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propanediols, respectively.

30 EP 1978134 A1 discloses leveling agents comprising polyethoxylated polyamides or
polyethoxylated polyaminoamides. In the examples the end groups are both
polyalkoxylated with 25, 40 or 20 alkoxy repeating units.

It is an object of the present invention to provide a copper electroplating additive having

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

40 It has been found, that polyaminoamides, alkoxylated polyaminoamides, functionalized
polyaminoamides, and functionalized and alkoxylated polyaminoamides can be used
as additives, in particular leveling agents, in metal, particularly in copper electroplating
baths showing an improved performance.



Therefore the present invention provides a conposition conprising a source
of netal ions and at | east one additive conprising at |east one
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i ndepenflently sel e%?e r[g ral /c/ha\ﬁ; B DFO 06 al kafiedi yI ,
Rlis, for each repeatifg unift |1 to |ndependen sel ted fromR2,
Cl- C20- al kyl and Cl-C20-al kényl, which may option [ 'substituted by
hydr oxyl , al koxy or 25al koxycarbonyl, R2is sel ected from hydr ogen or
-(CRIiR12 cRi 3R14 0)cm, R11l, R12, R13, R14 30are each independently
sel ect ed f oonetivadiveseiy pdyantinoamidedf for@kR-I®@biditadle bEEoMBigterar partdépendent | y
sel ect ag f i@ ,ﬁ@bn@rmu%]ae@ﬂhgdﬂoﬁal | y displ aceabl e | eaving gr oup X, (b)
NH C1- 020- al kyl or 020- al kenyl, 35(c) H {NH D2- NR1] - D3- NH} or
R2- { NR2- [D2hNR1_],-,-D3 NH}

wherein

D? is, for each repeating unit 1 to p independently, selected from a chemical
15 bond or a divalent group selected from C4-Cxo-alkanediyl group which may
optionally be interrupted (by a double bond and/or an imino group) and/or is
optionally, completely or partially, a constituent of one or more saturated or
unsaturated carbocyclic 5- to 8-membered rings,

20 D2, D3 areindependently selected from straight chain or branched C1 to C6

alkanediyl,
R? is, for each repeating unit 1 to n independently, selected from R?, C4-Cxo-alkyl
and C-Cx-alkenyl, which may optionally be substituted by hydroxyl, alkoxy or
25 alkoxycarbonyl,
R2 is selected from hydrogen or -(CR"R'2-CR"¥R"4-0O)q-H ,

R11’ R12’ R13’ R14
30 are each independently selected from hydrogen, C1-C1o-alkyl, CH2-O-alkyl,

E', E2 are independently selected from
(a) a nucleophilically displaceable leaving group X,

(b) NH-C4-Cao-alkyl or NH-C+-Cxo-alkenyl,
35 (¢) H-{NH-[D?-NR",-D3-NH} or R2-{NR?2-[D?-NR"],-D3-NH},
(d) C4-Coo-alkyl-CO-{NH-[D?-NR?],-D3-NH}, and
(e) C4-Coo-alkenyl-CO-{NH-[D?-NR?],-D3-NH},

n is an integer from 1 to 250,
40

p is an integer from 2 to 150,
is @ number from 0.01 to 5.
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(d) Ci1-C20-al kyl -00-{NH[ D2- NR2] - D3-NH}, and (e)

Cl- 020- al kenyl - 00- { NHAD2- NR2] - D3-NH}, nis an integer from1l to 250, 40 pis
an i nt egewof2oame2isto 150, ais a nunber fromO0.01 to 5. PODEP2010/067874

2011/ 064154PCT/ EP2010/ 067874 3 It has been found that the use of
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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

25 (CMP) is used to reveal the underlying features. The more level deposit of the invention
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

30 duration, corresponds to a reduction in the tendency of the material removal operation
to impart defects.

In contrast to the prior art leveling agents the leveling agents according to the present
inventions are either not (poly)alkoxylated or alkoxylated or polyalkoxylated with a low
35 average degree of alkoxylation of at least 5. A higher degree of alkoxylation leads to a
much lower nitrogen content in the leveling agent. Without being bound to any theory it
is believed that that a high nitrogen content in the leveling agent is responsible for a
good leveling performance on substrates comprising micrometer or nanometer sized
features.
40
Preferably the metal ions comprise copper ions.
Preferably D' is, for each repeating unit 1 to p independently, selected from a chemical
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G -G o-al k‘?ﬁ‘}é' W&Bfe%f ﬂ’fbto}jﬁlrﬁ%l 't%&ﬁ’y RG3d |H?t|selq EM ﬁé(tgé%é{'wéa# oxy or

alkoxycarbon referap ecte

al kyl . Pn &%W%p&abfﬂ%ve? & i B%ﬁ%@ﬁl( SelFEte Ty a - ?&%ﬂdé’ E@ ~Car RE&- at ed or
pol yal koxy wdicddmay aptidnallaipe swtestibuged oielydeexyhfalkaxk ox gkaxyicerpogyloMotes and Rl i s,
for each re,pgg@bggqugggeéteg@om hy@@mr@mttym ?el ected from-R2. As used
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pol ymero 2%uplto as aﬁ/emgé ldegicefot aIkegylstnapoieaid RTie, fpodachirepading d@iti1to n

(poly)al kow& Ieﬁ(?le e{) fr&ﬂag& f‘éjuse herein Pé\feté?;# gﬁe@oﬁ%ﬁ&xl@ﬁ%ﬁ’er from

0.1 to 5, nor e rom r l1to 2,
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units 1 to n, e.g. a number of 0.1 means that there is one alkoxy group per nine
hydrogen atoms in the polymer.

25
In a fourth preferred embodiment the polyaminoamide is (poly)alkoxylated and
functionalized.

Preferably q is a number from 0.1 to 5, more preferably from 0.1 to 3, more preferably
30 from 0.1 to 2, most preferably from 0.1 to 1.

Preferably, m is 2 or 3, most preferably 2.

Preferably, n is an integer from 1 to 100, more preferably 1 to 10, more preferably 1 to
35 5, most preferably 1 or 2.

Preferably p is an integer from 2 to 100, more preferably from 2 to 80, most preferably
from 5 to 70. p corresponds to the degree of polymerization. In average non-integer
numbers are possible.

40
Generally, the nucleophilically displaceable leaving group X may be any functional
group being nucleophilically displaceable. Preferred nucleophilically displaceable



Preferably, mis 2 or 3, nost preferably 2. Preferably, n is an
integer from1l to 100, nore preferably 1 to 10, nore preferably 1 to 355,
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D2, D3 are selected from (CH2)mwhere m is 2 or 3, preferably from (CH2)2 or (CH2)s,

R is selected from methyl or R?,
20
R2 is selected from hydrogen or -(CR"'>-CR'%,-O)q-H, preferably hydrogen,
R, R'2, R"™® and R are each independently selected from hydrogen, C+-Cs-alkyl,
CH>-O-alkyl,
25
E', E2 are independently selected from OH, alkoxy, halogen, H-{NH-[D?-NR],-D3-NH}
or R%-{NR2-[D2-NR"],-D3-NH},
n is1or?2,
30
p is an integer from 5 to 70.
q is a number from 0.1 to 2.

35 Ina preferred embodiment of the present invention the at least one polyaminoamide is
obtainable by reacting at least one polyalkylenepolyamine with at least one dicarboxylic
acid. In particular, the at least one polyalkylenepolyamine is selected from the group of
diethylenetriamine, triethylenetetramine, tetraethylenpentamine,
pentaethylenehexamine, diaminopropylethylenediamine, ethylenepropylenetriamine, 3-

40  (2-aminoethyl)aminopropylamine, dipropylenetriamine, polyethyleneimines, and
mixtures thereof. In particular, the at least one dicarboxylic acid is selected from the
group of oxalic acid, malonic acid, succinic acid, tartaric acid, maleic acid, itaconic acid,
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nitro, and the like. As used herein "aryl" includes carbocyclic and heterocyclic aromatic
systems, such as, but not limited to, phenyl, naphthyl and the like. "Accelerator” refers
to an organic additive that increases the plating rate of the electroplating bath. The
terms "accelerator" and "accelerating agent" are used interchangeably throughout this

35 specification. In literature, sometimes the accelerator component is also named
“brightener” or “brightening agent”. “Suppressor” refers to an organic compound that
decreases the plating rate of the electroplating bath. The terms "suppressors" and
"suppressing agents" are used interchangeably throughout this specification. "Leveler"
refers to an organic compound that is capable of providing a substantially planar metal

40 layer. The terms "levelers", "leveling agents" and “leveling additive” are used
interchangeably throughout this specification. As used herein, “acylation” means a
substitution by an acyl group, e.g. CHsC(O)- . As used herein “polymer” means any
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reacting pol'yalkylenepolyamines with dicarboxylic acids, preferably in a molar ratio of

1:0.5 to 1:2. In general polyaminoamides are linear or branched. Linear

35 polyaminoamides are preferred. Polyaminoamides may be polymers of the formula | as

defined above.

