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on the m CrEgsiBYU8Y 198 or US 5 393 463. A co-condensation of alkanolamines with other hy-
droxyl-containing molecules like pentaerythritol, sorbitol, glycol, glycerol has been de-
30 scribed in EP 0 057 398. The functionalization, i. e. quaternization of nitrogen atoms, of
polydialkanolamines is described in EP-A-0057398 and EP-A-0160872.

European patent application No. 07120393.9, which was yet to be published at the
priority date of the present application, discloses alkoxylated polyalkanolamines. They

35 are prepared by means of a two-stage process in which, in a first step, amino alcohols
are condensed to give polyalkanolamines, and the resulting polyalkanolamines are
optionally alkoxylated in a second step. Functionalized alkoxylated polyalkanolamines
are disclosed in the same application as well.

40 Itis an object of the present invention to provide a copper electroplating additive having
good leveling properties, in particular leveling agents capable of providing a substan-
tially planar copper layer and filling features on the nanometer and on the micrometer
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or derivatives obtainable by alkoxylation, substitution or alkoxylation and substitution of
25  said polyalkanolamine(ll).

It has been found that the use of compositions according to the present invention for
electroplating provides deposited metal layers, particularly copper layers, having re-
duced overplating, particularly reduced mounding. The metal layers provided by the

30 present invention are substantially planar, even on substrates exhibiting apertures of a
very wide range of different aperture sizes (scale: <130 nm to 2 um). Furthermore it
has been found that the present invention provides metal layers substantially without
the formation of added defects, such as voids, in the features.

35 A further significant advantage of this leveling effect is that less material has to be re-
moved in post-deposition operations. For example, chemical mechanical polishing
(CMP) is used to reveal the underlying features. The more level deposit of the invention
corresponds to a reduction in the amount of metal which must be deposited, therefore
resulting in less removal later by CMP. There is a reduction in the amount of scrapped

40 metal and, more significantly, a reduction in the time required for the CMP operation.
The material removal operation is also less severe which, coupled with the reduced
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the tendency of the nmaterial renoval operation to inpart defects.
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The polyalkylene oxide chains may preferably have block, random or gradient structure

25  or combinations thereof. “Gradient structure” means that there is a gradient in the ratio
of the at least two alkylene oxides during polyalkoxylation of the polyalkanolamine with
the result that there will also be a gradient in the ratio of the at least to alkylene oxides
present in the polyalkylen oxide chain.

30 In a preferred embodiment the trialkanolamine (la) is at least one trialkanolamine se-
lected from the group of triethanolamine, triisopropanolamine and tributan-2-olamine.

The metal electroplating composition may further comprise an accelerating agent. In-
dependently or in addition it may comprise a suppressing agent.

35
A further embodiment of the present invention is the use of polyalkanolamines or de-
rivatives obtainable by alkoxylation, substitution or alkoxylation and substitution thereof
in a bath for metal electroplating, wherein the polyalkanolamines are obtainable by

40 condensing at least one trialkanolamine of the general formula N(R'-OH)s (la)

and/or at least one dialkanolamine of the general formula R?-N(R'-OH), (Ib) to give
a polyalkanolamine(ll),
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havi ng a v&ppefigation. si zes. Particularly suitable substrates are those
havi ng apertures on the nanoneter and on the microneter scale.

35 The present invention provides a plated metal layer, particularly a plated copper layer,
on a substrate containing features on the nanometer and/or micrometer scale wherein
the metal layer has reduced overplating and all features are substantially free of added
voids, and preferably substantially free of voids. "Overplating" refers to a thicker metal
deposit over dense feature areas as compared to areas free of features or at least con-

40 taining relatively few features. “Dense feature areas" means an area exhibiting smaller
distances between neighboring features compared to a comparative area containing
apertures with a relatively large distance in between. Smaller distances means dis-
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the R radicals are each independently selected from a divalent, linear and

branched aliphatic hydrocarbon radical having from 2 to 6 carbon atoms, and

25 o 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
30 oralkoxylated and functionalized to get alkoxylated polyalkanolamines (lll), functional-
ized polyalkanolamines (IV) or functionalized alkoxylated polyalkanolamines (V).

Alkoxylated polyalkanolamines (l11) can be obtained by alkoxylating polyalkanolamine
(I with C2- to C12-alkylene oxides, styrene oxide, glycidol, or glycidyl ethers with the

35 proviso that the average degree of alkoxylation is from 0.1 to 200 per OH group and -
where present - secondary amino group (stage B).

Functionalized polyalkanolamines (IV) can be obtained by functionalizing polyalka-
nolamine (1) with suitable functionalization reagents which are capable of reaction with
40  hydroxyl groups and/or amino groups (stage C).
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Examples of preferred dialkanolamines (Ib) 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-

30 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 (la) and/or dialkanolamines (Ib) it is optionally possi-
35 Dble to use further components (Ic) having two hydroxyl and/or amino groups for the
polycondensation.

In a preferred embodiment, components (Ic) are polyols of the general formula
R3(OH)n, where n is a natural number from 2 to 6 and R? is an n-valent linear or

40 branched aliphatic, cycloaliphatic or aromatic hydrocarbon radical having from 2 to 10
carbon atoms.



In a further preferred enbodi nent, conponents (lc) are pol yam nes of the
general fornmula RA(NHR5)m where mis a natural nunber from2 to 4, R4 is
an mval end 2biomsesioor branched al i phatic, cycloali phati ecorEpasomedssc
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noiae Do oot CBOREE e aereral deanpais bt Wikt Bhldlne i ne
hal i des or eateli sTavpmvdthithetria kapelagiigsdisy pad/er dialkanetpmings élbhiSueh further
components can be used for fine adjustment of the properties of the alkoxylated polyal-

35 kanolamines, used in accordance with the invention. The amount of such further com-
pounds (Id) should, though, generally not exceed 5% by weight based on the amount
of (la), (Ib), (Ic) and (Id). The amount is preferably less than 1% by weight, more pref-
erably less than 0.5% by weight, and most preferably no further components (Id) are
used for the condensation.

40
The polycondensation of components (la) and/or (Ib) and optionally (Ic) or (Id) can be
carried out by methods known in principle to those skilled in the art while heating the



acetic acid, as disclosed, for exanple by US 4, 505, 839. The viscosity of
the resulting pol yal kanolamnes (lI1) is typically in the range from 1000 to
50 000 nmRso1opsesier ably from 2000 to 20 000 nPa.s and worEppeosiessabl y from
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g/ mol e and ties bf Giffefeht &rhporkth@&Ma}ofd. (16 #%9dy 500 g/ nole. The nmean nol ar
mass Mv (wei ght average) of the resulting pol yal kanol amines (11) is
typically in the range from250 to 50 000 g/ nol e, prreferabl from500 to 30
000 g/ Bl e,Tharanaesalg} smerfamngd WP'@ﬁHYﬂJG@“P@aMeSO dragn el © 280drereCi10 000
g/ nol e. 30 pidterabB<tdnt il HEtoPZBOyddJrenOlamttinmge (okéfaerablyéfcﬁli a8 1 Msdeqyree C.

pol ydi sper ﬁ*h%%ga(t%ﬁﬁ%d)ls f@r}é g/rcﬁ‘ﬁﬂgd Bfr. Thelr@ ? Rn tﬁr@ls'tﬁblmwr’oﬁw fr1d | the

range of 1 tg anol am nes

al koxyl at ecﬂ’r?fﬁrag'yé%‘bﬁcﬂo é%e gree Phoqides %@”é’@@ﬁe CPHEO'@ '@?éﬂ‘b@eand any
secondary ammer throughshe resstion tengmecatus artd tmhdkey| ene oxi des to formterm nal
pol yet hgr groups. It IS possible to use 02- to Cl12- al kyl ene oxi des, styrene
Exani oo o "EgPMeBIRar i Y it BRL SaRie R Byl et on b A el g
propyl ene @QPWW %1'%6'9 POpk ANSY R WRP@rpsplzorQU%aﬁlénﬁ%sP@@O gefepred amounts

met hyl - 1 2-aps HE@ 0K %6 b((l\/&tgtfrltl,tpﬁfé\‘erahwfd&ho 1topiehbe neighx ibdeed 3n thepni-ene

oxi de. 3 3 TR v %’%@?ﬁ%@ %Eéﬁ’o%@é&%"%‘%'@@ addichalxene

2- met hy P- 1,818t 8?5@"6&”!0%2'”9 O lUSIIRNTP SHEATey %@ro%"'%'t”rﬁ/m'xiur?%t@ntene
oxi de, decexetioxdities dscamsetyfor &xaﬁnmeby@ﬁé 609,820.0r styrene oxide.
Preference is given to using ethylene oxide and/or propyl ene oxide and/ or
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t he aléﬁ I;aég i} e ©: t he pol yal kanol am ne (I11). When two or nore
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be random copol yners, gradi ent copol ynmers or bl ock copol yners. The
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30
The resulting polyalkanolamine (Il) preferably has a polydispersity (Mw/My) in the range
of 1 to 10, and in particular in the range of 1 to 5.

