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1 Electrodeposition Conposition and Met hod for

Coati ng a Sem conduct or Subst{ate Usi ng the said
Conposition The present invention relates in general
to an el ectrodeposition 5 conposition intended for
coating a surface of a substrate with copper,
particularly a surface consisting of an electrically
resistive material, and in particular for coating a
barrier |ayer agai nst copper diffusion. The invention
nay esseﬁlembthpt’ﬁdtlenmmpobltlontm Methal for Coating a
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t R the saie! chipd, Withotit &lifly BieSsuppBRYrFA%riMi&d circuit. In practice, it is
however very difficult to obtain a high-performance "system on chip" because
the methods of fabricating logic and memory circuits, for example, differ very
substantially.
The "system on chip" approach therefore entails accepting a compromise
between the performances of the various functions produced on the same chip.
Furthermore, the size of such chips and their fabrication yield are reaching the



2 limts of their economc viability. Another
approach consists in fabricat4ng, in the sane package,
a nodul e that provides the i'nterconnection of a
plurality of integrated circuits, which may in this
case belong to the sane sem conductor substrate or
different substrates. 5 The package thus obtained, a
“mul ti-chip nodule"” (or "MCM'), is thus in the form
of a single conponent. There are various technol ogi es
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Today, 3D integration proves to be an indispensable alternative to
conventional approaches, which are reaching their limits in terms of
performance, functionality diversification and production cost. After stacking, for
example by adhesive bonding, the chips can be connected individually to the pins

35 of the package by connection wires. However, mutual interconnection of the
chips with a high interconnect density can be obtained only by employing
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chips with a high interconnect density can be obtai ned
only by enploying 3 through yias. The fundanental s
and advant ages of 3D integrat?on have been described
for exanple in: AW Topol, D.C. La Tulipe, L. Shi,
D.J. Frank, K. Bernstein, S.E. Steen, A Kumar, G U
Singco, A°M Young, KW Q@arini and M Leong,
"Three-di nensi onal integrated circuits" |BM Journal
Res. & Dev., vol. 50, 5 No 4/5, July/ Septenber 2006,
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i
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o R R UL R R
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deposi Lle&gmg ﬂh@'\)‘hS' iAo tAfoudR e SiliconGedtegr . referred
to as a ed | aye
- deposutlng a layer of insulating dielectric (generally consisting of silicon

oxide or nitride, for example);

- depositing a barrier layer or "liner" (generally consisting of tantalum
(Ta), titanium (Ti), tantalum nitride (TaN), titanium nitride (TiIN), tungsten
titanate (TiW) and tungsten nitride or carbide (WCN) or combinations of these
metals, for example) which is used to prevent the migration of copper;

- depositing a thin layer of metallic copper, referred to as a "seed layer";

- filling the vias by electrodeposition of copper; and

- removing the excess copper by chemical-mechanical polishing.
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35 - filling the vias by el ectrodeposition of copper;

and - renoving the excess copper by

chem cal - mrechani cal polishing: 4 The steps of

depositing the barrier |ayer, the seed |layer, and
filling and polishing the copper create the

netal lization of the through vias. The barrier |ayer
generally has too high a resistance to allow copper to
be deposited honbgeneously or uniformy on the wafer
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thFa(tiB@ﬁ vias. Furthernore, nethods using chemni cal
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C
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angi@Smethbés 5fec§glc§/pq§,pé his is that the copper seed

cont or mife g Ry BBRAted SR sty pRBortional o
t hitk& setigisangte saearfyonp thansurface tidde woatedcBor this reason the parts of
the surface which have projecting angles are covered with a thicker layer than
the parts of the surface which have re-entrant angles. The result of this is that
the copper seed layers formed by physical vapour deposition are not conformal,
and they do not therefore have a uniform thickness at every point on the surface

of the substrate.
In particular, high-density three-dimensional integrated circuits require
the use of anisotropic silicon etching methods in order to obtain vias with a
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of the substrate. 35 In particular, high-density
three-di nensional integrated circuits require the use
of anisotropic silicon etchin@ nmet hods in order to
obtain vias with a 5 wvertical profile. The

ani sotropic etching of silicon (for exanple U S

Patent No 5,501,893) |eads nost often to a profile
which is barrel-shaped ("bowi ng"), rough, fluted or
striated ("scalloping”). Thus, the sides of the |layers
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[ riml‘Sed in an acidic bath of copper sulfate
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nonuniform seed layer of copper (thickness of the order of 200 nanometres) is
produced in a first step, then the conformity or uniformity of the layer is
improved in a second step by a method of repairing the said layer.

Furthermore, from Document WO 2007/034116, -electrodeposition
compositions are known which make it possible to deposit copper seed layers
which adhere and are conformal and uniform, directly on resistive barriers.
Although no precise specifications seem to have been established concerning the
minimum thickness which the copper seed layers for through vias should have,




conpositions are known which nake it possible to

deposit copper seed |ayers ngch adhere and are
conformal and uniform directfy on resistive barriers.

35 Al though no precise specifications seemto have

been established concerning the mninmmthickness

whi ch the copper seed |layers for through vias shoul d
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vi e throughs ¥iasain %’sfaf Reyheweiegd te subsEte 59\@r§gﬁ,g3,cg)§%w are

20 f apb@fisemh @&ndr ¢F curent m@ms‘cffal Qle6dkitied) terms of current
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an obj eg'?ée(Sf 57 LOpFILiORT, it 'isrﬂ'?e?w(?cgﬁ?lﬂbe P'@ggft\)@'énpﬂé t#}EgAs,olve
t etHenhavalteghinichl problzomserssisting in rpraviding di new aompusition which is

CO'rTerﬁfdsﬁ Jﬁrn %@%&gg? ?HCQ ?rﬂplgﬁ\ {/Ig h[S n#sifhﬁ%éa. ifH&nsional
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25 Pr &g;fb%ff s6aPid Kgﬁow eﬁeeg &éiféé%ﬁf%r 85WI9@99ﬁée sfeﬁsiml fAKETS and

trodeposition for_a W ran orm fa
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present ﬁ%ﬁiﬁ?" giscov ?f{;tanfjttﬁfgs FHEWEF %Ffé's tof)a{ eé%%?é invegtion,
af thae ItE!Slbosxthd estive tel afpnrentdntaomed tebhrti¢ad peabieno vith3be aid of
ver S t

$uEBEEIT SGPLBRLABHAR SnllooipR TGRS |47 PBSRY Secta
et hy*teneeqﬁcanper@nd ethylenedlamlne

Thus, according to a first aspect, the present invention relates to an
electrodeposition composition intended particularly for coating a semiconductor
substrate in order to fabricate structures of the "through via" type for the

35 production of interconnects in integrated circuits, characterized in that it
comprises, in solution in a solvent:
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Thus, according to a first aspect, the present
invention relates to an el ectrodeposition conposition
i ntended particularly for coaling a sem conduct or
substrate in order to fabricate structures of the
"through via" type for the 35 production of
interconnects in integrated circuits, characterized in
that it conprises, in solutionin a solvent: 7 -
copper ions in a concentration of between 14 and 120
T copper bl inc s aikatRn or tefifedDleind g et weer
i am ne a copper bel ng betvveen 1 80 and

