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(57) Ce matérnnau (10) pour plaquette de circuits
imprimes, qui est compose de matiere plastique et de
ceramique, constitue un ensemble matériau composite
formant plate-forme (11) et fil conducteur meétallique
(12), lequel fil est dispose€ sur le matériau avec un pas
prectabli. Les deux faces du matériau pour plaquette (10)
sont en conduction ¢lectrique par le biais du fil
metallique (12). Le procede de fabrication de ce materiau
pour plaquette de circuits imprimes consiste a €tirer dans
un moule un fil conducteur meétallique, avec un pas
prectabli, a verser un materiau composite constitue de
maticre plastique et de ceéramique dans le moule, a laisser
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(57) A printed circuit board matenial (10) composed of
plastics and ceramics and comprising a plate-form
composite material (11) and a conductive metal wire (12)
disposed on the material at a preset pitch, wherein one
surface and the other surface of the board material (10)
are electrically conducted via the metal wire (12). A
method of manufacturing the printed circuit board
material comprising the steps of stretching a conductive
metal wire at a preset pitch 1n a mold, pouring a
composite material consisting of plastics and ceramics
into the mold, hardening the composite material and
slicing the hardened material so as to cross the stretched
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durcir le matériau composite et a découper en tranches le
materiau durci jusqu’a recouper le 11l métallique etire. Ce
materiau pour plaquette assure une bonne conduction
¢lectrique. Sa structure 1’empéche de se desolidariser
d’une couche conductrice et cette méme structure permet
d’éviter qu'un materiau 1solant ne se se€pare d’un {fil
metallique. 11 est, de la sorte, possible, grace a ce
materiau, de produire des plaquettes de circuits imprimes
de densite plus ¢leveée et d’un précision dimensionnelle
accrue.
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metal wire. The board material can ensure a good electric
conduction and prevent the separation of the board
material from a conductive layer and the separation of
an 1nsulating material from a metal wire, thereby
providing a higher-density and higher-dimensional-
accuracy printed circuit board.
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(57) Abstract

A printed circuit board material (10) composed of plastics and ceramics and comprising a plate-form composite material (11) and a
conductive metal wire (12) disposed on the material at a preset pitch, wherein one surface and the other surface of the board matenial (10) are
electrically conducted via the metal wire (12). A method of manufacturing the printed circuit board material comprising the steps of
stretching a conductive metal wire at a preset pitch in a mold, pouring a composite material consisting of plastics and ceramics into the mold,
hardening the composite material and slicing the hardened material so as to cross the stretched metal wire. The board material can ensure a
good electric conduction and prevent the separation of the board material from a conductive layer and the separation of an insulating material
from a metal wire, thereby providing a higher-density and higher-dimensional-accuracy printed circuit board.
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DESCRIPTION

Substrate Material for Printed Circuit, Process for Production Thereof,

and Intermediate Block for Said Substrate Material

Technical Field

The present invention relates to a substrate material which 1s
an intermediate for printed circuit board, a process for production of
the substrate material, and an intermediate block used in production

of the substrate material.

Background Art

Printed circuit boards have, at one side, slots for integrated
circult and terminals for connecting various electronic parts and, at
other side, printed conductive paths for connecting the parts, and have
been used 1n a large amount as a key member of electronic appliances.

Fig. 6 1s a perspective view showing a printed circuit board. In
Fig. 6, a substrate material 1 comprises a sheet-shaped material
composed of an insulating material (e.g. epoxy resin or glass) and a
conductive metal 2 formed in the sheet-shaped material by plating or
the like so as to electrically connect the two surfaces of the sheet-
shaped material; on the two surfaces of the substrate material 1 1s
laminated a photoprocess layer 3 (a conductive layer) in which a
predetermined conductive pattern (circuit) is formed; above and below
the photoprocess layer 3 are formed terminals and conductive paths 4

by printing or the like; thereby, a printed circuit board is constituted.
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The substrate material 1 used in printed circuit boards has
heretofore been produced, for example, by producing a sheet-shaped
material composed of an insulating material (e.g. epoxy resin or glass),
making through holes (for electrical connection) at the predetermined

5 positions of the sheet-shaped material by drilling, filling the through
holes with a conductive metal (e.g. copper) by means of plating or the
like, and sealing the through holes with a sealant.

In the above production, however, drilling in the shaped
material generates chips and has had a fear of producing defective

10 products, and plating has had a high possibility of generating cracks
at the periphery of the substrate material, inviting poor electrical
connection. Further, in the drilling, the achievable ratio of through
hole length (substrate thickness)/hole diameter is at best about 5 and,
in, for example, a substrate material having a thickness of 1 mm, the

15 lower limit of hole diameter 1s about 0.2 mm. In order to obtain a
printed circuit board of high density, a smaller hole diameter 1s
preferred; however, such a hole diameter has been difficult to achieve
by drilling.

