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CI RCUI TS 5 DESCRI PTI ON TECHNI CAL FI ELD The pre

invention relates to a process for coating a“HHmm
of a substrate with a filmfor 10 nucleating
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netallic material, to a process for fabricating =i59159*

i nterconnects in mcroelectronics, and to
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i nt erconnection hol es 20 ' nded for the
production of mcroelectronic systens, for exanple

integrated circuits. The invention relates in genera
t o AECHNECAL FEIBEDt he uniform - and especially
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microsystems and integrated circuits obtained by these
processes.

The surfaces involved in the present invention
have the particular feature of being electrically
conductive or semiconductive surfaces and of having
recesses and/or projections, which are for example
microetched features, for example interconnection holes
or vias intended for the production of microelectronic
systems, for example integrated circuits.

The invention relates in general to a process
for the uniform - and especially conformal - deposition
of metal layers on electrically conductive or semi-
conductive surfaces, and to their _applications,
egspecially to the processes and methods for fabricating
integrated circuits and more particularly to the.
formation of networks of metal interconnects, for
example those based on copper, and also to processes
and methods for fabricating microsystems and

connectors.
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connect ors. PRIOR ART In what follows, the prior art
B 14255.i% EEestricted to the mcroelectronics field as this
is representative of 5 both devices and processes
currently available for uniformnetal deposition and
of the increasing technical difficulties in obtaining
uniform- and especially conformal - netal coatings
as the demand for faster processors and ever finer
et ching beconmes nore 10 pressing. A person skilled in
the art may therefore easily transpose these probl ens
to qQther |ications, such as mcrosystens or
con 59F%§§E8¥he problen1be|ng the sane at a sinply

different segl Al fdEI S Y Sty r16¥W§f9n§§r§éQ£§1cted to
especi al | y cost constralnts are 15 appearing t hat

nearthehatlccrmetlaqtnnmmsﬁese@casjdthsm desprepedtative of
w. for .m craoel ectroni cs _cannot Led _in.these

T ePHen | ABNGFRRe SR CREPSeRPES: AR FERPEATny Y BiIAREE for

di sengtfersenm gopguct deglayiiash onahle soff f a&@edf iROreasing

silicon wafers. A netallurgical interconnection

net Wechnisalhe diffdfvddd ash tieseof@dntian senbform - and
mak s %9:'1%%9.? Q‘g&ll%he atlhel rmé’:{:cat ] Vc%aeé q'gglta?‘s a@]g?tgemand for

pr odu we m the wring needed to
thefdsseme¢mnndsnbrs Angly stveim of inert eecehdagt eécomes more

d from 25 various |eyvels. Each level is formed b
14,0t BECErigs- ah eraln | PKS4Tadc i) FBE (3ht MY pohelefore

CO”E&%HQ?C%ﬂéﬂEp éé“@%é@@n§95bm@hgstd“otﬁéfﬁa?pihéations,
t echni cal devel opment of mecr OsySt ens 0 an

i ncrdgde 4 nhergeretonsda@rsi cgnrgekeumsethe problem being
the same at a simply different scale. At the very most,

new constraints, especially cost constraints, are
15 appearing that mean that certain processes and devices
described below for microelectronics cannot be applied
in these fields.
Integrated circuits.are fabricated by forming
discrete semiconductor devices on the surface of
20 .silicon wafers. A metallurgical interconnection network
is then produced on these devices, so as to make
contact between their active elements and to produce,
between them, the wiring needed to obtain the desired
circuit. A system of interconnects is formed from
25 various levels. Each level is formed by metal lines and
these 1lines are joined together by contacts called
“interconnect holes” or “vias”.
The technical development of microsystems has
led to an increase in integration density and conse-
30 quently a reduction in component size. The length of

the interconnects has increased and their width has
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30 quently a reduction in conponent size. The length

.of fighe i nterconnects has increased and their width has
decreased, as has al so the spaci ng between the |ines.

When these interconnects are nmade of al um ni um or

tungsten, they therefore result in increasingly
unaccept abl e resi stances as their size decreases. This

5 is because such high resistances increase the

i npedance of the circuits, increase the electrica

Si gdakbrprepd; @at ilecst aies alet téeycingi betlveeal ddle lines.
speeds of Hicro-,grocessors. In additign, a% hi gh .

cur FBRP dERSPEI e3RtEFGRAPRFGRPI s3FFabPRFo @ de?gﬁmlnlum or
el echgaLghat i OfheJhi S HO dFYDCCHe gyl tCONYHCT Of ScPEasingly
very simall cross section and nmay cause

di sunatceptebée, regdditagucaes s ctheirneikencdareasehe This
conductivity of copper, which. s higher _than t.hat, of

Sl UM PR e N PO oo PR BEGRE | H T P ey  Hfigedance
usedfi Rhentcadicaiiad Ciikdtéssei ha @Rjeet radudntaihalansiropa-
the reason why it is used to produce netal ,

i nt grEdRReEiBesCapher theYallddifortd s ediattariPeess ¢ micro-

phe el ectrogi jon. ,For uf S '
L PIPRISRREL o 2 QUAOERLTT, oEer 90U ASLULRE S ffoicics
G raliatnshitinesies t Wbablet ¢rd aupileyga ledpatalomighacion. This

conductivity of copper .is approximately tw ce that of
Oal URFNI BREEnd e PR Heh e YTk HOTUNRTEen and
Thepdge otagapper dhi@cdrirhGatiiddy MetidadiHer copmect Sircuit

is therefore clearly advantageous for circuits etched
25 mplfusgtiohfcreasi ng fineness. In addition, copper

is al so abo ten ti . S nsjtive to_, . . .
el ectrom grg%?onc?%gﬁgggménii ugr'rif f eerdl I g\%cﬂ st higher
bet taenCapad t £t G lmiriaim, t hangkeehr isal otiheiregeohducting

of circuits to he _anticipated. Unfortunately,
materials used &n Entegrated cgrcuﬁtg,

is a major
advantage, and the reason why it 1is used to produce
metal interconnects. Copper is also more resistant to
the phenomenon of electromigration. For manufacturers
of ULSI-ICs (Ultra-Large-Scale-Integration Integrated

0 Circuits) these two criteria play a key role. The
conductivity of copper is approximately twice that of
aluminium, and more than three times that of tungsten.
The use of copper for fabricating metal interconnects
ig therefore clearly advantageous for circuits etched

5 with ever increasing fineness.

In addition, copper is also about ten times
less sensitive to electromigration than aluminium. This
allows its better capacity to maintain the electrical
integrity of circuits to be anticipated. Unfortunately,

0 the techniques currently available for fabricating

interconnects, particularly copper interconnects, are
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30 the techniques currently available for fabricating

BnEegr connects, particularly copper interconnects, are

not sufficiently precise for interconnects bel ow 100

nm and/or incur very high costs. Although copper is

used nost in current techniques, the alternative of

copper interconnects is 5 faced wth two major

probl enms, nanely copper is difficult to etch (it is

therefore not possible to produce, in a sinple

f ashbonsutbfecientdy patcicdrgas iy inteoesseeafs thelow 100 nm
beiit conventional processes); and copper is

type, 3l .
an %PézﬁﬁtlﬁFPﬁ XeFVgﬁlﬁgtgoéFsdiffusion 10 i nto nmany

materials. Ahigodhhf udPpdmy hgad ded Nemost in  current
short-circuiting of neighbouring tracks, and therefore

t o beehnlituasal f Gthet okt ernathive | pfuicopphe indensforttpects is

dangscege n&ggsg%has enabl ed tgfse t wo pro?lens tQ .
be §3FF8d. "Hhi's pridted®1 pakEdP 18%0n §°8Tcdessi Gt *°
of giepsculbi Gib arct s f(akl ovs: tlepasidieonNnot apossible to
inter-level insulating dielectric |ayer; etching of

t hepradeeEeonidct a patimales, fa8hsprsii f§e Jfirirgspasferns by

vi aﬁro&%sggg gfeltﬁqtsr it&ﬂe%y%[lg@’iﬁlc%n C&ﬂé’f éP@cesses) ;
Et chi ng); deposition of "a 'barrier |ayer used to
pr ezpdt coppper im gratebament | Winh ef hiipd Ivates ofandliffusion

vias Wi th copper; and._renoyal of_.t excess_copper

OPTeERe R | RRERIARIE. PURT Sh ) S iolae LeAR Cb the
duathdarBecenai piAge TIe snéyEboletilg degaEkbed sl therefore
exanple by C.Y. Chang and SSM Sze 25 in "ULSI

TechﬂopﬁgyaiiN@Gﬁﬁuﬁﬁtﬁpp méwther kircudYe), pages
444-445. Th nB' qpert LS t:CP'iet %%mg%rc[ehgr k}lxgé(%éé?aﬁis enabled
ed by Ka

thei r net hods ofsﬁ%p03|t|on are descri oyer 0S

andtkesenkhwauprioblddld riad be dblliradi orhbar preidddsneis based

for gigascale copper netallization", Ann. Rev. Mater.
on a succession of steps, which are as follows:
deposition of an inter-level insulating dielectric
layer; etching of the intefconnect patterns, consisting
of 1lines and wvias, in the dielectric layer by RIE
(Reactive Ion Etching); deposition of a barrier layer
used to prevent copper migration; f£illing of the lines
and vias with copper; and removal of the excess copper
by CMP (Chemical-Mechanical Polishing).

Damascene and dual-damascene processes have

been described for example by C.Y. Chang and S.M. Sze
in “ULSI Technology”, McGraw-Hill, New York, (1996),
pages 444-445. The properties of the barrier layers and
their methods of deposition are described by Kaloyeros
and Eisenbraun in “Ultrathin diffusion barrier/liner
for gigascale copper metallization”, Ann. Rev. Mater.

Sci. (2000), 30, 363-85. The method of filling trenches

and wells with metallic copper is described by



30 Sci. (2000), 30, 363-85. The nethod of filling

B 14255.r@mhes and wells with netallsc copper is described
by Rosenberg et al., in "Copper netallization for high
performance silicon technol ogy”, Ann. Rev. Mater. Sci.
(2000), 30, 229-62. The nethod of filling with copper
used in the 5 damascene process nust, fromthe
i ndustrial standpoint, neet certain specifications,
as follows: the resis- tivity of the copper nust be as
cl oResanbeassi bte 4b., t A | NCoppsirc metsaklizationf for high
copper;_  the copper., depositjon process nust_allo :
co é?rmaﬂqeng“dflcfﬁpﬁ% E%g%d'v\;r”r”s Wit froutiater. Sei.
creghion® )V oizds, 2ever>- and above all - in the case of
etching withhigh aspect ratios; the adhesion of _
copper to tfFhebaretled | aferfilhisig beltth geopREYgHaes in the

re l.am natj |.ng ] c ani ;

ot e Sl e WA, L4 SR TLE Mo FRET TR R upoine,
be alkicai nedrthah dopeeif jeaeiahns, f ract ficd laones thederesis-
el ectrical or thermal stresses; the cost of the

pr o&d¥d tyu Rt bEhgs AopReEs Pasti Bre. 2oTheleSfe 25y pppRiple to
to the other fRIAls EE@ESEQ%iQ?buﬁﬁg febppBe; the copper

fabrication of 1|nterconnects. To do thi's, copper
depdeipcsdrt iggi ngprelcests omystat | Al ¢EP) cofpbetegobdlling of
erformance in ter of .quality of the coati,ng
10 GE TRl T HELLP T HAERORE (7Y ST VPRESE r SVfRs™ 209
and amies 41DM-t hgn behkoradge t Bf tdtliimpeniny. Higk aspect
process is based on the gal vanic 25 deposition of

coppéitifassm Bheaddhesioal nPfig FPPPYar ticuFBe &ppgeter laver
S B0 OB FI0.D0ELL) (a5 o I auins cre
pr ochewdsa li-neshaarieadolpsl vhjmoceseps and W chllaw strong

-15i : itnrt]:eerC asceeSOftoelb%CtJboiPal.iaI%ei.é] gﬁhat.t? edg olgl)gt(:e ' ggggtriag% if?:‘acture
zones under electrical or thermal stresses; the cost of
the process must be as low as possible. The same
applies to the other metals that can be used for the
fabrication of interconnects.

20 _ To do this, copper deposition using electro-
plating (EP) offers good performance in terms of
quality of the coating deposited, allowing effective
filling of the trenches and wells from the bottom up to
their opening. This process 1is based on thé galvanic

25 deposition of copper from a bath containing in
particular copper sulphate (CuSO,) and additives. Also
known are electroless or autocatalytic chemical plating
processes: these are solution processes in which, as in
the case of electroplating, the copper coating is

30 obtained by the reduction of cupric ions from an

aqueous solution containing them. Unlike electro-



30 obtained by the reduction of cupric ions from an

B 14255 .z@guEB®us solution containing theen Unlike electro

plating, the electrons needed for this reduction are

provi ded by a chem cal reducing agent present in the

same solution and not by an external current source,

which is why they are called "electroless" plating 5
processes. The sol utions used nost often are basic

aqueous sol utions containing a conpl exed copper salt

and Platrimicdehyde (E@dOras r sdededg fgenthial tredwdttion are

the_cupric jans are reduced to t.allic copper .
acoBEAAGED BY t Rer TRTHERT o RO AR FAFRE. PESEERSn in the
10 c@melagdbut tbn Chaeindt . by EgCkkekess1Cod®fent source,

VLSI", MRS Bulletin, 20 (1993) 31-38). These _two _
copp&i chet AP | ¥hrlepeBeY | Girpr strslrss “gleciredess” plating
g ne _re%'s\.s,%sqorr&ﬂgedsmaipﬂgs%e%ga%se‘h are basic
depOsition procésses, nanely P hysi cal apour

Depagiueioms) aotlu€iengChematcalinMapowr Bepplekedn)cctiber salt
respectiyvely, ich are conventionally used for thjs )

i n8%0r TRt ds $ n (FREOR cﬁ%eF@éPFgﬂgc:?gieﬁ&u_st"_i”y‘?h which
Theggenet i &1S€i8hBgl @redibsieahgedMacHym ARPOSITiON copper
reactors. However, since electroplating is an electro-
medhgceddiaget Fon,a (ithermadynanidalls dhvooppdle reaction

1odepci§!.t9gm'te% Propoptional Lg the, %cr@f passed,t hg?olﬁg{}LSI",

the ‘Ci'rcui t “during eF%c?roFysVs), e %mﬁﬁ%gy of e
met MdRSc @atlileg ins ONSiloiors t3a 438y cart ographi cal 25
di stribution of ohm c drop of the substrate. Now, this

di stri buti oRTe8e; I aFPRPOEr Yated-lif (ARRFHE 1R PHSEesSes
o PSS JAROUGKL VLIRS, LAKE {Mihaicar and
chemical deposition processes, namely PVD (Physical
15 Vapour Deposition) and CVD (Chemical Vapour Deposition)
respectively, which are conventionally used for this
kind of deposition in the microelectronics industry.
These methods use single-substrate vacuum deposition
reactors.
20 However, since electroplating is an electro-
mediated reaction, (i.e. the thickness of copper
deposited is proportional to the charge passed through
the circuit during electrolysis), the topology of the
metal coating 1is sensitive to the cartographical
25 distribution of ohmic drop of the substrate. Now, this
distribution is typically very non-uniform in the case
of an extended semiconducting surface, like that
offered by the barrier layer deposited over the entire
substrate wafer used for fabricating the integrated
30 circuit. Since the materials used for the barrier layer

(titanium nitride, tantalum nitride, tungsten carbide,
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substrate wafer used for fabricating the integrated 30
GiEeUit. Since the materials used for the barrier

layer (titaniumnitride, tantalumnitride, tungsten
carbide, etc.) are sem conductors, their conductivity

is insufficient to allow uniform copper deposition.

At the sane tine, the formal dehyde oxidation Treaction
caused by the copper ions in the electroless 5

process i s indeed thernodynam cally favourable, but

ki netecal | yaraopesativendudtiond, a dlmplyy otoaductivity  is
cat al s%.. The npst effective catal ysts seem to .be

het SPBRETGASTE SPaPIRY, Ui oFBh aPRe SEBsSar-oRi s

i s because hk HRS hegh obsgevedhdatrbh@16@hGd’f oxidation
deposition is 10 considerably increased as sodn as a
firseagsign icaussshpey thgercdrronesonvaiihaiie ehectroless

sP! oﬁﬁéée‘sgusi?ﬁi e a4t OEEE%X&%%&SES%S% [)ggssarawe, but

ei ther case, eSe probl ens can

dephéhkttigaa lyhiihopayert vk REtAdUL £opasly i | #dcatalyst.

15 seed layer, which in the prior art is only a netal

| ayEhe sl ehEesEipeoradadydts eehetBald dhretayegeneous

and he c l.at S n c f :

e|e%??%%?gf%ﬁg,géfi%%§%€%§3ﬁ%éy%§£%T bmg%gssﬁﬁ a%gﬁ%use 1t

i npheawedbarnd sobbecvedt | ghahi f bhen coadect ofi tgeposbeion is

20 covengd. gg the case of the el ectrol ess o%.augo- 111
SpPBE¥ssINFTEBPFEr s2Bn W PecAVelcat AF §5r metallic

preebppky dtayidie htdtesgv8ilibis, deskr @i dce sy atiee being

the thick copper coating for filling the Iines and

vi a8utosatRdVEars p&r eleFErodf@sa netal -only seed | ayer

are current [ Si VAl i eSSe P

and CVD) angﬁi%ggﬁ%IéS%S%Vaggﬁﬁ%%ﬁ§#§g35&%h|s 3¥%i%%iVEd by

havdapotdtdiaguran thiat riesgprer ef betewzdrl itchesepped, called a

st eps, . . . .
15 geed layer, which in the prior art is only a metal

layer, after the step of depositing the barrier layer
and before the electroplating step. In the case of
electroplating, this copper layer allows a surface of

improved and sufficiently uniform conductivity to be

20 covered. In the case of the electroless or auto-

catalytic process, it offers an effective catalyst
precisely at the point where it is desired to produce
the thick copper coating for filling the 1lines and

vias.

25 The barrier layer and a metal-only seed layer

30

are currently deposited using various processes (PVD
and CVD) and in the same vacuum chamber. This avoids
having to return to atmosphere between these two steps,
and therefore prevents the barrier layer from
oxidizing, which would result in a parasitic electrical

resistance appearing at the vias.



and therefore prevents the barrier layer from 30
B 14255 aXiEE zi ng, which would result ig a parasitic
el ectrical resistance appearing at the vias. These
process steps, for depositing the barrier |ayer, for
depositing the netal-only seed | ayer and the copper
el ectroplating, are standard processes at the present
time in the mcroelectronics industry. The 5 three
steps require the use of two pieces of equi pnment, one
for the PVDTBReanskddeseotdterpd orfdhedepesit dng pthéi Bgrrier
or for the autocatalytic (el ectrol ess). step, '

whi ch
i ncdPY S hifgh AROFGrinchpihandirtary dheg eSeedchiyetieand the
10 Addest BLEOEE pr, | S8 Sod
depos?:‘sdtpir ng a ggpgé?Qﬁg{Lg 5ona}]§/g sgqe: nlagggr S%I)S/O%%%Sn at the
t he prigseriter timger iwi t hbet métuealagtronateosphéustry. The

ft the .step of deposi.ting this barrier |ayer, also
Ty BB ARSI oe TS 1 OT0 CORBRTE LoF | REIpment
bar biner fayerthd s pkiDyever ,ahd itheobsen¥ed fdat t&@PPElectro-

coatin%s deposited bg PVD exhi bit | ow step coverage
wheR1ehéngspett ot i bBe AW erymivhid i(¢lestygfesiie step,
nu LB reR&sSES and e d f ures. 4 e!

whi ¢ lFs tﬁé case i% tégéh.p%% Scﬂﬁﬁ?(ﬁfﬁhﬁéhéﬁﬁﬁg t these
| i néscandquies. 20 According to a second process of

the prior art,_,the netal-only seed |ayer is deposited

1%y cvD. The? copfit PFPRESBL nERePIISH eREF ofamadess in
roSSRRERS oI OgROL. W 00 W 8,y 1995 cn
prebarzdes, layggemirhoydpasitrathing GyD atindphereofter the
SSEAT ok e T LA, SRS I . v
pr odmpsopast ithd asdlyes bxpeosi Wpper to the barrier layer.

15 However, it is observed that copper coatings deposited
by PVD exhibit low step coverage when the aspect ratios
are high (that is to say the number of recesses and/or
etched features is high), which is the case in the
-production of interconnect lines and vias.

20 According to a second process of the prior art,
the metal-only seed layer is deposited by CVD. The
copper films obtained by conventional CVD processes
conform better to topology of the surface than those
obtained by PVD. However, for most precursors, copper

25 deposited by CVD exhibits poor adhesion to the
materials of the barrier layer. In addition, the high
cost of CVD precursors makes this process particularly
expensive.

As a variant to CVD, the metal-only seed layer

30 of this prior art is deposited by ALD (Atomic Layer

Deposition) or ALCVD (Atomic Layer Chemical Vapour
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As a variant to CVD, the netal-only seed | ayer 30 of

BhEE prior art is deposited byoALD (Atonic Layer
Deposition) or ALCVD (Atom c Layer Chem cal Vapour
Deposition) or ALE (Atom c Layer Epitaxy) . This

process, considered currently as very prom sing for
ultra-integrated circuits with a very high etching

fi neness, is based on the sane principle as CVD, but 5
using a m xture of gaseous precursors such that the

fi | begosit hongactdronsAhEe daltbnmiicn thagex USEpi®a8y430 This
(1977), and M Ritala and M_Leskel h i n_Handbook of.

Thi R REPRP Vet 6778 ST 7 S SR YodiPor Y S Ko adEies o9 for
Pregser£ainPbg88ted004;i r&¥et t8® #itkhadt eferd). Widh 1&tching
therefore operates by a succession of qepq3|tion/pu%%e
cycférenasbowniiy basedr oporithe| sanet Ry it iadfesaesCVD, but
than_ .in the aforenmentio technj l.pc e

or o5 & USPhER L CBRD SRS TRBUFTEpSER il ehac che
nM £yThegrowt rédet £bos e adlel avefy- Bkt digt HBS 4 038 430
defects of conventional .is CVD to be coryected, nanel

) y
gooé136ﬁircﬂé%§ F%eRGFE#§= ?Pﬂel$iI?ﬁ?#ﬁk&négb,ﬂa”dbOOk of
nmodepahe pRdhf i 60 A3t he AspRAlvs at (iod)Ne Academic
etched features, and little dependence on the feed
parBresers SanpubPiégax) 200hi s Volbwhai fue Glaapter 2). ALD

h t I tent, f _th 0, def e
ConBEFEEhar " CHETATRRY (hoP SSURESEGR oha SARTT: EpTAPuTae
of gptaksi nglaowead bayeerhavnhgdihef rmidititknesses than

properties. Wth the reduction in etched feature size,
whi & neber afepsmenpioredweRRRNBIVUEYD SHEHNESD the gIrowth

25 | asi.ngl s ' t hes r
rmr}éggég %Ee tﬁ’ﬁ?ﬁqga{)?’fg‘%hg@é??%é t% %e%c'ﬁal i enée oef) r and
pr otherafoseecdllawding faame hef ethdi dgfgener atfi ormnventional

subsequent .to the [
15 CV‘S t eccut:rerde,ntnagr(\e pratlg

20

25

30

o be corr ely googsbontrol of the ultra-
fine film thickness, moderate modification in the
agpect ratio of the etched features, and 1little
dependence on the feed parameters (input flux). This
technique has, however, to a lesser extent, some of the
defects of conventional CVD, namely poor adhesion and
difficulty of obtaining a seed layer having the
required properties.

With the reduction in etched feature size,
which never stops, the drawbacks of PVD and CVD are
increasingly exacerbated, making these processes more
and more unsuitable for meeting the challenge of
producing seed layers for the etching generations
subsequent to the current generations.

Since electroplating and electroless plating
result in copper being preferentially deposited on the

regions already metallized (either owing to their Ilow



Since electroplating and el ectroless plating 30

B 14255rREt in copper being preferenpially deposited on the
regions already netallized (either owing to their | ow
resistivity or owng to their catalytic properties),
It is necessary for the entire etched feature to
receive a coating serving as seed | ayer, sonething
whi ch PVD seens unable to provide. The appearance of
discon 5 tinuities and the |low conformty to the
sur freed stiodalyogy anvelrespecitid yr prabbeypai & cpabpebeies), it
bottom of wells, trenches and other surface ,
st r 46t BEESSFRMY JIPT ddffeGRYiHS SLERY Featurephpi sgceive a
to aoaRliaky onb¥viggd abaysle PG DY MRNIRE which pvD
deposition of coppér by 10 el ectroplating or by
el eseevisessnpbiei ngot erevpie. Wooneprasoreess nglfy discon-

i ffi.cul.t .in these region as th si.ze of_eac

Egtrﬁé &ﬁélﬁgcoﬁggfsﬁé%Ferian 58&%ﬂr ?xr1t?he€%%sesurface
of ebpeolbalessrd! aigpegially eyebbliénat o9& HtydeRgebottom of
associated with this process results in mcro 15 .
por YSILEL§ : arfer PRFRPS et Qthee| syirdage t etynetures of high
str 1 he rial i [ h
or SSbEre JHEATT WHLELAE o APELES B8 AHifal-only seed
net dsyealsl eclchainederby p@3®, sthbi |déyopiobbenwiOvebpper by

time, I n conventional D prqcesses, a continuous 20
locopﬁéFcFFPF#B‘f:lﬁﬁgh od"oﬁx’é’r mMEAPTHP RS Dbt RE ARG Nl fherefore
aboygcamekl inedealiingliReB it d Sibacpdise 1881 60PPeis the

filmhas the serious drawback of being discontinuous '
whefiipe P§ egeh mtructivessthagamasl snat ke i t Inosddhtion, in

net al -on eed.l a re . af te h
I SheorbhggCedl hoPBL, LR SLOLE S o gl ChbruliGn o
Nowhydsbgea tbeoetiiatiedalwitth atiies prccdwd results in micro-

insigniflcant conpared. with the sjze of the etched

15 eaPOFe81tYt ¢pdc QUAPTA G HAF 50 RS B IfA 3t §PetPP eSbREcCtUre

tings tRe material in production phase. Moreover, electro-

less baths, because of their metastable character, pose
stability problems over time.

In conventional CVD processes, a continuous

20 copper film of high conformity can be obtained only

above a critical thickness. This is because the copper

film has the serious drawback of being discontinuous

when it 1is too thin. The structural integrity of this

metal-only seed layer may therefore be affected by the

25 electroplating or electroless plating solution. Now,

since the critical thickness is not insignificant

compared with the size of the etched features

(typically around 30 to 50 nm at the present time, to

be compared with etching resolutions that are intended

30 to be below 100 nm), the conformal coating obtained by

CVD may result 1in a significant increase in aspect



be conpared with etching resolutions that are intended

B 14255.30EE0 be bel ow 100 nm, the coniormal coating obtained

by CVD may result in a significant increase in aspect
ratio, and therefore may exacerbate the probl ens
associated with electrochemcal filling of the lines

and vias fromthe bottom during the el ectroplating or

el ectrol ess plating step. In general, these processes

5 al so pose adhesi on probl ens. At the same time, since
ALDrasiby nam@retdaemﬁpmtnaawr@mggrba@ed ¢Men problems
succeSS|on of, cycl.es,

i XEPRRIREGE A SASEETOCE I Yaly FhOL g offythe limes

gasgaYs vieact @it BRE GRTAQUMS DEPTHEt Shel@lsaplating or
namely that which it is desired to deposit. The

pr esbpcbrolessy @lat inmcehAPs TR tGenpratur $ese processes
n1ng% SQQ gﬁhQEQSE'E§§E§e roducts on the surface

haveée f

results |n Atbmlh@I Wanef comelr adimicse @ﬂmecn.al by lhature a

techni cal copstraints. The adhesi on proble
encBEALEREYR L n PEPSSEFaiRf Eﬁ%ﬁ

addi ki Qﬁ.‘owal MBQH%betrhe chidi GlReRSTGOMa R DI NAtbd®h so as
ALD i s of high qual |ty, for certain types of m xtures

it te dhséndedoniat gahs@owepmqﬁmtqorambwmuschroducts,

gaseous In or themto be renoved,

P upt RUBRPESHPBeofs cughes. it

LRSS, B LS PPARSHRRRA 5, YSRGS 8, aggomse

20

25

30

unitTorm coatli ngs,

desghébesré feMbe JUPPO SAtHEIC kaweitabrpOSiihi othef precursor
Metal and Transition Metal Ntride Thin Filnms and In

Si tuixtuss, sprd r ofet Ppdseigrbde, peadepre on the surface
Di SEeGLatd PNype 2 agé!o\{fsr Sﬁc{%y SHadel BhpKippdrpced t Y)eOfremoved
Sci ence, Depart

I norgauILtSCham stary bui.-léﬁsupkl ofFi Mamat redavenberesedially

ZOO%éFhSBN i52 1consgra1ntsp 39 These ghfflcu|tl problems

emstry, Laboratory of

encountered in CVD again occur with this process. In
addition, although the thickness control obtained by
ALD is of high quality, for certain types of mixtures
it 1is observed that the. deposition proceeds by
nucleation, which reintroduces the existence of a
threshold thickness for obtaining uniform coatings, as
described in M. Juppo “Atomic Layer Deposition of Metal
and Transition Metal Nitride Thin Films and In Situ
Mass Spectrometry Studies”, Academic Disgsertation,
University of Helsinki, Faculty of Science, Department
of Chemistry, Laboratory of Inorganic Chemistry,
Helsginki, Finland, December 14th 2001, ISBN 952-10-
0221-2, p. 39. These difficulties mean that the
candidate chemical structures have to be refined, both
as regards the precursors and the coreactants. Thus,

ALD is not yet operational and unfortunately does not



candi date chem cal structures have to be refined, both

B 14255.30mws regards the precursors amd the coreactants.

Thus, ALD is not yet operational and unfortunately

does not neet all the current constraints. This also
remai ns an expensive process, both because of the
precursors and coreactants and because it is a slow
process. Fromthe problens of the prior art, it may 5
therefore be seen that a real need exists for a

promess allatthHarpewyvesnt heoadbesaintisof Thiie sdedb |wgtedins an
to the barrier layer, wthout sacrificingﬁthe

f or REPPBRIYF PTUHDr nRP L oRECAYS%asCT s thiffe RERRIGIOTS and

PVDoolBEke ah$ s8h$Q rRchedk Beedsf ar sARdyaidg s seed
| ayer on etched 10 features of high aspeCt ratio using

an i nexpensFvem ptbeegsranicens ovifdi hjesepdidnyers t hat may
exhi bi.t good .adhesion nlike at D can_ provi de.
S nbPPyIBhe b Feen HAt feckaln HRRA S IAGRCLSt | Byprocess
ProduekNgi \gORPEEs ¢RA! i JISes I BIFSOLRHO0ER A DAVEF to the
nmetals, for exanple 15 such as platinum in a single

pi ebarstesquiqyant , wvithewbusasyidicioy ofhe héopaatiep of a
| ay t ti . ratures NRAL | i t
aIIS%Ff?EQagtﬁS%Eq£ fe%%aﬁ%wgﬁféa fﬁbfggent bgfﬁéﬁ% fs a1so
subat ratal 20eSAMPGY QrobdicinddVENTI 8Hedhe laykrecbnofetched
t he _present in¥en%$on is speci- fically.a process .
L0hi ERAGPFSRs GFI BEIR hePeTleqdatdfentiS 1§ hahnetnexpensive
whi gBoeaBB! | £8q WidhbilB rRf OBedMeld{y@P8d that exhibit good
speci fications and which al so sol ves many 25 probl ens
of efbepipv; antlikeat whateCVontdamepgravade,. ikinally, there
particul ar for_the fabrication of tal. interconnects
boptEi & [P TorneRE FRbHAR i DrPBr P AT egFkt diF LI scoPPer
andcehBenghi Clafy saBss . thbeepicfcesthet ineeapkesefiir example
invention is a
15 such as platinum, in a single piece of equipment,
without oxidation of the barrier layer, and at
operating temperatures compatible with all of the other

materials already present on the substrate.

20 SUMMARY OF THE INVENTION

The subject of the present invention is speci-
fically a process which allows all of these
requirements to be met, which complies with the afore-
mentioned specifications and which also solves many
25 problems of the prior art that were mentioned above, in
particular for the fabrication of metal interconnects,
egpecially for the fabrication of integrated circuits
and other microsystems.

The process of the present invention is a
30 process for coating a surface of a substrate with a

seed film of a metallic material, the said surface



30 process for coating a surface of a substrate with a
B 14255.9e@®Efilmof a netallic material3, the said surface
being an electrically conductive or sem conductive
surface and having recesses and/ or projections, the
sai d process conprising the follow ng steps: - an
organic filmis placed on the said 5 surface, the
said filmadhering to the said surface and having a
t hi ckness such that the free face of this film
conberimgl | ynf oldleex: tima Y e essasdandive pon] eeemdnsndiictive
the said electrically conductive orrgﬁﬂiconduqtive

sur FEEE3GR wWAREh PRVIRIpIERETESAY A/ e BESIF SR A Re  the

et alaliiaC prakekisalednprildishy etk dihidville Hadgh organic
filmplaced on the "said surface, at the sanme tine as, .
or after, theastemrasnst stfhgmi nigl aplageache @i dthe said

& 9805 3R, 5 2t YO 0,050 bl fEace ana

t he ha&lifigoagamniekinds® isudiomiedt ethe Nt beet h&céabd this film
nmetallic material so that this netallic _material ,
f or FENEEKMBAAY 5P IkohetRai yeresesse e orprojections of

projget i aag sof gtére%&aﬂéamf End@c e £0aLed Qgﬂico_nd\ﬁlctive

within 20 the organic filmin order to form wt
t he surdater ont Waishi dtsded fflidaad;The seed film

lOobtained by the process of th r esent if¥ention a1
conpri ses tﬁeaoréﬁﬁQPQ%qﬁn t HE® rﬁﬁﬁ? %cnaTﬁF?ﬁF? 18
t hesasheied CRMhIE @the WshRdOrorPand ¢ NFUtlnChgThé@E on the

bonds or interactions between them depending on the
choPaSl SYERERGE of at hEhAnaMel BB caS , Pie 45RAM oFle step

1 YSRESRE O, S LTS L8R ! T s
onesuh&aceenégdns to P Y

15 - the said precursor of the metallic material
inserted within the said organic film is converted into
the said metallic material so that this metallic
material forms conformally at the said recesses and/or
projections of the said surface to be coated and within

20 the said organic film in order to form, with the
latter, the said seed film.

The seed film obtained by the process of the
present invention comprises the organic f£ilm and the
metallic material, these being commingled,'with or

25 without chemical bonds or interactions between themn,
depending on the chemical nature of the materials used.

The inventors firstly observed that the
formation of an organic film having the required
characteristics - and especially one that conforms to

30 the surface of the substrate - can be produced more

easily than a film of metallic material, especially



30 the surface of the substrate - can be produced nore
B 14255 easigy than a filmof netallicjaaterial, especially
because the spontaneous chem stry of the surface
and/ or the chemical reactions initiated on the
surface for obtaining the organic filmallows/allow
the geonetrical topology of the surface to be
respected and partly or 5 conpletely gets round the
probl em of the distribution in ohmc drop. Secondly,
t hepereind tdie pEptfdnedis HeyiHGANGE OBéesuaEsSce and/or
constituting,such filns, of being able to contain
andf&e sGppBifadnerefchbPes neidiuiatedmplyr j e surface for
re h p 1 ;
Coneo ot e S Pl STy PAPERIE IR O Dl Qegmetrical
on topelsgnf ace thet lsexd agregait cbéi kespethed mrehtmastly or

hen ver stutely used these observatigns,. conbi nin )
he €9 g%leqtyhe%%t%@SHPé ftﬁr%pﬁ?? ERhede %aﬁ?&rlgu’cmn
mat el abhmPE €@HSPr SsekBnlayM ©HePuhbress, tRe€eGbddddy of
that 15 conformto the receSses and/ or projections

t hePedly, orgami comateni skl ol tart indhusuch| #itgstdg being
man fo [ d | ens ior_art. Thu .
acc%?&igng&t?%{é%q%veﬁhaZ%% t%‘gpéd‘f‘ff ?’%ﬁl t?/]?o%r'ore Retallic

obt aiatiendad seeduridandyardietd eclivw utsesOppéctih€ors to be
10?” or art h%ts&been reported and sol ved on the basis, of

he SRBVPFEFYt 3 oditee 2 4thi T Heh iR T 1k g aft ghin or on
i | pywhigel)-foondf QSfTBtﬁ;Qséh%r%ﬁh&éc%i‘?jnst.h%‘hhes%%é &rs then
is capable of containing a precursor of the netallic

mat ¥eiryl | astdtehy tussgknébssef atgetvatsioms) | c2hbining the
enough nat. .to nodi f ect, rati.o of the

. th , f _
for UB%a 31 SUSPY REIATIR S TH0 (HEY THRSS PTRRhli¢ graterial

whi plrethespiesentol N¥eR, ONonl €b8FSadks, aSs8EHEr PUSMAS that
t he various possible applications of the present
15 hyERPEgKM TE%set}h%y ypcesses and/or projections thereof,

even on very small scales, thus solving the many
aforementioned problems of the prior art.

Thus, according to the invention, the
difficulty of obtaining a seed film by the techniques

20 of the prior art has been reported and solved on the
basis of the ability to produce a uniform adherent
organic £film which conforms to the surface of the
substrate, is capable of containing a precursor of the
metallic material, and the thickness of which is small

25 enough not to modify the aspect ratio of the surface,
for example of the etched features.

