B 14255.3 EE 1 PROCESS FOR COATI NG A SURFACE,
B 1429FABRIEIATI ON OF | NTERCONNECTS | N M CROELECTRONI CS
USING TH'S PROCESS, AND | NTEGRATED CIRCU TS 5
DESCRI PTI ON  TECHNI CAL FI'ELD The .present invention
relates to a process for coating a surface of a
substrate with a filmfor 10 nucleating a netallic
material, to a process for fabricating interconnects
in mcroelectronics, and to microelectronic
i nt er PROGESS onFOReneAOATINGectA oniSURFACE psy SHABRIGRTION OF

The: surt oo SSTERIONERHE 188 hotSR0ELBERSRIRE", dme  mars
the particprateEseat Wb ONTIERNE QeiHdwRtd Y

conductive or sem conductive surfaces and of having
recesses and/ or projections, which are for exanple

nkproetched features, for eéaﬁﬁﬁgggﬂgééconnection
hol es 20 or vias intended f ction of

m croel ectronic systens, for exanple integrated
circuits. The invention .relates in "general to a

pr oceSECHNGEALNELIERDf orm - and especial |y conformal -
deposi tion O%Bgekﬁkééﬂﬁﬂfhéghéﬂéﬁt%%E?ké%rQﬁpq¥9§£¥§ess for

or senm 25 conduct’ive surfaces, and
appl i caating, aesperfatey ¢H tdhe suberasges andihetashodsim for

r fabr'catlna int%%ra d circuits and nore
Egrtiﬂﬁ? FRYIRE tfe GthﬁFon“@F rkstRf PretBfocess for
'nterﬁ@Bﬁf@éﬁin@oHnﬂ@%ﬁgﬂﬁéég@s@nb%ﬁ¥&6@1@8998ﬁigépdand to

al so to processes 30 and nmethods for fabricating
m cr dsysregkeahiontonndptersonBertsien 3 edemerits, electronic

microsystems and integrated circuits obtained by these
processes. '

15 The surfaces involved in the present invention
have the particuiar feature of being electrically
conductive or sgemiconductive surfaces and of having
recegses and/or projections, which are for example
microetched features, for example interconnection holes

20 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 'electricaily conductive or semi-

25 conductive éurfaces, and to their applications,
especially 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

30 and methods for fabricating microsystems and

connectors.



PRIOR ART In what follows, the prior art is restricted

B 1425%.3tB8 microelectronics field as2this is

R—

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 ot | jcations, such as mcrosystens or
cpnnegﬁgFgfthg probl em being the same at a sinply

di-fferent scalm®, wMad NEoVEswWsOfhe pPEVCARE! R HeBtricted to
especially cost constraints, are 15 appearing that

mean the mderncs leqpromebsee st halid dewi thss descepredentative of

" . . desce
F el (ROt BEVAEER c PRl B AR o CORESRUY | GFgole  for

di scr eh@ f9efi condrglor dgybersion thadurbace e 2@ncreasing
silicon wafers. A netallurgical interconnection

net wofRChaichRdn gdddficsltoiea hebe debtaisingo wgiferm - and

e _ o i ve d |
b SRR RO - RIS SLACRIE FR1EAE, denena cox

the déssted piowmsdors\ apdt emed fihercetaddngs ilSecomes more
rmed from 25 various |eve|s Egch,level is fornmed b
111ed;

t al PFPRELDGNd A1 RESET nd aithe§heo ¥ hemay) therefore
cont agh§i gl kednspdieLI CRENECHrBRlBRs Yo "YKRSr - apPications,

techni cal devel opient of microsystens has led to an
i ncr e@¥ehi s Mmigroasyshedensin ycomecorsz, Shequarnhlem being

" R oL UGPSR 012 e very wost,
14255néwEEcdnstraints, especially cost constraints, are
15 appearing that mean that certain processes and devices
described below for microelectronices cannot be applied
in these fields. |
Integrated circuitsbare fabricated by forming
discrete eemiconductor devices on ‘the surface of
20 .silicon wafers. A metallurgical interconnection network
ig then produced on these devices, 80 as to make
contact between their active elements and to produce,
between them, the wiring needed to obtain the desired
circuit. A gystem of interconnects is formed from
25 various levels. Each level ig formed by metal lines and
these lines are joined together by contacts called
“*interconnect holesg” or “vias”.
The technical development of microsystems has
led to an increase in integration density and conse-
30 gquently a reduction in component gize. The 1length of

the interconnects has increased and their width hae



decreased, as has al so the spaci ng between the |ines.

B 14258hen BBhese i nterconnects are nmade3of al umi 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

signal propa- gation tines and they Iimt the clock

speeds of mcro- processors. in addition, at high

cur r eAeCyensed eas ahaki wilegw ithe | apheing betsregn the lines.
el ect Lgration. This 10 may,occur in_canductors.of . .

very @%& I gbg%% s%%#FSﬁogﬁa%tﬁayaggus@a%e of " aluminium or
di scoptihgtehes, tkedi NGEROr&fsLsli t rdBfUNCHONS intkRasingly
conductivity of copper, which is higher than that of

al uni Hnaﬁpepaﬁlgéﬁeﬁr%w&wes:oﬁm‘égﬁng sizenpdecrepses. This
uged i i t [ h S [.or, g and

{ho rs0s5AEEARE, FCE' B bed bl ey ERb 8B *Bhipedance
i nt erofnnket &irCuirer, | SnéteosaDERer @dietitaiilcdl0 sidgal propa-
phenonmenpn of ,el ectrqom gratign. For manufacturers_ o

, . f. .
ULSI -FRE1PW E1BEE aRBE- SERRY- Lifedr dhoorrlaflegrreeds 2of micro-
GrcybiSdetHEsS. t WL Crad&it fol! aYad kl‘l?i/gﬁo! gura-.rﬁﬁt ?ensities
conductivity of copper Is approximately twi ce that o

al umi alwnindu der el idielbe t boeamdengo t dectiramiggsitdmon. This
or .,fapri cati.ng metal i.nterconnects

The e of copper f ,
19°, Wi rorEREr A, rohabBlRragBs Sorsr Homid oR itk ion and
25 Wridly evetahder eagiBgoht if088Sesl, N 2dWaldi®Ry COWEr circuit
is also about ten tinmes |ess sensitive to

el ectMEYreEIYE t han aluninium This allows its

better capaci t | e e glectrical [ntedri .
of circuits t%yebe%gﬁ%%e}{i etéP 8%:‘ o(réﬁfh%? él yfqﬂg’ggt h(iag higher
t echilpresthatr erfl | glamdniiabl, e fungéeeni eat | 6gher conducting

ig] t ern{:a%rlanreicélsé ‘ %asretc{ cuilnar li){it%(g)faetreci ntceirz.gcg)t?:{]fsc ,t S'isa ' ea major
advantage, amd the reason why it is 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

20 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
is therefore clearly'advantageous for circuits etched

25 with ever increasing fineness.

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

30 the techniques currently available for fabricating

interconnects, particularly copper interconnects, are



e

B 14255.3 EE 4 not sufficiently precise for

B 1425Bntemgonnects bel ow 100 nm and/ o4 incur very high

costs. Although copper is used nost in current

techni ques, the alternative of copper interconnects is
5 faced with two maj or problens, nanely copper is
difficult toetch (it is therefore not possible to
produce, in a sinple fashion, the wiring patterns by
processes of this type, albeit conventiona

procefses puf faed et®geprer e ef@ﬂEﬂﬁtw&dsmaedﬂtghbéabe 100 nm
of diffusion . ~" 10 into many materials. This
di f f UBRBACKRFNFEE]VESY! ld Ohs KBS rcui ting of

nei ghbouri ng %\iﬁﬁgﬁghand %gﬁ%ﬁf ong t éﬁggrﬁbkt in current

mal function o I r-cul use o anascene
processchasqgasabl ete tabserhaipipeobfermdpperbeirsdv@shnects is
Thi s rocess i,s.based 15 on a succeSS|on of steps,

whi chf aFedas Wishy o¥o ddpdsPti oRTEP! &stntéﬁ“ﬁﬂﬁél copper is
i nsul @f fpgcdi el 6l ik ol a8k §EChﬁﬁ1@ré’fofé‘enot possible to

i nterconnect patterns, consisting 'l nes and vi as,

in therdd'ed:ect dinc & apdmpiye RfEshQ.macttlhﬁe wining patterns by
Et chi_n of .a barri ayer 20 .use 0

ot ovaTOteSERT R PR YRR [ TR Gary S Egiad, processes) ;
vi as ém&hcéﬁﬁéern.sa%ﬁh rETENeht otuthha mgﬁss_~a6:@pp;eﬂ diffusion
& CWP (Chem cal - Mechani cal Pol i shin Danmascene and

Hal m%sm pratesiad shavEhipedh iorpe@ayorlead to the

'er)e(shno ogy %%‘é;:h |ﬁl¥d r%e%\é% ﬁQgg Mﬁggé‘nd therefore

444- 445, oﬂ&malﬂcmm&funetmbntbﬁ hherbércuayers and

their nethods of depositiaq descri bed by Kal oyer os
and Ei senbrauﬂ‘? n“aelt?g ' d F‘F‘G?Fﬁﬁeb&’i‘%lctﬁﬁﬁl af enabled

ggr Sg'il'gﬁééafﬁo Cﬁf?@%ﬂ.eﬂiﬁt %Id I gat b@ﬂvedAn@hlgeProU@s%r is based
ci . (2000), " 30, 363-85. The-nmethod of filling

Y5 enchtes a8 succession of steps, which are as follows:
depogition of an inter-level insulating dielectric
layer; etching of the intefconnect patterns, consisting
of lines and vias, in the dielectric layer by RIE
(Reactive Ion Etching); deposition of a barrier layer
20 used to prevent copper migration; filling of the lines
and vias with copper; and removal of the excess copper

by CMP {Chemical-Mechanical Polisghing).
Damascene and dualfdamascene processes have
been described for example by C.Y. Chang and S.M. Sze
25 in “ULSI Technclogy”, McGraw-Hill, New York, (1996},
pages 444-445. The properties of the barrier layers and
their methods of deposition are described by Kaloyeros
and Eigenbraun in “Ultrathin diffusion barrier/liner
for gigascale coppér metallization”, Ann. Rev. Mater.

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

and wells with metallic copper 1is described by



and wells with nmetallic copper is described by B
B 1425M425FE3 EE 5 Rosenberg et al., inS5"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 danmascene process nust, fromthe industria

standpoi nt, neet certain specifications, as follows:

the resis- tivity of the copper nust be as close as

possi Bosenberdcheetntal nsi dir edCopipeirt ymetatdppetionhefor high
copper eposi tion process _nust allow c lete fill] .
o OPEFERRE P AT o HBP LE8Rar | Aol GV eblpfer- Sci.
- and (2abeve &g, 22sngihe case of etching with high
aspect ratioS] the adhesion of copper to the' barrier
| ayer nust b&hei grethwligaft & igrlanant withagopagonused in the

during_th cheni.cal - nmechani c ol ] i B .aRd \
Pl owehRBrghts Bererp . oL b A aphER 31’ dikndpotnc,
gener aketf raetbaen zopesi fhdgtiohect ragalfsildder nedthe resis-

stresses; the cost of the process nust be as low as

possi BR¥ityhekafle sopPeas WSt hbotafer ChEesl &8 hapssible to
can bgyused; e, f b Gat i f dpte gGts. ¢RQ

To doE? is%lggggggﬁaepgg%%?g%bgg'ng %fec?%g?%pVating copper
(EP) dépesditdond peotessanems&tn tathewof comphetey §filling of

e coating deposjte allowng effective filling of
Lo | PERBABESa RNt L1A  BHELAGCD RTINS | SOifRe) (Sven - and
openi §8ovehisl IPr 0C8sS the basask 0Bft i @nRNWe £85 high aspect
deposi tion of copper froma bath containing in .
partitataescoppes adhpRica (ChSOMPREN 44di ERoedayyier layer
knomﬂmﬁéﬁ SEG%EF l%&%ﬁ 11a&£°§§g%hﬁ9‘ﬁé%&ﬂﬁ&éﬂion during the
pl ati ng~ processes: e are“sol ufion processes in
whi chchemitcal -héehanisal opcdlietiimp| st epgantihea opbkow strong

coat i IS : -
15 Pgterfaces to be obhtained that do not generate fracture

g
P

zones under electrical or thermal stresses; the cost of
the process wmust be ags low as possible. The sgame
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 (CuS0,) 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

agueous solution containing them. Unlike electro-
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30 obtained by the reduction of cupric ions from an
B l4255qfedi® sol ution containing them 6uUnlike electro B

14255.3 EE 6 plating, the electrons needed for this
reduction are provided by a chem cal reduci ng agent
present in the sanme solution and not by an externa
current source, which is why they are called

"el ectrol ess" plating 5 processes. The sol utions used
nost often are basic _ aqueous sol utions containing_a

conpl Blék iashbpethsalgl echnrnsr pgededy dEox HEhdEs akeduction are
reducin M th | he_ ¢ JC i r . -
reducgﬁ% tvg%%g{ a]f"}'i & c%%%é?cagcgroerddﬁ}lg “:{ogggnﬁ1 %resent in the
t her nedyeanschht yoh aweid abbe Backhokextdnial Jaiesent. source,
Cho et al., "Electroless Cu for VLSI" MRS Bul letin, ,
20 (1¥937r31i88) whyheShey nworkepperlifd al1§leddiaas‘on plating
PEOCERBResRlch Al Hicl NEXPAILYS CAURA! SouL [ L AlME Glle basic
and em cal deposition processes, namely PVD

(Physagakols \apbutifeposidntoamjnimg @/Dcbhtekedl copper salt

Vapour Deppsitio espectively, which ,are , .
conveRBRo T (A 4S: (HEHOY | T orgaAGs AgeH | oith which
the nigeoelffiFni CgohBdusdry . rgbﬁéédmatt@dsm%%@llic copper

singl e-substrate vacuum deposition reactors. '

Howevarcosding etectd ofthemadymanical ket fevonnaldieedreaction
actign, -(i.e. the ickpess ,of cy i ted 4 "

E')'rsopo#gi' oﬁéi“e? 6 tlﬂ'e éﬂgr ggegpés%s:éd t r%%%%gf%)’%ée (E::i%r Cél-.l‘l%f VLSI®,

duri ngre! satiteltysi,spo t(i®s3opdc@e)af the netal
coating is sensitive to the cartographi cal 25

di stribution SPegRNItVUrSPPBLTt ME APOonHnl oR hpyocesses
di stripyti S tyRi s \Very =Rl forpig t
of anéggten ed se%ﬁ%%ﬂlat%tliv%g sur a%%éliggt?ha{%ml and

of f eredebycahe feposdtibayeprdepssiesed vamelyheP¥Rti (Bhysical

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 wvacuum 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 is senéitive to the cartographical

25 distribution of ohmic drop of the gubstrate. Now, this
distribution is typically very non-uniform in the case
of an extended semiconducting surface, 1like 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,



substrate wafer used for fabricating the integrated 30
B 14258 .cHBR. Since the materials used7for the barrier
layer (titaniumnitride, tantalumnitride, tungsten
carbide, B 14255.3 EE 7 etc.) are sem conductors,
their conductivity is insufficient to allow uniform
copper deposition. At the sane tinme, the fornml dehyde
oxi dation reaction caused by the copper ions in the
el ectroless 5 process is indeed thernodynamcally
favouedldl.e, bateki nsemtabhguchoperativkedrt hargnductivity ie

|y of .a.catal Th t_effect L al
eom LBoHE HIGRTEY b AL oW AL SO CORRE BogReT S F o

copper. This. zits pReausfmd t tifiRs PERR OASSFVEILAN oxidation
the rate of deposition is 10 considerably increased as

soon yeagtfionstcamsed | by tdwppeeppayerobecoiresthe electroless

ayai |l able, the.process thus,bein aut.oc |y

cFoct PoPEEES AR AR oths E e R BRIy iR pUTable, but
sol veRih¥tiganasyi tirkgerdthive wiiowt #esappig 69PRekatalyst.
called a 15 seed _|ayer, which in the prior art is
only Bhfretast agEfechiver qatalyels ofedpssl theghererogeneous

bar i g chiyBte, ¥hdC kYR 1Y) cebpkal i 1 £ Hdbause it

the case o el’ectr opl per layer
a surhase béenlnpbeeedeﬂndthatflchentkatenlbﬁrndep051tion is
d. In the case of

BnductivLég tg be 20 cover %he ,
IPect FORELEEERbLN; oinEEPAFSE cafr RO, 47 6t f EAESl, metallic
ef f ecé%yﬁefatl bdtSfd$Ch¥alablie, PRHR! p&*&re%é tthSs being
desire o produce the thick copper coating f

fllllﬁgtvﬁétﬂiHQSCanﬁ e&eagrozasshe barri er Iayer and

caThaL orb TS cqly” P A 8 Borvea by

vacuufepbaibeng EﬁlﬁhﬁMOil@er of metallic copper, called a

15 seed 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 gufficiently 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 f£filling the lines and
viés.

25 The barrier layer and a metal-only seed layer
are currently deposited using various processes (PVD
and CVD) and in the same wvacuum chamber. This avoids
having to return to atmosphere between these two steps,
and therefore prevents the barrier layer from

30 oxidizing, which would result in a parasitic electrical

resistance appearing at the vias.



having to return to atnosphere between these two
B 1425St.8pEE and therefore prevents thg barrier |layer from
30 oxidizing, which would result in a parasitic
el ectrical resistance appearing at the vias. B
14255. 3 EE 8 These process steps, for depositing the
barrier layer, for depositing the netal-only seed
| ayer and the copper electroplating, are standard
processes at the present tine in the mcroelectronics
I ndustry. The Thelsler parcafesyzs gtesps r efdhedesesbt ihgothe barrier
pieceiﬁof equi pnent, .one for the PVD/CVD and t

he
bt her RSP nd Ol SRHARL FHNG (§he dretal- Ghly Seed layer and the
aut 00abBhKL Cef ELEFLEPhERTY, SR sWRLAANCUESCESBLEN at the

cost for inplementing thesg” techniques. first
procepseeénthetpmeor1artthensmstsoehecdepnscslngndustry The

pper, netal -only seed |a PVDL on the, barri
) r EUPER AT P! SRR S ARSI d i (Biecae O gguipment,
Of degpsi tidng itihes bapyoed |ay®r thl seth¥rPVdr PYRe electro-
i nproves the adhesi on of copper to the barrier |ayer.

15 Hombaeingi toF s fowsethed qmcar@plp&leodﬁlﬁgemless) step,
_deposlltnc_eg}t_1 by R g@sexgkm%%# ?ES C%”%ra%%ﬁﬁﬁﬁ%ﬁgh g these

aspect ios are h t He

recesseshmnhghies. etched features is hlgh) which is

the case in the production of interconnect |ines and

WPas. 20 Acco‘?\dl%stto Er%%%%ﬁdoﬁ'o'é]%s B Qthedpl | Gonsists in
art, 2Nk¥pBeednkaYer dhnd 194,y BVBVD on th

The copper ﬁ% ob?glneg by cgpv ntlonaI%Q% k@V en €

procésseslenohapen1betheuttmetummuma/uﬁ atosphehireafter the
wever, .for

br C 1R <O COPRBPL o5 e pHAP: BB SE/B S b e df PVD- BVD

adhesingirdwed hehemai@idsfilon 0bft boppail it tB¥ebarhier layer.

fddl tﬁc?mpevet:p? E{:ggs cbeserved 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



cost of CVD precursors makes this process particularly
B 14256xpeEE ve. As a variant to CVD, the netal -only seed
| ayer 30 of this prior art is deposited by ALD
(Atom c Layer Deposition) or ALCVD (Atonic Layer
Chem cal Vapour B 14255.3 EE 9 Deposition) or ALE
(Atom ¢ Layer Epitaxy). This process, considered
currently as very promsing for wultra-integrated
circuits with a very high etching fineness, is based
on t hbepaggtpponnci p:bme aALEVD (Awmie usbagea mBgitraecof. This
gaseous precursors s hat the

%%I m gr owt h . .
react PERS®8Fe sEPFEL ?ﬁf? nFHEREDE 588 34%0"9(‘*‘13’97?)”“‘&#&“9 for

M R'Eﬂ{:f‘aaﬁlﬂtybrhﬁéﬁa 8irBukieBdbaknof 5 ThHeRyFi hiyh etching
Materials, H S lwa (editor), Academc PresSs, San

Di egoflﬂeﬁQ$SVolmmeba$6¢h@pit ethe) sameD nmmmbe org CVD, but
gerat es_hy a suc%esa on, of dgepoa tion/ cl.es
a

| oW EPBett PESHE ol Sb SARERI CRRESEESSERantirh that the

t he afPItﬁ”@&*dv&'lﬁdréﬁébﬂbﬂﬁe%r(eSI@éEfIDEmﬂtQﬂQh (Usit438038 430
are t%/pl cally of the order of 0.1 nnicycle),
t her et 927 bl I Aitchg Msofd taflas handef¥ctkegke @n\ﬂé‘nt Hgmglbook of

15 19 b?‘ {ﬂ”?fétt%%n aﬁ%ml ¥ %oo%aﬁ% r o tcSJl.j)eI N Academic

uItra i ne eSS noderate rmdlflcalon
the Popest rmmo Diegde e::@thzapl fealunes], anchaptéte 2). ALD

dependence_on the feed paraneters ut flux). Thjs,
2 N iRSrere Roncetes By | SUSersBIEEnCE ssRogttion/purge

the 2@y£’fé§c’t§IPSW§HQVS€EtQBanﬁYQoln@Flﬁhé)Q%lcknesses than
adhesion and difficulty of obtaining a seed |ayer

havi nigp t Hehe r exfidreuent pned | deechiliquese (eimeei ophe n growth
g%cged é\%t% 'P’@gc?% Vn@&eg%%g?ﬁaggaggr bgtgr %%%& and
meki nthdPeEErPr ateowtfignebme of the defects of conventional
15 CvVD to be corrected, namely good control of the ultra-
fine film thicvkness, moderate .modification in the
aspect 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
20 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
25 increasingly exacerbated, making thése processes more
and more unsuitable for meeting the challenge of
producing seed - layers for the etéhing generations
subsequent to the current generations.
Since electroplating and electroless plating
30 result in copper being preferentially deposited on the

regions already metallized (either owing to their low



and nore unsuitable for neeting the chall enge of
B 1425%.adBE ng seed | ayers for the etahi ng generations
subsequent to the current generations. Since
el ectroplating and electroless plating 30 result in
copper being preferentially deposited on the regions
already netallized (either owwng to their |ow B
14255.3 EE 10 .resistivity or owwng to their catalytic
properties), it is necessary for the entire etched
f eat urestigtiedeiyw era owiosd ity exind ngatslgeed papeerties), it

sonet hi ng whi ch PV seens unable to provide, The ,
appoat8nBECEEERTI P THS AT FIChRE Foature to receive a

confOpBLEYnkO EASvEHE 358 4009 OB &F & GRRAHY which PVD

probl ematic-at the bottomof wells, trenches an
ot her sgamBacensbiact toespwividgh Tepeappemiancahef discon-

[ [ Lied t t - d | bt ai b

PoD, ERBRRER68I L0 of ROppbvby COBTERYop| G | nghg) Surface

by el espoobeys et bapecianalorgrobpsnasei n eeReNddtton of
| I CU

in these regions, as the size of each )
st rucvaetdspedorncheml pod othewdeurdiace nstryetuxsge of high

of el e | ati tk ol Ut | f . hydr _
assoc?géégkwi-t%ﬁﬂtoﬁi s‘&g?%cggsql\rées L{’s ?‘% 1r:nc’c?éo @%?Ql only seed
por osléyeanchtdiiedeflact Pvprej thecidépdmithen of copper by

Sy structure of the material in production phase.,
o #Br eo¥LPCtEPRLRFORT| 8% b hs,eriﬁéd'faﬁ@é‘-'%ﬁ thifting therefore
”EtaSﬁ@@%ﬁe&hﬁﬁéﬁbﬁbin%%gedi§E§QUP6)&d”EﬂQéHWEéBTE%%, as the

tine. !n convent i onal processes, a cont | nuous
coppesite | of otathghteustone becomeshemililgmedImnagdition, in

200V B AL ok N R LS dEebERRUSEHU® ElEELion of

when hydiSgéROabbbliatha sfitHCtuAigl priicRgid tnediltidifn micro-

1B 2 Eorodity “and Sehe T e thets Brejuainial to the Structure

of the 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 is too thin. The structural integrity of this

metal-dnly seed layer may therefore 5e affected by the

25 electroplating or electroless plating solution. Now,

since the c¢ritical thickness is not insignificant

compared with the sgize 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 in a significant increase in aspect



25 electroplatlng or electroless plating solution.
B 1425%%w, EEince the critical thicknesstis not
insignificant conpared with the size of the etched
features (typically around 30 to 50 nm at the present
time; to be conpared with etching resolutions that
are intended 30 to be bel ow 100 nm, the confornal
coating obtained by CVD nmay result in a significant
i ncrease in aspect B 14255.3 EE 11 ratio, and
t her eFéFéOmay aé)@bce?h@%féft?ﬁé prr@m erﬁxa%%@m%t eahw t problems

e ect aagherieals Mhithng rop DR hESa1 23 130 (B8 M ehe lines

the b uring I'ng” or €ss
pl ati agdsteims Iﬂr@eneﬂnd bdthtasre ﬂumagseﬁe 5elié8f)r43p$eting or
adhesi gn grobl ens. At the sane tinme, since_ALD is by

nat ur 81§°CERYGERL iB}atping e §5ePas bR oHeReTddcesEreFE oprocesses

c¥cl egi abt poks ggﬁ\gslgge On%,engwe m xtures have to be

chosen so as to inclu gaseous reactants and
gaseous produBts,tlii® smame obémenaneimcehadLnwhiieh by irmture a

1 BB EBEEBr PERCRAR SASHh OF GndSEHRAT O b LY aLes, it

~on thegsyléaceMobarvelr) RHOAHCAUSdd) KEFE td et BBBBen so as
page be renoved, results in a build- up of constraints,

~ espectal ipcigdecondic aasm’@t meantantm and h@asenus products,
: ‘?z EEOblgﬁe Sﬂgou at%eei}r'g}a @t}h CHL \H Jlrtela o depos:l.t

process. e hi- Bkiess *Cont Fo

obt ai Tieel lyred&rﬁ:es aff Ifaeg#enalal Irte)a,ctj‘aﬁts;erlhal ﬂhéyppsecursor

of n1xtures serv d that _the. posi tion
pr oc B ETE 00 arﬁijil &4t i BRC e%?é}”?lﬁell’ﬁ? Wctes Phethe surface

exi Stehee @b e ! BRERRIA R fRRSS FOF UM NE8Jbe removed,

uni form coatings, "as described in M Juppo "Atonc
Layerremplfss t i an ofa Mdvwildanp Tefnsicdnmtnvbindls, especially

{gtr'égéﬂgucafqlr“%éggkégin tu The adhesion problems
encountered in CVD again occur with this process. In
addition, although the thickness control obtained by
ALD ies of high quality, for certain types of mixtures
it is observed that the. deposition proceeds by

20 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 Spectrometfy Studies”, Academic Dissertation,

25 University of Helsinki, Faculty of Science, Department
of = Chemistry, Laboratory of Inorganic Chemistry,
Helsinki, Finland, December 1l4th 2001, ISBN 852-10-
0221-2, p. 39. These difficulties mean that the
candidate chemical structures have to be refined, both

30 as regards the precursors and the coreactants. Thus,

ALD is not yet operational and unfortunately does not



Mass Spectronetry Studi es”, Academ c Dissertation, 25
B 1423hi¥eEBity of Helsinki, Faculty af2 Sci ence, Departnent
of Chemi stry, Laboratory of Inorganic Chem stry,
Hel si nki, Finland, Decenber 14th 2001, | SBN 952-10-
0221-2, p. 39. These difficulties nean that the
candi date chem cal structures have to be refined, both
30 as regards the precursors and the coreactants.
Thus, ALD is not yet operational and unfortunately
does meetB a4P586h8 EErr2nfeetorsdtiraimtscurTlehs also remains an
constraints., This_also repgains .an e roces

| _
bot h EAERIGAYS PRRCRFEcLEOH BRRURS, B thi sPERGUrsors and

becaug@ridadtarit & |0 BLEASFe Y OB thes EWbh£8e8E . t he
prior art, it may 5 therefore be seen that™ a real

need exists fdiram ptdeesprobhemsi mpf orde t brigghedrbn it may
ofz th I r.t € arrie aver . Wt t
R Y

i s thehagseimpr&veEs HIRS cadRefisn of rede neesdif Qbyer to the
produci ng ,a seed | ayer on etched 10 features of_ high

aspe_cp_athlie&' USIYRY an Vi heRpEnSiary 1 e sthRd formation of a
provi diRgo3aed |lALtisid, hal @@!ﬂ%l%)@éj'of‘dﬁ%'. O'@heggl is also

unl i ke what CVD can provide. Fina there 1s ar
need &0 head anpedcefsrf grguwcimeg ng cEFes? legen ngs, etched

t al.so.those o ther netals, for. exanpl,e 15 such_as .
3L FRRREURRES 8F chiSh: RASES oqR et ing ¢ Ay Lpexpensive

oxi dapirenesE tdwed byrdwirai ebeeﬂndlé‘_ﬁergpeﬁl\i’ét't N@&xhibit good

tenperatures conpatible with all of the other

mat er pAhs=aPReadin s ewhabn GVRe samspravédeao SumdiRy, there
e opei S P 15908 BUThEe X RPEPREE T ‘AN copper
requi ceaeihgst obute akdo vhoek adndtlesr Wmkekallee for example
ﬂ%oreéuch as platinum, in a single piece of egquipment,
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 IWTION
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 sgolves many
25 problems of the prior art that were mentioned above, in
particular for the fabrication of metal interconnects,
especially for the fabrication of integrated circuits
and other micros?stems.
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



e

menti oned specifications and which al so sol ves many 25

B 14255.@bIBEs of the prior art that wsk® nentioned above,

——

in particular for the fabrication of netal
i nterconnects, especially for the fabrication of
integrated circuits ~and other mcrosystens. 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 B 14255.3 EE 13 .
bei ngbgingl eary i calagt ety i veondustiveon@act isgmiconductive
surface %nd hayvi RQ rece%sesrand[or prq&ifticnu%otég%ions the
said 5P5 85€ B ri%?ﬁb Fhe ?%?f%ﬁfnda éﬁ%:Fz h !
or gangailll bokceskl aofpbratinte o kol Seidqceepde
said filmadhering to the said surface and having a '
t hi ckness such BRat Q¥Ean¥@e filB of st hilddqedn on the said
cenfo fo . B8GCEeS of .. pLRLecLLgn
(o oangrafe. Fha Bt £OGE At A o PE AL TEh A Bulkace and
sur f ahavingwai thiicknessplactd; 4k -thee pfeedr faceobft bais film
metallic nater&al | inserted within the id o%%anic,
fil m pPREeEmBAlYhEoldamF st ak8CeapeFhSHRF tPREI GStions of
or aftge, bHeaS! @Rect¥IUSNIPY ddhdAELHY 182 SBEfliconductive
organic filmon the said surface; and 15 - the said
pr ecusuvfagé ohewhsthl litc iwatpdaiceld; i nserted within

e said organic filmis caonverted., nto the said . .
MCarTi o oori &1 BESERESS Sheitiid | etafRif, material is
for meiggeteedBlwitidin t kheSabdideenafasi @Ndlidk placed on the
projections of the said surface to be coated and
wi t hi ’ad® eHEfaged @fgakhe FAMS iting RE. t 8Tf Ghkeny tHhe step

t he ég%gﬁét%%geiﬁa%ﬂaéigg-&%%ﬂ%é@&ad¥§§hf61fﬁlm on the said

obtain y protess
surface; and
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 £ilm obtained by the process of the
present invention comprises the organic film and the
metallic material, these being commingled,- with or

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

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

30 the surface of the substrate - can be produced more

easily than a film of wmetallic material, especially



present invention conprises the organic filmand the
B 14258et3alHE ¢ nmaterial, these being cawm ngled, with or 25
wi t hout chem cal bonds or interactions between them
dependi ng on the chem cal nature of the materials
used. The inventors firstly observed that the
formation of an organic filmhaving the required
characteristics - and especially one that conforns to
30 the surface of the substrate - can be produced nore
easi | pethawea thd mpintetedbs cchatestay, oéspheiaurfaae and/or

14255, EE 14 bec use the,s ontaneous {$en1str of t f
sur f ab8%antPGPricefe XEROTEANS r LG IRHET nPH aF ace for

the sgptagaiher th%btc?x‘gtfb\ﬂlgctf‘fltﬁrﬂﬁﬁbﬁsﬁéiﬂbw the geometr:.cal
all ows/all ow fhe geongetrical topology of the surface

to betﬁegbegve¢%ntlhpasuryfame 5tca:ohp| geeppcgeds arlindartly or

bl he d
Sgconégypfgkgéyﬂéﬁgaéf%éh éh% B?BTﬁ%nf 1§yﬁlglstrlbut10n

mat er i al olPist drdld . ngs&uahdflyl msu@éy beict@d abhe troperty of
contai n and/or support one or nore netallic materi al
precuﬁé@?soéﬁénﬁ@ aatew islds coqptcilitoing teugle fplms of being
CO”"e LEQ Oc*oﬁ ai 'daHE?SB:' '&u;}Bacch!' 8#% Yot Nigfly ' metallic
on e surtace o ese ofganic e Irnventors
then matteey:.ai;tptebyxrum talre® ec o esleowa t # hnsse pmdmimiaogs to be

. he use of these or c fi ns MAth these lig
; Cer$aRvEEFed i a5Ps Lok Taierialn yirhin or on

- that dgecaplehlt @ endSe eéﬁ@éni‘edéE?_'lme OJ'ﬂﬁé | fd¥entors then
thereof, even on very small Scales, thus solving the

many varbr@mueir}edupedblbhssef qhaea:p;amrorsﬁ.t comipining the
according to, i he inven t.he  dif.ficult f P .

oot o8 %ok Ochdge! Bredtide it wier (G4 iriric material
pri orppédubhgsrdeencoeppoiag asfl seh¥tdces, t he=84si Sibhe that

the ability to produce a unlforn1ad7erent ) .
5 confoim to the recesses 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 technigues

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 sﬁall

25 enough not to modify the aspect ratioc 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 1invention. These may be

30 conductive or semiconductive surfaces of three-

dimensional objects, or completely or partly



organic filmwhich conforns to the surface of the

B l4255%ubsEEate, is capable of containithg a precursor of
the netallic material, and the thickness of which is
smal | 25 enough not, to nodify the aspect ratio of the
surface, for exanple of the etched features. The
surfaces to which the present invention refers are as
nunerous as the various possible applications of the
present invention. These may be 30 conductive or
sem cerfuctindichunfeac esixdfadds ee-Thdi nErsondithalejeectisensional
or conpletely or,partly B 14255.3 EE 15 sem conductive
surfaggg‘. e tetth " Pﬁﬁgé‘ﬁ&,o si'ohal Me&f f e Spktace whose
under gi90d dod dFRAN 8 rTHAAGE WS  &OROI Odlig@insionally not
irregularities are dinmensionally not insignificant
conpaidg igniif icaatt hickueseedf wheh5 ¢cbati fthidknesas of the

is desired to .abtain, These are, .far anpl e,

S 1 ac88CaPIs AT at bs AL eaSF oF Sind© rSBrREAr | Jhege ares for
m crogxatple,or klk€dcaked @iff CUsLBathatesexatBed for the
silicon substrate (wafer) surfaces and those of other

mat er fabPFigabIAN: Ot ST aIgHeRE ioF tHetegrated 10irauits, for
t eChnéﬁgﬁpﬁbelsq.l'i@ogxu%%ﬁﬂs@}alégcmﬂéﬂ té%ff@ces n%%?- those of

i nvention, the substrate my r exanpl e be an i
| evel othger dadretid  aknovat itan thoas isktiddeal eth the art in

£y ircuit. The present invention is also applicable, for
Y Lanprhe i hechaifRauELFOR offa CBRBGAPRNG PJEFaiAg to the
15 MEMpvERL 6A; Eleel roMPshpRi & ahayy M ekBMple be an inter-
establishing an electrical contaCt when two noving
' par t slevel helaygst eficjoi fthep. fRbwimatriswsi @f "ramestrtegrated
and/ of, . j ect ons’_ j.s ndgr 0, Qean _any. .
Mt erCHEREHES, TR peisheni o ob8e en D1 Ao appa scabre, for
sur f aeeaiphe| ogy. tHe sprdduEbiofXdfpl£ conducting layer in a
15 MEMS (Micro-ElectroMechanical System) for establishing
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 examplé for the fabrication of

25 microsystems, integrated circuits and interconnects.

