OF
TUNGSTEN CAPPED LOW RESI STI VI TY METAL AFTER POLI SHI NGa (A) CREATED USI NG
EVAPORATI ONb Structure Resistance Resistance Yield before Wdep. after W
dep. Ti (20nm/ Ti N(35nn)/ Al- Cu(800nn)/ W 200nn) 0.04Z 0.04 95%

Ti (20nm) / Al- Cu(800nm /W 200nm 0.042 0.052 95%

Ti (20nm) / Al- Cu(800nm / Ti (20nm / W 200nm) 0. 042 0.054 94%

T (Bonm 1 Tt NCSE e T 10 (oot g e £ oBaos T (St T Zones Tt oonn
0.025 0. 032 ‘gia% %?5@%&}% W%ﬁ#?%(é%m?‘m-fd}(m /%‘I(T;zblﬁ‘i/
Cu( 700nm / Ti d@Heu) pHLOK 2603 / DX ¥ 288 neRb E4 fikéh tD .dX2 It HeD WaveRPion

with reference to the drawings, in which:

Figure 1 is a cross-sectional side view of a prior art
semiconductor substrate showing an uneven top surface;

Figures 2A through 2E are sequential cross-sectional
side views of a semiconductor substrate illustrating
one variation of the invention;

Figures 3A'and 3B are sequential cross-sectional side
views of a substrate with a device thereon overcoated
by an insulator being planarized prior to patterning

the insulator;

Figures 4A through 4E are sequential cross-sectional
side views of a semiconductor substrate illustrating
another variation of the invention;

Figure 5A through 5E are sequential cross-sectional
side views of a semiconductor substrate illustrating
still another variation of the invention; '

Figure 6 is a scanning electron micrograph (SEM) of a
liner deposited in a via using PVD;

Figures 7A and 7B are sequential cross-sectional side
views of a semiconductor substrate illustrating yet
another variation of the invention;



(B) CREATED USI NG COLLI N ~ATED SPUTTERI NGC
Ti (20nm) / Ti N( 35nm) / Al- Cu( 800nm) / CVD W 200nn) 0. 042 0.04 84~

Ti (20nm) / Al- Cu(800nm) / CVD W 200nm) 0. 042 0.05 81%

Ti (20nm) / W 20nm) / AL- Cu( 800nm) / CVD W 208nr) 0. 040 0. 039 85%

Ti-(20nm) / Ti N(75nm) / Cu( 800nm) / Ti (20nm) / Ti N(25nm) / CVD W 200nn) 0. 024 0. 022
80% (C) CREATED USI NG SPUTTERI NG W THOUT COLLI MATI ONd

Ti (20nm) / Ti RE8Sm®) BALSCa( 8OOARYHEVDLI2D0HAF¥09640n0208mBE86 I N all the

exper i rrentsmut_thbw@@ | engkaseuar keducthremiddrai hophB KM Mith an are of
-the chip close to 1.6 'm?. The metal pitches varied from¥XFr¥fnto 2um The -

aspect rati8loPYtR& ﬁéP8§dfVPF@dCMBrEUFQBH?Q'tG“Q and for lines, 2 to 4.

bln the Evaporation Experinents, Ti/TiN bilayers were dep05|ted by
collimation_s utter i mation_aspe uttering
pressure raﬁégﬂrsgt eﬁ”écgg 8%8. §ﬁﬁ8?rse?ﬁé°?%gu$%§ ?hcﬁ%% B show t hat

t he the newfeshmugtieres véthi Hoodstad cappedlélamceaISOnollmésered greatly
by the tunggwaﬁeaaﬁgnﬁfeart BReAPOYE-hOChERREL L IpbPRLRLACE When LT tani um

directly un This 1s formation o he interface.
process ylerﬁspéﬁtéHF1Yhe line

The invention is generally related to methods for
forming metal filled vias and conductor lines on a
substrate where the vias and conductor lines include a
soft, low resistivity metal which is capped with a
relatively hard, refractory metal which 1s resistant to
corrosion, wear, and electromigration, and where the
vias and conductor lines are planar with a dielectric
layer coated on the substrate. Several different and
novel structures are created according to the
procedures described in conjunction with Figures 2A-E,
Figures 4A-E, and Figures 7A-B, depending on the’PVD
deposition technique utilized. It should be understood
that the techniques and resulting structures are not
limited to using any specific substrates and dielectric
overlays. (e.g., composites of inorganic and organic
layers like that shown in Figures 2A-E and 5A-E can be
used as well as single layers of inorganic or organic
insulator materials). Moreover, the invention is not
restricted to any-particular metal combinations;
rather, an objective of the invention is to overlay a
soft, low resistance metal or metal alloy with a hard
refractory metal which can withstand wear, corrosion
and electromigration. The invention has particular
relevance to electrical systems which use aluminum and
copper alloys since it has been discovered that
uniform, conformal coatings of a refractory metal liner
material can be deposited in submicron vias and



the presence of data shows an is present due to the It has been found -
23 that providing a titaniumalloy or conpound (e. g., Ti.N between
titanium and the al um num copper |ayer prevents the formation of Ti Al3 and
t hereby keeps the resistance |ower. The bottomentry in Table 2 shows that
if sputtering without collimation is enployed, the sputtering should take
pl ace at | ower pressures (e. ¢g., below 1 mlorr) and be directionally

dom nat ed. kirenshamt iWditpatred itavdte peghorasprgtREkEtde aineinegt chingi ng H202
or H204 on ref,nactqQr I aft c ' - ec Lcal . polishing
wll be adv%%?a§§&&§$F§;(ﬁgﬁéﬁﬁﬁgﬁﬁg'th?@ﬁngggkg?k?gg @ggégn%j$§§er down to
a bare m ni midl Aemhvieckas @yerefdfect ivef dadtfopjorebarrienl Hoi aeprase

capaci t ance g oWhisgh sletrufaft $8Sidedlligg.By allowing for a post-polishing wet
etch or RIE procedure (e.g, SF6 etching), the sem conductor designer wll
be able to use thick layers of refractory netal to provide maxi num
protecti on §atht ke ferderdeyitag Figwreegiist avsupstatel 1onesofivs® duri ng
chem cal - mechani cal_ _poli.shing,,: i | .able_to subsequently renove any
cxcess " repVaLraRrRorath 0 uekibrbiic PRiEh Fu' SpLRaidER ) I TTTI e
overlying rpétteroey.neflidle sebster&aple, ianps5efesaiohyn $ hl bkom ef r act ory

| ayer can b e ed,f.0 o] {0 i ost i shi ng damage, and
t hen t he reﬁﬁgg?gbygf§§§}“§én°%¢E?§§u%§§5§o@g@?§1§fgﬁ#ﬁ##r%%k | ayer by wet
et ching or fuitaplgufersmaidng dnteguaprd eirewnttsul tHowaesr seti@onduct or

devi ce whi chubBekHEes 18 AR Ber haeerbaYtNdglasgsten campeshivé xCuy al | oy
lines flush th '&he to st Lns | at or ga r. As fISC ssed in detai

above, the DAREESRY FOMERELY,LERICIET | BAGKREING SRl SORITHRATARAE, Ti N

| i ner forneflobymaklihgnthdd $pimt éntagcbonpcbimne. adiiesisubstdabe ot her

sem conduct L n ahk| Lk h) L C IS

i nventi on. 96-gg§kgg?8§?egggagaﬁghggiggg“@iﬂ#%?%§§%#§éﬁéﬁ(é%égﬁﬁ{gs-section
of a semi cofauwedr thevpda whirjumayoinshuds Etetd R%fPSh 02 portions

projecting gpahso8tarsi I(hv@qa)sumﬁsfaw tPamdt $toRd | OdedRitiees, and on top of
t he Si02. Between e

and,on top of -Cu alloy is CVD tungstep | ayer.
Fi gure 9a r%‘ﬁ?‘égféhi’sgéog??uci’ﬁr ELW %ﬁ%‘éapp\’%ﬁ Fhortd 3?‘? &“‘{?Jrs%(ﬂqckhi ng.
Fi gure 9b stkhas BheSEWbstenogr Aphshbébwhhénceask-ce®iqurad 3A-+BY til ayer

structure afper chempcaratRchanucs! BelRllac (9% SIRYSL it st en and

Al-Cu al l oy ‘abo¥e the’top slriace bf o] ecti ons-
discussed above plus many other attributes known within
the art.

