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in thermal expansion coefficient and
excellent in workability is provided.
The clad member 1 comprises a core
member 11 and skin members 12
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member.  The core member 11 is
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consisting of Si: 5 to 30 mass %, and
the balance being aluminum alloy
and impurities. The skin member
12 is constituted by aluminum or an
aluminum alloy consisting of Al: 98
mass% or above, and the balance being
impurities.
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DESCRIPTION

CLAD MEMBER AND PRINTED-CIRCUIT BOARD

5 This application claims priority to Japanese Patent
Application No. 2005-132493 filed on April 28, 2005, and U.S.
Provisional Application No. 60/679,667 filed on May 11, 2005, the
entire disclosures of which are incorporated herein by reference
in their entireties.

10

Cross Reference to Related Applications

This application is an application filed under 35
U.S.C.§1ll1ll(a) claiming the benefit pursuant to35U.S.C.§119(e) (1)
15 of the filing date of U.S. Provisional Application No. 60/679,667

filed on May 11, 2005, pursuant to 35 U.S.C.§111(b).

Technical Field

20 The present invention relates to a clad member, especially
to a clad member excellent in workability, a production method
of the clad member, and a printed-circuit board using the clad

member as a substrate.
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Background Art

The followingdescription sets forth the inventor'sknowledge
of related art and problems therein and should not be construed

as an admission of knowledge in the prior art.

As shéwn in Fig. 1, a printed-circuit board 1 includes an
aluminumsubstrate 2, aninsulatinglayer 3 laminated on the aluminum
substrate, a conducting layer 4 of a prescribed shape laminated
on the insulating layer 3. On the conducting layer 4, an electronic
component 5 is bonded with solder 6. Generally, in such a
printed-circuit board 1, pure aluminum of JIS 1xxx series excellent

in heat conductance is used as the material of the substrate 2,

1
:

and a copper foil is used as the conducting 1ayér 4.

As shown in Table 1, however, since the copper foil 4 and
the aluminum substrate 2 are different in thermal expansion
coefficient, i.e., the thermal expansion coefficient of the copper
foil 4 is about 17x107%/K and that of the aluminum substrate 2 is
about 24x107°/K, the repetition of heating and cooling thereof by
energization repeatedly causes warpings of the printed-circuit
board 1 in the opposite directions due to the difference of the
thermal expansion coefficient. Furthermore, since the thermal
expansion coefficient of the electronic component 5 is 2x10°% to
8x10°%/K, which is different from that of the copper 4 and that

of the aluminum substrate 2, the repetition of the warping of the
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printed-circuit board 1 causes cracks in the solder 6 due to the

stress.

To solve such a problem, there is a proposal that a rolled
sheet made of an Al-Si series alloy lower than JIS 1lxxx series
aluminum in thermal expansion coefficient is used as an aluminum
substrateiz(see,JapaneseUnexaminediaid—openPatentPublication
No.H06-41667 (hereinafter, Patent Document 1), JapaneseUnexamined
Laid-open Patent Publication No. H02—61025.(hereinafter, Patent
Document 2), Japanese Unexamined Laid-open Patent Publication No.

2001-335872 (hereinafter, Patent Document 3)).

Moreover, as another production method of an aluminﬁm
substrate 2 low in thermal expansion coefficient, the following
methods have been proposed: a method in which an A1-SiC composite
low in thermal expansion coefficient is molded into a sheet shape
in accordance with a powder metallurgy process; and a castingmethod
in which Al-SiC composite powder is filled in a metal mold and
Al molten metal or Al molten metal containing Si is injected under
high pressure (see, Japanese Unexamined Laid-open Patent

Publication No. 2004-128451 (hereinafter, Patent Document 4)).

Although it was tried to restrain occurrence of cracks by
reducing the elasticity of resin used in the insulating layer,

it failed to fully meet the reliability of the substrate.
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However, in the rolled sheet as described in Patent documents
1, 2 and 3, since the Al-Si alloy was poor in workability, rolling
it into a thin sheet causes cracked edges, which makes it difficult
to manufacture a large-sized sheet required for a copper laminated

board.

In the method as disclosed in Patent Document 4, it was
difficult to manufacture a large-sized thin sheet, and it was poor
in productivity and high in manufacturing cost. Furthermore, the
substrate formed bjr the method was too hard to execute cutting

processing, which is not suitable for a printed-circuit board.

The description herein of advantages and disadvantages of
various features, embodiments, methods, and apparatus disclosed
in other publications is in no way intended to limit the present
invention. Indeed, certain features of the invention may be
capable of overcoming certain disadvantages, while still retaining
some or all of the features, embodiments, methods, and apparatus

disclosed therein.

