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(3) the possibility of producing |arge-scale integrated systens by stacking
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proves to be an indispensable alternative to conventional approaches, which
are reaching their limts in terns of performance, functionality
diversification and production cost. After stacking, for exanple by
adhesi ve bondi ng, the chips can be connected individually to the pins 35 of
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(3) the possibility of producing large-scale integrated systems by stacking
heterogeneous technologies (or co-integration) i.e. employing different materials

30  and/or different functional components.

Today, 3D integration proves to be an indispensable alternative to
conventional approaches, which are reaching their limits in terms of
performance, functionafity 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



The barrier layer generally has too high a resistance to all ow copper to be
deposi ted honogeneously or uniformy on the wafer scale by direct 5

el ectrochem cal neans, a phenonenon kno to the person skilled in the art
by the termohm c drop. The high resistance of the barrier layer results
fromthe high resistivity of the netals constituting it (for exanple netal
nitrides). Before the step of filling by el ectrodeposition of

copper, it is therefore necessary to cover the barrier layer - by a
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30  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.
35 In particular, high-density three-dimensional integrated circuits require
the use of anisotropic silicon etching methods in order to obtain vias with a



35production of interconnects in integrated circuits, characterized in that
it conprises, in solution in a solvent: - copper ions in a concentration
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a substrate with a netallic or organonetallic coating, in which the
substrate is electrically polarized and brought in contact with a liquid
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cu; L egt bet \t/\/ﬁenugmeﬂlﬂ?dbsirrﬂrdatﬁdi _c("dmallcqmgt")adThusgmllséi !stdééidﬁg:h@ﬂ@ye?é%géyf p&e (t-ge
cat hode in _organonet.al | i c. coatin an secon
el ectrode (t h}agﬁ%@e@c?n r_é;aeégf‘lr’]‘}ei%‘ﬁ["étﬁ '85@%98%@5k5?55pﬂf égé‘ﬁ {8yrE Ben ¢ he
coati ng naPer i@HSing impesteshaubsequena filling wéthlaterial defiects @9eide). Rurthetrable) C

coatin and i I i a S 11518 t.he ertie

of tlhegzzoati néﬁ%gégg !%%err\r/r@(qh rZ"Suﬁgp%'taﬁé %Eg:ﬂgie‘%gfﬁgnsés[@ﬁet\ﬁﬁ% I@gp@ﬁ{én{; e

resistivity, esion fiom Hiakdeposited: ore ther plepa urfate of thef substrate. dhiscapde.

By conventi on,jeath®&redosd @REBIRY pRiBfhakY & 5&@?%%15], H{ilfc&ﬂ*@rnﬁgfdéfﬁctq?mt ed
e electro

with a negative,sign when it fﬁows to_the cathode o cheni cal
circuit 20( cat b RYeplgd By diffgrences in daifess &imdy alsposnd ito edefedsm ofihen i t
flows to fdfle anotrityfantifadhediercof theheyeroa the didasior thewigsli ¢ current).

el oyed for any sdues A JHR IE Vel dBnil 3 KB ebopiody o

(met al | i zat i oringtalfiging therthagugbrviashef Kigtegensity tthicardimensidmal mitdgrated ciraditf ) -
251t has been ${HpAwA thé AfrmifA&DE rrgé)%,ty:rgé@i quite surprisingly nmake it

possi ble to obtain_a copper seerﬁ .ayer 'le ng to a particularly high
substrate cover age [f 08 §PnterpthereinA messing reglisement tbrprevide aositemative cal

‘zones, anfiSeven teerméthedstafuchemrahag dhbsieh f/é}fd&ﬁ\'faéﬁdgftioﬁ?‘sﬁfkpt L@jio of
nore than 3:1, I%Mﬁ@ %fiigh% q%rder f JtO tﬁ’ 15: 1%RT%nd a relative arge via
vol ume (from GBTIEPOPLOR “'%'SSSF?EB ionglfy. used - derets Mmake ispessidle fremeebr e
perfectly conphis iréduiremientsatistactamily, e so fishuest thieplcarmalbe. employed oh RisRfigs 1 ed

concent rati onoor BEt e ChE e eyt ntliebe RERRE b Tof brBl iRy, o

conposi tions f i ses those whose nolar 35rati o between copper ions and

et hyl ened2@ni ne | i @s fhed W&i&mpﬁ:o?ﬁéi‘ &lcBoddNos ek Ifast t&?rcfaté fs%f%ﬁ psed

restriction in.principl n the nature of the sol vent provi

di ssol ves t hepﬂﬁ‘f'?qr}[g @p@kﬂ&EM?UQ%é'a§ ?Hyu?f? NG; G $UrENE A9 |3y Waled riedeushot

iI nterfer eI Wi E kovened e\{ithca reeee faser tandnimmérsedviih lanpagdie bakt %61‘ Q?ﬂ[!@t sﬁﬂfatet _
n general, ; i on Ng to the invention

conprises a sgﬁ}tg'éﬁ‘ fa{d?glgg%&b% %&?%?@hn@ﬁp?ﬁ&%&ﬁ)c i ons Cu2+.

5Advant ageousl y, t heppss@lestrodepasitiopdhasiatresbéen advocgipd;rpasidularylushPatent n

ticul ki ' t tat e,
pref er ably’ Eﬁgggg:’i%ﬂ P%’;f?” IPRETEL TPNAT any BOREIe Bobe e sEEPBREL 00 ot

According to es OfiEng "thiexoh vias YRR prin arder eogpeir this layer( seqsr repairlt

w thin the el ectscedepesicement"zonposition in a concentration of between 14
and 120 mM 10 preferably.bet wee 6 and 64 oM, . . Excellent results
have been obt ai nedfr{/viq hP Wsiem%g“‘?’ﬁ Wased n I Jhisr PEobT decypiset, idons i s
present in a conmgoim seediayef obesppee fthidknassdof3dendviier of 200 nardnidiRs) is

el ectrod Si L Skt C dj he invention nplar,ratio
bet ween ?ngpebﬁoiﬁg%és%logﬂ;g; gﬁﬁ : ﬁeg’%ém%c%’@om'm nurﬂpgﬁ't%r‘?hht;%@)’er 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.
35  Although no precise specifications seem to have been established concerning the

minimum thickness which the copper seed layers for through vias should have,



15preferably between 1.96 and 2. 00. I n general, the

el ectrodeposition conposition according tg the invention has a pH of
between 6.6 and 7.5. This value is nornmal?Yy reached when the

el ectrodeposition conmposition according to the invention consists only of
copper ions and ethyl enediam ne in the proportions nmentioned above. 20The
pH of the conposition nay optionally be adjusted in the aforenentioned pH
range by neans of a buffer such as one of those described in: "Handbook of
Chem stry and Physics - 84th edition" David R Lide, CRC Press, in the

