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*@00002* REFRACTORY METAL CAPPED LOW RESI STIVITY METAL CONDUCTOR LI NES AND

VI AS FCRNE\NWMWM“AND CVD The present invention generally relates to |
t he nuf ectrical conductor lines and vias that i nterconnect
circuits on subsispsat es such as sem cond ductors and rel ated packages and,
nore particularly, to a low cost nethod of filling seans or holes in sub-
strates u ation of a lowresistivity netal deposited by

physi cal 3&@@“\\%&\%‘“& on (PVB) EafidCaR fePréctoPyNnetal deposited by

chem cal e

in subnicron™®¥Cuit manufacture. Low resistivity netals such as al um num

and copper and their binary and ternary alloys have been w dely explored
as fine line intercREPRACBORY METALOGABEREDr LOWERES BETIVITY. Typi cal
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zero and |l ess than or equal to one, ternary alloys such as Al -Pd-Cu and
Al -Pd-Nb, Al-Cu-Si, and other simlar lowresistivity nmetal based alloys.

Today' s emphasis on scaling down |ine width dinmensions in very large scalef

i nt egr at ed T’W_SH”}e%‘F‘?fcu*r‘%‘f‘ilnthﬁﬂuﬁﬁe?ﬁ?bllﬁa%e]r%ﬁfsc &9 dh@bi lity probl ens
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nterconnect circuits on su strates ‘such as semicon-

ductors and related packages and, more particularly, to

a low cost method of filling seams or holes in sub-

strates using a combination of a low resistivity metal

deposited by physical vapor deposition (PVD) and a

refractory metal deposited by chemical vapor deposition

osition (CVD). The invention has particular application V

(CVD). The invention has particular application in
submicron circuit manufacture.

Low resistivity metals such as aluminum and copper and
their binary and ternary alloys have been widely
explored as fine line interconnects in semiconductor
manufacturing. Typical examples of fine line inter-
connect metals include 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, ternary
alloys such as Al-Pd-Cu and Al-Pd-Nb, Al-Cu-Si, and
other similar low resistivity metal based alloys.
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
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Vol . 33, No. 5, COctober 1990, pages 217-218, discloses tungsten w apped
copper conductors and via holes 2 fabricated by selective deposition using
a mxture of W6 and SiH4 in the presence of hydrogen. Encapsul ated
i nterconnects |ike those of Ahn et al. have significantly higher
resistance to electromgration and —“tRe-small grain size of a selective
tungsten film reduces reflectance and thereby enhances the ability of
photolith aphy tools to focus and resol ve photoresist inages. However,
t he tungstégPWbS%Fe@oPheﬁeh%¢h@V?h%ep?%hﬁf@ﬁpéFé?%r%smﬁ%%%??b%% by Ahn et |}
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arrier for copper _resi vi t e degraded by the -
f or mati on %ﬁt%ﬁg R_pe §F?|£+ﬁ§ th%%%sog %hPsgﬁ|¥?rcﬁ?Y to deposit a diffusion
barrier byslgmdfmmam91venﬂ§hat tewlﬁeameeatureleatm@mmgratidnaaMhn et al.
technlque ne '§ﬁaff é §i£0£f§%|§9 198@f$ |o@ﬁ§§%éﬁ ghﬁnbotton1of t he
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diffusion barrier for copper since copper resistivity
would be degraded by the formation of copper silicide.
Thus, it is difficult to deposit a diffusion barrier by
selective means at. low temperature. Moreover, the Ahn
et al. technique relies on the formation of a donut
shape at the bottom of the lines which is normally
created by the reaction of outgassing moisture and WF6.
The creation of the donut shape is believed to be not
reliable.

Dalton et al., VMIC Conference, June 12-13, 1990, pages
289~-292, points out that a hot wall CVD reaction
involving SiH4 and Hz reduction of WF6 to form a
selective tungsten layer on an aluminum or alloy
conductor results in the incorporation of fluorine at

the aluminum and tungsten interface. The fluorine

incorporation is a byproduct of the reaction of WFG

with aluminum as shown by Equation 1.

Eg. 1 WF_. + 2AY -> 2AlF, + W

6 3

The thin layer of aluminum fluoride will increase the

series contact resistance of Metal 1 to Metal 2 vias.

Dalton reported that sputtering TiW film on top of the
aluminum prior to tungsten encapsulation using CVD

eliminates the problem of fluorine absorption.




The thin layer of alumnumfluoride will increase the series contact ]
resi stance of Metal 1 to Metal 2 vias. Dalton reported that sputtering TiW
filmon top of the alum numprior to tungsten encapsul ati on using CVD '
elimnates the problemof fluorine absorption. 3 Dalton discloses a
traditional scheme for interconnect Totmation wherein alumnumis first
deposited on a planar surface, it is overcoated with the sputtered TiW

| ayer (the QQl%xgif erence fron1tQ?di1ionaI processing), the alumnumis
then patterngd usln Cgr?dﬁﬁ & St ety srdianey diogpiing: Feiqravest: by
reactive i cﬁvratacﬂmcng WHRIHDin Eiauniasim tluswgfl&tsrw@tetyo%lltsed ken o over coat ed

wth a passi ctri as SiQ 2 or n1 de which itself is
subsequent |y \igdg{t '%gr ne r? Gl s’ubﬁec Ebver ag e ik el SPAFHEF e ddfe a
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in the die tric layers at the location o conductor |lines and |
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and shows that multilayer devices produced by
traditional processing schemes have seams in the
dielectric layers at the location of the metal
conductor lines and have a very irreqgular top surface.

It is difficult to achieve planarity of the dielectric
using RIE. Planarity is in part dependent on the
pattern density, and non-planar surfaces result in
puddling problems during subsequent metallization. If
an RIE technique is used on polyimide, an etch stop is
needed for removal of photoresist on top of aluminum or
copper based lines when the lines are etched down to
the polyimide surface because the photoresist removal
process would also remove polyimide. RIE of any high
copper content, aluminum or copper alloy is extremely
difficult. - A serious drawback of traditional processes
which include 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




difficult. - A serious drawback of traditional processes which include
nmetal RIE is that a | arge nunber of netal shorts tend to develop with fine
geonetry due to particle defects. U S. Patent 4,824,802 to Brown et al.
discloses a nethod for filling interlevel dielectric vias or contact
holes in nultilevel VLSl metallization? Structures. In particular, an

I ntermedi ary netal such as tungsten or nolybdenumis either selectively 4
- deposited,i peni,ngs in an insulator.or _non-selectively deposited over
the entire gﬁpPgégegngn PREIABIBpERi AYs BFULAECF N8l ator by CVD, then a
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contenpl ate .
associated with etching and is not useful for

planarizing Al-Cu or other soft alloys because they
have different properties from the harder metals such
as tungsten and molybdenum. Moreover, using the Brown
et al. method, it is difficult to completely fill Qias
and lines.

U.S. Patent 4,944,836 to Beyer et al. discloses a
chemical-mechanical polishing technique which can be
used to produce coplanar metal/insulator films on a
substrate. In particular, Beyer et al. contemplate
patterning an underlying insulating layer, depositing
an Al-Cu film, and then using a chemical-mechanical
polishing technique wherein an alumina slurry in dilute
nitric acid is mechanically rubbed on the surface to
remove Al-Cu. The polishing compound tends to have a
significantly higher removal rate for Al-Cu than the
underlying insulator. The resulting structure includes
Al-Cu lines planarized with the insulating layer, and
subsequent layers can easily be added in the
fabrication of multilayer structures.

U.S. Patent 4,956,313 to Cote et al. discloses a via
filling and planarization technique wherein Al-Cu alloy
lines are patterned on top of a first passivation layer

on a substrate, the lines are overcoated with a second




patterning an underlying insulating | ayer, depositing an Al-Cu film and
t hen using a chemnical -mechani cal polishing techni que wherein an al um na
slurry in dilute nitric acid is mechanically rubbed on the surface to
renove Al -Cu. The polishing conpound tends to have a significantly higher
renoval rate for Al-Cu than the wunderlying insulator. The resulting
structure includes Al -Cu lines planarized with the insulating |ayer, and
subsequent |ayers can easily be added in the fabrication of multilayer
structureﬁasyﬁatf’akem&%@@&43%@%&%@ c‘i’éﬁ&éoéﬁés@ via filling |
and pl anarization techni que wherein ‘Al - l1'hes are patterned on top§
of a firstUphsafvabPBRNPBYEICaEM ALaUbstPNL, Othe lines are overcoated with |
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mat eri al syé £agl. t orge Mt e al's Athdh i dP0Ad B paIirgiidgy under the

i nfl uence ff t he Iurry reover,
an abrasive slurry.

Neither Beyer et al. nor Cote et al. recognize that
polishing is not practical for low resistivity, soft
metals such as Al-Cu alloys. This is because such
materials tend tb scratch, smear on the surface, and
corrode under the influence of the slurry. Moreover,
creation of the planarized structures in accordance
with Cote et al. takes several processing steps which
increases costs and reduces output.

Rossnagel et al. J. Vac. Sci. Technol. 2:261 (Mar/Apr.
1991) discloses a collimated magnetron sputter
deposition technique for depositing films that are
compatible with lift-off patterning technigques and hole
filling. The technique 1is also presented in U.S.
Patent 4,824,544 which 1s herein incorporated by
reference.

