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It is an object of the present invention to provide a metal, in particular copper, electroplating
additive having good leveling properties, in particular leveling agents capable of providing a
substantially planar copper layer and filling features on the nanometer and on the micrometer

30  scale without substantially forming defects, such as but not limited to voids, with a metal
electroplating bath, preferably a copper electroplating bath.

It is another object of the present invention to provide a metal, in particular copper,
electroplating additive which does not interfere with other additives used for the bottom-up-fill of

35 features comprising small apertures, in particular with accelerators, suppressors and
combinations thereof.

It has been surprisingly discovered that polymeric biguanide compounds and derivatives thereof
can be used as additives in metal, particularly in copper electroplating baths showing an

40 improved leveling performance without influencing the superfilling, particularly on substrates
having apertures below 30 nm.
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2 or Jiment. of resent invention is the use
of the additives as desgribed hereiyn in 35a bath for depositing netal
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process for deposi tl_ghfa substrate by contacting a plating
solution as descri bed ergEn Wi h he su strate, and applying a current to

the substrate to deposit HHret aNHI ayer onto the substrate. The process is
particul arly 40useful for depositing netal, particularly copper |ayers on

subst r &k theCvmespSidiel $EICST b &Ymeric biguanide compound formed by the reaction of the
25 biguanide groups with organic or inorganic acids,

wherein
R' is, each independently, selected from an H atom or an organic radical having from 1 to 20
carbon atoms.
30 R? s adivalent organic radical having from 1 to 20 carbon atoms, optionally comprising
polymeric biguanide side branches.
n is an integer of 2 or more.

A further embodiment of the present invention is the use of the additives as described herein in
35 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 substrate, and applying a
current to the substrate to deposit a metal layer onto the substrate. The process is particularly

40  useful for depositing metal, particularly copper layers on substrate comprising micrometer
and/or submicrometer-sized features.
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thiol, Rivific bRR@nidBohipbErnd. As used herein "aryl" includes carbocyclic and
het erocycl ic aromatic systems such as, but not limted to, phenyl,

napht hyl and the like. By "substituted aryl"” is neant that one or nore
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heterocycl ic aromatic systens, such as, but not limted to, benzyl,
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groups, such as, but not limited to, cyano, hydroxy, halo, (C1-C6)alkoxy, (C1-C6)alkyl, (C2-
C6)alkenyl, (C1-C6)alkylthio, thiol, nitro, and the like. As used herein "alkaryl" includes alkyl
35 substituted carbocyclic and heterocyclic aromatic systems, such as, but not limited to, benzyl,
naphthylmethyl and the like which are bound via a aryl moiety. As used herein "arylalkyl"
includes alkyl which is substituted by carbocyclic and heterocyclic aromatic systems and which
are bound via the alkyl moiety. As used herein "alkylarylalkyl" includes alkyl which is interrupted
by carbocyclic and heterocyclic aromatic systems and which are bound via one or more alkyl
40 moiety. As used herein “polymer” generally means any compound comprising at least two
monomeric units i.e. the term polymer includes dimers, trimers, etc., oligomers as well as high
molecular weight polymers.
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unbranched or comprise functional groups which may, for example, contribute to further
crosslinking of the polymeric biguanide compound.

35
More preferably, R' is, at each position independently, a hydrogen atom or a hydrocarbon
radical having from 1 to 6 carbon atoms which may comprise functional groups such as
hydroxyl and amino groups. In a particularly preferred embodiment R may be alkyl like methyl,
ethyl, propyl, butyl, pentyl or hexyl. In another particularly preferred embodiment R may be

40 hydroxyalkyl like hydroxymethyl, hydroxyethyl, hydroxypropyl, hydroxybutyl, hydroxypentyl or
hydroxyhexyl. In yet another particularly preferred embodiment R' may be aminoalkyl like
aminomethyl, aminoethyl, aminopropyl, aminobutyl, aminopentyl or aminohexyl.
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di cyana(mqud,gpnpound at | east one ami no conpound conprising at |east two
prinmary and/"or secondary anmino groups, and an inorganic or organic protic
acid. 40Preferably the at |east one am no conpound is an aliphatic or
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20%%/ 0%@@&%@{)%‘?&9&%8%&%@& 3 to about 1000, even more preferably from about 5 to about
300, even more preferably from about 5 to about 200, most preferably from about 5 to about
100.

The mass average molecular weight My, may generally be from 300 g/mol to 500000 g/mol,

30 preferably from 300 g/mol to 100000 g/mol, more preferably from 300 g/mol to 50000 g/mol,
even more preferably from 400 g/mol to 10000 g/mol, even more preferably from 400 g/mol to
5000 g/mol, most preferably from 500 g/mol to 3000 g/mol.

In a preferred embodiment the additive is preparable by reacting
35 - a dicyanamide compound,
- at least one amino compound comprising at least two primary and/ or secondary amino
groups, and
- an inorganic or organic protic acid.

40  Preferably the at least one amino compound is an aliphatic or aromatic diamine, triamine,
multiamine, or mixtures thereof. Most preferably the at least one amino compound is a terminal
diamine.
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addi tive according to the present invention has strong IeveIing properties

inele t n-si zed features t he mance of
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a plate Inin e nanonet er
and/ or ﬁPE?' 'eeeﬁéeaqdéomaeemqurﬂeeh%&%r %P@?%F Sﬁﬁ% %G%é\éo%@éerf%ragtyr ng
and al Ith¢ matrametsr ar ibsnitystretdrisgdeld yedtures haf/e acdttedromoil dts 10@ham pndfoerabl y
subst anipadthitid sr@eordhor0i ds. " Overpl ating” refers to a thicker netal

depgsit over dense feature areas as conpared to areas free of features or
at Teast containing relatively few features. "Dense feature areas" neans an
ar ea exMegpits sjorgrgvelng Rgiformmncedhe biokeride addirisadcarginadathe riesenpared to
a conpamahtitits £ edotefirat i BgleApRTd djedsombldlerr Altitdudhithe hydiB zarcg&jmy Bt ance

