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(7) ABSTRACT

A light-emitting device includes a semiconductor light-emit-
ting element arranged on a substrate having internal wiring, a
reflector arranged around the semiconductor light-emitting
element, and a light-emitting portion, filled in the reflector,
having a phosphor which emits visible light when excited by
light from the semiconductor light-emitting element. Electri-
cal conduction to the light-emitting element is obtained via
the internal wiring of the substrate and the reflector.
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LIGHT-EMITTING DEVICE, BACKLIGHT
USING SAME, AND LIQUID CRYSTAL
DISPLAY

TECHNICAL FIELD

[0001] The present invention relates to a light-emitting
device, a backlight using it, and a liquid crystal display.

BACKGROUND ART

[0002] A light emitting diode (LED) is a semiconductor
element converting electrical energy into light such as ultra-
violet light, visible light or the like, and has advantages that it
has a long life and high reliability, and when the LED is used
as a light source, the time which exchanges lamps can be
saved. A light-emitting device (LED lamp) having an LED
element sealed with, for example, a transparent resin is used
extensively as a component part for various types of displays
such as portable communication devices, PC peripheral
devices, office automation equipment, home electric appli-
ances, signal equipment, various types of switches, backlight
type display panels, and the like.

[0003] For example, the light-emitting device using the
LED element has a structure that the LED element is fixed
onto a substrate and each of electrodes of the LED element is
electrically connected to terminal on the substrate via a con-
ductive wire, respectively. In addition, a reflector for reflect-
ing light irradiated from the LED element is disposed around
the LED element. For example, a light-emitting layer having
phosphor particles is filled in the reflector (see, for example,
Reference 1).

[0004] The color tone of light emitted from the light-emit-
ting device is not limited to the light emission wavelength of
the LED element, and visible light ranging from blue to red
can be obtained depending on usages by, for example, a
phosphor dispersed into the light-emitting layer. Especially, a
white light-emitting type light-emitting device is useful as a
backlight for the liquid crystal display of portable communi-
cation devices and PCs (see, for example, Reference 2).
[0005] The conventional light-emitting device having the
LED element and the reflector disposed on the substrate has a
drawback that emission luminance tends to become low. In
other words, since the conductive wires extended from the
electrodes of the LED element are connected to the terminals
on the substrate, the reflector cannot be approached enough to
the periphery of the LED element. Therefore, there is a space
enough for disposition of the conductive wires between the
reflector and the LED element. Light irradiated from the LED
element is diffused needlessly within the light-emitting layer
before it reaches the reflector and not irradiated enough to the
reflector, so that the emission luminance becomes low.
[0006] To avoid the lowering of the emission luminance,
there is, for example, a method that the conductive wires
extended from the LED element are connected to the termi-
nals on the substrate, which are located outside of the reflec-
tor, and the space between the LED element and the reflector
is decreased. But, since this method forms a connection point
of the conductive wire outside of the reflector, the same por-
tion cannot be used effectively for other usages. In addition,
since the conductive wires must be disposed over the top of
the reflector, the conductive wires become long, and the pro-
ductivity and reliability of the light-emitting device are low-
ered.
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[0007] Meanwhile, as a method that unnecessary diffusion
of light within the light-emitting layer is suppressed while the
distance between the LED element and the reflector is
remained as it is, the amount of a phosphor contained in the
light-emitting layer may be decreased. But, such a method
causes further lowering of the emission luminance because
the content of the phosphor is decreased.

[Reference 1]
[Reference 2]

JP-A 2002-198573 (KOKATD)
JP-A 2003-160785 (KOKAT)

SUMMARY OF THE INVENTION

[0008] According to an aspect of the present invention,
there are provided a light-emitting device that emission lumi-
nance can be improved without degrading the productivity
and reliability, a backlight using the light-emitting device,
and a liquid crystal display.

[0009] Alight-emitting device according to an aspect of the
present invention includes: a substrate having internal wiring;
a semiconductor light-emitting element arranged on the sub-
strate; a reflector arranged around the semiconductor light-
emitting element; and a light-emitting portion, filled in the
reflector, including a phosphor which emits visible light when
excited by light from the semiconductor light-emitting ele-
ment, wherein electrical conduction to the semiconductor
light-emitting element is obtained via the internal wiring of
the substrate and the reflector.

