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D E S*t RIP T 1 ON REFRACTORY METAL CAPPED LCM/RESISTIVITsﬂEE%kEEDFfS
CONDUCTCR LI NES AND VI AS FORMED USI NG PVD AND CVD The present invention
generally relates to the nmanufacture of el ectri cal conductor lines and'vias
that interconnect circuits on substrates such as semicon- ductors and
rel at ed ‘packages and, nore particularly, to a |l ow cost nethod of filling

seans or holes in sub- strates u3|ngb%g%f%p@p?;$%% Qf a Iom/re5|st|V|ty

. metal deposited by physical vapor on a refractory neta
deposited by chem cal vapor deposition (CVD). The |nvent|on has parti cul ar
application in submcron circuit manufacture. Low resistivity netals such
as al um num and copper and their binary and ternary allois have been w dely

expl ored as fine |ine int REEBARTORY METNnCARRER LOW RESLPRIVITYng.
Typi cal exanpl es gfpriy ”%okbﬁé'rbﬁt ¢INEXC AN VI FORMEDCUSERGAPYDT ANBUEYDT |

where the sumof X and y 1s 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 sinmilar lowresistivity netal

based al | oys. Today's enphasi s on aI|n do I|ne dth di pgnsions in
very large scale i QF&F@Bt(Wﬂgﬁﬁ @%PﬁfmllY re18t65 "es' £RE

‘manufacture of electrlcal 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 res;stivity metal
deposited by physical vapor deposition (PVD) and a
refractory metal deposited by chemical vapor dep051tlon
(CVD). The invention has particular applicatlon in

submicron circuit manufacture.

Low resistivity metals such as aluminum and copper gnd
their binary and ternary alloys have been widely '
explored as finehline interconnects in sémiconducto:
manufacturing. Typical examples of fine line inter-
connect metals include AGCuY, where the sum of x and vy
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
manufacturé has led to reliability problems including
inadequate isolation, eléctromigration, and

planarization.

~ The IBMuTeéhnical Disclosure Bulletin to Ahn et al.,
ﬁ?* Vol. 33, No. 5, October 1990, bages 217-218, discloses
: tungsten wrapped copper conductors and via holes _ '
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manuf acture has led to reliability problens including inadequate isolation,
el éctronigration, and planarization. The | BM Technical Disclosure Bulletin
to Ahn et al., Vol. 33, No. 5, Cctober 1990, pages 217-218, discloses
tungsten w apped copper conductors and vi a tioRes BU 991 034 - 2-
fabricated by selective deposition using a mxture of WF[err] and SiH err]
in the presence of hydrogen. Encapsul ated interconnects |ike those of Ahn
et ‘al. have signi fﬁeéﬁ%Fytﬁ#ghBrsebgq:%imc@ep@sété@nrbaiggacixmimametdnfe

smal | grain size ofFrg apbesinyeihUpRstSreddhder 88URGErs éﬁeCté’ﬁ&QRﬁﬂf& .
t her eby enhances thegabilitg f fhotolfﬁaographg togls ?o tocus ré?%?ve
phot or esi st | mages*PEBREPBRECER L 1 KR ghese of ARRoPHEAL ushYE t he | ow
tenperat ures descrsbenibycahtlet hidherOrdsli Peantei €6Neléébrddidrat o Andnd
woul d not be a googhgi%fgﬁgon-b rrigr fo c%ﬁgfr sincel%ﬁﬁger resistivity
woul d be degraded BYy°©tRe-Tor FETHASHE® c%'gpﬁr FFLivR. tyngrten (film
difficult to deposreducesffeflectdrmre iand bhereby enhances the ability of

photolithography tools to focus and resolve photoresist

images. 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 WFG'

The creation of the donut shape is believed to be not

reliable.

Dalton et al., VMIC Conference, June 12-13, 1990,'pagés
289-292, points out that a hot wall CVD reaction
involving SiH4 and H2 reduétion of WF6 to form a
selective tungsten layer on an aluminum or alloy
conductor results in the incorporatidn of fluorine at
the aluminum and tungsten interface. The fiuorine--
incorporation is a byproduct of the reaction of WFS ‘
with aluminum as shown by Equation 1. '

Eq. 1 WFg + 2A1 -> 2AIF, + W

The thin layer of aluminum fluoride will increasé 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

»
e

eliminates the problem of f}uorine absoﬁﬁ;ion.

ey
[

BU 991 034



selectlve nmeans at | ow tenperature. Moreover, the Ahn et al. technlque
relies oh the formation of a donut shape at the bottom of the lines which

is normal |y creat
creation of the d
VM C Conf er ence,

wal | CVD reaction
forma sel ective
in the incorporat

ed by the reaction of outgassing noisture and WF[err].

The

onut shape is believed to be not reliable. Dalton et al.,

June 12-13, 1990, pages 289-%92, points out that a hot
I nvol vi ng SiH[err] and Herr] reduction of Wferr] to

t ten la on a un1or aIon conductor result
i st g it sahemeu£g%: LATPRERRREEE.

S

The fluorine |ncormurmatxnn|wherd@mpendumﬂnuﬁ ﬂdﬂfﬂrs&CHepasﬂﬁeMFbﬁr&] W th

al um num as shown
3 The thin | ayer

yrﬁbn1nu doEidé%MQWeﬁqﬂﬁggfggiﬁﬁetésrFBBtEﬁﬁ?gcTiW

resi stance of Metdlayen d tis @nly viiizfierléaiaeorfmmpmddtﬁ.baalsput tering TiW

filmon top of th
elimnates the pr

GBI e WIS 38 ARIORHLELERSa 3L 1A O
photoresist imaging and developing followed by reactive
ion etching (RIE). The resulting structure is then
overcoated with a passivetion dielectric such as 5102
or polyimide which itself is subsequently patterned,

subjected tp RIE, and metallized to create a

multilayered structure. Figure 1 is taken from Dalton

and shows that multilayer devices produced by
traditional processing schemes hsve seams in- the
dielectric layers at the location of the metal
conductor lines and have a very irregqular 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 ﬁsed 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
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-3- Dalton discloses a traditional schenme for interconnect formation
wherei n*dluminumis first deposited on a planar surface, it is overcoated
with the sputtered TiWlayer (the only difference fromtraditional
processing), the alumnumis then patterned using photoresist inmaging and
developing followed by reactive ion etching-(&K€). The resulting structure
IS then.overcoated with a passivation dielectric such as Sigerr] or
polyimi de which itself is subsequently patterned, subjected to RIE, and
metal lized to creatlepasitkdi iayepedings utn iar. imsglaton ¢x taken from

Dal ton and shows t jah_guh LEL3YETy 0QUb6ER: B WWELIRY dAeHLd IAAlady QST NY

schenes have seans | ectric layers at t ocation of the neta
conductor |ines andnrhkhe apeBipgsrefgtherinyplater ¥ CYR, e &icult to

achi eve planarity Bﬁahaﬁiﬁhﬁkéﬁtfé§ié§lrﬁhéﬂfésF%i%@ﬁiﬁdhéﬁbédld&?ﬂYpe
dependent on the pattern density, and non-pl anar_surfaces result in
puddl i ng probl ens HﬁﬁiﬁﬁssuBQé&%%ﬁ?aﬂ€¥%9?$%£u99$ylw?é%ﬂvFﬂqEQQﬁﬁﬁﬂ que is
used on polyi m de, therpbphastp matecrsrs, {1y appbied ofermthentzg If @he op
of alum num or coppgt DAsgdalLNEE PN & NS AddIE5, &4 L ELFASE LY thn
obtained by etching to a level where the intermediary
metal is even with the resist. The Brown et al. method
does not avoid metal corrosion and other problems
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 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
BU 991 034



t he_pol yi mi de surface because the photoresist renoval process would al so
renove polyinide. R E of any high copper content, alum num or copper alloy
is extrenmely difficult. - A serious drawback of traditional processes which
include netal RIE is that a large nunber of netal shorts tend to devel op
with fine geonetry due to particle defects.3U™S. Patent 4,824,802 to Brown

et-al. discloses a nethod for filling interlevel dielectric vias or contact
holes in nmultilevel VLS| .netagllization, structures..Ln particular, an
nter medi ary et HASAVECLOR dayeFonbiPhnse, BEERERAP e R AEPS. BhEERvel y U

991 034 - 4- deposh teed phosphesiddeate ghasasP8G)r omr non-sel ectively
deposited over t | Iy nd.Lp.t nj of | ns tor by
CvD, then a pl ant(}?? Z&%ﬂ%&h@égﬁg%stgugﬁhgg §8§§5n%’ﬁ§§6‘ng§?§?§/“%egjé’§§i sts, .
pol ynmet hacr yl at estheadontoutss ofothet AdrCuhal hoyl ddines,nwtiesi ake, thenappli ed

over the top of tHG-ddy e RHeak¥cBhlidbassi PhETBh 18Fed! LUCEYPEsbSthaen
lines, and tungsten is applied over the surface of the
second passivation layer and in the vias by 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 to 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) diséloses a collimated magnetron sputtér
deposition techhique 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.

BU 991 034



obtai ned by etching to a |level where the internediary nmetal i% even with
the resist. The Brown et al. method does not avoid netal corrosion and

ot her problens associated with etching and is not useful for planarizing

Al -Cu or other soft alloys because they have gifferent properties fromthe
harder netals such as tungsten and nol ybdenum Mboreover, using the Brown et
al. method, it is difficult to conpletely fill vias and lines. U S. Patent

4,944,836 to Beyerzgtigl th8L66b86E8n ol jE ¥ HIRC prisEalt NGlverttith to
t echni que which can be_ uysed to groduce copl an nmetal /i nsul ator, filnms on a

substrate. In partPEQYife Heyzgost, fgor RS pdeaR e shRder | yi ng
insulating |ayer, 6ESOELémiGr&idh -fasidant,ardddtaicall r@dmiuctor

chem cal - nechani ca ﬁolishin { echnj que, Wher ei_n a%F%!u ina slurry inn dilute
nitric acid is mech¥ ?E%?ﬁ‘?e‘fg'b’o%%ac’o?"ﬂfes &y PaS¥ rlag%\?él A SEYMIFTEN

pol i shi ng conpounds¢ahelsus tndnsay amet Isod) wiftilc anthlighhipgloeesseydedid.r at e f or

Al -Cu than the underlying insulator. The resulting structure includes Al -Cu

lines planarized with the insulating |ayer, and subsequent |ayers can
easi | y. be added i nit his famothen iehjedt mf ttheajaventign foeprovide Rat ent

4,956, 313 to Cote glcphiqil SEoPSHfedpelisively forming encapsulated fine -
electrical lines having particular application in the

manufacture of submicron circuits without exposing the
lines to RIE. ' '

It is yet another object of the invention to provide a
low resistivity line or via with a wear resistant, hard
cap which reduces electromigration.

It is still another object of this invention to provide
unique interconnect lines formed from PVD low
resistivity metal encapsulated by CVD refractory metal.

It is still another object of this invention to-provide
a method for promoting adhesion of CVD tungsten in high
aspect ratio vias or interconnect lines which includes
providing a liner in the vias or interconnect lines
formed from a refractory metal, or alloys -or compounds
thereof, prior to CVD tungsten.

