
Solution and method for activating the oxidized surface of a semiconductor
substrate The present invention generally relates to the fabrication of
electronic devices, sucj as in particular integrated circuits, in
particular three-dimentional,  and is related in particular to a solution
of a method for activating a substrate comprising an oxidized dielectric
surface, for its subsequent coating by a metal layer deposited using an
electroless method. The invention is essentially applicable in the field if
microelectronics for 10 the metallization, in particular with copper, of
through vias (also called through silicon vias or through wafer vias or
through wafer interconnects) which are keystones for three-dimensional (3D)
or vertical integration of electronic chips or dies. The invention is also
applicable in other fields of electronics in which a substrate having
through vias that are covered with an insulating layer and with a 15
discontinuous barrier layer must be treated so as to obtain a continuous
harrier layer over the entire surface of the vias. In this context, mention
may be made of the fabrication of interconnects in printed circuits (also
called printed circuit boards or printed wiring hoards) or the fabrication
of passive components, such as indicators, or electromechanical components
in integrated circuits or 20microsystems (also called
microelectromechanical systems).        Current electronic systems are made
up for the most part from several integrated circuits, or components, and
each integrated circuit fulfiks one or more functions. For example, a
computer comprises at least one microprocessor and several memory circuits.
Each integrated circuit usually corresponds to an  WO
2011/039310PCT/EP2010/064565 The eleink.sniarv technologic, neededproducc
three-dimensional integrated circuits comp-Ise HI
parlIctlkirthin!1111:12,the tiflifletit 1).,1"ccil IhctHe hothihrttH
thcttild the ctelhn inetalhiAtion or ihe ihrowzlh nohhin cLtch ho en
5Silicon vvaters111,' 111011;2h \ no nrc IIC;IIC US 7 (I0) 014 and 1 S 7
14s :505).        -11kmiaii? clv the vias may he etched and metallized
before he silicon vvalerHinned inLs 7 00 (-,2-1US 7 101 71)2i hi this case.
closed or no nc etclk:d in the Hlicon and then widthdovvn to the desired
10depth before the silicon water is tilimied, so as to ohi:lin thron I)
ins.        The Lood electrical conductiv ity of copper tnd its high
resistance to electromigration, i.e. the small amount of copper atoms that
migrate under the effect of the electric current density, which can be in
important cause of failure, make copper in particular a material of choice
for metallizing the through vias. 15 The through vias of 3D integrated
circuits are generally produced in a manner similar to the "damascene"
process used in the microelectronics field for the fabrication of
interconnects in integrated circuits, in a succession of steps comprising:
etching of the vias in or through the silicon wafer; 20- deposition of an
insulating dielectric layer;         deposition of a barrier layer or
liner, serving to prevent the migration or diffusion of copper; 



deposition of a copper seed layer;         filling of the vias by copper
electrodeposition; and 25- 'vino\ al or the e \ccss (..)pper H
hiochano-chemical The nuInImnc diCICCIFIC H\ el" HMV be iJmnomi t.1110\ide
SU. Hlieon 11110tie SINormJummmiIiitim (1\ (lejHILL(-\11RINIII IC11.\ 'CRC
11\ fillik1C. H,'11/(1Li oteneL,k!ojij(He tiCL1]HH 1J\ 30dtppin,,2 iii ...i
ILiciti iikdiiirt_ oi usitH 'hSt )( ipin Thenpjnr ,.tititi-,k)ii Hniior
hoer ..,_1-,HH.-,1.,-, ot 'cdiit:iltuu , 1.11iii H!salt:dim)
nitride1,:iitlw niti.i."1,,         Thus VS pkirent application VS
2005/0110149 descri e: a method for prcparinm. a'iinconductoF dc % ice
comprisin".2. a silica hlcd intermediate illlIIaiIiH 1,1\er.\ eredith a
monriniolcciiiiirbilscd I ri sd lit Theu HIkC I?Vc..mpou nd con i i1
I)palladium, ilk. HiIlli OH iiioh1icdbell in"C
ICJI111Cllit)il1[11obalt-hasck, nickel-Hsc,lormill 2 a bauricy on which
ilk. Copper lay. c;.in he dcpof,iicd by clecia'r .deft ii Livia        A
substantia.11\ similar method k L escribed in I'S pa eat application
2008/005-1 v:hich, iii )ILIcr a) hui),o'kele hae"ive 10 c pert c het"eeh
the 10various lavers of the sr:iiikonductor klevikm recommends
,erformin.,...i consecutive electroless ire:um:nits bY a nickel-based
compound l\liB). then h_ cobalt-based compound (C0W1').        The method
described in these prior patent applications requires the use of two
different solutions and two different treatments to fix, on the
intermedi,Itc 15insulating surface, the palladium compound serving as
activator for the electrolcss deposition.       Recently, patent
application WO 2009/086230 proposed a solution for activating an oxidized
dielectric substrate in a single step for the subsequent deposition of a
metal layer by the electroless method. This solution comprises a 20 metal
salt selected from a family of metals capable of initiating the electroless
process. a compound of the silane type comprising a chelatant group capable
of coordinating with the metal salt, a water-soluble solvent and a quantit)
or water generally between 1 and 10%. The water, mentioned as a major
element of the invention, is used for solubilizing the metal salt in the
activation solution. In fact, 25it has been found that the presencc of
water in a solution con1itinin,,2 a ilanc compound lea\ 'ss in a lelarkelv
sliort rime. 'or about 2 H -15 minutes klependin oil We]\eilt si\ stem
used. it) ilk'he siirne rind the subsequent 



?A!'1.111,1111(the0,111i)tind caw,
30PatclirLaTlication2.000/08()._niiimelouss.-1 le combinationI1 IliOtli
salt.emit. HIiilcii0 the kiniintir? e\air  WO 2011/039310PCT/EP2010/064565
4 allow this arc generally inactive after about 5 to 30 minutes. so that
their use is ih1CCi\ able on the industriill[A.!. Ihice,)nner seed
LtcrLicnerall \yen:11yd by ph \ sical Orch,:ntic.11 1,sposition methods
iron]\ [now riLisConsidering die dr:iv, Hicks resullin:, trn]icc cello lce.
iio\c rcctrehLt been conduct,: colupositions for preparing aier seed layer
by anmedlod,        in this context. the present invention, in iw currently
preferred appfic:Ition, relates, to the preparation ol through \ tas of
intli-ated circuits in three-dim,ill,ions in which die dielectric
in,"iitLitm1 acr is ooidii.cd mid nmt he co\ eyed by ,1 :octal 10Liver
u".,:irnil an eiectmles," nrthod. and then by a copper        It is
therefore an object of the present invention to solve the technical problem
consisting of the supply of a composition which, within a single solution
usable on the industrial scale, combines all the components for activating
the oxidized dielectric surface of a substrate, such as a semiconductor
substrate, for its 15 subsequent coating by a metal laver deposited using
an electroless method, then by a copper seed layer, giving rise to
multilayer structures having excellent inter-layer adhesion.        Thus,
according to a first aspect, the present invention relates to a solution
for activating the oxidized surface of a substrate, in particular a
silicon-containing 20substrate, for its subsequent coating by a metal layer
deposited using an electroless method, characterized in that it contains:
A-) an activator consisting of one or more palladium complexe, scicc:cd
from the group consisting of:  palladium complexeshiiviiin tic t,,rmula i)
1.2 (I)  " 



