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SELECTI VE COATI NG OF A COVPOSI TE SURFA
OF M CRCELECTRONI C | NTERCONNECTI ONS USI |
AND | NTEGRATED CI RCUI TS 5 The present

relates to a process for selectively coatlh@“@ertaln
areas of a conposite surface with a conductive film

ME THQID BORSSEL BT TIVEADDATING OF A @mnreosrr@s@RFmE PRODUCTION

LGl t i S nd nethods fo
PraPRERe o8 Wtk qenRERIISIE LSRG SRIENETHOD An
INIEGRAITED IQIRCOIT$He formati on of networks of netal
i nterconnects, and al so to processes and nethodahfor

ri c a Qnnectors. 15 In at
?%PIo%ggéghgnr%g§¥§%?gﬁasqgﬁtghgﬁoné |y Sheep0cess  Tor
F@é??Fé?@éYtOQH%¥4q%ﬂdc%¢ taier oglkeesr omics, aas cohpssite

karreepresenhat hvecghqatheigxacer bati onof th%rocess for
%8§hn|cal difficulties in obtaining selectlve

fFoRFERY CUEtS TgYINest § he "dShbRECS I ACE BPRECEF stk to

-papcdsﬁ@spran&$SIm@L&@dsevefofln@hdﬁﬂﬂﬁﬂﬂhg|slnt°gratﬁd

no, ssing L1y, for t he production
P@EQH}PQ grﬁ%d%&barrpers oﬁﬁ g YcopPer® QTaéﬁgﬁmtlon of
obEdpPAkd @ﬁnﬂﬂ{&kninatrcqeuhahscabnpdakﬂnngo(GmBﬁesees

dapascepRe nard dual,, danggeene pLAGEeSSES;: {% and
skilled in the art may 25 therefore r eadr y ranspose

tRBEECpPHBt ens to other applications such as
M crosystems or connectors as the problemis the

nme . but dlfferent scale. , Integrated
csr Pts I}rgP? a%‘rl E4fed By of RE ng‘aéﬁ sttt agrally been
septcondadt or dée déslon dhensurdalcecoforsids coas tnls is

?@Eeé§ent§“F§EMD5k o{hﬁgt%%;g£%é¥aoln&S{COQDECE 1ca1

establi shed on t evices S0 to establ
COREAEHSTIBEL wedl t hePPTARRLDE el ardmasiam t ocontroT led

@b@d!ﬂﬁ@s betweernet heBmdhe Wil ng-dggded, o ghtai Nrapid
he desired CIrCUIt 35.A systen1of i nt erconnects
%oﬁ§r§?§“8f YeVera ‘”1e€ép§r Eachi Mevel 1§ s brRsmEa pymore

nEEaBlhgnessandlahé$eﬂdﬂuxnéumrodmwwmmﬁedftggQEhaﬂlghad
SRELTELS B\ | LOLBRECRIEEL DRSS (8 cobmicas
mechanlcal polishing (CMP) in damascene and dual
damascene processes. A person skilled in the art may
therefore 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
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.
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

) I —
holes” or “vias”.
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*000002* - 2 The response tinme of an interconnect
circuit is characterized by a constant RC, which
corresponds roughly to the resistance R of the netal
levels multiplied by their ?apacitive coupling
represented by 5 the constant C, mainly detern1ned by

th@enakgéﬁoﬁgeth%lm€|eb%Ctth tbﬁgdﬁ €S N8 s
ines. Fromthe netallization stan 0|nt the response

tFﬂ%r%?te¥h%§?nt%YcoﬁneE?%SFétheF%foréh%@@uc@@rb?SpOndS
redughhyg the {4ReresésisngecoOf Rheofinegse |hets1fO0levels

h b tr.od ced into the
(OB LEEEOR bt hEaRD a3 AN S R e v by

ahide | essstentcts omirgnani detieesiiseantovaltl miatmre of the

Hevevet: ribechd ntsQoiedian «fc copper. rai ses several
difficulties: 15 - it is necessary to use a

damascene-type architecture in which the dielectric
i Broepoke t Bdt abef paehands anddphent et chedre HeF € time of

ftﬂé'ﬂﬂt@k&@nﬁggpgr ﬁaQ%e%%%%E%aue Chan?ﬁﬁlreduc1ng the

pol i shi ng. requi rements
n¥%?b%¥%%??oﬁﬁbstﬁ%dééﬂﬁ§ V%Wylzo fametigéometerises that

(tospeh aHQsV|&e@hneﬁ%kQﬂﬁuQEdle§§mkhthé):ﬁd¥g recent
havi n AR oEgngectgéatlo AR about 4/1 for the

tY et S%%d’V|5e8 &ne "SYFuctifie St Vit s and  less
enl ¢¢erynigueed ¢ro- bes iablaantt 0 bduahhemmlvelyoﬁebéed -the

i ;nwo@‘lhéplmc(%sea%g?w r%rlesveeeﬂtset&efah' %%'leﬂlt%ésof

copper through the el ectric into e SiTi
copper is” a poisdn FeFeIIRIAct FYe %%ﬁpoﬁenﬂ%maﬂ©en@otype

tmrshltéctﬁrmeCESSamNL&m etptoydetiestive basrigEsosited

d interface, that is
mﬁéfg%éﬁa%gdéé hes?ggvhe éﬁqfﬁ% 0 HHd gepper

d@%@ect@WleqaﬂTWﬂﬁhﬂﬂﬂmﬁdeneppﬂgﬁésgg theTo meet  the
rEﬁ@mitéﬁémﬁﬁlléfcaﬂkie%lCQ%%lb@tEBﬁ@@s”Hhﬂd§§€P% very

t f h Cco usi on
bET0% o= PEE oL et rgad S DSt IR0 | T3S oFhan
@/D(}@h)errh@ahnmrhmgh Deposict ismpectst ept 2 cdspos:lbtdm 4/1
ofoR EﬂéntEQHeﬁfahhevh%y%hal‘MH&%E&%E%’§%¥§§§E§§ h its

nucl eation | ayer tor the next
entirety) neéd 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 1s 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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deposition; and - 3 step 3: electroplating with
copper, during which the substrate acts as a cat hode
on which the netal is deposited froma solution of

its salt. 5 Once copper has bheen deposited, the excess -
copper is renmoved by CMP. The surface obtained is

then in theepfosm of)a-cPHPOSEILy SUface &95‘;’9&3' ”o ring

er atl n ands of copper and dielectric, each
é & BARE5  Bef ngao&ﬁ défed? byaahgepy §% nwhich the
s&atabnﬂmccﬁmosbﬁmld hbra vesdlige of drhe thakcailer, | ayer
installed in the trenches before filling with copper,
and sliced off during the polishing. After these
cepper candedi diatt Pren ismis itade foraredrcehey cpper is

t henoceavent i anal | Thee%ﬂo@é&@t edcwi Lbga suni form ayer, .
of the S IC or SiCN , covering the entire

conposi ¥ s%rfcod%)osaﬁﬁf §é’1r\}f|ar?§ aSCHPELPPRE dRf Fesining
bhanier .oMNowpppheseamdatdirgscamré ci, nseheth | R, but t&‘@fyper

h§¥§d§ béfﬁ%tﬁgﬁ Jrgégg déebgf%rk?ngog agénducto Qand
i ncreases he capacl tive ¢ TWeen copp
| #ne¥eSthoaddPti orber e%’eﬁ’fl%f ud+@3§elhavlen%trﬁ)l/\lrﬁ<t haitn t hghe

i ntenfase Hé&b\m@enfihglﬁ@pﬁﬁrtﬂ i Bepp@Rd tIHPF s1iced off
oint of the nmultilayer,

| b weak
If!r}?)]?n %51 Qll% c%tg as% P op?ﬂ cﬁf%%f e‘ég%s%rceofmﬁ? i SRS Hg e
t hendper aeiven dfonntral,25 thegui bse( elt@etr ontgiaénoionally
cEAGkpb i 44 | QDenetC. ni fdrm Pg%g&% o§e“i! condyct or. o4y

I nternational, 2002 consulta on the nt er net "at
tﬁ%p?oIISRFﬁﬁl%%dr§§§ entire composite surface, and
ht & pvimgwe s eed=@eet rdin s icombsemieenduct or/arti cl e/
CA2247027?t ext - cappi ng&stt=001&). 30 To inprove the
isolation of the copper lines and to increase the

rBPY abitiiesy ofcdthienght ereonhest katfiorg,subut 65 hep  have a

t eehaol ogi es highe gokubttoni 60N Sttt UShREna increases

f t al | ectively deposited on
Pet 5Celaptr v Thi copk Bftes SeEorPRL: . Hebborti ngigs.  In

c@%éqclorm ff@l@ﬁ?@h bandies bavehehbeur tthasi deeofidthe face
tpenshes. th@oc@ﬁpéf) conpl eé %ytlﬁe Pz?sqlltafk‘%] Oq?ﬁpaerrrler is

I|ne5|na from wh can no
eﬁeva% ??b@?d%% the multllayer, rom which catastrophlc

defects are initiated 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-capping&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 in fact depositing a copper
diffusion barrier on the fourth side of the trenches,
SO 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
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that this encapsulation barrier is highly adherent to
4 the copper, the nobility of the copper at the
copper/ encapsul ation barrier interface is greatly
reduced and, consequently, the_electrical current
supported by the copper line, with no degradation, is

Sthé ghebpgld, t he heesipgdiance: 0 gF ectrom gy %bbgn at the
increased. To do this, the encapsulatlon barrler nmust

bEORRE F LT YPEH W HH t hB2SEBFACent™ cOppRTe soids tereatly
aveddcé@akage, Cutb&ﬁbﬁubﬁt%@en nekghbﬂuﬂhﬂgxﬁgppe&urrent

slB3orle BRRLARCIER V! 22020 LOLh! Nos RSt M0 4

tion are the selective chenical vapo
dléb@%ﬁffu onn¢ CvDyhof tungsseanand the seféetivemigration

ei@@fé@é&ﬂis phatdongh i t he ABt aln ey s+ 1 Mat Eﬂelr'rrier must
naterl ﬁgte therefore referred because (i),

g%%eré? PSS B R orid i ersé ie6eBE n%?%Paﬁhé¥en?Stoto
copped thamka@edleMEnémt$s badwéen) tbdeglab@reient | onesk r
Sfiﬁ@é'ver? fgg%%e%ane%%lg%r dedfggt Lg et a gcggve
El ect ess plating Vol ves a redudtion
r%%ra@%%l% aghi e asehbwl:lge| Fﬂ$@l¢ehu%e@01@10 #repasition
ca@abyzeﬂ @ﬂn@@téﬁeaﬁ&rf@@es@ﬁe@99§geél@@4f@legyeplatlng
netﬁ egl solgglons Io%4n§ netals to be dep03|ted
but™ e grventioh’ n 8%t S cAFFentheretore
vbfehgersdur decaase callled netaII|Qﬁnenmi sol mtktabs orare
e&@ﬁéi@éﬁé& $@l Ut ons,, ;28 T%H@L depgsi tc%ﬁg%%t Caln

exhibit barrier properties are ose based
r%f?%%?%ﬁ&cﬁetép§-su&hlhst@%ng§FEHeme@GB§P?d ni ekktclorve

t bechin adph@y scandanodruries; apt iakdetalw bl genbakn
additive el enents such as phosphorus or 30 boron. In
particul ar, CoW, CoWB and N MoP deposits are
c@%?@hf@%e%ﬁpE@@eQHGtheeeDbW¢ShaV|r@pm¢txnnnnmaatheon in

fﬁﬁichthahmﬁﬂﬁy §£Etobéa&QQﬂMﬂﬁpn%§l%@EEQle%%talyzed on
Iut Lons_ _con alnlga8 8? aII cobal t salts

tungs?en safts, Sy Bifdridm St sSo bt elons
respecinvel yne3slnecessar yoé or ddpoparad er wiptlesutal , the

andcal-son@; s,edyei g agent, . f or, exanpl
dlnethylan%noborane (DNABfFiThege g?ﬁagflgﬁggi%gl?Purce

geher aFaLagdl yredapy lepkAsPt i gwlvstians 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 (DMAB). These
reactions are in general catalyzed by transition metals
(they are in 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 nmetal lines could

provide this catalytic action: the deposition would

t hen take pl ace 5 exclusively on the surface of the

cg gp i nes., However, is found in practice that
eogy’lﬁgufflEP%H?F?r%a99ﬁ§tpéet6OaFméﬁP@%o§hat the

gpgwphrobft hée depesi tlmnﬁfrccttthSEpﬁ@ﬁﬂdiél ORSs éQtA_@%/tlc

rgg@?%nth|stﬁQSUfééé? cébn woulp SSI?&?VLF§a Ctlvglace

t he copper track achi ng sel e Bn
t RESEUP+ ¥Rk - Oaggﬁégaté§nﬁBQﬂherftr@m$|tcowpmmtaLSnes

havwegesupettorlgat@buﬁdc 950p555b§§ceTh£§afs ég%p
ase, pal | adium platinum c art

n|cﬁeFfi%l%ngﬁ% ﬁﬁ&@ﬁ&ﬁﬁcwﬁﬁ%haaQQngHHXEaﬁéPVE@sCﬁbrthe
déppsiit ngndeet ahssé cqehigriadns Anong t hese transition
metal s, palladiumtakes special place, given that the
standard potential of its 20 Pd(lI1)/Pd pair is

gr8at 6FTMEHEN ThAE ofinshé TR YCu pdi r .isTheoossiite  to

| act heaps eseaceopbeetall-ks, CQﬁPeittaéﬁiﬁJmu ££T%ct1vely
t aneousl u give a

Pd(1

ng§athlégggrgaglSpo%%%ﬁ%??t%% ?ﬁeoEgﬁﬁeFr?Qﬁt¥%Pn metals
i P3ELRIwsIPehbve beenlwtighttypexi kzedrions the 2% case,
Sﬁbfa%§bmpIQ|Sv&ﬁgpe%£Yl§@1@ﬂll%qb%qhﬁﬁd RS

st anda otentials therefore r&sults I'h spontarediscke!
d%ﬁo?PﬁVB SDURL KPLRR| BIFE SAKCtGae bepasi 1eondepefiting
pattads uim ometdwea copper tracks. It is this property

that has resulted in the appearance of processes for

30 constructing self-aligned barriers called
"PaPradFbffcadtienaitonn Barteiler s patiach wwonprliese special

spe@c@f f@tmeﬂg tpat! adhem m&%%es ptytatnftqaqop%%f dts
Eﬁiﬂ% (D\/\E?d y a ste | ocal I 'y cat al %é rowt

o? T alPhir rierd ?3€%F CPADE ptloc %egu i) {gu’

pPafer r édet gelsate 351p&ﬂhadPMHBEHCEh©‘f@m#ﬂdﬂllc copper,

aggr@gate&hgla&gtpgtegmgyegret@%ogQgg% usige§ ratger

than in the Eg rmof _a uniform Tayer, especi
béthusd: "B F Lt hfs Prakadlpp ﬁ@@@ﬁBFeOPoqhﬁn@ﬂﬂﬂ@ﬂlﬂwhlch

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 1is 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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pal I adi unf el ectrol ess sol ution contact area, and 6
therefore locally increase the kinetics nore
effectively; (ii) this nmakes it possible to mnimze
the anount of palladiumpresent - in the end - at the
5 interface between the copper and the netal barrier

|Q%%&e@b&e|3|ﬂ%d§¥¥ (xngﬂéggégétha{hga|| dlug}ﬁge ofore

di ffuses easily |nto copper, and nmay be
dEJr&Fat6RY of 'its el ectrical conduction properties).

10 However( ,11Dhl’6hi§0|ﬂﬁlk@l$e is QQissQﬂHl'ereltM minimize the
probl ens I n

t |t i nsof ar_as sever
f%@bggﬁfvg y&h%'aéefﬁb RbppeEPtt racky €h%aF¥ﬁhlunﬁﬁ%ethe
obsérvédcel)beuveeny ttHee spompameousdr eduet inart=af bherier

PdGk/k) |Q@31%n1%h%a%QpQ%581h@%e ak%%@'%%ﬁ%%@?%m diffuses
15 is conducti ve. ositron ca

tﬁéfégéré“E8nFPﬁ8@rbyaP?s@PV Qﬁd ﬁvéaﬂsﬁopfa@ggegaBESOH
- ofuti tepeeebtkkyal deposiitsiodyp thige rimusdyy oom ef fect .
This means that the period of tinme in contact with a
Pd(Il) solution is a crucial paraneter and that, if

t AP¥eVErRe i ivoteehgiane thﬂSHQECessawréyyresuhbSabﬁory

aedtﬂ@Sltﬂﬂ%dﬁ%ﬂ1één§ev@95§h &%bﬁ%&i' en{héogckgvgglon
Rhat of the nelggbourln l'ine an

sﬁort Ei FREPET ThPS*Ps yaP%%ﬁﬁ?%PTﬁaﬁ%uﬂgﬁﬂHWQQy |n t he
process; 2) evenibef otlee r egehitnhddhese rextuicenes, bhe the

2 LobL -adserp attl1at ;S rare
cgﬁgggkZ?SHELSQP%nggnng §8 EDngrﬁed PL deBenyentopRed

t A A Bfe-hel i 2l éé??‘ﬁé p@@seq@tn b’@ltlfwe@fpltehecontlnue
Cbpp&ﬁse&ﬁneﬁujT@LSenonIﬁﬁﬁcgéggeég§@£ptlQﬂﬁothng bylky

d er“tha on th per does not enta
pggbggggﬁé 36 %grna '8 r8?mn%?5FFrc palt adredr ontleae the
dPereetlr oé (et weencomeacoppethl enes)(IhutsSution is a

beeapes)t Bareaseeri fanldhision- §PeEhEéCng%g£pt:%%9 Teng,

es place in region. close to t
aggﬁFlgﬁmﬁﬁﬁ?%fgﬁt%SFE%ES sbt utd oASPPREh uWedereh line
prbdabe the seféctiwetbafsieri8s ﬂ@p0§b1§|F@g5@|nof the
rﬁgyghﬂauf\gﬁ tﬁ%\@' gﬁd”@f %%%\éeffjl teho:rc P A MRS s

adsor bed he surface o the
pﬁlFBHFEﬂw%ﬁg%%@%ﬂQ%#%ﬁﬁ(ﬂﬁ\ﬁhq 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
if this non-specific adsorption takes place in a region
close to the copper line. 1In addition, the electroless
solutions then used to produce the selective barrier
deposits contain reducing agents which may convert the
paliadium 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



10

15

20

25

30

t hensel ves catal yze, at the wong point, the growth of
the nmetal barrier and cause a short circuit. In all 7
these cases, lateral growth nmay take place, for the
same reasons as in point 1) above, and result in a
short circuit between the lines. It should be noted

t haksthi s £fS ect ,cayen tcn%% al L gady &Pef g?QEeon ” Phe

por ous di el ectrics of the SI Q2 or”Si

nor8Cpriofoitited@#hel t Ré18fel Yt rPEVES é“pbré@@ult in a
meherical ciofcdiow permkbhi Wrey Qﬁhesln:MblghohhéfoﬁHMoted
b ot..qnl y sarption b i.nsertion n _
ggﬁggarh'% é?%éétr%%%ndgégn en@& gﬁdyhémgﬁgnt on non
p&PFQé?uﬁﬁé@ﬁFﬂéﬂﬁ@n ¢5 bbseriigd asc asfancttiypr,ofid heven

CMBréte@rbH@hn@ééceQ%%ntthﬂerﬁgéfgbgglgrk §e|%mmporous

al i gned ba rt fromthe fact that
st'epcrd6 Oﬁoioﬁeee§§éFFF Yia¥| 6% pl aRarizaki bhere may be
chearbyLyredearpngothuEO@pgm im§§£tféﬂeu|ve to the

di el ect 15 1] n QNP resi dues renmi
ahgosgeglgn §ﬁebggéra§ ?racﬁs and"~cBYe ePﬁ%ﬁ?ﬂf?hOg the
| Byértaghan @f:éwmtsonméi robzectédi 8y Br dmrgiing. of the

exppessesh aj}@tes@ﬁz‘élc@ldle)é thei res 860X §eactd vichy. %Qlf—
ce Ftaln cases absence of actjvation

ﬁgalun1§6fﬁ?T0n pa§UCﬁr?@ that fehk EB%bth+Fné§Paﬁﬁep
edearberned, mmcdrsaobsier ved loandp#dnanceat hen, clearly

p%%béglyﬁéagﬂ%egﬁhﬁinhaY§nQ§eQeLQQQQEIH%g qp tgr%laﬁErlc

c er tracks, the surface thus actlvated
Eggeéonf‘a@?“%effh oA SR a1t el 25 el Beaigl e@@smm i@n.the

hbmppet tuanssouhdthabﬁth@ﬁ@? Q@khag|gﬁyéggfﬁggt Pevents
b hed.fromthe surface o e co racks
%gggg %%%%%ﬁﬁgtgaldrsolu?%Bﬁ CRErE S Ehej“&lesPu?¥?1ly

tﬁ@??rcaf%@9¥lCrQQﬁQ%W“QH1 Hth@&S&@lMIgoase$SInC@mplete

rsaséheﬁsoan@cﬁdhéhﬁ%ﬁskﬁf@ﬂﬁ@ 4 WY $i 1Pr €0 1@ Shs, such
vol une t surface, for basic

COF?IQF% FP@SSén ?fﬁbt%ﬁer?ﬂﬁﬁﬁ%?”ﬁﬁboﬂvéﬁ bg nopsgrved;

kineétic constants). Since the reactlons of et al

aggr egat e, f orgm@td on i a, Mol era
atocatal {IC the i nme E%téHgghseq ggoFsthhav%S been

desbrptto |%nthEh%Inﬁ@Pp%éoné@@k%onsUh©t|©@rﬁ$0¢hethus

activated 1is 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 1immediate consequence of this
desorption is the almost complete consumption of the
electroless solution, this being in general very rapid

Oor even instantaneous.

