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(57) An electronic device comprises a heat transmis-
sion member shaped as a solid body having at least a
first surface that is joined to a heat producing member
and a second surface that is joined to an inner surface

of a body, and wherein the first surface has an area great-
er than or equal to an area joined to the heat producing
member, and an entire area of the second surface is
joined to the inner surface of the body.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an electronic
device, an electronic camera, a light source device, an
illumination device, and a projector device, that include
a heat dissipation device for dissipating heat that is pro-
duced from a heat producing member.

BACKGROUND ART

[0002] An electronic device endowed with a projection
function is known (for example, refer to Patent Reference
#1).
Patent Reference #1:
Japanese Laid-Open Patent Publication 2005-250392.

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0003] With this type of electronic device, when the
luminance of the projected light is high, the problem aris-
es of heat emission by the light source unit.

MEANS FOR SOLVING THE PROBLEM

[0004] An electronic device according to the present
invention comprises a heat transmission member
shaped as a solid body having at least a first surface that
is joined to a heat producing member and a second sur-
face that is joined to an inner surface of a body, and
wherein the first surface has an area greater than or equal
to an area joined to the heat producing member, and an
entire area of the second surface is joined to the inner
surface of the body.
It is desirable that a shape of the heat transmission mem-
ber of this electronic device is a hexahedron surrounded
by approximately quadrilaterals. Furthermore, a length
of a short side of the quadrilateral that forms the second
surface may be greater than or equal to 1/2 of a length
of a long side of the quadrilateral that forms the first sur-
face.
It is desirable that in the electronic device described
above, a screw hole is provided in the second surface,
and the second surface and the inner surface of the body
are fixed together by a screw.
It is desirable that the heat producing member of the elec-
tronic device described above is a substrate upon which
a light emitting element is implemented. Furthermore,
the heat transmission member may be made from alu-
minum. The body of this electronic device is made from
metal. Furthermore, it is desirable that between the first
surface and the heat producing member, and between
the second surface and the inner side of the body, there
are putted respective heat conduction members that join
them together.

It is desirable that the heat producing member of the elec-
tronic device described above is constituted by a light
source that irradiates illumination light towards a subject
for illumination, the light source is provided within the
body so that a rear surface of the light source is approx-
imately orthogonal to the inner surface of the body, and
the heat transmission member is constituted by an ani-
sotropically thermally conductive block that transmits
heat emitted by the light source from the rear surface of
the light source to the inner surface of the body.
An electronic camera according to the present invention
comprises a heat transmission member described
above. It is desirable that a photographic lens is provided
upon a front surface of the electronic camera described
above, and a display monitor that displays a captured
image is provided upon a rear surface of the electronic
camera, and the second surface of the heat transmission
member is joined to the front surface of the electronic
camera.
A light source device according to the present invention
comprises a light source that irradiates illumination light
towards a subject for illumination, a heat dissipation plate
that has a heat dissipation surface that is approximately
orthogonal to a rear surface of the light source, and that
dissipates heat emitted by the light source to the exterior;
and an anisotropic thermally conductive block that trans-
mits heat emitted by the light source from the rear surface
of the light source to the heat dissipation plate. The light
source may be fixed to a body via the anisotropically ther-
mally conductive block. It is desirable that the anisotrop-
ically thermally conductive block is shaped as a solid
body having at least a first surface that is joined to the
rear surface of the light source and a second surface that
is joined to the heat dissipation plate, the first surface
having an area greater than or equal to an area joined
to the rear surface of the light source and an entire area
of the second surface being joined to the heat dissipation
plate.
In the light source device described above, the aniso-
tropic thermally conductive block can comprise a first an-
isotropically thermally conductive block whose thermal
conductivity in a direction approximately orthogonal to
the rear surface of the light source is higher than a thermal
conductivity in a direction parallel to the rear surface, and
a second anisotropically thermally conductive block
whose thermal conductivity in a direction approximately
orthogonal to a high heat conductivity direction of the first
anisotropically thermally conductive block is higher than
a thermal conductivity in a direction parallel to the high
heat conductivity direction of the first anisotropically ther-
mally conductive block. In this light source device, the
heat generated by the light source can be transmitted to
the heat dissipation plate via the first anisotropically ther-
mally conductive block and the second anisotropically
thermally conductive block.
It is desirable that the anisotropically thermally conduc-
tive block of this light source device has a curved thermal
transmission path, and transmits the heat generated by
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the light source from the rear surface of the light source
to the heat dissipation plate by the curved heat transmis-
sion path. Furthermore, the high heat conductivity direc-
tion of the anisotropically thermally conductive block may
be in a direction of the heat dissipation surface of the
heat dissipation plate against the rear surface of the light
source.
It is desirable that the anisotropically thermally conduc-
tive block of the light source device described above is
made from a composite material made from a matrix and
a substance in columnar or fiber form whose thermal con-
ductivity is higher than that of the matrix.
It is desirable that the matrix is metal, and the substance
in columnar or fiber form consists of carbon fiber whose
thermal conductivity is higher than that of the metal.
It is also desirable that the matrix is resin, and the sub-
stance in columnar or fiber form is constituted by carbon
fiber whose thermal conductivity is higher than that of the
resin.
An electronic camera according to the present invention
comprises a light source device described above. This
electronic camera can comprise a projector that projects
a projected image with illumination light from the light
source device that is described above.
An illumination device according to the present invention
comprises a light source device described above.
A projector device according to the present invention
comprises a light source device described above.

