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WO02004/016828 A2 discloses additives called antimisting agents prepared by

polyalkoxylation of amine compounds like triethanolamine, ethylenediamine or

25 diethylenetriamine. Alkoxylated triethanolamine compounds were mentioned to be
preferred and were used in the examples.

US 2006/0213780 A1 discloses amine-based copolymers of EO/PO copolymers having
at least 70% PO content. The copolymers are mentioned to have block, alternating or
30 random structure. A preferred amine is ethylenediamine.

US 6,444,110 B2 discloses an electroplating solution which may comprise, besides a
huge variety of additives called surfactants, nitrogen containing additives like
ethoxylated amines, polyoxyalkylene amines, alkanol amines, amides like those

35 provided by BASF under the trademark TETRONIC @, all of those being EO/PO block
copolymers of ethylene diamine. In the examples only polyglycol type suppressors
were used.

EP 440 027 A2 discloses, as suppressors, polyoxyalkylated diamine additives.
40  Alkoxylated diamines are identified to be the most preferred additives.



Al koxyl ated diam nes are identified to be the nost preferred additives. US
4,347,108 A discloses, as suppressors, those provided by BASF under the

trademar kwoRd A6 (r), all of those being EQ PO bl ock eopairyamnss2ef
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size of theyfr@ahiHeasaskl K®, YRS Mo LosaNH&s. to di mensions of bel ow 100
nanonet ers and even bel ow 50 nanoneters, respectively, the filling of the

i nterconnects with copper becones especially challenging, also since the
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covered by wide ranges mentioned in the prior art, amine-based polyoxyalkylene
25 polymers having a molecular weight My, of 6000 g/mol or more at least 3 amine
functional groups have also never been used in the prior art. Those compounds are not
believed to be commercially available in the market at the priority date of this

application.

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

35 apertures. Especially apertures with a seed overhang at the top opening or convex-
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
40 features to be filled. The seed is shown by the light grey layer on the dark grey

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



Fig. 3 shows a seeded substrate exhibiting inpact of the seed on the
opening of the features to be filled. The seed is shown by the light grey
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oxide and at least one compound selected from C3 and C4 alkylene oxides.

The advantage of the invention is that suppressing agents are provided that resultin a
extraordinarily pronounced bottom-up fill copper growth while perfectly suppressing the
30 sidewall copper growth, both leading to a flat growth front and thus providing
substantially defect free trench or via fill. The strong sidewall copper growth
suppression of the invention enables non-conformal copper seeded features to be
substantially void free filled. Moreover the invention provides an overall homogeneous
bottom-up fill in neighboring features of dense feature areas.
35
The suppressing agents according to the present invention are particularly useful for
filling of small features, particularly those having aperture sizes of 30 nanometer or
below.

40 The suppressing agent is obtainable by reacting an amine compound containing at
least three active amino functional groups with a mixture of ethylene oxide and at least
one compound selected from C3 and C4 alkylene oxides. In this way random



bottomup fill in neighboring features of dense feature areas. The
suppressi ng agents according to the present invention are particularly
useful fowofwidiie®sof small features, particularly thosechareegoapserture

si zes of 30 nanoneter or below. The suppressing agent is obtainable by
reacting an am ne caonpound containjng at |east three active am no
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wherein

- the R'radicals are each independently selected from a copolymer of ethylene oxide
30 and at least one further C3 to C4 alkylene oxide, said copolymer being a random
copolymer.

- the R?radicals are each independently selected from R or alkyl, preferably C1 to
C6 alkyl, most preferably methyl or ethyl.

35
- XandY are spacer groups independently, and X for each repeating unit
independently, selected from C1 to C6 alkylen and Z-(O-Z)m, wherein the Z radicals
are each independently selected from C2 to C6 alkylen,
40 - nis aninteger equal to or greater than 1.

- m s an integer equal to or greater than 1,



- nis an integer equal to or greater than 1. - mis an integer equal to or
greater than 1, Preferably spacer groups X and Y are independently, and X
for each wepeaviisgsuni t i ndependently, selected from C pctrapeshombiyl ene.
Most preferably X and Y are independently, and X for each repeating unit
i ndependently, selected from nethylene (-CH2-) or ethylene (-C2H4-).
Preferably Z is selected fromC2 to C4 al kyl ene, nost preferably from
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In another preferred embodiment the C3 to C4 alkylene oxide is selected from
propylene oxide (PO). In this case EOQ/PO copolymer side chains are generated
25  starting from the active amino functional groups

The content of ethylene oxide in the copolymer of ethylene oxide and the further C3 to

C4 alkylene oxide can generally be from about 5 % by weight to about 95 % by weight,

preferably from about 30 % by weight to about 70 % by weight, particularly preferably
30 between about 35 % by weight to about 65 % by weight.

The molecular weight M., of the suppressing agent may be between about 500 g/mol to
about 30000 g/mol. Preferably the molecular weight M., should be about 6000 g/mol or
more, preferably from about 6000 g/mol to about 20000 g/mol, more preferably from

35 about 7000 g/mol to about 19000 g/mol, and most preferably from about 9000 g/mol to
about 18000 g/mol. Preferred total amounts of alkylene oxide units in the suppressing
agent may be from about 120 to about 360, preferably from about 140 to about 340,
most preferably from about 180 to about 300.

