1 El ectrodeposition Conposition and Method for Coating a Sem conduct or
Substrate Using the said Conposition 1 The present invention rel ates
in general to an el ectrodeposition conmposition 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
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Today, 3D integration proves to be an indispensable alternative to

conventi onal approaches, which are reaching their limts in ternms of
performance, functionality diversification and production cost. After

stacki ng, for exanple by adhesive bonding, the chips can be connected
individually to the pins 350f the package by connection wires. However,

mut ual i nterconnection of the chips with a high interconnect density can be
obt ai ned onIy by enpl oying 3 through vias. The fundanental s and advantages
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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



10thin layer of netallic copper referred to as the seed | ayer. Thi s
seed | ayer, like the barrier layer, is currently produced by "physi cal
vapour deposition” or "chem cal vapour deposition"” processes (PVD and CVD).
Chem cal vapour deposition (CVD) nmekes it possible to obtain a confornal

| ayer of copper, that is to say one which accurately follows the topol ogy
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- removing the excess copper by chemical-mechanical polishing.



Furt hernore, from Docunment WO 2007/ 034116, el ectrodeposition conpositions
are known which make it possible to depesit copper seed | ayers which adhere
and are conformal and uniform directly on resistive barriers. 35A though
no preci se specifications seemto have been established concerning the
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metal ions L5t sybstatease of a netallic coati ng) and opt i onaIIy vari ous
agents @Bt ended tip parmegae rﬂ@ﬁd&ﬁs‘ﬂﬂeﬂwtréeﬁgln@nsrbhﬁ recyrhtdd BRLRY LQrred

(regularity and fi sit, resistivity, etc.), optronally in

the pres enceﬁ%fusﬁ o eargeoérf?@éc é'P‘éQF‘t e@ﬁ@g methods in order to obtain vias with a



By convention, when considering electrolysis cells, the current is denoted
with a negative sign when it flows to the cathode of the el ectrochem ca
circuit 20 (cathodic current) and it is denoted with a positive sign when
it flows to the anode of the electrochem cal circuit (anodic current).

The el ectrodeposition conpositions according to the invention may be

enpl oyed for any sequence of producing three-dinensional circuits
(metallization before or after the step of thinning the silicon wafer).
251t has been s ? t hese conpositions_quite surprisingly make it
possi bl e to YBHA P! ’EOEB%@”%ESP'F:&F‘;F@?'”Q Shdilingn (O £xpEPle é'ﬁ ﬁat@thm@h
substrate co9S08863) deider mosobRen hana Qﬁ&ﬁlel\nmthlds r!ﬁrﬂensﬁeﬁb%d n@ééwi‘ﬁ i cal

zones, and e en the ure has,.a for ect atl o of
more than 3: %1’0%8 &%H&f} t i 'af)‘?nfizzrscag[f)p'fﬁ ﬂ’fg e 3'5185 ;Q?F&F é% (eIMAY 8f ge vi a
vol ume (fr onpa)‘tlafmorlcwereﬁ m'Oc@vBl@d wuth)an lﬁ'iuéﬁmemahipmast Iotﬁlsaedit@et iteeef or e
per fectl y: Corg)%ltﬂl“q.n cnc&. SULIST ut:HL HI 11 vvn.ll lllattg:illgluc;sELﬁsl VUI E gleer red
famly of” conposi t'| Ons COfT'pI’IqS h 0S€ copper i %b ér ur‘rﬂg B85t in a
concent r at i of€oseasetayee formBdand tbﬂ -WMS Of the mﬁetrﬁemhpneeﬂysrhaeddlﬁanmty of

conposi ti Onsamh'ﬁ@ﬁ thgpa@pd@ﬂ@@%n”ﬂ%?%r?%%ﬁcﬁogeﬁ@fﬁg?g&?g?ﬁg' @Rgy and

t hyl di
(raes%/r Ie&e i Bfﬂe r%csgégﬁggm%ge RIManee-on Qther W@T@eﬁ'fe canferpiiyvdefed is hat it
di fso:c ves theotacmlywevealmtlbgsdlﬁéreht@ motHidikdness; svfnﬁay]gtaeagléa/d g@cae%iz% ofot
interferg ade era e wat er

I'n genera é'EQ?V %%‘fa‘%fbeﬁgg‘?‘{?%h%‘a&?%?ﬁ&ﬁ%ﬁ d’?sgggﬁr\ﬂ?sng %/o the invention
conprises a sour cehesk dawbecks omeke itnveqr tiffaltato cuger PYDI !mﬁn&b@y* for
Advant ageoushﬁtallfzmg)utﬁ?"dﬁr%ﬁgﬁ’fvlagQ)?ﬁ’ﬁgﬂ;q\ dé?@g%'t}‘ﬁ'e@dﬁﬁ)&%ﬁ)rn ket@ractgg ;@?tsacet at e

particul ar copper copper
preferably cpyieh ﬁ\?lfﬂaﬂéaCt@“ﬁan%V%Véﬁgﬁ ably copper sul fate pentahydrate.

