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TIN ALLOY PLATING COMPOSITIONS

Field of the Inventioh

The present invention relates to a tin-based alloy
plating composition having improved corrosion resistance and

solderabilify, which is suitable for plating lead frames,

':connectors, printed circuit boards and the like.

Background of the Invention

The production of electronic devices such as lead
frames, lead frame packages, connectors and printed circuit
boards requires silver spot plating followed by solder-
plating to improve the corrosion resistance and
solderability théredf. Sn-Pb solder has been. usually
employed in sﬁch SOider-plating 'procéss; however, the
toxicity of the lead component poses a serious'environmental
hazard; |

Accordingly, there have been many attempts to
ameliofate the leéd problem but a cost-effective solution
has not yet been attainéd. For example, a method to plate
palladium or gold on a Cu-Ni primer plating layer has been
suggésted, but this method .has the problem of a high
production cost. | |

The present inventors have endeavored to develép a new

~ plating composition that can replace the environmentally
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hazardoﬁs Sn-Pb solder-plating composition, and have
unexpectedly discovered that sevéral novel tin-based alloy
plating compositions are sapable of providing solder'piating
layers having excellent corrosion resistance and
solderability.

Hitherto, many kinds of tin-based alloy plating
compositions have been reported. For example, U.S. Patent
No. 4,828,657(Fukuoka et al., filed on May 9, 1989)
describes tin-cobalt, tin-nickel and tin-lead binary alloy
plating compositions, and U.S. | sPatent ' No.
4,347,107(Teichmsnn st al., filed on Aug. 31, 1982) mentions
the deposition of tin as well as copper or rhodium alloys
thereof on various substrates. However, these compositions
are applied to ensure the deposition of bright metallic tin
for a decorative purpose- and are not'suitabie for solder
plating electronic devices or for replacing the Sn-Pb
solder-plating.

In addition, a tin-bismuth alloy plating composition
containing a chelate_salt.sush as an acid bismuth sulfate
gluconate is described in U.S. Patent No. 4,331,518(wWilson,
filed May 25, 1982); and a tin-nickel alloy plating

composition comprising a fluoride -is disclosed in U.S.

. patent No. 4,049,508(Morrissey, filed Sept. 20, 1977).

These compositions, however, give plating layers having poor

solderability and emit harmful materials to the environment.
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Summary of the Invention

Accordingly, it is a primary object of the present

invention to provide a tin-based, two—component__alloy

- electroplating composition which does not contain harmful

materials and can prodﬁée-a-plating-layer having excellent
corrosion resistance and solderability. |
In.accordance with one aspect of the present invention,
there is provided a tin alloy electroplating composition
comprising 20 to 500g/i of a tin.salt, 1 to 100g/1l of a

metal salt selected from the group consisting of a zinc,

-cobalt, bismuth and copper salt, 20 to 200g/l1 of

methanesulfonic acid, 10 to 300g/1 of a conductive compound,
and 0.5 to 50g/1 of a'éomplexing agent.

Detailed Description of the Invention

The novel tin alloy plating composition of the present
invention comprises: two metallic-componenté, i.e., tin and
a second metal éelected from the group consisting of zinc,
cobalt, bismuth and copper; methanesulfonic acid;  a
conductive compound and a complexing agent. As a source of
tin, various ~tin - compounds such as stannous
methanesulfonate, stannous sulfate, stannous chloride and
SOdium_stannate are employed in an amount ranging from 20 to
500g/1 in the composition.

The second metal component may be preferably employed
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in the form of a salt and it is employed in an amount
ranging from 1 to 100g/l in _thé'.composition.

Representative examples of zinc salts which maj be used
.as the zinc source ihclude zinc oxide, zinc sulfate, zinc
chloride, zinc carbonate or zinc pyrophosphate.
Representative examples of cobalt salts which may.be used as
the cobalt éource include cobalt chloride, cobalt sulfate,
cobalt acetate or cobalt carbonate. Representative examples
of bismuth salts which may be used as the bismuth source
include bismuth nitrate, bismuth acetate, bismuth sodium
trioxide or bismuth chloride. Representative examples of
copper salts which may be used as the copper source include
copper nitrate, copper sulfate, copper carbonate, copper
hydroxide, copper acetate or copper pyrophosphate.

