DESCRIPTION
Title of the invention : CASE AND METHOD FOR PRODUCING CASE

TECHNICAL FIELD
[0001]

The present invention relates to a case for housing machines, electronic components, or the
like.

BACKGROUND ART

[0002]

In recent years, development of smaller-size products such as appliances and
electric/electronic devices is performed actively from the viewpoint of realizing effective use
of living space and providing instruments with improved portability. More specifically, they
are intended for space saving through miniaturization and optimized design of machines and
electronic components (such as circuit boards) housed in cases. In addition, it is also
mentioned that they use more rigid case materials that serve to provide thin-wall cases to
realize an increased storage capacity inside the cases. Against such a background, many
techniques intended for miniaturization of electronic components and optimized design of
cases have been proposed.

[0003]

Specifically, Patent Document 1 describes an invention of a circuit board produced by a
process in which thin metal plates having circuit patterns are integrated by insert-molding
with synthetic resin. Patent Document 2 describes an invention of a case for an electronic
device in which the position of its flexible substrate is specified.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0004]

Patent Document 1: Japanese Unexamined Patent Publication (Kokai) No. HEI 3-240300
Patent Document 2: Japanese Unexamined Patent Publication (Kokai) No. HEI 9-172287

SUMMARY OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005]

In the invention described in Patent Document 1, however, the thin metal plates are covered
with an insulating film or an insulating layer and molded together with conductive resin.
Although this may be effective for miniaturization and design optimization of electronic
components, it will be impossible to produce a large-sized case by using thin metal plates. In
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the invention described in Patent Document 2, a flexible printed circuit board is disposed on
the inner surface of the case body to serve as a structural member for electromagnetic
shielding. As a result, this may be effective for maintaining the electromagnetic wave
shielding capability even if the outer surface is damaged, but it is necessary to form bosses
and ribs for supporting the flexible substrate, which will prevent the realization of
miniaturization and saving of space.

[0006]

As described above, the conventional techniques for the miniaturization of products such as
appliances and electric/electronic devices will not serve for effective utilization of the spaces
in cases. Thus, there has been a strong call for the development of a technique that serves
for producing a case having an increased storage capacity while maintaining a high stiffness
required to work as a tough case.

[0007]

The present invention has been made in view of the above problems and aims to provide a
case having an increased storage capacity while maintaining a high stiffness required to
work as a tough case.

MEANS OF SOLVING THE PROBLEMS

[0008]

The present invention, which aims for solving the above problems, is as described below.
[0009]

(1) A case comprising a cover having an electronic device, the electronic device being
inserted inside the cover.

[0010]

(2) The case as set forth in item (1), wherein the cover has at least a flat member and the
electronic device is inserted at least inside the flat member of the cover.

[0011]

(3) The case as set forth in either item (1) or (2) having a space for containing an electronic
component.

[0012]

(4) The case as set forth in any one of items (1) to (3), wherein at least part of the cover is
made of an electrically conductive material.

[0013]

(5) The case as set forth in any one of items (1) to (3), wherein at least part of the cover is
made of a nonconductive material.

[0014]

(6) The case as set forth in any one of items (1) to (5), wherein the cover has a mechanism
connectable to the electronic device.



[0015]

(7) The case as set forth in any one of items (1) to (6), wherein the upright wall member of
the cover is made of the same material as the flat member of the cover.

[0016]

(8) A production method for the case containing the cover having the electronic device in
such a manner that the electronic device is inserted in the cover, comprising : a step in which
an electronic device and at least one material selected from the group consisting of prepreg,
film, and nonwoven fabric are stacked in such a manner that the electronic device is located
on the inner side to form a preform, and a step in which compression and/or reduced
pressure is applied to shape the preform.

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0017]

The case according to the present invention realizes an increased storage capacity inside
thereof while maintaining a high rigidity required to work as a tough case.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

[Fig. 1] Fig. 1 is a schematic cross-sectional view for illustrating the case according to the
present invention.

[Fig. 2] Fig. 2 is a schematic cross-sectional view illustrating the case according to the
present invention having a cover with a surface of an electrically conductive material.

[Fig. 3] Fig. 3 is a schematic cross-sectional view illustrating the case according to the
present invention having a mechanism connectable to an electronic device.

[Fig. 4] Fig. 4 is a schematic cross-sectional view illustrating the case according to the
present invention in which the cover and the other members are joined and integrated.

[Fig. 5] Fig. 5 is a schematic cross-sectional view illustrating the preform used in Example 1
of the present invention.

