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US 6776893 B1 discloses suppressing agents selected from block copolymers of

30 polyoxyethylene and polyoxypropylene, a polyoxyethylene or polyoxypropylene
derivative of a polyhydric alcohol and a mixed polyoxyethylene and polyoxypropylene
derivative of a polyhydric alcohol. Examples of polyhydric alcohols are sorbitol, glycerol
and mannitol, preferably glycerol. One class of such suppressing agents contain mixed
alkoxy groups such as block copolymers of polyethylene oxide and polypropylene

35 oxide.

With further decreasing aperture size of the features like vias or trenches to dimensions
of below 100 nanometers and even below 50 nanometers, respectively, the filling of the
interconnects with copper becomes especially challenging, also since the copper seed
40  deposition prior to the copper electrodeposition might exhibit inhomogeneity and non-
conformality and thus further decreases the aperture sizes particularly at the top of the
apertures. Especially apertures with a seed overhang at the top opening or convex-



Fig. 3 shows a seeded substrate exhibiting inpact of the seed on the
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second al k ng a longer alkyl chain than the first al kyl ene
oxide. In %6 ﬁ@ﬁn\/\/%y)gogse#%%\éhydri c alcohol is formed conprising (at |east

partly) triblock pol yoxyal kyl ene copol yner side chains. 5The advant age of
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of metal ions and at least one polyoxyalkylated polyhydric alcohol having at least 5
hydroxyl groups. The at least one suppressing agent is obtainable by reacting a
polyhydric alcohol comprising at least 5 hydroxly functional groups with at least a first
alkylene oxide and a second alkylene oxide from a mixture of the first alkylene oxide

35 and the second alkylene oxide. In this way a polyhydric alcohol is formed comprising
random polyoxyalkylene copolymer side chains.

Furthermore, the present invention provides a composition comprising at least one
source of metal ions and at least one additive obtainable by reacting a polyhydric

40 alcohol comprising at least 5 hydroxyl functional groups with a third alkylene oxide, a
second alkylene oxide, and a first alkylene oxide in aforesaid sequence, the third
alkylene oxide having a longer alkyl chain than the second alkylene oxide and the



capability that result in a extraordinarily pronounced bottomup fill
copper growh while perfectly suppressing the sidewall copper growth, both
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X(OH)m (1)

25 wherein
m is an integer from 5 to 10, preferably 5 to 6,
X is an m-valent linear or branched aliphatic or cycloaliphatic radical having from 5
to 10 carbon atoms which may be substituted or unsubstituted.

30 ltis preferred that the polyalcohol is a linear monosaccharide alcohol represented by
formula (Il)

HOCH-(CHOH)n-CH,OH (1)
35 wherein nis an integer from 3 to 8. Examples of corresponding monosaccharide
alcohols (II) comprise sorbitol, mannitol, xylitol, ribitol as well as their stereo isomers,

and the like. A particularly preferred monosaccharide alcohol (ll) is sorbitol.

It is further preferred that the polyalcohol is a cyclic monosaccharide alcohol
40 represented by formula (l11)

(CHOH), (1)



Particularly preferred nonosacchari des are nonosacchari de ketoses (V) 15
CH2OH (CHOH) g- 00- (CHOH) 1- CH2OH(V) wherein g and r are integers and g + r isS
3 or 4. bBxempliga206 correspondi ng nonosacchari de ket osepc¥p2@0@6d3rsict 0Sse,
psi cose, sorbose, tagatose, 20mannohept y ose, sedoheptul ose, tal oheptul ose,
al | oheptul ose and .the like. A particular]y preferred nonosaccharide ketose
(V) is frudfheen Sh%ard@‘?%{rp(?b‘gtot%%éémp'eﬁHPB‘PféeSQHB BY AORPSAGNENS e

pol yal coholagcoaple (B¢ cenpest ihositol @yslabetzaehelei). Particul arly preferred

di saccharides are sucrose and nmaltose, and derivatives thereof. 25 The

additives according to the present invention, further. also referred to as
BRI el b L g i

pol yal ceho . e
received by reacting the OH groups present in the polyal cohol wth al kyl ene
oxides to formterm na 'C}Wﬁt) r oups conprising the respectiv

oxyal kyl ene units. Pol g:aH{aﬂ)xy lgg’ecﬁzg%[ yal cohol s are per se known i nﬁ\t/)ne
art. Generally, suitable al kylene oxides may be 02- to Cl2-al kyl ene oxi des
or styrene vdwerele p isvat nbeger be4 hyS.|Exantpées dffterresppndBganpiosscaiarideridesgondi ng
o o, 3, B e s oReNe o ol de) .
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3- et hyl - 1, (R0 ugleenseoxi de, 2, 3- hexene oxi de, 3, 4-hexene oxide, 2-

met hyl - 1, 2- pent ene oxi de, 2-ethyl-1, 2-butene oxide, 3-nethyl-1, 2-pentene

2011/ b1 247 PR LR ST RE APk St RS FoBbed na o R TVl e oxi o and

ot her épkyl ene oxide(s) is from1l0 to 90 % by weight, nore preferably from
20 to 50 % by wei ght CH1O8t(ObCGH )eCAB(GHOHMIGHE®DH 0 40 % by wei ght . (V)
S5Preferably the first al kylene oxide is ethylene oxide and the second

al kyl ene oxide.is selected from propyl ene i de and butyl ene oxide, or
onbi nat | oAer AR 5t Eledsr oMb 8 £ REA eIt iots | <

propyl ene @angsacappadeketpses (Vhareltitesey esiceseasorRpsiadadesst ymer of et hyl ene
oxi de aod phaPYhestelosisddoheptulose, taloheptulose, alloheptulose and the like. A

particularly preferred monosaccharide ketose (V) is fructose and derivatives thereof.

In one embodiment suitable polyalcohols are selected from disaccharides. Particularly
preferred disaccharides are sucrose and maltose, and derivatives thereof.

25
The additives according to the present invention, further also referred to as
polyalkoxylated polyalcohols, are particular reaction products of polyalcohols and
alkylene oxides. Polyalkoxylated polyalcohols can be received by reacting the OH
groups present in the polyalcohol with alkylene oxides to form terminal polyether

30 groups comprising the respective oxyalkylene units. Polyalkoxylated polyalcohols are
per se known in the art.

Generally, suitable alkylene oxides may be C»- to Ci2-alkylene oxides or styrene oxide,
without being limited thereto. Examples of corresponding alkylene oxides comprise

35 ethylene oxide and propylene oxide, 1-butene oxide, 2,3-butene oxide, 2-methyl-1,2-
propene oxide (isobutene oxide), 1-pentene oxide, 2,3-pentene oxide, 2-methyl-1,2-
butene oxide, 3-methyl-1,2-butene oxide, 2,3-hexene oxide, 3,4-hexene oxide, 2-
methyl-1,2-pentene oxide, 2-ethyl-1,2-butene oxide, 3-methyl-1,2-pentene oxide,
decene oxide, 4-methyl-1,2-pentene oxide or styrene oxide.