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

It is possible to use Co- to Ciz-alkylene oxides, styrene oxide, glycidol, or glycidyl ethers
such as glycidyl tert-butyl ether. Examples of corresponding alkylene oxides comprise
40 ethylene oxide and propylene oxide and also 1-butene oxide, 2,3-butene oxide, 2-
methyl-1,2-propene oxide (isobutene oxide), 1-pentene oxide, 2,3-pentene oxide, 2-
methyl-1,2-butene oxide, 3-methyl-1,2-butene oxide, 2,3-hexene oxide, 3,4-hexene
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35 Polyalkanolamines (II) can optionally be functionalized in a further reaction step (C). An
additional functionalization can serve to modify the properties of the polyalkanolamines
(). To this end, the hydroxyl groups and/or amino groups present in the polyalkanola-
mines (1) are converted by means of suitable agents which are capable of reaction with
hydroxyl groups and/or amino groups. This forms functionalized polyalkanolamines

40  (IV).
For example, the tertiary amino groups present in the polyalkanolamine (II) can be pro-
tonated or quaternized by means of suitable alkylating agents. Examples for suitable
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acetates, netal nitrates, netal fluoroborates, netal alkylsulfonates, netal
aryl sul f ondihesijkongiteld mlylafkanelaedesrtidl) abn gplimahybe funatichalihed inidderthért i s

preferred t&adiohBRpNBY.2n AdiittPBPRRActionblidadioh BEH B8We RS MbEFY BE phdlitidshse source
of et §l5 the alkoxylated polyalkanolamines (Il1). To this end, the hydroxyl groups and/or amino

groups present in the alkoxylated polyalkanolamines (Il) are converted by means of

suitable agents which are capable of reaction with hydroxyl groups and/or amino

groups. This forms functionalized alkoxylated polyalkanolamines (V).

30 For example, the tertiary amino groups present in the alkoxylated polyalkanolamine
can be protonated or quaternized by means of suitable alkylating agents.
Examples for suitable alkylating agents are organic compounds which contain active
halogen atoms, such as the aralkyl halides, the alkyl, alkenyl and alkynyl halides, and
the like. Additionally, compounds such as the alkyl sulfates, alkyl sultones, epoxides,

35 and the like may also be used. Examples of corresponding alkylating agents comprise
benzyl chloride, propane sultone, dimethyl sulphate, (3-chloro-2-hydroxypropyl)
trimethyl ammonium chloride, or the like. Preference is given to using dimethyl sulphate
and/or benzyl chloride.

40  The terminal hydroxyl groups of the alkoxylated polyalkanolamine can be reacted with
suitable reagents for derivatization, which forms groups of the general formula —
(alkoxy)s-X where X is any desired group. The type of functionalization depends on the



20i ons is copper sulfate, copper chloride, copper acetate, copper citrate,
copper nitrate, copper fluoroborate, copper nethane sul fonate, copper
phenyl suWbenawmsosnd copper p-toluene sul fonate. Copper pewlEP2#08/066581
pent ahydrate and copper met hane sul fonaqe are particularly preferred. Such

nmetal salts, are gepera ci.a vai | abI e used t hout
Fur ¢ her - pudeRTELEbRe. 260uSh e faretonal-dia a6k 46 st Fe Coh B dbons. may
be used i n pbbbiced ol Bos sipolyinydphiitecret al cont ai ni ng Iayers The

conposi tions may particularly used in the deposi tion of barri er | ayers
cont ai ni ng Wand/ ar i i ONs
further o dhereciont ol alins Yon @8 oo\ Dinpd it R Te. A SRy CRIFRASTEL o
in the Sonmpyativegdherpefnse as tcefpéfﬁtOfQﬂUéB%éN'H‘etSﬂ%'P@'r&Nﬁatﬁr&ﬂoqmuén%’@g%b'@sr ted
with the rreir@ltets helvingrteingihaliphos sl groupy cdrebaisistdined with@hpsigreeidtacidnvent i on

in any ano\y usH Y g héébthf|8F88tP@€F3%rP4(9”5 for electroplating on a

substrate. urtab e rret on metal  sources | ncl ude, but are not limted
to, tin salts, copper salts, and the |like. Wien the netal is 35 copper, the
copper sal tin additigmpitteatelyinpr @ @ntupsimaynalserbe rtherified, Ise asdmfpemafthdrr om about 1

to aboyp 3Q&nﬁ4dted>i>ol élﬁéxy@o&mdﬂth@@enérél féfiula ?(ﬁlk@i@m -eCRAMWRrdIRX lslnes _of

netal sal tslk”fiélk €l ctromﬁate ] 2 ccr)r ing to the present invention. Thus,
al | oys, suén”, 80}')1)% g Q(/’i%ga 30;9?(5) about 2 percent by weight tin, may
be advant ageously plated according to the present invention. The amounts of

each of thahemitethl is@bbdiucé maybelanyicsiipbesd cadRoof48epsing tieal paksttd belder al | oy

to be plat | ed:

2810?02931%&8@% 0%?? tho % \ﬁ'flﬁftrﬂntsnﬁrﬁfeﬁﬁ%rhbﬁrﬂ i d 1% éthﬁas@ﬁﬁma mluble i e
and at 'Peadf® 6'ﬁ‘étr ating dafha\id$ PredFT Eftj’gH?tst ¢ Mefa th‘ ?%‘)Tce P &P I”er Fré]?'i‘r@d to as
pol yal kanolbath. Segabl¢ ety icssnurcasetrametd| selts amd atiude, teb apposotlimited s

preferably rﬁél&l'édﬂé’te@'rtﬁéﬂaf IQAIME@ mét;al é?:eta@é’s! @hétaIthra‘le§<%été13Iu8tc%6thé§ Yﬁelfi?al O?ﬁ
Oor nore sour,c ne a 1 ONn l QN y (0] er
SR e By BT ST AT e as%U"h T N

typical |y ddaetieredhat tﬂ@mtalnﬁgomrdtléée rprﬁferrfwl hat thaﬁgercerofm%nts Any
t ype oR0wati@ts iseyppee sulsaél, coppetchigidd] sdpplet acktatdecdpper Ziggteptogpapnitratee

el 20t 10! btk b Abophe (oD Fiiale gurrréﬁgre' O8RS BIRABISH BN N Ng

t he 10conponents I N err

at 1 i nor gani
conponent s QU %‘%OH%tFaPO%%qrtSE'fat%QF@ra PleadAoppPe ’Bﬁtﬁa%?‘r"@%@e H&IPAte ion
sour ce, ar dictlarsprefatobeldStich metal baltshare g@sseilly cdrhmeribllpavaitablecarglamay be

conponent s (sH§ WitAsut f@WRr bosfcEent s, accel erators, suppressors, surfactants
and thg5l i ke. 15Typically, the plating baths of the present invention may

be used™at any tenperature from 10 to 65 degrees C or higher. It is
preferred tBeaides Retal elgsepalatingthefcompesigprg May be asedin eleqtiolss tepesitigeo
degrees C amuialrmherrpmgelfaeéreb‘rrye taropositond egygestidurig Usde gy tee slefositdMSfi t abl e

el ectrol yt @3 |dnel He o?rt’aqrm f Cttﬂ\/lcﬁw arlrdlrgrtl'\%dlnt ﬁrs SuLf s|o%s‘?‘r‘ﬁ%t?uor%cet 1c
acid, fluoroboric acid nic acr such as pet hanes oni ¢ acid,
et hanesul f 5WF*@r§lﬁ”EP”t§)?fc%% Ulaf‘B , padiey a%ﬁ@nfirp MRY87 BFRSEALIALNS BRI ¢

aci d, &byl siiiohdor eedmiass dsuoﬁttrcawrrdrteng/to-dewdsdad withthedmatats. t ol uenesul f oni ¢
aci d, sul fam ¢ acid, hydrochloric acid, phosphoric acid, tetraal kyl ammoni um

hydr oxi de, TWeerrfteetgla}grlt Xo&rgé Fnaa%teh%leg%glplrlergeﬂygggrﬁfon 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

35 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 hav-
ing 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

40  upon the particular alloy to be plated and is well known to those skilled in the art.