Shiozaki. et al., Abstracts of the 19th Conference on
Solid State Devices and Materials, discloses the use of
selective tungsten deposition for hole filling on top
of a high resistivity hard metal such as MoSix and is
unrelated to encapsulation of a soft metal.



creation of the planarized structures in accordance wth) Cote et al.

t akes several processing steps which increases costs and reduces output.
Rossnagel et al. J. Vac. Sci. Technol. 2:261 (Mar/Apr. 1991) discloses a
collimated magnetron sputter deposition technique for depositing filns

that are conpatible with Iift-off pattgrning techniques and hole filling.
The technique is also presented in U S. Patent 4,824,544 which is herein

i ncorporated by reference. Shiozakiet al., Abstracts of the 19th
Conference on Solid StateSDMMARYADH TYRE INVENTIONSC| oses the use of

sel ective tungsten deposition for hole filling on top of a high

resistivity Haiscamebjedt ofithé peeseithiSventiondoiamelioratebat el rove divadpmitdpas opn of
a soft nmetal. 6 SUVMMARY OF THE INVENTION It is an object of the present
|nvent|orﬁhﬁcm1@rr@t| orate one or nore di sadvantages of the prior art.
According to one aspect of the present invention there is disclosed a
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aspect rati o, mcron e or linein adielectric at a pressure wher e
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high aspect ratio, submcron le or " line; and sputtering a refractory
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hole or line in said dielectric over said first |ayer at a pressure where -
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.

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




scattering deposition dom nates. According to still another aspect of the
present invention there is disclosed a nethod of creating netalization

| ines and vias on a substrate, conprising 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 mptal or alloy or compound on a top
surface of said dielectric and at a bottom of said opening; depositing a
|l ow resistivity metal or alloy over said refractory netal or alloy on said
top surf aaeingfa Sew cresikivial inetd @ngdicit cﬁfyed byoatlefeefy fithd GPRMY hat s @

poi nt bel ow said top of said opening; depositing a sécond refractory netal
or al | oy ptanarizedindthl 2d dietdcstic, Watdy rdfiabair?r aietsll droalloynbeing dpplRAr@CdaRy Yowret al
or alloy on said top surface of said dielectric and at sai'd bottom of said
openi ng; resistivityemetal ogabaey dt 4 itemsgeratefer achahat saiel low msisavikonee of allppund,
said lowresistivity netal or alloy and said second refractory netal or I

al | oy fr owimglted,pedidtlowatnsistivinimetalopr efloy dn caiddppdning being esicapsakageda apd anar
structure is produced which includes a netalization site 7 having a | ow
resi sti vithereiaadines is prodasedconframing, toside vabe obsajd apaning.or al l oy that is
planarized with said dielectric, said refractory. netal or alloy bheing
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of: formng an opening I electric positio a substrate, sard
‘openi ng pshiaddislet®R aringt 2b&edrh Qmsaﬁewb%'; apasiting’ & Uow GESHARLQ the@BLRI OF
all oy or conpound on a top surface of said dielectric and at a bottom of
sai d openilogovelesadd réfravtorg hetut oresllostonvsdid topesurfacoof satl ldlecnie and ai shid
refractory nmetal or alloy on said top surface of said dielectric and at
sai d bototomodf sxd dpemiegitag paintabgowntaidaipoot sad epewipg;odepoaitidg apssrbngd);
depositing a second refractory netal or alloy over said |owresistivity
met al or refradgryonetshpralles peertseid/logereaistiviey mgtal oy aey saisalidtrefractaryt metal of
sai d diel e;ilg’i c and at said bottqom of said openi,ngq; and renoving said
first refofadiogrqn said dep Sprfage %{/S%ﬁi diclertideind ot spid qosieny o said japeripginebdl or
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i ncl udes aﬁog,e 5&1 kfiats'e&ﬂldsfetfﬁctory 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.
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 substrate, said opening having a top and




having a low resistivity netal or alloy capped by a refractory netal or
alloy that is planarized with said dielectric, said refractory netal or
all oy being applied to said low resistivity netal or alloy at a
tenperature such that said low resistivity nmetal or alloy is wunnelted,
wherein said step of depositing said first refractory nmetal or alloy or
conpound is achieved using collimted sputtering and a liner is produced
which conforns to all inside surfaces of said opening and said top surface
of said diwlteed; deposififg Al fishFefraltérlyi hbtaPBPENSY oATBRBbuRf 0k RCtoB' KPBBL of

I nvention there is disclosed a nethod of creating netalization |ines and
vi as on aaiguhdtetat and apapoitsmng shialeopehi:hg$ deositingQ 1w EEsBEvOP @itk Gr iallof

di el ectric positioned on substrate, said opening having a top and 7a " a
bott om de@osaitinefractofy mettalr @f alloyt onysainkted surfacel bfoyaidrdiclecmiound ans#dt op
surface of said dielectric and at a bottom of said opening; depositing a
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bel ow saiefrackprygretahpaldpenyes faiddeporssistivigy metad @b atoy pafspidretastorsemetal or
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al | oy on 959 1Qfsad, ter, surfage Qb dielsediis and aseid hotiem o seid cpenive; 9ad o
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planarized wth sal i elfectric, sal efractory netal or el ng
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said lowresistivity netal or alloy is "unnelted, wherein said step of
deposi ti pianasiel Hithsdaid dieleraiqrsaidraiftdctopy nadtaloyt alboyalsding Wgslieduisi agd low
evaporation, whereby said refractory netal coats only said bottom of said
openi ng réativitytmeteter oy st @ tensperaturepsich rihat sAlclomdiesigtivioy ateitdl lor aabloy hier
aspect of the present invention there is disclosed a nethod of creating
net al i zatunsslted.nebergindsaid step of dapesiting said irstgerprtoryi metal healeye psachieved
form ng an opening.in a dielectric positioned on substrate, said opening
havi ng a UHg YARPraHOBOWRLIRDY s sefraqiery metpl aats only saidiRottomhet gaid epering oy or |
ce,of .said dielectric and at a bottom of said {
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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 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




bottom of said opening to point below said top of said opening; depositing
a second refractory netal 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 alloy or conpound, gaid |l ow resistivity netal or ;
all oy, and said second refractory netar or alloy fromall points above said
top of said dielectric, whereby a planar structure is produced which

i ncl udesphanfizedl wahisalNdigiebRic, Radi fafradtolyO el B by iHelhg Riphed % sﬁid' R
capped by a refractory netal or alloy that is 7b planarized wth said

di el ect r repistivity dnotalf sroalloyrat aveimperapire atioyhabeiid Jorppsibadtyt Me@fof alloyvis
resistivity metal or alloy at a tenperature such that said low resistivity §
met al or uamkled,i wheremredatde dtepwioér mimovigy daislt éipstofefraetony i mgtas adrd atloy Sbr ¥
refractory netal or alloy or conpound, said low resistivity metal or alloy ]

and sai dcempennd, sakdr lawt wsitivisy aietad roradliogyandisais sedend refmctirg pneisl oralidy ve
ion etching material above a top surface of said dielectric. According to
still andichides thepven obreagtive lsn@gcmg malgeiak abeoie g e surface @f seifd shdecteic et hod
of creating talilzation. lines and Vi%fél}on a substrate, conprising the

st ggs of: F hS‘?rﬂi‘%gt%ﬁt‘Bp%‘}ﬂd ‘Lsﬁe"é ;erets?‘H. %g‘i‘t{‘}f“pm@ﬂe oh dsclased 14 at e, N
o al | by MR bR G BRfor 1B AR Vigf BEF shigfeee compBink dbe St it fom |
of sald eR&fthPIn JDERAR!ihl GieRchRbdsRRingl Ioh 4 YublEhA! 5B opBhin@ha YR o 58 l

refractory ne rarl'oy on sal op sur Sai Pat

sai d bobiPMifftofR dpSERY 2 %irsCrefr | | | W0,
-depositing a segor’lcfg?r ef ract grtgrené?tgf)nglreaglof\gyég\?gft@ fngﬁq g@vaﬁggﬁgﬁa{gﬂgt y
met al or ofkdi@WiélBctFidiadd "4 fal RstioRt ¥f 58H penidf; aépRiin@M R gestis@il?it? YndtgCr Of
said dielectric and at said bottom of Said opening; and renoving sald
first rehll@cbwsrsaitetefilacory aldtaorailog @iipaidwdp saefack bowid eRlestrivvadd/atiidl or
alloy, and said second refractory netal or alloy fromall points above said {
top of shottomdifedaist opéning whempeint telew aaidr top taf usatduopening; plepdsitiegl avdecord
includes a netalization site having a |lowresistivity netal or alloy
capped biefeactay magialopryallay: eier spiddpwapsistifdty metal ot altesr o1 said wefracteryi metal
dielectric, said refractory netal qr alloy being applied to said | ow

resi sti vPE plipeoR say} top pugfacgof saidsdislackic, and af sad tbﬁg‘t’ms%fi wid gpening; and vty

metal or allaq

i Lted wherei i d ing.said fi |
et ract grim%i%@srff@ﬁ"i%é{?%@ry n@%%is[‘m%?'oga%?q%fiﬁ%r %ifi%vv'rg sefw%'e?traééﬁér alloy |
oo o a8 L4 OehA ke dELA) ifal 3 My ASK'4fC5inly Wodt SR % 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.