The surface having recesges and/or projections may for
example be a surface of a microchip.

In general, in the step of the process of the

invention that consists in depositing an organic film

30 on the electrically conductive or semiconductive

surface, it will be possible to use any process known



be a surface roughness due to the substrate or to its

B l42d=ly iE@mti on process, surface irregalarities, such as
scratches, or etched features intentionally produced
on the said substrate, for exanple for the
fabrication of 25 mcrosystens, integrated circuits
and i nterconnects. The surface having recesses and/or
projections may for exanple be a surface of a
m crochip. In general, in the step of the process of
the iteverhosa tdkdllleahsist $hien aeposoti rtg:taﬂm’cmnian organic
film 3Q on the electrically conductive

sem coriddtt pdBeEaREade Fbewqqr@ﬁF%mgglmu§tﬂpﬁ§5rﬁﬁ§ which
pr oceg ey Brd433n 3s§Edl6s|}SP$$@é?S‘anﬁk'}ll£§d d ntﬁh@kness as

art for obtaining an organic m adherent to th
sur f ade fdheadeisulbhier gimee sermt cl:iocumahbr nmel'teo ﬁbusadd adhegion

syrface and has_.a. .thi ckness as ined in the
s onE dUe NP L chn PR R adfodit 851 PP YR chbe film

pfeVeB&%céﬁ5f6H a§h903§hQE§ceth%ﬂBd'ndéﬁéﬁaﬁbgn Hh®ing the
surface from debondi ng during the subsequent eps of

t he pﬁ@b@gs{uantt rﬁat¢pﬁ/enf| drhe Throcesni of dihq eéhﬁﬁql}éon The

éggégfgﬁﬁyggn ﬁgf EBS? gggfg%bg e su r%tghOlce of

on t hmatkeiadal @ﬁwresﬁpetdiamyfaﬁe tdfe bhemlcal nature of
substrate, on the chem cal nature of the barrier

R8yer thensnbetiraties Greddin chamidrl gatie? eRotbR Fyrface of
form el NAMUQANS, TbhMeid) LARHiBRY! Gt @fe LBE the barrier
0 d

surface t coated, and on the inten use o
15 obleyﬁrnamhanxuhxai1$oprenaaneoanuhﬁegpkﬂm&k chosen for
circu or th

CechnFGEBERSC GRS PEPATHE <ABMBauchl <BRe GPPRRESY of the
procegerghckhac i B¥erbated, Mayd t eahtHeeEnt dRdedamee of the
TRer ehiprt: &%%%%tqdr%e”t%é’,? exampie an \ntegrated circuit
or the like. This choice also depends on the techniques
chosen for the subsequent steps of the proceas of the
invention. Many techniques that can be used in the
present invention, and alsoc their characteristics, will
20 Dbe given in the. detailed description below. '

The term “conformal” is understood to mean one
that intimately, 1i.e. conformally, £follows all the
asperities of the surfaces, that is to say the entire
surface of the recesses and/or projections without

25 f£illing them or flattening them. Whether or not the
recesses and/or projections present on thé 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 gseed film over the entire surface, even within the

etched recesses and/or along the projections, as may be
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20 be given in the. detail ed description below The

B l4z8ermEREonformal" i s understood ta.hean one that

intimately, i.e. conformally, follows all the

asperities of the surfaces, that is to say the entire

surface of the recesses and/or projections wthout. 25

filling themor flattening them Wether or not the

recesses and/ or projections present on the surface are
produced intentionally, that is to say by etching, the
processenf irhetlpe emporographti @i digusess etahdf Rlm and even
to be uniform d conformal |y deppsited based on

the 3§Ps&&FHif ePCEhBSer ng,r4ute, tovennfi t g process
the gicheger epessest andhoinpi B9 £HErLEQLEC 48 Fesa%he many
may be B 142553 EE 17 seen in the m crographs of

Fi gur egczememnd i2hedarpravlems ovfvarhe spaibrsealtesin which, on
r angi down_to, 1 nm_.The process of t present . .

B onEReRe Tefigr o thi ePbRESRRR, Teftnif Graings which
probl gEEsOf ot/Be PERET Bbp i WHKd, &bHed hewsatsGal«$LS, without
the processes result in. coatings which pass over the

top ofougbisgchelef katrew, whitdut £idduckiheg neresses and/or
bott o o‘ﬁ@c Eoiiis” otlhe vgl?cﬁﬁgse odn /o(?:r o?:reg Q:Cé.i O0f OL11 andg
? a an% € do hot

whi ch®do-not “operaté at therefo 0
al | oncheebfareoald ngot oahtopr arlitleda t@agingl I obéyproduced,

at the price of extrenely conpl.ex ag% expensi
c

e
t8chnPEuedtsdr Bige B8R S e PTG hexsdf%fs%ix_’ tdpplex  and
100 naa_cpzhsi%ocerzéhﬁgg&eg,' Ngent L9Bedl 30  BEAYEECSvery much

met al 1 'nterconnect di sions hitherto never
achi egedates Thent ddthirgue The plraceng wife thegaimeention also

(1 SRy B sHRELE AR S RIEILS i chereo nover
foIIq&bngevgachniques: el ectro-nedi at ed
Eglynerlzatlo%heekggﬁﬁiéue for placing the organic film on
the surface, meeting the aforementioned specifications,
may for example be chosen from the following
techniques: electro-mediated polymerization, electro-
initiated electrografting, spin coating, dipping or
20 spréying. 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 .
gensitive to the cartographic distribution in the ohmic
drop of the substrate, the technique used will
25 preferably be an electro—initiatéd polymerization
technique. This is because such a techniéue allows the
problems of ohmic drop to be overcome and makes it
possible to obtain a uniform film even at these very

small “scaleg. These techniques and their

- 300 characteristics will be explained below in the detailed

description.
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initiated electrografting, spin coating, dipping or 20
B 1425§ppRayiEng. Preferably, when the tHif&kness of the film
to be deposited is very snmall, for exanple around .1
to 500 nm and/or when the deposition of this filmis
sensitive to the cartographic distribution in the
ohmc drop of the substrate, the techni que used w ||
25 preferably be an electro-initiated polynerization
technique. This is because such a techni que allows the
probl ens of ofagkdr oot othe onérzementignedkepricesses, the

poOSSi 0 obtal unlf fil.meven, hese ver .
EofceBB R il o mal FFEH Y 928°° itour being

smal |

char ammﬁt&til ¢ WHdsdedtnehai sag, balieWinn & heange from 0.001
detailed description. B 14255.3 EE 18 Thanks to the

af or ef@nt PBAedMpr oée¥sesxarnée t AremnedsOBE thPs EPPpim, for

h ted to th
g?ﬁeﬁ%%%ﬁélglgf nba%pgngglgro hboi tg SOSSSnl for

exanmpl e from Qc@@fl:dh.ﬁglO@o prehef oinveneianpl ecHe owrganic f£ilm

0.001 to 10 pm Accordi,ng to the |nveﬂﬁlon t he
or garff@Y f iP%n Aty O5g2R4 Cor BARFEMAAEFHAS| %Il & oPoymer. Many

pol yr@ﬁam%@8¥ o?xﬁ%&%&oqgc@%%o@ I ey MUY 'RAY be used
that ma e used wll also be given belowin the

“det auWebll deéepu pteu gnveh below Har pﬂ@siﬂtanrmwmrlptlon of
' organic.film_nmay be obtained f
b IR et LPGPRE O e PRATBAEL it o et £iln
prec uﬁéﬁrbbebbﬁaﬁhé&eﬂfrbﬁlom IdMRemif Uit sdrt NBoPfobtaining
vinyl nononers, nmethacrylic or acrylic acid ester
monorgtss  fdddti okBRi ARLDr PYSCYFEGICt PRiBg| Ahpsen from the

o L0 Sdseu SUIGL, B! P! niliOgRES | URAEy 1 ox

phos pharyliw sal asid f unsgtemal mcmbmrs, functionalized or

15 unfunctionalized diazonium salts, functionalized orxr

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"I R2

R® R (1)
25 ‘

in which R, R?, R} and R' are organic groups chosen

independently of one another from the group consisting



unfunctional i zed i odonium salts, precursors for

B 1425B0lyay des obtai ned by pol ycondersation, cyclic 20

nononers that can be cl eaved by nucl eophilic or

el ectrophilic attack, and m xtures thereof. For

exanpl e, the organic filmmaybe obtained fromone or

nore activated vinyl nononers of the follow ng

structure (1): R R R3 R4 (2 25 inwhich R, Rz,

R3 and R are organi c groups chosen independently of

one apet kge @blﬂddﬁhéﬂé%#hﬂi@Sf&ﬁbﬁgoﬁs14E§ar%ggﬁ,1%ydroxy1f
of the follow ng organic Tunctions: hydrogen, _ o
hydr oapine, anthaplt hi oarbexybbsylacidci dzsteet er amide, imide,

am de,_imi de i m doest er ci,d hali de, aci . ‘o
anhdeWag?eﬁFFFr|e;ac%ucc?%fh?ﬁe, 6%?ﬁ%|i%?%%?rlde' nitrile,
i socyatatenimpee, de, PpHiHaDiMiRle benzogsbspatate, epoxide,

benzophenone, carbonyl di i m dazol e,
p5t ol BékeEanghonyl , p- ni hESARIANORS or of or mat ebenzophenone,

t hyl i, Al tig. [ ;
oL E8BRoH s HO82EUER ) B BIGRRAEHORIE, ponicrophenyl
pol ynehlobbfbrmdtby thaylend( pdhylerEndatammaaiica

vi nyl nononer chosgn fromthe grou consistiqg of ) )
Vi nyl nnnoner%FCQE Hnﬁs‘§%r§ i +F FEFlonf the organic film

et haghy!| Oidy’ | | ExafBilY! Pt hacr YAahmmeet h¥btained by the
nmet hacryl ate, butyl nethacrylate, "propyl methacryl ate,
hQdr xgEyhgtinathavr pfate vibydr mopomesy | chesericiyomt the group
am nOSEROF St ERBn otk oS L TBUES . N Hop Rt yfCBpdenitrile,
am nahebydcrplsactyliagl des, mamangacryl aeehadigilate, ethyl
et hyl ene gl ycol dinethacrylate, acrylic acid,
methacrylate, butyl 'methacrylate, propyl methacrylate,
hydroxyethyl methacrylate, hydroxypropyl methacrylate,
15 glycidyl methacrylate, ACrylamides, and especially
aminoethyl, aminopropyl, aminobutyl, aminopentyl and
aminohexyl methacrylamides, cyanocacrylates, poly-
ethylene glycol dimethacrylate, acrylic acid,
methacrylic acid, styrene, p-chlorostyrene, N-vinyl-
20 ﬁyrrolidone, 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
p;ecursdr of the metallic ﬁaterial. |

30 When the organic film is placed on the surface

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



met hacrylic acid, styrene, p-chlorostyrene, Nvinyl 20
B 1425wyer®E done, 4-vinylpyridine, vimy halides, acryl oyl
chl oride, nethacryloyl chloride, and derivatives
thereof. According to the invention, the organic film
may advant ageously include |igand functional groups
for 25 precursor netal ions of the netallic material.
For exanple, in the activated vinyl nononer(s) of the
af orenentioned structure (1), at |east one of Rl, R2,
R3 abdveRdtiey kersifdnctinattgentingablis ttﬁhéra@rfaee of the
precursor of the netallic material. 30 Wien the
or ganfélm PRG/©%| Mt ethenrt MadsHithde tdrig neilm, a precursor

substggt gétQiﬁﬁcSH%EeQEalhe process of the B

14255 I nvention consists in attaching, to the
surface of thaccbiridingnd/iar |ﬂhensfmvenglmnthlnhEhlexpress1on

“ recursor _ of, the |c mat er i JAccor
té { hebF GBREPEN O hEh%xﬁre(;@; BATHF L rsd'rs otrn‘ig%gtood to
met al b gn "BhHET i "m 15eu8€eEﬁE°Q‘§otr‘éméiﬁ:%:{HE HFedffors or a

of the aforenentloned precursors or m xture of one
or nonexbhrehe <f or ement i oned mgrecunﬂbrsthk peaﬁonementloned

skilled in the_ ar eas abl to sel ect. t he
neces%’é?‘&“’ﬁ?%’éﬁrs%‘ Pc?é-’&ecﬁ‘m%‘y]oﬁe‘? h&™1 hse e’%."ﬁ%% r&psily be
he degbhI€stéOspleduCehly ridtls At ipkclheoPrepesddhy on the

the invention. Furthernore, this precursor of the

4Bt al Peed nfidm sthaty hedvdeebsesudloy pEeduRss&Y siBRlementing
that df Ca r@%e%%nveéfedt jto il?@ .’ign el difermore, this
materi a a techni que C Osen preci pi tation,

crystml'éa:u:asonn ofcrss| mekieddic aggtegaalomaqr advantageously

oL eCGEPLALLIT. (TS s, Pecause SCh CLECILONCI,RL® ehe saia

. metallic material by a technique chosen  from

15 precipitation, crystallization, crosslinking,

aggregation or electroplating. Thig is because such

techniques are particularly practical and effective for
implementing the procese 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

ioﬁs and ions of tin, titanium, wvanadium, chromium,

iron, c¢obalt, lithium,‘ godium, aluminium, magnesium,

~ 25 potassium, rubidium, caesium, strontium, yttrium,

niobium, wmolybdenum, 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 use
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~ inplenenting the process of the invention. For

B l14258xangke, according to the inventi2zdn, the 20 precursor
of the netallic naterial may be an ion of the
nmetallic material. For exanple, it may be chosen from

‘the group consisting of copper ions, zinc ions, gold

ions and ions of tin, titanium vanadium chrom um
iron, cobalt, lithium sodium alum nium nagnesium
25 potassium rubidium caesium strontium yttrium
ni obi mixtuekpbaenuinpns ut Wehchnmforhediample pey dok uphosen from
silver c'agm' um. .indium lutetium hafnium tantal um
t ungstBR, 3PRYAI difTosmi um iridium platinum nercury,

thallium |eagccbirdidh. thanthani defepfoRCt ifideexaple for
.30 certain cases it may al so be advantageous to use B
14255f @bEfcat inpx lartes asinriests, gy ohl ¢opopstems e fay example

be ch f the.above |ist,. According.to th .
| RventRORITR b exafpRE RGP | abPfcat MRGLACE: colREeFdal  may
for nievesys§esls1iobeexdied, pa AT G oSl ChILttindm and the

the metallic material may advantageously be c%r;ﬁer, .
pal | deFeBeopl aMayumbkad €pRPePr cd@RSor . Rghlggdum ions  or

copp i wen P di [ pl ati numions
respgjf%ggﬁlfn %%%gr glgn e?gi?’%gyi'nventi on, the
precur sor mayAc&Orfiéngn dtdether mmferteial, pthei presugmor may

- aggregates, optiopally epcapsulated in, a protective

’ Yenguee chdserefr Wheogro‘ﬁ?)t%ﬁns?‘%ﬁﬁﬁlg? nPEelfgdregates,
POl gt i ARAPEPNRNeRp il &IENES ) a CRHBRRRANA! Witigue, chosen
cyclodextrins,” and ii which the step of converting the ,
15 priseem sothent ogrbupsai domeisting netferi micedles, polymer

gg;: ié’gag?%o%?zg#f SLS??i'fé%igetﬁgn@é,al par tt:'a%o%ﬁ Of  npanotubes,

cyclodextring, and in which the step of converting 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

fof this step are therefore numerous - they range from

25 pimply 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 wmore elaborate



The attachnent of the precursor of the netallic

B l425fFat3e®Eal onto, or the insertion 28t o, the organic film
20 may be carried out by neans of any suitable
t echni que dependi ng on the chem cal nature of the film
and of the precursor of the netallic material. The
techni ques that can be used within the context of the
present invention for this step are therefore
nunmerous - they range from.25 sinply bringing the
precutsohanueBe metcdl |ag bhe endel ofi mo ebetoelykid bath or
the organic f n1p aceq%fn th surface, for exanple
by di g?ﬂg Pﬁ e ﬁalgeﬁ3§ € on the surface
of the substraghe iH+0 he&tli bED €n&0l Ak b et { BfeGinfbans of
precursor (i.e. dip 30 coating), for exanple of the
type dhpiewentatdoni dst rténuSpMS@d da ghfain an ultrathin film

ectropl ati ng Lo nore bor at 255 .
CEohnP e B dERohs (1o (SR o1 PRRaRras r ST dh n Ypich is
Spi n g@Rér&Ht, OuntifRraai thS$uih apertPaalak Qidiﬂ’(o:@ifa]t.hel‘his is
af or ement i oned means of _ inplenmentation is thus used
to obfarauam. urplakei Aldi the Procesasiufrtht pRECT art, the

met al Li. {;gggerlﬁcomr‘# I §2dh gnt ’1M’§€{‘ﬁﬂe n P'a'ibles the

parti confor IS1S. cause
processesupgot heofr i the armetah]alc prmatees:.a&cotdl nget oforcibly
recur of . the,net al

St

t bl t | i
Wit or Taated DaSRs: ity BUBERORaCEd Thir BRREI6E: ey within

the banéi drdaVid ﬁ/mtnhl TorlfRningANke f th& cPBEEEBEBY and/or
to the recesses and/or rojections. In addition,

than@ﬁ@lﬁ@¢ﬁ9@#oc@§s_ itfen, mhanksntot khet prooesss of the

gLr%ace&%@:’t%e Sﬂgﬁ :Ia?iel,lc gg%rsg elrg:)ﬁ};p?&ogp%fa]te thmaterzal

t hi clmﬁaﬁurﬁof htapetr ofitd ayw  surfgcedecofidihet edibdptrate, and

adJ us‘}ﬂg etggpéglpgg.g?:ses é’ﬁe ttr:]hz.ckness 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
inseftion of the precursor of the metallic material
into it, or if thie insertion has to be promoted, or

25 even forced, according to the invention it is
advantageously possgible 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



organic filmplaced on the said surface and used as

B l425%upp@ge or matrix for the trapping of the precursor of
the netallic material, and/or by adjusting the 20
penetration of the nmetallic precursor into the said
organic film if the organic . filmdoes not all ow
easy ‘insertion of the precursor of the netallic
material into it, or if this insertion has to be
pronoted, or 25 even forced, according to the
i nventhenoryand c dvarit ageousdyrpossd bte heansa sdblution that
insertion,solution ,that i.s both_a sol vent for

or
transp8rt BPSe¥tefe infec il dAlfheans: oFhpE opens out its
mat er gk, ffed 130! &M @89%9&0@ AU LA SYBLL S it of

the organic film the 30 said I nsertion solutlon
i ncl utdhag anmrsacﬁr et metaidtial | matertieli alFodhexample,

expression "solution that swells B 14255,3 EE 23 the
oPgantBLFi MY /RS | RBcPSFRa UG sof GFI GRATRIS one that

is i nﬁ?ﬂi’&geé Nt Ret Brgahiilonaing t hduOpeds-Oadn 'h?nyl polymers
structure in order to. allowthe insertion within 1t

of taEepprelissr kit vhtewet fispesimdiler ipdly Fervinylpyridine)

exanp, IS I e a ou iop, for
exanp+€ o%%ﬁghatﬂﬁﬁ§%ra?§s ﬁﬁg Oéagﬁ#géflfﬂ1 Wﬁtgr’ or else
cert gpoly(laydroeyyoRyd aeehaselllete)y wat erPHEMA, which is
5 especi al 1y, poly(4-vinyl pyridi ne or P4VP_ which _i_s

) 18t sePtipEe i ARwHRSEY G de t 6F?€ﬂ§§ré;?@tﬁW°1len by this

th PEEM
et hags Wate) fbr EEs S‘t\)/\IKl)%“ CQn' %. %F?%I %&t{‘oﬂ‘ﬁk% be used

and is therefore a vent. For
exanpfith aanaqugeuscsdn]nn cn:prmsttﬁmgjseﬂ awvtimyl polymer and

an" or anig f}lnwco tlng a vinx & e nd & ver.

o ot ST To: eht 1 BoRal LEr PRt eEEAL assLGhpee, Sopp

This inserti @hﬁ@'i&ﬁséﬁtiﬁnabémuﬂlﬁm ikl @ldhal scfution that

fl ! omfl]fc?v?s pgigurpsgécgisége orrfEt %lhlel Cmgil:a;.f]r,:ltg ! ttfac;:ek;:e:.al to be
conveyed into the organic film. It will therefore be a
solution that allows the precursor to be sufficiently
dissolved or dispereed 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 ingerted into the

_ organic film. The choice of insertion solution will

25 therefore depend on many criteria. Among these, mention
may be fnade of the following: that depending on the
surface, for example in order to avoid chemical
interactions such as oxidation of the surface during
implementation of the process; that depending on the

30 organic film, so that this solution does not withdraw

the film from the surface on which it has been



i t4r r i ¥F ouPn

conveyed into the organic film it wll therefore be a
B 1425&al3utEn that allows the precursaee to be sufficiently
di ssol ved or dispersed for the present invention to be
i mpl emented. This i.s because, in the case of insoluble
20 salts of the precursor of the netallic material,
this solution nust preferably be able to disperse the
precursor of the nmetallic material sufficiently to be.
‘able to-allow this precursor to be inserted into the
organdepbbhnedThethhuicdep&nﬁd&grtbnn shbutpmacurbbr250f the
t herefore_depend on many criteria.
ment i BR® aﬁgacwma&f The- & MR ﬁ&lof"ha’ct déﬁ’eﬂ?ﬁ' ngesolved

on thgursyirafrerof Ye eXaAPLErLA 9 _Eﬂea}‘r@tﬂlﬂj]aelllc material;

chem cal i nteracti ons such as oxidation o
surfaaaddmhau;ddpqndﬁnmtani¢haﬁm&&&ﬂkﬁ®cma§erﬁh&t- it must

d di , the 3 t
P ot PhROHoaS nEe wPEndiokmed netErE P8R, (hdanig ofdlm, and
on whéspetbiabes bBeenmbbd 4290w .E.l‘_észddéi%’@ﬁtiéﬂ p&%‘éss to be

depending on the precursor of the netallic material -
it megraiedw outio finr dieswgipied thet elsetroprdating of the

convesLeg: 18 i e s oLl £ ImLoLlebon o800ei 08kng

depe on- th
it to be forneorwieximplde erigad Cthelr aed extens:we prior

espeC|aIIy it g;st a||OMIItS deposi tion progcess to_be
£ ;¢ heoB| BOM Ji? PPHRIB! Mekel films by

et a'él&cﬁ%ﬁié@iné’rffbﬁ ghGebng! Eéiuﬂh%hls”%md: Ofon the other

exanpl e, since there is extensive prior 10 art, on
t he dmndanderon hbwito owaten-selubilitys bgroPertles, the
us sol utipns an

o1 horS ST = PREPP PAALE: - LTS 115y Soriany cBocpRging to

pr ef edteed 1mmribhat £si NGEr tdfiieci@ UbioQuitdesor 8ENgthds type,

19 'apt Ay S e treanic. i 14 "8 polbmer that can
be swelled by water, for example in the form of an
electrografted reinforcing £ilm. Other  insertion
solutions and methods of inserting the precursor of the
metallic wmaterial 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 gaid surface may be
carried out at the same time as the step consisting in
rlacing 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



il

15 especially when the organic filmis a polyner that

B 14256aB Eme swelled by water, for exawple in the form of

S

an electrogr-afted reinforcing film Oher insertion

sol utions and nethods of inserting the precursor of

the netallic material within the organic filmw Il be

20 described below. A person skilled in the art w |l

know how to choose other suitable solvents. According

to a first particular nethod of inplenenting the
preseappendedt | heretthe StHpisonsethodg of n impeemengation is
the precursor of the netallic material 25 into the

or ganPRTELFHLBFA¥ed 36V AHAISAW surfQice S3MEe when it is
Ca”'&gff}‘q&'uﬁ: tdhe f?ﬂ? tdee ﬁe felbgyst ‘iB}g‘éQ"Pﬁ'o%t 'é@lﬁﬂon for

pl aci ng the organic m on sal d surface by nmeans
of animsertingn t4@ upreourenpr icsh nghéotktaldigaimhterial into

oganlcfllm Qr ecursor, of t sai rgani ¢ f, |l m
S59antie norgrads: SeFIBT Bk o Phie° AuPefrdRe Tind auring
met holgheoﬁ:'lkﬁ'@' abbal ikt i % S]OV!h 5@1‘@8@1‘1 Cghley d)fgan:l.c £ilm
Figure 3 B 14255. 3 '"EE 25 appended her et o. h| s-neth

of i nfPRhesrattln snbgrmateyl ﬁhﬁymsé-‘g}éogﬁ tfh@r metalllc
exa”ﬂ{lﬁf o%‘@f&r {(Phﬁ 1;9'51 1%H'J tthci tﬁade %rl:e{afr‘fie&th fQF) and,

I nser | nser ur sor

nmet alwhen neher falmi hte beldte z_ﬂl’a@ﬁﬁ @rf l'dtra hanefh o tm)e it is
substrate, Thus, during the first step consisting in

bP aciprpaHeler dahi @PRIY thet) SﬁePhe° utkds aPFOCERE ©of the
precqﬁ%?gﬁ{?;?]hﬁh{@habbh J.S'E%t qrrs né@@t\m the gli'elcr#rsor of

hel d. w t e organic n the
has Hden peaeédlmn mdnteemi aaat(:S)t;he tsasdlmep@édlim gnaterial

whi oRPRET ths | Rl ol e e PEGPEOFS e the seed

rrpta!ﬂllqnnpgp)ual |ntp thg sa!d metallic nmateri al

fe e S O ep ©of | Tnearving the precursos: of the
meﬁallic 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 f£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 film,
the said precursér 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 gaid 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



film(SF). 15 The step of inserting the precursor of

B 14256hé EFetallic material into the @eganic filmmy be

followed by suitable rinsing in order to renove the

excess precursor and thus inprove its confinenment in

the organic film Thus, in certain cases the

uniformty of 20 the seed film obtained after

conversion of the precursor nmay be inproved. Once the
precursor of the netallic material has been attached
and/oenbapsuﬂedlhgtmdﬂaeuia;mﬂThiSlﬁ$ bekausa dt is easy to

precur sor converted into_the sald 2

et al FTOCHAESFP aMetiy RUSFRISEE9 r(@fuctt onChon T 1 Fer ete.
the Ofgﬁﬁhﬁ fhhmsigeﬁﬁr&WQQ EBQ ﬁéﬁ%ﬁb&?&s‘%didm$éﬁ tens of
ion, it Ts reduced to the said netal, for exanple by a

gal vananomgtpeeer @cessexsmpheamel egdugpnam mef o EGPlution of

ectrochen1ca| e |ectral ess 3
LEat | HREE B RRuraeRss ot dheed ntathodk HortoPhase medium
or  aggr agake®iurk heoheauﬁﬁngn iRye s tAlBelekhe & indicated
14255. 3 EE 26 encapsul ating nol ecules. This is because

it isfersyexampignt higsi Me mBrmstaggtbgatital e, ALD- CuBEthell
b o Gl Sei £F R0 hd 3] ARl nf VEIHRIBLL DS thiol-

to afew tens o nanomet r es exanpl e uction
of a detritaoized Foldnimampopsnriolssofint hesewrepdlasd nliquid-

a_two- phase nedi um or a nmedi um cont.aj ni i hver se ,
o col 1 £ TYRRTR o JPBTIEkargl o DERFIRFRSEICHL Society,
VAl Kefh e cBet Mdmun 2t i s f fgdan 3@@93) Whggen 'Qggregates

"Synt hesis of thiol- derivatized gol d nanoparticles 1n
a twaphaetdelyundedoasi narltergstionitheldiiedsd of biochemistry

o S4BT PR B I by BETHEL B8 Y 1 8 emcent.
the friggyl @frebi OBBLETSEEY readily available commercially as
15. aqueous dispersions or else dispersions coupled with
proteins, polysaccharides, oligonucleotides,  etec.
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 reguires
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.



or nol ecul ar bi ol ogy, as they prove to be fluorescent.
B 1425%heyr@me therefore readily avail @3 e comercially as
15 aqueous di spersions or el se dispersions coupl ed
with proteins, polysaccharides, oligonucleotides,
etc. Likewse, it is known to inprison nanoscale
nmetal aggregates in nanoscal e objects such as
full erenes or carbon nanotubes. Metal aggregates
(that is to say in 20 the zero oxidation state)
encapsul at ed Wha@avergantlite gaigttirdors exatpl e is therefore
surfactants_and/or thiols, which_ stabilize them ar

¥ e 1]
obt ai RE@Sikhe gangirdunsy BaosEetlidfed’sFOPTREIOUSLY confined
aggr eggt ‘Eﬁeb%rga‘?ﬁqtc.r @ edyct é?EPeEC AYsiie e t9f manufacture
coal esce and résulting 1n netal 25 particles or even
in thefpthteporghndn dfila ret ddheonutiecs unt asebskéguently, by

certajn cases, the sane result requi re? an oxi dati on

react FORST EERENdPARG/GF  HPRARHFERE n & direfersors, for
mat er g Sty<} Ulgii B 4 gu a :

and i%ﬁéotg???cﬁ}}ar Hg%g’tl%ge ngtﬁgr egg?&tﬂﬁgli%? %g{ﬁg %.g%ﬂ%r simple
wit h dbhEfesbonyr efattde: BredrEso8sEmiThivhateveprt lidse due to

precursors t is therefore possihle to reduce those
Phat CBF e SHASAuSEy LEREPREA SERREAS  or kit o 4% | BY Selectron
ei t hewiehdiaeal i B Oohsmaulf Foiridee off piltwots gahieC attachment
filmon_the surface or subsequently, by 5 insertin

W0 d/ AneEPBsingert i ol sef pFReuPEsFYrapy; inkea e fgyim, etc.

di ppi ng the Lngy & LLmsgpd/ rs'Emg i i :

‘the precursotl?"t'sf\Fj\vlL‘:l:f i%bir]lti'!,:‘q%r@@elage1 e t“%n‘%hgé ﬂ%g&t;%qess of
of varheudinsenmiltn s$achsimply decproduce tadreaed 3ayer, a
as to force or roEDLe th&,att hment 10 and/o% h calli

i nseriTEAOIStHR B edBOSHT 11 o~ RePFPFHFSBEC OF |1hg eetallic
obj eqidt@r0d1 | ISR | PI1MNENRY @FeYorfertdit®y this precursor
invention is sinply to produce a seed | ayer, a .

