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pol yam noa can be used "as additi ves, in particular |eveling

agents, in netal, particularly in copper electroplating baths show ng

an i npr 80ed Epet978t et disclossd IQ@ing amhissetPCTiSEFR01YEhok T Bad 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
polyamincamides, and functionalized and alkoxyiated polyaminoamides can be used
as additives, in particular leveling agents, in metal, particularly in copper electroplating
baths showing an improved performance.



2 Therefore the present invention provides a conposition conprising a
source of netal ions and at |east one additive conprising at |east
one polya f formulal R HIII 5E DIN -1

or deri va%@gism'{)?%g?pol yam noam de of fagrmula | obtai né%élrémg@()%%m”
conplete or partial 10protonation or N—c?uarter ni sation, wherein Dlis,
for each refbateforg thepreseht ingention mdmﬁreadeamtdpysitiaed:@mrismfarsmmoe of metal
chem cal 15hgRGr@rt Rabl dﬁ%' a%HFtweQE&Hﬁhs?r@la@%@t‘br{er;ﬁémammoamide of formula |

Ci - C20- al kanedi yl group wh may optionally be interrupted (by a
doubl e bond and/or an im no gropp) and/Dr is optionally,- conpletely
or partially, a conétltueng of | @ne or re satlyrate 10r gﬁaturat ed

carbocyckic 5- to 8- ‘gf\ tly

sel ected from strai ght hal n|| ofr aRched d Coll al ka iyl, Ris,
for each repeating unitpl tan-i ndependentl y, sel@ct ed GFom R2,

a - C20- al kyl and Cl1- C20-al kenyl, which nmay optionally

be substituted by hydroxyl, al koxy or 25al koxycarbonyl, R2is selected
f r om hydr ogendenivalifasRif 2RiotyeRinmRinddedf dormdla, | oRteinabRI®, coRbBste Ripbriddar e

each i ndepepegraidivn seNefbaemisk®n, hydrogen, G -G o-al kyl, CH2-0-al kyl,
El, E2 are independently selected from(a) a nucleophilically
di spl aceabl %hle%zlaryi ng group X,

D1 is, for each repeating unit 1 to p independently, selected from a chemical
15 bond or a divalent group selected from C4-Cx-alkanediyl group which may
optionally be interrupted (by a double bond and/or an imino group) and/or is
opticnally, completely or partially, a constituent of one or more saturated or
unsaturated carbocyclic 5- to 8-membered rings,

20 D? D* areindependently selected from straight chain or branched C1 to C6

alkanediyl,
R1 is, for each repeating unit 1 to n independently, selected from R2, C1-Cxp-alkyl
and C+-Cao-alkenyl, which may optionally be substituted by hydroxyl, alkoxy or
25 alkoxycarbonyl,
R2 is selected from hydrogen or (CR"R"2-CR"¥R"4-Q)-H ,

R11’ R12' R13’ R14
30 are each independently selected from hydrogen, C+-Cis-alkyl, CHx-O-alky!,

E', E2 are independently selected from
(a) a nucleophilically displaceable leaving group X,
(b) NH-C4-Cze-alkyl or NH-C4-Cao-alkenyl,
35 (¢) H-{NH-[D2-NR"]:-D3-NH} or R-{NR2{D2-NR]-D3-NH},
(d) C4-Cao-alkyl-CO-{NH-[D?-NR?2],-D3-NH}, and
(e) Ci-Cao-alkenyl-CO-{NH-[{D2-NRZj,-D3-NH},

n is an integer from 1 to 250,
40
is an integer from 2 to 150,
q is a number from 0.01 to 5.

k=]



(b) NH G -C20-al kyl or NH G -C20-al kenyl, 35(c) H {NH [ D2- NR14- D3- NH}
or R2-{NR2-[D2-NR1],-D3-NH}, (d) d-C20-al kyl -00-{NH [ D2- NR2] - D3- NH} ,

and (e) C'wG%&ﬁ;kh‘éPV' 00- { NH p2- NR21n-D3-NH}, nis an |ngbri%gll
to

to 250, 40 pi's an integer from2 to 150, clis a nunber from
5. WO 2011/ 064154PCT1EP2010/ 067874 3 13 has been found that the use
of conpositions according to the present invention for electroplating
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advant ageouddajurbe used for el ectropl ating of copper in through
siliconfgias (TSV). Such vias nornally have dianeters of several

i Cr Ot o S 4 -5 40N TAIRHR 5o ARGl BHARAIAESIn £t 08, Aol 78"
o ther E?g‘;@ﬁ?ﬂg éﬁeﬁgqpéﬂlﬁeg G%?E%%ﬂﬁﬂ%%&% g B@ggg% ?Hcfb\e?ﬁjn%%egﬂydfavg
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50 to 100 miekpaBLRkEMBSRIiVe @nd di aneter for the bunping process, in
circuit {goard technol ogies |ike the manufacture of

S B AR oS el T
processes f @fvaniageopgy be ueedip brpding technologies such as the manufacture of copper
pillars of typically 50 to 100 micrometers height and diameter for the bumping process,
in circuit board technologies like the manufacture of high-density-interconnects on
20  printed circuit boards using microvia plating or plated-through-hole technologies, or in
other packaging processes for electronic circuits.

