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[57] ABSTRACT 

To an electroless nickel plating solution comprising a Water 
soluble nickel salt, a reducing agent, and a compleXing agent 
is added a polythionate or dithionite. The invention also 
provides a high-build electroless gold plating method com 
prising the steps of immersing a Workpiece in the electroless 
nickel plating bath, thereby chemically depositing a nickel 
coating on the Workpiece, and immersing the nickel-plated 
Workpiece in an electroless gold plating bath, thereby 
chemically depositing a gold coating on the Workpiece. 

2 Claims, 2 Drawing Sheets 
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ELECTROLESS NICKEL PLATING 
SOLUTION AND METHOD 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is a continuation-in-part of copending 
application Ser. No. 08/719,628 ?led on Sep. 25, 1996, noW 
abandoned, the entire contents of Which are hereby incor 
porated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an electroless nickel plating 
solution having improved ?ne patterning capability and a 
method for chemically depositing a nickel coating on a 
Workpiece. It also relates to a high-build gold plating method 
capable of chemically depositing a thick gold coating on a 
chemically nickel-plated Workpiece, Which method is indus 
trially advantageous in forming gold coatings on printed 
circuit boards and electronic parts. 

2. Prior Art 

Electroless or chemical nickel plating has been utiliZed in 
a Wide variety of ?elds because of its advantageous features. 
For example, electroless nickel plating has been Widely 
applied to electronic appliances. The electroless nickel plat 
ing technology, hoWever, has not fully caught up With the 
urgent demand from the electronic appliance side. 

The demand for reducing the Weight of electronic appli 
ances promoted to increase the density of constituent 
circuits, leading to ?ner circuit patterns. Several problems 
arise When conventional electroless plating solutions are 
used for plating on such ?ne patterns. A reduced line Width 
gives rise to the problem that plating has a thin shoulder. A 
narroW pattern pitch gives rise to the problems of a reduced 
resistance betWeen lines by plating projection or outgroWth 
and short-circuiting by a plating bridge. By the term “thin 
shoulder” it is meant that plating does not fully deposit on 
a shoulder of a circuit runner as vieWed in cross section and 
the plating portion at the shoulder is signi?cantly thinner 
than the remainder of plating. This is probably because the 
stabiliZer excessively adheres to the shoulder to restrain 
metal deposition. By the term “plating outgroWth” it is 
meant that plating protrudes from metallic copper or circuit 
runners and a coating deposits around the circuit runners. 
This is probably because palladium ions left adhered around 
the circuit runners after palladium (activator) treatment are 
reduced With the electroless nickel plating solution into 
metallic palladium Which exerts catalysis to help nickel 
deposit thereon. 

Also, electroless gold plating is often used in the ?eld of 
electronic industrial parts such as printed circuit boards, 
ceramic IC packages, ITO substrates, and IC cards since 
gold has many advantages including electric conduction, 
physical properties such as thermo-compression bonding 
ability, oxidation resistance, and chemical resistance. It is an 
important problem in the printed circuit board industry to 
chemically deposit thick gold coatings in an ef?cient man 
ner. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
electroless nickel plating solution and method Which have 
overcome the problems of a thin shoulder on pattern lines 
and nickel coating outgroWth and is improved in ?ne pattern 
de?nition. 
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2 
Another object of the present invention is to provide a 

high-build electroless gold plating method Which is indus 
trially advantageous in that a thick gold coating can be 
chemically deposited Within a short time. 
We have found that by adding a polythionate or dithionite 

to an electroless nickel plating solution, quite unexpectedly 
the problems of a thin shoulder and nickel plating outgroWth 
can be overcome and the problem of short-circuiting by 
bridges is eliminated. We have further found that When a 
Workpiece is subject to chemical nickel plating in an elec 
troless nickel plating bath containing a compound having a 
sulfur-to-sulfur bond and the nickel-plated Workpiece is 
further subject to chemical gold plating, a gold coating can 
be brie?y deposited to a substantial thickness. 
We have further found that When a Workpiece is ?rst 

immersed in an electroless nickel plating bath free of a 
compound having a sulfur-to-sulfur bond for chemically 
depositing a nickel undercoating on the Workpiece and 
thereafter immersed in an electroless nickel plating bath 
containing a compound having a sulfur-to-sulfur bond for 
chemically depositing a nickel coating on the nickel 
undercoating, and the dual nickel-plated Workpiece is fur 
ther subject to chemical gold plating, a gold coating can be 
brie?y deposited to a substantial thickness. The gold coating 
has an excellent outer appearance subject to no discoloration 
With the lapse of time. The present invention is predicated on 
these ?ndings. 

