WO 2011/ 151785PCT/ 1B2011/ 052385 Conposition for netal electroplating
conprising |leveling agent Description 5The invention relates to

el ect r oplwDI20g/150T890Si ti ons conprising a | evel i ng agent PCFiIB201ng52085 snal |
features, such as vias and trenches, by copper electroplating is an
essential part of the sem conductor nmanufacfure process. It is well known,
that the plSEastiog Ord?%tgrrﬁﬁ%d@@ g feraRrisiag leuelingiagest i n the el ectropl ati ng
bath can be crucial in 10achieving a uniformnetal deposit on a substrate
surface angdsBrigtiepi di ng defects, such as voids and seans, wi thin the copper
lines. One class of additives are the so-called |levelers. Levelers are used
to provide a substantially planar surface over the filled features. In
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A2, WO 2005/ Q/66 % Alé poik r\{h?eyl i mrqlazeol e (US 2006207886 , US

2003/ 0168345 YR A SEHVE Y FPSiPHE L R US 6 024 857), or copol yners of

vi nyl i mi dazol and vinyl pyrollidone (US 2006/ 207886 Al, US 252006/ 118422 Al)
has begn demer didschf abomeasedre tied So-odllcthesterarevplelyarerisae prodidelae Vi nyl
group boun - F Elli;aglfo:-a- nto
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1988, di sclreelkenelamigsti on of im dazol e derivatives w th epichl orohydrin
to gi veopol yneric 35i m dazol i um conpounds and their use as ion-exchange
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Polyimidazolium compounds are generally known as dispersants. Thus, for example,
30 US6416770 B1 describes polymeric imidazolium compounds and its use in cosmetic
compositions. Corresponding compounds and their use as phase transfer catalysts are
also known from Journal of Fluorine Chemistry 128 (2007), pages 608 to 611.
JP 2004217565 and Journal of Pharmaceutical Sciences, Vol.77, No. 6, June 1988,
disclose the reaction of imidazole derivatives with epichlorohydrin to give polymeric
35 imidazolium compounds and their use as ion-exchange resin.

US6610192 B1 discloses leveling agents for use in electroplating prepared by reacting
a heterocyclic amine compound like imidazol with an epihalohydrin. US2004249177
and US20060016693 A1 disclose leveling agents for use in electroplating prepared by

40 reacting an amine compound like imidazol with epichlorhydrin and a glycol compound.
EP1619274 A2 discloses a leveler prepared by reacting an amine compound like
imidazol with a polyepoxide compound like 1,4-butanediol diglycidyl ether. All of these
reactions lead to polyimidazolium-polyalkohol compounds.
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derci bes a new way of synthesizing polyimdazoliumsalts, starting from
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surprisingly disc r QX functionalized polyi m dazolium
ZOConpoundéxﬁﬁﬁaa(gﬁ?g(g}es\%zéq H@rvé'g% ch&ﬁyag% used as levelling additives in
metal, particularly in copper electroplating baths show ng an i nproved
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free of voidh.a hBgi @Ié@t%tm?b%ﬁﬂbké?@rab@ ééﬂpb@bél@ctfdyiat%gldatmg features that
are greater than 100 nm and particularly suitable for filling features

that are of 100 nmw dth or smaller. 30 The ggent s/additives according to
t he presentlthaskesnisorprisadlyfdiscorered dtpl ann Ayeoxd fyndhenalized pelyimidazetivmopl at i ng
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such as themmanufacture of copper pillars of typically 50 to 100

m croneters height and width for the bunping process, in circuit board

t echnol nufac ure o nS|t intercan rinted
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el ect roni ¢ tientieas drs substantially free of voids and preferably completely free of voids. The
present invention is suitable for filling features that are greater than 100 nm, and
particularly suitable for filling features that are of 100 nm width or smaller.
30

The agents/additives according to the present invention can further advantageously be
used for electroplating of copper in through silicon vias (TSV). Such vias normally have
widths of several micrometers up to 100 micrometers and large aspect ratios of at least
4, sometimes above 10.

35
Furthermore the agents/additives according to the present invention can
advantageously be used in bonding technologies such as the manufacture of copper
pillars of typically 50 to 100 micrometers height and width for the bumping process, in

circuit board technologies like the manufacture of high-density-interconnects on printed



The present invention provides a conposition conprising a source of netal
ions and at 5l east one additive conprising a |inear or branched, polyneric
i m dazol iwoneomso1sad conprising the structural unit of fPoTM2E1/052385 R3 n
wherein 15R1, R2, R3 are each independently selected froman H atom and an
organic radical having from1l to 20 carbon atons, R4is a divalent,

trival ent @Gircyubadrdsavsng minrepam pleting el Riatedwirough-beledegmplogisape!ig ether

a hydr oxyl i r Li@n relative to the nitrogen atom of
t he 20i m dggg%e%q ﬂgg&ﬁgg&aﬂl&cﬁﬁﬁggg%@it has been found that the use of
conpositions according to the present invention for 25el ectroplating

provi des ddpegirésedt imeemation| prgddes, a panpaositivihanolmprisiop pesoutcaydd nstalhens argl ateduced
over pl abi NGaasPBhd hEdHIRS domdrRHECEheBPOINSHhRthed | B8ty MBI d PRI BRPYLSED by

t he present_ invention argjéub taftl a I1y pl anar,” even on substrates

exhi bi ti ng “BFEFP(¢ &€ Fruckr éﬁ”@o G8YPange of different aperture sizes
(scal e: 30 nanoneters to 2 mcroneters), Furthernmare it has been found that
the present invention provides neta Rayers BFsubdtanti al | y without the
formati on of added defects, such as|voi ds—¢n the [features. A further
significant advantage of this level|ng ef®ect is that less material has to
be rendfed in post - deposi ti on oper at i-ons: R%npl e, chenical medhahical
polishing (CWP) is used to reveal the underlying fleatures. The nore | evel
deposit of the invention 35correspopds tora reductlion in the anount of
metal which nust be deposited, therefore resultingnin |l ess renoval |ater by
CWP. Therewhfreénreduction in the anmount of scrapped netal and, nore
significantly, a reduction in the tine required for the CMP operation. The

mat eri db r ®RIPRYIR30pRY @ich dildpen@d il skRsRdIOVeae Hillbb Aind GauwpdAik mididal t he
reduced duration, ﬁg\;iﬁfﬁmqqubq:apoorneaq&ggi on in the tendency of the
40t o

mat eri al renoval operation I'mpart defects.
R* is a divalent, trivalent or multivalent organic radical which does not comprise
a hydroxyl group in the o or B position relative to the nitrogen atom of the
20 imidazole rings.
n is an integer.

It has been found that the use of compositions according to the present invention for
25 electroplating provides deposited metal layers, particularly copper layers, having
reduced overplating, particularly reduced mounding. The metal layers provided by the
present invention are substantially planar, even on substrates exhibiting apertures of a
very wide range of different aperture sizes (scale: <130 nanometers to 2 micrometers).
Furthermore it has been found that the present invention provides metal layers
30 substantially without the formation of added defects, such as voids, in the features.

A further significant advantage of this leveling effect is that less material has to be
removed in post-deposition operations. For example, chemical mechanical polishing
(CMP) is used to reveal the underlying features. The more level deposit of the invention
35 corresponds to a reduction in the amount of metal which must be deposited, therefore
resulting in less removal later by CMP. There is a reduction in the amount of scrapped
metal and, more significantly, a reduction in the time required for the CMP operation.
The material removal operation is also less severe which, coupled with the reduced
duration, corresponds to a reduction in the tendency of the material removal operation
40 to impart defects.



WO 2011/ 151785PCT/ 1B2011/ 052385 4 In contrast to the prior art l|eveling
agents the additive according to the present inventions are polyimdazolium
conmpoundsworeomhisetsst he het eroaromati ¢ system i s i ncor poPaT4B2011032085

pol ymeric backbone and whi ch do not contgai n hydroxyl groups in a or
position relative to the nitrogen atom of e imdazole rings. 5 Generally,
RL and R2 nagoB@shio! PPQf'%rrﬁ"E)'PV%WQ@RQSBﬁ”&e ?éa%i"’@a‘?ccﬂﬁf'ﬂ%ta the B'%P?Lntto 20 car bon
atons. The imadtiows e palyindatnliamadvetboondsinbyvracicthe detaroaromptic systémimect i onal
groups Whi G ateﬁ%th@&%w&lc bRk dnke ik GvHich éd’ﬁdth‘:@ﬁtaﬁf Wﬂyﬂ%ﬂoﬂﬁs Pfo t he

pol ymeric i Pref.era are eac

i ndependentolnb p8F98%em%H¥83ﬁg’}e nlt{@gwoartgraeﬁ %/?r 8}%28@ W&r ocar bon radical s
having Prom 1 to 6 carbon atons. Mst preferably Rl and R2 are H atons.
General |y, G&heraly, Rear@hRHmay 081a6rH atorosrgarirgarmiachdial hivang figmfiriore0l to 20

carbon at ongy, BrehHE almeyradlﬁs ldn BQ brarﬁbg(m)r EB al Fympt%% fﬁﬁé’t}opgl any

m val ent organi c radi ani c adi cal
of a pol ym&QuUre. V@“'Cfac%bf%?\‘?%ﬁw@n?%”%e fﬂﬁh‘ifr%%ssé{%%(’f HRAVABAChas a
cor r es pondiimglgolingtompuduad uP @feralely gRit and2R? ark@aoh,gaded pendediycd onikanothgr,

conpri 9@ NoLdRREY a&ﬁrﬁé)@rrhyaméambﬂrraa@ms ha\hn?a’fram 1hl]9t6f3<Ean§<%erE‘T6m|%UMBstaS oxygﬁn,
ormao uncti ona gr oups suc as

nitrogen, sulfur I &-d. In t he

hydrogyl grpoﬁfjrsabl haer}(%i %Q%SE_E 51%1 de groups, aronatic heterocycles,
primry, secondary, or tertiary am no groups or imno groups. 25The organic
ragi cal R4 Gengrdig, R mapaéfahcwbtfomoraa_nrorgzlﬁrﬂ@mrdlmnh@uim@nl@)maltoWﬁicakbooan be
substitute i tional groups conprisin eteroatons, in
parti cuyl ar %e erﬁ%fr%(%?}pq@q%ggﬂbs t ut ed, igt i g pre]trgrred ?hat R4 does not
conpri da any hydroxyl groups. 30R4 may preferably be a pure hydrocarbon
radi cal or Gerleyalyofambyhe mayncedlentrrganiapdad!. dhe subalenttargatc adicat tear

groups, Se%ﬂﬁ'@Fa\dlg%ﬂb@p& AERe.gPh Ho%tn'y%hynéiﬁ@ RRnidrRdRDové, ind tRe kacall ar

enbodi ment, R4 is r. rogar bon radi cal and does not conprise any
functi onal CSFrSprOQd'%@Lh'gerb?é%&"gbwe'g R4 is a linear or branched 02 to OW

al kandiyl group, in particular a linear 02 to 06 al kandiyl group. 35 The
hydr oc2oboTheadgarid radiyl Remal cpmpiisecndlonBrcafiin dhddiyde@pibusgiseot h aromat i c

e T e e B Ty e
to about 1G6RHPSSYEhazhHYd %\f SFUPFHF) eerrBHQ%BBIHe qargue ﬂﬁén nor e

pr ef er abl y pfimamy, abcartdafys ot tmrimnpamlrzﬁﬂoupmtlmmoeg‘remmbl y f rom about 25 to
about 150.

25  The organic radical R* may be, in particular, a hydrocarbon diradical which can be
substituted or interrupted by functional groups comprising heteroatoms, in particular
ether groups. If substituted, it is preferred that R* does not comprise any hydroxyl
groups.

30 R*may preferably be a pure hydrocarbon radical or a hydrocarbon radical interrupted
or substituted by ether groups, secondary amino groups or tertiary amino groups. In a
particular embodiment, R* is a pure hydrocarbon radical and does not comprise any
functional groups. Most preferably, R* is a linear or branched C to C+o alkandiyl group,
in particular a linear C. to Cs alkandiyl group.

35
The hydrocarbon radical may be aliphatic or aromatic or comprise both aromatic and
aliphatic groups.

n may generally be an integer from 2 to about 6000, preferably from about 5 to about

40 3000, even more preferably from about 8 to about 1000, even more preferably from
about 10 to about 300, even more preferably from about 15 to about 250, most
preferably from about 25 to about 150.