in bet \{\ﬁ?egregéﬂ%\kiﬁroﬁhéé &Ftﬁ@sre%‘ﬁﬂ@ﬁrd&'eﬁk@%a%c r(%la)tmgﬁf ghtgr{etllg and

preferab nm Such

di f f er dpRIEreSnNE Hae BN PETHYY Mance Rhibe addiixes 6“&9@”9 té’ait‘ﬁrp Sareats,er&'gn &Mffared to
t h&0pl dimitad td its Iekeimgsprmmmesaarretasay adaanta‘gebesiy be esedin atlwertraétal prgfingel ati vel y

few feaghpi@sions o ETariiRg thiudssilicdrtRad@sihifor Sher pRpASEsNg” . 35Sui tabl e
substrates are any used in the manuf ac re of electronic devr ces, such as

integrated circuits. Such substrates typically contain a nunber of
f eat ur d&e psegent eueriidnyoreides aplated metal laverapartiylania plptesicoper Ipegrt orcal ar | y

sui t ablsebsitis torbiamgdsgtutcR @pehd axhdrgetapid/oH RisrodfietéharantETeihalic Matlon t he

m %O”Eéfer hﬁ&?éd%ceé‘gf&&aﬁrﬁggér?d‘éu rthﬁ?&tér%ut)étaﬁ’tFah}/ fr}ég% Qa’de%%'i)d ”5&9 O”e or
t rg g é{@{ nlr osptb d er and
fillingr¢feRelruesigntialydresohyniEsePVarRiplpg” s i 8 firker gietal ggposit over o
2012/ 08&e8ureRCA4s1 B2Oip0ed Wodeds feabEferiurdsoartat maalstsd:cm_tﬂrnrag Irglativeiynfiewg def ects,
such a~°rea3lUrtes”%erts'erfbat@Fe ar@aé’%é’a?ws A arga axtBitiRg srﬁ!al?ér'df@art%@& Betwicpf erably a
copper el in The | evel ] q accordi ng.. tho t P?‘ ol esent
i nvent i 8!9 g Erlr%%wr%?/t od, orB;PaerB %e%ﬁon aining apertureswith a relatively
30 large drstance in between. Smaller drstances means distances below 2 micrometer, and
preferably below 1 micrometer, and even more preferably below 500 nm. Such difference in the
plating thickness over dense feature areas as compared to the plating thickness over areas free

of features or containing relatively few features is referred to as "step height" or "mounding”.

35  Suitable substrates are any used in the manufacture of electronic devices, such as integrated
circuits. Such substrates typically contain a number of features, particularly apertures, having a
variety of sizes. Particularly suitable substrates are those having apertures on the nanometer
and on the micrometer scale.

40 The present invention is achieved by combining one or more additives capable of providing a
substantially planar copper layer and filling features on the nanometer and on the micrometer



5net hod. For exanple, US 3428576 describes the manufacture of polyneric

bi guani des by reacting a diamine or its inorganic acid salt wth a diam ne
salt of dwoyarzsigie, at |east the initial part of the reatuBzni/bis7eng
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hydr ocl9r 8e¢andani raorgadniBddi um di cyanami de, the reaction proceeds in
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20 (a) adicyanamide compound, preferably sodium dicyanamide,
(b) at least one amino compound comprising at least two primary and/ or secondary amino
groups, and
(c) atleast one organic or inorganic acid.

25  As used herein, “primary amino group” means an amino group comprising two H atoms,
“secondary amino group” means an amino group comprising one H atom.

The preparation may be performed by reacting components (a), (b) and (c) or, alternatively, the
corresponding salt of the amino compound (b) may be first formed by reacting the amino groups

30  of amino compound (b) with the organic or inorganic acid (c) and then reacting this salt with the
dicyanamide compound (a).

Optionally a hydroxylic solvent or a mixture of a hydroxylic solvent and water may be used.

35 By way of example, if using hydrochloric acid and sodium dicyanamide, the reaction proceeds in
principle according to the following reaction equation.



- NCl RIRI rl1191 0.. /n [-NCNH-CNR=in Il NHNH X HCl Here, 1 nol
of the dicyanam de conponent (a), 2 nol of primary and/ or secondary am no
groups ofwoOhe12zn$5810 conpound (b) and 2 nol of acid groupCthBlo1ob550ée protic
acid (c) are 5required per 1 nol of biguanide conpound. In the polyner

obt ai ned, the biguani de+groups are joined to one another by the diamne. In

the present case, a s¥ai uprsalt ig f d 1 de,pr . 10The

di cyanam de conponent AN be %nyﬂgﬁr@%'ﬁﬂéyanﬁm 23_L{&t)r eferably a
metal salt |ike sodi NAdi cyamgyi de. However, it is also possible to use any
ot her cations, e.g. organic cations, as a counter-ion. The am no
conpound (b) is a conpound conprising at |east two primary and/ or
secondary 15am no groups. The am no conpound nay be represented by a

pol yam ne having at |east two primary angdfor secondgny am no groups. 20If
am no conpounds conpri si-iga€wo pri marE of secondary|am no.groups are used

in the reaction, |inear—petyrersclii guali-@-NemtNdsR formed. If am no

conmpounds having nmore than two primary and/ll or setondary a% no groups are
used, polyneric biguanide branches are i nt Nduce®nto the pol ymer by
reaction of the additional am no groups wth di cyanam de conponent and
t hus branched pol yneric bi guani de conpounds X formed. 25 Generally the
am no conpound rmay conprise 2 to 6 prinmary and/ or secondary am no groups,
pr ef er adry, 2mor of Ihedicyataynide cdropor@c @ damy| eiprintarg aed/s secovsibryreiher abl y 2

primary, %ﬂhes RBLBMBoGM BY 2Bl QYRS of 39 [ﬁpgh‘* f thd'GrofEhLAE (Gyrpound may
be %es réi&rge p%¥1§rrgo?oggi¢§§£rﬁée (E)zr%ggua . nét)hg%)g;l%mer ot-)tlﬁl}lfeﬁqtgg%)lguanide groups are
joined to one another by the diamine.

In the present case, a sodium salt is formed as a side product.

