METHOD AND APPARATUS TO PRE WET WAFER SURFACE FOR METALLI ZATI ON FROM
ELECTROLYTE SOLUTI ON [ 0001] Field [ 0002] The present invention relates to
waf er surface wetting for netallization, nore particularly, relates to
pre-wetting wafer surfaces. LOOOB% Backgr ound 0004] Advanced

i nt er coNAEEAN ‘BIPAPHIRAGYE TOPRERFRARE aSIUBFfiQEF%?’IBWvHIZ TPASFHOMERLEE TRALETEROEUTION
fabricated in part by electrochemcally or chemcally (al so known as
"electrol essly") depositing netallic materials, typically copper, onto wafer
surface fromone or nore electrolyte solutions. The deposition process,

begi nni ng mntp ,ﬁ fer imrersing into an electrolyte bath, or with sprays
of an eIectrJ §ﬁ) so| ion onto a dry wafer, nmay encounter several problens.

One severe péegicﬁzgpsfrpgj s;écrﬁ"ﬁi\?éﬁtl trdt e%fté"\ﬁéféio!wﬁaéé \B\/mti}‘@f for

surface to b p03| I'On occurs in areas

el ectrol ytrﬁetélllﬁtleﬁ ﬁ%ﬁé‘?air’ﬁ'cﬁhaﬂpg refaRls fo [ﬁrecﬁfetfh@ Weifelr gy rfataked

defects fornmed by this mech sm offen manifest as pits on deposited filns
and large voids or mss-filled segnents in vias and trenches, are known to
cause appreci abl e nunber of unit devices usel ess. [ 0005] The i nconpl ete
wetting bet wf@@(03]eBackigyoeirmwhd the wafer is a surface phenonenon and can be
results of many process paraneters that affect the surface properties of the
el ectrol yte d0dG4le Adrancedointersoanastiondeot atfrat larget scake vintegrakedwaf er
surface and the el ectrolyte that contain various types of the organic

addi ti ves, (ULl )enﬁlrﬁtﬂtﬁantarﬂlefa\bﬂﬁﬁteg elﬂoospaﬂtcb)prleieci@ceh%ml@aﬂh/at@hg or

electrol esc?hgrln%'aﬂg 2a|soag?<n0<;wtnhea%| at‘ePegctroieecstsflg)/l)y depositing metallic

materials, typically copper, onto wafer surface from one or more
electrolyte solutions. The deposition process, beginning with a dry
wafer immersing into an electrolyte bath, or with sprays of an
electrolyte solution onto a dry wafer, may encounter several problems.
One severe problem is the incomplete wetting of electrolyte on the
wafer surface to be deposited, for that no deposition occurs in areas
where electrolyte is not in contact with the wafer surface. The wetting
related defects formed by this mechanism, often manifest as pits on
deposited films and large voids or miss-filled segments in vias and
trenches, are known to cause appreciable number of unit devices
useless.

[0005] The incomplete wetting between electrolyte and the wafer
is a surface phenomenon and can be results of many process
parameters that affect the surface properties of the electrolyte and
the wafer. To name a few, the compatibility between the wafer
surface and the electrolyte that contain various types of the organic
additives, the environment the wafer is exposed to prior to
electroplating or electroless plating, the age of the plating electrolyte,
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the queue tinme between the current deposition step and the previous step,
which is either inplenenting a thin netal |ayer or polishi ng to expose both
netal and |electr|cr8@C itions, bn t he pro ess flow. The queue tinme is
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pr esunmabl ayer o waf er en It 1 merse to a atl ng
el ectrol ytyg$sf uti on. Adding pre-wetting stations to an integrated processing
tool increases the overall footprint and requires | ager clean room space for

such an equi JO®U6]t Orie rested! &dimproleoWdttifepfdeelaetroplatingcoédsppech a

pre-wetting layer is to use an in- S|tu DIWrinse nozzle withinthe plating
process naguiccimpéemeting pre-vetingstationbbWan elejcteiemical w&posisiort ace
while it is held on a spinning wafer chucking device facing to the plating

el ect r ol ytequiprmendn ascdiscloseghbyf U&QQ%M@Mén and Usgl NAj 213 )\ 83X 3er
surface fromfalling into the electrolyte solution. US 7,146,994 has discl osed

such a metheaordmg teethisd methodor water és digt: wetted §plaae8pﬂlnemla§9 dné
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the wafer surface. After pre-wetting, the wafer surface is presumably
to carry a thin layer of wafer when it immerses into a plating
electrolyte solution. Adding pre-wetting stations to an integrated
processing tool increases the overall footprint and requires lager
clean room space for such an equipment to be installed.