According to the invention, a simple and cost effective
technique is provided which results in electrical
conductors that are corrosion-free and exhibit
resistance to wear and electromigration, and has
demonstrated high proceés yield} Most importantly,
this technique aveids cumbersome dielectric
planarization steps completely aS the deposition takes
place only on the planar surfaces to start with. The
technique uses ordinary batch o;'single wafer PVD

BU 991 034
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filling and pl anari zation 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 BU 991 034 -5- passivation |ayer which is
preferably a doped gl ass such as phosphosil+cpate glass (PSG or

bor ophosphosilicate glass (BPSG which confornms over the contours of the

Al -Cu alloy lines, vias are then fornmed in the second passivation |ayer to

expose the |ines, ppdcéssgstsuchsasippvapsration} hepeitdmiory & (dul Bhtored
passivation layer and,in_th i b D._It is reported i.n.Cote et al
that CVD tungsten ?gu’&gﬁFb?ﬁa#oﬁo%%%%/’ét%rc %ﬂ%ff‘*qqo 4<f a&tevm t hout
creating voids. Theeftactonyemesalhen planarized by polishing with an
abrasive slurry. Neither Beyer et al. nor Cote et al. recognize that

polishing is not practical for lowresistivity, soft metals such as Al -Cu
alloys. This is beEh@sforegpingitand fthermbiectss Aspectsmand adviantages

surface; and corrogey Yngerpdber Nnditodd £t StHY 861 1UWIRQY detailed
description of a preferred embodiment of the invention
with reference to the drawings, in which:

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

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

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

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

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

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

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

BU 991 034
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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
col li mated nagnetron sputter deposition tecthique for depositing filns that
are conpatible with lift-off patterning techniques and hole filling. The
technique is also presented in U S. Patent 4,824,544 which is herein

i ncorporated by Fdigreade i eragsweahionadystiiexcof en exempdary,

Conf erence on Solpjud +5i7dve 10° s b it WHer@iasevnt it e of
sel ective tungsten deposition for hole filling on top of a high rEsistivity

hard netal such &YR¥Sii%GaPRed With, GV HungStensn@RFsul ation of a soft
netal. BU 991 034 6 SUMVARY OF THE INVENTION It is an object of the

present invention.o aneljorat e or nore -di sadvanta of, the prjor art.

Accor ding to one FAGIERES (IR @d SHhanf GHARSTEGT PREte SEY i GEPETRARS

devi ce, of structures with tungsten capped Al-Cu alloy lines
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 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 resuiting 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 SA-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 resiétance metal or metal alloy with a hard .
refractory metal which can withstand 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 submicrén vias and

BU 991 034 - |



copprising: a substrate; a dielectric layer positioned on sald substrate;
and netalization positioned in an opening in said diel.eétric I-«ayer ces o -

extending froma surface which is planar with a surfacé of° sald dlnekeetrlc R

layer towards said substrate, said nmetali zati%n conprisi'ng®a ow
resistivity netal or alloy being substantially encapsul ated by at | east one

refractory netal or allo said | ow resi JVI nmet.al aqr, f||||r1

bott om portion of SEERCREBNYHED F ’6‘33?]&1 u%’%?ﬁ)fos'? %g&jé'

openi ng towards sawbscusinmawacépuiste&ﬂ@.r Witid e rhctoriyametafl Sldlr!ér
dielectric | ayer and efining a cap n,of said_at

| east one refract 0'1' Tt vVeras ‘?%ye{)%fa% vﬁogﬁ#ﬁ%s%%q%%r&e%al EQEPFé’gi on
above sai d bott om for t sulrs equienet eeressimeg.dl y ext endi ng side portions of

said low resistivity netal or alloy, said at |east a portion of said at

| east one refractoré?rretal or alloy having a surface which js planar with
said dielectric | dkth neference £ Figune it aiaupstmesle 30 ikl fjirst

conpri ses a binar yodrdS468d Y fER QY dﬁel@dﬂ?x@rﬂﬂrclp%p%hbsé&ﬁgh@hgg to
anot her . aspect of the present invention there is disclosed a“devic

conprising: a subﬂ‘?"a’%%rn%@dl e Fuksieafe Lda iR5eL@raR1¥aPd 14688y r at e:

‘and metal ization ppsitinetkddnae SRANISHh DUIRI miteoel LA1bRYSE

extending froma surfage whjch | ,planar Wi t surfac ai d dleletrlc
| ayer towards sai cF‘E’(Ft?g?e]r%t ’Wet’:ﬂtl g § the

resistivity nmetal substidate bEO n@a;sw&taardemlrdly:,e@dmssul arredoinpoah'.téeast one
“refractory netal aqr aII saldlowre IVIt allo | 1in
bottom portion of makey Jg%lencfcﬁ'ﬁ"om &% e oﬁgp r%d‘élgl Smécagé“‘o‘#%ii %ng
openi ng towards sdiar makKiage thincfilm dndeaconnectiand . suThaecsubstratd
dielectric | ayer I o) at
afl el zﬁ}'l ll'faa.‘-ao abgﬁlu%ll@y o@%&m@cgﬁﬁﬁbegr bey2bds

| east one refractory“ne I ng posrtione d cap region

above said bott omm%ﬁm%ﬁb@@rﬁl me¥aidcy veet Sdaildgesfeetportions of

sai d | ow resisti Vidpa@ilstord (@'ﬁi@) %&b@lﬁ&‘ Lt%%%l@t@?ét | pBsPsr&pEd at
| east one refractory netal or all havi ngia surface whi ch is planaf. with

said dielectric | Werdél%iessal G’raithe ke. It should be understood
that the substrate 10 shown in each of Figures 3A-B,

4A-E, SA-E, 7A-B, and 8, can havé 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 (S;Oé),_
silicon nitride (Si3N4),-or the like. The inorganic
- layers 11 and 13 aré-both preferably deposited using’
plasma enhanced chemical vapor deposition (PECVD) where
Sio2 is first deposited.at 90 Torr on the conducting :
substrate 10 and Si N4 (0.075 to 0.1 pym) 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.ll and 13.
Alternative to the dielectric composite created by
layers 11, 12, and 13, a Single layer of an inorganic
dielectric, such as Sioz, PSG, or BPSG, or an organic
BU 991 034



7 | east ane refraétory metal or alloy has a higher incorporéied silicon
content at a location near said surface of said netalization present as a
di stinct or graded conposition than at a |location closer to said substrate.
According to still another aspect of the present invention there is
di scl osed a. device, conprising: a substratejgaL |east one dielectric |ayer
posi tioned on said substrate; and netalization nmeans positioned in an
opening in said at |east one dielectric layer and extending a predetermn ned
di stance towards gabfleStPst! ahfich’ 28" HoPYindae, hag halso BOEnPlloydld ¥and
coplanar with a surface of sald at | east” one dlelectréﬁ lﬁﬁﬁr’ sai d
metal i zati on meanB2¥oRPriepagited; bxiangtaf 3rnunpey af gL, known,
en_cgpfsul at ed byI aiebn?lﬁqu@@es_ﬁgnoagl Bytgfo?ingl i@lyaﬁ &]icﬁltc%aitﬁlﬂé hgrder than
sai irst metal or a - sai rst neta oy, [ a_botto
portion of said oBEﬂ?ﬁBgéfﬁ'e§ngﬁ?ﬁb“%p %5pgé? ’si%&i}%ﬂfgiﬁgfso%éng%g
toward sai d surfagrdwbA€l showubls¢ ause abf ytheptompos itd stoaiatuxer bade of
said at |east one_d| tricol ayer-and | LN qgﬁ r.eqi a t a.
portion of said aFlé‘glég% %%gBée‘g‘gn%l’ n%?‘gle;%:%a%%f/ el rlllgsgp(;ﬂsﬁ & %%éga\%i thin
sai d cap region abnexganid oovtdbelectrionlayelr betwehrulshvdied updexssadidng
oy 08 portions O oAt I SORGk- O PLyOY 1 AGAOL UM ditho/ R0 R8Q1er aspect
C a'd r

of the present invention there Is dis se evice co ising: a
substrate; a di el pEa¢bice QErthbsiinvertion and Lhabanvaddelgegric
nmetal i zation posi &é?@,e}j iﬁbféb&i’_@%f‘goiﬁb&ﬁhﬂ k&l agf litgd1dyer ext endi ng
froma surface which"is planar wwth a surface_ of said dlelectrlg Isger
towards sai d subsEPBRENaLLRy GRRlgbe;empl e it PHaGkices Pt FOLey

netal or alloy beimgestistiantially encapsul ated by at | east

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. In VLSI applications, the
substrate 1b,is likely to have several hundred to
thousands of openings 14 like that shown in Figure 22
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 , and
O2 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 layeré are
preferably partially etched to a depth about 10% higher
than the metal thickness to be employed. When etching
polyimide 12, 02 RIE at low témperatures is prefefred.
It should be understood that the formation of the -
opening 14, as indicated in Figures 2A-E, 4A-E, 5A-E,
and 7A-B, is well understood within thé art and can be -
created by many different techniques.
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one refractory netal or alloy, said lowresistivity netal or alloy filling
a bottom’'portion of said opening and extendi ng up opposing sides of said
openi ng towards said surface which is planar with said surface of said
dielectric layer and defining a cap region,—alll®ast a portion of said at

| east- one refractory nmetal or alloy being positioned within said cap region

above said bottomf rtion and between upward]y extendi n‘?, Si de8 portions of
said | ow resistivi g theFtarting Substratre 1§ Has 3 ‘é)"b 5% 8 formed at

| east one r _eLr ?ct otNer@bn! ggriglgmlwﬂ m;fsgg"ﬂglml I 34| £d BB} Sh&n?:'p@b_bgd to
covering said low yesistivity, met [ t least a rtion of..said at -
| east one refracto vgna‘%ﬁ: ko) b%l‘f’zf%fé rg‘ﬁl"h’gﬂh QR HFG §udinga pl anar
with said diel ectrdevicgeras whershowrsainl Bigumeas2A priehe dirsadiadoy 20t al or
all oy conprises a t] C Q t - meta ts,
SOREUS L b PG CHD cho r{? n%%tfféi t b kl%?HBQQS .

and said cap region CONPriSEs areira and sai OW'resistivity
metal or alloy corké¢foexe oin openizig A da eerdated al iananizatpper can bel oys

th f. The f ' | : i1l b
ereo € tore }g?neﬁ]ﬁe‘ l?%l E,Q%fe?h%a &n 5L %‘i@%?ﬁg&? 4 €

better understood fr etalle escription o referred

(0] n
enbodi nent of the GOMAHE YOI halheRIE @nd qhenifshimesbanifaghi ch:

Figure 1 is a cro%ﬁg,ﬁi@,aloﬁiﬂp ot @eghdrior art sem conduct or
substrate show ng 'an uneven top surface; "Figures 2A through 2E are

sequential cross-sectional side views of a sem conductor substrate
il lustrating one \Wiqute® REI2E Na lustaaiteo it asmrdAatdod B the

sequential cross- Sl:ga:rf‘:etsieonntalinsw}ednq:i\gnevg\ﬁxegei% Sau% tarnaatre pvgtrtgr%ed 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 evaporatioﬁ PVD at this
point is that the refiactory metal layer 15 does not.
coat the side walls of the opening 14 in the
dielectric. It should be understood that PVD
collimétéd 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-ého&n 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
BU 991 034 S




devi ce thereon overcoated by an insul ator being planarized prior to
patterning the insulator; Figures 4A through 4E are sequenti al

cross-sectional side views of a semiconductor subsfrate illustrating
anot her variation of the invention; Figufed25A through 5E are sequenti al
cross-sectional side views of a sem conductor substrate illustrating stil

anot her variation .Qf .the i nvention; Eigure 6 [s a.scanning_electron
nm cr ogr aph (SEMFQ£%a HFiW@FeE&B&SitéJ gﬁpae€i§aﬁgﬁn§l ;gEi§6P§Sa§§ and 7B
are sequenti al acode fSecmedpabh sedractewy métalsshoubddbet asedulhicht e

illustrating yet, _an er .var Lyakl LQyvepti Qu. == wFli e8is a

cross;sectionalcﬁ?%%kgfggnge§g%p?§}§¥ kgﬁfﬁgévgb,ggg egcgﬁghs#gggture

SQFrethEVD AI[dhﬁﬁ@aﬁe:rPuarhGéﬁtbseqppad Erohzssfn9uzgsdepQ§éBd?F|guies
and 9B are cr - | PR@ Ch@Qk S S ungst en

capped Al -Cu aIH% F?ﬁgs_gripfﬁto gﬁdigfég? cﬁéni%a?gﬁegﬁgnﬁgg pol i shi ng,

respectively. TE¥eveREREAron is generally related to nethods for form ng

- metal filled vias and conductor lines on a substrate where-the vias and

conductor |ines include ? . . . .
Next, a single, binary or ternary metallization 16 is

deposited over the refractory metal 15 by PVD using
evaporation. Again, since evaporation is used, the
side walls of opening 14 are not coated. However, it
should be understood that the metallization 16 could be
applied by collimated sputtering, in which case a
conformal'coating of the metallization within the
opening 14 and on top of the dielectric stack.
Preferably, the metallization is AGCuy, where the sum

- of x and y is equal to one and both x and y are greater
than or equal to zero and less than or equal to one;
however, ternary alloys such as Al-Pd-Cu and
multicomponent alloys such as Al-Pd-Nb-Au would also be
suitable. The principle characteristic of the
metallization 16 is that it is a low resistivity and
soft material compared to the refractory metal 15.
Preferably, the .opening 14, which represents the line
pattern or interlével 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, 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/compounds such as Ti/TiN,'déﬁosited 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

BU 991 034 :



soft, lowresistivity netal which is capped with a relativel§ har d,
refractory metal which is resistant to corrosion, wear, and

el ectrom gration, and where the vias and conductor lines are planar with a
dielectric |layer coated on the substrate. Seygral 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 techni qmveohvemqemmatmmpumm@emstuw il afhant echni ques

and resulting strg&#ggfgnaéﬁbﬁgglé#n) ﬁﬁ%&ﬁhL@ﬁgﬁ ggu/fgg%igkgrgsubstrates

and dielectric over es of 1norganic an ani c | ayers
|i ke that shown |Wﬁ@iﬂ@snmﬂi%rﬁp sxaatea eonfexnals biginkeis cgrartglng,

layers of inorgankfd OEh@' Sthtd | S¥dp afrﬂfl éardr%éé%ztﬂ%%mﬁr

invention is not restricted to any partr I nat1 ons; rather
an obj ective of t}RYeRehttepgsten &%\P&hlﬁ?’% a drighenWegzeesofnce netal or

metal alloy with cohgsshd BftACt Qub HRipds WG &ﬁrtms ida¥raetoryihetal
corrosion and el e tmmgégailonqgﬁe i nventi.on ha artlcular rel evance to

‘electrical syste TrRlY) ‘rﬁ]’rﬁdal’fﬂ-tébrﬁ)‘éh T &lps *&ARELiPp RS been
di scovered that WEform mﬁimunfdrlqoqinem-nﬁd TV preceduyenhbli-eBer

material can be dae S'feeﬂxéﬁo%u%@ wfpn fol owecfj by H2 reduction of W}:-‘6
becquée, on top of a TiN layer, CVD of tungsten
proceeds smoothly with SiH, reduction of WFe, 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 good advantage to using CVD with SiH4
reduction of WF6 is 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 SiH, to.WFB 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.é.,
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.

~ -BU 991 034



BU 991 034 - 9 - trenches with reliable high aspect ratio filling using
PVD col limated sputtering. The reforactory netal liner will serve as an
effective diffusion barrier to copper for subsequent processing. Wth
reference to Figure 2A, a substrate 10 is £iggt-overcoated with a
dielectric which is subsequently patterned. The substrate 10 is preferably
silicon, galliumarsenide, or sonme other material which is suitable for
maki ng integratedFﬁbﬁcuBtSD kh&eﬂershéhetnab35taﬁetﬁ9enﬁy PPafa€Biadl C,

O ng emroct REGER: EobotyR BRIl LabiEg SELeRRKABLIARTASE IS,

plurality of.sen1yéﬁadcaostdm®tmxs Wheneﬁnthetuonpahtc@omﬂuctiuélnkh1breld

or the 11ke. it shira Bhick BRCRlack PehbEaL [E5EE: iy RO

Fi gures 3A-B, 4A-E9t§A1E,za17¥orB,16mders;amsamlmm myadlazche wWeax i but es

di scussed above prysigBaNt OtdEFractidsiy HEES1 KPP hik tdifhp surface which
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. If 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. Combiqations of RIE removal of
the refractory metal layer 17 followed by chemical-
mechanicdl polishing of the remaining metallization 16
and remainiﬁg refractory metal 17 above the top organic
or inorganic layer 13 are also contemplated. A
particular planarization procedure contemplated
includes removing tungsten refractory metal 17 by
either chemical-mechanical polishing or RIE with SF6 or
“C12 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 polished, wet etched or RIE etched in .
Cl, to yield the structure shown in Figure 2E.

Figures 4A thréugh 4E show another variation on the
invention where like elements to those identified above
are indicated by the same numerals in each of the’
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the.art. The dielectric conposite shown in Figure 2A includes top and
bottominorganic dielectric layers 11 and 13, respectively, which may be
silicon dioxide (SiJerr]), silicon nitride (Si3N4), or the like. The
inorganic layers 11 and 13.are both preferahlsy -deposited using plasma
enhanced chem cal vapor deposition (PECVD) where SiJerr] is first
deposited at 90 Torr on the conducting substrate 10 and Si[err]Nerr]

(0.075 to 0.1 [errigirés. prpylsi&ﬂna&xﬁm@rurrleema,gwdn;temﬁaammuon

di ffusion. A thlﬁhf or anlc di Iectrlc Ia %% e?& ﬁg .a polyimde, is

deposi ted betweertd HE® i HREERAREN o t he

dielectric corrposinca'gamia:be@kmrq-'mdm siihl;eci:i'icaridi 3 rmedsionylsabis&yateof an

i norgani c dlelect c, h S P I rga U 991
Ct r'ﬁg& Sﬁiz%fs égfgt{)e{ nce>BetPlec %‘ﬁe U e ?1 %h‘éwﬁ

034 - 10 - ylnlde may al SO be enp
be deposited by ar!y Bigure bbb end ftheesit ractuaret séﬂwmdasFmKeaQBbgngrow ng

in an oxidative RS Sy P Ydpdd it donCbrPEGYBereta1T194438n2 aF
thin layer of refractory metal 24 such as titanium, -
titanium nitride (TiN), tungsten, tantalum, or alloys
and compounds thereof, is deposited over the inorganic
or organic dielectric 15 surface and inside 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. 1In the
present invention, it has been discovered that
emplbying collimated spgttering at higher pressures
where scattering dominates, as opposed to lbﬁef
pressures where directional deposition dominates,
allows for the creation of conformal coatings within a
high aspect ratio, submicron level trench or via (e.g.,
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
trénch or its diameter in the case of a via. Trenches
anq 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 1mTorr (preferably around 3mTorr),
while directional deposifion 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, ;s'especially important when a copper
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and 5A-E show the use of the conposite structure and Figures 3A-B, 4A-E

and 7A-B show the use of a single inorganic or dielectric layer, it should
be understood that the dielectric layer is not limting to the practice of
this invention and that any dielectric (e.g.l6iAorganic or organic) used by
itself or in conbination could be enployed in the practice of this

I nvention. Figure 2A shows an opening 14 fornmed in the dielectric

conmposi te, and t hPasegealhgy mgtablizationrla iscuséd fainge coppet iwell i ne.

In VLSl applicatiggsutée t | | kg ggaﬁa undred to
t housands of openig sulg %?E@%ﬁ\gt% 0%51;%1 Iiéie au?%ﬁﬁé;%ere %@l r’g ting
dense, conpl ex pateBPRTAFRYe PEFGRISIDT| ARdr cehe devdige siHhmar in the

substrate. The op@Dffgsidd BaEridef s apryvidedred bisd PP 1 ast .enhanced
| it hography -( CEL) foliﬂfed Q%It nch qa hole efching with a nultiwafer tool
usi ng CHF3 and OB¢r3LIFF3EL o{ﬁel % feRUFL A ds VP Mfding el themi ng
14 has the desi r esvajpomratsi o som reb EXimaeed t et EaRime lorobyt bty f ace of
the substrate 10 fo via st attern. For line patterns, .the dielectric
| ayers are pref e_rta%ﬁ‘)%p%?ﬁ “al Il{'&'e%f cﬁé?f“’t%r%f"d 'ﬁ‘ AFECt FR iy Maleshan t he
metal thickness tarécerip diddedih@ridrcharty CVD techniques have.been
unsuccessful for filling the holes with aluminum and
copper based alloys; therefore, the preferred method
for £filling 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 refradtory metal such as
tungsten is then deposited by CVD by SiH4 or H2
reduction of WF. to yield the structure shown in Figure
4B. As explained above, varying the SiH4 to WF, 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 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 (H204)
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 tegperature, H,0, has almost
BU 991 034



polyimde 12, Jerr] RIE at |ow tenperatures is preferred. It should be
understood that the formation of the opening 14, as indicated in Figures
2A-E, 4A-E, 5A-E, and 7A-B, is well understood within the art and can be
created by many different techniques. BU 9917034 If the starting
substrate 10 has a device 18 forned thereon as is shown in Figures 3A and

3B, as opposed to the flat substrate 10 with no u rdly. protrudi ng. devices
as is shown in Filpfinite seleshistitatlor Faugs é@p\g@wst ﬁga eegggrlﬁ €houl d

first be planari zast hefch £ e CRARSIERAT Tat erS eklelitaveliyz abinowedabybe
2nd chorm cal - mocHoH CHOLATGN Y QR R HBsTs. ArPotr8eron, Bathod -
illustrate a firsowarémdving dthe Mmmysteanirefinasrticrynmetielel® whpthnar
pat erned strUct (et s i i M i3, 0NG SiMACNE By 24,01 the
formed in an overcimmirhimgchaniaal poddshdngs usdmgaenopjumdnal inayer 15
deposited over tr¥§rric nitrate slurry or the like. Because tungsten is

a relatively hard material, it does not scratch or

corrode when subjected to chemical-mechanical

polishing. .Rather than the three step approéch

discussed above, it may be preferable'tq remove the

tungsten refractory metal 17, the thin layer 26

adhesion promoter, and the copper metallization 16

located above the surface of the insu}ator 15 in one

step using chemical-mechanical polishing.