There was proposed a circuit board obtained by inserting, into a

20 frame, electric wires composed of N1, Co or the like, pouring thereinto
a molten insulating material composed of an epoxy resin or the like,
curing the insulating material, and cutting the resulting material at a
plane perpendicular to the metal wires to allow the two surfaces of the
cut material to have electrical connection to each other (see JP-A-49-

25 8759).

In this circuit board, however, the epoxy resin of the like used
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causes, in curing, a volume shrinkage of about 2 to 3%, which has
impaired the dimensional accuracy of through hole pitches, etc. This
has been a big drawback because dimensional accuracy 1s very
important in high-density printed circuit boards.

Further in this circuit board, since no attention is paid to the
difference in thermal expansion between the substrate material and
the conductive layer [photoprocess layer] laminated on one or both
surfaces of the substrate material, peeling may occur between the
substrate material and the conductive layer owing to the impact
and/or temperature difference during use. There has also been a fear
of peeling between the insulating material and the metal wires.

Hence, in view of the above-mentioned conventional problems,
the present invention has an object of providing a substrate material
for printed circuit, which ensures good electrical connection and
possesses controlled thermal expansion so as to eliminate the peeling
during use between the substrate material and the conductive layer
and between the insulating material and the metal wires; and a
process for production of such a substrate material for printed circuit.

Other object of the present invention is to provide a substrate
material for printed circuit, which can give a printed circuit board of
high density and has excellent dimensional accuracy; and a process for
production of such a substrate material for printed circuit.

Still other object of the present invention 1s to provide an
intermediate block from which the above substrate material for

printed circuit can be produced easily and efficiently.
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Disclosure of the Invention

According to the present invention, there is provided a
substrate material for printed circuit, comprising a sheet-shaped
composite material composed of a plastic and a ceramic and conductive
metal wires fixed in the composite material at given pitches, wherein
the two surfaces of the substrate material have electrical connection to
each other via the metal wires.

The substrate material of the present invention preferably has
a copper layer on one or both sides because it enables easier pattern
formation. The content of the ceramic in the composite material 1s
preferably 40 to 90% by volume because it can make smaller the
volume contraction during curing. It is preferred from the standpoint
of prevention of peeling of the metal wires from the composite
material that in the composite material, the plastic and the ceramic
have each been subjected to a coupling treatment and further that the
metal wires and the composite material are bonded to each other by a
coupling agent.

It is desirable that the composite material is composed of an
epoxy resin and a glass fiber cut into a predetermined length or glass
beads, because the resulting substrate material has no anisotropy in
thermal expansion and can have an intended strength.

Also in the substrate material of the present invention, 1t 1s
preferred that the metal wires used have an aspect ratio
(length/diameter) of 8 or larger, that the metal wires are fixed 1n the
sheet-shaped composite material at pitches of 1.1 mm or smaller, and

that the metal wires have a diameter (corresponding to the diameter
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of through holes or via holes) of 0.2 mm or smaller, because a high-
density printed circuit board is obtainable.

The substrate material of the present invention can be allowed
to show isotropic thermal expansion and have a thermal expansion
coefficient of 5 to 30 ppm/°C; the composite material can be allowed to
have a thermal expansion coefficient at least equal to that of the
metal wires; and the difference between the two thermal expansion
coefficients can be made as small as 1 to 10. Thereby, the reliability
in the temperature history of steps can be made very high.

According to the present invention, there is also provided an
intermediate block used in production of a substrate material for
printed circuit, comprising a composite material composed of a plastic
and a ceramic and conductive wires fixed in the composite material at
given pitches, wherein the content of the ceramic in the composite
material 1s 40 to 90% by volume and wherein the metal wires extend
lineally from one surface of the intermediate block to other surface of
the intermediate block facing the one surface and project from the two
surfaces.

In the substrate material for printed circuit and the
intermediate block therefor, both of the present invention, the metal
wires are composed preferably of any one metal selected from copper,
copper alloys, aluminum and aluminum alloys and, in view of the
standpoints of conductivity, abrasion resistance, flexibility, oxidation
resistance, strength, etc., more preferably of beryllium bronze.

According to the present invention, there i1s also provided a

process for producing a substrate material for printed circuit, which
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comprises stretching, in a mold, conductive metal wires at given
pitches, then pouring, into the mold, a composite material composed of
a plastic and a ceramic, curing the composite material, thereafter
slicing the resulting material in a direction approximately
perpendicular to the direction of the metal wires.

In the above production process, the thermal expansion
coefficient of the material constituting the mold is preferably larger
than that of the metal wires, and the metal wires have a diameter of
preferably 0.2 mm or smaller and are fixed in the mold at pitches of

preferably 1.1 mm or smaller.

Brief Description of the Drawings

Fig. 1 1s a perspective view showing an example of the
substrate material for printed circuit according to the present
imvention.

Figs. 2(a) and 2(b) are sectional views showing an example of
the steps for production of a printed circuit board. Fig. 2(a) shows a
substrate material; Fig. 2(b) shows an example in which an epoxy
resin has been coated on a substrate material; and Fig. 2(¢c) shows an
example in which a copper foil has been laminated on a substrate
material.