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 metai 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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2011/ 064154%&‘%@52010/ 067874 4 bond or a G -C20ral kanedi y1 group.
More preferably D1 is, for each repeating unit 1 to p independently,
sel ected fr omaaecindprefatredenbodinerst the ﬂitﬂ?a’mlﬁlaarﬁwe &Imamdiu;eﬂ R, for

oreferably o b nEindopend r%éée"e"'y'
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al kanedi y! , ﬂﬁ%f?@bbr%ﬂ%’?%%ﬂt%ﬂ frorofiyqroggn or ChR2ekyin mis an integer from
2 to 6, preferably 2 or 3, nost preferably 2. Most preferably D2,
gf»g][grlr ndep@ﬁlﬁ@fmdlafef@ﬁé@%s@d rfnéﬁtrfh% n%ngamle%p?o 5?33 Lb|9a°4koxyuated
Pher of ofd REBIE oh ol s feorn o eRdathe Got ad R Sl e it 1o
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whi ch may ophiton@ h%.Pe rﬁJHJFb%F bitoH ﬁﬂaﬁythayﬂéﬂybme Ak&PYo per nine
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al kyl. 1n a%‘]mﬁg% e'?rhg %gh%odl ment the pol yam noam de is
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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, nis 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



independently, selected from-R2. As used herein "average degree of
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aver aged e polynmer units Ito n, e.g. a nunb ns
t hat thercewlss‘)fdﬂ'g‘”%{]koxy group per nine ﬂdrogen atomseflrc19]%]’29“})’]06%‘;‘{:t
polynmer. 25 In a fourth preferred enbodinment the pol yam noam de is
(pol y) al koxydaaingdreupdX fngrsetectddionz@t, alkoxy, arfé lefla@yeabingstgprefarably fronm@ld,
fromO.1 todgHmoteL0rekERq@bly from 0.1 to 3, nore preferably 30from
0.1 to 2, nost preferably from0.1 to 1. Preferably, mis 2 or 3,
nost preferabl 2. Pr ef er abl is_an in eger. froml to 1004
nmore prefer a‘bﬂ?reierf%’ F’Pd)’a“‘rma@“‘fcﬁ%%éﬁaﬁl‘ Ri RERpsyImaependiRN'yis 1
or 2. Préf ehgthiogernpor metayl. It rsteefglemcrfermﬁfezreﬂdl@t)@” rﬁiﬂmcﬁi%ﬁmla/drqgehr om
2 to 80, noFurtRéraions, &M preferemirRati®a Z&olﬁn&@fﬁﬂﬁ@&d&alhﬂeﬁé’@crﬁggree of

pol yrrer i zat | %@FEE% %E BBl B AR ATRS R 5 %pgreng%ﬁ.h ool
3?&3@3?4%%%% e errgﬁrg' S corBhgions hesls. From

In a preferred polyam noamde RL is R2 and R11, R12, and R13 are
hydr ogengand R14 is 5hydrogen or nethyl. It is even nore preferred if
R11, R12 t is preferred if
R2is a coﬁﬁﬁﬁngrlﬁ%@%@ﬁ@&%gm R %ﬁgg%g{hgreﬁ particularly if R2
is a copolyner of ethylene oxide and propyl ene oxide. R2 preferably
may have a B'ock,is selaetedfrom agthgaiaehbonstar@dEPe-alsanedivorovat prefesably a
thereof. 10 Partidhehsoal Yorfar ¢ fadine & PO 3llaamiebigagro gis; Sncat Srefeiihea lidae Cel N
Dlis seljected fr | bond or a d -C20-al kanedi y1 group,
preferat;?y a Oém)«:ﬁl"egIE}]E};%&&hem cal bond or a | i near G - C6-al kanedi yl
group, nost preferably a |inear a4l5al kanedi roup, D2, D3 are
sel ected fr &Py se\neteefrﬁmr (§HAmyherp, m sy 26k am Vablyé'ﬁrm((éﬁz))z r §iH2)s,
(CI—|2)3 Rlis selected fromnethyl or R2, R2is selected from hydrogen

- (CR112- @R122-i0) Satled REBIEt onRhydrogen R11, R12, R13 and R14
are eaclri [ ndependent 'y selected from hydrogen, Cil-C3-alkyl,
CHz- 0- arRy|

is selected from hydrogen or -(CR">-CR'2,-0O)q-H, preferably hydrogen,

R", R'2, R”3 and R are each independently selected from hydrogen, C+-Cs-alkyl,

CH2-0-alkyl,
25
E', E? are independently selected from OH, alkoxy, halogen, H-{NH-[D2-NR],-D3-NH}
or R-{NR2-[D2-NR"],-D3-NH},
n is1or2,
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 polyalkylenepclyamine with at least one dicarboxylic
acid. In particular, the at least one polyalkylenepolyamine is selected from the group of
diethylenetriamine, triethylenetetramine, tetraethylenpentamine,
pentaethylenehexamine, diaminopropylethylenediamine, ethylenepropylenetriaming, 3-

40  (Z2-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,



E2 are independently selected from OH, al koxy, hal ogen,
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| evel i ng.prqperti = ln,.elect,r ubm cro zed ure
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but not
f eat uredd slipgpra¥anghed a&ﬁ&VQ“Pé%‘h&‘bsﬁgm%&‘d'" ﬁ@@@? Hhat epfeoregrenof the
"pl ating" réfdogensontbe alkylereunt is ogplawed mith anothessibstieerd griupxsucblas gty
i ndi cat es ohBEIMHeE o, cyReR BFdrokR Ralod T -CHbRbY) U5 1-86RIKYERE, thiol, nitro, and
Inter change%}%} Ke. By "substituted aryl" is meant that one or more hydrogens on the aryl ring are
replaced with one or more substituent groups, such as, but not limited to, cyano,

