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I ndi vi dual devices on a e and recei ve signals external to the
chi p. Common types of iﬁﬁ@iﬁéﬁ%ﬁ&ﬂ&WéTmmmﬁwmp al | oy
i nt-erconnection |lines and copper (Cu) interconnection lines coupled to

i ndi vi dual devices, including other interconnection |ines, by
interconnectiwﬂﬂ)\@ES‘HE INCENEIONO enhance interconnect speed. and
20 ‘The via an idid SAgD are.then Tined wih a barrier layer of a refractory
mat eri al . ‘ba'r-l—r-é-r—ﬁ%ygg!r typically serves to inhibit the diffusion of
the int erconnq?ﬁﬂou N That @Ededd inlv for dinthe via
into the diel ectrf)c Ne‘gt a sﬁ?{og%%ﬂegggﬂ# téehrem'%l}{t QE) H’@B 8YEnd qrhe
wal | or wal | s PEHEIHLS IO & arpRetus\and meghodtofishiisstrate esdr facet tedat radrs férQdlecirBBrtic or

deposi tion of ce@RP&@E plalbebEARRE | a cl ude copper and ni ckel.
Fol | owi ng seed 25 rrafen%l depo(sblp%llﬂ%ncgﬁ% %{'Vev@?tgrr“n?ray be cool ed down in an
at nosphere contai ning argon. or nitrogen. Next, interconnection material,

such as coppeDeschitighaffReidi@dajtn a sufficient anount to fill the via and
tirench US'J‘ Bﬁ‘é exanpl e, an el ectropl ating process. Following the
déposi ti off 0 [ WPQ?’BOWF@&“F%rﬁlrﬁaitseusea¢ondectwhenme®caalnnémedfbam G8hneBOkteshi ng
or etching thcﬂ§§d$ ys's&pl nt erconnecti on nmaterial present
outside the trench. \If a 15 Em oE[ﬁDs\éﬁd Wrﬁcewscesﬁér"@gsne&&é‘fagfo the Alitp o Sommon
industry is rgRASHY i '%imynfchwnst]hdndlmdl!ummdmp(oﬂj BlYNineAchnREctiBn (Pihcﬂndb&?ﬁ
nmetallizatio in cene,.and dual damascene interconhect
rféhf &Y@%ﬂﬁe ion q't"%ﬁ f?@ t%HgimduaI dcwccs including other m!erconnecuon

_structures w't ase
o lines, by mterconnectrons through was ln order to enhance mterconnect speed and

15 rcliablmy. the scmzconductor manufacture mdustry iIs moving away from blanket
deposition and etch of Al-based metallizations towards single damascene and dual
damascene interconnect structures with Cu-based metallizations. |
[0003] A damascene technique involves forming a via and an overlying trench in a
dielectric to an underlymg circuit device, such as a tran51stor or an interconnection line,

20  The via and trench are then lined with a barner layer of a refractory material. The barrier -
‘ ) | layer typically serves to inhibit the dlffuswn of the interconnection material that will
subsequently be formed in the via into the duclectnc Next, a suitable seed material is
dcposued on the wall or wall; and base of the via. Suitable seed materials for the
dcposition of copper in!crconnection material include copper and nickcl. Following seed

25  material deposition, the wafer may be cooled down in an almosphere containing argon or

- mitrogen.  Next, mtcrconncctton matenal such as copper, is deposited in a sufficient
~amount to fill the via and trench using, for example, an electroplating process. Following
the dcp_osition‘of the interconnection material, a chemical-mechanical polishing or etching

process is used o remove any interconnection material present outside the trench. if a




(00031 A damascene technique involves formng a via and an overlying trench
i'n a' dielectric to an underlying circuit device, such as a tr i ?0/26’66
an i nterconnecto exodskrze. | WO 03/ 023848 5 03/02/.2006 PCTI USO. %/3%22/22314 :
trench and an underlying via are filled sinultaneously with the '

i nterconnection netal, the process is known as a dual danmascene process.
- [0004] As | C desichrndet endsiyingtwa stelfitled soulea08y withdhe Rick@nicbPHS RN e
under, the reﬂ)rj 9«‘{%’5%5’1@ wof cglr;‘)%%r and copper-based all oy interconnect's

- becomes criticar to a"ér SRR AYECIPRIFELTH G at i on. Conventi onal Cu- based
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defects, ulti mat. Ly | (—ig._adi ng t(g | ess re]iable | ngé{é/ll"g%? %ﬁ&é&%&g&’ﬁqﬁ ON
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is a cross-sectjonal view of an interconnect structure ¥ BIPUEey

sem conduct or SB¥AEYthBhAsiscta vitsnately fesding fo fessaeliabiriCivesicésor | ayi ng wiri ng
lines and in which one of the trenches has an underlying via opening for

an interconnegd Lower nmetal |ayer, which is separated fromthe
trench format mybgﬂm & WM&!&XM& (ILD) layer. ]0007] FIG Ib
IS, a cross-s¢anospnalheviresenOhventien S ifitiifalbti By Qlayd fGxahfe bl WU 16 aRoR @ ST
| ayer is formed overthe |ILD and in:the trench-"openings and via openi hg.

[00081 FIG | @8°ompanypgEgurescti onal - view of the structure of FIG | b in
whi ch a al d diagery, h eed |ayer, .is formed over {he
barrier Ingger [%Dgfgﬁegl lgé'erlat E%Cdl f%ignggﬁ%aﬁtﬁgwt Perfh "B RY s Surdre for a
~openi ng. 20 [ SWHINIRFGr dévicei showingraofbsnaize f onptrentheiopfaylnhavifibg lkdsng i@f
FIG is foll O%ﬁﬁoﬁgomﬁeﬁct%e ﬁurfacg _iyr.eat.rrent .of the structure in a
"barrier-seed tool “0epositiOn RSNty L PREfNS far anyigtesionagstian foa lepver
surface. [001@ptaHagr, whichds 2paited SomeRd trHoR Formb @M BfantiftEr-BL &GS @D G
Id foll ow ng %yesreed '

L™,

15 [00607] FIG. 1bis a cross-sectional view of the structure of FIG. 1a in which a barrier
layer is formed over the ILD and inthe trench openings-and-via opening. -
[6008] FIG. Ic is a cross-sectional view of the structure of FIG. 1b in which a meta]
seed layer, such as a Cu seed layer, is formed over the barrier layer formed over the ILD
and in the trench openings and via opening.
20 {0009] FIG. 1d is a cross-sectional view of the structure of FIG. 1c following an in-situ
surface treatment of the structure in a barrier-seed tool deposition chamber to passivate a
— -metal seed layer surface,
_ ;\) o [0016] FIG. le is a cross-sectional view of the structure of FIG. 1d following a seed
' anneal of the structure in an anneal chamber attached to an electroplating tool to remove
25 any contaminants formed over the metal seed layer.
{0011]  FIG. 1f is a cross-sectional view of the structure of FIG. e following electroless
or electrolytic deposition of a metal or other conductive material over the annealed metal
seed layer,
~[0012]  FIG. 1g is a cross-sectional view of the structure of FIG. 1f-in which the excess
30  metal, e.g. copper, electrolessly or efectrolytically deposited above the ILD is removed.
| [0013] FIG. 2a is a process for treating a patterned and/or bare substrate surface

following deposition of a metal seed layer according to an embodiment of this invention.
T,




anneal of the structure in an anneal chanber attached to an el ectroplating
tool to renpve 25 any contaminants forned over the netal seed l@yep2/2006
{0011) FI G .. WO dB023848r oss-sectional view of the structure of H:?UP .,,314
foll ow ng el ectrol ess or electrolytic deposition of a netal or ot o
conductive material over the annealed netal seed |layer. {0012] FI G lgis

a cross-secti ¢¥HH] vild@. @b i hepretasu&rmeefooﬁingliﬁeorbﬂedisaed/\,im'neh drideplaigestSa 30
ted a e.the
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T s removedatires Tt SEElnte Sipre SRIARNY SiSihent pRRES Rhosit o s
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~according to Iggbj:)cllb nt hof thl Jnvention. 2 WO 03/023848 03/ 02/ 2006
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t reat ment proE@gi} It}gg%m in FIG 2a. according to an enbodi nent of this
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of an appar at tegf#¢d sdedizin&l ¥ ¥leSkiIglc" t