- RI ,;11,1 R2 ;IreH (11 MI orRi i11 -P,11:: is (-11y11,\11:  WO
2011/039310PCT/EP2010/064565 5 or RI is -C,11.,CILNIand R2 is -(
11-L11,,.N1 ICI 1J-11\11-: or RI-II and R2 iC11,-.(.11-N11(.114
-11N11(.112C11,N11-:  isH2,11id selected from the I1IJ CMsisting ()CO ;r;
ft\LL (IIC11(()() 5  palladium complexes having the Co    10wherein:  RI
and R2 are as defined above and  Y is a counter-ion comprising two negative
charges consisting of:        - either two monoanions, preferably selected
from the group consisting of Cr; PF0-; BF4-; NO3-; C1-1.:S03-; CF3S03-;
CI-1,3C6H4S03-; CH3C00-; 15- or a dianion, .preierably SO4.        B) a
bifunctional organic binder consisting of one or more organosilane
compounds having  the general formula: 20{X-(L)}4"-Si(OR),(Va) selectekl
irom didoup px rkicpoxox,,,e?clopropiiro, he.'i\,"\ ft.MHI1Ci\;HIL1 1").;
111..!IC;'\\ 11110,1111`,)(111,o1111,11,I. ' , (- ICII (11 



CTI CIL( 11-:(11(1! (-1! (.11-1(.11(11-\11(11,(11(.11(.11(11 NII(.11(11
(.11 (.11(.11 (.11f11,N11(11 (.11-C11(11 I H.,LI!(11..CIICIL  (H  WO
2011/039310PCT/EP2010/064565 6  nan integer equal to 1, 2 or 3; )rit
(OR(Vb) wherein:  Lisaspaccrselectedfmillthegroupconsistingof
CIC11.-C11.7N11(.11 'ILCH, and CH-CH.CH-S-S-CH,CH2CH,;  a group selected
from the group consisting of CH3-, CH3CH,-, CI I .( .11.,C11:C11.;'):C11-1
10C) a solvent system C01-11111,7. of one or more sok ems suitable for
solubilising said activator and said organosilane solvent.        In the
following description, compounds having the formula tlia) and Mb) may be
designated collectively by the name "compounds havinL,, the formula 01)".
According to a particular feature of the invention, this solution is water-
15  free or comprises water at a concentration lower than 0.5%, preferably
lower than 0.2% and still more preferably lower than 0.1% by volume. This
limited quantity of water, combined with the complexed form of the
activator, prevents any inactivation of the solution over time and
therefore allows its use on the industrial scale. 20According to another
particular feature of the invention, this solution comprises:  said
activator at a concentration comprised between 10-6 M and 10-2 M,
preferably between le M and 10-3 M, still mon preferably between 5x104-5 M
and 5x10-4 M; 25- said binder at a concentration comprise( hem cell 10-s M
and 10-1 1, preferahlhem een 10-4 Nl and 10\ 1. still more preferabl b(.'t
\\5x10 7\1, :Ind 5x 10 \ 1. 



Complete! \manncr,at..eordint [ht,e0H.1,0! oHe or morcidiutu11)1,.\
trimiLis.1,21 (.0111))111'0\',1.11111HI1.1111',2 I'L;\ 11112.:;
11'Llhi111111111?11Cti i-o.dC111',]).011',1\''Ll11l1   WO
2011/039310PCT/EP2010/064565 7    (IV)(I) whcivni ...\;" R1 and R2
h.d.\,,IIIL',lilLthl \ C. :\ )1C precisel\. asalt ha\ ing the
formuladissoived joan aqueous 0.2 NI hydrochloric acid solution at a
ttnuperatui e L'ollIprkCd ht.'Mecu C and t0 C. preferabl \ about () (  or a
period ci It) to 20 111.1111.1R:, prelerabl \ about 20 minutes. to obtain
the soluble complex haying the formula At the end of the reaction. an
equivalent of a nitrogenated bidentate ligand 10 ha \ ing the Formula (IV)
is added to the reaction medium which is maintained at a temperature
comprked between 40 and 80 C. preferabh about NI ( '. for a period of 1 to
3 hours. preferably about 2 hour, to yield. the complex ha \ Inc die
formula (I). The addition of the ligand causes, a change in colour of the
reaction medium. The solvent is then evaporated and the solid residue k
reated by 15reerYstallitation in a solvent stich as ethanol for example.
Preferably. the starting palladium compound is palladium chloride RIO].
Alternatively. the palladium salt ha\ in formula all) can be replaced by it
allatlitan salt having the formulasuch iu K:P(IC14, LiTdC14, suuPdCl ? NI
As preferred e.\a!uple ni amine derivalb es Inn in:2 the formula I l\
suitable for tic in the context of the present invention. mention can be
made iii pLtFlICUlitr (111.0110\\ i ;AvIllp,lck! and(IIIH 



h \ 25 iirox\cnh,Tounii \here Rand R2 iitit( 11 ( 1 I t )II  1)'11.1 ILH11
I \ i\lois tilt. 11.? lench  ilillilOIIIthin111,2\Hthinlc,,,s111  (11a)
(III)(IV) R I -N 7N-R2 Pd -NN- R2 (1(b) wherein X, RI and R2 have the
meaning indicated above.        More precisely, a soluble complex is formed
having the formula HiPdC14 in a manner identical to that described above.
5At the end of the reaction, two equivalents of the nitrogenated bidentate
ligand having formula (IV) are added to the reaction medium which is
maintained at a temperature comprised between 60C and 80C for a period of 8
to 15 hours, preferably about 12 hours, to yield the complexes having a
formula (11a) and (11b). Alternatively, the complexes having formula (II)
can be prepared from  10 complexes having formula (I) by adding an
equivalent of the nitrogenated bidentate ligand in an appropriate solvent
and by maintaining the reaction medium at a temperature comprised between
60 and 80C, preferably about 70C, for a period of 8 to 15 hours, preferably
about 12 hours. In these mo cns , the reaction can be facilitated by adding
a silver salt to the reaction medium. 15The rend i ion scheme given above
shows that the reaction lends to two cis and trans complexes.hich are the
onl? complexes lormed iii lie case in \? hich RI is II and R2 is
-CII:(.112\112. \ person skilled in the nitill eailv HIRICHHILI that
\hiltitidnl 1111.\1111V()1C,LIF:11,H111cJ\c HI \\IIICII 1<1 and Rd arc both
rice r,khcnIse,aLil Ir hin.2hei 20ihnii.111N21a nip.1 fr.,tHciiIa
\\HiCli1111\it?R.,, lie 



tH:ti cHi the indtp,tcRti ,L..%.[Ic and nni atpiffincd cired1.111
INcIMIOnorciJichilhiCr,inch ,2,,:ncol3cHi, iiiiiNi\L'1111CuI \lir.W?I I\\
iijtHHL iYlliiiiHCIICIH \\!;11HeFF11/C'HiIiLCi(ic \LlIiICilfttiLI ICRijn WO
2011/039310PCT/EP2010/064565 9 suitahlc for forininM a chemical bond with
the pal Lidium complex having formula (I) oi1dCrirksti ;.[I)kl\ e. I 11CM:
C01111)i Wild CIO\ ilk:coud ;i1111i,L11\\VC!' ,u1)strate ha\ 111,2 a\LIII';
1?=," irnied of anin parIRMELIF \\ lien lin. iuteiLciitlL')\ CI.Cd \\di a
111L1:11 ILIVCI, Ill partieniF olII> lorminL!a ;:i)per diffusion barrier.
\\ Inch o iL,elf Cu\ eyed with a copper seed la \ cr. Compounds of formulas
(Va) or (Vb) are for example selected an die12.1.01.1110)11klill'zI
(3-Aminopropyl nriethox sikine; 10t3-Aminopropvl )trlinetbk,\ vsilane:
m-Aminophenyltrimethox si lane; p-Arninophenyl.trimethoxvsilane;
p,m-Aminophenyltrimethoxysilane; 4-Aminobutyltriethoxysilane; 15p
(Aminoethylaminomethyl)phenethyltrimethoxysilane;
N-C2-Aminoethyl)-3-aminopropyltriethoxysilane;
N-(2-Aminoethyl)-3-aminopropyltrimethoxysilane;
2-(4-Pyridylethyl)triethoxysilane;
Bis(3-trimethoxysilylpropyl)ethylenediamine;
70(3-Trimethoxysilylpropyl)diethylenetriamine;
N-(-Trimethoxysilylethyl)ethylenediamine;
N-(6-Aminohexyl)aminopropyltrimethoxysilane;
(3-Glycidoxypropylnrimethoxysilane; 



