
DESCRIPTION TIN-CONTAINING ALLOY PLATING BATH, ELECTROPLATING METHOD
USING SAME, AND SUBSTRATE WITH THE ELECTROPLATING DEPOSITED THEREON
Technical Field [0001]       The present invention relates to a
tin-containing alloy electroplating bath which can manufacture a
tin-containing alloy plated product suitable for electric and
electronic members, an electroplating method using the same, and a
substrate on which the electroplating is deposited. Background Art
[0002]        Copper alloys are uses as the base materials of
electric and electronic components such as connectors and terminals
applied generally to automobiles, household electric appliances,
office automation equipment, and the like. These base materials are
treated by plating in order to improve the functions such as
rust-prevention, improved corrosion resistance, and improved electric
characteristics. Specifically a tin-lead alloy plating containing 5
to 40% by weight of lead has been widely used owing to excellent
anti-whisker performance, solder wettability, adhesion, bendability,
heat-resistance, and the like, (for example, refer to Japanese Patent
Laid-Open No. 8-176883 (PTL 1)). -1-  [0003]       In recent years,
however, the influence of lead on the environment drew attention,
thus there has been rapidly progressing the switching to a plating
not containing lead, or to a lead-free plating, as a measure for
environmental conservation. [0004]       On the other hand, the
lead-free tin-containing alloy plating likely generates whiskers on
the surface of plating. Consequently, accompanied with the
densification of electronic components in recent years, the
tin-containing alloy plated products raise serious problems such as
the generation of whiskers, the contact resistance failure caused by
surface oxidation, and the electric short circuit. [0005]
Responding to these problems, persons skilled in the art studied the
anti-whisker measures on the tin-containing alloy plated products.
Japanese Patent Laid-Open No. 2008-88477 proposed a method forming
specific base layer and intermediate layer, applying tin plating, and
further conducting reflow treatment, (refer to PTL 2). Japanese
Patent Laid-Open No. 2008-194689 proposed a method forming two kinds
of tinplating films each having different crystal types, thus
suppressing the generation of whiskers, (refer to PTL 3).
Furthermore, Japanese Patent Laid-Open No. 2008-280559 suppresses the
generation of whiskers by treating connectors and the like, on which
lead-free tin-containing alloy plating is applied, with  ultrasonic
waves, (refer to PTL 4). These methods have, however, complex process
compared with the cases using tin-lead alloy plating. [0006] Citation
List Patent Literature  PTL 1:  Japanese Patent Laid-Open No.
1-108-176883 PTL 2:  Japanese Patent Laid-Open No. 2008-88477 PTL 3:
Japanese Patent Laid-Open No. 2008-194689 PTL 4:  Japanese Patent
Laid-Open No. 2008-280559  Summary of Invention Technical Problem
[0007]       The present invention has been made in view of the above
circumstances. An object of the present invention is to provide a
tin-containing alloy electroplating bath which can prevent the
surface oxidation of the manufactured tin-containing alloy plated
products, thus suppresses the generation of whiskers, to provide an
electroplating method using the same, and to provide a substrate on
which the electroplating is deposited. 