Chi o i rvont | on 001y e e 8 GRS RG] FOEERLor R et
enbodi ment of"‘é‘i‘?“aalﬁﬁ%ﬁoéf{'%mf"@ﬁ inveMioagr at ed seed anneal / electrolytic or

el ectrol ess plating of et al s or other conductive naterials according to

this inventio by. performing in-situ -
treatment of |Iabl|lty [0018] In the

foll ow ngmdet[aoiﬁd ﬂﬁ%ﬁﬁdrﬂh% ﬂﬂi m&HéBa{oq&éﬁoﬁrp%s{rﬁtg s%c@'u{:ﬁm@ﬁtef@at:ct;ow&h
such as specific materials, structures, chem cals, processes, etc.
der to prowaEckolsERia DR PAMERD MEHERFETICVE QRIS arq\uﬂswﬁcd;\ﬁh@@pmrum

o

apparat us and, t fe t

el ectrolytic ngehgﬁ’egtgomggssm% a?'yqé%?sn @e‘t?%f'{ %%nt"{ggg orrglgn '{t C" based

materials ar enfddbmtuobqﬂoceishe iagipdinafarsexamplt shatgipdedifcidghos clamvnmhg gieshave
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f t t
Tneludi ng- t o SR ABRES ofStiRIe5* lafil AeTE s more it uE ing g0 erom Stng void- et

15, clectro_lytl_c or electroless plating gap-fill in high aspect ratio vias and trenches,

~reducing IC processing cost by performing in-situ ‘treatment of metal seed. layer, and
-enhancing reliability. |
[0018] In the follqwing detailed description, numerous spccific details are set forth,
such as specific materials, structures, chemicals, prdcc_sses, etc., in order to provide a more

20  thorough understanding of the present invention. Howéver, it will be apparent to those

skilled in the art to which this invention pertains that the present invention may be
practiced without these specific details. In other instances, well-known devices, methods,

. \) S procedures, and individual components have not been described in detail 50 as not to _

- unnecessarily obscure aspects of the present invention.

25 [0019] Referring now to the drawings, where like elements are designated by like
reference numerals, embodiments of the present invention for substrate surface treatment
for electrolytic or electroless plating of metals or other conductive materials used to
manufacture an intcgrated circuit having a metal interconnect are illustrated by FI_GS. la
through 1g and by FIGS. 2a and 2b. FIGS. 1a-1g are schematic cross-section

30  representations of the semiconductor structure at various phase during the manufacture
process embodiments shown in FIGS. 2a and-2b. F1G. 2a, which is associated with FIGS.

1a-1d, shows an embodiment of a process of this inveation for treating a patterned and/or
3




el ectrolytic or electroless plating defects, inproving wetting and
pronoting void-free electrolytic or el ectrol ess plating ga p-figd /60 /Bigde
aspect rati o Woas/nawdstrenches, 20 thorough understandi ng of tﬂﬁ,ﬁéﬁ@gﬁ
i nvention. However, it will be apparent. to those skilled in't 3
whi ch this invention pertains that the present invention nmay be practiced
wi t hout thes ebzsp)eu;ﬁstratc sdefeai folowinp depdsiiioni oTet e Seed Wk} sUehanil gdice@,

met hods, pro a%ﬂy{t !aandflndg V|Idua ag rr%onent@ have not been described in
- detail so as ufrec 85 X' 2 S ot TV B2 Pefal rdsdnee [ansrelst i on.

250019) Ref erformgi aentieantthieseed &w:rngHG phedific iskeSsolaREBRAINSFIBISE] (UGS Ligiat ed
nments of the present invention for

by like referen Ge qauner ord

substrate surfat® cidf‘"éeé‘f ﬁgﬁtpmcf:ﬁr é*"éd?'feﬁi'% fog Pﬁrfor&"&f‘%ra@@’sﬁm’ anreplgpng

net al s- or sot hestirgaifdipatienied BRY® bal sibstf@dsit @ce f@ﬂﬂufn@(irteh%ﬁn@o&e{}g St igd
circuit havi @Ga metal interconnect are illustrated t hrough
g and by FI 2% and 2b. FIGS. 1la- | g are schematic cross-section 30
representations of the sem conductor structure at various phase during the
manuf acture process enbodi nents shown in FIGS. 2a and 2b. FIG 2a, which
i s associ at edNEITH SEIREA.CE TREATMENTOWS an enbodi nent of a process of this
I nvention for%hr gag_i @g a SBatterned and/or 3 WO 03/023848 03/ 02/ 2006

PCT/ Us02/ 2231%%8 BRSPAVE 28 FRFmRlany SmicRItkdodebeste svrtee 1 havingl a seed

| ayer such t lftal faypr Dt &C4 §iiSon snemte\@tdnerdoxle?ewyanfmb &?&?i‘?' c?al ggéﬁ:l iseed
oxi de layer or a netal seed nitride layer, is orne over seed

| ayer. ?4?3 spresgiate f ong of g mstaldavgrs in WGSPEF—GH@@ 1e*s=fhmworahc79nﬂ0dqcnent
of @ pr OCGSSLQ)fertIf”tﬁyb:BMQﬁrah rl%flzx?gr @u it QL D% 5&%06‘!% 91?‘@{1{1?1%@8! Pné.'?a{LDand =

plrating of a patterned and dtrate surface oW 11g T Bat irent
process show#yfnl2, pihich may br- m@pmamummsmzwe lgla@ (BREGYhows'

an exenpl aryp t av n

on a silicon hZo‘é sotg?g%gcgg%gangegoﬁ\?igrsg(f%{gyéiasﬁ%%s}l %{B%PP g x'g%@rgqr‘"Fé{98¥dell is

10 represent exidoydowtk dintectoit mdm;a!redradpnd-ayéb&cme rAatéfial apl R RBhed olee\iad ,
sem cond tor devi ﬁg Lﬁé{q l1 pical of an ILD layer that is used to

" separat et he'"SFPFefERY © Y"QQ %3651"@)(ﬁ:gbérphﬁ‘ca'vﬁ‘w@rﬂ%ﬁ%'%(fﬁﬁa)eo"of a
‘materi al sucdih@suindlaopb@sphosili cat e glass (BPSG: - .

{0021} It is understood that structure 10 is only a portion of many structures present on

a semiconductor wafer. Trenches 14 and 15 are formed in structure 10 along with the

formation of via opening 13 under trench 14 for interconnection to the lower metal layer

20 1. Structure 10 or similar can be fabricated utilizing single or dual damascene processes
known in the art. )

; ) : [0022]7 With reference to FIG. 1a and 2a, process begins by providing a substrate

structure 10 into a semiconductor device processing first tool 310 (shown in FIG. 3a),

_such as a copper-barrier seed deposition tool 310 (block 210 in FIG. 2a) to form a barrier

25 layer on the substrate structure. As discussed in detail later, the coppér-barricr -seed

deposition tool generally includ'es several chambers where substrate processing is

performed without brcaking vacuum. The surface of substrate structure 10 may be bare,

for example substrate structure 10 may incliide only substrate 20. In another embodiment,

substrate structure 10 may include a substrate 20 having a metal layer 11 and / or at least a

~ 30 trench 14, 15 and a via 13 patierned on an ILD ilayer 12. Other configurations or

“arrangements for substrate stricture 10 are within the scope of this invention.

