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ILLUMINATION APPARATUS HAVING A
PLURALITY OF SEMICONDUCTOR
LIGHT-EMITTING DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from prior Japanese Patent Application
No. 2006-232634, filed Aug. 29, 2006, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an illumination
apparatus using a plurality o’f semiconductor light-emitting
devices, such as light-emitting diode chips, as a light source
thereof.

[0004] 2. Description of the Related Art

[0005] Known are LED displays having a plurality of
light-emitting diode chips forming a pixel, and a cover
member surrounding the light-emitting diode chips.

[0006] The light-emitting diode chips are mounted in a
line on a printed wiring board. The cover member has a
cavity which contains light-emitting diode chips for one
pixel, and a sealing material formed of synthetic resin is
filled into the cavity. The light-emitting diode chips for one
pixel are molded as one unitary piece with the cover member
by the sealing member. For example, Japanese Patent No.
3329573 discloses an LED display having such a structure.
[0007] In the conventional LED display disclosed in the
patent gazette, light-emitting diode chips forming one pixel
include a blue LED chip. Blue LED chips have a sapphire
substrate on which a GaN-based compound semiconductor
layer is superposed. The sapphire substrate is bonded to a
printed wiring board by an insulating adhesive.

[0008] According to conventional LED displays, light
traveling toward the printed wiring board among blue light
emitted by the blue LED chip is reflected, and thereby
brightness of the blue LED chip observed on an emitted light
observing surface facing the printed wiring board is
increased.

[0009] Specifically, a filler such as alumina fine powder is
mixed into the insulating adhesive which bonds the sapphire
substrate to the printed wiring board, and thereby the insu-
lating adhesive is formed as a white reflective layer.
Thereby, emitted blue light which passes through the sap-
phire substrate of the blue LED chip is reflected on a surface
of the insulating adhesive which also serves as a reflective
layer.

[0010] In another example, a transparent adhesive which
does not contain a filler is used as insulating adhesive, and
a conductive material such as Al, Ni, Ag, and Pt is evapo-
rated or superposed by plating onto a portion of the printed
wiring board corresponding to a sapphire substrate, and
thereby a reflective layer is formed. Thereby, emitted blue
light which passes through the sapphire substrate of the blue
LED chip is guided to the printed wiring board, and reflected
by the reflective layer.

[0011] In conventional LED displays, to deliver light
effectively, a reflective layer is formed in a part of a printed
wiring board corresponding to a blue LED chip, and thereby
light reflectivity of the printed wiring board is enhanced.
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[0012] However, a reflective layer exists only in a part
corresponding to a blue LED chip, and the area of the
reflective layer is relatively small in consideration of the size
of the whole LED display. Therefore, in prior art, there is a
possibility that the intensity of light is insufficient when the
apparatus is used as an illumination apparatus for general
illumination. Therefore, there is room for improvement in
respect of obtaining sufficient light for practical use.

[0013] Further, conventional LED displays require a spe-
cial step of evaporating, or forming by plating, a conductive
material onto a specific part of the printed wiring board, or
a step of printing paste containing white filler. This requires
time and labor for forming a reflective layer, and increases
the manufacturing cost of the illumination apparatus.

BRIEF SUMMARY OF THE INVENTION

[0014] An object of the present invention is to provide an
illumination apparatus in which a reflective layer for reflect-
ing light radiated from a semiconductor light-emitting
device is easily formed, and which enables efficient delivery
of light.

[0015] To achieve the above object, an illumination appa-
ratus according to claim 1 comprises: a plurality of semi-
conductor light-emitting devices each having a translucent
substrate and a semiconductor light-emitting layer formed
on the substrate; a white reflective layer having a size on
which the semiconductor light-emitting devices are arranged
at intervals; a plurality of conductor parts to which the
semiconductor light-emitting devices are electrically con-
nected, the conductor parts being provided on the reflective
layer; and a translucent adhesive layer which bonds the
substrate of each of the semiconductor light-emitting
devices onto the reflective layer, and thereby holds the
semiconductor light-emitting devices on the reflective layer.
[0016] Inthe present invention, nitride semiconductors are
preferably used as the semiconductor light-emitting devices.
Further, as the semiconductor light-emitting devices, it is
possible to use group III-V-based compound semiconductor,
group II-IV-based compound semiconductor, and group IV-
IV-based compound semiconductor. As the substrates of the
semiconductor light-emitting devices, it is possible to use a
crystalline substrate such as sapphire, quartz, SiC, and
GalN. The color of light emitted by the semiconductor
light-emitting devices may be each of blue, red, and green.
Further, the colors of light emitted by the semiconductor
light-emitting devices may be different from each other, or
the same.

[0017] In the present invention, the white reflective layer
preferably has a reflectance which is as close to 100% as
possible, as long as the reflectance is 85% or more in the
region of a wavelength of 420 to 740 nm. An example of the
white reflective layer of this type is an adhesive sheet, which
is obtained by impregnating a sheet base material such as
paper and cloth with a thermosetting resin material including
at least one of aluminum oxide, titanium oxide, magnesium
oxide, and barium sulfate. The adhesive sheet is called
“prepreg”.

[0018] Further, silver plating can be used as the white
reflective layer. The silver plating is provided, with a pre-
determined thickness, on the surface of the baseboard
formed of metal or synthetic resin.

[0019] Inthe present invention, as the translucent adhesive
layer, it is possible to use, for example, a die bond material
formed of epoxy resin, urea resin, acrylic resin, or silicone
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resin. The adhesive layer has a thickness of 100 to 500 pm,
and preferably has a light reflectance which is as close to
100% as possible, as long as the light reflectance is 70%.
[0020] As the adhesive layer of this type, it is particularly
preferable to use a silicone-based adhesive layer. Silicone-
based adhesive layers have a high light transmittance for
light of all the wavelength ranges from ultraviolet rays to
visible light. Further, silicone-based adhesive layers are
excellent in that they are resistant to deterioration such as
discoloration even when irradiated with light of a relatively
short wavelength for a long time.

[0021] For example, a low-melting glass may be used as
the translucent adhesive layer, instead of a resin-based die
bond material.

[0022] In the present invention, the conductor parts are
formed by subjecting a metal foil, such as a copper foil,
superposed on the reflective layer to etching. Further, if the
reflective layer has conductivity, the conductor parts are
bonded onto the reflective layer by an electrical insulating
adhesive.

[0023] The conductor parts on the reflective layer are
electrically connected to the semiconductor light-emitting
devices by means of wire bonding or the like. The semi-
conductor light-emitting devices are electrically connected
to each other in series, in parallel, or by a combination
thereof.

