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WO 2009/ 092706PCT/ EP2009/ 050589 El ectrol ess deposition
of barrier layers Description 5The present invention

wo edoanesod 0 a sol ution for the el ectrol ess depPSI/EPIING/050589

of barrier Iayers The present invention further

E gﬁes B ogﬁss for t he deposition of barrier

%)(f plgss ‘?Poﬁg' POLRREPT 13Y$8 present invention rel ates

to a solution and a process by nmeans of which the
basdrip@on | ayers can be deposited wi thout prior

activation of the netal surface. 10 Increasing wring
density and speed requirenents for mcroel ectronic
%ﬁl@q@rhttlqu%qé relates, Ej)n@ sQlgiian foath@%@lqsg depgesition of barrier
lagemsr Tonpestrst indentiog funtterelzés foraopnocessvfenthe aeabsition of barrier

%lyé’r@ ﬂtﬁgrﬁ(ﬁlialrot}ﬁé)prés%nplﬂf?@rﬁﬁ)n (rQéaes tJ Q%ol‘dﬁ@n Qr‘;d Q%RR;%ES by means
peh BRI e o 05 deinsited Wb e afiot S13vattg 4 fhe wetal

orfdcag density. 15 However, the use of Cu as wring
material requires, due to its hi gh diffusion activity

k%reagﬁgwgﬁé a%ﬁy %ﬁa Eb§ %2‘199\9 Ferﬁé}ﬁyt)o?trﬁ &gelg@&(ﬁ# é%rﬁponents have

Efoﬂﬂﬁfsqb@Ht %8??09&'@ tf&?r'@telﬁé‘ae% &@f%@‘ﬁ”@'ﬁ@wwem'%@'
tlampmuot dibyd) he coprsu(@b)i Tige 0Bd eff dcopberatakiesascdoontdif tige desire for an
ﬁ"n@?e%%m@ %tﬁﬁ%@lsiaﬂéé‘ b\al%b ‘Prﬂetlcabfﬁéctsal%gul%é 0% thl@W’?rr ing ddhshY.

he sane he |g cyc e requenC|es urlng
operatlon Of these conponents necessitate an i ncrease
Haweyer, haruseof Cdesyiitngmatgnpoleadizas, destd its high difftision attivity in
ﬁ@@@b@ﬁét@«b.l@fon bﬁnﬁlllﬁtﬁfgfmﬁteﬁé]QQéJQISIOzﬁ&feaiée&if diffusfoR®arriers.

%ééen(ﬂffus-,- t?a{rﬁ ?(%Tﬁgegﬁur}d\%e%ﬂhfhg CfLFJV‘?l% déjwto?%c?ﬁ]e |n%ulat|ng
r@b%@femr@mme@hb@twss@ WU@@PW@(?WO& Wiging layer.

performance. A standard process for producing

Apme%mw R 1GOMBR RN feforkhRE obR 65&9%&%%% cdﬂ%o%ents

uctures SucC as | n nne Vi as are
DR 5 R g GBS B wﬁvﬂ PrreuR ptiHal separation
prtbe elestiic candudiornalgtialnin therwirieg.clhiighgmooeass.eshienig referred to
3@@@@&@@@%@.@&1 eBhdg/tofHigH RfurdideRsiserahe cémﬁmm@ Raihcgbatly

|r§|?r5é1rgpe(r@fﬁ%q¢1s used for planarizing the wiring

CHRURE T e nmetal layers of Co and Ni or Co and
Ni alloys are deposited on copper interconnects and
Aatarelasbproedssi fer prodyeng cdpper-ivired dofmporsendisdfie Dappecene
%E%daqb@ mer@ruvauq)gs AERBrcomhERE afd Giad WR PBLMRASH the

h § ition on I
@5@@&%8'2% o 5 e g%@gggggd gykﬁggggrgtr%%ptc ing processes and
w@twbsemilbhllewlﬁmquat édhempnresharcalfoolistlinga@Mm) is used for
ﬁ|@ﬁérﬁ|nq)mfawmq§§'tﬁjcdﬁ(§@sﬂl on process. The subsequent
el ectrol ess nickel deposition process is usually
carried out at tenperatures above about 50C.

o BIstRd &qyRrs & Gosangsiiprd< andiNicallnys agetaposiiis oeopper
méposinecirandfsenet &l barderdayers o traeudiffudidrhoftdopper ioto adjoining SiO;
g&ﬂsV@ﬁére BrOfwd rh@th%@&ﬂﬂheséiéétﬁﬂ@ss d&b&tuééoﬁ&&ﬁd‘e\‘ed by
e use of am noboranes (DMAB) as reduci ng agents. The
tenperatures in this nmethod are from about 80C to 90C
and therefore significantly higher than in deposition
using Pd activation. 10The latter process gives better
guality barrier |ayers since palladiumhas an adverse
effect on the electrical properties of the
sem conduct or conponents but has hitherto had sone
process engi neering di sadvant ages. Tenperature
fluctuations have a direct influence on the deposition
rate and the starting 15behavi or of the deposition
process. A uniformlayer thickness over the entire
waf er can therefore be achieved only if the
tenperature is kept exactly constantly. At high
tenperatures in a plant, this is difficult and can be
achieved only with a large outlay. Particularly in the
case of tank pI ants |n \Nhl ch the process chanber has

o o o o Y e
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25 US 2003/ 0113576 Al describes the electrol ess
deposition of binary, ternary or quaternary |ayers

wa@eowpndsag ni ckel or cobalt, e.g. N B, N BP, MTER009/050589

Ni CrBP, N MbB, N MoBP, N WP, pi WBP, Ni M\B, Ni WhBP,

| Tc Ni TcBP S ti,ons f
8] cclhePumper misilanion ashiais o mboRnoGe pp PRty heforghe
agengdepagition pBMS%tTrWI salhisem@ot elpetraiers el epaendsitien ipprcgae is
bei ngsummptadBedues t@hpsraiaéd Mve adBUt 50°CEHPPShHoeshiRiiBdsed as
agen,lt 5&88 ﬁgmhypophosphl te. WD 2004/099466 A2
di scl0ses?fHe deposition of ternary |ayers
Bhr t Teaiferostions’ Mefa! Fotmiqs @ withevl Rrief ?Wah%PfethetCH%per
coppsurfazar This & dchicvee ay b wdet df aanimahtuariesd DY) tas sediting