25i de, sodi um hydr oxi de, potassium hydroxide and the like. Acids are
typically present in an anount in the range of fromabout 1 to about 300
g/ L, al kavonelsleesibrol ytes are typically present in an aowmpeowfcadout 0.1
to about 20 g/L or to yield a pH of 8 tq>213 respectively and nore
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are generally commercially available and nmay be used w thout further
purification. 40The | eveling agents according to the present invention are
any whi ch dihe etesraplatngbatps of/ihdipnepeat isudrgioamayabd greparaddy coobpeng thayer and
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pol yal B9 et aRF aeotpideinan Bh s, SiepP e, SMAE oid acto 358 de.
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further |ncI de het eroat ons n|tr n t is
et orred CADDTERGTAT o1 Sdn0ySPROWE AT ctatt pa L oS TS BN R aa re-

cont ai ni ng saestivatyt archareyypigpllydp viehkaboratdita 18- R-S are general Iy known, are
general |y comrercially available 20and may be used without further
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tion.

40 The leveling agents according to the present invention are any which are capable of
providing a substantially planar copper layer and filling small features without substan-
tially forming voids and are polyalkanolamine, alkoxylated polyalkanolamine, functional-
ized polyalkanolamine, or functionalized alkoxylated polyalkanolamine. It will be appre-



nitrogen and the sulfur within the ring system By "substituted alkyl" is
nmeant that one or nore of the hydrogens on the al kyl group is replaced with
anot her swb2bioases1d group, such as, but not |imted to, pcyaregoohyasoxy, 35
halo (C1-Co) al koxy, (C1-C6)al kylthio, ghiol, nitro, and the like. By
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presen0el eot htyy & ided vitobsiurtd@Asnyifiestionl er at ors may be advant ageously used

in the present i nvention. Accel erators useful in the present i nvention

i ncl ude, I]Jt are not limted to, n% unds, CO@I‘I Si ng % nor e sul phur
- _ I " H

atom and a %ﬁ‘l’%‘?ﬂ”b‘?%ﬁé%ﬁ%ﬂ'ﬁ@gé@m THRgiopaldipyr; the'su fur( Angé&idhel |y
preferred adoges(dN'bmayhawtiathes tgener abmpounds twithesing@Bo¢- cRﬂJble(tS)ndEal\NheQSvm t h:

{Vl i Z a h{d rt@egﬁnfuprs aatgcgéml dgfﬁeb@bo&rms%ef@ahgleMﬁngrth&)&mf%wnﬁh&eogn n o 1
A L T R
het er oat OmC‘(1|Q )alkenyl, (C6-C20)aryl, (C1- 12 )alkylthio, (C2- C12 alkenylthio, (C6-C20)arylthio

and the like. Likewise, the nitrogen will have one or more substituent groups, such as

but not limited to hydrogen, (C1-C12)alkyl, (C2-C12)alkenyl, (C7-C10)aryl, and the like.

The N-R-S functional group may be acyclic or cyclic. Compounds containing cyclic N-

30 R-Sfunctional groups include those having either the nitrogen or the sulfur or both the
nitrogen and the sulfur within the ring system.

By "substituted alkyl" is meant that one or more of the hydrogens on the alkyl group is
replaced with another substituent group, such as, but not limited to, cyano, hydroxy,

35 halo, (C1-C6)alkoxy, (C1-C6)alkylthio, thiol, nitro, and the like. By "substituted aryl" is
meant that one or more hydrogens on the aryl ring are replaced with one or more sub-
stituent groups, such as, but not limited to, cyano, hydroxy, halo, (C1-C6)alkoxy, (C1-
Co6)alkyl, (C2-C6)alkenyl, (C1-C6)alkylthio, thiol, nitro, and the like. "Aryl" includes car-
bocyclic and heterocyclic aromatic systems, such as, but not limited to, phenyl,

40 naphthyl and the like.



S, 0) and 1-12 carbons. Carbocyclic aryl groups are typical aryl groups,
such as phenyl, naphtyl. Heteroaronmatic groups are al so suitable aryl
groups amsloeomvmpsioone or nore N,0 or S atom and 1-3 separatreooonefsssed
rings. R12 is selected fromHipr (-S-R11"X03M, vvith R11" being

identical or differe 5fro 1. More ificall e acc erators
e utert ndhaSnrat ke gl P B0 eI Sentn s sioqragliting bain s fom 0.5 P

X035- R11- St&16000 prs0 Bxsedd meiﬂlabwsmoﬁm'e’ gPreostiocdedavelibg agents accord'
X035- Ar - S $1g°f0'tﬁ@§?és@httlhvéﬁllén afe Eél%ﬁe@b{@y%té‘l%(ﬂnt bﬁfr(ﬁﬁ)ébouﬂ?ﬁf ppul arly

refered acc Q ro ul.fi de
B Sodi um o37 goot 3o BeERts of efof’a' R R R A
exanpl e§ of! taé@@|p@rratat§fﬁcygh19@@aiewd$féebamphn Frimaviresusednc| ude but are not
l'imted toThdekddplkingbathe atduadiag t ﬂherpreseacnndentbadmwﬁhelabé dne BRBofeN, N-

lgd' met hyl dif; Wa%é&.t @uaﬁ o%%Fan'Hlt vER leeﬁﬁt% no gg& SLEbratdES
(50 (za?eﬂgisHb&fg%% tSﬁfFfa% {2qts agh ﬁ@?gﬁ%ﬁw?g%ﬁaﬁag lgsiare generally
3- nmer capt o«pewpy bhalattoindlblod de@raowlefs&lﬂied)pyw egtvéhich suppressors and/or ac-

met hyl 416m dlepAtonRrtoBYe hndlinswhdtiafRountdl sodi um sal t;
met hyl - (m sul phopropyl)-trisul fide, disodiumsalt. 15 Such accelerators are

typically used in an anount of about 0.1 ppmto about SOOOéPpm based on
the total WeRtgetvasetytdi@dgitives may bRically mapsedcinlthg path s proxiske dlearessitriace
accel er at offinished for tHenCihi pratgar rasantUsuamenbdiethamote additive5io As@pwith aach adii-e

parti cul ar lyy, ?or%ﬂwg]é)geéﬁ%mfur%goﬁ‘de%Hﬂg%&?ﬁfﬁhﬁé}:t 'aﬂﬂﬁ%, i %Pédrﬁf aifsed in

t he present I nven { Fessors us ese t1on I ncl ude,

but ar é°notCNFiCh{MOkR Ok 3pce EEF P YRPTERSPESy PAlrees ¢ PNEr 99Nt RIEES AR ng
het er oat omnsxthessi therepb Moshprefarably theaal¢étioplading pathopgtainsshdiis tantadceleratod t i s
preferred tgta JupBresHsHIn 88§iIAGN tostha IRRliNRAdRN 8EQRNhE & thSprds2Bl BvSitidRI essor s

Other additives may also be suitably used in the present electroplating baths.

