Frererrrrrrerererrlr *159159* 5 The present invention
relates to a process for selectively coating certain

areas of a conposite surface with a conductive film

for fabricating gnterconnects in
nﬁWﬂMﬁN@WNWWW|CS and to processes and nethods for
fabrig f Lbhg integrated 10 circuits, and nore
partlcu arly to the formati on of networks of metal
i nterconnects, and also to processes and nethods for
fabricating nicrosystens and connectors. 15 In what
follows, the prior art has intentionally been
5re%£{|cted to the field of mcroelectronics, as this
eprRE8REAti vé TP HO e x e RS ontef he process  for
t ecteiiccdlivedivf ficodties | neobhahni ngesel edd Vea composite

contydled .6oatings,. g %ﬁ%Q%Vde”gﬁquln terms of nore for

rapi d- 20 processi ng and ever ch|ﬁg, aj gbrocess
bedGHTG atsre bﬁé§§¢ﬁgneeSpe@HalmyctoelehErpnbdﬂpthmwﬁ to

of pseldesaldsgnedngbamnid@isyon £Be ngg%{léﬁln e?rated

10 obt ai ned .after chem cal - nechani ca
darfa&Eire Sand?Blal MO RmkSde e YWragdes sEs. ?b?xﬂﬁ9§ﬁatlon of
skinefteg rikis tdfe metaimyn2brtbanetokse %@@Udﬂédr@@5§9§§esses
th pr 00 r Ilcatlons such
M ??%sys?%rg{‘%?é con%ggt or 3%% AT M or obrTJe(fﬁ(?%yﬁtr?é“S and
saff®"P§Cter®ply on a different scale. |ntegrated
circuits are fabricated by form ng discrete 30

se duyct evices on the surface of silicon
1> e ersqqut g%% PR’ of NFetR 1QUr gPERI Dt driiiidanadn i sbeen

t hemrstadtrabh sloedhen fikdse aevitesosedtr@stadl ish this is
coptaeksenkgiween BEe'{thtéQ§%§¥b£g¥g55 a%d %gstafﬁchnlcal

produce, between he w ring needed
thglégéFPéal€§rCU|%n 350ht§y§@égmofaaﬁaﬂuxwmectsontrolled

consasthet sever alhd eRIniind Eacth | exedmd s 07 Mgk dY rapiq
connected to ether b

o Iokphebhocaoe g ineng I | neg dre, comnectad {pgether oV
*OBQ@@anQZ e’ﬁl@@ql@épo’nsf@rt ithe gfr@iugmitear cmmrweelf -aligned
CibgHktek8 on the copper tracks obtained after chemical-

mechanical polishing (CMP) in damascene and dual

damascene processes. A person skilled in the art may
25 the;efore readily transpose these problems to other
applications such as Microsystems or connectors, as the

problem is the same but simply on a different scale.

Integrated circuits are fabricated by forming discrete
30 semiconductor devices on the surface of silicon wafers.
A network of metallurgical interconnection is then
established on these devices so to establish contacts
between their active elements and to produce, between
them, the wiring needed to obtain the desired circuit.
35 A system of interconnects consists of several levels.
Each level is formed by metal lines and these lines are

connected together by contacts called “interconnect
holes” or “vias”
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characterized by a constant RC, which corresponds
roughly to the resistance R of the netal |evels

mul tiplied by their capacitive coupling represented by
5 the constant C, nmainly determ ned by the nature of
the dielectric that separateg the lines. Fromthe
ng%alllzatlon st andpoi nt,_the response tinme of the

% cohfiekPRSPs H eféF% rFYuceltBYCPBARELng ke uity 1is
r edistarioer oded heby i nes. cbhstantor RChi s whaason ddatesponds

proceSSE? Qgentﬁgtrggggggahggo khe %Dr%hkgcﬁ%&fl levels

rep acl n nor e reS|st|ve a
elstktriomd kgt bbnth@snrstcama@mﬁmw aovp Homeveeprelsented by

. rﬁrfeod@@rsé@@n@fccoaae_mg,alo%ec%ﬁawcalby fhicybiies: JO the
C{-;]‘rﬁ IS heces to usé a danmascene-t
ar

ype
%%ﬁﬁ{ﬁ%'q %ﬂ??%ﬁ?%l%ﬂ%c¥¥n%§1s deposi t ed

bef orehand and then etched, before filling with copper

o S ahs 0Pl eal, pELLNL A0 TOTESL L8 g, 5 o
é%?gﬁﬁﬁﬁ§¢¢@@e¢t$em§htmaiaquQMH&ﬂwn@msbpfrEGSS1ng the
”i%nsls(%a]nm oaviig Iﬂ'lggsAR Ptf @%pe5$rr%th'l% (ié‘gaglggmthat

4/1 for the trench and via dual anmascene structur
i ITARRET ent?§ et YFSReed 6 OBRICAS e - De %h?ecmpvélyrecent

flgﬂdﬂhssest | sepl sSOimgcessary axrPrevedistee and less
difyfd ﬁ§§ Of orCopper. through t he dlelect&kg into

t e 5i Sifice Coppet i s & pBidbitor VS ve the
cdmim%m%tldro ofdeadne, natlsess reecessal yd10f sl oles :

effective barriers,: n@@é§§af§ addi t{,an provkﬁ%ﬁé&é%ﬂ ({ype

interface, that is to  say good adhesi on betwee
cOppeY it Wife b diRi@ttrtke | AlehecBamfscame deposited

prefesshare dmd athezakiceheds GfAded rOoUtihg LHERE copper
GrPusi Gh e PP g e | By B0 (Physi Ol VA the
Depssiitiementsr  oGVD thehe micaio eVapduonDesos iinidars)tryst epery
2:f 1P dnledt ifs ad A icopRerviieqt A¥RE i onWbeh 1280 than
es as a nucleatlon | ayer for the next deposition;
aﬁd% ﬁ§ having high AR“or aspect ratio (AR about 4/1
for the trench and via dual damascene structure in its
entirety) need to be able to be effectively filled;

- it is also necessary to prevent the diffusion
of copper through the dielectric into the silicon,
since copper is a poison for the active components. To
do this, it is necessary to employ effective barriers,
which in addition provide a solid interface, that is to
say good adhesion between the copper and the

dielectric.

In the damascene process, the metallization is carried
out in three main steps:

step 1: deposition of a thin copper diffusion
barrier layer, by PVD (Physical Vapour Deposition) or
CVD (Chemical Vapour Deposition);

step 2: deposition of a thin copper tie layer,
which also serves as a nucleation layer for the next

deposition; and
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step 3: electroplating with copper, during which the

substrate acts as a cathode on which the netal is

deposited froma solution of its salt. 5 Once copper

has been deposited, the excess copper is renopved by

CWP. The surface obtained i5s 8hen in the formof a

conposite surfac mprisin alternatin bands of _

copper andgﬁﬂe¥e§tr| e%BEﬂge?tfﬁg cUbﬁgr FRRES ' beityg 1ng

boridierted tihe asulesyrétee sed cadust arataodl 38 awhich the

v e yer al | ed |n the

tslzénﬂcagl:so%) C%%? @Jfatr%#lﬂr:rggn\?m hsé:g%%ple?n % hat ST i c%]dt of f

during the polishing. After these copper and

dielect Ebppebantss hpyenf Qfe'?%js dNEY ahe te'?(%%ss copper is
of

convent |(§gngl ly. encapsulated wth a uniformlayer

t IS COr P8 SNBSS £yFe, SEohaFT ngPERE NSt i ¥ é sifethe

sidace,ofanG semMpdyg tas &u&lcﬂew @c{)nfﬁﬁlsﬁ.&gbﬁ%ﬂlt%rrnatlng
[ at ut e

I\%atc%gqvgﬁs; ﬁ?gébg I%C rldgleeionstt aiL%t %‘h ¥ﬁc?‘§hese§°pper

20randfe kaiguti hévde eodiphy ng bet:weémneoppmncbndestolrnband

addi L 1SRNt Stugli o, PRyer Showpothal nLpg: haker face cpe

between t he copper I|nes and th nsul at 1 ng
i & TSRk BSrfﬁtreof thelmil t1itdyeFoPPesm whnéh sliced off

catasitnropitie pd&ﬂﬁﬁiﬁgarﬁft@tttﬁégg duppRg the dleleﬁtrlc
o% rat gon g{]ethef 25 Ccf rcu% S (eé&%ggﬁ% r at :C%gve%rtal%nally

At | on, Pe
Irﬁfe}amqlataﬂd ‘QDOIZ a ct@rmsfmltrablleyem tde théemel at SiCN
t he,de0l | avih fg reEa. t
ht t%/KE);/VWWV reed- el ect rgni c(:esrl clc;:ﬁi secrr?nclz%ons uctor7? {I et er and

CASFX02 e CAppSTg&sith2o0r®) Pag ero i npr ove t he

i solation of the copper lines and to increase the

re]I |wab| of _the |nterconnects for sub u%
t echriol %tﬁ%ég coona[eL Tt F6R consi st IR ud gﬁney have a

barriedr vefl vt height atlieypet riel emnsﬁearyt ,deplcb@dfedlonreases
ttmeSS Ttividli SchAyel¥gS R thach d%%etf ng §ﬁ%e . In

opper i ffusion barrier on the fourth side of t
t F&?&ﬁé? ST E T oS EEPRet BRYCeI9Ee HiHE: cEppeinterface
| beésiciem ahe' hmppe ﬁrKMh@%ﬂaﬁdtbﬁysCﬂﬂsﬂDatQﬂ@ebarrler is

hlgglr"ﬁ%%k ogL\rﬂ.etﬁteodf[ ogﬁeatm&ﬂ: a‘?@&??sk‘k%' Sgic r rl s%rophlc
defects are 1initiated during the operation of the
circuits (electromigration, crack initiation, etc.)
(L. Peters, Semiconductor International, 2002,
consultable on the Internet at the following address:
http:/www.reed-electronics.com/semiconductor/article/

CA224702?text-cappings&stt=001¢&).

To improve the isolation of the copper lines and to
increase the reliability of the interconnects for sub-
65 nm technologies, one solution consists in using a
barrier of the metal type, selectively deposited on the
copper. This involves 1in fact depositing a copper
diffusion barrier on the fourth side of the trenches,
SO0 as to completely enclose the copper lines in a
“box”, from which they can no longer emerge. Provided

that this encapsulation barrier is highly adherent to



10

15

20

25

30

35

4 the copper, the nobility of the copper at the
copper/encapsul ation barrier interface is greatly
reduced and, consequently, the electrical current
support ed by the copper line, with no degradation, is
5 higher and the resistance -t 4 €l ectrom gration _
|nq{eased To do this, the encapsul ation barrier mnust

be &2l f SaPPghed Wilth tRePstbihceRt cdpifer SoPRSTtoat the
avad b ¢ radkagEp sut a et s betMBennnelghbeuEaﬁg copper greatly

| ines,-Jdhe QHBV039£§¥% ﬁ%ﬂ%ﬁd f@ﬁ thl% S%leCtlve<§§£rent

dep03|t|on are th T ve “¢heni ¢al vap '
depagR 2T e PEVSPQﬁCQEﬁﬁﬁtéﬁnamdwuﬁbs@¢edegvedatlon, is

elreicgHot essaphat i e mﬂE@sH@E@hcéllox% Mehalddomigration
nalerlals re_the efore gﬁerred because (1), In

geHEraia STt alf 8 &% %bﬁs eF1 PR IR EAdReFEARETt dust
cdppersetlfam 1isyndicel edcthi CSh@anL(bja)cddrhe &fo@l’p%lfenéborlﬁﬂ to
tiv i be [ L out. netals or
%i%%é % %%%?o gg§§ﬁggﬁlngb§ﬁvo ses a 9&%@ o Copper
r dadtaon ﬁhe WHIRFF @2 el Swiitsdged ediroed o stetsallective

(ﬂﬁéﬁdéﬂﬂidﬁ1é%étbﬁesgéiééglgé éH@EQ%El”@% 58 m%po%%tlon
qyﬁnsal solutions allowing_ netals to eposit

tun%%%?%eﬁ??oﬁhsf 58131eé%ﬂé’?n&lle@&rrroéﬁtsSorplatlng
vohnagem@m@ﬂcealabgscalMedaMElalImz@ét9@1§olagé(ﬂﬁhéyéfore

e&{) %%I létuls%ns _ZL The rret al g@gatgﬁ}l aahscan are

r|er oroperti'@d’ ar &'t hosd'® _
ré¥¥éﬁﬂbﬁ¥ﬂhetéps feeh asreungsdleerentobdlot, ndpket orthan

tiﬁﬂéléﬂﬂﬂﬁé% an?nGIXtufﬁﬁ t@@t|Qﬂ$%§¥g?%%% e%fé%%%ﬂectlve
i ve el ements such as ospho

gﬁ tﬁélﬁ Sb %ﬁfw%ﬁ%%ﬁqlss fHe alloys.
currently enployed these all having in common the

f%ﬁ%ct&%@% %heFlgEﬁngbtfﬁy ronwele glPP reaction 1in

sol uti ons contal nin especi al Ty coBa
t WRgSter? srtel sakkel Ssaladsicam| ybdemimlsal tatabyeed on

re;melcéurw&ide d<35 peeessar )heftf%rl thﬁqé)arﬁétﬂ mBieris@hiutions

al SO a re a or exanp

dirre PW |§ﬁln6%g} 2 5%% qhes%ep?%éE??onswéFéoPﬁ the

gen@emvamﬂxﬂmQQE bmiﬂXﬂEmdabncﬁEtahS or voltage source
are called metallization solutions or electroless

solutions.

The metal deposits that can exhibit barrier properties
are those based on refractory metals such as tungsten,
cobalt, nickel or their alloys and mixtures, optionally
with certain additive elements such as phosphorus or
boron. In particular, CoWP, CoWB and NiMoP deposits are
currently employed, these all having in common the fact
that they are obtained from electroless solutions
containing especially cobalt salts, tungsten salts,
nickel salts, molybdenum salts, etc., respectively,
necessary for the barrier material, and also a reducing
agent, for example dimethylaminoborane (DMAR). These
reactions are in general catalyzed by transition metals
(they are 1in particular autocatalytic). Such solutions

are described for example in Patent US 5 695 810.
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(they are in particular autocatalytic) . Such
solutions are described for exanple in Patent US 5
695 810. - 5 In theory, it is therefore possible to
i mgi ne that the copper of the metal lines could
provide this catalytic act ion: "t he deposi ti on woul d
then take place 5 exclusively on the surface of the
per lines. However, it is found in practice that
o‘l.p'p erhearyi nstnfftsctémcley?ocat alptiip leo tal liowgoed that the

grewde ©f cEhencdapesiit under thesg g?gg 1.0NS; 10-4 é%%ytlc
remedy this |nsuff|C|ency It I's poSs re to ‘activa
t HE er tileks, JIRP Tt i ng'euk@| ectheel y tafe  place

t hesel Usiaoksy - aggr egat eswfrpidierctr a_BI_ﬁbt i %p{ﬂ?;etral Slines.
h erjor cata propertie is.is the _
cgégﬂgmfof efgnp e, 5%?ﬂ8paﬁpadP6ﬁF%M9%nlﬂﬂﬁ coRRer  1s
ni gl £ F1I5° iogn tring ybdéadmt iwhi th arld cgoodocat ajisith f 6F the
degg%sdglﬁwgmd@g Qg‘eé{ W@io ng thes_e transition

netal s, palladi umtakes speC|aI place given that the
standard potential of its 20 Pd(I1)/Pd pair is

great eremdiap thEHiSOf 1&1@%@((51'@}{(:91 paj f . IQe F)%%‘élﬂb'le to
in the resgnce of netall co er is that

PAAT) & Sns AT C%BBﬁfaﬁéﬁf uRBBaCRoNIgiveedectively
nﬁmMHhQ$qnﬁ¢@mkmnTdep@segaoestbé oapper tamisthion metals

i thsg)if gwgdjp@ava b@ﬁ@af'&?é‘t%%‘?gékghégd QHltsh%sZ%he case,

surfac hi's propert uam and cop
sﬁ%ﬁﬁa?ﬁapﬁi%ntﬂﬂQ?tﬁ@%é@@iémre§QQﬁ§nwmspcﬂbahQOU$lckel

deposidipitienim, PkhDehPl@es cﬁﬁi'&@tgﬁ §£tE8Q defositing
p IIa ium on the copper trac hi s property

as FesitEdin the appearance of processes for
30 constructlng sel f - aligned barriers caIIed

"@%|ﬁ$mﬂﬂgs@3£kgﬁgkggon Jys’&¥£ np%a%es spec1al

PR of P, Pl 20L0T 8970 aaﬁscggaieg/;édagr oReh its
ofedt(nea ) metcdl pladnr i & giflélagglru:%mllatrﬁhtelﬁga’@r gges&%s cdtris/cu®
aggﬁggaﬁgétgl2?¥?525e8a65%$ Fﬁ5688ﬁpé?glmﬁ3§llf%tﬁ@Pper'
t B&n Gt hehe o (GfT)a 1ond orme |spymrtarespecial tyduced, to
bgeRUSe metallic palladium deposit on the copper (which
itself will have been slightly oxidized on the
surface). This property of palladium and copper
standard potentials therefore results in spontaneous
deposition - in principle selective deposition - of
palladium on the copper tracks. It is this property
that has resulted in the appearance of processes for
constructing self-aligned barriers called “palladium
activation” barriers, which comprise a step of forming
palladium aggregates on the copper lines followed by a
step of locally catalyzed growth of the metal barrier
layer. In these processes, it is preferred to have
palladium in the form of aggregates distributed over
the copper lines, rather than in the form of a uniform
layer, especially because:
(1) this makes it possible to increase the

palladium/electroless solution contact area, and
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(i) this makes it possible to increase the

pal | adi um el ectrol ess solution contact area, and - 6
therefore locally increase the kinetics nore _
effectively; (ii) this nmakes it possible to mnimze
the amount of palladiun1préséhr - in the end - at the
5 {Qtergace betmee t he copper and the netal barrier

| ay8F TIT Fs i M act Yoonst HeTRRF S hat CpEI | adil@mtics  more
di¢flsesivedgily |nto copper, and may be the cause of

degradati op; ; of s eleglrd cal 3gn§y§gi R ORELELES): the

10 However, this technlque iIsn
salFEREt Gt PeillHeiun ngseaenhs SeVQWthprthéns'lﬁt the

thEn@@ff&@élQﬂet@@eﬁhajﬁQpﬁﬁﬁxkﬁacﬁﬁdbytﬁgllﬁgt§f136£%rler

t he spont aneous reduction of th
f$§$§ 6hé of ﬁﬁe%égﬁpéﬁ%%ﬁﬂ?ﬁiﬂ | furR et e dlffuses

fcwm@dlylsnts copdect i wead ﬁhWShGEQMEtdaﬂkdﬂﬁf degradation
t e e b n |ve - _not aggregates
LNGE P18 e £O0L L BuEL DYohLiael LB ghYe: |

nor e deposi g Ar bom ef f ect .
This neans that the period of tine in contact with a

Pd{ddves) utdron |%e@hn§g @'aispakﬁneéﬁElﬁggytrggtléfactory
this tinme is t 0 this necessarily Tesults In

a.%%%%%?t SAS& @ﬁ 14 eseMﬁFéﬁ|H¥Qﬁk@¢%lé%ttpérﬁqt%Yﬁtlon
j oo ’Ulnatcmﬁpéhetrmekgh}bpupangadiim& and @%@'élﬂe@da

short C|rc sQur ce of |nsta ility int
process; even %é?ore F eac ??ﬁf?% $e eiF? Ot K the

25P<b£a11>ad3r®rﬁr$| ons tBghickPreads Gt Pl talddtur sieﬂ:arselw formed

compl ebalyicepeel f ity andqeawhat +i$nmt g, kﬁeQQESEQeU£D§HEnue
e dielectric present between

t nature of t
gﬁbeF Sﬁiﬁeéul h?$Vfon- sheci FPETEESEFPt ionPeh fR&e bulky
dicdmedris, bat hee thashepbohhercepper. dees RRar@Nttddt the

o0t ree St Tt O ela oAbkl & P LEE IR 18] 55

ectric etween t copper
betdtfels? t heagageterf am st spécithiis ddigor ptsotico long,

t&kﬁ&sph@aéééhﬁi1&99k@@ul%%03§ntQat@%o%%ﬁ%eroh'n@acﬁr'llne
adqitlon t he eégctro ess_ solutions then used to

protude the sRREETFY® bar fPEr 35 dEBosPPelcort@itn of the
r echiicy mrp wagieng s1whée chnapyy reohnver ta tieort circuit. This is

a source of instability in the process;

2) even before reaching these extremes, the
palladium ions exhibit adsorption that is rarely
completely specific and, what is more, is dependent on
the nature of the dielectric present between the copper
lines. This non-specific adsorption on the dielectric
rather than on the copper does not entail per se the
formation of metallic palladium on the dielectric
(between the copper lines), but such becomes the case
i1f this non-specific adsorption takes place in a region
close to the copper line. In addition, the electroless
solutions then used to produce the selective barrier
deposits contain reducing agents which may convert the
palladium ions adsorbed on the surface of the
dielectric into palladium aggregates which will
themselves catalyze, at the wrong point, the growth of

the metal barrier and cause a short circuit. In all
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pal | adi um i ons adsorbed on the surface of the
dielectric into palladi um aggregates which w ||

t hensel ves catal yze, at the wong point, the growth of
the netal barrier and cause a _short circuit. In all 7
t hese cases, | ateral gromﬁh‘nﬂy‘take pl ace, for the
sane [ easons as and Eesult

oV
short°¢i réns ’beb’%gﬁa heg’l)‘?vﬁ mIaty shdtfd 931@% eéor the
t heame hirsasfoinect asevien phaogh al reaxdgvepr esedt Ui 3n a

pogoYs: digl ectsrd Cﬁe@&e%ﬁe éﬂ%ﬁ Qe OCrE YRS o 1%y eYEN noted

nor e pronounced e di Ctrl c is a por ous

met’edt alFnf 1sdvf e mi 8YERi thoer), ddreddhprheeatmmy non-
b@of@is onliy1adseriplsi 0bf blﬁ‘heal $foj NSertgiont B)pdN is even )

gener al uite a tron tS}dengie (l)f the 10

pal't adi uﬁ?ggﬂl{}‘a? on" rlobs SedhSL8CFahEL i 47 of® t HRPTOUs
CvRats¢eial haf boecgdemltherioryrram yon ieof wHierseHere may be
aldgnesh DATLLEE o AP omihefact fhat this CVP

step not ecessarl oW pr ahafi'zati on,
cI early re&vedli @i@n@héleogpetel Bnes noslgatdeperidertdee of the

Eigdi&nlgckhﬂgﬁioﬁ GHﬁb§$svag@Pa%e§id?@ﬁcEfgﬁ'%f the
a bed on the copper tracks and cover themwt

layer A prevént STSCRESS r &REt | YPEPaFiem befngthe self-
emm bandi @esperpattyfrohekher €dex neaet itHilsyy .CMM step

n es, t. ab ce of act [ vatl on_by
pa Cf(:'gédl urﬁnggol l?tei%%%ae“ ch Z%P? PhENESPFEF FPnes Cztlhreearly
en@iffer ey AR lseorstsser Vedes fmida4:)lV(§ﬂde0t e dielectric

pall'raéiﬁ Mm aggnegat ey e heenjudepeshbed aRsbhB®ed on the
C? per tracks the surface thus  activated is brought

PRt HACKT 13 %%Y?abFBe{?swéltéctar s dadt inigvents
I\Id:/lm,eurt taansmmtyt hatori hesengpadip&dém&ggéﬁgate%ecm1ly

d i urface _of the copper tra
and go |nto tﬁe Ifsezrﬁ{jg J]JIecLﬁl onﬁ eerrteajtrhey Jv)ﬁpefsl fuﬁ?mgf ete
t FATeRGR ab it pELEBRELGNt Y |Ht¢e9§ééladlgmu50(l$1|tn@es, such

r&ﬂﬁﬂjoﬂﬁeaﬁgpﬁékaﬂiﬁé% A1 3 AIMBYSe DI BalaBld observed;
within a volune than on a surface, for basic

¢S si on frequency factor reasons involved in the
Ki netic canstamc . tSiencepdliadieact iaysraafateet alhave been

deposited on the copper tracks, the surface thus
activated 1s brought into contact with a suitable
electroless solution. Now, it turns out that these
palladium aggregates become detached from the surface
of the copper tracks and go into the said solution,
where they will fulfil their catalytic role with
increased vigour (since reactions and catalyses are
always more rapid within a volume than on a surface,
for basic collision frequency factor reasons involved
in the kinetic constants). Since the reactions of metal
aggregate formation in a volume are in general
autocatalytic, the immediate consequence of this
desorption is the almost complete consumption of the
electroless solution, this being in general very rapid

or even instantaneous.

