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CYANIDE FREE ELECTROLYTE COMPOSITION FOR THE GALVANIC DEPOSITION
OF A COPPER LAYER

FIELD OF THE INVENTION

[0001] The present invention relates to a cyanide-free
electrolyte composition for the galvanic deposition of a copper
layer on substrate surfaces and a method for the deposition of

such layers.

BACKGROUND OF THE INVENTION

[0002] The galvanic deposition of copper layers on
different substrate surfaces has been known from prior art for a
long time and has found its way into different areas of
technology and is widely used. The deposition of copper layers
is used both in the area of metalizing conductive substrates of
various type, such as ferrous metals, steels or light metals,
and in the area of metalizing non-conductive substrates, such as
for example in the area of printed circuit board production or
the production of wafers in semiconductor industry.

[0003] Typically, copper layers are deposited on different
substrate surfaces from cyanide-containing electrolyte
compositions by applying a suitable deposition current. The use
of cyanide-containing copper electrolytes for the deposition of
copper layers produces very good deposition results over a broad
range of deposition current densities; however, it is
environmentally unfriendly due to the cyanide content of the
electrolytes. Besides high safety requirements for handling
these electrolytes, costly wastewater treatment steps are
necessary to avoid environmental pollution.

[0004] In prior art, attempts have been made to provide
cyanide-free electrolyte compositions for the deposition of
copper layers on substrate surfaces; however, all of them could
not achieve the stability and range of application of cyanide-

containing electrolyte compositions.
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[0005] A further disadvantage of electrolyte compositions
known from prior art is that they are either highly alkaline or
strongly acidic, which means that in both cases special safety
measures have to be observed when handling these electrolytes.
In addition, the system components that come in contact with the
respective electrolytes have to be made of highly corrosion-

resistant materials.

SUMMARY OF THE INVENTION

[0006] Briefly, therefore, the invention is directed to an
electrolyte composition and related method for the galvanic
deposition of a copper layer on a substrate surface, the
electrolyte composition comprising a source of copper (II) ions;
a primary complexing agent comprising hydantoin, a hydantoin
derivative, or a combination thereof; a secondary complexing
agent comprising a dicarboxylic acid, a salt of a dicarboxylic
acid, a tricarboxylic acid, a salt of a tricarboxylic acid, or
any combination thereof; and a metalate comprising an element
selected from the group consisting of molybdenum, tungsten,
vanadium, cerium, and combinations thereof.

[0007] Other objects and features will be in part apparent

and in part pointed out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 shows a steel substrate prior to and after
plating with a copper-containing layer using the electrolyte
according to the invention and the method according to the
invention.

[0009] FIG. 2 shows barrel plating products of a brass
alloy plated with a copper-containing layer using the
electrolyte according to the invention and the method according
to the invention.

[0010] Corresponding reference characters indicate

corresponding parts throughout the drawings.
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DESCRIPTION OF THE EMBODIMENT (S) OF THE INVENTION

[0011] This application claims priority to German
application 102008033174.0, filed July 15, 2008, the entire
disclosure of which is incorporated by reference.

[0012] It is the object of the present invention to provide
a cyanide-free electrolyte composition for the deposition of
copper layers on substrate surfaces, which has high stability,
gives satisfactory deposition results over a large deposition
current density range, and in addition has a corrosiveness that
is as low as possible. Moreover, it is the object of the present
invention to provide a suitable method for the galwvanic
deposition of copper layers on substrate surfaces.

[0013] With regard to the electrolyte, this object is
solved by an electrolyte for the galvanic deposition of a copper
layer on a substrate surface comprising a source of copper (II)
ions; a primary complexing agent selected from among hydantoin,
a hydantoin derivative, or a combination therecf; a secondary
complexing agent selected from among a dicarboxylic acid, a
dicarboxylic acid salt, a tricarboxylic acid, a tricarboxylic
acid salt, or any combination thereof; and a metalate comprising
an element selected from the group consisting of molybdenum,
tungsten and vanadium, and cerium. Preferably, the electrolyte
of the present invention is alkaline.