Thus, even though palladium does have a number of
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el ectrol ess solution, this being in general very rapid
or even instantaneous. Thus, even though pall adi um
does have a nunber of 8 advantages ow ng to the value
of its standard redox potential, this is insufficient
to allow real selectivity o@ the dep03|t|on of t he

I [ t speci y o) ery fi
Fs)%rdﬁ?ﬁlré?se%g%stqgﬁc?%r etimgf Y J‘Vnan Bel %Wncﬂaf%ﬁ rgdox
t@0§§yuéﬁéh|nguh3$zegftonpaﬁmﬁﬁecmpnh i ntegr atldcbw  real

Cistequict itveehnol 9gi cahe genssasions, of 4130 1ladi
Seduct b 2eh CQgto ae regates of types ottﬂ(gr %a ladium

paaiglgg)&g&ggslo agﬁ}?%@%\ SY ess@ht i A9 entfdines tﬁérggﬁgres
t pésuot urdsanhacks, pnoanki bblbs, added thetbagt t@@t:hlng

'%1&%5”Q&mmgﬁﬁ§hgl f%ﬂ”i&%é%E ggpc1V%%1 ﬁggzgaﬂaagacal

through their reduction by er sin

r 8658 TpSteRti af 14f ltuhe@rﬁdl\)@@(WVM pair (x =1 or Il and
M= Co, N, M, 15 W etc.) is generallylessthan

t hat _of. theto One then relies on the

pr%seﬁce of A %%%%%?%begaé’gnttW?ﬁ E%&Rp| & 1ot t Rel DYABUM
t ppeyreditest | gsisanthellpat kntant ai nu*mga these: i oa§;pe§ndof

0 [ a [ n cecthe t Iytlc
e?frégtbaéfl}ét hgtdc\o&g{plce%ﬁ ¥ u?glafg t %rfeg tlggn%of % Hese”

i BRSSHRYSi 7 FHHEiplt® 138Ol taceen hwolrhouththegh their
elrecticoliess blyatda),ppbtﬂ ditndee M NSs t £ A ¥ 28850  potential

tigul.arl pomts | unb vvlththe copper _lInes.
Ip%f atg];éla ﬁiy resu??s |E *herfe Beilng 3 )PP copplt. Mo,

t Facletd- eanisngsStear 13y wWeas of tlamt | viad oof( the2Bu (I1) /Ccu’

9@@&3|(ﬁ%ﬁaﬂna§|Qeﬁﬁ%%tmﬁptkh%oé% ? Ste?e8uc1ng
ont act | wth an electroless s tlon Con al ni ng

sﬁfJFPéu N Tadi TIRAES Po éfandd R heveat aldyme@téfyfem the
obatbopq@mtalﬁhegdrtamkl@rﬁst hese al:t egralmaiid,lyﬁsatglgggors
L | C olutl ons an
e P O K e EPL P 2o Uit aPhig it Tl
fBPe ERAYAEIAY Phetlatal yene BRYett bficobpke.tdhe place

InhenhghSUMBr&hbhekﬁkQﬁ&dlééﬁnt$@%@blegthféﬁintgemalns
L O R P S DT et PErBa o perF: Hirorid: anopper
f 4E-PREF nofe sélsmngtftlh?e masylaboriemenheoned@iopl By a
OEopper track cleaning step by way of activation (in
general by an acid treatment) foilowed 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 alsc 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 prior art, especially for the fabrication of netal

i nterconnects, integrated circuits or other

m crosystenms. 9 The surfaces involved in the present

i nventi on have the partlcuI%r feature of being
conposite surfaces, that is “to say consisting of a
tiling of areas differing at 5 | east by the work
function of the material of which they are nmade. The
WOrR FURERFBA 6FValwed ethakhespregpnessedenniehebtventhe

Vpbt$1aﬁﬂa50fé§599@d§ftQeih@ c%ﬁ%BQX EosggfgggéveEﬁgt is
a va CUU%%FtO a surface 1N order to extract

e 8ctTon rRBFLEFF O ﬁﬁréilﬁﬁth%c%faPFVasamwﬁﬁﬁmﬂﬂq at
béedescriybethbemmimibef ww;t tbe ofr esiedt nA¥EALIOBE which

appLies, 1o %@%08'%ﬁeswéﬁsesﬁun%tloneas% one S%bset 1°F 5

areaS of which is electrically Tconduc Fvel
sGBPEEESEE the FrEsémen nvertisonand ﬂmmydagxtky ao the

péﬂéﬁ§§ frer reonatié ngvér &OPesi te FRESHHL Al c60nsi StingOf ;)
? Lrically conductlve or se conductlve nmet al areas,
ar|

cular?y COppet-ar edd. arftF ¥TEAY i cAPFyeREAM.  More
c@ﬁéﬁé@b%@rhyea@ndthe gal d peodeSSrﬁbaprhsregnﬂélbﬁaSthe

e8en st efhRfnel get Lehess sgr put h t al
piﬁnb "W th tﬁé sai d g ectrslcgp’t Cgﬁﬁgﬁc |v§u5? Ses, at

ffeonditt i vEPSREL apt aF§é§“Scﬁ5ra%@é¢hzé§ i aleparichely
etestinccaléy non-conductive areas of the conposite
material are not fornmed fromorganic polyners and in
that, prior to the 25 said electroless growh step
t Fee s 61HI prbcess theurtivermdr einivegl ides at tleastfonerly a

fprstesteprot tonPiNg aacBHEheatLop,layer; by, co ?&eﬁé of
or.dative ﬁraftln of . an organlc or organonet a }

£ PTHT oh “&ht?” ofiPHaBN"* Yhe OLs atdlid Bctusitealel ynetal areas,
coaductw Ver by semppemduein@@snmtahdSOeﬁmﬁﬁﬁildaﬂly non-

bé’:bﬂ& Bgithessaihd, coppos ial into..contact
or gani ¢ or organone?aa éﬁﬁfunéﬁ%ﬁﬁﬁlng at least

p?fé%uP%%Ps oOf HHE FaiesE n@r%*wmpﬁ el yretal( Xayd (Pp)umb
36itn wheéchaid éQEStﬁlgépup BaMingt abe | 82SEe@NEonduct ive

L@gg%%garre%em calhupetionaliowing the said organic,
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 (1)

in which:

- A 1s 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;
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to be covalently and selectively attached to the

surface of the said electrically conductive areas; 10
- Xis a spacer armcovalently linked to A and to B;
- nis an integer equal to r1; and - Bis a group
having at |east one |igand function for netal ions

or for metak Qgg%ﬁgﬁkﬁ%m that cdééféh §¥Jﬂﬂé@8 tzgeand

conplexatlon of metal ions and/or aggregat es
ThPsBf unctional group may either be free (the

di functi onah psesursofedesr tdml py & )brorlga%in@, and
wll be referred toQ as freekpR710 bI $recursor
may al ready compl eX am i0n, “and "9 C|5‘Tviaoﬁ€ta#lgand

i 6ANChiron metralnedgyr egante @théoﬂﬂﬁaﬂﬁﬂI&ggﬂegHEHﬂusbhat
i ssthen aghPrganenehal | i ge pé@&bﬁé%ﬁtléﬂ“jo%hlﬁe%ﬁhl bg1s

callzd a charged or "nordanted precursor
PRBFEPADI ST the FFITRIHES f orired hé§n§tﬂﬁpékne§§0990hmay
t hathehe fe eef feace (@het hitsrfint o1 60af orgmdue sbhhe hecathen

t n_which it is
P eeny e T kR e ot STl <P 13§ $736° oF
beﬂwelén PES&d SPE0 - nmMT nBRrE priefeadont ¢ahpleheameernl and

a@@peé@aﬂﬂyanﬂ exan Imorenpr efer ent iald v b%&@@@@a%eangthe
process according to the presént

|ﬁ%ghPF%hon? ARy &7 S8&r vitiy f6F°Phe Fel eRFI9ROHREM hic
opreherset al aﬁdlayerstherbioreeconptlees an eigage € or

%9&9@99&9,15@&&&950; jlm Wen the filmis
or ganonet al It may be obtained either directly

usi ng precursors of the formula (1) 30 which are

t egselxesy pr gaeorﬁitlal ldus th@%mé@ hassay 4y Wy Bsycen
i $,a 9L upjpav n i gand function that

one
conp exes met al |ons O%rgg?i %F gEnie PR Er $6r £he local
réspbivayg A aﬁwnrgemic»émmmﬁihatsusfahenohreahed witt his

apsgteal ong,of geicalaipr eeH580£§l&ia§£syw lds bepiaseried ;g

ge toro into éBe said filmand all ow "nordanting’
“YRg g a??gd gﬁﬂrcm?¥?nPr?ﬁ?ge%Fb%h%wmﬁ%ﬂW?%PflI?ﬁd

th@remoaedcewemlmese o e fermarxeich 1 1an tedtg@rine 1 pant andma

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
metalilic material, with or without chemical

interactions or bonding between them, depending on the
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metallic material, with or wthout chem ca

i nteractions or bondi ng between them depending on the
- 11 - nature of the chem cals used. Thus, according
to a first particular enbodinent of the invention,
the process furthernore includes a 5 nordanting

secendestepc dur ERgn WAL £h L he organlc or organonetal lic
filmfornmed on the electrlca conductive or

sem conductive netal areas is brought i nto contact

wrhhsa Bbtdaﬂth@gtSOEUEF?BtCQﬁﬁthéhmgr %T%B@%m?5t|§§SEhe
0 ecur sor a netallic mater or at | eas
o%gvgﬁegﬁésor g a cafafyst fo uF%Ser88585|t98ﬁlu?%% a

s@Pédééébﬂ@ stegebei g spar duedngut watcht hehsamegbinie  or

a&r@én@ﬁ&@élib@ fifsimsten, Qfedormgng the ogggnkrlcally
gpgonetalllc film 15 According to a secon

BOFAFC erfbodiSfEHCOOAUCHe Vi nehe i oreredre prockssught
funtheru®m€a¢ﬂclm@@5 ebehﬁﬁﬁkhhﬁjmﬁt%@l@El%heCEBHb§§§lng
gég%ﬁgrogttmgaggtgha 8¥8ru£§or ﬁrled 9“511? %Qtéglal or
step that consists in'reducing
oP@andﬁ@ﬁéll|%n%onﬁé@ﬁdréﬁrfoﬁﬁhlaa(lﬁaaad&em t 20 its

Saéﬁoﬁiﬁﬂ@lﬁﬁo&h@f dhey netaddd cspeg egieal, jor, atzhr%ed out at
pEﬁcursor a cat alysg for jts dep03|t|on as

al Pree %%?.8? or 245%h theafysetssrepr el formlng the
deposittonr OI@@mmmﬁta&ﬂgc fiind.hi s case, the nmetallic
material forms conformally to the topol ogy of the
conductlve or 25 sem conductive areas of the said
cONPOETted sUrT ade £6°COBE chatretcahalr oremdroddinteitn bhe the

Sahde@tg@MJCtﬁé|ﬁthes@rdﬁftB@rﬁ@E§thﬁ@i@de@”t@e%$@% the

r | aye nS|st|n |t|1e of afilmor. a
fle%g o?gagggega eg espac “$&r vilRGaei t heYe¥oris
t Rer Abed ean t onz ot hf od SOephehaatabysnsterSpE@amwfmy the

OﬁalﬂeogﬁgﬂbﬁeﬁélQlﬁEE@hpobﬁMeB‘fHQﬁhﬂﬁaelf cf the
sol ution, Hereafter the nucleation or catalysis l'ayer

S?fd ePTESIFETa ‘Hﬁcl%ﬁﬁloﬁeFé§é%C wetkaue 1f uratherthe
deraflissoB5 okgandi ngtatgsactiat rote idepdeition as a

CQBSL T UEL i .pD- Of s 1 e Upper 5”%# Loyer e fabl e 4081 o

sumari zes the various Fryrng out {fROs1tion,
f aBFPEat 6l bf %fhetfhh%l@@Wonthqsaxgz@palhlacm@wmle forms

webhfbheaprpcess ackdr didgol &gy h€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 1its 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



10

15

20

i nvention, depending on the nature of the grafted 12 -
|ayer: TABLE | Step 1: Grafting of F Step 2: Step 3:
Step 4. the layer Mrdanting Reduction El ectro-
organi c organc- by netal of %%e | ess Method of

metal lic precursors netal si - inplement-
priegursors Lion of ation No Nucl eati on | ayer,

activation step the netal layer | / - /[ - [ 11 [ -
(- - -0 o=-1 -7/ v-/ _M -/ -
[ VIl - [ [ [ | 5 This s@aewne three net hods of

|rrpl enmentation using organic difunctional precursors
and—four—ethods—ef—inplenentation-using

rganonet aj ldtep di:f apci-ionals | 1G-p ecur >o|rsseE TFabl elgtep 4.
bove thergfore il Iyst rates tl;;latdﬁt he nuc| eation ayer
y be for et ong or nore| st aps - Vihat 6087 1Phe Eléciro

nunber of stepPstheededrdeopr-itsbfatsritati o, thhesle less

stepsalSm || be cal lgd.cold ectively, by the nane  deposi-
Tgrafting | activatipn” steps when at | past one df

steps I nchudes—a—grafti-ng—reaction,—t hEteu8se§ [sayom of
[ ea{:cm bm. | nvol Wungeatther ougani Gu@r\/a@[@ﬂ@Q&Bt allijlc  +he
precursors| of fornula (1) described above and

resulting jn the 20 formati on of an organonetal l]ic

metal

laver—attached to the conductive or seni conductli veayer
areas- of a conposite surface by goval nt or datji ve
bonds{ The [ nventorp have TIystly foung that thg use
e cabi o £F o Sioani icanflyv i roves tHe v

I at Lo uTryarm i o grh —oohtt—y— =

selectivitly of v - - - v
v - v - v v
i - 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 1in 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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t he deposition of the nucleation |ayer and therefore
of the upper netal |ayer, especially because the
spont aneous surface chenistry and/or the chemcal 5
reactions initiated fromthe surface in order to
obtain the organic filn1aTI%%5'(allomb t he

g Q of the conmposite surface to pbe
gggﬁgnggghmﬂ% §¥44¥¥£ Gr&taccd anlﬁﬁi?ﬂffasﬁﬁ%ﬁ¥%%}ty of
gitaft frgoséaéenonf tbhaﬂupéeaﬁlgayla&en the adduefooé of
t heesurfigser r eagtd-an 1@.a‘9’b§r? thssﬁéc?félfﬁf’fsb% Afese

ani_c organonetallic filns Tesul _
cﬁgﬁP§8P88HSsp§8F 8%6n tHEHGTdct iand/ Qﬁ "the chemical
semBconduet iuétaseas ofomheheovposkhte surbHager tBabbtaln

I $pto ci es; 1 hat rm.a datiive or covalent bo
tﬁgrevvl e % geﬁefrrgl ELESWane%rs 'ha %%bsgﬁ\‘?g‘atrlca

tﬁQPOiBGVh@fsé éctlpmppylébt abhnédcai th bhi msatypeioftd when

r eaeti enrd Saccgcﬁrﬁﬁirﬁred hgp thathabtaine réf‘tﬂqéi' EggEtlon,
t echni he prior ar

r u3|n t he no ues_of
m%p‘fﬂ%ls St & géﬁ”b “QF?o?%%%gﬁe%%s???oﬁurﬂﬁ?%oV@?Ctlon
tWetnomhpobwﬂaunsonmnqﬂexhéséher@éﬁtdr@ﬁabkganometalllc
ngnigenduchhve %eac%e%flst&g;e%ﬁ Lormosl te "Phe“ %dﬁggm

accordlng to the process i nvention  af | 6%
s@recEM& Oé}fjtlééhﬁ%maréﬁsth%f grgapeerds itm opyL atainbthat

with tiches ) esgh&d ical |ﬁ/hat§3056@ﬁ31t gVeia?rlfv%emrfoé@M§iéN@ bond
i f the. c ounds o or mul a
T U R RN
célal entlestidatiyvebbendsd Secondinis thesi ﬁmEnt@m@fhavels
abseaebserMed ther p&@@&[ﬁé(d 9£ m8¥b§£9%éﬁné‘?t§£%ﬁég the

nstituting such fi bei n e to acconmo
a%BPBP &P rIHUSﬁeOdCT Wb‘? epi%oﬁr é’é&rfsd?féatoflﬁrefial |day by
mefertabseand tlopconvest . thEseeoﬁéﬁpUYSBéS hBh0pd Nemeric

Sﬁbguﬂst%k|w%é“3f386¥fEéMqJ“J%&l ?*ucblganlc fllg%%géh

on their surface, especi al ese i 1% ﬁﬁ)
r ERBPPTECE URRE P BHal @?%@p@ccéé®a%@et@ft@ﬁImmw¢@p$tmﬁ the

f antaht oon of adabwlel QheCO\@lQJHltlsf@ b%?c%ﬁMﬁ{el?ut tofl | the
met a I C M als or w e net a i
ﬁé?é%%gg éH%e|€8%Y Fi Ral B nv&Ator sehagkrically

fé9ﬁ6U€ﬁaY°th@rprxﬁmﬁﬁpnduummvﬁ n@IEGSLhElhBUEBEIO@$ the

tB@ﬂﬁ@uﬁ@sthﬁ:pf§§ﬁ@§§ Qfr)14asor@anieqf 1 Ly plunh with o

the el ectrical conductlve or
attached thereyg via covalent or dative bonds.