30  hydroxy, halo, (C1-C6}alkoxy, (C1-C8)alkyl, (C2-C8)alkenyl, (C1-C6)alkylthio, thiol,
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 eleciroplating 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. CHaC(O)- . As used herein “palymer” means any




t hroughout this specification. The term"alkyl" nmeans O to C30 al kyl

and includes 25linear, branched and cyclic al kyl. "Substituted al kyl"
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spect 11 cat | iars fispards BIGUE HEOMBeE, ang PEIRPHY PBREOUAGT TRk, fd even
capabl e of powpréfanphnbeon SP&nmi Qlshydifidramesrin thet pidting dhickness ovEndenssr ns
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"acyl ation" neans”a substitution by an acy roup,
used herein "polyner” means any WO 2011/064154PCT/ EP2010/ 067874 7
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areas fBee of features or
Polyaminoamides are known to be polymers whose backbone chain contains both
amino functionalities (NH) and amide functionalities (NH-C(O)). They are obtainable by
reacting polyalkylenepolyamines 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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particul ar fatidgoshe cadok@id@nhydidesti Xt ures thereof. Preference is

given to poly-C 2-C 3-al kyl eneamines with 3 to 10 nitrogen atons. O

t hese, partigul ar 5preferen is given to.diethylenetriamn

5 at noer 18 POURTRER TR PE e pRy e o o e ElcP RNl AURLAR takes place
di am nopPopyV sefifodhREewine and i digarlaxylicsacid edetvrtemgerpiyseof from 100 to
di car boxyl i @5adegleesCe praferaplarn 20 tu2 iy degtdes <k andl tistiléng «ff (RO wasar lpbreaction

atoms, suchyagh@ddlsis trﬁecdoﬁdeﬁ!i%_{i&nilf%a%%gfboxﬂié%idﬂéﬁvﬁ%g ard (Rl ahé C

i i id,..itaconi ¢ acid t.ari c  10agi d dipic acid
Suberi o aci GorEnptioh 6 &ft eTlrics Bl A BhbEal R aar 6 Bbfe Bt The
nmi xt ures t h@regratioppsie alypiroamides cen basirdedaitdthaeteadditipatpf as
i m nodi 80et icetalysi, dr elsswilin theasaof ah acidic g basineatalyst.i SlitaBle etidicroathlyats als,
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anhydri de; %gfagéiﬁm%/&%%aé,' ﬁﬁfun‘lelﬁ}d%x?de%rtlimum 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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e synt nos| ¢ ahirRes an Bf o BAIG e JXGHAEY AR Brinalrini YBTBE SRR AHRyE A"
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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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35It is possible to use C2- to Cl2-al kyl ene oxi des, styrene oxide, or
glycidyl ethers such as glycidyl tert-butyl ether. Exanples of
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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-formaidehyde), reaction products of amines with
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oxide, reaction products of an amine with a polyepoxide, polyvinylpyridine,
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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 ary!
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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 MAQ3XA-RAM-(S),-RA2
with:



40 WO 2011/ 064154PCTTEP2010/ 067874 14 NMA is a hydrogen or an al kali
met al (preferably Na or KfY XAis Por Sa=1to 6 RA" I's selected

fromCl-C8 alk roup or heteroal kyl group, .an aryl %;p or a
5het er oar o8/ lﬂéﬁ &p. Heteroal kyl groups will have oneP (ERR0Q67874
heteroatom (N, S, 0) and 1-12 carbons. ®rbocyclic aryl groups are
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and 1-3 separat®¥'i®P @"§sed rings. RA2 is sel ected fromH or
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Particularly prefered cceler n s are: 20-SPS:
bi s- (3- sul f opr dpyANF- h?iEﬁrP‘i’% bQ%G%?gﬁW giPyPs fpdypical aryl groups, such as
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to: MES (2- Mer CHFt D8N ARes Bl Bf?f‘l:a 99%56 e Usst {595 pPs (N, N-
25di met hy| di-t hi R & dwterdite] feamh H of 3-SEM XDMpyiteB'ebing Rlediidahvrsdifdrynt FIdRS
(3- [(am1 0- | mFr{]@\QNEt hyl )-thi o] -1-propyl sul fonic acid); ZPS
(3-(2-benzthiazolylthio)-1- propanesul fonic acid, sodiumsalt);
3- mer capt o- pr opyl sul f oni caci d- ( 3- sul f opropyl ) ester;
met hyl - (w s tiqgod egerciipylly) uskfglwctelehatorgdinslodh thoss af the following formulae:
met hyl ( m sul phopropyl)-trisul fide, disodiumsalt. 30

XA03S-RAM-SH

15  XA035-RA1-S-S-RAT-SOzXA
XAQ3S-Ar-8-S-Ar-SOaXA
with RA1 as defined above and Ar is Aryl.

Particularly prefered accelerating agents are:
20 - SPS: bis-(3-sulfopropyl)-disulfide disodium salt
- 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 sait); 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-(@-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, pelymeric 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
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(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. 09157543.1.

