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35@0caprol actamw th epichlorhydrin. WO 2011/ 064154 di scl oses the use of

pol yam o aaiciesa5980 %‘?Wé?:fos@é %@&%' RobREz&8E BAd dgsawe% 4 Q@d?t%)egr'?nzr rbﬁd3DT5V

appllcatlon e relati m

Foat ur et se e R RIS iR e e RS r%\ety%mfgﬁp G si ze a
pl at i ngieaglarlzerhm§PSMé\mmh@@ﬁpmreddmlmgeelﬁén%tbﬁ|qiua@ml Rolwtyiyridinesi ze) .
In Iarge features copper grain size as plated is mainly influenced by the
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30 EP 1978134 A1 discloses leveling agents comprising polyethoxylated polyamides or
polyethoxylated polyaminoamides.

US 2011/062029 discloses a copper electroplating polyaminoamide additive being prepared by
modifying a polycondensation product composed of diethylene triamine, adipic acid and
35 e-caprolactam with epichlorhydrin.

WO 2011/064154 discloses the use of polyaminoamides in copper electoplating baths.

Feature dimensions in 3DTSV applications are relatively large (micrometer size) and therefore
40 feature geometry does not have as much impact on the copper grain size at plating as it has in

advanced dual damascene application (nanometer size). In large features copper grain size as

plated is mainly influenced by the plating chemistry that was used for the copper deposition.



Stress evolution can be mnimzed or avoi ded when | arge copper grains
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to the substrate for a time sufficient to deposit a netal |ayer onto the
subst r syugmary of the Invention

It has been surprisingly discovered that aromatic polyaminoamides can be used as additives in
copper electroplating baths for micrometer-sized feature filling, in particular TSV fllling.

30
The present invention provides a composition comprising a source of metal ions, and at least
one polyaminoamide comprising at least one aromatic moiety as described herein, and
optionally an accelerating agent and/or a suppressing agent.

35  Afurther aspect of the present invention is the use of at least one polyaminoamide in a bath for
depositing metal containing layers on substrates comprising features having a diameter of 1 to
500 micrometer and an aspect ratio of 4 or more, in particular through silicon vias.

A further aspect of the present invention is a process for depositing a metal layer on a

40 semiconductor substrate comprising features having a diameter of 1 to 500 micrometer and an
aspect ratio of 4 or more, in particular through silicon vias, by
a) contacting a metal plating bath comprising a metal electroplating composition as described
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the aromatic moieties are preferably located between two nitrogen atoms.

As used herein, “polymer backbone” means the longest continuous chain of the polymer,
35 whereas “side chains” mean any other chains.

As used herein, "feature” refers to the geometries on a substrate, such as, but not limited to,
trenches and vias. "Apertures” refer to recessed features, such as vias and trenches. As used
herein, the term "plating" refers to metal electroplating, unless the context clearly indicates

40 otherwise. "Deposition" and "plating" are used interchangeably throughout this specification.
The term "alkyl" means C1 to C20 alkyl and includes linear, branched and cyclic alkyl.
"Substituted alkyl" means that one or more of the hydrogens on the alkyl group is replaced with



groups, such as, but not |limted to, cyano, hydroxy, halo, (Cl-C6)al koxy,
(C1-Co)al kyl, (02- Co6)al kenyl, (G -C6)alkylthio, thiol, nitro, and the
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surface close to the vias. "Overplating” refers to a thicker netal deposit
over the feature as conpared to areas free of features. Insofar the
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Nqua era?slozc%llleg ‘q'evelerg” c()arI “Peveling agents” since in nanometer-sized features most of these
compounds show a so called leveling effect. A further class of inhibitors are so called
“suppressors” or “suppressing agents”, sometimes also called “wetting agents” or “surfactants”.
Inhibitors are sometimes also referred to as polarizers.
30
As used herein, “plating selectivity” means after plating, the copper deposition height ratio the
via bottom compared to copper growth on wafer surface close to the vias.
"Overplating" refers to a thicker metal deposit over the feature as compared to areas free of
features. Insofar the additives according to the present inventions act as “leveler”. As used
35 herein, “deposition rate” means the height of the copper deposit formed in the via bottom per
minute.
As used herein, “aspect ratio” means the ratio of the depth of the feature to the opening
diameter of the feature.

40 In a preferred embodiment of the present invention the polyaminoamide inhibitor comprises at
least one structuaral unit of formula |
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Al's a diradical selected from 15 20 Dis a chem cal bond or a diradical
selected fromOO IIIl "Nl 4- DD is a chemcal bond or a divalent group
sel ect ed woem206d309(1 b) (Ic) 25D is, for each repeati ng@CunB2012/032027

i ndependent |y, selected froma chem cals bond or a dival ent group sel ected
froma saturated r Qmat i ¢ radi cal
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al kane(ﬁuwem'@mioéh 30may optionally be substituted by heteroatons sel ected
fromN and 0. Dis selected fromstraight chain or branched 02 to 06

al kanedjlein@ 06 to ClO aryl or heteroaryl diradical, 08 to 020

aryl_al kanedl 08 to 020 heteroaryl al kanedi yl 35D5is selected from

strai ght chal n or branchedto C7-al kanediyl, which may optionally be
subst i tAut ed by aligbdicalestetariad fRIMS, for each repeating unit 1 to n

i ndependent |y, selected fromH, G -C20-alkyl and 05- Car aryl
or Cs-C20-heteroaryl, whi chRmay opt||_|onally be s%)stltut ed by hydroxyl,

al koxy 40or al koxycdf bonyl, (IDI

N N C C (12)
10 R N N
B is a chemical bond or a diradical selected from
15
H H
| ) T 9
20 D is a chemical bond or a divalent group selected from
||4 0
I ()
/N\ 5/C\*
* D
25 D! is, for each repeating unit 1 to p independently, selected from a chemical bond or a
divalent group selected from a saturated, unsaturated or aromatic C4 to C organic
radicals,

D2, D3 are independently selected from straight chain or branched C1 to C1o alkanediyl, which
30 may optionally be substituted by heteroatoms selected from N and O.

D4 is selected from straight chain or branched C; to Cs alkanediyl, a Cs to C10 aryl or
heteroaryl diradical, Cgs to C2 arylalkanediyl, Cgs to C20 heteroarylalkanediyl

35 D° is selected from straight chain or branched C1- to Cr-alkanediyl, which may optionally
be substituted by heteroatoms.

R? is, for each repeating unit 1 to n independently, selected from H, C4-Cxo-alkyl and Cs-
Cao-aryl or Cs-Cao-heteroaryl, which may optionally be substituted by hydroxyl, alkoxy

40 or alkoxycarbonyl,

n is an integer from 2 to 250,



is an integer from2 to 250, WO 2012/164509 Pis an integer from2 to 150,
ais an integer fromO to 150, 5ris an integer fromO to 150, 6
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D2, D3, Rl, n and p have the prescribed neani ngs, and 20El, E2are
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| eavi ng group, (b) NH (G - 020 al kyl) or NH (G -020-al kenyl) or NHaryl, (c)
H { NH[ D2- NR1] (G - C20-al kyl ) -00-{NH[ D2- NR2] , i - D3-NH}, and
25(8) (01- ozdsél‘krélﬁ_%ﬁf)froﬁbo - NR2b- D3- NH}, ()

(C1-020-aryl)-00-{NH4D2- NR2] ,i -D3-NH}, and wherein at |east one of Dl or Rl
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interrupted or substituted by one or nore heteroatons. In a preferred
entodi neparticlr pdyarhindardides of peak ilinge dah be lséy p 1 ndependently, sel ected
froma 35chem cal bond or a G -02o0-al kanedi yl group, which may optionally be
interrupted by am ne or ether groups. Mre preferably D1 is, for each
repeating unit 1 top |ndependentIyR sel ecHed from a chem cal bond or a

|l i near G -06-al kanedr yI grdup, nore {or eferably fromajlipear 03-, 04-, and
Cs- al kanedi yl , st efe fr/orﬁlaa\l neblk _butBredi yE or an et(h)anedl yl
ar qgp. Y

wherein D', D2, D3, R, n and p have the prescribed meanings, and

20 E',E? areindependently selected from

a nucleophilically displaceable leaving group,
NH-(C+-Czo-alkyl) or NH-(C1-Cx-alkenyl) or NH-aryl,
H-{NH-[D2-NR"],-D3-NH}
(C1-Coo-alkyl)-CO-{NH-[D2-NR?],-D3-NH}, and
(C1-Coo-alkenyl)-CO-{NH-[D2-NR?],-D3-NH},
(C1-Coo-aryl)-CO-{NH-[D2-NR?],-D3-NH},
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and wherein at least one of D' or R' comprises a Csto C2o aromatic moiety.

30  Typically, the divalent organic radicals are straight chain or branched C1 to Cx alkanediyl, a Cs
to Cyo aryl diradical or Cs to Cy arylalkanediyl, which may optionally be interrupted or
substituted by one or more heteroatoms.

In a preferred embodiment, D' is, for each repeating unit 1 to p independently, selected from a

35 chemical bond or a C+1-Cxo-alkanediyl group, which may optionally be interrupted by amine or
ether groups. More preferably D' is, for each repeating unit 1 to p independently, selected from
a chemical bond or a linear C+-Cs-alkanediyl group, more preferably from a linear Cs-, C4-, and
Cs-alkanediyl, most preferably from a linear butanediyl or an ethanediyl group.

40 In another preferred embodiment, D' is a saturated, unsaturated or aromatic 5- to 10-membered
ring. More preferably D' is, for each repeating unit 1 to p independently, a Cs to C1o aryl or
heteroaryl diradical. Most preferably selected from phenyl or pyridyl diradicals.
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30
Preferably, n is an integer from 1 to 100, more preferably 1 to 10, more preferably 1 to 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
35 70. p corresponds to the degree of polymerization. In average non-integer numbers are
possible.

Preferably q is an integer from 0 to 100, more preferably from 0 to 20, most preferably 0.