Secondly, the inventors have alsc 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 formatior 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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sem conductive areas, nmakes it possible to

considerably reduce the concentration of the netal

ion, especially palladiumion, solutions used to

carry out the 5 nordanti ng_s];fp. The presence of this

organic film nakes it possipnle in particular to

e -etaly ol ut.,i.o aving, a.concentration, of

T oed Y han 0 Ehat 11 EaC oAy PReF e T bLe TRACIAr Ve oF

miERLFessucEdiieentracedmelign tifte poslsibilensoneomslikyrably

y&%dub@ tthe: é@n@é@@§§§§§1OEfthﬁmprﬁéHaﬁrionTh%s ecially

I nventors t hen used tjzets,e observations very = ast Stelly,

by “cofbiil'ng tHe ust® ot tHese BPGANi ¢Of i IS TYandoehesghe

precdrsorsgof shepal [Tre nptrersicalce torf oftMs Ovrlnic film

S es, + nucl.eat.han fj | h nformto.the .

tgl%%lgggylt o#%tsﬁébsl?arlt# ngggtgrlr%%sl%?e 'Sur FRRECY e Uit owhon

t 6OaUePYS dhifinGcal eSonGRiBt st \Mdng ofhel ewmy tprabl EOEM,

othtthe i i okoartsdqent senediabave.:- 20 Acgordi r;rglctrphorjgss
e

pr [ t.h of jnplenenting the invention, t
rggétgfe\%gg?g%gt iq%nanofjcgge S&ﬁ&}ﬁo Sof "Y TR L f UReEi oifml the
oP§anceser ofgahhemetrabtriaxrtprecursors of fornula (1)
above is chosen fromfunctions carrying |one pairs,
Sﬁﬁh as, the follow ng functions: amne, 25 pyridine,

t hi*6l, Bt Sar boX§H i cUBERd, Hyrfoxapheeraxtiihns very
t hEouteay, nibtyridc&r_;biS'?iJrigCyd}ilél, u@@} RE aﬁ}éﬂsean%:lfganic films
t y4 el radi S tal.n fromcl eavabl e

féhgt itg%s?,e Src C%grs?’% issﬁ%gﬁ‘?e eatald]u“icaz‘?)ﬁeuﬁha(l-sl\lzt+‘3,formr on
sGhphafAram Niredeatuap ahhmai ohptaktkyforodidetbe aspblogy
30f1 ediede thuahionsnkankecalans,. carhanigns, (and,
esgggb’al I% thosehobt ai ned vi a al kynes, organocupr at es
an gatioheyneditim o aiegi Ad %r Mergarvedtitin of the
conpounds). m86t Asnewdl| 4bas def i ned above, and when n =
1, Xis a spacer armlinked covalently to the groups
A and 5 and able to contribute to the stability of
t RECRDILREI €° YT7% Ppreteradl eEhodertf riomm iy iorg the
f tomeconpugated eeactuneenjfugatedncerbimat ngd%%png O% %Ihe
a LC: Ll ngs; ‘ated 15 or unsaturated, branche
Og?ﬁﬁ%gg#’;hggi pﬁz:gltdgg%hg)i*ns?rgaannod“ea el i &8 B IR of
tﬁﬁr@ybés of) f @ReVEonss chosen from functions carrying

lone pairs, such as the following functions: amine,

ery

pyridine, thiol, ester, carboxylic acid, hydroxamic
acid, thiourea, nitrile, salicylic, aminc acid and
triazine; the radicals obtained from cleavable
functions, such as disulphide, diazonium (-No"),

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 = 1, 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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optionally substituted with el ectron-w thdraw ng or
el ectron-donating groups in order to contribute to the
5 stability of the entire nolecule. As exanpl es of
spacer arnms X, mention may zpe0|ally be made of
| i near or branched al kane c ns (-(CH2)m, wth 1 <

f xanp!
g?guégka?%%%tgghyﬁg%gggroupgf ggh%%f’ ﬁhéﬁgghﬁe g?%ﬁb@s’
séB§t|?§§é@bgﬂﬁﬁ epéctﬂ@@&mtrﬁWwatmp%ﬁougé Sucht asns,

gbthonQYEﬁo Qﬁogyﬂﬁ@%&& ?ﬁ@ﬂﬁsae@EEtroQéwﬁ%E%%éﬁth or
0 n roups. such as a ups, pr

ha\rl)l nE g? %f%g 49t3rBon* ét 6’%196%&9 asontfrolrb"é)‘?aritﬂ ethe
theam5lhEthf gnoumt groupslearreyi ng several fused
aromatic rings, such as naphthyl ene or anthryl ene
groups, etc. whi ch are thensel ves optionally
sOBSEFETP €8S wPf hSBAGS br 2T Hdr &, BBt i oh- Honatspecorlly be

eheatr on- Wi hbdr avt NGr G PSS ; 21 R a&ﬁé)lﬁéfHCEdHﬁS—, with
09n§|st|n§59f co |nat|ons of thesfﬁ roups.

spacel arng’ X ot°f ofmul a* CFCHB¥ AP %ﬁQQ§ aﬁ CHa-

i areges’ noheexdeadi g el Ogr aue maEEM£UIarwme¢yk§myrgmbups
e

agGREAi PG-LQ then nvesntd o, - é%%%égﬁ%%&&‘ﬂk59§91 éUQP as

functlons defined above in res

t Re 8P f urctaghalPr oﬁ%ﬁﬁﬁ%ﬁ%N'9r8P§§mon%¥%{4|@r electron-

priecat $0g sgpbupser suta éi)aln?mtggeuﬁayspt@f@§£%1§U$§$lng

b dg of _am n yri dine nitrifi

a§1§% a0|g q%r?%z?%es %6m65r| |hes g? yﬁxﬁpﬁ the

qUPRBY i nEE,0uert hepheRan sl ying eenpo&hdiuseﬁheasomatlc

C@Eb@ﬁV'§uc5aﬁﬁoﬁﬂﬁﬁtﬁ@qDn%aQprﬁﬁﬁﬁfi?eﬁgn Sups, etc.,
groxan1c ci ds a|ICé ci ds osphi nes,

pﬁ sphi NES ok ARSI Y HT of tl%%ajth}’o%%“ﬁ%?%tuﬁ%uﬂ”pqﬂ s or

umeas, ctlkictuoeasipneronn cet hel st aza- i W BOMROURESups ;

tBhQ SEQ$MSQQUPQHPQ§ coﬁ y@%fﬁﬁ ‘SSBM%§%§%f%ES of these

podands, porphyries, |xare es ol's,

|§6ﬂ3@ﬁthols S|derophores antlblotlcs et hyl ene

gl ycol and cycl odextrins; - substltuted and/ or

fyﬂgtlgg@%kzgqmgo&ganda#%structugﬁ§ baﬁgdw hhes_ls an

fancti groups; err m
integer not exceeding 10, are particularly preferred

according to the invention.

Among the 1ligand 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, guinolines, 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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conpl exes with one or nore netal ions or mnetal
aggregates. In the -Latter case, when the I!Igand 5
function of the group B is already "charged" with a
metal precursor, the precursor of formula (1) will be
said to be an organonet al ITclﬁrécurso_r.tln igrtal nand

as Bt 1 nction X_.may, be "fused" into one

fhe sa{:r%:etnlgfgjﬂpar\l/\i“t) rtﬁ%néFbﬂlﬁ%{%\Z% BOleRidars ststures
caseSdhr cdxahpeeewhénnconsnder i qup@p Pyr i gidie tIGArd Vi@ a1

R dRat b aft ed I, .the latter
grcg{J bexite% , M?%?} e%ar%rbl e(flei nlmtg%]% S%ggggosrlf)%n Cof mécal
niAFGFET 6P -t hd Tpyritf nel2 e hi S2ease, whhe 15he ligand
r dactdtienf untt tas igrddn S}ggriag‘ tba{p%gqug,;)(ugmdﬁ%@of d:”ﬂgwith 2
j-dj n ' es, t he ace_bo of . X an .
Pi)f{géé%& ?Efj{]écc{l%o%?%k’t hte}%? erhg” the 8£r bfé’rr“b)&rat of) tHell be
pyEiidi e Pien@naﬁégﬁh@mﬁtghhmfpmee:q:ulmpbel ng the
nitrogen of the pyridine ring, which is known to have
2Q CO@I exing functions wth respect to netals.
A i i

Pyri nfdi 1ied fOrSeXanple A€E e X BAYn ki §fused” into
canegenyl thanengnet herccgnpoidscref §o5upd aa () BDOYR s s
MR onoTRy ARSI RARLICY ApLy e MRde of 25 - Aty i
di azoniumsalts functronal ized i N°PR&““pald pdsi PVén

o AR¥ 18P aZo NIty e @ Iera e gamdf tdainct tonaasetal, the
dekitned apove, wptdpnakdy léixﬁmﬁlﬁlgaci%r adn p%rai#é&L%%on
t fol l oyvi.n% conpougdscz BF4-, +N2-c- (CH2)" m -, N
BE% i i Whi cHr, CERE WPt h TEf eP¥RERTED: f drUFALE] )cB®,  the
aBeeetime= BEAct iaN2-i(d ) thiX =gr{ HRYM idrM Cchamyl Sthe
apyriiAt agery Nef weghe 1 QHQ1251598|%§h¥f §9dgF gﬂéNH%’ the
BF4-; (D being an aromatic ring, or the foll ng
cOMFEUAds UEtHEN /i nCh? e& PR BIY f 6hm (BROSINZPOTL of the
(EKR2)idiSk) otinbn adicsulyph ggﬂfﬂgm&s([ﬁf&ui&fr{\'z;(é%ng the
S%?I%H%O,g-b§a%52)8th=e \-I%}—%]ladrﬁicpel nr%/\fl]n?’chwﬁf’ﬁgz l%he}m@éheto have
wEQWP?l@Xé%gpr e¥Hoasigns- amikyh or mrsgedtodi des, metals.

f enetinonah 2 et bye adnp B QrerENt 10Nl Hi?ﬁ%ifsur&%‘tie%%ry.

such as the following conpounds: iodoethanéethiol,

either in free thio form- 17 (I-CH2-CH2-SH) or in
diganphitde fampoUnidsCHRE CERx®B:112) (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, , Ny~D~ (CHy) o
NH3;", BF; in which, and with reference to formula (T)
above, A = BF,", "Ne=®-; X = -(CH.)p~ in which m is an
integer between 1 and 25 inclusive and B = -NH;", BF, ;
® being an aromatic ring, or the following compounds
either in free thiol form (BF,, +NQ—CD—(CHZ)m—SH) or 1in
disulphide form ([BFs", "No-®-(CHs)n-S-1,), with A = BF,,

"Nz=®-, X = -(CHs)p- 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: icdoethanethiol, either in free thio form
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with A=1-CH-, X =-CH- and B = -SH, bipyridines,
such as bipyridine: (D-c, where Dis a pyridine ring,
with A=D B=cand Xis 5reducedtothellnk

bet ween the two pyridi ne I‘IC'_€§ (n = ; or such as

di pyri di nyl et hane: (D CH (valthA— (D, X—

- Gi2ctlop And)B 5:0) 3, - AWAMNIQl Seo Ly uﬁlgt. on ghﬁ

carrying a thi oI function a d an am ne f
aret éeﬁ\aratlegﬂbyr = 10°H4l+ pivat iBc =an@Hor ar omati ¢

chai n, SUGhbaﬁyQy&Eﬁ§H1nQnﬂﬁthg}@ugbgléﬁnemnkﬂ(ﬁ where
&m nopr opanet hi o
Hﬁm N oTra c?ﬁft%“Q%H“ﬁhgth %lth Hé X o gl

X 1is
aﬁ@dBCfd-NHZﬁh@rlamkn@hewa@athmeltwo pyridine rings (n =
(UZN' gilz'sq;l%' %'%y%i%'% g\ll t& éﬁHZ ~—‘D()j(w1th L =
s pﬁhr- ccéhfaﬁhl myan o Bei ds such as net hi oni ne; -

di am nes, -suthnashebhy| enedi. ar&dd}@;cﬁhl?d\& Q;‘!erf% NERZ 4 hiol
Wi , an
e ROl Bhdr R P e G B hek 2Py SeRprefpdNRy an
Wlatllﬂ}pQ‘@tAC— PN o X ax onGEHR-aCCHZ-hERR, CHRu Chl: -LH2 cvandaBine
= (1MW H;-candsy; Reloet Rylengim ne, (E’EI)hH Appng the o _
ﬁgdgazom um sal ts, nention may nost parti cal arlrl be

£ AERRT AR R pHERYI e aG BriiQinSPs with n = Rs-
t et riaf FuorsheCat-eCHA- (2rdmBnoet hyh)bepzenadindZ@R W&k hi o1

diyehr fllgg{rogﬁra&g _ct % o%enzenelgl zo_nllgntetra-_ ~

£1'uBr obor at é carboxy- ‘'oxybehzenedi &Zoni tm™
t Efe aFHarsitobBHat @3- c%ﬂﬁ%oxy& 4-mi t r@bbmzeneaincazommw@hur—

t ebhablinehgbenahe, ad: 3r bexybsozenedi azoni um and 4- 30
t hi oet hanol hen¥l di azoni umtetrafl uoroborate. The

conpounds of *FBritfae (1<) 3% ELIYAFrBefeWiape (HaN-CHo-
exdppligs ofitgr akt Fngl-Bdduct s= obtRi+wd~ f0/d exaapleq,) or

f I the c¢le f
oI e M L P e R e

nds 248 PH = NKETeNFE 2~ Nipdd2 CHE1CHY end Bzr NH2 ; and

- polyethyleneimine (PEI).

Among the aryldiazonium salts, mention may most

particularly be made of 4-ethylammonium phenyldiazonium

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

thiocethanolphenyldiazonium 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 formatiorn of carbon/metal covalent bonds:



MM SimPd NHHI I-~Pd -IN N (1-3) (1- 4 M
M O\ OPd p\ +~p Pd NO (I -5) (1-6) MMCu OS /H
\' N MNH (1-7) 61119 O MHO NG NOOM Cu
(1 -8 (1-9 Pd Cut HNH M NFF\ (1-11) M

(1- 10) \ F/ F M Pdt

Pd
NH, — = NH,
N :
|| — Pdcl,
(1-1) (I-2)
M
M
s— Pd
|
N/\N/;
N N
H H ||——=Pd <—|||
(1-3) (I-4)
M I
M
O o) 0 Pd
N \Td Xy S
o)
\O
(I-5) (1-6)
M M
o) o)
\ \Cu
O\ s /:H
N




HNHH I HPdOHI14 r I / / (1-12) NCH MC1
(1-13) MH'Pd H'N- jH NH M(1-14) 5 The
structures (1-1) to (1-14) above have been shown

.once the grafting onto candugtive area (M of a
conposite material has been carried out and, 20
optijonal | once the nmetal nordanting has been carriCed
out .| The/pal Nadi um or copper ions being shown nerel

bV way il ationH it is observed-in fa t
t he i hat are carried e ?
mol d are rarely se e of \|@a . &

given ion, but iny genepal have an ‘affin f op-rany
metal ions, and in-particular £'8r all transition
nmetal ions. This is of® of the reasons why the present
inventidn8 10 makes it possible to significgayly

i nprove the coating processes that include a pd

pal | adi um activation ste but also permts a _
i mredi ate transposéu i ctivations gther ghan by
pal | adi um (as shgwn¥ | above, for “npefhodg of
i mpl emrent ati on ) VI1, the 15 nordanting

may be outNaf t e e graftingg_but lwith petal
precur sio her than pal | adi um precurso (r-11)
especi 3 wi't h cobalt or nickel precursg
pmectr sors”of any(lether el enment present after in
AN F F
N\
M
Pd
H N
= ™~ H H
H N~ Pd
o) = H
A
I/
(1-12) | Ny
\\\
M kf/ ci (1-13)
y .

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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the el ectrol ess solution), or even w thout palladium
20 (the nordanting is not carried out, and the

el ectroless solution is used directly on the grafted
| ayer, as is the case |n t nethod of inplenentation
[1l of Table |I above). ‘nol ecul es of formula

(b£tg8§giiged0ﬁggv%h%a$1 %1 %%Hgﬁhl qquqvarﬁggg ca¥r1ed

he con uctlve areas o COITpOSI e sur
depéndfig PﬁlpaﬁiP@uPérC@ﬁpﬁﬁeloﬁétb?én@beh@n merely by

fuagt icgnad 1 QEota A o N ﬂ’@Stlsca&%r\}éd i $n ehservethit the
tﬁat t he afo enentggned rougs can

act 30
sportanedUst Y aRd prefefBht F FF%egn YhEh%oﬂabﬁF?%%sthus
seﬁﬁéﬁﬁdu@umverar@hs @blehelwenpuglbeqﬁunﬁaCESn, but in

r%@HEEh@ghb@etnﬁing@§Bi9n rgﬁﬁLh?dmgggﬁnﬁ m%ay%ﬁﬁj in

to the exclusion of the |nsu atlng ar eas,
cﬁéétlgPhﬁFeI%Bn%%%tW¥&P%ﬁt%QﬂaWﬁﬁﬁﬂo§#¥§5surface with
a 35 solution contalnlng the nDIecuIes of formula (1)

. anpl e n coating or ayln
&%gﬁﬁe%ﬁsgy bPe q+%£rég%% %eH Xh&&ezﬁriﬁ ﬁlh@g%?tlon
t hekegr ganice skitforeorito i icondudtliweingrrove the coating

59%998§@§tt}\{§t aneasaof .t Be1 conPORi Ler SYLE AGE: ste%l but
geral met hods of i Ienentlng the i nvention

AvPSagEd™i-SEe ATapien d%ﬁiﬁmﬁraqﬁpqqﬁ¥%ﬁﬁ|9%t?6ﬁ16?t10n5
thEheDndUehlbg peeasdofm bat hehewnposi teoserfaggove, for

CRUBELSES LU0 Slepsicd araliing  alivabion step and g,

anting step using a imetal = 'salt "(for exa
pBPFdantm'samey b9 ncahisedaget eRgersifeaceraftirlie but

CQﬂﬁBShk@amHkﬁ@dﬂr§di§|dﬁHéﬂ/ﬂHéﬁ“SQll&@i@mtB?ecursors,
sol ution conH_ nlngt% {%ursors of formula 1 I

a@ggrcﬁ?ﬁf§%? e d ‘%? edFes tekel | BEGCUaBEVE, ©F
Thrscstepr$e9mtaﬁynotherfeﬂHBEnonpaks&nmIﬂhéﬁeafter in

di hncdionalo ecuLser s of ) foryul ), ly
éﬁ n- B ag)deflned ab éve mﬁﬂghéYéﬁg;gg?é b ?all%dlum
c

BECPP%@aDBf%ﬁslen?EeC%BHb%gl?PEn ﬁ%@th%lebﬁ@trOleSS
ofbensivheigr auesi 1bi B duic) ush nghat gra@stqone Jeirgand is

fHH%tLQQQIQnogggrmgghﬁ?eg i?%pggtagcg{fggrfgfs%$T$$%&@ I

surface s then broug 0 con
c8RPEFNi ng metal ions Mn+; that may be conpl exed by
the ligand functions of the

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 by dipping, spin coating or spraying) may be
suitable. There 1is then chemical grafting of the
ocrganic film onto the conductive or semiconductive

areas of the composite surface.
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groups B of the conpounds of formula (1) that are 20
attached to the conductive areas of the conposite

mat eri al, by dipping, spin coating or spraying. This
treat msnt all ows the conpl exation, which converts the
organic filminto an organone alllc film containing

the netal ions of the nordanting bath. If the redox

2 g\),otentlal of the Mn+ /Mpair is greater than that
1% GhéloMaHededek pdiremsmting cordudtiveatdosasiaf be
tkevisapbaceset rhelsorpasbie) materl al (for exanpl e

reater a tha f.t in the case
gf copper F]t Pcac s sgﬁg?gf%?j 5 | ﬁé% nﬁglcttrlé(t?ksalf?ﬂfs of
t h&ef grafmasén e30s wf faed f campgheds bawoi ertsdgs £ he grafting

ceﬁﬁheé@ﬁbﬁnéﬁ%p>Saﬁet%De%%$B¥nE9h%°W9ﬂﬁPy % ESdUCt 2.1
~l1ons I nto met al resu Inglnt

558¥Fan(é8ﬁs G Rati 6h %llaﬁ?l%fi’ gEhoet al i Ehi§| Arse, the
cenpriseng fgr aht edadifasniatd om@terpaﬁlactirssofasr@{l}f OtRHbAeq