ﬁggga%)ﬁ?@ ﬁ*ﬂ@st@rhbér%t&éesvlg{fhg Wﬁ&f‘ﬁetf%ﬁggﬁf@gtr)? to 90°C and
GupoReRER sidicab WS s blabary rsehpy petvaton.
abovenentioned prior art, it is an object of the

Phée BEBE pﬂoBé@rgl\I/é%rbétt@r QU Skerier 19@rsikined paindiin RAOEE S8verse

gﬁécé%ﬁﬁwe?&@&ﬂ&él g ddb es%?'ﬂ{é gé’mllxﬁ'fqﬁj t%{ cgmt)rﬁrtbn‘fsagutm%s hitherto

B4 $/BE PEITeSHeRdineaHies @@Fé%”ttagﬁs t he present invention
|s to avoid a separate reduction step before the

érlatuﬁig ﬂQ&héﬂoﬁ%Q hav&@&%@&%fﬂ%ﬁf&@ﬁ% d%%%@@% PROIRA R starting

I S 0 chi eve Yy
i o1 B dspOnlon pEpoTsa ot Logh et BIckach iR e e yarer oan
tt@rqiqanest@sachlecyedrpolumfdbe tfmpenatued ie kept exanilckasistaatiy At high
Rl pdesianRe i a plant, tiaik id @RislIt MEcdr b6 bcHi@@dONOwigDE Rrge outlay.

Egrlt Sﬁltaﬁgm the %?en@tqgnksﬁgﬁtg ﬂfwM.oﬁﬂ%’e 5r8£é§sﬁh¥1m%? Léscto t%e opened

rane
{on aadinoédthspwvater ohtempsraiungidre ofratont 80 g) t?besl@aCW@H” a few
sdvondolf ttia mc@ssombdemgadtaj atstartingnteenderatore f 858@d0°C.Hensuring a
sﬁ.%%rt&lnsér%w@ ROsiI thb %rgfmsd?fanﬂ-gm.mc% tHeAY e P tHehr&e
carried out at considerably [ower tenperatures. These

are easier to control, nore econom cal to maintain and
H&VA0GR, pissdascrilkesethe eleposbtiortoféax@pmcanwriﬁs'gﬂg Nivamg Bbyvith He aid of
dieRagjidrhinbodrabdedMAB).f i rst reduci ng agent, use i's made

of a secondary or tertiary cyclic am noborane, wth
153econda@%7 am nobor anes bei n%g preferred. The cyclic

HRi 209801 43S RhAessabeatgreiedgless deaesiticat & dingry, térary or
quatertiryclayevs thmphigng aicke| ar ecbaitye o N, NiBR, MiSrB.gNiCrBP, NiMoB,

Rﬂ\ﬂ’é@f NP, ﬁWBﬁ%’RM{INh%Qﬁh'M?\;B:PgQﬁ%%S N‘?ﬁBFthRéB)Gb’IQJRe‘BPO‘The

tero cli ranes

L e it ap s B HMAS 28 B P RO e o
d@ttwmlmbqwot matpholinsatvarame being l‘r@nb@rn&maéoammatlves and a
%doh@@@dhcur%;f‘@ t &ich d3thybupridsphitdret er oat oms present in
the ring or the purposes of the present i nvention,
het erocyclic nmeans that at |east one furt
W& 89%5%6514?‘2&‘8%9'%6@ ANq @erasiiop of Nyl L?rYGrSnirt RSt far WP,
pitiese ption activiten: Heg, tHer afpper sudfalce ietraxdédwith aredudrayragent such
g« ﬁ\?ﬂﬁpﬁos&lnte%r ‘ahlr%bo}’!n%hﬁllé?erélglﬁ B pcﬁﬂﬁ%ﬁﬂlﬂau&t‘ dl8afed temperature

fs @ rérgJ i'socycl'c am nobor anes are
B@r(i"?ﬂoﬁ S RV IER pyrrol i di ne-borane. 25Exanpl es of

saturated heterocyclic am noboranes are
Pfd@@é@ remins @B@\/%ﬂll@l%%r artiit %adrpy\%ge@@f HeSresent invention to
% H%n?%r&gg qgr th dgﬁ] |t%|_<§ Wlayg?gawmcﬁ%ag be used

Vﬁﬂ@ﬁ%‘éeﬁ‘é%ﬁﬁée @BtPBNB}%a@H’Eﬂ' aﬂ')ﬁ?t@ﬁl Aﬁéﬁ‘tﬁ" ghigct of the present
Go&RNBHBto B0 2bararatd radaatiob eteprieforaties satal dapesition.

het erocyclic am ne-boranes. Particular preference is

gi ven to norpholine-borane since it is relatively

stable and has a low toxicity and al so gives a

particul arly uniform deposit.
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In a preferred enbodi nent, the solution conprises at
| east one second reducing agent. 35 As second reduci ng

w@e®nn927dd i s possible to use a further PCT/EP2009/050589

bor on- conpri si ng redu0|ng agept or a boron-free, other
e. agent . Exa f the second. redu s agen

558 SPisPlin@PRRiec 558 FaHES: B scrBr i e drirge o eta

swiages nhiglyeomorrisgad hydrazi nes, w t hout being

¥ esgdmpduads bhme%teanerd&ﬁxmh@wﬂybdammobor anes are

di nﬁtl%gt 85@ ﬂ%ﬁ%ﬁjﬁ@ﬁ g%@@elecgéd cm( %%%Qgg&fr‘%g@ 4W%ry cyclic

anes urt
et hRMBARYAEPS md bor ane H2NCH2CH2NH2BH3,
et hytllerst dhaoompleking bgertne H2NCH2CH2NH2( BH3) 2,
bl S5 nad EHAORRORIPTGARCTI EP2009/ 050589 4
bor ane H3 and net hoxyet hyl am ne- bor ane
HBCON(CZHS)ZBHB Exanpl es of phosphorus-conpri si ng
g dhensplaliperaosorsing tpitiossinkention inosadl, tre elegtrolessigepesifion of the

§@’nbﬁla?érs RhA BB thiicd cathitkonkierdoff loR¥REERIperat@EETHedBare easier
E)gé;)ﬂ)rﬂf Pn%trg gcon%'nﬁ@él to r%gﬂa% arq{ h?ﬁé‘gh{)glﬁ/eeéfe%pomte%peratmg

ota
r%éh%ﬁpé’ﬁ't'e'épé'ihém phosphl nate or transition netal
phosphi nates such as ni ckel phosphinate, and m xtures