Polyalkylenepolyamines are to be understood as meaning compounds which consist of
a saturated hydrocarbon chain with terminal amino functions which is interrupted by at
40 least one secondary amino group. Suitable polyalkylenepolyamines include but are not
limited to diethylenetriamine, triethylenetetramine, tetraethylenpentamine,
pentaethylenehexamine, diaminopropylethylenediamine (=N,N'-bis(3-aminopropyl)-1,2-
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butyldilaurate or mixtures thereof. Suitable basic catalysts are, for example, alkoxides,
35 such as sodium methoxide or sodium ethoxide, alkali metal hydroxides, such as
potassium hydroxide, sodium hydroxide or lithium hydroxide, alkaline earth metal
oxides, such as magnesium oxide or calcium oxide, alkali metal and alkaline earth
metal carbonates, such as sodium, potassium and calcium carbonate, phosphates,
such as potassium phosphate and complex metal hydrides, such as sodium
40  borohydride. Where used, the catalyst is generally used in an amount of from 0.05 to
10% by weight, preferably 0.5 to 1% by weight, based on the total amount of the

starting materials.
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been mentioned above with regard to the preparation of the parent polyaminoamides.
The reaction can be carried out in a suitable solvent or preferably in the absence of a
solvent. Suitable solvents and reaction conditions are those mentioned above in

40 relation to the preparation of the parent polyaminoamides.
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secondary amino group and — where present — 0.02 to 10 per primary amino group. In

30 this reaction, alkoxylated side chains form on all or some of the amino groups of the
polyaminoamides. The average value q is determined according to the molar amount of
epoxide, based on the amine nitrogen atoms within the polyaminoamide which are
available.

35 ltis possible to use C,- to Ciz-alkylene oxides, styrene oxide, or glycidyl ethers such as
glycidyl tert-butyl ether. Examples of corresponding alkylene oxides comprise ethylene
oxide and propylene oxide and also 1-butene oxide, 2,3-butene oxide, 2-methyl-1,2-
propene oxide (isobutene oxide), 1-pentene oxide, 2,3-pentene oxide, 2-methyl-1,2-
butene oxide, 3-methyl-1,2-butene oxide, 2,3-hexene oxide, 3,4-hexene oxide, 2-

40  methyl-1,2-pentene oxide, 2-ethyl-1,2-butene oxide, 3-methyl-1,2-pentene oxide,
decene oxide, 4-methyl-1,2-pentene oxide or styrene oxide.
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35 The (poly)alkoxylated polyaminoamides can optionally be functionalized in a further
reaction step. An additional functionalization can serve to modify the properties of the
alkoxylated polyaminoamides. To this end, the hydroxyl groups and/or amino groups
present in the alkoxylated polyaminoamides are converted by means of suitable agents
which are capable of reaction with hydroxyl groups and/or amino groups. This forms

40 functionalized alkoxylated polyaminoamides.
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30 to use only one polyaminoamide leveling agent in the plating composition.

Suitable additional leveling agents include, but are not limited to, one or more of
polyalkanolamine and derivatives thereof, polyethylene imine and derivatives thereof,
quaternized polyethylene imine, polyglycine, poly(allylamine), polyaniline, polyurea,
35 polyacrylamide, poly(melamine-co-formaldehyde), reaction products of amines with
epichlorohydrin, reaction products of an amine, epichlorohydrin, and polyalkylene
oxide, reaction products of an amine with a polyepoxide, polyvinylpyridine,
polyvinylimidazole, polyvinylpyrrolidone, or copolymers thereof, nigrosines,
pentamethyl-para-rosaniline hydrohalide, hexamethyl-pararosaniline hydrohalide, or
40 compounds containing a functional 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
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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)a-RA2,
with:
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- MPS: 3-mercapto-1-propansulfonic acid, sodium salt

Other examples of accelerators, used alone or in mixture, include, but are not limited
to: MES (2-Mercaptoethanesulfonic acid, sodium salt); DPS (N,N-

25 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-(m-sulphopropyl)-disulfide, disodium salt; methyl-(w-sulphopropyl)-trisulfide,
disodium salt.

30
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
100 ppm.

35

Any suppressor may be advantageously used in the present invention. Suppressors
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 preferred that the suppressor is a polyalkyleneoxide. Suitable

40  suppressors include polyethylene glycol copolymers, particularly polyethylene glycol



5g/mol. The starting nol ecul es of suitable polyal kyl ene gl ycol may be al kyl

al cohol s such as net hanol, ethanol, propanol, n-butanol and the |ike, aryl

al cohol s wochtias4yshenol s and bi sphenol s, al karyl al coholrsTaRet10M678BENZY |

al cohol, polyol starters such as glycol 45glycerin, trimethylol propane,

pentaerythritol, sorbitol, carbohydrates sucq s, saccharose, and the |ike,
y A gy

I :

am nes and pBFVPE%’é( RSlycaLOROYmes- KiF aRngREen Rf QX9e PHS REPPYEDani | i ne,
tri et hanol oaisierné suitatbley$uppeesspsmarebe biodk,tdnadi¢ntkey, randdrdehe paystietene

helt er Fﬁyfl igq:ycarl%a;aiéorﬁpm f@ﬁhér@ll@ﬁ@'oxﬁi&?o&éi?@%l@é}(é §u@pa'b§t§4tyla_% braal 1y, )

olya e oL, SuU [ es I . un I, ONn WA 1. onl [0 sSuc
Do Lo fat o eI eV e RO R P B8, o A O Rreck o el D60
suppr es8i n@/ragle ibe steringsnalesiies @isuiikie peivalkylereolked maydw alkgloobols he
present i nsect aonwttanel, ethaapl, Stopphelssbognalgeit the om,am?tmbbol_byuasreas:ti ng an
am ne co ups

Wﬁb‘&\@ﬁol%iﬁ&ie’% bé}%lé‘tanéagizéko%&g t@G?H?‘&I é’r&xga’l}zcgw%(lf gBP Fétgﬂi‘@rk sgerpup

b

wth a m xtur ene I an east. und selected from
03 and 04 &F1gY°Eh&Ys iraérgﬂﬁg%leogewﬁeaewﬁe g}”&ge%%b'i@étcé ?‘A?fﬁﬁsééﬁ?'i‘éﬁ No.
9157540. 7. skPecfaeosebbnyd thedikanamioes ang oligedmiresseick @t alkyf aroimesli asyltap ieese
}\I r I’\ft[)n ”(9’3 %tzJéh?as aﬁﬂiﬁ&%ﬁ%lwéﬂo?ﬁ?npﬁpémphéh@ﬂlaﬂgme,_?a,na:['trr\]é ReN akhideR! @BhaM ne) ,

, i s(3- am neEpr.Q | am n i.s(3-di met.hyl am nopro am ne,
Lr1 et hyl ondBRTrAr HEPERSUR) R rEand a0l TR o RarE pa R IskeRe (E;
Suppr essi n@h&gesHrerasperi P eiupgtionalizad bygonia JEvPA sUehAp Bulfete. sulgnatei ng
active am merhemiahj abthegk@ups with a m xture of ethyl ene oxi de and at
| east one conpound 30 selected from03 and 04 al kyl ene oxi des, said

suppressi ng. agent hav a no| ecul ar wei ght Mv of 6000 g/ nol or nore,

f or mi na5an%@ﬂ%yraéwse@@w%ﬁs'r@mnm éﬂ’gghna%b‘f‘ﬂﬂb@"ﬁg?vg%ﬁ aagor@eg&ﬁﬂﬁed in
Eur opean Paresent iAppitiooattreon No. 09157542.3. (c) Suppressi ng agent

obt ai nabl e by reacting an am ne conpound conprising at |east 35three active

am no funct] %ml r%srPUpS n' t(glhtei\t Il}fl gne o%?i de angn at nl} east orrrl]ericlr(])rrgﬂunq

sel ected fronT o5 and IPCHGHANE 0 RE!pd Ih2 NG SOMRCENE FOMRNEEY aRed, sai d
suppr essi nghrag @ativerioing funstiaral geavps withed gturemf ethylsne oxige apd ableastne as
descri ked icompouapssasctEhiremntCPoml C¢ atkyene BRide®94 9&setBed in BliBpedrePatbhy t he

am ne conp ji: I fr om et hyl ene di am ne, 1, 3- di am nopropane,
1, 4-di am n%ﬁcédrﬁlé?i% gﬁiﬁ%mopent ane, 1, 6-di am nohexane,

neopent anedi am ne, i sophoronedi am ne, 4, 9-di oxadecane-1, 12-di am ne, 4,7, 10-
e 2011/ 06 #1854 ROl tEPQﬁTlI@H CIﬂTTMd1£sele¢ted(?gmrqietbxdammtrianﬂm, @r@m ne,
triethyl en%n%o@imh)amir@dﬁr@@arﬁ#h@,tjmimdﬁébro%%ﬂﬁae),(@N—l&s(s- _
am noekgyl )am nogryiPr}/el ANDE 3$(§:d"' A nPrr{'rchr?(;:fyﬁl AR Eern 'I\énlélfekfrla'sagn:?ﬁe and
am nopSpy P A AR Y g e G Y PR RS S BRI a el
tri et hyl endt.¥t-PisEnameoriegyetiviensdgmingni nopr opyl ) et hyl enedi ani ne. (d)
Suppressi ng agent sel ected from conpounds of fornula 51
(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 C3 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 My of 6000 g/mol or more as described in
European Patent Application No. 0915754 3.1.