The surfaces to which the present invention
refers are as numerous as the various possible
applications of the present invention. These may be

30 conductive or semiconductive surfaces of three-

dimensional objects, or completely or partly



30 conductive or sem conductive surfaces of three-

B 14255 .6 m@nsi onal objects, or conpletgly or partly B 14255.3

EE - 15 sem conductive surfaces. The term

"t hree-di nensional surface" is understood to nean a
surface whose topological irregularities are
di nensionally not insignificant conpared with the
t hi ckness of the 5 coating that it is desired to
obtain. These are, for exanple, surfaces of
subsglkmittendused veor sult€ackahr i chki oBeth Nt EhpsyStLMBnsional
or integrated circuits, for exanple silicon substrate
(WaFEREasE! f ack®s aWBIEKBEECEf & hoReRat efi alVUGRAM whose
to &R %ﬁo%ﬁ shed hgrE ﬁl@&ﬁth%slo hbe te&hﬂéﬁ@&oﬁh@h? not
in question. Accor to th i nvention,
substwsagaifdyahtr exanpEmdbe wnthntéhe I@habhmgﬁa fafr the

the fa rlcatlo of an in [ at circuit. T resent
|nv€ﬁF dRY %0l hpp %cé@?% $OF SR, Eﬁ Eﬁeare' or
pro@st&hg% of aucenddsti ngsl ayghpkiratdd MEYSed for the
(M cro- I ect roMechani cal System) for establishing an
el eabirdghtdont abt mmsmﬁttammg qgetrqgsrqﬁed heircuits, for
Sys in e

E%%#%R sgﬁlcog gérstoo? wgé% éﬁ%g land those of

projec of's mean any [ i onal
unibthﬂ&lmmﬂeriﬁlyaknaWnomdrmmhsesakﬁadedtapologg art in
This may for exa a surface roughness due,to the

L bEhRa; Eegrnisant s iplar: 2ht | GHepFoehos Aegrtaies (L6 the
| 1T egUkakl bhes R C£h19§tr§€é ahagyeSﬁororeﬁa&ﬁfé beatdHf esnter-
intentional Iy produced on he Said substrate, for
exadpvelf orlaiyher f d&lorti cdthieon ﬁﬁbmszammsm enan integrated
inte rateg cuits aq%blntercgnnects The surll C81e or
havi“ng “Péces &? FTETT or P ECEFORE ARy 6° BT by
a sekhapeeQf i Ntlgs OpPbBucticgeRS ad , cbRdhBeififelafler in a

t he process of the
15 MEMS (Micro-ElectroMechanical System) for establishing

+Hh

an electrical contact when two moving parts of the
system join up.
The expression “recesses and/or projections” is
understood to mean any intentional or unintentional
20 variation in the surface topology. This may for example
be a surface roughness due to the substrate or to its
fabrication process, surface irregularities, such as
scratches, or etched features intentionally produced on
the said substrate, for example for the fabrication of
25 microgystems, integrated circuits and interconnects.
The surface having recesses and/or projections may for
example be a surface of a microchip.
In general, in the step of the process of the
invention that congists in depositing an organic film
30 on the electrically conductive or semiconductive

surface, it will be possible to use any process known




i nvention that consists in depositing an organic film
B 1425539 W@ the electrically conductijwe or sem conductive
surface, it will be possible to use any process known
to those skilled in the art for obtaining an organic
filmadherent to the surface of the substrate, which
confornms to the said surface and has a thickness as
defined in the present docunent. The desired adhesion
5 is that which prevents, as far as possible, the film

pl acesl eRokhe skiMfiace {fomhdehondi perdwbtRd iy an organic
subsg&gent steps of the process of the invention. The .
choifdelwf agdberanguea hekef sl fdgsendt Ghet hruleslorake of which
mat ef | e ci.allyy c ' nat .

10 ?Ldﬁs%%@%rgge%geﬁ F%édch%%%:%?e ngﬁémrgﬁ% ?hgﬁlgﬂness as
sur fdecfeimdd the tSiebgpredent odotheenhemTial dagilredofadhesion
the barrjer |ayer, when this is present, on the )
Hol ﬁert%ﬁlaséﬁl PYRYSRIG t RE drfants msaﬁﬂﬁ:t hghe film
topgdioedf dhe taHrf acerhedhe Lo edieWdii Myt Nuring the
i ntended use of the 15 object manufactured, for

exagisegudntt egrepedofi ridhe tproeesheoti kKdie Thigention. The

choi ge .al so_depends.on the techni ques hosen for the.
Cunsainiis of cPECH: dHe' FRokEETST Bhentlnian 8 tH1ce of
Manyndtadiiigieastiat adeditalisedohn dHe chefiseBll nature of
i nvention, and also their characteristics, wil] 20 be

1Qi véls YRR TRt | R cF iRl oRl bedBwre TRE tBpnsurface of

" "co e der t n :
'Hﬁ!g?%?st§aﬂg, ﬁHcEﬂ? % Oﬁ%;é?%ﬁ$@%hgf the barrier

i nti mat I.e. conformally
aspdrivtares wien hehsar facesesenat, i tthesgyolyreeenthpsen for

i1 1St m Gt | PReEting Tdin | (et RO of CROLOBNe Of the
g t 0 e

I eCRARFRRNILON bRI WRAdDNSaREeTRNI Y 1heeAHERAGRAISE the
roduced intentionally, that is to say by etching, the
1£r ockdest naputpzeredi nfekt eFaRlEo R aineearafedncircuit
0 or the like. This choice also depends on the techniques
chosen for the subsequent steps of the process of the
invention. Many techniques that can be used in the
present invention, and also their characteristics, will
20 be given in the detailed description below.

The term “conformal” is understood to mean one
that intimately, 4i.e. conformally, follows all the
asperities of the surfaces, that is to say the entire
surface of the recesses and/or projections without

25 filling them or flattening them. Whether or not the
recesses and/or projections present on the surface are
produced intentionally, that is to say by etching, the
process of the present invention allows a metal film to
be uniformly and conformally deposited based on the

30 geed film over the entire surface, even within the

etched recesses and/or along the projections, as may be



be uniformy and conformally deposited based on the 30

B 14255.%eef fil mover the entire surfage, even wthin the

etched recesses and/ or along the projections, as nay

be seen in the mcrographs of Figures 20 and 21, and

even on very small scales ranging down to I nm The
process of the present invention therefore solves the

many af orenenti oned problens of the prior art in

whi ch, on 5 these scales, the processes result in

coalicR@s Mhithe RESBog¥&Phsheft eRgfrdshecetplted®l, and even
features, without touching the bottom which fill the

r ecOFs SELBNF L1 pFORrERE i BABISRIWFMR d® not™Mopef At eprocess

at %lfl @HQ ﬁg%égﬂer eixgxpe Ioﬁ"&#éé%}@ %%%‘éw tRe many

be produced, or else only at the price of extrenely
c onplfexemech tivnexdp emsohvieete chfii dgues, potoel setonrscebesh, on

very . nuch reater than 100 nm The pr.ocess of the .
8 nvERESE SFREES pr SR RTHEEIPP niERthineih HIRINGIHhswhich

hithel:o Bower taehieyed.offhaHeckiied f eeaBlzeisNd without
the organic filmon the surface, neeting the
af oremsitinaneths pdettfiamt i ofs.ch nijliortkxamsicesies and/or
cho ?@g%&%ﬁb %e E%4|QMﬁﬂgh tgghnh%%esb erate .a% 11 and
el eCtro-medi ated pol ynmerizatron, €l ectro- 1nitia ed®
el eechea@gfairte "l [Pt naltldaw noichli apicbgtang?dcspsayprgduced,
Preferably, when the thickness of the filmto be
104ep6di t 8BHPPs U &fal Fhet AYiSEnPle SFGIFRETY t FOBYE* 2and

nm RN weheR e 1 deResi tigen @fi ehi nfi LBLISs very much
sensitive to the cartiographic distribution in the

ohmigreadreap tfart HEOG uist r he, prbeesecinfi due ubedenkion also

techreaeeenecs L GRS ERCE TR Lt BERRTENE SR ThePeveT
pr oblc@evelg.ohm ¢ drop to be overcone and nekes it

15 The technique for placing the organic film on

the surface, meeting the aforementioned specifications,

may for example Dbe chosen from the following

techniques: electro-mediated polymerization, electro-

initiated electrografting, spin coating, dipping or

20 spraying. Preferably, when the thickness of the film to

be deposited is wvery small, for example around 1 to

500 nm, and/or when the deposition of this £film is

sensitive to the cartographic distribution in the ohmic

drop of the substrate, the technique used will

25 preferably be an electro-initiated polymerization

technique. This is because such a technique allows the

problems of ohmic drop to be overcome and makes it

possible to obtain a uniform film even at these very

small scales. These techniques and their

© 30 characteristics will be explained below in the detailed

description.




possi ble to obtain a uniformfilmeven at these very
B 14255.3mH scal es. These techni ques jand their 30
characteristics will be explained belowin the
detail ed description. Thanks to the aforenenti oned
processes, the thickness of this filmmay easily lie,
W thout being limted to these dinensions, within a
range from0.001 to 500 pm for exanple fromO0.001 to
100 pm for 5 exanple fromO0.001 to 10 pm According
to the i nVGl’IlHaﬁﬂcs t ke ot@ani afbireMentdynbd aprocgaBes, the
rmcrorml ecul e or pol ynmer. Many exanpl es of

cEocEaAsObr %ﬁyn%%lsmt Ray edsbey udds. Withaitsobeing
e gis i Relayw tﬂeé@ed%gﬁlsLsﬂsdewt'h%' %ﬁﬁ@{n fPsm 0.001

present invention. For exanple, the organi

be &lot ais&d mw,omf@rchemamalleprémrsow DOL obbai ihDﬁgum for
thlsfll t eS| r ecur.sor belng chosen fromthe
groﬁb‘aggﬁ]f @1 %ﬂ A8hers, nmethacrylic or

acrylic aci d&cﬁﬁiﬁlﬂ@nﬁgertﬁie f li&%'n@'i%'n' Zegh®r okyanic film
unfunctional i zed di azoni um sal ts, functionalized or

unf §agt i bAal ¢12ed>@ﬂrfmbnmamr§ﬁllotl§cwlﬁnct>rorﬁal ppdymer . Many

f
321‘ %%% ?g%a i zegnaloctokg%%l%r% saq%%aé} ;‘?Oj;:ﬂ%gog‘? s"q?'l"lé Zﬁgyof’e used
pol yadilded sebtad reidrdry Wl o oltletisat dovaiTyd| d€s@Piption of

nnno rs that can be cleaved by nucl eqphilic or
Iegggopm???%n'ét HEVENELRR i KPhr & “ﬁﬁfeeoft hggerganic film

exagBhe bel MbtYGAMY Cedd T8 r@yed@fcgptﬁf@@@rséf OFpPNELbeRining
nore activated vinyl nononers of the follow ng

strbder ef{1n  (Whe 26aid HedtuFIoTr RPe1RY aplios@narfeom the

Org% %pgr%%%gl%Qg%%n of wvinyl monomers, methacrylic or

acrylic acid ester monomers, functionalized  or

15 unfunctionalized diazonium salts, functionalized or

unfunctionalized sulphonium salts, functionalized or

unfunctionalized phosphonium salts, functionalized or

unfunctionalized iodonium salts, precursors for

polyamides obtained by polycondensation, cyclic

20 monomers that can be cleaved by nucleophilic or
electrophilic attack, and mixtures thereof.

For example, the organic film may be obtained

from one or more activated vinyl monomers of the

following structure (I):

R? R?

R® R (1)
25

in which R', R?, R® and R* are organic groups chosen

independently of one another from the group consisting



i ndependently of one another fromthe group consisting
B 14255.af gghe foll ow ng organi c functihens: hydrogen,
hydroxyl, amne, thiol, carboxylic acid, ester,
am de, imde, imdoester, acid halide, acid
anhydride, nitrile, succinimde, phthalim de,
i socyanate, epoxide, siloxane, benzoqui none,
benzophenone, carbonyl dii m dazol e, p-tol uenesul phonyl,
p- ni trophenyl chloroformate, ethylene, vinyl and
ar oot ithe E@iﬁuﬁﬂngturgdnidrﬁunu&imnstrhydrggmmp hytdmoxyl,

may for exanpl e, be a pol r obt aj t he .
pol 9%??2&%?10& A MY mohorfErt 'ho§gFefrr'orrf"‘f“FrQe' imide,
9r09ﬂ188€§k§&'ngégld”rhglﬂ@goneﬁ%udsW%hﬁ?ﬂrlde, nitrile,

acrylonitrile, met hacrylonitrile, nethyl
nethacpynamedeethylphh@akquﬂanea biggdyamatacr yl agpexide,
pro nethacrylate dro et h nmet hacryl at
Shydg%éﬁpPESyl nethacryl%ﬂ?oiﬁg %%mﬁdyl nmet hac y?%?%henone’

aCthﬁHbd?Sdlamdde&b&éla|bYtoaﬂbﬂémaphon?m1nOp#ﬁD&fophenyl
am nobutyl , am nopentyl and am no

hex
netﬁﬁéPyPgﬁFﬂé§e'cﬁﬁh556P?haVé§Y1 épﬁgaéFﬁVFéﬁé gl yco
di met hacryl @.E%orﬁ‘i'hé' | Co aghd, 1%&%896}‘1' | e brganic film

styrene, p-chlorostyrene, N-vinyl pyrro I done,
4- vmaylpykndlnexamphylIhdldas redrypleny|l obhibnede, by the

net hacryl o chloride, and derivatives  there

10nc e VTG L GRERER FYoAt FOY Lt S BTtER G ity L1y the group
advaghageeusby oéNChUE1l | BeREMEYBCT iANed AROURPST F;t,pén?.-érlle,
precursor netal ions of the netal [ic material .

exaﬁEFbacrﬁlpﬁétﬁéﬂ?vatedﬁﬁﬁﬂﬂlnnnoﬁﬁﬁ@éFrﬁﬂaﬁﬁe ethyl

o CRETRRLLORS I Selloer LB Ol nfBhacRrnace,

trahydhexypthymHmmthﬁcﬁykamexahbdtamﬂpmdgyl methacrylate,

15 glycidyl methacrylate, acrylamides, and especially

aminoethyl, aminopropyl, aminobutyl, aminopentyl and

aminohexyl methacrylamides, cyanoacrylates, poly-

ethylene glycol dimethacrylate, acrylic acid,

methacrylic acid, styrene, p-chlorostyrene, N-vinyl-

20 pyrrolidone, 4-vinylpyridine, wvinyl halides, acryloyl

chloride, methacryloyl chloride, and derivatives

thereof.

According to the invention, the organic £film

may advantageously include ligand functionallgroups for

25 precursor metal ions of the metallic material. For

example, in the activated wvinyl monomer(s) of the

aforementioned structure (I), at least one of R?, R? R®

and R* may be a functional group able to trap the
precursor of the metallic material.

30 When the organic film is placed on the surface

of the substrate, the next step of the process of the



30 Wen the organic filmis placed on the surface of
B 14255 Ihepubstrate, the next step ofothe process of the

i nvention consists in attaching, to the surface of the
filmand/or in inserting wwthin this film a precursor
of the netallic material. According to the invention,
the expression 5 "precursor of the netallic material™
is understood to nean one or nore of the

af orenenti oned precursors or a mxture of one or nore

of tikeeafralcRmRidniNatk D e6HESBRSNgA R SHe Skitfofk i Of the
the art wil| easily be able to select the necessary
pr e€iddgora mdmgl@ﬁerhéngowgé@@nf igh#ha hatlhe & precursor

de5|%e%h%om%E%$hQ% méée Amenting the process of the

i nvent i on ernore, |s precursor of the
metal | i ¢ makedcaldimmy adyanﬂ&geouSVgntbenchoshe saxpress1on
that it can be converted into the sa

Trat SPFECUEFOR (@t hAPGuESHISeH? f'i“%ﬁﬁaﬂaaﬂar e&sp.%‘%%?ﬁood to

Crysledn g | 9P mEFOSSE RIeNGf o RGERGHAL) PFecursors or a
el ectroplating. This is because such techniques are

parnuamMaEIy pEactéomal awd ehbreti vef f orthe nphéorangngioned

ORI DL MG, T B P By e

mat ablal tRsdiedan dian r@écéat@rﬁepﬁéd:uﬁsaﬁt eépahdlﬁgron the
exanple, it. may_ be chosen from the group cansisting
1Gf @@GﬁererJdﬁs hatnche 0A§Sig8Ed t$ oRECIHGE s bmp%?ﬂentmg

tit %‘ﬂ' umpyahagy um, schrg u”hnv%ﬁ@@.onc‘)baﬁ‘drtﬂéb this
£ di Um

sodi um uninium nagnesium 25 potassi um
caeprecursorondf utheytetaigic nmableurmalrmilay}bdeduantageous ly

r ut en| n1 rhod| aIIa i u |Iver
o bemciladn Pen el cRaE 3 Wy 8L (ehuetiEh Wleo the said
rhemel&@nq%m Ufa tieii@diium ppl at hnunte@ﬁhqw, chosen from

thal lium lead, bismuth, |anthanides and actinides. In
15 prec1p1tatlon, crystallization, crosslinking,
aggregation or electroplating. This is because such
techniques are particularly practical and effective for
implementing the process of the invention.
For example, according to the invention, the
20 precursor of the metallic material may be an ion of the
metallic material. For example, it may be chosen from
the group consisting of copper ions, zinc ions, gold
ions and ions of tin, titanium, wvanadium, chromium,
iron, cobalt, lithium, sodium, aluminium, magnesium,
25 potassium, rubidium, caesium, strontium, yttrium,
niobium, molybdenum, ruthenium, rhodium, palladium,
silver, cadmium, indium, lutetium, hafnium, tantalum,
tungsten, rhenium, osmium, iridium, platinum, mercury,
thallium, lead, bismuth, lanthanides and actinides. In

30 certain cases it may also be advantageous to wuse



30 certain cases it may al so be advant ageous to use

B 14255.3 xtures of ions, which for example nmay be chosen from

the above list. According to the invention, for

exanpl e for fabricating interconnects for

m crosystens, for exanple 5 integrated circuits, the
nmetallic material nmay advant ageously be copper,

pal | adi um or platinumand the precursor may be copper
ions, palladiumions or platinumions respectively.
Accaisttngeto dfheidmwenthdeh foe pxempleomayaype kihdsen from
inthe formof metal particles or aggregates,

opt FBRafPGVENnddFSul ated in a protective gangue, chosen

fromthe grRHEogﬁﬁﬁbSttBQ e MiGRIdMASIoPO! ¥#®' example for
nanospheres, fullerénes, carbon nanot ubes,

cycfabexcatmag amaaanmmaﬂtalﬁpnnMﬁﬁnﬁSx&#EMﬂm|fgrt¢xample

curs intg.the. ald allic ki al
Sar FPERB-B0PChy PEFERLERY  NEDRot cHCPRFELE) cqhgferial may
aggaagaheagkbaslyt Bei cagppraye paliladiimdmestatiindheand the
precursor of the metallic nmaterial onto, or the

i NSBFEFBESPHKL 0 Mathe ke gaﬁ@rewn miong  mapad addim edons  or
out %tQEQH518B ag%SEPEEQQE? echni que dependi ng on
Py

t hePchém cal ure m and of the precursor

of the netakhkcordaner it . thhe itreventiigres thatpnammﬂ&@r may

useg wi t hin the context of tF preseﬂt inventlon

10 hi Rest &P aFBet nEPEFor 8E nulerdts PaThe§ ?ﬁng%rfriﬁﬁﬁﬁgates'
Si MbY i BhA NIV G RHIRHES0In 0f bhetRitakle GdRfR!, athosen
into contact with the organic filmplaced on_the

surfaew, fdre ex@RIP bycanpprhinghe o gamiceilpm  polymer
dep he surf subst ra nto a
.?gg%gghgﬁe e Salag% &? h n%ﬁftubes,

sui €°so i"on of fecursor (I
coatyngbdekarlﬁmammnacﬁntwhaéypehefsth@smﬁxnnhvaruﬂng the

15 precursor into the said metallic material is carried
out by releasing the metal particles or aggregates from
their gangue.

The attachment of the precursor of the metallic
material onto, or the insertion into, the organic film

20 may be carried out by means of any suitable technique
depending on the chemical nature of the film and of the
precursor of the metallic material. The techniques that
can be used within the context of the present invention
for this step are therefore numerous - they range from

25 simply bringing the precursor of the metallic material
into contact with the organic film placed on the
surface, for example by dipping the organic film
deposited on the surface of the substrate into a
suitable solution of the said precursor (i.e. dip

30' coating), for example of the type of those used in the

prior art for electroplating, to more elaborate



prior art for electroplating, to nore el aborate

B 14255 tx@mi ques, such as the use of 2an electrolytic bath or
spin coating, on the said surface. One or other of the
af orenenti oned nmeans of inplenentation is thus used
to obtain an ultrathin film 5 of precursor of the
metallic material, which is adherent, uniformand in
particular conformal. This is because, unlike all the
processes of the prior art, the process according to
t he tiecheitiues , eratdlesad hehe pugeuvsomrnofelidvr yllyeldd dbath or
material to he forcibly 10 Iocat&d near the surface of

t he SBAPr FEAtARPar ORI F31fhEUSEGSSi-c fil m conf or ni ng

to the recegsgs éPd/&Eheﬂor@erCEhémSafc!ﬂen?é’:PE {dr¥¥ means of
thanks to the process of the 1nvention, the thickness

of thplemealthitdomatier itdus prsadjrts:c)mbwg/m amtelthethin film
ce _of the subst and ere_a proprlate th

f .
T i CeneSE SSHAAE bart | efbf ayBptaLis’ ey Al 1o

adj ughefgnthe Jdiifdshesendf ihhpareiganae fddﬂﬂdaqued THis is
the_said surface and_used as support or matrix for

t hePEFABSENg YO 1f%6e adle &S XS aaf et iRrior art, the
nat g&begﬁfandéeéopalﬁ@ usld ngehbe 20 penetsati %a%fles the

the"nmetallic precursof into the said organic film
t hepoegamsoxf i bih dobe nmEtallmm/emayernaéertoonbef fhecibly

recurs of the taII| mat er o it i f e
1 T OEREE AL s bRt o SHE L BBt dt 1, DT iekn Tasiatg within
accehdi ngrganihe fDMﬁntddﬂfdﬁmlﬁb ddvaphagepoHeb¥ses and/or
possible to use an insertion solution that is both a

sol pepiersions -t Tansptiteiornf Elh%nk%r‘é@uﬁibér ryfoaass of the

eIl 7811 8 43,3000 g SO eSS Oomcersn

sol preonrsnel ddiyey tdrecqrdesr sarfatet b€ the substrate, and

15 where appropriate the thickness of the barrier layer,

may be adjusted by adjusting the thickness of the

organic film placed on the said surface and used as

support or matrix for the trapping of the precursor of

the metallic material, and/or by adjusting the

20 penetration of the metallic precursor into the said
organic film.

If the organic film does not allow easy
insertion of the precursor of the metallic material
into it, or if this insertion has to be promoted, or

25 even forced, according to the invention it is
advantageously possible to use an insertion solution
that is both a solvent for or transporter of the
precursor of the metallic material, and a solvent
and/or a solution that swells the organic film, the

30 said insertion solution including the precursor of the

metallic material. The expression “solution that swells



metallic material. The expression "solution that

B 14255 syetgs the organic filnt' is understood to nean a
solution that is inserted into this filmand that
opens out its structure in order to allow the
insertion within it of the precursor of the netallic
material. For exanple, 5 this nmay be an aqueous
solution, for exanple one that hydrates the organic
film Thus, certain vinyl polyners are swelled by

wat athe esReeiial 1541001 Vid dundéPytSyd i cdinein & sB#YPion that
which is not soluble in water, or else .
pol y(snyélpéﬁyéﬁﬁlyl ineehaehis atfel)lnbr apfEMphahhieRens poit  its

sol ull,& den MR &chefs tbheneber %Isitqqssevpézlo%{] mftmslt of

sol vent. For an ag ueous SO I'on can be US
Wi t hehen prgaursofl lof cohsi sﬁemangafc amstaybapol yfrmf andmple,
a precursor of the netallic material, such as caqp

5rhi $Hifs diaY ofies BRUtIBIEISS aPSLuB1RI ufPEn etwplelsone that
al | eMRItalte PIeSY arffc LAt Bhbd C @@%@éiﬁl v&ﬁy?egolymers

convéyed into the organic film it wWll therefore
sol mneorswewaleél bwwatthae: pr%m#csmllw pelymﬂf-vcnghptfyldlne)

di ssql v ersed for the nventlon to
|np%§he%%g§{ Tm c's b&callss, F%ﬁ % ca§8 of'® ﬁ§0Iu8Fe else
20 @ailtys(hq'fdrfda@ertllﬁﬂurSﬁHtHEcﬁﬂ%tr@t aldi c pEies| al which is
this _solution nust referab%gﬁbe abl e to disperse the

1Gr eSRladl sofin HERtRY afPc iRnteerafosef Alae MYyl ien doy this
abl @chQedle. OUpdi 8xRhETU! SOl (RrbEUDoELt 881 bA! Sl 1% used

organic ti1lm The |ns rtion solution w
t hemdftdr exrdepegahion fraly cpnsestangAmﬁn@tﬂnnyi polymer and

ment.i on of th follomn that ependi n
g L AL 3 Uotber.

chemi cal |'1‘lﬁ%aqtris@3:&1%i‘§hscﬂl§1t01?6rﬁqté Oem@é dhgolution that
surface during inplenentation of the process; that

1xepéddiong orhe h@rBFuwsianmni eff ity meteBddct hhaterial to be
sol létoh%ygﬁe%.rﬂ:% e%é hg£3¥\{’llc film. It will therefore be a

solution that allows the precursor to be sufficiently
dissolved or dispersed for the present invention to be
implemented. This is because, in the case of insoluble
20 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 choice of insertion solution will
25 theréfore depend on many criteria. Among these, mention
may be made of the following: that depending on the
surface, for example in oxrder to avoid chemical
interactions such as oxidation of the surface during
implementation of the procesgs; that depending on the
30 organic film, so that this solution does not withdraw

the film from the surface on which it has been



the filmfromthe surface on which it has been

B 14255 dGepasi ted; that depending on thg precursor of the

metallic material - it nust allowit to be dissol ved
but also to be - converted into the metallic material;
and that depending on the netallic material - it nust

5 allowit to be forned within the organic film and
especially it nust allowits deposition process to be
carried out, for exanple the electroplating of the

met depbeimBHer i 8hatr depentieagr ObﬁSStnéatﬂ)ﬂ@chQbr of the
exanpl e, _since there is extensive grl or 10 art,

L hemBhe T hARd MAHEIHGY (o abt AR HERAloM Iifs By De dissolved
el eBhEol%{laééi Ngof %m 8GHEQHEe 5Ol &tbt' PNSh@Nthe 1@ 1506 material;

her = han on t eir water-sol ity properties,
preﬁadr erdhadp pegpen @i ey | nneltheonnestmlﬂtmmnmatemall ng tid must

th t I f thi t
oo pBLRG y onsR (HE R FRERIPS BipolSha it ity and

be swupkkediby wat ahust oramsamlt% | dep i £ Db gﬁfoeess to be
electrografted reinforcing film Qher insertion

sol gersasdaneutet Hoels ¢fxamplar t ithg t Réegrsopdssingf of the
{ NewelBh 2 L1 62 DBLELH ab, LI 01 LR B1.48R1 abbhmyni |1 be

20 r(5’escr| A° person e ar
know how tEoehOé)ﬁanpléﬁr sifideablthesel vest sexfenstidengprior

to a first particular nethod of 1inplenmenting the
10yr e88Rt PRVERS dPet Randy eflc Y st? n@btf‘ﬁnl Ae&atl; rfgllms by

t hee@é@ﬁk‘&?@ét@fu gl Be o hdllebtsMaakitdlons aldH 0 d€&he other

organic fiTm placed on the said surface nay be
car haed, outomt ttﬂre:sarrewlamg aslubé ldtap cpngpsrtmgsm the
pl acin anic filmon_the said s face

o1 “BRSPRELFD] GRICSIRRIIIE CORBPFELAG (R THE" cRrAoTding to
or gehReC fnveRtidn a iy eaur S&quddus hessAitd o gavti cthikmtype,
1500 aBgeci a1y S HenTthY drgante tilm 15 S palymer that can
be swelled by water, for example in the form of an
electrografted reinforcing film. Other insertion
solutions and methods of inserting the precursor of the
metallic material within the organic film will be
20 described below. A person skilled in the art will know
how to choose other suitable solvents.

According to a first particular method of
implementing the present invention, the step consisting
in inserting the precursor of the metallic material

25 into the organic film placed on the said surface may be
carried out at the same time as the step consisting in
placing the organic film on the said surface by means
of an insertion solution comprising both the said
organic film, or a precursor of the said organic film,

30 and the precursor of the metallic material. This method

of implementation is shown schematically in Figure 3



of inplenentation is shown schematically in Figure 3

B 14255 .appenhded hereto. This nethod ohsi npl ementation is
particul arly advant ageous, for exanple when it is
difficult to find an effective insertion solution for
inserting the precursor of the nmetallic material into
5 the organic fil mbased on the substrate. Thus,
during the first step consisting in placing the
organic film (OF) on the substrate, the precursor of
t he apRlealdeldc HEHetid al i imetiedd vof hi imphemengavien is
film(OF) and, when the filmhas been placed on the |, ,
sur Pagsicglarnly | SARIPEIGWD t FUpplSFaATALe st Bhendf it is
thed@.rf%g.%%sltOfté h‘fin'dnva%[]t%gfl ﬁ@i\g‘g ‘:‘Lﬁ@%'r%ti%n' I"so:lrution for
convérting the précursor o the Metaltic materta

i nt anisketdaicd tied aplkeeureber ic thet hietalld csahaterial into
organic filmjin order to formthe seed film (SFE

. 15
SThe tégeprganifs ef t1fig RaRehreR uF88r SPPERE L et PP c during
Mat @hj-al g S0 LPE OT R iGHildg fRY phSERL! @Rl of¥anic Ffilm

suitable rinsing In order to renove the excess
pr ed@F3oromnthehsubstprave, | thecweqorsen Phi ttHee metallic

organic _f.ilm us, . i,n rtai.n, cases th nj, f ] t

20 FRsSzded e Gin AT 8 S B ol EL T YF] ana,
pr eglieso @R e iIHEY Qvesh flwee=d hén ptleeusspfacé (BE, it is
netallic material has been attached and/or inserted

1G nt ®oeRdbdegahPc aPPHY Ghat s&t@Pprefurke? REPISTH RE the

: Con\iﬁl ﬁgiio[ﬂt gvhtlt}:% St?érgsgsr*:ém{ﬁl é%ﬁvé@&ﬁﬁ? a!:l?ef ?nf:ecursor of
exanpl e by reduction, on or in the organtc fi
Thushewhest 4 1iei qor mabesdnli Sirstarethé siadd, mdetaklic material

reduced .to the sajd netal, far_exanple
ol VAR, I Fotbsarotnin S418) otk PO Ry TrTRche seed
(el ggpoqlagyical deposition), or by electroless 30

plating. In the case of encapsul ated nmetal particles
1%r The step of inserting the precursor of the

metallic material into the organic film may be followed
by suitable rinsing in order to remove the eXcess
precursor and thus improve its confinement in the
organic film. Thus, in certain cases the uniformity of

20 the seed film obtained after conversion of the
precursor may be improved.

Once the precursor of the metallic material has
been attached and/or inserted into the organic £ilm,
the said precursor may then be converted into the said

25 metallic material, for example by reduction, on or in
the organic film. Thus, when the precursor is a metal
ion, it is reduced to the said metal, for example by a
galvanic-type process, such as electroplating or ECD
(electrochemical deposition), or by electroless
30 plating. In the case of encapsulated metal particles or

aggregates, the reduction may pertain to the



aggregates, the reduction may pertain to the

B 14255 encggpsul ating nol ecul es. This ing because it is easy to

synt hesi ze nmetal aggregates (of Au, Cu, N, Fe, etc.)
ranging in size froma few nanonetres to a few tens of
nanonetres for exanple by reduction of a solution of 5
ionic precursors of these netals in a two-phase nmedi um
or a nedium containing inverse mcelles, as indicated
for exanple by M Brust, M Wal ker, D. Bethell, D.J.

Schidriddpmant iRg \Wylesulds . Byhs hesi peobulshi adlt is easy to
derlvatlzed gol d nanoparticles in a two-phase |iquid
10 |sYghhe %%Eﬁeﬂﬁ?alJéaﬂﬁSEaEPSH(Qﬁr%kheﬁPelef Fe, etc.)

SOC'}:%H(_:{ SgChﬁm Efle C?PwnécﬁEhoﬁ%no%%%r@%g%@ aSPQ\b tens of

aggregat e are wdely.used as markers in the field o
bi ocleerdmsttimes of onvlesmmpdre byl egducad onheyf proveolwtion of

D o i 4P e o B RECHP < FEP 18na Tor® of 6 PRASE “medium

di SRRS s Oﬂédﬁﬁhﬁp'cﬁut\’ﬂﬂﬂng{zr Qﬁ@é9§e Ralylaeehardgesndicated
ol i gonucl eotides, etc ew se, i s known to

i nprEcson exawskeal ovretMd %@?@gat%s i WahlsgvscaPe Bethell,

obj ef uI enes rhon @ et a _
aggregates%%fﬁﬁi L % ggy ?%yﬁﬁgtﬁglzeggﬁ%ggg F i on thiol
Staﬁ@krmaﬁﬂxﬁdéﬁﬁﬂdlnanbpakga&ﬂes gangaetﬁdxpha@mpuéquld-
surfactants and/ or thiols, mhlch stabilize them

14t ditRdd TRYS§EMGue HRPTBEL detachidactrarieRacal Tsociety,

aggrenal £ PY cehfthl eheduaki ONgo1 Causddiy) t hemdi0 aggregates
coal esce and resulting in metal 25 particles or evéen

in @ve prissly tmddbmofmarkstal inrthe htieldf afebipghemistry

o8 PR O SRR Bl BRacenc

mat qfkie’:yl §98stiHditd ity d heegangye ﬁaimola@grc@mnm&t&%ny as
and in particular on the nature of their bonds 30
15 t FRUsSYE a@gﬁg@gpégns or else dispersions coupled with

proteins, polysaccharides, oligonucleotides, etc.
Likewise, it is known to imprison nanoscale metal
aggregates in nanoscale objects such as fullerenes or
carbon nanotubes. Metal aggregates (that is to say in
.20 the =zero oxidation state) encapsulated in an organic
gangue, for example surfactants and/or thiols, which
stabilize them, are obtained. The gangue may be
detached from the aggregates by electroreduction,
causing them to coalesce and resulting in metal
25 particles or even in the precipitation of a metal on
the surface. In certain cases, the same result requires
an oxidation reaction, depending on the chemical nature
of the material constituting the gangue of the aggre-
gates and in particular on the nature of their bonds

30 with these aggregates.



What ever the precursors, it is therefore possible to
B 14255 re2dEEe those that were previougy confined in the
organic film either at the tinme of manufacture of
this organic filmon the surface or subsequently, by 5
inserting and/or depositing these precursors, for
exanpl e by dipping the attaching film and/or sinple
di ffusion of the precursors within it, or else due to
the effect of various stimuli, such as by electron
wi t hdrawal sthaasved f Othe Orps@IRiErd he att achgenthi@efore

and/ or insertion of the grecursor into the film _etc.
I &0 si%nq%er%@u?ﬁpF RERt ittt Heepr orESYigRSlyheontined

i nvanf i Iérﬁ.ﬁrpé yfipmpr@%‘ﬁ%xa Q%é a&/ﬁﬁ?l Bf Haf9FScture

step of inserting the precursor
nat@ﬁ‘&hﬁanqrgdn;d|ﬂrﬁmumhxﬁheoauefacegorhssbsequently, by

ff Th t hen be
PRAFR R L Rer Bt e R e A A PRgre.  for
t he epa@@Res By tdippintyemeOnatshahtihgg #1{oM the1s8edsimple

| ayer thus created, using the processes of the prior
art AiffapEdranIgf ehecpreglasiorns oritdiaet ibl esy else due to

pl a‘th%g efBebCCUA 04,50, A, Seeqpd Rart LGy ar tbhOdegectron

i npl'ementing the present I'nvention, 'the s
att mlthdqamall ns&rtamgtbhefqmr@@umorpﬁémbhe rmieal ht€achment
into the or

t ic filmmy be carried out. by
2ga%éb2?r 1P§F§Fl§8|%&n%%%;ﬂﬁ%ﬁqﬁgﬂftqﬂ§QNR§ﬁH%ﬁﬂmmﬁetc
25 the ”Eta&E'Qﬂ@mdy'éﬁblﬁg“Bfr@mﬁiéﬁbﬁﬁlﬁgnﬂﬁét?chess of

the netal precursor “into t he sai metallic mater
wit khe imeentiemi dof | BAMpdycakoi @:L‘Qﬂncetayarremdoflaarer, a

| hat d t t he
SO 5O UL "Blafi0PE 0L LRSS L pecanric

fi|mat&r381pﬁﬁdbce%amfﬂﬂmaéhuféwecéﬁv@ftﬂﬁgtEﬂlsaﬁﬂecursor
then this surface is dipped into two different baths.

158y Hﬁﬁpﬁﬁﬁ ice. The recesses may then be filled in if such
is the objective of implementing the process of the
invention, starting from the seed layer thus created,
using the processes of the prior art, preferably
electroplating or electroless plating.

