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ABSTRACT
Proposed are a composite material having a high adhesiveness, wherein non-penetrating pores that are formed in a
silicone surface layer are filled up with a metal or the like
without leaving any voids by using the plating technique and
the silicone surface layer is coated with the metal or the like,
and a method of producing the composite material. A composite material, which has a high adhesiveness between a
second metal or an alloy ofthe second metal (106a, 106b) and
a silicone surface, can be obtained by filling up non-penetrating pores that are formed in the surface of a silicone substrate
(100) substantially with a second metal or an alloy of the
second metal (106a) with the use of the autocatalytic electroless plating technique wherein a first metal located at the
bottom of the non-penetrating pores as described above
serves as the starting point, and coating the surface of the
silicone substrate (100) with the second metal (106b).
8 Claims, 9 Drawing Sheets
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COMPOSITE MATERIAL, METHOD OF
PRODUCING THE SAME, AND APPARATUS
FOR PRODUCING THE SAME

DISCLOSURE OF THE INVENTION

TECHNICAL FIELD

Problems to be Solved by the Invention

As described above, there have been disclosed several techniques of forming a metal film on a silicon surface by plating.
The present invention relates to a composite material, a
However, in such a case there a metal film or the like is formed
method of producing the same, and an apparatus for producentirely on a silicon surface by plating, insufficient eliminaing the same.
tion of the unevenness generates voids, which may deteriorate
10
the adhesion as well as inhibit exertion of the functions of the
BACKGROUND ART
composite material.
Further, for example, upon adoption of widely used elecThere have been conventionally studied surface treatment
troplating, it is necessary to provide a power supply and
methods such as metal coating, nonmetal coating, and chemi- 15 electrodes, resulting in limited achievement of decrease in
cal conversion coating. So far, various functional composite
size of equipment and decrease in cost for the equipment. On
materials have been created using a matrix of a metal prothe other hand, it is required to go through complex producvided on a surface thereof with a film of another metal.
tion steps in the technique of filling pores by conventional
Plating is one of typical examples of the several surface
electroplating.
treatment methods. This plating technique is widely utilized 20
in various industries. However, such a film of a metal or the
Solutions to the Problems
like to be formed by plating as described above is not sufficiently adhesive to the matrix unless the matrix is appropriThe present invention solves the several technical probately selected. For example, silicon, which is most widely
lems described above and significantly contributes to develused in the fields of semiconductor, MEMS, and the like, is 25 opment of a functional material that has a film of a metal or the
like laminated on a silicon surface regardless of crystallizaone of the matrices to be provided with a metal film by
tion of silicon such as single-crystalline silicon or polycrysplating. However, as having been pointed out, silicon genertalline silicon. The inventors initially had an idea that provially has poor adhesion with a plated metal (Patent Document
sion of so called an anchor structure at the interface between
1, for example).
As one of techniques for improving adhesion of a metal 30 a plating material and a silicon surface is useful for improvement in adhesion of the plating material to the silicon surface.
film to silicon, there is disclosed a method of immersing a
With regard to filling up pores provided in a silicon surface
surface of polycrystalline silicon in a heated aqueous solution
layer with a plating material, the inventors have studied intenof sodium hydroxide (NaOH) to provide unevenness in order
sively to find a method of securely filling up pores regardless
to improve adhesion of the surface with a plated metal film
3s of the sizes of the pores and covering the silicon surface at
(see Patent Document 2). Also disclosed is a technique of
locations not provided with the pores. Generally, the smaller
forming a porous layer with use of a special substrate and
pores are, the more difficult it is to fill up such pores with a
filling pores in the porous layer with a plating material by
plating material without voids being left therein. In spite of
displacement plating (Patent Document 3).
this fact, the inventors have achieved the present invention by
Non-Patent Document 1: K. Ito and one other, "Nanohole 40 finding that bringing about and utilizing a certain special
Patterned Media", Journal FUJITSU, Fujitsu Limited, Janucircumstance progress the step of filling up pores with a
ary 2007, Vol. 58, No. 1, pp. 90-98
plating material with the bottoms thereof serving as starting
Non-Patent Document 2: S. Yae and four others, "Electropoints as well as the subsequent plating step even by electrochemistry Communications", August 2003, Vol. 5, p. 632
less plating.
Non-Patent Document 3: K. Tsujino and one other, "Electro- 45
A composite material according to the present invention
chemica Acta", Nov. 20, 2007, Vol. 53, p. 28
has non-penetrating pores formed in a silicon surface,
wherein with a first metal located at bottoms of the nonPatent Document 1: Japanese Unexamined Patent Publicapenetrating pores serving as starting points, the non-penetrattion No. 2004-193337
ing pores are filled up substantially with a second metal or an
Patent Document 2: Japanese Unexamined Patent Publica50 alloy of the second metal by autocatalytic electroless plating,
tion No. S60-4271
and the silicon surface is covered with the second metal or the
Patent Document 3: Japanese Unexamined Patent Publicaalloy of the second metal.
tion No. 2006-342402
In this composite material, the second metal or an alloy of
Patent Document 4: Japanese Unexamined Patent Publicathe second metal (hereinafter in this paragraph, simply
tion No. S57-105826
referred to as "the second metal or the like") is formed on the
Patent Document 5: Japanese Unexamined Patent Publicasilicon surface by autocatalytic electroless plating. The section No. H11-283829
ond metal or the like thus serves as a catalytic agent and
Patent Document 6: Japanese Unexamined Patent Publicacontinuously stimulates reduction of the ions of the second
tion No. 2003-288712
metal or the like even after the second metal or the like covers
Patent Document 7: Japanese Unexamined Patent Publica- 60 the first metal. In this composite material, the non-penetrating
tion No. 2004-237429
pores are filled up with the second metal or the like with the
Patent Document 8: Japanese Unexamined Patent Publicafirst metal located at the bottoms of the pores serving as the
tion No. 2005-139376
starting points, so that less voids are left in the pores. As a
Patent Document 9: Japanese Unexamined Patent Publicaresult, the film of the second metal or the like, which is formed
tion No. 2007-533983
65 on the silicon surface other than inside the pores subsequently
Patent Document 10: United States Unexamined Patent Pubto the filling in the pores, is highly adhesive to the silicon
lication No. 2005/0101153
surface due to the effect of precise filling in the pores.
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A method of producing a composite material according to
the present invention includes: a dispersion/allocation step of
dispersing and allocating on a silicon surface a first metal into
shapes of particles, islands, or films; a non-penetrating pore
formation step of forming non-penetrating pores in the silicon
surface by immersing the silicon surface in a second solution
including fluoride ions; and a plating step of filling up the
non-penetrating pores substantially with a second metal or an
alloy of the second metal by autocatalytic electroless plating,
by immersing in a third solution including ions of the second
metal and a reducing agent, with the first metal located at
bottoms of the non-penetrating pores serving as starting
points, as well as covering the silicon surface with the second
metal or the alloy of the second metal.
In this method of producing a composite material, the first
metal is initially dispersed and allocated on the silicon surface
into the shapes of particles, islands, or films. The silicon
surface supporting the first metal is then immersed in the
second solution including fluoride ions so as to form the pores
in the silicon surface layer. In this case, the first metal in the
shapes of particles, islands, or films is located at the bottoms
of the finally formed non-penetrating pores as if the first metal
has dug into the pores. Thereafter, the second metal or an
alloy of the second metal (hereinafter in this paragraph, simply referred to as "the second metal or the like") is formed to
fill the pores by autocatalytic electroless plating. The second
metal or the like therefore serves as a catalytic agent and
continuously stimulates reduction of the ions of the second
metal or the like even after the second metal or the like covers
the first metal. In this composite material, the second metal or
the like fills the non-penetrating pores while the first metal
located at the bottoms of the pores serving as the starting
points, so that less voids are left in the pores. As a result, the
film of the second metal or the like, which is formed on the
silicon surface other than inside the pores subsequently to the
filling in the pores, is highly adhesive to the silicon surface
due to the effect of precise filling in the pores.
Another method of producing a composite material
according to the present invention includes: a dispersion/
allocation step of dispersing and allocating on a silicon surface a first metal into shapes of particles, islands, or films by
immersing the silicon surface in a first solution including ions
of the first metal and fluoride ions; a non-penetrating pore
formation step of forming non-penetrating pores in the silicon
surface by immersing the silicon surface in a second solution
including fluoride ions; and a plating step of filling up the
non-penetrating pores substantially with a second metal or an
alloy of the second metal by autocatalytic electroless plating,
by immersing in a third solution including ions of the second
metal and a reducing agent, with the first metal located at
bottoms of the non-penetrating pores serving as starting
points, as well as covering the silicon surface with the second
metal or the alloy of the second metal.
In this method of producing a composite material, the
silicon surface is initially immersed in the first solution
including ions of the first metal and fluoride ions, so that the
first metal is dispersed and allocated on the silicon surface
into the shapes of particles, islands, or films. The silicon
surface supporting the first metal is then immersed in the
second solution including fluoride ions so as to form the pores
in the silicon surface layer. In this case, the first metal in the
shapes of particles, islands, or films is located at the bottoms
of the finally formed non-penetrating pores as if the first metal
has dug into the pores. Thereafter, the second metal or an
alloy of the second metal (hereinafter in this paragraph, simply referred to as "the second metal or the like") is formed to
fill the pores by autocatalytic electroless plating. The second