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-



| RS2 (51) wherein the Rsi radicals are each independently selected froma
copol yner of ethylene oxide and at |east one further 03 to 04 al kyl ene

oxi de, saw00uopshyser bei ng a random copol yner, the Rs2Pcadire@hscmsr€ each
i ndependently selected fromRsi or alkyhg Xs and Ys are spacer groups

i ndependent |y, and Xs each repeating unit independently, 15se|ected
from 02t 0 (ORVAT RGeS 53509 Gy e L AT TR Paith BHea e Ceach

i ndependentnynesthdetdtbpiremytaniife tH3 BRirddipiopyiemire)i N,Nabis(3at eger equal to or

greater thamigbprépnietthydaraife] tElé(@gﬁ’rheihS]Hﬁ{ind&opgﬁggg]gr%gg%ghyﬂ%%tﬂa?nﬁ%b?nd
1. referably

descri bed in, EWropean t ent | . cation No.
spacer grmﬂ\ggj '5&%933%'8'”%%QV'ZetFﬁgfgeﬁféanﬁB%t|y, and Xs for each repeating unit
i ndependently, selected from02 to 04 al kyl ene. Most preferably Xs and Ys

ar e i ndeperndesugpyessiigthgsat $edsctentbmrcep@atindygofdtriniula 8dependent | y, sel ected
fromethylene (-021-14-) or propyl ene_¢- 03H6-). 25Preferably Zs is sel ected
from02 to 04 al kyl ene, nost _gr eferab:z from gehyl ene or propyl ene.

Preferably s is an integer f O}PE;PB(?_ RV Lo preferably from1l to(§,1)m)st
preferably from1l to 3. Prefgsablly an i'ﬁ#@

ger from1 to 10, nore
prefergply from1l to 5 nost ‘30preferably from1l to 3. In another preferred

enbodi nent the .03 t9..04..alkyl ene,oxide is.selec from pr.opvl en xi de
Choy e inBReid the' @ PR M D R nb B ReRRlet o 8 TBORL FRTE
the acti ve OXiferdndialirest @ealirtbedepte Ghalkylene exide grideapplyarss beiidderangomhe
copol ynmer ebpéimhgt, @neRexhdicalantt édud ihdopehesntIetaatddiranh RY1 @rkydX{(Sdcan

general ly ke Oafr(g A)Q;g%c%P t‘bhﬁtéin%em!%d%ittlﬁ%dt@ BP&4h rE?eaO{?h B(JnWQIQEETde‘MI ferably

from about 3 I t ou % wel rt|cul ar ‘ef erably
bet weor SabSBECEE TbC2JR GRK I -(B SoVipr Bt adgels are ohc

2011/ 064154REpLadRINY BLIBETEE TOMLC2 th Ghiatiglent, Sisdindniegepeqyaatoeyr greater than

1, 4- di am nEbYARDR.anlintegét flaNBRR (e thdn §; asHABHBRAEEGHean Patent

neopent anez{ a[r'arfiehé\l sggqt%r@ggdl am ne, 4,9-di oxadecane-1, 12- di am ne,
4,7,10-tri 6PRITA decane 1,137 di ani ne, tri et hyl ene gl ycol diam ne, diethylene
triam ne, (3-(2-am noethyl)am no)propylamne, 3,3"-imnodi (propylam ne),

N, N- bihsz|03- Prefatabdpspapyt groaddixt amd Ve ardihddpendemiBt biyd Afrion @peto papehtivig mﬁt
triethylen ﬁ@,{qp é’ﬁéﬂe i I yamine. The

nol ecul ar \ﬁii/eol‘i\9 Et ! ’g? t ed\‘;srét}[n @e@%%@g%wb%eﬁrﬁwggéﬂa?gﬁ% bet ween
about 500 ¢’ P”‘i‘%‘”é{b‘?ﬂﬂx%f@bég‘ab’ﬁ%?t!” fl SP?/ertt'MeS‘%‘ﬁﬂt%iﬁ?'are”\Wi‘f"&ht Mv
shoul d be 1{dabelbr pOPWene (FOEHOY. nore, preferably from about 6000 g/ nol to
about 20000 g/nol, nore preferably from about 7000 g/ nol to about 19000

g/ nol , ,and t preferably fro 0 000 g/ mol ¢ out 18000 g/ nol .
ot er PRa FovRI o e aeee R 2REL R nernP R kR i ey " gent
may be fromredane. 120 to about 360, preferably from about 140 to about 340,
nost preferably from about 180 to about 300.
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 EOQ/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



15 Typical total anounts of al kylene oxide units in the suppressing agent
may be about 110 et hylene oxide units (EOQ and 10 propyl ene oxide units
(PO, abowo220@6E®4and 20 PO, about 90 EO and 30 PO, abeut/Epeoie@smnd 40 PO,
about 70 EO and 50 PO, about 60 EO and p PO, about 50 EO and 70 PO, about

40 EO and 80 PO, agout 30 20EO igd 90. PO, aboué 100 EO %d 31)8 but yl ene
oxi de (BuOMAMNEs! SFGIRORIPIRS &t iFBIngBytans olt-dBFIBeRIIe8hOBO, about 70
EO and 40 B@mMiadmxanéMebpertiadedamBe) isopravonadish@in&d,Sdidpx8dedOetlol Zabout 330

Ez?oarléc(i) 30d|a¢132nﬂﬁ%t4§71@1ﬁ%datr%@@ad:eol Qgiéila@ﬂn@@ﬂetﬁ end g g&d%guﬁé‘djl&ﬂylag abgUtt
an ou an abou
150 EO and "Fipec-Gadliodin BB dniedasisos SEt b oer it Nf DR

about 300 E@'%Qmomﬁlﬁﬁﬁmf@'ﬁ@, @&(ﬁdﬂém@m@mrmrwl a%@ui”eﬁw@@@t@ﬁ@'@)ﬁm
about 240 EONabid(REmiBOprophipathyl@iddidsinand 120 BO, about 180 EO and 150 BO
or about 120 EO and 180 BO (e) Suppressing agent obtai nabl e by reacting a

polyhydric Ico condensat e 30conpound derived fro st one
pol yal cohol Sfmcf %Warwae'q@? FderyPPrreRS NI Py A %1 ”P?ya*% alPeé‘é(@?” one
al kyl ene oxibdet G0 g/mohtozabpol 30890 g/roolaPrabérebly dumahelesalbeweighpii. shewgd be

pol yoxytgl kibgaes0pDdpms nisre ;YV@\%rrzﬁin‘fré#n'abo@trBOOOtg%ﬁértofab@mZi‘)OUQ ﬁn@md XS is
an u-val en | nNe ng
an u-val entyht DRAL Bl RLEnslEdoRb LANRL So0k 163G IRk P NS e g
descri bed iaRoUS0IERYBYlitgiabaul 18AEH ireelt Prsferad. total prmgtsnT aﬁw@n@ro%@e

pol yal coholunit®imdtha sappressiigcaget atl ed fn‘dnoab@.mnpowabow%@ Qréfelaby fdh WO

2oL o ARG FEAGLSOALS! ek RARCELA, ¥ 20 oyl ot et or

branched al atic or cycloal atic aving from1l to 10 carbon
at ons, '®hi ch may be substituted or unsubstltut ed, ais an integer 10 from 2
to 50, b ndypisel tbtabamanms of aldyléheoxdae umltsrlném:skumoés)%mgraganhmay bedbog an

IlnE eggr R/{)qf’ﬂ)%tﬁylﬂbn%%xd‘e urts @IEO) é‘r‘icﬁg@browl@ﬁé 8qu@ u?alts 61@5 Bodut 180 EQMRper from
0 ef er n

pent aer yt h acb8Hd§(ﬂE§t (? %@g@ e%t %)%&Z??Cg?%aa%@ﬁgeact ing a
pol yhydri c aapﬁtcﬁ%ﬁo@@ﬁﬁpupﬁ rﬂj)oa S0 & ﬁndr?Ol y%ho(ykﬂr@ ERTEL3LRAI akpubdPs wi t h
at | eagd ormO ahkyd e abaﬁwthOtBD fiod MO Butpzhy ydei(Bu@) amisohbmupracsamtgzo

pol yoxyal kﬁlg?%?)oéﬂ §Fe6 %CE?(? a[%%%?’fd Eﬁdaridrho%copét%‘ﬁ:t 86 E@f"énf&?hﬁccﬁ‘“ i

ai conol s 7 EPRLAHE ST BPONER Lt ieuf 340 B unts, abott 0D EG Bnd 60 PG,

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,

25 about 90 EO and 270 PO, about 300 EO and 30 butylene oxide (BuO) units, about 270
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

30  compound derived from at least one polyalcohol of formula (S2) XS(OH), by
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

35  Provisional Application No. 61/229803.

Preferred polyalcohol condensates are selected from compounds of formulae
OH

(S2a)
0]
40 HO\W \}EH
] OH (S2b)
vepod Ao ]



