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PROCESS FOR MAKI NG A METAL SEED LAYER Thi s application

is a continuation in part of U S. Patent Application -
No.. 11/331,552, filed January 13, 2006, which clains

the benefit of' U S.. Provisional Patent Application

No. 60/724,953, filed Cctober 6, 2005, both of' which

are expressly incorporated by reference herein 5 in

their entireties. This application also clains the

benefit of' U S. Provisional Application No..

60/ 803, 430, filed May 30, 2006, which is expressly

i ncor por at @R RESSHON PAKENON BIETALSHEDSLA®ERI rety. .
FI ELD OF THE | NVENTI ON [ 0001] The present invention

rel ates to sem conductor fabrication generally, and
NOTHs applicAion ds 4 doattuatiort in part of i ‘.EoRhteﬁ:bApﬁlimaﬁxiui@o .A1/381,542, filed

s A 8 ey SR b6

60/7p4,953¢ filed Clctoberlia2005¢buth of whidh aneexp(ﬂﬁn):o:pmatedés n:efgence hersin

i 5 Bl 4 BB 6 S o

60/808,430p itefl M2y BB2)006, axteehss exprdsily iricadporated by gifertive hblteih inits
Iayers connecting the 15 nmetal layers.. [0003] In a

en ﬁyplcal BEOL conductive via fabrication process,
copper (Cu) gap filli ng was performed by
el ect rochem cal dg@g Tl@b? substrate forned
by plasna vapor eposition (PVD) of'a Cu seed | ayer.
[000When aise presept invension relaentp eﬁy@gonei@cm detuication generally, and more

Iﬁﬁ%fl‘g el PARGRRAIGihe NOde, post ECD
sPect?%gl{N}?n VOl gf%ran €0 serve within the PVD Cu seed 20

due to seed | ayer discontinuities.. The observed
di sconti nuous seed | ayRACHBRODRIXaused by thin seed

10008 s ofts FOEOTE BB AT RSN e I by geign oo F uftk ofd ine
(BE@LU%:@&%\];%&GJ&R@% APhurahty obﬂtefvénﬁﬂct& ednpmﬁgmmtmmau (6.8,

oXl1 de 1 C \ I OCessS
coppRR TS (I IR LBk i i o 68 R e e

metaldyers,] S OXi di zed to form CuO prior to Cu

1000Shi wt | gha Dkl SPEE BRER e s briation ardsoes, MPb (CurReR s wes

pexféﬁne&bﬁa&abcﬂe%z&@ déositién @CDYin thmﬁtﬁy@m viponi C

acj d aci C so Ut i OXi
depogifign GW&Pf eSS nngﬁqsé W{%mueg afixahoed technologies,
suchGk B2 A8 hhkbaHs node, post ECD bottom voids can be observed within the PVD Cu seed

due to seed Jayer discontinuities. The observed discontinuous seed layer may be caused by thin

seed or Cu oxide dissolving when in contact with the acidic ECD solution.

[0004] ‘When exposed to air, a metal surface such as Cumay be oxidized to form a metal
oxide, which adversely impacts subsequent processing, For example, the PVD Cu seed layer,
when exposs to air, is oxidized fo form CuO prior to Cu electrochemical deposition (BCD). A
typical ECD solution (the electrolyic) is an acid, which contains from about 1% to about 50 %
H,S0; or Methanesulfonic acid. In such an acidic solution, Cu oxide is dissolved, and the Cu

seed layer might become discontinuous.
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[ 0005] Exposure of netal to air during processing nmay
adversely affect the fabrication process in other
ways, such as affecting a netal cap layer. In

determ ning the performance of 'a BEOL processing
technol ogy, a variety of'criteria are used, including
the maxi mum current density (Jmax), the line

resi stance Rs, and the stress mgration (SM.. As

sem conductor 1C 5 technol ogy m grates fron190

[OOC%Z nonet poglﬁggﬂﬁ’étﬁ W ait ﬁuﬁ%’ﬁi‘o’c&&mﬁ £ bdwrselyZéfect the fabrication

Sire max| num cur r ent

ensi t%hi‘gg i ncre £
prodBisn oo ERYSFOASEIGEFHDG S R FERRRBR I Rigce of
BE(SLEMmésﬁn Ry, 4996 ];.f eﬁtéiﬁtaaelusecamchﬂmrthmmhmmmm
ect | de 03|ted over the ex @@pﬁsa' surfatce&
dengity (Friz: ﬂayém resistropesRs addhp ﬁtfﬁ%ﬂml&f
tech@glgﬁl QEH 6 R0 é&EMchRE6ED GRe fdaﬁletdkbs m@de@wadlw
X I nt erconnect can_be obt ai n by sel e&el Ve

ma?mﬁﬁmh’elqmbé@pﬁ)clgyxewxe@%p@]aerp p:ﬁe%me @1%1516?% ﬁlectromgranon
Ngnscée ydas deposition of 'a cobalt cap.. [0007] After

Aem cal nechani cal polishjn l.a i
[00GEBI oct | baiop SRS ER RoRroR A ARt o B SR Gl o 1
has Qé/eﬁ Be&gﬁygﬂeﬁﬁ% fehtB1d-im ﬁ)ﬁrﬁﬁen%ecﬁ&ﬁigﬁahbﬁ (Eppeformaticel the
copper 1ine, ﬁ % il due Qn o
Wm&evmw@mpnc@nne@mau b@rob&ﬂgfém’ E"é‘ ? 5% “beﬁa FHR PR
lme%:SO%P rﬁ%ﬁ&ﬂd&ﬁé‘poﬁh@ﬁ@ﬁt&bm@pd the copper surf ace.
un

0 ep03| t a selecgtiy
[000Fe Ca ateich graicalprehanip abpoliang ML "‘é’rc?ﬁ‘%étfsg‘ﬁ“e“"eﬁ’ aPPl‘ed

ovgp'ﬁjg g]%{a?%%S Sgll%t B@& tﬂéﬁﬁélecﬁ‘ﬁﬁ Qhﬁe@CNIP?ﬂﬁifeds 6dppelm:pip en top ofthe
e conventional nethod inc¢ludes, a v%/e onaé%mthc
cop;mrhuegsmfepﬂﬂ AMBrresidng on thealislesfic, and(pr greali CoRIAIERI R 8