AQ%FS@PJdUClﬁZ}%@theﬁ ok nl?ay (?fza' §é%oﬁ epfé%rgﬁfoll amlnoborane with

Zl ne azl ne Zl ne
G o ey e o R Pl e TR e %m'r\ﬁ%ar@g% fi be saturated,
digajeratedror aranakic, wyidtf@zaawa@dwrdn@mfmﬁsmlrwmeferred The cyclic
BinoBaiahes ta bé ’beycliPohRétefytdeiRz Witie tHeOidirogy o BRMsbeRanes

S%ﬁ% qﬁ& déy %ﬂ {91%&%1 )ﬁd)(lleggf thg?&q{%ﬁpmegﬁ%ﬂel’socyghc means that, apart

on.t E@’ﬁ?’rt’waﬁ’ aioRen. therR @ DA urngr Petergaéoms present in the ring.
Eor2he ipmeiobys biyttle ardseat indentiby dreeronytie neens shat Bibleast one further
ﬁ&tbfbatd?m |tfb‘ﬁ96"tr1?é°%6fbh %o&’?d Htrogem.x%&%hm%@ﬂﬁ@Ipref\l;ﬁed

e carb a2| ua
i aw&?f}w%?red@r S0 RniDrit et SRS RBP U Sostictian
and t ri am noguani di ne hydr ochl oride. The latter form
BysHhRgs Bﬁls&fycr@@tﬁhoﬁﬁraﬁé9Qﬁécdlper@iﬁéelﬁoréﬁé? @m&/rroﬂdm@b@gane

@Q?rﬂ%lés S]a%tgr%te?gletggﬁﬁdlc ? %’rH)l %@%%?ﬁr@é’@ér%%% boFagﬂcé C4HéoNzBHs
iyjearode-herane CelniNsR e @gd a}?dpwﬂ@ RORING tatieNOBL- e

tisahwratedteés ocyichd ammeasranby dreopyyildmestboesne @AI—&BIByldeed 2-picoline-
95%9§@JﬁNgwld and reducing sugars. As an alternative

It 1s also p033|ble to use organonetal |ic conpounds

such as diisobutyl al um num hydri de or sodi um
Bred¢reechaninokgre némag)saiuiatied batenedyalin aningderafesr Bargeulars

ﬁﬂe\?&@néeqs RReE ROIRIo meﬂaﬁe@mcgﬂnp@mm}él afabkesMHas a low
%hﬁga@ggngsgg) h?ﬁz gﬁ Nnfled ﬁ same tiMme Serve as

or us PPl ey ayer deposited.
Partl cul ar preference is given to phosphinic acid or
Bed piefdrieareatiodiment, the Bbkutise comprisesdit tdasporageationd seducing agent.

R% t@é&gwtd realécilﬁ?q bdert rmg %ﬁ?‘blé fb GS% F‘d?ith%%brgﬂgo% n§.lhg Rdfcing

3 .

Sk o6 APafTy o5k aleF St AgRITO E S8 PIgS 6 6 SRap feclicing agent

serfottheraarinolsfrandse pkesphoiusrcoapeisindiredycing adestsi anddrydrazines,

Wahcut BeRlebstaaBP tHenstoas source of nickel ions. The

ni ckel conpounds are added to the solution either as
i_norgani ¢ 35ni ckel qPounds such as hydroxi des
Enwnpbaeéamwebwaﬂ@%a@ igethylaminehogg (0 )t dietiplagrineogane
(i AR @ oittrer itk ytamhinetiraneds Farhealeixemples iaveethilenediamine-borane
W%HREI%I\FI—BBH? %tWI&%%‘ar&H@B‘sS&%ﬁeWNBH Igfm-ll gBHsgl t- butylamlne-

oxyl1 c aci . acetates, citra Tes

succi nat es, propi onates, hydroxyacetates EDTA or

others, or mxtures thereof. N (OH) 2 can be used when
relatively high concentrations of C - or other anions

are to be avoided. In a preferred 40enbodi nent, nicke

is used in a concentration of from0.001 to 0.5 nol /1,
preferably fron10 005 nDI/Ito 0.3 nDI/I nore.

o o o e~ N - a ~ o~ . I Y |
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5ammoni um tetraal kyl ammoni um and al kali netal salts
or m xtures thereof, w thout being restricted thereto.

wo eooa/om7ed erred enbodi nent, nol ybdenum i s usedPCTIER2009/050589

concentration of from 10-4 tog 1 nol/l,

BrEhEIGE A S ISR Si oMb ppRE S -

particularly preferably from0.003 nol/Ito 0.006
ARArhples OPgHidsphsraBIcbM@rising eddiciNg agBats MPe phdsphfidd&s® bbéts

fRreck A5 oIRLA R, 100 DR, RO TRL SR oy bt BLELARSES St

ﬁ‘l%ﬁ %P'ﬁﬂﬂ@rﬂﬂ%mtﬁbﬁ}?ﬁ%%ﬁs sych ?ﬁesoy&rm'iﬂa%m H’Otéss'l{’ﬂe
sagnédiun op catiemaliiogplioaterar srassitiet mktal phesphimatds stoh sk sitckel
BRbhMaEK 8hd ﬁﬂqu@glta(é}g&num The sol ution conprises one

or nore conplexing agents in order to keep the nickel
ions in solution. OMng to the basic pH, the nickel
Fyarsples athydsaZing eanigaiinds iatkelRy diddineh hpdreginpinydtate, hy digrine
§lﬁh%t§ BlybitalzipB .chidvbé, agﬁeazﬁwmbmmnayc&gﬁﬁé gihgdrechib@de, hydrazine

@mb%mlgé Sﬁd ﬁyo%? ta?t%‘{gl h‘ér ﬁ&pd %’zmé1 c%r%‘rﬁ compounds are 2-

BYCH?IH'&‘PRM”QW?n@dr@ﬂbéﬂmop'ﬁﬂyhy d%tﬂ‘eam‘ﬁﬁﬁ?'rﬂﬁﬁ“é\é‘ldt%et'c acid,
$ 2ediethglhpdrazing, imorainhedinyllchelrazimad i- yhR slirh étaylay dranmeM-um

@ﬁ?ﬂ%%ze@éﬁﬁ&h@%&ﬁ%ﬁr%c@%& Wicesid, Iﬁq{y%%fzmoethanol

erre agents ar
M R R @wuw&ngﬁéﬁ*@g}mgﬁ% Jiajoifinoguanidine
gonelkysrechidrids apfl tigrainpguaditinarbydrochiaside. g Jakter form hydrazine as
pyzefiet glabyctf rom 0. 005 nol /1to 0.5nol /I, 25nore
preferably from0.01 to 0.3 nol/Il, nore preferably
fromO0.1 to 0.25 nol /I, artlcularl preferably from
Othes saeAnd reguanpagrity ?an %W'ﬂ@? tesi thyij@S‘éJf”@é metabisulties
pas tiebike. Fuothempand oédueingcageptsexce dghiagatas and tetfatrdenates. Others

