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(57) ABSTRACT

An electroless copper plating method is provided having a
first catalyst step of forming a first catalyst layer on a
ceramic base material containing a glass component using a
tin chloride solution and a palladium chloride solution; a
pre-copper-plating heat treatment step of heating the
ceramic base material in an atmosphere containing oxygen;
a laminate catalyst treatment step of forming a laminate
catalyst layer on the ceramic base material using a tin
chloride solution and a palladium chloride solution; a plating
treatment step of forming a copper plating film on the
ceramic base material using a copper plating solution con-
taining a small amount of nickel ions; and a post-copper-
plating heat treatment step of heating the ceramic base
material at a heat treatment temperature not more than the
glass transition temperature thereof.
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PLATING SUBSTRATE, ELECTROLESS PLATING
METHOD, AND CIRCUIT FORMING METHOD
USING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. application
Ser. No. 11/251,349, filed Oct. 14, 2005, which is incorpo-
rated herein by reference in its entirety.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a plating substrate
composed of a copper plating film provided on a glass base
material or a ceramic base material, having at least an oxide
on a surface thereof, an electroless plating method forming
a copper plating film, and a circuit forming method using the
aforementioned method.

[0004] 2. Description of the Related Art

1. Field of the Invention

[0005] Heretofore, for example, as a method for forming
a plating film on a glass base material or a ceramic base
material, an electroless copper plating method has been
known (for example, see Japanese Unexamined Patent
Application Publication Nos. 2000-54153, 2003-13247, and
2004-332023).

[0006] In a related electroless copper plating method, in
order to ensure high adhesion between a surface of a base
material and a copper plating film formed thereon by an
anchor effect, first, the surface is intensively processed by
surface roughening treatment, so that coarse irregularities
are formed on the surface.

[0007] Subsequently, a ceramic base material processed
by the roughening treatment is immersed in a copper plating
solution, so that a copper plating film is formed on the
ceramic base material.

[0008] However, when the copper plating film, which is
provided on the surface of the ceramic base material pro-
cessed by the roughening treatment, is used as an electrode
of a dielectric resonator or the like, an electrode having a
wiring pattern with a pitch of approximately 100 um may be
formed; however, it becomes difficult to form an electrode
having a wiring patter with a pitch of approximately 20 um,
and as a result, there has been a limit to form an electrode
having a fine pitch wiring pattern.

[0009] In addition, in the dielectric resonator as described
above, the Q is decreased in a non-load state, and as a result,
high frequency properties are disadvantageously degraded.

[0010] Furthermore, the problem described above
becomes more serious when coarser irregularities are
formed on the surface by surface roughening treatment.
Accordingly, as disclosed in Japanese Unexamined Patent
Application Publication No. 2000-54153, for example, an
electroless copper plating method has been proposed in
which even when the irregularities are formed on the surface
as fine as possible by roughening treatment, excellent adhe-
sion of a copper plating film to the surface thus processed is
ensured.

[0011] In the electroless copper plating method as
described above, after fine irregularities are formed on the
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surface of a ceramic base material by roughening treatment,
a copper plating film is formed by immersing the ceramic
base material processed by the roughening treatment in a
copper plating solution. In this case, according to the elec-
troless copper plating method disclosed in Japanese Unex-
amined Patent Application Publication No. 2000-54153, in
order to increase the adhesion of the copper plating film to
the surface on which the fine irregularities are formed, 0.01
to 1.0 mole of nickel ions is contained in a copper plating
solution with relative to 100 moles of copper contained
therein. As described above, even when the irregularities
formed on the surface are fine, the copper plating solution is
prepared so as to ensure high adhesion of the copper plating
film to the surface thus processed.

[0012] As described above, according to Japanese Unex-
amined Patent Application Publication No. 2000-54153,
even when the irregularities formed on the surface are fine,
the copper plating film can be favorably adhered to the
surface; however, even by the electroless copper plating
method described above, it is required that the roughening
treatment be performed on the surface of the ceramic base on
which the plating is to be performed. However, in order to
form a fine pitch wiring pattern and to further improve the
high frequency properties, it has been desired that the
surface of the base material be mirror finished.

[0013] In addition, since hydrogen fluoride is used in one
step of the roughening treatment, waste disposal treatment is
also required, the number of production steps is increased,
and as a result, the production cost is disadvantageously
increased. Hence, in view of environmental conservation
and reduction in production cost, it is preferable that the
roughening treatment be not performed.

[0014] However, when a copper plating film is formed on
a mirror-finished surface of the ceramic base material, a
problem may arise in that the adhesion of the copper plating
film to the surface is considerably decreased.

SUMMARY OF THE INVENTION

[0015] Accordingly, the present invention was made in
consideration of the problems described above, and it is an
object of the present invention to provide a plating substrate,
an electroless plating method, and a circuit forming method
using the aforementioned method. In the plating substrate
described above, a copper plating film can be favorably
adhered to a mirror-finished surface of a base material so as
to form a fine pitch wiring pattern, and hence a circuit having
superior high frequency properties can be formed.

[0016] To the end, the present invention provides a plating
substrate comprising: a glass base material or a ceramic base
material, which has at least an oxide on a surface thereof; a
copper plating film formed using a copper plating solution
containing at least one of nickel ions, cobalt ions, and iron
ions at a low concentration; and an interlayer provided
between the base material and the copper plating film. In the
plating substrate described above, the interlayer includes a
base material component of the base material, a plating film
component of the copper plating film, and a catalyst com-
ponent of a catalyst layer which is formed using a tin
chloride solution and a palladium chloride solution.

[0017] The present invention provides another plating
substrate comprising: a glass base material or a ceramic base
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material, which has at least an oxide on a surface thereof; a
copper plating film formed using a copper plating solution
containing at least one of nickel ions, cobalt ions, and iron
ions at a low concentration; and an interlayer provided
between the base material and the copper plating film. In the
plating substrate described above, the interlayer includes a
base material component of the base material, a plating film
component of the copper plating film, and a catalyst com-
ponent of a catalyst layer which is formed using a tin-
palladium colloidal solution.

[0018] According to the plating substrates described
above, since the interlayer is formed of the base material
component of the base material, the plating film component
of the copper plating film, and the catalyst component of the
catalyst layer, the catalyst layer can be favorably adhered to
the base material by the presence of this interlayer. In
particular, when heat treatment is performed in an oxygen
atmosphere before the copper plating film is formed, the tin
can be more reliably bonded to the oxygen which is a
component of the base material. In addition, when heat
treatment is performed before and after the copper plating
film is formed, the tin and the palladium form metal bonds,
and in addition, by the presence of the nickel ions, cobalt
ions, or iron ions in the copper plating solution, excellent
adhesion between the catalyst layer and the copper plating
film can be ensured.

[0019] The present invention provides an electroless cop-
per plating method which comprises: a catalyst treatment
step of forming a catalyst layer on a glass base material or
a ceramic base material, which has at least an oxide on a
surface thereof, using a tin chloride solution and a palladium
chloride solution; a pre-copper-plating heat treatment step of
heating the base material in an atmosphere containing oxy-
gen after the catalyst treatment step; a plating treatment step
of forming a copper plating film after the pre-copper-plating
heat treatment step, using a copper plating solution contain-
ing at least one of nickel ions, cobalt ions, and iron ions at
a low concentration; and a post-copper-plating heat treat-
ment step of heating the base material at a temperature not
more than the glass transition temperature thereof in an
atmosphere substantially containing no oxygen and hydro-
gen after the plating treatment step.

[0020] In addition, the present invention provides another
electroless plating method which comprises: a catalyst treat-
ment step of forming a catalyst layer on a glass base material
or a ceramic base material, which has at least an oxide on a
surface thereof, using a tin-palladium colloidal solution; a
pre-copper-plating heat treatment step of heating the base
material in an atmosphere containing oxygen after the
catalyst treatment step; a plating treatment step of forming
a copper plating film after the pre-copper-plating heat treat-
ment step, using a copper plating solution containing at least
one of nickel ions, cobalt ions, and iron ions at a low
concentration; and a post-copper-plating heat treatment step
of heating the base material at a temperature not more than
the glass transition temperature thereof in an atmosphere
substantially containing no oxygen and hydrogen after the
plating treatment step.

[0021] According to the electroless plating methods
described above, since tin (Sn) and palladium (Pd) are
present in the catalyst layer formed on the glass base
material or the ceramic base material, which has at least an
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oxide on the surface thereof, and the pre-copper-plating heat
treatment and the post-copper-plating heat treatment are
performed, the tin is bonded to the oxide, which is a
component of the base material, at the interface between the
base material and the catalyst layer, and the catalyst layer
can be favorably adhered to the base material. In particular,
in the pre-copper-plating heat treatment step, since heat
treatment is performed in an oxygen atmosphere, the tin can
be more reliably bonded to the oxygen which is a component
of the base material. In addition, since the pre-copper-
plating heat treatment and the post-copper-plating heat treat-
ment are performed, the tin and the palladium form metal
bonds, and in addition, by the presence of the nickel ions,
cobalt ions, or iron ions in the copper plating solution,
excellent adhesion between the catalyst layer and the copper
plating film can be ensured.

[0022] In addition, when Ag-based vias are formed in the
ceramic base material, tin and palladium are present on the
Ag-based vias, and the palladium and the Ag are tightly
bonded to each other by the pre-copper-plating heat treat-
ment and the post-copper-plating heat treatment; hence, the
Ag layer of the via and the catalyst layer can be favorably
adhered to each other.

[0023] In addition, in another electroless copper plating
method according to the present invention, the catalyst
treatment step described above is a first catalyst treatment
step of forming a first catalyst layer, and there is provided a
laminate catalyst treatment step of forming a laminate
catalyst layer on the base material using a tin chloride
solution and a palladium chloride solution or using a tin-
palladium colloidal solution after the pre-copper-plating
heat treatment and before the post-copper-plating heat treat-
ment.

[0024] According to this electroless plating method, since
the laminate catalyst layer is formed by performing the
laminate catalyst treatment step after the pre-copper-plating
heat treatment step, the rate of formation of the copper
plating film in the first plating treatment step can be
increased.

[0025] Another electroless plating method according to
the present invention is an electroless plating method for the
base material having Ag-based vias formed therein, and the
heat treatment temperature in the pre-copper-plating heat
treatment is not less than the decomposition temperature of
a silver oxide. In addition, there is provided an oxide film
removing step of removing an oxide film formed on the
surfaces of the vias after the pre-copper-plating heat treat-
ment and before the plating treatment step.

[0026] According to another electroless plating method of
the present invention, in the oxide film removing step
described above, one of purified water, an aqueous H202
solution, hot purified water, ammonia water, and diluted
nitric acid is used.

[0027] According to another electroless plating method of
the present invention, the laminate catalyst treatment step
described above is performed after the oxide film removing
step.

[0028] According to the above electroless plating methods
of the present invention, in the Ag-based vias, the Ag layers
are oxidized to form oxide layers when the temperature is
decreased after the pre-copper-plating heat treatment step;
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however, in the oxide film removing step, the oxide films
formed on the Ag layers can be removed. In addition, when
the heat treatment temperature in the post-copper-plating
heat treatment step is set to not less than the decomposition
temperature of a silver oxide, the formation of the oxide
films on the vias can be prevented.

[0029] In another electroless plating method according to
the present invention, the amount of nickel ions is preferably
1 to 25 moles relative to 100 moles of copper ions contained
in the copper plating solution.

[0030] According to another electroless plating method of
the present invention, the heat treatment temperatures in the
pre-copper-plating heat treatment step and the post-copper-
plating heat treatment step are in the range of 250 to 450° C.

[0031] According to another electroless plating method of
the present invention, the heat treatment time in the pre-
copper-plating heat treatment step and the post-copper-
plating heat treatment step is 10 minutes or more.

[0032] According to another electroless plating method of
the present invention, the heat treatment in the post-copper-
plating heat treatment step is performed while a predeter-
mined pressure is being applied to the base material.

[0033] According to another electroless plating method of
the present invention, the heat treatment temperature in the
post-copper-plating heat treatment step in which a predeter-
mined pressure is being applied to the base material is in the
range of 150 to 400° C.

[0034] According to the electroless plating methods of the
present invention described above, since the post-copper-
plating heat treatment step is performed while a pressure is
being applied to the base material, the plating film is
conformably adhered to nanometer-order irregularities, and
hence the adhesion of the copper plating film can be
improved by further decreasing the heat treatment tempera-
ture in the post-copper-plating heat treatment step.

[0035] Furthermore, in another electroless plating method
according to the present invention, the catalyst treatment
step is a first catalyst treatment step of forming a first
catalyst layer, and there are provided a second plating
treatment step of forming a nickel plating film using a
plating solution containing a nickel compound after the
post-copper-plating heating step and, after the second plat-
ing treatment step, a post-nickel-plating heat treatment step
of heating the base material in an atmosphere substantially
containing no oxygen and hydrogen at a heating temperature
at which the hardness of the nickel compound is not
changed.

[0036] In another electroless plating method according to
the present invention, there is provided a third plating
treatment step of forming a gold plating film using a gold
plating solution after the second plating treatment step and
before the post-nickel-plating heating step.

[0037] According to another electroless plating method of
the present invention, a heat treatment temperature in the
post-nickel-plating heating step is in the range of 150 to 350°
C.

[0038] According to another electroless plating method of
the present invention, a heat treatment time in the post-
nickel-plating heating step is in the range of 10 minutes to
12 hours.
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[0039] Tt has been known that although the nickel plating
film or the gold plating film is simply formed on the copper
plating film, the copper plating film provided therewith is
easily peeled away from the base material. The reason for
this is believed that since hydrogen radicals penetrate the
nickel plating film, the gold plating film, the copper plating
film, and the interlayer during the second and the third
plating treatment steps, and thereby the adhesion between
the copper plating film and the base material is degraded.
Hence, according to the electroless plating methods of the
present invention, the post-nickel-plating heat treatment is
performed after the second plating treatment step and the
third plating treatment step are performed, and hence the
adhesion between the base material and the copper plating
film provided with the nickel plating film and the gold
plating film can be improved. The reason for this is believed
that by the post-nickel-plating heat treatment step, hydrogen
radicals can be released from the nickel plating film, the gold
plating film, the copper plating film, and the interlayer.