In the composition of the present invention,

methanesulfonic acid which enhances the conductivity of

‘metal ions is employed in an amount ranging from 20 to

200g/1.

The conductive compound used in the inventive pZ_Lat;ing
composition not only furthér enhances the conductivity of
metal ions but also increases the stability of the plating
composition to provide uniform plating and. an improved
current efficiency. The conductive cdmpound may include
various acids and salts thé.reof‘. P.referable conductive
compounds are citric adid, sulfuric acid, ammonium sulfate,
ammonium citrate, sodium acetate, sodium carbonate, sodium

gluconate or potassium pyrophosphate. One or more
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conductive compounds may be‘employed in an amount ranging
fromllo to 300g/l1 in the inventive composition.

The complexing agent used in the composition of the
present invention forms a stable éomplex with.the second
metal to be alloyed with tin, thereby providing a stable .
plating composition, and it may be suitably selected
depending on the second metal. Representative complexing
agents include various acetates, amine salté, imine salts or
amide salts. Preferably, the complexing agent may be
selected from N,N,N’",N’'-tetrakis(2-
hydroxypropyl)ethyleﬁediamine, N,N,N’,N’'-tetrakis(2-

pyridylmethylpropyl)ethylenediamine, sodium

"ethylenediaminetetraacetate dihydrate,

ethylenediaminetetraaceticacid,trisodiumnitrilotriaéetate

. monohydrate, nitrilotriacetic acid, 1,4-

diazabicyclofz,2,2]octane, triethanolamine, polyimine,
thioacetamide and a mixture thereof. The complexing agent
is employed in an amount ranging from 0.5 to 50g/1,
preferably 10 to 30g/1 in the composition.

Further, the inventive composition may optionally
include a surface modifier and/or a stress decreasing agent..
Each of.the surface modifier and stress decreasing agent may
be used in én amount ranging from 0.01 to 0.1g/l, preferably
0.01 to 0.05g/1, respectively. o

Representative examples of the surface modifier may be
sodium alkylphenolethersulfate, ethoxylated nonylphenol,

polyethoxylatedaliphaticmonoalkanolamide, 4-nitrophenyl-D-
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hepta(1l-4)-glucopyranocide or a mixture thereof, and
representative exampies of the stress decreésing agent may
be vancomycin hydrochloride tetrahydrate, amino ionoferrel,
ristomycin moncsulfate,. formylhexahydrocarbazole. or a
mixture thereof.

The novel inventive plating composition may be simply

prepared by simply dissolving the specified components and

' optional other component(s) in water within the specified

concentration ranges.

The composition may be applied to a substrate as
follows: . |

A substrate to be plated and an anode are immersed in

the inventive plating composition, and then an electric

‘current ranging from 0.5 to 1.5 ASD(Ampere per Square

Decimeter), more preferably 0.7 to 1.0 ASD, is applied
across the substrate and'the.anode, while_maintaining the
temperature of the composition at a range of 30 to 40°C)
more preferably at 35°C, while stirring the plating
composition.

The nerl tin-based plating composition in accordance
with the present invention may be used in plaée of the
conventional Sn-Pb solder-plating composition to eliminate
the pollution probléﬁﬁ:ésociated with lead.

The present plating composition is stable and provides

‘uniform plating having excellent corrosion resistance,

solderability, conductibility, adhesive property and heat

resistance.
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Further, the present plating composition is suitable

for plating devices such as lead frames, lead frame.

packages, connectors, printed circuit boards and other
electronic parts, and may be applied with a conventional
equipment, particularly a reel-to-reel type equipment.

The folloﬁing Examples are intended to illustrate the
present invention more specifically, without limiting the
scope of the invention. |

In the Examples, the adhesiveness and solderéﬁility
were'measured in accordance with the following Reference

Examples.