40  Preferably ris an integer from 0 to 100, more preferably from 0 to 20, most preferably 0.



5Ceneral ly, the nucleophilically displaceable |eaving group may be any
functional group being nucleophilically displaceable. Preferred

nucl eophiwocal 4z spl aceabl e | eavi ng group are sel ect egCrnBIIbf2721 koxy,
and hal ogen, nost preferably fromOH @H3, OCH2CH3, and d. In a first

preferr nt of th sent ion d.r bot and the at
Peast dide SN RRMInscanchBfndlo3 Pl ALHaML s PLllef sl fedtl) Vefe

pol yal iyereaifgnstignplization rarggnt. pelgast O@Q@f mecﬂipm@ @Q@' Btisgeleciedieom aylil ar

t he at Heemsdrylurailkaoy yabkydterapol yan ne is sel ected fromthe group of

di ethyl enetriam ne, tri et hyl enet etram ne, tetraethyl enpentam ne,

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

et hyl er%%}e@d'w bREpFegARiically §'SE"ECG% l¥8¥ba IroRMBOT Bpyiuarigna! group being

di pr opyiuelneprmil(aaﬁy dsplapeﬂty@chyﬂeeraénmlawmcaﬁwdmlat&Mtheg gafup aid belected
parti cylodf OHt BRoRA), ah@ﬁﬁ%g@rﬁ‘%é@t%@éf&%%'fﬂo% 6Fi &oHs, 6eHeckS@nkicdm the group
of oxalic acid (ethaned|0|c acid), onic acid (propanedioic acid),
succinic acid (butanedioic acid), tartaric acid (2, 3-di hydroxybut anedi oi c
aci d), Inalfiest oreferren ¢rpbydinanicefdlr @reéeratdn\@ﬁtlon 6 apoFate bath @ gng-the at least one
nmet1oy| ipdgastndaaiéslisabtairebielby reglctiigstii6astohd popeiRyIaneasbiyaintinawitid ht leastiopec

aci d (gbﬁ-?é%}ﬁ(%@é& %Pgﬁnculgf’lﬂ% %tqeéas(’f'oﬂe &8@5@%‘8%6&;%8%% %)s Ee%Fe%aden? tfac! d

(decan aci d am nobut anedi oi c
aci d), PR Sidithy ieirianing, ety GP%@"?'H@Pe@Frae‘th eapffru?mwsr preferred
enbodi mentaetfylenkkexandse mtiarminvgmpylethylgnéediadinanethylksembpylezstiaroine, 3-(2-

pOI yamaﬂﬂﬁéﬂtﬂﬂ)ahﬁn 6®Ianﬁihéedl@rﬁp&l@ﬁ&ﬁérﬁﬁe%ol&&ﬁﬂénéﬁﬂ@leQOArﬁG%ledr@snlgB?g?’SmoPe

| ain bFfE E’hﬂ? 6% SRR onpoRulsac R sBieted Tin PR Era iR RR SR, 7 o
anot her(etbii@ff i¢ @eidk mndeiieracie (ppranesigiy acdn suGcieatid &vtaneidpl@a@dm)dtatrhéc at

I eiast | QiR (RS- diayﬁrmmaahedubﬁz d@bi)&hﬁlé@a%ldJ(Y(Z)lit&ﬁ@ﬁddﬁtlﬂc adid), &@(ﬁinlcﬁmﬁd (2-

po ya ‘?é(étﬁﬂ‘agﬂét}{ﬁécpe’a%ué’%& gﬁnalrr“caa%Fd (ﬁ@r‘?taﬁ%cﬁ&{: B%)’ a'd f&d. H%gg ‘ﬁl oik§ fa‘r)n“ﬁe

al kyl -
are et WP@W%{%@”SP'OW%H e%ﬁﬁ%aﬁ'ﬁ]aﬁ@ (dpgangd P!Pr%%@r %‘é*%%e?'%ac'én%’& lfent the
at 20eastcidd@eanpodydameatoanacie), glsutarmhﬂ:amdaéuiobrnlnyre@ﬁwteahg at | east one

pol yal kyl enepol yam ne with at | east one di car boxylic acid, at |east one

al kyl al kar nd at .| east qne cta i d or peptl de 35
Mna 1 if ARl R dB G Pbe d R eaieh B A0 BB e

functi m@bﬂawm@@wbﬁmﬂe oy Eglaictingt @tdeas*rape pelyﬁléylemneé@mm WItiaaUﬁmtmeor

non ar egkboxylt &iPand at least oneNadtardNethihg edide lpypiiden apartesarcte dd@ast one
%he%&%ﬂfﬂ?}{ﬂrmkwﬂ noam des in a further 40reaction step. An
ona unc

|t| 1onall zation can serve to nodify the properties of the
poI yam noam des. To this end, the primary, secondary and tertiary am no
gr oups Ipyetsaother preféresd Mﬁb@&ﬁéhﬂﬁd@@l@éﬁﬁtﬂ%ﬁﬁm 05 D74d tBe polegstrineoan des

ar € Cg'b%%hﬁ%ahﬁdé@%lﬁﬁbléw Fe%@llrﬁ Adet: %né"ﬁblﬂ}glkﬁéﬁe&%ﬂhﬂ&%\gﬁﬁ ai;] Iggﬁﬁnrgrgr
et na i B3a pld bt R bl o LA Re N B BRI SRS it D b

5pB8t orvtteaddiamingl &g leltyeddgnineer Xydgndiamiped by neans of suitable
protonating or al kylating agents. Exanples for suitable al kylating agents

are or |
el kylﬁlﬁﬁ f@I@‘P?&Q@ﬂQ@ r?’%’ﬁbcﬁ#ﬁeﬁftﬁ&%{ |%a§’t9}de§1%déﬁhr9c9qn%ﬂ9é‘§mau ?dé&B%F’e% .{g
Addi t i dgast Pge P &S %ﬁ?d’@yé‘UW? widh ?tH%a%IOl%?I '@tﬁ%hé‘r‘t%—‘éd ah|eR§t ongiA ‘fyér%s
epoxi dwgaryid:hklylinesanidmh|Ietas'sonejiaaﬂahylarmmrMalt eaptideet hyl form ate and the i ke
maygsal so be used. Exanples of corresponding
In a further preferred embodiment the polyaminoamide of formula (1) is functionalized.

Such functionalization may be performed with aromatic or non-aromatic groups.

Functionalized polyaminoamides can be synthesized from polyaminoamides in a further
40 reaction step. An additional functionalization can serve to modify the properties of the
polyaminoamides. To this end, the primary, secondary and tertiary amino groups present in the
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sulphate, dimethyl stlphite, dimethyl carbonate (3-¢hloro-2-hydroxypropyl)trimethylammonium
chloride, or the like. Preference is given to using aromatic alkylating agents like benzyl chloride,
chlormethyl naphthalene, and styrene oxide.
15
Functionalized polyaminoamides can also be synthesized from polyaminoamides in two or more
further reaction steps by applying a sequence of different protonating or alkylating agents. For
example, the primary, secondary and tertiary amino groups present in the polyaminoamides are
first reacted with an epoxide and in a second reaction step reacted with benzyl chloride.
20
According to a second embodiment of the present invention provides a polyaminoamide of
formula Ill

@]
D6 )’k/\ /D7\ *
2 S T o

or derivatives of a polyaminoamide of formula Il obtainable by complete or partial protonation,
N-functionalization, or N-quaternization,

30
wherein
D& s, for each repeating unit 1 to s independently, a divalent group selected from a
saturated, unsaturated or aromatic C4-C2o organic radical,
35

D7 s selected from straight chain or branched C>-Ce alkanediyl, Ce-C1o aryldiradical, Cs-C2o
arylalkanediyl,

R2 s, for each repeating unit 1 to s independently, selected from H, C1-Cz alkyl, C1-Czo
40 alkenyl, which may optionally be substituted by hydroxyl, alkoxy or alkoxycarbonyl, or
aryl, and wherein two R? may together form a ring system, and



R2is, for each repeating unit 1 to s independently, selected fromH, 01-020
al kyl, 01-020 40al kenyl, which may optionally be substituted by hydroxyl,
al koxy orwalkexgempbonyl, or aryl, and wherein two R2 megTuBHa/ber27f orm a
ring system and WD 2012/ 164509PCT/ 1Bg§12/ 052727 10 sis an integer from1l
to 250, and V\,hetrei n eitlhe? @t | east one of D6, D7 or R2 conprises a 05-020
ar omat ic nlﬁiaé]t'gleg‘?r e 6% 9 m noam de i s functionalized and/ or quaternized
with a 05-020 aromatic noiety. 5 Particularly preferred pol yam noam des are
t hose andavrélg eltiterfad feagl énd of D8, BDGr RiNcdririsés aZssF-CRarcfatie Mbistd o kN 10 E3

polyaminoamide is functionalized and/or quaternized with a Cs-C2 aromatic moiety.

5
Particularly preferred polyaminoamides are those according to formula 1V
) ) o) o)
3 DS )k/\ DL, /\4J\ D’ )K/\ vV
E/\/[JKN/ N N" N s N7 N E* V)
10 H H L, 1, H H
R R

wherein D8, D7, R3, and s have the prescribed meanings and

E3, E* are independently selected from
15 (a8) NH-C-Czo-alkyl or NH-C4-Cxo-alkenyl or NH-aryl,
(b) N-(C1-Coo-alkyl)2 or N-(C1-Czo-alkenyl)z or N-(aryl)2 or N-(C4-Czo-alkyl)(C1-Cxo-alkenyl) or N-
(C1-Coo-alkyl)(aryl) or N-(C1-Coo-alkenyl)(aryl),
(¢) NR2-D7-NR2H, or
(d) NR2-D7-NR2-CH2-CH,-CO-NH-(C+-Cxo-alkyl) or NR2-D7-NR2-CH2-CH2>-CO-NH-(C1-C20-
20 alkenyl) or NR2-D7-NR2-CH,-CH2>-CO-NH-aryl,

and wherein at least one of D8 or R? comprises a Csto C2o aromatic moiety.

Such polyaminoamides are also particularly useful for filling nanometer sized features, in
25 particular filling features having openings of 50 nm or below, particularly 30 nm or below, most
particularly 20 nm or below, and aspect ratios of 4 or more.

Preferably, D8 is, for each repeating unit 1 to s independently, selected from (CHz)y, wherein g is
an integer from 1 to 6, most preferably 1.

30
Preferably, D7 is selected from straight chain C»- to Ces-alkanediyl, most preferably from C,-Cs
alkanediyl, or from Cg- to Co-arylalkanediyl, most preferably xylylendiyl.

Preferably, R2is, for each repeating unit 1 to s independently, selected from H, C+1-Cxo-alkyl, C+-
35  Cx-alkenyl, which may optionally be substituted by hydroxyl, alkoxy or alkoxycarbonyl, or aryl.
In a first preferred embodiment the polyaminoamide is unsubstituted and therefore R2is
hydrogen. In a second preferred embodiment the polyaminoamide is N-substituted and R?is, for
each repeating unit 1 to s independently, selected from aryl, C1-C1o-alkyl or C+-C1o-alkenyl which
may optionally be substituted by hydroxyl, alkoxy or alkoxycarbonyl. More preferably R? is
40 selected from C4-Cs alkyl. Generally, two R? may also together form a ring system.

Preferably, E® and E* are independently selected from NR2-D7-NR?H.



wherein D6, D7, R3, and s have the prescribed neanings and E3, ELI are

I ndependently selected from 15(a) NH Cl-020-al kyl or NH Cl-020-al kenyl or
NH aryl , Wwb)2oid/le@D9020- al kyl) 2 or N-(Cl-020-al kenyl)2 orCRaB2MYybHI22270r

N- (C1- 020- al kyl ) (C1-020- al kenyl ) or N(¢4-020-al kyl) (aryl) or
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NR2- D7-t‘NF3¥Q OH2- OH2- CO- NH- ( C1- 020- 20al kenyl) or
NR2- D7- NR2- OH2- OH2- CO- NH-aryl , and wherein at |east one of D6 or R2
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s is an Phiege o ni' nrglrnre era from to 100, nost
pr ef er é’E)P?rt'FH%BH'TP gtdeagpyone bisacrylamide i |s selected from the group of N,N’-
methylenebisacrylamide, N,N’-ethylenebisacrylamide, 1,6-hexamethylenebisacrylamide, N,N'-

octamethylenebisacrylamide, xylenebisacrylamide, and mixtures thereof.

In a further preferred embodiment the polyaminoamides Ill or IV are obtainable by reacting at
least one diamine with at least one N,N’-bisacrylamide at least one primary amine such as H2N-

25  (C-Cxo-alkyl), HoN-(C1-Coo-alkenyl) or HoNH-aryl and/ or with at least one secondary amine such
as HN(C1-Czo-alkyl)2, HN(C1-Cxo-alkenyl)z, HN(aryl)2, HN(C+-Czo-alkyl)(C1-Coo-alkenyl), HN(C+-C-
alkyl)(aryl) or HN(C+-Czo-alkenyl)(aryl).