40
Preference is given to using alkylene oxide(s) selected from ethylene oxide, propylene
oxide and butylene oxide, or combinations thereof. Preferably the content of ethylene



Preferably, higher alkylene oxides are generally used, at nost, in snmall
anmounts for fine adjustnent of the properties. In general, the anount of
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pol yal koxyl %fg'%’éf@%?g‘?ﬂq‘lao%@'é”% JX[O%% ?%%V%RG%Q%O g/ nmol, nore preferred
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exanpl e, sodi um net hoxi de or pot assiumtert- butyl ate. The pol yal koxyl ati on

can be und noer known in princ res e
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pr ef er abl y Weigithn rgefefablxzm@n@efg%éy wightdo d} & Prwgightabl y from 100 to 150
degree2@. Wien the nelting point of the polyal cohol exceeds the reaction
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pol yet her D&Y laqergxifienttrrsirred Wﬁmhtj@twﬁ@xxﬁmyyea]emmp@awsm 9%\'F%‘8ﬁ'&ﬁ s may
opti onal | y fibel drosuet isotta® wedd: 10 neoré praféresd is Q@0 to B0 Hemosrefrddd tarenal
functi onal ipzatsiigRogan serve to nodify the properties of the polyal koxyl at ed
pol yal %ghol s. The terminal hydroxyl groups of the al koxylated 10

pol yal €bhol s can be reacted with suitable reagents for functionalization,
whi ch f or mErgfetabhs ther melgeulgeweiphl M¢ of palyatkaxylatadmophpdcopolatieirem 20040 any
desired gr GOPO@BENGE, mérediteferrbe gom f000M> 20000 §R1I, nAsre Pratemgd fromt20e0 to

functi onal i2h5qaanthy L APeENALALER] CANSHR BUARAIARYZAG.RLE <] T onal Y

hydr ophi i ze erm na g%r OQ;% groups can be es erir
exanpl e, wimlecyiarmeight ohem 49P0 iR BYQPe/Mphs thereof, so as to form products
with t&m nal sulfate groups (sulfatation). Anal ogousl y, products having
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et her - t er niffea 2lpub 6 mmgogawpge okxide welt&g@m}omalqowrﬁm@r- ( aI koxy) s- Z,
where Z is an al kyl, al kenyl, alkynyl, alkaryl, or aryl group and s is an
'bgaggelr%f r gﬂ'ejsyﬁtﬂegggf p('):) {«‘B&ka%%hé(s |s%<nb\§/n @@fhlz%é Sklﬁé(ﬂ%lthe Qr‘? r@&r%preﬁ&r?sﬁ\ye or
details are given, for example, in “Polyoxyalkylenes” in Ullmann’s Encyclopedia of
Industrial Chemistry, 6t Edition, Electronic Release.

Preference is given to undertaking the polyoxyalkylation in the presence of a customary
40  basic catalyst, for example alkali metal hydroxides, preferably potassium hydroxide, or

alkali metal alkoxides, for example, sodium methoxide or potassium tert-butylate. The

polyalkoxylation can be undertaken, in a manner known in principle, in a pressure



A further enbodi nent of the present invention is the use of a netal plating
bath conprising a conposition as descri bed above for depositing the netal
on subst rmbes1imarsi si ng features having an aperture si perafP280/06@noNMEL €IS
or less. 30A further enbodi ment of the gyesent invention is a process for
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nanonet ers and/ or an 40aspect ratio of 4 or nore. More preferably the
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30 A further embodiment of the present invention is a process for depositing a metal layer

on a substrate by
a) contacting a metal plating bath comprising a composition according to the present
invention with the substrate, and
b) applying a current density to the substrate for a time sufficient to deposit a metal
35 layer onto the substrate.

Preferably the substrate comprises submicrometer sized features and the deposition is
performed to fill the submicrometer sized features. Most preferably the submicrometer-
sized features have an (effective) aperture size from 1 to 30 nanometers and/or an

40  aspect ratio of 4 or more. More preferably the features have an aperture size of 25
nanometers or below, most preferably of 20 nanometers or below.
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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,
30 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.

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 sources

35 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 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

40 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.



25 present in an anount in the range of fromabout 1 to about 300 g/1,
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propanesulfonic acid and trifluoromethane sulfonic acid, arylsulfonic acids such as

phenyl sulfonic acid and toluenesulfonic acid, sulfamic acid, hydrochloric acid,

phosphoric acid, tetraalkylammonium hydroxide, preferably tetramethylammonium

hydroxide, sodium hydroxide, potassium hydroxide and the like. Acids are typically

25 present in an amount in the range of from about 1 to about 300 g/l, alkaline electrolytes
are typically present in an amount of about 0.1 to about 20 g/l or to yield a pH of 8 to 13
respectively, and more typically to yield a pH of 9 to 12.

Such electrolytes may optionally contain a source of halide ions, such as chloride ions

30 asin copper chloride or hydrochloric acid. A wide range of halide ion concentrations
may be used in the present invention such as from about 0 to about 500 ppm.
Typically, the halide ion concentration is in the range of from about 10 to about 100
ppm based on the plating bath. It is preferred that the electrolyte is sulfuric acid or
methanesulfonic acid, and preferably a mixture of sulfuric acid or methanesulfonic acid

35 and a source of chloride ions. The acids and sources of halide ions useful in the
present invention are generally commercially available and may be used without further
purification.

Preferably the composition further comprises at least one accelerating agent and/or at
40 least one leveling agent.

Any accelerators may be advantageously used in the plating baths according to the
present invention. Accelerators useful in the present invention include, but are not
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pol yol starters such as glycol, glycerin, trimnmethylol propane,

pent aer yt hm48-R2'sgH bi t ol , car bohydrat es such as saccharose, and the |ike,
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with R?' and R?" are as defined above and Ar is Aryl.

Particularly preferred accelerating agents are:
25 - 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 salt); DPS (N,N-

30 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-(@-sulphopropyl)-trisulfide,
disodium salt.

35
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.

40
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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, trialkanolamines and their derivatives or compounds

35 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. It is preferred that the aryl group is phenyl or

40 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.
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functional i zed 350r al koxyl ated and functionalized to get al koxyl ated
pol yal kanolByribwksiitytod alkyl) isfrogrst ihahane 2eaofsoriiae Rudiegens ancbe aiyhgrogp is
functi onal irgggceal wigxan otttier Gupstltiait gro@l NS b limAbdk X gy drioe lydroxyl,

pol yal kanol,; %E&‘ glg Ct%f)g @& @ﬁ%f?}%lk R |‘8P'n i Qﬁ&‘%ﬁuké‘t%;;‘%uB@té(th‘éﬁﬁ% am ne

