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57 ABSTRACT

(76) Inventors: Takahiko Nozaki, Tokyo (IP);

Hiroshi Kotani, Tokyo (IP) A light emitting device that can radiate heat generated by a
semiconductor light emitting element and/or a resin layer at
(21) Appl. No.: 12/960,281 not only a position directly under the light emitting element,
but also a position remote from such a position with respect to
(22) Filed: Dec. 3, 2010 the main plane direction is provided. In the light emitting

device, a light emitting element is carried on a substrate, and
a resin covers the light emitting element. An anisotropic heat
conduction material showing a heat conductivity for the sub-
strate main plane direction larger than that for the substrate
thickness direction is carried on the substrate. A side of the
anisotropic heat conduction material contacts with the resin.
Thereby, the anisotropic heat conduction material can receive
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HOIL 33/60 (2010.01) heat conduction material, for example, one or more laminated
HOIL 33/00 (2010.01) layers of graphite in the form of sheet are used.
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SEMICONDUCTOR LIGHT EMITTING
DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a semiconductor
light emitting device, in particular, a semiconductor light
emitting device showing superior heat radiation characteris-
tics.

BACKGROUND ART

[0002] Astemperature of semiconductor light emitting ele-
ments becomes higher, luminous efficiency of the elements
decreases, and higher temperature more shortens lifetime of
the elements. Therefore, it is desired to increase heat radiation
efficiency of semiconductor light emitting elements. For
example, Patent document 1 discloses a structure that a metal
body for heat radiation is adhered to a lead to be connected to
a bottom surface electrode of a semiconductor light emitting
element with a thin insulating adhesive layer so that heat of
the semiconductor light emitting element is efficiently con-
ducted to the metal body via the thin insulating adhesive layer.
[0003] Patent document 2 discloses an LED package car-
rying an LED chip so that the chip should directly contact
with a metal-impregnated carbon material. The metal-im-
pregnated carbon material is prepared by sintering hardened
carbon powder or carbon fibers and impregnating the sintered
body with a metal such as Cu or Al, and shows high thermal
conductivity.

[0004] Patent document 3 discloses a configuration that a
semiconductor light emitting element is carried on a substrate
consisting of an anisotropic heat conduction layer showing
larger thermal conductivity for the plane direction compared
with thermal conductivity for the thickness direction, and
isotropic heat conduction layers on the both surfaces of the
anisotropic heat conduction layer. This aims at diffusing heat
along the plane direction by using the anisotropic heat con-
duction layer. As the anisotropic heat conduction layer,
graphite is used.

[0005] Patent document 4 discloses a configuration that an
LED chip is carried on a metal heat sink, and a pattern wiring,
an insulating layer, a metal core printed circuit board, and a
body are disposed in this order under the heat sink. For the
body, graphite showing anisotropic thermal conductivity is
used to increase conduction of heat of the LED chip along the
plane direction.

[0006] Patent document 5 discloses a configuration that a
fluorescent substance layer for color conversion is disposed
on an LED chip, wherein a metal mesh or wire rod for heat
radiation is disposed inside the fluorescent substance layer.
By this configuration, heat in the fluorescent substance layer
is conducted with the metal mesh or the like to a base (ring)
surrounding the fluorescent substance layer and thereby pre-
vent decrease in quantity of light due to rise in temperature of
the fluorescent substance.

[Prior Art References]

[0007] [Patent documents]

[0008] Patent document 1: Japanese Patent Unexamined
Publication (KOKAT) No. 2007-208061

[0009] Patent document 2: Japanese Patent Unexamined
Publication No. 2006-86391

[0010] Patent document 3: Japanese Patent Unexamined
Publication No. 2007-123348
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[0011] Patent document 4: Japanese Patent Unexamined
Publication No. 2008-287960

[0012] Patent document 5: Japanese Patent Unexamined
Publication No. 2005-311170

SUMMARY OF THE INVENTION
Object to be Achieved by the Invention

[0013] In a white light emitting device using a blue light
emitting element and a fluorescent substance layer, the fluo-
rescent substance for color conversion itself generates heat,
and raises the temperature. Since the rise in temperature of the
fluorescent substance causes thermal quenching, it poses a
serious problem in high power light emitting devices. In such
a configuration that a metal mesh or the like is disposed in the
fluorescent substance layer as disclosed in Patent document 5,
thermal capacity of the metal mesh or the like is small, and
thus heat quantity that can be conducted form the metal mesh
or the like to the ring is small. Moreover, since an insulated
substrate on which an electric circuit is formed is disposed
directly under the ring, the part of the ring for radiation of the
heat conducted to the ring is limited. Furthermore, the ring is
carried on the insulated substrate at a position near the light
emitting element as the heat generation source and radiates
heat from the carried position to the insulated substrate. How-
ever, the heat conduction of the insulated substrate is often
already saturated due to heat conduction from the lower part
of the light emitting element, and in such a case, sufficient
heat radiation from the ring to the insulated substrate cannot
be attained.