event (hat thecosiman padies noidheRes e piddues cGfeP bethfls bPlehfortAY Gl On

i ncl udes corrpoé*rgj%vphnﬁ& ahap t he %ource of copper. 1ons and the

25et hyl enedi ani ne. FedsA Ol P 1onRtyey. B?'@‘F‘é‘?rﬁ\éﬁ' |Ider {9 aefipuesa cpifinuous
conposi ti on acieradnfagmabocapper Iiavm'amﬂherirr@gmir%ﬂrﬁmés %%@to%tﬁ%ﬂﬂ-%éflqhggﬁgg: -
copper ions i L0 a n.16 .a - _ethyl enedi am ne;
30 the mopar Uraides PERBYero o Boiatale ke A Baceth oo Medideare 1. o6
and 2.00; = t fesigpedforithe pradugtieroefrdirathiro deppsits) gishaltyweien a Ghickrres of leBs  The
el ectr odeposi ttham 2000kt 4 I L he dnventjon.may b

enpl oyed in a cust orrlg@' %é@??%%ﬁ%@?ﬁ%ﬁ%’é‘@%oﬂf ?ﬁr/\evg\td\??r?& 9 ﬁ%” gﬁ'?sf 8fe of a
35substrate, NBIF/Sauate, Morpqves it has keep feundsihat sydbrfomyalations doomtenalaiif f usi on
of a struct ur gosdibieite dchieveund larger tkﬁdkﬂ@sse?ﬂe@&s?&ofégﬁﬁmhﬁh ‘i/i)%t aflea@f th an
9 el ectrodeposj: sition ording, to the i'nvention and’ a s%gt) of
formng a coaSﬁ’EEan&)%’r?&ﬁﬂEgglﬁFﬂf’@ﬁ? Wﬂhfrgq“ﬁ'é"aLﬁﬂﬁ'F@t&"e, during which the
sai d surfé@e is pollastlyzéunf DocanentfWOC0BAI0%6B96; diectiogebsitan c%?ddé;sﬁiﬁﬁéi ng.

S isingly, 4 . |1 I ) _
= 'be. obt o na s (o, BREH gReRSE KGRI o ot IS o BoleP topeeei ng 1o

the inventi onhyne 8 et Semegstentin ihedalrication of servidenthisior iefemenes. IMHouge

condi ti ons undes foratiBhon ] i Oy i o} Jhn.contact with
the said electr ([)ﬁ(ﬂ% 0 i§i.Shﬁesg%En{)ﬁg?Pligg)ﬁlgp?ﬁﬁt:@ﬂe@tﬁgg{eo'?ﬁg% b&%tooprogﬁrée
coating. Quité B’ﬁ@c hé‘g‘l JAYel (Of GapPRG & eyharer sragificalyt designed pmogesdbles t o
olbt ait n \éeIS' 1prajbeml o cfilkray mnerb@in&eennéﬁég@qgﬁfrof?gﬁéﬂt g&uh@i’?{ vﬁ-ﬁé[hdH%ed by

el ect r odeposi Jjer..layer. ringin e surface to be
coated in conpg%ﬁo\avi%? ﬁﬁ‘{lﬁ%r#@{"ﬁ@t?fotb%%%q ‘éﬂ‘?sd'l?ﬁﬁafglyt Itowas Beendfanndghato t he

i nvention wi t Hutcompegtiensc dlustpatedr by ahe oexantdiest mentiveedsay DoduRRWE WEPOSI Ng
an el ectrical 2goy rd t bal Wit ect to a, back

el ectrode or wi %énﬁgsggg??%tgﬁaugﬁ g? érr g%clgaéﬁlcglg{]\rgg g"@%ﬁagrm??ﬁréegﬁgyﬁ@e,

prior to the 80 dOHERHYREsin $Bfer S6pey lead to suhstratamoverage fitctors vitidhsaradhesi on
has been 2Mbseinsefficiehisn téfhes Mfr@ﬁﬁn@ﬁstﬁé]%e‘ééﬁ%&fez.ate to be coated is kept in

contact with the el ectrodeposi.tion conposition (for exanple by inmersion in
the el ectrodeposi té"@?ﬁergﬁ%ﬁo@n{jﬁlﬂf}ﬂﬁ' 1§ 5?”:&‘%?%@% € preseriigyentionite nesejvef or
exanpl e of t héeonetetedhnical prioblere sonsiging rinproviding @ A6k BnRosIESR AHRPORI t i on
st ep. HoWeVes S LN sion i,s not observed unless
the substrate, r\g\elf’cfglélm\ﬁs ?h@ﬁgﬁﬁgrsﬂhébuqrg% 4 ?@H%g{ye Wr??ig'&f-‘ﬂé’gﬁala short
tinme after foPFRIFFEH cisguitshyvbichamakesit passible. to rodyceaonidraioeg and iconfaghgsi on by
about 50%@5hascdppen sed iR 0n, eleWd i t i fhecopper by
el ectr odeposi tdp.pn %E Iegs thgn ongd_bggf/ﬁg‘?ffg gf@?%%ﬁ%eﬁg%rérhgacgﬁﬁpgr | ayer
and the sane ‘gbfg]%ta gres Sxgllenthivep itRusinse bansigr surdaces yigopiayitene sekighal  day's
af ter formatimesstfityt he barrier layer. In the scope of the present
i nventi on, a subst . with _a harcier . layer will be described
as a substrate h_ay#ﬁé€2§%g§'§%’r‘( i Qa%lg?iﬁ%qrf"stth% bagis.ef Hig asgsesbinyention,
el ect r odeposithabi iscraspiblei toiresohaciberafivremehtioriddetethimi@nbicbiem #ith ¥kd higGFout
several 30 very specific electrodeposition compositions based on a precisely selected

mixture of copper and ethylenediamine,

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:



days after formation of the barrier |ayer. In this context, it has
been observed that it is neverthel ess possible to obtain very good adhesi on
bet ween the copper coating | ayer produced7by el ectrodeposition and the
barrier layer, whether or not it has experienced ageing, 35by subjecting
the said barrier layer to an el ectrochem cal treatnent of the "anodic

pol ari zation" type when it is in contact with the el ectrodeposition 10
conposition according to the invention, prior to the el ectrodeposition

st ep. Quite surprisingly and unexpectedly, it has been observed that
this treat ment doppeifiotin aR@haritabbh OPoEEES 1hlanfasginie ot only to fully
correct the adhesion. oss due to ageling o arrier’ layer, but also to
obt ai n adhesi off lrﬁ@@?@?'than t hat obtained by bringing the surface to be
coated in contdhe mularh'atlbl@eab&ﬂtétﬁ@l@lmmlh@'&né%ﬂﬁﬁb‘r' Bélrﬁi‘bé}:%Qﬁ qigegadp the
invention wt el ectrical polarization, whether or not thrs SUrfhce has
experienced ageing. This treatment al so nakes it possible to avoid any |oss

of adhesi oh betheph of the sashpenpasitiahibeingl eneserns.odndeds by an

Sgeing. POSt P Rt dRkAdsilon RYBtendE o e, & mehed T mikentt | o
out with a cuPPwiie darcaver acsurface | afas tsubstrate rwitic @ meta‘llw oewmbmew‘lhd he

order of +0. 9coabingmi r fi e order
order of hgﬂ nglenn2 wghcﬁdth@ §u‘b§ﬁat@ is %erclg@c;é% Htglaﬁzec{ k gqnt &h e seed
layer 15 on P8 Ay ‘é?“t?'a%rpr%ﬂuwr the sad @@E’iﬂiclﬂf@l‘gaﬂmlkw@atmg;

