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Immersion Tin or Tin Alloy Plating Bath with Improved Removal

of Cuprous lons

Field of the Invention

The invention relates to an immersion tin or tin alloy plating bath with an im-
proved precipitation of a cuprous thiourea complex. The immersion tin or tin
alloy plating bath is particularly useful for deposition of tin or tin alloy layers in
the manufacture of printed circuit boards, IC substrates, semiconductor devices
and the like.

Background of the Invention

The addition of a complexant such as thiourea or derivatives thereof is required
whenever tin or a tin alloy is deposited by an immersion plating process on cop-
per substrates. The role of thiourea is to support the dissolution of copper by
forming Cu(l) thiourea complexes during the immersion reaction with Sn(ll) ions.
As copper is more noble than tin such a support reaction is required to reduce

Sn(ll) ions by oxidation of copper.

On the other hand the concentration of Cu(l) ions and Cu(l) thiourea complex is
increased in the plating bath during use of a tin or tin alloy immersion plating
process. When saturation of the Cu(l) thiourea complex in the immersion tin
plating bath is exceeded said Cu(l) thiourea complex starts to form undesired
precipitations in the plating equipment, e.g., in spray nozzles and other me-

chanical components.
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Furthermore, copper ions in an immersion tin plating bath can reverse the de-
sired reaction of tin deposition, i.e., by dissolving the tin layer and deposition of

metallic copper.

Acidic immersion tin plating baths comprising thiourea or derivatives thereof are
known since a long time (The Electrodeposition of Tin and its Alloys, M. Jordan,

Eugen G. Leuze Publishers, 1995, pages 89 to 90 and references cited therein).

An acidic immersion tin plating bath comprising thiourea and optionally a surfac-
tant which can be a polyalkylene glycol compound is disclosed in JP 9-
302476 A. A Cu(l) thiourea complex precipitated from such plating bath compo-
sitions lead to voluminous precipitates which tend to block spray nozzles, filters
and other mechanical components of the plating equipment during use of the
plating bath and during removal of the precipitated complex. Furthermore, the
formation of a Cu(l) thiourea complex compounds from dissolved Cu(l) ions in
the plating bath is not completely. Dissolved Cu(l) ions remain in the plating
bath at all times during use. Said free Cu(l) ions in the plating bath are prone to
reverse tin deposition. This effect is problematic in case the deposited tin layer
should serves to provide a solderable or bondable surface for electronic de-

vices.

A method to remove precipitates of a Cu(l) thiorurea complex from acidic im-
mersion tin plating baths is disclosed in US 5,211,831 wherein a portion of a
immersion tin plating bath in use is transferred from the plating tank to a sepa-
rate crystallization unit. The still dissolved Cu(l) thiourea complex is selectively
precipitated in the separate crystallization unit by cooling down said portion and
the remaining tin plating bath portion is transferred back to the plating tank.
Such methods comprise a filtration step wherein the precipitated Cu(l) thiourea
complex is removed from the immersion tin plating bath by filtering off the pre-

Cipitate.
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Object of the Invention

It is the object of the present invention to provide an aqueous immersion tin or
tin alloy plating bath which allows deposition of tin or tin alloy layers of sufficient
quality for bonding and soldering applications, the plating bath having an ex-
tended bath lifetime while maintaining a high tin deposition speed of 0.05 to

0.1 um/min.

Furthermore, it is the object of the present invention to provide an aqueous im-
mersion tin or tin alloy plating bath which forms at a given concentration of dis-
solved copper ions in the immersion plating bath precipitates of a Cu(l) thiourea
complex which are more compact and less voluminous, i.e., easier to filter off
than the Cu(l) thiourea complex precipitate derived from immersion tin plating

baths known in the art.

Furthermore, it is the object of the present invention to provide an aqueous im-
mersion tin or tin alloy plating bath which more rapidly forms precipitates of
Cu(l) thiourea complex during cooling down in, e.g., a crystallization unit for fil-

tering-off said precipitates.