20HOCH2- ( CHOH) v- CH20H(53a) ( CHOH) w( 53b) wherein v is an integer from3
to 8 and wis an integer form5 to 10. Mst preferred 25npbnosacchari de

al cohol s wpeoslawhistol , mannitol, xylitol, ribitol and i ROTiIEPI10/0FI874 her
preferred pol yal cohol s are nonosacchari ggs of fornula (S4a) or (S4b)

CHO- ( CHOH) x- CH20H( 54a) 30CH20OH- ( CHOHy- 00- ( CHOH) z- CH20H( S4b) wherein x is an
integer of 4to 5, andy, z are integers andy + z is 3 or 4. Mbst
preferred nonosacchari de al cohols are selected fromthe al doses all ose,
altrose, gal actose, glucose, gulose, id6se, mannose, tal ose, glucoheptose,
mannohept ose or 35t he ketoses fructose, i cose, sorbose, tagatose

mannohept ul ose, sedoheptul ose, ta| Fbhept ul ose. Th(gszg) are
particuParly effective, strong s ssijng a8e ts that cope with the seed
over hang i ssue and provide substantially defect free trench filling despite

a non-40confornmal copper seed. WO 20Q1/064154PCT/ EP2010/ 067874 19 When

suppressors are ed, the re typically present i n amount jn the range
of from abd{ieran t'¢ g 'Sa%ﬂ’["a%ﬁﬁtﬁﬁér%’ppt?f?'ﬁ%t‘seécfﬁ)'efr“?ttct% ngf’%ﬁf‘a?ﬁ ragh’é'l W9, and

pr ef er abl y ffomortcatbearbén atmsbwbich higyOB0sybstitutesl oFhesutestitted, @ns sointegermay be
any coARpouR@ntarRaed, & by b& tRagintboriftabnt foSach@olfht@RA%I 4rRds bR irftdGer

el ect r opl alings RRL{ o0 S HLJC kM 2 BIEURLn L o8 iSad k7R o AREL Rl Y go! ubt @
in the el ectroP a ’r?g Bath?99' (" preferre Pha‘ta’g‘?. he et a?' ['O% PSotT e i s
sol ubl e i n Roealgehalsiang)aiyeghl condpretcantieraentasryiliyarcoadensatesret al salts and
include, but are not Iimted to, nmetal sulfates, netal halides, netal

acet at es, ki - ! | kewd I S,

net al 611ryl g@h@%% &e@& 8 é?téf.r‘%sﬁaib#%%%E%F@?hy%g%?ﬁg@e%nﬁl §]pt?fé%lgl g It

i s prefl@r r SYIOYTUREIaNHAAPs; thad st ong glkyleng ¥'5‘F18’r PP @RANENE 5PN he

source of meMErisingpslydxyatkyEpersideudihbases despried is biSoProdisionaldjumdicatmodiat e,

COP]I?ef fi t r6a¥2@98@9).m?é‘frerr|@ij pr@rbl%oh?@ﬁi%ﬂ(r?efar‘ wy@m%tah%acemmlra#dmb{aanem

sul fonat e, caopper, e na nd copper p-tol uene sulfonate. pper
RSt BB dme e fone

sul fate pe r 15sul fonate are particularly
preferred. Such netal salts are generally commercially avail able and may be
used wi2ohout further purifOCa:{OROHReSHS®S netal el ectroplating the3a)
conpositions may be used in el ectrol ess deposition of netal containing

| ayers. The conpositions may partiﬁylarly used in the deposition of
20barrier layers containing Ni (C8Mnb, Wand/ or Re. In this casdP3Bksides
nmetal ions, further elenments of groups Ill and V, particularly B and P may

be present viHardiRQ iCaTRRsel from J B8 MEW IS M REYeARPOS ol 10N MBHprefied
co-depaglted wi th thgz netal s, . : . - L
monosaccharide alcohols are sorbitol, mannitol, xylitol, ribitol and inositol. Further

preferred polyalcohols are monosaccharides of formula (S4a) or (S4b)
CHO-(CHOH),-CHOH (S4a)
30 CH>OH-(CHOH,-CO-(CHOH),-CH.OH (S4b)

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

35 the ketoses fructose, psicose, sorbose, tagatose, mannoheptulose, sedoheptulose,
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-
40 conformal copper seed.



The netal ion source nmay be used in the present invention in any anount
that provides 25sufficient netal ions for electroplating on a substrate.
Sui t abl e wotal/ieers4ret al sources include, but are not | iPeITtEPAOOE7874 N
salts, copper salts, and the like. V\hen1ghe metal is copper t he copper
salt is ty cal IL}/ Fresent in nraﬁvrmunt the range of f about

about 300 JYPeTHIURRIESEPISAE Hp ar?ﬁy%al Y PEEeRpREGMAYE i S tAES of rret al
salts may Heneast i dphbowd0LO0@Pd b&}eﬂ@nttheWprgetsefrthebatheamd preferathly &om

al | oys, sugBoaiss @Rt 16,000 gémhavi ng up to about 2 percent by weight tin,
may be advant ageously plated according to the present invention. The
amounts of each of the metal salts in such m xtures depend upon the
parti cuPar TaeInestakien peurpe Ay ey cPRIPREN] cansblarofirelepsing metidnsdeben t he
art. |n genepaditediietedsiectiopratingbath in effisiontrareounnd.eds al leasttpactizdly eblublee

l'evel i ng agr?ﬁ'rte%lefcﬁ%%)latl %gg&%at IsnprEt*réFrteB'?ﬁatrtl'\?éc r‘?rfefa?%ntsgut%% @9&&9{9 kamal am nes,

the present net osit

S re
el ectrol yt &atNg éth §HF%F?'% Fa'éﬂmuf‘%?é 3¢ B1etq Pl?r‘t d 'Baéd%rbuﬁﬁrreé“%'&‘rt‘é‘es of
met al i ons to,opttalonufbley, melal bdidesmetabaadtaies, |rmtallrtllyate$ megtalfiidrabiotadss,| i ke

accel engt Orn%télrmuw%fulféhﬁlﬁé %ét@lra?rylsﬁwhbte@aﬁtbﬁal SRt %tél)@ltﬂ;@H@l@H%nd e
wat er may lt)E wat er. nmay be

n
used, such & H{ ||s é){(? erlreéé1 thah%\% %’tﬁf’i%ggo%err I?m?urrt‘n%ré r¥e(§ %%?the source of
2011/ 064154‘%‘/"5@2‘999?’%?8'7&6 mpwnectérr&@t ﬁweaﬁpetgteb@@rw@r 6*Frat9néolfiﬂeésent
i nventi on mittatdeoppaifrbaibokyte, axmp‘pemnetgahéteulttmmop@mes phehwlulfametéearnd It is

preferred t 5 N&IN, te
el ect roI yt EeCBBE) d‘l%ttiegﬁaﬁﬁcﬂtgﬁ ¢ ﬁer ce, gﬂ ﬁat{!}&%o@%t Fn%thaW@lE he bath
vessel 1Pol |saﬁwt%5rem?ét %t‘ad%(rﬂr%fe%%ﬁgﬁ‘t%tasﬁ? ﬁa%gqf@\rz%b’rcﬁ@”}fé@ﬂ ¥s,

accel er at orevaildbsuppl @sy be sised withad futites parifdativre |11 ke. Typi cal |y, the

pl ati ng bat hs of the present inventi on may be used at any tenperature from
10 to 65 degrees ferred that t erature of. the
ol at 1 ng_ batHSCEs "It p gl g comeBE TR fEY bt D88 niieg SRS Bhesiforh
degrees to nyialroategiirelayers. Big tm@lt@nemavmayw@rlvmeewetheaeﬁoset@n ¥ut not
l'imtedoto ba&ldrfayersﬁcoatt‘atndng G €3d, MoV dnd/fdrlEKer tvbmrsroasemedrdealnhettalsoﬂe‘ oni c

acl ds_such TRl daRicin 25k 4 pElBABRP IS A b frddhapaesyl foni ¢

acid and tr oni ¢ s su as
15phenyl s&Pﬁ’BHF'EO% r&'%ﬁ%%@“t@ﬁ&'?ﬂl“f‘%ﬂ?%% qﬂ’os'é‘tﬂ‘t"ﬁrﬁ%

hydrochl oric acid, phosphoric acid, tetraal kyl ammoni um hydroxr de

preferably ttretnﬁétaraémé@aérmyw tr&rédrrpmbq)eeseﬁpratv&mohw éﬁ%hﬂ@untﬁ@ét%‘i&hw@
hydr oxi ?ye anﬁr@ gm {a 10 ']%:I gstr‘%rle r[t I(a:as ‘;) %suetnf)l t nloarm a ll.lrn { he

r ange 6P f PoHicEhbmEE] opg 5 @68% ét '8 8&“‘?% AP% ¥pical Iy
present i ningdgabuirare opt ligpitagitogtinsalts, %ﬂ@@@t saét@ gnd thgike. derarerm raetaGpH of 8
to 13 respeoppareihg.coppet samrictybipilycerbbanttiroary abdntan fitd rahgd ot feord 2bouctd

el ectrol yt %%oﬂpébol%ﬂltd@%lnb¥oﬁﬁ&ji ‘ﬂ\ﬁill %e%ﬁ?r&?z (ﬁm&ﬁjregﬁ r’a@t@fssal@% (S

chl oride ions, as orid oric aci A w de 'range of

hal i de ion e@&H@BﬁterdaﬁCPg'ﬁg‘gﬁa Ebl%reé%d“"eﬂ ady! H?%@Yﬁ SHERBHEFRASE0ch as from
about 00t o habiogtup30abquira pez&wpywigtmm trhay babdd\detdgenusy plattt acebidog tos i n

the range @fe hrcentdatiod O heQnaPt of aeh 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 (S2) to
35 (S4), further referred to as polyalkanolamines, the present metal electroplating