adhesi on 13 t beas sefoiml thy said' ddatihglOvhéy te Sib VeKeHe2Yer
conbi nat i on, %‘Q " Y sﬁ%ﬁﬁgf&%{ﬁ’@% {Hfi?da&hl(é trﬂ)l y fo

t he ratio
whi ch the see ayee?m§ @oiﬁg%ﬂﬁqj otPr exarnﬂiq by RAeiag Gncyreant thstwesnathsl e be
eval uated by Syisbbtentybexcoateth enstitutizg end eledotico(thé leetha® /1 tmafsaq,e aof the
assenbly, for cL.lo chi adhesi on
t hus neasuredm%téa?wﬁ?er%nam a ﬁ:!Cet?loearrt]ﬁ a?nga s%g%rfi{% aﬁc{%é{ﬁec?%%ﬁl'ﬂn& 385
overal | both $9aining@soyrredst Rfmﬂr‘-i%%df t@f@atn@n‘tatmaba’ow emmﬂl@mta!m t he

adhesi on 1 tilnetHehtass!é 60 BPREtalliRY&/atiA is in
principle no ‘@}PS”I tion on taﬁg staeI @ Taﬁ@ Oﬁﬁ\gnﬁiar% fougu S Q‘?Sgtté?d wth

the copper seSl'P&EF RPpEUes 9f the) o Wo‘?ﬁ"@ﬁ fqrﬂ'@ddé%ﬁl-ilaﬂ@! 326 finepessaf been
obsgr ved t hat thetdepesilp osdistivite, etf. hroptisadtlylie thé; preg@{calop aqc?@]&q,{g? Ie%gdehaw ng a
conductivity. co i1 Tin

el ect rodepogl ti (r)nr::a% & emé%r’;tv%r%ﬁ cl?bgg%'@ @OE:YE %ﬁ?ﬂ%r ?'8ICHE'?F"| Iggenoted

pol ari zati on ‘fﬁ'ﬂéﬁe’ﬁgﬁﬂ\jﬁ sigh veheniirfows thdhaveathode ahthelflecrzhadial @Fcater abl y
for a timg Of(cﬁlﬁbm%rr%nﬁ)nﬂuﬁ |t5|§Cdéﬂgéda\fvftl$r E&siﬂiv% §|§W§H grﬂﬁwﬂt?eq-.e

el ect rodep05| t| EB} 093% tion acco
enbodi ment , 8I° .t ?mi‘:B'rF“'@B‘ﬁﬁﬁldtq%fﬁ'@ﬁccordl ng to the inventi on

uil be ol Sjed '“‘fa"ee‘*“m"m%‘""bf’%%“?%%@?% D the 1ention may be, 4"

35i s brought "gf)@c])etrq fé ?%ﬁf‘i‘s‘e% %P'g'e\flim A ibes-dimsasignsliirgpits(natallization r i cal
pol ari zat i on,befgrg opeBeethetstgp éfethinning mhlsﬁcmwa&r)f or atime of at least 1

m nut e; 1 f durln Which the said
surface |2§ pol ar | z'é;ihas b%feﬁps Pvﬂ {gl{ag]nﬁ&te Eé"l?f%ﬁ Q!\bé’ﬂqkﬁg, - a
so-cal | ed "hdsgRletto %Qté'ﬂ a amnengseamfmrﬂw"mmammm lsigh eubstede f r om
Lhe el ect  odepasteye SttdtatnionthdrPo9de) ifidd I ﬁaegga%gngg% ﬁbggg Bglephi zat i on.

ectr

5 Accordi ng tq}? tﬁ &
according to the &H FW%Q hlgggorg]ﬁ'gpw&@ppieg f’é‘ﬁoé’f gore ti@eribk,l&veonf net hod
conpri si ng: the order of 10d0 I561) ahdrd FtﬂlawelyQErgbhﬁh ﬁﬁhﬂef(%%a@g 100t Ps-peated is

brought hR C d in_ an th vmthout el ectrical
pol ar i zatBPon Zh%gr 5 'ﬁ% ors ofs %erg#orﬁz é’§80 &lyaHO@p%t &, witheysgoey thess t han
3 s: mdustnal 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
35  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



- an "anodi c pol arization"” step, during which the said surface is polarized
with a current density of between +0.3 cn2 and +4 mA/cnR, preferably
between +0.6 mA/cn2 and +1.5 mA/cnR, for time of between 2 s and 3 min,
preferably between 20 s and 1 min; 15- a step during which the said surface
is kept in the electrodep05|t|on bath Wi t hout electrical polarization, for
atine of between 0 s and 5 min, preferably between 10 s and 1 mn;

- a step of formng the coatihg, during which the said surface is polarized
for a sufficient tine to formthe said coating; 20- a so-called "hot exit"

step, during Vbiovhiet ltl@atﬁﬁdldscﬁ\u.fsftﬁé%cﬂn% p%E‘Eé’ 8P|tﬁeré6'ﬂ]tfoﬁ%uﬁfc@hﬁlwﬁﬂ&%@é tion

bat h whi | t

eﬁbodl rr;ant(:a : s rﬁgﬁ?i%?&%ﬂgﬁ%&% éqﬂ’i’ ‘gﬂ@pﬁw@@gﬁ%ﬁh&vh@@@%st rate coat ed
Yo the Qepost LLABial. 1 ho aonnar Soed | avar TpoRoa SadRING t o Iiehtdrt POt "
form ng the ctggﬂpn sba;%g'f‘(‘e%cﬁ%gé%%dg%'frbﬁarﬁgu@aqupri‘éﬁ’ 6& for a sufficient
time to foPmthe dégvantegeouslyi the sarcs of icoppersigndis deabopper sutdsiwhsad i by the
person skill e%al‘tl&ufahecc%én sruifé’teae&‘ﬂhgr c&h[of't] Ci)#egg §§P ,?équngfj%q% of the

charge which is e%B tegra r passed
through the cPr&feh V&GPP?@U{W& arpesre Pr@fﬁf@blmor(n%b‘dm?'pentlahmtesoI n

general, the el ect pecheding td b%rtiﬁ.ﬂ%l? c%é&eﬁ&lccﬁ{é%o?ﬂe%bs &fe pr g%ﬁl withi

t enper ature. ormn coa HiMace to
be coat ed rrayt}beedﬁ%tro?ﬁp‘?éq%”b %@BI‘“QC"@‘FGL"F@F'O’? af W@%g%ﬁad 120 mitje
(fixed i nb%senrafmblqrhehmenn 16ambéemM.ost ati ¢ node (i nposed and f| xed
potential, optiona C t aref er. ce el ect rode
alternatively in pilse éi%t S["?SZE'S %) e\%l?éﬁ'efd rm COMRokons, iy | bbich icf‘ H8s been
observed t hat SeHrgapk ¢qsaeralpn§nssuemt ica ooncentaticnf beblearat® &l 3bid, ned by

