I NT" ERCONNECTI ONS FOR | NTEGRATED CI RCUI TS | NCLUDI NG
REDUCI NG AN OVERBURDEN AND ANNEALI NG FI ELD OF THE
I NVENTI ON 100011The present invention rel ates

INTEI%@@?‘II@E{C*I{)&StmRi I{Nﬁ&gﬁ%g@ﬁ idlﬁ@(%ﬁsﬁ{#g%@pggc REDUCING AN

Iculrarfy to 1nterconn 1ons 1

circuits. BACKGROUND OF T [ NVI 021t he
fabrication of QXEW@@NR@&E(M& nvol ves the

formati on of features on a substrate that make up
circuit conponent $IEERCPF AEE INMABNEIQNs, resistors and

capacitors. The circuit. conponents are
[0001] i ntBreqgoeseatinedyticanalatdspgndrhidy toGhe iroegretefl oirouitsremd more particularly
desired functions. 100031Fig. 1 shows an

to interbdHn@EERR e Gk dRMed sRELIIsN | Cs 100. The interconnection
is formed in. an interlevel dielectric (ILD) layer 110

di sposed on a §g@4é@b@@@gﬁgq@gﬁj\g}g@p 140 is

di sposed on an upper part o Coupled to

100021 o B Pt e ?fr%‘t‘flf;s AP o R B e on

coupl ed to anot her copper line or device feature [20,
substratpfhgtamakieyip caiguit COMARRIFe SUCA 35|UigRSIFIOFSy Tefstar Al capaciEqrs. The
100041To fow the interconnection, the HD | ayer is
circuit genponentsdre intercaateaed ennldimgttie {¢etogierfofth éhevdeairath inctions.
trench are tilled with copper. The copper includes an

[0003] OVEFiBUY Si¥vstad ifReddhBedtiohlus@indCstibe. The ftdcamdcNbmdis formed in an
The overburden or excess copper is then renoved by

interleve@iRleE@lc (rmm?%]&tq'f?e& o.tlsﬁz}?r{‘? subYRE 108, Eﬁoédé})@r AANRis disposed

top surface w ine 170 and ILI') layer.

o B SO LB RIS P BCE R O b g

rmed on the copper. . .
t%e substrate below. ng contact can be coupled to another copper line or device

metal Ii?lee: rtg
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
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100051However, conventional interconnection processes

i nduces tensile stress 173 on the netal |ine which can
cause a void 135 ("via pull-out") between the contact
and, for exanple, netal line below. This can cause

[0007]conTAeprebait linireatibmreldies tb Gatedrdd@idenitcmionepdracedarty fog
di scussion, it is desirable to provide

mtercohﬂ&f@&ﬁ?%ﬁ&ﬁt' VO iMcdhaMs. MA@ dspect BEthE aileAGdrS a pROIMARY forming
THE | NVENTI ON [ 0007] The present i nvention rel ates

an IC 15 (aiskl%gé?g rﬁ{e%%o&lsg Edthirises PR HQE Lhtsthi@ ;glr%pared with a dielectric layer

erconnecti ons w thout “voi S I n cont I n one
ntion

with a rrgﬁcﬁfv&@?%gé%eespéﬂ%%e&eg@@x@ B B Biegur kg gBostisa on he
substrate prepared with a dlelectrlc | ayer Q

substrate erfeththrifeaph, cUIres fisaadycive lasghtskdey & pyerpurdsg to ensure flling
conductive layer is deposited on the substrate to fil

of the tréreht Ténpmcessfertbérrotipeisesondusng patiplyehidknessudéle eierburden and
overburden to ensure filling of the trench. The

anneal RIgABESHsfrate herthe parinll B eduteidietbuyddnhi ckness of the
over burden and annealing the substrate with the

[0008]par N ;ﬂ'u:éés ?&%ﬁﬁﬁngé{ E5RHCHENMERAABHANRC QS 888 odc@rin another aspect

Ing a conductive material in an ICis disclosed

of the glv%%po%t hﬁlre ag&g rﬁ)frlsgg] rok/{Jthg]zi ét%@tratglaﬁeggfeﬁgﬁﬁlza dielectric layer

I ses provi Fepa
dielectrjc layer with a. tr.ench mhlc onds to

with  GgRRIERIFY EOMTRENISAO & GRRIRETHE BnF-a oo e RS Faipifte on the
the substrate to till the trench, wherein the

substratoiedfilt theveenFlayieierdin gleroadudiive der Bighidanar oveahpdento ensure filling
tilling of the trench. The process further cses

of the tremthic iThg ppacess fatthgr cantphisekmedwssngpartiblty otherkinessad theagrrburden and
formng a passivation |layer on the partially reduced

formin@\eabdivARRA - 1aykh 6n Stisitialyeredded ovb®ufiefit Tat bubstredwdethe partially
over burden and passivation | ayer is anneal ed. The

reduceIH %g?ﬂbgﬁfeh QEd b?s\é%tlbrfla?&n@ RikaleiNrHRHAGSEB0h ny%f‘ﬁ removed. The

udes the step o ed u0|ng the partially- "reduced

procesg?'lug‘&]g]::J {@E&F%@% y gﬁp 1n§|t g %arF 81'iy re a§e§ otvgrbg\pd'em 1t§'ar}181player and

conductive material_ of th ductive
hard maplafodiarm a top planar surface with %e di riectgc Ilayer an% conductlve materlal 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

2



100091i n yet another aspect of the invention, a toot
configuration for formng conductive lines is
presented. The tool conprises a first tool platform