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




dielectric. According to still another aspect of the present invention
there is disclosed 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 top and a bottom
depositing a first refractory nmetal or @lloy or conpound on a top surface
7c of said dielectric and at a bottom of said opening; depositing a | ow
resistivity metal or alloy over said refractory netal or alloy on said top
surface of ssidi dieidtteiceartdritca bowbm tof saiddopeaitic @epeNitiah dow ARGty Redl BRI N
bel ow said top of said opening; depositing a secon refractory netal or §
al | oy ovellogaver sadvrefeacitaryimétalyomalioy omsaidikdpogurfase sikald idedleéats andy angti@l  or §
alloy on said top surface of said dielectric and at said bottomof said !
openi ng; batam ofesaid iopgnisgite af poist belewrsist tpyofmmidiiopening deposiving cosgeondd,
said lowresistivity netal or alloy, and said second refractory netal or |
alloy fr éﬁﬁr%ﬂwryplaﬁmv ar akex evessaid loppresistivigy thetadiiop ey ph saidwhfractbyy mefal anar ,
structure iﬁlﬁgroduc d which includes a netalization site having a | ow

resistiviof £} S top suRfaceafntd dielectrie ppdiat s3ig bewom obsaid|dpeyinghand i s
Popl ed Femling sAR firsf eSrEfany iy diorce Eimesnds sl tetseneiapemsabRr « ha
" emovi g LaT gt Hil el eriBbiRy it 3, alBTBomC pRBidte SoidioR o
el udes Cloisoc pun@lend 4 plarf SuRBbf: SERAMCCE WS Hldl i neBliBior i

pol i shi NGavifBt L1l reANPME ﬁerR)rSM[Jy?ﬁff)g% b?ﬁh qef}h&bﬁfchgliagcqrpﬁfog; faPgs tO

/still another aspect of the present vent i there I's osed a nethod
of creat phgaripédatvithadaid dieldcit®s safidrefiadorP tnctal VRilofHethg SPIRAI I AR [RE -
steps of: formng an opening in a dielectric positioned on substrate, said ]
openi ng Ineswtivity an¢tabomaliby at b eeniperatuteswok ithdt Rgidalowi resibtivigf magl O \lBRtal or
al l oy or conpound on a top surface of said dielectric and at a bottom of
sai d opethmgltediepdereain ngpidy stepy af esimaviing tspidvdirstl refracsiry oyetabver atlaiydor
refractory nmetal] or alloy on said top surface of said dielectric and at
said botPBRewd, saidilosy essistyity anetaley #Hoypandosaids scand sgfrastors anetabpe alloyy:
depositing,a, second,. refractory netal or alloy over said |low resistivity
netal or ”%11‘?% ﬁ‘i’fgs theq steps rofc f%FSWené?%letCtB?g A oghegpical Anechapigals ppkishirg of

said die ] d at said bett. f said opening; and renoving said
first re rggf%%lf/g%e? gqp %Ffag? Pgﬁlgmeietf%%und, said lowresistivity netal or

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 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




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 lowresistivity netal or alloy
capped by a refractory netal or alloy that is 1 a 7d planarized with said
dielectric, said refractory netal or ak}joy being applied to said | ow
resistivity netal or alloy at a tenperature such that said |ow resistivity
nmetal or alloy is wunnelted, wherein said step of renoving said first '
r ef r act oplenasizal with said digleotric, caidpretiactorys aiethl | cpviillos Hesitg appliedBtsald piw al | oy }
and said second refractory netal or alloy includes the step of wet etching |
wi t h hydresisivitganeal areallyy #tyal teoperatoret sugl thad said Aowaresistingtyt metl iok lallapads her
aspect of the present invention there is disclosed a nethod of form ng
net al i zatpwglied.nadergiy saidste of ramevingtsaid disstprefeaciayyt metadt epsillof: or

o |tioned on a substrate, said opening

form ng an openjng.jn a dielectri o] .
havi nggaC?’E}Bgu’?fino“gﬁéi E’é‘f feéﬁfwﬂlémltq@r?gloél Fd,sgid sgeprd refracigry gyetal og alleound
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or alloy; and renoving sai irst  metal or a or cormpou econd
met al or aad laoyottonnddeisilingd Figstrmétal oPRIlEY lopeofupeihdbh aomgnhﬁfacéhﬁVﬁi& aid
top of said dielectric, whereby a planar structure is produced which

i ncl udes dieleatmit ahd ath ibottomi dfesaithupeningy depogiting astaindonetal boyllepppacsaty a
third metal or alloy, having a thickness so as to minimze a capacitance
of the tHfirstamatal & adloyadn e3id tohaturfage rof|said dielegtrihandiet stidabottan chf seidbnd ,
metal or alloy and is planarized with said dielectric, wherein said second
met al or CRENIBY 19 8 PRINtdelaw prid iteryohsaid epening;j depositing p thindmetd ar ablpy saed
third netal, an ' mef, Is a refractory netal and wherein said

idthird . .
third metdf SF‘éOfgelgal 9K iOEafrPn Firss setpd @r o Pr gempound fiesaid PeSUEiges of hat
id ] L | ted. A di. to.yet t.h t . of th
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di el ectriof 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.

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.




at a pressure where directional deposition dom nates, w thout collimation,
to create a conformal coating that is a liner. 7e According to yet

anot her aspect of the present invention there is disclosed a nethod of
formng mcron and sub-mcron netalization |ines and vias on a substrate,
conprising the steps of: formng a mggon or sub-mcron sized opening in a
dielectric positioned on a substrate, said opening having a top and a
bottom and filling said opening with a netal or netal alloy by sputtering
sai d netal orAocserding tl yat pnathemaspes s wiieepresdno mventidiothere isidisetostd a ghdthodt i on
into said mcron or sub-mcron sized opening, said netal or netal alloy .
uni f or m Pf ferming gnigeincandi subgniceon wetplizationdines anddiappeni supstratenvamprisibpt t om |
towards said top to forma conformal coating thereover. 7f The foregoing
and ot hetheoHpRscofs  fosming:a Micran o5 gYbrmiergasizediopenipg i atdielecttio gesitiowasidor r om
the foll ow detai) ed .description of a preferred enbodi ment of the

i nventi oft su&ﬁ{qge,rsgﬁe?@]qggel}ag "%gﬁ%w&r iaRpston); angilling sar gpening wiith agmetal
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by an insulator bei'ng pla prior to patterni _ sul ator,
Fi gures 4{dwirts ea@hoptfo M SestifeiMal abatfilpQisres®gt | onal  side views of a

sem conduct or substrate illustrating another variation of the invention;
Figure 5A through 5E are sequential cross-sectional side views of a
.sem conduct or substrate illustrating still another variation of the

i nvention;




Figure 6 is a scanning electron mcrograph (SEM of a |iner deposited in a
via using PVD, Figures 7A and 7B are sequential cross-sectional side views
of a sem conductor substrate illustrating yet another variation of the
invention; - 8 Figure 8 is a cross-sectional view of an exenplary,

mul til evel, damascene structure wherein PVD Al xCuy alloy is capped with
CVD tungsten; and Figures 9A and 9B are/fcross-secti onal SEM m crographs of }
structures with tungsten capped Al-Cu alloy lines prior to and after

chem cal - mechani cal polishing, respectively. The invention is generally
related to methods for formng netal filled vial and conductor lines on a
substrate where the vias and conductor lines include a soft, |ow
resistivity netal which is capped with a relatively hard, refractory netal }
which is resistant to corrosion, wear, and el ectrom gration, and where the
vias and conductor, lines are planar mnth a dielectric |ayer coated on they
substrate. Zheefregoing amd atdemebdlecssr uespeetsaandcadanagagesor ding tof

the procedysgs @%swt%c} h'fid%%%lt'é'&@it IFBmWi hiB Eb9Y6€§n§Ad5tai'f|eaures 4A-E,
and Figures 7A-B, depending on PVD deposition tec ue utilized. It }

shoul d be uﬁ8§F§#Gﬁé°ntﬁ$tatE§eﬁééﬁﬁpq8@§°§hﬁeﬁésﬂftFHQ éﬂVﬁéF&P@s are not

limted to WgktRgraferemee toC thebdradiiagsandndivRiegtric overlays. (e.g.
conposites of inorganic and organic layers |ike .that shown in Figures OA-E;
and 5A-E can be wused as well as single |layers of inorganic or organic

i nsul at or nBtigurel ) isMar ezves-sektionadénside viewodf a prior art

semiconductor substrate showing an uneven top surface;