Summary of the Invention

This objects are solved by an aqueous immersion tin or tin alloy plating bath
comprising Sn(ll) ions, at least one aromatic sulfonic acid or salt thereof, thio-
urea or a derivative thereof and a mixture of at least two precipitation additives.
The at least one first precipitation additive is an aliphatic poly-alcohol com-
pound, ethers thereof or a polymer derived thereof having an average molecular
weight in the range of 62 g/mol (molecular weight of ethylene glycol) and
600 g/mol. The at least one second precipitation additive is a polyalkylene gly-
col compound having an average molecular weight in the range of 750 to
10,000 g/mol. The concentration of the at least one second precipitation addi-
tive ranges from 1 to 10 wt.-% based on the total amount of the at least one first

precipitation additive and the at least one second precipitation additive.
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Furthermore, a plating bath solution made of a plating bath concentrate shows
under working conditions, i.e., with dissolved copper ions present, an improved
precipitation of a Cu(l) thiourea complex. The same or even higher amount of
undesired Cu(l) ions are removed faster by precipitation of a Cu(l) thiourea
complex as compared with state of the art immersion tin plating baths. How-
ever, at the same time the volume of a Cu(l) thiourea complex precipitate
formed is reduced and it is therefore easier to filter-off from the plating bath dur-

ing use of said plating bath.

The more compact and less voluminous Cu(l) thiourea complex precipitate is
further less prone to block parts of the plating equipment such as spray nozzles

and other mechanical components.

This effect of improved removal of Cu(l) ions by faster precipitation and of less
voluminous Cu(l) thiourea complex precipitates from the plating bath leads to an
extended bath life time while still enabling the deposition of the tin or tin alloy
layer suitable to serve as a solderable and bondable surface while reaching a

high deposition rate for a tin or tin alloy layer of 0.05 to 0.1 pm/min.

Detailed Description of the Invention

The invention provides an aqueous immersion tin or tin alloy plating bath com-

prising
(1) Sn(ll) ions,
(i) optionally ions of an alloying metal,
(i) atleast on aromatic sulfonic acid or salt thereof,

(iv) at least one complexant selected from the group consisting of

thiourea and derivatives thereof and

(V) a mixture of at least one first precipitation additive and at least

one second precipitation additive
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wherein at least one first precipitation additive is an aliphatic poly-alcohol com-
pound or a polymer derived thereof having an average molecular weight in the
range of 62 g/mol and 600 g/mol, more preferred in the range of 62 g/mol and
500 g/mol. The at least one second precipitation additive is selected from the
group consisting of polyalkylene glycol compounds having an average molecu-
lar weight in the range of 750 to 10,000 g/mol, more preferred of 800 to
2,000 g/mol.

The term aliphatic poly-alcohol compound is defined herein as saturated ali-
phatic compounds having at least two hydroxyl moieties but no other functional
groups attached. Aliphatic poly-alcohol compounds in accordance with the pre-

sent invention are for example ethylene glycol and propylene glycol.

The at least one first precipitation additive is selected from the group consisting
of ethylene glycol, propylene glycol, diethylene glycol, dipropylene glycol,
triethylene glycol, tripropyleneglycol, ethylene glycol monoethyl ether, ethylene
glycol monobutyl ether, propylene glycol monomethyl ether, propylene glycol
monoethyl ether, propylene glycol monobutyl ether, diethylene glycol mono-
methyl ether, diethylene glycol monoethyl ether, diethylene glycol monopropyl
ether, diethylene glycol monobutyl ether, dipropylene glycol monomethyl ether,
dipropylene glycol monoethyl ether, dipropylene glycol monopropyl ether, dipro-
pylene glycol monobutyl ether, triethylene glycol monomethyl ether, triethylene
glycol monoethyl ether, triethylene glycol monopropyl ether, triethylene glycol
monobutyl ether, tripropylene glycol monomethyl ether, tripropylene glycol
monoethyl ether, tripropylene glycol monopropyl ether and tripropylene glycol
monobutyl ether, polyethylene glycol, polypropylene glycol, polyethylene glycol
dimethylether, polyethylene glycol diethylether, polyethylene glycol dipro-
pylether, polypropylene glycol dimethylether, polypropylene glycol diethylether,
polypropylene glycol dipropyl ether, stearic acid polyglycol ester, oleic acid po-
lyglycol ester, stearic alcohol polyglycol ether, nonylphenol polyglycol ether,
octanol polyalkylene glycol ether, octane diol-bis-(polyalkylene glycol ether),

poly(ethylene  glycol-ran-propylene glycol), poly(ethylene glycol)-block-
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poly(propylene glycol)-block-poly(ethylene glycol) and poly(propylene glycol)-
block-poly(ethylene glycol)-block-poly(propylene glycol).