[0014] Moreover, all of the configurations disclosed in
Patent documents 1 to 4 are configurations for conducting
heat to a substrate or the like on the bottom surface side of the
light emitting element. Therefore, if they are employed for a
high power light emitting element comprising a fluorescent
substance layer, it is necessary to once conduct the heat gen-
erated by the fluorescent substance to the light emitting ele-
ment and then conduct it from the light emitting element to
the substrate or the like. Accordingly, it is difficult to effi-
ciently radiate the heat of the fluorescent substance layer.
[0015] Further, as a substrate for mounting a high power
light emitting element, it is desirable to use a material show-
ing a thermal expansion coefficient similar to that of the light
emitting element, for example, an insulated substrate made of
ceramics etc., in order to prevent degradation of bonding for
mounting due to difference of the thermal expansion coeffi-
cients of the light emitting element and the substrate. Ifa light
emitting element is mounted on a highly heat conductive
metal, metal-impregnated carbon material, anisotropic heat
conduction layer of graphite, or the like as disclosed in Patent
documents 1 to 4, bonding for mounting may be degraded due
to the difference of the thermal expansion coefficient of such
a substrate from that of the light emitting element. In order to
prevent such degradation, there can be supposed a configu-
ration that an insulating substrate showing a thermal expan-
sion coefficient similar to that of the light emitting element is
disposed between the light emitting element and the highly
heat conductive substrate. However, the heat conductivity of
the insulating substrate may constitute a bottleneck for the
heat conduction to invite saturation of the heat transfer, and
thus it may become difficult to improve the heat transfer as a
whole.

[0016] An aspect of the present invention is to provide a
light emitting device that can radiate heat generated by a
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semiconductor light emitting element and/or a resin layer at
not only a position directly under the light emitting element,
but also a position remote from such a position with respect to
the main plane direction.

Means for Achieving the Object

[0017] The present invention provides such a light emitting
device as described below, that is, a light emitting device
comprising a substrate, a light emitting element carried on the
substrate, and a resin covering the light emitting element,
wherein an anisotropic heat conduction material showing a
heat conductivity for the substrate main plane direction larger
than that for the substrate thickness direction is carried on the
substrate, so that a side of the material should contact with the
resin. To a portion of the anisotropic heat conduction material
remote from the resin, a heat conductive material showing a
heat conductivity larger than the heat conductivity of the
anisotropic heat conduction material for the thickness direc-
tion is connected, and the heat conduction material contacts
with the substrate. By this configuration, heat of the light
emitting element and/or the resin can be conducted by the
anisotropic heat conduction material along the main plane
direction, and radiated to the substrate via the heat conductive
material at a position remote from the light emitting element
and the resin.

[0018] As the anisotropic heat conduction material, for
example, one or more laminated layers of graphite in the form
of sheet can be used.

[0019] The anisotropic heat conduction material may be
configured, for example, to have an opening. In this case, the
light emitting element and the resin are disposed in the open-
ing.

[0020] There can be used a structure that the substrate com-
prises, for example, a metal substrate and an insulating sub-
strate carried on a part of the metal substrate, and the light
emitting element and the resin are carried on the insulating
substrate. In this case, the anisotropic heat conduction mate-
rial is configured so that at least one side thereof should be
larger than one side of the insulating substrate, and one end
thereof should be disposed on the metal substrate, and the
heat conductive material is connected to the anisotropic heat
conduction material carried on the metal substrate so that the
heat conductive material should contact with the metal sub-
strate. By this configuration, heat conducted by the anisotro-
pic heat conduction material along the main plane direction
can be radiated to the metal substrate.

[0021] One or more projections may be provided on a side
in the aforementioned opening of the anisotropic heat con-
duction material. The heat conduction efficiency from the
resin to the anisotropic heat conduction material can be
thereby improved.

Effect of the Invention

[0022] According to the present invention, heat of the resin
covering the light emitting element can be transferred along
the main plane direction and radiated by using the anisotropic
heat conduction material, and therefore heat can be radiated
in a remote portion not influenced by thermal saturation of the
portion of the substrate directly under the light emitting ele-
ment etc. to improve the heat radiation efficiency. The light
emitting efficiency of the light emitting element can be
thereby improved. Moreover, thermal quenching of the fluo-
rescent substance contained in the resin can be prevented, and
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the fluorescent light emitting efficiency can be improved.
Furthermore, since the heat radiation efficiency is high, driv-
ing current for the light emitting element can be increased. By
synergism of these effects, a high power light emitting device
can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] [FIG.1]Drawings showing the light emitting device
of' the first embodiment: (a) top view, (b) sectional view

[0024] [FIG. 2] A partial enlarged sectional view of FIG.
1(b)
[0025] [FIG. 3] An explanatory view showing heat conduc-

tion in the light emitting device of the first embodiment
[0026] [FIG. 4] Anexplanatory view showing heat conduc-
tion in the light emitting device of the first embodiment
attached with a heat sink

[0027] [FIG.5]A sectional view of the light emitting device
of the second embodiment

