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DESCRIPTION

SEMICONDUCTOR LIGHT-EMITTING DEVICE,
LIGHT-EMITTING MODULE AND LIGHTING UNIT

Technical Field
The present invention relates to a semiconductor light-emitting
device, and a light-emitting module and a lighting unit that use the

semiconductor light-emitting device.

Background Art

A GaN light-emitting diode (referred to as "LED" in the following)
generally includes a semiconductor multilayer film that is formed by the
crystal growth of a ITII-V group nitride semiconductor, expressed by a general
formula of B,AlxGa1 xyzInyNiywAsyPy (0=x=<1,0=y=<1,0=z<1,0=sx+y
+7z<1,0<v=<1 0=<w=1 0<v+ws1),on a single crystal substrate such as
a sapphire substrate. When a current flows through this semiconductor
multilayer film, the GaN light-emitting diode can emit light in the wide range
of ultraviolet to infrared regions (e.g., 200 nm to 17 OO nm). In particular, a
LED for emitting light in a wavelength region shorter than greenish blue is
being developed at present.

Above all, a blue LED for emitting blue light is combined with a
phosphor that emits yellow light or red light by excitation of the blue light,
and can be used as a white LED for emitting White light (e.g., JP
11(1999)-40848 A). The white LED can have a longer life compared with
incandescent lamps or halogen lamps and thus is expected to replace the
existing lighting sources in the future.

As an example of a semiconductor light-emitting device including the
white LED, FIG. 8 shows the cross section of a semiconductor light-emitting

device disclosed in JP 11(1999)-40848 A. As shown in FIG. 8, a
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semiconductor light-emitting device 100 includes a sapphire substrate 101, a
semiconductor multilayer film 102 that is formed in contact with the sapphire
substrate 101 and constitutes a blue LED, a Si substrate 103 that supports
the semiconductor multilayer film 102, and a phbsphor layer 104 that is
formed on the Si substrate 103 to cover the sapphire substrate 101. An
electric insulating film 105 and a conductor pattern 106 are formed in this
order on the Si substrate 103. The conductor pattern 106 is connected
electrically to the semiconductor multilayer film 102 via bumps 107 and an
electrode 108.

The semiconductor light-emitting device 100 with the above
conﬁguration can be applied to a lighting unit generally in the following
manner. As shown in FIG. 9, many semiconductor light-emitting devices
100 (although FIG. 9 illustrates only one of them) are mounted on a mounting
board 201 to form a light-emitting module 200. This light-emitting module
200 is used as a light source of a lighting unit (not shown).” In FIG. 9, the
light-emitting module 200 includes the mounting board 201, a reflecting plate
203 that is fixed on the mounting board 201 via an adhesive layer 202 with a
hollow 203a inside, the semiconductor light-emitting device 100 that is placed
in the hollow 203a of the reflecting plate 203 and mounted on the mounting
board 201, and a lens 204 that is formed on the mounting board 201 to cover
the semiconductor light-emitting device 100 and the reflecting plate 203.

The mounting board 201 includes a metal layer 205, and a first electric
insulating layer 206, a wiring 207 and a second electric insulating layer 208
that are stacked in this order on the metal layer 205. The wiring 207 of the
mounting board 201 and the conductor pattern 106 of the semiconductor
light-emitting device 100 are connected electrically by a bonding wire 209.

However, the light-emitting module 200 is required to ensure a region
for positioning the bonding wire 209. This may interfere with high
integration of the semiconductor light-emitting device 100. Therefore, it

would be difficult to increase the luminous flux of light produced by the
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light-emitting module 200.

As shown in FIG. 10, a light-emitting module 300 may be configured
by using an AIN substrate 301 instead of the Si substrate 103 (see FIG. 8)
and via conductors 302 instead of the bonding wire 209 (see FIG. 9) to connect
the wiring 207 and the conductor pattern 106 electrically. In this case,
however, there is a gap G between the AIN substrate 301 and the mounting
board 201 (the first electric insulating layer 206), and thus heat generated
from the semiconductor multilayer film 102 is not likely to be dissipated

efficiently.

Disclosure of Invention

With the foregoing in mind, the present invention provides a
semiconductor light-emitting device that can improve heat dissipation and
achieve high integration easily, and a light-emitting module and a lighting
unit that use the semiconductor light-emitting device.