[0014] The electrolyte according to the invention comprises
copper (II) ions in a concentration between 5 g/L and the
solubility limit, preferably between 5 g/L and 25 g/L.

According to the invention, any copper compound that is
adequately soluble in aqueous systems and which releases

copper (II) ions may serve as source for copper(II) ions.
Exemplary copper sources include copper (II) chloride, copper (II)
bromide, copper sulfate, copper (II) hydroxide, copper
methanesulfonate or copper acetate. In some embodiments, copper
methanesulfonate has been shown to be particularly suitable.

Due to the copper(I)/copper(II) equilibrium in agueous
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solutions, copper(I) compounds can also be used as copper source
according to the invention.

[0015] As primary complexing agent for complexing
copper (II) ions in the electrolyte, the electrolyte according to
the invention comprises hydantoin, a hydantoin derivative, or a
combination thereof. Hydantoin and hydantoin derivatives as a
complexing agent for copper in the electrolyte of the present
invention is particularly advantageous since the formation
constant of hydantoin for copper is high, and hydantoin and
copper form stable complexes. Additionally, hydantoins are not
hazardous, have sufficient water solubility, and are stable in
alkaline solution.

[0016] Suitable hydantoin and hydantoin derivatives are

those corresponding to the general formula:

Rl
R
2 NH
@) N @)
H

wherein R; and R; can independently be H, an alkyl group having 1
to 5 carbon atoms or a substituted or unsubstituted aryl group.
Hydantoins and hydantoin derivatives include hydantoin, 5-methyl
hydantoin, 5,5-dimethyl hydantoin, 5,5-diphenylhydantoin, and 5-
methyl-5-phenylhydantoin. 5,5-dimethylhydantoin is particularly
preferred. The particular hydantoin selection from among these
and others requires verifying solubility in the overall
electrolyte composition.

[0017] The electrolyte according to the invention comprises
the primary complexing agent comprising hydantoin, a hydantoin
derivative, or a combination thereof in a concentration between
0.15 mol/L and 2 mol/L, preferably 0.6 mol/L and 1.2 mol/L.
Empirical results to date having indicated that increasing the
acid or salt concentration or the concentration of secondary

complexing agent, described below, in the electrolyte, the
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concentration of the hydantoin or its derivative can be
decreased and is at the lower end of the required range.

[0018] According to the invention, the electrolyte further
comprises a secondary complexing agent selected from among a
dicarboxylic acid, a dicarboxylic acid salt, a tricarboxylic
acid, a tricarboxylic acid salt, or any combination thereof.

The secondary complexing agent also acts as a complexing agent
for copper ions. Incorporation of a dicarboxylic acid, a
tricarboxylic acid, salts thereof, and combinations thereof into
the electrolyte of the present invention has been discovered to
increase the long term stability of the electrolyte. 1In
general, the dicarboxylic acid or tricarboxylic acid or salt
thereof may have from 2 to about 12 carbon atoms, preferably
from about 2 to about 6 carbon atoms. The hydrocarbyl group may
be an alkyl group, an alkenyl group, or an alkynyl group. The
hydrocarbyl group to which is bonded the multiple carboxylates
may be substituted or unsubstituted. Substituted dicarboxylic
acids and tricarboxylic acids may additionally comprise amino
groups, lower alkyl groups having from 1 to about 5 carbon
atoms, and halogen. Dicarboxylate and tricarboxylate salts may
be also be used in the galvanic copper electrolyte of the
present invention. Typical charge balancing cations include
lithium, sodium, potassium, magnesium, ammonium, and lower alkyl
quaternary amines, such as tetramethylammonium. Exemplary
dicarboxylic acids include succinic acid, malic acid, aspartic
acid, oxalic acid, malonic acid, methyl malonic acid, methyl
succinic acid, fumaric acid, 2,3-dihydroxyfumaric acid, tartaric
acid, glutaric acid, glutamic acid, adipic acid, pimelic acid,
suberic acid, azelaic acid, and sebacic acid. Exemplary
tricarboxylic acids include citric acid, isocitric acid,
aconitic acid, and propane-1,2,3-tricarboxylic acid. Preferred
dicarboxylic or tricarboxylic acids are citric acid, tartaric
acid, succinic acid, malic acid, aspartic acid or salts thereof,