%P%ti%&l e AR oppdr Q£ ArMIreforrily dewsit eweiedmvgimetal cap

selectivit erformance (to avpid | eakage
layezlon ghe @qeofg Pﬁ@ﬂﬁ&“ﬁ&"@@&‘h@ pfe %‘c‘?%”g ] “ﬁe‘i to
reml\f%@é fnb BSh gr%xi“’cﬁg e tc&ﬁ&ntﬁgﬁ glheﬂﬁ;ﬂ lincRaled Dwetivieas plostss af immersing
avi ng pose netal an ie ri c surfaces., e .
the NRBORenapidiorseluich @ HERGISk P, TALETD R BT eleoivy
perfihfie (8 pIcRFIoRE, a Flca ?"gl‘;ﬂ,ﬁﬁi’ﬂ‘ﬁ“é"’ﬂﬁm e
G R SRR LI NN T S e
st%‘ @{fﬁcdfclﬁ SRDVingd et B&n@bﬁ’l&&i eigdedn thedleal:smﬁame, metal residue on
SOl uti on recess is cre E%Eﬁ ch r.e ?i?ur,argesan
theﬂntw@aéléchﬁ apgl prgapie Espidpes qR Loth B m SoIme
[ogg ses, er, dAEng 08 offBs ﬁino@él Ibsimelahmehiemm"be:btmﬂlesblumn a
oto 5% |ncrease|nllner sta ?%I has
n

rec@sbgs@m;ted wigelj regulls %qnéncrgaﬁ% éesxrs ;%m?l a5 5%me cases, after

oMo BB 196 B36h roGHoick 33 1519 Atichicin ind rosistamb R, bastag dhagved.
een neasured at apout é" Acﬂ%déu C‘gi asgt%no@ag&altcaphas

Forrrargynplel ke ive Tesignay ngensy 6@?9“8‘?5&% (S

been measuzed at about 2.4 %. An increase in Rg degrades RC signal delay performance. Also,

because the Cu oxide formation can be pattern dependent, differences in the depths of the Cu

recess oceur on dense and iso pattern areas, resulting in non-uniform metal cap deposition.
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because the Cu oxide formation can be pattern
dependent, differences in the depths of'the Cu recess
occur on dense and iso pattern areas, resulting in
non-uni form netal cap deposition. 2 SUVWARY OF THE

I NVENTI ON [ 0009] In sonme enbodi nents, a nethod
conprises the steps oft providing a substrate wth an
exposed netal surface; performng a reducing process
on the netal surface; and transferring the substrate

in an inert or rgm HOTER INVeNaIodhanber t hat is

S T Toant Aot} TEel S 9 UG DR TS
[0000F THE IDRdwe¢

X os%%c@{) ,pérﬁtmﬁkﬁgédﬁlﬂhgﬁﬁcéﬂﬁﬁp&h trefDsuiface; and

WIS ove

ayer | ayer on a subst 11
tran&ferfing theissbsiaty uxagnam @ﬁ@fbar—ﬁg apbiegfia ¢ F%‘Fﬁ?%ﬁ?%s ‘&‘{?99" Hleta layer
d )if"pl ary cap layer having a 10 glue layer and a
PYATFi er (passivation) layer. [0012] FIG 3 is a

hi st ogram conparing the Iine resistance increase for

five variati ogmﬁmmmmépmﬁﬁlﬁﬁmmﬁéss [0013]

FIG. 4 fl rt, d
[0010e | nv@lﬁsllb'iwa 1‘?#\,1\/@%% X Flg’PTOC eeﬁ%artﬁ?@%gsg%ﬁ]ofa
c@ﬁyeﬁd%%ij@%%tglm'lmabmmﬁ%? Lhe |n\é:nt| on 15 [001;51]
[005A s'homglq R & diagrgp hodyipg & st gef‘?"g‘ m%*%%ﬂ?lv“%%? "E*”gka
g1ué1ﬁ§«éi"amlmbéﬁﬁ @a@gghﬁoameyeu? di ssol ved. [0017] FIG 7

ow chart, di agram o n .ex

[00RIG . 8FIG 346 4 HigRBEH SPTPATE SR oﬁgﬁ{aaﬁé%‘%%ﬁ%F Mot %ﬂaﬁ%ns -
cagrae%&fu%gbﬁb@? Iollry vvgt Z(é pr]?clelss is used to form a

eed | a ol.lo [
[00ER1y - wet I%ﬁéﬁ?g \gﬁﬁﬁj"?%%aélﬁcq T8 e?%‘?%nglﬁgagg aye
100R5TAl L ERDBSORAGE bl di4ppa0pf dhiher cpibodimiept ¢fgite ipfentigthe

exenpl ar errb di rrentg .S int aﬁe‘%d to be read in

[00¢Bnnect F WS h e BRI N dr awi ngs, which are
[oot® be C@IG'G%h@&ds {paria obFIG. BA, Fhet & p@tion of the metal in the seed layer is

dissolved.
[0017] FIG. 7 is a flow chart diagram of an exemplary method.
[0018] FIG. 8 is a flow chart diagram of an example in which an integrated dry-wet

process is used to form a seed Jayer, followed by ECD filling and another dry-wet integrated

process to form a cap layer.

DETATLED DESCRIPTION
[0019] This description of the exemplary embodiments is intended to be read in
connection with the accompanying drawings, which are to be considered part of the entire
written description. In the description, relative terms such as "lower,” "upper,” “horizontal,”
“vertical,”, “above,” “below,” “up,” “down,” “bop™ and “bottom™ as well as derivative thereof
(e.g., “horizontally,” “downwardly,” “upwardly,” etc ) should be constued to refer to the

orientation as then described or as shown in the drawing under discussion. These relative terms
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25 witten description, In the description, relative

terns such as "lower," "upper," "horizontal,k"
"vertical,", "above," "below " "up," "down," "top" and
"bottont as well as derivative thereof (e.g..,
“horizontally," "downwardly," "upwardly," etc) should

be construed to refer to the orientation as then
descri bed or as shown in the drawi ng under di scussion,
These relative terns 3 are for conveni ence of

ave I SGvMmEdcB Br @J&Ehﬁiﬁn B do' ek thit e dppaatapiedontitisicior

constructed or ‘operated in a particular orientation.
opefadd0} prtiularpRepiis an exanpl e of an i nterconnect

[oofdér gclt UERs, @%%86@%&& euiealﬁt&ﬁonﬂaat\suﬁ@ma 6ommc1udingutm h61z

e ay er or a ne ch as n

havisigdsentinapysseeiayer él‘b?itat%“ﬁﬁlt f’ﬂé} d:sl ag‘ﬁ‘% 524 W%W‘ pd

botéé?ldtﬁér{;&f' Ao Sheat tHe ndedyR %&e&@ﬁc &3ers 30D ande608, Midetrh stop
ayers 604 and 608.