A semiconductor light-emitting device of the present invention
includes the following: a semiconductor multilayer film in which a first
conductive-type layer, a light-emitting layer, and a second conductive-type
layer are formed in the indicated order, and the second conductive-type layer
is arranged on the light extraction side of the light-emitting layer; a base
material for supporting the semiconductor multilayer film; a first feed
terminal connected electrically to the first conductive-type layer; and a second
feed terminal connected electrically to the second conductive-type layer. A
protruding portion is formed on the back surface of the base material that is
opposite to the principal surface facing the semiconductor multilayer film.
The first feed terminal and the second feed terminal are formed in contact
with at least one selected from the back surface other than the protruding

portion and the sides of the base material. The end face of the protruding

portion is insulated electrically from the first feed terminal and the second

feed terminal.
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A light-emitting module of the present invention includes a mounting
board and the semiconductor light-emitting device of the present invention
that is mounted on the mounting board. The mounting board and the end
face of the protruding portion of the semiconductor light-emitting device are
joined together.

A lighting unit of the present invention includes the light-emitting

module of the present invention as a light source.

Brief Description of Drawings

FIG. 1A is a cross-sectional view of a semiconductor light-emitting
device of Embodiment 1 of the present invention. FIG. 1B is a schematic
plan view of the semiconductor light-emitting device of Embodiment 1 of the
present invention when viewed from the phosphor layer side. FIG. 1Cis a
schematic plan view of the semiconductor light-emitting device of
Embodiment 1 of the present invention when viewed from the base material
side.

FIG. 2Ais a cross-sectional view of a semiconductor light-emitting
device of Embodiment 2 of the present fnvention. FIG. 2B is a schematic
plan view of the semiconductor light-emitting device of Embodiment 2 of the
present invention when viewed from the base material side.

FIG. 3A is a schematic perspective view of a light-emitting module of
Embodiment 3 of the present invention. FIG. 3B is a cross-sectional view of
the light-emitting module taken along the line II-II in FIG. 3A.

FIG. 4 is an enlarged view of a portion represented by Z in FIG. 3B.

FIG. 5 is a cross-sectional view of a light-emitting module of
Embodiment 4 of the present invention.

FIG. 6 is a cross-sectional view of a light-emitting module of
Embodiment 5 of the present invention.

FIG. 7 is a schematic perspective view of a lighting unit of

Embodiment 6 of the present invention.
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FIG. 8 is a cross-sectional view of a conventional semiconductor
light-emitting device.

FIG. 9 is a cross-sectional view of a conventional light-emitting
module.

FIG. 10 is a cross-sectional view of a modified example of the

light-emitting module in FIG. 9.

Description of the Invention

A semiconductor light-emitting device of the present invention
includes the following: a semiconductor multilayer film in which a first
conductive-type layer, a light-emitting layer, and a second conductive-type
layer are formed in the indicated order, and the second conductive-type layer
is arranged on the light extraction side of the light-emitting layer; a base
material for supporting the semiconductor multilayer film, a first feed
terminal connected electrically to the first conductive-type layer, and a second
feed terminal connected electrically to the second conductive-type layer.

The semiconductor multilayer film has a diode structure in which the
first conductive-type layer, the light-emitting layer, and the second
conductive-type layer are formed in this order. The first conductive-type
layer is a p-type or n-type semiconductor layer. As the first conductive-type
layer, e.g., a p-GaN layer (p-type semiconductor layer) or n-GaN layer (n-type
semiconductor layer) can be used. The material of the light-emitting layer is
preferably a material that can emit light having a wavelength of 450 to 470
nm, and also may be a material that can emit light having a wavelength of
410 nm or less. A specific example of the light-emitting layer may be an
InGaN/GaN quantum well light-emitting layer. The second conductive-type
layer is a semiconductor layer whose conductive type is opposite to the first
conductive-type layer. For example, when the first conductive-type layer is a
p-type semiconductor layer, the second conductive-type layer is an n-type

semiconductor layer. Like the first conductive-type layer, a p-GaN layer
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(p-type semiconductor layer) or n-GaN layer (n-type semiconductor layer) can
be used as the second conductive-type layer. The thicknesses of the p-type
semiconductor layer, the light-emitting layer, and the n-type semiconductor
layer may be, e.g., 0.1 to 0.5 pm, 0.01 to 0.1 pm, and 0.5 to 3 pm, respectively.
Each of the first conductive-type layer, the light-emitting layer, and the
second conductive-type layer may be composed of either a single layer or
multiple layers. For the multiple layers, the layers can be made of different
materials.