Figures 5A through 5E show yet another variation on the
invention where 1iké 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.
Vvac. Sci. Technol. 2:261 (Mar/Apr; 1991) and U.S.
Patent 4,824,544 to Rossnagel et al. which are herein .
incorporated by reference. 1In 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. '
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inorganic dielectric layer 13 and on the exposed substrate 10 at the bottom
of* gap- 14. This is acconplished using an evaporation PVD techni que best
descri bed in Handbook of Thin FiIn1TechnoIogﬁ,_eds. Mai ssel and 4 en,

MG awH || Co., 1983, pp. 1-100. An inportahft feature of enploying
evaporation PVD at this point is that the refractory netal |ayer 15 does
not. coat the side walls of the openin?ﬁéﬂEi the dielectric. It should be
understood that PVD collimted sputter , simlar to that described in

U S. Patent 4,824,544, cBEPOSITIGN OF LEBERrRB¥t COBLDMATI@N i nventi on, but

that collimated iggbb@rBﬂgégaﬁggﬁégtgo?ﬁgéegﬂal Iay§6$%§m;¥bgwnnd coat the

side walls of opéening 14, ich is shown 1n Figure 2B. The
use of collimated sputtering toSTPEWRABLATORf f{&dtory netéd) liner is

di scussed in norg.qetail below The ggfractory netal maygge titanium (Ti), .
titanium all oys or conpounds such as_Ti/Ti N, tungsten (V% -
titani um tungsteh3@Ti/W alloys, or %%roniun1(Cr) or tan‘&lunl(Ta) and

their alloys, orjisgne other BU 991 08% 100 .
| NO COLLIMATION
0 10 12

In the investigations presented in Table 1,'the
pressure was varisd 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 1:1, 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
trench or via which will promote adhesion of CVD
tungsten. Moreover, as will be discussed in more
detsil 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.qg.,
above 1 mTorr) rather than at lower pressures where
directional deposition dominates. .

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

BU 991 034



- 12 - 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 i s~ pt®vented. Next, a single,
binary or ternary netallization 16 is deposited over the refractory netal
15 by PVD using evaporation. Again, since-evaporation is used, the side

wal |'s of opening Wi2gan ke Qv ined HoRy cdepesit BN dinyes kit My sdRSMML
the metal lizationgd§ GOl b Iend R 18 h Yot Oln | £1é SprSduide d NG titadTieh

case a conformal coating of the netallization within the opening 14 and on
top of the diel eckdrgett ackhe Finex £A% iMpEOYR24hesion cﬁfﬁf@re%eni. any

Al [err] O{J[er{]h, V@@’E&‘cl’&"@ff@m @uﬁgmd l%ﬁ&!ﬁﬂ&ﬁdéﬂml asubdmiates and y
are greater an or equal to zero ess than or_equal taq.one;__however,
ternary alloys suthe a%°’h&qrﬁlﬁjaf;%rfg€rﬁ1|]t’r’b%p§h%’ﬁ?asﬁ I‘%ﬁ&" &]E% agpec

Al - Pd- Nb- Au woul dr&t 56 ¢ the tcdll kimater pinewegses characteristic of the
metallization 16 is that it is a lowresistivity and soft material conpared

~to the refractory netal 15. Preferably, the opening 14, which represents
~the line When copper lines or vias are to be employed in the

structure, a robust liner which can serve as a
diffusioﬂ barrier is required. Low pressure
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 Fiqures 4A-E are performed in another
variation on the invention. Like in Figure 4A, Figure
. SB 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
béing deposited by PVD evaporation techniques to a
BU 991 034 - -



pattern or interlevel via pattern, is filled with the netallization 16 to a
depth of- 100 to 400 nm bel ow the surface of the line or via. It should be
understood that the netallization 16 shown in Figures 4A-E, 5A-E, and 7A-B
woul d be of the sanme sort described above- Bgwe 2C shows a refractory
metal 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 byewak Bm@ﬂ:mmmnb}oeaowuha eupficaee o, the i s best

explained in Figutes. 4 he Af | 4

i nvol ves col | i mat ‘USE %Hejérl ngrigrur}e% gF E{a?eﬁi}an a?él?g£hg% o8 051?&0“
conpound such as ¢ftanc0nﬁanmahIkﬂmemnpﬁltﬂﬂ@@tﬁﬂléﬂéaﬁéei §§ﬁr@¢#9rYblanket
coating and !he RecopfsPlEP daif kides okl Rasliidti s ﬁf R a@YPabeyEh 96,

tungsten to achi eve a higher ree o conformal it position of the

refractory netal P@%éﬁ%ﬁ%l@%@ﬁ%ﬁ&&%&h Rgﬁ-l[‘\?r W%ﬁhﬁPSPr?rrﬁhﬁct i on
of W[err]. A parjjxe] afnd prafadizedgC¥Rel staiditifrd Msdhyethe two step

wet etching of the aluminum-copper alloy with H,0,
followed by chemical-mechanical polishing of tungsten
as shown in'Figures'4c and 4d or simply planarizing by
one step RIE or chemical-mechanical polishing. For one
step chemical-mechanical polishing, a slurry similar to
that used for tungsten polishing can be used. Like the
structure shown in Figure 2E, the structure shown in
Figure ‘5E has a CVD refractory metal 17 encapsulating a
low resistivity metallization 16 where there is a
tapered refractory metal 17 region. '

Figures 7A and 7B show yet another variation on the
invention where like elements are indicated by like
numerals. As shown in Figure 7A, both a conformal, _
preferably refréctory 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, is deposited by CVD to blanket
coat the structure. Figure 7B shows that the structure
is then planérized using RIE} chemical-mechanical
polishing, or by other technidues. 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 w111_likely serve different

environments.
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SiH err] reducfion of WF[err] followed by Herr] reduction d? WF[ err]
because,” on top of a Ti N |layer, CVD of tungsten proceeds snmoothly wth

SiH err] reduction of WF[err], but not with_H2 reduction. The refractory
nmetal 17 provides a wear resistant, corroSi &t resi stant, and

el ectrom gration resistant coating to the underlying soft, lowresistivity
nmetallization 16 jn opening.14. A particularl od, advant age,to_usi ng, CVD
Wth SiiTerr] roRBermenta fastsl Rave, Pedn.frooirtat AR Gpe  raprag Loty
varied to incor paietisd @appedelinesofabsichtedl ecapridihg tbethengechnigoes
achi eve beneficial, properiies. For ._.ex I i b r a

deposit the refrgbﬁ%Wf%ﬁ§z§%Qf?'atIg ggg %Fﬂfgﬁﬁ%u#g'vﬁPgrﬁ ﬁ%a?%gg&ﬁﬁle
the opening 14 i wadiedifdoactl3i.6 cm boi 6§ £ml wéthsancarea abi bhewrchipresul t
in a lower resist ref na el nBeYsVel tcheveldsitheston suhf age of
the dielectric tc‘)ﬁg%%ogot la{st gﬁ“g.o ‘Sp?‘h[ Iélrgri;t gi\/\EPerri rétlao Si ncth h?s
will result in m2um.si Theo@spesd patiei 6F whechohgs §ithedrvweegr from 2

resi stance. Usi ng lge 2#204193%iesbedt6VR. { colBlgug, prbScAti eng doped
tungsten can be used as a wear resistant coating or a polishing stop (e.g.,
it will be nore resigtamce $egt Xe§MlkE-siurry in ferric nitrate used in
chem cal - nechani cal poltshing). Because the netallization 16 applied by

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

(A) CREATED USING EVAPORATIONb

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

0.042 0.04 . 95%
Ti (20nm) /A1-Cu(800nm)/W(200nm) '
0.042 0.052 95%
T4 (20nm) /A1-Cu(800nm) /Ti (20nm) /W(200nm)
0.042 0.054 94%
T4 (20nm)/TiN(25nm) /CVD W(30nm)/Al-Cu(1300nm)/
W(200nm) .
0.025 0.023 97%
71 (50nm) /TiN(25nm)/T1(20nm) /Al-Cu(1300nm)/Ti(20nm)/
TiN(20nm) /W (200nm)
0.025 0.032 96%

T4 (50nm) /TiN(50nm) /Ti(50nm) /A1-Cu(600nm) /Ti (20nm)/
Cu(700nm) /T4 (20nm)/TiN(20nm)/CVD W(200nm)
0.023 0.021 100%
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does not coat the side walls of the opening 14, the CVD applied refractory
met'al* 17 creates tapering side walls around the netallization 16 and the
nmetal lization 16 beconmes conpl etely encapsulated in refractory nmetal 17 and
underlying refractory metal 15. BU 991 034~ 22.-14 - Figures 2D and 2E show
that structure is planarized after the CVD application of the refractory
nmetal 17 to yield a structure wherein a Eﬁart conductd ve via or line,

whi ch includes a (:%ht‘F%ATEBfVSm%VFQIJ&@T tSPHEIERING at i on 16,

encapsul ated in a hard, wear resistant refractory netal 17, has a top
surface which is even w i 0 fac t ' tri ¢ conposite on
substrate 10.. Pl éﬁ%ﬁ%f%@@#@fﬁi’éﬁbﬁ@my&%ﬁhﬁé@r two steps by
chemi cal - nechani caI pol i shing vi0d42a slurry suehdds al unmi na igasdil ute
ferric nitrate Ol t O [err] based chem stry.
| f chem cal - rrechanl %)g]éh#]'ﬁ D@@eﬁ@ urries can be selected to

renove different netal |ayers orD-t(Hé-’ st ack. For0.05 81%
T1(20nm) /W(20nm) /A1-Cu(800nm) /CVD W(200nm) |
0.040 0.038 85%
T1(20nm) /TiN(75nm)/Cu(800nm) /Ti(20nm)/TiN(25nm)/CVD
W(200nm) _
0.024 0.022 80%
d

(C) CREATED USING SPUTTERING WITHOUT COLLIMATION

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

0.040 0.04 86%
2In all the experiments, the line lengths varied
from '13.5 to 50 cm with an are of the chip close to
1.6 mmz. The metal pitches varied from lym 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 lﬁl.

dSputterj.ng pressure ranged between 0.5 to 0.8mTorr.

The resiilts ih 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 T1A13 at the interface. It has been found
~ BU 991 034



example, Ti/TiNWon top of copper can be renpved using the alumna in
dilute feerric nitrate slurry, and then the remai ni ng copper can be renoved
by switching to a slurry without alum na. Cgnbi nations of RIE renpoval of
the refractory netal layer 17 foll owed by cHetri'cal - nechani cal polishing of
the remaining netallization 16 and renai ning refractory netal 17 above the

top organic or inorganic layer 13 are also ntenpl ated. A particul g
pl anari zation pro REQBH M At adi™ 9%[%/iq?§‘pt°&ﬁl&gﬁgﬁgr‘éf &régl)ory

get al 17bby gitﬂﬂﬁe'@ﬁﬁﬁ Cted taveDUnA i ek o | & st imyumotc dRipé rwilialy eSF peeviens s
Shown 1 n Fi gur e 209 (4RRRe i o E TR At (Her BB b, 8B, pReTetefics 2,
i s etched down toléweri ndfiymrbatticw emtid sin fRajele @nh¢howsaltibat tife
rched of RIE et HRIFTHFS SrEIREE I BIHCRAF 1o R e ure. 26
Fi gures 4A througspuiiteshing shavlksd take alase & tli%”qrn\Pé'ﬁFﬁb‘ﬁeﬁhéPegl'i'ke
g;ggﬁ‘g} S.1o Enoggiég%ﬂtilflﬁf&fp% e dNdaaldihinyg deminarediuneral s in
It is anticipated that performing RIE or a wet etch
using H202 or H204 on the refractory metal cap after
chemical-mechanical polishing will be advantageous in
bringing the thickness of the capping layer down to a
bare minimum. A thick layer of a refractory metal
would increase capacitance, which is not desirable. By
allowing for a post-polishing wet etch or RIE procedure
(e.q, SF6 etching), the semiconductor designer wi;l 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‘subseéuently remove any excess
refraétory metal to achieve a structure which has very
little overlying refractory metal. For'example, an
500-600nm thick refractory lajer 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 alloyllines;flugh 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.