individually or as mixture.
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[0019] In a preferred embodiment, the electrolyte according
to the invention comprises tartaric acid, a tartrate salt,
citric acid, a citrate salt, and any combination thereof.
Particularly preferably, the electrolyte comprises tripotassium
citrate, triammonium citrate, trimagnesium citrate, trisodium
salt, trilithium salt, sodium dihydrogen citrate and disodium
hydrogen citrate, individually or as mixture. In other
preferred embodiments, the secondary complexing agent may
comprise potassium sodium tartrate. In case the dicarboxylic
and tricarboxylic acids mentioned above are used in the
electrolyte according to the invention not as salts but in
acidic form, alkalizing agents such as for example alkali or
alkaline earth hydroxides have to be added to the electrolyte to
adjust the pH. Examples are NaOH, KOH, LiOH, Ca(OH); and the
like.

[0020] The electrolyte according to the invention can
comprise the secondary complexing agent selected from among a
dicarboxylic acid, a dicarboxylic acid salt, a tricarboxylic
acid, a tricarboxylic acid salt, and combinations thereof in a
concentration between 0.05 mol/L and 1 mol/L, preferably between
0.05 mol/L and 0.5 mol/L, more preferably between 0.05 mol/L and
0.25 mol/L.

[0021] In some embodiments, the electrolyte according to
the invention may optionally comprise a further complexing agent
from the group consisting of potassium pyrophosphate, sodium
pyrophosphate, polyphosphates, pyridinesulfonic acid,
tetrapotassium pyrophosphate, disodium dihydrogen pyrophosphate,
tetrasodium pyrophosphate, methylglycinediacetic acid or salts
thereof, and nitrilotriacetic acid or salts thereof.
Incorporation of one of the above-described further complexing
agents was discovered to improve the long term stability of the
electrolyte and improve the throwing power.

[0022] The further complexing agents selected from among

potassium pyrophosphate, sodium pyrophosphate, polyphosphates,
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pyridinesulfonic acid, tetrapotassium pyrophosphate, disodium
dihydrogen pyrophosphate, tetrasodium pyrophosphate,
methylglycinediacetic acid or salts thereof, and
nitrilotriacetic acid or salts thereof optionally included in
the electrolyte according to the invention can be included in
the electrolyte according to the invention in a concentration of
up to 1 mol/L, preferably between 0.1 mol/L and 1 mol/L.

[0023] In embodiments of the electrolyte wherein the
further complexing agent selected from among potassium
pyrophosphate, sodium pyrophosphate, polyphosphates,
pyridinesulfonic acid, methylglycinediacetic acid or salts
thereof, and nitrilotriacetic acid or salts thereof is not used,
the concentration of the secondary complexing agents selected
from dicarboxylic acid, tricarboxylic acid, and combinations
thereof can be up to 0.5 mol/L.

[0024] Preferably, the electrolyte according to the
invention for the galvanic deposition of a copper layer has an
alkaline pH. The pH may be between pH 8 and pH 13, preferably
PH 8 and pH 11. The pH can be adjusted by adding a mineral acid
or an organic acid, such as for example methanesulfonic acid,
dimethanesulfonic acid, or methanedisulfonic acid, and by adding
alkali hydroxides.

[0025] In a particularly preferred embodiment of the
electrolyte, said electrolyte comprises a buffer having a
working range between pH 8 and pH 11. Suitable buffers are for
example phosphate buffers and borate buffers.

[0026] As a further component, the electrolyte according to
the invention comprises a metalate of an element of the group
consisting of molybdenum, tungsten and vanadium and/or a cerium
compound in a concentration between 5 mmol/L and 21 mmol/L. The
metalate has been discovered to have a grain-refining effect.