10  The dicyanamide component (a) may be any salt of dicyanamide, preferably a metal salt like
sodium dicyanamide. However, it is also possible to use any other cations, e.g. organic cations,
as a counter-ion.

The amino compound (b) is a compound comprising at least two primary and/ or secondary
15 amino groups.

The amino compound may be represented by a polyamine having at least two primary and/or
secondary amino groups.

20  If amino compounds comprising two primary or secondary amino groups are used in the
reaction, linear, polymeric biguanide compounds are formed. If amino compounds having more
than two primary and/ or secondary amino groups are used, polymeric biguanide branches are
introduced into the polymer by reaction of the additional amino groups with the dicyanamide
component and thus branched polymeric biguanide compounds are formed.

25
Generally the amino compound may comprise 2 to 6 primary and/or secondary amino groups,
preferably 2 or 3 primary and/or secondary amino groups, most preferably 2 primary and/or
secondary amino groups.

30  Generally, the amino compound may be described by the general formula L2

R1-NH-R3-NH-R! (L2)
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am no ary anino groups
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triam nes, enables the desired degree of crosslinking or degree of

branching to be set via the proportion of triamnes. In this case it is
pr 8Per rlg@minesyduch may aaimentioogthagniantioulangdiethyleectdamingr &(%ri mary and/ or
secondanincsthylam@bpidsyldriing, difropylefid@iriaminedarid e, Ndbia 3-8 (rfoprédyl) Aethytmibel ow,
nore preferred 1:5 or below, and nost preferred 1:10 or bel ow.
It is also possible to use mixtures of amino compounds, it is possible to use, for example,
mixtures of various aliphatic amino compounds or mixtures of various aromatic amino
35 compounds and also mixtures of aliphatic and aromatic amino compounds. The amino
compounds in the mixtures can be amino compounds having different numbers of primary and/
or secondary amino groups. When diamines are used in the process of the invention, linear
polymers are obtained.

40  When amino compounds having three or more primary and/ or secondary amino groups are
used, crosslinked and/ or branched structures are formed. The use of diamines in admixture
with amino compounds having more than two primary and/ or secondary amino groups, e.g.
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p of hal ogenat ed hydr ocar bons e.g. CFBSOB- (CF3803)2N— CF3002 and
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11 Th f th bl d_out without
addi ng THoCE e orore R oS b BrctePed b iRl ECh bt ittty Ve
sol ventandn@oeiatred prefreRdaatrqdimend) vésrﬁrsmmg@r from 1gardt perticdarly prefetiafivp is 1

et hanolor 21 8604, endodair@@NSls, 1.1- but anol , 2- but anol and hi gher al kyI ene
al cghols. 5 The reaction is preferably carried out without adding a

solvent. The reactr on of the starting conponents can be carried out at, for
exanpl él' e&ngg‘@(lr%st ¢ PEticgcHl forms the colnterion to the biguanidinium salt of the polymeric '

compound.

The anion of the protic acid is, for example, selected from F-, CI-, NO2-, NOgs, the group of

30 sulfates, sulfites and sulfonates, e.g. SO4%, HSO4, SO3%, HSOs, H3COSOs, H:CSO3,
phenylsulfonate, p-tolylsulfonate, the group of phosphates, phosphonates, phosphinates,
phosphites, phosphonites and phosphinites, e.g. PO4%, HPO.4?%, H,PO4, PO3%, HPO3s?, H,POx,
and the group of halogenated hydrocarbons, e.g. CF3SOs, (CF3S03)2N-, CF3CO2> and CCI;CO2

35 The acid may also be a polymeric protic acid, e.g. polyacrylic acid; in this case, 0 can assume
very high values. As such polymeric protic acids, mention may be made of, for example,
polyacrylic acid, polymethacrylic acid or another polymer having a plurality of carboxyl groups.

The products received in this way may be subjected to a typical anion exchange by means of
40  precipitation or by anion exchange resins to receive a desired counter-ion.
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substituent,. gr %PS "such as . but not [imted t? h drq o (Cl-C12) al . kyl ,
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pol yet RR¥Pyrelidese, %(r?&%éﬂ'i“?f%%hﬁ@?izl”i%?ﬁ"&%wﬁ%ﬂﬁ% hysPa<esdyieg in

i nt er ndydmhalide/\Bexamethyl-pararosaniline hydrohalide, or compounds containing a functional

35 group of the formula N-R-S, where R is a substituted alkyl, unsubstituted alkyl, substituted aryl
or 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 containing a functional group of the formula N-R-S

40  are generally known, are generally commercially available and may be used without further
purification.
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di f f er edtitif ¢ BUBAbptiokAl adiiveg isdldiRe betchramenignided, toVdeeRdtor$Asupbpssirehe

| d%@t : %%haéthétQ Pgltﬁelf Iﬁ{ egBCH‘ W&orsaﬁ?ﬂ accyﬁ'gtéé a?éeb&ﬁetrﬁs{ Ijno%ﬁ]e% dé’?gﬁ;ﬁign
|\/A V\/né!‘f' é'i"hcﬁﬂ‘ Orfily 515@6?' Hbtﬁ? PEAY NS URPTRES PG aﬁ?%?ﬁams to use and in what

amounts.

A large variety of additives may typically be used in the bath to provide desired surface finishes
30 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 invention. Other additives may also be suitably used
35 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)q-RA2, with:
- MA is a hydrogen or an alkali metal, preferably Na or K,



15More specifically, useful accelerators include those of the follow ng
formul ae: MAGBS-R 1-SH MAGBS- RAl - S-S-RAI ' -5031W I WO35- Ar - S- S- Ar- 5031W
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35ppesent inay eptidedica @ odditferehOforppi) arand nore particularly 2 to 100 ppm
Any SUppr e iQQel%Qt%Btfroﬁﬁw,ﬁﬁne?ﬁMW ﬁ%g‘rg)t\éﬁéé/ntiliél%‘ of Birtb Gt %rﬁ%t | nvention.