I
ot 11 | PSS SO RSAATOht pt o EOR L
RAENg

current wavesr%@r eWEBA fapget dons ABdi ipdretwednt 180 and r2.83,r ange
of from-156 prefeddblyBetweenliQogdvce.0onore particularly from-1 m¥cen2 to -5

md/ cnk, and a mni cur,rent nit..area in.a range of fromO0O mMVcnR to
.5 m\ cne, prefera ﬁg‘l’ m@& odepositigi, composition-aqcarding tq the pventionzat i on

time at maxi nbas suphl efitbetwigerb6.6oandweh Phid amdis IndPmale eastRed MRhethab! y
between 0.1 aél@ct@oo%r;éﬁﬁ&f‘@omﬁ&ftlo}n cc% ﬂoethgtln\{eggo@ég@saﬁtgéglg Rosmgond:

while the polarization tine at urre 9BPSind 1.6
seconds, pref@P%BF@/e%leﬂﬂ@ﬁmmelnéfﬂﬁjpmpeﬂlsleﬁ:mwtioﬁ&dralm)lanpl e of the order of

0.25 seca. ngrbpe QBmPMﬁﬁ&? an pt‘ﬁﬂ*fag' eHe OHEé]rchE' Fﬁ tlhge step

depends on th de5|re h cknes he coa i ng erson
fiod BHIARGE B

skilled in t hdo&Mentipned pHJppge Wﬁgatweﬁ%ﬁe?s @f‘e@!}ém@g descﬂbedcarrl ed
out, given t hiat "lardibook beChinsistey amd Playsice or8lith kgiisn' ﬁﬁé\ﬁd RNEle, AFY Fredd)

i1 lustrated i bservdthat the
deposi ti on ra? eﬁh??\gﬁg%%é e?%g%‘g%gggn‘&?mppﬁa%g" a‘nﬂe'i‘?tt finygpgion

i nventi on hasiNAdérs i ompesnds| ethep phranduhe coprer o?0 copt ligneerandhatieng a
t hi cknesgrof Qﬁﬂmnﬁgenm and 1 pm on hi ghI y resistive substrates of
structures of t hrough via" type, the "sheet resistance" of which may
be as nuch as 1000“ dHFED ﬁLPJ?@""egr elgglepepasition| compgsitomsdcsordinge to the
According to |avam|0nhdmpﬁmptn ac{u@@uspﬁ&lmt invention relates to the use of
t he el ectrodeposi tlc%ﬁ 05| t1ons SCri E@d above for coating a barrl er

| ayer 25against co Perdf’ 04 "d)r?c‘é'?tr ogqf betwgeg 1orandd mMar ough vi a” type,

in the fabrication aliylened@ndoenect s for integrated circuits.

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 compasitions 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



Under this aspect, the present invention also includes a nethod for coating
a surface of a substrate, such as in particular the surface of a barrier

| ayer agai nst copper diffusion of a stru®ure of the "through via" type,

whi ch 30 conprises bringing the said surface in contact with an

el ectrodeposi tion conposition as descri bed above and a step during which
the said surface is polarized for a suffident tinme to formthe said coating
According to a particular characteristic, the barrier |ayer against copper
di ffusion conprises at |east one of the materials selected fromtantal um

Ta), 35titani bnsiti ool il AN nitri Ti
'E u nzgst en (W, %rggﬁ%’ﬁm?ﬁ? gﬁﬁﬁ'%ﬁ%@%@%é@%ﬁ&ﬂ ?F&Fo%e‘)o?ﬁ@ﬁ"ﬁg

(WCN). 13 coatingren dhe said; swifase ©f dle isubstrate, i duning rwihichu sied whidfsurfatdnis
producti on of palatiggtofer asag@ichedfe th Forhgh | ss which may be of the
order of 50 nr;r)?tao .a. re!fe ra Iétbfrom f%sidnmr%(é#'g&B pm for exanple of the
order of 300 nm ogu'pﬂﬁn\g'"glﬁr fti@é%%nao%ﬁrr"ﬁ dhatgysellent resyfipean dn thisicesen as
defi ned -abﬁ)ylelb'emlmised _wurunhe ad ogtdgeeléitl‘tfc?pl&f:‘tidd éﬁmﬁdﬁ&{%n according @ﬂ,elpr esent
i nvention will i rated. e owi ng nonlimting exanples, in
whi ch the conﬁnc\);gﬁ%rg& %"8@.}1‘8&@”{"&55 @ q'#@ﬂ?q%ﬁgﬁr@eﬁ@gd the) coadibans: a
copper seed | 49€r whichhiheugihfaceato beataatedyid hraughtrin | @htdcaweith a9@isaRt

copper diffus b@@tmagbgggoﬁmsﬁ?ﬁﬁt&tgftm}rggﬁq‘ @?ﬁé h‘fagj arly in the

fabrication 10of caopper i I ructures f 'élpat ed circuits.
EXAMPLE 1: Prepar aRHiih ubgxpgclediyptithas been pbsesveddhabit isapasaiblentobrbtainl virgr r i er

| aver w t10t hgo&t dditdsion HPRBES tHd ' | | on a

m xt ure of cogﬁgrha d et hvl enet@a%br?geegﬁggn%&ﬁ%eh%&edé'éeé(%ﬁ):asﬁr%ﬁ&q '

Subst r at e: the $ﬂré'e§ layer by ingugqthersuriare te berasptedcibreantacs vith thesi | i con

war er dw@ t hI a diecnedepositdn mmltiandﬂ@otdthg: kioe sise qﬁ\?]e?;gen pﬁ;]tg{gjtc a@&ﬁg&t h
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el ectrodeposition so ion enployed in this exanple is an aqueous sol ution
containing 2.1 W&IWOV(QYIEV:3§?'WPB¥V€§1€N§/Iién@d]‘ieaiphn's aotd obsayidd (unlesd Ghal) of
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W th a dizgretigls @hna §39 after formation of the barrier layer and the same substrate
coated with copper by electrodeposition several days after formation of the
barrier layer.

In the scope of the present invention, a substrate coated with a barrier
layer will be described as a substrate having experienced ageing if the coating by

30  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,

35 by subjecting the said barrier layer to an electrochemical treatment of the
“anodic polarization” type when it is in contact with the electrodeposition



Thi s equi pnent has an el ectrochem cal deposition cell, in which deposition
of the seed layer is carrier out, and a r|nS|ng/dry|ng station used after
deposition. 5The electrolytic dep05|t|on]@%II has an anode, which nmay
consist either of an inert netal (for exanple titaniumcovered with
platinum for exanple) or a netal identical to that constituting the seed
llayer, in this case copper; the silicon wafer coated with the Taf TaN Ta
barrier layer constitutes the cathode of this cell. 10This cell furthernore
has a stabilized electrical power supply making it possible to deliver up

to 120 V and Ipmfbosiben Bccdiing & thelantiBh priok 16t st g uti on by a
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This adhesion may for example be evaluated by "peeling" an adhesive
tape bonded on the upper surface of the assembly, for example by using a test

20 or traction machine. The adhesion thus measured, or interfacial energy
expressed as J/m2, characterizes overall both the adhesion of the seed layer on
the barrier layer and the adhesion of the thick copper layer on the seed layer.

There is in principle no restriction on the step of removing the substrate
coated with the copper seed layer after the formation of the coating.