4




-for-interconn

phosphosilicate glass (PSG, borosilicate glass (BSG, silicon dioxide,
fluorine doped oxide, low k dielectric material, or spin-on di ‘639/:62/(:2006
mat eri al may b® f3@psmg over the 15 structure 10 by chem cal alp(g{) 02
deposi tion (CVD), physical vapor deposition (PVD) or other suit P% frétis.
100211 It is understood that structure 10 is only a portion of many

structures pre9zs]t ®fith @fS@it COFIGST O andedfa@lin ofd &RBdREent4a BBl Ryd' 5 fs0r med -

in structure the formation of via opening 13 under trench 14
é&?? ‘h"e? @et"ttqlﬂ I3y50&2 anein dre eagheopen ey 14, 18@pd ¥iwpeningl e Watni | ar

can be fabri cat eshidt iayérlemgzeﬂic@gnheelw lagltally HABMRES BRGnHIOGERS BendhBOY) 1 the
art. (0022) Wth reference and 2a, process begins by providing a

substrate st?“L‘](Yf%]‘rb(bi‘?fkl%@P@fflge?fﬁ)c@ﬁﬁl?&ﬂ%’lmd%'\?h ée b’ﬂ'f'éfc'éx@fl l§gakitymseally ool
310 (Showts i nuskd Giun 3Rl int6s e nler P RAGHIPA! el BimaAELE HERRSLAION, JRAb 310

(block 210 in FIG 2a) to forma barrier 25 l'ayer on t e su
structure. AsPretesicdifusen ofthermetal interqpnesct mathral dsp fsrsubstiatel er seed

deposi tion tqeéugewraér' Voybi166 YRGS b8 BB o CRRARET ST BB SRR gy

processing is rformed aki ng vacuum sur ace 0
structure 10 !Wnbéﬂ)ah@munﬁ mtrubxﬁ”nhi) gugstos tnitaitle (WIN) U tdhpgsten-atatmry (Wie), ude

only substra rate st.ructur

i nci ude a suggﬁtr sghgf)" rIllriav hOr SRS rmfry For?poun%l%é\%wcfvfr s %ﬁp"fcéaé?{’lgﬁ%g%
trench 140 15lawnid!sa:amba uk&d ﬁiﬂtﬁa&i‘dﬂdﬂaeﬂm antht ipBXctieyy 6F thd presehtli@vention. The
conflguratlonso ar enents. for te,structure 10 are within the
scope of thi Sarrige, laxer ]ga.nq. LGB‘Ed@gB’“ﬁ“é?%l%d%"‘%ﬁ%ﬂ@é@lﬂ VPo023]
W th ref er eneRrcitdtytid fhinglop cREE0IZA pldtifg O eheERL 17BN 6 .sémbazhéd @VD'&‘WD 16 is
formed over the ILD [ayer 12 and in the trench openin 14, 15" Vi a

openi ng 13 s&Mbfdised fonehersigpositian ofhjr 1fithe bareen lpxes 16 fre ﬂ, L*Eﬂlpé%ﬁanlbz usert
lines the ingdge %nfﬁxt?r?al tcfeﬁgﬁ%s £4a. f?coﬁl%nvﬂrgcuch‘ fF:Per? I) ‘Fm? 2a) .
a use h™net al

Barrier |ayers, such rier ayer are typlc
i nt er coni&ct spytieréng. aIGantbpt barriere lgyer 10 rindepmsitaf t¢ hethuakheascmntheo*amgeaaﬁi to

Py oy i 5500l TACRPRES S Bl R .
~ o TaNy , - ti t awithimtieTscppe of" thmnummni Ha-aeebodibhent} bm@at Ieyerrtiotis det@sifedNb.a- - -
tungsten-tan %Lness §¢%3de200 A.
[0025]  With reference to FIGS. Ic and 2a, the process continues by forming a metal
20  seed layer 17, such as a copper-seed layer 17, over the barrier layer 16 that overlies the
ILD layer 12 and lines the inside of the trenches 14, 15 and via 13 (block 230 of FIG. 2a).
Metal seed layer 17 can be deposited ‘or formed using metals, metal alloys, metal
‘_ compounds, rﬁu'itiple layers of metal stack or any substrates where a metal that is to be
{‘“) used to form the interconnects in the trench and the via can nucleate and grow. Generally,
25 - the metal seed |ayer 17 is made of a metal or metal alloy and may include, but is not
limited to, copper, copper alloy, nickel, silver, gold and cobalt.
[0026] The metal seed layer 17 is deposited/formed while the substrate structure 10 is
still in the first semiconductor device processing tool 310, e.g., copper barrier-seed
deposition tool 310 (shown in FIG. 3a), utilizing a directional deposition technique.
30 - Directional dcpositibn‘ techniques, which are known in the art, include collimated
sputtering, plasma enhanced chemical vapbr' deposition, and ionized physical vapor

deposition with or without bias voltage. Generally, seed layer 17 is deposited to a




tantal um silicon nitri de, or other ternary conpounds. However, it is
appreci ated that other materials can be used for barrier Iayer oo 0?/5%6

practice of tdewuesent invention. The barrier layer 16 is fo (Frﬁ ‘?ﬁ
known fil m deposition techni ques, such as CVD, PVD, electrolytic g
or electroless plating. If the barrier layer 16 is TiN, then CVD or PVD

can be used fwickhdse il @ROsngd 6ﬂapﬁra:iu|?\|ale[|yfIOUOI-GO(hIHﬁxfgisﬁdSmi eder Inlén bfibobi@mertthen

PVD can be used, for .the confor ositio f, Ta. A common practice for
- performng PVISS§ BYHRLT i§ ‘Eﬂ%“r“.‘ﬂg%m %@?5’?‘1"&90@ rier layer 16 is deposited

to a thicknesgo7) t e Afgencelto MBS 0didiBIR Yhel HROcEO Loaidst b9 Bhykidilly- or
however, other bar I’I er thickness may be practiced wthin the' -scope

of -thi s i nverftegyfally ﬁfeaﬂﬂgeﬁ%m%?éﬁfedb&m B 5&5!&0%13’;'5/8&@56@#% epting pfy
t hi ckness of c%lﬂﬂbﬂttv%qgat@‘na!l&pglﬁ]str\ﬂet hGdnefafly, QH@Eh}s@ca’f"a@or cﬁer@l@gi #éatmbdte

process conti nues form ng a netal 20 seed ayer 17, such
copper - seed My@ffla*lmd danst t/Heahe dprsy inpsipedr erssrtwn&tngowﬁundes w@mnpa_lm

layer 12 and Act.t:'@%r ) gaasdrqﬁ tn?tzleu?@l#lélgﬂemgsslp‘}a JilgB AR Yhhctive (RtQEK 230

of FIG 2a). Metal seed l'ayer osite or med using netals,
met al al | oys,Forexamplee dmpoesadbodiment.i the eretaéy@ﬂslam shrfacal 1 7smapcke expoageyto

substrates t I n

the trench ‘2’%§£th%c€§§ gljggélpnuc]i@aﬁ(%ﬁ’do éég@(ézge%ﬁ f'g,ﬁz)Zgz ? é}&ﬁ%&t%a ﬁseed

| ayer 17 0s mitchgenf{Ng, Heamd Aaretmteadangcl dfagmpanatunemynd comkerdmiionsiknoivs imthe
0026]

limted to, PR oppe | | oy obal.

The et al se@g Igfg?t%i'gpméoaae%g’s hF g Hfg?dr?elﬁyc\ﬂﬁ'f"%eglﬁe‘s §lfb°§‘?q'§ équéci Fﬁé'fnure
X0jis still sudh ahecidd, rtatess estveanny) duid ddfonthed iveeer Dirderenstisgrdlipid/ dddrolasg.
. copper barrie seeoﬁi deposi tion ta Zi ng a

directional A®YESY {tme n&eﬁweq'aéte“e'dnr_‘ieﬁawqana? a'&%b‘@?"’tq%g%‘lbst‘éaé%ﬁf

which are knggn in the art, include collimted sputtering, plasm enhanced
chem cal vapor deposition, and ignized physical vapor deposition with or

wi t hout BPFas P88k adeonazankadimery of tisdavanyib treatmeniso dess seaddayer d 7 s dape by
.03/023848 5 étg'{%%r%@égggecdpg‘ééé%% aéﬁl-ﬁ y%&g%@a svel Bedthi€nd am?sﬂ'fstrate '

appr oxi mat el angst rons ment, seed [ayer 17 is
- deposi t ed 't ostaucti¢ ¢k hiaxdeg te rmdgcedZa)@ﬂlAand the barrier-layer 16 Ihercon 10 form aseed

passivation layer 18, for example a metal oxide layer 18, on the metal seed layer 17 (block
240 in FIG. 2a). The in situ seed surface passivation (or seed treatment) is performed
20  while the substrate structure 10 is still within a chamber of the metal barrier-seed
deposition tool 310 (shown in FIG. 3a}). To perform in situ seed surface passivation (or
seed treatment) according to one embodiment of this invention, the chamber of the first
substrate processing tool, e.g. copper-barrier seed deposition tool, having substrate
\) structure 10 therewith is filled with a gas for a first specified period of time, t;. The gas
25 environmerit may include, but is not limitéd to, inert gases, hydrogen gas, fluorine
containing gas, forming gas, oxygen gas, nitrogen gas, etc. The substrate structure 10
having the metal seed layer 17 and the barrier layer 16 thereon is then cooled in the gas
(e.g. oxygen) cnv‘irohmeﬁ;. in the sub-atmospheric chamber at a specified temperature, T,
for a second specified period of time, ¢, to form a passivation layer 18, e.g. metal oxide
50 layer 18, over the metal seed layer- 17. Generally, a passivation layer 18 having a
_ thickness in the range of approximately 5-100 angstroms (A) may be formed over the

metal seed Iaycr 17.