[0010] A backlight according to another aspect of the
present invention includes: a mounting substrate; and a light
source, mounted on the mounting substrate, including the
light-emitting device according to the aspect of the present
invention. In the backlight according to the aspect of the
present invention, the light source includes, for example, a
plurality of the light-emitting devices which are arranged in a
linear or matrix form on the mounting substrate. A liquid
crystal display according to still another aspect of the present
invention includes: the backlight according to the aspect of
the present invention; and a liquid crystal display part which
is arranged on a light emission surface side of the backlight.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1is a sectional view showing a structure of a
light-emitting device according to an embodiment of the
present invention.

[0012] FIG. 2 is a sectional view showing a modified
example of the light-emitting device shown in FIG. 1.
[0013] FIG. 3isa sectional view showing another modified
example of the light-emitting device shown in FIG. 1.
[0014] FIG. 4 is a sectional view showing still another
modified example of the light-emitting device shown in FIG.
1

[0015] FIG. 5 is a sectional view showing still another
modified example of the light-emitting device shown in FIG.
1.

[0016] FIG. 6isa diagram showing an example of a planar
structure of the light-emitting device shown in FIG. 5.
[0017] FIG. 7 is a sectional view showing a structure of a
liquid crystal display according to an embodiment of the
present invention.
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[0018] FIG. 8 is a sectional view showing a structure of a
light-emitting device as a comparative example.

EXPLANATION OF REFERENCE NUMERALS

[0019] 1:Light-emitting device, 2: internal wiring (internal
wiring for LED), 3: substrate, 4: semiconductor light-emit-
ting element (LED element), 5: reflector, 6: conductive wire,
7: light-emitting portion, 9: reflecting surface, 10: light emis-
sion surface, 11: step portion, 12: internal wiring (internal
wiring for reflector), 20: liquid crystal display, 22: backlight.

MODE FOR CARRYING OUT THE INVENTION

[0020] Modes of conducting the present invention will be
described below. FIG. 1 is a sectional view showing a struc-
ture of the light-emitting device according to an embodiment
of the present invention. A light-emitting device 1 shown in
FIG. 1 is provided with a semiconductor light-emitting ele-
ment 4 which is disposed on a substrate 3 having an internal
wiring 2. As the semiconductor light-emitting element 4, an
LED element (LED chip), a laser diode and the like can be
applied. The LED element is used here as the semiconductor
light-emitting element 4. A cylindrical reflector 5 having an
inner wall surface inclined toward a light emission direction
is disposed around the LED element 4.

[0021] One electrode (lower electrode (not shown)) of the
LED element 4 is electrically connected to the internal wiring
2 of the substrate 3. The other electrode (upper electrode (not
shown)) ofthe LED element 4 is electrically connected to the
reflector 5 via a wire-bonded conductive wire 6. The reflector
5 is at least partly conductive. A light-emitting portion 7
containing a phosphor is filled into the reflector 5 to seal the
LED element 4.

[0022] The light-emitting device 1 of this embodiment per-
forms electrical conduction for feeding the LED element 4
through the internal wiring 2 of the substrate 3 and the reflec-
tor 5. Since it is not necessary to connect the conductive wire
extended from the LED element to the terminal on the sub-
strate like a conventional light-emitting device, a distance (L)
between the LED element 4 and the reflector 5 can be
decreased. As shown in FIG. 1, itis assumed that the distance
(L) between the LED element 4 and the reflector 5 indicates a
distance between an outer circumference portion 8 of the
LED element 4 and the innermost part of a reflecting surface
9 of the reflector 5.

[0023] Thedistance (L) between the LED element 4 and the
reflector 5 can be decreased to emit the light irradiated from
the LED element 4 to the reflector 5 without diffusing need-
lessly within the light-emitting portion 7. Therefore, it
becomes possible to enhance the emission luminance of the
light-emitting device 1. And, by using the internal wiring 2 of
the substrate 3 and the reflector 5 for electrical conduction to
the LED element 4, a wire bonding portion can be determined
to be only one portion between the LED element 4 and the
reflector 5. It becomes unnecessary to perform wire bonding
at plural portions, and it becomes possible to decrease the
distance ofthe wire bonding in comparison with, for example,
a case of connection to the exterior of the reflector 5. There-
fore, the productivity and reliability of the light-emitting
device 1 can be enhanced.