[Fig. 6] Fig. 6 is a schematic cross-sectional view illustrating the preform used in Example 2
of the present invention.

[Fig. 7] Fig. 7 is a schematic view illustrating a state in which a circuit is printed directly on a
prepreg used in Example 3 of the present invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0019]

As a result of intensive studies, the inventors of the present invention found that if an
electronic device is inserted in the cover used to form a case, it becomes possible to
produce a case having an increased storage capacity, compared to cases having a cover
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without an electronic device, while maintaining a high rigidity required to work as a tough
case. The case according to the present invention is described in more detail below with
reference to drawings. Applications of the case according to the present invention include
cases for electric and electronic devices, office automation instruments, household electrical
appliances, medical instruments, etc., as well as carrying cases for transportation, and the
like, and in particular, it is applied suitably to portable devices such as clamshell type
notebook computers, tablet type notebook computers, mobile phones, and medical
cassettes.

[0020]

The present invention provides a case comprising a cover having an electronic device, the
electronic device being inserted inside the cover. The case according to the present
invention is described in detail below.

[0021]

<Electronic device>

The electronic device used for the present invention is an element that draws on the function
of electrons to perform active work such as amplification and it may be a transistor,
electronic tube, or the like. Furthermore, the electronic device may be a resistor such as IC
(integrated circuit) or an element containing a passive component such as capacitor,
inductor and transformer, and may also be an electronic circuit, antenna, sensor, or printed
circuit board that has a CPU (central processing unit) or an Al (artificial intelligence) function.
Relays and connectors used to link them may also be included in electronic device. For the
present invention, these electronic devices may be used singly, or two or more thereof may
be used in combination. There are no specific limitations on the thickness of these electronic
devices, but their thickness is preferably 1 mm or less, more preferably 0.5 mm or less, and
still more preferably 0.3 mm or less. This makes it possible to decrease the thickness of the
cover contained in the case, thereby serving to meet the requirement for reduction in the
overall thickness and weight of the case.

[0022]

It is necessary for these electronic devices to be inserted in the cover contained in the case.
The state of electronic devices being “inserted in the cover” means that as illustrated in Fig.
1(a), the electronic devices are sealed as a result of being covered by the material that
constitutes the cover, allowing the electronic devices to be located in the gap formed within
the material that constitutes the cover. In this instance, it is preferable that at least the top
and bottom surfaces of each electronic device are in contact with the material that
constitutes the cover as illustrated in Fig. 1(b), and it is more preferable that the entirety (all
surfaces) of each electronic device is in contact with the material that constitutes the cover
as illustrated in Fig. 1(c). If the electronic devices are inserted in the cover as described
above, it will be unnecessary, as shown in Fig. 1(c), for the electronic devices to be located
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at a position which is outside the cover and inside the interior 5 of the case, serving to
enlarge the internal space of the case and ensure an increased storage capacity of the case.
In addition, as the electronic devices are inserted in the cover, the electronic devices can be
protected from penetration of water, serving to provide highly waterproof cases. It would be
difficult to remove the electronic device, furthermore, to ensure increased security.

[0023]

A cover containing inserted electronic devices can be produced by printing these electronic
devices or circuits that constitute part thereof directly on the material that constitutes the
inner wall of the cover. In this instance, if they are printed directly on the film, nonwoven
fabric, or prepreg that are used as material of the cover, it eliminates the necessity of
substrates that work as the bases of the electronic devices, thereby contributing to reduction
in the weight of the case and the wall thickness of the cover.

[0024]

For the present invention, it is preferable that each electronic device is inserted at least in
the flat member of the cover as illustrated in Fig. 1. This arrangement ensures an increased
degree of design freedom. The flat members referred to above are the smooth-faced parts,
other than the curved parts such as corners, of the case. Here, there are no specific
limitations on the position into which the electronic device is inserted. With respect to the
thickness-directional position, however, it is preferably located at a position near the
through-thickness center of the cover to ensure smaller liability to deformation and impact
caused by external forces. With respect to the plane direction, it is preferably located at a
position near an upright wall or reinforcing member of the case from the viewpoint of the
protection of the electronic device.

