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LDDESCRI PTI ON REFRACTORY METAL CAPPED LOW RES| 8% YA
.METAL - CONDUCTCR LI NES AND VI AS FORMVED USI NG PVD AND CVD The present

invention generally relates to the manufacture of electrical conductor
lines and vias that interconnect circuktg on substrates such as sem con-
ductors and rel ated packages and, nore particularly, to a | ow cost nethod
of filling seams or holes in sub- strates using a conbination of a | ow
resistivity nmetal deposited by DBhgsical RvApdrT degoditi on (PVD) and a
refractory metal deposited by chem cal vapor deposition (CVD). The

I nvention has-particular application in submcron circuit manufacture-
Low resistivity nmetals such as al um num and copper and their -binary and
ternary alloys have REFRAGTURY MBEPADICAPPED fTiowe RESISTINI@YCONNECtsS in

vetal s i ncl AL CONpLiGeth 2R (R Fogfiep kR PEOLAME B one and

both x and y are greater than or

The present invention generally relateé to the
manufacture of electrical conductor lines and vias that
interconnect circuits on substrates 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 (EVD) and a
refractory metal deposited by chemical vapor deposition
(CVD). ‘The invention has particular application in
submicron circuit manufacture.

i
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—Cﬁ-SL, 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



equaj®*to zero and I ess than or equal to one, ternary alloys such as

AI Pd-Cu and Al -Pd-Nb, Al-Cu-Si, and other simlar lowresistivity netal
‘based al | oys. Today's enphasis on scaling down |ine width dinensions in
very large scale integrated (VLSI) circwitry manufacture has led to
reliability problens including inadequate isolation, electronigration, and
pl anari zati on. The 1 BM Techni cal Di scl osure BuIIetln to Ahn et al., Vol.
33, No. 5, CEabbéfatggdObypsgésc2ive2dgpodiisdibosesingngstentwrapped copper

conductors agfl vaadn8hifS in the presence of pydrogen. Enca%gulaté&br'cated
by sel ective, dep 05|t|0n4u5|ng a mxture of W Si H he presence of
e

hydrogen. EneapsGPapegts gike thosg Pﬁtéhéoﬁﬁeé#s hf¥e those of Ahn et al.

have significoghiyibagbey neghéraﬂéglseaabeCtboaweafb@rgﬂudléxbeaﬁal |
grain size of a selgftlve tun sten_fil gces gef eﬁtan and t-hereby

enhances t hetXbi TFEY. of*BhBt B F?h8§r3pﬁ§ ¥t GUPBEHE" aft P esol ve
phot or esi st redwess Fefibeetantbeandnybérabyagnhahcesetheisamigl ithe dHW

tenperature ﬁ&é&ﬂéﬁgg?xpﬁpntsalél to"POLAsPENS! LESOIVE bl Sedbzst3- 4% and

woul d not b
1mages. However, the tungsten layer formed.using the

low temperatures described by Ahn et al. would be
silicon rich (e.g., 3-4%) and would not be a good
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 WF.
The creation of the donut shape is believed to be not

reliable.

Dalton et al., VMIC Conference, Juné 12-13, 1990, pages
289-292, points out that a hot wall CVD reaction
involving SiH4 and H2 reduétion of WF5 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 fiuorine :
incorporation is a byproduct of the reaction of WFG ‘
with aluminum as shown by Equation 1. '

Eq. 1 WFg + 231 -> 2AlF, + W _ .
The thin layer of aluminum fluoride will increasée the

series contact resistance of Metal 1 fo Metal 2 vias.

Dalton reported that sputtering TiW film on top of the

aluminum prior to tungsten encabsulation using.CVD

eliminates the problem of fluorine absorption.



JQ§ffﬁ%ion barrier for copper since copper resistivity would be degraded by
;tthe formation of copper silicide. Thus, it is difficult to deposit a
di ffusion barrier by selective nmeans at | ow tenperature. Mreover, the Ahn
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overcoated with a passivation dielectric such as S.J.o2

or polyimide which itself is subsequently patterned,

subjected to RIE, and metallized to create a

multilayered structure. Figure 1 is taken from Dalton

and shows that multilayer devices produced by

traditional processing schemes héve seams in- the

dielectric layers at the location of the metal

conductor lines and have a very irreqular top surface.

It is difficult to achieve planarity of the dielectric
using RIE. Planarity is in part dependent on the i
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_bésed 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. 1In particular,'aﬁ intermediary metal such
as tungsten or molybdenum is either selectively



.=3- i*Dalton discloses a traditional scheme for interconnect formation
MWherein alumnumis first deposited on a planar surface, it is overcoated
with the sputtered TiWlayer (the only difference fromtraditional '
processing), the alum numis then pat4erned using photoresist imging and
devel oping followed by reactive ion etching (RIE). The resulting structure
IS then overcoated with a passivation dielectric such as Sigerr] or

pol yi m de whilgposised f insopemirggiein |an paitwatedy; Subj ected to RIE, and

metal lized t,0,0rg | §QYEE B Sldwt Wi Hitwre shidfadakai from
Dalton and s or\?/vs ? gcglg%lﬂ( @%r devi ces roduced by traditional processing

schemes havelRcbne ¢PPeRhras ef ceheiing RY (P4 31 éh of the netal
conduct or I|§m§hégm55@w@nary§ist)rguanﬂ&y dznqumﬂdnnnnvoldd-u¥pehff|cuIt to

achi eve pl anar of th ectr u3|n angr i in part
dependent onr‘ﬁfe!b%‘t t%?ﬁy%ﬁﬁcfvi% 1El'n‘ladreps’ur aégglérésul t in
puddl! i ng prdﬂkmmpﬂ.nsngcsmmm rm ainplﬂaid @ven fthen tREE afedh® que i s

used on pol v i g, GReSiPP 18 eAfAd bl dRMArd i gienr esi st on top
of al um num-or co sed |nes en the lines are etched down to the
pol yi mi de s@b%@@%c@ﬂs%t"éwé‘iﬁkﬂ & daval Mhaze. the 8FYal so renove

pol yi mi de. [REDIiSnyvén GRLEIPRI rewTisat , ‘I&idﬂlirmﬂm @t alppeatetdlddy i s
Ie>r<]tC|rﬁggl xeglef;gﬁlé:lél“;"s ?Y@t e“fgﬁ dravvb k of 3& %lbl%r%cesses whi ch

associated with etching and Ls not useful for

planarizing Al-Cu or other soft alloys because they

have different properties from the harder metals such

as iungsten and molybdenum. Moreover, using the Brown

et al. method, it is difficult to completely fill vias

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



—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 multilevel VLSl netallization
structures. In particular, an internmediary netal such as tungsten or

mol ybdenum i s either selectively > - 4-
deposited in openings in an insulator or non-selectively deposited over the

entire Swaﬁggg §¥ﬂ1ﬁ_?e9p%%hQ9§1%f &Q&ergiqga%ggog%dcg hen a

pl anari zati‘on resi h as azoqui nonenovo SPresists,
pol yret hacrsiat & Hhﬂ%phﬂﬂ%&écadﬁ gliass t{RSEoPirast i ¢ materials, is appl i ed

over the t%ﬁpﬁ&lﬁ)ﬂdgl%%@baﬁﬁa@%t 3Bpsh)PlAReh é%fg&wcb%g i's then
obt ai ned by etching to a | evel ‘where the internediary nmetal is even with

t he resi st .tPFhEBEGNTSeCfathedlrcy &ééQYnéﬂn§§o|HlﬁﬁtéFeCBP?BS|on and
ot her promﬂﬂﬁMGﬁﬂﬂﬂﬂﬁﬁbedethh plasiivgtdos layeet tosekpbstothpl anari zi ng

har der et drgiesuc st pePE, S BehdtosiBER the: EverCeUBEnEiEhe Brown ot
al . net hodseqonds paissfivagiiont dayemplestelip thel viassby CVD. It is

‘reported in Cote et al. that CVD tungsten is conformal

in character and can fill the vias without creating

voids. The structure is then planarized by polishing

with 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 plandrized 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 sputtér
deposition technique for depositing films that are
compatible with lift-off patterning techniques and hole
£filling. The technique is also presented in U.S.
Patent 4,824,544 which is 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.