20  Any accelerators may be advantageously used in the present invention. Accelerators
useful in the present invention include, but are not limited to, compounds comprising
one or more sulphur atom and a sulfonic/phosphonic acid or their salts.

The generally preferred accelerators have the general structure MO3X-R"-(S).-R'2,
25  with:

- Mis a hydrogen or an alkali metal (preferably Na or K)
- XisPorS
- n=1to6
- R'"is selected from C1-C8 alkyl group or heteroalkyl group, an aryl group or a
30 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.
- R is selected from H or (-S-R"""X0OsM), with R'""" being identical or different
35 from R,

More specifically, useful accelerators include those of the following formulae:

X03S-R"-SH
40 XO3S-R"-S-S-R'™’-S0O3X



25 include pol yethylene glycol copolyners, particularly polyethyl ene glycol
pol ypropyl ene gl ycol copol yners. The arrangenent of ethyl ene oxide and
propyl enewoxbrmeadiosui t abl e suppressors may be bl ock, grediprrdos/oesssr andom
The pol yal kyl ene gl ycol may conprise fufggher al kyl ene oxi de buil di ng bl ocks
such as bu ne %é%ge Preferably, the average nol ecul ar wei ght of

sui tabl e sd €SS0S é§9@%ds about 2000 g/nol. The starting npo- 30l ecul es
of sui t abl avihdr'y ab Kgfiredealghvg eodl AnisyArge al kyl al cohol s such as net hanol

et hanol , propanol n- butanol and the like, aryl alcohols such as phenols
and blsphe hoI ch_as .benzyl al cohol, polyol starters
such as l&%@ﬁmkﬁy§%ﬁ§eﬁ ggeﬁ%ﬁ%éﬁ%?38§%pane pentaerythrltol sorbitol,
carbohydrates s&ﬁﬁiaﬁs@anﬁhmbpﬁthQMdbﬂhemUmkeﬁ am nes and ollgoanines such
as al kyl ami nes, Y i triethanol 35am ne, ethylene
di am ne, and thé\/lﬁ kéem%mm%g)ejs Fﬁ%ﬁn?{ﬁfoﬁi@ ng?dd%r%c |hc am nes such as

i m dazol and carboxylic acids. Optionally, polyalkylene gl ycol suppressors
may be fun@themalahm dhactaeratorg ruae g alove ©h inadixae fiadlede, dut drenat Bmitéhmoni um

Srount i EAESEEN ”@3%?%9{8%“21 o é’t?f%"d'hnﬁya“?@ég‘gﬁca' i bhsed on the
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2010/06981mﬁEWhEP®009b96658W$yﬁoﬂhempré@édﬁ(Qmmenhw@dymsoubeful for
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copper on |dﬂﬂoég'ﬂh¥%td circuit substrates, such as sem conduct or devices,
with smgll dianeter vies, trenches 5 or other apertures. In one enbodinent,

sem conductoy ch%@éfél&rﬁﬁ)ré‘é% tzﬁ %I@%s@&?r%ﬁbﬁ\guﬁt%ffa%gw ?Bﬁrﬂtt? bﬂéﬁﬁ@bbé’” Such

sem conduct or used in the
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propane, pentaerythritol, sorbitol, carbohydrates such as saccharose, and the like,
amines and oligoamines such as alkyl amines, aryl amines such as aniline, triethanol
35 amine, ethylene diamine, and the like, amides, lactams, heterocyclic amines such as
imidazol and carboxylic acids. Optionally, polyalkylene glycol suppressors may be func-
tionalized by ionic groups such as sulfate, sulfonate, ammonium, and the like.

When suppressors are used, they are typically present in an amount in the range of
40  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.



30may be filled within a single substrate resulting in a substantially even
surface having a ratio a/b of 1.5 or less, preferably 1.2 or |ess, npst
pr ef er ablwoof/epsibess. Thus, the present invention is partEPeMoAs6dsE1

suitable to evenly filling apertures inq@ substrate having a variety of
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pl ati ng bath POt ai ns an anode, which rmay be sol uble or insoluble.
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typi cal |y @&ipliastiolvs atdigectid HudeateSusddded avith aceoppeniayereis With refereeltbed and
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such as ac at e.

:
Sui t abl'a cﬁ'ngﬁt ‘EFé%EP% ?%9 t P%HP%IE%“@(E fillgAgn &t”qvieFﬁ'%t@@ 9 GOPRERK r%tﬁ%e of 1
to 250 mA/ cef@rred tcpas:anlver;burotelme i€ gemezated derigp dfithe svhiole stiueturecthgubstrbtel Due 60

mA/ cn Vmef'hg*@r@%rédésgmﬁ bbtrcﬁt@pﬁﬁ{ealrrﬁb tttﬁt?o@tﬁl%é‘ﬁb%c@g@if 28 @trér%?écﬁﬁly
circuits. |.c. U rrent g e substrate to be

e i ne pobarfkiideh beEdi-aASR T ) AEREBURAIRAE fn° SPSLIAE Lo

choice is within the abilities of those skilled in the art. The 15applied
cur r enR0nmayrheesffactdif maeteling ayertttis §éXerallyadagulits®l with regpéct (dPgs,. 2a apakbe rever se

cur- rent (Wﬁ@rtgrev%ﬁrgbe %e?‘t't”trtea@tp%ﬁ%'ﬁ 6588 t%é Ai ﬂ%‘tﬁf Q’b’»"\th% §ch€all85 esent

invention is use suc used in
t he manuf adtQnNdngs '”a‘%?”frgttetﬁ‘reét'@dﬁ ©i rP%‘dﬁettﬁe f ?Hlé’ %P&t N UBa‘t’*Hg‘ B %‘gﬁetaa?t ed
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met hods,i n but, are not. . limted to,. i as Q9 air ar i wor k
o ece 251 t 2 fiush BB Rt g pReRtink g 'hen Sto Rlndt parETRHB IS Those
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i nt egr at ed a0 fefftit s Sehsinrraneying uhalasuch asaopper, tiringafoeequeny clemicat at ed
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t he desSDr ednaysiediilled eyitbii 4 single substrate resultrng in a substantially even surface having a

ratio a/b of 1.5 or less, preferably 1.2 or less, most preferably 1.1 or less. Thus, the
present invention is particularly suitable to evenly filling apertures in a substrate having
a variety of aperture sizes, such as from 0.01 micrometer to 100 micrometer or even
larger.
35
A further significant advantage of this leveling effect is that less material has to be re-
moved in post-deposition operations. For example, chemical mechanical planarization
(CMP) is used to reveal the underlying features. The more level deposit of the invention
corresponds to a reduction in the amount of metal which must be deposited, therefore
40 resulting in less removal later by CMP. There is a reduction in the amount of scrapped
metal and, more significantly, a reduction in the time required for the CMP operation.
The material removal operation is also less severe which, coupled with the reduced



Metal, particularly copper, is deposited in apertures according to the
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Metal, particularly copper, is deposited in apertures according to the present invention
30  without substantially forming voids within the metal deposit. By the term "without sub-
stantially forming voids", it is meant that 95% of the plated apertures are void-free. It is
preferred that the plated apertures are void-free.

While the process of the present invention has been generally described with reference
35 to semiconductor manufacture, it will be appreciated that the present invention may be
useful in any electrolytic process where an essentially level or planar copper deposit
having high reflectivity is desired, and where reduced overplating and metal filled small
features that are substantially free of voids are desired. Such processes include printed
wiring board manufacture. For example, the present plating baths may be useful for the
40 plating of vias, pads or traces on a printed wiring board, as well as for bump plating on
wafers. Other suitable processes include packaging and interconnect manufacture.
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in the |itdhaseibath(additiges &R WGeldh coOBdindiSn wvitB93emiahe ychoandebsiag den i n
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hours ©be nivad.ure was cooled to roomtenperature. A slightly yellow |iquid
having a viscosity of

The cathode substrate and anode are electrically connected by wiring and, respec-

tively, 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 cathode

25 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

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

While the process of the present invention has been generally described with reference

35 to semiconductor manufacture, it will be appreciated that the present invention may be
useful in any electrolytic process where an essentially level or planar copper deposit
having high reflectivity is desired. Accordingly, suitable substrates include lead frames,
interconnects, printed wiring boards, and the like.