The semiconductor light-emitting device of the present invention may
include a single crystal substrate (thickness: about 0.01 to 0.5 mm) such as a
GaN substrate that is formed in contact with the principal surface of the first
or second conductive-type layer and used in crystal growth of the
semiconductor multilayer film. Moreover, the semiconductor multilayer film
may be formed by depositing the n-type semiconductor layer, the
light-emitting layer, and the p-type semiconductor layer in this order on a
single crystal substrate such as a sapphire substrate by crystal growth, and
subsequently removing the single crystal substrate.

Although the material of the base material is not particularly limited,
the thermal conductivity of the material is preferably not less than 10
W/(m K), more preferably not less than 20 W/(m K), and most preferably not
less than 100 W/(m K). Examples of such a material include a
semiconductor material such as Si or SiC and a ceramic material such as
Al2Os or AIN. In particular, AIN or high-purity Si is suitable because of their
high thermal conductivity and favorable processability. If a conductive
material (e.g., metal) or semiconductor material is used as the base material,
it is possible to cover a region inside or on the surface of the base material
where the electric insulating properties should be ensured with an electric
insulating material such as a silicon oxide or silicon nitride.

When the semiconductor light-emitting device of the present

invention is mounted on a mounting board to form a light-emitting module,
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the first and second feed terminals are connected electrically, e.g., to a wiring
included in the mounting board. The material of the first and second feed
terminals may be, e.g., a general conductive material such as Ti/Au. The
thickness of the first and second feed terminals may be, e.g., 0.5 to 3 pm.

In the semiconductor light-emitting device of the present invention, a
protruding portion is formed on the back surface of the base material that is
opposite to the principal surface facing the semiconductor multilayer film.
Accordingly, when the semiconductor light-emitting device is mounted on the
mounting board to form a light-emitting module, the protruding portion and
the mounting board are joined together. Therefore, heat generated from the
semiconductor multilayer film of the semiconductor light-emitting device can
be dissipated efficiently to the mounting board through the protruding
portion. Thus, e.g., the light-emitting module can have a longer life. Ifthe
life of the light-emitting module is approximately the same as that of a
conventional light-emitting module, the driving current can be set higher
than the conventional light-emitting module. Thus, e.g., the luminous flux
of light produced by the light-emitting module can be increased.

In the semiconductor light-emitting device of the present invention,
the first and second feed terminals are formed in contact with at least one
selected from the back surface other than the protruding portion and the
sides of the base material. Accordingly, when the semiconductor
light-emitting device is mounted on the mounting board, the first and second
feed terminals are connected electrically to the wiring included in the
mounting board by using solder or the like instead of a bonding wire.
Therefore, high integration of the semiconductor light-emitting device
becomes easier. Thus, e.g., the luminous flux of light produced by the
light-emitting module can be increased. Moreover, many semiconductor
light-emitting devices can be mounted simultaneously on the mounting board
by reflowing or the like, so that man-hours can be reduced compared with a

wire bonding method that requires connection work for each bonding wire.
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In the semiconductor light-emitting device of the present invention,
the end face of the protruding portion is insulated electrically from the first
and second feed terminals. Accordingly, feeding from the first and second
feed terminals can be performed while heat is dissipated to the mounting
board through the protruding portion.

To obtain the above effects reliably in the semiconductor
light-emitting device of the present invention, it is preferable that the height
of the protruding portion is 0.05 to 0.5 mm. The area of the end face of the
protruding portion is preferably not less than 50% of the entire area of the
back surface, and more preferably not less than 75%. The thickness of the
base material other than the protruding portion may be, e.g., 0.1 to 1 mm.

A method for forming the protruding portion of the base material is
not particularly limited as long as the end face of the protruding portion is
insulated electrically from the first and second feed terminals. For example,
a sheet material made of an electric insulating material (e.g., Al2Os, AIN, or
high-purity Si) may be bonded with a protruding portion made of the same
electric insulating material by hot pressing or the like. Moreover, a sheet
material made of a conductive material (e.g., metal such as Al) may be
bonded with a protruding portion made of an electric insulating material (e.g.,
Al203, AIN, or high-purity Si) by hot pressing or the like. Alternatively, the
protruding portion may be formed by bonding a sheet material made of a
conductive material with a protrusion made of a conductive material by hot
pressing, and subsequently applying an electric insulating material to the
end face of the protrusion.

A light-emitting module of the present invention includes a mounting
board and the semiconductor light-emitting device of the present invention
that is mounted on the mounting board. The mounting board and the end
face of the protruding portion of the semiconductor light-emitting device are
joined together. Accordingly, as with the case described above, this

light-emitting module can have, e.g., a longer life and a higher luminous flux
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of light to be produced. The number of semiconductor light-emitting
modules mounted on the mounting board is not particularly limited, and may
be determined appropriately depending on the deéired amount of light.