[0007] Another method to create such a pre-wetting layer is to use
an in-situ DIW rinse nozzle within the plating process module.
According to this method, DIW is injected onto wafer surface while it
is held on a spinning wafer chucking device facing to the plating
electrolyte solution. Centrifugal force keeps DIW on the spinning
wafer surface from falling into the electrolyte solution. US
7,146,994 has disclosed such a method. This method does not
require additional space, thereby the overall tool footprint unchanged,;
however, it is less robust as a small misalignment of DIW nozzle can
lead to DIW being injected into electrolyte solution.

[0008] Both methods have three inherent problems: (1) the layer
of water that each wafer carries into the electrolyte solution causes
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gl obal dilution of plating bath in a high volune factory, thereby altering the
pre-set process conditions, (2) the layer of water that a wafer carries into

the electrol yte sQlution causes |ocal dilution near the wafer surface,
especi al | ygl;%% wibdiemi e pf%tuagd attndh r@abighsVvoHanearriagterye Ry zed,
and resul t%Evoi ds.and mss-filled featu

overai | prateant: Hie . Pre-Set REPECaRaGPBcibanende) oS PYRr GRyalesc 89t 12 aves
Fesi ot ancoVETEGepddria JRESTINE BibteIVES Qb Hadtbsnital st sietbna
wafer | aydn oAl SURERIERPartallY i ROR:PLERTRt vist B0 treRTE feRluEE ¢ e

nust be added ARd B YRERAIIZAM BIRNreSIIRIYRHS aHH PhssLHlIElereafiies st ent

evapor ati on process every achi eve as robof novenent

and pi ck- '@I"téfmaﬂhg %h@ﬁﬂ%@@o?@?ﬁﬂr@%%lﬂrﬁ@% id Pt in defdtood

evaporation conditions an 0009]" Yet another nethod is to nodify the

plating eltpeitr al #sicky Smn?rc\r@eswmw@gnaelrm/ér afewtatertgpimitiomeaters
surfactant or a group of surfactants to | ower the surface tension of the

el ectrol ytthickedssohogafer susace 786, 893 visooalt msistanoei t© waferelowent

waf er surface with liquid containing these wetting agents in a separate nodul e
prior to expihndayae safteo thighhdipvearsely greqardiona, tasthiescudsdof ritsus

6, 875, 260. This type of methods increase the | evel of processing conplexity
and signi fth¢©|ﬁm6§sg(f@£ itdor ber spupy 8fbsEhenthigknass &fi e avaferiayer icany As
the feature size continues to.shrink, pre-wetting various wafer surfaces by

di spl aci nd@AEETHCREN b HOWIRG  eYRpQTATian, MANENES. WNaTes RICSESRS MR ¢
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temper al UigIRtitibACE LRt ePapotatieh ehiftens anfGfkel Pre-vetting is

conpl eted by transporting o ecul és supp y a source constantly

geneating | 1B0CUIOKe! tombr caemhve R sbEmdaiy ey inerdrasecin s(ea

waf er . adding wetting enhancement agents, typically a surfactant or a group
of surfactants to lower the surface tension of the electrolyte, as
disclosed in US 6,776,893. An alternation is to pre-treat wafer
surface with liquid containing these wetting agents in a separate
module prior to exposing the wafer to the plating electrolyte, as
disclosed in US 6,875,260. This type of methods increase the level of
processing complexity and significantly adds costs for process
characterization and monitoring. As the feature size continues to
shrink, pre-wetting various wafer surfaces by displacing gas in
nanometer scale via trench features with a viscous liquid, as in all

three methods mentioned above, is ever challenging.

[0010] Summary of Invention



[0013] Vapor delivery onto wafer surface is done by flow ng vapor through a

nozzle that is either stationary or in notion relative to wafer. And vapor is

generated by heatin he liquid in a vessel with controlled pressure.

[0014] Vapor i[2&d 1] gﬁh& nelegenks IpedRtiPAt e MAfRVeRalthe e‘M&IﬁBQ bhehwsen

o oL e BeshiG Bh ) nd et AR A W R kPR el 5 "

v er - sur foesuIemERtigeaR, BbEbyBER BRuGJEAR: Shrins SR HEL RS uplesy

one. embod HeitC ONERE iRt RMBr 1, e’ Bl iG PESCSTSH e oo RERERIY o1 °

st USSRl SRR PLAILA SRR A PRABCLIBS 1 L1

pre-vetti ngy gepasiehye atcolelidted YefiSepiid TRslatiRie tBeWHRTFGntdRAFEPN-
surface.