[0024] In addition, by connecting the conductive wire 6
extended from the LED element 4 to the reflector 5, it is not
necessary to form on the exterior of the reflector 5 a connect-
ing portion of the conductive wire 6, and the light-emitting
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device 1 can be formed to have substantially the same size as
that of the reflector 5. Since it is not necessary to form the
connecting portion of the conductive wire 6 on the exterior of
the reflector 5, the connecting portion can be used effectively
for other usages. For example, when the light-emitting device
1 is used to produce a backlight, a reflection sheet can be
disposed at the connecting portion. When the light emitted
from the light-emitting device 1 is reflected on an optical
sheet or the like, the reflection sheet has a function to reflect
again the light to the optical sheet side. Thus, the emission
luminance of the backlight can be enhanced.

[0025] The light-emitting device 1 of this embodiment is
desirable that the distance (L) between the LED element 4 and
the reflector 5 is 1 mm or less. If the distance (L) between the
LED element 4 and the reflector 5 exceeds 1 mm, the light
irradiated from the LED element 4 is needlessly diffused
within the light-emitting portion 7 and might notbe irradiated
sufficiently to the reflector 5. The emission luminance is
degraded. Since the wire bonding distance between the LED
element 4 and the reflector 5 also becomes long, there is a
possibility that productivity and reliability are degraded. The
distance (L) between the LED element 4 and the reflector 5 is
more desirably 0.8 mm or less in view of the improvement of
the emission luminance and productivity.

[0026] For example, the reflector 5 has a cylindrical shape
with the reflecting surface 9 formed on the inner wall as
shown in FIG. 1. The reflecting surface 9 of the reflector 5 is
desirably inclined with respect to the surface of the substrate
3 to guide the light irradiated from the LED element 4 to a
light emission surface 10. The reflecting surface 9 has desir-
ably an inclined angle 8 of 25° or more and 70° or less. If the
inclined angle 6 of the reflecting surface 9 is less than 25°, a
reflection effect of the light irradiated from the LED element
4 is small, and there is a possibility that the emission lumi-
nance of the light-emitting device 1 cannot be enhanced suf-
ficiently.

[0027] Meanwhile, if the inclined angle 6 of the reflecting
surface 9 exceeds 70°, the reflection effect is enhanced exces-
sively to concentrate the light, and if the light-emitting device
1 is used as a light source for the backlight, there is a possi-
bility that the uneven luminance is caused on the light emis-
sion surface of the backlight. The inclined angle 0 of the
reflecting surface 9 of the reflector 5 is preferably 30° or more
and 60° or less, and more preferably 35° or more and 45° or
less from viewpoints of improvement of emission luminance,
suppression of uneven luminance when applied to the back-
light, and the like.

[0028] The top portion of the reflector 5 shown in FIG. 1 is
evenly horizontal. The reflector 5 is not limited to the shown
shape. For example, the reflector 5 may be formed with a
lower step portion 11 at its upper inner part as shown in FIG.
2. In a case where the step portion 11 is formed at an upper
part of the reflector 5, it is preferable that one end of the
conductive wire 6 is connected to the step portion 11. Thus,
the conductive wire 6 can be fully buried within the light-
emitting portion 7.

[0029] The reflector 5 is at least partly formed of a conduc-
tive material because of necessity of securing electrical con-
duction with the LED element 4. The reflector 5 shown in
FIG. 1and FIG. 2 is entirely formed of a conductive material.
As component materials for the reflector 5, it is desirable to
use a metal material from viewpoints of electrical conductiv-
ity, light reflectivity and the like. Specifically, it is desirable
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that the reflector 5 is formed of a metal such as nickel, silver,
copper or aluminum or an alloy of them.

[0030] As shown in FIG. 3, the reflector 5 may be formed
by using an insulating material for a reflector body 5a which
is a maim part and forming on its surface a coating 85 which
is formed of a conductive material. The coating 55 is prefer-
ably formed of a metal material from viewpoints of electrical
conductivity, light reflectivity and the like. As a forming
material for the coating 5b, a metal such as nickel, silver,
copper or aluminum or an alloy of them is used. The coating
5b formed of the metal material is formed by a known film
formation method such as, for example, plating, deposition,
sputtering or the like. As shown in FIG. 4, the reflector 5 may
be formed by using an insulating material to form the reflector
body 5a and disposing in it an internal wiring 5¢ formed of a
conductive material.