[0028] [FIG. 6] Drawings showing the light emitting device
of'the second embodiment wherein the anisotropic heat con-
duction material 5 is connected to the substrate 1 only with an
adhesion member: (a) sectional view, (b) top view

[0029] [FIG. 7] A top view of the light emitting device of
the second embodiment wherein the anisotropic heat conduc-
tion material 5 is connected to the substrate 1 only with an
adhesion member

[0030] [FIG. 8] A partial sectional view of the light emitting
device of the third embodiment

[0031] [FIG.9]A partial sectional view of the light emitting
device of the fourth embodiment

[0032] [FIG. 10] A partial sectional view of the light emit-
ting device of the fifth embodiment

[0033] [FIG. 11] A partial sectional view of the light emit-
ting device of the fifth embodiment

[0034] [FIG. 12] A partial sectional view of the light emit-
ting device of the sixth embodiment

[0035] [FIG. 13] Explanatory views showing various upper
surface shapes of the anisotropic heat conduction material 5
of the light emitting device of the seventh embodiment and
heat conduction in them ((a) to (d))

[0036] [FIG.14] Anexplanatory view showing the process-
ing of the anisotropic heat conduction material in the method
for producing the light emitting device of the example
[0037] [FIG. 15] An explanatory view showing heat con-
duction in the light emitting device of the comparative
example

MODES FOR CARRYING OUT THE INVENTION

[0038] Embodiments of the present invention will be
explained.

First Embodiment
[0039] The semiconductor light emitting device of the first

embodiment of the present invention is explained with refer-
ence to FIGS. 1,(a) and (b). As shown in FIG. 1,(a), in the
semiconductor light emitting device, an insulating substrate 2
is fixed on a metal substrate 1, and a semiconductor light
emitting element 3 is mounted thereon. On the surface of the
insulating substrate 2, a wiring is disposed. As a method for
mounting the semiconductor light emitting element 3, a
known method such as gold bump is used. The upper surface
and the side of the semiconductor light emitting element 3 are
coated with a fluorescent substance-containing resin layer 4.
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The external shape of the fluorescent substance-containing
resin layer 4 is a rectangular parallelepiped.

[0040] Around the fluorescent substance-containing resin
layer 4, an anisotropic heat conduction material 5 in the form
of a sheet is disposed to receive heat of the fluorescent sub-
stance-containing resin layer 4 and conduct it to a position
remote from the fluorescent substance-containing resin layer
4. The anisotropic heat conduction material 5 has a charac-
teristic that the heat conductivity thereof for the main plane
direction is larger than the heat conductivity thereof for the
thickness direction. At the center of the anisotropic heat con-
duction material 5, an opening of a quadrangle shape having
a size comparable to that of the fluorescent substance-con-
taining resin layer 4 is provided, and the fluorescent sub-
stance-containing resin layer 4 is disposed in the opening.
[0041] The side of the anisotropic heat conduction material
5 in the opening is desirably contacted with the side of the
fluorescent substance-containing resin layer 4 without any
gap, in order to improve the heat transfer efficiency from the
fluorescent substance-containing resin layer 4 to the aniso-
tropic heat conduction material 5. Thickness of the anisotro-
pic heat conduction material 5 is preferably equivalent to the
height of the fluorescent substance-containing resin layer 4,
since, in such a case, area of contact with the fluorescent
substance-containing resin layer 4 becomes large, therefore
the heat conduction amount increases, and projection of light
from the upper surface of the fluorescent substance-contain-
ing resin layer 4 is not inhibited.

[0042] The anisotropic heat conduction material 5 may
consist of any material, so long as it shows a heat conductivity
for the main plane direction larger than the heat conductivity
thereof for the thickness direction. For example, graphite
made into a sheet, or alternately layered metal foils and a
material showing a heat conductivity lower than that of the
metal foil (for example, resin) can be used. Specifically, for
example, such a material obtained by piling up a plurality of
sheets of graphite 5a, adhering them with adhesive layers 55,
and further adhering an insulating layer 5¢ to the lowermost
surface with an adhesive layer 56 as shown in FIG. 2 can be
used.

[0043] The size of the anisotropic heat conduction material
5 for the main plane direction is larger than that of the insu-
lating substrate 2 at least for the long side. Heat of the fluo-
rescent substance-containing resin layer 4 can be thereby
conducted to a position remote from the insulating substrate
2.

[0044] As shown in FIG. 1(b), the anisotropic heat conduc-
tion material 5 bends along the step between the upper surface
of the insulating substrate 2 and the upper surface of the
substrate 1, and bottom surfaces of the both end portions for
the longer direction of the anisotropic heat conduction mate-
rial 5 are in contact with the upper surface of the substrate 1.
In these both end portions, holes penetrating the anisotropic
heat conduction material 5 along the thickness direction are
provided, and screws 6 penetrate them. In the substrate 1,
female screws 1a are provided at the positions corresponding
to the holes of the anisotropic heat conduction material 5. The
tips of the screws 6 are fixed to the substrate 1 by screwing
with the female screws 1a in the substrate 1.