ﬁﬁehwo@m saml&ﬂa% rh?ét%%lhﬁnr%%' Qdéf@@gé)glyoxallc acid and reducmg

FHGET P ot Lo L @sEreAy be Rt oFBOTEkLIe et such a

dlmoanty@mﬂumcbwdmdam Wdium Dis(@Bmgthioxyginexygrydhidgalimioate.
0.001 to 0.02 ¢g/1, partl cuI arI y preferably from 0. 005
F’Pef% 9%5 g/ gISVenlggpg‘sCthd %%Dn&soggjgéc%ﬁd reducing agent

sur rre nts are ani on

3¢ thgee aan 3t 1Be SABRItI %,er‘é‘%?ﬁf a'aqsah@@s SEUTER 3‘@ t@f”er layer
depasited. Pautiduder treaféienes & @eal th hpiasipb acidtoe saltsath&nglof.

et her phosphates, al kyI sul fates, al kyl ether sulfates,

| sul f onat es et her sul fonate car box
2"6‘%%‘?%’”"6%?%1%/?9%‘ 'és'{ Besent, g4AllY FP. L‘WP?‘ Hh%&rlé@”%/ﬁ?kﬂ’”s of from 0
-5 oxlit preferably. froex 8fpte §. %ﬁolﬁmﬂrmwarlysaneﬁembmfmre 0d)5eto
alikexyh.at ed al cohol s, et hyl ene oxi de-propyl ene oxi de
(EQ' PO bl ock copol yners, al koxylated fatty acid
esters, %; %col et hers and gl ycerol ethers of
6&09&"%%}1 Shibegolution aaesding gb%&?ﬁ'ﬂ\@fﬁ‘y?%ﬁeﬁ Rjeket §pmpeund as source
pfrr&élelt foed. B dielal asrhpourtls pod sddeded iyd soietichogithiet @ inorganic
c@H} @&r‘?ds s-uaﬁ a§ %zﬁt‘%%dégtch'lcﬁld?é fsuH§t%9 o HﬁlHF"inb anic salts which

ﬂi‘f/ﬁ(’ﬂ}{)g‘? |@ft€(la g(ﬂ %t?ﬁr] % rP@t}vle H? %él hagtgluse n‘ﬂbel co(r)nplexes with
Q@egw@gmwmgpememst@sagtrﬁesm@ct@ies fuccihates,qirapipoates,
ﬁ%&ﬁc@l@té@eEDTﬂ%r@m dMMixaGreB AT Ri(OHIJ d28 be used when

ﬂe?aﬂ‘?/gfy nConggr’?tFa%%ﬁg Xf EIUBI (stﬁersam éJ eﬁg Yo 85 gv&clj‘éot ?rp !a E)referred

gmgﬁdlg’gnbﬂqul |§,g3@1|n®qqn§¢nttﬁtlﬁ@ of ﬁ@mr%,(pqa‘lnqorpe@ moI/I preferably
flomest.dod raUIVImteS .3 rboltly moet grgfeeatilyniesm OedhyiblA e 62amol/l, particularly
ﬁ,le rQBfI }n-i;d/' Btowlhan ne, tetranet hyl anmoni um

rox , tetraethyl anmoni um hydroxi de (TEAH),
tetrapr opyl ammnl um hydr oxi de ( TPAH),
t et rabut yl ammoni um hydr oxi de (TBAH), aniline or
toluidine. As an alternative, it is possible to use
salts of a strong base and a weak acid, e.g. alkali
10nmetal or alkaline earth netal acetates, propionates,
car bonat es or t he I|ke The buffers are preferably

e . - Y . A
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15 surface having a cauliflower-like structure is
obt ai ned. Above a pH of 12, considerabl e evol ution of

woi200a0027p6 eci pi tati on of nickel hydroxi des i s POBFEP2eU050589

The pHis preferably from9 tg 11.5, particularly
preferably from10.5 to 11.5. Apart fromthe
abovenenti oned conponents, further custonmary additives
Adierthes songituend pf the spkitiom aeesirdingitaths iniention igia replgbdenyim
b ¥ ed BiSasCdirdeaof astgden i eorrod rber&Sry&ﬁ@taUEN@ﬂnbhés of

@Per a CQTﬁglﬂ%%r%ﬁﬂ/[ Id%nf%gf%(}iﬁ agl@ o(r) sgl?s ﬂ‘rg %Of in particular with

ﬁW@P@%IWW@'Wﬂ”@“%UW@”@ ai@ 'g”frefta' S@H%\PT m%ﬁ@%ﬂﬁ%ﬁl wWifout
béin@bsstridted heret®b, Se, S and Cd can al so serve as
stabilizers. 25A preferred additive which can al so be
or ot sol.uti for. the depositi nof

o releed g s g PER e isipa iy BoessyRat et 167 o
henad, (pBﬁ@)ablym PH0EP s1l/ktai G hiiokl, mone presesaply &#o0mf &GP0t mel/l to
09N esdIA, i gaRticafarl9 pReerabRFdn0.008 Yel/stotN00® msling Co or
Ni . The use of DPS enables particularly snooth barrl er
| ayers to be produced. 30A particularly preferred
é@?"f&frf”@ﬁh% mﬁﬁ*r Yiand Mph'é'srﬂoéﬁ'€|e fenivpBeractels take grpwRAged. but
plefdremta i6 gidnt@nd fiRthepimkelal idnkén awditjdrdte misketamraoigbddamum being

sér'r’f‘?Hﬂﬁte ébflutlt)ﬁoir@ Qné)&ﬂ-uttoﬂ &ef@ﬂab‘%dnhprrs%@%e?é?rﬂﬂs%ﬂgconsmt

in, an from 0
?ﬂ?—iqﬁ' piq mrogfgggn% agent in an am)unt of from 0.005 to

0.05 nol /I 35-the second reducing agent in an anount
The §6l0Bsompriked ode BPble cdﬁhﬁléh@g’ H@érﬁs intdt@ert®kasp thatrickel ions