[0040] In accordance with the present invention, there is
provided a circuit forming method comprising: a catalyst
treatment step of forming a catalyst layer on a glass base
material or a ceramic base material, which has at least an
oxide on a surface thereof, using a tin chloride solution and
a palladium chloride solution; a pre-copper-plating heat
treatment step of heating the base material in an atmosphere
containing oxygen after the catalyst treatment step; a plating
treatment step of forming a copper plating film after the
pre-copper-plating heat treatment step, using a copper plat-
ing solution containing at least one of nickel ions, cobalt
ions, and iron ions at a low concentration; a post-copper-
plating heat treatment step of heating the base material at a
temperature not more than the glass transition temperature
thereof in an atmosphere substantially containing no oxygen
and hydrogen after the plating treatment step; and a pattern-
ing treatment step of performing pattern treatment for the
catalyst layer or the plating film.

[0041] Another circuit forming method of the present
invention comprises: a catalyst treatment step of forming a
catalyst layer on a glass base material or a ceramic base
material, which has at least an oxide on a surface thereof,
using a tin-palladium colloidal solution; a pre-copper-plat-
ing heat treatment step of heating the base material in an
atmosphere containing oxygen after the catalyst treatment
step; a plating treatment step of forming a copper plating
film after the pre-copper-plating heat treatment step, using a
copper plating solution containing at least one of nickel ions,
cobalt ions, and iron ions at a low concentration; a post-
copper-plating heat treatment step of heating the base mate-
rial at a temperature not more than the glass transition
temperature thereof in an atmosphere substantially contain-
ing no oxygen and hydrogen after the plating treatment step;
and a patterning treatment step of performing pattern treat-
ment for the catalyst layer or the plating film.

[0042] According to the above circuit forming methods
using the electroless plating method of the present invention,
the catalyst layer can be favorably adhered to the base
material, and in addition to that, the catalyst layer and the
copper plating film can also be favorably adhered to each
other. Accordingly, on the mirror-finished base material, a
circuit can be formed by the copper plating film. Hence, a
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fine pitch wiring pattern can be formed on the base material,
and in addition to that, the high frequency properties of the
circuit can be improved.

[0043] Another circuit forming method according to the
present invention is a circuit forming method using the
electroless plating method performed for the base material
having Ag-based vias provided therein, in which a heat
treatment temperature in the pre-copper-plating heat treat-
ment is set to not less than the decomposition temperature of
a silver oxide, and in which there is provided an oxide film
removing step of removing oxide films formed on the
surfaces of the vias after the pre-copper-plating heat treat-
ment step and before the post-copper-plating heat treatment
step.

[0044] In the circuit forming method of the present inven-
tion, although the Ag-based vias are oxidized to form oxide
films when the temperature is decreased after the pre-
copper-plating heat treatment, the oxide films formed on the
vias can be removed in the oxide removing step. In addition,
when the heat treatment temperature in the post-copper-
plating heat treatment is set to not less than the decompo-
sition temperature of a silver oxide, the formation of oxide
films on the vias can be prevented.

[0045] In another circuit forming method according to the
present invention, the copper plating treatment described
above is a first plating treatment step, and there are provided
a second plating treatment step of forming a nickel plating
film using a plating solution containing a nickel compound
after the post-copper-plating heat treatment and, after the
second plating treatment step, a post-nickel-plating heat
treatment step of heating the base material in an atmosphere
substantially containing no oxygen and hydrogen at a tem-
perature at which the hardness of the nickel compound is not
changed.

[0046] In another circuit forming method according to the
present invention, there is provided a third plating treatment
step of forming a gold plating film using a gold plating
solution after the second plating treatment step and before
the post-nickel-plating heat treatment step.

[0047] According to the above circuit forming methods of
the present invention, it is believed that since hydrogen
radicals can be released from the nickel plating film, the gold
plating film, the copper plating film, and the interlayer by
performing the post-nickel-plating heat treatment after the
second plating treatment step and the third plating treatment
step are performed, the adhesion between the base material
and the copper plating film provided with the nickel plating
film and the gold plating film can be improved.

[0048] Another electroless plating method according to
the present invention comprises: a catalyst treatment step of
forming a catalyst layer on a glass base material using a tin
chloride solution and a tin palladium solution; a plating
treatment step of forming a plating film after the catalyst
treatment step, using a copper plating solution containing at
least one of nickel ions, cobalt ions, and iron ions at a low
concentration; and a post-copper-plating heat treatment step
of heating the glass base material in an atmosphere substan-
tially containing no oxygen and hydrogen after the plating
treatment step.

[0049] Another electroless plating method according to
the present invention comprises: a catalyst treatment step of
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forming a catalyst layer on a glass base material using a
tin-palladium colloidal solution; a plating treatment step of
forming a plating film after the catalyst treatment step, using
a copper plating solution containing at least one of nickel
ions, cobalt ions, and iron ions at a low concentration; and
apost-copper-plating heat treatment step of heating the glass
base material in an atmosphere substantially containing no
oxygen and hydrogen after the plating treatment step.

[0050] In another electroless plating method according to
the present invention, the amount of nickel ions relative to
100 moles of copper ions contained in the copper plating
solution is in the range of 1.0 to 25 moles.

[0051] In another plating method according to the present
invention, the heat treatment temperature is in the range of
250 to 450° C.

[0052] In another electroless plating method according to
the present invention, the heat treatment time is 10 minutes
or more.

[0053] According to the electroless plating methods
described above, since tin (Sn) and palladium (Pd) are
present in the catalyst layer formed on the glass base
material, and the tin is bonded to the oxygen in the glass at
the interface between the glass base material and the catalyst
layer by performing the post-copper-plating heat treatment,
the catalyst layer is favorably adhered to the glass base
material. In addition, by the post-copper-plating heat treat-
ment, the tin and the palladium form metal bonds, and by the
presence of the nickel ions in the copper plating solution,
excellent adhesion between the catalyst layer and the plating
film can be ensured; hence, the copper plating film can be
tightly adhered to the glass base material.

[0054] In another electroless plating method of the present
invention, the post-copper-plating heat treatment is per-
formed while a predetermined pressure is being applied to
the glass base material.

[0055] According to another electroless plating method of
the present invention, in the post-copper-plating heat treat-
ment which is performed while a predetermined pressure is
being applied to the glass base material, the heat treatment
temperature is set in the range of 150 to 400° C.

[0056] According to the above electroless plating methods
of the present invention, since the post-copper-plating heat
treatment is performed while a pressure is being applied to
the base material, the plating film is conformably adhered to
nanometer-order irregularities, and the adhesion of the cop-
per plating film can be improved by further decreasing the
heat treatment temperature in the post-copper-plating heat
treatment.

[0057] Furthermore, in another electroless plating method
according to the present invention, the catalyst treatment
step is a first catalyst treatment step of forming a first
catalyst layer, and there are provided a second plating
treatment step of forming a nickel plating film using a
plating solution containing a nickel compound after the
post-copper-plating heating step and, after the second plat-
ing treatment step, a post-nickel-plating heating step of
heating the glass base material in an atmosphere substan-
tially containing no oxygen and hydrogen at a heating
temperature at which the hardness of the nickel compound
is not changed.
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[0058] In another electroless plating method according to
the present invention, there is provided a third plating
treatment step of forming a gold plating film using a gold
plating solution after the second plating treatment step and
before the post-nickel-plating heating step.

[0059] In another electroless plating method according to
the present invention, a heat treatment temperature in the
post-nickel-plating heating step is in the range of 150 to 350°
C.

[0060] In another electroless plating method according to
the present invention, a heat treatment time in the post-
nickel-plating heating step is in the range of 10 minutes to
12 hours.

[0061] It has been known that when the nickel plating film
and the gold plating film are simply formed on the copper
plating film, the copper plating film provided therewith is
easily peeled away from the base material. The reason for
this is believed that since hydrogen radicals penetrate the
nickel plating film, the gold plating film, the copper plating
film, and the interlayer during the second and the third
plating treatment steps, the adhesion between the copper
plating film and the base material is degraded. Hence,
according to the electroless plating methods of the present
invention, the post-nickel-plating heat treatment is per-
formed after the second plating treatment step and the third
plating treatment step are performed, and hence the adhesion
between the base material and the copper plating film
provided with the nickel plating film and the gold plating
film can be improved. The reason for this is believed that by
the post-nickel-plating heat treatment, hydrogen radicals can
be released from the nickel plating film, the gold plating
film, the copper plating film, and the interlayer.

[0062] Another circuit forming method according to the
present invention comprises: a catalyst treatment step of
forming a catalyst layer on a glass base material using a tin
chloride solution and a palladium chloride solution; a pat-
terning treatment step of patterning the catalyst layer; a
plating treatment step of forming a plating film using a
copper plating solution containing at least one of nickel ions,
cobalt ions, and iron ions at a low concentration after the
patterning treatment step; and after the plating treatment
step, a heat treatment step of heating the base material in an
atmosphere substantially containing no oxygen and hydro-
gen at a temperature no more than the glass transition
temperature after the plating treatment step.

[0063] Another circuit forming method according to the
present invention comprises: a catalyst treatment step of
forming a catalyst layer on a glass base material using a
tin-palladium colloidal solution; a patterning treatment step
of patterning the catalyst layer; a plating treatment step of
forming a plating film using a copper plating solution
containing at least one of nickel ions, cobalt ions, and iron
ions at a low concentration after the patterning treatment
step; and after the plating treatment step, a heat treatment
step of heating the base material in an atmosphere substan-
tially containing no oxygen and hydrogen at a temperature
no more than the glass transition temperature after the
plating treatment step.

[0064] According to the above circuit forming methods of
the present invention, since tin and palladium are present in
the catalyst layer formed on the glass base material, and the
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tin is bonded to the oxygen in the glass at the interface
between the glass base material and the catalyst layer by
performing the heat treatment after the plating treatment, the
adhesion of the catalyst layer to the glass base material is
improved. In addition, by the heat treatment, the tin and the
palladium form metal bonds, and by the presence of the
nickel ions in the copper plating solution, excellent adhesion
between the catalyst layer and the plating film can be
ensured; hence, the copper plating film can be tightly
adhered to the glass base material.

[0065] In another circuit forming method according to the
present invention, the plating treatment step is a first plating
treatment step of forming a copper plating film, and the heat
treatment step is a post-copper-plating heat treatment. In
addition, there are provided a second plating treatment step
of forming a nickel plating film using a plating solution
containing a nickel compound after the post-copper-plating
heat treatment step, and after the second plating treatment
step, a post-nickel-plating heat treatment step of heating the
glass base material in an atmosphere substantially contain-
ing no oxygen and hydrogen at a temperature at which the
hardness of the nickel compound is not changed.

[0066] In another circuit forming method of the present
invention, there is provided a third plating treatment step of
forming a gold plating film using a gold plating solution
after the second plating treatment and before the post-nickel-
plating heat treatment.

[0067] According to the circuit forming methods of the
present invention, it is believed that since hydrogen radicals
can be released from the nickel plating film, the gold plating
film, the copper plating film, and the interlayer by perform-
ing the post-nickel-plating heat treatment after the second
plating treatment step and the third plating treatment step are
performed, the adhesion between the base material and the
copper plating film provided with the nickel plating film and
the gold plating film can be improved.

[0068] As has been described, according to the plating
substrates and the electroless plating methods of the present
invention, even when a glass base material or a ceramic base
material, having at least an oxide on a surface thereof, has
a mirror-finished surface, the copper plating film can be
tightly adhered to the base material. Hence, when an elec-
trode is formed using the copper plating film, a fine pitch
wiring pattern can be formed. In addition, roughening treat-
ment to form irregularities on the surface of the base
material is not required, and hence various inconveniences
caused by the roughening treatment can be avoided.

[0069] In addition, according to the circuit forming meth-
ods of the present invention, since the copper plating film
can be favorably adhered to the mirror-finished base mate-
rial, and hence a circuit can be formed on the mirror-finished
base material from the copper plating film, a fine pitch
wiring pattern can be formed from the copper plating film,
and in addition, the high frequency properties of the circuit
can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0070] FIG. 1 is a schematic cross-sectional view of a
plating substrate according to an embodiment of the present
invention;

[0071] FIG. 2 is a flowchart showing steps of an electro-
less plating method according to an embodiment of the
present invention;
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[0072] FIG. 3A is a schematic view showing a step of
forming resists having a predetermined pattern, of a circuit
forming method using the electroless plating method shown
in FIG. 2;

[0073] FIG. 3B is a schematic view showing a catalyst
treatment step;

[0074] FIG. 3C is a schematic view showing a step of
removing the resists to form first catalyst layers having a
predetermined pattern;

[0075] FIG. 3D is a schematic view showing a step of
again forming resists;

[0076] FIG. 3E is a schematic view showing a step of
removing the resists to form laminate catalyst layers having
a predetermined pattern;

[0077] FIG. 3F is a schematic view showing a step of
forming copper plating films;

[0078] FIG. 3G is a schematic view showing a step of
forming nickel plating films and gold plating films;

[0079] FIG. 4 is a flowchart showing steps of an electro-
less plating method according to another embodiment of the
present invention;

[0080] FIG. 5A is a schematic view showing a step of
forming resists having a predetermined pattern, of a circuit
forming method using the electroless plating method shown
in FIG. 4;

[0081] FIG. 5B is a schematic view showing a catalyst
treatment step;

[0082] FIG. 5C is a schematic view showing a step of
removing the resists to form first catalyst layers having a
predetermined pattern;

[0083] FIG. 5D is a schematic view showing a step of
again forming resists;

[0084] FIG. 5E is a schematic view showing a step of
removing the resists to form laminate catalyst layers having
a predetermined pattern;

[0085] FIG. 5F is a schematic view showing a step of
forming copper plating films;

[0086] FIG. 5G is a schematic view showing a step of
forming nickel plating films and gold plating films;

[0087] FIG. 6 is a flowchart showing steps of an electro-
less plating method according to another embodiment of the
present invention;

[0088] FIG. 7A is a schematic view showing a step of
forming a resist having a predetermined pattern, of a circuit
forming method using the electroless plating method shown
in FIG. 6;

[0089] FIG. 7B is a schematic view showing a catalyst
treatment step;

[0090] FIG. 7C is a schematic view showing a step of
removing the resist;

[0091] FIG. 7D is a schematic view showing a step of
forming a copper plating film; and

[0092] FIG. 7E is a schematic view showing a step of
forming a nickel plating film and a gold plating film.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0093] Hereinafter, referring to FIGS. 1 to 7E, embodi-
ments of a plating substrate, an electroless plating method,
and a circuit forming method using the same, according to
the present invention, will be described.