Suppr essi ng agents use e pres I nvent1on 1 nclude, t are not
limted to, polyneric materials, particularly those having heteroatom
subst i thetrigme)ectardamargeMparhiareio MY maydoeyidericsiub r diffatandfromIA.i s 40pr ef err ed
that the suppressing agent is a pol yal kyl eneoxi de. Suitabl e suppressing

agent s i ncl ude. Iyetyl en | ycol, copol s, particularly polyethyl ene
alyBol NSSF pRralsAsrEel oEterdgl oy TostKENS oA BIT8s” ol hyl ene oxi de
and propyl ene oxide of suitable suppressors WO

2012/ 038 8AT/SHB2011/ 055766 14 may be bl ock, gradient, or random The

pol yal kyl-caesglayg ®arr onprise further al kyl ene oxide buil ding bl ocks
such az\xlg%tgﬁer%ggéd ;%.ys'\%ref erably, the average nol ecul ar wei ght of

Sui tabl'\@AQs?§rj°pfF%§§/Hr'§oﬂ\ﬁAceeds about 2000 g/ nol. The starting nol ecul es of
sui2Dablvathg' yidt ky befiredglbpe@bnardyisbeylal kyl al cohol s such as net hanol ,
et hanol , propanol, n-butanol and the like, aryl alcohols 5such as phenols

and bi sphenol s, al karyl al cohols such as benzyl al cohol, polyol starters
such a?pa&' &@,P;%;Vgﬁ%%l,eraﬁm AEYHSPST propane, pentaerythritol, sorbitol,
car bohydr abBS: srtdrsdlfppsenybithgulisle, prefataklnds dispaiumagditnerd and ol i goani nes such

as al kyl amPges-mataito-dprogmesuitdhi@sci@ préferdly ity doeiiunasgl. am ne, ethyl ene
di ne, and the |like, am des, |actans, heterocyclic am nes such as

i mdazagl and carboxylic acids. Optionally, polyal kyl ene grl§%co_l supk)/lr essors
may be ABFHREMPETATIseRIeBIPTS o5 ApE Ep e €.d8cluqf: out @re noh (I ierhioe MES
ammoni PMesicaptodtieariaskifonic 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-
30  sulfopropyl)ester; methyl-(@-sulphopropyl)-disulfide, disodium salt; methyl-(w-sulphopropyl)-
trisulfide, 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
35 present invention are 1 to 500 ppm, and more particularly 2 to 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 particularly oxygen substitution. It is
40  preferred that the suppressing agent is a polyalkyleneoxide. Suitable suppressing agents
include polyethylene glycol copolymers, particularly polyethylene glycol polypropylene glycol
copolymers. The arrangement of ethylene oxide and propylene oxide of suitable suppressors



Particul arly useful suppressing agents in conbination with the |evelers
according to the present inventions are: 15(a) suppressing agents
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et Nyl emendiishalzeabd ichiic greasd suwheasaifpepslfosgleesiadniungenB han@. 04 al kyl ene
oxides froma mxture or in sequence, said suppressing agent having a

nol ecul ar vvellght Mv of 6000 g/ npol or nore as_described in WO 2010/ 115757.
35Pr ef SrRAANATY fge éﬂh%%r%géf?@&lﬁiﬁatsl I3 carapiggtirywith B‘ﬁ\"é\ter‘ﬁfﬁ 8Reerding ir e present
1, 3- di amienb@rsopane, 1, 4-di am nobut ane, 1, 5-di am nopent ane,

1 6- di am nohexane, neopenft anedi am ne, i sophoronedi am ne, o

(118 hoF b FaSSEbio AaeEl AN PR TEGH o7 P e mpoun compising Bl TeR hree

( 3- (2- ami nedivepMiriuReiNNepgoLEPs Wit a Bnigure @frﬂtwe(md@pqndaaﬁlm) one compound
N, N-bi s( 3- sarqiepfropyd.)anatdidiigmneexideis s Hesdididne vy bani/mogrospy| ) ami ne,
triethylenetetraanm ne and N, N'-bis(3- am nopropyl)ethyl enedi ami ne. WO
2012/ 085811PCT/ 1B2011/ 055766 15 Igd) Suppr essi n%llen%ent sel ect ed from

conpounds Bye qrgpmneaargﬁneﬁgp@ound Selecteddfom dieth triamine, 3-(2-
20 aminoethyl)aminopropylamine, 3,3 -iminodi(propylamine), N,N-bis(3-

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
25 functional groups with a mixture of ethylene oxide and at least one compound selected
from Cs and C, alkylene oxides, said suppressing agent having a molecular weight My, of
6000 g/mol or more, forming an ethylene C3 and/or C4 alkylene random copolymer as
described in WO 2010/115756.

30 (¢) Suppressing agent obtainable by reacting an amine compound comprising at least 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 My, of 6000 g/mol or more as described in WO 2010/115757.

35 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-trioxyatridecane-1,13-diamine,
triethylene glycol diamine, diethylene triamine, (3-(2-aminoethyl)aminopropylamine, 3,3 -
iminodi(propylamine), N,N-bis(3-aminopropyl)methylamine, bis(3-

40 dimethylaminopropyl)amine, triethylenetetraamine and N,N’-bis(3-
aminopropyl)ethylenediamine.
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to 3. 25 | r # | e pde is

sel ect ed f%aﬁagé gggl%gﬁtﬁf!kﬁ%f%@?ﬁﬁ@?ﬁ%%%82@%6%%%%21 e e
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30The content of ethylene oxide in the copol yner of ethylene oxide and the
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conmpound is selected from ethyl ene diam ne, 1, 3-diam nopropane,

1, 4-di am nobut ane,_ 1, 5- di ani (régs)ent ane, 1, 6-di am nohexane,

neopent anedieiiA¥ 2% 1§ splesied fedi Saioen aliyleneymoshersiesplly rometyiens ¢fe, 4, 7, 10-

tri2bxat ri deopylerd,, 13-di am ne, triethyl ene glycol diam ne, diethylene

triamne, (3-(2- 40am noethyl)am no) propyl am ne, 3, 3"-im nodi (propyl am ne),
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25
In another preferred embodiment the Cs 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.