20 According to a second particular method of
implementing the present invention, the step of
attaching or inserting the precursor of the metallic
material into the organic film may be carried out by
means of a first solution containing the precursor of

25 the metallic material, and the step of converting the
metal precursor into the said metallic material within
the organic film is carried out by means of a second
solution that does not contain the said precursor of
the metallic material. Thus, an organic film is

30 produced on the surface to be coated, and then this

surface is dipped into two different baths. By dipping



It

into a first bath containing the precursors of the

B 14255.3ete@ |ic material, it is possihklge to f ill and/or

cover the filmwth precursors (by inserting and/or
attachnment). The surface is then renoved fromthe 5

first, "filling" (and/or "attachment") bath, possibly
rinsed and then imersed in a second sol ution

cont ai ni ng various chem cal agents, with the exception

of the precursors of the netallic material of the

pr etitountiat i. filrese katdn cahtaneins thy heeaxirdatrisorof the
10 reducti.on agents, for exanple f an el ectrole

-ty BBl e S Hleduth not RESBABLE: S6r Lk rRd/or cover
net ahll ¢ FARReri@lehor BlaaiFRbyd es gy or dgtet-@ i8BSUr &nd/or
el ectrical conduction’in an electroplating-type

pr odateicbmengnocefhe weumfale r égucthen t akwevptlacérpm the

organic fil and onl at this_point, that is to sa
150nggatﬁ, gge i Y n P i tﬁ%

20

25

30

t hi g.,second,}
5the%

t he t ai. ned

h, ' d/or i ,
S PRI (B SPRLANRESHEN P B, Bossinly

pregiingeds amad!| akhen toifherssact iign i4 O@Rond febTution
the netallic film since they are absent in the bath.
Pro¢PBLAGNERG: iate owt gareieal nRESNEA f ¥R thrl exception

espgegi aLhy 019?2.&59% 5 1ds2Q s GfU4S,1A98S] Rla%]getrgal of the

confine the e

ectroplating reaction 1n a uniform

spaprevapusedpadi .al Thesmechémicad agenter maly e hoxhéation-
surface. . Proceedi in_this manner avoi ds having t

10} opFBIPEF g 293P et al FPYat T BITE CchPEord T LRT T HoLe 98- type

sol gkbeBesespeei atéduding hec HOS tp y&RAGWIY NG €8h8NSmetallic

if they exist, and overcones any el ectroplating or .
el eBaEBIrags  ploat iedgatmedyifies it earder tin sergwye otlectrical

pro i . se I ay - the ctian of th
netg#ﬁgg?ﬁﬁggy re%bcﬂ%ﬁﬁ i%i%ﬁé?g]eé#%ég:#%P%ladér%%uCtlon
whepeotbespr etisrs dlte hBadudebtnt taRpedplubeanks tthidesecond

ions “‘contained on and/or in film
constitute the sole “reservoir” of precursors available
to the reaction in order to form the metallic £ilm,
since they are absent in the bath. Providing that the
organic film is uniform - and especially conformal - it
is thus possible to confine the electroplating reaction
in a uniform space, and especially one that is
conformal with the surface.

Proceeding in this manner avoids having to
reprovision with metallization precursors from the
solution, especially in the most conducting regions, if
they exist, and overcomes any electroplating or
electroless plating irregularities in this step of
producing the seed layer - the construction of the
metal film (by reduction) is promoted at the place
where the precursors have been trapped, thanks to the

organic film, and only at this point, that is to say on
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or inauniformultrathin filmconformal with the

SuiEEace structure of the barriee layer. Wien the film

is covered and/or filled with the precursors of the
nmetallic material on leaving the 5 first bath, the
concentration gradients between the film(filled with
precursors) and the solution of the second bath

(contai ning no precursors) are favourable to the

rel ease of the precursors into the optional rinsing

bat brandni naparmitetrar Wlitmatthin sdcdwl  diopfiompal0 with the

bath. Admttedly, this _release _may be prevented by
o BIEEErS FEARGERG RE e R B o T h Che
organi c fil phew ane G eatdSreMErandNSr af£lled with the

inserted, or else via chem cal coupling and/or cross-
| i NREBGUESOSe Bhsetle dwpfrabbi@s)Natfsidder OtnotRAVERY the

5;5 F?aiﬁ’? doggg{lyedtﬁéat Jrﬁ%mti&t gaﬁ%ﬁggoggghwe% the

10

i s hot & sol vent nor en a
sweEhilmg (fAddrdd fwith herecgamiors)i [and nelje be@olution of the
sufficient in order tqQ prevent this rel ease. Mor

Qen8FAPRY, AP odEPREFAE INEMADVERERLLPREE) wit® nEREourable

thecpatenof f&l&ase $Jfowra Ghesoh t Rhe take 8btional
deposition of the netal in the filmfromthe

pr eranséng Wath mndcteppabtaécuhgri nntee ddvedagrecnd t @ipping

t he pe t se i pventd | f e,.abj '
o PRERES Ao e e nl e 51 fe | ) op 2 BELlReca v
car pgselutedry grappihg whd opheatdsod®s conf amBlor in the
filling, .the nunber of successive passes intgo the

aboP&IERG “batHsiray (BE2i nér eaSFPLE¥ASIORANIPLRY| yions  are
10 SRREQYLY, O hgléél i L DR BEHT SBbSp1BHE R ot Ocross-

be e to ensure that this reprovisionfng i's I'1m
spafliaklingt aiit heheé hicelsee ssf ohgpireghites) .t owawest ,s"nofmally

30 whi ch i ingly burjed as t i nt
5301 81 O GTSBETE of PRhSEPE! MF4 merhr BEr SBFOBF CHRFR of @

ligquid that is not a solvent nor even a good swelling
agent for the organic film, may be sufficient in order
to prevent this release. More generally, any operating

improvement that will make the rate of release slow

20 compared with the rate of deposition of the metal in

25

30

the f£ilm from the precursors will be acceptable and in
accordance with the scope of the present invention.

If the objective of implementing the process of
the invention is to carry out very gradual, uniform and
conformal filling, the number of successive passes into
the above two baths may be increased so as, admittedly,
to reprovision the film with precursors, but again to
be able to ensure that this reprovisioning is limited
spatially to the thickness of the film, the “roots” of
which are increasingly buried as the passes into a

solution or bath for inserting the precursor of the
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metallic material and then into the deposition bath

syucgeed one another. Thus, accarpding to the invention,

the steps of inserting the precursor of the netallic
material into the organic filmand of converting the 5

said precursor into the said netallic material may be
alternately repeated several tines. According to the

i nvention, the substrate may include, onits

electrically conductive and/or sem - conductive

sur et A N@ateeeasesardd/tdferpr @heot i s, dipcsition bath
barrier |ayer that Erevents the netallic materi al

f r orfiYH i PRE | ARBLRAE. sANHSsuBKIGORAE NG Heo sl invention,
bar rd Vi k S ]?JHEQ e e

facé:hc;%; éﬁ%{léél g);?erﬂgsg]f n%l ?5‘% oé\/}lsf%% %gce%gegsmetalhc
andharteprigilecinbos thle tdwegsaid Subst rm@ ofi whuirslerthing the

5 sai.d barrier layer_ is posi t function ,of

i BN BT apl) hiae® TS craed BBOOLLHH iR ey may be
art sfafernat dily Mepeaitlen (eedmhaldinedraterial from
mgrating into the substrate. This is therefore valid

for certal n Acigrstingt o affitewi invertienn Khealdukstrate may
mat | for 2 a I

copg([é1 ?s?éd %’rrétgltleg( Qﬁfe grlléghh Accor(%f f\;o %Elgﬁ/%r semi-

i nvesndwat kel aserfdee shamngom@csetslsre@ larncp,{caz::i pgotibetions,
organic filmon the said surface of the substrate,

1G4 hedprBresiess taeey nFdati oRTO¥CHES ihe hEekeldic material

15

i nclegds ansipRdity GORY Stighd N s HEPOSkih S48, Satﬁe said

barrier layér. This deposition may be carried out
onebafrrijee té@i’lﬂrqd@sfllmx)\/\ﬂ tthidiosees skivchedthat t h:ehe free

art . forea e the_technigue de de[inth

ol 556805 EndIE oY SEn ARCLTEMRLI (oA IfTE offe recesses
di f bugi/of hafdjeaftddmerof Othgl gasichl subspPpete on which the
netal lization" in_Ann. Rev._Mater. Sci. (2000), 30,

said barrier layer is deposited. The function of this
barrier layer was explained above in the prior art part
— it prevents the metallic material from migrating into
the substrate. This is therefore wvalid for certain

substrates and with certain metallic materials, for

20 example a silicon substrate and a copper-based metallic

material.
According to the invention, before the step
consisting in placing the organic film on the said

surface of the substrate, the process of the invention

25 may furthermore include a step that consists in

depositing the said barrier layer. This deposition may
be carried out by one of the techniques known to those
skilled in the art, for example the technique described

in the Kaloyeros and Eisenbraun document “Ultrathin

30 diffusion barrier/liner for gigascale copper




363-85. According to the invention, the materials used
B 14255 fprgwroducing the barrier |ayery, for exanple in the 5
field of copper interconnection, for exanple in mcro-
el ectronics, are generally sem conductors. They may be
materials used in the prior art. For exanple, the
barrier |layer may be a |l ayer of a material chosen
from the group consisting of the foll ow ng:
titanium 10 tantalum titanium tantalum and tungsten
ni t Medes1idddimnumiandakengstean camltiedes; stant alaomo), 30,
tungsten and chrom um carbonitrides; silicon-doped
titafm®r tantalumnitride; and ternary alloys

conpri si ng gdir@l £6 CKRE alloyed oM T rrﬁééé‘ﬂﬁig used

such as nol ybdenum 715 rhenium or tungsten, and wt

dopdtr spebdasinghadehdvasr ber bdegrershorfexagpheplehein the
bar rg'ﬁ,g]é* a%%r maé be a Ia\éer of .TiN o Ti N)ééfSi and :

R he 19T GRPRPT af MLRATOBBECEpPEr . TR It ‘W%;l? o*PhBtcre-
I NVNldQhortites bagFd egeha¥ sl 1v2@MBERRERRRY .t ethddN may be
the substrate by one of the afore- nentioned

t ecmditpreilsf Misedpriior bhe, poioexamte Hpm example, the
 echal que chosen, f1.om khe,dnaun.consi sth0g. ol FNeleah rom
vapour “or physi cal V%pour déposition techni'qués. one

of tHeesegteabhni guAsissihgr efanplle defslldethgn tbétanium;

25 af orenenti oned docunent. For, the aforenentioned ,
10pplHagd@Idm it o SHEERIYL  EAREAddhe APE | fungsten nitrides;

M CrQql LR LS, thRGsBXAMRLREHAGRRE! tddiLNEPONNeGhgsten and
the seed | ayer appears to be the nost problematic in

t he atecdmiivques cerbbhétpides ;ar tsbhi@onedepedg titanium or
OS5, oy S AL SR ekt DRSS Ly A coban
seedd id imkdIavi Mbyeed hrtdessrebradt bByNstibBR ds molybdenum,
15 rhenium or tungsten, and with a dopant such as
phosphorus or boron. For example, the barrier layer may
be a layer of TiN or TiN(Si) and the metallic material

may be copper.

According to the invention, the barrier layer

20 may be deposited on the substrate by one of the afore-
mentioned techniques of the prior art, for example by a
technique chosen from the group consisting of chemical
vapour or physical vapour deposition techniques. One of
these techniques is for example described in the

25 aforementioned document.

For the aforementioned application to metallic
interconnects in microelectronics, for example copper
interconnects, the seed layer appears to be the most
problematic in the techniques of the prior art on

30 etching generations of 0.1 um and below. The process of

the present invention readily makes it possible to



to 100 nmrange, and even the 1 to 50 nmrange,
B 14255.¢e@mandi ng on the size of the rggesses and/or
projections to be coated (Figure 1(a) and Figure 4). 5
More generally, the required thicknesses for
fabricating mcrosystens may be from1l nmto 100 pm
for exanple, and nore particularly from500 nmto 5
pm These thicknesses may be readily obtained using
the process of the present invention. Simlarly, the
10 tbieknessesi r £ijims etlafrdhgreki tigi clomaest Phns wimhilke the 1
nore intentionally between 1 and 500 pm and nore

parFPchQPIFmbeFﬁﬁgﬁ 1 &he 16Vpm E&Slnl t h8se>fafmperange,
reageb¥n@Rhgl negnby diie PLacess gF thendresellsses and/or
invention. I5 The present invention also relates to a
propojectdeniabid chei mpatr@r dEhgeses i) and Figure 4).
gm ¢ Iectr | sing_i{he afarenenti on LQcess
theM§§| d i rﬁoé{r-rsal %’ect st%ony §-’% ] ﬁ%} feeses for
mat €abalicatifg MierosgetRact nfa@brbe:aﬁrcﬁm prmﬁetses D(DO um for
the invention may 20 include, in the foll ow ng order,
t he®¥pBBd econdRdt iMRFS nPa&f 1VdRiAY | AFeRchftfedim to 5 pm.
Pat FREAS | Oh Aok AbELECt rxﬁé&;%@“fé‘&&ngh%ﬁ@dﬁé@t % ?; the
ormng recesses and optionally projections on an G
thrpugbesQS tdfe sthel spbeseate 1mwGMﬂumnt|r&pmnlarly, the

conducting barrier r on said etched

10 o B EFPE=8a5S (s Thh (T TRy GBI L i may be more
met ghtkgthBhangonnegkewakari ah fraaym gsabipg, i Nt&nd  more
the said substrate, the said barrier |ayer haV|ng a 30

t hi BRABASUdBER Yt REEWSRD f } eenadkd gim ¢ ga}%yefchese may be
CO.”%Q g‘gh%y fqld ciheb#/nt %&1%03"§£$c8§£te§@5 OJ present

sai rate on |ch he Sal ayer is ep03|
invention.
15 The present invention also relates to a process

for fabricating interconnects in microelectronics,
using the aforementioned process, the said inter-
connects consisting of a metallic material. The inter-
connect fabrication process of the invention may

20 include, in the following order, the steps consisting
in:

a) etching interconnect patterns in a
dielectric gubstrate, the said patterns forming
recesses and optionally projections on and/or through

25 the said substrate;

b) depositing a conducting barrier layer on the
said etched dielectric substrate, which layer prevents
the metallic interconnect material from migrating into
the said substrate, the said barrier 1layer having a

30 thickness such that the free face of this layer



c) coating the conducting barrier |ayer deposited on
B 14255 .3he&met ched substrate wwth a segd filmof a 5 netallic
mat eri al by nmeans of the aforenmentioned coating
process of the invention; and d) filling the recesses
with the said netallic material starting fromthe
said seed filmin order to formthe said netal
i nterconnects made of the said 10 netallic naterial.
The substrate, steps b) and c), and the nmaterials
t hatoadbrhellsedfoDlohs S tHhieOCeRSevebAneexpl pateskns of the
above. The_etching step nmay be carried out by the 15

usuBiPLfi EMBELERTTy B WRARBetlRi F§ifediicguds [Agposited;
et chi ng Sub%t)r%*o%%i_n%nd SN, bc%}?d{f&ﬂ{ the,aeepss Of ) ayer

the process of the i

vention to scal es rangi'ng down to

1 ndepbgitked toec uhequtshedbwuldsr Hates avisidi | 4 eseed £hEm of a

art _for_obtaining such etched features. For ex le, .

0 PERBLIVE | O et g Xechrglits My bo'used: phomentioned
I npbereRhgt beokk@ees¥ het havieRralki;0RngAccording to

the invention, the step of filling the recesses in _
t he i ntercofneétlldbg ddis orepreeesswikhy the o¥d egetallic

out
art

oLty LG PRI L8 G e BAgd 18, U <o

eature wt a neta

f abEoent | tite ofsad dr axgallentnaatdconhegeat adadei rafli the said

f or

10y et BEFR

exappl.e the techni ques of electroplating of
ggﬁﬁt@PFSFéa&r of electroless plating starting

fromthe seefel ayRibsthiakicer abébﬁl/epé 0 5Pl venkihe 30  ang the

af orenenti oned ohm c drop problens, and thanks to the

pr ovaterdflehe thatentdaon, biehe Usidd i rign stidpi smypbecess were

carrie? outgbggneans of an el ectrol ess techni que using
f

a soft

15

20

25

30

fon® OEFécursor of the netallic material.
The etching step may be carried out by the
usual microetching or nanoetching techniques for
etching substrates, and even, because of the access of
the process of the invention to scales ranging down to
1 nm, by the technigques known to those skilled in the
art for obtaining such etched features. For example,
reactive ion etching technigques may be wused to
implement the process of the invention.

According to the invention, the step of filling
the recesses in the interconnect fabrication process

may be carried out by any technique known to those

skilled in the art for filling an etched feature with a

-metal in the fabrication of microsystems and integrated

circuits, for example the techniques of electroplating
of metallic materials or of electroless plating
starting from the seed layer. Preferably, to solve the
aforementioned ohmic drop problems, and thanks to the

process of the invention, the £filling step may be



Techni ques that can be used for this plating are

B 14255.¢esri bed by C Y. Chang and S. Ky Sze in the docunent 5
I1ULSI Technol ogy" McGrawHill, New York, (1996),
pages 444-445. According to the invention, the
process may furthernore include, after the step for
filling the recesses with the netallic material, a
step of 10 polishing the excess netallic nateri al
found on the said surf ace. This step nay be carried
out chyrtrednsuaf by onsenti ofialanprelcesses] esedtédtinidige using
fabricatjon of mcrosystens, for exanple CMWP

(chénmi¥tutiRhamicaf RIATEHIMNY) Ofonkher mateddic material.

tecb@EﬁH??uE% desgki bedni npkheygla aEBFengﬂﬁgonggating are
process. The present invention also relates to
prodessribed dat v@n¥caldhang adndg SaMsur$zee int Hehes addcument

sur f, ei n electrically. condycti r

Sent OhtaudaereTagh aoh e i g NevesBe anthape) . pages
propegthans, which 20 process nay conprise the

follow ng steps: - coating of the said surface with a

seed film BFcarddngl | Fe neerilveriigni hdhe opsssess may
forfﬁ?@hé?ﬁo?e SPﬁ%f&&e?”%ﬂh%g??%% flggggcc ng.g}ggng the

the present I'nvenfion;’ a gal vani eposi
of ameaetaés| apdrtinf the switdlidial Imasterieljala step of

starting. fromthe said seed fi . obtai ned. _Th
105 oPRhLRTLBfed b8l FASSTePEERULA SPapeRagL beund on the
carghed Qui-rhletl hersiamesvey Asythe abergmRnidyined, mbins of

filling step. The other material s and techniques "of
t hi soprvenkionale phosesdescrilbed afove. tThe fabvamhtion of

COLOReATHELHRS N3P " EHRRREL B | CPeflpbet opeoanscay
evepolishing). One of these techniques is described in the
15 aforementioned process.

The present invention also relates to a process
for galvanically plating a surface, the said surface
being an electrically conductive or semiconductive
surface and having recesses and/or projections, which

20 process may comprise the following steps:

- coating of the said surface with a seed film
of a metallic material using the process for coating a
surface with a seed film according to the present
invention; and

25 - galvanic deposzition of a metal layer of the
said metallic material starting from the said seed film
obtained.

The aforementioned galvanic deposition step may
be carried out in the same way as the aforementioned

30 filling step. The other materials and techniques of

this process are those described above. The galvanic



on a nanoscal e, on surfaces that include recesses
B 14255 .3ndfEor projections. 5 DETAI LED3BESCRI PTI ON OF THE
| NVENTI ON AND PARTI CULAR EMBODI MENTS OF THE | NVENTI ON
The process of the present invention is based on the
production of an organic film adheres to the 10
surface of a conductive or sem conductive substrate,
for exanple by chem cal or electrochem cal reactions,
so as to protect thereon and/or support thereon and
al | evathayeopbitd ngidowWhaf wheretelaroaténgsisiest iof being
froma precursor, in order to obtain a seed film 15

conFBPHRFTRS tRe t8& Ffas CramPiah st vis (fepagbred, even
menphongd drawhacks of hhesQEEQEeQr tenbpr elﬁ&@ﬁ&éel Yecesses
the process of the invention allows an adherent and

pr ebeddblry puritetiomsgani ¢ filmto be constructed on

the surface of a conductive or sem conductive 20

5

substrate, the said filmbeing conformal as shown in

Fi gDEZALAEDD SISERI PPIOK 0.OF NEHROINVENT IO N ANDTEPARYICULAR
is essentially tied to the characteristic size of the

topSMB@PEHFNFFrgﬁhﬁﬂplFN@?NEEONhe surface or of the

|ntent|onal cgﬁg ur.es f t I
the 25 genera ase é@@% %rg %e n&%cl’aregm’%gtegtoﬂ 1s based
filon <30 peptoctdlont oof hansuas:fgmeld:f fllﬂnprmmwes to the
at any _point _on the surface and to within a, certa

107 o BREfES 19f A OEGRORGHINE O cEPPACAPEUSEAYENt SUbsEtTate,

bef epe tdignfdldn Bgs cigginAerssi t@dcthiddiiical reactions,
m croel ectroni cs case, the process of the invention

makee ias psosi breteot prdwrsem pr4Prsemibpeyter theasks and
to gligccq:%8|roé]or9f Bhergxco%thoroﬁl eaCt!Bgtal coating starting

15

20

25

30

from a precursor, in order to obtain a seed film
conformal to the said surface and to solve the afore-
mentioned drawbacks of the prior art. More precisely,
the process of the invention allows an adherent and
preferably uniform organic film to be constructed on
the surface of a conductive or semiconductive
substrate, the said film being conformal as shown in
Figure 1la appended hereto. The notion of conformality
is essentially tied to the characteristic size of the
topological irregularities on the surface or of the
intentional etched features of the said surface. In the
general case, it may be considered that the film is
conformal to the surface if it preserves, at any point
on the surface and to within a certain tolerance, the
local radius of curvature present before the film has
been deposited.

In the microelectronics case, the process of

the invention makes it possible to produce a metal seed



chem cal steps directly on the surface of the

B 14255.39ulrsrate when this is possibbeg, or on the barrier

| ayer when the latter is necessary. In the case of

gal vani ¢ deposition 5 on a macroscopi ¢ conponent, the
process of the invention nmakes it possible to produce

a |l ayer whose thickness is of the sane order of

magni tude as the smallest radius of curvature of any

of the parts of the surface of the conmponent in

quedhiyenr, thexikeli b ian bhecéBsiepesseschanioal or electro-
pr o] [ urface. This _netal

ctions of the said er
conCHEMIFALo SERDSS Gliress 1% betté?ene?i“ﬁ%‘?ﬁso’ftg%? hgubstrate
see¢hkhl Prakt dicnedbyigine RIOcEsS I Bder PEESE N er v]ghen the

invention. Figuré 1 1s a schematic representation o
thelatﬁepra@e&@qﬁ%ﬁdﬂylrﬁnnuh&npashegﬂagslmgnio d¢p051tlon

th b { f d fil SF
B B ) RAGRP RGPt e TS & o oo BrGRERSA the

met ahkiegtABhemated Mk Sdsivng teoPprhduseed fllalyrar whose
(SF). Diagrama) shows_ the deposition of an organic

20 FPERKPEEP obft IRE stibPact®B? #rs\fFst PAt dNB)ituNGE ngs the
a "sﬁ%giés(:R)radAuk%aro@ Rudelrd Ble driyy Bk a{%&k&é‘ of the

Iagram al though 1ts presence |s not
necesxﬁaye w&emhdmmgmpmnentoﬁntqaeBMVamA(mnqkudlng in the
applied for le in,mcroel ect

e _
Lo PP P Eesehn aha) S ePE0) SRE L PRE Gy e Bpad: fysiage . This

thepaspect o E'@%ﬂ@%ﬂM&dedﬂtHH“%dﬁﬁaé@ hangbeaPnédethanks
follow ng steps of formng the seed filmand, where

appteptihat ecedf £ifli |ahtgired facdde (eRess <|>£> the present
and,. mheEe appr o- priate, Figure 1d). The process of
t he 'PRYBREPBA 30 t herefore preferably uses processes
for depositrFaguae DrganiaCc $chemdticd mepeesknpasiohl @f the
to obtain thicknesses substan&iall Iess than d, where
154 | PrpRESS of the invention, diagrams a) to c¢)’ show1ng the
fabrication of a seed film (SF) and diagram d) showing
the filling of a recess with a metallic material (MM)
starting from the seed film (SF).
Diagram a) shows the deposition of an organic
20 film (OF) on the sgurface of a substrate (S) having a
recess (R). A barrier layer (BL) is also shown in this
diagram, although its presence is not always necessary.
When the process of the invention is applied
for example in microelectronics, the thickness has to
25 be small enough not to increase the aspect ratios
(Figure la) and not to handicap the following steps of
forming the seed £f£ilm and, where appropriate, of
filling the recess (Figures 1b, 1lc and, where appro-
priate, Figure 1d). The process of the invention

30 therefore preferably uses processes for depositing an

organic film that make it possible to obtain



wi dth of the etched feature, and nore particularly

B 14255 l#s% than d/2. For 0.1 ~pm eteghi ng, the thickness of
the layer will be for exanple between 1 and 100 nm
and 5 nore particularly between 1 and 50 nm It is
sufficiently uniform that is to say the small thick-
ness, as datum has to be ensured, to within a
tol erance val ue deened acceptable, over the entire
coated surface of the substrate. It is preferably 10

confe@ritkn e e es1iloPOh gl £B1 y Sl edst whatd of), ofyhele d is the
surface of the substrate, this preferably being in

f actvidihc afsdquerichnd tiratipeve a0 BRPecPartifRularly less
or Q:%arneqazﬁed $Qr MaKE Lhe %‘c%ﬁ%géf K328 Lnd 05 Ol the

f
be fixed oh"the surface Is essentrally 15 determ ne
by tllareat epsll hdtte f Bbkowxanplfeor ratwean 1If and edx@hpine, and

the precursors, are ipnserted by dipping into _a )
ol MO%En oPaFEéchﬁégbff t%‘é‘ég‘i%ed lforaeaecﬁ%-nm' It 1is

pl atdf3%1 A'Lft8heNEES: £ SrdVankagaQusly ghyerHL SRITPAShi ck-
for fixing the“organic filmwhich wll give a coating

20 wmeass,wi [ds netathan washessl dfd bye t hesesusedut i bas, within  a
exanpl.e by not _being sol ubl.e therein, .or else by in .

{1 1 MY A SChed T8 1 ha ST ac8 VR BRYST coSUREm GAF | Smeize

bondsatedsughrFacehe ofr atheng sapsshava .i NIkl gueespZeferably
and 4. Preferably, the nmethods, capabl e of pronpting
1¢ he copnfogmpdt | &P ofthond=orR@legkeaibstraietetpraer of the

i nt %ﬁ{ﬁ% U e ' DI 994l £ £ being in fact
i nter acg:,e and pre eréaﬁ?/d%%\% ent’, |o?1]|%$o dg%?gem ac
chenri cainseguince odr rtdsp@diveg two laepies taci d- based

ggéeractionﬁgﬁ However, as_m@%% Qg segg in_the ie film
mpl ary ent6di FBRES, BRAMITSRAy B sB2B8 delt r &F95
obt aigheda aghentbaelidlxed a¥RT tHOM se¥pABEE 1 bBBentially
surface of a sem conductor, B 14255.3 EE
15 determined by the steps that follow its formation. If
for example the precursors are inserted by dipping into
a solution of the type of those used for electro-
plating, preference is advantageously given to methods
for fixing the organic £film which will give a coating
20 that will not be washed off by these solutions, for
example by not being soluble therein, or else by being
firmly attached to the surface via physico-chemical
bonds, such as the grafting as shown in Figures 2 and
4. Preferably, the methods capable of promoting the
25 formation of bonds at the substrate surface interface
or the barrier 1layer/organic £ilm interface, and
preferably covalent, ionic or dative chemical bonds,
corresponding to Lewis acid-based  interactions.
However, as will be seen in the exemplary embodiments,

30 it may also be desired to obtain an adherent metal

layer, for example on the surface of a semiconductor,
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38 by carrying out the reduction of the precursors

W tdlg N an organic | ayer sinplyggdeposited on the

surface, as shown in Figure 3 appended hereto. This

may be achieved, for exanple by depositing an organic

film5 (OF) already filled with the precursors (pM

(Figure 3a) . This thus avoids a specific filling,

i.e. insertion, step which necessarily has to include

the use of a solvent or a swel ling agent for the

pol yeloardyidl &utd flesukbduBtiba oM ftdre fdd@rsors within

washed. Here, the 10 step consisting in placjng the

or gahi CO¥IIMBnlaKeT imRkE gARCEhEedt i obhensiithasg. as

the ur sQr ta er f, th roc
FREFFL AR aidkl® 0% PrbhealeC %@Ftegneoueﬁ*%S"Tﬁﬁ% be

precau:lh:iekredf t her rmetaa:iﬁ]ie: wedepbsi’slngemmomgmd: film

|nto the sa c materi within the or anlc

11 HOFR: quRbeeBsY | nEorUER T ovoblai ntife SBERCRFPRF

(SF) F%ﬁ%dsag twﬂ},e IS S80bi ARV ANtk ke OITRINE, i.e.

fil n1nay for exanple be based on the surface of the

subsmatélw,smtﬁmomlﬁ@ receysarply 2Bacoatp ngnerlugye the

spra u5|n i an n )
F’%ﬁol ecu":f es e vvlltrl seé‘\%i?m# gﬁ\gpﬁe org(‘1'Lailﬁe|ecp('c))iymer

f I | miakleheof Q|e|sQ\ZMtng.rI Whe a8 0sfdde Wathd iwadshedi )Here, the
when the dry residue forned by these nol ecul es or

10vac BERB eefan%ssvsng nsigt uB@GinG hEheoregganse| filghson the

useguﬂatc@ea | gy "G S B % L,Qelngovt?@ ecdfor of the

i nvention, espeC|a y in Rose for

el emlen:aﬂllam m@tcarleilecof olthes miqnesr:g oht theedirfgntion are
converti.ng the precur f of t f £|IC mat er.i al_ int h
t he C&&Fd et 445 ¢ FHVRT T ARCOHRTY: na? For PEXSIISE e ©
achiveved1wict hmpekyrels tBat thaf ceeaskirkdaf ifito the said

ot

15 metallic material within the organic film (Figure 3b)

2

2

3

in order to obtain the seed film (SF) according to the
present invention.
The organic film may for example be based on
the surface of the substrate by spin coating, ox by dip
0 coating or by spraying, using a solution containing the
molecules or macromolecules that will serve to form the
organic film in the following two cases (i) and (ii):
(i) when the dry residue formed by these
molecules or macromolecules is insoluble in the formu-
5 lations used in the following steps of the process of
the invention, and especially in those for the
electroplating or electroless plating intended for
converting the precursor of the metallic material into
the said metallic material. This may for example be
0 achieved with polymers that can <crosslink after

deposition, either through the external action of a



deposition, either through the external action of a
B 14255.9p@® fic crosslinking agent, oBothanks to them being
conmpounded (bl ended) with crosslinking agents, or by
both of these neans. These polynmers or their polyner
precursors are therefore soluble in their deposition 5
sol vent, because they are not crosslinked. Once the
sol uti on has been deposited, it is possible to carry
out the polynerization and the crosslinking on the
sur Epeeifiien ct:i'mséahi:hﬂci:mglt aigamtt heopr escmmﬂnsr stof tthHessebeing

poI ner s th h the s l,on contains a

0 FoTpRisnderat thLESFrah ot nfosR LRk  Bls AR I T oF bY
Curgotwhoprth@sérhﬁﬂﬁge Thesgo®d@¥MH¥§38&tEhelr polymer
photons, electrons, ions, etc., or else to apply any

fornr@ﬁurggp:sabazee st’qhﬁnaﬁs:r%uéhlabla cmangéleulrﬂr pgeposition
ature, ,etc. o t.hese pon S, au

ot hoRERg s o RECTIOR. THEpartecutar . s drald T nkfisg che
makgsliufesh iHgol bééﬁ lcre;sckasa:&vemt LisSedpé@slble to carry
dep05|t|ng themand in many other sol vents, even for

| owCHEgr BRE FOLlpeskFapkPRg. akdr theansressifeking on the

fol EBWEQQeC%e*ﬂe Eiﬁeedba@l‘fc%ﬂh??n&oth@e ﬁr‘%\é‘?ﬁtécﬁ% of these

vi nyl polymers, and 20 especially poly(methyl
met badyypkase) IHPNVA eaﬁhoihewhlpblymgr$unnmpn contains a

LTGB! G087 OB SRR o BBL R i g cvre

( PHEMY) , 090|ﬁ/6yaﬁ€?r.3é‘di/ét§é esit POIAACT Bikampledefith photons,
pol y 4- vinyl pyridine), poly(2-vinylpyridine), 25
pol keAYreashazsns ., p@ltyirrersobbteélsﬁedtﬁbya@@lly any form of

condausabi en 2ualgs PAAes, anduesbect Ay BlhgBRacure,

oxanes "an olyan1nos oxanes;
obt atned tbrom:heﬁel | paigmerer,s tdwat a:san the t@aved biyem to
ucl eo- ic_or electro h|||c att ack, ﬁnd espeC| 1

n
1530 F£8FF3%§ e S iRAL E 15 ¥he s ERE S o FARE S 1RGSR them

insoluble in the solvent used for dep031t1ng them and
in many other solvents, even for 1low degrees of
crosslinking. For example, the following can be used
according to the invention: wvinyl polymers, and
20 especially poly(methyl methacrylate) (PMMA) and other
polymers whose monomers are based on esters of meth-
acrylic acid or acrylic acid, such as poly(hydroxyethyl
methacrylate) (PHEMA), polycyanoacrylates, polyacryl-
amides, poly(4-vinylpyridine), poly(2-vinylpyridine),
25 polyvinylcarbazole; polymers obtained by poly-
condengation such as polyamides and especially nylons,
polysiloxanes and polyaminosiloxanes; polymers obtained
from cyclic monomers that can be cleaved by nucleo-
philic or electrophilic attack, and especially

30 lactides, epoxies, oxiranes, lactams, lactones, and

especially g-caprolactone; non-polymeric macro-



especi al ly E-caprol actone; non-polyneric macro B

B 14255 1425%H. 3 EE 40 nol ecul es, such agp cellul ose and its
derivatives and especially hydroxypropyl net hyl
cel lul ose, dextrans, chitosans, whether
functionalized or not. These nmacronol ecul es can
ei ther be crosslinked directly, 5 without an
addi ti onal crosslinking agent, or can be crosslinked
via the introduction of a crosslinking agent. These
agenisledquBsent subht hes f eenuhabeen,ard eitkhed@nesatives and
known to those skilled in the art. _Mention my
esp&RIRATIA by maB¥IEPXyBFeRYLBE tEY A yiGR] i1 9%ast GReFtrans,

10 fupctdonad, gfQMB&h%&"DaEhHE€1$hBE1&QS fQ&Pt'QE%u These

gr oups of the pol ynmer or created on the polymer by an
extmmmﬂomqin¢uﬁesfcnamxaaptheby ke changesi nnked bﬁirectly,

eat i rradiati,o . for exanple be

bt CRBseRaerbiefRd g AGeBF, ‘of° can be
di vidpd enizgney oryikd Q@iéta@hy:tﬂ&fdutc@ion of a crosslinking
tetranet hacryl ate; diam nes such as, for exanple,

hexmrlrm eﬁbésamamentam cplresgnydrzrm thg| fiemelation, are

a”hg-.q{'d e IS 'tdghé’rggs bLS: PPOXT St ne LR PAXYELEn may

aci SUCh as-azel aic aci o Drs-siToxanes
am reaEpd cixdles , bs ualadas of mne@mmsl t:an:eyl:ilmgysaﬂ abeast two

- APS s-chl orosi | anes, . bi s:isoc tes, .etc
193r ef‘%ﬁﬂﬁ%i’natkﬁhegwfé%ﬁ%@%?l "cr‘ﬁ‘r’bﬁ‘e%% guBQE&iOPﬁl groups

the off arpail B4 1 AR By BdVEdE &8N St e PSS yme P B?dhh'@&ternal
to their intrinsic functional groups, conplenkntary

f unaxdtareal, gfoupssxamnilespycial Iopangect imngH gr bupshexs:, by

t hat, may rve as_ligands for_ion and_especially

ot STTEH AT o i o WASI TGO an s PRGs e | molecules

funcicyel EFSHPBheNGibap @airismstrir@dc&ﬂi odalijylbenzene or
resent on the macronol ecul es of the organic film

niFeEH aREY thisld@l altieof ndatdde ot adfine S1agdingss, such  as,

Eth%kﬁ’ example, hexamethylenediamine; epichlorohydrin;
glutaric anhydride; glutaraldehyde; bis-epoxides;
dicarboxylic acids such as azelaic acid; bis-siloxanes;

aminogsiloxanes, such as y-aminopropyltriethoxysilane

20 (y-APS) ; bis-chlorosilanes, bis-isocyanates, etc.
Preferably, the molecules or macromolecules used in the
formulation may advantageously bear, in addition to
their intrinsic functional groups, complementary
functional groups, and especially functional groups

25 that may serve as ligands for ions, and especially
metallization precursor metal ions. Among  these
functional groups intrinsically or additionally present
on the macromolecules of the organic film, mention may
especially be made of amines, amides, ethers,

30 carbonyls, carboxyls and carboxylates, phosphines,

phosphine oxides, thioethers, disulphides, ureas, crown



30 carbonyl s, carboxyls and carboxyl ates, phosphi nes,
B 14255 phogphi ne oxi des, thioethers, djsul phides, ureas,

crown ethers, aza-crown conpounds, thio-crown

conmpounds, cryptands, sepul crands, podands,

por phyrins, calixarenes, pyridines, bipyridines,

terpyridi nes, quinolines, orthophenanthroline

conmpounds, naphthols, 5 iso-naphthols, thioureas,

si derophores, antibiotics, ethylene glycol,

cycleataxts i nsazandrewhst lddﬁtpﬁiﬁrﬁﬂﬂ/ or tnignetbpnal iceRhounds,
nmol ecul ar structures based on these functiona

groﬂ&yp t@nds mhen SePWSITEOHSs and Bagansifol ecul @orphyrins,

10 t ion eci fig,f ar

vvhlcC!I;é'el f%ﬂﬁ%% boﬁ%@?l the gﬁ #&g %{he %%Qiyrldlnes,
Iayenuxxﬂonkﬁneowﬁﬂhoyhamaﬂuhﬁbknnnuxcdmpnmndﬁ(3 naphthols,
ont.act MA t_he surface of the rrie er.

o et SRS e L T 8L ARF BB RAEE by BE 1Bt ics,

wr i tét@ﬂfl%’i’leb\ #ydst Coe?bibd%‘sct%lh%a(:talﬂc? §{1‘959{@H9e§ and/or
capabl e of belng spontaneously fixed onto the surface

of ﬁW@Q§%Qﬂ&%1Zadnum01ﬁgulaws $by@¢tunﬁ$ngbaaed on these
CoNtA( Cé@éﬂ%fﬂéféﬂﬁ i d phase containing the A-B

nDIec es or their organlc precursors, and of a body
A bearing variiQuwhegacthye ml gFilgps, agdpatadtdolid®ules of
Ilgands gor the netallization recursor cations. For

1% xal ?ﬁ‘i"r’c]i%"nl%ybﬁérnﬁ@@cd iy Bk ipRahl g50wps, which

for mélya £ &k DoBRds M | ppwhi &I}f(}llce Rof 24,8 kra:.(lqr(.:exr'] layer

This I's because It is nomn t hat azonium sa
be @D@m@@mamuaﬂxnwh&nqmmasergrb@gy\abmﬁ1iﬁtauountact with
rad| can be fixed.onto.the surface

aboV foFHﬁ?gceC:? aﬁh%réﬁﬁfF% Ti mpYSE- Ehﬁﬁ aWPaﬁCU1eS'

choperiegpecigenerid osttiet GreURNe@N =St iKY Wwiitten as A-B,
tetrafluoroborates hal i des, sul phat es, phosphat es,
15 ar GORPLELesOL pér cFRRFhi¥e, TnkagraspoghosphRRbse of being

spontaneously fixed onto the surface of the barrier
layer, by this layer coming into contact with a liquid
phase containing the A-B molecules or their organic
precursors, and of a body A bearing various reactive
20 groups, especially the ligands for the metallization
precursor cations. For example, mention may be made of

diazonium salts of formula {R-®-N,*, X'}, in which A = R

and B = @. This is because it is known that diazonium

salts can be cleaved at room temperature to give an
25 aromatic radical R=®° can be fixed onto the surface. In

the above formula: & is an aromatic ring; X  is an
anion chosen especially from the group consisting of
tetrafluorocborates, halides, sulphates, phosphates,
carboxylates, perchlorates, hexafluorophosphates,
30 ferrocyanides and ferricyanides; and R is any, linear

or non-linear, branched or non-branched organic group,
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20

25

30

30 ferrocyani des and ferricyanides; and R is any,

.RimEar or non-linear, branchedz2or non-branched

organi c group, optionally of macronol ecul ar nature,
conprising Lew s- type basic functional groups capable

of formng |ligands for the Lews acids, and

especially the netallization precursor cations. Anong
these functional groups, 5 mention may especially be

made of am nes, ami des, ethers, carbonyls, carboxyls
andopéaibmeyllat esf mphnsmbleealaphmaﬂwnua(ndmhfising Lewig-

t hi oet hers, .di sul phides ureas, Ccro et hers, ) .
azat¥P a@&?poﬁtj’r’fg"stlctr}ﬁ b-FBme %%@tﬁm%f £PypiBFdsigands

sepiber ankls, 1BRY8NAi RO PANE | BEpellagal, )@{t.ﬁnﬁétalllzatlon
pyridines, bipyridines, terpyrldlnes qui nol i nes,

ortnéph@ﬁﬁmﬁthrm!atrﬂeor@ﬁmpoandsg n&yblqsml sEunctlonal groups,
|so na ht hol s, _t hi oureas Erop gres, ntibiotics,

et hFERE G yEEY, S%’FS&S%M nBe aRAIS LS| { BRERCang) BRides.

funetheral i zedcaibeepl &) St eHebbkoIsbasethdn tHgsBokPlates,
functional groups. The R group nmay especially be an

onePBPSPRdN@Ser PR IRRARS ﬁéh@?éne¢h%?qqhsnastdb$u¥phides,

cas ) a Ag%&%r he be _

spoﬁtrgééousgggglasor e %n al%surfaceEg?l%o‘&g)E}fﬁr‘rpI%hjbo crown

thecqmpoanﬂsvawnyptandaA(Bepu%cnﬁndskxpmdamdwf ROrphyrins,
nmol ecul.es _substitut ed th therﬂa Ehotochen1ca a4

10, o F RIS 5REENRR  nebVOLAADEGN o DERATLAEasS eucrtaRbyEidines,

exagnkfol agdieeal BQEMEFhéﬁéhtﬁ@otLﬂhEl a&@ﬂhﬁoﬁﬂab aSnaphthols,

ni troxides, for exanple 2,2,6, 6-tetranet

p|péPPdPﬁ?hﬁ%?1€TEMM31°WﬂqaﬂQMNﬁ¥ﬂ§¥°Ehﬁﬁﬁ$1LH%%KE%lOtlcsl
trlg £ Xlﬁe V- fl g&éi&&é yg%enthlﬁéo@dﬁgt tuted and/or

perOX| S 'for exanp Zoy perOX|
thiﬁaﬁbeﬁsnadu&hﬂoeskﬂe@ulaﬁd Httlgrirdes. Baubdxnmn these

coa}tEd’1 8 groc sonmetines called the spin-on, process
BFbAPBELr XS | sTRR fRacPrqup may especially be any

one of the macromolecules mentioned in the list of case
(1) above. Among the molecules that can be
spontaneously adsorbed on the surface, for example by
thermal activation, mention may also be made of
molecules substituted with thermal or photochemical
precursors, by the formation of radicals, such as for

example radical polymerization initiators such as

nitroxides, for example 2,2,6,6-tetramethyl-
piperidinyloxy (TEMPO) ; alkoxyamines; substituted
triphenyls; verdazyl derivatives; thiazolinyl;
peroxides, such as for example benzoyl peroxide;

thiocesters; dithioesters; and disulphides.