The dielectric composite shown in Figure 2A includes
top and bottom inorganic dielectric layers 11 and 13,
respectively, which may be silicon dioxide (8102),
silicon nitride (Sl3N4), or the like. The inorganic
layers 11 and 13 are both preferably deposited using
plasma enhanced chemical vapor deposition (PECVD) where
Sio2 is first deposited at 90 Torr on the congucting
substrate 10 and Si3N4 (0.075 to 0.1 um) is provided as
a barrier against mobile ion diffusion. A thicker
organic dielectric layer 12, such as a polyimide, is
deposited between the inorganic layers 11 and 13.
Alternative to the dielectric composite created by
layers 11, 12, and 13, a single layer of an inorganic
dielectric, such as Si0,, PSG, or BPSG, or an organic



25 CLAIM5S 1. A nmethod of creating a liner in high aspect ratio, submcron
hol es and |lines conprising the step of sputtering a refractory netal or
alloy through a collimator into a high aspect ratio, subm cron hole or |ine
in a dielectric at a pressure where §Cfgtpring deposition dom nates to
create a conformal coating that is a linher. 2. A nethod as recited in claim
1 wherein the aspect ratio of said hole or | ine is greater than about 2:1,
and sai d cold Al 1as, @1, aspeel L Ali® Ofhgr GaLe! Hhhagpaboul dnd, and said
pressure is greater t’han about 1 mlorr. 3. met hod of Pornlng aliner in
hi gh aspecthaYati® defiii ttedrbhots Ghd ITHEST ednpeildi k§O¥Re steps of :
sputtering {dBfiIRELIS IRt W @dond hmough oxieakliveator into a high
aspect ratio, submcron hole or I1ne i3%$7diegﬁc riﬁéat a pégggure wher e

di r ect i onal® &5 Con N TREEE 1 Porledt'® a ONT-6r RAPUFFFst T yer in said
hi gh aspectandatiaoE sutav citon ded eoortHd nempaisd tepetirectngeaanéf ract ory

nmetal or alJ. rouygh, a cold i Fey ol | i i aspegt {Q, subm cron
hol e or Ii r#é%r%lets;ai%(? (rh’ell}e%btér’l rcga,%ase—,r,g srgai%él%g': (régtg P§§e§9a§ 3512 ieé)sure wher e
scat t eri ng inergainicoprishiglaetrid layamt Aédsheuldcheedndarstaedn 3 wherein
the same Clitmaher die1wsad for fR4N isPWdteniingtshgPeoablesai d first
sputtering step.is perforned at a pressure below 1 mlorr apd said second
sput t eri ngP¥estice o thifed ent e &G &hghofBY 194F5EFLIEC A nethod as
recited inelag.m 3nmi@r| aeim:d&ﬁi b rgafmriant Q_Is??nbyalitsfé!lftereﬁni n sa: Iol second
sputtering st i_s,sel ect 0. prevent di, ion pe al | oys

t her eof . 6Poﬂgﬁ’é‘éﬁ&gnofcoé’rﬁéiahenge"ﬁ’étoéﬁ%dgépi gr?]lel Pﬁggtg}g\)% ?/f a@q'gsn a
substrat e, ingeptionng the steps of: formng an opening in a dielectric
positioned on a substrate, said opening having a top and a bottom
depositing a first refractory netal or alloy or congound on a top surface
of said di EHEEEL| dAaFBoMS &TbSReHHRNG aifarBpenipgthe dielectric

composite, and this opening may be a via or a trench
for a conductive line. In VLSI applications, the
substrate 10 1is likely to have several hundred to
thousands of openings 14 like that shown in Figure 2A
where the resulting dense, complex pattern will
ultimately interconnect circuits on or in the
substrate. The openings 14 are preferably formed using
contrast enhanced lithography (CEL) followed by trench
or hole etching with a multiwafer tool using CHF 4 and
02
14 has the desired dimensions and extends to a contact

with an optimum overetch to ensure that the opening

on the surface of the substrate 10 for a via stud
pattern. For line patterns, the dielectric layers are
preferably partially etched to a depth about 10% higher
than the metal thickness to be employed. When etching
polyimide 12, 0, RIE at low temperatures is preferred.
It should be understood that the formation of the
opening 14, as indicated in Figqures 2A-E, 4A-E, 5A-E,
and 7A-B, is well understood within the art and can be

created by many different techniques.



26 depositing a lowresistivity nmetal or alloy over said refractory netal
or alloy on said top surface of said dielectric and at said bottomof said
opening to a point below said top of said opening; depositing a second
refractory nmetal or alloy over said-daw resistivity netal or alloy on said
refractory netal or alloy on said top surface of said dielectric and at
said bottom of said opening; and renoving said first refractory netal or
al l oy or confpduifl,s s dinow yhedirstteyiltly hast & der igkl 8¢ 4Admsdi d second

refractory drt@odradl 9% HdnMmia! Ir RRIMYS 3abave sai,dakopppbsaal do
dielectric anar structure is produced which rncludes a

,. whereby a pl
net al i zat i &Pesiftjéa’%aﬁ}f L2%u O &ditdt NG Ypwdddly BrO&FREY"8apped by a
refract ory detiddesorasal inwsHhat iins Filqaier i2aed tivet hnsaldtdrebectric, said

refractory netal, aor._all bei na, _aprl i_ed id lowresistivity netal or
al l oy at a"‘toear}-‘%edr at'ite tgﬁecr?eetvﬁate g% ﬁ%locl)l\t}v%r ggirftti Ft 9??@?5#28& alloy is
unnmel t ed, before an opening 22 is created. Planarization can be
achieved by RIE, chemical-mechanical polishing, a
combination of both RIE and chemical~-mechanical

polishing, or by other means.

Figures 2B-2E illustrate a first variation of the
present invention wherein a planar patterned structure,
which can be either the one shown in Figure 2A or the
one shown in Figure 3B or any other structure which has
an opening 14 formed in an overcoated dielectric, then
has a refractory metal layer 15 deposited over the
inorganic dielectric layer 13 and on the exposed
substrate 10 at the bottom of gap l14. This 1is
accomplished using an evaporation PVD technique best
described in Handbook of Thin Film Technology, eds.
Maissel and Glen, McGraw-Hill Co., 1983, pp. 1-100. An
important feature of employing evaporation PVD at this
point is that the refractory metal layer 15 does not
coat the side walls of the opening 14 in the
dielectric. It should be understood that PVD
colliméted sputtering, similar to that described in
U.S. Patent 4,824,544, can be used in the practice of

the invention, but that collimated sputtering produces
a conformal layer which would coat the side walls of
opening 14, contrary to that which is shown in Figure
2B. The use of collimated sputtering to create a
refractory metal liner is discussed in more detail
below. The refractory metal may be titanium (Ti),
titanium alloys or compounds such as Ti/TiN, tungsten
(W), titanium/tungsten (Ti/W) alloys, or chromium (Cr)
or tantalum (Ta) and their alloys, or some other



said lowresistivity netal or alloy in said opening being encapsul ated and
wherein a liner is produced conformng to side walls of said opening. 7. A
nmet hod of creating nmetalization lines _and vias on a substrate, conprising

the steps of: forming an opening in~aldiélectric positioned on a substrate,
sai d opening having a top and a bottom depositing a first refractory netal

or.alloy ok Geapoung,00,3.h0p Sy 1age of psakd dirkecht! ¢;a0d.3t a bottomof
sai d openi ng; ep05|Fing a Iom/re5|§P|viPy nmetal or alloy over said
refract orytoebal formaHl,op orfigactorypmstielashovtidshiedudedl wbtiehe and at

sai d bottom.of 132 ds0REBRFULQR BRI oPELOWSBhErt Q0CAf thakd openi ng;
depositing a second refractory netal or alloy over said |owresistivity
netal or aPi&FushoBaflHrisfr fUPSPPuURBLaPreFeaFing A d4PASE&Bdsurface of

sai d di el egbpperang @8hesapénbaiyt 0/ ehtsatHeOpepstgatando is
prevented.

Next, a single, binary or ternary metallization 16 is
deposited over the refractory metal 15 by PVD using
evaporation. Again, since evaporation is used, the
side walls of opening 14 are not coated. However, it
should be understood that the metallization 16 could be
applied by collimated sputtering, in which case a
conformal coating of the metallization within the
opening 14 and on top of the dielectric stack.
Preferably, the metallization is AGCuy, where the sum
of x and y is equal to one and both x and y are greater
than or equal to zero and less than or equal to one;
however, ternary alloys such as Al-Pd-Cu and
multicomponent alloys such as Al-Pd-Nb-Au would also be
suitable. The principle characteristic of the
metallization 16 is that it is a low resistivity and
soft material compared to the refractory metal 15.
Preferably, the .opening 14, which represents the line
pattern or interlevel via pattern, is filled with the
metallization 16 to a depth of 100 to 400 nm below the
surface of the line or via. It should be understood
that the metallization 16 shown in Figqures 4A-E, 5A-E,
and 7A-B would be of the same sort described above.