30 The content of ethylene oxide in the copolymer of ethylene oxide and the further C; to Cs4
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.

35 The compounds of formula (S1) are prepared by reacting an amine compound with one or
more alkylene oxides. 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-
trioxatridecane-1,13-diamine, triethylene glycol diamine, diethylene triamine, (3-(2-

40 aminoethyl)amino)propylamine, 3,3 "-iminodi(propylamine), N,N-bis(3-
aminopropyl)methylamine, bis(3-dimethylaminopropyl)amine, triethylenetetraamine and
N,N’-bis(3-aminopropyl)ethylenediamine.
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carbon ,ato ubs ted, a is an integer
£ om 5 (B SheertSuiid adh pRE BRI PGRE eotDarD SobiatFSarBatsrooRbabll ang | <
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penkaeryt héi!ﬂé Bhaiﬁé),%%péﬁh?éan integer from 3 to 6 and X$? 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 International Patent Application No.
PCT/EP2010/060276.

30 Preferred polyalcohol condensates are selected from compounds of formulae
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(f) Suppressing agent obtainable by reacting a pol yhydric al cohol
conprising at |least 5 hydroxyl functional groups with at | east one al kyl ene
oxi de to worm2asggiiyhydri c al cohol conprisi ng pol yoxyal gran®misbisescc hai ns
as described in International Patent A@plication 10No. PCT/ EP2010/ 060375.
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in the range of fromabout 1 to about 10,000 ppm based on the wei ght of the
bat h, and PHOEHz@HOH)-CHEKSEa) 5 t o about 3510, 000 ppm The netal ion
source may be any conpound capabl e of releasing netal ions to be deposited

he ele&#ﬁgggatlng bath i 3 ufficient anmount, i.e. is at |least partially
soI ble in Iectroplatl S ath. It is preferred that the netal ion
source is soluble in the plating bath. Suitable netal ion 40 sources are
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alkylsulfonates
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202/ 085811PCT/ 1B2011/ 055766 18 preferred that the source of netal ions is

copper sultﬁbe(cmp)g_@mglpi orgqlg) copper acetate, copper citrate, copper
nitrate, copper fluoroborate copper et hane sul fonate, copper phenyl
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30 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.

When suppressors are used, they are typically present in an amount in the range of from about
1 to about 10,000 ppm based on the weight of the bath, and preferably from about 5 to about
35 10,000 ppm.

The metal ion source may be any compound capable of releasing metal ions to be deposited in
the electroplating bath in sufficient amount, i.e. is at least partially soluble in the electroplating
bath. It is preferred that the metal ion source is soluble in the plating bath. Suitable metal ion
40 sources are metal salts and include, but are not limited to, metal sulfates, metal halides, metal
acetates, metal nitrates, metal fluoroborates, metal alkylsulfonates, metal arylsulfonates, metal
sulfamates, metal gluconates and the like. It is preferred that the metal is copper. It is further



deposition und thus co-deposited with the netals. The netal ion source may
be used in the present invention in any anount that provides sufficient

nmet al i orwof2or2/68b&cet ropl ati ng on a substrate. Suitabl e meraB2oionssnet al
sources include, 15but are not |imtedqgo, tin salts copper salts, and the
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such as phenyl sulfonic acid and WO 2012/ 085811PCT/ 1B2011/ 055766 19

t ol uenesul fonic acid, sulfamc acid, hydrochloric acid, phosphoric acid,
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sodi umth sl pelyimdec bigob@as buﬁbwdfspmbdﬁes’mdmtefw elecl6plathe) mp@@mohypne@eabtbly
pr %%emmdlu eaéf?&l%}ﬁh?t 8. %chlﬂz raq’i@ﬂﬁ? 8I cﬂcrélgt@h@peo&tma're s%u?c%?%rf %n%QaE |09{s ’
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35
Typically, the plating baths of the present invention may be used at any temperature from 10 to
65 degrees C or higher. It is preferred that the temperature of the plating baths is from 10 to 35
degrees C and more preferably from 15 degrees to 30 degrees C.

40  Suitable electrolytes include such as, but not limited to, sulfuric acid, acetic acid, fluoroboric
acid, alkylsulfonic acids such as methanesulfonic acid, ethanesulfonic acid, propanesulfonic
acid and trifluoromethane sulfonic acid, arylsulfonic acids such as phenyl sulfonic acid and



15 The general process of copper el ectrodeposition on sem conductor
Integrated circuit substrates is described with respect to Figs. 1 to 52

wi t hout rwetni2sssig t he i nvention thereto. The figures hOMB220F55g66 | a A
schematic vi ew of a di el ectri o substraq@ 1 seeded with a copper |ayer 2a.
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par al | eatures a pat erne area_a copper
SOepec@r%Qb%Q S} r(?ﬁp@ﬁt'ﬁ’ﬁléfu?”dtﬁf’ﬁ‘?gty%i Flerield a p@T93¢ 14 schematic view as

depicted in Fig. 2a after copper electrodeposition by using a leveler
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; N
Yo S0rSPRREEIoRRs Pt %z%&&*}'ﬂ&%gWz\és'd&?%pg%%ﬁﬁd%emcwﬁﬁniraﬁ?n%rufw GofRed R "
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The SERI R B el PYe AP dciH ABH araeliraecdf gPlori fons o Frea @i %@ﬂrsources of
el ect r dplic iong usefolon thengresent ixantidreare genetatlytoremierdialtyiavgiladtyammbeiegbs |1 ke

voi ds Qked @ARBut\WHHeR pBfifidaibent | y preventing bunp formation over the 13 nm
Wi gg trenches. The SEM i mage of fully filled trenches resulting froma

copper electroplating according to Exanple 10 wi thout exhibiting an
def ect gheideaefpbpisessy of seppsy algfitioderasition asfsenicangtiripr integraiad ciigHitawppirates
f or mat ii©fedRyibEd Whie rebPBcttoFgsd e té 52 Ah@R restricting the invention thereto. The figures

show:
20 Fig. 1a A schematic view of a dielectric substrate 1 seeded with a copper layer 2a.

Fig. 1b A schematic view of a copper layer 2’ deposited onto the dielectric substrate 1 by
electrodeposition.