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

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

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

40
The compounds of formuia {S1) are prepared by reacting an amine compound with one
ore more alkylene oxides. Preferably the amine compound is selected from ethylene
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Application No. 61 Preferred pol yal cohol condensates are

sel ected from conpounds of formul ae
Preferred polyalcohol condensates are selected from compounds of formulae
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OH H(3-0---.1.._ 40Ja HYs WD 2011/064154PCT/ EP2010/ 067874 18 (S2c)
5HO0 HO whereinis an u-valent linear or branched aliphatic or
cycl oal i phatic radical having from1 to 10 carbon atons, which may be
substit ut eHO3M 1Ybsti tuted, a is an integer 10 fron12“?3“§@@m€mﬁhy
be the sane or different for each polyn®® armu and is an integer
froml to 30, cis an integer from2 to 3, and nis an integer from1l
to 6. Most preferred Pol yal cohols are glycerol condensates and/ or
pentaerythritol condensates. (f) Supprﬁéﬁing agent obt ai nabl e by
reacting a polyhydric al cohol conprising\at |east 5 15hydroxyl
functional groups with at |east one k e QE}Qe to forma (S2¢)
pol yhydr gc al cohol conprising poH@Xyal Kyl en@ & de chai ns as
described in US Provisional Application]No. 61/229809. Preferred

pol yal cohol s are linear or cyclic acchari de al cohol s represented
by fornmula (53a) or (S3b) 20HOCH2- ( CHOH) v- CH20H( S3a) ( CHOH) w( 53b)
wher ei n v i grharein Yit ie geu-fatemtdirgear or Faachgdwlipsatianr cystoatiphatié cadinabhaving1 0.
Most pref er fregh Rnonagaachicns, dichl e subslittted OF bhdudbtituted Wistaalinteger

litol 4ori ki . i ' f |
ronosacfar A1 650D AR om0 B R RN o e
30CH20H- ( m@&‘-bﬁﬁpd-@%njﬂ 53 , and’n is an integer from 1 {0 6. Most préferred

Polyalcohols are glycerol condensates and/or pentaerythritol condensates.

(f) Suppressing agent obtainable by reacting a polyhydric alcohol comprising at least 5

15  hydroxyl functional groups with at least one alkylene oxide to form a polyhydric alcohol
comprising polyoxyalkylene side chains as described in US Provisional Application No.
61/229809. Preferred polyalcohols are linear or cyclic monosaccharide aicohols
represented by formula (S3a) or (S3b)

20 HOCH,-(CHOH),-CH,0H (S3a)
(CHOH)u (S3b)

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

CHO-(CHOH),-CHz0H (S4a)
30 CH20OH-(CHOH,-CO-(CHOM).-CH,0H (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, sedcheptulose,
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.



wherein x is an integer of 4 to 5, andy, z are integers andy + z is
3 or 4. Most preferred nonosaccharide al cohols are selected fromthe
al doses all ose, altrose, gal actose, glucose, gulose, idose, mannose,
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In general, besides the metal ion source and at least one of the leveling agents (S2) to
35 (54), 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 aguecus. 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.



In general, besides the netal ion source and at |east one of the
| evel ing agents (S2) to 35(S4), further referred to as
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el ect r odBpoSHEficgHOBN seni conductor integrated circuit substrates is
described with respect to figs. 1 and 2 without restricting the
i nvention thaggkReraldrocess of copper electrodeposition on semiconductor integrated clrcuit
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 struciured
40  substrate. Puring the process, after optional annealing, the overburden of copper 2b is
removed by chemical mechanical planarization (CMP), as depicted in fig. 1c.
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current (DC), a pulse current (PC), a pulse reverse current (PRO) or
other suitable current. In general, when the present invention is
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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 fitration of a solution of
the polymer in water with aqueous sodium hydroxide solution.



The nol ecul ar wei ght (Mv) was determ ned by size excl usion

chromat ogr aphy usi ng hexaf | uor oi sopropanol containing 0.05 %
potassiumtrifluoroacetat as el uent, hexafl uoroi sopropanol - packed
(HAP) gel WQPUMIEHES stationary phase and pol yret hyl netﬂ‘i%fél‘ifl’y“*ﬂléi{“é"s”
(PMVA) standards for determ nation of t& nol ecul ar wei ghts.
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wi th nitrogen

eous
ol ut 1o SnOUPHEA Ry Bt Badieraps BPestiot ol B Feo i aide S,
mmol /g. 35 ER%H?H%S'QOTW/MQU@@%S sol ution of pol yanm noami de from
exanpl e28 (1.04 kg; water content according to
Kar| - Fi schegxshpieati on: 33.3% was placed into a 21 autoclave and
heated at 40110 degree C under nitrogen at 2 bar. Propyl ene oxide
(216 g, 3.72 nol) was added in portions at 110 de?ree C over a period
of 3 h. To ZEBepheacEs salutigneippiveminopmiseriion exagnigat (190 lasatar gontent
post -react ewmrdingtotKarffigcheebicatioon3h3 %) waeplacesi istoral 3 petdclavd ind heated at

nitrogeBp Y9 débkdé BamieANeddeRR01ar B oxRe (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 overnight. 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| autcclave 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.



Al koxyl at ed pol yam noam de was obtai ned as an aqueous sol ution
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(1.629, 12. $wrmd630 gia! antbie dolgdisnarsity of Mev/Mesull2.i ng brown sol uti on
showed an am ne nunber of O mml /g, indicating conplete

quaterni zation of all am ne atons present in the pol yam noam de
30starting terjial. The aqueous sol ution of quaternized

pol yam noanid@™8Gwed a water content of 78.6% Fig. 3a and 3b show
the featlire sizes of the copper seeded wafer substrates that were
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trenches shown | .g. 3 ao| W 15. 6t 7. ano er_ at
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it or T a0 o Sust N Re ufiol a0, AilpnBid) it REGHREL BRI BALD
071 Chi ori qamisAaEs s g BEHoRs poRion ge ety sTeiste 2 & 2 rmal s
added slowly. The resulting brown solution showed an amine number of 0 mmol/g,
indicating complete guaternization 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