Solution to Problem [0008]       The present invention provides a
tin-containing alloy electroplating bath which can manufacture
tin-containing alloy plated products suitable for electric and
electronic members -3-  and having excellent antioxidation
performance,an electroplating method using the same, and a substrate
on which the electroplating is deposited. [0009]       Specifically
the present invention can manufacture a tin-containing alloy plated
product having excellent antioxidation performance by applying a
plating bath to deposit a tin-containing alloy on the surface of a
substrate, the bath containing: (a) a tin compound containing 99.9%
by mass to 46% by mass of tin based on entire metal mass in the
plating bath;  (b) a gadolinium compound containing 0.1% bymass to
54% bymass of gadolinium based on entire metal mass in the plating
bath;  (c) at least one complexing agent; and (d) a solvent, and by
applying an electroplating method using the electroplating bath.
Advantageous Effects of Invention [0010]        The electroplating
method using the tin-containing alloy plating bath according to the
present invention can provide the tin-containing alloy plated product
which prevents surface oxidation and suppresses generation of
whiskers. Furthermore, the obtained tin-containing alloy plated
product can suppress discoloration of the plating surface while
maintaining the wettability similar to that of tin-lead alloy
plating, thus providing a surface hardness of 20 to 165 of Vickers
hardness.  Description of Embodiments [0011]       The modes for
carrying out the invention are described in the following. The
embodiments given below are simply examples of the present invention,
and a person skilled in the art can modify the design adequately.
[0012] (Plating bath)       The plating bath according to the present
invention contains: (a) a tin compound containing 99.9% by mass to
46% by mass of tin based on entire metal mass in the plating bath;
(b) a gadolinium compound containing 0.1% by mass to 54% by mass of
gadolinium based on entire metal mass in the plating bath;  (c) at
least one complexing agent; and (d) a solvent. [0013] a. Tin compound
The tin compound according to the present invention is only required
to be the one which is dissolved in a solvent as single compound or
together with a complexing agent described later, thus can provide
tin ion. Although the present invention does not limit to these kinds
of compounds, there can be used tin salts such as tin chloride, tin
bromide, tin sulfate, tin sulfite, tin carbonate, organic tin
sulfonate, tin sulfosuccinate, tin nitrate, tin citrate, tin
tartrate, tin gluconate, tin oxalate, and tin oxide, and arbitrary
soluble salts containing a mixture of them. As of these, a salt with
organic tin sulfonate is preferred. -5-  [0014]       The tin ion
provided from the tin compound is contained in the plating bath of
the present invention at a quantity of 99.9% by mass to 46% by mass
based on entire metal mass in the plating bath; preferably 99.7% by
mass to 50% by mass, more preferably from 99.7% by mass to 60% by
mass, and most preferably from 99.7% by mass to 70% by mass. [0015]
The concentration of entire metal ion in the plating bath is in a
range from 0.01 g/L to 200 g/L, and preferably from 0.5 g/L to 100.0
g/L. Generally the tin ion exists in the plating bath in a range from
20 g/L to 200 g/L, and preferably from 25 g/L to 80 g/L. [0016]
b.Gadolinium compound        The gadolinium compound according to the
present invention is arbitrary compound if only the compound can be
dissolved in a solvent solely or together with a complexing agent



Applicable complexing agents in the present invention include: amino
acid having 2 to 10 carbon atoms; polycarboxylic acid such as oxalic
acid, adipic acid, succinic acid, malonic acid, and maleic acid;
aminoacetic acid such as nitrilotriacetate; alkylene polyamine
polyacetate such as ethylenedi amine tetraacetate (EDTA),
diethylenetriamine pentaacetate (DTPA),
N-(2-hydroxyethyl)ethylenediamine -7-  triacetate,
1,3-diamino-2-propanol-N,N,N',N'-tetraacetate,
bis-(hydroxyphenyl)-ethylenediaminediacetate,
diaminocyclohexanetetraacetate,and
ethyleneglycol-bis-((-aminoethylether)-N,N'-tetraacetate);
polyaminesuchas N,N,N',N'-tetrakis-(2-hydroxypropyl)ethylenediamine,
ethylenediamine,2,2',2"-triaminotriethylamine,
trimethylenetetramine,diethylenetriamine,and
tetrakis(aminoethyl)ethylenediamine; citrate; tartrate;
N,N-di-(2-hydroxyethyl)glycine; gluconate; lactate; crown ether;
cryptand; polyhydroxyl group compound such as
2,2',2"-nitrilotriethanol; hetero aromatic compound such as
2,2'-bipyridin, 1,10-phenanthroline, and 8-hydroxyquinoline;
thio-containing ligand such as thioglycol acid with
diethyldithiocarbamate; and amino alcohol such as ethanolamine,
diethanolamine, and triethanolamine, though not limited to them.
Above complex agents may be used in combination of two or more of
them. [0020]        The complexing agent according to the present
invention can be used in various concentrations. For example, there
can be the stoichiometric amount to the entire quantity of tin ion
and/or gadolinium ion existing in the plating bath, or an excess
quantity from stoichiometric amount so as to complex entire tin ion
and/or gadolinium ion. The term "stoichiometric" signifies equi-mole
used herein. [0021]         The complexing agent may exist in the
plating bath at a concentration ranging from 0.1 to 250 g/L.
Preferably the complexing agent exists in the plating bath at an
amount from 2 to 220 g/L, and more preferably from 50 to 150 g/L.
[0022] d. Solvent        The solvent of the plating bath according to
the present invention is only required to be the one which can
dissolve the tin compound, the gadolinium compound, and the
complexing agent. The solvent can be water and a non-aqueous solvent
such as acetonitril, alcohol, glycol, toluene, and dimethylformamide.
A preferable solvent is the one from which other metal ions was
removed by ion resins, and the like. The most preferable one is water
treated by removal of metal ions. [00231        The plating bath of
the present invention normally has a pH value ranging from 1 to 14,
preferably not more than 7, and more preferably not more than 4. The
pH of the plating bath maybe maintained at a desired level by adding
a buffer thereto. Any compatible acid or base can be used as the
buffer, and organic or inorganic compound thereof can be applied. The
term "compatible acid or base" means that no precipitation of silver
ions and/or complexing agent is generated from the solvent when that
kind of acid or base is used at an amount sufficient to buffer the
pH. Examples of the buffer are alkali metal hydroxide such as sodium
hydroxide and potassium hydroxide,  carbonate, citric acid, tartaric
acid, nitric acid, acetic acid, and phosphoric acid, though not
limited to them. [0024] e.Additive       The plating bath of the
present invention can optionally contain known additives such as
surfactant, stabilizer, gloss agent, semi-gloss agent, antioxidant,