[00271 Wth reference to FIGS. Id and 2a, the process continues by
physically or chemcally treating the netal seed layer prior t@3/02/2006
el ectrol yti c/ ®lCeistzed4ess pl ating of conductive material on su ‘?ﬁ"i’g 2%23
CGenerally, the physical and/or chem cal treatnment of netal see 7
may be done in-situ or ex-situ using a liquid or a chemcally active or

i nert gas pri 0280 élcewtimgltytn cmedncﬁmtm@ifdas:npératoh,ntge efb-dth@spghené isdnibéeof

mbert S For ol g gpg SORRS Ut b s LT sbrTace o
Hydr ogen (H2)of llqlﬁtoaahrbui-b tor-2orad flrst Bpa‘crﬁag%n&d\ﬁf) timéld, dnodyr 15- P%}&coﬁ&s énd ange
I n anot he

of tenperatures.a 0 tratlo in the

enbodi nent , Flréfm#gi CIT “&2@8“1 PadSer Is%?‘géf@éc Frpciuge e'ibﬁ)"s'é%d‘hﬁdnqtﬁ“cfﬂﬁxﬁ'aﬁﬁdﬁ"a
such as acs dsandhas BSrneS RyYMETd teredfts ten cOIMFZRANNBER 0xPEdnAnvirGn Bl Glolvilay t i C/
el ectrol ess pIa | ‘% t he.caonductive materjal 1 n trenches 14, 15 and via
13 of substraf®! c‘ttWPE’heri?)Cha €73 §PESSYR O AU hiPF e specified: tpnperature

i nvention, t r?&iﬂﬁﬁ@e StfappRkihatd @ €126 3Y Er akécond sp&ﬂﬁd}&{n&%fflmﬂz BBatlolly £1 LU
seed surface assivation (or nmetal seed layer treatnent) of thé substrate

structure 10 Ra¥Fongs ené Hﬁ“éffé'?b’eée%{ !Oagﬁe?ndﬂ Generally, aingerr the @boveagpaditios,
thereon to fGhiR cxRRAaye? 18 ggér o mf Ls Je% 4?6;"9‘5 1@‘@”&%‘5&)5% E‘F}%trgngﬁo&l de

| ayer 18, on the netal see Situ
-seed surf®ce approsimataly oﬁwlqoolan%emswf‘éat ﬁ’bme) shlﬁeqoer ftioer IHHdWIH/\hedogmtdﬂehat

bstrat t I h - d
depost 11 ot e dpimates iy Ye! bR LENETRE oY soielpeRond U dee
' as/sl vation @eond swd'lddrmbmlﬁttl)m@mwnber@zrt oT,opressamhﬁdhﬂempcﬁf)arhbﬂ Secd :

I hventi on, f t he first sub oces

copper - barr i ggpogg‘é aoep APReGicr BRY bE AR 5ﬁﬁ€a%°t9 Ing o the Wg’? Pgﬁeﬁﬁj é"“‘%d"ycr
therew th i snfatdriabdised,t typa efagad dntr@iubéd Sk thpeghaimbed q@ipndt QbedifitiBons | -
The gas include, but. js not linted to, inert gases,

% envi ronnent n%\é'ﬁ

hydr ogen gasmaf"l' ABPinEPre e AESs MARYie SeSideBHiting gas, oxygen gas, nitrogen

gas, etc. ThaoseibsFeRdwEng tih Usth Uir@itdéht ofN@uine Emc@%ahe Scss,sizr'zﬁwr &Zd and
the barrier [ayer 16 thereon is then cooled in the gas oxygen)

“ envi ronment -f§Posifien tagh-the sbSIRe Wefeéwaﬁhﬁepxm@cddoeyethlhae'@nmrmeqcamgm T,

for a secondisReeks lzﬁﬁir Qgcnl od of tine, t2, to forma passivation |ayer 18, |

e.g. netal oxide 30 layer over the netal seed layer 17. Cenerally, a
. passi vati on 08¥€r &Swﬂlzhvnm@d that whérodopps ds used tohferm angel sded &qypr arxihebhrgikey

5-100 angy t rlg%' -lg’)ﬁndnc%ésfgct:)neisfu%zr: asd thg\fggsr int‘tng char;rnEl;[egli'n Ss;%.? gccld %gsesEvagiZﬁ (or seed
surface treatment) of the Cu-seed layer 17 forms a layer of cupric oxide (CuQ,). Since the

CuO; layer is formed, e.g. grown, inside a high vacuum chamber in the barrier-seed:

deposition tool, no contamination is trapped undemneath this CuO; layer 18. When the

) o -substrate structure 10 is removed from the metal-barrier seed deposition tool and is
25  exposed to atmosphere conditions, contamination {which may include an additional layer

of CuQy) will typically deposit on top of the CuO, layer 18 formed under vacuum

conditions. Therefore, the CuG, Iayér 18 formed under vacuum conditions acts as a

protective cover layer for the substrate structure 10 and its metal seed layer 17.

INTEGRATED SEED ANNEAL — ELECTROLESS/ELECTROLYTIC PLATING
- 30 [0032] Turning now to FIGS le-1g and 2b, an embodiment of the process of this

invention for performing integrated seed anneal and plating of a patterned and/or substrate

7




6 WD 03/ 023848 03/ 02/2006 PCTI US02/ 22314 100291 According to an enbodi nent
of this invention, the sub-atnospheric chanber of the copper-bqu;gﬁ/gﬁﬁﬂs

deposi tion towb dsmzfist| ed with pure oxygen gas flowing at a prﬁfﬁ%ﬁ L9, up
to about 2 torr for a first specified period of tine t{ of ab 55

seconds, and preferably about 20 seconds. The substrate structure 10
havi ng t he nefuetacs ftldwirysebsthie ﬁrféﬁdr&ahﬁcnbﬂrl’obd:selshdv&ny&lﬂ@@d neMeeted sSThdren

cooled in the pure.oxygen environment 0.t he sub-at nmpspheric
- chanber at  a BPESEiv RAEDE 5 BUR s bnahs SRV RAREATRIIO I o
- range of apprbpstkzedsalyr616r RIG. Q) Qire @eﬁmadn&meemd pfbceink Qdolof2d, ielfe the? Of
about 5- 15 second referably 10 seconds. Gbnerally, under the

% and 35
above condi t i YREroP&ting 004 $20{ghqym itk e.g. -copper oxide layer 18, is

fornmed to ;. tjosnesst RidrdiRe i@ PSS, Ofe ahd z%pmmmgaheshy (érelxoau?@g@tsrueﬁ& (A).
Those skilled in the art will recognize that characterlstlc par anet ers