metal or the like therefore serves as a catalytic agent and
continuously stimulates reduction of the ions of the second
metal or the like even after the second metal or the like covers
the first metal. In this composite material, the second metal or
5 the like fills the non-penetrating pores while the first metal
located at the bottoms of the pores serving as the starting
points, so that less voids are left in the pores. As a result, the
film of the second metal or the like, which is formed on the
silicon surface other than inside the pores subsequently to the
10
filling in the pores, is highly adhesive to the silicon surface
due to the effect of precise filling in the pores.
An apparatus for producing a composite material according to the present invention includes: a dispersion/allocation
device for dispersing and allocating on a silicon surface a first
15
metal into shapes of particles, islands, or films; a non-penetrating pore forming device for forming non-penetrating
pores in the silicon surface by immersing the silicon surface
in a second solution including fluoride ions; and a plating
20 device for filling up the non-penetrating pores substantially
with a second metal or an alloy of the second metal by autocatalytic electroless plating, by immersing in a third solution
including ions of the second metal and a reducing agent, with
the first metal located at bottoms of the non-penetrating pores
25 serving as starting points, as well as covering the silicon
surface with the second metal or the alloy of the second metal.
In this apparatus for producing a composite material, the
dispersion/allocation device for the first metal disperses and
allocates the first metal on the silicon surface into the shapes
30 of particles, islands, or films. There are then formed pores in
the silicon surface layer with use of the device for immersing
the silicon surface supporting the first metal in the second
solution including fluoride ions. In this case, the first metal in
the shapes of particles, islands, or films is located at the
35 bottoms of the finally formed non-penetrating pores as if the
first metal has dug into the pores. Thereafter, the second metal
or an alloy of the second metal (hereinafter in this paragraph,
simply referred to as "the second metal or the like") is formed
by autocatalytic electroless plating with use of the device for
40 filling the pores. The second metal or the like therefore serves
as a catalytic agent and continuously stimulates reduction of
the ions of the second metal or the like even after the second
metal or the like covers the first metal. Accordingly, in the
composite material produced by this apparatus, the second
45 metal or the like fills the non-penetrating pores while the first
metal located at the bottoms of the pores serving as the starting points, so that less voids are left in the pores. As a result,
the film of the second metal or the like, which is formed on the
silicon surface other than inside the pores subsequently to the
50 filling in the pores, is highly adhesive to the silicon surface
due to the effect of precise filling in the pores.
Another apparatus for producing a composite material
according to the present invention includes: a dispersion/
allocation device for dispersing and allocating on a silicon
55 surface a first metal into shapes of particles, islands, or films
by immersing the silicon surface in a first solution including
ions of the first metal and fluoride ions; a non-penetrating
pore forming device for forming non-penetrating pores in the
silicon surface by immersing the silicon surface in a second
60 solution including fluoride ions; and a plating device for
filling up the non-penetrating pores substantially with a second metal or an alloy of the second metal by autocatalytic
electroless plating, by immersing in a third solution including
ions of the second metal and a reducing agent, with the first
65 metal located at bottoms of the non-penetrating pores serving
as starting points, as well as covering the silicon surface with
the second metal or the alloy of the second metal.
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In this apparatus for producing a composite material, with
use of the device for immersing the silicon surface in the first
solution including ions of the first metal and fluoride ions, the
first metal is initially dispersed and allocated on the silicon
surface into the shapes ofparticles, islands, or films. There are
then formed pores in the silicon surface layer with use of the
device for immersing the silicon surface supporting the first
metal in the second solution including fluoride ions. In this
case, the first metal in the shapes of particles, islands, or films
is located at the bottoms of the finally formed non-penetrating
pores as if the first metal has dug into the pores. Thereafter,
the second metal or an alloy of the second metal (hereinafter
in this paragraph, simply referred to as "the second metal or
the like") is formed by autocatalytic electroless plating with
use of the device for filling the pores. The second metal or the
like therefore serves as a catalytic agent and continuously
stimulates reduction of the ions of the second metal or the like
even after the second metal or the like covers the first metal.
Accordingly, in the composite material produced by this
apparatus, the second metal or the like fills the non-penetrating pores while the first metal located at the bottoms of the
pores serving as the starting points, so that less voids are left
in the pores. As a result, the film of the second metal or the
like, which is formed on the silicon surface other than inside
the pores subsequently to the filling in the pores, is highly
adhesive to the silicon surface due to the effect of precise
filling in the pores.
It is quite interesting that the filling can be achieved with
less voids being left, similarly to the above cases, even in a
state where the non-penetrating pores provided in the silicon
surface are very fine and a large number of such fine nonpenetrating pores are formed. In other words, even with a
porous silicon surface, the pores can be filled up with the
second metal or an alloy of the second metal (hereinafter in
this paragraph, simply referred to as "the second metal or the
like") with a very high degree of accuracy, and the film or the
layer of the second metal or the like can be formed also on the
silicon surface other than inside the pores so as to be highly
adhesive to the surface. Furthermore, it is regarded as significant that the composite material described above is formed in
an electroless environment throughout the entire steps.