25 Fig. 1¢ A schematic view of a copper deposited onto the dielectric substrate 1 by
electrodeposition after chemical mechanical planarization (CMP).

Fig. 2a A schematic view of a substrate 1 comprising a first area patterned with densely
arranged parallel features and a second non-patterned area after copper
30 electrodeposition without using a leveler.

Fig. 2b A schematic view as depicted in Fig. 2a after copper electrodeposition by using a
leveler according to the invention.

35 Fig.3a The SEM image of trenches comprising a copper seed having 16 to 37 nm trench
width, 173 to 176 nm trench depth.

Fig. 3b  The SEM image of fully filled trenches resulting from a copper electroplating
according to Example 7 using a plating bath with leveler 1 as prepared in example 1
40 according to the present invention. The trenches are completely filled without
exhibiting any defects like voids or seams thus showing that there is no interference
with the gapfilling by the leveling agent.



The SEM image of fully filled trenches resulting froma copper
el ectropl ating according to Conparative Exanple 8 revealing bunp fornmation
over the wOQormmsdgide trenches. 20Fi g. 5athe profil onet PgTABBUINIS7660r ar ea
(i) without using a |leveling agent accggding to Conparative Exanple 11
showi ng a hi gher copper deposit over the pattererned area conpared to the
unpatterned area.. the profilonetry results for area (ii) without using a
| evel i fdg-a§entThacddd Hnags ef dullzditpairanches resuitingl acoppes elsalreriptingrfcgerdinddepper
deposit over tOvengeddtiveBxanple GpeaidigheseEd intagehud fwppiagéd eemeeds antteut. t he
profilonetry @ﬁiﬂlt‘ﬁiaﬁgae E&3iké i\lgidjslg'}g&rﬁ%]e | evel ing agent fromexanple 1
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accaording to showi ng essentially no noundi ng over the patterned
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(i) udiigd@at hdheSEM inmapeagfdmenciiesdmvangatfifl ren freadcwidthisrgntpoisiBy anqpeerlseed.
showi ng essentially no nounding over the patterned area conpared to the

unpattern area. Vth ref ce.to Fig. |a dielectri ubstrate 1 is
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overpl ating of copper 2b, also referred to as "overburden", is generated on
top of the whole structured substrate. During 40the process, after optional
anneal .45t hd NN P T F N IURpEPNTissiTesY B TRaR 2 S PRI EIRTAP IR han cal
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by ‘profil orretr_ry measuring the step height (distance a mnus distance b)
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particul ar advan(fagé of the present invention is that overplating,
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ov@Opl &ig.rhg mitenprofiles®try irerlta i aedd @rwithosit spmys lavelimeagant agecardihglq such as
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35
With reference to Fig. 1a a dielectric substrate 1 is first seeded with a copper layer 2a. With
reference to fig. 1b a copper layer 2’ is then deposited onto the dielectric substrate 1 by
electrodeposition. The trenches 2¢ 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
40 the process, after optional annealing, the overburden of copper 2b is removed by chemical
mechanical planarization (CMP), as depicted in fig. 1c.



25 Metal, particularly copper, is deposited in apertures according to the
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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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25 material such as plastic or other material inert to the electrolytic plating solution. The tank may
be cylindrical, especially for wafer plating. A cathode is horizontally disposed at the upper part
of tank and may be any type substrate such as a silicon wafer having openings such as
trenches and vias. The wafer substrate is typically coated with a seed layer of copper, any other
metal, or any other non-metal conducting material to initiate plating thereon. A copper seed

30 layer may be applied by chemical vapor deposition (CVD), physical vapor deposition (PVD), or
the like. An anode is also preferably circular for wafer plating and is horizontally disposed at the
lower part of tank forming a space between the anode and cathode. The anode is typically a
soluble anode.

35 These bath additives are useful in combination with membrane technology being 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 forming plated Cu



R2 R1 1 n-hexane-1,6-diyl H 2 n-octane-1,8-diyl H 3 propane-1, 3-diyl

2- hydroxyethyl and H 4 1, 3-phenyl H 5 n-hexane-1, 6-di yl and et hane-1, 2-diyl
2- am noetWolomds#H1 Exanpl e 1 Sodi um di cyanan de (96% pecCiriap2ogt/ezhase 18. 5
g), n-hexylene-1, 6-di am ne di hydrochl opgde 35(38.2 g) and nethanol (250 m)
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The present invention is useful for depositing a metal layer, particularly a copper layer, on a
5 variety of substrates, particularly those having variously sized apertures. For example, the
present invention is particularly suitable for depositing copper on integrated circuit substrates,
such as semiconductor devices, with small diameter vias, trenches or other apertures. In one
embodiment, semiconductor devices are plated according to the present invention. Such
semiconductor devices include, but are not limited to, wafers used in the manufacture of
10 integrated circuits.

While the process of the present invention has been generally described with reference to
semiconductor manufacture, it will be appreciated that the present invention may be useful in
any electrolytic process where an essentially level or planar copper deposit having high

15  reflectivity is desired. Accordingly, suitable substrates include lead frames, interconnects,
printed wiring boards, and the like.

All percent, ppm or comparable values refer to the weight with respect to the total weight of the
respective composition except where otherwise indicated. All cited documents are incorporated
20  herein by reference.

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

Examples
25
In table 1 the structural properties of the leveler examples 1-5 are given. The filling experiments
and results are described in detail in examples 6-16.
Table 1
30
Leveler R2 R?
1 n-hexane-1,6-diyl H
2 n-octane-1,8-diyl H
3 propane-1,3-diyl 2-hydroxyethyl and H
4 1,3-phenyl H
5 n-hexane-1,6-diyl and 2-aminoethyl and H
ethane-1,2-diyl
Example 1

Sodium dicyanamide (96% purity grade; 18.5 g), n-hexylene-1,6-diamine dihydrochloride
35 (38.2 g) and methanol (250 ml) were placed into a 500 ml flask and the reaction mixture was



precipitate was renoved by filtration and, subsequently, the solvent was
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was r e%%hg(?gro%&is% IQELS‘HMH iﬁ% temperature increase to 109 °C. The reaction mixture was heated
40 to 113 °C under a constant nitrogen stream for water removal. Due to the high viscosity, the
distillation condenser was replaced by a reflux condenser immediately and methanol (120 ml)
was added. After cooling to room temperature, the resulting sodium chloride precipitate was



solid (44.1 g). Conparative Exanple 6 20A plating bath was prepared by
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<13000 g/mole and terminal hydroxyl groups (PS151).