Other objects and advantages of the present invention will

be apparent from the following preferred embodiments.
Disclosure of Invention

The preferred embodiments of the present invention have been
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developed in view of the above-mentioned and/or other problems
in the related art. The preferred embodiments of the present
invention can significantly improve upon existing methods and/or

apparatuses.

Among other potential advantages, some embodiments can
provide a clad member low in thermal expansion coefficient and
excellent in workability, which is suitable for use in a

printed-circuit board.

Among other potential advantages, some embodiments can

provide a production method of the clad member.

Among other potential advantages, some embodiments can

provide a printed-circuit board using the clad member.

The aforementioned clad member has a structure as recited

in the following Items [1] to [9].

[1] A clad member comprising a core member and skin members
cladded on both sides of the core member,

wherein the core member is constituted by an aluminum alloy
consisting of Si: 5 to 30 mass%, and the balance being aluminum
and impurities, and

wherein the skin member is constituted by aluminum or an

aluminum alloy consisting of Al: 98 mass®% or above, and the balance
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being impurities.

[2] The clad member as recited in the aforementioned Item
[1], wherein, in the aluminum alloy constituting the core member,
5 Fe concentration is 1 mass% or less, and Ni concentration is 1

mass?% or less.

[3] The clad member as recited in the aforementioned Item

[1], wherein, in the aluminum alloy constituting the core member,

10 Cu concentration is 0.5 mass% or less, Ti concentration is 0.3
mass$% or less, Cr concentrationis 0.3 mass% or less, P concentration

is 0.1 mass% or less, and B concentration is 0.05 mass% or less.

[4] The clad member as recited in the aforementioned Item
15 [1], wherein, in the aluminum alloy constituting the core member,
Mn concentration is .0.2 mass®% or less, Mg concentration is 0.2

mass% or less, and Zn concentration is 0.2 mass?% or less.

[5] The clad member as recited in the aforementioned Item

20 [1], wherein, in the aluminum or the aluminum alloy constituting
the skinmember, Siconcentrationislmass?orless, Feconcentration

is 1 mass?® or less, Cu concentration is 0.5 mass% or less, and

Mn concentration is 2 mass% or less.

25 [6] The clad member as recited in the aforementioned Item

[5], wherein the Mn concentration is 0.002 to 1.2 mass%.
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[7] The clad member as recited in the aforementioned Item
[5], wherein, in the aluminum or the aluminum alloy constituting
the skin member, Zn concentration is 0.5 mass$% or less, and total
concentration of elements other than Al and Zn is 0.3 mass?% or

less.

[8] The clad member as recited in the aforementioned Item
[1], wherein a cladding rate of the skin members is 1 to 15% per

one surface.

[9] The clad member as recited in the aforementioned Item

[1], wherein a thickness of the clad member is 0.1 to 5 mm.

A production method of the clad member has a structure as

recited in the following Item [10].

[10] A production method of a clad member, comprising the
steps of:

disposing a plate made of aluminum or an aluminum alloy 98%
or above in Al concentration, the balance being impurities on both
surfaces of a plate made of an aluminum alloy consisting of Si:
5 to 30 mass$%, the balance being Al and impurities; and

clad-rolling the plates to be pressure-bonded.

A printed-circuit board has a structure as recited in the
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following Items [11] to [13].

[11] A printed-circuit board, comprising:

an aluminum substrate made of a clad member comprising a
core member and skin members cladded on both surfaces of the core
material;

an insulating layer laminated on the aluminum substrate;
and

a copper conducting layer laminated on the insulating layer,

wherein the core member of the clad member is made of an
aluminum alloy containing Si: 5 to 30 mass%, the balance being
Al and impurities, and

wherein the skin member made of aluminum or an aluminum alloy

containing Al: 98 mass% or above, and the balance being impurities.

[12] The printed-circuit board as recited in the
aforementioned Item [11], wherein the insulating layer contains
insulating resin or an insulating resin composition in which a

thermally conductive filler is blended in the insulating resin.

[13] The printed-circuit board as recited in the
aforementioned Item [11], further comprising an anodic oxide film

on a surface of the aluminum substrate.

The above and/or other aspects, features and/or advantages

of various embodiments will be further appreciated in view of the
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followingdescriptioninconjunctionwiththeaccompanyingfigures.
Various embodiments can include and/or exclude different aspects,
features and/or advantages where applicable. Inaddition, various
embodiments can combine one or more aspect or feature of other
embodiments where applicable. The descriptions of aspects,

features and/or advantages of particular embodiments should not

be construed as limiting other embodiments or the claims.
Brief Description of Drawings

The preferred embodiments of the present invention are shown
by way of example, and not limitation, in the accompanying figure,

in which:

Fig. 1 is a cross-sectional view of a printed-circuit board

according to an embodiment of the present invention; and

Fig. 2 is a cross-sectional view of the clad member according

to an embodiment of the present invention.
Effects of the invention

According to the invention as recited in the aforementioned
Item [1], since the clad member is formed by cladding the skin
members high in ductility on both surfaces of the core member,

it is excellent in workability, and therefore it can be rolled
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into a thin plate while securing low thermal expansion coefficient
as a claddingmaterial by the core member. A good surface treatment

nature can be obtained by the skin member.