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 agqueous. The water may be

present in a wide range of amounts. Any type of water may be used, such as distilled,
40  deionized or tap.



ppm based on the plating bath. It is preferred that the electrolyte is

sul furic acid or nethanesul fonic acid, and preferably a m xture of sulfuric
aci d or rnwohangsuisioni c acid and a source of chloride | ®@03/EPIh6/067874¢ls and
sources of halide ions useful in the prggent invention are general |y

conmer ci al d without further purification. The

conera o dbeelilspBRliBRhs PEbe PAIEGY S 1UoR Ty SirSRA YO T WP ot e

circuit suto;etnpanetisrnsard'ezrden b éslpreferiedrtieat flee inotgantd apsipoheatsduch as tristalt
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seeaed w ayer
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trenche8 2@ugrre§msaw6§ttaatsenst thg ket j | I ed and an overpl ating of copper 2b,

also referred to as "overburden", is generated on top of the whole

st ruct ur ed T40isalbs theapletingihathsef thnere@enidew,tioafnambedmeﬁ @hany enmpesatineg, t he

over bur den filoh OB deldedsSC ot ARHed |ty prefersdapat tnecdmm'r@tate ¢rltad platidgqt i on

(QP). a5 dekct inl ) 1 schyden 0 AOIHRRIISIBCH EPARNL4GT8 14 21 The

ef f ect of S genera escCri espect to figs. 2a
and 2b.10w dgEIRes £-| evel | ng agent the deposition leads to a high ratio a/b
much greater then 1, the so called nounding. In contrast, the aimis to
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adv i.nvent
or L] oul ar BAREARY ahnls el B3E° srerlin Seleaiop deidrRaPed olfiard: cauced
overpl at i n@rtrr@aﬁsultoes:saqd andd fldpremethane isulifanieagid.iatylsdienid asifsrmichlds such as
copper ,15durphsgyl SulsRSlEEN bng tnealiforRcdvid) isOrd miplaaiiahydraHisrt 4dyP)

processes, gﬁé%érlo?&!'a@u%' %tﬂa&kﬁ?%?tﬂﬂﬁ’ﬁ%ﬂf)xr&g &H;ﬁyﬂé{rgmetﬁyfa%ﬁ&ﬁ& advant age

of the pre Si zes be

filled wtAVAOXids; sRAEM SYHeKiFgtROtasSIIM DY igXife agd ﬁl?d%‘?aﬁ?'?%ﬁﬁeﬁyféﬁﬁ surface
havi ng a r aresentinkancfmdurt irothe Irargge, of et @vaaibl yo ab&ut @00 Igls slkatinest pr ef er abl y
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i's deposi t efedeit RPSItOHRS gass AfydiddEérRially SvANEBREINI halSNtddwimoubRither
subst arépl al luYﬂ(;a%nn ng voids within the netal deposit. By the term "w t hout
n

subst anti al”y Form ng voids", it is nmeant that 95 %of the plated apertures
are voi d- free 30It is preferred that the plated apertures are void-free.
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.
35
Fig. 1a shows a dielectric substrate 1 seeded with a copper layer 2a. With reference to
fig. 1b a copper layer 2’ is 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
40 substrate. During the process, after optional annealing, the overburden of copper 2b is
removed by chemical mechanical planarization (CMP), as depicted in fig. 1c.



Typical ly, substrates are electroplated by contacting the substrate with
the plating baths of the present invention. The substrate typically

functi onswaxotie41sat hode. The plating bath contains an aood®20mis8M4 may be
sol uble or insoluble. Opti onaIIy, cat hode 35and anode may be separated by a

nmenbr ane. Potenti al a t he cat ho Sufficient current
Homal v s TRE Tt vl G et e fens tpst eSO 61 193, A TG EP! o\ ot Co
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to, the ran cm2. Typically, the current density is in the
P8 Bhoday Bas i’

range of 1 en 40 used to deposit copper in the manufacture
of inte§rated circuits. The specific current density depends upon the
substrat e ttopdrécytdraidedntayd ef thepedsenpinageioh istlaeoieeplatiyd phhieularike. Such

current de i art.
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present _invention an’integrated circuit substrate, such
as a wdPer MICTRBGIRELVERIFIRE ot at ed such as from1 to 150 RPM and t he
pl ati ng solution contacts the rotating wafer, such as by punping or
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rovid ep03|
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desi red Such processes include printed wiring board manufacture. For
exanpl e, t hetalr pseailap @tdpeg iDadgositethy dpertusefagtorting tb e Rbgpdrativegtiof Vi as,

pads or tr%ﬁﬁu%b@\?ﬁﬁél oa.aawmﬁg?e m@{%k dsuta§ fh%rte#?ﬁ"mth%hﬁ“ ng on
wafers. Oxher sult es i nclu a i n i nt erconnect
manuf act ur SUPHRRHEIM; gy 'h'ﬁlr%eaéhﬁ?ﬁ Pg el e pfat qeggaesfqrgpf@@l ree.

i nt erc@ﬁne¢tlsprqﬂerredfbdtt\herpia’n@1 boatudss aravdidtfree. | | ke, 30Pl ati ng equi pnent for
plating sem conductor substrates are well known. Plating equipnent

Compr L+ HpEaf AU 47 LT SD ALET MBS B o0 5,
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and ma\é5be aﬂﬂ%n&é@ﬁa?%@%%ﬁ%ﬁaoswgm%?nbrane. Potential is typically applied to the

cathode. Sufficient current density is applied and plating performed for a period of time

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

40 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
like. Such current density choice is within the abilities of those skilled in the art. The



35a silicon wafer having openings such as trenches and vias. The wafer
substrate is typically coated wwth a seed |ayer of Cu or other netal to

i nitiate wohabivg4tsher eon. A Cu seed | ayer nay be appl i e#Cheretonsmsad vapor
deposition (CVD), physical vapor deposippon (PVD), or the like. An anode is

al so preferably circular for wafer plating apnd is horizontally di sposed at
The'l ber *gAPISRIERhIeY bp A Lokt Do piBR ReMIRbae HsH v hode. The
anode i s tgpireatl (PRC) osolhabsuitahleouierent. WO 2011/ 064154PCT/ EP2010/ 067874 23
These bath additives are useful in conbination with nenbrane technol ogy
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DI N 53402 %aFdsféﬁ(Hh@rl’ikQ.f a solution of

30 Plating equipment for plating semiconductor substrates are well known. Plating
equipment comprises an electroplating tank which holds Cu electrolyte and which is
made of a suitable 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

35 a silicon wafer having openings such as trenches and vias. The wafer substrate is
typically coated with a seed layer of Cu or other metal to initiate plating thereon. A Cu
seed 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

40 and cathode. The anode is typically a soluble anode.
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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

30 documents are incorporated herein by reference.

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

35 Examples

The amine number was determined according to DIN 53176 by titration of a solution of
the polymer in acetic acid with perchloric acid.

40 The acid number was determined according to DIN 53402 by titration of a solution of
the polymer in water with aqueous sodium hydroxide solution.



portions at 110 degree C over a period of 3 h. To conplete the reaction,
the m xture was all owed to post-react overnight. The reaction m xture was
stri pped wotzhimicsrsagen. WO 2011/ 064154PCT/ EP2010/ 06787 2C2EP201k0OKI8I41t ed
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2011/ 085154PCT/ EP2010/ 067874
Example 2

The aqueous solution of polyaminoamide from example 1 (1.00 kg; water content
according to Karl-Fischer-titration: 33.3%) was placed into a 2| autoclave and heated at
30 110 degree C under nitrogen at 2 bar. Ethylene oxide (158 g, 3.58 mol) was added in
portions at 110 degree C over a period of 2 h. To complete the reaction, the mixture
was allowed to post-react ovemnight. The reaction mixture was stripped with nitrogen.
Alkoxylated polyaminoamide was obtained as an aqueous solution showing a water
content of 31.2% and an amine number of 3.2 mmol/g.
35
Example 3

The aqueous solution of polyaminoamide from example 1 (1.04 kg; water content
according to Karl-Fischer-titration: 33.3%) was placed into a 2| autoclave and heated at
40 110 degree C under nitrogen at 2 bar. Propylene oxide (216 g, 3.72 mol) was added in
portions at 110 degree C over a period of 3 h. To complete the reaction, the mixture
was allowed to post-react overnight. The reaction mixture was stripped with nitrogen.