Polyethylene glycol and polypropylene glycol having an average molecular
weight in the range of 62 g/mol and 600 g/mol are the preferred first precipita-
tion additive in the mixture of at least one first precipitation additive and at least

one second precipitation additive.

Polyethylene glycol having an average molecular weight of not more than
600 g/mol is the most preferred first precipitation additive in the mixture of at
least one first precipitation additive and at least one second precipitation addi-

tive.

The at least one second precipitation additive is selected from the group con-
sisting of polyethylene glycol, polypropylene glycol, polyethylene glycol di-
methylether, polyethylene glycol diethylether, polyethylene glycol dipropylether,
polypropylene glycol dimethylether, polypropylene glycol diethylether, polypro-
pylene glycol dipropyl ether, stearic acid polyglycol ester, oleic acid polyglycol
ester, stearic alcohol polyglycol ether, nonylphenol polyglycol ether, octanol
polyalkylene glycol ether, octane diol-bis-(polyalkylene glycol ether),
poly(ethylene  glycol-ran-propylene glycol), poly(ethylene glycol)-block-
poly(propylene glycol)-block-poly(ethylene glycol) and poly(propylene glycol)-
block-poly(ethylene glycol)-block-poly(propylene glycol) having an average mo-
lecular weight of 750 to 10000 g/mol.

Polyethylene glycol and polypropylene glycol having an average molecular
weight in the range of 750 to 10,000 g/mol are the preferred second precipita-

tion additive.

Polyethylene glycol having an average molecular weight in the range of 750 to
10,000 g/mol is the most preferred second precipitation additive in the mixture
of at least one first precipitation additive and at least one second precipitation

additive.
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The overall concentration of all precipitation additives in the mixture of at least
one first precipitation additive and at least one second precipitation additive

ranges from 10 to 300 g/I, more preferably from 100 to 200 g/I.

The amount of second precipitation additive ranges from 1 to 10 wt.-% based
on the total amount of the at least one first precipitation additive and the at least

one second precipitation additive, more preferably from 2 to 5 wt.-%.

The source of Sn(ll) ions in the immersion plating bath is limited only to water
soluble compounds. Preferred sources of Sn(ll) compounds are selected from
the group comprising organic sulfonates of Sn(ll) such as tin methane sulfonate,

tin sulfate and tin chloride.

The amount of Sn(ll) ions in the immersion plating bath ranges from 1 to 30 g/I,

more preferably from 5 to 15 g/l.

The at least one complexant in the immersion plating bath is selected from the
group consisting of thiourea and derivatives thereof. Thiourea derivatives are
selected from the group comprising mono- and di-alkyl thiourea having an alkyl

group of C4 to C3. The most preferred complexant is thiourea.

The at least one complexant which is selected from thiourea and derivatives
thereof is added to the plating bath in an amount of 50 to 150 g/I, more prefera-

bly in an amount of 90 to 120 g/l.

The at least one aromatic sulfonic acid or salt thereof in the immersion plating

bath is selected from compounds according to formula 1:
(R-S03)aX (1)

wherein R is selected from the group consisting of substituted and unsubstituted
phenyl, substituted and unsubstituted benzyl and substituted and unsubstituted
naphthyl and X is selected from the group consisting of H*, Li*, Na*, NH,", K"
and Sn?*. The coefficient a is a = 1 in case of X = H*, Li*, Na*, NH," and K" and

a =2 incase of X = Sn*".
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The substituents for residues phenyl, benzyl and napthyl as residue R are se-
lected from the group consisting of methyl, ethyl, propyl, —OH, -OR’, -COOH, -
COOR", -SO;H and -SOsR'wherein R’ is selected from the group consisting of
Li*, Na*, NH,", K*, methyl, ethyl and propy!.