1

Fiqgures 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;




restricted to any-particular netal conbinations; rather, an objective of
the invention is to overlay a soft, |ow resistance netal or netal alloy
with a hard refractory netal which can withstand wear, corrosion and

el ectrom gration. The invention has particular relevance to electrical
systens which use alum num and coppe® alloys since it has been di scovered

that uniform conformal coatings of a refractory netal liner material can}
be deposited in submicron vias and 9 trenches with reliable high aspect I

ratio fillifigust iy 1PVD cgoidsiweced ofgdt véerngl e exempderory metal |iner
will serve s tan &fdi1eCltd AdfUsidn Akl ¢helr@ i50RRSY alf @ _subsequent

processing. Wth reference to Flgure 2A, a substrate 10 #s F¥irst -

over coat ed it o iR W BhCYR tengsh&8quénd y patterned. The
substrate 10 is preferably silicon, galliumarsenide, or sone other

mat eri al .ch s ui_t abl.e for naking_i rate ircuits. wever, the
substrat ew?dcgrlrlﬁ'jyesbeﬁa aé@r zg‘r:% @,regFggg,s Sregﬁ::g%{}ggi gf‘igﬁ Wéf"é'?gﬁlaggﬁmmnl y used
f or packagiofg s¢emcterrdsc wdith dmdgsten gakped ARr-guf alldoyniénesnnecti ons.
The substr Q Prefehzhle Upakl sapi tor devices

f or med the?’téiqr?rlmi%?%fggf%i o, CgndcluhEEhhY 18015 BBLIREH *(FETs), bipol ar
transi st or ¥espesitdvedd.” Schottky di odes, or the like. It should be

understood that the substrate 10 shown in each of Figures 3A-B, A4A-E,
I scussed above plus

ﬁéns’oZﬁé?TQ%nggﬁngng éﬁg%ggng1§P§§?é£%ab$%gaﬁFgPQEtF?E conposi te shown

i n Figure ZArmidiguchetal 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 is 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




top and bottominorganic dielectric layers 11 and 13, respectively, which
may be silicon dioxide (SiQ2)1 silicon nitride (S13N4), or the like. The
inorganic |ayers 11 and 13 are-both preferably deposited using plasma
enhanced chem cal vapor deposition (PECVD) where SiQ2 is first deposited
at 90 Torr on the conducting substrate 10 and S13N4 (0.075 to 0.1 pm is
provided as a barrier against nobile ion diffusion. A thicker organic
dielectric layer 12, such as a polyimde, is deposited between the
i norgani c |ayeichdd ahth 18e1idbtermagh s dertt e tdicelfedtliing ceipasi t e
created by 12, . Si I or. N¢
dielectric, P\éﬁlc c§f1 3 %@&dt&”égSGﬁ%r erfn&%)é?:rtogy ﬂ\%&aﬂd lg?%ct ric, such
as pol yim d@;lhaielavgoa%earerﬂﬂw%ﬁldilmlm @@;S@“siletredob}w@wrof a nunber §
of well kn 1ﬁ£§&®9&ﬁ§ 5%535 growi ng in an oxidative atnosphere,
sputterlng?%%?E%ECVD. Wi |I'e Fié%?és 2A-E and 5A-E show the use of the w
conposite structure and Figures 3A-B, 4A-E, and 7A-B show the use of a
Zi nlgl e | nq\lrjgg{lileewr&h@%e@d rn"ngdIayeerh, id supethrdtle mnﬁgrstlggd t hat tge
ielectric |la S it n e ctice this _invention an
that any m?ﬁ%&ﬁ% E?ékﬁﬁ (h6%§hn| 3b&|cfu §84UED L ¥sel f or in
conbi nat i orpa:tmdnhd{rb ermhe))aaxbstrrati&a lrﬂrd:st ipce fefrabliys sildeenti on. Figure 2A{

shows an o xé4a£§4¢§3§"bf'E%dH‘ﬂéﬂaf' tegggpo§bégp 3gd this opening

may be a vi conductlve applications, the }
substrate E)liltsablekef%/r AN Ihegrateicdreyits. « Howsards &heopenings 14 §

li ke that shi¥rddtd ayde a ceramic, glass, or composite
material commonly used for packaging semiconductors and
for making thin film interconnections. The substrate
10 preferably has a plurality of semiconductor devices ;
formed therein which may include field effect u
transistors (FETs), bipolar transistors, resistors, '
Schottky diodes, or the like. It should be understood
that Lhe substrate 10 shown in each of Figures 3A-B,
4A-E, 5A-E, 7A-B, and 8, can have any of the attributes
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 (8402),
silicon nitride (Si3N4), or the like. The inorganic
layers 11 and 13 are both preferably deposited using
plasma enhanced chemical vapor deposition (PECVD) where
sio, is first deposited at 90 Torr on the congucting
substrate 10 and 813N4 (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 §10,, PSG, or BPSG, or an organic




where the resulting dense, conplex pattern will ultimately interconnect
circuits on or in the substrate. The openings 14 are preferably forned
using contrast enhanced |ithography (CEL) followed by trench or hole
etching with a multiwafer tool using CHF3 and 02 with an optimum overetch
to ensure that the opening 14 has the,desired di mensions and extends to a |

contact on the surface of the substrate 10 for a via stud pattern. For F

line patterns, the dielectric layers are preferably partially etched to a |

dept h aboqﬁléﬁb@@%ﬁ@ersuéﬁagstﬁ%ﬂr@ﬁfﬁethhﬁkﬂﬁ%ﬁ)E% Q%pQEBEQYQQd Wen

etching polyimde 12, owterrperatures |s reféerred. It should

be under st&Yd }?%é%eﬁ?ﬁel?%ﬁi n%it'l"brl*ﬁ’o‘f theUenidfg Wed L ¥&OFRdi cated in

Fi gures Zk&hxﬂﬁpﬁas Yudh agngy Ifr&ying lweldn wxdaras;tl@@d W|th| n the art and
can be created

different t Lf th t |
subst r at e APHRD %/fed’e\/%l% I‘i%re{’g‘?’rre%re%e gon w&su F%ﬁ&\f/ﬁ e ?(r;;ulrgg 3A and |

3B, as oppaosbdAE sherftla wsbsef atlee pmpast teo stpwatdicy pndtrudi ng
devi ces asF-l 15458%115' F,hg_%e %@1 .}t}peB 'J}%‘JJ qhQr U%%go'%ogt ggngygr t he device
e )

18 shouldf| e plahari zed fore an oenld I's create
Pl anar i zat3iTIrI8H H T g leetriy R¥Er clHdnisdenlaedranndarspepshi ng, a

conbi nat i fh4d é-mat*aféfeéadx&*ﬁpé@llmfatammluneolcbstahag or by ot her

means. Figures 2B-2E illustrate‘a first variation’of _the resent invention}

wher ei n a BHaGHCSH AL &t ivenidan andytbat eay gdelpehELCt he one shown in
Fi gure 2A @.d.he uﬂnegesffmwor rofgegilics) 3Bedr bgnyteel&r ogt Lnct ure whi ch has

an opening 14 formed |0 & Querd C%alto%&jll%l Ehe" b%a&;j,@@ of this

invention.

Figure 2A shows an opening 14 formed in the dielectric
composite, and this opening may be a via or a trench
for a conductive line. 1In VLSI applications, the
substrate 10 is 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
02
14 has the desired dimensions and extends to a contact

and
3
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, O, RIE at low temperatures is preferred.
It should be understood that the formation of the

opening 14, as indicated in Fiqures 2A-E, 4A-E, 5A-E,
and 7A-B, 1is well understood within the art and can be
created by many different techniques.




has a refractory nmetal |ayer 15 deposited over the inorganic dielectric
| ayer 13.and on the exposed substrate 10 at the bottomof gap 14. This is
acconpl i shed using an evaporation PVD techni que best described in Handboo

of Thin Film Technol ogy, eds. Maissel and Gen, McGawHill Co., 1983, pp.{
1-100. An inportant feature of enptoylng evaporation PVD at this point is}

that the refractory metal layer 15 does not coat the side walls of the
openi ng 14 |n the dielectric. It should be understood that PVD collinated
sput teri nglfsFARPI FaE6inAasubRsER FDell ikes 11 Sleviaemd £87%0 544, can be

used in thenhprashi g8 QE shbﬁnlﬂ\/eﬁiéﬁbsm dhatsgoldd nﬁigﬁsise&pu:td ering
produces a cogﬁorn& ger m@¢ Y uId coga%ghe si de 1s of opening 14,
contrary t&"EhitafnPERSFEaERohA T HEE JRIrEY YHR§QE£¥ %ol I i mat ed
sputteringdevoicesats as sbéwmcimr@ugnﬂeﬂzA;runelﬁnsﬁrmamesen)|n nor e det ai
bel ow. The C be, t T t | | oys or
conpounds gégﬁiégsg%é%%% %%ﬂg‘g PB W#qéﬂé%nﬁ&%gs%ﬁ@ 1 /W alloys,
or chrom upefory aoropaniag u?? (H%)C%Qmel rPlgnagpigatdons ean deher 12

sui tabl e nptRibabd b{» ﬁPﬁP%hé@ﬁ@é’lixﬁéﬁﬁaﬂfcé’l Bo13lsh i rigd ke fornmed, a
refractory netal shoul used which can act as a diffusion barrier to

copper sucﬁ°?h£ﬂatHPPf9§|B%tﬁLﬁﬁﬁmfﬁﬂﬁﬁﬂﬁﬁkﬁﬁ [ﬂQﬁﬂ§§$ of deposited

copper in poeiSREAGNJoR4by Nbthdhansathsirate 10 is prevented. Next, a
single, binary or ternary metallization 16 is deposited over the

refractory netal 15 by PVD using evaporation. Again, since evaporation is
used, the 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 14. This is
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
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side wall s of opening 14 are not coated. However, it should be understood
that the netallization 16 could be applied by collimted sputtering, in
which case a conformal coating of the netallization within the opening 14
and on top of the dielectric stack. Preferably, the netallization is