According to a ?rst aspect of the invention, there is 
provided an electroless nickel plating solution comprising a 
Water-soluble nickel salt, a reducing agent, a complexing 
agent, and a polythionate or dithionite. 

According to a second aspect of the invention, there is 
provided an electroless nickel plating method comprising 
the step of immersing a Workpiece in the electroless nickel 
plating solution de?ned above, thereby chemically deposit 
ing a nickel coating on the Workpiece. 

According to a third aspect of the invention, there is 
provided a high-build electroless gold plating method com 
prising the steps of immersing a Workpiece in the electroless 
nickel plating solution containing a compound having a 
sulfur-to-sulfur bond, thereby chemically depositing a nickel 
coating on the Workpiece, and immersing the nickel-plated 
Workpiece in an electroless gold plating bath, thereby 
chemically depositing a gold coating on the Workpiece. 

In a further aspect, the present invention provides a 
high-build electroless gold plating method comprising the 
steps of immersing a Workpiece in an electroless nickel 
plating bath free of a compound having a sulfur-to-sulfur 
bond, thereby chemically depositing a nickel undercoating 
on the Workpiece; immersing the Workpiece in an electroless 
nickel plating bath containing a compound having a sulfur 
to-sulfur bond, thereby chemically depositing a nickel coat 
ing on the nickel undercoating; and carrying out electroless 
gold plating on the dual nickel-plated Workpiece. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph shoWing the thickness of gold coating as 
a function of plating time When a gold coating is chemically 
deposited on a chemically deposited nickel coating. 

FIG. 2 is a schematic cross-sectional vieW of a coating 
structure on a Workpiece including a nickel coating and a 
gold coating, shoWing pinholes extending through the nickel 
coating. 

FIG. 3 is a schematic cross-sectional vieW of a coating 
structure on a Workpiece including a nickel undercoating, a 
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nickel coating and a gold coating, showing pinholes extend 
ing through the nickel coating. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In general, an electroless nickel plating solution contains 
a Water-soluble nickel salt, a reducing agent, and a com 
plexing agent. 

Nickel sulfate and nickel chloride are typical of the 
Water-soluble nickel salt. The amount of the nickel salt used 
is preferably 0.01 to 1 mol/liter, more preferably 0.05 to 0.2 
mol/liter. 

Examples of the reducing agent include hypophosphorous 
acid, hypophosphites such as sodium hypophosphite, dim 
ethylamine boran, trimethylamine boran, and hydraZine. The 
amount of the reducing agent used is preferably 0.01 to 1 
mol/liter, more preferably 0.05 to 0.5 mol/liter. 

Examples of the complexing agent include carboxylic 
acids such as malic acid, succinic acid, lactic acid, and citric 
acid, sodium salts of carboxylic acids, and amino acids such 
as glycine, alanine, iminodiacetic acid, alginine, and 
glutamic acid. The amount of the complexing agent used is 
preferably 0.01 to 2 mol/liter, more preferably 0.05 to 1 
mol/liter. 

Often a stabiliZer is further added to the electroless nickel 
plating solution. Exemplary stabiliZers are Water-soluble 
lead salts such as lead acetate and sulfur compounds such as 
thiodiglycollic acid. The stabiliZer is preferably used in an 
amount of 0.1 to 100 mg/liter. 

According to the invention, a polythionate or dithionite is 
added to the electroless nickel plating solution. The addition 
of this compound alloWs the solution to chemically deposit 
a nickel coating Without the problems of a thin shoulder and 
nickel coating outgroWth When plating is done on a ?ne 
pattern. 