15 may suffice. The recesses may then be filled in if such

ie 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 wethod 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 gurface to be cocated, and then this

surface ig dipped into two different baths. By dipping



single step of inserting the precursor of the netallic

B 1425%mteEEal into the filmand of co@g8erting this

precursor 15 may suffice. The recesses may then be

filled inif such is the objective of inplenenting

the process of the invention, starting fromthe seed

| ayer thus created, .using the processes of the prior

art, preferably electroplating or electroless

plating. 20 According to a second particul ar nmethod of

i npl elentiinttg tahef pretebathnvanttiaimingetie¢eprecursors of the

ttachi i ti.ng th f th 1]
ot o TEF A1 0E6' PRECGGdn G | 19n RRSSERIBaFP: dd gty oF cover
nmeanscid @ £i7wt SEltH | ORERAAIHNY RO PresHeseingl  and/or

25 the netallic material, and the step of converting
the atetathpenthr soFhent surfieceai dsnmetheni cremeeedal from the

ithin _the qr i.c filmis,carry out_ by Jea f .
\égecor#;lr%%i ut |f%$iﬁ'tlﬁ’aq dgéga@? coe&ﬁ%‘??{}e’t ggi %%t%‘ aPOSSlbly
precurixviedf arde nehehl i driiriddl . ifhus aBeeb@dni csolution
filmis 30 produced on the surface to be coated, and )

t hen A9k iging gvarioug shemiqalo agent® £ f ¥iEht the Hxception

By difi ng, B i)%fb&l:s 28, T et OmatL'HL% blﬂé@erifl of the
contal ning the precursors of the netallic materrial,
it | pyEosiksild ebabhf i Mhemed/arencioneel agéetsi maywbieh oxidation-

recursors (by inserting_and/ or ttachnent). .Th
B, FRIC AR aBeRGed FobnPRRERLS; i an iq}qikpoless-cype
(andif¥océdd adu@nireddudilyy ReeSi Br¥cukbBgedofntihdemetallic

i rmer sed ip a second sol utlon cont ai ni ng various .
chenmedlemipht sor velacthelpkeepinonrdst tive shsauier srectrical

O o HeBlALE TR Y0t MIEc BB be 1G5 oauct o

for ewwqdss f oWheén eheciethetddnytmkgy gskssef dn this second

P MR eYERS" YonkaSntd Ylon © and/or in  the film

constitute the sole “reservoir” of precursors available

to the reaction in order to form the metallic film,

since they are absent in the bath. Providing that the

organic film is uniform - and especially conformal - it

20 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 lthe

25 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

30 where the precursors have been trapped, thanks to the

organic film, and only at this point, that is to say on



material, or electrolytes in order to ensure
B 1425%| 2cEEical conduction in an el e€fropl ati ng-type
production process. Wen the reduction takes place in
this second 15 bath, the ions contained on and/or in
the film constitute the sole "reservoir" of
precursors available to the reaction in order to form
the netallic film since they are absent in the bath.
Providing that 'the organic filmis uniform- and
especdrl I3n cenf emidorm | ul2gathithugidassiconormal with the

fi h | ect | ati ti i f
Spac UEHHCRSPEERGT RS =oRG ERSt SPETIEIAARRE with the

surface. ProcgeahnghknNeilins iFRHRie @D L45d 5 i ML1&d with the
reprovision with nmetallization precursors fromthe 25

sol utbrecurepeei of y tihe t metpdsticompreating r 6§i ohgaving the
if they exist...and_Qvercones el ectropl.ati 0
7 coti TSk HAUE nd 0« SAUCRPLLESa T CRAGIERER cpecweer the

produing tBeisead widderpretlieseenst raint i tige obolheion of the
metal film (by reduction) is pronoted at the place 30
wher ERFRAPr BaEHS ot SOTHAEN A% n Y FREUT#PERks 36 tvourable

organi e fi lyoat dil s JaQd A8t jb% o OtBAY optional
on Bmlcng%g‘.eg] E%mgsggr ?% a&%i Tplol‘rgrﬁqﬁst(;r at hiln 19i I'm cptiona
conf arined ing thatheandurifrageast fetar eivtot kbebaedand dipping

| ayer.. en the filmis covered and/or filled with the

Vo Afckande adindedlvg | FRYR: ealane rak Ry (pEeveited by
firstridiucd e eeRePIAl tAB ghadbepbérbetaeeBnd®or in the
film(filled with precursors) and the solution of the

secomraanie (cbalmi nitviano precompdexatdan f eR apiens are

{0 L inlagee B LiGopryr ek, LUG Pl flafor, crose-

i 1Qimdimg Al thed| gyasé hof redersgatey) beHpwevent, echormally

1@/ it is observed that the use, in the second bath, of a

liquid 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

the film 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 \}'ery gradual, uniform and

25 conformal filling, the number of successive passes into

the above two baths may be increased so as, admittedly,

to reprovision the f£ilm with precursors, but again to

be able to ensure that this reprovisioning is limited

spatially to the thickness of the film, the “roots” of

30 which are increasingly buried as the passes into a

golution or bath for inserting the precursor of the



g

resolutely trapping the precursors on and/or in the

B 1425ar.garEE film (via a conpl exationawhen ions are

inserted, or else via chem cal coupling and/or cross-
linking in the case of aggregates). However, normally
15 it is observed that the use, in the second bath, of
a liquid that is not a solvent nor even a good
swelling agent for the organic film nmay be
sufficient in order to prevent this release. Mire

gener mkkylldry mpeeaiabg andprdéaneihtbhathev ldepBdtion bath
the rate of release slow 20 conpared with the rate of .
deposPEFEReS e MeEher n ThRE, f ACHOLdEAG Heo the invention,

precu r ' ’ ~ [ apee with :
t he sggge%ﬁﬁé%eggrgﬂgﬁgﬁﬁﬁ n?ﬁ%nﬂ%? t éggbﬁgn¢%% metallic
of | mphesentilngirite phecesgyaiict Bélmnveamd i off icorfverting the

carry out ver radual, uniformand 25 conformal
f%l i fg2d IPé-’%—‘d’%@é}r o’fn_‘acE si%f"e‘%a‘&%%lihfo“‘lai’@nﬂ may be
abOVealH@rﬁaEE?;?ﬁ)éﬂglﬁtbﬁP 58915 imeg. adm ttedly,

to reprovision mw th precursors, but again to
be abl e to endgrerthag ttu sthepriowesituiimg tbel isvbssrate may

i all he thi_ck f.the fil he " " of :

S0 viartutg. | R oAtk orieatFibatne (hndutiiy hhg/Br semi-

sol ut ¢ondeet Dok h ghaif aicas &iatwmg_:{t Pecpesedr $0id/r theoPections,
a

14255. 3 EE 30 netallic materi and then into the, .
H@postt kATt layesecthahe RERIIRES e, matadldrngnaterial

to thﬁréﬂveﬁiéﬁgtinéheﬁﬁtgpstﬂ% !@%T&irgﬁqégiate,. the said
precursor o e netallMc” material into e organic
fil mawrér cdmyert | hgvihg S s&hd chneasr ssuchntthdthethe free

220 AFAE e Waer! Floey b Sl S el 9N eRol ] rocenses

substar forBproljBek188s FF | £Be LAGHN IR dtr AW YA W8 ch the

and/ or sem - conductive surface having recesses and/ or

It oj eidnbarrier 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. Thie is therefore valid 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 consistg in
depositing the said barrier layer. This deposition may
be carried cut 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



PR
it

- the pé cias of the invention

10 a barrier layer that prevents the netallic materi al

B 142skr.gmpm grating into the said substirate, the said

barrier layer having a thickness such that the free

face of this layer conformally follows the recesses

and/ or projections of the said substrate on which the

15 said barrier layer is deposited. The function of

this barrier |layer was expl ained above in the prior

art part - it prevents the netallic material from

m gr ainepglildizatich® sthstAate. Reht.s iMateberefore vi@dud), 30,
for certain substrates and wi-'th certain netallic

mat er P&Bs85f-or 20 exanple a silicon substrate and a

copper - based tc%'ﬁq%‘ﬁg Y ethe! 3 nfeeRidnng dife _trl?&e:ﬁials used

i nvention, ore the~ step consrstlng |n pl acing t
or ganforf |]_:hmchmiﬁge saed bm:tea:celaﬁ/etme sfidpst eatmple 1n the
urther nor e

i Rcl u sp qqmeleoﬁerergorﬂecaieas. £ PRIRLG in micro-

barrigf eba¥ehicEhi %.x%e@éﬁéfé’fl)?"aﬁemg%oﬁaﬁb'tggsouﬁlﬁ may be
one of the techniques.known to those skilled in the

art, hateeiadpl euehd tenhdﬂqmerd@svrlbéw |ﬁOFheexamPle, the
Kalo er os.and . Ei senbr.au docu -"UItrat

ot fErERiBE Ar R M R % (TERkE P 0 ek i, shosen £rom
EE 3lthet agrictgt | ndi\sﬁtﬂg F\’ef Wadeer fcﬁﬂlow:(l@oo)tltanlum,

30, 363-85. According to the invention, the materials
48ed t?%FabPBduthﬁthEmbarF?@FaFHVer§ndfoFu%Q%B%Pe thrldesf

the LSJ.f, ﬁigmo‘anﬁoﬂﬂﬁ{ éﬂﬁ%??ﬂfﬁé‘sont ‘E%l%arr@ ddEen and

mcro ectronics, genera y seni conduct or $.
may b@hrmai.amr alcaﬂmmrtmdém pr igdrl izrdn - dépECbxatrpl:enlum or
mat erj al__chasen

rom kAt ERAERY, e of SRR T oAl R RS cobalt

or nickel alloyed with a refractory such as 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
technigque chosen from the group consisting of chemical
vapour or physical vapour depogition technigues. 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 pfior art on

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

the present invention readily makes it possible to



10 tantalum titanium tantalum and tungsten nitrides;

B 1425fFi8aBEUum and tungsten carbi des; gantalum tungsten and

h

chrom um carbonitrides; silicon-doped titanium or
tantalumnitride; and ternary alloys conprising cobalt
or nickel alloyed with a refractory such as

nmol ybdenum 15 rhenium or tungsten, and with a dopant
such as phosphorus or boron. For exanple, the barrier
| ayer may - be a layer of TiN.or TiN(Si) and the

net al dbhcaimt eeledl f£ifhys bRacdppern Wiiteksksg th”thdthin the 1
invention, the barrier |layer, 20 nmay be dep03|ted on
t he §U%st¢%9en%y bReIBf tﬂ%dafﬁVén nﬁﬁﬁloﬁed © 50 nm range,

techny %(ﬂ@r'i ﬁxtx%teﬂg?d)“% Art gsbar exanplg, by ecesses =~ and/ox

techni ron1t e group consisting of chem ca
vapowrafephysnsalto dpeurcidpasi- {FbgurechnjeguesndOfeigure 4).

of these techni gg is for, exanpl e des ribﬁﬂfi t he
2% affi%frent BGREGEdG¥urentthsor FREUEAFERene sses  for

appl i €Al 0fh £ PndBhbbbByst B8 RAYBE! $4dh 1 nm to 100 um for
m croel ectronics, for exanple copper interconnects,

t he swewiplyer aapibempget op@etihelaméy praw| &Rt g | o 5 pm.

t he chnlq t riqr t on t chi

gener |ons%§fw8mfs|§rﬁ and *8el B, rﬁ]‘% f%c ?t%‘élfnedt hgslng the
pr esgioddBent bON t@Rdi |pramdas linﬁéﬁﬁhbhe t @ifhilarly, the
14255. 3 EE 32 obtain seed filns having a thickness "h"

I# t hithiglessen 1e@uined afigs, makdngy SPIIRSLLONS TRy e more

' ANG QG ARARHA 110y onﬁé@ﬂ%#eoft gec gnﬁmd/%nd more

prOJectlons to coat ed Igure 1(a ure 4)
Nbregymuﬂaul@rlyhbetwqanrajaﬁﬂcknegmesﬁgnln, these may be

{200 oS, ™ SERRIALE™ Y Bl OBL {000 BD present

pm iﬂwgﬁtﬁ&ﬂcknesses may be readily obtai ned using

f;m 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 wmay

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

a) etching interconnect = patterns in a
dielectric gubsgtrate, the gaid patterns forming
recesses and optionaliy projections on and/or through

25 the said subatrate;

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 layer having a

30 thickness such that the free face of this layer



process of the present invention. Simlarly, the 10

B 1425%8hBckResses required for nmaki ng ggnnections nmay be
nore intentionally between 1 and 500 pm and nore
particularly between 1 and 10 pm Again, these may be
readi |y obtained by the process of the present
invention. 15 The present invention also relates to a
process for fabricating interconnects in
m croel ectronics, using the aforenentioned process, -
t he sabmf domtiel lycdivlcdwe cohei sintgrobnaeoet gdtiteerns of the
material, The inter- connect fabrication process of | -
the iSAAhtTIPHEGES0ONNERLGR, the BR&CE dRVEX A§ SrEOSited;
the steps congj stbigingn: ghefl CRLBYUALSILONELLrier  layer
patterns in a dielectTic substrate, the said patterns
f or mdupogidosises thd epthedablipspratecwiidis sorsemtdl/frlm of a

throu 5 the said,substrate; b) depgsiting a .
o THEaH s rPAECFApdr B { Mieais,| (obt clilie Bforementioned
di el et i Wisdddd €, ofiKd 13vehat PESYERAE the

metal lic interconnect material frommgrating into .
the said substh difelline thedrisgesises |with bhei sgig J;tallic

thic .such .1hedree ce this J B.
1425§E§§%E%§3'%%%$%%£ IF%O o”{om53$%% ?ﬁ%gr?%ﬁ%%c%n order to
pat t €orm othkhesa$di dnstdist HaiterdoiMecdE t kandeai 8f the said
| ayer i s _deposited;, ¢c) coating the conducting barrier
IﬁbyemeﬁigiiﬂiﬂﬁPQFFﬁ e etched substrate with a seed
S filmof a Sofrd al huGe PR | al gPYpREARY Ofadd€ ¢), and the
af orenenti oned coating process oP the i nvention; and
d) fmeltendatllve ridudssesami the t hesedi dinet &hilisc process were

mat eri a stagjlw fromthe said seed filmin order to
“explaine ab%ve.

[
e

The etching step may be carried out by the

15 usual microetching or nanocetching 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 techniques known to those gkilled in the

art for obtaining such etched features. For example,

20 reactive ion etching technigques may be wused to
implement the process of the invention.

According to the invention, the step of f£illing
the recegses in the interconnect fabrication process
may be carried out by any technique known to those

25 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

30 aforementioned ohmic drop problems, and thanks to the

process of the invention, the £filling step may be



formthe said netal interconnects nmade of the said 10

B 14258eBakEki c material. The substrategsasteps b) and c¢), and

the materials that can be used in this process were
expl ai ned above. The etching step may be carried out

by the 15 usual m croetching or nanoetching

techni ques for etching substrates, and even, because

of the access of the process of the invention to

scal es ranging down to 1 nm by the techni ques known

to thesersed| bed by theanarbff an @lledtrslesschbechinbgde using
features. For, exanple, 20 reactive ion etching__, )

t echn?t L UreyPTheClise® FFeqURTIBert tHee prsteddiss material.
the 1HYeRL]Qhles ACERAET NGah0 BB {,DXAN kQR. LRHEeSIEPaPing are
filling thé recesses in the iInterconnect fabrication
procedsscniyedebyar®i¥d changy ang SBedhniSge Knowhe odocument

t bose, killed in the art for _filling an etche
fgatwéﬁgftte ﬁnﬁgpgwhhﬁaéﬁ?W%ﬁﬁ%iatN%H Jprk. 63996)' pages
m cr afypiefes, and integrated circuits, for exanple the

techni ques of electroplating of netallic materials or

of el ectrol eepprding o artheng ihvemttilon setliel apepcess may
Pr ef ol e 4t 30 _aforenenti oned ohumi.c drop.
prob%‘%&ﬂeaﬂn{ﬁ%aﬁ\ésc%?%'hea% P cgggeofsqf?% iryngvren?Fggfng the
t he frdddamesst epithy thed 1M@b81BiEE Hhteridled oat Bfep of
nmeans Qf, an el ectrol ess technique using a solution of

W pr ing the neksPrec Mekalldr. materiahudounaton the

ConnRAS ARl SRR S HECHHEEATAC By moans of
MG awerisidntichial Yotgeddsos) upatesfort44hel5. fabrication of
Accorrnq.icr}:%sgf%ttetines ,i nvggg:i One’xatmq:ﬁéj r o&%gs n@ilemical—mechanical

polishing). 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 éaid surface
being an electrically conductive or sgemiconductive
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 deposition 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 technigques of

this process are those described above. The galvanic



furthernore include, after the step for filling the

B 1425%5ecBeBEBes with the netallic naterBal, a step of 10

Y

polishing the excess netallic material found on the

.said surface. This step nay be carried out by neans of
conventional processes used for the fabrication of

m crosystens, for exanple CMP (chem cal - nechani cal

polishing). One of these techniques is described in

the 15 aforenentioned process. The present invention

al so ecdtaimg tobhapnedeshasf othgal vinimattaripdtateang @ being

surface, the aid surface _ bein electrical ,
cond RAHERr TR T obh EBRAGUEERES Otk MBACHa 1y Ggposited, even

recessies AN Mo pkPi €Ct 1 9AS, st Lhes 20:19&@Ceﬁ§cf@&'e recesses
conprise the follow ng steps: coating of the sa

sur f aoelfwx lpre3eediéntm of a netallic material u3|ng
the process for coating a surface with a seed film
according to the present invention; and 25 - gal vanic

depOPHTITEY DENFIPTINE’ opf PHE INVENTYON AND PARTICULAR

material starting fromthe said seed film obtained.

The 5?§¥EH@ﬁPﬂBﬁé@Fg%ﬂﬁaﬁﬂ%ﬁﬂ%nglt|on step may be
i ed h 3
carried out ’fhl% g?% Wac%’e“ a% & @%"E{M&E‘@P%? O based

filling step. sPAnG hni ques
this cpr othes mpradudioben descrabedraaode. FhPmgaldi@yies Bro the

14255 E 35 coatin tained has the, chagacteristi
b ac@onP%r nal qg%“f‘-’r?é“é{frfﬁ‘ée %?F‘Wﬁ’%%u%l’f’% S“%Stratef
depo%&redex&i{ﬁﬁe ¥y achenPasg! or Oé‘léé'ﬁ-ééﬁémiééi reactions,

i ncl ude recesses and/or projections.
DESCRICPT&N toF pmetmmhmmmnmmcusmort thereon and

allow thereon the growth of a metal coating starting
from a precursor, in order to obtain a seed film
15 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 £ilm to be constructed on
the surface of a conductive or semiconductive
20 substrate, the said film being conformal as shown in
Figure la 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
25 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 deposgited. '
30 In the microelectronice case, the process of

the invention makee it possible to produce'a metal seed



EMBCDI MENTS OF THE | NVENTI ON The process of the
B 1425presBAt invention is based on tRé& production of an
organic filmadheres 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 allow
thereon the growh of a netal coating starting froma
precursor, in order to obtain a seed film 15 confornma
t o t hkager dthankscetand tBusotssione off orkemieali eedelectro-

dr awbacks. of . th riqQr._ar Mor e  preci.s t he
or 00 et i ST PP aBEn PR ERek ronE R RHBEAGe A the substrate
pr ef egftadh yewd f 08 npeegaBi e, f iohMdno the wiistiawt B4R when the

the surface of a conductive or sem conductive 20 o
subst¥after the BeFdsfart bérn§heoseen®f gakrmic i geposition

FLgure la_ap ef 0. Lon con Lty ‘
i% es%ént fal P“)%r&%%gsd&ﬁ%l% heccﬂg?ggﬁgfi sﬁ:lfhce Si égéggg%heo‘f the
t opolingrexsd i o r mgkkar iit epogaiblle sty f peeduceofat layer whose
intentional etched features of the said surface., In

t he ﬂ”g@ﬂ&%ﬁ d&seof| ttlh%y sgdec oREHBEr Rf t MATNIfyde as the

il Mdnsa1 168 4@ ud o?f hsuwgéafs b Bhypb%s%rh‘é??axacts of the

any point on the surtface and to wthin“a certal

t ol ey ce hef theakompdnentofirc ywes tienpr ésedtiding in the

:ﬁfforethefilmgzs been deposited %%Flnthg Thi
cr 8GRI Ghi $8EGE e PHHE Fre®E 0ot “henPItNefitrsce. This

makesetia DAY eodif PFREYCEcatRBt 8lirgaed Bsl4traihdd thanks

36 | ayer thanks to a succession of chem cal or

el ecttio-thenapeadh £ ke ebepined| by ohhehprogepsc ©fotthenpresent

substihq,te%ti\gﬁlen_thi S is possible, or on the barrier
| ayer "when the latter is necessary. In the case of

gal vani ¢ dep@iighiren  die aa nechemavpoc r=pyEsEntgtide of the

1%r oc%?:%c%fsst Q& the invention, diagrams a) to ¢) showing the

fabrication of a seed film (8F) 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 surface of a substrate (8) having a

recess (R). A barrier layer (BL) is alsc shown in this

diagram, although its presence is not always necessary.

When the process o©of the invention is applied

for example in microelectronics, the thickness has to

25 be small enough not to increase the aspect ratios

(Figure l1la) and not to handicap the following steps of

forming the seed film and, where appropriate, of

filling the recess (Figures 1b, 1lc and, where appro-

priate, PFigure 1d). The process of the invention

30 therefore preferably uses processes for depositing an

~organic film that make it possible to obtain



i nvention nmakes it possible to produce a | ayer whose

B l42s5thidcimEess is of the sane order ofi7magnitude as the
smal | est radius of curvature of any of the parts of
the surface of the conponent in question, including
in the 10 recesses and/or projections of the said
surface. This netal layer conformal to the surface is
obtai ned thanks to the seed fil m obtained by the
process of the present invention. Figure 1 is a
schenmahicknepresemdistaminifallhe 148spthanssiof whbee d is the
i nventi Qn, diagrans a) to c) showing the fabrication
of a ¥iEHh Pifngilsmetéﬁlﬁ'&ddif;@%ed) RIS ppEticularly less
fillipgafl &/ Fecesy Wolh ammebabhifigMigid aleHiMlness of the
starting fromthe seed f|In1(SF)._d?agran1a) shows the
deposiayven ofildn begdmic el@mpilembiedeeamn flheamsdr fld®e nm, and

of a substrate (.S) .havjng recess (R). A,barrsjer .
!%yerm?ﬁf) i%?%‘i’s%‘ﬁari%i%  betiesn g, gr ddal fodh It is
i ts PE@EEDNELeh1POLNAIEWINS NEKLSSAEY t WY, t BRePIARASS thick-

of the invention is applied for exanple in L
m cr oegeet r oRe cs@atu@. t hhaRnese hbe t enexgeash s | within a

enou [ e pe ' (Fi | .
and no?ﬂ?%a}%(g%din‘g%p heé$%]1$%vm %%Cés%aps of c?‘gér]?n ngﬂe entire
t he sematdd| nurfhcehest afips opywisdteratod. It | iig tpweferably
r ecess é i gures 1b, ig and, where appro- priate, .

H)gur%oga. Fhe HPockBE ofOPRLCBAGEAL | BRTIG AW ¢ ©F Che
pref efabtyodISes PhOCBABEErLRE, JERYS birREe2Ab1Y SNy in fact
filmthat make it possible to obtain B 14255. 3 EE 3 ,

t hi clnesezeguanteantf athy dosvettrem agpedese d is the

ot of e BLENSLLRR Y 8 PO BT i sitn
the ddnare Mcbl de ber £ieed! enbetheelukfare 196 mBsentially
:ﬁ?d determined by the steps that follow its formation. If
for example the precursors are inserted by dipping into
a eolution of the type of those used for electro-
plating, preference is advantageously given to methods
for fixing the organic £ilm 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 wvia physico-chemical
bonds, .such as the grafting Vas 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 1ayer/drganic film interface, and
preferébly' 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,



5 nore particularly between 1 and 50 nm it is

B 1425s5uifggiently uniform that is tozgay 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

conformal to the topol ogical structuration of the

surface of the substrate, this preferably being in

fact a consequence of the above two aspects. The

f or cery egitk#Ond OoliBk @ Heher @d@awi én f 6E mehad Eme:dx@ozrs within
be fixed on the surface is essentially 15 determ ned

by t I spsganifatlFvaY owimpd vi olerpes bed | pof khexgwgface, as
t he ecursoys a .nserted | PDE NGOy | a .
soluﬁﬁgﬁﬁ%f %%e %%%%p%f Fhos Eﬁké?ﬁorhéﬁég?fo-Thls may be
pl at iznghieprert er €aee bgampglantibgedsosigiien ba netrgadsc film
for fixing the organic filmwhich will give a coating

Bt H@F i | Rlfsrde wishdedf f WER heddisol R sIG  (PM)
exanpl beifg: SO e Lherfl by sheis :
firgﬁgqéﬁ¥§£%%3'téﬁ?h% %HP ace'w%?p)yg?%gggﬁgn¥égﬁlﬁg' s
bondsnsarthicas theegr afticly ascekearily Fhger ¢ 2iaatiude the
4. Preferably, the nethods capahlLe of pronotin e 25

{ or miHeo Dot S bBRAYERE (e SuBURTAi0% AU FHFeFPEc POl meT,
or thaabarr ity deaerd oi9aphs bubkpubat Beingewaghed. Here, the
preferably coval ent, ionic or dative chem cal bonds,

Ifor r e&epndrayeisting sinciplaaied ither argpsds. £ilm on the

30 PE i RoFPE Pr RIS hERANERLE of ene

| ayemetadl iexamgteridl t BE HHd aprocésa s€nitimndintvention are
B 14255.3 EE 38 by carriing out _.the reduction of the

precGREEAE (M &HIBIEBRPEUFAYer JHfpl PIRAPYSFPRY OF the
on tﬁn%tiligfiécemaﬁériiﬁowis' N tH @oRvaRR@HICA I ClkPe saidq

This may be

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

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, or by dip

20 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-

25 lations used in the foilowing 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 -rr_laterial. This may for example be

30 achieved with polymers that can crosslink after

deposition, either through the external action of a



achi eved, for exanple by depositing an organic film5
B 14255CE)EEIready filled with the presersors (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 i ng agent for the polyner,
liable to result in the surface being washed. Here,
the 10 step consisting in placing the organic filmon
the surface and the step of inserting the precursor :
of thepeqéfébhcraﬁﬂkﬁnkdn@faganquoonsxhahhdmto them being

i nvention ar ed_out simltaneously, ,The
or ecureBPoipde UHABARIL i | SFoPS LNk PBorRarPER, oF by

i nto phensaitd dReSB dlddrs MrRELE! JMIRidYd NErOtIMY £ polymer
film(Figure 3b) 1in order to obtain the seed film

(SF) }am@wnsngﬂ anehe therefente i avénbilen. imMh&heriganteposition

Ie be based_on the surfa
Bt TAT EERG CHATRER | AeYor B QMR SUREy poe the
Spfaysﬁgutil@zhn%a% Sodath | @RIt NgLt r@bﬁﬁﬂb@é o carry
macronol ecules that will serve to formthe organic

fil mewt ttliaef@qldweﬁglaaftol%s@d(urh@ndcqrpis)alméqlpg on the
when §Jf¥ ﬁﬁéhdﬁﬁef é@hé%ﬁ&?or E?%%éﬁﬁfybrs of these

macr onol ecul es ' I'S lnsolu ein ations
used polynherd ol Inwchg stases i whechr ehessoldfutildre contains a

venti.on, especi al_l those for,the
L e cthoias nopet  Sheamhadis Hramety ihi (dgesedble to cure
converd,i Nghyt hePr ecubaahc@f te Mebal | Leampier i@ithNtdhotons,
the said netallic material. Thi's may for exanpl e be

achi eldettaane polipners ehat, car cebsel itk appéy any form of
S0l ln € 50 8 O eb R S8R s fnferature,
to tkam.beithy tiw@OUNEeThhblendedd Wekh €eoSYaiudd NGthem to
flengiossljgk In particular, this crosslinking makes them
insoluble in the solvent used for depositing them and
in many other solvents, even for low 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-§iny1pyridine), poly(2-vinylpyridine),
25 polyvinylcarbazole; polymers obtained by poly-
condensation such as polyamides and especiélly nylons,
polysiloxanes and polyaminosiloxanes; polymers obtained
from  cyclic monomers that can be cleaved by nucleo-
philic or électrophilic attack, and especially

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

especially g-caprolactone; non-polymeric macro-



both of these neans. These polyners or their polyner

B 1425pr.@&ctiEsors are therefore sol ubl e4ion 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

surface when the bath contains the precursors of these
polymers. In the case in which.the solution contains a

10 polyner that is already forned, it is possible to

cure mplecuilego isuchli ase cbelllibmsexampll eivet Merivatives and

hot ons, tro i ons, etc
Porm%? gﬁf"iggl erbfc? cﬁ’&ﬁrgé&%%%H "dextrans,

tenpesri HbBans Gl C. wﬁ@tﬁ@@se ﬂﬁidﬂ%ﬁal%@s 0: Caug®. These
themto 15 crosslink. in particular, this crosslinking

rrakesm@‘thOilﬁsullabl echn t kétdervente usabsmrinked directly,

d p03|t|n hem an ot her vents, even for

500 ks At 0 2Bkl ARRYY CEBRELIRIIRY SiedHE) ' can e
foll Ocvw@srﬂﬂkaa use4 @@@orﬂumoa@cti@zl YNt onérosslinking
vinyl polyners, and 20 especially poly(nethyl

netMﬁﬂ%@%tthﬁﬂﬂWQQ%ﬁﬁsotK€ESQRHyh@r§hﬂm@@rmU1at10n: are
MONONY & GhéEx bﬁ’ﬁ@ﬁnogoeﬁﬁg%ﬁyg&:Lﬁtetﬁh ?lcrt ld &AL q\de‘-fl{lslon may

acrylic acrd, such as poly roxye et hacryl a
(PHEM@pe¢mﬂytyabeammﬂ&nd£ mp&byadeﬁhcarnyhﬁg at least two

ﬁ@ (4 VI bg%gg 5I€ é %# hgﬁk hﬁoﬁynctlonal groups

C ondefrs HhO rpéymeﬁsoﬁ OJ:i‘éﬁtQSSoﬁn €hes 9%95,@.@::\/ oY ldHS%external
pol ysi | oxanes and pol yam nosi | oxanes; pol ynmers

obt aigwdiontr ofoay cexampbeolt sat tehangsm Be @Rav&y bbeat by
noch e D £ SLST TR ol BK. SR SRR ecutes

30 | act epoXi €s, toneds AN
espe@hﬂé@nSfﬁaﬁrﬁhacgeﬂﬁpIﬁﬁhﬂxﬂﬁmﬁgI@fnadﬁvlﬁylbenzene or

lgérzﬁ‘spﬁ?f}t\%;%#gpqt%lm %:Setrsal#r?eq:hzscr%rellal.tuel ,os%lgr:tglrlxetss such as,
for example, hexamethylenediamine; = epichlorohydrin;
glutaric anhydride; glutaraldehyde; bis-epoxides;
dicarboxylic acids such as azelaic acid; bis-siloxanes;
aminosiloxanes, such as fY-aminopropyltriethoxysilane

20 ‘(y-APS);  big-chlorosilanes, big-isocyanates, etc.
Preferably, the molecules or macromoclecules 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 1ligands 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



especi al Iy hydroxypropyl met hyl cellul ose, dextrans,

B 14258hi3t @Bans, whet her functionalizedr not. These
macr onol ecul es can either be crosslinked directly, 5
wi t hout an additional crosslinking agent, or can be
crosslinked via the introduction of a crosslinking
agent. These agents, present in the fornulation, are
t he ones known to those skilled in the art. Mention
may especially be made of nol ecul es carrying at | east
two 1€thensii orala-grraws coopgbubde W tthidecrown compounds,
functional groups of the polyner or created on the .
poIyd%?yBﬁagﬁsextern%?PuQEFPBﬁFIfor eR2AprEspy a Pporphyrins,

changeai fREndy he byinkEr adi gt .00, The . 33
for ex%nple be nblegéygsalgﬁ%éen ??%gg%ﬁgh%?éup eErfP¥idines,
consiguingl bhesdi vonyhdeherantbrolingentampptihtist ol naphthols,

tetramet hacryl ate; diam.,nes such as,, for, exanple, , . .
HExartA Ay RS TRah? ne: EBAPOREGEohy Gt iR TORRRRSR | ¢ antibiotics,
anhy s 161 ergld Ué&{/ébﬂ!‘?h%ﬁﬁjl&&éz@igﬁl’fégeﬁthd g dE and/or

aci ds such as azel aic acid; bis-siloxanes;

anm nddmehdonslizedh melecuikibmopstppatinsshoXsesddineon  these

20 (y . Dbl-s- sil anes, bis-isocyanates, etc.