( M)Ltﬂn‘%h%r %f tl%clgl%%t aéc? %a%mlnéiaﬁ%e p?lé%%?g%)?gs (Pf formula

aggr egat es, Via the ditunct
ggﬁml aaPF?rdbrhgt heo comtiuctding tdreeaprocHuiugeiss Hescribed

exaﬁpbe EhQSC@%§p|Ee@@ﬂ@%nﬁkp&d@tfbrﬁgﬂl&ﬁ“égnéopflm of
Since the atons or

2B P it B Af T ReSCRarRED ate TPATgAACH) - TEReLY Am(X) B

casaldgdtiseflomblve, r educth airs o@;wﬁt&g benS, thBeMoEiugtive
edug ;

pé?@QEeoftBﬁeCQBR§BQ§EE8H 8&t%?§%[onPo 9%?e58ngﬁgt96%ups

ions, so that "aggregateées gra
aiBedél%iLP@lnlgap?fdl egbtaionéed, L ¥@amer fuhahisnngine atdss, to

[ meaeSVBrQ@ess Sjﬁ@d&ﬁsdﬁ% th@ﬁe°§9¥&5b@9.ﬂ§1Eﬁg%lcﬂsgu ht
of. L.Ladiu E ctly n t.he co i.n the absence o?
grgFgl ng. El"he cont'at = t e et O F‘E@lgéf‘at fGhasdf 1mra- i

| BASTI Faysdek t ocmdjlasedt ey silze digbhe aggregahes of the
olgt;aupgd B Howevere léor%kqm&js b%fpowhgglgut *Ahatthtahe are
neous reduction of M n+" ions in
a%?gﬁg?gs Tan tke PIHHE OGNS idrere an |6ﬁs C@n@@Slte
t mappedaby blye digahdg f usetinonscafiddecgr @{ﬁ%ﬁqg This

n a ot too. far fromt
3 et frbay 8 ML 2L R SRl ORI AMATS ene

t 3KE8 pf at &5 FEP| B ﬁ@gaﬂotﬁ%@lhh@nf@imt hpstareananche
byeehections toanstee bebwesn:ihe copductiyve arga apdy oy

tggtg%glallgnstne UAVA Vi pair is 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 M°, resulting in the spontaneous formation of an

organometallic film comprising grafted difunctional

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

This 1s for example the case if mordanting with
palladium ions takes place on copper areas. Since the

atoms or aggregates M’ thus formed are in general
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Specifically, it will therefore be preferred to use
grafting precursors whose spacer arm X i s not too
long, typically with a length of |ess than about 5
nanometres 20 (thereby giving preference to conpounds
of formula (1) in which X represents -(CH')m with m

repeeseBtngoanthé Ntegel- NGL g%xceedLpg;dQs, SQh@? bPomote
id the Broduct|o of sel f-assenbl ed |.ayers in

mﬁﬁ%hCPHEl HaFhehaPE tBEr APGHCTARA REKY thelPRgange that
faggtegateé t heagredp Bn2b t ahd arcdi@mdhe: susfage) . are

ELeptio)  kpnalehqbotyeen, . hengondugtiye args and the

ohs may a o’
cBRAGEEFveS sphtef ardrs quﬁnmgﬁqnnﬁuaﬁ gmoup@ﬁ andber of

byaﬂag@unmngdlﬁa@ﬂlgveba oihgrEHépga} ihhi Shd S Because of
kno or alowle of 30 grafting, 1t is

sgﬁ% éPginﬁ%gbéﬁqgﬁ%ﬁ fﬁ@egﬁﬁﬁ?ed:‘%r@ﬁhPElP?a@ﬁeﬂfs
t 0oobe pes perdiccutar 4djtdre surd aséze rat hethd haygaegates

t bb%ggngﬁ e\{‘l%ra\le%lquStlg | @hogﬁdt ti)% 8{;19&& OBr OVII}daeCd the

that the spacer arm has fri c ent deg ree
r 6PALFBREPUS r esdorAticoral PEW NN 's. 135SIﬂI§uChM|sa¢@®s or

Cé@&re@ﬁﬁ@stb@nNE@ké q&&ﬂﬂEYOh@yChQSQﬂEJQM”thel§ﬁ§fagﬁce
cer_arm \Wen

t t a
|232 ? Fﬁlngl%% ? UBFE&HP% Bt ebUF sBFEUBH Btﬁéafted
c@ﬁ@gcﬁmﬁesaﬂé@$ehséhessnwhanODheawaﬁhmmnuhgﬁsmxfﬂce of

CQMgraggndﬁﬁ%ﬂV@aerﬁg the CQH?FCtﬁe A 88, | a%%gersgace
grafted organic filmand part o

cSﬁgHEVFU% Eﬁ}eangaE%?PlC”%arélsoﬁ”Wchﬁndféh’ eleCtron
exaapkéerpabtadennthaggoegatesvenyrbe spantaneeust yions.

d L ti |s absent. The roble
o%gg?%égga?§¥he prlggag Fnt s B i i ¢ ? ?T%affbnuse
yaEB%BVePrB@Uﬁ$ﬁIﬁ1w@@SG éP@ﬁ@I @ymaﬁjustnng the long,

'eyﬁhcaﬂlgraﬁth”@ Oknb e o@rg@BththnhbégtaS ggnomgtres
threg e surface _.area of . un fted co guctlve

ar 635! 9att8P §FSFErRgCand® éﬁFVﬁb, | B
t he sUwﬂécéisuEﬁrssentby-dﬁﬁbhg+ywiﬂhtm(hﬁpmﬁsdﬂuing an

UBQEéﬁgﬁdn8€|E§9é581 gi@gagss but nQBOlghﬁhgfgggﬁgction

aggr egat es e inventors have in fact  Ffoun
8gct2895sésagﬁg%??loﬁab? THet al' aygiedat Bse ophains are
ceppetgaur faace masul tsei nineinal /Metalidonds eRky gidup B

tpgocﬁﬁﬁ;akkbﬂe ?Fr“§$¥f§§e9f %ﬁ_ zann¥fgﬁ%f%r‘ 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 4improbable for the grafted
organic fragments to be perpendicular tc 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 of the conductive area is covered
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15 commensurate, that is to say if the geonetrical
parameters of the two types of naterial are the sane.
This is not in general the case, and it is very rare
to be able to form netal net bonds between the

aggregates spont aneously _f _d on thg conduc;i ve
a 2S 2Q, r. | t_nho bepefjt fromthe
eﬁf%%gl pi %éftagf%ted tryg?‘r%gt al & vveg/e{;h ﬁopﬁ]}écglve

caséaoflsamsoriganieare’ | ﬁTlngéTJtCéd u-s@mgezwepmocpsmadlum

aeggrdyAgeto hB? baveBbbARan@BEsAyal LEPYsPOLAt LS  yhen
Sufflél ent .to forman_ attachnent point for an entire

ag§régate, TqhitOR SR T85 AR 15dh POTHRES riom e prior

i airti ahl gheenpliededs Msituaohpn meythGWebherBelﬁlﬁlmlzed,

b%&%EbE e§9h Lhnesfr.om iy oved,  adhesi on resul ti 89 4the

fromthe grafting reaction. It may al sd+ ecoﬁclu
f PERPERFs Topder vaRi 68 tHat rriltnlimézteh the¢ epekfefe area of

gﬂa@taﬂge@f &fmnfgmﬁuuc:Jﬂ%J@tha?inaﬁf@%& a r§@%%ﬁ§ and
m i of the.a ate grafting_densifty.

tﬁg?g ij'len%ffer gagﬁng %‘[%I ohd ﬁg{%ceegr%gfgjfcﬁré@cbbnﬁﬁongly

ofderdat@dh nthet hacaadtiet ofa pbddadi uagthataves! e not

pEﬁ§en§r§¥té@eeﬁﬂﬁ@%rkgérr'@Eecapn$£“§gg§c§@|n the cfact

case of self-ali'gned barriers. Final t he ‘organic
or©%8 oF&Eﬁoﬁ%%ﬁﬁﬁ%“ﬁ¥%cﬁﬁgaﬁéte@nf@ﬁmﬂﬁﬁqh)a@@re@@tes

pbesent op e Nt it Ofa & eréha$eﬁ 517 eréi%l’ld/trrféttgqr Mo U only
f L. ndu or seniconducti ve are S
t%§ lﬂg 89 SLQ?lfg Pﬁ urgg Fgr gye%hgwotﬂg %_ are

e conposi surface,
r EaETEY8UERERHI cafhatunéfi on® ofsathe Yr oupse A daveearical

hbgbaﬂéféﬁétﬁffqme24wu§h@ﬁﬁ ar 8as maAS i L hu§$ﬁiuéﬁ£| T
t exanpl es |IIustrat|n§the pr esent appllcatlon [
hgglﬁeeﬁ Fbnd™ PRAET hi S1Gf FRATL yaRS SuchS t kY there to

ghaf tbhg hayfbakemephacet @eVehonbienot beeconehiet ag@regates
asgaschaveuiol beencd cheaned behanehapd: Thus, i 18,

ob erved that" the grafting results In
Shart'SA aRd t1#H& BBndiRitFVE" aféamt hakte aleél*@tarl@ﬁgér of

tllnanathms‘eal hatndtrey. closwkired + Vellaf‘@}&)e c@@é in?}han organic
ties e

t meqt pp uri
g?%g%tn Sgttlgéat ?onﬁgre Emsnt ey rgp orE 0 Hikes ¢ the
pé§§?BFéO®o @BFaQﬁaféhn@h@OGOﬁdu@t|apeffarce&$1t tgr affddimgan

t hatashhéhs @RANLreset sin tn§ﬂ§“ﬁia§§%§é§%§e°fwhﬁg?ﬁew1ll

atever the treat nent s that
a Ség een formed from an 1initially complexed M ion,

so that there is a Dbenefit 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 seli-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 1is to say that the reactive chemical

functions of the groups A have a high affinity for
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undergone in the steps prior to the grafting
activation. It is known that the grafting activation
15 results in the presence of nolecules on the
conducting areas, but it is known what these

nol ecul es are, and it 1is al%o known that these

I t geclive metal]jzation o
?Eégggafzgng |ﬁgﬁ esﬁggES§fﬁe “Srafting gbgo tﬁﬁ@@pies

pladBsbhat hegsehF cBREEETT veppDiareasn, t he pasciessnofound

t heapr esent am&rﬂﬂwmﬁagﬁéhlEhaeoweblgeréﬁl% I yal er.ye
in.the sane wa the narrow bands of sem conducto

(TERCSTI NG N TERE TEOTWNCOHYE ) 2TERAt R t ROt Dbeen
vestayges obefheehamdleﬂﬂhayer:depos;teﬁsebeéarethat the

f 25
fbkgkegnan arrle#?léé%g&so%ESD%th§]on 0 tggﬁ?sﬁ the

sél f-al |gne Ine interface to e cont
nEPTORFYIPEuRE ORI tHhathe2 xoppeFoband bhenaltdose ttthat the

rESﬁQQEthetBBe@dgeﬁefﬁ@éUfBéQQmé@ttheshﬂﬁgﬁtgfwlbﬁ many
n barr box", the present invention

ff
R P L B OR5E b P hui At brt far EEanpneEt  CoRFREOTe
3®at@Sth64rpqsﬂkbde:mapaobEa;nthps prepecdrydicanngt Heeas,
OQEﬁfﬁ'?ggb¥h§alﬂes@1 1Q¢eSSes Ofretézetsﬂ“g a-TfJ}» atcheet%@a{ e of

principlée of whi iIs to function on
cBHﬁE‘Etu‘%ﬂée%%rf"ﬁ@ésevelrt ShBU| B BRETOIST (At t hhey have
puopergynés ciommonrhto adedde petibeds € the grafting

[ i o 35 hat fol l.ow,, whi ch aII have in
QEL?UEQ%@BUSQ of - it % LPEEbI €'Y olips ATt K activation

aé?FVétFoﬁnoﬁh@héﬂéﬁﬁ@@@tKVbI&M&&mkﬁs d¢rhetloonpositet ing

surbase soAPEises kheRe \§1t1§95th@§gelln¥l@8ul@§té2}5’@t'led it
step rr| d outtﬁ%tgraftlng, nmordantin ep

carri%ed utnByn fal TR&FE (FUreel&Tpl Bl Al coBamete  the
sattycande ameedlctizonishep fi nhafsieChr tdis satindNUS, since

t By uct | a is requced, The e
P Ll R 08 o et | e Sy R e Phre
5258RRr alt1FecRESE? S wWhEN Hife PERDRN poterenaloof makes it

Mpo &3 1M pat 6 asthe§Setham tﬂ@ts?@§0ﬁé te@héﬂ%{Ff?@ bands
| educti o
et ook B SR SL ARSI SRS A TR AR

€ Cco exed i OAS iTh t
néfatt ake pt@%eV§p®mgaﬁe®u%IVheb@armmst be yeausédpdyited

apetOrexternahgr eAYCENY. agens . o ThhSs MBy. begcaL 14.6d, pufy o
VVISELJf—aZLigrleczl 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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any reducing agent, defined as a conpound R associ at ed
wth an Rnt /R pair whose redox potential is |ess
than that of the Mr+/Mpair. Annng such reduci ng
agents, nmention may espe0|? be made of gl ucose,

whi ch allows 15 the reducti ém of cupric ions
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aggregates of a type o al | adi um an

egge%?a g PVS§9¥ & 8@ & fg?ﬁ?%%ﬂ%"br@éeﬁ? in
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MeKGer m®hsrﬁdﬁCﬁeed@@@n¢he’@T@MmmamfbEhexagge@ganﬂs)with

FQH§V%EduEBh§ Aethed @%fﬁﬂgbeggnnﬁté5mb$@ﬁﬁt@e?ssociated

d k equiring an extra step. Apart

tiﬁi?l% ?éat fre. /RJ %d\fﬁ%tsfge%ecicf%t%fdt%ﬁfl%lhelmm fgfan
i ipkenmertt atthe()nM‘“Cl/)M repsmumhvaﬂnodg &)udhherﬁ?,tdl\l’ﬁ_]t | &de s,
t . e surface
DEnePIf i) (BoBL RS B o lef MRS ReBhE: (ki qrm 20w
stBP E8ARFBHCBUP fbyFURHE ogriats ngF@flmgoirgfa@hctJICHWGr and

TB@m@tB?léﬁﬁﬁﬁﬁbﬁﬁﬂétHQMAB$ U%ﬁ@chméf%adé/ﬁHbtP@Huctlon
conposi te sur ace thus treated, rﬁﬁ%@%ngF on .the fact
[~to

t Rat "ORts §6itit OrP 't ofit & hs TB6Eh heisgmgthod of
r evpncemgnageits, has exaﬁpl @cbrfanttrae_}eDMlkEty@Bloerﬁ the

A@@%Qtngnt%ft hirg 8Bt hodh f o4 4l empnt gtion, . they,. . ouihan
nEHexatlon t he reduc |on and the e ectro ess gro
BR

Pravs i e siefgreE léﬂéﬁ Pherddyremaaay iof @ metal
pe$sebﬁp poesestri ch t hevenumbesctofodEPS solution used

SHH%ETS‘QH@%'Y Jhanks 5 Lo the getivation by grafting,,

t Fe abovenent | oned Hdvant s s, “and “6Speciar | y the®
i ASBRSPYINT Lo theried epst mnoth@ogrhet@@tfwmlami the

t beepi ghrdegreaiah %%Id%‘é@a\ﬂetsy off eredh b the are not

gé?&&hggheous,tgglgdggkhog 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 impiementation
(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 1is 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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degree of freedomoffered by the grafting for the 10
growth of the electroless plating layer, apply; 4) the
activation of the conductive areas of the conposite
surface conprises two steps, ganely an activation

step carried out by graftlng using an organonetallic
Pheedi-a9hg. aqg>a {ﬁgthhgﬂhghepchﬂ mhﬁﬁﬁelgnégglgﬁfal he
sites carrie t hese precursors are ced
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artlcular|¥§SU|table for the case
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DGE@HStmﬂteylGESGSH@hbﬁsthéoﬁraX@ﬂﬁbahahH the 28ditional
a i on, f I ctrou SS iers en

d?%?ég%rlg g%?afgtlng ? g‘ éﬁct?@% 19 HQ§ afor the
I6%Pk§éﬁn?ft?b$t<§lle@¢©¢b%$$|EEl®tflrt¢IeLap(HrouslptgLQe 5)

the aCth@;'Qﬂvﬂfaébﬁvg@ﬂgﬁc%kvetﬁge@%ngtcLﬁbg are@i
R‘§03| te surface Cg%?fl SeS a sing e ste 0

ctiTRG O st BpF EArT i ARG SBY t%éD g?gﬁpﬁng rgfmely an
oﬁgémma@iahl|st@pecuasotsdconstlth9|ngrgftﬁﬁé USlng an

I h of th
ook abiskess or. e elegtf o g58 g UL ELINE LS o
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nﬁ?@@ﬁ?@%@*%{%paéﬁﬁﬁléé 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 graiting 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 ions associated with a rapid M"Y /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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out by a nmetal salt (for exanple a palladiumsalt)
This case involves the grafting of a precursor
"charged" with ions that are not spontaneously reduced
by the conductive areas, and he substitution of these
10 ions takes place during t%e second step, which

|%@%&%%%teghgnngﬁgagékggoxEMaf98% that.are themsel ves
spontaneously reduced on the conductive areas (for
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tH@Pé ﬁ@Kﬁé @éﬁﬁ?eﬁérsége@bﬁvﬁﬁyonéspéepalMylch ttheo25es