6
FIG. 3 is a diagram illustrating a plating device for plating
a second metal or an alloy of the second metal according to the
embodiment of the present invention.
FIG. 4 is a SEM picture showing dispersion/allocation of
5 the first metal particles on the surface of the silicon substrate
according to the embodiment of the present invention.
FIG. 5 is a cross sectional SEM picture showing the nonpenetrating pores and the fine particles located at the bottoms
thereof according to the embodiment of the present invention.
10
FIG. 6 is a cross sectional SEM picture showing the surface
of the silicon substrate and the vicinity thereof, which has
been immersed in a third solution, according to the embodiment of the present invention.
FIG. 7 is a cross sectional SEM picture of a composite
15 material according to another embodiment of the present
invention.
FIG. 8 is a cross sectional SEM picture showing nonpenetrating pores and fine particles located at the bottoms
thereof according to a different embodiment of the present
20 invention.
FIG. 9 is a cross sectional SEM picture of a composite
material according to the different embodiment of the present
invention.
FIG. 10 is a cross sectional SEM picture showing non25 penetrating pores and fine particles located at the bottoms
thereof according to a different embodiment of the present
invention.
FIG. 11 is a cross sectional SEM picture of a composite
material according to the different embodiment of the present
30 invention.
FIG. 12 is a cross sectional SEM picture of a composite
material according to a different embodiment of the present
invention.
FIG. 13 is a schematic diagram of an adhesibility measurement device for a plating material according to an embodiment of the present invention.
BEST MODE FOR CARRYING OUT THE
INVENTION
40

Effects of the Invention
With use of a composite material according to the present
invention, a method of producing a composite material
according to the present invention, or an apparatus for producing a composite material according to the present invention, non-penetrating pores formed in a silicon surface layer
are filled up with a metal or an alloy of the metal with less
voids being left. As a result, because of the advantageous
effect of precise filling in the pores, it is possible to improve
the adhesion between the silicon surface and a film or a layer
of a second metal or an alloy of the second metal, which is
formed on the silicon surface other than inside the pores
subsequently to the filling in the pores.

45

50

55

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a diagram illustrating a dispersion/allocation
device for dispersing and allocating first metal particles on a
surface of a silicon substrate according to an embodiment of
the present invention.
FIG. 2 is a diagram illustrating a non-penetrating pore
forming device for forming non-penetrating pores in the surface of the silicon substrate according to the embodiment of
the present invention.