Pr ef efr"gg yi,mjt?%wfe ﬁr%‘%lgt‘f’:% es or macronol ecul es used in

the fornulat{in netyemdedit agobeshlebeadnd | fadddibledules of
groups, conpl enentary

i to. their_intrjnsic functional ( ] )

-* #%ncﬁ}iﬁnafow glomnhearpspefilic uhunrsagnagr @xeyipss which
that @By BSEMeLRmdd IER ke !Qﬁffaigdc&s‘)ﬁ&é abl¥rier layer
metal | I"'zati on precursor netal ions. ng these
f uncEPeRdanpsly | wiben ntheakel yWrrupslidecomendhky contact with

pr esent n_the macro ecules of the organig film

nent ;Egjr? rr%?‘rtfggﬁecf’gl rgilﬁeulﬁ%ﬁﬁlﬁff ahthes: aﬁ?%%%, molecules,
et hehawviddy Grdaetic seLlexvhe aMhtCanPPXpbakestten as A-B,
phosphi nes, phosphi ne oxi des, thioethers, - .
1§ surpredes, of eds, reretdve endsgroep 4B, capable of being

spontaneously fixed onto the surface of the barrier
layer, by this layer coming into contact with a ligquid
phase containing the A-B molecules or their organic
precurgorg, 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 & = 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
tetrafluoroborates, halides, sulphates, phosphates,
carboxylates, perchlorates, hexafluorophosphates,
30 ferrocyanides and ferricyanides; and R is any, linear

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



,
j—

et hers, aza-crown conpounds, thio-crown conpounds,
B 14258 gpEBnds, sepul crands, podands, 4gor phyri ns,
cal i xarenes, pyridines, bipyridines, terpyridines,
qui nol i nes, orthophenant hrol i ne conpounds, naphthol s,
5 iso-naphthol s, thioureas, siderophores, antibiotics,
et hyl ene gl ycol, cyclodextrins, and substituted and/or
functionalized nol ecul ar structures based on these
functional groups; (ii) when the nol ecul es and
macr Pt eenrédyofof | macromehectbamhativae, bemmpr:.slng Lewis-

speci f nct.i o r.oups, mhlch f.orm ds with
the® strFs cHAgH ! g WPE SRHALI Gl SRS 1igands
t hesef g Otp® COSRLE Nkeigant %ﬁd Wébf!ecﬁ.?.?l?”rtfkﬁcemé’éalllzatlon

the barrier |ayer. These mol ecul es, havi ng a generic
st r URERSUEPAY MERtHENA t tATPRE AtBeSES dowgitsitorgfl a groups,

reeac f _bein ntaneously
(ot oo, QPP SopSBPAPLE Mhe PPipde) SBEM SIESHR) L amides,
| ayeretdoetang i ncarbamydet, W tdatbbi@lsd rahase carboxylates,
conta|n|%§1the A-B_nol ecul es or their organic

pr ec HARFRNINER. oPhespbanes peifeng thirstibersactdimulphides,
20 gR{HEss, eHRRHAl kY nkhe, l'QQQdérégﬁ.tg@h unds,  thio-crown
netal |ization precursor c¢ations or exaﬁ%? nent

nay isempainds, dtﬁpb@hdausabpulctahdsnub@dbﬁdé-N@qrphyrlns,
Thi s | because it is

’ , | = R_.and,
: lknovvn atﬁh%raq%ezso‘m urﬁy?é#’t%e% BB t r&GRPYridines,
t enpefudindle Hes gi wmﬁﬁm&ténﬁ@dlm#poﬁds, Cmphthols

be fi,xed onto the surface. In the abo or nul a:
i s arSer&RRhthelsyg: §@l¢%r%®9:anﬁ@ﬁetﬁpbenEESpe@hﬂﬂb}otlcs,

fromet g ga&%;%fgé‘éi gggﬁggiexkgmf' Ls%{afb uﬁéﬁtuted and/or

hal i des; carboXx
per c Euncationa lHeeat | ummﬂmmhatﬂsruaﬁuf@ﬁ r or:aaedide&n these

d Ferrlcxgnldes and R is any, |inear
PRGN FHRWPE: THE. R 5 HERD dP@énFéP&Féa&lY be any

one of the macromolecules mentioned in the list of case

(i) above. Among the molecules that can be

spontaneously adsorbed on the surface, for example by

thermal activation, mention may also be made of

20 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; substitﬁted

25  triphenyls; verdazyl derivatives; thiazolinyl;

peroxides, such as for example behzoyl peroxide;
thioesters; dithiocesters; and disulphides.

The spin coating process, gometimes called the

spin-on process in microelectronics, is in fact a

30 process that allows very thin organic films to be

deposited, even though it is particularly effective on



B 14255.3 EE 42 optionally of macronol ecul ar nature,
B 1425BoApEEsi ng Lewi s- type basic funéBi onal groups capable
of formng ligands for the Lewis acids, and
especially the netallization precursor cations. Anong
these functional groups, 5 nmention may especially be
made of am nes, am des, ethers, carbonyls, carboxyls
and car boxyl ates, phosphi nes, phosphi ne oxi des,
t hi oet hers, disul phides, . ureas, crown ethers,
aza- chwnwhacespbbats arehinetcroemgh cogpyendshadr yaheandgi formity

P abhe, R e LAY L b B R PPRRL 10w of the
or t hopheln@nt Br Aldn(ig60MPRES . magPHdidtSimes not be the case

i so-napht hol s, thioureas, siderophores, antibiotics, o
et hyl etEckngmof , spychddéxt plugb aidhs wmfaqs cirzemplarities.
fanctionalii | ecul structure d th .
ot brarigfonte. Thhatte oPoul MiFuARRE chRs) (1T Wil eratnin
one ofilue, Mactlosol esrdmEraEidn onesE i N the | isdlwdnt  during
case (i), above. Anong the nol ecul es that can be |
spont §icRisof bele oRTPRESEUARSEE25RS SeRfaRianes, locally
t her Maln ddtal iy Tehd 01 BBY s 85 00RE LBRI219i LRna 1t
nol ecu es:gﬁﬁg+th¥ﬁ W th %ﬁgrﬁa#§o? photocher%ican resuite
pr ecurs oa s nomy-urtid ciror el i dimess 1 adpealificsuddviees othat can
merization jnitiators such.as

O anpl e radi.cal_p .

STl AR BES G o Fliky  BE9580E | diianCh y Mhich Tequire the
pi' perdatiupdtdcn ( TEBOhr algeeeAitaes; terpeiraltir@d . 3Rd  even
-triphenyls; verdazyl derivatives; thiazolinyl; .
per oUESli tat P dee fepniexakbed, baneofespribriddor example in
thio I S 4did-H O ; d ol syl phi dese in :
coat?%%p?ggesésﬂ sg?lréeﬁ)?mglﬁgaI"fgeg’ut%;é Spl n:{g%g% ocdgording
I N mtex gel et iamt csotheri prbaeissas gy ocassbéhased accord-

133 | O\Q.%gve{:g tt:ien %rnq'aerglitciof!i ! raﬁ:et-opggcesses for the solvent
annealing of organic coatings deposgited 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
depogition, in order to obtain a uniform layer} namely
the annealing step.

Since the substrate acéording 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 gseen earlier, the reactions that can be used are

preferably those that make it possible to produce films



deposited, even though it is particularly effective on
B 14258.34B85. 3 EE 43 surfaces that areé4not rough, given
that the uniformty of the filnms obtained is optinum
when the flow of the fluid is lamnar, which may
sonetinmes not be the case ("Eckman's spirals") plunb
wWth surface irregularities. 5 1In addition, it has
been observed that, for ultrathin filnms, the
evaporation of the solvent during application of the
procesf undfeameshistmesismand eralfiormslntondgenesaksd ysurface,

the viscosity of.the fluid and results 1in a
non- URRREPRFE i ERACEECRSRTAS | EQRRAGES Qfat tB&n TBThace. As
used pRetNBuRIPSENtiti NVigNt | O B6EH T BEWiEE@abI® to  select

saturation vapour pressure, temperature and even o
hum dtlgctovophevbatiloreadtiane dbedr idied famewhatmplesensitive

[ 5,954 878 (1997).and_US 6.2 735 999) .
ot nd i o htsatrant By h{RtR CE2ebl 2 Ty eneral,
used ele®t o 1bnibPatedt ieaddritiid OReat e tHidces6AatkQint, and
the sol vent annealing of organic coatings deposit ed .
by sp¥if thstederenhreacpionessbatyreaneber iwiaf f §pr forming
exa [ é#% 3121971 00 Lk reacti :
the?ﬁr!a an%nra 'ﬁf n;f%gznrriteéqou Boniﬁ%{rllg%dfi ns 1{%8 %Ontamea
998 SR iMkPOFhe 20 alidbwinan adtsepde aSedthen tghecess of the
present invention, these rocesses require.a ste
Ui It nBaBed heic FERETIOR BE oflie PECcursors of
obt aihe? WHtad1Nd a¥Rteride! ¥n [BedaPNeRbI NSbEABR- the seed
Since the substrate according to the invention 25 is _
pr ef dieyay. Theteeéxnl 'glechrocingbistedeppactions” is under-
condyGtj.ve, [ ipvention_th rganic .
o1 e est 5 e Pletl-ofenl¥el eRgt A8nf | BBRL" tnctude at
enti leasgtanopkey stepr avf hchadigey @rahbfeg refchi alfe working

for electrocheni&ally initiated organic films. |, )
1|_Ebv\e§éxlrfa§§ coupled,” before or afterwards, with chemical

reactions one o¢of which is a reactionm involving charge

i
p—

transfer with the same working surface. For example,
these 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 reactione for the electro-

grafting of functionalized alkynes onto sgilicon

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

M.P. Stewart and J.M. Buriak in *“aAnodic and cathodic



30 was seen earlier, the reactions that can be used

B 14253r&8 EBreferably those that nake it possible to produce

)

films B 14255.3 EE 44 of uniformthickness and
conformal to the said surface, whatever the geonetric
topol ogy of the surface. As previously, it is
therefore preferable to select electrochem cal
reactions that are sonmewhat insensitive 5 to the

surface electric field topology. In general,
el ectebectiograttdingacti edkymeeat drhisorenst 8l héonandchemical
are therefore reactions_that can be used for form ng

the of FHRTELFEFAPPAat 1437t endeP Yo be RIAMEhedChaine  are
duri nghtHend@l | oW ng shens, of hag jksgces he :

i nvention, narrelqsythﬂ edﬁ"’cti gn of the p g?&}:&ors?%¥319agatlon
t he reeadtiensht driladeni rbior thist dridtitidme aeedngle charge
| ayer, The.term"el ectro-ini tjﬁat ed reactions" i
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as desayilbefol{merexel®terbirEPr 988 24dadtibA=ERHAD can be
75, or .else anodic electrografting reactions for. the
13 echpPgd according to the invention are, for example,
monomers containing activated vinyl groups, that is to
say those carrying electron-withdrawing or eiectron-
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 methacrylate, butyl methacrylate,
propyl methacrylate,’ “hydroxyethyl methacrylate,
25  hydroxypropyl methacrylate and glycidyl methacrylate;
acrylamides, and especially aminoethyl, aminopropyl,
aminobutyl, aminopentyl and aminohexyl methacrylamides;
cyancacrylates and cyanomethacrylates; polyethylene
glycol dimethacrylate; and more generally telechelic
30 diacrylates or dimethacrylates, and also macromolecules

carrying acrylate or wethacrylate groups and more



grafting of functionalized al kynes onto silicon 30

B 14255ypf BEes, as described for exanpké by E. G Robins,
MP. Stewart and J.M Buriak in "Anodic and cathodic B
14255. 3 EE 45 el ectrografting of al kynes on porous
silicon", Chem cal Comunications, 2479 (1999),
pol yner 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 g@mprelby chatavathd gvomnyh ofraotipsi, anvgﬂues acid and
addltlo ﬂarge tr nsfe reaction. Fﬁg i ence
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LA en?%csﬁapglﬁiﬁShe%'y‘Fa%tmy #nigeed, in particular,
epoxides, oxiranes, lactones, and especially capro-
lactones, lactams, and alsc any wmolecule or mwmacro-
molecule carrying such groups. Functionalized alkynes
that can be qsed 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 is 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
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,

30 phosphine oxides, thicethers, disulphides, ureas, crown

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



‘ cyanoacryl ates and cyanonet hacryl ates; pol yet hyl ene

B 1425§|.9cBE di nethacryl ate; and nore generally telechelic

30 diacrylates or dinethacrylates, and al so

macronol ecul es carrying acrylate or nethacrylate

groups and nore B 14255.3 EE 46 generally activated

vinyl groups; acrylic acid and nethacrylic acid;

styrene, p-chlorostyrene and nore generally activated
substituted styrenes; N-vinyl- pyrrolidone;

4-vi ngFywrandae and gepuhgtpndsdi ne; podsghds, hal i destrphyrins,
acryl . chloride and nethacryl oyl, chl ori de; .
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| ecul e or macr,o-_.nol ecul e carryi ng sych groups. . o
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pr esebganive Nt 8mehek W@ﬂ.SCEQOEQEa@@ﬂg Geactions: these
el ectrografting onto a si'licon surface, are ?or
exanpFé chapdiffls &he hpaythenlsrf orawe a of cEledtroinitiated
wher ' y organi c_gr.oup t soevel ,  _whet her
| | negregcg'r%oﬁgt, b%gnche 1%# n\gg_'i’eopt i Sﬁﬁf‘ﬁ?'gFanS'fer"couPled |
macr vedtetohar anat wlss WlieahingCl ddestheWededtidreduced or
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i gaftSCFEPOrRELEER s mkgetle andbeBpdytarl y Qe heterolytic
net aéléZahbe) RhACHHROadsorption of at least one of the two

cleaved species onto the working surface. Especially

useable reactions in 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 as those
described in US 6 238 541, of phosphonium and iodonium
salts, of peroxodisulphates, persulphates, thio-
sulphates, ferrocene, carboxylic acids and egpecially
25 benzoic acids, for example by the Kolbe reaction
described in WO 98/40450, or of peracids, .and also, in
particular, onto gilicon 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),




cations. Anong these functional groups, nention may

B 14258spe@Eal |y be made of am nes, anmdages, ethers,

carbonyl s, carboxyls and carboxyl ates, phosphi nes, 30
phosphi ne oxi des, thioethers, disul phides, ureas,

crown ethers, aza-crown conpounds, thio-crown

conpounds, B 14255.3 EE 47 cryptands, sepul crands,

podands, porphyrins, calixarenes, pyridines,

bi pyri di nes, terpyridines, quinolines,

orthocp}henaht hTbkisee woapoims, araphided sto firmly le ultra-
I so- napht hol s, t.hi oureas, siderop hores antihiotics
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reactjons are the cleavi of the electror ced
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cl eayage) iand dridAdsQs ptél%‘a% at peagh 2edfedfion, the
two cleaved species onto the working surface.

s pegralfity ngusea R -ab + efichgmantisnohbics that e@akimy &urface. In
reactions involving the el ectroreduction or
el ectthsoxalaye orf myPln di &oapumBalaromatiich adénghos®e is an

reac described i.n, WO 98/4417 honi um

ot iR AL pRBEA10Y0 7 E AT AR LoDl MYy B balide, a
phos phaphumaanda | sldesphate s abt SardofAp@Odi sUpbRREhESTrate, a
ersg phates, thio- _sul phates, ferrocene, carboxylic

aci deexadlyspephaeppars, beahz5P€r9§ﬁfé§1dﬁor°1éxan‘§l>éé'rﬂ3¢¥anlde:

1ishe gahbegrechl Odhy 1linear or non-linear, branched or
unbranched, organic group, optiocnally of macromolecular
nature, which includes Lewis-type basic functional
Qroups capable of constituting ligands for the Lewis
acids, and especially the metallization precursor
20 cations. Among these functional groups, mention may
egpecially be made of amines, amides, ethers,
carbonyls, carboxyls and carboxylates, phosphines,

phosphine oxides, thioethers, disulphides, ureas, crown

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

quinolines, orthophenanthroline compounds, naphthols,
igo-naphthols, thioureas, siderophores, antibiotics,
ethylene glycol, cyclodextrins, and substituted and/or
30 functionalized wmolecular structurés based on these

functional groups. The R group may be a molecular



Ny group, optiona

descri bed in WD 98/ 40450, or of peracids,and also, in
B 1425paptiEeul ar, onto silicon surfacegg reactions for the
cathodi c el ectrografting of al kynes, such as those
described by E.G Robins, MP. Stewart and J.M Buri ak
30 in "Anodic and cathodic electrografting of al kynes
on porous silicon", Chem cal Communications, 2479
(1999), B 14255.3 EE 48 op.cit. These reactions are
used to firmy fix ultra- thin organic |layers to any

el ectstpattyreordudd iyt firy SeDE&PNduat ietperilstlnatény macro-
with the formation of covalent interfacial bonds, by

pref URRPEWEET zi #BAL hin5 PRAEAAGEAT wid h Pod@™aInct Iénaks  also
gr oupS, O W?%Ie%%fhéépéic?ig : %}pdtqfiéer edyt %]{t'e)s.'n%rg:&et hae.‘pp‘roach

sur f ace. cont ex € presen I nventi on,
it |istposhhbl adaxrilsed far theangtecedingopaagsabhs in order

o% fornulaﬁ&?—(D—%Z', X'} in order to obtain, by |

e? ect'rdr &Fct' oROIYHETED GREPt i FHFGICTE 4- MAMEdivent dnstead of

ont 0 ddigs Wit 19y SHAEAPB1 yhBr Eh‘.%cﬁb%ére H‘l%!fdgﬂcﬁi the Ssurface,
V specially a

an aromati c ring; isTan® ani on and
t et r dfy udi bBoF atipitd atdldnde({ekectobgiaf eing plopolamers), it

a carshoxylate, ,a perchiorate, a _hexafl uorpphogphate,
a feff%dé%ﬁ?aglgrgﬁ)f%???%é%%i8é?é@¥@ﬁﬁi?if%aéﬁy%ormed that
l'i near s L br. ynb e ani Gr_
5 P E e e dnermy enfar ' ARNAQ° ot -t
Ithcl sdgish ewire- t ghenbasouvénvedi dislo drhiazpmicmpabhits by a
- of capnstituting liggnds for the Lew s acids, d,
espe&%&q%ﬁ#%égﬁ%fgaPF?aﬁﬂﬂVﬂNQQuF.8?92@h£;¥%akfn the art,
Anonguidhe sy faineéhenabnIwakhs HOTYNaNY) BRY witIPIER,,Y before
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15 they are attached - onto the said 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 séme characteristics
as above; | |

- electro-initiated electropolymérization

reactions: these are reactions in which a mixture is

used that comprises at least one electrically actuable

25 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

30 surface in such a mixture results in the electro-

reduction of the diazonium salt and in the formation of



25 cryptands, sepul crands, podands, porphyrins,

B 1425@al3 ¥ enes, pyridines, bipyridi®s®s, terpyridines,
qui nol i nes, orthophenant hrol i ne conpounds, napht hol s,
i so- napht hol s, thioureas, siderophores, antibiotics,
et hyl ene glycol, cyclodextrins, and substituted and/or
30 functionalized nol ecul ar structures based on these
functional groups. The R group may be a nol ecul ar B
14255.3 EE . 49 structure of arbitrary size, and
especRalll'y argdiefl®; noileteh e, cid | AnBanlEic@ul akha  radical
polymer. It is also possible in particular to use an
al t er RRLVVETABPESEBN OF othRatviusk rmpBamEl .t A8 may be geen,
pr ecegdj p ar o r ar.att, palyners onto
surfagggg ngkglyﬁﬂﬁﬁﬁégy of é%%ﬁst?%@ in%t?ﬁ??ﬁﬁ%ne?raHSfer
bl ockrégcbionk ovhdieasurdflaceforhytibhecési Ridd aplQfmer film
(electrografting of polyners), iit is possible to
cBnsi BEPCEEPB| YhePUsPLyafRordcRdd stgRe  these are therefore
functignaldz | A, it ' d S f+ ;
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sui t abf etlpe otrdemeidmown to those skilled in the art,
such as a reagtion.with HC /NaNO2 .or with NOBF4,
before a cat i%1ﬁ8%§ﬁfFﬁFgﬁgtSBpFF@&tFSPsgﬁﬂqq%ﬂfrEd here
thesehags Oupe -pareh éheae! EeRtdirdf ttRGet RMHIRPO! ¥ABT ffitiation
which 15 they are attached - onto the said Surface.

) HWich repolyirlvag ddpeciconsunetidmsay, genexittiord of an

abov . P of rcapturing_the precyrsor .
Cone Sheqiddl REARRLAY. Ok a‘rg%h DpEn [heng dbtVenent ioned
possidllexttrm nakiet iteed of abkytbsns pf geher al cuetemita serves
R-C=C-H, in ich the R 20 group is also an grouE .

havi RfSeT: Har ARFERREE gﬁe gengidve;of grafts per unmit

o, Ve SR R VEBE B BpaCIE 98 sociates
15 with the formation of an interfacial bond), whereas the
growth ©f the organic film - when this takes placé
(such as for example in the case of the electrbgrafting

of wvinyl polymers) - is controlled only by chemical
redctions. The maximum number of grafted: chaing 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 om® 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



used that conprises at |east one electrically actuable
B 1425253imitiator, preferably a radicgh initiator, and at

| east one pol ynerizabl e nononer. The m xtures may for

exanpl e be those containing the conmpounds descri bed

above, nanely conprising at |east one diazonium salt

and at |east one vinyl nononer. The cathodi c biasing

of a .30 surface in such a mxture results in the

el ectro- reduction of the diazoniumsalt and in the

f or mafd@hi9ésPed 425hed e dhit\s @6k Cohérefbireh ti@ to three
initiate the radical polymerlzatlon of the wni .
monorfe¥fderg Rl Pamddnde odiegsyhefphi t¢%‘t‘P%ﬁa§ gp thickness,
uses a r er ti

for e I%%gSF% %ﬂ%ft né;elgg eggbgﬁggéggs y p]l.Jec ro-mediated
chem ed ctsi @ps (éim@d@péﬁftﬂfnﬂreofl nﬁt&ﬁﬁhctlve polymers,

electro-initiated reactions within the nmeanin of the
ihveltgtoht 8 THRORYREBFBYPAYEREr e @tCedctitbnehEehs it &:rowth of

here \Y; rtid,cu to nly, t
or e g bE B OheLER, MR el (BB quantiey of

genercitamyge ofi am. eihase:ttumal integeal . of ntlkacbuntenheé.
abovenenti on electro-jpnitjated reactions

v Lhe .
current servesHssSMIRISF A i for EHEEACRe Hgﬁii tySofot an

gr af teieft&:fnlﬁaﬁ e%ﬂ@o(t%ﬂﬁ%leacEo&haéﬁamb&@nsﬁefwafer of a
reaction is associateéd 15 with the formation of an

S Jtht ecediogndsiidr,  whetexdaghe syebw psof ehdigogani Eor the
film k?% ‘ CP- Or anple in
e JOET ARGl M5, L! BHMILE W surtace
is C@a:tvreﬁ:leldeddi)ﬂhyabysat&ieidmﬂlctdﬁab&i:ﬁﬁér Ibgramxa:frum metal
nunber, of, grafted chai ni per, 20 unit ar i s equal
Che. AHd%! STkaeF LARLUR OF {efkum grEctide, any two
Si t eglpitls Wohh ﬁﬁ‘iémshtrf'a%epoﬁét@é&at%ﬁ@ﬂn tRere exists a
carbon/netal interfacial bond. If the naxi num degree
15 resistance of, for example, the order of ten kilchms
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 wvelts in the case of an electro-mediated reaction. If
the nature of the electrochemical reactions taking
place on a biased surface is sensitive to potential
differences of the order of 1 volt or a few wvolts, one
might expect that on the contrary there would be much
25 less of an effect caused by gsituations separated by
only a few hundred millivolts. Thus, electro-initiated
reactions are intrinsically 1less sensitive to the
effects of a minor ohmic drop, like those that may
occur in an imperfect  electrochemical «cell. 1In
30 addition, electro-mediated reactions are intrinsically

“potential threshold” reactions, that is to say there



of coverage - whatever it is - can be obtained, for

B 1425bxangEe for a fixed potential, bgz2biasing for about 1

25 mnute, it nay be deduced therefromthat the

el ectrical <currents involved are of the order of ten

to one hundred m croanps per cn of actual surface,
irrespective of the type of electro-initiated reaction

in question. As will be seen in the exenplary enbodi

30 nents, this order of magnitude proves to be quite
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EE 51 .roughnesses. These curr e therefore two
t hree” h?f%‘é’f% Jofftjrﬁﬁnf’%ud'éh?e &rlmfo exe%%ié?ém(gspecm%ly the
thi ckigssee Urangtdpsenghaindmyne encokAbsEsy 'fbr the same
el ectro-nmedi ated. reactions (el ectrodeposition of
condthTr‘-vt‘eI%I gABPOSitipny al are pqluy@Ieeo‘!ImpWesnsetm1):1Ve to

gh he.| _
d%term ned %:Q{pﬁe glﬁ?%ﬁtlzye %yeﬁ g IF’ gegﬁ?heP?Fﬁgtlal (in

i nt egitadolaftd heralife enta)boﬁé]ua-zhmwﬂeél a2 bt f d8@yree  of
that is not an, electrical equipotential, for exanple

a walSkafding ts1¢ §éﬁ=ir@63nd&%@’é’#rﬂ’é!-@ﬂl &f sthe gyrface), for
Si i eonffile t?SliéQih atd %{"6}1' ttegg\agqg‘teta rG8kbntial. a
or else surtace ere a sem con
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et wivdrd luhi &R tthe e samest g0 U!ESOPesﬂsQ!%\@cébe theorsame film,

exangli@euet f@;@rﬂgﬁ%‘gfﬁ?l gégé;léf ohgg f|t1§1%/ i5 also obtained

el ectrochem cal erl n
hundaé&d timils |pm:ldm:marltr8a.zmet1®é shiekrebs)- for the maximum
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initi,ated reaction theregs

may BESEFS Ok HALFIRG)  Sepsnds, HhbeyeRatheenkergtiygof the

vol t ghaAnkh@neathedle Ay K51 By NS EHEIch8RAEELON cohbosition

the nature of the el ectrochem cal reactions taking

15 of the solution, a film having the same characteristice
is obtained for any potential protocol invalving at
least one range above Vpiox. The potential Vpioex 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 Vpjocx 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 poppegs an intrinsic property that electro-mediated

reactions do not possess - they have the édvantége of

evening out the effecte of ochmic drop over a surface

not forming an electrical egquipotential. A homogeneous

coating of wuniform thickness may thus be easily

30 obtained on a non-equipotential surface by depositing

it wvia an electro-initiated reaction. All that is



pl ace on a biased surface is sensitive to potenti al

B 1425%i3fBEences of the order of 1 vobB or a few volts, one

m ght expect that on the contrary there woul d be nuch

25 |l ess of an effect caused by situations separated by

only a few hundred mllivolts. Thus, electro-initiated
reactions are intrinsically less sensitive to the

effects of a minor ohmc drop, |ike those that nay

occur in an inperfect electrochemcal cell. In 30
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\Nhl Cig-,ﬂ he 1Rt T deqr8e Pf » % i on2d in?kQ?t a:l.@eciaoss:.ble in

(saturation of the surface) exanpl e own
depogiatitorewltar f twed qhttaaml atonforbads eoadtbilgrk +even on

hire U4 BREARS: (9T SRRECH, | 118 e anphctherSfore in

naxi Regidel Hawingrafteng bfiadl Seagbhai sedcudtathire (edges,
potential. Since the_thickness, for the maxi num

1@egr§éP@fr ge&ftiing, Edestnes iaditiaged h&epehdomeof empentially
chai f n e
corrlp Si t| onégigs%fg%ﬁ%§g%§%¥ﬁ:§n ttﬂé %Lq‘mhaw ng ?%olo%of the

char antrdricst, i (bsxt o to hrdcaiirted dmlcan:yrqy)tthrstumllbutzon
protocol invglving at | east onIP e above Vb1, ek

The potenti al h@ﬁle, , TRAfRYONEL ST Rt SomstdFuts guitable

gi vepeRekYtRE Bod! Qbth8idg &Bﬁ&'&rﬁlfalt %g%‘fﬂ@taeéordzng to
pol ymer grafted as a function of 20 the applied

1|§ot ehbealinvent jon envithivpwiviclc othespesdldge material can
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

reactiong. These are therefore reactions that are

30 intrinsically different from the electrografting

reactions described above, as they are not electro-



on this graph to the potential (in absolute val ue)
B 14258b3vEEwhi ch the degree of pol ynesdgrafting remains a
maxi mum To sunmarize, electro-initiated reactions 25
. possess an intrinsic property that el ectro-nediated
reacti ons do not possess - they have the advant age of
evening out the effects of ohmc drop over a surface
not formng an el ectrical equipotential. A honbgeneous
coating of uniformthickness nmay thus be easily 30
obt ai edt batadnonbetui peleatratmedibbed byredepbibhing - the
It viq%an eleciro-initia ed reaction. Al that i.s B

14255 FEEEBBOLERET r e FORE IPYSE at? helQHPf aBE udiOWg o 35  the

prot gsotehbohl IdK! kdes GoPRIAG!|&lestrdfe (11 2BREEYSent to
val ue) above Vblock + 8V, where 6V is the |argest

pot et it aiwpadlerhet nhaygef ssansd die neasdtiaohs owimggeneral,
to t ctrical. 5 contaciing that has been effected.

Thi s e i ohS o H o FRo. MR | PABBALFoatPrERGS on the
makesutfssi bye preceitieibar 40 ehbaigbISMEOr FBkned near

coatings even on surfaces having high aspect rati os,
and R FHFeaca- Fhei ehechhoPRIYREVERRLIAR| Feasdilens do not

of cynry d ' ' et C: s
El ect rno-agljﬁﬁéltfegg%ga%f’ [ gr%s?tfggél&ﬂ i‘gjr%%/m p'f%\a/e.c? gtEJeCt of the
sensipriesd aus t hecykonet One tgpod ogryofof hdisslinéadehing them
ut not to.its phmc drop distribution, These

1tbeacﬁ°&’?§sttt?ere oF eeatﬁﬁ'g’ﬁﬁt B .§6P955Fén9r§i’@t iRPLYPe¥s on a
obt air@itag iGN el dBH rdl ar&'&té@ﬁ?%;dseghi h &#BebB¢ In th

i nventi on, cHva?/lj'qthi n V\]jwi ce% the metallic rm?erigia can fnorme case
f r onPEt $hs eelegbroralynerizeat dond ofn Mroleerpdlyyer is no

erbos s WA 15Oy dTOLELE RAEICT YO ke gna o
or gameackibnry ovhdrever its rotation speed is greater than
15 5000 rpm. In the case of the electrografting 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
A observed that  the amount of grafted
20 polymethacrylonitrile is the game as that when the
electrode is not rotating, as described by P. Viel,
C. Bureau, G. Deniau, @. Zalczer and G. Lécayon in
“Electropolymerization of 'methacrylonitrile on a
rotating disk at high spinning rate®, Journal of
25 Electroanalytical Chemistry, 470, 14 (1999).