CQ%EOS|h©r@@hE@§§ haspheen ;gererakhyiheated or (porqe1ves
i rradiated cQ ite surface i s then treated by
a SPROFARRPPAY ybaf‘ﬁ ‘gg‘ﬁ%al‘?f‘ng FR (GPRAUSHd VesuekepRat (for

t lseypmpaee g@bb@@nﬁmugkymweducedoppesz<ﬁ&ﬂddﬁﬂ1ﬁ§1 Slﬁas .
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Sghggpgﬁ%?%ﬁﬁoﬁ% Lﬁ%d% notawg‘O Qhk%*l l?r%%tﬁﬁﬁgu*
byhgn ﬁﬁrdén@@ﬁ@rﬁﬁtﬁocéﬁPQPﬁﬁng W@mp@sltengethéndepOSlt

abhom& t BempdRind | omsrd@e becdesuhisitid utgd @n EHang of
areas Sl.. Flnall gsfreatnent with ‘a reducing bath
o b

alTows “met al depd%lt§EL6W“§UC§nHenEF5FaﬁQ 6A2)
S»avand SSOik t Aenactprat i oA) of thhe cemductiuveecar easilar

of(wst he wgoyposide sHrfags, i 58 three,steps e ”ac%e' Mse
arried out by the grafting o

an__activation ste
orggﬁoﬁgFaFF?& pﬂé%ﬁ%%%% pge ﬁBFﬂSﬁFlﬁf%ﬁ%ﬁ? HFFPedﬁ
byetalnetabs salnd, not csponyt aneousihe r educedngn sdie 28 to
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nor danted i ons are reéeduced $EEN
tﬁéeﬁFes%ﬂYln%véﬁﬁ#onfunCtlons 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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5 addresses the drawbacks of the processes known from
the prior art, by inproving the selectivity of the
netal platings thanks to an activation step invol ving
a chemcal grafting reacti 10 The difficulty of
obtaining a self-aligned nucleation filmby the
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surfaces of three-di nensional objects, 25 or
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obt ai ned by cheni cal - mechani cal polishing (CW) after

a step of depositing a thick copper electroplating
I%W@rSamdaoé529DVbHWEHngjmhehereneheﬁtandbeﬁtybasa&% as

then progduct QO 0@arf@@§er &L BLLON €§§ %ﬁ1 of. the

danascene or dual anascene proces 3t t%r
caseSehthe dOMFOSilFon nkbeffal 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 o) 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 layer for the fabricatior of an integrated
circuit, and especially the surface obtained by
chemical-mechanical polishing (CMP) after a step of

depositing a thick copper electroplating layer and of
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conprises surfaces that are al nost planar and 5
consisting of an alternation of copper tracks of wdth
L separated by dielectric tracks. The narrowest w dths
are those of the first netal,/evel (level M). The
roadmap establishing fabrication processes in
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efE2t r'01%6Ss Ret di"C plfatifhg FPREB deére®ed capevel Mi). The
i ncaemsp ngl e stabrldwhcopper fibnesasepar at @dobgsses in
i peLeasi [ 0 Lel.ectric 0 tratck . _The ocess,
of tﬁe %]%s%%{@él%vgﬁg%oﬁ%t%.he"?le_%}%eLso ve%bmf‘he1 ny™ *°
pPObIBNECRBAPF OfEd 8BoVE O t R pmi Grecarplpbat S@sem in
puocesSesedheogPn dMesesscahgs, ifesybt R 2§echnology.
cgatl n(?s ex%engl ng above the dielectric tracks and
prodUeThy? ahCuld&si ratiTe SHor t 21 % cUiEtBf It Hes coppresfore
t packsreMhiea brocess wefert hebionvent bon ahso Juf f eans the is

pessibELIL Y aphaMELA tih%tter&?éqngggsg%ge%?l'v%g%ihi thenho 1o
never achi eved. 30 The precursors of the nmet arf'i ¢
nater itAE S sEFHEVABE e thAc! il ddyrarl aedo bwteion

uSedimcfm the nerdasti ng c&ﬁde_u,ti@:[\vegru{]i:ﬂg tBeqsecond aple
step t.he progcess . according to the present
i%gen%%tgﬁl%arg‘gr ef Brably '35 ch8Sent tF omimetalr Lesiis, metal
akrbagl i ch mertdesn hay bEe nmeidesreafs iogpper pazkone, copper
g@kﬂestiBepbkb@@ﬁunbyVaQ@®ﬂgasidgﬂy”ﬁﬂHQrJJ(”Uielectric
cgbal t, lithium sodium alumnium magnesi um

pot aSSf um rubidium caesium strontium yttrium

ni obi um nol ybdenum ruthenium rhodium 30

p@héa?EH€bs§ikM£rth§a gggghtiQQQ@ytﬂ&gf%ﬂéygféygrgéﬁges
tantalum tungsten, rhenium osmum Irid um

pF%fi%%%¥ problems mentioned above of the 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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mercury, thallium |ead and bisnuth ions, ions of the
| ant hani des and of the actinides, and m xtures
thereof. 5 This is because it nay al so be beneficial,
in certain cases, to use p1§¢u[es of metal ions. This
is for exanple the case for the fabrication of

| RlaeneenNRCt S 1 1fr m yst e exanpl e :

i %:ae%lrait ed circuits, ﬁ&ﬁ |'chn§r{l?1iel91{r‘lr‘et éng?élérﬂfSB‘lafﬁéVm'
adVaANPagBousIIEERE sENERIUTY e6ppem, palibddimunmpdrtinum,
ph@ttﬂmﬁLiQm&JUﬂ%TJHE?Qﬁsﬁmdgﬁﬁsﬁﬁtﬁlqdﬂg, ions(ff the
C ion wi.thin the nordanting solution used to

p?%g%gé%?éleg AlS &4t itg?ﬁ aF&;}&ﬁgﬁFef gP@nml§|tweaoé§eﬁ@9f-
eXeéd 1F0-LAMar evenmapr e 1sth pr ebenabl i dloesiAotertain
exaeed, 10-oMufeoqidhges QL NG d et bgl, e o 1o for
or anoHetalllc precursor may contain not “met'at® i s,

bGABPrEctIY  FRt%l fpar thihel ekl srjgreyaeés insechonnects
stfouctiures sexditelms , 20f @ndeakfpstable shen dhe- Met@le s, 1n

par.ti.cl 0 regate are _encapsulated in a .
Dot egt 18 fgg?%%ué-f%g 588h PGP OPRECGPGRSConSPas} Ay of
of °pBEY nePa fi @@l esobrp laahwsphierres., ful | er enes,

carbon nanotubes and cyclodextrins. In this case, the

process. according . to 25 the invention then preferably

i %Eﬂ ﬁtj‘e%s a3t ep gihe &t 'eHsi ATt KETSENElréenorwithin “the
aggrégatésgf romuthieinr ugangueo igradidid | leitsﬁ hﬁ@le?tion
gnafting step sesond, step, , attachyent o
theQnetgl 3oe%§%%5?§o§g§%t§$?§$X$%%§r%¢% PRt oSVERemore
gPafted2BtYarPes 19t ns#e8edel Ealried out by neans of

any technique which is suitable, taking into account

t m cal nature of .the filmand of the precursor
o?gFﬁggﬁ%9a||T% n&ﬁ&?iaﬁﬁvefhéopechnFaﬁes PRERNEBAtHELLC
UBEECWF 8 n mdte comitexn 0fio85 mdreapr ésent, | BUeNtdOfectly
feetkhi pagteplace dhepghoLgar OYMELAUS - Lgedrom
sgngly bri%ﬁgﬁﬁ% tﬁg rgéurggg of the,r%ﬁ%H?ﬂé?es exist,
nateri"ar i onf W'E hMeRé LomditiicLem 1an prageetares
t heesgricapeudb tehe iconpoprbecoat eei algangl.ier exxaple PYom
dippi ngqthe,or gapi.c; £ grafted onto 31 the

conduct Fve %reagggglgkgﬂﬁonpééit ?%¥%e5 suftabtees  or
sBRUPPBRASHESt he Saild egededr sor , cddroexanpkecotibkhe  and

typelogéxthose. usad di st hea gy | OFh&r briekstl eI L5y o
pkﬂélngnvention 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 technigue which
is suitable, taking into account the chemical nature of
the film and of the precursor of the mefallic 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 materiail 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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and such as described for exanple in patent US 5 695 5
810, to nore sophisticated techni ques such as spin
coating or spraying onto the surface of the said
conposite material. One or_o Per of the aforenentioned
nmet hods of 10 |nplenentat|on thus allows the

formatd ameican  Aldgat ant%' A o%rlet%urf L, Of tsl?lel&able
metallic material, whi i's adherent ective an

i 7 OpEttiPBular the céﬁﬂérﬁﬁﬁcuTﬁP§f|§0§e@é@§@leu@ﬁ|kéeakwpe

t lef p:rkmcs%s&ﬁecbflntthﬁe p;!SJ:DdSraét:t the @n%%%%l@%%%‘i'alﬂgng
vegglgn 15. 5e& ossible.to forci

S8GF4 e iR ﬁﬁF@PFaﬂﬁbn5 695

|OCg|I££ he precurso
t@éoconﬁgcth@ﬁ(Nsoghaﬂuyaﬁd@@tlVecthQSer $heh s agein

OEOBBQHQOWEQS'Eﬁra?@ﬁ&r'é%tovwgﬁgr]§J¥%%&QaQﬂp E%En]said
conform.ng | ateral to the topol ogy of the sa
suFfiRee tgom?ﬁﬁrﬁﬁ}dantlng sol ution used during the

second step of the process according to the invention

[ sol uti hat__al | 0s th recursor of th
ng?%llfg na?gpegl fgg bg conve)?JO H}nﬁﬁtnﬁglﬂﬂfTWﬁﬁ%d of
f dAPLeBRstetiphe dgrivups 251Bwef tie cofpowmadsoof of  an

f@ﬂﬁ&b@hﬁh)flﬂﬂH33@lbQ@tQQSBPe%E HQKPGmQQQE‘Eée%aQeral
mnthlg%J rafted organic fil

gﬁ& oréa Fri hate i Towe s¥rdi ci épt particular,
dpgsébmmaén @hldlspeb9bansét theiretall precprseestes or

CRLLYiNg Quiaddie pfesghboLaventdon.  thi s 3048

because, In the case 6f Insol uble salt’s of fhe invention
pFe&6Fs bt @PsﬁﬁélﬁeFQIFpécﬁﬁk§rﬂapalﬂhﬁstselQteonraugtof

preker akleyt she iabl e rfaa dijsper sest he precursgrgicthe  of
W%emlconducgerlal sufficiently to be able to all ow

t RIS precursdr 80 BE i Asert€d THt P The Odr galifi c CPIPASite
The t835imdy dantihng Sdleutomyamid | £1her eborerbenghasesrally

aeeokdengopb@ogBNYr CEhd €54 8y ArPNg-Mhich the fol | ow ng
may be nentioned: a surface criterion, for exanple in

order to avoid chem cal interactions such as the
oiheammama@t1ngheosumﬁa@eanwjruyﬂﬂn@ aﬂﬁﬁt§é¢@mdoété@eof

e |c fi criter so that thjs
ggﬁ%tﬁ%ﬁ) 06s %%%Ogée Ve f|442'fr%ﬁ$ %O%uﬁﬁad% 88E ton

Wﬁpgﬁ i%l Y94$ peen precursor of the metallic material to
be conveyed right to the ligand functions of the groups
B of tne compounds of formula (I), thus allowing them
to be complexed on and/or within the grafted organic
film. This 1s therefore a solution that aliows
sufficient dissolution or dispersion of the metal
precursor for carrying out the present invention. This
is because, 1in 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 to be inserted into the organic film. The
mordanting solution will therefore be chosen according
to many criteria, among which the foilowing 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
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deposited; a netallic material precursor criterion,
which nust allow it to be dissolved, but also allow it
5 to be transforned into a netallic material; and a
metallic material criterion, ich must allowits
formation within the organic iInL and e_spgmaltlyf
all et &5 I3t ro S r _out, fo
ol T3 Burocatalv i o dencs trbn oE RO pre
sGFVent o?l%%eiﬁﬁwbaﬁpﬁngsgéf®?$oﬁ§1iyhlghefgtaﬁkw been
CH@@@BiﬁEdﬁ]S@lVﬁ@t@lﬁh@t;h£WétﬁhE0?gx?§QF@QI|b§ﬁ@grion,

r..far _ions,, and.therefore. a at i sfact or .
g%ggggiaufﬁggggﬁg?fiédéﬁqﬁi gb?%?fvﬁ%'aﬁ%%hﬁiﬁ? shtpv it
a$%et Ranotramefdiamrsl  dmtosopr opaneliic material; and a
dingetfyk Eor Rk de, ( DVEL; (di-aBhiyl syl phoxpde, (DMBOL, of .
el.se acetonitrile. The subject of the invention is
al §5TEh&ORopbsite tNo0CRERBAFal leBaprNSi AgPaEikéast allow
oné ssuidrace tdomsistddig Of t o aBealdsermati omtof for example
ehect LLeaLLY . ponduCkLye. of, o sem conductive areas and

y n

not

n-—s

el ectrica n-conductive  areas, which can be
obt ai ned by inplenmenting the process according to the

present ikAventLoReARd 8% ZQhQGS%bEQEHt998vesoluaions is

characterized jn that the electricall non-conducti ve
aPégéegﬁbgﬁe EbﬁﬁggitgrﬁﬁteFPéVeﬁFé n%@atfoPﬁ%@ f #ongood

organbélpolyger spawelr i n fduat tﬂnhs,eleahﬁicakhygefprﬁ a
C IGE] sem conduct.i ve a are _covered with a
nggﬁgg%?gﬁo?gyesﬂ%raftgﬁjgl aI§§?§§’or qbat@?elywﬁﬁﬁr’
cBASPEPLAg oFUW f wict FEAANOLler gasiilcarorl organenetabhnacl;
cdimpeuhds fotmahedé ol(pewh ng digrdal\a Slbnoks 6¥) Nrfdd): or
iglghigh:tBS.E Aiis a group having at | east one _
réactive chemtaf function allow ng the said organic
precursor to be covalently and selectively attached

t ohthesusiudace rof thbe ;saidhel et riiscaéll[s}/o C%gguc!:k}(éosite
areas: .-. X is a.spacer arm covaiently Iinked to Aand
_mégegl?% g?mprhsgggaﬁti&ﬁaig.qﬂﬁuﬁuqﬁﬁqycﬁoqﬁlgﬁﬂpg of
an alternation of electrically conductive 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 folliowing formula (I)

A-(X),—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 1s a spacer arm covalently linked to A and
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- Bis a group having at |east one ligand function

for metal ions or for nmetal aggregates, that 5 is to
say allowi ng the conpl exation of nmetal ions and/or

net al aggregates, The said f{lmitself being coated

with a layer of a netallic material. 10

Prefgrentially, A X and B are as defined above. The

i mpl ementati on of the process according to the
invention i8S par®? chrll%%%/f et dgedu<Ct it ke i el d of

m croel ectr dahi |cL$ a5 gl'ﬂ'te;;subjafeﬁlng?f gthel@e_[@_sera)tne ligand
[ - IS, a process. r fabricatin

i E%ﬁg?%%ﬁﬂegt%sr inf}éocrﬁelcr{oog Sec?For#gs,meteﬁ*ec??%%‘?%ates’ that
nér 0systEs Grl liontiegr atled cremmi¢xsatiwhardct ecitzéd ions
t had/bhemsabd pyocesgstdncl udes at 20 | east one step of
grafting %Pfi | m gf difunctional precursors of fornula

(1) usi ng' the cdat fhg procEsd £8Pl wdver Lhger
safdaincertbhmecdsebisilng nmade of a netallic nmaterial.
Thus, preferentially, the process for fabricating

metal interconnects according to the 25 present

i AYBRET M3 bharkcterdied idre hst daf insohpibioses, in

the followi ng order, the steps consisting in: a)

e&%gi n ilné: er ( oarknieoct fgat Eées in a dielectric

ubst rat'e, the sai'd’ f 84t ure§ fBFRFRY FEIAEHONesto the
ahdrent vemsisopaandtotatrhyougivathhiegeaid isubsia aties1d)of
depesbii g fogorductive barrier layer on the said
etched dielectric substrate, which barrier |ayer
prevents the mgration of the interconnect netallic 35

naber sabjéat oothehsaiptesebst Hatvnttike sal A rd eprocess

| ayer LN .t hickness such that the free face of
LR o o st Sk he 1t ePtonfBLECt Fonics,

fehtore’n bt theleepelysibstrateron whiehrateds circuits,
depasitesdiized4 i) te@at i PHet hes cONAUCII e DAfEh8hes  at
'?é’%ét doerpeo&st&%d on_t he et ched subs},rlate witha
nUeT 2at | BR cep grarting 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 vias, 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 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 is

deposited;
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filmof a nmetallic material; d) filling the trenches
and/or vias with the 5 said netallic nateri al

starting fromthe said nucleation film in order to
formthe said netal inter_(:o§1n41e_cts made of the said
metallic material; e) uniformy and honogeneously

abradi ng the sutf , fer exagplg-by b : 1
chem Cag- B]chani ca%%gol i shi ng, .1OC o‘rfea t19e *°F a%]er
stufPret ﬁget%“ ct*Sof £LEhed profrsidiatg peits of thelsakdon
ef¢hedofeatmees]lio eaderidn; obg ain af Cvat .
copper/ di gl ect.riic co site surface, activatin e
sai d corrpggsi %llsl&rqgaggg%sitgqncthﬁé p?%%%e%%_ J¢E8r difid® t ble
t ReiPnvertiohl bhd awtdefioded stbraboye, #iamthehe said
dﬁp@$é§t@8n0ffﬂﬂm9rg§@'Qoﬁﬁeanﬂganﬁmflk%%ﬁg@gﬁgd metal

onto _and sel f-positioned with respect to _

con ﬁgf?(}%eﬁgf)p%?d?i hestiot the dmpost te mUrdEed;  and

g) using ¢he saiflofmlym amd oaﬁrallgsétriecbdsa}yerha@;‘rad%gt ‘lche
Lon t e £ SS_grow a, meta

e T5e " a ey YT ULy on B P7 er o THE Sa 1 RetAFRLnG,

| 40&r by setfipokint ohedcuit Ipfifespect ptot thdéimppperts

condugiid ve areastehebiherconpasi t e ssur fage, Qc%':io%%:@'i}é’ a
the Sng gctloftthe %)resen.t invention is the use o
suchta ér%)%e%% For THEPRULTS cHiGIFSf i nt er connect

el enents fh actrhoekéoyr dhecsaiaf cah@edIoNi Surface using

ntﬁéoﬁi%k%gé‘%bégrdﬁﬁfgg tggechkgghtgbna%%d %L?Odépfned
use of the interconnect elenents in 30 | .
nferB8 edtfonte?, dERESEFEeRr Gifi cami ereeydrems ahtotdenic

i il egr atred teidr cirits shat s@w—@b%@'tm@féleéltsiwﬁtgﬁls%p%ct to

e The.coatin rocess_according to e .
P%ggnt%?)gﬁlu%g)}%% SO bjglré%%l Ped ¢ § tHEREH G | ferface;
mePal | i zati on of the source and drain of MOS

transi stogs. uApagt theorkt he rabgve ars angermentss, f%ﬁ

ié§§féi92®gl gﬁ@ ?n%l ud ﬁl{;ot er_arrangenments _tlhat 7o

become” appar it 35 Fr oRt I SOIPOwSNg HESEH i on,metal

WhRERT T éfser 8 tapprexanpl sus tomhicelr ke, copper skiinesn®fal

iD&?QfaE@QFgCE%QQLb%SQEgoﬁgﬁl%@Eﬁdr%%%%rt:wo Q%éig%pper
i a

ra ng. o .
gcon UC91Ve 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
microeliectronics, 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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cysteamne film a 4 -ethyl (ammonium _
tetrafl uoroborate) 5 diazoniumtetrafluoroborate film
or an ethylenediamne film -0 an exanple of the
grafting of various dlazonhﬂy1salts onto netals, to
an exanple for the production of self-aligned

barier in Ss g an, aC|vat|
st%e%hcaftrﬁd %?J?l@w%@ di’a%gg?é]cgégor di" ng Eho trh to

pFFEEBscsf the Wﬁ@éﬁtléhe aREPPeranliaganpbé oﬁnthgrated

reglr@aeltectalr‘ée Grafd e C&frt?eﬂoaéﬂa@dbymth%gg%h%&actl% vige 5
r@fg ng stfeE accordl %tlg t he Eroc%ss A . .
Avention, cand arss to tRE1AAPERREE™ Fghrad lrorgbogte)

| ﬁll\ﬂ/ﬁpehdm15eirélfgupeomoshows fa lperapest i eehyilemediamine

obtiained - by ;scaniing, el eciq On?]}{’g cr Jfgptpwyn t a Lvgrious
nﬁgnlflcatlon of 50 000, of the surface o

2¢BUpBR cttHihednby BEealFng tan éﬂch@damllq cépr the

W@ﬁeduanﬂoﬁomﬂfl%@ﬂg—aﬂlgabﬁerﬁﬁftﬂﬂr?f1QQﬂFﬁraan9rocess
es after .CMP 20 but befqre cleaning; -

%ln?%%& V\g aac\a;tlleVV\;iltvlloarl1 theRdgar bf et h&utcdiipoRrafting
sﬁé\%ﬁrﬁhngl Gor ethte Broaemgmffl‘ﬁailonvarﬁtldlﬁ)p aae8; to an

Fegdmgld SFOWsha PBESPECId Ve; Vd ew, gk a
f_j§n| 1‘§|lcat| on of 50§000 t he CEgu OFI %? é urepill%djtum
a

dregreaning i tgﬁaétélngarﬁtﬁ@ sacﬂctﬁlﬁoolﬁ}g tq:ut‘glmepnocess
shéwshaniedget vbew atdaalsmgos f i cat hopeofied 00 QO OF1 o
the ggugggcﬁqf Figure 2, but after cleaning with a
cleaning solution; 30 - Figure 5 shows a perspective
view at a” ‘I‘TJB.@WFGFI catifnvsof 2 50000<ot ivhe wicuponolofained