6o

65

Embodiments of the present invention are described in
detail with reference to the accompanying drawings. In the
description, common parts are denoted by common reference
symbols in all the drawings unless otherwise specified. Further, the elements in these embodiments are not necessarily
illustrated in accordance with the same scale in the drawings.
Some of the symbols may not be indicated in the drawings for
the purpose of simplification in the appearances thereof.
First Embodiment
Described in the present embodiment are a composite
material and a method of producing the same. FIG. 1 is a
diagram illustrating a dispersion/allocation device 10 for dispersing and allocating a first metal on a surface of a silicon
substrate 100, which serves as a matrix, according to the
present embodiment. FIG. 2 is a diagram illustrating a nonpenetrating pore forming device 20 for forming non-penetrating pores in the surface of the silicon substrate 100. FIG. 3 is
a diagram illustrating a plating device 30 for filling in the
non-penetrating pores a second metal or an alloy of the second metal and forming on the surface of the silicon substrate
100 a film or a layer of the second metal or an alloy of the
second metal (hereinafter, selectively referred to as a "layer"
for the purpose of easier description). The present embodiment adopts silver (Ag) as the first metal and cobalt (Co) as
the second metal or an alloy of the second metal.
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As shown in FIG. 1, in the present embodiment, a silicon
filled up substantially with cobalt (Co) serving as a second
metal 106a (hereinafter, also referred to as cobalt simply)
substrate 100 is initially immersed for 30 seconds in an aquewithout voids being left.
ous solution (hereinafter, also referred to as a first solution) 14
As shown in FIG. 6, a second metal 106b of cobalt (Co) is
that is contained in a reservoir 12 and is preliminarily conditionedto 5°C. This aqueous solution 14 includes silver nitrate 5 provided on the surface of the silicon substrate 100 other than
inside the non-penetrating pores 104. The silicon substrate
(AgNO3) of a molarity equal to 1 mmol/L (millimole/liter)
100 is thus covered with a layer of cobalt (Co) as the second
and hydrofluoric acid (HF) of a molarity equal to 150 mmol/
metal 106b by adopting the plating method described above.
L. Observed as a result was that particles of silver (Ag) as a
In the present embodiment, it is substantially cobalt that fills
first metal 102 of diameters from 7 nm to 30 nm were deposio the non-penetrating pores 104, while, quite precisely, it is
ited substantially uniformly on the surface of the silicon subregarded as a cobalt-boron alloy (Co B) including boron at
strate 100 at a particle density of approximately 1.8x10"
approximately 0% to 0.2% in the atomic percentage (atom
particles/cm2. FIG. 4 is a picture taken with use of a scanning
%).
electron microscope (hereinafter, referred to as a SEM),
In the present embodiment, the second metal 106a of
which shows the surface of the silicon substrate 100 in this 15 cobalt (Co) fills the non-penetrating pores 104 without voids
case. The silicon substrate 100 in the present embodiment is
being left by autocatalytic electroless plating, with particles
of a p-type. Although not illustrated for the purpose of simof silver as the first metal 102 located at the bottoms of the
plification of the appearance of the figure, the silicon subnon-penetrating pores 104 serving as the starting points.
strate 100 is immersed while being partially covered with and
More specifically, even after the silver particles, which iniretained by a holder that is made of a known fluorocarbon 20 tially served as a catalytic agent, are covered with the plating
resin. Such a holder for the silicon substrate 100 is not shown
material of cobalt (Co), this cobalt (Co) itself still serves as
in FIGS. 2 and 3 to be referred to later. The first metal 102 in
the catalytic agent to continuously deposit cobalt (Co). Furthermore, such autocatalyticity is continuously effective even
the present embodiment is dispersed and allocated into the
after the non-penetrating pores 104 have been filled, so that
shapes of particles or islands when the silicon substrate is
immersed in the first solution 14. However, in the present 25 the surface of the silicon substrate 100 other than inside the
non-penetrating pores 104 is covered with the second metal
embodiment, such shapes are selectively referred to as "par106b of cobalt (Co). The autocatalytic electroless plating sets
ticles" for the purpose of easier description.
as the starting points the particles ofthe first metal 102 located
Subsequently, as shown in FIG. 2, in a dark room 26, the
at the bottoms of the non-penetrating pores 104 upon plating
silicon substrate 100 supporting the particles of silver as the
30 with use of the second metal (or an alloy of the second metal).
first metal 102 is immersed for approximately 10 minutes in
Therefore, even in a case where a large number of nonhydrofluoric acid (hereinafter, also referred to as a second
penetrating pores are formed, the pores can be filled accusolution) 24 that has a molarity of 7.3 mol/L (mole/liter) and
rately with less voids being left. As a result, the second metal
is contained in a reservoir 22. Observed as a result were a
106a of cobalt (Co), which fills the non-penetrating pores 104
large number of fine non-penetrating pores 104 that were 35 with a high degree of accuracy, serves as an anchor. There is
formed in the surface of the silicon substrate 100. It is quite
thus formed a layer of cobalt (Co) serving as the second
interesting that the non-penetrating pores 104 were provided
metals 106a and 106b, which are highly adhesive to the
with fine particles X at the bottoms thereof. FIG. 5 is a cross
surface of the silicon substrate 100. The layer of the second
sectional SEM picture showing the non-penetrating pores
metal 106b was approximately 250 nm thick in this composite
104 and the fine particles X located at the bottoms thereof. 40 material. The thickness of this layer is obtained in accordance
This SEM picture indicates that the non-penetrating pores
with the gravimetric technique. This technique is applied to
104 have diameters of several nm to several tens of nm.
obtain the thicknesses of all the layers of the second metals or
Therefore, the diameters of the non-penetrating pores 104
alloys of the second metals to be described in the following
well correspond to the diameters of the particles of silver as
embodiments.
the first metal 102, which are dispersed and allocated on the 45
Then tested was the qualitative adhesion of the composite
surface of the silicon substrate 100.
material according to the present embodiment, in a method in
As described above, hydrofluoric acid is adopted as the
compliance with JIS H8504 methods of adhesion test for
second solution 24, which includes no fine particle other than
metallic coatings. In this case, used on the composite material
those of silver. It is thus determined in the present embodiwas a highly adhesive tape (Model 859T manufactured by
ment that the fine particles X are particles of silver as the first 50 Sumitomo 3M Limited) in place of the JIS Z1522 adhesive
metal 102 which are formed on the silicon surface with use of
cellophane tape (equivalent to the tape (Model CT-18) manuthe first solution 14. Further, the SEM picture of FIG. 5 shows
factured by Nichiban Co., Ltd.). This highly adhesive tape is
that the non-penetrating pores 104 are approximately 50 nm
experimentally verified to have an adhesibility of 1317 7/m2
deep in average.
or more.
Thereafter, as shown in FIG. 3, the silicon substrate 100 55
The adhesion test resulted in no detachment observed in the
provided with the non-penetrating pores 104 described above
composite material according to the present embodiment.
is immersed in an aqueous solution (hereinafter, also referred
Accordingly found out in the present embodiment was that
to as a third solution) 34 that serves as a plating solution and
the layer of cobalt (Co) (or the layer of the cobalt-boron alloy