[0031] The substrate 3 on which the LED element 4 is
arranged has at least one internal wiring 2 for electrical con-
duction to the LED element 4 as shown in FIG. 1 and FIG. 2.
As shown in FIG. 5, the substrate 3 may have an internal
wiring (reflectorinternal wiring) 12 which is conducted to the
reflector 5 in addition to the internal wiring (LED internal
wiring) 2 for electrical conduction to the LED element 4. In
this case, alower part of the reflector 5 and the internal wiring
12 which is exposed to the surface of the substrate 3 are
electrically connected.

[0032] In a case where two internal wirings 2, 12 are dis-
posed in the substrate 3, one ends between both ends of the
internal wirings 2, 12, which are not connected to the LED
element 4 and the reflector 5, are extended to one end of the
substrate 3 as shown in, for example, FIG. 6, and connected to
external connection terminals 13, 14 which are formed on the
front surface of the substrate 3. The external connection ter-
minals 13, 14 may be formed on the rear surface of the
substrate 3. For electrical conduction to the reflector 5, a
conductive pattern formed on the substrate 3 may be used.
[0033] Thesubstrate 3 is mainly formed of a ceramic mate-
rial such as aluminum nitride (AIN), alumina (Al,O;) or
silicon nitride (Si;N,) or an organic material such as a resin.
Among them, the substrate 3 mainly formed of aluminum
nitride having an excellent thermal conductivity is preferably
used. Especially, it is desirable to use the substrate 3 which is
mainly formed of aluminum nitride having a thermal conduc-
tivity of 200 W/m'K or more.

[0034] For the conductive wire 6 which electrically con-
nects the LED element 4 and the reflector 5, a metal wire
formed of a metal such as gold, platinum, copper or aluminum
oran alloy of them is used. Especially, it is desirable to use the
wire formed of gold or its alloy. By using the metal wire as the
conductive wire 6, the LED element 4 and the reflector 5 can
be electrically connected easily. The conductive wire 6 can be
connected (bonded) directly to the electrode of the LED ele-
ment 4 and the reflector 5 when a material which is readily
alloyed is used. When a material which is hardly alloyed is
used, bonding is made via a material which is alloyed.
[0035] As the LED element 4, there is preferably used one
which emits, for example, ultraviolet light or purple-color
light having a wavelength in a range 0f 360 nm to 440 nm. The
LED element 4 includes one having, for example, a nitride-
based compound semiconductor layer as the light-emitting
layer. When the LED element 4 which emits ultraviolet light
or purple-color light is used, the light-emitting portion 7 is
desirably configured of a transparent resin in which a three-
color phosphor which has blue, green and red phosphors
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mixed is contained. As the transparent resin, for example,
acryl resin, silicone resin or epoxy resin is used.

[0036] The phosphor is excited by light (e.g., ultraviolet
light or purple-color light) irradiated from the LED element 4
to emit visible light. When the LED element 4 which emits
ultraviolet light or purple-color light is used in combination
with the light-emitting portion 7 containing the three-color
phosphor, the three-color phosphor is excited by the ultravio-
letlight or purple-colorlightirradiated from the LED element
4 to emit white light. It is desirable that the phosphor absorbs
efficiently ultraviolet light or purple-color light having a
wavelength in a range 0f 360 nm to 440 nm irradiated from the
LED element 4. Thus, the light-emitting device 1 of a white
light-emitting type can be configured. The light-emitting
device 1 of this embodiment is desirably a white light-emit-
ting type.

[0037] Examples of a blue light-emitting phosphor include
an Bu-activated halophosphate phosphor, an Eu-activated
aluminate phosphor and the like excelling in absorption effi-
ciency of ultraviolet light and purple-color light. Examples of
a green light-emitting phosphor include a Cu and Al-activated
zinc sulfide phosphor, an Eu and Mn-activated aluminate
phosphor and the like. Examples ofa red light-emitting phos-
phor include an Eu-activated yttrium oxysulfide phosphor, an
Eu and Sm-activated lanthanum oxysulfide phosphor, a Cu
and Mn-activated zinc sulfide phosphor and the like. They are
appropriately selected and used considering color rendering
properties, uniformity of light emission, and luminance char-
acteristics.

[0038] A phosphor content in the light-emitting portion 7 is
desirably 20 wt % or more. As described above, the conven-
tional light-emitting device suppresses the phosphor content
to alow level in order to emit the light irradiated from the LED
element to, for example, the reflector without needlessly dif-
fusing within the light-emitting portion. But, when the phos-
phor content is decreased, essential emission luminance low-
ers. In this embodiment, even when the light-emitting portion
7 is determined to have a phosphor content of 20 wt % or
more, the light irradiated from the LED element 4 can be
irradiated to the reflector 5 without needlessly diffusing
within the light-emitting portion 7 because the distance
between the LED element 4 and the reflector 5 is narrowed.
Therefore, the emission luminance of the light-emitting
device 1 can be improved without lowering the productivity
and reliability of the light-emitting device 1.

