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SOLDER POWDER-CLEANING AGENT AND METHOD FOR MAKING SOLDER

POWDER

BACKGROUND OF THE INVENTION
Field of the Invention
[0001]
The present invention relates to a solder powder-cleaning agent and a method

for making solder powder.

Description of Related Art
[0002]

As conventional methods for making solder powders, a gas atomization method
has been the mainétream. For the powders formed using this method, the concentration
of a gas portion, for example, oxygen concentration and carbon concentration, in
powders is low and, in particular, no particular problems occur with regard to cleaning of
the powders after the powder formation.

However, recently, methods for making solder powders such as a water
atomization method, a preparation-in-oil method and a wet reduction method have
become diversified, in addition to the gas atomization method, with demands for smaller
particle size and higher yields (see Japanese Unexamined Patent Application, First
publication No. H2-118003, Japanese Unexamined Patent Application, First publication
No. 2000-328112, Japanese Unexamined Patent Application, First publication No.
2004-18890, PCT International Publication No. W02006/95417, Japanese Unexamined
Patent Application, First publication No. H3-230894, Japanese Unexamined Patent

Application, First publication No. 2003-166007, and Japanese Unexamined Patent
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Application, First publication No. 2003-268418). In particular, for powders made using

oil, the powders are extracted by introducing a cleaning step after the powders are formed
as disclosed in Japanese Unexamined Patent Application, First publication No.
H3-230894, Japanese Unexamined Patent Application, First publication No.
2003-166007, and Japanese Unexamined Patent Application, First publication No.
268418. |

‘When solder powders made from this preparation-in-oil method or the like are
cleaned, a Freon series substance, methyl chloroform or the like, which are
environmentally unfriendly substances, have been used as a cleaning agent in order to
improve the cleanliness of a solder surface. However, recently, there has been a
movement toward refraining from the use of a environmentally unfriendly substances
such as a Freon series substance, methyl chloroform or the like in consideration of the
environment, and highly volatile and highly soluble organic solvents have been used as
alternatives.

[0003]

For example, Japanese Unexamined Patent Application, First publication No.
H3-230894 discloses cleaning agents including a petrolenm-based medium such as
gasoline, kerosene or the like, an aromatic-based medium such as benzene, toluene,
xylene, or the like, a chlorine-based medium such as trichloroethylene, perchloroethylene,
chlorothene, carbon tetrachloride or the like, a hydrocarbon-based medium such as
methanol, ethanol, isopropanol or the like, or the like. Japanese Unexamined Patent
Application, First publication No. 2003-166007 discloses a method in which a cleaning
agent such as ethyl acetate is used and powders are immersed therein and are
vacuum-dried after repeating decantation. Also, Japanese Unexamined Patent

Application, First publication No. 2003-166007 discloses acetone, methyl ethyl ketone,
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benzene, toluene, xylene, ethyl acetate, butyl acetate, cyclohexane or the like, in addition
to semi-aqueous-based cleaning agents of a glycol ether type, a water-soluble solvent
type, other solvent types, a terpene type, a petroleum-based solvent type,
non-aqueous-based cleaning agents of a hydrocarbon-based cleaning agent (normal
paraffin-based, isoparaffin-based, naphthene-based, or aromatic-based), alcohol-based
cleaning agents (isopropy! alcohol, ethanol or the like), silicone-based cleaning agents,
fluorine-based cleaning agents, chlorine-based cleaning agents, bromine-based cleaning

agents or the like,

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0004]

However, cleaning using organic solvents causes problems in that the
cleanliness of a powder is not improved. In a preparation-in-oil method, oil is adhered
to the powder surface since powders are made at a temperature higher than or equal to
the melting point of solder; therefore, the oil component, especially carbon, tends to
remain even after cleaning. Also, the tendency is even greater when the particle size
becomes smaller since the specific surface area of the powder increases. Therefore, an
improvement of cleanliness by reinforcing a powder-cleaning step has been required.

In the patent documents described above, descriptions with regard to detailed
conditions of a cleaning step were insufficient and there were cases in which the cleaning
agents described above did not have a sufficient cleaning effect and paste viscosity after
solder powders and flux were kneaded and the thixotropic index decreased.
Furthermore, an aggregating property of powders was poor during reflow and had

adverse effects on the variations in bump height or voids when applied to a flip-chip
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[0005]

The present invention has been made in view of the above-described problems
and an object of the invention is to provide a cleaning agent which is suitable for
powders formed by preparation using liquid methods such as a preparation-in-oil method
and to make solder powders with high cleanliness by the preparation-in-oil method or the

like using the cleaning agent.

Means for Solving the Problem
[0006]

In solder powders after the powders are formed by the preparation-in-oil method
or the like, oil adheres, and if cleaning is insufficient, carbon remains on the surface as
oil cake. The carbon decreases paste viscosity and thixotropic index and hinders an
aggregating property of the powder when printing the paste to a desired place and
reflowing, therefore affecting the variation in bump heights and the occurrence of voids.
The inventors have found that the use of a cleaning agents including at least one of
components selected from a group consisting of N-methylpyrrolidone, 2-pyrrolidone,
dimethylsulfoxide, propylene carbonate, sulfolane, y-butyrolactone is effective in
removing this carbon when the solder powders are cleaned. Also, the inventors have
confirmed that, if necessary, in the cleaning step, a cleaning effect may be further
enhanced by increasing the temperature of the cleaning agent or applying ultrasonic
waves.