[0012] Pre-wetting is completed by transporting of liquid molecules
supplied by a source constantly generating its vapor, through
gaseous phase, followed by condensation, instead of using a viscous
liquid to displace the gas covering the front side of the wafer.

[0013] Vapor delivery onto wafer surface is done by flowing vapor
through a nozzle that is either stationary or in motion relative to wafer.
And vapor is generated by heating the liquid in a vessel with
controlled pressure.

[0014] Vaporized liquid molecules penetrate into small features by
vapor convection and diffusion, which is much quicker compared to
liquid penetration that is also governed by its wetting behavior, and is
independent of solid surface properties; thus the time needed to

complete vapor coverage on various wafer surfaces is the same.

[0015] Brief Description of Drawings

[0016] Fig. 1a is a flowchart of the wafer surface pre-wetting
process according to one embodiment of the present invention;

[0017] Fig 1b is a flowchart of the wafer surface pre-wetting
process according to another embodiment of the present invention;

[0018] Fig. 2 is a schematic view of the wafer surface pre-wetting
apparatus according to one embodiment of the present invention.



[0019] Detailed Description of the Enbodi nents [0020] Fig. la shows the
process for pre-wetting wafer surface for netallization. A liquid, such as

de-ioni zed ter, ich will be used to formthe pre-inplenenting adsorbed
liquid | aye\rNa[Qimlg]\t,;gQ{@HEde@&r&mn ohthe Emh%ﬁm%n pr edet er mi ned

t t : ' nb the liquid t ill b I ted t
the range belDAPIEL: Sa1BeN S RE PEICEEE I1AG RS I HIG AR BTSHERCE TOF
¢ : , e ; o ot 4
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of the vaﬁ@“ﬁﬁs oﬁﬁ#% égg@h mﬂ |gﬂ§%2€ @B@p.ﬂ% p UF.a 'b @?@r@ﬁgf t he
tapor! zed dAGHIT i TR 19020, Y B HRSIer iSRRI KIAddratlFe TASC heprie

mol ecul es gdodienghtedhe it #dC e m EEraRFeMeilluBe SERVARRItO the rﬁﬁpé‘”d Al
(as shown in step 108). Wiile mixing the liquid nolecules wth the carrier gas
nedi um t Heetvesrear a88FE ofo t MY OAC ai Adtbm slevagting Ny ntlee ngsteetermined
predeterm ned range (as shown in step 110), so that the pre-inplenenting

adsor bed Itemoperatyms, the figliat ietheat be vemorizedr@svishowavin Istepr 164)f ace
tension than that formed at roomtenperature. In the next steps vaporized

l'i qui d nol\éaposizingl thediquihgan tkel done byeestinaratiasér evapardtedon andre t hey

wi |l condense and forma_thin |ayer. According to Fig 1, in step 112, the
m xture offlySpisry b6 caHiedIas triaugh dhe tguid.e¥Vhed wapod@ingeingiligsidhe

envi ronne near the wa surface., And in step 114, the .bulk ai

ovi 1 onmethel i EsaaiEn! RealaniT s Santraliep lesdshowh dRestan (P8)oThe
vaporized |liquid nol ecul es_.apd carrier s..delivered in step ,112. In step 116,
vapori zed nglﬁ'd RrEsSUiEeOfa etvan%bﬁ@dhw I§uIMOPHER e RY 1BnBEARSO nt o
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envi ronmenyhild mngingTRE! Muid sroleewsesoweth the wﬁ@rzgés! heed i io! il es
can be done selectivéely when the wafer surface having partitions of different

free surfaeenpeeatyre afichehebsaired imextaeedsnsedintaiméd tdtea predetreme@d ng
adsorbed liquid | ayer on surfaces with higher surface energy triggers

sel ecti ve nangedaisoshown fie steisdd@dntsortihat theaprenmplecesstinthadsorbletss of
the pre-inplenenting adsorbed liquid layer is typically on the scal e of
nanonet er d|quiddéayebfforayedt atielevatedr temperaterer willehaveglowed surfacs
formed hydrodynam cal |y rinse and spin, which is used in prior art, whose