h t al f 610
Loyera§lrand 60 TR OF 04 Y 51N L.B8Y Do SR O, R
exaln?le':%f(s?h% ih i F18S64 Qﬁéjseécﬂﬂﬁ 6 fl@ayTiye thinker inbtaun ee borém bf the
0

om of the sidewal I's than at the top of’
sideva8s teiehi top of fhosidaalis) G 6B shows the via 612

gﬁer ein %Qrshb@pm@m%maheraﬁ 296idn B0 tHfkBed 1ager 800 has
ssol v formng di scon@eg&l ties i.n the tnﬁg*?}t gg des the
&s@ﬂ@&dﬁﬂ%@ﬁ@nm%s iny thg e 0 himous gk TG HER
subgeﬁmﬂ 213 Qo FR Vol iiBe feBtuIref’(Glaj tb&ahtﬂe@w@dﬂo@s) to
[ oss. [0022] One eg%g eg§ scr ed bel o W mous

[00ETieans Ohe oxAaie dcesiva bUFH (s Sieghe axiis At P GoRrse
me s}u?a?ﬁ:lf "afsﬁﬁﬁﬂat@fof% tﬁé Qﬁdhraaﬁﬁ ,see@.fla}@r 630er svia 61 27im thdistercomnect

See

for a 61 |nterconnec
sﬁmﬂq@mhmm EG. &4y aéf]o@ GhBIAEIa of4n e}genytlwr Brpcess.
[00§§;|ar t | diag E}S&Eﬁ is g&gﬁ%&:‘mﬁo&r ofa pm&-m fnfegraldl” ?%Bs%%fox@hiﬂmahng
anpl e 1s describe e wet in e
a visrotbaustal borem BN BT e oo SRt FE et B
deﬁ}ﬁnﬁ? r"ﬁféttea %J befo$l S8ndtHgiked to%nd@ﬁvﬁﬂi@ﬁmma}tbefapbﬁﬂéno other

eposi The teachin ot I imted
fotuges TR opeh o Aol ARy B ST P

[00R2BAT U € RefelififhodFro T r'ieﬁt(é’fbp gbo,an mt&ﬁdnaédt eim@txe GIDII artench with
or- a contact, for exanp 10024 F%]Eeé g?a v 8 er seed

an Eyposed netal garfage 61 l?ersmda% BeeERsehne aaif S 3500P6F
'y ﬁBC%d‘gﬂaSrﬁl’ghav@é%o@ﬁanYé@ébi Gﬁildﬁﬁi ) exporufeato dne&ﬂb:ens air. For example
provi de e expose tr ma

m@e@@atemyép a@meeddﬁ@f aiﬁzyeéaﬁé‘%?ﬁ%??‘%ﬁ&%%??‘&%

[odiﬁje di Zeghy l?sbé{) exe) Q&b&u@ing ﬁrob@gm@mmﬂ onthemdEd suréaca 6. The oxide
substra

see r60that is at
is qopersted toapetpld{py s}l%af f&P i“éﬁ a‘ﬁ" iloy)

[0026) At step 720 the imterconnect structl:lre 600 is transferted in an inert or reducing

ambient to a chamber (not shown) that is used for metal layer deposition.

[0027] At siep 730, the metal deposition js performed, to fill the via 612 with metal.
[0028] Many embodiments and variations of this process may be performed by those of
ordinary sldll in the art in accordance with the general process described above.

[0029] The contimuous metal substrate is not limited to a Cu material. Other types of
seed layers may be used, such as, for exampls, continuous W, Ru, Co, Ni, T4, or alloys thereof.
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[0025] At step 710, a reducing process is perfornmed on
the netal surface 610.. The oxide is converted to
netal (or alloy, if the seed |layer is formed of an
alloy). 25 (0026] At step 720 the interconnect
structure 600 is transferred in an inert or reducing
anbient to a chanber (not shown) that is used for

netal |ayer deposition. [0027] At step 730, the netal

deposition is perfornmed, to fill the via 612 with
net al 0 | Qﬂieé’ﬁé ClséedMyeR In some
Inscmﬁ‘fnébo%%%éﬁ%r% Eég)?%r med by those of" @(EI nary
embﬁ&itdehts ithe triderlying barmrm@bb@gﬁb gle\qup,apﬁq@b 0; N1 Ru
. descr i Aer. THR f.ﬂPd%h'kai ted direct]
ora %Stéﬁ Kl é:tegietg g@;%gi}’g Fe{pﬁtgte[sgé& %]er O ﬁi@l y

on tkd dh: Nx,tliamsa]lo'j For sxamhld, myieghgolagics qg@h %@azz @gclﬁ na%omef% pode,
itis F?{@%]g?etbd &gfhﬂg&% n)g?‘o o sel without 4 Cu st 1847, R#iuect

SOIME € nments, a barrier netal
depdsttiog of tho Vin filler et under| i es the Cu seed layer.. In

[0033@ neat ﬁﬂ?ﬁ dib%@éﬁmpfe hl:ﬁ? ?Qﬁ%ﬁg Bﬁcé@{srﬂeﬁﬁrﬂi@ﬁaﬂi xela’uvely low

e vVialis a e netal such ,
tempmtade I(eag, almuﬂZSt(h@rabouté!O@lG) W@emtéhwﬁwmt% °§’éﬁ aorla?*él

wi te daRilflna ﬁetal a;hﬁﬁ%&? op§4§j&pﬂ§iaﬁﬁﬂet&'téo§ﬁélb deQi&e,ttlihﬁseed

or exanp in techng ogl sucgll
layeR BastathicRRsefein AUt S RIBEETS @Jw@t  $pepometers.

om{e?@mtgpgoe&ttﬁg%ﬁﬂ@:grﬁétﬂ lon BEDOrdRS, M@ & iMibinBaan ﬁc@@s@ﬁ&ﬂ‘mg

ep03|t|on of the via filler ngtal

wit] 48 afb]sequmueteembmaleimmo@ By Rengf W BRI AU ot
f

aboutgzgqg{ agé\mé% uc?hlg ¥al %%gloaﬁeg :Sltf&fxﬁégtg%ﬁa a(tgw@le, is

achiéﬁéd&hronghodéthe seemw, and thg qu?qspggeng& g@o 80 dcpos1ted

mﬂa@?;dgsge P#- E@W orh32 na?gneLer te;:hnol ogy .
as a thickness m abou

[00FENOMEt BD aatsﬁ)rmktb&met@@);ﬁ&rﬁfbm pusin-sitmplagma or, jospsiceam plasma

ma;gﬁer a(?aléedo i 2 Srg%uhluﬁa e@ﬁﬁdﬁ&fcﬂ? A Bfurds@sH Jlashih ifprefebred; adavold direct

I ckness can I ncrease, | nt erf ri ngyb

bortatdmenhef thedsbsimtediythanlesma; ddEaatvely 2 teped "?”F’Eﬁf
perfd %hgigg%[l %ﬁ@ﬂ&q{ﬁtﬂ{zﬁ 2 BRRERIE, g foine ol (mcmbmigtmzﬁd ).