(r)rfso L[E%n %\?/Englto ?rfé“i%’a% : gtﬂe H& eel r‘bﬁ tgr‘?& o fgﬂﬁ h?ﬁ%?hgé({/vﬂgh

rreé'r?itfiteir%thf sglut'ovétz@b@/@g@mmgeemegfpom@@e 7‘3"‘8? acid,
paEedacd, i ghyeiref, peppiooicddid) suconip kicis] lagticeadd riedibenalahinan
?rieﬁ%ﬁfanﬁ'r% &5 §rquoﬁﬁ31m S1RNGcihs Qﬁr%ogﬂjm @hlSﬁ’d@’%Hﬂﬁorﬁlﬁm sulfate,

an t. selecte e

AN AR Ry o S Py Mg 5@&%%&&9@%@9
agants ane;hydw%arb@mhﬂ obids artesconfhgxieg adangisafsualyeemiploydd in a
I:dﬂfbeﬁ@étlﬂnl I frobr0.00 PAOBI & 1trold ZprefetatiEtrérin YD 0B mbiN€o 0.5molll,

pe?&!efér%l? fr??fn (L&F tos(?g ‘rﬁdr/P 'F?&rQ g&&g@%ﬁ ﬁ(ﬁ EZS%OI
P@’ﬁﬁé?%)t Qfﬁ@”&ﬁ'y fremd- %mpw tSQ@ mp¥sul ting in depositi on

of a layer conprising an el enment sel ected from anong

#"brtl‘?émro@ |t"i'§‘gls@50§‘§|t9§‘ﬁ5‘ém§|%&/ %Fﬁe‘?gorfnb%mn Bets Mach ¥¥ and

bstr at

Sy el P e s A B ko HE st Bl A acd
(HE T Ak sitrilotgacaticlaaidt (NG dovplities ¢ ate Wrually addddap @nsimpnint of from 0 to
0Bb3Y), srefdrang frofo.00t ©ay.ed g/d paHicGIHY PressraBIy ifioin@.005 to 0.01 g/l
copper As refractory neta it i1s possible to use

Wor Re. The el ectrol ess deposition process 15is
Ehﬁ selyiion gaprfudlegscompring syfactands- Aralpeed syagiattgpre anionic
surbtanéd ersnoniamiqpauractantsa Exgraplee bf aionipsursadtants are
§|R9?ﬁ65%h$§ate¥“yll§/hetﬂ@r sph&@yY] Jlr?ylsQﬁ\‘Bt%E%’élkﬁ B SYRfeON

ace ore

e echpel e ASUASHEH, coboglsters,
disglaryisdonaiemend suifoauesinatesnirxamples 20 ndrdomnie safactants are

gkbBhtad alcbloldWisgnesxidd-Hrab Xf@@)@@é 043/980) -bidcR copolymers,

R4 Py i D Pere e e DMt aveo
@@h@@@r@aﬂe%%@ﬁo‘g preferrasksuriesiantsds PP'M@@@"WW‘?B’*&%H@ f
trioeolpum&eé’ﬁersﬁrfbdstmtrm\rfamedptusuaw tinploled mea prreeatstion of from

r T gpgxﬁﬂg ti oned nicke
?%H'gﬁﬂgééhi ﬁ% a?ggggdggﬂﬁageous ymbe used as
correspondi ng cobalt conpound. 25 The sane applies to
t he nol ybdenum conpounds, whose correspondi ng tungsten
and rheni um conpounds can |i kew se be used as
preferred tungsten or rhenium source. Conbinations of
ni ckel and cobalt and al so conbi nati ons of the
refractory netals Nb VVand Re are also concelvable

~~ro
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40consi derably prol onged, as a result of which the
bat hs can be used for a significantly |l onger tine than

whamoloexm possi bl e when usi ng conventi onal bat PGT/EPAMDY/050589

2009/ 092706PCT/ EP2009/ 050589 8 As an alternative, the
deposi tion solution can be enployed in the formof a
"use and di spose" deposition process. Here, the bath
Tke g o theckatitiahtsbpuld be depkatt captanhas pegsdtle during depesition.
desesiaty et Soladrsi #6 sOitdbl@hert ETRBeAaH cBMplSe, firadRahipfe,

. M | | O . I
g il 1 38 pyadiRe o RS e AThos SrRRAZRE L
gimtsthyigreineeftbyIyRings.ligtaylanineenteelyigina (sfragiihyi#rmonium
Heprosdé (TMAIGK tatrasthytzonrgomicikl hy d sxideAE At aeteagrspylammonium
6888 Btb ABPRILLLBNRRHER nJiBkae (TB&H), 8filife or toluidine.
consequence 'of which short circuits can occur in the
substrate. Preference is given to deposition at
Aeapeitatnativss itfis peasiirdolGesaits of a Ao basefandabigalf aciine.g. alkali
MGl bPalkfRe dathimetyl dtktated) RIprsmaldsy carbonates6r the ik&Ghe buffers
%r%goréﬁefa’by lﬁ‘&dqﬁ'aac‘éh?éntr%ﬁioff‘ £ L8 a{q"f‘n ea'n?c%ﬁa[r?ﬂoﬁ?&81 to

eposition 1s a_particul ar Ly 1 por t ant poararre er an

p'@(ﬂ/'e9@’@@“'?"%”@1‘%@')3@’@)9-%9%&0- h¥fkr si on before

deposi ti on comrences. The start tine should be very

?H@PH of HHRSHIBAT hAn langPMovh 8.8 t& B SBMBY aGNofB.5, 3 rough
unLformy 15t hy | ayer.™b roduced on a wafer, The
SHiTeBYg & Goulfipnar K Sygiure 5 BPiplRe- ARsperrRt! Rl Considerable
genitioatdf b aofl predipitetiorhaefiickg! By didxidest ie obedrve® 0 herpH ia preferably
fromtder 115 s akuMhY pidistaBigmofi 10.9% $heul d conmence

quickly is that in the case of a long delay it is

possi bl e for secondary reactions of the nickel .
aepbEPM e 2keHemangANsd sINRANERtS BEHBRUSIRIRY PAdiIHY§SoTch @S
bebitizat extctlerdtak er pligitenandr teheles aarbeaatided sSEheyadditfves tare

P PR 55, GACARE et oo oo Yl 001 005
patieaii matarardn Sl to T S evpaglopep sy As. Sb. Se.
Sapdsia ¢amelsesarve gs atabllizevst enperatures, in particul ar

at tenperatures 25 of from60 to 65C. The deposition

ABifefog pORUASIALR bo BE bo ?JEG%}Zgf"éé?§{>!H§%n%fb§wﬁ«dﬁ$%fﬂ'°n of
Fieq lgygrars Ni\sfislednddithiosaghaguiprerysyfpaisiacidd RPEAt (RS isralso