26 Conparative Exanple 6 A plating bath was prepared by conbining DI water,
40 g/ copper as copper sulfate, 10 g/l sulfuric acid, 0.050 g/l chloride
ion as HOVO 2011088154/ | of SPS and 2.00 nil/l of a 5.3 w Ppeagrbabi061874 N DI

wat er of a EQ PO copol ymer suppressor hgyging a nol ecul ar wei ght Mv of bel ow

13000 g/ nmol,e and term nal hydroxyl groups. A copper |ayer was el ectropl ated
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-10 mV cn TIPS s respectively. The thus el ectropl ated copper |ayer was
cross-séctioned and investigated by SEMinspection. 15The result is shown
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Wals repgat %_ﬂré@d(]f&ﬁr‘@h athio 0@9@%’50.r@dﬂse@lﬁedrﬁly,]thg%&ﬁpe}’k@!{u_@i‘&va%ﬁf#ﬁ%@é% ﬁ&iw' on of
pol yam noanj de fxom ex was, adde e i.n at.h. opper
aver was. QP ST AR oo 2 e Bl Br a 06 e Feaul relimef Braaior e 6.
The thus eMéentoplemretetewygachadaledrdagere erwaist €16619) was@ddedisiPnlyedhe gat ed by
SEM i ns8eptaiq060uswaJt|ba$iﬂbblyatﬁinﬂ_gm&ie}iﬁr@weﬂgl wtbthcanitdrit of #&:7 Veavebidirgy tagent  as
prepared i XA tiffati 1 wn in
fig. 5611 ang< a@b, rezgﬁg%tfb ?]\’Agrﬁg&lr%hﬁemq%eqtof)m% C'E@?]o%r@téeﬁ/g%gm? %iﬁgﬁgs are
conpl et'@l y TPl % PP IOR KAOBIHIRIP Y TGV ERGEt 8VarpgemescHer W98k t hus
showi ng t hadw £18666 girsolreot sapnlydisrieesity of vwdkini=n1.0he gap filling by the

| evel ing agent. Fig. 5b shows a bal anced Cu deposition above the trenches
and the dielectric. 35 Exanple 8 The procedure of exanple 6 was repeated
except that 0.625 ml/I of a 1 % by wei ght aqueous solution of the

quat er ni zed*gBPleatri noani de from exanple 5 was added to the 40pl ating bat h.
WO 20120064154PCT/ EP2010/ 067874 27

The aqueous solution of polyaminoamide from example 4 (20.0 g; water content
according to Karl-Fischer-titration: 43.7%) and additional water (78.7 g) were placed
into a 250 ml apparatus and dimethyl sulphate (10.6 g, 84.4 mmol) was added slowly
by a syringe pump. When the temperature increased to 34 degree C the reaction

25 mixture was cooled to room temperature again by an ice bath. The reaction mixture
showed an amine number of 0.11 mmol/g, indicating incomplete quaternization of the
amine atoms. Thus, an additional portion of dimethyl sulphate (1.62 g, 12.8 mmol) was
added slowly. The resulting brown solution showed an amine number of 0 mmol/g,
indicating complete quaternization of all amine atoms present in the polyaminoamide

30 starting material. The aqueous solution of quaternized polyaminoamide showed a
water content of 78.6%.

Fig. 3a and 3b show the feature sizes of the copper seeded wafer substrates that were
used for electroplating with the different plating baths described in the following

35 sections. After copper seed deposition the smaller trenches shown in fig. 3a had a
width of 15.6 to 17.9 nanometer at the trench opening, a width of 34.6 to 36.8
nanometer at half height of the trench, and were 176.4 nanometer deep. The trenches
shown in fig. 3b had a width of about 100 nm.

40



A copper layer was electroplated onto a wafer substrate as described in
exanple 6. The thus el ectroplated copper |ayer was cross-sectioned and

i nvesti gawoeadotoe®BEM i nspection. 5The result using a pl arcmErb@blocrsrs h t he

| evel i ng agent as prepared in exanple 53@ccording to the present invention
is shown iR%91:Jip(ga;5 6. The 16 to 37 nanoneter w de trenches are conpletely
filled wit fORPAENEHPMRE Gny defects Iike voids or seans thus showing that
there is not any interference in the gap filling by the leveling agent. 10

Conpar at i Ve SixeHghfth Vab pFQRRES bPbaHhbinitlg DR iWateres0 g1 @(ﬁ%)%ﬁﬁs BopreP BlIF1E, M@ 40

g/l copper as er ate, 1 |_s rq cl.d, 0 [] | por,i de ion
as HO ., O. ?@éUEﬁ"FCD%%d’?F]ng@f'ﬁa'%@s%yﬁ%ﬂb@E?pd&?e@s%r Py o085y (E]J/qq_g'éf\'ﬂSPS
and DI wat € softien iIBQIPEtEH 6| EHEC capehimes SeprrRsePr DeWnas| redletudr WrighiiMw of
<5000 g/ nmoleebeibd 13000gmadle byid tavixiHal bydrops grobpsopper | ayer was el ectropl at ed
onto a structured silicon wafer purchased from SKW Associ ate | nc.

containing trenches. These trenches varied in wdth ranging from130 nmto
several m &Y APRERYH WA PEITPP te&B’E}PM%‘E%R?”%@d‘”M?%ng %{9%%%‘89"’&'7‘ &

rangi ng 20 3grammh3b3@speattivelys progidal with orcopeersesd |S@e by waftectirgiibs wabtres wer e
br oughtioi ntsap&irité dh thid dbve Rs@RYY| ARG BatrPasRlcatdRT Béﬁliﬂn%b daectdegrees C
and a direql, eUrsefl 0 (ope TALE TR 0057 S hAlLBWRY Ry il OniPEl £ f or 60
s was appli ed he thté ePe%tSro afey“Co per Ia>9e|sa s 1nv sr?j 8a .ea by
prof i | onet rgsAesEYRaE tTngmhug qlectpp fAPRR" BYyen g oshisedtignehard investigpiedt he
case of 13@®yEMIEpe&lnnm feature sizes a field of nested wires was scanned
and the height difference between the unstructured and structured area was
nmeasured. |Ln the case of the m croneter trenches the filometer P16+,
KLA TerlCor %%faﬁ%{é shRMyINSl98- ‘f%%”cﬁ‘éﬁ”dﬁ%peﬂ“ﬁ'léupé‘h"éfﬁ”% "T“h%est‘%fg%'é’h and

t he ridge \iled reades adhodtexhibding angldatestsdike tvhies loe sedmtis. dhig. fbratesely siepistse
30cal cul at egk Shnamked Baster HESBItR dHRIE MHe il fiRteREESes rEB@tIfERWURH W t hout

using a |eveling agen re.shown in fig 7a and.7b and .shqw a profilonetry
cr ose- sect ona o Reihye S G aRbE el d ST A0 P PEIRRER: i achow
a separation of 0.130 mcroneter (fig. 7a), respectively a cross-sectional
scan oR035Ex2bPlent croneter features (fig. 7b). Both, figs. 7a and 7b show a
hi gher copper deposition rate on the structured area in contrast to the
unstructur area., This phepopenon is well known as undi ng and i s
strongly pﬁ_ ﬁélﬁ?f@QHreonéﬁxg'fnﬁ@ QWIS EPEAIF*oR trr‘ﬁt@r%f’ég@ro‘c?ﬂe gl 9. 7¢
shows a pr eluarsstotytios ®polgdminoemtedonh axampgle 4 wasdaddedfto the(platingrimthet er
whi ch show a significant groove depth, which is conparable to 40t he
non-pl ated ,substrate. Th asured values for. the 0,130 ni.crometer, 0.250
i cr onePer Auibes BV e etEP et o 2oV BB sty ST R,
2011/ 064154behysreledtmridaBrepreslagrawpt erogpsectioned and investigated by SEM

inspection.

The result using a plating bath with the leveling agent as prepared in example 4

30 according to the present invention is shown in fig. 5a and 5b, respectively. The 16 to
100 nanometer wide trenches are completely filled without exhibiting any defects like
voids or seams thus showing that there is not any interference in the gap filling by the
leveling agent. Fig. 5b shows a balanced Cu deposition above the trenches and the
dielectric.

35
Example 8

The procedure of example 6 was repeated except that 0.625 ml/l of a 1 % by weight
aqueous solution of the quaternized polyaminoamide from example 5 was added to the
40 plating bath.