[0039] For example, the light-emitting device 1 of this
embodiment is produced as follows. Production of the light-
emitting device 1 shown in FIG. 1 is described as an example.
First, the substrate 3 having the internal wiring 2 is prepared.
At a portion of the substrate 3 where the internal wiring 2 is
exposed, namely a surface portion where the LED element 4
is bonded, is formed, for example, an Au—Sn eutectic alloy
layer as a bonding material for bonding the LED element 4.
One of the electrodes of the LED element 4 is aligned to and
disposed at the surface portion, and a heating treatment is
performed to fix the LED element 4 to the substrate 3 and also
to electrically connect one of the electrodes of the LED ele-
ment 4 to the internal wiring 2 of the substrate 3.

[0040] As the bonding material, an Au-Si eutectic alloy, an
SnPb solder or the like can be used other than the Au—=Sn
eutectic alloy. A conductive paste may be used instead of such
a low melting point alloy. The conductive paste has conduc-
tive powder of silver, copper, carbon or the like dispersed into
a thermosetting resin such as epoxy resin.
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[0041] Then, the cylindrical reflector 5 is bonded onto the
substrate 3, to which the LED element 4 is fixed, so to sut-
round the LED element 4. The reflector 5 is bonded onto the
substrate 3 in the same manner as that of the LED element 4.
Subsequently, a wire bonding process is performed to elec-
trically connect the other electrode of the LED element 4 and
the reflector 5 by the conductive wire 6. A transparent resin
containing a phosphor is dripped into the reflector 5 and cured
to form the light-emitting portion 7. Thus, the target light-
emitting device 1 is produced.

[0042] Theabove-described method of producing the light-
emitting device 1 is one example, and the method of produc-
ing the light-emitting device 1 is not limited to the above. The
method of producing the light-emitting device 1 can be modi-
fied appropriately without departing from the spirit of the
invention. For example, the LED element 4 may be bonded
after the reflector 5 is bonded onto the substrate 3. As the
substrate 3, one having the internal wiring (reflector internal
wiring) 12 or a conductive pattern for electrical conduction to
the reflector 5 as described above may be used.

[0043] The light-emitting device 1 of this embodiment can
be used as, for example, a lighting device for various usages.
A typical example of use of the light-emitting device 1
includes a light source for a backlight of various types of
displays represented by a liquid crystal display. When the
light-emitting device 1 is used as the light source, the emis-
sion luminance of the backlight can be improved. The back-
light is configured by applying plural light-emitting devices 1
as the light source and arranging them in a linear or matrix
form. It is to be noted that the backlight using only one
light-emitting device 1 is not excluded.

[0044] To configure the backlight, the plural light-emitting
devices 1 are arranged and mounted as the light source in a
linear or matrix form on a mounting substrate. A module
structure is as follows. The backlight having the plural light-
emitting devices 1arranged linearly is used as a side light type
backlight or the like. The backlight having the plural light-
emitting devices 1 arranged in a matrix form is used as a
directly-beneath type backlight or the like. The structure of
the backlight applying the light-emitting device 1 is not lim-
ited to a particular one and may be a directly-beneath type or
a side light type.

[0045] Thebacklight ofthe embodiment described above is
suitably used as the backlight for the liquid crystal display.
FIG. 7 is a sectional view showing a structure example of a
liquid crystal display 20 having a backlight applying the
light-emitting device 1. The liquid crystal display 20 is pro-
vided with a flat liquid crystal panel 21 as, for example, a flat
display means and a backlight 22 which illuminates the liquid
crystal panel 21 from its back. The backlight 22 is arranged
directly beneath the liquid crystal panel 21.

[0046] The liquid crystal panel 21 has an array substrate
and a color filter substrate, which are glass plates having
transparent electrodes formed thereon, disposed to face each
other between two polarizing plates. Liquid crystal is filled
between the array substrate and the color filter substrate to
form a liquid crystal layer. Red (R), green (G) and blue (B)
color filters are formed in correspondence with individual
pixels on the color filter substrate.