Figs. 3(a), 3(b) and 3(c) are sectional views showing an example
of the steps for production of a printed circuit board. Fig. 3(a) 1s an
example in which a resist pattern has been formed on a copper foil;
Fig. 3(b) shows a state after etching of copper foil; and Fig. 3(c) shows

a state after etching of epoxy resin.
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Figs. 4(a) and 4(b) are sectional views showing an example of
the steps for production of a printed circuit board. Fig. 4(a) shows a
state after electroless copper plating; and Fig. 4(b) shows a state after
electrolytic copper plating.

Figs. 5(a) and 5(b) are sectional views showing an example of
the steps for production of a printed circuit board. Fig. 5(a) shows a
state after lamination of a film-shaped resist and subsequent
development; and Fig. 5(b) shows a state after peeling of a resist and
subsequent etching.

Fig. 6 is a perspective view showing a printed circuit board.

Fig. 7 is a perspective showing an example of the process for
production of a substrate material according to the present invention.

Fig. 8 is a partial perspective view showing an example of the

intermediate block of the present invention.

Best Mode for Carrying Out the Invention

The present invention is described in more detail below based
on the embodiments.

The substrate material for printed circuit according to the
present invention comprises a composite material composed of a
plastic and a ceramic and metal wires fixed in the composite material
at given pitches, wherein the metal wires ensures electrical connection
between the two surfaces of the substrate material.

The substrate material comprising a composite material and
metal wires fixed therein at given pitches can be used as a standard

substrate for printed circuit, can therefore be used in various circuits
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and applications, and are very desirable. Further, comprising a
composite material composed of a plastic and a ceramic, the substrate
material 1s good 1n moldability and excellent in insulation, thermal
expansion (1.e. low thermal expansion) and abrasion resistance;
furthermore, by varying the kinds and compounding ratio of the
plastic and the ceramic, the substrate material can possess controlled
thermal expansion matching with that of the conductive layer formed
on one or both surfaces of the substrate material, and has
substantially no fear of peeling or the like.

Fig. 1 1s a perspective view showing an example of the
substrate material for printed circuit according to the present
imvention. A substrate material 10 comprises a sheet-shaped
composite material 11 composed of a plastic and a ceramic and metal
wires 12 fixed 1n the composite material at given pitches. The ends of
the metal wires 12 are exposed at the both surfaces of the composite
material 11, whereby the two surfaces of the substrate material 10 can
have electrical connection to each other.

On the both surfaces of the thus-constituted substrate material
10 are provided conductive layers 3 [in which a desired conductor
pattern (a circuit) has been formed] and terminals 4, as shown 1n, for
example, Fig. 6, whereby a printed circuit board is formed.

The substrate material of the present invention comprising a
plastic and a ceramic can be formed so as to show 1sotropic thermal
expansion and have any desired thermal expansion coefficient ranging
from 5 to 30 ppm/°C. By ordinarily forming copper wirings on the

substrate material and further mounting a silicon semiconductor, a
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printed circuit board is formed. The substrate material is necessary
to have a thermal expansion coefficient close to that of copper or
silicon, in view of the reliability to the thermal history of in-solder-
dipping step, etc.

The thermal expansion coefficient of copper is about 17 ppm/°C
and that of silicon is about 4 ppm/°C. The thermal expansion
coefficient of the substrate material, is preferably 30 ppm/°C (upper
limit) and 10 ppm/°C (lower limit) when 1t 1s allowed to be close to
that of copper in designing of mounting; and 1s preferably 10 ppm/°C
(upper limit) when 1t 1s allowed to be close to that of silicon. The
lower limit of the thermal expansion coefficient of the substrate
material is, as described later, 5 ppm/°C from the restriction for
substrate material production.

Herein, isotropic thermal expansion means that the difference
of thermal expansion coefficient in the thickness direction and planar
direction of the substrate material 1s within 30% of the smaller
thermal expansion coefficient of the above two.

The composite material constituting the substrate material of
the present invention is composed of a plastic and a ceramic and is a
dispersion of ceramic particles, a ceramic fiber or the like in a plastic
matrix.

The amounts of the plastic and the ceramic in the composite
material can be determined appropriately depending upon the
properties (e.g. insulation, low thermal expansion and abrasion
resistance) and application purpose of the composite material.

However, it is preferred that the ceramic particles, the ceramic fiber
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or the like is present in the composite material in an amount of 40 to
90% by volume because the resulting composite material can show low
thermal expansion and, during curing, a small volume contraction.

In the composite material of the present invention, the volume
shrinkage during curing can be controlled at 1% or smaller and
further at 0.5% or smaller. This is very advantageous for the
improvement of the dimensional accuracy of the metal wires fixed in
the substrate material.

By controlling the amounts of the plastic and the ceramic in the
composite material at the above ranges, low thermal expansion,
abrasion resistance, etc. can be effectively given to the composite
material.