Figure 2C shows a refractory metal 17, such as
tungsten, cobalt, nickel, molybdenum, or
alloys/compounds such as Ti/TiN, deposited over the
structure. Deposition of the refractory metal 17 may
be by one step CVD or by a two step process, as is best
explained in Figures 4a-e, wherein the first step



27 renoving said first refractory netal or alloy or conpound, said | ow
resistivity netal or alloy, and said second refractory netal or alloy from
all points above said top of said dielectric, whereby a planar structure is
produced which includes a netalization site having a low resistivity netal
or alloy capped by a refractory netal x3 -alloy that is planarized with said
dielectric, said refractory netal or alloy being applied to said | ow
resistivity metal or alloy at a tenperature such that said |ow resistivity
metal or alim¥Pleeurael tiowtashemeitt esding sreptlof ldéposittiag said first

refractory Jmidd i At iy oMMl isuarheved 4sivig ol | i mated
sputtering and a liner is produced which confornsrlitl(%n%t I nsi de surfaces of

sai d openi rig- G Whitt toisies 7 &E&ade SaiqPHfi M AORtiRS as

reci tedf i n aldithe sldmj’h i Isrt];%@ dnfllfl!ddémt@bmﬁf Qi Sy ir?_ng-_}jisx (058 ?r rre_ddby t he
steps of sputtering.thro cal Li.mat or fi.rst in | ayer of sai

refract ory&rﬂﬁeﬁ 0019 %Q%‘&%&% or?ﬁ&h?d’el it gusgé}ecf oe(,grﬁer?g a first pressure
wher e di r ectanditatmaddpns. t iICYRD deposditdon arfd tdypeu tiedmand: oirdyr oveglala col | i mat or
into said ' I8 1 favestt Wil 3y er e in l.gyer of said
refractoryq%gweflr&oe?/agﬂ%%%riégggpsﬁnépaétl% soégéﬁﬁd%%?glgggrog \?I%ere scattering
deposi t i on W ndt @Rrcudardohpgedsrirad [P iRFacedures IANeA¥ES said first
pressure i r5i3f dedductiom it WH NgoeRecs HeH omeR ctaloawo wﬁgrr and said
second pre sur’e in sai ¢ secqnd %R&I&%@!SQ | %erf rmed ab8ve 1 niforr.
10. A net hoFeRN§%ciYed9h 8 & #&in S S TFELBd sputtering is
per f or med mwanaﬂdsﬂsmu@thadeuﬁhr8¢HQr¢GMMGﬁiGM'oilWW¥,obutonpmund t hr ough
a collimat N i i ng r a [ deposi tion
doninates.Qéf#lEghégﬁgﬁﬁgggfecF?%d%F%&EEE##$&8Q&ﬁgrE?nbégpgagfegsure S
above 1 nirsiear resigtasthogoxzsosdent ¥esiigtandi.-mandnherein said step of
deposi ti ng St Ao gr@tlidhl ek sPBhe! RatdhOxd thachhakedyyagng physi cal
vapor deposition _and sai.d itﬁg of dgg it sai d ,second refractory netal

or al | oy i $O%di AP TESHES LN BEEAIPGRtHaBoLE: 118 oPensBI 134 A met hod as
reci ted inaclpaireit lardveigoodaadvphyagec dlo waing d&rpos:iithosmg by
evaporation

openi ng vﬁIqedﬁgsy%5%6§$§%62?§2&§§#f%héh%%§gﬁ%%§e %H2|%§¥¥§%E§%§ ﬁg{gl or
al l oy fill desaiariesgitond ngermesateaidd fifierentanamovatd bdwsidiconi vity net al
or alloy. jnto the tungsten to achieve beneficial properties.

For example, it would be preferable to deposit the

refractory metal 17 at a 0.5 SiH4 to WF6 ratio while

the opening 14 in the dielectric is being filled since

so doing will result in a lower resistance refractory

metal; however, towards the top surface of the

dielectric to deposit at a 2.0 SiH4 to WF6

this will result in more silicon incorporation which

ratio since

has greater wear resistance. Using the above-described
CVD technique, the silicon doped tungsten can be used
as a wear reslstant coating or a polishing stop (e.q.,
it will be more resistant to an alumina slurry in
ferric nitrate used in chemical-mechanical polishing).
Because the metallization 16 applied by evaporation
does not coat the side walls of the opening 14, the CVD
applied refractory metal 17 creates tapering side walls
around the metallization 16 and the metallization 16
becomes completely encapsulated in refractory metal 17
and underlying refractory metal 15.



14. A method as recited in claim12 wherein said physical vapor deposition
I's by collimted sputtering, whereby said lowresistivity netal or alloy
fills a first volunme of said opening and said refractory netal fills a
second volunme of said opening to create said planar structure. 15. A nethod
as recited in claim6 wherein said steptof depositing said |low resistivity
nmetal or alloy is achieved using physical vapor deposition and said step of
depositing said second refractory netal or alloy is achieved using chem cal
vapor deposfigenes 180 dndrethoth@ys Fhah teeridtwisiif B alerieiad sai d physi cal

vapor depositi@n igebyySVAPSI 8th0len WErehy S hd -y esdtsdi vitt egretal or-
alloy within said o have tapered side walls and said second

ening wll
refractory Ykt %rg%ﬂf‘ll% UEG | YREEGHY § 1D Re et Ve Mi%ePTand said
| ow resistiving, mehhath oinaltdys d7centmel habfas, rlesy tragh ligt icliaiym 15 wherein
sai d physic s{tion i I.mate t I.hg, whereby said
| ow resi st i‘@%%%ﬂr;g%%gf%? jé‘%1 oéhéf%%l}s/lag@‘ﬁ r's avf_-haﬁ é\ferasxgi d openi ng and
sai d refractesispentiréfracterysdeeinl vidl uhasfa daRd sopdsiaey whd cdy eat e sai d

planar strucd Usen 13i i ¢ Nash ofy Sf LAt IdW AR dileadddtdid i nes and vias on a

substrate, conprising the steps of: forming an opening in a dielectric
posi ti oned RRDBLES A SWRFFHRM by FAATRFLeatd®ma @ BSot t om  deposi ti ng
a first refdasdmpyismidlwithin |aye Br W atEhsObya dhemisanf-ace of said

dielectric and at, a pbaott of sai d.openi,ng;. . depositing.a l.ow resistivity

netal or al®%Y %‘Fa};aﬁ%loinse}?é%t%lr rﬁatsael &Yﬁ‘)ﬂ%ya&n%slé‘im&"?o Bsurface of

sai d di el ectilctanteaticaiitiriie o dfy KR igpdihienpries qpoento fbéFgw sai d t op

Of sald OPGRI NG pLbdHRIIdN, 3 S ARl ARRanTed! o all oy over
a

said lowresistiity netal or oy on sald refractory netal or alloy on
said top sBdkiEhiig o PRRIQ¥R r ilunidest cag depsededted 8 d opening; and

removi ng satdhdvd sdifRirant MetdPtialyeds dd ahedstaemourd,r said | ow
reSIStIVItye:xample, Ti/TiN/W on top of copper can be removed using
the alumina in dilute ferric nitrate slurry, and then
the remaining copper can be removed by switching to a
slurry without alumina. Combinations of RIE removal of
the refractory metal layer 17 followed by chemical-,
mechanical polishing of the remaining metallization 16
and remaining refractory metal 17 above the top organic
or inorganic layer 13 are also contemplated. A
particular planarization procedure contemplated
includes removing tungsten refractory metal 17 by
either chemical-mechanical polishing or RIE with SF
cl, based chemistry down to an Al-Cu alloy
metallization 16 surface as shown in Figqure 2D, then,

601‘

using the tungsten as a mask, the Al-Cu CVD layer is
etched down to the inorganic layer 13 surface, and
finally, the remaining tungsten 17 on the dielectric
surface is either polished, wet etched or RIE etched in
Cl, to yield the structure shown in Figure 2E.