40  Typical total amounts of alkylene oxide units in the suppressing agent may be about
110 ethylene oxide units (EO) and 10 propylene oxide units (PO), about 100 EO and
20 PO, about 90 EO and 30 PO, about 80 EO and 40 PO, about 70 EO and 50 PO,



110 et hyl ene oxide units (EOQ and 10 propyl ene oxide units (PO, about 100
EO and 20 PO, about 90 EO and 30 PO, about 80 EO and 40 PO about 70 EO and
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25  Preferably the substrate comprises submicrometer sized features and the deposition is
performed to fill the submicrometer sized features. Most preferably the submicrometer-
sized features have an (effective) aperture size from 1 to 30 nanometers and/or an
aspect ratio of 4 or more. More preferably the features have an aperture size of 25
nanometers or below, most preferably of 20 nanometers or below.

30
The aperture size according to the present invention means the smallest diameter or
free distance of a feature before plating, i.e. after copper seed deposition. The terms
“aperture” and “opening" are used herein synonymously. A convex shape is a feature
having an aperture size being at least 25 %, preferably 30 %, most preferably 50 %

35 smaller than the biggest diameter or free distance of thea feature before plating.

The plating bath according to the present invention is particular suitable for features
having high aspect ratios of 4 or more, particularly of 6 or more.

40 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.



havi ng hi gh aspect ratios of 4 or nore, particularly of 6 or nore. A w de
variety of netal plating baths may be used with the present invention.

Met al el ewbropi@atiopg baths typically contain a netal iopcTEPRe@/05281

el ectrolyte, and a pol yneric suppressing agent. The netal ion source may be
any conpound capahle of releasing netal ions to be deposit d I n
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the present invention. The amounts of each of the metal salts in such mixtures depend
upon the particular alloy to be plated and is well known to those skilled in the art.

of

30 In general, besides the metal ion source and at least one of the suppressing agents
according to the present invention the present metal electroplating compositions
preferably include electrolyte, i. e. acidic or alkaline electrolyte, one or more sources of
metal ions, optionally halide ions, and optionally other additives like accelerators and/or
levelers. Such baths are typically aqueous. The water may be present in a wide range

35 of amounts. Any type of water may be used, such as distilled, deionized or tap.

The electroplating baths of the present invention may be prepared by combining the
components in any order. It is preferred that the inorganic components such as metal
salts, water, electrolyte and optional halide ion source, are first added to the bath

40 vessel followed by the organic components such as leveling agents, accelerators,
suppressors, surfactants and the like.



metal ions, optionally halide ions, and optionally other additives |ike
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Any accelerators may be advantageously used in the plating baths according to the
present invention. Accelerators useful in the present invention include, but are not
limited to, compounds comprising one or more sulphur atom and a sulfonic/phosphonic
acid or their salts.

30
The generally preferred accelerators have the general structure MO3X-R?2'-(S).-R%,
with:
- Mis a hydrogen or an alkali metal (preferably Na or K)
- XisPorS
35 - n=1t06

- 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

40 contain one or more N,O or S atom and 1-3 separate or fused rings.



acid or their salts. The generally preferred accel erators have the general
structure Mg 3X-R2 1-(S)n-R22, with: Mis a hydrogen or an al kali netal
(preferablvp /mso) - Xis Por S- n=11to 6 R 1 ispsempeseasiepm CL-C8
al kyl group or heteroal kyl group, an aryl group or a heteroaromatic group.
Het er oal kyl groups will have one or nore heteroatom (N, S, O and 1-12
carbons. Car bocﬁ? iscselesied foaubsordre-RY/ FCaM), Wity R?'gbsingsdenfigahoradifferieahy| |

u
naphtyl. Heterog,@gRki c groups are also suitable aryl groups and contain

one or nore NOor S atomand 1-3 separate or fused rings.- R22 is sel ected
fromHor (-SSR2 1'X®BM, wth R1' being identical or different fromR2
1 . More sphwebpediidajly, ussti atcetaraiorseindtide $rosa of ihddoltowagefoohulbée f ol | ow ng
formul ag: MBS-R2 1-SH MBS-R2 1-S-S-R2 1' - SGBM MXBS-Ar-S-S-Ar-SO 3Mwi th
R2 1 is as ggg bove and Ar is Aryl. Particularly preferred

accel erati gentS'are: SPS: bis-(3-sul fopropyl)-disulfide disodiumsalt
MPS: 3-ner ORT-HBdarE@M oni ¢ aci d, sodiumsalt O her exanples of

accel er at ong0;318e9-2ApBO;Mr in m xture, include, but are not limted to:

MVES (2- Mer t - | | A iumsalt); DPS

(N, Ndi net hmiﬁl}sg%gﬁ'g%ﬁg ggg\gal égﬁj(’gﬂ-'gaﬂﬂ'opropyl ester), sodiumsalt); UPS
(3- [(ar’nonoi m nonmet hyl )- thio]-1-propylsulfonic acid); ZPS

( 3- ( 2- benztRartaxatrly Iprdfemdd dsceferapereseoisfavai ¢ aci d, sodium salt);

3- 1o capt 0 pr oD On ek of ySURAOREBAVI SR o

met hyl - ( G5- sul phopr opy odi um'sal t;
met hyl - ( Gb- sl pMRB:dpyklcapta-tptdpadsylfodicsodl, sodismlsglt Such accel erators are
typically used in an anpbunt of about 0.1 ppmto about 3000 ppm based on

2coel erlat oDhSePapids & AEcvalini P preics e e i BT L Hor o
parti cul ar ltg: MES (2-Metcaptnathanegulfandi adid sabiugugath):d339(N.May be advant ageously
used in t helimstageitiioddiyRhiciaeid. (3-sulfopropylester), sodium salt); UPS (3-[(amino-
iminomethyl)-thio]-1-propylsulfonic acid); ZPS (3-(2-benzthiazolylthio)-1-
propanesulfonic acid, sodium salt); 3-mercapto-propylsulfonicacid-(3-sulfopropyl)ester;
20  methyl-(@-sulphopropyl)-disulfide, disodium salt; methyl-(@-sulphopropyl)-trisulfide,
disodium salt.