'%hyl@edqumiéelpH of the said conposition being between
6 -6chanoldr %tlb'qje@we@* @ﬁi/feﬂéﬁﬁl‘ﬁﬁ'ietér@“cdp‘bef Bé&iRg dRevée 1.80 and

a& a nmethod which nmakes it possible to cover a

3ice of a substrate with a netallic or

Or-qae phedfahé baid compositigh beéimg bétwebn BlecarsdBStrate i s

i aui o 10k S baffd, K iRt BHot, el FEMEY ichopdies
orppasibleetoarover a satfacegof BOshstrate withf armetaliie eraprganometallic
C Qb m%ﬁﬂﬁtﬁ@ sﬁbﬁ*ﬂr%ﬁ:é ?e @Iel:t?lcﬁ ﬁ&léﬂlz%ﬁlédﬂ brought %p contact

conducti ve oSl t
eiHHa dawig cortining, P@Cké"éf’rﬁef?ftth% é@ldé@@taw% er owagmﬁ'@ﬂ@ ceatmg,
b%oca?,acbearm ¢ Sdidl kaaﬁrfgg WHED Bk eabstele id éle@rieaNy tefdudtive, the

o e 88esBiion s detieskii B SalBlfey prssid atgirent Between the
C ubstrate g be vatads eondtitytingconeselectranke (tieecathede imgthe case of a

"3h&R[iE br bl oK. Bl hnd 838t didkiolE (BRSHCE) f a bath

ous a
i riosteitiag 8 sourcenof presutsots @‘rtbpeoaﬁr@smatfenair(éorc@@mn&ﬁgmetal ions

beh e f QEETS 5rrﬁél)5illé‘rdofal i aﬁnd‘ 'oPﬁ&?a'ﬂ? Wrious Q@eﬁi@pﬁ%nﬁed to

reSIStIVIt etc presence

" dmBrovkdihe diraaries Bf i Coasing diing formaR dFeaibY abd A Rgness of

elthe tdésésycs réi‘,lsﬁﬁw setc J, fo?u@nmwamhe ﬁ'estﬁ?ﬁ@bed refétdnide @lectrode.
negativ t he cat

o St 1 oS e, el oSG NCelb AR (Rl riof ey denoted

[ smtfeaotegdtuw $|gn avheasdt flowe te ity cathede of tHel elestrdchemitel circuit

8’E cruglg % é?'ﬁlt ftq§ 'H‘éﬂbf‘ea' wﬁﬁ ! C sﬁtl\/eaﬁ@g'v&he Ut rt'ﬁWs)tO the

ectr Ion conp accor

i ranede obtherisctipshersiepll caywa (al‘@ﬁlcaiwfeéﬁquence of
produciyig élEEt?&fe?bW 'c@ﬁ@bsﬁéﬁscb’écb?dn(q;’% &hé 1iA@Nki6R may be

before or after the ste o hi nni e si

welaRigyedor aRy sraviepesof IMREYTING Hiee- E%@éw&e‘rﬁ%g'ﬁ {rasfallization
d Wefdre D BREF mermép/ommifmmgtthersma@n Whfer.0 obtain a
copperzﬁg‘ed | a er | eadi to a Iﬁartl cul a

substr "f o P Pesitians o %ey ngﬁﬂagl}qdnake it
i rpossiblentosobtaini a |copd>erzsmdslaymﬂelacbngem avwpaeticulanty high substrate

'y
S et Fadit rnk Al 09445 1hGGARS 1 BRORGL: (ftch ol HicFoven
r evhen theisirurtyreybas,a hiohdpimactar(asaect etiomf mase tharos 13even of
pffﬁé or@%‘?qo%Wﬂl ér&oomelat!‘\kw RRJeNi®VBIuRRY (Rt 810! to 5-10°
co tiple with yse on p\
rm’? ese compositions are therefore perfectly compatible with use on the
industrial scale.
A preferred family of compositions comprises those whose copper ions are
present in a concentration of between 16 and 64 mM.
Another preferred family of compositions comprises those whose molar
ratio between copper ions and ethylenediamine lies between 1.96 and 2.00.

Although there is no restriction in principle on the nature of the solvent



industrial scale. A preferred famly of conpositions
conpri ses those whose copper Jons are present in a
concentration of between 16 J%d 64 mM Anot her
preferred famly of conpositions conprises those whose
nolar 35 ratio between copper ions and

et hyl enedi am ne lies between 1.96 and 2.00. Al though
there is no restriction in principle on the nature of
the solvent 8 (provided that it dissolves the active
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€ sour fons is a
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fﬂ:r glcé/&g{c?lgﬁdﬁe tgsé ?ﬁtl@mﬂp@farac@efr&tne,rthe Ro@peE hdnsvare Ipresent within
i tion.conpos
of g SlecaTBRepos R GomBas iRy 1 & 6o parbay PRI LA g 20 mM:
10 angtefefabijvbeticenlibant 64aeMl t s have been obtained with
CONpOSi hd
OO il A B SPHISE Sl BRARGy g e
t hepuetesftaoppenions ns.poeseabtnpao@ncerarat@a@ébeﬁws%@ntlé anged2 mi.
I nventi g teib%trﬁ&éﬁ%"sltloﬁ %BMBOQ@&M&QBrdﬁ@O@Qhe lifv@AtiéH) dhe molar

et hyl enediamne 1s_between

pr &kier bepen 0RBN NS SR TSGR @%%@vaen {49 and 2.03,
15 el &@Féra’a%@méehqm@mmeotl on according to the

: 2 VﬁgE | ng@e‘r%ag}ggg,e c@?fpf:ﬂ Sk 8$’E€?5§}:ngegpcc‘§§"d n-eqfosth\éqlny&tlon

conwal fH @fi etweardbrégand 7 heThis welvei is ragmaky s¢a§h©<h when the
B s TR T

optans and ethytenedigminstin dhe nroppglongmgngm 3hoNed pH range

by mean f f figr 0 0
200, TEermglen U b Shptuem cogyototivere tesansed 1 v
[

Daéfogem@ntqug@ pHg;q@gqb,bggge a( eé\?é'ﬁ'? ap ﬁgg qfﬁ@o é)escrlbed
el ﬁﬁv'ﬂameﬁ of CﬁémSWEﬁ@ Physits -a84threditiog” David ReLide, CRC Press,

colplte Pt EtengecSERBtAR, riRso fbclyehg? R B pention
pr&fc&ﬁeedc@hpmmdsd@mm ttham thenpsesiraei oof opRErdiiARE t@pd the

the n conprises, in agueous solution: -
coﬁggkm¥§ﬁ %ﬁ a concentration of between 16 and