Figures 4A through 4E show another variation on the
inveniion where like elements to those identified above
are indicated by the same numerals in each of the



metal or alloy, and said second refractory netal or alloy fromall points
above said top of said dielectric, whereby a planar structure is produced
whi ch includes a netalization site having a low resistivity nmetal or alloy
capped by a refractory netal or alloy that is planarized with said
dielectric, said refractory netal or al{oy being applied to said |ow
resistivity netal or alloy at a tenperature such that said low resistivity
netal or alloy is unnelted, wherein said step of depositing said first

refractory neial-k.al hoy LSwRChh eV s i 10, QG At OFa 1 Whes efy, sai d
. refractory netal coat s onf sai d bot on1of sal fﬁfenhﬁg but _not side walls

of said opentthg lslgepgﬁhﬁ?ﬁoﬁna%“r%&ﬁﬁkﬁﬂ| r#n said step of

deposi ting smdrggﬁ@adofeéfgshpé yd et ead t of i pl@’fﬁ)m‘ﬁiié:h byn chers tasd tevapor

deposi tion of ,tun ﬁt S|ngh§% redgithp of WF t20m:A neghod as recited

in claim19 Where sﬁpbegl SHRNTT B REENS TS PPD r educt i on

of WF6. 21. iAnnEi@mdeaéArendteme|stmcauune193!fqmther Eignre s3hgig he step of

varying ar o] f said tungsten
AL Py PoF4eh 0adbOs P01 S Ue aéorapee%sr A5 LA AL &

has nore i ncor po ed si n anot he t'hod as recited
in claimi19 Whﬂa‘?elﬁY%ﬁl @Ifstéﬁrﬁﬁtw yiatdg §4ad=]ULP§t &f tlol R a regl on of

tungsten haw {¥aiDER hneﬁw@r@rﬂd) Sitdurgtaearcandiad v foxe ea1dfoysa

metal |ization. recited, 1 n Q|al 6 further, co |S|ng t he
Step of -depddid | HMBRUEAReEhSReH ors ARPIS BT S WE (R TE
deposi ting &a:r ob:fgasic réfebettric N dAurdiacal lamyd dmscictgpdihed opehilnef ore sai d

step of dep é@ifi$§¥%& %Pégdégi nmetal or alloy. 24. A nethod of

creating net |on I'nes and vias o ‘a substrate, conprising the steps
of : 30 fornlng an opening in a dielectric positioned on substrate, said

openi ng havijlg go{oP aP&ve, b@éipﬂﬂaﬂ&p‘%ﬁiutt't%grl%gf Ilrsstgerrﬁfﬁaaqtlpry metal or

all oy or compound on a top surface of said dielectric and botton1of
sai d openi nggj esfeptRed i Hy B F o 3R st nPiddy St &° &Oszﬁqa&flo
refractory naiete i Blfoyoph prockdne duwr ﬁacse:ucsrsesjau d mh ¢dhectric and at

sai d bottomof, Sa{¢ ARFAERA L AOHYs BREAVAIFA MLl d openi ng;

' employing collimated sputtering at higher pressures
where scattering dominates, as opposed to lower
pressures where directional deposition dominates,
allows for the creation of conformal coatings within a
high aspect ratio, submicron level trench or via (e.qg.,
both the side walls and base are coated). The aspect
ratio generally refers to the ratio of the height of a
trench of via relative to its width in the case of a
trench or its diameter in the case of a via. Trenches
and vias with aspect ratios greater than two are
generally considered to have a high aspect ratio. With
collimated sputtering, scattering tends to dominate
above pressures of lmTorr (preferably around 3mTorr),
while directional deposition dominates below lmTorr.
Collimated sputtering is described in more detail below
in conjunction with Figures 5A-E and 6.

Completely coating the bottom surface and side walls of
opening 14 with a refractory metal layer 24, as shown

in Figure 4a, is especially important when a copper



depositing a second refractory netal or alloy over said lowresistivity
nmetal or alloy on said refractory netal or alloy on said top surface of
said dielectric and at said bottom of said opening; and renoving said first
refractory nmetal or alloy or conpound, said lowresistivity netal or all oy,
and said second refractory netal or allldy fromall points above said top of
said dielectric, whereby a planar structure is produced which includes a
metalization site having a |low resistivity metal or alloy capped by a
refractory Wec&d édlam 8\ terdtt dad innaddr ilFed st A18aPdcaPERECHELE, said
refractory emtrahser ialdooynkeisngpsapplveed ot @ausang bowseqakesti wiky metal or
all oy at awkenperagure such %h%51s%ﬁgilow’rgﬁiStiVité retal or alloy is
unnel ted, WHEFEETAEREE SEEF ST PG Nh§ Ui &M Fi FEY1FSf FAcP8ry metal or
al | oy or codpddfnsionabadrirowrr dsi gpiriovidednet @heocoppeoy and said second
refractory I l.1.ay {ienel_ud ' . of,,,r t] o] i ng
mat eri al abggggélggsﬂéggfége%g# §§ﬁ§Q§P§ gg?rgx.ggg.h%?n t égkg? creating
met al i zat i oRVRPRESLARA Prasodd igadenls spatEeréBapeT sPYigotherst eps of :
formng an gpeRhRgukB.a @heheGubiG Res,t hogRJagpedt SHREIbahE1esal d opening
having a top and a_bott depositing.a fifrst refractory netal or alloy or
conpound on@&et &B ?ErﬁéigES? g&FHrdPgFeEYPiEeﬁﬁﬂiﬁﬁe% B%Y?oﬁ?%? sai d
openi ng; depaAsutcegsfullovoresidflliivigt theehalesrwhth oylemenusaandrefractory
netal or all Ld .t rfa f id djel i nd id bottom of
sai d openin§8¥883 %§%%F ggﬂ%&ﬁéaggeggggg?’sgbg g%%%?% ?d mgﬁhgﬁpositing a
second refréorofyliing| ier byl P¥P seshnighdstow resistivity netal or alloy
on said refractory netal or alloy on said top surface of said dielectric
and at said bottom of said opening, and renpving said first refractory
netal or al PBYSBALEBEPSANHePeEi&iPan L8P ERIVIESIRR a1 6 or2 gt by, and said
Z_GCfmd refrag @f:ytzjeﬁbal thtaﬁB.hmy fragmigl | t@@f@l@mm@ﬁ@hﬂurﬁogs of said
ielectric, ere anar ructure_is propduced. whi includes a
Tecal | zat | oFHSR: BORhOPRGOReF ohhPeSPEPEE: BeBRELESION £E A LEARE by
refractory tetptomotal &dpeshan.i sApkefinackedy wietankasucldiad ectric, said
refractory I e} Led,,t i resi,stivity netal or
alloy at a ?‘g{lrggetr:gflu?ge gﬁ%ﬁ ?Eg?ggg%g P%W@Yég%gtéf% y&sma al or alloy is
unmel t ed, whederhicni@fs¥Ep b Yéaddi hgesatmetvee shawmcinrEiguneal or
all oy or cogpoungs éﬁ%aﬂam;&\arssbeél,vaym@aaln@rsﬁkI%aﬂd Sgd g second
refractory netal or_a |OX |$cludes t he steg of %hedical-né%hanlca
pol i shi ng” nBRE+NG C¥B 0GR 24 BRANERPPRLEL B PR ML Y &7 dtake @ BArdeE met hod of
creati ng nahetézetéapnreésssanhg tuagsvenawstibsinadrporxoigd i sihipdhe st eps
of : layer near the top surface of the dielectric 15. The
interfacial thin layer 26 should be chosen so that it

does not attack the underlying copper metallization 16.