[0027] Exemplary sources of molybdenum oxide metalates
include molybdate salts such as MoO; predissolved with TMAH;
NasMoO4; NasMoy07; NagMo7024+4H20; NasMoz01p+2H0; NagMogOqs-4H:0;
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KoMoOy4; KoM0207; KgM07024+4H50; KoMos0qg9-2H20; KgMogOs7-4H,0;

(NHz) 2MoOy;  (NHg) 2M0207;  (NHg) gMO7024 - 4H20;  (NHy) 2M0O3010+ 2H20;

(NH4) sM0g0O27-4H,0; dimolybdates (Me;Mo0;7-nH,0); trimolybdates
(Me»M03019°'nH,0) ; tetramolybdates (Me;Mo0,0:3); metamolybdates
(MeoH1p-n [H2 (M0O207) 6] *nH20; wherein m is less than 10);
hexamolybdates (MeisMogO10°-nH20); octamolybdates (MesMosgOzs-nH20) ;
paramolybdates (Me;M0702,-nH,0 and Me;gMo12041-nH20) ; wherein in the
above Me is a counterion selected from among ammonium,
tetramethylammonium, and alkali metal cations such as sodium and
potassium and wherein n is an integer having a value
corresponding to a stable or metastable form of the hydrated
oxide; molybdic acids; molybdic acid salts of ammonium,
tetramethylammonium, and alkali metals such as sodium and
potassium; heteropoly acids of molybdenum; and other mixtures
thereof.

[0028] Exemplary sources of vanadium oxide metalates
include vanadate salts such as sodium salts, potassium
salts,ammonium salts, and metavanadate salts such as ammonium or
sodium salts, pyrovanadates (V,0,*7), hexavanadates (HV@ONBW,
V503, V304, and Vy0s.

[0029] Exemplary sources of tungsten oxide metalates are
tungsten trioxide, tungstic acids, ammonium tungstic acid salts,
tetramethylammonium tungstic acid salts, and alkali metal
tungstic acid salts such as sodium tungstate and hydrates
thereof, potassium tungstate and hydrates thereof,
phosphotungstic acid, silicotungstate, other heteropolytungstic
acids and other mixtures thereof.

[0030] The cerium source is a Ce(IV) salt or compound, such
as cerium(IV) chloride, cerium(IV) acetate, cerium(IV) iodide,
cerium(IV) bromide, cerium(IV) oxalate, cerium(IV) sulfate,
cerium(IV) tungstate. A preferred source is cerium(IV) sulfate.

[0031] In a preferred embodiment, the electrolyte comprises
an ammonium molybdate, sodium molybdate dihydrate, sodium

tungstate dihydrate, sodium monovanadate or mixtures thereof.
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[0032] In addition, the electrolyte according to the
invention can comprise as a further component a conducting salt
selected from the group consisting of potassium
methanesulfonate, sodium methanesulfonate. The conducting salt
can be included in the electrolyte according to the invention in
a concentration between 0.5 mol/L and 1 mol/L.

[0033] Furthermore, the electrolyte according to the
invention can comprise common ingredients such as wetting agents
(TIB B40, Goldschmidt, capryliminodipropionate), brighteners,
leveling agents or marking additives. As preferred wetting
agent, the electrolyte can comprise a capryliminodipropionate
(e.g. TIB B40 of Th. Goldschmidt).

[0034] In addition, the electrolyte according to the
invention can comprise further deposition metals in suitable
ionic form, which are deposited together with copper to form
corresponding copper-containing alloy layers on the substrate
surfaces. Suitable alloying metals besides tin and zinc are for
example gold, silver or indium.