Al xCuy, where the sum of x and y i3 éﬁuél to one and both x and y are
greater than or equal to zero and |l ess than or equal to one; however,

ternary allo d- and _nulticonmp L.l o such as :
Al - Pd- Nb- Aﬁu¥%a$d aT lalE)sw LbFepPsh base%cfﬂ%esc 5r§¥§3r?g?ic of the |
netalI|zattoanGfosmeﬁatalrefsaatbnmlmeSaEtstm&dame useflt whathkri a

conpar ed {8ahNect 42 a8 ALY MBLGh, dorrt B of&Tablier LgcAPER 14, vhi ch

represents attern or intert ttern illed with the
metal | i zat bRLUsien @uaépghsabsqg@e% mﬁ*ﬁﬁiﬁld\)\f t@eposiitedce of the |ine

or via. 'tcéﬁﬁé'}:dixbethl@d&[ﬁéhﬂﬁg 14 hatted hendredbd 6 2t & onp L6s shown in Figures |
4A-E, 5A-E, and d be of the sane sort descri bed above. Figure 2C!

shows a rePF%E?%??dnetal 17, such as tungsten, cobalt, nickel, nolybdenum |
or alloys/conpounds such as Ti/TiN, deposited over the structure.
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step procesSs,; as is bes ned a- erern the first step
13 invoIv@ep@ﬁd¢¢dmn%£rsbh@teefrgptnrxrmgﬂaﬂaiiﬁbxﬂPV%dMthmn pronDting

compound Sgelp@satid@ni UA@;Q{n t4 {REe WYdidrdtitond A £1eME, dponf or mal

bl anket coating, _and the second step incl udes dep05|t|ng athin C/D |ayer
of tungst end® Wahi2\RE rrerieg Hofik npt 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 thét 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 Figures 4A-E, S5A-E, J
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 l
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




conformality. CVD deposition of the refractory netal is preferably
achieved with SiH4 or H2 reduction of W&6. A particularly preferred CVD
procedure involves SiH4 reduction of W6 foll owed by H2 reduction of W6
because, on top of a TiN |layer, CVD of tungsten proceeds snmoothly with

Si H4 reduction of WF6, but not wth H2 reduction. The refractory netal 17
provides a wear resistant, corrosienigesistant, and electromgration
resistant coating to the underlying soft, lowresistivity netallization 16
in opening 14. A particularly good advantage to using CVD with SiH4

reduction éMvVeR@eiss cofatimehedr apubtefiggHaert sheréikanofpenvaried to

lnCOFporat%dﬂb%f%heBEoﬁBQEHgsceﬁpéthCQBch'HEOtiﬁganﬂ9§£en to achieve
beneficial properties. exanple, it Breferable to deposit the

refractorytﬁ§P§FuT7“aFrad9 LoSFrRats 9F8°P§PFBa%h i%nk?hec%%EhPﬂg 14 in the

di el ectricang leabnget:blnaestépnmclﬁaesoaagomthngea uthihncepl ower
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nore sili coenfecoapdisti oGvDhdepos htitogr efit theweefraetosy aneeal Usi ng t he

above- desorEbpde rCVBLL 6°hBh A6ea L PLAI L fiONoUORSd LuagRISN £aD Do used as

a wear reS|st coa be nore
resi stant W§gan A|9ﬁrhécglarly Pﬁef¢§¥¢¢cCHDtP§9@e®%é@ 1mwolves

cheni cal - rrsqhanu_»eahce%hsbf nair £BELoves bPeHWEi'@thdzﬁﬁéh%‘f Wrapplied by )
evapor ati on oes not coat I](;‘ide wal | s ? q&gnln the CVD ;
sPHet

appl i ed r ePPSERSPy ﬁﬁt59919 Nl ?gﬁﬁrlﬂgD g5 naround t he
netalI|zatpebcéﬁdandmbbEhnptaithzaimgnréﬁucbeomnmﬁ wxgmﬂmuﬁﬂnoencapsulated

,In refractg ¥hn§ta e&uction. The refractory metal 17 provides a 1
wear resistant, corrosion resistant, and
electromigration resistant coating to the underlying

. soft, low resistivity metallization 16 in opening 14.

A particularly good advantage to using CVD with SiH4

+ reduction of WF6 1s that the ratio of SiH4 to WF6 can
be varied to incorporate different amounts of silicon
into 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 ratio since
this will result in more silicon incorporation which
has greater wear resistance. Using the above-described
CVD technique, the silicon doped tungsten can be used
as a wear resistant coating or a polishing stop (e.qg.,
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,




structure is planarized after the CVD application of the refractory netal
17 to vyield a structure wherein a two part conductive via or |ine, which
includes a central, soft, lowresistivity netallization 16, encapsul ated
in a hard, wear resistant refractory netal 17, has a top surface which
even with the top surface of the dieléétric conposite on substrate 10.

Pl anari zati on can be acconplished within one or two steps by chemi cal -
mechani cal polishing with a slurry such as alumna in dilute ferric
nitrate or FeguRkeE 2P ehd PEesbAretbftSFErugtuy 2i papbanahbnedtry. |f

chem cal - maghan ¢al cQ%' h%B'l'i&a'tioﬁnBEOVEQ réffﬁéwlsycx@@t@f pelegted to -
renove different netal |ayéers _on the stack. For exanp , Ti/TiNWon top

of copper ¥AflBear SHEVEHUESI HHSTRAR &I HHP neaFh CRRIFGLIES (Y42 % rat e

slurry, andihbenwhtiaﬁ &ﬁ&&uaeagaceppEfazans@Et;emve@b@yssmuwu ng to a
of _the refractory w

slurry w thout nmbi_nation
net al Iayepe¥?lﬁéfﬁ8&88 g?’cﬁ&ﬁ?BﬁFfaeeﬂetﬂaﬂeﬁ bdw?%ﬂlng of the
renalnlng mesabtanatreﬁraetoamdmeEahlh?ngha@faamwmwgurﬁﬁqﬂ divictbove the top:

organi ¢ _ofgl B96A0Len! BKE cB BaesALacoFORETMSIELk s part] Ul ar %

and underlying refractory netal 15. - 14 Figures 2D and 2E show t hat »
q

planarlzatlon rocedure conte i ncl udes renoving tungsten refractoryjy
netal 17 byzomepﬁhée eRefPPEETABENAR} caPlpAT LI APTHICIR & th SF6 or O 2

based Cheﬁhébbxxﬁdgwe&owahi\h @deabfot’wo r@@@éé I&,Etdrwmﬂcfapurface as shown 1}
in Figure he t sten, as éhu?s éﬁumina. gyD | ayer is

et ched dovxﬂeFBaf‘ﬁga}n Eégh nﬂa'gi 13 %h‘??’é’éé“
. dilute ferric nitrate or by RIE in the presence of SF6

or Cl2
polishing is employed, slurries can be selected to

based chemistry. If chemical-mechanical

remove different metal layers on the stack. For

example, 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
elther chemical-mechanical polishing or RIE with SF
Cl2 based chemistry down to an Al-Cu alloy
metallization 16 surface as shown in Figure 2D, then,
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 poiished, wet etched or RIE etched in
Cl, to yield the structure shown in Figure 2E.

601.'
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Figures 4A through 4E show another variation on the
inventlion where like elements to those identified above
are indicated by the same numerals in each of the




finally, the remaining tungsten 17 on the dielectric surface is either
polished, wet etched or RTE etched in Cl2 to yield the structure shown in
Figure 2E. Figures 4A through 4E show another variation on the invention
where li ke elenments to those identified above are indicated by the sane
nunerals in each of the - 15 Figures. As shown in Figure 4A copper
netallization 16 is deposited in an_opening 14 created in an inorganic or
organic dielectric 15 forned on substrate 10. The chief difference between
the structure shown in Figure 4A and the structure shown in Figure 2B is
that prior £p QFBQS' th@“s%wﬁoweﬂ‘l@@ﬁ@lﬂ Zatd b r anet A i 4 ayesn of
refractory ne? such as titanium tltanlun1n1tr|de (TLN), tungsten,
tantal um otbalFoferogadedorPodhdPe Mo Teateidst? A over the i nor gani ¢
or organic ﬂh@fgﬁhﬁbco%5o§§5f1§§edﬁélﬂe%tnsidi615 hﬁ)xfmﬁ:mdstg sxilléth?lxraBtesgl | mall;)e(cji |
sputtering. sputter.i enera escri be

in U S Patbht 4T%§4Cg&3ft81§{8§§?1%%%l “Peanet g‘r Y55 So]?(%/"‘"'brocedure is
di scussed. in Flngurpr éacahdi thenstoncture hatsovoeeim cﬂ‘bglmmrml kehat ]

enpl oyi ng | | sput n h %gfi ttering -
doni nat es, 02 %ggﬁg g ?8 ﬁgé%sgtgre§¥g?§gn&%§?%ﬂglrec |C)&ﬁ eposition .
domi nat es, thihomsYEGrOﬁhgeéreet¢rw|mﬁtﬁknﬁiwﬂnﬂh(ﬂﬁﬂﬁ#ﬁﬁﬂ%M@du n a high

aspect rat'eitﬁti?mncﬁQEr!laé!ek'l‘ilﬁfnctlﬂhﬁst\@rﬁ (Sarthalub0ldk kL dygle vall s and
base are coat e aspect

refers to the ratlo of the
hei ght of aan@reﬁ@aoefldmsh%?a%wiest%em@#dqum the INRRIaHS,  (rench
or its di angtesryanibedtasecetia V5 asurffarnchari inside the opening

14 via collimated sputtering.