According to the invention as recited in the aforementioned
Item [2], the low thermal expansion coefficient of the clad member

can be secured more assuredly.

According to the invention as recited in the aforementioned
Item [3], the crystal grains of the core member can be formed into

fine grains.

According to the invention as recited in the aforementioned
Item[4], theexcellent workability of the clad member can be secured

more assuredly.

According to the invention as recited in the aforementioned
Item[5], the excellent workability of the clad member can be secured

more assuredly.

According to the invention as recited in the aforementioned
Item [6], the excellent surface treatment nature of the clad member

can be obtained.

According to the invention as recited in the aforementioned

Item [7], the workability of the clad member can be secured more
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assuredly.

According to the invention as recited in the aforementioned
Item [8], the excellent workability and the low thermal expansion

coefficient of the clad member can be secured more assuredly.

The clad member according to the invention as recited in
the aforementioned Item [9] is suitably used as a component material
which may cause troubles due to the thermal expansion of, e.g.,

an aluminum substrate of a printed-circuit board.

With the production method of a clad member according to
the invention as recited in the aforementioned Item [10], the clad

member asrecitedin the aforementionedItem[1l] canbemanufactured.

In the printed-circuit board according to the invention as
recited in the aforementioned Item [11], since the clad member
as recited in the aforementioned Item [1] is used as an aluminum
substrate, the difference of the thermal expansion coefficient
between the aluminum substrate and the conducting layer is small,
causing few warping even if heating and cooling are repeated. As
a result, occurrence of cracks in the solder for bonding the

electronic component can be restrained.

According to the invention as recited in the aforementioned

Item[12], the bonding between the insulating layer and the aluminum
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substrate and the bonding between the insulating layer and the

conducting layer are excellent.

According to the invention as recited in the aforementioned
Item [13], the adhesion between the aluminum substrate and the
insulating layer is excellent.

'3

Best Mode for Carrying Out the Invention

In the following paragraphs, some preferred embodiments of
the inventioﬁ will be described by way of example andnot limitation.
It should be understood based on this disclosure that various other
modifications can be made by those in the art based on these

illustrated embodiments.

Fig. 2 is a cross-sectional view showing a clad member 10

according to an embodiment of the present invention.

The clad member 10 includes a core member 11 made of an Al-Si
alloy low in thermal expansion coefficient and independently low
in workability, and skin members 12 and 12 higher in ductility
than the core member 11 cladded on both surfaces of the core member
11. Thus, the cladmember 10is lowin thermal expansioncoefficient

and excellent in workability.

In the present invention, the impurities in the aluminum
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alloy constituting the core member 11 denote elements other than
Si and Al, and include elements added for the purpose of improving
the characteristics of the core member 11, elements allowed to
be contained within the range in which the characteristics of the
core member 11 are not spoiled, and elements inevitably contained
during the production steps. In the same manner, the impurities
in the aluminum or the aluminum alloy constituting the skin member
12 denote elements other than Al, and include elements added for
the purpose of improving the characteristics of the skin member
12, elements allowed to be contained within the range in which
the characteristics of the skin member 12 are not spoiled, and

elements inevitably contained during the production steps.

In the aluminum alloy constituting the core member 11, the
significance of the Si inclusion and the reasons for limiting the

Si concentration are as follows.

Si is an essential element necessary to lower the thermal
expansion coefficient of the aluminum alloy. As shown in Table
1, the thermal expansion coefficient decreases as the Si
concentration increases. In the present invention, an aluminum
alloy 5 to 30 mass®% in Si concentration is used. If the Si
concentrationis less than 5mass%, anexpected lowthermal expansion
coefficient cannot be attained. On the other hand, if it exceeds
30 mass%, the ductility deteriorates though the thermal expansion

coefficient further decreases. If the ductility of the core member
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11 deteriorates excessively, even if the skin members 12 are cladded
on the core member 11, it becomes difficult to roll them into a
thin plate. Furthermore, it also becomes difficult to execute
processing, suchas, e.g., machining, drilling, cutting, even after
the clad rolling. Furthermore, higher Si concentration causes
deterioration of the heat conductance, resulting in a member

unsuitable for a member, such as, e.g., a printed-circuit board,
which requires heat dissipation. Taking into consideration the
thermal expansion coefficient and the easiness of the manufacturing
or the post-processing, the preferable Si concentration is 15 to
27 mass%. As- shown in Table 1, the thermal expansion coefficients
of the aluminum alloy containing 15 to 27 mass®% falls within the
range of 19.6x107%/K to 17.0x10°°/K, which is close to the Cu thermal
expansion coefficient of 17.0x10°%/K. As a result, the use of the
clad member 10 according to the present invention as a substrate
of a printed-circuit board 1 can decreése the difference between
the thermal expansion coefficient of the substrate 2 and that of

the copper foil 4 as a conducting layer as small as possible.
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Table 1  Thermal expansion coefficient and Heat conductance of Al-Si alloy