[0045] As the screw 6, it is desirable to use a screw consist-
ing of a material showing a heat conductivity higher than the
heat conductivity of the anisotropic heat conduction material
5 for the thickness direction. For example, it desirably con-
sists of copper or aluminum. The screw 6 receives the heat
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conducted by the anisotropic heat conduction material 5
along the main plane direction at the peripheral face in contact
with the anisotropic heat conduction material 5, conducts it
along the axial direction, and radiates it to the substrate 1.
[0046] For the insulating substrate 2, a material having a
thermal expansion coefficient closer to that of the semicon-
ductor light emitting element 3, compared with that of the
metal substrate 1, and showing a heat conductivity as high as
possible is used. For example, a substrate 2 made of ceramics
such as aluminum nitride (AIN) is used. By mounting the
semiconductor light emitting element 3 on the insulating
substrate 2 having a thermal expansion coefficient close to
that of the semiconductor light emitting element 3, degrada-
tion of bonding for the mounting by high temperature due to
difference in the thermal expansion coefficients of the semi-
conductor light emitting element 3 and the mounted substrate
(insulating substrate 2) can be avoided. Moreover, if the insu-
lating substrate 2 is used, a circuit can be formed on the
insulating substrate 2, and therefore it is not necessary to form
a circuit via an insulating layer on the metal substrate 1, even
if a plurality of light emitting elements are mounted.

[0047] Heat radiation at the time of light emission of such a
semiconductor light emitting device of the first embodiment
as described above will be explained.

[0048] Ifan electric current is applied to the semiconductor
light emitting element 3, the semiconductor light emitting
element 3 emits light of a predetermined wavelength, and the
light enters into the fluorescent substance-containing resin
layer 4. The fluorescent substance of the fluorescent sub-
stance-containing resin layer 4 absorbs a part of the light from
the semiconductor light emitting element 3, and is thereby
excited to emit fluorescence. The light emitted by the semi-
conductor light emitting element 3 and penetrating the fluo-
rescent substance-containing resin layer 4 is mixed with the
fluorescence and projected outside from the upper surface of
the fluorescent substance-containing resin layer 4. For
example, by using a blue light emitting semiconductor light
emitting element is used as the semiconductor light emitting
element 3 and a fluorescent substance emitting yellow orange
fluorescence with blue excitation light such as YAG fluores-
cence substance as the fluorescent substance, a semiconduc-
tor light emitting device which emits white light can be pro-
vided.

[0049] At the time of the light emission, each of the semi-
conductor light emitting element 3 and the fluorescent sub-
stance of the fluorescent substance-containing resin layer 4
generates heat. As shown in FIG. 3, a part of the heat 31 is
conducted to the insulating substrate 2 with which the semi-
conductor light emitting element 3 and the fluorescent sub-
stance-containing resin layer 4 contact, diffused in the insu-
lating substrate 2 along the main plane direction, and radiated
to the metal substrate 1. With a structure that a heat sink 40 is
attached to the metal substrate 1 as shown in FIG. 4, the heat
conducted to the metal substrate 1 is further conducted to the
heat sink 40, and radiated into the air from fins 41.

[0050] When the semiconductor light emitting element 3
emits light with high power, calorific powers of the semicon-
ductor light emitting element 3 and the fluorescent substance-
containing resin layer 4 also become large. Therefore, if the
heat conductivity of the insulating substrate 2 is not suffi-
ciently large, heat transfer is saturated in the insulating sub-
strate 2, and heat of the semiconductor light emitting element
3 and the fluorescent substance-containing resin layer 4 may
not be sufficiently radiated. Moreover, even if the heat con-
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ductivity of the insulating substrate 2 is sufficiently high, and
it can transmit much heat to the metal substrate 1, heat transfer
of the metal substrate 1 is saturated, and heat of the semicon-
ductor light emitting element 3 and the fluorescent substance-
containing resin layer 4 cannot be sufficiently radiated.
[0051] In the light emitting device of this embodiment, the
anisotropic heat conduction material 5 is disposed so as to
contact with the side of the fluorescent substance-containing
resin layer 4. Therefore, the anisotropic heat conduction
material 5 can directly receive a part of the heat 32 of the
fluorescent substance-containing resin layer 4, conduct it
along the main plane direction, and radiate it to the substrate
1 at an arbitrary position at which the metal substrate 1 is not
heat-saturated (position of the screw 6).

[0052] Thereby, even if the calorific powers of the semi-
conductor light emitting element 3 and the fluorescent sub-
stance-containing resin layer 4 are large, and the insulating
substrate 2 and the portion of the metal substrate 1 directly
under the insulating substrate 2 are heat-saturated, the heat of
the fluorescent substance-containing resin layer 4 can be con-
ducted to an arbitrary position at which the metal substrate 1
leaves sufficient margins for heat radiation, and radiated,
without via the insulating substrate 2, and therefore heat
radiation efficiency can be improved.