Preferred aromatic sulfonic acids are selected from the group consisting of ben-
zene sulfonic acid, benzyl sulfonic acid, o-toluene sulfonic acid, m-toluene sul-
fonic acid, p-toluene sulfonic acid, xylene sulfonic acid, naphthyl sulphonic acid
and their salts with a counter ion selected from the group consisting of Li*, Na*,
NH,", K" and Sn*".

The concentration of the at least one aromatic sulfonic acid or salt thereof in the
immersion plating bath ranges from 0.1 to 1.5 mol/l, more preferably from 0.3 to
1.2 mol/l and most preferably from 0.5 to 1.0 mol/l. In case a salt of an aromatic
sulfonic acid is used, the contribution of the counterion is not taken into account
for determining the concentration of the at least one aromatic sulfonic acid or

salt thereof.

In a more preferred embodiment a mixture of at least one aromatic sulfonic acid
and at least one non-aromatic sulfonic acid is added to the immersion plating

bath according to the present invention.

The at least one non-aromatic sulfonic acid is selected from the group consist-
ing of methane sulfonic acid, methane disulfonic acid, methane trisulfonic acid,
ethane sulfonic acid, propane sulfonic acid, 2-propane sulfonic acid, 1,3-
propane disulfonic acid, butane sulfonic acid, 2-butane sulfonic acid and pen-
tane sulfonic acid and their salts with a counter ion selected from the group con-
sisting of Li*, Na*, NH,*, K* and Sn*".

The overall concentration of the at least one aromatic sulfonic acid or the mix-
ture of at least one aromatic sulfonic acid and at least one non-aromatic sulfonic
acid in the immersion plating bath ranges from 0.1 to 1.5 mol/l, more preferably

from 0.3 to 1.2 mol/l and most preferably from 0.5 to 1.0 mol/l.
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In case a mixture of at least one aromatic sulfonic acid and at least one non-
aromatic sulfonic acid is used, the concentration of the at least one aromatic
sulfonic acid is at least 25 wt.-% based on the total amount of the at least one
aromatic sulfonic acid and the at least one non-aromatic sulfonic acid, more

preferably at least 50 wt.-% and most preferably at least 60 wt.-%.

Optionally, the immersion plating bath further contains Ag(l) ions in a concentra-
tion of 0.1 to 500 mg/l, more preferably 0.5 to 250 mg/l and most preferably
from 1 to 50 mg/l.

The source of Ag(l) ions can be any water soluble Ag(l) salt. Preferred sources
of Ag(l) ions are selected from the group consisting of silver sulphate and silver
salts of methane sulfonic acid, methane disulfonic acid, methane trisulfonic
acid, ethane sulfonic acid, propane sulfonic acid, 2-propane sulfonic acid, 1,3-
propane disulfonic acid, butane sulfonic acid, 2-butane sulfonic acid, pentane
sulfonic acid, aryl sulfonic acid, benzene sulfonic acid, toluene sulfonic acid and

xylene sulfonic acid.

Optionally, the immersion plating bath further contains at least one second com-
plexant selected from the group consisting of mono carboxylic acids, poly car-
boxylic acids, hydroxy carboxylic acid, amino carboxylic acids and salts thereof.

Suitable cations in case a salt is used are Li*, Na*, K" and NH,".

Mono carboxylic acids are defined here as compounds having one carboxyl
moiety per molecule. Poly carboxylic acids are carboxylic acids having more
than one carboxyl moiety per molecule. Hydroxyl carboxylic acids are carboxylic
acids having at least one carboxyl and at least one hydroxyl moiety per mole-
cule. Amino carboxylic acids are carboxylic acids having at least one carboxyl
and at least one amine moiety. The amine moiety can be a primary, secondary

or tertiary amine moiety.