Such accelerators are typically used in an amount of about 0.1 ppm to about 3000
ppm, based on the total weight of the plating bath. Particularly suitable amounts of

25  accelerator useful in the present invention are 1 to 500 ppm, and more particularly 2 to
100 ppm.

Any additional suppressor may be advantageously used in the present invention.
Suppressors useful in the present invention include, but are not limited to, polymeric

30  materials, particularly those having heteroatom substitution, and more particularly
oxygen substitution. It is preferred that the suppressor is a polyalkyleneoxide. 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

35 polyalkylene glycol may comprise further alkylene oxide building blocks such as
butylene oxide. Preferably, the average molecular weight of suitable suppressors
exceeds about 2000 g/mol. The starting molecules of suitable polyalkylene glycol may
be alkyl alcohols such as methanol, ethanol, propanol, n-butanol and the like, aryl
alcohols such as phenols and bisphenols, alkaryl alcohols such as benzyl alcohol,

40 polyol starters such as glycol, glycerin, trimethylol propane, pentaerythritol, sorbitol,
carbohydrates such as saccharose, and the like, amines and oligoamines such as alkyl
amines, aryl amines such as aniline, triethanol amine, ethylene diamine, and the like,



Suppressors useful in the present invention include, but are not limted
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napthyl. The compounds containing a functional group of the formula N-R-S are
generally known, are generally commercially available and may be used without further
purification.

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

35 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-
R-S functional groups include those having either the nitrogen or the sulfur or both the
nitrogen and the sulfur within the ring system.

40
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,



(C1l-C6)al kyl and preferably (Cl-C4)al kyl. In general, the aryl groups
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group, sucliefgencput not linited to, cyano, hydr XY, hal o, (Cl-C6)al koxy,
(C1-Co) al kyIthlo thiol, nitro, and the |ike. By "substituted aryl" is
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Pol yal kanolv‘g%l{ nes, al koxyl ated pol yal kanol ani nes, functi onal i zed

pol yal kanol %es, and functionalized al koxyl at ed pol yal kanol ani nes are
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Such Pebyal kanajramghae siliptiztic hg8ochiped radicdEuadng domaaioeitarb@phioaat aen No.
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can be obtaj ne ener al
formula N(RL 1-3@d|)a£§°'(‘f"%8 yé’ﬁ‘&ﬁaétPonarta icalgs?!! el BPK AR dneatigreraseh ?‘ﬁe gener al
formul a R12- N( Rbvibg@dn1 (d 8) carbogietommsa pol yal kanol am ne(l 1) (stage A),
wher e
25 The alkanolamine can be used as such or may optionally be alkoxylated, functionalized
or alkoxylated and functionalized to get alkoxylated polyalkanolamines (lll),
functionalized polyalkanolamines (IV) or functionalized alkoxylated polyalkanolamines

(V).

30 Alkoxylated polyalkanolamines (llI) can be obtained by alkoxylating polyalkanolamine
(I) with C>- to Cq2-alkylene oxides, styrene oxide, glycidol, or glycidyl ethers with the
proviso that the average degree of alkoxylation is from 0.1 to 200 per OH group and -
where present - secondary amino group (stage B).

35 Functionalized polyalkanolamines (V) can be obtained by functionalizing
polyalkanolamine (ll) with suitable functionalization reagents which are capable of
reaction with hydroxyl groups and/or amino groups (stage C).

Functionalized alkoxylated polyalkanolamines (V) can be obtained by functionalizing
40 alkoxylated polyalkanolamine (I11) with suitable functionalization reagents which are
capable of reaction with hydroxyl groups and/or amino groups (stage D).
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25 diethanolamine, N,N-bis(2-hydroxypropyl)-N-methylamine, N,N-bis(2-hydroxybutyl)-
N-methylamine, N-isopropyldiethanolamine, N-n-butyldiethanolamine, N-sec-
butyldiethanolamine, N-cyclohexyldiethanolamine, N-benzyldiethanolamine,
N-4-tolyldiethanolamine or N,N-bis(2-hydroxyethyl)aniline. Particular preference is
given to diethanolamine.

30
In addition to the trialkanolamines (la) and/or dialkanolamines (Ib) it is optionally
possible to use further components (Ic) having two hydroxyl and/or amino groups for
the polycondensation.

35 The polycondensation of components (la) and/or (Ib) and optionally (Ic) can be carried
out by methods known in principle to those skilled in the art while heating the
components, with elimination of water. Suitable methods are disclosed, for example, by
EP 441 198 A2. It will be appreciated that it is in each case also possible to use
mixtures of different components (la), (Ib) or(Ic).