[0035] With regard to the method, the object on which the
invention is based is solved by a method for the deposition of a
copper-containing layer on a substrate surface, in which the
substrate surface to be plated is brought into contact with an
electrolyte comprising a source of copper(II) ions; a primary
complexing agent selected from among hydantoin, a hydantoin
derivative, or a combination thereof; a secondary complexing
agent selected from among a dicarboxylic acid, a dicarboxylic
acid salt, a tricarboxylic acid, a tricarboxylic acid salt, or
any combination thereof; and a metalate comprising an element
selected from the group consisting of molybdenum, tungsten,
vanadium, and cerium with application of an electrical current
between the substrate surface to be plated and a counter
electrode, the substrate surface being cathodically contacted.

[0036] According to the invention, a current density

between 0.05 A/dm® and 4 A/dm’, preferably between 0.4 A/dm’ and
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4 A/dm*, more preferably between 0.8 A/dm” and 4 A/dm”, can be
set.

[0037] Soluble copper anodes and/or inert electrodes such
as for example platinized titanium anodes are suitable as
counter electrode for use in the method according to the
invention.

[0038] In accordance with the method according to the
invention, the substrate surface to be plated is brought into
contact with the electrolyte according to the invention at a
temperature between 40°C and 65°C.

[0039] The electrolyte according to the invention and the
method according to the invention are suitable for both galvanic
deposition of copper-containing layers in the so-called rack
plating process, in which the substrates to be metal-plated are
contacted individually, and for the deposition of corresponding
copper-containing layers by means of barrel plating, in which
the substrates to be metal-plated are present in a plating
barrel as parts in bulk.

[0040] The deposition current required for the galvanic
deposition of the copper-containing layer can be applied as
direct current or as pulsed current or reverse pulse current in
the method according to the invention. Application of a pulsed
current leads to improvement in throwing power and luster.

[0041] The Examples below are examples for the electrolyte
according to the invention and the method according to the
invention; however, the invention is not limited to these
exemplary embodiments.

[0042] Having described the invention in detail, it will be
apparent that modifications and variations are possible without
departing from the scope of the invention defined in the

appended claims.
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EXAMPLES
[0043] The following non-limiting examples are provided to

further illustrate the present invention.

Example 1

[0044] A steel substrate (Fe 99.19 %, 0.6 % Mn, 0.15 % C,
0.03 % P, 0.035 % S) was cathodically degreased for 45 sec. in
an alkaline degreasing solution after alkaline hot degreasing
for two minutes and an intermediate rinsing. After subsequent
rinsing, an acid etching step occurred in a mineral acid etchant
(Actane K, available from Enthone Inc.) comprising a mixture of
hydrochloric acid, sulfuric acid and phosphoric acid, in which
the substrate was contacted with the etchant solution for one
minute. After a further rinsing step, anodic activation in an
activation solution containing alkali hydroxide (Enprep OC,
available from Enthone Inc.) occurred. After removal of the
activation solution in a further rinsing step, the steel
substrate was plated in an electrolyte according to the
invention comprising:

[0045] 10 g/L of copper as copper(II) ions,

[0046] 50 g/L of tripotassium citrate,

[0047] 100 g/L of potassium pyrophosphate,

[0048] 100 g/L of 5,5-dimethylhydantoin and

[0049] 2 g/L of ammonium molybdate

[0050] Plating occurred at a solution temperature of 50°C
for one hour at a mean current density of 1 A/dm”.

[0051] The plating result is shown in Fig. 1 in the left-
hand picture. A semi-gloss, uniform copper layer with a layer

thickness of about 8 um was deposited.

Example 2
[0052] Plug shells and plug contacts of a brass alloy (64 %
Cu, 36 % Zn) were pickled, after electrolytic degreasing for 45

seconds and subsequent rinsing for 20 sec., in 20 % sulfuric
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acid. After subsequent rinsing, the substrates were contacted
in a revolving screen with the electrolyte of Example 1 for 30
minutes with application of a current density of 1 A/dm”.
[0053] The plating result is shown in Fig. 2. A glossy,
uniform copper layer with a layer thickness of about 5 um was

deposited.