ADVANTAGEOUS EFFECT OF THE INVENTION

[0005] According to the present invention, it is possible
appropriately to dissipate the heat that is produced by
the heat producing member.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

Fig. 1 is a figure showing an electronic camera with
internal projector according to a first embodiment of
the present invention, as seen from the front;
Fig. 2 is a figure showing the electronic camera with
internal projector of Fig. 1, as seen from its bottom
surface;
Fig. 3 is a figure showing an optical system of a pro-
jection unit, as seen from the left side in Fig. 1;
Fig. 4 is a figure showing the optical system of Fig.
3, as seen from the front;
Fig. 5 is a figure showing an electronic camera with
internal projector according to a second variant em-
bodiment, as seen from the front;
Fig. 6 is a figure showing an electronic camera with
internal projector according to a third variant embod-
iment, as seen from the front;
Fig. 7 is a figure showing an electronic camera with
internal projector according to a fourth variant em-
bodiment, as seen from the front;

Fig. 8 is a figure for explanation of the heat conduc-
tion path of a heat conduction member in a second
embodiment of the present invention;
Fig. 9 is a figure for explanation of a material for this
heat conduction member of the second embodiment;
Fig. 10 is a figure for explanation of the construction
of this heat conduction member of the second em-
bodiment;
Fig. 11 is a figure for explanation of a sixth variant
embodiment (a first variant embodiment of the heat
conduction member); and
Fig. 12 is a figure for explanation of a seventh variant
embodiment (a second variant embodiment of the
heat conduction member) .

BEST MODE FOR CARRYING OUT THE INVENTION

[0007] In the following, preferred embodiments for im-
plementation of the present invention will be explained
with reference to the drawings.

EMBODIMENT ONE

[0008] Fig. 1 is a figure showing an electronic camera
with incorporated projector according to the first embod-
iment of the present invention (hereinafter termed an
"electronic camera with internal projector") as seen from
the front. In Fig. 1, a photographic optical system 12 and
a projection optical system 21 are provided to a front
surface 1 of this electronic camera with internal projec-
tor") And a release button 11 is provided to an upper
surface of a body of this electronic camera with internal
projector. While this electronic camera with internal pro-
jector is in a state of being mounted upon a desk or the
like, or in a state of being mounted upon a cradle not
shown in the figures, information to be projected, such
as an image or the like, is projected from the projection
optical unit 20 to a screen or the like that is disposed in
front of this camera with internal projector by an internally
housed projection unit 20 (i.e. a projector). This projector
includes a LED (Light Emitting Diode) light source, as
will be described hereinafter. Since the amount of heat
emitted by this LED light source is large, it is necessary
to dissipate this heat efficiently to the exterior.
[0009] Fig. 2 is a figure showing the electronic camera
with internal projector of Fig. 1 as seen from its bottom
surface. In Fig. 2, a liquid crystal monitor 14 is provided
upon a rear surface 2 of the body of this electronic camera
with internal projector. The front surface 1 of the body of
this electronic camera with internal projector has a curved
surface. Among the front surface 1 and the rear surface
2 of the body, at least the front surface 1 of the body is
made from metal.
[0010] According to Figs. 1 and 2, an image-capturing
unit 10 (shown by broken lines) is disposed on the right
side as one faces the camera. In concrete terms, the
photographic optical system 12 is disposed at the upper
right portion of the front surface 1 of the body, and an
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image sensor 13 is disposed in the vicinity of the right
bottom surface. The projection unit 20 (shown by broken
lines) is disposed at the upper end portion over the ap-
proximate center (the center in the left and right direction)
of the body of this electronic camera with internal projec-
tor, and arranged side by side with the image-capturing
unit 10.
[0011] The photographic optical system 12 that is in-
corporated in the image-capturing unit 10 is a refracting
optical system that conducts a photographic ray bundle
incident from the front surface 1 of the body side to the
image sensor 13 by bending it around within the camera
body. By using this type of refracting optical system, the
space between the front surface 1 and the rear surface
2 of the body of this electronic camera with internal pro-
jector is made to be thin.
[0012] A heat conduction member 35 that is incorpo-
rated in the projection unit 20 is fixed to the inside of the
front surface 1 of the body of this electronic camera with
internal projector by a screw 37. The surface 35b of this
heat conduction member 35 toward the side of the front
surface 1 of the body is processed into a curved surface
so as to follow the interior surface of the front surface 1
of the body. By this surface 35b of the heat conduction
member 35 being fixed by a screw to the front surface 1
of the body with a thermally conductive sealing member
36 (see Fig. 3) being put between them, the heat con-
duction member 35 is fixed so that it contacts the surface
of the front surface 1 of the body. Moreover, the surface
35d of the heat conduction member 35 toward the side
of the rear surface 2 of the body is processed by planning,
so as to follow the surface of the back plate 14b of the
liquid crystal monitor 14. This back plate 14b is a panel
member that is made from metal. The structure is such
that, in the state in which the front surface 1 and the rear
surface 2 of the body are joined together, the back plate
14b and the heat conduction member 35 contact against
one another with a thermally conductive sealing member,
not shown in the figures, being put between them.
[0013] The details of the projection unit 20 will now be
explained with reference to Figs. 3 and 4. Fig. 3 is a figure
showing the optical system of the projection unit 20 as
seen from the left side in Fig. 1. And Fig. 4 is a figure
showing the optical system of Fig. 3 as seen from the
front surface side, with the front surface 1 of the body
and the projection optical system 21 being omitted.
[0014] The optical system of the projection unit 20 is
made as a module (hereinafter termed the "projection
module") of a four cornered column shape whose bottom
surface is an approximately about 10 by 10
mmsquare.Thisprojectionmodule is disposed with its
lengthwise direction vertical (top to bottom), and its bot-
tom surface (i.e. its lower surface) is joined to the heat
conduction member 35 . It should be understood that, in
Figs. 3 and 4, the size of the four cornered column in the
lengthwise direction is shown as longer than it actually
is, in order to make the internal structure easier to see.
[0015] In the projection module, there are included a