In a third preferred embodiment the polyaminoamides Ill or VI are obtainable by reacting at

30 least one diamine with at least one N,N’-bisacrylamide at least one monoacrylamide compound
such as H,C=CH-CO-NH-(C+-Cxo-alkyl), H,C=CH-CO-NH-(C1-C2o-alkenyl) or H,C=CH-CO-NH-
aryl.

In a fourth preferred embodiment the polyaminoamides of formulae 1l or IV are functionalized.
35
Functionalized polyaminoamides Il or IV can be synthesized from polyaminoamides Il or IV,
respectively, in a further reaction step. An additional functionalization can serve to modify the
properties of the polyaminoamides Ill or VI. To this end, the primary, secondary and tertiary
amino groups present in the polyaminoamides Il or VI are converted by means of suitable
40  agents which are capable of reaction with amino groups. This forms functionalized
polyaminoamides Il or VI.
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(CH2) 2sglpbeja2§ilzle@hm @HQW'Q&, Nmethﬂégmegtes fFechiora=Zahyshiexyicory | wir etdammpainet i ¢
di aoi neslorigelcdr tiRslikeu Praterente i3l divesh th @ising afomaizt i ing digantslliké@ Benzyl chloride,

phenyl el %'rrﬂ@?hgﬁnagﬁﬂﬂa}’én%ngﬁ PO Re o3fad m xtures thereof, may be used. In

parti cu east one’bisacryl am de is sel ect ed from the group of
N, N - 20met hyl enebi sacryl am de, N, N -ethyl enebi sacryl am de,
1, 6- hextanetidnglizadginlsaungdnaides B, orNy Nan atsotbersyhtingbized iowaotyphamadddes Il or

xyI enetw/ Wﬁ\foydraﬁ%r@@urtr%'ﬂ%a@héﬁ h'treF§ b¥ BS&SI?@@ a s'e'aué’n(fe%ftdﬁ%rrerﬁ rpﬁit@r'iafti@lg or

reac
Cedst qlahaeRas e aPles ke eriiasy reren b Catt e Ab et WS MR e o
am ne oyamirpappdes |ll2s Vi aredirstrapitod ywth AR RPEeEde endingd feaPpH yeantiopieR- ar y|
and/ oreadtédwatt bé®AsthieMER. secondary am ne such as HN(Cl- C20-al ky1) 2,
HN( C1- C20- aI keny1)2 HN( aryl) 2, HN(Cl-C20-al kyl) (C1-C20-al kenyl ),

HN( G - Calk ).(a HN( G - C20- al ken ggar}%%ﬁ In a third preferred
enbodi MSH eﬁﬂ%‘? %;%‘It Pﬁrﬁk&*arﬁea%&beﬁlqbolé‘?t | IRPRA BTG HNI YoetQ%Pf%S”’at 30
| e26t amentoramapelswiprépaaed by asy othaekidwl mbtheds reyd. dyitlilkemathode dsscribed in
nmonoacrybaigia1e6enpound such as H2C=CH CO- NH- ( C1- C20- al kyl ),
H2C=CH CO- NH ( C1- C20- al kenyl ) or H2C=CH CO-NHaryl. In a fourth preferred

enbodi ment the pol yam noam des of fornulae IIl or IV are functionalized. 35
Funct i dhlargez\@dlegro}fyaéﬁmmfananb'@lcaﬂy bepsadindkgmbaih te pivvidesiesiser syrtage finishes

pol yanifsrapsiodgsated megdl. Uslally empe tHan\vekadditive B dsed tWitreate aaditanioshipg.a An
ad%t : %%@ulredf fgﬂ& dno%aavérﬁ%féoﬁ%ctﬁg eFe%Er}ﬁ@aﬁrﬁ’gntSﬁ%Hé Fr%n%tcgﬁtaw&%ecgtrﬁc?ré opf the

and tert| ary
am no @PB‘EI%@ Pp-dafibifors. r?UPHr@S%Fy%‘f‘%?éa}frf‘aé%e'P”q 957 (ﬁ'”ﬁ?sear@d”ﬂ% Bresiherspr
means dfoss pieferbblyg tHdegetnipiatingibalh eoméaicaatdedst both, e actelemtonianth treninibitgr oups.

Thi s f QfBdln SEH L afle ﬁﬁBrV%mj BRfHaAES sLippreSdor biher ¥hitives may also be
2012/ 164 imary, secondary and tertiary am no

/ Ih
gr oups HE%@Y&H? qu rf%@reﬁﬁr%fi‘?ﬁtr%lg egﬁf]? can be protonated or al kyl ated

andPor quat erni zed by neans of suitable protonati ng or alkylating agents.
Exanpl esyfaetelstatdraigbnt mhkpé atvaBagtoasly sed B the grizient invdnionNAselsfiters cont ai n

act i ve Jéﬁ? fﬂgﬂe BFe%Eﬁt mf}éﬁ(ﬁp Em%lubgeb&g ?éK&t'lupﬂéh'tg%%mghﬂﬁdé‘é&%é{rsu | gyl and

al kynyl S suc e al kyl
sul phat”é%re SH'PI@W 3"‘9’€|‘I""cr15r?e§JI Oé'ﬁ@bpmn'%ﬂ% ﬁ'f BEFﬂst es, dial kyl car bonat es,
met hyl formate and the |ike may al so be used. Exarrpl es of corresponding

35 The generally preferred accelerators have the general structure MAOsXA-RA1-(S)¢-RA2, with:
- MAis a hydrogen or an alkali metal (preferably Na or K),
- XAisPorsS,
- d=1to6, preferably 2,
- RAis selected from C1-C8 alkyl group or heteroalkyl group, an aryl group or a
40 heteroaromatic group. Heteroalkyl groups will have one or more heteroatom (N, S, O)

and 1-12 carbons. Carbocyclic aryl groups are typical aryl groups, such as phenyl,



al kyl ati ng agents conprise benzyl chloride, chlornmethyl naphthal ene,

chl ornmet hyl pyridine, styrene oxide, ethylene oxide, propylene oxide,

but yl ene wei2de/16pd00pane sul t one, di methyl sul phate, di meChgB2EbF22t €,

di met hyl carbonate, (3-chloro-2-hydroxygpropyl)trinmethylamoni um 10chl ori de,

or the like. Preference is given to using aromatic al kyl ating agents |ike
benzyl chl or”iaBEty' ERISPFHRIRYE Ireaph BFatleh sUitalieArihafpenseAnihGaRERin e ek MBieal i zed

pol yani noanindesor!d dtoMand\ gggp@gféq)rm@seaymbgem zed from pol yam noam des |11
or IVin tw or nore further reaction steps appl yi ng a sequence of

di f f er ent~ prY naelpeigd dom Bapridy BT MMt Ry\l:d?e'réﬁ(éﬂﬁﬁi"@' ¢ RE differank fipm

secondary ampghitertiary am no groups present in the polyam noamdes Il or
VI are first reacted with an epoxide and in a second reaction step reacted
i benzyl chl oride. Besi des the synthesis routs described above the

pol yanmiMeraspeleificady.dsetil agealeratorreinguds these 20ihevellowirgformylael so prepared by
any ot her known nethods, e.g. by the nethods described in WO 03/014192. A

| ar ge bi§-?@&1 gh additives may typically be used in the bath to provide
desired sifface finishes for the Cu plated metal. Usually nore than one
addi t i v€OR-RILEPLW' 19 Q&Ch additive forning a 25desired function.

Advant agGesirB-StAres@IXéct r opl ati ng bat hs may contain one or nore of

accel enahats o5 e 552;V§,an§%pﬁg,@,§,§ors sources of halide ions, grain
refiners and m xtures thereof. Mdst preferably the electroplatlng bat h
contains at |least both, an accel erator and the inhibitor according to the
pr esentPartpuialy insgicredregcelprationabényts aresuppr essor . Qther additives may al so be
sui tably useghd- ’Blst-@@sd?ffﬁ%gﬂ d‘%hlﬁ&é BRBYiaki g baths. 30 Any accel erator agent
may be advant ageously use present invention. Accelerators useful in
thé5preseﬂt|WHﬁéhmﬁﬂﬁpkhbpﬁm@n&ﬁ@ﬂwéW@ aediumisgitt ed to, conpounds conpri sing
one or nore sul phur atom and a sul f oni ¢/ phosphonic acid or their salts.
35The f r r t

S R03xa e %@{Tﬁ)le‘%&g a%£é|§%to?s°§9§£8a%k8 or dﬂ%’&ﬁjr& hﬁcl%&%’]ﬁér'esn Hﬁﬂ%ﬁ MES: ! abl y
Na or ?Me“?@ﬁ’t?%ih@%ld'f@'c agjd.sodiupsad); %%%&M@W"W'd'th'o‘?amﬂ“q aCidl-ect ed

f r om ChulE&rapKadteryrsodiunosaltyelr® (Iiac[(kmlnogmqmetlam) thfo}d1 -pyopuguifonic acid); ZPS

401! er 9 Bgfg?m.gz&yl 1-PRbEHRA L a%mmél DA E@P%wgaro%.dae.td%oat om

(N, 'S bans

G bups SULRRRPUSSRAREH v SoRIP T a%%a& ShBsmeby- L RN

Het er odrissfiei dlsgdlcmrﬁgltare al so sui tabl e aryl groups and contain one or nore
N,0 or S atomand 1-3 separate or fused rings, - RA2 is selected fromH or

(-S RAJS"lBéR%NgéIerWl[otrs ar'Re)'Afyplca E/' %d 'lndgnngm&%t otf%bgut 0d I f rtc? QE)OJt%BHb ppm based
25 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.

Any additional inhibitors may be used in combination with the inhibitor according to the present
invention. In particular so called “leveler’ class and “suppressor” class inhibitors may be used.