Figure 4c shows that first tungsten is planarized by
polishing or by RIE and Figure 4d shows that copper is
selectively removed by wet etching. When copper or
copper alloy lines are being created, it is
advantageous to use a wet etch solution based on
hydrogen peroxide (H,0,) and hydrogen tetroxide (Hy0,)
to planarize the copper. At room temperature, this
type of solution will not etch tungsten or dielectric,
but will etch off all copper positioned above the
dielectric since it is not protecteé from the wet etch
solution (e.g., at room temperature, H202 has almost



formng an opening in a dielectric positioned on a substrate, said opening
having a top and a bottom depositing a first refractory netal or alloy or
conmpound on a top surface of said dielectric and at a bottom of said

openi ng; depositing a low resistivity netal or alloy over said refractory
metal or alloy on said top surface of $3id dielectric and at sai d bottom of
said opening to a pornt bel ow said top of said opening; depositing a second
refractory ne%al r all oy qver §ard Low resistivity netal _or alloy on said

refractory B ? SPEGEENIEEP a ¢ BPpORETY %eSB?”%afﬁﬁﬁr%r%%ﬁrﬁ%eand at
sai d bottonwet sard, opearmgngandnremvvangbsasd1é¢rSVeIpfrémmtﬁQ'mptal or

alloy or co | ow. r econd
refractory % BSrﬁg?}gn ¥3Vr oﬁqﬁg% }%{:ﬁ ove sgﬁg%ggena&? sar’g‘)Cls
dielectric, fmner@myvanpl&hartgngaéeoréefsa9t@dnd@@tmhrbhrﬂnuﬂudes a

metal i zati ofrq 82t 8§ B%ob@V'tHl 81 LOUCERSE ST 6 ViLyrd®d Als by al | oy capped by a
refractory netal or alloy that is_planarized with said electric, said

refractory FREBRLCEL 5?F89“B§Pﬁgpabbﬁhéﬂgt%ﬁé%@CPWcﬁQ?@%ﬂ%t#Wrty metal or
alloy at a f@ﬂ@geahmt@awcbmhay 68l thé OV k€S| Shevddse rmirajswn aldoy is

unmel ted, wherein, sai 0. d first refracgto metal or
all oy or co Bﬁ tlgggg FS&Fr‘&%ﬁEﬁﬂ ylire‘#%?scﬂ taﬁ %ﬁih os'%r d second
refractory oerabderwhéhoyubﬂetbdéstbo¢hemtmabtm§nhaﬂ1c&¥mm|ve ion etching

and chem c%agggﬂgﬂngca gge#rﬁhtﬁgn”@ﬁ@riﬁ#e@b&’ naéﬁglplrbacdﬂface of said

dielectric creatin 1 zat | nes and vias on a

substrate, ¢bppusspdgabarest bpsmay: b¢oP¥ﬁ§EF%PﬂQnR9n#ﬁ?QW?a%hﬁ electric

posi tioned &E'n?b'@éhr@é?raéﬁbﬂ}roﬁ@ﬂaﬂglﬁﬁ%m @frprlawi aeottom depositing
a first refr organeta or of CO nd on %é}surf ce of said

di el ectric 3*ae5°8 BEPRBRFEr 34T dRHer? resistivity
metal or alloyavteérabavd tkérsutbage nef atthe)rlmédlcaytm I%aiich tome surface of

said diel eggtr_%é {i‘g'fln&t cﬁ&hg?gftﬁgﬁé)rﬁi ggc}l to a poi nt bel ow said

top of sai deposi a secon metal or alloy over
sai d Iom1resrst|vrty netal or aIon on sard refractory metal or alloy on

sai,d top swiﬁfegfsﬁatﬂraﬁ@heﬁréﬁo‘a%@tammb%ﬂ@tquﬁ@ndt%em ng; and
[eTDYi NG, S fvent Sbn' GREEE Ple "Ribrals Ynd¥este TR W naied 'OV
resistivityln
Figure 5A shows a refractory metal liner 28 is
deposited in the opening 14 prior to metallization in a
fully or partially conformal manner using collimated
sputtering like that described in Rossnagel et al. J.
Vac. Sci. Technol. 2:261 (Mar/aApr. 1991) and U.S.
rPatent 4,824,544 to Rossnagel et al. which are herein
incorporated by reference. In collimated sputtering,
refractory metal atoms are passed through a honeycomb
like structure with an aspect ratio of depth to area of
greater than one at pressures greater than 0.5 mTorr.
Table 1 presents conditions which have been used for

liner deposition.



metal or alloy, and said second refractory netal or alloy fromall points
above said top of said dielectric, whereby a planar structure is produced
whi ch includes a netalization site having a low resistivity nmetal or alloy
capped by a refractory netal or alloy that is planarized with said
dielectric, said refractory nmetal or” &l oy being applied to said | ow
resistivity netal or alloy at a tenperature such that said |ow resistivity
metal or alloy is unnelted, wherein said step of renoving said first
refractory nmetal or alloy or conﬁ3ﬁﬂ&3]said low resistivity nmetal or alloy
and sai d second refoEactsymy metcal IaNEH [RYy donclivdegonhe step of wet etching
with hydro i or aoxi de A nethod as recited
%%?lﬁg%i% é’ﬂﬁqﬁé %ﬁrﬁﬁ%ﬁr BOTTER/26P

inclaim?2 conprisin ep of renoving excess refractory netal
or alloy above said | ow r &iDEMALLATOQFet(@) or al l oytafter said step of
reactive ignjetching. 29. A netjgod as recited in ckggim25 further
conprising the step of reanin% excess refractory netal or alloy above said
|l ow resistilvity metal or alloy>&fter said step of éRenical - nechanical
polishing. 13@. A nmethod of formgi2ang netalization |ipgs and vias on a

substrate, .co LSl e steps of: formng an opening in a dielectric
positionedNﬁnggigﬁgggF e, said opening having a top and a bottom

depositingOa first netal or alll®y or conpound on al2op surface of said
dielectric and at a bottom of said opening; depositing a second netal or

all oy over said first metal or alloy on said top surface of said dielectric
and at saiénb§PﬁoﬁPHF5§&HétéﬁéﬁiR&eﬁénéeﬁo#ﬁtTBgiﬁmﬂsaFHetop of said

openi _ng; f dg&g&%&:agwg b:al&:deﬂe'ffs%bmob.ShﬂI‘OitoOYS_rm@?&ﬁdsﬁﬁf@nﬁo%%‘m 93 al | oy
on sai irst netal .or _allqy_or conpqund on sa p surface of sa

di el ect ri c¥afidvVarigsdi 4<RBx 09\%” g&iggoggning?bgﬁig ?i??ﬁfﬁetal or alloy
bei ng rel aindékytkar geort barpsabdesagendhant ablbimatioy; iandotenovi ng said
first neta oy i n tal,0 y ngd said
third neta%mgéogkpéy p%éﬁggﬁﬁagan g%g ggggsg?ggtprC#T§%$8 %Pglgctric,
wher eby a ppaddmaseruvitiheappegtodatéa@swafcati heasilel: b, nehal viasion site

having a sggopdniRbak @itfl hopeetPpadibY 8rthbrd Bl g Qrepb! Oy, having a

t hi ckness so as to ninimze a caga0|tgnce of the third nmetal or alloy, that
is relati veP§tRdr y&Fht RAATIYNi X sCLGHPAL ¥R Br et by e LR S bPRnari zed with
sai d di el eebrvegagehmapeientiand4gecandthet Bbtoomabh®ymdse atEhaBodavi ng a

et ract orySReblE StdCwHerern SR o Ao ReREF freftasdlitet B o second
metal at aartnpéngeuits sddhwshaemigpdduetondmanyfactisrenrsete ed.

provide a conformal layer within a high aspect ratio

trench or via which will promote adhesion of CVD

tungsten. Moreover, as will be discussed in more

detéil below, providing a conformal layer of TiN or

other suitable materials will provide an effective

diffusion barrier for copper based alloys. Aas

discussed above, in order to thoroughly coat the side

walls and bottom of a trench or via pressures should be

employed where scattering deposition dominatés (e.qg.,

above 1 mTorr) rather than at lower pressures where

directional deposition dominates. )
Figure 6 presents an SEM micrograph of a refractory
metal liner in a via created by PVD collimated
sputtering as described above. Figure 6 shows that
complete coverage of the bottom and sidewalls of the



34 31. A nmethod as recited in claim30 wherein said step of depositing said
first metal or alloy or conpound is achieved by sputtering at a pressure
bel ow 1 mforr without collimation to produce a |liner which confornms to al

i nside surfaces of said opening. 32. A nethod as recited in claim 30
wherein said step of depositing said scond metal or alloy is achieved by
sputtering at a pressure below 1 mforr w thout collimtion to fill said
opening. 33.. A nmethod as recited in claim30 wherein said step of

deposi ti ng W& ¢¥ R ARAHYH - alTOyIROLSTddnd Ni§ 1aehi Spedldsimg

col |'i mat ed vaputisRid RQ cHYl vai 41 Nefgdrs AT atheC @ eddincle @)anaorth&:athLﬂﬂ-l i nsi de
surfaces of_ _sai opgg1 qﬁl34 A nethod asﬁgﬁplted in claimé6 wherein said
“d

step of depd&i%s Tt G RS geispn ﬁPFo§f8 e@&nﬁ&@hd i's
achi eved by tdjauatkt @rﬁ iy Datt ungstess wore thel owderiydng wubksoateol | i mation to

produce a kielq ggﬂlaclﬂ'?;frd”@ d O.LfHelr '1’&h§:'r@%s%“%éﬁeih8f aS@kdeopeni ng. 35.
rei