apd Lines. U S. Patent 4,944,836 to Beyer et al. discloses a

chemi cal - mechani cal polishing techni que which can be used_to produce
coplanar metal/insulator films on a substrate. In parti duipg SHBEY ¢tASCBEEN
contenplate patterning an underlying insulating |ayer, depositimgaEn Al - OT'
film and then using a chem cal - nechani cll pol i shi ng t edhrigue—~whetetrmam
alumna slurry in dilute nitric acid is nechanically rubbed on the surface

to renmove Al -Cu. The polishi, a significantly

hi gher renoval rate for Al -Mn q{uhg%un ewmgul ator. The resulting
structure incligesn 8bjelliof ineSstedtht iveh#sitiorhdlidrile dnb o ibre HisdddYifthges
subsequent | ayers can easily 'be added 1 n the fabrication of multilayer

st ruct ur eshe pribk &t. Pat ent 4,956,313 to Cote et al. discloses a via filling
and pl anarization techni que wherein Al-Cu alloy lines are patterned on top
of a first pasA¢condingmo bay espectnofathe poesentaineentioneahérerie provideday senicahdudtor t h
a second -5- passivation |layer which is
pr ef er abl ydexicdoqompripings s a dielectric layer; at least one high aspect ratio 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 liner being substantially conformal with
the thickness of the liner on the bottom being greater than the thickness of the liner on
the sidewalls.

According to amother aspect of the present invention there is provided a -
semiconductor device comprising: a dielectric layer; at least one submicron hole or line
in the dielectric layer, the at least one hole or line having sidewalls and a bottom and an
aspect ratio of at least 2:1; and a liﬁer in the at least one hole or line, the liner being
substantially conformal with the ratio of the thickness of the liner on the bottom to the

thickness of the liner on the sidewalls being at least 4:3.
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.such:fas ' phosphosilicate glass (PSG or borophosphosilicate glass (BPSG
_Whi ch conforns over the contours of the Al-Cu alloy lines, vias are then
formed in the second passivation |layer to expose the lines, and tungsten is
applied over the surface of the second passivation layer and in the vias by
CWD. It is reported in Cote et al. that CVD tungsten is conformal in
character and can fill the vias w thout creating voids. The structure is
then planarized by polishing with an abrasive slurry. Nei t her Beyer et
al. nor Cote et al. recognize that polishing is not practical for |ow
resistivity, soft netals such as Al-Cu alloys. This is because such
materials tend to scratch, smear on the surface, and corrode under the
i nfluence of the slurry. Mreover, creation of the plandrized structures in
accordance with Cote et al. takes several processing steps which increases
costs and redbbesfoneguing aRdsethgel obtieats, Jaspacts Send d@chnbhges: 261
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4, 824, 544 whighehSr8gepenick NEST ERE 2BHWNHgS S £f GEfen: Shi ozaki et al .,
Abstracts of the. 19th Conference on Solid State Devi ces and Materi al s,

di scl osés the use of selective tungsten deposition for hole filling on top
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 i: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.SA through 5E are sequential cross-sectional
side views of a semiconductor substrate illustrating:
still another variation of the invention; ' '

figure 6 1s a scénning electron micrograph (SEM) of a —
liner deposited in a via using PVD;

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



. of a'high resistivity hard netal such as MbSi and is unrelated to
.éncapsul ation of a soft netal.

6 SUMMARY OF THE | NVENTI ON It is an object
of the present invention to aneliorate gne or nore di sadvantages of the
prior art. According to one aspect of the present invention there is

provi ded a sem conductor device conprising: a dielectric |ayer; at |east
one hi gh aspedural ipo ssulbmeoes lsake sonail vBgul Bt R dhehgehele aver, the
at | east onemggk§ ar hlne havi ng sidewalls and a bottom ~and a liner in
the at | east "0n& ASVE lor dRMASS eSFFHEF“BEiHBe§ﬁb§t8HPiéﬂk?uﬁonfornal with
the thickneseldbyt he kappedowithechdt tangbeeng gnaater than the thickness
of the liner on the sidewalls. Accordi ng to anot her aspect of the
present invention there is provided a sem conductor device conprising: a
diel ectric | By8Bregt Speadd 8Reasgbaressnseotionzl | SAM mioredmaphel ectric

layer, the abflssghiceieebowetAr thhy8tBAVEASp&h deYakh Sa PGy 3 fpid om and an
prior to and after chemical-mechanical polishing,
respectively.

The invention is generally ielated 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 is resistant to
corrosion, wear, and electromigratién, and where the
vias and conductor lines are planar with a dielectric
layer coated on the substrate. Several different énd
novel structures are created according to the i
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 resuiting sfructurés 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 S5A-E can be
used as well as single layers of inorganic or organic-
insulator materials). Moreover, the invention is not
restricted to any-particulaf netal combinations; .
rather, an bbjgctive of the invention is to 0veriay a
soft, low resistance metal or metal alloy with a hard . ez
refractory metal which can withstan& wear, corrééion
and electromigration. The invention has pafticular
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



_aspect ratio of at least 2:1; and a liner in the at |least one hole or line,
fhe liner being substantially conformal with the ratio of the thickness of
the liner on the bottomto the thickness of the Iiner on the sidewalls

bei ng at | east 4:3. Accordi ng to anot her aspect of the present
invention there-is provided a sem condlictor device conpri sing: a
dielectric |ayer; at | east one high aspect rati o subm cron hol e or

line in the dielegtr Go | e, at Ieast one l.e | i.ne havi ng

si dewal | s ang; cq}eté %ﬁd’félla Lo pigh R |ra%élo |ﬁllll’189aflsllé‘ast one
hol e or !inePVEh§QLhwma¢nﬁrﬂpuﬂpﬁmznu|eﬂﬂhﬁ redmhotowly methlt héneki ckness
of ‘the | 1ner yan it iRl LAM APTdeE &GRS a 1R 1bhCohRLTERCES Bbppbfie ! 1 ner

on the sidewalls. .
for subsequent processing.

With reference to Figure 27, a subétraté 10 is first
overcoated with a dielectric which is subsequently
patterned. The substrate 10 is preferably silicon,
gallium arsenide, or some other material which is.
suitable for making integrated circuits. However, the
substrate 10 may be a ceramic, glass, or composité
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
transistors (FETs), bipolar transistors, resistors,
Schottky diodes, or the like. It should be understood
that éhe substrate 10 shown in each of Figures 3A-B, i
4A-E, SA-E, 7A-B, and 8, can have any of the attributes
discussed above plus many other attributes known within
the art. '

The dielec;ric composite shown in Figure 2A includes
top and bottom inorganic dielectric layers 11 and 13,
respectively, which may be silicon dioxide (S;Oé),_
silicon nitride (Si,N,), -or the like. The inorganic
layers 11 and 13 arée both preferably deposited using’
plasma enhanced chemica; vapor deposition (PECVD) where
S_ijo2 is first deposited at 90 Torr on the conducting-
substrate 10 and Si3N4 (0.075 to 0.1 im) is piovided 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 5i0,, PSG, or BPSG, or an organic



_.The floregoi ng and other objects, aspects and advantages wi |l be be
d@nderstood fromthe followi ng detailed description of a preferred

‘enbodi ment of the invention with reference to the draw ngs, in whi
Figure 1 is a cross-sectional side view of a prior art sem conduct

substrate showi ng an uneven top surfacé0 -

sequenti al
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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 limiting to the
pracfice of this invention and that any dielectric
(e.g., inorganic or organic) used by itself or in
combination could be employed in the practice of this
invention. .

Figure 2A shows an opening 14 formed in the dielectr;c
composite, and this opening may be a via or a trench
for a conductive line. In VLSI applications, the
substrate lb_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 CHF3 and

0, with an optimum overetch to ensure that the opening

" 14 has the desired dimensions and extends to a contact

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



.Figur'e 6 is a scanning el ectron mcrograph (SEM of a liner deposited in a

Wi a using PVD Figures 7A and 7B are sequential cross-sectional side
views of a sem conductor substrate illustrating yet another variation of
t he i nvention; _ _ - 8- Figure 8 is a

cross-sectional view of an exenplary, %&Itilevel, damascene structure
wherein PVD Al[err]Cu[err] alloy is capped with CVD tungsten; and
Fi gures 9A and %&éﬂétéﬂ&ﬁﬁg&ﬁ&kk&ﬁ&b SoVhakCcROgeaphs 10f fothegt ures with
tungst en cap % Al-Cu allo h i nes. @Jior to gnd ﬁf%gr chnlcaI - Jeeh hani ca
pol i shing, 5%é¥ﬁ§§if5 % ¥R JPnGdTESR P8 §BHerBr1 §°r 2PBPREYt 6° net hods
for forningtmmazﬁlduI§u§$bma¢$ dddwddhdunot opwhirdéyg pnoaru@ubgtrate wher e
the vias and eQRdue! s lidGholACid®iBure 24, the insulator 20
coated over the device 18 should first be planarized
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.