5 %solution in DI water of a EOLPO copol ymer suppressor having a
nol ecul ar wei ght Mwv of bel ow 13000 g/ nole and term nal hydroxyl
groups. A copper |layer was electroplated onto a wafer substrate with
feature siW@30dM6MA in fig. 3a and 3b, respectively, prE&IERHUIAPIBH a
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described p Malaltle) EQE!P%' 5 degrees C applying a direct current of
-5 mdVcenk flg'?’mgg%aln% - cn2 for 27s followed by -10 mA/cn2 for 27s

respectively. The thus el ectroplated _COB er |ayer was cross-sectioned
and i nvest i §erlaligibathord nrﬁ@qj@dzgv ermbinisg gWﬁ@sdptgllicgpwmomnerﬁw&ée, 189a
and 4b, resp@aetlurielayid, ROSYatlthigidelen SENCI, 0888 9/ of SIS bhy 2100 Inigdf a 5.3 wt

trenches sw byl bPivhieer d@@@fﬁéﬁé@gwek LifraabSavity S88EBlardght 4,

clearly depi t nhance opper osition abovethe fully filled
trenches r eé’ﬁ'}"?ﬁ?‘ﬁggﬁ)@ E{g'ﬂ?ﬂ% @S&WE'FW%HY‘F%@

BtP%st to the decreased
copper deposition above the dielectric. 20 Exanple 7 The procedure of
exanpl e 6 wascopp@rdafes daexepoplatbdbnio ab2Berslibsiradé with featord pizewsighi in fig.

gﬁgte?lrllz Sg't tﬁ,h iaﬂg 39\3‘ regﬁcg@éq, gﬂgﬁﬁeﬁl &ith rafwbgee%@go b Riyér Hﬁc%n?e‘éﬁr?djtpg Qatdre

. K . S , g
substr af@ a?u%é'?z:er‘fwgwelﬁgﬁéoveex er?ﬁrl't\é\a%é).la%?ﬁzé {hha3§3§§€r3§$§gqp§'y ?eﬁg azcc')r ger
| ayer was ccBgetobSmeysedfosfd andve WA gat el by fodened s 1@ EAVER. foThes
resul t usi ngespegtivalyi Tige thas blevirdpatédenpperlelervgpsagestseationpd epdingestigated
exanpl e 4 3@y aeaPhdhdeiod.0 the present invention is shown in fig. 5a

and 5b, respectively. The 16 to 100 nanoneter wi de trenches are
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sol ution of € quaterni zed pol' yam noa rom exanp was added
to the 40plating bath. WD 2011/ 064154PCT/ EP2010/ 067874 27 A copper
| ayer w9 elkxempiepl ated onto a wafer substrate as described in
exanple 6. The thus el ectroplated copper | ayer was cross-sectioned
and investi ' j ' bat.) ath
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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 &b, 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.



A copper plating bath was prepared by conbining 40 g/l copper as
copper sulfate, 10 g/I sulfuric acid, 0.050 g/l chloride ion as HC,
0.100 g/l of an EQ PO copol yner suppressor, and 0.028 g/l of SPS and
DI water. WREMB®4G4 copol ymer suppressor had 15 a nol ecdtITEEP2NO0§TH4 of
<5000 g/ nol e and term nal hydroxyl grouRé. A copper |ayer was

el ectropl at es@cdaeéﬂa@er%eléféc%ﬁ&eé bhfot‘aqvafwaéuggtrag o€ BesFbed rn%(ﬁWe

Associ ate | var |

rangi ng fro%f%sﬁﬁﬁq%p[g%\"&?%‘?ermyg Hﬂicrﬁﬁ ﬁec O'E? qrﬁ’ 'B‘fesﬁ?%‘?d;%v%‘g\”m y
250 nm and &'sPe@ivPati on ranging 20 from 130 nmto several

m cronmeters. Such wafer substrates were brought into contact with the

above degcri nt of
=iy c%ﬂ T@?‘i‘ee@lt%h?ﬁ pﬁ%ﬁlh& bﬁfh vt tﬂ@%&% ageﬁ% ﬁré@ﬁ%x%?lgg The

thus el cct r SHVERCORBEI N %'Ssh Vot act h&ﬁf* od S foBet e

i nspecti on ep#es %C%wé?tsw fide exf}'@tﬂr}gmﬁiﬁiectsd&e vpigs 9h‘teaafﬁ§@mof
130 nm and 2bOwingitiattiete ie nei anysntarféneed:ajn(ﬂie gepdilimd byitheelevelag agednned
and the height difference between the unstructured and structured
area wasghe ase of the 2 mcroneter trenches the

profi l or%ret e?:%%&%patwégﬁérﬁ!@%gor GmH was used and the height difference
between the trench and the ridge was neasured. The nean val ues of the
hei ght di f f ércppersplategdaBOesd paparee by odmbining da gt coprmimad Copper glifate, 10

]gll ff$r encgs o/l EORuricesidl § 85a\vA ?ﬂbﬁdeu&h agHel, bevelgl dPaREeNo as@heieWn i n
g 7a an ¥