[0094] FIG. 1 is a schematic cross-sectional view of a
plating substrate of this embodiment, and as shown in FIG.
1, a plating substrate 20 includes a ceramic base material 1
having a glass component on a surface thereof. On the
surface of the ceramic base material 1, a copper plating film
6 is provided which is formed using a copper plating
solution containing at least one of nickel ions, cobalt ions,
and iron ions at a low concentration, and between the
ceramic base material 1 and the copper plating film 6, an
interlayer is provided which is composed of a base material
component of the ceramic base material 1, a plating film
component of the copper plating film 6, and catalyst com-
ponents of a first catalyst layer 5 and a laminate catalyst
layer 9, which are formed using a tin chloride solution and
a palladium chloride solution.

[0095] In this embodiment, it is described that the base
material of the plating substrate 20 is the ceramic base
material 1 having a glass component; however, the base
material is not limited thereto, and for example, various base
materials such as glasses and ceramics containing oxides
may also be used. For example, there may be mentioned
base materials such as silicon oxides, aluminum oxides, and
zirconium oxides; ceramic base materials containing oxides
of silicon, aluminum, and the like; and glass base materials
containing oxides of silicon, aluminum, and the like. Fur-
thermore, base materials having oxides on surfaces thereof
may also be used, and for example, there may be mentioned
base materials such as single crystal silicon, silicon carbide,
and silicon nitride, the topmost surfaces of which are oxi-
dized by UV treatment, plasma treatment, heat treatment,
acid treatment, and the like: and base materials having oxide
thin films such as a silicon oxide film on the topmost
surfaces thereof. In addition, in this embodiment, the first
catalyst layer 5 and the laminate catalyst layer 9 are both
formed using a tin chloride solution and a palladium chlo-
ride solution; however, the present invention is not limited
thereto, and at least one of the first catalyst layer 5 and the
laminate catalyst layer 9 may be formed using a tin-palla-
dium colloidal solution. Furthermore, although the first
catalyst layer 5 and the laminate catalyst layer 9 are both
formed, the present invention is not limited thereto, and the
first catalyst layer 5 may only be formed.

[0096] Next, the electroless plating method for forming
the plating substrate, and the circuit forming method will be
described with reference to FIGS. 2 to 5G.

[0097] FIG. 2 is a flowchart showing steps of an electro-
less plating method of a first embodiment for forming a
plating film of the plating substrate described above, and
FIGS. 3A to 3G are schematic views showing steps of a
circuit forming method using the electroless plating method
of this embodiment.

[0098] First, as the base material 1 used for the electroless
plating method of this embodiment, the ceramic base mate-
rial 1 having a glass component on a surface thereof is
prepared by mixing approximately 50% of a borosilicate
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glass and approximately 50% of a fine alumina powder,
followed by low-temperature firing. In this ceramic base
material 1, due to the production process therefor, a first
surface 1a is smoother than a second surface 2a, and in this
embodiment, the copper plating films 6 are formed on both
the first surface a and the second surface 2a. In this embodi-
ment, the ceramic base material 1 is not limited to the
above-described low-temperature co-fired ceramic base
material 1 formed of 50% of a borosilicate glass and 50% of
a fine alumina powder.

[0099] As shown in FIG. 2, in order to remove impurities,
such as refuse and fats and oils, which adhere to this ceramic
base material 1, the ceramic base material 1 is degreased and
washed (ST1).

[0100] In addition, a hydrochloric aqueous tin chloride
solution containing 1.33% of tin chloride and 0.54% of
hydrochloric acid and an aqueous palladium chloride solu-
tion containing 0.015% of palladium chloride are prepared.

[0101] Next, the ceramic base material 1 thus degreased
and washed is immersed in the aqueous tin chloride solution
at 23° C. for 3 minutes, followed by sufficient washing with
water.

[0102] Subsequently, the ceramic base material 1 is then
immersed in the aqueous palladium chloride solution at 30°
C. for 2 minutes, followed by sufficient washing with water.

[0103] Furthermore, the ceramic base material 1 is again
immersed in the above aqueous tin chloride solution for 2
minutes and is then immersed in the above aqueous palla-
dium chloride solution for 1 minute, so that a first catalyst
treatment step is performed (ST2) which forms the first
catalyst layers 5 on the first surface 2¢ and the second
surface 26 of the ceramic base material 1.

[0104] In the first catalyst treatment step described above,
instead of the aqueous tin chloride solution and the aqueous
palladium chloride solution, a tin-palladium colloidal solu-
tion may be used.

[0105] As described above, after the first catalyst treat-
ment step in which the ceramic base material 1 is alternately
immersed in the aqueous tin chloride solution and the
aqueous palladium chloride solution, this ceramic base
material 1 is sufficiently washed with water and is then dried.

[0106] Subsequently, pre-copper-plating heat treatment is
performed (ST3) for the ceramic base material 1 at a
predetermined heat treatment temperature for a predeter-
mined heat treatment time in an oxygen-containing atmo-
sphere. In this step, the heat treatment is preferably per-
formed at a heat treatment temperature of 250 to 450° C. for
a heat treatment time of 10 minutes or more.

[0107] After this pre-copper-plating heat treatment step,
the ceramic base material 1 is again immersed in an aqueous
tin chloride solution and an aqueous palladium chloride
solution, so that a laminate catalyst treatment step is per-
formed (ST4) for forming the laminate catalyst layers 9 on
the first surface 2a and the second surface 26 of the ceramic
base material 1. In this laminate catalyst treatment step,
instead of the aqueous tin chloride solution and the aqueous
palladium chloride solution, a tin-palladium colloidal solu-
tion may be used.

[0108] Furthermore, after this laminate catalyst treatment
step, the ceramic base material 1 is again degreased and
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washed and is then immersed in an aqueous formalin
solution containing approximately 0.05% of sulfuric acid
(H2S04) and 4% of formalin for 1 minute, so that the first
catalyst layers 5 and the laminate catalyst layers 9 are
reduced (ST5).

[0109] Subsequently, without washing the ceramic base
material 1, first plating treatment is performed for forming
the copper plating films 6 on the first surface 2a and the
second surface 2b. In this first plating treatment, a copper
plating solution is used which contains copper (Cu) ions at
a concentration of 2.5 g/I. (0.039 mol/L), nickel (Ni) ions at
a concentration of 0.138 g/L. (0.0023 mol/L), potassium
sodium tartrate tetrahydrate (Rochelle salt)
(KNaC4H406.4H20) as a complexing agent, and approxi-
mately 0.2% of formaldehyde (CH20) as a reducing agent.
That is, in the copper plating solution of this embodiment, 6
moles of nickel ions are contained relative to 100 moles of
copper ions.

[0110] The amount of nickel ions contained in the copper
plating solution is not limited to that of this embodiment and
is preferably set in the range of 1 to 25 moles relative to 100
moles of copper ions contained in the copper plating solu-
tion. When the amount of nickel ions is less than 1 mole
relative to 100 moles of copper ions contained in the copper
plating solution, sufficient adhesion between the ceramic
base material 1 and the copper plating film 6 may not be
obtained. On the other hand, when the amount of nickel ions
is more than 25 moles, the properties of copper are degraded.
For example, the resistivity is considerably increased.

[0111] Furthermore, in this copper plating solution,
approximately 1.5 g/l of sodium hydroxide (NaOH) is
contained for pH adjustment so as to have a pH of approxi-
mately 12.6, and in addition, approximately 0.1% of a
chelating agent is also contained.

[0112] Next, the ceramic base material 1 is immersed in
the copper plating solution at 36° C. for a predetermined
time, so that the first plating treatment is performed (ST6) in
which the copper plating films 6 having a thickness of
approximately 2 um are formed on the first surface 24 and
the second surface 2b.

[0113] Subsequently, after being sufficiently washed, the
ceramic base material 1 provided with the copper plating
films 6 is dried (ST7).

[0114] Furthermore, post-copper-plating heat treatment is
performed (ST8) in which the dried ceramic base material 1
is processed at a heat treatment temperature not more than
the glass transition temperature thereof in an inert gas
atmosphere containing a nitrogen gas or the like or in an
atmosphere such as a vacuum atmosphere substantially
containing no oxygen and hydrogen. In this step, the heat
treatment is preferably performed at a heat treatment tem-
perature in the range of 250 to 450° C. for a heat treatment
time of 10 minutes or more. As a result, the copper plating
films 6 having superior adhesion are formed on the first
surface 2a and the second surface 25 of the ceramic base
material 1, thereby forming the plating substrate 20.

[0115] In the post-copper-plating heat treatment step, the
heat treatment may be performed while a predetermined
pressure is being applied to the ceramic base material 1.
When the heat treatment is performed while a predetermined
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pressure is being applied, the heat treatment temperature is
preferably set in the range of 150 to 400° C.

[0116] Next, second catalyst treatment is performed (ST9)
in which second catalyst layers 10 are formed on the first
surface 2a and the second surface 25 of the ceramic base
material 1 provided with the copper plating films 6. In the
second catalyst treatment step, for example, the ceramic
base material 1 is immersed in a palladium solution at a
predetermined temperature for a predetermined time. In this
second catalyst treatment step, the condition of the catalyst
is not limited to that in this embodiment.

[0117] Next, after being washed with purified water, the
ceramic base material 1 provided with the second catalyst
layers 10 is immersed in a nickel-phosphorus plating solu-
tion at a predetermined temperature for a predetermined
time, so that second plating treatment is performed (ST10)
in which nickel plating films 7 having a thickness of
approximately 2 um are formed on the first surface 2a and
the second surface 2b. The second plating treatment step is
preferably performed at approximately 80° C. for approxi-
mately 20 minutes.

[0118] Furthermore, the ceramic base material 1 is
immersed in a gold plating solution at a predetermined
temperature for a predetermined time, so that third plating
treatment is performed (ST11) in which gold plating films 8
having a thickness of approximately 0.05 pm are formed on
the first surface 2a and the second surface 2b. The third
plating treatment step is preferably performed at approxi-
mately 60° C. for approximately 10 minutes.

[0119] The plating treatment conditions of the second and
the third plating treatment steps are not limited to that
described in this embodiment.

[0120] Subsequently, post-nickel-plating heat treatment is
performed (ST12) in which the ceramic base material 1
provided with the nickel plating films 7 and the gold plating
films 8 is processed at a predetermined heat treatment
temperature for a predetermined heat treatment time in an
inert gas atmosphere containing a nitrogen gas or the like or
in an atmosphere such as a vacuum atmosphere substantially
containing no oxygen and hydrogen. In this step, the heat
treatment temperature is preferably set in the range of 150 to
350° C. The reasons for this are as follows. That is, when the
temperature is less than 150° C., hydrogen incorporated
during the plating may not be sufficiently removed, and on
the other hand, when the temperature is more than 350° C.,
the nickel plating films 7 and the gold plating films 8 are
liable to be peeled away. In addition, the heat treatment time
is preferably set in the range of 10 minutes to 12 hours. The
reasons for this are as follows. That is, when the time is less
than 10 minutes, hydrogen incorporated during the plating
may not be sufficiently removed, and on the other hand,
when the time is more than 12 hours, the work efficiency is
degraded. As a result, the nickel plating films 7 and the gold
plating films 8, both having superior adhesion, are formed
on the first surface 2a and the second surface 24 of the
ceramic base material 1.

[0121] Next, the effect of the electroless plating method of
this embodiment will be described.

[0122] According to this embodiment, since tin and pal-
ladium are present in the first catalyst layers 5 and the
laminate catalyst layers 9 formed on the ceramic base
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material 1, and by the pre-copper-plating heat treatment and
the post-copper-plating heat treatment, the tin is bonded to
the oxygen of the glass component of the ceramic base
material 1 at the interface between ceramic base material 1
and the catalyst layers, the first catalyst layers 5 and the
laminate catalyst layers 9 can be favorably adhered to the
ceramic base material 1.

[0123] In particular, in the pre-copper-plating heat treat-
ment step, since the heat treatment is performed in an
oxygen atmosphere, the tin can be more reliably bonded to
the oxygen of the glass component. This is inferred since in
the pre-copper-plating heat treatment step, when the heat
treatment is performed in a nitrogen atmosphere, the adhe-
sion of the ceramic base material 1 to the first catalyst layer
5 and the laminate catalyst layer 9 is decreased. That is, for
example, when the pre-copper-plating heat treatment step is
performed in a nitrogen atmosphere, oxygen in the glass
component of the ceramic base material 1 is removed, and
as a result, depletion of the oxygen occurs. Hence, the tin
cannot be sufficiently bonded to the oxygen in the glass
component, and as a result, the first catalyst layer 5 and the
laminate catalyst layer 9 cannot be favorably adhered to the
ceramic base material 1. Accordingly, when the pre-copper-
plating heat treatment is performed in an oxygen atmo-
sphere, the first catalyst layer 5 and the laminate catalyst
layer 9 can be favorably adhered to the ceramic base
material 1.

[0124] In addition, by the pre-copper-plating heat treat-
ment and the post-copper-plating heat treatment, the tin and
the palladium form metal bonds, and in addition, by the
presence of the nickel ions in the copper plating solution,
excellent adhesion of the copper plating film 6 to the first
catalyst layer 5 and the laminate catalyst layer 9 can be
ensured.

[0125] Furthermore, it has been understood that when the
nickel plating film 7 and the gold plating film 8 are simply
formed on the copper plating film 6, the copper plating film
6 provided therewith is easily peeled away from the base
material 1. The reason for this is believed that hydrogen
radicals penetrates the nickel plating film 7, the cold plating
film 8, the copper plating film 6, and the interlayer during the
second plating treatment and the third plating treatment and
degrade the adhesion. In this case, when the post-nickel-
plating heat treatment is performed after the second plating
treatment and the third plating treatment are performed, the
adhesion between the copper plating film 6 and the base
material 1 can be improved. The reason for this is believed
that hydrogen radicals in the nickel plating film 7, the gold
plating film 8, the copper plating film 6, and the interlayer
can be released therefrom by the post-nickel-plating heat
treatment.

[0126] As aresult, even when the first surface 2a and the
second surface 25 of the ceramic base material 1 are mirror
finished, the copper plating films 6 can be favorably adhered
thereto, and hence, when electrodes are formed from the
copper plating films 6, a fine pitch wiring pattern can be
formed.