A net hod as reC|te e conformal coating is deposited
to a p0|ntIWﬁéPeQ§IQH%NCQH%#ﬂ@ﬁﬂﬁnﬁﬂ?ﬂﬁ?sﬁﬁonDte adhesi on of chemical vapor
deposition nmetal which will be subsequently deposited in said liner is

pr oduced. A et hod %f creating a liner n high as tio, submcron

36.
hol es and V%ﬁ@s°88ﬁﬁﬁ imE s oF &1 Ges 58t Per PRBLQY t;P 5P€alloy into a
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in a dieIeSpec¢fpgsﬂﬂW0néd @heafirst step, a thin liner was
deposited using a pressure below 0.8 mT to get bottom
coverage of more than 60%, and in the second step, the
pressure was increased in-situ to 3 to 4 mT to get a
dense microstructure on the sidewall using the same
collimator. Prior to this invention, there was no
means availlable for forming a liner in high aspect
ratio, submicron holes, especially at low temperatures.
The results were similar for Ti/W and Ti/TiN bilayer
liners used as a diffusion barrier for CVD refractory
metal 17 or low resistivity soft metal.

Figures 5B-E show similar steps to those shown in
Figures 2B-E and Figures 4A-E are performed in another
variation on the invention. Like in Figure 4A, Figure
5B shows that an adhesion promoter layer 26, such as
Ti, Cr, Ta, Ti/W, or the like, is deposited by PVD
evaporation over the top of the refractory metal liner
and in the bottom of the gap 14. Like in Fiqure 2B,
Figure 5B shows Al-Cu alloy or other metallization 16
being deposited by PVD evaporation techniques to a
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step chemical-mechanical polishing, a slurry similar to

that used for tungsten polishing can be used. Like the

structure shown in Figure 2E, the structure shown in

Figure 5E has a CVD refractory metal 17 encapsulating a

low resistivity metallization 16 where there is a

tapered refractory metal 17 region.

Figures 7A and 7B'show yet another variation on the
invention where like elements are indicated by 1like
numeralé. As shown in Figure 7A, both a conformal,
preferably refractory metal, liner/diffusion barrier 28
and a conformal AGCuY or other suitable, 1ow'
resistivity alloy or metallization 16 layer are
deposited in the opening in the organic or inorganic
dielectric 15 on substrate 10 using PVD collimated
sputtering procedures. Subsequently, a refractory
metal 17 capping layer, such as tungsten, titanium,
tantalum, or the like, 1s deposited by CVD to blanket
coat the structure. Figure 7B shows that the structure
is then planarized using RIE, chemical-mechanical
polishing, or by other techniques. Contrasting the
structure of Figure 7B with the structure of Figure 5E,
it can be seen that the shape of the via or line is
quite different. While both structures include a low
resistivity metal 16 capped by a refractory metal 17,
the two metallizations will 1likely serve different

environments.
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varied from 13.5 cm to 50 cm with an area of the chip
close to 1.6 mmz. The metal pitches varied from lum to
2um. The aspect ratio of the holes filled were from 2
to 8 and for lines 2 to 4. Table 2 presents the
resistance test results.

TABLE 2
LINE RESISTANCE OF TUNGSTEN CAPPED LOW RESISTIVITY
METAL AFTER POLISHING?

(A) CREATED USING EVAPORATIONb

Structure Resistance Resistance Yield
before W dep. after W dep.
T4 (20nm) /TiN(35nm) /Al-Cu(800nm)/W(200nm)

0.042 0.04 95%
Ti(20nm)/Al-Cu(800nm) /W (200nm)

0.042 0.052 95%
Ti(20nm) /A1-Cu(800nm) /Ti(20nm)/W(200nm)

0.042 0.054 94%
T4 (20nm) /TLN(25nm)/CVD W(30nm)/Al-Cu(1300nm)/
W(200nm)

0.025 0.023 97%
Ti(50nm) /TiN(25nm)/Ti(20nm)/Al-Cu(1300nm)/Ti(20nm)/
TiN(20nm)/W(200nm)

0.025 0.032 96%

T4(50nm) /TiN(50nm) /T1i(50nm) /AL-Cu(600nm) /Ti(20nm)/
Cu(700nm)/Ti(20nm) /TiN(20nm)/CVD W(200nm)
0.023 0.021 100%
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(B) CREATED USING COLLIMATED SPUTTERINGC

Ti(20nm)/TiN(35nm)/AL-Cu(800nm)/CVD W(200nm)

0.042 0.04 84%
Ti(20nm)/Al-Cu(800nm)/CVD W(200nm)

0.042 0.05 81%
Ti(20nm)/W(20nm)/A1-Cu(800nm)/CVD W(200nm)

0.040 0.039 85%
T1i(20nm)/TiN(75nm)/Cu(800nm)/Ti(20nm)/TiN(25nm)/CVD
W(200nm) i

0.024 0.022 80%

d

(C) CREATED USING SPUTTERING WITHOUT COLLIMATION

Ti(20nm)/TiN(35nm) /A1-Cu(800nm)/CVD W(200nm)

0.040 0.04 86%
2In all the experiments, the line lengths varied
from 13.5 to 50 cm with an are of the chip close to
1.6 mm2. The metal pitches varied from lum to 2um.
The aspect ratio of the holes filled'were from 2 to
8 and for lines, 2 to 4.
bIn the Evaporation Experiments, Ti/TiN bilayers were

deposited by collimation sputtering.

€colimation aspect ratio of 1:1.

dSputtering pressure ranged between 0.5 to 0.8mTorr.

The results in Table 2 show that the process yield for
the new technique is very good and that the line
resistance is not altered greatly by the presence of
the tungsten cap. Some of the above data shows an
increase in resistance when titanium is present
directly under Al-Cu alloy. This is due to the
formation of TiAl3 at the interface. It has been found
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that providing a titanium alloy or compound (e.g., TiN)
between titanium and the aluminum-copper layer prevents
the formation of TiAl3 —
lower. The bottom entry in Table 2 shows that if

and thereby keeps the resistance

sputtering without collimation is employed, the
sputtering should take place at lower pressures (e.g.,
below 1 mTorr) and be directionally dominated.

It is anticipated that performing RIE or a wet etch
using H202 or H204 on the refractory metal cap after
chemical-mechanical polishing will be advantageous in
bringing the thickness of the capping layer down to a
bare minimum. A thick layer of a refractory metal
would increase capacitance, which is not desirable. By
allowing for a post-polishing wet etch or RIE procedure
(e.qg, SF6 etching), the semiconductor designer will be
able to use thick layers of refractory metal to provide
maximum protection for the underlying low resistivity
Al-Cu line or via during chemical-mechanical polishing,
yvet will be able to subsequently remove any excess
refractory metal to achieve a structure which has very
little overlying refractory metal. For example, an
500-600nm thick refractory layer can be applied and
used for protection against polishing damage, and then
the refractory layer can be reduced down to a 50nm
thick layer by wet etching or RIE.

Figure 8 shows an example of one multilevel
semiconductor device which includes a top surface
having tungsten capped AGCuy alloy lines flush with

the top most insulator layer. As discusséd in detail
above, the vias or trenches with CVD tungsten
preferably include a TiN liner formed by collimated
sputtering to promote adhesion. Many other
semiconductor devices can be fabricated within the

practice of this invention.
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Figures 9a and 9b are SEM micrographs of a