BU 991 034



-15- Figures. As shown in Figure 4A, copper netallization 16 is deposited
in-an -opening 14 created in an inorganic or organic dielectric 15 formed on
substrate 10. The chief difference between %Qe structure shown in Figure 4A
and the structure shown i'n Figure 2B is that®prior to deposition of copper
metallization, a thin |ayer of refractory netal 24 such as titanium

titaniumnitride n t r._all d conpounds
thereof, is depoggﬂgg)gvg %ﬂ%ﬁgﬁb%gg Skﬁnbigfag gxgle?ectrlc 15 surface
and inside the opeoissgsktbiion of ki semédonducteri dgvise. noEe@uaﬁo&e,
collimated sputt i I 544 to
Rossnagel et al. g\%\ﬁg’rge %q%%et@fﬁo gsgt_?gqlssggy gﬁis:geéeﬁ# ﬁgllapresent
invention, it hasiﬂésnndﬁygéasﬁeulthaﬁleﬁplG}ﬂﬁg béFWFﬁﬁté@ds®%t¥Q9|%@

hi gher pressuresphegqgscat h@gndgganahegopangQagsgg 8 ADPYEY Q§e§sures
where directi-onal” deposit’i on dom nates, allows for the creation

conformal coat i nGYDWEURGS tethilgexs peELguES| 82 §GBH?§?BFSI%V%$r??ERE% or
via (e.g., both {hensSicdppeal |1$.n%'§dﬁbi89 abepamhﬁdhg TheigePe Cob I stiows
generally refers to _the ratlo of .t % ﬁ a

an SEM micrograph of the cross-section of a multilayer . .

structure after chemical-mechanical polishing has

removed the tungsten and Al-Cu alloy above the top

surface of the SJ.O2 projections.
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trench or viarelative toits 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 high aspect _ratio. Wth collinated
sputtering, scattering tends to dom nate abdv®pfessures of 1nforr
(preferably around 3niforr), while directional deposition dom nates bel ow

| mforr. Collimted sputtering is descriﬁgﬁe%n¥ gg det ai | '
conjunction with Figures 5A-E and 6. Co € 59 ating t hani ke &Lkgqeai

and side walls of opening 14 with a refractory netal |ayer
Figure 4a, is especially inportant when a copper BU 991 03411""&“5 M d
alloy netallization 16 is used since copper will diffuse int e
10 during subsequeht hi hdevipe;acomprpsirg@ssi ng and ruin the device if no
di ffusion barrier is provided. The copper netallization 16 can be deposited
by PVD using either evaporation or collimted sputtering or by other

t echni ques. When submi c@ofubstyatesptlli rati o hol es

a dielectric layer (11).positioned on said
substrate; and

metallization (16) positioned in an opening (14)
in said dielectric layer extending from a surface
which is planar with a surface of said dielectric
layer towards said substrate, said metallization
compfised of a low resistivity metal or alloy (15)
encapsulated by a refractory metal or alloy, said
low resistivity metal or alloy having side walls
which taper inwardly towards one another towards
said surface of said metallization which is planar
with said surface of said dielectric layer.

2, A device as recited in claim 1 wherein said
refractory metal or alloy is selected from the
group consisting of titanium, tungsteh, tantalum,
chromium and alloys, conducting oxides, nitrides
and silicides thereof. -

3. A device as recited in claim 1 wherein said low
resistivity metal or 5110y 1s a binary or ternary
" alloy of aluminum or coppef, preferably an alloy
of aluminum and copper having the formula AGCuy,
‘'where the sum of x and y is equal to one and both
x and ¥ are greater than or equal to zero.
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are to be filled, prior art CVD techni ques have been unsucce

f||||ng t he holes wi th al um num and copper based all oys; the °tH “Rﬁlmﬁd
preferred method for filling is by PVD techniques. Subsequen
of netallization 16, a thin layer 26 of tifTaf um- Ti/Ti N, tant
chromumis then applled over the copper netalllzatlon 16 surface to
pronot e adhesi on ry neta §n IS hen deposi ted by
CVvD by SiH err] 0|4 H e}‘r? g’&éc??oﬁeSigﬁEGE ;Fg tﬁgr ?ﬁcﬁ?ﬂ&
Figure 4B. As explalnednabdeetruaallygcbhdustﬂperaﬁh251dﬁ{kayqrrpnsﬂtﬁhnedu;
CVD can advant ageousl yy, d,to r

Qﬁgééﬁ ak01 5@ ) ﬁgfgiégeg?oga% 40& E‘fésfistac{]lkrity

tungsten with incorporate |con ayer near surTace o
dielectric 15. The int@metadi ar ﬁﬁiﬁYl§9@rSé$dsns@rdcber¥rmﬁ&ﬁi59?1ﬂi£9¥¢
does not attack the underlying copper netallization 16. Figure 4c shows

that first tungsten i s _planarized by Eollshlng or by RIE and Fi gure 4d
shows that copperSis s8I €eVigel §s, @S Eﬁdbinmﬁiaé%‘cﬁlﬂﬁer%fb@aé@pper or

copper alloy lines ar eaaaésﬂoﬁr eayed, 1stse§eedéant§aﬁ0t§et diffe a-wet etch
sol uti on based on hydro en tetroxide (H204) to

erOX|d and h dro
pl anari ze the copper. 8 ﬁf?gnﬂg é¥{ lupp; tu gﬁEng SHWMEFr wi I not
etch tungsten or dleleehﬁtalum and their alloys, conducting oxides,

nitrides or silicides, preferably being a
titanium-titanium nitrogen alloy or compound.

6. A device as recited in any one of the breceding
claims wherein.said refractory metal or alloy has
‘ a higher incorporated silicon content at a
location near sald surface of sald metallization
present as a distinct or graded composition than
at a location closer to said substrate.

7. A device as recited in claim 1 wherein said
| dielectric layer includes at least one inorganic
component and/or at least one organic component.

8. A device as recited in any one of the preceding
claims wherein said substrate is a semiconductor.

9. A device as recited in any one of the preceding
claims wherein said metallization extends
completely through said dielectric layer and
contacts said substrate. ' :

10. A device as recited in any one of the preceding
claims, wherein said low resistivity metal or
alloy fills a bottom portion of said'opening and
extending up opposing sides of said opening

. towards. said surface which is planar with said

BU 991 034 " '
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but will etch off all copper positioned above the dielectric since it is
not ‘protécted fromthe wet etch solution (e.g., at room tenperature,
Herr]Jerr] has al nost BU 991 034 _ 17 - infinite selectivity). Figure
4e shows that after the wet etch, the tungstEn -7 can be sel ectively
renoved by RIE, polishing or other techniques. A preferred nethod for
renovi ng the tungstéen refractory netal 17 which projects above the
dielectric 15 surface smrtaceﬁnfnszddruidtﬁuunﬂc yeﬂnaugidﬂﬁnnxngaﬂ um na

f trat I I har d
meri Al . 1t does not S48 el S ISR oF, diey BelRg "
cheni cal - nechani cal pcpostttqped?atmnt lsid leap m@ost a@boanep sadch
di scussed above, ngéap aﬁ]ﬁfﬁﬂl ard Jetiien %Jéﬁ«a{?dﬁ?sfe%ern‘aff S94%

ronoter, 0

metal 17, the th|n | ayer esi on pper Ilzatlon
16 | ocated above the Drtiensiof eaj dtﬂwatr@SiﬂhWit&néleé‘@époafsﬂig-OY,

cheni cal - mechani cal  palg &l dchtbie metA 1t Br0Wah FERBRANGY &t stR2alar

variation on the
which is planar with said dielectric layer.:

11. A device as recited in claim 10 wherein said
metallization extends completely through said
dielectric layer and contacts said substrate.

12. A device as recited in any one of the preceding
claimé further comprising a refractory metal or
alloy liner positioned in said opening between,
said dielectric layer and saild low resistivity
metal of-alloy. '

13. A device as recited in claim 10 and 12 whéiein the
refractory metal or alloy in said liner is.
different from the refractory metal of said cap.

14. A method of creating a liner according to claim 12
in high aspect ratio, submicron holes and lines
comprising the steﬁ of sputtering a refractory
metal or alloy through a collimator into a high
aspect ratiq, submicron hole or line in a
dielectric at a pressure where.séattering
deposition dominates to a point where a liner
thick enough to promote adhesion.of chemical vapor
deposition metal which will be subsequently
deposited in said liner.
I —
heet Has Been Reﬁaced
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i nvention where like nunerals indicate |ike el enments. Figure BA shows a
refractor’y metal liner 28 is deposited in the opening 14 prior to

metal lization in a fully or partially conforn?I manner using collimted
sputtering like that described in Rossnagel e 8ar. J. Vac. Sci. Technol .
2:261 (Mar/ Apr. 1991) and U. S. Patent 4,824,544 to Rossnagel et al. which

are herein incorpo ted b rence. ollinated utterin refract ry
netal atons are pa Ph%ﬁggﬂg aﬂoﬁ%ﬁigﬁ% #Pk‘gfgfe"f’ui{)d'f}é Wlt’ﬂ

ratio of depth to area nétgoeafesaiﬂahobeeonl1bnes$srgseqﬁefuthanl23d40
mrorr. Table 1 presents n o) b f

deposi tion. BU 001 034 2Ad "8514 208y a0 BNES PRR AUBEL, |14 UF greater o\
ASPECT RATIO STEP COvERAGEL:1l, andBsaid\pIessSro=/R grerirex %han 1 (9

1:1 38 60 1:2
70 mTorr.

16. A method of forming a liner according to claim 12
in high aspect ratio, submicron holes ‘and lines,
comprising the steps of:

- sputtering a refractory metal or alloy thréugh a
collimator into a high aspect ratio, submicron
hole or line in a dielectric at a pressure where
directional'deposition dominates'to_create a first
layer in said high aspect ratio, submicron hole or
line; and

sputtering a réfractory metal or alloy through a
collimator into said high aspect ratio, submicron
hole or line in said dielectric over said first
1ayer at a pressure where scattering deposition
dominates.

17. A method as recited in claim 16 wherein the same
callimator is used for .both sputtering steps and
said first sputtering step is performed at a
pressure below 1 mTorr and said second sputtering
step is performed at a pressure above 1 mTorr.

18. - A method as recited in claim 16 or 17 wherein said.
refractory metal sputtered in said second
‘sputtering step is selected to prevent diffusion
of copper and alloys thereof.

is Sheet Has Been Reﬂlaced
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1:4 42 100 NO COLLI MATION O

10~ = - 12 In the investigations presented in Table 1, the
pressure was varied fromO0.5nmT-to 15 nT and the power. was varied fromO0.5
kWto 12 kW Table 1 clearly indicates poor~s2®p-coverage when col | i mati on
I's not enpl oyed. Using higher pressures (e.g., 3 nforr) and a collinmator

Wi th aspect ratios of at least 1:1, the vias or contacts w.th aspect ratios

of nore 7 to 8 werddcodd diethed of /arepbingmehall igaklon ddgesi agd Niasep

coverage nore than 40%@k & F&Mﬁ@f@ﬁ%;ﬁ@fﬂsiﬁ@nﬁﬁ@%wpﬁ bE:side wall.
This is a significant advance in the art since it allows sem conductor
manuf acturers to provide a conformal [ayer wwthin a high aspect ratio

trench or via which wl¢redtimf eamdssiing ofn G/Riielhadtrde pbsietvaed ea

wi |l be discussed in nore, detail, bel pr.ovi di onformal _Layer of TiN
or other suitable mater? aﬁ"ﬂ’%aﬁteﬁr cﬁ()ﬁm%% %&e’éﬁggﬁéﬁ{,{éﬂ%ﬁ ftggl Sﬁgb rrier for
copper based all oys. Asdabtxmgssed above, in order to thoroughly coat the

side walls and bottomof a trench or via pressures should be enpl oyed where

scattering deposition dom nates (e.g., above 1 niforr) rather, than at |ower
pressures where depositing a first refractory metal or alloy or

compound on a top surface of said dielectric and
at a bottom of said opening;

depbsiting a low resistivity metal or alloy over'
said refractory metal 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
- sald low resistivity metal or alloy on said

refractory metal 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
metallization site having a low resistivity metal
or alloy capped by a refractory metal or alloy
that is planarized with said dielgctric.