According to a pagt ﬁh@&cﬁteﬁh@fe?@iseé Ippdssing reB@rnMRe droide 8k %#t@rrn%ﬁ%'t
Wi thint eI ec rod n corrp05|t|oR iin'a concentrat] on of bet 14

0s
and 120 PogPer rﬂﬂ 15’ t fleERicalg o5 n@nical\yapour depasitiep | Bt MeRl t s
have been obeleatrteiépmnﬁdm thpigaed tr@ﬁﬁnoh&lywsedf'dd hét saKe ¢t€p(§§°5|b@ﬂﬁﬁ’feet ons is

present in 0 tween 16

el ectr odepogtlhfsl %98'2%%55%95%#% Ve SE & 15 354 %83'?we’ﬁtqnb[ﬂ°yetdh@ FFSlSHYe ratio
bet ween coppwibsiraties aaddhey layd erasefoeariinsuitablebfet e pradusiiorant céhp@8 seed

15pr ef er abl y;a?@rgween 1.96 and 2. 00. In general, the

el ectrodeposition caonposition according to the invention has a pH of

bet ween 4. 6 and 75 facthiteaditionale cpRPeioEleaIrPdeposition chbswiie ndataebeen used

el ectr Odeposmtnccyau Qmsﬂhblt‘hi’o@(hcﬂéﬁ'b‘)%dpﬁnﬁ@ﬁ duPNRBDh %nwﬁf'e'?%ré\t/iéuwl y_of

copper ions andsq% ﬁhenedl m ne IH the portion r%ntl oned above.” 20The
pH of the cor¥6si \V ﬂﬁyef)r?g I‘V“&%r j“h@Pe%F' i6 H"ecﬁfCSP%?Fe?Hfaé%ed pH

Eﬁnge by neaadwtarx:rhmgabdltxf/w(f&mdanqﬁe orge PQEen(thOS’QO&dE@ZZ]r)J bed i n: Handb(r)]ok of
1 st P R, L

ev:nmt St L;t a? he el éédc"?’ rﬁggleeg%é%p%ghghgﬁf)@? ttl?egﬂ 66988%)8&8? né:agfc Wl?r&eg\f R@@HE i gn

i ncl uded-Scomlinationoy$RO07{ 4RSS, Soufillieg oy pogsiide gapmin thacsebdidayer of

25et hyl enedi @RicARes of the "thr‘%‘u&f‘\”i/faerﬂfﬂél oPh&rBET &% ephiP Bilik A & §ééd fe?)f'alr

conposi tion according t he”i nvention conprises, 1n aq
copper ions §'nSeetyHEBRMEI on of bet ween 16 and 64 rTM - et hyI enedi ani ne:

30- the nol ar ratino PeirareredetemboamesHt akfest@ibad dirt OPRREHHRE! BScUpsinteen

nonuniform seed layer of copper (thickness of the order of 200 nanometres) is

30 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.

35  Although no precise specifications seem to have been established concerning the
minimum thickness which the copper seed layers for through vias should have,



1.96 and 2.00; - the pH of the said conposition being between 6.6 and 7.5.
The el ectrodeposition conpositions accorgling to the invention may be

enpl oyed in a customary el ectrodeposition nmethod involving the surface of a
35substrate, such as in particular a barrier |ayer against copper diffusion
of a structure of the "through via" type, being brought in contact with an
9 el ectrodeposition conposition according to the invention and a step of
form ng a coating on the said surface of the substrate, during which the
said surface is polarized for sufficient tine to formthe said coating.

Sur pri si ngl ySOMHOR REaqhiee i W@@E@'@%ﬁ forpipdieseceppandenosisupt lsag f therorder s case

be obt ai ned of & fewheindiedisalt ranopkass rMﬁ@%Iyt INO8HdEO P AHidvieOR C@W% Rg to
t ho t he

the inventio ontrallin duri t he, e eposi t

condi ti ons ua%‘£¥° i c?%ergzi}/ éﬁ‘?ﬁreﬁélaéé’éﬂi é{? tBrSGE}BWﬁ‘l”Q of theAdaet with
the said el ecf vtasje‘ﬁmsevtar,cthe cfmmﬂnstldns@ies@rbledﬁn mcm’nentf wmmomrsmstala@
coating. fQipg;une en, ohs efve ossible to

obtain very i °'Hg Hhe*é'f%‘r‘]“lﬁ"e't”\/'\é‘ '”"L{ Ne ' ETOpper S‘é%'é(tv?’ﬁba %%ﬁ%%tﬁied by
el ectr odeposmaﬂom Al emeubdiratesehaying eesigfivittesi ofgthegordee of i fewe aeno obe
coated in coghrgfq wréhMbr*é%vé‘J &qntae%@m&md' ?%ﬁ&ﬁ%ﬁﬁﬁlét%?\sao%c% it O the

i nvention vmtho@ el ectric ol ari zati on, IS t i'frposi ng
an el ect ri caPoTrs E‘hladﬂ?vee Fes AhickBessas inaressRmYy Hor é*@ﬁ@éﬁ'ﬁ vias, @t teask

el ectrode orwith depositipetirhed eonipatibleakien FRiuskiacipoieRiohdf or this surface,

prior tqdhe elec deposition s venment in this adhesion
has been OI)bser ved %ﬁﬁgnpfﬁfﬁe{sgﬁym&gtS\P%fZOPZ/Q%E@{;tqleﬁ)rgg@gpsggncq?m@@txpgs kept in
contact wit haret@osheshiclodepest passibleconfloiatercamnedtf mes enarmlee viash td‘ﬂﬂi@f sion in