LED 23 (a LED substrate 30), a condensing optical sys-
tem 24, a light polarization plate 25, a PBS (polarized
beam splitter) block 26, a liquid crystal panel 22, and a
projection optical system 21. The structure is such that
all of the members described above, except for the pro-
jection optical system 21, are integrated within a shell
member 28. In concrete terms, the LED substrate 30 is
disposed upon the lower open surface of a member 28,
that is processed by bending a thin plate member made
from aluminum into an angular letter C shape. The LED
substrate 30 is made from an aluminum plate, and the
LED 23, that is a light emitting element, is mounted upon
a wiring pattern that is formed upon an insulating layer
upon the substrate.
[0016] Further, a condensing optical system 24 and a
PBS block 26 are adhered to the shell member 28. The
PBS block 26 is a polarizedbeam splitter in which a po-
larized light separation portion 26a that subtends an an-
gle of 45° with respect to the optical axis of the incident
light is put between two triangular prisms. Non-reflection
processing, for example blacking processing or the like,
is performed upon a surface 26b of this PBS block 26.
[0017] A light polarization plate 25 is disposed upon
the lower surface of the PBS block 26 (i.e. upon its surface
towards the condensing optical system 24) . And a liquid
crystal panel 22 that is constituted by a reflective type
liquid crystal element (LCOS) is disposed upon the upper
surface of the PBS block 26.
[0018] The heat conduction member 35 consists of,
for example, an aluminum block in the shape of a solid
that is surrounded by a quadrilateral. The material from
which this heat conduction member 35 is made need not
be aluminum; it would be acceptable for it to be any ma-
terial whose thermal conductivity is high, such as copper
or graphite or the like. Since this heat conduction member
35 is a member that constitutes a heat conduction path,
it is desirable to make its thermal resistance low. Accord-
ingly, processing that reduces the cross section of the
heat conduction path (for example, grinding down the
surface of the heat conduction member 35 to form fins)
is avoided. Moreover, along with ensuring that the thick-
ness of this heat conduction member 35 (its size along
the vertical direction in Fig. 3, i.e. the short side of the
quadrilateral defined by its surface 35b) is greater than
or equal to a predetermined value (for example 5 mm),
also the length of the heat conduction member 35 (its
size along the horizontal direction in Fig. 3, i.e. the long
side of the quadrilateral defined by its surface 35a) is
kept down to less than or equal to twice its thickness.
[0019] In order to provide good heat conductivity from
the heat producing member (in this embodiment, the LED
substrate 30), this heat conduction member 35 is joined
to the LED substrate 30 at their surfaces. In concrete
terms, a filler material whose thermal conductivity is high
is loaded between the surface 35a of the heat conduction
member 35 and the LED substrate 30, or a thermally
conductive sealing member 36 is put between them, so
that they are joined together. In order to enhance the
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performance for conducting heat from the LED substrate
30, the surface 35a of the heat conduction member 35
has an area greater than or equal to the joining surface
of the LED substrate 30. A screw hole 35c is provided
upon the surface 35b of the heat conduction member 35.
As described above, the surface 35b of the heat conduc-
tion member 35 and the front surface 1 of the body are
held together with a screw 37, so that their surfaces are
contacted together with a thermally conductive sealing
member 36 being put between them. By doing this, the
heat conduction member 35 is also endowed with a func-
tion of holding the projection unit 20.
[0020] With the projection module of the structure de-
scribed above, a drive current is supplied to the LED 23
upon the LED substrate 30 via a harness and a wiring
pattern not shown in the figures. The electrical power that
is consumed by the LED substrate 30 is about 2 W. The
LED 23 emits light of brightness corresponding to the
drive electrical current towards the condensing optical
system 24. The condensing optical system 24 causes
the light from the LED to be incident upon the light po-
larization plate 25 as approximately parallel light. This
light that is incident upon the light polarization plate 25
is converted into (or extracted) linearly polarized light,
and after conversion (or extraction) this polarized light is
emitted towards the PBS block 26.
[0021] Thepolarizedlightflux (forexample, Ppolarized-
light) that is incident upon the PBS block 26 passes
through the PBS block 26 and illuminates the liquid crys-
tal panel 22 . The liquid crystal panel 22 consists of a
plurality of picture elements upon which red, green, and
blue filters are formed, and is driven so as to generate a
color image. When the light that is to pass through the
liquid crystal layer of the liquid crystal panel 22 is incident
upon the liquid crystal panel 22, it progresses through
the liquid crystal layer in the upwards direction in Fig. 3,
and, after having been reflected off the reflective surface
of the liquid crystal panel 22, then progresses in the
downwards direction in Fig. 3 through the liquid crystal
layer 22 and is emitted from the liquid crystal panel 22,
to be incident upon the PBS block 26 for a second time.
Since the liquid crystal layer functions as a phase plate
when voltage is applied thereto, this light that is incident
upon the PBS block 26 for a second time is a mixture of
modulated light, that is S polarized light, and non-mod-
ulated light, that is P polarized light. In the PBS block 26
only the modulated light, that is the S polarized light com-
ponent in this light flux that is incident for a second time,
is reflected (folded around) by the polarized light sepa-
ration portion 26a, and is emitted as projection light to-
wards the optical system 21 on the right side of the draw-
ing. The projection optical system 21 and a lens barrel
are provided at the front surface 1 of the body.
[0022] On the front surface 1 of the body described
above, it is desirable to adhere a seal that constitutes a
heat insulating member over a predetermined region that
includes the screw 37 (at least as broad as the area that
contacts the heat conduction member 35). It is thereby

possible to make it impossible to see the screw 37 by
covering the screw 37 with this adhered seal, is possible
to prevent the screw 37 coming loose, and is possible to
ensure that the user cannot directly touch the portion on
the front surface 1 of the body whose temperature can
easily become elevated.
[0023] According to the first embodiment as explained
above, the following beneficial operational effects are ob-
tained.