Specific explanation 1s made. When there is used, as the
plastic, for example, one of various epoxy resins, the thermal
expansion coefficient of the epoxy resin is at least about 50 ppm/°C.
In order to produce a composite material having a thermal expansion
coefficient of 30 ppm/ by using the epoxy resin and a ceramic (a silica
glass) having a thermal expansion coefficient of 0.5 ppm/°C, the
amount of the ceramic is needed to be 40% by volume. Conversely
when a composite material of low thermal expansion coefficient 1s
produced, the amount of the ceramic 1s preferred to be larger.
However, when the content of the ceramic exceeds 90% by volume, the
content of the plastic is too low and the resulting substrate material
has strikingly low fluidity during molding, making the molding
impossible; therefore, the upper limit of the amount of the ceramic 1s

90% by volume. At this level, the composite material has a thermal
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expansion coefficient of 5 ppm/°C.

The ceramic includes alumina, zirconia, silicon nitride, etc. and
also glass (e.g. silica glass). The ceramic is used in the composite
material in the form of particles or fiber.

As the plastic, there can be used any of a thermoplastic resin
and a thermosetting resin. As the thermoplastic resin, there can be
used various resins, for example, a polyvinyl chloride, a polyethylene
and a polypropylene. These resins may be used in combination of two
or more kinds.

Meanwhile, as the thermosetting resin, there can be used a
phenolic resin, an epoxy resin, a urea resin, etc. These resins may be
used in combination of two or more kinds.

As the composite material of the present invention, there 1s
preferred a mixture of a plastic (e.g. an epoxy resin) and a ceramic
which is glass fiber chips of desired length or glass beads, because 1t
has no anisotropy in thermal expansion and is excellent in insulation,
low thermal expansion, abrasion resistance, strength, etc.

As to the kind of the metal wires fixed in the composite
material at given pitches, there is no particular restriction as long as
it is a conductive metal. A metal of high electrical conductivity 1s
preferred because fine wiring is made and low electrical resistance 1s
required. Since gold is too expensive, there is preferred, in practical
application, any one metal selected from copper, copper alloys,
aluminum and aluminum alloys. Beryllium bronze is most preferred
because it has good electrical conductivity and, moreover, has high

Young’s modulus and stiffness (this enables application of an
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appropriate tension when beryllium bronze wires are stretched in a
mold).

Beryllium bronze has a sufficient electrical conductivity (10 to
70% relative to pure copper, although it varies depending upon the
composition of beryllium bronze), a Vickers hardness of 200 to 450 and
excellent abrasion resistance. Further, beryllium bronze has
excellent flexibility and therefore can absorb strain.

Beryllium bronze preferably has a composition containing 0.2 to
5.0% by weight, based on the total amount (wherein copper 1s a main
component), of beryllium, 0.1 to 3.0% by weight of a total of nickel and
cobalt, and 0.05 to 3.0% by weight of a total of at least one element
selected from the group consisting of aluminum, silicon, iron, titanium,
tin, magnesium, manganese, zinc and indium.

A content of beryllium exceeding 5.0% by weight 1s not
preferred because the metal wires have low conductivity. Meanwhile,
when the content of beryllium is lower than 0.2% by weight, the metal
wires have insufficient strength. When the content of beryllium 1s
2.0% by weight, the metal wires have a Young’s modulus of 13,000
kg/mm? and a tensile strength of 160 kg/mm?, which are higher than
the Young’s modulus of 11,000 kg/mm?® and tensile strength of 60
kg/mm? of copper, and show a small deformation when pulled;
therefore, can be pulled strongly in a mold and can show high
dimensional accuracy.

In the substrate material of the present invention, the thermal
expansion coefficient of the composite material is preferably at least

equal to that of the thermal expansion coefficient of the metal wires,
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and the difference between the two thermal expansion coefficients 1s

preferably 0 to 10 ppm/°C, more preferably 1 to 5 ppm/C. The reason

1s as follows.

For example, when the composite material 1s poured 1nto a
mold at 80°C and cured at 130°C, no gap 1s formed between the metal
wires and the composite material during the cooling step of the
composite material, if the metal wires have a smaller thermal
expansion coefficient than the composite material does, and the
resulting substrate material can secure reliability. A difference of
thermal expansion coefficient, of smaller than 1 gives no favorable
effect. When the difference is larger than 10 ppm/C, the stress at
which the metal wires are pressed during the contraction of the
composite material, becomes excessive and cracks are generated.

The metal wires fixed 1n the composite material have an aspect
ratio (length/diameter) of preferably 8 or larger, more preferably 10 or
larger. When the aspect ratio is 5 or larger, it has heretofore been
difficult practically (in mass production) to form through holes ( or via
holes) of 0.1 mm in diameter 1n a substrate of, for example, 0.8 mm 1n
thickness. Therefore, in a substrate of 1.0 mm in thickness, the lower
limit of the diameter of the through holes (or via holes) formed therein
has been 0.2 mm. In this case, when wirings having, for example, a
line width of 0.1 mm and pitches of 0.2 mm were formed between
through holes (or via holes) having pitches of 1.27 mm, the largest
number of wirings formable between through holes (or via holes) was 4.
When the through holes (or via holes) have a diameter of 0.1 mm (that

1s, an aspect ratio of 8), however, the above number can be 5 and the
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density of wiring can be increased significantly.