30
Suppressing agents or 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 suppressing agent is a polyalkyleneoxide. Suitable
suppressing agents include polyethylene glycol copolymers, particularly polyethylene glycol

35 polypropylene glycol copolymers. The arrangement of ethylene oxide and propylene oxide of
suitable suppressors may be block, gradient, or random. The polyalkylene glycol may comprise
further alkylene oxide building blocks such as butylene oxide. Preferably, the average molecular
weight of suitable suppressors exceeds about 2000 g/mol. The starting molecules of suitable
polyalkylene glycol may be alkyl alcohols such as methanol, ethanol, propanol, n-butanol and

40 the like, aryl alcohols such as phenols and bisphenols, alkaryl alcohols such as benzyl alcohol,
polyol starters such as glycol, glycerin, trimethylol propane, pentaerythritol, sorbitol,



5 More specifically, useful accelerators include those of the foll ow ng

formul ae: XAQOBS- RAL- SH XACBS- RAL- S- S- RAL' - SO3XA 10 XAQBS- Ar-S-S- Ar- SO3XA

wi t h RA1 wie 2defiem®d above and Ar is Aryl. Particul arly pcefiBroaelos2727

accel erating agents are: -SPS: bis-(3- wl fopropyl)-disul fide disodiumsalt

15- opansul fopi c .aci d sod| salt O her exanpl es of

hocel oA el aRy8n A5 RASRBIRH! AN IBS dMindO i Tgdimines 'S5} o HiTsHRes

MES ( 2awﬂwaaarpﬁwhaﬁ@§un¢ dﬁﬁafba%@d“n%@éhymﬁs%ﬁ!mmﬁ qopighe like, amides, lactams,

E ? [NE dineesrbylctic aiines sucaas (Bm@d:iodavﬁcharB@btyii@Qéi_d@)d);ﬁ&hew polyaidylune gigtdl) ; UPS

a Y ;

2003 &‘JE@&%’% AR oo by RE W ePHR hAH & (el 5o, apgenium, and
rcé Sor opyl sul f oni caci d- (3- sul fopropyl )ester;

rret hyl - (wsul phopropyl)-disul fide, disodiumsalt; methyl-(w sul phopropyl)-

tr| sul fF’a‘F‘l%uIan'yi@Qi‘uUéUp?ﬁéstsmg agemdGh c8HBRbESANRT ﬁeﬂﬁfﬂbﬁd@h%r&hbf Ws@d i n an
nmount of a mto about 3000 ppm based 25o0n the total wei ght of

the pl é’tr‘?sr‘?apﬁé{?rﬁ'on?g%ol cularly suitable amounts of accel erator useful in
the present invention are 1 to 500 ppm and nore particularly 2 to 100 ppm
Anyl 0adda) suppdssing Rigbhit @bl ereasitrd) amaraideizonpbledcovhprisindist IéadatHred or

accord'a@ﬂvéé}nﬁmﬁ?ur%%ﬁ%}o%@%ﬁfﬁtd H&turb%{)@tﬂglﬁeh%k% E& a?%h&tecﬁled %'uﬁ& ¢l ass

and "suppressor Ssing agents or
suppr e§§%Ft§dJ‘§’é‘f (e 2 Cr AlYISPR Q¥HES ?%QW'P%WW We %Rf@” 1l§u96 are not limted

to, polyneric materials, particularly those having heteroatom substitution,

and NOHeRAl t%'aﬁ’ﬁﬁé/c&ﬁb(&% $ubistibd Hbhllothjibnd BiaRfiR, eped that the
Su reSSI n agent.

R e O s SR R R ) cﬂﬂﬁﬁg %ﬁﬁgé@h@ﬁaﬁﬁﬁawm
35pol yM%Wmﬁbylgm@@lop&bwmntée@ylemﬁ@traaam@ﬁg?@#e“hN (%t hyl ene oxi de and
pr opyl @nﬁn@xo@ﬂeec)fym&@ubam{@ suppressors may be bl ock, gradient, or random

The poL@! u‘%ﬂré‘é&%g%gég%' b@bf? 58 éa’%ﬁniéﬂﬁ LR @Muﬁ&%oﬂgflgﬁ\%g&%(&nﬂ% bl ocks

such as ‘but e aver age nol ecul

ene
sui t abllgndd 8%%@@%*@6% e okEs 056*6‘&1 he gige gk IeastfneGoqIPoHAg S ?-Jg?téédp@scbf
sui2Dablaad il ajlaldog| exite s géajt slippnessingeagehklydvirgd @ ototdcslas welgha 8y e 60@hgimol or

et hanolmqrBr BRARGln e%yh%ﬁe&f@én(ﬁ&dcﬁgkglﬁné ?a{?ﬁon%obblyﬁ{e?‘é@@la&r%ﬁehw w® phenol s
and bi ?Béﬁ/ﬁ% 56, aI karyl al cohol's such as benzyl "al'cohol, polyol starters

such a ycerin, trinmethyl ol propane, pent aeryt hritol, sorbitol,
WO 2012/ 164509PCT/ 182012/ 052727 14 car bohydrates such as sacchar ose, and

t he |i ke, Supréemgan@nobitgnatitc beseftiod anamdydmeiund@dmpasing atlbstasreguch as
an|2|5| n%’Ctl\fJ érﬁ%gqunr?étlo%]"cq s% Wé&ﬁ)’@&r d&?tgg %targ%t%ng cbhé&no%l&?@d fr+rﬁ(83ans

pol yal I@\?P‘&f‘ea'@ %@X'%mémfy%ryn B%QLf%‘ﬁéﬁadfh n%ﬁﬁ'rwqeah.%“r@%ups such
as sul fnadglegulawdigmd.eof 6AGGgMmael oy menel adtibscribed é WO 2010/115757.

Preferably the amine compound is selected from ethylene diamine, 1,3-diaminopropane, 1,4-
30 diaminobutane, 1,5-diaminopentane, 1,6-diaminohexane, neopentanediamine,
isophoronediamine, 4,9-dioxadecane-1,12-diamine, 4,7,10-trioxyatridecane-1,13-diamine,
triethylene glycol diamine, diethylene triamine, (3-(2-aminoethyl)aminopropylamine, 3,3"-
iminodi(propylamine), N,N-bis(3-aminopropyl)methylamine, bis(3-dimethylaminopropyl)amine,
triethylenetetraamine and N,N-bis(3-aminopropyl)ethylenediamine.
35
(d) Suppressing agent selected from compounds of formula S1

R
S1 St
R\ | ] R (S1)
s1/N‘P)éLN u YS1_N: S1
R R

wherein the RS! radicals are each independently selected from a copolymer of ethylene oxide
and at least one further C3 to C4 alkylene oxide, said copolymer being a random copolymer, the

40



Particul arly useful suppressing agents in conbination with the inhibitors
according to the present inventions are: 10(a) suppressing agents

obt ai nablwohy1rwaiwbi ng an am ne conpound conprising at PeaaB2dipBE27act i ve
am no functional groups vvith a rrixture15>f et hyl ene oxide and at Ieast one

t ed 04_al k i des, as, d b

Sor6r 1 e BRI GF sl PRy ReBls B TRt 0T, 28 S5V 5f vabniere
triam gsoups- Ircctepem%rﬁiyn@& XY/ Ifor6ACh SpRaniip st indepandently, selested oy fuGi ne) |
N, N- bi s{k3mnadiynarar Z5pyo)avet wiydraini the 7S radic s @rérééd’th@ébelndaﬁtQ'mellém figim C2 to

L1 et Deeed LAY R Btk ol Ble bbor d BROPABYY &1 PBREAIA Heproaith)

Sup ressin acting ar am ne conpoun corrpr S ng
act Pve RaR @SfOl?ﬁerﬂtieSd%|W%.28 ?f§1 i%h a mixture of ethylene oxide and at
| east one conpound sel ected from 03 20and 04 al kyl ene oxi des, said

fsgm ﬁﬁéfﬁ%b@\p@gﬁh@%uwm armlmaleaihda&naeﬁtlmh@ksﬁrep@a@{ @B%astf?uéedsﬂ‘igr e,
w0 201 Epeadhin “Hsci AR celiotts Shaline” Bisel PlaTiy 0P T i riRREideRE” "

conpourdddes ﬁgcm@patatmmttIn<ﬂ¢neeéerzwa§¢|e@ied gairshylenectCahalor granylesevi t h
et hyl emHexi de and at | east one conpound sel ected from 03 and 04 al kyl ene
oxi des froma mxture or in sequence sal d suppressing agent having a
nol ecul ar_ wei ght . Mv of 6000 re as described in WD 2010/ 115757
Pr ef er dBeiFrathes ars sRledemhison HOSC%%M‘?;@%@QSF B'Fﬁf%f?h'y "eAeethylshg pepropylene.

1, 3-di am nopropane, 1, 4- 30di am nobut ane, 1, 5-di am nopent ane,
1, 6-di %@%W@@%n in@ Qref%rﬁﬁQQH@nﬂnBr% prbf%%ﬂ'&plfr&ﬁfﬂ%%mn'&@t preferably from 1 to 3.

o o0 R an e g T SRl 158 osrprete by Bl o .
(3-(2-am noet hyl ) am nopropyl am ne, 3,3"- im nod| (propyl am ne),

N, N- bi 3 3natrbmnsrpfeapy lehivatimydrafien€3 tdCs akyldhaekify lisss|swed ey ipr@yiene. oxide

triethyp ( (d)
Suppr ex Eg’* s B8 I Cofchr Bl e Bppuleu RIS s
2012/ 1644 @%9[%@2012/ 052727 15 Rs2 radicals are each independently
sel26cted from Rsl or alkyl, Xsl1l and YS1 are dival ent spacer groups

Iogdtegeg%%%bbaéﬂe &ddhyise $>@dfe Qﬁé‘cé&ﬂ&%’ér'd’f‘gtﬁywn@ dxf&i@ea‘h@riﬁ@f‘%tg&; Cg% ggted from
ndepe fTTEY &%etgsae"@ﬁ%ﬁ?89%%%&5%%8@!“@? R Ea N R o
or gr edfost attqvéao Gc baweaight josabgit 7 Yeeyeweighitu particaity prgfesakle betmeﬁarabqut Fs%o
descri bgdvdight WaE8t 86 24 by Wéighbr ef er abl y spacer groups Xsl1l and YS1 are
bg%ﬁgeo %’ﬁ%b&bpuﬁ&dof;ﬁgﬂqdé’ ﬁ%?@%ﬁeﬁgfgﬁtldyf}g%bi@gfn'a’ﬁﬂﬁ&‘é@ﬂ%&ﬁ& Wi rf&%e&rtrg from
for eadhy Eé’étdieﬁdD Gisrgo YH@@&%‘H%@%’PP?‘J”%‘%IS@'@P@Q W"Fb‘?ﬁ‘é'?ﬂ?p'é‘ﬁene( @I-14 ) or
propy! elienifeprbp®E3 Hig-JiamProblianabl ,§-dEshinorsensarles ¢ oedlarhinohexXtet o 04 al kyl ene,

nost  prRbe&RBhidHiRg) i8S HoHGRBIaPKin® UORY LR M cane-1,12-diamine, 4,7,10-trioxatridecane-
1,13-diamine, triethylene glycol diamine, diethylene triamine, (3-(2-
30 aminoethyl)amino)propylamine, 3,3 -iminodi(propylamine), N,N-bis(3-aminopropyl)methylamine,
bis(3-dimethylaminopropyl)amine, triethylenetetraamine and N,N"-bis(3-
aminopropyl)ethylenediamine.

The molecular weight M,, of the suppressing agent of formula S1 may be between about 500
35 g/mol to about 30000 g/mol. Preferably the molecular weight M., should be about 6000 g/mol or
more, preferably from about 6000 g/mol to about 20000 g/mol, more preferably from about 7000
g/mol to about 19000 g/mol, and most preferably from about 9000 g/mol to about 18000 g/mol.
Preferred total amounts of alkylene oxide units in the suppressing agent may be from about
120 to about 360, preferably from about 140 to about 340, most preferably from about 180 to
40  about 300.