[0127] Inaddition, in the electroless plating method of this
embodiment, it is not necessary to perform roughening
treatment for forming irregularities on the first surface 2a
and the second surface 26 of the ceramic base material 1, and
hence various inconveniences caused by the roughening
treatment can be avoided.
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[0128] Furthermore, since the laminate catalyst treatment
step is performed after the pre-copper-plating heat treatment
step to form the laminate catalyst layer 9, the rate of
formation of the copper plating film 6 in the first plating
treatment step can be improved.

[0129] In addition, the adhesion of the copper plating film
6 to the nickel plating film 7 and the gold plating film 8 can
be improved, and hence when an electrode is formed by
plating the nickel plating film 7 and the gold plating film 8
on the copper plating film 6, a fine pitch wiring pattern can
be formed.

[0130] In addition, since the plating film is conformably
adhered to nanometer-order irregularities when the post-
copper-plating heat treatment step is performed while a
pressure is being applied, the adhesion of the copper plating
film 6 can be improved by further decreasing the heat
treatment temperature in the post-copper-plating heat treat-
ment step.

[0131] Next, the circuit forming method using the above
electroless plating method will be described with reference
to FIGS. 3A to 3G.

[0132] First, after the ceramic base material 1 having a
glass component on surfaces thereof is prepared, and as
shown in FIG. 3A, a resist solution is applied to the first
surface 2a and the second surface 25 of this ceramic base
material 1, exposure and development are performed using
a predetermined mask, so that resists 3 having a predeter-
mined pattern is formed.

[0133] Next, as shown in FIG. 3B, after the first catalyst
layers 5 are formed on the first surface 2a and the second
surface 26 of the ceramic base material 1 by the first catalyst
treatment, the resists 3 are removed as shown in FIG. 3C, so
that the first catalyst layers 5 are processed to have a
predetermined pattern. Subsequently, after the pre-copper-
plating heat treatment is performed by heating the ceramic
base material 1 in an oxygen atmosphere, the resists 3
having a predetermined pattern are again formed as shown
in FIG. 3D.

[0134] Subsequently, after the laminate catalyst layers 9
are formed on the first surface 2a and the second surface 25
of the ceramic base material 1 by the laminate catalyst
treatment, the resists 3 is removed, so that the first catalyst
layers 5 and the laminate catalyst layers 9 form predeter-
mined patterns as shown in FIG. 3E.

[0135] Furthermore, after the ceramic base material 1 is
immersed in an aqueous formalin solution for 1 minute
which is equivalent to that in the first embodiment of the
electroless plating method to reduce the catalyst layers 5 and
the laminate catalyst layers 9, without performing washing,
the ceramic base material 1 is immersed in a copper plating
solution at 36° C. for a predetermined time, so that the
copper plating films 6 are formed on the catalyst layers 5 as
shown in FIG. 3F.

[0136] Next, after the ceramic base material 1 provided
with the copper plating films 6 is sufficiently washed with
water, drying is performed.

[0137] Furthermore, after the post-copper-plating heat
treatment is performed for the ceramic base material 1 at a
heat treatment temperature not more than the glass transition
temperature thereof for a predetermined time, the second
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catalyst treatment is performed so that the second catalyst
layers 10 are formed on the first surface 2a and the second
surface 2b of the ceramic base material 1. Subsequently, as
shown in FIG. 3G, on the copper plating films 6, the nickel
plating films 7 and the gold plating films 8 are formed by
steps equivalent to those in the electroless plating method
described above.

[0138] Subsequently, the post-nickel-plating heat treat-
ment is performed for the ceramic base material 1 for a
predetermined heat treatment time at a temperature at which
the hardness of the nickel compound is not changed, so that
circuits having a predetermined wiring pattern are formed on
the ceramic base material 1.

[0139] Next, the effect of the circuit forming method using
the electroless plating method of this embodiment will be
described.

[0140] According to this embodiment, by forming the
circuits using the electroless plating method described
above, the first catalyst layers 5 and the laminate catalyst
layers 9 can be favorably adhered to the ceramic base
material 1, and in addition to that, the first catalyst layers 5
and the laminate catalyst layers 9 can be favorably adhered
to the copper plating films 6. Furthermore, the copper
plating films 6 can be favorably adhered to the nickel plating
films 7 and the gold plating films 8 with the second catalyst
layers 10 provided therebetween.

[0141] Accordingly, since the circuits can be formed on
the mirror-finished first surface 2a and second surface 26 of
the ceramic base material 1, fine pitch wiring patterns can be
formed on the ceramic base material 1.

[0142] In addition, since the circuits can be formed from
the plating films provided on the first surface 2a and the
second surface 26 which are not processed by roughening
treatment, the high frequency properties of the circuits can
be improved.

[0143] Next, an electroless plating method of a second
embodiment according to the present invention will be
described with reference to FIGS. 4 to 5G.

[0144] First, as the ceramic base material 1 used for the
electroless plating method of this embodiment, the ceramic
base material 1 is prepared by mixing approximately 50% of
a borosilicate glass and approximately 50% of a fine alumina
powder, followed by low-temperature firing. This ceramic
base material 1 has via holes 11 formed therein, and Ag
layers 12 are formed inside the via holes 11 using a Ag-based
conductive material, so that vias 13 are formed to connect
circuits to each other which are formed on the first surface
2a and the second surface 256 of the ceramic base material 1.
Also in the second embodiment, the ceramic base material
1 is not limited to the above-described low-temperature
co-fired ceramic base material 1 which is formed of 50% of
a borosilicate glass and 50% of a fine alumina powder.

[0145] As shown in FIG. 4, the ceramic base material 1 is
degreased and washed (ST21).

[0146] Subsequently, as is the case of the first embodi-
ment, after the first catalyst treatment is performed (ST22),
the ceramic base material 1 is sufficiently washed with water
and is then dried.

[0147] Next, after the pre-copper-plating heat treatment is
performed (ST23) for the ceramic base material 1 at a
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temperature not less than the decomposition temperature
(150 to 180° C.) of a silver oxide in an oxygen-containing
atmosphere in a manner equivalent to that in the first
embodiment, by using an aqueous H202 solution at room
temperature, treatment for removing oxide films formed on
the surfaces of the vias 13 is performed (ST24). In this oxide
film removing step, besides an aqueous H202 solution, for
example, purified water, hot purified water, ammonia water,
or diluted nitric acid may also be used.

[0148] Subsequently, after this oxide film removing step,
the laminate catalyst treatment is performed (ST25) in a
manner equivalent to that in the first embodiment.

[0149] Furthermore, after being sufficiently washed with
water, the ceramic base material 1 is immersed in an aqueous
formalin solution containing approximately 0.05% of sul-
furic acid (H2SO4) and approximately 4% of formalin for 1
minute, so that the first catalyst layers 5 and the laminate
catalyst layers 9 are reduced (ST26).

[0150] Subsequently, as is the case of the first embodi-
ment, the first plating treatment is performed (ST27) for
forming the copper plating films 6 on the first surface 2a and
the second surface 25 of the ceramic base material 1.

[0151] Next, after being sufficiently washed with water,
the ceramic base material 1 provided with the copper plating
films 6 are dried (ST28).

[0152] Furthermore, the post-copper-plating heat treat-
ment is performed (ST29) in which the dried ceramic base
material 1 is processed by heating at a heat treatment
temperature not more than the glass transition temperature
thereof for a predetermined heat treatment time in an inert
gas atmosphere containing a nitrogen gas or the like or in an
atmosphere such as a vacuum atmosphere substantially
containing no oxygen and hydrogen. In this step, the heat
treatment is preferably performed at a heat treatment tem-
perature of 250 to 450° C. for a heat treatment time of 10
minutes or more. As a result, the copper plating films 6 are
formed on the first surface 24 and the second surface 25 of
the ceramic base material 1.

[0153] In the post-copper-plating heat treatment step, the
heat treatment may be performed while a predetermined
pressure is being applied to the ceramic base material 1.
When the heat treatment is performed while a predetermined
pressure is being applied, the heat treatment temperature is
preferably set in the range of 150 to 400° C.

[0154] Next, the second catalyst treatment is performed
(ST30) in which the second catalyst layers 10 are formed on
the first surface 2a and the second surface 26 of the ceramic
base material 1 processed by the plating treatment. In the
second catalyst treatment step, for example, the ceramic
base material 1 is immersed in a palladium solution at a
predetermined temperature for a predetermined time. In this
second catalyst treatment step, the condition of the catalyst
is not limited to that in this embodiment.

[0155] Next, after the ceramic base material 1 provided
with the second catalyst layers 10 is washed with purified
water, in a manner equivalent to that in the first embodiment,
the second plating treatment is performed (ST31) for form-
ing the nickel plating films 7 on the first surface 2a and the
second surface 26 of the ceramic base material 1. Subse-
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quently, the third plating treatment is performed (ST32) for
forming the gold plating films 8.

[0156] Subsequently, the post-nickel-plating heat treat-
ment is performed (ST33) for the ceramic base material 1 in
a manner equivalent to that in the first embodiment.

[0157] Next, the effect of the electroless plating method of
the second embodiment will be described.

[0158] According to the second embodiment, as is the case
of the first embodiment, the first catalyst layers 5 and the
laminate catalyst layers 9 can be favorably adhered to the
ceramic base material 1, and in addition to that, the first
catalyst layers 5 and the laminate catalyst layers 9 can be
favorably adhered to the copper plating films 6. In addition,
since the post-nickel-plating heat treatment is performed
after the second plating treatment step and the third plating
treatment step are performed, the adhesion between the
copper plating films 6 and the base material 1 can be
improved. Furthermore, since tin and palladium are present
on the vias 13, and palladium and silver are tightly bonded
to each other by the pre-copper-plating heat treatment and
the post-copper-plating heat treatment, the Ag layers 12 of
the vias 13 can be favorably adhered to the first catalyst
layers 5 and the laminate catalyst layers 9.

[0159] In this embodiment, when the heat treatment tem-
perature in the pre-copper-plating heat treatment step is set
to not less than the decomposition temperature of a silver
oxide, the formation of a silver oxide on the Ag layer 12 of
the via 13 during the heat treatment can be prevented.

[0160] In addition, as for the Ag layer of the via 13, after
the pre-copper-plating heat treatment, although oxide films
are formed in a step in which the temperature is decreased,
the oxide films formed on the Ag layer 12 can be removed
in the oxide film removing step.

[0161] Hence, in the ceramic base material 1 having a
glass component on surfaces thereof and provided with the
Ag-based vias 13, even when the first surface 2a and the
second surface 25 of the ceramic base material 1 are mirror
finished, the copper plating films 6 can be favorably adhered
to the first surface 2a and the second surface 25, and as a
result, when an electrode is formed from the copper plating
film 6, a fine pitch wiring pattern can be formed. In addition,
in a finished product in which the copper plating films 6 are
formed on the ceramic base material 1, the formation of
oxide films on the Ag layer 12 of the via 13 can be
prevented.

[0162] Furthermore, also in the electroless plating method
according to the second embodiment, roughening treatment
for forming irregularities on the first surface 2a and the
second surface 24 of the ceramic base material 1 is not
required, and hence various inconveniences caused by the
roughening treatment can be avoided.

[0163] Furthermore, since the laminate catalyst treatment
step is performed after the pre-copper-plating heat treatment
step to form the laminate catalyst layers 9, the rate of
formation of the copper plating film 6 in the plating treat-
ment step can be improved.

[0164] In addition, the adhesion of the copper plating film
6 to the nickel plating film 7 and the gold plating film 8 can
be improved, and when an electrode is obtained by forming
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the nickel plating film 7 and the gold plating film 8 on the
copper plating film 6, a fine pitch wiring pattern can be
formed.

[0165] Next, the circuit forming method using the elec-
troless plating method of the second embodiment will be
described with reference to FIGS. 5A to 5G.

[0166] FIGS. 5A to 5G are schematic views for illustrating
steps of the circuit forming method of this embodiment.

[0167] First, the ceramic base material 1 having a glass
component on surfaces thereof is prepared. In this ceramic
base material 1, the via holes 11 are formed, the Ag layers
12 are provided therein, and hence the Ag-based vias 13 are
formed. This ceramic base material 1 is degreased and
washed.

[0168] Next, as shown in FIG. 5A, a resist solution is
applied to the first surface 2a and the second surface 26 of
this ceramic base material 1, and exposure and development
are performed using a predetermined mask, so that the
resists 3 having a predetermined pattern are formed. Sub-
sequently, washing is sufficiently performed with water.

[0169] Next, as shown in FIG. 5B, after the first catalyst
layers 5 are formed on the first surface 2a and the second
surface 26 of the ceramic base material 1 by the first catalyst
treatment, the resists 3 are removed as shown in FIG. 5C, so
that the first catalyst layers 5 are processed to have a
predetermined pattern. Subsequently, the pre-copper-plating
heat treatment is performed by heating the ceramic base
material 1 in an oxygen atmosphere, and during a cooling
step for cooling the ceramic base material 1, treatment is
performed for removing the oxide films formed on the
surfaces of the vias 13.

[0170] Subsequently, after the resists 3 having a predeter-
mined pattern are formed again as shown in FIG. 5D, the
laminate catalyst treatment is performed so that the laminate
catalyst layers 9 are formed on the first surface 2a and the
second surface 25 of the ceramic base material 1. Next, the
resists 3 are removed so that predetermined patterns are
formed by the first catalyst layers 5 and the laminate catalyst
layers 9 as shown in FIG. 5E, followed by sufficient washing
of the ceramic base material 1 with water.

[0171] Furthermore, after the ceramic base material 1 is
immersed in an aqueous formalin solution to reduce the first
catalyst layers 5 and the laminate catalyst layers 9, without
performing washing, the ceramic base material 1 is
immersed in a copper plating solution for a predetermined
time, so that the copper plating films 6 are formed on the
catalyst layers 5 and the laminate catalyst layers 9 as shown
in FIG. 5F.

[0172] Next, after the ceramic base material 1 provided
with the copper plating films 6 is sufficiently washed with
water, drying is performed.

[0173] Furthermore, after the post-copper-plating heat
treatment is performed for the ceramic base material 1 at a
heat treatment temperature not more than the glass transition
temperature thereof for a predetermined time, the second
catalyst treatment is performed so that the second catalyst
layers 10 are formed on the first surface 2a and the second
surface 26 of the ceramic base material 1. Subsequently, as
shown in FIG. 5G, on the copper plating films 6, the nickel
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plating films 7 and the gold plating films 8 are formed by the
second plating treatment step and the third plating treatment
step, respectively.