Fbgurse;a&mnaf teelrﬂcﬁec‘rtngaﬁi&fbégo dheasurf G}%r@@ﬁ@'a%f NG, ¢
Syst m and. nor dant| ng ,W i um
P A R B S s 2n Ted 5 GPeweal Bt ained by

nﬁgﬁamcatuam of-ch@d 080lofot hevaupornaf Ebguresdng an
abtieeragtiyat iogn @cgdpﬁélﬁe sHuf %eelké\éljl:quacf ;jr?rgegf ater cmp

eanm.ne filmand nordanting wt
s%P%t S‘Bﬁor%6c LHYUt® 7 shows an edge view at a

- Figure 2 shows a view via the edge of the
coupon shown in 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 nperspective 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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magni fi cation of 80 000 of the coupon of Figure 3
after treatnent with a solution allow ng the
deposition of a netal layer using an el ectroless
process; 5 - Figure 8 shows 1;lge_infrared reflection
absorption spectra (I RRAS) of " silicon coupons (p;aak ;
intensity_ag;g.functyon e wavenunper in.cm) an
illustrat es?%%‘eﬁgarigti o%{?‘“tﬁ?t h\(/exﬁlgr af“?]blér?g oflv_laew at- a
diragbahhyarieae PflAPaPPero2, the, cgorando60Finutes ofter
1@repnrestonich a diAzearhy dide GAftidoysobsti o, LA 4
this figure, the curve at the%%? corresponds to an
i AREPSi ORYTT nBS0fY 22 %ﬁ?%’é?da tHetF e ot hers t hat
fol l ow, dowfwaudeand i nshbis order, woffespOndrt@lection
| EEBbShONORT MBS AT 10, 130,300 80 MIAUES 15 o BLOUTE .
9 shows the | RRAS spectra for two I'azoanhydride
| afEFBSbbY afied byt THiErsi P, ther wa3enaihat esnatcmr obnand
t enpesatytes tWﬂesefﬂa-ﬂQiﬂi&hﬁdziﬁogﬁﬁg Sleglrﬂ/‘a@%elf%gl nN& a
i sol ution.containin -3 no of
g?g%gﬁﬁi} (?lrtlj%ei%lgrgeta?r?ﬁrr%’e,l@ef gpea ahtl Bfperes of
| MYEREFDANI ntfan aul tiagomhbybat Hei nyrafetroni tsille iber. 1In
h@HEs(FﬁH&d%@,Cufﬂg:<§¥§v%reat'lymgrsﬂégn cB?Qe%E%XSé Lo an
after imrersion); - Figure 10 shows the "co coi |
f eAPGF 85O0 “18R (9t egriatedtefr care ¢opridingoders that
afveinat i otlowfiwa2d copperirandidisel ecteir¢ | ng%é_spond to
Fi 11_sho t akgge current. expressed in anps
a%gggﬁa%%?igﬁéq% (Fﬁeiéeeic |na§n%i?r'r€ﬁ%lind}r§ﬁest’hat is to
say the conbleert dl stsdvee experesBRRRS n symctom afor two
cieubhinAgEer d ng 1bgetRat ofcFigue 13 using.a3Q
c Bventipgal process not_involving a Step of grafting
ag of'§aRr ¢° or “or geivdifet at TTREFT4 WS- Frifur eSE2 I shewsshed
t herbeakagertareent iexperessgedftinganpsliasianf uséht@ining
of kheoet ghiing @E”@@%b%ﬁnh&@@&dbsintQc§@§g£p§ile before
con‘a-cm di stance expressed in pmon a circuft _
attor ditg Yo t hAT©6F PR gure’ 13 3lisi ng' & pIUckess bath  in
aecetrdnngribet hefqpr esent hevent i gfut ddxat 'c;‘élrtxr@f:_si'iyb@f]&e
tk Loelude of_grafting a .cysteamne filny -
FP%?%Q%Hi s?%gp(gérg‘g%btﬁ%ee El\ﬁm\gleﬁesv%%’? ‘a _
magni fi cati Bhdwefe 50 0000 @wfs atbel i"conbdoopdfi Mmdmges of

an integrated circuit comprising an alternation of

for

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 upm 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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- 37 0.16 pmetched copper features after treatnent
according to a conventional process of the prior art,
one that does not include a step of grafting a
compound of fornula (I); 5 : Figure 14 is a
perspective SEMview at a n'%nl fication of 50 000 of

a sild cogn cau t ha I ncl udes_0.16 pm et.ched co r
fg:itll?r glgl af %éregtg?eat lr;r%% &:usi ﬁ%af e pr ocaettstséraccofp(ﬁpa%@ent
t GAWE dimderitd on, CPREENESONRY Papcene tdfatthacbudes art,

steRe ahagr afddsngoa chQM@EeQﬂEﬁ%ﬁLUﬂngﬂg?%ﬁ%@ q compound
pracess allso ALncluding, after P, a cleaning step

us) ngoéfmc%li fri'¢’acid sol uti on; - Figure 15 is a
perspecti ve FSENMrei e atisa anmagarfpeatieon oevb0v000 oft 4

an%b%ﬁ%%%a%@%ﬂono%ongbi%b@g 09'1% pqy%&%%%d %Qﬁﬁﬁﬁl that
features after a treatment using 15 the procéss
actGrdioRg Qo ehetmi Mreheororreat fies o esay £ tome tvattment

i nelindesttae shePcdis gé@&&’t(:&lggg Q)bstte[agﬁ p@véﬁgm}?, theat is
sai d process alsqg not including any cl eaning step .
af%toerIOS B gtlcjnlraeL 16- 15 W per specf e SBM vilewiaing @
20 ymagarfineattiidm, ot h60s800 giromesisl iadenw doupeming, after
COWR i Si R@eadfn |E§éﬁaﬁé9ﬂ of copper ggﬂdQ%?iS§%£ﬁF
lines and treafed using t%e process according to the

i nvention,” FtHEFSi slt o iSayat et PrRtudes &F8teplef at a
gmabtiifgcat ioystearfion® ofoi | wa t Béaiaehﬁfgiogowﬁﬁ)ﬁng
56, .am noet hanet hi ol _an % cyst eam ne),

i ??88 Pg&{ %tfscr?ég h%%cﬁ%?r -§ i gur e ﬁ??%r a®pé ?éé@?l’“&eusmg
SEReV PEW CAts Sa ageegniibicc 4td orhof 150e00nf Bhstl isono say

COWROR he@MRMHIcSLAE s Qns@%be%ﬁabk%@tgkgc%p%%%t@%%ine film,
dielectric lines and 30 treated using the process
actg‘grcﬁ tREYHEST nYeni BAL IuGieg 0P BayCoReNERgtL step
i acltedeSM&;step of grafting a cysteanmine filmwith a

sol ution comtg{,pbng 13..6 % géerfﬁgéf'%@agﬁhhi9£ and . _

98% HC1 ,%C}ést eanm_ne) in 10 of" e Jhanol “and” 3% -

FIGEPET18F408 per SPef0 & BEM vidicar goupon comprising

magni kilcathenioh 560f 00bmfea Sddd COMN LIQUPAN COMAKS NGng

a%r@%&%ﬁ”%&hgﬁyo{hgogpgéeggdegkgh%ﬁggiqxliggg %%%ention,
that 1is to say that includes a step of grafting a
cysteamine film with a solution containing 56.8 g of
aminoethanethiol and 98% HCl (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 1lines and
treated using the process according to the invention,
that 1is 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 1is a perspective SEM view at a
magnification of 50 000 of a silicon coupon comprising
an alternation of copper and dielectric 1lines and
treated using the process according to the invention,

that is tTo say one that includes a step of grafting a
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treated using the process according to the invention,
that is to say one that includes a step of grafting a
38 cysteamine filmwth a solution containing 227.2 ¢
of am noet hanet hi ol and 98% HCl1 (cysteami ne) in 100

m of ethanol. 5 However, i ® shoul d of course be
upde t hat, _t hes, xanpl es are giwven nere b
mag gggﬁ?ﬂﬁsgﬁéf}gﬁug% %hggﬁgu&q&nc Tt r %%@'g g of

i AfeRPE6RaNERBS L eRaAPI98S iHE Inol cweeye aodms)i tiut i NAP aml of
| eahkabnon thereof. 10 EXAMPLE 1: ACTI VATI ON OF COPPER
LI NES AFTER CVP BY THE GRAFTI NG OF AN

AM NOETHANETHI OL( CYSTEAM NE) FILM This exanple is
usedeverdenunsiiratlel the sehesti v frddmdticdy Ofhat these
c ' | adi u egates _aon 200. 5 wde
oy B R RO b P Ra o0 st Bant &t of che
| &Y8P CGSi A t&pst edimi Hee asnEenpoand ¢heker myaap(les. fFheno

CQEPOSbhet sUNT BEESa USHRL WY £o15 Py LI coupons
obtai ned by cleaving etched integrated circuits 20

(silicon wafers), after deposition of a TiN barrier,
f BKAMPLE 1of ASTIYPFEONNOF CAERER |LINES (AFTHR IMBIBY THE

VaRRLETHEDSP! bk ORMIRYFLUGEREIE Ay it e laf OPPET

by el ectroplating and then chem cal -nechani'ca
polishing until the dielectric projections had been 25

crhppedepbdfiplso Bs tsd oduce gidhaces cedentr og 80 ¢ 1 e

a tion of co r. tracks.and dielectric (Si02)

CELERIeLL N OBl L BN e b bal g 200 o

sBldei ovPP8y (IScicsar)y athter pwhbch orhe tsunf ade aMasorganic

'Qéﬁékegswﬁéhc§gﬁkaﬁﬂﬁgtéé“kéﬁ?é%ﬂfQﬁ%%%&ﬁ&lg QQ?.then
(Scal a

with the catalyst solution contai ni ng
pal | adiumions as netal precursors. 35 The
cBhposidnmorsiofe t bersatusi anssdis@drandst ke proi@colSupons

| ocesrouer Ao shogg B0, S Ted Lclabes L A0
sOPUtEORA SEPd&Ts) ¥ aePBOSEtgon of a TiN barrier,
formation of a copper 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 (S103)

tracks.

The surface was cleaned wusing a cleaning solution

(Sciean) after which the surface was treated with the

grafting solution (Sgrae:) and then with the catalyst
solution (Scaza) 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
IIT1 below:
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15

(cleaning) - 18 Mohmwater: 100 m

2- Am noet hanet hi ol /98 HCl: 113.6 g -
20% Scata - Na2PdCl4: 50 ng (catalysis) - NaC 1.8 g
- 18 Mohmwater 250 m - (37% gs: pH =1 TABLE
[l 5 Solution Imersion Co nts Sclea, (cleaning) 2

mn; gentle DI rinsi ng") i ng CDA dryl ng("''
1 e-rﬁ-‘i—e—éianol rinsing/

Sgraft (ligand) 2 mn;
irring CDA drying 20%Scata 10 s; gentle D

Sgraft (ligand) -
Et hanol : 100 ni

ninsi Mu't(fcfﬁ al ys |G§9mp§§§ﬂ€ﬂd§ﬁ SEDAR %'oﬁgltl()ﬁ) Dl a

I'nsi ng, means i S|n Wt deironized —water—(b)—€bA
lenot eS’Hy conpr|e i a@i@i'ng. 10 The surfacesS g

ml

f
(
{ hus(¢Xesatigdy)wer € {IleBaMHpWam@&di cular to the j1qg
(
¢

d th d T
g, LaBRnBlC ol Corvonon APaseapy L SRt PR gurs 4 o
i i n

d 2_appended h retto 'show :vi ews, 15 perspectbve ml

x50 §P ni figatignpyand. via the edge (x100 O
?F%n;, respectivel'y, of the surface before™®

I ific

(Iegﬁﬁﬁai‘yf?ﬁ. afteMaHe CWP, revealing a nunber ®f8 g
jmpurities. Figures 13 antndwshew the same surfacgsy ab)
he sanme magni ficat |H%qs %ftogr cl eaning (solution 20

SC l:all) st ||U the .,-.., ot GCun S . dircated-above. Fj gpllflpc 1_\

and 6 show (at the sanme magni fications) the result
obtained after activatiopaByg0fagting (with Sg=art)
t hepaltadr

then nordanting with t um sol ution (Scata) -
40—The—spontaneous fornation of palladi um aggregates
bl unb Seldtide copper tmﬂﬁ&ﬁsisnogser Vggl [}Mg%nﬁg?t\éery
hoSriepnrisasinied o 678 Ut | 6°FhRks [oi  tar o betdden
he copper _lines. stirring CDA drying®
Sgrart (ligand) 2 min; gentle Ethanol 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

Figures 1

perspective (x50 0

(x100 000 magnification),

before cleaning, i

and 2

the trenches, and

appended hereto

00 magnification)

.e. after the CMP,

respectively,

then examined via

edge by scanning electron microscopy (SEM).

show views, in
and via the edge
of the surface

revealing a number

of impurities. Figures 3 and 4 show the same surfaces
at the same magnifications after cleaning (solution
Sclean) using the protocols indicated abpbove. Figures 5
and 6 show (at the same magnifications) the result:

obtained after activation by grafting

mordanting with the palladium solution

(with Sg:aft)
(Scata) .

then
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Figure 7 (x80 000 magnification) shows an edge vi ew of

a surface as obtained in Figures 5 and 6 after 10
treatnment with a solution of netal ions for a netal
plating using an el ectrol ess, process. Localized

pl ati ng about 30 nm pl unb With the copper lines is
observed, allowing themto be selectively 15 capped

wi t hout producing short circuits between these

pl&Ei ESD T EXANPE EL 2 rmACTP VATE ONa OFa COPRERS b k NESE AF TER1mb
CWVPBY theE c SFARTI NG Ok s 4-BTH s LAMMONL UM, o high
TETRAFL ORATE%[J 0 DI AZONI UM TETRAFL UOROBORATE

(BZ- #ylgﬁé SOMPOUNDEEE  FEORNULEERD L s ekamppeegates
used tthe dénehstrate ttheckel ecitweced opaaiveen afhe copper
catgbytic pal |l adi um aggregates on 200 nm 25 w de

copper lines by the prior grafting of an organic

| ayer using a diazoniumsalt (DZ-NH3) The speci nens
amtdgakeani ngssobubi ar gh3eiiean) oand sneatalyt iy R0l Md on ¢
(Scata) -vere gdent%cal tg those_. 30 descri bed above 1n
Exanple 1°° The® gr 3PtFhg %ol tFi oh'P'Sgaf J wakd cofpodkeer
ofreatseny ofitbZ-NH3elunid®0 of wobtadcetomn trbltea Theral
capper LS 02; S f cl eaned using 35
tﬁe sarr% pr of%g%f) %Is,g%gﬂ;%lrﬁigﬁﬁg\%&i_n Exanpl e 1,

then imersed for 15 mnutes in the grafting

sbbutldnedt hamt ikignsedowt t B0a Sn 1l ookl AOUEOYS SO Aa -

h ide, s@lution and.then nordanted by the .
c%gggétgg?s&%&ﬁfgﬁd’asa%%o l%ﬁpléL%T Log1PegERplectively
exapPpat Mo hreveah el Yqioty shban) ciasuiinsBxsrmpleenl these
apoyeintbe highly selective formation of palladi um
aggregates plunb with the copper lines. 5 EXAMPLE 3:
ACTI VATI ON OF COPPER LI NES AFTER CVP BY THE GRAFTI NG
CEXENPLE FREDROWENET L EDAPFASOPBEROINRESF AFFERMdMY (HY THE

18rABrSNEXaANBEFE ii—E?ﬁQLLQAﬁﬁaﬁfﬁﬁrat@E&ﬁﬁFﬁﬁ%ﬁéﬁéﬁﬁ&E)—
f él n of catal tl%ﬁgelladlun1aggnegates on nm
s T RORORRTEor (BZaNEig BF aFOWPOR ¢ OF

FORMULA (I)

This example 1is wused 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-NH5").

The specimens and cleaning solution (Scirean) and
catalytic solution (Scata) were identical to those
described above in Exampie 1. The grafting solution
(Sgrazz) was composed of 64.6 mg of DZ-NH;' in 100 ml of

acetonitrile.

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

as in Example 1.
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| ayer using EDA. 15 The procedure was in every point
identical to that of Exanple 2 above, but this tine
with a grafting solution consisting of 90 g of

et hyl enediamne in 100 mM of _deionized water. 20 SEM
exam nation reveal ed (not §h3%n7, as in Exanples 1

and 2 above, the highly selective formation of

pal | adi um aggregates plunb with the copper |ines.
EXANPLE 21 IERAFT NG OFa VAR QUStDISAZONI) UM SALTS @NE@ple 1

25 MEEALS thRi shexampl estsedsedot ordeqpnstrate tggal adium
spont anequs gr aitl ng, of various diazoni um salts onto
coargr%rregas%ﬂ'sfé) &P HaUrnEhgi §28RPEMI4BFPs used in this

exanple were the following: - "Diazo NH..-:
BN ' h G ' '
{ SRR, S VIO X (¥oboen RINERT RRFERCERP. 4P wue

4- RPNz Sfe-  EFRSSHIERAANMENE of KERADDOASt € GOMPOUND  OF
" BoraaEA i(@yl i c: (DZ- SAL)": 4-car boxy- 3-

hydr oxybenzenedi azoni um tetrafl uoroborate salt; 42 -

"Di azoanhydri de: (DZ- ANH) ": 1, 3-di oxo- 1H, 3H benzo(de)

i dodhr orrerersedi agonneey tetr afiénotoboxat e tisal tselective

" DAz CQOH: PR B b - 4-
nit,robgﬁfﬁlnedi a%z:(g]ﬁszﬁbr/n te% ?é#%&g?%bga?%ré%gsagﬁets; Ahg200 nm
" Y 0 CEXBH Tz- BO0H) " PV 4T 88r Bosdyenzenet di@azohi am organic
t dtarvafr uerieborakne salt. These salts were used to

produce the grafting solutions 10 Sgraft 01 to Sgraft
11 nentioned in Table |1V below. TABLE IV Reference
Cdiffost t¢erfigte tes sohueivemyS pafrtt 0lddZ: NHBF {64tBat of
N)x atnph QO 2Mla pRGRL OBt icly TR b 5 Z- N (43, 4 "

+ 100 E.%L acetopitrile tSqua?tm%BtwﬁcZ@AﬁHg%.ti%ﬁg)sr@)uuon
160" °4¢éfon?t rif% 9s Gaf ety lppeftanines6iR Agp ml of
10@ imn igeet eaickri. | e

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 1is 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:") " : 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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Sgraft 05 DZ-NH3+ (64.6 ng) + 100 m acetonitrile + 1
g TMAp "' Sgraft 06 DZ-CN (43.4 ng) + 100 ni
acetonitrile + 1 g TMAp Sgraft 07 DZ-ANH (62.4 ng) +
100 mMl acetonitrile + 1 g TMAp''' Sgraft 08 DZ- NOOOH
(56.2 ng) + 100 m acetonitrffe + 1.g TNM@( ) Sgraft

09 DZ-CN (43 1 N ft 10
DZ- ANH (62. 4Dla?gz‘“%‘é‘9%iglk|é§%4%H N slréf Fipgo-1H, 3H-
D2ERGREHE | & 602 reyene1D0ditzpREDL, 0. 1 NtREWARfiuoroborate
t eananet hyl ammoni um perchl orate. 15 The speci nmens

used were 5“ icon cou ons obt ai ned by
cleaving fro azsﬂgﬁ&k§ﬁ1|06¥3 (T e, not havory—4-
enéhedbéeaEUeesﬁzoovemedtatthfanorémmwaMQrﬁﬁkﬂaléﬂﬂ) nm
Si 02 layer, “a;15-,RBpdi Ny ~an 20 approxi _
nm.copper nucl eation | g%e§%§%rned by pﬁygﬁgaPXV%%SﬁFne
d@ﬁ@%PPFHW'aﬁltfﬂéhu%r@%@ékte(éﬁb?OX|nately 1.5

m cron) copper plating obtained by - 43

e roplLatin The f t hen polished by

&ﬁ%g |%8§%ve%eﬁ§IFSmﬁ %thgfﬁg§§ etﬁF@Qt&BEpéplUtlons
(§adalfted31at'bsémerfpollll steed’'i aefderin Smkds v dellbwer a

pl ane, structurel ess copper surface having the sane 5
conposition as the copper_tracks after the CW
treatnent. The coupons tFRBIMEIAred were i mrersed for
30 minutes in the Sgraf— 01 to Sgraft 15 solutions

