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With further decreasing aperture size of the features like vias or trenches to dimensions

30 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
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-

35 shaped apertures are challenging to fill and require an especially effective copper
growth suppression at the side wall of the feature and the opening of the aperture.

Fig. 3 shows a seeded substrate exhibiting impact of the seed on the opening of the
features to be filled. The seed is shown by the light grey layer on the dark grey

40 structures. Since there is an increasing seed overhang issue with further shrinking
feature sizes, as depicted in fig. 3, there is a serious risk of pinch-off void formation in
the upper half of the trench close to the opening if the suppressor does not completely
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25  According to the present invention a composition is provided comprising at least one
source of metal ions and at least one additive obtainable by reacting

a) a polyhydric alcohol condensate compound derived from at least one polyalcohol
of formula (I)
30 X(OH)m )]
by condensation

with
35 b) atleast one alkylene oxide

to form a polyhydric alcohol condensate comprising polyoxyalkylene side chains,

wherein m is an integer from 3 to 6 and X is an m-valent linear or branched aliphatic or

cycloaliphatic radical having from 2 to 10 carbon atoms, which may be substituted or
40  unsubstituted.
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depicted i réIcfoﬂE)Ir@ﬂ)lnaer(s"a%é”“)vith alkylene oxide(s). Polyhydric alcohols are also referred to
herein as polyalcohols or polyols.

The polyalcohol condensates are formally derived from polyhydric alcohols by

25 condensation, i.e. by linking at least two units together to form an ether linkage and
splitting off water, independent whether the polyhydric alcohol condensate is obtained
by condensation.

The monomeric units of polyhydric alcohol condensates are polyalcohols represented
30 by formula (I)

X(OH)m (h

wherein m is an integer from 3 to 6 and X is an m-valent linear or branched aliphatic or
35 cycloaliphatic radical having from 2 to 10 carbon atoms.

Suitable polyols of formula () are aliphatic polyols, such as glycerol,
tri(hydroxymethyl)ethane, tri(hydroxymethyl)propane, pentaerythrit or sorbitol, and
cycloaliphatic polyols, such as 1,3,5-trihydroxycyclohexane and the like.

40
The polyalcohol condensate may be homocondensates or co-condensates.
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synt hesi zed by condensati on of 10glycerol nolecules with elimnation of
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are gl ycer sates conprising 2 to 10 glycerols and nost preferred
are compounds (11la) conpriging 2 to 5 glycerols. 20 A preferred pol yal cohol
hono- condensate is a glycerol condensate as described by fornula (1lb) H

ObFl n 25 YO (HQ O\];H

For example, the glycerol condensate (lla) can be synthesized by condensation of

10  glycerol molecules with elimination of water. The (poly)condensation of glycerol can be
carried out by methods known in principle to those skilled in the art while heating
glycerol in the presence of catalytic amounts of acids or bases, with elimination of
water. Suitable methods for condensation of glycerol are disclosed, for example, by US
7,026,363 B2 and WO 2004/108863 A1.

15
Glycerol condensates generally comprise 2 to about 50 glycerol units (a = 2 to 50).
glycerol condensates comprising 2 to 30 glycerol units are preferred. More preferred
are glycerol condensates comprising 2 to 10 glycerols and most preferred are
compounds (lla) comprising 2 to 5 glycerols.

20
A preferred polyalcohol homo-condensate is a glycerol condensate as described by

formula (lIb)
OH
Y+OWO J (lb)
25 ﬁF "

wherein n is an integer from 1 to 6 and Y is an n-valent linear or branched aliphatic or
cycloaliphatic radical having from 1 to 10 carbon atoms, which may be substituted or
unsubstituted. Y may also referred to as “starter”.

30 bis aninteger from 1 to 30, wherein b can be different for each polymer arm n.
Preferably b is an integer from 1 to 15. Most preferred are compounds (lIb) wherein b is
an integer from 1 to 5.

Optionally, polyglycerol condensates (IIb) can also be obtained by polymerization of
35 glycerol carbonate or glycidol.