Thus, even though palladium does have a number of
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aggregate formation in a volunme are in genera
autocatal ytic, the i medi ate consequence of this 35
desorption is the al nost conplete consunption of the
el ectroless solution, this being in general very rapid
or even instantaneous. Thus; 8&ven though pal |l adi um

e a nunber of - advantages ow ng to the
\uﬁi%a{%a?7% StanGar&r é§6& VabEentGfal 1tehi gtegdard redox
i fdntcient tahdld owiseal inseFéctighty Oﬁotheal%?w real
d [ 1, t p di regates, es eC|a n, .
very %glﬂnlg&sﬁ uc{gﬁr eg\gég(sttgrg Otufrgceso(%of 8f Ph pal188ium
bW EIHARS i s tFBRBA A Ichi nepn si Zf@gycorrpfamebl e amtdn:tures

i ntagradad & r&fﬂ@ ze&rhng’h@%g%w,g‘éHsEa%O% el yl%‘%chmg
nm .and bel O\I\% %eto aggr egat es  of é pes oth
t et pal FeaPat et T sht FaFFyt nttaqhélqh@@lcal

S ayen d nEreiso rof oﬂ?lr]aIWD&Q&KSand oatywh, i s added the fact

that it is not possible a priori to deposit them

solely through their reduction by copper since the
stm@q etox quuwsndtals of ttygies Motk)er/ M ipam r p(a)ﬂ.ladlum

RgddgAE M ss&0ne Ni1 1 'e$§aY%set%HE | Sg @er@gF
Iesthanthat of the Cu(ll)/ pair. Onetenr I es

o 1 I5event @ Hﬁ‘lghreb%c?ﬁaedaéé%ﬁ faok &kaiplie ofs not

tf[c@sBM‘de ycpeprdbfectby del’pdsl’lﬁt hadh §ON& B ntﬂgobaﬁS%helr
various act.i vat i ch enhan

cat zﬂ ytic ef?%CFOBPthSlSSSpe Th asnd%dtﬁ‘ég%dl?&te&jflal
ofoft Hewel § dbésx Y’ igmipri i pl & pakd Iplace MtHhrOoghtid, Mo,

the electy O}L§S§e9@trg’l19mle|sts W@{% nﬁhagagill ¥zed Cu II) /cu®

partl cul arI y at points plunb e copper
| ®R¥dct , ORRi SHESUFESLIRA tHer ENBeiRgE TRIIGE a© coc‘ppéﬂeducmg

tra@@kltcl eadt n@x&tnappebyoﬂ\BYh@f ffmltﬂl V@pp@g (dlﬁ:e%'—%ly in the
ral acl reat nent 0
g%ﬁﬁf1 chtg th %n 2 %Bh?%fnﬁﬁélvators

contacting w Ieect rol 68’s ijutl on
s WNLICET eamth addd tﬁhﬁescatbalemmam@ffﬂet caf atizei copbkect Thus,

ofthecqmaﬁfotlw S awhack of (4 hes Mswa&a 9@ 'tﬁkgh lace

insic instability of el ectroless sol ut| _
(nﬁz%utglhé’lh’i far Bt hGI&Ral emgst 2R sl coktai n h@enﬁ@malns
f@Btaémmmdﬂpqxﬁiﬁhléﬁkyy&theﬁﬁe@tgﬂﬁn@ﬁpﬁﬁih the copper
lines. In fact, this results in there being only a
copper track cleaning step by way of activation (in
general by an acid treatment) followed by a step of
contacting with an electroless solution containing
sufficient additives to enhance the catalytic effect of
copper. The drawback of these alternatives is the
intrinsic instability of electroless solutions, and in
particular of those that must also contain agents for

enhancing the catalytic effect of copper.

The inventors were therefore given the objective of
providing a process meeting all these requirements,
satisfying the aforementioned specifications and
furthermore solving the many aforementioned problems of
the prior art, especially for the fabrication of metal
interconnects, integrated circuits or other

microsystems.
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The inventors were therefore given the objective of

provi ding a process neeting all these requirenents,

35 satisfying the af orenenti oned specifications and
furthernore solving the many aforenentloned pr obl ens

of the prior art, especially%or the fabrication of

net al interconnects integrated circuits or other

m crosystenms. 9 The surfaces involved in the present

i NVent sonfdewe theolpadt ioultae foeatsere dfnveeitigon have the
c r t hat t Si of

T rg o o coa AT FFering “ar %5 ToRar By (e gy, Chat is
f Uriet 568 ofoRhkShaRericfl of SiHiidle PReyakeas nddéfeThag at
worda §tineli ofh&f wa drat ﬁtﬁh@’tlbﬁ SXPERESachddy 811 8CHEONhich
\m%ﬁg and correspongﬁ to the nerg to he delivered, ,

i n- i ¥ adfim "6 saPfac®eTh ¥ &t rdctMaperial s
elegrorsdderief r @hedvbroe 10 cparst i endar tyrrasgdoadswitd the
b, iesgy | bed aergLnbelowy, the P egelly MeNtio, race in

appli1es to conposite sur east one SuBsSé
argaEteof i ch %@kt rizal | yeleonet | iehe 06t e, More

s@ne@tcwtaxttge psesent wavenbioridss Al fHdrilnheA ow, the
rocess for, coating a conposite material consisting of

I%ﬁﬁ%?QENIﬁPW? i FEPOT S Senm-CondtBPP et Rt ST EReds, at
paradul anly eoppet avfassremwl elfecwhiieal | ysn@lectrically
conguetdve,areas, the said process conprising at |east
20 one step of electroless growh of a netal |ayer
plumb with the said electrically conductive or

SErAL dveormehal 2aht charact £5h zed kﬂugh%ﬁr%QQy a
el ectricall non- conducti ve areas of the conposite

et et ar Orno(t:anb?ﬁea FPBRPS-§anMe tdlite O naid ity of
ttﬁﬂecqnnqalkx)thedﬁStsaeddﬁeﬁﬁmrﬁéﬁmmcﬁfwéhmetem,areas,

h i I
@%&athller&gﬁsscogge& efypéfegpfo%es Qtegeema p%m non-

first st ep of form ng a nuc ayer cova
oC BRI VT A EF P of NEn SaGdy AN RIS o@@faﬁén‘étam g least

f@n@(ﬁte@ndfO@DEdﬂhoﬂdﬁé @ﬂbﬁt@'@%t@‘%%tyl layer plumb
coanctnye or. enl duct e neta 30 areas,
brimgl ng' ¢ He £3i 8¢ bg? ynﬁ?@ HalF VAL &F éﬁﬂ%ﬁﬂnduCtlve

wittett adr gamiee ser ohgaaonetahbdc,ldlfMMatlowwé electrically
non-conductive areas of the composite material are not
formed from organic polymers and in that, prior to the
said electroless growth step, the said process
furthermore includes at least one first step of forming
a nucleation layer by covalent or dative grafting of an
organic or organometallic film on, and only on, the
said electrically conductive or semiconductive metal
areas, by bringing the said composite material into
contact with organic or organometallic, difunctional
precursors of the following formula (I):

A-(X)n-B (I)

in which:

- A 1is a group having at least one reactive
chemical function allowing the said organic precursor
to be covalently and selectively attached to the

surface of the said electrically conductive areas;
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reactive chem cal function allow ng the said organic
precursor to be covalently and selectively attached

to the surface of the said et®ctri cally conductive

10

15

20

25

30

35

areas; 10 X. |s 2 Spacer arm cova Li.nke
and to B = X0 iPs |ncfeerg;e‘?r%qﬁgyah8n%ﬁ}é/r linkﬁgldt
i st@ Broup having at |east one ligand 5 function for
metal ions_og {QraﬂeiﬁkeeggrgﬁggfstotBagr hS LRgsay

al l owi ng the conpl exati on of fons ~and/or metal

aggr egat es. Thi 5 uRct PbRaP draulindmypt eilehéft benerekigand
(tfw@mdti@mch@nauletmlecmsﬁerfolrs ﬁ&len?%@yﬁela)gg%%@.le% that

Wi be ref rred to ree | ank _

pr ecurésgor) en W&1“rgea3§ coﬁﬁi“@ eéﬁtll8ﬁ Qhd metal ions
espreei af | ym@téﬁrbt aggoagaoes a I’fﬁtm afgtegatealt hgroup may

di & pned § onal Qﬁ%ﬁyr%Q%e'ng?gﬂ ggang Lgb is then
precursor, and this wll be cal a ch
Mo et Bd’ Preddrcsor Fnd15v P ef é}@abryferhedf |¢¢n tal$usfree or

f as etk haseautrBioeknessr sua éi&%a&ﬁecg&$§e§aQﬁqoﬁon and
thlsfll onforns ta the [local to oIo%i/ of the said

CONPOST 1% e r fac& orf whit€h7i t OFs 2plBRed 130Yederlg, (the
tfﬁﬂﬁ&ﬂ@ﬁanmﬁﬂ.ofp&hb@rhbkn1iSsZOtb&ﬁmeeanl.EHKbéHthﬁﬁllic
ent |y peLvesg a and even
g?%%e%ﬁgtﬁl I yérgéé vvggngl agé} BQ %gﬁ@ﬁe o ocglssrgeae o
aCtOT R HEF PEH pFeBlent |nvent| on the layer serving
for the sel ectlve grovvth of the metal 25 | ayer

t (of0) ses nic or organonetallic
r}fr ag‘hl ’he ?| HFﬁ *8}% %‘BFQFPi 3§ 3 R ipkness such
obﬂaame*dheerftrher fcahcreecd;fytb$sngflpmeccwr3£wﬁns)ftbhehe local

chJB&fB%J)Of3Qh@mW%Q%ﬁ §P$§§E§€£V%Er% %anOHEta klﬁ’lt is

t hat 0. say In group Ravi ng "at st .
eyyﬁ%ndlyungﬁpgﬁal the thlckness of this fllm is

between 1 and 100 nm, more preferentially between 1 and

o) é& and

10 nm and even more preferentially between 1 and 5 nm.

In the process according to the present invention, the
layer serving for the selective growth of the metal

layer therefore comprises an organic or organometallic
film.

When the film 1is organometallic, it may be obtained
either directly using precursors of the formula (I)
which are themselves organometallic, that is to say in
which B is a group having at least one ligand function
that complexes metal ions, or via organic precursors,
resulting in an organic film that is then treated with
a solution of metal precursors that will be inserted
onto or into the said film and allow “mordanting” of
the grafted organic film. This organometallic film
therefore comprises, intermixed, an organic part and a
metallic material, with or without chemical

interactions or bonding between them, depending on the
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that conpl exes metal ions, or via organic precursors,
resulting in an organic filmthat is then treated with
a solution of netal precursors that will be inserted
35 onto or into the said filmand allow "nordanting"
of the grafted organic filmi¥hrs organonetal lic film

thr‘?éﬁ?ée fo{mé'?ﬁgmﬂ%nﬁerm xghouan or gfani c part and a

nmetallic nateria t chemcal
i nteractions or bonding between them depending on the

fdus, natubeqhyt he ghemi,cal 3.4 %%%%u%gyﬁém5g§¥Héyﬂwa the

to a first parti cul ar enbodi nent of I nvent
t e BT ReERR” f ur FR8r noP&OCREBudes Ug ths tisrdant iimgludes  a

serm@mlaxst;efpg durd drghavhi eded h@lulqﬁg@m Q,g%thor gRBONBEGhhIE or
he gl ctr| a conductive or
O;E'E?Iggl%mt a)fg ari@eas %?o i o conterirically
V\NW@JW‘G@ntng S@mmcqroﬂruccrommw suem@l ebtrhes aisl easdught
onen s € f @ ppetalli l e
one, tpc?e%ri%gcgf a {Et g%‘ysrgog%ﬁr @é dsreposn T on Cacﬁ{)rlsmg
sdf oSt o %?%E)tb@PﬁgpéQFidlré@roﬁtf mettied ISammatiqnial or

asator akker trtenél I strestieR oef f&fm Ay theca OFHaNi ¢o0r g
or omst al | Accor a second

parti cu alrone’ ggewegr‘?tl fs?ﬂ%n ﬁgéﬁt IS hed pF bedssut at
f urtthesame et imel adesr bétere thlae fistsep safepelogCtiodn@issy the

gromtdhf She petal dayel;lss;parried out, a third

step that consists in reducing the said
organonetal | i c conmpound of fornula (1) and/or the 20

sakﬂxpmﬁmugsak>0% tB@cGﬁHa|bh@tﬂ@h@ﬁkaleﬁﬁoébﬁent of the
cur Or Of q}cata OS|t|0n as a

msjt a\ﬁlc Tt eF il PT3FE § g“éﬁ%‘ﬁmg ef gncilpgles, before the
defogi t ioh, elreespertdsml ygrdwtl hicst cases theamet aldyer  is

Matehialq fards acmipéﬁgkgg Eﬁafchgokgeggggxnofretd ®ing the
condugtlve or 25 sem conducti ve areas &

i PITAcR 6 FeMBAHPEd odndf wfmeka wi Fhi AngHer the
saiad dor ganecutsbm i vf or@h@é tfme%@m&tllct Utieat M itdn ther  the

| at aye COI’]SI n her of a filmor a

fi%II g:ruorfS%arlggr e{gat es, %E: {%ng, gérvfjﬁﬁoéllFﬁQP féF 2
tﬁ@tm}chleiatmaﬁemalf,orosoais he Catallysi:s,folrest}neCUIe\p@lsyL,tion,
(ﬁkééa%dﬁﬂ»Mﬂ};OHn@ @ﬁf§|case, the metallic material forms

conformally to the topology of the conductive or
semiconductive areas of the said composite surface to
be coated and on or within the said organic film in
order to constitute, with the latter, a layer
consisting either of a film or a field of aggregates,
respectively, serving either for the nucleation or for
the catalysis, respectively, of the growth of a metal

layer from an electroless solution.

Hereafter the nucleation or catalysis layer will be
called a ™“nucleation layer”, without further details
regarding its actual role in the construction of the
upper metal layer. Table I below summarizes the various
ways of carrying out the fabrication of the nucleation
layer in accordance with the process according to the

invention, depending on the nature of the grafted
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nucl eation |ayer"”, w thout further details 35

egarding its actual role in the construction of the

pper metal |ayer. Table I below summarizes the
ious. ways of carrying out the fabrication of the

ucteati on | ayer in accordance with the process

ccording to the invention, depending on the nature

r Mordanti ng

of the grafted 12 - Iayer:ﬁxﬁngIl Step 1: Gafting of

Step_2: Step 3. Step 4: t

duction Flectro- organic _organo- by nmetal of the

- ————

ess Method efcgretakldse; pyegursans netal deposi- | oi.p 4,
npl enent - pre%ursors t%d% of arT%ﬁfNo NUC?EBtIJH_JHL_
ayer, actifvationl8t!@ycfhe nef Yprdqnijey | Redpction | Hlectro-

I/ - | ||l orbddid } orgenb- | Vby detal!/ |/ o tnel - 1bss
N A V/ I 5 This shows three

- L [ b .
et hods of inplenentaf?8ﬁ£ﬁ§inﬁred?ﬁaﬁ?: di"ftct i pn@tPost-

pricebssors land four net hods of i npl enenpasdu@RotkS| NGion of

Qraaponetalllc diiuGLiongs, .10 RLASYSORS, fable | o

above therefore illustrates that the nucléation ayer

may be formed in one or nore steps. Whatever the metal

number of gteps needed for its fabrication, thesel ..,

steps 15 wil'l be callled colTe¢tively byrthe name

W o s Set i vati an' ctfanc Whaon Mt | obhct Aane of |l ¢ _hﬂ‘/

gl al U1 LAY actTrirvati LIL] ST C]Po v T—at S tot GHtHe—oH t

st epsiI v - v v v
ITI v - - - v
IV - v - v v
\ - v - - v
VI - v - v
VII - v v v

This shows three methods of implementation using
organic difunctional precursors and four methods of
implementation using organometallic difunctional

precursors.

Table I above therefore illustrates that the nucleation
layer may be formed in one or more steps. Whatever the
number of steps needed for its fabrication, these steps
will be called collectively by the name “grafting
activation” steps when at least one of the steps
includes a grafting reaction, that is to say a reaction
involving the organic or organometallic precursors of
formula (I) described above and resulting in the
formation of an organometallic layer attached to the
conductive or semiconductive areas of a composite

surface by covalent or dative bonds.

The inventors have firstly found that the use of an
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includes a grafting reaction, that is to say a
reaction involving the organic or organonetallic
precursors of fornula (1) described above and
resulting in the 20 formation of an organonetallic
| ayer attached to the conduct? ve or sen1conduct|ve

f by coval en ative
Dopa T RUGRESS VL Tk stIGE T EhA har ARG ga Y of
of tl dgprosigamn cofi Lhesngrilkatanhl yayepr eves tHHrefore of
seteet i Vidpe of nkQ%ldepQ§gE'on 0% FQSlQEf eat$gg?$§ger

and therefore of the upp ayer speci

béﬁﬂﬁkﬁ??ﬁpsspéHfgﬁééusQﬂﬁW%ﬁR¥Xﬂmﬁﬁ@f@y aﬁdﬁorQHﬂmlcal
c hesd ciad orbs I gatt 1 o0sd | Btbﬂnatzﬁfg TS&Q@FIEQG 1%U'brr‘|'€‘1‘é\% 't?)heobtaln
or t tain ic fi ows (allo

gé%%%tr?c nl?opd$gﬁ§ ogﬁﬁﬁgsco i1 suéhﬁce‘i%?%ﬁ?rlcal
el @l aesd ehenhet heypasetaceamfanieedobyea nelierdcaled when
grafdd ngrée%Q,Ic‘o%anlté@t V\}’?ht ?wae pr\@fn ! h% agg?ﬁ:teaoctlon,

the surface reaction 10 ecursors o
or'gi i ctor t8r garomeeal 1ihe Fddwet re§ukhe ismrface reaction

Ch&ﬂﬂSOEb@dpSEQngérgncﬁthQQQQUGE@¥§1COBr organometallic
conducti ve areas he conposite surface,” that

|s %%F%aﬁe%%%E?eéntWQFW%ﬁQHQ§Qkﬁ9%%9%ﬁ 2BV ANENICPEIMEEive
t Iver esgnihcondugeites abretbe dfnverd OtSmﬂaayet@bsarr\fade, that

b e th this type
eatton Fe ?ﬁ%%%?"%%%ﬁ FRLP ok et 3 nBFepe pon
WereWidithg tThedekeonh: t Betiniguestofst hevpr obseamted that

tlﬁﬁeléhléb§¥Wi@y OB£§9558|%§%hd%ﬁﬁ%‘%§Hb g@rggggEion is
he el ectricall

the n neri.c ure of
n&%-con&ﬁg¥¥Vk13Fﬁés a%?ﬁ@zb“c6n66§?Fé WﬁPQ?FaPS&§§dthe
adeomdi nige ¢lon t dree pr ocesshof pther ianegnt tioat alikowso t B8y by

S@F%aﬂfﬂiégtEf?%gﬁgléﬁoﬁhe M8£g§9éc flkg]onauCtpveymeric

with the el ect y .con ductive or’ sem ¢con
alEasirs of Bre a8 LERE r iaAp UM wiofdbidhilee (3)eas of the

d@bm@@dlahow%ﬂﬁﬂﬂﬂﬂ dﬁ%d23%@6¢@£ﬁ§dtéh€ﬁgtBrgb@ss ggethe

B eP e T r opERt y SEAR S orerd Ciiiter i aFs the
c@ﬁgﬁmﬂ@tln@lémch bnlms of Luhiei ngviai e &meaCC@H@Qd&h%ally
aRGhak c3YRROT ;0N Qf c%%ﬁ C%QV%re%% QS n%IaIIIC the

materials and to convert
compounds of formula (I) as defined above cannot be

attached thereto via covalent or dative bonds.

Secondly, the inventors have also observed the property
of many organic materials constituting such films of
being able to accommodate and/or support one or more
precursors of metallic materials and to convert these
precursors into the said metallic materials within
these organic films or on their surface, especially
when these films possess reactive functional groups
capable of allowing the formation of dative or covalent
bonds with precursors of metallic materials or with the

metallic materials themselves.