40
The condensation is performed typically at temperatures of from 120 to 280 degree C,
preferably from 150 to 260 degree C and more preferably from 180 to 240 degree C.
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cxarm & by U8 0RO BhBe I %éh”éfer o B %%étﬁ“ﬁ%o%'k%ow{ Eﬁam
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25  The resulting polyalkanolamine (Il) preferably has a polydispersity (Mw/M,) 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
step, the OH groups and any secondary amino groups present react with alkylene
30  oxides to form terminal polyether groups.

Polyalkanolamines (1) can optionally be functionalized in a further reaction step (C). An
additional functionalization can serve to modify the properties of the polyalkanolamines
(IN. To this end, the hydroxyl groups and/or amino groups present in the

35 polyalkanolamines (I) are converted by means of suitable agents which are capable of
reaction with hydroxyl groups and/or amino groups. This forms functionalized
polyalkanolamines (IV).

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

the alkoxylated polyalkanolamines (lll). To this end, the hydroxyl groups and/or amino

groups present in the alkoxylated polyalkanolamines (Ill) are converted by means of
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present invention I ves. Such optional
additives include, but are not limted to, accel erators, suppressors,
sur f act ant harmptdedenéinvedtion iSusdiulFapgepesitiog s neetd 1aye ghatiaiaolysa emp@egleym ally

known in thg a"’\}'atrletyI &t sObdtkatde paheaary holB®aviky kLsHicidh drideaRblisyBiz6d
suppr e%or apeptures For example, the present invention is particularly suitable for depositing
copper on integrated circuit substrates, such as semiconductor devices, with small
diameter vias, trenches or other apertures. In one embodiment, semiconductor devices
are plated according to the present invention. Such semiconductor devices include, but
are not limited to, wafers used in the manufacture of integrated circuits.
30
The general process of copper electrodeposition on semiconductor integrated circuit
substrates is described with respect to figs. 1 and 2 without restricting the invention
thereto.

35 Fig. 1a shows a dielectric substrate 1 seeded with a copper layer 2a. With reference to
fig. 1b a copper layer 2’ is deposited onto the dielectric substrate 1 by
electrodeposition. The trenches 2¢ of the substrate 1 are filled and an overplating of
copper 2b, also referred to as “overburden”, is generated on top of the whole structured
substrate. During the process, after optional annealing, the overburden of copper 2b is

40 removed by chemical mechanical planarization (CMP), as depicted in fig. 1c.
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there is an increasing seed overhang issue and/or convex-shaped features with further
shrinking feature sizes, as depicted in fig. 3, there is a serious risk of pinch-off void
formation in the upper half of the trench close to the opening if the suppressor does not
completely avoid sidewall copper growth 2”. The present invention provides a new
30 class of highly effective, strong suppressing agents that cope with the seed overhang

issue and provide defect free trench filling despite a non-conformal copper seed.

The advantage of the invention is that suppressing agents are provided that resultin a
extraordinarily pronounced bottom-up fill copper growth while perfectly suppressing the
35 sidewall copper growth, both leading to a flat growth front and thus providing defect
free trench fill. The strong sidewall copper growth suppression of the invention enables
non-conformal copper seeded features and/or convex-shaped features to be
substantially void free filled. Moreover the invention provides an overall homogeneous
bottom-up fill in neighboring features of dense feature areas.
40
Typically, substrates are electroplated by contacting the substrate with the plating
baths of the present invention. The substrate typically functions as the cathode. The
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contacting the substrate with the plating baths of the present invention.
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30  While the process of the present invention has been generally described with reference
to semiconductor manufacture, it will be appreciated that the present invention may be
useful in any electrolytic process where 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 plating of vias, pads or

35 traces on a printed wiring board, as well as for bump plating on wafers. Other suitable
processes include packaging and interconnect manufacture. Accordingly, suitable
substrates include lead frames, interconnects, printed wiring boards, and the like.

Plating equipment for plating semiconductor substrates are well known. Plating

40 equipment comprises an electroplating tank which holds Cu electrolyte and which is
made of a suitable material such as plastic or other material inert to the electrolytic
plating solution. The tank may be cylindrical, especially for wafer plating. A cathode is
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While the process of the present invention has been generally described with reference
to semiconductor manufacture, it will be appreciated that the present invention may be
useful in any electrolytic process where a substantially void-free copper deposit is

30 desired. Accordingly, suitable substrates include lead frames, interconnects, printed
wiring boards, and the like.

All percent, ppm or comparable values refer to the weight with respect to the total
weight of the respective composition except where otherwise indicated. All cited

35 documents are incorporated herein by reference.

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

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

Example 1: Synthesis of suppressor 1

n?gotroallr)lﬁlq\%ne}%%y t|trat¥on c%fa solu |on ‘of

Diethylenetriamine (389 g) and water (19.5 g) were placed into a 2L autoclave at 70 °C.
After nitrogen neutralization ethylene oxide (830 g) was added in portions at 90 °C over
a period of 8 h 30 min. To complete the reaction, the mixture was allowed to post-react
for 3 h. Then the temperature was decreased to 60 °C and the mixture was stirred
overnight. Then the reaction mixture was stripped with nitrogen and volatile
compounds were removed in vacuo at 80°C. A highly viscous light yellow intermediate
product (1240 g) having an amine number of 9.12 mmol/g was obtained.
The intermediate product (48.5 g) and aqueous potassium hydroxide solution
(concentration: 50 w% KOH; 1.45 g) were placed into a 2| autoclave at 80 °C. After
nitrogen neutralization the solvent was removed for 2 h at 100 °C under vacuo (< 10
mbar). Then the pressure was increased to 2 bar and a mixture of ethylene oxide (330
g) and propylene oxide (479 g) was added in portions at 140 °C over a period of 10 h