th | ectrod f f
exanpl 6 of t ﬁ?’?‘%'ra’é*d%%%%# e rcatlor b Serlborfh giof 3Rbmebd oo i on
st ep. Qﬁ%@t'ortsrﬂ%cﬁhﬁﬁrl@\t@ﬁr@ﬁ@r am dadkmmtonakesw possitd s@ progidcain| ess
the subst rat@ r@raavwec%ew tabert e RRpEd Shel aéfgr]gpe%ff&ﬁ‘ft ﬁgs@‘.éoh t&%?cgr a short

time aft forgptlogﬂ his barrier |ayer ase i n adhesi on by
about 50% ha¥°BEEh ObELiBgyBEEreRINRE fines @%@Pleét%f el VelgME, tim wighéhe by
el ect rodeposquesmm abtHeesmfdrhaty dinge dﬁa/clr@fddéé rfo@campl Rha8fhebRolirs thaer | ayer

dth d th d t | d
o ter for matten apbRiriahiferth 8, HREPSambles tREE DReDbr e kaent
i nvention, a2@/H¥I6380 canmdthedusad tfor thelpduation lofiyenfowhall copperdesdrayeesd as a
substrate hay EIGO@@?P%%E elﬂcﬁdfa?%g'tﬂgy ﬁécadttjaesuﬁgt?ét'enc%vg%pg aﬁtgr@ hich are

el ect rogﬁpom tion Ttonp t1on accor I'nvent

sever al ays‘n%{fff%‘?”tf”@lt?fﬁ”tsl Breugent 'ﬁéU%é@ reeessltigger . In this context,

it has been obserymerithak dohdiuénma/%ratnh@éjéétsomﬁé%ké%le{%t JnQerQRMB’}eg’cﬁv%’ good
o) i

adhesi on bett}qgen the co ayer pr.oduced el ectrodeposition and

the barrier %ﬁ@'tcﬁl PrOB "hG?”ﬁ%ttmEdQ @Qﬂ@'ﬂgeﬁh@é\d GFyI0stion 3smgh is

subj ect i ng t!htendeai dorbier inetallizay@r of ¢hrangtehRs! patbasine of threeir@ional the
t he el ectrode 05|t|on

di | tact t
Lo POl SELEAP D NPRRSIRAL | SRR DD SLBECEeCCpost ]
step. 25  cogpen ée&uhpenSsh)m@eytradﬂboelheu gec bedidg, rahye b JotedactoRsard/ed t hat
this treat ”W:crb?édﬁ@@%i excdl th o AifrQ é?orV%?%{ shrfE&%s\}vl%l? n%y hQ %t tgg] fully

correct the adhesion |oss uetoae| arrrer la so to
obtai n adhesPEHIM¥t t er than t hat obt ai ned by bringing the surface to be

coated in cont actIthé Bedh@isedverdd, %ﬁl@l@l%'fér'rr%&h@%@@%f‘théjﬁre@%%%rﬁg to the
i nvention WI t el e frlcal pol arlzatlon her or not this sur?ace has

experi enced & f‘?gf’os?' estotr?%oi‘f%%af%regﬁ”%'@teﬁﬂ”‘Eﬁﬂ§§<P%¢TE W'Eﬁ‘ Besidiofany | oss
of adhesSDon \meyt vepedfit heecoquieposittarat dongpokigiyes Hsedueeda Dreddely selected

el ect rOdeposrhltxﬂﬁg'oﬁegpeoepgnggg@e% IIg)@}(er when the | atter 10experi ences
ra

agei ng pol ari zation" step may be carried
out with a curr erﬁhudeﬁsfiqrghn@ftoaa firstagspeet). menﬁ\resmtzmvéruronemtpd; goadfn t he

8][ dg(r) gf +0. fecdEMBshion’ WmpbshtioMBininddl pafifSlarg Br bRingtX 2BRIGN lbne or der
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:



It has been found that the inprovenment in the adhesion of the seed |ayer 15
on the barrier |layer also makes it possijble to inprove the adhesion of the

"seed layer/filling layer or thick copper or thick layer" conbination, that
is to say the "operational” adhesion of the assenbly for which the seed
| ayer i s produced. Thi s adhesion may for exanpl e be eval uated by

"peeling" an adhesive tape bonded on the upper surface of the assenbly, for
exanple by using a test 20 or traction machi ne. The adhesi on thus neasured,
or interfacial ener expressed as J/nR2, characterizes overall both the
adhesi on of t%%é@%sl'%épn%@trﬁﬂ@ﬂ phbstveen 14yed 13AdMhe adhesion of the

t hi ck copper- émyenemgmm@g seed | ayer. There is in principle no
restriction op the ste re he substrate coated with the copper
seed | ayer af b MPIRE r@t@q Brﬁtﬁ"fe(?ﬂ %?ngfr?@%a% PRg.coprer| heing, BeyesR lo¥karded t hat
it is possibl®3; for exanple, to obt a| n a seed Iayer havi ng a conductivity
conpati blee W £h tihee tri*.[e%g.utdum WUH m of filli ng %l el ectrodeposition if
the coatéd surfdce is Kept unde e&‘ﬁ?erb%f’aﬁ" Zati on preferably for a
time of between 1Heigd emtrgéenmd@n !prleﬁeedablty rhean a methedokhibetragies i and 5