40 (XI1) wit o>(| rené Ooxi
gl yci dyP etRansthgt ppe P%@Oﬁrwr%@”? Rat Eiﬁré( %ﬂﬁ’e@rﬁd%p 8‘?@#‘%‘3‘ ‘?ﬂe %ﬂrﬂ%‘?yl ation is

from 0.1 tcuB§tluerdgrdlids gsush@sand not livhisrdetopeyeme ity droxyé batud €8 1+-Céyalkoay gr oup
(stage B). (cYeszQibh/ 122665%?% E(Baoé@/a%mgﬁméﬁ nlftlénﬁﬁd fHaaikk 21" mcludes
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reaction winenhthyldngxpe lig-oups and/ or anmino groups (stage C).
5Funct iognal i zed al koxyl at ed pol yal kanol am nes (XV) can be obtai ned by

f t I

fﬂﬂgt: 82; :P;o oka aﬁblléprmgs %Iﬁ&ﬁéi%lpﬁ?ﬂoﬁmﬁ& (f%ﬂdtlb%alphﬁﬁ &ngl'khﬁtﬁ&ﬁmes
groups and/PoF léﬂﬁ“ﬂ'&?'@%ﬁ%@"%%t?%@ yﬁij‘ano'am'”es FHRePRHGUARAMBIEH R r'?é@”'(‘@(l a)

and/ or di alagantslimooppes eleXirdplatipashthan Ssitla§elyéliRandlavimes hee dékgebed ml  f or nul ae

N(RL1- OH) 3 H¥sohnaRebnRhgo e inlng Hgd 703818, - whibiLisFcbrcisied ®efeihg | N each

case i gep nfdently a dival ent linear or branched aliphatic hydrocarbon
radi caf>haviig ¥fom 2 to 6 carbon atons, preferably 2 or 3 carbon atons.

Exanpl es oﬁ’%@&@nplamlmﬁl@né@mm@@ o praensing atliegst ongrtogkanslamige af e,
propane- 1, FendhatioythulaN(RELOMIAXRPAREIOLatdeshitbhe dialkanolamine of the general
2, 2-di met h¥$rﬂ{u?£§ﬂ§N(hﬂ?-’o%)(k1b) %jbﬁgEé'p;dly%k%in}gllamir%l{)@ﬁ'?s'tage A), where the R"
radicals are each independently selected from a divalent, linear and branched aliphatic
30 hydrocarbon radical having from 2 to 6 carbon atoms, and the R'?radicals are each
selected from hydrogen and aliphatic, cycloaliphatic and aromatic hydrocarbon
radicals, all of which may be linear or branched, having from 1 to 30 carbon atoms.

The alkanolamine can be used as such or may optionally be alkoxylated, functionalized

35 oralkoxylated and functionalized to get alkoxylated polyalkanolamines (XIII),
functionalized polyalkanolamines (XIV) or functionalized alkoxylated polyalkanolamines
(XV).

Alkoxylated polyalkanolamines (XIIl) can be obtained by alkoxylating polyalkanolamine

40  (XIl) with C2- to C12-alkylene oxides, styrene oxide, glycidol, or glycidyl ethers with the
proviso that the average degree of alkoxylation is from 0.1 to 200 per OH group and —
where present - secondary amino group (stage B).



1, 3-diyl (= 1-nethyl propane-1, 3-di yl), butane-1,2-diyl, butane-2, 3-diyl,

2- et hyl but anel, 3-di yl, 3-nethyl butane-1, 3-diyl (=

1, 1-di net\luy)lzpnqmms- 1,3-diyl), pentane-1,4-diyl, pentanectEpaeiopnbos7s

pent ane- 2, din 2- met hyl pent ane- 2, 5- dhyl (= 1, 1-dinet hyI but ane 1, 3- diyl)

and hexane- 1, - di The radjcal s er ab et hane-1 2-diyl,

propane- 1, fUBF E{%ﬁ?r PFFRREMINes. (gl@l"%n%? %ﬁuegt’oqagz rP‘@/drogen and/ or
| i near or tp)lobnatkhedamineqwﬂl with smgablajfahctpnlmahzad:oramﬂgentsammdaane(;:abyhzieof:ar bon
radi cal s hayidwen Wit Mydrokf g?&Jp%aJrﬂ%? aPiTEroups B&Jeed).y from 1 to 20 carbon

atons and nore preferably Trom1l to 10 carbon atons. Aromatic radicals
25may of course also have aliphatic substituents. R12 is preferably

hydr ogef orfuartiqnabizedeal ki lataspdiaikanalginirgssiYasambe pbigimed bydunctiopalizng at ons.
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N, N- bi s( 2- Ryertioedygorotamyings (N ajeriaydr aifelcemol aN)idesHSif) Zisky dv tagd (A)yaye the

N- met hypham '"éiéu‘era|\l‘o'rr%!‘aG?IBé(i>\lii’5é“d:blﬁff3*Q)i‘l'aﬁ’lan?i‘(HrR'mel\l(R"*"r BHyHixyh)di et hanol ami ne, N-sec-
35but yl di et hanol am ne, N-cyclohexyl di et hanol am ne, N- benzyl di et hanol am ne,

N- 4-t ol yl di_et hanol am ne or N, N-bi s(2-hydroxyethyl)aniline. Particular
pr ef er ence Tihg RYf tasicalsoardiire eariresisandependently @ diviliritiiogartas branehed aliphatic

tri al kanol atesrboXiradicandling frdmad a3 \edrboh aems( KlefBrably 210k 3aptdopAbMY.

aroups Lor TRATEES 4l ded?%@%%‘?%th%ﬁ%‘f%?gybE%&%“éé"%?‘ ?@éb@%@dflgr The |
pol ycoﬂéen@éfﬂ |26W63‘f/ %Qﬂ?ﬁ@ne%?@/ @d-dinevprepanex] - Bivhiytassec 16 bytangr c) can
be carri ed 1gtiyby meethytbsodamevin3-diyl) ploutares- ﬂ)IZajlylpbuth@ 3akyl] 2- emhthyﬂbutdrme art
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e el ook s S B Rne B mﬁ%ﬁ%‘?ﬂtméw ke ot roi Bl B ta& en s
(Xla), (X gyl oand(quer)e 1%ylc6hﬁj@d§ats| 3@ preferglyfeghaned! . 2-¢pi. @mnaﬁeaﬂt?’ diyl

t enper aour s pafpahéam-dig0 to 280 degree C, preferably from 150 to 260 degree

C and nore preferably from 180 to 240 degree C. The water formed is

preferably distilled off. The reaction time is typically from1 to 16 h,
10pr ef er abl et mRasa is @dwgeﬁﬁéd@éb’?e@é op prapeRf ORRiG FY ealiPBRlicHIVol | ed i n
a sinpl e manoeatic Hydoeghbanhredicalataiiog froenpter 3 careoraatdmis preferdisig from 1 to

p?L%’g?nden%tdg%ﬁ'ﬁ%ﬁé %ﬁ@hﬁﬁé e‘?&ébl @drPHto {0cdrbén %ﬁﬁeﬂ%ﬁﬁg rgcmceﬂ@' d,

P y P u us [

b of or P80’ SR MICOrE e TG AE 08 %Bgfﬁgﬁrﬁ%/ Rebarrsphdhasnyr i, 1 1 o
1% by wei ghwdrosa®ed rasicalheademisondriod qaobdeatedhdensed. | n addition to the
acid, it is also possible to use additional catalysts, for exanple, zinc