The foll ow ng exanples shall further illustrate the present invention
W thout restricting the scope of this invention. ExanplesSix N-containing
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2 For the $Sfferesil£0of suppressor 2 suppressor 1 was used as a starting
mat eri @p. Suppressor 1 (323 g) was placed into a 2 | autoclave at 80 0OC

After nitr t j.zat | | vent was renoved for 20 min at 80-120
0C under V%E@p%?ﬁﬁ%§§)4f9%§%°ﬁ§ pressure was increased to 2 bar and a
m xture of ethyl ene oxide (158

Diethylenetriamine (203 g) and water (10.1 g) were placed into a 2| autoclave. After
nitrogen neutralization ethylene oxide (830 g) was added in portions at 90 °C over a

25 period of 5 h. To complete the reaction, the mixture was allowed to post-react
overnight. Then the reaction mixture was stripped with nitrogen and volatile compounds
were removed in vacuo at 100°C. A highly viscous light yellow intermediate product
(631 g) having an OH number of 852 mg KOH/ g was obtained.
The intermediate product (20.0 g) was diluted in water (30 g) and this solution and

30 aqueous potassium hydroxide solution (concentration: 50 w% KOH; 0.60 g) were
placed into a 2L autoclave. The solvent was removed at 120 °C for 2 h under vacuo (<
10 mbar). After nitrogen neutralization the pressure was increased to 2 bar and a
mixture of ethylene oxide (477 g) and propylene oxide (647 g) was added in portions at
140 °C. The mixture was allowed to post-react overnight and, subsequently, the

35 reaction mixture was stripped with nitrogen. Then, Ambosol (33.6 g) and Hyflow (2.2 g)
were added and residual volatile components were removed at 100 °C and at < 10
mbar for 2 h at the rotary evaporator. After filtration Suppressor 3 was obtained as a
yellow liquid (1120 g). GPC: d = 1.08; amine number: 0.16 mmol/g.

40 Example 4: Synthesis of suppressor 4
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1 120 9g). GPC. d = 1.08; amne nunber: 0.16 mmol/g. Exanple 4: Synthesis of
suppressor t et ram ne g9 g) and water (25.5 g) were placed

ATri et 5
into a5 15@%{9&%2&@&%@ BEUPKREFEN Oni trogen neutral i zation the pressure

was increased to 2 bar and ethylene oxide (721 g) was added in portions at
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i nt er medi atReMrQRE brddd8: @66);) Was ofialniébed in water (30 g) and this sol ution
and 25 The intermediate product (16.5 g) and aqueous potassium hydroxide solution
(concentration: 50 w% KOH; 3.4 g) were placed into a 2L autoclave. The solvent was
removed at 90 °C for 2 h under vacuo (< 10 mbar). After nitrogen neutralization the
pressure was increased to 2.2 bar and a mixture of ethylene oxide (357 g) and
propylene oxide (487 g) was added in portions at 120 °C. The mixture was allowed to
30 post-react at 120 °C for 4 h and, subsequently, at 80 °C overnight. Residual volatile
components were removed at the rotary evaporator for 1 h at 80 °C. Suppressor 5 was
obtained as an orange liquid (847 g). GPC: d=1.10; amine number: 0.18 mmol/g.

Example 6: Synthesis of suppressor 6
35
Diethylentriamine (382 g) and water (19.1 g) were placed into a 2L autoclave at 70 °C.
After nitrogen neutralization ethylene oxide (814 g) was added in portions at 90 °C over
a period of 8 h. To complete the reaction, the mixture was allowed to post-react for 3 h.
Then the temperature was decreased to 60 °C and the mixture was stirred overnight.
40  Then the reaction mixture was stripped with nitrogen and volatile compounds were
removed in vacuo at 80°C. A highly viscous light yellow intermediate product (1180 g)
was obtained.
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copper seed deposition the trenches had a width of 15.6 to 17.9 nanometer at the
25 trench opening, a width of 34.6 to 36.8 nanometer at half height of the trench, and were

176.4 nanometer deep.
Example 7:

30 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 3.8 wt
% solution in DI water of suppressor 1 as prepared in example 1.

A copper layer was electroplated onto a wafer substrate with feature sizes shown in

35 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 investigated by
scanning electron micrograph (SEM) inspection.

40  The results are shown in figs. 4a and 4b which provide SEM images of the copper filled
trenches. The neighboring trenches are almost equally filled without exhibiting voids or
seams. The SEM image after 6 s plating, depicted in fig. 4b, shows compared to the 3
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0.028 g/ | difie SRBranp filing Witmalrhosdho @oBped depositi godrutheaidawall OF thedtaschex.

suppressor T%e%id%@@r?gj t‘?éhdh@s SrATRoSt équaﬁy ﬁl%ﬁﬂ/ﬂfhobﬁéé@ﬁbim@ﬁ/o?dse&ts"egﬁkat ed
onto a waf stra

sub te with feature sl zges. sho in fig. 3 provid with a
copper seed A2 B&‘/ppé%?ﬂ%‘?ffeﬁg"? i s B RAL wathe oy s Hsiite
descri bed pmallifeajuteaareniags 28 i pbuieys and gidinpt algsawhile Bltng berticaphesof -5
mA cnR 2bor CRiriag @ie $ s Platiag Hees weelng.sighifitabtuisoslt ectdppet aé;méit@dnamﬁ I ayerI was
i nvesti gat - i .1 r . i Jdhe results
are shown ?%nwalgg\ﬁ%% @%&qhﬁﬁ%ﬁ% tﬁggg\é@&@%kﬁﬁ%é%iﬁﬁﬁ 1Jg{;l%?l)sp'per filled
trenches. The nei ghboring trenches are alnost equally filled w thout
exhi bi ti ng Bxamge @r

A plating bath was prepared by combining DI water, 40 g/l copper as copper sulfate, 10

25 g/l sulfuric acid, 0.050 g/l chloride ion as HCI, 0.028 g/l of SPS, and 7.00 ml/l of a 5.3
wt % solution in DI water of suppressor 3 as prepared in example 3.