[0047] The backlight 22 is provided with a mounting sub-
strate (base substrate) 23 and the plural light-emitting devices
1 which are arranged and mounted in a matrix form on the
mounting substrate 23. The specific module structure is as
follows. The plural light-emitting devices 1 configure the
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light source of the backlight 22. The light-emitting devices 1
are arranged such that the non-light emission surfaces are
positioned on the side of the mounting substrate 23. An opti-
cal sheet 24 such as a diffuser sheet, a prism sheet or the like
is arranged on the side of the light emission surfaces 10 of the
light-emitting devices 1. And, the backlight 22 is arranged
directly beneath the liquid crystal panel 21 such that the
optical sheet 24 is positioned on the side of the liquid crystal
panel 21.

[0048] The liquid crystal display of the present invention is
not limited to one using the directly-beneath type backlight
but may apply a side-light type backlight. The side-light type
backlight has, for example, a light source with the plural
light-emitting devices 1 arranged linearly and a light guide
plate. The light source is disposed at a light incident portion
which is disposed at one end surface of the light guide plate.
Light having entered through the light incident portion
repeats refraction and reflection within the light guide plate
and is irradiated from the top surface of the light guide plate
in a direction of its normal line. The liquid crystal display
section is arranged on the side of the top surface (light emis-
sion surface) of the light guide plate.

[0049] Specific examples of the invention and their evalu-
ated results will be described below.

EXAMPLES 1 THROUGH $

[0050] InExamples 1through 5, the light-emitting device 1
of a white light-emitting type shown in FIG. 1 was produced.
First, an aluminum nitride substrate 3 (5 mm highx5 mm
widex0.5 mm thick) having the internal wiring 2 shown in
FIG. 1 was prepared. On the surface of the aluminum nitride
substrate 3, a portion (including the exposed part of the inter-
nal wiring) to which an ultraviolet LED element 4 was
bonded was gold-plated, and the light-emitting diode (UV-
LED element) 4 (0.3 mm longx0.3 mm widex0.3 mm high)
for emitting ultraviolet light was bonded to that surface por-
tion.

[0051] A reflector5 (1 mm high, reflecting surface angle (8)
45°) formed of silver-plated oxygen-free copper was bonded
onto the aluminum nitride substrate 3 to surround the UV-
LED element 4. The reflector 5 was used in plural types such
that its distance (L) to the UV-LED element 4 fell in a range
of 0.6 to 1.4 mm (Examples 1 through 5). The UV-LED
element 4 and the reflector 5 was electrically connected by a
conductive wire 6, and a phosphor paste which had a mixture
of ared phosphor, a green phosphor and a blue phosphor to be
excited by ultraviolet rays dispersed into a transparent resin
was filled in the reflector 5 and cured by heating to produce a
white light-emitting device 1.

Comparative Example 1

[0052] As a conventional white light-emitting device, a
white light-emitting device 30 shown in FIG. 8 was produced.
First, an aluminum nitride substrate 32 (5 mm longx5 mm
widex0.5 mm thick), on which terminal metal fittings 31
shown in FIG. 8 were disposed, was prepared. A UV-LED
element 33 was bonded to a prescribed portion of the alumi-
num nitride substrate 32, and a reflector 35 (1 mm high,
reflecting surface angle (8) 45°) formed of silver-plated oxy-
gen-free copper was bonded to a reflecting surface 34. Then,
individual electrodes of the UV-LED element 33 and the
individual terminal metal fittings 31 were electrically con-
nected by conductive wires 36.
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[0053] Subsequently, a phosphor paste which had a mixture
of ared phosphor, a green phosphor and a blue phosphor to be
excited by ultraviolet rays dispersed into a transparent resin
was filled in the reflector 35 and cured by heating to produce
the white light-emitting device 30. The white light-emitting
device 30 was determined to have the distance (L) of 1.8 mm
between the UV-LED element 33 and the reflector 35 in order
to secure the connection points between the conductive wires
36 and the terminal metal fittings 31.

[0054] The above-described white light-emitting devices 1
of Examples 1 through 5 and the white light-emitting device
30 of Comparative Example 1 were measured for a total
luminous flux (unit: lumen (1m)). The measured results are
shown in Table 1.