Typical total amounts of alkylene oxide units in the suppressing agent may be about 110



Preferably s is an integer from1 to 10, nore preferably from1l to 5, nost
preferably from1l to 3. 15Preferably t is an integer from1l to 10, nore
pr ef er ablwof2ommedsovo 5, nost preferably from1 to 3. | nramaBtar/ofref erred
enbodi msnt the 03 to 04 al kyl ene oxideqgs sel ected from propyl ene oxide

PO . hi E d hai f
the actilehe ol ik (e Phats P piiend bite RaR By Z%?O@qaﬁﬁﬁi{ S520 B AL o,
copol yiPerEQane BRI @eoehd0feO aRd 4@”?@ fabpuhet EQand $0020 byt @hEO@Ndf® R@n
gener alalbwuit&) EO@T\TUEYD(P@ dhod JuyEwt%Ir@PHO PO, Foats0 86 %dm() Mel Qiiﬁut 100 etesrmbl y

ber i anBuyicheg:he %‘”ﬂ%““ RoBEA Ed ndp8i601 81 ag PBTAI 86, abdRf 7 L7 0. Y
o Bor anddd B, aboyt Y ECGRD BQ gk oot 4D EQ nd a0 BoPBehai 330 FO GRE 0 Sror o
al kyl eneitsabdes300F@faed &0 IR0 taheutlionz0 @odPO0 U2l absus210ec® edd fIR0 G ehgltene

di am n&q0EPandlh S0TPOOREARABE £Clartt fBERBONAMYE 256 EClane Hioadd NRHBNT 2NEO and

1, 6-di m n am n

% 0o RSB0 B A AR A0 SR HIBRAT M By o avout 270

tri et hyiQaed 60 PEbBbet240 RO aed 89 B, eheutt10 &R Ard 12@BO2about 180 EO and 150
30a0i n@®,hy lapau 120)F0 epy h8oBoe, 3, 3"-i mi nodi (propyl am ne),

N, N- bi s(3-am nopropyl ) net hyI am ne, bi s(3-di nethyl am nopropyl)am ne,
triethyl enet et raam ne and %gfés am no 0 Xlr%ﬂjet hyl enedi am ne.  The

mol ecul(@SYRArGHNINAGSBt Ot?tﬁ'éa%'ﬁﬁ?w GG PolyEKEr ‘bg' ? denggte caPRE G et ween
about 5eOva@bigdmelt lebst @lequdyBEOO0fdémila XP(@f g balcbydarsatiorowitic al laastweeght My
shoul d alﬂg/le"?@%ﬂdeﬁ@%rrgé P&y hyRiric Iﬁib'bﬁ@)l d@)ﬁ@ér%ra?@&dfn sty ;?JP;QH RUGE: S16&Bhaike

2 7,; b 19000
oos Aerein o et TRy Sl Akt S8 kogRe) h%qar%'rgasmﬁdt a@ﬁa'%”t & ol
Pr ef er rcgloalphalic @eisahhaying frem Byip dA sathon ddoramivhich may he sdipgiigited ai ng agent

may be uhsgwstiahed)tas H26crivedabhwo 286070 4eber ably from about 140 to about 340,
nost preferably fromabout 180 to 40about 300. Typical total amounts of

al kyl ene oxide units in the supPresm ng_agent may be about 110 WO

2012/ 16486GPERPYBOOND LcOBIENSGICE %%ﬂ??t%‘%go'%‘ﬁoaﬁ’otlﬂﬁ%ff?r@%b)'aeand 10 propyl ene
oxi26e units (PO), about 100 EO gmg 20 PO, about 90 EO and 30 PO, about 80
EO and 40 PO, about 70 EO anE( 50 PO out 60 EO and 60 PO, aheyh) 50 EO and
70 PO, about 40 EO and 80 and 90 PO, about 100 EO and 10
butyl ene oxide (BuO units, about 90 and 20 BO, about 80 EO and 30 BO,
about 70 EO 5 and 40 BO, about 60 and 50 BO or about 40 EO and 60 BO to
about 330 EO and 30 PO unifts, 300 EO and 60 PO, about 2782E0 and 90
PO,zabout 240 EO and mi—i%,o jg 150 PO, about 180 EO and 180
PO "about 150 EO and 210 , ut 240 PO, about 90 EO and 270
PO, about 300 EO and 30 butyl ene oEi de (BuO) units, about 270 EO and 60 BO
about 240 EO and 90 BO, about 210 and 120 BO about 180 EO and 150 10
BO, or about 120 EO and 180 BO. pressing agent obtai nablg@py
reacting a polyhydric al COhCC)J:!SG und derived from at | east one
pol yal cohol of formula Xs2( ondensation with at |east one al kyl ene
oxi3de to form a pol yhydric al coh Jp ondensat e conpri sing pol yoxyal kyl ene
side chains, 15wherein u is an if eger from3 to 6 and Xs2 is an u-val ent

i near V@{eré}]ﬁ @@ﬁg%ﬂ Lﬁvdlém%éé:r § RordntfbaahdBAbE &bk SR Advihg Ak 10 10

car bon in WO
2011/ 7692@6@” atoms, "Fﬁ‘ %J? @@V@S SHB?"?‘&?@SF]H““@@WH@HS%F&” '&Fe@eéfé?’@@ttéé f b 81y
conpoumdgshesarhe ontdiffaen2®Oelch polymer arm d and is an integer from 1 to 30, ¢ is an integer

35 from 2 to 3, and d is an integer from 1 to 6. Most preferred Polyalcohols are glycerol
condensates and/or pentaerythritol condensates.

e)

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

40  polyoxyalkylene side chains as described in WO 2011/7012475. Preferred polyalcohols are
linear or cyclic monosaccharide alcohols represented by formula (S3a) or (S3b)
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HOCH,-(CHOH),-CH,OH (S3a)
(CHOH)., (S3b)

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

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

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 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-conformal copper seed.

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

Suitable levelers include, but are not limited to, one or more of polyalkanolamine and derivatives
thereof, polyglycine, poly(allylamine), polyaniline, polyurea, 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 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 groups include (C6-C20)aryl, preferably (C6-
C10)aryl. Such aryl groups may further include heteroatoms, such as sulfur, nitrogen and
oxygen. Itis preferred that the aryl group is phenyl or napthyl. The compounds containing a
functional group of the formula N-R-S are generally known, are generally commercially available
and may be used without further purification.

In such compounds containing the N-R-S functional group, the sulfur ("S") and/or the nitrogen
("N") may be attached to such compounds with single or double bonds. When the sulfur is
attached to such compounds with.a single bond, the sulfur will have another substituent group,
such as but not limited to hydrogen, (C1-C12)alkyl, (C2-C12)alkenyl, (C6-C20)aryl, (C1-



HO wherein YS2 is an u-valent linear or branched aliphatic or

cycl oaliphatic radical having from1l to 10 carbon atons, which may be
subst i t utwo 20r2/m®abstituted, a is an integer from 2 t oPBU/IBWIZAR27ME t he
sane or different for each polyner armygl and is an integer fron11 to 30, c
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br ef or <L BRIy KEREY & aliBaityy§ 26 Sidoderihin, 8T B e 1B et oy b t;%nr o
Condené‘ét’@9ne Of WO@WB@%MOWWCW kutmablinaitasl tofwegrig Cd - 9lkyldiGZ
a: Eorolcmwnya i(0B-GA0)drgiastd the hikelrney- R‘Sllftmch@rﬁkalgrcgprﬂ@SbéNattﬁllcabr tyehst one
al kyl e r D ne
si de c% qus ggrg%:ﬂn?ecgd}%%wg%ﬂ?%%gﬁg E ! g]rae%ftﬁé AthI @g cohﬂlt?ggﬁe
| i n@ar %¢h ec Pf%r bl detEpasn 2 Qe sy véthindh ?Eg%ﬁYSé‘H“by fornmula (53a) or
(53b) WD 2012/ 164509PCT/ 1 B2012/ 052727 17 HOCH2- ( CHOH) v- CH2OH( S3a)
( CHOH) wh é’eq'r@ral, the total amount of leveling agents in the electroplating bath is from 0.5 ppm to
10000 ppm based on the total weight of the plating bath. The leveling agents are typically used
in a total amount of from about 0.1 ppm to about 1000 ppm based on the total weight of the
10 plating bath and more typically from 1 to 100 ppm, although greater or lesser amounts may be
used.

The metal ion source may be any compound capable of releasing metal ions to be deposited in
the electroplating bath in sufficient amount, i.e is at least partially soluble in the electroplating

15  bath. It is preferred that the metal ion source is soluble in the plating bath. Suitable metal ion
sources are metal salts and include, but are not limited to, metal sulfates, metal halides, metal
acetates, metal nitrates, metal fluoroborates, metal alkylsulfonates, metal arylsulfonates, metal
sulfamates, metal gluconates and the like. It is preferred that the metal is copper. It is further
preferred that the source of metal ions is copper sulfate, copper chloride, copper acetate,

20  copper citrate, copper nitrate, copper fluoroborate, copper methane sulfonate, copper phenyl
sulfonate and copper p-toluene sulfonate. Copper sulfate pentahydrate and copper methane
sulfonate are particularly preferred. Such metal salts are generally commercially available and
may be used without further purification.

25 Besides metal electroplating the compositions may be used in electroless deposition of metal
containing layers. The compositions may particularly used in the deposition of barrier layers
containing Ni, Co, Mo, W and/ or Re. In this case, besides metal ions, further elements of
groups Il and V, particularly B and P may be present in the composition for electroless
deposition und thus co-deposited with the metals.

30
The metal ion source may be used in the present invention in any amount that provides
sufficient metal ions for electroplating on a substrate. Suitable metal ion metal sources include,
but are not limited to, tin salts, copper salts, and the like. When the metal is copper, the copper
salt is typically present in an amount in the range of from about 1 to about 300 g/l of plating

35  solution. It will be appreciated mixtures of metal salts may be electroplated according to the
present invention. Thus, alloys, such as copper-tin having up to about 2 percent by weight tin,
may be advantageously plated according to the present invention. The amounts of each of the
metal salts in such mixtures depend upon the particular alloy to be plated and is well known to
those skilled in the art.

40
In general, the present metal electroplating compositions preferably include an electrolyte, i. e.
acidic or alkaline electrolyte, one or more sources of metal ions, optionally halide ions, and
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A particular advantage of the present invention is that overplating is reduced or substantially
eliminated. Such reduced overplating means less time and effort is spent in removing metal,

35 such as copper, during subsequent chemical-mechanical planarization (CMP) processes,
particularly in semiconductor manufacture.

Metal, particularly copper, is deposited in apertures according to the present invention without
substantially forming voids within the metal deposit. By the term "without substantially forming

40 voids", it is meant that 95% of the plated apertures are void-free. It is preferred that the plated
apertures are void-free.