[0053] Therefore, decrease in the light emission efficiency
of the semiconductor light emitting element 3 due to heat can
be prevented, quenching due to rise in temperature of the
fluorescent substance can be prevented, and thus large quan-
tity of light can be obtained. Moreover, since the heat radia-
tion efficiency becomes high, a heavy current can be applied
to the semiconductor light emitting element 3, and light emis-
sion can be attained with a still larger quantity of light.
[0054] Hereafter, a method for producing the light emitting
device of this embodiment will be explained.

[0055] In the light emitting device of this embodiment, in
order to efficiently transfer the heat of the fluorescent sub-
stance-containing resin layer 4 to the anisotropic heat con-
duction material 5, it is desirable that the side of the fluores-
cent substance-containing resin layer 4 is closely contacted
with the side of the anisotropic heat conduction material 5 in
the opening without forming any gap. Therefore, as a method
for producing the light emitting device, at the time of forming
the fluorescent substance-containing resin layer 4, a method
of filling an uncured fluorescent substance-containing resin
into the opening of the anisotropic heat conduction material 5,
and curing it can be preferably used. Thereby, the side of the
cured fluorescent substance-containing resin layer 4 can be
closely contacted with the side of the anisotropic heat con-
duction material 5 in the opening.

[0056] The method for producing the light emitting device
of this embodiment is not limited to the above method, and a
method of forming the fluorescent substance-containing resin
layer 4 in a predetermined shape by printing or the like, curing
it, then closely contacting the anisotropic heat conduction
material 5 to the side of the fluorescent substance-containing
resin layer 4, and fixing the anisotropic heat conduction mate-
rial 5 can also be used.

Second Embodiment

[0057] The light emitting device of the second embodiment
will be explained with reference to FIG. 5.

[0058] Asshown in FIG. 5, the light emitting device of this
embodiment has a configuration that heat of the anisotropic
heat conduction material 5 is conducted to the substrate 1
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without using the screw 6, unlike the first embodiment. Spe-
cifically, there is provided a projection member 51 on the
substrate 1, and the side of the anisotropic heat conduction
material 5 at the end thereof'is fixed to the projection member
51 with a highly heat conductive adhesion member 52. For
example, a cured heat conductive paste containing a highly
heat conductive metal filler such as those of tungsten, carbon,
copper, aluminum, silver and gold can be used as the adhesion
member 52. The adhesion member 52 and the projection
member 51 have, at least for the thickness direction, a heat
conductivity larger than the heat conductivity of the anisotro-
pic heat conduction material 5 for the thickness direction, and
it is especially desirable that they have a heat conductivity
comparable to or higher than that of the substrate 1. For
example, the projection member 51 is formed with the same
material as that of the substrate 1.

[0059] The heat of the fluorescent substance-containing
resin layer 4 is conducted from the side of the anisotropic heat
conduction material 5 to the anisotropic heat conduction
material 5, and is highly efficiently conducted along the main
plane direction. The conducted heat is further conducted from
the side of the end of the anisotropic heat conduction material
5 to the projection member 51 via the highly heat conductive
adhesion member 52, and conducted from the adhesion mem-
ber 52 and the projection member 51 to the substrate 1
directly under them. Thereby, the heat of the semiconductor
light emitting element 3 and the fluorescent substance-con-
taining resin layer 4 can be radiated to the substrate 1 at a
position remote from the region of the substrate 1 to which the
heatis conducted via the insulating substrate 2 (directly under
the insulating substrate 2), and free from fear of heat satura-
tion.

[0060] The other configurations are the same as those ofthe
first embodiment, and therefore explanations thercof are
omitted.

[0061] In this embodiment, although the projection mem-
ber 51 is carried on the substrate 1 in the above explanation,
it is also possible to use a configuration that the projection
member 51 is directly connected to a heat sink 40. Heat of the
anisotropic heat conduction material 5 can be thereby directly
radiated to the heat sink 40 without being influenced by heat
saturation of the substrate 1.

[0062] Further, as shown in FIGS. 6,(a) and (b), it is also
possible to connect the substrate 1 and the side of the aniso-
tropic heat conduction material 5 only with the adhesion
member 52 without using the projection member 51. In this
case, it is also possible to employ a configuration that parts of
the sides of the anisotropic heat conduction material 5 at the
both ends for the shorter side direction are connected with the
adhesion members 52, as shown in FIG. 7. The position at
which the adhesion member 52 is disposed is determined at a
position at which the heat is desired to be radiated to the
substrate 1.

Third Embodiment

[0063] The light emitting device of the third embodiment
will be explained with reference to FIG. 8.

[0064] In the light emitting device shown in FIG. 8, the
opening of the anisotropic heat conduction material 5 has a
tapered side, and the opening has a larger diameter at a higher
position. The fluorescent substance-containing resin layer 4
also has a shape corresponding to the shape of the opening.
Thereby, the area of the side of the anisotropic heat conduc-
tion material 5 contacting with the side of the fluorescent
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substance-containing resin layer 4 becomes larger compared
with the light emitting device of the first embodiment in
which the opening has a perpendicular side, therefore heat
conduction area increases, and radiation efficiency can be
improved.