WO 2011/ 151785PCT/ 1B2011/ 052385 5 The mass average nol ecul ar wei ght Mv may
generally be from 500 g/nol to 1000000 g/ nol, preferably from 1000 g/ nol to
500000 g/wol201wmmsisspr ef erably from 1500 g/ nol to 100000 PgraB2011/@32885 nor e
preferably from 2000 g/ nol to 50000 g/mg , even nore preferably from 3000

/mol to 4 nost prefer from 500 / 5000
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pol ynmer Pc iofndazol i um conmpound may conprise nore than 80% by 15wei ght of
structural units of the fornula LI. Preferably the conposition according to

Foncting 20 delgal Rl A RMBEE Pa TR ATt 12 RN s
at | east or‘i“ée%ﬁﬁ 83 ﬁfﬁfﬁﬂw){ﬁwnﬁ”ﬁﬁﬁ( 'SﬁF'BE'ﬁ’Pc SHE?tBO( Pﬁ%tét?o- 25wher ei n
Rl, R2, R3, R4, Y, and o have the prescribed neanings. Preferably the am no

CO”DOUﬁd ”We@%lehé'nbmbéF h\‘f‘engﬁe ﬁb%ﬁﬁlbf@e@hﬁm Blethebbiyﬁiehaﬁmdﬁztihhhﬁm n, or
m Xt ures thereof
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br of or abl y COREORSI IS S TITEH TR P P ToslPhtme g Phafedanat 1L ng
agents and/dBPolene or nore suppressing agents. 35A further enbodiment of the
present invention is the use of the additives as described herein in a bath

for deposi tgpd, JBWH% p%@ﬂ%eﬂb%%%én%}{%o?nopo?ﬁ% nf) o ﬂgfrls rﬁfb PdyRHoo0h, t he

present i nvent | E S ayer on a Lubstrate
by cont'act iWfEM OpSIEHGIHE %Fﬁffhﬁﬁo%% Scri bed her ein with the 40substrate,
and applying a current to the substrate to deposit a netal |ayer onto the

substrate. PT@I%ra%'I;DtﬁS%émb&l@@r{ ééc‘ékﬂlﬁd {oYarly88é B thE PFecdaP@Idim 8 dnviRbiR the
particul arl eo%)%er e1rrsp sy bstrate conprising mcroneter and/or
Bt or onecUPTer Batier G Pudfacts

20 - ana-dicarbonyl compound R'-CO-CO-R?,
- an aldehyde R3-CHO,
- atleast one amino compound (NH; -)mR*
- protic acid (H*)oY®,

25 wherein R, R?, R3, R4, Y, and o have the prescribed meanings.

Preferably the amino compound may be an aliphatic or aromatic diamine, triamine,
multiamin, or mixtures thereof.

30  Preferably the metal ions may comprise copper ion.

Preferably the composition may further comprise one or more accelerating agents
and/or one or more suppressing agents.

35 Afurther embodiment of the present invention is the use of the additives as described
herein in a bath for depositing metal containing layers.

Yet another embodiment of the present invention is a process for depositing a metal
layer on a substrate by contacting a plating solution as described herein with the

40 substrate, and applying a current to the substrate to deposit a metal layer onto the
substrate. The process is particularly useful for depositing metal, particularly copper
layers on substrate comprising micrometer and/or submicrometer-sized features.



WO 2011/ 151785PCT/ 1B2011/ 052385 6 Preferably the substrate conprises

m crometer or subm croneter sized features and the deposition is perforned
to fill twemiwcrsorset er or subm croneter sized features. pbgB2qpr/e$2assabl y t he
m cronmeter or subm croneter-sized featumps have a size fron11 to 1000 nm
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i nterchangeabl y throughout this specification. "Leveler" refers to an
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met al
“‘leveling additive” are used interchangeably throughout this specification.

and

35 Although the additive according to the present invention has strong leveling properties
in electroplating of submicron-sized features the use and performance of the additives
according to the present invention is not limited to its leveling properties and may
advantageously be used in other metal plating applications, e.g. for depositing through
silicon vias (TSV), for other purposes.

40
The present invention provides a plated metal layer, particularly a plated copper layer,
on a substrate containing features on the nanometer and/or micrometer scale wherein



deposit over dense feature areas as conpared to areas free of features or
at least containing relatively few features. "Dense feature areas" neans an
area exhiwptongissssal | er di stances between nei ghbori ng PeatBas0f2088pared to
a conparative area containing aperturespith a relatively large distance in
bet ween. Snml |l er distances nmeans di stances below 2 m crone , and
preferablyﬂb%mﬁwl %yﬁfr&"fsor pesd °V§FFga IR eAtHes g élm%a%'éh%{ﬁ?%@??qqﬁ? Such
di f f er ence voulst drel perabigsubistaritinbsiteasfenidie 3 erblatitg refewrteaghigkercustplar ed to
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subst anpi a'chtafrﬂ{dTﬂelwvéi ffeﬁl@fe%tur@é‘%he@ﬁe@‘tﬁ ad'Gled hé’@ﬁtegr trﬁbu\ﬁ@!ng , With a
netal el ec ating th 20 The

To ti ves. SHURYAHESE e BV E8EL P oRrEfRRRS abe fat Rl SR
prepar at i omtﬂ@rﬁmwlrcwts@ﬁ@%swwatﬂsdw@@@lyfc@ntam@pwa@ﬁ Qirﬁeat@regewarwu by
reacting (apeaures;thvingrdanety dsteepRaricularbsuitablealudstyteieare(tidseattavirgast one

ani no porrpgﬁ ur@@\ﬁh@ﬁe ﬁéndggégéilr[?v% t%l unpugﬂ ggroups and (d) a protic

acid with anot her as shed I nternational patent
appl i cdPi on No. PCT1EP20091066781 Whl ch | s hereby incorporated by
r ef er ence. Theeredsoviavedivpisiadse\eddydehibiregay bye otedire addlitives tawtbld ofnct i onal

groups. It p'r&ncﬁr'wvgg sQ@sﬁ%tF&'ll?plaﬁer ccﬁ)béfrﬁil@r anfd(?ﬂIuan@atQFesUﬁQh@HQrY&n@t@Wnds to
30be identic

ri.ses
Funct i on a1 B glepFeste pBo s Rp ORGP ERES 5P 86 Bl Ibeg oy,
The react i oAidBswith @m%@m&rﬁ@latmg)bathlmef@rw ?/é@llmféﬁ?&trpﬁﬁtmqﬁﬁﬂ?rrerl zation
occurs2pith elimnation of a | ow nol ecul ar wei ght conpound such as water or

al cohol. 35l a%ﬁ@yéé’% ?(‘3: Fﬁmgcf%stﬁeg Faﬁtrmve"‘mu‘éh 'n{HX%tﬁg%? X%’%? )?Bgﬁregﬁ%’ gyl

groups of the are present co art as
ketal and/ &ehek al dehyde group of the aldehyde is present as acetal or
hem acetal , an al cohol is correspondingly elimnated instead of water. 40

0 201 d'lé‘%%gzs@é# %“%%*”‘“* Sarstns Wr“"“&*ny%%@‘@iﬁ*ﬁd'C*af%“‘f‘r’éf”‘é'rbez""
u I cuy y
Oy omal?S SRRoM. (R AN, A IR SR8 R bR PR R IF koS! <6 be
present as PKBW&EY ar@moméeﬁn{seqr@l(d @p@ﬁl@@als|vytha@er@@m@é?aldew'bﬁéﬂralheof a | ower
al cohol , e.uwdputsiskdd Bidnatidtansdtentl apphddiibs NoareT/ERED08/066M®1 whish @& hateat ed i n

Ege 'Oﬁﬁlgr aﬁrgd% ?ﬁg? agrf'ef[ef'e%ﬁé'ﬁ&saeb-rg)k@ c8ﬁ1h89rﬂ%(é'ar%8fd%% tgf th%:p‘éorﬁentcgfcar bonyl
P func |onaI groups Itis alsopp033|ble for example, for two of the above compounds to

30 be identical when, for example, a compound comprises both an acid function and, for
example, two primary amino groups or an aldehyde group. The reaction is a
polycondensation. In a polycondensation, polymerization occurs with elimination of a
low molecular weight compound such as water or alcohol.

35 Inthe present case, water is eliminated. When the carbonyl groups of the a-dicarbonyl
compound are present completely or partly as ketal and/or the aldehyde group of the
aldehyde is present as acetal or hemiacetal, an alcohol is correspondingly eliminated
instead of water.

40 The o -dicarbonyl compound (a) is preferably a compound of the formula L2a

R1-CO-CO-R? (L2a)



10 The al dehyde conpound (b) may be any conpound having at | east one

al dehyde group. The al dehyde is in particular an al dehyde of the fornula
L2b R3- CHgpLaty151BFhe al dehyde group of the al dehyde camcCahBmibespsesent as
hem acetal or acetal, preferably as hemgacetal or acetal of a |ower

al cohol , e.c_l_g. a Cl- %,0- al karol . In yn? case, the alcohol is elimnated in
the |ater JORFORMPILNGIS RAELEHAY RrefqiRRY A¥PXAY de group is preferably not
present as hem acetal or acetal. 20 The ami no conmpound (c) is a conpound
having at Ieashrdong gj?blhpﬁ%ﬂfh@mél@ar%gﬂ@émga'm GV 416 68 pRALMK IRk be

represented b e neral fornu 25(NH2 -1 m RA(L2c) ej.n i S an
| reger gr SR parRRaTI s AP RE o iEianer s ol ol Rl bt R E B Slinaf

gr oups. om dhin chre. (e 3icohpl igeliinatedin the lpterpopdensgdonreaciereger from 2 to 10
000, in particular from2 to 5000. Very high values of mare present, for
exanpl e, 1 hy: nyl am iJm ne are
Gsed Vihen L8 GADRYAILAE (5616 aGmpRR) KB AL Dol T LAY, O,

| i near, polh§ 1 of #8tdhzol i um conpounds are fornmed, while in the case of
am nes having nore than two primary am no groups, branched polyners are

fornmed.35 Tha Ridpyed @dSrhS&Jrﬁi"(J@Pﬁ*uiaYBQtany BbmBodil haVirRfledst OR@ dldeRyde 1 N

particular fro tp 4.  \er rticul ar preference s, given to m= 2

i aniney. GO The SRRy g tour P die BB L ERiF sfe T s gi ven 1o m =
2. 40In a preferred enbodi ment, the am no conpound conprises at nost ether
groups, secondary or tertiary RECAQ® groups and apart fromthese nolLbbyt her
functional groups. Mention may be nmade of, for exanple, polyether am nes.
R4 is therefore preferably a WO 2011/151785PCT/ 1B2011/ 052385 9 pure

hydr ocdPbor "F&HEENTe gfouR Oﬁm%‘é@é}yﬂﬁﬁarﬂ 5P L5IPresanbRs DpPIagest oAsE i t ut ed by
et her gr oupssfemblyasdanyiacataloo agetelugds lowert Acahiohreyy. and hO 10 +atkapsl. I thisa
particul ar cggbasd aRdkol iFliniifatdd RHHE 1A dEpeandion redieal and does not
conprise any functional groups. The hydrocarbon radical can be aliphatic or
aromatic or_conprise both aromatic and 5al i ghati c??r oups. Possible am no

conpounds dihé hiige etonpoupgierally eplarrasany aghamiacetal of acelili ch t he
20
The amino compound (¢) is a compound having at least two primary amino groups.
The amino compound can be represented by the general formula L2¢
25 (NH2 -)m R? (L2¢)

wherein m is an integer greater than or equal to 2 and indicates the number of amino
groups. m can be very large values, e.g. m can be an integer from 2 to 10 000, in
particular from 2 to 5000. Very high values of m are present, for example, when

30 polyamines such as polyvinylamine or polyethylenimine are used.

When compounds having m = 2 (diamines) are used in the reaction, linear, polymeric
imidazolium compounds are formed, while in the case of amines having more than two
primary amino groups, branched polymers are formed.

35
In a preferred embodiment, m is an integer from 2 to 6, in particular from 2 to 4. Very
particular preference is given to m = 2 (diamine) or m = 3 (triamine). Very particular
preference is given to m = 2.