L enches halt ol D0 oL eE gi%ggé?%tﬂéﬁq%m h%%’gefr@?a Pl s e et
mi cr onet'@r @rm%ewﬁi)“{e' PéNgle gndt fegrinaldWaIYEPURScan of 350. 250

m croneter features (fig 7b) . Both figs. 7a and 7b show a hi gher
copper depog ¢dppér 1adr tvad @Idch@létbﬁ uoﬁ;w&@mrmukm oaft baghaded floFESKW

unstruct ur e ege | -Ehkcﬁwtrﬂrl{\ Mﬁé@cg %Mbdelﬁmﬁﬂﬂﬁ‘%:gﬂﬁ fI‘BFﬁdICs"OS
strongly pronounce over omet er treHc
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m cr onet8r \ﬁmrrbmmw @vgragmiomrn%tms %m@ower@@bstrﬁ,tewer@tbmw%otepm@sl e
to 40 the neithpheaimge sebisibeabrtingbeth BEZBddRebs\Ghes diredt chiffent 8f -130

m cronet er, Qo | es are depicted
in table 1. S%V\%EZO%"?&@%?%% ?%PZOlO/ Sﬁggﬁi%ga@égﬁlféfje 10 The

procedure of exanple 9 was repeated except that | m II of a stock
sol uti on contaithisigciropkiegd/capresfavenwagpyesiigated bi Prafilpmeds ispestion aths! e
1 was added Detitakli3eVpdathstountenét Inc. |Atrea@pe bf 13yren anh25Ehradéataplsabed

glnfagt ?O‘S’?‘;Eglgl%gﬁﬁéét@& ﬁlré’sZ\?Jéisev\g%ﬁthéé’ﬂd the ﬁéz@ﬁﬂiﬁlf?ere%ceﬂéﬁvéerﬁ‘iﬁe unstructured
Gescr i bod i AndsEiTed sEps e BUCH LY B orthe Dhrim@Pitiindbvs

| evel i ng agértfilomaienithgkid Terrer mbsbwas ysedent themeight désnpe befwregythe
8a, b, c for diehfrearente tidgnehs sieaesed. The meraoivaluesret thy heigbisiiffseces aned

scan of sgestefuiblc@Rt Basaf A¥D rﬁfblg}@&ﬁmeﬁéé&mt er wdth with a
separation of 0.130 pm (Fig. 8a respectlvely a cross-sectional scan

of 0.250 microneter features ﬂ Ig
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. 7¢ 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 fable 1.



15show a significant reduction of the nounding conpared to prior art.
Fig. 8c shows a profilonetry scan of trenches having a wdth of 2.0
m cronmeter and show a noteworthy reduction of the groove depth

conpar ed t\WORMilHh41a+t. The neasured val ues are depi ct e dPGTAER261910678T4
20 Exanple 11 The procedure of exanpkg& 9 was repeated except that
1 nl/1 of aE%'ﬂg'F qpol ution containing 1 % (ww of the active

| evel i ng agent exanple 5 was added to the plating 25bath. A copper
| ayer was el ectroplated onto a wafer substrate as described in

exanpl e 9. The prdsadureloéexamnid dwead repspisdrextenf éhat hward/| piravetetk spiittied by
profil onet r gosinthgSIChi(had of theextvgibeelilg agéht hexavipldiewas Biddde thd slatmg
profilomgtry.pas depicted in table 1, show a significant reduction of
t he nounding as well as a reduction of the groove depth conpared to
exanple 9 without a leveling agent. 35 Exanple 12 The procedure of
exanpl e 9 wAscopegrdayes wag gteshierlatadonte aafer sybstzate a9 descgbediinjeyample 9.
cont ai ni ng Th&tHus/ekctroplatel eopdr iayer Wweyieléstigatag en protifornetqap kdescibad
added to the,ghatigng bath. WO 2011/ 064154PCT/ EP2010/ 067874 29 A
copper I,[gyer was el ectroplated onto a wafer substrate as described in
exanmpl e 9. The thus el ectropl ated copper |ayer was investigated by
prof i | onet r yhasesybs esinga alating bsth mih @ levelingrageny agqeedingisttbe pregert inyantion
profi | onet r yre stewdenp Figs e&h,b,0 fdr diffeeenl frersdhaizea. Biegnoffioroetnt crossdsectiorah of

te QS rrprr}) g ngi \r,lm gcﬁgﬁof‘ﬁégﬂeﬁ g'%n?]eﬁ%ggﬁée E%O mkarbmlﬁtegﬁﬂmi\gitr_?_ﬁ e&&rrﬁcmed 0.2@0 tiﬁl
oxanl 6 9 wilOrea Bl £ 88 RluondriBiPid 35 drohberiaifiEg 6. &8
cont ai ni'Ag $hoy awjoRficant redvstionefithemEEIENg sRIMRAGRTHE PHPT Ak igh BE Showka
added to t herdiilomdtimgeiradiirentBeshavmg@eridinay 810 masneter@nd spdvab edtesmnttoy a
waf er subst rdueticsofURS§robREdbptcNSHIBd B Fior I erhk Mtsele8GhiLeP bRt RPicted

copper Iayeﬁ i nvestigated by profilonmetry as described in exanple
9. The val Ges obt ai ned fromprofilonmetry, as depicted in table
xxX, show a significant 20reduction of the nounding as well as a
reducti @ of the groove depth conpared to

Example 11

The procedure of example 9 was repeated except that 1 mi/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



exanple 9 without a leveling agent. Exanple 14 25 The procedure of
exanple 9 was repeated except that 1 nml/l of a stock solution
containing 1 % (ww) of the active |eveling agent of exanple 2 was
added to tWe2p1A6414Y bat h. A copper |ayer was el ect rREJ/ER2BW/06THH a
waf er substrate as described in exanpl e29. 30The thus el ectropl ated

oo |21t SR B L 0 g
show a. o1 gnithP TiRERRaREER RO Rkt ven ied By RisPloristy 25 Pesiped i
of the groo@¥a@eph conpared to 35exanple 9 without a | eveling agent.
30 Table 1 nounding Leveler 0.130 mcroneter 0.250 mcronmeter 2.0

m cromet ¢ GRERALAS bMSINEXAERRoiforietl), BHdARedMtame9, MW AFf@nd 0 - 12
nm -62 nm - 192 8 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 mi/l of a stock solution
containing 1 % (w/w) of the active leveling agent of example 3 was added to the plating
bath.