TABLE 1

Distance (L) between Total

light-emitting diode luminous

and reflector [mm] flux [Im]
Example 1 0.6 1.4
Example 2 0.8 1.3
Example 3 1.0 1.2
Example 4 1.2 0.8
Example 5 14 0.6
Comparative 1.8 0.5
Example 1

[0055] It is apparent from Table 1 that the white light-

emitting device 30 of Comparative Example 1 which has the
conductive wires 36 arranged on the aluminum nitride sub-
strate 32 between the UV-LED element 33 and the reflector 35
requires to secure the connection points between the conduc-
tive wires 36 and the terminal metal fittings 31, so that the
distance (L) between the UV-LED element 33 and the reflec-
tor 35 becomes large. Therefore, it was confirmed that light
emitted from the UV-LED element 33 tends to be diffused by
the phosphor contained in a light-emitting portion 37 before it
reaches the reflecting surface 34 of the reflector 35, and a total
luminous flux becomes small as a result.

[0056] The light-emitting devices 1 of Examples 1 through
5 using theinternal wiring 2 of the aluminum nitride substrate
3 as the electrical conduction to the UV-LED element 4 and
the reflector 5 can decrease the distance (L) between the
UV-LED element 4 and the reflector 5. Therefore, the light
emitted from the UV-LED element 4 is suppressed from
being diffused needlessly by the phosphor contained in the
light-emitting portion 7 before it reaches the reflecting sur-
face 9 of the reflector 5. Thus, it was confirmed that a total
luminous flux was improved. Especially, it was confirmed
that a total luminous flux was improved greatly when the
distance (L) between the UV-LED element 4 and the reflector
5was determined to be 1 mm or less. (Examples 6 through 10)

[0057] The white light-emitting device 1 (the distance (L)
between the UV-LED element 4 and the reflector 5=0.8 mm)
of Example 2 was used in quantity of 100 with an angle (8) of
the reflecting surface 9 of the reflector 5 varied in a range of
10° to 70° as shown in Table 2 to produce directly-beneath
type backlights. The directly-beneath type backlights were
evaluated for the presence or not of uneven luminance and
emission luminance. The obtained results are shown in Table
2. The directly-beneath type backlights each were produced
with the 100 white light-emitting devices uniformly arranged
in a 10x10 matrix form.
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[0058] Theuneven luminance was visually observed on the
light emission surfaces of the directly-beneath type back-
lights and evaluated depending on a degree of appearance that
the light of the white light-emitting device 1 was seen as a dot.
In Table 2, “A” indicates that no part was seen as a dot, “B”
indicates that some parts were seen as a dot, and “C” indicates
that many parts were seen as a dot. For the emission lumi-
nance, the light emission surfaces ofthe directly-beneath type
backlights were visually observed. And, “A” indicates that the
emission luminance of the directly-beneath type backlight is
sufficient, and “B” indicates that the emission luminance is
somewhat insufficient.

TABLE 2
Angle [0] of Presence
reflecting surface of uneven Emission
of reflector luminance luminance
Example 6 70° C A
Example 7 60° B A
Example 8 45° A A
Example 9 35° A A
Example 10 10° A B

[0059] Itisapparent from Table 2 that when the angle (6) of
the reflecting surface 9 of the reflector 5 is determined to be
35° ormore and 45° or less, uneven luminance of the directly-
beneath type backlight can be suppressed, and the emission
luminance can be made sufficient. It is seen that the white
light-emitting device 1 used for the directly-beneath type
backlight is desired to have the angle (8) of the reflecting
surface 9 of the reflector 5 determined to be 35° or more and
45° or less from viewpoints of the suppression of the uneven
luminance and the improvement of the emission luminance.

EXAMPLES 11 THROUGH 15

[0060] The white light-emitting device 1 (the distance (L)
between the UV-LED element 4 and the reflector 5=0.8 mm)
of Example 2 was used in quantity of 10 with the angle (6) of
the reflecting surface 9 of the reflector 5 varied in a range of
10° to 70° as shown in Table 3 to produce side light type
backlights. The side light type backlights were evaluated for
the presence or not of the uneven luminance and the emission
luminance. The obtained results are shown in Table 3. The
uneven luminance and the emission luminance were evalu-
ated in the same manner as in Examples 6 through 10. The
side light type backlights each were produced with the ten
white light-emitting devices uniformly arranged at equal
intervals.