hal i des or gL 5 r? ikbhol | a4 LYL&ind th acetic acid,
as discl osedIa Fg‘oeg% o &tﬁ? 0%@83%@&&%’5}1%”%?%%. ”\g of the resulting
pol yal kanoltaesieaanclamine pad rpgiassd-Paniine. PREICHRRBIE I PERA 6067 (D 50 000
nPa. s, 3pr eftiathdriojarhinem 2000 to 20 000 nPa.s and nore preferably from 3000
to 13000 nPa.s (each neasured on the undiluted product at 20 degree C).
Examples of preferred dialkanolamines (XIb) comprise diethanolamine, N-methyl-
diethanolamine, N,N-bis(2-hydroxypropyl)-N-methylamine, N,N-bis(2-hydroxybutyl)-
N-methylamine, N-isopropyldiethanolamine, N-n-butyldiethanolamine, N-sec-
35 butyldiethanolamine, N-cyclohexyldiethanolamine, N-benzyldiethanolamine,
N-4-tolyldiethanolamine or N,N-bis(2-hydroxyethyl)aniline. Particular preference is
given to diethanolamine.

In addition to the trialkanolamines (Xla) and/or dialkanolamines (XIb) it is optionally
40 possible to use further components (Xlc) having two hydroxyl and/or amino groups for
the polycondensation.



The nean nolar mass M, (nunber average) of the resulting polyal kanol am nes
(XI1) is 25typically in the range from 250 to 50 000 g/ nole, preferably
from 500 wo 240/032059/ nol e, nore preferably from 1000 t op2@®/ER0M09L50304 € and

nost preferably from 1000 to 7500 g/ nol g3 The nean nol ar mass Mv (wei ght
average) of_the re | ting I kanol am nes (Xl s 30typically in the
range from QQ@O{VGO nGa f on%rpté]()élgbgn /Orf(%&ha@é@p{'%n%ég Og'@bc%'i bl e, nore

pr ef er abl y carriechol0BY methd2d kﬁOﬂnmmmcmle Phbogeeskillediim thepot whilektzaading thene (XI 1)
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particul ar an can
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groups &nd nixyresed diifgsany campaenis ol dPkaepic)r eact with al kyl ene oxi des to
formterm nal polyether groups. 40Pol yal kanol am nes (XII) can optionally be

functional iggad. h feRafith &:})%HOFF}?@&”%B%% fﬁtq&n%&)atur@oﬁ%% ?2(?%%80 degree C,

functionalization can ertires
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groups pr edbéatwateho2elis PitdradbRAStESR? OfL.OTHeB©3aten 1ind i tydiellp rboyal toattoth,am nes
(XI'1) ape GRRERb é\ﬁﬂ)ﬁb! t@@@anﬁ?hé’ﬁe@{éébﬁ@ér@eﬁ%%h%a\ﬁ’@e%nﬁ‘él%dql@@%hﬁﬁeOf

reaction vmth h 0X r oups ar, am roups. This forns
functi onal i"84° Q}gﬁf‘%ﬁ%{ﬁa&ﬁ?%%@&eﬁt%e @?Wg ‘al koxyl at ed pol yal kanol am nes

(XII'1) can optionally be functionalized in a further reaction step (D). An
addi ti onal Thapelyconddnsawin ie prefembyeavidtdut Mtk fpyedeRee pr apsdid,ipesreadbiyt he

al koxy! at ?2’88 %%J;Sagg@d @rrisae)sa,{dﬁ]lhk,g?&r%% {n&bﬁs 888'|(H§F1"t§yﬁ’r§{e%¥'arr%2@fél ') are

and/ or am rou am ne

conver tled BF t_b"lo Loy Hsight, éﬁ%fﬁfaé’%mrﬁﬁ Tapd &Q}S&’BI%‘ HesedaeiNeon wit h
hydr oxyl grcoompsnemisliabe esrideosdd ¢ adgion dhihes adidrinis alsopmissibleabiused

?ngﬁ'ﬂat g%dﬂiﬂbb@r'cbt%ﬂ%isafﬂé%??mb%\/imc hﬁho%%%%'mmdrﬁgul?aﬂé at %@{F@;M%Eeoﬁg% o
based on ¢ RpE uih o edcet AL oraSbBalay YRE Reged g agents T
according to the present invention are typically used in a total anount of
f rom alout TBelistbginrortiee Boltihg pOOAKMAMIASE KKIDTs fypRallydihathe Mg onmofodohe
plating baﬁé‘?éﬂﬂo Wa S td’é}lal%"[’)lyl Horh F@(Fq th éOOOOjf)OrQPQ%%H%érggwgragréﬁWotrﬁ?%&f

| esser anoun | at'i ng
present i n%ﬁ?@%mﬁﬁf (B#N ’H@%S%%O'E)F edﬂ}déUtSBtpr%‘&i atz@da9regss): "Such opti onal

additives include, but are not limted to, accelerators, suppressors,
surfactant h@ﬂﬁeatrﬂﬁolbf K@ss ﬂ“{rﬁhﬁbﬁ?%@%@f@ﬂﬁé‘%sﬁﬁlﬁa 6fy§ﬁ<9|ﬁ<§ar%fn%s %mé al ly

gg;g?‘ggg'opgt h%(y?ﬁthe range f]rom Bgo ?’o EO%O(S g(;)/moorllee psrekferabe rom 566]?0 fd 606Ah/mole
more preferably from 1000 to 20 000 g/mole and most preferably from 1000 to

7500 g/mole.

The mean molar mass M. (weight average) of the resulting polyalkanolamines (XII) is
30 typically in the range from 250 to 50 000 g/mole, preferably from 500 to 30 000 g/mole,
more preferably from 1000 to 20 000 g/mole.

The resulting polyalkanolamine (XII) preferably has a polydispersity (Mw/M,) in the
range of 1 to 10, and in particular in the range of 1 to 5.

35
The polyalkanolamines (XII) can optionally be alkoxylated in a second stage (B). In this
step, the OH groups and any secondary amino groups present react with alkylene
oxides to form terminal polyether groups.