(1) The LED substrate 30, that emits heat when the
LED 23 is illuminated, is joined at its surface to the
one surface 35a of the heat conduction member 35
that is shaped as a hexahedron block, and the other
surface 35b of this heat conduction member 35 is
joined to the inner surface of the body of this elec-
tronic camera with internal projector, that is made
from metal (i.e. is joined to the front surface 1 of the
body). Since no heat spreader is included in the heat
conduction path, accordingly the thermal resistance
from the LED substrate 30 via the heat conduction
member 35 to the front surface 1 of the body be-
comes small, and it is possible to dissipate the heat
that is generated by the LED 23 into the space ex-
terior to the body with good efficiency. Moreover,
since no heat spreader is included, this contributes
to making the camera more compact, and is partic-
ularly effective for an electronic camera of an ultra
thin body that has a refracting type photographic op-
tical system.

[0024]

(2) The area of the front surface 1 of the body is
broader than that of the rear surface 2 of the body,
upon which the liquid crystal monitor 14 is disposed.
Thus, by joining the heat conduction member 35 to
the surface on the side of the photographic subject
that is the surface whose body area is the broader
(in other words, to the front surface 1 of the body),
it is possible to dissipate the heat with good efficiency
to the space exterior to the body, as compared to
the case in which the heat conduction member 35 is
joined to the rear surface 2 of the body.

[0025]

(3) It is arranged to make the heat conduction mem-
ber 35 as an block of aluminum whose thermal con-
ductivity is high and to join with sealing member of
high heat conductivity putting between the LED sub-
strate 30 and the heat conduction member 35, and
between the heat conduction member 35 and the
surface of the body that is made from metal. Due to
this, it is possible further to reduce the thermal re-
sistance of the heat conduction path, and it is pos-
sible further to enhance the heat dissipation efficien-
cy.
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[0026]

(4) The area of the surface 35a of the heat conduction
member 35 is wider than the area of the LED sub-
strate 30 to which it is joined, and all of the surface
35b of the heat conduction member 35 is joined to
the front surface 1 of the body. At this time, since it
is ensured that the thickness of the heat conduction
member 35 (i.e. its size in the vertical direction in
Fig. 3) is greater than or equal to 5 mm, and the
length of the heat conduction member 35 (i.e. its size
in the horizontal direction in Fig. 3) is kept down to
less than or equal to twice its thickness, accordingly
it is possible to reduce the thermal resistance of the
heat conduction path.

[0027]

(5) Since the heat conduction member 35 and the
body that is made from metal are fixed together by
a screw, it is impossible for any gap to open up be-
tween the heat conduction member 35 and the me-
tallic body, even if the surface of the metallic body
becomes bent, so that it is possible to maintain the
thermal resistance of the heat conduction path in a
low state.

[0028]

(6) The structure is such that the other surface 35d
of the heat conduction member 35 that is joined nei-
ther to the LED substrate 30 nor to the metallic body
is contacted against the surface of the back plate
14b of the liquid crystal monitor 14, with a thermally
conductive sealing member put between them. As a
result, the heat that is generated by the LED 23 can
also be dissipated from the liquid crystal monitor 14
as well, and accordingly this heat can be dissipated
into the space exterior to the body with good efficien-
cy.

VARIANT EMBODIMENT ONE

[0029] It would also be acceptable for the shape of the
heat conduction member 35 not to be a six sided shape.
For example, by cutting off a portion of an aluminum
sphere and by further cutting the remaining original
sphere along a plane that intersects the previous plane
of cutting, an originally spherical shape that has two sur-
faces may be obtained. By joining one of the cutting sur-
faces of this original sphere is joined to the LED substrate
30, and by joining the other cutting surface thereof to the
front surface 1 of the body, it is possible to obtain a similar
beneficial operational effect to that described in (1)
through (6) above.

VARIANT EMBODIMENT TWO

[0030] It would also be acceptable to provide a sliding
cover upon the front surface 1 of the body of this elec-
tronic camera with internal projection, in order to protect
the optical system 12 and the projection optical system
21. Fig. 5 is a figure showing an electronic camera with
internal projector in this case, as seen from the front. The
solid lines show the slide cover 15 in the opened state
(its position during use of the camera), and the broken
lines show the slide cover 15a in its closed state (its stor-
age position).
[0031] According to Fig. 5, a predetermined range that
includes the screw 37 (and that is at least broader than
the contact area against the heat conduction member
35) is always covered by the slide cover 15 (15a), irre-
spective of the position of the slide cover 15 (15a) . Due
to this, it is possible to ensure that the screw 37 is not
visible, to ensure that the user does not directly touch
that portion of the front surface 1 of the body whose tem-
perature can easily become elevated, and to protect the
photographic optical system 12 and the projection optical
system 21 in the storage position.

VARIANT EMBODIMENT THREE

[0032] Fig. 6 is a figure showing another example of
an electronic camera with internal projector that incorpo-
rates a projection unit 20A and an image capturing unit
10. In Fig. 6, the projection unit 20A (shown by the broken
lines) is arranged at the right side when facing the body
of this electronic camera with internal projector with its
lengthwise direction oriented vertically. And the image-
capturing unit 10 (shown by broken lines) is arranged
side by side with the projection unit 20A, with its length-
wise direction oriented vertically.
[0033] The direction in which the projection unit 20A
in the projection module and the heat conduction member
35 are joined together is rotated through 90° around the
optical axis of light emission from the LED 30, as com-
pared to the case of the projection unit 20. Due to this,
in the state in which the heat conduction member 35 is
fixed by a screw to the front surface 1 of the body, the
projection light by the projection unit 20A is emitted in
the rightwards direction in Fig. 6.