include: ascorbic acid or salt thereof; hydroquinone; catechol;
resorcin; phloroglucin; cresol sulfonate and salt thereof;  phenol
sulfonate and salt thereof; and naphtol sulfonate and salt thereof.
[0029]       Above-given pH adjustors include: various acids such as
hydrochloric acid and sulfuric acid; and various bases such as
ammonium hydroxide and sodium hydroxide. [0030] (Electroplating
method)       The present invention provides an electroplating method
which contains the steps of: immersing the substrate in a plating
bath; and applying an electric field to the substrate, and the
plating bath contains: (a) a tin compound containing 99.9% by mass to
46% by mass of tin based on entire metal mass in the plating bath;
(b) a gadolinium compound containing 0.1% by mass to 54% by mass of
gadolinium based on entire metal mass in the plating bath; (c) at
least one complexing agent; and (d) a solvent. The method of
electroplating method according to the present invention can use
methods such as barrel plating, rack plating, high speed continuous
plating, rackless plating, and the like, being widely known by the
persons skilled in the art. [0031] a. Substrate        According to
the present invention, the substrate which allows the tin-containing
alloy to deposit on the surface thereof is conductive one, and the
substrate is used as the cathode in the electroplating process.
Although the - 12 -  conductive materials used as the substrate are
not limited to those ones, they include iron, nickel, copper,
chromium, tin, zinc, and their alloys; preferably stainless steel, 42
alloy, phosphor bronze, nickel, brass, and the like. The substrate
can be subjected to surface treatment to improve the adhesion of
plating. [0032] b. Electrolysis condition       According to the
electroplating method of the present invention, the substrate to
allow the tin-containing alloy to deposit (plating) on the surface is
used as the cathode. A soluble anode or preferably insoluble anode is
used as the second electrode. According to the present invention,
pulse plating or direct current plating, or a combination of them can
be used. [0033]        Depending on the substrate being plated,
person skilled in the art can adequately change the design current
density and the potential on the surface of electrode in the
electroplating process. Generally the current density of anode and of
cathode varies in a range from 0.5 A/cm2 to 5 A/cm2. The temperature
of the plating bath is kept in a range from 25C to 35C during the
electroplating process. The electroplating process is sustained for a
sufficient time to allow the formed deposit to reach a desired
thickness. The method of the present invention can form the
tin-containing alloy film on the surface of the substrate by a
thickness ranging from 0.01 m to 50 m. - 13 -  [0034] (Substrate with
the deposited electroplating)       The present invention provides a
substrate with the deposited electroplating on the surface thereof
containing : (1) tin by a quantity ranging from 99. 9% by mass to 46%
by mass based on entire metal mass; and (2) gadolinium by a quantity
ranging from 0.1% by mass to 54% by mass based on entire metal mass.
[0035]       The tin-containing alloy plating deposited on the
surface of the substrate can suppress the surface oxidation and can
hinder the generation of whiskers. Furthermore, the tin-containing
alloy plating has a hardness ranging from 20 to 165 of Vickers
hardness. [0036]       Although the reason that the tin-containing
alloy plating deposited on the surface of the substrate according to
the present invention has above-described property of excellent