16 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 mi/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.



exanple 11 55 nm 7 nm -180 nm exanple 12 21 nm 24 nm -135 nm exanpl e
13 62 nm 31 nm -155 nmexanple 14 74 nm 31 nm-160 nm 31 Cains 1.
| east one

conposition conprising a source of netal i

addi tive cVARMILIHY at | east one pol yam noam de repr esd$TEE2H)/067874
30

formul a |

5

ons and at

10
Table 1
mounding

Leveler 0.130 micrometer | 0.250 micrometer | 2.0 micrometer
comparative example 9 | 370 nm 123 nm -250 nm
example 10 -12 nm -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
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(I') or derivatives of a pol yam noam de of formula |I obtainable by
conplete or partial protonation,ll-quarternisation or acylation,
15wherein is, for each repeating unit 1 to p independently, selected
froma single bond or a divalent group selected from

Cl- C20- al kanedi yl group which i) may optionally be interrupted by a
doubl e bond, an imno group, or a 20 double bond and an i m no group,
H is optionally, conpletely or partally, a constituent of one or
nmor e sat ur at@d@msr unsaturated carbocyclic 5- to 8-menbered rings, or
iii) may optionally be interrupted by a double bond, an imno group,
or a dlo:JbI e HONAl cafgbsioncBhRRing Ldice B helaPioRDir ?ebk%bne%eaﬂtaleet te' y of
partially, a co e r nsat urat e

car bacycljc 5- %bzﬁdé%ﬁg%&)‘8%89%1&%@%?%%3&%%% n(yg%rgﬁj%g‘nt ly sel ected
fromstral ght chain or branched G to 06 al kanediyl, 30Rlis, for each
repeating unit 1 to n independgntly, s??ectedHfron1R2, Cl1- C20- al kyl
and C1-020-al kenyl, which y[dptional ly be shbstitqte by hydr oxyl ,
al koxy or al koxycarBoayl .DR2i $Nsgl ectell r om-Rydr E ()
-(CRI1R12-CRI 3R14-0)g-H{ , 3 111812, RIBD R14 1 are Wach
independﬁptly sel ect ed § ronghydr ogen, Cl-Cl10-al kyl, 0g@Js2-0-al kyl
40Ei, E2 "are i ndependently selected from(a) a nucleophilically

di spl aceabl e I eaving group X, 32 (b) N-I-C-Cmalkyl or

NH- G - C20- al kergriderialiyessf @ balibidRgaiBg pHfoibdda\Ntbiahrable by complete or partial
R2- { NR2- P2- NR1) protoRatidhi} N-qlsHenRiatieR 8-l iyidry, CO- NH- P2- NR21. - D3- NHI,  and
(e) d-C20-al kenyl -00-{NH p2-NR21, -Ds-NH), 5

15 wherein

D1 is, for each repeating unit 1 to p independently, selected from a single

bond or a divatent group selected from Cs-Cze-alkanediyl group which i)
may opticnally be interrupted by a double bond, an imino group, or a

20 double bond and an imino group, ii) is optionally, completely or partially,
a constituent of one or more saturated or unsaturated carbocyclic 5- to
&-membered rings, ar iii) may optionally be interrupted by a double bond,
an imino group, or a double bond and an imino group, and is optionally,
completely or partially, a constituent of one or more saturated or

25 unsaturated carbocyclic 5- to 8-membered rings,

D2 D®  are independently selected from straight chain or branched C1 to C6
alikanediyl,

30 R? is, for each repeating unit 1 to n independently, selected from R2, C4-Cag-
alkyl and Cs-Cae-alkenyl, which may optionally be substituted by
hydroxyl, alkoxy or alkoxycarbonyl,

Rz is selected from hydrogen or -(CR1R12CRBR%-0)g-H ,
a5
R11' R12’ R13' R‘M
are each independently selected from hydrogen, Ci-Cig-alkyl, CHz-Q-
alkyl,
40 E', E2  are independently selected from

(a) a nucleophilically displaceable leaving group X,



is an integer from1l to 250, is an integer from2 to 150, 10qis from
0.01 to 5. 2. The conposition according to claim1, wherein the netal
i ons conprise copper ion. 15 3. The conposition according to anyone
of the preceding clains, wherein Rl is R2 and Rl1. R12, and R13 are
hydrogen and R14 is hydrogen or nethyl. 4. The conposition according
to claim3, wherein RL is R2 and R11, R1232R13, and R14 are hydrogen.
20 5. The conposition according to claim3, wherein Rl is hydrogen.
6. The conposition adeblNECrelkyionNbr@-Caiilied,n R2 is a copol ymer of
et hyl ene oxi de and pr{cpyHaikeDBNROED3-RE} or. RZNB2-[NFORIDNM), accor di ng
toclaiml or 2, whergy o, BllawEebarhgd-Argbanaj, aed € bond or a
Ci - 020- al kanedi y1 gr B30L -1 ndent,ly sel ected from
(CHO'n, Rlis sel ect eﬁl""?Fé%%‘eaﬁ?%@[ﬁ*yl%@? rBj ' "R12, R14 35are
each i ndeR%endent |y selected from hydrogen, G -Caal kyl, and CH2-0-
al kyl, El, E2 afe indepehigeatiiom §8258ted from OH, al koxy, hal ogen,
H (1?11 -1-[D2- NRI ] nD3-NH) or R2-(NR2-[D2-NRlb-D3-NH, 40 is2 or3 33
P is an integer from 2 to 150,

10 q is from 0.01 to 5.