Preferred poly carboxylic acids as the optional second complexant are selected

from the group consisting of oxalic acid, malonic acid and succinic acid.
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Preferred hydroxy carboxylic acids as the optional second complexant are se-
lected from aliphatic hydroxy carboxylic acids having an alkyl group of C4 to Cs.
The most preferred hydroxy carboxylic acids as the optional second complex-
ants are selected from the group consisting of glycolic acid, lactic acid, citric

acid, tartaric acid and salts thereof.

Preferred amino carboxylic acids as the optional second complexant are se-
lected from the group consisting of glycine, ethylenediamine tetraacetic acid
(EDTA), diethylenetriamine pentaacetic acid (DTPA) and triethylenetetramine
hexaacetic acid (TTHA).

The concentration of the optional second complexant ranges from 0.1 to 100 g/I,

more preferably from 40 to 70 g/l.

Optionally, the immersion plating bath further contains a hypophosphite com-
pound. The preferred hypophosphite compounds are sodium hypophosphite,

potassium hypophosphite and ammonium hypophosphite.

The concentration of the optional hypophosphite compound ranges from 0.1 to
200 g/l, more preferably from 1 to 150 g/l and most preferably from 10 to
120 g/l.

The immersion tin or tin alloy plating bath according to the present invention is

particularly useful for deposition of tin and tin-silver alloys onto copper surfaces.

The substrate to be coated is for example first cleaned in an acidic cleaner, mi-
cro etched and then immersed in the immersion tin or tin alloy plating bath ac-
cording to the present invention. The temperature of the immersion tin or tin
alloy plating bath during use ranges from 60 to 85 °C. The substrate immersion

time in the immersion tin plating bath ranges from 1 to 60 min.

During deposition of tin or a tin alloy the concentration of copper ions in the plat-

ing bath increases. Cu(l) ions and thiourea form a complex in the plating bath.

10
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In one embodiment of the present invention a steady stream of plating bath lig-
uid is guided to a crystallization unit as disclosed in US 5,211,831. The plating
liquid is cooled down inside said crystallization unit which leads to a precipita-
tion of the Cu(l) thiourea complex. The precipitate is filtered off and the plating

liquid is guided back to the plating tank.

Examples

The invention will now be illustrated by reference to the following non-limiting

examples.

Different first precipitation additives, second precipitation additives and mixtures
of first and second precipitation additives were added in an overall amount of
179 g/l for each example to immersion tin plating bath stock solutions described

below.

In order to simulate the effect of copper ions typically enriched in such plating
baths during use in deposition of tin onto copper surfaces, the tin plating bath
was made up using 500 ml/l of the immersion tin plating bath stock solutions.
Next, an amount of 3 g/l of copper powder was added to the plating bath solu-
tions (i.e., to the diluted plating bath stock solutions) in each example. After
heating, the copper powder was oxidized and a sludge of metallic tin was for-
med. The tin sludge was filtered off and the clear plating bath samples contain-
ing different polyalkylene compounds or mixtures thereof were transferred to
glass bottles of the same size. The Cu(l) thiourea complex precipitation was
triggered by adding a few particles of yellow Cu(l) thiourea complex precipitate
to each bottle. The plating bath samples were then stored for two weeks at
room temperature (20 to 25 °C) and the height of the Cu(l) thiourea complex
precipitate in the bottle was measured. The concentration of dissolved copper
ions in the plating bath samples was also measured by titration. The concentra-
tion of dissolved copper ions after two weeks of storage ranged in all examples

between 0.7 and 0.8 g/l. Despite the small measured differences in copper ion

11
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concentration in different samples the concentration of copper ions is consid-

ered as equal because of the analytical method used.

In case of comparative Examples 1 and 2 an immersion plating bath stock solu-
tion comprising methane sulfonic acid, thiourea and tin methane sulfonate was
used. The stock-solution was free of aromatic sulfonic acids. Precipitation addi-

tives were added to said stock solution as given in the respective examples.

Example 1 (comparative)

179 g/l of polyethylene glycol having an average molecular weight of 400 g/mol

was added to the plating bath stock solution.

The tin plating bath was then made up using 500 ml/l of the plating bath stock

solution and 70 ml of DI water.