includes a metal salt of cobalt sulfate (CoSO4) and a reducing
(Co B)) had an adhesibility higher than 1317 7/m2. In other
agent of dimethylamine-borane (DMAB). In the present 60 words, the composite material of the present embodiment was
embodiment, the silicon substrate 100 was immersed in the
found to have a significantly high adhesibility.
third solution 34 for 120 seconds in an electroless environSubsequently measured was the adhesibility between the
ment. FIG. 6 is a cross sectional SEM picture showing the
surface of the silicon substrate 100 and the layer of cobalt as
surface of the silicon substrate 100 and the vicinity thereof,
the second metal 106b (Co), which was formed in a method
which has been immersed in the third solution 34 for 120 65 including some step different from that of the present embodiseconds. Observed is that the non-penetrating pores 104,
ment. Specifically, measurement was made, with use of an
which were formed with use of the second solution 24, are
adhesibility measurement device 40 shown in FIG. 13, on a
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measurement sample that was obtained through the steps
etrating pores in the present embodiment were approximately
100 nm deep in average with a maximum depth of approxisame as those of the present embodiment except the fact that
mately 180 nm.
the sample was immersed in the third solution 34 for 600
Thereafter, the silicon substrate 100 provided with the
seconds. The measurement sample had a layer of the second
5 non-penetrating pores described above is immersed in a third
metal of approximately 730 nm.
solution 34 that serves as a plating solution and is heated to
The measurement was made in the following steps. Firstly,
70° C., including metal salts of cobalt sulfate (CoSO4) and
a tape (Model CT-18 manufactured by Nichiban Co., Ltd.) 42
nickel sulfate (NiSO4) as well as a reducing agent of dimis partially attached to the measurement sample. Subseethylamine-borane (DMAB). In the present embodiment, the
quently, as shown in FIG. 13, one end of the tape 42 pressed
io silicon substrate 100 was immersed in the third solution 34 for
by a presser 44 is caught by the adhesibility measurement
120 seconds in an electroless environment. Observed as a
device 40, and the tape 42 is pulled at a constant velocity
result were that the non-penetrating pores, which were
vertically upward with respect to the surface of the layer of the
formed with use of the second solution 24, were filled up with
second metal 106b. The adhesibility was measured during the
a cobalt-nickel-boron alloy (Co Ni B) without voids
upward pulling operation by reading a force applied to the 15 being left, and that the cobalt-nickel-boron alloy (Co—Ni---tape 42 with use of a digital force gauge (DPS-5R manufacB) was formed also on the surface of the silicon substrate 100
tured by Imada Co., Ltd.).
other than inside the non-penetrating pores. In the present
It was found as a result that the adhesibility was higher than
embodiment, there were included cobalt at approximately
426 7/m2. As a comparative example, 203 7/m2 was obtained
90% in the percentage (% by weight), nickel at approximately
as the adhesibility of a cobalt (Co) layer on a silicon substrate 20 6% in the percentage (% by weight), and boron at approxi100, while the layer is approximately as thick as that of the
mately 4% in the percentage (% by weight).
measurement sample and is not processed through the nonAgain in the present embodiment, as described above, the
cobalt-nickel-boron alloy (Co Ni B) as an alloy 206a of
penetrating pore formation step and the cobalt (Co) filling
the second metal fills the non-penetrating pores without voids
step. The composite material of the present embodiment was
therefore found out to have an adhesibility at least twice as 25 being left by autocatalytic electroless plating with fine particles of silver (Ag) as the first metal 102 located at the
high as that of the comparative example.
bottoms of the non-penetrating pores serving as the starting
Moreover, all the steps shown in FIGS. 1 to 3 described
points. Furthermore, such autocatalyticity is continuously
above are performed in an electroless environment in the
effective even after the non-penetrating pores have been
present embodiment. Therefore, the present embodiment is
30 filled, so that the surface of the silicon substrate 100 other than
significantly advantageous also in view of cost therefor by
inside the non-penetrating pores is covered with a layer of the
applying plating of high mass productivity with use of a
cobalt-nickel-boron alloy (Co Ni B). As a result, the
matrix of high versatility as well as by requiring no equipment
cobalt-nickel-boron alloy (Co—Ni---B), which fills the nonsuch as electrodes, a power supply, and the like, which are
penetrating pores 104 with a high degree of accuracy, serves
necessary in electroplating.
35 as an anchor. There is thus formed the layer of the cobaltnickel-boron alloy (Co Ni B) as the alloys 206a and 206b
Second Embodiment
of the second metal, which are highly adhesive to the surface
of the silicon substrate 100. FIG. 7 is a cross sectional SEM
Described in the present embodiment are another compospicture of the composite material, showing that the cobaltite material and a method of producing the same. The method 4o nickel-boron alloy (Co Ni B) as the alloys 206a and 206b
of producing the composite material according to the present
of the second metal fills the non-penetrating pores and also
embodiment is same as that of the first embodiment except for
covers the silicon surface.
some conditions. Therefore, the description redundant with
Measured in this case was the adhesibility between the
that of the first embodiment may not be repeatedly provided.
surface of the silicon substrate 100 and the layer of the cobaltA first metal 102 in the present embodiment is dispersed and 45 nickel-boron alloy (Co—Ni---B), which was formed in a
allocated into the shapes of particles or islands when a silicon
method including some step different from that of the present
substrate is immersed in a first solution 14. However, in the
embodiment. Specifically, tested in a method in compliance
present embodiment, such shapes are selectively referred to
with JIS H8504 methods of adhesion test for metallic coatas "particles" for the purpose of easier description.
ings was the qualitative adhesion of a measurement sample
In the present embodiment, particles of silver (Ag) as the 50 that was obtained through the steps same as those of the
first metal 102 were dispersed and allocated on the surface of
present embodiment except the fact that the sample was
a silicon substrate 100, which serves as a matrix, with use of
immersed in the third solution 34 for 180 seconds. Namely,
a dispersion/allocation device 10 configured as shown in FIG.
there was used the JIS Z1522 adhesive cellophane tape
1. More specifically, the present embodiment adopts as the
(equivalent to the tape (Model CT-18) manufactured by
first solution 14 an aqueous solution that is preliminarily 55 Nichiban Co., Ltd.).
conditioned to 5° C. and includes silver nitrate (AgNO3) of a
As a result, the above measurement sample had no detachmolarity equal to 1 mmol/L (millimole/liter) and hydrofluoric
ment observed. As a comparative example, a layer of a cobaltacid (HF) of a molarity equal to 150 mmol/L.
nickel-boron alloy (Co Ni B) ona silicon substrate, which
Subsequently, the silicon substrate 100 supporting the silwas not processed through the non-penetrating pore formaver (Ag) particles is immersed in a second solution 24 same as 60 tion step and the cobalt-nickel-boron alloy (Co Ni B) fillthat of the first embodiment. In the present embodiment, the
ing step, was immersed in the third solution for 120 seconds
period of immersion was 15 minutes. Observed as a result
to be naturally and gradually detached from the substrate. The
were a large number of fine non-penetrating pores that were
present embodiment is found to realize formation with
formed in the surface of the silicon substrate 100. Again in the
improved adhesion of the layer of the cobalt-nickel-boron