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

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

Fig. 6 shows the SEM image of the resulting electroplated copper layer. The trenches
are partly filled without voids or seams, and a flat copper growth front in the trenches
35 can be seen clearly indicating the bottom-up filling. The copper deposition on the
sidewalls of the trenches is negligible small showing the strong suppression of the
copper growth at the sidewalls of the trenches. All feature openings are still open.

Example 10:

40 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 5.00 ml/l of a 5.0
wt % solution in DI water of suppressor 4 as prepared in example 4.



seans. The SEMinmage after 6 s plating, depicted in fig. 4b, shows conpared
to the 3s plating result (fig. 4a) no significant copper deposition over
t he di el ewpron/msteeeen the nei ghboring trenches but coppenr/rpb@oiobs2sn t he
trenches. Exanple 8: A plating bath vas prepared by conbining DI water, 40
g/l copper as copper sulfate, 10 g/l sulfuric acid, 0.050 g/l chloride ion
as HCl, 0.028 g/l of SPS and 2.00 m /I of a 5.3 w %solution in D water
of suppr esgocopRealsy@regaeledrdptatek antplasvafer Albstpieerith fagtare siess dlosotin opl at ed

gglto gef \SN?; g@ M@ﬁ&é@@vﬁh ‘é‘cbbpér%@bb“fﬁ/eﬁbyz%t%ﬂgl‘?% Wafel gubs%awmﬂ fled with a
GooerT bed geary ﬁ%soﬂé?ip'gi'ngzéa@%@,?gﬁsgr&eaﬁ% TRl S0 e stefert O SRRy o

mA cn2 Por 338@6srﬁean@whelT@@tthmla@twlat preper wgrrwm@vewémtyaﬁ\i by SEM
i nspecti on.inspaetigresult is shown in fig. 5 providing the SEMinmage of partly

filled trenches exhibiting the bottomup filling with al nost no copper
deposition_on the sidewal | of the_trenches, The neighboring trenches are

al nost equaTIhWe?N'tl'? slowh ndigut @ v’ B|“ﬁ'q1i‘ge>ﬂ'ﬂt51't@ssw Inagere! theplnest fiksity
suppr essi ngreettiascafteo st(fig. 1a) enatell sis bt fllty fdlad tleectwsediel § sqégYbsiBute t he

smal | figat e s%wmerm)oﬁﬁ tr&hdres tm\ék@énman@h@lu?ﬂmtw.m memltm&tfl L1 ng

h h
copper depaenPBoxpd: plSeans sl €S EiE8 D@ BBl EoeLa ol i ng
formation eiPigingdficdel no sigaiicamcanpsaleposiiompver ihdiBlseiichatvesndpar ed by

conbi ni ng Bleighdbtrg tréitheé bealpraaut aspped praih sithihabhetreddheg/ | sul furic acid,
0.050 g/l chloride ion as HCl, 0.028 g/l of SPS, and 7.00 m /| of a 5.3 w

% solution in DI water of suppressor 3 as prepared in exanple 3. A copper
| ayer W&s &%ﬁr?}ﬂ?eﬁx@mpﬁiB a wafer substrate with feature sizes shown in
fig. 3 provided with a copper seed | ayer by contacting the wafer substrate

\(I:Mu'; ?GLPGO?@%ﬁ k Wag% C&l?glﬁlgétm srtdes g @ gaﬁspl;cybdé@ salfld rect
Chveett gat &l uegRRey Ehe 9’? 8*940“% S R STR B BLES CopRete L YGL HES 1 o

el ect r opl atéde selpirir in|RY yeater Ofﬁtépmﬁ%ﬁ%ﬁé@ m@@ar%mq@rmqlq $ed without voids or
seans, 2gnd a flat copper growh front in the trenches can be seen clearly

| i cat | 19 4 0boBPLL M ADAL il oS RABPEILSISRIaH AL LT hcidrval 5 of

the trenches g ressi 0
copper gr ofigr RIPVIEEEWER a&pBPeT e |8[yﬁéb}f P%’H%‘H'é‘g th%Y"Pfef é%\t?stﬁﬁaga wifetengs are

still open.abBxadgdoeibddplangbathiahg5 HagreesvEsappiyiea didedd purcantior i mé/dbh’ foat er ,
40 g/l coppey. TAS tEARREroplstd PE el Byer was investigated by SEM inspection.
25
The resulting SEM image is shown in fig. 8 which exhibits neighboring trenches that
are unequally partly filled with copper. The trenches do not exhibit a flat and well-
defined growth front parallel to the trench bottom but a diffuse growth front indicating
that copper was significantly deposited on the sidewalls of the trenches. Some
30 trenches are already closed due to the sidewall copper growth resulting in voids. In this
example the copper deposition is slower compared to examples 7-10.