Example 3

[0054] A light metal substrate of a zinc-containing
aluminum alloy (Zamak 5, ZnAl4Cul) was first subjected to
alkaline degreasing before it underwent alkaline etching. After
the alkaline etching step and an intermediate rinsing step, the
substrate surface was slightly etched in a hydrofluoric
acid/nitric acid solution and subsequently pickled in a zincate
pickling solution. After a further rinsing step, the
etching/pickling step mentioned above was repeated before, after
a further rinsing step, the light metal substrate surface was
contacted with the copper electrolyte according to the invention
for 60 min at 60°C with application of a mean current density of
1.0 A/dm”. The electrolyte has the following composition:

[0055] 10 g/L of copper as copper(II) ions,

[0056] 75 g/L of tripotassium citrate,

[0057] 100 g/L of 5,5-dimethylhydantoin and

[0058] 5 g/L of ammonium molybdate.

[0059] It was found that during contacting of the substrate
with the electrolyte according to the invention without
application of a deposition current, immersion deposition does
not occur. This affects in particular the peel resistance of
the deposited copper-containing layer. A semi-gloss, uniform

copper layer with a layer thickness of about 6 um was deposited.

Example 4
[0060] On a steel substrate as in Example 1, a zinc-nickel

layer having a thickness of 2.5 um was deposited after alkaline



WO 2010/009225 PCT/US2009/050683

13

degreasing and an intermediate rinsing step. Onto this layer, a
glossy, uniform copper layer of about 5 um was deposited within
30 minutes from an electrolyte according to the invention as

o)

used in Example 1 after activation in 10 % hydrochloric acid.

Example 5

[0061] A steel substrate (Fe 99.19 %, 0.6 % Mn, 0.15 % C,
0.03 % P, 0.035 % S) was cathodically degreased for 45 sec. in
an alkaline degreasing solution after alkaline hot degreasing
for two minutes and an intermediate rinsing step. After
subsequent rinsing, an acid etching step occurred in a mineral
acid etchant (Actane K, available from Enthone Inc.), in which
the substrate was contacted with the etching solution for one
minute. After a further rinsing step, an alkaline, anodic
activation (Enprep OC, available from Enthone Inc.) occurred.
After removal of the activation solution in a further rinsing
step, the steel substrate was plated in an electrolyte according
to the invention comprising:

[0062] 10 g/L of copper as copper(II) ions,

[0063] 50 g/L of tripotassium citrate,

[0064] 20 g/L of 5,5-dimethylhydantoin,

[0065] 80 g/L of pyridinesulfonic acid, and

[0066] 2 g/L of ammonium molybdate

[0067] Plating occurred at a solution temperature of 60°C
for one hour at a mean current density of 1 A/dm”.

[0068] When introducing elements of the present invention
or the preferred embodiments(s) thereof, the articles ™a", "an",
"the" and "said" are intended to mean that there are one or more
of the elements. The terms "comprising”, "including”™ and
"having" are intended to be inclusive and mean that there may be
additional elements other than the listed elements.

[0069] In view of the above, it will be seen that the
several objects of the invention are achieved and other

advantageous results attained.
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[0070] As various changes could be made in the above
compositions and processes without departing from the scope of
the invention, it is intended that all matter contained in the
above description and shown in the accompanying drawings shall

be interpreted as illustrative and not in a limiting sense.
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WHAT IS CLAIMED IS:

1. An electrolyte composition for the galvanic deposition
of a copper layer on a substrate surface comprising:

a source of copper (II) ions;

a primary complexing agent comprising hydantoin, a
hydantoin derivative, or a combination thereof;

a secondary complexing agent comprising a dicarboxylic
acid, a salt of a dicarboxylic acid, a tricarboxylic acid, a
salt of a tricarboxylic acid, or any combination thereof; and

a metalate comprising an element selected from the group
consisting of molybdenum, tungsten, wvanadium, cerium, and

combinations thereof.

2. The electrolyte composition of claim 1 wherein the

composition contains no cyanide.