This Sheet Has Been Replaced
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di rectional deposition dom nates.

refractory netal I|iner
descri bed above. Figur

sidewal I s of the BU 991 034 - 19 - via <cagpgbe obtained

in-situ, N err] plasma was used along with argon in the presence o

titaniumtarget. The liner can inprove adhesi on and prevent any attack of

CVD tungsten on thg. ungemeyhod asbséchted mecTamhol9ewhéyeid said rsttep

I ncrease when the aspec
lines or vias are to b&8%e

serve as a diffusion berrcempoundeQM|athetgﬁvmsengucelbimatmmlion of a

refractory liner (e.qg.
.structure on the side

sBrPesritd M X TAGY, £ Dol el Yo oent

Figure 6 presents an SENlnYc}ograph of a

In a via created by PVD col | i nat ethissSheet HeBeéhR
e 6 shows that conpl ete coverage of Tﬂ m;ﬁk
|N

R L L dra s s S AL Y T

this porous structure any eneveficciaimsmskt o ub? Which corferms tmiEall a two
step collimation procesgsYas §4Pt4NES of said opening and said top

surface of said dielectric.

21.

22.

23.

A method as recited in claim 20 whereln said
collimated sputtering is performed by the steps of

sputtering through a collimator a first thin layer

of said refractory metel or alloy or compound into

said opening at a first pressure where directional

deposition dominates; and

sputtering through a collimator into said opening
over said first thin layer a second thin layer of
said refractory metal or alloy or compound at a .
second pressure where scattering deposition -
dominates.

A method as recited in claim 21 wherein said first
pressure in said first sputtering step is
performed below 1 mTorr and said second pressure
in said second . sputtering step is performed;above_
1 mTorr. ' '

A method as recited in claim 19 wherein_said step

of depositing said low resistivity metal or alloy

is achieved using physical vapor deposition and
said step of depositing said second refractory'"
metal or alloy is achieved u51ng chemical vapor
deposition.
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SpeC|f|caIIy, in the first step, a thin |liner was dep05|ted usd gg BﬂmRﬁlmmd
pressure below 0.8 nml to get bottom coverage of nore than 6

second step, the pressure was increased in-gjituto 3 to 4 nﬂ
m crostructure on the sidewall using the's Collimator. Pr
I nvention, there was no neans avail able for forning aliner in hlgh aspect

ratio, subn1cron ol e I all e t ts were
simlar for Ti/ gnd |7‘$‘élﬁf§% %ayye?g#tfél&e\r%ﬁu %sﬂéq@?gum o arrier for
CVD refractory netal pRysicabWwaper ﬁemsqtmntisrelwlev&pmtd@ra& E show
' anot hor vari at i on EheTaY gl R Fegia ALy mot PRI Y SR e
that an adhesion pronBRid 9pgRineailkhdipve tepexed side ‘H@’NF @(nq said ke

is deposited by PVD ey@@@ﬁ@tt@frmrﬁ hﬁeﬂ@p o ébﬁo%eﬁﬁcst @aggretal |iner
and in the bottom of the 14. Like g re 2B re 5B shows Al -Cu

all oy or other netallF%%} BFYRETh S JéBbratlon
techniques to a BU 99%ed{fdtivity metal or alloy or by collimated

sputtering, whereby said low resistivity metal or
alloy fills a first volume of said opening and
said refractory metal fills a second volume of
said opening to create said planar structure.

25. A method as recited in claim 19 wherein said step
of depositing said first refractory metal or alloy
is achieved using evaporation, whereby said

| refractory metal coats only said bottom of said
opening but not side walls of said opening.

26. A method as recited in claim 23 wherein said step
of depositing said second refractory'metal is
performed by chemical vapor deposition of tungsten
using SiH4 reduction of WFG'

27. A method as recited in claim 26 wherein said SiH,

reduction of WF¢ is followed by H, -reduction of

28. A method as recited in claim 26 further comprising
the step of varying a ratio of SiH4 to WFG so that
at least one region of said tungsten has more ﬁ--
1ncorporated silicon than another region. '

29. A method as recited in claim 28 wherein said step
of varying is adjusted to produce a region of f
tungsten having more incorporated silicon near
said surface of said metallization.

' BU 991 034 o
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- 20 - level 100 to 400 nm bel ow the surface of the dielectric. Figures
5C-E respectively show deposition of a confornal |ayer of tungsten or other
refractory material to cap the lowresistivity netallization 16,

pl anari zing the tungsten by RIE or polishimg2 or the like, and planari zi ng
the structure using the two step wet etching of the al um num copper all oy
with Herr]err] -followed by cheni cal -nmechani cal polishing of tungsten as
shown in Figures 3R arftl RRERAD Ssygepifiedhdn sladmyl 9 farsher ompsising
Sl Ur Ty S ar 10 f e e (o L Bronie L e
a slurry simlar to that, used (for tun n_pol.i shi n an _he used.” Li ke the
structure shown in Fi ﬁ#teerzéa.’tdnétﬁﬁ' %%t §F8°§Ijr§3m?gi %agpglfr‘%s& has a CVD
rﬁf ractory mnet al é? e][wgmdwriwgle?;allomr adileyi vt yompoand and b@fﬁQeWher e
there is a tapered refr ar,y. . et 17 region. Fi.gyres 7A.an sho et
anot her variation on t%é?ﬁrﬁﬁéﬂn°5ﬁdﬁﬁ?Fé%aPEeséanéﬁﬁér&F&ngHﬁ?XtE&w

i ke nunerals. As showr iallfeygure 7A, both a conformal, preferably
refractory netal, liner/diffusion barrier 28 and a confornmal Al[err]Cul[err]

or other suitable, low.resistivity alloy or netallization 16 |layer are
deposi ted in the dpenitngethadhasorggitedoini ndagmnild wherein said step

of removing said first refractory metal or alloy
or compound, said low resistivity metal or alloy
and said second refractory metal or alloy includes
the step of reactive ion etching and/or chemical-
mechanical ‘polishing material above a top surface
of said dielectfic.

32. A method as recited in claim 31 wherein said step
of removing said first refractory metal or alloy
or compound, said low resistivity metal or alloy
and said second refractory metal or alloy includes
the step of wet eichihg with hydrogen peroxide or
hydrogen tetroxide. - : S

33. A method as recited in claim 31 further comprising
the step of removing excess refractory metal or
alloy above said low xésistivity metal or alloy
after said step of reactive ion étéhing. - '
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dieglectric 15 on substrate 10 using PVD colli mated sputterlng pr ocedur es.
Subsequently a refractory netal 17 capping |layer, such as tungsten,
titanium tantalum or the like, is depositsd by CVD t o blranket coat [he
structure. Figure 7B shows that the strucfu

d s then planﬁgm@@g

chem cal - mechani cal polishing, or by other technlques

structure of Figure 7B with the strugtgrs @f bggr | “m I
the shape of the via or line is quit i Pf |Ie bo

include a low resistivity netal 16 capped by a refractory netal 17, the two
netallizations will likely serve different environnments. BU 991 034 - 21
- Experinental tests have been conducted with the refractory netal capped
lines fabricatedCappdngi ag lov resistivityusstalscasdudtapolene |ortnia

experinents, theyliRe, '%awftxs 'ﬂétaiomiéwé £61! 8£POCELY ny\r@ih rea of
mierr

the chip cl ose to 1 6 he nmetal pitches varied errfmto
2[err]m The aspebemigailsmechapicad| pelishin ggggn4g5@$gbecause the.

hard, reduced wear, properties of the refractory metal
do not scratch, corrode, or smear during chemical-
mechanical polishing. Superior conductive lines and
vias are created using a combination of both physical
Vaﬁor deposition (e.g., evaporation or collimated
sputtering) of a low resistivity metal or alloy followed
by chemical vapor deposition (CVD) of a refractory
metal and subsequent planarization. Altering a ratio
of SiH4 to WF6 during applicatiop of the refractory
metal 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 in a dielectric which is suitable as a
diffusion barrier to copper based metallizations as
well as CVD tungsten. Ideally, for faster diffusing
metals like copper, liners are created by a two step
collimated sputtering process wherein a first layer is
deposited under relatively low vacuum pressure where
directional deposition dominates (e.g., below 1lmTorr)
and a second léyer is deposited under relatively high
vacuum pressure where scattering deposition dominates
(e. ges above ImTorr). For refractory metals like CVD
 tungsten, the liner can be created in one step using .
collimated sputtering at higher vacuum pressures.

hat

BU 991 034
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to § and for lines 2 to 4. Table 2 presents the resistance test results.
TABLE 2" LI NE RESI STANCE OF TUNGSTEN CAPPED LOW RESI STIVITY METAL AFTER

POLISHI NG err] (A) CREATED USI NG EVAPCRATI O\ err] Structure Resi st ance
- Resi stance Yield before Wdep. after Wdep. Ti (20nm /Ti N(.35nm

[ Al -Cu(800nn) /W 200nm 0.042 0. 04 95% Ti (20nmM)

/ Al -Cu(800nn) /W200nm 0.042 0. 052 95%

Ti (20nm / Al - Cu(800nm) / Ti (20nn) / W 200nn) 0. 042 0. 054 94%
Ti (20nm) / Ti N(25nm) / CVvD W 30nm) / Al - Cu(1300nm)/ W 200nn) - 0. 025 - 0.023
97% Ti (50nm) / Ti N(25nn')/T| (20nn) / Al - Cu(186bnm) / Ti (20nm)/ Ti N(20nn) / W 200nm)

0. 025 96% 7
Ti (50nm) / Ti N 50nr’r)/T| (er"gm# Al - Cu(600nn) / Ti (20nr’r)/ ~~METAL 3
Cu(700nm) / Ti (20nm) / Ti N

/ VD W 200nm) O
100% BU 991 034 \

METAL 2

METAL 13

POLY—
FIELO OXIDE

FIG. 3A

20 INSULATOR

4 ™~ INSULATOR

. s’ E.'_“-":'.:":ﬁ,, CONDUCTOR

8y VI 4~pouy st eate

] , /SILICIDE JUNCTION

R ) ( s EI

3 7 i ] (
BEFORE PLANARIZATION

FI6. 3B

22

18

: { / /7/ﬂ | ’
(
|

AFTER PLANARIZATION
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- ‘22 - {(B) CREATED USI NG COLLI MATED SPUTTERI NG err]

Ti (20nm) / 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(800nn) / CVD W 200nm) 0. 040 0. 039

85% Ti (20nn) / Ti N( 75nn) / Cu(800nm) / Ti (20nm) / Ti N(25nn) / CVD W 200ni) 0. 024

0. 022 80% (C) CREATED ‘USI NG SPUTTERI NG W THOUT COLLI MATI ON err]
“Ti (20nm) / Ti N(35nm) / Al - Cu(800nm) / CVD W 200nm) 0. 040 0. 04

86% [err]ln all the experinments, the line lengths varied from13.5 to 50 cm
with an are of the chip close to 1.6 mferr]. The netal pitches varied

fromil[err]mto 2[err]m The aspect rati o026f the holes filled were from2

to 8 and for lines, 2 to 4. [err]lp the Evaporation Experinents, Ti/TiN

bil ayers were deposited by collimation sputtering. INORGANIC (Si0, SisNy etc]
|14 ! :

FIG. 2A 12 ,’ ORGANIC (POLYIMIDE)

PV AP PP 1 ]

([ fn-cu pvo (evaporate,
16 or Cu SPUTTERED etc )

| 15
7 ” Lol Ll
FIG. 2B { REFRACTORY METAL

f \ {Ti, Cr, Ti/W etc.)