The polythionates are of the formula: O3S—Sn—SO3 
Wherein n is 1 to 4. Water-soluble salts, typically alkali metal 
salts are often used. The polythionate or dithionite is pref 
erably added in an amount of 0.01 to 100 mg/liter, especially 
0.05 to 50 mg/liter. Less than 0.01 mg/liter Would be 
ineffective for the purpose of the invention Whereas more 
than 100 mg/liter Would prevent a nickel coating from 
depositing. 

The electroless nickel plating solution of the invention is 
at pH 4 to 7, especially pH 4 to 6. 

Using the electroless nickel plating solution of the above 
mentioned composition, a nickel coating can be chemically 
formed on a ?ne pattern or Workpiece by conventional 
techniques, that is, simply by immersing the Workpiece in 
the plating solution. The Workpiece to be plated is of a metal 
Which can catalyZe reducing deposition of an electroless 
nickel coating such as iron, cobalt, nickel, palladium and 
alloys thereof. Non-catalytic metals can be used insofar as 
they are subject to galvanic initiation by applying electricity 
to the Workpiece until reducing deposition is initiated. 
Alternatively, electroless plating is carried out on a non 
catalytic metal Workpiece after a coating of a catalytic metal 
as mentioned above is previously plated thereon. 
Furthermore, electroless plating can be carried out on Work 
pieces of glass, ceramics, plastics or non-catalytic metals 
after catalytic metal nuclei such as palladium nuclei are 
applied thereto by a conventional technique. The plating 
temperature is preferably 40 to 95° C., especially 60 to 95° 
C. If desired, the plating solution is agitated during plating. 
When a nickel coating is deposited on a ?ne pattern from 

an electroless nickel plating bath according to the invention, 
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4 
little thinning occurs at pattern line shoulders and the 
short-circuiting problem by bridges due to nickel coating 
outgroWth is overcome. 
AWorkpiece having a nickel coating chemically deposited 

thereon is susceptible to electroless gold plating. More 
particularly, When electroless gold plating is carried out on 
a nickel coating Which has been chemically deposited from 
an electroless nickel plating solution characteriZed by con 
taining a compound having a sulfur-to-sulfur bond, a thick 
gold coating can be deposited Within a short time as com 
pared With electroless gold plating on a nickel coating Which 
has been chemically deposited from a conventional electro 
less nickel plating solution. 

In this case, the electroless nickel plating solution con 
tains a Water-soluble nickel salt, a reducing agent, and a 
completing agent, and, if required, a stabiliZer, as described 
above. The electroless nickel plating solution also contains 
a compound having a sulfur-to-sulfur bond preferably in an 
amount of 0.01 to 100 mg/liter, especially 0.05 to 50 
mg/liter. The compound having a sulfur-to-sulfur bond is 
preferably inorganic sulfur compound such as thiosulfates, 
dithionates, polythionates and dithionites although organic 
sulfur compounds are acceptable. Among them, the poly 
thionates are preferred. Water-soluble salts, typically alkali 
metal salts are often used. 

The electroless gold plating bath used herein contains a 
gold source, a complexing agent and other components. The 
gold source may be selected from those commonly used in 
conventional gold plating baths, for example, gold cyanide, 
gold sul?te, and gold thiosulfate. AWater-soluble salt of gold 
cyanide such as potassium gold cyanide is especially useful. 
The amount of the gold source added is not critical although 
the gold concentration in the bath is preferably 0.5 to 10 
g/liter, especially 1 to 5 g/liter. The deposition rate increases 
in substantial proportion to the amount of the gold source 
added, that is, the gold ion concentration in the bath. A gold 
concentration of more than 10 g/liter provides an increased 
deposition rate, but Would render the bath less stable. A gold 
concentration of less than 0.5 g/liter Would lead to a very loW 
deposition rate. 
Any of Well-knoWn complexing agents may be used in the 

electroless gold plating bath. For example, ammonium 
sulfate, aminocarboxylates, carboxylates, and hydroxycar 
boxylates are useful. The complexing agent is preferably 
added in an amount of 5 to 300 g/liter, especially 10 to 200 
g/liter. Less than 5 g/liter of the complexing agent Would be 
less effective and adversely affect solution stability. More 
than 300 g/liter of the complexing agent Would be uneco 
nomical because no further effect is achieved. 