(Salt spray test)        Based on JIS H8502, the electroplated
substrate was subjected to neutral salt spray test (5%-NaC1 aqueous
solution) . - 15 -  The condition of plated surface (presence/absence
of corrosion) was observed after 0.5 hours, 2 hours, and 8 hours.
[0042] (Whisker test)       Based on the Japan Electronics and
Information Technology Industries Association (JEITA) Standard
ET-7410, the generation of whiskers was observed under high
temperature and high humidity condition. [0043]       The
electroplated substrate was held at 55C3C and 85% of RH for 2000
hours. After that, the presence/absence of whisker on the surface of
the specimen was observed using a scanning electron microscope (SEM)
over a surface area of 0.2 mmx 0.4 m. When no whisker was found, the
mark "Not generated" was given. When the length of generated whisker
is 1 mm to 10 m, the mark "Slightly generated" was given. When the
length thereof is 10 mm or longer, the mark "Generated" was given.
[0044] (Solder wettability test)        In accordance with JIS Z3196,
an electrolytically plated substrate was subjected to solder
wettability test by the wetting balance method. The evaluation was
given using the solder bath of: tin-lead eutectic solder (tin : lead
= 60% : 40%) as lead-based solder, and tin-silver-copper solder
(M705, tin : silver : copper= 96.5% : 3% : 0.5%, manufactured by
Senju Metal Industry Co., Ltd.) as lead-free solder, respectively.
[0045] - 16 -  (Example 1)       A plating bath containing the
following-listed components at concentrations given in Table 1 was
prepared. Thus prepared plating bath showed strong acidity. [0046]
[Table 1] (Table 1) Tin oxide 35 g/L Isopropanol sulfonate 150 g/L
Diethanolamine 60 g/L Gloss agent5 g/L L-Ascorbic acid 1 g/L
Gadolinium oxide 0.4 g/L [0047]        Electroplating was applied to
an iron-based substrate and a copper-based substrate in the above
plating bath, respectively. That is, the substrate was immersed in
the plating bath at a temperature ranging from 25C to 30C, and a
current ranging from 0.5 to 5.0 A/dm2 of current density was applied
to the substrate using the substrate as the cathode for 1 to 2
minutes, thus obtained a plating film with 2.0 nm of thickness. The
content of gadolinium in thus obtained plating film was 0.10% by mass
based on the entire mass of the plating film. [0048] - 17 -
The obtained plating film was tested in terms of heat resistance,
contact resistance, Vickers hardness, and salt water durability. The
result is given in Table 5. [0049] (Example 2)       A plating bath
containing the following-listed components at concentrations given in
Table 2 was prepared. Thus prepared plating bath showed strong
acidity. [0050] [Table 2] (Table 2) Tin oxide 35 g/L Isopropanol
sulfonate 120 g/L Diethanolamine 50 g/L Gloss agent5 g/L L-Ascorbic
acid 1 g/L 