Likewige, 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



20 surfaces of conductors and seni conductors 'i n the

B 1425pracgss of the present inventionsgonprises electro-

pol ymeri zation reactions that result in electrically

i nsul ating polymers. Electropol ynerization reactions

are poly- 25 nerization reactions initiated by a

charge transfer reaction, and the progress of which

el ectropol yneri zation results from-a successi on of

reactions, including, in particular, charge transfer
reactdepnsvaibess acant hefef ohgedeacihere t hadswIt®iRY in the
intrinsically different fromthe electrografting

react ForBabtaer idfedcapdiictiye t nejymessnotSineet thed polymers

SR SR TI, FIRS o

pot enfomhafon hendotkehg preetipddetiors Wil ltﬁhé?néui‘ﬂace do not
mai nt n all the charge transfer reactions.
genertock thesowprkdpgongl F‘é'&ﬁoﬁérana%@géﬁhﬁts%omlﬁ@era may

on t rt%ntsiﬁﬁé‘ceto bywpEE6k Pi %ﬁt | 0B HsdiNR POl VB 1 6ng a8 the

formed near the surTace. e el ectropolynerizatio
r eactsletwiccabtcurrenyente anatingd inedyr ate rgyownit h:bih polymer

t he ntex f ot revj ous section. One good wa

o e dipaniis, G8 Y he BuREE Y ot L Shatge (i.e.
deposuhta Ngimke RAkWERGEY OBfa that a&h%eﬁ&:ﬁ“ﬁﬁ&% has passed
rotating at high speed. In the case

ectit¥pdighetheatqigicwit pyTherefaxns ymerei palgymer forms in
| Ong‘f:ﬁl bf‘%xgﬂso%f hﬁlght %igggrlét df:beelcg.r eg@aerret hkhe local

reaction enever 1tS at1 on spee

15 506G remus |awé hmoteseimiende. eMbdler aghafddt@rDétic of the
obt ai ned, on the surface

met hagrylonitrile, pol [
of 1 RéSBEOPCIYBERIGR Om 08B0 SIRUGTE . PeLypesaprecursors
aboveteh trdoat A IICHEL WAL aFl" 1BREMBERFUL! fior obtaining

15 uniform, and especially conformal, filrﬁs 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 in
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 less than t;he permitted
tolerance on the uniformity and conformality of the
coating. h

25 However, certain organic film precursors that
can be electrbpolymerized 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 PFor example, the electropolymerization of

ethylenediamine results in the formation  of
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observed that the anmount of grafted 20

B 1425poByEEt hacrylonitrile is the sanggas that when the

el ectrode is not rotating, as described by P. Viel,

C. Bureau, G Deniau, G Zalczer and G Lgcayon in

"El ectropol yneri zation of nmethacrylonitrile on a

rotating disk at high spinning rate", Journal of 25

El ectroanal yti cal Chem stry, 470, 14 (1999). Likew se,

it is possible to electrograft only nol ecules

carr ypayethyll epedupfieor (PEDS,t hathield bes claaveﬂyuyophilic
nucl epphi[ic . or electrophilic attack, and on

certa%ﬂsgﬁéEFPBcPB@@U@Féoﬂ?%ﬁ%ﬁkﬁPQﬂE%RQQF%RFS of conductive
pol y'?éi?ﬁgr ACC@.’L i‘ﬂe%o &g, ov ”H' Aty gﬂ?ﬁglé?hiéxﬁl bolymer,

pyrrole,” ani |ne ene, acety ene an
14255+#8B1i &k @&edmpl\tatuﬁsesonanhbe alsteﬁia,cét hasd pasalittda:tgs it -

o1 yrehs GETHI lonf BRestl o7 CeOhQUIies, d RofiskpLoge sele-

thel riihorsati op and 4 halde %}ecwgt ﬁEb@EpQBaEH%n, which is a
surface do not 5 biock the wor ki ng el ectrode, and

thesel%whwgrmlyemwaih rmhaem@nexgmw Comaegmendilips just as

arount g 27 538 BTl ST e Fomacson

el ectgf c uthar g.%.}(elr ebeddﬂféstl iRdepeadent obft htehe electrical
current) that has passed ).~ 10 through the circuit.

Ther SHreeor ad| vifer diGtREed, ophy r%{jl drie ofPfRGHPitation,
el eCtﬁHﬁﬂ'ﬁé&ﬁ"‘@ﬁ&@ fpeskogy °, ﬁ&&@e%@h%eﬁrtedfor&e electric

intense. This characteristic o
el ectradpmityiel | tapbdogyf anﬁmuheraéopelwm&eqnzmussessble to

f ha | fu
obt oI SSHRE PO W1 S8pEASISH | GPREPTIRFy meoatings

on syiHsacesanhd4 nﬁsédn‘i%runitﬁﬂéﬂt@ﬁ‘ﬂlﬁgdtﬂﬂ LR OY, of the
and especially when the surface of the working

1§ ectr®RRENt invention.
In the description that follows, the present

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
regtriction does not detract from the generalization of
ﬁhe invention, nor from the case of metal seeds layers
on any surface with, if necessary, an electricélly
25 conductive or semiconductive barrier layer, nor from
the formation of wuniform, and especially conformal,
metal layers having functions other than that of a
barrier layer, and in fields of application other than

the present invention.

30



highly structured, as is in particular the case in

B 142581 8rBEl ectronics. Their use for Bhe present invention
20 will be nore appropriate to the situations in which
the thickness differences between two regions of the
wor ki ng el ectrode remain |l ess than the permtted
tol erance on the uniformty and confornmality of the
coating. 25 However, certain organic film precursors
that can be el ectropol ynerized do exist; but the
el ect BRIEF yDESCRIBTIONJOFr WHE! DRAWINGSnsul ati ng. This

is the case for exanple wth diamnes, and especi al , ,
et hyl ened: am B8, ChegBdLAHRRR opade. ShATOEndOr Gretted (ie.

di am £12S oy 3@ QY EXANPRa il ebRELT QPOLYPRLEGRL | ORPT gtands
et hyl enedi @mne results in the formation of B 1425573
EE 56Egnl gketyregeafiitad; ( PEM) gptwhideh ficw &Hey diluiptlindss of the

[ | ati ng. pol . [ h f o .
Enase T et Th: Ry L6y hostRad {505 s seanamigpion tn
pol yrgs, “\Wﬁ'(em-lefne%%agesf@ the SWaﬁz%%%m?%‘} in em?; °F
passivates it 5'the growh of the electropolyner 1s

t her efgpger s@dtfandd NEbed, tha tﬂﬂe&%&ﬁﬁéﬂr b¥n tBertz; “Imp (Q)~
precipitation, which is a_non-electrocheni cal .
phendthaiusie Comsdhrenimpedanse atn phmshe WaV)df stands for

el eCl00r alLing IGRCLYNS e LOLURL! Oy OLeEBELAYS vprot-

becon®es the el ectrica curren
s 1nd istadide e prdtodyl { hendr efdpi 84048, fonhilthzo-dipped.
means that it_jis also independent of the elecgtric ,
potential todOtBYE ahd ShRMseioRe metded (ohoduphepepsing the

L
15 priesentf idaporitwing |antbegamicr EplmoftOFHabtnf el swwface “S8”
the REZHEY with a recess °R” (the width of the etched
15 feature being indicated by *L”), the etched surface
havihg a Earrier layexr "BL”; step (b) of inserting a
precursor “pM” of a metallic material into the organic
film OF; step (c) of converting the precursor pM into
the said metallic material within the said organic film
20 in order to form the seed film (SF) according to the
invention; and step (d) of filling the recess with the
sald metallic material in order to obtain a metal layer
(ML} .
Figures 2a and 2b show a schematic enlargement
25 of the steps (b} and (¢) shown in Figure 1 when the
organic film (OF) is grafted onto the surface S. In
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
30 the precursor (pM) of the metallic material has been

inserted into this organic film. The depth of pene-



invention will be illustrated in a non-liniting manner

B 14255 mtie case of the formation of ggcopper seed | ayer on

a TiN TiN(Si) or TaN barrier layer for copper 20

i nterconnects in mcroelectronics. It will be clearly
apparent to those skilled in the art that this

restriction does not detract fromthe generalization

of the invention, nor fromthe case of netal seeds

| ayers on any surface with, if necessary, an

el ectited oy 25f CoflieICtp¥€c@Fs6LH1 CORTUCt teé bRflmerhas been
| ayer, nor from the formation of uniform and

especizhitrashlyr fEPWD hersl asapomplets menali@tinr, that is
ot her 3 §”£¥t E?E %f %ur%%rrré ea[ré eyn)%ie&ngl 1I1' %b% gqflm up to

appllcat the prese |nven
14255 ke ERobnt B EFt&ESGﬁh@TI ﬂde(]%JﬁﬁdRA\/\tNGSaldt filling
these figures,_"g" stands for grafted (i

ot gafidy o n‘P’@ﬂ‘féf PRYt bRt o (BC¥uFRARR)E “égthéﬁ dfr?dlsllrf%rs"lvent
el ectirsog k]eda B rStéﬂm:‘f . o?@nEh'fé‘PeEﬁeOfeltet&&grafted

organic st an the transm ssion in
% \fi(lmm.l) 'Inst Emggréorzlohe me@mdmlraqr cefl;thE metallic

(Hz)" tand f requency_in _hert .
st ande o Hag, et PRAgErLRd Eibbe. L (RA1q, metallic
t he m&&r@aam xei/thmeéhesaaaas drfarid eF ENfCto" BbRI the seed

10 stands for protocol; and "dd" stands for
IR azéﬁdmbpgﬁ ofi gihee PreRswS otevemthed ¢m the surface s.

ol SRUL { oo PLEEESEIPL bBOBEEREH! OENYER! Blume of the
2)" 0

whi ch conprises: Step I'ng an org
fiIneM@Etnngﬁaﬁnﬁdzﬁxﬂ Eflnairyedcmnphed bycehe hBtal layer
(the wn ei ng i ndi ¢gat ed

Py i Geendl by i cTORALERY. GELBFFPOFEPhy dpnspERAt vere

st ep athacifed TEdrid}b2 inserted into the said film.

15 Figures 3a and 3b show a schematic enlargement
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 orgahic
£ilm. 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
£ilm SF of the present invehtion on the surface 8. The

25 effective depth of penetration of the precursors into
the f£ilm 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 is only attachment on the surface of

30 the film) are also acceptable as regards the present



precursor "pM of a netallic material into the organic
B 14256i.BnEBF;, step (c) of converting ghe precursor pMinto
the said netallic material within the said organic
film20 in order to formthe seed film (SF) according
to the invention; and step (d) of filling the recess
wth the said netallic material in order to obtain a
netal layer (M.). Figures 2a and 2b show a schenatic
enl argenent 25 of the steps (b) and (c) shown in
Fi gurindemtibon t béncer gheiyc dlidonddks Lsegbdl itk Wdmformality
the surfagce S. In, Figure 2a, the organic film has
alreéﬁé P¥FARrtedt YRt o the surface (the black dots

i ndicate the ﬁg&ﬁg wh h L raft
onto the surface) ec'ano‘l" S%Etgﬁg &%%uﬁs%ﬁ%oge?ﬁéﬁg of one
met alnethaotht ef i amplasmebedng itleerpedsent oinfentdbganiccording

' f%l m Th& dept h of pene B 14255.3 EE 58 tratjon of the ,
o ec o8 nPEOFRESt | PHPHHs BRenFIGVEPt rari {9rafith organic

her e FASMOONMPEREE BN Ofn) t R EBe 'ha¥ed Nrganic film
precursors are buried within the filmup to the p%l nt

of "t{&Fehi¥g" 1PRenmur thse surfdcet isf id |31GL Sstagnbess steel
only ial ( exanpl e if. the filling solyvent |

onl ysglﬁftgg% své’lsP ing%agen:'tmilocral e epélgtr(?g?’é?ettsed'w ere the
fi 1 mnolleeuliegur exctit ithe P C Wsdr OfghhecNeFalhi Chave been

By 1:;'(Jgteri al_ has bﬁxen converted into the said netallic . .
t ePFAEEE-nThe mFeHT P o) of | Hheomebpilifemgserial is

10 fighme$R of e Lpvent | e curfa
Li kew se‘:,%liéﬁec%$§e§h \S}tg{gprgg%‘rﬁt F;ggn%%%g \:}'O#Eﬁe%%* “order to
the obFednr agradpest feded f £alhl y Sdncepithe hyrdgamicefiln is a

| et dEen A0 B AR OF R EY SR [O0Reic sons

fil mnl5afhesnes deddfeh,3b OV ihESSI@ ey filled in an

gn! agg_sarrggé (acetonitrile, etc.) medium or a highly acid
agqueous medium. |

Figures 5a, 5b and 5c¢ show IRRAS (infrared

reflexion absorption spectroséopy) - spectra of P4vP

films of 100 nm thickness on nickel before (5a) and

20 éfter (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 5¢ shows a

25 gpectrum after the film has been treated in acid

medium. |

Figures 6a, 6b and é6c 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



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

B 14256réaﬁﬁc film (OF) has been deposffed on the surface S.

In Figure 3a, the organic filmhas already been

deposited on the surface and the precursor (pM of the

20 netallic material has been inserted into this

organic film In Figure 3b, the precursor of the

netallic material has been converted into the said

metallic material within the said organic filmto -

for mEiguredtb tiemtel ofox he piostes iinveat Pomedn 1t hnmonium

surfqﬁ; ;% ]@g 5§%3£f$ﬁé' e degtg gf penetration of

t he precursors Thn éen arbitrarily set
in this case pighhe thi @lsneas photbryral hm dFPOLiHRb strips
but intermediate situations in which t penetration
i's oﬂ%F%kﬂQ4aPY(5Fx%ﬂﬁNF9hBﬁrtﬁ@F@|%;%hﬁy stainless steel

ta on urface th ra al
Rcontanrs e 42nd 4 o CoBbatic "B ckollslatd of peve
| nvertliesrt rigneet tdkyaatepdimye tuseirf phecesnn§ of nehiet Yoresent

of the or%gnlc film Figure shows the nol ecul ar
det ai* Yo Wit Bhé&P ré#%ﬁ%h??ﬁngR@rﬁ?%eﬁ?ecursor in

' nVe%HeorEﬁﬁﬁoﬁan%bt%ﬂr&é fl?y p%SESﬁEléE?ﬁ@lbn e'i'eg:‘trr%plat ing

2 (grafted organic fil I ckness
grafp@jvﬁgﬁﬁbbEfdMWﬂt@gm |¥hnm0fngureh@hnm#¢uir¢m jeft to

6L nIe ste ur f ace di cat
i neaolier cohee. ERspaRul of ofetr Ttk ab e frpant. seconds
fil m(savdpbeesn) )lQ grz@ftgécoﬂas ars%w@sowipl\/hn@f 240 seconds
t he, ggtalllc material is in this case in the form of

copp trdRs, (9 or@EpaGivingi n a copper seed film
Since the orgg %‘u‘ief' |8 i SgRowEAVREd | My G40RY gﬁotoelectron
Wi am

entirely fille th cupric rons 1 n aqueou
and spechpbecapwﬁlépedtr@ dorlcthe gatirdps of Figure 6, in

1%ace£ggitﬁ£l ﬁ%éi) dnilta oLeglghghlgpaCId (a) is that
obtained after the stainleas steel strips covered with
the electrografted P4VP film have been dipped into the
cupric ipn solution (see Example 1); spectra (b), ()
and (d) are those obtained after electrodeposition,
20 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 %a and 9b are infrared spectra for
strips obtained in particular during wvarious steps of
25 the process of the invention. Io 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) correapond to the
P4VP film in which a copper precursor had been inserted
30 by dipping the strip into a concentrated copper

solution (+CusS04); spectrum (¢} corresponds to the P4VP



aqueous nedium Figures 5a, 5b and Sc show | RRAS

B l4256i.af EBred reflexion absorption gpectroscopy) spectra
of PAVP films of 100 nmthickness on nickel before
(5a) and 20 after (5b) being dipped for 10 mnutes in
a 5 g/1 aqueous copper sul phate solution. The
splitting of the peak at 1617 cm1l is characteristic

of the formati on of copper/pyridi ne conpl exes,
proving that the solution has penetrated into the

filmEFlmuiatsc shovh ahdb spppérupddieradiewhisl Msrted as
been treated in acid medium Figures 6a, 6b and 6¢c :
show RERACUBLY pBCF SheR copviextaist dintel copper, and the seed

respegfipyel &'hL“Q_C C&Bgéglg?& Ochﬁfrfa@i?gégt- ocghdass#)Q@Erum (£)

of Figure 5a (Figure arged w O cuUpric Tons
accoratredponde sane theot PAVP afilwatimdo kikgwie bShe copper

(Figure 6b) and then for a strip according to B )
1225 P BE YT A6 o1 BBEFFRGL édf fBFeB'lﬁPﬁgﬁfesaIFﬁln shgn rinsed

mol / 1 (:3n0aheMm cdivtb Axide 8! WHONpEEIYHER B Dot Final
7 is a phot ogracph of three strips pobtcgll neo’fﬁbyo?i )béll ngl%‘3 been
copparRmgtitasl 208161 stainless steel 5 surface using an

organic filmgonsistipg of PAVP el ectrografted

accor di ng toff P o%@sgﬁﬁ’f"’at e %‘Faeé'én?g_ gﬁ&eﬁﬂp&rﬂance (Imp)
The eeppaireitposd t ¢inf dimMd,t ST ehe SPFedilendf e rbhg® between
was obtai ned by potentiostatic electroplating of

& Wari &bPe Fur 88Honl 0 Ghkiz { dfed nssbubetvesm |e9e Reinks on a

i ght_,; 1t.h |t of electroplating for 50 d
(st PALER "B iee RARSEERR: o2 () hatBao GovoRad by COVD

(stri(ehemilal evAPGULY eldpofi BLER) 8 wHONS XPPifX-1&Yer about
phot gel ectron spectroscopy) spectra for the strips of
" Fi guP€ Bm jin thickness. A first electrical contact was made
using a crocodile clip at one end of the strip and a
15 second contact wag made in 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 str:ip 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 Nls region of the XPS
25 surface analysis spectra of a TiN strip dipped into a
4-nitrophenyldiazonium tetrafluorcborate solution in
acetonitrile for 24 hours (dd(107°M/24h)-TiN) as
comparigon with the initial TiN etrip and of a diazo-
electrografted TiN strip (diazo-eg-TiN).
30 Figure 14 shows the Nls region of the XPS

surface analysis spectrum of a silicon strip covered,



15 the 2p copper orbital region. Spectrum(a) is that

B l425@hBammed after the stainless stegl strips covered with

the electrografted P4VP fil m have been di pped into the

cupric ion solution (see Exanple 1); spectra (b), (c)

and (d) are those obtained after el ectrodeposition, 20
fromthe copper precursor, of copper in the P4VP

films, showi ng the progressive conversion of the

cupric ions of the filminto copper atons. Figures 9a

and. B ave,i nfitiiecd eaim aldper F i PENOQLL R NGthniersed in a
particul ar during various steps of 25 the_process of

t he i‘hv'éhwlaﬂyrﬂrglest N Uty ép\ecchra?tlaybgvmamﬂe, in the

was j on a gold stgj pi n
coat_ﬁﬁgeé%%ggtra (5%0 and (E&Eegéré#é%g%ﬁﬁo?%%"ﬁe vi?%’fﬁhlor‘ate
~ P4VP {P4VR-gpBLN(Ai[b) &bt (Qompdraspondwieht hahaPdVRE  the
~fLlmin jch a.c er precursor had been inserted 30

b% di PPNy EH T%‘Fi?gg)iﬁ BLB- concentrated copper

solution (+ re SASCT BHALEC)X B RIFUUE LAUD8is spectra

PAVP B 14255.3 EE 61 filminto which the copper
precurkgingd omserTeN atripr evvetrsldy wartth tHIP and connected

e STV, ————

to tetheP4d¥Rsbirkibhnt®f WAl Chopher C pRRRIurBdY eqGebpgerafulphate
i nserted as %revi ously and then rinsed (r), the

Honv k@S - 5HaPhb pRERUESS RAP Heidmg Bbencopmex & orbital
out . Jafuie 0 Shovepa %%@@ 8Pethgp§@%g»:i(§l Mown in the

measur énments (in ohmns, requéncy ran et Wween

10 Ovppdr paartl@E WHowts difed bet ween two points on a
silicon strip,..nmeasuri_ng x 10 CH] covered b
% Fhea

2
(chemi cal vapod**&epdsi t FBRY i
20 TigPelch riil CkBeSPigdréi 1SS, elieCt FigRlre@ONi8Cta¥AS 16, *niv

1r£r-'>H estands 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
with a seed film of a metallic material obtained by the
processes of the present invent_:i.on. Z represgents dépths
in nm, x represents widths in pm and “g” = grafted.

Figures 20 and-21 are SEM (scanning electron

25 -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

30 (P4VP) used for producing a seed layexr according to the

present invention, showing the conformality of the

CvD
iR | EgeloBnf the XPs
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using a crocodile clip at one end of the strip and a

B 1425%53sggond contact was made in thgzsane nmanner at

g’

i ncreasi ng distances fromthe first, from5 to 45 mm
to within a precision of the order of 1 nmm Figures 11
and 12 show XPS surface analysis spectra obtained on
a strip obtained by grafting an 20 organic filmonto.
Ti N by the el ectroreduction of diazoniumsalts. The
dotted lines relate to Ti N alone and the conti nuous

l'ine é@a@iﬁp' ghafietirl Mo (HR2ufil MNar F@WE 4120000 (the
shows the s region of the XPS surface anal ysi s
spectgcabd bs Tinditricpddbypdidrel Wioksa and the 300 nm dimension

4-ni troppenyl di azoni um tetrafl uoroporate_solution in, _, ,
acet6ﬂ?tpﬁﬁeq%ﬁrgﬂFqéﬁﬁsa? dlﬂuf¥ﬁﬂﬁﬂhfl-?h% magnification
conpard | i nj tial sT] ' f di a :

ol corroor {440 iRBey Mot 8 i SR Rl [0BE], ana ene
shows2 tthennNl i mexgé Don 0bnt BRe XEcrsyrAphE. anal ysi s

spectrumof a silicon strip covered, B 14255.3 EE 62
by CVD, with B2PEredn 194 erndh 3P NEYY, SEheldcgopraphs of a

4 V1 Bl AR SOE4E L Oflab g ! PBENY RLOETBALAC £eblullBE in the
presence of tetraethyl amoni Um pérchlorate
( PAVEcguTich Siendlves cabpati 300 nmnt hnt waddthf tbaceB apart by

starting TiN(S ), strip. Figqure 15 sho XPS surfage )
anal ?g:?)sngbeclafgg %‘Etv%%dgongﬁPq’bN% ri P T edﬁ’ﬁsten being
TAVPcratedonNpREh €d €t Ahah ORL 988! AT WRRKI Nrer of about
el ectrode, denonstrating the insertion of a copper

precdOs&f (@8Fperoatephawdtho @ QS 5190 pri nederhrografted
OB BUEeToch Bl (68 WGy o maca
Fi guley#®. according to the present invention, showing the
conformality of the coating. In Figure 22, the
15 'magnification is x60000 and in Figure 23 it is x110000
(in the micrographs, the scales are indicated by the
dotted lines and the 500 and 173 nm dimensions,
regpectively). _
Figure 24 is 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 um. The magni-
fication is x50000 (the mscale is indicated by the dots
and the 600 nm dimension in the micrograph}.

25 Figure 25 isg 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
serving for producing a seed layer according to the

30 present invention, showing the conformality of the

coating. The magnification is x35000 (in the micro-



Figure 16 shows the Nis region of the XPS spectrum
B 14258f2 Ergure 15. In Figures 15 andgi6, "ni" 15 stands
for neasurenents at normal incidence and "gi" at
grazing incidence. Figures 17, 18 and 19 conpare the
profiles, obtained by neans of an atom c force
m croscope (AFM, of substrates having etched
features in the formof 20 regularly spaced trenches,
before and after coating with a seed filmof a
met al gr&pkpt aflical sl negd byndheatpAocEgsashdf ddts and the
present invention. Z represents depths 1In nm x
repr SThtRMwi diRsnNEACH) m aifhe g"daskhedf t ddnepi guisdicare the

and ; Qﬁfl\/l [ 25 m croscopy)

m crg%jfg%%% 0 :géglé?lgcgg @%gé%ég?g'havi ng regular

et ched feat uriesgure the iLer anoBEM aickesrapdiiof Z0C¥Rch in a
in width and spaced apart py 300 nm _these being

coat EWHIMI a YRS R® nivitRie eRFRedr fegfeires apbhe trench
10 nBand C@@&@deﬁi%kgna ?L%Eém%gfrfi%ﬂ% YBBEribkMayer of

30 (P4VP)" used for producing a see ayer accorgl ng to
the ghwmygentoi nmentwbbh showerd thklmordameddl iy afh electro-

the B_ 14255, 3.EE 63,coating. In_ Fi e 20 the

mgn R 2SR 66006 A ASd AT ER, & | FOPRSE odaypr formed
t he diicm,anthd hén 308hBMadeiE M Wiy, O8h&RENH ¢hedicPormality
and in Fi %ure 21 the magnification is x150000 (the

Lal €5 sthadi eapPPeTbycPAtingt soandthee eehed rhratures. The

di mensi on .on _the m ¢rogr ).. Flgures 22 and 23 are

Sew ARePIsAsades 4o 2BB0b, Gibotha, ickhpigurhe scale
etcheg fiealivated by e T3l nd raiches abalta 200 E{0n) .

in width, spaced apart by 300 nm and having a depth

of 400 nm t Fégensei R 1dscoamedSEN t mixndgmaplumobtained at
nitri . rper._la ‘ u 0O n d coat b D .
07 R gL e a0 PEo690" 68 M0EL magmi-
15 _f:i.cation is x35000 (the scale is 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 f£filling, with copper, of 0.22 um
trenches having a seed layer obtained beforehand by
electrografting a palladium-metallized aryldiazonium.
25 Figure 30 1is .a macroscopic photograph of a
planar silicon wafer with é 400 nm 8i0, 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 obgerved that the cocating was

deposited only on the part that had been dipped into



di azonium salt serving for the production of a seed

B l425fagegraccording to the present igyention, show ng the
conformality of the coating. In Figure 22, the 15
magni fication is x60000 and in Figure 23 it is x110000
(in the mcrographs, the scales are indicated by the
dotted lines and the 500 and 173 ri m di nensi ons,
respectively). Figure 24 is an SEM mi crograph show ng
the 20 effect produced by the sane treatnent as that

used tlte ebéatnoghaftengl batdhawd ichalki gL cothadtkd via the
23, but with a finer etching resolution, nanely 0.12
pm ﬁﬁ@qnagni- fication is x50000 (the scale is

i ndi cated by 4 Ot S51 ang, t q@@]ﬁ% [ension jn
m crograph). 2 [ gur3é1 259?sh§n Igérggigr aé'pﬁ o% aétﬂ:em:tured
trenctoupora aftkrcen sedbddt rlalyerwi it ained ched dleattr®prafting

(planar, _ surface) coated with a tjtaniumnitride .
rri%er’y agBf %&%%ab@af feqrant Wh ¢ fegd laver; (2) region

el ectriad afd&d RAOG- 11 18 Sely) Nged f6n PELANCORYy 22 SEErier .
| ayer according t'o the 30 present Tnvention, show ng
t he confor malBiguid 3heie caat SBY. mibrogrgphf ofatiremches in a

x350 in t m.cro 14 . EE 64 .graph, the scale
is i%gllu%ﬁnedgg?wflﬁg dﬁ‘% afzﬁ’g[fﬂbq o3 i GPRBREr 0§ ©0-22 um
The dashrthds nbearifgcal eskbd IHyd:er ebtaliagel So®forehand by
£ materials. Figure 26 is an SEM nicrograph of a trench
- it aclschinooast tifisst £a0m wat heelehiant caf urks/Pt lpd  copper
trenghecgigdgeLoated with a titaniumnitride barrier
| ayer -of about 10 nm with a seed film based on an
el ectro- grafted diazoniumsalt and with a copper

| ayer formed from and on, égggéiggalayer, show ng
the conformality 10 of the c ting on the
etched features. The
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 héve a thickness of around 30 nm.
This example illustrates, generically, the fact
that an ultrathin organic f£film can be filled with metal
25 precursors 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.




magni fication is x25000 (in the mcrograph, the scale

B 1425bs3i BRi cated by the dots and thegd.20 i sm di nension).

Figure 27 is an SEM m c¢rograph obtai ned at another

poi nt on the substrate of Figure 26. The magni- 15

fication is x35000 (the scale is indicated on the

m crograph by the dots and the 857 nm di nensi on).

Figure 28 is an SEM m crograph of trenches in a

coupon showi ng the formation, on Ti N, of a copper seed

| ayer, esti meSteaktindpe walihit alOgaidi nethipkness 26h of gold
obtai ned from an_el ectrografted, aryl di azoniumfilm

Fi gure’aRPIA S BEM HPELBgrapRt bRgt iHched | flass microscope
COUW%HfﬁEW“ﬁQeEP@aEEQ'ﬁEthWJrffﬂPpSE éﬁré#g%mpgbrving as
I ef or ehand by

trenches having a see ayer obtail ned
el ectadigsdifcr nor tmemal +adnumisttatdgrzeit ad yPAVRZ Ailem30 nm in

Fi.gure 30 is a macrQscopi hot ograph of a pl anar
11 COHGRES WA REREBCRN Py IR ingdthe Holdmsurtace,
TiN |aggfed bERESNS 2 6ORRANR | 8¥EaEL PBH R4 DY inyi1pyridine in
el ectrografting froma 4-VP sol ution and copper
pr ec MMFor & dinre {HYR £ Jiveandd dé 5 ut hachewasresnsmtec hefl 821072 mol/l
30 to the_silica, and it_was observed that  the coating
was CdepolEPBd oHi§traetR¥lpwmenivg: reerdalarargped to 50

i nt 0yB114353+318E e ebept rograftigg bat
was. connect ed \:/Li a ?%gh'&_ﬁ %r%% gurge§31£?s aﬁpﬁo?‘?fgﬁagﬁﬁxg) at
1% a280r m¥veredfo cdoporhift era apietinumy srowtterebectyode of

el ectrograftin 5 4-VP an CD: (1) .region.wi}h_seed )
I ayétrl;aggf) a}reegqg o2 WeéegrghﬁeF&gcﬁéﬁ;%rP%)teégfbﬁm consti-
W thtaskd atharrbeganibi 9¥iem32wishan SENeN eop@eaRh of the

of trenches in a coupon showing the filling, wth
coppBFe8BRtoiRYeBhioRrenches bearing a seed | ayer

obtai ned befgfghaRdily thus treated was rinsed with DMF and
15 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, anc_i in particular the peak at around
20 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 précursor of the metallic
material (in this case copper) according to the
invention in 200 ml of deiconized water in order to
25 insert this precursor into the organic £ilm. One of the
structures obtained acéording 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
30 and h (= 100 nm) indicates the thicknese of the organic

film.



B 14258
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10 el ectrografting froma solution of 4-VP and copper
r?cgﬁsors. EXAMPLES 15 Exanple _l: Filling of an
rathin filmof poly- 4-viny|p§7idine (P4AVP)
el ectrografted onto gold with ionic precursors. This
exanpl e denonstrates that the present invention nakes
it possible to retain, and nake use of, 20 the
conpl exati on properties of a poly-4-vinylpyridine
(P4AVP) film even when this is very thin - in this
case it may have t.hi ckness .of around, 30.nm_ This, '
exanpleiIIusf?%té?t%%n@?Pc hsp FaRidlY: rippgd gpith a few
ultrafdid efgdRiienfiided Cdtde hhbl ethel tdvi®i aln 35 stream of
precursors in ionic form It also illustrates the fact
t hat a¥EOEonditexi RAERPEoprpe¢lesunf isheshovm dme BEigowe 5b, in
means,af overcoumi ng,. .t he _sponfango re-expulsion of . .
tho. iistty Z67 WHTPos RO T HARE DS (el rPapdcBisdscic of
i2 hahe bpgpifihéedimgd flespplett hariwl aMur @hbearance of an
diffusjon 30 gradients, is dipped into a,solution '
cont &g ol ppeakr o sarqurdo 2P mm b Ehdet inglw peak is
with b By g m ra b . .
heat |d;1%geg gérf?o&gég %%é%ac#%é’%%ub&e‘ge sﬁ%@g’ p%é? rseéuegg}gr%lzatmn
Wi t hbeifd magfconipagriiadn der vidke aforaditdsnonofr i peridine/cu®
an electﬁp rafted, PAVP film 30 nn1i£,5 { hi ckness. was
pr od T8 ﬁg(efubj 8tPFhg TR §6MF STRILLEING rSpeaPPftged when

1® 40 puip0isd| s dydTy Ofud th-id IR i) NerddtmdM in acid medium
(dinethyl formanide) in the presence of 5x10-2 nol /|
of TEEPIUEst S&8t-hyl arffoni untherefiboeat.e) chavagoerizes the
vol t g L n r - -2.. 7.\ . [ Ad),.at 10
200 SOPEIEREeIE be ' Wudk bl hnd shebadia WL

The IRRAS spectrum of Figure 5b is not modified

when the strip is re-immersed, this time into a stirred
15 golution 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 intc a hot (80°C)

deionized water solution or into an ammonium hydroxide

25 golution. Figures 6 show the IRRAS spectra of a strip

obtained according to the above protocol (Figure 6a),
charged with cupric 3ions 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



| arge area was used. This electrografted filmconsti -

B 1425t5ut36 he organic filmw thin the context of the
or

N
LS—

r'es i nvention. The strip thud&reated was rinsed
with DVF and 15 then dried in a streamof argon. Its
| RRAS spectrum was obtained. Enlargenent of the
region | ocated between 1400 and 1700 cm -1 showed the

presence of peaks charac- teristic of the vibrations

of the pyridine ring of the polynmer fornmed, and in
particular the k at_around 20 1605 coil ,(Fi gur

5a) . %ﬁgggFéipw§gg t HBRT 4Fppdi=Ffor 135 gﬁ?h&%@é Wﬁigr for 25
stirradnaekdti on of 10 g of copper sul phate

(CuS04- SH2Q] as precursor of the netallic materia

(in this case copper) according to the invention in

200 i gni i er Lo 25 i.nsert this s
precurxarete 37 B Eedib ot ok "pptae FiecisiSes within
s§r ucanr eszldbatiiad affbindi REE t OpbllyS 46¥ANP 1Dy i@  (P4VP)
schenaiicg%%g in Figure 4 where "g" _indicates the

poi nt$&F Epfted erEe 316y, gtranlessostrelsurf ace,

Cue i ndicat esptfig PEeGHLSQr of i t e ;

30 and h (= 100 nm ?nlcﬁjcgt eg%%ﬁﬁ%esghg teﬂrzéecmf"tmn of

or garpxectrsor HohiP565rapEEd67bdfierehand vias tshepolymer film
a few of. dei oni zed water angd

rapidly rinsed wt jets )
t hen eﬁ?%??%#&?&eﬁﬂtﬁ alzalr _ﬁ'gﬁ'.a_ll t SUFRRRS-spbctPehpl film,
16 sho¥éhtF fAKAE € b3, phBtoWleeR vidh MBYebersgeBpiNat was thus
the peak characteristic of 5 the pyridine ring i'§

spl i t2abig t kot be dinyaeedinvdtbinatheceflecrogratirdatfilm. The

ar ou Thi Ky l.S t uat erni_zed ,
pyriggﬁ%ﬁ%%ﬁﬁgé%ﬁﬂé?%ﬁégén%ﬁgapyoﬁlgggrﬁgygégoﬁ&mﬁeﬁPIUtlon
by t kerdteinsiionpebopy bt nbéla2' THIGTPEESES, iF1iS€rates the

t he splittjng.is obs ed when
¥t Yhat itgis possiBXe to obtain a metal film within

15 an organic film according to one ‘method of implemen-

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
20 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] ih 200 ml of deionized water. With
a platinum counterelectrode alsc immersed in the
golution, each of these strips was subjected, one after
another, to a bathodic bias at constant potential of
30 -1.15 V/SCE for a time t = 50 wseconds (strip (a)),
120 seconds (strip (b)) and 240 seconds (strip c¢)).