[0024] Further, in the present invention, it is preferable to
cover the reflective layer, on which the semiconductor
light-emitting devices are mounted, with a translucent seal-
ing member, and mold the semiconductor light-emitting
devices with the sealing member. However, the sealing
member is not an indispensable constituent element, but can
be omitted.

[0025] In the invention of claim 1, substrates of the
semiconductor light-emitting devices are bonded, by a trans-
lucent adhesive layer, onto a white reflective layer on which
conductor parts are formed. The semiconductor light-emit-
ting devices are electrically connected to the conductor
parts, and held on the reflective layer by the adhesive layer.
[0026] According to the above structure, an illumination
apparatus which can perform surface emission is obtained.
Further, according to the illumination apparatus, light emit-
ted from the semiconductor light-emitting devices are
reflected by almost the whole area of the reflective layer
having a size on which the semiconductor light-emitting
devices are formed at intervals. Therefore, light is efficiently
delivered in comparison with the case where light emitted
from semiconductor light-emitting devices are reflected by
parts corresponding to the respective semiconductor light-
emitting devices.

[0027] In addition, since the substrates of the semicon-
ductor light-emitting devices are bonded onto the reflective
layer, it is unnecessary to form a plurality of reflective layers
corresponding to the respective semiconductor light-emit-
ting devices. Therefore, the reflective layer is easily formed.
[0028] According to the invention of claim 2, the conduc-
tor parts are provided on the reflective layer to be adjacent
to the semiconductor light-emitting devices, and a thickness
of the substrates of the semiconductor light-emitting devices
is larger than a thickness of the conductor parts.

[0029] According to the invention, the substrates of the
semiconductor light-emitting devices have a light-transmit-
ting property. Therefore, part of light made incident on the
substrates from the semiconductor light-emitting layers and
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part of light reflected by the reflective layer and made
incident on the substrates again are dissipated from the side
surfaces of the substrates to the outside of the semiconductor
light-emitting devices. Simultaneously, light is also dissi-
pated sideways from the semiconductor light-emitting lay-
ers.

[0030] The thickness of the conductor parts adjacent to the
semiconductor light-emitting devices on the reflective layer
is smaller than the thickness of the substrates of the semi-
conductor light-emitting devices. Therefore, although the
conductor parts are located in a direction of dissipating light
emitted from the semiconductor light-emitting devices, the
probability that light dissipated sideways from the substrates
is obstructed by the conductor parts is reduced. Therefore,
loss of light due to interference of light with the conductor
parts is suppressed, and a structure preferable for efficiently
delivering light is achieved.

[0031] The invention according to claim 3 further com-
prises a light diffusion member which diffuses light emitted
from the semiconductor light-emitting devices, the light
diffusion member being opposed to the reflective layer.

[0032] According to the invention, light emitted from the
semiconductor light-emitting devices directly toward the
light diffusion member and light reflected by the reflective
layer toward the light diffusion member are diffused when
they passes through the light diffusion member. This struc-
ture reduces the visual impression that the semiconductor
light-emitting devices serving as light sources appears to be
individual separate light sources.

[0033] In other words, the difference in brightness
between parts of the light diffusion member, which corre-
spond to the semiconductor light-emitting devices, and
surrounding parts is reduced, and thus the semiconductor
light-emitting devices do not appear as individual dot light
sources. As a result, the impression of existence of the
individual semiconductor light-emitting devices is reduced,
and a structure preferable for achieving surface emission is
obtained.

[0034] According to the invention of claim 4, the reflec-
tive layer also serves as an insulating layer, and a thickness
of the insulating layer falls within a range from 30 to 90 pm.

[0035] According to the invention, when the thickness of
the insulating layer is less than 30 pm, light passes through
the insulating layer. This reduces the light reflectance and
insulating property of the insulating layer. Conversely, the
thickness of the insulating layer exceeds 90 pm, thermal
resistance of the insulating layer is increased. Consequently,
the heat radiation property of the insulating layer is reduced,
and the insulating layer cannot efficiently dissipate heat of
the semiconductor light-emitting devices. This has an
adverse influence on the life of the semiconductor light-
emitting devices. Therefore, the thickness of the reflective
layer also serving as the insulating layer is specified as
described above, and thus the heat radiation property of the
semiconductor light-emitting devices is maintained, without
deteriorating the reflectance of the reflective layer.

[0036] According to the invention of claim 5, the reflec-
tive layer is formed of silver plating.

[0037] According to the invention, heat of the semicon-
ductor light-emitting devices is efficiently dissipated into the
reflective layer, in comparison with the case where the
reflective layer is formed of resin. This structure reduces
thermal resistance of a package including the semiconductor
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light-emitting devices and the reflective layer, and prevents
increase in temperature of the semiconductor light-emitting
devices.

[0038] According to the invention of claim 6, the sub-
strates of the semiconductor light-emitting devices and the
conductor parts are thermally connected to the reflective
layer, and the semiconductor light-emitting layers of the
semiconductor light-emitting devices are electrically and
thermally connected to the conductive parts by bonding
wires.

[0039] According to the invention, heat of the semicon-
ductor light-emitting devices is directly dissipated into the
reflective layer. In addition, part of heat of the semiconduc-
tor light-emitting devices is conducted to the conductor parts
through bonding wires. Therefore, heat generated by the
semiconductor light-emitting devices is released from the
conductor parts to the reflective layer. This structure suffi-
ciently secures a heat transmission path from the semicon-
ductor light-emitting devices to the reflective layer, and
prevents increase in temperature of the semiconductor light-
emitting devices with reliability.

[0040] Additional objects and advantages of the invention
will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed out
hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0041] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0042] FIG. 1 is a plan view of an exemplary illumination
apparatus according to a first embodiment of the present
invention, a part of which is cut away.

[0043] FIG. 2 is an exemplary cross-sectional view taken
along line F2-F2 of FIG. 1.

[0044] FIG. 3 is an exemplary enlarged cross-sectional
view of the first embodiment of the present invention,
illustrating a positional relationship between a semiconduc-
tor light-emitting device and a pad.

[0045] FIG. 4 is an exemplary plan view of the illumina-
tion apparatus according to the first embodiment of the
present invention, illustrating a state where a circuit pattern
is formed on a light reflective surface of a reflective layer.
[0046] FIG. 5 is an exemplary graph illustrating total light
reflectance of a white reflective layer used for the illumina-
tion apparatus in the first embodiment of the present inven-
tion.

[0047] FIG. 6 is a plan view of an exemplary illumination
apparatus according to a second embodiment of the present
invention, a part of which is cut away.

[0048] FIG. 7 is an exemplary side view of the illumina-
tion apparatus according to the second embodiment of the
present invention.