Suitable starters for the polymerization reaction are components having one hydroxyl
group and/ or components having two hydroxyl groups and/or polyalcohols. Suitable
components having one hydroxyl group are aliphatic alcohols, such as methanol,

40 ethanol, propanol, and cycloaliphatic alcohols, such as cyclohexanol. Suitable
components having two hydroxyl groups are aliphatic diols, such as ethylene glycol,
1,2-propanediol, 1,3-propanediol, 1,4-butanediol, polyalkylene glycol and the like.
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In one preferred embodiment, the polyalcohol condensate (1) is a dimer (¢ = 2) or a

trimer (c = 3) of pentaerythritol. Dimers and trimers of pentaerythritol are commercially

available. Suitable methods for syntheses of pentaerythritol condensates are disclosed,
25 for example, in US 2,441,555.

Preferred polyalcohol co-condenate is a co-condensate of glycerol and a further
alcohol having two hydroxyl groups. Suitable alcohols having two hydroxyl groups are
aliphatic diols, such as ethylene glycol, 1,2-propanediol, 1,3-propanediol, 1,4-

30 butanediol, polyalkylene glycol such as polyethylene glycol and polypropylene glycol,
polyalkylene glycol copolymers such as polyethylene glycol and polypropylene glycol
copolymers, and the like. Such copolymers can be synthesized according to the
procedures applied for synthesis of (Ila).

35 Aliterature overview on the various synthesis procedures for glycerol-comprising
polyalcohol condensates is given in WO 2007049950 A2.

A further preferred polyalcohol co-condensate is a condensate of pentaerythritol and a
further component having two hydroxyl groups as mentioned above.

40
To receive the final suppressing agent to be used in the electroplating bath the
polyalcohol condensates have to be polyalkoxylated.
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or mixtures thereof. A preferred weight ratio of oxyethylene and oxypropylene units in
the final product is 10:90 to 90:10, more preferred is 10:90 to 50:50, most preferred are
25:75 to 40:60.

35 When two or more different alkylene oxides are used, the polyoxyalkylene groups
formed may be random copolymers, alternating copolymers, gradient copolymers or
block copolymers. Preferred are random copolymers.

Preferably, the molecular weight M., of polyalkoxylated polyalcohol condensates is from

40 500 to 30000 g/mol, more preferred from 1000 to 20000 g/mol, more preferred from
2000 to 15000 g/mol and even more preferred from 3000 to 10000 g/mol. Most
preferred is a molecular weight of from 4000 to 8000 g/mol.
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30  The terminal hydroxyl groups can be esterified, for example, with sulfuric acid or
derivatives thereof, so as to form products with terminal sulfate groups (sulfatation).
Analogously, products having terminal phosphorus groups can be obtained with
phosphoric acid, phosphorous acid, polyphosphoric acid, POClIs or P4O1o
(phosphatation).

35
In addition, the terminal OH groups may also be etherified, so as to form ether-
terminated polyalkoxy groups of the general formula —(alkoxy)s- Z, where Z is an alkyl,
alkenyl, alkynyl, alkaryl, or aryl group. Preferably, Z is methyl, ethyl, benzyl, acetyl or
benzoyl.

40
A further embodiment of the present invention is the use of a metal plating bath
comprising a composition as described above for depositing the metal on substrates
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having high aspect ratios of 4 or more, particularly of 6 or more.

25 A wide variety of metal plating baths may be used with the present invention. Metal
electroplating baths typically contain a metal ion source, an electrolyte, and a polymeric
suppressing agent.

The metal ion source may be any compound capable of releasing metal ions to be
30 deposited in the electroplating bath in sufficient amount, i.e. is at least partially soluble
in the electroplating bath. It is preferred that the metal ion source is soluble in the
plating bath. Suitable metal ion 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
35 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, copper citrate, copper nitrate,
copper fluoroborate, copper methane sulfonate, copper phenyl sulfonate and copper p-

40 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.
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35 Suitable electrolytes include such as, but not limited to, sulfuric acid, acetic acid,
fluoroboric acid, alkylsulfonic acids such as methanesulfonic acid, ethanesulfonic acid,
propanesulfonic acid and trifluoromethane sulfonic acid, arylsulfonic acids such as
phenyl sulfonic acid and toluenesulfonic acid, sulfamic acid, hydrochloric acid,
phosphoric acid, tetraalkylammonium hydroxide, preferably tetramethylammonium

40 hydroxide, sodium hydroxide, potassium hydroxide and the like. Acids are typically
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.
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hydrogen or an al kal i rretal (preferably Na or XisPor S p=1to 6
25- R220i s Tael gaicedllyf srefor@d- Bcrldyls @d\@umeogeﬁmmtmtd@lM@g)@REﬂ,-(sa;nRaryI
group or a heteroaromatic group. Heteroal kyl groups will have one or nore
heteroatom (N, S, 0) and 1-12 carbons. Carbocyclic aryl groups are typical
aryl groups, sudhissashystieggn or anakaliynetai{feraterebly dYeeerit® groups are al so

sui tabl e aryl_ groups,and
- p=1tob6

25 - R2'is selected from C1-C8 alkyl group or heteroalkyl group, an aryl group or a
heteroaromatic group. Heteroalkyl groups will have one or more heteroatom (N,
S, 0O) and 1-12 carbons. Carbocyclic aryl groups are typical aryl groups, such
as phenyl, naphtyl. Heteroaromatic groups are also suitable aryl groups and
contain one or more N,O or S atom and 1-3 separate or fused rings.

30 - R2Z s selected from H or (-S-R?'"X0s3M), with R2'" being identical or different

from R21,
More specifically, useful accelerators include those of the following formulae:
35 MOsS-R?'-SH
MO3S-R?1-S-S-R?"’-SO3M
MO3S-Ar-S-S-Ar-SOzM

with R?' and R?" are as defined above and Ar is Aryl.

40 Particularly preferred accelerating agents are:



contain one or nore N,O or S atomand 1-3 separate or fused rings. 30- R22
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from R21.whbkwe/apaei fically, useful accel erators incl udecrmrs@ontozhe
followi ng formulae: 35 MD35-R21- SH MD354R21- S- S-R21' - 503M
MD35-Ar-S-S-Ar-503Mwith R21 and R21' are as defined above and Ar is Aryl.
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the total we ati ng 'bat articul’a S | e anpbunt s of
accel er'8t od'5988M$a5 n the present invention are 1 to 500 ppm and nore
particularly 2 to 15100 ppm Any additional suppressor nay be
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20oxygen s@gseleratariusaful igdhe atsisentdnyanties gy St 2 Rt JndInyere pgrtiskiary Rye ol
copol yrmer s,10pgphd.cul arly pol yet hyl ene gl ycol pol ypropyl ene gl ycol

copol ynmers. The arrangenent of ethyl ene oxide and propyl ene oxi de of
sui tabl e suppressors may be block, alternating, gradient, or random The

pol yal kyl ed&Y@dgitignal sepPrestRs My aveRageaysty veaddn §36 REselimeniey- bl ocks
such as butSuppressarsivdeiul iBrtied pregbihtyinventien anckdageut mod Baidinated Wwe i pphyimepic
materials, particularly those having heteroatom substitution, and more particularly
20  oxygen substitution. Suitable suppressors include polyethylene glycol copolymers,
particularly polyethylene glycol polypropylene glycol copolymers. The arrangement of
ethylene oxide and propylene oxide of suitable suppressors may be block, alternating,
gradient, or random. The polyalkylene glycol may comprise further alkylene oxide
building blocks such as butylene oxide. Preferably, the average molecular weight of
25  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 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, carbohydrates such as saccharose, and the like, amines and
30 oligoamines such as alkyl amines, aryl amines such as aniline, triethanol amine,
ethylene diamine, and the like, amides, lactams, heterocyclic amines such as imidazol
and carboxylic acids. Optionally, polyalkylene glycol suppressors may be functionalized
by ionic groups such as sulfate, sulfonate, ammonium, and the like.

35 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.

Leveling agents can advantageously be used in the metal plating baths according to
40 the presentinvention. The terms “leveling agent” and “leveler” are used herein
synonymously.
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35 carbocyclic and heterocyclic aromatic systems, such as, but not limited to, phenyl,
naphthyl and the like.

Polyalkanolamines, alkoxylated polyalkanolamines, functionalized polyalkanolamines,
and functionalized alkoxylated polyalkanolamines are particularly preferred levelling

40 agents in copper electroplating baths. Such Polyalkanolamines are described in
European patent application No. 08172330.6, which is incorporated herein by
reference.
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Exanmpl es of_ such radi cal r’gpn se et hane-1, 2-diyl, propane-1, 3-diyl,
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30 general formulae N(R"-OH)3 (Xla) and R'2-N(R"'-OH), (XIb).

The R radicals are in each case independently a divalent linear or branched aliphatic
hydrocarbon radical having from 2 to 6 carbon atoms, preferably 2 or 3 carbon atoms.
Examples of such radicals comprise ethane-1,2-diyl, propane-1,3-diyl, propane-1,2-

35 diyl, 2-methylpropane-1,2-diyl, 2,2-dimethylpropane-1,3-diyl, butane-1,4-diyl, butane-
1,3-diyl (= 1-methylpropane-1,3-diyl), butane-1,2-diyl, butane-2,3-diyl, 2-methylbutane-
1,3-diyl, 3-methylbutane-1,3-diyl (= 1,1-dimethylpropane-1,3-diyl), pentane-1,4-diyl,
pentane-1,5-diyl, pentane-2,5-diyl, 2-methylpentane-2,5-diyl (= 1,1-dimethylbutane-1,3-
diyl) and hexane-1,6-diyl. The radicals are preferably ethane-1,2-diyl, propane-1,3-diyl

40  or propane-1,2-diyl.
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can be carrle ads kno n inciple to t skilled in the
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formed i s peefedraabby methsidslkhedn of princifieetortbasst skilledtin the arswhilgdheading Yhef rom 1
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contro nner e .reaction ure an ime.
o P REa, R qg”@#@&@@%%fﬁ@@@@? PB4 5 1R A BRI EE an' noi a.
pr ef er abl y "BBPIRSsY Hitlesa campangrigPia) CdhbeTdXIty pophosphor ous aci d (H3P02).
Preferred anounts are fromO0.05 to 2% by weight, preferably fromO0.1 to 1%

by wei ght, 1Rasefqgital &&s@%%ﬂﬂ@d‘ttyg 8%'3' Q%rﬁ?&gﬁméﬁe& fchnW?(ij)' ééoocﬂa é)e &

acid, it is also t1ona
hal i des or P& EWPW&FH”&UW 12 260 dqaregmy @pd maege erg' ﬁraalyrﬁ% 0B%t %@I‘pe&é‘?ﬁ ?c aC| d

as di s@Dosdthe Water fermaatpik @rdigradl§ distiBéd pB3Gne reaction time is typically from 1 to 16 h,
preferably from 2 to 8 h. The degree of condensation can be controlled in a simple
manner through the reaction temperature and time.

The polycondensation is preferably carried out in the presence of an acid, preferably
35 phosphorous acid (HsPOs) and/or hypophosphorous acid (HsPO>). Preferred amounts
are from 0.05 to 2% by weight, preferably from 0.1 to 1% by weight, based on the
components to be condensed. In addition to the acid, it is also possible to use
additional catalysts, for example, zinc halides or aluminum sulfate, if appropriate in a
mixture with acetic acid, as disclosed, for example by US 4,505,839.
40



WO 2011/ 012462PCT/ EP2010/ 060276 15 The viscosity of the resulting

pol yal kanol am nes (XlIl) is typically in the range from 1000 to 50 000
nmPa. s, prwbenalliyssbr om 2000 to 20 000 nPa.s and nore preCemebdig/ot20en 3000
to 13000 nPa.s (each neasured on the unggl uted product at 20 degree C).

5The nean | ar mass M nber aver age he resultin

pol yal kano@ﬁ"f?@@s'tyﬂfltﬁe "eé L?Q%P%'é{? q‘?‘%n%ﬁg%'h@wpwﬁéfwﬁ%@ae@@ﬂbt%)o

g/ nol e, pr ¢é &0 8B ynHa.smréfodbtydron 20QDtog?0ndi10en Pans ramd pnare @refeiablyffroomB3Q@DO0 t o
20 000 g/ ”Q(B%@)’Ujmlffﬁ%t(e@érﬂ%@é@%d’oﬁ Er%rUnhﬂ@t@dtpﬂ)dﬁép& ﬂ/d@éP& C)10The nmean

nmol ar mass Mwv (wei ght average) of the resulting pol yal kanolamnes (XI1) is
typically in the range from 250 to 50 000 g/nole, preferably from500 to 30
000 g/ Bl e, Thavreanypelpemaps Y- (nuwnber Guerage) Q‘dh@wuﬁlﬁﬁ@pb’alkandammﬁé (Xldd#il t i ng
pol yal kanoltgigang ir{ e Irdngey fedre 2ad ky5heso g/n’ﬁﬂlé yeefsp@nStdny 500y 40 000 §/mald)e

15range of n%& rélfg %’i‘ﬂg&ﬁ ﬁ‘od?f‘trotéocddoag{/mb%e al 6&’6 ély]frcln%@oo bhe

pol yal kanol am can optional oxy ate in a second stage
(B). In t hi’® 99%‘" the OH groups and any secondary am no groups present
react with al kylene oxides to formterm nal polyether groups. 20

Pol yal kgnoltagimes hebt anagﬁquw&igﬂnﬂéré/ dyer fh@riééun%%dlya%nbianﬂné sAINRr

reaction s V, dlfythe
eact] on S\ Shedichs ylo S8 256l LG RAAL ABEEEI G TIYR S R, Lne,
and/ or ami fePrgriaigEA EareHO0P o 2heOpeimakt-kanol ani nes (11) are converted by
means of suitabl e agents which are 25capabl e of reaction wth hydroxyl
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pol yal kanol am nes (XV). 35l n general, the total anobunt of |eveling agents
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wei ght of th resent

S acc
i nventi on PEJP']‘%I'(’U%'@&“%C%P PEYQI0 ’Hﬁ%@ﬁPGBFOF’PF %04 t 0 1 ppmto
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ol ud@oondagrtinf S8 MR BO0R S itishtfaRis TR ves | ncl uds,
but are notfuﬂqt'ﬁm|@§dP@')’a%@@é@@maﬂ?ﬂé’) suppressors, surfact ants and the
| i ke. Such suppressors and accel erators are generally

The alkoxylated polyalkanolamines (XIII) can optionally be functionalized in a further
reaction step (D). An additional functionalization can serve to modify the properties of

30 the alkoxylated polyalkanolamines (XIII). To this end, the hydroxyl groups and/or amino
groups present in the alkoxylated polyalkanolamines (XIIl) are converted by means of
suitable agents which are capable of reaction with hydroxyl groups and/or amino
groups. This forms functionalized alkoxylated polyalkanolamines (XV).

35 In general, 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
according to the present invention are typically used in a total amount of from about 0.1
ppm to about 1000 ppm based on the total weight of the plating bath and more typically
from 1 to 100 ppm, although greater or lesser amounts may be used.

40  The electroplating baths according to the present invention may include one or more
optional additives. Such optional additives include, but are not limited to, accelerators,
suppressors, surfactants and the like. Such suppressors and accelerators are generally



WO 2011/ 012462PCT/ EP2010/ 060276 16 known in the art. It will be clear to
one skilled in the art which suppressors and/or accelerators to use and in

what anouwwb01ibarge variety of additives may typical | pclogpresedeons t he
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of accel er acoglsratdreleeliser and isadnat @wowrfitshal i de i ons, grain refiners and

m xtures thereof. Mst preferably the el ectropl ati ng bath contains both, an

accel erator, and a n addjitio tot sor accor di othe
o eeent | MR Ao afbinlh AAY hpledRy b uidin HRLER? Blav PR Rl

pr esent Sel dpishepioathefgu patassmetah&spalysepte thm/erﬁﬁ pegitiveds ysed yith pagh

deposi ti ng addites &rmirgyLdesineafiirictioh.aXdvintage@rne thd élyetroplating dathamat y  of

substrates, EH@H 6®%r%$r¥ otf QQ&?erQl%Vé MR %GFCQQ oﬁﬁgldg%dsogr%?ry reﬁhér@%gpe £ or
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i nvention. Such sem conductor devices include, but are not limted to,

waf ers used in the manufacture of int et{qrat ed circuits. 20The general
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copper | aye eren deposi ted

onto tHe duCQP%%rtqnl'Eteg{?lﬁ%ﬁ'%ﬁsﬂb%?t%ﬂ é‘éq}%%%@ig?ri ugter d?’ﬁéesb WERSAEE 2¢ of
t he subst r aicenedteravias, tiehtlesd amtheampen@ep.! latonagnbbdicwnpesentdnndatteodevedesr r ed

to as "overjpipdemy accblféjlr@qa@rﬁ@ér%@erﬂrhdeﬁﬁor@f&kh%e?«m%h@uc%rfd&lc%é@rﬁ:luﬁféb&ﬁtr ate.
During the pr QG

ter. opti anne v den of copper 2b
s onoved By Paed I WileR e S it PG FeLRE o e P Se o et e f Lp.
1c. 30 A key aspect when filling the trenches 2c of the substrate 1 with
copper 2by mhecgeh@@ea@séési sftopperteleci@bbgostion ohCpcoridayier intdipated siréuitte of

e ! ne SR X dELEmlyObARARIAE IR o T BUERG B 8 IVERL DY

|n|t|at|ngt eco tomo etren e copper
grow ng up thegehe rmuth of the trench while suppressing 35copper growth at
the sidewalls of the trench. This manner of trenchfllllng the so-called

super - fi I ! lFrgy 18rshBRb raqmlékané éutis!rﬂﬂa 1 %@e@t\/ﬂl‘ﬂ d &bk bglay&aga VthSr8ieaecetto
achi ev ﬂ% cerﬁ n,a g Lo th & ﬁ%t t he accel erator
and cheosudr Leabpssdulel2 A BebleE b e Bl el hose two addi 11 ves
t hat has t ¢laserodenasition) Phee&ﬂ?r@@@@ac Pbth§t$t1§$tf’iﬂt%11ta|r%ﬂllﬁﬁi arridlari wgralateng At any
def ects. 4QoNE2r2B]13i0 teté6PoTd EBREDAIIRAQ 2/ Genkrated on top of the whole structured
substrate. During the process, after optional annealing, the overburden of copper 2b is
removed by chemical mechanical planarization (CMP), as depicted in fig. 1c.
30
A key aspect when filling the trenches 2¢ of the substrate 1 with copper by
electrodeposition is to achieve a copper layer that is free of defects, especially free of
voids and seams. This can be realized by initiating the copper growth at the bottom of
the trench with the copper growing up to the mouth of the trench while suppressing
35 copper growth at the sidewalls of the trench. This manner of trench filling, the so-called
super-filling or bottom-up-filling, depicted in fig. 2a, is sought to achieve by adding
certain additives to the plating bath: the accelerator and the suppressor. It is a sensitive
interplay between these two additives that has to be carefully adjusted to obtain a
trench filling free of any defects.
40
Bottom-up-filling as shown in fig. 2a can be achieved with the accelerator preferably
accumulating and adsorbing on the copper bottom of the trench and thus boosting the
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Typically, substrates are electroplated by contacting the substrate with the plating
35 baths of the present invention. The substrate typically functions as the cathode. The
plating bath contains an anode, which may be soluble or insoluble. Optionally, cathode
and anode may be separated by a membrane. Potential is typically applied to the
cathode. Sufficient current density is applied and plating performed for a period of time
sufficient to deposit a metal layer, such as a copper layer, having a desired thickness
40 onthe substrate. Suitable current densities include, but are not limited to, the range of

1 to 250 mA/cm?2. Typically, the current density is in the range of 1 to 60 mA/cm? when
used to deposit copper in the manufacture of integrated circuits. The specific current
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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
35 plating solution. The tank may be cylindrical, especially for wafer plating. A cathode is
horizontally disposed at the upper part of tank and may be any type substrate such as
a silicon wafer having openings such as trenches and vias. The wafer substrate is
typically coated with a seed layer of Cu or other metal or a metal containing layer to
initiate plating thereon. A Cu seed layer may be applied by chemical vapor deposition
40 (CVD), physical vapor deposition (PVD), or the like. An anode is also preferably circular
for wafer plating and is horizontally disposed at the lower part of tank forming a space
between the anode and cathode. The anode is typically a soluble anode.
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desired. Accordingly, suitable substrates include lead frames, interconnects, printed
wiring boards, and the like.

25
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.

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

Examples

35 Three types of EO-PO copolymers have been synthesized by polyalkoxylation of the
respective polyalcohol condensates.

The hydroxyl number was determined according to DIN 53240 by heating the sample in
pyridine with acetic acid anhydride and acetic acid, followed by titration with potassium
40 hydroxide.
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Example 2

A mixture of tri(hydroxymethyl)propane (50.0 g) and potassium tert-butylate (2.1 g) was
heated at 160°C with stirring under a weak stream of nitrogen. After 1 h glycerol

30 carbonate (118 g) was added dropwise over a period of 45 min and the formation of
CO; was detected by a bubble counter. The reaction was stirred for additional 16 h
and, subsequently, cooled to room temperature. The product (182 g) exhibited a
hydroxyl number of 1042 mg KOH/g. The IR spectrum of L1727 did not exhibit any
signal in the range of 1600-1900 cm-', indicating the complete polymerization of

35 glycerol carbonate.

The product (70.0 g) and additional potassium tert-butylate (0.6 g) were placed into a
2L autoclave and heated at 130 °C under nitrogen at 2 bar. After 1h a mixture of
ethylene oxide (386.7 g) and propylene oxide (902.4 g) were added in portions at

40 130°C over a period of 4 h 10 min. To complete the reaction, the mixture was allowed
to post-react for 15 h at 7 bar. The reaction mixture was stripped with nitrogen and
volatile compounds were removed in vacuo at 80°C. A slightly cloudy yellow-brown oil
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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 3.00 ml/l of a 4.7 wt
% solution in DI water of suppressor 1 as prepared in example 1.

30 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
above described plating bath at 25 degrees C applying a direct current of -5 mA/cm? for
3 s or 6 s respectively. The thus electroplated copper layer was cross-sectioned and
investigated by scanning electron micrograph (SEM) inspection.

35
Figs. 4a and 4b show the SEM images of the resulting electroplated copper layers. Fig.
4a exhibits partially filled trenches without any voids or seams after 3 s plating, and a
flat copper growth front in the trenches can be seen clearly indicating the bottom-up
filling which is idealized shown in fig. 2a. The copper deposition on the sidewalls of the

40 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



22 trenches are conpletely and defectfree filled exhibiting an overall
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Example 6

25
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 2.50 ml/l of a 4.9
wt % solution in DI water of suppressor 3 as prepared in example 3.

30 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
above described plating bath at 25 degrees C applying a direct current of -5 mA/cm? for
3 s or 6 s respectively. The thus electroplated copper layer was cross-sectioned and
investigated by SEM inspection.

35
Figs. 6a and 6b show the SEM images of the resulting electroplated copper layers. The
suppressor used in this example provided the fastest filling rate of all suppressors
tested in this study while exhibiting sufficient suppressing efficiency to yield defect free
gapfill as shown in figs. 6a and 6b. After 3 s plating provided in fig. 6a the features

40 were already filled.



Clainms 1. A conposition conprising at |east one source of netal ions and at
| east one additive obtainable by reacting 5 a) a pol yhydric al cohol
condensatwoeonymedsd derived from at | east one pol yal cohecTar2610n602r@ (1)
X(OH)n(1) 10 by condensation with 15b) a8 |east one al kyl ene oxide to form
a pol yhydri ¢ .al cohol condensate conprising pol yoxyal kyl ene side chai ns,
wherein 209" an integer from3 to 6 and X is an mvalent |inear or
branched al i phatic or cycloaliphatic radical having from2 to 10 carbon

atonms, Whi ah NRYoRBoSHESEdkPHSREY RNedshohbsbrtslbefletaliads ald gt IEQ4TASI ti on
according to C“%W”%%jt%hﬁ{e n(;%g metal ions conprise copper ions. 3. The
conposi tion actort] né’qg é%b%h@ 79t he precedi ng clainms, wherein the

pol yal c8hol condensate is a honbcondensate of a pol yal cohol or a
co-condensat e P0ofa goyhyoric avsH| penderkstelvhdoushierivedlivat sabsdt odendensat e

conprising from?2 B§a§gh&Q#ﬁﬁ%8% | units. 4. The conposition according to
anyone of the pre(?e I'ng clalnmns, erein the pol yal cohol condensate is

sel ected from glycerol condensates and pentaerythritol 35condensates and
m xtures thereof. 5. The com@H)ki on according to anyone of the precéding
cl ai msqgwherei n the pol yal cohol condensate is selected from conpounds of

formul ae OH 40HG)%11aP1 . 2011/ 012462PCT/ EP2010/ 060276
y condensation

with
15 b) atleast one alkylene oxide
to form a polyhydric alcohol condensate comprising polyoxyalkylene side chains,

wherein

20
m is an integer from 3 to 6 and X is an m-valent linear or branched aliphatic or
cycloaliphatic radical having from 2 to 10 carbon atoms, which may be substituted
or unsubstituted.

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

3. The composition according to anyone of the preceding claims, wherein the
polyalcohol condensate is a homocondensate of a polyalcohol or a co-condensate
30 of two or more polyalcohols, said polyalcohol condensate comprising from 2 to 50
polyalcohol units.

4. The composition according to anyone of the preceding claims, wherein the
polyalcohol condensate is selected from glycerol condensates and pentaerythritol
35 condensates and mixtures thereof.

5. The composition according to anyone of the preceding claims, wherein the
polyalcohol condensate is selected from compounds of formulae

OH

40 HO \WO \}\H (lla)



24 OHO HO b Fil n (11b) (11c) 10wherein Yis an n-valent |inear or
branched al i phatic or cycloaliphatic radical having froml to 10
carbon atwoRpivhewh nmay be substituted or unsubstitut edpcaiep2@m/060r€ger
from2 to 50 15bmay be the sane or diffegfent for each polymer armn and is
an integer froml to 30. cis an integer from2 to 3 nis an integer from1l
to 6 206. The conposition according(5@ anyone of the preceding clains,
wherein the al kyl ene oxide ip sel ect from etjhyl ene oxi de, propyl €fe) oxi de
and butyl ene oxi de or nixPﬂrE:DLﬁgpeELb/ 1._The conposition according to
anyone of the preceding clains, erein thebZ%Pol yoxyal kyl ene si de chains
are copol yners of ethylene oxide with Htppylene oxi de and/ or butyl ene

oxi de. 98. The conposition according to gl aim?7, wherein the content of

et hyl ene oxide in the copolymer of ethyl ¢ne oxide and the further OB8cfo 04
al kyl ene oxide is from 10 to 305§ y 1 gh9~T19. The conposition according
to claim7 or 8, wherein polyoxyal kyl eng side chai ns are random copol yners
of at |least two al kyl ene oxi des. HO

10 wherein

Y is an n-valent linear or branched aliphatic or cycloaliphatic radical having
from 1 to 10 carbon atoms, which may be substituted or unsubstituted,
a s aninteger from 2 to 50
15 b may be the same or different for each polymer arm n and is an integer from 1
to 30.
is an integer from 2 to 3
is an integer from 1 to 6

20 6. The composition according to anyone of the preceding claims, wherein the
alkylene oxide is selected from ethylene oxide, propylene oxide and butylene
oxide or mixtures thereof.

7.  The composition according to anyone of the preceding claims, wherein the
25 polyoxyalkylene side chains are copolymers of ethylene oxide with propylene
oxide and/or butylene oxide.

8. The composition according to claim 7, wherein the content of ethylene oxide in the
copolymer of ethylene oxide and the further C3 to C4 alkylene oxide is from 10 to
30 50 % by weight.

9. The composition according to claim 7 or 8, wherein polyoxyalkylene side chains
are random copolymers of at least two alkylene oxides.

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

11. The composition according to anyone of the preceding claims, further comprising
one or more accelerating agents.
40
12. The composition according to anyone of the preceding claims, further comprising
one or more leveling agents.



3510. The conposition according to anyone of the preceding clains, wherein
t he nol ecul ar wei ght Mwv of the additive is from 3000 to 10000 g/ nol. 11.
The conpowsodt2oomiageor di ng to anyone of the precedi ng cl acrmp260ntdres
conprising one or nore accel erating agepgs. 40 WO

2011/ 012462PCT/ EP2010/ 060276 25 13. Use of a netal plating bath conprising
a conposition according to anyone of clains 1 to 12 for depositing the

met al on suBstUse efsa metgh piagngatheatmprising haovmpgsition apeardiog & siyoeeof 30

nanometers or ¢i8i&% 1@ or degdsAing % hetal 88 BASItlatditompiBinglfedta¥8haliRga
substrate by i ng bath conprising a conposition

argacor{bt actling.a Ime alt I%I at
according to a%y RFCY 8RS i PAIP RN '$S5e substrate, and b)
appl yin§ a current density to the substrate for a tine sufficient to
deposit a hameAalodesy ®r depdsitiignemstdd lyeadrea slibstraldey pr ocess according to
cl aim 14, whergi : 'o'?ﬁé:r' ] r,.Si es and
t he deposition i%ﬁ%ﬁ?i?@éﬁ’l&qwg’m% n‘%sﬁﬁgdrwr%e%r aﬁglaggbﬁﬁ rﬁ)gr w\;ter

si zed feat ur estlaims hig 12ppith the SHRYELAISG AW di ng to cl ai m 15, wherein the
submi cr onet er - lg) apptyirfeemtured doesily tatheaqpubstratedorss tree Buifioedt tb deBOsitam and/ or

an aspagt rati@e®f 1adeOdntd e substrate.

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

15

16. The process according to claim 15, wherein the submicrometer-sized features

have an aperture size from 1 to 30 nm and/or an aspect ratio of 4 or more.