5or the sulfur or both the nitrogen and the sulfur within the ring system

In general, the total amount of |eveling agents in the electroplating bath
is from OV6 2pmes39910000 ppm based on the total weight eCTubmiphsrimg bat h.
The | eveling agents are typi caIIy usedopn a total armunt of fromabout 0.1
ppmto bou of t 10platin

ore ©yaPeahy SOeR AR e R ek Vﬁpﬁaw%éftaate B i faeny be
used. 'H"l%sell?émi@ntloﬁnT@Q)EH@éfaWBIyDIB@WéWU@%ﬁe aéfmﬁiébﬂée @*ﬁt'rﬁgabﬁawrr‘utgmﬁ@tnal

i ons t;anbee Jdefesink g de isblubleer el seitibieo phstionaly, bat}hbde an@ufﬁéde:meylbeaemwaﬁedftiy e g
is at t erre
that tﬁgﬁé%b%l% bethial 1Y gb‘ubélﬁl d(gibn%crt% tﬁé%&tﬁB&’& s’l‘frﬁc’&t %Q‘Pﬁrﬁ*&gnéfy %?p;%ﬁ

1 on sourc nmet al

i onOso@d@ting PeHermad Tohp Periothef timfsuitrent iR,d %ﬂséa ¢ta) lpygry SFNtas @ FRAPST
sul f at dayer rietvinlg shddsirde $hickmesabn Hectubbieste. Butable avrtenbdessjtieseingdlide, but are
f 1 uor obk fhiesy tonﬁe%ng?el 0. 54 é%ﬁ%? il alhé”o&‘r'érft@@ﬁél@ﬁs il BE #nge of

uconat s and ..t preferred t met al

| f It h
T oD ad R dr Rl S 08RS eOFerin FioamanyliFelled Fibddiet il Thde o0
sul f at epeeitpprent Hersity dependspien the substrate tohg iaippdhe Eveling agent eglpeded
ni tioat endeepie Shthourahodahsty choipe & witfih trrnbilRivs bbihaseskiltappaic pnamgl

sul T ongle AN OPRSY 18- AIUERR-AH SN CORDRY (PEYId lie. REBaRYALAL & and

copper nate are part Iy pre erre nmet al s are
gener al(P§Ce BB s UlpPls CHUgnt abl e and may be used without further
purification. 25Besides netal electroplating the conpositions may be used

in elegt @%&wwﬁ@@fm 6re§’éhtﬂfveﬁi‘?6rﬁ§ u§é’d‘¥oadéﬂio§igm|e?éf%h%suBB@at@%UPr%éh'\A%?e’? nmay

| ar |
P15y S e Bhuldb e S ST REre S it PR oot 4rp aBRARR Dl angy
gr oups sHitable,agitafion mrathedcmipy be ylsei Wit the ma%%&vsnwd sughmrthedsrase sielli on
for Fl &abwolress adteeoisatﬂe agitatiod nicthisisaecl GhRp 061 dréthowlirhifed taeineR gas er ais0 Ih;a
t
et a EQ gﬁ@}f’ ﬂ?é’ Q@taﬁéﬁqmgm]gm@n r%stﬁé'hké @mnme%dsrgrg% e @é a

provi de i'on ectro ultable
met al SBNe‘i’r’é‘ttQP anWP@Béhq PIEpeIdnventign 'ér“ée?'lg% p'Pﬁerﬁ”t'B’@gfaéed giGyitsypsteate, copper
sal20s, saduas havdférkihe Wifiermayhbe miatatl sush gofoprart, tot188 RN ped tregblatingssautiphcal |y

Blrgflegtcoht%c@ﬁhf%gﬂtﬁb Wdtet B@crfé’d”'&ﬁp@ﬁplf@@ ﬁQﬂHi I%tﬁ&al%@%he%ﬂ@m&’fér n%%g be
Dl 2t by Bt Wl g ob B ARSI T I Sout PEd Rl et e
copper deppsihavi ng up to about 2 percent by weight tin, may be

advant ageously plated according to the present invention. The anmounts of

ea%g Ofl\flét?leaé?ﬁ&aerlf@d\ﬁtgﬁ {d%}b%nedméﬁ)léﬁﬁﬁés%%P(ﬁ'aﬂgqgﬁﬁ#rggerﬁﬂ{v Bt?c%@'fho%'tl oy
2012/ 16‘&9@9@@1“)’ BRI e Bpie| APl yPYR &MY P REstaNfRly forming

accel ewatdet, st imnmeaot theidish efsmerm;ate(‘aap@’tttneﬂ me vaidefréey iti is ptdfgrraatthetttbs platdte

wat er R¥rhesRiesiiebn @ W de range of ampunts. Any type of water may be
used, such as distilled, deionized or tap. 5The el ectroplating baths of the
present i nventi on ]y be prepared by conbi ni ng the conponents in any order.
It 30s Peifedhe etbcepmer theerasaorigeaition dasperreaersrallyciesaibaderil refasencs, towat er

el ect r gkjricwnancloopth@aalrehalviltise bfresigtet Gikat titd grebéritstvendsieal @etugefubiat h

vessel J9LlaNBGiDhothe \Hﬁ&é%h%fsg&%ﬂfl%%l%r%%grWeﬂf%&ﬂg‘a%g%@‘

accel era or.s SSOrIS

pl at i ngeIsstinly 5 fes g, ﬁfﬂfé%ﬁ&e reeNcedtqVerPIaiRg and metddiled smal qa%ﬁ%mt arree from
10 t o 6bbslegialiyfre€obvoiths gteatesiréd. Sushprafessesaidclutkaprirtbe wiregpeaat ur e of t he

8;3&5;2?%&5&%@5@”&%%% i 55@\‘??%@ bg-ih@%yrﬂerl%eﬂfl ﬁfr@ﬁ@@lbﬁngj 6fQMsl pads

e e oe T i AE iingSoar . e AR 16 i Sy PRSI GG LSt ot

processes include packaglng and interconnect manufacture. Accordlngly, suitable substrates
include lead frames, interconnects, printed wiring boards, and the like.

40  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
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The following examples shall further illustrate the present invention without restricting the scope
of this invention.
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0.48 mmol/ g, indicating a content of 8.0 g diethylenetriamine in the distillate. The heating was

35 turned off and when the temperature reached 161 °C, water (1918 g) was added slowly. The

reaction product was filled into a 10 | Erlenmeyer flask, followed by the addition of another water
portion (4800 g). The resulting polyaminoamide intermediate product was obtained as an
aqueous solution (8160 g) showing an amine number of 1.42 mmol/g, an acid number of 0.06
mmol/g and a water content of 80 % by weight. Gel permeation chromatography revealed an

40  average molecular weight of Mw = 26600 g/mol and a polydispersity of Mw/Mn = 2.3.
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35 an amine number of 2.37 mmol/g, indicating a content of 3.7 g dipropylenetriamine in the
distillate. The heating was turned off and when the temperature reached 160 °C, water (118 g)
was added slowly. The resulting solution was filled into a 1 | round bottomed flask and additional
water (354 g) was added to give the intermediate polyaminoamide product (579 g) showing an
amine number of 1.0 mmol/ g, an acid number of 0.1 mmol/g and a water content of 80 % by
40  weight.



(1469 g) with an am ne nunber of 1.1 nmol/ g. The PO-functionalized

pol yam noam de (400 g), water (343.6 g) and benzyl chloride (94.4 g, 0.749
nol ) werewplapeéd4ionto a 1 !apparatus. The reaction m xt BCe/IBzd2/832727 ed at
80 C for 6 h 10 resultl ng in a yeI I omggrrul sion. The organl c phase (33 @)
was rempve tio e I noa l.aw
raueous R hEmifbR %mésmﬁ%. 0T opBs géﬁd 55 AT aPERALS Gl 2Ry B0
Exanpl d-@lorppieivyingabihplead (Yk pHAY ndldfe & 49.tG-61 pel yasiaddedi wewise dawag 1-
15chl osmeihhyhaepbiidrehixnee Rak sanedaied0 Wefod Burfhape hggodeditowab@iternpd@diuge wer e

pl aced I e
(505 pirbiGh i %ﬂ%%w@gﬂ@&%‘m (e o BRSO TR ol
The reé‘@?I”dI‘P%?I"?Pd“r &9 Wgight ‘iILIIYaé%I“%I’Va@Oa@de?rpH‘ Ues Reiustpdfo @éfcﬂoaﬁerttr@t‘?doom
20t enpeutidrior aidtoditeeolyashindarhide Sorspuaisous sautienwittea wiater vasteot eft9960-080 C
to obt Q\l,erc}grﬁ solid. The solid was again dissolved in 99 weight equival ents
wat er and the pH was adjusted to 5 by concentrated sulfuric acid to give
pol yam noam de 4 as an aqueous solution with a water content of 99 % by
wei ght Exaempleadil-abor: L 1fadt Pevrinideaningd fempiresadnge iviangtagune@nd aci d and
di poopyhehgerid bigadriiem(de(hetedurr ratiat 1602:98:189) and 1- chl or omet hyl napht hal ene
Di propyl enetriamne (65.6 g, 0.500 nol) was |ntroduced into a 250 ml
apparat us_and wat er {16 4\)0&1 was added resul tlha[% rrgerature i hcrease
up to 4% migppargstiigigd "HERGEaVaSHNaEaesl Wit Gthéi'ﬁf‘%lbts ¥lani¢e 04 ¢,

0. 470 8@k )mmaly veadergd50 p) pat butgaedhydioxyaridsolé (iHOtrhg,0.8 mob. ’I'Iheraselhrpgnaxtunee

' ncr :?z/\?@ diRed 9|g%fbu§+y (%‘@ﬂ)m aTﬁé’Fb%‘bﬁ‘(BH fldyktvﬁa%%&eétfeﬂﬂ%m Ve bl Wr dffhRe the

c m xture rred at
{nTBC! BBl fIGhTERTR e RRife BBS ohilps KEF GaRf oot eiaba g, 2Bhi 7Y
and watenolaaad Kyldeeedianingi(dt. 6pyﬂéh@ml)a4/ﬁrﬁ@dd@d o restians|dugiag 86 min.diftesi® h at
180 C. cohgleteaddiioe pildepadihd at@xylyénaliarmingweckeddiang minture wisrsiged atidifordl

ol /9,601 il a%ﬁ“b“ %h W(Eo%%% Bgth%vcf?s ggﬂb&i Qﬁ%{h%r}%{ftfoﬁ%lﬂﬁré Pad Qfred at

di sti IIate rature reached 160

C, wat é‘:mtﬁrﬁée'“@@eré\%&e @36%8 a4 PEMRM- ThGCrids [act %mwawaaﬁom%@ﬂtr@fq d¥¥ernto a
11 20oumeduwet] tpoessdre toagie thatitladanpoundads light @nk 6364 g) was added to give the

'nter”ﬁ%le%ﬁlti?% J%}?\j"ﬂnﬂ@@dﬁ]lﬁ@sﬁé\ﬁéw&ﬁ a&ﬁ%%&)be?@@%@%rﬁ&/ga'enﬁrﬂ%%’rﬁ of 1.0

f 8
Towe! oRiroTaiETagnb T eaes dnetsrtel fen-dish waish P FERDIR i
i nt er mddwMre= 1703 g) was placed into a 1 Iappar at us and heated to 80 C.

1- chl or onet hyl napht hal ene (90% purity, Aldrich; 5.9 g, 0.030 nol) was added

dr opW g, rét%l?[%égméq The reaction mxture was stirred at 80 C for
further , cool'ed’to roomtenperature and the volatile conpounds were

renoved in vacuo at 60-80 C to obtain a solid. The solid was 5again
di ssol Vvecbppar QIQtINgabz@thaeqpmpeadacéhy sombitiag 68rgd dobpendd cuppeiasijifatt dd gflo 5 by

SMOPﬁegtsﬁﬁtﬁrnga&HOfWO' § Rdridetioh &4 ME|, @Ollm)%ﬂ"d?%ﬁ@&ﬁo%o%& Har %gbkg?é&%rség g; i on
Pol yamOm i s ?%%I"?SF BREIRCA e s aP e Lt TS
bi §§Cr yIoRAY aenglerane tanmenal hydroxy dreups. ddgitiegylly A2 sbofna 1 pprawaightsdlutionradd wi t h

ni t r ogelyaatndiadged aviprdpaned inydoaipardiive aganiplam wigs 4&Rd0 g, 324 mmol ), wat er
(150 g) and butyl ated hydroxyani sol e (150 ng, 0.8 nol). The resulting
m xture was stirred vigorously (900 rpm). The reaction flask was protected
from | iFgRE e'SI}"%I‘%IIﬂSItFI%S?Waﬁ%ﬁﬁ%%%@%@'@ﬁ Wih a1diAme{EmeTEEPHE S IEORERISAY was
cool ed adepth & aodt $5 parapetes Yadinimegse@MlDI-Water including an ultrasonic process for
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After wetting the substrate was immersed in the above described plating bath and a waiting
period of 30 s was applied. After this period copper was electroplated onto the wafer substrate
by contacting the substrate at 25 degrees C applying a direct current of -1 mA/cm? for 30 min.