40 In a preferred embodiment, the amino compound comprises at most ether groups,
secondary or tertiary amino groups and apart from these no further functional groups.
Mention may be made of, for example, polyether amines. R* is therefore preferably a



primary am no groups are bound to an aliphatic hydrocarbon radical,
preferably an aliphatic hydrocarbon radical having from2 to 50 carbon

at ons, pawOi20ul/i#18y preferably 10 from 3 to 40 carbon aPOREB20FUNI2BEY

possi bl e am no conpounds are am no conpe@unds, preferably diam nes, in which
the primary ami no groups are bound directly to an aromatic ri system
e.g. a phemyleher “i’f?iﬁr PH?\%r?ehy&FQf@H?O”d?déﬂﬁ' (5TTHRRE Ol RS 'Mefﬂﬁxe t he
primary amgnaupsbggaongary anendoneads botedlanpaatiogropmsupsa partiallinydmisadisentt uent s

S cal o g2 pLAMYRYERIN B 1RO eldMptisbn Ao Sras, | 1
1 ’Tagﬁ‘g%ﬁar%oa%ﬁﬁ%aﬁ o b BFhati S afTpelio B Bt SelificRing,

1, 6- hexyl enedi a|
conpounfls &fiPhatie FeHsul a L2d H2N -R5-N-1R7-NH2 6 R(L2d) 251 NH2 where R5,
R6 and R7 are each, independently of one another, a 01-010 al kyl ene group,

ticularl fer i ol oSt o h
D ol 's " REosBERIAARLY Bl e Bt ENBANEL Rrob ol MadhER: FREARE. e

( tshe sa nedani nlg{d an ng

ment i oned PEMEFY AMNASERYRPI AFPARNY RAORBIRRFIC IBIFRGEAn dicl RsEIARI @Ravi ng t he
fol | owi ng siiphaticinydcarppnaddical heviog Fdm 2 WORGTHGN BT 5PCT¢UBROTEOENA385 10
NH2 xNHgG NEm 3 to 40 carbon atoms.

Further possible amino compounds are amino compounds, preferably diamines, in

which the primary amino groups are bound directly to an aromatic ring system, e.g. a

phenylene or naphthylene group, or amino compounds in which the primary amino
15  groups are bound to aliphatic groups as alkyl substituents of an aromatic ring system.

Diamines which may be mentioned are, in particular, C2-C20-alkylenediamines such
as 1,4-butylenediamine or 1,6-hexylenediamine.

20  Possible triamines are, for example, aliphatic compounds of the formula L2d

5 7
H2N—R—IT—R—NH2

6

R (L2d)
25 |
NH,
where R5, R and R7 are each, independently of one another, a C1-C10 alkylene group,
particularly preferably a C2-C6-alkylene group.
30

In the simplest case, the radicals R®, R® and R” have the same meaning; an example
which may be mentioned is triaminoethylamine (R5=R8=R"= ethandiyl).

Compounds having the following structures may also be used:
35



It is also possible to use, in particular, mxtures of am no conpounds in
the process of the invention. In this way, polyneric imdazolium conpounds
whi ch compoi2ea/difscer ent 5nol ecul ar groups between the ipairdazol/es2e8ngs are
obt ai ned. The use of such m xtures makeggit possible to set desired
properties such as leveling efficiency yjg a targeted way. As mixtures of
ami no conpounds, it is possible to use,| for exanple, mixtures of various
10al i phatic am no conpounds or m xt ures~Qf Nbys aronmatic anmi no conpounds
and al so m xtures of aliphatic and aromm anj conmpounds. The am no
conpounds in the m xtures can be am no ¢onpoundsZhaving different nunbers
of primary am no groups. Wen diam nes are used in the process of the
invention, linear polyners are obtai ned. When am no conpounds having three
or nore primary am no groups are used, 15crosslinked and/or branched
structures are forned. The use of diamnes in adm xture with am no
conpounds having nore than two primary am'®d; groups, e.g. triam nes,
enabl es the desired degree of crosslinkilng or degree of branching to be set
via the proportion of triam nes. 20Am ng.conpounds havi ng a hydroxyl group

in the R position relative to one of e primary am no groups can al so be
used as am no conpounds. In thigr ase, pol rreritl\g_li m dazol i um conpounds
2 ordi g Zhe prior art by reaction

whi ch have been able to be obt ed C
of imdazole derivatives with epichlorohydrin or other epoxy conpounds (see
above) can als% be Qﬁtained,b t he process gf t he inventionh Fbmeverr t he
use of 25stldhaEBMeSHAELC vse. {bParipdal: (RPEHLPS PhaBEYLANROYPIT NG 8195682 of t he
i nvention, tsoinvérttoni In thiawayl sdyheridinggazoiied camphunds whigh eompprigeetifferant
e/rrboldl mgnt imdl&fi‘.:laﬁflrgrwbs%émﬂﬂe :ﬂﬁﬁaﬁolﬁﬂh@él%%gibta}h%oﬁ he @ke bﬁéiﬁ:h_trﬁﬁt:&réslo 000
g/ nol, partjicular R [ ) n nol ..very.parti arly
o efer abry it Reorll o SoBslad PopelRisue it el Fl P RS o o
WO 2011/ 15¥WA5PCT/ 1B2011/ 052385 11 Possible diamnes and triam nes are, in
particul ar, conpounds having a nol ecul ar weight of from60 to 500 g/nol or
from 60 1 0 ARShxfebranfifo LFRAREGER RbsiBEABBEEN6r LBRALMkiKE ISR N9
to the invention, 1t 1Is Egss e to us feurt er conpounds, @3’% I'n order
to i nt r8dudPRie &I CARRPHIIS pBHIHES Of KIS HRRFUICHMIB? CAGPANUITAdRES i onal
crossl i nki myxtosesé atighadit ahd atdmeaticfamice compburgisolipsamino cetpodeds indhis
properties WQktufed dERHR dntihd BEMp6GRSIHa0MYG dRferéMAuRRSH dfi phihaPPhMIFR groups. _
(pol yner-ar\lﬁthegg s, reaction at a | at A ﬁ?‘o{/ntti |nn.nt| e pagsl bl €t 10Thus, if
desired, it | ‘%8%‘5}68%6 v HRKE GRS RV et inear Be RSP QoS hounds
When amino compounds having three or more primary amino groups are used,
15  crosslinked and/or branched structures are formed. The use of diamines in admixture

with amino compounds having more than two primary amino groups, e.g. triamines,
enables the desired degree of crosslinking or degree of branching to be set via the
proportion of triamines.

20  Amino compounds having a hydroxyl group in the i position relative to one of the
primary amino groups can also be used as amino compounds. In this case, polymeric
imidazolium compounds which have been able to be obtained according to the prior art
by reaction of imidazole derivatives with epichlorohydrin or other epoxy compounds
(see above) can also be obtained by the process of the invention. However, the use of

25 such compounds is not absolutely necessary for the purposes of the invention, so that
it can also be dispensed with.

In a preferred embodiment, the amino compound has a molecular weight of less than
10 000 g/mol, particularly preferably less than 5000 g/mol, very particularly preferably
30 less than 1000 g/mol, in most preferably less than 500 g/mol.



having only one primary amno group in order to influence the nol ecul ar
wei ght of the polyneric imdazolium conpounds. The conpound havi ng only one
primary aworroligriso1sp | eads to chain termnation and t henPCone®1t/he3gnd group
of the polyner chain concerned. The higher the proporti on of conpounds

havi ng onl ne pr.i am no 15group, the | ower nol ecul ar wei ght .

Based on 1 G’Sﬁ’EP C{ﬁm'aﬁg%d YRS ! ﬁmrtwalaatcon@a LA PP&E%? ki no
groups, it weighhotkoml6e,toicA0 a/moler énmeildosbgdhotent, to use, for exanple,
fromO to 10 nol of corrpounds havi ng only one primary group. The protic
acid (d) c n be represent e
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aromatic rr15 P@ %Géﬂe%o'%tt W'E‘ﬁé’osﬁpleanot her pol ymer having a plurality of
25car boxyl groups. In a preferred enbodinment, o is an integer from1l to 4,
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ani on yo-
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is, for ex@ﬁ’dm@r'cﬁldééQle'd" gqnaraurRds. The-compopind hayirg Onlt’lﬁ’@e@f't’ﬁ@ry @ﬂ'n§ul f at es,
sul fites anrgoupubidytatopain terngnatdd,thdtSoims tHe0Sw grotiSoBthe pbiyA2HB0Rain

ot koni ges' SEDIGPAHEF Lol Pe BBk et Epmraodir s

!
phosphdRat @éOUppH{?s'BW?rntQ?é@'e F?dé"tﬂ'ﬁ*\te%aseﬂﬁ’asWH (?Ito §mé{WoP°HPRS’§'B heving, e. g.
PO43-, HPO4&RleasH@P@timarPodio, grolRix3 R pd43R0S-in a phafergerd wpboflinpent doxge does,

e.g. fornm %&gmgrédframetitet@ ma cbRBoGIRURYRG Ayl aaqamAg ghyr ocar bons, e. g.
CF3S03-, (CF3s 3) 2N-, CF3002- and CCl 3002- 40

2011/ 151785PCT/ 1B2011/ 052385 12 The reaction of the starting conpounds is
pr ef er abl y Thamretiscacislid) can barenreseatagdiyethe fargeianY @ (H'ad weifre ors af jotegess
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210). furiéaric acidiot itasonic acpnefreargldtiyercaomanests caig. with (wedtl®acrylates, xinyr es  of

wat er w th kRes gbaumalé Rloh6meRSRicM @B1sBrentd) 8r BERGREH (RIyrhdér HARING IaCarrlity Yor
prefer gly carried out in water. The reaction of the starting conponents

can be arrcia X}Sllﬁro%ﬁ for exanple, pressures of fromO0.1 to 10 bar, in
particul ar at m)spherlc pressure, and, for exanple, at tenperatures of from

5 to 100C, In B ppefréd emBodifentnods bo irkéder fipar 1 toca)Ipartlcylapy efsterabiyyt dkSf rom 10
to 40C a particular embodiment, o is 1.

30  The anion Y° of the protic acid forms the counterion to the imidazolium cations of the
polymeric imidazolium compound.

The anion of the protic acid is, for example, selected from F-, CI-, NO2, NOs-, the group
of sulfates, sulfites and sulfonates, e.g. SO4%-, HSO4, SO3%, HSO3", H3COSOs',

35 HsCSOsg, phenylsulfonate, p-tolylsulfonate, HCOs-, CO3%, the group of alkoxides and
aryloxides, e.g. HsCO-, H5C,O-, the group of phosphates, phosphonates, phosphinates,
phosphites, phosphonites and phosphinites, e.g. PO4%, HPO4Z, H,PO4, PO3%, HPO3Z,
H,POs, the group of carboxylates, e.g. formiate and acetate, and the group of
halogenated hydrocarbons, e.g. CF3SOs, (CF3S03)2N-, CF3CO2 and CCl;CO2

40
The products received in this way may be subjected to a typical anion exchange by
means of precipitation or by anion exchange resins to receive a desired counter-ion.



The starting conponents can be conbined in any order. The reaction can
be carried out batchw se, sem continuously or continuously. In the

20sem corwOnoous1t8sde of operation, it is possible, forpPexarplieps2Bgy at

| east one starting corrpound to be initigly charged and the other starting
conponents _t o be net red . In the contipugus node of operation, the
starting crﬁ?ﬁdﬁ%‘ﬁ‘?@o P\?S&ﬁr’?ﬁ ﬁ%p%rqfr'%ﬁ’ﬁ{}?ﬁtﬁy ﬁ?fﬂegﬁtét 'Br"‘%g‘ﬂ WAt ure i s
di schar ged nyseittle salvast oy miftheesgherevi. ng 25 conponents can be fed in either
individually or as a mxture of all or part of the starting corrponents In
a particul enbodi ment he am ne. a are for

fefin as QRCETRLIAR Ngrieend BraRT dimfoRate el RS rudat RTRE, °"

i ndi vi dal oy ethers havdvg R mpge tham 4¢arpen atpRE. 80 @gipNoRethang, mg]‘rhyh@thyl
particul ar egtidpodiramirofuinl Seitabid profic SavgERH art rRisCidPWithswatgr Bamnoad (agr oups
(i.e. the g-djcap nyI conmpound, the al dehyde and the protic acid of the
anion X if the Tatt is a carboxylate) are m xed beforehand and fed in
toget her as a stream t he remai ning am no conpound is then fed in

separ at el y.Tha3&haios énprefenanly cariep avtan matercamitferes af wated withtthe abeueyproteact i on

vessel 90 i1 sBlvehd. ﬁrér‘e‘a&t’&ﬂs\b@ﬁ@@lhrly bFefér&bIW:QFr%ﬂ%ble@ﬁér“ ed out in a
cascade of stirred vessels, from2 to stirred vessels, or in a tube

reactor. The reaction proceeds in principle accordr ng% to the foll ow ng
reaction edhrdgadsian of he stayting aBNIBHRETYANBRCEIETLERE 86 Tarexa0mie-piessulgsN- R4
-NH2 ++ HHOHROMRAH fo 10 B, inlWartidilaNGtiiospNdric p@skiR8/ and, I‘dﬁ@x@ﬁhﬁle at | nst ead of

CH3000- anxe,gbasrur@gﬁm{]bgrggga 1O AR ROPS 1 HEEE, Bhr @99@' 12 %Xchange

subj ect ed to anion exc precipitati o
resi ns 18t o M98t 14 totks Fr ed count er-ron Here, 1 nol of aI dehyde 2 nmol of
prinmary amno groups and 1 nol of acid group (H) of the protic acid are

required pehektdihg &mpbrith&aERYYonMBRAH By ofdert he pol ymer obt ai ned, the
i m dazol ium groups are joined to one anot her by the diamne. 10
The reaction can be carried out batchwise, semicontinuously or continuously. In the
20  semicontinuous mode of operation, it is possible, for example, for at least one starting
compound to be initially charged and the other starting components to be metered in.