Finally, the inventors have found that the process

according to the invention, thanks to the presence of
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precursors into the said netallic materials within
these organic filnms or on their surface, especially
when these filns possess reactive functional groups
capabl e of allow ng the fornatlon of dative or
coval ent 35 bonds with precur$bérs of nmetallic

l s r W t nmetal]ic nmaterial s thensel ves
g?%g{éilag éllmn hln'i“gor wh%@etkﬁuﬁ&%ﬁgﬂc@ﬁéypr%tlve or
ac@@m@lmgdugtuhe Rmeent | mketshankspdsnsztkﬂ% ptf@s@@ze@l@érably
14 Niy-¢, f i 1\ e ctric
coﬁ%ﬂ%tgiévg%gr écgilg?n rg%rﬁ%%\%{)?v%@art}as rrjr% Jgs P pos By
t oPRbh3FHERablpn . r edtRbIE hengoneentr ation ofrthe metal the

|Qﬁor@§@€§h@||§te§aj|®ﬂgll Aebn RO! Wil 0pg;used, thc film
resence o

carry out. the danting step. The _
or ga%‘iec Y P ﬁﬁng |t“bo% r5I1§U11ﬁrpa€?i @RRdroY ometal ion
enpb byt hrenal Heonngohutconsehavitgor eENCeBtEatdn ofi o iy,

I ha 0- t solutions that ar
nue%ﬁhatlt'esgslcoﬁglentst’r edst%l%g%lt% )éé’ sof it F ong o nBPF less
use R EReted o thagcesBes sofluthersy i npraat lyThesed in the
| Vet O Sed hep vsedothese;ppservations very astutely,
by conbi ning the use of these organic filnms and these
precursors of netallic materials to form on 15
suUffeacesnvrucbeat i orhdn | mesthat wondeor n}gbgegk}gtlons very
of .t h ri.i 0 05|te urface, even
:f)%psgélg%l ﬁgl %Ozﬂtc?anm h%%gg PVi ngfst'ﬁ}ée?‘r%n?rﬁra%lcen%llms
ofathethps¢ oPracuraensi orfednatbrollel c 20atecba s ngot (fomme on

mﬁﬁﬁﬂiéﬁ%rﬁﬁﬁ@ﬁ%&%léﬂpkﬁﬂﬁgtkﬂgttB%nﬁb@%e%% %ology
reatct ive function of %r oup A e unc S on
(Yant &S of “3F GARSmELEPLEL  Spritidifasss ofen @l A0( B) very

atﬂmﬁelh s schdsen thom fsml:trixo@s RS o  bOBB1PRALI Sof the
sygh as 1.he f9ld0 &g functions: amne, 25 pyridine,

thiol, ester, carboxylic acid, hydroxamc acid,
t hi our ea, nltrl le, salicylic, amno acid and

t cazidEndg heor @@lec%ﬁp@ﬁﬂ@eﬁlefcﬁeﬁ‘ Q!f_anﬁ%ZQ enting -the
functi Qns, s as _di SUY,‘[F),EI de, di azonfl um ( .

sul piSHiTTR i GHont SAT - AkroAPORT Lark It it d%r@fpaﬁypf the
30iifodicde dnarlct | ongancar bac atdEnssmedt and Ongréaidsors of

formula (I) above is chosen from functions carrying
lone pairs, such as the following functions: amine,
pyridine, thiol, ester, carboxylic acid, hydroxamic
acid, thiourea, nitrile, salicylic, amino acid and
triazine; the radicals obtained from cleavable
functions, such as disulphide, diazonium (=N,
sulphonium, iodonium, ammonium, alkyl iodide or aryl
iodide functions; carbocations; carbanions (and

especially those obtained via alkynes, organocuprates

and organomagnesium, organozinc or organocadmium
compounds) .
As well as defined above, and when n = l, X is a spacer

arm linked covalently to the groups A and B, and able
to contribute to the stability of the molecule. X is
preferably chosen from rings or from conjugated or

unconjugated combinations of aromatic rings; saturated
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especi al |y those obtained via al kynes, organocuprates

and or ganonmagnhesi um organozi nc or organocadm um

conmpounds). 35 As well as defined above, and when n =

1, Xis a spacer armlinked covalently to the groups

A and B, and able to contribbte to the stability of

the nol ec X |s efer ny dfosen from.rings or

fron1ggﬁf35§€§8 ?ﬁﬁ g&ted ToTT nati-dR§asfc chains;

ar@m@tl@Ssemg$;esat@ﬁatedmes65 teo ungatdr atogd, functions,

br@?@f%%%f&ylIQSBEtl?L#BBatV%t%hwé%%ctfy%jJ%%%%ﬁgdf%% or
hese two es o uncti ons

su%ls%ﬁm%ddwa@wré@e@f@@ﬁs\/vultnhdwmﬁmgt@rcontrlbute to the

el eedls DN: ehpnat | 1ige JEPUPSe I o DEHEIt 0 contribute to the

5 stability of the entire nol ecule. As exanples of

spacer arnms X, nmention nmay especially be nmade of

IiAﬁ%ﬁX&mpkﬁan@ﬁedpatkanarmhaknsn@m@ﬁkﬁbﬁby\Mdﬂbcibf&y be

)osU r l e g,

gﬁ%ﬁ%g ?hgb% eny gng?ésgﬁp ( Eg%ﬁg ,H enyleﬁéHégbUp‘”lth

subst i%t uf etP Wi tH Bl ectsr onfwirt hé%awpﬂtg gr vapsylsueh &sSCHz-)

Nid¥Sip £y aRAe Ol HHA IR ?EQHQS (8LG, -+ repegﬁgﬁéﬂe groups

don psS .S ch as a roups,

6% gtﬁgb tha 4 %Ja%%oamh’éh%a%%l&% ‘Bfr&ruié%«arrﬁ}lén as
thmﬂﬁonethInogroup h gt opgl caydaigyy sever. al éyseﬂectron_
ar urat | ri S as_n t erne or ant
groupéﬁlé% éﬂ&i%% yﬁggréstgeﬁgel@ggugbv Sral %§5§1y having

SubsI t dt el widt hcarecor atmre ehedt ron, ddwat i @ganple, the

elmecinoin- @kbﬂgra Pgugéouﬁﬁnryl ald alsQ ShrUELULES aromatic
ions of these 20_groups. The

conS|st|n i na
'ar%é *3( Lenectey R tRAYWANEH MO San etc.

IMI'agﬂT anod m@e@@w@s 18ptabaapayt ls@blsﬁﬁlt)At@E{ewaﬁ:he%ne or
a [ el IO ng the
et on"HoF Phed BBSVAl ' o3bScr-Br VTha'par S Grroupes
tH%“Hl%M%%t$%ﬁ%ﬂtuﬁﬁ@aﬁ©és©$t10@gaﬁo@@m@uMQ¢lons of these
prairsors of formula (1), mention may in particular
be nmade of am nes, am des, pyridines, 30 nitriles,
am no acids, triazines, bipyridines,

The spacer arms X of formula -(CH,)p, in which m is an

integer not exceeding 10, are particularly preferred

according to the invention.

Among the ligand functions defined above in respect of
the part B of the difunctional, organic or
organometallic, precursors of formula (I), mention may

in particular be made of amines, amides, pyridines,

nitriles, amino acids, triazines, bipyridines,
terpyridines, quinolines, orthophenanthroline
compounds, ethers, carbonyls, carboxyls and
carboxylates, esters, hydroxamic acids, salicylic
acids, phosphines, phosphine oxides, thiols,
thiocethers, disulphides, ureas, thioureas, Crown
ethers, aza-crown compounds, thio-crown compounds,
cryptands, sepulcrates, podands, porphyrins,
calixarenes, naphthols, isonaphthols, siderophores,

antibiotics, ethylene glycol and cyclodextrins;
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terpyridines, quinolines, orthophenanthroline
conpounds, ethers, carbonyls, carboxyls and
carboxyl ates, esters, hydroxam c acids, salicylic
aci ds, phosphi nes, phosphlne oxi des, thiols, 35

t hi oet hers, dlsulphldes ureas® Thloureas Crown

eth rs...aza- conpoun omn conpounds,

cryp %%h%ute 3{2&“”&%&£%§§ pﬁ9 FﬁgEar structures
céabd sed enes, uraemhoﬁmcuwmphtqmmssi @ercophoreersn metal
antd i otics. &t I;M' ene0l ygol and c &%ngxtﬁ' ”gructur metal

substltuted and unctlonal|zed nol ecul ar °s es

ba&AFH Se these flnctiénallagrtsups;casrl t hehennetthdle ligand

C o exiasn Wolth one @&o%@feBnﬁkﬁ|a19@§d ra fgﬂéyged” with a

a re tes. In the latter case, when the ligand_ 5
np5?c95805r0§393?E?%H?%aﬂy OfcHarged= with gill be

rr&taarld preces sor , otdenqecal sor pfedorsata (1) wll be

said to be an organonetallic precursor. In certain

cases, the function X may be "fused" into 10 one and

t He sERBECgiBuFadiach t hee grfomss 1ANork Bmayhite | §fushg” into

case: foard expapkamsherog n%ﬂ%ﬂwﬂHbEb£ﬁﬁég'ﬂeorcﬂrr¥%ﬁg is

a oup t hat an be ted onto a netal, the latt
gﬁ%ﬁb ﬁ%?%@ of eiagﬁPee i WoERe FAPEIH6SINSBON2 oﬁﬁﬂﬂglne

rﬂdanmyﬂngﬁatQEOertdanecdmwHdﬂgtéﬁﬁéﬁ &W€o 18 metal, the
eiive Ll B ia, N, ialighle o ond {he Ll

pyrr I'ng takes "t he pl ac

Iﬂganﬁhﬁunetteﬁge@heﬁx beengryhedtme borlrpathief ¢hee, the
p%@dﬂﬂﬁ%é'ﬁﬂnﬁﬁﬁx%he E'geﬁgsfuﬁﬁéfggbp§|n§r , .and the
nitrogen of the pyridine ring, Wwhich known to have

DB WHBi RPPu fohs et Mo FeSpedOty bt af sand of the
Pyiriigrirdi nésntodoaxane al&&iﬁﬁltwgﬂbjk5$hspart of the

cat t heconpaunds, orpula (1) apove,
ngﬁﬁggﬁxﬁ%yApng ggrtlgﬁ%arﬁ' EE“%HdPU ?t£%% Srip  the
dindFamn saf t §hPumtriishals zle?dn@n vhéchpdra 'positt i Dn have

Okdﬂyidhﬁmpnluﬂm@*@ﬂ@ngy awlikgand rd4netd on as metals.
%jlned bove, |onaII V|a a spacer arm X such as
R o tabt

he FH O STy OB EEHAN I aHegory -

BF4 in which, and with reference to formula (I)
Among the compounds of formula (I) above, mention may
most particularly be made of:

- aryl diazonium salts functionalized in the
para position of the diazonium group by a ligand
function as defined above, optionally via a spacer arm
X, such as the following compounds: BF;, "N,-®-(CH,) -
NH3 , BF; in which, and with reference to formula (I)
above, A = BF;, "Ny-®-; X = -(CH,),— in which m is an
integer between 1 and 25 inclusive and B = -NH3", BF, ;
® being an aromatic ring, or the following compounds
either in free thiol form (BF; , *N,-®-(CH,),~SH) or in
disulphide form ([BFs, "Np-®-(CH;),-S-],), with A = BF,,
Np-®-, X = -(CHp)m— and B = -SH and in which m has the
same meaning as previously;

- alkyl or aryl iodides, functionalized by an
aforementioned ligand function, such as the following

compounds: iodoethanethiol, either in free thio form



10

15

20

25

30

35

30 above, A = BF4-, +N2-c-; X =- (CH2) m in which m
is an integer between 1 and 25 inclusive and B =
-NH3', BF4 ; D being an aromatic ring, or the
foll ow ng conmpounds either in_free thiol form (BF4 ,
+N2- (D- (CH2), - SH) or in d.sh?pﬁ.de form ([ BF4-,

S oy T il B = DSl AR choRThabl 1T e e -]

neantmgA&s pr@&¥iousd y= ~ChalkyndoB ar ySH;odi des,
f unct I Onal 'J' Zf?ﬁifylﬁ"{]neéf O, %%ntégn%q_(ﬁ)a)rg_%iQ_%ef Un(ﬁt kDCzn where

such as the oW ng_~ conpounds: t hanet hi oI
eiPhers i A B4 Form 17W1%N - 8H2= CB- SB) ordinand X is

dlzsetﬂlp&écﬂetcﬁ Ofﬂé(ﬂhn%e%eﬁ 2k tud fbﬁrrdﬂnec"izlngs?(

rld nes, suc as bi i ne:
o5 CanatieR, as Snrt P gl 0ERan 2t B DERIGNN A
arl, XXi s —GHfﬂlﬂbeeehrtchthecbx nk between the two

ridine ri suc ridin Iethane
(¥>C}Q OHD- U%ﬁ K&#P&éas, (ﬂ%ﬁ&l%%&y g é CB thiol
ani Hatthi @l sangt | an é@ﬁp@uﬁé@céaprlyltﬂv@ta atrtﬂ cﬂeoafrlﬁtce{d dwy an

andh aihadd e e on dhatt i@ e gRar at §QCQV 88 dPsteamine
aI ! Ehatl ccﬁgd/ or aromati c chal n such as st eam he

SHE - wivtr A Sx: = X CFp- ~Cdhad mnd B =
NI-Hsz, ammmmpap:zpmtdnmd I—lZNNCIdeGHBzM;&ﬂ, whitdh A = Hs-

HS- = = I or . \

ari nohexanetﬁ% %M%Cﬁ& %:?—‘2 S - BT o!
A H1NSCH: XCHo= QT,‘HZ-CH%C@-IZC@{&PCHZWL}Q GH2= HAd, BXx= = -CH,-
- NH2)-cH,and, st pl@{qr_ cot @i nigng am nq\]}@c;l ds gygh aS:1phur-

met hi oni ne; - diam nes, such as eth enedlan1ne

(FER G AN 37195 ASUChpRe | m&CRIOTPEOHR- and B

= -NH2) or- dmam%&ﬂﬁylenﬁﬂlamsnéethylenedlamlne UQN CH,-
“@["‘9?1‘2 gﬁ% g:gq % C'iszEQth 20 Aa_ E'ZN “NH,) or
pd]%i@tnrﬁnféﬂeqr}ﬁ%awm) HAGHE -Chle- 8Hyt@H afdhr G —NH, with
sal t=s,H,/ent xor may, 1os)-cpardd,cebiarty, befmde Of _yu,) ; and
4- et hyl ammoni 6%gﬁg])éldlazomum 25 tetrafl uoroborate,

4- (2- am noet HEUT RSN URF i t et raf | uor obor at e,

4-cyanobenzened|azon|un1tetra f!uoroborate
47&&&R9thﬁéhy@h%ﬁ%ﬂ%ﬂ&%ﬁﬁﬂﬁazggh%gl mention may most

particularly be made of 4-ethylammonium phenyldiazonium

tetrafluoroborate, 4-(2-aminoethyl)benzenediazonium
ditetrafluoroborate, 4-cyanobenzenediazonium tetra-
fluoroborate, 4-carboxy-3-hydroxybenzenediazonium
tetrafluoroborate, 3-carboxy-4-nitrobenzenediazonium
tetrafluoroborate, 4-carboxybenzenediazonium and 4-

thioethanolphenyldiazonium tetrafluoroborate.

The compounds of formulae (I-1) to (I-14) below are
examples of grafting adducts obtained, for example,
from aryldiazonium salts, the cleavage of which results

in the formation of carbon/metal covalent bonds:



tetrafl uoroborate, 3-carboxy-4-nitrobenzenedi azoni um
tetrafl uoroborate, 4-carboxybenzenedi azoni um and 4- 30
t hi oet hanol phenyl di azoni um tetrafl uoroborate. The
conmpounds of fornulae (I1-1) to (1-14) below are

exanpl es of grafting adducts ©btai ned, for exanpl e,
fromaryl diazonium salts, the cleavage of wh ch
results 35 in the formation of carhgn/ meval Covalgnf
bonds: - 18 Pd,NH2 NH2 NPdC2 (1?7 2) MM Si'm

lo-Cu O S \' N M 1-7)

(-2

M
M
s— Pd
I
N
N N N
H H |||——=Pd ~—]||
(1-3) (1-4)
M .
"M
0 0 o . Pd
\ \I|3d %NVO (I)
o)
\O
(1-5) (1-6)
M M
0 0
\ \Cu




(1-8) (1-9) Pd ACURHN \ H N NFF(lI-11) 10)
MFF M PA A HNHH ~NPd OH(1-12) NCH MV C
(1-13) MHPd I'" 4HNjH N HM(1-14) 5 The
structures (1-1) to (1-14) above have been shown once
the grafting onto conductive Ht ea (M of a conposite
mat eri al has been carried out and, 20 optionally, 0
onceit he yetal nordanting has been carried out. The
pah | adi uy opper ions being shown nere

iIIuTtra t iS5 observed in fact thg '

funct/i ons “h

N/
H

are garfN ed by the | ec

I | ect i f LN Cu
grafted are rarel y/se ecc;ve 0 aMglv ~
Y
Cu \
(1-8) (1-9)
Pd
A
Cu \
H N
// \\ ///\\H
N N
X X F F
J (I-11)
M = (I-10)
F F
M
Pd
A
H N
= \H H
|
H N—> pPd
o) = H
’ 4
(1-12) N\\H
Cl (1-13)
M

(1-14)

The structures (I-1) to (I-14) above have been shown
once the grafting onto conductive area (M) of a

composite material has been carried out and,
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general have an affinity for many netal ions, and in
particular for all transition nmetal ions. This is one
of the reasons why the present invention 10 nakes it
possible to significantly inprove the coating
processes that include a pal |{li um acti vati on st ep,

b t ranspositjon to ,

X E|Dva(%| ons}(/e’r ??ﬁ%?anﬁ%%%alw%ﬁ‘?ﬁﬁff%% bﬁﬁvm}?eieﬁ‘ carried
Tahllié | Tabowel Lédiumnet hodppet iiopketennat is(h@wln, ndrely by
\ﬂwﬁwdoylHlﬂdg%fg%ngdaﬂ£lg% qggsggvggrrle % %E %rthe

the grafting, W th net precursors other
pa]iji%?ﬂ%n#‘b?%%%ﬁ%%r’éhataﬁéee%ééﬂaﬁl Pywittle @I@H@Iqul@rs thus

nlq:r&eﬁtem eQuESOFf $re DY s@u%t&&s;@r soBf sanyipLher; gl enBat in
sent_thereafter e el ectrol ess Sol ution), or
(iener ho ?Vﬁalﬁnad?gﬁ}@bth (F€ TndPuaht MeGals yts, and in
ca:rarlr@d:LdLﬂJ; and ahke etaect itol@ssnetsol uidod. i s used
directly on the grafted layer, as is the case in the
met hod of inplenmentation Il of Table |I above). 25
The ol gulces oL f Ghﬁul%ec“(?rc)nfdeybm Bdo: aboweenty iperention

deposdd ede i Po¥ai bous t\&‘aYSSL lh'?argtplrwu?rﬁ Y& ar %ﬁé (goatlng
CO OSl te Surfaces (g? %I n artl Cul ar on

1€ Ot° T '3 unttF b rB b ﬁ lP’ﬁ‘ ﬁ6§tlvé*§§é?§ Slttepirs but
obesl@rwemlerdmtst he afmarcelientd ofesh gso4Psi antbeactt i3Qitions

eren [ Ly _on the conductive or
R o e LA LA RHalh, RS 7RRRE g sty
r ESNAdey i9F t Hedlemeattiadn ot graf tidd oAaniand ayirls, the
t @ndﬂ'dﬁrﬁ:&@igusrhé)‘ﬁ ot td’herﬂlrb%“ 8t ng raLgas,nd ng%f‘&hn?h

I ntactin t he conposite surface w
i TR i IR S egléfﬂd#emmr@qqr)sors,
(feord exaﬂphelby di pipih N@oksdlith oeat hDgkOI SPHSMINPrs, or
”%&e@%ré%ﬁ q$£eangh%§§u%e ETS” Feﬁlca|rg{a{£é9ga9£er in

c
ani c conduc . _
sélli‘lecoﬁg%FFQéesér W3l Wilae composiee surffame: 2B1ladium

Severamareidradspfi d mdenent i NgqtHer i N¥gAt A8 BBYBEo1ess

activatjon of
er;\éll%%qed (see Ta t he

t Re “condlict Ve ar agl&ecggythcé“c%)%ogﬂag tSGr e, as is

compr icses tiwo Stepsetiodiraf timglementation III of Table I
above) .

The molecules of formula (I) described above may be
deposited in various ways on the conductive areas of
composite surfaces, depending in particular on the
nature of the functional group A: in most cases, it is
observed that the aforementioned groups can react
spontaneously and preferentially on the conductive or
semiconductive areas of the composite surfaces,
resulting in the formation of grafted organic layers,
to the exclusion of the insulating areas, in which case
simple contacting of the composite surface with a
solution containing the molecules of formula (I) (for
example Dby dipping, spin coating or spraying) may be
suitable. There 1is then chemical grafting of the
organic film onto the conductive or semiconductive

areas of the composite surface.
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activation step and a nordanting step using a netal

salt (for exanple a palladiumsalt) . In this case,

the surface of the conposite nmaterial is firstly

treated wth the solution containing the precursors

of formula 10 (l), according tb one of the procedures
descri bed above. This step results in the formation

of a filmof difunctional precursors of formula (1),
navel §r Al ( XerthRdsasodefinpeltnabovielg whheh isvgrafdrednay be
(Ng§h£§@bg@ngggéiygblgrga§b83efhe_conp03|t|on materi a

and offers_the groups 15 B including at |east one

li gand funtti GRS n26kdBRtEeN Hcefhe reardugiiscur soees  of
Thenhsuebagesiis et han tHaugbbmpikAkasCANACst¥HEDN 8 grafting
so] ution_cont ai_ni ng nﬁtal ion% %gf) that may be X
conplexed By tHeH | §AHd ¥ uRCERGRS 166 t RESP groupy Baofmeta
t hea Lonpbands xefipfler rul@al(lgdilmat sat e) 201at tadkeddse, the
LN, COndUC Ve, BL easnplo 112, COPOSILE BIRILEL,) DY reateq
di ppi ng, spin_coating or spraying. i s~ treatment

alfovs the sedpltérat imtaiiicly coneprscthieorsr gdniformula
fi{m, ntacasroiganomet addd ¢ 4 | mgont@igidg, the Btalipeq
ions_of the. nordantin ath., If the redox 25 potentia

of *the M @37NFg§PrngugFéaﬁé}1?H%nf?ﬁ%ftb?“ Bhe2offilm of
trﬂiﬁwnnbdqmﬂlspnécmheocendﬂcﬁbwmuafemqyﬁ:dfmbly A-(X),-B
S h 0Sjit: terj r exa e greater .
Chan Thar el TRETa ST h bt tReoBhEe TR Shfpbieive
t rGE&S sepafat edoByOF hsubat ageriadkentoofiflees the groups

f ar mehk0nd3Agofatsel £ aki gned p@?éﬁQr%%mckq%n in order to
[ [ I ol | owed by a reduction

canpl exati on_i spont aneous

ofrr%(eﬁ)"%’ oﬁ%t?itc? STt ™ - rﬁ%%n Si%dg 3% the then brought
sparitcansousadorwat hoa Gbl&ﬁioﬁf@@ﬁﬂﬁﬂdﬂdd(hé%dgnion? U
c I S| af Lfunctio rrecursors of. fornula
(ﬁﬁpgadhg?a?%%déﬁﬁ%g%x%@o%§7g%hangfgﬁnﬁetéﬁmtlons oL the
aéé?%@éie?, ffa the difwr4ndnalof pfecorders (df that are

fertadangd ) ,toon dHe cUIdUEid NG arfasss W S dre f Qonposite
Apmla L1e frey T danting i palladtumiens T
aggﬁggaﬁgg:N@thugsfdﬁnEdcamplénageﬁecwwHEbhCﬁbﬁk¥5t§ the
e o1 0Lhefob 06} PEY RUOUELE G <o
metal ions of the mordanting bath. If the redox
potential of the M /M° pair 1s greater than that of
one of the redox pairs of the conductive areas of the
surface of the composite material (for example greater
than that of the cu®“®"/cu® pair in the case of copper
tracks separated by insulating tracks for the formation
of self-aligned barriers), the complexation is
spontaneously followed by a reduction of M“™" ions into
metal MO, resulting in the spontaneous formation of an

organometallic film comprising grafted difunctional

precursors of formula (I) and grafted metal atoms
and/or metal aggregates, via the difunctional
precursors of formula (I), on the conducting areas.