[0025]

<Cover>

The cover used for the present invention is one of the constituents of a case. An
embodiment in which the case is constituted only of a cover is preferred from the viewpoint
of productivity improvement because its production does not require a molding step. On the
other hand, an embodiment in which the case is constituted of a combination of a cover and
other members is preferred from the viewpoint of increasing the degree of design freedom
for shape or the like. Using this cover and/or a combination of a cover and other members, a
case as illustrated in Figs. 1 to 4 is fabricated while inserting electronic devices to ensure
their fixing and protection, which is the major object. Depending on design purposes,
materials useful for the cover include thermosetting resins, thermoplastic resins, fiber
reinforced resins produced by adding reinforcement fiber to the former resins, and metals.
The use of a resin with a low specific gravity is preferred from the viewpoint of reducing the
weight of the case whereas the use of a fiber reinforced resin or a metal is preferred from the
viewpoint of increasing the rigidity. These materials used to constitute the cover may be
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used singly, or two or more thereof may be used in combination.

[0026]

The material used to form a cover containing inserted electronic device is preferably in the
form of film or nonwoven fabric in order to ensure high material handleability and easy
preform preparation. Among other types of films, prepreg plates composed mainly of
reinforcement fiber impregnated beforehand with resin are preferred from the viewpoint of
providing a cover with improved mechanical characteristics.

[0027]

It is preferable for the cover used for the present invention to be formed at least partly of an
electrically conductive material. If an electrically conductive material is used at least as part
of the cover, it serves to allow the cover to have electromagnetic wave shielding capability.
The term “electrically conductive material” used herein refers to a material having a volume
resistivity value of less than 1.0 x 102 Q-cm. Such electrically conductive materials include,
for example, fiber reinforced resins containing carbon fiber or metal fiber, and metals. There
are no specific limitations on the position of the electrically conductive material as long as it
exists at least as part of the cover. Therefore, electrically conductive material may, for
example, be arranged selectively in the cover at positions where shielding of
electromagnetic waves is required, but from the viewpoint of achieving a high productivity, it
is preferable to adopt a sandwich structure as illustrated in Fig. 2 in which electrically
conductive material is arranged over the surfaces of the cover. Furthermore, since
electrically conductive material tends to be high in heat conductivity, it is preferably located
near electronic devices that require heat radiation, cooling fans, or the like.

[0028]

It is preferable for the cover used for the present invention to be formed at least partly of a
nonconductive material. If a nonconductive material is used at least as part of the cover, a
case containing the cover will be able to transmit radio waves. The term “nonconductive
material” used herein refers to a material having a volume resistivity value of 1.0 x 1072
Q-cm or more. Such nonconductive materials include, for example, fiber reinforced resins
containing glass fiber or aramid fiber, resins, and ceramics. There are no specific limitations
on the position of the nonconductive material as long as it exists at least as part of the cover.
Therefore, it is preferably located, for example, around the position in the cover where an
antenna is inserted.

[0029]

The cover used for the present invention preferably has a mechanism that serves for
connection with an electronic device as illustrated in Fig. 3. The mechanism that serves for
connection with an electronic device may be located on the side where the cover and the
electronic components of the case are disposed or on the side opposite thereto. In the case
where an electronic device such as battery is provided in the inner space of the cover or
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case, for example, a mechanism connectable to the electronic device is preferably disposed
inside the cover. On the other hand, in the case where it is connected with an external unit
such as electronic device located outside the case, a mechanism connectable to the
electronic device is preferably disposed outside the cover.

[0030]

For the present invention, there are no specific limitations on the means to be used to
produce a cover that contains an electronic device, and useful ones include a method in
which a preform containing an electronic device is subjected to press molding or autoclave
molding, a method in which an electronic device is placed in a die and subjected to insert
injection molding, a method in which an electronic device coated with resin is exposed to
light with a specific wavelength to cure and mold the resin, and a method in which an
electronic device is embedded in a cover containing a groove designed for insertion of the
electronic device and subjected to molding after fitting a lid.

[0031]

The cover used for the present invention preferably has an upright member and a flat
member that are formed of the same material as illustrated in Fig. 1. The expression “being
formed of the same material” means that, of the components contained in the materials
constituting the different parts, the same component accounts for 50 mass% or more in each
part.

[0032]

In the case of thermoplastic resins, whether two materials are the same or not is determined
on the basis of the identicalness in terms of the structure that characterizes each
thermoplastic resin. In the case of polyamide resin, for example, the determination depends
on whether a resin having a repeating unit containing an amide bond accounts for 50 mass%
or more of the total quantity of the components constituting the material used in both the
upright wall member and the flat member. Similarly, in the case of polyester resin or
polycarbonate resin or polypropylene resin, the determination depends on whether a resin
having a repeating unit containing an ester bond or a resin having a repeating unit containing
a carbonate bond or a resin having a repeating unit containing a propylene bond accounts
for 50 mass% or more of the total quantity of the components constituting the material used
in both the upright wall member and the flat member.