Figurés 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 Fiéure 3B or any other structure which has
an opening 14 formed in an overcoated dielectric, then
has a refracéory 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 evaporatioﬁ PVD at this
point is tpat the reffactory metal layer 15 does not.
coat the side walls of the opening 14 in the
dielectric. It should be understood that PVD .
collimated 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 51de walls of
opening 14, contrary to that which is shown in Figure
2B. The use of collimated sputterihg to create a )
refractory metal liner is discussed in more detail
below. The refractory metal may be titanium (Ti),
titanium alloys or cbmpounds-sqch as Ti/TiN, tungsten
(W), titanium/tungsten (Ti/W) alloys, or chromium {Cr)
or tantalum (Ta) and their alloys, or some other




spft;‘IOM/resistivity metal which is capped with a relatively hard,
refractory metal which is resistant to corrosion, wear, and

el ectrom gration, and where the vias and conductor lines are planar with a
dielectric |ayer coated on the substrabe- 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, dependi ng
on the PVD suépabilei vateadndi-qud fucpbpesdbased shbues Bc uhderareod that

the techni gugspandorpedl,t bNGetrhbebYyCRefEE SMRbuldiPtt 8detiOwHEERTY any
specific substrates and dL$|ECLrIC overlaé;hc(e.%#, cogpo Ites of

i nor gani ¢ af@RoRGENPE 2| SFEFUSEPRePRRELSEN PPPEY gBPER SA2E and 5A-E can
be used asqwefhsasnsdngliagl syubseqabntnprgeessimg of gdapositadul at or
material s). Moreover, . {he [n [ kS, no r i y-particul ar
met al conbiﬁgPpgﬁsin Fé?hgb?xgﬁgog?e%ﬁFeeéQﬁ %ﬁéé?ﬁéggtignfgs to overlay a

soft, |ow rpsesenhed.netal or netal alloy with a hard refractory netal
whi ch can withstand wear, corrosion and electronmigration. The invention
has particular relevance to electrical systens which use al um num and

copper al | of8%x&r neesinghgs BiBATY QEOVRFRAKY Higtalhization cbbif b5 nal
coatings ofgapbsiteatevernthal refP&ELOBY aidtdl CEB e Pepossing i n subnicron

vias and evaporation. Again, since evaporation is used, the
side walls of bpening 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.
Prefgrably, the metall;zatiqn is AGCuy, where the sum
of x and y is equal to one and both x and y are greater
than or equai 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
suriqce of the line or via. It should be understood
that the metallization 16 shown in Figures 4A-E, 5A-E,
and 7A-B would be of the same sort described above.

Figure'zc.shows a refractory metal 17, such as
tungsten, cobalt, nickel, molybdenum, or
alloys/compoundé such as Ti/TiN,'deposited over fhe
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



.trenches with reliable high aspect ratio filling using PVD collinated
Sputtering. The refractory netal liner wll serve as an effective
diffusion barrier to copper for subsequent processing. Wth reference
to Figure 2A, a substrate 10 is first overcoated with a dielectric which
I s subsequently patterned. The substLaq§ 10 is preferably silicon,

gal lium arseni de, or sone other material"which is suitable for naking
integrated circuits. However, the substrate 10 may be a ceram c, gl ass,

or conposi t einv@leesabo COMMRALY s5€EtéPInpaskaghag seniaonductors and for
maki ng thin féén1lnterconneptions. The substrate . 10 preferably has a

plurality of *3RAFLBRIREPBPEHRY i CHPOYRE nBYCh hat e H-3HIHh FFay i ncl ude fiel d
~effect transisanism(kEis)de bipotzeate aasconfosnal dslagtkats coaSdngt ky

di odes, or t l L ke. 0, b t _ t te 10 shown
in each of |g%r%§33§é%?§g4%%. &8@9‘&%%%@3%%%@%@ cag;uﬁge?vgy of the
attributes layensefdtungstenp| te aghieverrhigher Wrgreafn within the

art.  The é&’ﬁk%&i&f?%t&eﬁ@wiw &t Othée ¥ rattlordemetiadp and
bottominorganic dielectric I€¥ers 11 and 13, respectively, @glch may be
silicon di oxi¥iePrefeyahrly)achigyed grith Fitle ?’éiﬂzﬁﬂ‘iﬁﬁ#‘) °%r the like.

The i nor ganiwr .| ayRrpadticulhdBy predattedrevermcediapodnvedves ng  pl asma
Geposi ted aroHbs TEVPRERL R L kg o HESE g8 e rehReddr o e "7 1
0.1 [err]m becaumse; denl tep of RITiRrlayes LV [tanigatem f f usi on. A
thi cker proééeds smoothly with SiH, reduction of WF,, but not
with H2 reduction. The refractory metal 17 provides a
wear resistant, corrosion resistant, and
electromigration resistant coating to the underlying
. soft, low resistivity metallization 16 in opening 14.
.A particularly Qood advantage to using CVD with SiH4
freducti?n of WF6 is that the ratio of SiH4 to WF6 can i
be varied to incorporate different amounts of silicon
into the tuhgsten to achieve benefici?l properties.
For example, it would be preferable to deposit the
refractory metal 17 at a 0.5 SiH, to WF, 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 deﬁosig at a 2.0 SiH, to_WI'-‘6 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 métall;zation 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.

e —



.arganic dielectric layer 12, such as a polyinide, is deposited between the
Fnorganic layers 11 and 13. Alternative to the dielectric conposite created
by layers 11, 12, and 13, a single layer of an inorganic dielectric, such
as SiJerr], PSG or BPSG or an organic

-10- dielectric, such as polyimde, 4ty al so be enpl oyed and nmay be
deposited by any of a nunber of well known techni ques such as by growing in
an oxi dative atnosphere, sputtering, or PECYVD. Wile Figures 2A-E and 5A-E
show the use Fifgudes comeosi € stharcttire ardukitgueess3piBnaddzbd and 7A-B

show t he use hngl ielectric La oyl d, be

under st ood thg{ etq:h%h%g(ﬁ :g;pqes] f&el?;n g)fﬁg?)% regtracngg F%Eggrgkﬂ%e of
this inventi &deHd a ﬁé{rué’ﬁ&dr(ﬁ shengdine a( &vg. Parhoﬁgaduetbveovganoc) used by
i tself or Inlqwébl RAIcHN 1@1@%@1@@@ aeraélnwd Iaothe P&@‘C.rrég?Seivihir

I nventi on. re 2A.sho en formed in the dielecttic

_conposi te, aW& 13285éﬁPn§% Wé%ﬂ?“@%& r 1B 2rBRER. f¥#AR conductive i ne.