In the substrate material of the present invention, the diameter
of metal wires, i.e. the diameter of through holes (or via holes) 1s
preferably 0.15 mm or smaller, more preferably 0.10 mm or smaller,
particularly preferably 0.075 mm or smaller. The reason is that such
a diameter can realize high-density wirings. In the present invention,
since the diameter of through holes (or via holes) 1s determined by the
diameter of metal wires, the former diameter can be made small (for
example, even 0.05 mm) as long as metal wires can be processed so as
to correspond to such a diameter.

In the composite metal, the metal wires are fixed at pitches of
preferably 1.1 mm or smaller, more preferably 0.9 mm or smaller.
When 4 wirings having a line width of 0.1 mm are formed between
through holes (or via holes) at pitches of 0.2 mm, the pitches between
through holes ( or via holes) have been required to be 1.2 mm or larger
in the case of conventional through holes (or via holes) having a
diameter of 0.2 to 0.3 mm; in the substrate material of the present
invention, however, since the diameter of metal wires corresponding to
the diameter of through holes (or via holes) can be set at about 0.1 mm,
4 wirings are possible even when the pitches between metal wires are
1.1 mm or smaller, which is very advantageous for high-density wiring.

Desirably, the plastic and the ceramic are each subjected to a
coupling treatment and the composite material and the metal wires
are bonded to each other by a coupling agent. When the plastic and
the ceramic are each subjected to a coupling treatment, the resulting

composite material has higher stability,. When the composite
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material and the metal wires are bonded to each other via the coupling
agent used for the composite metal, the resulting base metal has a
higher bonding strength and the peeling occurring during the use of
the substrate material is prevented effectively.

As the coupling agent, there can be used known coupling agents.
Effective as silane coupling agents are, for example, those of vinyl
type, epoxy type, methacryloxy type, amino type, chloropropyl type
and mercapto type. Also effective are primers obtained by dissolving
such a silane coupling agent in water, an organic solvent or the like.
Besides, there can also be mentioned titanium-based coupling agents

and aluminum-based coupling agents.

The bondability between the composite material and the metal
wires can also be increased by allowing the metal wires to have
surface unevennesses.

In the above, the substrate material of the present invention
has been described in detail. The substrate material includes even a
substrate material having a copper layer on one or two surfaces
thereof.

The copper layer includes a copper foil tightly adhered to the
substrate material, a copper layer formed on the substrate material by
plating, a copper layer formed by sputtering, etc., and can be formed
by any desired method. In a state that a copper layer has been
formed on the substrate material, all the through holes have electrical
connection: therefore, when the copper layer-formed substrate
material is used practically, a pattern 1s formed by etching or the like.

After the copper layer has been peeled by etching, unnecessary
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through holes may be covered with an epoxy resin or the like which
becomes an insulating layer. In order to conduct the positioning of
pattern accurately, it is possible to put a mark beforehand on part of
the substrate material.

Such a substrate material having a copper layer formed on one
or both surfaces is preferred because it makes pattern formation
easler.

Next, an example of the present process for production of
substrate material is described with reference to Fig. 7.

As shown in Fig. 7, a large number of metal wires 31 are
stretched at given intervals in a mold 30 having a given volume.
Then, a composite material 32 composed of a plastic and a ceramic 1s
poured into the mold 30. At this time, vacuum casting is preferred in
which the inside of the mold 30 1s made vacuum and no gas 1s present.

Then, the composite material 32 is cured to form an
intermediate block 33 such as shown 1n Fig. 8.

In Fig. 8, the intermediate block 33 comprises the composite
material 32 composed of a plastic and a ceramic and the conductive
metal wires 31 fixed in the composite material 32 at given pitches.
The content of the ceramic in the composite material 32 is preferably
40 to 90% by volume.

The metal wires 31 are fixed in a state that they extend lineally
from one surface 34 of the intermediate block 33 to other surface 35 of
the intermediate block 33 facing the surface 34, and project from the
surfaces 34 and 35.

After the intermediate block 33 has been produced, the
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intermediate block 33 are cut at planes A1, A2, etc. all perpendicular
to the metal wires using a band saw, a wire saw or the like, whereby a
substrate material of the present invention can be produced.

According to the above process, the metal wires 31 can be
arranged at given intervals at good dimensional accuracy; therefore, a
substrate material can be obtained in which metal wires are arranged
at small pitches (a high density) of, for example, about 1 mm or
smaller, and cross-talk (which tends to occur in the case of small
pitches) can be minimized.