The concentration of dissolved copper in the plating solution after two weeks of
storage at room temperature remained unchanged within the accuracy of the

analytical method used in respect to the amount added prior to the test.

A small amount of the Cu(l) thiourea complex precipitate was formed on the
bottom of the bottle.

Example 2 (comparative)

170.05 g/l of polyethylene glycol having an average molecular weight of
400 g/mol and 8.95 g/l of polyethylene glycol having an average molecular

weight of 1000 g/mol were added to the plating bath stock solution.

The tin plating bath was then made up using 500 ml/l of the plating bath stock

solution and 70 ml of DI water.

The concentration of dissolved copper in the plating solution after two weeks of
storage at room temperature remained unchanged within the accuracy of the

analytical method used in respect to the amount added prior to the test.

12
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A small amount of the Cu(l) thiourea complex precipitate was formed on the
bottom of the bottle.

In case of Examples 3 to 8 an immersion plating bath stock solution comprising
p-toluene sulfonic acid, methane sulfonic acid, thiourea and tin methane sul-
fonate was used. The concentration of p-toluene sulfonic acid was 30 wt.-% in
respect to the total amount of sulfonic acids and sulfonic acid anions added to
the plating bath. Precipitation additives were added to said stock solution as

given in the respective examples.

Example 3 (comparative)

179 g/l of polyethylene glycol having an average molecular weight of 400 g/mol

was added to the plating bath stock solution.

The tin plating bath was then made up using 500 ml/l of the plating bath stock

solution and 70 ml of DI water.

The height of the Cu(l) thiourea complex precipitate in the plating bath solution

after two weeks of storage at room temperature was 30 mm.

The concentration of dissolved copper in the plating solution after two weeks of

storage at room temperature was 0.7 g/I.

Example 4 (comparative)

179 g/l of polyethylene glycol having an average molecular weight of

1500 g/mol was added to the plating bath stock solution.

The plating bath stock solution showed a large amount of precipitated solids.

Therefore, said stock solution composition failed the test.

13
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Example 5

170.05 g/l of polyethylene glycol having an average molecular weight of
400 g/mol and 8.95 g/l of polyethylene glycol having an average molecular

weight of 1000 g/mol were added to the plating bath stock solution.

The tin plating bath was then made up using 500 ml/l of the plating bath stock

solution and 70 ml of DI water.

The height of the Cu(l) thiourea complex precipitate in the plating bath solution

after two weeks of storage at room temperature was 12 mm.

The concentration of dissolved copper in the plating solution after two weeks of

storage at room temperature was 0.8 g/I.

Example 6

170.05 g/l of polyethylene glycol having an average molecular weight of
400 g/mol and 8.95 g/l of polyethylene glycol having an average molecular

weight of 1500 g/mol were added to the plating bath stock solution.

The tin plating bath was then made up using 500 ml/l of the plating bath stock

solution and 70 ml of DI water.

The height of the Cu(l) thiourea complex precipitate in the plating bath solution

after two weeks of storage at room temperature was 10 mm.

The concentration of dissolved copper in the plating solution after two weeks of

storage at room temperature was 0.7 g/I.

Example 7 (comparative)

10 | of a tin plating bath according to example 3 were heated to 70 °C which
resembles a typical bath temperature during use of such a plating bath for
deposition of tin. 3 g/l of copper were added as a powder to the plating bath.

Next, the plating bath with copper loading was cooled down to 5 °C within

14
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60 min. Meanwhile, the Cu(l) thiourea complex precipitate was settled and
samples were taken after 10, 30 and 60 from the clear part of the plating bath
above the Cu(l) thiourea complex precipitate for analysis of the content of dis-
solved copper ions. The concentrations of dissolved copper ions during cooling

down are summarized in table 1.

Table 1: concentration of dissolved copper ions during cooling down of the plat-
ing bath from 70 °C to 5 °C:

Concentration of dissolved copper ions [g/l] Time of cooling down [min]
3 0

2.2 10

1.65 30

Example 8

10 | of a tin plating bath according to example 5 were heated to 70 °C which
resembles a typical bath temperature during use of such a plating bath for
deposition of tin. 3 g/l of copper were added as a powder to the plating bath.
Next, the plating bath with copper loading was cooled down to 5 °C within
60 min. Meanwhile, the Cu(l)-thiourea complex precipitate was settled and sam-
ples were taken after 10, 30 and 60 from the clear part of the plating bath above
the Cu(l)-thiourea complex precipitate for analysis of the content of dissolved

copper ions.