The spin coating process, sometimes called the
spin-on process in microelectronics, 1is in fact a
process that allows very thin organic films to be

deposited, even though it is particularly effective on



30 process that allows very thin organic filnms to be

B 14255.demssited, even though it is pagticularly effective on
surfaces that are not rough, given that the uniformty
of the filnms obtained is opti numwhen the flow of the
fluid is lamnar, which may sonetinmes not be the case
("Eckman's spirals") plunb with surface
irregularities. 5 In addition, it has been observed
that, for ultrathin filns, the evaporation of the
sol wentf adersi nthatappteé cadt oroabht, hgipreoc edwmti ncheaspsformity
sonetines locally _inhomggeneously, the viscosity of
{heSFl (FF ahULPESGPESIREA 4 R NRER ERfledelow Of the
Speenfiie deyi e8sihhal @A CHO 8, USSHet tmtHEnBEEHRANthe case
i nvention, which require the saturation vapour
pr edSEckmapd p (ratiales "dnd laven wiihyi gurface beregularities.

SO 2 SSRCICDAR SHRBLE R X3P EHRansn

var ifdlins , ot hehepr oeoapezathiah canf bethsed aetoetl5 during
ing to_the invention are processes for the sol vent
ann@BPilAgashasy gfnithe REIIRRES FEHOEERERS bySepehimes locally

coat | [ e S A [ r [
e e A e LA caPlRal Besure
annéal -a i ngneani feemouthiakriadsr.i dSpetnfi¢ UBeyiee® 32Pat can
(1998) 20 t)hat can al so bhe ysed in the present .

19 nvgfft i%ﬁl‘?gt H‘é&etﬁﬁr RESSSIE | AQYEPE 18 et BRI tiSSTe  the
to bheusathlon depvshii oprddyudidler tempetatireé and even
uni form |l ayer, nanely the annealig&estep. Since the

subBupdod tac &6r dien Fars- uHel §dw etits ofeseribed pfe¥ epypmple in
el eglar i5Calslyy Sanducddye ShaSPE & 6QduG VeSS Orﬂgggrding

to the™invention € organic I'm~“may "al so be pl ac
on the asuwdrtantisi oghéhepeoternsespaham waof lgr owsdd accord-

and/or grafting reactions for electrochemcal

15 i £°8 oSor i Ao oRSGer PrAEesSes  for the solvent

annealing of organic <coatings deposited by spin
coating, which processes are described for example in
US 6 312 971 (2000). Like the reactive thermal anneal-
ing carried out on hybrid films (US 5 998 522 (1998))
20 that can also be used in the present invention, these
processes require a step additional to the simple
deposition, in order to obtain a uniform layer, namely

the annealing step.
Since the substrate according to the invention
25 is preferably electrically conductive or semi-
conductive, according to the invention the organic film
may also be placed on the surface using the entire
panoply of growth and/or grafting reactions for
electrochemically initiated organic films. However, as
30 was seen earlier, the reactions that can be used are

preferably those that make it possible to produce films



30 was seen earlier, the reactions that can be used

B 14255.arer preferably those t hat nmake4it possible to produce
films of uniformthickness and conformal to the said
surface, whatever the geonetric topol ogy of the
surface. As previously, it is therefore preferable to
sel ect electrochem cal reactions that are sonewhat
insensitive 5 to the surface electric field topol ogy.

In general, electro-initiated reactions neet this
consErabﬁﬁonmuthuﬁhnaﬁﬁmeﬁbmwnﬁnxﬂdkw&ot&h& gabd beurface,
used for formng the organic filmthat I ntended to

be WBAE&EVREd tHErlﬂﬁo‘f‘ﬁ%r?%ll"iﬁR?FgO@feﬁéE ofDehesurface. as
Progessiglst ?2 1QI!nW99t'9HerQ§8§Ey b&%f%%QBQE'OHJPf select

t he"precurso the metallic material in order to
obt eilectirechesd calla)t@lact'ﬁlq:els{ dhat' edlectsonéwhatl airgensitive

o abD] ohae 1R T LBRoBE T Foabto Dhe "L B ohdfgeeeneral

trapsketro-tihithetwar kiegetdossr aee C@lhlpé edonkefrerieit, and
or afterwards, with chem cal reacti ons one of which

| s ATPeddleTRL PR OFGRAGLORETr gdat r GABF &e WiERdt fo%s sferming
fol thg 85:l Eﬁg@ Egim X@lﬁ% ig t rl?ﬁ:%n@yi b@ot hSe contained

OW ng eactlons pol ymer el ectrografting
readUEdng the 261@b@¢ngogsaépsngoﬁf pbéynprscaakesof the
EOSSIb|e to |n| iate th omih of £PO chai ns
10} hadRYSPLIGH . FEREIY chPry TrOLSH dor BF Sthe abs e ShrAGTe of

ser¥ga agethMticatfire Mgl he{nt hasgebe teat BBEREnOr the seed
anodi c electro- grafting reactions for the

el edayeyr afliiendasm \)1eril5ﬁctzsv-mmdurastcﬁds wragfiiongl s under-
pr ec#r S r% { hat ca ebc%rocg-l V%.d by, enu&llogpéq tj_llllac‘t O nclude at
9 &S5 ac J‘% %#

el ectrophi 6SCr b or exanple
0381244torohe EH:&H65oZ75chargel seramabsh ¢ with the working

el ectrografting reactions for the electro- grafti

ng of
15 unEBFSREFT Z60URI Ryne PHRES SPFi @iiFerwards, With “chemical

reactions one of which is a reaction involving charge

transfer with the same working surface. For example,
thegse may be the following reactions:

- polymer electrografting reactions: the

20 electrografting of polymers makes it possible to

initiate the growth of polymer chains thanks to an

electrically biased metal surface, which serves as

initiator. Whether these be cathodic or anodic electro-

grafting reactions for the electrografting of wvinyl

25 precursors or of cyclic precursors that can be cleaved

by nucleophilic or electrophilic attack, as described

for example in EP 038 244 or in EP 665 275, or else

anodic electrografting vreactions for the electro-

grafting of functionalized alkynes onto silicon

30 surfaces, as described for example by E.G. Robins,

M.P. Stewart and J.M. Buriak in “Anodic and cathodic



30 surfaces, as described for exanple by E. G Robins,

B 14255 M kg Stewart and J.M Buriak ias"Anodi ¢ and cat hodi c
el ectrografting of al kynes on porous silicon",
Chem cal Communi cations, 2479 (1999) , polyner chains
are obtained by purely chem cal growth (propagation
reactions) driven by this initiation: a single charge
5 transfer reaction therefore gives rise to a conplete
chain, the growth of which involves no additional
chardedorarsiadt inepcif Glkynegreroenseraagusi ilcdbn” § hehemical
field shows that the thickness range of between 2 nm
and GomgRnicatdingrabl é4WPt h thY 291 ype RALP®cesShagns are

10 @bthiadidr t hgul %uﬁi?f?t EHdmiR V"G rowth (%ir%%agation

el ectrografting is "t it results in"the forma
of tealcricmsdl editiverar bpn/tdurs ateibobatdsobet weesindile charge

ol yner and the surfa Figure 2). The .precursor
FonbTeretrs: TrectiPhy sSFREe cTbEerodiifa hy & complete
reaghia@ns t Rak CamolehlSo¥segnhaesor dhie1test hBo additional
invention are, for exanple, nononers containing

act chareg vinynsfedvupsaatiamn i sExkperdgpcehosedetreyi g the
el egt;r.on- wi aw el ect - ~do '
subg%iegﬁe\rl]%%wééng}%rg ?"{hnegsE%g?Hgg% B%H engg ht?)}:ween 2 nm
nuclkedptl hhinc bs ekkdewrapbel iwdtd tElcks thpee cdptprsceds. One
ally being activated. Mention n]%y especi al Jr% be made | ,

16t Ofh&hromaghitiilade ARRSHYS i P PHEIMREr §HenTPgrREting is
subghikut ed nEIhacty| aesenande §sngei 8h! Yosmekhvh yeé8valent
acrylate, ethyl nethacrylate, butyl nethacrylate,

pr opprbeny/ sagtpicat e bandir oxyetwgen methgcr Wodymer25 and  the
hydr.oxypropyl, net hacryl at g, and_gal yci dyl nethacryl atg;

ar SLALRGSS, (EAGUeEpaLr al FYCanPRSEERGPT aNPHORFERyl for the
am Rrabylly| podinaepeslt ¢dt vos &b NedeXddactions that can be

nmet hacryl am des; cyanoacryl ates and
1%yaHEREt haCFPIrEiay; 56l yEPAy| éR¥engipRo| ave, for example,

di Mpbhgreralon Nt iy & oAl Yviabechebubs, that is to
say those carrying electron-withdrawing or electron-
donating substituents, and/or rings that can be opened
by nucleophilic or electrophilic attack, these option-

20 ally being activated. Mention may especially be made of
the following: acrylonitrile; methacrylonitrile;
substituted methacrylates, and especially methyl meth-
acrylate, ethyl wmethacrylate, butyl methacrylate,
propyl methacrylate, hydroxyethyl methacrylate,

25 hydroxypropyl methacrylate and glycidyl methacrylate;
acrylamides, and especially aminoethyl, aminopropyl,
aminobutyl, aminopentyl and aminohexyl methacrylamides;
cyanoacrylates and cyanomethacrylates; polyethylene
glycol dimethacrylate; and more generally telechelic

30 diacrylates or dimethacrylates, and also macromolecules

carrying acrylate or methacrylate groups and more
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30 diacrylates or dinethacrylates, and al so

.ma@ronol ecul es carrying acryl age or nethacryl ate

groups and nore generally activated vinyl groups;

acrylic acid and nethacrylic acid; styrene,

p-chl orostyrene and nore generally activated

substituted styrenes; N-vinyl- pyrrolidone;

4-vinyl pyridi ne and 2-vinyl pyridine; vinyl 5 halides;

acryl oyl chloride and nethacryl oyl chloride;
divgambbamignea@BVBhteﬂenwaayythgkbubsnetaanyﬂhe acid and
acrylate; and nore %lnerally acryl ate-, nethacryl ate-

or WFE?PCEé(%é& cPEL8Yii nRF Mﬁeﬁﬁentg chigrastyvapeyeand more
t he?_@ﬁ&::ﬁ&%“ééé:‘z’%ﬂé@@' gubgt itatakng @éyefér{é@f af f1€¢iny1 -
10 fil'ms aré sol utions conprising one of the conpounds

of pyhmeodbdemel;i - vnnyipynadmnacﬁniezevamybpyrh@sne, vinyl

£OTRRYRS: ML SCIRLA L OSSR 00, EUNSRE Llfor e

Anpagvt helberpemeads hamvmg,rln@énﬁayﬁyiﬂnﬁtol tetrameth-
nucl eophilic 15 or electrophilic attack can be used,

i n parvietrar, an%pmr&sgewﬁ%\h%s aqrapahifes, mAghacrylate-
eSpgg'abhﬁyiaBBQedlaE%BBE inkdf P ﬁEQ aléﬁdanaerlvatlves
nol ecul macr o- ecu e car y|n such groups
Funtheeealfi. z &b diailelsy thadbtan floer wamm1ngtekectrografted
regeEt |nvent|Q_Gh for exanple 20 for an dici1
| eER-BEr &G RPIHPRE sFPTROASSUPf 2BE, © § grompounds  of
exagpke EngguniisQf bhe gengikeuh-ar myka BéGérQiH’of those
where R is any organi c group whatsoever, whether
| i neampoyndgot ,thrrglhedabingotit olp@$%hla1¢yt@f envisage the
ar g?ﬁ 4t/¥pe
bas%ggﬁégg# %lona gg%h%@&cé;pgé%& onstltdt}SE networks.
| i gamdagf ahet h:emipemmis acivding aniches pesemed yby hﬂucleophlllc
netal lization precursor = cations.

19 UnEE] G CFORBLL o A e sBBC 99 beAoBBrbEcular,

a”‘€§§x1a€bdesoxgkgﬁﬁ§ ¢acbonkks, qarboX¥bec2RU1y capro-
car boxyl ates, phosphi nes,

lactones, lactams, and also any molecule or macro-
molecule carrying such groups. Functionalized alkynes

that can be used in the present invention, for example

20 for anodic electrografting onto a silicon surface, are

for example compounds of the generic formula R-C=C-H,
where R i1g any organic group whatsoever, whether linear
or not, branched or not, optionally of macromolecular

nature, which includes Lewis-type basic functional

25 groups capable of constituting ligands for the Lewis

3

acids, and especially the metallization precursor
cations. Among these functional groups, mention may
especially be made of amines, amides, ethers,
carbonyls, carboxyls and carboxylates, phosphines,
0 phosphine oxides, thioethers, disulphides, ureas, crown

ethers, aza-crown compounds, thio-crown compounds,



30 phosphi ne oxi des, thioethers, disulphides, ureas,

B 14255.y @ewn ethers, aza-crown conpoyrds, thio-crown

conmpounds, cryptands, sepul crands, podands,

por phyrins, calixarenes, pyridines, bipyridines,
terpyridines, quinolines, orthophenanthroline
conpounds, naphthols, iso-naphthols, thioureas,

si derophores, antibiotics, 5 ethylene glycol,

cycl odextrins, and substituted and/or functionalized

nol eeyrbaEnglisr,uct ur egpbasednas, t hesepofidng@kl onal porphyrins,
groups. The R group may have a nolecular structure o

ar bFPLAKGTENLE, esP¥ErdLngsany h%EYﬁldhﬁﬁéeuletgﬁﬂyrhdlneS,
par&hﬁﬂ%@ﬁn@sp0|gggﬁb %Qnan@h?gigﬂgrafg ggctlg ﬁhthols,
eIec?Poc?

for "grarting ‘organi c-iragnen eavi ng
r eadsbenaphtheie,- art&an’ﬂu:fea@t t mﬁdhaﬁdph‘ch&ﬁ caget Dhiotics,
nitiated reactlons in which th

elect
*chaf éﬁ?&ﬁsi‘-’é’ry%pl%ﬁc PRSEET B aF‘é‘dt RS bR opnd/or

thefﬁh@ﬁ&bﬁl’a@‘i%‘é@d wol%%uqla%ct RPU AL MILEA € on  these
(honol ytic or heterolytic cleavage) and the

adséuprraanal agrovpst dhe oR hrupwomayl dmvezl spevdkscular

ont rking sur Especial ly eab

reagF%gﬁgﬁgn ?s %a% 55?§yar%l?%act?%ﬁ%el?Lg%lv?ﬂﬁ macro-

t hemel eetil ar addCthpaQtlehQQTrr gopbdgtieen of 20

di azonium salts, such as those reactions descrlbed in
100D 98/ 44172; BieSGFPABALLANTsal ek RS t BOFe grafting

?gzgﬁ?gﬁ?csa %éﬁerg J’sﬁ%ﬁéﬁ ﬁgrsu %&Pns these

t hi aresuirphitaes; therqm‘te:,cm]aaﬂaoxyalsec afi dslarmhromltlated

ly 25 benzoic ac d exanpl e by the Kol b
s:ggg%%h g’aascri%ﬁ’édli‘ﬁ ﬁé?SS/EE&SO a%ﬁe;ﬁﬁ%REEEF coupled

andrah&0ioh8 oé!t itk akle@RiAgSidt C@heSULLAERSoreduced or
reactions for the cathodic electrograftlng of

154 ky?aégtr@%hdagedhogr@le@egau beemyl Ft & ReWI nshetgrolytic
St ewpehvagd) Jalh BUE! @8sorption of at least one of the two

cleaved species onto the working surface. Especially
useable reactions 1in this category are reactions
involving the electroreduction or electrooxidation of
20 diazonium salts, such as those reactions described in
WO 98/44172, of sulphonium salts, such ag those
described in US 6 238 541, of phosphonium and iodonium
salts, of peroxodisulphates, persulphates, thio-
sulphates, ferrocene, carboxylic acids and especially
25 benzoic acids, for example by the Kolbe reaction
described in WO 98/40450, or of peracids, and also, in
particular, onto silicon surfaces, reactions for the
cathodic electrografting of alkynes, such as those
described by E.G. Robins, M.P. Stewart and J.M. Buriak
30 in “Anodic and cathodic electrografting of alkynes on

porous silicon”, Chemical Communications, 2479 (1999),
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30 in "Anodic and cathodic el ectrografting of alkynes

an ggporous silicon”, Chem cal g@gmmunications, 2479

(1999), op.cit. These reactions are used to firmy fix
ultra- thin organic layers to any electrically

conductive or sem conductive substrate, with the
formation of covalent interfacial bonds, by
prefunctionalizing the 5 precursor with the functiona
groups of interest that it is desired to fix onto the

sur oaced t\W tTlided heeacbhbhxt adle tiedr eserfiidmlyentidomiltra-
it is, possible to. use, for exanple, diazgogniumsalts .

of FBF%ﬂQ?ﬂﬁﬂkﬂ-%E¥?rSXFPi?P%r&éPCF61€@ﬂéMmcqﬂﬁUCtlve or

el e%‘éﬁl@ESﬂBﬁtk:!tQQe thguﬂgtgseét,ingw nR (e%efr%%% kSon  of

onto the working surface. In the above fornmul
an gpgedent rimgeriacisl abonasi, onbungresheritldnaldzing the

tetraf| uorobor at hal j de, . | phat hosphat e,
% CRFBGRYPRFe WiFhePBAI Gt 100a n FEPYES Gfnospikast that

a feErofcyanidls g a tfer Fhgyanhes: dive anfhrfdc® @NKWithin the
l'inear or non-linear, branched or unbranched, organic
gr o@pntepti ovlal Hhreof pragenhvligtigrdriomat dite, ifhipsigsible to

i ncl udes Lew s-t basic functional groups capabl.e .
of BBRet 0 I T8 HandS FEPRLHB BARES Qi ASTmaRG (R-O-N:",
espge} al {y theqeet akll ZYRA P eWY SAUL1 0 $3Ee@MStion, the
Anong’ t hese functional groups, nention nay especially

10be grdétohgasfnisd-anirttemereidesnsto tlas bwoyksng surface. In

carboxyl's and carboxyl ates, phosphines, phosphine
oxi 8bs, abfivset fermuldi:suPphiglesn vrramaticowringt hrsis an

aza-crLown ¢ ounds i 0-Cro C ounds 5 .

ot yataihe SELTEHR kbl D SRR TpRES, @ halide, a
cal gMaprace, BYPHbdsatd)] pyr bdirBesylbheepyrd dideshlorate, a
qui nol i nes, orthophenanthroline conpounds, naphthols,

i sobfEphiHerSPhPRPBateas @ sEeHePeYRaE4s, Cantd bfe¥riayanide;

15€t hXhaneRgl 35%0| ’arﬁ)’c' Pgﬁ‘ég.fi NBr a?l%ns—ligﬁé.atf{t edo:?‘é[}gélrfgd or

unbranched, organic group, optionally of macromolecular
nature, which includes Lewis-type basic functional
groups capable of constituting ligands for the Lewis

acids, and especially the metallization precursor

20 cations. Among these functional groups, mention may

25

30

especially be made of amines, amides, ethers,
carbonyls, carboxyls and carboxylates, phosphines,

phosphine oxides, thioethers, disulphides, ureas, crown

ethers, aza-crown compounds, thio-crown compounds,
cryptands, sepulcrands, podands, porphyrins,
calixarenes, pyridines, bipyridines, terpyridines,

quinolines, orthophenanthroline compounds, naphthols,
iso-naphthols, thioureas, siderophores, antibiotics,
ethylene glycol, cyclodextrins, and substituted and/or
functionalized molecular structures based on these

functional groups. The R group may be a molecular
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30 functionalized nol ecul ar structures based on these

fungtional groups. The R groupgrey be a nol ecul ar

structure of arbitrary size, and especially any macro-

nol ecule, and in particular a polynmer. It is also

possi ble in particular to use an alternative approach

to that described in the precedi ng paragraph in order

5 to graft polymers onto surfaces, namely, instead of

constructing the polyner block by block on the

SUr s@eRctude e e&ibiﬁf&tf\t E9Be( eeet rexgfeafild g dny macro-

pol yners) it is possible to consider a polyner

aI re@épcﬂ:élenedanﬁat inj spauhEe bkl i ¥ ePUWiYMETr okt | 5 also
fs S ( ch.are.t d

ot BeARABIR {n (Bptbibynd® (U Bl MRS approach

those:ﬂhdﬂedebarﬁbedamn tiseichrasedingaglairagraphh in order
NaNO2 or with NOBF4, before _a cathodic potentia

f er éfstead of

gr atbina@ 1.e iR YRS ﬂ&gﬂmxdbljg’cﬁ hey 1B Sciat bached surface,

onto the said surface uch ol ymer may especially

be bbrosﬂerrecas mdta;ateqnakis&ectrbgrarft:snpr(g:femcylmers) it

Cap&%gﬁr fﬁigr %u%%% IJNB Of?éfﬁ%ﬁne%ﬁ&eaignformed that

Sim 3SSIbl e use
alkXQG%Mﬂgtﬁgﬂgﬁfﬁeéoﬁﬂyhaagoﬁatgc Han iheMiy bugdre (Rp-nH,) |

20 group is also any group haV|ng t he sane

100hawhat:hr|srecsthas Mrtedel eptpo-dbazomten salts by a

el ectr, nerlzat eacti t hese are.reacti

e ERB TSt [BRRh Ra Wik ebalabd i e art,
one s@kBClad Galteadei dRblkecBOSHENY NAROO! or PWEERN ADBY, A before
radical initiator, and at |east oniéfo%ynerlzable

monénefatiadiai xpoEeBtia) iy on hggafting these
Coﬂ%@bﬂ gg thg gpqﬂﬂgﬂgﬁﬁg§ %Ehgﬁgng ¥ tc> which
I az [t and

risrng at east one nrums east

l5onetheyyl arenatetacHéé cat badioc bha5|squﬁ surface Such a

polymer may especially be chosen, as indicated above,
for its property of capturing the precursor ions of the

metal film. Similarly, it will be possible to make use

of alkynes, of general formula R-C=C-H, in which the R

20 group is also any group having the same characteristics

25

30

as above;

- electro-initiated electropolymerization
reactions: these are reactions in which a mixture is
used that comprises at least one electrically actuable
initiator, preferably a radical initiator, and at least
one polymerizable monomer. The mixtures may for example
be those containing the compounds described above,
namely comprising at least one diazonium salt and at
least one vinyl monomer. The cathodic biasing of a
gsurface in such a mixture vresults in the electro-

reduction of the diazonium salt and in the formation of



30 surface in such a mxture results in the el ectro-
B 14255 reduction of the diazonium saltpgand in the formation
of R-09 radicals, which can initiate the radica
pol yneri zation of the vinyl nononer. As may be seen,
.only the initiation step uses a charge transfer
reacti on, whereas the formation of the polyner film5
proceeds by purely chem cal steps - these are
therefore indeed electro- initiated reactions within

t he RIREINI NPaa0faiBe | NYRNEL ON.cakhe a@AGtil@d Ni khat edradical
reacti ons considered here have the particul ar feature

t hatpodiymeriilzatiient i @f i ¢de 10inykpmpneneres Ashemay be seen,
consu ti or generation of an electrlcal urrent. I n

oack Py t HhSbotbhentF bR SEFBct PESRNi  atgiptoe ~ transter
reac‘xtéa@%&od heyBEEEEB! S VEDrmRESOM | 8Fl Ve HIARARSE film

the density of grafts per unit area (since each
%ha@g@qaeéésﬂoéfr Uty orhemiesk otieRed- 1Bhe@e harpetherefore

for ']%td!e%'& Oélé‘é‘?fﬁ@t fﬁi%é@é?b%@c 1‘9491‘?5 eéf.’tﬁi‘x?g l}g{]eo‘gégamng

of the organic | ace
forcﬁxaMplan&nmhencase of the electrograftlng of

vi nyl pol yners) |s controll ed chem ca
reactions. ﬁ@ ﬁﬁé) %% %&P%%a?ﬂ%sb%?r%% here

uni thafeear hé %g.%llcﬁﬂatﬂ']eféﬂf@ﬁé Q;fha%'tSﬁJ. eftHéNi initiation
area (about 1015 sites/ CM2) with which it is

Jibos§¢@@e lovbdves atb&rbGQnﬁanﬁlpﬁteptacganeﬁéﬁdonlfOf an

t he e§|t|¥ q'fegIC%%&g}%) Vfrb? a ql} Xe po e%t I a‘:SV%mgf’i‘Qloned

b| a%ll@@tfr@l’-liﬁﬁ(tlifatbdZ5 Mdddttiordd, matie desuweesht serves
therefromthat the electrical currents involved are

of eReedtdallst tenineredre hhndAersityr edmarafds gy unit
of %&%%ausiﬁl%a%% h'5ﬂ§¥§gx%féﬁ%fgrti@%éﬂﬂ&nois associated

el ectro- initiated reaction
15 with the formation of an interfacial bond), whereas the
growth of the organic film - when this takes place
(such as for example in the case of the electrografting
of wvinyl polymers) - is controlled only by chemical
reactions. The maximum number of grafted chains per
20 unit area is equal to the number of sites per unit area
(about 10*° sites/cm?) with which it is possible to form
a carbon/metal interfacial bond. If the maximum degree
of coverage - whatever it is - can be obtained, for
example for a fixed potential, by biasing for about 1
25 minute, it may be deduced therefrom that the electrical
currents involved are of the order of ten to one
hundred microamps per cm® of actual surface,
irrespective of the type of electro-initiated reaction
in question. As will be seen in the exemplary embodi-
30 ments, this order of magnitude proves to be quite

correct in most cases, for identical surface



in question. As will be seen in the exenplary enbodi

B 14255 .30 ggents, this order of nagnitgge proves to be quite
correct in nost cases, for identical surface
roughnesses. These currents are therefore two to three
orders of magnitude | ess, for conparabl e thickness,
than those that may be encountered in el ectro-nedi ated
reactions (el ectrodeposition of conductive polynmers, 5
netal s, polyelectrolytes, etc.) in which the growh of

t he doayihesselsN genRyel c@let&nts ngde by hkhe fgwantivy ©b three
charge (i.e. the tinme integral of the current). Thus,
con§itgeriengod sweInteudpatless notfosn cemparppdgl thickness,

gqu!t@x%.'heq:tﬂc?ée él?a{t %?’{}Ebgh%g‘ﬁl teqfeda iziloe%%ctro—mediated

em conductor materia icon for t
f abriecattiionsof (abechtredeabedtdiohcubt, oondhstime polymers,

surface_ covered with sem conduct or barrier | ayer of
5 MBEEP LS| (HAINE LSS AE 4T 1 M Gr of Bt AREEPUMES gTowEh of
n'tEh@edéyékt%Q iﬁmg@ﬁ%falt&%ééﬁmﬁﬁé@eb9eEW%ﬂthH6¥ty of

there exists a 15 resistance of, for exanple, the
or dehagfet da -lei-| thes tiwel lindegrad eifetteochariesdl) .

potential differing by.qnl a few hundred millivaglts
in the case&%FSan g?@%%?S?XPﬁit?ax%P r%ﬁﬁni%ﬁ%t\mﬁgreggt an
t heepeleriiical defhiepeveatimBy bEoip dxamsMer al walfley, of a
or even several tens of 20 volts_in the case, of an

10| eepécppdiated r SBREPBRL| f sSudke ndfur SHfi¢er for the

el e?a‘b%!&%@igﬁl Jreag! i daddif cALE OA didsed surface
surface Is sensitive to potential differences of the
or depvefredl waltth or aefdwonducs orofemrmicght 1@xpecoft mtmetal

on the cantrary.there | d be h 25_1 of .
oft U538 c b oY Lot Pontug ool BRoB Ay Sty il e gy two
hungeedt® | b vehis divsace! esdtdi whathd tHepet iedists a

are intrinsically less sensitive to the effects of a,
151i ngesdRkRaCEr o#y . | ERE taegePkhat thay order of ten kilohms

will see an electrochemical potential differing by only
a few hundred millivolts in the case of an electro-
initiated reaction, whereas the potential difference
may be up to several volts, or even several tens of
20 volts in the case of an electro-mediated reaction. If
the mnature of the electrochemical reactions taking
place on a biased surface 1is sensitive to potential
differences of the order of 1 volt or a few volts, one
might expect that on the contrary there would be much
25 lese of an effect caused by situations separated by
only a few hundred millivolts. Thus, electro-initiated
reactions are intrinsically less sensitive to the
effects of a minor ohmic drop, 1like those that may
occur in an imperfect electrochemical cell. In
30 addition, electro-mediated reactions are intrinsically

“potential threshold” reactions, that is to say there
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5 or OPHE ekt RBm e f

occur in an inperfect electrochemcal cell. In 30

addig i on, electro-nedi ated reaghi ons are intrinsically

"potential threshold" reactions, that is to say there

exi sts an electrical potential above which the

characteristics of the filmdeposited (especially the

degree of grafting and the thickness) for the sane

sol ution conposition, are quite sinply insensitive to

5 ohmc drop effects. Let Vbl,,k be the potential (in

absebdits® sval #8) e mhiLh t bereRxigum dggse€e Ofwhich  the

grafting is obtained (saturation of the surface), for

exappieE acdlardwitdg sdepbs thicont Bim adppeedtest efrsrgciglly the

bi a | e, K.t o) - a hng

pot ?r?grgl\éfj 36 ﬁrlalf%\{lnr#tﬁgdsg%{egstg gtclalg%% )éadf?g t‘-hhee same

samedlitmon Stommodreidmxi e degitee efimglef tingensitive to

al so_ohtai ned at %hi s potential. Since the thickness, )
Fred- of LY af'orery, Rfep BRtgngial (in

the oheRatk Of vhhGe)ChabBseandnliber etgee fakSInONdkBeee of

chem cal conposition 15 of the solution, a film having

t heggsaft iolgarset ebtsined (satoinadiimd €bHr tiwgy surface), for

pot enti al. pretocol.inval ving.at | east ope_range .abqve

Vol SCEnBlRe FtERYI GEESALTHGR Bhsid yt b Hot Rl A

for 3 agl wan @ﬁ'%ﬁ”ﬁf 8, P{ottiBBode FAPNHLECE NG apBHBhtial,

of pol yner graf’ ed as a function of 20 the applTed

10pot ertlilal , inhehpot eatmeal s&bhiotdén corlreesgbobdi nghe orsamts sfilm,

graph_to the potential (in absolute L ue) . abave .
i EoERe ey et B R g | PROLFLHE) e Also obtained
MaX U ith 1 O pot@mtiiiaze, Hlfdd rend nthidtesss agdtOthe Raximum
possess an intrinsic property that electro-nedi ated

realegars R rorapoingssdependy My toe Sbgariengichofof the
cver Qg;ngmantdh%hl%frfe%tx% Yo 1HY G rg:ﬂ.’% P figm cSYr Lag osition

not formng an el éctrical equl po? onbgeneodl

15 of the solution, a f£ilm having the same characteristics

is obtained for any potential protocol involving at
least one range above Vpock. The potential Vpioexr may
easily be determined for a given polymer by plotting a

graph of the amount of polymer grafted as a function of

20 the applied potential, the potential Vpioex corresponding

on this graph to the potential (in absolute wvalue)
above which the degree of polymer grafting remains a
maximum.

To summarize, electro-initiated reactions

25 possess an intrinsic property that electro-mediated

reactions do not possess - they have the advantage of
evening out the effects of ohmic drop over a surface
not forming an electrical equipotential. A homogeneous

coating of uniform thickness may thus be easily

30 obtained on a non-equipotential surface by depositing

it wvia an electro-initiated reaction. All that 1is



coating of uniformthickness may thus be easily 30
B 14255.8btea& ned on a non-equi potentiakasurface by depositing
it via an electro-initiated reaction. Al that is
required is to bias the surface using a protocol that
i ncludes a potential range (in absolute val ue) above
Vbl ock + 8V, where 8V is the |argest potential drop
over the surface to be treated, owing to the
el ectrical 5 contacting that has been effected. This
chataquékfiest iz ©b Bliast thd slirtdes vednyi anprmiesol that
it possible in particular to obtgin conform

, I
coatPRGEIEFerP oRCLERAde st FRIP nd 1M FPERPEE MadUsd, above
andgt her ef o [ gkons _hayin Ly | ] aradi
of gﬁP@hfﬁréflé@%%%s §g ?Fpgﬁee?€&§¥%§lé%¥%%hfhl i%f%% over
reaghkonsuesseat it | pe ptovatkd, beowtmsi tdovethe t8kectrical
geonetric topol ogy of the surface, but not to its o
ohnFengres iadstthdiuthan. PTRBs & ffestecon itfer gpafacteristic
CONgl téiScéi‘bF-éﬁk@ia&%@“%@&éﬂ@ﬁsPbﬁﬁééﬁ ”%_tcog%%%'le in
organi c according to the rnvention, wthin I ch
t hepaetdkcularmattes i abbtahnf oranrifaamal s poatingsr, eassn on

illustrated in the xepapl ary enbodi nents present ed .
bel BH EAREENdIR il g Brghof ATREGE | GRS 1PRar 300 bReFedpre in
for rpgeduel RAvVERGN aURISF By TaNkLa fiid NBf AutPeturd (edges,

surfaces of conductors and sem conductors in the .