‘for the proceRSsSiyaEEpper secdytregtineal) of Jhe imetad Feprblavey for example in|situ sWefaesnd

specified periQdvfiontdfiEu-bdséd sdeBTRRY 3h WeCTu barrif-&38 ldE;?osthn tQﬁ the. substrate
copper-barrier seed deposition tool chanber, etc. dified

nay
accordi ng t o steture/preafer i0haviag ﬂy’et@drlqrdwr 16, maéﬁqeallamséﬂe & Sipée@tlamé'i
i ntroduced i € giﬁ”é
pr efer ences, rhnhgﬁetglﬂ&[mc%aﬁssl {gbgt ons 88%9%0% %?8 ESPQOIV\{ | Sl z?ﬁﬂ)ﬁ egg'ment

of subst rid@t e tenclieadd, 1Fandhea ¢dppetruchee llh-lérlz.seecbwddépm atconinmirmobn reprfowal
substrate ! MLRLhons o! S GURETRInGE, il & ri@nah 8 BOCES S

the electropla?lng T not e Wreh cop s Used
to forma metdabics ﬁ&dcdsmgeﬁolcmo tdye etbarrdspiarngz&lIsaywloékﬁzaeaif¢10xmenvhn$e used

as“the gas in the chanpber, in situ see i vation r surface
reatment) ofM HE GRS EaETUPLP Do Chiaenol SRyaPPIainaanl e SUhiral Sreies)

Since the CyQ3s hikBled iida féHmdgas Qo BlimEaRW redubds Qe pHsgbationaayemt ghagiber
in the barr|er-seed deposition tool, no contam nation is trapped

under neatlh t mies2l ggesb oxidy daven 88, amnwpll @R ckrutsemtréd@ﬁratuwsrﬂ@mreﬁﬂl%ow dfoved

fromthe netgm%gggrwggkfgy%}FQQRﬂﬁlt|on tool and is 25 exposed to atnosphere
condi ti ons, contan1nat|on (which“may include an additional |ayer of Cute) -

W typi cal 1§03dkp&ainerally, thometst seedhanrealyzodess/iariudes flowiingerdfonmmgreayefcaitan
conditions. ThefehQLeind A€ SHIRida AN Plemblal PRI URABE: YAHH ULLFPMnk QIS

acts as a i
for a third specified period of time t; at a specified seed anncal temperature Teeg anncal- In

20 one embodiment of this invention, the forming. gas used in the seed anneal process
comprises 95% nitrogen -gas (N3} and 5% hydrogen (Hz) flowing into the seed anneal
chamber at a specified seed anncal temperature Tseed anncat Of about 250° C for a third

._ specified period of time t3 of about 30 scconds. In one embodiment, N; is provided into
: ) the anneal chamber at a flow rate of about 19 standard liters per minute (sim), while H is

25 - provided into the anneal chamber at a flow rate of about I shm. |
[0035] The seed anneal process (block 260 in FIG. 3b) further includes codling the .
annealed substrate structure 10 in the forming gas or other gas mixtures for a fourth
specified period of time ts at a seed anneal cooling temperature Tyeed anneal cagting. 11N OnE
embodiment of this invention, cooling the substrate structure in the forming.gas of 95% N2

30 and 5% H; includes flowing the forming gas into the seed anneal chamber at a seed anneal
cooling temperature Teced anneal conting Of about 15-20° C for a fourth specified period of
time t; of about 25 seconds. N is generally provided into the anneal chamber at a flow

rate of about 19 sIm, while H; is injected into the anneal chamber at a rate of about | sim.
' 8




protective cover layer for the. substrate structure 10 and its netal seed

| ayer 17. | NTEGRATED SEED ANNEAL - ELECTROLESS/ ELECTROLYTIC PLA‘5I3%§92 06
(00321 Tur ni ngowmiiNgFl GS e-1g and 2b, an embodi ment of the %1 ﬁg .
this invention for performng integrated seed anneal and pl at P23 31
patterned and/or substrate WO 03/023848 03/ 02/ 2006 PCT/ U802/22314 surface
fol | owi ng subfOBEt e V&t ffresnce rceBJrUmrlt‘ afd Dis, E6IFova ROWS nidtal 5tdG andidali Socedure,
illustrated. het ess, i s | ted since the tasks described in the

- fol | owi ng par gr 'éﬁﬁ €§W5 aé‘ﬁ%%ﬁ CF op Hingorecessepndinyss Py Refferming yelegiraless or

perfornmed in etlémroga.mpianﬁg)ﬁeﬁxsstfh& iteRturs 2o Rpdkit atchﬁducﬁ\l'e@ﬁ&t&qgl @téggmyg]ol |
320 (shown in Wth reference to FIGS. |le and

fol lowing in ?la&fﬁy (5P r&‘%:?%sl {‘11)‘5’ Yaalp st qvatbarden aLef thasubsiry sructedd (block
treat ment)s of270he Fret2a). $RedkpbaiacondRliveEmaemiiSvill 'ﬁ)n?l'atﬂ'letgpr feAG%necr 22 for

passi vation of Cu-based seed |ayer in the Cu barrier-see 3eposrt| on tool,
the substrat dMCEPPIFELQI R the Igueraretalgayeading the barri er layer 16, netal seed
layer 17, e. SEeGroldY 8hd Licetrol v

Cu- seed oxi dg Ijai{/ler ro(Cu 02) f %‘F°rrg"}df’%ﬁﬁ%b’t°?§%§ﬁ’e?§ ; 94 &B‘J Vi a"iegﬂ
structure | Lintgesonnegt %?r @f\?l'@é‘dﬂrlmﬂ@ﬁ arlcrﬁhcaniyhawlaong rrehrdvauepositmamoérrnc&zz

e.g. an annegly.L 2 0 em_conduct or

devi ce prOCGSSOI ngﬁ{%g{mlg% S,OQLEQR %’:rt((c)iﬁdﬁp%oﬁgictc%%l"ggﬁ fh Ee8eR PEF Rt R
2b) . Wi '8 i kelowhe cont ami nati on rermval or anneal chanber of

el ectropl ati ng toM z the, subszwate tructure neal ed ina form ng
gas to elininate or PEEUCESTR e cBﬁ%?F\?%\f"F@h“’f"&@& thegathade)y 15 net al
Sﬁe)d o>l;| de Iawesbrl 181cnesuweﬂd sula%rateggerer mér(igfz atﬂGIg térﬁﬁhal ipé‘ca%ﬁe)fd?mﬁm Real s on
t he substrat oc neral |y, the metal

seed. anneal g"rpg?é'éfg%‘af‘ V‘Eiwaﬁﬂ‘eéa‘ihe‘rerﬁfﬁglpg'ﬁ@ byran giisenel powesaspaly. xt ur es
o e Conkmm e TR, s b AR i LSSl o0
t enper at if e TFuctignadhe spucing agesh . g riteddimbneleafolythiisthe mta'cﬂ oDthe etehorfsor m ng
gas used in ’rﬁbeflﬁa*‘s‘@ﬂe gl 1P CE Ryt ¢ SIIRL d %Eha'ﬁ’g’% gl gqgg@gﬁgkéygggggd 5%

hydrogen (H2) flowmng into the see annea

- anneal teﬂpeaca@fdmtd'@'édemmranclplb batosut- 250 C for a third specified period ..

of time t3 of t 30 conds. In one enbqdinment, N2 is provided into
' %gl:olutlun 'fﬁ%saruum > r}V‘ Jattice (g eposited on wafer which is [I}D‘lc cathode) + Ox

solution (Surface treatment by-product).
20

[0040]) In an embodiment of this invention, depositing a conductive material into
trenches 14, 15, via 13 and overburden 21 of the substrate structure 10 to form a metal
‘ interconnect may be done utilizing an electroplating or an electroless plating technique.
) - The plating may be done with a solution of copper sulfate (resulting in a copper plating),
25  silver nitrate (resulting in a silver plating) or gold cyanide (resulting in a gold plating). By
way of example, in a conventional copper electroplating process, metallic ions in a pH
“neutral copper-based solution, such as a copper sulfate-based solution, may be reduced to
a metallic state by applying current between séed material fayer 17 and an anode of an
electroplating cell in the presence of the solution. Copper metal becomes deposited onto
30 seed material layer 17 to fill trenches 14, 15 and via 13 and form copper interconnection

line 22.
[0041] By way of example, in an electroless copper plating process, the substrate

structure/wafer 10 is exposed to a first plating solution by means such as immersion of the
. 9 '