25 It has been observed that it is possible, for example, to obtain a seed
layer having a conductivity compatible with the traditional methods of filling by
electrodeposition if the coated surface is kept under electrical polarization
preferably for a time of between 1 and 10 seconds, preferably for a time of
between 1 and 5 seconds after it is removed from the electrodeposition

30 composition.

Thus, according to a first 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;



contact, the duration of which is generally less than or equal to 5 seconds
(for exanple 2 seconds) takes place while the device is not yet
electrically supplied. Preferably., the ddthodic assenbly is then kept in

t he el ectrodeposition solution wi thciut polarization for a tine of at |east
1 mnute (for exanple of the order of 3 Smnutes). Step 2: Formation of the
copper coating The cathodic assenbly is then polarized in

gal vano- pul sed node and sinmul taneously rotated at a speed of from20 to 100
revol utions per mnute (for exanple 40 revolutions per mnute). 10Figure 1

describes in detail. -l rot. which_. e used, wth a
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ubstrate coated with the bartier layer has experienced significant ageing in the
time prior to the deposition of the copper seed layer.
25 In this method, the step of forming the coating by electrodeposition is
carried out for a sufficient time to form the desired coating. This time may be
determined easlly by the person skilled in the art, the growth of the film 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).
30 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
35 reference electrode), or alternatively in puised (current or voltage) mode.
In general, it has been observed that a particularly satisfactory coating



EXAMPLE 2: Preparation of a coner seed |laver on a tantal um based barrier

| aver with the aid of a conposition according to the invention 15 based on
a mxture of copper and ethyl enedi ami ne. 12 By applying the
experinmental protocol explained in Exanple 1, a copper seed |layer with a

t hi ckness of 300 nmwas prepared with the aid of the el ectrodeposition

sol utions according to the invention, the characteristics of which are
given in Table 1. 20The neasurenments and characterizations carried out on
this layer (300 nn) are presented in Exanples 18 to 20. EXAMPLE 3:

Preparati on ofcaf KeOBBYai > b rrier aver with
the aid of a ccgn;:i_osi t iag%ag%chraﬁﬁinaéﬁﬁolﬁt %lgg%dﬁ\}ﬂgr%ﬁ g%$%gaga%°egs IR @PASEt ur e
of copper and SEYHEICHAER WaMeRe A. Material and equi pment Substrate:

The substrate usediIhngehbiaf ®BiasRbemEs K i t in
Exampl e 1. 30E] géro e os?"?ti n sgl rStb?oﬂrle.d%p’né&aéut_ %hlm@%ﬁs(%ag%%gﬁ?ﬁ%n
sol.uti on enpl 5{?& F(ﬂ'reisﬁg@d{%g( Maximun gurkentRsh snk @rea inchrapse obifranng.6s. 4
Lﬁl/_l (or 15H8 m/crof te@t1ymé o mr@$ﬁﬁmlaﬂ§ febid t—i ﬁTA/‘gﬂz_ fH\/{sb ﬂW&@Qﬂ?Q-IZO) 5,
aving a pH ot t: e equl pe us | | S exa S
i dent igcal to t @F%B} %@%'#p”ﬁ% gnit %?eaggbg?ﬁanﬁg,pﬁﬁrogpg}wﬂcpm tg75¢ Fmgeri es
of experi nment grefenablyswa/cng, 1. Col d ent ry without ageing of the barrier
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the copper seé%?%ﬁqy t?esg%tﬁlle?'i‘ _@HIOSLE"%SH_E@éF_%{?”daaR}?P%Q'\éF’?WH1001rmd06n of
the barrier | 88oend, fodéxaBnpld\nbthecrped afrd.2hédcond.af t er agei ng of the barrier
| ayer A substrate ] rnier l.ayer s uged here which had
experi enced the_sa?}rl\:?_éagg@|b‘\é1\d wg@ﬁleﬁgosdﬁbéqrp?ﬁlg%gﬁwq Coiter gepsnds o thgpove.
The el ect r odefesied thigkness aloesnpinrgyed for the fornation of the copper seed

I ' \ | i@ § t | | ari zation.
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epsSt
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This embodiment of the invention has made it possible to produce copper
20  seed layers having a thickness of between 50 nm and 1 Hm on highly resistive
substrates of structures of the "through via” type, the "sheet resistance” of which
may be as much as 1000 chms/square, or even several megaohms/square.

‘According to a second aspect, the present invention relates to the use of
the electrodeposition compositions described above for coating a barrier layer

25 against copper diffusion of a structure of the “through via" type, in the
fabrication of interconnects for integrated circuits.

Under this aspect, the present invention also includes a 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, which

30 comprises bringing the said surface in contact with an electrodeposition
composition as described above and a step during which the said surface is
pofarized 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),

35 titanium (Ti), tantalum nitride (TaN), titanium nitride (TiN), tungsten (W),
tungsten titanate (TiW) and tungsten nitride or carbide (WCN).



20 deposition cell so that the face having the tantal um based barrier |ayer
cones.in contact with the electrical contacting device, the latter not yet
being el ectrically supplied. 1.2. I3he assenbly formed by the

el ectrical contacting device and the substrate, which will be referred to
bel ow as the "cathodic assenbly" is brought 25 in contact with the

el ectrodeposition solution, for exanple by imersion. This contact, the
duration of which is generally |l ess than or equal to 5 seconds (for exanple
2 seconds) takes place while the device is not yet electrically supplied.
Preferably, the cat e ect rodeposition

sol uti on wit hout pc-)rl*ﬁ;&(rj(::dzégt on féylsaﬁq&'aﬁé}lf}é? hﬂ fB'r ﬂ'ugnpi@pu Uaﬂg PPBSeconds
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second and 5 mi nut 2’@8 {esrerp (Ve %Wﬂ@%ﬁﬁﬂﬁ'@?@m iy he followingaperdimiting t he
copper coati n@xa'mpks,slnewhlcb thdecdmpmaitions acbardingr toethHeomlemtibnsaepusld fxanpl e

1. Step 3: di t f
Ecample 1. BACRERg SoaT 308 ByEP oh iiolGf Ve Ronte) ¥ o iR R Soptle, °°
The exper i mentCapPasEtusionl Therecxanplesusayibe employed paryicilakinini tbalfabmaﬂidle
protocol §93. oﬁ@%ﬁefﬁ@&c&hﬁ%@ﬂrﬁ&%@hr%@?r&éd itgPpl 1 ed to the same

substrate without the |atter having experfenced any ageing. 10C. Results
obt ai ned By applying the experinental protocol explained above, a

cﬁpper |l ayer with EﬂMMQS?rajaﬁQﬁéﬂaf\aaéo @éaﬂ:a Eh%mﬁ%&b&a I's ﬁ)ﬂd
characterizat 4 ea_out e eposi t1on 1. esee a n
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seed | aver oninventig

| aver of {gtanium w M: gﬁ & of a corrp05| tion according to the
i nventi on based on ats &1 fprofh and et hyl enedi am ne. 20A. Materi al

and equi pnent Subsﬁ%%ﬁt—'@ﬁ_ The substrate used in this exanple
consists of a sil IWSMBétEHte\Msé@ iR tHisaaRhfle Qan%QQo‘F‘B @ﬂébr@wta@r%ﬂ?%st ﬁf
Vi a Wi