10pr ok&®s . of ethe) pr eBéActravinitoatednpreaesienact posentially
pol Lzat | r ' t pat S [ l.eGt
i ns a?Fn%cbo yﬁ%%é%iﬁfg%tF%pgﬁgng%%gggfgﬁ %é%%??%h% of the
ar espefuce?5bikr naét iten iteachmirs dript iddisedibytd on .
charge transfer reaction, and the progress of which |,
el ect r opol yABEPEat FRCT &SPt FherREore UcoBssiGHts Suitable

reaghiboRs onis"Hd4di Sk a1 RGT Ebh¥baha1ChaGas it a8d&Fding to

15 the invention, within which the metallic material can

[6;]

form from its precursor, as illustrated in the
exemplary embodiments presented below.
Another category of reactions that can be used
for producing thin uniform organic films on the
20 surfaces of conductors and semiconductors in the
process of the present invention comprises electro-
polymerization reactions that result in electrically
insulating polymers.
Electropolymerization reactions are poly-
25 merization reactions initiated by a charge transfer
reaction, and the progress of which
electropolymerization results from a succession of
reactions, including, in particular, charge transfer
reactions. These are therefore reactions that are
30 intrinsically different from the electrografting

reactions described above, as they are not electro-



reactions. These are therefore reactions that are 30

B 14255 . hntgg nsically different fromthg el ectrografting

reacti ons described above, as they are not electro
initiated but el ectro-nedi ated reactions the

el ectropol ynmer continues to formas |long as the
potential of the working electrode is sufficient to
mai ntain all the charge transfer reactions. In
general, 5 these reactions |lead to an organic coating

on thetisgelacepuby petetbibahkanaekdt herpabyil®hs -  the
formed near _the surface. The el ectropol ymerization

r eabilpeFopelamer | gEHauAs | b t 6oFPaf BPng 1N hias  the
t.he 8%%&1@5. l(jfokhet:hepr %gl:rﬁliige&i%ggrogge '%oogu‘ﬁ’%l{cqfent to
dISPIHQUIS Ing them 10 consiSts, for exanple in
deposinitagnt k4 Ipaheneiamye aramdfdnr neattectnodeIn general,
rotati n the case of .the

g %ln at hi?h sgeef. é . .
el eE0fSFol YREFFIQRFont @R pyir? 0138 SIFAREFC | §OR61ng on  the
| onggah-rabaer i orekhpiebesbhodss #het NSoPRRe P formed near

reaction, whenever its rotation speed is greater than

15 5060 sumhacen (The cdsstofondlomgiaatoqmfugart ppns do not
met hacryl oni triy e ol yner -is, obt ai on,the rf.ace

of tHe IS oaleeaé%/gtho a?rigt)bﬁgfp%ﬂﬁ ggt tlhéa tccnc’%;{-’aey}& of the
abopeetiouurdadeige, tbhesbelod wayt BEr miedirdduishing them
observed that the amount of grafted 20

10pol FREEREEFY| iRt rexapLet B SFROHIL itht EhReROLymers on a
ele ' ti [ Vigl,
c %BEQQ‘inlgéeﬁ.%tgtFr%H@, Rt a3 e S l’ﬁ?l ll_g(lv%é;eydo'n Zlﬁ:;] the case

. ur eau, niau, G Zalczér and
" El oft rtdyeol sherti repio lgmenfi Feet b r 9f opyrrole, opcdymer is no

rotating_disk at high spinning rate" ourngl of, 25
I edPPEaRal PPFEET o frer 7 AREPdgodt (the “end o
Li kewhe@dioht, IwhdiRsAdD| etk 0 rRatiiRgr spdednli¥ greater than
nol ecul es carrying vinyl groups or rings that can be

15c| e80€8 BPmaucildopHie ¢ ersel eefr ofthie | eladtaagraffing of

methacrylonitrile, polymer is obtained on the surface
of the electrode even at 10000 rpm, that is to say
above the turbulence threshold. Furthermore, it is
observed that  the amount of grafted
20 polymethacrylonitrile is the same as that when the
electrode is not rotating, as described by P. Viel,
C. Bureau, G. Deniau, G. 2Zalczer and G. Lécayon in
“Electropolymerization of methacrylonitrile on a
rotating disk at high spinning rate”, Journal of
25 Electroanalytical Chemistry, 470, 14 (1999).

Likewigse, it is possible to electrograft only
molecules carrying vinyl groups or rings that can be
cleaved by nucleophilic or electrophilic attack, and
only certain specific precursors may be electro-

30 polymerized. According to the invention, in particular

pyrrole, aniline, thiophene, acetylene and their




only certain specific precursors nmay be electro 30

B 14255 ROlpgreri zed. According to the iggvention, in particular
pyrrol e, aniline, thiophene, acetylene and their
derivatives can be used, these resulting in the
formati on of conductive polyners. Since the pol yners
formed fromthese precursors are conductive, their
formation and their precipitation on the surface do
not 5 block the working el ectrode, and these polyners

My deGARtdtiNRd O cdH OVibe ONuBBENBElRiRSaAS tof@l@bndhein the
electrical current is nmaintained. The amount of

pol yeamattigmedf deprartic torive h@odivaetis.y 8ingeecihs cpolymers
char, i, €. he ti i t cury at :
hasfgggggh f&obhrghﬁggthggggp?ﬁégé'T gFefgpg%%%FgQ%’ their
pol yrmaftdrors and tiHeel i agtesispDfati gl ehethei sukifakd, do not
where the local currents are ggre i nt.ense '

. This
ThaPdQcdr i 5REc Wrke &led ynéfzathees grolymers may

Con@&&ii\f&eoolaamr“%tm@ursa&stﬁ&ﬁg‘éﬂrégm asacn'bags as the
that are | ess useful for obtaining 15 uniform an
espediesitini cednfoymmnt fig ma omtsimédceThe hampugtaof polymer

non-uni f ohm £ drop..topol o and. especially,when .

t he Eiies SRR, ShbridihoTet Rt FRdRt; STBRFpRR, thiEe (e

St T welelr @dmeaSihBefPaParbf CUtlRé (A@re&SE) | that has passed
_ m croel ectronics. Their use for the present invention .
; 100 whyoush nbhe Sipcapiti-at ThesefpEesinqig i BRIYIELWH QS in

t he i difd e es t r£9i f

wor KPR ST BE008AS T ohaPh 1 2ee (i (he SermIreg he local

t ol enanemten dihe wmortorinitensend Thaborohmnacteofisthiee of the

OO 20 O SO 2P LS U MBSO o
el eGltleRO0l HE RIQAUCHTE fH it taea 18sbngHkahingorThbEaining
is the case for exanple with diam nes, and especially

15 uniform, and especially conformal, films on surfaces
having a non-uniform ohmic drop topology, and
especially when the surface of the working electrode is
highly structured, as is in particular the case 1in
microelectronics. Their use for the present invention

20 will be more appropriate to the situations in which the
thickness differences between two regions of the
working electrode remain 1less than the permitted
tolerance on the uniformity and conformality of the
coating.

25 However, certain organic film precursors that
can be electropolymerized do exist, but the
electropolymer produced from them is insulating. This
is the case for example with diamines, and especially
ethylenediamine, 1,3-diaminopropane and other diamines.

30 For example, the electropolymerization of

ethylenediamine results in the formation of
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% oabPEgyIERE B el &

et hyl enedi am ne, 1, 3-di am nopropane and ot her

di g nes. 30 For exanple, the ekectropol ynerization of

et hyl enedi am ne results in the formation of

pol yet hyl enei mne (PElI), which is a hydrophilic

i nsul ating polynmer. Unlike the precursors of

conductive polyners, diamnes result in an insulating

pol ymer, which precipitates on the surface and

passivates it 5 the growmh of the electropolyner is

t hepefigee haldire iniiMet ed,(PED) { hi swithsie byid tSa  hydrophilic
precipitation, which is _a_ non-electrochem ca

pheﬁ@ﬁyﬁéﬁmeorréféq@m | Prliks e PFETHe s P bf conductive
el e aftin on f 0 I

B N o
S dhﬁt&t@&enﬂga&@témeopr@hqm&umfana anmfii phsgayases it -

t hat is al ndeﬂt of thg el ectric nti al

TRAESCFPPAbEEPD &4 o tPBRESCRE. SeLE-
uni fQpMee@Nd i) P4 | S4bAr bGORERr PHecipAdiiIes, tﬁﬁﬂch is a
can be used for inplenenting the process of t he

pr ea@m-eﬂmmczmmlmh heheneoenpni orﬂqmqu@?q]@(/\s just as
t he.present tionwll b e n

non P T e ers o e Rt A fheg fog Sprmasion
coppg€r shed layet Qﬁbc@né'$N1n'Hé‘ﬂ(e$iderﬁT BEN bherlelectrical
| ayer for copper 20 |nterconnects in_mcroelectronic¢

10 ¢ GREFSBS oPBr | §5 abbaTERT T G0 BYskERPedPT ROHRGC A tom,

artwhﬁ%h‘ﬂ@éis'fﬁaﬂ'fﬂ'fg‘é¥§5 Nodepidaet &f oPhéhelectric

generali zation of the invention, nor fromthe case of

et abteatdsll ayepslogn an;i mhefrafe:mtmakﬁ Ascapargible to
an e%g trlcall 25 conductive o g] onduqzilva1
bar P Fllnaylé?l RO f A JtrhepFS Pr8h ST orm

espegiad! | yargopkorymdd f£oet alnnﬂlasxt@rfclh@vmgefpaat:eaas of the
other than that of a barrier layer, and in fields of

153ppPiresendn ieveat igsan

In the description that follows, the present

atlngs

invention will be illustrated in a non-limiting manner
in the case of the formation of a copper seed layer on

a TiN, TiN(Si) or TaN barrier layer for copper

20 interconnects in microelectronics. It will be clearly

apparent to those skilled in the art that this
restriction does not detract from the generalization of
the invention, nor from the case of metal seeds layers

on any surface with, if necessary, an electrically

25 conductive or semiconductive barrier layer, nor £rom

30

the formation of uniform, and especially conformal,
metal layers having functions other than that of a
barrier layer, and in fields of application other than

the present invention.
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the present invention. 30 BRI EF DESCRI PTI ON OF THE
BRAW NGS I n these figures, "g"sstands f or grafted (i.
e. an organic filmgrafted onto a surface) 'l eg"
stands for electrografted; "h" stands for the

t hi ckness of the 5 organic film "Tr (%" stands for
the transmssion in "v (cm1111 stands for the
wavenunber in cm3"; 'IF (Hz)" stands for the
frequency in hertz; "Inp (0)" stands for the

| NPBHAREEDESCRIPITION BfeYuitl DRAWIOGSf or  the energy in
eV; "ref" stands for reference; "prot" 10 stands for

protocol ; aR® ‘thesesthimredr J9hzetarssedor Mpfited (i.e.
sho et ho ANEpt t ofw e

preé@nt vVen |gﬁ§?&mﬁﬁyh ?lﬂggshée SB£9&§<§§ ebh stands
dep@sirt leﬂgcalroglrngmled fl“lhm s(ﬂahm @:swlieactshictle‘iess of the

et ched wi,.th recess "R" theW| t h_of tched .15
5t eaPuPBTAE rTS‘]F‘hdl Chfed?® By nSHands tﬁ‘éresr'gﬁe r%lff%“gcgeglon in

having avb,a(fm e | QY8 gL o rSt 8Re (NaiindnBRG! LRI &nt; wF
preclr sor of a metallic material into the organi c'

il e Sét%&n&g) fIr CQﬂ\éerfirélguéH@ PracunhsetzpM rome  (Q)~
the said netallic material wthin t e said organic

f| | stadden fwdetheo impedaree séad dhuan (SEfe¥ttordiangls for
invention; d step,( Qf Lpn 8GESS, "
Wi thp‘Fhee NerdY Abt aﬁa{]l c ﬁ% erlga ah kaerg}etg%%b al%ri a prot

10Met akahayet or( Mebtobbgyr asldzadamd s2BrslaoWor aaberaaam@ped

enl argenent 25 of the steps ( and éc) shown in
Figure 1 whEASuge o]rgéhPY!Sflqntﬂ (‘Eﬁdih‘i’ gf afitd s ing the

thegggry:te%geé e gge@érr& 2avdte K 9o olf 1 ddhdRSses :  step

alr een graft onto the surface (the black dots
i ndi(eat eft deppeiitting \smecergarsi d i fimtha¥0Beem g afueliace “S”

onto tﬂe Surfeﬁe)aar}:decess “R” (the width of the etched

15 feature being indicated by “L”), the etched surface

2

having a barrier layer "“BL”; step (b) of inserting a
precursor “pM” of a metallic material into the organic
film OF; step (¢) of converting the precursor pM into
the said metallic material within the said organic film

0 in order to form the seed film (SF) according to the
invention; and step (d) of filling the recess with the
said metallic material in order to obtain a metal layer
(ML) .

Figures 2a and 2b show a schematic enlargement

25 of the steps (b) and (c¢) shown in Figure 1 when the

3

organic film (OF) is grafted onto the surface S. 1In
Figure 2a, the organic film has already been grafted
onto the surface (the black dots indicate the points
where the film has been grafted onto the surface) and
0 the precursor (pM) of the metallic material has been

inserted into this organic film. The depth of pene-



30 the precursor (pM of the netallic material has

B 14255 . 8egm inserted into this organgg film The depth of
pene tration of the precursors into the film has been
arbitrarily shown here as conpl ete penetration, that
is to say the precursors are buried within the film
up to the point of "touching"” the surface. In fact,
filling 5 may be only partial (for exanple if the
filling solvent is only a poor swelling agent for the

el eekhegoal te¢ them preBukbeuse 2hAtot hehpr eEUIMOrha%  been
the netallic_material has been converted into the .
saiérhéFéﬁﬁléY|ﬂh9§ﬁzﬂenﬁtqﬁrFQWRiQ#ﬁcPQF%ﬁﬁﬁQ#?ﬁJrﬁhat 18
r SE. . of r | nt
on e PEU 14T B O e 567 RE €r e i 1epr Gpor i oh 2 0
Of the tﬁhuﬂf of WheuchhﬁgﬁrQQﬁﬁféﬁﬂfétéﬁ]tnnﬁdqt, filling

occupled by the netal layer wll end on e .
Squalie¥t PeoPidre &frsdal o r?&ia“%&?r plﬁﬁ%%r%ﬂl%bng solvent
andi@r diser heqyddit 05{,8€1 3440 dddP  Eor Fitgiy eéléé\tﬁagrafted

3b show a 'schematic enl argenent” of the steps (b)
(c) fshm\)vn i inFigagure w’ben the mrws:ozfu lof ( ORE hra%talllc

e S S TR M

on t

surfnaeeraad tvh.&:kﬁ!rﬁﬂilféoéa:(@%rgénibefiQmmtbaHd:tﬁn the seed
material has been inserted into this organic_ film In
10Fj gfildm3pSF ¢ 1Rf pFé@urE‘EﬁS%ﬁt t REVIPBtAIOn conndihe | §urhase S.
bee te t y t [
heﬂégigg\i%%gja%ﬂgn filTmto o:i) c%léslecgld 5? ?{é aS‘%ZOi(I)SAfLIR%hgf the
pr esdpttirogeaifited dilimhdé iswlifllacecSiuphtesd 2% défiectétval layer

oo bhan BPBTH 41 [pes st 44 S e T e Zoe thA were

thi gkegeseal thhanl/bh depesickadinkel thet earadifatie.
situations in which the penetration is only partia

15(or even wHéEUEES 85 anshl b apbavhRerficiamatic st aggement

of of the steps (b) and (c) shown in Figure 1 when the

organic film (OF) has been deposited on the surface S.
In Figure 3a, the organic £film has already been
deposited on the surface and the precursor (pM) of the
20 metallic material has been inserted into this organic
film. In Figure 3b, the precursor of the metallic
material has been converted into the said metallic
material within the said organic film to form the seed
film SF of the present invention on the surface S. The
25 effective depth of penetration of the precursors into
the film has been arbitrarily set in this case to the
thickness of the film deposited, but intermediate
situations in which the penetration is only partial (or
even when there ig only attachment on the surface of

30 the film) are also acceptable as regards the present



30 the film are also acceptable as regards the
B 14255 . @3ent invention since they akso nake use of the

conformality of the organic film Figure 4 shows the
nol ecul ar details of one nethod of inplenenting the
present invention according 5 to the process shown in
Figure 2 (grafted organic film. The thickness (h) of
the grafted organic film (OF) is 100 nm the surface
is a 316L stainless steel surface and "g" indicates

t he ipoeAts onherigiddechdipl £T4b emakensisiet Wi Nthd heéonformality
organic filmhave been 10 grafted. The precursor (pM
of Phethset srepeigatddMal is in this case in the form

of copper '%@%exl e &”%‘%{od$ gt %Slé‘@g’j???erdé%%dls of one

film Since t organic filmis a Ilm
be methpdl ywff i imgtementinypthe pm&semﬂwxnxﬁnnxon accordlng
nedlun]Fﬁnd i nco Iet ly filled_n an 15 or an

(ac&PonFPFi 1RTOBRES mit &R y 2ac raﬁﬁﬁgougrganlc

medie 4 M) Fi %@Stﬁﬁckﬁéséndﬂﬁc ShowWHRF S f 8T @ nlc film
reflexi on absorption spectroscopy) spectra of P4

fil ABFOf 1EOOLHnthi ckhessughagieckes hePapd (s;a)lrdmjsszosteel
af t b di, ped f n
§lhr %ggé %uﬂg 8ﬁ %@e@' %%e SpPo??lng o the

agueous “copper sulp ate” ion. Ffe
peahoaécﬁﬁéE Caonsitd taRdhact ehiest icxginidie fidmmthafe been
ri dine conpl exes, proving that_the

er/p
201 GEREReah T hso REECHERR™ BBt ME [HANTEH AN graterial is
ShOTﬁ *A2 SPesd rum afersdhe Ll Mg Peeindr eahedifdr to

acid nedium Figures 6a, 6b and 6¢c show T RRAS spectra
forOQtasnrapQﬂmpﬁnuahedeﬁqkmt|Senye abeopdgnglboﬂﬂum is a

SETEul! P05 8 BAFC ol LS FLLTL N 2488 proric sone

proifAcohgasotiBat medium, and 1ncomp1etely filled in an

15 organic (acetonitrile, etc.) medium or a highly acid
agueous medium.

Figures 5a, 5b and 5c¢ show IRRAS (infrared
reflexion absorption spectroscopy) spectra of P4VP
films of 100 nm thickness on nickel before (5a) and

20 after (5b) being dipped for 10 minutes in a 5 g/l
aqueous copper sulphate solution. The splitting of the
peak at 1617 cm™ is characteristic of the formation of
copper/pyridine complexes, proving that the solution
has penetrated into the £film. Figure 5c shows a

25 spectrum after the film has been treated in acid
medium.

Figures 6a, 6b and 6c show IRRAS spectra for a
strip obtained, respectively, according to the same
protocol as that of Figure 5a (Figure 6a), charged with

30 cupric ions according to the same protocol as that of

Figure 5b (Figure 6b) and then for a strip according to
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Figure 5b (Figure 6b) and then for a strip according
3068 gure 6b treated for 5 mngpes in a 9 nol/1
ammoni um hydroxi de solution (Figure 6¢). Figure 7 is
a photograph of three strips obtained by fixing
copper onto a 316L stainless steel 5 surface using an
organic filmconsisting of P4VP el ectrografted
according to the process of the present invention.
The copper deposited fromits precursor in the film
wasFagtiaened Mmrdaaieaht o8t at minritest ropl at isngnolfl ammonium
varj abl e duration. This figure shows, fromleft to 10
ri ghYdreKa Fe§9ﬂptépneN§BSP6§I§F|ng for 50 seconds

(strip (a)) pideQesecondg (gfri Eﬁﬂg 240 NAS ot pq
(strip (c)), 1%%'spectlve y. Fléﬁ}e égs ows XPS EX—ray SEELPS
phobbeaenedo&nrsbeximgscoppprspﬁnkraaf6&6Lh$tﬁﬂﬁkﬁsaﬁsteel

6, | t 2 t al
SSpoREFERFPa) UL a0 CRaB ol (T he ST TR Of P4V

Steéleétfbgiaﬁﬁéﬁr%id&ﬂdlnérﬁbetﬁétbggbégbe@fPQﬂ% present
fil mhave been dipped into the cupric ion solution

( sednNERBREHPE - 1)Th%p@@Pp9r(@Fp0@@)tedawﬁr<{rm) lase pHes¥Esor in
obt e t I oG ti

procnPedid flad S6LA PSR By, el e TP ac ing
progfesmnﬂahmyn@mﬁa@ﬁomf Whescwmgurecmhow@f Ekemf idabBt to
into cogper atons. Figures 9a and 9b are infrared

10spettPhtt orthet rlrep%ulotbt Anedlerpaplintding §6xing? seconds
var '(Qt':?:.ﬁt eRs )of 128 té&dﬂd};‘:e§§t9§.pt h&)iynveRgi 830 T9econds

obtain these spectra, a P4VP film was dep03|ted on a
goIdssrlpp(¢$M5faeepebylvgan coati ng. Spectra (a) and

(d) correspgnd to thg V|r in P P f||g1 ectra é g e
and (e) corf&SPSRd tB t FE VPR m (‘B BAY ch BEUoppectron

pr eepe80roBadpheensgaanstd eod0 die dbppipg fe BighPe 6, in

15into a concentrated copper

20

25

30

the 2p copper orbital region. Spectrum (a) is that
obtained after the stainless steel strips covered with
the electrografted P4VP film have been dipped into the
cupric ion solution (see Example 1); spectra (b), (c¢)
and (d) are those obtained after electrodeposition,
from the copper precursor, of copper in the P4VP films,
showing the progressive conversion of the cupric ions
of the film into copper atoms.

Figures 9a and 9b are infrared spectra for
strips obtained in particular during various steps of
the process of the invention. To obtain these spectra,
a P4VP film was deposited on a gold strip (surface) by
spin coating. Spectra (a) and (d) correspond to the
virgin P4VP film; spectra (b) and (e) correspond to the
P4VP film in which a copper precursor had been inserted
by dipping the strip into a concentrated copper

solution (+CuSQ,); spectrum (c) corresponds to the P4VP



solution (+CuSM4); spectrum (c) corresponds to the
B 14255 .RPA¥R fil minto which the coppegiprecursor was inserted
as previously and then converted into copper, and the
seed filmthus obtained (mtr) rinsed; and spectrum
(f) corresponds to the P4AVP filminto which the
copper 5 precursor was inserted as previously and then
rinsed (r) , the conversion of the precursor not
having been <carried out. Figure 10 shows a graph of
t he fiidpedance @whigh ﬂYﬁﬁSprﬁElﬁt @féwm waB tihsserted as
frequency range between 10 O. and 100 kHz
obt BFR¥dbENe &id v%leﬁblc‘rﬂr’s"%ead s%‘F‘F%o?PEE‘??p and the seed

Meagyh iNd tAws 1%b%ghnﬁaverﬁgrpy QYnggSEﬁgﬁﬁalsﬁéeegﬁm (£)

deposition) with a TiIN | ayer about
t hi comeespoidis r b etlest H4VE Codtmacintas whaidsh wdhiengcopper

a crocodile clip at, one e d of the stripn and

S eCBRGCHSOIc VhAS RIS (78 SXrYhAMY SRQ then rinsed
i ncreasi nthdli sbareesibhom s henki StecdrdHm nétt QlafJVJ.Ehg been
mm to within a precision of the order of

Fi ggresied ¢ -12 show XPS surface anaIyS|s spectra
obt ai ned on A b f
AT DR YL UL flpaence (o

organic film roreduc
di ameasumresents. {ire dhmbedﬂﬂrmherékaQaeheYﬂﬂﬁngembetween

and the_continuous l.ine to diaz rafted Ti
10 gi 8z8- §=ZTi 3 ﬁoéhﬂ‘é‘ﬁsogﬁémegh&%‘%e?réglt&ﬁ JPOiRpEs on a
XPS f t f t
g ish, BER BTSN RO B0 1 8 illor b Ra PBY  cvp

sol Ythemical acepedit rddpvdidrictd) hedieh (dd Fih0- Idy24h) about
as .conparison with the initial TiN strip and of

a dgl)ﬁzé‘m éPe HYiGHnEaTed Ar.ﬁ\}%sttrlﬁaleefa#%%gcqmwct was made

using a crocodile clip at one end of the strip and a
15 second contact was made 1in the same manner at
increasing distances from the first, from 5 to 45 mm,
to within a precision of the order of 1 mm.
Figures 11 and 12 show XPS surface analysis
spectra obtained on a strip obtained by grafting an
20 organic film onto TiN by the electroreduction of
diazonium salts. The dotted lines relate to TiN alone
and the continuous line to diazo-grafted TiN
(diazo-g-TiN) .
Figure 13 shows the Nlsg region of the XPS
25 surface analysis spectra of a TiN strip dipped into a
4-nitrophenyldiazonium tetrafluoroborate solution in
acetonitrile for 24 hours (dd(107°M/24h)-TiN) as
comparison with the initial TiN strip and of a diazo-
electrografted TiN sgtrip (diazo-eg-TiN).
30 Figure 14 shows the Nls region of the XPS

surface analysis spectrum of a silicon strip covered,



Fi gure 14 shows the Nls region of the XPS surface

B 14255 . a@nalgysis spectrumof a silicongstrip covered, by CVD,

with a 20 nmlayer of TiN(Si), inmersed in a

4-vinyl pyridine solution in dinmethylformam de, in the
presence of tetraethylammoni um perchl orate

(P4VP-g-TiN(Si)) for conparison with that of the 5
starting TiN(Si) strip. Figure 15 shows XPS surface

anal ysis spectra obtained on a TiN strip covered with
PAVByargheonkeehed 2® @ PokoBEi @St atiRISIW! Kiiftthersed in a
el ectrode, denonstrating  the insertion of a copper

pr e¢uvdsy Lpysgpdines usphiat +on 0 ipcudinet B bprnapidg, t H@ the
PAVR_ L.l The copper 2p . qrhitah -reai on t he

spe F%Sr%mgfe t he s(??i p ist%ﬁ?\?%%ihﬁltﬁ%gd%ﬁ%{er par%ﬂggfhlorate
Fi gUuPaVP5g-Fiifuicd )16 stwows ¢dwepdkssongi enithf tHamtXPSEf the
spectrum of Fi I.n Figures 15 and 16, "ni" 15

. .qure 15.
Xt aﬁ"&é‘rftépgng&gjlséﬁeﬁt%lé’t' normal incidence and "gi"

at  grazi ngpijpehdense. JHMY egpd’, sdBrA0E 130983 espectra
the profiles, ~ obtained by means of an atomic force

m cebtesped( ARMR, Tidf stubgt remvessrerhwiigh eP¢ligdand connected
features in.the.f of_ 20 r larly s ed trench .
TS BBSIESOE T Oy PR, o SRORERE 1T Q0RBRS et ino
met ahki cingdetionh offt aa nedppyrt herepupeesseapdhesulphate

lcfresent invention, Z represents depths_ in nm X

eprE8ERe 55 Urhs 2P uFhe aREVPgTidgr FhedoRRGtr2R opbital
and 2L 3 8he oPEMNES SN &Rl TN cide é%f{ﬁsfgplé(})xown in the

m crographs of a silicon substrate having ~ regul ar
et chppetreptntesfi Aigheef 5m of trenches about 200 nm

in width and,spaced_apart by 300 n t hese bein
coat ed vvithg'égﬁfrfeanflgm "fﬁ]i"?‘i’%/det ar :R”(ﬁ I TR %gboﬁfle XPS
10 ppeefgumoabed middran 18l ecthograghiedspolymeind i hg, “ni~

15 stands for measurements at normal incidence and “gi” at

grazing incidence.
Figures 17, 18 and 19 compare the profiles,
obtained by means of an atomic force microscope (AFM),

of substrates having etched features in the form of

20 regularly spaced trenches, before and after coating

25

30

with a seed film of a metallic material obtained by the
processes of the present invention. Z represents depths
in nm, x represents widths in pm and “g” = grafted.
Figures 20 and 21 are SEM (scanning electron
microscopy) micrographs of a silicon substrate having
regular etched features in the form of trenches about
200 nm in width and spaced apart by 300 nm, these being
coated with a titanium nitride barrier layer of about
10 nm and coated with an electrografted polymer £film
(P4VP) used for producing a seed layer according to the

present invention, showing the conformality of the
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30 (P4VP) used for producing a seed | ayer according to
thegg present invention, show ngithe conformality of

the coating. In Figure 20 the nmagnification is x100000
(the scale is indicated by the dots and the 300 nm

di rension on the mcrograph) and in Figure 21 the

magni fication is x150000 (the scale is indicated by

the dots and the 5 200 nm di nensi on on the

m crograph). Figures 22 and 23 are SEM m crographs of

a ebht€ag.subsEIiR- M Nhed KHYrAIT RiLhRe fRALUWERIN (the
the formof trenches about 200 nmin w dth, spaced
apastabyg 1800 ndcaded favithe dadeptandftO®@ Hinnn Egeension

T, R i B S oo
el eggr Qg58bbed (t‘i’iea(zjsoé‘%i%“ $&/ ingeLyto8 L9' thBedots and the

production of a see ayer according to the present

5i nvenoi om, dshensingnt ba thenmacmebiraphef. t he coati ng.

In Figure 22, the 15 nifigation is 00Q0 _and

Fi gure 23 i%iﬁgrffloégg%uvin% he®hf croyt aphsm Phrarae of a
scakesiabf bldseabed BuWikg rdeflied lduv@ed@ttdtherdd0n the
and 173 nmdi nensions, respectively). Figure 24 is an

SEM a¥@r 6fr &AFRNShER 19 Ute 2 020 nef fige twisitdducRrprand arart by
Sa”?obfﬁ&tnegﬁda$5§0g% u;%?c%%¥ﬂpb% 'ngbpenﬁesg%%%??w’being

shown"i n Fi gures Wi i nef

10r esebatednwitdined ytQcididm niteridegrivarfienat lapers of about

x50000 (the scale is_indjcated hy.the dots and the

6001 AnP8i n¥Rdi 0P TeEhe'Hfikr Ggr dPRTN 95 FRguretelFyegratted
an SEM 8L SLATT APt Ols B liHBNCho N the ShLEABLSURSIHALE seed
with no etched features (planar surface) coated wth

a tlayerumadandidy baer itbe Ipnesmentof iabenticn, nswhawdng the

i th | t1ed £ j
b GIPRTRETALSERY (Hyor Bt coF PRGES i Fibure 22, che

15 magnification is x60000 and in Figure 23 it is x110000

(in the micrographs, the scales are indicated by the
dotted 1lines and the 500 and 173 nm dimensions,
respectively) .

Figure 24 1is an SEM micrograph showing the

20 effect produced by the same treatment as that used to

obtain the results shown in Figures 22 and 23, but with
a finer etching resolution, namely 0.12 pm. The magni-
fication is x50000 (the scale is indicated by the dots

and the 600 nm dimension in the micrograph) .

25 Figure 25 is an SEM micrograph of a trench in a

silicon substrate with no etched features (planar
surface) coated with a titanium nitride barrier layer
of about 10 nm and with an electrografted P4VP film

gserving for producing a seed layer according to the

30 present invention, showing the conformality of the

coating. The magnification is x35000 (in the micro-



30 present invention, showing the conformality of the
B 14255.60&d ng. The magnification is ¥35000 (in the mcro
graph, the scale is indicated by the dots and the 857
nm di mensi on). The dashed lines indicate the
different layers of materials. Figure 26 is an SEM
m crograph of a trench in a 5 silicon substrate with
etched features, the trench being coated with a
titaniumnitride barrier |layer of about 10 nm wth a
seegrbphm bered orabe alLCtndicatatt edydi gronidasesabkhd the
and wth a copper |ayer formed_from and on, the seed
| ay8F7 BRowidigarHeltonf orFat i t fasbedf tH@egoppepdicate the
coatyi h ed A LeSq oThe magnification is
x2586ggf?%n%hga%'tegflr%o%rfag%ftlétr%%lsséal e is indicated by
the dots an@itheel 220 ipmeti rBEM imi)rodraph col7aisremech in a
SEM 'cro%ra h. obt ai ned at anotFer pgint on the
SSubStafehof SEP§EFEtSs. WRB nBhRPed15IPAEYFPSn | Ehe Etrench

X358Q9nGt R a3R] ewiehi RAICAIA0 0 HD€ri BECHRAGHARE: DYayer of
the dotS and the 857 nmdinension). Figure 28 is an

SEMebputog@pimof witdnchesséed a fidoupbasefowmg arheelectro-
formaiiedy o) HdN: O 8.00P08K SRS LakeLp SSUdLedsoimeq

to be a nm-n CKness, t ai froman

el e€rbagr akidedrar yt ik azesdulalen dhogtirey 2heé ScanfSEvhlity

m crograph of trenches in a coupgon show ng the
10 | PEngERGi tFPRRPPercOBF 1Y 2 PhmENE eﬁ&ﬁég%ha%ﬁauae& The

;Zfﬁgéﬂ%&cg tﬁin{‘e{js bSEQ{SSB‘aQqnbythee' @E%{réﬁ&%{:gi "EHt scale

L
I'ummetra Zed aryrdiazoni um 2 r 0 i

nMach@sennl eapbat ogr @bk dbte apdamale ai.l2ioc @i \ENRNMSMO) .
a 400 nm Si02 layer and,a 10 nm Ti N |ayer, bearing a
copper | ayeFigBEgi néd bis arectSEyr BicrRgrAPdm abgayped at

sol ghh%ﬂe?‘ngogﬂﬂp?ﬁeﬁggv%{fbss@xsaééq A%M:Fi&ﬁee Tﬁ. é\l The magni-

surtface was Scrat
15 fication i1is x35000 (the scale 1is indicated on the

micrograph by the dots and the 857 nm dimension).
Figure 28 is an SEM micrograph of trenches in a
coupon showing the formation, on TiN, of a copper seed
layer, estimated to be about 10 nm in thickness,
20 obtained from an electrografted aryldiazonium film.
Figure 29 is an SEM micrograph of trenches in a
coupon showing the filling, with copper, of 0.22 um
trenches having a seed layer obtained beforehand by
electrografting a palladium-metallized aryldiazonium.
25 Figure 30 is -a macroscopic photograph of a
planar silicon wafer with a 400 nm SiO; layer and a
10 nm TiN layer, bearing a copper layer obtained by
electrografting from a 4-VP solution and copper
precursors in DMF. The TiN surface was scratched down
30 to the silica, and it was observed that the coating was

deposited only on the part that had been dipped into



30 to the silica, and it was observed that the coating
B 14255 WAy deposited only on the pargsthat had been di pped

into the electrografting bath and that was connected

via the TiN Figure 31 is a photograph of a

structured coupon after a seed | ayer obtai ned by

el ectrografting 5 4-VP and ECD: (1) region with seed

| ayer; (2) region wth seed |ayer + ECD; (3) region

with only a barrier. Figure 32 is an SEM m crograph

of HHRNERTHrbA-FAURRY KM MK st iddd NGonMéébed via the
copper, of 0.22 um trenches bearing a seed | ayer

obt &iied beforehand by 10 electrografting from a

sol ution of .4-VRP _and.copper . p MPLES
Exanpl e 1: ig¥Fﬁ§ %ﬁ aﬁ%ul?ra%ﬁ?#gég%ﬁpogégblé- stPuctured
4- vicoylpoyyr | af ter ( R4\ddek| Bayepgnbthttdedntiny geldcvrbyrafting
ionicﬁprecursors. nﬁ;s exanpl e denonstrates that the ,

Dredent 3nfheRtPon eakeEePEOPodditt 8% r d8¥PR,; alfd region

Makgi4se abd 189NG GRF 63! RG1REORRIK &h10f Aparrier.
pol y-4-vinyl pyridine (P4VP) film even when this is

very thin - Figure S2cdse an tSEMynitavegmphi cknesenclies in a
around 30 n Thi s exanple.illustrates, generically,

Che CPHBE™ { RAPVERS AL i tdPGan B Fh| R be P | 822 MO
W t B reRcales 25cff BEYI SOr Sedd 1eRes fOtaihédalb®Forehand by
illustrates the fact that the conpl exing properties of

14 heellechregeadtddsd LHeBns2 of SOMEr kB RF t he VP and copper

spontaneq e-expul sion of the precursors out of the
f i?n1%ﬁé%gfﬁis f ilm once it has been filled and

despite the unfavourable diffusion 30 gradients, is
di pped into a solution ContﬁhR&BﬁEEO precur sors.

15 Example 1: Filling of an ultrathin film of poly-
4-vinylpyridine (P4VP) electrografted onto gold with
ionic precursors.

This example demonstrates that the present
invention makes it possible to retain, and make use of,

20 the complexation properties of a poly-4-vinylpyridine
(P4VP) film, even when this is very thin - in this case
it may have a thickness of around 30 nm.