VARIANT EMBODIMENT FOUR

[0034] Fig. 7 is a figure showing another example of
an electronic camera with internal projector that incorpo-
rates a projection unit 20B and an image capturing unit
10. In Fig. 7, the projection unit 20B (shown by the broken
lines) is disposed approximately at the upper central
edge portion of the body of this electronic camera with
internal projector, with its lengthwise direction oriented
horizontally. And the image-capturing unit 10 (shown by
broken lines) is arranged side by side with the projection
unit 20B, with its lengthwise direction oriented horizon-
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tally.
[0035] The direction in which the projection unit 20B
in the projection module and the heat conduction member
35 are joined together is rotated through 180° around the
optical axis of light emission from the LED 30, as com-
pared to the case of the projection unit 20A. Due to this,
in the state in which the heat conduction member 35 is
fixed by a screw to the front surface 1 of the body, the
projection light by the projection unit 20B is emitted in
the upwards direction in Fig. 7.
[0036] With Variant Embodiment #3 and Variant Em-
bodiment #4 described above as well, each of the ben-
eficial operational effects (1) through (6) of the first em-
bodiment described above may be obtained.
[0037] It should be understood that, with Variant Em-
bodiment #3 and Variant Embodiment #4, it is desirable
to adhere a seal that consists of a heat insulating member
to a predetermined region of the front surface 1 of the
body that includes the screw 37 (at least as broad as the
area to which the heat conduction member 35 is contact-
ed). Or, it is desirable to provide a sliding cover upon the
front surface 1 of the body that protects the photographic
optical system 12, and to arrange for a predetermined
region that includes the screw 37 (whose area is at least
as broad as the area to which the heat conduction mem-
ber 35 is contacted) to be always covered with this slide
cover, irrespective of whether the slide cover is in its
opened state or in its closed state.

VARIANT EMBODIMENT FIVE

[0038] Although examples have been explained in
which the front surface 1 of the body is shaped as a
curved surface, it would also be possible to apply the
present invention to a case in which it is shaped as a
planar surface.
[0039] Moreover, although the example of an electron-
ic camera with internal projector has been explained with
regard to the first embodiment, the present invention may
also be applied to an electronic device such as a projec-
tion device, a portable telephone device with incorporat-
ed projector, a PDA (personal digital assistant) with in-
corporated projector, a sound recording and replaying
device with incorporated projector, or the like, provided
that it is equipped with a projection unit 20 (20A or 20B).

EMBODIMENT TWO

[0040] A second embodiment of the present invention
will now be explained with reference to Figs. 8 through
10. In the following explanation, the same reference sym-
bols will be appended to structural elements that are the
same as in the first embodiment, and the explanation
concentrates principally upon the points of difference
from that of the first embodiment. Aspects that are not
explained in particular are the same as in the first em-
bodiment. An aspect of this embodiment that is different
from the case with the first embodiment is that a com-

posite material is used as the heat conduction member.
In this second embodiment, when a heat conduction
member of a prior art type electronic device is provided
of a ribbon shape that thermally connects together an
internally housed heat emitting member and a heat dis-
sipation member that dissipates heat generated by this
heat emitting member, the problem of which the amount
of heat that is conducted within the heat conduction mem-
ber being small, so that it is not possible to dissipate the
heat generated by the internally housed heat emitting
member in an efficient manner is solved.
[0041] With this electronic camera with internal projec-
tor of the second embodiment, the heat that is generated
from the LED 23 is conducted into the heat conduction
member 45 from the surface 45a thereof, and is then
conducted from the surface 45b of the heat conduction
member 45 to the front surface 1 of the body of this elec-
tronic camera with internal projector. And the heat that
is generated from the LED 23 is then dissipated from the
front surface 1 of the body of this electronic camera with
internal projector. In other words, as shown in Fig. 8, this
camera has a heat dissipation surface that is approxi-
mately orthogonal to the rear surface of the LED 23, so
that the heat that is generated from the LED 23 is con-
ducted to the front surface 1 of the body of the electronic
camera with internal projector, that dissipates this heat
to the exterior.
[0042]  As shown in Fig. 9, the material for this heat
conduction member 45 is a carbon fiber composite ma-
terial 40 in which oriented carbon fibers 42 are dispersed
in an aluminum matrix 41. This carbon fiber composite
material 40 has thermal conductivity anisotropy, and the
thermal conductivity in the direction in which the carbon
fibers 42 are oriented is high as compared to the other
directions. In the following, this direction in which the ther-
mal conductivity is high will be termed the high heat con-
ductivity direction. The thermal conductivity of this carbon
fiber composite material 40 in the high heat conductivity
direction (shown by the arrow sign 43) is 700 W/m.k, and
this is higher than the thermal conductivity of aluminum
(238 W/m.k) or the thermal conductivity of copper (398
W/m.k).
[0043] The heat conduction member 45 is manufac-
tured by combining two blocks made from the above de-
scribed carbon fiber composite material 40. As shown in
Fig. 10(a), the sizes and the shapes of the two blocks 51
and 52 that make up the heat conduction member 45 are
the same, and they are both shaped as triangular prisms
having the cross sectional shape of a right angled trian-
gle. The high heat conductivity direction of one of the
blocks 51 is the perpendicular direction with respect to
the surface 51a that constitutes the other of the sides
that subtends the right angle of the above described right
angled triangular shape. And the high heat conductivity
direction of the other of the blocks 52 is the perpendicular
direction with respect to the surface 52a that constitutes
one of the sides that subtends the right angle of the above
described right angled triangular shape. And the sloping
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surfaces 51b, 52b of the two blocks 51 and 52 are joined
together with adhesive or solder or the like, so that the
high heat conductivity directions of the two blocks 51 and
52 subtend approximately a right angle.
[0044] As shown in Fig. 10(b), the assembly of the two
blocks 51 and 52 that are thus joined together into a single
block constitutes the heat conduction member 45. Here,
the surface 51a of the block 51 becomes the surface 45a
that is the junction surface with the LED substrate 30,
while the surface 52a of the block 52 becomes the surface
45b that is the adhesion surface against the front surface
1 of the body of this electronic camera with internal pro-
jector. In other words, in the block 51, its thermal con-
ductivity in the direction that is approximately orthogonal
to the rear surface of the LED substrate 30 becomes
greater than its thermal conductivity in the direction that
is parallel to the rear surface of the LED substrate 30,
and, in the block 52, its thermal conductivity in the direc-
tion that is approximately orthogonal to the high heat con-
ductivity direction of the block 51 also becomes greater
than its thermal conductivity in the direction that is ap-
proximately parallel to the high heat conductivity direction
of the block 51. As a result, as shown in Fig. 10 (b), the
high heat conductivity direction of the heat conduction
member 45 bends around a right angle from the direction
of the surface 45a to the direction of the surface 45b (as
shown by the arrow sign 53) . By using this type of heat
conduction member 45, it becomes easy to conduct heat
(refer to the arrow sign 31 in Fig. 8) to the front surface
1 of the body of this electronic camera with internal pro-
jector, that is approximately orthogonal to the rear sur-
face of the LED substrate 27.
[0045] According to the second embodiment as ex-
plained above, the following beneficial operational ef-
fects are obtained.