40 Polyalkanolamines (XII) can optionally be functionalized in a further reaction step (C).
An additional functionalization can serve to modify the properties of the
polyalkanolamines (XII). To this end, the hydroxyl groups and/or amino groups present



accelerators to use and in what anmounts. A large variety of additives may
typically be used in the bath to provide desired surface finishes for the

Cu pl at edwoebaloizddsual |y nore than one additive is usedpoirtdr2@aobs7s
25additive formng a desired function. Aglvantageously, the el ect ropl ating
bat hs may contain fne or nore of accelerators, levelers, sour of halide

i ons, grai i iemofyafkangamingsyKll} e cORgriasiby Medts ¢ suiabie pasnts W, ich are
el ect r opl atcapapldat feaciom witmisydootyhgroaps acd'et anmb@rowpsdTlis faosl er i n addi tion

to the suppur%%,%,zgg9@|5,g|k51,g)|5rq,nb§@qp§ esent invention. O her additives may
al so be suitably used in the present electroplating baths. 30 The present

invention is useful for depositing a netal |ayer, gé@tl cularly a copper

| ayer, 6n dheakoxylgtegipodighkanplamines (5Hb @ﬁ@gptmavy bé tienalizeyinaubrier on and
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pl at ed accouihbigagents bichraes eantablenafeaadtion witBuydraxgindrogrscarcl @rantewi ces

i ncludgg b‘gbtrOLﬁ‘fseTNQ?orHs%r‘ic@ignéIQed WEWI&eH%@@a!anéIE‘ﬁm@@W cture of
integrated circuits. he general process of copper electrodep03|t|0n on

sem conductor int egmat ed circuit 40substrates is described with respect to
figs. 1 andngengralhthettotabampunttof eyelingeadentsdntheelestraptating bathigfrom 0.5 ppm
2011/ 012475&¢U®(ﬂiﬂﬁﬂeé£&ﬂ&mel&aﬁugghtlditr%w@mwgabaih efreaévdiiag agbstrate 1

seeded Wit l% (rd‘]tfplgﬁﬂ]he ;% ﬁfrentynggF ﬁfé‘@a{ugﬂg&bm {o'tag aﬂognfiof(fr%ﬁpgtgo& @yler

is dep05|te rc su ectrodeposi
trenchds 2&PeY 0@'?8“’3199&99&1 baspdpndhe fiotplavpighi @t Kie RIREEW rhaéhi" nhMefe WeispRr 2D,
al so ref er ffiech t ® H30) Powv.aitbougregreater sr igeserramicetitsomay bpuséd.t he whol e

str ugt u(rjed T@%‘é‘i@c‘trﬁﬁfaﬁn BAthé Bgcotr(ﬁlﬁg EHm@%&enﬁﬂcnb&ﬁtloﬂPﬁéﬁﬂabdéaﬁ‘@éﬁ B the
over burden o

t
Ly e aliot By slich bEOPASstHoeg Ml e PRYIR R Er el fibe *Dc of
t he subst r gUePressdrs.rsucfapipets ang the et Su@fw@mr@mrﬁ ang acselgeipis\ase genaipiber
| ayer pbat khewh irceakt. HfilEld SeacBRAeisRiley inftheartafhidOMPpassatndans. Thi s

can be realj.zad by 'td‘uééé’ﬂo‘ ﬁgvhtaﬂgmﬁgrp[?er grow h at the bottom of the trench

wi th the copper grow ng h of the trench while suppressing
copper growth at the S|dewalls of the trench. This manner of trench
filling, theage-\aakblyed agddifesshay typirgllyobe bedd iorhaipathitd pionigle désipedcswethcen fi g.

2a, is SouglhfshéQfo@@r@ @L\! Sla@(j Al rﬂ&uﬁlﬁlf halehasdhd hy@s i ubaewith @&émg bat h:
t he ac bet ween

hose. ono_ aadirs PROacpeIRE W8 AdparbrR bl A dnBbELR A (T ench
filling fr@@n‘@fn engyordedre of gccaByatosmayglers. Ispuisgs ashalidevans; arafn gfingrs agdn be
achi eved wintiktutdsaheest Msapreferpile trer addtio pRitia g Brihadontighsastth, aghsaucbieridoron t he
copper  bot %ﬂmaqgvélé}qn taa(%ﬁ&rhtoatﬂg sﬁwgs&)ﬁ)g%dr@igg ttcbf?]e present invention. Other
additives may also be suitably used in the present electroplating baths.
30
The present invention is useful for depositing a metal layer, particularly a copper layer,
on a variety of substrates, particularly those having submicron and variously sized
apertures. For example, the present invention is particularly suitable for depositing
copper on integrated circuit substrates, such as semiconductor devices, with small
35 diameter vias, trenches or other apertures. In one embodiment, semiconductor devices
are plated according to the present invention. Such semiconductor devices include, but
are not limited to, wafers used in the manufacture of integrated circuits.

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



20copper growh 2-, and wth the suppressor adsorbing on the sidewalls of
the trench suppressing the copper growth 2". Depending on the chem cal

struct ur ewohotina2gsppressor and thus on its suppressingpelpgpeéipioedshe trench
filling can proceed with variably shapeqi5copper growh fronts 2-, depicted

infigs. 2a.tqg 2 rfectl ng suppressor with co Iet S|dewall
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is filled. Wth a perfect|y confornal Of%r seeded trench the U shaped
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bott om up ftiehth Glopypiee g awtdefedts.| e perfectly suppressing the sidewal |

copper growh, both leading to a flat growh front and thus providing
defect WO 11/ 012475PCT/ EP2010/ 060375 1 fill. The strong
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copper see@éwrﬂ@lahrww 2Als@rang e hecrrserdsdient efdheirerch andgbus berstinatheal | y
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there is an increasing seed overhang issue and/or convex-shaped features with further
shrinking feature sizes, as depicted in fig. 3, there is a serious risk of pinch-off void
35 formation in the upper half of the trench close to the opening if the suppressor does not
completely avoid sidewall copper growth 2”. The present invention provides a new
class of highly effective, strong suppressing agents that cope with the seed overhang
issue and provide defect free trench filling despite a non-conformal copper seed.

40 The advantage of the invention is that suppressing agents are provided that result in a
extraordinarily pronounced bottom-up fill copper growth while perfectly suppressing the
sidewall copper growth, both leading to a flat growth front and thus providing defect
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to plate an integrated circuit substrate, such as a wafer, the wafer may be rotated such

as from 1 to 150 RPM and the plating solution contacts the rotating wafer, such as by

pumping or spraying. In the alternative, the wafer need not be rotated where the flow of

the plating bath is sufficient to provide the desired metal deposit.

40
Metal, particularly copper, is deposited in apertures according to the present invention
without substantially forming voids within the metal deposit. By the term "without



These bath additives are useful in conbination with nenbrane technol ogy
bei ng devel oped by various tool manufacturers. In this system the anode
may be i swbavagibs7em t he organi ¢ bath additives by a neworaree10bhbs7pur pose
of the separation of the anode and the efganic bath additives is to

m nim ze the oxidation of the organic bath 30additives. The cathode
substrate &HBSYE léfoémé‘ge\f%q,s? rif g dngant H@ﬁhéét‘é&“%@a%ﬁﬁpﬁﬁuréﬁ&fe Y%‘i‘%@‘éti vel y,
to a recti fliieprefgoakthas@fPplofihe pldted ep¢rhoeeasulost-fred, endstly poifersext isdhnatmlll se
current hagfedgberif@RbeVBiLiad. ge so that Cu ions in the solution are
reduced at the 35cathode substrate form ng plated Cu netal on the cathode
surface. An oxidation reaction takes place at the anode. The cathode and
anode mly WM¥éhiledhe pensesas phthe pregeptineeiitioy has bpersaendarallytdescrikagwvitviefesence