b
t hi ckness Ef1si@athan; rthfa%efcaqng@ @t fepMotempreiier sin |thenmexhbdi@ntent ,
the thickness af t re-inplenenting adsporbed liquid |ayer forped b
it 1 ayervanedzed Batid matecHs wiBrofadanartdtl onkd {he.sltide.af the
controlled Lurali of .fac u th nt ent of the v rized
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t enper at ur ufter e t t or f uy f he.surface
ener gy, an@g[dhelﬁésggbo? qu\sﬁﬁgt |rﬂ§(tn?§ &g%(g@?ﬁ@nﬁ[anﬁﬁﬁgcpéﬁie%ﬂ re
di fferenc % i i OBkl | ar ge,
the. thi ckniaaidr At L BRRYSTRR T anE sEivifiivRER nbaliine aret S alte
mul ti | ayerAﬁéSthfs'tep 504 heya Bhﬁ@,airh‘?nc@'ﬁ\ﬁfﬁnﬁfewesdﬁb‘@mcﬁﬁ 'wav%ﬂ
nol ecul es in the environnent surrounding the wafer surface is adjUsted by the
partial praggace ¢ digplsgerar witht e mnkkture ofheapasized diquidk rAbOUles st ep
120, the wafer surface bearing the pre-inplenenting adsorbed liquid |ayer wll
be cont actauidvwcalriéhegas aiehgertdciry gtgpe19d.utn step M 1@ e vaporizedniqued bi as
voltage may be applied to the wafer surtface prior to contacting with the
el ectrol ytraodecute s @reatrasisperted faonoulknsaper envitonmentintdcepatiernad cal
pl ati ng process is used, the optional step 119 of applying a bias voltage is
provi ded Brdeturase ereptheo, suifesn o8, thee waferi1dncadnge embodimesince
the pre-inplenenting adsorbed | ayer is very thin, when contacting the wafer
surface with the electrolyte solution, dilution fromsuch a thin adsorbed

liquid |ayer to bulk plating electrolyteis mninml even at a high vol une
setting. For exanple, the global electrolyte dilution percentage froma 2
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[0022] The pre-wetting process can be applied to pre-wetting the surface for
netallization step fromelectrolyte solutions in sem conductor device

i nterconnection formation, or fabricating electrical contacts including bunp
and t hr oughaBsPOEHAYyi @ fmﬁmvaaﬁrmcf dﬁuu{;i Gl ] o&@epaéf@ineéj
Accordingfto the different ne

( al _ion oqt&ined in the electrol ytes fPr

i frerent TRALHIES 1k VTS SEBENa% ATk AHAlcd A FSer B 8Ny IE WalF CaHERGE au
ana ey oo Bafieia By 8PohtindiBA YRS nSe GohIRRLER,BTEL iyl or "
[ aui d | ayheBn P8t EArLT8, i 1 AP RSBl AR Lol SRR R EFEEd i RE.
vet (abl e Tangs \Tafet ManwSLirAE ) b MoFRSE ERlab DR ¢ B yapk#hed

Fi g. 2 shows an appar at us r ing pre-wetting process ntioned

above. ThejqpRRTAbSCAR)S FPORY iﬁf&?:vé‘péﬁbéhﬂlﬁfﬁﬁnﬂgrﬂi NG v cend®ad{meno! di ng

a substrate 204 having one or nore features forned thereon. An established
llayer of redatenlsiogwiviie aipoaaed hguid sholdeukss tacebel doime sebsttiaghy 204.

I n one enbodi nent, tThe substrate holding device 202 is put in rotational

mot i on by whemt dhe208afey vsydaceelhanang qeanititeo 29608 pddfererdpdree hatriaoe ai ns
at | east one type of the nolecules to be condensed into a thin ]

pre-i npl er@mergy, aaedr Hbe | sel@ctivay eonsgensationbxfr dhe spredowlemesitisg in
Fig. 2, the vapor delivery device 206 consists of a nozzle or a set of nozzles

26:)|, a tut&d%ﬁ?eld lidict MMGL iQ(;alSlUIGaC,:e§ wit@sbiglaer@ugafereneﬁgyatﬂiggem ating
268 i 69. T i 69 i i . .

regul at o aﬁ:%@%iwl@ditfﬁgg g \E@u ihélééuﬁm'@%&{ ?Mﬁﬂizﬁﬁﬁdip@&%@ﬁ?i N&yst em
210 is a ﬁg. rovi des, ,,t he nechani ca stem 210 i,S,.CO sed of ,an.actuator 212

ik 85858, them s R Fi Y S Ts PP 0 GO SAVS PRI ALy

gg?i \G/Ie(r:;mc{ﬁ i C 5&&“} - d ragﬁ) 23 at cgé)é é’lhe eﬁh %60’( i % sih' neﬁbgr

Er oxi(rjrijty étﬁ% régcg rf'# t%rbs&} ' 2t 4,% ﬁg eHiéa ga_rji ég' el %er

oy oocasi nd e TEERREIRc 1RGER XdiffethPlrb AV ARG B AisEand Rin,

bl ate 261)whidie ishi8e! fir IHTROCER! WhbSITATAIaTes 081 dsLiangr irf dReat&RgBEat or med

during wafer transfer by integratingt nozzl e onto a wafer transfer

robot. In teprs egpopmicedinelers. nddzloh&6@mpbditeifat itﬁéaft}‘\i_@knégk it(?]fe”l‘ﬁé on

relative to the substrate by an actuator. Continue to see Fig.

appar at us @ ifwlehsentingpr istksorbecpoliqurheriayiern feormmed 208y t hatultitanyer t s
part of the liquid into vapor. As shown in Fig 2, the vapor generation device
208 consi sadsofptionessfel thzsOyaporized dmalextul2dl, oman thet lwafeB2suafaoesisir e
rel ease valve 283, a throttle valve 284, a heater 285, a pressure-tenperature
control | capniretledh kyr e gplugabty noét fastprsa sughi Asir dhe 288ntent oh hehaust
289. Vapor is generated by heating the liquid in the vessel 280 with

control | ev@peEZEk!IQNId RQjasulesdn the gnvirgpmept sihgopnding thedvader

Y T e B8 el e S
bass a pr alfRER, clhkasuitaes opastaie Ry (e St 8, AuShLPLMRbaiteAhe {he
P eaeur 0. ianiRadinieht Swtish, thedEmPEraEffe Lifisls AcbbefNesiihe vangr and

delivery 'tpréeswb"féfn SaPHcaoHeEr Pfsig?gfggéﬁg@s E eheﬂie‘iﬂ?i(@k‘h‘e'ﬁé ghepepor

exit outlets on vapor delivery devic have Vari ous orientations and

size.  [408dibdbe lighaye |49t | eapd OnBRISI|S mbbeled! by BEF! AruBfyet he

tube 262, and the position Tixer 264 can be built on an i sting process

nodul e, sugdis@pptieni nseghared tAlso netree | icoattepnt rofduties dﬁapmtitedabm;eid he

plating cell containing electrolyte solutions 290 as shown in Figure 2.
molecules in the environment surrounding the wafer surface is

adjusted by the partial pressure of the vapor in the mixture. The last
step, as shown in step 120, the wafer surface bearing the
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What is clained is: 1. Anethod for pre-wetting wafer surface, conprising:

vapori zing a |liquid; delivering the vaporized |iquid nolecules to the
envi ronnment near the wafer surface; . displacing the bulk air in environnent
sur r oundi HYy SwEHEBIRAHPE \AdFOk vBﬁb‘idzEﬁWﬁ qmlffb@l §@Glt@§t%ﬁldwla'hnt§]ﬁ)rt ing

them onto p‘)’\aaftﬁrg Setirefc?ﬁﬁy?endsci)l'ﬁttf)o .atlﬁecr)ﬂgde?rt\f)gatlrlﬁreensti a bias voltage may
be applied to the wafer surface prior to contacting with the electrolyte
solution, as shown by an optional step 119, if a electrochemical
plating process is used, the optional step 119 of applying a bias
voltage is provided before the step 120, otherwise, the step 119 can
be omitted. Since the pre-implementing adsorbed layer is very thin,
when contacting the wafer surface with the electrolyte solution,
dilution from such a thin adsorbed liquid layer to bulk plating
electrolyte is minimal even at a high volume setting. For example, the
global electrolyte dilution percentage from a 2 nanometer thick
adsorbed liquid film is 5,000 times less than a 10 micrometer thick
liquid film formed hydrodynamically.

[0021] Fig. 1b shows an alternative process for pre-wetting wafer
surface for metallization, which uses a different method to vaporize a
liquid. In step 132, a liquid, such as de-ionized water is heated. Then
in step 134, a carrier gas, such as air, N,, He, and Ar, is flushed into
the heated liquid, then the vapor of the liquid is mixed with the carrier
gas to form a vapor mixture. In step 136, the flow rate of the carrier
gas is controlled so as to adjust the throughput of the vapor mixture.
The pressure of the vapor mixture is controlled (as shown in step
138). For steps 140 - 150, is the same as the steps 110 — 120 as
mentioned above. That means, in step 140, the temperature of the
mixture is maintained. In step 142, the vaporized liquid molecules are
delivered to the environment near the wafer surface. In step 144, the
bulk air in environment surrounding wafer surface is displaced with
the vaporized liquid molecules. In step 146, vaporized liquid
molecules are transported from bulk vapor environment onto wafer

surface and into patterned structures. In step 148, a



condensing a pre-inplenenting adsorbed liquid | ayer onto the wafer surface
including patterned structures fromthe vapor environment; contacting the

waf er surface bearing the pre-i IenEntln adsorbed | i ui d | ayer with the
plating elRi@-EPIeELBIING arisorbed liqrid %éfefobs &or&dg sed Oofier e wa%elr. qui d

wet  abl o B AEETATY @1 CePPb GRuToaenbnin St 1 5o thec wires SO AGH 1,
the vaf er derhBlL e HefiBrigfRa2 %ﬁéﬁﬁﬁdﬂgtﬁ%}b‘? Wit 2"
evaporati o Prafl electfabAsTsRRAT AT drlfonal sten f028a ¥ PP ied. .

done by flpRinN@|&EfocHeMFEalpPaliRgOPrbcLES is' G4ed, a bias voltage will be
applied. In other embodiment, the step of vaporizing a liquid can be
realized by other methods, such as flash evaporation.

[0022] The pre-wetting process can be applied to pre-wetting the
surface for metallization step from electrolyte solutions in
semiconductor device interconnection formation, or fabricating
electrical contacts including bump and through silicon via formation
for packaging semiconductor devices. According to the different metal
ions contained in the electrolytes for different metallization steps, for
example, the electrolytes may contain Cu, Au, Ag, Ni, Ru and Co ions
for semiconductor device interconnection formation and may contain
Cu, Au, Ni, Sn, Pt, and Ag ions for packaging semiconductor devices;
the liquid can be different materials. The pre-implementing adsorbed
liquid layer on the wafer surface formed by the liquid molecules
should be wettable by and miscible with the plating electrolyte
solution.

[0023] Fig.2 shows an apparatus for implementing the pre-wetting
process mentioned above. The apparatus 200 comprises: a substrate
holding device 202 for holding a substrate 204 having one or more
features formed thereon. An established layer of metal also covers at
least part of the surface of the substrate 204. In one embodiment, the
substrate holding device 202 is put in rotational motion by a motor
203. A vapor delivery device 206 sprays vapor that contains at least
one type of the molecules to be condensed into a thin
pre-implementing adsorbed liquid layer on the substrate surface. As
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6. The nmethod of claim1l, wherein the carrier gas is selected froma group of
gases: air, N2, He, and Ar. 7. The nethod of claim11, wherein the

transport of the, vaporized |liquid ecules into the patterned features of
vias, tr erﬁ,h@wnarm%ﬁgaﬁ,di}%y sgghVﬁlﬁ}é yige 206 se@%tsaog@rmﬁleow of
gas phase diffusi.on _and co ctiopn. . The thod.of claim 1, wherein the
ro- Print orbra®hoTaRoRies 2hGu a Tube 262 AroRBiian: FXek ks 15 PSS by

a1 e RaRaY A hnl S ARG 61 ZHE SR el 5o e TIPSR oo
| the emArIEBY Lora|fii grdde e @i fididRSoband Hidafhtitg \WeIPYed o
provides insulation. A mechanical system 210 is also provides, the
mechanical system 210 is composed of an actuator 212 and a
connect arm 211, which controls the relative motion between the
vapor delivery device 206 and the substrate 204. The nozzle 260 is
positioned in proximity to the surface of the substrate 204, the nozzle
260 can be either housed in an independent process module or
integrated onto an existing processing module, such as the plating
module (for example, the discharging plate 261). The thin
pre-implementing adsorbed liquid layer can also be formed during
wafer transfer by integrating the nozzle 260 onto a wafer transfer
robot. In one embodiment, the nozzle 260 can be stationary or put in
motion relative to the substrate by an actuator. Continue to see Fig. 2,
the apparatus 200 further comprises a vapor generation device 208
that converts part of the liquid into vapor. As shown in Fig 2, the
vapor generation device 208 consists of a vessel 280, a liquid inlet
281, an outlet 282, a pressure release valve 283, a throttle valve 284,
a heater 285, a pressure-temperature control loop 286, a carrier gas
inlet 287, a liquid drain 288, and an exhaust 289. Vapor is generated
by heating the liquid in the vessel 280 with controlled pressure. A dry
gas, such as air, N, He, and Ar, is used as carrying medium for the
vaporized liquid molecules. The dry gas is contained in a dry gas
source 291. The dry gas is blown into the liquid inside the vessel and
exits at the outlet, carrying the vaporized liquid molecules to pass a
pressure regulator before reaching the nozzle. In one embodiment,

the pressure release valve 283 is set between 1 and 7 bar and the
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10. The method of claim 1, wherein the thickness of the pre-inplenenting
adsorbed |iquid layer forned on the wafer surface is controlled by the content

of the vaporized liquid nolecules in the envirqonnent surroundi ng]tﬁ Wer
surf ace. preslsLurerh@mﬁewaialrefcentanqw@omses&*t eiveeen; %ﬁ sto df/ 4

I t bed d.la f d t he f
Cont rof | cahof hedEaHE a?at n%‘éh. T En ABRT wedRNEREIEpdO arloEAESarare

U d aﬁea? EME%@%" APt sl Hids, 2 oo My MhaREn2aty (e
{/:agglr?zgf:l ﬁ]%wé%%ﬁé@hﬂesgoyﬁmgi@@%g € F '?yoflmglna![ qulwa:‘l\g(rargljpf ;22 havi ng
partitions ofjotyJ41eThidl abiRfe THEREDHEI Y ponents: the set of nozzles 260,
the tube 262, and the position fixer 264 can be built on an existing
process module, such as be integrated to a metallization module,
directly above the plating cell containing electrolyte solutions 290 as

shown in Figure 2.



14. The method of claim 13, wherein the selective condensation of the
pre-inplenenting adsorbed liquid |ayer triggers selective nucleation in the
subsequent netal lization process. 15. The method of claim1, wherein the
method is applied to pre-wetting the surface for netallization step from

el ectrol yt solut|§$s éa .sem conduct or device interconnection formation.

16. The ne i§ wherein netal ions in the electrolytes are
selected froma group of netal salts: Cu, Au, Ag, Ni, Ru and Co. 17. The
met hod of claiml, wherein the process is applied to pre-wetting the wafer

S0l der tormatT o MEee Rt RE8VeMhEuTErEF Stiface. ComBRsiid Tt Rod o

claim17, wh I in the electrolytes are selected froma group of
met al sal ts:evcﬂ)ag\g?ﬁ%ia, hgrgﬁd , and Ag. 19. The method of claiml,

e e GRS el agerpec iauia idecies e fessh(moprient near
formati on the perfergurface;
displacing the bulk air in environment surrounding wafer surface
with the vaporized liquid molecules and transporting them onto wafer
surface and into patterned structures;
condensing a pre-implementing adsorbed liquid layer onto the
wafer surface including patterned structures from the vapor
environment;
contacting the wafer surface bearing the pre-implementing

adsorbed liquid layer with the plating electrolyte solution.

2. The method of claim 1, wherein the liquid that forms the
pre-implementing adsorbed liquid layer on the wafer surface is
wettable by the plating electrolyte solution.

3. The method of claim 1, wherein the liquid that forms the
pre-implementing adsorbed liquid layer on the wafer surface is
miscible with the plating electrolyte solution.

4. The method of claim 1, wherein vaporizing the liquid is done by
flash evaporation.

5. The method of claim 1, wherein vaporizing the liquid is done by
flushing the carrier gas through the liquid.



sem conduct or devices in stacks. 20. The nethod of claim 19, wherein netal
ions in the electrolytes are selected froma group of netal salts: Cu, Au, N,

Sn, Pt, and Ag. 21. An apparatus for pre-wetting wafer surface,

conpri si ng: a substrate holdlng devi ce that hol ds substrate having one or
nore features,f ned t her ? n e tabl i Bed Ia er of netal ﬁagr at

| east part ofot {IPQJ&(-,O serext eﬁeU’hE B eRff @%Q@Sﬂﬁ/l ee 53 hys

vapor cont i.n one type bf the nol ecul es to be condensed into a
thin pre- |%d? r"r'g%g rd@i%éorbed liquid | ayer on the substrate surface;

air, N», He, and Ar.

7. The method of claim 1, wherein the transport of the vaporized
liquid molecules into the patterned features of vias, trenches and dual
damascenes on the wafer surface by a combination of gas phase

diffusion and convection.

8. The method of claim 1, wherein the pre-implementing adsorbed
liquid layer of nanometer thickness is formed by multilayer adsorption

of the vaporized molecules on the wafer surface.

9. The method of claim 1, wherein the content of the vaporized
liguid molecules in the environment surrounding the wafer surface is

adjusted by the partial pressure of the vapor in the mixture.

10. The method of claim 1, wherein the thickness of the
pre-implementing adsorbed liquid layer formed on the wafer surface
is controlled by the content of the vaporized liquid molecules in the

environment surrounding the wafer surface.

11. The method of claim 1, wherein the thickness of the
pre-implementing adsorbed liquid layer formed on the wafer surface
is controlled by the temperature difference between the vapor and the

wafer surface.

12. The method of claim 1, wherein the pre-implementing



a vapor generation device that converts part of the liquid into vapor;

and

a nechani cal systemthat controls the relative notion between the vapor

delivery deyice

sai d subst

are in one

sai d vapor
nmetal | i zat

d the substra
doV
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delivery device is integrated onto a wafer transfer robot. 25. The

appar at us
a tube, a
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condense selectively when the wafer surface having partitions of
different free surface energy.

14. The method of claim 13, wherein the selective condensation of
the pre-implementing adsorbed liquid layer triggers selective

nucleation in the subsequent metallization process.

15. The method of claim 1, wherein the method is applied to
pre-wetting the surface for metallization step from electrolyte

solutions in semiconductor device interconnection formation.

16. The method of claim 15, wherein metal ions in the electrolytes
are selected from a group of metal salts: Cu, Au, Ag, Ni, Ru and Co.

17. The method of claim 1, wherein the process is applied to
pre-wetting the wafer surface for metallization step from electrolyte
solutions during wire and solder formation in packaging

semiconductor devices.

18. The method of claim 17, wherein metal ions in the electrolytes
are selected from a group of metal salts: Cu, Au, Ni, Sn, Pt, and Ag.

19. The method of claim 1, wherein the process is applied to
pre-wetting the wafer surface for metallization step from electrolyte
solutions during through the substrate via formation in packing

22. The apparatus of claim 21, wherein
%I@kd clemparatetaniddal lowyaE em
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i on nodul e. 24. The apparatus of claim 21, where in said vapor
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pressure rel

26. The apparatus of claim 21, wherein the vapor delivery device

tion by an actuator. 27. The apparatus of claim2l, wherein
e_holgin% device is put in rotational notion by a notor. 28.
uStar geViges & atadkSvapor generation device consists of a
quid inlet, an outlet, a pressure release valve, a throttle valve,
pressure-tenperature control loop, and a carrier gas inlet, a
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are selected from a group of metal salts: Cu, Au, Ni, Sn, Pt, and Ag.

21. An apparatus for pre-wetting wafer surface, comprising:
a substrate holding device that holds substrate having one or

more features formed thereon, and an established layer of metal

covers at least part of the substrate surface;

a vapor delivery device that sprays vapor containing at least one

type of the molecules to be condensed into a thin pre-implementing

adsorbed liquid layer on the substrate surface;

a vapor generation device that converts part of the liquid into

vapor; and

a mechanical system that controls the relative motion between the

vapor delivery device and the substrate.

22. The apparatus of claim 21, wherein said substrate holding

device, vapor delivery device, and mechanical system are in one

enclosed process module.

23. The apparatus of claim 21, wherein said vapor delivery device

and mechanical system are integrated to a metallization module.

IS i

24. The apparatus of claim 21, where in said vapor delivery device
ntegrated onto a wafer transfer robot.

25. The apparatus of claim 21, wherein the vapor delivery device

consists of a nozzle, a tube, a position fixer, a pressure regulator, and



30. The apparatus of claim 28, wherein tenperature in the pressure-tenperature
control loop is set between 35C to 170C.

a filter.

26. The apparatus of claim 21, wherein the vapor delivery device

is put in motion by an actuator.

27. The apparatus of claim 21, wherein the substrate holding

device is put in rotational motion by a motor.

28. The apparatus of claim 21, wherein the vapor generation
device consists of a vessel, a liquid inlet, an outlet, a pressure
release valve, a throttle valve, a heater, a pressure-temperature

control loop, and a carrier gas inlet, a liquid drain, and an exhaust.

29. The apparatus of claim 28, wherein the pressure release valve
is set between 1 and 7 bar.

30. The apparatus of claim 28, wherein temperature in the
pressure-temperature control loop is set between 35°C to 170°C.
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