) 10

rd

17 ¢ CVD METAL {e.q. W)

L

\V . 7 o 7o 2

FIG. 2C

AF]T-ER ETCHBACK OF CVD METAL
( 16

Hé. 20 e L g

e Ll { Lo L LT L

]
16
CVD METAL

: e
FIG. 2E I[ 3tl——/"4\:x1—c!;/clj

Lo L L

| ' "1
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[érr]Cinnation 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 |ine resistance is not
altered greatly by the presence of the tungsten cap. Some of t he above data
shows an increase in resistance when titaniumis present directly under )
Al-Cu alloy. This is due to the-fornmation of TiAl[err] at the interface. It
has been found BU 991 034 - 23 - that providing a titaniumalloy or
conmpound (e.g., TiN) between titaniumand the al um num copper | ayer
prevents the formation of TiA[err] agg t her eby keeps the resistance | ower.
The bottomentry in Table 2 shows that i’f sputtering without collimation is
enpl oyed, the sputtering shoul d take plac? at | ower pressures (e.g., bel ow
1 niforr) and be directionally dom nated. {is anti ci pated t hat perforning

RIE or a wet etch using H[ersLQ err] o Hﬁerr er on the refractory
nmetal cap after chem cal - mechan)cal polli shing wll bg advant ageous in
24— ] BARRIER LAYER
15 INORGANIC OR ORGANIC
. DIELECTRIC
0 1 )
16.
o e =S
) ' /Z7=ADHESION PROMOTER
F]G 4B 16—t | A~y T, Ti/TiN, Cr, Ta etc.)
24 : :
15~
\
10— - o
0 16
7 W

( .
16— I :r*- Cu

FI6. 4C

| — ADHESION PROMOTER
{
; )
0 16 Cu _
1?’\.~ /\-W.
FIG. 4D L
15—
\
10— { |
16 Cu
17 W
ST y ol
. T
FIG. 4E - A% ] [ 5
T —1
10—+ \
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bringi ng the thickness of the capping |ayer down to a bare mininum A thick
| ayer of a refractory netal would increase capacitance, which is not
desirable. By allowing for a post-polishing wet etch or RIE procedure (e.qg,
SF[err] etching), the sem conductor designer will be able to use thick

| ayers of refractory nmetal to provide maxi num protection for the underlying
low resistivity Al-Cu line or via during chem cal - nechani cal polishing, yet
will be able to subsequently renove any excess refractory nmetal to achieve
a structure which has very little overlying refractory netal. For exanple,
an 500-600nmthick refractory |ayer can be agflied and used for protection
agai nst polishing damage, and then the refr&ctory |ayer can be reduced
downto a 50nmthick | ayer-by wet etc@ang or RIE. Figure 8 shows an exanpl e

of one multilevel sem conductor devicg which includes @0NFORMASMETARGE,. WRVI NG
vig

tungsten capped Al [err]Cu[err]i3 Faales!df | NDRGANICISIOR 3Ny efc.)
insul ator |ayer. As gﬂ cqﬁged %nﬁdetail abéve the viags@ictipeensibes with
I@-i ) [ [

CVD tungsten prefera | ud Ti N | {{ner fijprmed by collimated sputtering
to pronote adhesion. Many other sga-gepfluct oli-geylees -¢an be fabri cated
within the practice of this invention. <10 '

, |

6~ ) = | Al=Cuy PV {EVAPORATED,

FIG. 5B W, g ey o SPUTTERED etc.)
: . REFRACTORY METAL
(Ti, Cr, Ti/W etc.)
LTl AL L.
A~ ]0
]
26

17

FIG. 5C

)

1 CVO METAL (e.g. W)

Y4 [ Z.
17 16 I}FTER ETCHBACK OF CVD METAL
- s~ i 7
FIG. 5D s NN s
! \ !
FAT N AT\ f.ll Tl el
6
CVD METAL
AT, 'l L L
FIG. HbE A=/

ST DI LT 7 A
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BU 991 034 25 CLAIMS 1. A device, conprising: a substrate; a
dielectric layer positioned on said substrate; and netalization positioned
in an opening in said dielectric |ayer extending froma surface which is
planar with a surface of said dielectric |layer towards said substrate, said
metalization conprising a lowresistivity netal or alloy being
substantially encapsul ated by at |east one refractory netal or alloy, said
|l ow resistivity metal or alloy filling a bottom portion of said opening and
ext endi ng up opposi ng sides of said opening towards said surface which is
pl anar with said surface of said dielsciric |ayer and defining a cap
region, at least a portion of said at |east one refractory netal or alloy
bei ng positioned wthi ortion and

bet ween upwardly exten =tivity netal or
all oy, said at |east & ory netal or
all oy having a surface | ayer, wherein
said lowresistivity e crnary all oy of
al um num or copper. 2 lcrein said | ow
resistivity netal or '




an alloy of alum num and copper having the fornmula Al[err] Culerr], where
the sumof x and y is equal to one and both x and y are greater than or
equal to zero. 3. A device, conprising: a substrate; a dielectric layer
posi tioned on said substrate; and netalization positioned in an opening in
said dielectric layer extending froma surface which is planar with a
surface of said dielectric |layer towards said substrate, said netalization
conprising a lowresistivity nmetal or alloy being:-substantially

- encapsul ated by at | east one refractory netal or a%lgy, 26 said | ow
resistivity metal or alloy filling ngﬁgm portion of said opening and
extendi ng up opposing sides of said g tomards said surface which is
planar with said surface of , d defining a cap
region, at least a portion o g ﬁggr gﬁtal or all oy
bei ng positioned wthin said(cap regi on above safd bo ﬁ tion and

bet ween upwar dly extendi ng silde port}i ons{of sai OBVALL imtoyvity netal

all oy, said at least a portign of sgid a bne rqj.qctory met al or
al l oy having a surface whichl)is plaj i dj di el G¥EEy wherein
said at |east one refractoryf{metal [r_a ated
silicon content at a |locatio 5 ali «urface sf?$g ﬁEMNggﬁk ation

ORGANIC DIELECTRIC

g SUBSTRATE :}\\]0

BEFORE ETCHBACK

coomerat  FIG. 7B

16 leg W7 28

N/ Sl
\L—J | 15

" INORGANIC DIELECTRIC OR
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4. A device, conprising: a substrate; at |east one dielectric |ayer
positioned on said substrate; and netalization neans positioned in an
opening in said at |east one dielectric |ayer and extending a predeterm ned
di stance towards said substrate froma surface which is substantially
coplanar with a surface of said at |east one dielectric |layer, said
netalization nmeans conprising a first nmetal or alloy substantially

encapsul ated by at |east one second netal or alloy relatively harder than
said first metal or alloy, said first netdl/7or alloy filling a bottom
portion of said opening e E=RE 8 Lpesaft Sai d openi ng

toward said surface whic Qe ghi 1. S Y 0 5 Q- surface of
said at |east one dieleqgri® Fayer and_defdsning a’ caf at least a
portion of said at |eastyore sepand netal pes bt oyiBck: sZrrron€P Wi t hin
sai d cap region above sgICFEENON pQrt e RtRe PPNty ext endi ng
side portions of said fijEdH : : 5 g.irecited in

:xgdes a liner,

claim4 wherein said at
said liner being positidH :
: 455 Bfner having a
plurality of surfaces, i 19534 O e R hei gy o o
substantially coextensi\# ] : ng forned in
said at |east one dieleg Al —Cuor Cu

Si0g

FIG.9A

N Cep

s

¢ bex

Al—-CuorCu

Prr e g

SiCz

AFTER POLISHING CVD W AND THE LOW
RESISTIVITY METAL
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6. A device according to claim4, wherein said netalization neans
includes a plurality of sides in cross-section, at |east three sides of
said plurality of sides being substantially fornmed of the at |east one
“second netal or alloy having a common conposition, all of said plurality of
: sides being fornmed within said opening in said at |east one dielectric

| ayer. 7. A device according to claim4, wherein all of said at |east one
second netal or alloy includes one of g same conposition and a plurality of
di fferent conpositions. 8. A device” %Cording-to claim4, wherein said at
| east a portion of said at | east one second netal or alloy in said cap
regi on substantially covers said first netal or alloy. 9. A devi ce
‘conprising: a substrate; a dielectric |ayer positioned on said substrate;
and netalization positioned in an opening in said dielectric |ayer
extending froma surface which is planar with a surface of said dielectric

| ayer towarggrRAa .CABPED WIQES‘] FOTREL R
s oML A R 1 0

bottom portion of said opening and extending up opposing sides of said
opening towards said surface which is planar with said surface of sai d
dielectric layer and defining a cap region, at |east a portion of said at
| east one refractory nmetal or alloy being positi oned within said cap region
above sai ABSTRAOTPOrti on -and between upwardly extendi ng side portions of
said lowresistivity netal or alloy, said at |east a portion of said at
| east one refractory netal or alloy in said cap region substantially
covering said lowresistivity netal,

Capping a low resistivity metal conductor line or via with a refractory metal

(n

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 conductive 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 chemical vapor
deposition (CVD) (17) of a refractory metal (15) and subsequent planarization.
Altering a ratio of SiHy, to WF¢ during applicatioﬁ 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-2E
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28 said at |least a portion of said at |east one refractory netal or alloy
having a surface which is planar with said dielectric |ayer, wherein said
at |east one refractory nmetal or alloy conprises a conducting conmpound of
metal and non-netal conponents, and said cap region conprises a refractory
metal, and said low resistivity metal or6alloy consists of a netal selected
fromal um num copper or alloys thereof. - - 28 - 15. A nethod as recited

in claim14 wherein the asp f said hole or line is greater than
2:1, and said collimter gM‘@ﬁFrW Ié?j?tIer than 1:1, and sgl d
pressure is g t mlor r of formng a . liner accordi ng
to claim12 i rllF% ag"no%g% gjlh?g{e-rssnt @u%?ﬂ%wgﬁnﬁ e QR%OF ]%é%dl ‘g 28 Y t he
st eps of: t&pl%g“g ng a refractory netal or alloy through a colllrrator into
a high aspec rlgérlko, subm cron

According to one aspect of the present invention there is disclosed a device,

comprising: a substrate; a dielectric layer positioned on said substrate; and metalization
positioned in an opening in said dielectric layer extending from a surface which is planar
with a surface of said dielectric layer towards said substrate,. said .metalization
comprising a low resistivity metal or alloy being substantially encapsula@ by at least
one refractory metal or alloy, said low resistivity metal or alloy filling a bottom portion
of said opening and extending up opposing sides of said opening towards said surface
which is planar with said surface of said dielectric layer and defining a cap region, at
least a portion pf said at least one refractory metal or alloy being positioned within said
cap region above said bottom portion and between upwardly extending side pbrtions of
said low resisti'vity metal or alloy, said at least a portion of said at least one refractory
metal or alloy having a surface which is planar with said dielectric layer, wherein said
low resistivity metal or alloy comprises a binary or ternary alloy of aluminum or copper.
According to another aspect of the present invention there is disclosed a device,
comprising: a substrate; a dielectric layer positioned on said substrate; and metalization
positioned in an opening in said dielectric layer extending from a surface which is planar
with a surface of said dielectric layer towards said substrate, said metalization
comprising a low resistivity metal or alloy being substantially encapsulated by at least
one refractory metal or alloy, said low resistivity metal or alloy filling a bottom portion
of said opening and extending up opposing sides of said opening towards said surface
which is planar with said surface of said dielectric layer and defining a cap region, at
least a portion of said at least one refractory metal or alloy being positioned within said
cap region above said bottom portion and between upwardly extending side portions of
said low resistivity metal or alloy, said at least a portion of said at least one refractory

metal or alloy having a surface which is planar. with said dielectric layer, wherein said at

NT SHEET |
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hole or line in a dielectric at a pressure where directional deposition
dom nates to create a first layer in said high aspect ratio, subm cron hole
or line; and sputtering a refractory nmetal or alloy through a collinator
into said high aspect ratio, submicron hole or Iine in said dielectric over
said first layer at a pressure where sdattering deposition dom nates. 17.