ﬁggg& bove. After.30 mnptes e formation

ot w%ﬁéu gam e—Ff |Fﬁm&@é§&@—n&ﬁ
erﬁ‘gec;tlcbl rdsi sttEntNH0 (Ghed rmwsimglaiparlatajc@mSnitrile
perg QafoB@b The sppfages,shys, freal g@l ﬁ{\frace 3135;&%21\ by
nTrar ed_reffrectTom absor ptTron SPECTTO0SCtoPp ~RAS)
am‘sgﬁfhnq:f shoW 4 WY r9fatd &9 )oft ﬂ@oamloﬁqahpcltmﬁre

1=xrsgtl_:ufg|mg absqmpINch)}ba(mdi 2 Grnﬁr acheni ghi Sc@f:ohmgrlle
|1 O gr ou rri pr ecur Sor di azonrtum
i F5 2 flown 1 abl B/ Dt PABLE by cetor erie

+ 1 g TMAp
Sgrart 06 DZ-CN (43.4 mg) + 100 ml acetonltrlle
+ 1 g TMAp'” _
Sgngt'07 DZ-ANH (62.4 mg) + 100 ml acetonitrile
+ 1 g TMAp'"
Sgrare 08 DZ-NCOOH (56.2 mg) + 100 ml acetonitrile.
+ 1 .g TMAp'"
Sgrart 09 DZ-CN (43.4 mg) + 100 ml H,SO4 0.1 N
‘Sgrase 10 DzZ~-ANH (62.4 mg) + 100 ml H,S0, 0.1 N
Sgrase 11 _ DZ-NCOOH (56.2 mg) + 100 ml H,SO, 0.1 N

“V: 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 SiO; 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
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20 Nature of the inmrersion Main peaks (cm 1) solution
Sraft 01 _1608;.1511 S raft 02 2229 Sgraft 03
1742-1782; 1600 Sgraft 04 1384; 1529-1492; 1617 S
raft 05 1608; 1511 S raft 06,2229 S raft 07 1742-1782;
1600 Sgraft 08 1384; 1529- 14927 1617 Sgraft 09 2230

Shatk Sr 1 1734; 1589:1540; 1355 ' The o
t est%s?tt\fégéét%%gﬁ'coﬁ{l% nuSd S t i agBSth%‘?fb%‘eft S§¥af £MP
0FPLARNERTi s odegootiaffr Kere i nth RRAS: sOnlof t hdickesubpper
relcatieg t9 thiemidbazesseapoupd-are givel hepe, (25 .. .
Si rc{l | ar results havi n% been obtained with the cﬁazo 44

- PeShpountStUFFREREEThH FORRSY VSHBSeee Theskng ediiet s same
acempbetitédni n &8 gutiee 8, cobpeh shawskishe aamard atign ofyvp
thegratting as a function of the 5 immersion time of
the coupons in the grafting solution, show ng the

| RRAS spectrum for the grafted diazo layer after

V &hieO WS ulpdRr STHMs th mBsa afd 2ye A0, 1 3R ALKL 60, MAULLR (e
In_t tyhsef gure,, the curve at_the top corresponds to.
an”i mysr STHHCt iote O 2rAitnutesS Ahidt 14eh RDS$HRsRd t ARpve .
f-8ifitew dodnwermssesand tihe t hbsmet den, oforgresperd boganic
| PeRSi QR st idmRs: Qfe 410, a ] es... 1t _nmay be
seen that fhe chareact,e?}?é%tel gg%ﬁg%p%%]?%%c%@ﬁdgesjo%?%te to
ditd%o0 FHPPRy e RS ilenseeasornedt i iéné n si§ feortacthus
ALLELbULEn L6 5 denatfioation of Enecr ey rallTtspFocon
mgggbgergvgé.yeﬁge\%ﬁél)eap atC?Leef‘trltyheS it ngoTmatsion of
t Rficknesgahangedfiint | e ex20bEitnakl y, ddwomppended bands
Fiegtigcfeshovs -t he |tRI3A§u%Q:ec(‘1§fr%)} |f m{p@ carried the

di azoanhydri.de | ayers obt ai ne st on fo

nPRGEBSSAE FORRPEEWpetatite BT thysd -TodiliesNedelow:

TABLE V

Nature of the immersion Main peaks (cm™})
solution _
Sgrase 01 ~1608; 1511
Sgrast 02 2229
Sgrase 03 1742-1782; 1600
Sgrase 04 1384; 1529-149%92; 1617
Sgrast 05 1608; 1511
Sgrast 06 ' 2229
Sgragt 07 1742-1782; 1600
Sgrart 08 1384; 1529-1492; 1617
Sgrare 09 2230
Sgrare 10 1598
Sgrase 11 1734; 1589-1540; 1355

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

similar results having been obtained with the diazo
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copper surfaces in a grafting solution containing 2 x

10-3 nol /1 of diazoanhydride in acetonitrile, one of

25 which was then treated in an ultrasonic bath in

acetonitrile for 1 hour (topcurve). The results

obtained indicate that there is a reduction in the

| BbePShids Of 1 dheq charagt el i spigiazo peaks, but 30

they do not di sappear. Even after one hour of

ultrasonic treatnent, the diazo filmis still

penéeet bysuties eetrablpeptwbachni |Hiusineates mlfnﬁckstﬂ?‘&@sfhhthe

0 eng, raft Qn the netal urface o

Ea}%%?%ég ?engF €%g%5 ng t6%t hé pr%€5§§ Gt t “the

|hW@ﬁ¥$%®P BENEXARPLEE 5CoPRODEICTI ONheFg SEEFi g | SNEEXion,
E!RF% USt NGrRARS Gé’@%Utlil@mACf“Eer&ﬂeG\ﬁl%Tﬁ ed %Faqlﬂ f‘é §L'e r

is exanple is used to illustrate t

F%@eﬁﬁﬁ?§“Fh lmﬂgrsbSPfo?Hﬁﬁ%eCﬁ?o@vdeﬁoby:¥heand 60
gmaﬁutag ac&ordmmgstoﬁignrqnocesé otuthe |®weﬂwnﬁ1libp
t i O o0f,.C ac uring the
f Spr PELpyl Oho 5nP SBRAE SN TAREREES £ % g ehen
SEF?S%IléhéH baPRiLENs IdRHENGFey m efnd elisct ridkiess order,
ptatiagsod 1@t ahmettd Qys el for Bd U RGQ 3D nminutes.
el ectrol ess solution based on a cobalt salt, as
described in Patent US 5 695 810. 10 This sol ution was
usednay depesen hbaal ths ahaoppEEridtiéusbsnrpﬁidﬂewands

- byreligetrghgss oF oW h cat abyzed shy . the Qgest%{gce& in

pal | adi um  aggregates. The so ut] ons and
pF‘a%%%‘F sz%lh F]ﬁ% ghel hand, SO%@Fl%meaWﬁ@afmt fWhich may
chérhetachbd)eands an ddeigtiber ibands fofe piallnadléllmce it

bov 1. Th
a&%EVQ&%élﬁgf %Egéeh%%scrlb da gpoﬁénoﬁFgggealB§ f%s

Strates used were
cF@h@k%@S%tQhﬁﬁﬂ%ﬂIlt@mkmafers conpr|5|ng as in the
20 previous exanples, an 5102 layer (the dielectric),
n |layer formed b

ERT LT “DaRaaPoRBRBET ERBRESand S O CopturY | syt ra
obtai hed- Byazereydopliiat 1age r andot diemed rient ethdys BorCMRr
step iMddes at room temperature of two semi-polished
copper surfaces in a grafting solution containing
2 x 107 mol/1l of dlazoanhydrlde in acetonltrile, 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 illustrates 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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the dielectric lines were exposed. The starting 25

surfaces were therefore conposite surfaces consisting

of alternations of copper and dielectric lines. For

this exanple, specific featulis were chosen. These

are shown in top viewin the ppended F:gure 10, and

3 d.f res e /00|

%e%g%fgéggg ﬁ%ﬁégf%n héﬂel trlégp 6%??%§ﬁﬂﬁket%fthe

tﬁeoﬁﬁéﬁlﬁéstéﬁtapﬁedtlSpeemfﬁbalBytlwhelbnaoKSCSHQmﬁlte

I@uEEg@é% 10d@fﬁh§0pﬁﬁk 35abracks;on mh{§h_|%l%a§llgned
e§|red to produce a highly selective ating of

netal ‘6a°rier. Once the treatment had been carried

out, the "leakage current” neasurenept was pgrforned

byrmregsur t he ur r ent QWi n et

tﬁg cgﬁb gﬁgs eS%i()tflgfi\A%ir%d go They Snerd subiCected™ o°f
e&&FéﬁP#aPSdPﬂﬁé#eaéeOﬂ1mquﬂi %ﬂkﬂyﬂmw¢se formed using

ulatr aseéeetd Mess t ReN@tisnNopsHOKt rgu'éobﬁﬁ%‘“%@itthe

cgg@géﬁ the gok%h%gﬁg %hg%ﬂefsured | eakage current

s rcal & neasured at the

start between the bare copper tracks At t he .

shrihgBt esd1 et §4 % Clisky atJ;“ Qt'% gkage  cucrent” s
det ect ed, whi ch Shows t hat ? PLt A8 cbppapper
| S URAS nSe BdER - séﬂéc?ﬂ@@tr¢ ?§St@§pW¢§l @ﬂﬂﬁﬂYﬁH@aby

dmastpmeaenaeSbﬂgbe1$hetﬁm0b@§ué§a@@éntTHE0B914918H§ and

t to_generate h | akage currents,
Cgh% ?ﬂ%gé(%geeﬂgges%%ry(tor pﬁQg' é&tné:eﬁVﬁéeks yHth

,bélFébGsta¢hdoréeﬂ t ocowbttdian pehevanmandesukﬁs pdbladium

HaeeivhBeost £ HEt U &5e WRI L SUCH that, 4 he ¢ail s had a
total length of 12 and 70 nm Each coupon speci nen

carried several structures in which the spacing
b&heeenbstheteonbsedndetrbe icoi |1 was? didfgient o®@sihed by

b test on .one and the
ggggaggggfﬁggﬁg% I%%§§§§L|k§f§?§es 0 uétur%saﬁ@'t%pe

dBABREPFAL BX TRl e Breridt i 110201 avhe débplﬁgeﬂechnotbgya TiN
forythe fd nesppest rmicddaS.onlhes etre§99ﬂgtn% res %efbal

a Fi ures, 11 nd 25 12 appended her e
Qggﬁh &%ﬁoéﬁ%a %ge cur?e fk copper layer obtalned 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 barrier. 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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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
obt ai ned for specinmens treaﬁgd usi ng the conventiona
processes of the prior art nd therefore not form ng

p of n, .n a .co 2 conposite
sfa'gl% |r‘1A]g€tII%e %ﬁg]i/%]geéda)\ntolo %n%c%‘? Cﬁ'ﬁpftsfisﬂeélce It the
sHBéF#éﬂe5§¥téﬁt383@leﬁﬁ#ﬁg, ﬁdkhadlum1aetlmmﬁrmncamdult
ebeetveehesshpl atbmgs éﬁdSh@N@ that) the ] eakage measured
cHrr%nts obtaine% ar.e Eﬁy on t he flner structure
(inoparti claret SRt yqRtur 8y . clase, Thie that
resabtired alt the nbaetlbb$WEEna$Hdnbik& PBbper tracks.
SREUCKEES e dhose encaunt ered. i 130, nm { eehnal ogy,

while the structures encount efed ‘90, " 6
t EBRAGMGQi &S WHﬁFHjﬁéLnu%%lﬁbréhaggrééetveﬂNS Flaguiey on

12hshm@ptehe Iiesdd tﬁa@bh@tn%elnn dhe Jrieeessrof {Qgt 1s
IQ¥8th wﬁrasg gragtlng Ep |g firstly |nserted

order to enhante thé®pdl Padifum 8CCFTafiéRuLTheoint along
f 8hEowiceg 1seduenceiifbis itdren  used @aeefdﬁefohlghe 18akage

aehkyahton: £ eani ng Of fHee s , ing.of t
Eﬁsteamne using the r%to%%l esgfﬁr d%ov%q n Tatlng

ahpfesi; Bal?%dl{ﬁﬁ%ﬁﬁl\&ﬂ| dﬁx¥tele@tr@beesnplaeﬂagant
| remmytbe seen that the | eakage currents obtai ned are
substantially | ower than those obtained above with the
15 conventional process of the prior art, which does
n8erei ndiNfdeshrecepros geafet i ngcla dhhuncticonabils had a

pt@ﬁbl!LSOlreerth fermua Ghl T8 i, .i NPOLE ant, tp%nnogﬁecamen

at sane galladlun1act|vat|on protoco
ﬁo%ﬁ c3&88T 2505 HUFEUEVRn Aol BiFht BRresePagiee Reteeen
thh@ dombisheand¢appengodfl ties cappeerthfesaks NOWe. This

S S e t l
cataLog obbs 86507 hngeLo, B LOL! SN SSIUEN°She i,

aﬁﬁgee?% %%aﬁﬁ%?sJPfpéFF&&F&#ﬁadﬂFbatPoﬁemmm$trate the
ebestfotessopl atliang,cdgiidp rrRasw-edgheakage gnge@£§est

aLe just-as good (i.e. just as low) as when t
sequence I's preceded by a cleaning -

The corresponding results are plotted in Figures 11 and
12 appended hereto, in which the leakage current (in
amps) 1is expressed as a function of the. etching
dimension, i.e. the distance between the combs and the

coil, in pm.

Figure 11 shows the 1leakage currents obtained for
specimens treated using the conventional processes of
the prior art, and therefore not forming part of the
invention, namely a copper/SioO, composite starting
substrate and the Cu/Sio0, 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 um

structures).



10

15

20

25

30

35

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
"evening out” 30 the propert4$s of the surface before
the step of nordanting with palladium Figures 13, 14

amg; 45 aL L, SEM;ghoy om Ctrh%grﬁBFé a{r I f:%cat I on OOf pm

50.000, which show the norphol ogy f'he platlngs
oBtaPARERT B Grf6tﬁﬁF€t&m&9qQ%ﬁQW%SU1ré%%e@mlV@b?nwﬂpby,
t heitenverd i QﬁahcpﬁﬁéQC@hc@@htgeQre@ nﬂlt E@” o BtQ_e 45 nm
i ' afting) ccording to the invention,
iEésHFBQP%%QQ 95 { epgo u%%eﬁ???r YstEunidre as

di functi onal precursor of formula (1), and according -

48igtieet he phelacelhdefdnad d nfxanm apﬁ¥e LS of

Wi.t hout cleanlng prior to the gra t|n
F%PgtPﬁventﬂoﬁaV He §eéHQﬁﬁﬁnqrﬁ$%%lé%tﬁWFFVlYSlD@Erted

C®UrserdesupemlCwnwmﬁ&étiﬁﬁeprQﬁﬁﬂ&ﬁﬁﬁﬁpr@F@gvb@lbhe The
s to_say, one that inclu a

Iﬁgfmghgggteée&QQRCéarea |9%Pes 1358Hd Tﬁ?ragid fRat the
|6@ﬁ¥V%5+Onnnﬁﬁﬁ@mé@@esléréh@bt%wmﬁmkWutbraftmn@h@ﬂi the

Cb?@ﬂé@rﬁln@“ Qélh@ t hecor ftdig St epde(&@fﬁﬁ?éﬂe %5’5@8
1é and 15% Yﬁ%y advanta eously, 1t ma SO

sBEATP hAt rheoaﬂr duip ek iR ﬁé?ca@%%mpratmg
mbti fiegd Hey $dwen gthéti nge greao:a(qeeauﬁzserrtcg ShoWHed are
"\@hBEtHﬁ@E§119S18w5?5%3n°fth aft Hed s Oaﬁbg H’gv}, A0 the

process whith iIs prom si ng rom
sFaﬂ‘d‘ﬁ’th?naJlspERAﬁ/PEEOé @EG @SEQECWVE GRAETI NBGF not

PALEADENE AGGREGATES AMItA Ay GRART HJ\K%LSJ&% T h%]?e&%f‘é@i et

[ todllu ratethec ntrol that t

g?%?%?gg al omsﬁ%n anBPFgﬁBttH%’d@ﬁ§ﬁtl%%aan&h§lzé%me
opaih@da@@r@@@@@@txmmepnﬁanhmiwqpznqyﬁIﬂmﬂummh cases.
activation step. Carried out on Cu/Si02 conposite

surfaces identical to 25 those used above in -
Eyénp 2 FUES §o%EqueREBTSEbMPPi stPg:naF&| é8aitng sfepthe
aceysieam né gmaétlm@ppsteplgaﬁﬁ a ipal lagt umarried out

npEdansing %epthe'rh%o%?éw&h éﬁl‘edncpr"t geols; Used -
were the Sane as those esc
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 before 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, i.e. including a step of grafting cysteamine

as difunctional precursor of formula (I), and according
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above in Exanple 1. Only the concentration of the 30
cysteamne in the grafting solution was adj usted.
Three grafting solutions were produced: - Sgraft F:
with a cysteam ne concentratlon equal to one half of

- the concentration of the gra4 i hg solution of Exanpl e

1, 5 oethanet 3 98 in 100
nFﬂaé%e rgFgCSES a# °f \Mt:EﬁfW&%%eét V@n with or
[ Héﬁhpéﬁl Fleantimat mﬁlCE}(ahpl ehkt greftidd. stgpof Flrstly,

amthﬁ‘éﬁaB%t hi 844 98%, tHGLEN JO0. \Plftrft hanol e - ourse
Egraft EF the concentration dt at ~of !

SRpF&°t, Wlt 97 BTgCof Safcroetiaset  of teganMeRtian,

100an o ekhammy Ahter thhe gtﬂ&lua@slt£egﬁgﬁgaﬁglngFep
ed th.s5 I 1 adi um sol ution _identic

W@§0ﬁ95£é FQQEr@% L3 T%gﬁganggnbrd%ﬂ§ln§ gbl ut Sﬂtlcal
awarph@lgahﬁsma%nt%tgﬂrpﬁ@t otiolh were wseédioun aklethéng
pbaties ob the presenty £xapPlEondLrdi tgtq@re@ %h%% 4, .
SEM phot o at x50 000 nagnlflcatlon he results
obtained with a grafting step using the grafting
sUkuvi edv8gkabtorslF gutenkby shiows ddess@sUthSt the line
0 h e a tlon Sgra

9%3?5@%n$§% aEQ nQE E%%?%Ea%?glﬁ ﬁlfl gytghﬁlgrﬁg§lng

§8eﬁrﬁﬁaﬂtsmﬂ¥ﬁi§§H@”ﬁalIa@ightW@ﬁdantwﬁga.soi$ulmnof

andep@ahﬁﬁdhgtd&tiﬁHﬂﬁ&ﬂraél@@o@%sgrahhkﬂg 1gopromlslng

r n.the or ani ¢ ath allows the density and
Eggé ggéotn?%%tgbﬁgega %??%P%e adj usted, the

solution Sgraft Hin fact delivering a greater

annnanﬁf nal|a@m@&bsﬁtﬁbT&9Etha@R£PF §ﬂ¥ﬁiﬁxuu
&g#éﬂT S ives a _nore dense p atlng tha
sof gﬁﬁq' NG $TEP rei nforces the notion

that graftlng has a predom nant role in the quality

oﬁhtge seheeliyit bt ai e |1 _is identica
ChabIeeRHESL LI hrcl® D00 PRE8 LLoIZelf L e
grafting allows 1n controlling the densities and sizes

of the aggregates obtained during a palladium
activation step.