40  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 docu-
ments are incorporated herein by reference.



3990 nPas and a hydroxy nunber of 611.5 ng (KOH)/g was obtained. The

resul ti ng 30pol ytri et hanol am ne showed a wei ght average nol ecul ar wei ght of
Mv = 6700wg/2o0mlo6881d a pol ydi spersity of Mv M = 2. 0. Thecra®edioossspr oduct
was dissolved in DI water to give a 10 y %sol ution. Conparative Exanple 2

(prior art er Iatl are onmbj ning 40 g/l
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HCl, O. 100tlgs‘$CQDTB QﬁmlE@V@@O@opol ynmer suppressor, and 0.028 g/l of SPS and
DI water. The EQ PO copol yner suppressor had a nol ecul ar wei ght of <5000
g/ nol e andEtgr nLnaI hydr oxyl groups. 40 A copper |ayer was el ectropl ated
onto a waf erSibstrate by contacting the wafer substrate with the above
descri béd plating bath at 25 degrees C applying a direct current WO
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SEM i nspecti on e res ts wt using a leveling agent are shown in
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provi ded Wllyﬂ gnches of 0.130 microneter width. Both, figs. 3b and 3c
exhibit a very strong noundi ng over the 0.250 and 0.130 m croneter
trenches, ImeepdsleculdtveightyMnEvaspéterndinddby pizo @relusien ofiromegsgpdshy2vithas

repeated ex %%“M é)%paﬂ%paé%ﬁitm‘ the leveler prepared in exanple 1 was

added to th atin copper |l ayer was el ectroplated onto a wafer
substrdPe as descrl bed in exanple 2. The thus el ectropl ated copper |ayer
was i nvest ilhatvisgosity @GEM purs pelynieohiwad hheas@sd With ausiang viaceheter ttpabatdt with a
| evel i ng agejeqgiseC@r di ng to the present invention 20are shown in figs. 4a,
4b and 4c for glfferent aperture sizes. Fig. 4a shows a scanning el ectron

m crograph (SEM image of trenches of 2.0 micrometer width. Fig. 4b shows
an SEM i madge&awlet enches of 0.250 micrometer width and fig. 4c shows an SEM
imge @b trenches of 0.130 microneter width. Figs. 4a, 4b, and 4c show very
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25 A mixture of 1491.9 g triethanolamine and 9.7 g of an aqueous solution of hypophos-
phorous acid (50% strength) was heated to 227 degrees C with stirring under a weak
stream of nitrogen. The generated water was distilled off. After 4.3 hours the mixture
was cooled to room temperature. A slightly yellow liquid having a viscosity of
3990 mPas and a hydroxy number of 611.5 mg (KOH)/g was obtained. The resulting

30 polytriethanolamine showed a weight average molecular weight of Mw = 6700 g/mol
and a polydispersity of Mw/Mn = 2.0. The reaction product was dissolved in DI water to
give a 10 wt % solution.

Comparative Example 2 (prior art)

35 A copper plating bath was prepared by combining 40 g/l copper as copper sulfate, 10
g/l sulfuric acid, 0.050 g/ chloride ion as HCI, 0.100 g/l of an EO/PO copolymer sup-
pressor, and 0.028 g/l of SPS and DI water. The EO/PO copolymer suppressor had a
molecular weight of <5000 g/mole and terminal hydroxyl groups.

40 A copper layer was electroplated onto a wafer substrate by contacting the wafer sub-
strate with the above described plating bath at 25 degrees C applying a direct current



Exanple 4 The leveler prepared in exanple 1 (20.0 g) and water (145.6 Q)
were placed into a 30250nl flask and dinethyl sulfate (16.4 g) was added
dr op- wi sewonvmy/dshgosol uti on at room tenperature. The reaCTiEPRO0I0EESET € WaAS
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for duringExa@mpPi3the rotary evaporator. Then, the mixture was placed into
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Then, prop tm pin portions at 130 degree C
over a Ser?b%?bqp%gélqsle'ljsﬁ%ogdq@dte ?@gctr on, the mxture was allowed to
post-ré ct overnight at the same tenperature. VoI atil e organi ¢ conpounds
wer e r enovédcdppenlagemgasaeiectrplatedyemo st wafansunstiatelss desshillediingxgampldwct was

cool ed to rpeAMiLAP@FPIdHEEcodpRY RYEI wéérn‘&@s&rg@i%@y'@\/l%péct%r k brown liquid
(326.1 g) having a hydroxy nunber of 368.6 nmg (KOH)/g and an am ne number

of 4.53 mol /g. 15 Example 7 The | evel er prepared in exanple 1 (233.2 Q)
and an aquébadesiie using@ RItingdraAR with aleNeling Roerd a@@%ﬁ@érﬁ@ﬂ&tﬁréﬁfﬁntwemr’ght
percen2) 3.ave ghoweihdigpl 4G ad andta far differetuipadribetdia Figask siadvis & bearnggul ti ng

wat er was r%ﬂ%ﬁ%l&%gljagﬂ (§I§I9I ﬁﬁag% cﬁ%n&hé@cﬁ@ d Wcr&lHét’epﬁrd% ri'zrg 4b shows
an SEM image of trenches of 0.250 micrometer width and fig. 4c shows an SEM image
of trenches of 0.130 micrometer width. Figs. 4a, 4b, and 4¢ show very even surfaces
independent of the dimension of the trenches, i.e. the ratio a/b is very close to 1, as
25 depicted in fig. 2b. In addition to the reduced mounding the filling of the 2.0 micrometer
trenches is much better than without the leveling agent.

Example 4
The leveler prepared in example 1 (20.0 g) and water (145.6 g) were placed into a

30 250ml flask and dimethyl sulfate (16.4 g) was added drop-wise into the solution at room
temperature. The reaction mixture was stirred for 22 h at room temperature. The result-
ing yellow solution showed an amine number of 0 mmol/g, indicating complete quater-
nization of all amine atoms present in the polytriethanolamine starting material. The
aqueous solution of the leveler showed a water content of 86.3%.

35
Example 5
The leveler prepared in example 1 (40.0 g) and potassium-tert-butylate (2.44 g) were
placed into a 250ml flask and heated to 160 degree C under a nitrogen atmosphere.
After 30 min glycerine carbonate (51.5 g) was added drop-wise during 45 min. The

40 reaction mixture was heated for further 3 h 50 min and, then, it was cooled to room
temperature. A black viscous liquid having a hydroxy number of 581.6 mg (KOH)/g was



20at the rotary evaporator. Then, the m xture was placed into a 21

autocl ave. The reactor was purged with nitrogen three tines at 5 bars.

Then, butwbeonm/wygide (183.3 g) was added in portions at pt4Erd@gnessC over a
period of 3 h. To conplete the reactionpqthe mxture was allowed to

post - r eact vern t at the te erat r Ia ile organic ounds
here 1 omovetiar s b ruiie Db o Bt akPsinie fere e SSoRed AR bRt was 25
cooled to ra@anmql@mmrvmlgm@f Muev 86610 g/Boherd @ bolidispersisofdadrk=Brdown | i qui d
(411.4 g) having a hydroxy nunber of 358 ng (KOH)/g and an am ne nunber of
4.46 rrrml/% L5 showed a wei ght average nol ecul ar wei ght of Mv = 9000 g/ nol
and a pol ydi gpé’rs ty of MM Mh = 1. 30 Exanple 8 The | evel er prepared in
exanpl ed7 (1He.levelgr, DFW Q¢ in(Eexe P b§208n1c9 k?é‘ﬁz%ml aqRPeT $Rleiqnsy patagyiuer e

pl aced i nt dydroz@endoriceasiticansd erheperaéntB8.5dp gleeeplecddintda M. rodtebottdnie
reaction mggLip ey M@%e&%gﬂgatéﬂga?% da&‘ﬁé’o é‘e@@@@ Ald ﬁ&gﬁ#‘fﬁ)ﬁ@hn rg-erbﬁane