cross-section of a semiconductor device. Figure 9a

shows separated SiO2 portions projecting up from a

silicon surface with Al-Cu alloy between and on top of

the Sioz. Between and on top of the Al-Cu alloy is a

CVD tungsten layer. Figure 9a represents a structure

with capped lines prior to polishing. Figure 9b shows

an SEM micrograph of the cross-section of a multilayer

structure after chemical-mechanical polishing has

removed the tungsten and Al-Cu alloy above the top

surface of the SiO2 projections.
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CLAIMS
1. A method of creating a liner in high aspect ratio, submicron holes and lines
comprising the step of sputtering a refractory metal or alloy through a collimator into a
high aspect ratio, submicron hole or line in a dielectric at a pressure where scattering
deposition dominates to create a conformal coating that is a liner.
2. A method as recited in claim 1 wherein the aspect ratio of said hole or line is
greater than about 2:1, and said collimator has an aspect ratio of greater than about 1:1,
and said pressure is greater than about 1 mTorr.
3. A method of forming a liner in high aspect ratio, submicron holes and lines,
comprising the steps of:
sputtering a refractory metal or alloy through a collimator into a high aspect ratio,
submicron hole or line in a dielectric at a pressure where directional deposition
dominates to create a conformal first layer in said high aspect ratio, submicron hole or
line; and
sputtering a refractory metal or alloy through a collimator into said high aspect
ratio, submicron hole or line in said dielectric over said first layer at a pressure where
scattering deposition dominates.
4. A method as recited in claim 3 wherein the same collimator is used for both
sputtering steps and said first sputtering step is performed at a pressure below 1 mTorr
and said second sputtering step is performed at a pressure above 1 mTorr.
5. A method as recited in claim 3 wherein said refractory metal sputtered in said
second sputtering step is selected to prevent diffusion of copper and alloys thereof.
6. A method of creating metalization lines and vias on a substrate, comprising the
steps of:
forming an opening in a dielectric positioned on a substrate, said opening having a
top and a bottom;
depositing a first refractory metal or alloy or compound on a top surface of said

dielectric and at a bottom of said opening;
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depositing a low resistivity metal or alloy over said refractory metal or alloy on
said top surface of said dielectric and at said bottom of said opening to a point below
said top of said opening;
depositing a second refractory metal or alloy over said low resistivity metal or
alloy on said refractory metal or alloy on said top surface of said dielectric and at said
bottom of said opening; and
removing said first refractory metal or alloy or compound, said low resistivity
metal or alloy and said second refractory metal or alloy from all points above said top of
said dielectric, whereby a planar structure is produced which includes a metalization site
having a low resistivity metal or alloy capped by a refractory metal or alloy that is
planarized with said dielectric, said refractory metal or alloy being applied to said low
resistivity metal or alloy at a temperature such that said low resistivity metal or alloy is
unmelted,
said low resistivity metal or alloy in said opening being encapsulated and wherein a
liner is produced conforming to side walls of said opening.
7. A method of creating metalization lines and vias on a substrate, comprising the
steps of:
forming an opening in a dielectric positioned on a substrate, said opening having a
top and a bottom;
depositing a first refractory metal or alloy or compound on a top surface of said
dielectric and at a bottom of said opening;
depositing a low resistivity metal or alloy over said refractory metal or alloy on
said top surface of said dielectric and at said bottom of said opening to a point below
said top of said opening;
depositing a second refractory metal or alloy over said low resistivity metal or

alloy on said refractory metal or alloy on said top surface of said dielectric and at said

bottom of said opening; and
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removing said first refractory metal or alloy or compound, said low resistivity
metal or alloy, and said second refractory metal or alloy from all points above said top
of said dielectric, whereby a planar structure is produced which includes a metalization
site having a low resistivity metal or alloy capped by a refractory metal or alloy that is
planarized with said dielectric, said refractory metal or alloy being applied to said low
resistivity metal or alloy at a temperature such that said low resistivity metal or alloy is
unmelted,
wherein said step of depositing said first refractory metal or alloy or compound is
achieved using collimated sputtering and a liner is produced which conforms to all inside
surfaces of said opening and said top surface of said dielectric.
8. A method as recited in claim 7 wherein said collimated sputtering is performed by
the steps of
sputtering through a collimator a first thin layer of said refractory metal or alloy or
compound into said opening at a first pressure where directional deposition dominates;
and
sputtering through a collimator into said opening over said first thin layer a second
thin layer of said refractory metal or alloy or compound at a second pressure where
scattering deposition dominates.
9. A method as recited in claim 8 wherein said first pressure in said first sputtering
step is performed below 1 mTorr and said second pressure in said second sputtering step
is performed above 1 mTorr.
10. A method as recited in claim 7 wherein said collimated sputtering is performed by
sputtering said refractory metal or alloy or compound through a collimator into said
opening at a pressure where scattering deposition dominates.
11. A method as recited in claim 10 wherein said pressure is above 1 mTorr.
12. A method as recited in claim 7 wherein said step of depositing said low resistivity

metal or alloy is achieved using physical vapor deposition and said step of depositing

said second refractory metal or alloy is achieved using chemical vapor deposition.



10: 10: 10:13: 10% & ()-Y310% & ()-ychzX6~_@10!)z | z) 109%00& () -
1) 12)1099[0[ & ()- !'12z)10%& ()-
10l 3g10%00C&' () -, 10%& () -s! >, 10%EEEE&’ () - sb] nopgyk] O@ 10! )z | z) 10990 10jj
10jj 10jj! s*m0%j & ()-& s*mO%& () - &g-s*mO%C& ()-& ) |12)109%0& () -
qt-8}[90@ 10! ! © 10%&' () -
13. A method as recited in claim 12 wherein said physical vapor deposition is by
evaporation, whereby said low resistivity metal or alloy within said opening will have
tapered side walls and said second refractory metal or alloy fills said regions between
said liner and said low resistivity metal or alloy.
14. A method as recited in claim 12 wherein said physical vapor deposition is by
collimated sputtering, whereby said low resistivity metal or alloy fills a first volume of
said opening and said refractory metal fills a second volume of said opening to create
said planar structure.
15. A method as recited in claim 6 wherein said step of depositing said low resistivity
metal or alloy is achieved using physical vapor deposition and said step of depositing
said second refractory metal or alloy is achieved using chemical vapor deposition.
16. A method as recited in claim 15 wherein said physical vapor deposition is by
evaporation, whereby said low resistivity metal or alloy within said opening will have
tapered side walls and said second refractory metal or alloy fills said regions between
said liner and said low resistivity metal or alloy.
17. A method as recited in claim 15 wherein said physical vapor deposition is by
collimated sputtering, whereby said low resistivity metal or alloy fills a first volume of
said opening and said refractory metal fills a second volume of said opening to create
said planar structure.
18. A method of creating metalization lines and vias on a substrate, comprising the
steps of:
forming an opening in a dielectric positioned on substrate, said opehing having a
top and a bottom;
depositing a first refractory metal or alloy or compound on a top surface of said
dielectric and at a bottom of said opening;
depositing a low resistivity metal or alloy over said refractory metal or alloy on
said top surface of said dielectric and at said bottom of said opening to point below said

top of said opening;
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depositing a second refractory metal or alloy over said low resistivity metal or
alloy on said refractory metal or alloy on said top surface of said dielectric and at said
bottom of said opening; and
removing said first refractory metal or alloy or compound, said low resistivity
metal or alloy, and said second refractory metal or alloy from all points above said top
of said dielectric, whereby a planar structure is produced which includes a metalization
site having a low resistivity metal or alloy capped by a refractory metal or alloy that is
planarized with said dielectric, said refractory metal or alloy being applied to said low
resistivity metal or alloy at a temperature such that said low resistivity metal or alloy is
unmelted, wherein said step of depositing said first refractory metal or alloy is achieved
using evaporation, whereby said refractory metal coats only said bottom of said opening
but not side walls of said opening.
19. A method as recited in claim 6 wherein said step of depositing said second
refractory metal is performed by chemical vapor deposition of tungsten using SiHy4
reduction of WFg,.
20. A method as recited in claim 19 wherein said SiH4 reduction of WF is followed
by H, reduction of WF.
21. A method as recited in claim 19 further comprising the step of varying a ratio of
SiH4 to WFg so that at least one region of said tungsten has more incorporated silicon
than another region.
22. A method as recited in claim 19 wherein said step of varying is adjusted to produce
a region of tungsten having more incorporated silicon near said surface of said
metallization.
23. A method as recited in claim 6 further comprising the step of depositing an
adhesion promoting layer after said step of depositing said first refractory metal or alloy
or compound and before said step of depositing said low resistivity metal or alloy.
24. A method of creating metalization lines and vias on a substrate, comprising the