In VLSI appl restistant rhéraamstwamethﬂ 19, Ihksla top hewefseyerpichundred to
is even with the top surface of the dielectric |
composite on substrate 10. Planarization can be
accomplished within one or two steps by chemical-
mechanical polishing with a slurry such as alumina in
dilute ferric nitrate or by RIE in the presence of SF6
or Cl2 based chemistry. 1If chemical-mechanical
polishing is employed, slurries can be selected to
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 refractoiy metal 17 by
either chemical-mechanical polishing or RIE with SF, or
_Clz based chemistry down to an Al-Cu alloy
metallization 16 surface as shown in Figure'zn, then,
using the tungsten as a mask, the Al-Cu CVD layef is
eﬁéhed down to the inorganic layer 13 surface, and
finally, the rémaining tungsten 17 -on the dielectrié
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
invention where like elements to those identified above
are indicated by the same numerals in each of the



Ehouéénds of openings 14 like that shown in Figure 2A where the resulting
dense, conplex pattern will ultimtely interconnect circuits on or in the
substrate. The openings 14 are preferably forned using contrast enhanced

|'i thography (CEL) followed by trench or hole etching with a nultiwafer tool
using CHF[err] and Qerr] wth an opti numoveretch to ensure that the
openi ng 14 has the desired dinensions antd’extends to a contact on the
surface of the substrate 10 for a via stud pattern. For line patterns, the

dielectric la e pref ly.pagt ys£tc h.ap 10%
hi gher than tﬁgggéggr t %c%hggg g Egbg%%ldﬁédégg%%g @?gﬁ?%gzpofﬁ§n1de 12,
Jerr] R E at1powst éepesitededn nppeeringdl4 | ¢redert diBe@linder st ood t hat

the formation;ghrhaaierer Beghfica8ibEeeR €15 NE&kHbd €6n 24ubstAdtd, SA-E,
and 7A-B, is well underipood wi thin the art and can be created by nany

di fferent tecﬁﬂ?qu@gg chief difference between the strugture $ oqme
starting subsinaFgghffehas andetheestBuéturedshdet ebm Bbguse s2BWS i n Fi gur es

3A and 3B, as osed to,th S | . | y_ protrudi ng
devi ces as istgﬁgmﬁgﬂﬁEFFéuggggggtiﬁg %%gﬁﬁ) 6$W%%ﬂ%gg %%M%égf ?he devi ce,
18 shoul d firshihelpiyerapifzzdfpattory anetpedhsuch as ctibartun,

Pl anari zat i ong geanban2alteY8d PYiR) E tohgidm) -tmetkp oPOA1 BEY410, 2
and.compounds thereof, is deposited over the indrganic
oxr organic dielectric 15 surface and insidé the opening
14 via collimated sputtering.

As noted above, collimated sputtering is generally -
described in U.S. Patent 4,824,544 to Rossnagel et al.
where a lift-off procedure is discussed. In the
present in&ention, 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 qf.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
cbllimated_sputtering, scattering tends to dominate
‘above pressures of lmTorr (preferably around 3mTorr),
while directiocnal deposiﬁion 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



.conbination of both RIE and cheni cal - mechani cal polishing, or by other
means. Figures 2B-2E illustrate a first variation of the present

i nvention 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

whi ch has an opening 14 formed in an avegcoated dielectric, then has a
refractory netal |ayer 15 deposited over the inorganic dielectric |ayer 13
~and on the exposed substrate 10 at the bottom of gap 14. This is

acconpl i shedbalséfiga BNo9VApeaaiieatPYR techai geed @ﬁic@%&ﬁﬂ)@ﬁdwiﬂl Handbook

f Thin Film Technol H 1983,
2-100!nAnlig%bgf%%$ ?gg?ugggo II\J%S’%frté)i>t}|engﬁi éiﬁﬁﬁ%ﬂﬁéﬁggﬁﬂéﬁﬁ BHR poi nt Pg
that the reftemnperytureabrbagesing dodsrubn . theaievine siflenqwal | s of the
openi ng 14-|&ifgf ﬂéﬁlﬁgﬁfiér [} BPSUer@e qﬂq§Q§; that .PVD col |i nmat ed

sputtering, simlar to describ U S. Pat 4,824,544, can be used

in the pract‘?%’éabfflim’él?%véﬁt?%ﬁ bBu‘cieP%%%t%ll?Sf r?é{%dl%}mﬂ t@F¥BRE prooduces a

conf or nal @fbﬁ\wfdcﬁpﬁim&hédssﬂﬂtﬂﬁirﬁql MeMtHeA4, contrary to
| mat e

t hat which F 2 h d tt t

crgate ;Creéﬁea%f%%t ai%éﬁe? ﬁf%@ﬁ?y&}* iGPRfs e TRkt ’:’ﬁp %q}g%\r,lvg T(f)le
refractory raateiltcmi;e bﬁi]‘.ledtnlprri()iﬂ art tCVInrtachrdiquedss havee geminds such as
Ti/TiN tun Haridi! O”ﬂii’fﬂét%(}ﬁ]{e\g AR W unfnuel 'Y um (O) or

tantal um (Ta ar a
copper based alloys, therefore, the preferred method

for £illing is by PVD techniques.

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 SiH, or H,
reduction of WF6 to yield the structure shown in Figure
4B. As explained above, varying the SiH4 to 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.

Figure 4c shows that.first tﬁngsten is planarized. by
polishing or by RIE and‘Figure 4d shows that copper is
selectively removed by wet etching. When copper or
cobper alloy lines are being created, it is
advantageous to use a wet etch solution based on
hydrogen peroxide (H202) and hydrogen tetroxide (H2 4)
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 protected from the wet etch
solution (e.g., at room temperature, H,0, has almost



e 2t suitable material. |If copper based |lines or vias are to be
formed, a refractory nmetal should be used which can act as a diffusion
barrier to copper such that diffusion during subsequent processing of
deposited copper in the opening 14 into the substrate 10 is prevented.
Next, a single, binary or ternary netal hyzation 16 is deposited over the
refractory nmetal 15 by PVD using evaporation. Again, since evaporation is
used, the side walls of opening 14 are not coated. However, it should be
under st ood thﬁflhEEeneéabbtaaﬁtgm 16Féquted be sippks ethdly aiidr neted

tt . i D whi t thi
The opent vy YaTaahERn ERE BpRBRLSR Ry ERRI bO G ELe SRR B M I
netalllzatloRIEs PP!esh}GQ[errpthﬂmetechheq@%ﬁn(ﬁﬂo@ﬁﬁﬁﬁﬁﬁq mﬁﬁhﬂdto one
and both x a@éryraﬁsvgﬁsatﬁé EHﬁ@sQEnegéﬁi‘aéQo%grrﬂéﬁ'ﬂ iEsmidian or equal

to one; however, ternar s Such and multiconmponent alloys
such as Al - Fﬂr%e%ESV\BQPHeaFE‘S gdelartaifels T?l‘ér{ﬁ"f‘?]cirﬁ)lkﬁf characteristic of

the netalli Zénéﬁﬂc5,§-méchhal_cal psmshmv;rmmglamtaamasqm mat eri al
Cp e L R B ATELREY, BSbehy B, O EIRE! addif S, 1" e
netal lizati cam #élavivedgphardf mabérial 400t mhtvdsﬁelmt tSm:aymif ae.of the line
or via. It gholil§ebgndfi966B586ted to chemical-mechanical

polishing. Rather than the three step approéch _

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.

i Figures 5A through SE show yet another variation on the
invention where 1ike numerals indicate like elements.
Figure SA: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 honeycoﬁb
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. -



tshat:the metallization 16 shown in Figures 4A-E, 5A-E, and 7A-B woul d be of
the sane sort descri bed above. Figure 2C shows a refractory netal 17,
such as tungsten, cobalt, nickel, nolybdenum or alloys/conpounds such as
Ti/Ti N, deposited over the structure. Deposition of the refractory netal 17
may be by one step CVD or by a two stepjgprocess, as is best explained in

Fi gures 4a-e, wherein the first step -
13 - i nvol ves col limated sputtering or the |like of an adhesion
pronoti ng conpound such as titani UMABELE Iitaniumnitride to create a

conformal bl anket CE’@#@%@?% rﬁlﬁ}?ﬁoé’sfi C?L%MA%?W% depositing a thin

CVvD |ayer of tungs eve ‘a higher degree o conformality. CVD
deposi ti on ASRBET rRETERZt orSTERICGOVERRGE ef er aIOTTOMATOFed wWith SiH err] or

H err] reduction of VF[eerIDEWimﬁyiépu¢ﬁyly pr ef ggned CVD procedure
i nvolves SiHerr] reduction of WF[err] foll owed by Herr] reduction of

W[ err] bedaike, on top of a Ti%@layer, CVD of tunggten proceeds snoot hly

with SiH errfszeduction of WF[er34, but not wth H7err] reduction. The

refractory r¥¥4ﬂ 17 provides a pear resi stant, cor&aaiqn resi stant, and
NO COLLIMATION