[0174] Subsequently, the post-nickel-plating heat treat-
ment is performed for the ceramic base material 1 for a
predetermined heat treatment time at a temperature at which
the hardness of the nickel compound is not changed, so that
circuits having a predetermined wiring pattern are formed on
the ceramic base material 1.

[0175] According to the second embodiment, by forming
the circuits using the electroless plating method described
above, the first catalyst layers 5 and the laminate catalyst
layers 9 can be favorably adhered to the ceramic base
material 1, and in addition to that, the first catalyst layers 5
and the laminate catalyst layers 9 can be favorably adhered
to the copper plating films 6. Furthermore, the copper
plating films 6 can be favorably adhered to the nickel plating
films 7 and the gold plating films 8.

[0176] Accordingly, since the circuits can be formed on
the mirror-finished first surface 2a and second surface 26 of
the ceramic base material 1 having the Ag-based vias 13
therein, fine pitch wiring patterns can be formed on the
ceramic base material 1, and the high frequency properties
of the circuit can be improved.

[0177] In addition, since the heat treatment temperature in
the pre-copper-plating heat treatment is set to not less than
the decomposition temperature of a silver oxide, the forma-
tion of a silver oxide during the pre-copper-plating heat
treatment step can be prevented, and in addition, in the oxide
film removing step, the oxide films formed on the Ag layers
12 of the vias 13 can be removed.

[0178] Inthe embodiments of the circuit forming methods
using the first and the second electroless plating methods
described above, the plating treatment is performed after the
first catalyst layers 5 and the laminate catalyst layers 9 are
processed to have a predetermined pattern; however, the
present invention is not limited thereto. For example, the
following embodiment of the circuit forming method using
the electroless plating method of the present invention may
also be used. That is, after the first plating treatment is
performed, a resist solution is applied onto the copper
plating films 6 and is then formed into the resists 3 having
a predetermined pattern by exposure and development.
Subsequently, after the copper plating films 6 are processed
by etching to have a predetermined pattern, the resists 3
remaining on the copper plating films 6 are removed, so that
the circuits are formed.

[0179] Next, another electroless plating method for form-
ing the plating substrate 20 and another circuit forming
method will be described with reference to FIGS. 6 to 7E.

[0180] FIG. 6 is a flowchart showing steps of an electro-
less plating method according to a third embodiment.

[0181] First, as the base material 1 used for the electroless
plating method of this embodiment, a glass base material 1
composed of a borosilicate glass is prepared. However, as
the glass base material 1, besides a borosilicate glass,
various glass materials, such as a soda lime glass, may also
be used.

[0182] Next, as shown in FIG. 6, after one surface of the
glass base material 1 on which the copper plating film 6 is
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formed is polished to have a mirror-finished surface (ST41),
in order to remove impurities, such as refuse and fats and
oils, which adhere to this glass base material 1, the glass
base material 1 is degreased and washed (ST42). When the
glass base material 1 is used having a superior mirror surface
without polishing, the step (ST41) of polishing the surface
of the glass base material 1 may be omitted in some cases.

[0183] In addition, a hydrochloric aqueous tin chloride
solution containing 1.33% of tin chloride and 0.54% of
hydrochloric acid and an aqueous palladium chloride solu-
tion containing 0.015% of palladium chloride are prepared.

[0184] Next, the glass base material 1 thus degreased and
washed is immersed in the aqueous tin chloride solution at
23° C. for 3 minutes, followed by sufficient washing with
water.

[0185] Subsequently, the glass base material 1 is then
immersed in the aqueous palladium chloride solution at 30°
C. for 2 minutes, followed by sufficient washing with water.

[0186] Furthermore, the glass base material 1 is again
immersed in the aqueous tin chloride solution for 2 minutes
and was then immersed in the aqueous palladium chloride
solution for 1 minute, so that the first catalyst treatment is
performed which forms the first catalyst layer 5 (ST43).

[0187] In the first catalyst treatment step described above,
instead of the aqueous tin chloride solution and the aqueous
palladium chloride solution, a tin-palladium colloidal solu-
tion may be used.

[0188] As described above, after the first catalyst treat-
ment step is performed in which the glass base material 1 is
alternately immersed in the aqueous tin chloride solution
and the aqueous palladium chloride solution, this glass base
material 1 is sufficiently washed with water and is then
immersed in an aqueous formalin solution containing
approximately 0.05% of sulfuric acid (H2SO4) and approxi-
mately 4% of formalin, so that the first catalyst layer 5 is
reduced (ST44).

[0189] Subsequently, the first plating treatment is per-
formed for forming the copper plating film 6 on the surface
of the glass base material 1. In this first plating treatment, a
copper plating solution is used which contains copper (Cu)
ions at a concentration of 2.5 g/L. (0.039 mol/L), nickel (Ni)
ions at a concentration of 0.23 g/LL (0.0039 mol/L.), potas-
sium sodium tartrate tetrahydrate (Rochelle salt)
(KNaC4H406.4H20) as a complexing agent, and approxi-
mately 0.2% of formaldehyde (CH20) as a reducing agent.
That is, 10 moles of nickel ions are contained in the copper
plating solution of this embodiment relative to 100 moles of
copper ions contained therein.

[0190] The amount of nickel ions in the copper plating
solution is not limited to that of this embodiment and is
preferably in the range of 1 to 25 moles relative to 100 moles
of copper ions contained in the copper plating solution.

[0191] Furthermore, in this copper plating solution,
approximately 1.5 g/LL of sodium hydroxide is contained for
pH adjustment so as to have a pH of approximately 12.6, and
in addition, approximately 0.1% of chelating agent is also
contained.

[0192] Next, the glass base material 1 is immersed in the
copper plating solution at 36° C. for a predetermined time so
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as to perform the first plating treatment (ST45) in which the
copper plating film 6 having a thickness of approximately 2
um is formed on the surface of the glass base material 1.

[0193] Subsequently, after being sufficiently washed, the
glass base material 1 provided with the copper plating film
6 is dried (ST46).

[0194] Furthermore, the post-copper-plating heat treat-
ment is performed (ST47) in which the dried glass base
material 1 is processed by heating at a heat treatment
temperature not more than the glass transition temperature
thereof in an inert gas atmosphere containing a nitrogen gas
or the like or in an atmosphere such as a vacuum atmosphere
substantially containing no oxygen and hydrogen. In this
post-copper-plating heat treatment step, the heat treatment is
preferably performed at a heat treatment temperature in the
range of 250 to 450° C. for a heat treatment time of 10
minutes or more. As a result, the copper plating film is
formed on the surface of the glass base material 1, thereby
forming the plating substrate 20.

[0195] In the post-copper-plating heat treatment, the heat
treatment may be performed while a predetermined pressure
is being applied to the glass base material 1. When the heat
treatment is performed while a predetermined pressure is
being applied, the heat treatment temperature is preferably
set in the range of 150 to 400° C.

[0196] Next, the second catalyst treatment is performed
(ST48) in which the second catalyst layer 10 is formed on
the glass base material 1 provided with the copper plating
film. In the second catalyst treatment step, for example, the
glass base material 1 is immersed in a palladium solution at
a predetermined temperature for a predetermined time. In
this second catalyst treatment step, the condition of the
catalyst is not limited to that in this embodiment.

[0197] Next, after being washed with purified water, the
glass base material 1 provided with the second catalyst layer
10 is immersed in a nickel-phosphorus plating solution at a
predetermined temperature for a predetermined time, so that
the second plating treatment is performed (ST49) in which
the nickel plating film 7 having a thickness of approximately
2 um is formed. The second plating treatment step is
preferably performed at approximately 80° C. for approxi-
mately 20 minutes.

[0198] Furthermore, the glass base material 1 is immersed
in a gold plating solution at a predetermined temperature for
a predetermined time so that the third plating treatment is
performed (ST50) in which the gold plating film 8 having a
thickness of approximately 0.05 um is formed. The third
plating treatment step is preferably performed at a plating
temperature of approximately 60° C. for a plating time of
approximately 10 minutes.

[0199] The plating treatment conditions of the second and
the plating treatment steps are not limited to that in this
embodiment.

[0200] Subsequently, the post-nickel-plating heat treat-
ment is performed (ST51) in which the glass base material
1 provided with the nickel plating film 7 and the gold plating
film 8 is processed by heating at a predetermined heat
treatment temperature for a predetermined heat treatment
time in an inert gas atmosphere containing a nitrogen gas or
the like or in an atmosphere such as a vacuum atmosphere
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substantially containing no oxygen and hydrogen. In this
post-nickel-plating heat treatment, the heat treatment tem-
perature is preferably set in the range of 150 to 350° C., and
the heat treatment time is preferably set in the range of 10
minutes to 12 hours. As a result, the nickel plating film 7 and
the gold plating film 8, both having superior adhesion, are
formed on the glass base material 1.

[0201] Next, the effect of the electroless plating method of
the third embodiment will be described.

[0202] According to this embodiment, it is believed that
since tin and palladium are present in the first catalyst layer
5 formed on the glass base material 1, and the heat treatment
is performed after the plating treatment, the tin is bonded to
the oxygen of the glass at the interface between the glass
base material 1 and the first catalyst layer 5, and hence the
first catalyst layer 5 can be tightly adhered to the glass base
material 1. In addition, it is believed that since the tin and the
palladium form metal bonds in the post-copper-plating heat
treatment, and the nickel ions are present in the copper
plating solution, excellent adhesion between the first catalyst
layer 5 and the copper plating film 6 can be ensured. This
effect of improving the adhesion can be more significantly
enhanced when the impurities on the surface of the base
material are removed by the above degreasing step.

[0203] Furthermore, it has been understood that when the
nickel plating film 7 and the cold plating film 8 are simply
formed on the copper plating film 6, the copper plating film
6 provided therewith is easily peeled away from the base
material 1. Hence, when the post-nickel-plating heat treat-
ment is performed after the second plating treatment and the
third plating treatment are performed, the adhesion between
the copper plating film 6 and the base material 1 can be
improved.

[0204] Hence, even when the surface of the glass base
material 1 is mirror finished, the copper plating film 6 can be
tightly adhered thereto, and hence, when an electrode is
formed from the copper plating film 6, a fine pitch wiring
pattern can be formed. In addition, in the electroless plating
method of this embodiment, it is not necessary to perform
roughening treatment for forming irregularities on the sur-
face of the glass base material 1, and hence various incon-
veniences caused by the roughening treatment can be
avoided.

[0205] Furthermore, the adhesion of the copper plating
film 6 to the nickel plating film 7 and the gold plating film
8 can be improved, and hence when an electrode is formed
by plating the nickel plating film 7 and the gold plating film
8 on the copper plating film 6, a fine pitch wiring patterns
can be formed.

[0206] In addition, since the plating film is conformably
adhered to nanometer-order irregularities when the post-
copper-plating heat treatment is performed while a pressure
is being applied, the adhesion of the copper plating film 6
can be improved by further decreasing the heat treatment
temperature of the post-copper-plating heat treatment.

[0207] Next, a circuit forming method using the above
electroless plating method of the third embodiment will be
described with reference to FIGS. 7A to 7E.

[0208] FIGS. 7A to 7E are schematic views showing steps
of the circuit forming method of this embodiment.
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[0209] First, after a glass base material composed of a
borosilicate glass or the like is prepared as the glass base
material 1 for forming the circuit substrate in this embodi-
ment, a surface of this glass base material 1 to be processed
is mirror finished by polishing, followed by degreasing and
washing.

[0210] Next, as shown in FIG. 7A, a photoresist solution
is applied onto a surface 2 of the glass base material 1 and
is then processed by exposure and development using a
predetermined mask, so that the resist 3 having a predeter-
mined pattern is formed.

[0211] Next, as shown in FIG. 7B, after the first catalyst
layer 5 is formed by the catalyst treatment, the resist 3 is
removed, so that the first catalyst layer 5 is processed to have
a predetermined pattern.

[0212] Furthermore, after the glass base material 1 is
immersed in an aqueous formalin solution for 1 minute to
reduce the catalyst layer 5, without performing washing, as
shown in FIG. 7C, plating treatment is performed for the
glass base material 1 by a step equivalent to that in the first
embodiment.

[0213] Next, as shown in FIG. 7D, the glass base material
1 is immersed in a copper plating solution at 36° C. for a
predetermined time, so that the copper plating film 6 having
a thickness of approximately 2 um is formed on the first
catalyst layer 5.

[0214] Subsequently, after the glass base material 1 pro-
vided with the copper plating film 6 is sufficiently washed
with water, drying is performed.

[0215] Furthermore, after the post-copper-plating heat
treatment is performed for the glass base material 1 at a heat
treatment temperature not more than the glass transition
temperature thereof for a predetermined time, the second
catalyst treatment is performed so that the second catalyst
layer 10 is formed on the glass base material 1. Subse-
quently, as shown in FIG. 7E, on the copper plating film 6,
the nickel plating film 7 and the gold plating film 8 are
formed by steps equivalent to those in the electroless plating
method described above.

[0216] Next, the post-nickel-plating heat treatment is per-
formed for the glass base material 1 for a predetermined heat
treatment time at a temperature at which the hardness of the
nickel compound is not changed, so that a circuit having a
predetermined wiring pattern is formed on the glass base
material 1.

[0217] Next, the effect of the circuit forming method using
the electroless plating method of the third embodiment will
be described.

[0218] According to this embodiment, the first catalyst
layer 5 can be favorably adhered to the glass base material
1, and in addition to that, the first catalyst layer 5 can be
favorably adhered to the copper plating film 6. Furthermore,
the copper plating film 6 can be favorably adhered to the
nickel plating film 7 and the gold plating film 8 with the
second catalyst layer 10 provided therebetween.

[0219] Accordingly, since a circuit can be formed on the
mirror-finished surface 2 of the glass base material 1, a fine
pitch wiring pattern can be formed on the glass base material
1.
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[0220] In addition, since the circuit can be formed from
the plating film provided on the mirror-finished surface 2,
the high frequency properties of the circuit can be improved.

[0221] Tt is to be naturally understood that the present
invention is not limited to the above embodiments, and
whenever necessary, various modifications may be made
without departing from the scope of the present invention.

