INTERCONNECTIONS FOR INTEGRATED CIRCUITS FIELD OF THE
INVENTION [0001] The present invention relates generally to the
integrated circuits and more particularly to interconnections in integrated

circuits. BASKERCONDECH TONS! RGRNNTRGIRAOPE Drel Rouaason of
integrated circuits (ICs) involves the formation of features on a substrate
that make up circuit compoREDI) IS TEIEARNVAISIEIONS, resistors and
capacitors. The circuit components are interconnected, enabling the ICs
[0001]0 peTi prébendisicad dunetionsed0QQ@B) Figh shawsandintaiconieeiion particularly
used in ICs 100. The interconnection is formed in an interlevel dielectric
to intefiddnpdayienditOisispaseicotudcsubstrate 105. A copper line 140 is
disposed on an upper part of the ILD layer. Coupled to the metal line is a
contact 130, intercoBreCKI@EROE NieF [TieEdNNENIDEDste below. The
contact can be coupled to another copper line or device feature 120.
[0002]Ty pi &ty fzmi tatime hfde s grpled afityudds ietg) iewabs:J @0 hatfonmftfietures on a
interconnection, the ILD layer is patterned to create a via and trench. The
substryia thndnteeealp atectillesbwitbneappeuch he cappeoisaexiasanml/espatden. The
to ensure filling of the trench and via. The overburden or excess copper is
circuithempemaved binchemicaitedeehdniogltheaiShingpEdtf)the fzired flanaons.
top surface with the metal line 170 and ILD layer. In conventional
[0003]nter¢ogneshionspro cassas e prenGMB ol ke niperéberen@neamledoon is formed in an
example, less than 150 C is performed on the copper. [0005] However,
interlesehuehtional(ihidydaperettiddigrosekses ndytes tHIfsI A sivpper 1i68 dAalthedisposed
metal line which can cause a void 135 ("via pull-out") between the contact
on an appkrfpaexédthpl8,. Dhieyat.litindkaivo Tiscaal taase coméectt fEQreiartbenecting the
IC. [0006] From the foregoing discussion, it is desirable to provide
metal injertcahnectismaewtiowt Tbitldonthet contactouflddiv ARME EopiHE line or device
INVENTION
feature 120. Typically, an IC includes a plurality of metal levels.

[0004] To form the interconnection, the ILD layer is patterned to create a via and trench.
The via and trench are filled with copper. The copper includes an overburden to ensure filling of
the trench and via. The overburden or excess copper is then removed by chemical mechanical
polishing (CMP) to form a planar top surface with the metal line 170 and ILD layer. In
conventional interconnection processes, a pre-CMP low temperature anneal, for example, less
than 150 °C is performed on the copper.
[0005] However, conventional interconnection processes induces tensile stress 173 on the
metal line which can cause a void 135 (“via pull-out”) between the contact and, for example,
metal line below. This can cause contact failure in the IC.
[0006] From the foregoing discussion, it is desirable to provide interconnections without
void in the contacts.

SUMMARY OF THE INVENTION

[0007] The present invention relates to integrated circuits, more particularly to
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[0007] The present invention relates to integrated circuits, more
particularly to 1 interconnections without voids in contacts. In one aspect
of the invention, a process for forming an IC is disclosed. The process

interc@OB@itaBSYIMYILing ds sulbstratesprepaiedspitt afdirlectdatiayes prided for forming
trench which corresponds to a conductive line. A conductive layer is

an IC dafiediteetomthepravbsitaimpe fis retieings wbetiate phepasiduativiedayedtric layer
includes an overburden to ensure filling of the trench. The process further

with aaesmgliisdsdedoeingqridially etlickinestef. thecovduurddayanik depasabi®n the
the substrate with the partially reduced overburden. [0008] A process for

substriyelishiiiptiee ccsmdbictine riatdalondmotl Ce ik i cledadt smanotibu@spactediure filling
the invention. The process comprises providing a substrate prepared with

of the arehelecTie layeeswiththdirenntprideicte daties panddl joaatdickcisstofelineveéburden and
conductive layer is deposited on the substrate to fill the trench, wherein

annealing dondibstiaecayer e judaslprraleralsderbtodensure filling of the
trench. The process further comprises reducing partially a thickness of the

[0008 bverBupdereanir fostising aapassivediondayetdrirthe faitallyciedudc@chnother aspect
overburden. The substrate with the partially reduced overburden and

of the pagsitiatio M ley@oiesrweaieded ho passivatiobsteare pisperbweth A dielectric layer
process further includes the step of reducing the partially reduced

with aaweridurdenh barrespiaisrtandohdudtimasid¢o Pormmdtayvplayar sutépositition the
the dielectric layer and conductive material of the conductive layer in the

substritenneil[GRO 8 ircly et/ aroth encaspetitonivthia yaw entiods ssatoot abnfidur atiemsure filling
for forming conductive lines is presented. The tool comprises a first tool

of the plefdrnil hiche dirstst boititatfonmprinciuddscanpplighily mbdlbects patiatlyerburden and
removing bulk conductive material and a deposition module for forming a

formingas paaiioni tayky enotihéhp priit il y eedoved dugib ualedu clive sutateaialwithehe partially
tool configuration further includes a second tool platform which comprises

reduceal polishindemadUpessitiatifirsta gaosndreattdhithplpdensafod 10y rheserandd. The
other objects, along with advantages and features of the present invention

process further includes the step of reducing the partially reduced overburden, barrier layer and

hard mask to form a top planar surface with the dielectric layer and conductive material of the
conductive layer in the trench.