- &t hyrenilydpeefierrest electrodeposition composition accord?r?'g to the
|nvent|on comprises, in aqueous solution:
- copper ions in a concentration of between 16 and 64 mM;
- ethylenediamine;
30 - the molar ratio between ethylenediamine and copper being between
1.96 and 2.00;
- the pH of the said composition being between 6.6 and 7.5.
The electrodeposition compositions according to the invention may be
employed in a customary electrodeposition method involving the surface of a
35 substrate, such as in particular a barrier layer against copper diffusion of a
structure of the "through via" type, being brought in contact with an
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30 - the nolar ratio between ethyl enedi am ne and
copper being between 1.96 and 2.00; - the pH of the
sai d conposition being betweed 6.6 and 7.5. The

el ectrodeposition conpositions according to the

i nvention may be enployed in a customary

el ectrodeposition nethod involving the surface of a
35 substrate, such as in particular a barrier |ayer
against copper diffusion of a structure of the
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to a rode 15 for this
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i rﬂﬁéoylﬁﬁﬁ'@ie 'tB bé"éoa?éﬂ”'%'l@?t hias c&ﬁS& Wi’cﬁe'trYeecéléﬁﬁ%ﬂeposmon
the surfac the substrate.to coated s

. ROmROBIta {0 EaMBIEAHt PEREIES N FhscleatsBes ion,forRasiton) for
exatimeaflay l[dastre hiihate, fon ekmplel of the oftizp 0f Btrhidates, again prior to

i Ll f. t' f at | t 1 mnute, f
B bRl st o3 mut o agai 1 prior to 20
the el etawaydsptis timprovemept ikosdhesion ishinet iobpervederumiass the
' rkuﬁgl!?&g ﬁ?&lﬂe?:l ﬂﬁﬁ tADBSHYE Fﬂgé’lnfs%ﬁtehnﬁth éﬁb\%ﬁ E@E&t time after

rovi d barrier I's coate
fgﬁmttont ofnidisparder layes EFaw,oah degreqse; ig asiaﬁﬂ%.bylaayétr 50% has

beé‘én Gbsdfet SRERedm aaﬂlﬁﬁ'bfénc&/)érétpﬂhth (':iﬂ oy elé&‘éﬂeposmlon

ed bet Lrat
O RS R i et matdt oF 4 Ben igves And e Shmerqubtrate
ofcobteel bﬂthrccfppef dyeelectraticpbsitisrnseveralb dbysatfter forafation of the

by el ectrodeposition several days after
an%%qgﬁﬁof the barrier layer. In the scope of the

pr esentInluhe@noweanf the presentrinventionad esubstrate caatedrwitrep barrier
layer will be described as a substrate having experienced ageing if the coating by
an electrodeposition composition according to the invention is carried out several
days after formation of the barrier layer.

In this context, it has been observed that it is nevertheless possible to
obtain very good adhesion between the copper coating layer produced by
electrodeposition and the barrier layer, whether or not it has experienced ageing,
by subjecting the said barrier layer to an electrochemical treatment of the
"anodic polarization" type when it is in contact with the electrodeposition



| ayer will be described as a substrate having
experienced ageing if the coabing by 30 an

el ectrodepositi on conpositionYaccording to the
invention is carried out several days after formation
of the barrier layer. In this context, it has been
observed that it is neverthel ess possible to obtain
very good adhesi on between the copper coating | ayer
produced by electrodeposition and the barrier layer,

\’Wt‘g}@%lt@ﬁ abdkrdihg tdeHe iAveMtibh Spioe do &gaeelexgrodaﬁos}m;on step.
el ect r?ég.ﬂn n%@%pgl%blga?@émnegpécﬁ%@; Itol?] been observed that this
pok@dtingat by Ianodhy [pelanbationi thakes it possible :mt ONYttl@ flule correct the
el ectr.od n c [ 0
" SRR oy RGBS i s
5 susetter $ha1r@ﬂh§it otained by peiogieg ithe syrfaca 4a b sazfed s with the
0 Oé}éclt{)c*aeﬁos Jne%%ﬁélt@yu | f’d&@r‘éﬁr@ Re! el lrﬁfeh@éh nggilest | électrical

t th
Cpolarizais Whetbar anTotBHE SLEACA Biporpericed g o b fRfrent

adasé hRaRedit %&éﬂﬂé t6 Badid HARtoss bif adhegibrblyetiveem thengppphiecoating
surface to coat e con

el l@yer B@QHE%q by &% glsﬁtﬁc&gqpf)?lﬁ ge@” otbg I}ﬁgﬁc%r Iay%r when the latter

101 nmﬁems\ugélhgut el ectrical polarization, whether or
not this surfac a " [
ﬁ\ gloet ngkgggaﬁ?eﬂdlﬁﬁ a&@b NHay g@ éarned out W|th a

treat ne oSSl to avoi 0SS O
adharsenbnderesitweeﬁ athdeasb ppe3 rad-aM; ngfor| expaP| w%/fdﬁ'a%dmﬂﬁf of

a”+§'9erﬁhf8#z?&sé fih@3f 8Nadt s, baféxaﬁ{plé GOLaE ovdee bf Bbe.

h
bol ar | 78 bec faupdingt B8 BRIEBATIT LG ATEson of (B e laver
15 gfei 'rtltwé’ bé’rfrleﬂagleneé@é meRes |tl'p%sﬁbhe10 |rhp|rove>tlaerpdl:esmh afttbe "seed
£ oleves(fling Vet of Hucifener 8 gt l8VEr CopfhindiBoinag itp say the
t hag ei'étﬁ)naﬁmlbesmeoﬂthe rassdnﬁ:l;afﬂ:ln adichrthe seechlayerds aradsgas
15 on t?‘ﬁﬁg%rgg%g 1, oé}y qu %ﬁ'&m%@alhéteﬁoﬁﬁ"[fé'eﬁnd"oan adhesive

I mprove see l'ayer/fil pﬁ g é
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e o S BEal e L e By e o

obtiihgech 9€QAd b aseondiaeitag it is aanhoved \frdny txhenplactrcb;leeosmon
wWth the tradltlonal met hods of filling by

30| ¢ompagt ?RJS| tion if the coated surface is kept under
el ect ri Crius paricardingatbi aofirst embodiment, the electrodeposition compositions

according to the invention will be employed in an electrodeposition method
comprising:
- a so-called "cold entry" step, during which the said surface to be coated
35 is brought in contact with an electrodeposition bath without electrical
polarization, and preferably kept in this state for a time of at least 1 minute;
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preferably for a tinme of between 1 and 10 seconds,
preferably for a time of between 1 and 5 seconds
after it is renoved fromthe électrodep03|t|on 30
conposition. Thus, according to a first enbodi nent,

t he electrodeposition conpositions according to the
invention will be enployed in an el ectrodeposition
nmet hod conprising: - a so-called "cold entry" step
during which the said surface to be coated 35 is
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t .of .
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g Yl i ST Y SRR, {3 i
ariiefenably batyveew 20 s @nd d Mingre of bet ween 2 s and 3 nin,
pr ef er abi éteﬁ’@llﬁwgeﬂh%ﬂ the §d1éisdrféﬁeris kéé'_t in tie éé&ﬂ)o‘éﬁéélﬂ‘&\ bath

Al d
o MiEoub AEcEEnt PR R0 oh2t WD of Bebuien Q.5 and 5 min, preferably
DCHeaNeemaIOsJand fiomina ti me of between 0 s and 5 nin,

pref o 2t tep BERYRTY 8 Bl el Vi B s ot
pdbraa suffdentftime to fnmfthe isaidtcoatings to form the said
coat | ng,a g&callga "?BF SRt %p, Ia%n%ﬁ\'rﬂl?h ﬁ{ee%d LWFhddis removed

whi ch t sal surtface 1 s

elfen Fhﬁj@!%&dﬁpeﬁ*ﬂ%hwh Wil & I 8l wnder electrigakpglarization.

el ect r T s&@haremaédumem Tipartcare dttjséﬁiiloml Eﬂéntevér?c that the
part a
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Ui d&Berkrfhdd iy B tHEESers& ISR ihtHe aft e §loWRh BRYRm being a
function of the charge which is equal to the time integral of the electrical current
passed through the circuit during the deposition time (Faraday's law).