[0222] For example, in the above embodiments, after the
second and the third plating treatment are performed, by the
post-nickel-plating heat treatment, the adhesion between the
copper plating film 6 and the base material 1 is improved;
however, the present invention is not limited thereto. For
example, by performing heat treatment at a predetermined
temperature for a predetermined time after the second plat-
ing treatment, the adhesion between the copper plating film
6 and the base material 1 can be improved.

EXAMPLES

Example 1

[0223] Approximately 50% of a borosilicate glass and
approximately 50% of a fine alumina powder were mixed to
form ceramic base materials each containing a glass com-
ponent, and the ceramic base materials thus formed were
degreased and washed.

[0224] Next, the ceramic base materials thus degreased
and washed were immersed in the aqueous tin chloride
solution of the first embodiment at 23° C. for 3 minutes,
followed by sufficient washing with water. In addition, the
ceramic base materials thus washed were then immersed in
the aqueous palladium chloride solution described in the first
embodiment at 30° C. for 2 minutes.

[0225] Furthermore, the ceramic base materials were
again immersed in the above aqueous tin chloride solution
for 2 minutes and then immersed in the above aqueous
palladium chloride solution for 1 minute to form catalyst
layers and were sufficiently washed with water, followed by
drying.

[0226] Subsequently, as shown in Table 1, pre-copper-
plating heat treatment was performed for the ceramic base
materials at various heat treatment temperature in the range
of 250 to 450° C. for a heat treatment time in the range of
10 minutes to 2 hours in the air.

[0227] After this pre-copper-plating heat treatment, the
ceramic base materials were immersed in the aqueous for-
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malin solution of the first embodiment for 1 minute, so that
the catalyst layers were reduced.

[0228] In addition, in this example, a copper plating
solution was prepared which contained copper ions at a
concentration of 2.5 g/IL (0.039 mol/L), potassium sodium
tartrate tetrahydrate, approximately 0.2% of formaldehyde
(CH20), approximately 1.5 g/I. of sodium hydroxide
(NaOH), and approximately 0.1% of a chelating agent. By
using the copper plating solution described above as a
fundamental composition, as shown in Table 1, five types of
copper plating solutions were prepared, that is, solutions
further containing nickel ions at a concentration of 0.00039,
0.0023, 0.0039, 0.01, and 0 moles/L. were prepared.

[0229] Next, the ceramic base materials prepared as
described above in this example were immersed in the
respective copper plating solutions at 36° C. to plate copper
films having a thickness of 2 pm and were then sufficiently
washed, followed by drying.

[0230] Furthermore, as shown in Table 1, post-copper-
plating heat treatment was performed at various heat treat-
ment temperatures in the range of 250 to 450° C. for a heat
treatment time in the range of 10 minutes to 2 hours in a
nitrogen atmosphere, so that copper plating films were
formed on the ceramic base materials.

[0231] The adhesion of the copper plating films to the
ceramic base materials was measured, the copper plating
films being formed as described above by changing the
amount of nickel ions in the copper plating solution of the
plating treatment, and by changing the heat treatment tem-
peratures and times in the pre-copper-plating heat treatment
and in the post-copper-plating heat treatment.

[0232] For the adhesion evaluation, by using an alumi-
num-made evaluation pin having a diameter of 2 mm, the
bottom of which is flat and is coated with an epoxy resin, the
bottom of the pin was brought into contact with the copper
plating film and was then heated to 150° C., so that the
evaluation pin was bonded to the copper plating film with
the epoxy resin provided therebetween. Subsequently, a
tensile test was performed using the evaluation pin, and the
tensile strengths (MPa) at which the copper plating films
were separated from the ceramic base materials were mea-
sured for the first and the second surfaces of the ceramic
base materials, the second surface having a rough surface as
compared to that of the first surface (Sebastian method).

TABLE 1

Pre-Copper-Plating

Evaluation of Adhesion: Unit (MPa

Post-Copper-Plating

Heat Treatment Step Heat Treatment Step  Evaluation Nickel Concentration (Mol/L)
Time Temperature Time Temperature Surface 0 0.0004 0.0023 0.0039 0.01
10 min. to 450° C. 10 min. to 450° C.  First surface 0 52-55 52-68  55-62 50-61
2 hours 2 hours Second surface 3 33-34  33-40 35-40 35-45
10 min. to 450° C. 10 min. to 350° C.  First surface 0 52-54  53-61 55-60  50-60
2 hours 2 hours Second surface 2 55-60 60-61 55-60  50-60
10 min. to 450° C. 10 min. to 250° C.  First surface 0  40-54  49-58  55-60 53-60
2 hours 2 hours Second surface 2 30-31 30-31 30-31 30-35
10 min. to 350° C. 10 min. to 450° C.  First surface 0 35-54 3572 45-60 50-60
2 hours 2 hours Second surface 2 40-51 40-62 40-60  40-60
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TABLE 1-continued

15

Pre-Copper-Plating
Heat Treatment Step

Evaluation of Adhesion: Unit (MPa)

Post-Copper-Plating

Heat Treatment Step  Evaluation

Nickel Concentration (Mol/L)

Time Temperature Time Temperature Surface 0 0.0004 0.0023 0.0039 0.01
10 min. to 350° C. 10 min. to 350° C.  First surface 0 50-54 59-74  60-64 50-60
2 hours 2 hours Second surface 2 20-32 30-32 30-50  30-50
10 min. to 350° C. 10 min. to 250° C.  First surface 0 45-54  45-60 60-64 50-60
2 hours 2 hours Second surface 1 30-32 27-55 30-55  30-60
10 min. to 250° C. 10 min. to 450° C.  First surface 0 50-54  53-57  55-64 50-60
2 hours 2 hours Second surface 2 30-45 28-55 30-55  30-60
10 min. to 250° C. 10 min. to 350° C.  First surface 0 50-60 61-63  60-64 50-60
2 hours 2 hours Second surface 2 45-50  46-62 50-55  50-60
10 min. to 250° C. 10 min. to 250° C.  First surface 0 50 55-73 60-65  40-60
2 hours 2 hours Second surface 2 28-40 28-42 30-45  30-50

Feb. 7, 2008

[0233] As shown in Table 1, when the copper plating
solutions having a nickel ion concentration of 0.00039 to
0.01 mole/L were used, at both first and second surface sides
of the ceramic base material, the tensile strength was
approximately 30 MPa or more; hence, the adhesion of the
copper plating film could be improved so that the ceramic
base material was broken or so that the bonding portion
between the evaluation pin and the copper plating film was
broken. In this evaluation, separation was not observed at

heat treatment were not performed, and the tensile strength
obtained when the copper plating film was separated from
the ceramic base material was measured under the same
conditions as those in the Sebastian method. In addition, the
tensile strength of a copper plating film which was only
processed by the pre-copper-plating heat treatment at 450°
C. for 2 hours and the tensile strength of a copper plating
film which was only processed by the post-copper-plating
heat treatment at 450° C. for 7 hours were also measured.

TABLE 2

Pre-Copper-Plating
Heat Treatment Step

Evaluation of Adhesion: Unit (MPa

Post- Copper-Plating
Heat Treatment Step Evaluation

Nickel Concentration (Mol/L)

Time Temperature Time  Temperature Surface 0 0.0004 0.0023 0.0039 0.01
— — — First surface 0 0 0 0 0
Second surface 0 0 0 0 0
2 hours 450° C. — First surface 0 0 0 0 0-5
Second surface 0 11 18 20 10-20
— — 7 hours 450° C.  First surface 0 0 0 0 0-10
Second surface 1 19 20 23 0-25

the interface between the copper plating film and the catalyst
layer and the interface between the catalyst layer and the
ceramic base material. On the other hand, when the copper
plating solution containing no nickel ions was used, the
adhesion between the copper plating film and the ceramic
base material could hardly be ensured.

[0234] In addition, when an electroless plating method
was performed for a silicon oxide film base material, alu-
mina sintered base material, sapphire base material, quartz
base material, and single crystal quartz base material under
the same conditions as those of Example 1 using the copper
plating solutions having a concentration of 0.00039 to 0.01
mol/L, the tensile strength of the copper plating film of each
base material was approximately 50 MPa or more, and hence
the adhesion of the copper plating film could be improved.

[0235] On the other hand, as shown in Table 2, a copper
plating film was formed on the ceramic base material under
the same conditions of Example 1 except that the pre-
copper-plating heat treatment and the post-copper-plating

[0236] As shown in Table 2, in the case in which the
pre-copper-plating heat treatment and the post-copper-plat-
ing heat treatment were not performed, the adhesion
between the copper plating film and the ceramic base
material could not be ensured at both first and second surface
sides. In addition, in the cases in which one of the pre-
copper-plating heat treatment and the post-copper-plating
heat treatment was performed, the adhesion between the
copper plating film and the ceramic base material could not
be ensured at the first surface side. Furthermore, at the
second surface side, although the adhesion between the
copper plating film and the ceramic base material could be
ensured, the tensile strength was approximately 20 MPa or
less, and as a result, the copper plating film was easily peeled
away from the ceramic base material.

Example 2

[0237] Approximately 50% of a borosilicate glass and
approximately 50% of a fine alumina powder were mixed to
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form a ceramic base material containing a glass component,
and the ceramic base material thus formed was degreased
and washed.

[0238] Next, after being applied onto a first and a second
surface of the ceramic base material, a resist solution was
processed by exposure and development using a predeter-
mined mask so as to form resists having a predetermined
pattern, followed by sufficient washing with water.

[0239] Subsequently, the ceramic base material was
immersed in the aqueous tin chloride solution described in
the circuit forming method using the electroless plating
method of the first embodiment for 3 minutes, followed by
sufficient washing with water. In addition, the ceramic base
material thus washed was then immersed in the aqueous
palladium chloride solution described in the first embodi-
ment for 2 minutes.

[0240] Furthermore, the ceramic base material was again
immersed in the above aqueous tin chloride solution for 2
minutes and was then immersed in the above aqueous
palladium chloride solution for 1 minute, followed by suf-
ficient washing with water. Next, the resists were removed,
so that catalyst layers having a predetermined pattern were
formed.

[0241] Subsequently, after the ceramic base material was
sufficiently washed with water, followed by drying, pre-
copper-plating heat treatment was performed for the ceramic
base material at 450° C. for 30 minutes in the air.

[0242] Next, after sufficiently washed with water, the
ceramic base material was immersed in the aqueous forma-
lin solution of the first embodiment for 1 minute to reduce
the catalyst layers, and without performing washing with
water, plating treatment was then performed.

[0243] In Example 2, a copper plating solution was pre-
pared which contained copper ions at a concentration of 2.5
g/L (0.039 mol/L), nickel ions at a concentration of 0.14 g/L.
(0.0024 mol/L)), potassium sodium tartrate tetrahydrate,
approximately 0.2% of formaldehyde (CH20), approxi-
mately 1.5 g/L. of sodium hydroxide (NaOH), and approxi-
mately 0.1% of a chelating agent.

[0244] Next, the ceramic base material was immersed in
the above copper plating solution at 36° C. to form green
copper plating films having a thickness of 2 um and was then
sufficiently washed, followed by drying.

[0245] Subsequently, post-copper-plating heat treatment
was performed at 350° C. for 30 minutes in a nitrogen
atmosphere for the ceramic base material, so that copper
plating films were formed thereon.

[0246] Furthermore, after being sufficiently washed and
was then dried, the ceramic base material was immersed in
a palladium solution at 30° C. for 1 minute for catalyst
treatment, and then washing was performed with purified
water.

[0247] Next, the ceramic base material was immersed in
an electroless nickel-phosphorus plating solution at 80° C.
for 20 minutes to form nickel plating films having a thick-
ness of 2 ym and was then immersed in a gold plating
solution at 60° C. for 10 minutes to form gold plating films
having a thickness of 0.05 um. Subsequently, post-nickel-
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plating heat treatment was performed at 350° C. for 1 hour
in a nitrogen atmosphere, so that circuits were formed on the
ceramic base material.

[0248] The tensile strengths of the nickel plating film and
the gold plating film were 64 MPa, and hence the adhesion
could be improved. The resistivity of the copper plating film
was approximately 2.5 to 5 p€-cm, and hence circuits
having superior high frequency properties could be formed.

[0249] Furthermore, when circuits were formed on a sili-
con base material provided with silicon oxide films thereon
by the circuit forming method of Example 2, the tensile
strengths of the nickel plating film and the gold plating film
were 50 MPa or more, and hence the adhesion could be
improved. In addition, the resistivity of the copper plating
film was approximately 2.5 to 5 uQ-cm, and hence circuits
having superior high frequency properties could be formed.

Example 3

[0250] Ceramic base materials containing a glass compo-
nent, which were each formed of approximately 50% of a
borosilicate glass and approximately 50% of a fine alumina
powder and which were each provided with Ag-based vias
therein, were degreased and washed using a degreasing
agent containing sodium hydroxide, a carbonate, a phos-
phate, and the like.

[0251] Subsequently, ceramic base materials were
immersed in the aqueous tin chloride solution described in
the second embodiment at 23° C. for 3 minutes, followed by
sufficient washing with water. In addition, the ceramic base
materials thus washed were then immersed in the aqueous
palladium chloride solution described in the second embodi-
ment at 30° C. for 2 minutes. Furthermore, the ceramic base
materials were again immersed in the above aqueous tin
chloride solution for 2 minutes and were then immersed in
the above aqueous palladium chloride solution for 1 minute
to form catalyst layers, followed by sufficient washing with
water and drying.

[0252] Subsequently, pre-copper-plating heat treatment
was performed for the ceramic base materials at heat treat-
ment temperatures of 250 and 450° C. for a heat treatment
time in the range of 10 minutes to 2 hours in the air.

[0253] Next, after the pre-copper-plating treatment step,
oxide film removing treatment was performed for 1 minute
using an aqueous H202 solution at a concentration of 3% at
room temperature, followed by sufficient washing with
water. The ceramic base materials thus processed were
immersed in the aqueous formalin solution of the second
embodiment for 1 minute so as to reduce the catalyst layers.