0 : 10 12

In the investigations presented in Table 1, the

pressure was variéd from 0.5mT to 15 mT and. the power

was varied from 0.5 kW to 12 KkW. Table 1 clearly
indicates poor step coverade when collimation is not
employed. Using higher pressures (e.g., 3 mTorr) and a
collimator with aspect ratios of at least 1:1} the vias
or contacts with aspect ratios of more 7 to q were i
coéted 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
trench or via which will promote adhesion of CVD
tungsten. Moreover, as will be discussed in more

det&il below, providing a conformal layer of TiN or

other suitable materials will provide an effective
diffusion barrier for copper based allbys. 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.gs, —
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



el ecttom gration resistant coating to the underlying soft, lowresistivity
petallization 16 in opening 14. A particularly good advantage to using CVD
with SiH err] reduction of WF[err] is that the ratio of SiHerr] to WF[err]
can be varied to incorporate different anmounts of silicon into the tungsten

to achieve beneficial properties. For_ nple, it would be preferable to
deposit the refractory netal 17 at a 0.5 SiHerr] to W err] ratio while
the opening 14 in the dielectric is being filled since so doing will result
in a lower RAS TR IRfUAGY MBS als dsci\@emn, ihowards Nheptapmeurface of
the dielectric to depqsit at, 2 0O SH to WE[ err frstigtghgg% this
will result %&% M&ed ?angbﬁu1 6?ﬁ5¥hﬁl Pfﬁsﬁ §€greafer wéar

resi stance. tadgetg t Mhealddwnerdesor i ingd-oRe¢Datdbesdpguendt previentcanydoped
UGS ] P oo AsRadio 8 Ry elfifeddip (G Thle GAACLAYLAG BuBBLEARLDO Ston (e 0.

it will be nbre resistant to an al um na sl ur rric nitrate used in
chem cal - ne@henicoafoppialdtivn@Lf Bdddere 1ﬂﬁ€e#§?aWh?§th8naEBe‘dEpl i ed by

evapor ati on 4@es Bet thRAld1NemHEtdE Waldreasbst he opening 14, the CVD applied
refractory netal 17 creates tapering. side walls around the netallization 16

and the netallization 16 becones conpletely encapsulated in refractory
metal 17 anghendeoppety lislesacromiasiarie tb. be employed in the.

,- 14 - structure, a robust liner which can serve as a
diffusion barrier ‘is required. Low pressure
.collimation of a refractory liner (e.g., Ta, Ti/TiN, or
‘TiIW, 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.
Speclfibally, 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
Fiéures 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 Figure 2B,
Figure 5B shows Al-Cu alloy or other metallization 16
being deposited by PVD evaporation techniques to a



Fi gut®es 2D and 2E show that structure is planarized after the CVD
application of the refractory netal 17 to yield a structure wherein a two
part conductive via or line, which includes a central, soft, |ow
resistivity netallization 16, encapsulated in a hard, wear resistant
refractory nmetal 17, has a top surfaee2ohich is even with the top surface
of the dielectric conposite on substrate 10. Planarization can be
acconplished within one or two steps by chem cal - nmechani cal polishing with
a slurry suthved 400nitra4DA oinl beéowethecsnrfaaceobrthyg RIE in the presence
of SF6 or Gyfenekihaged 9b§mcé§ryc ~Ef rEBEEEEi‘be??CQﬁ‘B&C&‘é?&?EﬁQh”9 s

enpl oyed, slurries can el ected to renpove different ayers on the
stack. For @?aﬁpF@“f?Fmﬁlh#VVﬁﬁ PHptBRIEEPePrcaknPE FRFFAGECEEI ng t he

glunlna '3 ﬁatérgaﬂﬁtbl§aﬁ|th@lfbﬁ|ﬁééYstﬁﬂﬂtyhﬂétéhBi%iﬁE?ﬁ“F&,COPPEFRFEH
e renove swi_t chi ry. i nati ons o
renoval of ?%3“?5#?&8 H’en’é‘f%ﬁm? ?e‘?yléijgoﬂ'oﬁggl%“&‘?mrﬁ%aﬂ" nechani cal
pol i shi ng olikae aadaphangrn:eimIthgtsbnuaﬁlmdushmlthmg:wefsmp ory netal
L7 above {RGotoReBhIRl! 6¢ Ofnd I MRIn! S¥her S iy Abith GYLMP! ated. A

particul ar anar| zatron procedure cont es r&mvi ng tungst en

refractory towed by ehemigalipeshani Mt%lnirpmw% HiungsfeR E wi t h

SF[err] or 4%[8héknbschighess %dYaﬁ@V\&Ht@raé‘irﬁ%IPbPAﬁé%iéﬁg?"ﬁ zation 16
surface as shown_ in Fi ure t he usi ngsten as a nas t he
Al -Cu CVvD 198Rr5tePRIRF fepimeshaaigat P9 ingy 5 FAmQN€ and

finally, t ketepnahahﬂgalwmﬂtmda?l qolishineg) eftsluruisiatd drs to t her
pol i shed, o, £t GDed Pbr RngdediP A Ts R 1) dad be/ildh ! "E3d Yila'r & shown

in Figure 2
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 like

. numerals. As shown in'Figure 7A, both a conformal, _
preferably refractory metal, liner/diffusion barrier 28
and a conformal Al Cuy 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, is deposited by CVD to blanket
coét 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. .



Fi-gur’es 4A through 4E show another variation on the invention where |ike

el enments 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 t52forned on substrate 10. The chi ef
di fference between the structure shown in Figure 4A and the structure shown
in Figure 2B is that prior to deposition of cqp metallization, a thin

| ayer of refr5¥PEFymRBLal 52S$5cR2YE P?Fﬁn?ﬁﬂ?ugF?%nWbﬁPnFPﬁlH%fo?FErY
tungsten, tanmetud) cappall ayacandabeipatsdsatberedhg té trposetrdigues the
| norgani c or ni.c |e ectrlc 5 rface._an Lpsi p 14 vi a
col | i mat ed spgfggusﬁ ﬂgenote§ téovgxPﬁﬁleﬁafédggﬁu?%%§|ggh S generally
described in vasieRafean 43834cBat0t BORoBswiGR| artanea efietbBeachipt - of f
procedure is disgusggds,g! Amfhe ﬁﬁ@sﬁéia%“ﬁﬁ{%h%  vh1iBasePERM g Scover ed

t hat enploylng col | i mat ed Sputtering at ressures
pm The aspect ratio of the oles 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 EVAPORATION®

Structure + Resistance Resistance Yield
; ' before W dep. after W dep.
T1(20nm)/TiNC35nm)[Al-Cu(BOOnm)/W(ZOOnm)

0.042 0.04 : 95%
Ti (20nm) /A1l-Cu(800nm) /W{200nm)

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

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

0.025 0.023 97%
71 (50nm) /TiN(25nm) /T4 (20nm)/Al- Cu(l300nm)/Ti(20nm)/
TiN(20nm) /H(2000m) .

0.025 0.032 96%

T1(50nm)/TiN(SOnm)/Ti(sonm)/Al Cu(600nm) /Ti(20nm)/. —
Cu(700nm)/Ti(20nm) /TiN(20nm)/CVD W(200nm)
0.023 0.021 100%



wher.€ scattering donmi nates, as opposed to | ower pressures where directional
deposition domnates, allows for the creation of conformal coatings within
a high aspect ratio, submicron level trench or via (e.g., both the side
wal I s and base are coated). The aspect ratio generally refers to the ratio
of the height of a trench or via relativgsto its width in the case of a
trench or its dianeter in the case of a via. Trenches and vias with aspect
ratios greater than two are generally considered to have a hi gh aspect
ratio. Wth cOB) i GREATES puS I 8¢ | COLLBeATI2rsmgriexmec o doni nate above
pressures of I mlorr (preferably around 3nTorr), while directional
deposition dom nates below Inmlorr. Collimated sputtering is described in
nore detail Bl @GPnm £BRF (FTm b v Cih( 9 Que oL A 200hng. Conpl etel y
coating the bottom surface andygd de wal I's of qpeni ng 14 wigyy a refractory

metal |ayer 24, sh in.Figure, 4a, is especially inportant when a
copper Zfltf@w)-fwﬁa%wﬁmvf%twth on 16 is used since copper
will diffuse into the substreate2l0 during sulpsequent highghgnperature
processing agq () AR A %ar-cdBoonn) /evp w(200nm)

0.040 | 0.039 85%
T4 (20nm) /TiN(75nm) /Cu(800nm)/Ti(20nm) /TiN(25nm)/CVD
W(200nm) S

0.024 0.022 © 80%
(C) CREATED USING SPUTTERING WITHOUT COLLIMATION®

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

: 0.040 0.04 86%

2In all the experiments, the line lengths varied i
'from :13.5 to 50 cm with an are of the chip close to

l.6 mm2. The metal pitches varied from 1um 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.