In general, the electrodeposition step will be carried out at room
temperature.

During the step of forming the coating, the surface to be coated may be
polarized cathodically, either in galvanostatic mode (fixed imposed current) or in
potentiostatic mode (imposed and fixed potential, optionally with respect to a
reference electrode), or alternatively in pulsed (current or voltage) mode.

In general, it has been observed that a particularly satisfactory coating
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determ ned easily by the person skilled in the art,

the gromh of the film being function of the charge

which is equal to the tine i r]r?egral of the electrical

current passed through the circuit during the

deposition time (Faraday's law). 30 In general, the

el ectrodeposition step will be carried out at room

tenperature. During the step of form ng the coating,

the surface to be coated may be polarized
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maxi num curren et ween S an

s esasnird, fopeamplesi Yiepedeiot Q-2 %C@?ﬁj 0.8 second for
10 exa”’ﬂ%éﬁn%bém @'dé@ftone Griddd 6&cauhg thii dtep tlémends on the

poI arization m ni mum current may be between
Qgrgdgmgknfs%og%gé‘ﬂ@fglg preferably between 0.1 and 0.8
second Inf @énemi,aml ;&rsdn $kifled dn dier axifwil) easlysdstermine theenumber

g;o ergesb&o ﬁ ca&@gq roglé, ag;\[e'negwacﬂuhn Hﬂzg Péf@reﬁﬁﬁpcondltlons

Ickness o
| nmgatianedl abavieeansk ilkistrateri in| e exemm@va(?mmeﬁntédsm been

degﬁgeﬁ{eﬁetpgt{}ﬁggéﬁgﬁon |%§e 18X46b&50.8 AnPBercREsriced out,

Iven referential conditio

ment i on&lis embediment °f heJgyentio has madp df %@é‘ﬁ%l tg Ryoduce copper

20 B IBR&H halihg kthidkAess ofoieweare 80 tvdand Heyrd epokighly esistive
rate i s ab 8 sec nd,. Thi

L bttt U RO e OURR e o B R of which

20nfag e dsawehsas o0 hms/dqnaek nee\sencﬂeveret megaphbB/savaeend

1 pm on hi v, u

i he pgi?g{in% tcggségéér{d aesPﬁ& B%h % r é@{egtﬁgrﬁl tlégét%f&tr@c use of
V\hthrheleulmddpesmm mmpos;tgon_sodn;cmhﬂésaw@apé cogfing.g dharrier layer

Se\é&élﬁét gﬁgﬁPh&Tﬁ(@&va&fea KRS Gtgtﬁé) '%r&%@?ﬂﬁb"%ﬁﬁ?tm the

I nvention_ relates to the use

eI &NKWQ“‘?F@H“W&?W@F@ Wég'?’:srl bed above for
coating Uﬁd@afﬂ“é %péc@,y e p?é:seﬁﬂmweatlomqmernclﬂldéé \as imzthod for
of g‘atlsntgrzlaJ %EI ace o\‘f a sugstratte, suc hasvllnaparaé/tﬁ)a‘? thErEqugge of a barrier
layer against copper diffusion of a structure of the "through via" type, which
comprises bringing the said surface in contact with an electrodeposition
composition as described above and a step during which the said surface is
polarized for a sufficient time to form the said coating
According to a particular characteristic, the barrier layer against copper
diffusion comprises at least one of the materials selected from tantalum (Ta),
titanium (Ti), tantalum nitride (TaN), titanium nitride (TIN), tungsten (W),

tungsten titanate (TiW) and tungsten nitride or carbide (WCN).
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fabrication of interconnects for integrated circuits.
Under this aspect, the preseig i nvention al so includes

a method for <coating a surfacte of a substrate, such

as in particular the surface of a barrier |ayer

agai nst copper diffusion of a structure of the

“"through via" type, which 30 conprises bringing the

said surface in contact with an el ectrodeposition
conposition as descri bed above and a step during which

t he saiTHisseoating endtiod [soparticutanty Gseful forstHef prodedtiont ofree copper

cRerd bt Agying < piabes Anfch Py o %of BeruB bt 58 i to 5 um,
dipi'éfaa'bbﬂfromnmﬂ BrIStoad umaefgr exaraplefoftthe ondereofi 300snm, on the
Sgkﬁg £ grb%m&ad@%%ﬂb%ﬂp iffusiom dd H&WgH@P@é }n a structure of

umn| titaniumnitri
t by stheavgpwga” tyRungst en titanate (TiW and t ungst en

ni tri deherpréshPirlentiofGiil nows be'ﬂms&até@aiy the foRSWIAG! nbAlimiting

DAL b b SR L RgFORL e wod
ordéﬁosnoé cbppearrsebd Ié'a/epmm thm.@henaixtqatédr with B0barrien lager3against

D%Pé%ed'@q(s%gp Lrg? %)Ia é al nay / b8 %mg)?ogleg%ﬁt@glafgﬂ'ﬁw the fabrication

def icopper infenconnect atrsc:tumtf@metagfatedscrrwets through via"
type. The present invention will now be illustrated by
t he foIIovm ng nonI [ mt| ng exanpl es, |n Whl ch the ta

fabrl cahMuteriHI)anﬂ gmm tnterconnect structures for
|ntegr:gtu Gglrcuits. EXAMPLE 1: Preparation of a

LU alE
copper “se o ayer on a tantalum based barrier |ayer

wi t h tﬁbeas@swateauwnmomls iesampleceangistsgoft @ silien wafer with a
tbBf ﬁ’(ﬂ?ﬁ% Qﬂd A tRIckHEs OF qiso‘i:ﬁp@%heﬂ%th cyllndncal patterns

et enedl amne. 15 A Materia e
§ Fheough yiee t\é??o‘é!k“? eréth@ée}an 2R @mn%t@P %Hﬁ‘l e

COﬂSI Spﬁleﬁé ﬂté‘hé aﬁeo(fb(\)ﬁeae‘dam&;/vatshncm dlo&id!etlfi}er géwﬁ@a thitkness
an iC c in

é? (A0p ESF R m@%aﬁﬁ“@ﬁ&* BES %Et ‘i?p%%{e&#y PVD
ar(ﬂhyklnhea;murﬁiepns;lttdﬂ é’rh:btsedmdedl mtnsthmeeSLdDdamrs:dtamailhm (80

' f 400

° i) bR GE0)S DB addl plnas, o 100 T
deposi tThis Bg/TeNTa (iaysrceanstitubesup mwsﬁgalmt)coaﬁ@r diffusion

digyitilasl uset B dodahéd %Podgﬁ%ﬁé’sstrdc&ﬁéﬁlnuﬂﬁb (fglﬂ'lcaﬂéﬁ of integrated
tantalumnltrlde(15n andtantalumagaln( nm .