[0254] In Example 3, a copper plating solution was pre-
pared which contained copper ions at a concentration of 2.5
g/L (0.039 mol/L), potassium sodium tartrate tetrahydrate,
approximately 0.2% of formaldehyde (CH20), approxi-
mately 1.5 g/L. of sodium hydroxide (NaOH), and approxi-
mately 0.1% of a chelating agent. By using the copper
plating solution described above as a fundamental compo-
sition, as shown in Table 3, 5 types of copper plating
solutions were prepared, that is, solutions containing nickel
ions at a concentration of 0.00039, 0.0023, 0.0039, 0.01, and
0 moles/L were prepared.
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[0255] Next, the ceramic base materials formed as
described above were immersed in the respective copper
plating solutions at 36° C. to form green copper plating films
having a thickness of 2 um and were then sufficiently
washed with water, followed by drying.

[0256] Furthermore, as shown in Table 3, post-copper-
plating heat treatment was performed at heat treatment
temperatures of 250 and 450° C. for a heat treatment time in
the range of 10 minutes to 2 hours in a nitrogen atmosphere,
so that copper plating films were formed on the ceramic base
materials.

[0257] The adhesion of the copper plating films to Ag
layers of the vias was measured, the copper plating films
being formed as described above by changing the amount of
nickel ions in the copper plating solution of the plating
treatment, and by changing the heat treatment temperatures
and times in the pre-copper-plating heat treatment and in the
post-copper-plating heat treatment.

[0258] For the adhesion evaluation, by the Sebastian
method equivalent to that described in Example 1, the tensile
strengths (MPa) were measured at which the copper plating
film was separated from the Ag layer at both first surface and
second surface sides of the ceramic base material, the second
surface being rougher than the first surface.

TABLE 3
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[0259] As shown in Table 3, when the copper plating
solutions having a nickel ion concentration of 0.00039 to
0.01 mole/L were used, at both first and second surface sides
of the ceramic base material, the tensile strengths were
approximately 30 MPa or more; hence, the adhesion of the
copper plating film could be improved so that the Ag layer
was broken or so that the bonding portion between the
evaluation pin and the plating film was broken. Hence,
separation was not observed at the interface between the
catalyst layer and the copper plating film and the interface
between the catalyst layer and the Ag layer. On the other
hand, when the copper plating solution containing no nickel
ions was used, the adhesion between the copper plating film
and the Ag layer could hardly be ensured.

[0260] On the other hand, as shown in Table 4, a copper
plating film was formed as a comparative example under the
same conditions as those of Example 3 except that the
pre-copper-plating heat treatment and the post-copper-plat-
ing heat treatment were not performed, and the tensile
strength obtained when the copper plating film was sepa-
rated from the Ag layer was measured under the same
conditions as those in the Sebastian method. In addition, the
tensile strength of a copper plating film which was only

Adhesion of Copper Plating Film on Ag Via Evaluation of Adhesion: Unit (MPa

Pre-Copper-Plating Post- Copper-Plating

Heat Treatment Step

Heat Treatment Step  Evaluation

Nickel Concentration (Mol/L)

Time Temperature Time Temperature Surface 0 0.0004 0.0023 0.0039 0.01
10 min. to 450° C. 10 min. to 450° C.  First surface 0 30-67 52-73  55-70 50-60
2 hours 2 hours Second surface 0 33-34  50-67  55-73  50-65
10 min. to 250° C. 10 min. to 250° C.  First surface 0 10-20  22-37  23-40 20-40
2 hours 2 hours Second surface 0 15-30  28-42  30-40 30-40

processed by the pre-copper-plating heat treatment at 450°
C. for 2 hours and the tensile strength of a copper plating
film which was only processed by the post-copper-plating
heat treatment at 450° C. for 7 hours were also measured.

TABLE 4

Pre-Copper-Plating
Heat Treatment Step

Heat Treatment Step Evaluation

Evaluation of Adhesion: Unit (MPa)

Post- Copper-Plating

Nickel Concentration (Mol/L)

Time  Temperature Temperature Surface 0 0.0004 0.0023 0.0039 0.01
— — — First surface 0 0 0 0 0
Second surface 0 0 0 0 0

2 hours 450° C. — First surface 0 1 1 1 0-5
Second surface 0 1 1 2 0-5

— — 7 hours 450° C.  First surface 0 45 60 65 50-60

Second surface 0 50 60 65 50-60
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[0261] As shown in Table 4, in the case in which the
pre-copper-plating heat treatment and the post-copper-plat-
ing heat treatment were not performed, the adhesion
between the copper plating film and the Ag layers formed at
the first surface and the second surface sides of the ceramic
base material could not be ensured. In addition, in the case
in which the pre-copper-plating heat treatment was only
performed, the adhesion between the Ag layer and the
copper plating film could not be ensured at both first and
second surfaces. On the other hand, in the case in which the
post-copper-plating heat treatment was only performed,
when the copper plating films were formed using the copper
plating solution having a concentration of 0.00039 to 0.01
mol/L, the tensile strengths of the Ag layer at both first and
second surface sides of the ceramic base material were also
increased to 45 MPa or more, and hence the adhesion of the
copper plating film was improved.

Example 4

[0262] A ceramic base material containing a glass com-
ponent, which was formed of approximately 50% of a
borosilicate glass and approximately 50% of a fine alumina
powder and which was provided with Ag-based vias therein,
was degreased and washed.

[0263] Next, after a resist solution was applied onto first
and the second surfaces of the base material and was then
processed by exposure and development to form resists each
having a predetermined pattern, washing was sufficiently
performed with water.

[0264] Subsequently, the ceramic base material was
immersed for 3 minutes in the aqueous tin chloride solution
described in the circuit forming method using the electroless
plating method of the second embodiment, followed by
sufficient washing with water. In addition, the ceramic base
material thus washed was then immersed for 2 minutes in the
aqueous palladium chloride solution described in the second
embodiment.

[0265] Furthermore, the ceramic base material was again
immersed in the above aqueous tin chloride solution for 2
minutes and was then immersed in the above aqueous
palladium chloride solution for 1 minute, followed by suf-
ficient washing with water. Next, the resists were removed,
so that catalyst layers having a predetermined pattern were
formed.

[0266] Subsequently, after the ceramic base material was
sufficiently washed with water and then dried, pre-copper-
plating heat treatment step was performed at a heat treatment
temperature of 450° C. for a heat treatment time of 30
minutes in the air.

[0267] Next, after the pre-copper-plating treatment step,
oxide film removing treatment was performed for 1 minute
at room temperature using an aqueous H202 solution at a
concentration of 3%, followed by sufficient washing with
water. The ceramic base material thus processed was
immersed for 1 minute in the aqueous formalin solution of
the second embodiment so as to reduce the catalyst layers
and was then processed by plating treatment without per-
forming water washing.

[0268] In Example 4, a copper plating solution was pre-
pared which contained copper ions at a concentration of 2.5
g/L (0.039 mol/L), nickel ions at a concentration of 0.14 g/L.
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(0.0024 mol/L), potassium sodium tartrate tetrahydrate,
approximately 0.2% of formaldehyde, approximately 1.5
g/L of sodium hydroxide (NaOH), and approximately 0.1%
of a chelating agent.

[0269] Next, the ceramic base material was immersed in
the above copper plating solution at 36° C. to form green
copper plating films having a thickness of 2 um and was then
sufficiently washed with water, followed by drying.

[0270] Subsequently, post-copper-plating heat treatment
was performed at a heat treatment temperature of 350° C. for
a heat treatment time of 30 minutes in a nitrogen atmo-
sphere, so that copper plating films were formed on the
ceramic base material.

[0271] Furthermore, on the copper plating films, nickel
plating films having a thickness of 2 pum were formed by an
electroless nickel plating method, and by an electroless gold
plating method, gold plating films having a thickness of 0.05
um were further formed on the nickel plating films, so that
circuits were formed on the ceramic base material.

[0272] 1In the circuits thus formed, the resistivity of the
copper plating film was approximately 2.5 to 5 u€2-cm, and
hence a circuit having superior high frequency properties
could be formed.

Example 5

[0273] A sapphire base material was used as the base
material and was degreased and washed at 50° C. for 3
minutes using a sodium hydroxide solution at a concentra-
tion of 15%.

[0274] Next, the base material was immersed for 3 min-
utes in a hydrochloric aqueous tin chloride solution contain-
ing 0.005 mol/LL of tin chloride and was then sufficiently
washed with water. In addition, the base material thus
washed was immersed for 2 minutes in an aqueous palla-
dium chloride solution at a concentration of 0.003 mol/L at
30° C. and was then sufficiently washed with water, fol-
lowed by drying.

[0275] Furthermore, pre-copper-plating heat treatment
was performed at a heat treatment temperature of 400° C. for
a heat treatment time of 1 hour in the air.

[0276] After the pre-copper-plating treatment step, the
base material was again immersed in an aqueous hydrochlo-
ric tin chloride solution equivalent to that described in the
above catalyst treatment step for 3 minutes, sufficient wash-
ing was performed with water. Subsequently, the base mate-
rial was immersed in an aqueous palladium chloride solution
at a concentration of 0.003 mol/L at 30° C. for 2 minutes so
as to form catalyst layers and was then sufficiently washed
with water, followed by drying.

[0277] Next, after the base material was immersed in the
aqueous formalin solution described in the first embodiment
for 1 minute so as to reduce the catalyst layers, copper
plating treatment was performed without performing water
washing.

[0278] In this example, a copper plating solution was
prepared which contained copper ions at a concentration of
2.5 g/L (0.039 mol/Ll), nickel ions at a concentration of
0.138 g/IL (0.0023 mol/L), potassium sodium tartrate tet-
rahydrate (Rochelle salt) used as a complexing agent,
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approximately 0.2% of formaldehyde used as a reducing
agent, and approximately 0.1% of a chelating agent, in
which the pH was adjusted to be approximately 12.6. Next,
the base material was immersed in the above copper plating
solution to form green copper plating films having a thick-
ness of approximately 1 um and was then sufficiently
washed with water, followed by drying.

[0279] Furthermore, post-copper-plating heat treatment
was performed at a heat treatment temperature of 150° C. for
1 hour in a nitrogen atmosphere for the sapphire base
material while a pressure of 1 kg/cm2 was being applied
thereto.

[0280] A copper plating film thus formed on the sapphire
base material had a tensile strength of 40 MPa or more when
a predetermined pressure was applied in the post-copper-
plating heat treatment step performed at a temperature of
150° C., and hence the adhesion of the copper plating film
could be improved. On the other hand, when the pressure
was not applied, the adhesion between the copper plating
film and the sapphire base material could hardly be ensured.

Example 6

[0281] Glass base materials formed of a borosilicate glass
were polished to form mirror-finished surfaces and were
then degreased and washed.

[0282] Next, after being immersed in the aqueous tin
chloride solution of the third embodiment for 3 minutes and
then sufficiently washed with water, the glass base materials
were immersed in the aqueous palladium chloride solution
described in the third embodiment for 2 minutes.

[0283] Furthermore, after being immersed in the above
aqueous tin chloride solution for 2 minutes, the glass base
materials were immersed in the aqueous palladium chloride
solution described in the third embodiment for 1 minute to
form catalyst layers, followed by sufficient washing with
water. Next, the glass base materials were immersed in the
aqueous formalin solution of the third embodiment for 1
minute to reduce the catalyst layers.

[0284] Next, in this example, a copper plating solution
was prepared which contained copper ions at a concentration
of 2.5 g/1. (0.039 mol/L), potassium sodium tartrate tetrahy-
drate, approximately 0.2% of formaldehyde, approximately
1.5 g/LL of sodium hydroxide (NaOH), and approximately
0.1% of a chelating agent. By using the copper plating
solution described above as a fundamental composition, as
shown in Table 5, 5 types of copper plating solutions were
prepared, that is, solutions containing nickel ions at a
concentration of 0.00039, 0.0023, 0.0039, 0.01, and 0
moles/L. were prepared.

[0285] Next, the ceramic base materials were immersed in
the respective copper plating solutions to form green copper
plating films having a thickness of 2 um and were then
sufficiently washed with water, followed by drying.

[0286] Furthermore, as shown in Table 5, heat treatment
was performed at various heat treatment temperatures in the
range of 150 to 450° C. for various heat treatment times in
the range of 10 to 120 minutes in a nitrogen atmosphere, so
that copper plating films were formed on the glass base
materials.
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[0287] The adhesion of the copper plating films to the
glass substrates was measured, the copper plating films
being formed as described above by changing the amount of
nickel ions in the copper plating solution of the plating
treatment, and by changing the heat treatment temperatures
and times in the heat treatment.

[0288] For the adhesion evaluation, a tensile test was
performed under the same conditions as those of the Sebas-
tian method of Example 1, and the tensile strengths (MPa)
were measured when the copper plating films were separated
from the glass base materials.

TABLE 5

Evaluation of Adhesion: Unit (MPa)

Heat
Heat Treatment
Treatment Temperature Nickel Concentration (mol/L)
Time (min) °C) 0 0.00039 0.0023 0.0039 0.01
0 — 0 0 0 0 0
10 450 1 50 59 70 50-60
120 450 2 52 60 65 50-65
10 350 1 48 59 62 50-60
120 350 1 55 58 59 50-65
10 250 0 50 55 56 50-55
120 250 0 48 55 50 50-60
120 150 0 9 8 7 0-10

[0289] As shown in Table 5, when the copper plating
solutions having a nickel ion concentration of 0.00039 to
0.01 mole/L. were used for forming the copper plating films,
the adhesion of the copper plating film to the glass base
material could be improved so that the glass base material
was broken or so that the bonding portion between the
evaluation pin and the copper plating film was broken. As
described above, separation was not observed at the inter-
face between the catalyst layer and the copper plating film
and at the interface between the catalyst layer and the glass
base material, and hence a significantly superior adhesion
was obtained between the glass base material and the copper
plating film.

[0290] In the case in which the heat treatment was per-
formed for more than 120 minutes, which is out of the range
of the heat treatment time described above, the adhesion
between the glass base material and the copper plating film
was not so much changed from that obtained when the heat
treatment was performed for approximately 120 minutes.

[0291] On the other hand, when the copper plating solu-
tion containing no nickel ions was used, the adhesion
between the copper plating film and the glass base material
could hardly be ensured, and in addition, when the heat
treatment was not performed after the formation of the
copper plating film, the copper plating film was very easily
separated from the catalyst layer at the interface therebe-
tween.

Example 7

[0292] A glass base material formed of a borosilicate glass
was polished so as to have mirror-finished surfaces and was
then degreased and washed.

[0293] Next, after a photoresist solution was applied onto
surfaces of the glass base material and was then processed
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by exposure and development to form resists each having a
predetermined pattern, washing was sufficiently performed
with water.