seconds af t eossibid %o [BUR §Ck e dehe s%?cﬁétéqg‘ﬁp%s détéwc 3P RN ”%g@?“ ons

Thus, according to. a first enbodi nen e el ectrodeposi

accor di ng t o“@hBYi IV WAICh dheviubstrase s iincatly |Dﬁ'aé!ﬁefélaédtbf@¢ﬁi‘rboelqonta¢t met hod

corn pri singwith a liquid contalmng pB&ruesdld Qﬂthe%idim@fﬁl!fc)br & %mé{ Ilié PShtigi ch the
Si s, .br ontact wwth an e ectrod position

sai d sur4f ceto € oatf]e

bath wi tiout >%efed Pare 58 aqpf’g'&qq& en En?ds Erleriasiaptricalbt congdugtives the at e f or
a time of atelecasiepdsitomist egrried but for exampl@ byt ®Rsiaf d elimeitbdtivees @qd | ng,
dur g, whi o oBtaAbSHIARE & Suhehe BikchBle g Ualskantyd LIE S0 form

the said coatin
surface i s riegBVEProrgancresali estingld@pdsi second blatthodehithe andde)sn atbiath  under

el ectrical pehnedihingli Blrce of precurd BF gier@)a{lﬁg ﬂwa’f gﬂ{l el @nb MLy iohdre

ei ect roq p05| tjion conpositions accordi na e enpl oyed
in an ellect rBd&SoGsEi YnaBetelig «BHps) andprtionally various @Qeﬁtsemtdmmng) whi ch

the said surifmpesvet thebsropetitedf ite Rogighbeihd feraitdaGhg (ﬂﬂ'ﬂ?ll@ﬂtf' indhedd) of

el ectrodeposclh a Q hout . el ctr cal, pol arization_for a very 10short
time of |ess %ﬁféﬁoﬁ i S'%‘?’ EY ellf ’PB@'E’ B ﬁla%pggsgnce of a referencefleciiogi ¢

pol ari zation" st &}y, cahventip, Mhenrrohhdemg dlestusl§sis eelis s tHeodurrant @ddeMdtéy @

cur e, Sensyi oo s PRLETE Aot D SRRl Bl oo
prefer al?rﬁy Heethedia uyest)asnt it isidenotesl withsa opsitive sigg wiercit fidves Bmithte sur f ace

is kept in td?@d@'oﬁﬂ%éél@&ﬂﬁﬁéﬁwlc@ﬂcxkﬂkQaM’Scﬁ@&HL ?)' ectrical polarization, for
a tine of betwee referabl etween 10 s and 1 mn;

- a step of for m 'ﬁgtr‘?ﬂ?&f)?'ﬁ@" Camppﬁaown?@wr@ A2 teahg iuertionemiay heol ari zed
for a suffi oarmﬂbyetdlfﬁeah‘pséqueﬁté beppalEng ke Atherdmalcif@its ahbeflizafi exit”

step, durin Ld surface IS renove romthe el ectrodeposition
batﬁ whi | e q%ewg%gtl TQ &%9 R %‘&IS”‘;SS'" &’tafiefgtl on. Thi spsecond
enbodi méht is parltihesl imehyshm\m‘ thati trmesdn(eom‘gz)esltlortshqmté Berpsigipglyr ahke Goat ed
with the barﬁdsﬁble't%y%tﬁahaé ngppé;rée%a S'E%hég‘?aanbﬁ‘%g&ﬂ@\?ﬁl n t tl%gt me prior

to the deposition Q er see ep of
f ormi ng t he @¥EHR GG @m@étt ol SPYvi Iﬂﬂmﬂnﬂw ther miostdcrisical famesaarsiBvérci ent

time to forrwﬁdmethde,ﬁruét@ﬂe B&Pd h@;a foFHi“fa%téH @?pé%?yqti&%gqﬁmrtﬁér?% 805! by by the

per son skill rt ovvt h el n unétion of the
char ge whi clf ?Q“get‘jl?gelotatﬁl 15n “? ﬁtﬂ\@& lgraeoyia vRkimg @ftqnﬁ OetlO'ctor7'é@t passed
t hr ough36he mm%.ciﬁhésedcrrmmnttdﬂg dtepasidforenpdricaBy (Cbaipadia’ with a8k -or3tHen
general , ther‘ncﬁjs?r%tl gé)aqlgpom tion step will be carried out at room

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



t enper at ur e. During the step of form ng the coating, the surface to
be coated may be pol arized cathodically,g either in gal vanostatic node
(fixed inposed current) or in potentiostatic node (inposed and fixed
potential, optionally with respect to a 35reference el ectrode), or
alternatively in pulsed (current or voltage) node. In general, it has been
observed that a particularly satisfactory coating 12 can be obtai ned by
pol ari zation in pul sed node, preferably so as to i npose square current
waves. I n eral, this step may be carried out by inposing square
current wave@r@ﬂﬁjg‘gg}%%‘i'?ﬁﬁlvﬁé the advemmacieuet Bgtsopsion gufficieaths and soas r ange
of from -0. 6netriAleefiate With tHdelad sEBositiB)Cit AN bickarbBiy Ibe idtem -1 mA cnR to -5
mA cn2, and a m njmum cgmjvent [ om0 mdVcn2 to