40  The thus electroplated copper was investigated by optical microscopy after manual polishing of
the substrate.
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posses derfipatilyisesn {ipmH-ig. Zpyaimetveid fefmatioowthis the Wironet ers and a dept h of
about 55 microneters was imersed in DI -Water including an ultrasonic

pr gges 5.,4in for conplete wetting of the vias. 15 After wetting the
su%g’trgftxfgm\%esqnmr sed in the above described plating bath and a waiting
period of 30 s was applied. After this period copper was el ectroplated onto
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f or mat ipdlyawliktamidd @ a¥ ipfepardEx @xpnplelslwas added.

Prior electroplating the substrate possessing holes with a diameter of about 5 micrometers and
a depth of about 55 micrometers was immersed in the above described for a period of 300 s.
35  After this period copper was electroplated onto the wafer substrate by contacting the substrate
at 25 degrees C applying a direct current of -1 mA/cm’ for 30 min. The thus electroplated
copper was investigated by FIB/SEM (Focused lon Beam/Scanning Electron Microscopy).

The result (see Fig. 3) shows a copper deposition preferentially wthin the via with a typical
40 bottom-up plating characteristic without forming any voids.



A copper plating bath was prepared by conbining 60 g/l copper as copper
sulfate, 10 g/I sulfuric acid, 0.150 g/1 chloride ion as HCl, 0.100 g/I of
an EQ POwopolymwsesoosuppr essor, and 0.028 g/| of SPS andpDi/iBznizns27¥he EQ PO
copol yner suppressor had a nol ecul ar weyght of 30<5000 g/ nole and term nal
hydrOX)fEﬁ%gWret),E2 Additionally, 6 ml/I of a 0.26 % by wei ght sol ution of
pol yam 1 as prepared in exanple 3 was added. Prior electroplating
t he substrate possessing holes with a dianeter of about 5 mcroneters and a
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The r esjé|ytanﬁrsc%em(lfé 9 as PlepphIB cRamBRREN§I8EQRS. t1on preferentially whin the
via wth'a typical 40bottomup plating characteristic without form ng any
voi ds. WO 2012/ 164509PCT/ | B2012/ 052727 27 Exanple 12 A copper plating bath
was pr épar elgctoplaingghe puRptete pessessipholenwit g giasmeteioffagpoet S misrgnetesiaridur i ¢
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current of -1 mAcnR for 30 mn. The thus el ectropl ated copper was
i nvestiga %JF)/ optical mcroscopy after nmanual polishing of the substrate.
15The resul't (see Fig. 4) shows a copper deposition preferentially whin
the via with a typical bottomup plating characteristic without form ng any
voi2@s. Accappel platirdy RUIA wes ppeyargd by corgbibiap 4 Owgdscopperes epperysutfetebilighg 40 g/ |
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characteristic
The thus electroplated copper was mvestlgated by optical microscopy after manual polishing of

the substrate.

35
The result (see Fig. 5) shows a copper deposition preferentially wthin the via with a typical
bottom-up plating characteristic without forming any voids.
Example 14

40

A copper plating bath was prepared by combining 60 g/l copper as copper sulfate, 10 g/l
sulfuric acid, 0.050 g/l chloride ion as HCI, 0.100 g/l of an EO/PO copolymer suppressor, and



Exanpl e 14 40 A copper plating bath was prepared by conmbining 60 g/1 copper
as copper sulfate, 10 g/l sulfuric acid, 0.050 g/I chloride ion as HC ,

0. 100 g/ Iwof20ev6ED® PO copol ymer suppressor, and WO PCT/IB2012/052727

2012/ 164509PCT/ 182012/ 052727 28 0.028 ggl of SPS and DI water. The EQ PO
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t he subpstlyaaiiapisss3s iprepahal iexample aweas adaicer of about 5 microneters and a
dept h of about 50 m'crorret ers was imrersed in DI -Water including an
ul trasaoni c process for in for conplete Wetfgil\ﬁgfg of the vies. Afte
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el ect r ephtiscciQetitintpirene Gagst rate by contacting the substrate at 25
degrees C applying a direct current of -1 md¥cnR for 30 mn. The thus

el ectropl at ed coRper was investigated by optical mcroscopy after nmanual
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copol yniee ssppteessor, and 0. 028 g/ | of SPS and DI wat er. The EQ PO
copol yner suppressor had a nol ecul ar wei ght of <5000 g/ nole and term nal

hydr.ox rou A nal | % b t sol.ution of.

o 5an R igsef 66 bl s eqrhel inesiton profb¥lf i 0 g P Shica

el ectré)@ltamrwgo'@m @@Mer&tlewﬁb@ééymlmawmcw with a dianmeter of about 5

m cronmeters and a depth of about 50 microneters was imersed in DI -Water

i ncl udigygan 44 trasonic process for 5 min for conplete wetting of the vies.
30After wetting, the substrate was i mersed in the above described plating
bath and a waiting period of 30 s was applied. After this period, copper
wag0el éctopppl plata loath evasipeepaad by sarbisitingtc® dilycoppertasctoppgr duifetes b gtir at e at
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29 Brief description of the drawings Fig. 1 shows a via of having a
di aneter of about 5 mcroneters and a %§th of about 55 m cronmeters after

the coppéf e'&@%%??tt”igdhe SeRsyeth ﬁ’fifs?ﬁ'%% With { dliamelprt@bguishegregsters and

a depth of about 50 micrometers was immersed in DI-Water including an ultrasonic process for
5 min for complete wetting of the vias.

30  After wetting, the substrate was immersed in the above described plating bath and a waiting
period of 30 s was applied. After this period, copper was electroplated onto the wafer substrate
by contacting the substrate at 25 degrees C applying a direct current of -1 mA/cm? for 30 min.
The thus electroplated copper was investigated by optical microscopy after manual polishing of
the substrate.

35
The result (see Fig. 7) shows a copper deposition preferentially within the via with a typical
bottom-up plating characteristic without forming any voids.

40



S5void formation within the via. Fig. 2 shows a via of having a dianeter of
about 5 mcroneters and a depth of about 55 microneters after the copper
deposi ti omoaeareeiong t o conparati ve exanpl e 10 showi ng woirdBioe/nsrion
within the via. Fig. 3 shows a via of pgving a dianeter of about 5
mcro etg and,. a qgﬁta of about 55 10m croneters after the copper
deposi t '§ %SCCE'BVCH]?'I N raml e 11 showing a typical bottomup plating
characteristic without form ng any voids. Fig. 4 shows a via of having a
dihanret dig.af dahmga bia1of hadng b @lisnaatfabders micddmetbridndbdepte bbamiuess af t er
t he copper ; : Ot up
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shows a via of  havi Egréa'td' net.er of about 5 mcroneters and a depth of
about 50 m CY%%CE@E Wfré'P %\éa'copper deposi tion according to exanple 14
showi ndig 3 yphaved a vigisbheing agiapreie oi @beutr misremeters andi deri of amu’érggg any
\d/oi1df]. ]lfi g.b micitravereafidr hedtoppar dédshiot iaac@tiag t@éx@b@a_tﬂﬁhmivmg@g_?pieals and a
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exanpl e 15 Sggﬁawgﬁﬁlﬂgﬁh%%g%tﬁcgﬁﬁgn?fg a?]_p%nygﬁlgrg'act eristic wthout
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pol yam Poa{"ihg@ttonf—ﬁb%la(ﬁﬂb%ﬁ&ﬁﬁ&%ﬂgﬂcgﬁtﬁggﬂlé%ﬁub%tﬂy%ﬁdge andt am ne funcL | onal
gr Qups d.n ol yneri ackbone 5and, at | east one ar i i e ei ng
o oh s 8, "SR AT e A e R p O A meR o Soo b A0 1 on
accor di ng t omidremetens afign dheeg¢appehdergsition gaseording taexatar!e d 3pbpwing a tgpiracat ed
bet ween two BbttdnP-gp PlaAihg ERaratichstit WithdupRIifg king vbiae.kbf)ne. 3. The _
conposig: ; ; i onpri ses
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or 28k quat er nbatiin-op plaliheg ceamctaristicawithoutidrroiab asgiveidsed from
Fig. 7 shows a via of having a diameter of about 5 micrometers and a depth of about 50
micrometers after the copper deposition according to example 15 showing a typical
bottom-up plating characteristic without forming any voids.



Bis a diradical selected froma chemcal bond or HH1100 30 I1Ill NN D s a

chem cal bond or a divalent group selected fromHO 35lii Nc .. Y
D5, . -W0.2012/164309 Dli s, for each repeating unit 1 to mcwnﬂﬁpyﬂﬂwzﬂtly,
selected froma chem cal bond or 30 a dival ent group

sel ectgﬂ froma saturated or unsaturated Cl to C20 organic 40radical, WO
2012/ 184888PCT/ 182012/ 052727 31 whi ch may optional |y be substituted by
het er oat ons sel ected from N and 0. D4is selected fromstraight chain or
branched OR compbéitian Eangibing a seurbdot retallionaayd atieadtiehe polapincdintiddisail |

to 020 ary Al om
straion chaeretieranind S A E R At iE AR
subst i t ut eBNb3 16 ePe FBTRIIC MpAIPYY Peingratiaghgd tPé’;Sé%?@f‘%ﬁ’d"" gl pP'éfmﬁ”C
[ ndependenbduqkborarel ected fromH, G -C2o-al kyl and 10Cs- C20-aryl or
Cs- C20- heteroaryl, which may optional | y be substituted by hydroxyl, al koxy
or al k%yC%ebgcgmpdsmrgnsaccordllnrg];ttg%%ﬁm f1r\(/)v erein tRe a‘f_’%ést one aromatic moiety is located
between two nitrogen atoms within the polymeric backbone.
10
3. The composition according to claim 1 or 2, wherein the polyaminoamide comprises the
structural unit represented by formula |

[Alo[Bla[DIr (1)
15
or derivatives thereof obtainable by complete or partial protonation, N-functionalization, or
N-quaternization,
wherein
20
A is a diradical selected from
1
R
i 0
N Cw _,.Ce, (1a)
e
25 « \P 2 \}\ AN b~ b'”
B is a diradical selected from a chemical bond or
H H
N ) 70
D is a chemical bond or a divalent group selected from
lTI 0
35 I (o)
/N\ 5/C\
* D
D? is, for each repeating unit 1 to p independently, selected from a chemical bond or

a divalent group selected from a saturated or unsaturated C1 to Cxo organic
40 radical,

D2, D3 are independently selected from straight chain or branched C1 to C1o alkanediyl,



15Pis an integer from2 to 150, ais an integer fromO to 150, ris an
integer fromO0 to 150, 20 and wherein either at | east one of D4 or Rl
conpri seswa 208/16¢50920 aronatic noi ety or the pol yam noamrCagB2d2/052727
functionalized and/or quaternized withgsa Cs to 020 aronmatic noiety.