The mounting board is not particularly limited, and may be, e.g., a
metal substrate, a ceramic substrate, a laminated substrate of a metal layer
and an electric insulating layer (e.g., a composite sheet including an inorganic
filler and a thermosetting resin), or a composite substrate formed by
combining these substrates. In the mounting board, it is preferable that a
material having a high thermal conductivity such as a metallic material or
ceramic material is used in a region that comes into contact with the end face
of the protruding portion of the semiconductor light-emitting device. This
allows heat generated from the semiconductor multilayer film to be
dissipated efficiently. The thickness of the mounting board may be, e.g.,
about 1 to 2 mm.

In the light-emitting module of the present invention, the mounting
board may have a fitting portion for fitting with the protruding portion, and
the semiconductor light-emitting device may be mounted while the
protruding portion fits into the fitting portion. This can improve the
positioning accuracy of the semiconductor light-emitting device on the
mounting board.

In the light-emitting module of the present invention, the mounting
board and the end face of the protruding portion of the semiconductor
light-emitting device may be joined together via a thermal conductive
material. For example, even if the end face of the protruding portion or the
surface of the mounting board ié uneven, the thermal conductive material is
present between the end face of the protruding portion and the mounting
board, and thus can dissipate heat generated from the semiconductor
multilayer film uniformly. In this case, the thermal conductivity of the
thermal conductive material is preferably not less than 5 W/(m K), and more

preferably not less than 100 W/(m ‘K) to improve the heat dissipation. A
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specific example of the thermal conductive material may be silicon grease,
solder, or a metallic thin film made of metal such as gold or copper. The
thermal conductive material lﬁyer between the end face of the protruding
portion and the mounting board may be thick enough to fill depressions in
the end face of the protruding portion or the surface of the mounting board,
and the thickness may be, e.g., about 1 to 10 pm.

A lighting unit of the present invention includes the light-emitting
module of the present invention as a light source. Accordingly, as with the
case described above, this lighting unit can have, e.g., a longer life and a
higher luminous flux of light to be produced. Hereinafter, embodiments of
the present invention will be described in detail.

Embodiment 1

A semiconductor light-emitting device of Embodiment 1 of the present
invention will be described with reference to the drawings. FIG. 1
llustrates the semiconductor light-emitting device of Embodiment 1: FIG. 1A
is a cross-sectional view of the semiconductor light-emitting device of
Embodiment 1; FIG. 1B is a schematic plan view of the semiconductor
light-emitting device of Embodiment 1 when viewed from the phosphor layer
side; and FIG. 1C is a schematic plan view of the semiconductor
light-emitting device of Embodiment 1 when viewed from the base material
side. The cross section in FIG. 1A is viewed from the direction of the arrow
I-Tin FIG. 1B. |

As shown in FIGS. 1A to 1C, the semiconductor light-emitting device
1 of Embodiment 1 includes a single crystal substrate 10, a semiconductor
multilayer film 11 that is formed in contact with the single crystal substrate
10, a base material 12 that supports the semiconductor multilayer film 11,
and a phosphor layer 13 that is formed on the base material 12 to cover the
signal crystal substrate 10. In the semiconductor multilayer film 11, a first
conductive-type layer 1la, a light-emitting layer 11b, and a second

conductive-type layer 11lc are formed in this order, and the second
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conductive-type layer 1lc is arranged on the light extraction side of the
light-emitting layer 11b.

The phosphor layer 13 includes a phosphor that absorbs light emitted
from the light-emitting layer 11b and emits fluorescence (e.g., yellow light or
red light of fluorescence). Examples of the phosphor for emitting yellow
light include (Sr, Ba)2SiO4 : Eu2+ and (Y, Gd)3sAls012 : Ce3+. Examples of the
phosphor for emitting red light include (Ca, Sr)S : Eu2+ and Sr2SizNs : Eu2+.
The phosphor layer 13 can be formed in such a manner that a phosphor paste
including a phosphor and a paste material (e.g., a silicone resin) is printed on
the base material 12 by screen printing or the like. The average thickness of
the phosphor layer 13 may be, e.g., 0.03 to 1 mm.