(3-G1ycidoxypropyl)triethoxysilane; 5,6-EpoxylicxyltriethoxvsiLilic:
-Nlercaptoprop? I Jtrij Maio (3-NIcivap1()prop\l,11,1,1110\ Tr(In. I
kh.t.illuiv; 3-Ciiik)rk)pri)p\)I,J (Th,'1.011w111',
ltiMiCtli\th,11\?1111,.),211.),\1; I "ii C:\,111Ii'L:InriliilVki
einiimnHlauie a',Il I), `1?', itk oLijIhe 1t, ,C in the Cl)!1 e fli aCil
i::\ ,..:H:.io.:... weini,,ii CMIai..:dc1li[ 351 ,!Hilds Li\ Up.: I ip.iula
), \ a), \ 1 I ..lild  WO 2011/039310PCT/EP2010/064565 10 L is CI
lC'll:Ctlnd R is CI ; (compound named (3--IminoproPY1)- trilUCC:1)`CyAPT r
I. is LI 1(-11r11(nompound named 0-;ninnopropy1)- (rictlio\\ 5I. k
('11:CIINIR TI:CH2 and R is CI ITipound nani,' am ccih% )aminopropyl
trinctlio\ -silane or DA HIS oL\ NI()); SI Land R is CH-CFL compound named
(3- Nikil-cH)(111.1" )trimalolaile or \IPIT-si;             or X is
C,.11.,N: I. is (II (Il and R is CH:- 1 I (compound named 2-(4-
ToPyridNlethyl )triethoxysilane or H. I:        or X i Cl RT I!); L k
C112C112CII and R is CH3 (compound named (3-
Glycidoxypropyl)trimethoxysilane or LPTN IS); or X is Cl; L is CfliCH-)CH)
and R is CH3 (compound named ' _,- 



Chloropropyltrimethox?silane or CPTMS). 15A particularly preferred
organosilane compound in the context of the present invention is
3-aminopropyl-trimethoxy-silane (APTMS).        Advantageously the
bifunctional organic binder is present in the activated solution in a
quantity generally comprised between 10-5 M and 10-I M, preferably between
10-4 M and 10-2 M, still more preferably between 5x10-4 M and 5x10-3 M.
According to a particular feature of the invention, the activation solution
is free of compound comprising A least two glycidyl functions or of a
compound comprising at least two isocvanate functions. The solvent system
of the solution according to thc present invention must 25be suitable for
.()Iiihiii/in,c2 din activator and he hinder dchncd al)()%c. Thc sok ent s\
sk.'m Ina \ consist oi one or ni()Ic ,o1\ ems selected I r,,In In
,iroupiHtIi1C HFAiklimonc V\11'). dimcm\!IY\N--)),    . \': '111;
i:1\I)t'i.:Haj,1',Hill:IlinIIR.'ilIIL'Il III.1 ':11.111\IL,:lc,H1.ii.: \
tin. 35:\ ilIctii? Ir.Ha\ \ll'i a a a H HH I ia\ kill'   WO
2011/039310PCT/EP2010/064565 11 compk)iintls cLin be used in a volume ratio
comprised bet \\ cell 1:200 and 1:5, pi.eferahl.ihoitt 1:10. .1
particularly pit:lei-red ten .dtion solution in tile context of theccrIt
in\ clition 5 an acti aror conskting 01 onc or wok: p.11,1ditim comp
\escicccu from the g.r,,up Cl )11, kt in i4 or.  coniplc\cs having the
forn[ula (h. l[crein: - RI is 11. R2 is 0 1A11,Lid X is 0, ;[
0,1111,1,:\nwicd (cliethylenclri.aminc)(dichlt)ro) palladate 10- RI .aid R2
are identical and are CIT,CHOH and X is CI, a
complexnamed(NN-bis(2-hydroxyethyl)ethy1enediamine)-(diehloro) 



palladate (II);  complexes having the formula (Ha) wherein:
RI is H, R2 is CH,CH,NH, and Y is two Cl, a complex named
15trans-his(diethylenetriamine) palladate (11);  complexes having the
formula (lib) wherein:              RI is H, R2 is CH,CH-AH,-, and Y is two
Cl, a complex named cis-his(diethylenetriamine) palladate (II); at a
concentration of 5x10-5 M to 5x10-4 M.        a binder consisting of one or
more organosilane compounds selected from the group consisting of compounds
having formula (Va) wherein: X is NH, and L is CH2CH2CH, and R is CH-;
(APTMS): or L is CH ,C11_,.C1-12 and R is CH2CH3 (..NPTES); 25or L k
(.114I,CH, and R k C11, DATNIS or D,A,1\40); X is SILL i,C112(.11.(-11-.wil
R010 I ;,ILA: 1,(.11-(-11,-14 'IL (p11-1 or X icI. t, L11R013 (111 30Ii\
\HLILILI1H It)LI'Li 111VXCIiIin\ ClItionH LIICI,) thk` 1,1HILCC,'
1k)1-,HI'LHIL'IIiH:  WO 2011/039310PCT/EP2010/064565 12 The siihstrate of
which the surface can hc act i ated by the implementation Of the
presentiivcfll Oil111;.t\IIp;AILICUlds hU11110,H,luch,t substrate contaiuH.
,ilicon. in particular for die fahrication H an etcH i nie Jc\ ice and more
particulark of through \ Pi ror tlircc-dimen\ional SIlksl.ibstrate surface
to he..L.,..11\ alcd eon,:01 an 0\ ide, ad N. an compatible 1,yitli the
Jectrunic tectine?lop. such a surface,\11-,ihlv consist)j. 



silica (.Si0-2) hut ma\ also cc,n,,H1 such as for example S1OC. SiOCII.
i0N, SiOC:\. or SiOCI .cording to a third aspect. tic presk.lit imention
relates to a method 10 activating the oxidized surface of a till CiMli1T by
a metal layer deposited using an electroless method, said surface
consisting of one or more oxides in particular of (a) silicon oxide(s),
characterized in that it consists in contacting said concentrated surface
with a solution as defined above. Preferably, this activation method is
carried out at a temperature  15 comprised between 50 and 90C, for a period
of 1 to 30 minutes, and still more preferably at a temperature comprised
between 65 and 70C, for a period of 5 to 15 minutes.          The substrate
surface is advantageously contacted with the activation solution according
to the present invention by immersing the substrate coated with 20the oxide
layer in the activation solution.       Advantageously, prior to it
contacting with the activation solution, the oxidized surface of the
substrate is subjected to a surface treatment for promoting the presence of
a hydroxyl group on the surface. This treatment generally comprises the
following steps: 25mt treating the surtace by an acidic solution such as
piranha mi \ titre (II."()./11,S(). 101/5() ( for a period of between 30
minute\ ind ()0 minute . tor examplLs about (-)0 minutes, at a temperaiute
1)c:twee11 60 and 1) C. fr cHItlifliC about 70 V:, bt treating the surface
thus obt,line,1 with \\ ater.1 j, 3030 mil:kites t'()(" " ctuilc. at a
ietiinerituic eompl.),. I I) 'tv,e,m ()H ;Ind\10111)1,' r\tileU.111cc 1 I
ltr'.'ated1.11!;.'indei ri ICCI t11''',!IILC!H211()\\. 0 to1:11:MliC  WO
2011/039310PCT/EP2010/064565 13               aceoi'dinc tra fourth aspect
thc present in \ ention relates to a method Niuiini tcii.lHJ1e eui
electronic dc \the st acti Jain:.: the oxidized surNiec otubstrate
suchHalleillar a silicon-contaming substrate. said suriacc cfliiiiCoi
one.\ide. in partictiLi())\11kft),1)% COntallirP:aidiiHnecdi iisolution pre
\ lousk defined, preferabktemperature cinipiHcd hct"ccu 50 auuJ fl c, for a
period of I to 30 minutes. and still more preferahl \ ci a temperatalt:
-."111111-kk-'d bCt\VC-11 65 and 70C, It)i- a period or 5 to 15 minutes:
and said surface ne activated by an eleetroless deposition of a 