1 avol di ng net al orrera io
Thﬂh&mablmbkg Blep prosﬁpa}bQ {gsized gain QWM‘Q/@BP t%?]@e’tal

sublstga%ga?lgb)ige BB/S}P%F.E%&}FP:ES s RSRAHRYel e Pasiok @ﬁhmhmiawbiet {UV) or

h the desired uniformgrain
e-bédnt ieatrpeng. [ 0031] To transformthe nmetal oxide to

(005t 3!+ Ahet e 3k mes@rthgﬂv&b%bﬁ&amumm mdrmtsngbhe metal
pl i ed N a vacuum VI ronnent . gvvnstrea

subisisat@6 Efie tramstbrred o anviedrde @i NecAt or othex noble gas) or 1 (Sé £., Ho)
ambient to a chamber for subsequent metal deposition. In some preferred embodiments, the dry

reducing process, the transfer, and the subsequent metal deposition are all performed within a dry
and wet integrated cluster tool. The cluster tool maintains the desired inert or reducing ambient
in between the dry reducing process chamber and the subsequent (e g., wet) process chamber.
[0033] After the structure is transferred to the chamber for subsequent processing, the fill
operation is performed. For filling a via, a variety of methods may be used for metal deposition
including, but not limited to (2) dry process deposition, such as PVD, chemical vapor deposition
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bonbar dnent of the substrate by the plasma.
Alternatively, a thermal baking step may be perforned
in N2 gas followed by a thermal bake in H2 or form ng
gas (including lie and N2).. 20 The thernal bake step
provi des the desired gain structure uniforny

t hroughout the netal substrate 610.. The dry

reducti on process nmay be perforned with or wthout
ultraviolet (UV) or e-beamtreatnent. [0032] After

d t
(KB <F APpiFRIG PR REE AT ()R8 e8I EARRA! sl s idctblane
eldctioles plating, or @eplacgmentlﬂgposmonoﬁ agteh égposition g;ow uggd, it is preferred
duci n " a chanber for
th@ﬁ%sggé‘ffg%% p%ngmF&%%po 1 on. %%r%edstg?rle preferred
[o&3#podi melfithe vistdyérenthys torbe dilled W@E@Q@ praces, e esigetivation
d.th b c
pr%rész? P]e(tefg%gecé %ﬁﬁ%@df@ﬁ%&oﬂ gy gétﬁﬁ) RUScAbd ek BEIHRAn the

rate ['uster tool. The
dighesohef tabledl Imebrtdizhents wheee th@gp prieerpinis filledby slechioplating

R
[0{)33913 3] Afheabotchissaibed rrample allews voidhivecgap SHing foriptgrconnects (vias,

tEGB. ng:{%%%%ts% fand gag%ﬁg?t@n%%d mtgﬁﬁﬁﬁhfﬂaldé BiSokd 49 nadbineters.

I'S per n a Vvia, a vari et
[003‘6] et homsomymwmmﬂﬁ@pmbmf@n ofja fydeduptigp process, transter in an

m&ag gc? gﬁmg %H@oﬁq%ﬁ ﬁgloée@ caflb¥ nRKi F6rF8dning a cap layer,

vapor. depgsition

5
eﬂﬂaéi\éﬂh)nﬁ opin eambmmm va;h@he @9@@%@@& n{emeéfoz gapyiillig An example is
| ect | at
d”gqlggfﬁ%?vg %%f&kl'%ﬁg or d?:pﬁaign;g?pd:pggl tion. a
[008% depoRirdiagmogsssit deseritied foy Sesgping 4 cap ?Yﬁr*@wg@w&dlﬂ 1H*§SI ated
pr%:%lsﬁs 1?;6 3?5% ld%s%Fﬁe%rbfeﬁWgﬁ%I&VcI&mE FRS 1B oxitl E6BGE %i;ﬁﬂed metal

€ via or trenchis to be fi]led

Slﬁaﬁﬁ;thb niemtsesqduwme&s exposed diclectiis|spuizop; apd the opganis Iﬁl%%%a}?gth the
thl %@ fec@ gmf e t ht%eel+1fx10 %Eéaé’éh nR%ink fRisfande Rt FREI 1G8

In the d|scu33|on o[
maghhemmg the pentss mdmhmhanm tor the giypstuyg that gpony f ¢ yocess. FIG.
flé’p‘;k’ Q%dﬂ g? f%hﬁﬁp&%px&@e’s@“ rocheni cal

I'S'no need to performa
[oseg]f - act iystop 400 (Blfbéb@; sbptooB D isrevideiovith creeter stag and dielectric

sucjéf;eg 5. hofe éilpé el eYaﬂ’inq b ?@otpgérﬂmg h3d, btDmbyPHave B &ﬁ&&lﬂfdﬂtﬁa’c its

nac

eﬂpﬁﬂﬁﬂmﬂﬂfwgﬂhﬂﬁxeese& étpbmc n‘ésuhg%r;&igg g}ag : ‘%‘tl[?%%%é]% ?bﬁwoﬂ
IR T3 MBI e A0S bR cxftg il e 12018

I nert or reducing ambient,
dialechria suafite H@pd&sbﬁdmlﬁrwé&s@%% FRIeGEWY- for forming a

| ayer t%'flse] ﬂrﬁsﬁ'ﬂmh A e Br Wdhding H6bient io a
[Og’%@ve desﬁ‘crsw]gh%dlrﬁ}%ﬁﬁls S [1ing.,An exanple is
chamber {not shown) that is used for selectlve mctal 1aye1 depdsition.

{0041] At step 430, the selective metat Iayer deposition is performed, to form the metal
layer 124,

[0042] FIG. 5 is a flow chart diagram showing one embodiment of the invention.
[0043] At step 500 a substrate 110 is provided with exposed metal and dielectric

surfaces,
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descri bed below with reference to FIG 8. [0037]

First, a process is described for formng a cap | ayer
using a wet-dry integrated 15 process. The process
descri bed bel ow enabl es cl eaning the netal oxide on
the exposed netal surface, the netal residue on the
exposed dielectric surface, and the organi c residues
on both the netal and dielectric surface, with™1ittle
or no increase inthe line resistance & FIG 1 is a

hia ?gr ammggﬁs@s éz@&cﬁggﬁﬁéé &oﬁﬁeaoﬁmmaswaaem ad

ucture that ‘occur rrn t he Process.
dm‘lctcbw sotfanetl 10l; Brgiomblypthe m@“@;&%ﬂﬁ?‘*&? i aﬂwcﬂf%%egs P° Bn‘fdd%éﬂy and
é}'o% xfoﬁe@mbo&eﬁs M@ﬂﬂcﬁ:‘g@r&hé@ inchudes @lpbéiﬁgith%ﬁbbtrate to

expose netal and dielectric surf The ,expos
ane A aAERp8 a dOHEER PR A e el D o1 JOG058 g pes the
cog;?é‘ Bfidel wAthAdt dﬁsﬁtﬂmgﬂﬁ QSpper. Thiis] M6 Bscess bl pOe et pre-clean
el ect'ric of ' subs

rate 110 nay ,have g res
pracssrisoRidon ] AUGBPIAEm SlAgEs § S LE DERIERO ) OB AR Hluoed damage
toﬂﬁrﬁ %d on the nmetal surface 122 and d| electric
surface 110. The oxi de 122 and reS|d§§ 126, ar