4. The conposition. accordi.n cl ai , erein the po m noam i's
represent ed by 2%v]hgﬁrm?ya%otlloﬁaIEyObw@lsgt:u%dﬁ%eEﬂPatB?’s ,Cl%afémﬁgawg@e t he
prescri bed nmeani ngs, and 35El, E2are independently selected from

(a) a nucl pophi | isclidggediiramisagighidnain @aramghed P Cs GlandiI( £C G20nark k) or

NH- (G - C20- al ken iyl - s B3- :
(G -C20-al kyl ) - oég%ﬁ&{“ﬂwﬁlﬁ%{' Bé&mf #@W%k"g{@é 16 B tMtbroarylalkanediy
(G 9C20- al keny1) - 00- { NH[ D2- NR2] - D3- NH},  (f)

(G - C20- ar Bt) - 00is{ et iNRA JstraigBBshisid or brah20 12/ a2 EDkPEiyl, BRO0Iohep2727 32
and wherein at | gaginafBe Qlibdtilutéd bfleteRERIMses a Gs to 020 aromatic niety.
The conposition according to claim3 or 4, wherein Dl is selected froma

G - 020 al kanediyl group. The conposition according to anyone of clains 3
to 5, wherBin D2isaffil eBah peatinglepehidenindgrenseaty. sdleriedriionpHa@dCosligh and

[ ndependft I Iy sel e@mgaﬁyrm&@dgw)e?eé?mgl, (Aﬁfdg)r&'ay J&Bn@l@rﬂyﬁaibfsiit_?_tﬁd&gﬂ%djxpg_ to
anyone of cl ai ns I's hydrogen or nethyl. e conposition
according to anygﬁghg?@aélfdg&‘ﬁ%rﬁgﬁglb 6, wherein RL is selected froma 05 to

020 aryl, 05 to 020 heteroaryl, 05 to 020 aryl al kyl 05 to 020
het er oar yl al kyl . isTveintsgapibentZtorz5accor di ng to anyone of clains 8, wherein
the pol yam noam de is functionalized and/or quaternized with a 05- 020

ar tic or heteroaropati iet The conposition according to anyone of
thgggr eced?ng cl éﬁ%'?ge\aﬂﬁre&%m tgélgg’ pol yami noani de i s obtainabl e by reacting

at | east one pol yal kyl enepol yam ne with at | east one dicarboxylic acid. The
conposi ti o accorsthmigteger fbraio 180, wherein the at | east one

pol yal kyl enepol yam ne is sel ected from di et hyl enetri anm ne,

triethyl enetetram ne, tetraethyl enpentam ne, pentaethyl enehexam ne,

di ami nopr opy! et hifl BWBISHI?B 0 'Bt1RYI enepr opyl enet ri ami ne, 3- (2-

amZfoet hyl ) am nopr opyl am ne, di propyl enetri am ne, pol yethyl enei m nes, and

o el Gk 6 AL 5 b
o) & o et e e e B e EAED S s GBS P Yaci 1 s

sel ected fromoxalic acid, nmalonic acid, succinic acid, tartaric acid,
mal ei ¢ 4aci The téragayition saebrdingdb dlagh BEwhsreth tha @bigbmirRaitlde is ugigEssht@rbyl,
sebgci c aCfoqnulla%n”nOdl acetic acid, aspartic acid, glutamc acid, and

m xtures thereof.

roor
1 1 1 2
EYD\({N\(\ > N\)}D3/NYD£(E (n
30 D
o) o) O P

wherein D', D2, D3, R, n and p have the prescribed meanings, and

35 E', E2 are independently selected from
(a) a nucleophilically displaceable leaving group,
(b) NH-(C+-Czo-alkyl) or NH-(C1-Cxo-alkenyl) or NH-aryl,
(¢) H-{NH-[D2-NR"],-D3-NH}
(d) (C4-Cxo-alkyl)-CO-{NH-[D2-NR?],-D3-NH}, and
40 (e) (C1-Cyo-alkenyl)-CO-{NH-[D2-NR?],-D3-NH},
(f) (C4-Cxo-aryl)-CO-{NH-[D2-NR?],-D3-NH},

)
)
)
)



The conposition according to claim11, wherein the pol yam noam de conpri ses
the group represented by formula 111 00 D6D7 NI\INN HH1212 R R or

deri vat i Wwe® 20f2/m40l yam noam de of formula |11 obtai nablPeThB20a2nf272t € or
partial protonation, N-functionalizatigmn, or N-quaternization W

2012/ 164509?@1820%%/ OF2727fd$13 \ggerei n_DGi ? g{#r eacht. reg.e ting unit 1 to
S independ%rh YOeTel iSPRT 8 O'gr ol g SRfMELPERA 7 3 AYPTEY unsat urat ed or
aromatic 01-020 organic radical, 5 D7is selected fromstraight chain or
branched OBndEorapdeitivadicydrdingto @kl arorudiwhadircal is seRctedZ2fdnas Yat kanedbyil|,
R2is, for g@ga repeating unit 1 to s independently, selected fromH, 01-020
al kyl, 01- 10al kenyl, which may optionally be substituted by hydroxyl,

al kexy or al koxycarbonyl, or aryl, and wherein two R2 may together form a
ri ng syst ehe endpasitonaawcondingge mnyorenof tlairos 250 , iberath Ndewddbiarei t her at

| east one QfefdhdeRily Hledid ﬁé’rﬁmﬂa’?ﬁ%%r@ﬁfd@g@no%&l?%{bi:t%d%W%)Hz%ranfdrléHz)s. _
pol yam noam de is functionalized and/ or quatem zed with a 05-020 aromatic

moi ety. 14. The pol yam noam de according to claim 13 being represented by
f or mul &- | VThecorgpysition gerpming to anyone of claims 3 to 6, wherein R' is hydrogen or methyl.

10
8. The composition according to anyone of claims 3 to 6, wherein R is selected from a Cs to
Cxo aryl, Cs to Cyo heteroaryl, Cs to Cxo arylalkyl Cs to Cxo heteroarylalkyl.

9. The composition according to anyone of claims 8, wherein the polyaminoamide is
15 functionalized and/or quaternized with a Cs- C2o aromatic or heteroaromatic moiety.

10. The composition according to anyone of the preceding claims, wherein said
polyaminoamide is obtainable by reacting at least one polyalkylenepolyamine with at least
one dicarboxylic acid.

20

11. The composition according to claim 10, wherein the at least one polyalkylenepolyamine is
selected from diethylenetriamine, triethylenetetramine, tetraethylenpentamine,
pentaethylenehexamine, diaminopropylethylenediamine, ethylenepropylenetriamine, 3-(2-
aminoethyl)aminopropylamine, dipropylenetriamine, polyethyleneimines, and etheramines

25 selected from H2N-(CH2)2-O-(CH2)2—NH2 or HoN- (CH2)2-O-(CH2)2-O-(CH2)2-NH2, and
mixtures thereof.

12. The composition according to claim 10 or 11, wherein the at least one dicarboxylic acid is
selected from oxalic acid, malonic acid, succinic acid, tartaric acid, maleic acid, itaconic
30 acid, glutaric acid, adipic acid, suberic acid, sebacic acid, iminodiacetic acid, aspartic acid,
glutamic acid, and mixtures thereof.

13. The composition according to claim 1, wherein the polyaminoamide comprises the group
represented by formula Il|

35
@) @)
6 7
D *
*/PJ\N/D\NJK/\N/ \N/\/]; (1)
H H |, [,
R R

40 or derivatives of a polyaminoamide of formula Il obtainable by complete or partial

protonation, N-functionalization, or N-quaternization



NNIl 9 -HH2, ,- Rrc 00 6 NE4(IV) sN HH wherein D6, D7, R3, and s have
the prescribed neanings and 25 E3, E4 are independently selected from (a)
NH- 01- 020wal2k12/16e509 NH- 01- 020- al kenyl or NHaryl, (b) N @OTABAG2/632kRY71) 2 or
N- (01-020- al keny1)2 or N-(aryl)2 or N-§91-020-al kyl) (01-020- al kenyl) or
N- (01-020- a (aryl) or N-(01-020-al kenyl)(aryl), 30(c) NR2-D7-NR2H, or
(d) NR2- Dr¥ H2- OH2- 00- NH- (01- 020- al kyl) or

NR2- D7- NR2- 0H2 OH2- 00- NH- (01- 020-al kenyl) or

NR2- D7- NR2DO H2is0td2 e 86D Mideating unitanid svhessindeady, beidsilend i@ upfseldod fidh a

corpri ses 2 5ol 2 B Lo Bblc CBlRaarlsigPOS! Li on accor ding 1o

anygne of the preceding c erein | ons conpri se copper ion.
16. °The conposition according to anyone of the preceding clains, further
conpri si ngDan &OﬁﬂﬂﬂkﬂﬁmmBNQQMg@am(xlﬂmxmbédehpﬁeﬁmd@hCaéh@m@thmbm,@ﬂyone
of the precedi gg 4|i@ikBBedifiur t her conprising a WO

2012/ 164509PCT/ 1B2012/ 052727 34 suppressing agent. 18. Use of a

pol yanm noani de as defined in anyone of claims 1 to 17 in a bath for

deposi t i ngRfret igl for gacrapeadnd Wyt to s igdgmendanthy selested from idepoSiotalltyl Ca-Gret al

| ayjler on a subsikeml ewxtiiyh may optionally be substituted by hydroxyl, alkoxy or alkoxycarbonyl,

or aryl, and wherein two R? may together form a ring system, and
s is anintegerfrom 1 to 250,

15 and wherein either at least one of D®, D7 or R? comprises a Cs-Czo aromatic moiety or the
polyaminoamide is functionalized and/or quaternized with a Cs-C2 aromatic moiety.

14. The polyaminoamide according to claim 13 being represented by formula IV

N /\/[Jk )KA /\4* J\/\ (V)

wherein D8, D7, R3, and s have the prescribed meanings and
25
E3, E* are independently selected from
(a8) NH-C-Czo-alkyl or NH-C+-Cxo-alkenyl or NH-aryl,
(b) N-(C1-Coo-alkyl)2 or N-(C1-Cxo-alkenyl), or N-(aryl), or N-(C+-Cxo-alkyl)(C1-Coo-
alkenyl) or N-(C+-Cxo-alkyl)(aryl) or N-(C+-Cxo-alkenyl)(aryl),
30 (¢) NR2-D7-NR2H, or
(d) NR2-D7-NR2-CH2-CH,-CO-NH-(C+-Cxo-alkyl) or NR2-D7-NR2-CH2-CH2>-CO-NH-(C;-
Cao-alkenyl) or NR?-D7-NR?-CH2-CH,-CO-NH-aryl,

and wherein at least one of D8 or R? comprises a Csto C2o aromatic moiety.
35
15. The composition according to anyone of the preceding claims, wherein the metal ions
comprise copper ion.

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

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



a) contacting a netal plating bath conprising a conposition according to
any of clains 1 to 17 with the substrate, and b) applying a
current dEO2Wiy6sMIt he substrate for a tine sufficient POTABEO%DI2727 net al

| ayer 10onto the substrate. 20. The prggess according to claim19, wherein
the substrate corrq)ri ses mcroneter sized features and the deposition is

per f or med YEPFTSSMOA9E i cr onet er si zed features. 1521. The process
according to claim 20, wherein the mcroneter sized features have a size of

from 1180 B8&oia polgarminesmiledisalefingd mspgohe bBdlaitsaf tod 7ah arvatefor depositing
metal containing layers.

19. 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
17 with the substrate, and
b) applying a current density to the substrate for a time sufficient to deposit a metal layer
10 onto the substrate.

20. The process according to claim 19, wherein the substrate comprises micrometer sized
features and the deposition is performed to fill the micrometer sized features.

15 21. The process according to claim 20, wherein the micrometer sized features have a size of
from 1 to 500 micrometer and/or an aspect ratio of 4 or more.