Gadolinium oxide 0.6 g/L [0051]        Electroplating was applied to
an iron-based substrate and a copper-based substrate in the above
plating bath, respectively. That is, the substrate was immersed in
the plating bath at a temperature ranging from 25C to 30C, and a
current ranging from 0.5 to 5.0 A/dm2 of current density was applied
to the substrate using the substrate as the cathode for 1 to 2
minutes, thus obtained a plating film with 2.0 m of thickness. The
content of gadolinium in thus obtained plating - 18 -  film was 0.30%
by mass based on the entire mass of the plating film. [0052]
The obtained plating film was tested in terms of heat resistance,
contact resistance, Vickers hardness, and salt water durability. The
result is given in Table 5. [0053] (Example 3)       A plating bath
containing the following-listed components at concentrations given in
Table 3 was prepared. Thus prepared plating bath showed strong
acidity. [0054] [Table 3] (Table 3) Tin oxide 35 g/L Isopropanol
sulfonate 120 g/L Diethanolamine 50 g/L Gloss agent5 g/L L-Ascorbic
acid 1 g/L Gadolinium oxide 9.5 g/L [0055]        Electroplating was
applied to an iron-based substrate and a copper-based substrate in
the above plating bath, respectively. That is, the substrate was
immersed in the plating bath at a temperature ranging from 25C to
30C, and a current ranging from 0.5 to 5.0 A/dm2 of current density
was applied to the substrate using the substrate as the cathode for -
19 -  1 to 2 minutes, thus obtained a plating film with 2.0 m of
thickness. The content of gadolinium in thus obtained plating film
was 8.00% by mass based on the entire mass of the plating film.
[0056]       The obtained plating film was tested in terms of heat
resistance, contact resistance, Vickers hardness, and salt water
durability. The result is given in Table 5. [0057] (Example 4)
A plating bath containing the following-listed components at the
respective concentrations given in Table 4 was prepared. Thus
prepared plating bath showed strong acidity. [0058] [Table 4] (Table
4) Tin oxide 35 g/L Isopropanol sulfonate120 g/L Diethanolamine 50
g/L Gloss agent5 g/L L-Ascorbic acid 1 g/L Gadolinium oxide 29 g/L
[0059]        Electroplating was applied to an iron-based substrate
and a copper-based substrate in the above plating bath, respectively.
That is, the substrate was immersed in the plating bath at a
temperature ranging from 25C to 30C, and - 20 -  



a current ranging from 0.5 to 5.0 A/dm2 of current density was
applied to the substrate using the substrate as the cathode for 1 to
2 minutes, thus obtained a plating film with 2.0 m of thickness. The
content of gadolinium in thus obtained plating film was 54.00% by
mass based on the entire mass of the plating film. [0060]       The
obtained plating film was tested in terms of heat resistance, contact
resistance, Vickers hardness, and salt water durability. The result
is given in Table 5. [0061]        For the respective plating films
obtained from the respective plating baths given in Examples 1 to 4
and Comparative Examples 1 to 5, there was conducted tests of heat
resistance, contact resistance, Vickers hardness, and salt water
durability. The result is given in Table 5. - 21 -  en s.. C) .._ en
1E 3  Slightly  Generated Slightly  Generated Not  Not generate Salt
spray test I co CD ,-  0  0 0  0 0  0  2 'Ct C1  0 



0 0  0 0  0  2  0  0 0  0 0  0 C)2 a0 t-o =1- co2 ---- m 6.98  6.9
Z.6  t6 C176  C176 C) .F.J0 0c CaCO 4-J4..2 C   ul 



07, o0 , "--- a E 90TO  961:0 96Z.0  L8TO 9.17.0  9Zet Cross-cut
after heat-resistance  0  0 0  0 0  0 Heat-resistance test  @  0 @
@  @ u)ba 00c ctP s0 



9a LE4- I-0 -m E z. --- 0.3        07II Substrate  Iron-based
Copper-based substrate Iron-based  Copper-based substrate Iron-based
Copper-based substrate LITe9 ,- 0 -a E a x Ili ..-.. -o 0 ae c; + c
co C.1 a) CL E a x LLI -0 0 ae co 6 + c (j) ?-? cn a) -a E 



a x LL Ci3 0 ?ie 3 c co   Not  Not generated Not  Not generated
Generated  Generated Generated  -o a) 4-J co 1_ a) C a) 0  0  0 0  0
x  x X  x  0  0 0  0 0 



0 0  0  0  0 0  0 0  0 0  0  91-  19F [IL  1-"I 7l  7 I 8"l  co.
9.17.0  6ZWO ZO"0  9LZ.0 LZZ.0  ItO SLY()  



xi- -4- xi- d  0  0 0  0 0  0 0  0  0  0 x  x x  x x  x       0"Z
o 



cNi  Iron-based  Copper-based substrate Iron-based  Copper-based
substrate Iron-based  Copper-based substrate Iron-based substrate -o
o  W 03 -0 L a) a a o 0 0) -1-, Ilt.i -P w _o o co xl- a E al x UJ
=c3 ..1. La + c CO a) > CO k.. 