[0009] In yet another aspect of the invention, a tool configuration for forming conductive
lines is presented. The tool comprises a first tool platform. The first tool platform includes a
polishing module to partially removing bulk conductive material and a deposition module for
forming a passivation layer on the partially removed bulk conductive material. The tool
configuration further includes a second tool platform which comprises a polishing module with
first, second and third platens.

[0010] These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various

embodiments described herein are not mutually exclusive and can exist in various combinations

2



herein disclosed, will become apparent through reference to the following
description and the accompanying drawings. Furthermore, it is to be
understood that the features of the various embodiments described
and pdref@intiarg.not mutually exclusive and can exist in various combinations 2
and permutations. BRIEF DESCRIPTION OF THE DRAWINGS [0011] In
the drawings, likeBRi&e DiESCRIRLION O EFIDRAWVINGS same parts
throughout the different views. Also, the drawings are not necessarily to
[0011Fcaldnehephasim stdac¢feraiallyhhratngrplacechlipoefétustiatisgnib@arts throughout
principles of the invention. Various embodiments of the present invention
the diffsecadesiemde dait) tiefdrentegtoatb e fo hevdnaudiiawingdejrmhakis[B8EAH generally
Fig. 1 shows a conventional interconnection for ICs; [0013] Fig. 2 shows a
being prageisspibavillok fertinin thinpelicaplee cfahs invids on. aveokeangebyiimane of the
embodiment of the invention; [0014] Figs. 3a-g show a process for forming
preserinieveotine atiodss i bed orilhnete natikte on éhccfolbodimediaofitpe, invehiiin,;
[0015] Fig. 4 shows a tool configuration for forming interconnections in
[0012hccoRigncehwith aaratlteaitienid adirennotdloa fovéGtpn; and [0016] Fig. 5
shows a tool platform in accordance with one embodiment of the
[0013]nveritign2 BEW Ao EESGROPTIONNG nEkteninvidd i@ N 1accdfiance with
present invention relates to forming interconnections in IC. More
one erpbotioutanyf theipresanhjnvention relates to forming interconnections in
ICs without voids in contacts. The invention can be applied to both single
[0014br dUakdainassiene ppocessasfoofiaingngtemtencanivastiorscfddaleMigthZone
shows a process flow 203 of forming interconnections in accordance with
embodinenenflibeimmenttiohthe invention. The process commences at step 290
by providing a substrate
[0015] Fig. 4 shows a tool configuration for forming interconnections in accordance with

another embodiment of the invention; and

[0016] Fig. 5 shows a tool platform in accordance with one embodiment of the invention.
DETAILED DESCRIPTION OF THE INVENTION

[0017] The present invention relates to forming interconnections in IC. More particularly,

the present invention relates to forming interconnections in ICs without voids in contacts. The

invention can be applied to both single or dual damascene processes for forming

interconnections.

[0018] Fig. 2 shows a process flow 203 of forming interconnections in accordance with one

embodiment of the invention. The process commences at step 290 by providing a substrate

prepared with a patterned intermetal dielectric (IMD) layer over a substrate. The IMD can

represent any metal layer of an IC with trenches corresponding to metal lines. Typically, a

barrier layer lines the trenches and the IMD surface.

[0019] At step 292, a conductive material is deposited on the substrate to fill the trenches

(and vias if applicable). The conductive material, for example, comprises copper formed by
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prepared with a patterned intermetal dielectric (IMD) layer over a
substrate. The IMD can represent any metal layer of an IC with trenches
corresponding to metal lines. Typically, a barrier layer lines the trenches