This example illustrates, generically, the fact
that an ultrathin organic film can be filled with metal

25 precurgors in ionic form. It also illustrates the fact
that the complexing properties of the film are a good
means of overcoming the spontaneous re-expulsion of the
precursors out of the film when this film, once it has
been filled and despite the unfavourable diffusion

30 gradients, is dipped into a solution containing no

precursors.
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Starting with a gold strip - 5 pmof gold evaporated

By mgoul e heating onto a glass ggcroscope slide,

pretreated with a filmof chromum serving as

adhesion primer - an electrografted PAVP film 30 nmin

5 thi ckness was produced by subjecting the gold

surface, dipped into a 40 volt solution of

4-vinyl pyridine in DM (dinmethylformam de) in the
presence of 5x10-2 nol/|l of TEAP (tetraethyl anmoni um
perchl oratejtat@if wOthamebold ssepspf roms Oph tef gold
-2.7 VI (Ag+/ Ag) at 10 200 nmv/s. To do this, _a platinum
coufiVaperateflod® ofoulgr gheakdBdne@ntRed 9Ihp§s microscope
el egtt qgr af i 0 - tu t 0 ' il ;
mﬁt%?%ggheéggkégﬁﬂ% ?ﬁéh ﬁ?eégﬁT ?%Vé% |on£L1 thIV1ng as
st rafghehlisnt peatmed wasan | asedt nvdhaPEdardvP1Titller80 nm in

dried,ipn a streamof argop. Its | RRAS, spectrum
Sobt BRAEANSER| HRgemEmdusied HaY r BgPoRCE bBg! Ehen dqgb purtace,

1408 8pdal 40t £ 3 1 49hopers t ke 1REGS8NGSE Of -RERKS pyridine in
charac- teristic of the vibrations of the pyridine

ri ngMef (Bheetholysemahddeed imnthd nopaséneeal af Bixao™? mol/1
peak at around 20 1605 cm 1 (Figure 5a)._ The strip was

t heREdi PP f or(t2s ragthylemmaniyng | pepeghderateon of to 50
10 GoobafiBReic Stlphal ?fmﬁ% 5H2Q, asprecysay Phg)  at

the neta mat eri a In this case copper) accofrdi ng

10t 0 2he mVhAwentTlcondon t20iG ,nl aofplddiioniz edowntereilgctrode of

15

20

25

30

order_to 25 insert this precursor into the organic .
i1 BRT88e BB NS sHPRRr urdt ot AT HEHORERbr Ot ng 1 costi-
t hi gugdanptiei Sosd@ilc SehBRBtyLehly |thél gsbLrdxthes€ the
"g" indicates the points at which the filmis grafted

ont Breaensyingeetiomu2+ indicates the precursor of the

?ﬁ}2LLL§Sn2?ﬁ%LgtgggaﬁﬂﬁéuéféééghrwgsiPghgéﬁe%ﬂaﬁaDMF and
then dried in a stream of argon. Its IRRAS spectrum was
obtained. Enlargement of the region located between
1400 and 1700 cm™? showed the presence of peaks charac-
teristic of the vibrations of the pyridine ring of the
polymer formed, and in particular the peak at around
1605 cm™* (Figure 5a). The strip was then dipped for 25
‘minutes in a stirred solution of 10 g of copper
sulphate [CuS0,-5H.0] as precursor of the metallic
material (in this case copper) according to the
invention in 200 ml of deionized water in order to
insert this precursor into the organic f£ilm. One of the
structures obtained according to this example is shown
schematically in Figure 4 where “g” indicates the
points at which the film is grafted onto the surface,
cu** indicates the precursor of the metallic material
and h (= 100 nm) indicates the thickness of the organic

film.



The strip was then rapidly rinsed with a f ew jets of
ei_oni zed water and then dried in a streamof argon.
B 14255'gtsp‘%rRRAS spectrumis shown i n 6Fi gure 5b, in which it
may be seen that the peak characteristic of 5 the
pyridine ring is split, with the appearance of an
addi tional peak at around 1620 cm:L. This new peak is
due to quaterni zed pyridine rings, this quaternization
bei ng acconpani ed by the formati on of pyridi ne/ Cu"
conpl exes, since the same splitting.i,s. ohserved wh
10 Pave s SPRoIS AR BAR Sae Dy PPAST e I o a few
nmediems (JH gdé fodfiedi watber ef ecledaragiedi 1S o Netream of
conpl exation of copper by the ultrathin film The '
| RRASISPect Fin JRRASGUFESSHYIE nbt FOQFRI etP FHerendb, in
striBilcs rei rsed, 1S b iIynd o ti -
sol htﬂllgn 0 dglggni zedsag?ef%gt@r%lgém Pgan%ercg{aﬁl%ecg%lsz%c of
5m nthes ,pyreinbired mimgt Aen syliiad, vwith atbér eppeafrance of an

argon.., Thi s_sho that the c | exi ng.,properties of ,
theSOBiEIPRRY, MR FEI ATHEVONEEAeCTr oc At stFFomeak is
conyng wt%ﬁtéﬁei_ééanb%%ihb S Hier, | MATBIsS eguPé Pnfzation

solution 20 containing no precursors. The inventors 2
havbeadgedachampanéed | bydetber Poematiom afd pyridine/Cu

|si f. the, i i t..qf. fj
"t PoPbge, it shel Pang eplicne ' Lge o biAar Y when
1owat eaveolit isimplry | diat @mbgednbymtirgdtaxnde i2b acid medium

solytion. Figures 6 _show the | RRAS spectra of a strip
obt ZF&S&rSCE%Sdi ng t¢ t he HIRFRE ot octFRGRE %25,  the

chapgggd1 Wik i SHPBIEC cb%@:%ra%ﬁp N1t atRE n2BGY G .
protocol (Figure 6b), "and then treated for 5 mnutes

In a9 nol FheadRBASUmpeaion de stigurierb Fguret oydified
30 B BreREhE e W D T8 5 L Rt
i5 gsolution of deionized water at room temperature for 25
| minutes, removed and then dried with a stream of argon.
This shows ' that the complexing properties of the
electrografted film prevent the precursors from coming
out of the film when it is re-immersed into a solution

20 containing no precursors.

The inventors have noted that there is decom-
plexation and expulsion of the cupric ions out of the
film when the latter is dipped either into a hot (80°C)
deionized water solution or into an ammonium hydroxide

25 solution. Figures 6 show the IRRAS spectra of a strip
obtained according to the above protocol (Figure 6a),
charged with cupric ions according to the above
protocol (Figure 6b), and then treated for 5 minutes in
a 9 mol/l ammonium hydroxide solution (Figure 6c).

30 Similar spectra were obtained by treating the film
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m nutes. Exanple 2: El ectroreduction of netal

Ar rsors wthin 5 anlﬂtratF'nfiInwof

‘pol V- 4-vinyl pyridine (P4VP) electrografted onto 316L
stainless steel. This exanple illustrates the
reduction of precursor ions trapped beforehand in a
polynmer film electrografted onto a netal surface. A
nmetal film 10 identifiable by photoel ectron
spectroscopy, was thus able to be fornmed within the
¢ eehbookal | Gachl | Bpdhe GefUctian uBs1eatigdeatt B¥r 25
el eCtrolysis ina sofution contal ni ng prectursor I ons.
Thi sialtesi.l |lustrates the fact that it is possible to
obtain a netal filn1mﬁthin 15 an organic film
according to one 'nethod of inplenmen- tation in which

t he gkaaPAleN® OfEl LIS FEASOLSn 2BE etall PrEdhi bR within
the netal filmtake place in a single bath. Athin

5pAVRDf | | whbrathin medids nef he Podve 4-Yonylpysdsling  (P4AVP)
L f 3 t |
R SRR e TR AL S L RS

10 cm degr eased hefpipElandibyustiaesoni thetr&&tdtwﬁlon of
i n di chl oronet hane. The strlg were rinsed wth
dri DHSCHIEOXt 1 bANF oft LARRAT aRETORER28CppEY &5 Perlyzr@r film

%g%%g'ﬁ%g%a?tﬁggugfr}?g 0f Ik pof e . SlAl pH@EQI film,

of del oni zed wat er.

10p|audRMMufaabﬂerebgctghmhpeﬂentr¢nnnspa¢ﬂnmadupy, was thus

! af these Stri b d
S0 BP1eN e ED SorhEal Sritatid phas e dE Rk ERbERrr Y £11m. The

pot eBluak ieh 37@.3‘ baly iWSCat Oy aldderdlysfd HeCcONESlution
(strip (a)), 120 seconds (strip (b)) and 240 _seconds

(st FPptefpinghepsepupROteri®nshenThEEr ATR callypstingsed the
\émr;gﬁc%gf@ it q@“ﬁggsfg_@ed[__beghl‘:glﬂ S RAYO Film within

15 an organic film according to one ‘method of implemen-

2

tation in which the trapping of the precursors and the

formation of the metal film take place in a single
bath.

A thin P4vP film was formed using the same

0 protocol as that of the above Example 1 on three 316L

stainless steel strips (strips (a), (b) and (c))

measuring 1 x 10 cm, degreased beforehand by ultrasonic

treatment in dichloromethane. The strips were rinsed

with DMF, dried in a stream of argon and then dipped

25 for 25 minutes into a solution of 10 g of copper

sulphate [CuSO,:5H;0] in 200 ml of deionized water. With
a platinum counterelectrode also immersed in the
solution, each of these strips was subjected, one after

another, to a cathodic bias at constant potential of

30 -1.15 V/SCE for a time t = 50 seconds (strip (a)),

120 seconds (strip (b)) and 240 seconds (strip c)).



are shown in the photograph of Figure 7. The strips

B 14255 4eE& anal ysed using phot oel ectEgn 5 spectroscopy. The

results of this analysis are shown in Figure 8. In

this figure, the spectrumof strip (a) is that

obtained, in the copper 2p orbital range, just after

the step of dipping it into the cupric ion solution,
that is to say before reduction of the pre 10 cursors

5

10

15

20

25

30

in the PAVP film The 2p1/2 and 2p3/2 lines of the

cupric ionstaeeseRspkyedrd tHrs fl ikt fondaBIPURthsed with
938 and 958 eV respectively. Spectrum (b) is that

obt BMEe§oaf Remiivdsishpridrdsded, inhacistdieems ofafargon. They

15 ShuPRERcEh, Pa phaSbERbk, sralaefE P o he

2p3/ 2 | everheofsteips| ive€OpREAlyERECt 1810E) PHEtbE)ectron
are those obtained after deposition of the . )
r ei APBFEFAGCORYt eF P8l *&FUE Tt ShaIhFrisasp foiia ranghown in
240p$qurkegPesh elye | egplVepbowliRe of stri -
di sgpggg%aﬁce%lf \Ezdyst hef%grl'evellrlé pggks gf Cl?pr isc ﬁl ns(,a) e
i n thaburolfairebe iof the Zpdperel 8poforiettl | cange, just

cop denpnstratin he,, formati,on of _a al . .
coa?‘?ﬁﬁ? Tﬂgepi%li‘?ﬁ’ egoé n BRRAME 7 1%1 edfty ggg\?/ t fgprac ton
copgelu€®ahi NgnRas fHraed @) therstl f peQuiPibhe ofasthe pre-

of 25 the strips that have undergone sufficient bias.
Thi sugsarbngn stheihBA¥E: finlde. | Bhearpi culand Rp™'~ lines of

resLsLs LNng sul t [ shed 1] es,
e e SHBRa 014 SR PP IR chk S4B Pha frouna
an 938 oagdni 858i é¥h ofeappot ywelydepspeteduhy $pbin is that
coatjng., This exanple illustrates_the fornation of a
ot SPERIPAA iR G SEHARIS of CEneS et al MIC Gl BPPHE,  3cter
thatiaceng! aBREENIA a2 1ROIBHEET cilipt & $6AB! ¥ndeROSIBH s1ight
on a netal surface by spin coart)l ng. The pol ynmer was
shoulder at around 932 eV characteristic of the 2p

3/2

levels of metallic copper. Spectra (c) and (d) are
those obtained after deposition of the reinforcing
material after being biased for 120 and 240 s,
respectively. They clearly show the disappearance of
the 2p level peaks of cupric ions, in favour of those
of the 2p levels of metallic copper, demonstrating the
formation of a metal coating.

The pictures in Figure 7 clearly show that a
copper coating has formed on the surface in the case of
the strips that have undergone sufficient bias. This
coating is adherent and, in particular, it resists

being ultrasonically washed for 2 minutes in DMF.

Example 3: Direct attachment of a seed film from an

organic film of a polymer deposited by spin coating.



5 resistant to the dipping bath, which allowed the

B 14255 R g cursors to he trapped owiRg to the f act that it
was merely swollen by this bath, but not being
soluble therein. In this exanple, the organic film
was deposited 10 by spin coating using a solution
containing 5 ww*-. of P4VP in DMF, so as to obtain a
P4VP coating of about 100 nm on a gold strip simlar
to that of Exanple 1. The strip thus treated was

dried with gpiai r edexgt eand11h8eRadbpPeEhd OffAfnation of a
mnutes into a solution containing 15 10 g of copper

sul pieked | A1200 fromf phEicscns watferther mat@gdrliip material
insert .the precursor of the talligc-material.. .

str%%la\%asaﬁeﬁe%rar?%%ed”\}m fhh gsyén%rzeégllv\%tsglrm@% ?%gﬁsj‘ted on
| mmar se@tial aBuglf@ekr obysi sphat hceatiagni Nghg gpollymer was

copper sul phate and 3 of, NaCl in 500 m of _delonized
0 wesdetieatortder the @(%1%1‘19 tpatlhr eWhichr adflawred the pre-

nEF%UféEerggrbg %fgé€§geo§Qh r%%akhbcfgﬁ@rtﬂht'fk was
this case copper. It s then Subjected to 10

vol memeBtyr i swetdas et vdeirs Obamtdh,- Obdt V/IRGE &ei2@0 soluble
nv/ removed fromthe bath, rinsed with deionized

wat g?’egﬁ&nt'hen deconpl exed 25 of the excess cupric

ions by di ppinngnils fedargdLen mﬁ@%ﬁémpc af 1000 RaYea¥posited
anmoni a solution and finally rinsed by imersion for

102 hb30 sR¥Ni AoatbNe $H¥IHRT oA, SAlRHIER JROeRFRLDENGhEW WES Of
they dyspectra h r:i. ps, oBLabn t: . the
var Fgﬁ Z{rgpgﬁgbo%g, ‘%1 tt:%e(2"}%((‘3”?112gall ogagF t%\%ea%lﬁ of about
Vi bnawi eam mtes e@folidhestpyip dsieiliamg tod thet palfyriéxample 1.

Spectra (a), and (d). (Figures 9a .and 9b), are identical
and T rlsé?%}é%ot ngtw_ée P ?"F‘Fmd&‘éﬁf)isi“glﬁ‘ ph3He gbygr and
surtaee Ry fEQiit oBY. mifiee &andnab 216801 ¢ dn i ontaining

characteristic of the pyridine group. Spectra (b) and
15 d) 10Figgwfesoppeandudinhats eiwb2 @ el of deionized water in

order to ingert the precursor of the metallic material.
The strip was then rinsed with deionized water and then
immersed in an electrolysis bath containing 2 g of
copper sulphate and 3 g of NaCl in 500 ml of deionized
20 water in order to convert the precursor of the metallic
material into the said metallic material, in this case
copper. It was then subjected to 10 voltammetric scans
between 0 and -0.5 V/SCE at 200 mV/s, removed from the
bath, rinsed with deionized water and then decomplexed
25 of the excess cupric ions by dipping it for 20 minutes
into a 10% aqueous ammonia solution and finally rinsed

by immersion for 2 h 30 min in a DMF solution.
Figures 9a and 9b show the infrared spectra of
the strips obtained at the various steps above, in the
30 region of the vibration modes of the pyridine ring of

the polymer. Spectra (a) and (d) (Figures 9a and 9b)
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5 after dipping the strip covered with the PAVP film

i3ntg the concentrated copper salution. A splitting of

the previous peak is observed, with the appearance of

a second peak at around 1620 cm 1, characteristic of

the conplex formed between the pyridine rings and the

10 cupric ions. Spectrum (c) (Figure 9a) is that

obtai ned after reduction of the cupric ions according

to the above protocol. This clearly shows the bands
chapget adesidicaqfl difte MR Ipdd aso delposP4epl film deposited
originally, except that this filmhas w thstood, bein

15 PPns&lei ngphket feRrdbage 30PY P s (Fa1a ek shi nz?heonb%’r'ld at

thelG%)tOr icﬂl'Shof(I%?g%ﬂ?%%%?gffs aofOpE’ﬁé C H.agne_ group.

SpeCtrum (f) I's that obtained by carrying
out Spleetrst efts) odndi fgl) ng(Riparsts | pa dandctdby afexs obtained

had di pped into the sol uti i ni L
o oot Eed SR (RS ol FINEH CHEh rce R, Film into

Thi ghehovsntbat rifeg fddppesassal iesénconpl gpriycvaghest the
away. Since the P4VP was therefore washed away by a
DVFPFeivioiusn Reeh uis r ebgaryedy haskth eslier sarPeAr 2hge ©of a
the r fi f_gh Rk rs i 1S

nmet gle%?)gl%rraé)%hr]?a#dges [ ?degédﬁt?;i@obl ggg%c:t%?r}%?ﬁg O the
fil @domplese tthirmededbetiweenhelthe t pymakéneherfingm and the

i nsol ubl e and prevent it from bei,ng washed away, b .
10y S¥EFent 4t nePRCE R (F si(ﬁgggaﬁuﬁagn,l%v a%’m@ﬁtamed

thi %fﬁ:%&“”f@?u{:@i@ng@ sakveipf ot R Nhéédkding to the
organic 30 film Exanple 4. OChimc drop along a

tit abowa ni prioteceli.N) Fiksacecledrdyexafppws the  bands
illustrates t.he.case i.n which a rfa oes_pot .
con§§ﬁfﬁf %5%%;ﬁﬁ pof&nti & esur?é?%, 5%§%§ thggefOFSPOSlted
exhidhiilginallgnol @gtept dhatr ithis ofidh has withstood being

15 rinsed in DMF for 2 h 30 min. Visual examination of the

strip showed that there was a copper coating. Spectrum
(f) (Figure 9b) is that obtained by carrying out the
steps of rinsing the strip directly after it had been

dipped into the solution containing the precursors,

20 without carrying out the reduction. This shows that the

film waes almost completely washed away.
Since the P4VP was therefore washed away by a
DMF solution with ultrasound, these results show that

the reduction of the metal precursors into the said

25 metallic material does indeed take place within the

film, since this reduction helps to make the film
insoluble and prevent it from being washed away by a
subsequent treatment in a rinsing solution, even when

this solution is a good solvent for the initial organic

30 film.
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ohm c drop. The exanples that followw Il illustrate
tyh it is possible to produce~yniform or even
conformal, netal filnms on such surfaces whereas this
is inmpossible with the techni ques of the prior art.
The 10 illustration relates to a strip of titanium
nitride (TiN), which is sem conductive. An electrica
contact was made using a crocodile clip at one end of
a2 x 10 cmsilicon strip coated, by C/D, with a TiN
| ay ghcatib1@b0od! BmAE ki-drhi aKBRSS a AcEe4RDEMCHEltAGIde (TiN)
was made in the sanme manner at increasing distances,

f r osmSfiage45 nn1 fromthe first. The inpedance

b
el T RIG WAL YR hien o

10) suwiftaldet N@od ®1 howi rprdLsiddtss 8A6 eQ;u:.@Iot%rfﬂﬂall5éﬁrface,
92 at 25 nmm 1620 0 at 30 mm and 2240 at_ 45 mm

5Thi §nshotBe¥ahere hexhipddance o‘%ORCPPé’%W%]w fisfgdbution of
alng§h1%0q$ U aqyer d éér%theqP TEdw ! 9198, 1ib§strate
i npedance T'evel being er the further apart the

t wo that adtt pdsﬂspansﬁdﬂetluqnnpwndu¢e|chnlﬁgmm, or even
plott| e edance, neasured on th at ea

Bl oGPEIRsTa e TRHACE T BT RSGH S PURCaCER: nitieiane Chis
t WO 5 BOij| ssﬂHl% RASTHS HHRC & d chriiehRIdT S L HO ei &F O4lREl. The
400 ohnms/'cm This places the maxi num ohnmi c drop

10et wddmstratizn eugl:a%mel the @enSEEiIBf of 30AtAMiIUM cRitride

prlq&§§20|w%wéh fga %&1% %tT%'for a current of 100

ater, remai ns acceptable
for obt ai ni »g C@Dé@tﬁﬁd:aroatddigfadﬁ)t avaed fnadexamglieg a

by electro- grafting according to the process of_ the
preggppodlﬁﬁﬂqhypan5one end of a 2 x 10 cm silicon strip

coated, by CVD, with a TiN layer of about 20 nm

15 thickness. A second contact was made in the same manner

2

2

3

at increasing distances, from 5 to 45 mm, from the
first.

The impedance between these two points was
measured within the frequency range from 0.5 Hz and

0 100 kHz (Figure 10), with the following results: 666

at 5 mm; 1540 Q at 25 mm; 1620 Q at 30 mm; and 2240 Q

at 45 mm. This shows that the impedance of the circuit

was almost constant over the entire frequency range,

the impedance level being higher the further apart the

5 two contact points on the titanium nitride. By plotting

the impedance, measured on the plateaux of Figure 10,

as a function of the distance between the two points,
the resistance is determined to be around 400 ohms/cm.

This places the maximum ohmic drop between the

0 edge and the centre of a 300 mm thick printed-circuit

wafer at 600 mV for a current of 100 pA, which, as will




Exanple 5: Grafting of an organic filmonto TiN via

B 14255 .50 el ectroreduction of diazogyum salts. This exanple

illustrates the formation of an organic filmon
titaniumnitride by the electrografting 10 of

di azoniumsalts, titaniumnitride being a materi al
used in the production of barrier |ayers in damascene
and dual damascene processes in mcroelectronics. This
nmet hod of synthesis is convenient as the di azoni um

sal b Myedie vantaus!y Rukfunct i grathesd1espedal | ¥pP¥ining

15 conpl exi ng functional groups, so as to produce
| ayepsfogmaiet abatihgspraetasoned. far addiampde, bhe electro-

organi¢c film obtained is very thin (thickness of |ess

U aeeiy, AP tkeda h oI ate  oF - Che Blesent
i npheeRkabinon very useful for producing seed | ayers
according to the invention in 20 mcroel ectronic
Sapplications for very fine (100 nmor |ess)

res 1.90S & .Ad Ly orgﬁﬂi Idd | sag | s
t hi gkggéggdgésa?gﬁ%gl i e%élorrp e>{|& rf{g ég’?@éﬁ&%&aggﬁl e'{;]:l"_}l the
of elepltesreduotian pfediazonhium malas.to t he P4VP

films of the previous exanpl.es, but it js known that
25 this canTBéseéﬁﬁﬂp%%hggG@fqﬁ?RW%fE Eﬂéhﬁﬂ?E%Wb of an
theorghalitl #9161 RFORHIWESRIY M SIB AN e G DEPErb6GPEELing
information, it is known for exanple to reduce nitro

10gr ogfs difazdreiom ogadts ed t4ANRBD M meifmide abparg( NH2paterial
groups ;by. chem cal treatnent;  these. am LQu a
30 VB ddbd henBredh il taher’s PO LAY 1 J0YORE 47 pranascene
cur a66s duild EaResdeld Yypeopebseb0As) midipeEaitrdiicss. This

exanpl e does show that the electrografting of ) .
di aP6iharh SAI tIYREIRTIS utles £POSRIEATIi 88t ethEr diazonium

PLSASE0OLy BEISGEN) QHSINELIIAAT 398 Mbpeciaily by
15 depbmpdkextiogt Manafidrel apoveps, so as to produce layers
of metal film precursors. In addition, the organic film
obtained is very thin (thickness of less than 10 nm),
which makes this method of implementation very useful
for producing seed layers according to the invention in
20 microelectronic applications for very fine (100 nm or
less) resolutions. Admittedly the organic film obtained
in this case does not include complexing groups capable
of complexing metal precursors similar to the P4VP
films of the previous examples, but it is known that
25 | this can be easily achieved by prefunctionalizing the
starting diazonium salt with suitable groups (for
information, it is known for example to reduce nitro
groups of electrografted 4NPD films into amine (NH;)
groups by chemical treatment: these amine groups are
30 very good complexing agents for various metal pre-

cursors, and especially cupric ions). However, this



Exanpl e 4, a platinum counterel ectrode and an Ag+/ Ag
B 14255 Rkefggrence el ectrode were imersgd in a 5x10-3 nol /|
sol ution of 4-nitrophenyl di azonium (4NPD) tetrafl uoro-
borate in 5x102 nol/| acetonitrile in TEAP. Three 10
voltammetric scans from+1.15 to -1.52 V/(Ag+/ Ag) were
performed on the TiN strip. The strip was then ultra-
sonically rinsed for 2 minutes in acetonitrile and
then dried in a stream of argon. The N s region of

t he exBapiRe ddeeMdtov hat rite dbedtbSgtieeied b6 diazonium
shown in Figure 11, for conparison wt that, in the

sanfadfier §pnsaridaitest & oo Fandigatefbre prodageat highly

Thi t . ' e f ' t
397§g®22\r%§,t Ig%g[%%el%t ?:";16%%1{(}3 %‘Hr%? rg&g araglc-glgéé%gt?%de to
peakgdet .406.5 eV of the nitro (NO2) groups 20 from

the 4-nitrophenyl radicals grafted onto the surface.
SAt the same®ti el tHerimt éﬂ%nctylcﬁltﬁ@ pERAE atef 3§Ree\aboOvVe

on ghempheayed strimd S aeelkiRtRe 1M roddhi gy ShiPWa gt /ag
the formmation of a filmon this surface wth,

howee€eretciehi ekeessoat |wsset hiimeadhssd 16 nan (swich mol/1
is 25_the depth of penetration of the XPS) and
sug§edtsitRe ©oF of nBLFERAPBENYLAAAFOPAIR f(4NRD)Thietf@Elucro-

confirnmed b c rin XPS spectra-.af the LpS

bof BPESERA Loy ¢ SFE0  ectiedgnar AERG TR CERBSt | Hni THRBp® Three
1001 birbakam@@it@ic (dd0iH efddh, +Wieh thovs, s ey Yagt /g were

reduction in the 30 titani um peaks after treatnent,

al t BeY§Rrigds ©rarighe sTEN| shrdgentThahetpéak was dimdultra-

400 N 0 i t i - e. . ,
S osBatariiolncld Moy d Siiddel 40 hddfonicrite and then
t hedtraedntinoa etrdaszef( aMghn). groups resulting from

parasitic copul ati on between radicals 5 produced_b )
the el ect r of8§ultSorr S8 Fh& i rﬁqﬁn%ﬁé)E¥um of the strip

15 thus treated is shown in Figure 11, for comparison with
that, in the same energy range, of the TiN strip before
treatment. This shows the peak of the nitrogen atoms of
TiN at 397 eV and, on the treated strip, the charac-
teristic peaks at 406.5 eV of the nitro (NO;) groups

20 from the 4-nitrophenyl radicals grafted onto the
surface. At the same time, the intensity of the peak at
397 eV on the treated strip is seen to be lower, which
shows the formation of a film on this surface with,
however, a thickness of less than about 10 nm (which is

25 the depth of penetration of the XPS) and suggests the
formation of a very thin film. This was confirmed by
comparing the XPS spectra of the strips before and
after electrografting in the titanium 2p orbital region
(Figure 12), which shows a very strong reduction in the

30 titanium peaks after treatment, although these are

still present.



and groups already grafted. Exanple 6: G afting of an
B 14255.@'ganic filmonto TiN by dippkrg into a solution
cont ai ni ng diazoniumsalts. 10 This exanple
illustrates the possibility of wusing diazoniumsalts
to carry out direct chemcal grafting of an organic
| ayer onto barrier layers by sinple dip coating.
Since diazoniumsalts are readily
prefunctionalizable, this exanple shows howit is 15

possi bl e t o ARPIgedN& PIAKRHG I 4VENY Ofs VkSoRn in the lite-
succession of currentless steps, that is to say using
an &lesemeol ess theocesectrogratsingp dfdedifhganiueg t9mits and

col EEsREERas 8 oo b ERp R b Ao Lt Brpp) ) groups

t et rafhl@rielkpr dtremi Npa€es D ¢ r idepdlait ih hetweetheradicals
strip was then renoved, rinsed by rapidly dipping, it

5 nt BrREECeR Y 1T S glesterradre il PontherdraapRitessalts
in g.%idogx%%%él\%tl%reaggt %ralflttegiasound, and then dried in
gon. i

a stream of “ar gure 13 shows the N's region
of the XPS spectrum of the surface thus treated, for

conpari sqn it on the one hand, the initial Ti .
SorERRda B esfhanl RE ASngatie oFadR ohtp) AiN by
obt @i ppd ngA GHY] i) @l theanion tainkitics dilhiuM salts.
around 400.5 eV 30 and_406.S eV respectively, the

’ 10peaks char adhds sexempiie aildpscrates- ntheophefghbility of
r adi .Qnt o S a o] d .
natoery OSakBRARR Pealfe S e ity | ST DBTEREE chemical

t haprbfatinef &RKargH eobgadbes Imsy t ohlter ebareier layers by

indigates that the ,electroless_plating from diazoni um

sal F4"Rd¢ HHRt FPAEENTS £inser (B3R bim afRléSi e readily
ul t EakRLR ANILINESSRT e, NichRET M KA LT dibwse BE8 it  is
nore spontaneous the attachnent

15 ©possible to apply the present invention wvia a
succession of currentless steps, that is to say using
an electroless process.

A TiN strip identical to that of the above
Example 5 was dipped into a 10 mol/l solution of

20 4-nitrophenyldiazonium (4NPD) tetrafluoroborate in
acetonitrile for 24 hours. The strip was then removed,
rinsed by rapidly dipping it into acetonitrile followed
by immersion for 2 minutes in deionized water with
ultrasound, and then dried in a stream of argon.

25 Figure 13 shows the Nls region of the XPS
spectrum of the surface thus treated, for comparison
with, on the one hand, the initial TiN strip and, on
the other hand, with the organic film obtained
according to Example 5. This shows, at around 400.5 eV

30 and 406.5 eV respectively, the peaks characteristic of

a layer of 4-nitrophenyl radicals grafted onto the



of the radicals associated with the initial diazonium
B 14255 SAlgm 10 Exanple 7: El ectrografting of a PAVP film
onto TiN(Si). This exanple sho%/s how to extend the
met hod of inplenmentation shown in the previous Exanpl e
1 to the case of the surface of a barrier |ayer such
as that wused in danascene or dual danascene processes
in mcro 15 electronics. The barrier layer used here
is called TiN(Si) and corresponds to titaniumnitride
|| OBt acloped Wik SbbLeGUeaA ShLL O bhBant0adn ¢
by CVDva\llith a%O nm Fayer Sfi [ %i),elsmregglégin am ue
40 oblk¥%ineduwiasn mufchd thdGkemydharr ithate ofn Example 5.

di met hyl f or pgpm _de ( DME in.the presence .of 5x102

ol 11 of tenPas hy’?%ﬂ‘_r‘r%?wi urhBs&eE préflélf%gﬂﬁ), Ghas  the
conegetedolesd RARIHPH I adiayOhkimdsgl est hegdeconBeitute
circuit was conpleted with a platinum

Scount e faet rvaE afd achieeiedcaldirastisdct piknaersesn this
t he +/ AQ). - d ) [ r ' [
ol oBEEST Sbsez! B B, O 0 ondiEplt 008 the ppgachment
-0. 6ft *he. Dalhi CAYs/ Ag)scati a2l nvish the sinitpialbsdiazonium
rinsed with DMF and then dried in a stream of argon.
Fi g§Pet14 shows the Nis region of the XPS 30 spectrum
of the strip thus treated, for conparison with that
of the initial TiN(Si) strip. It clearly shows the
10appExpmpde 3t Elpcikografitdmegd 0@ PAVE (s emvtios thigl (S4) .

of nitrogen atonms _of the pvridine groups. of PAVP
and al so a FEdtctTETEN t o"bseaﬁo‘dugot (?’ﬁ?@(#]ilﬁ}eog%cﬁtho‘i of

at otifip@bmehe atibpSighdm t be twef gerewioclideEsahipl eatie.to the
5 The presence of the latter peak shows that the P4VP
fil fRE6t BhellRacurfantkAéss? oPar&dsrt Havern AHFh as that

Exafpk8 8n HAnTRder Yr RLehdhd fROhe pPBLELLES in micro-

15 electronics. The barrier layer used here is called
TiN(Si) and corresponds to titanium nitride 1lightly
doped with gilicon.

A gilicon strip, coated by CVD with a 20 nm
layer of TiN(Si), immersed in a 40 vol% solution of 4-

20 vinylpyridine in dimethylformamide (DMF) , in the
presence of 5x10° mol/l of tetraethylammonium per-
chlorate (TEAP), was connected to a potentiostat as
working electrode. The circuit was completed with a
platinum counterelectrode and a reference electrode

25 based on the (Ag*'/Ag)-(AgClO,/TEAP) pair. The TiN(Si)
electrode was subjected to 25 voltammetric scans from
-0.6 to -2.9 V/(Ag'/Ag) at 200 mV/s. The strip was
rinsed with DMF and then dried in a stream of argon.

Figure 14 shows the Nls region of the XPS

30 spectrum of the strip thus treated, for comparison with

that of the initial TiN(Si) strip. It clearly shows the




material within a PAVP filmelectrografted onto Ti N

B 14255 %OE(EDr otocol 1). This exanple ilblustrates the
ormation of a wuniformnetal filmaccording to the
invention on a sem conductor surface, despite the
non- equi potential character of the surface. The
protocol used in this 15 case (called Protocol 1) was
simlar to that used on netal in the above Exanple 2.
A single bath was used for filling the filmwth the

et ghpRLEGW-Or S¢ agd ZF’e%{k d€ducingdt NESE fF eCHhSPESteristic
V\Athlnthef|lm A P4V ' m of about 30 nmthi ckness

sofzm:d:e;mn edtousi of &hs omm:xﬂlm nokranpeo athathef PAVP,

el egF‘Flogaf]asfc?Pﬁg -I;"fﬁ‘llecsc’ﬁ#s? %H?h Oag(b El)é(ﬁ o A}’ﬁgwtmgen

congeeed offt OtRe PALANKHYSIcH Hge VVQ(ll@EE@eebﬂ_‘Ctﬂl'@esuM@@rate
firstly 25 imrersed without any current for 25

5mi ndhes Rregnaguedustiael &ﬁ%ﬁrcomaknusﬁngﬂ ghat the PavP
e o3 id
oo g bR M ehitethon stk Wadt M o0 B
aII these in 50 i of 18 MO dei oni zed vvater A
I num coupt erel ectrpde a 30 a sqtu | onel
P Tk aELSo B TERERAETER o s 13, e fle AP thgtallic

endmai:ekmaldl WtREnphas QAV‘Phefﬁhhi Fblé/&\i:?&l;ﬂﬁsqé@t onto TiN
renmoved fromthe solution, was biased for = 2 m nutes

10at éPEGFeﬁ’Pilall)of -0.5 V/SCE. The strip was then

remved, '}%13% é&QmSE' O”ifﬁ?st‘."@é@é aoﬂbt h%%rm% 1%% of a

in a strea ar gon. S The t al

of thefXPfm wmeeslr ufd i fah.@o&ﬁfﬂr@lﬁoshﬁhm I:ervté’ﬂtlon on a
upper part of Figure 15, and conpares, spectra

obt 8PMFCRAUGSPFR| SHEFCE aziiﬁﬁpgg’él dté‘ﬁee neRr @@ irotential

I ncLAgPGerBRKeSE | t ROSSHPE€ce. The protocol used in this

15 case (called Protocol 1) was similar to that used on

metal in the above Example 2. A single bath was used

for filling the film with the metal precursors and for
reducing these precursors within the £f£ilm.

A P4VP film of about 30 nm thickness was

20 deposited, using a protocol =similar to that of

Example 7, on a TiN strip of the above Example 4 by

electrografting.

The TiN strip thus coated with P4VP, connected

to a potentiostat as working electrode, was firstly

25 immersed without any current for 25 minutes in an

aqueous solution containing 11 g of copper sulphate

[CuSO,:5H,0], 3 g of sulphuric acid H,S0, (d = 1.38) and

6 mg of sodium chloride NaCl, all these in 50 ml of

18 MQ2 deionized water. A platinum counterelectrode and

30 a saturated calomel reference electrode were added to

the set-up. At the end of the dipping phase, the strip,
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to obtain infornation over the entire depth of the XPS

B0 g3 obe (i.e. about 10 nm), \Magreas grazi ng incidence

i's restrlcted to a very thin "skin", and therefore

provi des informati on about the outernost surface of

the specinmen. The peaks characteristic of cupric ions

are 15 observed at around 943 and 964 eV

respectively, whereas those due to netallic copper

are observed at around 933 and 954 eV respectively.