TIHTUSa/ TaN/ Ta "trilayer” constitutes a barrier
agal nstin mepekarﬁlﬁléf Usd eubstdbe T0vdredswits el ibarrian- kapdrl aghinst

i trf?wrgé)grg?!gﬁésmn is Jsléatyerr{le s00h gree)f(aar\%lé Clgés' %noi day) after the
formation of the barrier layer.
Electrodeposition solution:
The electrodeposition solution employed in this example is an aqueous
solution containing 2.1 ml/l (or 32 mM) of ethylenediamine and 4 g/l (or 16 mM)
of CuSO4(H;0)s.
The characteristics of the solution are given in Table 1.

Equipment:
This example used electrolytic deposition equipment representative of
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circuits. In this exanple, the substrate covered with

the barrier |ayer against ¢ er diffusion is used

very soon (for exanple less than 1 day) after the
formati on of the barrier layer. 30 El ectrodeposition
solution: The el ectrodeposition solution enployed in

this exanple is an aqueous solution containing 2.1

m/l (or 32 m) of ethylenediamne and 4 g/l (or 16

mV) of CUS04(H20)5. The characteristics of the

sdhuse emplayad i the rmicroelEatrdricslindusdgy, B thqomrtqolg'brasld and the

g c%'pS?IE ?tr\é%@ \Qﬁr@%ﬁ{v&l‘u Qgha‘?r%’dérpﬂbb mm.

rep esen ?I Ve’ o

m cr oel &g e@sipreentihag @gtql%troawemlﬁaé d%‘?ﬁ'tt%'cﬂeﬂ:r in whighdeposition
arqu tﬁ@ Seedﬁﬂy{érﬁs‘r’éa-\:%ﬂ MRCandFa Hﬁghg‘/dl%flnd $taddr ﬁ‘@d\/ﬂtfeﬁ déeposition.

ter o
2 e caE vl 5B g el ks an SRk ey aheit ther o
ofart mertsaetl l(f@yeekamﬁlect@tamumr coveted witldl platinums iforgéxinydle)gor a

c oPbar Relia i tnaf ha i R he Sesd Ryt T s-Eikg Raer the sicon
of wafar comted witht the T#/JaNSbeabprrier {ayenaonstitutey éhe dativbdé of this

pl&ji num for exanple) or a netal identical to that
constituti nq the seed layer, in this case copper; the
\Z

si |'i conmhisvgelefurthesmere bas A stakllized efeckuiceh PRWEF SRRl Aypking it

ga;gbt%ﬁgre%%nmeu&ed h@@lv &d 151 'ASandCe?|dbv1cé(bh'§*§1c§lly0|§d>lhted from

o 08 S S 5 i GBS W B e
gn'lhlsigléetl\f t:al&.ontdtrthsg] deVite isi gepkrllg df &in @mnulahshapel and allows the
0¥ o8 I 0 ol PSS S oo
i s gendtalsbyhasfa @vmarfnmstmpogmpﬂae avefleratiol bevepataek having means
SUgp %%taﬁgtﬂeosahfwafép foBdtioRlat @ Reati@niifed Peedont act

poi n ranged re?u arly on it 0 has a
devi ce lwafer to be coated, having

rreans eé %ﬁenrglgéltsttébﬁnéﬁtemé bel capfedrout ﬁn cetaihicsesBefére starting
eri men

R O RESItRB e B BOReREar s HeArasitis i incsease the

be\ﬁ/e]tablliw Foit itmey electredeplosition cdkpios i ithe viast bodl .to Txeel the air

PERS,) B pref bt Yol ERmbiE oL AR e, Wifer, 77 am, asidic or

Vi rwtrahsblmtmneaqdeh placingdhe V\mqlekﬂr@@gemenhapnmbtmognd tankfor a

e"t"ftﬂplo? at 1|East BBt fﬁpg 1710 ﬁnelﬁ}\?\%szc‘rﬁbcch@hcal treatment

neutral solution and | aC| n | e arrangenent
i nMav vaiyt 3cardingdtor e natye of the j ﬁweaﬂavaf anpg 4k dimension of the
mﬂh%@f, vidsor exanple 10 m nut es). This chem cal

tb;:e;ait er teaﬁg%%%@ %/IHacco ge&p.ﬁg#e%?wg g re%ar%ple mcIudes the
following different consecutive steps

Step 1: "Cold entry"”

This step may be divided into two sub-steps:

1.1. The aforementioned substrate is introduced into the electrolytic
deposition cell so that the face having the Ta/TaN/Ta barrier layer comes in
contact with the electrical contacting device, the latter not yet being electrically
supplied.

1.2. The assembly formed by the electrical contacting device and the
substrate, which will be referred to below as the "cathodic assembly" is brought
in contact with the electrodeposition solution, for example by immersion. This
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25 through vias. The el ectrodeposition nmethod enpl oyed
in this exanple includes the follow ng djfferent
consecutive steps. Step 1: "d3 d entry"” This step nay
be divided into two sub-steps: 30 1.1. The

af orenmenti oned substrate is introduced into the

el ectrolytic deposition cell so that the face having
the Ta/ TaN Ta barrier layer cones in contact with the
el ectrical contacting device, the latter not yet being

el @ptdct, %b'dﬁratﬁiﬁpéﬁ Wiieh |slgé’ner5_ Neleé’ssﬁm%ﬂtﬂryeffggf %9 sB¥onds (for

the el ectrical contacti ng- devj C

s UBempla & seqandehtakes plage WF‘ dhe dgviee, ispaat gt slectrically supplied.
Fﬁéféﬁéb!ﬁ the catHodic” aslsértnblggbghén képt iBChE &.Q‘éctmﬁéﬁbrstthﬂ solution
el e Qs ut |
S, PoBEzAten tor 3 Rirei el iedsP' (N AR IGr eximplE e Blfer of 3

Iemmutds)an or equal to 5 seconds (for exanple 2

secondsgteé ?kp&n%lﬁ 6%¢ I N&afieyi ce is not yet

electri , the cathodic
asserrbl'l}\el cathedie aseqmblvns tthen m%tze@d@mﬂvmpmlsed mode and

S(H:Mhl'té?féouyw Fhratdd ERQJ Qféeé@if'fﬂfﬂn HB'to aiob'rH%I&’cfothpeF Affdte (for
1m nu &ﬁg{rﬁwﬁxa he order of m nut es) .