Carried out on Cu/SiO, composite surfaces identical to
those used above in © Example 1 was a seqguence
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 in Example 1. Only the concentration of the
cysteamine in the grafting solution was adjusted. Three
grafting solutions were produced:

- Sgratt 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;

= Sgrart 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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LLOYD WSE 50 CLAIMS 1. Process for coating a
conposite material 5 consisting of electrically
conductive or sem conductive netal areas, and
el ectrically non-conductive eas, the said process
conprising at |east one step of electroless growh of
aciBhahel ayorn pluny Wit hy (D2 salfhe BhEELILR Jbs o1 in
Cﬁgg ﬁ or seniconductive netal areas

%H #PCthat the electrically non-conductive
areas of the conposite material are not formed from

C I . and t hat ior to the sa
R P R ST AR RIS S R
i ﬁcIRﬁdlésaddﬁm e%l@luw f idgntstep oo fonat ngfa Mfample 1.

nmﬁbeahnﬁﬁ ﬁ@y§£HPYn§0%%hﬁ@Eoﬁr<ﬂﬁ§'¥ egrfgﬁéngo?éagplng
r or anonq%alllc filmon,

ani c
?8 8F8 t M5 II@S% nddctd Ve GPeséﬁVﬁﬁﬁﬁu@flVé“hepaﬁsent

aeeasplby bringing the said conposite material into

contact with a solution of organic or organonetallic,

20 di functional precursors of the follow ng fornul a

(FYoura- (%) #hBweE )an nSHki BROTA iag a<Sfr o0 hawgngfatation

| eaSth@nQe%adﬁbl wBtacher galhf lénQ}ﬂapﬁ'tf’H(% WY Lhey the

sg ?r ansol recursor 5 to be coval ently and
FectiVel yoat tadhetr surface of the said
electrlcally conductlve areas - X is a spacer arm

C@Y@h?@thy Eh@%gdt%% @é@%it (%g%alnéa 1€H]{£gegf%g%{ng

e%u§ to 0 or 1, and grou avi ng at
8lPrF4and S?ﬂﬂctMonaFGr ﬁéEHFelo 8 ovifbr hkealgrafting
aggiLegadvess,thatl. is to say allow ng the conpl exation

of netal ions and/or netal aggregates. 35 2. Process
according to Claim1l, characterized in that the film
has &ahi BRneserof thetween th anemd 0®aimadidm Phoeesst ing

aseduding tadd gi ot coLhakaet e&bﬁ@é’ntf‘ati&@t otfhe %é%@ing
hs a thlckness of between % and 10 nm %
Fecursor the organic at allows the den51ty and
the size of the aggregates to be adjusted, the solution .
Sgrart H in fact delivering a greater amount of palladiun
plating than the solution Sg.;x M, which itself gives a

more dense plating than the solution Sgras= F.

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

aggregates produced.
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51 4. Process according to any one of the preceding

claims, characterized in that it furthermore includes ||oypwsg

a nnrdantlng second step during which the organic or
5 organonetallic filmforne n the electrically
conductive or sem conductive netal areas is brought
.into contact wwth a nordanting solution conprising
either at |east one precursqr.of a nmetallic materi al
or at |east one precursofnﬁgu§ catalyst for its 10
deposition, the said second step being carried out at

the sa as af flrst ste of  formn
t%e o]?g%%}%%@or fo(?IF ano(tr:r(g% H?(?c f51me8" ?’?JOE%SS haterial
ateo? Hf hi g 005n9l%ﬁ*érb¢a%h3é peededi ige 45 skmigsnductive

chatact grbzef hndtbatciti EHITHERIRL EohBCLULES, 2 DS Or gy
he tep of electroless growh of the netal layer is

caf r<|§ed FAGREE8 t nFPUPEt8p Phat®'consfefs i Pg ed§éFRg ©f
t dibe sial ol @3 gagorretal ¢ f ca coapalinta pér f oI wh a/sllt(ﬂl)the said

andlot - 1he) PRl doREEEUT SOT 0f JdA JLALLG Mal&I Al 20,

or the precursor o | ep03| |on

[yst
netar P ettt i an, H“ratastﬁecaqlaqqfsttlcfad{lyi tgon-conductive

depess t iodh, the espeEisteley . nbte P HCLESACHHF difRGrkd 2Yom
ﬁgg rﬁléh eced| ng 5 cI ai s, characterized in that
t

feact i Tj%rc%lo%n f ¥ het ! oupP A YF thHe the said
dﬂ@ﬁbwftﬁ?}%ﬁ gorgahi cst@p, otlyancaetialdicespr eCur Sl Suore

of nEpraai a é':) 12 2GROS &N e fergtlfmCchgﬁs ?)?r ryfor}:gnlln%ne
pai r r adi c | s obtained fromcleava unctions,
c%‘r“f)i%%ﬂ%rhs ARBT cRYh&RGHENt 30F 792 Pk be eSS a4Eépadiodg an

t@r@hmafn Gr chagachestzed ¢ 3 flu}ma:]o%heaghead&ﬁlw €on, the
i de, .di azoni
?fﬁ Qﬂﬁxﬁ&q %HQ§enc££§uct ISU(P eﬁ&FPBégcahgemqﬁﬁal

oni'um onrum and" - amoni Um £
oi‘r%fr‘%/d iRydi EéSDQBISQS thRr osedd acowradiing t maCkaiial6,into

chatiagter wied ian sdiﬁﬂlémeoﬁabggﬁﬁégtkﬁe éH@&ﬁéﬁgkéﬁllc,
(o R e ol sftyoéﬁ%wéﬁﬁﬁs;z%{liac?‘fie”
hydr oxam ¢ LLOYD W 8E (X)n

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 is an integer equal to 0 or 1; and

- B 1s 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 1in

that the film has a thickness of between 1 and 10 nm.
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- 52 acid, thiourea, nitrile, salicylic, amno acid

and triazine functions. 9. Process according to any LLOYD WISE

one of the preceding 5 clainms, characterized in that

X is chosen from |Iinear ,Qr5pranched al kane chai ns;

the phenyl ene group (-C6H4-); phenyl ene groups
substituted with el ectron- mﬁthdraMAng or I

electr n-donatin u ro s carryi ng severa

f Used g?8ﬁﬁ??c ??%‘g"s@?”\?% &ﬁ? Yt hehBel Ves W65t i Brgcrging
1©lémm§t|tbaedCMEthze@elmrthatelelémkta@rﬂeﬁatuﬁglaaes a

h LCt ur.es conS|st|ng
ghgggﬁgPﬁﬁ%t o &gfﬁg upgurgg% R %?ocgés acds¥ding®

i ons ups.

t 6T4AYCBREAbE1Ehe %&%&edh%@m“q$ cKHlnsth@haraéBetmzedlly

Iﬁohhabtthé | d gan@dnfiveeiuens vedehibned as-d£gards Babhght
Rt th Qctloqgl precursors of formula (1) are

¢hosen ron1an1nes ahi J&& P neQ i eR) | 6§mprising
aﬁﬂﬁbeacﬁﬁsleﬁstaznﬂesrecbrpyrudfnasmetenmytldaﬁes;al or

quinolidias, ZQn@ftBQBBSBQBEhFQJf ne, CO'E%‘%‘AES;%t BLARLS st
grbon Is, carboxyl s and carboxyl at es

gPBRahi e acitds, S%%ﬂl%%@?%daéFéﬁ bsfiogpliiatesied out at
phbsphiane oxmdeas bhi afser theoetiRersSstdpSHkPRbLARSHg the

uggggnlghbgugﬁg nod% gg%letpp%%hdaza crown conpounds,

crown conpoun cry sepul crat es,
podands, porphyrins, calixarenes, naphthols,

i sonaphtbekss sddesQpheyeso an 'bbﬁé'Q§? %%%ylsggceding
gl.ycol and cycl odextrins; substituted and
fﬁ%é%?Snanfé gﬁFéEﬁFaﬁ“sﬂ#Uﬁiu%%s uﬁ%%%%mQﬁﬁthé§éUdeSr

f ba€vrenathgr cupy; afd dlkeitrdieisad 30oeoRPIE&XEeTHM tHetal

or regat e
eSS Seast o AEt 6 iy e aFCl e acBdTng O, 10

ch&fBELBFi AW i ARl Aatondva EsiFdunids obmpormal af 3Bofh)la
ane) chasgnrf rom sanyl dirazanidsn st tend unetionali z288a ka1

ra f the [ rou
fQECE?oan%%FLonaI y Vid q:?ﬁ’cefpggﬁVﬁg égﬁSRlQﬁoQuﬁﬁ a
|@@Fééél€umét¢©h®ldz@ﬂ by a thgahgsfufcti bhns deposition,
bi-pyptdtngsiyam not hi ol s; diamnes and LLUYU vVI SE

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) is chosen
from functions carrying lone pairs, radicals obtained

from cleavable functions, carbocations and carbanions.

7. Process according to Claim 6, characterized 1in
that the cleavable functions are chosen from
disulphide, diazonium, sulphonium, iodonium 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 chosen from amine,

pyridine, thiol, ester, carboxylic acid, hydroxamic
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- 53 polyethyleneimne; it being understood that, in
these conpounds, the said ligand function is as
defined in Caim1 or 10. 5 12. Process according to
Caim1l, characterized in at the aryldi azoni um
salts functionalized in the para position of the

daazam umhgas@iA@a by @i {4 gand fé@ﬁ.éﬁhc,af & U@SGE oM, g
n|un¥henyld|azon|un1tetra | uoro orate

t(iaé oty Behzenedi azoni um ditetra 10
fluoroborate 4- cyanobenzenedlazonlun1tetraf|uoro-

b t benzenedlazon

tg{?aFFa§?%?£8§¥g%%H¥g{ Soxy-4- nft'F ok z§ﬁ§6|858ﬁﬁﬁﬁpg
téﬁ?éﬁﬁuo?éarﬁéFQFézed éarﬁéxybéﬁzemedhaz©M|ﬁn@m linear
t et_rr aihu@n@aomkgn@nghaf‘né hi pgt hﬁﬂ@hpi‘@ﬁ‘éﬂ agfé\(}j;?é U(imm ) ;

rafﬁuoroborate %§£ Process actord

BHAFACt IFCP8G | HOS T 9 5h¥ﬁo@ﬁ@6¢§oﬁré éh@§éﬁlng
fp©n1@@%ﬂ?ﬁﬂnTﬂnnaUNngNJQrop@Bethgﬁbup@nhigﬂﬂy&ﬁ@etBé@éral

a@@s@&!%&%&atﬁ%ng%j%%yg ﬁﬂlgﬁ agid thggge4“%$rggﬁéonally

accord aracterized th
dPERFhesUEPe cHbBen PROm erhymemedi akeperanddonating or

hexaoet biytenedi saiNeg gbolps; Pkﬁﬁﬁs§t§&@€ﬁfg§gc595§Q¥1ng

recedi clains, characterized in that
Eg gé?%bﬁ%ﬁﬁ%%stOfw%§1%ﬁl%ﬂd?% brought into contact

MAth the solution of difunctional precursors by

|mUerSP9@ce§§ S&Bdbf&%ﬂd nNgo, 0L 9y §Q£&Xhﬁg h%o %Fec%%lng
cess according to any one of 't he precedlng
g?é%ferlﬁQﬁF??F??kﬁeqhéléuﬁﬁéﬁé et hdigepfAposinetions

nﬁtérnaﬂ cam3|st§g@fdﬁn phter nag i ogrof aEPpen; rhfacksnal

mbEQ &udth o qﬂﬂ{at frog}ths dielectric 35
ttacks g% Process accor dirg 6“0 &°M°EE, trom amines,

cﬁla%%%%er|Pz>érdtqlmestrhatllthelaﬁdt harhineg betiveen d60aandes,

30ipyr idd&dD WSE - S54erpyridines, quinolines,
orthophenanthroline compounds, ethers, carbonyls,
carboxyls and carboxylates, esters, "hydroxamic acids,

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

LLOYD WISE
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18. Process according to any one of Cains 4 to 17,

characterized in that the precursors of the netallchLUYUVWSE

mat erial that serve for the nucleation |ayer and are
used in the nordanting solyn$§n during the second step
5 are netal ions chosen from Topper, zinc, gold, tin,

icanbumy1uanading, ohr ol ran, eoDal Loy dIthium,,

sodi um alunlnlun1 magnesi u o assium

c EETPARHPISY r FAY uﬁ?l?t Lipamd tsmmqn nmiybidsen@mlned in
r gtlhem anmprr bodi um pal | adi um silver, cadm um

i ndium 10 | utecium hafnium tantalun1 tungst en,
rhenium osmum iridium platinum nercury,

t Ral-1 i BFpcread armbdsiisyaut ho @nsim i ohs ofhdthe-terized in
|&ﬂbﬂaﬁh@e§ melQthbﬁmagéh@bd%ﬁnc@QQEfﬂl§£§ €8 the para

Process according to
cﬁgﬁégf8plf)d e PRAFOPAEMC HB rAYi on bigand afunohson
i arteheclnrmeeiantﬂmgl zseéwymmm@nixﬁﬁﬁnémfhﬂaoz&%umzotegaa-
eri,a ris east .pone surface
gggg?é?%ﬁaggé an aﬁtggﬁa |%ﬁ9%?£%Pé%???%%f??lum ditetra-
condGEPPoBater serd TomhmtdnAE s @ cmridive| ecteteaFlyoro-

n@ﬂr@@@dUQLbﬁ@ox§L@a§ydfﬂkQBeﬁQQngglQgéﬁiﬁﬁdtg¥ra luoro-
nt| t%; rocess as defined in any o ?

PRFREET 1Bk aon BT /e TR AR iDRe Cotrafluoro-

ebe@ﬁtﬁCaHFyanbnxybHHEEMedEa25nﬁmﬁaﬁe©fafhﬁo§@@@ﬂ§ﬁéeand

n@tgﬁhg or.ga olynmers and in
Etﬁéﬁo%erﬁﬂ&@&gr{ ‘éﬂ%t I}lludD %&ﬁ&ﬁct i ve

that the electric con ive or Sel
areas are covered Mﬁth a nucleation |ayer grafted

cagal entbyeos d@kk%@hﬁganﬂo eansksting Qﬁmracterlzeg in
S

ctignal i.c.or organonetallic_ 30 conpoun
#R%E oFIoﬁFﬁa % Hdcta Gn° AC q%%?”B (?§Om|nCMﬁF%ﬁmlDer
AdmsnapgpRYpe Hale hg at améashesnsetiacti ve areheni eal phur-
fusathoniay | owimg ddeysai d organic precursor 35 to be
covalently and selectively attached to the surface of
the said electrically conductive areas; - Xis a

_spécer Papresovalcentrbynhi nked claiA and, (®aBacteRikSdanin

i pheger neduplanfiqd of d: ARG LLQYR W é%%ylenedlamlne 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 in 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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55 Bis a group having at |east one ligand function
for nmetal ions or for netal aggregates, that is to

say allowi ng the conpl exation of nmetal ions and/or LLOYD WISE

metal aggregates, 5 the said filmitself being coated
with a layer of a netallic material. 21. Process for

fabrlC@Eb@@sb”b%&@@ﬁﬂﬁ§t3x$nanﬂ‘%ﬁ%ehﬁ?téPQiﬁ§ 4 to 17,
gctroglc n] rqQsy st ens Oﬁﬁ|nte rated -10 C|rCU|tS

REFARCETFSEH0 1 17t e T t CPfic| RS o T a8t g stepadlic
gmatermglaﬂhdunsﬁrmhfﬁnctHﬂnﬁlnp@E@MﬁS@mSlaQEerﬁﬂﬂ|@re

(h)seHSiiﬂg tthI%e nﬁb%in'%g dl S.h A&l s ned I angorﬁ%g%tep

iter conne ei fig _
firﬁ rﬁﬁt@]i i éoﬁﬁt m%en 151212 PIREES S a@@@r digsg d,0 tin,

Ctat an2dn, chafractien, zedhi-Bmithat iforcom%b%% | D3 E RSy,
f al |OMAng ar.der. consi stin a) et ching

t he s%ﬁp n
i iPerdBhned ﬁuﬁﬁgﬁﬁpes i R0 el RE ??%9%ﬁ3bstFﬁ?é lum,
t heesaid, f eatturceg ifuor, mi ngt ttiemchesiamd/var, vias]yedénum,

ophiRBak Ly, pggb&&&mon a19£dlaﬂd/9£1$8£ouggd$h Saigdlum,

substrate, b) depositing conductive bafrrier T ayer
tﬁ%tegéP%'ebéﬁ%HuﬁqeF%@??i%msub§P@§E%n mhh%hl®@rr©%mlum,

| ayediu@b pLevents, tﬁ%rﬁhgyatNﬂﬁdgﬁuhheJkﬁk?ﬁﬁﬂfnﬁ9§muth

' d b th
n?gﬁ%ngoﬁgtgglﬁge:gg a ?%fég%egg s%% Q%%a?th%b $$ee?nd

facstefesthhereéaler confornmally fol lows the _
i nterconnect features of the said substrate on which
30 de osited; .c) coating the conductive barrier

Ii%er PH%B%% t EFEHHRE etehdd dfbstf at €NfiraRkterized in
ntbheathen cohickmtof t domebdl Iniet atatiesrisal in d)hd | ﬂnbt@gntl_ng

t9815£§P§h§§ aodl ar, wi asy-w,th the 35 said netallic

material starting fromthe Said nucleation film in
order to formthe said netal i nt erconnects made of

t he. S&Cdmp@éf&élﬁa@@iﬁila&@m@ﬁléﬁhé(ﬁﬁﬂ}%éﬁﬁione surface
h8g99§9€9H§|Xfagﬁaghggrnaglon of electrically conductive
or semiconductive areas and electrically non-conductive
areas, which can be obtained by 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)y—-B (I)
in which:

- A 1s a group having at least one reactive
chemical function allowing the said orgahic 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
to B;

- n is an integer equal to 0 or 1; and
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surface, for a time sufficient to cut off the LLOYD

WSE 56 protruding parts of the said etched LLOYD WISE

features, in order to obtain a copper/dielectric
conposite surface; f) acti_vagé ng the said conposite
surface using the process and as defined i'n any one

of daims-150:9 a5 yidushe,flenesi Lion of an groanig,
or. inorganic filmgrafted onto and sel f-positioned

vviff’lﬁc?égﬁecqort d'% tIMAUBEi VO TCOpplet] | Regseaitene that
composot esswr fadewiand th) usbmgléRer sahd J4 | Med$1a ons

cat.al/yti ﬁelcgyegaﬁﬁe(g%%se,ati on layer for the

el ectrol ess grov f ~a” et al 10 | ayer as a copper
di f f usi ontBar epéf, filRe sdis¢lfetding ayertdieivigch a layer

sekf apasthionedn & h; s espect to the copper conductive
areas of the conposite surface. 23. Use of the process

of Gaim2l1 or 22 for the 15 fabrication of |
i Al er cBnoeessel enfent s | Aabriicaoehgct r Q_Mt((;jes:ac_o‘i’lfne_ctts in
e j ] S of integrated circuits.
ShECt 0L ML 02 LIS P PL RS LM oo
eFeLErohfc MErEsysréasdantn | thegr attedicitedéss dthaleast
Caﬂebet@bt@Engﬁzﬁkih@phﬁnﬁﬂbhngftB?f@ﬁ@gﬁéﬁapfpfééﬁgéors
Z%f ggr%%la (I) using the coating process as defined in
any one of Claims 1 to 19, the said interconnects being

made of a metallic material.

22. Process according to Claim 21, 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 vias, and optionally projections, on
and/or through the said substrate,

b) depositing a conductive barrier layer on thé
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 is
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, in order to form the said metal
intefconnects-made of the said metallic material;

e¢) uniformly and homogeneously abrading the

surface, for a time sufficient to cut off the
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protruding parts of the said etched features, in order
to obtain a copper/dielectric composite surface;

f) activating the said composite surface using
the process and as defined in any one of Claims 1 to 19
via the deposition of an organic or inorganic film
grafted onto and self-positioned with respect to the
conductive copper lines of the composite surface; and

g) using the said film as a catalytic layer or
nucleation layer for the electroless 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.

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.