750 pm etche ndr i cal atterns_of the rou
depth 50 pm aﬁlamc#eo{rfﬁ.ﬁgb B az%’f‘?@@? ga?ﬁoelﬂrﬁse'i’ih%d w&géywrmlmat@ms. l'i con
di oxi de | ayer ofrei"thyouaglt Viattype sithafepd25 pm anddi@rhéteesqlned with a layer of
titaniumygtride e vapo, 05|t
The ti tam umnjtri Jggé gg’%st |#%Feg¥\é%(£ﬁ &%@ﬁ q@?&)ec% ?fg?ar‘)’ﬁ'ﬂfq‘ héﬁ #5Ssuch as
used in so- caPli € niniterieoarediwithta taptalurabased feyer Whish iic deposited by iPuDegr at ed
circuits. 30E{W§IEQ%F6§' &érﬁf’-ltﬁﬁj dhd @é‘glwded mlfo thTQ?ﬁ@J %g%Fsogaefﬂé?ﬁH @an
sol uti on enpl o%?c{a &e IS 1dentic Exanple 3.
talum nitride (a15 nm% and tantalum again (10 nm).
This Ta/T aN/Ta "trilayer” constitutes a barrier against copper diffusion
25  such as used in so-called "through via" structures in the fabrication of integrated
circuits.
In this example, the substrate covered with the barrier layer against
copper diffusion is used very soon (for example less than 1 day) after the
formation of the barrier layer.

30 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 CuS04(H,0)s.

The characteristics of the solution are given in Table 1.

35 Equipment;
This example used electrolytic deposition equipment representative of



Equi pnent : The equi prent enployed in this exanple is identical
to that of Exanple 1. 35B. Experinental protocol Four series of
experinments were carried out by follow n 4t he protocols 19 8.1., B.2.,
8.3. and B.4. described in Exanple 3. In each case, a copper layer with a
thi ckness of 300 nmwas obtained. C. Results obtained The
nmeasurenents and characterizations carried out on this layer are 5
presented in Exanples 18 to 20. EXAVPLE 5: Preparation of a copper seed

| aver on a barrier laver of titaniumnitride with the aid of a composition

t hvl di am terial and equlp
gub\s/t (ragt(:ael 3se%qp'ﬁo’f itgp %§W|%OCW§E"Qt@f% V‘élthsa dlﬁm‘ﬁerwﬁﬂ@@Mt h a di aneter
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Exanpl e 1. Equipnent: The equi pnent Us ec hi's™exafpf
t hat of ExarrpF@ 1. B. Experinental protocol 25The experlrrental protocol

used in ti0s exaﬁpmsic@llifdﬂﬁériﬂ‘e?é Ha® & %blllgdngg&g‘gﬂﬁao%ergugggslﬂél{ﬁ fGElrJt al ned
O, L2 BT RLPARA! o8 S A0k S gty e o
char act eri zat thensolutinrtiyeal sealingafastest, temating eII&cm‘Ealtdbﬁtaﬁlegﬁthﬁé’ %éth()é%gr ng?aed
Tver o a bars Sl tontind et i QAN o A 3hephand, albiy g
conposi ti on at¥siatety hesuppledss & plurtit ercowasbpbmns atranged regelad§ os@tpper and
ethvienedimam ne.  fhaiddiadrd abvi@dr SGRBJPHIRY the wafer to be coated, having means
for setting the said wafer in rotation at a predetermined speed.
B. Experimental protocol
A chemical treatment may be carried out in certain cases before starting
the electrodeposition method. The purpose of this treatment is to increase the
20 wettability for the electrodeposition solution in the vias and to expel the air
~ bubbles. It may consist, for example, in immersing the wafer in an acidic or
neutral solution and in placing the whole arrangement in an ultrasound tank for a
time of at least 5 minutes (for example 10 minutes). This chemical treatment
may vary according to the nature of the barrier layer and the dimension of the
25  through vias.
The electrodeposition method employed in this example includes the
following different consecutive steps.
Step 1: "Cold entry"
This step may be divided into two sub-steps:
30 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
35 substrate, which will be referred to below as the "cathodic assembly" is brought
in contact with the electrodeposition solution, for example by immersion. This

according to Ith@,eienﬁﬂmléd% tﬁ’é‘%ﬁ‘&o@@ctﬁm*’ﬂs’iﬁ&tfsﬁy%f ﬁxg@%ﬁ‘ﬁtoaf@%rand ang the




20 Substrate: The substrate used in this exanple consists of a silicon
wafer with a diameter of 200 mmand a thickness of 750 pm etched with
cylindrical patterns of the "through vi a'15ty_pe with depth 50 pm and
dianmeter 5 pm S5These patterns are covered with a silicon dioxide |ayer
having a thickness of 400 nm itself coated with a 40 nmlayer of titanium
nitride deposited by CVD (chem cal vapour deposition). . The
titaniumnitride constitutes a barrier against copper diffusion such as
used in so-called "through via" structures in the fabrication of integrated
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formation of MALEA-27&mA/apéin the example), and a resting time without polarization

15  of between 2 ms and 1.6 s (0.25 s in the example).

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.

20 Under the aforementioned conditions, the deposition rate is about 1.5 nm
per coulomb of charge passed through the circuit, which gives an
electrodeposition step duration of the order of 17 minutes in order to obtain a
coating having a thickness of 300 nm.

Step 3: "Hot Exit"

25 This step may be divided into two sub-steps:

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.

30 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

35  rinsing/drying medule in order to undergo rinsing with deionized water.

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



The el ectrodeposition nmethod enployed in this exanple includes the
Sfollowi ng different consecutive steps. Step 1: Entry under anodic

pol ari zati on The experi nent al préﬁocol used is identical to the
protocol B.3. described in Exanple 3. Step 2: Formation of the copper
coating 10The cathodic assenbly is then polarized in "reverse pul se" node
and sinultaneously rotated at a speed of from20 to 100 revol utions per

m nute (40 revolutions per minute in the exanple). Figure 3
illustrates the so-called "reverse pul se"” protocol which may be used, with

a total perlodv[ﬁemﬁ_,smﬁgwaﬁm,t gy and 3 s (0.9 s in the exanple), a 15
cat hodi ¢ pol ari zat of hetween 2 ns and 1.6 s (0.35 s in the

[
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-0.6 mA/ cnR amdbﬁﬂﬂem@r@ndma 77 mANcn2 in the exanple), an anodic
pol arization time 25 s in the exanple)
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EXAMPLE 3: Preparation of a_copper seed layer on a tantalum-based

barrier layer with the aid of a compaosition_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 mi/l (or 128 mM) of ethylenediamine and 16 afl (or
64 mM) of CuSO, (H;0)s, having a pH of 7.2.
Equipment;
35 The equipment used in this example is identical to that of Example 1.
B. Experimental protocol



The equi pment used in this exanple is identical to that of Exanple 1. B.
Experinental protocol 20Four series of experinments were carried out by
following the protocols B.1., B.2., B.3.14nd B.4. described in Exanple 3.
In each case, a copper layer wth a thickness of 300 nmwas obtai ned. C.
Resul t s obt ai ned The measurenments and characterizations
carried out on this layer are 25 presented in Exanples 18 to 20. EXAMPLE
9: Preparation of a copper seed laver on a barrier laver of titaniumwth
the aid of a conposition accordina to the invention based on a m xture of
copper and et hyl e”‘?@hﬁé@r@?ofeﬁﬁﬁwep{@ﬁékﬂs e@nd equi pnent Substrate:

The substrate used in this ex m:_) e conS|sts of a S|I|con wafer with a
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15  This electrodeposition method includes the following different consecutive steps.
Step 1: Entry under anodic polarization
Figure 2 illustrates the protocol of entry under anodic polarization which
may be used; this protocol may be divided into three sub-steps:
1.1. The aforementioned substrate is introduced into the electrolytic
20 deposition cell so that the face having the tantalum-based 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
25 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
30  seconds).