Qterdunl..arealn.arar(l)gg of f% ] Y
_5 mV e, pref er AbPY D mic Rigtrodeposition sprppsitien agGoRding to the iNYSNERR zat i on
time at naxi camprises eeotrcasy coepdnédnsepnpatidlarkupndichs @useconds, preferably
between @& 1 and OA(jB\aa.S.%Q%BQs:--f%re élr;%:‘ceeéfiggl"erOf"‘t he_order of. 0.35_second,
whil e the pol arization e at i i um ¢ rpreer{?”brrﬁya bePBEt WEer'?. 303 and
1. 6 seconds, PHfielar gepgerbeuliaen copperastiodds sepmeard nitfate, esprepl ecasétet he
order of 0.2 T. [ out durin
Srefe@88dopper sulfate, TAR HHF@&%fe‘?éblfYﬁPScﬁ g%lgatt?%ﬁt%&gqrﬁ@g 9

the step dependsﬁ&m the desired thickness o . eneral, the
person skilled i REING {0 dpprticlas chafagiatigicntheecoprer iIRDsBeE preésensywithis t o be
carried out, theieletrotibedsitidndemjobiioR ireh @bedhtratiort eNBthvieen 34 rggatlizgrpﬁqhabove

and "'%traﬁr%%r%@végt@{#égg%rﬁ[ﬁﬁﬁ?Od' ments it has been observed that the

depositi'on rate second. This enbodi nent of the

i nventi on has nmadexcelenpoesiltd bave beeodebtainedppiet cB3Mposigets irayeich hisvi ng a
t hi ckness of . petaen ; [ resistive sub at.es of
structures osfd&{%e tﬁg%dgﬁg @:bgqsle{\ gge%)@?fﬁs%s%é‘eﬁeﬁ?%} laié'ﬁg%fm&hi ch may
be as nuch as 1000 bR eiacEgdenasitioscompesitiere aetoadingrtg thehinwdrsiguathe. molar

Accor di ng 't Oraflo SIEgtieh ABBBEH iorisN EndP " RMAGeckdMRDiE WLrhELAI 1SR ! hRguse of
n_conposi tions described above for coating a batrier

t he el eqtr odeposi t i

| ayer Zéts aﬁgﬁ?blﬁgﬁ%ﬁ”&i'?qw &R00f a structure of the "through via"

tU yge, ![ R t he fab[ﬁnc?érieﬁm, te él?ttﬁddé@ﬂﬂﬁ@i %on’fw@bsiﬂidht l@@:(ﬁj)?di@gj t&iti;if]maiefﬁtion iy
nder is e resept. in ion also jncludes a nethod for coating

a surface ofaﬁag gﬁ%f’?%@ﬁ'}'e%‘ugﬁ a@(%-p hig jvalieals '?‘?{H‘aﬁﬂrrf’%@édowh%{‘ B rier

| ayer agai nstledtmgppositiiinf arspasitioof acaorsiimguint thednwdntibheohsists @ngyhofviadpet Y pe,

which 30 c j rh 91 t; i | ct with an

el ect ro%eépog?ﬁ %r?]cﬁétg Iegé;(lg%'ﬁg‘r? 'QE“%@%?@P?@@%%HQ@“Q%@R%' step during which

the sai d¢Ysurface The il aPli Zbg fcompasitiart f mey emptienalfe be fadjusiedhen s diad

coating aforReRPEghepH FaRgd BY nhdank & LharR ek 'a§tdﬁ%’ofttﬁ§seb@§srch§éq ! a%/er

ma a

agai nst copper,, di ffusion conprises _at |east one of the terials sel ected
from tant al ("%é’fjgoé‘s?&fr}ﬂi‘?% ?ﬂ‘isfbyslcém%‘}tﬁﬁpﬁ'iof‘r add Rraide, CRE Prassum
nitride (TINp,thelavgst erat (tWg eldctrogepasitioni édmmsdstion Taddbrdaitdtd wROFheRdH tri de
or carbi de (im é]o%w ounds gyhlrs r(]:oatilwng nmet hod . s ﬁartl,cul arlgTa seful for
the production of a cchHeg s8UE | NAY Waviwg s tHi GRRRYs QRS AP %e of
the ord@p ofetBgemadianoné. pm preferably from 100 nmto 3 pm for exanple of
the order of 300 A a [ I 0S r. dif fusion
as defined above inreug%g?* g:te %F%Eo% IPetcl(fg(fg)adé?)to '?éﬁgﬁm\ﬁgﬁbﬂ y;g)cec%%'?ge to %hlane
present i nveRY&NEAN wPMPrisRSwWINpRAUEPHTISAvtianed by the fol | owi ng nonlim ting

exanpl es, in whi cheobpér i6RSTPOSEdricenFatRFCAT IS 5 bitesd peNtion are used to
deposit a copper sq%ﬁg?waer_ on through vies coated wth a barrier |ayer

agai nst copper dif MA®se exanpl es may be enployed particularly in
the fabBlcation 1Otk wofpestio feeweametienstioticiass copperi PR RNEEN