3. The electrolyte composition according to claim 1 or 2
comprising a further complexing agent selected from the group
consisting of potassium pyrophosphate, sodium pyrophosphate,
polyphosphates, pyridinesulfonic acid, tetrapotassium
pyrophosphate, disodium dihydrogen pyrophosphate, tetrasodium
pyrophosphate, tartrates, preferably potassium sodium tartrate,
methylglycinediacetic acid, a salt of methylglycinediacetic
acid, nitrilotriacetic acid, a salt of nitrilotriacetic acid,

and combinations thereof.

4., The electrolyte composition according to any one of
the preceding claims, wherein the secondary complexing agent is
selected from the group consisting of citric acid, succinic
acid, malic acid, aspartic acid, tartaric acid, salts of any of

the above, and combinations thereof.

5. The electrolyte composition according to any one of
the preceding claims, characterized in that said electrolyte has

a pH between pH 8 and pH 13, preferably between pH 8 and pH 11.
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6. The electrolyte composition according to any one of
the preceding claims, wherein said source of copper(II) ions is
present in a concentration such that the concentration of the
copper (II) ions is between 5 g/L and the solubility limit,
preferably between 5 g/L and 25 g/L.

7. The electrolyte composition according to any one of
the preceding claims, wherein said primary complexing agent
comprising hydantoin, a hydantoin derivative, or a combination
thereof is present in a concentration between 0.15 mol/L and

2 mol/L, preferably between 0.6 mol/L and 1.2 mol/L.

8. The electrolyte composition according to any one of
the preceding claims, wherein said metalate comprising an
element selected from the group consisting of molybdenum,
tungsten, vanadium, cerium, and combinations thereof is present

in a in a concentration between 5 mmol/L and 21 mmol/L.

9. The electrolyte composition according to any one of
the preceding claims, further comprising a complexing agent
selected from the group consisting of potassium pyrophosphate,
sodium pyrophosphate, polyphosphates, pyridinesulfonic acid,
tetrapotassium pyrophosphate, disodium dihydrogen pyrophosphate,
tetrasodium pyrophosphate, methylglycinediacetic acid, a salt of
methylglycinediacetic acid, nitrilotriacetic acid, a salt of
nitrilotriacetic acid, and combinations thereof in a
concentration of up to 1 mol/L, preferably between 0.1 mol/L and

1.0 mol/L.

10. The electrolyte composition according to any one of
the preceding claims, further comprising a conducting salt
selected from the group consisting of potassium
methanesulfonate, sodium methanesulfonate, and a combination

thereof.
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11. The electrolyte composition according to claim 9,
wherein said conducting salt is present in a concentration

between 0.5 mol/L and 1.0 mol/L.

12. The electrolyte composition according to any one of
the preceding claims, wherein said secondary complexing agent
comprising a dicarboxylic acid, a salt of a dicarboxylic acid, a
tricarboxylic acid, a salt of a tricarboxylic acid, or any
combination thereof is present in a concentration between
0.05 mol/L and 1 mol/L, preferably between 0.05 mol/L and
0.5 mol/L, more preferably between 0.05 mol/L and 0.25 mol/L.

13. A method for depositing a copper-containing layer on a
surface of a substrate, the method comprising:

exposing the surface of the substrate to an electrolyte
composition according to one of claims 1 through 12; and

conducting a current between the substrate and an anode to

thereby deposit the matte layer on the surface of the substrate.

14. The method of claim 13 wherein the substrate surface
is cathodically contacted and a current density is applied
between the cathodically contacted substrate surface and an
anode that is between 0.05 A/dm” and 4 A/dm”, preferably between
0.4 A/dm? and 4 A/dm’, more preferably between 0.8 A/dm’ and
4 A/dm”.