The semiconductor light-emitting device 1 has a first electrode 14a
and a second electrode 14b that are formed in contact with the first
conductive-type layer 11a and the second conductive-type layer 110,.
respectively. Although the material of the first electrode 14a is not
particularly limited, a preferred conductive material reflects the light emitted
from the light-emitting layer 11b. This can improve the light extraction
efficiency of the semiconductor light-emitting device 1. The conductive
material may be, e.g., Rh/Pt/Au. The material of the second electrode 14b is
not particularly limited, and a general conductive material such as Ti/Au can
be used. The thickness of the first and second electrodes 14a, 14b may be,
e.g., 0.5 to 3 pm.

Conductor patterns 15a, 15b are formed on a principal surface 12a of
the base material 12 that faces the semiconductor multilayer film 11. The
conductor pattern 15a is connected electrically to the first electrode 14a via
bumps 16a. The conductor pattern 15b is connected electrically to the
second electrode 14b via a bump 16b. Although the material of the
conductor patterns 15a, 15b is not particularly limited, a preferred conductive
material reflects the light emitted from the light-emitting layer 11b or the
phosphor in the phosphor layer 13. The conductor patterns 15a, 15b can



10

15

20

25

30

WO 2006/062239 PCT/JP2005/022906

12

reflect the light traveling from the light-emitting layer 11b or the phosphor
layer 13 to the base material 12 back toward the light extraction side, thereby
improving the light extraction efficiency of the semiconductor light-emitting
device 1. The conductive material may be, e.g., Ti/Pt/Al. The thickness of
the conductive patterns 15a, 15b may be, e.g., 0.5 to 3 pm.

A protruding portion 12¢ is formed on a back surface 12b of the base
material 12 that is opposite to the principal surface 12a. Accordingly, when
the semiconductor light-emitting device 1 is mounted on a mounting board
(not shown) to form a light-emitting module (not shown), the protruding
portion 12¢ and the mounting board are joined together, as will be described
later. Therefore, heat generated from the semiconductor multilayer film 11
of the semiconductor light-emitting device 1 can be dissipated efficiently to
the mounting board through the protruding portion 12c. Thus, e.g., the
light-emitting module can have a longer life.

In the semiconductor light-emitting device 1, a first feed terminal 17a
and a second feed terminal 17b are formed, extending from portions 12d
(referred to as "stepped portions" in the following) of the back surface 12b
other than the protruding portion 12¢c, along the sides 12e of the base
material 12, and to the principal surface 12a of the base material 12. The
first feed terminal 17a is in contact with the conductor pattern 15a at the
corner X of the base material 12. The second feed terminal 17b is in contact
with the conductor pattern 15b at the corner Y of the base material 12. In
other words, the first conductive-type layer 11a and the first feed terminal
17a are connected electrically via the first electrode 14a, the bumps 16a, and
the conductor pattern 15a. The second conductive-type layer 11c and the
second feed terminal 17b are connected electrically via the second electrode
14b, the bump 16b, and the conductor pattern 15b. This configuration can
eliminate a bonding wire when the semiconductor light-emitting device 1 is
mounted on a mounting board (not shown), as will be described later.

Therefore, high integration of the semiconductor light-emitting device 1
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becomes easier. Thus, e.g.; the luminous flux of light produced by a
light-emitting module (not shown) can be increased.

In this embodiment, the base material 12 including the protruding
portion 12¢ is made of AIN. Therefore, an end face 121c of the protruding
portion 12c is insulated electrically from the first and second feed terminals
17a, 17b. Thus, feeding from the first and second feed terminals 17a, 17b
can be performed while heat is dissipated to the mounting board (not shown)
through the protruding portion 12c.

The semiconductor light-emitting device of Embodiment 1 has been
described above, but the present invention is not limited thereto. For
example, although the principal surface of the base material 12 is
substantially square in this embodiment, the present invention can use, e.g.,
a substrate with a polygonal principal surface such as a triangle, rectangle or
hexagon or a substrate with a circular principal surface. The same is true
for the single crystal substrate 10, the semiconductor multilayer film 11, and
the phosphor layer 13. Moreover, the single crystal substrate is used in this
embodiment. However, the single crystal substrate is not essential to the
present invention. For example, the principal surface of the semiconductor

multilayer film may come into direct contact with the phosphor layer.

Embodiment 2

A semiconductor light-emitting device of Embodiment 2 of the present
invention will be described with reference to the drawings. FIG. 2
illustrates the semiconductor light-emitting device of Embodiment 2: FIG. 2A
is a cross-sectional view of the semiconductor light-emitting device of
Embodiment 2; and FIG. 2B is a schematic plan view of the semiconductor
light-emitting device of Embodiment 2 when viewed from the base material
side. The same components as those in FIG. 1 are denoted by the same
reference numerals, and the explanation will not be repeated.