This is for -example the case if mordanting with
palladium icns takes place on copper areas. Since the

atoms or aggregates M’ thus formed are in general
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aggregates grafted onto the conductive areas are

rapi dly obtained, rather than single atons, in a 5
process simlar to that occurring in the case of

pal | adiumdirectly on the copper in the absence of
grafting. The contact tinme w 4 the solution of M n+')

[ ' ed-to adjust .the.size_of the aggregates
O Ho TRy e e | T eNOul O b6 pBiRfed GUT  { REET Fomote
10 Ispomaneoust feduef i oheofreNunt ibons fi m'd™ Miahens sar that

aAGH A Langlake-pl age anl v d tgﬁn&@@éivéongreggceare
trapped by the ligand functions of the groups B

graftéd Y orftRF 3 HeEdur f 5 ehr ethaR t 66nPAF f AGRMShe in a
Surfcass 0f s ifntiel coNdict ivte @ar Qﬁsdc@k_s.citrhj? {rﬁdbtq{é Orbased of
t ace 15 follow ng an oxidation q IS area an
b%l%gsleag ron ]dtlrrgﬁgflgr Bgt V\%nré% RO ddEt | TR ardS e  ©f
t I aMti-F)g i ofise  cSpereidti calhy, witthwi the t belekape ber M+
Pkl 1ed 10sU8e cOr ALING, PLEGU 80Ls WIOSE PACE, Adlies
X is not too long, typically with a'length of |

t Rat 26t SHAURBREL r 65 20N hdr disy BPYnhgdprosfter ehek the
t@p@@ﬂt@@léaﬂﬁshoﬁ:eHQEWk)ﬂ t(M M‘n’)V\'hh'.tGstirr@tRE eZ@QEathcimrl]sg or
-(CH2)m  with mr esenting an. integer not . ex
1%‘,gg§2)eg§§:etso Vi ggﬁ‘ﬁe pglﬁ?oeuc??%ﬁ 1§f 9 f¥assehBlreéd once
| &yreppeich whitdte thiegahai fisnar eonst odi ght apdupske herfted
| bgand danclLopaol, 1 e IO B85 (oo dAl, THOM Lie e o
surface). Electron transfer between the conductrv

ar8g aREnEHetdgRpl exed. M a%) thohs nmsdudtsion baakes place
prf@rmb@zdn@si/a@ g&&fdi@éii&ge sRacek ;1 rﬁ;sf&s (HH%atk%ﬂ:(’ 3§§%ctron
roups). and/ qr vouring low | evels of gra 5
%ﬁirs?%iszé,feﬁe A ee%yrt "rﬂ“se kﬁ%’\}\ﬁ%u‘f’ﬁja‘l’ef&‘eé P& I&Feltbf  3dons.
gbakriidgcailtl vi,s somewhhl itherelfable ber ph@fgf%$e¢o use
0 '-r@g@gptt 0 i cul t e _surface,
rggﬁgrqpﬁey ar élrt%iolr%egﬁ‘o%e%v n a%%o%mfgaggoﬂoghgoo tong,

strPacel lyr vitded tiRit0ttheeSprer aRanhaBonheS nanometres

suthiecieent degreesp oérépsatd oealh cforrr@ﬁﬁiﬁil\?(st bl Eg¥Whula (1)
this. .35 1f such is the case, then the n+) ions nay

bghclwohslecrhté rterPeressuﬁ'r}hcaSce_?ﬁﬁﬁ)“t"heWJsTflPi & ¥ $eRFLNg an
t hetspacenodr mxcegtima He | exelanftgrafbingtbé pheduction

Obgang%l@L%%%@ﬁyf%dN]14J5%§onﬂy0t&ﬂfcﬁre§§eiSghgigf are
than the maxi mum degree "of  coverage, only part o he
céﬁaa&EPGeE%F%amﬁ§606VE?engand function of the group B

too far from the surface). Electron transfer between
the conductive area and the complexed M™ ions may also
be promoted using conductive spacer arms X (unsaturated
groups) and/or by favouring low levels of grafting.
This 1is because it 1is known that for a low level of
grafting, it 1s somewhat improbable for the grafted
organic fragments to be perpendicular to the surface,
rather they are tilted or even almost flat on the
surface, provided that the spacer arm has the
sufficient degrees of rotational freedom to allow this.
If such is the case, then the M™ ions may be closer to
the surface than the strict length of the spacer arm.
When the level of grafting of the organic precursors on
the conductive areas is less than the maximum degree of

coverage, only part c¢f the conductive area is covered
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23 with a grafted organic filmand part of the
conductive area is still "bare" on which, for

exanpl e, pall adium aggregates nay be spontaneously
deposited as when grafting is absent. The problens
observed in the prior 5 art” i4¥ this kind of situation

ovever m zed, i t her adj usting the
Ieveﬁ 0 ?g glgogfgaflﬁg c}ﬁé“arﬁ%df FhY €6 &8% gonductive
rﬂ&ﬁ&ﬁZeSthélédrf&ﬁﬂxﬁfeanohhlamgraﬂiﬁdeeamﬁmetIy%lladlum
ArLASre Pne A tr§£¥0|@£t'ggo§99ne Lggnt Lagy N0 yhen

the surtace suff entll}k/1 stron the .
urlrf e puf | abBrartagd égé{réé?ikﬂms rﬁmselt‘h%d gltaf ted prior

aggﬁﬁg@ie§h1§hﬁlm@V§ﬂt§£§uQ@YSn'ﬂapaﬁhweEQQn@et%ﬁhlmlzed
eI eqC roIe S d%pcfsmlon of nmetal aggregates on a

S%su R i (Fhfet 99t al®Thod@ ing  joff  the
th:ecgamsi alftLiLme siag uetures ofinthe zewot et &Iusffarc% 1Brea of

c i f the ge trica :
pargma\tereg1t of t Cgl% ﬁzr?ésf it érlﬁ%rre tgﬁg%éﬁ’@ and
THF da tidng /i nC)g%ﬁ@lcla@ th@ casda@ndsuffisigrtyyrateongly

tao bgeabbe tihd Oﬁ%%%éémt@ll@fﬂﬁn b%@?ﬁ%gattgg but not
gC egat es spont anéeousl y orms on the uctive
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initially co M~""+) ion, sotatterelsa

b &R "E4ch n‘% nEh? r 6O HpfRRRdO L aBRESISA Lr eifl t g same.
f Tomst hes @bﬁﬂﬂﬂﬂgdﬁﬁﬁgﬂ(ﬂhe|éa§@y a@&Sth@scoeﬁyuQQQe to

f tio t I s.the
g%gnk%ﬂ] of ﬁﬁg%@Hg%g?%P%; ?%n s betwe?n Eggoagﬁéegates
uﬁﬁ@ﬂtlauantuSéﬂ’ t Frerrerr @gattélegra@mdngt@leasuatrysasThu s0 that

thg@@%orefofﬂ‘rer gaan agdi :bleqa;@fi tﬁfgg%ﬁ‘q Oﬂt‘:%%'tf%\?m]dc@@lgles of
order .to |i tearmun of pal | adi um
pf Sg&%{ e arfph(t? CEIPEr 1 S VST cdd i Hierfage ¢h #hecrganic

cdseém ofgrsditfedal i gniedy batheer prokieral | )ecddleiﬂ@ant@ the
0 n3BrQGOANONBLAl L) LepypeupsORs of Lorula L) of Lhe, .y
o) ry-Du

present I 'Avent are C In or&er t
gﬁgﬁppﬁ@e@ﬁ point for an entire aggregate, which will

have been formed from an initially complexed M“* ion,
so that there 1is a benefit each time from improved
adhesion resulting from the grafting reaction. It may
also be concluded from this observation that it is the
level of grafting of the organic film that may act as
the upper limit of the aggregate grafting density. This
therefore offers an additional degree of freedom in
order to limit the amount of palladium that will be
present at the copper/barrier cap interface in the case
of self-aligned barriers. Finally, the organic or
organometallic precursors of formula (I) of the present
invention are chosen in order to carry out grafting on
the conductive or semiconductive areas of the composite
surface, that is to say that the reactive chemical

functions of the groups A have a high affinity for
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t he conductive or sem conductive areas of the _
conposite surface, that is to say that the reactive
chemi cal functions of the groups A have a high
affinity for 24 these areas. As illustrated in the
exanples illustrating the br%%eﬁt application, it has

b und t thls af f.i.ni t such t hat the

g;eg??lg%g maygggke prrace é&é‘r#\ﬂ%r?#he Tondudit§ ve examples
arthsuphyet oy bbenpsecksanegpicfoartahand.i tThuss bden Sfound
Owﬁéﬂe@htlgataﬁﬂ%ltg}aig' a9 hesylds %ﬁabgggj%tbetr\gﬁgag/ take

the gart A and the “conductive area t are
hah ‘f*ﬁoseeveirhat“’hlerﬁ‘e tegndeerfvet hyea ardssf oh@ve not been

tre}aéanfe@a -bSEPPOK &AW thhmanytht np%él té%%er@gs that the
r j ctlvalontre nt erefore mak

goﬁ%%?gn orgg’tualtﬁ oh ?ﬁggéor%féﬁ% SPgaPartyraf gindy the
t heenadidfiee andesr edetts"atbe ssuvhaee sttedre ohosthesgt the
areasqwal gveg Lhe_ tE@?EQ@”E%eEQ?% nihey maﬁ%rts with many

undergone in the steps prior gra aft
actTREEHokes1tThe RrewA lﬂﬁatacfchéfagrlm |trrgsaa;crtanratukm1refore

15miB§y|t$Ipbééﬁbmﬁeﬁﬁnsﬁtﬁﬁﬁnnkﬁpufgf ?Eggg%tlve areas,
t reas t i s. known

OO AL ERR S o P A Fhat StRésge state of
ol fetg esangidd m@rtmvert heheseteebtmenﬁet a’chazatttﬁ@y Ofhave
hese Kinal Si th raftin o ta
A e et oo el B8 o R GRrting

pl ace on the Sem con reas, t
ti?é:tp]r‘éasfe]rﬂm n¥éntidn kimelies that pécm bgeafblagt jatierat ion

I tdNE tSANEn Way e t;ﬁ%sré@lrcreo%fbafﬁ@ﬁecgi?%Z?hg?g@ucéoq{ductlng
(T

TaN )
vesl{gl' gefsl\é’gftt:h%1 jo%r??%?’nl‘dp%i: 4BF6Si Medechdrsr ére, and it
filld i agsandkiCvm  TFhiag athews trel exelliesd owiafl theomkSte the

S@Jle@ﬂﬂf@%@@éiiﬂé i&? Io@tecr easce %O be C?‘ntr Iﬂiy,ds_lnce

with 't ecopper nd but- al s6 W
ngijﬁgcfﬁf“%ttlﬁg edbes. TRt nlpﬁ@cteo Phe thmgeeoti aoneluctive

cepprers,di thesipppdeys | F "heX"prébenpr asenditvenhiPls it
rovide barrier "cap

n%lgt%%lt eelol(rJCSOSI gclo%? E:o%%)adrérth? h? 3" pr 86¥rt§h€gﬁﬁ6t9gﬁb’e%a“ds
o@¢a|ﬁ@@l@yndhetproc@QQBs Ginshe pmmmx &EN/TbheTmﬁfyetc )
Conduct | ve St aces. T shoul o bo AOred t hat!Th Sebesitea
g and CMP This allows the adhe51on of the
self-aligned barrier/line interface to be controlled
not only plumb with the copper band but also with
respect to the edges. Returning to the image of the
copper diffusion barrier “box”, the present invention
makes it possible to provide barrier “capping”. Owing
to their redox character, this property cannot be
obtained by the processes of the prior art, the very
principle of which is to function only plumb with the
conductive surfaces. It should be noted that this
property is common to all the methods of implementation
that follow, which all have in common the use of
graftable groups A;
2) the activation of the conductive areas of
the composite surface comprises three steps, namely an

activation step carried out by grafting, a mordanting
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property is common to all the methods of _

i npl ementation 35 that follow, which all have in
common the use of graftable groups A, 2) the _
activation of the conductive ?reas of the conposite
surface conprises three steps; narrely an activation

t raftin tin ste
T A U T (U ST
saf#}thndnd reduéted@ﬁtspep gphephi oh tWielgal tthiehusalt thus

tr@@@@ge@nOBthQPngHQ&heglﬁge%§ea% rQQ”?SQUclE trElextra
ste addggﬁ ver the nethod i npl ement at1 on
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0 f th Reduc
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vvrth any reduci ng agent ned as a conp
§ atfdd Cani FROAN AREPYFRYpai PUhoses ed?cfx peueﬁtil aby an

| Sei’teé;ﬂjdhaﬁedhbathfagtehr& Mmi{M aayrlblén%ggﬁggghgfut with
ent s ntio eci a
T PR S o lRn SBhTRY R0CE| ARG RanR ednmiated
(Pelrﬂh n@nsRéoi/uEtl ed)ir artbsali mecﬁdmyl abtsaharane s( DM%F) ,than
alko he (nr e t siti,on.neta
:Ngdnkgt U!s)g \(’)t?ne: h[?s ngjtfoﬁoédﬁ]% gﬁé nLg i broRsdNPpegents,
FRHt e By aﬂ%%h@lthebef@ﬁﬁﬁt Pén gdfuaesteal which allows

aggnegﬁé@@c@io@ bypewthey Lﬁﬂ@ Zﬁeﬁﬁhhédbu@leQQOn and
es al r eady resent

re at
Htlrno(t ?M‘g% ) usd lCthne"1“”e]a<?‘t’%rt €o,r9guction
etad, )m0$h aat@mtsrlarlorsrmteal heoneconpiexi ng siteps caerhed of

0@%&3&ﬂéﬁ%éﬂﬁ%¥edh£éln%ﬁgd Eﬂﬁréﬁ%?f of Eorn}n ﬂﬁ the

a &%at es by reduction are rrul?aneous
9PN npfenBatati AT ITESE heo £ sizetpbet hether than

aggrldgaties:,f onmeld tepbeibetiteroeonts@lbgdeebt her a metal

t d for exa , contain
t\/(%‘(':iq:)c‘elar&g'nsOE%Iu |ogegls§g {nra% Sgr oW F- of Jteﬁ%s ag@Pelj’étl%) used
However e s (Bt hodiof iegal.enmentlat i @midmdrhe since the
drc@\‘t@%k(l Qj %fterpﬁ%ffﬂﬁj A, X4 4 atﬁéeBra%Qé Eﬁ%mand the

this feature
ste of formlng aggregates by reduction are not

51multaneous, this method of implementation allows the
size of the aggregates formed to be better controlled
(the reducing solution used may, for example, contain
no M™' ions for feeding the growth of the aggregates).
However, this method of implementation has the drawback
of requiring an extra step. Apart from this feature,
the advantages listed for the method of implementation
(1) remain valid;

3) the activation of the conductive areas of
the composite surface comprises a single step, namely
the activation step carried out by the grafting of an
organic layer. The electroless solution is used
directly on the composite surface thus treated, relying
on the fact that this solution contains both metal ions

and reducing agents, for example of the DMAB type.
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the advantages listed for the nethod of inplenentation
(1) remain valid; 3) the activation of the conductive
areas of the conposite surface conprises a single
step, nanely 35 the activatigon step carried out by
the grafting of an organic Ta§ The el ectrol ess

S used rectl n the onposi.te surface
tﬁ%’g&%?&%gd SCr%el I!j Hytt% dfac? t hal" PR NEGIFdPon  the
co@@@?h@xﬁbtﬁnneﬁéﬁ|nﬁﬁ¥CQﬂmhrem@cthg agentts,ofedrs growth
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step, therebytm&&tm@n'tb@OS@ﬂyﬁtlﬂd)'Wﬁﬂé'(%béJEhentloned
eps, s bstanti.ally. Thanks 5 to

nupher t he
act i vatl o%g%y grat t i, (ilr?ellé’b Qﬁenﬁpﬁﬁ%ltl"lty of the
advearages; iand tespedieal Iay:tulvetlmslensthew hygoef ddgree of

5“§%¥%é%i&ﬁt§oofggr@ tb aEhgn %@%1@' r & %4ditional
arting, And

selectlwty of f ered egr
adfi 45 onalot defg?eé‘éi%‘f oridedeom opﬁ/eréﬁebygrhétgmaftfwg the

f arrdven d€ @M@Wéhe@fréhﬁs§|@P&EQ$§S§afé§t'Qﬂplﬁyer
apply; 4) Z} Eltlvatlon of the conductive areas of

the conposite "Sir fACE LMD s&d t oS stEpEiuGidinn yagpas of

acttha/at:pm9>0§ue|@ caunrfade outoripy igreaf t tRg UHargs annamely an
iC cu . .and reduction st.e
organapet all | sPé? £50Fie8 oga g% hgéef%rg uré%ﬁ%pg an

whi ch 15 the net sites carri t
aﬁbtgarré%]%ﬁ:fe%ill%l%r%‘tlh%@lrofahﬁplaeﬂféniv&ttll@n setle@s iint which

p03ﬁ4b|ﬁet@lpr@ﬁtbsm|ﬁ%¥ﬂﬂéércﬁ@th@hggéerE%EEXSQ are
t he L%racftlng |n order attach the netal nucl ei to

t H& Y ESitruct o0& Sar é%%thqa‘ﬁd Pher et e RO t hBakes it
| ossessilofe 200 sprefit vdiyethay faymocayr S@lll’elclﬂgvtlhﬁ}' of the

m@f%ﬁﬂ'ﬁ@ §BeQméé¥ %%a lIhH%e %% %of“?he Cato the

e o s et T S orseats

arseds coansii st Ohatp@ﬁ@uso@@&ﬁrd@&&n@UQhuﬂSmofgéntlng step

P, epoyhehle, gl e electig s g

| P tiowlparli ttswitgblei efect ritheof ddwe potouswhype; the
complementary areas of the conductive areas consist of
porous materials such as, for example, in the
activation for electroless barriers when the dielectric
separating the conductive lines is a low-permittivity
dielectric of the porous type;

5) the activation of the conductive areas of
the composite surface comprises a single step, namely
an activation step carried out by the grafting of
organometallic precursors constituting direct catalysts
for the electroless growth of the metal layer. These
may for example be precursors of formula (I) in which
the ligand functions of the groups B are “charged” with
M jons associated with a rapid M™" /M redox pair,
the potential of which is greater than that which may
intervene in the <conductive areas (such as, for
example, a palladium acetate facing a metallic copper

surface), or they are charged directly with metal
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5) the activation of the conductive areas of the
conposite surface conprises a single step, nanely 30
an activation step carried out by the grafting of
organonetal | ic precursors constltutlng di rect

catal ysts for the el ectrol ess’ growt h of the netal

f of formula
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of an organonetal [ ic precursor and noT dant
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Salldr)s téﬁlfkbéi 856 | AV Ok MESthhe sgkahi R f, QJl"pr&Pl&rrﬁ%lves
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1(Bp®rtsart@i¢esl§pl acsdwtrd ngort he:kﬁmcaftdqucetpl.vé/\hla?ﬂ‘bas (for
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spont aneously reduced on the con Fve areas ¥e
exdhpl eMBaRPAdi dfn i1l e ndopplean c@ﬁdu@@r*vecal@aéy useful

Thitserreitthois ode & DPEENMEHL ﬁl’b@ﬂcbs aP &Il Ynd4S8f Weposit
15 when it is desired refo ro uce a corrp05|te net al

déPosit  GAEL Coripositt 4 Rf of2 a Wiiney of
ofcorshrmhiicts veararagas (S91)) @Ir semncmwwdﬂaar@r eaatSea(sSZ) S2)

h%\@ﬂgug\wmkomn%w@él&é{ﬁ that arg quite si fze (ML 1ar

<V\82) For this purpose it Is pOSS|bIetou
oranometal i cEgFafithihy predusor § tchasgedoab ih1#L () use

rrehajancmasszaarmid OgQ@rfﬁ:Xn@Ut?I:@@uQE@ffy Neh 89588 tQth. M, ™
obt rlha un| formgrafted fi éﬁ: i S possible on

areas havPRg wor®k fuhcFPonY tRAE dree t §3aditdsw 18P as to
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areas having work functions that are too close for
there to be complete selectivity, especially if ‘the
composite surface has been generally heated or
irradiated). The composite surface is then treated by a
mordanting bath containing M,;'"™ ions, such that they
are spontaneously reduced on S, but not on S;, this
being possible since Ws; < Ws,. Metal M, is then
deposited on S;, but not on S;. A further treatment by a
mordanting bath containing M;® ions then allows the
M, ions to be resubstituted on the areas S:. Finally,
a treatment with a reducing bath allows metal M: to be
deposited on S; and metal M, on S,; and

7) the activation of the conductive areas of
the composite surface comprise three steps, namely an
activation step carried out by the grafting of
organometallic precursors, a mordanting step carried by

a metal salt, not spontaneously reduced on the
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25 conposite surface has been generally heated or
irradi ated). The conposite surface is then treated by
a nordanting bath containing M ''+> ions, such that
they are spontaneously reducag_pn S2 but not on Si,
this bei ng possi bl e since \ < W52, Metal MR is then

b nat an Sl A further t reat nent
(g%ﬂﬁgéﬁggt%%g%bathgégntaiﬁFﬁé MtR~)>Tn sjfheﬁblCh the
aPPQW@ﬁQ?@Q MNnH+3r¢ opsdeeede resubstituted on the
areas Si. Finally, a treatnent with a reducing bath
al | .ows neIaI M to be deposited on S, and netal M2 on
éh%ﬁm 35° 7)M¢He HEti V&FMonCBALL héhEondUCSVE arig@ention

ofadd thees composé t @r swibf age @@nﬁhezprbbéeee% eRSWwnNFRILY the
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bfﬂﬁikﬁﬁ%ﬂ gaitks ndto spont amedusiti credute onrvd g  a

cinlictdane Areasin@nk A gdyction step in which the
nordanted ions are reduced. Thus, it may be seen that

the present invention 5 addresses t he drawbacks of
tHHuprdEESSESlKQOWﬂffbbﬂhiﬁﬁngp%lOéeﬁflalp@néapﬁﬁﬂﬂﬂ&étlon

t el [ ty f the netal tin s t hanks to an
agﬁiéat§§7 £ % vofviiigSa ogheﬁ?%al Otaftidgs has been
reaemkﬂnGQDamﬁesnfvé¢ubnyuﬁeobaaumrmﬁathe ablllty to

S@ﬂbdﬁdéﬂgﬁi6%545%%'991mf£$§%b¥stggﬁ gq gyﬁ%dﬁeren% to

rior art has been nentioned and
ftfr%ecoarkﬁtrqttlyvs T pF YaLCRNARCBEGRANRESRE| Mt KAE icomposite

sehe:oftaaeel;zsfadheéereuk;s)trét{he CQmdusl | ¥€1Rr is capable of
seﬂ%ﬁpqquctlve areas of the_conposite 5 sur face of

t e Substrat e® WHISHFi9'm P§ cdppablETaf L iCorftali®f iyl a and
prtécurlsdre msfl tzrmsmienanldn oomremral isandffthechater gbod so

r%%ohMﬁioﬁdﬁm8WH§y kﬁes%kgﬂgéyylgfgqggzsgu ggcgoElllng,
t he geonetry of the surface ti fo

n&&ﬁp@éagpl%hé”%ﬁ§€k§ra§63The surfaces |nvolved in the

present invention are as mnmany as the various possible

apRll catlons. of 1 18, RECSEM ADVERLLERe THERE TN Pre s
many as the various ©possible applications of the
present invention. These may be conductive or
semiconductive surfaces of three-dimensional objects,
or completely or partly semiconductive surfaces. The
term “three-dimensional surface” is understood to mean
a surface whose topological irregularities are
dimensionally not insignificant relative to the
thickness of the coating that it is desired to obtain.
It may for example be the surfaces of substrates used
for the fabrication of microsystems or of integrated
circuits, for example surfaces of silicon wafers and
other materials known to those skilled in the art in
the technical field in question. According to the
invention, the substrate may for example be an inter-
level 1layer for the fabrication of an integrated
circuit, and especially the surface obtained by
chemical-mechanical polishing (CMP) after a step of

depvositing a thick copper electroplating layer and of



10

15

20

25

30

35

sem conducti ve surfaces of three-dinensional objects,
25 or conpletely or partly sem conductive surfaces.
The term "three-dinmensional surface" is understood to
mean a surface whose topological irregularities are
dinensionally not insignifit f Telative to the

f th t is desired to obtain
ﬁ%ﬁﬁﬁi ?or é%ﬁ%ﬁ |ng %?OEUPF§§e§lbft@ﬁb@FP§P€§lon of
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| ayer and of - trenches andyor Vi
t FE FEIRIG T it eepperthint e ébhndctati abohe 120 nm in
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c t sition materjal conprises surfaces
thatrg}eqﬁnggﬁ‘ Hnat"and*% cBRsi &fi ng?of "gh technology.
alAcsraratiinen o Cbpp@m\lﬁ’m of tiidt widthsepakat ethderore

(ﬂﬁyéygﬂéd% 1§ﬁksbe{Qg§i?rr %%ﬁ) @$gths argothose cgt is

the first net evel eve roadna
eSS ISHien P PROF AL LR tprideespassent invention will be
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10, 90 nm t.echnol o nmin nm t echnol o

S R CRRGEOSS &Rd SFSvm §AVSD At éﬁﬁ%l%@ybe able
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rafier ially ep_ab 0. .and. 30.n i S
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LEFF t RERROTR ¢l ePint e neRs ingthinol bgrear  dielectric

evaladkison during the decades to cone, given the need

to be able to obtain high selectivity of the

el ectroless netal plating in order to cap

i Adeeasti o ss nafr dliecoppesent i nesresepamat edebyfore solves

| REEERSINNT I SPAIAW 8] €GILd Cop S0 TLRCKS, prior art that

use processes which, on these scales, result in
coatings extending above the dielectric tracks and
producing an undesirable short circuit of the copper
tracks. The process of the invention also offers the
possibility of metal interconnect dimensions hitherto

never achieved.