present embodiment, the non-penetrating pores were pro- 65 alloy (Co—Ni---B), which could not be originally formed.
vided at the bottoms thereof with fine particles, which were
The adhesion was then tested in compliance with JIS
assumed to be of silver (Ag) described above. The non-penH8504 methods of adhesion test for metallic coatings, with
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use of a highly adhesive tape (Model 859T manufactured by
304 is immersed in a third solution 34 that serves as a plating
solution and includes a metal salt of nickel sulfate (NiSO4)
Sumitomo 3M Limited) in place of the JIS Z1522 adhesive
and a reducing agent of dimethylamine-borane (DMAB). In
cellophane tape. As a result, there was no detachment
the present embodiment, the polycrystalline silicon substrate
observed in the composite material according to the present
embodiment. Accordingly found out was that the cobalt- 5 300 is immersed in the third solution 34 for 300 seconds in an
electroless environment. Observed as a result were that the
nickel-boron alloy (Co Ni B) in the composite material of
non-penetrating pores 304, which were formed with use of
the present embodiment had an adhesibility higher than 1317
the second solution 24, were filled up with a nickel-boron
7/m2. Therefore, extremely high adhesion was experimentally
alloy (Ni B) as an alloy 306a of the second metal without
verified in the composite material of the present embodiment.
Moreover, similarly to the above embodiment, all the steps io voids being left, and that a layer of a nickel-boron alloy
(Ni B) 306b was formed also on the surface of the polycrysare performed in an electroless environment in the present
talline silicon substrate 300 other than inside the non-penembodiment, requiring no equipment such as electrodes, a
etrating pores 304.
power supply, and the like, which are necessary in electroAgain in the present embodiment, as described above, the
plating. The autocatalytic electroless plating sets as the starting points the fine particles of the first metal located at the 15 nickel-boron alloy (Ni B) as the alloy 306a of the second
metal fills the non-penetrating pores 304 without voids being
bottoms of the non-penetrating pores upon plating with use of
left by autocatalytic electroless plating, with fine particles of
the second metal. Therefore, even in a case where a large
silver (Ag) as the first metal 302 located at the bottoms of the
number of non-penetrating pores are formed, these pores can
non-penetrating pores 304 serving as the starting points. Furbe filled accurately with less voids being left.
20 thermore, such autocatalyticity is continuously effective even
Third Embodiment
after the non-penetrating pores 304 have been filled, so that
the surface of the polycrystalline silicon substrate 300 other
Described in the present embodiment are a different comthan inside the non-penetrating pores 304 is covered with the
posite material and a method of producing the same. The
layer of the nickel-boron alloy (Ni B) as the alloy 306b of
method of producing the composite material according to the 25 the second metal. Asa result, the nickel-boron alloy (Ni B),
present embodiment is same as that of the first embodiment
which fills the non-penetrating pores 304 with a high degree
except for the matrix thereof. Therefore, the description
of accuracy, serves as an anchor. There is thus formed the
redundant with that of the first embodiment may not be
layer of the nickel-boron alloy (Ni B) as the alloys 306a and
repeatedly provided. A first metal 302 in the present embodi306b of the second metal, which are highly adhesive to the
ment is dispersed and allocated into the shapes of particles or 30 surface of the polycrystalline silicon substrate 300. FIG. 9 is
islands when the matrix is immersed in a first solution 14.
a cross sectional SEM picture of the composite material,
However, in the present embodiment, such shapes are selecshowing that the nickel-boron alloy (Ni B) as the alloys
tively referred to as "particles" for the purpose of easier
306a and 306b of the second metal fills the non-penetrating
description.
pores 304 and also covers the polycrystalline silicon surface.
The present embodiment adopts a polycrystalline silicon 35
Adoption of autocatalytic electroless plating allows plating
substrate 300 as a matrix thereof. Again in the present
of the second metal or an alloy thereof to proceed with the first
embodiment, the first metal 302 of silver (Ag) was dispersed
metal located at the bottoms of the non-penetrating pores
and allocated on the surface of the polycrystalline silicon
serving as the starting points. There is thus obtained a comsubstrate, which serves as the matrix, with use of a dispersion/
posite material provided with a layer of a second metal or an
allocation device 10 configured as shown in FIG. 1. More 4o alloy of the second metal with less voids being left even in a
specifically, similarly to the first embodiment, the substrate is
case where a matrix is provided on the surface thereof with
immersed for 30 seconds in a first solution 14 that is contained
relatively large unevenness as in polycrystalline silicon.
in a reservoir 12 and is preliminarily conditioned to 5° C. The
Then measured was the adhesibility between the surface of
first solution 14 includes silver nitrate (AgNO3) of a molarity
the polycrystalline silicon substrate 300 as the matrix and the
equal to 1 mmol/L (millimole/liter) and hydrofluoric acid 45 layer of the nickel-boron alloy (Ni B) as the alloys 306a and
(HF) of a molarity equal to 150 mmol/L. The polycrystalline
306b of the second metal in the composite material produced
silicon substrate 300 in the present embodiment is of an
in the method according to the present embodiment. Specifin-type.
cally, tested in compliance with JIS H8504 methods of adheSubsequently, with use of a non-penetrating pore forming
sion test for metallic coatings was the adhesion of a highly
device 20 configured as shown in FIG. 2, the polycrystalline 5o adhesive tape (Model 859T manufactured by Sumitomo 3M
silicon substrate 300 supporting the silver (Ag) particles is
Limited) in place of the JIS Z1522 adhesive cellophane tape.
immersed in a second solution 24 same as that of the first
There was no detachment observed in the composite mateembodiment. In the present embodiment, the period of
rial according to the present embodiment. Accordingly found
immersion is 10 minutes. As shown in FIG. 8, observed as a
out was that the layer of the nickel-boron alloy (Ni B) in the
result were a large number of fine non-penetrating pores 304 55 composite material of the present embodiment had an
that are formed in the surface of the polycrystalline silicon
adhesibility higher than 1317 7/m2. As a result, extremely
substrate 300. Again in the present embodiment, the nonhigh adhesion was experimentally verified in the composite
penetrating pores 304 were provided at the bottoms thereof
material of the present embodiment. The layer of the nickelwith fine particles, which were assumed to be of silver (Ag)
boron alloy (Ni B) was approximately 250 nm thick in this
(the first metal 302) described above. The non-penetrating 60 composite material.
pores 304 in the present embodiment were approximately 40
While the present embodiment adopts the polycrystalline
nm deep in average with a maximum depth of approximately
silicon substrate, the present invention is not limited such a
120 nm.
case. For example, even in a case where there is adopted a
Thereafter, with use of a plating device 30 shown in FIG. 3,
substrate as a matrix which includes silicon oxide in a base
an alloy of a second metal is formed on the polycrystalline 65 and is provided with a layer of polycrystalline silicon formed
silicon substrate 300. More specifically, the polycrystalline
by a known CVD method, a high adhesibility is obtained
silicon substrate 300 provided with the non-penetrating pores
between the polycrystalline silicon layer and a second metal
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or an alloy of the second metal. Further, an effect substantially