[oP4Sirov e  Enpdief GmbRImSRFS, e EiduoiDEROFRES BeL Adpmabyks i Ha or o
fofn%ﬁ’% _g& %5%1@&#@ B, &M Nz'j‘ eAﬁ eRmpl 2B Ub A ﬁdﬁtmdy(be@erformed ata

not s that is used for_sel eCtIVE

tempeyainre GOEFHLEY 166 deqt%@f? abqut 440{semmes - Tniseme g
,@ﬁmiﬁgﬁt?gg égslcf)glg perforlmad Lo Io(rjmthe met aI
1.S ow chnar
[0Ribt o hetnel bakingHED 1 Peeiibs RGP tomsl b sapasedp an
ulﬁi?xge’ﬁgﬁg%rﬁd&ﬁhrb@&ﬁ(elﬂegm?s prOVI ded with exposed

dielectric surfaces. 0044 0,
[oa47ﬂedum Abpter BOcthgsub @%ﬂ%'ﬁ@&f% h‘#@ ﬁiﬁ?‘g%ﬁé leg,2
a8 hitrsHef) o7 @ kédubing b&gﬁl&&@o Petfdrm elEétm;lesﬁ ﬁi@iaycaptliyel deposition
w]éh%@’y s? %Mﬁb Igf sog:le |er gcﬁ{:?gg eﬁ% e{:@ﬁ{] a(ieﬂ A an m{e}/medlate
R Heid@eiPthe 88 5teah Plokets @5 thX R etap gepbﬁﬁoxsprbeess &Ttds provents the

an I n-situ pI asm 0 downstream pl asma. A pl asna
coppasexida Foppe-§ ﬂi‘f’a"“ﬁ %s reduces the 5 copper oxi de,

[0@%% hout g 3@ leMbotimediE ﬂﬁ@ﬂ?ﬁfemaﬂélwaubei fse vasnmser low pressuze
erved in the wet re cl eg@ '@-@Q'E@HIS avoli gg ﬁzmd

chawierdhat amparainmg e ma‘ar 3y vReh 1R £ flean PRoce) & RyLforme

seB:L:Qtﬁ FBm R dR FRER thetvkt BdpBsitisrabiead ie performed.

[0049] Tn some embodiments, the dry clean process, the intermediate transfer and the wet

deposition are all performed in a cluster tool, and the intermediate chamber is included within the
cluster tool.

[0050] At step 525, to make sure that the Cobalt is selectively deposited on copper, and
not on the dielectzic, a step is performed, in between the surface cleaning and the deposition.
Once the substrate has been transferred to the chamber for cap deposition, an activation or
initiation step is performed. Tn some embodiments, the activation or intiation step isa
palladium (Pd) activation or Pd initiation. In other emhodiments, a step is performed to initiate

or activate the copper surface, referred to as the self initiation process.



[0045] In other enbodi nents, the reduci ng process

i ncludes a thermal bake in H2 or a form ng gas
(including H2 and N2).. An exenplary thermal baking
step maybe perforned at a 10 tenperature from about
100 degrees C to about 400 degrees C. In sone

enbodi nents, the tenperature is about 200 degrees C..
[0046] If a thermal baking step is used, the substrate
may optionally be exposed to an wultra-violet (UV) or

[0§31§C1 ' ONBOEBFING GiiiRidH brocesked Aevbive MM elbd@ResDpivest i@ solution that is
Ssubstrate 110 is transferred to a ch sy in an ipert,

differentromhe saintion 5seddp Aepogibide prbalh P3Py %@Hﬁsﬁs a3enely aﬁ%ﬁl&m" that

ca.g HR SR torltR RBREHRARIEIA PH aoivASch piBestls, Bafbre d3y@iting a cobalt cap on

eposition ~wthout a wet pre-clean i}ﬁ@.“ln sone
coppds dinésrimTable 1,PMAR depotpss Dingethylaming Bpiang i,

i nternedi ate chanber between the dry cl ean process
and the wet cap deposition process.. This prevents the
copper oxide fromre-formng on the lines. [0048] In
some enbodi nents, the internmedi ate chanber is a vacuum
or |low pressure 20 chanber that is separate fromthe
chanber in which the dry clean process is perforned,
and separate fromthe chanber in which the wet
deposition process is perforned. [0049] In sone

enbodi ments, the dry clean process, the internediate
transfer and the wet deposition are all perfornmed in
a cluster tool, and the internedi ate chanber is
included within the «cluster tool. 25 [0050] At step
525, to make sure that the Cobalt is selectively
deposited on copper, and not on the dielectric, a
step is perfornmed, in between the surface cl eaning and
the deposition. Once the substrate has been
transferred to the chanber for cap deposition, an
activation or initiation step is perfornmed. In sone
enbodi nents, the activation or initiation step is a
pal | adi um (Pd) activation or Pd initiation.. In other
enbodi ments, a step is perfornmed to initiate 30 or
activate the copper surface, referred to as the self
initiation process.. 7 [0051] Both ofthe initiation
processes involve an el ectroless process in a solution
that is different fromthe solution used to deposit
the cobalt cap.. Table 1 lists a variety of'solutions
that can be used for the self' activation and Pd
activation processes, before depositing a cobalt cap
on



lines. In Table 1, "DMAB" denotes

"“Di met hyl am ne Borane."
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[ 0052] For the Pd activation process, one of the
followi ng processes is used: Pd - Cu displacenent
deposition or Chemcal Gafting with Pd ions
adsorption. Chemcal grafting is a process of
attachment of a | ow nmolecul ar  weight active group
(mononer) to a parent polynmer or nenbrane. Either