(1) By using the heat conduction member 45, that is
an anisotropically thermally conductive block, the
heat that is generated from the LED 23 can be effi-
ciently conducted to the front surface 1 of the body
of this electronic camera with internal projector, upon
which the heat dissipation surface that is approxi-
mately orthogonal to the rear surface of the LED 23
is provided. Furthermore, it is possible to dissipate
the heat generated from the LED 23 in an efficient
manner, even though the space within the electronic
camera with internal projector is small.

[0046]

(2) Since the heat conduction member 45 is a mem-
ber that is fixedto theprojectionunit 20, it has a large
cross sectional area so as to obtain sufficient
strength for fixing the projection unit 20. Due to this,
it is possible to make the heat conduction member
45 have a large amount of heat flow, and it is possible
to conduct the heat generated by the LED 23 to the
front surface 1 of the body of this electronic camera

with internal projector in an efficient manner.

[0047]

(3) The heat conduction member 45 is of a solid body
shape having at least the surface 45a that joins to
the rear surface of the LED 23 and the surface 45b
that joins to the front surface 1 of the body of this
electronic camera with internal projector, and the
surface 45a has an area that is greater than or equal
to the area that joins to the rear surface of the LED
23, and moreover it is arranged to join the entire area
of the surface 45b to the front surface 1 of the body
of this electronic camera with internal projector. Due
to this, it is possible to make the heat conduction
member 45 have a large amount of heat flow, and it
is possible to conduct the heat generated by the LED
23 to the front surface 1 of the body of this electronic
camera with internal projector in an efficient manner.

[0048]

(4) The heat conduction member 45 includes the an-
isotropically thermally conductive block 51 that takes
the high heat conductivity direction approximately or-
thogonal to the rear surface of the LED 23, and the
anisotropically thermally conductive block 52 that
takes the high heat conductivity direction approxi-
mately orthogonal to the high heat conductivity di-
rection of the anisotropically thermally conductive
block 51; and it is arranged for the heat conduction
member 45 to transmit the heat generated by the
LED 23 to the front surface 1 of the body of this elec-
tronic camera with internal projector via the aniso-
tropically thermally conductive block 51 and the an-
isotropically thermally conductive block 52. Due to
this, the heat flow becomes easy in the right angled
direction (the direction shown in Fig. 8 by the arrow
sign 31), and accordingly it is possible to conduct
the heat generated by the LED 23 in an efficient man-
ner to the front surface 1 of the body of this electronic
camera with internal projector provided with a heat
dissipation surface that is approximately orthogonal
to the rear surface of the LED 23.

[0049]

(5) A carbon fiber composite material 40 in which
oriented carbon fibers 42 are dispersed within an
aluminum matrix 41 is used as the heat conduction
member 45. Since the thermal conductivity of the
carbon fibers 42 is extremely high, it is possible to
conduct the heat that is generated from the LED 23
with good efficiency in the high heat conductivity di-
rection.

[0050]
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(6) Since the heat of the LED 23 is dissipated by the
body of this electronic camera with internal projector,
accordingly it is possible to dissipate this heat with
good efficiency due to the cooling operation of the
external air.