Circuits. 496 and2.00;
- 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




EXAMPLE 1: Preparation of a copper seed | ayer on a tantalum based barrier
layer with the aid of a conposition acceyding to the invention based on a
m xture of copper and et hyl enedi ami ne. 15A. Material and eaui prment
Substrat e: The substrate used in this exanple consists of a silicon
wafer with a dianmeter of 200 mm and a thickness of 750 pm etched with
cylindrical patterns of the "through via" type with depth 25 pm and
dianeter 5 pm 20These patterns are covered with a silicon dioxide |ayer
having a thickness of 400 nm itself coated with a tantal umbased |ayer
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25t hr ough vibggrier layer.  The el ect r odeposi t| on net hod errpl oyed in this
exanpl e includes thhfiefsebpo¥t B FicblRriBMntoANS &EHILEME SLERSWIth 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



Step 1: "Cold entry" This step may be divided into two sub-steps: 301. 1.
The 'af orementi oned substrate is introduggd into the electrolytic deposition
cell so that the face having the Ta/ TaN Ta barrier |ayer comes in contact
with the electrical contacting device, the latter not yet being

el ectrically supplied. 1.2. The assenbly formed by the electrica
contacting devi ce and the 35substrate, which will be referred to bel ow as
the "cathodic assenbly" is brought in contact with the el ectrodeposition
solution, for exanple béﬁlnner5|on This 15 contact, the duration of which
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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;



16 while flushing with nitrogen. The rotation is then stopped in
order to allow the coated and dried subgjrate to be renoved. In this
exanpl e, the exit step, and in particular the renmoval of the cathodic
assenbly fromthe el ectrodeposition solution, was carried out under voltage
polarization at the same |evel as during the step of formng the deposit.

C. Results obtained By applying the experinmental protocol explained
above, a copper layer with a thickness of 300 nm was obtained. 10The

measurements and characterizations carried out on this layer (300 nm are
presented i n ExanpP &¥P1¥ fogning the coativappuingwhich dpesaid isurfacsf is@oleoipger  seed
layer on a tfonlaauftidn@siam tolfamt tey sdidy&ftingl th the aid of a conposition

according to the inventjon, 15 based on a m xture of copper and _ _
et hyl enegi amne. ~@ SO'Cahecgyh p?ff’tyiﬁﬁP't %'r@xwg'rchﬁgﬁtsé!d PYIEACBCIBI re@Rpedii ned i n
Exanpl e 1, afrempbeelestredefoalyion battt White it I stiknedsr €bctBEH) pomyiy@mnpr epared with
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Exanpl es 18 ¢gnpiiing: EXAMPLE 3: Preparation of a copper seed |ayer on a
tantal um based barrier |ayer with the aid of a conposition according to the
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agei ng of t i . The experimental protocol used here is
s?ri c?l idﬁfﬁ?&?éﬂﬁeﬁﬁ?@gfandl%?, 1, the formation of the copper seed

| ayer bdPng carr i'e@js‘@laiduéité%whﬁqﬁxégg S?ﬁéﬁrfic%iﬁa@?t afthe elecspdendsision dkth he
barrier |ayewithddt 2lectaat pelatizationf f@ra 88RI ob&ivebh® DaRA isehid, B¥&erably
between 10 s and 1 min;

- a step of forming the coating, during which the said surface is polarized
for a sufficient time to form the said coating;

20 - a so-called "hot exit" step, during which the said surface is removed
from the electrodeposition bath while it is still under electrical polarization.

This second embodiment is particularly useful in the event that the
substrate coated with the barrier 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 easily 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 pulsed (current or voltage) mode.

In general, it has been observed that a particularly satisfactory coating



The experinental protocol used here is identical to that of Exanple 1,
except that the formation of the copperl%eed | ayer is carried out several
days after the formation of the barrier layer. 10B.3. Anodic polarization
after ageing of the barrier layer A substrate coated with a barrier |ayer
was used here which had experienced the sane ageing as the substrate used
in protocol B.2. above. The el ectrodeposition nethod enpl oyed for
the formati on of the copper seed |layer involves contacting the |ayer to be
coat ed under anodi ¢ pol ari zation. 15This el ectrodeposition nethod includes
the fol | owi n@mpﬁff&tgﬂ% d byneleizetion iBtfsed wpde prefarablyysoupside impost c

pol ari zat i onsquare currentv@ies 2 |IIustrat es the protocol of entry under
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D ee ot vt noce SR NENE e BASR L Rbs el OBl S bR
obt ai nedl 'Secd laygys b@m@ﬁr{blct(mﬁasse)fﬁ@twmﬁalnnpaod dcoh @xbighiynesistzove, a
copper | ayersupbtidtedof sthickites ot Ble "“BHBuPN4EE ROHR RRGet resistance” of which
may be as much as 1000 ohms/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
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),
35 titanium (Ti), tantalum nitride (TaN), titanium nitride (TiN), tungsten (W),
tungsten titanate (TiW) and tungsten nitride or carbide (WCN).