parti cul ar lty s€igpeductdrsSndleiaiire silwillrbeodpprddidtes thac thergestnt ivehtid rhagsent
invention 4Qwt. i ] i kLA Sit.
By the ¢ or trr) P SREBBRTbioBsodwhatt Rk M) Ehalteallrls Hafo R BRalERGS, .
the pl at ed TE&X Voif@ arestesirgd erchRsecespes inglUfe prinfed ¥drinahaard Renpiasiuey
apertures doeexanpleftheereseWpl 20102z BETSERLL Me(BUBgmf YBsWadsert he

procesgoof tthes o Q%ﬂﬁfedivﬂNrﬁj‘Béa%‘, d¥3felPReRr g&h bPaltihg{ oﬂ%%ré.@lﬂe%dit}able
reference to s ted,that the

em conduct or, manuf gcture, it W e reci
o ecent 1 nPCHERRr REGYS RSedRa e iebmd ankiagtire BB ERAD. SHiAHE
subst ant i alsHpstiaseslinglpde leadfisatesd@ipsednnerts. preded wiing Reawisdamihg likeui t abl e
substrates include | ead franes, interconnects, printed 5w ring boards, and
the Iike. /M%]tineeerqﬁ@ﬂ#entfb‘?ma% %gﬂf&%ﬁé’nﬁit& SUBsHaSs hel i Qn%m%nhﬁla‘{}ﬁgﬂght W th
respect to the“tot wel g of he respective conpositlon except where
ot her wi'lSe EAHIPERNEECMRAISES @ntelasirgpaling ANk Wikeh Wf@g(?‘bélreﬁttr@ﬁeﬁé‘?éﬂh‘ﬂﬁﬁ
ref er ence. mddeTdia fudbblewateris sactpheslastitadrlottfan mdtenal inertus theadlecttdidicpr esent

i nvention wWidiRgubiuti&s tiheGhhk¥gal Bfoﬂ@@ﬂ@al%g Biafy foP WAy ipRiing. A cdtRgddngdr oxyl
0]

nunber was determ ned accordin 53240, b eat | t he s le in
Tabyrt di me Marean Al aEspo3EE R a ptihaR O AR B b BBe GHbo e B ¢
titration iglisopataderdiayingiPpaniogs sech aneengbeeand wps.welegrafersubsirateds i on d was
det er n‘in)ggd typicatly zZ6ated @litSi syleqc;akye@ GRCOOF aipby mefPE) a wictd) cohtaina® I8yarent iand
usi ng - P ol yners
cont ai ni ngﬁg%t(g)ﬁlagﬁgg}?g?o@?‘ a?f%%zﬁggeer @e@gﬁ% ﬁégicgee_'ﬁ,}%ﬁ\% 6’5’?95 Sg@@ ation
of the r es6@{5?’\%Y%JS?'VQP@&?@PS'E%RVWQOWPQE‘%:IA@. anpde iz 8lsp pEsTereBSirgklar
25suppr essdorswvdferdplalirg agidvie hotizonTalpldespabsed at the lower part of tank forming a space

between the anode and cathode. The anode is typically a soluble anode.

25
These bath additives are useful in combination with membrane technology being
developed by various tool manufacturers. In this system, the anode may be isolated
from the organic bath additives by a membrane. The purpose of the separation of the
anode and the organic bath additives is to minimize the oxidation of the organic bath
30 additives.

The cathode substrate and anode are electrically connected by wiring and,
respectively, to a rectifier (power supply). The cathode substrate for direct or pulse
current has a net negative charge so that Cu ions in the solution are reduced at the

35 cathode substrate forming plated Cu metal on the cathode surface. An oxidation
reaction takes place at the anode. The cathode and anode may be horizontally or
vertically disposed in the tank.

Metal, particularly copper, is deposited in apertures according to the present invention

40  without substantially forming voids within the metal deposit. By the term "without
substantially forming voids", it is meant that 95% of the plated apertures are void-free.
It is preferred that the plated apertures are void-free.



Tabl e 1 Suppressor Starter mof X(OH)m EO nunber/ PO nunber per starter
(theoretical nolecular weight [g/nol]) arrange nent Fill quality 1
sor bi t o1-WwBu@ 114453/ 78.4 (6500) PO-EO0 bl ock + 2 sor bi pol/ep26i4:/08037578. 4

(6500) random + 3 (conparative exanple)gentaerythritol- 3.5 EO 4 44.3/
78. 4 ( 6500)W . . . . .
hile the process of the present invention has been generally described with reference
to semiconductor manufacture, it will be appreciated that the present invention may be
useful in any electrolytic process where a substantially void-free copper deposit is
desired. Accordingly, suitable substrates include lead frames, interconnects, printed
5 wiring boards, and the like.

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

10
The following examples shall further illustrate the present invention without restricting
the scope of this invention.

The hydroxyl number was determined according to DIN 53240 by heating the sample in
15  pyridine with acetic acid anhydride and acetic acid, followed by titration with potassium
hydroxide.

The molecular weight distribution d was determined by size exclusion chromatography
(GPC) with THF as eluent and using PSS SDV columns as solid phase.

20
Examples

Three EO-PO copolymers containing a polyalcohol starter have been synthesized by
polyalkoxylation of the respective polyalcohol starting molecule. The compositions of
25 suppressors 1-4 are given in Table 1.

Table 1
Suppressor | Starter m of EO number/ PO arrange | Fill
X(OH)m | number per starter ment quality
(theoretical molecular
weight [g/mol])
1 sorbitol-1BuO | 6 44.3/ 78.4 (6500) PO-EO | +
block
2 sorbitol 6 44.3/ 78.4 (6500) random | +
3 pentaerythritol- | 4 44.3/ 78.4 (6500) random | -
(comparative | 3.5 EO
example)
4 sorbitol 6 44.3/ 78.4 (6500) EO-PO | -
(comparative block
example)




random - 4 (conparative exanple) sorbitol 6 44.3/ 78.4 (6500) EO PO bl ock -
WO 2011/ 012475PCT/ EP2010/ 060375 19 Exanple 1 Sorbitol (182.2 g), an aqueous
sodi um hywstoesia2&e! uti on (concentrati on: 50 we NaCH, 1p8Tgr2@0deosas er (200
m) were placed into a 21 autoclave andqfieated at 120C Sunder a constant
nitrogen flow (0.5 nB N2/ h) for |h. Then water was renoved at the sane

t enper at ur &@RPEtuo for 2 h. After nitrogen neutralization butyl ene oxide
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20( concent r@P1@ M vasgo vfiexdtiatiorna ighly \Asreuaaeaw ilL2/17)9)weaseobigitrtiasaitl wat er
was renovethtaimed?fle Grddacivacuo for 2 h. After nitrogen neutralization

et hyl ene oxide (433.5 g) was added in portions at 120 C and the m xture was

al l owed to_post-react overni&Bt@.3 Anbosol (44.7 g), Hyflow GS, g) and wat er

(20 m )ower'@edniaeerdizea PlRAUSt B IPB FAHLOURSAE SIHBRYERKIdG SAIWONT ot ar y
evapor at or (edncé0@adionn5 wGuGsOAS £.8rg) fer¢ platedintcaa 25 buighlavy end oatdrmagai d (1491

g) was obt asmsebd ADBCE!IRLaNR B2 hdARrHitRieh MR ufalzatoP4ddifdRanpiEpEnd S 4
Mg/ g KOH %%mé&g g) was added in portions at 130 °C. To complete the reaction, the mixture
was allowed to post-react over weekend. Then, aqueous sodium hydroxide solution
20  (concentration: 50 w% NaOH; 3.0 g) and water (10 ml) were added and water was
removed at 120 °C in vacuo for 2 h. After nitrogen neutralization ethylene oxide (433.5
g) was added in portions at 120 °C and the mixture was allowed to post-react
overnight. Ambosol (44.7 g), Hyflow (3 g) and water (20 ml) were added and volatile
compounds were removed at the rotary evaporator at 100°C in vacuo. After filtration a
25  light yellow liquid (1491 g) was obtained. Molecular weight distribution d = 1.04; OH
number 49.4 mg/g KOH.

Example 2

30 A mixture of sorbitol (30 g), water (30 g) and aqueous caesium hydroxide solution
(concentration: 50 w% CsOH; 1.1 g) was stirred overnight. Then this mixture and
additional water (20 g) were placed into a 2| autoclave and water was removed at 100
°C in vacuo (< 10 mbar) for 3h. After nitrogen neutralization a mixture of ethylene oxide
(321.4 g) and propylene oxide (750.1 g) was added in portions at 130 °C for 3 d. After

35  stirring for 1 d, the reaction mixture was stripped with nitrogen and volatile compounds
were removed in vacuo. Suppressor 2 was obtained as a light yellow liquid (1108 g)
having a molecular weight distribution d = 1.08.

Example 3:

40 A mixture of pentaerythritol-3.5 EO (40 g; from Aldrich, CAS: 30599-15-6), water (10 g)
and aqueous caesium hydroxide solution (concentration: 50 w% CsOH; 2.0 g) was
stirred overnight. Then this mixture and additional water (20 g) were placed into a 2|
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di stri buti di6¢4 nanpmeter depg. 3 shows the feature sizes of the copper seeded

waf er substrate that was used for electroplating with the different plating

bat hs descr, Exgﬁ%i‘ the followi ng sections. After 10copper seed deposition
es

the trench a wdth of 15.6 to 17.9 nanoneter at the trench opening, a
width dP 34.6 to 36.8 nanoneter at half hei ght of the trench, and were

176. 4 nanorepletinglestip wakpeanared By cdrabiking DA tiakey, 4Byhcammer ps eqmeedulta}e 10
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| ayer was el ectroplated onto a wafer substrate with feature sizes shown in
fig. 32prow eppemrialér vasLspERiplREEontb awedfelyubspatanth fogtutdgzevedrRivnshbst r at e
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trencha{g after pl ati ng wi thout any voids or seans, and a flat copper
r

growth ont in the trenches can be clearly seen indicating the bottom up
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si dewal | s @b dxhmit3partienchies tiwashdresler gistdigingainousdrowons drkeasis aba
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filling which is idealized shown in fig. 2a. The copper deposition on the sidewalls of the
30 trenches was negligible small showing the strong suppression of the copper growth at
the sidewalls of the trenches. All feature openings are still open. After 6 s plating all
trenches are completely and defectfree filled exhibiting an overall homogeneous growth
front as shown in fig. 4b.

35 Example 5:

A plating bath was prepared by combining DI water, 40 g/l copper as copper sulfate, 10
g/l sulfuric acid, 0.050 g/l chloride ion as HCI, 0.028 g/l of SPS, and 2.00 ml/l of a 5.4 wt
% solution in DI water of suppressor 2 as prepared in example 2.

40
A copper layer was electroplated onto a wafer substrate with feature sizes shown in
fig. 3 provided with a copper seed layer by contacting the wafer substrate with the
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in fig. 6a’fstanpactipyen was ¢loctiaptitediorts awrier substralgppindsature sizgsdingatndnused in

thi s eganpliig. Hproviiet withfd tcappensessuppireySonBiciid theivemesubstrate awthdies voi df ree
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filled but trenc openlng
thus causi A ®1G8 ESPEHEREnEES meﬂ%trpa'@&@ GPBPYSYSiagSroseriechpnadang resul t
after 6 s pmesiighked bnSEMgnsHaticonfi rns the defectivity seen in fi g 6a.
Exanpl e 7 (conparative)

25 Fig. 6a and 6b show the SEM images of the resulting electroplated copper layers. The
plating result after 3 s shown in fig. 6a already clearly indicates that the suppressor
candidate used in this example has not sufficient suppressing efficiency to provide
voidfree bottom-up filling. Instead, after 3 s plating the trenches are partly filled but with
significant copper deposition close to the trench opening thus causing closed trenches

30 with large voids inside. The plating result after 6 s provided in fig. 6b confirms the
defectivity seen in fig. 6a.

Example 7 (comparative)
A mixture of sorbitol (30 g), water (30 g) and aqueous caesium hydroxide solution
35  (concentration: 50 w% CsOH; 1.1 g) and additional water (20 g) were placed into a 2|
autoclave and water was removed at 100 °C in vacuo (< 10 mbar) for 3h. After nitrogen
neutralization ethylene oxide (321.4 g) was added in portions at 130 °C during 16 h
until 7 bar. Then, the mixture was cooled to 80 °C and stirred overnight. Subsequently,
propylene oxide (750.1 g) was added in portions at 130 °C during 27 h until 7 bar. After
40  additional 5 h the reaction mixture was cooled to 80 °C, the reaction mixture was
stripped with nitrogen and volatile compounds were removed in vacuo. After filtration,
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5 a) a polyhydric al cohol conprising at |east 5 hydroxyl functional groups
with 10b)at |least a first al kyl ene oxide and a second al kyl ene oxide froma
m xt ure ofotba/diza7st al kyl ene oxi de and the second al kylpemgpoxio@6o372. A
conposi tion conprising at | east one soupge of netal ions and at |east one
additive obtai nable by reacting 15 a) a pol yhydric al cohol conprising at

| east 5 hyé?%%?l functional groups with 20b) a third al kyl ene oxide, a
second al kyl ene oxide, and a first al kylene oxide in aforesaid sequence,

the third gl ky}\%Bﬁp@é‘ih(ﬂﬁc@ﬁﬁ/ﬂsﬂ@ A 16068 s@lrky br RB@I Bné BAM af 1IBSstIREONd

al kyl ene oxi de ‘%ﬂ hﬁ agg( g EEY-Q ene oxi de having a |onger al kyl chain
than the first R’)?Io(-? aén § %reaﬁ The conposition according to claim1l or
2, wher&in the netal ions conprise copper ions. 4. The conposition

accordi ng to aayangolghydribalcehelaseiphiging ladicast 5 MR6BI funtiehapgloypydri ¢ al cohol
is selected fromconpounds of formula I 30 X(OH)m(l) wherein m s an integer
from5 to 10, 35Xis an mvalent |inear or branched aliphatic or

cycl oal i phati cWitthdi cal  havi ng from5 to 10 carbon atons which nay be
substituted or unsubstituted. 5. The conposition according to anyone of

the pregedi ng g ai Bple¥LASI AkfidiR &@dé/é\%&@@@&&]daar |érfert%re fRIm QY‘&J(t'uFe of

e I ) s eSO ARk G AT o 1T

2. A composition comprising at least one source of metal ions and at least one
additive obtainable by reacting

15
a) a polyhydric alcohol comprising at least 5 hydroxyl functional groups
with
20 b) a third alkylene oxide, a second alkylene oxide, and a first alkylene oxide in

aforesaid sequence, the third alkylene oxide having a longer alkyl chain than
the second alkylene oxide and the second alkylene oxide having a longer
alkyl chain than the first alkylene oxide.