[0294] Subsequently, the glass base material was
immersed for 3 minutes in the aqueous tin chloride solution
described in the circuit forming method using the electroless
plating method of the third embodiment, followed by suf-
ficient washing with water. In addition, the glass base
material thus washed was then immersed for 2 minutes in the
aqueous palladium chloride solution described in the third
embodiment.

[0295] Furthermore, the glass base material was again
immersed in the above aqueous tin chloride solution for 2
minutes and was then immersed in the above aqueous
palladium chloride solution for 1 minute, followed by suf-
ficient washing with water. Next, the resists were removed,
so that catalyst layers having a predetermined pattern were
formed.

[0296] Subsequently, after being sufficiently washed with
water, the glass base material was immersed in the aqueous
formalin solution described in the third embodiment for 1
minute to reduce the catalyst layers and was then processed
by plating treatment without performing water washing.

[0297] 1In Example 7, a copper plating solution was pre-
pared which contained copper ions at a concentration of 2.5
g/L (0.039 mol/L), nickel ions at a concentration of 0.14 g/L.
(0.0024 mol/L)), potassium sodium tartrate tetrahydrate,
approximately 0.2% of formaldehyde, approximately 1.5
g/L of sodium hydroxide (NaOH), and approximately 0.1%
of a chelating agent.

[0298] Next, the glass base material was immersed in the
above copper plating solution at 36° C. to form green copper
plating films having a thickness of 2 um and was then
sufficiently washed with water, followed by drying.

[0299] Subsequently, post-copper-plating heat treatment
was performed for the glass base material at a heat treatment
temperature of 450° C. for a heat treatment time of 60
minutes in a nitrogen atmosphere, so that copper plating
films were formed on the glass base material.

[0300] Furthermore, after being sufficiently washed with
water and was then dried, the glass base material was
immersed in a palladium solution at 30° C. for 1 minute for
catalyst treatment, and washing was then performed with
purified water.

[0301] Next, after being immersed in an electroless nickel-
phosphorus plating solution at 80° C. for 20 minutes to form
nickel plating films having a thickness of 2 um, the glass
base material was immersed in a gold plating solution at 60°
C. for 10 minutes to form gold plating films having a
thickness of 0.05 um on the nickel plating films. Subse-
quently, post-nickel-plating heat treatment was performed at
a heat treatment temperature of 350° C. for a heat treatment
time of 1 hour in a nitrogen atmosphere, so that circuits were
formed on the glass base material.

[0302] In the circuits thus formed, the tensile strengths of
the nickel plating film and the gold plating film were 60
MPa, and hence the adhesion could be improved. The
resistivity of the copper plating film was approximately 2.5
to 5 pQ-cm, and hence a circuit having superior high
frequency properties could be formed.
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Example 8

[0303] Glass base materials formed of a soda lime glass
and a borosilicate glass were prepared as the base material
and were then processed as described below. That is, the
glass base materials were immersed for 3 minutes in the
aqueous tin chloride solution of the circuit forming method
using the electroless plating method described in the third
embodiment. After sufficient washing with water, the glass
base materials were immersed for 2 minutes in the aqueous
palladium solution described in the third embodiment.

[0304] Furthermore, the glass base materials were again
immersed in the above aqueous tin chloride solution for 2
minutes and were then immersed in the above aqueous
palladium chloride solution for 1 minute, followed by suf-
ficient washing with water.

[0305] Subsequently, the glass base materials were
immersed for 1 minute in the aqueous formalin solution
described in the third embodiment to reduce catalyst layers
and were then processed by plating treatment without per-
forming water washing.

[0306] In Example 8, a copper plating solution was pre-
pared which was equivalent to that in Example 7. Next, the
glass base materials were immersed in the above copper
plating solution at 30° C. to form green copper plating films
having a thickness of 2 um and were then sufficiently
washed with water, followed by drying.

[0307] Furthermore, post-copper-plating heat treatment
was performed at a heat treatment temperature of 400° C. for
a heat treatment time of 60 minutes in a nitrogen atmo-
sphere, so that copper plating films were formed on the glass
base materials.

[0308] Next, after a photoresist solution was applied onto
the glass base materials and was then processed by exposure
and development using a predetermined pattern, etching was
performed using an iron chloride-based copper etching
solution, so that the copper plating films were formed by
etching to have a predetermined pattern.

[0309] Inaddition, the glass base materials were immersed
in a palladium solution at 30° C. for 1 minute for catalyst
treatment, and washing was then performed with purified
water.

[0310] Subsequently, after being immersed in an electro-
less nickel-phosphorus plating solution at 80° C. for 20
minutes to form nickel plating films having a thickness of 2
um, the glass base materials were immersed in a gold plating
solution at 60° C. for 10 minutes to form gold plating films
having a thickness of 0.05 um on the nickel plating films.
Subsequently, in a nitrogen atmosphere, post-nickel-plating
heat treatment was performed at a heat treatment tempera-
ture of 350° C. for a heat treatment time of 1 hour was
performed, so that circuits were formed on the glass base
materials.

[0311] In the circuits thus formed on the glass base mate-
rials described above, the tensile strengths of the nickel
plating film and the gold plating film were both 50 MPa or
more, and hence the adhesion could be improved.

Example 9

[0312] Aborosilicate glass base material, a soda lime glass
base material, and a Pyrex glass base material were used as
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the base materials and were processed as follows. That is,
the glass base materials were degreased and washed at 50°
C. for 3 minutes using an aqueous sodium hydroxide at a
concentration of 15%.

[0313] Next, the base materials were immersed for 3
minutes in a hydrochloric aqueous tin chloride solution
containing 0.005 mol/L of tin chloride and were then suf-
ficiently washed with water. In addition, the base materials
thus washed were immersed for 2 minutes in an aqueous
palladium chloride solution at a concentration of 0.003
mol/L. at a temperature of 30° C. for 2 minutes to form
catalyst layers and were then sufficiently washed with water,
followed by drying.

[0314] Subsequently, the glass base materials were
immersed in the aqueous formalin solution described in the
third embodiment for 1 minute to reduce the catalyst layers
and were then processed by plating treatment without per-
forming water washing.

[0315] In this example, a copper plating solution was
prepared which contained copper ions at a concentration of
2.5 g/L. (0.039 mol/L), nickel ions at a concentration of
0.138 g/LL (0.0023 mol/L), potassium sodium tartrate tet-
rahydrate (Rochelle salt) as a complexing agent, approxi-
mately 0.2% of formaldehyde as a reducing agent, and
approximately 0.1% of a chelating agent, in which the pH of
the copper plating solution was adjusted to be approximately
12.6. Subsequently, the base materials were immersed in the
above copper plating solutions to form green copper plating
films having a thickness of approximately 1 pm, followed by
sufficient washing with water and drying.

[0316] Furthermore, as shown in Table 6, heat treatment
was performed at various heat treatment temperatures in the
range of 150 to 200° C. for 1 hour in a nitrogen atmosphere
while various pressures in the range of 1 to 3 kg/cm2 were
applied, so that copper plating films were formed.

[0317] Adhesive forces of the copper plating films formed
by changing the conditions of temperature and pressure in
the heat treatment to the respective base materials were
measured and were compared to each other.

[0318] For the adhesion evaluation, a tensile test was
performed under the conditions equivalent to those of the
Sebastian method of Example 1, and the tensile strengths
(MPa) were measured when the copper plating films were
separated from the glass base materials.

TABLE 6

Evaluation of Adhesion: Unit (MPa)

Borosilicate Glass (100 mm in diameter, 0.7 mm thick)

Heat
Heat Treatment
Treatment Temperature Gage Pressure (kg/L)
Time (min) °C) 0 1
120 200 0-10 40=
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TABLE 6-continued

Evaluation of Adhesion: Unit (MPa)

Soda Lime Glass (100 mm in diameter, 0.7 mm thick)

Heat
Heat Treatment
Treatment Temperature Gage Pressure (kg/L)
Time (min) °C) 0 1 1.5
120 150 0-10 40= 40=

Pyrex Glass (100 mm in diameter, 0.7 mm thick)

Heat
Heat Treatment
Treatment Temperature Gage Pressure (kg/L)
Time (min) °C) 0 1.5
120 150 0-10 40=

[0319] As shown in Table 6, in the heat treatment step
performed at a temperature in the range of 150 to 200° C.,
when a predetermined pressure was applied, the tensile
strength of each base material was increased to at least 20
MPa or more, and hence the adhesion of the copper plating
film could be improved. On the other hand, when the
pressure was not applied, the adhesion between the copper
plating film and each base material could hardly be ensured.

Example 10
[0320] A borosilicate glass base material was used as the
base material and was degreased and washed at 50° C. for
3 minutes using an aqueous sodium hydroxide at a concen-
tration of 15%.

[0321] Next, the base material was immersed for 3 min-
utes in a hydrochloric aqueous tin chloride solution contain-
ing 0.005 mol/LL of tin chloride and was then sufficiently
washed with water. In addition, the base material thus
washed was immersed for 2 minutes in an aqueous palla-
dium chloride solution having a concentration of 0.003
mol/L at a temperature of 30° C. to form catalyst layers and
was then sufficiently washed with water, followed by drying.

[0322] Subsequently, the glass base material was
immersed for 1 minute in the aqueous formalin solution
described in the third embodiment to reduce the catalyst
layers and was then processed by plating treatment without
performing water washing.

[0323] In this example, a copper plating solution was
prepared which contained copper ions at a concentration of
2.5 g/1. (0.039 mol/L), cobalt at a concentration of 0.138 g/L.
(0.0023 mol/L), potassium sodium tartrate tetrahydrate
(Rochelle salt) as a complexing agent, approximately 0.2%
of formaldehyde as a reducing agent, and approximately
0.1% of a chelating agent, in which the pH of the copper
plating solution was adjusted to be approximately 12.6. The
base material was immersed in the above copper plating
solution so as to form green copper plating films having a
thickness of approximately 1 um and was then sufficiently
washed, followed by drying.

[0324] Furthermore, heat treatment was performed for the
glass base material at a heat treatment temp of 400° C. for
a heat treatment time of 1 hour in a nitrogen atmosphere.

[0325] The tensile strength of the copper plating film
formed on the glass base material as described above was 40
MPa or more, and hence, the adhesion of the copper plating
film could be improved.
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What is claimed is:
1. An electroless copper plating method comprising:

a catalyst treatment step of forming a catalyst layer on an
insulating base material;

a plating treatment step of forming a plating film using a
copper plating solution containing at least one of nickel
ions, cobalt ions, and iron ions at a low concentration
after the catalyst treatment step; and

a post-copper-plating heat treatment step of heating the
base material in an atmosphere substantially containing
no oxygen and hydrogen after the plating treatment
step.

2. The electroless copper plating method according to

claim 1,

wherein the catalyst treatment step is a step of forming the
catalyst layer on the base material using a tin chloride
solution and a palladium chloride solution or using a
tin-palladium colloidal solution.
3. The electroless copper plating method according to
claim 1,

wherein the base material is a glass base material.
4. The electroless copper plating method according to
claim 1,

wherein the base material is a glass base material or a
ceramic base material, having at least an oxide on a
surface thereof,

further comprising a pre-copper-plating heat treatment
step of heating the base material in an atmosphere
containing oxygen after the catalyst treatment step and
before the plating treatment step.
5. The electroless copper plating method according to
claim 4,

wherein the catalyst treatment step is a first catalyst
treatment step of forming a first catalyst layer,

further comprising a laminate catalyst treatment step of
forming a laminate catalyst layer on the base material
using a tin chloride solution and a palladium chloride
solution or using a tin-palladium colloidal solution
after the pre-copper-plating heat treatment step and
before the plating treatment step.

6. The electroless copper plating method according to

claim 4,

wherein the base material is a base material having a
Ag-based via, and

a heat treatment temperature in the pre-copper-plating
heat treatment step is not less than the decomposition
temperature of a silver oxide,

further comprising an oxide film removing step of remov-
ing an oxide film formed on a surface of the via after
the pre-copper-plating heat treatment step and before
the plating treatment step.
7. The electroless copper plating method according to
claim 6,

wherein, in the oxide film removing step, one of purified
water, an aqueous H,O, solution, hot purified water,
ammonia water, and diluted nitric acid is used.
8. The electroless copper plating method according to
claim 6,

wherein the catalyst treatment step is a first catalyst
treatment step of forming a first catalyst layer,
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further comprising a laminate catalyst treatment step of
forming a laminate catalyst layer on the base material
using a tin chloride solution and a palladium chloride
solution or using a tin-palladium colloidal solution
after the oxide film removing step and before the
plating treatment step.

9. The electroless copper plating method according to

claim 1,

wherein the amount of the nickel ions is 1 to 25 moles
relative to 100 moles of copper ions contained in the
copper plating solution.
10. The electroless copper plating method according to
claim 1,

wherein a heat treatment temperature in the post-copper-
plating heat treatment step is 250 to 450° C.
11. The electroless copper plating method according to
claim 4,

wherein a heat treatment temperature in the pre-copper-
plating heat treatment step is 250 to 450° C.
12. The electroless copper plating method according to
claim 1,

wherein, in the post-copper-plating heat treatment step,
heat treatment is performed while a predetermined
pressure is being applied to the base material.
13. The electroless copper plating method according to
claim 12,

wherein a heat treatment temperature in the post-copper-
plating heat treatment step in which the predetermined
pressure is being applied to the base material is 150 to
400° C.
14. The electroless copper plating method according to
claim 1,

wherein the plating treatment step is a first plating treat-
ment step of forming a copper plating film;

further comprising: a second plating treatment step of
forming a nickel plating film using a plating solution
containing a nickel compound after the post-copper-
plating heat treatment step, and

a post-nickel-plating heat treatment step of heating the
base material after the second plating step in an atmo-
sphere substantially containing no oxygen and hydro-
gen at a heating temperature at which the hardness of
the nickel compound is not changed.

15. The electroless copper plating method according to

claim 14, further comprising:

a third plating treatment step of forming a gold plating
film using a gold plating solution after the second
plating treatment step and before the post-nickel-plat-
ing heat treatment step.

16. The electroless copper plating method according to

claim 14,

wherein a heat treatment temperature in the post-nickel-
plating heat treatment step is 150 to 350° C.

17. A circuit forming method using the electroless plating
method according to claim 1, comprising:

a patterning treatment step of patterning the catalyst layer
or the plating film.
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