stegmpe ”Y'iﬂlé opper coat i ng The cat hodi ¢
assenmblfigure 1 Hestnbei af ideedl the m}anawsédl pretbcoi@RicANtay be

| d of 0. 100
7 g, BBt pebrta By BT Mo 25 B8 i e, 2
p epolarizatiareime Iy Feif gxetveeen 2esscandd$ § (0.3264n the Axample), while
QQtn)fl;?QH%%“&ﬁ*P%t %%P \‘,’\Jg%ér/]"@%é} n@pﬁ”@ BetHé%g %‘6" rhﬂ/cﬁ} and -10
emhﬁne)( -2.47 mpdenat mzahel e@mplere andr rsstlrmetlm@e/wt@un@olaﬁ@tlon
oo R G ] L (O e . berween - 0. &
O Gl S0 i S A e s B, g desiec
artlicknese sif ithg seedrtayer. tThigitimpahay be aleterminetieasfly Ibgtthe erson
o AReR8 s SiepiiecurBae of g A BERGTR Alncuol ofithd g passe
ddbiraughl the biraitness of the seed layer. This tinme may be
det ;
t ﬁeeé?]mﬁ% E%Séﬁﬁyenﬁéf‘tlbhgd ?ﬁgd?tﬂi?\ uﬁl‘g'dl Bltid rf‘rah@?s ﬁcfo‘ht 1.5 nm
pP$s e Goulombo Rfh chaEgeci Passed . thzeuqquthe tWéU't which glves an

afé?éc@r@ﬁ@bdsﬁlbﬂdsté@mfa*tioﬁrtﬁ thé Rdétesros7 Hiifited @t 6rdef to obtain a
about. r cou ﬁﬂ;o of charge passed through the

cieating hawge nFaxo ect r odeposi tion step
dur at i BtewB: tHut Fxittler of 17 minutes in order to obtain

2 coat OB N De iR Qlb-88: "™
3.1. After the electrodeposition step, the cathodic assembly coated with
copper is removed from the electrodeposition solution with a zero rotation speed
while being kept under voltage polarization. The duration of this phase is about 2
seconds.

The rotation speed is then increased to 500 revolutions per minute for 10
seconds, the polarization of the cathodic assembly being disconnected during this
last phase.

Pre-rinsing with deionized water is carried out in the cell.

3.2. The substrate coated with the seed layer is then transferred into the
rinsing/drying module in order to undergo rinsing with deionized water.

The rinsing water is subsequently discharged, then drying is carried out



Step 3: "Hot Exit" 25 This step may be divided into
two sub-steps: 3.1. After th el ectrodeposition step
t he cat hodi c assenbly coated ® copper is renoved
fromthe el ectrodeposition solutlon with a zero
rotati on speed while being kept under voltage

pol ari zation. The duration of this phase is about 2
seconds. 30 The rotation speed is then increased to
500 revolutions per mnute for 10 seconds, the

Sq,{,mrelmghmgmngfmtrb@ncat hodi ¢ assenbly bei ng
th
dei oni 206 (el (5o thely oper Tl o, ol the 3520 hd Briea
S iubttratedo beatrmdvedi. t h t he seed | ayer |s then
transf gpr g e%rﬂpl%h%he ?e%trétaﬁ gﬂé A yﬁéﬂ@cd@dﬂ%eréﬂbval of the

order to unde I oni zed wat er

5 ricaghals asaembm ﬁoguﬂzﬁeq%éﬁﬁ@qleyoatl% 1$alugery, Wﬁﬁé?ﬁ"t?ay?%gunder
' S\/o%pé Raﬁnﬂﬁbn 1B theainieleld @S launsg Wiel dtepbf forrping thd Heposit.
r ot at en stopped in order to allow the coated
and drlggﬂ—%ﬂm&ﬁo be renoved. In this exanple,
the exigy apgipin n%atﬁél dxperfraritaic ptodacot lerplainedahbveyfa copper Sayer

LS eIy MR o2epos, om0l on

10 same | eThed measwteminty aﬂdecrgiraqteraratm@ earried odk opdhisslayer (300
pr%’f‘zﬁg'%l ﬂrgse%Feﬁh m MsaBRbYong the experinental

expl al ne ove, a copper layer wth a

t hi ckness of 300 nm was obt a| ned. 10 The rreasurerrents

amiheon accord| ng

tet hy enénve 'ngr*h% %%Eﬁ%qﬂgﬂf’% é%ﬁffeﬁgﬁ R od Spoer

exgdedi feger |w1thE)aathujkeess oty 308 pper was quepareg él]llthMth% @1 of the
thél‘é?t?%d%éoﬁﬁorfggluﬁgﬁ cd?&ﬁ&afoeﬁ'\é""lﬁ\Enﬁ&? EHed cRdraétBsstics of

poSi tion SO tlons according to
i nwhichiaohgivemin Tablg bct eristics of which are given in

20 Tabl e 1The2%eEB&eH?éﬁ&%rﬁﬂ@ﬁHréct@f@tn@ﬁ@taﬂéerduz ahi thisslayer (300
carried out on,this I é%o nm are presented in
Ex B BEasPregented E'()éx Preparation of a copper

seed layer on a tantal um based barrier layer with the

al exahlﬂ.l':cgmf’orép' SlaRfon?6F A Sbpiskr Sedd faye V6ri''a| Edhtalum-based
barrier layer with the aid of a composition according to the invention
25 based on a mixture of copper and ethylenediamine
A. Material and equipment
Substrate:
The substrate used in this example is identical to the substrate used in

Example 1.

30 Electrodeposition solution:
The electrodeposition solution employed in this example is an aqueous

solution containing 8.4 ml/l (or 128 mM) of ethylenediamine and 16 g/l (or
64 mM) of CuSO, (H,0)s, having a pH of 7.2.

35 The equipment used in this example is identical to that of Example 1.

B. Experimental protocol
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25 based on a mixture of copper and ethyl enedi am ne A
Material and equi pment Substrate: The substrate used
in this exanple is identical 7% the substrate used in
Exanpl e 1. 30 El ectrodeposition solution: The

el ectrodeposition solution enployed in this exanple is
an aqueous solution containing 8.4 m/1 (or 128 nm\)
of ethyl enediamine and 16 g/l (or 64 nmV) of CuSOH4
(H20) 5, having a pH of 7.2. Equipnent: 35 The

equi pﬁﬂtﬁurgéﬁ\g dfréxbéﬁrﬁerﬁg(m @sdds 1dentical to that of
Exanpl e_ i Experj nment al _roto oI 17 our series

of exp-' - ! t "-»‘ i Tic

agel ng THe é>dperulnenual mfotdcayesedmee @ematuyrlwitml tp Ithﬁt(mf.&kample

8 hletln e obsh S Bl bfing Ml ot BB (osg then 1
omlayéaﬁar formeationt ofecthe barrler tayed. after formation of the
barri erB'Zatﬁid -aftet iR 'of thé bakri 9 Of t he

barrie
| dent | c'ene experimentad fPreteeehpised there ds idgptical Htatthaih@f Example 1,

f osx@ast @iat She Fcfiﬁmaﬁ@rﬁ)réﬂthé R6bdraaeed Iéy?er @Eéﬂn@d dtseveral days

sever ays ormati on of barri er
%I"%g’ éagon ﬁn@'ﬁlb@rrﬁél%ylefzatl on after agei ng of the
bar ri erB.Baaaodic polasizatibn aftert ) ofi the barrieclayeayer

et ho Augrfa ot Wi Saf&%%e&”%%gf Vg, SO HREien had

el @periented dhe sanvm againg asitherguibslyatd used int mretdcolr Brdt ahoveof
the copggs eIg&P&ggbé’?ﬁcﬁ{ et ?!rﬁélogémﬁﬁ%é '”f&n‘ié%ﬁn' GHRE copper

to be coate r ano | C poOl a ation
el 8t JayeE [syaives eantarbing dbe javer iafeascqatrd ynsler gopdigpolarization.