The fjrst tool platform cIu es a polishing nodule to .
embodigignts meribefl%ﬁw Mg n&bmvewﬂm EKf v%vwde%naqma%w%ous Combinations
deposition nodule for form ng a. passivation |ayer on
and pertriwéatipast i al |y renoved bul k conductive material. The
too configuration -further includes a second t ool
pl at f or m whi BRIE®ODRSICREPTEOW@H SHEMR ABANGS wi t h
first, second and third platens, 100101These and ot her

[0011] Obj I%QBeSdra@In%%ghW feferadieantasess g’éﬂ@lrafl? @éﬂelrf ®Sh®$ankd¥urts throughout
present invention herein disclosed, wll becone

the dlft%%H?\r/lg&}% }\WOOH%%{{]& ng SAGGt L& L8 Jfr tglﬁ}:zﬁw éﬁ%hams instead generally

escri ion cconmpanyl ng

e understood that the atures
being plAed ARO BT e B e PE RSB ER Hc Re et s of the
nmut ual Iy excl usive and can exi st in various
presentéoyastiaaeicsiescriivd Wity isfrendedn e Bl EmepiEsoRER TR ORidF
THE DRAW NGS [0011]in the draw ngs, |ike reference
[0012] chalfigct srosvsgermavadtional mfecommecttdngfos Kb part s
t hroughout the different views. Al so, the draw ngs are

[0013] NOtFIRET &Sl d hrbcds f15Gad fforn@ifB idsicsnid3sb@aid [genes@bldince with
bei ng pl aced upon illustrating the principles of the

oncemb@d{ﬁféhf@ﬂhe}(@'éia@&ls enbodi nents of the present

Invention are deséribed with reference to the
f ol 180121Fi )
[0014] CSn B Se0 PPt PR GR pSROnEE T fotes ety one

process flow of formng interco ections in [Cs in
emb“‘&%?@b?@@ﬁé‘é’%‘?‘h one enbodi nent of the invention;

[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

3



100141Fi gs. 3a-g show a process for formng

I nterconnections in accordance with one enbodi nent of
the invention; [0015]Fig, 4 shows a tool configuration
for formng interconnections in accordance with

(and v1§§‘ ﬁtabﬁﬁca%l@) odhpemiduefivd Metetiay Ettex@mnpleptingrded 6dpgpegforied by
hows a tool platformin accordance with e enbodi nent

| Y [ D it Bl P el HE hat th
© ecm?h\'f&%ﬁ&% F‘%gér%&r?{ gﬁéésente Stauiréoa%\br el egges O Fpure that the
e necti.on t
trenchﬁra@eghH?d,.tmw?i}l%hverrs?ts?%gnﬁ%éﬁ%m%?ﬁ%uﬁ%ﬁe‘rfié% ety e
in 1.Cs wthout voids in _contact The invention can be
Ovefbué‘ﬂfﬂllﬁé‘?ﬂiuﬁ?ﬁ%t??%ﬁaﬁ’@iee%MP P %ganascene processes for
form ng interconnections. [00181Fig. 2 shows a process
[0020]f | owfROBartifl femomilg the wrlowaere e wRgtatnisasaen et step 296 to
wi th one enbodi nent of the invention. The process
induceoppezicesysailliztien a2dGrabygrpwdy i thepnaalsfob sxarale, is performed at a
prepared with a patterned interrnetal dielectric HMCO

tempellaﬁﬁ‘@[)f ADORF 150 SSHPTT. 3k fneal ﬁ‘%tlﬂe'\@oﬁﬁfb dt Qi @sefpe@Rfite reduces defects
netal layer of an IC with trenches corresponding to

e Ll LG AR 2 Pacher Laver lines xhe,

[002 1]? |o|n § \%T'aé/eted}sg:ﬁ{(’ffe{r(iﬁlat {)}“7 ar(ljneegf)n ] ﬁﬁlm%rr] cct)pppeer a%rs twraa[}u?l ou? is reduced
or prevented. In one embodiment, the thickness of the overburden is reduced sufficiently to
reduce or prevent via pull out during subsequent high temperature processes, such as the
annealing process at step 296. Typically, the thickness of the overburden remaining is about of
500 - 3000A. Other thicknesses of the overburden remaining may also be useful and may
depend on, for example, process and design parameters.

[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
4



(and vias if applicable). The conductive material, for
exanpl e, conprises copper forned by el ectropl ating.
O her materials or deposition techniques are al so

can den il i - RAT GO Het LTeSLoGR b oD eset destdioan inelude
t hi ckness of the overburden is reduced by, for,

hard mask grihesurfagpohthedMdy layguand peprprapyd dingg trsngh sidswglnfnd the
of the overburden, the substrate is annealed at step

hard m#86 Theeei (B cteps oppes employed &ir al¢hi inter¢omneciivg dgpighh For example, a
grow h. The anneal, for xanple, is perforned at a

first CM® 5 ré@hones tief remlatiiiig d2@burd&00p to thAbaeiat 1aggr, tRecond CMP step
substrate at a high tenperature reduces defects in the

removes ﬂ{eec{aﬁ@é}']?‘eﬁ' S Adst BRHal Emally 858 & third @021 dEreRRVEs the hard mask.
di scovered that by annealing thinner copper |ayer, via

Otherp?(%lgg%ﬁ?ﬁugc‘l(lier%e{grg%.f:s?qlsgﬂll.pr evented. In one enbodi nent,

ckness 0 hé“over burden i s reduced

sufficiently to reduce or, preyent via pull. out durin

10024) 5., g dar o Sirgarna el of s eincbestoMiin fehunedons for an
anneal i ng process at step 296. Typically, the_

IC 200 fhicskideses with prrecrobedimgnideiihe syvaitiio Rapsine toFigsde asubstrate
3000k Ot her thicknesses of the overburden remaining

205 is prayided. sbhdabuis@t, br ethpiaycooppessdilonon sfibatragx abheetypes of
process and design nraneters [0022]1n a preferred

substra@8Raeh BeAliconr iAkulh@r aNgBtdMgerhRBivel) BEd 4188 @sefid. The substrate has
passi vation layer is fornmed over the reduced copper

been pr?%@%géﬁu&) ql‘?&ﬂ(}e-ral%uﬂ%ﬁﬁf;pxgl%dtég gholt Wo%n% LAGYE SReM et IPHESLS (IMD)

e copper layer agarn rrosion, for exanple,

uring th nneal j n rocess at. st enbodi t, the... .
tayer 2 3b o ergRdTu R B REE EOaRrisRaTicoRRi fifer typeS of dicteetri
_Preferably, the passivation |ayer conprises an inert
materialfp sgh asVew kgt loask. gre #lpe et (The IMD Layposanhsang spetal level of
can be enployed. For exanple, the passivation |ayer
the IC. Clre IVED fsopattechefl tomcRaleltaedehancoRdypondingttd metal {iPe9 of the metal layer.
Cobalt Tungsten (CoW or a conbination thereof O her
A hard hapes 1 Dtaned @kl &l pattesitia (84D Muyor. "Eictlard nRE 1ayat @ihi @hprise, for
or non-inert materials are also seful. The passivation

examplk &Y &on! FtfdUrON&A BLi8E, hionaHYpeaLiliBsh HLAE BB Hlor 8 1Rl such as
296. [0023] The process continues to conplete the

. ormati on.of the interconnects . at ln.aone. .
TiN. ORETR B ok i R LT 00 dBhEReR BB e
I f i.th th i
provid PR GBS B TP U AT SEE (DR g oniact are
~ The nunber of steps can depend on the interconnection

providedds cgmmuBimatiex witpltes trenvhent er connect i on desi gn can

i nclude a hard mask on the surface of the INID | ayer
[0025] and Typiatlyj the IMaykyed inciudgs widemehclss dedvabirew anded frenches 242 and

hard mask. Three CNI P steps can be enpl oyed M. such

245. AlDAHESTARRESH 1iRS e akARs af®@Sur@8PHR. IVED. 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,

5



first CAP step renoves the remai ning overburden up to
the barrier layer, a second CND step renoves the
barrier |layer to expose the hard nask, and a third OAF
step renoves the hard mask.. O her processing schenes

electropld®ing! €Rhd+9@ftetials & ﬂ%@&ﬁbﬁ&ch&@ﬂes&ﬂ@%ﬂs@ 0958 JChnk@8allling the
views of a process forn1ng i nt erconnecti ons for an

trenchésC a%ggddcﬂv@%g ﬂ@ﬁﬁ@s W (N’_}r&ﬁl&eélef@o HERRELREdeh ggncallg can be about

I'Avention rr|ng to a a substrate

two tod FXWC*%%%?@ SHaeteigs F%eég%% s BRARIs g Loy o teneh
icon on -ulator and si en1 um um . ar

I .
depth %%? P conhs DaRsLP a2d s THECH T PP GERS SERFTRILY OREPTERRE il for wide

circuit conponents (not shown) and an internetal
trenchefi asdessperi gl {oir NRrey nestpe fre@ahes. | Bhis mesubbsrsculicorsht2A6toiver the wide
DAD | ayer conprises silicon oxide. Qther types old e
trench@ad & ibampedgrovat the natteh nasted Gendnear ultra low k, are
al so useful. The BAD | ayer can be any netal |evel of

[0027]t he Referridd® Fidl 2, kife tARkh&K Be theldR etbied M rdd&NIC NE Sccordance with
corresponding to netal lines of the netal layer. A

one e%@%ﬁ??‘f Frlgeilﬁ (%hgl%n Bfe U5&Huli@, RALERED tha&gJ A\t'ieptﬂeaééﬁauctwe layer is

et can conprise, tor

deposini : r,ﬂé%)e ) Sg%i Jé{ieﬁg:?l% | o%ib\ %8%%@%%? l | Cﬂgg&en i§ Femoved by

naterlals are also useful. I n dual danascene
electroapME (&M Other tachnigrues Frraoduséng e oxshwdan dat sompls renctive ion

the trenches. In single danmascene, applications,
etching GRiFacirs alap @sqdnlovi ded i n conmuni cation with the
trenches. [0025] Typically, the EMD |l ayer includes w de

[0028]t I egtee PardiaUreidi a0y tRESTceblurt €16 Mg R st2A2 isandealdd . InAne
barrier layer 250 lines the trenches and surface of

embocfnlﬂ@nt MO-suddr@rdbhhdled! a@X@f’ﬁmeﬁH{erxﬁéﬁﬁﬁb f indddk dppéaened
froma conductive material such as tantal um ni rlde or

crystalthlzg‘[fiorrllI af) ff%n I ih % | (8%56&2 gx é)fg efl%ei:ﬁ!fbst?%% {sl frhed[BS G t%éet%&?e of

use a conduc

8 osited on the s trate. o
about YGRS &Ry, T s le S RBRRLY Sliabeaer of du 200 - 450°C
harrier |ayer on the surface of the IMD |ayer. In one
and mexgtpeeferbhtaboph)0colLE: iAmcplingsthe sehseiesie Blebdppperatures reduces
deposited by, for exanple, .5
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.
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el ectroplating. Oher materials or deposition
techni ques are al so useful. To ensure filling the
trenches a conductive |ayer includes an overburden
269, The .overhurden typically can be about two to fiv

(00311 £ oihe g VRGBS oHE CELDGHETs COmBRSE Ao BiFbIBIerghdeferably,
over burden thickness for a trench depth of 0.5 un can

the paspeatippdater £ prises ag ingrhmetpheVaipys thpas®é st getgborellgl thereof can
conformal fill for w de trenches and super fill for

be emploged.oftomeatnptt, thregrstiesionThyes caebeifdrsied firoen Palkadgim @%H, Platinum
over the wde trench and a bunp 247 over the narrow

(PY), Cdb@ﬁ%ﬂgité@ngr z{) \E}g%lgil}'}ﬁﬂfrﬁthéﬂeﬁﬂ @ﬁheﬂgges Homatkhds, such as non-

t hi cknéss of t rden i s reduced. |In accordance

metal itfdrt ﬁa%ﬂgls Fg?r?.ﬁergg?c{l‘hatg iall B ei%%vl?s@ﬁ%on’ the overburden

I's reduce y after the conductive layer is

deppsited. .The overburden can be.reduced, by CMP, .
100321 by CREPERG O Rou DR B BOAT CUPEHBTEd oy Cor Ut tr e Topically
(eCWP). Ot her techniques for reducing. the overburden
a wet clegp PR¢asiF Berforagdt (v eng gRbedivirnty fePRiSEYatiog layes Isgigposited by
useful . [00281After partial renoval ofoverburden, the
electrolssshydatrrat @ physiaai nepdrettposinon (R Bhbydfenany, the passivation layer is
substrate is annealed at sufficient tenperature to
depositediugifl. FRRPETe the psisiatiah bl 2Rt ir@Bssaating @MV Yy advinthgeb@ly avoids
exanpl e, the substrate is anneal ed at a tenperature of

additio@l? Qlétani%ggg?s é@&q%gglﬁérﬁ R r]¥d%cti rOHRShE &0, | Sther depositing

anneal e a tenperature o bout 200 - 450C and nore

techniqg rse%lee:é sg lugeﬁfjl‘p ?f;ﬁe tﬁl%gnéss 49%@?%85&%@??5}%@?},%0} g?an?plfg,% g€ 20 - 150

tenpe ures rteduce

t hei nt erconnects and tensile stresses,

A~(MhFU%§§§¢ﬁF§ﬁ@Y p&cugsfileal i ng a thinner copper |ayer
reduces or prevents via pull out. In one enbodi nent,

[0033] t heAfter avkpdsg, B pasrevasipe l4ser dehrampitiag queshurden are removed by
sufficiently to reduce or prevent via pull out during

CMP, dshkkoanncBig. 3¢ dPrefdghly,thgOMRopepéades t€MP. A planar top surface 249
processes. "ekness of the overburden remaining i s about

betweeR thex@Bper a3dHrrhdr 16 BIprédlicebnassRserodiient! @EBhAiRGon layer and
over burden may al so be useful and may depend on, For

overbux?)én@g\g% Iﬁteprc])?’&f’gs‘?rgga gﬂg‘gqﬁ%n%gl;%?{e%g(fﬁg o dth[a gg@rgl]ulél%n ":c'?]n'eal. By

ssivati on eposited on t

i Q45U PY oI SR RMRRLE AL 20 N o
examplg,otiure gg}l)p%? 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,

7



the passiva ion |layer conprises an inert netal.
Various types of inert netal or alloy thereof can be
enpl oyed. For exanple, the passivation |ayer can be
ki nned from Pal |l adi um (Td), Pl atinum (PO, Cobalt
hard mbelogiEd Sdtti 6RO the Eopbet tbdindRds to Prddues e pfant thp suifype Thebholishing,
materials, such s nonnetal inert materials or

for exz?lgﬁlé,i JO&isBBERIP. arSreRibey, %éﬁblﬁﬁlﬁé%{)mpﬁ%%mp Pﬁ@?&ﬁfsﬁing to

r deposition of the passivation |ayer, the substrate

[ | eaned, o] ; [ [
removi s PR PERER il b5 el &8 AL e The grocess
deposi t ed | eetrol ess plating or. i.cal. vapor.
can cogRERP (Y EHRICV B BN e B e PSR JSRT k MFGljagal metal
I's deposited in-situ. Form ng the passivation by
layers.glaggvationess! @acka®ng.or PVD advant ageousl y avoi ds
addi ti onal cleaning steps after deposition, thus
[0036]r edFed. Aghpwe a ess icogfiguraon 40t Her peqrosigtintagoteshingoegdance with
are al so useful. The thickness of the pass' ation

one enhtR¥@hent o the8XPehitbR. Ths tcdD oK figlPatron ibéludes flith@ad second tool
t hi cknesses may al so be useful. [0033] After anneali ng,

gt b bRRG 1} (86 1&vhich perf:

oSSR FRP LA ARG SRR PR BaE it et

CND copprises e + A planar t surfa .
oulk s Spepead B Py A E 48 Wb for PR Wiises o

.. enbodi ment, the passivatiop_ |ayer and gverburden are

polishing fer] der cranmefing e WUH%QF thg TR AAEE plerRag \ye%vaﬁ Rithe

overburden material. By using a slurry which has a
overbiiflgrhbysiék éigstitedlipjatfosme opper, i nproved planarity is

achi eved. For exanple, the copper over the raised or
[0037]humThe giranodl plafoposethpbicéxs entovel mopper32. nintdve etrbodgent, the

region. As a result, the copper in the bump region is
removh EBAEE chihpiSdes Q%lt)lﬁﬂﬁrvl\%%l £RPRLTal tdhdvaBoft thO Ueibef 8@&irBixden. The

is exposed. Finally en the passivation |ayer is

. et el - 0 '

potis P B B B PR i g8 remoyal toos,such
al read enoved, [0934] Alternatively, a slurry which

as“dhﬁﬁﬁam¥8&P§§ﬁ§gtivity to the overburden material can
he used. The polish rate of the slurry for the

(0038 a5 &infignalbn thealjtst platform Brhspingludeydengsiian mpsiyle 434g gngan anneal
ti mes higher than the polish rate for the Cu | ayer.

modulHB&a. T depreson hednkernsiadesah inigu depoaitionnepl dor foaypieg the
[0035] Referring to Figs. 3f-g, the substrate surface

passivhiSorPlaydronabe tendi €A vepiehovdratiddeds. Tiayédpositibattbduiskinalyd include a
portions of the copper in trenches to produce a planar

clean ttoﬁ/f; B d@5800lTRE eREhpR NS AGyet LRAN ARG ©OPRbAIS %gth or double

Preferably, the polishing conprises e LT
L shi .
st B8 U TR DR ) Sgf Ry PR e B, can v

continue to formthe I C. _ For_ex l.e, the process can
R S S A A R v N
and packagi ng. 100361Fig. 4 shows a tool configuration
Additigoally; e drying toebshelyas FRIQ0¢ sres Sreeri gande o vddadcia thg daposition
one enbodi nent of the invention. The too
moduleanfliyghe attisoateiafiet cidasng. i Tist anand setdnicicluded, fopl catfplens rapid
430 and 460. The first tool plattbrmconprises a high

thermlPrUGN@RULP) k| foMdtineAlinpand QG atBU AkteFRETOM] the HegRRi@rand/or
to reduce the overburden and the second tool platform

annea ﬁg@tﬁésséfﬁlbaafl@?kgﬁ Bl a?\ti?&i se Bra}e‘?}pﬂpllnecﬁé Akt EJ&gﬁléltform.

ormation o ne layer after partial r val of
[0039} he \é%ro 1&1rigge poolPXf tthg %ecfolna %cgoltpi)a?tlong,l %tJn% rembodiment, comprises a CMP

8



100371The first tool platformconprises a renoval
nodul e 432. in one enbodi nent,the renoval nodul e;
conprises a polishing tool for partial renoval of the

oo T B D ol B v

tools, such as etch tools, are al so usef
eCMP tpolp FBaGdineshirieyt plptgas ¢naples dfeaett drenesyey Fq breperfosmedgisone
a deposition nodul e 434a and an anneal nodul e 436a.
embodiffiget, thepfosi platen impdd terdnmok dldesassinatial leyerdeg ognainiog copper
tool -for form ng the passivation |ayer on the
overburd&BRhdsddend PRRAIs Qedtbwiler. thd baridengsi dnidahe 1idypleecBrused to
al so include a clean tool. The clean tool, for
remove Wﬁﬁ?h Shask %r aleY&EncC l18ap att%ﬁtlwb&ﬁmeﬁgﬁﬁ @&!o%d b1 i Rform

doubl e brush cl eaner QO her types of clean tools are
further (?clgrsl%r}s%% grﬁg\llrth u]%la en glpg%%rubru?f:‘ ré%arL(fe)éag? gﬁg% /%ourfﬁa sb[ﬁe Bxso%gss of
h A 1
smoothglﬁggﬁg égs%%gtsﬁa%ggfnlgr%@;wopregﬂ}et&g) i5 @g?é%&pq %{lﬁ gasswatxon coats a
deposition nodule to dry the substrate after cleaning.
layer ofeazeirinesat (Brbtuprethervoppride prevont coxapipine, a rapid
thermal process (RTP) tool for annealing the
[0040] suli3¢doapléng Ak belkainoval of copiee taegpasd the omerbdrden tlapkead from other
nodul es 434b and 436b are provided separately fromthe
polishirdd ﬂr@&esﬁé&(ﬂse@{@Fohﬁﬁﬁ%rcogl%i%]ﬁ'h@c&%ﬂc‘é RiiftOthe @Blen@dn prd€uces

second tool platform in e enbodi nent, conprises a CWP
t ﬁ{ﬂﬁ
numero&g g!lv%fggb\ﬁ.(c?l a’dvgrﬁ& g% S n%ﬁt‘g%%ﬂﬂi&%bgl 46 érocégzhegl%q
Pr ovi di i ff rent Iatens.en bles i ff
troughppEieBbifly’ Gt Seke B rstosr RE G eﬁﬂﬁa%lﬁ%rﬁ?t prpgggses within the
first platen, is used to renove the passivation | ayer
tool plaginemy eareieringiy desshenatehes Buhdshavige %@%@ﬁwn&eapéweg
used to renmove the barrier layer and the third platen
throughipst teskplatfornissthw kighbretoblgyletforask Tdis cineh@easeilegisthv andriool
al ternative enbodi nent, the second tool platform

planning Ulekbelity GO pRyvideS s glter ft}oungﬁpup hid eduddiBodlasost Hurihegn@ad
passi vation. Buffing is the process of snpothing the

segmenﬁﬂg $itd Iﬂgﬁ v\ﬁ&rreof“gglg%@gt | gﬁcég%}g{ glﬁaﬂ%%ﬁgg}lﬁ? dRBidiris can be selected
to red enzotrlazole (BTA) on the copper to prevent
Oreu% o1t 0§1°6n. 100401Decoupl i ng the hul k removal of copper
to reduce the overhburden thickness from ot her
[0041] 0| Fighy sy pradeesrladonys e macee AR hl&dé“’Flﬁ of the
accordance with the invention produces numnerous
inventicrd vEint tageslatfQue facdidatentedgesg thechigleess nE theayedpurden. Preferably, the
flexibility and process design throughput and
tool platfotr &dilifatey reda@ingakathtl@cssuforessirtgden mesfoahatidreot the
di fferent processes within the tool. platforns can be

passwaﬂ@ﬁ ?ay%} 83 BleY B ahesertiid@dh. ahehavl A fRmMAIRREs DPRBAIty of
| ower t hroughput t ool platforns t han hi gher too

moduled l il Jn% crdﬂﬁ' %tr ﬁl%rﬂooll})ﬁt?o% Iggg'L é]g?l%?ﬁl oug#]ule ? 10,a d)asswatlon

pl anni ng ity to prOV|

deposmamldno(gﬂp %i(? @B%ﬁ%‘%ﬁlmg MEQS arll qJﬁ: gle nLiD ﬁg}le 598 and external

chem stries can be sel ected to reduce corrosion. _
transpontgadul&5e0. Bhestasings sodglss opfhettprmatEum Gan bseeigpguaaccordance
wi th one enbodi nent of the invention. The tool
to the ppbbding saqeaciel witldh és medidei hgortehenbiddin&nietths nofdutehere arranged in
overburden. Preferably, the tool platformfacilitates
an ovall@ QUkia P&l i gbRbek TRES: Rfanbbacy efchiodesfuind f or mati on
of the paSS|vat|on | ayer on the remai ni ng overburden.
The tool platformconprisesda plurality or nodules. In
one enbodi nent, the tool platthrmconprises a
pol i shing nodul e 510, a passivation deposition nodul e
520, an anneal i ng nodul e 550, an internal transport
nodul e 570 and external transport nodul e 560. The



nodul e conprises a CVMP or eCN1P tool. O her types of
polishing tools are al so useful. The passivation
deposition nodul e, in one enbodi nent, conprises an
el ectroiess plating or PVD tool 526. Depending on the
[0042]r eqThe pomhis; mbiee geffasistgactinl paiabotthn oferbtitden. The polishing
i ncl ude cl eani ng nmodul e 524 and a drying nodul e 528.
modul&mEXRERIceVP b eCHrebi. NGthBDEHPése o8 RAREBold e also useful. The
substrate for the deposition of the passivanon |ayer.
. I e . ) r . 1
psiv 1 T8b) o020 SRR IRE UL S0 80 1 SRBOR L Bing or PVt
assi.vatign | ayer, in_.ong enbodi t, the,cleani.n .
526. TGt e b AR POV ieno CBRT LU LT REE 6P HRPbR CAuEjogning modul
brush cl eaner. The drying nodul e dries the substr%te
524 angjardiing edotes 28 Far eximplpahelelseng medulsmrensees the substrate for the
passi vati on | ayer, depending on the deposition process
depositisiedf the Bassivesiamiryer. Addigbedlyr bkebsnipatddule ¢as puepark the substrate
the substrate is dried alder the deposition of the
for anrRARSd ¥edridepositeyrest. théPaskivetiat lagsr. Haode einbodiMent, theus@ding module
the substrate is dried before deposition. The drying

compr@%&'lﬂ% SOARM28ES 0 Parfdll O dOGLIE BPhshic®ianbl YiHaGir}iiE module dries the
substrate after cleaning. The drying tool, for exanple

an..be vapor. drye " . '

s Pt RE0 Lo 3T e B AR BSE, S LSRN,
.conprises a thermal togl for annealing t supstrate,..

deposifippRTPLAR vestt o HARIPPIeng et leBon s dsih et BRttShgricd afe
wafer for transport to the next processing station. L

the depRisisionrmf hanzaissivatamdpuirt OnoliePéernndsi (P iaised: the Bipsiae s dried
nodul e to the next for processing within the too

before plepdsithrnmn THeblrging migdufeoronecmapd dryirgstoblafoaliryiieg thd sthptrate after
robotic transports. The wafer can go through all or

cleanifB) PheSRUB g @fol! € cxmReblb &5n bd@R@pst diger@n SRIME OIHOEBHSS ¢Xleaning
@%cipe.ﬁﬁéo44lThe i nvention may be enbodied in other

and drzigg gdﬁ({lé GreaRBNSe . LR E8RA thd e E&RBRdDE RG] tholOfor anncaling

Ial characteristics thereotf The tbregoi ng
h enbodi ments, therefore, are to be considered in all
esubsi@i§ects illustrative rather than limting the

nventi on descri bed herein, Scope gf %ﬁg invention is
[0043} hyd\n sEreaiBasIsyt PRElOATBRBOGFEET Parer (PidFnpRert iRehe next

foregoi ng description, and all changes that cone

proceswiing iation. h&hermégarna graaspbrir madpde ofovesilie vwalfesitgm efe mpgule to the next
clains are intended to be enbraced therein. Wat is

for prockingedithis theGodl fBforin. AMoedrhad, fobexdngleiinfachitattdby robotic
conpri si ng: providing a substrate prepared with

transp&rtdi Ble8FdtEd Gnl @YBFouh ki 0RoAIY8HEE of HerRSRAINAHEndifg Bn the

conductive |ine;
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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depositing a conductive |layer on the substrate to fil
the trench, ?herein the conductive |ayer includes an
overburden to ensure filling of the trench;
partially reducing a thickness of the overburden of
t he conductive layer to | eave a remining portion of
t he overburden having a reduced thickness;
anneal ing the substrate after partially reducing the
thi gkness_.of the overburden, wherein annealing the
Wh?é%%?ﬁﬁ%ﬁ? portion of the overburden with the reduced
t hi ckness reduces stress #&ﬁ@ged def ects; and.
after annealing the subst , renoving the renaining
portion of the overburden, to formthe conductive
L |i demethrd fordprinige 8t [ FAPRRY " SAher ei n the conducti ve
| ayer conprises copper. 3.The nethod of claim?2 .
compriidiag a substrate preparadrivithae dielepisic Aaafer pas sitipach emrespgding
on the partially reduced overburden before annealing
to atbedwstibstinegt e, wherein the passivation |ayer protects
the condujive layer from oxidation during annealing;
andiep@ing N@ntihieivpesst vathc subdtrayeas fillftherermhnehdreinghd he
substrate. The method of cl ai m wherein: t he

cond@lic@l 8 edyb icluddein dvBbukidaso enshas flling1BStke @Bndhe surface
of the dielectric layer and a barrier layer lining the

f ac :
tr g%&?}%g@ﬁ%fﬁ% aEEﬁﬁgﬁfss bhGe Bas G ABSEr RO CLHABRYH 18RS to leave a

arti y reduced over burden, barrier

remlf‘i%gn%[}’é’%g‘gnrmﬁgomﬁ%eﬂ%‘ggigﬁgggucteﬁ‘ ﬁai&{%'ﬁéssm ng renoves

n ["ayer an over e surface of the
dielectric layer to . forma t planar. surface with the
O ShSE0 s S B RO B B BB
conductive |ayer. in the trench. :
wherein annealing the r%:/maining portion of the overburden with the reduced thickness
reduces stress induced defects; and

after annealing the substrate, removing the remaining portion of the overburden to

form the conductive line.
2. The method of claim 1 wherein the conductive layer comprises copper.

3. The method of claim 2 comprises:

forming a conformal passivation layer on the partially reduced overburden before
annealing the substrate, wherein the passivation layer protects the conductive layer from
oxidation during annealing; and

removing the passivation layer after annealing the substrate.

11



5. The method. of claim4 wherein: partially reducing
the thickness of the overburden, formng the
passi vati on and annealing are perforned in. a first
tool platformfor high throughput processing; and
renmovi ng the passivation |ayer, partially reduced
overburden, barrier layer and hard mask are perforned
in a second tool platform 6. The nmethod of claimb5
wher ei n reduci ng and renovi ng conpri se polishing.

4. Thelheanttbold of clamal wh@ewmher ei n t he passivation |ayer is
formed by electroless plating or physical. vapor
dephs dicieotric layer inchiflbea hatl hedk of tiel saifaced fvatieecirit hger and
passi vation | ayer conprises noble netal or alloy

a barA&l lighrMigingahd aelichahd plract BEMRE: he@RAdsk ahd BGBHSBs MnoFing the
conbi nation thereof. reduced to prevent stress

paﬂiﬂ@%&@eg%@&ﬁﬁrﬁm, 1P ryReled: Ohadkd #ldn 9 wherein the
thi'ckness of the overburden is reduced to about 500 -

300(9% ﬁ%l{%ﬁﬁg?@rﬂo&@ttmér%?g% lkaermgl?!)%MﬂéQ;u}fQ@e of the

subs onprises a te

dielectric layer to form a top planar surface with the dielectric layer and conductive

material of the conductive layer in the trench.

5. The method of claim 4 wherein:
partially reducing 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 are performed in a second tool platform.
0. The method of claim 5 wherein reducing and removing comprise polishing.

i The method of claim 3 wherein the passivation layer is formed by electroless

plating or physical vapor deposition.

8. The method of claim 3 wherein the passivation layer comprises noble metal or

alloy including palladium, platinum, cobalt tungsten or a combination thereof.

12



sufficient to induce re-crystallization of the
conductive mat.eria.i and grain growh. 12. The

nmet hod or claim herein annealing the substrate
conprises a tenperature of greater than 150 to 500C
13. The nmethod of claim 1l wherein partially reducing a
t hi ckness of the overburden conprises polishing. 14.
The nmethod of claim 13 wherein polishing conprises CW

or .eCM P. pr.oces r for

0. Comprriigor laim GG Aokt Sy BB afbiHan utciant
a dielectric layer with a trench corresponding to a

red‘E%MFY%StF‘iSﬁ@duced defecfeposi ting a conductive |ayer
on the substrate to fill the trench, wherein the
conductive Layer includes an overburden to ensure
idling of the trench; reduci ng partially a

10. t hilhk neslsodoff ctdve Sovierd o tloehickest ebthe ogerbedai miredyced to
portion of the overburden having a reduced thickness;

abolit@0i-B30go A. conf or mal passi vati on | ayer on the
partially reduced overburden; anneal i ng t he
substrate with the partially reduced overburden and
passivation layer, wherein annealing the remaining

11. p Orrtle OfkeiRfd (;fi}?allgvl%@ljélg %ﬁhéﬁ'hﬁ?th% g@b&rﬁ@%%ﬁx%n&él’ actgxﬁﬁét%ture

uces stress defect

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 partially reducing a thickness of the overburden

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

15. A process for forming a device comprising:

providing a substrate prepared with a dielectric layer with a trench corresponding
to a conductive line;

depositing a conductive layer on the substrate to fill the trench, wherein the

conductive layer includes an overburden to ensure filling of the trench;

13



renovi ng the passivation |ayer; and renovi ng the
remai ni ng portion of the overburden to formthe
conductive line in the trench. 16. The process of claim
15 wherein the conductive | ayer conprises copper. The
process of claim 15 wherein reducing conprises
polishing. 18. The process of claim15 wherein
renmovi ng conprise polishing. 19. The nethod of claim
15 wherein the passivation |ayer is formed by

el egtiihepstiflad thigné@s opthy sivedlirdeapoleadepesiiningorticOof
A nethod for form ng a device conpri sing;

the%ﬁz@déh&!lieﬂﬁaﬁn%h'Fb%{hée@ttﬁicﬁiegﬂar ed with a dielectric layer
with a trench corresponding to a conductive |ine;

de i1 i | il
pﬁﬁhﬁlﬁgﬁoﬂfo{fﬁgg?é%&{{al\ggné n1e5n 08 phAgIS WSt ddadvertufich

the tre wher ductive | ayer includes an

bur.d o £ |k : S
g;?{qngﬁﬁfne rhrlé %&g@%g (Ngth tﬂ#l é:aktrlr}aglggg%t*cgﬁ R%Jr@\gg%}k%nﬁ d)asswa ion

e en o

t he conductive | ayer.to | eave remai ni ng. rtipn pf
laygr wheg By BFHES BENTATE RiRieds R apaaeruPhe rdiCed

~annealing the substrate with the remaining portion of
thigkess soBIcpLTEehdalertS educe stress defects: and

removing the passivation layer; and

removing the remaining portion of the overburden to form the conductive line in
the trench.
16.  The process of claim 15 wherein the conductive layer comprises copper.
17.  The process of claim 15 wherein reducing comprises polishing.

18.  The process of claim 15 wherein removing comprise polishing.

19.  The method of claim 15 wherein the passivation layer is formed by electroless

plating or physical vapor deposition.
20. A method for forming a device comprising:

providing a substrate prepared with a dielectric layer with a trench corresponding

to a conductive line;

14



after annealing the substrate, renoving the remaining
portion of the overburden, to formthe conductive
line. 21. The nethod of claim 20 wherein renoving the
overburden to formthe conductive conprises polishing.
22. The nethod of claim 21 wherein polishing conprises
CWP, eCWMP or a conbination thereof. The net hod
of claim20 wherein partially reduci ng a thickness of

th rbur den ri.ses hi.n 4. The, nmet hod
cl gie ggxg\l%cgr cétllcglv% Lavelgmth thR subs?ratre ggfeig% nch ém;rel the
hereof , The net ho mhereln.

atlo f c im
confiBt Dby Rier At &?f@g@dfaﬁnﬁ HPe Gk den
conprlses pol i shing; and renoving fn. (nczburdtnwto
- | ATt relspag etﬂmvl@leﬁs Hethe ovRppyrdasolseg ?%lﬁvﬁgye laypgto lygys 2
nethod of claim25 wherein partially reducing the
remguEgtperttarnt A vedmolanigvinge rodpeedbiinadasssar e pert br med
on different polishing platens. 27. The nethod of
cl ahmalbg thieenieitratepoith kiragaicogppiteest CeRyvedGNCeR toredace
conbi nati on. thereof.
stress defects; and
after annealing the substrate, removing the remaining portion of the overburden to

form the conductive line.

21.  The method of claim 20 wherein removing the overburden to form the conductive

line comprises polishing.

22.  The method of claim 21 wherein polishing comprises CMP, eCMP or a

combination thereof.

23.  The method of claim 20 wherein partially reducing a thickness of the overburden

comprises polishing.

24.  The method of claim 23 wherein polishing comprises CMP, eCMP or a

combination thereof.

25. The method of claim 20 wherein:

partially reducing a thickness of the overburden comprises polishing; and

15



28. The nethod of claim/ wherein partially reducing
t he overburden and renoving the overburden are
performed on different polishing platers. 79. The
met hod of claim 20 wherein annealing the partially
reduced overburden reduces stress related defects in
vias in conumnication wwth the trench. 30. The
nmet hod of claim?29 wherein annealing recyrstallizes
the conductive layer. 31. The nethod of claim 20
CONMRY %8 thOW drh\gdéh 18 asS thalebiuctiayie pkib® polishing.
overburden with reduced thickness to protect the
conductive layer from oxidation. 32. The nethod of
clai m 31 wherein the passivation |ayer conprises a
26.C 0 nfl‘% Hi%{hﬁ@ 3P Shiny 34 %vﬁ&e nq%ﬁ{aﬂy?&ﬁlcﬁqgttﬁ@)&eﬁjur&ln%hmégovmg
passi vation l‘ayer conp ses an i nert
ductlve | ayer.
the’ﬁé’eph"féd%ﬂﬁfe%e nglecﬁ?’hﬁﬁﬁe@f?%g igg R %’3 passi v a%/l on
| ayer conprises an inert netal. 36. The nmethod of claim
| wherein the pa.ssivation |ayer can be renoved at

about 2
27.  The method of claim 25 wherein polishing comprises CMP, eCMP or a

combination thereof.

28.  The method of claim 27 wherein partially reducing the overburden and removing

the overburden are performed on different polishing platens.

29.  The method of claim 20 wherein annealing the partially reduced overburden

reduces stress related defects in vias in communication with the trench.
30.  The method of claim 29 wherein annealing recyrstallizes the conductive layer.

31.  The method of claim 20 comprises forming a passivation layer on the overburden

with reduced thickness to protect the conductive layer from oxidation.

32.  The method of claim 31 wherein the passivation layer comprises a conformal

passivation layer.

33.  The method of claim 32 wherein the passivation layer comprises an inert metal.
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--- 3 tinmes faster |.hau the conductive layer. 37.The
nmet hod of claim 20 wherein the conductive | ayer
conpri ses copper.

34.  The method of claim 32 wherein the passivation layer can be removed at about 2

— 3 times faster than the conductive layer.

35.  The method of claim 31 wherein the passivation layer comprises an inert metal.

36.  The method of claim 31 wherein the passivation layer can be removed at about 2

— 3 times faster than the conductive layer.

37.  The method of claim 20 wherein the conductive layer comprises copper.
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