$uitatrie]l rieearbpPlenfur thendepdbitidh bf atberaeidrdayars esmgaristng Co or Ni. The

LEE G O _@Eé’(ﬂe%!?rﬁ&ﬁ&ifé?ﬁ@oth BLRiek l%ger%rt%@ MroRREENT

application. anounts (percentages, ppm etc.) are

by wei ght, based on the total weight of the m xture,

Amladisslariy greferedsautioerconyesiseg5The f ol | owi ng exanpl es

i It I ;Jﬂhbrrﬁdkél édwpd@rnlawam amoVRISfifdMm BW1 kPO m@st ri cting

[ r

Germigrparse e Ru T oF BRI FR 0.0 il o

20r etgCORpxgwrRIeNhinERameURb Pf BTt 86t i on i s

as s othiedit st deduicirty ayest igranfanceurtt of fclu ©t00Gto iOr0St reaffier at ur e

in the denrsichiOng BEGRES s SRR G%ohf.1 to 0.3 moln.

di net hyl am noborane™(DVAB). WO

2009/ 092706PCT/ EP2009/ 050589 9 Exanple 1 A sol ution

harttiangoteh éhef mblaovdtingf empcel coropounaido preetdeast ong complexing

SR ANBBLsodbh RPrefefBlY 46t in the range from 1:1 to 1:2.

A further aspect of the present invention is a process for producing barrier layers by
electroless deposition on metal surfaces of semiconductor substrates, which comprises
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Citric acid 0.1 Maleic acid 0.025 Boric acid 0.25
HEDTA 0. 007 Ni SO4 0.06 M3 (as nol ybdate) 0.001

webospdu7oé ¢ acid 0.1 MPB 0.02 Tween20 100 ny/ | PCEEPL009/050589

about 0.8 V\&ter bal ance The pH of the solution was

set to 10- means he, st arti ng behayi

B BRI B IR CRRBTNas OmPPUIASt A PR o
10exarmngdy ang Gee arvompbued etan eement sﬁé@ctefbfa@n eamegtMe, W and
For Rearsd HifsPRZEcing ayerhteselenis! fEind BE@ng BEcoridBFs and tertiary cyclic

OC%S% Mboorr‘ar?e%l ution and the open circuit potenti al

asured as a function of tine. The

Ebm?@ﬁ'@ér?éme Rt ot §eiutionie TR 8sHevis- by a si gni fi cant
st epettingrof iedempetalige pbthersoldibn tdHdh&0f @ suB5°<. ar e

zﬁl‘)%l?iaetlﬁg%’fltﬁe hetdPeRISid Wi Nthe GokkibR gt @%rrﬁde?é’tb%r éf)from 50 to
o e Epuio Belsbert bl SREerons SR TR SEpcom
55C.angsgriviang Gl @t aroelemieot saigaigehisons lrowed Mo, YMiahd Re on the
and ssmsdnduétepaistrate20 Exanpl e 2 A sol ution having the

foll ow ng conposition was prepared:

The process is particularly suitable for the electroless deposition of nickel- or cobalt-
comprising barrier layers on metal surfaces of integrated circuits comprising copper. As
refractory metals, it is possible to use Mo, W or Re. The electroless deposition process
is suitable for depositing barrier layers on metal substrates, in particular copper-
comprising substrates, which do not require catalytic activation of the metal surface
before the deposition step.

Suitable nickel and cobalt compounds have been described above or are known from
the prior art cited at the outset or from WO 2006/044990. In particular, layers of NiWB,
NiWPB, NiMoB, NiMoPB, NiReB, NiRePB, CoWB, CoWPB, CoMoB, CoMoPB, CoReB
and CoRePB can be deposited on metal surfaces by means of the process of the
invention, without the process being restricted thereto. The abovementioned nickel
compounds can likewise advantageously be used as corresponding cobalt compound.
The same applies to the molybdenum compounds, whose corresponding tungsten and
rhenium compounds can likewise be used as preferred tungsten or rhenium source.
Combinations of nickel and cobalt and also combinations of the refractory metals Mo,
W and Re are also conceivable.

Here, the barrier layer is applied by bringing the solution into contact with a structured
substrate which has vias and trenches which are filled with a metal, for example
copper. Contacting can here be carried out, for example, by means of dipping, spraying
or other customary techniques.

The electroless deposition bath can be used in continuously operated deposition
processes in which the bath is used for treating a multiplicity of substrates. The
reactants consumed have to be replaced and the accumulated (by-) products have to
be removed, which requires regular replacement of the baths. The possibility of
deposition at relatively low temperatures enables the operating lives of the baths to be
considerably prolonged, as a result of which the baths can be used for a significantly
longer time than has been possible when using conventional baths.
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Component Content (nol/l) Gtric acid 0.1 Maleic acid
0.025 Boric acid 0.25 WD 2009/ 092706PC

wa2@PAMO6 050589 10 HEDTA 0. 007 N SO4 0. 06 MQOBCT/EB2009/050589

nol ybdat e) O 001 Phosphinic agid 0.1 MPB O. 01 DVAB

.01 Twe t 0.8 Water Ian
gﬁ@”ﬁﬁﬁ%‘? %éhe %ﬁpﬁgﬁ“%%%‘&” LEHONe 1B 1y Oﬁ@éﬁé yie and
fisopse” depasitiongiregasis nigerieethgviaby IS@ﬂscarﬁ@d@étpreatmnt ofithe
SitdaBtenas agai n exam ned at vari ous

The deposition is carried out at temperatures of from 50°C to 85°C. Below 50°C, the
deposition cannot be operated economically because of the low reaction rate. Above
85°C, the reaction starts extremely quickly and the deposition occurs too quickly so that
there is increased deposition on the dielectric, as a consequence of which short circuits
can occur in the substrate. Preference is given to deposition at temperatures from 50°C
to 75°C, more preferably from 52°C to 70°C, particularly preferably from 55°C to 65°C.

The starting behavior of a solution for electroless deposition is a particularly important
parameter and indicates the time delay after immersion before deposition commences.
The start time should be very short (less than 10 s). Only in this way can a uniformly
thick layer be produced on a wafer. The uniformity is particularly important for the new
generation of wafers having a diameter of 300 mm.

A further reason why the deposition should commence quickly is that in the case of a
long delay it is possible for secondary reactions of the nickel deposition solution with
the copper metallization to be coated to take place and these can adversely affect or
damage the copper surface, e.g. by etching.