2. The compasition according to claim 1, wherein the metal ions comprise copper
ion.

156 3. The composition according to anyone of the preceding claims, whereln R1 is R2
and R", R, and R® are hydrogen and R* is hydrogen or methyl.

4. The composition according to claim 3, wherein R? is R2 and R", R12, R, and R"
are hydrogen.
20
5. The composition according to claim 3, wherein R1 is hydrogen.

8. The composition according to claim 4, wherein R? is a copolymer of ethylene
oxide and propylene oxide,
25
7. The composition according to claim 1 or 2, wherein

Dt Is selected from a single bond or a Cy-Cas-alkanediy! group,

30 D?,D*  areindependently selected from (CH)n,
R1 is selected from R2 or methyl,

R11' R12’ R13' R‘M
35 are each independently selected from hydrogen, C4-Cs-alkyl, and CHz-O-
alkyl,

E!, E2  are independently selected from OH, alkoxy, halogen, H-{NH-[D-NR1],-
D3-NH} or R2-{NR2-[D2-NR],-D3-NH},
40
m is2or3



is 1lor 2, is an integer from5 to 70, Is a nunber fromO0.1 to 2. The
conposition according to claiml1l or 2, wherein the at |east one

pol yam noami de i s obtai nable by reacting at |east one

pol yal kyl enepol yam ne with at |east one dicarboxylic acid. The
conposition according to claim8, wherein the at | east one

pol yal kyl enepol yam ne is selected fromthe group of

di ethyl enetriam ne, triethylenetetramae, tetraethyl enpentam ne

pent aet hyl enehexam ne, di am nopropyl et hyl enedi am ne,

et hyl enepr opyl emet ri am n&,2, 3- (2- am noet hyl ) - am nopr opyl am ne,

di propyl enetri am ne, polyethyl enei m nes, and m xtures thereof. The
conposi tion accqrding,to. % im 8, rein the at | east one

di car boxylic ac%d is g@ﬁ@c @ﬁﬁ%Fﬁ%$?ﬁe group of oxalic acid, malonic
acid, suctinic acid, tartaric acid, maleic acid, itaconic acid,
gluten acid, addpic atsianumbgbemé.1deRd, sebacic acid, phthalic acid
and terephthalic acid, imnodiacetic acid, aspartic acid, glutamc

aci ?hr?ﬂgr mcg.trrg"rﬁépérﬁ?dsﬁ‘lﬁﬁ accBhﬁagCteirémﬂBée%@n@TFeﬁ%e ggnsasftgﬁcloﬁl m1 or
according to cl Eblﬁ%@g%a?ﬁﬂ?%f% ﬁ#aﬁ?gfre bg g?%gg’?gsﬁ‘*PFgaSQ°"§§8@$‘8@%’FR&‘V%I5'B%t‘".“” A
met hod of Qusi ngat\le%PS}%ﬂ‘F?fB%H"ﬂ%c%f formula | as defined in claim1
or 2 or derivatives thereof obtainable by conplete or parti al
pr ot onat i on, 9.al K¢ edmmositioiNgectardirer toichint 8, avheredtiib at el ong end group
functionalizati pAyalkyr@psfdniné Rlsc@BBOFbh H%r&ﬁicﬁhieﬁ‘@l&h%ﬁ%iﬂ?, layers.
A process for dﬁ%ﬁ@lebbt@f?alﬂin%q%t etf!g%ﬁﬁénta%ne‘? g@HﬁQ&B rlgr;[afleﬁaﬁni & .
contacti ng a neta Q’P at | nt?nl a Mpr.1 Sl ng cor'[p¥)_3| | Wecording to
any of cildi m1 HPMEOROPHeNHEnaciaging, shyleneprepylenetiamine 3 Hepmineslivient
density to the 3uFsreaYlamingdipiopylenstrigningi ralyetiyleneimitepcdimigduneet al
| ayer onto the 8ehsfrate. 34 15. The process according to claim 14,
wherein the substrate conprises mcroneter or subm croneter sized
features andg he gsoggﬁae b o iR LT bl ok bt (L8 ol GEOUBL Lo 9
nanomet e si réd Tert b og gcfgjr;fﬁe M2 aerein e sy ?‘tqgo,[cafra? %1'01?‘ IS
wher ei n %%e i cf%ﬁ@? Forg e uaHp P’éﬁ"?agf&'z"@%w%ﬁqﬂﬂé@%@- grtaricReidh r om
Ito 1000 nm anmMa¥iseastd. jtagonis agil. dutaic aeisk adivie aoig, syberis acidosabreioadd00 nm
and an aspect r gitthdicatid4nd terephtelic acid, iminodiacetic acid, aspartic acid, glutamic acid,
and mixtures thereof.

25 11. The composition according to claim 1 or 2, further comprising an accelerating
agent.

12. The composition according to claim 1 or 2, further comprising a suppressing

agent.
30
13. A method of using a polyaminocamide of formula | as defined in claim 1 or 2 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.
35

14. A process for depositing a metal layer on a substrate by
a) contacting a metal plating bath comprising a composition according to any of
claim 1 or 2 with the substrate, and
b) applying a current density to the substrate for a time sufficient io deposit a
40 metal iayer onto the substrate.



34

15. The process according fo claim 14, wherein the substrate comprises micrometer
or submicrometer sized features and the deposition is performed to fill the
micrometer or nanometer sized features.

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