1

As noted above, collimated sputtering is generally . L
described in U.S. Patent 4,824,544 to Rossnagel et al.
where a lift-off procedure is discussed. In the
present invention, it has been discovered that
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 or 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




and vias with aspect ratios greater than two are generally considered to
have a high aspect ratio. Wth collimted sputtering, scattering tends to
dom nate above pressures of InfTorr (preferably around 3niforr), while
directional deposition dom nates below I mforr. Collimted sputtering is
described in nore detail below in conjunction with Figures 5A-E and 6.
Conpl etely coating the bottom surface BEnd side walls of opening 14 with a
refractory netal |ayer 24, as shown in Figure 4a, is especially inportant
when a copper 16 based alloy netallization 16 is used since copper w ||

di ffuse |rnQﬁ%?ﬁe%ﬁﬂﬁﬂr@ﬁ%@%ﬁ%%ﬁﬁ%%@ Kubedqirést shngle coemser atldrle

processi ng &indeydd nidde leyisepdfrage i fdwsing shakkig@lents Higevi ded. The
copper netallization 16 can be de %@f'ted /D u5|nﬂ ei ther evaporation

or col | i mat'EPRFATET RF TreIRA M H 8&ViGfert fs®i cron, high
aspect ratidi fiision dsertiebel d ipredidgut. other tofpbrt echni ques have been
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t her ef or e, é preferted et h chnlques
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16 surface to pronote adhesion. A refractory e such as tungsten is
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for filling is by PVD techniques.
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Subsequent to deposition of metallization 16, a thin

layer 26 of titanium, Ti/TiN, tantalum or chromium is

then applied over the copper metallization 16 surface

to promote adhesion. A refractory metal such as

tungsten is then deposited by CVD by SiH4 or H2 |
reduction of WF6
4B. As explained above, varying the SiH4 tp WF6 ratio
during CVD can advantageously be used to make a harder, ‘
more wear resistant, tungsten with incorporated silicon
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.

to yield the structure shown in Figure

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 protectea from the wet etch

solution (e.g., at room temperature, H202 has almost




| ayer near the top surface of the dielectric 15. The interfacial thin
| ayer 26 shoul d be chosen so that it does not attack the underlying copper
netal lization 16. Figure 4c shows that first tungsten is planarized by
polishing or by RIE and Figure 4d shows that copper is selectively renoved}
by wet etching. Wen copper or copper aIon | ines are being created, it isf
advant ageous to use .a-wet etch sol uti on’ based on hydrogen per oxi de (H202) i

and hydrogen t et r oxi de (H204) to planarize the copper. room

tenperatur olutlo Wll not etch tun n or dielectric,

but will Jo’flrt%l%/gﬁ%‘b‘bﬁ”p%)siu LG STOE e Bdtetct g‘uence it is
not pr ot ect\eﬂ: femh,thtehmetturegs:ttensm uiarorbe(eaegectawerlqometnelvpelra@ure H202
has al nost gl C Vi de B the wet
etch, the t%ing’st Ig%‘{e e%tt%evce Al ee?‘rsov Eg‘}‘@sfﬁ}%%h ﬁl ng or
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met al ‘r’T"gﬂxf]cl; é‘btﬂi’ee die H§lieClls GulTadlr P%CS I's by ;
chen1ca| nlca po I shing using an alumna in erryc nitrate slurry or §
the |ike. EdERicakumehanqal ReYiahMI ASingard FALBARE| 10t does not

scratch or feaaFif@de tWiete SHIRiBS) et tthechamieGal peeahani eahgsaehl $bi ng.

Rat her than the]t gEit%ﬁﬁf roach . di,scussed above, # be preferable

to renove thé&® ﬂﬁ%ﬁﬁ h S e di °5 pet ke ﬁpeP 26 adhesion

pronot er, amdrddde udm:xersumjaaitleckaiq aheid calonatbdndbele t he surface of the

I nsul at or cal C C hi ng. Figures 5A |
Rnow i &@f AR %hr’é% RaapcabpP8hLh

t hrough SE anot er variation on
discussed above, it may be preferable to remove the

tungsten refractory metal 17, the thin layer 26
adhesion promoter, and the copper metallization 16
located above the surface of the insulator 15 in one ]
step using chemical-mechanical polishing. ﬁ

' Figures 5A through 5E show yet another variation on the
invention where like numerals indicate like elements.

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/Apr. 1991) and U.S.
Patent 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.




I nvention where like nunerals indicate |ike elenments. Figure 5A shows a
refractory netal liner 28 is deposited in the opening 14 prior to
netallization in a fully or partially conformal manner using collimated
sputtering like that described in Rossnagel et al. J. Vac. Sci. Technol.
2:261 (Mar/Apr. 1991) and U. S. Patent 4,824,544 to Rossnagel et al. which
are herein incorporated by referencel®in collinated sputtering,
refractory netal atons are passed through a honeyconb |ike structure with
an aspect ratio of depth to area of _greater than one at pressures greater
than 0.5 mforr. Table 1 presentgAgbﬁd?tions whi ch have been used for

|'i ner deposition. d8posTABLE AF DEPOSR TBON@FL INANERNBY COLLI MATI ON  ASPECT

RATI O STEPR, T LL/ TOP ity 1 38 60 1:2 39 70
1:4 42 10&%%%% %%p;((‘)o%%ﬁ the i nl\gldgﬁsﬁclﬁg/ﬁcfpons presented in
Table 1, the pressure WaSINBWARW/TEBN( D) 5nT to UF)NT and the power was
varied fromp.5 kWto 12 kW Taple 1 clearly indigates poor step coverage
when collimation is not enployed. Using higher pressures (e.g., 3 nmilorr)

and a collt%mtor with aspect #tios of at least 01, the vias or contacts
wWith aspeci;4atios of nore 7 tg28 were coated w tilgoli/ Ti N or Ti/WbiIayersI

resulting in st%P
NO COLLIMATION
0 10 12

i

In the investigations presented in Table 1, the

pressure was varied from 0.5mT to 15 mT and the power
was varied from 0.5 kW to 12 kW. Table 1 clearly
indicates poor step coverage when collimation is not

employed. Using higher pressures (e.g., 3 mTorr) and a
collimator with aspect ratios of at least 1l:1, the vias
or contacts with aspect ratios of more 7 to 8 were ]
coated with Ti/TiN or Ti/W bilayers resulting in step
coverage more than 40% at the bottom and more than 30%

on the side wall. This is a significant advance in the
art since it allows semiconductor manufacturers to ]
provide a conformal layer within a high aspect ratio r
trench or via which will promote adhesion of CVD
tungsten. Moreover, as will be discussed in more

detail below, providing a conformal layer of TiN or
other suitable materials will provide an effective
diffusion barrier for copper based alloys. As
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.g.,
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




coverage nore than 40% at the bottom and nore than 30% on the side wall.
Thi's is a significant advance in the art since it allows sem conductor
manuf acturers to provide a conformal |ayer within a high aspect ratio
trench or via which will pronote adhesion of CVD tungsten. Moreover, as

wi |l be discussed in nore detail below, providing a conformal |ayer of Ti N
or other suitable materials will proVPde an effective diffusion barrier
for copper based alloys. As discussed above, in order to thoroughly coat
the side walls and bottomof a trench or via pressures should be enployed
wher e scat Y&fi #@n depoPtf dRedoni hat 8areel iy TiN gy th mithy rDlasieher t han at |

| ower presgas e@smeﬁoﬂgr\esthoaﬁboﬂemswé qs‘recgéﬁdaatcﬁs a ltitd e 6

presents a SEM m c fractor taI i n |n a via created by
PVD colllng?E Spdf?% fﬁ@eﬁscﬁﬁsg PHRY® éﬁVg &'hat
conpl et e catteaciges HfCYet g s ben aonl shekwmﬂéniyﬁngIsmbﬂlrahea can be
obt ai ned n-situ ﬂ$QE S qu yth argon in
t he prese&@g gﬁﬂ?ﬁ%fT%%$%%1of : l%Rgﬁ' i ot caﬁ“ﬁﬁ%&ove adhesi on and
prevent arkatie tekthe QR@i%@ﬂ@@rethWﬁQQQS4JnderIy|ng substrate. The
conformality of a Ilner I ncrease when the aspect ratio of the collimator
I ncreases. _\When co |ines or vias are tQ be enployed in_ the structure,
a robust I1YhRR GOR c%ﬂ‘f‘%%r% wkag axg 4 deempdoreds ins thequired. Low
pressure satgbdatrmte,ora afobusef 1 aeépryhidnesan @egve &8 ali /TiN, or Ti/W |
gltgl Zacﬂ?c&ie%)spf %S s#ﬁéjcfélrreé)&gehqe S|L%% \f:’?:lelssu%fe the opening 14 in the {
collimation of a refractory liner (e.g., Ta, Ti/TiN, or