Al-Si alon Thermal
: Si content (mass%) expansion Heat conductance
Alloy | Balance : Al and impurities | coefficient [W/(m - K) ]
Si content [x10 6/ K]

A 1 23. 2 236. 6
B 3 22. 6 234. 0
C 5 22. 1 231. 4
D 10 20. 8 225, 1
E 15 19. 6 218. 1
F 20 18. 5 218. 9
G 25 17. 4 212. 9
H 27 17. 0O 207. 1
| 30 16. 5 201. 6
J 40 14. 7 190. 9
Cu 17. 0 397. 0
Pure A | 23. 5 238. 0
Si 7. 6 138. 5

As the impurities in the aluminum alloy of the core member

11, Fe, Ni, Cu, Ti, Cr, P, B, Mn, Mg, and Zn can be exemplified.

Fe and Ni are elements having an effect of lowering the thermal
expansion coefficient of an alloy if the content is slight. If
the aluminum alloy contains a significant amount of these elements,
however, the workability deteriorates, causing difficulty of the
processing after clad rolling and/or rolling. Therefore, it is
preferable that the Fe concentration is 1 mass% or less, and the
Ni concentration is 1% or less. It is more preferable that the
Fe concentration is 0.5 mass® or less and the Ni concentration

is 0.5 mass% or less.
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Cu and Cr are elements for enhancing mechanical properties.
Ti and B are elements which makes the crystal grains in the alloy
minute. P has an effect of making the Si grains into spherical
and minute if the P concentration is 10 mass% or above. P can be
added independently or as a compound of Cu and P. Among these
e'lements, if a large amount of Cu is contained, the workability
deteriorates, which makes it difficult to perform 4processing after
clad rolling and rolling and also may cause deterioration of heat
conductance. Therefore, it ispreferable that the Cuconcentration
is0.5mass%orless. Itismorepreferablethat theCuconcentration
is 0.2 mass% or less. In the application in which heat dissipation
nature is required like a printed-circuit board, the Cu
concentration preferably falls within the aforementioned range
to secure heat conductance. A large amount of Ti and Cr contained
in the aluminum alloy causes deterioration of the workability,
whichmay make it difficult to performprocessing after clad rolling
and rolling. Therefore, it ispreferable that the Ti concentration
is 0.3 mass% or less and the Cr concentration is 0.3 mass?® or less.
It is more preferable that the Ti concentration is 0.2 mass%¥ or
less and the Cr concentration is 0.2 mass% or less. Moreover, P
concentration exceeding 0.1 mass$% causes saturation of the
aforementioned effectswith respect to Sigrains and less economical
effect. Therefore, the P concentration is preferably 0.1 mass3
or less. It is more preferable that the P concentration is 0.0001

to 0.1 mass% (1 to 1,000 mass ppm), more preferably 0.0003 to 0.01
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mass$ (3 to 100 mass ppm). Furthermore, a large amount of B may
cause deterioratedmachinability and cuttingnature of the cladding
material. Therefore, it is preferable that ‘the B concentration
is 0.05 mass% or less. It is especially preferable that the B

concentration is 0.03 mass®% or less.

A large amount of Mn, Mg, and/or Zn contained in the alloy
may cause deterioration of the workability, which in turn may make
it difficult to perform processing after clad rolling and rolling.
Furthermore, Mn and Mg also have a péssibility of deteriorating
the heat conductance'. Accordingly, it is preferable that the Mn
concentration is 0.2 mass®% or less and the Mg concentration is
0.2 mass% or less. It is more preferable that the Mn concentration
is0.lmass%orless. Itismorepreferable that theMgconcentration
is 0.1 mass%. As for Zn, there is a possibility of deteriorating
the corrosion resistance, and therefore, it is preferable that
the Zn concentration is 0.2 mass®% or less. It is more preferable

that the Zn concentration is 0.1 mass% or less.

The aforementioned impurities in the core member 11, i.e.,
Fe, Ni, Cu, Ti, Cr, P, B, -Mn, Mg, and Zn each can be contained

inevitably.