[0007]
According to an aspect of the present invention, a solder powder-cleaning agent

is provided including at least one of components selected from a group consisting of
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N-methylpyrrolidone, 2-pyrrolidone, dimethylsulfoxide, propylene carbonate, sulfolane,
and y-butyrolactone.

By using solder powder-cleaning agent in cleaning the solder powders formed
by the preparation-in-oil method or the like, the carbon remaining on a surface may be
effectively removed and an aggregating property of the powder is improved when
printing the paste to a desired place and reflowing; therefore solder powders with little
variation in bump heights and little occurrence of voids may be obtained.

[0008]

The solder powder-cleaning agent according to the present invention may
further include at least one of a stabilizing agent and an additive in order to further
enhance the detergency. As the additive, a non-ionic surfactant such as sorbitan fatty
acid ester, glycerin fatty acid ester, polyoxyethylene fatty acid amide, polyoxyethylene
lauryl ether, polyoxyethylene monostearate, polyoxyethylene cetyl ether,
polyoxyethylene-polyoxypropylene block polymer or the like may be included. In
addition, an anionic surfactant or a cationic surfactant may be added as necessary. Also,
as the stabilizing agent, hydrocarbons, alcohols, glycols, aminoethanol, benzotriazoles,
ethers, esters, amines, acetals, ketones, or fatty acids may be included.

[0009]

According to another aspect of the present invention, a method for making
solder powder is provided including a powder-forming step in which the solder powder is
formed in liquid and a cleaning step in which the solder powder obtained from the
powder-forming step is cleaned using the solder powder-cleaning agent.

According to the method for making this solder powder, in the cleaning step, a
stir cleaning process in which a cleaning liquid including the solder powder-cleaning

agent is stirred at 100 to 500 rpm for 5 to 10 minutes and a supernatant liquid-removing
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process in which the supernatant liquid formed by the mixture being allowed to stand
after the stir cleaning process is removed are repeated several times and then, the
remaining slurry is immersed in rinsing cleaning liquid, and after the supernatant liquid
formed by the mixture being allowed to stand is removed, the resultant is dried and
becomes solder powder.

According to the method for making this solder powder, in the cleaning step, an
ultrasonic cleaning process in which ultrasonic waves of 25 to 40 kHz and 300 to 600 W
are applied to a cleaning liquid including the solder powder-cleaning agent for 5 to 10
minutes and a supernatant liquid-removing process in which the supernatant liquid
formed by the mixture being allowed to stand after the ultrasonic cleaning process is
removed are repeated several times and then, the remaining slurry is immersed in rinsing
cleaning liquid, and after the supernatant liquid formed by the mixture being allowed to
stand is removed, the resultant is dried and becomes solder powder.

[0010]

According to the method for making this solder powder, in the cleaning step, a
process in which an ultrasonic cleaning process in which ultrasonic waves of 25 to 40
kHz and 300 to 600 W are applied to a cleaning liquid for 5 to 10 minutes and a stir
cleaning process in which a cleaning liquid including the solder powder-cleaning agent is
stirred at 100 to 500 rpm for 5 to 10 minutes are performed either consecutively in
certain orders or simultaneously, and a supematant liquid-removing process in which the
supernatant liquid formed by the mixture being allowed to stand after the processes is
removed are repeated several time.s and then, the remaining slurry is immersed in rinsing
cleaning liquid, and after the supernatant liquid formed by the mixture being allowed to
stand is removed, the resultant is dried and becomes solder powder.

If the solder powder-cleaning agent described above is used, a cleaning effect is
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enhanced by adding the ultrasonic cleaning process or the stirring process; therefore,

solder powders with higher cleanliness may be made.

Effects of the Invention
[0011]

According to the present invention, the carbon adhered to the surface of solder
powder formed using a preparation-in-liquid method or the like may be effectively
removed, and the cleanliness is enhanced; therefore, after the powder is turned into paste,
an aggregating property of the powders is improved when printing to a desired place and
reflowing, and therefore solder powders with little variation in bump heights and little

occurrence of voids may be obtained.

DETAILED DESCRIPTION OF THE INVENTION
{0012]

Hereinafter, one embodiment of the present invention will be described.

The method for making solder powder includes a powder-forming step in which
solder powders are formed in liquid such as oil and a cleaning step in which the solder
powders obtained from the powder-forming step are cleaned using solder
powder-cleaning agent (hereinafter referred to as “cleaning agent™).

[0013]

The powder-forming step is a step in which the solder powder is made using the
preparation-in-liquid method, in particular, the preparation-in-oil method. As the oil,
both vegetable oil and animal oil may be used; however, vegetable oil such as castor oil
or soybean oil is suitable. Specific preparation-in-oil methods are not particularly

limited and a method is used in which the solder powder is melted by the oil being
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maintained at a temperature higher than the melting point of the solder powder, and after
being stirred and dispersed, the solder powder is separated by settling or the like. As
the solder powder, Pb-Sn alloy solder powders, lead-free Sn group solder powders, or the
like with an average particle diameter of 1 to 30 um may be obtained.