Ccolimation aspect ratio of 1:1.

d : ' :
sputtering pressure ranged between 0.5 to 0.8mTorr.

The results in Table 2 show that the process vield 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



di ffusion barrier is provided. The copper netallization 16 can be deposited
by PVD using either evaporation or collimated sputtering or by other

t echni ques. Wen subm cron, high aspect ratio holes are to be filled, prior
art CVD techni ques have been unsuccessful_for filling the holes with

al um num and copper based all oys; therefdt e, the preferred nmethod for
filling is by PVD'techni ques. Subsequent to deposition of netallization

16, a thin | 2 Ltanium [ en
appl i ed overaghe cgrgtl&ﬁe?a?llza%*é%$l feu;ggéyﬁgﬂﬁuﬁg %ghhéeﬁﬁ
refractory rm@%@wgenhtaeanungs@e@ tbet¢kumxnamnﬂqpn$nnlamﬁylnxeﬁqqurr] or
Heerr] reductipg gb-MEfidR c)!f ei*i’Ai heaﬁ& MU AR, SRME ithd YUY 18 thBce AS

expl ai ned above, varying the SiHefr] to W err rati o _during CVD can
advantageousl§°W@Fuseﬁh?obﬂﬁk%ma9%%¥ﬂe+“ Tahle deshowssithadnlf t ungsten with
i ncor porat ed §put€@f\iﬂ1@yvi‘itm@@ﬁ ¢HEL imepe o fiac @mpl oy, ditglesctric 15. The

interfacial thin é%%f QQShﬁ%lt be c O%f”t? tQﬁt it does net attack the
under|ying ccﬁﬂ) AR A a_nge p gl?r REE BRSSO | Fs?tg't’ungsten
‘i's planari zecdbdowol ishoxy) cand bR dE eant iKinglly ddmimaed.hat copper is

sel ectively renoved by wet etching. When copper or copper alloy lines are
being created, it is advantageous to use a-wet etch solution based on

hydr ogen per & dks (a0tsipaked ehaly @erfammdngl RIEHOE & Wedr fEFht o pl anari ze
the copper. Aisiﬁ@rnt@rrwfat ,oﬂ hilfe tnEFraitoxy! u;bteu WaH af@leret ch

et o e R o o0 oo lss bove e
' 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 wiil be
able to use thick layers of refractory metal to provide
maximum protection for the underlying low resistivity f
Al-Cu line.or via during chemical-mechanical polishing,
yvet will be able to subsecuently 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 Al Cuy 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.



sol.ut:fon (e.g., at roomtenperature, H202 has al nost

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

techni ques. A preferred nethod for renoving the tungsten refractory netal
17 which projects above the dielectric 3% surface is by chem cal - mechani cal
polishing using an alumna in ferric nitrate slurry or the |ike. Because
tungsten is a relatively hard naterial, it does not scratch or corrode when
subj ect ed t ofF tenegaPameohafibcakep8Elshi agogRatherof lan the three step
approach di S@yéégdsaéeyen lotf Ha¥elﬂ§c§1é§v§§%@f’lc?e\;fbé errfrvieg&x_tl@ aingsten

refractory netal 17, the th | ayer esi on pronoter t he copper
netal | i zat i oPRQ®S| 6839§8t850§é02 hE°§E%<?1a%ePJ€ﬁJ€que“191s‘{H aﬁliﬂm ¥ in one step

using chem @i 1 PE6HaguedhcpOWishi AY-cu &1 ase@éérhrmfbxﬁ&@cmf yet
anot her vari |39 n th nventlo mhere I e nugifgél d|c e like
el enent s. éhﬁ ¥ Sho gngf?ﬁ t Pyt the, t®d in the
openi ng 14_pm?mwtmngaeeallazarbonFigmzeanIqepreqanﬁszﬂlqtnnnﬁmumnal manner
using col i n#fl capped lines prior to polishing. Figure 9b shows
an SEM micrograph of the cross-section of a -multilayer
structure after chemical-mechanical polishirig has
removed the tungsten and Al-Cu alloy above the top
surface of the 5102 projections. '

-



spu-t‘tié’ri ng |like that described in Rossnagel et al. J. Vac. Sci. Technol.
27261 (Mar/Apr. 1991) and U S. Patent 4,824,544 to Rossnagel et al. Wnich

are herein incorporated by reference. 1In collinated ‘f adt ory
netal atons are passed through a honeyconb like struc gt,s %‘E‘% ga% ECt
ratio of depth to area of greater than oRe at pressurgs gr an_ 0.
nmlforr. Table 1 presents conditions which have been used for |iner

deposi tion. 18 -

TABLE 1 DEPGCSI TI ON OF LI NER BYC T ON ASPECT RA i

ggNERAGE 1. ABQHE%%d-ﬁ%%E device cr)mprlsmg. Sl :E))SV\ALL/ TCP lI‘H“' "II“I Uﬂ%

42  adielectfi@Qayi) COLLI MATI ON O

12 In the investigations presented in Table 1, the pressure was vari ed

fromO0.5nT to ableadt @mmghasmmmmﬂ)marmdtblé oo iin ik the/dietech® layér, thakke 1
clearly least one hole or line having sidewalls and a bottom; and

a liner in the at least one hole or line, the liner being substantially conformal with
the thickness of the liner on the bottom being greater than the thickness of the liner on
the sidewalls.
2.  The semiconductor device of claim 1 further comprising a conductive metal or
alloy in the liner.
3. The semiconductor device of claim 1 wherein the liner is present in an amount
effective to promote adhesion of a metal or alloy to the liner.
4, The semiconductor device of claim 1 wherein the liner comprises a refractory
metal or alloy.
5. The semiconductor device of claim 1 wherein the aspect ratio is greater than about
2:1. |
6. 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.
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 1.5:1.
8. A semiconductor device comprising:

_ a dielectric layer;

at least one submicron hole or line in the dielectric layer, the at least one hole or —-
line having sidewalls and a bottom and an aspect ratio of at least 2:1; and

a liner in the at least one hole or line, the liner being substantially conformal with
the ratio of the thickness of the liner on the bottom to the thickness of the liner on the

sidewalls being at least 4:3.
.\
This Sheet Has Bee,

I i



i ndi’ c\at es poor step coverage when collimation is not enployed. Usi ng hi gher
pf essures (e.g., 3 mlorr) and a collimator wth aspect TS
1:1, the vias or ﬂ“‘mm mu mnect ratios of nore 7 |tTHI8 SHEEE HASaBER
with Ti/TiN or Ti lE ting in step coverag rmreREPIEACEm% at
the bottom and moré& than®30% Sn the side!wall. This is st gt cant
advance in the art since it ‘all ows sem conductor manufacturers to provide a
conformal ¢ay t t - o r te
adnesi on o OvBY SnalPadiclute AP 6P ol & Tuhha"Cindintd 3 NGO ol B
bel ow, proyMigd ingheiia@nf or mal layer of TiN or other suitable materials will
provide an effective diffusion barrier for copper based all oys. As

di scussed HROVEhe isémidofléuctérodévics @f Wlish Sowherehie tii igerbompritsta befraqsryof a
trench or via pressures should be enpl oyed. where scattering deposition

dom nat es shetabor alddyove 1 niforr) rather than at | ower pressures where
directional deposition dom nates. Figure 6 presents an SEM m crograph of
a refractoltl rEheasemicomducion deviee of claimtSwherginrtlp ratid bf thetthitkoesstof ¢heé hgeras

descri bed above. Figure 6 shows that conpl ete coverage of the bottom and
si dewal | s @ thethottom to the thickness of the liner on the sidewalls is gtdeast about 1.5:1.

_—

il li’ii:ﬁﬂi“m i



vi @a*can be obtained. To deposit TiNin-situ, N2 plasma was used along with
afgon 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 liner increase when the aspect ratio of the collimator

i ncr eases. When copper lines or vias are to be enployed in the structure,
a robust liner which can serve as a diffusion barrier is required. Low
pressure collimtion of a refractory kt er (e.g., Ta, Ti/TiN, or Ti/W
etc.) created a porous structure on t 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 enpl oyed.