In the continuous mode of operation, the starting components are combined
continuously and the product mixture is discharged continuously. The starting

25 components can be fed in either individually or as a mixture of all or part of the starting
components. In a particular embodiment, the amine and the acid are mixed beforehand
and fed in as one stream, while the other components can be fed in either individually
or likewise as a mixture (2nd stream).

30 Ina further particular embodiment, all starting components comprising carbonyl groups
(i.e. the a-dicarbonyl compound, the aldehyde and the protic acid of the anion X if the
latter is a carboxylate) are mixed beforehand and fed in together as a stream; the
remaining amino compound is then fed in separately.

35 The continuous preparation can be carried out in any reaction vessels, i.e. in a stirred
vessel. It is preferably carried out in a cascade of stirred vessels, e.g. from 2 to 4
stirred vessels, or in a tube reactor.

The reaction proceeds in principle according to the following reaction equiation.
40



H gh nol ecul ar wei ghts can be achi eved when the conpounds are used in the
above, equinolar anmounts. It will be appreciated by those skilled in the
art that woneitttsarssone | evel i ng agent nay 15be used. VW@QTUBW1005238% e

| evel i ng agents are used, at |east one @3 the |leveling agents is a

pol yi m dazol i um cogpound or a derivative thereq) as descrll_ped dherein. It is
preferred to use ﬁy qne p(?_| KII :Pzdazm_'l umjevel ng age in the plating

bat h conposition. Sui ta | e2additi onat |evel ent s but are
not limited to, 'Pol y&m noani de and derivatives ther eof, Qm yal kK8nol ani ne
and derivatives thereof, polyethylene imne and deri vat| ves thereof,

quat er ni zed pol yet hyl ene i m ne, poI ygl yci ne, poly(allylamne), pol yani l'ine,

pol yurea, polyacrylamn de, poly( 4f or mal dehyde), reaction products
of ami nes with epichlorohydrin/s t®on-p ts of an am ne,

25epi chl or ohydri n, 3a|qct?pol yal Ryl ene o%t de, ction products of an am ne
with a pol yepoxi de yvi ny¥/pyri di ne, pol yvi nyl i m dazol e,

pol yvi nyl pyrrol i done, or copolyners ther ni gr osi nes,

pent anet hyl - par a-rosani | i ne hydr oH@@T@éJOE{ﬁexamst hyl par ar osani | i ne

hydr ohal i de, or conpounds containing a functional group of the fornula
NRS, where Ris a substituted al kyl, unsubstituted al k substituted
aryl or 300MEeAsehi¢iaCRP argy othghai %ﬁmpptloqeﬁébavmay&%ﬁsé OLEH¢@P-BaY al ky!
and pr ef er dklspbjeCled tCahiahlexthanige byememalof ptaepitation ordrycanis éxcbhngeresins

(C6- C20kar ¥b get §épeabynteonClO) aryl . Such aryl groups may further include
het er oat ons, such as sul fur, nitrogen and oxygen. It is preferred that the
aryl group is phenyl or napt hyl . The conpounds WD

2011/ 15178%0T/ 1m0 Bldshyes2 mal o eHMENMMGogreups@dInap! of eedmredp tHigof

for m;l a N fhéSpratie agig res Rlgulredk pavinmobdfer-gieaddbayl lcympoumd: it thal doyynastai | abl e ﬁnd
may be use r%gfﬂ ont ai ni ng the
NR-S funcﬁlb\égﬁﬁ({bogiedﬁwatzteﬁjem QH{ Pg aFea]bl %?1%%7 %’F’&ﬁ% n??%ﬂ@%‘% ("N') may be
attachdl to such conmpounds with si ngl e or doubl e bonds. Wen the sulfur is
attached t dligumblecolapwaigtts cantte. schisived Waeb thredgontdoeindsi hfeursediin theteooge,anot her
substi t uentggQinRdtantdifils.@as but not limted to hydrogen, (Cl-Cl12)alkyl, (02-
C12) al kenyl ,” (C6- CZO) aryl, (Cl-Ci1l2)al kylthio, (02-C12)al kenylthi o,

(C6- CZO)aryIthlo and the Ilke Li kew se, the nitrogen will have one or nore
subst i t uent't Wi b gepresiatad isthose giiedripthe arhibabenoteothRy @ne valing @entr@y al kyl
(C2- Cl3pal kenykd. Wedn tlddranyte, Ie@ﬁdgbb@nt’s akeuselingt 1IBadRobe bEithetiévanay gr oup may

be acyclic gént%(scé hSIym?%%ﬂHrﬂ m%%[]ﬁ&‘bt“é ngl\fé}ﬁﬁé lh%r%fas?d%’sﬁ?@%{j% n. HiQUPs

i ncl ude tho avi rogen € nitrogen
and the sulPfIETGH TS Anheons pPRYIRNASzaliM lexpling gaent 'I”éU%P'iaH@g %tants are

t ri et hanol @nimpesitendensat es as descrl bed i n unpublished international

Pat ent Application No PCT/ EP2009/ 066581. I n general, the total am)unt of
| evel i a tro tJn is fro 5 mto 10

based & ¢ nede ahals §ﬁ%veﬁwg Skt raee P ateno iRl 1 PBA BB

accor di ng tderiytwept qulyau@nwia@nneaa@ §/piatds tper@QtwOiyﬁthaleﬂgurame@nﬂunt of
from about derivativpstHetedbquiterdRO8 poipsthipasetnins, doglyichleapolweilghinef, t he

easer ambab2ning MUtk 169 %‘aﬁ{&"% e e RErEaLBeh AR08 e
present i n\Pé‘?f’HC&rfyﬁH}}n‘?Sn‘ﬁ'Frh%c ”” UyHR'} SH%{F Oaift"Pes. Such opti onal
addi t i ¥&s iepchlodeydboitardrmlyaddylene mixidedrepotioremrodlicts aft ar amine with a
polyepoxide, polyvinylpyridine, polyvinylimidazole, polyvinylpyrrolidone, or copolymers
thereof, nigrosines, pentamethyl-para-rosaniline hydrohalide, hexamethyl-
pararosaniline hydrohalide, or compounds containing a functional group of the formula
N-R-S, where R is a substituted alkyl, unsubstituted alkyl, substituted aryl or
30 unsubstituted aryl. Typically, the alkyl groups are (C1-C6)alkyl and preferably (C1-
C4)alkyl. In general, the aryl groups include (C6-C20)aryl, preferably (C6-C10)aryl.
Such aryl groups may further include heteroatoms, such as sulfur, nitrogen and
oxygen. It is preferred that the aryl group is phenyl or napthyl. The compounds



25suppressors, surfactants and the |like. Such suppressors and accel erators
are generally known in the art. It will be clear to one skilled in the art
whi ch suppoessirss7’sand/ or accel erators to use and in whatPCanszmi/gs23ss | ar ge
variety of additives may typically be uggd in the bath to provide desired

surface 30finjshes for the Cu plated tal . Usual l e than one additive
i s used wi CANELW 3 PP?’\?EWHPM%G@”@%&%@ 6 ger @kaﬁfea @y, the
el ect r opl atcomgneascialhysavaiigble and aiay bensed withoutdurtifierpudidadivat or s, suppressors,
sources of halide ions, grain refiners and m xtures thereof. Mst

preferably the el ectroplating. bath tains both, an accel.ernator and a
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present in MMl t N icl ude,
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sul f oni ¢/ ptroHEHIVE (GeCRVE VY (e £ 12alKho. 462 GAgalkenylihio, (CE-CHofary o
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al kyl group, ar ra roup,, an_ ar roup. or a 5Sheter.oaraq i\c group.
it o1 ogl iy PSR b il b Seyslelon SpRY Bobipelody SsTinib S E 5

car bons. Cavbdeydipnad gseups influsieibose Ravingeitngr therjiroganaui ke swive ar kash fieeny| |
naphtyl . Heiteygeanadeid Sulfgr @liNia tey enpdyeensui t abl e aryl groups and contain
one or nore N, O or S atomand 1-3 separate or fused rings. RA2 is
selected fromH or (-S-RA1"X03MA"), with RAL' being sel ected anpng RAL,
10wher dPn RAMMEHGVeIBIRgeNE P INeiNENBIR MG $entates ot gskited ind norPlisher ng

sel ect ed armdegali#nal RateneApplidatiomly. PeT/ESREA09/6665810 or different from MA
More specifically, useful accelerators include those of the foll ow ng

Formitae: 12 MESHR arhin S Pietatngagenfih theo Q8o MRS Bafl s Form % o VP

to 10000 ppm based on the total weight of the plating bath. The leveling agents

20  according to the present invention are typically used in a total amount of from about 0.1
ppm to about 1000 ppm based on the total weight of the plating bath and more typically
from 1 to 100 ppm, although greater or lesser amounts may be used.
The electroplating baths according to the present invention may include one or more
optional additives. Such optional additives include, but are not limited to, accelerators,

25  suppressors, surfactants and the like. Such suppressors and accelerators are generally
known in the art. It will be clear to one skilled in the art which suppressors and/or
accelerators to use and in what amounts.

A large variety of additives may typically be used in the bath to provide desired surface
30 finishes for the Cu plated metal. Usually more than one additive is used with each
additive forming a desired function. Advantageously, the electroplating baths may
contain one or more of accelerators, suppressors, sources of halide ions, grain refiners
and mixtures thereof. Most preferably the electroplating bath contains both, an
accelerator and a suppressor in addition to the leveling agent according to the present
35 invention. Other additives may also be suitably used in the present electroplating baths.

Any accelerators may be advantageously used in the present invention. Accelerators
useful in the present invention include, but are not limited to, compounds comprising
one or more sulphur atom and a sulfonic/phosphonic acid or their salts.

40
The generally preferred accelerators have the general structure MAO3XA-RA-(S)¢-RA2,
with:



with RAL, MA as defined above and Ar is Aryl. 20Particularly prefered
accel erating agents are: SPS: bis-(3-sul fopropyl)-disulfide disodiumsalt
MPS: 3- newoaptios178pr opanesul foni ¢ acid, sodi um salt O hecTapampbhsssof
accel erators, used alone or in mxture, 1%ncl ude, but are not limted 25to:
MVES (2- Mercapt oet hanesul fonic acid, sodium salt DPS (N, N

di met hyl di t hi océﬁ%amwd&@ﬁﬂ of an glipl gsia poretesakady a os§dli um sal t); UPS

(3-[ (am noi m norgthpl) <t hi o] - 1- propyl sul fonic aC|d) ZPS

(3-(2-benzt hi azo th| o) 1- propanesul fonic acid, sodiumsalt);

3- mer capt o- propyilsultq Bni caci d- (3-sul fopropyl)ester;

met hyl - (w- sul phep %ps}é'%ctéy fdth 198 aﬁlglégg Sd’@n rﬁe"’?érbélwl-gr%u&élﬂaln aryl groupor a

met hyl - (w sul phopr opy trisulfide iumsa accel erators are
typi cal by used ihetesparamstingroop. éfetnalkyl droppmwillhasd one 0BOOE pgieoaisasedl on

the total wei ghgsu@c ).ahB9 R irboig. Batdbe <ﬁ’i%r§% L@%'f)‘? @H%gﬁﬁ%&%g&& of

accel erator use in the present | TWENTi nor e
particularly 2 te pBSﬂﬂmqmml Hetgrospatie gsoupy aageiso snidgbldbaryhdwaps ageous! y

used in the preggmab thve&%é)r@ N %'Brp% Sgﬁ‘rﬁ 28 ?%es%heralt’és&ffd%ed fhds he present

i nvention inclu are not 'I1m rirc m
particul arly thd¥eéisheslaate ﬂmné-kwa(t—&ﬁ%%ﬁhl\/i’*t)wntmﬁm aanigrmleeted(}ammrg RYl arly