TABLE 3
Angle [6] of

reflecting Presence of

surface of uneven Emission

reflector luminance luminance
Example 11 70° A A
Example 12 60° A A
Example 13 45° A A
Example 14 35° A A
Example 15 10° A B

[0061] It is apparent from Table 3 that the side light type
backlight has no occurrence of uneven luminance regardless
of the angle (8) of the reflecting surface 9 of the reflector 5 of
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the white light-emitting device 1. Since the side light type
backlight uses the light guide plate, the occurrence of uneven
luminance is suppressed regardless of the angle (6) of the
reflecting surface 9 of the reflector 5 of the white light-emit-
ting device 1. It was confirmed that when the angle (6) of the
reflecting surface 9 of the reflector 5 was determined to be less
than 35°, the emission luminance was degraded. It is seen that
the white light-emitting device 1 used for the side light type
backlight is desired to have the angle (6) of the reflecting
surface 9 of the reflector 5 determined to be 35° or more.
[0062] It is seen from the above-described results of
Examples 6 through 10 and Examples 11 through 15 that in
order to realize the white light-emitting device 1 that can
suppress the uneven luminance and improve the emission
luminance, namely the white light-emitting device 1 excel-
ling in general-purpose properties regardless of use of either
the directly-beneath type backlight or the side light type back-
light, the angle (8) of the reflecting surface 9 of the reflector 5
is determined to be 30° or more and 60° or less, and preferably
35° or more and 45° or less.

INDUSTRIAL APPLICABILITY

[0063] The light-emitting device according to the embodi-
ment of the present invention can irradiate light, which is
emitted from the semiconductor light-emitting element, to
the reflector without diffusing needlessly within the light-
emitting portion, so that excellent emission luminance can be
obtained. In addition, by decreasing the wire bonding dis-
tance and number, the productivity and reliability of the light-
emitting device can be enhanced. Such alight-emitting device
is effectively used for various lighting usages such as a back-
light.
What is claimed is:
1. A light-emitting device, comprising:
a substrate having internal wiring;
a semiconductor light-emitting element arranged on the
substrate;
a reflector arranged around the semiconductor light-emit-
ting element; and
a light-emitting portion, filled in the reflector, including a
phosphor which emits visible light when excited by light
from the semiconductor light-emitting element,
wherein electrical conduction to the semiconductor light-
emitting element is obtained via the internal wiring of
the substrate and the reflector.
2. The light-emitting device according to claim 1,
wherein the reflector is formed of a conductive metal mate-
rial.
3. The light-emitting device according to claim 1,
wherein the reflector has a coating formed of a conductive
metal material formed on its surface.
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4. The light-emitting device according to claim 1,

wherein one of electrodes of the semiconductor light-emit-
ting element is electrically connected to the internal
wiring of the substrate, and the other electrode is elec-
trically connected to the reflector via a conductive wire.

5. The light-emitting device according to claim 4,

wherein the conductive wire is bonded to the reflector at
one point.

6. The light-emitting device according to claim 1,

wherein a distance between the semiconductor light-emit-
ting element and the reflector is 1 mm or less.

7. The light-emitting device according to claim 1,

wherein a reflecting surface of the reflector is inclined in a
range of 25° or more and 70° or less to a surface of the
substrate.

8. The light-emitting device according to claim 1,

wherein the light-emitting portion emits white light.

9. The light-emitting device according to claim 1,

wherein the light-emitting portion includes as the phosphor
a mixture of a blue light-emitting phosphor, a green
light-emitting phosphor and a red light-emitting phos-
phor, and a transparent resin containing the phosphor
mixture.

10. The light-emitting device according to claim 1,

wherein the semiconductor light-emitting element is pro-
vided with a light-emitting diode or a laser diode.

11. A backlight, comprising:

a mounting substrate; and

a light source, mounted on the mounting substrate, includ-
ing the light-emitting device according to claim 1.

12. The backlight according to claim 11,

wherein the light source includes a plurality of the light-
emitting devices which are arranged in a linear or matrix
form on the mounting substrate.

13. A liquid crystal display, comprising;

the backlight according to claim 12; and

a liquid crystal display part which is arranged on a light
emission surface side of the backlight.

14. The liquid crystal display according to claim 13,

wherein the backlight includes the plurality of the light-
emitting devices which are arranged in the matrix form,
and is arranged directly beneath the liquid crystal dis-
play part.

15. The liquid crystal display according to claim 13,

wherein the liquid crystal display part is arranged on a light
guide plate, and the backlight includes the plurality of
the light-emitting devices which are arranged in a linear
form, and is disposed at one end of the light guide plate.

L
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