di Tﬁx@él@&?od‘e@ﬁﬁﬁ@ruhieﬁﬂ)dsh@ﬁﬁes thSFstBwikg différielit condedutive steps.
anodi ¢ pol zation F| re 2 illustrates the protocol
of ent r3e U afdzatioll, which may be used:

this prf@gure(ﬁ |Ilustpatéeatrth priotnd| ofhertry bnéer aodicspatgrization which

it
i PR Brdt RE PRGN sRLES o el B REBEZ) T L0

havi ng 1 he manafaramnﬁmaa@dj $b$trater15| iatreducedninto ithe electrolytic
Co&@p@%or‘{‘kélhsd ﬁ%t Shefalck Ihadhg Q%Eﬁﬁélhrﬂ%a@@d’ bSﬁ"rer H%r - omes in

| atter not eing electricall

asOBHASE With ot}(‘ﬁé‘éecb’% ﬁ@té‘l?twt qqvics} t%ﬁ&ﬁ&f‘?‘h&*o@ﬂ%%‘eanw”y
anglipplie.

1.2. The assembly formed by the electrical contacting device and the
substrate, which will be referred to below as the "cathodic assembly” is brought
in contact with the electrodeposition solution, for example by immersion. This
contact, the duration of which is generally less than or equal to 5 seconds (for
example 2 seconds) takes place while the device is not yet electrically supplied.
Preferably, the cathodic assembly is then kept in the electrodeposition solution
without polarization for a time T less than or equal to 5 seconds (for example 3
seconds).

1.3. The cathodic assembly is then polarized anodically by imposing a
current per unit area generally lying between +0.3 mA/cm? and
+4 mA/cm? (+0.9 mA/cm? in the example), for a time Toy Of between 2 seconds
and 3 minutes (30 s in the example).

1.4. The anodic polarization is then disconnected, the cathodic assembly
still being kept in the electrodeposition solution for a time Torr oOf between 0



substrate, which will be referred to below as the

"cat hodi c assenbly" is broug}ig 25 in contact with the
el ectrodeposition sol ution, exanpl e by i nmersion.
This contact, the duration of which is generally |ess
than or equal to 5 seconds (for exanple 2 seconds)
takes place while the device is not yet electrically
supplied. Preferably, the cathodic assenbly is then
kept in the el ectrodeposition solution wthout
padeasridzantd ®midutes @l minuke ifEhe examplen or equal to 5

Second%téé 9 Ecﬁ%‘n%ﬁgll\ Sf?he C%BDer (.U IH‘:ZI)I 1b3 The cathodic

assenbl¥y=tTS—ther potarrzed y inmposing a

curr ent'lhdﬁes’telmm lderztrcelatogbel é@rmpynqilpg Algpiot Expraple 10 3
mA/ cn 3: “'H"ot'BQ(t'C”Q (+0 9 mA/ cn2 in the exanpl e)
for a tl seconds . an tes (30

55 in thdisstaris 'Q?nt'céhstolth@fCOFT‘FFQOBWBQIF@F’ IEé?mElﬁti on is
then dig.a0AR6d iB i '

( ng
o " bet v Speriental Rt AN el 1§ Hridty t'SgR“nCZFE‘g the
exprofce!) B.3 StlesuriBed Boovepekaept thattiheas ep;pited todhe isaye Bubstrate
st : f I
7 Wl he iRkt fiflind B REnERATIBARG: 19, SLEP, O 5o The
10 cor r esfauRiesultsobtaingd Exanpl e 1. BA Anodic
pol ari zg@f i M‘? tthé“é(l:é?ﬂ'ﬁéﬁtgl fotddae eﬁﬁélhé@rabb@/ ef cdpper layer

exper i nent a ot 0CO s used is strictly
i owith p&hickness 95%00 WF&%&?FE’”E? descri bed above,

exﬂ%oﬁ\eéﬁ@émeﬁtts ;&ﬁd cﬁmtﬂeﬁﬂatbﬁs clreied autaferddpositien of the seed
atter any ageing. 10
laygggpé Qmaﬁfeanﬁé%P %ﬁpﬁ%gialeﬁ@gxper i ment al

15 prot ocol explai ned above, a copper layer with a

”‘ X‘K & &7 praSaraton?sr Q& secd! SEARE ﬁesaafi the
) Iz pOSI I Qn

ctthrough yia"(type covered with adatries : ita nit Ie with

20the1§id58?°%bﬁn Si 6r?Bééél‘d'i t@fthémmnﬁfn B&ﬁ!ﬂ bA\Emixture
T uc ures Q rough via® type covered wth
'-’—L'!L' Q “' M nitride with the aid of a

20 CO”DOSIAJ natamca":w eéquipmeénte i nvention based on a

m xture§ !OE !ceopper and et hyl enedi am ne. 20 A. Materi al
and eq * Substrate: The substrate used in this

exanpl eTleashsiiate abed irsithis cxampkef eansisis bf @ silicon wafer with a
diameter of 200 mm and a thickness of 750 um, etched with cylindrical patterns
of the "through via" type with depth 50 pm and diameter 5 ym.

25 These patterns are covered with a silicon dioxide layer having a thickness
of 400 nm, itself coated with a layer of titanium nitride TIN deposited by CVD
(chemical vapour deposition).

The titanium nitride constitutes a barrier against copper diffusion such as
used in so-called "through via" structures in the fabrication of integrated circuits.

30 Electrodeposition solution:

The electrodeposition solution employed in this example is identical to
that of Example 3.

Equipment:
The equipment employed in this example is identical to that of Example 1.

35 B. Experimental protocol
Four series of experiments were carried out by following the protocols
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Chis oxdinsoBtes pebi PRaergls i HEnyFa s b bt Bxsmple 1
Equi pneguipment:
The equipment used in this example is identical to that of Example 1.
B. Experimental protocol
25 The experimental protocol used in this example is identical to that of
Example 1.
C. Results obtained
By applying the experimental protocol explained above, a copper layer
with a thickness of 300 nm was obtained.
30 The measurements and characterizations carried out after deposition of
the seed layer (300 nm) are presented in Examples 18 to 20.

Q.

EXAMPLE 6: Preparation of a copper seed layer on a barrier layer of
titanium nitride with the aid of a composition according to the
35 invention based on a mixture of copper and ethylenediamine.
A. Material and equipment
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EXAMPLE 7: Preparation of a copper seed layer on structures of the
"through via" covered with a barrier layer of titanium nitride with
25 the aid of a composition according to the invention based on a mixture

of copper and ethylenediamine.
A. Material and equipment
Substrate:
The substrate used in this example is identical to the substrate used in
30 Example 1.
Electrodeposition solution:
The electrodeposition solution used in this example is identical to that of
Example 3.
Equipment:
35 The equipment used in this example is identical to that of Example 1.