The neasurenents and characterizations carried out after deposition of the
seed layer (300 nn) are presented in Exagples 18 to 20. 15 EXAMPLE 4:
Preparation of a copper seed | ayer on structures of the "through via" type
covered with a barrier layer of titaniumnitride with the aid of a
conposition according to the invention based on a m xture of copper and

et hyl enedi am ne. 20A. Material and equi pnent Substrate: The
substrate used in this exanple consists of a silicon wafer with a di aneter
of 200 mm and a th| ckness of 750 pm etched with cylindrical patterns of
the "through via" Thisseating meghast is Pﬂﬁ’%‘}ﬁﬂdn@em' derether pradyition 28 Ehesppepat t er ns
are covered metdhl I'Shé\hi‘i‘g)'% mic%éé%e\/vhx@b(%aWBé'd?&hé otraérCBmS@%n?fm%O mnm
itself coated |tan| mnitride TIN deposited by
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3. In each cmer alfmgbﬁeThésé)éﬁémWeE%a’!}/ B@éfﬁbuﬂ?éépéﬁnc@% heashiRitigh ned. C

Resul ts t ai ment s characterizations carried out
on this aye?fn%?rpger 'PE%%W&% ?tﬂ‘“%(g?r% &teg_@?qdocurfgxts ‘EXAMPLE 5: Preparation of
a copper seed layer on a barrier layer of titaniumnitride with the aid of

a conposition accpyp rd on, o mxture of tafiOpPer and

e il

ltoathk anet er

of 200 m“anﬂw%ni:ﬂn%&ﬁso%fa Bl fea b GhbpRal PaL Lo e of
the "through via e W 15These

patter nslq-‘uare coveﬁeé—iﬁm—@ﬂbﬁ-ﬂ!&ﬂ_ﬂﬁ oxi de | ayer having a thickness of 400
nm itself coatedsystlited 50 nm | ayer of t| taniumnitride deposited by ALD
(atomc layer de S|t|on he titanium nltrl(ile constitutes a

barrier against c epé?“(ﬁ g yspddn §U'§he@§"%é8”§'ﬁss‘¥§ 23lF #r oligre vi a”
structures idiamkterfoal200 carhiamd athickmesgofal ¥umej eahed wch@Erhcﬁfﬂ:‘ar pstepAsi tion

solutron:  Inaohiblgi\Ho G el SSRRPAR bpE R 10 11t of
t hat of 26, anpl e 1These patterns are covered with a silicon dioxide Iayer having a thickness
of 400 nm, itself coated with a tantalum-based layer which is deposited by PVD
(physical vapour deposition) and is divided into three sub-layers: tantalum (80
nm), tantalum nitride (15 nm) and tantalum again (10 nm).
This Ta/TaN/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 mi/l (or 32 mM) of ethylenediamine and 4 g/I (or 16 mM)
of CuSQ4(H,0)s.

The characteristics of the solution are given in Table 1.

35 Equipment:
This example used electrolytic deposition equipment representative of



B. Experinental protocol 25The experimental protocol used in this exanple
is identical to that of Exanple 1. C. Regults obtained . By applying
the experinental protocol explained above, a copper layer with a thickness
of 300 nm was obtained. 30The nmeasurements and characterizations carried
out after deposition of the seed |ayer (300 nm) are presented in Exanples
18 to 20. EXAMPLE 6: Preparation of a copper seed |layer on a barrier |ayer
of titaniumnitride with the aid of a conposition according to the 35

i nvention ba%Fd on m xture of copper and ethyl enediamne. A Material
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covered wi t hTHis Bigelricalr cansagsing sievice isaaenanallyi efrardenmwilarishape and allows the
substrate to be supplied at a plurality of contact points arranged regularly on it.

15 It also has a device for supporting 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




25 the aid of a conposition according to the invention based on a m xture
of copper and ethylenediamne. A. Mtefsal and equi pnent Substrate:
The substrate used in this exanple is identical to the substrate used in
30Exanpl e 1. El ectrodeposition solution: The el ectrodeposition
solution used in this exanple is identical to that of Exanple 3. Equi pnent:
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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 module in order to undergo rinsing with deionized water.

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



30C. Results obtained By applying the experinental protocol

expl ai ned above, a copper layer with a §§i ckness of 300 nm was obt ai ned.
The neasurenents and characterizations carried out after deposition of the
seed layer (300 nm are presented in Exanples 18 to 20. 35 22 "through
via" type covered with a barrier laver of titaniumwth the aid of a
conposition according to the invention based on a m xture of copper and
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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 the
electrodeposition solutions according to the invention, the characteristics of
which are given in Table 1.

20 The measurements and characterizations carried out on this layer (300

nm) are presented in Examples 18 to 20.

EXAMPLE 3: Preparation of a copper seed layer on a tantalum-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.

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

B. Experimental protocol



35These patterns are covered with a silicon dioxide |layer having a
thi ckness of 400 nm itself coated withia 0.3 pmlayer of titanium
deposited by PVD 23 (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.

El ectrodeposition solution: The solution used in this exanple is identical
to that of Exanple 1. Equipnent: The equi pnent used in this exanple is
identical to that_of Exanple 1. B. Experinental protocol The
experimental prot BRGISeHERef PREMPRIS¢iAPFed.i s i dentical to that of

10E;<arm: e 1. |C. RB 3l dold @Ati Without agein Bthi’é)Bbbﬁé}Qa Eﬁseéfegbgezhal/vas

rot ocol expl ai ned above,
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according t Oe&ﬂ@ﬁcred(tHMSame ageing as the substrate used in protocol B.2. above.

The electrodeposition method employed for the formation of the copper

seed layer involves contacting the layer to be coated under anodic polarization.
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 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).

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



Et hyl enedi amine (mMV) pH Exanple 1 16 32 7.2 Exanple 2 40 80 7.2 Exanple 3
64 128 7.2 Exanple 4 64 128 7.2 Exanple(§ 16 32 7.2 Exanple 6 16 32 7.2

second and 5 minutes (1 minute in the example).