Comparative Example 12

35 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 5.00 ml/l of a 5.0
wt % solution in DI water of suppressor 6 as prepared in example 6.

A copper layer was electroplated onto a wafer substrate with feature sizes shown in

40 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. The thus electroplated copper layer was investigated by SEM inspection.



g/l sulfuric acid, 0.050 g/l chloride ion as HCl, 0.028 g/l of SPS, and
5,00 M/l of a 5.0 w %solution in DI water of suppressor 4 as prepared in
exanpl e 4vé00pnstosl ayer was el ectropl ated onto a waf er pewhpbe@ioss28i t h
feature sizes shown in fig.3 providedsn th a copper seed | ayer by
contacting the wafer substrate with the above described plating bath at 25
degrees C applying a direct current of -5 md¥cnR for 3 s or 6 s,

respect i velTye réhatingBEM éhege isebbah étifig Gppeich Exhilgts neéghboring senaias dthtby SEM

i nspecti ongrd Dﬁe_o[ul%ﬁylbértly fillehAMcdppef. e tréAcRd o/ RotelhiBlt agkbhiM el SEM i mage

of the al mpst f e renches ,after 3 fig. . 7a wel |. f.othe fully
Ti11 o 1 onatned plith Mot estip 3 e fettghdrorttys aﬁﬁ%@ﬁ@ﬁbﬂ%@@%@%ﬁ@shes
t hat ar & alwhet sustggalof theftieinclees inficated b e slitisbarag wholes ipithe ignahebds or
slearrfs. C?][Y}%Vémgtréﬂibhegaﬁe @]te_’ﬁdy@wséeéuﬂhb dpkhifigs dbthe trenthies dL%SU!stglnﬂl'f:élﬁi!’ 3s

pl ati ng I ; ; ectric
Detueon ¢ e isab? ko Skih ol 1 980 TmicARR Th IS BMBL the Forkf) 01 11
trenches. GSRPETAR IS Flovex spppaed 1o &aMRles AgObat h was prepared by conbi ni ng
D water, 40 g/l copper as copper sulfate, 10 g/l sulfuric acid, 0.050 g/l
chloride ion as HCl, 0.028 g/l of SPS, and 5.00 m /I of a 5.0 wt % sol ution
in D water of suppressor 5 as prepared in exanple 5. A copper |ayer was

el ectropl ated onto a wafer substrate with feature sizes shown in fig.3
provided with a copper seed |layer by contacting the wafer substrate with

t he above described plating bath at 25 degrees C applying a direct current
of -5 m¥cnR for 3 s. The thus el ectropl ated copper |ayer was investigated
by SEM i nspection. The resulting SEMinage is shown in fig. 8 which

exhi bits nei ghboring trenches that are unequally partly filled with copper.
The trenches do not exhibit a flat and well defined growh front parallel to
the trench bottombut a diffuse growh front indicating that copper was
significantly deposited on the sidewalls of the trenches. Sone trenches are
al ready cl osed due to the sidewall copper growth resulting in voids. In
this exanple the copper deposition is slower conpared to exanples 7-10.
Conparative Exanple 12 A plating bath was prepared by conmbining D water,
40 g/l copper as copper sulfate, 10 g/l sulfuric acid, 0.050 g/l chloride
ion as HCl, 0.028 g/l of SPS, and 5.00 m /I of a 5.0 wt % solution in D

wat er of suppressor 6 as prepared in exanple 6. A copper |ayer was

el ectroplated onto a wafer substrate with feature sizes shown in fig.3
provided with a copper seed |layer by contacting the wafer substrate with

t he



above described plating bath at 25 degrees C applying a direct current of
-5 mdcnR for 3 s. The thus el ectropl ated copper |ayer was investigated by
SEM i nspewbi20fyiib®esresul ting SEM image is shown in fig. perwrbeloosieli bits

nei ghbori ng trenches that are unequaldsy partly filled with copper. The
trenches do _not exhibit a flat and well defined growh front parallel to the
trench bot t4#MBut a gromh front distributed over the whole surface of the
trenches indicated by the slit-shaped wholes in the trenches. Several

trenches are aA%@ﬁ?Msi%rP%ﬁbr%ﬁngté@o&&eﬂﬁ A&l iBhs Eﬁ@agé%%ﬁ%@%ugb@séiﬁ’g

significant si de\é\ﬁl ét cogreqrdr%rqwth resulting in void formation. In this
exanpl e the co?ﬁ? ° 8}518 Ct9YIRH7 €91 ower conpared to exanples 7-10.C ains 1.