B. Experimental protocol
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As will be understood, the duration of this step depends on the desired
thickness of the seed layer. This time may be determined easily by the person
skilled in the art, the growth of the film being a function of the charge passed
through the circuit.

Step 3: "Hot exit”

This step is identical to the corresponding step of Example 1.

The same experimental protocol was applied to the same substrate, which
had not experienced any ageing.

C. Results obtained

By applying the experimental protocol explained above, a copper layer
with a thickness of 300 nm was obtained.

The measurements and characterizations carried out after deposition of
the seed layer (300 nm) are presented in Examples 18 to 20.

EXAMPLE 8: Preparation of a copper seed layer on structures of the
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Experi nent rotocol 20 Eour series of experinents
were c ng the protocols B.1.
20B. 2., Brodr ﬁﬂels Bf éxpetinsants et icarried aogtl by Rllowing the protocols

B.1., B.2., B.3. and B.4. described in Example 3.
In each case, a copper layer with a thickness of 300 nm was obtained.
C. Results obtained
The measurements and characterizations carried out on this layer are
25 presented in Examples 18 to 20.

EXAMPLE 9: Preparation of a copper seed layer on a barrier layer of
titanium with the aid of a composition according to the invention based
on a mixture of copper and ethylenediamine.

30 A. Material and equipment
Substrate:

The substrate used in this example consists of a silicon wafer with a
diameter of 200 mm and a thickness of 750 um, etched with cylindrical patterns
of the "through via" type with depth 60 um and diameter 30 pm.

35 These patterns are covered with a silicon dioxide layer having a thickness
of 400 nm, itself coated with a 0.3 pym layer of titanium deposited by PVD



10

15

20

25

30
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the seed | ayer (300 nnm) are presented in Exanples 18

to 20. COVPARATI VE EXAMPLES 10 to 17 Prepar atl on of a
' # d Gh il & : I - H . g e A . !

e&hg ,5,ﬂ,,4@<anpl e 1, a copper seed | ayer with a
:Elf gr g%eapplymg 81e experlme%ta? p%tg(cjol explgnneg in aElxampfe 1, a copper
seed layer with a thickness of 300 nm was prepared with the aid of reference
electrodeposition solutions, the characteristics of which are given in Table 1.
The measurements and characterizations carried out on this layer (300

nm) are presented in Examples 18 to 20.

TABLE 1
The characteristics of the solution prepared in Examples 1 to 17 above
are collated in the following table.

Electrodeposition I
solution prepared C(c;pssr Ethyle(r;:aa?mme pH
according to

Example 1 16 32 7.2
Example 2 40 80 7.2
Example 3 64 128 7.2
Example 4 64 128 7.2
Example 5 16 32 7.2
Example 6 16 32 7.2
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El ect rodeposi ti on Copper Ethyl enedi am ne sol ution
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A. Material and egumment
The "sheet resistance” was measured with the aid of a measuring

apparatus of the "4 point" type ("four point probe") which is well known to the
person skilled in the art for measuring the electrical resistance of thin layers. It is
10 expressed in ohms/square, and it is equivalent to the resistivity for a
bidimensional system i.e. one in which the current flows in the plane of the layer
rather than in a plane perpendicular to this layer. Mathematically, the value of
the sheet resistance is obtained by dividing the resistivity of the material
(expressed in ohm.m or micro-ohm.cm) constituting the layer by the thickness of
15 this layer (expressed in m or nm).
B. Measurement Method
The sheet resistance multiplied by the thickness of the seed layer gives
the resistivity of copper.
C. Results obtained
20 The copper resistivities obtained in Examples 1 to 14 above are of the
order of 2 pohm.cm for a 200 nm seed layer and 1.8 pohm.cm for a seed layer
of 400 nm or more.
These resistivity levels are entirely compatible with use on the industrial
scale.
25
EXAMPLE 19: Characterization of the coverage of the seed layer
obtained in_ structures of the "through via" type with the aid of
compositions according to the invention and reference compositions
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The scanning electron microscope observations (magnification 20 K) are
shown in Figure 4 in the case of Example 1 (100% coverage) and in Figure 5 in
the case of Comparative Example 11 (55% coverage).

Table 2: Conformity and coverage of the copper seed layers obtained according
to Examples 1 to 17.

ob(t:gzlpei: as::rg::;rt o Coverage (%) Conformity (%)
Example 1 100 80-100
Example 2 100 70-90
Example 3 (protocol B1) 100 70-90
Example 3 (protocol B3) 100 80-100
Example 4 (protocol B3) 100 40-60
Example 5 100 30-40
Example 6 100 30-50
Example 7 100 80-100
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reach 100%.

Reference compositions (Examples 10 to 17) that are relatively similar (in
qualitative and quantitative terms) to the claimed compositions lead to coverage

factors of less than 95%, which makes them unusable in practice on the

industrial scale.

EXAMPLE 20: Characterization of the adhesion of the seed layer
obtained in_structures of the "through via" type with the aid of
compositions according to the invention and reference compositions
based on a mixture of copper and ethylenediamine.

A. Material and equipment
The adhesion or interfacial energy was measured with the aid of a device

(so-called test or traction machine) which exerts an increasing vertical tensile
force on the surface by means of a powerful adhesive tape, until the copper layer
is separated from the substrate.

B. Measurement Method

The work of the force (force multiplied by length of the layer which has
been stripped), measured using the equipment described above, is equivalent to
the energy which it would have been necessary to supply in order to separate
the copper layer from its substrate. By dividing this energy by the value of the
surface area which has been stripped, the energy per unit area is obtained.

C. Results obtained
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Table 3: Adhesion of the copper seed layers obtained according to Examples 1

to 17.

The results given in Table 3 above show that the compositions according
to the present invention lead to copper seed layers having good adhesion, which
is compatible with industrial application.

This table also shows the advantage, from an industrial viewpoint, of the
anodic polarization protocol which will advantageously be used in the event that
the substrate provided with its barrier layer has experienced ageing over time.
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5. Composition according to one of Claims 1 to 4, characterized in that it
makes it possible to obtain a substrate coating having a coverage factor of more
than 99%.

6. Composition according to one of Claims 1 to 5, characterized in that it
makes it possible to obtain a substrate coating having a conformity of more than
30%

7. Use of the composition according to one of Claims 1 to 6, for
deposition of the copper seed layer having a coverage factor of more than 99%
and a conformity of more than 30% on a semiconductor substrate of a structure
of the "through via" type for the production of interconnects in integrated
circuits.

8. Method for coating a surface of a substrate, such as in particular the
surface of a barrier layer against copper diffusion of a structure of the "through
via" type particularly for the production of interconnects in integrated circuits,
which comprises bringing the said surface in contact with an electrodeposition
composition according to one of Claims 1 to 6 and a step during which the said
surface is polarized for a sufficient time to form the said coating.
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