The concentrations of dissolved copper ions during cooling down are summa-

rized in table 2.

15
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Table 2: concentration of dissolved copper ions during cooling down of the plat-

ing bath from 70 °C to 5 °C:

Concentration of dissolved copper ions [g/l]

Time of cooling down [min]

3 0
1.4 10
1.3 30

The faster decrease of dissolved copper ion concentration during cooling down

of the plating bath according to the present invention corresponds with a faster

formation of the Cu(l) thiourea complex precipitate compared to a plating bath

known from prior art (comparative example 7).

At the same time the Cu(l) thiourea complex precipitate formed during cooling

down is less voluminous (example 5) than that formed from a plating bath

known in the art (comparative example 3).

Therefore, removal of dissolved copper ions from a plating bath according to the

present invention is faster and at the same time leading to a Cu(l) thiourea

complex precipitate which is more compact and thus easier to filter-off from the

plating bath.
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CLAIMS

1. An aqueous immersion tin or tin alloy plating bath comprising
(1) Sn(ll) ions,
(i) optionally ions of an alloying metal,
(i) atleast on aromatic sulfonic acid or salt thereof,

(iv) at least one complexant selected from the group consisting of

thiourea and derivatives thereof and

(V) a mixture of at least one first precipitation additive and at least

one second precipitation additive,

wherein the at least one first precipitation additive is selected from
the group consisting of aliphatic poly-alcohol compounds, ethers
thereof and polymers derived thereof having an average molecular

weight in the range of 62 g/mol and 600 g/mol and

wherein the at least one second precipitation additive is selected
from the group consisting of polyalkylene glycol compounds hav-
ing an average molecular weight in the range of 750 to
10,000 g/mol.

2. An immersion tin or tin alloy plating bath according to claim 1 wherein the
concentration of the at least one second precipitation ranges from 1 to
10 wt.-% based on the total amount of the at least one first precipitation

additive and the at least one second precipitation additive.
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3. Animmersion tin or tin alloy plating bath according to any of the foregoing
claims wherein the at least one first precipitation additive is selected from
the group consisting of ethylene glycol, propylene glycol, diethylene gly-
col, dipropylene glycol, triethylene glycol, tripropyleneglycol, ethylene gly-
col monoethyl ether, ethylene glycol monobutyl ether, propylene glycol
monomethyl ether, propylene glycol monoethyl ether, propylene glycol
monobutyl ether, diethylene glycol monomethyl ether, diethylene glycol
monoethyl ether, diethylene glycol monopropyl ether, diethylene glycol
monobutyl ether, dipropylene glycol monomethyl ether, dipropylene glycol
monoethyl ether, dipropylene glycol monopropyl ether, dipropylene glycol
monobutyl ether, triethylene glycol monomethyl ether, triethylene glycol
monoethyl ether, triethylene glycol monopropyl ether, triethylene glycol
monobutyl ether, tripropylene glycol monomethyl ether, tripropylene glycol
monoethyl ether, tripropylene glycol monopropyl ether and tripropylene
glycol monobutyl ether, polyethylene glycol, polypropylene glycol, polyeth-
ylene glycol dimethylether, polyethylene glycol diethylether, polyethylene
glycol dipropylether, polypropylene glycol dimethylether, polypropylene
glycol diethylether, polypropylene glycol dipropyl ether, stearic acid poly-
glycol ester, oleic acid polyglycol ester, stearic alcohol polyglycol ether,
nonylphenol polyglycol ether, octanol polyalkylene glycol ether, octane
diol-bis-(polyalkylene glycol ether), poly(ethylene glycol-ran-propylene
glycol), poly(ethylene glycol)-block-poly(propylene glycol)-block-
poly(ethylene glycol) and poly(propylene glycol)-block-poly(ethylene gly-
col)-block-poly(propylene glycol.