[o%k PO Rl B acGiHioR §Rc4HE Ghb bIGAS folowing pﬂi@&@edah @sedPd — Cn
53] Inthe Pd_initlIation prqcess the

digpllasernens enssitian ot (Fhearics! CBEING VG 1o BRI gbgl’ml grafiing is 2
px%ls% (g‘%tébmnbﬂ'og b fdvi ﬂBleblﬁar et adhb@éroﬁ{ﬁ{nh@dmwnd &yRént polymer or

orm a copper | oy, cause further

mepnbrigec Bighet bulk pplymenqr S‘ﬂqaé?e E’Q\ﬁ%"@ﬁpﬁ PP process

[obgyyol v €SP OhitBoRhrESkd b €51 CRoR¢IEss S6lutidris @puid BRV daghe
a “conposition to make the ¢co @Eer surf {; active

copprs u Hipatiagive initigtion s agadsthatpeall layer wauil foum & coppealloy,hich
W ‘??A"E ¢ fulth&® R, incke@sed OW t he cobalt on the copper) The
se initiation.process all vvsthf bal,:‘?f j}’é‘ﬂ
(OB cess. Tl 16 THAEHen PEoR GUPHE: 18 TSRO SRob AR beving o
osifor 18 ¥ftke fh@ E%e@ﬁrﬁa&b&tcﬁ%@@h to adfbé Hedalpee lslﬁface, to reduce the
Initration process, jt's {0 .provide cglb%?%alt
cobalp(ifath S5y He oRd 2l pesspBead). ofhe ﬂfgla{ﬂa‘z P8
deggsg@ctn ocfemabé hed Bprbiideh¥litnie m;,apmé&m lar fiaine pn the

ter the self actjvati on or &}Pﬁ/atl on

coppite Tt ASIEH R PB PR Eor A BP9 Tl SGpE Gz e oy icrease

! I@ou@@riwgﬁaérm&ﬂ%@ahﬁﬁwﬁaﬁmp Nos.. 6495453,
0%9%3%036207553 and 6204192. are ‘%%G%gg or at

d.b
[0p&fler encét Fieh FA0natier tesef 2tioR PR See?eaﬁ‘f%‘%‘?&"‘@ss metzl
ceb 3Re deBostiitinl pRdaéssif p@toaeéd. ol ess deposition

[0056) US Patent Nos. 6495453, 6713377, 6207553 and 6204192 are incorporated by

reference herein in their entireties. These patents teach a variety of electroless deposition

techniques.

[0057] In some embodiments, the cap material deposited on the copper is an alloy of
cobalt tungsten and boron. In other embodiments, the cap material deposited on the copper is an
alloy of cobalt, tungsten, boron and phosphorus. Many other cobalt alloys may be used.
Preferably, the cap alloy comprises more than 80% cobalt, In some embodiments, the electroless
deposition is performed at a temperature of about 65 degrees C to about 35 degrees C.

[0058] Different electroless solution compositions are used to provide the cobalt alloy
cap, depending on whether the copper is self-activated or Pd activated. For the palladium
initiation a preferred reducing agent inciudes phosphorous (¢.g., NaH;FO;*2 H,0 ), and the alloy
of the cap may be a Co{P) alley, a Co(W,P) alloy, or a Co(Mo,P) alloy. Boron is the most used
clement for the self activation process. The reducing agent for the self-activation can include
boron (e g, NaBH,, (CH;3),NHBH; (DMAB) ) or phosphorous {e.g., NaH2PO;*2 H;0 ), and the
alloy of the cap may be a Co(B) zlloy, a Co(P,B) atloy, a Co(W,B) alloy, a Co(Mo,B) alloy, a
Co(W,P,B) alloy or a Co(Mo,P,B) alloy.
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techni ques.. [0057] In sonme enbodi nents, the cap

mat eri al deposited on the copper is an alloy of' 20
cobalt tungsten and boron. In other enbodi nents, the
cap material deposited on the copper is an alloy of
cobal t, tungsten, boron and phosphorus.. Mny ot her
cobalt alloys may be used. Preferably, the cap alloy
conprises nore than 80% cobalt.. In sone enbodi nents,
the electroless deposition is perforned at a

_ TPFBSE%?%&%: RRAU Lo BRI Sfon CidsRedajagpiticd Sordagy pasvation

fTerent el ectrol ess sol utign osition
g en et CLESTO BV ddave G pRToed B Aepasioq Bow & loldoRitTor
m%g&%%QJe%eﬂ gle %Jepﬁ{d hd \Bel6f) Hor thS itatdce Bettvbanahedu aud the cap,
activated. r

the palladjum initiation a .
2 purehealcentastadidhe g Eg‘éﬁ%tm PR é%"dﬁﬁslglﬁﬁ 8?‘%{1%0115 39151_11}8. For the

i ABAT Ayvatl fih bbitflag/apuffimy/is bévaatageous to
m%%%%Eggrﬁgggggkg%‘VVFb arlo;?ma? a Co(M, P) all oy,
enBuce the barrigtpropasyof the&#P- el enent for the sel f

[o@&)ﬁ | vat | gnady ﬁgﬁﬁ%pﬁon-ﬁh&céﬂdﬁgfia@@ i@dppodited OFIG. D @hows an
sef f ' '

ST SAED 37 DR D opREOBAGF UL PG 0 Co

inéé?ffleegand% sii8 2 36:0d 129 294 cdph@haame sRphElagerGag Bighly stuffed
al'loy, a Co(P,B) alloy, a OO&ZVB all%\ﬁ. a%ﬁ%%/g’d%aeetchin
graih bopyndary forEopdpariesypromiertiss, loyy “&%W NN G RIgsA Fgee &
d:%ggé QkighdbnRRd ttﬁ _'Eiiﬁ’u@ifgn.t 'hl@:fﬁ:h@ﬁ%lﬂﬁ_igﬁﬁ?mdmﬁlﬁdoﬁpdm the first metal
eSi'’red properties for atop passjvatio ayer on .
e ot b TS Bl L0 e
is ?ﬁ:&%" bieEthe Bt gﬁ’é’%aiﬁla%éﬁb l& @Iuté iayer ﬁﬂg a thitﬂihmét_ﬁﬁajrdn ]g)med wee econd
e copper and the diel ectric. For the erface
mpjel loMse S & BRESTCAHOR e R g’“&‘ ayer. aﬂ&?f"@nﬁﬁ’tﬁ Ia&’% ﬁ’?@c’{‘d\’/‘\}"t"fwk““
ah[gl}@g%bn& %F@@&?qhﬂ &gﬁ&ﬁ?inﬂ%ﬁetal 1@%@?1&1? nmtaé atsostutabutd5r atorg % Co or
ondi ng. For_the nterface between :
i Ot e mog] B BB aOARg eeat g ol B mbidbee
ﬂﬁgwﬁ@Egggggﬁwggh&?Bﬁﬁﬂ%@the barrierlproperty of the
cap. . e , i ona d:
iyt ot 2 e R PR b s
thle B3 el Q’%&Eﬁ@ deﬂhwited@ pial i e0@s]pcianging oreay erorafro pessrarameters,
qul;%gwgpe ;aga}zg,?eg ggat ig v%‘%l’ Iﬁ%g %? %ﬁ%@p@@@g ?Pgl? ?az%/ @ﬁﬁ ghg ﬂaow rate, the
bl donsdnutbfi®it ofifle Gmpéranbrufitkatoptrbless dgmoitioh aolntiaz; or a

roperties, low R' and for. preventi on of' , "
choeER ot S REBISES AT ORI bR R i SR efe R fifhid s
pfé:@ﬁls’d b bt bRkt AmB eedtenmliilage Silth lneudhars for et tepinning gt later
e.