steps of:
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forming an opening in a dielectric positioned on substrate, said opening having a
top and a bottom;
depositing a first refractory metal or alloy or compound on a top surface of said
dielectric and at a bottom of said opening;
depositing a low resistivity metal or alloy over said refractory metal or alloy on
said top surface of said dielectric and at said bottom of said opening to point below said
top of said opening;
depositing a second refractory metal or alloy over said low resistivity metal or
alloy on said refractory metal or alloy on said top surface of said dielectric and at said
bottom of said opening; and
removing said first refractory metal or alloy or compound, said low resistivity
metal or alloy, and said second refractory metal or alloy from all points above said top
of said dielectric, whereby a planar structure is produced which includes a metalization
site having a low resistivity metal or alloy capped by a refractory metal or alloy that is
planarized with said dielectric, said refractory metal or alloy being applied to said low
resistivity metal or alloy at a temperature such that said low resistivity metal or alloy is
unmelted, wherein said step of removing said first refractory metal or alloy or
compound, said low resistivity metal or alloy and said second refractory metal or alloy
includes the step of reactive ion etching material above a top surface of said dielectric.
25. A method of creating metalization lines and vias on a substrate, comprising the
steps of:
forming an opening in a dielectric positioned on a substrate, said opening having a
top and a bottom;
depositing a first refractory metal or alloy or compound on a top surface of said
dielectric and at a bottom of said opening;
depositing a low resistivity metal or alloy over said refractory metal or alloy on

said top surface of said dielectric and at said bottom of said opening to a point below

said top of said opening;
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removing said first refractory metal or alloy or compound, said low resistivity
metal or alloy, and said second refractory metal or alloy from all points above said top
of said dielectric, whereby a planar structure is produced which includes a metalization
site having a low resistivity metal or alloy capped by a refractory metal or alloy that is
planarized with said dielectric, said refractory metal or alloy being applied to said low
resistivity metal or alloy at a temperature such that said low resistivity metal or alloy is
unmelted,
wherein said step of removing said first refractory metal or alloy or compound,
said low resistivity metal or alloy and said second refractory metal or alloy includes the
step of chemical-mechanical polishing material above a top surface of said dielectric.
26. A method of creating metalization lines and vias on a substrate, comprising the
steps of:
forming an opening in a dielectric positioned on a substrate, said opening having a
top and a bottom;
depositing a first refractory metal or alloy or compound on a top surface of said
dielectric and at a bottom of said opening;
depositing a low resistivity metal or alloy over said refractory metal or alloy on
said top surface of said dielectric and at said bottom of said opening to a point below
said top of said opening;
depositing a second refractory metal or alloy over said low resistivity metal or
alloy on said refractory metal or alloy on said top surface of said dielectric and at said
bottom of said opening; and
removing said first refractory metal or alloy or compound, said low resistivity

metal or alloy, and said second refractory metal or alloy from all points above said top

of said dielectric, whereby a planar structure is produced which includes a metalization



10gg! p"10%9g&’ () - MB!I f"10%g& () - M3! k"10%gg&' () - MB"10%&' () - MB

[ "PdEMPLTE YI0% " 10% & ()-3y"10% & ()-3S 10% & ()- 10% & ()-"10% & ()-S
10% & () -

plTTaBMP1Tf Y10s*" 10% & () -s*" 10% &' ()-52"10% & ()-!' (@&10%\& ()-y"10% & () -
3y"10% & ()-3T]~\:T'1"10% 0" 0& ()-!1" 10%0 0& ()-IN"10% o' o0& ()-yY10% o0& ()
- 10\ 10\

10\ s*" 109%i®' Havirja tade XEsidtivity thl@l%noalh&f ¢Ipptdaby Gtedraory JmetdD'ckOfhbog' thét is) - " 10
% o0& ()-!D"'10%oko& ()-!1"10% o' 0& (t) CDEFI a% r S1T! 0@.0%

& () -1 1" 1esagizey -with saidwdgel¢giric,| sald)% rz&'tc(r)/ @Gtalo% &gy being' appbedlw gdid low

10" 0' 0/ 1s8zX6r SIT!' IN'10% : & ()- !'1"10%:: g I"10% ;& ()- '1"10% : & ()-
"10% & ()tesmqylg)o%eta&ooa.lloy at a’temperature such that said low re51st1v1ty metal or alloy is

EUV.A'TIS.I. ;_(Oli-%or;%%%) (&'ggan&v%‘/fa&qf% f%d(]?:r?l(()) ing ald $rflrlst1 Or(g ract 2y_ n%eC%al o%oéll.loy or
compound, said low resistivity metal or alloy and said second refractory metal or alloy
includes both the steps of reactive ion etching and chemical-mechanical polishing
material above a top surface of said dielectric.

27. A method of creating metalization lines and vias on a substrate, comprising the
steps of:

forming an opening in a dielectric positioned on substrate, said opening having a
top and a bottom;

depositing a first refractory metal or alloy or compound on a top surface of said
dielectric and at a bottom of said opening;

depositing a low resistivity metal or alloy over said refractory metal or alloy on
said top surface of said dielectric and at said bottom of said opening to a point below
said top of said opening;

depositing a second refractory metal or alloy over said low resistivity metal or
alloy on said refractory metal or alloy on said top surface of said dielectric and at said
bottom of said opening; and

removing said first refractory metal or alloy or compound, said low resistivity
metal or alloy, and said second refractory metal or alloy from all points above said top
of said dielectric, whereby a planar structure is produced which includes a metalization
site having a low resistivity metal or alloy capped by a refractory metal or alloy that is
planarized with said dielectric, said refractory metal or alloy being applied to said low
resistivity metal or alloy at a temperature such that said low resistivity metal or alloy is
unmelted, wherein said step of removing said first refractory metal or alloy or
compound, said low resistivity metal or alloy and said second refractory metal or alloy

includes the step of wet etching with hydrogen peroxide or hydrogen tetraoxide.
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reactive ion etching.
29. A method as recited in claim 25 further comprising the step of removing excess
refractory metal or alloy above said low resistivity metal or alloy after said step of
chemical-mechanical polishing.
30. A method of forming metalization lines and vias on a substrate, comprising the
steps of:

forming an opening in a dielectric positioned on a substrate, said opening having a
top and a bottom;

depositing a first metal or alloy or compound on a top surface of said dielectric and
at a bottom of said opening;

depositing a second metal or alloy over said first metal or alloy on said top surface
of said dielectric and at said bottom of said opening to a point below said top of said
opening;

depositing a third metal or alloy over said second metal or alloy on said first metal
or alloy or compound on said top surface of said dielectric and at said bottom of said
opening, said third metal or alloy being relatively harder than said second metal or alloy;

' and

removing said first metal or alloy or compound, said second metal or alloy, and
said third metal or alloy from all points above said top of said dielectric, whereby a
planar structure is produced which includes a metalization site having a second metal or
alloy capped by a third metal or alloy, having a thickness so as to minimize a capacitance
of the third metal or alloy, that is relatively harder than said second metal or alloy and is
planarized with said dielectric,

wherein said second metal or alloy is a metal having a resistivity lower than that of
said third metal and said third metal is a refractory metal and wherein said third metal is

deposited on said second metal at a temperature such that said second metal is unmelted.
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collimation to produce a liner which conforms to all inside surfaces of said opening.
32. A method as recited in claim 30 wherein said step of depositing said second metal
or alloy is achieved by sputtering at a pressure below 1 mTorr without collimation to fill
said opening.
33. A method as recited in claim 30 wherein said step of depositing said first metal or
alloy or compound is achieved using collimated sputtering and a liner is produced which
conforms to all inside surfaces of said opening.
34. A method as recited in claim 6 wherein said step of depositing said first refractory
metal or alloy or compound is achieved by sputtering at a pressure below 1 mTorr
without collimation to produce a liner which conforms to all inside surfaces of said
opening.
35. A method as recited in claim 1 wherein the conformal coating is deposited to a
point where a liner thick enough to promote adhesion of chemical vapor deposition metal
which will be subsequently deposited in said liner is produced.
36. A method of creating a liner in high aspect ratio, submicron holes and lines
comprising the step of sputtering a metal or alloy into a high aspect ratio, submicron
hole or line in a dielectric at a pressure where directional deposition dominates, without
collimation, to create a conformal coating that is a liner.
37. A method as recited in claim 36 wherein said pressure where direction deposition
dominates is below approximately 1 mTorr.
38. A method as recited in claim 36 wherein the conformal coating is deposited to a
point where a liner thick enough to promote adhesion of chemical vapor deposition metal
which will be subsequently deposited in said liner is produced.

39. A method of forming micron and sub-micron metalization lines and vias on a

substrate, comprising the steps of:
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forming a micron or sub-micron sized opening in a dielectric positioned on a
substrate, said opening having a top and a bottom; and

filling said opening with a metal or metal alloy by sputtering said metal or metal
alloy at a pressure below 1 mTorr without collimation into said micron or sub-micron
sized opening, said metal or metal alloy uniformly filling said micron or sub-micron

sized opening from said bottom towards said top to form a conformal coating thereover.