The procedure of exanple 9 was repeated except that 1 nl/l of a stock
solution containing 1 % (ww of the active |eveling agent of exanple 1 was
added to wheoplm#isng Sbath. A copper |ayer was el ectroplPara®2anie’sas waf er
substrate as described in exanple 9. Thgythus el ectropl ated copper | ayer

was i nvesti,gated rofilonmetry as described in ex le 9. 10 The results
o ng - pl AvaRpeb YRR oS AR Pig it ek AR BobEatR CKRE

i nvent i on dihe teusoslectiaplaédysoppgalayecwaseross-téaiveed and onestigeteddy. SEWe

profil omet ipspeefsrs- sectional scan of nested trenches having 0.130
mcrometer wwdth with a separation of 0.130 pm (Fig. 8a), respectively a
cross-sectional scan of 0.250 mcronmeter features (Fig. 8b) 15show a

si gni fi @antThederititysig dplatingkbaip wibithyleveifgadeat 2P EPA6A imeXamEe §. 8c shows
a profi | omekeordimgan thef pregea ivestidiaiy ishgwa infigd 6hTied 1@ td3 Mharioomeéreridand show a
not ewor t hy t.l - e ar[;Eidr Qr

measur ed Vérreﬁggé‘s érrg%?i@g,e E%ng%@ﬁﬁ%ﬁ%ﬁ%@ﬁ%@g fa?‘?%téemflv oid3 ,erﬁgémrs g@%dur e of
exanpl e 9 WwASWingtalay &%ﬁf‘yﬂrﬁ%ﬁerimﬁmmth%a%'@?%Mt §6‘?V&E'ﬁ‘%ﬂ9‘§6-nt aining 1
% (ww of the active |leveling agent of exanple 5 was added to the plating
25bat h40A cpRerrathvdksbmpRso el ectropl ated onto a wafer substrate as
described in exanple 9. The thus el ectropl ated copper |ayer was

i nvestigated by profilonetry as described in exanple 9. 30 The val ues

obt ai ned f FofARPEORIRTIRthRAth Was pserfserd By eMPIRing 48194 copretas¢oRPel YHfete, dant
reduction @jl sul@icanid) @059 glischweide i@sasiHCEQUIODI girof ah BATPOgopolyeedept h

conpar ed 1 qG00 e 1LY Sob XA QIAIRY EoR BRI sheprbeozacedur e

i ed
of exanpl e 9 Was Te eat ed exce utl on contai ni ng
1 % (w'w) &M ﬁ‘é“'%rc‘p‘?'&@ qqéég‘&? 8/@“ anft tegpinglbydby! IoWR% added to the
pl ati ng bath. WD 2011/ 064154PCT/ EP2010/ 067874 29 A copper |ayer was
el ect ropl ataeshppef By W QBctRphidd ahte aB5trueRPEd $iRRA WdleriRbilsed Fomidrent hus
xanpl oo "Sd S0 coRSBing shey SFobe Bbihsmteltd T dodRof Ll 1 "
exampl e 9. e 1€ talne ‘0 1 ry, as depi d’inTtable 1,
show a si gt focs@Neral eiiens Wit afepthef apRirdmadewdSthaem ands senaedigbrantin®df t he
gr oov e 2depftipncodpan edl sév@raxaitihetds v udnovdfeas Uoirgtes Mgreag@aght ikbsaoplaet 13 10

with the above described plating bath at 25 degrees C and a direct current of -
5 mA/cm2 for 120 s followed by -10 mA/cm2 for 60 s was applied.

The thus electroplated copper layer was investigated by profilometry inspection with a
25 Dektak 3, Veeco Instruments Inc. In the case of 130 nm and 250 nm feature sizes a

field of nested wires was scanned and the height difference between the unstructured

and structured area was measured. In the case of the 2 micrometer trenches the

profilometer P16+, KLA Tencor GmbH was used and the height difference between the

trench and the ridge was measured. The mean values of the height differences were
30 calculated of at least from 10 height differences.

The results without using a leveling agent are shown in fig 7a and 7b and show a
profilometry cross-sectional scan of nested trenches having 0.130 micrometer width
with a separation of 0.130 micrometer (fig. 7a), respectively a cross-sectional scan of

35 0.250 micrometer features (fig. 7b). Both, figs. 7a and 7b show a higher copper
deposition rate on the structured area in contrast to the unstructured area. This
phenomenon is well known as mounding and is strongly pronounced over the 0.130
and 0.250 micrometer trenches. Fig. 7c shows a profilometry scan of trenches having a
width of 2.0 micrometer which show a significant groove depth, which is comparable to

40 the non-plated substrate. The measured values for the 0.130 micrometer, 0.250
micrometer and 2.0 micrometer features are depicted in table 1.



The procedure of exanple 9 was repeated except that 1 nl/l of a stock
solution containing 1 % (ww of the active |eveling agent of exanple 3 was
added to wheoplmtisng bat h. 15A copper |ayer was el ectropCatEpdoionss7a waf er
substrate as described in exanple 9. Thggthus el ectropl ated copper | ayer
was investi ateﬁ%ﬁf profilometry as described in exanple 9. The val ues
obt ai ned f | ometry, as depicted in table xxx, show a significant
20r educt i on of t he nounding as well as a reduction of the groove depth

g?”gf(‘;ec'l te(T h@w@d@rezof\@xbm@lém Wad Eér?%bteagaxaaﬂﬁﬁat 1Eﬁﬁmrﬂg|a%tcicﬂ< s%@t.&ﬁe p;\ ?gleglu;] e
% (W/rr\?v) Ognﬁ'\’ﬂ?ngaﬁﬂi @\g\%?% %gg vel \?tllpg ggent %pﬁlrﬁplét’lvv\gass ao??lgg & @q,ng g

pI at i ng®batath. A copper layer was electroplated onto a wafer substrate as
described in exanple 9. 30The thus el ectropl ated copper |ayer was

obt ai ned 1 ?% oD GET L AUgRR BRE D, SPIHET i '“%“E?!gﬁiﬁt

ow a
reducti on %ﬁwﬁ%@&o%w peasnvesiigeted sy Rspfilpmet %?%@?/%” Ephth

conpar ed t @x3®plecthpl e 9 without a leveling agent. 30 Table 1 nnundlng
Level erp0. 130 m croneter 0.250 mi crometer 2.0 mcroneter conparative

exanpl e 9 %’Le rgsultézuélnrgina]I plaztlng Rl w%ﬁimevellné)agent according to the present invention
are shown in Figs. 8a,b,c for different trench sizes. The profilometry cross-sectional
scan of nested trenches having 0.130 micrometer width with a separation of 0.130 um
(Fig. 8a), respectively a cross-sectional scan of 0.250 micrometer features (Fig. 8b)
15  show a significant reduction of the mounding compared to prior art. Fig. 8¢ shows a
profilometry scan of trenches having a width of 2.0 micrometer and show a noteworthy
reduction of the groove depth compared to prior art. The measured values are depicted

in table 1.
20
Example 11
The procedure of example 9 was repeated except that 1 ml/l of a stock solution
containing 1 % (w/w) of the active leveling agent of example 5 was added to the plating
25  bath.
A copper layer was electroplated onto a wafer substrate as described in example 9.
The thus electroplated copper layer was investigated by profilometry as described in
example 9.
30

The values obtained from profilometry, as depicted in table 1, show a significant
reduction of the mounding as well as a reduction of the groove depth compared to
example 9 without a leveling agent.

35 Example 12

The procedure of example 9 was repeated except that 1 ml/l of a stock solution
containing 1 % (w/w) of the active leveling agent of example 4 was added to the plating
bath.

40



-12 nm-62 nm-195 nmexanple 11 55 nm 7 nm-180 nm exanple 12 21 nm 24 nm
-135 nmexanple 13 62 nm 31 nm-155 nmexanple 14 74 nm 31 nm-160 nm WO
2011/ 064 NSORCTI/MePB®10/ 067874 31 Clains 1. A conpositi onPCOMPRISIONTE7TH Sour ce
of nmetal ions and at | east one additivesgonprising at |east one
I ' ' f la |
polyam noarR go%presggleersvsgste gctpc}é)latgé cr)rrl#to% wafer substrate as described in example 9.
The thus electroplated copper layer was investigated by profilometry as described in

example 9.

5 The values obtained from profilometry, as depicted in table 1, show a significant
reduction of the mounding as well as a reduction of the groove depth compared to
example 9 without a leveling agent.

Example 13

10
The procedure of example 9 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.

15 A copper layer was electroplated onto a wafer substrate as described in example 9.
The thus electroplated copper layer was investigated by profilometry as described in
example 9.

The values obtained from profilometry, as depicted in table xxx, show a significant
20  reduction of the mounding as well as a reduction of the groove depth compared to
example 9 without a leveling agent.

Example 14

25 The procedure of example 9 was repeated except that 1 ml/l of a stock solution
containing 1 % (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 9.
30  The thus electroplated copper layer was investigated by profilometry as described in
example 9.