VARIANT EMBODIMENT SIX

[0051] The high heat conductivity direction of the heat
conduction member 45 was a direction such as to bend
through a right angle towards the direction of the rear
surface of the LED 23, as shown by the arrow sign 31 in
Fig. 3. However, as shown by the arrow sign 61 in Fig.
11, it would also be acceptable to arrange for the high
heat conductivity direction of a heat conduction member
60 to lie in the direction of the heat dissipation surface of
the front surface 1 of the body of an electronic camera
with internal projector 1A against the rear surface of the
LED 23(this is the first variant embodiment of the heat
conduction member). With the first variant embodiment
of this heat conduction member, the heat conduction
member 60 is made as a triangular prism, having the
cross sectional shape of a right angled triangle. The LED
substrate 30 is joined to a surface 60a that contains one
of the two edges that subtend the right angle of this right
angle triangle cross section, and the front surface 1 of
the body of this electronic camera with internal projector
is joined to the surface 60b that contains the other such
edge. In this case, the orientation direction of the carbon
fibers 42 is a direction that is approximately parallel to
the surface 60c that contains the sloping edge of this
right angle triangle cross section.
[0052] Due to this, it is possible to conduct the heat
emitted from the LED 23 in an efficient manner to the
front surface 1 of the body of this electronic camera with
internal projector that has a heat dissipation surface that
is approximately orthogonal to the rear surface of the
LED 23 and dissipates the heat emitted by the LED 23
to the exterior.
[0053] Moreover, it is possible to build this heat con-
duction member 60 from a single block, as contrasted
with the heat conduction member 45 that is made from
the two blocks 51 and 52. Accordingly, it is possible to
reduce the cost of materials and that of the assembly and
so on. Furthermore since this heat conduction member
60 whose length of the heat conduction path is shorter
as compared with that of the heat conduction member
45, accordingly it is possible to conduct the heat emitted
from the LED 23 in an efficient manner to the front surface
1 of the body of this electronic camera with internal pro-
jector.

VARIANT EMBODIMENT SEVEN

[0054] As shown by the arrow sign 71 in Fig. 12, it
would also be acceptable to arrange for the high heat
conductivity direction of the heat conduction member 70
to change gradually in the direction from the rear surface

of the LED 23 towards the direction of the heat dissipation
surface of the front surface 1 of the body of the electronic
camera with internal projector, so as to have a curved
heat transmission path in the heat conduction member
70 (this is the second variant embodiment of the heat
conduction member). Due to this, it is possible to conduct
the heat emitted from the LED 23 in an efficient manner
to the front surface 1 of the body of this electronic camera
with internal projector that is provided with a heat dissi-
pation surface that is approximately orthogonal to the
rear surface of the LED 23. With this second variant em-
bodiment of the heat conduction member, this heat con-
duction member 70 is manufactured by dispersing the
carbon fibers 42 within aluminum 41, following a direction
along which the fibers are formed in a curved shape.

VARIANT EMBODIMENT EIGHT

[0055] The material for the heat conduction member
45 was supposed to be carbon fiber composite material
40 made by dispersing oriented carbon fibers 42 in a
matrix of aluminum 41. However, a material that has an-
isotropic thermal conductivity is not limited to being such
a carbon fiber composite material 40. For example, a
composite material would also be acceptable that was
made from some predeterminedmatrix, and a substance
shaped as long columns or in fiber form that has a higher
thermal conductivity than that of the matrix. Since heat
flows preferentially along the long column shaped or fiber
form substance that has higher thermal conductivity than
the matrix, accordingly this composite material has ani-
sotropic thermal conductivity.

VARIANT EMBODIMENT NINE

[0056] The material for the heat conduction member
45 was taken as being the carbon fiber composite mate-
rial made from the carbon fibers 42 and the aluminum
matrix 41. However, in the case of a carbon fiber com-
posite material 40, the material of the matrix is not limited
to being the one of the shown embodiments. For exam-
ple, it would also be acceptable to use a different metal
for the matrix, such as copper or the like.
Moreover, it would also be acceptable to use some sub-
stance other than a metal for the matrix, such as, for
example, epoxy resin or the like. By using this type of
substance for the matrix, it is possible to protect the car-
bon fibers 42 that can easily suffer brittle fracture.
[0057] Even if a substance whose thermal conductivity
is low such as resin is used as the matrix, it is still possible
to make the thermal conductivity of the carbon fiber com-
posite material high, since the thermal conductivity of the
carbon fibers 52 is very much higher than that of the resin.
Moreover, by using an insulating material such as resin,
it is possible to ensure that the carbon fiber composite
material is an insulator, that is sometimes convenient.
By using resin, it is also possible to anticipate that the
heat conduction member will be lighter.

15 16 



EP 2 071 399 A1

10

5

10

15

20

25

30

35

40

45

50

55

VARIANT EMBODIMENT TEN

[0058] Even with a light source other than the LED 23,
it is possible to conduct the heat generated from the light
source to the heat dissipation surface in an efficient man-
ner with the heat conduction member 45. Accordingly,
the light source that may be used with the heat conduction
member 45 is not limited to the LED 23.

VARIANT EMBODIMENT ELEVEN

[0059] The present invention is not limited to an elec-
tronic device with internal projector, provided that it is an
electronic device that includes a light source device in-
cluding: a light source; a heat dissipation plate that is
provided with a heat dissipation surface approximately
orthogonal to the rear surface of the light source; and an
anisotropically thermally conductive block that transmits
heat emitted by the light source from the rear surface of
the light source to the heat dissipation plate. With an elec-
tronic device other than an electronic camera with inter-
nal projector as well, it is possible for the light source
device to dissipate the heat generated from the light
source in an efficient manner in a small space. For ex-
ample, it would also be acceptable to provide the light
source device described above to a projector device. Fur-
thermore, Sometimes a LED may be used as a light
source of illumination light for illuminating a photographic
subj ect during night-time photography or the like. In this
case as well, heat dissipation of the heat generated from
the LED to the exterior must be performed in an efficient
manner. Accordingly, it would also be acceptable to pro-
vide a light source device according to an embodiment
of the present invention to a camera equipped with an
LED, or to an electronic flash device or the like.
[0060] Although various embodiments and variant em-
bodiments have been explained in the above description,
the present invention is not to be considered as being
limited by the details thereof. Other modes that may be
considered to fall within the range of the technical concept
of the present invention are also included within the scope
of the present invention.
[0061] The contents of the disclosures of the following
patent applications, upon which priority is claimed, are
hereby incorporated by reference:

Japanese Patent Application 273039 of 2006 (filed
on 4 October 2006); and
Japanese Patent Application 096350 of 2007 (filed
on 2 April 2007).