A nethod as recited in claim16 wherein the sane collimator is used for

bot h ' icl fi ' .  f ,
b0t SPULC e Bl o) ok s Rt SBiht BSEAPIT fbod
pr eSSt e pe Wiy RO slpphah1Refted SRR Sl SR Rlon Gl 1 1

t o prevegtioditioh ¢kdseNtPfaic ape@ateand al | oys thereof. BU 991 034 - 29 - 19.
A method of creating netallization |lines and vias

According to still another aspect of the present invention there is disclosed a

device, comprising: a substrate; at least one dielectric layer positioned on said substrate;
and metalization means positioned in an opening in said at least one dielectric layer and
extending a predetermined distance towards said substrate from a surface which is
substantially coplanar with a surface of said at least one dielectric layer, said metalization
means comprising a first metal or allby substantially encapsulated by at least one second
metal br alloy relatively harder than said first metal or alloy, said first metal or alloy
filling a bottom portion of said opening and extending up opposing sides of said opening
toward said surface which is substantially coplanar with said surface of said at least one
dielectric layer and defining a cap region, at least a portion of said at least one second
metal or alloy being positioned within said cap region above said bottom portion and
between upwardly extending side portions of said first metal or alloy.

According to yet another aspect of the present invention there is disclosed a device
comprising: a substrate; a dielectric layer positioned on said substrate; and metalization
positioned in an opening in said diel_eétric layer extending from a surface which is planar
with a surface of said dielectric layer towards said substrate, said metalization
comprising a low resistivity metal or alloy being substantially encapsulated by at least
one refractory metal or alloy, said low resistivity metal or alloy filling a bottom portion
of said opening and extending up opposing sides of said opening towards said surface
which is planar with said surface of said dielectric layer and. defining a cap region, at
least a portion of said at least one refractory metal or alloy being positioned within said
cap région above said bottom portion and between upwardly extending side portions of
said low resistivity metal or alloy, sgid at least a portion of said at least one refractory
metal or alloy in said cap regibn substantially covering said low resistivity metal, said at

least a portion of said at least one refractory metal or alloy having a surface which is

| REPLACEMENT SHEET ||
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on a substrate, conprising the steps of: creating an opening in a
dielectric positioned on a substrate, said opening having a top and a
bottom depositing a first refractory netal or alloy or conpound on a top
surface of said dielectric and at a bottom of said opening; depositing a
low resistivity metal or alloy over sai’d refractory metal on said top
surface of said dielectric and at said bottom of said opening to a point

a1 oy ovBlabRe T8, SRRFR, Afer. RGP WG of ISSERRE RRALEH Mol Aot o,

al | oy oveér sai OW resrstiv r oy on sa

sai d 1 0P caiptaaes dondiithalbEhasing i ARG 3hd SohSnAR LOMAlenalay QRN bR and

renovi ng sa rst refr netal or oy or conpo §ali

resi sti VirggiofebMbriSés Atdfftiétorpibiaaild §48 W reRithvg et oAy Snsits §a f rom
all points above said top of said dielectric, whereby a planar structure is

pr oduced nydtalcelected! frote alumireing copper ot alloysitherebfavi ng a | ow resistivity netal
or alloy capped by a refractory netal or alloy that is planarized with said
dielectric. Blbedotegoby and other objects, aspects and advantages will be better understood
from the following detailed description of a preferred embodiment of the invention with
reference to the drawings, in which: |

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

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

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

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

Figures SA through SE 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;
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- 30 - 20. Anethod as recited in claim19 wherein said step of depositing
said first refractory nmetal or alloy or conpound is achieved using
collimated sputtering and a liner is produced according to any one of
claims 14 to 19 which confornms to all inside surfaces of said opening and
said top surface of said dielectric. 225 A nethod as recited in claim 20
wherein said collimated sputtering is performed by the steps of sputtering
through a collimtor a first thin I iéqﬁ%%said refractory netal or alloy
or conpound |nto sai d openlng at af essure where directional

deposi t| {;]éa Pgﬁ] putter| ng through a collimator into said opening
over sal f| rst t yer “a second thin | ayer of said refractory netal or

al l oy or compompglrsé; @ second pressure where scattering deposition
dominates. 22. A nethod as recited in claim21 wherein said first pressure

in said fir st digleéttienayeg peiitionédson said substrate; and

metalization positionéd in an opening in said dielectric layer extending from a

surface which is planar with a surface of said dielectric layer towards said substrate,
_ said metalization comprising a low resistivity metal or alloy being .substantially

encapsulated by at least one refractory metal or alloy, |

said low resistivity metal or alloy filling a bottom portion of said opening .and
extending up opposing sides of said opening towards said surface which is planar with
said surface of said dielectric layer and defining a cap region,

at least a portion of said at least one refractory metal or alloy being positioned
within said cap region above said bottom portion and between upwardly extending side
portions of said low resistivity metal or alloy,

said at least a portion of said at least one refractory metal or alloy having a surface
which is planar with said dielectric layer,

wherein said low resistivity metal or alloy comprises a binary or ternary alloy of
aluminum or copper.
2. A device as recited in claim 1 wherein said low resistivity metal or alloy comprises
an alloy of aluminum and copper having the formula Al, Cuy, where the sum of x and y
is equal to one and both x and y are greater than or equal to zero.
3. .. A device, comprising:

a substrate; |

a dielectric layer positioned on said substrate; and

metalization positioned in an opening in said dielectric layer extending from a
surface which is planar with a surface of said dielectric layer towards said substrate,

said metalization comprising a low resistivity metal or alloy being substantially

encapsulated by at least one refractory metal or alloy,

REPLACEMENT SHEET ||
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performed below 1 nfTorr and said second pressure in said second sputtering
step is perforned above 1 nmlorr. 23. A nethod as recited in claim19
wherein said step of depositing said lowresistivity nmetal or alloy is
achi eved usi ng physical vapor deposition and said step of depositing said
second refractory nmetal or alloy is acRBéeved using chem cal vapor
deposition. BU 991 034 31 - 24. A nethod as recited in claim23 wherein
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at least a portion of said at least one refractory metal or alloy being positioned
within said cap region above said bottom portion and between upwardly extending side
portions of said low resistivity metal or alloy,
said at least a portion of said at least- one refractory metal or alloy having a surface
which is planar with said dielectric layer, _
wherein said at least one refractory metal or alloy has a higher incorporated silicon
content at a location near said surface of said metalization present as a distinct or graded
composition than at a location closer to said substrate.
4. A device, comprising:
a substrate;
at least one dielectric layer positioned on said substrate; and
metalization means positioned in an opening in said at least one dielectric layer and
~extending a predetermined distance towards said substrate from a surface which is
substantially coplanar with a surface of said at least one dielectric layer,
said metalization means comprising a first metal or alloy substantially encapsulated
by at least one second metal or alloy relatively harder than said first metal or alloy,
said first metal or alloy filling a bottom portion of said opening and extending up
opposing sides of said opening toward said surface which is substantially coplanar with
said surface of said at least one dielectric layer and defining a cap region,
at least a portion of said at least one second metal or alloy being positioned within
said cap region above said bottom po£tio_n and between upwardly extending side portions
of said first metal or alloy.
S. A device as recited in claim 4 wherein said at least one second metal or alloy
includes a liner, said liner being positioned in said opening between said at least one

dielectric layer and said first metal or-alloy,
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said opening to create said planar structure. 25. A nmethod as recited in
claim19 wherein said step of depositing said first refractory netal or
all oy is achieved using evaporation, whereby said refractory netal coats
only said bottom of said opening but not side walls of said opening. 26. A
method as recited in claim23 wherein 8&i d step of depositing said second
refractory netal is perforned by chem cal vapor deposition of tungsten
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of said H@Q a‘pg‘?e grore incorporated silicon than another region. 29. A
met hod as recite ¢claim 28 wherein said step of varying is adjusted to
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surface of said netallization.
of sides in cross-section,
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at least three sides of said plurality of sides being substantially formed of the at
least one second metal or alloy having a common composition, all of said plurality of
sides being formed within said opening in said at least one dielectric layer. .
7. A device according to claim 4, wherein all of said at least one second metal or
alloy includes one of a same composition and a plurality of different compositions.
8. A device according to claim 4, wherein said at least a portion of said at least one
second metal or alloy in said cap region substantially covers said first metal or alloy.
9. A device comprising:

a substrate;

a dielectric layer positioned on said substrate; and

metalization positioned in an opening in said dielectric layer extending from a
surface which is planar with a surface of said dielectric layer towards said substrate,

said metalization comprising a. low resistivity metal or alloy being substantially
encapsulated by at least one refractory metal or alloy,

said low resistivity metal or alloy filling a bottom portion of said opening and
extending up opposing sides of said opening towards said surface which is planar with
said.surface of said dielectric layer and defining a cap region,

at least a portion of said at leést one refractory metal or alloy being positioned
within said cap region above said bottom portion and between upwardly extending side
portions of said low resistivity metal or alloy, said at least a portion of said at least one
refractory metal or alloy in said cap region substantially covering said low resistivity

_metal,
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- 32 - 30. Anethod as recited in claim19 further conprising the step of
depositing an adhesion pronoting |ayer after said step of depositing said
first refractory netal or alloy or conpound and before said step of
depositing said lowresistivity netal or alloy. 31. A nethod as recited in
claim 19 wherein said step of renoving28aid first refractory netal or alloy
or conpound, said Iom/resistivity nmetal or alloy and said second refractory

mechani cal petAehiaH TEPEPRAR sRtdeast SisrebarRL me o Ay Hrefeersiress 32, A
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all oy above said low resistivity netal or a

refractory metal, and said low resistivity metal or alloy consists of a metal selected from

aluminum, copper or alloys thereof.
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éfter said step of reactive ion etching. BU 991 034

.29.

REFRACTORY METAL CAPPED LOW RESISTIVITY METAL CONDUCTOR
LINES AND VIAS FORMED USING PVD AND CVD

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 conductive lin_es and vias are
created using a combination of both physical vapor .deposition (e.g., c:vaporation or

. collimated sputtering) of a low resistivity metal or alloy followed by chemical vapor
deposition (CVD) (17) of a refractory metal (15) and subsequent planarization.
Altering a ratio of SiH,, to WFg 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-2E
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