10 P4VP is sinply quaternized by treatnent in acid
B 142s5%edimm (Figure Sc). It thereforgg. characterizes the
conpl exati on of copper by the ultrathin film The
| RRAS spectrum of Figure.5b is not nodified when the
stripis re-inmmersed, this tine into a stirred 15
sol ution of deionized water at roomtenperature for 25
m nutes, renpved and then dried with a stream of
argon. This shows that the conpl exing properties of
the el ectrograd t@tdri%:é NwBi-eV ehlen! RA tHRUHISH S ¥ IPhsed with
comng out of the filmwhen it is re-immersed into a
sol utf™h fon 2omiBukeRg ansl fivisd sbrsa Fhoepmv@ft ;grgon. They

have ts ' pl exat ion_apd
expul%%ﬁsq%#&?hleﬁ c':i’.ﬁ[‘[p?|éﬁ?g§§9%¥l %f ?#ﬁg‘grﬁ Igm when t he

latter is diped eitilies | Reeea BAL1{S68E) usehgnipieskoelectron
wat er solution or into an apnmoni um hydroxi de 25

sol uFRGTEINHRRSS GF R oTPEREEP RRASERAECAPA LY 18 @ng (phown in
obt aigfy I_%C%Qrdirp_gtltl?st?ggﬁ%\/eb@fem%?&ttl(frgglﬂfes@@ip (a) is
C g t t he above

charged with cupric 1ons cordin
pr ot éd@lt (Ebgairedb)  imndhieheacppent exp f orbitrilnurasge, just

in a nol /1 a ni um hydr,oxi de solution (Figure 6c¢).. .
50 BEtel Eheo Phoher BropioPRIfon it ity He faRic ion
B 1423wt ibh, 6& Hdtar §8d t¥ tda ¢ UBEESrEORRdURtIU | 88 the pre-

- water for 25 mnutes. Exanple 2: H ectlrlgreducti op), of .
10et aFuyEeEsr sigt sthet M4VP 5Eadmul Thet P ‘f i BRdof2p™'° lines of

pot yz4-vi ol V t r.Qor.aft ed 31

o0 efey R e LB BocSURR 100 LS L0686 710k arouna
redusBBonantl pEBCENVSOregpestivalyed Bpkatatmnd (b} ais that
pol ynet f,ilgp el ectr%g,raf_ted onto a nmetal surface. A

met aPPFRERPA10RT WAt M4 38 byF PhoPBePect ¥Rhch shows, after

Specy-iAs¢ARY. WRentRUd1y the cupric ions and a very slight

15 shoulder at around 932 eV characteristic of the 2p°/?

e

levels of metallic copper. Spectra (c¢) and (d) are

those obtained after deposition of the reinforcing

material after being biased for 120 and 240 &g,

respectively. They clearly show the disappearance of

20 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

25 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
30 organic film of a polymer deposited by spin coating.



able to be formed within the electrografted film The
B 1425beduEEi on was carried out by elegtorolysis in a
solution containing precursor ions. This also
illustrates the fact that it is possible to obtain a
metal filmw thin 15 an organic filmaccording to one
"met hod of inplenen- tation in which the trapping of
“the precursors and the formation of the netal film
take place in a single bath. Athin P4VP film was
formed using Thessameam@lepr Dl Degtrabeshaihe®f fid¥nation of a
above Exanple i on three 316L stainless steel strips .
(stripeteh) Fily &x@m chyechegsys ngf 1 bhelomgpallic material

degr eased Retogel by; 4l £ T BS 9V Qat MRt .
dichloronetﬁane.gﬁﬁgd%ffyﬁ% eé?ghgfngégﬁ:giﬁP%%h§EPOSItEd on
drieci metasl reauriddcar gop asdithecodtppgd 2Bhéor pd@bymer was

1nutes jnto a solution_of 10 g.of copper ., sulphate
I S&f%ﬁ%&ﬁn?ngﬁo&ﬁﬁ 1PRERGN PAGE watRtch WAlowgd the pre-

pl at iduraSeyinter YLCtiradped SOwifgeRPdhd MRt that it was
sol ution, each of these™Strips waS subjected, one ‘
af t emezmial hewolllera bat htbis bhashat luunshatt being soluble

pote@%§¥ (H 30 -1.15 VISCE for atine t = 50 seconds
(strip zﬁﬁ,' 120 seconds (strip (b)) and 240 seconds

(strip c)). BErl4obs SekimpPehehst brgandRl €illiewas deposited
ultrasonically rinsed wt DMF for 2 mnutes and
i ey nPRIRt CORNMIHT MEIRI Phefolufbornhemmtainimg 5 wtd of
Phot e ! pRipg Ui Tas TRS UBLEE ST SR JSEHiHS' BF about
phot oel ectron 5’ spectroscopy. e results of this
anal y$i0s ar eoshewgalyd Btgipe Bimilait hts fthgutr eof t Bxample 1.

g TN G Y EREET) CHRRNL G M
i Nt othilde: CAHPp&di 88r U UhiRAtebhdintcs 4 0s82HthBHhO'Rntaining
1%edugglgpc%fég;;é¥(;ulphate in 200 mi of deicnized water in
order to insext 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 inte the said metallic material, in this case
copper. It wae 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 decompléxed
25 of the excess cupric ions by dipping it for 20 minutes
into a 10% agueous 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 wvibration modes of the pyridine ring of

the polymer. Spectra (a) and (d) (Figures 9a and 9b)



10 cursors in the PAVP film The 2pl112 and 2p3/2 |ines
B 1425®{3 ERe cupric ions are observed7in this figure, at
around 938 and 958 eV respectively. Spectrum (b) is
that obtained after biasing for 50 s, which shows,
after rinsing, essentially the cupric ions and a very
slight 15 shoul der at around 932 eV characteristic of
the 2p3/2 levels of netallic copper. Spectra (c) and
(d) are those obtained after deposition of the
rei nfoarei fgenontali ahdatbetrebpiond hicasek frorvi 201 hnddeposited
240 s, respecti veI y. They clearly show the
di sappRaridite 10 surfasie | bel spdakscertingri cThgnsband at

in favoys gh-thage cﬁfartalé%e%qétq\{:el £0f t'ﬂaé alﬂgl}lcldlne group.

copper, denonstrating the rmati on of
coat iSpecthe bt lams {db) Fl(gmgarésclse:ardr;d sbbyv mieate aobtained
copper_coating has formed on the surfage in_ the case

ot Aft%e UPPHRIHRE ALYLPUREYPYEHe Wiy thteMEMH &ilm into
Thi s (ggat bB&ceﬁt%@lE%Benéoﬁ?Qr I IRAEL Ul BT gdltitting of -the

resists being ultrasoni 'y washed for 2 mnutes in
DVF. piecaigphs ®ea& rést ciseastetbnt wotha @&d apipearfansa of a

an 30 organic filmof_a y deoslt b PN, .
coat |“5’negc 1253 §tE§rﬁiﬂﬁ% g‘éé e i 1% u%%(?é%élss%ﬁg. of the
f or Mydn@yl 3t Formial Batwadi oKy eqfSidinef #itegs and the
O metal lic material _that aretrap ed in a polynmer fil

10 nplopRiEso st erel- ofiveatFEral(cdur {Fiaminsy 29l nl€okbRky. obtained
The %@(};@%er\g?‘acélfbﬁs'éfa@;theéocﬁgglg' :{E DRkl egChto the

al | owe cursors to apped owmng to t
fact atdeate | t prastoardr.el y Thad | emlmanly s ledtdws buttheot bands

fle: nm sol ubl e |, ttér}SFrell(rﬁl’foy t}alnsc &%ﬁgeé L‘H‘Fb or%am %epos:n:ed

sol UU::Q:%:.MR} Ni &gcSpiit Y@ this film 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

(£) (Figure 9b) is that obtained by carrying out the

steps of rineing 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 was almost completely washed away.

Since the P4VP was therefore washed away by a

DMF soclution with ultrasound, these results show that

the reduction of the metal p.recursors into the sgaid

25 metallic material does indeed take place within the

film, since this reduction helps to wmake 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,.



PAVP in DVMF, so as to obtain a P4VP coating of about

B 1425500 @@ on a gold strip simlar te,that of Exanple 1.

The strip thus treated was dried with a hair dryer and
then di pped for 25 mnutes into a solution containing
15 10 g of copper sul phate in 200 m of deionized
water in order to insert the precursor of the
netallic material. The strip was then rinsed with
dei oni zed water and then inmersed in an electrolysis

bat h gL B9 i deeBPH1sHY PRAUE tliiuk UnOtride (TiN)
NaCl in 500 nl of deionized 20 water .in order to

conv@ﬂrﬁ#maprecursor of the netallic material into

the said net jc materia this, cas co .

was then subj *%deFBmEg vo}ig ¥??%ss§%ﬁ% g%%?mééh ghich a
and s MSCEoal HHE NVbsstieipeedd reguipsceneifl surface,

rinsed with deioni zed water and then deconpl exed 25 of

the éxsestheupfiozei cerhiyies ps n‘goptvlpgicg Adiafiebution of
N0 Ak @ daugouAMTROLAL LU LR, B RNA AT | 999 hstrace

byerTTerS|0n In a utit on.
9a amta®b sitow idie podsibbe spect ppodhicet hﬁnﬁfbiﬂhs or even

obt ai ned at the varlous steps above, in the g
of t REDFOBMaL orMBbRtes éﬁmtshembyPPShné‘-’frfﬁg’e@f' (fiaereas this

pol yggl 4 L & éHKkH%Dtéépﬁ s 98£ 2PHe gilgr art. The
14255. 3 E 71 are identic and co respond to the P4VP

10 | middpesira¢d oronrehatgel dtsure aesrbp spf n tddanivg nitride

The 1600 cn}l i,S.ch cteristic of the
pyrlg% g)gr&@ﬂ o éﬁéﬁf *) (Figures 9a and

9b) were Obtiﬂtln?deﬁgélfi'f&aﬂ' PRéddde ShilsP CRv@edusing a
with the PAVP filminto the concentrated copper
sol ut:ironodAlgpld]I:iipi reg ofne hendpoévieods ¥pddk ¢ silicon strip

Y o T L A M U L SN

1kor med i bahwaen B @eRbnddidthtdddSvandd® in the same manner

at increasing distances, from 5 to 45 m, from the
first. .

The impedance between._these two points was

measured within the frequency range from 0.5 Hz and

20 100 kHz (Figure 10), with the following resulté:.GGG Q

at 5 mm; 1540 Q at 25 mm; 1620 Q at 30 mm; and 2240
at 45 mm. This shows that the impedance of the circuit
wag almost constant over the ehtire frequency range,
the impedance level being higher the further apart the
25 two contact pointe 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 maximuﬁ ohmic drop between the
30 edgé and the centre of a 300 mm thick printed-circuit

wafer at 600 mV for a current of 100 pA, which, as will



B 14255{9

10 cupric ions. Spectrum (c) (Figure 9a) is that

bi aghped after reduction of thesgupric ions according
o the above protocol. This clearly shows the bands
characteristic of the PAVP film as deposited
originally, except that this filmhas w thstood being
15 rinsed in DMF for 2 h 30 mn. Visual exam nation of
the strip showed that there was a copper coating.
Spectrum (f) (Figure 9b) is that obtained by carrying

out thie SLERS AfaddNSi NPehhenst Midbdigepiley a&tﬁ%r idbtaining

had been dipped 1nto the solution contalning the

pr ecwatiarmdD widatdmgsc apbgiaigegut foe exswpleonhy electro-
This shows, that the,  filmwas_al nost conpletely

washEF SHIRRS & FREETHPPAVER vt he hoPEPERE vadtied iy Present
by a i fdmisidsution with ultrasound, these results show

that the reduction of the metal precursors into the

said 25 netallic material does indeed take place

Wit i e 1] e ¥ GEs 4L Sod COHGLRPD BEIRS ohRoTRAY via the

t he nsol e ana prevent rom g washé

avay elyscttrondfieiion Jdf ehildisriivm saXt#si ng sol ution,
even when this solution is, a good solvent faor the,
initial orgafifde 30Xarphe plhlstrates fhepjppmation of an

ohm ¢, AIENGh Bt L AU ALt HEaé T} heuehace: fti
This e gh%le%% ustrates the cas% ?% mk?%ﬁ a Surfgggra h3
1does ofiotdizmsnivmt sadhsequiifEenin ahisvifacdeiny aadmaterial

therefore exhjpits a topal ogical  distribution of.ohnc

dr opUSFHe HXahBF cBTORHETREN of wWPRFEAFF USRS HRafianascens
it | anpORid) eddRadEaieCBrobekakd i MVGFoeTOBEPEABEs. This
metal films on such surfaces, whereas this s

i npo®ethrd wpEh g¥etheshni gies envereignt oasar therhdiazonium
salts may be variously prefunctionalized especially by

15 complexing functional groups, 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 ;‘.or very fine (100 nm or
less) resolutions. Admittedly the organic f£ilm 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 'wiﬁh suitable groups (for
information, it ie 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 wvarious wmetal pre-

cursors, and especially cupric ions). However, this



E ~J 10 illustration relates to a strip of titanium

B 1425%jt3rede (TiN), which is sem coneyctive. An electrical

contact was nmade using a crocodile clip at one end of
a2 x 10 cmsilicon strip coated, by C/D, with a TiN
| ayer of about 20 nm 15 thickness. A second contact
was made in the sane manner at increasing distances,
from5 to 45 mm fromthe first. The inpedance

bet ween. these two points was neasured within the

frequantypXangbes ALY BhbE ane ea.%c%dﬂéitﬁﬁlgglﬂfe diazonium
10), with the following results:.666 0 at 5 nmm
S2 atsaells!:&nﬁoq@zat@eatasgowﬁ] candizete $or @troqiaomng highly

Thi s Sr%f'a% %g&?lé fﬂ%gcﬁag IEgh‘?fu‘fx'crtg.%'ntal V\@%utpﬁ made to

al rmsat con ver e ent equency rang
I npedanrt=r .| evel being higher the further apart the 25
two contact points on the titaniumnitrid

plotting theti fitdafEEiPretderticeh (iR ﬁﬂiatteaaﬁ dihe above
Fi gUEG ohfbie 35 aaf f&t@ﬂuﬁf d Péééfér}gee&ré’@é“%%tﬁﬁ Ag*/Ag

two points, ther I stance i s deter to be around

400 eferemcelhiel eRitaee t e reBXifBY8BHI Cidlr @P 5x107° mol/1

between the 30 edge and the centre of a 300 mmthick

pri nEediEiLcsyi of dandtrephemy 1di fzsmiam uf4¥PR) otetgafluoro-
as_w 21425 EE 73 be, se n Iater

h,
remayfq?l 3% ce&inablsélg Sat TFGE- Three

1@bt av&sda&a{et%m@a&y El:aﬁ.t r+a_ waécsl Dy, §§09(%§g/i§) were
the process of the present invention. 5 Exa

G af Pﬁﬁ‘éomedn @i gbhec TEN monip. TTh.IEWSarlme wag then ultra-
Ie: leﬁé &&hg:qfn%f rgglttf%)grgrﬁo?rﬂnzazﬁgtl:ég 11:1rh|a§e onnPr:Lle and then
drled in a stream of argon.
. The Nls region of the XPS spectrum 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 radicale grafted onto the
surface. At the same time, the intensity of the peak at
397 €V on the treated strip ie seen to be iower, which
shows the formation of a film on this surface with,
however, a thickneses of less than about 10 nm {(which is
25 the depth of penetration of the XPS) and suggests the
formation of a wvery 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

8till present.



organic filmon titaniumnitride by the

B 1425%®| BcEEografting 10 of diazoniunmygalts, titanium

nitride being a material used in the production of
barrier layers in damascene and dual damascene
processes in mcroelectronics. This method of
synthesis is convenient as the diazonium salts may be
variously prefunctionalized especially by 15

conpl exi ng functional groups, so as to produce | ayers

of metal fil nTheepeakoas. akBunddidicory tike IIGANiIn the lite-
film obtained is very thin (thickness of |ess than 10
nm, YaHHES Pikekhe hisd astmesrafiting efierliazopiver palts and

usef ‘Hornﬁég%&égg'U%iongtﬁée%drﬂbé%fi%nacéagr US40 Lhen) groups
i nvention | m croel ectronic appl rcations for very
fine yekOl rimy orf rdres paraeielivt i c6pulAdibht edéywebBr radicals

ganic fil btained _in this _case does not include,
%anﬂ%a%c%a ipstRepabretrareduRbieR: f iaidiazoniun salts
Pr eCHARPIGH-UPE | M rd Qa Ner-d¥dy il ms of the previous

exanples, but it is known that 25 this can be easily
achi eved by prefunctionalizing the starting diazonium

sal t -\ sui t.abl ups (for __information,..it is .
nowE P8 63" Sr g U S0 ap, ORPRRLE iln ohto TiN by
el ectdpgialg cthtbd\RD ddlutidn icortd Iivind\HBlaz @i DERSsRY ts .

chem cal treatnent: these am ne groups are 30 very

1900d conpl exiTsageradrile vddusirarasl thee- nassidislity of
and I algls [.C | . we thig B 58 3 .

EE 7§§gg ﬁphgxggéghs o&??ﬁét {Ee %§%£¥rg%$%ff#¢g%() chemical
di azgmaftmingal ©f Gansorgahée daperd candi dbaerfietr layvers by

produci ng _highly adherent ,organi¢ fil s having ,
func??ﬁﬁgﬁ p§°ﬁga89rosaaéﬁnélazﬁp#vw &alits are readily
| denpreglinte ioRAll i9hhke akeMe EXaphFe 4 sRoRbalhBYM it is

counterelectrode and an Ag'/Ag reference el ectrode
1ger cPPafribbded i¥ca BPPAdY3 neh¢| present invention via a

succession of currentless steps, that is to éay using
an electroless process.

A TiN strip identical to that of the above
Example S5 was dipped into a 102 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 argbn.

2% Figure 13 Bshows 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



solution of 4-nitrophenyl di azonium (4NPD) tetrafl uoro-
B l42s5bosage in 5x10"2 nol /| acetonitrige in TEAP. Three 10
voltametric scans from+1.15 to -1.52 V/(Ag'/Ag) were
performed on the Ti N strip. The strip was then ultra-
sonically rinsed for 2 mnutes in acetonitrile and
then dried in a stream of argon. The N s regi on of
the XPS spectrumof the strip 15 thus treated is
shown in Figure 11, for conparison with that, in the

sane enefgye ange, wabk tdEadidhat ixhbetaee oi‘é&ﬁ%\lget@ilm thus
a

This shows the peak of the nitrogen atons of ™Ti
397 @btmimedrvapemuebatbickeri phanhéheltacdc Exeanplet iSc

peaks at 406..5 eV of the nit groups. 20, from
t he 4-nitroph@ﬁ§/’f r (ﬁsél;ts g{Fgfe_t(“g?Zo%ﬁ_to %ﬁ icgtes  that the
sur f adectitoldes spl@t thgefrbhe diktRAsIuY fHlddamdpakonstitute
at 397 eV on the treated strip is seen to be | ower,

whi cli? $R8HE1t Y opfafichd eying fulkrahhini $higdhesases, this
W thias . [ e of les 0. nm

(whi eR 25§§t3h%§dit'e€tﬁg%f E%Sné‘f’r’%t Brci °§PEE<F5]§)E anrachment
suggedt sthde rafdicedls casobchavedy wiilh £hé miniliiglwediazonium
confirmed by conparing the XPS spectra of the strips

bef o&-amd “after el ectrografting in the titanium 2p

orbital region (Figure 12), which shows a very strong

reduction in the 30 titani um peaks after treatnent,

1D t hExgmpditede Flectnagraffing ef 8 RAVBSESlebonso THAN (Si) .
peak at arougs ;400 |s. K inthe lite- rature on

the el ectrogra %I n%:?%{?ﬁ%? aglgﬁ”ﬁﬁmﬂgg’it oa%tené‘ the Method of

cor r ¢gmpledentattibn fslicwti oh ahdli pzevioliENExap1ePS1 to the
resulting fromparasitic copulation between radicals 5
prodGBER IR t hbee BYFIFRIRE: | dnbernier diayeri wmch as that

sal t §pe@NInd MRS RNLYY M {88mascene processes in micro-
15 electronics. The barrier layer used here is called
TiN(8i) and corresponds to titanium nitride 1lightly
doped with silicon. |
A silicon st_:rip, 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 65x10° mol/l of tetraethylammonium per-
chlorate_ (TEAP), wae 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)-(AgCIO.;/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 XpsS
30 spectrum of the strip thus treated, for comparison with
that of the initial TiN(Si) strip. It clearly shows the



Exanple 6: Grafting of an organic filmonto Ti N by
B 1425§ppgﬁ@g into a solution containi di azoni um sal ts. }
I's exanple illustrates the possibility of using,
~diazoniumsalts to carry out direct chemcal grafting
of an organic layer onto barrier layers by sinple dip
coating. Since diazoniumsalts are readily
prefunctionalizable, this exanple shows howit is 15
possible to apply the present invention via a

succegeit Mo UpEen] lsﬁé%sgﬁpsar&ﬁﬂﬁ 9ol gvsaycﬁéﬁfna[bg:erlstlc

an el éCtrol ess proces TIN strip identical to

of t abnvmgéuaapbm \m bllnqapggkrllducmea dhibaobf 1the P4VP,
ni um ( 4NPD)

solutian o 20 4-n | di azo

et r BPRUGHHER: Bt S IURCICERoNE T I (BFAB4 Weuto Fhe mitrogen
striprwas thentheMmavets; )r '6}§9E’hEy A lle GF PRhAY éuﬁ::strate
into acetonitrile followed by imersion for 2 m nutes

|&1d@h@mpmﬁsaacerqﬁthheMManmmnaemmubhhem @hﬁ@jthe P4vPp

t . 25, Fi 13 sh
of 1 R IRpEPCRIAHY HA A (TG R & ete it atd
conparison wth, on the one hand, the initial Ti N

strip and, on_ the other hand, with the organic film ]
obt aE%8EPLEC B di FeFratisanmt s ¥RP§ sFbdm, of a metallic

arOUﬁQtﬁQQa_i eyléﬂxﬁn% 492\)?&6).'{:.5.53 %ﬁ%%ﬁ aff8d onto TiN

eaks characteristic yer
1ﬁadléaretgcaﬂt4d onto the B 14255.3 EE 76 surface It

was observed_that the organjc. fil mthus obt
much t hi ckerﬂ‘l‘rgn tRape ig trategy the egﬂ:{matmn of a

t herghof 8rinNdh&eE4 S £ b&%or@ﬁ@tr%%éhel astﬂx%éi&m on a

di azonium salts nmay constitute 5 a useful way o
achi 8emhgonduectoni nsuhfaraessdespihes bhengneaseqmpgtentlal

use éﬁﬁf&@ﬁgrsQﬁ?t@ﬂ%ouguéﬁgcgftQﬁﬂyeggotocol ugsed in this

15 case (called Protocol 1) was similar to that used on

metal in the above Example 2. A gingle bath was used

for filling the film with the metal precursors and for
reducing these precursors'within the film.

A P4VP film of about 30 nm thickness was

20 deposited, wusing 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

[CusS0,-5H0], 3 g of sulphuric acid H,;80; (d = 1.38) and

6 mg of sodium chloride NaCl, all these in 50 ml of

18 M} deionized water. A platinﬁm counterelectrode and

30 a saturated calomel reference electrode were added to

the get-up. At the end of the dipping phase, the strip,



of the radicals associated with the initial diazonium

B 1425sabt ggl0 Exanple 7: Electrograftfygg of a P4VP film

onto TiN(Si). This exanple shows how to extend the
met hod of - inplenentati on shown in the previous
Exanple 1 to the case of the surface of a barrier.
| ayer such as that wused in danascene or dua
damascene processes in mcro 15 el ectronics. The
barrier layer used here is called TiN(Si) and

corr espidswa® hbtamendveidt Fréf khahidolutdered Wid 'bzased for
silicon. A silicon strip, coated by CVD with a 20 nm

| ayer? FHFPNFSI Bt i amersentialacfo i3 EOSTEi ofhef strip was
20 vigy, n | f Qr pani in _the
presence ofll%(m%’ qﬁl;ﬁeéw Wg?ﬁ?e?%%?é?fﬁﬁﬁl ufifpef. and then

chl ordaticed THAR) , swbsamoshegt@ont 0 a potentiostat as
wor ki ng el ectrode. The circuit was conpleted with a
p? at i num count’® el €EPPBHe 8Rd #rbdft@lenceegiertrofe fhe XPS

baseditdilify (68 ' - RO OVTESRLAAL (HE U3 pare of

el ectrode was subjecte tanmetric Scan
- 0. 6 Figrurz &5/ (snd/ fghpareB0@pedtyra Wistsined s@snormal and

rinsed wi.th DMF and then dried inp a, stream of argon
Fi gurggaf&n&]o?l\gcfﬁﬁnﬂ?s rNé’gf“lﬁ"Sr ot™ ‘Ehée’?@% ngdkeshett r pREsible
of the Fbtdind hiscbirat £on B%rCQHBaréxftqfl—éMdébtﬂ hé£ the XPS

of the initial TiN(Si) strip. It clearly shows the
101 258rgbeE (7. exppRlaeahcdOonmy, p@’éﬂemasarmnmmemdence is

char | I nitro at of ridin
grou%gsg l? ?%e%’m%’ é‘andgg o %ﬁﬁgduct%ﬂw tﬂlé&pegkerefore
due poovidesi timfgama talcnmiafut ehd i Mo rmodt t Berface of the

surface of the substrate. 5 The presence of the latter
peak®EBR6hE®Phat the PAVP fil m obtained had a

thickness of TheSSpbhRE 1hd¥cteristic of cupric ions are
15 observed at around 943 and 964 eV respectively, whereas
these due to metallic copper are cbserved at arocund 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
a metal f£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
25 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 nitrogene of the pyridine rings
30 linked to the cupric ions. The disappearance of the

peak at 397 eV in the spectrum obtained at the grazing



Exanpl e 8: Formation of a seed filmof a netallic

B 14258B%eggal within a PAVP filmelectgografted onto TiN
O (Protocol 1). This exanple illustrates the
formation of a uniformnetal 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 singh&; atde Wos #960rel 96-11 bhibhg Eﬁétf@H@\MéﬂhfﬂE% copper

nmetal precursors and™for reduclng. Se precursors

Wi t hllrﬁ theegehin aA PUNWVP bokboof cfbotibe 3Gidm,t huwkness on the
was eé)osnted using a protocol simlar to that of
Exarrp‘?"ér %n a TiN strip of the above Exanple 4 by

el ectrograftl ng. The TiN strip thus coated with P4VP,
connected to a potentiostat as working el ectrode, was

f% r stxampde | Snefammatiemont anpetalr emedf &lesthhm a P4VP

m nu 1 O nial ni n
copptetr%ﬁ'ni I %%%L%%Sﬁ'—é’fﬂ nré? hé‘ %%?o% aC| d
H2SO4 (d = 1.188)s aé]ﬁamlﬁléfguﬁéssadlmm Céﬂﬁp d@oaasa with P4VP

all these jn 50 mM of 18 M dei oni zed water.
pl at ATFATEII 2| e rIRfee pFrBecel saf uF]aPEdoéaEEiﬁﬁ'Ple 8. It

L o ARG M eny B0t B AG nBcR et iByofbebl® (catlea
o Mhi cPredooedt Z)enmmedwmxdm tthe sshubees;wuasbbthsechre usged,

was PERERY: iobREn T cHL b LRSS Shm e s mBtallic

thenprdcue@dord arkd reRéh OhndtHEP. bﬁtﬂhﬁfdiolf’f@iu@ﬁag the pre-
orbital region of the XPS spectrumof the strip is

showRUrRoFRe Wigduin pare 6ilm, the particular feature of the
second bath being that it does not contain the said

15 precursors. It is observed that the metal f£ilm obtained
contains fewer precursors than in the previous case.
The TiN strip, cocated with P4VP as in
Example 8, wag immersed for 25 minutes in an agueous
solution containing 11-g of copper sulphate
20 [CuS0,-5H0], 3 g of sulphuric acid H;80, {d = 1.38) and
6 mg of sodium chloride Né.Cl, 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,S80,
{(d = 1.38) and 6 mg of sodium chloride NaCl, both these
in 50 ml1 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
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Figure 15, and conpares spectra obtai ned at normal and

B 14256razigpg i ncidence. Nornal incidegge makes it possible

to obtain information over the entire depth of the XPS
10 probe (i.e. about 10 nm, whereas grazing incidence
is restricted to a very thin "skin", and therefore
provi des informati on about the outernost surface of
the specinen. The peaks characteristic of cupric ions
are 15 observed at around 943 and 964 eV

respesdiveldn, WAEABAE whBASBedUS 152 ARkl ied 1
are observed at aroundw933 gnd 654 eVafespg%??ve ;? dried in

Fi gurd abbraan nef nargdémci dence) thus shows the

formation of tallic .copper within the P4AVP film. 20
according to the iHSBH?FanPwsﬂﬁhl?%ﬁpeﬁ?ﬁbﬂnre9éa|é@e XP8
a netsedidum obforgad HAkhpr nid Ysndeapide the fRfler part of

that the TiN surface was not an equi potentia
sur f Fdgunseikly andertltbhdoempareri guhe BPertswowsbthined at

Ni s ' t S m, |t e.seen that .

at norna| 2! ??ué%hﬁgﬁé ?ﬁé#égﬁ? .tHggéage&ﬁg}@gpc§9?r0v1des
399. SrdicttmatGore Vabohitchtloor eatfiqrd pespectdetlly b€ the Xps
t he ﬂgirogen at ons_ of tEe pyridine rings |inked to - '
the rMet& i APPWedut Mt opp@hereds heIFadirgensngidence is

the tegeRyiled N&o 'l A0Syve@Pd 4@ ithie NE{,00enS,08 188e efore
pyridine rings 30 |inked to"the cupric 1ons. The

1§ sappenidese ioff ormat ivenlakaut3 dhe \buvetthesspeutface of the
obtaggg%.%%nthe grazing B 14255.3 EE 79 incidence in

Fi gur 6 T%hows that the netallic copper is present .

at the bottomhef pbekki|hakaétépisOict SF LUfAE  iBns are
Exanpl e 9: Formation of a netal seed filmwithin a

P4VPEPEEFHEE| 8kt Agguad &f3omnsd 1964 (¥ rospechively, whereas

those due to metallic copper are cbtained at around 933
15 and 954 eV resgpectively.