S03 37 180 85pcr) HBB Rob3yBe %ee“r“%% bESferlEuat B GO, 2951 esei ng
agents include psingeelpgiasrmeng M IWWBMWQ’ bep@?ﬁticéldpé?fﬂﬁeiﬁﬁﬁj) Mt ene

gl ycol polypropylene glycol copolynmers. The arrangenent of ethylene oxide

and propyl| We%éé(ﬁﬁcaﬂy, L%léf QPJe‘f‘er&tBFb%&ﬁ&é)fh%s VthQ‘?ol Wﬂ?‘orﬂulgg" ent, or

random The pol I ene yco may conpr i se her a y ene 5oxi de
bui | di ng bl ocks such as butyI ene oxi de. Prefer abI y, the average nol ecul ar
wei ght 16f MfiQs:aHRe-Slppr essors exceeds about 2000 g/ nol. The starting

mol ecul es qfiacsgifaly-s- molg@;myl ene glycol may be al kyl al cohols such as
met hanol ps?][g nbut anol and the like, aryl alcohols such as
phenol s angh E?gb%‘{e%gl'g Mar al cohol s such as benzyl al cohol, polyol
starters st Y Mt @%é@aﬂne@a\p@é@ ppRd At iSiAft hyl ol propane, 10pentaerythritol,
sorbitol, carbohydrates such as saccharose, and the |ike, am nes and

ol i goa%ne%aﬁ%ﬂrl?%r&é&'ac?ﬂbﬂﬁﬁg F%Mg gt nes such as aniline, triethanol

am ne, ethylene d am des, |actans, heterocyclic am nes
such as im dazoISPaﬁq@ISc@r%QWp)d gisylide dl@p@'ﬂ@rﬁ@ltl y, pol yaI kyl ene gl ycol

suppressors nay I\}H@Sfé‘m%ﬁf ?E)g 'F?E’%ng%”’oﬁ'e'a%'d%% Sgch as sulfate,

sul fonat e, amoni um an

Other examples of accelerators, used alone or in mixture, include, but are not limited
25 to: MES (2-Mercaptoethanesulfonic acid, sodium salt); DPS (N,N-
dimethyldithiocarbamic acid (3-sulfopropylester), sodium salt); UPS (3-[(amino-
iminomethyl)-thio]-1-propylsulfonic acid); ZPS (3-(2-benzthiazolylthio)-1-
propanesulfonic acid, sodium salt); 3-mercapto-propylsulfonicacid-(3-sulfopropyl)ester;
methyl-(a-sulphopropyl)-disulfide, disodium salt; methyl-(eo-sulphopropyl)-trisulfide,
30 disodium salt.

Such accelerators are typically used in an amount of about 0.1 ppm to about 3000

ppm, based on the total weight of the plating bath. Particularly suitable amounts of

accelerator useful in the present invention are 1 to 500 ppm, and more particularly 2 to
35 100 ppm.

Any suppressing agent may be advantageously used in the present invention.

Suppressing agents useful in the present invention include, but are not limited to,

polymeric materials, particularly those having heteroatom substitution, and more
40  particularly oxygen substitution. It is preferred that the suppressing agent is a



15Particul arly useful suppressing agents in conbination with the levelers
according to the present inventions are: (a) suppressing agents obtai nable
by react iwQ2an/@misae conpound conpri sing at | east threePatliBud1/632850
functional groups with a m xture of ethy§ene oxide and at | east one

20conpound sel ect ed fro 03 and 04 al kyl ene OX|des a desc | bed in European
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copol yer  REAHELEH He ke A OHER S PATE AR R LAE ORI g as 3 (o
Suppr essi ngudyenberdyt alcora oy stadarstsunly aaulyaah glgcermnﬂmumwlclqnmar@l ng at

| east 3pt hrp%ﬁta@%ﬂhﬁf@l §’€§Fbl’&9 (falr'tb'&fybﬁé'ﬂ@é s&h%%cdﬂatr&eebhd'h%ﬂﬁe%ﬂ@s ang at
| east one ¢ | ect a mxture

or 1 h oounaEmes SRE TR el P g s de | el ol F\RL?'B'HF My of 6000
g/ mol or netylens drgiee Askhp fkea FRctpS EterpRYCiicamings Sueh aigdsl 3.
40Pr ef er ablayd tcbmoayncrwdsw‘pMy,I ;ﬁ)l}&ﬁ&ymb@@/cbrwﬂibﬁsbws&ﬁ@] ok RIAtiEhalided3-

di am nopro%?n&1IC érouf)so ) 0l f%ngulfo%aé gg@@l oxa?ﬁtd%‘gh , 6- di am nohexane,

neopent anedram n I 'am ne, ecane-1, 12-di ani ne 4 7, 10-
VO 2011P15 RSBy HeoWh SYRRESS3RY apenisin 69’?9'0?5'%‘8%@616‘@?%?S%rﬂ'@g
tri et hyl eneredeytioverntioasieree, di et hyl ene triamne, (3-(2-
am noet hyl ) am nopr opyl am ne, 3, 3"-| m nodi (propyl am ne), N, N-bis(3-
am nopr opy math | am ne met hyl am no y
11 ot hy! enddePR e 2raR Bl S [w)? ol Af camarineat eqst
Suppr essi n@hrag@ﬁlﬂves%we@ﬂ‘wtwmaw %ﬁwﬁﬁd@' pae g1idgend gfleast one
20  compound selected from Cs and Cs4 alkylene OXIdeS as described in European Patent

Application No. 9157540.7.

Preferably the amine compound is selected from diethylene triamine, 3-(2-
aminoethyl)aminopropylamine, 3,3 -iminodi(propylamine), N,N-bis(3-

25 aminopropyl)methylamine, bis(3-dimethylaminopropyl)amine, triethylenetetraamine and
N,N’-bis(3-aminopropyl)ethylenediamine.

(b) Suppressing agents obtainable by reacting an amine compound comprising active
amino functional groups with a mixture of ethylene oxide and at least one compound

30 selected from Cs and C4 alkylene oxides, said suppressing agent having a molecular
weight M,, of 6000 g/mol or more, forming an ethylene C3 and/or C4 alkylene random
copolymer as described in European Patent Application No. 09157542.3.

(c) Suppressing agent obtainable by reacting an amine compound comprising at least

35 three active amino functional groups with ethylene oxide and at least one compound
selected from C3 and C4 alkylene oxides from a mixture or in sequence, said
suppressing agent having a molecular weight M,, of 6000 g/mol or more as described in
European Patent Application No. 09157543.

40  Preferably the amine compound is selected from ethylene diamine, 1,3-
diaminopropane, 1,4-diaminobutane, 1,5-diaminopentane, 1,6-diaminohexane,
neopentanediamine, isophoronediamine, 4,9-dioxadecane-1,12-diamine, 4,7,10-



R\1 1RS1 N+xs-Ni Tys-N, Si'RSi (51) wherein the Rsl radicals are each

i ndependently sel ected froma copol yner of ethylene oxide and at | east one
further O80011041B5kyl ene oxi de, said copol yner bei ng aPcanszom/espss ymer,
the Rs2 radicals are each independentlyqgel ected fromRsl or alkyl, Xs and
Ys are spacer groups i pendently and Xs for each repeating uni
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i nteger equlind@o)ndti8dBihe ! HSB-dAne®Pdndind ainfHeC BREhyRGe &ltrab Mir ardf eat er
than 1, as “ﬂﬁs- ?gﬁ)@gl ilﬁféEuls%qg(neﬁatiggt Apm@,gti on No. '09005106. 1.

20Pr ef er abl s§§ &7 &QBL?}% YEn Gre i ndependently, and Xs for each
repeati Rg unit independently, selected from02 to 04 al kyl ene. Mbst

pref er abl y (¥sSapeeséthgarigent sukapeantientcoyhpoamds oforhtula 8ach repeati ng unit
i ndependently, selected from ethyl ene_¢-021-14-) or propylene (-031-16-).
25Preferably Zs is selected f£s0m 02 t9 04 al kypbene, nost preferably from

et hyl ene or propyl ene. Pr é&g{gkl i§(si /Integer from1l to 10, (Rok e
v eflefrabl

preferably from1l to 5, m)stR@ from\Isto 3. Preferably t is an

i ntegengfrom1 to 10, nore preferably from1 5, nost 30preferably from1
to 3. In anather preferred enbodinent the 03 o al kyl ene oxi.de is
Sl et ed oBira S ROTRAEDs B ?%b?g@%pﬁn%nﬂg el Ra e Tulche
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1, 3-di am nePEAPERBN idtedertt @Al BRRraid thdn P-4 RIECANREAE/RGeah Fitent
di am nohexgne,. Q.eowng% mne, " | sophor onedi am ne, 4, 9-di oxadecane-1, 12-
di am ne, 4, ,p%?-lppi Ox Q@ane- 1,13-diamne, triethylene glycol diamne,
di et hyl ene triam ne, (3-(2-am noethyl)am no)propyl am ne,
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i s(3-di nmet r I a s
N, R bi ( é%@@@@gﬁﬁ#ﬁ%ﬂ% B CUVSECSIE ERTAT O 0P ot he
suppr essi ndﬁdg@@ﬂ(ﬁ)ergl ; 3ngk Nfopeagh rﬁﬁ?at@g Yingspgndently, selected from ethylene

(-C2H4-) or propylene (-CsHe-).

25 Preferably Z8 is selected from C2 to C4 alkylene, most preferably from ethylene or
propylene.

Preferably s is an integer from 1 to 10, more preferably from 1 to 5, most preferably
from 1 to 3. Preferably t is an integer from 1 to 10, more preferably from 1 to 5, most
30  preferably from 1 to 3.

In another preferred embodiment the C3 to C4 alkylene oxide is selected from
propylene oxide (PO). In this case EO/PO copolymer side chains are generated
starting from the active amino functional groups

35
The content of ethylene oxide in the copolymer of ethylene oxide and the further C3 to
C4 alkylene oxide can generally be from about 5 % by weight to about 95 % by weight,
preferably from about 30 % by weight to about 70 % by weight, particularly preferably
between about 35 % by weight to about 65 % by weight.

40

The compounds of formula (S1) are prepared by reacting an amine compound with one
ore more alkylene oxides. Preferably the amine compound is selected from ethylene



about 500 g/nol to about 30000 g/ nol. Preferably the nol ecul ar wei ght Mwv
shoul d be 10about 6000 g/nol or nore, preferably from about 6000 g/nol to
about 20080 2g1vmsh78snore preferably from about 7000 g/ noiPCTraBzO052380000
g/ mol, and nost preferably from about 9990 g/nol to about 18000 g/nol.

Pr ef erred t ot al nts of al kylene oxide units jn the suppressing agent
may be frofamBer ”%@”i"ao%%?ﬂﬂe ééd’e a'BW@P‘ét?%%l1y§'f’P8Hﬁ‘%8[?ﬂ“eiibg'to about 340,
nost pr ef erdémipoliaxane alzopentd8ediaminabisophdB@diahdmy,pt,¢-dloxede@nedntiint s of

al k)él ene f@.adﬁnoym 7301tr"bxbh%e§?’r%01 ¢§%Ed§rﬂn@gﬁ&hyl8ﬁé/ |9@o|@mmhe Mldin gémgegg o0
oxi de uni 0 ene oxide.un )
oxi de-uni s L) and 0, BUARMEhe. Rk, Unote (E0h ahoil IR, 65,990 20 P
60 EO afd eimpropsathyianiee kis@-dmethgaminesiapyiemie,. Kigthysmetiaamingandso EO
and 90 PO, Njkobis(3LeMinBBioppitktAfledadigmhiaae oxi de (BuO) units, about 90 EO and
20 20 BO about 80 EO and 30 BO, about 70 EO and 40 BO, about 60 EO and 50
BO or about_ 40 EO and 60 BO to about 330 EO and 30 PO units, about 300 EO
and 60 PO, TA64IR'eRY righl My PihepeyPPEgRSING 2880t @dPraMee §id§“‘13’c96 bajween 210 EO
and 150 PQababicait0 g/ @0l IBE@bantd30080 ghrap!. Btederobly Bte HGeaunldr ®&ighPd, shdrddibe 120 EO

?ggc))legglF’?abathr%)ﬁoo aQrmezﬂr@fePégl y R&AEbodBh0B /rﬂBﬂo%go@tLQOY)b@ ﬁn&XL?ezm
Eo and 100 T PP e oo 2000 8BnER) af dhodi asf BB oA BT,
Suppr essi n@bagfeﬂﬂ%c%mh thgbpet 100 a4eel; Hr@fearqgotoywmquatsa}f@wt@ne ©¥Wdensat e
conpound deitydcdhé sappradsingeagint 01ag bedtoyahisahabo of atbait 680 ,3réfSblyEdrH) . by
30C°”densata:986‘t 1"¥0tt8 a%ut'ﬁ%%og’tg?r 1%(@8( Qﬁa%btd%o 8aB (it8od. Pol yhydric

al cohol _condensat r|S|ng "'ene SI ains, wherein u is an
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EO and 90 PO, about™100 EO and 10 butylene oxide (BuO) units, about 90 EO and 20
20 BO, about 80 EO and 30 BO, about 70 EO and 40 BO, about 60 EO and 50 BO or
about 40 EO and 60 BO to about 330 EO and 30 PO units, about 300 EO and 60 PO,
about 270 EO and 90 PO, about 240 EO and 120 PO, about 210 EO and 150 PO,
about 180 EO and 180 PO, about 150 EO and 210 PO, about 120 EO and 240 PO,
about 90 EO and 270 PO, about 300 EO and 30 butylene oxide (BuO) units, about 270
25 EO and 60 BO, about 240 EO and 90 BO, about 210 EO and 120 BO, about 180 EO
and 150 BO, or about 120 EO and 180 BO.