[0049] FIG. 8 is an exemplary enlarged cross-sectional
view of the second embodiment of the present invention,
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illustrating a positional relationship between a semiconduc-
tor light-emitting device, pads, and a heat sink.

DETAILED DESCRIPTION OF THE
INVENTION

[0050] A first embodiment of the present invention is
described below with reference to FIGS. 1 to 4.

[0051] FIGS. 1 and 2 illustrate an illumination apparatus
1. The illumination apparatus 1 forms an LED package
formed as a unit serving as one module. The illumination
apparatus 1 comprises a baseboard 2, a reflective layer 3, a
circuit pattern 4, a plurality of semiconductor light-emitting
devices 5, an adhesive layer 6, a reflector 7, a sealing
member 8, and a light diffusion member 9.

[0052] The baseboard 2 is a flat board formed of, for
example, a synthetic resin, and is rectangular to obtain a
light-emitting area necessary for the illumination apparatus
1. As illustrated in FIG. 2, the baseboard 2 has a front surface
2a, and a back surface 26 located on the reverse side of the
front surface 2a. Epoxy resin including glass powder is
preferably used as material of the baseboard 2.

[0053] The material of the baseboard 2 is not limited to
synthetic resin, but metal can also be used as the material of
the baseboard 2. When the baseboard 2 is formed of metal,
heat dissipation from the back surface 26 of the baseboard
2 is improved, and temperature distribution of the baseboard
2 is equalized. This structure is preferable to inhibit variation
of color of light emitted from the semiconductor light-
emitting devices 5 which emit light of the same wavelength
region.

[0054] To inhibit variation of color of emitted light, it is
desirable to form the baseboard 2 of a metal material having
excellent heat conductivity. Examples of metal material
having excellent heat conductivity are aluminum having a
heat conductivity of 10 w/m'K or more, and an alloy thereof.
[0055] The reflective layer 3 is layered on the front surface
2a of the baseboard 2, and has a size enough to arrange
semiconductor light-emitting devices 5 of a predetermined
number thereon with intervals. The reflective layer 3 is
formed of a white insulating material. Prepreg in the form of
a sheet is used as the insulating material. Prepreg is a
material obtained by impregnating a sheet base material with
thermosetting resin containing white powder such as alumi-
num oxide or the like, and has adhesion by itself. Therefore,
the reflective layer 3 is adhered to the front surface 2a of the
baseboard 2, and covers the baseboard 2. The reflective layer
3 has a flat light reflective surface 3a which is disposed on
a side not facing the baseboard 2.

[0056] As illustrated in FIG. 4, the circuit pattern 4 is
formed on the light reflective surface 3a of the reflective
layer 3. The circuit pattern 4 has; a fist conductor line 4a and
a second conductor line 45. The first and second conductor
lines 4a and 4b extend longitudinally relative to the base-
board 2, and are arranged parallel to each other and sepa-
rated by an interval.

[0057] The first conductor line 4a has a plurality of pads
4c serving as conductor parts, and a first terminal part 4d. In
the same manner, the second conductor line 46 has a
plurality of pads 4c¢ serving as conductor parts, and a second
terminal part 4e. The pads 4¢ are arranged longitudinally at
intervals relative to the baseboard 2. The first terminal part
4d is formed as one unitary piece with the pad 4c¢ located at
one end of the first conductor line 4a. The second terminal
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part 4e is formed as one unitary piece with the pad 4¢ located
at one end of the second conductor line 45.

[0058] The first and second terminal parts 4d and 4e are
adjacent to each other at one end portion longitudinally
relative to the baseboard 2. Further, the first and second
terminal parts 4d and 4e are electrically insulated by the
reflective layer 3. A power supply cable is connected to each
of'the first and the second terminal parts 4d and 4e by means
of soldering or the like.

[0059] The circuit pattern 4 according to the first embodi-
ment is formed by the following process.

[0060] First, a prepreg impregnated with uncured thermo-
setting resin is bonded onto the front surface 2a of the
baseboard 2, and the front surface 2a of the baseboard 2 is
covered with the reflective layer 3. Next, a copper foil
having the same size as that of the reflective layer 3 is
adhered onto the reflective layer 3, and thereby a laminated
member is formed. Thereafter, the laminated member is
heated and pressurized simultaneously, and thereby the
thermosetting resin is cured. Thereby, the baseboard 2 and
the copper foil are bonded to the reflective layer 3 as one
unitary piece. Then, a resist layer is superposed on the
copper foil, and the copper foil is subjected to etching.
Thereafter, the resist layer is removed, and thereby a circuit
pattern 4 is formed on the reflective layer 3. The thickness
A (refer to FIG. 3) of the copper foil forming the circuit
pattern 4 is, for example, 35 um.

[0061] Double-wire blue LED chips using, for example,
nitride semiconductor are used as the semiconductor light-
emitting devices 5. As illustrated in FIGS. 2 and 3, each of
the semiconductor light-emitting devices 5 has a substrate 11
having a light-transmitting property, and a semiconductor
light-emitting layer 12.

[0062] For example, a sapphire substrate is used as the
substrate 11. The substrate 11 has a first surface 11a, and a
second surface 115 located on the reverse side of the first
surface 11a. In the first embodiment, the first surface 11a and
the second surface 115 are parallel to each other. The
thickness B of the substrate 11 is, for example, 90 um, which
is larger than the thickness of the pads 4c¢ of the circuit
pattern 4.

[0063] The semiconductor light-emitting layer 12 is
formed by successively stacking a buffer layer, an n-type
semiconductor layer, a light-emitting layer, a p-type clad
layer, and a p-type semiconductor layer on the first surface
11a of the substrate 11. The light-emitting layer has a
quantum well structure obtained by alternately stacking
barrier layers and a well layer. The n-type semiconductor
layer has an n-side electrode 13. The p-type semiconductor
layer has a p-side electrode 14. The semiconductor light-
emitting layer 12 of this type does not have a reflective film,
and radiates light to both sides relative to the thickness.

[0064] As illustrated in FIG. 1, each of the semiconductor
light-emitting devices 5 is arranged between pads 4¢ which
are adjacent to each other longitudinally relative to the
baseboard 2, and is bonded onto the same light reflective
surface 3a of the reflective layer 3 by the adhesive layer 6.
Specifically, the second surface 115 of the substrate 11 of
each semiconductor light emitting device 5 is bonded onto
the light reflective surface 3a by the adhesive layer 6. As a
result, the pads 4¢ of the circuit pattern 4 and the semicon-
ductor light-emitting devices 5 are alternately arranged on
the light reflective surface 3a.
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[0065] As illustrated in FIGS. 2 and 3, each of the semi-
conductor light-emitting devices 5 has a pair of side surfaces
5a and 5b. One side surface 5a of each semiconductor
light-emitting device 5 is opposed to one adjacent pad 4c.
The other side surface 56 of each semiconductor light-
emitting device 5 is opposed to another adjacent pad 4c.