Figure 15-2 ({normal incidence) thus shows the
formation of metallic copper within the P4VP f£ilm
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 epectra
obtained at grazing incidence in the case of Protocol 1
(Example 8) and Protocol 2 (éresent example) shows that
there are fewer cupric ions in the cése 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 reductioh
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 Nlg region

of the XPS spectrum. Normal incidence, there are two



This exanple uses a TIN strip coated with P4VP
B 14258C60Rei ng to the sane protocol % ;that of Exanple 8.
r

It illustrates a second filling/feduction protocol
(called 10 Protocol 2) in which two successive baths
are used, nanely a bath for filling the filmwth the

metallic precursors and then another bath for
reducing the pre- cursors within the film the
particular feature of the second bath being that it

does Hoix&04takgt Qﬁds%'% o W%x%ﬁond:% a‘:Jf'ns (the nitrogen

observed that the netal T"m obtain con
preclasams tdfan the tpgrpdemeouslngse lidbed Tith sthep,metallic

coateglgvxt/i!1 AVP as in Exa le 8, .was i,immersed for. 25
m nut eed) a oftrERRIST t i%h 55’#‘?{au"‘ﬁ|tﬁ(j’91|efﬂsg gf the free

coppes %ﬁiﬂﬂ’i@t e T é OJS%s'iJé%CHwé li'l&'&u“ Brotocol 1

acid S04 = ) and 6 of SOdI um lorid

NaCl , ]%?an-h%s%) i nngoma%fconﬁmdmgnt@edlmwens linked
briefl

The thep removed _from.th t| 0, y

ri nsé'-F i ﬁ?’om%g%me\at%tr aESHcht‘g%E 5gobserved, which
pot entdznatAt oas vwka@@xﬁieectﬁa)@le t&ﬁ%tﬁéakl mﬁfsﬁﬂ%tﬁe 16-1
a solution containing 3 g of_ sul phuric acid H2S04

= 1. 3@xampl s &y wRSsourt by ofuge RACcuUmsdh igpee inserted

in S5QuH4 ze }fg;:

counter-m(#f ectrg/gédgggqghéa%u at Q;d’ﬂ%fr&r'r@ Pt ef 8RB OVeT the
Ml ectoudme3®fivethe adednctdobhe That dmsaﬁmsima:@ pASsthe peak
biaseg r2 mn esataEE%egg -OSVS,. )

r enod&d From% He s8Reqt £ g EBFHPF‘oﬁt Prazdagnipridence
dei Oﬂhzeﬂlwrér apd1t hansdr i gowd  Enst I GRBLI1 A I

The copper 2p orbital region of the XPS spectrum of pper is

the BEPPEALs 8hovkhe n hatkdmowef peke ofilng Fbytr end®, on  the
and Lhi.gacampares the spectra obtained at

15 Ag 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 exaﬁlple it is
possible to illustrate, semiquantitatively, the effect
of Protocols 1 and 2 on the supply of precursor ions to-
the films.



normal and grazing incidence. Normal incidence

B 14253rpvggles information about the gntire probe depth of

the XPS (i.e. about 10 nm), whereas grazing incidence
is restricted to a very thin "skin", and therefore 10
provi des informati on about the outernost surface of
the specinmen. The peaks characteristic of cupric ions
are observed at around 943 and 964 eV respectively,
whereas those due to netallic copper are obtained at

ar ouBstalgle 10 ANfloRALENn 82PACIHOHR Jemdl WWE§arPe2£ilm on a

(normal 1 ncidence) thus shows the formation of
met alll i c Wopetrched hi Featere®4\Ipy f | dippangor dnfkg t @ t leplution
invention. Visual. inspection revealed a netal film of

gr eaf CHTAAEARG, PAAREAAY 5355 act that 20 the Ti N

surface was Nile PrMBHPOL BN 05U & A8se8CLAILh® fact that
sem conductor. Conparison between the spectra . '
&bt athed sacapagdiviaplia cie apeeduee t penfarvadf opgendcolcoatings

1 (RXaple i A B 0LogeL, £ PEEREN! CIABIG) SLQUS chac v

t hat re are fewer caprrc rons inthe cda
Pr ot deolpodsdiblidaboi expletiacathils FhAts idd ustoahee edtformal

of the ﬁreferred nmet hods of inplepenting the . . ,
i nveMBFB8h, FRALAREEN fhe PPEPFAg WPEKSt h&hdPecdBsopydinarily

and {RB-EEIHEE B R ?g&@&%ﬁqut in different baths,

thereby nmaking it poSsible to reprovision the film
I@i th the preThisor seg@mplei ngitthstwmhes i onhei ghigh-quality

16-2_sh N i he XPS Nor rral
i GEREREURGFY orBEP.cr psssRahiavEE pRRkED iy of the

and R&ohédeV I ippheneniationt Nef NicheodffiveAt 988, Ofin which
the pyridine rings linked to the netallic (reduced)

coppele afdamice grafsdags of dhazepndam pgalEfnaas carried
NSyt " 6SRECL! VRt MUK R P OUi¥ack bearing an etched
15 pattern in the form of a 1 pm 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 limes 1 pm in width,
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 same

25 protocol as that of Example 6. It was then analysed by
atomic force microscopy (nanoscope III AFM: scan speed
0.2 Ha}) 8o 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



5 (Exanple 8), no peak corresponding to nitrogens

B 142s5d.inkgd to cupric atons at aroungs 402 eV is observed,

which |eaves one to assunme that this peak, in Figure

16-1 (Exanple 8) was actually due to cupric ions

inserted during the reduction, reprovisioning the

filmover the 10 course of the reduction. The

di sappearance of the peak at 397 eV in the spectrum

obtai ned at grazing incidence in Figure 16-1 al so

showg st hat, Nt | hC CRfmdB 1BYesedf asbblie At tPMS5 nm in
of the film but not on the surface. 15 As in Exanple

8, ithigkngesswas diesmache potential protocol used

here for they e [ ' t fi,Gl ent r

all the cupr |IE:: ?‘g%% O%é%o%t%hi gggﬁi t&%gsf%f%i c?lg#?'ﬁt oof each

i ncr eggachhereadinki obhpot eaheéal tandéithime the measurement
hydrol ysi ;s .time. However, by choosing the 20 patenti al )
Br ot BESF 16 Rhe SHBNERY ekdpl Ehere ¥agmoasrppéorpal coating
1 usbenl g SAH1 BURRLI Qe e caldiapl fect of
Protocols 1 and 2 on the supply of precursor ions to
the films. B 14255.3 EE 82 Exanple 10: Formation of a

conformal ;organic, filmon a .1 pmetched.feature. by_.

i pPEREEPABo 1 T AR OR 7 o nPREEGERAN CRA AT LFi1m on &
The pramestchédefehtires baslectitogiatititly idfta PIVE £ilm.
Is conceivable to produce conformal organic coatings .

lfpre easily Thaa cexpopdsl, methdlclogwpPRbemgntst hExapple 10,
IS p?ffﬁg fa&gsexehg!té%@f%f%%ﬁ%ﬁﬁp Rﬂ%QFCECQanBEHHLChieved
nmet al coaf1ngsS at poi nt's wWhere I"s is ordinarily

I nposkatke o pelymerf Fiidms e ldrtugreitosd| £ccording to the
illustrates the high-qualit¥ conformality that can be
achimw@m'é bhe Brepget invention.

A TiN strip similar, both from the standpoint

15 of the composition and the etching topology, to that of
the previous examplé wag used in the present example.
However, the etching width was 3 pm, which means
trenches 3 um in width and 3 pm 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 2050 4+ 15 mm to 2780 4+ 15 nmm, 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,



nmet hods of inplenentation of the invention, in which

B 1425:5t.lze mghem cal grafting of diazonigyn salts was carri ed

out on a sem conductor surface bearing an etched 15
pattern in the formof a 1 pmgrating. Avirgin TiN
strip of the sane type as that of the previous
exanpl es was used for this exanple. However, unlike
the previous exanples, this strip had an etched
pattern produced using standard processes in 20 the

m crqahest r ?&lcﬁ.@s‘ Nt V. a TheoRE68RE1 Pakbating was indeed
consisted of a set of parallel lines 1 pn1|n w dt h,

spacegedpaed bpankgmtandheawlnrtragaired Hbbut 400

rim (see Figl nd her 0 The wag

treated accor ng%@m@%%ﬁ sgﬁ% r%&%co?éééiﬁﬁat 9 phase
Exanphegés) | toﬁ/vamtiben Jﬁé’t_ﬁdﬁ@d okry tl@é OBugfhekcCethus treated
m croscopy (nanoscope Il AFM scan speed 0.2 Hz) so

as tPBavet ethowme thigdngbhei reFwks | d8 (m@n@@uﬁ;ﬂﬁ@ large
Wi dt cg% Lhe trenches went from 1008 nmto 966 nm

whi ¢ taking into account the 30 neasurenent

preci sion on this scale, which is around B 14255.3 EE

3 im _that f | | bout, 34_ 15,
T Erbiilecd PEERARItR ohp SRFHALATEARLE filn on
deptb B &66hed! feaehraewalha%ﬁ&&fttﬁ ighia) HdVe £ilm.

measur enment 5 precision, ensuring t hat there was a

1@onf or nal cdﬁh?ngam@v@ﬁﬁhDQQ&ngn4%ntbﬂttﬁé tBxaupie 11 was
tio of onf or film
3 pﬁﬁé?%ﬁ%% feag%re y effe E@%od%%#@%ng gggéﬁﬁiﬁp fi &?1 the

10 Thommexboml e,0fhi ch Syrifmils Erve e £@1lm. Only 15

illustrates the conformality that ,can be achieved
t harfRL YRR ThEr SPRRAS 181 Ec FdditdFe FARICHRARG 10 DVB were

the yged.

15 ‘ The profiles obtained are shown in Figure 19
appended hereto. It may be seen that the profile
obtained has a ™“V” sghape, 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 fbr 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 changee in width of
the trenches show the formation of a 252 3 15 nm film
conformal to the topology of the substrate, even by

30 large scale on the surface.



process of the present invention. A TiN strip simlar,

B 1425H0f hgfrom t he standpoint 15 of 4f€e conposition and

the etching topology, to that of the previous exanple
was used in the present exanple. However, the etching
width was 3 pm which neans trenches 3 pmin wdth
and 3 pmapart (the depth again being equal to 400
nm (Figure 18). 20 The strip was treated according to
an electro- grafting protocol simlar to that of

Exanmympld M3 WMiSrmd€idh % £ ¥i Byhesraghe o(:@‘@:.d"%at:.ng on

added, and 20 scans at a stopping potenti al .
\Y/i (A@QQAgl)m wetgheds efleatthrest by Bﬁmmomtafﬁtm of a PAVP
examﬁﬁmlusn ng an AFM 25 in the same manner as in

‘0. Figure 18 shows that the width of the

trehches goahifd OBhdRplel 1210BL1A+EA80thdS fBtmhteon of a
a film thickness on each wall of around 135 15 rim

At t wenfoamalt i PAVE t Ladp. bef Selead t watht metuebt preturhers, on
tren 3 th to W|th|n h nmeasur.enen
pr eC?’rS&I Ogl g?f%%g 3%EE%§% Whi Cﬁ pr ove O?ﬁat %g% % ErenChes

conf GowakhmC ot | AYdYAS Sputesd 3pooﬂmcabat:l‘uank$1i@ d@pth again
el ec roggafted film_AFMinmages (respectively nodul us
and gad). oft wrRerefeyrofborr tthe Referkial of the

thus jHeRLSEN 5Ec:flzvgu§%9% t hag htﬂ%r dct Sratio. It also

repr oduci bl e on rge sca es. 2. Formation
18f asbowBortizé @ogamitcid] | mfonel&cpmgraﬁeuingeaamranethod of
e_sane

byeec a PAVR film

oot hoRBLEAEhEat iRt %o Crmtin 12k SSART cbamRAFihje with
1 pnthéchagdrbagt etehiny teddlut il Bindt¥bad in the future
onformal PAVP film Only 15 .voltammetric scans in a

squ%Foﬁ eonigraphgchsonysswiield.
The TiN strips were comparable to those used

15 above. The electrografting methodology was the same as
that used for Example 7 ({with only 10 wvoltammetric
scans) . The PAVP films obtained were filled with cupric
ions wusing the same methodology as that used in
Examples 8 and 9. The reduction of the precursors was

20 intentionally not carried out, go 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 midroscopy (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



used. is The profiles obtained are shown in Figure 19
B 142s8ppenged hereto. It may be seen ghat the profile
obtai ned has a "V' shape, characteristic of the
profil es obtained when the etching is of a size
simlar to the indentation of the tip of the AFM
m croscope 20 used for the neasurenent. This results.
in an image in which the effective shape of the
profile is convoluted by the geonetry of the tip,

whi chinass UREgWN brilgheyebontilist , dogal fRAN £hat dl¥eFiciently
appar ent _dept h, neasured on the profl les with the
P4VP FGMANCEENG Fegibpnpothat Pesmbtpineatdarken dept:hast

after electr g.af 0,,15,nm s. Ngasu ed
that is to sg%{q:\ﬁ}eés]arzr@ a dqtﬁ%\t o opology obtained,

el ectatogr &kl NgdiFherehangefodub Mgl h okndt heﬂl@@@fg@e the
show the formation of a 252 15 nmfilm conf or mal

the PV BFLY hebtabaedaberhewan tWie Wl%rg@ds@élee bottom

on theg swyd qc‘,{se Hhet255. 3 EE 85 Exanpl e 13: Formation
of a conform I%)rganl c coating on 300 nm etched

features by &l eclraongy afdiififemnge Péh‘wP clorltmasthi 48 observed
exa illustrat the formatio a_ 5 confqQrnal
p4vg‘fﬁeﬁ"iﬁenf. TE g (ke prE 'ar%réa%n aBgoOnmthe other
et che@riEattiee oddy of ttsesBvbog t1eRches, aR4 ?Ehhmy the
w dth spaced 300 nmapart, the depth again being 4

18 . berndes efJﬁieelshomslehlélwot aieibleof iphe Figure 20 and

i nve of, aspect ratio. It also

10 s omb%%t%%r tﬁ% ?ﬁ;‘?ﬁ_— ftogi cch%grafu ng as net hod of

i npl enent at i mgfua-re wpI Kiisy @i etdbegemefipatddl enei tfegion of
t he cgrrent et ching resol utions and those in the

. futuF8e GYenchef ctoeFBetr AS#iey i which it may be clearly

seen that 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 fJ,lm
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 f£ilm of the

present invention.

Example 14: Formation of a conformal organic film on

25 300 nm etched features by electfogra.fting 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 ie coated with a 10 nm thick
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The TiN strips were conparable to those used 15

B 1425®mboVEE The el ectrografting nethogel ogy was the sanme as

that used for Exanple 7 (with only 10 voltanmetric
scans). The P4VP filnms obtained were filled with
cupric ions using the sane nethodol ogy as that used
in Exanples 8 and 9. The reduction of the precursors
was 20 intentionally not carried out, so as to obtain
films filled with copper sul phate as precursor of the

met alte beteidRl lapad tbareitixd WiMH athddetbhiBy. It there
This mde it easier to denonstrate the formati on”of

the Hh@rafaxe sehawengthe ectanin hitghostepel( SEM) canformality
il t ' [ 4 d 21 d h tq, .
Tuarda el MELAEP 20eapd 31 BEEDEEUERELE Cocanic

on the trench o StTl .
the ffinast ur easigeidXist t6f disieEacdy OfhdRndgr eAERBS. aspect
hese ir{g%es wer e produced with an accel eration

ol t #§&16F 26Ny 1 et rak e W toPeiPOY oPRags 4n wdch the
whi chelhg %Qﬁ?lscf\',{]]l"lén Hﬁgesﬁé‘r 'c%ﬁ’eacl?émm 1Re 3988 Shqws  the

However, at t oltage an Tnsulating coating res
B 14P55eBtEE1S6 jof a wdectHwdgpdftioontrass, ual i keethed of

suffi,ci ent| onducting reqi,ons that result in a |, ,
darkéWPESH'Fi{‘E? ?OnFié‘?ﬁeé‘"’Zg‘%_ 9B SPeAY the ABPAGRLe with
obt athed, catréne. dhﬁ&er§ﬁEu§QCUétE%§n?angebb H%Engtsteh in the

the 5 conformality obtained both he wal Fs an e
180t t BiFreelentreonifaghéield.sharp difference in

contrast is S . _bet. n n_the,one hand,, t he

surface, andﬂgn %ég‘géfhglyﬁﬁaﬁﬁ,g Fh‘gcﬁgg§’r8%ntﬁﬁie oritc etched
si | iTON tsterighes idend ildalal by ttkod® haddd erid ay@e previous
clearly visible in Figure 20 and covering the entire

t opoPXRPLEi PR 1thE FolhrHiBEndwotRCOhe tdip oStaip was
immersed in a 5x10™° mol/l solution of 4 -nitrophenyl-
15 diazonium tetrafluoroborate in a 5x10° mol/l TEAP
solution 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 t:he-

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 gilicon 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



the trenches in the strip, in which it may be clearly

B l425%errER hat there is a difference gg@ contrast between
the 15 barrier layer (which is dark) and a highly
conformal upper layer (which is bright) due to the
PAVP film filled wth the salt of the neta
precursors. It should be noted on passing that the
contrast of the surface renmining beneath the filmis
darker, 20 which shows that the filmhaving a

bri gorertiontabbs aadnaehe Meottadm i 6f th¥etrbitheBdedd gure 23
the, seed filmof, the Eres_ent invention. Exanple_ 14:

For n&f6H &51e % ot orRBL YA Ganidhawing that 2Ehgophagkness of
et chegef 68L Y585 b%o%!tﬁﬁ% OSBEEEhQEeQ{asd' @% Oﬂt\lu@fn Jihe walls,

salts. ‘Thi s” exanpl e trates t ormation o |
ul t r 4déomfroratal tbegampe 6il mhebtetckedbyrenches and 3% nm at

| ectrograftin of a,diazonjumsalt qn an etched )
il H}ﬁ Frrtel (3h8o FhrRtendd GftesThPPR gresults in
spacengtof sH¥y N angoﬁ\pl@%@lg OfarflP0 g¥Rs My ChyhSrorm  and
coated with a 10 nmthick B 14255.3 EE 87 Ti N barrier
| ayeronbetnadal codting hdcetehthin Ithet lprecisiwn ebdr eche SEM

shows . I i ghsl.evel, of canfaqrnalit that can be

ac h;/\@(\?éggf %gﬁ § Igt’owgllg r5gr% Ctt’é'kf‘ Sih i g:’e f’{l 1Y

-especi al | y oFiguirbacas Siua0-ie Of BSPEGhr&licéd OBy the same
and jllustrates the topology on or in which the netal .
10cedt¥epheRby Yo Eiogred(0ii2ammd stehed nfeatures in TiN.

pot el ah @Ecc%ll?.%trfto%ﬁféﬁgaf§t FBt %%%e%egl,e a\t/a.t%li;]ough the

i npl enentation for working on scal es- conpati
t he £ilmebhickdebaesr eobdadmedy nsichitamsagain hebodd 40 nm,
m croel ectronics field. Anfrganicfilmvvas

el et Ogrhf 1M BnFESE: RT3 RAECheds §ehbe cFeaojution of
thosgheiSe@ ohiind1e- R6WEVEYS 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 contribqting 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 ite oxide



exanpl e using the follow ng protocol: the strip was

B 14255 mrer®Bed in a 5x10-3 nol /| sol utgen of 4-nitrophenyl

15 diazoniumtetrafl uoroborate in a 5x10'2 nol /| TEAP
solution in acetonitrile. Seven voltamretric scans at
20 nV/s, between +0.25 and -2.00 V/(Ag /Ag) were then
applied to this surface, used as reference el ectrode,
in the presence of a gold strip connected as 20
counterel ectrode. The strip thus treated was

ul t r dsprézcal |'13hlsrl et A1Tuddrsced) annd ORferdkility of
then dried in gon. It was then fractured, in such a

way elacturgratiagn ewhiighatls | gapabhgl ©F theimg adapted to
et chigg- fdd&s ‘hafh ésoi:[ é‘cfﬁ %Q pggb‘i‘ﬁgﬁdt\f\ﬁrte they remain

anal ysed using a scannin m cr oScope,
|IIustr&@abﬂreﬂéqprxﬁailyzﬂﬁhldﬁhd&&tﬂwe 22 clearly

hows the silicon, substrate, provided with its_th
%I tani um ni t ft dE*HAFPPeS B R cogFeChnrikh afpedr élm layer of
bri gt i ceRAl &skitd N tdio ) 9fng Cop O mel OEQﬁEhcium nitride
| ayer. obtained by the process, both B 14255.3 EE 88 on
t he h&rrsamuﬂdyﬁrkﬁmrﬁmwefenhechednwmah ﬁhqﬁakuﬂS(whlch is

conp S ana showi n at_the thi kness of
ChaPrBres dlhda SOMIP PRl Whla] 1M hala 4 T45ER° Bhving a
41 nﬁhabkhbestopaﬁ)f abeusliched menchggs anchsdA nnraat Sorking

the bottom of the etched trenches. These results in
1Pact e4mERETe%€0npl etel y and strictly uniform and

conf or mal CO?hbnggﬂ%d@ﬂdaé1t$§éprgﬁb§5ggdﬁ #ﬂm SEM Eglutioh

measur enent s, whi

I's estimated t I gure

shovaohbaiffihgCts ¥ odypedaky the SaMmollA t bgat PERb Gh DMF.
finer (0.1211m etched features in TiN  Again

excePiERY conveikamretrie obsepend, al batwganthe -0.9 and

15

20

25

30

-4.0 V/(Ag*/Rg}) were applied to the electrode at
200 mV/s, with 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
strip was plaﬁed under potenticstatic conditions at
-0.5 V/SCE for 6 minutes.

Finélly,‘ the strip was ultrasonically rinsed
for 2 minutes in deionized water and then ﬁltra-
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 upwarde, the
gilicon, the 1 um 8i0;, layer, the very thin TaN/Ta

‘hybrid barrier layer and a 278 nm layer. Surface

analysis showed that this was ihdeed a layer of plated

P4VP impregnated with metallic copper.



filmthi cknesses obtained, which are again about 40

B 142598 ERre in this case poorly matgged to the resol ution
of the etching. However, as was seen in the
descriptive 15 part, it is easy to control the
thi ckness of an organi¢ filmobtained from di azoni um
salts, especially by neans of the nunber of scans,
the final potential of the scan or the concentration
of precursor salt. The additional |esson Figure 24 is
neverthel ess that the 20 el ectrografting of diazonium

salts fromorganic solutions does allow very

ef f cEpaPPlRet LPhg Cramth a0f \aer gonpgn fidart onata oseed layer
whi c A . e . e n opt i but 4

pot hAcsSEREHE Y M Hvddiior IERIGRE b b 5V, guzeace.
process. 25 Bhanplexddpléorimatistiyafes, Uunhfer iyBdVPar manner
filmon tantalumnitride, This_exanple illustrates

the F6r nebfbn damepstiated dou) Examplei |4n oBitdi nad P4VP film
fro”é@esgg% i nf'%‘é\f’ oo 0NN C, f LM o%r?f(fgﬁ?a#;@rowth of a

el ectro g on a plane tant’al dmni
sur fmetadoverEkn wi shartingxi derdim 14255 s2eldE 8Pay@wyer obtained

This_exanpl.e il]ustrates the versatility qf .
el ec?F5GF fl_‘l—:’ngt,:ovv_fﬁ}{,ﬁn rBVEREAFTe p?h%ei"rﬁ%&té‘t?q orelates
surfReee My ifle OYrdWtha)s Sa RopPedeOriNiAt ochN@Y TiN surface
remain _at |east electrically semconductive. 5 A

18i | ig@adsari bazsdesdon en gtthed |sdjdcayt susiflaason
ox o (5% 2 aAnd oty A LI Rl g scaniun
condubtibde, (THN)oparalierbdraieds way ool By coated with
thi ckness gniatl:r Ofu:.[':gmz nmel\évg%rus?:gf%sinmr;(i ?i%.az%)%ium 1t
el et oY Y og g salt,
namely 4-nitrophenyldiazonium tetrafluorcborate, usging
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/s with graphite counterelectrode. The strip thus
treated was ultrasonically rinsed for 2 minutes in
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 wultrasonically 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-



The el ectrode was imersed in a solution containing
B 1425340%@¥P and 5x102 nol /| of TEAP §p DWMF. Sixty
voltametric scans between -0.9 and -4.0 V/(Ag*/AQ)
were applied to the electrode at 15 200 mvV/s., with a
graphite counterel ectrode. The surface thus treated
was ultrasonically rinsed for 2 mnutes in acetone
and then imrersed for 6 mnutes at roomtenpe- rature
in an. electroplating solution identical to that used

in ExArllas. c4f itle tdisedt 1 had¢ aliapsedentle f2tures. This
strip was plated under potentiostatic conditions at

- 0. 5 Nyowee f ol egxdivhusbowski nfkby, the sbotpomasupwards, the

ultr icallyerinsed. for 2. mnytes |n.deionized

wat e%igﬁg%t%he%fu!ttq}ea-s%%%l{:ggf:?y :ﬁlheseélyo i Hut daver, the
i n adetere orfarfi QU Lydb, SWEYEht BentbenshvekiAidiedely to the
after the treated strip was fractured. In the figuré

ray BECheediaarursiingarededn thsmniddlptebnthe image, and
PIPETERAEIE SRS larsle heBl BERILISGEALE, Y8 Unich may

thin TaN Ta rier nmil a
- Sur f beesBenarnal ydies Iyt haf thésimage) ndgedmay seen that

| ayer, of plated P4VP inpregnated with netal lic
cpppéP? ddpiac E\é%ealan{#% PEIXIG R dayEppeand the
fil tepparsaed d2yeg 1R &SnEPSiL!lEHemdv@% the entire

produced on a Ti N surface. This exanple i [l ustrates,
1pn lengthapfnkhee profiide handeapstiatly in Ehanpegions of

2 W Ll m el ectrograft nt o tal . the
conf%?%gl gég{g\ﬁ}k f ESIC%m%Fa rf:’iulnadgg‘frﬁtl%% d":rﬁagwsreeed
| ayer obt ai nefigugeceiglpwsd the rawenti @btalifed at another

illustration relates here to the growh of a copper .
fil RoHe BN Sher aBame10°PRetmas. hatRi & RIARNet RABEeSsing

- silicon SHréRERed features. It may be seen that the copper
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 sgeed layer by the
eléctrografting of an organic layer, the ingertion 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 intercomnected structure of the damascene type.

The substrates consisted of 2x4 ecm® silicon

30 test coupons coated with a layer of silicon oxide (a
dielectric) and with a 10 nm layer of MOCVD TiN as



An etched.silicon strip coated with a titanium

B 1425%nitrgde (TiN) barrier layer was gonfornmally coated
with an organic filmby electrografting a di azoni um
salt, namely 4-nitrophenyl di azoni um
tetrafl uoroborate, using 15 a protocol conparable to
that of Exanple 14, with ten voltammetric scans
between +0.25 and -2.5 V/(Ag/Ag) at 20 nW/s with
graphite counterel ectrode. The strip thus treated was

ul tr aggiperal | MirAMEahH Of bariFi W €S theg@CClONS @t os were
then imrersed for 6 mnutes at roomtenpe 20 rature I n
an elségcsprad ndhaolng i 290 i menvidel trenthes, @fith a spacing

Exanp| fter_this tine, . the strip wa i ased o

undg}%fgoﬁgﬂﬁggst%?fgc % ofidPFRorE a_tali’-“B‘.tS %Pgd%mf ofig specific

m nuicdeaaithd hep tdiiemow! tesrehEhE wscae«&\i@a$h&t before
e

and -2.5 V/SCE were applied to it at 100 nmV/s.
stri fhgs swRCtHedraf tiagoniThel | sxpentRentsr wene moewscarried

in Loni I [ yo.untrasonically rinsed
for %ﬁbmﬂhét%%s\eﬁtﬁggcg{&%ﬁ% %ﬁiéilt)‘:ﬁe%ﬁm&ri ed in a%/gon

~ before bei ngAnanallyeedooya$EMd Fifgae R@sshpwodaeed8EMErom a
c? fication of x25000, of the

Vi ew, W%han&gni-?;, )

tr enERLBEEEPNEF RFYIFinganivy teleratnerarorata srhetituted
of f#aEh UG 54 ' tQnt

direction of the et %ﬁé‘gﬁféegﬁu%s&%ﬁs i%{"gurgg E:_Iq%eear?§esence
18howef ftekrapthydemsondpnarderchherasel i (DBAD] t&e support

lsubsé:[gé jl_,%%pg TiN barrier layer, the diazo organic

ayer, conf or ms very closely to the 5 etched

feature | ocarkd eledcheogrddiane wdlf ¢aBHfeaaBdt At a fixed
t hi ck corfp,er | ayer art of the surface of which may
be RFHERhelbop ITralegtrade isrlyeyp . | Thanfile@vrface was

 pusdboebTignidse lEldNE AL o OBRLE T R LAY, Hibosite
1%ntiqldp) , the counterelectrode was a graphite surface and
the reference electrode was an Ag*/AQ 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 electlrog_rafted films were immersed

25 in a solution containing palladium ({(Pd(II)) ions. It
was found that the palladium was inserted into the
filme thanks to the complexation with the é,mine groups
‘present in 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



10 length of the profile, and especially in the

B 1425%5egigms of high asperity, such @ around the etched
feature. Figure 27 shows the result obtained at
anot her point on the sane specinen, in a region
possessing 120 nmetched features. It nmay be seen
that the copper 15 has grown fromthe bottom of the
etched features, thereby showi ng the beneficial effect
provided by the seed |ayer obtained according to the

| NVeliedtrolsie t E@ﬁ?breﬁm&%ﬁo agRlse ficindNtBat a very
particul ar exanple illustrates the conplete formation
of athéghprepPpesed@yesyevady upidorallecideppaitedyg shis being

an or [ r, i nsertji.on of.25.copper

pr ecmf%?ér:@g‘leﬁ%/gb}’h%ggl ényezzra,l]tlhce Qaejd:ﬁ%?‘}% gPgrRgates present
precuitdis ither deecteogiruetadnfiantondsemlat®dl i1Ca high-
copper seed layer and its use for filling trenches in

ah | FEELHHER ed SSAENG ¢ Slagteofanasiarossane TiRE  the

su bS'éﬁ:%%%u‘i%gis :A'Af%ﬁd gﬂ?os@i‘%t%hc‘ L& OPn a0 élfe; Lcopper layer

coupons coat e ayer of -siTicon oXide
di el wekri c)jumtd \liike a dife nrorhyitnadf MDEYPrdgiadseB layer,

14255. 3 EE 92 copper diffusion, barrier, These :
subs VﬁﬁggoﬂéﬂgdgiwwﬂﬁQHéﬂ, Iy pckpedpqef about 20 nm

trenghegurw b Appearidil hedfetd0 Nm and a-depth of
about 4%8 nm No Specific 3 ggning or surface

10 eat nent waSopRer ewasutthem orelertieplated onto the seed

el ec at.ting. J.ent.s e not carried _out
ndor 2PEa S HB0 opERR AR SRt F AT I oFF cloPPPR, Sulphate
was pnodewdghhurdio a asddiut uadee! alvHdsutdie conditions,
tetrafl uorobgrate substjtuted wth anmoni um groups in
ac et’&ﬁ‘?‘?iﬂ Aoyt { b My GiEnce®r uniform copper coating was

obgerved to rapidly form on the pretreated surface.