25 A copper layer was electroplated onto a wafer substrate with feature sizes shown in Fig. 3a (16
to 37 nm trench width, 173 to 176 nm trench depth) 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 6 s. The thus electroplated copper layer was cross-sectioned and
investigated by SEM inspection.

30
The result is shown in Fig. 3¢ providing the SEM image of fully filled trenches without exhibiting
any defects like voids or seams.
Example 7

35

The procedure of example 6 was repeated except that 0.625 ml/l of a 1 % by weight aqueous
solution of polymeric biguanide compound leveler 1 as prepared in example 1 was added to the
plating bath.

40 A copper layer was electroplated onto a wafer substrate as described in example 6. The thus
electroplated copper layer was cross-sectioned and investigated by SEM inspection.



Exanple 9 A plating bath according to exanple 7 was prepared. 25A copper
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| ewél ling efficiency of the 15invention while providing defect-free Cu
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sol utions containing either leveler 1 according to the present invention
(Fi g. Zpdlaing bash pesasdiag tq examplaé)wasTHera®eM i mage shown in Fig. 3b reveal s
that 20l eveler 1 provides defect-free, also neaning void-free, gap fill as

a: 2{3 L‘A“gtg)tpﬁ’l Fagert\pﬁ agﬂﬁt}praq&g b3 FsteML iRtk AV ENELLANGhARIREJ. Rat NE

P % 100 nm trench width) provided W|t 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.

30

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 over the 13 nm wide
trenches.

35 Example 10

The plating bath of example 6 was repeated except that 0.3125 ml/l of a 1 % by weight aqueous
solution of polymeric biguanide compound leveler 1 as prepared in example 1 was added to the
plating bath.

40
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
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Comparative Example 11

A copper plating bath was prepared by combining 40 g/l copper as copper sulfate, 10 g/l
sulfuric acid, 0.050 g/l chloride ion as HCI, 0.100 g/l of an EO/PO copolymer suppressor, and

30 0.028 g/l of SPS and DI water. The EO/PO copolymer suppressor had a molecular weight of
<5000 g/mole and terminal hydroxyl groups.

A copper layer was electroplated onto a structured silicon wafer substrate purchased from SKW
Associate Inc. containing trenches arranged as shown in Figs. 2a and 2b. These substrates
35 exhibited two test areas:

(i) afirst area comprising densly arranged parallel trenches of 130 nm widths (w, see fig. 2a)
and a depth (d) of approximately 250 nm, and
(i) asecond area comprising densly arranged parallel trenches of 250 nm width and a depth
40 of approximately 250 nm.
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The procedure of example 11 was repeated except that 1 ml/l of a stock solution containing 1 %

(w/w) of the active leveling agent of example 1 was added to the plating bath.

A copper layer was electroplated onto a wafer substrate as described in example 11. The thus
20 electroplated copper layer was investigated by profilometry as described in example 11.

Fig. 6a shows the profilometry results for area (i) using the leveling agent from example 1. Fig.
6b shows the results for area (ii). Both, Figs. 6a and 6b show essentially no mounding over the
patterned area compared to the unpatterned area. The measured values for the 0.130

25 micrometer and 0.250 micrometer featured area are listed in table 2.

Example 13

The procedure of example 11 was repeated except that 1 ml/l of a stock solution containing 1 %
30 (w/w) of the active leveling agent of example 2 was added to the plating bath.

A copper layer was electroplated onto a wafer substrate as described in example 11. The thus
electroplated copper layer was investigated by profilometry as described in example 11.

35 The values obtained from profilometry, as listed in table 2, show an excellent reduction of the
mounding compared to example 11 without any leveling agent.

Example 14

40 The procedure of example 11 was repeated except that 1 ml/l of a stock solution containing 1 %
(w/w) of the active leveling agent of example 3 was added to the plating bath.



Exanpl e 16 The procedure of exanple 11 was repeated except that 1 nil/l of a
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Example 15

The procedure of example 11 was repeated except that 1 ml/l of a stock solution containing 1 %
10  (w/w) of the active leveling agent of example 4 was added to the plating bath.

A copper layer was electroplated onto a wafer substrate as described in example 11. The thus
electroplated copper layer was investigated by profilometry as described in example 11.

15  The values obtained from profilometry, as listed in table 2, show an excellent reduction of the
mounding compared to example 11 without any leveling agent.



91 nm4 (exanmple 15) 96 nm -5 nm 5 (exanple 16) 77 nm 38 nm WO

2012/ 085811PCT/ 1B2011/ 055766 31 Clains 1. A conposition conprising a

sour ce ofwoebel08sgIMS, One or noDre suppressi ng agents ane@CatiBR@asis7ene
additive conprising a |linear or branchggl, polyneric biguanide conpound
5conprisi % t%structural unit of formula L1 EIRI 12 [ -NC NH C N RHn(L1)
L1 NEPR fO erein Rlis, each independently, selected froman H atom or
an organic radical having from1l to 20 carbon atons. 15R2is a dival ent

or gani Thegddcaiurdehexagpfer DINvds cpe2idd @R thaAat anl of aptdcRBBIUtIYN EORININGi 1Y

pol ymerd, fy) s AR 1 KRB RRFARS of Uik 5 WaES8hePo tRe Blatifg bhth.
5
A copper layer was electroplated onto a wafer substrate as described in example 11. The thus
electroplated copper layer was investigated by profilometry as described in example 11.

The values obtained from profilometry, as listed in table 2, show an excellent reduction of the
10  mounding compared to example 11 without any leveling agent.