[0033]

Specifically, polyamide 6, polyamide 11, polyamide 12, polyamide 66, polyamide 610, and
polyamide 612 are all classified into the same category of a resin having a repeating unit
containing an amide bond, that is, polyamide resin. Accordingly, in the case of an
embodiment in which the component accounting for 50 mass% or more of the total quantity
of the components constituting the upright wall member of the cover is polyamide 6 whereas
the component accounting for 50 mass% or more of the total quantity of the components
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constituting the flat member of the cover is polyamide 66, the upright wall member of the
cover and the flat member of the cover are deemed to be formed of the same material.
[0034]

In the case of aluminum alloys, furthermore, whether or not the upright wall member of the
cover and the flat member of the cover are formed of the same material is determined on the
basis of whether aluminum accounts for 50 mass% or more of the total quantity of both the
upright wall member of the cover and the flat member of the cover. For example, A2017,
A4043, A5052, A6063, A7075, etc. are all classified into the same material category
(@luminum alloy).

[0035]

In the case of fiber reinforced resins containing reinforcement fibers or materials containing
an add-in components, however, such reinforcement fibers and add-in components are
excluded when determining whether or not the parts are formed of the same material.
[0036]

If the upright wall member of the cover and the flat member of the cover are formed of the
same material, they can be joined and integrated easily without using adhesives by such
techniques as insert or outsert injection molding or ultrasonic welding. Furthermore, the case
may be a combination of a cover (flat member) and another member (upright wall member)
that are joined together and integrated as illustrated in Fig. 4 (a) and (b) or the case may be
a combination of a cover that constitutes the flat member and part of the upright wall
member and that is joined and integrated with another member as illustrated in Fig. 4 (c). In
particular, when the cover contains an inserted electronic device and forms a shape that
includes a flat member, upright wall member, and other members necessary for the case as
illustrated in Fig. 1, a high productivity will be ensured because it eliminates the necessity for
the undermentioned step for forming a case by joining and integrating the cover with other
members by a molding process. This is preferable also because no joints exist, leading to a
case with an improved rigidity.

[0037]

<Case>

It is preferable that the case according to the present invention has a space in which an
electronic component is to be disposed. Having such a shape as described above, the case
can work suitably to contain electric/electronic apparatuses, home appliances, and medical
instruments having electronic components such as displays, batteries, and cooling fans. It is
particularly preferred for clamshell type personal computers, tablet type personal computers,
portable telephones, and medical cassettes.

[0038]

There are no specific limitations on the method to obtain the case according to the present
invention, and good ones include a method in which a cover containing an inserted
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electronic device is fixed in a die and subjected to insert or outsert injection molding and a
method in which a preform consisting of a cover containing an inserted electronic device and
other members are subjected to press molding.

[0039]

<Method for production of case>

The case according to the present invention, which comprises a cover having an electronic
device in such a manner that the electronic device is inserted in the cover can be produced
by a production method that has a production process comprising: a step in which an
electronic device and at least one material selected from the group consisting of prepreg,
film, and nonwoven fabric are stacked in such a manner that the electronic device is located
on the inner side to form a preform and a step in which compression and/or reduced
pressure is applied to shape the preform. In this way, the case can be produced easily from
a preform that is prepared in advance by fixing an electronic device inside the material to be
used to form the case. It is preferable to adopt a preform that is prepared by using a die
employed in the shaping step because it prevents the position of the electronic device from
shifting during the conveyance of the preform. The adoption of a step for shaping the
preform under compression and/or reduced pressure serves to produce a case containing
less voids (fine gaps).

[0040]

Furthermore, the adoption of appropriately selected various materials for lamination in the
preform preparation process makes it possible to produce a case in which an electrically
conductive material and a nonconductive material are disposed at least as part of the cover.

EXAMPLES

[0041]

The present invention is described in more detail below with reference to examples. First,
the materials used for the present invention are described below.

[0042]

<Materials used>

[Material 1]

Glass cloth formed of glass fiber with a weight per unit area of 200 g/m? and a
two-component epoxy resin composed of a base resin and a curing agent were prepared
and the glass cloth was impregnated with the epoxy resin in such a manner that the content
by mass (Wf) of the glass fiber reached 50% to provide material 1.

[0043]

[Material 2]

Except for using carbon fiber cloth formed of carbon fiber with a weight per unit area of 198
g/m?, the same procedure as in Example 1 was carried out to impregnate the carbon fiber
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cloth with the epoxy resin to provide material 2.