Ti/W, etc.) created a porous structure on the side wall ,
of the opening 14 in the dielectric. To prevent this ;
porous structure and provide a dense structure on the ’
side wall, a two step collimation process was employed.
Specifically, in the first 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 available 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 Figqures 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 Figure 2B,
Figure 5B shows Al-Cu alloy or other metallization 16
being deposited by PVD evaporation techniques to a




porous structure and provide a dense structure on the side wall, a two
step collimation process was enployed. Specifically, in the first step, a
thin liner was deposited using a pressure below 0.8 nl to get bottom
coverage of nore than 60% and in the second step, the pressure was
increased in-situto 3 to 4 nl to get a dense mcrostructure on the
sidewal | using the sane collimator? FPior to this invention, there was no
nmeans available for formng a liner in high aspect ratio, subm cron hoIes,H
especially at |ow tenperatures. . The results were simlar for Ti/Wand

Ti/Ti N bil 4§8f1 LPAeFe #R@PBPA U fERRi D haseief §t CVD refractory

metal 17 OﬁléSDWctQ§t$t|1Vit§er§S)f5C-FEtﬁés & YLV 8By Shdw dpBssitidmr steps teo
t hose shown_in ' s 2B-E and F| ures 4A-E are erformed i n anot her

Lot ation B Bngopfiosmel oliver ot Sestel 6. St Rt BE et hat o
adhesi on pmatetréall tyeca 6 hes ulcdw asesﬂ'stiﬂtmietéDlMMatdfori hé, i ke, is

d i ted f |1

and in t nebbatbLr OIS BTLEPS HaRIPIE pAl lfAld ANl S e
Al -Cu aIIoyibelo@hérplnnéﬁiatnﬁ|%hﬁJ&t#ﬂﬁﬁ&FQkﬂﬁiﬂqeﬁhebyprltewaporat|on
t echni quesgbo étéﬂing%fltw%lmiM%ﬁﬁépmm wéha@:e oof the

dielectric, ures respectively show deposition & conformal |ayer

of tungsteﬁo%}oﬁ?ﬁePYr%ﬂ?%ﬁRQﬂﬁPeQRQQ%QQﬂ R hef &WHB§§P§t|V|ty
met al | i zata®nsAéwn pﬂ:éwguﬁeswgnd hﬁxd mwsdlersmpﬁ p1anapakiini By, or the

ke, and gkgn§£é6iﬁ¥htg¥iéﬁ ﬁi et aﬁ&cgfa AYiéﬁf%%. For one
step chemical-mechanical polishing, a slurry similar to
that used for tungsten polishing can be used. Like the
structure shown in Figqure 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 like
numerals. As shown in Figure 7A, both a conformal, H
preferably refractory metal, liner/diffusion barrier 28 |
and a conformal AGCuy or other suitable, low
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 likely serve different

environments.




wet etching of the alum num copper alloy with H2ZO2 foll owed by

chem cal - nechani cal polishing of tungsten as shown in '"Fi res 4c and 4d or
sinply planarizing by one step RIE or chem cal -nmechani cal polishing. For
one step chem cal -nmechanical polishing, a slurry simlar to that used for
tungsten polishing can be used. Like*tgngstructure shown in Figure 2E, the
structure shown In i Figure 5E has a D refractory netal 17 encapsul ating
a lowresistivity nmetallization 16 where there is a tapered refractory
metal 17 reghop., g b%%%gstéétgnﬂaZE.EEQWIXS dEBQFHQ&i¥%rkﬂE'?Qf?%SEQe .
invention where like elements are indicated by I'rke™ numerals. ghdwn in
Figure 7A, B6tRlacappesr Adnes fpbréFabry aecprdipgytaethl, thrhaiddes f usi on

barrier 28 angcassedl abe®le . ALXRUYher eRbBLImEHLEADLRe 1OWe NEREEREVItY alloy |
or netalllzatlﬁn 1? Iaygr re epgﬁlted %n the opening ip the organic or

i norganic JPELEE FFrem ;ﬁﬁ §0nEPr aPeCFov ik ngn 8oPFi HBfeBiBputtering
pr ocedur es. clobgedoent by .reffhachetyl petahed7vasppdngrbaygim tsich as !
tungsten, titaniu u e Lk i si,ted by CVD to bl anket |
coat the st?E@?urgbeF%§§%2k7gh§§émé?tEg% ﬁ%%égtggggﬁ e"efs Fﬁ%ﬂ | anari zed
using R E, thefi ead- flechddnesal 2 pol #shiBgbler2bpresértst thani ques. '

Cbntrastingrgggstahagcgggﬁ ggsg¥gyre 7B with the structure of Figure 5E,
it can be seen that the shape of the via or line is quite different. \Wile §

both structures include a low resistivity netal 16 capped by a refractory
metal 17, the two netallizationspaslk 2i kely serve different

environment g, vr RESISTANCE OF TUNGSTEN CAPPED LOW RESISTIVITY
METAL AFTER POLISHINGZ

b

m; S

(A) CREATED USING EVAPORATION

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

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

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

0.042 0.054 94%
Ti(20nm)/TiN(25nm)/CVD W(30nm)/Al-Cu(1300nm)/ _
W(200nm) |

0.025 0.023 97%
Ti(50nm)/TiN(25nm)/T4i(20nm)/AL-Cu(1300nm)/Ti(20nm)/

TiN(20nm) /W(200nm)
0.025 0.032 96%

T4(50nm) /TAN(50nm) /T4 (50nm)/Al-Cu(600nm) /Ti(20nm)/
Cu(700nm) /T4 (20nm)/TiN(20nm)/CVD W(200nm)
0.023 0.021 100%




21 Experinmental tests have been conducted with the refractory netal
capped lines fabricated according to the techniques discussed above. In
the experinents, the line lengths varied from13.5 cmto 50 cmw th an
area of the chip close to 1.6 mm 2. The netal pitches varied fromfpmto

2pm The aspect ratio of the holes filled were from2 to 8 and for lines 2

to 4. Table 2 presents the resistance2est results. TABLE 2 LINE
RESI STANCE OF TUNGSTEN CAPPED LOW RESI STIVITY METAL AFTER PCLI SH NGa (A)
CREATED USING EVAPORATI ONb St ruct ure Resistance Resistance Yield before W

dep. after (W JEREATER 200G TIONIYHHEDABRONTSRING / W 200nn) 0. 042 0. 04 95%

Ti (20nm) / Al- Cu(800nn)/VV200nn) 0.042 0.052 95@6

Ti (20nm) / Al- Cu 800n 20n 200n o 042 0.054 94%
T.(zonn)/TTNdi )/ G v%amﬁﬂ%v M@WP Wm@@@@wﬁj 0.025 0.023 97%
T|(50nn)/T|N(25nn)/T|(2Cnm)mAh Cu(lSOOnnkYBM(ZCnn)/ Ti jaz0nm) / W 200nm)

0, 1 _ .
Gu( 700nmy 7 TSGR AR #3@@3#&5%0”%’2910%?088%2 ot 20!
042 0.05 81%
Ti(ZOnm)/W(20nm)/A1-Cu(800nm)/CVD W(200nm)
0.040 0.039 85%
Ti(20nm)/TiN(75nm)/Cu(800nm)/Ti(20nm)/TiN(25nm)/CVD
W(200nm) _
0.024 0.022 80%

(C) CREATED USING SPUTTERING WITHOUT COLLIMATIONd

Ti(20nm)/TiN(35nm)/Al1-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 mmz. The metal pitches varied from luym to 2pum.

i

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.

Ccolimation aspect ratio of 1l: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




(B), CREATED USI NG COLLI MATED SPUTTERI NGc

Ti (20nm) / Ti N(35nm) / Al - Cu(800nm / CVvD W 200nm) 0.042 0.04 84%

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

Ti (20nm) / W 20nn) / Al- Cu(800nn)/ CVD W 200nm) 0. 040 0. 039 85%

Ti (20nm) / Ti N(75nm) / Cu(800nm) / Ti (20nmy/ J4 N(25nm) / CVD W 200nm) 0. 024 0. 022
80% (C) CREATED USI NG SPUTTERI NG W THOUT COLLI MATI ONd

Ti (20nm) / Ti N(35nm) / Al- Cu(800nm / CVvD W 200nm) 0.040 0.04 86% aln all the
experi ment Sth&hepkbﬂﬁdhﬁ?géhﬁit’aﬁl@d af 16 d8. S C(@.w%.t,h @fare of the |
chip close to, 1.6 mP. The neéalmgitches vari ed fron1f§n1 0 2pm°  The
aspect ratiBebYCEReChbRBEUR #RAGE R RIYT UMD FPPEF FRY$OrPISHRIES 2 to 4.
bl n the EvapbeafoomaExperbnenisl ., Tandi thdidiny eteepieriche depnis tattdy

col limation ttering. limatl on as t,rajiqg of 1:1. dSputtering
pressure ra%%‘g%rbet'\i’/\g%nb‘gtf T o0 Bhiror Pfacbll%? rSEEWS[ ;U}aﬁ: |l e 2 show t hat
t he processsputetering witkowewoklimdgien ijs vemplayomt, itk t hat the |ine
resistance Ls,poly #hy CARch 0SBk Padd% PIRIA Ballasd UG UNGRL SN, CaP.