Table 2

mounding [a-b, see Fig. 23]

Leveler area (i) area (ii)
0.130 micrometer | 0.250 micrometer
featured area featured area

Prior art (example 11) | 370 nm 123 nm

1 (example 12) -4 nm -10 nm

2 (example 13) 61 nm 12 nm

3 (example 14) 194 nm 91 nm

4 (example 15) 96 nm -5 nm

5 (example 16) 77 nm 38 nm




or the corresponding salt of the polyneric biguanide conmpound forned by the
reacti on of 20t he bi guani de groups with organic or inorganic acids. 2. The
conposi t iwo 20020868lilng to claim 1, wherein Rl is sel ect e#CtnBmianssfhéat om or

substituted or unsubstituted Cl1 to ClO34l kyl radicals. 253. The conposition
accordi % t o anyone of the preceding clainms, wherein RL is an H atom 4.

The coﬁg %t i on” accor di ng to anyone of the precedl ng clainms, wherein R2 is

selected from substituted or unsubstituted |inear C2 to C8 al kanedi yl . 305.
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cl ai.nms, wherein e nolecu yneric
blgéanlde CURRIIINAh eéEF@FW#H@H”Hg erneatlon chromat ogr aphy, is greater
than 300 g/mol. 35 7. Thgiconpositign according to anyone of the preceding
clainms, wherein the addi |ve |s pr arable by reacting a dicyanam de
conpound 40- at Ieast onprising at |east two Qi ga

and/ or secondary am o grqups qnd organi ¢ or organic proti cid.
WO 2012/ 085811PCT/ 1B2011/ 099H66 INH The conposition according according to
clapm 7, wherein the at |east one am no conpound is an aliphatic or
aromatic djpbdpe. triamne, nultiamne, or mxtures thereof. The
conposition according according to claim7, wherein the at |east one am no
compound is a termnal diamne. The conposition according to anyone of the
pr ecedi ng Bl ai isseackhiedepamdeitty, releeied ifromsarcid mpomh seart ofgaeic radipal hakieg from 1
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or the corresponding salt of the polymeric biguanide compound formed by the reaction of
20 the biguanide groups with organic or inorganic acids.

2. The composition according to claim 1, wherein R' is selected from an H atom or
substituted or unsubstituted C to Cq alkyl radicals.

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 selected from
substituted or unsubstituted linear C; to Cg alkanediyl.

30 5. The composition according to anyone of the preceding claims, wherein n is from 2 to 6000.

6. The composition according to anyone of the preceding claims, wherein the number
average molecular weight M, of the polymeric biguanide compound, determined by gel
permeation chromatography, is greater than 300 g/mol.

35

7.  The composition according to anyone of the preceding claims, wherein the additive is

preparable by reacting

- a dicyanamide compound,
40 - at least one amino compound comprising at least two primary and/ or secondary
amino groups, and
- an inorganic or organic protic acid.



RAI is selected fromO01-08 al kyl group or heteroal kyl group, an aryl group
or a heteroaromatic group, Rm is selected from RAL, wherein RAl "may be

i dent i calwbaowosssifif erent from RAL, XA is sel ected frompENIBMhENET66 XA may
be identical to or different from XA gmnd MA' is selected from MA wherein
MA' may be identical to or different from MA. The conposition according to
claim 11, wherein the accelerating agent is bis-(3- sulfopropyl)-disulfide.
The cor%posT'ﬂ@ erMeRstiENFEcagrding asRgERg toflaimd . yhereidhagt lepal ane, amine cp@pound
conpri si ngishaldligeaticatsrontéte digmpesiribimde, atdanthd)@r hixtaleaittiordsf, wherein the
hal i de ions are chloride ions. Use of an additive as defined in anyone of

t he precedi ng cl ai in a bath for depositing netal containing |ayers. A
process-f of" %%%B%qsﬂtl%g?‘céorﬁﬁlgeﬂccP@V@rto6ﬁ"”&75W8%rtef”at{‘% abpaghoneqHiige cPmgowd
nmet al pl atisragetraithl diamipei si ng a conposition according to any of clains 1 to
16 with the substrate, and b) applying a current density to the substrate

for a tinmesufficient to onto the su

20121 08B L TRHEBPrAsee el gy e S pieBtdie SRl iRrd I el
wherein th@@@ftﬁ@tqoap@“@@mprl ses mcrometer or nanoneter sized features and
thaodep05|t| on is perfornmed to fill the mcrorret er or nanoneter sized

featurg PHe o dIng?sltR)rn%ﬁérﬁl 98% H%gof?ﬁe ' glgls'(gr‘g‘%rﬂep <}rﬁ§ri§ﬂng°6r9é@rt er or

nanomater- I ze nm an aspect
rati o of 4MEfe Ffselerating agepls- pr ocess accor d| ng to claim 18 or 19, wherein
the mcrometer or submcrometer-sized features have a size from1l to 100

nm 1012, The composition according to claim 11, wherein the accelerating agent is selected from
15 compounds of formula MAO3;S-RAM-S-S-RAT-SOsMA, wherein

MA s a hydrogen or an alkali metal,

XA isPorsS,
d is an integer from 2 to 4,
20 RAT is selected from C1-C8 alkyl group or heteroalkyl group, an aryl group or a

heteroaromatic group,
RA1T" is selected from RA', wherein RA""'may be identical to or different from RA,
XA is selected from XA, wherein X may be identical to or different from XA, and
MA” is selected from MA, wherein M may be identical to or different from MA.

25

13. The composition according to claim 11, wherein the accelerating agent is bis-(3-

sulfopropyl)-disulfide.

14. The composition according to anyone of the preceding claims, further comprising halide
30 ions.

15. The composition according to claim 14, wherein the halide ions are chloride ions.

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

17. 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 16 with the substrate, and
40 b) applying a current density to the substrate for a time sufficient to deposit a metal layer
onto the substrate.
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33
18. The process according to claim 17, wherein the substrate comprises micrometer or
nanometer sized features and the deposition is performed to fill the micrometer or
nanometer sized features.

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

20. The process according to claim 18 or 19, wherein the micrometer or submicrometer-sized
features have a size from 1 to 100 nm.
10