On the other hand, the skinmember 12 itself hashigh ductility
and secures the ductility as the cladmember 10. In order toprevent

or reduce occurrence of cracked edges at the time of clad rolling,
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18
it is necessary to use aluminum or an aluminum alloy 98 mass$% or
above in Al concentration. Al concentration of less than 98 mass$%
results in insufficient ductility, which may easily cause
occurrence of cracked edges at the time of clad rolling. The
preferable Al concentration of the skin member 12 is 99 mass% or
above. Al concentration of 98 mas's‘% or above is superior to an
Al-Si alloy in surface treatment nature, and therefore cladding
of the skin members 12 causes improved surface treatment nature

superior to the core member 11.

As elements which may harm the ductility of the skin member
12, Si, Fe, Cu, and Mn can be exemplified. It is breferable that
the Si concentration is 1 mass$% or less, the Fe concentration is
1 mass% or less, the Cu concentration is 0.5 mass?% or less, and
the Mn concentration is 2 mass% or less. It is more preferable
that the Si concentration is 0.6 mass% or less, the Fe concentration
is 0.7 mass% or less, the Cu concentration'is 0.2 mass% or less,

and the Mn concentration is 1.2 mass% or less.

In addition to the above, as elements which may harm the
ductility of the skin member 12, Zn can be exemplified. The Zn
concentration is preferably 0.5 mass® or less. Another impurities
other than Al and Zn, e.g., Cr, Ti, etc., it is preferable that
they are 0.3 mass% or less in total. The especially preferable
Zn concentrationis 0.1 mass® or less, and the especially preferable

elements other than Alrand Zn are 0.15 mass% or less in total.
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Among the aforementioned elements, Mn has an effect of
enhancing anti-crack nature (hard-to-be-cracked) after rolling
without sacrificing the surface treatment nature of the clad member
10, such as, e.g., anodization processing or conversion treatment.
Although it is preferable that the Mn content is smaller to secure
the ductility, the aforementioned effect can be attained even if
Mn is contained within the range inwhich cladrolling is not harmed,
more specifically within the range in which the Mn concentration
falls within the range of 0.002 to 1.2 mass%. Only taking into
consideratioﬁ the ductility of the skin member 12, it is preferable
that the Mn concentration is 0.05 mass® or less. In cases where
priority is given to a surface anti-crack nature, the preferable

Mn concentration is 0.3 to 1.2 mass%.

In the clad member according to the present invention, the
cladding rate of the skin member is given by: cladding rate (%)
=(thickness of skin member / thickness of clad member) x100.
Although the cladding rate is not limited, it is preferable that
the cladding rate is 1 to 15% at one side. If the cladding rate
is less than 1%, the workability as a clad member 10 is insufficient
and an effect of preventing the occurrence of cracked edges at
the time of clad rolling is poor. On the other hand, if the cladding
rate is 15%, the workability can fully be enhanced, and therefore
there is no merit to set the cladding rate so as to exceed 15%.

Moreover, the skin member 12 is larger than the core member in
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thermal expansion coefficient, and therefore, if the cladding rate
exceeds 15%, the thermal expansion coefficient as a clad member
will also increase. It is more preferable that the cladding rate

is 5 to 10% per one side.

Although the thickness of the clad member 10 is not limited,
it can be formed into a thin plate with a thickness of 0.1 to 5
mm because of the improved workability due to the cladded skin
members. The thin plate with the aforementioned thickness can be
widely used for various applications, such as, e.g., an aluminum
substrate for a printed-circuit board, a thermal-shock absorbing
member for a power device, such as, e.g., an IGBT (insulated gate
type bipolar transistor), a structural element, such as, e.g.,
acasingorachassisformountingvariousheat generatingelectronic
components, or another parts or components required to lessen
problems due to thermal expansion. In the case of using the clad
member 10 as the substrate 2, it is espeéially preferable that

the thickness is 0.5 to 4 mm.

Furthermore, the surface treatment nature is enhanced by
the skin member than the core member, and therefore it is excellent
in adhesiveness with respect to anodic oxidation coatings and/or
conversion coatings. For this reason, in the aforementioned

applications, a surface treatment also can be performed if needed.

The production method of the clad member according to the
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present invention is not limited. The clad member 10 can be
manufactured by, e.g., the same method as a method for well-known
clad members. For example, a raw plate for core members and a raw
plate for skin members each having predetermined compositions are
manufactured by any known method, such as, e.g., casting, rolling,
and/orextrusion, and then these plates are subjectedtocladrolling
to be bonded with each other, and then rolled into a predetermined
thickness if necessary. 1In this case, since it is manufactured
by rolling, a large-sized clad member can be manufactured. The
clad member 10 also can be manufactured by press~-bonding core member
material and‘skin member material by clad extrusion, or by
fusion-bonding a sheet-like skin member manufactured separately
to a core member while casting the core member by clad casting

and rolling into a predetermined thickness if necessary.