[0066] The thickness C of the adhesive layer 6 interposed
between the semiconductor light-emitting devices 5 and the
light reflective surface 3a is, for example, 100 to 500 um. A
silicone-resin-based adhesive is preferably used as the adhe-
sive layer 6. The silicone-resin-based adhesive has a light-
transmitting property which achieves a light transmittance of
70% or more when the thickness is 100 um or more, for
example.

[0067] As illustrated in FIGS. 2 and 3, the electrodes 13
and 14 of each semiconductor light-transmitting device 5 are
electrically connected to the adjacent pads 4c¢ of the circuit
pattern A by wire bonding. Specifically, the n-side electrode
13 is electrically connected to a pad 4¢ adjacent to the side
surface 5a of the semiconductor light-emitting device 5 by
a bonding wire 15. The p-side electrode 14 is electrically
connected to another pad 4¢ adjacent to the side surface 56
of the semiconductor light-emitting device 5 by the bonding
wire 15.

[0068] Further, a pad 4¢ which is located on a side reverse
to the first terminal part 44 in the first conductor line 4a is
electrically connected with a pad 4¢ which is located on a
side reverse to the second terminal part 4e in the second
conductor line 45 by another bonding wire 16 (refer to FIG.
1). Therefore, according to the first embodiment, the semi-
conductor light-emitting devices 5 are connected in series
through the circuit pattern 4.

[0069] As illustrated in FIG. 1, the reflector 7 is a rectan-
gular frame, and surrounds all the semiconductor light-
emitting devices 5 on the reflective layer 3 by itself. In other
words, the reflector 7 is not provided for each of the
semiconductor light-emitting devices 5, but serves as a
constituent element common to all the semiconductor light-
emitting devices 5.

[0070] The reflector 7 is bonded to the light reflective
surface 3a of the reflective layer 3. In the first embodiment,
all the semiconductor light-emitting devices 5 and all the
pads 4 of the circuit pattern 4 are located in a region
surrounded by the reflector 7. The first and second terminal
parts 44 and 4e of the circuit pattern 4 are located outside the
reflector 7.

[0071] The reflector 7 is formed of synthetic resin or the
like, and an internal surface of the reflector 7 serves as a light
reflective surface 7a. The light reflective surface 7a is
formed by evaporating, or forming by plating, a metal
material having high reflectance such as Al and Ni onto the
internal surface of the reflector 7. The light reflective surface
7a can also be formed by applying white paint having high
visible light reflectance onto the internal surface of the
reflector 7.

[0072] Further, the light reflective surface 7a itself can be
provided with a white color with high visible light reflec-
tance, by mixing white powder into resin material forming
the reflector 7. A white filler such as aluminum oxide,
titanium oxide, magnesium oxide, and barium sulfate can be
used as the white powder. As illustrated by chain double-
dashed lines in FIG. 2, the light reflective surface 7a of the
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reflector 7 is preferably inclined toward the outside of the
reflector 7 as it goes away from the light reflective surface
3a of the reflective layer 3.

[0073] As illustrated in FIG. 2, the sealing member 8 is
injected into the region surrounded by the reflector 7. The
sealing member 8 is solidified in the state of covering the
semiconductor light-emitting devices 5, the pads 4¢ and the
bonding wires 15 and 16. The sealing member 8 is formed
of a material having a light-transmitting property, such as a
transparent silicone resin and a transparent glass.

[0074] Fluorescent particles are mixed into the material
forming the sealing member 8, if necessary. In the first
embodiment, blue LED chips are used as the semiconductor
light-emitting devices 5. Therefore, used are fluorescent
particles which perform wavelength conversion to convert
blue primary light emitted from the blue LED chips into
yellow secondary light having a different wavelength. As, a
preferably example, the fluorescent particles are mixed into
the sealing member 8 in the state of being almost uniformly
dispersed in the sealing member 8.

[0075] In the case of using the sealing member 8 contain-
ing fluorescent particles, the fluorescent particles, which
blue light emitted from the semiconductor light-emitting
layer 12 strikes, absorbs the blue light and emits yellow
light. The yellow light passes through the sealing member 8.
On the other hand, part of the blue light radiated from the
semiconductor light-emitting layer 12 passes through the
sealing member 8, without striking the fluorescent particles.
Therefore, light beams of two colors having a relationship of
complementary colors are mixed, and thereby white light is
obtained.

[0076] As illustrated in FIG. 2, the light diffusion member
9 is flat and is disposed in front of the reflector 7. The light
diffusion member 9 may be directly supported by the reflec-
tor 7, or may be supported by an illumination appliance (not
shown) containing the illumination apparatus 1.

[0077] As the light diffusion member 9, it is desirable to
use a material having a light diffusion property, in which
difference between transmittance for blue light having a
wavelength of 400 to 480 nm and transmittance for yellow
light having a wavelength of 540 to 650 nm is 10% or less,
and visible light transmittance equal to or larger than 90%
and less than 100%. By using the light diffusion member 9
satisfying the above conditions, blue primary light and
yellow secondary light are mixed by the light diffusion
member 9, and thereby white light is obtained with sup-
pressed unevenness in color.

[0078] As illustrated in FIG. 2, the distance L between the
light diffusion member 9 and the light reflective surface 3a,
on which the semiconductor light-emitting devices 5 are
arranged, preferably falls within a range from 5 to 15 mm.

[0079] The inventor(s) of the present invention prepared
an illumination apparatus 1 using a light diffusion member
9 having transmittance of 90%, and an illumination appa-
ratus 1 using a light diffusion member 9 having transmit-
tance of 80%, and performed the following lighting test. In
the lighting test, the total luminous flux was measured in
each of the two illumination apparatuses 1 under the con-
ditions in which the distance L ranges from 5 to 15 mm, and
the visual impression of the light diffusion members 9 was
evaluated.

[0080] The visual impression indicates whether the semi-
conductor light-emitting devices 5 appear to individually
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emit light in a dotted manner. In the first embodiment, the
visual impression is evaluated with criteria of “good” and
“not good”.

[0081] The “good” visual impression means that the semi-
conductor light-emitting devices 5 do not appear to be
individual dot light sources, and difference in brightness
between parts of the light diffusion member 9 corresponding
to the semiconductor light-emitting devices 5 and surround-
ing parts is small. Conversely, the “not good” visual impres-
sion means that the semiconductor light-emitting devices 5
are clearly recognized as individual light sources, and dif-
ference in brightness between parts of the light diffusion
member 9 corresponding to the semiconductor light-emit-
ting devices 5 and surrounding parts is large.