Specifically, in the first step, a thin |iner was deposited using a
pressure below 0.8 ml to get bottom coverage of nore than 60% and in the
second step, the pressure was increased in-situto 3 to 4 nif to get a dense

ent o S P Foh e Y ACHT e

simlar for Ti/Wand Ti/Ti N bilayer liners used as a diffusion barrier for

CVD refractory nmetal 17 or low resistivity soft netal. Fi gures 5B-E show
simlar steps to those shown in Figures 2B-E and Figures 4A-E are perforned
in another variation on the invention. Like in Figure 4A, Figure

ABSTRACT

Capping a low resistivity metal conductor line or via with a refractory metal
allows for effectively using chemical-mechanical polishing techniques because the
hard, reduced wear, properties of the refractory metal do not scratch, corrode, or
smear during chemical-mechanical polishing. Superior copductive lines and vias are
created using a combination of both physical vapor deposition (e.g., evaporation or
collimated sputtering) of a low resistivity metal or alloy followed by chemicall vapor
deposition (CVD) (17) of a refractory metal (15) and subsequent planarizatiori.
Altering a ratio of SiHy, to WF¢ during application of the refractory metal (15), cap
by CVD allows for controlled incorporation of silicon into the tungsten capping layer.
Collimated sputtering allows for creating a refractory metal liner in an opening (14) in
a dielectric which is suitable as a diffusion barrier to copper based metallizations as

well as CVD tungsten.

FIG. 2A



5B shows that an adhesion pronoter |ayer 26, such as Ti, C, Ta, Ti/W or
the Iiké, is deposited by PVD evaporation over the top of the refractory
metal liner and in the bottomof the gap 14. Like in Figure 2B, Figure 5B
shows Al -Cu alloy or other netalli zatll()g 16 bei ng depositéed by PVD
evaporation techniques to a - 20 -

| evel 100 to 400 nm bel ow the surface of the dielectric. ZV - E
respectively show eﬁdﬁgoiltlon of a conformal |ayer of tuH reMETAL 3
refractory materi olcap the Iow resisti vty =

pl anari zing the tungsten by R E or pst+stiing: ' ar|% g
the structure using the two step wef>et chin MMZ—
with Herr](err] foll owed by chem ¢aL=sec A al { gh¥ag dsten as
shown in Figures 4c and 4d oMEFALpHY i '
chem cal - mechani cal polishing. For c &\st ep [chBh O]/ N I shi ng,
a slurry simlar to that used 1P [ag\CaM pe u dx Nji ke the
structure shown in Figure&llE )Bé '\EueS 3da CVD
refractory netal 17 encapg Qt "2 U-aw—f-esi-stivi-jar—red ai stteg 16 where

there is a tapered refractory rretal TLM GMQ‘Ql on. 'ome

FI16. 3A
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Figures 7A and 7B show yet another variation on the invention where |ike
el enments are indicated by |like nunerals. As shown in Figure 7A, both a
conformal, preferably refractory nmetal, liner/diffusion barrier 28 and a
conformal Al[err]Cu[err] or other suitable, lowresistivity alloy or

metal lization 16 | ayer are deposited in tyg opening in the organic or
inorganic dielectric 15 on substrate 10 using PVD col |l i mated sputtering
procedures. Subsequently, a refr&ktory nmetal 17-capping |ayer, such as
tungsten, titanium tantalum or {the like, is deposi N(BRBAMXID(SiOZ,tﬂi?MQ(eﬁc.}
coat the structure. Figure 7B at 4 hdeZtotele i s then pl anari zed

using RIE, chen"Fjﬁ- haniZat} pol i shi n\g/g\/ or] by ot hetr-tmmm(quymmf)
Contrasting the .u re of Figure_? thlthe strutture of Figure 5E it

can be seen that the shape of ghe v-ator |ine4sapge-lflifferent. Wiile

both structures include a lowfesistivity netal 16 cppped by a refractory
metal 17, the two netallizations will likely serve df+fl@rent environments.
- 21 - Experinmental tests ha cted w the refractory netal

}

capped lines fabricated accordi ?g to the techniques
_Al-Cu PVD (EVAPORATED,

B~ ] 16 s or_Cu SPUTTERED etc.)
FI6. 28 ' /"(—\ \REFRACTORY METAL

(Ti, Cr, Ti/W etc.)
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di scussed above. In the experiments, the line lengths varied from13.5 cm
to 50 cmwi tth an area of the chip close to 1.6 nmmferr]. The netal pitches
varied froml1l[errlmto 2pm 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 LI NE RESI STANCE OF TUNGSTEN CAPPED,LOW RESI STI VI TY

METAL AFTER POLISHING err] ~ (A) CREATE | NG EVAPORATI ON[ err] Structure
Resi st ance Resi stance Yield before Wdep. after W
dep. Ti (20nm/ Ti N(35nm)/ Al - Cu(800nm) / W 200nmj4 . 0. 042
0.04 N 95% Ti (20nm) / Al - W 200 0. 042
0. 052 95% Ti (20nm) / A-CSy(800nm) / Ti (BONm) / W 2 U
0. 042 1054 94% Ti (20nnm) / Ti N(|25nm) / CND
W 30nn) / A -oj(lgd%nﬂ/l\wzoo% S : BARRIER,L A58
97% Ti (50nm) / Ti N(25nm) / Ti (20nm /Al - Cu( 130 i (20n Ti N(20nm) / W 200n
0 oos M Bk Esa | T (200 - (2ONM A T ORGANIC OR ORGANIC
Ti (50nm) / Ti N(50nn) / Ti (50nm) / Al - OY(600nm) / {[i (301 / DIELECTRIC
Cu( 700nm) / Ti (20nm) / Ti N( 20nn) /{gVBeW266mm)— 4 0.023
0. 021 100% ‘ -
16
_ 17 I 3 :w |
25"@222&\ (ﬂzm ADHESION PROMOTER
F!G4B 16—t T~Cu {Ti, Ti/TiN, Cr, Ta etc.)
24 .
15’_\5
— |
10 ic
17 W
F[G C 16 — Cu
.4
5 ~— ADHESION PROMOTER
L
10 16 Cu
17~ l /"'W'
FIG. 4D -
15 L
!
: \
16 Cu
17 W
) )
{ l !
FI6. 4E
15 1
10—+ \ -



- 22 - (B) CREATED USI NG COLLI MATED SPUTTERI N{ err ]

Ti (20nmy / Ti N( 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) / Al - Cu( 800nmn) / CVD

W 200nm) 0. 040 0.0397 85%

Ti (20nm) / Ti N( 75nm) / Cu( 800nm) / Ti (20nm) / Ti N( 25nm) / CVD W 200nm)

0. 024 0. 022 80% 2§C) CREATED USI NG SPUTTERI NG W THOUT

] CVD. \WCONGORNAL METAL (e.q. W)
ORGANIC {15305, 91 N4 etc.)

COLLI MATI ON[ err] T| (20nn)/T| N( 35n /AI_- O§4 800n

0. 040

| engt hs varled' t0,.50 {cm wi t hijan /ar §
Ei’G“p.lme ,f

hi
merr]. The net s VFariled fromjl[érr]imto 2[err %Gﬁh‘@zﬁ’gigé@’?
ratio of the holes filled were flrom2 tl} 8 an}{ for Iinp 2 to 4.
el l i fa Vo e L o L ! I
—1[\10
16 ( 1 at-co pvo(evapoRraTeD,
26 L 6 e or (U SPUTTERED etc.)
FIG. 58 2
) REFRACTORY METAL
(Ti, Cr, Ti/W etc.)
T[.’/.’/,'/ VTIPS
~10
N
26 '
17 5 ~— CVD METAL (e.g. W)
1 i
FI6. 5C :,
L L Ll ( /,f/.,’/7/,
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16—~ - E 4
FI. 50 &  [EEE
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10



. bln:the Evaporation Experinents, Ti/TiN bilayers were deposited by

col limation. sputtering. [err]Colimation aspect ratio of 1:1.