10metal layer, in particular usinc2        Such a method is particularly
useful for fabricating through vias for three-dimensional integrated
circuits in which the surface of an electricity conducting or
semiconducting substrate is successively coated with a first internal layer
of an oxide, in particular silicon, forming an electrical insulating film,
and a 15metal intermediate layer forming a copper diffusion harrier, and an
outer copper seed layer.        The method according to this fourth aspect
of the invention can use any metal which can be electrolessly deposited on
the activated surface of the substrate. 20For the preferred applications of
the invention, the metal preferably used is selected from noble metals and
transition metals, and alloys thereof. These metals may be alloyed with
elements such as phosphorous or boron or a mixture of these compounds.
Such materials, and in particular niclad-based or cohalt-hast.d materials,
25conlitute parlicularly ed ania;.2.cous barrier lccH 'or pre\ enting the
migration or he en I a 0,prcr. hcc,, obtained ia the tvilit:\E 01 th.in\ 11
i 1 111,11,L)1v, Inc e CL a JeJep it it in of a nict,il un en is a well
known method to a 30peusou -1\illed in the art. In ilk:,Tht.i11 1  1.1c
\tihs,11-,t1c N. cc,rneC:uut  rituLthe,eell \ tic,ith leraic(-)11....,.'ri
ratio:1  WO 2011/039310PCT/EP2010/064565 14 -least onc reducing agent,
prcic ally in a quantity comprised Pet .\\ een NI ;aid I NI: opiinHA\least
one stabihier. preferahl \ in a quantit? compriset bero.ecn U NI and I NI
and - an ;igent Lir id.iiisting the pH to amIiic comprised bct\\ cell 6 and
11, preferablv bem een ;ind 10; 



under condi( iorH tOr forming a metallic film having a thickncss nf at
leas. 30 n'inometics. preferabl ,:ninprised between 30 nanometre.s and H
iierons. still int ire pre ferabl comprkei between 70 nanometres and 200
nan,,inet res. 10Ad% antageousl v. the metallic salt of the aforementioned
metal water-soluble salt selected from the group consisting of the acetate,
acetylacetonate,hexalluoro-phosphate,nitrate,perchlorate,sulphateor
tetrafluoroborate of the said metal.            A preferred metal salt, in
the context of the present invention, is nickel 15sulphate hexahvdrate.
Advantageously, the aforementioned reducing agent can be selected from the
group consisting of hypophosphorous acid and salts thereof, boron
derivatives, cose, formaldehyde and hydrazine. A preferred reducing agent
in the context of the present invention is a 20derivative of borane such
as, in particular, dimethylamino borane (DVIAB).        The stabiliser can
be selected from the group consisting of ethylene diamine, citric acid,
acetic acid, succinic acid, malonic acid, aminoacetic acid, malic acid or
an alkali metal salt of these compounds. A preferred stabilizer in the
context of the present raberatinn is citric acid.  25 In general, the.
metal laver can he prepared 11\ soaking in the atorementioned liquid
solution. at a temperature comprised heme. -10 and 00 C, Ira-eh:lid-6 al To
(". lee a pcflod titto desired oi He iver.  Accotding to an ad k antageotN
ribodaneni. thk aver cu: he ,innealcda 30temperatiwe eowim.,,,d1,,:ivs,,:n
20o ,ind(s-ra-alTh. al 250a period 01 I minmin. preterahH iihont 10 min.
ender macmI er edu inseHTheic Inr,ii me \IlieteacH mmnpm emitions,thei
;:m11:0::.  15        a) e, mtact ing the metal surtace of a c-tihsirate
with a liquid solution comprising: -L1 JO. (1CH\ Cut: - copper
iori,o.aiet.mtration compri,eent and 120 mNif, 5pl-C1Cr.,1111% NCI
\VCCI1IiInd (-1 iti.\1; -         - INC molar ratio Ietween the eat
lenediamine and the copper icing comprkL.d between I NI and 2.W; - the 1)11
of the said composition being comprised between 6.6 and 7.5; 10b) the
polarizatioii ta' s.lid surface Ia sufficient.1) long period to form 



said copper seed layer.        According to a preferred embodiment, this
liquid solution comprises those of the copper ions at a concentration
comprised between 16 and 64 inM, the molar ratio comprised between the
copper ions and the ethylenediamine preferably being 15comprised between
1.96 and 2.00.        Although in principle, there is no restriction
concerning the type of solvent (provided that it sufficiently solubilizes
the active species of the solution and does not interfere with the
electrodeposition), it is preferably water.          In general, the source
of copper ions is a copper salt such as in particular 20copper sulphate,
copper chloride, copper nitrate, copper acetate, preferably copper
sulphate, and still more preferably copper sulphate pentahydrate.
According to a preferred embodiment, the contacting of the surface to be
coated with the liquid solution is carried out without electric
polarization, that is without imposing an electric current or electric
potential with regard to a 75counter-electrode or with rellard to a
icl'CIVILC electrode to this surface, prior to the electroderio\ihon step.
In principle. there isrestricHon "n lie oep ofF.011P: Ilie t.iHo.rjte
(11:11a Lirtetirl Hciric ctirivin peoic hrowch tL circuit lit  WO
2011/039310PCT/EP2010/064565 16 Cjinp).,cd arI liNcd potential.- metcnenee
Cl.r JCL01 C\ CH in pinkcJInodetdrii2C). liiLiCliCr,ti.that a particular'
\coatm,,.!cmi ,,htained H\ poLiri/ation iii pukcd mm dc. prchfrahh,
illrd,21.        En g,_'neral. this step can he carried out by imposing
curr('nt slots correspoliding to J maximum eurrent per unit area comprised
in a ral1s2t: ol rout 0.6 t". \.cul - to 10 ml.eni  , and more particularly
from 1 mA.cm- to 5 mA.ciii  and to a minimum current per unit area
comprised in a range of from 0 mA.cm - to 105 niA.ctii -. and profcrahl \
of 0 rnA.cm-.        More particularly, the maximum current polarization
time may be comprised between 2x10-3 and 1.6 seconds, preferably between
0.1 and 0.8 seconds, for example about 0.36 second, while the minimum
current polarization time Mily he comprised between 2x10-3 and 1.6 seconds,
preferably between 0.1 15and 0.8 second, for example about 0.24 second.
The number of cycles to be carried out during this step depends on the
desired thickness of the coating.        In general, a person skilled in
the art can easily determine the number of cycles to be carried out,
knowing that under the abovementioned preferable 20conditions it has been
observed that the deposition rate is about 0.3 nm per second. 



This method has served to prepare copper seed la\ Lrs having a thickness
comprised between 50 nm and 1 !Am, preferably between 200 and 800 mu, for
exam') c about 300 ran, on the metal surface forming a copper diffusion
harrier in 25a through via type 01 structure.        The invert( ion \\ ill
he better undk.'rstotld In aim a rctdint2 ,,ric dc,criplimn of
thccxcitipk,)11 jti the atTendedhid)pcc ,o1\
viu,u1.42-,,_:t1,2111tittc..oak ano-pulsed piulicol usdhle 30copper eeLi
1.R 1i2u1'c 2:.11111111g.electra iiiicrocopyof )tairn c\amble electronr,)
co:1)y`').!( obtained;irk' Ih:lmihi,itt Til! llich\iCillihC;;IC(i.CR'I
Immiidimid!,tilV  WO 2011/039310PCT/EP2010/064565 17 wkd pi.circ condition,
(about 25C under about 1 atmospherc) in widlik.mt and ilk' rc.;.;clitnt,
ued werehiinicd ilirLICIIV 4)11 tlIC I11;111,,,1 In II1C,Cf0114)\\ 111,2
IIMICViatiOnti ilLt\ C hecii 11,L ',..2.1Ll111,, per  nt/ni: 111W.6 pci
min: minute.   Example 1: Activation for electroless deposition, of a
substrate coated with a 10silicon dioxide layer Si02 from a solution
according to theention containing a palladium complex and an amino silane
type of compound. a) Cleaning of the surfaces  In this example, the
substrate used was a silicon coupon with 4 cm sides  15 (4*4cm) and 750 um
thick coated with a layer of silicon dioxide (Si02) having a thickness of
about 300 nm. The samples were placed in a solution containin,Q. 50 ml of
concentrated sulphuric acid (*Sal) and 20 ml of hydrogen peroxide (H2O) for
30 minutes at 70C, and then in deionized water at 70C for 30 minutes, to
promote the presence of hydroxyl groups on the surface of the 20silicon
dioxide. The samples .\ ere then rinsed abundantly with deionized water 



before beimg activated according to b). b Activation of the substrate
surface: hi) PrefLtration of the palladium complex:        In a 250 ml
single-necked nask. .;02 mg (4.52 mmoles) of palladium chloride PdC12, 50
ml of deioni/edater .tnd I ml of conceniraicddroclilorie ;Acid (37 ,HI. I
7. or an acid concenuJii,,h a oHwere wir,}duccd. The I):\turchcaied at tat
C for 20 Inn iite 1,)CIIH I le and lcich\k/hHirta wii"N11-!*C(.1 `,1,1tUiI
lid tmink, lestriamine \kaLl,t:'d tthe solution  WO
2011/039310PCT/EP2010/064565 18 the formula CN,PdC1 in the form of
yellowish needles (yield =). IH (DO): 2.n Odd. 211 7.82-2.94 (m, 4H); 3.02
(td, 2H). PRPdr:111011 k11hn aCTIVL11101 -.011.1th,11;teetift11111.2 I() I
Ie in\ cilti11: 5111',! (fl. the 0)1111)1eN Ohlitillekt alter
,tep)diss,,IvedIi 10 nil of N-ineth?I pyrroliLlmone (NMI' ).        In a
clean and dr' beaker. 50 ml of monoethyl ether of diethylene glycol, \vas
inlioduced, plus 10 ml of the aforemeluioned NNIP solution containing the
palladium complex and 0.6 ml of aminopm3v1 trimethox? silane purity 1095';
). The mixture was stirred. b3) Treatment of the substrate surface
The mixture obtained after aforementioned step h2) was heated to about 65C
and the substrate prepared in step a) described above was immersed therein
15 for about 10 minutes. The substrate thus treated was then abundantly
rinsed with deionized water and dried under nitrogen stream. This operation
was carried out for three samples at the time considered as t=0. The
solution was allowed to return to ambient temperature and was stored in a
desiccator. Three samples prepared according to step a) were immersed at
t=6.5 hours in the same solution  20 again heated to 65C. After storage in
a desiccator, the operation was repeated at time t=15 hours. All the
treated samples were rinsed abundantly with deionized water and then
subjected to the following treatments.        In the following description,
the term "substrate'. therefore means each of the substrates thus treated.
(2\'. tIC11()11t.101) oHiteUlhi\ (21. t11II CI )
12N1C1111)111.iin1.201[1'., .1)1VP1.11(1011 0f. En a I lieIn of
nickc!hcvih\d:.,tic.1i 44.67 g of citric acidW1,1;IcI clir,inLikliiiinc
30(0.7721-110\\\et,: intitiotii,kil,11 HI\ k. 'L [-. ::.Iiuk'J' \ i i 1 I 



0.1CI':1',!;1 11t i le11,,, 'In  ill..`\It.tt?'?itIIltIC\.? 'liltt!tlettI
I.I' .ollitik`:11 tll/,', hilt). II',Eii,,1\oile .,t,...id in1 imiti, TII
11.' I'.ll:li CC" :ItLen it 'nJ11.11.1,ti,.\in,...! ,t mic next -\ oit:n
.,' ,,1 reCincin,iii[Lhiii ' 35c.:111,1 i..iwili,or,,I )\1.11;. tt  WO
2011/039310PCT/EP2010/064565 19 c2) Formation ot a metal la\er of Nil', to
him the dirritsi))11 barrier: A metal laver or Ni13prepared on finsurface 1
the substrate obtained after siep Ni h\ soLikinL2. in
finla2l2tIOIC\iiimitittmi ple\ 101.1,,1 \ rkT;ArcL1 aflil lic;licd H 0 C.
lOr a period oisoconds toaceordin.:2 H the dcsired ihickneIn this example.
the duriiion otHins"akin),,),5 min to obtain a illeNi in\ LAr thickness of
about- 70 nilL        The metal la\ cr thus obtained \.? as Limicaled at
250C for JO minutes under reducim/ atmosphere (1N2 + H)) mixture11-11. 10di
l'ormation  of 'tower see(  aver: Solution:        The deposition of a
copper seed layer on the substrate coated after step e) was carried out
using an aqueous electrodeposition solution containing 2.1 ml.F' (32 mM) of
ethylenediamine and 4 2..1-1 (16 mM) of CuSO4(H20)5. 15 Protocol:
The electrodeposition method employed in this example comprised a copper
growth step during which the treated substrate obtained after step c) was
cathodically polarized in galvano-pulsed mode and simultaneously rotated at
a 20speed of 40 revolutions per minute.        Figure 1 shows in detail the
galvano-pulsed protocol used, with a total period P of 0.6 s; a
polarization time Ton of 0.36 s during which a current per unit area of
2.77 mA.cm2 was imposed; a rest time Toff without pohritat ion of 0.24 s.
The duration of this step depends, as may be understood, on the desired
thickness of the seed laver. This duration can k.sasilv he detk.'rmined b\
a person skilled in the art. Sinee (IR: ,Wth or the Wm is a hum lori al he
cliare pas into the circuit.Undi.sr the alon,lnentioned conditions. )0,
ill' a dew Hi a 1.5 nm per endomloL ishauv.e [ ssed into theN CHU. adUr;
11,1011 MI.i lie eicctrodel sitioii mepr about 15 muimItes sen, cd to
obtain a coallipt_/) ha\ in::. 30;i. H.) mu. i i)?.',l1H-H-dIC11111,naedV\
'millcapper emil." nflCI )11'im ,.' 



, ,,IL 1)110!1 ,H111,1011 at /:.reen ti i'Lii'fli inhaul 2'iLlun1lien iii
H,\1innIrjj;:ii ',. s[ICI. ;AI1 ?IliCd W1Lit:111.110 CCi1 ,11C,(1  Thciiic;
ourt2d\ ITS s?rierg\ 100 m.tiiini"Cotrac ).flic tende cipp,tratu, 1,
ceiinecicd h,fore,' sk..'nsor tra L] Hr ing crtically thnThe measurement
ra1t2cs we KLccfl 1 5and 20 .1,412. For all the samples prepared accoidi
an111k c'{ample, the adlic,ion measured b?, this protocol wtv, higher than
20 .1.1ti atthle 1. entries 1. 2 and 3), 10  characteriting a total
il)k.'11,.L.s of detachmeni of the la\ cis after the tensile test. The
activation solution according to the invention k thcrefore effective and
its efficiency does not diminish over time, at least for a period
compatible with industrial use. No precipitate was observed in the
activation solution after 15 hours. 15 Example 2: Activation for
electroless deposition, of a substrate coated with aluminium oxide of the
Al203 type from a solution according to the invention containing a
palladium complex and an amino-silane compound. 20a) Cleaning of surfaces
In this example, the substrate used \\ as aluminium coupon with 4 cm sides
(4*4cm) and 750 ttm thick coated with a Liver of aluminium oxide of type
Al203 with a thickness of 5 urn. The cleaning was carried out at the same
conditions as in k.'\ample 1. b) \etivation oldie ,oHtrale lhe ,01 ation
-,,1unonidentical to the one used for "1"1)    (L'I`tI\.1';II'!1.11e1.  21
filL'ckilicsionthis cvinip\\ CI111;,1111,2crs, L' 1. V, 1)1.CCIpIlL11t.!
?\,:h 011'...TVCti ii Hie ;icti\ Comparative example 3: Activation for
elcctroless deposition of a substrate coated 11 ith a silicon dioxide layer
SiO, From a solution accordin'T to patent application WO/2009/086230
containing a palladium compound, an amino-silane compound and a \N
ater-acetonitrile mixture. 10For comparison, ,.sxample Irepri,-)duced us*
:Ination solution obtained from a commercial palladiuni salt in the pre. 



senee oi water, is described in patent application WO/2009/086230. a) A
cleaning of surfaces  15The surfaces were cleaned under the same conditions
as in example I. 11) Activation of the substrate surface: The activation
solution was prepared by dissolving 4'0.014 mmoles or 0.065 / of Na2PdC14
in 2.5 ml of water (4% m/m), 60 ml acetonitrile 20  (95% mim) and 0.6 ml of
aminopropyl trimethoxy silane (APTMS, purity 95%, I% m/m). The SiO, samples
were immersed for 10 minutes at 65C in this activation solution. An
abundant white precipitate was observed after a few minutes in the
activation solution, characteristic of the polymerization of the e compound
in the presence of water. 25 d1/4.1,,,,,;(ion N    Comparative example 4:
.1ctivation for electroless deposition of a substrate coated with a silicon
dioxide layer Si0,, from a solution according to patent application
WO/2009/086230 containing a palladium compound. an amino-silane compound
and a water-DNISO mixture. For CO11111:11k011conApiirji\\ l`
!%HhicCJU111'...!an activation solution (,l,tained from a cominct,111 I1C
water and H replacing the acetonitrile by dimctnyl-sulpht)xide (L) N ISO),
as described H r,thmt application WO/2009/086230. 10a!Faces The Jean
carried out under the same conditions as in example I.  b) Activation of
the substrate surface: The activation solution was prepared by dissolving 4
mg (0.014 mmoles or 15 0.065 g/l) of Na2PdC14 in 2.5 ml of water (4% mini),
60 ml of DMSO (95% m/m) and 0.6 ml of aminopropyl trimethoxy silane (APTMS,
purity 95%, 1% m/m). The samples were immersed for 10 minutes at 65C in
this activation solution (t=0) and then rinsed abundantly with deionized
water before being dried under nitrogen stream. The activation solution was
stored in a desiccator. After one 



20 hour (t=1 hour), the activation solution was heated again to 65C and new
samples of SiO, were immersed therein for 10 minutes and then rinsed
abundantly with deionized water. The same protocol was repeated after two
hours (t= 2 hours). An abundant supernatant white precipitate was observed
in the activation solution after ouc Hui.. characteristic of the
polymerization of the silane compound in the 75presence of \\-:acr. ola
racial jiver uf (!Namcki altercnleninlulcd o.cp H; \\ cut= tic:th: Ili,:
oketcrdecd iii ,(cpe I I cvdmpk,Ii HHHHe I rinai P a, 30Inct.ithc Idni\\
as-,ser\ cJ a c\pcctcd. hr the,;icrric- oRT:tt-,:,1 it) tad at )111 I
11."'lVITC TIC 1*  WO 2011/039310PCT/EP2010/064565 23 111C
tdIcivnC,.1.11111110\VCd liLttliinc 1-0, !Le ,h.111c11 -,10 2)) FRI-
crdbiecntr\ (),. but tLcic,is,,, Jim ilable I. eiie7. iOr lie ,;iinplc,
prepared at 1,1 hour. A saitin:2 nitol.p.iikkliwn.oHen, ,A1 in the
eleetroless solution daring the passai2e ol the siimplc ,[t f=1ftFi],oti(
caused die destabilization of the eicctrulcss solution.puccipit;itcd
Lahunilantl\Thi]; observation confirii[A the poor adhesion of palladium to
the -,(th,trate surface due to the destabilization oldie activation
solution IfOrmation ()I \\ bite precipitate of polvsilaneAfter two hours.
no inct.if depose LIAol),(\l2d 10(Table 1, entry 8). The activation
soltbion was therefore more active alter one hour. Comparative example 5:
Activation for electroless deposition of a substrate coated with a silicon
dioxide layer Si02 from a solution according to patent 15application
W0120091086230 containing a copper compound, an amino-silane compound and a
water-DMS0 mixture.       For comparison, comparative example 4 was
reproduced by replacing the palladium compound by a copper compound as
mentioned in patent application WO/2009/086230. 70 



a) Cleaning of surfaces  The cleaning was carried out in same conditions as
in example 1. b) Activation, of the sul)stratc surface: 75"1 ht.' dCil?
alken()Il111011prcpitr(_s(.I by dissolvin. 5.9 rug of CuSO4, 5H20 (0.094 H
in 2 d iii (1h-L(.)0 ml of 1)N1so (n)n11110 iaJ ft(iii],lininoprom I iii
nietla \y11;inc\ I' I NP-:). purifnilI iinnnplecrcor ill
iIiiae)i\ln]iIinniionn 0=0l ]ric]];11)unLiwitl\\1/4
tIneiniieJ,,,LitHiorcHiriL],"; driedniJen' 30utter\nbunidanni Hue
ricccipiLL" , "i," \,,ttition alter a te.,.'einds. jl,retenC.IIof
1.ipi,tindthe\ aim.  Ci)s,11.1(111C CL:11.()IL cl..1)0,:111( )11
k11111L'ILI111t,' L.IN.C1*IK oi the :\,;11L.:a-Heti ()La 'm;MIL' \\'LHIll
eviinple LIn thr,Ii ICI1111 101TH:01011o 01),L'I\ Ct.!L'.1)IC 1, entry 9).
Table  Entry StihlrLite surlacc Acii\ at ion solution I ink'ilitir
propLir:tlion Hicti\ ,[tIon uiich (h) Adhesion , 



(J.in-) ,,  SiO, According to example I 0 >20 7 SiO, According to example I
6.5 >20  SiO, According to example 1 15 >70 4 Al203 According to example 2
0 >20 5 SiO, According to comparative example 3 0 No metal 



deposit 6 SiO, According to comparative example 4 0 >20 7 SiO, According to
comparative example 4  12.7 8 SiO, According to comparative example 4 -7 No
metal deposit 9 SiO, According to comparative example 5 0 No metal deposit



The rcuIiicn in `Lillie 1 Above ,1-1k-)\\ hat the ,oltaions ace dine It the
10,,iitAL. k ;",..,ti\ .atc the o\iihreil dielectric s.,1.1rh,isic H the
CilliLk+IILIIK 101L.te',111),Cq(1.211lN.k iii
di?.'11.01t.:111C11.10(1.tthht1 it 11 Ct'flflCiecki layer. ,1[
[LH.[C)A\\cellen, Ii'IIIaniihehikr,,,a.a Lorin-,,1  15Hi. 111C,i:
'tli!iIt'IOlCCF\Chiee ciiCI1111ic Hocrtheir  25 Example 6: .'ctivation for
electroless deposition of a substrate coated Nvith a silicon dioxide (SHY')
layer from a solution according to the invention containing a palladium
complex and a thiosilane compoun(l. 5 Cleanim.! 1utThecs: eicanin awas
carried out under the same condition. ac; in ex.,'e I. b) Activation or the
uhiraic,,urftice: 10bl)  Preparation of the act1vAon        8 rnk.2 of the
complex OLtincd Inun step hi) ol e\imple 1 were dissolved in 10 nil of
N-methyl pyrrolidinone (NMP).        50 nil of diethylene glycol monoethyl
ether, 10 ml of the abovementioned NMP solution containing the palladium
complex and 0.6 ml of (3- 15mercaptopropyl)trimethoxysilanc (13MPTMS:
purity 95%) were introduced into a clean dry beaker. The mixture was
stirred. b2) Treatment of the substrate surface         The treatment of
the substrate surface was carried out in the same way as in example 1. 20
Flectrolcss deposition of a metal layer of NiB  The layer of NiB Vil
deposited in the same way as in example I. d Formation of a copper seed
laver: 



The deposition of the copper seed layer wa carried out in the samc wa\ ill
example I. l<e-,u11 ,11 lesion rna H OHpilicr than 20 Jit I, (Acta,.ilea',
of die la\ er, atterNo  -)6 Example 7: Atli% ation for electroless
deposition of a substrate coated with a la?er of silicon dioxide Si(), from
solution according, to the invention containing a palladium complex and a
pyrid? lsilane compoun(I.  C Lmlin12 ortlic Llrlicc cleaiiii\\C,IITiCLI out
under the same conditions as in example 1.  hiAion ot  the substrate
surface: 10hl) Preparation of the activation solution        8 mg of the
complex obtained after step bl) of e \ampl- . were dissolved in 10 ml of
N-methyl pyrrolidinone (NMP).        50 ml of diethylene glycol monoethyl
ether, 10 ml of the abovementioned NMP solution containing the palladium
complex and 0.6 ml of 2-(- 15pyridylethyl)triethoxysilane (PETES: purity
95%) wereoduced into a clean dry beaker. The mixture was stirred. b2)
Treatment of the substrate surface         The treatment of the substrate
surface was carried out in the same way as in example 1. 20 Electroless
deposition of a metal layer of N.B  The layer of NiB was deposited in the
same way as in example 1. d Formation of a copper seed laver 251 he
depositionthe copp,r seed la \ L wa, carried out in the same \\ ii c\d1Hpie
I. hc'iOfl theasurc-d 30ch.o.a,,t total Ien this cvinir 



"1 the liher than Icr the tcn-H   WO 2011/039310PCT/EP2010/064565 27
Example 8: AQUA alum for cIectrokss deposition of a substrate coated with a
layer ()I silicon dioxide SiO, From a solution according to the invention
conta ning a palladium complex and a glycid?Isilane compound. the
'1.11.Lk.'L, Ilie CJCH1U1car ecl out under the same condition.. as in
example 10 b) .\etivation of the ,tibstrate \tti-rttcc Preilivation or the
act i% tit ion ,soltiti of the eompie\ ohrdined ;Aricr .1cp b or example
1ere L, 11)1%  in 10 ml of N-methyl !IN rrolidinone N M1)).       50 ml of
dieth.Ocne glycol monoethyl ether, 10 ml of the aboyementioned NMP solution
containing the palladium complex and 0.6 ml of (3- glycidoxypropy
ethoxysilane (GPTMS: purity 95'4)) were introduced into a 15clean dry
beaker. The mixture was stirred. b2) Treatment of the substrate surface
The treatment of the substrate surface was carried out in the same way as
in example 1. 20c) Electroless deposition of a metal layer of NiB  The
layer of NiB was deposited in the same way as n example 1. d) Formation of
a copper seed  \            The deposition of the copper seed layer was
carried out in the same wa 25in example 1. Then chartieteriziri  ;itot,il 



iiiduc\;:hiplc We laei after theLe:A.  30precipitate \k,ahcr eI in the
A.ti% ation solution.  WO 2011/039310PCT/EP2010/064565 28 Example 9:
Activation for electroless deposition of a substrate coated with a layer
()I silicon dioxide SiO, and comprising thr(mgh-N his 5 gm in diameter and
gm in depth from a solution according to the MN onion containing-palladium
complex and an aminosilane compound. Cleaning of the In this ex:1111;11c.
the suhsicate used \vassilicon coupon with .1 cm sides (4x4cn) and 750 ion
thick coated wc11 a Ltvci ficee ti.\ilc(SIO ha in,".! thickness of about
300 nm arid comprising through-vias 5 tin 1 di atncier arid 10 tlin in
depth. The samples were placed in a solution ciainine 50 ml of concentrated
sulphuric acid (H:SO4) and 20 nil of hydrogen peroxide (1202) for 30
minutes at 70C, and then in deionized water at 70C for 30 minutes, to
promote the presence of hydroxyl groups on the surface of the silicon
dioxide. The samples were then rinsed abundantly with deionized water
before being 15activated according to b). b) Activation of the substrate
surface: The activation solution was identical to the one used in example
I. 20c) Electroless deposition of a metal layer of NiB          The
deposition of the NiB layer was carried out in the same way as in example
1. In order to guarantee good w cuabilitv of the solution inside the via.
short periods (3 seconds-) of ultrasound were used during the electroless
deposition. 25 di Lorimidoil ola codmcr seed kivcf: Tric dcpo,iii()11 of
illi"pppci see(i Lc,ITiCd OW in 1c dli C\,Lilyle 30RA:suits I
lik:',,dHC'111111/4.%1-,l',lt.11',..1imLlacier11 CII:tr,LCICI 1,',:lt: aIt
,t;t1' flctiCt:iL hinCill k `I 1.Li \vi'.1,-11C I PILVII)iiH,, ,l'?? I ',
L.',..III11t`ill0,)11I II IL", 1,:, IIL I''.1 '11'.1:iI,,:11rlIdlehiCkl1C,
35;ieiiedaiiPeI ) k , I W !II F L ' ' 11 k I i k. Ito- o 1Inc   : I.. 1 R '