In the semiconductor light-emitting device 2 of Embodiment 2, as

shown in FIGS. 2A and 2B, a first feed terminal 17a and a second feed
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terminal 17b are provided on the stepped portions 12d that are formed in the
corners of the back surface 12b of the base material 12. Unlike the
semiconductor light-emitting device 1 of Embodiment 1 (see FIG. 1), the first
and second feed terminals 17a, 17b come into contact with neither the sides
12e nor the principal surface 12a of the base material 12, and are connected
electrically to the conductor patterns 15a, 15b through via conductors 20a,
20D, respectively. The via conductors 20a, 20b are formed in the thickness
direction of the base material 12. The other features are the same as those
of the semiconductor light-emitting device 1 of Embodiment 1. Therefore,
the semiconductor light-emitting device 2 of Embodiment 2 also can have an
effect comparable to that of the semiconductor light-emitting device 1 of
Embodiment 1. As the via conductors 20a, 20b, e.g., via holes may be formed
in the base material 12 and filled with a metallic material such as Pt or Cu by
plating. The diameter of the via conductors 20a, 20b may be, e.g., 20 to 200
pm.

As described above, the semiconductor light-emitting devices of
Embodiments 1 and 2 have been taken as an example of the semiconductor
light-emitting device of the present invention, but the present invention is not
limited to those embodiments. For example, although each of the
semiconductor light-emitting devices of Embodiments 1 and 2 includes the
phosphor layer, a semiconductor light-emitting device may not have to
include the phosphor layer. When the phosphor layer is not used, the
material of the light-emitting layer may be, e.g., an AlGalnP-based material
for emitting red light or a GaAs-based material for emitting light that ranges
from red to infrared.

Embodiment 3

A light-emitting module of Embodiment 3 of the present invention
will be described by appropriately referring to the drawings. FIG. 3
illustrates the light-emitting module of Embodiment 3: FIG. 3Ais a

schematic perspective view of the light-emitting module of Embodiment 3;
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and FIG. 3B is a cross-sectional view of the light-emitting module taken along
the line IT-1I in FIG. 3A. FIG. 4 is an enlarged view of a portion represented
by Z in FIG. 3B. The light-emitting module of Embodiment 3 includes the
semiconductor light-emitting device 1 of Embodiment 1. The same
components as those in FIG. 1 are denoted by the same reference numerals,
and the explanation will not be repeated.

As shown in FIGS. 3A and 3B, the light-emitting module 3 of
Embodiment 3 includes a mounting board 30, reflecting plates 32, each of
which is fixed on the mounting board 30 via an adhesive layer 31 with a
hollow 32a inside, seven semiconductor light-emitting devices 1, each of
which is placed in the hollow 32a of the reflecting plate 32 and mounted on
the mounting board 30, and lenses 33, each of which is formed on the
mounting board 30 to cover the semiconductor light-emitting device 1 and the
reflecting plate 32.

As shown in FIG. 4, the mounting board 30 includes a metal layer 34,
and a first electric insulating layer 35, a wiring 36 and a second electric
insulating layer 37 that are stacked in this order on the metal layer 34. The
ends of the wiring 36 are terminals 36a, 36b in FIG. 3A. A fitting portion
3ba for fitting with the protruding portion 12¢ of the semiconductor
light-emitting device 1 is provided between the neighboring first electric
insulating layers 35. The semiconductor light-emitting device 1 is mounted
while the protruding portion 12c fits into the fitting portion 35a. This can
improve the positioning accuracy of the semiconductor light-emitting device 1
on the mounting board 30. The wiring 36 of the mounting board 30 is
connected electrically to the first and second feed terminals 17a, 17b via
solder 38. Therefore, the light-emitting module 3 does not use a bonding
wire and can facilitate high integration of the semiconductor light-emitting
device 1. Thus, e.g., the luminous flux of light produced by the
light-emitting module 3 can be increased.

The metal layer 34 of the mounting board 30 and the end face 121c of
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the protruding portion 12¢ of the semiconductor light-emitting device 1 are
joined together via a thermal conductive material (not shown). Therefore,
heat generated from the semiconductor multilayer film 11 of the
semiconductor light-emitting device 1 can be dissipated efficiently to the
metal layer 34 through the protruding portion 12¢c. Thus, e.g., the
light-emitting module 3 can have a longer life.