As shown in Fig. 1, the printed-circuit board 1 according
to the present invention includes a substrate 10 which is the
aforementioned clad member, an insulating layer 3 laminated on
this aluminum substrate 10, a copper foil as the conducting layer
4 of a prescribed circuit shape laminated on the insulating layer
3. In this printed-circuit board 1, since the thermal expansion
coefficient of the aluminum substrate 10 is low, the difference
between the thermal expansion coefficient of the aluminum substrate
10 and that of the conducting layer 4 is small. Therefore, even
if heating and cooling are repeated by the heat generated from

the electronic component 5 attached on the conducting layer 4,
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there are few warping, which in turn restrains occurrence of cracks

in the solder 6.

The insulating layer 3 can be made of insulating material
capable of directly or indirectly bonding to the clad member 10.
Specifically, as the insulating material, insulating resin or an
insulating resin composite in which a thermally conductive filler
is blended in the insulating resin can be exemplif:i.ed'. Such a resin
base insulating layer is good in bondability with respect to the
aluminum substrate 2 and the conducting layer 3, and is not easily
broken as compared with ceramics, and makes it possible to
manufacture a large-sized substrate. It should be noted that in
the present invention, the material of the insulating layer 3 is
not limited to the aforementioned insulating resin or the
aforementioned insulating resin composite, and can be, e.g.,
ceramics. In the case of ceramics, it can be bonded to the clad

member 10 with adhesive.

The insulating resin is preferably excellent in heat
resistance, small in thermal expansion coefficient, capable of
adhering to the clad member 10, and excellent in adhesion. As such
resin which fulfills these conditions, epoxy resin or polyimide
resin can be exemplified. The epoxy resin can be recommended in
that it is excellent in adhesion especially with a copper foil,
low in hygroscopicity, low in cost. The polyimide resin can be

recommended in that the chemical resistance is excellent, the
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thermal expansion coefficient in the thickness direction is small,

and deformation can be restrained.

Furthermore, by using an insulating resin composite in which
a thermally conductive filler is blended in the insulating resin,
the heat conductance of the insulating layer can be enhanced, which
in turn can enhance radiation performance. It is preferable that
the thermally conductive filler is an insulator high in heat
conductance and is made of metal oxide ormetalnitride. Concretely,
Si0,, Al,0;, BeO, MgO, Si3N,, BN, and AIN can be exemplified. These
thermally conductive fillers can be used independently, or can
beusedinanycombinationthereof. The thermallyconductive filler
increases in heat conductance of the insulating layer 3 as the
concentration in the resin composite increases. The preferable
concentrationis40to90capacity?®. Ifitislessthan40capacity%,
the improvement effect of the heat conductance is poor. On the
other hand, if it exceeds 90 capacity%, the adhesion with a flat
tube deteriorates, causingdeteriorationof radiationperformance.
It is more preferable that the concentration is 60 to 80 capacity%.
The thermally conductive filler preferably has a particle diameter

of 10 to 40 pm.

In each of the insulating layers 3 of the aforementioned

two types, the thickness is preferably 0.01 to 0.5 mm.

The joining of the aforementioned clad member 10, the
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insulating layer 3, and the conducting layer 4 can be performed

by any known method, such as, e.g., hot press.

For example, in cases where thermosetting resin is used as
the insulating resin for the insulating layer 3, the following
method can be exemplified. That is, a conducting layer 4, an
insulating layer 3, and a clad member 10 are superimposed. Then,
the upper and lower sides thereof are pinched by stainless steel
plates and press-heated via cushionmembers. This hot press causes
hardening of the insulating layer 3 and joining of the insulating

layer 3 to the clad member 10 and the conducting layer 4, resulting

_in an integration thereof. In cases where the conducting layer

4 is joined to a part of the insulating layer 3, the joining is
performed using a positioning sheet and a backing plate. That is,
a conducting layer 4 is bonded on the positioning sheet and disposed
on the insulating layer 3 via the backing plate with pores

corresponding to the conducting layer 4, and then disposed on the
clad member 10. Then, these are pinched by stainless steel plates
and press-heatedviacushionmaterials. Thus, theconductinglayer
4 is joined to the predetermined position of the insulating layer
3. As the copper used for the conducting layer, a copper plate,

a copper foil, and a copper-coating layer, can be exemplified.

In order to increase the adhesive strength between the clad
member 10 and the insulating layer 3, it is also preferable to

form an anodic oxidation coating on the surface of the clad member
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10. 1Inthiscase, insulatingresinenters in the pores of the anodic
oxidation coating, resulting in high adhesive strength due to the
anchoreffects. Thetypeofthecoatingisnotlimited, andacoating
caused by phosphate treatment or sulfuric acid treatment can be
exemplified. The clad member according to the present invention
is enhanced in surface treatment nature by the skin member, and
therefore it is excellent in adhesion with respect to anodic

oxidation coatings.
EXAMPLES

The balance compositions of the alloys B to J among Al-Si
alloys shown in Table 1 is shown in Table 2. Clad members shown
in Table 4 as Examples 1 to 23 and shown in Table 5 as Comparative
Examples 1 to 7 were manufactured using the Al-Si alloys B to J
as core member materials and the compositions shown in Table 3

as skin member materials.