[0082] The illumination apparatus 1 using the light diffu-
sion member 9 having transmittance of 90% had the total
luminous flux of 100 pm, and the visual impression thereof
was evaluated as “good”. The illumination apparatus 1 using
the light diffusion member 9 having transmittance of 80%
had the total luminous flux of 90 Im, and the visual impres-
sion thereof was evaluated as “good”. This result shows that
the transmittance of the light diffusion member 9 is prefer-
ably set to 90% or more.

[0083] On the other hand, the inventor(s) of the present
invention researched relationship between the total lumi-
nous flux and the visual impression when the distance L
between the light reflective surface 3a of the reflective layer
3 and the light diffusion member 9 is varied, in the illumi-
nation apparatus 1 using the light diffusion member 9 having
transmittance of 90%.

[0084] As a result, when the distance [ was less than 5
mm, the total luminous flux of the illumination apparatus 1
was 105 lm, and the visual impression was “not good”.
When the distance L exceeded 15 mm, the total luminous
flux was 95 Im, and the visual impression was “good”.
[0085] Therefore, when the distance L is less than 5 mm,
the semiconductor light-emitting devices 5 become easily
recognized as individual dot light sources. Conversely, when
the distance L exceeds 15 mm, the brightness becomes
insufficient. Therefore, it proved that setting the distance L
to a range from 5 to 15 mm secures brightness necessary for
illumination purpose, and prevents the semiconductor light-
emitting devices 5 from being viewed as individual dot light
sources.

[0086] As a result, it is preferable from a practical stand-
point to use light diffusion member 9 having visible light
transmittance of 90% or more in the illumination apparatus
1, and set the distance L. between the light reflective surface
3a of the reflective layer 3 and the light diffusion member 9
to a range from 5 to 15 mm.

[0087] On the other hand, in the illumination apparatus 1
of'the first embodiment, the reflectance of the light reflective
surface 3a of the reflective layer 3 is preferably 85% or more
in a region of a wavelength of 420 to 740 nm. When the
reflectance is less than 85%, efficiency of reflecting light
emitted from the semiconductor light-emitting layers 12
toward the baseboard 2 through the substrates 11 by the light
reflective surface 3a is low, and light of the semiconductor
light-emitting devices 5 is not efficiently obtained.

[0088] FIG. 5 is a graph illustrating relationship between
total light reflectance (%) of the white resin material used for
the reflective layer 3 and wavelength (nm). In FIG. 5, a solid
line indicates total light reflectance of the white resin
material, and a dotted line illustrates total light reflectance of
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silver as a comparative example. Silver has total light
reflectance of 85% or more in the whole region of a
wavelength of 400 to 740 nm. In comparison with this, the
white resin material has total light reflectance of 35% at a
wavelength of 400 nm, and has total light reflectance of 85%
in a region of wavelength of 480 to 740 nm. However, the
average of total light reflectance is 85% or more in the whole
region of a wavelength of 420 to 740 nm, and thus light
emitted from the semiconductor light-emitting devices 5 can
be efficiently and sufficiently delivered.

[0089] Further, to secure the heat radiation property of the
reflective layer 3 while securing the reflectance thereof, the
thickness T of the reflective layer 3 is preferably set to a
range from 30 to 90 um. Table 1 illustrates reflectance at a
wavelength of 460 nm, reflectance at a wavelength of 550
nm, and thermal resistance (° C./W) for each of the cases
where the thickness T of the reflective layer 3 is set to 30,
90, and 120 um. As is clear from Table 1, the reflective layer
3 shows a characteristic that the reflectance thereof
decreases as the thickness T decreases, and the thermal
resistance thereof increases as the thickness T increases.

TABLE 1
Thermal
Reflectance Reflectance resistance Rjs
Thickness [460 nm] [550 nm] [° C/W]
30 80.56 85.79 550
90 83.44 86.69 600
120 84.88 87.14 700

[0090] The life of semiconductor light-emitting devices 5
is 40000 hours when used at a junction temperature of 100°
C. Therefore, to lengthen the life of the semiconductor
light-emitting devices 5, the semiconductor light-emitting
devices 5 are preferably used at a junction temperature of
100° C. or less.

[0091] Table 2 illustrates a relationship between the thick-
ness T of the reflective layer 3 and increase in temperature
of the reflective layer 3, when the semiconductor light-
emitting devices 5 are lit up by applying electric power of
0.06 W, in the case where a wattage per chip of the
semiconductor light-emitting devices 5 is 0.06 W. As is clear
from Table 1 and Table 2, since thermal resistance of the
reflective layer 3 decreases as the thickness T of the reflec-
tive layer 3 decreases, heat conducted from the semicon-
ductor light-emitting devices 5 to the reflective layer 3 is
efficiently diffused, and increase in temperature of the reflec-
tive layer 3 is prevented. In comparison with this, since
thermal resistance of the reflective layer 3 increases as the
thickness T of the reflective layer 3 increases, and thus
increase in temperature of the reflective layer 3 is promoted.

TABLE 2
Increase in temperature
Thickness [°C.]
30 33
90 36
120 42

[0092] For example, in an enclosed illumination appliance
using semiconductor light-emitting devices obtaining lumi-
nous flux of 5000 Im as light source, the atmospheric
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temperature in the appliance reaches 60 to 70° C. A value
obtained by adding the atmospheric temperature to the value
of increase in temperature shown in Table 2 is the junction
temperature of the appliance. Therefore, when the thickness
T of the reflective layer 3 is 120 um, the junction tempera-
ture exceeds 100° C. Therefore, to suppress the junction
temperature not to exceed 100° C., it is necessary to set the
thickness T of the reflective layer 3 to 90 pum or less.
[0093] On the other hand, when the thickness T of the
reflective layer 3 is reduced, light undesirably passes
through the reflective layer 3, and thus light reflectance of
the reflective layer 3 decreases. Table 3 illustrates a rela-
tionship between the thickness of the reflective layer 3 and
total luminous flux (Im) per chip of the semiconductor
light-emitting devices 5. It is required that the percentage of
decrease in the total luminous flux is suppressed to about
10%, supposing that a value of the total luminous flux when
the thickness T of the reflective layer 3 is 120 um is set as
the maximum value. Therefore, the necessary thickness T of
the reflective layer 3 is 30 um or more.