Thus, in the substrate material for printed circuit obtained by
the present invention, the diameter of the through holes or via holes
(which 1s determined by the diameter of the metal wires) can be made
as small as 0.2 mm or smaller, for example, even 0.05 mm or smaller
as long as the metal wires can be processed so as to have a
corresponding diameter.

As the material for the mold used in the production process of
the present invention, there i1s desired a material having a thermal
expansion coefficient larger than the thermal expansion coefficient of
the metal wires used, because during the period of pouring of
composite material to 1t curing, the mold expands more largely than
the metal wires and thereby the metal wires receive a tension and are

stretched properly.

The present invention 1s described specifically below

by way of Examples.

Example 1
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As shown in Fig. 7, beryllium bronze wires having a diameter of
0.1 mm were arranged in a mold having inside dimensions of 200 mm
x 200 mm x 500 mm, in a grid form at pitches of 1.27 mm.

An epoxy resin (composite material) containing 70% by volume
of silica glass beads was mixed with a curing agent. The mixture was
poured into the mold from the side thereof. Incidentally, both the
silica glass beads and the beryllium bronze wires had beforehand been
coated with a silane coupling agent of epoxy type. The pouring of the
epoxy resin was conducted with vibration so that the resin spread to
all the 1inside portions of the mold.

After the epoxy resin had been poured into the mold, the whole
mold was heated to 130°C to give rise to curing for about 5 hours,
after which the mold was dissembled and an intermediate block was
taken out from inside.

The intermediate block was cut in a direction perpendicular to
the beryllium bronze wires in a thickness of 1 mm using a wire saw,
whereby was produced a substrate material 10 having dimensions of 1
mm (thickness) x 200 mm x 200 mm, comprising an epoxy resin
(composite material) 11 and beryllium bronze wires of 0.1 mm in
diameter arranged in the epoxy resin at pitches of 1.27 mm.

Examination on the produced substrate material indicated that
there was no gap at the interface between the beryllium bronze wires
and the epoxy resin and the substrate material was highly reliable.
Further, the pitches of the beryllium bronze wires (corresponding to
the pitches between through holes or via holes) were within 1.27+0.02

mm and had good dimensional accuracy. Furthermore, the epoxy
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resin (composite material) had a thermal expansion coefficient of 18
ppm/°C.
Example 2

A copper plating layer was formed on the substrate material
produced 1in Example 1, according to the step described below.

The substrate material was dipped 1n an etching solution
composed mainly of potassium permanganate, to roughen the epoxy
resin surface of the substrate material.

After the etching of the substrate material, the substrate
material was thoroughly washed, and dipped in a tin chloride solution
to activate the surfaces of the substrate material. Further, to
promote the growth of copper plating, the substrate material was
dipped 1n a solution containing palladium chloride as a main
component, after which electroless copper plating was conducted to
form a copper plating thin film layer of about 2 pm. Then,
electrolytic copper plating was conducted until a thickness of about 18
um was obtained, whereby a conductive layer was formed.

The substrate material having a conductive layer on the
surfaces were evaluated. It indicated that since the thermal
expansions of the substrate material and the conductive layer matched
with each other, the conductive layer formed on the substrate material
was highly resistant to peeling.

Example 3

As shown 1n Figs. 2(a) and 2(b), an epoxy resin 13 was coated

on the substrate material 10 produced in Example 1; thereon was

placed a copper toil 14 having a thickness of 50 um; they were heated
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in vacuum at 150°C for 1 hour and simultaneously therewith pressed

at a pressure of about 50 kg/cm” to give rise to lamination to obtain a

copper foil-laminated substrate 15.
Exam 4

On the copper foil-laminated substrate 15 obtained in Example
3 was laminated a photosensitive film-shaped resist 16, as shown 1n
Fig. 3(a). Then, light exposure was made via a mask in which a
desired conductor pattern had been drawn, after which the unexposed
portion of the resist 16 was removed with a developer to form a resist
pattern.

Then, using an etching solution containing iron chloride as a
main component, the portion of the copper foil not covered with the
resist film was etched and removed; subsequently, the resist was
peeled to remove the unnecessary portion of the copper foil, as shown
1in Fig. 3(b).

Then, in order to remove the epoxy resin layer remaining on the
copper foil-laminated substrate 15, the copper foil-laminated substrate
15 was dipped 1in an etching solution containing potassium
permanganate as a main component, to remove the epoxy resin layer,
as shown 1n Fig. 3(c).

Then, in order to promote the growth of copper plating, the
resulting material was dipped in a solution containing palladium
chloride as a main component; thereafter, electroless copper plating
was conducted to form a copper plating thin film layer 17 of about 2
um, as shown in Fig. 4(a).

Then, electrolytic copper plating was conducted until a
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thickness of about 10 um was obtained, whereby a conductive layer 18
was formed on the copper plating thin film layer 17, as shown in Fig.
4(b).