., copper), and a cap conprising second and third
prrbefdhe egftaiedertictne second netal | ayer

[0062] At step 545, after the electroless deposition, 2 wet post-deposition cleaning is
performed to remove residue particles, for example, using a scrub clean to scrub down the
particles.

[0063] Advantageously, the resulting stimcture can exhibit less than a 1% R; increase

relative to a substrate formed by a process in which there is no wet or dry pre-deposition

cleaning step.

11



10

15

20

25

30

is formed over the first netal |ayer as a glue |ayer,
and a third netal |ayer fornmed over second netal

| ayer as a passivation layer or barrier |layer.. The
second netal layer may include at |east 15 about 95
atom% Co or N, and the third netal |ayer may include
at nost about 95 atom % Co or N . In the second and
third netal |ayers, the alloying el enment includes one
or nore of the following elenents: W P, M, Re,

g/or Xgn%g%l) In one enbodi nent, 'the second net aI
is

osited usin one che caI and the t
[omﬁén al | Spelessveepdpoafiipa VB E‘i%‘%?és&!&ew H’g‘

:es?é?&mQEchE%ﬁﬂi SEERM ﬁ@ﬁ%ﬂﬁﬁ&f&eamnﬁ Beegd FIGT DR @dsstogram of the

ar amet er I's varied maybe, for exanple, the spin
dataazpﬁec(qﬂpn) the flowrate, the chenical

{o cent r g bPle sMpidshRiddedDesbalk prGaﬁf' 'I‘lib&:oﬁllrcﬂenmpib @slseled "no
eposition solution, or a,conbinafi

an') wessfabricpisd w@‘;ggﬁﬁpxg) a§eh o:e %B?ﬂuon é’?ﬁﬂ%ﬁﬁ step. The
hn% Eéé&%@é s bt SrvieSas aPa¥ihe] againd wmch ﬁ:te m besistaateasf the other

st mpEn (A Raagh g Yt oot ot GOTEY Py Pyt e

othd? Qﬁzgﬂles%e 5&:&‘&81 Ie }ﬁﬁh%s fasralie siecky mimn @aﬁnmandeo hus, the
a wet' post-deposition cI ning is rlf Qr. meg%at o elh Ve, eiios

oo Gesipsptiorth PRI B oo P S g S

Jnk s o%:ﬁ@er?@)af’lthb ehrasbelefl @th%]eaﬂd\é?ﬁieagwﬂpioyaﬂwhb:hmng
resul ting structure, can SS,

scicfeobian hay s i Rt igoau ok pesseERepitd 3‘/"’%’”% FipLe, JThe bar

laﬂ:éi‘ed,"\‘lbx?ggr WHRARN Eed Psitlir pPécesinty the ' @etchiqaoShat, with 43l0nger process

cleaning step., 11 [0064] Exanple (0065] Sanples were
timey gudban gvan WIBSUADERMber for the process, conparing the

(067 ed r e?hééaﬁ:ﬁmf,ag Imew;eﬂz yw.m omhamhgbm cap deposition had an Ry
pre eposition_ cl eani G
ingase Lo R O oo iaarol el Tyt yEE B,
%ﬁ%ﬁc&lﬂﬂ Qaﬁb Hepﬁs’«lﬂoﬂ Iﬁﬁ&ﬂ&ma'ﬂaseoﬂaﬁoubl% shbavp e control sample.
bel ed

s f abri |
[0B&HIf or i BePeatg iR o {ib%}.ﬂ SV SRORPYIE, &4 5d Maﬁ@aﬁﬁ it loss thana
1% ti‘&;rea.lsé i $iné ﬁ&b@ﬁ@ﬁﬂ@t@ﬁh& shinple $@ampil mthamt pmsclamma No selectmty is

1033 %gqﬁlxerrl gagﬁlbq @Igglcitp @%WBQ h%(elgl( ﬁf“%“ﬁ ﬁﬁs?a%@ 9109{ 2. 3)”)‘? extra low K
tyh& Bl &5, o BicUondtdde oL DHbirleds). S‘hmquaerfemmw for bath mia andyiwench shows
more than a 10X improvement compared to the method without forming the cap over the metal.
[0069] Various embodiments of fabrication methods according to embodiments of the
invention are described above. The invention also encompasses a product made by any of the
methods deseribed above.

[0070] Althongh an example is described including a copper metal layer and a cobalt
alloy cap, the method described above can be applied to substrates having other types of metal
layers thereon, with corresponding compatible cap layers.

[0071] FIG. 8 is a flow chart showing one example of a process in which the above-
described dry-wet integrated method is used to form a void-free seed layer, followed by an ECD

fill step, and a second dry-wet integrated sequence o form a cap layet.
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ot her sanples, the control sanple had a | ess favorable
stress mgration perfornmance. Thus, the 10 net hod

di scl osed herein is viable conpared to the contro
sanpl e, when the other characteristics Jnmax and SM
are considered.). The bar |abeled "wet clean”
represents the prior art wet cleaning acidic
solution, having an R that is about 2,4%greater than

that of the control sanple., The bar | abel ed, "Ionger
[O[ﬁﬁi cl quﬁ steH 266! 2314Vt BlprodeE FRA aﬁ £ coMBiuoéd B surface.
t | origer_ process _ting, an even | arger

[007ﬁ]: r e as eﬁtlshfp R10, a redgcing proygss IFrPérf%’f&’ﬁﬁ pEng i gite plasap o 1
%f&t Dehed BAE vARRr d«mﬁﬁw R-vead uaahnent

|ncrea | ess than 196(about 8% above .t

[O(Héht r ol Aj@k@p 1820, thefubsirgie it ?fbmlaﬂ glemqgredm%%bwnt at low

5 p:e%% '\ﬁ&uﬁl%‘arcﬁauﬂﬁpfogﬁﬁ&‘éédubﬁmdﬂﬁd an P. increase of

10

out 1% above the control O6§L Thys, the
[04781 hod mw.sg%ah%%@heaﬁpfﬁ?@vm@rfam#&% 88514 ayer
[0 (W6f h | esg, s{RRM0, e 157 a6 TaRSLilleD via'oﬂﬁ]%@ﬁbﬁteﬂlﬁ&&e to air.
ref ative the sg&gle formed without pr