,,vd an Eli,: ,Hi Li,C.  WO 2011/039310PCT/EP2010/064565 29 CLAIMS
1.Sidliti()11t0\1L11/dUI Hcc11111C. in!HUitLft IH;1 111,21it!Jcj0,11
11,11111illHIL'1110d, HIt C0111-1111S: ..V)Ltior consistin- of one or more
palladium conTlexes selected from tli;_ group consisttn,,n. of: 10
palladium complexes having the forn        / \ RI -NN-R2 zEN x x wherein:
15 - RI and R2 are identical and are-CH2CH2NH2; -CH2CH20H; or RI is H and
R2 is -CH2CH2NH2; or R I is -CH2CH2NH2 and R2 is -CH2CH2NHCH-CH.,NH.,; or R
I is -II and R2 is -CH2CH2NHCH:C112N1 ICI KII.,NH2; 20- X is a ligand
selected from the group consisting of Cr; Br-; I 1:120, NO3-; CI ,S03';
Cl-CH-Ph-S0; CH1C00-  palladium complexes having the formula Ha or Ub  WO
2011/039310PCT/EP2010/064565 30 



Y is a counter-ion comprising two negati\e charges consisting of:
eitilL2r two nionoiinions, preferahl \ selected from die group LnkIiiig CI
;BI. ; NO: : CI I:SO :;; CI frO()-;         or a dianion. preferabh S() B)
a bifunctional or:2;iider con,i,tin,4 ot one uf more or,2wio1la1h:
compounds' having  the ,,eneral lormula: 10{X-4,-Si(OR)"(Va) wherein:
-X is a functional group selected from the group consisting of thiol,
pyridyle, epoxy (oxacyclopropanyle), glycid? le. primary amine, chlorine
and being able to react with palladium compounds of formula I; 15- L is a
spacer selected from the group consisting of CH2 ; CH,CH, ; CH,CH,CH, ;
CH,CH,CH,CH: CH,CH,NHCH,CH,, CH,CH,CH,NHCH,CI-1,;
CH)CH2CH2N1HCH,CH,NHCH,CH2, CH,CH7CH,NHCH2CH,CH,CH,CH2CH2; Ph ; Ph-CH, ; et
CH,CH,-Ph-CH, ; (Ph representing a phenyl moiety);              R is a
group selected from the group consisting of CH3-, CH3CH2-, 20CH3CII,CH.:,-,
(CH A,CH-; and              n is an integer equal to I, 2 or 3; - or the
general formula: (OR)Si-(L)-Si(R)3(W) 25\\herein:  L?C eeted!Mil I1 IleI
Oil pnH 111.'2of IICI Ls( .11..N1 ICI 1:(.1 I -CI Hind (11 411-.(.11-CH  E
Nonp ek.'etedof LI ICI CI t.,ne'I.I VI ?Inj  WO
2011/039310PCT/EP2010/064565 31 3. .S'oltition t)riline to Cltiim 12.
cLir:IL.:teriici.1 in tliatcnpH d.it( 'I tit.. 1 COIiCCHILIIiOI1\Cd HCH,N.
CCH JO.ttlitjNI. prercr..11)1'_s Ocmcen 105 M ttud 1U',till more
prcl.erabbcmccn 5xNI 5andH? NI; 



itd hinder "tta concentraiion comprked10-5 M and 10-I M, prelerahl% bet een
I I M and 10 M. still an )1C nrCicrablv between 5x10-4 M and 5x 1N I. 104.
Solution ,tecordliT.ii :in\ on,:1 to 3, churacteFi/ed in that bifunctional
organic binder consists or one or more organosilane compounds having the
formula (Va), wherein: X is NH, and            L is CH,CH,CH, and R is CH 3
(compound named (3-aminopropy 15trimethoxy-silane or APTMS);       or L is
CH2CH7CH2 and R is CH3CH2 (compound named (3-aminopropyI)- triethoxy-silane
or APTES);       or L is CH2CH2NHCHT,CH7 and R is CH3 (compound named
[3-(2- aminoethyl)aminopropyl] trimethoxy-silane or DATMS or DAMO); 20X is
SH; L is CH,CH,CH, and R is CH2-CH3 (compound named (3-
Mercaptopropyl)trimethoxysilane or MPTES)       or X is CoH5N; L is CH,CH7
and R is CH2-CF13 (compound named 2-(4- Pyridylethyl)triethoxysilane or
PETES) ; or X is CIL is CET:C:1K and R is CH3 (compound named (3-
GlycidoxypropylI ur.ilict.lowainc or ITIMS); or X H. Lk I Harid R is CH
chloroprop\ (rililcrho\\ ,altic ii oilNis 1. 5. Solution accordin,-.- to
tnlynne of CH rn I to 4, ci I racicriI a that ',I olle Or 1110k:
,,)l\k:111H aicctclCro11I tlic H Up ?11,H    LI\  WO
2011/039310PCT/EP2010/064565 32 6. Srilmtion accorili;17. to an ? one of
Claims 1 to 5. characteri7ed in that said Or 011C Or
Il11lilludiLanCl'111111CL1inuthL nILIfl consistint2 



CONT./Ls11;1\ I1FL JmiLlla (f). `,\ 5- RI isII, R_
i(11.:("11:N11_Cl,CntiflL\ named tdic111\ lenciriamine)(dichloro)
pitliadatc 11);  RI and R2 are idenlicil and [n-c CHiCH:,OH andk CI,
complexnamed(N.N'-his( 2-1-1 drox?Hstli?lencdiaininc Hdichloro) pallatlate
tIi); 10- complexes ha\ inn the formula (Hai w herein:                RI is
H. R2 is CH,CI l I 12aid I is two Cl, a complex named
trans-his(diethylenetriamine) palladate (II);  complexes having the formula
(lib) wherein:                   RI is H, R2 is CI 1J] I2NH, and Y is two
CI, a complex named 15cis-bis(diethylenetriamine) palladate (In; at a
concentration comprised between 5x10-5 M and 5x10-4 Ni.'       7. Use of a
solution according to any one of Claims 1 to 6, for activating the oxidized
surface of a substrate, for its subsequent coating by a metal layer
20deposited by electroless means, said surface consisting exclusively of
one or more oxides, in particular of (a) silicon oxide(s).       8. Method
for activating the oxidized surface of a substrate for its subsequent
coating by a metal laver deposited by electroless means. said surface  25
consistin2 , Me or more oNLIct, in particular of (a) silicon oxitIci,L
characteri/cd in that it colkisis in comaciinL: said surface of stud
suhstraw \\ iiH i solution icecidin.It, ins tine ccl Clanns 1 hem een:111,1
99 C, t,"21Pelic,1 I a3()111111111C,.ill I iCiiipa:lilt[e- comprised bcen
op iid u C, tora p Hod old',?; Id  WO 2011/039310PCT/EP2010/064565 33
!IL-1\\et:11 -..-,0 and 00 (Hr LI pci: d nfl H''.-0 minutes. and still rnrc
pRICFLIHy at a teinn,._!tire comprHed hcH, een (-,:s: and 70 C.r a perind5
iI .7, Mintlk.: Wlti .ajd1liLtCCIuiLit.11\ ,11,CdHill
Cit.s..11()IL:',"-,1110!) ii cat 7i?.,Hin p..irticulaikel. 



10. Niciliod LiidlilU tc. Claim 0.lLiiLicEciitcd in tliLitidIt.sp hi
C,t1TiCd outcolmictirp,c thc tCli atd surLiee with :t ILjU1LI olution.
prerci.:thly 10- al ic-aq (,ricprcicybk LI a concentrition compri \cd hem
am 10 NI and     at least one reducing agent, preferably in a quantity
comprised between M and I NI;  optionally. at least one stthiliter.
preferably in a Litwin \ comprised 15between 10 M and 1 M and         an
agent for adjusting the pH to a value comprised between 6 and 11,
preferably between 8 and 10;    under conditions for forming a metallic
film having a thickness of at least 30 nanometres. preferably comprised
between 30 nanometres and 100 microns, 20still more preferably comprised
between 70 nanometres and 200 nanometres. 