[err] Sputtering pressure ranged between 0.5 to 0. 8mlorr. The results in
Table 2 show that the process yield for the new technique is very good and
that the line resistance is not altegqq greatly by the presence of the
tungsten cap. Sone of the above data shows an increase in resistance when

titaniumis present t he
formation of Ti Al

- 23 - t hat provi genis \) bet ween
titani um and the -al g of TiA[err]

and thereby keeps t -;=ble 2 shows

that if sputtering

SEM of liner applied by collimated
sputtering prior to CVD of Tungsten

FIG.6



sputterjing should take place at |ower pressures (e.g., below 1 niforr) and
be directionally dom nated. It is anticipated that performng R E or a
wet etch using Herr]Jerr] or Herr]Jerr] on the refractory netal cap
after chem cal - nechani cal polishing will be advantageogig;in bringing the
thi ckness of the capping |ayer down tﬂg e mninmum A thick |layer of a
refractory nmetal would increase capac n V\/ni ch is not desirable. By
allowi ng for a post-polishing w acedure (e.g, SF[err]
etching), the sem conductor thick | ayers of
refractory netal to provide ne heCWhM@MLy(lenj | ow

resistivity Al-Cu line or via p , yet
gr%tﬁﬁt il'—l-é% achi eve

will be able to subsequently
a structure which has very m,_,,,, ) ry rrqt.;a ‘1 For exarrple
an 500-600nm thick refractor ' hRd uspg (fof ARp Y EFk)on

agai nst polishing damge, ang BV down
to a 50nmthick |ayer by wet \etching il I gui @ﬁg%@sﬁﬁﬁ@j | e of
one nultilevel sem conductor {device ' ' § ?#lc’lﬂz
tungsten capped Al [err] Cu[ery [ i 1 éﬁF%ﬁﬁ%

I nsul ator |ayer. As di scusse}—+n—- j yer—+he—yi % ngNI th

CVD tungsten preferably i ncI : : Py~¢@! | i mat ed sputtering
to pronote adhesi on. Many ot e devl ces can be fabricated
within the practice of this %E@ﬂitﬁ&ﬁg

CVD METAL FIG. 7B

16 leg. w?)/n 2

15
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AFTER ETCHBACK (POLISHING,
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%

- 24 - [ Figures 9a and 9b are SEM m crographs of a cross-section of a
sem conduct or device. Figure 9a shows separated Si Q2 portions projecting
up froma silicon surface with Al -Cu aIon bet ween and on top of the
Sigerr]. Between and on top of the AI- 1oy is a CVD tungsten |ayer.
Flgure 9a represents a structure mnth cappe | i nes prlor to polishing.

< : I | ayer
ngsten and

structure after che
Al -Cu all oy above t

CLAI MB CVDW

Ti/ TiN, Cr, etc.
Al—CuorCu

SiO2

BEFORE POLISHING CVDW/TIiN/Ti/AlL—Cu

FIG.9A

W Cap

Al—-CuorcCu

Si 02

AFTER POLISHING CVD W AND THE LOW
RESISTIVITY METAL.

FIG.9B
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1. s A semiconductor device conprising: a dielectric |layer;

at |l east on high.aspect ratio submicron hole or line in the dielectric

| ayer, the at |east one hole or |ine having sidewalls and a bottom and
aliner inthe at |east one hole line, theg liner being substantially
conformal wth the thickness of the liner on the bottom being greater than
-the thickness of the liner on the sidewalls. 2. The sem conduct or
device of claim1 further conp/MMARY QoAEICINVENRION or alloy in the
liner. 3. The sem conductor device of claim1l wherein the liner is
preesent in an alrdsian objgct of the,present jpvanbion te @mebieisie ofc of meradisadvaatagey of o
the liner. The sem conductor device of claim1l wherein the |iner
conpri ses théTF%ETBry met al or aIon 5. The sen1conductor devi ce of

cIa|m1 wherein,the,as ect rati %mne IS ter t han about
o M 5. T e bR AR AR et 3hect of the Ppel efion LB o PHER h SEmicRu iR
thi Ck”ess Oéevﬁ{é ?oﬂégﬁﬁfé%or}it H%f‘egﬂ?& 198t R 1LARE ohd hiiSpEct Fatib *lﬁbﬁﬁd?Sﬁ 12k bhe

sidewal s is
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 liner being substantially conformal with
the thickness of the lingr on the bottom being greater than the thickness of the liner on
the sidewalls.

According to another aspect of the present invention there is provided a
semiconductor device comprising: a dielectric layer; at least one submicron hole or line
in the dielectric layer, the at least one hole or line having sidewalls and a bottom and an
aspect ratio of at least 2:1; and a liner in the at least one hole of line, the liner being
substantially conformal with the ratio of the thickness of the liner 6n the bottom to the

thickness of the liner on the sidewalls being at least 4:3.

According to another aspect of the present invention there is provided a
semiconductor device comprising: |

a dielectric layer;

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

a sputtered liner in. the at least one hole or line, the liner being substantialiy
conformal with the thickness of the liner on the bottom being greater than the thickness of

the liner on the sidewalls.
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7. . The sem conductor device of claim1l wherein the ratio of the
thickness of .the liner on the bottomto the thickness of tThe timer—enthe _

T S LTy Tertemncoss” UG

sem conduct or devi ce conpri sing: - "~ 25 REPLACEMENT SHEET ¢ ]
dielectric |ayer; at | east one subm cron hole or |ine
in the dielectric layer, the at |east one hole or line having sidewalls
and a bottom apd afs aspect ratio of at least 2: 1, and aliner in

the at |east one hole or line, the liner being substantially conformnal

with the ratip of tﬂ%eﬁlééo?lﬁ{fcft&s%&gcet ﬁ}d [ifAer on the bottomto the thickness

of the liner on the sSi east 4: 3. 10. The

sem conduct or Vi
de nggiec%rlcal'a)rfrérg further conprising a conductive netal

at least on high aspect ratio 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 line, the liner being substantially conformal
with the thickness of the liner on the bottom being greater than the thickness of the
liner on the sidewalls. -
2. The semiconductor device of claim 1 further comprising a conductive metal
or alloy in the liner. |
3. The semiconductor device of claim 1 wherein the liner is présent in an amount

effective to promote adhesion of a metal or alloy to the liner.

4. The semiconductor device of claim 1 wherein the liner comprises a refractory
metal or alloy.
5. The semiconductor device of claim 1 wherein the aspect ratio of the hole or

line is greater than about 2:1.
6. 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.
1. The semiconductor device of claim 1 wherein the ratio of thé thickness of the

liner on the bottom to the thickness of the liner on the sidewalls is at least about 1.5:1.

8. The semiconductor device of claim 1 wherein the liner is substantially
homogeneous. _
9. A semiconductor device comprising: REPLACEMENT SHEET

a dielectric layer; 17 SEP 1999




or alloy in the liner. 11. The sem conduct or devi ce of claim9 wherein
dhe liner conprisses a refractory netal or alloy The sem conduct or

device of claim9 wherein the ratio of the thi cﬂlﬂﬂﬂﬂﬂ“'lmmllumr on the
bottomto the thickness of the liner on the sid about
1.5:1. 13. The seni conductor device opgcl ai m"9 wheteith the *iner is

substantially honpgeneous. 14. A sem conductor device conprising:
a dielectric |layer; at I east one hi gh aspect ratio submicron hole

orllnelnthedlel aer r

skdewal I s and a bot? g?‘ﬁs M mmmn hdeoélglﬁ ??ﬁeercggl%ﬁ}gé e? th% %%2@ one
hole or line, the |linper tanti a conf or th t hi ck

of the liner %HIIFH@V%tSE‘&Y{a@é?Wg g?té%fflé‘ln aspeetfate H??:tl! 2 I 6‘?‘1 t hIeCI PﬁZf

on the sidewalls.

a liner in the at least one hole or line, the liner being substantially conformal
with the ratio of the thickness of the liner on the bottom to the thickness of the liner on
the sidewalls being at least 4:3.

10. The semiconductor device of claim 9 further comprising a conductive metal

or alloy in the liner.

11. The semiconductor device of claim 9 wherein the liner comprises a refractory
metal or alloy.
12. The semiconductor device of claim 9 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.

13. The semiconductor device of claim 9 wherein the liner is substantially
homogeneous.
14. A semiconductor device comprising:

é{"dielectric layer;

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

a sputtered liner in the at least one hole or line, the liner being substantially
“conformal with the thickness of the liner on the bottom being greater 'than the thickness

of the liner on the sidewalls.
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