t he anneal chanber at a flow rate of about 19 standard liters per mnute
(sim, while H2 is 25 provided into the anneal chanber at. a flggygayeods
about | sl.m WoGBbissihe seed anneal process (block 260 in FlI Gp3h)shihiher
i ncl udes cool i ng the annealed substrate structure 10 in the formng gas or
other gas mxtures for a fourth specified period of time t4 at a seed
anneal cool i n&ylbst@rmuammn/‘eaf?smeidtoeﬂmawg biath, orte speying dien@atingablutibn Snto the

i nvention, b t ure in_the form s of, o N2 30
- and 5% H2 |nc ‘H}gwdj ﬁ’ ?(5?8%1"5 %lmricg]s'slaﬁtagu?cﬁ% S%‘@Q% gﬁﬁbﬁ‘f'd é‘ﬁc rﬁ?er at
a seed annealhydmﬂnbwmgcxd en'ptdﬂmntcuucel I:s:ba:dzeaahstmacbr cotplexnbat0f sadbitsielin hea2d C -
for a fourth speci,fi P bimet4 of labout 5 seconds. N2 .is
general |y protf qujeé‘ 'icﬁﬁ) l’t"'ﬁté‘?’ ?fﬁléréil TSRS Ml 9y iyl SPigtien: Gr8-o BBl “1'§ sl m
while H2 iss i(@p¥yheiha icdbcing BeenalRBdiAg toClaawdtien ofihe thetalids @hd alb@étfgleﬂééﬂitfﬁ? 8 WO

031023848 03/ 02/ 006 PCT/ 21802%2%4 L0036 Wth reference to and
2b, fol | owi n@" e seRrsr sesd dayey ¢ GPEBARR!Y Prefecds 3 mgmaemacrawes for a

anneal / el ect rpaabdbi (e WAL B8 Todidlivd IHeScdMieddRVEIOE Thiritd e T8k Al eSSpcPlture
el ectrol ytlcn‘%l ti n of substrate structure 10 to deposit a conductive
material 19, T Y3> pladl as prcesspry &g attschihg rate alibniaction, angas kngwa in theaare

over burden 2Jg m% t hgits F@?@Fsﬁ&tt@ ms Ul‘;g A4H2p1R a(nthﬂﬁllfal sk Bibink e gcl{c%@s .or 1€

dep05| ted conductiive nmaterial wl orm a netal I nterconnect
i nt er conri@ct elsptrelytia n@nngmérsubﬁénaw Stf”&ﬁﬁéﬁr lﬂ,la cherogFimehanical glolishing (AMP)

ol ect r0l Yt | © k8IS AERARSPIER kAl PRYAGai kel Bl TP 8 cnchALPLEONNEC!

22 are known PR the ‘art ectr atl i'nc ep03| Fon o
from an el ecrmvytwlshﬂsuwammr gmayvas thoctxcr.ss emblpc:tmammdde(andlnhtg)armrﬂ&yer g‘ener al

prlnC|pIe beI , de ited o

Bhi ch |5t he RelF i eddoe e Mk By Sorprra B vkl aREH B8 i o ©
negati ve ter trenthts 14¢ &5 hatha) ID(hs\smmhmrﬂ?Galg) deposition takes pl ace.

El ectrons_at thod suppl | n ext er na pply. .[00391
El ectrol &s mtogﬁ n ‘83{5 S %P'%ﬂ "T‘F’B‘H‘E‘j 9%8“'@? g?t!’tPF%f?fy’/'t'%g by

- chenical 15 pmeducs emsuuT b@dr sehded ﬂ&nﬂ@lﬁr(%ys(&a 810 e ¢lG M)tha Rt %Ertfér%b/é eis
the source of the electrons. The substrate / wafer is. the catalytic

“surface on- wilegRtsdeseed aneplaa elestiolytigerelgstraless platingrafimegpls or qther cgedustivg:
pririci pl ebel,gials (system 320 in FIG. 3b) according to this invention are schematically illustrated,

[0044] With reference to FIG. 3a, generally, system 310 is a metal barrier seed
20  deposition tool 3190, for example a copper-barrier seed deposition tool 310. The copper-
barrier seed deposition tool 310 may have various configurations and arrangements,
depending on the substrate manufacture process used, manufacturing preferences, etc. In
iy ~ anexemplary embodiment, the copper-barrier seed deposition tool 310 includes a plurality
) : of chambers 312, 314, 316, 318 that may be used for various phases of the process
25 illustrated in FIG. 2a. For example, chamber 312 of copper-barrier seed deposition tool
~ 310 may be used as barrier layer deposition chamber, while vacuum chamber 314 may be
used as a metal seed layer, e.g. Cu seed layer deposition chamber. Chamber 316 may be a
- cooldown chamber in the CBS tool 310, and may be used to perform in situ surface
treatment of the seed layer to form a passivation layer, c.g.,ha metal seed oxide layer, under
30 vacuum conditions. Chamber 318 may function as a load lock chamber for the copper
barrier seed deposition tool 310.
[0045] With reference to FIG. 3b, generally, system 320 is an electroplating tool 320.

- The electroplating too! 320 also may have various configurations and arrangements,




MZ+ Solution + Redsa,,,t,on --~ Mlattice (deposited on wafer which is the
cathode) + Ox solution (surface treatnment by-product). 20 1004Q3/@2a2006
enbodi ment of Whisdzssgent i on, depositing a conductive material pdt8n2/22314
trenches 14, 15, via 13 and overburden 21 of the substrate structure Ié to
forma netal interconnect may be done utilizing an electroplating or an
el ectrol ess pHgendigs pederiubtiate mamdachirapioness wead, hendaneing prifemnss] ait.i bn of
copper sul fat %ﬂ i by i 5 silver nitrate
“{resulting i ngna%l I ver? egiggt'&ﬁg’) ?@efag%ﬁoglag%mgz%?néc?&h?H{:]ur?lﬁy §I‘ (S’]%ﬁ"(‘:lbers
plating). By 3% p24f326xbatphay, bei used foonviews phasmalof cioppereselimetatapinatiGngb.
process, netagliG.ions.i ral rehased sol ution, .such as a
copper sul fat E%Hbégg‘gﬁégqlﬁq%f)ﬁ?& ﬁgg%%téoapr[ae[@gggo 3t2§ may oot SPTRTNEEY ERyal
appl yi ng cur rénmbbetpesnd smed dmnber eded kayedace br etimtha@nheageod gassivativn fayer,

el ectroplating_cell, in th resence. of ,th lL.ution. Copper net becones
deposi t ed ont%g'gﬁé%lesgead %ngeelgycg' QRGS T?mg%)r iﬁqut?ercé)ﬁﬁﬂg’gnﬁ,sccf?ea?f&“\?i a 13
-and form coppeol 316t eA gandeldienoEystdm BSO Zdy bt QQddldd By thwalec@bplainanipbles2d @ an

el ectrol ess CiO{)&g{c plfati.ng rocess, %&q@gbstrate structure/wafer, 10 is
exposed to a TIPUEe BI'GTH A% SR e 5h 740 ERAYe Q5 rGdugRathe iSesf BSIHION 9 WD
03/ 023848 03/18y2t 2430 6any PABEbIUGD 2bridm inafts S UDRAM R 3231 mMlC bR/ vahlard Giddp0o a
pl ati ng b%th, sprayi ng the plating solution onto the structurelwafer

r

or. by s
10. The f} stChﬂPB%fi%'agsfde Fotto; may fe dde eadieniond wiferorassticaeiambsc hsas

hydrof | uori ¢ nagnktignedr asove el SrrfdGbiHent 26 eRethBplatihg SBHIL 3207 2GR0 @Pformﬁ&f ahS
soluble in the acid wused. A redox reaction occurs between the nmetal 1ons

in the sol ut ii¥pgrated gretal gagppineal /sigstraplaingprgcesyaf individenlivafes /sybsates.eadi ng to
reduction of éﬁ(ﬂ@] meial, 4 ABfod Qéﬁﬂ%dnstub?l'a@et iu'?ﬁfc thinichr{l & e(i?cprgsfuc $ed
S alt roomitenpera

| ayer 17. The reaction typically procee ure for-a period
of time unti klecingless plding of metalsror ettcocmdottive enagdrialsshatobeee desciibae Aldbugh

t enper at yte be j.ust ed .necessary .to affect the rate of the.

react i oanan gﬁcker%%ﬁl'?cﬁl % H‘é@ﬂ% Kl éﬂpW"["hpafﬂ?eé?’%r{E%ﬁ?dg’ #dapateqigfs ong
2b, as an ophaertebn taskbed! aricovninddificitRat tohe gBclosed kRbedimehts il bé Sppakeat | Ng
of .substrate strucrt ur.e 10’k' .chem cal - mecg_ani cal Ii]gol i shi_ng ?CNP,) . g{ocess
or a cheni cal® 83%H PEHBVAt "gr"b &1 ppon Fradige this disstesuresng herelRrhelhilt 48 bt ch

understood that such embodiments are merely illustrative of and not restrictive on the
broad invention and that this invention is not limited to the specific embodiments shown
20  and described.




removal polishes away or renoves the excess copper material 19 and the
barrier layer 17 above the ILD layer 12, so that the only copper and
barrier layer material left will be in trenches 14, 15 and via 13 (as
shown in FIG 1g). 15 (0043] Turning to FIGS. 3a and 3b, exenplary
enbodi nents of systenms for perform n% in situ or ex situ seed gzu(iéeace
treatnent (system 310 in FIG 3a) and for perform ng integratg “Seed
anneal and electrolytic or electroless plating of nmetals or other
conduct i ve-('E {r@ﬁ:ri als (system 320 in FIG 3b) according to this invention
are schemaI'r y illustrated. [00441 Wth reference to FIG 3a,

generally, system 310 is a netal barrier seed 20 deposition tool 310, for
exanpl e a Woplan:- barri er seed deposition tool 310. The copper- barrier seed
deposition tool 310 may have various configurations and arrangenents,
dependi ng on the substrate manufacture process used, manufacturing
preferencds, etmethdd c@fipri@pl ary enbodi ment, the copper-barrier seed
deposition tool 310. includes a,plurality of chanbers 312, 314, 316, 318
that may be usegovtcﬁr varbi o%s.rghases of thcfl- process 25 illustrated in FIG
2a. For exanpl & CVERREEPSE'S e 2 PESEEIEIAY | er seed deposition tool 310
may be used as barrier |ayer deposition chanber, while vacuum chanber 314
may be used agormings bdrrierdeykrionylersubsirate; Cu seed | ayer deposition chamber.
Chanber 316 may be a cool down chanber in the CBS tool 310, and nmay be used
to performin gifnhSimb@r&ed idyeAsVIEMe bafrick Ngeseed layer to forma
passivation |ayer, e.g., a netal seed oxide’layer, under 30 vacuum

conditions. Chanber 318 .may function, as | oad | ock chanber faqr the copper
barrier seed d gtell?j"ﬁ“f’@%ﬂn l@fépviré}@"ﬁftglﬁeF‘ﬂlaV@f%mﬁde S RIOGeFRE 19pl

gener al | y by sysds@id t@2fibktPat@RavehShE bRl &ddd M8 ef 2R the g%rier 119& 6L e PP/ i‘g' \r/‘\%

too.] 320._ also may have various configurations and arrangenents,
03/ 023x 48 fig seepifrd periopefitinysend poding thiegss wtit sngcidind tampesatiys tforat sscondnuf act ur e

process uggdin i.ng preferences, etc. In an exenplary enbodi nent,
t he el ectrlg%f éetqﬁﬁg&?g%ﬁﬁ 20 includes a plurality of chanbers 322, 324, 326

that may be used for various phases of the process illustrated in FIG 2b.
For exanpl e, ch@idine thesubsirate watkithobarsern lagrimepl sseblayenang éhepassivatiani nat i on

‘renoval 5%) RES con %aggﬁqgnmgﬂm&pgf@&%nﬁgﬂ to reduce or elimnate

t he seed ssi vatl on

annealing the substrate within the plating tool; and

depositing a conductive material at least in a trench and a via patterned on the

substrate structure within the plating tool.

2. The method of claim 1 wherein forming the passivation layer comprises forming a
~ passivation layer in a gas environment elected from the group consisting of inert gases,

hydrogen gas, fluorine containing gas, forming gas, oxygen gas and nitrogen gas.

3. The method of claim 1 wherein forming the passivation layer comprises forming a
passivation layer using a liquid selected from the group consisting of acids, bases,

solvents and di-ionized water.

4, The method of claim 1 wherein forming the passivation layer comprises forming a

passivation layer in a oxygen gas environment to form a metal oxide layer on the metal




e.g. netal seed oxide layer, forned in chanber 316 of the copper barrier

- seed deposition tool 310. A gas delivery system 350 nay be coupled to the
el ectroplating tool 320 to introduce a form ng gas into the chanmber 322 to
remove or reduce the seed passivation |ayer and any absorbed contam nants.
Chanber 324 may be an exenplary pl at| ng 10 chanber while chanbg @%6 may be
used as | oad/ unl oad waf er cassettes c anber. As nentioned abo g
arrangenent of electroplating tool 320 allows perform ng an integrated |
met al seedcahnagal / el ectroplating process of individual wafers / J
substrates. 100461 Thus, a nethod and apparatus for substrate surface i
treatnent for electrolytic or electroless plating of netals or other |
conductive materials have been described. Although 15 specific enbodi nents, |
i ncl udi ng % peciThe enedtid JIRRI 1 VIRFRBIeSfctal se@tm}cmsseee@fédmhﬁﬂhbg% have been
descri bed, varjous nodifications to the disclosed enbodi ments w lpl be

appar ent  PBSI¥HE o5EoRpeH cARRSY 2, pickelpsitvee saldiand sebalt eadi ng this di scl osure.
Therefore, it is to be wunderstood that such enbodi nents are nerely
illustrative of and not restrictive on the broad invention and that this

i nvention6s nfﬂhe miettioded claon i véicsqretiie bisiee hiyedi reeatts] fsdmie gra® and

descri bed 1. A nethad conprisi pI’OVI di ng
a subst ratcghsllsr% gtaBFag‘%:né’gg?tﬁlan"t[}\%ldc’ tﬂ?rﬁ s g lﬁF dpngs “g% th
substrate,tuﬂg@ireﬁlta]@al&nrﬁﬁﬂ@dnteﬁﬁﬁ@xhh@yﬁfndéver the barrier |ayer; form ng a
passivation | ayer over the netal seed |ayer while in the processing tool

by exposing the substrate having the netal seed |ayer and the barrier |ayer
to a gas for a i Y s at a
Speci f1 od |t erparariciod PECRIrk | SHREH OBkl ol {REGRP PBRUbEEEE L % he
substratetqdlt h the barrier layer, netal seed |layer and the passivation

| ayer into a contam nation renoval chanber of a plating tool; annealing the
substrate within the plating tool; and depositing a conductive naterial at

| east in &. treThéimathdd af viaan patheRinde fies spddffied period of time is in a range of

approximately 15-25 seconds.

0. The method of claim 1 wherein the second specified period of time is in a range

of approximately 5-15 seconds.
10.  The method of claim 1 wherein the specified temperature is about 15-20° C.

11.  The method of claim 1 wherein the gas comprises oxygen gas at a pressure of up

to 2 torr.

12.  The method of claim 1 further comprising annealing the substrate with the barrier
layer, metal seed layer and the passivation layer in forming gas to reduce the passivation

layer.

13. The method of claim 12 wherein annealing comprises flowing forming gas into
‘the anneal chamber for a first specified period of time at a seed anneal coolmg

temperature of about 250°C.




substrate structure within the plating tool. .2. The nmethod of claiml
wherein form ng the passivation |ayer conprises formng a passivation

| ayer in a gas environnent elected fromthe group consisting of inert
gases, hydrogen gas, fluorine containing gas, form ng gas, oxygen gas and
nitrogen gas. 3. The method of claiml wherein formng the pas?gyﬁgion

| ayer conprises formng a passivation |layer using a liquid selé¢ted from
the group consisting of acids, bases, solvents and di-ionized water. 4.
The met hodi4of cliheinmBthodvdTelagh N3 fudle i ghnbtgasif ¢ahib@des LEMBE 1eOREdISES
formng a gasvaatiqn | ayer in a oxygen gas environnent to forma netal

oxi de | aySHOBRta iRdomung gasiar osepomylspseified pegipdrof time arp scedunnusticasling| aj m 1
wher ei n t hempBh@le staB6u18¥RP ¢l s selected fromthe group consisting of
copper, copper alloy, nickel, silver, gold and cobalt. 6. The method of
claiml wherein the barrier layer is selected fromthe group consisting of

tantal um tantaglum nit.ri.d Ltaniu i tani nitrjide, tungsten nitride,
t ungst en-tltght aﬁl&ﬁ]n%f (?dtogﬁfagﬁj @Fﬁeinrc%ﬁ%mtﬁ?ﬁ"ﬁgd p?‘flo‘lﬁ"é%lﬁﬁ FteP claimi
wherei n t lkecgpdecessing tool is a netal-barrier deposition tool. 8. The
met hod of claim1 wherein the first specified period of tine is in a range
of approximtely 15-25 seconds. 9. The nethod of claim 1 wherein the
second spagi fi qfe ' faich | [ . r i 15
Seconds. |16, Thac RRIHGBQ Sk | TR bkir e Sech TRl pORR IR BN IS TS 1
about 15-2¢co@ds.11. The nethod of claim | wherein the gas conprises oxygen
gas at a pressure of up to 2 torr. 12. The nethod of claiml further
conprising annealing the substrate with the barrier I|ayer, netal seed

| ayer andivhe [assicthdtioftlalnfyEwherdinfBE HrghgdAs cbBpriRe st bhgerB@tsi vat i on
| ayer. 13..The nethod of claim 12 wherein annealing conprises flow ng
form ng gd4rasht gnd § REC A¥diPe®hanber for a first specified period of tine
at a seed anneal cooling tenperature of about 2500 C

18.  The method of claim 12 further comprises depositing a conductive material at

least in a trench and a via patterned on the substrate structure using electrolytic plating.

19. The method of claim 18 wherein the conductive material is selected from the

group consisting of copper, silver and gold.

20. A method comprising:

providing a substrate into a plating tool, the substrate having at least a trench and

at least a via patterned thereon, a barrier layer formed in the trench and the via, a metal

seed layer formed on the barrier layer and a passivation layer formed on the metal seed
layer, wherein the metal seed layer and the passivation layer are formed substantially

“sequentially within a same processing tool;
annealing the substrate in forming gas to remove the passivation layer; and

depositing a conductive material at least inside the trench and the via of the
substrate using a plating process selected from the group consisting of electrolytic plating
and electroless plating wherein the anneating and depositing are performed substantially

sequentially for each substrate in a substrate batch under vacuum conditions within the




14 3206 14. The nethod of claim 13 wherein annealing farther conprises
cooling the annealed substrate in formng gas for a second specified
period of time at a seed anneal cooling tenperature of about 15-20 C 15.
The nethod of claim 13 wherein the first specified period of tine is about
30 seconds. 16. The nmethod of clai msl4 wherein the second spegk{éid peri od
of time is about 25 seconds. 17. The method of claim 12 whererit'the
form ng gas conprises about 95 percent nitrogen and 5 percent hydrogen.

| S. The mefléiog todl. cl ai m 12 further conprises depositing a conductive
material at least in a trench and a via patterned on the substrate
structure using electrolytic plating. .19. The nethod of claim 18 wherein
t he conductji ve il ofleBii > {,SLi opper,
i ver and gol d oA ofchrBE R alrbilde dmpli A Bl o £ 0P2

pl ati ng t contamingsion paseqvabthambendfitoe electiophsing tool feendhstapetificltpetiedsf a vi a
patterned n rrier | ayer, f inthe trench and the via, a

nmet al seet %é&?edf%fl%%éemopﬁr%%r& Oggl?orﬁgg%ﬁayer and a passivation |ayer
formed on the nmetal seed |ayer, wherein the nmetal seed | ayer and the

assi vati | ayer are faornmed substantially sequentially within a sane
Brocessi ngat ool)i", e gisihediof g %Wgﬁllﬁg’tf}”&?@mgrf”#wﬁ?‘ﬁ@ﬁ&%oqhﬁgﬂ@rmve t he

passi val | findafiQbstAdn dSB0RY kst PscCORUELIVLOIRUT tidle P (iR NST dE t he
trench and the via of the substrate using a p?atlng process ‘sel ected from
the groupoéabmitd#2AgCof electrolytic plating and electrol ess plating
wherein the annealing and depositing are performed substantially
sequentially for each substrate in a substrate batch under vacuum

condi ti ong3w t Ahamctied bBcl3in?2 D&halehait the Grst rbified pericthe tims ibasbueBocl ai m 20
wherei n anneal.i ng conprises flowing formng gas into a contam nation
renoval cREPBEF of the electroplating tool for a first specified period of
time at a seed anneal tenperature of about 250C. 22. The nethod of claim 21

wherei n anneal i ng further conprises cooling the
24.  Themethod of claim 22 wherein the second specified period of time is about 25

seconds.

25. A system comprising:

at least one seed anneal chamber to perform seed anneal of a substrate, the
substrate having at least a trench and a via patterned thereon, a barrier layer formed in the
trench and the via, a metal seed layer formed on the barrier layer, and a seed passivation
layer formed on the metal seed layer, wherein the metal seed layer and the seed

passivation layer are formed substantially sequentially within a same processing tool;

~ a gas delivery system coupled to the at least one seed anneal chamber to introduce
a forming gas into the contamination removal chamber to reduce the seed passivation

layer; and

at least one plating chamber coupled to the at least one seed anneal chamber and
- to the gas delivery system, the at least one plating chamber for depositing a conductive
material at least inside the trench and the via of the substrate using a plating process
selected from the group consisting of electrolytic plating and electroless plating, wherein

the seed anneal chamber and the plating chamber comprise a plating tool.




anneal ed substrate in formng gas for a second specified period of tinme at
a tenperature of about 15-20 C. 23. The nethod of claim2l1 wherein the
first specified period of tine is about 30 seconds. 24. The net hod of
claim 22 wherein the second specified period of tinme is about 25 seconds.
25. A systemconprising: at |east ong seed anneal chanber to pggﬂg§n1seed
anneal of a substrate, the substrate having at |east a trench™ a via
patterned thereon, a barrier layer forned in the trench and the via, a
netal seed |ayer forned on the barrier layer, and a seed passivation |ayer
formed on the nmetal seed | ayer, wherein the netal seed |ayer and the seed

passi vat i &% | ay&te syptemsod el 23 whereanpqr frmipgsees annedl and geppsitinga a same
processi NGoh@Rkive AaBAs! a‘i’@%éﬁ’o?ﬁﬂé? §é@|&ﬁfﬂlgq&@aﬁgs&%&gﬁaﬂi uﬂ(ﬁ?@%cnﬂlge seed
anneal chanber to introduce a formng gas rnto the contam nation renova
chamber t condidomevithie thegdatingasdi vati on |ayer; and at | east one plating
chanber coupled to the at | east one seed anneal chanber and to the gas
delivery system the at |east one plating chanber for depositing a
conduct i ve27. mat Bid sybteidtof CRAS L5 whetedtertht B deliergRyas idthaudds dnt@thd &

substrate usi a plating process selected fromthe group consisting of
el ectrol yt@%eaggl}fm‘wgﬁ%{ﬁ%%&%r%Pé@@eﬁmiepﬁgl?o%@} eifpr aboedkweendanneal

chanber angidha bgflc%Bl fOEnHB PR t@rﬁﬁé?ﬁthﬁe%f%b&lt@b'ﬁﬂ%xt Blir 251 8cohdg 06 26. The
system of claim25 wherein perform ng seed anneal and depositing a
conductive material are perforned sequentially for each substrate batch
under vacuum conditions within the plating tool. 27. The systemof claim
25 wherein the gas delivery systemintroduces into the seed anneal chanber
hot form ng gas at a tenperature of about 250C for about 30 seconds

foll owed by cool formng gas at a tenperature of about 20C. for about 25
seconds.