[0044]

(Example 1)

An IC chip with a thickness of 0.7 mm and a resistor with a thickness of 0.5 mm were
adopted as electronic devices and layers of material 1 were stacked together therewith to
provide preform 1 as illustrated in Fig. 5. The resulting preform 1 was fixed in a die adjusted
to a temperature of 50°C and subjected to compression and hot pressing. Two hours later,
the die was opened to obtain case 1.

[0045]

(Example 2)

An IC chip with a thickness of 0.7 mm and a resistor with a thickness of 0.5 mm were
adopted as electronic devices and layers of material 1 and material 2 were stacked together
therewith to provide preform 2 as illustrated in Fig. 6. Except for using the resulting preform 2,
the same procedure as in Example 1 was carried out to produce case 2.

[0046]

(Example 3)

A prepreg as illustrated in Fig. 7 (a) was prepared by printing a circuit directly on the surface
thereof using an electrically conductive paste and lamination was performed to provide
preform 3 as illustrated in Fig. 7 (b). Except this, the same procedure as in Example 1 was
carried out to produce case 3.

[0047]

(Example 4)

Cover 4, which has a flat member as illustrated in Fig. 4 (a), was molded from preform 1,
which is described in Example 1. The other member, namely, other member 4 which is the
upright wall member, was molded from an Ny6 matrix resin and fiber reinforcement pellets
with a carbon fiber content (Wf) of 30% (Torayca pellets TLP1060, manufactured by Toray
Industries, Inc.) using an injection molding machine. The resulting cover 4 and other
member 4 were joined with an adhesive to produce case 4.

[0048]

The case produced in each Example does not require the formation of bosses or ribs used to
arrange electronic devices as in the case of prior art, and it is not necessary to mount
electronic devices in the interior of the case, making it possible to provide a case with a high
storage capacity because the entire space inside the case can be used to arrange electronic
components. In Example 1, the cover and case were formed only of a glass fiber reinforced
resin that was a nonconductive material, and therefore, they were high in radio wave
permeability. The cover and case prepared in Example 2 contained a carbon fiber reinforced
resin, which was an electrically conductive material, at the surfaces thereof, and accordingly,
the case had a high shieldability to the electromagnetic waves coming from the electronic
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devices inserted in the cover. Thus, its potential applications range over a wide spectrum
including cases for electric and electronic devices, office automation instruments, household
electrical appliances, medical instruments, etc., as well carrying cases for transportation.
Free of the necessity for substrates for electronic device fabrication, the case obtained in
Example 3 had the feature of being small in weight. In the case of the case obtained in
Example 4, the cover that contained insert electronic devices formed only the flat member of
a simple shape and the other members such as the upright wall of a complicated shape
were formed of an injection molding material with a high moldability, allowing the case to
have a high degree of design freedom.

INDUSTRIAL APPLICABILITY

[0049]

The present invention provides preferable potential applications ranging over a wide
spectrum including cases for electric and electronic devices, office automation instruments,
household electrical appliances, medical instruments, etc., as well as carrying cases for
transportation.

EXPLANATION OF NUMERALS
[0050]
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CLAIMS

[Claim 1]

A case comprising a cover having an electronic device,

in such a manner that the electronic device is inserted inside the cover.

[Claim 2]

The case as set forth in claim 1, wherein

the cover has at least a flat member and

the electronic device is inserted at least inside the flat member of the cover.

[Claim 3]

The case as set forth in either claim 1 or 2 having a space for containing an electronic
component.

[Claim 4]

The case as set forth in any one of claims 1 to 3, wherein at least part of the cover is made of
an electrically conductive material.

[Claim 5]

The case as set forth in any one of claims 1 to 3, wherein at least part of the cover is made of
a nonconductive material.

[Claim 6]

The case as set forth in any one of claims 1 to 5, wherein the cover has a mechanism
connectable to the electronic device.

[Claim 7]

The case as set forth in any one of claims 1 to 6, wherein the upright wall member of the
cover is made of the same material as the flat member of the cover.

[Claim 8]

A production method for the case containing the cover having the electronic device in such a
manner that the electronic device is inserted in the cover, comprising:

a step in which an electronic device and at least one material selected from the group
consisting of prepreg, film, and nonwoven fabric are stacked in such a manner that the
electronic device is located on the inner side to form a preform, and

a step in which compression and/or reduced pressure is applied to shape the preform.
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