aqueous phasg was separ at

Resi dual arfh rQ%¥eYﬂp°r9§%r Eﬁ%ﬁ%@ﬂ’ﬁ%{ﬁé"’qsﬁﬁ%é '@8@%6&% e el NiFaCPenpved
at the rot avap pevgasowitt mifrogen Boeedirgeseat Shans. THED, pioaylehepxige (.28l (cgevay L6 was

obt ai nag a%déedﬂn%rhdf%'dt@% @G%@@o@é?'a%e‘n@ﬂ of iﬂ2T§c&}1plef@1ﬂe@éﬂdﬂ6n nhgber of
L6 equal ed ne atons

l,catl,n atern ZatIO
or ot o0 TP a6 Bl e YRR afBIER AR e viadle BOGRE
content of cempe%dszwerexemﬁw by 2 VeI 0/tE9B ST PESATDESHEBG NSt as
m xt ure of cboleetd ool @mpeeat(urbw@/egs)r Langhsaabtaiqetasia dak browaliqaid (326.1 g)

nYPOPROS PG ok 53fhd SHME! SR DmoTBr b ABSAEARE uBeAd T SlefreRg, C Wi Lh

stlrrl g stream n|t o] enerated water was tilled
of f. er 7.5 hours the m xture was cool ed to roomtenperature. Residual
armunts of Bwatple vere renoved at the ro- 5 tary evaporator at 100 degree C

and 25-35 méﬂe\fe‘lerfzeéﬁreﬁnterx@wm& {238aVd) %daaanq%@@& Euth ot béREsiifas and a
hydr oxy nu of

ooty erY ot nREtoue Sheamudion. STk Py BEEa §§' e dPSed GRIYL 1B hatm 17700
g/ mol and éla%a%iheﬁes’léhw@ﬁrw Mﬁne.veg at T00rfearee @te}dn‘embatf@réwwh (119.0
g) and2an aqueo*otaryse\vaﬁoram OhemahasdituBwasdiaoeddeto C2) BaBlavat Thavea&ior wei ght

Sy ARG SRR | o
the rotar y\ggg‘a ByRartigns afy ?1RE %?Wg‘r@r'ﬁgg B!an%aomH'@E? e ﬁaoaaf?dw ave.
The react omiware was gleaveq to posirreadgaarmidit ettheisaae tampéraluae sVoldthe nrgaeichy| ene

oxi de (43. %o%om% @&@@meﬁeoo&féb@rﬁb‘-ﬁarﬂtnlt%%@n@ﬁgérﬂ%nﬁ:tr%/l‘el’sulﬂn@ﬁfddgét wis 15
Iet the eacti on was, a 5 react

over i gﬁ $PolBl Lo tosin. e{“e"r?pae\"r&t u?Veer\TélV%l “fa"éa'”?dg%%i”‘éj %Wnﬁﬁg'dxﬁére PEnoved
by a consté‘ﬁt"nﬁﬁth’y@g@(bﬁ n&inbeeh Mg H@HE@@P@ an@rrme)@mberwéé 46dometa-tlé r oom
t enper at ur gholey &slight dvavage aloletuze ettt af Markodnoaymol arglia gol(digSsrdity)f
having a hyglmy=pgnber of 358 ng (KOH)/g and an am ne nunber of 5.67
mol / g. 20 nmpar ati ve exanple 10 (prior art) A copper plating bath was
prepared as described in conparative exanple 2. 25 A copper |ayer was

el ectr 8pl attedmpiet® a structured silicon wafer purchased from SKW Associ ate

I nc. cont aitiiNéeidr YRR in EXBRBI 7 BIICNE)S wetr i 5.0 §) Mdtdhzyidhitriag (56.9m 130
g) were placed into a 500ml flask and heated at 80 degree C for 6 h. Then, the reaction
mixture was cooled and poured into a separation funnel. The aqueous phase was
separated and washed three times with dichloromethane. Residual amounts of di-

35 chloromethane in the aqueous phase were removed at the rotary evaporator at 80 de-
gree C at 150 mbar for 2 h. Leveler L6 was obtained as a clear yellow aqueous solution
(142.3 g). The amine number of L6 equaled 0 mmol/g, indicating complete quaterniza-
tion of all amine atoms present in the polyamine starting material. The product showed
a water content of 53.5%.

40
Example 9



nmto several mcronmeters with a depth of approxi mately 250 nm and a
separation ranging from 130 nmto several mcroneters. Such wafer

subst r at easowermehgiought into contact with the above desecirhedoolosdssng bat h
at 25 degrees C and a direct current of295 30 mdcnR for 120 s fol |l owed by

-10 m& cn? for 60 he thus el ectroplated co | ayer was
vt ont APl R ena R EpE o e n St Rk PR R P RYET et s
I nc. I n thacdd§e%trengid, aﬁ]gimsmetadrtoﬂéaﬂagreesicm@ %tlrlﬁrngaturweofa weakt ed wires
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o e Shoun WSROl FERT Mnfitral° RSBl dindlild S ot ool ORI,
of nest &d tt@rér%ﬁ@gam@i?@@ﬁgi@@Crﬁnér%r?e‘t@bawPa?h /v)mbfcrwraoﬂsféqym@a@ Viseps#¥ 0. 130
m cromnet er of fli4p0 DRRs aneapgdioky aliyiber @463 $-rag KO BYIgwas ebtairdd. F0e Bos2BO

m cromet er ﬂgeﬁély'rﬂ(:)lﬁtﬁalgéléﬂrnesslﬂ))we@%t %I'Tt la98ra é@ncﬂ’é&lémeﬁ?ﬁ B a hi gher copper

deposition rat truct e unstruct ured

e
area. Thi s 'YHhEndhBREmMe andeno WQW' ¥ of Mﬂ‘hMHl ré interaedigitg®9d¥t onounced
over the 0.(18B00 ghandar2Bquanius SONA!D)QOW@E@QMOWXIE@M%M%SS1502@elghtorret er
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eatures are r ocedur e, of e
eDal Ctt1%ﬁﬁllgprefa¢r€ /(ii } r[Fbar%FpJ %Or“ %tThe ro?acrx ﬁ%/%;?or?tﬁr Tfe(%

was repeat e%lmgxce tion I w) of
the acti ve Mg Wﬁ‘v’gp@g@h'ﬁ‘t%ﬂ' 2leaioRtave- Ihwcbme«@a Qufﬂqdhlétm?'ﬁ@%ﬁgth@&t h. 10A
copper | aye&imesas Sﬁam:trheupleahﬁ@hwbﬁdb @3vead)evassatast irmpertiass atei20rdegesd € n
exanpl e 10. &hgp (ﬂ}b@ e|'5‘?ﬁhrﬂ9l;<% eCtﬂgg/ cjil{%ﬁléﬁém 'v&ﬁéeaﬁlbwg&rtcfﬂoé?y

profllonetr at'| bat h
with a Pevé%/?‘%‘i&"%{ﬁ {atéﬁ%é?'aﬁﬁ‘a“@ e ﬂ%@%ﬂ@a?'ﬁ&e’ﬁ‘PPW&%@?ée@ﬂ % n
Fi gs. 6a ardcobbtanbnitrdgdrt greant and brceswlingggodudthwapcoblet tomomytemperature.

Cross-sect 'L@Oé!br ISE@Bs BbtaltRal8 dafrl@BﬁbK)@ﬂlqh@V(HﬂlQl?% hOngaGiyarRy aumpedsth W th
a separatl 8?&_3)?%5@ Fl me ber tlvq@/ a cross-sectional scan of
f

0. 250 mcr a Sl i cant reduction of the
nmoundi ng corrpar ed to pri or art The rreasur ed values are depicted in table
1. 20 BRanple 12 The procedure of exanple 10 was repeated except that 1

ml/1 of a fogr\q/:% %&&é&p @ﬁ 9 1 %(ww of the active |eveling agent

of exanpl e pl ating 25bath. A copper |ayer was
el ectropl ated onto a wafer substrate as described in exanple 10. The thus
el ect r opl atPecbppeppleting bate wagasepanetkss demribed mycoproafativemsampleds descri bed in
exanpl e 10.
25 A copper layer was electroplated onto a structured silicon wafer purchased from SKW
Associate Inc. containing trenches. These trenches varied in width ranging from 130
nm to several micrometers with a depth of approximately 250 nm and a separation
ranging from 130 nm to several micrometers. Such wafer substrates were brought into
contact with the above described plating bath at 25 degrees C and a direct current of -5
30 mA/cm2 for 120 s followed by -10 mA/cm2 for 60 s was applied.

The thus electroplated copper layer was investigated by profilometry inspection with a

Dektak 3, Veeco Instruments Inc. In the case of 130 nm and 250 nm feature sizes a

field of nested wires was scanned and the height difference between the unstructured
35 and structured area was measured.

The results without using a leveling agent are shown in figs. 5a and 5b and show a
profilometry cross-sectional scan of nested trenches having 0.130 micrometer width
with a separation of 0.130 micrometer (fig. 5a), respectively a cross-sectional scan of

40  0.250 micrometer features (fig. 5b). Both, figs. 5a and 5b show a higher copper deposi-
tion rate on the structured area in contrast to the unstructured area. This phenomenon
is well known as mounding and is strongly pronounced over the 0.130 and 0.250 mi-



The val ues obtained fromprofilonetry, as depicted in table 1, show a
significant reduction of the nounding conpared to exanple 10 without a

| evel i ng woeniooshdanpl e 13 The procedure of exanple 10 wa3/pre@eabt@dl except
that 1 ml/I of a stock solution containpsg 1 % (w w) of the active |eveling

agent of exanple 5 S ded to the plating bath. 40A coppe er was
aPoct rop! atauMeRt G hen: e easeysralesdon Bl o Pl oS et G238 oroes hus
el ect r opl attedeatomseare dayietedwatabienliest i gat ed by profilonetry as described in
exanpl e 10. WO 2010/ 069810PCT/ EP2009/ 066581 24 The val ues obtai ned from
profil onet v picted in table 1, show a significant reduction of the
noundi ng con'sarped o exanple 10 without a |leveling agent. Exanple 14 5 The
procedupe of exanple 10 was repeated except that 1 nl/l of a stock sol ution
C(r)]nt a: ni ng TheYrgosldwie (ﬁﬁexbulmelearm\iva@rdpemebieagemg@t1 rolf| oexataakeoﬁtiwwagded to
the plating;RaLN-o ; ; - substrate
s doseri bl kanmy & 1B Al SRR A BEIEh Was 30k f HEpRlng

i nvesti gat éﬂby profilonetry as described in exanple 10. The val ues
obtained fromprofilonetry, as depicted in table 1, show a significant

reduclapi on &fppbhRySoMabB&rdpRIBRERE ot WafEXaMRirSteH délsthstdtin @xafyigliong

agent . Exarﬁ)]l ?hulsSeI toTPa?eaDrocedtér ervcafs exam la% Jbo Was r%gtpeat gds elécgfht that 1
ml/1 of a stGcK sof Utirohe com 2o n% ik %/%qgw \ﬂ,) YA OTRET R T VT8V I ng
agent of ex4aPpPE tP.-was added to the plating bath. A copper |ayer was

el ectropl ated onto a wafer substrate as described in exanple 10. The thus

el ectropl at@%r&%ﬁ@%&in?ﬁﬂ&éti X tth B ﬁ?ﬁ'%%%?%?ﬁ‘ aeé&fjiinb?ﬁkgﬁe?e%t ﬂlﬁéﬁﬁdnbed in

25 exanpl e e V3 S 0O I ne onetry, icted |n table
1, showra ﬁr%ﬁWQW%'Qrfta'gsr gaa& i6gr§°r iffqragt tFﬁS‘GHélzﬁ@%n‘iv{a‘?'%e%g@ﬁ%ﬁﬁ?t@”ib

Wi thout a Isearebi mapteateanicheDa\ingfl Be miGomieter pidth @dth reesephradivawp0.4 3Q pmnas
repeat ed exgigpéa)t RabedivBl/al crods-sechibRst kcsPbS DSNMEcPsthatePfcAtlirds @ﬁi%%y\/) of the
active | eV% bvr\} s"?‘&%"ctanp Iedg():(t%rrrlpc!f%\eSm\cl)\@ﬁdir?éj ggrgpatr(e)d thgrio[%la?tt 1I'ﬁ'(g m%%gur'ed val-

ues are depicted in table 1.

20
Example 12
The procedure of example 10 was repeated except that 1 ml/l of a stock solution con-
taining 1 % (w/w) of the active leveling agent of example 4 was added to the plating
25  bath.
A copper layer was electroplated onto a wafer substrate as described in example 10.
The thus electroplated copper layer was investigated by profilometry as described in
example 10.
30
The values obtained from profilometry, as depicted in table 1, show a significant reduc-
tion of the mounding compared to example 10 without a leveling agent.
Example 13
35

The procedure of example 10 was repeated except that 1 ml/l of a stock solution con-
taining 1 % (w/w) of the active leveling agent of example 5 was added to the plating
bath.

40 A copper layer was electroplated onto a wafer substrate as described in example 10.
The thus electroplated copper layer was investigated by profilometry as described in
example 10.



35 A copper |ayer was el ectroplated onto a wafer substrate as described in
exanpl e 10. The thus el ectropl ated copper |ayer was investigated by

prof i | omawoyosmegEscri bed i n exanple 10. WD 2010/ 06981PPTRPEFRBO6EG8D66581
25 Exanpl e 17 The procedure of exanple was repeated except that 1 ni/lI

of a stock_sol ution cont |n n ctlve | evel in nt of
oxanpl 6 V18 AR Ao EE Ao PFToS nas fepstet Spipe 1 S5ar Sisaa el Rt ot ed
onto a waf dionsithetreurdingscodaseed baxamlee%hmﬂh@t a(beveTlh@agﬁmis el ectropl at ed
copper |layer was investigated by profilonmetry as described in exanple 10.
10 The vaI ? o tfd ned fromprofilonetry, as depicted in table 1, show a
si gni fi cant E8lictT on of the roundi ng conpared to exanple 10 without a

| evel i n§ agent. 15Table 1 nmoundi ng Level er 0.130 mcroneter 0.250

m cr onet er Teempededlreve examplel B 18 @peatetheksht mmat exanr e slokk solution con-

taining 1 % (w/w) of the active leveling agent of example 6 was added to the plating
bath.

10 A copper layer was electroplated onto a wafer substrate as described in example 10.
The thus electroplated copper layer was investigated by profilometry as described in
example 10.

The values obtained from profilometry, as depicted in table 1, show a significant reduc-
15 tion of the mounding compared to example 10 without a leveling agent.

Example 15

The procedure of example 10 was repeated except that 1 ml/l of a stock solution con-
20 taining 1 % (w/w) of the active leveling agent of example 7 was added to the plating
bath.

A copper layer was electroplated onto a wafer substrate as described in example 10.
The thus electroplated copper layer was investigated by profilometry as described in
25 example 10.

The values obtained from profilometry, as depicted in table 1, show a significant reduc-
tion of the mounding compared to example 10 without a leveling agent.

30 Example 16

The procedure of example 10 was repeated except that 1 ml/l of a stock solution con-
taining 1 % (w/w) of the active leveling agent of example 8 was added to the plating
bath.

35
A copper layer was electroplated onto a wafer substrate as described in example 10.
The thus electroplated copper layer was investigated by profilometry as described in
example 10.

40 The values obtained from profilometry, as depicted in table 1, show a significant reduc-
tion of the mounding compared to example 10 without a leveling agent.



8 nm -8 nmexanple 12 106 nm 26 nm exanple 13 58nm 4 nm exanple 14 129nm 41
nm exanpl e 15 102 nm 44 nm exanple 16 135 nm 48nm exanple 17 19 nm-5 nm
WO 2010/ 65082 0REI81EP2009/ 066581 PCT/EP2009/066581

25
Example 17

The procedure of example 10 was repeated except that 1 ml/l of a stock solution con-
taining 1 % (w/w) of the active leveling agent of example 9 was added to the plating
5 bath.

A copper layer was electroplated onto a wafer substrate as described in example 10.
The thus electroplated copper layer was investigated by profilometry as described in
example 10.

10
The values obtained from profilometry, as depicted in table 1, show a significant reduc-
tion of the mounding compared to example 10 without a leveling agent.

15 Table 1
mounding

Leveler 0.130 micrometer | 0.250 micrometer
comparative example 10 370 nm 123 nm
example 11 8 nm -8 nm
example 12 106 nm 26 nm
example 13 58nm 4 nm
example 14 129nm 41 nm
example 15 102 nm 44 nm
example 16 135 nm 48nm
example 17 19 nm -5 nm




26 Clains 1. A conposition conprising a source of nmetal ions and at | east
one | eveling agent obtainable by 5 condensing at | east one trial kanol am ne
of the gewenralodsasiul a N(R1-0H)3 (la) and/or at |east ometdiradok@assssan ne of
the general formula R2-N(R1-OH)2 (1b) tgsgive a polyal kanol am ne(l1),
10wherein - the Rl radicals are each independently selected froma

di val ent, G'3&@Sr or branched ali phati c hydrocarbon radical having from2 to
6 carbon atons, and 15- the R2 radical sare each sel ected from hydrogen and

l'inear or fr anﬁiB@ﬂp@éltl@h@dfﬁ&l&@&é&ﬁ&é Ak taFioAd Bndb0BRtiohe NAdliQs agdien

radi cal s havi n(g?t g to 30 carbon atons, or derivatives
obt ai nabl e by %’l on, substitution or alkoxylation and 20substitution
of sai d9pol yal kanol ani ne(| I) 2. A conposition according to claim1,

wherein the ne&aidenﬁﬁgatleamrdnsena:lmawmuh@bftha geﬁemomnaeliatN(amcm)goa)di ng to
anyone of the i i 5
y O?Wl Sﬁéﬂla.gﬁ%néﬂ@r%n%d?t r1 E%xy % R ﬁg@%mzilbﬁb

al koxyl at ed po an ne. o {al na ating the resulting
pol yal kanol ain gPpyalipppla@ine(y c12- al kyI ene oxi des, styrene oxi de,

gl ycidol, or glyci dyI et hers. 4. A conposition according to claim3 ,
wher ei r10t he al knéreme oxi des are sel ected 30from et hyl ene oxi de, propyl ene
oxi de, butyl ene oxide or conbinations thereof. 5. A conposition according
to claim3 or 4, wherein the degree of al koxylation is from0.1 to 200, in
particul ar from thedR'tradiggls agsgachindenepdenttyi setectrsdenma ipryalept.dRgend of t he
precedi ng cl ai mepranbiegcedliphatichygludisibdnuibticnl Having fepnaR ed Biczoh @loms, and
protonation, alkylation, sul phatation, phosphatation or conbinations

thereof. 7. A conp |t|o according to anyone of the recedln cl ai s,
wher ei 19t he addi FRJET %af?fﬁ & C@dBCSP By‘ﬁ'B H%aéo d sel ect ed

from N hydr oxyal &ldhatig, rwdomfphfatwmﬂ aen(altla)wytanclarbbrmyadmaﬂsrhaamngfamsfl toge
conmpound (1 c) cogRbbshfdenst wo hydroxyl groups or two amino groups or a
hydr oxyl and an ami no group. WO 2010/ 069810PCT/ EP2009/ 066581

or derivatives obtainable by alkoxylation, substitution or alkoxylation and
20 substitution of said polyalkanolamine(ll).

2. A composition according to claim 1, wherein the metal ions comprise copper ion.

3. A composition according to anyone of the preceding claims, wherein the leveling
25 agent is an alkoxylated polyalkanolamine obtainable by alkoxylating the resulting
polyalkanolamine (ll) with Co- to C12-alkylene oxides, styrene oxide, glycidol, or
glycidyl ethers.

4. A composition according to claim 3 , wherein the alkylene oxides are selected
30 from ethylene oxide, propylene oxide, butylene oxide or combinations thereof.

5. A composition according to claim 3 or 4, wherein the degree of alkoxylation is
from 0.1 to 200, in particular from 0.5 to 20.

35 6. A composition according to anyone of the preceding claims, wherein the
substitution is a quaternization, protonation, alkylation, sulphatation,
phosphatation or combinations thereof.

7. A composition according to anyone of the preceding claims, wherein the additive
40 is obtainable by co-condensing a compound selected from N-hydroxyalkylamines
of formulae (la) and (Ib) with at least one compound (Ic) comprising two hydroxyl

groups or two amino groups or a hydroxyl and an amino group.



27 8. A conposition according to claim?7, wherein at |east one conpound
(lc) is present in an anmount of not nore than 50% by wei ght based on the
anmount ofwel2biomspgaonent s used for condensation. 59. A ceowaEPRddoomess8ccor di ng
to anyone of the preceding clains, whergyn the pol yoxyal kyl ene oxi des have
bl ock, ran%omgr %r ad{.ent structure (k)f onbi nati ons t her eof 10. A
conposi t i off- act GPAPAYIYHACEAIREOHMHe WhesR 8t 1ngStANicREPOUR ) R PHseMe ast
one 10t ri al kaniolaardnang bénotingore #hamcise by meight besegrasutpe emount eftalanol ami ne,
triisopropanol g4 pihepfaliskl ifdlonBerka@b@m ne. 11. A conposition according to
anyone of the preceding clainms, further conprising an accel erating agent.
15 12. A conposition according to anyone of the preceding clainms, further
conpri sPng % shgpmessiionacegeding to apyong gthepreseripg|ceimsl dreiesheyr
derivatives obpalyorgbk@eihy ogiti&ohyieatsioeknrandiosdridradiemtistractuzled dombiiaibhon and
substitution t gpﬁ%gf in a bath for depositing netal containing |ayers,
wher ei n the pol yal kanol am nes are obt ai nabl e by condensi ng at | east
one trial kanol am ne of the general formula N(R1-OH)3 (la) and/or at |east
one di al kari6l africampositierhacagedieg ®l anyoneral the RPeaR(IRY-clHiHNS, Whdsdintad le25tinee a

pol yal kgnol am figihhdlamiMeqlHisselddigd fidmtaslheap of RlcthaPalind)dependent Iy
selected froma. di val ent %Qtl)ranched al i phatic hydrocarbon

radi cal havi ng "PEmPae 8mg]| 2 ann%%%lﬂé?-

carbo 6ns.'and the R2 radical sare each
sel ected from hydrogen and |inear or branched aliphatic, cycloaliphatic and
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13. Use of polyalkanolamines or derivatives obtainable by alkoxylation, substitution or
20 alkoxylation and substitution thereof in a bath for depositing metal containing
layers, wherein the polyalkanolamines are obtainable by

condensing at least one trialkanolamine of the general formula N(R'-OH)s (la)
and/or at least one dialkanolamine of the general formula R?-N(R'-OH). (Ib) to
25 give a polyalkanolamine(ll),

wherein

- the R' radicals are each independently selected from a divalent, linear or
30 branched aliphatic hydrocarbon radical having from 2 to 6 carbon atoms, and

- the RZ?radicals are each selected from hydrogen and linear or branched
aliphatic, cycloaliphatic and aromatic hydrocarbon radicals having from 1 to 30
carbon atoms.

35
14. A process for depositing a metal layer on a substrate by
a) contacting a metal plating bath comprising a composition according to any of
claims 1 to 12 with the substrate, and
b) applying a current density to the substrate for a time sufficient to deposit a
40 metal layer onto the substrate.

15. Process according to claim 14, wherein the substrate comprises micrometer or



28 submi croneter sized features and the deposition is perforned to fill the
m crometer or subm croneter sized features. 16. Process according to
cl ai m 15,woheremispsibhe mi croneter or subm cronet er-si zed peTaEeReamw@sssBave a
size from1 to 1000 nm and/ or an aspectagatio of 4 or nore.

submicrometer sized features and the deposition is performed to fill the

micrometer or submicrometer sized features.

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