voids being left, and that a layer of a nickel-boron alloy
(Ni B) 406b was formed also on the surface of the matrix
same as that of the present invention is exerted even in a case
400 other than inside the non-penetrating pores 404.
where the polycrystalline silicon layer is of a p-type.
Again in the present embodiment, as described above, the
Again in the present embodiment, all the steps shown in
FIGS. 1 to 3 described above are performed in an electroless 5 nickel-boron alloy (Ni B) as the alloy 406a of the second
metal fills the non-penetrating pores 404 without voids being
environment. Therefore, the present embodiment is signifileft by autocatalytic electroless plating, with fine particles of
cantly advantageous also in view of cost therefor by applying
silver (Ag) as the first metal 402 located at the bottoms of the
plating of high mass productivity with use of a matrix includnon-penetrating pores 404 serving as the starting points. Furing polycrystalline silicon of high versatility as well as by
requiring no equipment such as electrodes, a power supply, io thermore, such autocatalyticity is continuously effective even
after the non-penetrating pores 404 have been filled, so that
and the like, which are necessary in electroplating.
the surface of the silicon substrate 400 other than inside the
Fourth Embodiment
non-penetrating pores 404 is covered with the layer of the
nickel-boron alloy (Ni B) as the alloy 406b of the second
Described in the present embodiment are a different com- 15 metal. Asa result, the nickel-boron alloy (Ni B), which fills
posite material and a method of producing the same. The
the non-penetrating pores 404 with a high degree of accuracy,
method of producing the composite material according to the
serves as an anchor. There is thus formed the layer of the
present embodiment is same as that of the first embodiment
nickel-boron alloy (Ni B) as the alloys 406a and 406b of the
except for the matrix thereof. Therefore, the description
second metal, which are highly adhesive to the surface of the
redundant with that of the first embodiment may not be 20 matrix 400. FIG. 11 is a cross sectional SEM picture of the
repeatedly provided. A first metal 402 in the present embodicomposite material, showing that the nickel-boron alloy
ment is dispersed and allocated into the shapes of particles or
(Ni B) as the alloys 406a and 406b of the second metal fills
islands when the matrix is immersed in a first solution 14.
the non-penetrating pores 404 and also covers the microcrysHowever, in the present embodiment, such shapes are selectalline silicon surface.
tively referred to as "particles" for the purpose of easier 25
Adoption of autocatalytic electroless plating allows plating
description.
of the second metal or an alloy thereof to proceed with the first
A matrix 400 in the present embodiment adopts a glassy
metal located at the bottoms of the non-penetrating pores
carbon as a base which is provided on the surface thereof with
serving as the starting points. There is thus obtained a comhydrogenated microcrystalline silicon layers (lamination of
posite material provided with a layer of the second metal or an
an n-type microcrystalline silicon carbide (SiC) layer of 25 3o alloy of the second metal with less voids being left even in a
nm thick and an i-type microcrystalline silicon layer of 2 to 3
case where a matrix is provided on the surface thereof with
µm thick). Again in the present embodiment, the first metal
relatively large unevenness as in microcrystalline silicon.
402 of silver (Ag) was dispersed and allocated on the surface
Then measured was the adhesibility between the microcof the matrix 400 with use of a dispersion/allocation device 10
rystalline silicon layer on the surface of the matrix 400 and the
configured as shown in FIG. 1. More specifically, similarly to 35 layer of the nickel-boron alloy (Ni B) as the alloys 406a and
the first embodiment, the matrix is immersed for 30 seconds
406b of the second metal in the composite material produced
in the first solution 14 that is contained in a reservoir 12 and
in the method according to the present embodiment. Specifiis preliminarily conditioned to 5° C. The first solution 14
cally, tested in compliance with JIS H8504 methods of adheincludes silver nitrate (AgNO3) of a molarity equal to 1
sion test for metallic coatings was the adhesion of a highly
mmol/L (millimole/liter) and hydrofluoric acid (HF) of a 4o adhesive tape (Model 859T manufactured by Sumitomo 3M
molarity equal to 150 mmol/L.
Limited) in place of the JIS Z1522 adhesive cellophane tape.
Subsequently, with use of a non-penetrating pore forming
There was no detachment observed in the composite matedevice 20 configured as shown in FIG. 2, the matrix 400
rial according to the present embodiment. Accordingly found
supporting the silver (Ag) particles described above is
out was that the nickel-boron alloy (Ni B) in the composite
immersed in a second solution 24 same as that of the first 45 material of the present embodiment had an adhesibility
embodiment. In the present embodiment, the period of
higher than 1317 7/m2. As a result, extremely high adhesion
immersion is 10 minutes. As shown in FIG. 10, observed as a
was experimentally verified in the composite material of the
result were a large number of fine non-penetrating pores 404
present embodiment.
that were formed in the surface of the matrix 400. Again in the
Again in the present embodiment, all the steps shown in
present embodiment, the non-penetrating pores 404 were 5o FIGS. 1 to 3 described above are performed in an electroless
provided at the bottoms thereof with fine particles, which
environment. Therefore, the present embodiment is signifiwere assumed to be of silver (Ag) (the first metal 402)
cantly advantageous also in view of cost therefor by applying
described above. The non-penetrating pores in the present
plating of high mass productivity with use of a matrix includembodiment were approximately 40 nm deep in average with
ing microcrystalline silicon of high versatility as well as by
a maximum depth of approximately 170 nm.
55 requiring no equipment such as electrodes, a power supply,
Thereafter, with use of a plating device 30 shown in FIG. 3,
and the like, which are necessary in electroplating.
an alloy of a second metal is formed on the matrix 400. More
The embodiments described above respectively adopt, as
specifically, the matrix 400 provided with the non-penetrating
the plating materials to be filled, cobalt (Co), the cobalt-boron
pores 404 is immersed in a third solution 34 that serves as a
alloy (Co B), the cobalt-nickel-boron alloy (Co Ni B),
plating solution and includes a metal salt of nickel sulfate 6o and the a nickel-boron alloy (Ni B). However, the present
(NiSO4) and a reducing agent of dimethylamine-borane
invention is not limited such cases. For example, with use of
(DMAB). In the present embodiment, the matrix 400 is
a plating material of a cobalt-phosphorus alloy (Co P),
immersed in the third solution 34 for 300 seconds in an
nickel-phosphorus alloy (Ni P), or copper (Cu), a large
electroless environment. Observed as a result were that the
number of fine non-penetrating pores can be filled by autonon-penetrating pores 404, which were formed with use of 6 5 catalytic plating as in the respective embodiments described
the second solution 24, were filled up with a nickel-boron
above. Further, there is exerted an effect substantially same as
alloy (Ni B) as an alloy 406a of the second metal without
that of each of the above embodiments if adopted is a matrix
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provided with an uppermost layer that is made of singlecrystalline silicon, polycrystalline silicon, or microcrystalline silicon and is thick enough to allow the non-penetrating
pores to be formed therein. Even if there is adopted a matrix
provided with an uppermost layer that is made of at least a
material selected from a group consisting of single-crystalline silicon, polycrystalline silicon, or microcrystalline silicon, still exerted is an effect substantially same as that of each
of the above embodiments.
Other Embodiment 1