15 The substrate was then cleaved and the trenches
in the fractured zone 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 wvinyl monomers and copper precursors, in one and the
same bath, énd its ﬁse for £illing trenches in an
interconnected structure of the damascene type.
The substrates were flat 2 x 4 cm® silicon
couponsg coated with a 400 nm layer of S8i0; and with a
30 10 nm TiN layer obtained by MOCVD. As previously, no

specific cleaning or surface treatment was carried out



Pi 10 of tetraethyl ammoni um Perchl orate (TEAP) as

B lazssuppert electrolyte. The electgggrafting was carried
out at a fixed potential in a 3-electrode set-up. The
Ti N surface was used as working el ectrode (connected
using a crocodile 15 clip), the counterel ectrode was a
graphite surface and the reference el ectrode was an
Agt/ Ag el ectrode, these being connected to a Mde
283 EGG potentiostat (from Princeton Applied

Rese®eFlphre ASHEN él@c%ﬁﬁ%ﬁﬁ%amh%s’ %%;Bgriments were not

el ectrografted 20 fi een'to

hy pecégriedmautt undse arligpimatoons wdmmbi:iomg h a

uni formthickn of about 40 nm  Metal precursors

were insert eg‘ %Sﬂ'i@ teﬁee"fteqoéir(ar%@?daf?‘é'b‘?lgyﬁei fubgErates was
fol | pwbAgcEENNAs ind hehtinN ot wbi}fciﬂgaféi&éiﬂs e in a three-
el ectrografted filns were inmersed 25 in a solution

Gont §LAFRGOPEI | Setamp( Pdmila ot Ithatmasof outtet hatrevious
t he LU S _i rted into the. filns thanks t ,

the SaRmBEt s MRS R AR FR 105 kAt 2 RODHEion of
el ecérofmplpprifihes. al® StupPduder rdhfdet r 6af €ddimethyl -
wi t h_di net hyl am noborane (DMAB) in order 30 to reduce

t he AFPamiden t AL he the al Presengee whEhi ntethasthyhammonium

The s&fd d re ..l S i 14255, 3

[1° BESBIOHN (B A, R BReb BB R il “goupone
1Qer ywexei dippgderup ayer tme-thifdeniof dehedirt ellendths in the

bei n alysed. b he.nmetallic palladi um aggregates

pr es%lrﬁ&@'éﬁqlﬁq‘ﬁt%tﬁ% %1 r%ﬁ‘h aﬂoé@:afqtl na8pd¥FdRt Wakh these

in asdbgirdcdesohsihgn §CanpbBgaehaCt E:Q;iyl‘t CRABCIPE s not

the  structured Ti N substrate showed th he copper
| ayeymmegaed jixstthe deathhe original el ectrografted

ayer, NPV AR,y Weblufed" R0 TNEEERSRRS" uniform

15 metaliization was observed (the measurements at the
meniscus and at 5 om from the menigcus 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 8iO, layer.
The coupon thus scratched was .immeraéd in the electro-

25 grafting bath, with the scratch at the bottom, so that
the scratch wag 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 voltammetric conditions as previously, a uniform copper

coating was observed starting from the meniscus right



(Figure 28 appended hereto). 2 10 Copper was then

B 1425%| ®ckropl ated onto the seed |ayeg thus obtained using

)

a solution of copper sulphate in sulphuric acid under
gal vanostatic conditions, nanely about 7 mNcn2. A
uni form copper coating was observed to rapidly form
on the pretreated surface. 15 The substrate was then
cl eaved and the trenches in the fractured zone were
exam ned in a high- resolution scanning el ectron

M cr aimapeto Thitte sBevad chperb@et nbithlinky &itdP€3 the scratch
trenches with copper, with very few voids, the seed

I ayeral?ijathe RATEIM e@f t BheolsE T perthett | pakki ff ethe TiN

o1 ORETER hﬁéf%fgzwﬁrﬁggi Fradrendirts ngégyl SyEpegyed was

el ectroagrabated. f Mia eoxfditted tkREc VeRg! JESREr $s indeed
and cqpper .precursors, in one and the sane bath, and
its FEically aetivaerdsand shati gratdsandet @@t obtained

Strughure Ofcdfi?erfg"f@égené"hé%@goéggo u\?\?{i‘%@%@%oo n'fqmgure 30

flat x 4 cn? silicon coupons ate
| ayerppenged? henetw)t.h a 30 10 nm Ti N | ayer obtai ned

by MOCVD. As_p ewously, no ,specific cl eani
B8 cSPri oapsgrfgggg@l %@% substrate,

surface trea

bef opeMt he helckelelsR0r aiddS\hrerldir £X PEROWEA! StH@Ee 88k copper
carried out under clean roomconditions. A fi

10 ecPPBELESt dtRDNVETYhatl Eamei r bherefiare pﬂwmang a very
usi n@o&hgghgit‘i'%}ﬁ'}ﬁ ter?é ?lﬂrﬁ:{.é ?f’ﬁ)ﬁhég b oﬁ?miconductiire

el ectrode set-up srm
exanpiy. dhisselratér ogE'aéhl Ninsothi | Predende SPUt the copper

O RRBLLBY, e G20 GO b e S TR et
of an electro-initiated electrografting reaction. '

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 cbrrésponded 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 pm in width, with



perchl orate (TEAP) as support electrolyte. The coupons

B 1425302weke di pped up to two-thirds g their length in the

el ectrografting bath and contact was made with these
substrates using a crocodile clip, which was not
imrersed in the bath. Spectacul ar results were

obtai ned. Uniform 15 netallization was observed (the
nmeasurenents at the neniscus and at 5 cmfromthe
"meni scus were identical, to within the precision of

an atenmgaOhgeofl grgicameanﬁAM de ?\t%no%'t oaiqy&.) in order to
centinetres fromthe contact el ectrode

conpl @uedy akle eprphadnoived pihepeptdksr mid then owAtings. The

t he Sl r scrat d hori zont al about
bne (40" ObFMRePEERC AR R LA foi B 280U che same
suf f it | )andeenhytm re8fe e -uph] a0sdet IS AYEr luniform

The coupon thus scratched was imMmersed in the electro
&5 griFIToRF IRt G, CORRRE t PRAtLRGt ¥hS sebservedt t om so

that the scrgichougsoh %%:esoc{i%ﬁ?ﬁ ﬁz cgeﬁ:gu-ihﬁrds into

the coupon was i nme se up to
| engttheanbathhe smnt:hat (tche prewds Iwyer nwakSedeposibed over

bat h |ng e el ectrografting _under the
30 v&"f%rFﬁEt & cohdi t’:ﬁ’é"ns RUBRR j oEng, 128hi fBFﬁqrd being
Coppeintr¥eRddarips observed st arti ng fromthe

meni scus right B 14255.3 EE 95 down to the scratch,
Ut not hi ng &FMerahBaratsions otn ialmei theabedt srodbnshelearly

stri t_p ce which.was _no

I ong%r e“{ E'%t ?i ﬁkl@' %ﬂﬁ@cto&l %rlted%t d8Y ¥y sthis film
conf benim_l; tﬂatfé&ﬂ;grawhhlh&ouﬁd&@ﬁ S KigKlyi edviavitageously,
actlva ag that coating is not obt ai ned by a

curré’ héHitdhrthe ofuptacessThipgkey ﬂ?SLdeehEeéln line

hereW@kh the high degree of conformality obtained with just
15 an electrografted layer.

These seed layerse were used to initiate
electrochemical depogition (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 specimene 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



Li kewi se, on the unscratched plane substrate, AFM
B 1425t hickpess neasurenents showed thagt the copper e.}) 10
coating was very uniform therefore indicating a very
| ow sensitivity to the ohmc drop of the
sem conductive Ti N substrate. Even in the presence of
the copper precursor, the growth nmechani sm had the
characteristics of an electro-initiated
el ectrografting reaction. 15 Furthernore, the sane
trialsomhcotV WhoUindde, RGN EoRELLET $9% being immersed in
(4-vinyl pyridine) did not show a direct net a:l' %oatl ng
on t Heheli BChabatkr andx deping eletated thotéethani dcum from the
which is. attribyted to the known effects of the ohmc |
dr op "SFH L ubstFat 8250 HBWETer WaFt ¥2 ftdiciently
that ddift ifRasY €- afRN SRR WeT eehaPl g YollUChEcD copper
hi gher (of the order of several mA) than was expected
fF omIEPSS#Hione| @Rt e | hrersedorregioyesby Nomengidmein the
curr | Qwi. hr h he gl ectrode, corresponded to
t he ?’e%g-’lﬂ:t Rg‘ﬁgglftet hgligs cE‘Br oﬁ%s}lsﬁs ﬁ) met ali§REesents  that
coppgoraidreshashentstacigsd ihawdichoryme eneétebh¥afting was
The residual currents due to the electrografting

r eac CRGHS SRerMior oabf§PRBFENBEL &eabfentheh &gsPem for the
gr owkh epeyeRe sl neced laﬁ’%r%té‘nderﬁgbu?ocgﬁtact for

)} Finally, cofplementary test's were carri
19at t elretiropdatdegs atid enchheprésaftpmthatwipitt of t bh8 strip

1425 EE_96 _a spaci of. 0.22 pmand a depth of 0.4
pm gﬁlg'ﬁ"rggﬁ Fgecgfﬁ’gggttﬁéi'nor phol ogi cal. properties of

the coatingsrrdhe sanemielbaveplic ¢ seBddbbant ,"er@he SEM
applied, . in the same baths and in the sange set-up.
OnceSEgBiRat aonniGior rhes garpescépild ivgppeas coarragd out on

vas gpsgiMe HGUenS piRRAP Py UP b iR (r1p
15 (focused ion beam)). Satisfactory trench filling was
observed, even though a few voide 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).



the bath, so that the seed | ayer was deposited over

B 14253 WD-gi rds of the coupon, the lagt third being

untreated Ti N. 10 SEM observati ons on the treated
regions clearly showed a netal filmon the barrier

| ayer, this film being perfectly continuous and,

hi ghl y advant ageously, conformal with the surface.
This key result is in line wth the high degree of
conformality obtained with just 15 an el ectrografted

| ayer. These seed | ayers were oinitiate
el ectrochem cal deposition (B copper froma
commercial bath. For this purpose, electrical contact

was de on the eV| gusl el ectrografted part of the
20 sggm mens F d&PE ng Wi ep%%‘r’@#% Bf F&:DEUbStrate

the wspeCi AENz¥ES 'f‘i\@ﬁt%‘% agd hbeh) 188 oRadr{ the said
speci men that had previously been el ectrogra ]fted was

exposudiface t eigieeniaral ebpperieiklyr odepdsctive or semi-
ng,, t he appearance o

bat h er ctropl atl
25 tﬁ‘md%%& gg \ﬁ&g% P c#est 5+ 89a ng??ﬁses and/or

net aptbj athﬂaanyﬁtrheDfsélmf Q&Bbégap%omﬁ&ﬁkiﬁfr&'ﬁé’ QBllow:Lng
the central third of the coupon, that i's to say on

surf8E8P8f the specinen that had been previously

el ectrograftedg whey r ite .
30 Ti N barri erainayer J in addﬁ?ﬁgn ﬁ%\%%gusﬁ:’y, :%1'-]3 said
ldas senfabe, upher galiidr €idim tahﬂzaa&mrg rtxgrtaié eshisdrs@rface and

that, the B 14@515. EPEE 97 ¢ nt ct s de, ht[hl S
contBRYLIRG: apEhAgknRRE: Su¢h agRl dkiHgies film
| ocateeif HBME1 LPaEY 160s R tf‘@cegﬁahs%ﬁ/o}h?zgﬁ&%tlons of

| ayer was therefore sufficiently continuous
condekg i veaid aklewtEdbaddpperccmdispuisia i ar onsemibconductive

trealeded£01 81 BY: LHMRESI QNG BckAS

15 ~ 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
congigting in placing the said organic film on the said
surface, the precursor of the metallic material being

20 in the form of ions of the metallic material; and
_ - the pgaid 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

25 projections of the said surface to be coated and within
the said organic film in order to form, with the

latter, the said seed film.

2. Process for fabricating interconnects for an
30 integrated circuit in microelectronics, the said inter-

connecte consisting of a metallic material, the psaid



bath (Figure 31). In Figure 31, x represents that

B 1425p08tE@n of the strip in which thggel ectrografting was

R
S

carried out, y represents the contact region for the
el ectrografting, represents the contact for 10

el ectroplating and t represents that part of the strip
that was el ectroplated. Froma m croscopi ¢ standpoi nt,
the SEM exam nation of the copper filling was carried
out on specinen sections produced by nanomachi ni ng

(FI Bphoddgir ussripteBiBgamin SaLI TAAR Mg rSP&Qr the steps

filling was observed, even though a few voi ds
appeépnswﬁ§lﬂgnknﬂors bel i eve that, under nDre
favourabl e '“¥é¢ﬁ¥B (cl ean room roved contro

of the chem lﬁ%rrlép%ﬁﬁ¥%H§§HPeth? tegps in a

trenciied@didild ngspesteatR)Cce BRE bessufst adi@dlYe forming
i mproved (Figure 32 appended hereto). B 14255.3 EE 98
ALA FscesspEcard Ppticsallyy preiechiensi n sahdfput ¢hrough

W t h8eSe8q df it e[TEt allic material, the said 5
surface being an e ectrlcally conductlve or sem

conducti ve SbﬂLd&@o@lﬂtﬂr@VImg:drﬁﬂ&StSﬂSgaBdﬁﬁiferl llayer on the
t t

O R AP LTS A St Shyer Bovents

sur f gge, mb%%ﬁ%ﬁdjiﬁéﬁ%@gﬂﬁ E0OmbRe Eﬁﬁgfggg?ggéigfgtlng into

and having a thickness suc that t
1fhi sthe| rﬁalfbnﬁubﬁ&:ma;tef,ol tbws Et&haei r bagsdex ahdyer having a

2;2{%@% |ve égﬁfa a&n rkc %g ﬁ?g%ggl 15t£1§ layer
pr ecmnﬁdsméllpe ol Bdwd C thRt eihBbrbénnect patterns of the
said substrate on which the said layer is deposited;

¢) coating the conducting barrier layer
15 deposited on the etched sﬁbstrate 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 gaid

metallic material.

3. Process according to Claim 1 or 2, in which the

organic film is an 6rganic 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 consisting of vinyl

monomers, methacrylic or acrylic acid ester monomers,
30 functionalized or unfunctionalized diazonium salts,

functionalized or unfunctionalized sulphonium salts,



inserted within the said organic film placed on the

B 142558 cgﬁurface at the same tinme 4%yp OF after, the step

consisting in placing the said organic filmon the

said surface, the precursor of the netallic nmaterial

being 20 in the formof ions of the netallic

material; and 1 - the said precursor of the netallic
material inserted within the said organic filmis

converted into the said netallic material so that

thi s samicdlildra 1 ST ! LﬁfﬂﬁcE9§BQEQQQ ﬁoéﬁﬁoﬁf?g salts,
recesses and/or 25 projections o € sai sur ace to

be c §aned izme 1vii zetd n orheunﬁuhaﬂxﬁﬁalnéedntnbdahd&m salts,

o form wth t qe éhe said, seed film
Proc@gchquﬁﬂn %Eu?%%yem% ?%oﬂﬁEEﬁ&eﬁoPYa§°¥¥?°ndensat1°nf
|nte§?@l§@‘MdﬁaﬁéréntﬂhErgﬁherfQﬁ e&hﬁ Sﬁhgﬂeo hilic or
i nter- connects consisting of a netallic material); Phe
$ai debecszophd 1ER od taak.esnd onpxtiwter), therede.
followi ng order, the steps consisting in: a) etching
i nt er connect patterns ina dielectric substrate, the
sai ds pat t er nprbeeisnGcdorERF IS EI¥HRPLi 8Pkl Yin which the
projections on and/or through_ the said substrate; b
depoF¥RRCa thHuuds ngbbainpdr fxgmer o«m ths mptel activated
et heghgh chsbibtes WS Ll Fo14llAhd WSLALEXENLS . L he
nmetal [1c i nterconnect materi al ntgra ing into

1fhe said substrate, the said barrier |ayer having a
t hi ckness such that the free face of this |ayer
~conformally follows the RYQterconne patterns of the
sai d substrate on which th said ayer is deposited,;
| ayer 15 deposited
on the etched substrate p@th a seegtfidyn of a

in which R', R?’, R’ and R' are organic groups chosen
independently of one another from the group consisting
15  of ;he 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-

formate, ethylene, vinyl and aromatic.

6. Process according to Claim S5, in which at least
one of R*, R?, R® and R* is a functional group that can

25 trap the precursor of the metallic material.

7. Process according to Claim 1 or 2, in which the
organic film is a polymer cbtained by the

polymerization of a vinyl monomer chosen from the group



netallic material by nmeans of the process of Caiml,
B 1425804 fr filling the recesses withshe said netallic
material starting fromthe said’seed filmin order to
20 formthe said netal interconnects nade of the said
metallic material. 3. Process according to Claim1l or
2, in which the organic filmis an organic
macronol ecul e or a polynmer. 25 4. Process according
to Cdaim1l1 or 2, in which the organic filmis
obt ai fitk { $OIHG gfem\rﬁﬁklpr n? s, L RIROT 4 sCNOSAMI onitrile,
fromthe group consisti | nononer s,
met hmmaccrxolom:ctxyile, aci drrm:ﬂ-@rl nonomethaci@late, ethyl

functiagnal i or upfun onal i zed di azoni um sal ts,
funct“i‘eg'#éaf ot P?f‘trjﬁfg “Eﬁé’f gl%ttﬁ PhBRPER sdrethagrylate,
142551}%155;%}?P”9\%‘t@1%@'t&4§@e0r .4:':9 P88 | o%‘f%tha ylate,

phosphoni um salts, functionalize unc nal1ze
iodoglyeishtk s, mephecwéats,foraqwmmctm obaadnecedpecially

pol yg( tj-on, yClic noner s t n be ¢l eaved
by nugr[lg};%p%iﬁ} |lc’ oM SR IS ph|a|“}1&‘°2:{ Ahinopentyl and

m xt erEsdHeandof . 5. RieekssryTanidesy to CJ aidpahdilcrylates, .
2, in which the organic filmis obtalned fromone or

nor e PRdiieFhyd@ene nQI]-Yﬁ’@AorTéﬂ%m%*Fh@ﬁEYléFﬁovm merylic acid,

st rugy 0 .
&L&h%c(%lgrlgaar%lﬁr o%g dse i ngepenyiet%]ey Rﬁl-vznyl-
l(ﬂwe a)w‘cmdm&mmn thevgngmpyrthdinetl ngidpl ofhdiedes, acryloyl

fol | gy,n rgani ¢ nct i hyd en,. hydroxy],
ﬁi OFi %59 met acry oyl y hg ere,y ard derivatives
thereof.
8. Process according to Claim 1, in which the

15 organic film includes functional groups that are
ligands for precursor metal ions of the metallic

material.

9. Process according to Claim 1 ox 2, in which the
20 organic film is deposited on the surface by means of a
technique chosen from electro-mediated polymerization,

spin coating, dip coating and spraying.

10. The process according to Claim 1 or 2, in

25 which, owing to the dimensions of the recesses and/or
projections, the organic film is placed on the surface
with a thickness ranging from 0.001 to 500 pm or from
0.001 to 100 um.

30 11. Process according to Claim 1 or 2, in which,

owing to the dimensions of the recesses and/or



amne, thiol, carboxylic acid, ester, amde, imde,

B 142sismydegster, acid halide, acid anhydride, nitrile,
succ?ﬁ?nide, pht hal i m de, isocyaﬁé?e, epoxi de,

si | oxane, benzoqui none, benzophenone, carbonyl 20

di i m dazol e, p-toluenesul phonyl, p-nitrophenyl chloro-
formate, ethylene, vinyl and aromatic. 6. Process
according to Caimb5, in which at |east one of RI,
R2, R3 and Ris a functional group that can 25 trap

th ; : t talli terial. 7. P
accor B noc Lo e mebspoanie (hH i Eroplaesanian (i surface

i s a pbthnerchbtRhesd bunbhag BeLWB baat iken 10f 14
vi nyl nononmer chosen fromthe group B 14255.3 EE 101

consi sting of vinyl nmononmers, such as acrylonitrile,

met hacg yl oni tg] acrylate t hyl ) ,

met hacifgl at eﬁ%%§??genégﬁé§§§#§t %,O Sra‘8£5§}‘| ané%hfcr yiththich the
h§ dr pgetumgomesfiachyl adetallidy a0l 1Bt BASE¥hAl® such a

5 gl yci dy thacryl ate, acryl am des, and especially
am na“’eaf}ﬁyhlggm TopFapy| be amohyisnted  iptaofdiet ypaidd metallic

am netaesdi aret ry arg'éj:q,ﬁ.,- n at o .
polyethylene.gPééol di net 5%?%?a?%ﬁ£%%}yﬁ§§m5m3£ECIpltatlon’
net h&divatiad ldgiat iantyr enecrpsshinkisgyr eneagiregayiokd  and

pyrr%hiQQQ%EF%§§¥3¥lpyridine, vi nyl halides, acryl oyl

chl ori de, ‘oyl chloride, and derivatives

Xthereof. 8. Process according to Caim1l, in which the

15 organic filmincludes functional groups that are :

li gafds for BrecesSSorgrarding o ?laimwe heenl 2icin which the

I T Rt S e
by ng#eupofcamsisting of copper ions, zinc ions, gold ions
and ions of tin, titanium, vanadium, chromium, iron,

15 cobalt, lithium, sodium, aluminium, magnesium,
potassium, rubidium, caesium, strontium, yttrium,
niobium, molybdenum, ruthenium, rhodium, palladium,
gilver, cadmium, indium, lutetium, hafnium, tantalum,
tungsten, rhenium, osmium, iridium, platinum, mercury,

20 thallium, lead, bismuth, lanthanides and actinides, or

& mixture thereof.

14. Process according to Claim 1 or 2, in which the
metallic material is copper or platinum.
25
15. Process according to Claim 1 or 2, in which the
precursor is in the form of metal particles or
aggregates, optionally encapsulated in a protective
gangue, chosen from the group consisting of micelles,
30 polymer nanospheres, fullerenes, carbon nanotubes,

cyclodextrine, and in which the step of converting the



techni que chosen from el ectro-nedi ated pol yneri zati on,
B 1425%piznggoating, dip coating and sp&gyi ng. 10. The
process according to Caiml or 2,7 in 25 which, ow ng
to the dinmensions of the recesses and/or projections,
the organic filmis 'placed on the surface wth a
t hi ckness ranging from0.001 to 500 pmor from 0..001
to 100 pm 30 11. Process according to Claim1l or 2,
in which, owng to the dinensions of the recesses
and/ opy .3 1 prol £t i A 1ts Eeofidm . :
o Pl B RO e  RAP AT R 250% RAPRRIEL 49" carriea
f r om QuBOkyt veleapingl 2hePmateds moonidi ey ¢p &bgieyidtes from
or 2,ti n.which the 5 precursor of the netallic
mat er TAFT SIFMFYEn in such a way that it can be
converted into the said netallic naterial by a
techni que chosen from precipitation, crystallization,
c? osst§ nki ng, Preoeegaacoardaty ebeclladpl dt iong.2) i) which the

13. P CcOf dj 1o im1l or 2, .in whjch the_

prec L#Igeccacﬁf%%g{ h(g£ n’éﬁ%l WFE%@?‘& f“&lgei%a&hdssen”fq‘?ﬁﬁq%elnto the
gr oupwpnsicst fignof bpopRSind 0BT &1 NCodOlsy W JshPAS coating
and iong of tin, titanium vanadium chronmium iron,

15 cHaRniquahi um sodi um al umi nium magnesi um

potassi um rubidium caesium strontium yttrium

iy ni obi um nol ybdenum ruthenium rhodium palladi um

R K| ver7. cadmPymceaswliamyordded i ton Chaimi unort ant dhURhich the

tungsten, rheniu smum Jjrjdiu pl.atinum mercury, =
20t PXECIIRCH b, thesmatallin: Aakeddalarke aivparEed, within

2ror;a;1§i %1&@{1&2&, PYacdd A58 SEhecsaLehne, t ByChdhls of an
insertion solution which is both a solvent for the
precursor of the metallic material and a solvent for
15 the organic film, the said insertion solution including

the said precursor of the metallic material.

i8. Procese according to Claim 1 or. 2, in which the

precursor of the metallic lt'iaterial ig inserted within
20 the organic film, placed on the surface, by means of an

insertion solution which is both a solvent or a

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
25 metallic material.

19. Process according'to Claim 1 or 2, in which the
step congisting in ingerting the precursor of the
metallic material within the organic film‘placed on the
30 said surface is carried out at the same time as the

step consisting in placing the organic film on the said



metallic material is copper or platinum 25 15.

B 142581 9CLBS acpording to daim1l or %7 in which the

precursor is in the form of net&l4particles or
aggregates, optionally encapsulated in a protective
gangue, chosen fromthe group consisting of mcelles,
30 pol yner nanospheres, fullerenes, carbon nanotubes,
cyclodextrins, and in which the step of converting the

B 14255.3 EE 103 precursor into the said netallic '

mat erg IS CRETI ut, by_rel. [ t he tal .
partiég?lefsd%er gggrlﬁégjaé?%sbffr oérlrlmE tlﬁg%rrl%fﬁguggﬁggigp comprising
Procéstladtee deaddt @xdaaiio 1£DIm 2ori B Widdutd®r of the said
precursor .of the nmetalljc material is inserted into

the “693EHi%C fFHiPby 3eanstRe aPEssUEAgTor @hi nthe metallic
coat magertigghni que. 10 17. Process according to Claim

1 or 2, in which the precursor of the netallic

Paterial is inserted within the organic film placed

on t surfa by, means of. an _inserfion solution .
whi ¢ S!’s bot %’%.?c?ésv&ﬁcqréi“}‘?ném priftf sbrof 2y han which the
met abtep mﬁﬁﬂliﬂséﬁﬁﬁﬁgsofﬂénFp&%b&yiﬁgfi6fgagﬁéaigeta11ic

film the said insertion solution including the s

precirterist dmEondthe |oxgamier falm 18, deooess out by means

1

accoggi 9.Chai , A which the, precursor of
the meta IFcr%t e%g?eliggi rf'lsoélrttaeldic:\ﬂq hi%He. drefersor of the
br ganétallio mpkacddion drie fwr¥hceh BheNRAND Wf ABonverting
i nsertion ﬁLion which is both a solvent or a

|

di sp %aﬁ'fa%]g& I, etk oinge thhe needd) metediddg anaterial
d i tipe thatasuel he Jf i ial i he:

and i Soint tae éﬁﬁaﬁ%@ E$i1k 9_'5&%ﬁ£§é2%§%ﬂ%ﬁ fieans of a

said insertion ution 1 ncluding t ur sor

. of tgREoS nepdntionnatthatal .does  not contain the said

precursor of the metallic material.

15

21, Process according to Claim 20, in which the
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

20 repeated geveral times alternately.

22. Process according to Claim 16, 17, 18 or 19, in

which the ingertion solution is an aqueous solution.

25 23, Process according to Claim 1 or 2, in which the

30

precursor of the metallic material is converted into
the said metallic material by electroplating,

precipitation or electroless conversion.

24, Process according to Claim 1 or 2, in which the

surface is a conductive or semiconductive surface, the



19. Process according to Claim1l or 2, in whi ch the

B 14258tgpEgonsisting in inserting thegqarecursor of the

netallic material within the organic film placed on

the 30 said surface is carried out at the sane tine as

the step consisting in placing the organic filmon

the said B 14255.3 EE 104 surface by neans of an it

i nsertion solution conprising both the said organic
filmor a precursor of the said organic filmand the
precuspinid el Wetddd Geedmtsr i g - By P&%fﬁﬁ

according to Gaim1l or 2, in which the%p%teFEJ €r and the
i nser“tﬁfré]tlme prenisdbr ief aopperetart | ptatimtumr i ahel Miecursor
the qrgapjc filmjs, carried ,out ,means of a first .

sol u%%nE%gntrﬁ?ﬁ‘#}? h@aﬁFg&ﬁﬂsoggb?gt o FOPRETal PFc Platinum
mat eriioal., and in which the step of converting the

metallic material into the said netallic materi al

W thin the organic filmis carried out by neans of a

second sol uti coptai pn,the said, .
prec%gs'or of P?E’ecte% ag%i%g)rgg%'gri gP. Q%aitf. t ocds Which the
accosdrfigceo hahvding Hecddsesmurid ﬁf&feéﬁﬁ@ﬁsois a surface of
insertin% thg, recursor of the netallic material into

the BrJaR*C°PPm and of converting the said precursor

into the said netallic material are 20 repeated

several tines alternately. 22. Process according to

1€ ai #616, 17Progees aCcordinghitch Qlledini riserihowhich the said
sol uLj i S.an aqueous solution, 25 23. Process ' )
acco%{dlgﬁﬁkésed a:'t'i%rﬂ = 2,%%n MFch. t"b‘r.%%orcequctl"’e
the apfipbli CadtRi Condhct Své OB ARE | WaRritl € reReses and/or

metalli¢ materi al b{, elqctroplatin% :
projections, a barrier layer that prevents the metallic

material from migrating into the said substrate, the
15 ' said barrier layer having a thickness such that the
free face of this 1layer conformally follows the
recegges and/or projections of the said substrate on

which the said barrier layer is deposited.

20 27, Process according to Claim 26, in which, before

the step consisting in placing the organic film on the
Baid surface of the substrate, it furthermore includes

a step consisting in depositing the said barrier layer.

25 28, Process according to Claim 2 or 26, 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;

titanium and tungsten carbides; tantalum, tungsten and

‘30 chromium carbonitrides; silicon-doped titanium or

tantalum nitride; and ternary alloys comprising cobalt



precipitation or electroless conversion. 30 24.

B 142s5bBracegs according to Caim1l or £,-in which the

surface is a conductive or sem conductive surface, the

B 14255.3 EE 105 organic filmconsists of a vinyl

pol ymer and the netallic material is copper or

pl ati num the precursor of the netallic materi al

bei ng a copper or platinum ion. 5 25. Process

according to Caim1, in which the surface having

recesges r i croc

10 200 e acact AMaCysbich & JEAAEE Oy, Bufh RE HhRypdenun,
subst¥keriunc| odes tamgsters!| ecandcabliyhcorduaidpsmt such as
and/ aor, senm conductiye surface having recesses and/ or

or oj 649 n%?rﬁsbSFrPQFOPayer that prevents the

nmetallic mterial frommgrating into the said

substrate, the 15 said barrier |layer having a

thi cldiess suchredesst kecouddad ate dflaim s2| ayer26, in which
conf I Lo he .recesses, and/ Qr projectiqns

of tﬁg{%a%)ér%gggt \rﬂ%t'%e ntEWT P He® ag’é' bRr FREPTGYE, chosen
i's defxuai t ethe 20g26upPr @k AGGH di 8 t ehehdc 26 vdbur  or
whi ch, before the step consisting in placing the

or gaf W &593h SRR deperttiemckeehnifuesubstrate, it
furthernore includes a step consisting in depositing

the said barrier layer. 25 28. Process according to

10 ai 302 or 2@®ragesshi ahcorldnbartd eclhawerz i 8ra d@yein which

of. a _material.chosen from the group consisting of the

foll shePatrien ﬁﬁ\Yert aHFaPun?g’t’i i TN (Fdht dayRzanand the
tungﬁbealmﬂaﬂmyggriéjtfyﬂdgpﬁggttungsten car bi des;

tantal um tungsten and 30 chrom um carbonitrides;

silicon-doped titanium or
31. Process according to Claim 2 or 26, in which

- 15 the substrate is an inter-level insulating layer for

the fabrication of an integrated circuit.

32. Process according to Claim 2 or 26, in which
the step of filling the recesses is carried out by
20 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.

25 33. Process according to Claim 2 or 26, 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.



tantalumnitride; and ternary alloys conprising cobalt
B 1425B 342%5.3 EE 106 or nickel aIonfg wth a refractory

such as nol ybdenum rheni um or %gsten, and with a

dopant such as phosphorus or boron. 5 29. Process

according to Claim2 or 26, in which the barrier

| ayer is deposited by a technique chosen fromthe

group consi sting of chem cal vapour or physica

vapour deposition techniques. 10 30. Process according

to g4 m2 or , A i.ch arrier_layer is Ti N

or Ti%ldf'Si) |a3§§ a%f]d }Uﬁxg %‘%ggﬁgc FETRTTHII | §°co€}3%?“.“ 1 for
31. Fraeescatingr di ngat 0 O dinBed nrdet idh Whi clal eliant in
t he subst%éﬁeai s an inter-level insulating |layer for

the Bt L TONEORIGH i ntegrated circuit. 32. Process
according to CGaim2 or 26, in which the step of

filling the recesses is carried out by 20 neans of an

et ect3ol ess]c pﬂ?i od ttﬁﬁnpquea&sos@céﬂ%ﬁg OﬁoofcI[EPi_Qn 1 or 2
prec or, ) nmetallic material, or y means of an
elec#%%mgﬁﬁﬁﬁfﬁ i YheStOrtHeRLe niAgosYRESRa d

netallic material. 25 33. Process according to Claim?2

or 26, which includes, after the step of filling the
recesSes wit Fnt@eratedl Idiromiter ithat a cdrep kb obtained by

pol i : tallic rial . lying on the
sai dgglgggg{?g&lg%j%.ﬁ?ﬁﬁ%f%f%‘g %f "t he process
18ccording to aim1l for fabricating an

integgonnect%gn element in mcroelectronics. 5 35.
Use Bf "t he pFPOEEETTAS M FEPsYSTEeni fhatorcan Perobtained by

fabrispl bhEneing eHe PACeHL IS EER 2.

38. Integrated circuit, characterized in that it
15 includes a seed film obtained by the process according
to Claim 1.

39. - Microsystem, characterized in that it includes

a seed film obtained by the process according to
20 Claim 1.

40. ' Process for galvanically plating a surface, the

said surface ‘being an electrically conductive or

gemiconductive asurface and having recesses and/or

25 ptojectiona, the said process comprising the following
steps:

- coating of the smaid surface with a seed film

of a metallic material using the process of Claim 1I1;
and



36. Integrated circuit that can be obtained by

B 14255.pplBErenting the process of Claieg2. 'f 10. 37.

El ectronic m crosystemthat can be obtai ned by

i npl ementing the process of Claim2. 38. Integrated
circuit, characterized in that it 15 includes a seed
fil mobtained by the process according to Claiml1.
39. Mcrosystem characterized in that it includes a
seed fil mobtained by the process according to 20
daim1l. 40. - Eaicessid odepakiidnablify ol metad dayer of the
surface,_ the aid surfac mﬂéghan e ectrkéall i 3 fil
condfiétfy@esal iR ERT IR 5T hEGi figte seea tim
receggesipR@.or 25 projections, the said process
conprising the followng steps: - coating of the said
surface with a seed film of a netallic material using

he process of daiml; and B 14255.3 EE 108 -

al vani c deposition of a netal layer of the said

nmetallic material starting fromthe said seed film

obtai ned. 5