Further, thiosulfates, hydraZine, and ascorbates may be 
blended as a reducing agent. Exemplary thiosulfates are 
ammonium thiosulfate, sodium thiosulfate, and potassium 
thiosulfate. The reducing agents may be used alone or in 
admixture of tWo or more. The amount of the reducing agent 
added is not critical although a concentration of 0 to 10 
g/liter, especially 0 to 5 g/liter is preferred. The deposition 
rate increases in substantial proportion to the concentration 
of the reducing agent. With more than 10 g/liter of the 
reducing agent added, the deposition rate Would not be 
further increased and the bath Would become less stable. 
Even if the reducing agent is not added, the gold deposition 
Will take place through substitution reaction With nickel. 

In addition to the above-mentioned components, the elec 
troless gold plating bath may further contain pH adjusting 
agents such as phosphates, phosphites, and carboxylates, 
crystal adjusting agents such as T1, As, and Pb, and other 
various additives. 
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The electroless gold plating bath is preferably used at 
about neutrality, often at pH 3.5 to 9, especially pH 4 to 9. 

The electroless gold plating bath is used herein as a 
high-build system. The electroless gold plating method 
according to the invention can be carried out in a conven 
tional manner eXcept that the above-mentioned electroless 
gold plating bath is used. Using the above-mentioned elec 
troless gold plating bath, a gold coating can be chemically 
deposited directly on the Workpiece having a nickel coating 
chemically deposited thereon according to the invention. 
Especially in an attempt to form a thick gold coating, it is 
preferred that strike electroless gold plating is folloWed by 
high-build electroless gold plating. The preceding strike 
electroless gold plating serves to modify the surface of the 
nickel-plated Workpiece so as to be receptive to subsequent 
thick gold plating. As a result, the subsequent thick gold 
coating closely adheres to the underlying Workpiece and 
becomes uniform in thickness. 

The strike electroless gold plating bath used herein has a 
composition containing a gold source as mentioned above in 
a concentration of 0.5 to 10 g/liter, especially 1 to 5 g/liter 
of gold and a compleXing agent such as EDTA, alkali metal 
salts thereof and the above-exempli?ed agents in a concen 
tration of 5 to 300 g/liter, especially 10 to 200 g/liter. The 
bath is adjusted to pH 3.5 to 9. 
When gold plating is carried out using the electroless gold 

plating bath mentioned above, preferred plating conditions 
include a temperature of 20 to 95° C., especially 30 to 90° 
C. and a time of 1/2 to 30 minutes, especially 1 to 15 minutes 
for the strike electroless gold plating bath and a temperature 
of 20 to 95° C., especially 50 to 90° C. and a time of 1 to 
60 minutes, especially 5 to 40 minutes for the high-build 
electroless gold plating bath. If the high-build electroless 
gold plating bath’s temperature is loWer than 20° C., the 
deposition rate Would be sloW, Which is less productive and 
uneconomical for thick plating. Temperatures in eXcess of 
95° C. can cause decomposition of the plating bath. 

When high-build electroless gold plating is carried out 
directly on the nickel-plated Workpiece, the bath should 
preferably be at a temperature of 50 to 95° C., especially 70 
to 90° C. Bath temperatures beloW 50° C. Would lead to a 
loW deposition rate Whereas bath temperatures above 95° C. 
increase the deposition rate, but Would render the resulting 
gold coating less stable. 

According to the present invention, a thick gold coating 
can be deposited by carrying out electroless gold plating on 
a nickel coating Which has been chemically deposited from 
an electroless nickel plating solution characteriZed by con 
taining a compound having a sulfur-to-sulfur bond as men 
tioned above. In this regard, it is recommended to carry out 
electroless nickel plating on a Workpiece in a bath free of a 

compound having a S—S bond for chemically depositing a 
nickel undercoating, thereafter carry out electroless nickel 
plating in a bath containing a compound having a S—S bond 
for chemically depositing a nickel coating on the nickel 
undercoating, and ?nally carry out electroless gold plating. 