Next, the result of evaluating the heat dissipation of the
light-emitting module 3 will be described below. The light-emitting module
3 used for the evaluation included a éemiconductor light-emitting device 1
(see FIG. 1) having the following configuration. The base material 12 was a
2 mm square AIN base material (the height of the protruding portion 12c was
0.1 mm, the area of the end face 121c of the protruding portion 12c was 3
mm?, and the thickness of the base material 12 other than the protruding
portion 12¢c was 0.25 mm). The phosphor layer 13 had an average height of
0.4 mm when measured from the conductor patterns 15a, 15b and an average
diameter of 1.8 mm. The first conductive-type layer 11a was a p-GaN layer.
The light-emitting layer 11b was an InGaN/GaN quantum well light-emitting
layer. The second conductive-type layer 11c was an n-GaN layer. The
semiconductor multilayer film 11 had a thickness of 3 um. The signal
crystal substrate 10 was a 1 mm square GaN substrate (thickness: 0.2 mm).

Moreover, the light-emitting module 3 used for the evaluation
included a mounting board 30 (see FIG. 4) having the following configuration.
The metal layer 34 was an aluminum plate (thickness: 1 mm). The first and
second electric insulating layers 35, 37 were made of a composite material
including an epoxy resin and alumina (thickness: 0.05 mm). The size of the
mounting board 30 was defined so that the length (L) in the longitudinal
direction and the length (L) in the lateral direction of FIG. 3A were 28 mm
and 24 mm, respectively.

The light-emitting module 3 used for the evaluation included a

reflecting plate 32 (see FIG. 4) that was made of aluminum and had a
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thickness of 1 mm. An adhesive layer 31 that was present between the
reflecting plate 32 and the mounting board 30 was an epoxy resin and had a
thickness of 0.05 mm. Moreover, the light-emitting module 3 used for the
evaluation included a lens 33 that was made of a hard silicone resin. The
convex portion 33a (see FIG. 3A) of the lens 33 had a maximum thickness of 5
mm. A thermal conductive material that was present between the metal
layer 34 of the mounting board 30 and the end face 121c of the protruding
portion 12c was silicon grease.

Using the light-emitting module 3 with the above configuration, a
thermal resistance from the light-emitting layer 11b (see FIG. 1A) of the
semiconductor light-emitting device 1 to the bottom surface of the metal layer
34 (see FIG. 4) of the mounting board 30 was calculated, and the resultant
value was 0.1 K/W. For comparison, a thermal resistance of the
light-emitting module 300 (see FIG. 10) was calculated in the same manner,
and the resultant value was 2.5 K/W. .The light-emitting module 300 used
for comparison included via conductors 302 (see FIG. 10) that were made of
copper and had a diameter of 200 pm. In the light-emitting module 300, a
gap G (see FIG. 10) formed between the AIN substrate 301 and the first
electric insulating layer 206 was 0.03 mm. The material, thickness, or the
like of the remaining components were the same as those of the
light-emitting module 3.

Embodiment 4

A light-emitting module of Embodiment 4 of the present invention
will be described by appropriately referring to the drawings. FIG. 5is a
cross-sectional view of the light-emitting module of Embodiment 4 and
corresponds to FIG. 4 showing the light-emitting module 3 of Embodiment 3.
The light-emitting module of Embodiment 4 includes the semiconductor
light-emitting device 1 of Embodiment 1. The same components as those in
FIG. 4 are denoted by the same reference numerals, and the explanation will

not be repeated.
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Instead of the metal layer 34 (see FIG. 4) of the light-emitting module
3 of Embodiment 3, as shown in FIG. 5, the light-emitting module 4 of
Embodiment 4 uses a first metal foil layer 40, a glass-epoxy material layer 41,
and a second metal foil layer 42 that are stacked in this order. The second
metal foil layer 42 of the mounting board 30 and the end face 121c of the
protruding portion 12c of the semiconductor light-emitting device 1 are joined
together via a thermal conductive material (not shown). The other features
are the same as those of the light-emitting module 3 of Embodiment 3.
Therefore, the light-emitting module 4 of Embodiment 4 also can have an
effect comparable to that of the light-emitting module 3 of Embodiment 3.
As the ﬁrst.and second metal foil layers 40, 42, e.g., a copper foil having a
thickness of 5 to 25 um can be used. The thickness of the glass-epoxy
material layer 41 may be, e.g., 50 to 100 pm.
Embodiment &

A light-emitting module of Embodiment 5 of the present invention
will be described by appropriately referring to the drawings. FIG. 61is a
cross-sectional view of the light-emitting module of Embodiment 5 and
corresponds to FIG. 4 showing the light-eniitting module 3 of Embodiment 3.
The light-emitting module of Embodiment 5 includes the semiconductor
light-emitting device 1 of Embodiment 1. The same components as those in
FIG. 4 are denoted by the same reference numerals, and the explanation will
not be repeated.