Claims

1. An electronic device, comprising:

a heat transmission member shaped as a solid
body having at least a first surface that is joined

to a heat producing member and a second sur-
face that is joined to an inner surface of a body,
and wherein
the first surface has an area greater than or
equal to an area joined to the heat producing
member, and an entire area of the second sur-
face is joined to the inner surface of the body.

2. An electronic device according to Claim 1, wherein:

a shape of the heat transmission member is a
hexahedron surrounded by approximately
quadrilaterals.

3. An electronic device according to Claim 2, wherein:

a length of a short side of the quadrilateral that
forms the second surface is greater than or
equal to 1/2 of a length of a long side of the
quadrilateral that forms the first surface .

4. An electronic device according to any one of Claims
1 through 3, wherein:

a screw hole is provided in the second surface,
and the second surface and the inner surface of
the body are fixed together by a screw.

5. An electronic device according to any one of Claims
1 through 4, wherein:

the heat producing member is a substrate upon
which a light emitting element is implemented.

6. An electronic device according to any one of Claims
1 through 5, wherein:

the heat transmission member is made from alu-
minum.

7. An electronic device according to any one of Claims
1 through 6, wherein:

the body is made from metal.

8. An electronic device according to any one of Claims
1 through 7, wherein:

between the first surface and the heat producing
member, and between the second surface and
the inner side of the body, there are put respec-
tive heat conduction members that join them to-
gether.

9. An electronic device according to Claim 1, wherein:

the heat producing member is constituted by a
light source that irradiates illumination light to-
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wards a subject for illumination;
the light source is provided within the body so
that a rear surface of the light source is approx-
imately orthogonal to the inner surface of the
body; and
the heat transmission member is constituted by
an anisotropically thermally conductive block
that transmits heat emitted by the light source
from the rear surface of the light source to the
inner surface of the body.

10. An electronic camera, comprising a heat transmis-
sion member according to any one of Claims 1
through 9.

11. An electronic camera according to Claim 10, where-
in:

a photographic lens is provided upon a front sur-
face of the electronic camera, and a display
monitor that displays a captured image is pro-
vided upon a rear surface of the electronic cam-
era; and
the second surface of the heat transmission
member is joined to the front surface of the elec-
tronic camera.

12. A light source device, comprising:

a light source that irradiates illumination light to-
wards a subject for illumination;
a heat dissipation plate that has a heat dissipa-
tion surface that is approximately orthogonal to
a rear surface of the light source, and that dis-
sipates heat emitted by the light source to an
exterior; and
an anisotropic thermally conductive block that
transmits heat emitted by the light source from
the rear surface of the light source to the heat
dissipation plate.

13. A light source device according to Claim 12, wherein:

the light source is fixed to a body via the aniso-
tropically thermally conductive block.

14. A light source device according to Claim 12, wherein:

the anisotropically thermally conductive block is
shaped as a solid body having at least a first
surface that is joined to the rear surface of the
light source and a second surface that is joined
to the heat dissipation plate, the first surface
having an area greater than or equal to an area
joined to the rear surface of the light source and
an entire area of the second surface being joined
to the heat dissipation plate.

15. A light source device according to any one of Claims
12 through 14, wherein:

the anisotropic thermally conductive block com-
prises a first anisotropically thermally conduc-
tive block whose thermal conductivity in a direc-
tion approximately orthogonal to the rear sur-
face of the light source is higher than a thermal
conductivity in a direction parallel to the rear sur-
face, and a second anisotropically thermally
conductive block whose thermal conductivity in
a direction approximately orthogonal to a high
heat conductivity direction of the first anisotrop-
ically thermally conductive block is higher than
a thermal conductivity in a direction parallel to
the high heat conductivity direction of the first
anisotropically thermally conductive block; and
the heat generated by the light source is trans-
mitted to the heat dissipation plate via the first
anisotropically thermally conductive block and
the second anisotropically thermally conductive
block.

16. A light source device according to any one of Claims
12 through 14, wherein:

the anisotropically thermally conductive block
has a curvedheattransmissionpath, and trans-
mits the heat generated by the light source from
the rear surface of the light source to the heat
dissipation plate by the curved heat transmis-
sion path.

17. A light source device according to any one of Claims
12 through 14, wherein:

the high heat conductivity direction of the aniso-
tropically thermally conductive block is in a di-
rection of the heat dissipation surface of the heat
dissipation plate against the rear surface of the
light source.

18. A light source device according to any one of Claims
12 through 17, wherein:

the anisotropically thermally conductive block is
made from a composite material made from a
matrix and a substance in columnar or fiber form
whose thermal conductivity is higher than that
of the matrix.

19. A light source device according to Claim 18, wherein:

the matrix is metal, and the substance in colum-
nar or fiber form consists of carbon fiber whose
thermal conductivity is higher than that of the
metal.
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20. A light source device according to Claim 18, wherein:

the matrix is resin, and the substance in colum-
nar or fiber form is constituted by carbon fiber
whose thermal conductivity is higher than that
of the resin.

21. An electronic camera, comprising a light source de-
vice according to any one of Claims 12 through 20.

22. An electronic camera according to Claim 21, com-
prising a projector that projects a projected image
with illumination light from the light source device.

23. An illumination device, comprising a light source de-
vice according to any one of Claims 12 through 20.

24. A projector device, comprising a light source device
according to any one of Claims 12 through 20.
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