(OB act | s s B SPRRRLD RS oL HEPeTEPE P § omgyer ove
the coppedW K type (e.g., dielectric constant about 2.6) or

extra low K type (e.g., dielectric constant of 2..5

or less).. The EM perfornance for both via and trench
[OFRPYS  MRFRuEBEinRerdioN hhBEONREHTNA inORRRAE ebriplery Bébodiments, it
_method without formng the cag over the g%Fal. b?ogg ther
is ng fimdseds theteise dRafhet 2 sprenfedlainas shopld brapmitt baeadhy 1 fgude other
vahi@tERR et sRRbiss, HWhichhery be Mkeaby Beseakitlediiahy drbeithawbdsperting from

The 1 nvention al so enconpasses a product nade by any
thepgcoperpad rapge phagpivalentyelidhs mpeYonhove. . [0070] Al t hough

an exanple is described including a copper netal |ayer

and a cobalt alloy cap, the nethod descri bed above

can be applied to substrates having other types of

metal |ayers thereon, with correspondi ng conpatible

cap layers.. [0071] FIG. 8 is a flow chart show ng

one exanple of 'a process in which the above 30

descri bed dry-wet integrated nethod is used to forma

voi d-free seed | ayer, followed by an ECD fill step,

and a second dry-wet integrated sequence to forma cap

layer'.. 12 [0072] At step 800, a seed layer is

provided with an exposed continuous netal surface.

[0073] At step 810, a reducing process is perforned

using an in situ plasma, a downstream plasm, or a

thermal bake with or without Wor e-beamtreatnent,
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[0074] At,step 820, the substrate is transferred in an
inert or reducing anbient at low 5 pressure or vacuum
to a chanber fox' a subsequent ECD... [0075] At step
830, the ECD filling operation is performed to fil

the via. [0076] At step 840, the top surface of the
filled via oxidizes fromexposure to air. [0077]

After step 840, steps 510 to 545 (FIG . 5) are

8%7% H%F o forma cap |ayer over the copper.. 10
“%ﬁ { ough the invention has been descrlbed in

f _exenpl odinments, it is not limted
L %ﬁ%ﬁ%‘fdo Onﬁgtsﬂlgtge%éﬁesng ppended clai ms shoul d be

pro3adisg § bebdirixe oahl an,expesel il darfadcher  variants and
enbqdi nents, which may be pmade by f{hose skilled in the
perfprming § Rgsma FrIpeing Pragessiom e Mgl %‘E%’ﬁ% at{gmpergee from about

zseét@%y%@f@sangf the invention. 13 Wat is clained
. A nethod conprising the steps of. providing a

trasaitrsng ttesubiittate iamnengrowaddurstgadmisent tag ehanger fhot isinsgl far

redHC|ng process on the netal surface at a

nlfd%ig?% Ure%%rom about 25 C to about 200 C. and

transferrlng the substrate in an inert or reducing

nt to a chanber that is used for, netal [|ayer
ﬁl&pla thod i claips 1 T{@r%md’ae@fsutffi% IR FANtnEENs: oj n t he
netal surface is continuous. 3. The nethod of claim1,
wherein the plasma reducing process includes exposin

3. Thremetbobef dlaitrel , tidhereini harpéasmeardysinggrecessiincliies axpodingithe
I r the plasma conprises H2 ions or a
oA L oo 5

imet hod of claim 1, wherein the
exposed netal surface conprlses copper, tungsten

ut he It or tltanl . The net hod
4. @?e %?tg?fﬁ? 101":ll V\@hefFﬂt i@%ﬁ%&ﬁlpﬁéqs IQIEFr“F' arpugg gas.

oxi di zed before the reducing process is perforned.

5. The method of claim 1, wherein the exposed metal surface comprises copper, tungsten,

ruthenium, cobalt, nickel or titanium.

6. The method of claim 1, wherein the exposed metal surface is oxidized before the

reducing process is performed.
7. The method of claim 1, wherein the substrate is a copper seed liner of a via or trench.

8. The method of claim 7, wherein the metal deposition is performed by an

electrochemical deposition process or displacement deposition process.

9. The method of claim 1 wherein the plasma reducing process and the metal deposition

are both performed in an integrated cluster tool.

10. The method of claim 1, wherein the metal layer deposition is performed by electroless

deposition.
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7. The method of claim1, wherein the substrate is a
copper seed liner of a via or trench. 8. The nethod
of claim?7, wherein the metal deposition is perforned
by an el ectrochem cal deposition process or
di spl acenent deposition process. 9. The nethod of
claiml wherein the plasma reduci ng process and the
netal deposition are both perforned in an integrated
cluster tool. 10. The method of claim 1, wherein the
netal |ayer deposition is perfornmed by el ectrol ess
11dEimaaethodof cldid 10] whéietn tie kleotoleds debaditionliicluidiaxpoding the

el ectrol ess, deposi tion includes expqsi t
sufEGip AL EAETE et P SHGE OO AL Gl NHBH; and
N#Rpei.sting of NaBH4, (CH3)2NHBH3 and NaH2PQ2. 12. The
met hod of claim 1, wherein a netal activation step is
performed before the nmetal |ayer deposition. 13. The
12 BRG] oE QBT Her M E LR af LT LR AN (2o e
laykPdepokicipei N t he netal activation step is a pall adi um
activation step. 15. A substrate processed by a
met hod conprising the steps of. providing a substrate
13 W R maRo @SS BA1 2TRhaleirSthe hReR actPRbR L) RG: RIALEFHBL step.
reduci ng process on the netal surface at a tenperature
fromabout 25 Cto about 200 C, the plasma reducing
14.pf1%crﬁ§ﬁ0d BELMHCS, SHBRH MY nfhf a ﬁéﬁ gtﬁ R aﬂﬁaﬂgdiﬁ rafcﬁ&eﬁion
to a downstream pl asng; and transeﬂrl%g t'he substrate
stepn an inert or reducing anbient to a chanber that is
used for netal |ayer deposition. 16. The substrate of
clai m15, wherein the nmethod further conprises the
15SA eiibsthte ppsehsed By AgndimdddonieRRBithd Qepsiof t he chanber
after the transferring step. 17. The substrate of
Providing s ubstrif ity an expesed metthsudastpri ses a forning gas.

per%g&-ming a plasma reducing process on the metal surface at a temperature from about
25 °C to about 200 ° C; the plasma reducing process includes exposing the exposed
plasma surface to a downstream plasma; and

transferring the substrate in an inert or reducing ambient to a chamber that is used for

metal layer deposition.

16. The substrate of claim 15, wherein the method further comprises the step of

performing metal deposition in the chamber after the transferring step.

17. The substrate of claim 15, wherein the plasma comprises a forming gas.
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