(e) Suppressing agent obtainable by reacting a polyhydric alcohol condensate
compound derived from at least one polyalcohol of formula (S2) XS(OH), by

30 condensation with at least one alkylene oxide to form a polyhydric alcohol condensate
comprising polyoxyalkylene side chains, wherein u is an integer from 3 to 6 and XS is
an u-valent linear or branched aliphatic or cycloaliphatic radical having from 3 to 10
carbon atoms, which may be substituted or unsubstituted, as described in US
Provisional Application No. 61/229803.

35
Preferred polyalcohol condensates are selected from compounds of formulae
OH
S2a)
HO 0 (
Ao,
40

. OH (S2b)
vpol A _od |



(S2b) O WO 2011/ 151785PCT/ 1B2011/ 052385 19 HO 5 HO wherein Ys is an
u-val ent linear or branched aliphatic or cycloaliphatic radical having from
1 to 10 ceokon/@#tmss, which may be substituted or unsub®CiriiBred)s2asi s an
integer from2 to 50, b may be the saneqgr different for each polynmer armu
and is an integer 10from1l to 30, c is an integer from2 to 3, and u is an
Integer from1l to 6. Mst preferred Po]yal cohols are glycerol condensates
and/ or pentaerythritol condensates. (f uppr essi ng agent obtai nabl e by
reacting a polyhydric al cohol conprisi | egst, 5 hydroxyl functisoppl
groups with at |east one al kyl eng P;f pol yhydric al cohol
15conprising pol yoxyal kyl ene side chaing as described in US Provisional

Appl i cabi on No. 61/229809. Pref erreq_[l) yal cohols are linear or cyclic
nonosacchari de al cohol s represented (5 for rrul a (53a) or (53b)

HOCH2- (G_DVDh\ér&#g’%é‘?‘@/a%Rt %@EWU@@&%B allPh Tr%yao |ph§t|carlgld|cg fT{ from 3

to 8 and w_IsS an inte orm nmonosaccnari

al cohol s af@Tsbidb Q?ﬂr OaRA1IS WNICh gAY hepFubsiitu dt%l“”é%*&?“%%uat'%?” 'rlf%ﬁ%rher
25pr ef er r edropo? {ed& dhodsbathe sapreos atiftdiantiforesacb foofyoramalma u(Bwds aoint¢dstb)

10 from 1 to 30, c is an integer from 2 to 3, and u is an integer from 1 to 6. Most preferred
Polyalcohols are glycerol condensates and/or pentaerythritol condensates.

(f) Suppressing agent obtainable by reacting a polyhydric alcohol comprising at least 5
hydroxyl functional groups with at least one alkylene oxide to form a polyhydric alcohol

15  comprising polyoxyalkylene side chains as described in US Provisional Application No.
61/229809. Preferred polyalcohols are linear or cyclic monosaccharide alcohols
represented by formula (S3a) or (S3b)

HOCH,-(CHOH),-CH,OH (S3a)
20
(CHOH),, (S3b)

wherein v is an integer from 3 to 8 and w is an integer form 5 to 10. Most preferred
monosaccharide alcohols are sorbitol, mannitol, xylitol, ribitol and inositol. Further
25 preferred polyalcohols are monosaccharides of formula (S4a) or (S4b)

CHO-(CHOH),-CH,0OH (S4a)

CH20H-(CHOH),~-CO-(CHOH),-CH,OH (S4b)
30
wherein x is an integer of 4 to 5, and y, z are integers and y + z is 3 or 4. Most
preferred monosaccharide alcohols are selected from the aldoses allose, altrose,
galactose, glucose, gulose, idose, mannose, talose, glucoheptose, mannoheptose or
the ketoses fructose, psicose, sorbose, tagatose, mannoheptulose, sedoheptulose,
35 taloheptulose, alloheptulose.

These are particularly effective, strong suppressing agents that cope with the seed
overhang issue and provide substantially defect free trench filling despite a non-
conformal copper seed.

40



CHO- ( CHOH) x- CH2OH( 54a) CH2OH ( CHOH) v- 00- ( CHOH) z- CH2OH( 54b) 30 wherein x is
an integer of 4to 5, andy, z are integers andy + z is 3 or 4. Mst
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having up to about 2 percent by weight tin, may be advantageously plated according to

30 the present invention. The amounts of each of the metal salts in such mixtures depend
upon the particular alloy to be plated and is well known to those skilled in the art.

In general, besides the metal ion source and at least one of the leveling agents, further
referred to as polyimidazolium compounds, the present metal electroplating

35 compositions preferably include electrolyte, i. e. acidic or alkaline electrolyte, one or
more sources of metal ions, optionally halide ions, and optionally other additives like
accelerators and/or suppressors. Such baths are typically aqueous. The water may be
present in a wide range of amounts. Any type of water may be used, such as distilled,
deionized or tap.

40
The electroplating baths of the present invention may be prepared by combining the
components in any order. It is preferred that the inorganic components such as metal
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purification.

30  The general process of copper electrodeposition on semiconductor integrated circuit
substrates is described with respect to figs. 1 and 2 without restricting the invention
thereto.

Fig. 1a shows a dielectric substrate 1 seeded with a copper layer 2a. With reference to
35 fig. 1b a copper layer 2’ is deposited onto the dielectric substrate 1 by
electrodeposition. The trenches 2c¢ of the substrate 1 are filled and an overplating of
copper 2b, also referred to as “overburden”, is generated on top of the whole structured
substrate. During the process, after optional annealing, the overburden of copper 2b is
removed by chemical mechanical planarization (CMP), as depicted in fig. 1c.
40
The effect of a leveling agent is generally described with respect to figs. 2a and 2b.
Without a leveling agent the deposition leads to a high ratio a/b >> 1, the so called



substrates is described wth respect to figs. 1 and 2 without restricting
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Cypi oal 1y AiS PR AR B R ARA R, BB Y ent "densi ty i s appliod and
plating perfornmed for a period of time 35sufficient to deposit a netal
| ayer, 38ucTyasally, sopgh@tes| ey etectrbplaied dpyaodsiimgitie tshbstkaie with the plating
baths of the present invention. The substrate typically functions as the cathode. The
plating bath contains an anode, which may be soluble or insoluble. Optionally, cathode
and anode may be separated by a membrane. Potential is typically applied to the
cathode. Sufficient current density is applied and plating performed for a period of time
35 sufficient to deposit a metal layer, such as a copper layer, having a desired thickness
on the substrate. Suitable current densities, include, but are not limited to, the range of
1 to 250 mA/cm?2. Typically, the current density is in the range of 1 to 60 mA/cm? when
used to deposit copper in the manufacture of integrated circuits. The specific current
density depends upon the substrate to be plated, the leveling agent selected and the
40 like. Such current density choice is within the abilities of those skilled in the art. The
applied current may be a direct current (DC), a pulse current (PC), a pulse reverse
current (PRC) or other suitable current.
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waf er, such as by punping or sprayin In the alternative, the wafer need
not be rot dkile takeraseshel the srgsent ingrrien baabeeﬁggwdlyctesgquuthfenfer@r@e
provi de t heo s@sicoedlici@tnadnutenas) it will\Yel dpprddistethac tepredent MoetiobsRA be
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manuf act ure ed th i nve
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over pl at i n@yi@fodaRry ﬁianﬁfaﬂtﬁ@ W@kémﬁl@%érp?e%ehhﬂbtlrﬂf atBdRaY B tu'séﬂu| Bor fHeee of

voids are d |re @H cesses ine 3‘ e [fg W r”| n oar nu acture.
For exanpl é’ ‘{‘Hé’ &@%SO g i a &' HRIET Wghoa(d: &p e 2510 é“pp'i’s ThY" of

vi es, pads waiers r Qhes swiable Ri@(ceﬁ?ﬁ@%l'nﬁjuﬂﬁ r@gc@@mgoanda@temnnedénawacwﬁp pl ati ng
on waf gos. Ab@ingBi s tiedblSsubsDates sefudenéd diiem ef tktagbnge o) drintet evidennect
manuf act ur ¢, %@AS&%Q iRgly, suitable substrates include |ead franes,

i nt erconnect's, print ed wiring boards, and the like. Plating equipnent for
plating sem conduct or substrates are well known. Plating equi pnent

conpri ses dategeguipopnatar pitingeémishinductdralutistrales aleaed!rkplogwnePatidg whi ch i s
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such as tr enfhesalyikposes at thb@ppaf @it Fudsd arateay e biyptypalslystenatesh ad th a
fgggr ! f‘% er gQJng:gFf wife Q%Uﬁ’wg g@&ﬁg? EQer 4y t?édn%hgs Bﬁ@%ubé‘gr&? Jfgroﬂjbssﬁ%tglti's \?/’g; gred
deposi tion X%ﬂﬁ? CO%}P WYFB 3 59 laygh 05&68[90% ner metahiqipiipter tagreeny Ak uf or
waf er BDat isegd &aydr may he appl@t i dhenddad pmaﬂea@smme(d\mj)/ephwsa:atvwbr t ank
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system thaéndgsate ﬁa?‘%qd%ﬁfé(?'éd”yf&é@fwﬂlﬁ@n@#@anl c bath additives by a
menbr ane The purpose of the separation of the anode and the organic bath

%dlzcll 1 . @gé@@?@%@% %%2{?%@" %aéo'nﬂﬁnaqlt)n WG EERBhE tRRhSograLihg ves. 40
developed by various tool manufacturers. In this system, the anode may be isolated
from the organic bath additives by a membrane. The purpose of the separation of the
anode and the organic bath additives is to minimize the oxidation of the organic bath
additives.
40
The cathode substrate and anode are electrically connected by wiring and,
respectively, to a rectifier (power supply). The cathode substrate for direct or pulse



current has a net negative charge so that Cu ions in the solution are
reduced at the cathode substrate formng plated Cu netal on the cathode
surface. WO 0x/daI850n reacti on takes place at the anodePCThB2aabiregke and
anode may be horizontally or verticallyoglisposed in the tank. 5 The present
invention is useful for depositing a netal |ayer, rticularly a copper

| ayer, on &UUERiNES\P nga@@@roae@gsoaa%éwnaﬁ 'Eetsﬂg‘g%” AzvE ‘gbc%’a?rtiﬂaﬁ;sl y

si zed aper tcathede shiostragex tnping, platéd Cpmestaimin the¢athbde surfacepan pikidatiar | y

sui tabl e f Q§aciBR e iphte P REIN0AB. THY QAfccthddnoal itayBésdrizaht8fy osuch as
sem conductvoricd viices \IMrh@h tasrr]’%ll di ameter vies, 10 trenches or ot her
apertures. FH gne %Sgl ft2"sem conduct or devices are pl ated according to
the pre§ent invention. Such sem conductor devices include, but are not

| Ih mted toTheakesent nsettionns Lsulfanddpacttitg @ n@étaliIzﬁyei‘,gﬁﬁﬂ@ﬂbrbyiarwgbslaywﬁihl e

t he proces ; r n ; wi t

ref erence ?g?af)vatsne% égosﬁ?iﬁf:%t %ér’ %égﬁhllta g%%”ub?g hglﬁﬁ Qo/mgrf?cflﬁ[}/:é%% érbgitﬁgétség&t hat the
present i nFSATPENSRCFRET WERYAN I$ RAiRYaRY gitapls F0f dePosiiBe ESRPEMRBr e an
essenti al | yntegratedd aincuipbabrstratesopypbrascepusindutiavdeicdsi ghh smbll diatrietgrtvasi s

desiredo A@AEREIEHotherBBER@RE 8N DHESHBE Rt ehticdledHddviassBse plated
i nt er connegt s ent , ,ppm or

rionted wiring boards, and the |ike . 20Al r
commar abl ¢ 25a0reRe it tbds PReRGRT Shen SPRRbPEdriBuies Pl A AR ot Rt of
t he respectimited &b msdrrp UpehindRe nuiRkire obpieeraipderquifsl cated. All cited
docunents are incorporated herein by reference. The foll ow ng
exanpl es shal: J K J i i ictin
S5the. sgoparaf (PLCEs b Bldkehinic RoRhER By WAl Aiali MLl 9
Level erl®1 10 fginicgpdycipr geanufpcture phwillre agﬂpﬁﬂ@ggd UR4The RgFenbVENLan |y Beet i ¢
aci d are pluaefatiniamy zlectalytic processaledre ab eseéntiafly byvdl-dyylaanae doaper depdsitel t ed by
means of  a naging WighaefediViy is desiretP ABEdrdAgF, AFEBR baiPYkes fckide 1@RIMrames,

t enperature térexot rm.c |V&:ﬁ:rpa%hr§ool i rﬂge)lik M xture is stirred overnight at
RT. The bl ZLRCBPARG EIMMEORI%5PA{8H ™ Sh a rotary evaporator at a
maxi mum of 70C (1nmbar) (foans, codistilled wth EtOH tol uene). The

pr oduc0r eqgipsesbniyapnisemdnwatdidelvallies iche o merwdigieatiinaBspdct toweedstd, it may

e Bt SO SR RN B DOk ns

documents are incorporated herein by reference.