[0065] Although FIG. 8 shows only parts of the semicon-
ductor light emitting element 3, the fluorescent substance-
containing resin layer 4, and the anisotropic heat conduction
material 5, the other configurations are the same as those of
the light emitting device of the first embodiment or the second
embodiment.

Fourth Embodiment

[0066] The light emitting device of the fourth embodiment
will be explained with reference to FIG. 9.

[0067] The anisotropic heat conduction material 5 of the
light emitting device shown in FIG. 9 has a multi-layer struc-
ture comprising a plurality of piled up graphite sheets 5a,
which are adhered with the adhesive layers 55, and the graph-
ite sheets 5a have alternately different opening diameters.
There is thereby obtained a configuration that convex por-
tions 15 are provided on the side of the opening, and the
convex portions 15 are squeezed into the fluorescent sub-
stance-containing resin layer 4, as shown in FIG. 9. There-
fore, the contacting area with the anisotropic heat conduction
material 5 becomes large, and heat can be efficiently con-
ducted from the fluorescent substance-containing resin layer
4 to the anisotropic heat conduction material 5.

[0068] Although only parts of the semiconductor light
emitting element 3, the fluorescent substance-containing
resin layer 4, and the anisotropic heat conduction material 5
are shown in FIG. 9, the other configurations are the same as
those of the light emitting device of the first embodiment or
the second embodiment.

Fifth Embodiment

[0069] The light emitting device of the fifth embodiment
will be explained with reference to FIGS. 10 and 11.

[0070] The light emitting devices of FIGS. 10 and 11 have
a configuration that the fluorescent substance particles in the
fluorescent substance-containing resin layer 4 are sedimented
so that the fluorescent substance particles are contained at a
high density in the lower part of the fluorescent substance-
containing resin layer 4.

[0071] Inthe light emitting device of FIG. 10, the anisotro-
pic heat conduction material 5 is divided into a lower layer 5e
and an upper layer 5d, the lower layer Se has a tapered side of
the opening, and the upper layer 5d has a perpendicular side
of'the opening, so that the heat of the sedimented fluorescent
substance particles can be efficiently conducted to the aniso-
tropic heat conduction material 5.

[0072] On the other hand, in the light emitting device
shown in FIG. 11, a convex portion 15 is formed on the lower
part of the side of the opening of the anisotropic heat conduc-
tion material 5, as in the case of the fourth embodiment.
[0073] By using such a configuration that the heat of the
fluorescent substance-containing resin layer 4 can be effi-
ciently received with the lower part of the side of the opening
of the anisotropic heat conduction material 5 as described
above, the heat radiation efficiency of the fluorescent sub-
stance-containing resin layer 4 in which the fluorescent sub-
stance particles are sedimented can be effectively improved.
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[0074] Although FIGS. 10 and 11 shows only parts of the
semiconductor light emitting element 3, the fluorescent sub-
stance-containing resin layer 4, and the anisotropic heat con-
duction material 5, the other configurations are the same as
those of the light emitting device of the first embodiment or
the second embodiment.

Sixth Embodiment

[0075] The light emitting device of the sixth embodiment
will be explained with reference to FIG. 12.

[0076] The light emitting device shown in FIG. 12 has a
light-reflecting layer 121 on the upper surface of the aniso-
tropic heat conduction material 5. As the light-reflecting layer
121, a white sheet prepared by adding white powder such as
those of ceramics and titanium oxide into a resin material, and
making the mixture into a sheet can be used. This white sheet
is adhered on the anisotropic heat conduction material 5 with
an adhesive layer or the like. Further, it is also possible to
apply a resin material to which white powder is added on the
anisotropic heat conduction material 5 to form a coated film,
and thereby form the light-reflecting layer 121.

[0077] By providing the light-reflecting layer 121 as
described above, light emitted by the semiconductor light
emitting element 3 can be reflected by the light-reflecting
layer 121, and therefore even when the light reflectance of the
anisotropic heat conduction material 5 is low, decrease of
quantity of light due to absorption by the anisotropic heat
conduction material 5 can be suppressed.

[0078] Although FIG. 12 shows only parts of the semicon-
ductor light emitting element 3, the fluorescent substance-
containing resin layer 4, and the anisotropic heat conduction
material 5, the other configurations are the same as those of
the light emitting device of the first embodiment or the second
embodiment.

Seventh Embodiment

[0079] Although the anisotropic heat conduction materials
5 having a rectangular upper surface are used in the first to
sixth embodiments, the shape of the anisotropic heat conduc-
tion material 5 can be designed to have an arbitrary shape such
as shown in FIGS. 13,(a) to (d), according to the position of
the fluorescent substance-containing resin layer 4 as the heat
source and the position at which heat radiation is desired.
[0080] For example, by using such a shape that rectangular
anisotropic heat conduction materials 5 are perpendicularly
intersected as shown in F1G. 13,(a), the heat of the fluorescent
substance-containing resin layer 4 can be conducted along the
four kinds of the main plane directions, and radiated from the
sides of the ends to the substrate 1.