The reason is described beloW. Irrespective of containing 
a reducing agent in the electroless gold plating bath, chemi 
cal plating of gold essentially takes place through substitu 
tion reaction With an electroless nickel coating (resulting 
from a bath containing a compound having a S—S bond), 
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6 
especially When the gold source of the electroless gold 
plating bath is a salt of gold cyanide, that is, a mechanism 
that gold ion Au+ is reduced at the same time as the nickel 
coating is dissolved in the electroless gold plating bath. 

Referring to FIG. 2, a Workpiece 1 carries a nickel coating 
2 deposited thereon from an electroless nickel plating bath 
containing a compound having a S—S bond and a gold 
coating 3 deposited thereon from an electroless gold plating 
bath. The above-mentioned mechanism suggests that during 
chemical plating of gold, the nickel coating 2 can be locally 
dissolved to form pinholes 4 Which Will reach the Workpiece 
1. Under the situation that the pinholes 4 eXtend deeply to 
the Workpiece, if the Workpiece basis material is a corrodible 
metal such as copper, the corrodible metal can be dissolved 
out. Once dissolved, the corrodible metal Will migrate 
through the pinholes and contaminate the electroless gold 
plating bath and the gold coating being deposited to discolor 
it. 

FIG. 3 shoWs the structure of the preferred embodiment 
Wherein a nickel undercoating 5 is interleaved betWeen the 
Workpiece 1 and the nickel coating 2. More particularly, the 
nickel undercoating 5 is deposited on the Workpiece 1 from 
an electroless nickel plating bath free of a compound having 
a S—S bond and the nickel coating 2 is deposited thereon 
from an electroless nickel plating bath containing a com 
pound having a S—S bond. With respect to the dissolution 
rate of the electroless nickel coating in an electroless gold 
plating bath (the rate of conversion of gold ion into metallic 
gold), the nickel coating 2 resulting from an electroless 
nickel plating bath containing a compound having a S—S 
bond is signi?cant faster than the nickel undercoating 5 
resulting from an electroless nickel plating bath free of a 
compound having a S—S bond. That is, the nickel under 
coating 5 resulting from an electroless nickel plating bath 
free of a compound having a S—S bond has a very loW 
dissolution rate. Then even if the nickel coating 2 resulting 
from an electroless nickel plating bath containing a com 
pound having a S—S bond is locally dissolved to form 
pinholes 4 throughout the coating 2 as shoWn in FIG. 3, 
these pinholes 4 terminate at the surface of the nickel 
undercoating 5. No pinholes are further eXtended into the 
nickel undercoating 5. The subsequent situation is that neW 
pinholes are formed in the nickel coating 2 at different sites 
or the previously formed pinholes 4 are laterally spread. 

Accordingly, When electroless gold plating is carried out 
after the nickel coating 2 from an electroless nickel plating 
bath containing a compound having a S—S bond is depos 
ited on the nickel undercoating 5 resulting from an electro 
less nickel plating bath free of a compound having a S—S 
bond, a gold coating of a substantial thickness can be 
deposited Within a short time Without the problems that the 
electroless gold plating bath can be contaminated With metal 
ions dissolving out of the Workpiece basis material and the 
gold coating can be discolored thereWith. 
The composition of an electroless nickel plating bath free 

of a compound having a S—S bond may be the same as the 
composition of the above-mentioned electroless nickel plat 
ing bath containing a compound having a S—S bond eXcept 
that the compound having a S—S bond is omitted. Plating 
conditions may also be the same. 

Accordingly, the preferred embodiment employing nickel 
undercoating is advantageously applicable When the basis 
metal of the Workpiece is a corrodible metal such as copper, 
for example, the Workpiece is a printed circuit board. 
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Preferably the nickel undercoating resulting from an 
electroless nickel plating bath free of a compound having a 
S—S bond has a thickness of 0.5 to 5 pm, especially 1 to 3 
pm. On this nickel undercoating, a nickel coating is depos 
ited from an electroless nickel plating bath containing a 
compound having a S—S bond preferably to a thickness of 
0.5 to 5 pm, especially 1 to 5 pm. 
Where the Workpiece basis is not a corrodible metal, a 

nickel coating can be deposited directly on the Workpiece 
from an electroless nickel plating bath containing a com 
pound having a S—S bond. In this embodiment, the nickel 
coating preferably has a thickness of 0.5 to 10 pm, especially 
1 to 8 pm. Preferably the nickel coating is deposited to a 
sufficient thickness to prevent pinholes from extending 
throughout the coating or to reduce pinholes. 

The thickness of the electroless gold coating is not critical 
although it is generally 0.1 to 2 pm, preferably 0.3 to 0.8 pm. 

EXAMPLE 

Examples of the present invention are given beloW by 
Way of illustration and not by Way of limitation. 

Comparative Example 1 

Nickel sulfate 20 g/l 
Sodium hypophosphite 20 g/l 
Malic acid 10 g/l 
Sodium succinate 20 g/l 
Lead ion 1.0 mg/l 
pH 4.6 
Temperature 85° C 
Comparative Example 2 

Nickel sulfate 20 g/l 
Sodium hypophosphite 20 g/l 
Malic acid 10 g/l 
Sodium succinate 20 g/l 
Thiodiglycollic acid 10 mg/l 
pH 4.6 
Temperature 85° C 
Example 1 

Nickel sulfate 20 g/l 
Sodium hypophosphite 20 g/l 
Malic acid 10 g/l 
Sodium succinate 20 g/l 
Lead ion 1.0 mg/l 
Sodium trithionate 1.0 mg/l 
pH 4.6 
Temperature 85° C 

Using the respective plating solutions at the indicated 
temperature, nickel Was chemically deposited on a test 
pattern of copper having a thickness of 18 pm, a line Width 
of 50 pm and a slit Width of 50 pm, to form a nickel coating 
of 5.0 pm thick. Through a stereomicroscope, the nickel 
coating Was visually observed for outgroWth and bridges of 
nickel over circuit lines. The pattern Was cut and the cut 
section of a circuit line Was observed for shoulder thinning 
through a stereomicroscope. The results are shoWn in Table 
1. 

TABLE 1 

Nickel coating CE1 CE2 E1 

OutgroWth Found Found No 
Bridge Found Found No 
Thin shoulder Found Found No 
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Example 2 

Nickel sulfate 20 g/l 
Sodium hypophosphite 20 g/l 
Malic acid 10 g/l 
Sodium succinate 20 g/l 
Lead ion 1.0 mg/l 
Sodium thiosulfate 1.0 mg/l 
pH 4.6 
Temperature 85° C 

Using the above electroless nickel plating solution, a 
nickel coating of 5 pm thick Was chemically deposited on a 
copper strip. Next, strike plating Was carried out on the 
nickel-plated copper strip in a strike electroless gold plating 
solution of the folloWing composition under the folloWing 
conditions and thereafter, a thick gold coating Was chemi 
cally deposited thereon in a high-build electroless gold 
plating solution of the folloWing composition under the 
folloWing conditions. The thickness of the gold coating Was 
measured at intervals. The results are plotted in the graph of 
FIG. 1. 

Strike electroless gold plating solution 

KAu(CN)2 1.5 g/l 
(AU 1.0 g/l) 
EDTA.2Na 5 .0 g/l 
Dipotassium citrate 30.0 g/l 
pH 7 
Temperature 90° C. 
Time 7 min 
High-build electroless gold plating solution 

KAu(CN)2 5.9 g/l 
(Au 4.0 g/l) 
Ammonium sulfate 200 g/l 
Sodium thiosulfate 0.5 g/l 
Ammonium phosphate 5.0 g/l 
pH 6 
Temperature 

Comparative Example 3 

Example 2 Was repeated except that the electroless nickel 
plating solution of Comparative Example 1 Was used. The 
results are also plotted in the graph of FIG. 1. 

It is seen from FIG. 1 that When electroless gold plating 
(Example 2) Was carried out on the nickel coating Which had 
been chemically deposited from the electroless nickel plat 
ing solution, a signi?cantly thick gold coating can be depos 
ited per unit time as compared With electroless gold plating 
(Comparative Example 3) on the nickel coating Which has 
been chemically deposited from the electroless nickel plat 
ing solution of Comparative Example 1. A gold coating as 
thick as 0.5 pm or more can be deposited in a short time. 

Example 3 

Example 2 Was repeated except that the electroless nickel 
plating solution of Example 1 Was used. A good result on the 
gold coating thickness can be obtained. 

Example 4 

Using an electroless nickel plating solution of the com 
position shoWn beloW, chemical nickel plating Was carried 
out for 15 minutes under the conditions shoWn beloW to 
deposit a nickel undercoating of 2.5 pm thick on a copper 
strip. 
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Nickel undercoating 

Nickel sulfate 20 g/l 
Sodium hypophosphite 20 g/l 
Malic acid 10 g/l 
Sodium succinate 20 g/l 
Lead ion 1.0 mg/l 
pH 4.6 
Temperature 85 ° C. 
Time 15 min 

Using an electroless nickel plating solution of the com 
position shoWn beloW, chemical nickel plating Was carried 
out for 15 minutes under the conditions shoWn beloW to 
deposit a nickel coating of 3.0 pm thick on the nickel 
undercoating. 

Nickel coating 

Nickel sulfate 20 g/l 
Sodium hypophosphite 20 g/l 
Malic acid 10 g/l 
Sodium succinate 20 g/l 
Lead ion 1.0 mg/l 
Sodium thiosulfate 1.0 mg/l 
pH 4.6 
Temperature 85 ° C. 
Time 15 min 

Next, strike plating Was carried out for 7 minutes on the 
dual nickel-plated copper strip in a strike electroless gold 
plating solution of the same composition under the same 
conditions as in Example 1 and thereafter, gold plating Was 
carried out for 20 minutes in a high-build electroless gold 
plating solution of the same composition under the same 
conditions as in Example 1, depositing a thick gold coating 
of 0.5 pm thick. 

The plated strip Was kept in air at 150° C. for 4 hours 
before its outer appearance Was examined. No discoloration 
Was found and the outer appearance remained the same as 
immediately after plating. 
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After the same test as above, a similar sample Without the 

nickel undercoating Was slightly discolored although it Was 
fully acceptable on practical use. 

Example 5 

Example 4 Was repeated except that the electroless nickel 
plating solution of Example 1 Was used as the second 
electroless nickel plating solution. A good result on the gold 
coating thickness and discoloration preventing effect can be 
obtained. 

Although some preferred embodiments have been 
described, many modi?cations and variations may be made 
thereto in the light of the above teachings. It is therefore to 
be understood that Within the scope of the appended claims, 
the invention may be practiced otherwise than as speci?cally 
described. 

We claim: 
1. An electroless nickel plating solution comprising a 

Water-soluble nickel salt in an amount of 0.01. to 1 mol/liter, 
a reducing agent in an amount of 0.01 to 1 mol/liter, a 
complexing agent in an amount of 0.01 to 2 mol/liter, and a 
polythionate or dithionite in an amount of 0.01 to 100 
mg/liter. 

2. An electroless nickel plating method comprising the 
step of 

immersing an electronic appliance in an electroless nickel 
plating bath comprising a Water-soluble nickel salt in 
an amount of 0.01 to 1 mol/liter, a reducing agent in an 
amount of 0.01 to 1 mol/liter, a complexing agent in an 
amount of 0.01 to 2 mol/liter, and a polythionate or 
dithionite in an amount of 0.01 to 100 mg/liter to 
electrolessly plate nickel ?lm, 

Wherein a thin shoulder and nickel plating outgroWth are 
overcome and a shortcircuiting by bridges is elimi 
nated. 