As for the core member material, an ingot is manufactured
by the book mold method, and the ingot is subjected to a soaking
treatment forholdingitat 490+10° C for 10 hours and thenair-cooled.
Furthermore, it is formed into a thickness of 15 mm by executing
face cutting to thereby obtain a core member raw plate. As to the
skin member material, a raw plate for skin members is manufactured
by press-rolling an ingot. As to the thickness of the raw plate

for skin members, three types of raw plates different in thickness,
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i.e., 2mm (10.5% of cladding rate), 1.5 mm (8.3% of cladding rate),

and 0.5 mm (3.1% of cladding rate), were prepared.

Then, the raw plates for skin members were disposed on both
surfaces of the raw plate for core members, heated at 500 °C for
2 hours, then rolled at the rolling reduction of about 2 to 10%
until it became 9 mm in thickness, and further rolled at the rolling
reduction of about 10 to 20% until it became 3 mm in thickness.
Furthermore, it was cold-rolled until it became 1 mm in thickness
to. thereby manufactured a clad member 10 as shown in Fig. 2. The
alloy symbols of the core member and the skin member are shown

together with the cladding rate of one side in Tables 4 and 5.

In Comparative Examples Nos. 8 to 12, the core member was

rolled into a thickness of 1 mm independently.

The thermal expansion coefficient and the heat conductance
of each clad member were measured and compared with the independent
core member. The thermal expansion coefficient and the thermal
conductivity of the independent core member shown in Tables 4 and

5 were quoted from Table 1.

The workability and the surface treatment nature of each
clad member were tested and evaluated by the following method.

The evaluation results are collectively shown in Tables 4 and 5.
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(WORKABILITY)

It was evaluated based on the following standard depending
on the length (cracked edge length from a side end) of the cracked
edge generatedat the side edge of th(—;-, widthdirection of the cladding
material at the time of clad rolling.

©: 2 mm or less

O: 2 mm or above, but less than 4 mm

A: 4 mm or above, but less than 7 mm

X : 7 mm or above
(SURFACE TREATMENT NATURE - ANODIZATION PROCESSING)

The clad member was subjected to anodization processing in
a sulfate bath at a current density of 1.5 A/dm? at 20°C, 15 V/V%,
to thereby form a fill.Tl of 1 pym thickness. Then, the formed anodic
oxidationcoatingwas zoomedby 100 timeswithanopticalmicroscope,
and the number of pits within the view of 10 mm square was counted.‘
It can be estimated that the fewer the pits are the surface treatment
nature is superior.

©: 3 pits or less

O: 4 to 10 pits

X : 11 pits or more
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From the results shown in Table 4, it can be understood that
the clad member of each Example is superior to an independent core
member in workability and can be manufactured into a thin plate.
Furthermore, the low thermal expansion coefficient of the core member
is maintained mostly, and therefore it is an aluminum plate of low
thermal expansion. Moreover, the heat conductance was also high
by the regulated impurity amount in the core member. As compared
with Comparative Examples Nos. 8 to 12 , the surface treatment nature

was enhanced than the independent core member due to the cladding

of the skin members.

On the other hand, since Comparative Example 1 was high in
thermal expansion coefficient of the core member, it cannot be served
as a clad member low in thermal expansion. Since Comparative Example
2 was excessive in Si.amount in the core member, the workability
was insufficient even if skin members were cladded. As shown in
Comparative Examples 8 to 12, even if the same core member was used,
cracked edges were generated at the time of rolling it into a thin
plate. Moreover, as shown in Comparative Examples 3 to 7, even if
aluminum less than 98 mass% in Al concentration was used as a skin
member, the workability as a clad member was insufficient, and a

good clad member could not be manufactured.
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Industrial Applicability

The clad member according to the present invention is low in
thermal expansion and excellent in workability. Therefore, a thin
plate can be formed. The clad member can be widely used as component
material, such as, e.g., an aluminum substrate for a printed-circuit

board, which causes problems due to thermal expansion.

While the present invention may be embodied in many d‘ifferent
forms, a number of illustrative embodiments are described herein
with the underétanding that the present disclosure is tobe considered
as providing examples of the principles of the invention and such
examples are not intended to limit the invention to preferred

embodiments described herein and/or illustrated herein.