The values obtained from profilometry, as depicted in table 1, show a significant
reduction of the mounding as well as a reduction of the groove depth compared to
35 example 9 without a leveling agent.



or derivatives of a polyam noam de of formula | obtainable by conplete or
partial protonation, N-quarternisation or acylation, 15wherein Dlis, for
each repexOi2og/aemist 1 to p i ndependently, sel ected frompaTmreiooats7bond or
a dival ent group sel ected from Cl- C20- aganedi y1 group which nmay optionally
be interrupted (by a double bond and/or an imno group 20and/or is
optionally, conpletely or partially, a constituent of one or nore saturated
or unsaturated carbocyclic 5- to 8-nerfableed rings, D2, D3 are independently
sel ected from straight chain or branched C to C6 alkanedlyl 25 Rlis, for
each repeating unit 1 to n imdependentty,—setected—fromR2—C€+=C26=—3l kyl

and Cl- C20-al kenyl, which mgy optionally be smbetdibgit ed by hydroxyl, |al koxy
or al koxyc’-\r hnn\ll 30R2is sdlected from hvdr ogen or -(("JQI LR12 cRi QIQ1 0) cm

, R11, R12 R14 are eadh i qua I )

C-Go-alk f‘&%ﬁz 0- al kyl, *%ﬂ?& ar g’; d@enfghﬁﬁ ,g}d;aé&i@ﬂ?regm (a) a
nucl eophil{cally dis aceable | eaving group. X, (b) NH Cl-C20-al kyl or

NH- C1- C20- aFRERYRIVY g’ja”m? RH[B2-NRL] - D3- NH}128r””R2 {NR2- | C220NRER] | -, - D3- NH}

40(d) Ci1- CpO-atkyt=00-{NA[DZ-NR2}-D3-NHy, Tand (&)

Cl- C20- al k¢pydmQIo-1DNHAD2- NR2]-1D8rmNH;} -62 nm -195 nm
example 11 55 nm 7 nm -180 nm
example 12 21 nm 24 nm -135 nm
example 13 62 nm 31 nm -155 nm

example 14 74 nm 31 nm -160 nm




WO 2011/ 064154PCT/ EP2010/ 067874 32 nis an integer from1l to 250, Pis an
integer from2 to 150, 5gis from0.01 to 5. 2. The conposition according to
claiml, wberdgimwitshe netal ions conprise copper ion. 10BCTERROI0OGT3Gsi ti ONn
according to anyone of the preceding clgins, wherein RL is R2 and R', R12,
and R13 are hydrogen and R14 is hydrogen or nethyl. 4. The conposition
accordi ng ol éal m3, wherein RL is R2 and R', R12, R13, and Rl14 are
hydrogen. 15 5. The conposition according to claim3, wherein Rl is

hydrogen. §. T)Sl%o FRRs &drﬁ’;ﬁh §(§Ur6@oftrﬁel‘é| iBh&bdd atVBSstdNB alditil s céim-
The conposition

copol yner of e | n

according to a st o?asit( ¥,ce'%°§g clrgﬁ t%ﬁgye?rmuﬁlll s selected froma
cheni caP bond or a Cl1-C20- aI kanedi y1 group, 25D2 D3 are independently
selected from (CH2)m Rlis selected frogh R2 orpymethyl, R11, R12, R13, Rl4
30are each independently sele ed from hydr ogen, Cl- CS a kyI and CH2-0-

al kyl, El, E2are| epenq§1ntl ecte ode al kgky gFogen
H- { NH4D2- NRL1n- D3- -NRl B3 NHN 35 2or 3

10
or derivatives of a polyaminoamide of formula | obtainable by complete or partial
protonation, N-quarternisation or acylation,

15 wherein

D? is, for each repeating unit 1 to p independently, selected from a chemical
bond or a divalent group selected from C4-Cxo-alkanediyl group which
may optionally be interrupted (by a double bond and/or an imino group

20 and/or is optionally, completely or partially, a constituent of one or more
saturated or unsaturated carbocyclic 5- to 8-membered rings,

D2, D3 are independently selected from straight chain or branched C1 to C6 al-
kanediyl,
25
R? is, for each repeating unit 1 to n independently, selected from R2, C1-Cxo-
alkyl and C+-Cxo-alkenyl, which may optionally be substituted by hy-
droxyl, alkoxy or alkoxycarbonyl,

30 R2 is selected from hydrogen or —-(CR"R'2-CR"¥R"-O)q-H ,

R, R12, R13, R
are each independently selected from hydrogen, C4-C1o-alkyl, CH>-O-
alkyl,

35

E', E2 are independently selected from
(a) a nucleophilically displaceable leaving group X,
(b) NH-C4-Cao-alkyl or NH-C+-Cxo-alkenyl,
(¢) H-{NH-[D2-NR"],-D3-NH} or RZ-{NR2-[D2-NR"],-D3-NH},
40 (d) C4-Coo-alkyl-CO-{NH-[D?-NR?],-D3-NH}, and

)
)
)
() Ci-Czo-alkenyl-CO-{NH-[D?-NR2],-D3-NH},



nis 1 or 2, 40pis an integer from5 to 70, ais a nunber fromO0.1 to 2. WO
2011/ 064154PCT/ EP2010/ 067874 33 8. The conposition according to anyone of
t he precealOnglialéaisas, wherein the at | east one pol yan neamE®e01i0s6Bt ai nabl e
by reacting at |east one pol yal kyl enepogyanmi ne with at | east one
di carboxylic acid. 5 9. The ?orrposi%;gé)on according to claim8, wherein the
at | east one pdlyal @?%H&‘?ﬂ‘ﬂ\f&% o2 selected fromthe group of
di et hyl enetriam ne, triethyl enetetram ne, tetraethyl enpentam ne,
pent aet hyl enehgxanm ng, arfih&gbneeh eryliebhyl enedi am ne,
et hyl enepr opyl enetri am ne, 3-(2-am noet hyl)-am nopropyl am ne,
di propyl enetri a- 10m ne, pol yet hyl enei m nes, and m xtures thereof. 10. The
conposi Pi on ac%ordi'srlf@rf‘@-(ﬁltai@n 8 or 9, wherein the at |east one
di carboxylic acid is selected fromthe group of oxalic acid, malonic acid,
succini c aei d, 1 G -AC] liel-C: AGI i i i ; i c..acid,
adi pi ¢ aci d, sL%%%é@é%giog%Cg%rga@itg C% agi ﬁ?er‘ghﬁﬁﬁﬂeﬁal@sﬂzoﬁél‘é{eg?ﬂép \thal i
acid, imnodia€Btic acid, aspartic acid, glutamic acid, and m xtures
thereof. 11. The conposition according to anyone of the preceding clains,
I urt her1ocor3]1c_)r ;ﬁhégorﬁﬁbsg%@c@dlsr@_tdgﬂg a?rﬁﬁitéthof tRDprbdedidfBlamsTBSHih RNjsaecor di {19

0 anyone 0 e, pre i n al ur co ising a .suppressing agent.
13. Use of a p%rl]dygﬁi %ga?ﬁ"og':é%o eggc%rﬂ%?naarfoegg '%Igﬁrﬂ%ed] ﬁgrnm%{[ﬁgli)ne of clains 1
to 12 or 25derivatives thereof obtainable by conplete or parti al
protonati od, alhkytahpaitiondccordimgtteciairn 31 whereinaRYyik &2ia0d ROT, REAR'Yrapd R4
functionali Zatér%'hydf oA bath for depositing netal containing |ayers. 14. A
process _for deposrting a netal |ayer on a substrate by 30a) contacting a
nmet al ﬂpati ng bath conprising a conposition according to any of clains 1 to
12 with theé.subs catggsitendicbdrdingpd glang 3awbeneingRtis tigdrogery. t o t he substrate
for a tinme sufficient to deposit a netal |ayer onto the substrate. 3515.
The process, acor gl e odbiling to A ShRel MRSV BR8N fief STRRYIZ S ox

ide and propylene oxide.

20
7. The composition according to anyone of the preceding claims, wherein
D? is selected from a chemical bond or a C1-Cx-alkanediyl group,
25 D2, D3 are independently selected from (CH2)m,
R? is selected from R? or methyl,
R11, R12, R13, R14
30 are each independently selected from hydrogen, C4-Cs-alkyl, and CH2-O-
alkyl,
E', E2 are independently selected from OH, alkoxy, halogen, H-{NH-[D?-NR],-
D3-NH} or R2-{NR2-[D2-NR"],-D3-NH},
35
m is2or3
n is1or?2,
40 p is an integer from 5 to 70,

q is @ number from 0.1 to 2.



or subm croneter sized features and the deposition is perfornmed to fill the

m cr onet er
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or subm croneter sized features.
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8. The composition according to anyone of the preceding claims, wherein the at

10.

11.

12.

13.

14.

15.

16.

least one polyaminoamide is obtainable by reacting at least one polyalkylenepoly-
amine with at least one dicarboxylic acid.

The composition according to claim 8, wherein the at least one polyalkylenepoly-
amine is selected from the group of diethylenetriamine, triethylenetetramine, tet-
raethylenpentamine, pentaethylenehexamine, diaminopropylethylenediamine,
ethylenepropylenetriamine, 3-(2-aminoethyl)-aminopropylamine, dipropylenetria-
mine, polyethyleneimines, and mixtures thereof.

The composition according to claim 8 or 9, wherein the at least one dicarboxylic
acid is selected from the group of oxalic acid, malonic acid, succinic acid, tartaric
acid, maleic acid, itaconic acid, glutaric acid, adipic acid, suberic acid, sebacic
acid, phthalic acid and terephthalic acid, iminodiacetic acid, aspartic acid, glutamic
acid, and mixtures thereof.

The composition according to anyone of the preceding claims, further comprising
an accelerating agent.

The composition according to anyone of the preceding claims, further comprising
a suppressing agent.

Use of a polyaminoamide of formula | as defined in anyone of claims 1 to 12 or
derivatives thereof obtainable by complete or partial protonation, alkylation, N-
quarternisation, acylation or end group functionalization, in a bath for depositing
metal containing layers.

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 12 with the substrate, and

b) applying a current density to the substrate for a time sufficient to deposit a
metal layer onto the substrate.

The process according to claim 14, wherein the substrate comprises micrometer
or submicrometer sized features and the deposition is performed to fill the mi-
crometer or submicrometer sized features.

The process according to claim 15, wherein the micrometer or submicrometer-
sized features have a size from 1 to 1000 nm and/or an aspect ratio of 4 or more.