The following examples shall further illustrate the present invention without restricting
25 the scope of this invention.

Examples

Example 1
30 Leveler preparation

Leveler 1

1 mol of formalin, 1 mol of glyoxal and 1 mol of glacial acetic acid are placed in a

reaction vessel. 1 mol of 1,4-butanediamine (melted by means of a hairdryer, m.p. 25-
35 28°C) are added dropwise at room temperature (exothermic, icebath cooling).

Mixture is stirred overnight at RT.

The black-brown mixture is evaporated on a rotary evaporator at a maximum of 70°C

(1mbar) (foams, codistilled with EtOH/toluene).

The product received was used without further purification. If needed, it may be purified
40  using standard methods or may be subjected to an anion exchange.



Leveler 2 Reference leveler 2 is a reaction product from 1, 4- but anedi ol
diglycidylether wiwth imdazole. |eveler 2 has been prepared as described in
Eur opean watent1saspl i cati on EP1619274 A2, exanple 6. LewelraB231//Bex ence

| eveler 3 is the commercial product Ral pplate | ME which has been purchased
from Raschi Cfn‘og Ral uplate I ME is the reaction product from

epi chl oroh}gy‘?ﬁr nd i mi dazol e. Suppressor 1 Suppressor 1 is a EQ PO

copol yner Reférmgcealentbrel isl arcavingirodwdft fredt30Outphadibkdigiicidylethat width  hydr oxyl
groups. 15idBRsIESIEMIer® RABERSFOPardd b§ daskribEl REGBPEAY PRENRDYIidtioR

nmol ecul ar 1%*'?%#”: <56000 %/éml e and term nal hydroxyl groups. Plating
experi nment i s‘h%%’t rafe carrying 100 nmw de trenches (Fig. 4a) and
20pl ati Rg bath sol utions containing either leveler 1 according to the
present inventleo®h (Fig. 4b) or reference leveler 3 (Figs. 4d, 4e and 4f)
reveal tha I i i ; reted oi d-free gap
1T ng w1 ErEran T e PRl SRk RRERRR SRR, blot et Wi

| evel er 3 R4rqhased rPAGRassRCTRIUrIePIR IMFgR e r@é&l"”ﬁﬁ? OFBEWati on in the
100 nm t r erplvbrolydon eagimidazdiee concentrati on of |evelling agent in case of
25| eveligr 3 resulted in decrease of levelling efficiency wthout preventing
voi d fornmatd on as s{mwn in Fig. 4f. The control experinent (Fig. 4c)
acconpl i sh A PRITRIU ~any levelling agent in the plating bath solution
clearly reveRPEsSBRisfEdr@EQ eapobiesr heriageraelesidar weiahtigh G4 304y/Betesand he

| evel | i ng edrivigdl @peyx@igrédpe. i nvention whil e providing defect-free Cu
deposits. 30 Further plating experinents have been perfornmed with
substrates conprising apertures of 130 nmw dth and plating bath sol utions
cont ai APng Suppwsedice | evel er 2 as levelling agent. As further reference

al so a pl aglé@?rel%%rlh é%JnLEd)/ﬁ'@) %p&ﬁﬂ’é}agﬁxgb%&éédﬂ% B <BFH YRR anthe

resul ting I’mages are shown Igs. 5b and , respectively. Figs. ba
35and 5b clteraning) hydvowy!taheiosr ef erence | evel er 2 reduces the bunp formation
over the aperture array only very slightly if at all in conparison to the

el e NS ARel AL Sy LA RRb AN SRR S IANE Do
pl ati n@obaﬂ*ﬁtiﬁglb@m %ioﬁéﬁ@@ﬁiﬁlﬁgf't@ﬁ"['ﬁé‘?le’t hecqoedieg krthe pm}?&abiavwiﬁ@ (Fie- t he
present i nvenbi referéidedeveldr)3 (Rigsndd )| evanidesf) (dviegl. th@dhe inVbetichidvbiidgege shown in
0 £ VAT BB 0 iy AL AR
plating experiment with leveler 3 as levelling agent results in significant void formation
in the 100 nm trenches. Decreasing the concentration of levelling agent in case of
25 leveler 3 resulted in decrease of levelling efficiency without preventing void formation
as shown in Fig. 4f. The control experiment (Fig. 4c) accomplished without any
levelling agent in the plating bath solution clearly reveals bump formation over the
trenches and thus indicates the levelling efficiency of the invention while providing
defect-free Cu deposits.
30
Further plating experiments have been performed with substrates comprising apertures
of 130 nm width and plating bath solutions containing reference leveler 2 as levelling
agent. As further reference also a plating bath solution without any levelling agent was
used. The resulting SEM images are shown in Figs. 5b and 5a, respectively. Figs. 5a
35 and 5b clearly show that reference leveler 2 reduces the bump formation over the
aperture array only very slightly if at all in comparison to the bath comprising no leveler.

Additionally plating experiments have been performed with substrates carrying 16 to 37
nm wide trenches (Fig. 3a) and plating bath solutions containing either the leveler 1

40 according to the present invention (Fig. 3b) or no leveler (Fig. 3c). The SEM image
shown in Fig. 3b reveals that leveler 1 provides defect-free, also meaning void-free,



26 gap fill as also found with the substrate plated w thout any |evelling
agent in the plating bath solution (Fig. 3c). The use of a

pol yi m dawolzoumsemsspound according to the present invenPConBzE1/HES& | i ng
5agent thus provides excellent levellinggefficiency wthout i nterfering

with the bott fill usi ng voi ds.  Conparative | e Iatlng
bat h was pﬁéﬁgﬂ% f%‘dﬂ%‘i‘”ﬁl ‘216 %PS%S? g{a}ed4\gl%p?a%lﬁﬁéﬁngggg é? F’E’UW at e,
10 g/ | sul foath $D|lattondFI903@50 g/l chloride ion as HCl, 0.028 g/I of SPS and
2.00 mt/ 1 of a 5 3 %by wei ght solution in D water of suppressor 1. A

|
e i - a8 of b SN 26 eRui 4R Bk éserblsbehiiof s BriaZ oy

provi de@ walgﬁntdh@%br@éhd%éé‘éﬁ”ﬁ'aty@\re”w qﬁwﬁr@&wthguttlW@rfe\mgewmsth@éloﬁtameum th

t he above digseuditedbigd.ati ng bath at 25 degrees C applying a direct current
of -5 mAMcnk for 6 s. The thus el ectropl ated copper |ayer was
cross-sectioned and investjgated by SEMinspection. 20The result is shown
in Fig. 3cSMRAHVETeAR'SSEM i mage of fully filled trenches without

exhi biting any defects like voids or seans. Exanple 3 25 The procedure of

exanpl @02 viesiafiiRPsh ads PréRrdd W@dm&mﬁé% waldr] 4@§/I @opjpe%?bfo;yr%'r glh!tat@ql@eous

sol ution of ound 1 was
2dded 1ot 1f%t° T B O FRARR 0 ALy os D PR rEUTER B vt or
substrate &y%&ﬁplbb@ inPlevedenfeuppres®rie t hus el ectropl ated copper |ayer
was cross-sectioned and investigated by SEMinspection. The result using a

bl at i NG bat piobhiol SHELEL o et srmggeﬁag'hps%ﬁg@'v@tpﬂfeawg.%%om hhe

pr esent i nventl on nanonet er. wi de trenches

are 35d8nITétSBY19 {9 $eaMAEnA Mt HBAP 7 B EMaFRNCASeREY 8rqVided Wi HCRPET seans
t hus show sged leyer heordadtiag et wafiey sulrstretef witrethe @bowe tedchibedyplpfind bathgt by t he
I evel i ng a%%gr&%@éﬁdﬁ%hy 8 drs@mRientor4s i thafbl §S. PRd thud erRirghia@dt O

exanpl e 2 V(\:%Sp r Ia ef was ‘cross-sectioned and investigated by SEM inspection.

20 The result is shown in Fig. 3¢ providing the SEM image of fully filled trenches without
exhibiting any defects like voids or seams.

Example 3

25  The procedure of example 2 was repeated except that 0.3125 ml/l of a 1 % by weight
aqueous solution of polyimidazolium compound leveler 1 as prepared in example 1
was added to the plating bath.

A copper layer was electroplated onto a wafer substrate as described in example 2.
30 The thus electroplated copper layer was cross-sectioned and investigated by SEM
inspection.

The result using a plating bath with leveler 1 as prepared in example 1 according to the
present invention is shown in Fig. 3b. The 16 to 37 nanometer wide trenches are

35 completely filled without exhibiting any defects like voids or seams thus showing that
there is not any interference with the gapfilling by the leveling agent.

Comparative Example 4

40 A plating bath according to example 2 was prepared.



WD 2011/ 151785PCT/ 1B2011/ 052385 27 A copper |layer was electroplated onto a
waf er substrate with feature sizes shown in Fig. 4a (100 nmtrench w dth)
provi ded wot2h11zisepper seed | ayer by contacting the waf @CTABBE1/02288 Wit h
t he above described plating bath at 25 gegrees C applying a direct current

of -5 mAc for 27 s followed by -10 C for 27 s. The thus

el ect r opl at €tPPHED %rrwﬁ‘%‘?)é?trq}a%ée%?@%-‘gg‘ért%ﬁ@ﬂtedﬂé fP?FH&%'?eéa%LﬁQ&’”b?/ SEM

i nspect i on.Figr'de (1@&ninttreinsh sdidimrprovidéd gith 4 coppensedd reyet bec@Ehdtingdlgee of ful |y
f: Il eld trero\m@rl %u%ﬁél@?kﬁth@ﬁ@b%v"e‘d&gcw ;ﬂ'zﬂn %%1 %ﬂésecjég%éésc prl‘?lﬂé'ﬁﬁjlregl g_h 4c
clearly reveal s or ver r anpl.e e
ol ot ny bachen AxaneyEn e RES i ReL bUCIT MY o 208 Tyl peetia g,

wei ght  &quéenrerdayeltjag §rass- Sleé\ﬂﬂeéranﬂi 'W“%@F&EVSEM'H%OW@M ng bath. 15 A
copper layer was electroplated onto a wafer substrate with feature sizes

shown i n F'T%ﬁ ré‘éhlt(&Qr‘{’ovﬂmntﬁug%*brmuﬁhg}heoélgl\wn%g o Wt f'f\ EQI%P]‘éﬁess\ﬁ%uhay?r by

contacting t escr | a
degrees C &3pPUinagny daieriedice ¥aifs ehseasps. Mig. A cleqp yf%’:ea@‘iwg‘pf BF’T‘%Wé‘dDVSS/ 10
md cnR for t1@0 nMhentiess el ectropl at ed 20copper | ayer was cross-sectioned
and invygstigated by SEMinspection. The result is shown in Fig. 4b

provi di ng e SF(I\]%i mage of fully filled trenches w thout exhibiting any
defects i KEWUEIE or seanms while effici ently preventing bunp formation. 25
Conmparative Exanple 6 The plating bath of exanple 2 was used except that
1.25 ml/ | dhedldtingodash oteixginpleaZiwed Used@todbi that M625 el/estent e hyeweber 3 was

added to t%uﬁ&?stéorlﬂlon%rf RverPAWGARRGS @égrpf\gﬁéfgggct ropl ated onto a wafer

substrate eature sizes shown 1In nmtrench w dth)
provi ddd with a copper seed | ayer by contacting the wafer substrate with
t he above desmppeblagephat ¢legrdpiién anto 25vafegsubstate vdihgbaturgsizesdshoamtin cur r ent

of -5 M\ crey f4gr(1@(7 N thePlh QYRS &Mvﬂé@wﬁi‘?‘é%ﬁgpér%reeaﬁyér byl Béhthdlin the

el ectropl at C t.iQ vest i gat & by
“nepectt on i YAEF i e s LG GLPH Al ER CHB e 2 Bioune
L3 as | eveICiJﬁgntaﬂée’han@n ‘Savahs fallomeg by 4t) mAyemn” farl s HiNeithes eleeftartated voi d
f or mat 20n Wophernayidn vak lcas3as ctidreapRad atveg By @b BE Miinspition.
2011/ 151785PCT/ 1B2011/ 052385 28

The result is shown in Fig. 4b providing the SEM image of fully filled trenches without

exhibiting any defects like voids or seams while efficiently preventing bump formation.
25 Comparative Example 6

The plating bath of example 2 was used except that 1.25 ml/l of a 1 % by weight
aqueous solution of reference leveler 3 was added to the plating bath.