TABLE 3
Total luminous Percentage
Thickness flux per chip [Im] [%]
30 5.74 93.3
90 6.01 97.7
120 6.15 100.0

[0094] In consideration of the above, the thickness T of the
reflective layer 3 is preferably set to a value which falls
within a range from 30 to 90 um. Thereby, the heat radiation
property of the reflective layer 3 is enhanced, while the
reflectance of the reflective layer 3 is secured.

[0095] According to the first embodiment, the substrates
11 of the semiconductor light-emitting devices 5 are bonded
onto the white reflective layer 3, on which the pads 4c¢ are
formed, by the translucent adhesive layer 6. The semicon-
ductor light-emitting devices 5 are electrically connected to
the pads 4, and held in a line on the light reflective surface
3a of the reflective layer 3, with the adhesive layer 6
interposed therebetween. By the above structure, an illumi-
nation apparatus 1 which can perform surface emission is
obtained.

[0096] According to the illumination apparatus 1, part of
light emitted from the semiconductor light-emitting layer 12
of each semiconductor light-emitting device 5 passes
through the substrate 11 and travels toward the reflective
layer 3, which is reverse to the normal light guiding direc-
tion indicated by arrows in FIG. 2. The light traveling
toward the reflective layer 3 is made incident on a region of
the reflective layer 3 corresponding to the projection area of
the substrate 11 through the adhesive layer 6, and is reflected
by the light reflective surface 3a of the reflective layer 3 in
the normal light guiding direction.

[0097] Further, among light traveling from the semicon-
ductor light-emitting layers 12 toward the reflective layer 3,
light which has slantingly passed through the substrates 11
toward the surroundings of the substrates 11 is reflected by
the light reflective surface 3a located around the substrates
11 in the normal light guiding direction.

[0098] Simultaneously, when light emitted from the semi-
conductor light-emitting layers 12 in the normal light guid-
ing direction strikes the fluorescent particles inside the
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sealing member 8, part of secondary light having yellow
color travels toward the reflective layer 3. The yellow light
traveling toward the reflective layer 3 is also reflected by the
light reflective surface 3a in the normal light guiding direc-
tion.

[0099] Therefore, light traveling from the semiconductor
light-emitting layers 12 toward the reflective layer 3 is
reflected not only by parts of the light reflective surface 3a
corresponding to the respective semiconductor light-emit-
ting devices 5, but also by parts of the light reflective surface
3a located outside the semiconductor light-emitting devices
5 in the normal light guiding direction. Specifically, all the
regions of the light reflective surface 3a except regions
covered with the pads 4c¢ are used to reflect light traveling
from the semiconductor light-emitting layers 12 toward the
reflective layer 3 in the normal light guiding direction.
Therefore, light is efficiently delivered from the illumination
apparatus 1.

[0100] Further, light emitted from the semiconductor
light-emitting layers 12 is radiated toward the surroundings
ofthe substrates 11. Therefore, part of light made incident on
the substrates 11 from the semiconductor light-emitting
layers 12 and part of light made incident on the substrates 11
again through the adhesive layer 6 after reflected by the light
reflective surface 3a of the reflective layer 3 are radiated to
the outside of the substrates 11 through the first and second
side surfaces 5a and 55 of the semiconductor light-emitting
devices 5. The pads 4¢ which are electrically connected to
the semiconductor light-emitting devices 5 are located adja-
cent to the first and second side surfaces Sa and 55 of the
semiconductor light-emitting devices 5. Therefore, light
radiated from the first and second side surfaces Sa and 5b
may interfere with the pads 4¢, and may be absorbed into the
pads 4c.

[0101] However, according to the first embodiment, the
thickness A of the pads 4c¢ is smaller than the thickness B of
the substrates 11. Therefore, light radiated from the first and
second side surfaces 5a and 556 of the semiconductor light-
emitting devices 5 toward the pads 4¢ does not easily
interfere with the pads 4c¢, and loss of light is reduced. This
structure has an advantage in efficient delivery of light.
[0102] Further, the pads 4¢ of the circuit pattern 4 and the
semiconductor light-emitting devices 5 are arranged longi-
tudinally relative to the baseboard 2. This structure reduces
the total area of the pads 4c¢ covering the light-reflective
surface 3a of the reflective layer 3. Consequently, a sub-
stantial area of the light reflective surface 3a which contrib-
utes to reflection is sufficiently secured, which is also
advantageous in efficient delivery of light.

[0103] In addition, the single reflector 7 surrounds all the
semiconductor light-emitting devices 5. This structure
remarkably reduces the possibility that light emitted from
the individual semiconductor light-emitting devices 5 inter-
feres with the reflector 7, and thus increases the amount of
light traveling toward the light diffusion member 9. In other
words, light made incident on the light reflective surface 7a
of the reflector 7 is reduced, light is not easily absorbed into
the light reflective surface 7a, and loss of light due to
absorption of light is reduced. Therefore, light emitted from
the semiconductor light-emitting devices 5 is efficiently
delivered.

[0104] For example, if a reflector having a radially-spread-
ing reflective surface is provided for each of, or each group
of, semiconductor light-emitting devices, light radiated from
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respective semiconductor light-emitting devices are made
incident on the light reflective surfaces of the respective
reflectors. Therefore, amount of light made incident on the
reflectors increases, and the probability that light is absorbed
into the light reflective surface is increased. Thus, loss of
light is increased, and light emitted from the semiconductor
light-emitting devices cannot be efficiently delivered.
[0105] The efficiency of delivering light was evaluated by
the following comparison. The illumination apparatus used
in this comparison has a baseboard made of aluminum, and
reflectance of the reflective layer thereof is 90% for light of
a wavelength of 400 to 740 nm. Further, a die bond material
having a 100 um thickness and 95% transmittance was used
as the adhesive layer, 28 semiconductor light-emitting
devices were arranged on the reflective layer, and a single
reflector surrounded all the semiconductor light-emitting
devices by oneself. The luminous flux when the illumination
apparatus is lit by energizing it with 20 mA was 120 1Im.
[0106] In comparison with this, an illumination apparatus
serving as a comparative example had a structure in which
28 reflectors were provided, and the reflectors included
respective semiconductor light-emitting devices. The lumi-
nous flux of the illumination apparatus when the illumina-
tion apparatus was lit by energizing it with 20 mA was 110
Im.

[0107] In the illumination apparatus 1 of the first embodi-
ment, a plurality of bonding wires 15 runs between the light
reflective surface 3a of the reflective layer 3 and the light
diffusion member 9. Therefore, part of light which is
reflected by the light reflective surface 3a and travels toward
the light diffusion member 9 is obstructed by the bonding
wires 15.