25 3. The composition according to claim 1 or 2, wherein the metal ions comprise
copper ions.

4. The composition according to anyone of the preceding claims, wherein the
polyhydric alcohol is selected from compounds of formula |

30
X(OH)m (h
wherein
m is an integer from 5 to 10,
35 X is an m-valent linear or branched aliphatic or cycloaliphatic radical having

from 5 to 10 carbon atoms which may be substituted or unsubstituted.
5. The composition according to anyone of the preceding claims, wherein the
polyalcohols are linear or cyclic monosaccharide alcohols represented by formula

40 (1) or (IlN)

HOCH2-(CHOH),-CH,OH (I



(CHOH). (I'1'l1) wherein nis an integer from3 to 8 and ois an integer form5
to 10. The conposition according to claimb5, wherein the nonosacchari de

al cohol iwozeimated fromsorbitol, mannitol, xylitol, ripoirtEphot@neosznositol
and derivatives thereof. The conpositiopgaccording to anyone of claiml to
4, wherein the pol yal cohols are nonosaccharides of formula (1V) or (V)
CHO- ( CHOH) p- CH2OH( 1 V) CH2OH ( CHOH) g- 00- ( CHOH) 1- CH20H(V) and deri vati ves

t hereof, wherein pis an integefCdbHl to 5, and g, rare integers and(lf) + r
is 3 or 4. The conposition according to claim7, wherein the nonosacchari de
is selected froHn t he al doses all ose, altrose, gal actose, glucose, gulose,

i dose, mannose” {4l ose, gl ucohept ose, mannohept ose or the ketoses fructose,
psi cosep? sorbose, tagatose, nmannoheptul ose, sedoheptul ose, tal oheptul ose,
al | ohept ul ose, n and ig&t inkfet irem Itbe@|ef . The conposition according to anyone
of the precedi ng claim reiqn tiae first al kylene oxide is selected from
et hyl ene oxi degandlt rgﬁtse ggﬁﬁﬁﬁ;:aéne oxide is selected from propyl ene

oxi de and butyl ene oxide, or conbinations thereof. The conposition

accordi ng t6o ahyocenpdsitohaicnordingdo 8lainbewbénrirt the nemosaathatideyblest®l esxi de i s
propyl qpe oxi dgsi@iéd #6@ sofditod nfinkibIERRXILHE! drdl iRMKithl, BRE A8 iGes thBRof.
conposition according to claim2-10, wherein the third al kyl ene oxide is
present in _an anmout of 0.1 % by weight to 10% by wei ght, preferably from
0. 5% by wei’ght Thexcanppsiiopyaceeidiitto anyone & o dite towhareivthairelyalcehelppime of
the precedi ng mbaddmchamaes ef forhbia (bokent of the first oxyal kylene units in
the additive is from20 to 50 % by weight, preferably from25 to 40 % by
wei ght. The conposition according to _anyone of the preceding clains

wher ei A5t he ol ecul ar wei g@ﬁowgﬁrﬁéz Hditive is 3000 - 10000 g/ nBY)
preferably from 4000 to 8000 g/ nol. The conposition according to anyone of
t he precedi ng cl ai nscngHt(m{ofqag_m@j_(@q@ghmgp{ nore accel erating agents.
The conposition according to anyone of the preceding clains, further
conprising one or nore |eveling agents. Use of a netal plating bath
conprising a capessivelives thereoek di ng to anyone of the preceding clains for
deposi pong the netal on substrates conprising features having an aperture
size of 30 nangpgters or less. A process for depositing a netal layer on a
substrate by

p is an integer of 4 to 5, and
g,r areintegersandq +ris 3 or4.
25
8. The composition according to claim 7, wherein the monosaccharide is 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, and
30 derivatives thereof.

9. The composition according to anyone of the preceding claims, wherein the first
alkylene oxide is selected from ethylene oxide and the second alkylene oxide is
selected from propylene oxide and butylene oxide, or combinations thereof.

35

10. The composition according to anyone of claim 2 to 9, wherein the second alkylene

oxide is propylene oxide and the third alkylene oxide is butylene oxide.

11. The composition according to claim 2-10, wherein the third alkylene oxide is
40 present in an amout of 0.1 % by weight to 10 % by weight, preferably from 0.5 %
by weight to 5.0 % by weight .



a) contacting a netal plating bath conprising a conposition according to
any of clains 1 to 16 with the substrate, and b) applying a current density
to the supetwatm2der a time sufficient to deposit a netactiEpy@noenty t he
substrate. The process according to clapg 18, wherein the substrate
conprises subnmicroneter sized features and the deposition is perforned to

f d .
fill the m'érohk %Qm%qs't@ﬁt%’f"&r%ﬂé?éF‘y%ezc&‘f'al”BétQEr?’etQ.11TWBerﬁFthg§§d'H\é%t§rdi ng
to claim19, whaardom ¢dpelysehbof ethpiree exidg bne drdpglenaogisiehave an aperture size
from1l to 30 nmand/or an aspect ratio of 4 or nore.
13. The composition according to anyone of the preceding claims, wherein the
5 content of the first oxyalkylene units in the additive is from 20 to 50 % by weight,

preferably from 25 to 40 % by weight.

14. The composition according to anyone of the preceding claims, wherein the
molecular weight My, of the additive is 3000 — 10000 g/mol, preferably from 4000
10 to 8000 g/mol.

15. The composition according to anyone of the preceding claims, further comprising
one or more accelerating agents.

15 16. The composition according to anyone of the preceding claims, further comprising
one or more leveling agents.

17. Use of a metal plating bath comprising a composition according to anyone of the
preceding claims for depositing the metal on substrates comprising features
20 having an aperture size of 30 nanometers or less.

18. A process for depositing a metal layer on a substrate by

a) contacting a metal plating bath comprising a composition according to any of
25 claims 1 to 16 with the substrate, and

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

30 19. The process according to claim 18, wherein the substrate comprises
submicrometer sized features and the deposition is performed to fill the
micrometer or submicrometer sized features.

20. The process according to claim 19, wherein the submicrometer-sized features
35 have an aperture size from 1 to 30 nm and/or an aspect ratio of 4 or more.