é‘ L]
Sonme of the ‘above OWs_an increase in resistance when titaniumis |
present diPekeyyl JRBRFT h ary, ke |direatiangldydomiqatad. for mati on of Ti Al3 |

at the interface. It has been found - 23 that providing a titanium all oy

or Conpoundléeig'énglggpated that performing RIE or a wet etch
using H2O2 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.q, SF¢ 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, ’ ]
yet 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 discussed 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.




between titanium and the al um num copper |ayer prevents the formation of
Ti Al 3 and thereby keeps the resistance |ower. The bottomentry in Table 2
shows that if sputtering without collinmation is enployed, the sputtering
shoul d take place at | ower pressures (e.g., below 1 nforr) and be
directionally domnated. It is anticigated that performng RIE or a wet
etch using H202 or H204 on the refraétory netal cap after

chem cal - mechani cal polishing will be advantageous in bringing the

refractory I Cr ease h% s not desirable. By
al | owi ng f@mqaqmﬁHquﬁn:ﬂﬁ rig sweticendhcoorRiEvpcecedbiiguréedg, SF6

et ching), ggﬁ% Pr Qﬁs I thick | ayers of
refractory n§?§f@e provrdesl 9%3%?§%0F5§ ?8ﬁP%§rE?hg§§ﬁdgrlyrng | ow
resrstrvrt?ilAFﬂ@uﬁqﬁﬁ?Qﬂ'“h@& G&rphgaéh@ﬁléaFWﬁ%&héﬂﬂcaﬂ PpePi 8Ri ng, yet

will be abkget @iUbseqenidet GAADYE eaps 6§C€§é‘ Al- cefaﬂé?ryfsnst al to
achi eve a structure Mhlﬁﬁﬁhas ver tle overI ng r ef racg netal For

exanpl e, afVP53HNEEHTR AYER - reFﬂéEF%r alﬁ?BFeﬁ 5e appFyERY used for
pr ot ecti onwagh keppead i1Smesgpddoeger patlishéng. thBigefeaabosuOWayer can be

duced d | 8 sh
- exampl oaBy SEHE MG RaraRy Of, EHE oRYnETae EhECh B vk BT ALRTSES 2 Top
surface haurngtmmegatfeuem@ppmdcmmaqhaniogllpcmlatshiughhasth the top nost
| nsul at or kax.%r,edA%h@ ft%%;%%@n' aneiewé APPY 4§ aﬁgethﬁéog§?trencheS wi th

CVD tungsten preferab I"ncl ude a iner Tornmed by c mat ed
sputterrngSF6f9FGn§¢et@@h§§P@nPrﬂﬁﬁ9tb?h%f

t hi ckness gj t Eg&gprggikﬁy%r dgﬁ&pé@F?&ﬂggggﬁhr |nun1 A thick |ayer of a




senj conductor devices can be fabricated within the practice of this ]
i nvention. 24 Figures 9a and 9b are SEM m crographs of a cross-section of |
a sem conductor device. -Figure 9a L shows separated Si 02 portions
projecting up froma silicon surface with Al-Cu alloy between and on top of
the Si02. Between and on top of the zCu alloy is a CVD tungsten | ayer.
Figure 9a represents a structure w th capped |ines prior to polishing.
Figure 9b shows an SEM m crograph of QIl¥IMS$o0ss-section of a multil ayer
structure after chem cal - nechani cal polishing has renoved the tungsten and
Al -Cu alloy above the top surface of the SiO 2 projections. -25- CLAI M5 -
The cl ai foI lows: 1. A semi conductor device §
conpri si %héjglfalngé &Elqmﬁ{gthknl?l‘gﬂgar)@&e%? ‘one high aspect ratio subm cron |
hole or line in the dielectric |ayer, the at | east one hole or |ine having |
sidewal | s and a bottom .and a liner in the at |east one hole or line, the '
t hi ckness of the Ilﬁéenﬁwqdﬁgob%%l?ﬂﬁonﬁglsﬁ@ greater than the thickness of
the liner ont ‘ale‘fécﬂ?é"% ,S wherein said liner includes copper. 2. The
sem conduct or device claim 1 wherein the copper or copper- containing
all oy is definedeass on¢ hi,gh@specv\taeiloesum;cpdn bald ox lineih tjaed'rekchtsbyﬁhan or equal

to 1. 3. The s nduct device of claim.1 ein the |iner
substantial |y ﬁ'@ ? oh: orfw%@gmgégﬁgghf 8‘%16@%% 25'(!3 claim 1 vvherel n
the liner CO”pﬁ'hﬁ@ISmQh@at least one hole or line, the thickness of the liner on the bottom

being greater than the thickness of the liner on the sidewalls wherein said liner

includes copper.

2. The semiconductor device of claim 1 wherein the copper or copper-

containing alloy is defined as Al; Cuy where x+y=1 and x and y are less than or equal

to 1.

3. The semiconductor device of claim 1 wherein the liner is substantially
conformal.

4. The semiconductor device of claim 1 wherein the liner comprises a a

refractory metal.

5. The semiconductor device of claim 4 wherein the refractory metal
included tantalum.
6. The semiconductor device of claim 1 wherein the aspect ratio of the

hole or line is greater than about 2:1.

7. The semiconductor device of claim 1 wherein the ratio of the thickness
of the liner on the bottom to the thickness of the liner on the sidewalls is at least about
4:3.




refractory metal. 5. The sem conductor device of claim4 wherein the :
refractory nmetal included tantalum 6. The sem conductor device of claim1l}
wherein the aspect ratio of the hole or line is greater than about 2:1. 7.
The sem conductor device of claim1l wherein the ratio of the thickness of
the liner on the bottomto the thickn g8s of the liner on the sidewalls is
at |least about 4:3. Pr -26- 8. The $em conductor device of claim1l
wherein the ragjo offht bemicbhdlcissivicobf tlagn Il iwiRkein thetdago bottteamckmesthe

t hi ckness of the liner on the sidewalls is at |east about The
seni conduel te laeuer hedotamyp thethigkasssio theines Pﬁéhewf‘cwattgé%attlwt all’%\’;‘?ers 10. §
The semi conrductor device of claim9 wherein each |ayer of the Iiner
conprises a refractory netal or an alloy or conmpound thereof. 11. The
sem conductor device of claiml1 wherein the liner includes a sputter

deposited refract or met al sem conduct devi ce co Si n
dielectric | aygr; Fé%thCOBﬁ}l@t?{%HwaQ %l@tm&é"fq'le&?‘tnéft?oltﬁe&‘ Blt‘@ or I ine in}
the diel efﬂkg}sc I ayer, the at |east one hole or line having sidewalls and a §

n .

bottom a aliner inthe at least one hole or line, the thickness of the
liner on the bottom being greater than the thickness of the liner on the

si dewal | s, V\/ner id |liner rises a efractory netal cl udi ng I
tantal um 13. EWBE‘? (fge’ic&g Pé’\’l}ﬁrﬁﬁ e@%‘e‘?‘%‘?rr‘?flﬂﬁgl%pect ratio |
of the h@tnﬁpﬁteslalreﬁadt&quat&rantamagz oﬁ@&ﬁgo&d]therééf The sem conduct or |
device of claim 12 wheréin the ratio of t t hi ckness of the liner on the
bottomto the thickness of the liner on the sidewalls is at |east about

4:3. 11. The semiconductor device of claim 1 wherein the liner includes a

sputter deposited refractory metal.

12. A semiconductor device comprising:

a dielectric layer;

at least one high aspect ration submicron hole or line in the dielectric layer,

the at least one hole or line having sidewalls and a bottom; and

a liner in the at least one hole or line, the thickness of the liner on the bottom
being greater than the thickness of the liner on the sidewalls, wherein said liner

comprises a refractory metal including tantalum.

13. The semiconductor device of claim 12 wherein the aspect ratio of the

hole or line is greater than about 2:1.

14. The semiconductor device of claim 12 wherein the ratio of the
thickness of the liner on the bottom to the thickness of the liner on the sidewalls is at

least about 4:3.

15. The semiconductor device of claim 12 wherein the ratio of the
thickness of the liner on the bottom to the thickness of the liner on the sidewalls is at

least about 1.5:1.




15.. The sem conductor device of claim12 wherein the ratio of the

t hi ckness of the liner on the bottomto the thickness of the liner on the
sidewalls is at |east about 1.5:1. -27- 16. The sem conductor device of
claim12 wherein the liner includes a sputter deposited refractory netal.
17. A sem conductor device conprising,, a dielectric |ayer; at |east one
hi gh aspect ration subm cron hole or'??he inthe dielectric layer, the at

| east one hol e1®r | Thesdhdvbritiictor deviod biclaind1 2 whereirPiie liabtingludeder in the at |
| east one hole or line, the thickness of the Iiner on the bottom being !

great er t¥RuHex depositidariregieryomeiahe | i ner on the sidewal |'s wherein said Iiner |
i ncludes two | ayers. 18. The sem conductor device of claim 17 wherein each
| ayer of the liner conprises a refractory netal.

17. A semiconductor device comprising:

a dielectric layer;

at least one high aspect ration submicron hole or line in the dielectric layer, the
at least one hole or line having sidewalls and a bottom; and

a liner in the at least one hole or line, the thickness of the liner on the bottom
being greater than the thickness of the liner on the sidewalls wherein said liner

includes two layers.

18.  The semiconductor device of claim 17 wherein each layer of the liner

comprises a refractory metal.