4. An immersion tin or tin alloy plating bath according to any of the foregoing
claims wherein the at least one first precipitation additive is selected from

the group consisting of polyethylene glycol and polypropylene glycol.

5. Animmersion tin or tin alloy plating bath according to any of the foregoing
claims wherein the at least one second precipitation additive is selected

from the group consisting of polyethylene glycol, polypropylene glycol,
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polyethylene glycol dimethylether, polyethylene glycol diethylether, poly-
ethylene glycol dipropylether, polypropylene glycol dimethylether, poly-
propylene glycol diethylether, polypropylene glycol dipropyl ether, stearic
acid polyglycol ester, oleic acid polyglycol ester, stearic alcohol polyglycol
ether, nonylphenol polyglycol ether, octanol polyalkylene glycol ether, oc-
tane diol-bis-(polyalkylene glycol ether), poly(ethylene glycol-ran-
propylene glycol), poly(ethylene glycol)-block-poly(propylene glycol)-
block-poly(ethylene glycol) and poly(propylene glycol)-block-poly(ethylene
glycol)-block-poly(propylene glycol).

An immersion tin or tin alloy plating bath according to any of the foregoing
claims wherein the at least one second precipitation additive is selected

from the group consisting of polyethylene glycol and polypropylene glycol.

An immersion tin or tin alloy plating bath according to any of the foregoing
claims wherein the total concentration of the mixture of the at least one
first precipitation additive and the at least one second precipitation addi-

tive ranges from 0.01 g/l to 200 g/l.

An immersion tin or tin alloy plating bath according to any of the foregoing
claims wherein the at least one aromatic sulfonic acid is characterized by
the formula R-SO3X, wherein R is selected from the group consisting of
substituted and unsubstituted phenyl, substituted and unsubstituted ben-
zyl and substituted and unsubstituted naphthyl and X is selected from the

group consisting of H*, Li*, Na*, NH4" and K.

9.  Animmersion tin or tin alloy plating bath according to any of the foregoing
claims wherein the at least one aromatic sulfonic acid or salt thereof is se-
lected from the group consisting of benzene sulfonic acid, benzyl sulfonic
acid, o-toluene sulfonic acid, m-toluene sulfonic acid, p-toluene sulfonic
acid, xylene sulfonic acid, naphthyl sulphonic acid and their salts with a

counter ion selected from the group consisting of Li*, Na*, NH,", K".
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10.

11.

12.

13.

14.

15.

An immersion tin or tin alloy plating bath according to any of the foregoing
claims wherein the overall concentration of the at least one aromatic sul-

fonic acid or salt thereof ranges from 0.1 to 1.5 mol/I.

An immersion tin or tin alloy plating bath according to any of the foregoing
claims wherein the immersion tin plating bath further comprises at least
one non-aromatic sulfonic acid or salt thereof selected from the group
consisting of methane sulfonic acid, methane disulfonic acid, methane
trisulfonic acid, ethane sulfonic acid, propane sulfonic acid, 2-propane sul-
fonic acid, 1,3-propane disulfonic acid, butane sulfonic acid, 2-butane sul-
fonic acid, pentane sulfonic acid and their salts with a counter ion selected

from the group consisting of Li*, Na*, NH,*, K*.

An immersion tin or tin alloy plating bath according to any of the foregoing
claims wherein the concentration of the at least one aromatic sulfonic acid
or salt thereof is at least 25 wt.-% based on the total amount of the at least

one aromatic sulfonic acid and the at least one non-aromatic sulfonic acid.

An immersion tin or tin alloy plating bath according to any of the foregoing

claims wherein the concentration of Sn(ll) ions ranges from 1 to 50 g/I.

An immersion tin or tin alloy plating bath according to any of the foregoing

claims wherein the plating bath further contains Ag(l) ions.

A process for depositing a tin or tin alloy layer onto copper surfaces com-

prising the steps of
(i) Providing a copper surface,

(i) Contacting the copper surface with an immersion tin or tin alloy

plating bath according to any of the foregoing claims.
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