30 A copper layer was electroplated onto a wafer substrate with feature sizes shown in
Fig. 4a (100 nm trench width) provided with a copper seed layer by contacting the
wafer substrate with the above described plating bath at 25 degrees C applying a direct
current of -5 mA/cm? for 27 s followed by -10 mA/cm? for 27 s. The thus electroplated
copper layer was cross-sectioned and investigated by SEM inspection.

35
The result using a plating bath with the reference compound L3 as leveling agent is
shown in Fig. 4d. Fig. 4d exhibits a strong void formation within the treches.

Comparative Example 7
40



Exanpl e 6 was repeated except that a direct current of -5 mA/cnR for 27 s
was applied. The thus el ectropl ated copper |ayer was cross-sectioned and

i nvesti gaweadoty1588M i nspection. 5The result using a pl arcmgBat/hs2883 h t he
reference leveler 3 as leveling agent tggpartially fill the 100 nm w de
trenches is sho in Fig. 4e. Fi 4e reveal s that e eposition in the
trenches i }XQF@%}‘? Y"ééfﬁﬂ%ﬁt%’o‘ﬁ‘l‘?‘éﬁ’tﬁﬁ?t S dirachetireeat 8€"559M2Hé%ﬁd£‘ﬁ%%?ﬁp 8% t he
trench si dahealthss gecieplated gopper khyendtrosesedtiveed and maest@atbduayi FEMor nat i on
as seen inil?{)@(:ticﬁﬁ- 10 Conparative Exanple 8 Exanple 6 was repeated except
that 0.625 nml/1 of a 1 % by wei ght aqueous solution of the reference

| everler 3 was added to the pl at i.n(% bath. 15The result is shown in Fig. 4f.
Fi g. 4f SexHihgiresultausinggypletinghath ydte tag referencaulevripiod ps leyalkng ageat oastally

| eyle: i ng effifl itted €00CYmM Ofidd ®sreihes isdshatvnl iOWRY. 46.0FIg.er eaddl that Wei Cu §esoskiohon ihs
st obvi ; el Al I rat ner
t han botto(r]j“rﬁ?ﬁ]%IR %n?ﬁ%gglg_ggﬁf%\tw_%)8&%@%}@%:@?%0%0'@%Pg dgpgﬁgﬁaﬁ?n%gh at h was
pr epar ed bf'dég/ﬁﬁ ﬁfi‘QY@”p ipFigudedrhiciuigsylty iInSepPeANdaQIioppRiionss seab & Figotey |

sul furic acid, 0.050 g/l1 chloride ion as HCl, 0.028 g/l of SPS and 0.100

g/ I of 18uUpPRIRKSRAtivE-Exdmpfe gopper | ayer was el ectroplated onto a wafer
substrate with feature sizes of 130 nm provided with a copper seed | ayer by

contacting the wafer substrate with the above described plating bath at 25
degrees C &ppmpleywas srncatad axgeptdhat 1825 ml/imhacih® Byoreightmaneeusssalwiondhed by
-10 mA cni files referehdiiib@erief Bavdshaikiee lte therpgidtingtach. copper | ayer was
30cross-sectioned and investigated by SEM inspection. The result is shown
in Fig. 5anrovi di_ng t he, SEM i mage of f ul I¥ filled trenches. Since there is
no | evdPer THPESHt'S Phowhi Fio-ifi e 4 srlibiton "euseresyracaohineddufenast d4Bove t he
regi on of dendwmvdréatelingsflicieatyt 9f IevelerGnaddower@oneeritfatiome/aiciproatidraigistily no

features (ool Eoiaﬁmgqgrmé’rﬁl oM@ riras Py witDin The trBR (a8 Gathér Ahn BRSHILE- 9 vas
r epeat ed ex hat 0.02 /1 of a 10 % by wei ght aqueous sol ution of

reference | igggé%sr’t'of' was added to the plating bath. 40The result is shown in
Fig. 5b providing the SEMimge of fully filled trenches. No significant
| evel i 29 efCowtdarstvie Ehanpis@r ved in conparison to Fig. 5a. WO
2011/ 151785PCT/ 1B2011/ 052385
A plating bath was prepared by combining DI water, 40 g/l copper as copper sulfate, 10
g/l sulfuric acid, 0.050 g/l chloride ion as HCI, 0.028 g/l of SPS and 0.100 g/l
of suppressor 2.
25
A copper layer was electroplated onto a wafer substrate with feature sizes of 130 nm
provided with a copper seed layer by contacting the wafer substrate with the above
described plating bath at 25 degrees C applying a direct current of -5 mA/cm? for 2
minutes followed by -10 mA/cm’ for 1 minute. The thus electroplated copper layer was
30 cross-sectioned and investigated by SEM inspection.

The result is shown in Fig. 5a providing the SEM image of fully filled trenches. Since

there is no leveler present in the plating solution there is high mounding above the

region of dense features (left) in comparison with the region having no features (right).
35

Comparative Example 10

The procedure of example 9 was repeated except that 0.02 ml/l of a 10 % by weight

aqueous solution of reference leveler 2 was added to the plating bath.

40 The resultis shown in Fig. 5b providing the SEM image of fully filled trenches. No
significant leveling effect can be observed in comparison to Fig. 5a.



29 d ains 1. A conposition conprising a source of netal ions and at |east
one additive conprising a |linear or branched, polyneric imdazolium
conpound worepriysiTs§ the structural unit of forrmula L1 (RPCY/IBR200ke32880 R1,

R2, R3 are each independently sel ectedgfroman H atom and an organic

radi cal having from1l to 20 carbon atons, R4is a divalent, trivalent or

mut | i val entCdM§ani ¢ radi cal which does not conprise a hydroxyl group in the
a or 13 position relative to the nitrogen atom of the imdazole rings. nis

an integer.q Thg c6ﬁh68§lﬁcbr¥ J:&ﬁbr%ﬁ?@oé shuree éﬂnét'aﬁibm énd M\h@zﬁﬁ'oﬂe B&Idrﬂ{?@ R2 are H
atons. The co 05|t10n ne, ., wherein

R3 1's an H at o RNy SR bt Praﬁcfa&B%mﬁdc PR eReSPo e ofpBidi 1§
cl ai s, Swher ei siruRralandighfarmulatleld or unsubstituted C2 to 020 al kandiyl. The
conposition according to claim4, wherein R4 does _not conprise hydroxyl
groups. The conposition according tp gyone @f? thg preceding clains,
wherein the at | east one additive cpnprikses a courjterion yo- V\/nerel o i's
an integer. The conposition accordipng tqg glaim6, |wherein t he count(é“
yo- is chloride, sulfate or acetate ;I:Hé@ ttijon according to anyone of
t he pragedi ng cl ai ns, wherein the nunber @verage nol ecul ar wei ght M of the
pol ynmeric i m dazolium conpound, detgerm neg3by gel |perneation
chromat ography, is greater than 500 g/ nol. The cagrposition according to
anyone of the preceding clains, wherein the additive is preparable by
reacting an awléremr bonyl conpound R1-CO CO R2, an al dehyde R3-CHO, _at
| east one am no conpound (NH2 -)nR4 _protic acid (H+)0Y-, wherein Rl, R,
R3, R4, Y, and_o gave t he prescribed neani Og

15 RT, R?, R are each independently selected from an H atom and an organic

radical having from 1 to 20 carbon atoms,

R* is a divalent, trivalent or mutlivalent organic radical which does not
comprise a hydroxyl group in the o or 8 position relative to the nitrogen
20 atom of the imidazole rings.
n is an integer.

2. The composition according to claim 1, wherein R' and R? are H atoms.

25
3. The composition according to anyone of the preceding claims, wherein R® is an H
atom.
4. The composition according to anyone of the preceding claims, wherein R* is
30 substituted or unsubstituted C2 to C20 alkandiyl.

5.  The composition according to claim 4, wherein R* does not comprise hydroxyl
groups.

35 6. The composition according to anyone of the preceding claims, wherein the at
least one additive comprises a counterion Yo, wherein o is an integer.

7. The composition according to claim 6, wherein the counterion Y- is chloride,
sulfate or acetate.
40
8. The composition according to anyone of the preceding claims, wherein the
number average molecular weight M, of the polymeric imidazolium compound,
determined by gel permeation chromatography, is greater than 500 g/mol.



The conposition according according to claim210, wherein the am no conpound
Is an aliphatic or aromatic diamne, triamne, nmultiamn, or mxtures

t her eof . Wbeotioispmsi ti on accordi ng to anyone of the preeedilBz1vhiBss,
wherein the netal ions conprise copper g@n. The conposition according to
anyone of the preceding. clains, further ¢ risi one or nore accel erating
agents. Thé- cohPoSITRIIIRACELEINJC PBY E@)WC?CH& PR MPREIRING s,

furt her conprigolymgednimidazoliwn eospppressnprgeagent hanlddo by waightofdi ti ve as
defined i n anygpruhl diit€ oPtheGsdurLEe! ains in a bath for depositing netal
containing layers. A process for depositing a netal |ayer on a substrate by
a) contacting a nmetal plating bath conprising a conposition according to
any of &l ai'fs The eommosifionraceerdingp gpyenteeof thmprecedingiplpings. Meeeinther ent
density to theaddithetis ptepafadle loy felbhgsuf fici ent to deposit a netal |ayer
onto the substrate. The process according to claim 16, wherein the
substrate conprises mcroneter or subm croneter sized features and the
deposition is perf ot hEd RPN OMAENGRSEHEER" or subni crometer si zed
features. The processaldefnyoied*eHO®0 cl aim 17, wherein the microneter or

subm crgnet er si-zed fiqastbRS aMtbeompduA® (NHPm R+ t o 1000 nm and/ or an aspect
ratio of 4 or nore. L !
- protic acid (H*)oY®,

wherein R', R?, R3, R4, Y, and o have the prescribed meanings.

15 11. The composition according according to claim 10, wherein the amino compound is
an aliphatic or aromatic diamine, triamine, multiamin, or mixtures thereof.

12. The composition according to anyone of the preceding claims, wherein the metal
ions comprise copper ion.

20
13. The composition according to anyone of the preceding claims, further comprising
one or more accelerating agents.
14. The composition according to anyone of the preceding claims, further comprising
25 one or more suppressing agents.

15. Use of an additive as defined in anyone of the preceding claims in a bath for
depositing metal containing layers.

30 16. A process for depositing a metal layer on a substrate by
a) contacting a metal plating bath comprising a composition according to any of
claims 1 to 14 with the substrate, and
b) applying a current density to the substrate for a time sufficient to deposit a
metal layer onto the substrate.

35

17. The process according to claim 16, wherein the substrate comprises micrometer

or submicrometer sized features and the deposition is performed to fill the
micrometer or submicrometer sized features.

40 18. The process according to claim 17, wherein the micrometer or submicrometer-
sized features have a size from 1 to 1000 nm and/or an aspect ratio of 4 or more.