"3 a. E 0 0 )--_o aa 71.0 gT xc UJCO ..... a) > .-Pa3 1- CO a E 0 0
're' C'a oae -8.*is E wci x+ wc CO a) > 74 01 ,- a/ a E 0 0 co0 4-J
0la 4- am EW Qc 



Lup    Generated  Generated  Generated  Generated x  X  X  x x  X  x
x x  x  0  0 67 I-  67 I.  7 I-  7 I 8t7t0  L Ft  



ZOC.0  9LZID 0  0  0  0 x  x  x  x        Iron-based  Copper-based
Iron-based  Copper-based substrate 0 > 1 , 0 0 0  tt- E 00 ati, LuP 



aEoz5aET EQ.0E;7<icy, :0 0 > fol - 0 0 LOla, 0< a  [0063]        In
all the Comparative Examples including tin-lead alloy plating
(Comparative Example 1), there was observed discoloration after the
heat-resistance test. On the other hand, Examples 1 to 4 according to
the present invention generated no discoloration and separation, thus
confirmed to have sufficient heat resistance. In the salt spray test,
there was observed corrosion on the 0.01% gadolinium-containing tin
plating film (Comparative Example 2), the plating film composed only
of tin (Comparative Examples 3 and 4), and the tin-silver alloy
plating film (Comparative Example 5). To the contrary, the plating
film (Examples 1 to 4) according to the present invention and the
tin-lead alloy plating film (Comparative Example 1) generated no
corrosion even after 8 hours. [0064]        Furthermore, the plating
film according to the present invention confirmed to have higher
surface hardness than that of the tin-lead alloy plating, while
keeping a surface contact resistance similar to that of the tin-lead
alloy plating. [0065]        According to the observation of
generation of whiskers after high temperature and high humidity test,
a tendency of suppressing the generation of whiskers appeared on the
iron-based base material in the case of 0.1% of gadolinium (Example
1) and of 0.3% thereof (Example 2). In addition, Examples 3 and 4
showed no generation of whiskers for both the iron-based base
material and copper-based base material. On - 25 -  the other hand,
all the Comparative Examples generated whiskers except for the
tin-lead alloy plating (Comparative Example 1). [0066]       Next,
the solder wettability test was given to the plating films obtained
from the respective plating baths of Examples 1 to 4 and of
Comparative Examples 1 to 5 shown in Table 5. The result is given in
Table 6. - 26 -  Sn-Ag-Cu ., = v) 21    001.  004 001.  0 0  ir c  Z 
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Luin  [0068]       As shown in Table 6, Examples 1 to 4 according to
the present invention showed to have wettability similar to that of
the tin-lead alloy plating (Comparative Example 1) for both the
lead-based solder (tin-lead eutectoid solder) and the lead-free
solder (tin-silver-copper solder).  - 30 -  CLAIMS 1.A substrate
comprising an electroplating deposited on a surface thereof, the
electroplating containing:        (1) tin by a quantity of 99.9% by
mass to 46% by mass based on entire metal mass; and        (2)
gadolinium by a quantity of 0.1% by mass to 54% by mass based on
entire mass. 2.The substrate according to claim 1, wherein said
substrate is in an electronic member or an electric member. 3.An
electroplating method to deposit a tin-containing alloy on a surface
of a substrate, comprising the steps of: immersing the substrate in a
plating bath; and applying an electric field to the substrate, and
said plating bath containing:        (a) a tin compound containing
99.9% by mass to 46% by mass of tin based on entire metal mass in the
plating bath;        (b) a gadolinium compound containing 0.1% by
mass to 54% by mass of gadolinium based on entire metal mass in the
plating bath;        (c) at least one complexing agent; and
(d) a solvent. 4.An electroplating bath to deposit a tin-containing
alloy on a surface of a substrate, comprising: - 31 -         (a) a
tin compound containing 99.9% by mass to 46% by mass of tin based on
entire metal mass in the plating bath;        (b) a gadolinium
compound containing 0.1% by mass to 54% by mass of gadolinium based
on entire metal mass in the plating bath;        (c) at least one
complexing agent; and        (d) a solvent. - 32 - 