[0108] According to the first embodiment, the bonding
wires 15 connect adjacent semiconductor light-emitting
devices 5 in series. Therefore, the number of the bonding
wires 15 is reduced, in comparison with the case where a
plurality of semiconductor light-emitting devices 5 are con-
nected in parallel by bonding wires 15. Thereby, this struc-
ture is advantageous in efliciently delivering light emitted
from the semiconductor light-emitting devices 5.

[0109] When a plurality of semiconductor light-emitting
devices are connected in parallel, it is necessary to form a
plurality of pattern parts in a straight line on the reflective
layer 3 along the arranging direction of the semiconductor
light-emitting devices 5, and electrically connect the pattern
parts and the respective semiconductor light-emitting
devices 5 by respective bonding wires. This structure
reduces the area of a part of the light reflective surface 3a
which actually contributes to reflection, and is not preferable
in consideration of delivery of light.

[0110] Inthe illumination apparatus 1 according to the first
embodiment, a plurality of semiconductor light-emitting
devices 5 are bonded onto the reflective layer 3 on which the
circuit pattern 4 is formed. Therefore, it is unnecessary to
individually form a plurality of reflective layers correspond-
ing to the respective semiconductor light-emitting devices 5
on the baseboard 2. Therefore, the reflective layer 3 can be
easily formed without special process, and the manufactur-
ing cost of the illumination apparatus 1 is reduced.

[0111] More specifically, in the conventional structure in
which light of the semiconductor light-emitting devices is
reflected by using white insulating adhesive including a
white filler, it is required to precisely apply a small amount
of insulating adhesive for each of minute semiconductor
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light-emitting devices. This deteriorates the workability, and
requires much labor and time in work. Further, to control the
thickness and the application area of the insulating adhesive
to a specified value incurs much difficulty also in respect of
manufacturing technology.

[0112] In comparison with this, in the illumination appa-
ratus 1 of the first embodiment, the reflective layer 3 only
continuously covers the surface 2a of the baseboard 2.
Therefore, no technically difficult work is required for
forming the reflective layer 3. Therefore, the reflective layer
3 is easily formed on the baseboard 2, and the manufacturing
cost of the illumination apparatus 1 is reduced.

[0113] In addition, in prior art, since work of applying
insulating adhesive incurs much difficulty, the thickness of
insulating adhesive applied to individual semiconductor
light-emitting devices becomes nonuniform, and variations
in the thermal resistance of the insulating adhesive is inevi-
table. This causes a slight difference in heat radiation
properties between the semiconductor light-emitting
devices, and the color of light emitted from the semicon-
ductor light-emitting devices may vary.

[0114] In comparison with this, according to the illumi-
nation apparatus 1 of the first embodiment, the reflective
layer 3 is superposed with a predetermined thickness on the
surface 2a to cover the whole front surface 2a of the
baseboard 2. Therefore, the reflective layer 3 does not have
an adverse influence on the heat radiation property of the
semiconductor light-emitting devices 5. This structure pre-
vents a slight difference in color of emitted light of the
semiconductor light-emitting devices 5.

[0115] The present invention is not limited to the above
first embodiment, but can be carried out with various modi-
fications within a range not departing from the gist of the
invention.

[0116] FIGS. 6 to 8 illustrate an illumination apparatus 21
according to the second embodiment of the present inven-
tion. The illumination apparatus 21 is different from the
illumination apparatus of the first embodiment mainly in the
structure for increasing the heat radiation property of the
semiconductor light-emitting devices 5. The other parts of
the illumination apparatus 21 are basically the same as those
in the first embodiment. Therefore, in the second embodi-
ment, constituent elements which are the same as those in
the first embodiment are denoted by the same respective
reference numerals, and explanation thereof is omitted.
[0117] As illustrated in FIGS. 6 to 8, a baseboard 22 is a
flat metal board, and is rectangular to secure a light emission
area necessary for the illumination apparatus 21. The base-
board 22 has a front surface 22a, and a back surface 2254
located on the reverse side of the front surface 22a. The
baseboard 22 is preferably formed of copper which has
excellent thermal conductivity.

[0118] A reflective layer 23 is superposed on the front
surface 22a of the baseboard 22. The reflective layer 23 is
formed by plating the baseboard 22 with silver, and has
conductivity. The reflective layer 23 covers the whole front
surface 22a of the baseboard 22, and has a suflicient size on
which a predetermined number of semiconductor light-
emitting devices 5 are arranged at intervals. The reflective
layer 23 has a flat light reflective surface 23a which is
located on a side not facing the baseboard 22.

[0119] The diffusion reflectance of the light reflective
surface 23a is preferably 70% or more in a region of a
wavelength of 420 to 740 nm. The diffusion reflectance is
evaluated with a value supposing that the diffusion reflec-
tance of white barium sulfate is 100%. When the diffusion
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reflectance of the light reflective surface 23a is 70% or more,
the average of total light reflectance of the light reflective
surface 23a in the region of a wavelength of 420 to 740 nm
exceeds 85%. Therefore, light is efficiently delivered.

[0120] A circuit pattern 24 is formed on the light reflective
surface 23a of the reflective layer 23. The circuit pattern 24
has a plurality of conductor lines 25. The conductor lines 25
extend longitudinally relative to the baseboard 22, and are
arranged parallel to and separated from each other.

[0121] Each conductor line 25 has a plurality of pads 254
serving as conductor parts, a first terminal part 255, and a
second terminal part 25¢. The pads 25a are arranged at
intervals longitudinally relative to the baseboard 22. The
first terminal part 255 is formed as one unitary piece with a
pad 25a located at one end of each conductor line 25. The
second terminal part 25¢ is formed as one unitary piece with
a pad 25a located at the other end of each conductor line 25.
Therefore, the first terminal part 256 and the second terminal
part 25¢ are separated from each other longitudinally rela-
tive to each conductor line 25.

[0122] As illustrated in FIG. 8, each pad 25a has an
insulator 27 and a conductive layer 28. For example,
ceramic is used as the insulator 27. The insulator 27 has a
first surface 27a and a second surface 276 located on the
reverse side of the first surface 27a. The first surface 274 and
the second surface 27b are parallel to each other. The
conductor layer 28 is formed by plating the first surface 27a
with gold or the like.

[0123] Each pad 25a is bonded onto the light reflective
surface 23a of the reflective layer 23 by an insulating
adhesive 29. The insulating adhesive 29 is filled between the
second surface 275 of the insulator 27 and the light reflective
surface 23a, and holds the insulator 27 on the light reflective
surface 23a. Therefore, a space between the conductive
layer 28 of each pad 254 and the reflective layer 23 formed
of silver plating is maintained at an electrically insulated
state.

[0124] The first and second terminal parts 256 and 25¢ of
the circuit pattern 24 have the same structure as that of the
above pads 25a, and explanation thereof is omitted.