[0014]

In the cleaning step, the cleaning agent containing at least one of components
selected from a group consisting of N-methylpyrrolidone, 2-pyrrolidone,
dimethylsulfoxide, propylene carbonate, sulfolane, and y-butyrolactone, preferably at 85
to 100 mass% and more preferably 90 to 100 mass%, may be used.

At least one of a stabilizing agent and an additive may be further added,
preferably at 0.1 to 15 mass% and more preferably 0.1 to 10 mass%, to a further cleaning
liquid containing at least one of components selected from a group consisting of
N-methylpyrrolidone, 2-pyrrolidone, dimethylsulfdxide, propylene carbonate, sulfolane,
and y-butyrolactone in order to enhance the detergency. As the additive, a non-ionic
surfactant such as sorbitan fatty acid ester, glycerin fatty acid ester, polyoxyethylene fatty
acid amide, polyoxyethylene lauryl ether, polyoxyethylene monostearate,
polyoxyethylene cetyl ether, polyoxyethylene-polyoxypropylene block polymer or the
like may be included. Also, an anionic surfactant or a cationic surfactant may be added
as necessary. Also, as the stabilizing agent, hydrocarbons, alcohols, glycols,
aminoethanol, benzotriazoles, ethers, esters, amines, acetals, ketones, fatty acids or the
like may be included. As the additive, in particular, polyoxyethylene lauryl ether,
polyoxyethylene monostearate, or polyoxyethylene cetyl ether is suitable.

[0015]
As for the specific cleaning manner, the cleaning liquid containing at least one

of components selected from a group consisting of N-methylpyrrolidone, 2-pyrrolidone,
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dimethylsulfoxide, propylene carbonate, sulfolane, and y-butyrolactone is prepared, the
solder powder obtained from the powder-forming step is immersed in the cleaning liquid,
after the stir cleaning process and the ultrasonic cleaning process are performed
consecutively, the supernatant liquid-removing process is performed in which the mixture
is allowed to stand and the supernatant liquid is removed, and after the cleaning liquid is
replenished, as the stir cleaning process and the ultrasonic cleaning process are
performed again, and the supernatant liquid is removed, each process of the stir cleaning
process, ultrasonic cleaning process, and the supernatant liquid-removing process are
repeated several times as the cleaning liquid is replenished, and at the end, the solder
powder after the rinsing cleaning process is dried.

[0016]

The stir cleaning process is a process in which the cleaning is carried out by
stirring the cleaning liquid at 100 to 500 rpm for 5 to 10 minutes and the ultrasonic
cleaning process is a process in which the cleaning is carried out by applying ultrasonic
waves of 25 to 40 kHz and 300 to 600 W to the cleaning liquid for 5 to 10 minutes. The
stir cleaning process and ultrasonic cleaning processes may be performed either
consecutively or simultaneously. Alternatively only the ultrasonic cleaning process may
be performed.

The supernatant liquid-removing process is a process in which the supernatant
liquid is removed after allowing the solder powder to settle in the cleaning agent.

The series of processes of the stir cleaning process, the ultrasonic cleaning
process, and the supemnatant liquid-removing process is more preferably repeated several
times or more.  Also, the temperature of the cleaning liquid is more preferably adjusted

to 50 to 80°C, and more preferably adjusted to 60 to 80 °C.

[0017]
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In a rinsing cleaning process, the slurry containing the solder powder obtained in
this manner is immersed in a rinsing cleaning liquid, allowed to stand after the stirring
and the supernatant liquid is removed. As the rinsing cleaning liquid, ethyl alcohol,
isopropyl alcohol, toluene, ethyl acetate, butyl acetate, acetone, methyl ethyl ketone,
benzene, xylene, cyclohexane or the like may be included. This rinsing cleaning
process may be repeated several times as the rinsing cleaning liquid is replenished as
necessary.

As the drying process after the rinsing cleaning process, vacuum drying is
effective and the drying may be carried out under a vacuum atmosphere at, for example,
60°C for about 10 minutes.

[0018]

In the solder powder made in this manner, the adhered amount of the carbon on
the surface may be suppressed to, for example, less than or équal to 350 ppm in the case
of solid powders with an average particle diameter of 6 um, and therefore, a surface with
high cleanliness may be obtained, and also, an aggregating property during the reflow is
excellent since paste viscosity and thixotropic index after the solder powder and the flux
are kneaded may be maintained at a high level. When this solder powder is applied to a
flip-chip method, high quality solder joints may be obtained since variation in the bump

heights or occurrence of voids is suppressed.

EXAMPLES
[0019]
<Example 1>
Solder powder was formed in oil (castor oil) and solder powder composed of

Sn-3 mass% Ag-0.5 mass% Cu with particle diameters of 2 to 12 pm (average diameter
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of 6 um) was obtained. The powder was cleaned in the cleaning step.  As the cleaning
agent, N-methylpyrrolidone was used. The solder powder was immersed in this
cleaning agent at room temperature and the mixture was stirred at 400 rpm for 5 minutes
using a stirrer.  After stirring, the mixture was allowed to stand, the powder was allowed
to settle, then the supernatant liquid was removed, and again, the cleaning agent was
introduced and the powder was immersed. This step was repeated 5 times.

At the end, after the supernatant liquid was removed, sufficient toluene was
added for all the slurry containing the solder powder to be immersed and the mixture was
stirred at 300 rpm for 5 minutes using a stirrer, allowed to stand, and after the powder
was allowed to settle, the supernatant liquid was removed. This was repeated 3 times
and the powder was obtained by drying the slurry containing the solder powder at the
end.
<Example 2>

Solder powder was formed in oil {castor oil) and solder powder composed of
Sn-3 mass% Ag-0.5 mass% Cu with particle diameters of 2 to 12 pm (average diameter
of 6 ym) was obtained. The powder was cleaned in the cleaning step.  As the cleaning
agent, N-methylpyrrolidone was used. This cleaning agent was warmed to 70°C, solder
powder was immersed, and the mixture was stirred at 400 rpm for 5 minutes using a
stirrer.  After stirring, the mixture was allowed to stand, the powder was allowed to
settle, then the supernatant liquid was removed, and again, the cleaning agent was
introduced and the powder was immersed. This step was repeated 5 times.

At the end, after the supernatant liquid was removed, sufficient toluene was
added for all the slurry containing the solder powder to be immersed and the mixture was
stirred at 300 rpm for 5 minutes using a stirrer, allowed to stand, and after the powder

was allowed to settle, the supernatant liquid was removed. This was repeated 3 times
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and the powder was obtained by drying the slurry containing the solder powder at the
end.

[0020]

<Example 3>

Solder powder was formed in oil (castor oil) and solder powder composed of
Sn-3 mass% Ag-0.5 mass% Cu with particle diameters of 2 to 12 um (average diameter
of 6 um) was obtained. The powder was cleaned in the cleaning step.  As the cleaning
agent, N-methylpyrrolidone was used. This cleaning agent was warmed to 70°C, solder
powder was immersed, and the cleaning was carried out by applying ultrasonic waves of
40 kHz and 600 W for 5 minutes.  After that, the mixture was allowed to stand, the
powder was allowed to settle, then the supernatant liquid was removed, and again, the
cleaning agent was introduced and the powder was immersed. This step was repeated 5
times.

At the end, after the supernatant liquid was removed, sufficient toluene was
added for all the slurry containing the solder powder to be immersed and the mixture was
stirred at 300 rpm for 5 minutes using a stirrer, allowed to stand, and after the powder
was allowed to settle, the supernatant liquid was removed. This was repeated 3 times
and the powder was obtained by drying the slurry containing the solder powder at the
end.

[0021]
<Example 4>
Solder powder was formed in oil {castor oil) and solder powder composed of

Sn-3 mass% Ag-0.5 mass% Cu with particle diameters of 2 to 12 um (average diameter

of 6 um) was obtained. The powder was cleaned in the cleaning step.  As the cleaning
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agent, N-methylpyrrolidone was used. This cleaning agent was warmed to 70°C, solder
powder was immersed, and the cleaning was carried out by applying ultrasonic waves of
40 kHz and 600 W for 5 minutes and then the mixture was stirred at 400 rpm for 5
minutes using a stirrer.  After the stirring, the mixture was allowed to stand, the powder
was allowed to settle, then the supernatant liquid was removed, and again, the cleaning
agent was introduced and the powder was immersed. This step was repeated 5 times.

At the end, after the supernatant liquid was removed, sufficient toluene was
added for all the slurry containing the solder powder {0 be immersed and the mixture was
stirred at 300 rpm for 5 minutes using a stirrer, allowed to stand, and after the powder
was allowed to settle, the supernatant liquid was removed. This was repeated 3 times
and the powder was obtained by drying the slurry containing the solder powder at the
end.
[0022]
<Example 5>

Solder powder was formed in oil (castor oil) and solder powder composed of
Sn-3 mass% Ag-0.5 mass% Cu with particle diameters of 2 to 12 um (average diameter
of 6 pm) was obtained, The powder was cleaned in the cleaning step. As the cleaning
agent, a mixed solution of N-methylpyrrolidone of 90 mass%, polyoxyethylene (5 mol
adduct) monostearate of 5 mass%, and polyoxyethylene (20 mol adduct) cetyl ether of 5
mass% was used. This cleaning agent was warmed to 70°C, solder powder was
immersed, and the cleaning was carried out by applying ultrasonic waves of 40 kHz and
600 W for 5 minutes and then the mixture was stirred at 400 rpm for 5 minutes using a
stirrer.  After the stirring, the mixture was allowed to stand, the powder was allowed to
settle, then the supernatant liquid was removed, and again, the cleaning agent was

introduced and the powder was immersed. This step was repeated 5 times.
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At the end, after the supernatant liquid was removed, sufficient toluene was
added for all the slurry containing the solder powder to be immersed and the mixture was
stirred at 300 rpm for 5 minutes using a stirrer, allowed to stand, and after the powder
was allowed to setile, the supernatant liquid was removed. This was repeated 3 times
and the powder was obtained by drying the slurry containing the solder powder at the
end.

[0023]
<Example 6>

Solder powder was formed in oil (soybean oil) and solder powder composed of
Pb-63 mass% Sn with particle diameters of 2 to 12 pm (average diameter of 6 um) was
obtained. The powder was cleaned in the cleaning step. As the cleaning agent,
2-pyrrolidone was used.  This cleaning agent was warmed to 60°C, solder powder was
immersed, and the mixture was stirred at 300 rpm for 5 minutes using a stirrer.. After
that, the mixture was allowed to stand, the powder was allowed to settle, then the
supernatant liquid was removed, and again, the cleaning agent was introduced and the
powder was immersed. This step was repeated 5 times.

At the end, after the supernatant liquid was removed, sufficient acetone was
added for all the slurry containing the solder powder to be immersed and the mixture was
stirred at 300 rpm for 5 minutes using a stirrer, allowed to stand, and after the powder
was allowed to settle, the supernatant liquid was removed. This was repeated 3 times
and the powder was obtained by drying the slurry containing the solder powder at the
end.

[0024]
<Example 7>

Solder powder was formed in oil (soybean oil) and solder powder composed of
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Pb-63 mass% Sn with particle diameters of 2 to 12 pm (average diameter of 6 pm) was
obtained. The powder was cleaned in the cleaning step.  As the cleaning agent,
2-pyrrolidone was used.  This cleaning agent was warmed to 60°C, solder powder was
immersed, and the cleaning was carried out by applying ultrasonic waves of 30 kHz and
600 W for 5 minutes.  After that, the mixture was allowed to stand, the powder was
allowed to settle, then the supernatant liquid was removed, and again, the cleaning agent
was infroduced and the powder was immersed. This step was repeated 5 times.

At the end, after the supernatant liquid was removed, sufficient acetone was
added for all the slurry containing the solder powder to be immersed and the mixture was
stirred at 300 rpm for 5 minutes using a stirrer, allowed to stand, and after the powder
was allowed to settle, the supernatant liquid was removed. This was repeated 3 times
and the powder was obtained by drying the slurry containing the solder powder at the
end.

[0025]
<Example 8>

Solder powder was formed in oil (soybean oil) and solder powder composed of
Pb-63 mass% Sn with particle diameters of 2 to 12 pm (average diameter of 6 pum) was
obtained. The powder was cleaned in the cleaning step. As the cleaning agent,
2-pyrrolidone was used.  This cleaning agent was warmed to 60°C, solder powder was
immersed, and the cleaning was carried out by applying ultrasonic waves of 30 kHz and
600 W for 5 minutes and then the mixture was stirred at 300 rpm for S minutes using a
stirrer.  After stirring, the mixture was allowed to stand, the powder was allowed to
settle, then the supemnatant liquid was removed, and again, the cleaning agent was
introduced and the powder was immersed. This step was repeated 5 times.

At the end, after the supernatant liquid was removed, sufficient acetone was



10

15

20

25

16

added for all the slurry containing the solder powder to be immersed and the mixture was
stirred at 300 rpm for 5 minutes using a stirrer, allowed to stand, and after the powder
was allowed to settle, the supernatant liquid was removed. This was repeated 3 times
and the powder was obtained by drying the slurry containing the solder powder at the
end.

[0026]

<Example 9>

Solder powder was formied in oil (castor oil) and solder powder composed of
Sn-3 mass% Ag-0.5 mass% Cu with particle diameters of 2 to 12 pm (average diameter
of 6 pun) was obtained. The powder was cleaned in the cleaning step.  As the cleaning
agent, dimethylsulfoxide was used. This cleaning agent was warmed to 70°C, solder
powder was immersed, and the mixture was stirred at 400 rpm for 5 minutes using a
stirrer.  After stirring, the mixture was allowed to stand, the powder was allowed to
settle, then the supernatant liquid was removed, and again, the cleaning agent was
introduced and the powder was immersed. This step was repeated 5 times.

At the end, after the supernatant liquid was removed, sufficient toluene was
added for all the slurry containing the solder powder to be immersed and the mixture was
stirred at 300 rpm for 5 minutes using a stirrer, allowed to stand, and after the powder
was allowed to settle, the supernatant liguid was removed. This was repeated 3 times
and the powder was obtained by drying the slurry containing the solder powder at the
end.

{0027]
<Example 10>
Solder powder was formed in oil (soybean 0il) and solder powder composed of

Pb-63 mass% Sn with particle diameters of 2 to 12 pum (average diameter of 6 um) was



10

15

20

17

obtained. The powder was cleaned in the cleaning step.  As the cleaning agent,
propylene carbonate was used. This cleaning agent was warmed to 60°C, solder
powder was immersed, and the mixture was stirred at 300 rpm for 5 minutes using a
stirrer.  After stirring, the mixture was allowed to stand, the powder was allowed to
settle, then the supernatant liquid was removed, and again, the cleaning agent was
introduced and the powder was immersed. This step was repeated 5 times.

At the end, after the supernatant liquid was removed, sufficient acetone was
added for all the slurry containing the solder powder to be immersed and the mixture was
stirred at 300 rpm for 5 minutes using a stirrer, allowed to stand, and after the powder
was allowed to settle, the supernatant liquid was removed. This was repeated 3 times
and the powder was obtained by drying the slurry containing the solder powder at the
end.

[0028]
<Example 11>

Solder powder was formed in oil (soybean oil) and solder powder composed of
Pb-63 mass% Sn with particle diameters of 2 to 12 um (average diameter of 6 pun) was
obtained. The powder was cleaned in the cleaning step. As the cleaning agent,
sulfolane was used. This cleaning agent was warmed to 60°C, solder powder was
immersed, and the mixture was stirred at 300 rpm for 5 minutes using a stirrer. ~ After
stirring, the mixture was allowed to stand, the powder was allowed to settle, then the
supernatant liquid was removed, and again, the cleaning agent was introduced and the
powder was immersed. This step was repeated 5 times.

At the end, after the supematant liquid was removed, sufficient acetone was
added for all the slurry containing the solder powder to be immersed and the mixture was

stirred at 300 rpm for 5 minutes using a stirrer, allowed to stand, and after the powder
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was allowed to settle, the supernatant liquid was removed. This was repeated 3 times
and the powder was obtained by drying the slurry containing the solder powder at the
end.

[0029]

<Example 12>

Solder powder was formed in oil (soybean oil) and solder powder composed of
Pb-63 mass% Sn with particle diameters of 2 to 12 ym (average diameter of 6 pm) was
obtained. The powder was cleaned in the cleaning step. As the cleaning agent,
y-butyrolactone was used. This cleaning agent was warmed to 60°C, solder powder was
immersed, and the mixture was stirred at 300 rpm for 5 minutes using a stirrer.  After
stirring, the mixture was allowed to stand, the powder was allowed to settle, then the
supematant liquid was removed, and again, the cleaning agent was introduced and the
powder was immersed. This step was repeated 5 times.

At the end, after the supernatant liquid was removed, sufficient acetone was
added for all the slurry containing the solder powder to be immersed and the mixture was
stirred at 300 rpm for 5 minutes using a stirrer, allowed to stand, and after the powder
was allowed to settle, the supematant liquid was removed. This was repeated 3 times
and the powder was obtained by drying the slurry containing the solder powder at the
end.

[0030]
<Comparative Example 1>

Solder powder was formed in oil (castor oil) and solder powder composed of
Sn-3 mass% Ag-0.5 mass% Cu with particle diameters of 2 to 12 um (average diameter
of 6 um) was obtained. The powder was cleaned in the cleaning step. As the cleaning

agent, toluene was used. The solder powder was immersed in this cleaning agent at
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room temperature and the mixture was stirred at 400 rpm for 5 minutes using a stirrer.
After stirring, the mixture was allowed to stand, the powder was allowed to settle, then
the supernatant liquid was removed, and again, the cleaning agent was introduced and the
powder was immersed. This step was repeated 5 times.

At the end, after the supernatant liquid was removed, sufficient toluene was
added for all the slurry containing the solder powder to be immersed and the mixture was
stirred at 300 rpm for 5 minutes using a stirrer, allowed to stand, and after the powder
was allowed to settle, the supernatant liquid was removed. This was repeated 3 times
and the powder was obtained by drying the slurry containing the solder powder at the
end.
<Comparative Example 2>

Solder powder was formed in oil {castor oil) and solder powder composed of
Sn-3 mass% Ag-0.5 mass% Cu with particle diameters of 2 to 12 um (average diameter
of 6 um) was obtained. The powder was cleaned in the cleaning step. As the cleaning
agent, toluene was used. This cleaning agent was warmed to 70°C, solder powder was
immersed, and the mixture was stirred at 400 rpm for 5 minutes using a stirrer.  After
stirring, the mixture was allowed to stand, the powder was allowed to settle, then the
supernatant liquid was removed, and again, the cleaning agent was introduced and the
powder was immersed. This step was repeated 5 times.

At the end, after the supernatant liquid was removed, sufficient toluene was
added for all the slurry containing the solder powder to be immersed and the mixture was
stirred at 300 rpm for 5 minutes using a stirrer, allowed to stand, and after the powder
was allowed to settle, the supernatant liquid was removed. This was repeated 3 times
and the powder was obtained by drying the slurry containing the solder powder at the

end.
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<Comparative Example 3>

Solder powder was forined in oil (castor oil) and solder powder composed of
Sn-3 mass% Ag-0.5 mass% Cu with particle diameters of 2 to 12 pm (average diameter
of 6 pm) was obtained. The powder was cleaned in the cleaning step.  As the cleaning
agent, toluene was used. This cleaning agent was warmed to 70°C, solder powder was
immersed, and the cleaning was carried out by applying ultrasonic waves of 40 kHz and
600 W for 5 minutes and then the mixture was stirred at 400 rpm for 5 minutes using a
stirrer.  After the stirring, the mixture was allowed to stand, the powder was allowed to
settle, then the supernatant liquid was removed, and again, the cleaning agent was
introduced and the powder was immersed. This step was repeated 8 times. At the end,
the slurry containing the solder powder was dried and the powder was obtained.
[0032]
<Comparative Example 4>

Solder powder was formed in oil (soybean oil) and solder powder composed of
Pb-63 mass% Sn with particle diameters of 2 to 12 um (average diameter of 6 um) was
obtained. The powder was cleaned in the cleaning step.  As the cleaning agent, ethyl
acetate was used. This cleaning agent was warmed to 55°C, solder powder was
immersed, and the cleaning was carried out by applying ultrasonic waves of 30 kHz and
600 W for 5 minutes and then the mixture was stirred at 300 rpm for 5 minutes using a
stirrer.  After stirring, the mixture was allowed to stand, the powder was allowed to
settle, then the supernatant liquid was removed, and again, the cleaning agent was
introduced and the powder was immersed. This step was repeated 5 times.

At the end, after the supernatant liquid was removed, sufficient ethyl acetate was
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added for all the slurry containing the solder powder to be immersed and the mixture was
stirred at 300 rpm for 5 minutes using a stirrer, allowed to stand, and after the powder
was allowed to settle, the supernatant liquid was removed. This was repeated 3 times
and the powder was obtained by drying the slurry containing the solder powder at the
end.
[0033]

The solder powders, their particle diameters, the cleaning agents, the cleaning
methods, and the cleaning temperatures used in each of Examples and Comparative

Examples are shown in Table 1.
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[0034]
[Table 1]
Particle Stirring/Ultras | Temperature
Solder Powder Diameter Cleaning Agent i If,
(um) onic Waves °C)
. - Room
-39 A0-0.59 ~ 2
Example 1 Sn-3%Ag-0.5%Cu 2~12 N-Methylpyrrolidone Stirring Temperatare
Example 2 Sn-3%Ag-0.5%Cu 2~12 N-Methylpyrrolidone Stirring 70
Example3 | Sn-3%Ag0.5%Cu | 2~12 | N-Methylpymolidone U%:z‘;‘s“c 70
Ultrasonic
Example 4 Sn-3%Ag-0.5%Cu 2~12 N-Methylpyrrolidone Waves + 70
Stirring
. Ultrasonic
Example 5 | Sn-3%Ag-0.5%Cu | 2~12 | N-Methylpymolidone | g, o0 70
+additive . .
Stirring
Example 6 Pb-63%Sn 2~12 2-Pyrrolidone Stirring 60
420 . N . Ultrasonic
Example 7 Pb-63%Sn 2~12 2- Pyrrolidone Waves 60
Ultrasonic
Example 8 Pb-63%Sn 2~12 2- Pyrrolidone Waves + 60
Stirring
Example 9 Sn-3%Ag-0.5%Cu 2~12 Dimethylsulfoxide Stirring 70
Example 10 Pb-63%Sn 2~12 Propylene Carbonate Stirring 60
Example 11 Pb-63%Sn 2~12 Sulfolane Stirring 60
Example 12 Pb-63%Sn 2~12 -Butyrolactone Stirring 60
Comparative 10/ Aol &0 - .. Room
Example 1 Sn-3%Ag-0.5%Cu 2~12 Toluene Stiring Temperature
Cg:;{’s;‘:;e Sn-3%Ag-0.5%Cu | 2~12 Toluene Stirring 70
Comparative o 0 Ultrasonic
E e 3 Sn-3%Ag-0.5%Cu 2~12 Toluene Waves + 70
Xampie Stirring
Comparative Ultrasonic
= P o4 Pb-63%Sn 2~12 Ethyl Acetate Waves + 55
xample Stirring
[0035]
<Evaluation>

For each solder powder obtained as described above, a carbon concentration gas

analysis was performed. Also, the powder was turned into a paste using a commercially

available RMA type rosin-based flux with a flux ratio of 10 to 11 mass%, and paste

viscosity and thixotropic index at the time were measured.  Also, a solder ball test was

performed in compliance with JIS Z 3284 and melting properties of the solder powder
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was confirmed. In addition, a bump was formed by printing on a wafer and reflowing,
and the level of voids after the formation was measured.

Carbon concentration of the solder powder was measured by gas analysis using
a CSLS-600 manufactured by LECO JAPAN CORPORATION.

Paste viscosity and thixotropic index were measured in compliance with JIS Z
3284 using a viscometer (PCU-205) manufactured by Malcom Co., Ltd.

[0036]

A solder ball test was performed in compliance with JIS Z 3284. Evaluations
were made according to the following 5 grades, and level 4 and level S were considered
as defects.

Level 1: Solder (powder) was melted, solder became one big ball and no solder
balls were present therearound.

Level 2: Solder (powder) was melted, solder became one big ball and 3 or less
solder balls with diameters of 75 pum or less were present therearound.

Level 3: Solder (powder) was melted, solder became one big ball, 4 or more
solder balls with diameters of 75 um or less were present therearound, and the solder
balls were not lined around in a semi-continuous ring shape.

Level 4: Solder (powder) was melted, solder became one big ball, a number of
fine balls were lined around in a semi-continuous ring shape.

Level 5: None of the above.

[0037]

Evaluation of the void level was performed by observing voids within bumps
using transmitted X-rays, and the number of voids generated per total number of 500
bumps and diameters of the voids was measured. In this case, the diameter of the void

is represented as a ratio to the diameter of the bump and the number of voids generated



10

24

was measured in categories of each of “less than 10%”, “greater than or equal to 10% and
less than 20%”, “greater than or equal to 20% and less than 30%”, and “greater than or
equal to 30%”. The more the large voids with respect to the diameter of the bump are
present, it is considered as defects. Voids of greater than or equal to 30% were
considered as defects.

[0038]

For the powders obtained in Examples 1 to 4 and Comparative examples 1 to 3,
respectively, carbon gas concentration, viscosity when turned into paste, thixotropic
index, solder ball evaluation results, and void evaluation results are shown in Table 2.

In the columns represented as the number of voids, “<10%”, “10 to 20%”, “20 to 30%”,
“>30%” represent “greater than O and less than 10%”, “greater than or equal to 10% and
less than 20%”, “greater than or equal to 20% and less than 30%”, and “greater than or

equal to 30%” in this order.
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[0039]
[Table 2]
Carbon Viscosity | Thixotr | Solder Number of Voids
Concentration | of Paste opic Ball
{(ppm) (Pas) | index | (Level) | None | <10% lzgo'/‘: %%,f/f >30%

Example | 340 230 0.62 3 258 | 182 | 54 6 0
Example 2 310 239 064 3 292 | 147 | 57 4 0
Example 3 260 240 0.64 3 345 | 122 | 30 3 0
Example 4 240 244 0.65 2 361 115 22 2 0
Example 5 230 246 0.65 2 263 190 43 4 0
Example 6 210 250 0.65 2 436 56 7 1 0
Example 7 190 252 0.65 2 452 | 43 5 0 0
Example 8 170 251 0.65 2 471 23 6 0 0
Example 9 330 234 0.63 3 335 | 133 | 27 5 0
Example 10 230 245 0.63 2 451 41 8 0 0
Example 11 200 249 0.65 2 436 | 59 4 ! 0
Example 12 180 255 0.65 2 460 | 38 2 0 0
Comparative 520 190 0.59 5 192 | 202 | 77 20 9
Example |
Comperative 490 199 060 | 5 | 200 | 219 | 60 13 7

xample
Cgmpm‘i"e 440 203 0.60 5 | 20 | 204 | 51 18 7

xample 3
Comparativo 410 221 0.62 4 | 1s3 | 32 | 2 5 2

xample
[0040]

As is apparent from the results in Table 2, in examples, powders with low carbon
concentration and high cleanliness can be obtained. Also, moderately high values of
paste viscosity and thixotropic index are maintained and an aggregating property is better
than that of comparative examples. Therefore, any variations in bump height when
bumps are formed is small and the powders are suitable for flip-chip mounting. Also, a
solder joint with little occurrence of large voids and high reliability can be obtained.
[0041]

While preferred embodiments of the invention have been described and
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illustrated above, 1t should be understood that these are exemplary of the invention and
are not to be considered as limiting. Additions, omissions, substitutions, and other
modifications can be made without departing from the spirit or scope of the present
invention. Accordingly, the invention is not to be considered as being limited by the
foregoing description, and is only limited by the scope of the appended claims.

For example, before cleaning using the cleaning agents including at least one of
components selected from a group consisting of N-methylpyrrolidone, 2-pyrrolidone,
dimethylsulfoxide, propylene carbonate, sulfolane, and y-butyrolactone, cleaning agents

such as those disclosed in patent documents of the related art may be used for cleaning.
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What is claimed is:

1. A solder powder-cleaning agent comprising:
at least one of components selected from a group consisting of N-methylpyrrolidone,

2-pyrrolidone, dimethylsulfoxide, propylene carbonate, sulfolane, and y-butyrolactone.

2. The solder powder-cleaning agent according to Claim 1, further comprising:

at least one of a stabilizing agent and an additive.

3. The solder powder-cleaning agent according to Claim 1 or 2, wherein the solder powder-

cleaning agent includes 85 to 100 mass% of the components.

4. The solder powder-cleaning agent according to any one of Claims 1 to 3, wherein the
solder powder-cleaning agent includes 0.1 to 15 mass% of the stabilizing agent and the

additive.

5. A method for making solder powder comprising:
a powder-forming step in which the solder powder is formed in liquid; and
a cleaning step in which the solder powder obtained from the powder-forming step is

cleaned using the solder powder-cleaning agent according to any one of Claim 1 to 4.

6. The method for making solder powder according to Claim 5,

wherein, in the cleaning step, a stir cleaning process in which a cleaning liquid
including the solder powder-cleaning agent is stirred at 100 to 500 rpm for 5 to 10 minutes
and a supernatant liquid-removing process in which the supernatant liquid formed by the
mixture being allowed to stand after the stir cleaning process is removed are repeated several
times and then, the remaining slurry is immersed in rinsing cleaning liquid, and after the
supernatant liquid formed by the mixture being allowed to stand is removed, the resultant is

dried and becomes solder powder.

7. The method for making solder powder according to Claim 5,
wherein, in the cleaning step, an ultrasonic cleaning process in which ultrasonic

waves of 25 to 40 kHz and 300 to 600 W are applied to a cleaning liquid including the solder
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powder-cleaning agent for 5 to 10 minutes and a supernatant liquid-removing process in
which the supernatant liquid formed by the mixture being allowed to stand after the ultrasonic
cleaning process is removed are repeated several times and then, the remaining slurry is
immersed in rinsing cleaning liquid, and after the supernatant liquid formed by the mixture

being allowed to stand is removed, the resultant is dried and becomes solder powder.

8. The method for making solder powder according to Claim 5,

wherein, in the cleaning step, a process in which an ultrasonic cleaning process in
which ultrasonic waves of 25 to 40 kHz and 300 to 600 W are applied to a cleaning liquid for
5 to 10 minutes and a stir cleaning process in which a cleaning liquid including the solder
powder-cleaning agent is stirred at 100 to 500 rpm for 5 to 10 minutes are performed either
consecutively in a certain order or simultaneously, and a supernatant liquid-removing process
in which the supernatant liquid formed by the mixture being allowed to stand after the
processes is removed is repeated several times and then, the remaining slurry is immersed in
rinsing cleaning liquid, and after the supernatant liquid formed by the mixture being allowed

to stand is removed, the resultant is dried and becomes solder powder.