1.3. The cathodic assembly is then polarized anodically by imposing a
current per unit area generally lying between +0.3 mAfcm? 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).

35 1.4, The anodic polarization is then disconnected, the cathodic assembly
stili being kept in the electrodeposition solution for a time Tor of between 0



By applying the experinental protocol explained in Exanple 1, a copper seed
layer. with a thickness of 300 nmwas prepared with the aid of reference

el ectrodeposition solutions, the charact é8i stics of which are given in

Tabl e 1. The neasurenents and characterizations carried out on this |ayer
(300 25 nm) are presented in Exanples 18 to 20. TABLE 1 The
characteristics of the solution prepared in Exanples 1 to 17 above 30are
collated in the followi ng table. Electrodeposition solution prepared
according to Copper (nmVM Ethylenediamne (mV) PH Exanple 1 16 32 7.2

Exanpl e 2 40 &BcohdZane@fitlutesY16indedin the arifie). & 4 64 128 7.2

Step 2: Formation of the copper coating
This step is identical to the corresponding step of Example 1.

Step 3: "Hot exit"
5 This step is identical to the corresponding step of Example 1.

B.4. Anodic polarization without ageing of the barrier layer
The experimental protocol which was used is strictly identical to the
protocol B.3. described above, except that it was applied to the same substrate
without the latter having experienced any ageing.
10 C. Resuits 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.

15
EXAMPLE 4: Preparation of a copper seed layer on structures of the
“through via" type covered with a barrier layer of titanium nitride with
the aid of a composition according to the invention based on a mixture
of copper and ethylenediamine.

20 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 50 um and diameter 5 pm.

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 Exampie 1.

35 B. Experimental protocol

Four series of experiments were carried out by following the protocols



Exanple 5 16 32 7.2 Exanple 6 16 32 7.2 24 Exanple 7 64 128 7.2 Exanple 8

64 128 7.2 Exanple 9 16 32 7.2 Conparative Exanple 10 128 256 7.2
Conpar ative Exanple 11 12 24 19

10

15

20

25

30

35

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
presented in Examples 18 to 20.

EXAMPLE 5; Preparation of a copper seed layer on a barrier layer of
titanium nitride with 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 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 200 ym and diameter 75 pm.

These patterns are covered with a silicon dioxide layer having a thickness
of 400 nm, itself coated with a 50 nm layer of titanium nitride deposited by ALD
(atomic layer 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.

Electrodeposition solution:
The solution used in this example is identical to that of Example 1.

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

B. Experimental protocol

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.

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

EXAMPLE 6: Preparation of a copper seed layer on a barrier layer of

titanium nitride with the aid of a_ composition according to the
invention based on a mixture of copper and ethylenediamine.
A. Material and equipment




7.2 Conparative Exanple 12 8 16 7.2 Conparative Exanple 13 4 8 7.2
Corrparg}t)i ve Exanpl emi4 16 218 6.3 Conparative Exanple 15 16 35.2 10.6
Conparative Exanple 16 16 40 11 ConparatPle Exanple 17 16 46.2 11.1
EXAMPLE 18: Characterization of the resistivity of the seed |aver obtained
in structures of the "through via" type with the aid of conpositions
according to the invention and reference conpositions

Substrate:
The substrate used in this example consists of a silicon wafer with a
diameter of 200 mm and a thickness of 750 pum, etched with cylindrical patterns

_ of the "through via" type with depth 50 pm and diameter 5 Hm.

5 - These patterns are covered with a silicon dioxide layer having a thickness
of 400 nm, itself coated with a 40 nm layer of titanium nitride 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.

10 Electrodeposition solution:

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

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

B. Experimental protocol
15 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.
20 The measurements and characterizations carried out after depaosition of
the seed layer (300 nm) are presented in Examples 18 to 20.

EXAMPLE 7: Preparation of a copper seed layer on structures of the

25 theaid ofa 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



5 based on a m xture of coner and ethyl enediam ne. A Material and

equi pnent The "sheet resistance" was neasured with the aid of a
measuri ng apparatus of the "4 point" typ2l("four point probe") which is
wel | known to the person skilled in the art for measuring the electrical
resistance of thin layers. It is 10 expressed in ohns/square, and it is
equi valent to the resistivity for a bidinensional systemi.e. one in which
the current flows in the plane of the layer rather than in a plane
perpendi cular to this |ayer. Nhthenatically, t he val ue of the sheet
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20C. Resuylg s lﬂ%@b%ﬁiple) and an optional resting time without polarization T of between
0sand 1s(0.3sin the example).

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
25  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.

30 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.

35
EXAMPLE 8: Preparation of a copper seed layer on_structures of the



Tabl e 2 below collect the results obtained on the copper seed | ayers
prepared with the aid of the conpositions_of Exanples 1 to 17 above.

The scanning el ectron nicroscope observa#lons (magnification 20 K) are
shown in Figure 4 in the case of Exanple 1 (100% coverage) and in Figure 5
in 25 the case of Conparative Exanple 11 (55% coverage). Table 2:
Conformty and coverage of the copper seed |ayers obtained according to
Exanples 1 to 17. Copper seed | ayer obtained according to Coverage (0/0)
Conformty (0/0) Exanple 1 100 80-100 Exanple 2 100 70 90 Exanple 3

(protocol 61) -¢QQ

(protocol 63) 0- 60 j U 30- 4 ;
of a comggsmon accordmg to the mventlon based on a mlxture of
copper and ethylenediamine.

A. Material and equipment
5 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 um.

These patterns are covered with a silicon dioxide layer having a thickness

10 of 400 nm, itself coated with a 0.3 um layer of titanium Ti deposited by PVD
{physical vapour deposition). _

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

Electrodeposition solutjon:

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

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

B. Experimental protocol
20 Four series of experiments were carried out by following 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 pm, 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



Exanpl e 7 100 80-100 26 Exanple 8 (protocol B3) 100 50-70 Exanple 9 100
40-60 Conparative Exanple 10 45 - Conparative Exanple 11 90 - Conparative
Exanpl e 12 85 - Conparative Exanple 13 6@3- Conparative Exanple 14 95 -
Conpar ati ve Exanple 15 90 -

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

Electrodeposition solution:
5 The solution used in this example is identical to that of Example 1.

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

B. Experimental protocol

The experimental protocol used in this example is identical to that of
10 Example 1.