[0081] By using the anisotropic heat conduction material 5
having such a shape that strips are connected to two sides of
ahexagon as shown in FIG. 13,(b), the heat of the fluorescent
substance-containing resin layer 4 can be conducted along the
diagonal directions of the fluorescent substance-containing
resin layer 4, and radiated.

[0082] By using the anisotropic heat conduction materials 5
having such a shape that a strip is connected to a circle as
shown in FIG. 13,(c), the heat of the fluorescent substance-
containing resin layer 4 can be conducted along one direction,
and radiated.

[0083] By usingthe anisotropic heat conduction materials 5
having such a bifurcated shape as shown in FIG. 13,(d), the
heat of the fluorescent substance-containing resin layer 4 can
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be conducted along one direction avoiding an obstacle 131 on
the substrate 1, and radiated at a position remoter from the
fluorescent substance-containing resin layer 4 compared with
the obstacle 131.

[0084] Although the embodiments described above utilize
a configuration that the insulating substrate 2 is disposed on
the metal substrate 1, it is also possible to employ a configu-
ration that an insulating layer and a wiring layer are disposed
on the metal substrate 1, and the semiconductor light emitting
element 3 is mounted thereon. Also in this case, the heat of the
semiconductor light emitting element 3 and the fluorescent
substance-containing resin layer 4 can be radiated from not
only a portion of the substrate directly under the light emitting
element 3, but also a portion of the substrate remote from the
portion directly under the light emitting element 3 by dispos-
ing the anisotropic heat conduction material 5, and therefore
heat can be efficiently radiated to the substrate 1 at two or
more positions.

[0085] Although the embodiments described above utilize
a configuration that the anisotropic heat conduction material
receives heat from the side of the fluorescent substance-con-
taining resin layer, the present invention is not limited to this
configuration, and it is also possible to use a configuration of
the light emitting device that the side of the anisotropic heat
conduction material is closely contacted with other members
such as a sealing resin of the semiconductor light emitting
element and a reflection ring, which do not contain any fluo-
rescent substance, to conduct the heat and radiate it at a
desired position.

[0086] The light emitting device of the present invention is
suitable for lighting apparatuses using a semiconductor light
emitting element, on-vehicle head lamps, and so forth, in
particular, light emitting devices for which output of a large
amount of light is desired.

EXAMPLE
Example

[0087] As an example, the light emitting device shown in
FIGS. 1,(a) and (b) was manufactured.

[0088] As the metal substrate 1, a 25 mm-square copper
substrate was prepared. In the metal substrate 1, female
screws la were formed at positions corresponding to the posi-
tions of through-holes 143 of the anisotropic heat conduction
material 5 to be formed afterward.

[0089] As the insulating substrate 2, a S mm-square alumi-
num nitride substrate on which a circuit pattern was formed
beforehand was prepared, and fixed on the metal substrate 1.
On the insulating substrate 2, a | mm-square semiconductor
blue light emitting element 3 was mounted by using a gold
bump.

[0090] Three layers each of graphite sheets 5a (20 mmx4
mm, thickness: 40 pum, trade name: Graphite Sheet,
KANEKA Corporation) and adhesive layers 56 made of an
acrylic adhesive having a thickness of 10 pm were alternately
laminated and adhered. A polyimide sheet having a thickness
of 50 um was adhered as an insulating layer 5¢ to the lower-
most layer. On the lower surface of the insulating layer 5¢, an
adhesive layer having a thickness of 10 pm was further
formed. Heat conductivity of one sheet of the graphite sheet
5a was 4 to 6 w/mk for the thickness direction, or 1200 w/mk
for the plane direction.

[0091] At the center of the laminate of the graphite sheets
5a, a 1.1 mm-square opening was formed by using a cutting
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tool 141 as shown in F1G. 14. Further, at the both end portions
for the long side direction, through-holes 143 for inserting
screws 6 were formed by using a punch, die cutter, or the like.
The diameter of the through-hole 143 was made smaller than
the screw diameter of the screw 6, so that the side of the screw
6 can be easily closely contacted with the graphite sheet.
[0092] The anisotropic heat conduction material 5, which
was a laminate of the graphite sheets 5a in which the opening
142 and through-holes 143 were formed, was manufactured
as described above.

[0093] Then, the anisotropic heat conduction material 5
was placed over the insulating substrate 2 with such position-
ing that the semiconductor light emitting element 3 on the
insulating substrate 2 should be inserted into the opening 142
in a non-contacting state, and adhered to the insulating sub-
strate 2 by adhesion of the bottom surface of the insulating
layer 5¢. Furthermore, the female screws of the substrate 1
and the through-holes 143 were aligned, and then end por-
tions of the anisotropic heat conduction material 5 were
adhered to the substrate 1.

[0094] A YAG fluorescent substance was dispersed in a
silicone resin, and filled into the opening 142 of the anisotro-
pic heat conduction material 5, in which the semiconductor
light emitting element 3 is inserted, by printing or the like.
Then, the silicone resin was cured by heating at 150° C. for 4
hours. The fluorescent substance-containing resin layer 4, of
which side closely contacts with the graphite sheets 5a, was
thereby formed.