16
Moreover, each of the embodiments described above
adopts silver (Ag) as the first metal. However, the present
invention is not limited to such a case. Alternatively, the first
metal may be palladium (Pd), gold (Au), platinum (Pt), or
5 rhodium (Rh), for example. An effect substantially same as
that of the present invention is exerted as long as the first metal
is a catalytic agent that serves as the starting point to cause the
second metal or an alloy of the second metal to be an autocatalytic plating material.
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Other Embodiment 2

In order to fill a nickel-boron alloy (Ni B) as a plating
Described as an example is a case where gold (Au) is
material, the present embodiment initially adopts as a first 15 adopted as a first metal. A silicon substrate 100 was initially
solution an aqueous solution that includes silver nitrate
immersed for 10 seconds in an aqueous solution (a first solu(AgNO3) of a molarity equal to 1 mmol/L (millimole/liter)
tion) that was preliminarily conditioned to 5°C. This aqueous
and hydrofluoric acid (HF) of a molarity equal to 150 mmol/
solution includes tetrachloroauric acid (HAuC14) of a molarL. Subsequently, a silicon substrate 100 on which a first metal
ity equal to 1 mmol/L (millimole/liter) and hydrofluoric acid
of silver (Ag) is dispersed and allocated is immersed in a 20 (HF) of a molarity equal to 150 mmol/L. Subsequently, the
second solution same as that of the first embodiment. There is
silicon substrate 100 supporting gold fine particles was
then adopted, as a third solution, an aqueous solution that
immersed for 15 minutes in a second solution same as that of
includes a metal salt of nickel sulfate and a reducing agent of
the first embodiment. Thereafter, plating was performed with
dimethylamine-borane (DMAB). Non-penetrating pores prouse of an aqueous solution as a plating solution that includes
vided in the silicon substrate 100 are filled up with a nickel- 25 a metal salt of nickel sulfate (NiSO4) and a reducing agent of
boron alloy (Ni B) and the surface of the silicon substrate
dimethylamine-borane (DMAB). There was thus produced a
100 other than inside the non-penetrating pores is covered
measurement sample of the silicon substrate 100 that is prowith a layer of the nickel-boron alloy (Ni B). FIG. 12 is a
vided with a layer of a nickel-boron alloy (Ni B) with gold
SEM picture showing that the non-penetrating pores and the
(Au) serving as the first metal.
silicon surface other than inside the non-penetrating pores are 30
An adhesion test same as that of the second embodiment
plated with the nickel-boron alloy (Ni B) as alloys 506a and
was performed on this measurement sample that adopts gold
506b of the second metal by immersion in the third solution
(Au) as the first metal. As a result, there was observed no
for 180 seconds.
detachment of the plating layer. Therefore, the effect of the
In this case, tested with use of a tape same as that of the first
present embodiment was exerted even in a case where gold
embodiment (Model CT-18 manufactured by Nichiban Co., 35
(Au) was adopted as the first metal.
Ltd.) was the adhesion of a measurement sample, which was
obtained through the step same as that of forming a layer of
Other Embodiment 3
the nickel-boron alloy (Ni B) except the fact that the sample
was immersed in the third solution for 360 seconds.
Described below is a case where platinum (Pt) is adopted as
As a result, the above measurement sample had no detach- 40
a
first
metal. A silicon substrate 100 was initially immersed
ment observed. As a comparative example, a layer of a nickelfor 60 seconds in an aqueous solution (a first solution) that
boron alloy (Ni B) formed on a silicon substrate 100, which
was preliminarily conditioned to 40° C. This aqueous soluwas not processed through the non-penetrating pore formation includes hexachloroplatinic(IV) acid of a molarity equal
tion step and the nickel-boron alloy (Ni B) filling step, was
immersed in the third solution 34 for 120 seconds and was 45 to 1 mmol/L (millimole/liter) and hydrofluoric acid (HF) of a
molarity equal to 150 mmol/L. Subsequently, the silicon subnaturally and gradually detached from the substrate. The
strate 100 supporting platinum fine particles was immersed
present embodiment is found to realize formation with
for 60 minutes in a second solution same as that of the first
improved adhesion of the layer of the nickel-boron alloy
(Ni B), which could not be originally formed.
embodiment. Thereafter, plating was performed with use of
Tested in compliance with JIS H8504 methods of adhesion 5o an aqueous solution as a plating solution that includes a metal
test for metallic coatings was the adhesion of the composite
salt of nickel sulfate (NiSO4) and a reducing agent of dimmaterial in the present embodiment, with use of a highly
ethylamine-borane (DMAB). There was thus produced a
adhesive tape (Model 859T manufactured by Sumitomo 3M
measurement sample of the silicon substrate 100 that is proLimited) in place of the JIS Z1522 adhesive cellophane tape.
vided with a layer of a nickel-boron alloy (Ni B) with platiAs a result, there was no detachment observed in the com- 55 num (Pt) serving as the first metal.
posite material according to the present embodiment.
Visually observed was the condition of the plating layer
Accordingly found out was that the layer of the nickel-boron
formed on the measurement sample that adopts platinum (Pt)
alloy (Ni B) had an adhesibility higher than 1317 7/m2 in the
as the first metal. Observed as a result was that the plating
composite material of the present embodiment. Extremely
layer was formed uniformly on the silicon substrate 100 in the
high adhesion was experimentally verified in the composite 6o above measurement sample. As a comparative example, a
material of the present embodiment.
layer of a nickel-boron alloy (Ni B) formed on a silicon
Each of the embodiments described above adopts the first
substrate 100, which was not processed through the nonsolution including hydrofluoric acid (HF). However, the
penetrating pore formation step and the nickel-boron alloy
present invention is not limited to such a case. An effect
(Ni B) filling step, was immersed in the third solution to be
substantially same as that of the present invention is exerted 65 naturally and gradually detached at some portions thereof.
even in a case where ammonium fluoride (NH4F), for
The present embodiment is found to realize formation of the
example, is used in place of hydrofluoric acid (HF).
layer of the nickel-boron alloy (Ni B), which could not be
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originally formed. Consequently, the effect of the present
ing the silicon surface in a second solution comprising
fluoride ions, thereby forming non-penetrating pores
invention is exerted even in a case where platinum (Pt) is
comprising the first metal at the bottoms thereof; and
adopted as the first metal.
a plating step comprising substantially filling the remainEven in a case where the silicon is provided thereon with
ing volume of the non-penetrating pores with a second
several kinds of metals selected from the metals referred to 5
metal or an alloy thereof by autocatalytic electroless
already, there is exerted an effect similar to that of the present
plating, the plating step comprising immersing the siliinvention. Although not noted in the above description of the
con surface in a third solution comprising ions of the
respective embodiments, the first metal is not necessarily
second metal and a reducing agent, thereby substantially
required to be a pure metal including no impurities in any one
10
filling the remaining volume of the non-penetrating
of the above embodiments. The effect of the present invention
pores with the second metal, or alloy thereof, and formis substantially exerted even in a case where the first metal
ing a film of the second metal, or alloy thereof, on
includes an impurity that is possibly included in ordinary
portions of the silicon surface outside the pores such that
cases. In each of the above embodiments, the silicon substrate
the second metal or alloy thereof is adhered to the silicon
is immersed in the first solution to support the fine particles of
surface with an adhesiveness such that the second metal,
the first metal. However, the present invention is not limited to 15
or alloy thereof, cannot be detached from the silicon
the above. For example, even in a case where a suspension
surface when tested according to Japanese Industrial
including fine particles of the first metal is applied onto the
Standard test H8504, wherein the first metal located at
silicon by known spin coating and is then dried, it is verified
bottoms of the non-penetrating pores serves as starting
that this first metal serves substantially similarly to the first
points for the autocatalytic electroless plating.
metal of any one of the above embodiments.
20
2. A method ofproducing a composite material, the method
comprising:
As already described, there is exerted an effect substana dispersion/allocation step comprising dispersing and
tially similar to that of any one of the above embodiments as
allocating on a silicon surface a first metal into shapes of
long as the matrix is provided with an uppermost layer that is
particles, islands, or films by immersing the silicon surmade of single-crystalline silicon, polycrystalline silicon, or
face in a first solution comprising ions of the first metal
microcrystalline silicon and is thick enough to allow the 25
and fluoride ions;
non-penetrating pores to be formed therein. In addition, there
a non-penetrating pore formation step comprising forming
is exerted an effect substantially similar to that of any one of
non-penetrating pores in the silicon surface by immersthe above embodiments even in a case where a matrix is
ing the silicon surface in a second solution comprising
provided with an uppermost layer that is made of at least a
fluoride ions, thereby forming non-penetrating pores
material selected from a group consisting of single-crystal- 30
comprising the first metal at the bottoms thereof; and
line silicon, polycrystalline silicon, and microcrystalline silia plating step comprising substantially filling up the
con, in other words, a matrix is provided with an uppermost
remaining volume of the non-penetrating pores with a
layer so as to configure a composite material. Furthermore,
second metal or alloy thereof by autocatalytic electrothe effect of the present invention is exerted with a matrix
35
less plating, the plating step comprising immersing the
provided independently with an amorphous silicon layer that
silicon surface in a third solution comprising ions of the
is thick enough to allow the non-penetrating pores to be
second metal and a reducing agent, thereby substantially
formed therein, or a matrix provided with an uppermost comfilling the remaining volume of the non-penetrating
posite layer of any one of the above silicon materials and
pores with the second metal, or alloy thereof, and formamorphous silicon.
ing a film of the second metal, or alloy thereof, on
Although not noted in the above description of the respec- 40
portions of the silicon surface outside the pores such that
tive embodiments, the substance to fill the non-penetrating
the second metal, or alloy thereof, is adhered to the
pores may include the second metal or an alloy of the second
silicon surface with an adhesiveness such that the second
metal as well as an impurity, though slightly, such as carbon
metal or alloy thereof cannot be detached from the sili(C), oxygen (0), hydrogen (H), an additive like formalin or
45
con surface when tested according to Japanese Industrial
saccharin, which is included in a plating bath, or a decompoStandard test H8504, wherein the first metal located at
sition product of any one of the substances described above.
bottoms of the non-penetrating pores serves as starting
In each of the above embodiments, a large number of first
points for the autocatalytic electroless plating.
metal particles are dispersed and allocated on the surface of
3. The method of claim 1, wherein the silicon surface is
the silicon substrate, so that the non-penetrating pores proporous by provision of the non-penetrating pores.
vided in the silicon surface are porous. However, the present 50
4. The method of claim 1, wherein the first metal comprises
invention is not limited to such a case. As described above, the
at least one metal selected from palladium (Pd), silver (Ag),
scope of claims is inclusive of modifications made within the
gold (Au), platinum (Pt), and rhodium (Rh).
scope of the present invention such as other combinations of
5. The method of claim 1, wherein the silicon comprises at
the respective embodiments.
least one material selected from single-crystalline silicon,
55
polycrystalline silicon, microcrystalline silicon, and amorINDUSTRIAL APPLICABILITY
phous silicon.
6. The method of claim 2, wherein the silicon surface is
The present invention is widely applicable as a technical
porous
by provision of the non-penetrating pores.
element for a functional composite material.
60
7. The method of claim 2, wherein the first metal comprises
The invention claimed is:
at least one metal selected from palladium (Pd), silver (Ag),
1. A method ofproducing a composite material, the method
gold (Au), platinum (Pt), and rhodium (Rh).
comprising:
8. The method of claim 2, wherein the silicon comprises at
a dispersion/allocation step comprising dispersing and
least one material selected from single-crystalline silicon,
allocating on a silicon surface a first metal into shapes of
65 polycrystalline silicon, microcrystalline silicon, and amorparticles, islands, or films;
phous silicon.
a non-penetrating pore formation step comprising forming
non-penetrating pores in the silicon surface by immers-