Studies have shown that only cyclic secondary or tertiary aminoboranes are able to
achieve very good deposition results at low temperatures, in particular at temperatures
of from 60 to 65°C.

The deposition rate of the barrier layer on the substrate is preferably set so that it is
greater than 10 nm/min. Particular preference is given to deposition rates of from 10 to
50 nm/min.

All documents cited are incorporated by reference into the present patent application.
All amounts (percentages, ppm, etc.) are by weight, based on the total weight of the
mixture, unless indicated otherwise.

The following examples illustrate the present invention without restricting it thereto.
Examples

The following examples demonstrate that the use of morpholine-borane (MPB) as
reducing agent in the NiMoP deposition solution is associated with a significant

reduction in temperature in the deposition process compared to dimethylaminoborane
(DMAB).
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S5tenperatures. The results are shown in table 1 in
which the start tines at the respective tenperatures

wa@e@9ongros ded. It can be seen that the starpPCTBP2009/050589

behavi or is considerably slowgr than when using the
sol ution conprising norpholine-borane. Even at a
tenperature of 65C, deposition 10conmmenced only after
Bxaroplddsi rably |ong start phase of over 10 s. WO
2009/ 092706PCT/ EP2009/ 050589 11 Exanple 3 (conparative

i | 0g.. 0 .LQg conposition
%?%’@6%‘@%@% E"}P&qﬁﬁ‘%”h@%["gﬁ?g% &%WF? Gtric acid
0.1 Maleic acid 0.025 Boric acid 0.25 HEDTA 0. 007

NosP8ncht06 MO3\dasdiphyidat e) 0.001 Phosphinic acid
O—1—DbMAB——682—Freer26—300—+gH NaCOH about 0.8 Water
Citric acid 0.1

Maleic acid 0.025

Boric acid 0.25

HEDTA 0.007

NiSO4 0.06

MoOs (as molybdate) [0.001

Phosphinic acid 0.1

MPB 0.02

Tween20 100 mg/l

NaOH about 0.8

Water balance

The pH of the solution was set to 10-10.5 by means of NaOH.

The starting behavior of the deposition of NiMoP at various temperatures was
examined by means of electrochemical measurements. For this purpose, a wafer was
dipped into the deposition solution and the open circuit potential (OCP) was measured
as a function of time. The commencement of deposition was shown by a significant
step increase in the potential.

The results are shown in table 1.

Deposition occurred particularly quickly at 65°C. In this case, it started immediately on
immersion. Deposition was also possible at 50 and 55°C. Scanning electron
micrographs showed a uniform and smooth deposit.

Example 2

A solution having the following composition was prepared:

Component Content (mol/l)
Citric acid 0.1
Maleic acid 0.025

Boric acid 0.25
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ple 1 Exanp
byABL s > 240 s

05FIC 44.4 s 94

6 s > 240 s 60C 11. 1s

gZ. 2S5 176755 65

WB8e14$92706PCT/

41

3@90‘&%'/ 050589

2.4 s WO
2

NaOH

about 0.8

\Water

balance

The pH of the solution was set to 10-10.5 by means of NaOH.

The starting behavior of the deposition of NiMoP was again examined at various
temperatures. The results are shown in table 1 in which the start times at the

respective temperatures are recorded.

It can be seen that the starting behavior is considerably slower than when using the
solution comprising morpholine-borane. Even at a temperature of 65°C, deposition
commenced only after an undesirably long start phase of over 10 s.
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Exanple 4 Three sol utions L1,

L2 and L3 having the

foll ow ng conpositions were prepared: Conponent

wa@enwweya7o¢ mol /1) (L1) Content (nol/1) (L2) ConP@mEP2009/050589

(mol /1) (L3) Ctric acid 0.1810.1 0.1 Maleic acid

.02
g?‘%geg (6%"?'0% E\éﬁ OFR
0.01 0.008 0.004 Phosphinic acid 0.1
A solution having the following composition was prepared:

Bor|

Component Content (mol/l)
Citric acid 0.1
Maleic acid 0.025
Boric acid 0.25
HEDTA 0.007
NiSO4 0.06
MoOs (as molybdate) [0.001
Phosphinic acid 0.1
DMAB 0.02
Tween20 100 mg/I
NaOH about 0.8
Water balance

CI d 0.25 0.3 0.3 HEDTA 0. 007
O 07 0.07 Mb03 (as nol ybdate)

The pH of the solution was set to 10-10.5 by means of NaOH.

The starting behavior of the deposition of NiMoP was again examined at various
temperatures. The results are shown in table 1.

It can be seen that the starting behavior is much slower than when using the solution
comprising morpholine-borane. At a temperature of 65°C, deposition commenced only
after an undesirably long start phase of well over 10 s. At 60°C, the start phase took a
number of minutes, while at 50 and 55°C no commencement of deposition could be

observed.

Table 1

Temperature Example 1 Example 2 Comparative example 3
50°C 854 s 159.1s >240 s

55°C 444 s 946 s >240 s

60°C 111s 522s 176.5s

65°C <1s 141s 224 s




10

0.10.1 MB 0.02 0.02 DVAB 0.01

100 ny/ |

w@ bim@bh27adbout 0. 8

ans, of NaCH or

&Mplegampl e 1 and their

100 ny/ |

(NaOH) Wat er

TMAH. Barri er

Tween20 100 ng/|
Base about 0.9 (TMAH) about 0.8

bal ance bal anceP®HEP200£050589
pH 11 10.5 10.5 5 The pH of 1se solution was set by
| ayers were deposited

conposi tion was subsequently

measured by means of XPS. The results are shown in
Tiadek &oRitiode1, OIS v thé Blllo@RGR—Iokokifiéns were prepared:

significantly reduced tenperature,

havina a cuitahl
AV a—SHHtab+

comosition
coOPOoSI++0nh

barrier

| ayers

an heo 10denosited hv
a—pe19gepositea—-o

FEERSNETt t he pr ofestenbtmelidLihEentenbtmoliidbRle Rontent (molf) (L3)
ChfiPgdiat U e 0.18 0.1 0.1