Reference Example 1 : Adhesiveness

A plated sample was baked at 400+5°C for 2 minutes, and
then, the appearance of the plated surface of the sample was
examined with a.magnifying glass(20X) or the naked eye to

evaluate the following aspects:

i) Presence of blister, peeling, liftiﬁg and bleeding

marks(No: good; Yes: poor).
ii) Presence of peeling and lifting marks when the sample
was scratched with a nipper or a sharp material(No:

good; Yes: poor).

iii) Presence of peeling marks when a piece of an adhesive
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tape(3M Scotch Tape: #540, #610 or #810) was firmly
attached across the sample and then'rembvéd by a sharp

peeling motion(No:3good; Yes: poor).

Reference Example 2 : Solderability

A plated sample was mold-hardened at 175°C for '3
minutes and then kept at the same temperature for 3 hours.
The hardened substrate was ﬁaintained at 145 °C for 95 hours
and then soldered in a flux(Kester) for'3 seconds.

The uniformity of the soldered part was observed by a

microscope(Nikon measurescope UM-2(25X)).

Ekamgle 1

1L of a tin-zinc alloy plating composition was prepared

by dissolving the following ingredients in distilled water.

Ingredients : o Amounts
Stannous methanesulfonate 190 g/1
Methanesulfonic acid : 75 g/l
Zinc sulfate . 14 g/1
Sodium gluconate . 35 g/l
Triethanolamine - 3.7 g/l
Ethoxylated nonylphenol 0.03 g/l
Formylhexahydrocarbaiole _ | - 0.01 g/l

Ristomycin monosulfate : | 0.02 g/l
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A lead frame was plated with 1L of the resulting tin-

zinc alloy plating composition at an electric current of

10A/dm? to give an alloy plating layer of 90% tin and 10%

zinc. The solderability and adhesiveness of the plated lead

frame were determined in accordance with the methods as

defined in Reference EXamples 1 and 2. The results showed

adhesiveness.

Example 2

a uniform plating with 100% solderability and excellent:

11, of a tin-cobalt alloy plating composition was

prepared by dissolving the following ingredients in

distilled water.
Ingredients | Amounts
‘Stannous sulfate - | _ 240 g/l
Cobalt(II) carbonate l , 17 g/l
Methanesulfonic acid 60 g/l
Sodium carbonate | 20 g/1
Ammonium sulfate ' | 25.9/1
Ethylenediaminetriacetaic acid 5 g/l
Polyéthoxylated stearic monoethanolamide | 0.01 g/1

A lead frame was plated with 1L of the resulting tin-

cobalt alloy plating composition at an electric current of

10A/dm? to give an alloy plating layer of 90% tin and 10%
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cobalt. The solderability and adheéiveness of the plated
lead frame were determined in accordance with the methods as
defined in Reference Examples 1 and 2. The results showed
a uniform piating with 100% solderability and excellent

adhesiveness.

Example 3
1L of a tin-bismuth alloy plating compcsi_tion was

prepared by dissolving the following ingredients in

distilled water.

Ingredients | Amounts

Potassium stannate ' _ 200 g/1
Methanesulfonic acid 50 g/l
Citric acid 60 g/l
‘Bismuth(ITI) acetate | 18 g/1
Sodium acetate | | 35 g/l

N,N,N',N'—tetrékis(2-pyridylmethy1-
propyl)ethylenediamine 15 g/1
Aminoionoferrel ' - 0.03 g/1

Pclyethoxylated stearic monoethanolamide 0.01 g/1

A lead frame was plated with 1L of the resulting tin-
bismuth alloy plating composition at an electric current of
10A/dm® to give an alloy plating layer of 90% tin and 10%

bismuth. The solderability and adhesiveness of the plated



10

15.

20

25

- 11 -
lead frame were determined in_accordance with the methods as
defined in Reference Examples 1 and 2. Thé résults showed
a uniform plating with 100% solderability_aﬁd excellent

adhesiveness.

Example 4

1. of a tin-copper alloy plating composition  was
prepared by dissolving the following ingredients in

distilled water.

Ingredients Amounts

Stannous methanesulfate 240 g/l
Methanesulfonic acid 65 g/1
Copper(II) sulfate. - 25 g/l
Ammonium sulfate 50 g/1
Citric acid - 30 g/1
Potassium sodium tartrate - ' 18 g/1

Ethylphenoxy sulfoxide poly(ethylene-
oxyethanol) sodium salt 0.02 g/l

A lead frame was plated with 1L of the resulting tin-
copper alloy plating composition at an electric current of
10A/dm? to give an allby plating layer of 90% tin and 10%
copper; The solderability and'adhesivenesé of the plated
lead frame were determined in accordance with the methods as

defined in Reference Examples 1 and. 2. The results showed
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a uniform platihg with 100% solderability and excellent
adhesiveness. | |

While the invention has been described with respect to
the specific embodiments, it should be recognized that
various modifications and changes may be made by those
skilled in the art to the invention which also fall within
‘the scope of the invention as defined by the appended

claims.
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What is claimed is:

1. A tin alloy électroplating composition comprising

20 to 500g/1 of a tin salt, 1 to 100g/l of a metal salt

selected from the group consisting of a 2zinc, cobalt,
bismuth and copper Salt, 20 to 200g/1 of methanesulfonic
acid, 10 to 300g/l1l of a cohductive compound, - and 0.5 to

50g/1 of a complexing agent.

2. ‘The composition in accordance with claim 1,
wherein the tin salt is selected from the group consisting
of stannous methanesulfonate, stannous sulfate, stannous

chloride, sodium stannate and a mixture thefeof.

3. The composition in accordance with claim 1,
wherein the zinc salt is selected from the group consisting
of zinc oxide, zinc sulfate, zinc chloride, zinc carbonate,

zinc pyfophosphate and a mixture thereof.

4. The composition in accordance with claim 1,
wherein the cobalt salt is selected from the group
consisting of cobalt chloride, cobalt sulfate, cobalt

acetate, cobalt carbonate and a mixture thereof.

5. The composition in accordance with claim 1,
wherein the bismuth salt is selected from the group

consisting of bismuth nitrate, bismuth acetate, bismuth
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sodium trioxide; bismuth chloride and a mixture thereof.

6. The ‘compﬁsition in accordance with claim 1,
wherein the copper salt is selected £from the group -
consisting of copper nitrate, copper sulfate; copper
carbonate, copper hy@roXide, copper acetate, copper

pyrophosphate and a mixture thereof.

7. The- cbmposition_ in accordance with- claim 1,
wherein the conductive cdmpound is selected from the group
consisting of ammonium sulfate, ammonium citrate, citric.
acid, sulfuric acid, sodium acetate, sodium carbonate,
sodium gluconate, potassium pyrophosphate and a mixturé
thereof.

8. The composition in accordance with claim 1,
wherein the complexing.agent is selected from the group
cér1sisi:ing of N,N,N’',N’-tetrakis(2-
hydroxypropyl)ethylenediamine, N,N,N’,N’-tetrakis(2-
pyridylmethylpropyl)ethylenediamine, sodium
ethylehediaminetetraacetate dihyd:ate,
ethylenediaminetetraaceticacid,trisodiumnitrilotriacetate
monohydrate, nitrilotriacetic  acid, 1,4-
diazabicyclo[z,z,2]oc£ane,_ triethanolamine, polyimine,

thicacetamide and a mixture thereof.

9. The composition in accordance with claim 1 further -



[T

10

15

20

-ls_
comprising a surface modifier selected from the group

consisting of sodium-alkylphenolethersulfate,.ethoxylated-

: ndnylphenol, polyethoxylated aliphatic.monoaikanolamide, 4~

nitrophenyl-D-hepta(1l-»4)-glucopyranocide and a - mixture

thereof in an amount ranging from 0.01 to 0.1 g/1l.

10. The.composition in acdordance with claim 1 furthér
comprisiné a stress releasing agént selected ffdm the group
consisting of vancomycin hydrochloride tetrahydrate, amino
ionoferrel, formylhexahydrocarbazole,; ristomycinmonosulfate
and.a mixture thereof in an amount ranging from 0.61 to

0.1g/1.

11. A method of plating a substrate with the
composition according to-any one of claims 1 to 10 at an
electric current ranging from 0.5 to 1 .5 ASD(Ampere per

Square Decimeter) and a temperature ranging from 30 to 40°C.