Then, 1in order to form a conductor pattern, a photosensitive
film-shaped resist 19 was laminated. Thereafter, light exposure was
made via a mask 1n which a desired conductor pattern had been drawn,
and the unexposed portion was removed with a developer to form a
resist pattern, as shown i1n Fig. 5(a).

Then, using an etching solution containing iron chloride as a
main component, the portions of the copper plating layer and the
copper foil, not covered with the resist film were removed;
subsequently, the resist was peeled to obtain a second conductive layer
20, as shown 1n Fig. 5(b); thereby, a printed circuit board 21 having a

plurality of conductive layers was produced.

Evaluation

As described above, the substrate material of the present
invention had no gap at the interface between the beryllium bronze
wires and the composite material (epoxy resin) and was highly reliable.
Further, the substrate material, having a thermal expansion well
matching with that of the conductive layer formed thereon, hardly
showed peeling from the conductive layer.

The substrate material, when having a copper layer formed

thereon, made 1t easier to form a conductor pattern thereon.

Industrial Applicability

As described above, the substrate material for printed circuit
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according to the present invention can ensure good electrical
conduction and, by possessing controlled thermal expansion, 1s, 1n use,
substantially free from peeling between the substrate material and
the conductive layer formed thereon or between the insulating
material and the metal wires.

Further, by using the substrate material for printed circuit
according to the present invention, there can be obtained a printed
circuit board of higher density and yet excellent dimensional accuracy.

Furthermore, by using the intermediate block of the present
invention, there can be produced a substrate material for printed

circuit easily and efficiently.
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Claims
1. A substrate material for printed circuit, comprising a sheet-
shaped composite material composed of a plastic and a ceramic and
conductive metal wires fixed in the composite material at given
pitches, wherein the two surfaces of the substrate material have
electrical connection to each other via the metal wires.
2. A substrate material for printed circuit according to Claim 1,
wherein a copper layer is formed on one or two surfaces of the
substrate material.
3. A substrate material for printed circuit according to Claim 1,
wherein the content of the ceramic in the composite material is 40 to
90% by volume.
4. A substrate material for printed circuit according to Claim 1,
wherein in the composite material, the plastic and the ceramic have
each been subjected to a coupling treatment.
5. A substrate material for printed circuit according to Claim 1,
wherein the metal wires and the composite material are bonded to
each other by a coupling agent.
6. A substrate material for printed circuit according to Claim 1,
wherein the composite material is constituted by an epoxy resin and a
glass fiber cut into a predetermined length or glass beads.
7. A substrate material for printed circuit according to Claim 1,
wherein the metal wires have an aspect ratio (length/diameter) of 8 or
larger.
8. A substrate material for printed circuit according to Claim 1,

wherein the metal wires are fixed in the sheet-shaped composite
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material at pitches of 1.1 mm or smaller.

9. A substrate material for printed circuit according to Claim 1,
wherein the metal wires have a diameter of 0.2 mm or smaller.

10. A substrate material for printed circuit according to Claim 1,
which shows isotropic thermal expansion and has a thermal expansion
coefficient of 5 to 30 ppm/°C.

11. A substrate material for printed circuit according to Claim 1,
wherein the composite material has a thermal expansion coefficient
not smaller than that of the metal wires and the difference of the two
thermal expansion coefficients is 1 to 10.

12. A substrate material for printed circuit according to Claim 1,
wherein the metal wires are composed of any one metal selected from
copper, copper alloys, aluminum and aluminum alloys.

13. A substrate material for printed circuit according to Claim 1,
wherein the metal wires are composed of beryllium bronze.

14. An intermediate block used in production of a substrate
material for printed circuit, comprising a composite material composed
of a plastic and a ceramic and conductive metal wires fixed in the
composite material at given pitches, wherein the content of the
ceramic 1n the composite material is 40 to 90% by volume and wherein
the metal wires extend lineally from one surface of the intermediate
block to other surface of the intermediate block facing the one surface
and project from the two surfaces.

15. An intermediate block used in production of a substrate
material for printed circuit, set forth in Claim 14, which shows

1sotropic thermal expansion and has a thermal expansion coefficient of
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5 to 30 ppm/°C.

16. An intermediate block used in production of a substrate
material for printed circuit, set forth in Claim 14, wherein the metal
wires are composed of any one metal selected from copper, copper
alloys, aluminum and aluminum alloys.

17. An intermediate block used in production of a substrate
material for printed circuit, set forth in Claim 14, wherein the metal
wires are composed of beryllium bronze.

18. A process for producing a substrate material for printed circuit,
which comprises stretching, in a mold, conductive metal wires at given
pitches, then pouring, into the mold, a composite material composed of
a plastic and a ceramic, curing the composite material, thereafter
slicing the resulting material in a direction perpendicular to the
direction of the metal wires.

19. A process for producing a substrate material for printed circuit,
set forth in Claim 18, wherein the content of the ceramic in the
composite material is 40 to 90% by volume.

20. A process for producing a substrate material for printed circuit,
set forth in Claim 18, wherein in the composite material, the plastic
and the ceramic have each been subjected to a coupling treatment.