electr@gtiine IOtR:suifaceall0O1RpdLisiep i2Shiquesnetiglivaireaibri@bisnsure that the
deposited on the substrate to fill the trenches (and vias if applicable). The
trencheoacifitive, mhatesialntoivexamplel ceipeses eapperdarnEethlickness of the
electroplating. Other materials or deposition techniques are also useful.
overburdearnsueeiibad tye forancihgd QENilked, siop 2enductive material includes an
overburden. The thickness of the overburden is reduced by, for example,
[0020CMPAtstppr294c[00240]oAfler paitalrdem ovakobdtietoieibukaed, dheep 296 to
substrate is annealed at step 296 to induce copper re-crystallization and
inducgtappgresnthy stdianoeakhdarrsixagnpleh isPertoimasd fat axieipeisjudmmed at a
about 150 - 500 T. Annealing the substrate at a high temperature reduces
tempeciefeetst ibdhelifder600f€ctéd anchliensile sttesses afQAAgh \Wampaveire reduces defects
discovered that by annealing a thinner copper layer, via pull out is reduced
in the aitprevertedahd amsikmbediecnent, the thickness of the overburden is
reduced sufficiently to reduce or prevent via pull out during subsequent
[0021 high ¥miperatliseoproee dsad) saacalsihe thinneatiogpprdoess dh sieh @86s reduced
Typically, the thickness of the overburden remaining is about of 500 -
or pre 3G1EA. Diber ¢hibkdesses ikttechuesbufdba cesriainiog Mmeydedsd befisefuly to
and may depend on, for example, process and design parameters. [0022]
reducdvappeeéerred pahbodichentg snibsetpamrieglingntper sulospreiesagpassiiatiahe
layer is formed over the reduced copper overburden. The passivation
annealayepredscassarppiBe Ciy phellgo gpethialyee agditist comrosiden fomexangpleabout of

during the annealing process at step 296. In one embodiment, the
500 - PR ativhelaperkoerspsistthan vadrumiatecmbhi RPrefenalplylstheepassivatidmmay

layer comprises an inert metal. Various types of inert metal or alloy
depenthenetifrcaarbplemplosedinkale exapyplenthespassivation layer can be

formed from Palladium (Pd), Platinum (Pt), Cobalt
[0022] In a preferred embodiment, prior to annealing the substrate, a passivation layer is
formed over the reduced copper overburden. The passivation layer reduces or protects the
copper layer against corrosion, for example, during the annealing process at step 296. In one
embodiment, the passivation layer comprises an inert material. Preferably, the passivation layer
comprises an inert metal. Various types of inert metal or alloy thereof can be employed. For
example, the passivation layer can be formed from Palladium (Pd), Platinum (Pt), Cobalt
Tungsten (CoW) or a combination thereof. Other types of materials, such as non-metal inert
materials or non-inert materials are also useful. The passivation layer is removed after the
annealing process at step 296.
[0023] The process continues to complete the formation of the interconnects at step 298. In
one embodiment, the remaining overburden is removed by CMP to produce a planar surface with

the copper lines and IMD layer. Step 298 can include multiple CMP steps. The number of steps

can depend on the interconnection design. For example, an interconnection design can include a
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Tungsten (CoW) or a combination thereof. Other types of materials, such
as non-metal inert materials or non-inert materials are also useful. The
passivation layer is removed after the annealing process at step 296.

hard nj@023h Thesprocess aaniviliek yercoinplbiertbel igemiating athld sidewalls and the
interconnects at step 298. In one embodiment, the remaining overburden

hard nigientived OVECMEptacpiddugeoianfur sudaoeerttnridgicoppsiglineF@ngkample, a
IMD layer. Step 298 can include multiple CMP steps. The number of steps

first COAR slependnrdiie irderdatinectiobuddsion fcohexamiglelager, a second CMP step
interconnection design can include a 4 hard mask on the surface of the

removkyl Dhdalyariand gebarsepday eidihing tiesichusidewatdsCaviet thep reandveragic. hard mask.
Three CMP steps can be employed for such interconnection designs. For

Other pxavepiagacfieshds e stepusefnbves the remaining overburden up to the
barrier layer, a second CMP step removes the barrier layer to expose the

[0024 hard FigsBaanshawhirdsShetisteg rémouethedmrbifaskin@iherconnections for an
processing schemes are also useful. [0024] Figs. 3a-g show

IC 20 insscsedtincmaiwikwseaimabpthicess of dayinngninterRefeadhions Faor. 8a, 4Gubstrate
200 in accordance with one embodiment of the invention. Referring to Fig.

205 is3apa dub sTatesuBbais, froitadpEheoshsirate ] ifomexdruple, dOtkarisess of
silicon substrate. Other types of substrates, such as silicon on insulator

substratasl, sildomsgaicnaniomngsaliecl sodusbéoh-Ehensnbsiradechds tdnl. The substrate has
processed to include circuit components (not shown) and an intermetal

been polielestrict(l ME) dayer@il Ootmponenentbadihosvt) tind Wil Dhiayextebdigrises (IMD)
silicon oxide. Other types of dielectric materials, such as low k or ultra low

layer Xl Garénadse ersbfulinée, (MOIMElagandoenanyemstaldevalidd. QehtCiyplee of dielectric
IMD is patterned to include trenches corresponding to metal lines of the

materialetai¢hysrlon karuihask? kS aanlbe weéd tol patEth thgeiM logyenyThetal level of
hard mask layer can comprise, for example, silicon nitride, silicon dioxide,

the ICcarbehMIDpe gasitioonl oxithel (S0 Chdrea coetaipsudingie Tidlalditkesrdiahd metal layer.
mask materials are also useful. In dual damascene applications, vias are

A harprosded Jrcao bmusedcatprtevithhth Midedehas. Theshuglendain bigeeigen comprise, for
applications, contacts are

example, silicon nitride, silicon dioxide, carbon-doped silicon oxide (SiOC) or a metal, such as

TiN. Other hard mask materials are also useful. In dual damascene applications, vias are
provided in communication with the trenches. In single damascene applications, contacts are
provided in communication with the trenches.

[0025] Typically, the IMD layer includes wide trenches and narrow nested trenches 242 and
245. A barrier layer 250 lines the trenches and surface of the IMD. The barrier layer, for
example, can be formed from a conductive material, such as tantalum nitride or titanium nitride.
Other types of barrier materials are also useful.

[0026] As shown in Fig. 3b, a conductive layer 248 is deposited on the substrate. The
conductive layer fills the trenches and covers the barrier layer on the surface of the IMD layer.

In one embodiment, the conductive layer comprises copper deposited by, for example,

electroplating. Other materials or deposition techniques are also useful. To ensure filling the
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provided in communication with the trenches. [0025] Typically, the IMD

layer includes wide trenches and narrow nested trenches 242 and 245. A

barrier layer 250 lines the trenches and surface of the IMD. The barrier
trenchiayarcdaduenasipleréaciink{aimedoriea condabiive, snbiedial, igpicfalBscan be about

tantalum nitride or titanium nitride. Other types of barrier materials are

two toaise@ taafuthfOdsoh AB thbewiciies:iFiodlexamprdtictiveclidyededdBitkness for a trench
deposited on the substrate. The conductive layer fills the trenches and
depth 06VeT 1 the e abtaydr®@nXiseusurfane tfl theddMPilayeaierdiyocenformal fill for wide
embodiment, the conductive layer comprises copper deposited by, for
trenchexanipiepee @ittfophaiingy Qifted matelitals Diid epodition dechugigdes averalzowide
useful. To ensure filling the 5 trenches, a conductive layer includes an
trenchawerbigdep 26Podreleventturdaesstypicallyhean be about two to five times
the depth of the trenches. For example, the overburden thickness for a
[0027FrencdRefdeppily af Bib. Brcdie Heckinets df. the Bvzrburlbe filk@iocebkslisaccordance with
generally conformal fill for wide trenches and super fill for narrow nested
one ertiemiihest dhiheesutigitmatiroogiriadenvie rtdecaddd réodiyciftanthadouhptive layer is
247 over the narrow nested trenches. [0027] Referring to Fig. 3c, the
deposititkibsoéihe drecbutserdscatibgetMin fetsddhcalwitivedmneden is removed by
embodiment of the invention, the overburden is reduced directly after the
electre6iMBaCMBY e Othet eqadsiigubs The rodechiy denosarbbeleadfmed oy ild/iRactive ion
Preferably, the overburden is removed by electro-CMP (eCMP). Other
etchinfedhiligues dtroresiiclng the overburden, for example, reactive ion etching
(RIE), are also useful. [0028] After partial removal of the overburden, the
[0028 ubstkétte et eabeck dnobtiee evatinoliveritclebsubstiatenisaadediechat
sufficient temperature to induce copper re- crystallization and grain
embodjroevh tecrubxainple athhe dod straiéfic annealsotat@ tenmoeratoopmeh @bout
150 - 500 T. Preferably, the substrate is annealed at a temperature of
crystalizatib@ @0d gat @rawidh.nianecprafptalilyeainbsir &0 (s-a40CaledAm ndaipgrittere of
substrate at high temperatures reduces
about 150 - 500 °C. Preferably, the substrate is annealed at a temperature of about 200 - 450 °C

and more preferably about 200 - 400 °C. Annealing the substrate at high temperatures reduces
defects in the interconnects and tensile stresses.

[0029] Furthermore, annealing a thinner copper layer reduces or prevents via pull out. In
one embodiment, the thickness of the overburden is reduced sufficiently to reduce or prevent via
pull out during the anneal and other high temperature processes. Typically, the thickness of the
overburden remaining is about of 500 - 3000 A. Other thicknesses of the remaining overburden
may also be useful and may depend on, for example, process and design parameters.

[0030] In one embodiment, a passivation layer 290 is deposited on the overburden prior to
annealing the substrate, as shown in Fig. 3d. The buffer layer protects the copper from corrosion
or oxidation. Providing a passivation layer also advantageously improves the surface uniformity
of the topography prior to the annealing process.

[0031] The passivation layer, in one embodiment, comprises an inert material. Preferably,
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defects in the interconnects and tensile stresses. [0029] Furthermore,
annealing a thinner copper layer reduces or prevents via pull out. In one
embodiment, the thickness of the overburden is reduced sufficiently to

the paseduderorapeeveniprisegudliaeit turing Wiarrnseabans aibemidgh or alloy thereof can
temperature processes. Typically, the thickness of the overburden

be empepadityisaoplepfHzGiss3000 A laQihesthcknesse srofitPal radhnain(Pd), Platinum
overburden may also be useful and may depend on, for example, process

(Pt), GandldEaign pardrowters. {QoaMihattnietrdoddiowst tgppassivatiainlayarch as non-
290 is deposited on the overburden prior to annealing the substrate, as

metal afw@wnadrefats Gchorhm&utientdaipdy prodbotsdb@icopper from corrosion or
oxidation. Providing a passivation layer also advantageously improves the

[0032FurfaTe pieifarertidy deptiaitapoQuapbyspriaido e anhealingrprotadsaned. Typically,
[0031] The passivation layer, in one embodiment, comprises an inert

a wet chate padcBxrefepabliyrnzdhdrpassivatioditayer deppsisesian gt indtglosited by
Various types of inert metal or alloy thereof can be employed. For

electraxsmnpplanther phssivatiampdayleposin de(RViDe dHrofer Bdyladitipagfdjtion layer is
Platinum (Pt), Cobalt Tungsten (CoW) or a combination thereof. Other

deposiydas-sitmdferialagshelpasinaiembgtaldoeol axxapérialg or PUD-ubrintageously avoids
materials are also useful. [0032] To prepare for deposition of the

additipad silcatiorg Istyps, dfier siapstititenjsheie artedinpypicathsing et clégdrepdepesising
is performed. In one embodiment, the passivation layer is deposited by

techniglestaodedsoplatiiug. oFlphysitakyapbrhdgpesitiaim(Avpy, Rirefesalyis, hebout 20 - 150
passivation layer is deposited in-situ. Forming the passivation by

A. Otbtectroless Eiating alsPV®uaelvdntageously avoids additional cleaning
steps after deposition, thus reducing processing time. Other depositing
[00331echiidjiwe sraren gy thsgfadsiVhedthiokpessdokthapagsivatlomdayare i@moved by
example, is about 20 - 150 A. Other thicknesses may also be useful.
CMP, [0088WAfterApnsaliRo; fthebpasbivaidh tayerrass e€MEAINIAPbwerbopdanface 249
are removed by CMP, as shown in Fig. 3e. Preferably, the CMP
betweenthprisppee @MPaiptdagertoypsutimed. 20one embodiment, the passivation layer and
overburden are removed using a slurry having high selectivity to the overburden material. By
using a slurry which has a high selectivity to copper, improved planarity is achieved. For
example, the copper over the raised or bump region is exposed before the copper in the trough
region. As a result, the copper in the bump region is removed first before the copper in the
trough region is exposed. Finally when the passivation layer is completely removed, the copper
topology is more uniform due to the fact that the higher regions are already removed.
[0034] Alternatively, a slurry which has a low selectivity to the overburden material can be
used. The polish rate of the slurry for the passivation layer, for example, should be about 2 to 3
times higher than the polish rate for the Cu layer. This minimizes the removal of the remaining
Cu layer.

[0035] Referring to Figs. 3f-g, the substrate surface is polished to remove the barrier layer,

hard mask and portions of the copper in trenches to produce a planar top surface. The polishing,
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between the copper and barrier layer is produced. In one embodiment, the
passivation layer and overburden are removed using a slurry having high
selectivity to the overburden material. By using a slurry which has a high

for exSelsieliviiyniei caPORIPiNRretsat] planaptyi ihiaghiengeisEoeCAIRMPIR, ibEshing to
copper over the raised or bump region is exposed before the copper in the

removikohig bariégiand Asra resilcdinecpgifemiadhe ditiremegMP isroeeaasedrtiesprocess
before the copper in the trough region is exposed. Finally when the
can copassiyatifrriayier i€ compietaly ke nhevadctbenappelde patmgysiaddnieénal metal
uniform due to the fact that the higher regions are already removed.
layers[@@SAY Alternaiivelykagshgrry which has a low selectivity to the overburden
material can be used. The polish rate of the slurry for the passivation
[0036]ayerFigreample tshiardaf Reabont4d 1d@ ioresshighietctbanntduespolishordance with
rate for the Cu layer. This minimizes the removal of the remaining Cu
one ertayelinjodGH] tReferdngde. Fiys.(361g;dinfégsudisiraiechuiéade ssapdlisioendaol
remove the barrier layer, hard mask and portions of the copper in
platfotnendB@arid $450ddte &ptanalr pbpfstrfacenprizespohisiiingovetguexeoshpliegich performs
comprises CMP. Preferably, the polishing comprises eCMP. The polishing
bulk rémaeshof/edpye barrietuandhearc:rhasiecandthsstorm ecbirpthifferent@iyiRses a
processes. The process can continue to form the IC. For example, the
polishprgcasisfearnmpladegdimiogradditiondlamatall layarsftpapsitiaticma@vid of the
packaging. [0036] Fig. 4 shows a tool configuration 401 for processing
overbundencoy flects intackcpldéoroe with one embodiment of the invention. The
tool configuration includes first and second tool platforms 430 and 460.
[0037]The flitst fost platidaticcontprigasses higimihvaligtdutdddRwihictnperfarodgnent, the
bulk removal of copper to reduce the overburden and the second tool
removplatfodud comprises appbiisinig ¢otd dbfqracoah ptetingltoé therovgpen ofetfverden. The
metal layer after partial removal of the overburden by the first tool
polishpigtfornf¢Oesithileccimsptoek platfMwcetidisesla (shrovapenofldend 8. tools, such
In one embodiment, the
as etch tools, are also useful.

[0038] Optionally, the first platform further includes a deposition module 434a and an anneal
module 436a. The deposition module includes an in-situ deposition tool for forming the
passivation layer on the remaining copper overburden. The deposition module can also include a
clean tool. The clean tool, for example, is a wet clean tool such as megasonic bath or double
brush cleaner. Other types of clean tools are also useful. The clean tool, for example, can be
used to prepare substrate surface before and/or after depositing the passivation layer.
Additionally, a drying tool, such as SRD or vapor dryer, can be provided in the deposition
module to dry the substrate after cleaning. The anneal module includes, for example, a rapid
thermal process (RTP) tool for annealing the substrate. Alternatively, the deposition and/or
anneal modules 434b and 436b are provided separately from the first tool platform.

[0039] The polishing tool of the second tool platform, in one embodiment, comprises a CMP

tool with first, second and third platens 462, 464 and 466. The CMP tool can be a non-eCMP or
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removal module comprises a polishing tool for partial removal of the
copper overburden. The polishing tool, for example, comprises a CMP or
eCMP tool. Other types of removal tools, such as etch tools, are also

eCMPuseiul P[0zt Ofitienaityp thenfirsi et diffefeherotrghed @s e geplosition In one
module 434a and an anneal module 436a. The deposition module
embodnakideshariisn-pitietepasiion tenldas fiasrping theopassivaiid relayriandbgper
remaining copper overburden. The deposition module can also include a
overbwléan thokethelgeaentdolsédreexample tit damedclegn sadlthechi@iplaten is used to
megasonic bath or double brush cleaner. Other types of clean tools are
removalge haeduhabkecikepdorl, faraaxdraple:; caontiisdisedtiaoherepaiel sobisplatéyrm
surface before and/or after depositing the passivation layer. Additionally,
furtheacdryiniséoal fauch platSRBOfordpdfidgyerd passbatproviBeffiptisahe process of
deposition module to dry the substrate after cleaning. The anneal module
smootiiaktdesdostexasapfecukdpicth terpredqorogess R E RyHeakforidmeakngition coats a
the substrate. Alternatively, the deposition and/or anneal modules 434b
layer @itebda36hardeni@Vididsepargipty fooprethatfustrtaodplatform. [0039] The
polishing tool of the second tool platform, in one embodiment, comprises a
[0040CMPDteolplitpfitet bsdc ormoamntidhigp platens die2, thé 4 anbluddb thivdeMRrom other
tool can be a non-eCMP or 8 eCMP tool. Providing different platens
polishengressiitiensed prdcassestoobecoeriormed dimaneitdritzadvaetiontheéivses
platen is used to remove the passivation layer and remaining copper
numerove elviaeag dheSSebonty platers imclsdd tocrexsal/8 dkbibay riad lpyee sndetingn
third platen is used to remove the hard mask or dielectric. In an
throughiparrative lerbiboglinfent xthedeconddoso platiesmf furtthdfecamprigessas within the
fourth platen 468 for buffing and passivation. Buffing is the process of
tool planiiomikicgn thesofistiatel guntackedsiughaaoha piress gre qpal istvinge s oh mer
while passivation coats a layer of benzotriazole (BTA) on the copper to
throughmuantcpladsion. etk Decoabiilagf tnab Ulkhre paovat slaso ppgstio aedited
the overburden thickness from other polishing processes used to form
planniirgdieninestsoiprazedr egive thithigheunvedtiedupeddockesst. Furthermore,

segmenting the high and low throughput processes, timing and slurry chemistries can be selected
to reduce corrosion.

[0041] Fig. 5 shows a tool platform 500 in accordance with one embodiment of the
invention. The tool platform facilitates reducing the thickness of the overburden. Preferably, the
tool platform facilitates reducing the thickness of the overburden and formation of the
passivation layer on the remaining overburden. The tool platform comprises a plurality of
modules. In one embodiment, the tool platform comprises a polishing module 510, a passivation
deposition module 520, an annealing module 550, an internal transport module 570 and external
transport module 560. The various modules of the tool platform can be arranged in accordance
to the processing sequence within the module. In one embodiment, the modules are arranged in
an oval or u-shaped arrangement. Other arrangements are also useful.

[0042] The polishing module performs partial removal of the overburden. The polishing

9



numerous advantages. Such advantages include increased flexibility and
process design throughput and reliability. For example, processing times
of the different processes within the tool platforms can be more closely

moduldadehaikeswoMP bavOPIR grsaterhrnypes of joletiithtooghputtooseful. The
platforms than higher tool platforms. This can increase logistic and tool

passivptasindegdiesdnilino dalprovisie: Rigbeditheauglpubiand sedlieetbies! gathg or PVD tool
Furthermore, segmenting the high and low throughput processes, timing

526. Regkstiny ahdmisijidsaanbeiselbgiedtito iaddeke catrhsiber [RO4dE Eigaring module
shows a tool platform 500 in accordance with one embodiment of the

524 aridvedtyong fioeiizob pattarne fagiptaielscrelducing el tiigkress:ofitbeubstrate for the
overburden. Preferably, the tool platform facilitates reducing the thickness

deposivicihefatie faiskiteni amthjermaidditiohthls, frssivatiog taydrleodherepmaittiagubstrate
overburden. The tool platform comprises a plurality of modules. In one

for aneenlinguftenticihaitial ptatfeopassompriskya. pblishingnhodiute b 1dealeaning module
passivation deposition module 520, an annealing module 550, an internal

comptiikern spatigasodiddHH Goah dnebde kivalbksdnsgod candu | 16y Tirevadidaslries the
modules of the tool platform can be arranged in accordance to the

substrapkoctissi g foegueater withdetbatimo diildelpastieatimbbgimeitpthéimgadulies
are arranged in an oval or u-shaped arrangement. Other arrangements

deposaiengiseessaistd[0Bdi2¢ xkingp o it hiegroledubdapepformss ghahizalutermanak afried after
the overburden. The polishing 9 module comprises a CMP or eCMP tool.

the de@ihiaptypehoppsisitiog topis dba diseousehindhé PYd3sivatedn e pokstiare is dried
module, in one embodiment, comprises an electroless plating or PVD tool

beforesRpokiapandihg dmitizemedulicemaptsethe digpesitonionodyiecaan fubthete after
include cleaning module 524 and a drying module 528. For example, the

cleanigfedhilegimoguieopréparasitple. suldteade fipothieycepdiRion Oftteretypes of cleaning

passivation layer. Additionally, the cleaning module can prepare the
and dryuigstrale aferadsmnesling diveradepdsigonwhilke papsivatioth¢éayet. tholoive annealing
embodiment, the cleaning module comprises a megasonic bath tool
the substdiier double brush cleaner. The drying module dries the
[0043] An external transport tool loads the processed wafer for transport to the next
processing station. The internal transport module moves the wafer from one module to the next
for processing within the tool platform. Movement, for example, is facilitated by robotic
transports. The wafer can go through all or only some of the modules, depending on the
processing recipe.
[0044] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing

description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.
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substrate either before or after the deposition of the passivation layer,
depending on the deposition process used. For example, if electroless
plating is used, the substrate is dried after the deposition of the

What padsaivaiion:layer. On the other hand, if PVD is used, the substrate is dried
before deposition. The drying module comprises a drying tool for drying
the substrate after cleaning. The dryiagvsol, for example, can be a vapor
dryer or SRD. Other types of cleaning and drying tools are also useful.

1.  Thepasuesalingfonedhercd@poisgsisinpermal tool for annealing the
substrate. [0043] An external transport tool loads the processed wafer for
trprspdinida thedsuext pepaessinghsiatiorecirhidaptemithtranspdrconadpéading to a
moves the wafer from one module to the next for processing within the

condutoskdiatiorm. Movement, for example, is facilitated by robotic transports.

The wafer can go through all or only some of the modules, depending on
thizppsibessioonteeipe: [O044]nTthe snbemitenaidlythe tesnbadiéd isiotheronductive
specific forms without departing from the spirit or essential characteristics

layer itivdndos. ahhe éovegizingoembodifiibngs ftlder efereh;are to be considered in

all respects illustrative rather than limiting the invention described herein.

Seolpeingf thaiiientionkisctsud ihdicateehhiethamppended claims, rather

than by the foregoing description, and all changes that come within the

meanihg are kabgeaod edhividgrcyidhthel wadmsabaidtended to be
embraced therein. 10 What is claimed is: CLAIMS 1. A process for
forming an IC comprising: providing a substrate prepared with a dielectric

Iag(er with a trench corresponding to a canductive line; depositing a

c

RaceeRe R Y the Bt e (OHIPHE SrenERCHRRTSR tRBRDnductive

3. The method of claim 2 comprises:
forming a passivation layer on the partially reduced overburden before annealing the
substrate; and

removing the passivation layer after annealing the substrate.

4, The process of claim 3 wherein the dielectric layer includes a hard mask on the surface of
the dielectric layer and a barrier layer lining the trench and surface of the hard mask and
comprises removing the partially reduced overburden, barrier layer and hard mask to form a top
planar surface with the dielectric layer and conductive material of the conductive layer in the

trench.

5. The process of claim 4 wherein:
reducing partially the thickness of the overburden, forming the passivation and annealing
are performed in a first tool platform for high throughput processing; and

removing the passivation layer, partially reduced overburden, barrier layer and hard mask
11



layer includes an overburden to ensure filling of the trench; reducing
partially a thickness of the overburden; and annealing the substrate with
the partially reduced overburden. 2. The method of claim 1 wherein the

are petfontledtive keendasoprisatoaapper. 3. The method of claim 2 comprises:
forming a passivation layer on the partially reduced overburden before
annealing the substrate; and removing the passivation layer after
annealing the substrate. 4. The process of claim 3 wherein the dielectric

6. lapes probedestahardImasitan thtsudand efnibe tielecipiiskayelidrinlsa
barrier layer lining the trench and surface of the hard mask and
comprises removing the partially reduced overburden, barrier layer and
hard mask to form a top planar surface with the dielectric layer and

7.  cOhductihedndteliahaf thieconduchysieyesnnaye dvepcired ail heepriogess
of claim 4 wherein: reducing partially the thickness of the overburden,
forming the passivation and annealing are performed in a first tool
platform for high throughput processing; and removing the passivation

8.  |dbe,patiallyfrddineowihechuthie patsavaesidyeerandbardsnable thttarer alloy
performed in a second tool platform. 6. The process of claim 5 wherein

includiegpaihglamnd pémiavingcbaprise palishingombitkomdthedfof claim 3
wherein the passivation layer comprises an inert layer. 8. The method of
claim 3 wherein the passivation layer comprises noble metal or alloy
including palladium, platinum, cobalt tungsten or a combination thereof. 9.

9.  Theemetthod of claim I wHeeecaintthehibickness e theeduerdsurdenfiiciently reduced to
sufficiently reduced to prevent stress induced defects.

prevent stress induced defects.

10. The method of claim 9 wherein the thickness of the overburden is reduced to about 500 -
3000 A.
11. The method of claim 1 wherein annealing the substrate comprises a temperature

sufficient to induce re-crystallization of the conductive material and grain growth.

12. The method of claim 11 wherein annealing the substrate comprises a temperature of

greater than 150 to 500°C.

13. The method of claim 1 wherein reducing partially a thickness of the overburden

comprises polishing.

14. The method of claim 13 wherein polishing comprises CMP or eCMP.

12



10. The method of claim 9 wherein the thickness of the overburden is
reduced to about 500 - 3000 A. 11. The method of claim 1 wherein
annealing the substrate comprises a temperature sufficient to induce
15. reagspsdadizatipoldhing cooaldictie: material ianch gGasogpewihg:12. The
method of claim 11 wherein annealing the substrate comprises a
tgmpadaiure sabsgraatek fagsd Mothte SORCritIafdrevirthaenchdairesponding to a
wherein reducing partially a thickness of the overburden comprises
condup@lishiig. 14. The method of claim 13 wherein polishing comprises CMP
or eCMP. 12 15. A process for polishing a conductive material in an IC
cdepprising apenddiniy alsybsoiateepreapared withlatdielecthcvayeriwitte @onductive
trench corresponding to a conductive line; depositing a conductive layer
layer ianltldessubstrateridekilkthantrea chlinhef die thedanductive layer includes
an overburden to ensure filling of the trench; reducing partially a thickness
ofdtecovepbrtidién x fdvickings aqdaksivatibnddyer on the partially reduced
overburden; annealing the substrate with the partially reduced overburden
afidpassivpdiciviaier lagemovihg pheiphgsadattod tayesnaied;removing the
partially reduced overburden, barrier layer and hard mask to form a top
plamanisngfaeeswhtiridheviidl detriatayly anthcahovmtivedoradedplasfitheion layer;
conductive layer in the trench. 16. The method of claim 15 wherein the
condocingetimatesialacamprisesandpper. 17. A tool configuration for forming
conductive lines comprising: a first tool platform, the first tool platform
incimdemg the partially reduced overburden, barrier layer and hard mask to form a top

planar surface with the dielectric layer and conductive material of the conductive layer in the

trench.
16. The method of claim 15 wherein the conductive material comprises copper.
17. A tool configuration for forming conductive lines comprising:

a first tool platform, the first tool platform includes
a polishing module for partially removing bulk conductive material; and
a deposition module for forming a passivation layer on the partially removed bulk
conductive material; and

a second tool platform comprises a polishing module with first, second and third platens.

18. The tool configuration of claim 17 wherein the first tool platform performs high

throughput processes and the second tool platform performs low throughput processes.

19. The tool configuration of claim 17 wherein the first tool platform comprises a thermal

13



a polishing module for partially removing bulk conductive material; and a
deposition module for forming a passivation layer on the partially removed
bulk conductive material;, and a second tool platform comprises a
moduledtshing aadule patiditstrarcantiband dbidhpiatenmitei@l diiep@glvation layer.
configuration of claim 17 wherein the first tool platform performs high
throughput processes and the second tool platform performs low
throughput processes. 19. The tool configuration of claim 17 wherein the
20. firsideodpdatftipiradonpisesia tewhaleih3taddpdsifmanodaling thgrises a wet clean
partially removed bulk conductive material and passivation layer. 20. The
unit aidel glopfigu redimn démisitivd vehetedetedepgsitinon module comprises a
wet clean unit and a physical vapor deposition or electroless plating unit.
14
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