[0095] Finally, the screws 6 were inserted into the through-
holes 143, and screwed with the female screws 1a of the
substrate 1. The light emitting device shown in FIGS. 1,(a)
and (b) was manufactured as described above.

[0096] As acomparative example, the light emitting device
shown in FIG. 15 was manufactured. This light emitting
device had the same configurations of the substrate 1, the
insulating substrate 2, and the semiconductor light emitting
element 3 as those of the example mentioned above, but it was
formed by mounting a ring 151 on the insulating substrate 2
instead of the anisotropic heat conduction material 5, and
filling the fluorescent substance-containing resin 4 in the ring
151.

[0097] When the light emitting device of the example and
the light emitting device of the comparative example were
turned on, the light emitting device of the comparative
example radiated heat to the substrate 1 via the insulating
substrate 2 under the semiconductor light emitting element 3
and the fluorescent substance-containing resin layer 4, but
even though the heat conductivity of the substrate 1 was as
large as 398 w/mk, the heat conductivity of the insulating
substrate 2 was about 170 w/mk, therefore the insulating
substrate 2 constituted a bottleneck, and thus sufficient heat
radiation could not be attained.

[0098] Not only the light emitting device of the example
attained heat radiation to the substrate 1 via the insulating
substrate 2 under the semiconductor light emitting element 3
and the fluorescent substance-containing resin layer 4, but
also it could conduct the heat along the main plane direction
and radiate it to the substrate 1 at the positions of the screws
6, since the heat conductivity of the anisotropic heat conduc-
tion material 5 for the main plane direction was as large as
1200 w/mk. Therefore, heat radiation to the portions of the
substrate 1 directly under the screws 6 could be attained
without being influenced by heat saturation of the portion of
the insulating substrate 2 and the substrate 1 directly under the
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semiconductor light emitting element 3. Thereby, rise in tem-
perature of the semiconductor light emitting element 3 and
the fluorescent substance could be prevented, luminous effi-
ciency could be raised, and thermal quenching of the fluores-
cent substance could be prevented. Therefore, a further
heavier current could be applied, and a large output could be
obtained.

What is claimed is:

1. A semiconductor light emitting device comprising a
substrate, a semiconductor light emitting element carried on
the substrate, and a resin covering the semiconductor light
emitting element, wherein:

an anisotropic heat conduction material showing a heat

conductivity for the substrate main plane direction larger
than that for the substrate thickness direction is carried
on the substrate, so that a side of the material should
contact with the resin,

to a portion of the anisotropic heat conduction material

remote from the resin, a heat conductive material show-
ing a heat conductivity larger than the heat conductivity
of'the anisotropic heat conduction material for the thick-
ness direction is connected, and the heat conduction
material contacts with the substrate.

2. The semiconductor light emitting device according to
claim 1, wherein the anisotropic heat conduction material
consists of one or more laminated layers of graphite in the
form of sheet.

3. The semiconductor light emitting device according to
claim 1, wherein the anisotropic heat conduction material has
anopening, and the semiconductor light emitting element and
the resin are disposed in the opening.

4. The semiconductor light emitting device according to
claim 1, wherein the substrate comprises a metal substrate
and an insulating substrate carried on a part of the metal
substrate,

the semiconductor light emitting element and the resin are

carried on the insulating substrate,

at least one side of the anisotropic heat conduction material

is larger than one side of the insulating substrate, one end
of the anisotropic heat conduction material is disposed
on the metal substrate,
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the heat conductive material is connected to the anisotropic
heat conduction material carried on the metal substrate,
and the heat conductive material contacts with the metal
substrate.

5. The semiconductor light emitting device according to
claim 3, wherein one or more projections are provided on a
side of the anisotropic heat conduction material in the open-
ing.

6. The semiconductor light emitting device according to
claim 1, wherein the anisotropic heat conduction material has
apenetrating hole, and the heat conductive material is a screw
inserted in the penetrating hole.

7. The semiconductor light emitting device according to
claim 1, wherein the heat conductive material is an adhesive
material containing a metal filler, and connected to an end of
the anisotropic heat conduction material.

8. The semiconductor light emitting device according to
claim 5, wherein a fluorescent substance is dispersed in the
resin, the fluorescent substance being sedimented to the lower
portion of resin, and

the projection on the side of the opening of the anisotropic

heat conduction material is provided at a portion con-
taining the sedimented fluorescent substance of the
resin.

9. The semiconductor light emitting device according to
claim 1, wherein a light reflector is provided on the surface of
the anisotropic heat conduction material.

10. A method of producing a semiconductor light emitting
device comprising;

afirst step of carrying an anisotropic heat conduction mate-

rial showing a heat conductivity for a main plane direc-
tion larger than that for a thickness direction and having
aopening, on a substrate provided with a semiconductor
light emitting element, so as to position the semiconduc-
tor light emitting element in the opening, and

a second step of filling a resin, in which a fluorescent

substance is dispersed, into the opening, and curing the
resin.
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