Fi guhe chSwhs( RitTBlendddl et tHiISsShovsok N8yas biased for

formati on of netallic copper within the PAVP film 20

accér diimytes tdle pnwarendialviealiat 0 AsPEEEEon Thevafiwid was
f gre f Y, eyt ct

haE B,k eikPedt Bl MRy ofBaBd | Nred and chen

sur iaced hei agstaeaanotongyohor . F| gure 16-1 shovvs t he

Ni s region of t he XPS spectrum It_may be seen that,

Sat normal 2BbencicRRRSE, 4R eoﬁ?ét?%reéeﬁégiés oft 44w XPS

10t haPrehe rét-&l-l i

SggséeéegumA’Q?f e}!hewmﬁ:oiée%qm r_,E_ﬁpQ-_(Hé V@ﬂ:ﬂefopart of

the nitrogen atons of the pyridine rings |inked t
t heFagtakl 16, @redused)aroppepectvat bbtainedgearts m:frmal and

the free pyridi ring and t.0 t.he nitrogens Qq
byt B REnPY I Hend s o FBRE nd RS GfigkeRndt Bossible
di sgppeatanse ﬁffdxh@m iReakowdr 30He e¥nt ArkN@epRBCIIUMhe XPS
obtai ned at the grazing incidence in Figure 16-1 shows
%%ﬁ-‘pph? nnk, pWBSERRSagAFd Ngotitsthdsmee is
the LLlm n on, t ur Y pl e
Forrrr%{sizg!ﬁcggha (r%ttgtarh srel\z }?l I ];:nﬁ\%\/lﬁthl r? a%PLIVP aq}d fherefore
el eprovidatt édfommatiioN @Bootodhle Zjute'ﬂmcmtemqﬂa&:e of the
uses a TiN strip coated wwth P4VP according to the
sanBPpFofGBol as that of Exanple 8. It illustrates a

second filliRg/ reduesi BhaFLQo0lsd L@l I cupric ions are

15 observed at around 943 and 964 eV respectively, whereas

those due to metallic copper are observed at around 933
and 954 eV respectively.
Figure 15-1 (normal incidence) thus shows the

formation of metallic copper within the P4VP film

20 according to the invention. Visual inspection revealed

25

30

a metal film of great uniformity, despite the fact that
the TiN surface was not an equipotential sufface, being
a semiconductor. Figure 16-1 shows the Nls region of
the XPS spectrum. It may be seen that, at normal
incidence, there are three peaks, at 397, 399.5 and
402 eV, which correspond respectively to the nitrogen
atoms of the pyridine rings 1linked to the metallic
(reduced) copper, to the nitrogens of the free pyridine
rings, and to the nitrogens of the pyridine rings
linked to the cupric ions. The disappearance of the

peak at 397 eV in the spectrum obtained at the grazing



10 Protocol 2) in which two successive baths are used,
B 14255 Ea y a bath for filling the %'In1mﬁth the netallic

pr rsors and then another bath for reducing the pre-
cursors within the film the particular feature of the
second bath being that it does not contain the said 15
precursors. It is observed that the netal film
obtai ned contains fewer precursors than in the
previous case. The TiN strip, coated with P4VP as in

Exanpl [ d .for. ' [

ol QRCRSEBS T, SPning L oot e i HRE MEHELLS copper
| CUSR4 et 3ag @hes Bddusn cofcttleHESQ4n ( dbwt 1n38) on the
and 6 ng of sodiumchloride NaCl, all these in 50 m

of SPELREEdei oni zed water. The strip was then renoved
fromthe solution, briefly rinsed in deionized water,
connected to a 25 potentiostat as working el ectrode
fandExhwplenmler Fodmatipns glfuta avetadntssead ilm gevibthin a P4VP

sul phyric.acid H2S (d = 1.38) ,and.6 f, sodi um
chlgfﬁaeeﬁSEFF°85 eggtoiﬁlgo(%F°3P°%§. ‘dei oni zed
water. A pl ahiiBURB:GRIPlLused 65t ToNe stfdpa Ritddtwith P4vP

cal onel reference electrode 30 were added to the
set aggorgaagste fFhras#eagaptianol? amithatechtExpmple 8. It

pot ' -0.5 : : '
POt 08\ o AT, ETIMR ARG S (carea
10st r eaprotodr gon. idheviciofipetwdp subcéativegitathed talre used,

B g h gL e FLPLL 5 0N L0 LRV Pl a5
obt gir-aedrabraofdil @ikh 053ct e | BetHERS? MNFUWIng the pre-
i ncidence provides information about the entire probe
depehrepreharipgn (the fiboutthe partigddesadegtatingPf the
neidence Sy eBLHY Shi® 3cYoided Nhbe  koitaiA e said
15 precursgors. It is observed that the metal film obtained
contains fewer precursors than in the previous case.
The TiN strip, coated with P4VP as in
Example 8, was immersed for 25 minutes in an agqueous
solution containing 11 g of copper sulphate
20 [CuS0O4:5H,0], 3 g of sulphuric acid H,SO, (d = 1.38) and
6 mg of sodium chloride NaCl, all these in 50 ml of
18 MQ deionized water.
The strip was then removed from the solution,
briefly rinsed in deionized water, connected to a
25 potentiostat as working electrode and then immersed in

a solution containing 3 g of sulphuric acid H,S0,
(d = 1.38) and 6 mg of sodium chloride NaCl, both these
in 50 ml of 18 MQ deionized water. A platinum counter-
electrode and a saturated calomel reference electrode
30 were added to the set-up. The strip was biased for 2

minutes at a potential of -0.5 V/SCE, removed from the



10 provides information about the outernost surface of
t speci nen. The peaks charagt.eristic of cupric ions

B 142555$§E(ﬂ5erved at around 943 an§%964 eV respectively,
whereas those due to netallic copper are obtained at
around 933 15 and 954 eV respectively. Figure 15-2
(normal incidence) thus shows the formation of
nmetallic copper within the P4AVP film according to the
i nvention. Visual inspection revealed a netal film of
gr ealo 1R IR, MAtih s ALSPIdie ddiod A8da thateROatfCeHéN dried in
surface was not an equi potential surface, being a
semac@tadeetoof Gaguar.i son bet ween t he spectra
obt ai ned at _grazing incidence i .gh case ,of Profocal
1 (ExaaneT%f a %t oc ZOFEF §Zntr§%%ﬂﬂeﬂ° hows® XPS

t hatgpeldieim ase f@eerserdsi 6l Mfowrn the Kasel8fer part of
Protocol 2 25 than in Protocol 1. This illustrates one

of FHEUTSr dfer rald netHEdsCORPRERE erfdi®t | ABeehta obtained at
i nv ' , | G e fid {1 | e r .
and%{&B e(gllrrieél l?g idgr?é:lg]rgtem?é% r#éeﬂdé%'u%%%n%?f%lgégﬁ%ﬁégt ﬁg?‘udes
t herdelfprmakiiog | AbopostiHd eehoikeprmmblse odeplid fof Mmthe XPS
with . the precursors 30 during the reduction. Figure

16- 2 *sfiows 0N P egrbn  BREFRESXPETHFIS uiNsishRge  is

I ncideneq ctblber & Ar e, t Wpepgakenah 39%Gianfk 39% 3 €Veherefore
corresponding to the nitrogen atons of the pyridine

1¢ i nggovidesd ind orima trhemalabasit (trhed iewtty reegtpesunface cof the
thesnitg&%ens of the free pyridine rings,
respggfi Py. Unli ke Protocol 1 5 (Exanple 8), no peak

correspondi mhet OpBakEOUESractkedsti® Pricupdtiensishs are
around 402 eV is observed, which |eaves one to assune

t haPPeRIryefedt, aneundy e BRI S§E@iprespychkéely, whereas
PCLVBEbY L UL IOV QBT U avound 533
15 and 954 eVprespective%y.

Figure 15-2 (normal incidence) thus shows the
formation of metallic copper within the P4VP film
according to the invention. Visual inspection revealed
a metal film of great uniformity, despite the fact that

20 the TiN surface was not an equipotential surface, being
a semiconductor. Comparison between the spectra
obtained at grazing incidence in the case of Protocol 1
(Example 8) and Protocol 2 (ﬁresent example) shows that
there are fewer cupric ions in the case of Protocol 2

25 than in Protocol 1. This illustrates one of the
preferred methods of implementing the invention, in
which the filling with the precursors and the reduction
are carried out in different baths, thereby making it
possible to reprovision the film with the precursors

30 during the reduction. Figure 16-2 shows the Nls region

of the XPS spectrum. Normal incidence, there are two



10 course of the reduction. The di sappearance of the
e at 397 eV in the spectrug obtai ned at grazing
B l4255'%n%?ﬁence in Figure 16-1 alsogghoms that nmetallic
copper is present at the bottomof the film but not
on the surface. 15 As in Exanple 8, it nmay be seen
that the potential protocol used here for the
reduction is not sufficient to reduce all the cupric

ions. To do this, it is sufficient to increase the
redugtian RoLeRt ialy /e0ro+f hes hydr ol visi st .
Hovvgver, t(—jly choos] ng 3?% 20 potentéijg pr oﬁcoﬁ?etrﬁletrogen

pr eséptmsexafipltthe t pysridiossi birgso 1ihkesd r atce, themmetallic

titatively, the effect of Protocols 1 and on
the (SGARFS 0t FPRBEFSoPAforfsd { $5% he HAREn ey Rfpl bhe  Eree

101ﬁ§9&ﬂ&hb0n pingsconfsdpd ctoigan) ¢ fiudDiR @ pEoPBrol 1
etched feature by dipping into a solution containing

5di azBHRUMLSaPl s Tive pRalsenprraspanfddngi $obasiddragenshel inked
fact .t b.it,ls _congei t r gduce. conf | .
or g{éﬁi c coatt n‘g;%m%r?orggeféaﬂmf% hgﬁgcggf olrsna?)grsf%%g?d’ which
coaleagss aik tBat ddsums phasi ieid opexpl, oiint Figure 16-1
fact _to produce conformal __metal coatings at points
vvher‘@xt"ﬂggei 8 or"b?%aﬁiclt&}alﬂkfpd&er‘ bte ofuRfety 1ons inserted

di f,eh -t%g.gﬂdhéQ%HHvE&é¢%6§£é§$§§n§h€he film over the

hi gh-quality confornality that can be achi eved usi ng
10onecofirghe ofmathieodsediict iprh enEne atliieapprarhpce of the peak

inveptiqn, i,n.which the chem cal .grafti.ng of . .

i 235nP i SY1 i8R SRESTEFT SR Al PR Ghheidence
suriacerbgarée ngL el etLhesl shibweat teak | Rethelfier keppdr is
lamgrating. Avirgin TiNstrip of the_sane type as

t haPTB8FenEhetthr & uBoEkaRpl @5 e uSédms orbythj ot on the

exagm:face .

15 As in Example 8, it may be seen that the
potential protocol used here for the reduction is not
sufficient to reduce all the cupric ions. To do this,
it is sufficient to increase the reduction potential
and/or the hydrolysis time. However, by choosing the

20 potential protocol of the present example it 1is
possible to illustrate, semiquantitatively, the effect
of Protocols 1 and 2 on the supply of precursor ions to

the films.



However, unlike the previous exanples, this strip had

B 14255 gnE?tched pattern produced usi standard processes in
‘20 the mcroelectronics industry. The etched pattern
consisted of a set of parallel lines 1 amin w dth,

spaced apart by 1 pm and having a depth of about 400
nm (see Figure 17 appended hereto). The strip was
treated according to the sanme 25 protocol as that of
Exanple 6. It was then analysed by atomc force

M CERARBRY 10ANGRLMAidd HFM 86APc2NEE] orgatid)Eid%h on a

as to detect the changes in profile (Figuré 17). The
wi dih ofmt hetchedchdeatmre f bym dgEsingn tingH6 am solution
whi ch Lntos%ﬁ%ount t he 30 measur enent

[

%homs taking _
pr eEPREBARGRI: A8 Z0RAFR &h is around 15 nm that a

conformal | eyer peks@beutinddntidd AW ivhsddiGKNESS @RSt that
formed. It may al so be seen that the depth of each

5t r ehEhirerengs ivRbleame, nredMcshidPniimemrlaseredmie ceatings
precLsLo rd t I [ :

CverbE BretlS, it [ ORLESHRLE WESo? COHLOVER, SOR e e
For it pomsdble conf expébier gdviisc fad¢t mcon prodiqem conformal

et ched eature,b% electrografting of a P4VP film %9, .
Thi BeERAnpFECiRPEn ShppPSrBREs WRGHDI cids is  ofdinarily

T yabhakes1EhercoRE9r aRkEE ¥y Rat can be achi eved
thanks to polymer filns electrografted according to

10t he procesThoé thexamebent ildwestadges A ThR sthigh-quality
simla both_fromthe standpoint. .15 of the
conbRRFPFBRLARY (TRAET g BBo BrBisVeR, dAkRe oPne gt the
pr eméBHEdEX M| empasmenedtibnt hef pERseinwaPde, in which
However, the etching width was _3 ~i m which neans )
trgﬁ’éﬁe§1§3"ﬁ|ﬁar1n W&Fﬁlaﬁ_d of pfiaparium e teht Waggafarried
bei ggreayal Lo 4QQiBndIIY € sl¥ace bearing an etched

15 pattern in the form of a 1 um grating.

A virgin TiN strip of the same type as that of
the previous examples was used for this example.
However, unlike the previous examples, this strip had
an etched pattern produced using standard processes in

20 the microelectronics industry. The etched pattern
consisted of a set of parallel lines 1 um in width,
spaced apart by 1 um and having a depth of about 400 nm
(see Figure 17 appended hereto).

The strip was treated according to the same

25 protocol as that of Example 6. It was then analysed by
atomic force microscopy (nanoscope III AFM: scan speed
0.2 Hz) so as to detect the changes in profile
(Figure 17). The width of the trenches went from
1008 nm to 966 nm, which shows, taking into account the

30 measurement precision on this scale, which is around



20 The strip was treated according to an el ectro-

B 14255.9rakting protocol simlar to tgat of Exanple 7, in
whi ch 10 wt 9. di vi nyl benzene (DVB) was added, and 20
scans at a stopping potential of -3.2 \U(Ag+lﬁg) wer e
used. The strip thus treated was exam ned using an AFM
25 in the sane manner as in Exanple 10. Figure 18
shows that the width of the trenches goes from 3050
15 nmto 2780 15 nm i.e. a film thickness on each

wal b sofmar @@ 135cohforalAtldhe S8MAHduUre 34 mAWHGm in
seen that the depth of the trench 30 remai ns the sane,

to ﬁh%ﬁkﬁeﬁﬁewﬁéaﬁgr@ﬁdnt preci si on, which proves that

a conf or mal "’}H;F?n Qeesdeergr %ﬁjllé.%edtfxga;}ke}# | B@e each

electrograf% I mages (respectivel

andtpbask rémgbss ofheM deimd egitonswakthihe shef atﬁ@asurement
thus treated 5 have shown that the result is

5r epPBBELFBPR: 0RNFHEGRY dhAtestha¥e Eyafppe conformal coating
For BpLhog:otn@ BOBEBRTBE RRAARLENEH. M on 1 pm et ched

features by electrografting of a P4AVP film The sane
nethodology as that of Exanple 11 was applled here to

etc eatures, .wth the n
con F & P qq%aﬁiﬂn vo??gkor%??ccé 5%%% Ellm on a
sol Bthﬁneﬁel‘iédi peagupe ByBeweE:erogs-aettzha biFe aprafel €51m.
obtai ned are shown in Figure 19 appended hereto. It
10may be seenTRh&it EKEMPASH i | high aiFiRPIRReRte \Example 10,

shapey ,6bALACLe! LALI C Oheifa10e0f | i Obt @l e dhelln s eveq

Ing 1S o 3 size simi e i ndentation
of thenksptofpbhyméEMmemmo&d&m&ﬁagnaﬁnhd(Hcddmdlng to the
MeASULENEDN e TIhS [ESELLE iRVERcTROe TN
A TiN strip similar, both from the standpoint

15 of the composition and the etching topology, to that of
the previous example was used in the present example.
However, the etching width was 3 pm, which means
trenches 3 um in width and 3 um apart (the depth again
being equal to 400 nm) (Figure 18).

20 The strip was treated according to an electro-
grafting protocol similar to that of Example 7, in
which 10 wt% divinylbenzene (DVB) was added, and 20
scans at a stopping potential of -3.2 V/(Ag'/Ag) were
used. The strip thus treated was examined using an AFM

25 in the same manner as in Example 10.

Figure 18 shows that the width of the trenches
goes from 3050 + 15 nm to 2780 % 15 nm, i.e. a film
thickness on each wall of around 135 + 15 nm. At the

same time it may be seen that the depth of the trench

30 remains the same, to within the measurement precision,



whi ch the effective shape of the profile is convol uted
B 14255 . PYyrghe geonetry of the tip, whggh was unknown.

However, this does nean that the apparent depth,

nmeasured on the profiles with the PAVP film is a

| ower bound. 25 Despite this, a depth after

el ectrografting of 420 15 nmwas neasured, that is

to say the sane as that before electrografting. The

changes in width of the trenches show the formation

of @2 gPoha:fi LALtCOBf ORI tatine doRaAlROY wifs t htideed
substrate, even by 30 |large scale on the surface.

Exappddudsd foamisi ba bheactentveaupfbedahi dmeoat i ng

on 300 nm hed features I gr af 4 of

PAVP film™Thi s BRIRFI  (RpPbebrInElo)] B! dha - phase

a Dma&gaspr gl M T iderjichisl |€fl wheh smeifdce thus treated

precursors, on 300 nmetched features (i.e. thaqse
5haiaie t ehemesthabo thig | Fefvdth tpadePrRycifispark, large

ttmg&@*g%_again being 400 nm. It therefore shows the

potential of the invention for surfaces of high

aspect ratio. It also 10 shows the potential of

el ectrografting as_nethod of. inplenentation for. .
WorRHES 4247 STEREEET bPE 1 { ROOF RERRYy (S TRED P
r?SD']&H\'@ﬁ@hé@dféﬂﬁﬁﬁekn%helédtﬂbgrafﬁihbeof a P4VP f£ilm.
m croel ectronics field. e TiN strips were conparabl e

10to those usBae gsmgbhaeshofied oglve@dd oefhalf t PRgExample 11 was

met y th a t e l e
R R i e
obt&bregt ietie fof | ech W idonfuptad | @AVPUSi iglmbhe Samey 15

nmet hodol o as that used in anpl es 8 and .,9. The
oL TSR TS o SrBE LE 80P SRISABN, FOBMELGIEY fnqvB were

cargdegl out, so as to obtain filnmse filled with copper

sul phate as precursor of the _
15 The profiles obtained are shown in Figure 19

appended hereto. It may be seen that the profile
obtained has a “V” shape, characteristic of the
profiles obtained when the etching is of a size similar
to the indentation of the tip of the AFM microscope

20 used for the measurement. This results in an image in
which the effective shape of the profile is convoluted
by the geometry of the tip, which was unknown. However,
this does mean that the apparent depth, measured on the
profiles with the P4VP film, is a lower bound.

25 Despite this, a depth after electrografting of
420 + 15 nm was measured, that is to say the same as
that before electrografting. The changes in width of
the trenches show the formation of a 252 + 15 nm film
conformal to the topology of the substrate, even by

30 large scale on the surface.



metallic material, and therefore insulating fil ns.

B 14255 kg, made it easier to denpbnsggate the formation of

the™ layer by scanning el ectron mcroscopy (SEM, as
illus 25 trated in Figures 20 and 21 appended hereto,
on the trench of the strip that was fractured so that
the fracture edge |lost the direction of the trenches.
These i mages were produced with an accel eration

vol tage of 20 kV, that is to say a high voltage at 30

Whi @B alnll® 01 GaN IEG rhal HNHE IS S ddnESHU IOl o PPa®E€ Ncoating on
However, at this voltage an insulating coating results

in 300enp betghedcdsatures ubli keleatrouraftingt Igf a P4VP
con%u ting regions that result in a darker contrast.

Fig Fe®-20 and 21 show the t opol ogy obtained, at two

different f@eusi nggamphd i1lUssétPd€es hehd formation of a
confornalltﬁ obt ai ned both on the walls and the bottom
h

Sof rrafpreadhtVEA Shdmp diififlederiéeth nmesatlr Sequyrsors, on
observed b , napd,
8hY% gwhegE@ﬁgﬁd’@gﬁénggggeéFgg Eﬁﬁ?éurﬂégfn%angrenches

on the o the si con trenches,
and3bionatl yirt heid@hbaypdmsd | ager nmclagardty, vibebldegth again

Fi gure 20 and overing the_entire topology. Fiqure 21
is ﬁlgﬁlépﬁbﬁ@ﬁr oft o erefren Bgow?hghﬁr%ﬁgﬁggﬁ Of the
the;stehRiohn M CBurEaBBY RS Cheghl eperan theiol hare also
is a difference in contrast between the 15 barrier

10 ayehopehi the | pad@nidiandod heydeyregnebrimg appaethod of
layer (which is bright) due.to the P4VR ]| il .
W t ﬁmPSTSmggltfat:oLPnt h%oﬁetwﬁr%{r}rn u‘F’lgorssc?a]I%é sh@(?ﬁﬁ)gtt}gqe with
not eleORuRESHItN@ tidhdindg e seQniviasis @fd tdieoserfmcehe future
remai ni ng beneath the filmis darker, 20 which shows
t hatint kBef MAREREVERG rePBCEghi€idcont rast is not the

barrier |ayef bufikndeed fsheyeseedhiaPafid NEc those used

15 above. The electrografting methodology was the same as

that used for Example 7 (with only 10 voltammetric

scans). The P4VP films obtained were filled with cupric

ions using the same methodology as that wused in

Examples 8 and 9. The reduction of the precursors was

20 intentionally not carried out, so as to obtain films

filled with copper sulphate as precursor of the

metallic material, and therefore insulating films. This

made it easier to demonstrate the formation of the

layer by scanning electron microscopy (SEM), as illus-

25 trated in Figures 20 and 21 appended hereto, on the

trench of the strip that was fractured so that the
fracture edge lost the direction of the trenches.

These images were produced with an acceleration

voltage of 20 kv, that is to say a high wvoltage at

30 which the organic film necessarily cannot be seen.

However, at this voltage an insulating coating results



present invention. Exanple 14: Formation of a

B 14255 CcPngwrmal organic filmon 25 300 nmetched features
by el ectrografting of diazonium salts. This exanple
illustrates the formati on of an ultraconform
organic filmobtained by electrografting of a
di azoniumsalt on an etched silicon surface 30 (200 nm
etched features with a spacing of 300 nmand a depth
of 400 nm, which is coated with a 10 nmthick Ti N

bar rier 5l aygkyCopfpgREl Mdb-ide, eteNiingG bhel NLEficiently
therefore shows the very high level of conformality

t hatc v did rgt egiamhst Hdrks teswl teditty ggrdefinkat araydiiast .
films, especi.ally on, surfac hayi ng, hi gh aspect 5 .
ratios, and%ﬁ %ﬁéﬁex@sa' eq%bpgpgﬁytgﬁ(N°9r13§¥cﬁbtalned’
t he agret akhoseeatl fifid MantayY feusliedled. dhdal SQlshawate the
the potential of electrografting as a nethod of

3 nplCORERERA G AP EBINGhgeerhseBl Ebecaingdis Hnd vike bottom

thecﬁﬁﬁﬁﬁﬁkfﬂﬂéﬂég}”e etching resolutions in the 10
m croelectronics field. An organic fil mwas

el ect r ogr af tred shairep eddifiddrefich stihi psohdeatikcal st oobserved

those used in th revi Qus _ex | e using the
f ol EBRRETr GTodhie. G Mty Che SYTAASehG Qo the other
S5X1@ahdDlthk HRIdt i tHe 4s 11 { PNy cHEs di 2Z@NEUAR11Y the

tetrafl uoroborate in a 5x10-2 nol /| TEAP solution in
L0cetsrintien e lastaion voleardiet rvéssbdas 4n  Figwyss, 20 and

bet?%ﬁgrgggfih%n%nt%&%pg F%@%%éﬁg) were. then applied

to ace, used a ce el ectrode, in the

presence of Fdogdled 31riip connealladgamentO of one region of
counterel ectrode. The strip thus, treated was
ul t t8Sorfikenghes rinsbher GEibyi niit sghigh adbt B3 dery clearly

thepedhi @4tN there is a difference in contrast between the

15 barrier layer (which is dark) and a highly conformal

upper layer (which is bright) due to the P4VP film
filled with the salt of the metal precursors.

It should be noted on passing that the contrast

of the surface remaining beneath the film is darker,

20 which shows that the film having a brighter contrast is

not the barrier layer but indeed the. seed film of the

present invention.

Example 1l4: Formation of a conformal organic film on
25 300 nm etched features by electrografting of diazonium
salts.

This example illustrates the formation of an
ultraconformal organic film obtained by electrografting
of a diazonium salt on an etched silicon surface

30 (200 nm etched features with a spacing of 300 nm and a

depth of 400 nm), which is coated with a 10 nm thick



argon. It was then fractured, in such a way that the

B 14255 ffagkure was at right angles tg-#the etching |lines. The
25 trenches thus obtained were anal ysed using a
scanning electron mcroscope, as illustrated in
Figures 22 and 23. Figure 22 clearly shows the silicon
substrate provided with its thin titaniumnitride
barrier layer 30 (which appears bright), coated with
the highly conformal organic |ayer obtained by the

pr Ocﬁ.%b@ﬂtiélonlég@r wabhsozid1t ha thotdiM&fch 8y, It there

trenches. Figure 2 conpl etes this analysis, show ng '

t hattharefiaticckRBewsofthe havegnyjahiighcokevey otft acendormality
was e | 4 t . the top of 1h .
ot o et b8 Al e, Ttk E S SR otqfea organic
et ched iy, encdssecildiEse resul arifacekacthsdhiow a high aspect
conmpl etely and. strictly unifaormand _ conformal coating

R o WAHHYT t REDrddisioRtSS (Hhe SEORAS PRneht 30 which the
Whi gladsy esbbfBted 4o RS B Hld& 24tshoyssihesnows  the

ef fect produced by the sane 10 treatnent on finer
(0. tmmtietiched ff eatalrees: iogrida N ingAgaias excal | eméthod  of

conf,ormal ity i s observed |t hough the _film _ _

{ i RAEDERt oY WS Hai FORbDT SPRARLDLe with
ar e ghe t ugrease pearl yugarehedctBihbe keselutionsof in the
the etching. However, as was seen in the descriptive

1q s pecroslectyopdsy £dedéntrol the thickness of an
RN ! ! .
organic Tl QE’? ﬁﬁla%?sﬂetd E%ﬁ@ Qb@z%ri'e%@r%?rtasfte onto ctched

especial ly by of nunber of scans, t
pot 8NN abtoipsheidoanicalr tthe thneentuadédonirof the previous

precursor salt, The additéqnaL | esson Figure 24 is
I

nevEPEEEssUEHRY (HRE 2604 QL PEgr BFPFRGODf didzomtaihe was
sal tiﬁmferr%@dor%?nbc SxS.I.QZJ’ut 'm%ﬂs/ldogﬁléhk&w ¥ y4-1t'1itrophenyl—
e wetti 1 g ratios,

effectiv ng, even at Veéry aspect
19V @ azonBlAbakky ra#e wefrddate in a 5x107?2 mol/l TEAP

golution in acetonitrile. Seven voltammetric scans at

20 mV/s, between +0.25 and -2.00 V/(Ag'/Ag) | were then

applied to this surface, used as reference electrode,

in the presence of a gold strip connected as
20 counterelectrode.

The strip thus treated was ultrasonically
rinsed for 2 minutes in acetone and then dried in
argon. It was then fractured, in such a way that the
fracture was at right angles to the etching lines. The

25 trenches thus obtained were analysed using a scanning
electron microscope, as illustrated in Figures 22 and
23.

Figure 22 clearly shows the sgilicon substrate

provided with its thin titanium nitride barrier layer
30 (which appears bright), coated with the highly

conformal organic layer obtained by the process, both




B 14255.

reasons contributing both to the effectiveness and the
Elexi bility of the process. 25ggxanple 15: Formation

of a uniformPA4AVP filmon tantalumnitride. This

exanple illustrates the formation of a netal (Cu)

seed filmobtained froma uniform P4VP 30 organic

fil mobtained by electrografting on a plane tantalum
nitride (TaN) surface covered with its oxide 5 |ayer.

This exanple illustrates the versatility of

el eghr eaEaffd1NG MU Chhé speepaR! erofHeeitienadnrt edridure 23
surfaces having oxide |ayers, provided that they

r enapmplatepeddti selavt ki | ysbemngnﬁbetu \Vée Ahickness of
silpgon strip coate W|th Ia ic

OXi {aﬁ IPa dcoa?ﬁng A u% ni %{ bar r| er%?l walls’
sur&aCﬁmeruu ctied woph dantnéuret(dmad:htralcm eand 39 nm at
conducting), the overall barrjer |ayer having

5t hi ERRe RO O] OfindtRs whRChRs E%HCQ@Smr%erﬁf fgsults in

el I
ConfAFR e lE, Ho LaREsteey THRRC gAY doem  ana

Si xtynﬁormammqaiuim;:ans beittbeion tBe9 rpedisien) of the SEM
V/( wer e Lied.to the eletrod at 15 200

vy QAP kngRES SRR R s BB e kO Bens B face

thus treategijgyaseubll ahoRisCaHey éﬂﬂé‘cﬁ;d ﬁﬁdﬁédﬂ B4} &She same
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conflilmophiaknesBes WbEEHE fear, vnidhutaase again about 40 nm,

are in this case poorly matched to the resolution of

the etching. However, as was seen in the descriptive

15 part, it is easy to control the thickness of an organic

film obtained from diazonium salts, especially by means
of the number of scans, the final potential of the scan
or the concentration of precursor salt. The additional

lesson Figure 24 is nevertheless that the

20 electrografting of diazonium salts from organic

solutions does allow very effective wetting, even at
very high aspect ratios, which is probably one of the
reasons contributing both to the effectiveness and the

flexibility of the process.

25
Example 15: Formation of a uniform P4VP film on
tantalum nitride.
This example illustrates the formation of a
metal (Cu) seed £film obtained from a uniform P4VP
30 organic film obtained by electrografting on a plane

tantalum nitride (TaN) surface covered with its oxide
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Smetal film &t aft

Finally, the strip was ultrasonically rinsed for 2

i me es in deionized water andgighen ultra- sonically

rinsed for 2 mnutes in acetone. 25 Figure 25 shows

the trench obtained after the treated strip was

fractured. In the figure may be clearly

di sti ngui shed, fromthe bottom upwards, the silicon,

the 1 mS Q2 |ayer, the very thin TaN Ta hybrid

barrier layer and a 278 nm | ayer. Surface 30 analysis
showeg-erhat Thiiss Wasmpndeediaukayakedl Phat ederBAYR1ity of
inpregnated with netallic copper. Exanple 16: G owth
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(Ti AP Bar FPRPUTEYRY ) nadPEon?Or it fy REFAAEE witKSTafaving @
or ggniekhels® byol egtpagaafl tishging di aZeni ugesal tas  working
nanely 4-nitrophenyl di azoniumtetrafl uoroborate, using

1015 §lpF&E6ES- comparabl e to that of Exanple 14, with

ten vol tampglli GIREANSRE VeLD +Qnaar38E -3 luti
V/ (Ag+/ Ag) at 20 nV/s v(\%eh graphlg{ne (]::ountere ec?rogce).u ren
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strip was bi er pot lostatic conditions a

15-0. 30V/ 6@Fsf,owi®h a graphite counterelectrode. The surface

thus treated was ultrasonically rinsed for 2 minutes in
acetone and then immersed for 6 minutes at room tempe-
rature in an electroplating solution identical to that

used in Example 8. After this time had elapsed, the

20 strip was plated under potentiostatic conditions at

25

30

-0.5 V/SCE for 6 minutes.

Finélly, the strip was ultrasonically rinsed
for 2 minutes in deionized water and then ultra-
sonically rinsed for 2 minutes in acetone.

Figure 25 shows the trench obtained after the
treated strip was fractured. In the figure may be
clearly distinguished, from the bottom upwards, the
silicon, the 1 um Si0O, layer, the wvery thin TaN/Ta
hybrid barrier layer and a 278 nm layer. Surface
analysis showed that this was indeed a layer of plated

P4AVP impregnated with metallic copper.



m nutes and then three voltametric scans between 0O

B 14255 .8NGg -2.5 V/SCE were applied tggit at 100 nv/s. The

strip 25 was then ultrasonically rinsed for 2 m nutes
in deionized water and finally untrasonically rinsed
for 2 mnutes in acetone and then dried in argon
before being analysed by SEM Figure 26 shows an SEM
view, with a magni- 30 fication of x25000, of the
trench obtained by fracturing the strip along a line
of fracture perpen dicular to the direction of the
etched features. This figure clearly shows, fromthe
bot Exampdearté: 6Gmewtdi |9ftoa ciforper sfhdmr mre, at [reefd Nlayer
barrier _layer, th di azo,qorganic |ayer, whi_ch,.
conSEREDEE, kol SBe EREeHS e ot B gripgace.
in the mddmaief d:femprégellandradekhi cin cappamilaner manner
(part of the surface of which may be seen in the t%P .

3 ef ECofthdfe dpmpnstyatadhy igeciXdPate thevihberd addVP film
bet I C d,| r t r
o e Ser Ty oar TTaa, MeUa e PSR gy of
t hemptefli | £iland espetiayl y firont hear egeeds dfayen ghobtained
asperity, .such as around the,etched featyre. Figure
ST EREREGARE rEs P eobt BYRBELGE . antihod LiGRkE 25 SPherelates
SaBe#BCHdTBEhe | GrawtBIISH 5)0%%%?)%&”&'il]rnzooﬂn‘aet'lcj.l'i@dsurface
features. It may be seen that the copper 15 has grown

10f r oupeHeaBobramiet the apt ehcteestidieon shafelrg .

show ng thEABe%%chhCe'da!s:ijIceocxﬁ B{E?Yéd%%a%dt ngl&hfeaedt'tanium
| ayer obtained according to the 1nvention. I'tiona
exanptesd20 (BianpbarkierThiasygrantd< e f exaadile coated with
illustrates the_,conmplete_formation qof a conpl ete seed
Iay@? IRF ATt C film by electrografting a diazonium salt,
namely 4-nitrophenyldiazonium tetrafluoroborate, using
15 a protocol comparable to that of Example 14, with ten
voltammetric scans between +0.25 and -2.5 V/(Ag'/Ag) at
20 mV/e with graphite counterelectrode. The strip thus
treated was wultrasonically rinsed for 2 minutes 1in
acetone and then immersed for 6 minutes at room tempe-
20 rature in an electroplating solution identical to that
of Example 8. After this time, the strip was biased
under potentiostatic conditions at -0.5 V/SCE for 8
minutes and then three voltammetric scans between 0 and
-2.5 V/SCE were applied to it at 100 mV/s. The strip
25 was then ultrasonically rinsed for 2 minutes in
deionized water and finally untrasonically rinsed for 2
minutes in acetone and then dried in argon before being

analysed by SEM.

Figure 26 shows an SEM view, with a magni-

30 fication of x25000, of the trench obtained by

fracturing the strip along a line of fracture perpen-



el ectrografting of an organic |layer, the insertion of

B 14255 .49 ggopper precursors into thisghayer, the reduction of

the  precursors in order to givé a hyperconformal
nmetallic copper seed layer and its use for filling
trenches in an interconnected structure of the
damascene type. The substrates consisted of 2x4 cnR
silicon 30 test coupons coated with a | ayer of
silicon oxide (a dielectric) and with a 10 nm | ayer

of NOEMPaH NASstrePReredclifusion bRE! ie®chelN6Satures. This

substrates were structured, having 200 nm w de
trefichoge welkazlypashays, of 2800 rivheandcktdept bpwhrds, the

about 400 _nm speci.fic cleaning . .or. surface

T oHtRARPTIRE CAPE] HRRATH o EPE (T Barfilr laver, tne
el egt hegr airljatd.c k8 X PeH BNt So S BndObe SR &1 86 1PUto the
under clean roomconditions., An electrografted film
Swaseprhadcdgatiusin aloaied | b bheamiddlsz ¢fi e image, and
tetra 0 S |t -t MR r '
ace%o%%#?{ 28ﬁ$%£%hgggéésg%%gtlgko?h%etraé#ﬂ% SHRmich may
ambai sreperichltdreattoy TEAR) < thppimdge el et rodyt #een that

The el ectrografting was carried out at a fixe
P CERE antalfads chelireha e gRORRRE RIS IRKEE Amd the

usedoppeWorid ik ehsctﬁeq%&qgnr@&ﬁgﬁoyﬁé@ﬁ_ 8vekoaafl | éntire
15 clip), the counterel ectrode was a graphite surface
10andlenghr efetdec dusifddte odndveasrer gl Ngie| Hee roemions of

thepeonbelg Gp0IeGled Lo 3 Mol (203 ek olen gat

3
(fro Pri Ap Research)” "As € previous

exanpl es, tregelrectanoslidedth@0 reisuhtnbted reeemt canother
be hyperconformal to the original surface, with a .
uni PBLREt PRk S SRME0oEPCE O™ ARY Mgt ald pEEFPTorBossessing

wer sz_”ﬁf%r e HdH O.E%]én'.euré ectf ogL gt bed deR¥ereHat ¥ copper
foll owi ng manner: the TIN

15 has grown from the bottom of the etched features,
thereby showing the beneficial effect provided by the

seed layer obtained according to the invention.

Additional examples
20
Example 17:

This particular example illustrates the
complete formation of a complete seed layer by the
electrografting of an organic layer, the insertion of
25 copper precursors into this layer, the reduction of the
precursors in order to give a hyperconformal metallic
copper seed layer and its use for filling trenches in
an interconnected structure of the damascene type.

The substrates consisted of 2x4 cm® silicon

30 test coupons coated with a layer of sgilicon oxide (a

dielectric) and with a 10 nm layer of MOCVD TiN as



strips bearing the electrografted filnms were i mrersed
25 4:n a sol ution containing palladium (Pd(11)) ions.