C. Resuits 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

15  the seed layer (300 nm) are presented in Examples 18 to 20. |

COMPARATIVE EXAMPLES 10 to 17: Preparation of a copper seed layer
on a tantalum-based barrier layer with_the aid of a contposition

according to the invention based on a mixture of copper and
20 ethylenediamine.
By applying the experimental protocol explained in Example 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
25 nm) are presented in Examples 18 to 20.

TJABLE1
The characteristics of the solution prepared in Examples 1 to 17 above
are collated in the following table.

30
Electrodeposition N
solution prepared C(‘:gﬂ;r Ethylt?;‘eal)amme 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




Conpar ati ve Exanple 16 75 -
given in Table 2 above show the critical
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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
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
this tayer (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. Resuits obtained

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.

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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based on a mixture of copper and ethylenediamine.

A. Material and equipment
The coverage and conformity of the copper seed layer were evaluated on

the basis of observations in section with a scanning electron microscope, while
focusing on the bottom of the structures which constitutes the most difficult zone
to cover.

B. Measurement Method

The percentage coverage is measured in the bottom zone of the
structures, between the base of the bias and 4 pm above. A percentage of 100%
corresponds to complete coverage, i.e. the surface of the barrier is entirely
covered with copper in the bottom zone. A surface partially covered with copper
is characterized by the fraction of the surface covered with copper, expressed as
a percentage.

When the coverage is complete, the percentage conformity is calculated
by dividing the thickness of the seed layer on the vertical surfaces (profile or
side} of the via by that on the horizontal surfaces at the top of the via. The
thickness on the vertical surfaces is measured at a given depth of the via (4 um
above the bottom of the via). A percentage of 100% corresponds to perfect
conformity.

C. Resuits obtained

Table 2 below collect the results obtained on the copper seed layers
prepared with the aid of the compositions of Examples 1 to 17 above.

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(l::gg:::; assce:r:ﬁ::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




Exanple 5 7 Exanple 6 10 Exanple 7 11 11 Exanple 8 5 2.5 11 11
Exanple 9 8 Conparative Ex. 10 3

26
Example 8 (protocol B3) 100 50-70
Example 9 100 40-60
Comparative Example 10 45 -
Comparative Example 11 90 -
Comparative Example 12 85 -
Comparative Example 13 60 -
Comparative Example 14 95 -
Comparative Example 15 90 -
Comparative Example 16 75 -
Comparative Example 17 55 -

The results given in Table 2 above show the critical nature of the
electrodeposition composition according to the invention.

All the electrodeposition compositions according to the present invention

5 (Examples 1 to 9) lead to a 100% coverage factor of the substrate and a

L conformity of at least 30%, which is satisfactory on the industrial scale. The

composition of Example 1 leads to an excellent conformity factor which may

: reach 100%.

Reference compositions (Examples 10 to 17) that are relatively similar (in

10  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

15 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

20  (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

1‘ 25  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. Resuits obtained
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Table 3 below collates the results obtained in Examples 1 to 17 above.

Copper seed layer Cold entry Anodic polarization
obtained according | without after after without
to ageing ageing ageing ageing

Example 1

Example 2

Example 3 1.5 9 9

Example 4 2.5 10 10

Example 5

& (Njo|u|n|eo

Example 6

Example 7 11 11

Example 8 2.5 11 11

Example 9

Comparative Ex. 10

Comparative Ex. 11

Comparative Ex. 12

Comparative Ex. 13

Comparative Ex. 14

Comparative Ex. 15

Comparative Ex. 16

SN (NG |0 (Wi{oo|wn

Comparative Ex. 17

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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El ect r odeposi ti on conposition intendedCEA¥MSoat i ng a sem conduct or
substrate in order to fabricate structures of the "through via" type for
the production of interconnects in integrated circuits, characterized in
that it conprises, li Hedmdeppsiion sompewtion ftended. fyspeaating i sqemcanductor

COPCEHLV?U Ons%stﬁélﬁ \f@%’:‘dér‘lt@%bné‘g@ QMcturegtéfyﬂ‘lénQﬁhﬁ@hnﬁa" 6:-.2% h
rati o between e enedi ani ne and cop n an - e
pH of the sai &" Qf@'ﬁ%‘?ﬁ C{? ERRINRESH i “E@graéec% %ﬁg&m&aractenzed téi‘fnﬁom tion
accor di ng to ebmpngseé incbhutias irea saleehtt n t hat t he _concentraél! on of (c::lop!oer1
ions is betwee ) . .cording to Claim1l or
2, characteri zgﬂarfeﬁ?ci}%ﬁéﬂn%egﬁgﬂ% 8%%%‘”%%@5‘2;"@ gg@"@?’e cupric ions

preferably origthylenedigmineom copper sul fate. 4. Conposition accordi ng
to one of d ai t
et hyl enedi am ngﬁ arilpéJﬁ é@o%%"e?%%@ é%@!%r%&ng%é ?ﬁ%g&@fedrﬂé}h@ béifebe? 1%5 NEt hod

for coating a2dl¥face of a barrier |ayer against copper diffusion of a

structure of tlg pH Bf@iégga,d/@anpogwgﬁ beig Hehﬁedp{ﬁ)dlaﬁalﬂ)j‘l of interconnects in
integrated circuit

rises bri |ng sai d surface,i ont act
with an el ectr odepgsﬁ:‘?m'?ﬁfq Qg t&c e ni; tcgagﬁqge fged iy Wéplﬁ'leo 4 and
a step duri ngcmentnaﬂldnﬁofszapﬂerﬁuns‘ladaetweenpkﬂ&nd&tladM 6. Coating nethod

according to d ai r t t he uf | ng: a rier
agai nst copper di ﬁu@@ﬁ&@%ﬁp%‘%@ e§§[ oEe gf ﬁ‘t he%raf‘:?erég&; g t&%rect ed

f rom t ant al ume{orementioned copper(ivhy are amrasl ons prefetably origimgtingt frerardoppemi tri de
(TIN), tungstgmfa@[\) tungsten titanate (11W and tungsten nitride or
carbide (WCN). 7. Coating method according to_Claim6, characterized
in that the surfach @QIPPﬁsi’th’"aa‘Eﬁ’idl'figeFo Q%Pﬁgafmﬁap@3-dF|?aF‘E%¢"('?ﬁdd6r¥§¢tsts of

a tant al um t agteaimaiEr i be/eentMHenadidnih@ad c@?peﬁt ibieiscthetWeen 1.96 and
nitri de/tantaELbr@ bilayer or a titanium nltl’l de |l ayer.

5. Method for coating a surface of a barrier layer against copper diffusion
of a structure of the "through via" type for the production of interconnects in
integrated circuits, which compriées bringing the said surface in contact with an
electrodeposition composition according to one of Claims 1 to 4 and a step
during which the said surface is polarized.

6. Coating method according to Claim 5, characterized in that the surface
forming a barrier 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).

7. Coating method according to Claim 6, characterized in that the surface
forming a barrier against copper diffusion consists of a tantalum/tantalum
nitride/tantalum trilayer or a tantalum nitride/tantalum bilayer or a titanium
nitride layer.