[0125] Semiconductor light-emitting devices 5 which are
the same as those in the first embodiment are arranged on the
light reflective surface 23a of the reflective layer 23. Each
semiconductor light-emitting device 5 is located between
two pads 25a which are longitudinally adjacent relative to
the baseboard 22, and bonded onto the light reflective
surface 23a of the reflective layer 23 by the adhesive layer
6.

[0126] As illustrated in FIG. 8, an n-side electrode 13 of
each semiconductor light-emitting device 5 is electrically
connected to the conductive layer 28 of a pad 25a adjacent
to a side surface 5a of the semiconductor light-emitting
device 5 by a bonding wire 15. A p-side electrode 14 of each
semiconductor light-emitting device 5 is electrically con-
nected to the conductive layer 28 of a pad 25a adjacent to a
side surface 5b of the semiconductor light-emitting device 5
by the bonding wire 15. Therefore, the semiconductor light-
emitting devices 5 are connected in series in each of the
conductor lines 25 of the circuit pattern 24.

[0127] As illustrated in FIGS. 7 and 8, a heat sink 31 is
attached to the back surface 225 of the baseboard 22. The
heat sink 31 has a heat-receiving board 32 and a plurality of
heat-radiating fins 33.
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[0128] The heat-receiving board 32 has a size enough to
cover the whole back surface 225 of the baseboard 22. The
heat-receiving board 32 is fixed on the back surface 225 of
the baseboard 22 by means of bonding or the like, and
thermally connected to the baseboard 22. The heat-radiating
fins 33 are formed as one unitary piece with the heat-
receiving board 32. The heat-radiating fins 33 project from
the heat-receiving board 32 toward the side reverse to the
baseboard 22.

[0129] In the second embodiment, when the semiconduc-
tor light-emitting devices 5 emit light, the semiconductor
light-emitting devices 5 generate heat. The semiconductor
light-emitting devices 5 are bonded onto the reflective layer
23 formed of silver plating, and are thermally connected to
the reflective layer 23. Therefore, heat generated by the
semiconductor light-emitting devices 5 is directly conducted
to the reflective layer 23 through the adhesive layer 6.
[0130] The reflective layer 23 formed of silver plating has
high thermal conductivity in comparison with the resin
reflective layer 3 of the first embodiment. Therefore, the
thermal resistance of a package formed by incorporating the
semiconductor light-emitting devices 5 with the baseboard
22 is reduced.

[0131] The thermal resistance of the package is evaluated
by the following expression, when the temperature of the
semiconductor light-emitting devices 5 when they are lit is
Tj, and the temperature of the package when the semicon-
ductor light-emitting devices 5 are lit is Tc:

Tj=Te/W (W supplied electric power)

[0132] The inventor(s) of the present invention mounted
100 semiconductor light-emitting devices having a power
rating of 20 mA on a reflective layer, and tested the thermal
resistance of the package when the semiconductor light-
emitting devices were lit up by supplying electric power of
6.0 W.

[0133] As a result, the package using a reflective layer 23
formed of silver plating had a thermal resistance of 0.6°
C./W, and the package using a reflective layer 3 formed of
resin had a thermal resistance of 7.0° C./W.

[0134] Inview of the above, the reflective layer 23 formed
of silver plating has better thermal conductivity than the
reflective layer 3 formed of resin, and can efficiently relieve
heat of the semiconductor light-emitting devices 5 to the
baseboard 22.

[0135] Further, according to the second embodiment, heat
of each semiconductor light-emitting device 5 is conducted
to the adjacent pads 254 through the bonding wires 15. Since
the pads 25a are bonded to the reflective layer 23 formed of
silver plating, the pads 254 are maintained at a state of being
thermally connected to the reflective layer 23. Therefore, the
heat of the semiconductor light-emitting devices 5 con-
ducted to the pads 25a through the bonding wire 15 is
conducted to the reflective layer 23 through the insulating
adhesive 29. Therefore, part of heat generated by the semi-
conductor light-emitting devices 5 is relieved from the pads
25a to the reflective layer 23.

[0136] As a result, heat of the semiconductor light-emit-
ting devices 5 is smoothly diffused into the baseboard 22
through the reflective layer 23. Therefore, the semiconductor
light-emitting devices 5 are prevented from overheating, and
the atmospheric temperature of the semiconductor light-
emitting devices 5 is maintained at a proper temperature.
[0137] In addition, according to the second embodiment,
the heat sink 31 is provided on the back surface 225 of the
baseboard 22. The heat sink 31 receives heat from the
baseboard 22, and radiates the heat from the heat-radiating
fins 33 into the atmosphere.
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[0138] Therefore, heat relieved from the semiconductor
light-emitting devices 5 to the baseboard 22 through the
reflective layer 23 is smoothly radiated to the outside of the
illumination apparatus 1 through the heat sink 31. This
improves the heat-radiating property of the baseboard 22,
and thus is preferable in suppressing increase in temperature
of the semiconductor light-emitting devices 5.

[0139] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

What is claimed is:

1. An illumination apparatus comprising:

a plurality of semiconductor light-emitting devices each
having a translucent substrate and a semiconductor
light-emitting layer formed on the substrate;

a white reflective layer having a size on which the
semiconductor light-emitting devices are arranged at
intervals;

a plurality of conductor parts to which the semiconductor
light-emitting devices are electrically connected, the
conductor parts being provided on the reflective layer;
and

a translucent adhesive layer which bonds the substrate of
each of the semiconductor light-emitting devices onto
the reflective layer, and thereby holds the semiconduc-
tor light-emitting devices on the reflective layer.

2. An illumination apparatus according to claim 1,

wherein

the conductor parts are provided on the reflective layer to
be adjacent to the semiconductor light-emitting
devices, and a thickness of the substrates of the semi-
conductor light-emitting devices is larger than a thick-
ness of the conductor parts.

3. An illumination apparatus according to claim 1, further

comprising:

a light diffusion member which diffuses light emitted
from the semiconductor light-emitting devices, the
light diffusion member being opposed to the reflective
layer.

4. An illumination apparatus according to claim 1,

wherein

the reflective layer also serves as an insulating layer, and
a thickness of the insulating layer falls within a range
from 30 to 90 pm.

5. An illumination apparatus according to claim 1,

wherein

the reflective layer is formed of silver plating.

6. An illumination apparatus according to claim 5,

wherein

the substrates of the semiconductor light-emitting devices
and the conductor parts are thermally connected to the
reflective layer, and the semiconductor light-emitting
layers of the semiconductor light-emitting devices are
electrically and thermally connected to the conductive
parts by bonding wires.

* # #* #* #*
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