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

Step 3: "Hot exit"

This step is identical to the corresponding step of Exampie 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. Results obtained

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

(O]

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 um.

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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Conpar ative Exanple 10 128 256 7.2 Conpggative Exanple 11 12 24 7.2
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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 Exampies 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 um and diameter 75 um.

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.

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
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




4 8 7.2 Conparative Exanple 14 16 23.8 6.3 Conparative Exanple 15 16 35.2
10. 6 Conparative Exanple 16 16 40 11 Copparative Exanple 17 16 46.2 11.1
EXAMPLE 18: Characterization of the resistivity of the seed |ayer obtained
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of 400 nm, ;tself 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 deposition 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
"through via" type 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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between 2 ms and 1.6 s (0.25 s in the example) while imposing a current per

unit area generally lying between +0.2 mA/cm?® and +5 mA/cm? (+1.11 mA/cm?

20 in the example) and an optional resting time without polarization Toe of between
Osand 1s (0.3 sin 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




Copper seed | ayer obtained according to Coverage (0/0) Conformty (0/0)
Exanple 1 100 80-100 Exanple 2 100 70- 9@% Exanpl e 3 (protocol Bl) 100 70-90
Exanpl e 3 (protocol B3) 100 80-100 Exanple 4 (protocol B3) 100 40-60
Exanple 5 100 30-40 Exanple 6 100 30-50 Exanple 7 100

“through via" type covered with a barrier layer of titanium with the aid
of a_composition according to the invention based on _a mixture of
copper and ethylenediamine.

A. Material and equipment

e~
2Ubstrdle.

Ul

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 solution:

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 um, etched with cylindrical patterns
of the "through via" type with depth 60 um and diameter 30 um.

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



80-100 26 Exanple 8 (protocol B3) 100 50-70 Exanple 9 100 40-60
Conparative Exanple 10 45 Conparative fanple 11 90 - Conparative Exanple
12 85 - Conparative Exanple 13 60 - Conparative Exanple 14 95 - Conparative
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:
The soiution used in this exampie is identicai to that of Exampie 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. 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
15  the seed layer (300 nm) are presented in Examples 18 to 20.

(9]

COMPARATIVE EXAMPLES 10 to 17: Preparation of a copper seed layer

on a tantalum-based barrier layer with the aid of a composition

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.

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

30
Electrodeposition I
solution prepared C(‘:E&‘;r Ethyle(l:]: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
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accordi n% t 0based on a mixture of copper and ethylenediamine.

A. Material and equipment
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
cbtained 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 difficuit zone

[0y

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 um above. A percentage of 100%
10 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
15 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.
20 C. Results 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
25  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.

Copper seed layer o “ro
obtained according to 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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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
(Examples 1 to 9) lead to a 100% coverage factor of the substrate and a
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
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 below collates the results obtained in Examples 1 to 17 above.
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Table 3: Adhesion

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

of the copper seed layers obtained according to Examples 1

the substrate provided with its barrier layer has experienced ageing over time.
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Tabl e 3: Adhesion of the copper seed | aygrs obtained according to Exanpl es
1 5to 17. The results given in Table 3 above show that the

conposi tions according to the present invention |ead to copper seed |ayers
havi ng good adhesion, which is conpatible with industrial application.
This table al so shows the advantage, from an industrial viewpoint, of the

10anodi ¢ pol ari zation protocol which will advantageously be used in the
event that the substrate provided with its barrier |ayer has experienced
ageing over tinme. 28 CLAIMS 1CLAAMS ¢ rodeposi ti on conposition

I ntended particularly for coating a senisonductor substratedintprderfto
e Cmens e T el RS rhRBT SRl A DAY §

semiconductor substrate in order to fabricate structures of the "through via" type

5 for the production of interconnects in integrated circuits, characterized in that it

comprises, in solution in a solvent:

- copper ions in a concentration of between 14 and 120 mM;

- ethylenediamine;

- the molar ratio between ethylenediamine and copper being between 1.80 and

10 2.03;

- the pH of the said composition being between 6.6 and 7.5.

2. Composition according to Claim 1, characterized in that the
concentration of copper ions is between 16 and 64 mM.

3. Composition according to Claim 1 or 2, characterized in that

15  aforementioned copper ions are cupric ions preferably originating from copper
sulfate.

4. Composition according to one of Claims 1 to 3, characterized in that
the molar ratio between ethylenediamine and copper ions is between 1.96 and
2.00.

20 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
25  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

30 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

35  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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a barrier |ayer against copper diffusion of a structure of the "through
via" type particularly for the production of interconnects in integrated
circuits, which conprises bringing the said surface in contact with an

el ectrodeposition 35conposition according to one of Clains 1 to 6 and a
step during which the said surface is polarized for a sufficient tine to
formthe said coating. 29 9. Coating nethod according to Cl aim8,
characterized in that the surface form ng a barrier agai nst copper

di ffusion conprises at |east one of the materials selected fromtantal um
(Ta), titanium (Ti), tantalumnitride (TaN), titaniumnitride (TiN),
tungsten (W, tungsten titanate (TiW and tungsten nitride or 5 10.
Coating nmethod according to Caim9, characterized in that the surface
formng a barrier against copper diffusion consists of a tantalum tantalum
nitride/tantalumtrilayer or a tantalumnitride/tantal um bilayer or a
titaniumnitride | ayer.