WO 2010/009225 PCT/US2009/050683

1/1

FIG. 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2009/050683

A, CLASSIFICATION/%F8$UBJECT MATTER

INV. - C25D3

According to International Patent Classification (IPC) or to both national classification and PC

B. FIELDS SEARCHED

€25D

Minimum documentation searched (classmcauon system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the figlds searched

Electronic data base consulted during the intemational search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Chation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No. |

US 5 750 018 A (BRASCH WILLIAM R [US])
12 May 1998 (1998-05-12) :

ciaims 1-6,8,11,13-16,18,19

example 9

column 4, line 47 - line 67

column 5; Tine 1 - line 24

US 2 700 019 A (JERNSTEDT GEORGE W - ET AL)
18 January 1955 (1955-01-18)

claims 1-10

figure 1

example I

column 1, line 76 - 1line 81

column 2, line 19 - line 43

column 3, line 10 - line 32

1-14

1-14

Further documents are listed in the continuation of Box C.

IZI See patent family annex.

*A* document defining the general state of the art which is not .
considered to be of particular relevance

"E* earfier document but published on or after the international
filing date

*L* document which may throw doubts on priority clalm(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0* document referring to an oral dlsclosure use, exhibition or
. other means : r
*P* document published prior 1o the international filing date but in the art.
later than the priority date claimed "&" document member of the same patent famity

* Special categories of cited documents :

*T* later document published after the international filing date

invention

or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken aione

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other_such docu-
ments, such combination being obvious to a person skilled

Date of the actual completion of the international search

2 November 2009

Date of mailing of the intemational search report

10/11/2009

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Palentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,

Authorized officer

Fax: (+31-70) 340-3016 Perednis, Dainius

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2009/050683

C(Continuation). . DOCUMENTS CONSIDERED TO BE RELEVANT

Category”

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

EP 1 876 261 Al (ROHM & HAAS ELECT
MATERIALS [US]) .

9 January 2008 (2008-01-09)

claims 1-7

paragraphs [0015], [0016], [0023],
[0026] :

US 3 475 292 A (SHOUSHANIAN HRANT H)
28 October 1969 (1969-10-28)

claims 1-3,5,6,15

column 1, 1ine 63 - line 67

column 2, Tine 35 - line 72

column 3, line 1 - Tine 9

column 4, 1line 53 - line 58

US 6 511 589 B1 (SHINDO YOSHIO [JP])
28 January 2003 (2003-01-28)

claims 1-3,5

column 1, line 52 - line 60 .

column 2, line 19 - Tine 25

US 6 331 239 Bl (SHIROTA HIDEKI [JP] ET
AL) 18 December 2001 (2001-12-18)
claims 1-5 - _

column 5, Tine b1 - line 67

column 6, line 13 — line 18

column 7, line 51 - line 57
column 8, line 18 -~ line 20
column 9, line 50 - line 57

1-14

1-14

1-14

1-14

Form PCT/ASA/210 (continuation of second sheet) (April 2005)

page 2 of 2~




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No. -

_ PCT/US2009/050683
Patent document . Publication Patent family Publication
- citedin search» report date member(s) date A
Us 5750018 A 12-05-1998 (N 1256722 A 14-06-2000
- DE 69808497 D1 07-11-2002
DE 69808497 T2 03-04-2003
EP 1009869 Al 21-06-2000
JP 2001516400 T 25-09-2001
WO 9841675 Al 24-09-1998
~ US 2700019 A 18-01-1955 GB 710474 A '16-06-1954
- EP 1876261 Al 09-01-2008 CN 101104927 A 16-01-2008
JP 2008101268 A 01-05-2008
KR 20080005126 A 10-01-2008
US 2008038449 Al 14-02-2008
US 3475292 A 28-10-1969 BE 741892 A 04-05-1970
- ' i DE 1621180 Al 19-05-1971
. GB 1134615 A 27-11-1968
US 6511589 Bl 28-01-2003  NONE
US 6331239 Bl  18-12-2001 DE 69735999 T2 03-05-2007
EP 0913502 Al 06-05-1999
WO - 9845505 Al 15-10-1998
JP 3208410 B2 10-09-2001

" Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - wo-search-report
	Page 21 - wo-search-report
	Page 22 - wo-search-report