The precursors of the metallic material that serve for
the nucleation layer and are used in the mordanting
solution during the second step of the process
according to the present invention are preferably

chosen from metal ions, among which mention may be made

of copper, zinc, gold, tin, titanium, vanadium,
chromium, iron, cobalt, lithium, sodium, aluminium,
magnesium, potassium, rubidium, caesium, strontium,

yttrium, niobium, molybdenum, ruthenium, rhodium,
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The process of the present invention therefore solves
the nany problens mentioned above of the prior art
that wuse processes which, on these scales, result in
25 coatings extending above the dielectric tracks and
produci ng an undesirable short9circuit of the copper

tr Th process of the |nvent|on al so offers the
&§§f i @ oFlgVFM’l?ﬁ BBhnett Uifrendilo RS Tty hebd g um,
ne@@mt%bmnevédngsoeﬁherpeeaumsomstMHthanmﬁuﬁd|(platlnum,

rnﬁé¥é@4¥théha§gﬁﬁﬁ fQ&ﬁy{hgn@uglg%Lkgn £r ?an & the

used in the nordanting solution during the 'sec
stEpotR e Hroedsst g@@o@@ﬁﬁ@lﬁésbh@qﬂ%ﬂ#ﬁﬁures thereof.

| Mierd | 08 @kee aprsef ei'@binﬁy:%@l%@o&%"'ff)éﬁ)@‘fﬂ@l@h 'ng'?ls’certaln
whi ch nenti on 0 copper z
gg%%&; %'t|t§ﬁ|uﬂ%n$§ﬁsa|u%$ Mafroni dinSir oRnis is  for

ccﬁyaamplet i theumasseodfum ta;leunfatbxuinatimgnefl UMterconnects
pQ&ﬁ§ShHHko§995ghgm S%Qghﬁﬁg 'Qatg%tCLrnhlts, in

ni obi um nol enum rutheniu
pdﬂpémwﬁﬁesm?vé¥ PEaARTF GAT mﬁdl@ﬁwamu@@@puﬁﬂyhakmaﬂﬁt of

t el gAMOsi B SPEHi M n @M s . i ridium
platinum nercury, thallium |ead and bismuth ions,

ions of the | anthanides and of the actinides, and
mxt utbsst hersenf . thbeThiescdls beﬁauﬁmddnuﬁatﬁ3§0wbehln the

b@ﬁﬁgdéHéan "%éyﬁfl%?gru%% eStPéo?ﬁsgun1Xt¢%)stiﬂycleatlon

met al 1 ons. exa e case
f%ﬁMQﬁnﬁﬁﬂf%ﬁeﬁ§ﬂ%#%bﬁﬁ@%%sﬂOto¢X©¢©doé93ﬂbmmd'hmen more

exagierdfiteHA LG retdsy 1drsywhi ch the metal
precursor may advant ageously consist of 10 copper,

pal | adiumor platinumions. In this case, the netal
|@qun&mwnraﬁxon wittehi n itrhentiondant ivmg SOb&@aﬂbm@ﬂﬁillc

HQEQQ%Qﬁ'tﬁl nug %Qﬁhonno£a¥§ Qieferent|%4| dlrectly
}M % oe

not exceed 10- even nore pre erably S not
eXE&éd ﬂ@aéﬂ&c%ééoﬁHTn@g€ée@ﬁée$nvéhﬁﬁbnstrh@tures exist,

O laghain oned alsl:lablepm&felﬂ SOke Wt@@nt@ﬁlr@l:eﬁe&%{lgﬁ%%’gates
b di tl met articles or_ aggregates
Ao e it SEe 20 o FaTSCAb B WHBRLIRS mefapen Trom

StrUCture eXIS%e
pahe cl exrap aggreyatesing of  polymer  micelles or

nanospheres, fullerenes, carbon nanotubes and
cyclodextrins. In this case, the process according to
the 1invention then preferably includes a step of
releasing the particles or aggregates from their

gangue, in addition to the grafting step.

During the second step, attachment of the metal
precursor onto, or insertion into, the grafted organic
film may be carried out by means of any technique which
is suitable, taking into account the chemical nature of
the film and of the precursor of the metallic material.
The techniques that can be used within the context of
the present invention for this step are therefore
numerous - they go from simply bringing the precursor
of the metallic material into contact with the organic
film placed on the surface of the composite material,

for example by dipping the organic film grafted onto
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are encapsulated in a protective "gangue" chosen from
the group consisting of polynmer mcelles or
nanospheres, full erenes, carbon nanotubes and

cycl odextrins. In this case, the process according to
25 the invention then prefera%1y i ncludes a step of

garihe PR GEARE ST (RE oTH (TE SiEs BiFPng tieltable
setohdt stepef attachrent pokcultsonet dlor IXprpdeuUrsoOrthe type

ont ¢, tf%sénﬁgéﬁ' 9'?1 Fyiel p#b@r graft %%roregLae%t%: felslsmpnPéltlng

be carried out nmeans any techni
SUFRAbPECTt A& nﬁeﬁﬁ{fhbﬁécé@ﬁt @W@h@nﬂ@ammm eU@)f 5 695

theld) | manehofe t@%pﬂ&%@alirc%@edo‘: tbBenfBlLakl i Guch as spin
mat eri al The technj ques that can be used within the

cOmtext of 35 tHRE PFESentORvention ToFiaFE s of eptl'aﬁ"e said
t heorefos et e munes0isl - they go fromsinply bringing the
precursor of the netallic material into contact with

the organic filmplaced on the surface of the
cHtRfdsi P& nedEreal , off orteganpfetpynaditppingg t heethods  of

Orm&ﬁérﬁﬂdﬁﬁ'@f t %%u%nt 0a81owkhe candugljveareas 9F 4,
05|t &nto suitable saolution of the sald
pﬁg%

| BESFUF ARt Ple Cht tnﬁ6§éla§edn tprial,
trwhxnhorlartaHQErehectnﬂe&ﬁbﬂﬂfﬁingndandlﬁucméthcular,

decs&{f lforTﬁf(gnP% ebggaggéengnyskas gg %hecgartocr?gss&rs of

mor e sophi’sti cated nrques suc
sprieyi Rglent @rthe Swe f REeCOb St e saidinconposhee invention

”&Iaﬂ(és’iht Cﬂ?@o@’fbpé heg 9Er5h§l9f QB%@@ tz'em%%% gqler&%q%or of
10 | fﬁ$tat|on thys _all ows the formati

uﬁf}-eath. of pPEEErLar of Yhe nebal | i €oRaltetiige, or
mchsﬁcaditewmt arsakecsf vehandsut Papar tdfCutRE, composite

(ngégﬂE%l Thiéhiﬁ Qﬁ%a%§§ unllgflglkongﬁoggﬁée S%erally

t he prlor art e pr Gcess accordin
i ﬁ\%ﬁth%w%@mﬁ tthrossi sl esunffer ci bI y localize
the precursor of the netallic material on the
ductlv sen1$onduct|ve areas, of the surface of

he c&ﬁﬁéﬁ?%ﬁn%a?g FAEOPWISAPN A9Fe-T6F gt cSerPRfl step of
Cm’nfeormqgebat ercaldndirtp tbhe thepofagynofiohhe ssakd solution

SUfACes110ws the precursor of the metallic material to
be conveyed right to the ligand functions of the groups
B of the compounds of formula (I), thus allowing them
to be complexed on and/or within the grafted organic
film. This is therefore a solution that allows
sufficient dissolution or dispersion of the metal
precursor for carrying out the present invention. This
is Dbecause, in the case of insoluble salts of the
precursor of the metallic material, this solution must
preferably be able to disperse the precursor of the
metallic material sufficiently to be able to allow this
precursor tc be inserted into the organic film. The
mordanting solution will therefore be chosen according
to many criteria, among which the following may be
mentioned: a surface criterion, for example in order to
avoid chemical interactions such as the oxidation 'of

the surface during implementation of the process; an



10

15

20

25

30

35

20 The nordanting solution used during the second step
of the process according to the invention is a
solution that allows the precursor of the netallic
material to be conveyed right to the ligand functions
of the groups 25 B of the compounds of formula (1),

thus allowing them to be conplexed on and/or w thin
{ 1T BT HAT o O REESTAPRm SPhidia's The? ePBRECAON does not
sotamawn tfhdi aflkoms tkaf fswr Bnte digsoltitlickn @& has been

di q of th t-al . prgégr.or fqr_carrying out .
tﬁ%&%%%gégﬁ'i ﬁbeﬁngagalfhis Iéiflbe éﬁ§%§r|?¥trﬁf%§%ﬁio?'
of'itdolubie ables of tive Pprekirsbredi phe mbsal lildow it
g!aicer il , ttﬁlain%f%QHé'd' orﬂn?@fth a %@%5.}[.@?@ @%t@?ié?l; Oand a
I sper.se the precursor o e netallic materia

s a(ﬁéﬂ I )}“aﬁoelb]eaibl Lt b aFPBw t KPChpr B¥Gtsor tl®vhe 1ts
i femtaed drtval tthhien otiganbegéhien £The, 3anaDrdaRdiRg 1y allow
solut i i ]1].therefare be chgsen _accordin tQ _man
c%ttgergg?g\%%hggmﬁﬁgﬁet%ﬁe_ ol ?%wcﬁd:rr%gfdb%@t’rre% ironeyé{da:mple
a S faade @tialettiioh, ddrsedaampl e in order to avoid

chem cal interactions such as the oxidation of the
surface during inplenmentation of the process; an - 32

orgdificc filSm cFPte?ion, °50 FRat PRFS286EGLI ofdodd mst  1s
r gmenfe fadim f ram ddre Sﬂfé@ces?DVMtgh thabasnbeen a good
d nt.ed; .a metallic material .precursor criterio
\M%%gﬁfbnlﬁs Z%ﬂ owh 1" %o befeoari ssolVed, blftndgl s&%ﬁﬁ%ﬁﬁet a
5 s lse aatarsf or med siogtiatanget apbbiverpat esiah; sl awater;
Mehaldrg STt 8Ll GEI L &LHhQRe 1 WNI e lsE1 aldOWsidS v opanot;
formation within the organic film and esp30|$l

al V1B “ IS dEdsiAs ohPPF ocessMed e seitiGed dsut (DHEP) ;o
exdnpl acdticsiaitideat al yti ¢ deposition. 10 Thus, the

sol vent of the nordanting solutions is preferably

chosen from solvents that have a good sol ubilizing _
pdwer FBPIP6As, CBndhtheriarvemnd iwn sasi sfheeorfhe composite

dingseaiialll NhMoMes in$uUsh a0t &ne 15, 8F£000L8ns8UERNy of
as et hanol, nethanol or_ isopropanol;

diffet hyd FioTdT o&” ( DVRY;  dieéthi G onbxi deCPemeb} veor or

semiconductive areas and electrically non-conductive
areas, which can be obtained by implementing the
process according to the present invention and as
described above, characterized in that the electrically
non-conductive areas of the composite material are not
formed from organic polymers and in that the
electrically conductive or semiconductive areas are
covered with a nucleation layer grafted covalently or
datively and consisting of difunctional, organic or

organometallic compounds of the following formula (I)

A-(X)n-B (I)
in which: '

- A is a group having at least one reactive
chemical function allowing the said organic precursor
to be covalently and selectively . attached to the
surface of the said electrically conductive areas;

- X is a spacer arm covalently linked to A and
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el se acetonitrile. The subject of the invention is

al so the conposite 20 material conprising at | east

one surface consisting of an alternation of

electrically conductive or sem conductive areas and

el ectrical ly non-conductive %teas, which can be

obégl ed by inplenmenting the process according to the

present invention and as 25 described above, _

characterized is amaint®@sele@malcablq on?n c&gﬂ:ctlve

areas of the conpos ]qghgrl r t [ [ o

or ani c. pol égrggan at g Jﬁmﬁlggtrlcg FE one rTlgand
Fisre ?rsé}‘ﬁt@dnd%@ﬁ v@rarf@ars meleal cégeréda%ﬁtsh g&hat

nuﬁieakiO%abay@ﬂl@&@ﬁbedtﬁ@Va&SHﬁlyng1§Q d@f'%ﬁ%&t@nQOns
cons g%%of di functional, organic or organonetall

conp A REFTIDWiTg fornmula (1) A (X)-B (1)
in mhlch B -sAldsfalgr aupeldviveiraf te@asédoneth a layer

r%%”d‘ﬁ%t&ﬁﬁﬁ%%ﬂ «dunction allow ng the said organic

precur sor e covalently and selectively attached
to the surface of the said electrically conductive

areasterent i85 By Spacel Adnoyad ea[g |d/efir%<c?dak§<9vé6‘ and
33 - to B, - nis an integer equal to O or 1; and - B

is a group having at least one ligand function for
melred  iiows emerftert inet abfagghegapescethatacSot@in® S&Y the

Zgg%ﬁ?le%“ el e e RRIPt el PR aRY s, atia e (B LB L of
| peTrodfe st nrstidldi ¢ material. 10 Preferentially, A X

and B are as defined above. The inplenmentation of the

I ess accordlng to the invention is particularly
p st i AT t heSt PEFFEOt IHVGToei®et FDnfE8C 85 PHRSess
sdbpectf@%rih&tpn@seﬂhte&tﬁﬁh@&ﬁslS ah SOma cPHRARES ronics,

f%ﬁééﬂ?é&ﬁgin%ﬂéu §ﬁ¥ﬂ§§0ts 'n nlcrgelecirgnICClrcultS’
characterized in that the said process includes at
least one step of grafting a film of difunctional
precursors of formula (I) using the coating process as
described above, the said interconnects being made of a
metallic material. Thus, preferentially, the process
for fabricating metal interconnects according to the
present invention is characterized in that it
comprises, in the following order, the steps consisting
in:

a) etching interconnect features in a
dielectric substrate, the said features forming
trenches and/or wvias, on and/or through the said
substrate,

b) depositing a conductive barrier layer on the
said etched dielectric substrate, which barrier layer
prevents the migration of the 1interconnect metallic
material into the said substrate, the said barrier
layer having a thickness such that the free face of
this layer conformally follows the interconnect
features of the said substrate on which it is

deposited;
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el ectronic mcrosystens or integrated circuits,
characterized in that the said process includes at 20
| east one step of grafting a filmof difunctiona
precursors of formula (1) usin? the coating process as
descri bed above, the said intéfconnects bei ng made of

a netallig,materjal._ Th preferentially, the, .
process f%% fd%%%%%??ngq%%?alC?ﬂ?%?%ﬂﬁﬁbctga_E&SFdlnbayer
t od¢pes 25e@r ewentthienvehthed i sulcharact emiizéd an ti@teation

itfig@n@fi§e§etgplggemg9gkggﬁgg order, the steps
consisting in; a) etching interconnect features in a

di el ect ri cAsubstrladty the seikngkat ured/pPerniies 30th the

t remncdies et 0ri /i asnatdk id1d/ orsttafiraugh t heosai dehe  said
onductive barrijer |ayer

b epositing a er on
fﬁ§§é£§%§i%?lhgﬁf%ielé%tr?ﬁggﬁbSF?at O THE patter metal
| ayeferprevents mheendrabheonadfl hhealhiernanaechl;

tallic 3 j into e ' e, the said
ar rler . Tayer o hald vhr ok S BpSeE el S 3 R RR ¢ ene
f at*F BFCet N8 T| &FeRignf BY nehepifcall-swshemé cal polishing,

i nt@r canndgte §f?ﬁ%gfﬁh?ftbhsnﬁﬁi§%§U@§Eg%h?¢diMNd”barts
it is .. depasi.ted; c).coatin e conductiv _
bé%éié?miaﬁgﬁd d@ESBFFedf%ﬁt?ﬁ%getCHédC§65§%réPe Wwtain a
a erpeafdonledtit e ofompoet ol sorfiateri al ; d) rilllng

the trenc - .as .with id metallic

mat eri al gfgr??géggthgtﬁ%h%a?%Pgnﬁgwéafﬁgﬁ Fﬁﬁ%aQ%1u§l“g
or'd¥t PBOFBEM HfE Faliddretal thientigrconnient sanddesofdefined

t ha>sed d ﬂ‘&taawﬂbé? glﬁb@%ii%ﬁbne)o?niaﬁorc%ﬂc_yar@f@ olr ibrilorganic
honogeneou abradi ng_the surface, for. exanple

cﬁg%%%aggﬁgkﬁgnf) (3p%??sﬁ@&&fPQE}q%ﬂn%QtWh@h respect to
suflfd ccendutbieat afdpdrel pnetr udi nghparbspokithe saifthce;

etghed features, in order to obtain a

copper/dielectrjc conposite surface; f) activating the
sai d conpdHi teS &9 T hER §Sitdg Tilie 3F okeS3tadubiai Agves or
t mexd reesmitdronl apelr asodeftihredelectroless growth of a metal

layer as a copper diffusion barrier, the said metal
layer being self-positioned with respect to the copper

conductive areas of the composite surface.

Finally, the subject of the present invention is the
use of such a ©process for the fabrication of
interconnect elements in microelectronics, of
electronic microsystems or of integrated circuits, and
also the use of the interconnect elements in
microelectronics, the electronic microsystems and the
integrated circuits that are obtained using such a

process.

The coating process according to the invention may also
be applied to the selective metallization of the source

and drain of MOS transistors.

Apart from the above arrangements, the invention also

includes other arrangements that will become apparent
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15 above, via the deposition of an organic or
inorganic filmgrafted onto and self-positioned with
respect to the conductive copper lines of the
conposite surface; and g) using the said filmas a
catalytic layer or 20 nuclea%?on | ayer for the

el ol gr owt -h_of t al yer as pe
dif?%éioﬁﬁéarrl%glo%ﬁﬁgysng SﬁE&B Opayerﬂﬁﬁ? refers to
setfamobis i ohed whihhr espect coppelte domeer odbndutﬂegmated

af@?@c&ﬁtéh§r€°%%%@d§%éﬁ”if¥é& géPF%ﬁméﬁ@ P ftinﬂ of a
ect of the resent rnvention ist use-o SucC a

2R gre t helFabfi datithy ldpmmoniare dite@t slcnmimmate) -
i rdmmroﬁhreCtéQBhﬁ$uo@f>onb@§t r|anint S Céﬁsx@é%r@dﬁmme

[ rated circuits, o the use
iﬂ%gggonng%t epengﬁﬁg ﬁ 36”§1c?%%le8f?gﬁﬁ8§ fffe various
(ﬂdﬂﬂlqnﬂmmrn%wmgwsbens angtdhe, itd egmat edaspieui £f6r the

I}%ocﬁf@cf@{ a'orfeds%&_‘t'fngl‘jléglgda pRL2¢ESE- JQ%ngga%l r%)q:ocess

process. according to the i'nvention may
apiRd 914 hé”s@icéé{‘flé\ﬁel%t%t%’za?ﬂr@ﬁe@f Q¥fe bourmfting

anct eyl thdf cVOSHer apsb st 98 S o rAPAE FHQENERENADOUE to an
arra%g)wentg thhe |nvent|§n al so includes ot her

arvangenents that Witobetone Ypparént189 ¢ ofh fifd ladium
f cldpwgrg-adesca | pt gan f tihige s tregf etscdodiexanpl edel brocess

VWBf*kﬂé“ﬁﬁ%&H%¥oA'”%§d %1£Qt§ r@hgd ngkgglt%l§ﬁ%es 1 to

activated after e gra tIrng o cysteam
%ﬂfhwbkﬁle(annDnlun1tetraf|uoroborate) 5

dl aZOﬂI um- &tlr@fvle,lmﬁo@fcﬁlse é' P@r@pe@:"tﬁz@"ﬂr@@@m YPte ned
exa varil ous

dFﬁQon?%ﬂ?%%?t? 8ﬁ$6QQH?ﬂ O?%P%% é%aﬁbl@aQBFffﬁétlon of
prasd Wsxd, orp foft heelfural d gn et hars iverls s RGP U P @A ned by

COMRYHSiRG an agw@&' OQlﬂSB? thglseeg aﬂ%mn faf“”ngg an

10 accor Ing to the process o e I nven
art L TSLATI O of Of he IRRfiosenectd el gFtar t4 nél@fQSa after CcMP

paldtadiafreaggreegatey,via a grafting step according to
t he process ., of the |n ention, and also to the

appended fi GuPed¥ el fo ST’ n@wnicHy via the edge of the
coupon shown 1in Figure 1, at a magnification of

100 000;

- Figure 3 shows a perspective view at a
magnification of 50 000 of the coupon of Figure 1, but
after cleaning with a cleaning solution;

- Figure 4 shows an edge view at a
magnification of 100 000 of the coupon of Figure 2, but
after cleaning with a cleaning solution;

- Figure 5 shows a perspective view at a
magnification of 50 000 of the coupon of Figure 3,
after activation of the surface by grafting of a
cysteamine film and mordanting with a palladium
solution;

- Figure 6 shows an edge view at a
magnification of 100 000 of the coupon of Figure 4,
after activation of the surface by grafting of a
cysteamine film and mordanting with a palladium

solution;
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15 - Figure 1 shows a perspective view, obtained by
scanni ng el ectron mcroscopy at a magnification of 50
000, of the surface of a 5 x 1 cnR coupon obtai ned by
cl eaving an etched silicon wafer and conprising an

al ternation of copper and dleﬁécfrlc lines after CWP

20 but beforeg.cl eanl ng; - ure 2 sho a view via
the edge of Fﬁ coupon sﬁ% Sin ?ﬁ?gur% 9% atView at  a
negaghicacabhonf 0£160 000; of Fihgure P shaws &igu*e 3 after

pef spechiNe Yiew a saol &ng%ié&% opy, af d%%‘o%%l%% of a

the coupon of Figure 1, ter c eani n
cIBah? hgl 8BF Lt FOARI- aF| @ﬂj?@tﬂoéﬁéﬁspﬁﬁcéége view at a