In the light-emitting module 5 of Embodiment 5, the mounting board
30 includes a ceramic layer 50 made of a ceramic material such as AIN and a
wiring 36 formed on the ceramic layer 50, as shown in FIG. 6. The ceramic
layer 50 of the mounting board 30 and the end face 121c of the protruding
portion 12c are joined together via a thermal conductive material (not shown).
The other features are the same as those of the light-emitting module 3 of
Embodiment 3. Therefore, the light-emitting module 5 of Embodiment 5

also can have an effect comparable to that of the light-emitting module 3 of
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Embodiment 3. The thickness of the ceramic layer 50 may be, e.g., 0.5 to 2
mm.

As described above, the light-emitting modules of Embodiments 3 to 5
have been taken as an example of the light-emitting module of the present
invention, but the present invention is not limited to those embodiments.
For example, although each of the light-emitting modules of Embodiments 3
to 5 includes the semiconductor light-emitting device 1 of Embodiment 1, a
light-emitting module may include the semiconductor light-emitting device 2
of Embodiment 2. Moreover, the mounting board and the end face of the
protruding portion may be brought into direct contact without using the
thermal conductive material as long as they can be joined together (i.e., thg
contact surface between them is flat).

Embodiment 6

A lighting unit of Embodiment 6 of the present invention will be
described by appropriately referring to the drawings. FIG. 7 is a schematic
perspective view of the lighting unit of Embodiment 6. The lighting unit of
Embodiment 6 includes the light-emitting module of any one of Embodiments
3 to 5 as a light source.

As shown in FIG. 7, the lighting unit 6 of Embodiment 6 includes a
base 60 that screws into a standard incandescent lamp socket, a case 61 that
is fixed at the end of the base, the light-emitting module 62 that is attached
to the case 61, and a driving circuit (not shown) for driving the light-emitting
module 62.

The case 61 has a housing portion 61b for attachment of the
light-emitting module 62, and the housing portion 61b is formed in the end
face 61a of the case 61 that is opposite to the base 60. The light-emitting
module 62 is housed in the housing portion 61b. Moreover, a feeing portion
(not shown) connected to the driving circuit is placed in the housing portion
61b and can supply a predetermined driving current to the light-emitting

module 62.
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The lighting unit 6 with the above configuration includes the
light-emitting module 62 of any one of Embodiments 3 to 5 as a light source,
and thus can achieve, e.g., a longer life and a higher luminous flux of light to

be produced.

Industrial Applicability
The present invention can be applied suitably for any light source

used in the field of lighting or the like.
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CLAIMS

1. A semiconductor light-emitting device comprising:

a semiconductor multilayer film in which a first conductive-type layer,
a light-emitting layer, and a second conductive-type layer are formed in the
indicated order, and the second conductive-type layer is arranged on a light
extraction side of the light-emitting layer;

a base material for supporting the semiconductor multilayer film;

a first feed terminal connected electrically to the first conductive-type
layer; and

a second feed terminal connected electrically to the second
conductive-type layer,

wherein a protruding portion is formed on a back surface of the base
material that is opposite to a principal surface facing the semiconductor
multilayer film,

the first feed terminal and the second feed terminal are formed in
contact with at least one selected from the back surface other than the
protruding portion and sides of the base material, and

an end face of the protruding portion is insulated electrically from the

first feed terminal and the second feed terminal.

2. The semiconductor light-emitting device according to claim 1, wherein

a height of the protruding portion is 0.05 to 0.5 mm.

3. A light-emitting module comprising:

a mounting board; and

the semiconductor light-emitting device according to claim 1 or 2 that
is mounted on the mounting board,

wherein the mounting board and the end face of the protruding

portion of the semiconductor light-emitting device are joined together.
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4. The light-emitting module according to claim 3, wherein the
mounting board has a fitting portion for fitting with the protruding portion,
and the semiconductor light-emitting device is mounted while the protruding

portion fits into the fitting portion.

5. The light-emitting module according to claim 3 or 4, wherein the
mounting board and the end face of the protruding portion are joined together

via a thermal conductive material.

6. The light-emitting module according to claim 5, wherein a thermal

conductivity of the thermal conductive material is 5 W/(m K) or more.

7. A lighting unit comprising:
the light-emitting module according to any one of claims 3 to 6 as a

light source.
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