While illustrative embodiments of the invention have been
described herein, the present invention is not 1imited to the various
preferred embodiments described herein, but includes any and all
embodiments having equivalent elements, modifications, omissions,
combinations (e.g., of aspects across various embodiments),
adaptations and/or altefations as would be appreciated by those
in the art based on the present disclosure. The limitations in the
claims are to be interpreted broadly based on the language employed
in the claims and not limited to examples described in the present
specification or during the prosecution of the application, which

examples are to be construed as non-exclusive. For example, in the
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present disclosure, the term "preferably" is non-exclusive and means
"preferably, but not limited to." 1In this disclosure and during
the prosecution of this application, means-plus-function or
step-plus-function limitations will only be employed where for a
specificclaimlimitationall of the following conditions are present
in that limitation: a) "means for" or "step for" is expressly recited;
b) a corresponding function is expressly recited; and c) structure,
material or acts that support that structure are not recited. 1In
this disclosure and during the prosecution of this application,
the terminology "present invention” or "invention” may be used as
a reference to one or more aspect within the present disclosure.
The language present invention or invention should not be improperly
interpreted as an identification of criticality, should not be
improperly interpreted as applying across all aspects or embodiments
(i.e., it should be understood that the present invention has a
number of aspects and.embodiments), and should not be improperly
interpreted as limiting the scope of the application or claims.
In this disclosure and during the prosecution of this application,
the terminology “embodiment” can be used to describe any aspect,
feature, process or step, any combination thereof, and/or any portion
thereof, etc. In some examples, various embodiments may include
overlapping features. Inthisdisclosure andduring the prosecution

of this case, the following abbreviated terminology may be employed:

n n

e.g."” which means "for example;"” and "NB"” which means "note well.”
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CLAIMS

1. A clad member comprising a core member and skin members
cladded on both sides of the core member,

wherein the core member is constituted by an aluminum alloy
consisting of Si: 5 to 30 mass%, and the balance being aluminum
and impurities, and

wherein the skin member is constituted by aluminum or an
aluminum alloy consisting of Al: 98 mass®% or above, and the balance

being impurities.

2. The clad member as recited in claim 1, wherein, in the
aluminum alloy constituting the core member, Fe concentration is

1 mass% or less, and Ni concentration is 1 mass% or less.

3. The clad member as recited in claim 1, wherein, in the
aluminum alloy constituting the core member, Cu concentration is
0.5 mass% or less, Ti concentration is 0.3 mass% or less, Cr
concentration is 0.3 mass?® or less, P concentration is 0.1 mass%

or less, and B concentration is 0.05 mass% or less.

4. The clad member as recited in claim 1, wherein, in the
aluminum alloy constituting the core member, Mn concentration is
0.2 mass% or less, Mg concentration is 0.2 mass?® or less, and Zn

concentration is 0.2 mass% or less.
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5. The clad member as recited in' claim 1, wherein, in the
aluminum or the aluminum alloy constituting the skin member, Si
concentration is 1 mass®% or less, Fe concentration is 1 mass$% or
less, Cu concentration is 0.5 mass®% or less, and Mn concentration

is 2 mass% or less.

6. The clad member as recited in claim 5, wherein the Mn

concentration is 0.002 to 1.2 mass¥%.

7. The clad member as recited in claim 5, wherein, in the
aluminum or the aluminum alloy constituting the skin member, Zn
concentration is 0.5 mass% or less, and total concentration of

elements other than Al and Zn is 0.3 mass% or less.

8. The clad member as recited in claim 1, wherein a cladding

rate of the skin members is 1 to 15% per one surface.

9. The clad member as recited in claim 1, wherein a thickness

of the clad member is 0.1 to 5 mm.

10. Aproductionmethodof a clad member, comprising the steps
of:

disposing a plate made of aluminum or an aluminum alloy 98%
or above in Al concentration, the balance being impurities on both
surfaces of a plate made of an aluminum alloy consisting of Si:

5 to 30 mass%, the balance being Al and impurities; and
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clad-rolling the plates to be pressure-bonded.

11. A printed-circuit board, comprising:

an aluminum substrate made of a clad member comprising a core
member and skin members cladded on both surfaces of the corematerial;

an insulating layer laminated on the aluminum substrate; and

a copper conducting layer laminated on the insulating layer,

wherein the core member of the clad member is made of an aluminum
alloycontainingSi: 5 to 30mass%, the balance beingAl and impurities,
and

wherein‘the skin member made of aluminum or an aluminum alloy

containing Al: 98 mass% or above, and the balance being impurities.

12. The printed-circuit board as recited in claim ll, wherein
the insulating layer contains insulating resin or an insulating
resin composition in which a thermally conductive filler is blended

in the insulating resin.

13. The printed-circuit board as recited inclaimll, further

comprisingananodicoxidefilmonasurface of thealuminumsubstrate.
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