A conpo&ition conprising a source of netal ions and at |east one

suppr essi ng aggntarpdrhiak @alipeuly corB@ingd @ 169st ifeAttiVe RORPRINBELIEOFIUPSI Ng at
| east three active amno functional groups with b) a m xture of ethylene
oxi de and at | east one conpound selected from C3 and C4 al kyl ene oxi des 2.
The conpositi offittaccor di ng to claim1, wherein the netal ions conprise
copper ions. 3. The conposition according to anyone of the preceding

cl ai ms,qgwher ei gy thRi@UBRE BFFIRE oA Bhd i 1ca8l el @fhJolRIsEIRERAWBASCOENG Or mul a
| wherein - the %‘}L I’@dll cal Sqale each independently selected froma

copol ymer of eth LAKYISNS §498hd at | east one further C3 to C4 al kyl ene

oxi de, said copolynmer being a random copolyner. - the R2 radicals are each
i ndependentoy sigd esrhgskitfoh@vchilingrto alaki M ewhergimethe haddalyorfs cbmpride @Bgbef ar e
spacer groups | ngpendently, and X for each repeating unit independently,
selected fromC 1 to C6 al kyl en and Z- (O Z) mwherein the Z radicals are each
indepeﬂéently selected fromC2 to C6 alkylen, - nis an integer equal to or
greater than 1The compasition dcndreygrio aquale dfdheopregediag eleintdhauhetsin ther ti cul arly
m= 1- 10. 4. JpreLMBeRhi i9RcREEAHNEbkbuURigbMoAmuherein X and Y are

i ndependently, and X for each repeating unit independently, selected fromC
1 to C4 alkylen.5. The conposition accoyding to anyone of the preceding
claims, wherein the am ne conpqund is 8el ected,from di et hyl ene triam ne,

R
3-(2- R\
(2= 20 N-X—N=—y—N O
R n \R1
wherein
25 - the R'radicals are each independently selected from a copolymer of ethylene

oxide and at least one further C3 to C4 alkylene oxide, said copolymer being a
random copolymer.

- the R2radicals are each independently selected from R or alkylen, preferably
30 C1

- XandY are spacer groups independently, and X for each repeating unit
independently, selected from C1 to C6 alkylen and Z-(O-Z)n wherein the Z
radicals are each independently selected from C2 to C6 alkylen,

35
- nis an integer equal to or greater than 1.

- m s an integer equal to or greater than 1, particularly m = 1-10.

40 4. The composition according to claim 3, wherein X and Y are independently, and X
for each repeating unit independently, selected from C1 to C4 alkylen.



am noet hyl ) am nopropyl am ne, 3,3 '-imnodi (propylamne), N, N bis(3-
am nopr opyl ) net hyl am ne, bi s(3-di net hyl am nopr opyl ) am ne,

triethyl ewetzeiwv@swsne and N, N ' - bi s(3-am nopropyl) et hyl eoedirasionss2sf. The
conposi tion according to anyone of ths preceding clains, wherein the C3 to

C4 al kyl ene oxide is selected from propyl ene oxide. 7, The conposi tion
accordi ng o afYOFRMRASIIORECHPTIRGdP RRYUIEA HRe PRRASTRY Alaime WhgrRIR e agpine
et hyl ene oxi decampdund i€ sgedtgdzomafietbylénd wamirexiBd@- and the further C3 to C4

al kyl ene oxi deginfhobgfriRlob@pfiBie, 83 -HiRoSRIBHHGN NGBS ng Lo anyone
of the precedlgjﬁ 8 alwa op@py e ec I%é:? My of the suppressing

agent is 6000 WBPrOBV %mla”@qe ?ﬁé 8'8]’%'8’3?'?'{‘8W°8¥| 'af: ng to claimS8§,
wher ei n5t he nolrigthyleactelieprgie and NN -blse3-sminopecpyhetylagediaming. f rom 7000 to
19000 g/ rmol. 10. The conposition according to anyone of the preceding

claims, furdheg, ec%mﬁdsﬁloﬁ%c%'r%m%rt? gﬁ%&eaé‘\f(fﬁé @Fe@édlﬂgclgwwereq#the%

conp03|t|on accor urther conpr|3|ng
one or nore Ie@élalkﬁﬁnﬁﬁé'ﬁ‘?és S‘?l%Cte‘Ué‘émd’Fo%Y'er?@t%F %l ating bath conprising a
conposi tion according to claim1 for depositing the metal on substrates

conpri §png 7 eatuy é‘&nﬁ&\‘tlo’ﬂgacé&d%%%m]&mesdﬁﬁe %c&ﬂngﬁ‘él@%@%%?en?fhe' ess. 13. A

process for de su ate cti
metal plati ng BANH LAY ERE RY gdg R so8vsh roadin it Sl iRt 1 (o
12 with t he suBselkileae oxidd inyomPpItgirade-a current denS| ty to the substrate

for a tinme sufficient to deposit a netal |ayer onto the substrate 14. The

process acgor | t

subm cronet%erdﬁsﬂézgcéﬁ?&'t nch%g’rm W?ﬁ%% %@l} %)II%%&IE"ZSS o Orma EI::rt?t(;]efl Il the
ni cromdPer or BAlSAY! é‘FWﬁ'@f‘bMW fti‘ééup%rﬁﬁiﬂ“%ége”i§ GGﬁﬁ@ ’ES‘Pb‘?féE%reaccor ding to
claim 14, wherein the subm croneter-sized features have an aperture size

from1l to 30 nAaRGH it REQBF th iR 80WhéreY thERidRecular weight M., of the
suppressing agent is from 7000 to 19000 g/mol.

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

11. The composition according to anyone of the preceding claims, further comprising
one or more leveling agents.
25
12. Use of a metal plating bath comprising a composition according to claim 1 for
depositing the metal on substrates comprising features having an aperture size of
30 nanometers or less.

30 13. 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
metal layer onto the substrate.

35

14. The process according to claim 13, wherein the substrate comprises

submicrometer sized features and the deposition is performed to fill the
micrometer or submicrometer sized features.

40 15. The process according to claim 14, wherein the submicrometer-sized features
have an aperture size from 1 to 30 nm and/or an aspect ratio of 4 or more.