WagnlflCat+091@uréooiﬂoosﬁ6wbhe19Q¥p0@nQEaEb9UrE%é%lection

after cl eam @'t Iea lLution; 30 - .
F| gu?%r%tjs‘ﬁ% %’g‘?%pe 11 1CRRgNFPIRART on(Pea
of 150 QOO pf atsh@ chuponi of Efgmme &avafmmeracim vatign and
of i g surface By, or afdng. ofy, a ystt%aeg" ngr#{%g”gof a

nordanting wth a pal m soIU|on
h%%\%z%n%ﬂ‘éél@?e\ﬁ/létn 2 THrIgnR fi d8ti oW oEfDQOGOOOGn@fceS of

thﬁ?ﬁ@ﬂﬁpﬁnoﬂuFlgﬂrglézoaﬂk@%gl@%t|M@%Eﬁﬂnef t8Bution. 1In

surface cyst eam né m and

moT dhht .f U% éh%aﬂ%af% Esolflft i AP FPTRAElsy to an

shxmselamcerdngIeewmtz amimagesf i caid Otrh@ﬁ_ SHeO@ﬁh@frs that
o FPLPON ? wﬁ@gyée §a§ft%( Egegtq;p et c?rrespond to
ution al e ’taI

ow ng t osi tion of
uerrN@e-‘éfhl@ll eeinoP e@% b@océ@sang 60 Fmgw*ee&shoms t he

i nfrared r«‘%fﬂ"ﬁ‘j&t@n 9ava§| %esp@@kﬁxg (gﬁ%@ooffor two
1 on

con coupon p I ntensi t as a func
%/]e LY T ‘i‘?‘n 1)e1aé(r?dfs | IPEE?¥%‘F%S the vAPPEEPSAIrn for
t hed grafiieg ohta micazoandiyderageuté) m aliber sdmilGholdkhed
mﬁ%égéﬂ1n P?agéslolh rSI %f%Q&%‘hégﬁ%nQXFHC taining
graftln yllt]utlon % gure,” the curve at The
Qdyfésggﬁéé pg gﬁazoanhydrlde in acetonitrile, before
and after immersion in an ultrasonic bath in
acetonitrile for 1 hour (bottom curve: before
immersion; top curVe: after immersion);

- Figure 10 shows the “comb/coil” features of
an integrated circuit comprising an alternation of
copper and dielectric lines;

- Figure 11 shows the leakage current expressed
in amps as a function of the etching dimension, that is
to say the comb/coil distance expressed in pm, on a
circuit according to that of Figure 13 using a
conventional process not involving a step of grafting
an organic or organometallic film;

- Figure 12 shows the leakage current expressed
in amps as a function of the etching dimension, that is
to say the comb-coil distance expressed in pm on a -
circuit according to that of Figure 13 using a process
according to the present invention, that is to say one
that includes a step of grafting a cysteamine film;

- Figure 13 1is a perspective SEM view at a

magnification of 50 000 of a silicon coupon having
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imrersion time of 2 mnutes, and then the others that
follow, downward and in this order, correspond to
i mrersion times of 10, 30 and 60 mi nutes; 15 - Figure
9 shows the | RRAS spectra for ?vvo di azoanhydri de
| ayers obtained by imersing,”for 30 minutes at room

te . sem | shed._copper sur ces in_a
gr(g?%a&ﬂsol uw\?)nécon %?# hg Eeatlig <3 m)# treatment
di azeRAkYE| de i aeevenfienké, tueferse Z@fandeaﬁireror art,

| NRE StRAL | Boal Hbgrﬁﬁgﬁb@eb%t@ﬂ ‘ﬁfﬁ%gfﬂ e f&%m&bund
houJ{E jgbottom curve: before |rmer ion; top cur

afPer PRI 6h)¢ - Figure 10 shows t he "corrb/(:0| |
features of Fafqurat egr atied gi r@@t&p@@ﬂp‘i}éslm aRriew at a

alrﬁae rpla]Lljlgg%oén 2§ec|o§§kg8 %I el ect ric li nes Lip%{hpsthat

aslfack%rﬁ\%% i @nlof utmhetehehi n@p@lerxerfﬁaomretmaifuesr toeatment
S@kiﬁ? Qﬁgb&ﬁ@deég5%@@@§d?%£r%§§qgi anUEnggogo that is

circ accor di ng to that o i gure using a
corfrent?¥naPfr o¢dss nothGHARYI ng asseep of grafafitniug  a

EﬂtyHmﬁHmﬁn@rthgﬁn@HBt@bthpﬁbb@ss A @ren L2 WS after

eakage_ current express in as a function
o@%fe Btehing o me %?o‘hsmf%a? ‘F%tr’[:g 3Gyt felution;
conb-coi l ﬂl%}tqam:@ axpressed e pspent avead SEMculltew at a
a%%%ﬂafﬁk§5£5$a$fOEOFb@%r%ﬁ43 Ui 9. ﬁap%%ﬁ St comprising

accordlng to present invention, to say ‘o
t Hatl ﬁn@ulé@ﬁds@@ﬁp@ﬁ FreFtyeRe aa’éy@feamtrr@afnmmt -using

Huhﬁfpﬂébé§saa@@b§§@ﬁ§|%@ M viewedtidn, that is to say
[ féﬁ:atl ondf)f 50 a_sili %on coupon havi ng 37

0.716 pi et chad ¢&p %e‘:r‘ ?EgPuPésgéﬁ &0y Gatpeiieamine film,
addor déagdt oracessventsonabt priocdssliofg tdwey prileandhly, step
ongddatopoes not include a step of grafting a

compound of formul a (I) 5 - Figure 14 is a

per spect i ve "SEMAA ewlat 18 @i fiReRtiore ofSFBD @dewofat a

amadnxﬁmraﬂmunWbthaD oboclogdes 9i 16cpm ebekesd CRRSFising
gﬁi E(rgﬁ_lsc ne\?rfent Irl (c)atnnr etaQtngTE t puesrI ngantJ] € (Pl Ceecstsr 1a<§: Colr 1dr|1ensg and
treated using the process according to the invention,
that 1is to say that includes a step of grafting a
cysteamine film with a solution containing 56.8 g of
aminoethanethiol and 98% HC1 (cysteamine) in 100 ml of
ethanol;

- Figure 17 1is a perspective SEM view at a
magnification of 50 000 of a silicon coupon comprising
an alternation of copper and dielectric lines and
treated using the process according to the invention,
that is to say one that includes a step of grafting a
cysteamine film with a solution containing 113.6 g of
aminoethanethiol and 98% HCl (cysteamine) in 100 ml of
ethanol; and

- Figure 18 1s a perspective SEM view at a
magnification of 50 000 of a silicon coupon comprising
an alternation of copper and dielectric 1lines and
Ctreated using the process according to the invention,

that is to say one that includes a step of grafting a
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to say one that includes a step of grafting a 10
cysteamne film the said process al so including,

after CMP, a cleaning step using a citric acid

solution; - Figure 15 is a perspective SEMview at a

magni fi cati on of 50 000 of a 37 con coupon conprising
0.16 metcheg opper features after a treat ment usi ng
15C§fsn S Pt otess?t g@c&%hhg 2t §OLHE 1PRY €t ot N At 274 - @og of
seymirove dratth nel usdes asst e lof (qrsafddnighed Cyist 2aoi Re of
fidipondhe said process also not including any

cleaning step after CVMP, - Figure 16 is a perspect|ve
SEM view at a 20 nmagnification of 50 000 of a silicon

COUPAY CONPE t SishGu1an & t 8hNaLLOM O COPPE 3Dt hat these

di el ectric lines, and treﬂted usi ng the process
acCHU I tAFE hRL VSV EREFBAY CYhYRYi §ft élsé}ﬁtFﬁétlon of the
i reod ket amsteprofofgrtﬂfetl bgvant Cys} eamiene fétampidd an no

S [ nin of 25 am noet hanet hi ol and
9&%%@05‘1}%&3 lgam%% lrﬁm ot'fh eef%]gnol - Figure
17 is a perspective SEM VI ew at a magnifi catl on of 50

0Qdkdprae Si ! lg@mvﬁweﬁ R RIJPYER Lﬂ&.@'iﬁfﬁ‘ﬂttﬁ? sz THE
copper_and dielectric |lines and 30 treated usi 9
'.V

p Nt Gt Ah POV ANRER O To (T Y STRRMINE) ¢

one that includes a step of grafting a cystean ne

fi th a qutlon cont ai.ni ng, 113.

arrﬂ1hnmoet heai(naér%gfsi]‘l ol *dnd L§°8€°7£ HEP (V&S @fgnl%et)e Do Stesttive
etfframm@itiando 85 catilgivies 182l sadiper sygeptageg eSEM NI @00 nm
aty e NBGHHEL catihar ofy, 5S0L00 rQBrag%Qﬂ ggg% P9R organic

conpri si ng an alternation o copper an ectric
| i 7S TantP 1T eat TSIy The PRRICES c]iﬂla‘i“h]ga t oLk he

invention, that is to say one that includes a step of

grafl i cyste mnefll Wth a qutlon
cgﬁlt ai %lgrﬁ %Q'Fe §25F = SRi nbethanstii of and logFitHCEouPons
( &pstadarfiche) bivn 19@)eﬁ$flb§ ethalmed . SirHieemadred jt circuits

shauld fn cQHEs@she Qﬂﬂﬁ!ﬁtegg okhat chhese exaipl eSirrier,

are given meretJy by of illustration of the ,
formation cop er nucleation layer by physical
vapour deposition, electrochemical filling with copper
by electroplating and then chemical-mechanical
polishing until the dielectric projections had been
clipped off, so as to produce surfaces made from an
alternation of copper tracks and dielectric (S1i05)

tracks.

The surface was cleaned using a cleaning solution
(Sclean) after which the surface was treated with the
grafting solution (Sgrar:) and then with the catalyst
solution (Scata) containing palladium ions as metal

precursors.

The composition of the solutions used and the protocols
for .each of the steps are summarized in Tables II and
IIT below:
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subj ect matter of the invention, these exanples in no
way constituting a limtation thereof. 10 EXAMPLE 1:
ACTI VATI ON OF COPPER LI NES AFTER CMP BY THE GRAFTI NG
OF AN AM NCETHANETHI OL ( CYST NE) FILM This exanple
is used to denonstrate the selective formation of
catal ytic pal | adi um aggre ony 200 nm 15 W de
copper lines by the priorqgégiifﬂg of an organic

| ayer using cysteam ne as conpound of formula (1). The

GONPOsbllatsvhl aces compdsiion® of ke AQMUS

gbtai neg by cieaving etched integrated crreurts—260
((si | i conelwerf ers), | af féfFrd€pasiitiion of a TiN barrier5 g
flor mitleanahgp coppengnueheatis@ed.ayer by physicaligg n3

vapour deppsition] electrochem cal fiTiing Wt copper
By Saret For9aithg| and (RGRCERERTEAMRacE s 1136 g
polishing until the diekeofiri c projections had beamo25m1

O

l'i ppegqofsf, so as_t ce surfaces nmade froma
|l ter nati on of coapega?%§€§§ and dielectric (SiCE)n50 mg

r acleatadiesis)r f ace WaSlcl eaned using a cleaning 1.8 g
olution 30 (Sclean)gaitemn Wakek the surface was,gy
reated with the graftingasolution (Sgraft) and then

w-th the catalystl “sBFdti{ad®{ S88ta) containing PH =1

ml

~ (n =+ O)

pal | adiumions as netal precursors. 35 The
conmposition of the SO|Uti££§£ﬁSEE and the protocols
for each of the steps ar ed in Tables Il and
I11 below. 39 - TABLE Il Solution Conposition of the

sol utigpigehiean - Cjtric fmﬁéESEbg (clleaning) - 18

Mot wat er; 100 nt—Sgraft—(trgand)—
2- Ariaoel FHPRRERS) / 98% HANtN11BeBE be - Bt hahdl rinsdngf® /

20% Scata - Na2PdQl 4: 50 mg;{(Galal ysis) - Maly.d & g
=%

1§QEBD”}¥f$§debU m 2_m{%% ég{g’eqs. Bt hanol rinsing/
stirring CDA drying
20% Scata 10 s; gentle DI rinsing/
(catalysis) stirring CDA drying
(a): DI rinsing means rinsing with deionized

water;

(b) : CDA denotes dry compressed air drying.

The surfaces thus treated were cleaved perpendicular to
the direction of the trenches, and then examined via

the edge by scanning electron microscopy (SEM).

Figures 1 and 2 appended hereto show views, in
perspective (x50 000 magnification) and via the edge
(x100 000 magnification), respectively, of the surface
before cleaning, i.e. after the CMP, revealing a number
of impurities. Figures 3 and 4 show the same surfaces
at the same magnifications after cleaning (solution
Sciean) using the protocols indicated above. Figures 5
and 6 show {at the same magnifications) the result
obtained after activation by grafting (with Sgraft) then

nmerdanting with the palladium solution (Scara).
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TABLE 11l 5 Solution I mrersion Corments Scl ean

(cleaning) 2 mn; gentle D rinsing(a)/ stirring CDA
drying A Sgraft (ligand) 2 nmin; gentle Ethanol

rinsing/ stirring CDA drying 20% Scata 10 s; gentle

DI rinsing/ (catalysis) st i‘rr‘}(hg‘ CDA drying (a): D
rinsing means rinsing wth deionized water; (b): CDA
denotes dry conpressed air drying. 10 The surfaces

t Wi tpeaneanoere Ebeawedoperpepdildalddunt agdrhwyates plumb

dif oot i epeofcddid repches, J,%ndokgggijvg%amvﬁ%% Vi ave'ifp/e high
edr%ee b% scanning el ectron m croscopy Fi gur

£ JppehdedS hRF 8t NER6w A e, d?ﬁoslslﬁér §§ecqqqmegates

(XG50 008 ropsiddcald Orlraand Véa: thec8dge t eek00: QOO copper
malgergé cation) , respectively, of the surface Dbefore

cl'eaning, i.e. after the CVMP, revealing a nunber of
inmpurities. Figures 3 and 4 showthe same surfaces at

t he gane mgRihi 68bi o anfa%at Solytig 291e of
g’ te a 1L= g

Scl ean) using the protocols in ove
arid 68'SHAF at2$ heCRbAeNAAgNi | cﬁﬁgéﬁ@? t ke @@@lul t6 after

ohtradatetkraf t @itactd vabilor iby %ﬁf oG 1(WM dhs SHFAFt) metal
th nDrdantln Wi th the pal adi um sol ution (Scata) .
30 R i b G R e THC S 1 ach um

aggregat es pI unb with the copper tracks is observed,

Wi A WSy Phg@ln elggéi%i%b SﬁHC§>Lg% w&%h copper

deposi'tion of aggr gates on t et Pire Mt rdtks
siltiifSed L5et REERIVRE coppépPvinpneshe gip e be (%80 <000 vely

ﬂ&@l@jp‘dcﬁa&i@ﬂ%uﬁh%cﬁf&ﬁﬂﬁeﬁlbﬁw Qfi r &1i%W F9E€waASH these
obtalned Jn Figures 5 and after 10 treatnment wth a

sé’l G819t nmetal ions for a netal plating using an
el ectrol ess process. Localized plating about 30 nm

p'Elxﬁ@nﬂME.t e t hﬁc*ﬁ?@ﬂ?ion' bBeEOPPERPSEMNERY ARLERWRE BY THE
EW Sel eCt | V '¥HYL (AMMONIUM TETRAFLUOROBORATE) ~
DIAZONIUM TETRAFLUOROBORATE (DZ-NH;*) AS COMPOUND OF
FORMULA (I)

This example is used to demonstrate the selective
formation of catalytic palladium aggregates on 200 nm
wide copper lines by the prior grafting of an organic

layer using a diazonium salt (DZ-NH;5*).

The specimens and cleaning solution {Sciean) and
catalytic solution (Scara) were identical to those
described above in Example 1. The grafting solution
(Sgragt) was composed of 64.6 mg of DZ-NH3;" in 100 ml of
acetonitrile.

The copper/Si0O, composite surfaces were cleaned using
the same protocol as described above in Example 1, then
immersed for 15 minutes in the grafting solution, then
rinsed with a 0.1 mol/l aqueous sodium hydroxide
solution and then mordanted by the catalytic solution

as in Example 1.
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15 capped w t hout producing short circuits between

these platings. EXAMPLE 2: ACTI VATI ON OF COPPER LI NES
AFTER CVWP BY THE GRAFTI NG OF 4- ETHYL- ( AMMONI UM
TETRAFLUOROBORATE) - 20 DI AZONI UM TETRAFLUOROBORATE

(DZ- NH3+) AS COMPOUND OF FORMILA (1) This exanple is
used to denonstrate the selective formation of

catal ytic pall adi um aggregates on 200 nm 25 w de

copplér ekiameg apyi orher préoreqr ahvknghofwran oxganhc Example 1
| aygbvHsi Ngha dh@%ﬁﬂyunééﬁé&tigg'h%@f%agb Sggglqggfladlum

and cleanlng sol ufion (Sclear cat al yt
so?%??%%a?%ﬁaPéYmReWethEh?|éﬁpp?é LthBSE- 30 descrlbed
above in Exanple 1. The grafting solution (Sgraft) was

CoERRRets % A Vhaon e (Eorbte LENEL Brrmp. oy T

cl CRAEBING| n§F 3ETHE-ENSRIAMINE COKERA) deasr | [moMmtiuNre OF
| nedpgapA e () then imersed for 15 minutes in the
grafting soI utlon then rinsed with a 0.1 nol/1

aqueous sodi um hydr oxi de solution and then nordanted

byriihe catahytlec 5o Uiden @§ icﬂbr@r@é@f@té— ‘Aﬂe %Fé\'iectlve

ex mnatlonr veal e not s in Exanp

above 2 th gmilatsaglﬂétdﬁ VBa%:gﬁéPV‘or?Qﬁre&eﬁqeasdlﬂ?n 200 nm

aqu@fgat:espplruritbnﬂst hoy heheopperod i questt bndEXAFPllh Jrganic

ACl'IgE\}(ebg'llg\_lugD!f: EOPPER LI NES AFTER CVP BY THE GRAFTI NG
HYLENEDI AM NE (EDA) AS COMPOUND OF FORMULA (1)

10 This exanple is used to denonstrate the selective

f ormeat pescefiueat alayt i £n palbagi %1%&9r§cg@ﬁte§cé3ﬁ 200 (Ame ¢
ratlng of an organi C

h
I ay’é“’}m%‘g%) % %%aggigg%g %Bgrﬁlcggf e s ioh ShRAdtyi ipbisflution
i demscaling tofat 96f g Exdnpkeh2lahedéambdt tiv s 0OMEM1 of

Widdy & grad ti g sol ution consisting of 90 g of
ethyl enediamne in 100 mM of deionized water.

SEM examination revealed (not shown), as in Examples 1
and 2 above, the highly selective formation of

palladium aggregates plumb with the copper lines.

EXAMPLE 4: GRAFTING OF VARIOUS DIAZONIUM SALTS ONTO
METALS

This example is used to demonstrate the spontaneous
grafting of wvarious diazonium salts onto copper

surfaces.

The diazonium salts used in this example were the

following:

- “Diazo NH;": (DZ-NH;5") 4-(2-aminoethyl) -
benzenediazonium, tetrafluoroborate disalt;

- “Diazonitrile: (DZ-CN)": 4-cyanobenzene-
diazonium, tetrafluoroborate salt;

- “Diazosalicylic: (DZ-SAL)": 4-carboxy-3-

hydroxybenzenediazonium, tetrafluoroborate salt:;
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20 SEM exam nation reveal ed (not shown), as in

Exanples 1 and 2 above, the highly selective

formati on of pall adium aggregates plunmb with the

copper lines. EXAMPLE 4: GRAFT|I NG OF VARI QUS DI AZONI UM
SALTS ONTO 25 I\/ETALS Thi s ex%?rrp'le is used to-

denonstrate .t eo L ng, of vari o

di azoni um sal s onafo corplpeer %a%\; 30T eduloxo 1H, 3H-
mhﬁﬂﬂﬂQﬂﬂk#ﬁQQhIEmﬁh@TﬁTdﬂ@i@manple er gethe £ luoroborate
faldigwi ng: - "Diazo NH3+: (DZ-NH3+) ": 4-

(2- an1noethyd$ 35 benzened|azon|um

tetrafl uorob leﬁ@lﬂ?@glopfl (DB-AESRTril e: ( DZ-ONgarboxy-4-
4ndyranokenzaneti L @ziam U et el f Bld M Obor at €3 58) tand

"Di azosallcyl : af boxy- 3-
hydroxybenzene&iaQﬁéﬂﬁ#Zt%QQQQIUOroborate9§ﬂqqxxﬁfqzene—
" Bilg@zoanhydr it (dZ2-vaNH)Bo rat 8-sh Ioxo- 1H, 3H benzo( de)

i sochronene-5-di azoni um tetrafluoroborate salt; -

"Di azoNO2/ COOH: (DZ- NCOOH) ": 3-car boxy-4- 5

niTtYeSEe iAeieti véohi Wi dt B r aF PHBFBb6REt redittindamdlutions
" Biyaz 0 GOOH HZs COOHL . méneabhexy henzene «diaz giiyn.

tetrafl uoroborate salt. These salts were used to

produce the grafting solutions 10 Sgraft 01 to Sgraft

11 nmentioned in Table |V ITABLE IVABLE |V Reference
Conposition of the solution S raft 01 DZ- NH3+ (64 6

g+ 100 tTacetoni trite—Sgraft—02DBDZ=CEN{(434Hrg—+
3 hitrile SpwResiBioy-afrtiersalution 100
f6eL o0t | e pBoratt @4 RZANGOGH 1(BF.2 Mo tork0d Mo
cefonitrite 5grart 05 DZ-NH3¥ (64,6 ngy + 100 m
Zﬁ ALt D2l ol 31 DA GHnf? 394 SpFlaft HE0 fmemgnat:ﬁhle
b 1904 0acel oni brihen +62.g EMAPE* 100 ml acetonitrile
Sgrare 04 DZ-NCOOH (56.2 mg) + 100 ml acetonitrile
Sgrare 05 DZ-NH3" (64.6 mg) + 100 ml acetonitrile
+ 1 g TMAp'™
Sgrart 06 DZ-CN (43.4 mg) + 100 ml acetonitrile
+ 1 g TMAp'"
Sgrast 07 DZ—-ANH (62.4 mg) + 100 ml acetonitrile
+ 1 g TMAp'"
Sgrast 08 DZ-NCOOH (56.2 mg) + 100 ml acetonitrile
+ 1 g TMAp "
Sgrare 09 DZ-CN (43.4 mg) + 100 ml H,SO4 0.1 N
Sgrage 10 DZ-ANH (62.4 mg) + 100 ml H»SO, 0.1 N
Sgrare 11 DZ-NCOCOH (56.2 mg) + 100 ml HyS0; 0.1 N
), TMAp = tetramethylammonium perchlorate.

The specimens used were 5 x 1 cm? silicon coupons
obtained by cleaving from a plane silicon wafer (i.e.
not having etched features) covered with an
approximately 500 nm Si0O, layer, a 15 nm TiN layer, an
approximately 50 nm copper nucleation layer formed by
physical vapour deposition and then a thick

(approximately 1.5 micron) copper plating obtained by



Sgraft 07 DZ-ANH (62.4 ng) + 100 ml acetonitrile + 1

g TMAp(*) Sgraft 08 DZ-NOOOH (56.2 ng) + 100

acetonitrile + 1 g TMAp (-' Sgraft 09 DZ-CN (43.4 ny)

+ 100 M H2SO4 0.1 N Sgraft 10 DZ-ANH ( 6 2 . 4 ng) +

100 m H2SO4 O . 1 N Sgraft %1 DZ- NCOOH (56.2 ng) +

100, m %eodft } = Letranmet hyl] anmoni um

pet chf or i &2 C % Tﬂje§pé@lﬁ§hsw6§ed 8Fe Boxighegp by CMP

sipe Liovh compormse r ob‘taa]lmeotkhsy ojraawrmgss‘romatp{me copper

Si fer. 5 hed features)

cob%%ggaaf £ém§ ?gg%%g el y ds ggldfslgferdelli%r 3

nri 131 4 aj%%quﬁviﬁiQﬂﬂar@@P@ﬁﬂelyusﬁaﬁﬁ1cb@pemg the same
5 nugdgatd oni drayeksf ordRd byopphysi ¢alywapoul £deposihLon oyp

a dt t hi ck (apprOX|nater 1.5 mcron) copper

%ﬁmﬁb ained by - 43 electroplating. The wafer

mas t hen polished by CW polishing over half the
n t (¢c sem - pol i shed"
r§ﬁ$ gé%pgés Qngé % %%gedm%§ﬁ§ % %??9e?8§s§50 gutes
sdﬂfa@@ehévmmg @ﬁet@aﬁbr&vcdﬁpos1luthms pheseoppér above.
10 tr}ﬁ@&@r afeer qtipg NP Eflgat PBhtat 168 copp ﬂgl.“ds organlc

prepa ared were i mersed for 30 minutes in
1 SSgr AT t ORBCEEPHL | GRS S dxEMBPapbetly 1(9€Af—t3éﬁnt to
3G i nuties,ingheoberaatibas Of)egf@flhéd orgadi G dddmedathus
e n erfect i stant to th .
r|nS|ﬁ§Q%ﬁé$§$l%€§i Qe orﬁeanf¥ﬁ ¥Fé&8§Eﬁﬁ&sa%sorptlon
tr%%%@mn&l@&% byndnfCﬂalaedyr eflectilom formation of
15 aksprpt b95an§EeCt roSIGEPY EL{B%@:J_QBC' Cl%&ﬁ/ Show the,nys

formati on of 15 an organlc i I mexhibiting absorption
b @ Tiidriatt’sr i of i EDBf ftuﬁétflé?ﬁétll &Faﬂulfg?r o%érh%l@rbé‘d the

byp rtefve r sarre elirasain idiraZenitsn s& thowds Shombid W akd Bl
bel ow. TABLE V 20 Nature of the inmersion Miin peaks

(cm 1) solution

TABLE V
20

Nature of the immersion Main peaks (cm™')
solution
Sgrase 01 1608; 1511 -
Sgrast 02 2229
Sgrare 03 1742-1782; 1600
Sgrart 04 1384; 1529-1492; 1617
Sgrast 05 1608; 1511
Sgrast 06 2229
Sgrase 07 1742-1782; 1600
Sgrast 08 1384; 1529-1492; 1617
Sgrast 09 2230
Sgrase 10 1598
Sgrart 11 1734; 1589-1540; 1355

The tests were then continued with diazoanhydride
(Sgragz 03) which 1is a good marker in IRRAS. Only the
results relating to this diazo compound are given here,

25 similar results having been obtained with the diazo
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S graft 01 1608; 1511 S graf 02 2229 S raft 03
1742-1782; 1600 S graf 04 1384; 1529-1492; 1617
Sgraft 05 1608; 1511 Sgraft 06 2229 Sgraft 07
1742-1782; 1600 S raft 08 138?' 1529-1492; 1617
Sgraft 09 2230 Sgraft 10 1598%%graft 11 1734;OI .
1589-1540; 135 he test e_then continued wt
dicgézamo%% rg%srig%eétfgg%%f ?alagfw?mgl eR°I'S a good marker in
IRRAS. Only the results relating to this diazo
COﬂﬂgﬁgdréé@lng%th%ﬁ%tE%%fﬁﬁnkﬁéufgsgtt%ﬂyaﬂ'g%%ys the
been obtained with the diazo - 44 - conpounds Tiste

i A IV aBbve tiPhesE FldsiNg s aFe Bl oftlag tilenFi qufr e the
8, irwtd £di showsmé her vaei abugdnef ihhe;kﬁ]aj‘rtamraf $lution,
function of, th mersion tinme o e _coupons i'n

t hscrehggvflar%q i %BesEIPUR?‘KSOrﬁpesqswtoti/ﬁnhg‘%?%et{‘?ﬂ?ﬂéagﬁéét ,qj.,ﬁz!%rlayer
t el tggaf tved- idivew o ienpers icaf t edmear i ofis 4,mTErCsi oBOt i B8 60
(ﬁmfﬁuégg.soIﬁndéﬁlsrnPP §§e,Intk@'SéﬂéUge’aﬁhethe top
curve at the top corresponds to an i mersion tinge of

2 FRMRBCHN FReAR1GWIRESd Arhatine| ¢ Hw2 dovinugeds anahd-hen

i tHddes otdet, f@QﬂbF/Sprbivﬁb@ﬂdBTersé@? t%HES t@fi s10.0rder,
30. and 60 m nut es. t. my be see a e ,
charac Seprcfrﬁi ° ab¥BT Pt o bHRES ngwhe3éii%%‘5 PP 1R AEes -

nmore intense as the tine in 15 contact with the

raf ti lution_inecr es, [ . be.attribute
P HoneTI Sat on oF the Frrbicitrastic SRk Budtapnas
el¥ewféfe €hato aflilme aggnemprpe, intense hiskngds time in

changedd idite. RO §EH@EE¥g EBQuagB%nQ%@ﬁ%EQ%§€ %hich may

shows the.IR}RA spectr or. two di azoanhydride | ayers

obt%ai Hed By i’gi Sn(j%c?r“ 't €3 at PP obml s since it

t eigrer abseeved t mbssehkerpol tished xopper ssehacesimd, a its

grafitdng soldtd e gont@iping 2 x 10-3 mol /1 of

di azoanhydri de 1'h acetonitrile, one of
Finally, the appended Figure 9 shows the  IRRAS spectra
for two diazoanhydride layers obtained by immersion for
30 minutes at room temperature of two semi-polished
copper surfaces in a grafting solution containing
2 x 107 mol/l of diazoanhydride in acetonitrile, one of
which was then treated in an ultrasonic bath in

acetonitrile for 1 hour (top curve).

The results obtained indicate that there is a reduction
in the intensity of the characteristic diazo peaks, but
they do not disappear. Even after one hour of
ultrasonic treatment, the diazo film is still perfectly
detectable, which 1llustrates the strength of the
chemical grafting on the metal surface of the composite

material according to the process of the invention.

EXAMPLE 5: PRODUCTION OF SELF-ALIGNED BARRIERS USING A
GRAFTING ACTIVATION STEP: ELECTRICAL TESTS

This example is used to illustrate the improvements in
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25 which was then treated in an ultrasonic bath in
acetonitrile for 1 hour (top curve). The results
obtained indicate that there is a reduction in the
intensity of the characteristic diazo peaks, but 30
they do not di sappear. Even atter one hour of

the diazo film.is still
per P g PEn e PR P ed Uhy CHARP dra bt “trsdciBagi he
fpfﬁ@eS%h@ﬁ1ébE gnaﬁnmngnonntmaanaqﬁlwanﬁ@meobfcémpb51te

co i a di ro
] e e b Rt Dokt bRel QPR ATt 1 ianed

ERS TSI NG A GRAFTI NG ACTI VATI ON STEP. ELECTRICAL
TESTS This exanple is used to illustrate the

- rfor Cc rOV|ded by
grd%?x%gegéidéglng f%f%i&gn $ag% SE0FE T het nv%%?lo%o¥% of
ttﬁﬂ%&ﬁx@%ﬁ$@npbateogpogﬁt@etamfaLESyduwemgtﬂurmed using
fapii caldan el Goallgegd phaLhiofs. 5 18,49 thig, s

sel f-aljgned barrlers in S eGUrol ess”®
pl BRI TGP Y Tetatent oys 57\/9@%5f%1:@red using an

el ectrol ess sol ution based on a cobalt salt, Ias

cribed.i Pat ent US 5 695 810. 10 This sol ution was
ugléhdl?osaeﬁ& f Wi% U88% CRppEPOsditt fUSF8h T r Rercopper
knﬂxﬁﬁuﬁrqneSS*gnemmhkQataﬂyzedomys§1§z¢WﬁmeﬁGeaQ§zed by

p%ﬂé’ f@%éﬂggeﬁﬁtgéil% aﬁo%gﬁEgggbggd \Mtﬁ$%ﬁ§10ns and

protocols, on 't eani ng
citt c PAGT@LCdRd, BR tHeeottier hand, féprpatlediimy (with

aQ%MMﬁhtO@caHSdtBﬁﬁﬁ descrdrhed abeve hﬁngﬁgrﬁgg %@i@galum
t.rates use ons O
ilueztvllrvnagtle%r}:haerde ‘?%eon‘i(%‘?%ﬂ% %&%Y%.h@ ’é%mPiﬂethe

20 previous exanples, an SiQ2 | ayer (the dlelectrlc)

a THN dayelxa @ Lopben huckeation, | ayer foripd By, o poq by
ph si cal Eour dep05|t|on and a hIC %opper Iayer

]ﬁ%’eld‘goy enget ropl B 9Thg VaAaRE St herPe ¥ baied, byasa OVP the
Sttﬁ@v_l_lirdusl eddi®1d sl ent rdiv,| 1Rge W@ RSt iR8 | 5 TiN

Sﬁﬂﬁkhﬂg a copper nucleation layer formed by physical
vapour deposition, and a thick copper layer obtained by
electroplating, and then treated by a CMP step until
the dielectric 1lines were exposed. The starting
surfaces were therefore composite surfaces consisting

of alternations of copper and dielectric lines.

For this example, specific features were chosen. These
are shown in top view in the appended Figure 10, and
are etched features of the “comb/coil” +type, these
being ideal for testing the electrical performance of

the platings obtained.

Specifically, the tracks shown in Figure 10 are copper
tracks on which it was desired to produce a highly
selective plating of a metal Dbarrier. Once the
treatment had been carried out, the “leakage current”
measurement was performed, by measuring the electrical

current flowing between the comb and the coil, when
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25 surfaces were therefore conposite surfaces
consisting of alternations of copper and dielectric
lines. For this exanple, specific features were
chosen. These are shown in top view in the appended
Flgure 10, and 30 are et ched*¥eatures of the

anh/ coi t he beln i deal, for testing the
elccecet Ti C%Fepgxr@é t R Gty sTbbt & feee - If the
Specitfireal Ly, thra$ab«stsh®mntm@vE|guserﬁﬂ amercoan&muit

35,d1,acks Ocrhé"h'&!ht%é eredcéﬁ pr %Ce hd M9l ured
sel ective platin a neta arrier.
t ettt r@wrb%@h céﬁrlé@QﬂHlCQHma"¢©ak9§@8@urr@nt" that

n&ﬁ&uﬁﬁﬂﬁﬁtaﬂﬁ$f@£riﬂﬁﬁ@dbﬂbwegﬁaﬁﬂﬁérﬁbﬁgecgbﬁggrkgﬁcks
bet ween .t he conb and the coi

rrent flo
t& wete sg%f§EF88tto%@ﬂﬁﬁenﬁ%%ﬁu%ﬁffe?enééghlf lﬁ@kage
Mannqpu% uétﬁa$@dmad\mwhiamrehbsSnQHﬂﬂnﬁh@lp@ﬁh&ng on

bett Vgee@ogg grcgqpl%sa gast hgogobeEnandeltehc msaszg? % test 1is

| eakage current i1s identical, or closg,
MEYSUY 6P %t d#ﬁﬁ%%%r@Sb@tﬁeeglﬁhehbateccoppet racks along

At Hhe @dight@gt %@Q&Hd@éﬁ%ﬂtto ?éﬁ@ra{gaKQQSh leakage
current” is detected, which shows that the plating o

t FE ISP | thest hast ot boeh Sersssare. fﬁFs‘ﬂEétHL@tlng
evervauyse drastie asbaissi nglre sheidr CideCUidbtRQINt relevant
alang ;1Q the coil is sufficient to generate high

Ieakage currents. It is therefore necessary for the
plating process to be robust in order to obtain

I ele@ant th& e%ﬂﬂ&t@igéé'leﬁv%ret he, St r¥el L&rzetﬁhé(ver %jfiléChhad a

that the_coil a_total Iength of
E&EH 3oupBRIS d?ﬁe&z carfi etl séWbraEa§Pru%¥U?%% iSpecimen
whaahudmasquﬂmam;ixﬁwwﬁmmeﬁhEncoﬂbahaﬁdotB@a@@hb Was ween

diteren, eagh I, This fRde it possible 1o fest. p
on one an € sane Speci men, ecreasi ng sizes of
sP@Q@t&ﬁeEéﬁH”ﬂb“ﬁéﬁ%n%¢$hteO@h@nebénéfths gbkmehepecimen,

C@@@k%@sﬁ?@hnﬁiﬁgylgﬁﬁ EB@uFt??égenﬁi%%%tqgfﬁaﬁgggﬁfe the
rrespondin s are plotted in Figur
%eff%gg ended ﬁ%@ G hi &R ORe o8k agé rculthént finest

(smructures

The corresponding results are plotted in Figures 11 and
12 appended hereto, in which the leakage current (in
amps) is expressed as a function of the etching
dimension, i.e. the distance between the combs and the

coil, in um.

Figure 11 shows the leakage currents obtained for
specimens treated using the conventional processes of
the prior art, and therefore not forming part of the
invention, namely a copper/Si0O, composite starting
substrate and the Cu/Si0, composite substrate after
cleaning, palladium activation and electroless plating.
It shows that the leakage currents obtained are higher
on the finer structures (in particular the 0.2 pum

structures) .
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anps) is expressed as a function of the etching

di mension, i.e. the distance between the conbs and the
coil, in pm 30 Figure 11 shows the |eakage currents
obtained for specinmens treated using the conventiona
processes of the prior art’ “hd t herefore not form ng
part. of the. inventi name copper/ Si Q2 conpos

S?Iran’Jﬁ néesslenssti"ﬁtea]g'nd E%f CSZP]EC)%%%SlatS oSyt Hm
smrﬂuauwr@ﬁt&ue35hobeammqyuqmﬁﬂaﬁhlm1aaolmaHUchnuﬂogy,
e'vﬁﬁtlreo' ERa ngﬁld ﬁ@g\%t'ét}%‘ii t{}? %akagg or 45 nm

currents obtail ne on the Tinér ’'stractures
(15 e A e Vt‘hélcb @ gwckstmcam WRESYesATve Thi s
result is all the nore irksome as the 0.2 pm
V\H?ructure are thosg encountered in 130 nmtechnol ogy

1B el St TRt Er & eﬁc&%ére%b‘%arﬁw 65 6P645>rr?rﬂess of
t€MMNﬁMMRm$leuWHebeaﬂgﬂhﬂﬁﬂﬁgEEKH@SSBVélrEtEngﬂSerted

Sh the resyl ts tained i it oces f__the
i ﬁlven?):lfndr?%hen a%gr Zaﬂcl%ng tgl}eeep p|r1@‘s Rasy acﬁcslgfr Tf™in
oﬁﬁéﬂqwimmhaﬁ@§@¢ﬁﬁpaW@%d|Uheactuvaﬂlo@verﬁél for the

f aldiow g TequUeneenas tdiencuseds qyesat | fgqrafttll%gloof the
actlvatlon cl eani ng of the support; graftin t he

cyStEGAHE Usi hg' Phe ﬁPStoé&OQﬂﬁﬂ%lb %5%669% |nabove in
Bargie €l ; 1pabbadau&uac&mw&ﬂvaﬂloh.eLeéuéeke&SeBbaq;ygtlng

th aka currents obt ai d ar
sdbstan? omg%h%%an h§§%ﬁc S ai hied” 3 %%eomnﬁﬁnfﬁ are
15%1mﬁﬁe'muadrﬂax{ proeesshehn ttheser igrtained wabehiedoésh the

NetonJdi Ui 1@ sE6P- 05 g)“fafﬁﬂepgpﬁlgkf WGt 0P ch does not
precursor of formula (I). i S inportant to note

t HACUTE sangteBaPradit talaq v%\t‘ijbﬁuBFBiLBB%F R&§Ugs@r of
|rfdnmd1a:ases 2Dt|tls slapemtﬁate tdt eyast | AGatto HRée same

I’aﬁ%tl’laé;riutnheactci I’})QB (grot\{]% esr lé n<§S I ntg_)l'\{v cases.
ried out - accordi ing to ow ng sequence
grafting of the cystean ne as |n t he protocol defined

ahave jish Exanpl Rord; patbadsumhactiyati®obe amkhe,  if - the
el ectr.ol ess glat t he 25 asur ed. Ieaka%e currents

af@ﬁgﬁﬂ OOH%%I goppﬁgt ines is carried out

accordlng to the following sequence: grafting of the
cysteamine as in the protocol defined above in Example
1; palladium activation; and electroless plating, the
measured leakage currents are just as good (i.e. Just
as low) as when the sequence is preceded by a cleaning
step. This therefore illustrates the very high affinity
of the grafting precursors for the metal areas of the
composite surface, which are capable of “evening out”
the properties of the surface Dbefore the step of

mordanting with palladium.

Figures 13, 14 and 15 are SEM photomicrographs at
magnification of 50 000, which show the morphology of
the platings obtained on 0.16 um etched features,
respectively with the conventional protocol not forming
part of the invention (no grafting), according to the
invention, 1i.e. including a step of grafting cysteamine

as difunctional precursor of formula (I), and according
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as |l ow) as when the sequence is preceded by a cl eaning
step. This therefore illustrates the very high

affinity of the grafting precursors for the netal

areas of the conposite surface, which are capabl e of
"eveni ng out " 30 the properti%s of the surface before

the st Eg rmrdantl ng wi th palladium Figures 13, 14
and® 15"&r & Phot S/iEePEGr aJprhs EXPMPRggnt f PEAMEen Bith or

szﬁﬂﬂqunmcméaslnnw tchel gvor pholkagy ngaft3l5u;t hetgpat imgstly,
Obltt‘;]" Q%g ok_r)te s]ée% pg}qgttched feat 4 pﬁespect [ ve% yfcowse’

convention pro%ocol n(§3tC ng par?
t HelReRient | OAt NG hgr aPTOPGYS accgrrdllng tte t hee invention,

I et i gn, koe sbPC|Hgbngtﬁa§tephéiu&@§fﬁin%r fti step
cyst eam ne unctlonal precursor of fornu (nl%

and B n@lguﬁ%s t 63t &St otlddol R d neBhph E%Qt%‘ltécal
1 mqarmld@ﬁds Ofaran tdnnalrcéoeamlrtgl Praror wti@ Hdhe: cleanlng

A Firstl be se . t hat
ap:alcotglﬂl\%:l ty&los o%ft ki Step %Oéttf?%]?e YH 55 ]pfo%[é%
accordl ng to the inventi on 5 that is to say one that

"Véﬂ%kgﬂééﬁﬂégééﬁ§h§te9t %ﬁg”@qg% %éﬂgéghlghggdt%é)ilne

and that i dent1 cal ies are obtain
WHSTORE S PrT o?et%Ctﬁfél)grra@@ltﬁgeét érzi (cél@w@snaétmq

Fkgﬂﬁﬁs ﬁés@D0515bt Hhovel)y, acdyoah ageads!y.ad ta M¥sult of
SQ be seen that the line resistances ar

dett ct abf th%%l Fickd VB he gt aPEPRGSSstehq %teﬁfll PLORGSing
sHown) , thmllctdtrm:amgal ﬁaald;&&uttt of the grafting
activation, a process which is promsing fromthe
i ndustri al st and 15 EXAMPLE 6: REQ OSELECTI VE

SpAL ﬁ@FWE%@TESFWWQ}?AW NGPSHEADIUM
TRGEREGATES: VIR s GRARTING WIHEEt e the control that
the 20 grafting allows in controlling the densities
and sizes of the aggregates obtained during a
pdihigdiexanrdet ivatiord stepil Castrate otbheonoCuiSLORhat the

CoMmEsiitg sirfages: hdenhikeah 110y 29d hases usads ahgyesizes
in Exangle 1 was a sequence conprising: a cleanln%
ngp, 5 8yst%§ﬂ¥ﬁ%a5?§ftIﬂ%talned during a ladium

activation step.

Carried out on Cu/Si0O; composite surfaces identical to
those used above in Example 1  was a sequence
comprising: a cleaning step; a cysteamine grafting
step; and a palladium mordanting step. The solutions
and protocols used were the same as those described
above 1in Example 1. Only the concentration of the
cysteamine in the grafting solution was adjusted. Three
grafting solutions were produced:

=~ Sgrast F: with a cysteamine concentration equal
to one half of the «concentration of the grafting
solution of Example 1, i.e. 56.8 g of aminoethanethiol-
/98% HCl in 100 ml of ethanol;

- Sgrare M: with a concentration identical to
that of Example 1, i.e. 113.6 g of aminoethanethiol/98%
HCl in 100 ml of ethanol;

- Sgrart H: twice the concentration of that of
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step; and a pall adi um nordanti ng step. The sol utions

and protocols used were the sane as those descri bed

above in Exanple 1. Only the concentration of the 30
cysteamine in the grafting solution was adj usted.

Three grafting solutions vier’e? produced: - Sgraft F: _
w.th a .cysteam ne cegntratjon equal, to _one half of ,
théemcm nlc%ni’ra%i'sn %gnit‘ e Graft Py O%BP@PFBElB#béﬁénﬁ% in
1,1G0 enl 56 &thagfolam noet hanethiol - 35 /98% HC1 in 100

m of ethanol; - Sgraft M with a concentration

identical to that of Exanple 1, i.e. 113.6 g of

arftifset Hatfet P df ¥ 98% HO PACYB0tANgoRast kamalied out with

Sgr afafaltlidmmcesazlgg i%QﬂCQ?E_ﬁ@_Emet ﬁa‘o t Fﬁétlo;ogégEiE&mp_le 1.
e i.e. .2 g of "am noe net hi o 0 in

1 neﬁisa?éet%@tﬂq eF Ot HE 1GPaf 27y tiEheS ABF d At dRgr t ing

was adaradledweut witdd 5Sna bl | atieunpsotasi @t | deat ikadsent

t%&g 1 of Exanple 1. The same nordanting sol ution

and the sanme nordanting protocol were used in all the

pl ates of the present exanple. 10 Figure 16 shows an

SEMphat o1 @t sx8Rs0Q0, nagwi bheabi ot 050t BEor §8WHi¥ication
Obtfﬁl qu with a grgftl,ng step using the grafting
s8uti'tn Sgratts FePERGOFE 14 tohdwed Tkt tRrgufteP Using the
olotran frreichoMstdl utheorgrat i np. 15 solution Sgraft M and
Figure 18 with the grafting solution Sgraft H It may

be seen that, with same pal | adi um nordanting sol ution
arfd-9nI6t ool sSheote Ebacamtsudttisorrfagredt vhgh 20e grafting

PrRaWtsen i v the omgaphg bath,akl ows thedensity andrring
the size of the aggregates to be adjusted, the

sOIUGTOR™ SgrdftSH in fact delivering a greater anmount

of palladium plating than the solution Sgraft M

ST SST JLUES Byl SRS Ll LI IR N
t F&XUGrart | ApdhaRr Ao edorfitfaneorepetratihe qual ignafting
Oforiche rselrecih vithe organic .bath allows the density and
the size of the aggregates to be adjusted, the solution
Sgrazt H 1n fact delivering a greater amount of palladium
plating than the solution Sgrare M, which itself gives a

more dense plating than the solution Sgrart E.

This also reinforces the notion that grafting has a
predominant role in the quality of the selectivity
obtained, since it is identical whatever the density of

aggregates produced.



10

15

20

25

30

35

obtained, since it is identical whatever the density
of aggregates produced. 30 - 50 - CLAIMS 1. Process
for coating a conposite material 5 consisting of

el ectrically conductive or senjconductive netal
areas, and electrically non-conductive areas, the
sai d process conprising at 1east one step of

el ectroless gromh of a netal layer plunmb with the
said electrically conducti&eMSsem conductive net al
areas 10 characterized in that the electrically

q%gctlve areas of the conposite material are
 f or TR F oM brHani ECBELYRer s and GARGsEtte prigterial

to:dér’l'EEl$’(alrdg @feéléOtES‘e&ag[LQV\&:bnsiﬁJ%lﬁ,lv"eh%rsaééinﬂf&?cﬁﬁf:’tlve
one rst ste

f %éthaef n?f%).)s ' ng ie%tc l%%itlgy ng(s\/é:lo%uc&;v&gtqws , the

formng hucl'e |on ayer
gr%ﬁ%dru;RﬂOQQ$S orgamPClgﬂngrgambnetkﬁdstc f ohm onstapd of

0N e O o 1S é%%&kﬁlsﬁté'ﬁ@kgi QQ?QQC ﬁ%ﬁﬁgw1th the said

se conductjve netal areas, ngi said
it er FandrRfevec ottt a%%mw:@rhdlacgbwt mefadf areas,

orcgmnarmrmganmmet@mét c,th%O Qlé@ﬂﬁlt@my m&%&ﬁﬁfctlve

f f all f in_whic

° gé}g aggrgupn%a\?%ﬁ%usdt QgFGSﬁé{) rae%ﬁ:t |n\?<-fr Eﬂ@’ﬁ?@alfrom
fmmﬂanﬂﬁzﬂpqmwmgﬁ$heas®|dlorgahat pr ecipgor to25 tthe besaid
cqua atd e andgseleqt ively athached { opigg%sgurguarcc%eo more

the said electrlcally conduct| ve ‘area
spPAtEM IS cdbal &REISY | i9k@d £drAtandtero B f- Kormiag a

Ilﬁuﬂkﬁaﬁﬂwﬁ|%&pe9d@wihoéﬁmbﬁ@ orBﬂéiﬁ%éﬁéﬁﬁE@§W@ngf an
t one |igan unct i on metal ions or

éﬁggggregate a??@ﬁtaf£ §§§1aPP0mrﬂ§Ptﬁély on, the
céﬁﬂkbx&ﬂﬁ@ﬁr@taﬁéwalcpodsctand/oorrmﬂ&mlamnﬁmmﬁﬁmés metal
3ardadr 0%%%%&%%?&&& C-aigm éomSQQ_{@%t %étz&gzoélf into

he filmhas a i ckness of bet ween and
tha%éé(% wlth solution of organic or organometallic,

difunctional precursors of the following formula (I):
A-(X)n-B (I)
in which:

- A is a group having at least one reactive
chemical function allowing the said organic precursor
to Dbe covalently and selectively attached to the
surface of the said electrically conductive areas;

- X 1is a spacer arm covalently linked to A and
to B; ' '

- n is an integer equal to 0 or 1; and

- B 1is a group having at least one ligand
function for metal ions or for metal aggregates, that
is to say allowing the complexation of metal ions

and/or metal aggregates.

2. Process according to Claim 1, characterized in
that the film has a thickness of between 1 and 100 nm.

3. Process according to Claim 2, characterized in

that the film has a thickness of between 1 and 10 nm.
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3. Process according to Caim2, characterized in

that the filmhas a thickness of between 1 and 10 nm

51 4. Process according to any one of the. preceding
clainms, characterized in that_jt furthernore includes

a nDrdantlng second step dUr?%g whi ch the organic or

5 organonetallic filmfornmed on the electrically
conductive or seniconductive netal areas is brought

into coMraeesw tdcembimantiang asyl ubinen oﬁnptmsirgxeceding
e'éﬁ§{m§1 LRaBLPOL: PEECURSRE QT 12 %%&%H%ﬁ?d?gf¥%_ udes a

or | east one precursor of a catalyst r

déb%%qi%%hngtr%e%%% SE&hd SErépdbeAgChar Ehed ougamic or

ther@amnétmla@ orfafher Jltclhﬁnédrftorstep%cé f@lred’tgclcally
anic or. or anorret i.c film 5. Proc

accoréol)l‘1 i'hg to any Cﬁ'lec’:ﬂ'rveeceaﬁeﬁ(j‘ 1%“8?5“ rﬂss brought

chiarttet exdrzerct n wmn |a frurtderiniore iswludies; defmriesing

tfga@ﬂ@p Qé fé§§%r8 s rgEgﬁEgrO%ftgeﬂg§§¥llé é%éﬂlal or

carried out, step that consists in

t hReE salléaéflgarﬂih%t aPFrEvEsRpourtt of af orqafial vl ) for its

angéms s 1 e s Al dh@r%c‘au@%e@én&h@tagt ddiifg neterial 29t at

h f ts d t a
e Tt BPP nS 6F ELATLENS gt SFor hPe of forming the

deponiomr sespewtetval yic 6£iBnocess according to any

-one of the preceding 25 clains, characterized in that

the reactive function of the groups A of the
di ¥ uncti %R SS oraififi d il 1 gandiet anki cof prideair goreceding

(ﬁcféﬂdﬁﬂacﬁbiat@e@h@éﬁnlﬁrﬂHﬁﬁuﬁﬁtEQB%h%@ﬁBan%AéNUBeS,
iical s obt alg fromcl eavabl e functi ons,
ni

ar% caﬁl gﬁf afiGSRar Bani OiRC T ERF A Igrr(?&’é?s 3&cof i ngretal
t olGleai mi6, «dvarioed eciuzed & nthtirat $hepcltéamabtensists in

flﬂgadéyk%;aE%eChgéfﬁ fJ néMé%Qle#j OQF%E%%!UQ} lﬁgﬁmula

suI honi um i odoni um an anmoni um functions and
(L y3nq Geif deBe 3318 Hi‘“r%@’s%orac%%r*élhﬁgmle@a@lalcmﬂ@terlal
CM%%Kﬂ@rpZédutﬁortbatatm%ﬁﬁiy%ﬂfﬁﬂilY@sfdgﬁbeﬁlgﬁ as a

Q1tg£ﬁy RS ﬁgééklal or as a catalyst for its deposition,

respectively.

'6. Process according to any one of the preceding
claims, characterized in that the reactive function of
the groups A of the difunctional, organic _or'
organometallic, precursors of formula (I) 1is chosen
from functions carrying lone pairs, radicals obtained

from cleavable functions, carbocations and carbanions.

7. Process according to Claim 6, characterized in
that the cleavable functions are chosen from
disulphide, diazonium, sulphonium, ilodonium and

ammonium functions and alkyl or aryl iodides.

8. Process according to Claim 6, characterized in
that the said reactive function of the groups A is a
function carrying lone pairs chesen from amine,

pyridine, thiol, wester, carboxylic acid, hydroxamic
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function carrying |one pairs chosen from am ne,

pyridine, thiol, ester, carboxylic acid, hydroxam c 52
acid, thiourea, nitrile, salicylic, amno acid and
triazine functions. 9. Process, according to any one of
the preceding 5 clains, chardcterized in that X is

chpsen fraon | hear br anched, al kane chains;: the

phen y(f]'e‘n etqglroodufp%( - Osrﬁgg 5 l;bfea'p h esnaﬁ ller\éPlg? ‘ou pasml e ‘acid  and
subsidzinedwiethi @ ®ct ron-wi t hdrawi ng  or

el ectron-donati ng groups; groups carrying several

fused aromatic rings, which are thenselves optionally
139'subs]9(’?ctciﬁ%% WGFP e Dr Hror 87¢1 eBRPon?Eondlt s ngiceding
ddﬂHﬂMH}V@h&ﬂi@@éﬁgz@doﬂﬂsxﬁﬂﬁiﬁtiﬁcbhbgénCQﬁQM§yl¥hear
of ' | ons. of these.groups. 10. Process according
toorggd)}péorpn%%éo %Hgarbere%%%%%' EéechFﬁg?e{%ﬁaP&?{lgri(zga§4 )i
irpheﬁmletrtﬁe brgand fawisttiidnstedlefviihbd edsategar-dsl fraitawing
Bl _Ehecdiruelraialng PEEEULION Sqbubr Ml fr {1dg Al veral
chosen from am nes, am des, pyridines, nitriles]
aniYTEhcpbSMat L FaA s, Bhp§Ri difestheBppyFrai mRsionally
quiunadtines,e20 withopbesanbhr ohbhe CceIRewWRds,-RINLISHg or

o) | . I} d b | at t , o
B 5 GBI QSR S SRLELS conei oo

pleds phvimdel ropdi idess athidlese ghowes hers, di sul phi des,

ureas, thioureas, crown ethers, aza-crown comnmpounds,

t hi o- crown conpounds, 25 cryptands, sepulcrates,. .

pddand<Er BTy AGFOrdicy | Ear eABY, ABPht BBl sthe preceding

i W,hgl&arfd%@m esin gﬂ%e@t?i ?iHéS,ldi/Qjahv\d eMf®inctions
and cycl odextrins; _subs u and/or . ,

?lﬁjyﬁec linoerf{e]ll i 28d . ol ECU ar ??F%ctuéeso baskd® on g tional

f pactduasalr sgr aups ;£ camdi tshei (1 )retaale 3@ heosp] exteom tadmines,

0%%ﬂ3é§ﬂ”ﬁnghéhééyanErgﬁgg gﬁggq;'dsﬁl'riazines,
Pracess according to any one of the preceding clains,

cRAPYHEESE in that t & TEOHISURERS of for mul a dugzodiipes,
arce telogdem afntormo lamd di azonponnes) ts tuRetkonal iczethdryls,

DB PRSI Bl 1 ) 20T 910U B L E s
salicylic acids, phosphines, phosphine oxides, thiols,
thioethers, disulphides,  ureas, thioureas, crown
ethers, aza-crown compounds, thio-crown compounds,
cryptands, sepulcrates, podands, porphyrins,
calixarenes, naphthols, isonaphthols, siderophores,
antibiotics, ethylene glycol and cyclodextrins;
substituted and/or functionalized molecular structures

based on these functional groups; and their . metal

complexes with one or more metal ions or metal
aggregates.
11. Process according to any one of the preceding

claims, characterized in that the compounds of formula
(I) are chosen from: aryldiazonium salts functionalized
in the para position of the diazonium group by a ligand
function, optionally via a spacer arm X; alkyl or aryl
iodides functionalized by a ligand function;

bipyridines; aminothiols; diamines and
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i odi des functionalized by a |igand function;

bi pyri di nes; am nothiols; diamnes and 53

pol yet hyl eneimi ne; it being understood that, in these

conmpounds, the said ligand function is as deflned in

Claim1 or 10. 5 12. Process>according to. Caim 11,

characteri.zed .in that the aryldiazoniumsalts

f@ﬁ&ye&ﬁﬁﬂ%%&n}wet helEapﬁlnﬁgs?? S ©P°¢ hé Pditaz ot uihese

grcmn}pohly*ca | i gaad sfadkct1 oganar €ueleaden fi®mas defined in
wrphenyl di azoni um tetra- fluoroborate,

4C?f'anlnoethyl)benzenedlazonlun1d|tetra 10

fl uoroborate, 4-cyanobenzenedi azoniumtetrafl uoro-

?qrzat ]gsipx%&%rsgxxctéow%@xy%@né%@m ?zpm L&Haradcterlzed in
etra r orate, 3-carbo ni t robenzenedi azoni um

éﬁ\% tﬂ}ﬁ&rWJaﬁfeOHW%ﬁ%&%@%&%éﬂﬁlﬁ%bﬁ?%ﬂn the para
t@tﬁﬁﬁhunwo@ﬁrame amﬂazdnimnogtba@ohmheﬁylHd@@@mlwmhctlon
1% ChEng Roréﬁa %%aipro%gﬁﬁmg Cor%d¥%zonl ﬁtra—

aracteri ze S are C ose

- f fdmagypdioaariene, 4 - éﬁnamﬂﬂQﬂ%nmﬁ}b@mze@mdn@h@mamgtﬂu@btra—

a@@dﬁﬂdﬂ@%%tecontauanQn%gbﬂgeﬁ%HQ%zo%Qu%4 PE%@?%%luoro—
accordlng to aim1l, characterized in

diPRRaEs at ecmrﬁﬂmﬁ%%m%@aﬁ%ﬁﬁ%ﬂh% e6l%ariuoro-
hexannkhylenedmagkgeA aStiBbeB&ﬁ@ea&aa©ﬁqmﬁlnget@aammoro—
0 of_ the, precedi characte

CRE ey o R e ST AT ud B Bpe an
\MﬁﬂtmﬂﬂﬁﬁnﬂmmLRM¢nﬂiduﬂZQHuum(ﬂﬁﬂrqﬁﬂunnqhmnaug/

i mrersion, by spin coating or by spraying. 30 16.

Process accordlng to any one of the frecedlng clainms,
cHaracteRcess | ACERRAIPHe 'ur Fa@dMof 11 he Chegmso tiezed in
mathert altieonsasisoohiabsal beenatdiysof copper chtaeksmine,

‘MARHn%p@%%%% %%lL, separated fron%£ge 9Ie|eCH{IC S%%phur_

r0cess accordlng °to"
clkanietiadinge@riimo acids.

14. Process according to Claim 11, characterized 1in
that the diamines are chosen from ethylenediamine and

hexamethylenediamine.

15. Process according to any one of the preceding
claims, characterized in that the said composite
material is brought into contact with the solution of
difunctional precursors by immersion, by spin coating

or by spraying.

16. Process according to any one of the preceding
claims, characterized 1in that the surface of the
composite material consists of an alternation of copper
tracks with a width of L, separated from the dielectric

tracks.

17. Process according to Claim 16, characterized in
that the width L is between 150 and 30 nm.
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that the wdth L is between 150 and 30 nm 54 18.
Process according to any one of Clains 4 to 17,
characterized in that the precursors of the netallic
material that serve for the nucleation |ayer and are
used in the nordanting sol ut i%h dur i ng the second step

_ re metal ions chosen fromco ol d,
P PR atmadraee Canpam im <hVorrecaths EL9 e dnfe 17,

smﬂ1aﬂact&1mmaﬁ utm NEgNEe S it e ;pnéa&ss’sum: rofbi dheimmetallic
%éﬁﬂaftEEQg %Qr&gtﬁbgmtﬂgORPHTEag9E§m¥%¥g9 and are

rut ent um Ium pa Ium Ssitiver
i rdiagm 1rothet eeirdan thatniLmutian allyhing uhst égcond step

rhe URe+@sm 4iRs  idhicdicm fEbﬁ“&WeﬁerQ%b, gold, tin,
thal1|um | ead and bismuth ions, ions of the

GdniYes RGGE Whe SELPREYRs, 4RET miSRRAYy lithium,
tfsefdanfm, 15a18miRiamess n&cgrmsijm[g tOthasmLﬂlﬁ rubidium,

CQ%f%elﬁglzegtrontEhﬁf gtgggﬁﬁntraﬁ 1%% negﬁ%ﬁyﬂag%um,

nor danti ng n-is1éss
Cm*qtdsartlemrmtmq@iumompaitéaﬂﬁgurat Iseéyteron@asﬁmlﬁane irg(jum,

C@%%égﬂdﬂl(Hafﬁh@%tefgﬁﬁéQGmOft@h%@%%hcalMﬁnlum, osmium,
conductive or sem conductive areas and electricall

Y.
noficoitirct Yt L BrBas MeRAIEH r cdl k! DBt heddpypnd Pismuth
[ nimrsl;em:drftg dhethPr bersbansddef aaed oifn thry aeftd rdfdes, and
CI a-| e d Q8 fharacterl zed in that the

Tedtrica Y fon- conduct i ve 25 areas of the conposi te
rraterlal are not formed from .organic polymers and in

thay thegladr 'a‘c‘:%'o'r)élln%ongHCtlea?uQr 138M CRRENCELVE7ed in
areas are covered with nucl eatjon | ayer grafted

chitentts SPHGEPF€éF§/°8n@f %%tm@%f-n he mordanting
didaingticonals sganicamri@rganonetal lic 30 conpounds

of the followng formula (1) A-(X),-B (1) in which: A

is a group having at |east one reactive chenical

f @t | Givmpdovii hgra her 2t docongahkéngr eulsest Inea gsusface
c | endd ih ANGle sgh egit&@hxt%ha@ﬁe%1te@ttﬂ%a1w f@ﬁ@ﬁtlve

the said electrical I% conduct.i ve areas;

- X1is
s e TSR TRRGVAT BFR | §TPRAKEA%Y 61&AAdcally non- Tonduetive

areas, which <can be obtained Dby implementing the
process as defined in any one of Claims 1 to 18,
characterized in that the electrically non-conductive
areas of the composite material are not formed from
~organic polymers and in that the electrically
conductive or semiconductive areas are covered with a
nucleation layer grafted ‘covalently or datively and
consisting of difunctional, organic or organometallic
compounds of the following formula (I) '
A-(X)n-B (I)

in which:

- A 1s a group having at least one reactive
chemical function allowing the said organic precursor
to be covalently and selectively attached to the
surface of the said electrically conductive areas;

- X 1s a spacer arm covalently linked to A and
to B;

- n 1s an integer equal to 0 or 1; and
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to B, - nis an integer equal to O or 1; and 55 B is

a group having at |least one |igand function for netal
ions or for nmetal aggregates, that is to say allow ng
the conpl exation of netal ions and/or netal

aggregates, 5 the said film PPsél f bei ng coated with a
layer of a getallic material. 21, Procefsfor 15 d
fabricating Pnt®f cdhnddt¥P n"aitbPoet ket THT bs O +19an
elfeciatainc focrosysien®ne ént égratmetallOagyregatss, that
Cq%raggerkéﬁd éfl%@?ﬁ IttHQC| éﬂaﬂfﬁﬁtcﬁnen%%%ﬁ_oﬁons
grafting a filmo di functiona precursors of fornula

( BpdfSimgetind egattiasgtsrocess as defined in any one

of O ainsthd i themsatdel it QGRS eingchMdeayer
of a netallic material. 15 22. Process according to

i A PELAHACalBeHS2éd in that it conprises, in the
followi ng order, the steps consisting in: a) etching

I Bterc t. S eat s in | glectrig subst -
t%é 'sa%}%% %gtsur es% gr m nfg&lf.jfzgangj_hrgé and17ngcr Vi asr,{_eaéat[nesd o
opticawalllor tmosjiesti ol ctorPnighdnberehy dughst AE daitggrated
sehstyate, bindepesitipgqa iGPndHeti vier bankhalekayff QRast
the said etéhed gl electric subs%ratg, whi ch barrier

| &&r SEP prevaRRETERE A dratT ont of Lt HBCTHPBRCoRAESIITSOTS
metfalidnutet erI gl ushhe the saatisupsiredessthe daifdned in
barrjer | AV t hi ck s.sugh. free, .
racd g Y 1T "ol of el oot B Bk PR ooRecE 8 being
i magkec orfnec e tiaddtiyr e tefriteHe sai d substrate on which

it is 30 deposited; c) coating the conductive barrier

| ayer deposited on the etched substrate th a | )
n¢d-eatitIreSH | AFGPTELREL AP i & 1Rdfer Far ; ‘{Vf)alf??t}?%bzed o
t heattr enchesmd/sers,vi fis which foelowdbngaioddeet,al the steps
n%to%rsii%ltiggaritni:ng fromthe said

a) etching interconnect features in a

dielectric substrate, the =~ said - features forming
trenches and/or wvias, and optionally projections, on
and/of through the said substrate, -

b) depositing a conductive barrier layer on the
said etched dielectric substrate, which barrier layer
prevents the migration of the interconnect metallic
material into the said substrate, the said barrier
layer having a thickness such that the free face of
this layer conformally follows the interconnect
features of the said substrate on which it 1is
deposited; '

C) coating the conductive barrier layer
deposited on the etched substrate with a nucleation
film of a metallic material;

d) filling the trenches and/or vias with the
said metallic material starting from the said
nucleation_ film, 1in order to form the said metal
interconnects made of the said metallic material;

e) uniformly and homogeneously abrading the

surféce, for a time sufficient to cut off the
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nucl eation film in order to formthe said netal

i nterconnects made of the said netallic material; e)
uni formy and honbgeneously abrading the surface, for
atinme sufficient to cut off the - 56 protruding
parts of the said etched f catift €5 i n order to obtain

SRRt e set Lo gsomasid s purlanes HLaBELLLALA0 or e

deh|ﬂhtajnzﬂncqnpﬁiﬁdiékﬂ¢MKﬂctmpmﬁbsftalauifmce,
deposi ti on OfaéE‘l\%B?H C+@k 'srbofcgaé‘brﬁpéélt’%%ﬁ&tf%@e using

onto and se f-positioned w respect
coftfuRIAETOPYEF 5 n‘é@fblﬂe@héncéﬁiﬁo§P€eO§uﬁfléé@S ando 19

O)vitsi R@et h§e§@ls§itﬁbhm &5 arfabalguhiie I@yerlrocsrganlc £ilm
nucl e t Xer for t el egtr.ol ess

S nen e i SHErESPa BT oL Cf né <SRt et al the
I agperLhEJJnga szeipqu:mslimemeﬁf wiltd ¢especttd OSthacc@ppmd

conducti v f e r a
t he proce $§%T§ thgls%?@g ﬂm %%e %gt?§§F3g2$F g5 O°F
oftytitasrtdorineta ver efrent $hien elrﬁq:trm@leeaﬁ ropdesh of a metal

ell%gtélonb@, N CrRRyengi eFuefonl ML9F ad £d Q'h%cuééf'd metal
2 Interconnectgilenents in mcr electronlcs

HonP e cFELYSPERE taRASAn et B RS T uF f's ti“ﬁatco?per
cmmdﬁmaﬂmunruxbial@fﬂﬁhﬁnﬁmmpmbim@ piotess. of claim
21 or 22.
23. Use of the process of Claim 21 or 22 for the
fabrication of interconnect elements in
microelectronics, of electronic microsystems or of

integrated circuits.

24. Interconnect elements in microelectronics,
electronic microsystems and integrated circuits +that
can be obtained by implementing the process of claim 21
or 22.