B 142551%5ﬂ%%5 found that the palladi321mas inserted into the
films thanks to the conplexation with the am ne groups
present in the electrografted filns. The strips were
then treated with di net hyl am noborane (DMAB) in order
30 to reduce the palladiumto the netallic state
within the film The strips thus treated were

imr%fog@ri n a@fehs%ﬁol OSSr£OPPET SAldHd ONgybkiYates  were
t ormy

found that a very in copper |ayer was uni
depesiruettureld, s Heatimy 20t alny seidiebyt tdrechmet alwitth a spacing

pal |_adi aggregates present within the .
el ef ro_%&f d %Tc# nf Cé%%ﬁ‘/atqunagﬂuﬁ Hi Gh n- No specific
r esel BbkheRgS CaRNighiE fRlcRCt £ PEa thEROSGRRE Ohriled out before
structured Ti N substrate showed that the copper |ayer

Swas Ehpusilegieogrrf bingi nFheelssmanigiesitedwpagemot carried
hypg Eog&gggalieggtq aunifarmsthickness of about 20
nm P 2§ pen ed %;. it

i gure ap heret o 0 Copper was then
el ectropl at aech opllectiregzecéded afelmt hwasobpabededsi Agom a

a solition of copper_ sul phate in sul phuric acid under

gal PRRBSEER] Ofc A IGRONIUT A S 2bHRTY Soowat ppubst tuted

uni LOER GRRRG GPaGLBEpY¥aS n @éﬁi&!x@ t01& apidl el Presence
on the pretreated Surface. 15 The substrate was the
10c| eafedtahdaechbyilpmmonéym | perbblorateur é8E2Bhe agr esupport

exangneg iT % hi gh- resol ution scanning el ectron
i crosc ﬁg_y fi's showed perfect filling of the

trenches W rheCpaitrofddf tielyy wdewesptrded blie seed fixed
| ayer haan% fulfilledits role 20 perfectly (Figure
29 BppeRbéa héPetao)i?-ﬁEk%%r%dqs.seF-wﬁi-sTélﬁarﬁyﬂNe surface was

|1l ygkgpabes &m%%&{&amggﬂme&a $84%d Welrddodile

el ectrografting a mxture
15 clip), the counterelectrode was a graphite surface and

the reference electrode was an Ag'/Ag electrode, these
being connected to a Model 283 EGG potentiostat (from
Princeton Applied Research).
As in the previous examples, the electrografted
20 film may be seen to be hyperconformal to the original
surface, with a uniform thickness of about 40 nm.

Metal precursors were inserted into the
electrografted layer in the following manner: the TiN
strips bearing the electrografted films were immersed

25 in a solution containing palladium (Pd(II)) ions. It
was found that the palladium was inserted into the
films thanks to the complexation with the amine groups
present 1in the electrografted films. The strips were
then treated with dimethylaminoborane (DMAB) in order

30 to reduce the palladium to the metallic state within

the film. The strips thus treated were immersed in an



25 vinyl nonomers and copper precursors, in one and

B 14255 Bhggsane bath, and its use forgfilling trenches in an
i nt'erconnected structure of the damascene type. The
substrates were flat 2 x 4 CM2 silicon coupons coated
with a 400 nmlayer of Si02 and with a 30 10 nmTi N
| ayer obtained by MOCVD. As previously, no specific
cl eaning or surface treatnent was carried out before
the el ectrografting. The experinents were not carried

out eyiBdeEotL8aN dRMRCON bt DRS: Al ildB efsehaoanhatt &d very
onto these substrates-was produced using them as

wor khiag elaagtewdiayer awelsr esifomilact degesseedup this being
simlar.to that of the previous anpl e. The

ol cERFBIVEPE BY SohtiToheRAACaPRoLarraN godtegates present
4- vigdy hpyr ittienes ladet iedipr e Dr oI dle OBsdictAtAYh- in a high-
formam de in the presence of_tetraethyl ammoni um

Sper ERPBLUEEORTEAPFaRB1Bgppoeieer el ol JieroghaPeoupdhs the

10 E’@Eﬁcéhgead 'I‘ig& t ﬁuﬁ&@fé@é d gﬁoglfedt h:q'.ia( | @ﬂgt tc“: .ﬁ%etrhelayer
el ectrografting bath and contact was nade wth these
substasat eguesi ng ikecr adedi lorigingl wWelecwasgreited layer,

[ rsed in_the bath., Spectacul ar results were

bt BV REGCOBRPRORD, 15 tRofa s Sefor AR A Yo PR 20 7
nmeasgii gieat ssahppkadeAPALSEHS)aNd at 5 cmfromthe

meni scus were identical, to within the precision of

10an atonic fEPpRer cvascdpen (AIMOLroplatest gntew the seed
Ceni' mé:‘:tr:r ?Eufsr %@ttaqge%orﬁtsﬁ%tg taﬁls%&turt d% 021:0 c':oéla%p%iscthlphate

conp? pentary experiment wa en preforned

t heigaubstinghainias piesdr aifiled hemilzemicytatiai eheditions,
one fifth of its length starting fromthe bottom

suf FREELNL | 3PAeepl Y FhachPt HEIAH e EAPPSTCRCPayeRg  was

TheopeHPRBAt bUSraphal ghedriesni FHBN pedtirBathe gheshte.

15 The substrate was then cleaved and the trenches
in the fractured 2zone were examined in a high-
regsolution scanning electron microscope. This showed
perfect filling of the trenches with copper, with very
few voids, the seed layer having fulfilled its role

20 perfectly (Figure 29 appended hereto).

Example 18:
'This example illustrates the complete formation
of a seed layer by electrografting from a mixture of
25 vinyl monomers and copper precursors, in one and the
same bath, and its use for filling trenches in an
interconnected structure of the damascene type.
The substrates were flat 2 x 4 cm® silicon
coupong coated with a 400 nm layer of SiO; and with a
30 10 nm TiN layer obtained by MOCVD. As previously, no

specific cleaning or surface treatment was carried out



25 grafting bath, with the scratch at the bottom so

B 14255 .Bhair the scratch was in the sghution. As previously,
the coupon was inmersed up to two-thirds of its
l ength and the contact (clip) was not imrersed in the
bath. By carrying out the electrografting under the
30 voltametric conditions as previously, a uniform
copper coating was observed starting fromthe
meni scus right down to the scratch, but nothing
ent eedrbhe 1ver atieh + raRd alrhe nBOt t B Ofexd e Sidrid: - were not
that part of the Ti N surface which was no | onger
el eedrréafll gutonndereglaas rpom contéfiomsi.s confirned
that the gr h-.is i.ndeed 5 electrically activated and
that coati ngm?%lﬁotelggﬁgoﬁgg%t%)% ém%l?r r%‘n%sleesssuq);trae}:es was
cheprs@uptionuginRe e6RehFiaglUr oBRingPRaREGTII €18) a three-
Li kew se, on the unscratched plane substrate, AFM .
5t hi ekReSsofRasERENHERt s SdRdkEy t ke tthatcoppfer the previous
coaLi S y i-far fore.indicai V- .
oo SRR YEs ALY 1ok 6Bl 1hE Yol dth 'S Bffiidion of
semtevndutpyvidideN subibst ratiprofgen brouide pr asencdiméthyl -

t he_copper . precursqr, the growth nmecpani sm had the _
chaFSE‘gg‘P%@?@ cs'™of R el BERPGUCR (19t ed Cettasthy anmoniun
el epbregI 84t 80 (Tea®h)i Ay ddphet hergeeeol1ihe . SaMR coupons
trials but without the organic precursor

10( 4- verg| ShioRsicheyPditd nbvoshbirds dif cheéheﬁmt alengyzh i Ag the
i SRETSERPT T b T hE™EnSHTo b1 8 dfThorunfy cchese

dr opubstthecesubssiage. a20cldeweddle i icldfpqul dithieeotwets not

that the asure- nment_currents were rapidly nuch
high@?ef%ggth% BheePabk- several mA) than was

expected Tromargbgphe eheelnes 1 Npdidatl Bﬁth'EL?l%%lSS- Uniform

Most of the current flow ng through the el ectrode

15cormetpbhizat tont as edltsredf (the measurements at the

meniscus and at 5 cm from the meniscus were identical,

to within the precision of an atomic force microscope

(AFM)), even at a few centimetres from the contact
electrode.
20 A complementary experiment was then preformed

in which the substrate was prescratched horizontally at
about one fifth of its length starting from the bottom,
sufficiently deeply to reach the subjacent SiO, layer.
The coupon thus scratched was immersed in the electro-
25 grafting bath, with the scratch at the bottom, so that
the scratch was in the solution. As previously, the
coupon was immersed up to two-thirds of its length and

the contact (clip) was not immersed in the bath.
By carrying out the electrografting under the
30 wvoltammetric conditions as previously, a uniform copper

coating was observed starting from the meniscus right



25 cuprous ions to netallic copper on the nascent seed
B 14255 hayer fornmed initially. The reggdual currents due to

the electrografting reactions were probably not

det ect abl e when copper grow h beyond the seed | ayer

was underway. 30 Finally, conplenentary tests were

carried out on patterned specinens (trenches 0.22 ~im

in width, with a spacing of 0.22 pmand a depth of 0.4

pm in order to study the norphol ogical properties of

t hege@at iRgSehd @ cr%aimh v Oobh AMRIHH G of 08FEE188S tMRS Escratch

applied, in the sane baths and in the sane set

mcendgaﬁhﬁ hotiaPMored Shencelestpic fe]@i)tbepaeféawggthe TiN

ye e .coupons di

i nt 089? % Q'glﬁl-:%so‘& %%a‘?gt %}é,ggg]eﬁd %%grrli\%as Xep Oﬁl{géatdesd was
ovehott Woatad.dsThl st hkeorofiliesd thetl adle throwtheiirg indeed
untreated TiN. 10 SEM observations on the treated

5y egf‘—eﬁgtEF%%Hy aghdweded mEacalthat ARt e ariterobtained
| ay hi IsNg BES, tlﬂ]}gggs nd

|gﬁ?y édVEH%ES%&%%y corﬁl%gé lvq\f?h t he suS?f aécFelgure 30
Thi spkeypdedshetrets)in line wth the high degree of
conformality.pbtained with, just 15 a raft

Coyer TheskiBBKAE Ry s ks dRadry St FipBY SiStrace,

el estmochBitRAksdepaRialc@en(detld) FhoverpercHdtomtthe copper
commercial bath. For this purpose, electrical contact

10nasCRAEENGN Walfe YREY SBdEPTal ecthexpiatedipdicabingha very
20 $BECLERDT.; JRNS: (dULHA0 SANRETAASDIS LD DupEhauctive
he ~speci nen was nverted t hat “r egi on of
spe'MNensubémrahad [T esm oum y Hieen peiee;elmcegr aft ethe®ascopper
exposed to the chem cal Cgﬁr el e tr 05|t| on

bat Bre%“Fé?rcoEBSr TEPWEDy

of an electro-initiated electrograftlng reaction.

Qﬁristics

15 Furthermore, the same trials but without the
organic precursor (4-vinylpyridine) did not show a
direct metal coating on the TiN barrier, except level
with the meniscus, which is attributed to the known
effects of the ohmic drop of the substrate.

20 However, it should be noted that the measure-
ment currents were rapidly much higher (of the order of
several mA) than was expected from a simple electro-
initiation process. Most of the current flowing through
the electrode corresponded to the reduction of the

25 cuprous ions to metallic copper on the nascent seed
layer formed initially. The residual currents due to
the electrografting reactions were probably not
detectable when copper growth beyond the seed layer was
underway.

30 Finally, complementary tests were carried out

on patterned specimens (trenches 0.22 pym in width, with



25 the specinmens was very interesting - a pretty

B 14255 etgdd | ization | ayer of unifornmygopper was observed on
‘the central third of the coupon, that is to say on the
surface of the specinen that had been previously
el ectrografted, whereas no copper was deposited on the
30 TiN barrier layer. In addition, as previously, it
was on the upper third of the electrografted strip
that the contact was made, this contact not being

| mmer @l difg Wre EGR Rat huhdh ked lxcad ef iRy eihh8hger to
1 cmfromthe neniscus. The seed | ayer was therefore
suf Biteidenthe nmmhqim;s:adndmmms/@ﬁ dthe | ovatEomys. The

CoPlly AT P08 LU LSBT LD came

t habatper taed Qh ttige Stsame | etViygh bhee again, a uniform
el ectrografting was carried out, y represents the
5conf'3EEOFEEPAR FOPPERe CoBtdBEr YgFaPPERE Ve epr esent s

t he contactFLgréghﬁgfgt@ﬁpgab! geand,d £ pr%gFQ%Erds into

that part of the strip at waS el ectroplate
rricthscdmﬁith,st apdpchatt , thee Stdd érgrirnataondepdslieced over

L, 1 d t I .
o1 oRTRa B Handimch A ng CCRPBRTS (PHuSSAcT on LA ) beins

Sat uakazeheey traignch f||||ng was observed, even though
a few voids did appear. The inventors beljeve that,
10under nore FBYogbgsraatdemg thofhe dreatadborggions clearly

cant f end.cal harr
sur%gégg,d gc&?%a?hef{tr&én% %F?al P??%éggerjf% rm’ncé:hls film
be babﬁga@bnﬂdqtﬂynwdw@ﬁnuéﬁégahd S&Lgmmyukﬁbantageously,

hereto). CLAIMS 1. Process_for coatlng a surface of a
SUbSEREPETES WRER £RSctRTIAd of T frobar Y| FesHaterigin line

theys@hdthe high degree of conformality obtained with just
15 an electrografted layer.

These seed layers were used to initiate
electrochemical deposition (ECD) of copper from a
commercial bath. For this purpose, electrical contact
was made on the previously electrografted part of the

20 specimens. Thus, during copper deposition by ECD, the
specimen was inverted and that region of the specimen
that had previously been electrografted was exposed to
the chemical copper electrodeposition bath.

After copper electroplating, the appearance of

25 the specimens was very interesting - a pretty
metallization layer of uniform copper was observed on
the central third of the coupon, that is to say on the
surface of the specimen that had been previously
electrografted, whereas no copper was deposited on the

30 TiN barrier layer. In addition, as previously, it was

on the upper third of the electrografted strip that the
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surface being an electrically conductive or sem -

ctive surface and havi ng recesses and/ or

projections, the said process conprising the follow ng
steps: 10 - an organic filmis placed on the said

surface, the said filmadhering to the said surface

and having a thickness such that the free face of

this film conformally follows the recesses and/ or
projections of the said electrically conductive or

semgondugt | urf 0 [ [ sl d;, .= .
precursggﬁbfwgie%%g%élI@%E%HEE¥R§¥H: ﬁO&nggﬁtgﬁ ﬁWT?ﬁ%Fd n
t he tda ECQH daatilc émdnbﬁhagedomaudﬁamdnﬁ(thanfhcem ftom the
the sanme tine ?E or after, the step cons i stin

bl 2B A5 s ol leor §REc THYRT ot CEATGToRS apFaigiently
and copfth@grisd PRAGUr S@énalictNfemet@h| | GIMEdweri &lcD copper
inserted within the said organic filmis converted
5 nt sleposd tdgind et shie; ctquialreg@onhd@yt Amgexpstign i the
mat er_i. al f on mal saj.d recesses _and/ or
25 g?é?%ct|o S %f %ﬁg sa#% sur a6% ?g”be%%oaeggegﬁgts that
W t piott ildhe i 6her garlie fih Mrhichr dgle tl Ot Fogrhtting was
the latter, the said seed film 2. Process for
fabﬁac?éa'tlleﬁ]g Pt er ¥orifRRELSEDREF S afRe3(C oMKy at€Fion for the
Ci I GlilelocBoFGhQBLEC T ONidisyeddif Sal d igder COBAEELE  for
consisting of a nmétallic material, the said process
Q:onprluegtnr@plnamlme angl Ibv\mgresaets thatstpgpy of the strip
|nterconnect patterns in a

gsglggkln %?F%ng said patterns formng 5

recesses an@r@&tl ogal | mews@@tpll@ns eBandagbantt,hrovgh  sEM

the said substrate;
examination of the copper filling was carried out on

specimen sections produced by nanomachining (FIB

15 (focused ion beam)). Satigfactory trench filling was

observed, even though a few voids did appear. The

inventors believe that, under more favourable
conditions (clean room, improved control of the
chemical and barrier surfaces, etc.), the trench

20 filling performance may be substantially improved

(Figure 32 appended hereto).
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b) depositing a conducting barrier layer on the said
gt d dielectric substrate, i,ch | ayer prevents the
metallic interconnect nateri al f8rom mgrating into 10
the said substrate, the said barrier layer having a
t hi ckness such that the free face of this |ayer
conformally follows the interconnect patterns of the
said substrate on which the said |layer is deposited,;
c) coating the conducting barrier |ayer 15 deposited
on the etched substrate wth a seed filmof a
netallic material by neans of the process of Caiml;
and d) filling the recesses @LARMShe said netallic
material starting fromthe said seed filmin order to
20 formthe said netal interconnects nade of the said
metallic mipgidcdlss 3fofT QRIS MRECAr FuFale Gbai M lg@bstrate
2, in which the organic filmis an organic
ig(m y@ér . a28neta i e yotagdeldi ngheo said

d aj r 2, .0 which t ic fi in .
fr o%ﬁlg%g%eem (l:oglllgl r eé’ﬁlr soefwecﬁcw)"[el%g%f]?y ch%ésllené“ﬁft?%;rr?t h%g semi-
gr oupndartiisel ng sufrfadey| amhoneisyintet hateyesged®r and/or
acrylic¢ aci,d ester nmonopers, 30 functionalized or ,
unt BREDEGRAPPFed theazpm dnPEaress compeiisdng ithe &pllowing
unf upepisonal i zed sul phoni um salts, B 14255.3 EE 100
functionalized or unfunctionalized phosphonium salts,

10f uncti onal i zednor andaumct | ohilm zedlsi opdaicer sant s,the said

f yam bt.ai_ned .
Dol GLERBERsarrn R e O (o R PHA Fisfage and
by ne¢liaephi thd ckhes®s eheRd Rt ldite ddackiacdddof this film

m xtures thereof. 5. Process according to laim1 or,
2. FranfpreAliKe follows the recesses and/or projections of

the said electrically conductive or semiconductive

15 surface on which it is placed;

- a precursor of the metallic material is
inserted within the said organic £film placed on the
said surface, at the same time as, or after, the step

consisting in placing the said organic film on the said

20 surface; and

25

30

- the said precursor of the metallic material
inserted within the said organic film is converted into
the said metallic material so that this metallic
material forms conformally at the said recesses and/or
projections of the said surface to be coated and within
the said organic film in order to form, with the

latter, the said seed f£ilm.

2. Process for fabricating interconnects for an
integrated circuit in microelectronics, the said inter-

connects consisting of a metallic material, the said



organic filmis obtained fromone or nore activated

B 14255 \ mononers of the follown gstructure (r): 10 (1)
in ich Rl, R2, R3 and R4 are~d0rgani c groups chosen
i ndependently of one another fromthe group consisting
15 of the follow ng organic functions: hydrogen,
hydroxyl, amne, thiol, carboxylic acid, ester,
am de, imde, imdoester, acid halide, acid
anhydri de, nitrile succi ni m de, phthalim de,

| sopyapake &R sihaxang PEIZOAMNGOR®der, the steps

benzophenone, carbons? 20 di 1 m dazol e,
p- thO@ﬂ@@Ghﬂhonyl p- nltrophenyl chl oro- fornate,
et hyl ene, d ar omat Process accordlng tQ

|
G alma. i nalh iy encthERREoBPeR  RaS e Raln

i's aléme@t&Q&al ghpyprabal Cathe 25 dolidP t BAtPEAHI SOforming
of the netallic material. 7. Process according to

50 aFRFESEES2 anth aBFéAnahey ETRIETEHdnesm o8 anddlopnethrough

obt e merization of a vinyl nononer
chogg% g?gﬁl%ﬁgséggbg ‘B 14255.3 EE 101 consi sting of

vinyl monomnen s depoeh tdagaer Worrivdtine;, barrler layer on the

th I tr Iate et hyl
ot Ry tned,, Fua Toe e Mo BRE LS Syn TR Havien qeevents
hydﬁaéyméaélm;t myfﬁﬁemdﬁgwpmpykrw RAYMHBLRy into

ci dyl methacryl ate, acryl am des, and especially
1°am ﬁg@t taid amubspresyl, e netwid)| baamﬁnpdm;ﬂr ahdving a

am Eﬂpﬁﬁ%ﬂlasgm gﬁgﬁyl %?a €St Hey @ Crylfaat o aCItJns layer

pol ye ene gl'ycol "dimethacryla acrylic

met banfykmalayl df o1 Bdwd efrbre plﬁbéﬁwﬁﬁdéen@attems of the
N-vi nyl_pyrrolidone, 4 10 V|n¥l6 yri dine, vinyl halides,
acr?Pb?lSEPFBFPBS onnwhpgbr GheyFadrl dpvaE, iandeposited;

derivativescihgpgling the  conducting barrier layer
15 deposited on the etched substrate with a seed film of a
metallic material by means of the process of Claim 1;

and
d) filling the recesses with the said metallic
material starting from the said seed film in order to
20 form the said metal interconnects made of the said

metallic material.

3. Process according to Claim 1 or 2, in which the

organic film is an organic macromolecule or a polymer.
25

4. Process according to Claim 1 or 2, in which the

organic film is obtained from a chemical precursor

thereof, chosen from the group congisting of wvinyl

monomers, methacrylic or acrylic acid ester monomers,
30 functionalized or unfunctionalized diazonium salts,

functionalized or unfunctionalized sulphonium salts,
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8. Process according to Caiml, in which the organic
f§|éﬁl ncl udes functi onal groupjzO hat are 15 |igands
forprecursor netal ions of th tallic material. 9.
Process according to Claim1 or 2, in which the
organic filmis deposited on the surface by neans of a
20 techni que chosen from el ectro-nedi at ed
pol ynmeri zation, spin coating, dip coating and
spraying 10. The process according to Caim1l or 2,

o.th h
and ol o5l kd ok it SEOEL 0T £hoa "RUCSEERIYY sales,
theﬁmmdtmnmahmﬁdﬁa.®h|chnéﬂﬁcma@@angzbdmnibdﬁﬂlmm salts,
500 umor from_0.001 to 100 um 11. Process_accordi ng
to EFEMYEBE LOF Pyt essoo%\'ni”n’ge‘?othEOHYﬁ@HQFBﬁétlon'

of %@%ﬂf%“ﬁéﬁghégglgﬁa@ é&35%e3dﬂééygéFﬁf”ﬁﬁéi@@ﬁhlllc or
the organic filmis placed on the surface™ wt

& hi elestsropdyidiing attaek). GOE o xtiqes ti'@ire@’focess

according to Caim1 or 2, in which the 5 precursor

of the netallic material is chosen in such a way that

it san be ceEnRIdLd ddddrdiiry 3 CIEimll ier 2ptehi Rhich the
by a technique_chosen from precipitation,

cry@tr@lanlfatﬁbﬁm driosSPEARNRE, BERP e§REI 0P afPre activated
el e Rr A gyl or

> i‘%z%&a ﬁhtdﬂzﬁ'lerlsoo]fsthe%?.%uﬂ.%%t all%ttuq_‘ @y

precursor o c material is

i 10an i on of the said nmetallic material. 15 14. Process

according to Caim1 or 2, in which the precursor of

the netallic materi al |8‘chosen f #RM t he gr oup
consi sting of copper |on%:>55g£<(?ns gold ions
4

R R" (1)

in which R', R?, R? and R* are organic groups chosen

independently of one another from the group consisting

15 of the following organic functions: hydrogen, hydroxyl,

amine, thiol, carboxylic acid, ester, amide, imide,

imidoester, acid halide, acid anhydride, nitrile,
succinimide, phthalimide, isocyanate, epoxide,
siloxane, benzoquinone, benzophenone, carbonyl-

20 diimidazole, p-toluenesulphonyl, p-nitrophenyl chloro-

25

formate, ethylene, vinyl and aromatic.

6. Process according to Claim 5, in which at least
one of R', R? R® and R* is a functional group that can

trap the precursor of the metallic material.

7. Process according to Claim 1 or 2, in which the
organic film is a polymer obtained by the

polymerization of a vinyl monomer chosen from the group
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1

and ions of tin, titanium vanadium chrom um iron,

t, lithium sodium alunif'fnl magnesi um 20
potassi um rubidium caesium Strontium yttrium

ni obi um nol ybdenum ruthenium rhodium palladi um

silver, cadmum indium lutetium hafnium tantalum
tungsten, rhenium osmum iridium platinum nercury,
thallium |ead, bisnuth, |anthanides and actinides. 25

15. Process according to Caim1l or 2, in which the

met AdrsG Pk | 8k '\fcﬂ.rﬁﬂppﬁlbneﬁle@sat ' QHE‘?’L ¥ Repgesfitrile,
according to™Caim1 2, in which the 30 preclrsor

i's mmuhayﬁyiqnuﬁruhamﬂ panetiyes ormﬁxh lege, ethyl

165 AR TR B, RRgPi 85 el e EnfEeynane

m C@iy'd&%xye@@iyﬂ”%eﬂl@@@ﬁ?ﬁ@ﬁés Hy&ﬂcﬁfﬁl%iaylcaﬁ@@ﬂacrylate,
nanot ubes, cyclodextrins, and in _which the step of
%on@éﬁﬁlﬁglt henethaexr 53k i nt ecnréa@afiGSnet a@nd ¢ especially
mat I ar r iy y r

par rar oSt Gy Rl nep by DY [ BndASklayL 2 ftBbpentyl ang
Proamssohexyﬂdm@ghbnrgﬂadeésorc&anbacwpﬂaheshepolyethylene

recyr sor. .th lic nater is.insert [
P e S e AT AT e ey L S e gy Tic acid,
CO&%&@QenEeChnh@“@hlé@bs@”ﬁ@ﬁés aCQ@Rﬁhﬂﬂﬁ@%fgrﬁdBﬂE 4-

or 2, in which precur sor of the netallic material
0s Mioadoyeidine,n 131nbré orgaﬂmdea, m apkutetlon chborlde

sur N, 4.0n sQl.ution whi ¢
pot HeEPestYanvAr Srlordde; 300 dst Rl bt ' ©
material and a solvent for the organic film the said

|nsert|on solution including the said, precursor of
t he neta|||grﬁg@@§|apccord1ng to Claim 1, in which the

organic film includes functional groups that are

15 ligands for precursor metal ions of the metallic

material.

9. Process according to Claim 1 or 2, in which the

organic film is deposited on the surface by means of a

20 technique chosen from electro-mediated polymerization,

spin coating, dip coating and spraying.

10. The process according to Claim 1 or 2, in

which, owing to the dimensions of the recesses and/or

25 projections, the organic film is placed on the surface

with a thickness ranging from 0.001 to 500 um or from

0.001 to 100 um.

11. Process according to Claim 1 or 2, in which,

30 owing to the dimensions of the recesses and/or



20 19. Process according to Caim1l or 2, in which the
B 14255 pfagursor of the netallic matefgal is inserted within
the organic film placed on the surface, by neans of
an insertion solution which is both a solvent or a 25
di spersant for the precursor of the netallic material
and a solution that swells the first material, the
said insertion solution including the said precursor
of the netallic material. 30 20. Process according to
0 aigRol it idnd N tHE CHr&Hi ¢ SEEPMCARSISIAME Idh the surface
inserting the precursor of the B 14255.3 EE 104
met #ithe anhaidkalesd tangimee forqgal .Gl [tm @loaced on
the said surface is carried out at the sane tine as
the -step consisting in placing the organic filmon
thelgaid spHoReeD\IRAT R & dTEHitl O SP) UhOfhich the
conprising 5 both the said organic filmor a precursor
of PRECYESET Stfgdihe wetad hie mhtepiadudsochsseren such a

met gLli C.p i@t gLl 21. P carding i :
or 2,aly]i n V\,%?chtt ﬁéean1%)3est%ﬁ?&?ﬁsgrnt@lonngt%%egaqdm '%etalllc
prevatsoiadf blye set akkhnigueer chbsent ofrbe opgecipitation,

ilmis cg&nie out by neans . .of a first solution,

f .
conFAYRLR ﬁﬁé%ﬁF@tursquﬂsﬁﬁﬁ?kﬁﬂﬁ%ﬂIic??ﬁﬁ%ﬁqEﬂ?n and

andellBcthioph athegst ep of converting the netallic
material into the said netallic material 15 within the

10organic filmis carried out by means of a second

sol ytion th t int sal recursor. ,of
theﬂrgnét al l'i %Ercr%f%gr%i g]%.cc’%glhgr ggetszlglaa%ncglr oclprngzc't e %I?Jrﬁ:h the
21, praculsolr tdie the siepsllic i matkiring tihe pheCidB30bE the
of the netalhic material _.into the organic filmand of

conferfi Bgtafidic material.

15 14. Process according to Claim 1 or 2, in which the
precursor of the metallic material is chosen from the
group consisting of copper ions, zinc ions, gold ions
and ions of tin, titanium, vanadium, chromium, iron,
cobalt, lithium, sodium, aluminium, magnesium,

20 potassium, rubidium, caesium, strontium, yttrium,
niobium, molybdenum, ruthenium, rhodium, palladium,
silver, cadmium, indium, lutetium, hafnium, tantalum,
tungsten, rhenium, osmium, iridium, platinum, mercury,
thallium, lead, bismuth, lanthanides and actinides.

25
15. Process according to Claim 1 or 2, in which the

metallic material is copper or platinum.

16. Process according to Claim 1 or 2, in which the
30 precursor is in the form of metal particles or

aggregates, optionally encapsulated in a protective
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said precursor into the said netallic material are

r ted several tines altern y. 25 23. Process
ﬁ%gﬁfding to daim17, 18, 19a%¢$20, in which the
insertion solution is an aqueous solution. 24. Process
according to Caim1 or 2, in which the precursor of

the netallic material is converted into 30 the said
netallic material by electroplating, precipitation or

el ectrol ess conversion. B 14255.3 EE 105 25. Process

accrd t oo b Ak, k.80 | Ny, ch . surface-is.

con 5%5?%3 or senﬁloﬁ%uc§?§% %%@?écé%ggﬂéﬁﬂﬁﬁgé§$calgelles’
fil podomeirst snahoaphengs, pofuiteranest,he Earigdral | hanotubes,
materi gl js caopper or_platipu the precursor of the
netgwpﬁSQ%ﬁﬁﬁﬁé%'kﬁﬁ%glﬁ Ugbg%rtaﬁ_ﬁQﬁBrﬂﬁncPBﬁ?rEBpg the
Progeesuaeesl difto! aHd asMid, ddtaMiich hheerlQisurd aggrrica
havi ng recesses and projections is a surface of a

Ti cPYENDY. TEAeaigresthaderall mprtoidles not, aggragaths from
t he Is trate includes on its electrically
con5§%€?VS% and/ or sem conductive surface havi ng

recesses and/or projections, a barrier |ayer that

prevents the netallic material frommgrating into
theldai d suBsPCsSs, arerddsiad toartliaim |bhy@¥ havihgwhich the

thi?E@%§§s§¥3%qjyﬁeEﬂ?ﬁafﬂfﬁaﬂéggifglt LS; LAYELeg into the

conformal 'y foll ows e 20 recesses and/ or projections

10of phegavaicd Eubst fat emeanswhoth at hdippidgbasr i epimayevating

'S 9%88§Lted- 28. Process according to Claim27, in

whi ch-'B8HEFe  the step consisting in placing the

organic filmon the 25 said surface of the substrate,

it furthernore includes a step consisting in

depd8iti ng PHECESERd AssPrrcdng &PelClaim 1 or 2, in which the

precurgsor of the metallic material is inserted within

15 the organic film, placed on the surface, by means of an

insertion solution which is both a solvent for the
precursor of the metallic material and a solvent for
the organic film, the said insertion solution including

the said precursor of the metallic material.

20

19. Process according to Claim 1 or 2, in which the
precursor of the metallic material is inserted within
the organic film, placed on the surface, by means of an

insertion solution which is both a solvent or a

25 dispersant for the precursor of the metallic material

and a solution that swells the first material, the said
insertion solution including the said precursor of the

metallic material.

30 20. Process according to Claim 1 or 2, in which the

step consisting in inserting the precursor of the



29. Process according to Cdaim2 or 27, in which the

B 14255_ga@@ier | ayer is a |layer of a]] terial chosen from 30
o)

the group consisting of the f oW ng: titani um
tantalum titanium tantalum and tungsten nitrides; B
14255.3 EE 106 titanium and tungsten carbi des;
tantal um tungsten and chrom um carbonitrides;
silicon-doped titaniumor - tantalumnitride; and
ternary alloys conprising cobalt or nickel alloyed

W t ReBal BiEamhOEY1i8UCK 128 1 A0 tHRAQIYAN 12 eIl W Led on the
tungsten, and with a dopant such as phosphorus or

bor 8aid3Gurfastesss acworiiaty oot Cadi ntReorsa@e, time as the

whi the barrier l.ayer is_deposited hy. a techniq .
ehotbrp 1BEPPERELRE (R ENoCaRS: Tt e e ol Wity said
or sphystealbyapedhsdeoshhi Ohd&eibHUSDIuelionPr 6RSSising

according to Claim2 or 27, in which the barrier _
5 ayePtisthReTioRist arsqawis Fay®r oandk t BEecussaEt gF) ithe said
mat . LS er. : CessS-AGHU L Ng ko im ;
or g%?§+%bmh?gﬁeltﬁgﬁgubg%gatgﬁis an‘?%te??legg% fetallic
i nswhberngllayer for the fabrication of an integrated
circuit. 20 33. Process according to Cdaim2 or 27, in
which the step of filling the recesses is carried out

by 2mpans oﬁr@aeslsea&&@kasﬁ? pbatiadnt acky que fd GfREnh the
solution of the precursor of the netallic material, or

1025 pYepreans ofingerdliaa r dpraat i PyeceEAarqueif othe metallic

de L 1] -gﬁ S 5% é?#i rial, gA. Rr S
CCRGELALNR Lot THAAC T LBty 65 Ry, peans
st epf ofa f £irb80 ddlutenessentwinind0 the Pisddddor of the
nateria{ .a step of _polishing the excess )
metallic material, and in which the step of converting
the metallic material into the said metallic material
15 within the organic film is carried out by means of a

second solution that does not contain the said

precursor of the metallic material.

22. Process according to Claim 21, in which the
20 steps of inserting the precursor of the metallic
material into the organic film and of converting the
said precursor into the said metallic material are

repeated several times alternately.

25 23, Process according to Claim 17, 18, 19 or 20, in

which the insertion solution is an aqueous solution.

24. Process according to Claim 1 or 2, in which the
precursor of the metallic material is converted into
30 the said metallic material by electroplating,

precipitation or electroless conversion.



nmetallic material lying on the said surface. B 14255.3

B 14255 BEgE07 35. Use of the process jgprgording to aim1 for

fabricating an interconnection elenent in

m croel ectronics. 5 36. Use of the process according

to Cdaiml1 or 2 for fabricating an electronic

m crosystem 37. Integrated circuit that can be

obtai ned by 10 inplenenting the process of Caim 2.

38. Electronic mcrosystemthat can be obtained by

i mpl ementing the process of Claim2. 15 39. Integrated

circuit, characterized in that it includes a seed |

fi | BPobt ai nBYoEEsEhacsosedss sccSidiing 1 t¥ G ai¥r which the
yste 4 I 0

2 S pR I, SORRICERRL 6P siuirehdior ) ATl che

Cl abrganiél. fEnmceeSnéQEtgalMﬁnlaaIVynplatpngymer and the

surface, .the said surface being an electrica

|
SconBEERLY&CoMABETdd chhdERRPYE Shr PAed 1AWR haRﬁ/%gprecursor
recg§sqﬁl@ngveg 1]_F1TCOJ tﬁQEéPfél tﬂé‘:ir@'g RRAESS or platinum

conprising the f lom ng steps: - "coating of the said
surfape with a seed film of a netallic material using
the process of Claim1l1; 30 and B 14255.3 EE 108 -
gal vani ¢ deposition of a netal |ayer of the said

ant alsl.ig mapebtaksst actbhgihgontd heolsaingd 96edihi | which the
obtai ned. 5
10 surface having recesses and projections is a surface of

a microchip.

27. Process according to Claim 1, in which the said
substrate includes on its electrically conductive
15 and/or semiconductive surface having recesses and/or
projections, a barrier layer that prevents the metallic
material from migrating into the said substrate, the
said barrier layer having a thickness such that the

free face of this 1layer conformally follows the

20 recesses and/or projections of the said substrate on

which the said barrier layer is deposited.

28. Process according to Claim 27, in which, before

the step consisting in placing the organic film on the

25 said surface of the substrate, it furthermore includes

30

a step consisting in depositing the said barrier layer.

29. Process according to Claim 2 or 27, in which
the barrier layer is a layer of a material chosen from
the group consisting of the following: titanium;

tantalum; titanium, tantalum and tungsten nitrides;
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15

20

25

30

titanium and tungsten carbides; tantalum, tungsten and
chromium carbonitrides; silicon-doped titanium or
tantalum nitride; and ternary alloys comprising cobalt
or nickel alloyed with a refractory such as molybdenum,
rhenium or tungsten, and with a dopant such as

phosphorus or boron.

30. Process according to Claim 2 or 27, in which
the barrier layer is deposited by a technique chosen
from the group consisting of chemical vapour or

physical vapour deposition techniques.

31. Process according to Claim 2 or 27, in which
the barrier layer is a TiN or TiN(Si) layer and the

metallic material is copper.

32, Process according to Claim 2 or 27, in which
the substrate is an inter-level insulating layer for

the fabrication of an integrated circuit.

33. Processg according to Claim 2 or 27, in which
the step of filling the recesses 1is carried out by
means of an electroless plating technique from a
solution of the precursor of the metallic material, or
by means of an electroplating technique for depositing

the said metallic material.

34. Procesg according to Claim 2 or 27, which
includes, after the step of filling the recesses with
the metallic material, a step of polishing the excess

metallic material lying on the said surface.
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10

15

20

25

30

35. Use of the process according to Claim 1 for
fabricating an interconnection element in
microelectronics.

36. Use of the process according to Claim 1 or 2

for fabricating an electronic microsystem.

37. Integrated circuit that can be obtained by

implementing the process of Claim 2.

38. Electronic microsystem that can be obtained by

implementing the process of Claim 2.

39, Integrated circuit, characterized in that it
includes a seed film obtained by the process according

to Claim 1.

40. Microsystem, characterized in that it includes
a seed film obtained by the process according to

Claim 1.

41. Process for galvanically plating a surface, the
said surface being an electrically conductive or
gsemiconductive surface and having recesses and/or
projections, the said process comprising the following
steps:

- coating of the said surface with a seed film
of a metallic material using the process of Claim 1;

and
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- galvanic deposition of a metal layer of the
said metallic material starting from the said seed film

obtained.