Maleic acid 0.025 0.03 0.03

Boric acid 0.25 0.3 0.3

HEDTA 0.007 0.007 0.007

NiSO4 0.06 0.07 0.07

MoOs (as molybdate) [0.01 0.008 0.004

Phosphinic acid 0.1 0.1 0.1

MPB 0.02 0.02

DMAB 0.01

Tween20 100 mg/l 100 mg/l 100 mg/l

Base about 0.9 (TMAH) [about 0.8 (NaOH) about 0.8 (NaOH)
Water balance balance balance

pH 11 10.5 10.5

The pH of the solution was set by means of NaOH or TMAH. Barrier layers were
deposited as in example 1 and their composition was subsequently measured by
means of XPS. The results are shown in table 2. The results show that despite the
significantly reduced temperature, barrier layers having a suitable composition can be

deposited by means of the process of the invention.
Table 2
Temperature Molybdate conc. P/Ni ratio Mo/Ni ratio
(mol/1)
90°C (L1) 0.01 0.1 0.15
60°C (L2) 0.008 0.1 0.3
60°C (L3) 0.004 0.3 0.2
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Mol ybdate conc. (npl/1) P/Ni ratio Mo/Ni ratio 90C
(L1) 0.01 0.1 0.15 60C (L2) 0.008 0.1 0.3 60C (L3)

W@ 2049008 0.2 WO 2009/ 092706PCT/ EP2009/ 05058BCT/BP2009/050589

Clains 1. A solution for the deposition of barrier

b ers on netal surfaces, which conprises: conpounds
PHe el enents nickel and nol ybdenum at |east one

first reducing agent sel ected from anong secondary and

f er t AQbti6ry fr ittfe @sPoBRbR LAP&FedBgers 8h naalsurfadss, which comprises:
conpl ex@ﬂpﬁ%%%f }h‘é‘b@énﬁeﬁtbﬁicﬁg!aﬁ%'n?d?ytl@ﬁuﬁ\, pH of from
8.51to0 . e solutrton according to clarm1 .
conpri sfigasione s e 'ﬁqgsaééﬁtrﬁ?"?cgﬁﬂjf&rﬂ@”‘é’@@ﬁ??oﬂq@ry and tertiary
parti cutytic pmosphbranes aadi d or a salt thereof. The

sol uti ogy 1854 9hdicBRplRingidghsr claim 1 or 2, wherein the
first reducing.agent | het cyclic am noborane, in
par t MOGTE e%gﬂﬂ%ﬁ?%ﬁp%cﬁ?gﬁ@. g%ﬁ%)(gol ution according

to any of the preceding clains, wherein the at |east

g.nle TIoTHd| @i b ca@RTY tolckid ThyomiXIgalt Mg}/bmé’isel’t@hdred'[hﬁhg agent,
sol uti qn. Nehid Qe recedi ng cl ai ns
corrp'lrip%pthcg]%?%ﬁé m"%:g%?%g%rr%léwr%ge(ﬁh an amount of from

0.01 to 0.2 nol/I the nol ybdenum conpound in an

anmounte sdlutiancaacOrdi@ilioteithér. @dimnbér 2, wiehein trenfpbtenetuging agent is a
agenfetbibAlicammtHore, il RIQIH mérBh&ind-tBRAdd.  the

first reducing agent in an anount of from 0.005 to

0. 05 nol /|

4. The solution according to any of the preceding claims, wherein the at least one

complexing agent is a hydroxycarboxylic acid.

5.  The solution according to any of the preceding claims comprising:
- the nickel compound in an amount of from 0.01 to 0.2 mol/l
- the molybdenum compound in an amount of from 0.001 to 0.01 mol/l
- the complexing agent in an amount of from 0.01 to 0.3 mol/I
- the first reducing agent in an amount of from 0.005 to 0.05 mol/l
- the second reducing agent in an amount of from 0.1 to 0.3 mol/l.

6. The solution according to any of the preceding claims, wherein the molar ratio of
the nickel compound to the at least one complexing agent is from 1:1 to 1:2.

7.  The use of the solution according to any of the preceding claims for the
electroless deposition of layers on metal surfaces of integrated circuits
comprising copper.

8. A process for producing barrier layers by electroless deposition on metal

surfaces of semiconductor substrates, which comprises

a) preparation of a solution comprising a compound of an element selected from
among Ni and Co, a compound of an element selected from among Mo, W
and Re and a first reducing agent selected from among secondary and
tertiary cyclic aminoboranes,

b) setting of the pH of the solution to from 8.5 to 12,

c) setting of the temperature of the solution to from 50°C to 85°C.

d) contacting of the metal surface with the solution at a temperature of from 50
to 85°C, resulting in deposition of the barrier layer on the semiconductor
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the second reducing agent in an anount of fromO0.1 to
0.3 nol/Il. The solution according to any of the

w@e@emoi7ng cl ai s, wherein the nolar ratio of PEEEP2009/050589

ni ckel conpound to the at | east one conpl exi ng agent

is from1:1 to 1:2. The use of the solution according

to any SHPSUAR preceding claims for the el ectrol ess
deposition of |ayers on netal surfaces of integrated

Qi I CUh Broc@sERadcdidNel AURIRIS, WheR)i®BRIEMbETatRE RsH BE°C to 65°C.
barrier layers by el ectrol ess deposition on netal

surfaces of sem conductor substrates, which conprises.

49 pregamosesoRrcerding aither @AM Ap?.i véiargin dhedrrasiing rae is

an egeatsnthapel teahiedn fin partiaofanfjorii10a0 80 Gon/mén. conpound

of an element selected fromanong Mo, Wand Re and a

first reduci ng agent, sel ected f ng .secondary and ..

1 by £ 77 §1o85% SreOeHg0Y o €8 & WL TIP3 1o S agHvation of
t he thelnetalguriace peas Befora the nietalsprfges isibrieught intheontact with the
t enpsglaig e of the solution to from50C to 85C. d)
contacting of the netal surface with the solution at a
tenperature of from50 to 85C, resulting in deposition

&2 t hiee pRreseRcoPElig tognyoh elalem Evhtidiessin thgonetal surface
2009¢ 6192 He6 lRePpdrPAQRY D=0 5818sistd obedpper.at e. 9. The

process according to claim@8, wherein the tenperature

s from55C to 65C. 510. The. proce ccaording . to .
83+ nERe BIOGFSR 4B 10,40 oL PRI & L JieY 10 R SPLian jgich further
gr eat@nprideam stoonthfediuning imgepaintpactiduiar phegphini®acid obg salt
nm Mnareof,4d prepafRedih @pSH. according to any of clains 8
to 10, wherein no catalytic activation of the netal
surface occurs before the netal surface is brought
into contact with the 10solution. 12. The process
according to any of clains 8 to 11, wherein the netal
surface conprises copper, in particular consists of
copper. 1513. The process according to any of clains 8
to 12, wherein a solution which further conprises a
second reducing agent, in particular phosphinic acid
or a salt thereof, is prepared in step a).