21. A process for producing a substrate material for printed circuit,
set forth in Claim 18, wherein the metal wires and the composite
material are bonded to each other by a coupling agent.

22 . A process for producing a substrate material for printed circuit,
set forth in Claim 18, wherein the composite material is constituted by

an epoxy resin and a glass fiber cut into a predetermined length or
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glass beads.

23. A process for producing a substrate material for printed circuit,

set forth in Claim 18, wherein the metal wires are composed of one

metal selected from copper, copper alloys, aluminum and aluminum

5 alloys.

24 . A process for producing a substrate material for printed circuit,

set forth in Claim 18, wherein the metal wires are composed of

beryllium bronze.

25. A process for producing a substrate material for printed circuit,

10 set forth in Claim 18, wherein the material constituting the mold has
a thermal expansion coefficient larger than that of the metal wires.

26. A process for producing a substrate material for printed circuit,
set forth in Claim 18, wherein the metal wires have a diameter of 0.2

mm or smaller and are fixed in the mold at pitches of 1.1 mm or

15 smaller.
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AFTER ELECTROLESS COPPER PLATING
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AFTER FILN RESIST LAMINATION AND SUBSEQUENT DEVELOPMENT

R Ealip—ra—. - - & ' +—
N o va-? 3P {3 Py . & .. . h.: - *
4 - - " ¥, 7 &, . k¥ - o S '|: . _,' ; .4 ’: 4
A 1o Y O BN n . -3 U B SRS JEOLE S48 oA W WS o Pl T
: N g e i S SRR SoF GNP . Y " PRRVIEIN Y SY AT - NN Lok T
, ik T EX TR T (R | L0 \u_,-" ] "o ’ A R rs P A FR 3 ‘h A )
& ™ ';"' v - i ’:'. » 5 o YA ? ff"_."\' 1. Fe - *,‘!“: L R
it w .I.\‘. a: N -|4:r - , ’- (R .." B .,.: - + ‘!.. t‘-.' [ EEN :
-, £% a’® {r v 3k ?. i L T AR T *.”':- LR Lo
; . s v, wette Rk ad.’ rrag ) - h SR . LT : .
H [P p 4 ¥ . Lt o=y TR o : gt oK. 1Y 4 ';i, ' »\ ' | vt
. . dnsacTaas 4 N :. ‘I~": ;- . " SR PN M de de ot gt PP LR -ay -
H .- " . -
.oa « o b
1 .o . g =
A g e oy -y ‘ .i l‘y;.- b ad 'y el P . " . v | ¥ W o i) el
. ' 8
' | I l ?

i e i G

Fig. 5(a)

:
i

AR I I BTN HH'HIIIh.h!'{IH\

AFTER RESIST PEELING AND SUBSEQUENT ETCHING

i""’tf""‘"' e adaar o D w——lw ”r--v WM“""“ 2 O

4
f (a.g--‘-p A ey *F—J
i

hadee o P 5 o SR L R I Y] 'Jw}

L

-o—-o-. L N (e Py |

r»-— -~ ] ~

i
] S arery——— [N b
, . = i, N i
|I !!Eiii; ‘ . ] 3
. : ‘ i
' . ’
. ’ 1 i
g t) i ‘- N
i

21

. Ad em A
PR—— |

”MWWWHWMWMMMMWMWM*“7m“~WWWWWWWWWM

i

i

e R T —‘Qw’-‘ 'w_ﬂ

¢

T “n,.f'!.\EHlH’IHH NH\IT_“' L

.
.
. '
'
.
.
i
b i

i i
F 3 '

J

- i '

O R L o

T

P! P PRI ' At Tt W A g § t, o 1ny wdoaa w g

-~ I- l‘ - - H

" ’

(<

- AL .'Ohnul-ﬁ-‘.
‘ 2 - .j:.‘.‘ rl'.
: I ‘ . a . ) ': - " P -

Y SPURELIN SOIPURE B, | G ¥ ) J P TR G v w\j

L e B ey P T N PR PIAEapr VN A A IR AR AT TR T A vl s b L st e . ! "
TR N M A ey ML iy ives A
.- . Skl 20 FivvesA -~

AW dalida Nﬁl.M‘“ﬂ“M‘.’Mq*ﬁ'.m.v..._-..-f.' O



Fig. 6

CA 02295576 1999-12-31

5,/ 6

1




02295576 1999-12-31

CA

6,/ 6

Fig. 8

 p—

Al
A2
32

8 == =3N NN NN NN NN NN NN AN AN AN ANNNNNNNANN

™ -
) Bluli

Zoo o SOONOUBR RN N NN NN N NN NN ANANNANNN
AP,

O ) SO OO SN N TR

i

3 BH ...;I.l_l.l i
NSRS ESSSSOTSTITTITTTEIEOETRTSTTESSSES

S

SOOI A NN NN NN AN AN

N

34

35



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings

