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(57) Abstract: A light-emitting device includes a light-emitting element 4, a light-transmitting sealing portion covering the light-
emitting element 4, a multilaycr substrate 6 on which the light-emitting element 4 is mounted, and a reflecting plate 7 disposed on the
multilayer substrate 6, the sealing portion includes a first sealing layer 1 covering an outer surface of the light-emitting element 4, a
second sealing layer 2 covering the first sealing layer 1 and a third sealing layer 3 covering the second sealing layer 2, the reflecting
&> plate 7 surrounds the light-emitting element 4, and the third sealing layer 3 covers the reflecting plate 7 and is made to adhere to the
O\ multilayer substrate 6. This both suppresses a decrease in luminous flux of the light-emitting device using an LED and improves the

reliability of the sealing portion.
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DESCRIPTION
LIGHT-EMITTING DEVICE

Technical Field
The present invention relates to a light—emitting device such as a

light—emitting diode, using a light—emitting element.

Background Art
Light-emitting diodes (in the following, referred to as “LEDs”) are

superior in luminous efficiency, lifetime etc. over incandescent lamps, halogen
lamps or the like. Thus, they have come into use as a light—emitting device
in various displays and luminaires. The LED basically includes a
light—emitting element and a sealing portion that seals this light-emitting
element.

FIG. 11 is a sectional view showing a conventional lamp—type LED.
A conventional lamp—type LED 20 has a structure in which a light—emitting
element 22 mounted on a lead frame 21 is sealed vﬁth a single
light-transmitting sealing resin 23 such as an epoxy resin. Further, the
lamp—type LED 20 includes a reflecting plate 24 for reflecting light emitted
from the light—emitting element 22 in a given direction and a wire 25 for
supplying electricity to the light-emitting element 22. Moreover, the sealing
resin 23 sometimes is mixed with a phosphor for converting an emission
wavelength of the light—emitting element 22 into another wavelength or with
a filter material, a pigment or the like for absorbing a specific wavelength
(see JP 2001-57447 A, for example).

Further, FIG. 12 is a sectional view showing a conventional surface
mount—type LED. A conventional surface mount—type LED 30 has a
structure in which a light-emitting element 32 mounted in a cup 31 is sealed

with a single light-transmitting sealing resin 33 such as a silicone resin or an
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epoxy resin. Further, the surface mount—type LED 30 includes a reflecting
plate 34 for reflecting light emitted from the light—emitting element 32 in a
given direction and a wire 35 for supplying electricity to the light-emitting
element 32. Moreover, the sealing resin 33 sometimes is mixed with a
phosphor for converting an emission wavelength of the light—emitting
element 32 into another wavelength or with a filter material, a pigment or
the like for absorbing a specific wavelength.

As a material for sealing the light—emitting element, various
materials having a high light transmittance such as an epoxy resin, a silicone
resin and a urea resin conventionally have been used. Considering
reliability, costs and the like, the epoxy resin is used mainly.

The epoxy resin has a high adhesiveness to the lead franqe and the
substrate on which the light—emitting element is mounted and a high
hardness, which makes it easy to protect the light—emitting element against
an external shock. On the other hand, the epoxy resin has a property of
relatively easy degradation from heat and light. Although there are various
epoxy resins that are resistant to heat and light, their light-transmitting
properties are easily degraded over time because they are influenced directly
by both light and heat as long as they are in direct contact with the
light-emitting element. In particular, since these resins absorb light on a
short wavelength side, they turn into a yellowish color, so that a light
extraction efficiency lowers. Such a degradation of epoxy resins lowers a
luminous flux of the LED, leading to a shorter lifetime of the LED.

When luminaires using an LED come into use in the future, a large
number of LEDs have to be mounted to obtain a desired luminous flux
because a single LED has only a small luminous flux. Accordingly, it is
desired that the reliability of each LED be improved. Also, when a
light—-emitting element that emits light in blue and ultraviolet regions begins
to be used as a light—emitting element to be combined with a phosphor for a

use in an LED emitting white light (in the following, referred to as a “white
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LED”), the sealing material needs to have a further resistance to light and
heat. If the light—emitting device using the LED as an illuminating light
source is sealed with a single resin, namely, an epoxy resin alone, the lifetime
thereof is likely to become extremely short.

On the other hand, compared with the epoxy resin, a silicone material
has a property of being relatively stable toward heat and light. The
light-transmitting property of the silicone material does not degrade easily
over time, so that the silicone material does not turn into a yellowish color
easily.

However, the silicone material is unlikely to have a rigidity as high as
the epoxy resin. Even if it has a hardness equivalent to the epoxy resin, it is
more difficult to mold than the epoxy resin, so that the mechanical protection
of the light—emitting element cannot be provided easily. Furthermore,
compared with the epoxy resin, the silicone material has a poor adhesiveness
to the lead frame and the substrate on which the light-emitting element is
mounted. Therefore, phenomena such as thermal shock and the like
accompanied by expansion and shrinkage of each member easily bring about
deficiencies such as peeling. Accordingly, it is difficult to maintain the
sealing for a long time, and the reliability in the sealing portion is lower
compared with the sealing with the epoxy resin.

The LED needs to have a sufficient rigidity in its outer part of the
sealing portion and has to be sealed with a sealing material having a large
mechanical strength in order to protect the light—emitting element from an
external shock. On the other hand, in a part contacting the light—emitting
element, for the purpose of preventing damages caused by an application of a
mechanical stress to the light—emitting element or cracks generated in the
sealing material in the vicinity of the light—emitting element, the sealing has
to be carried out with a sealing material having a certain elasticity.

However, as described above, it is difficult to meet these requirements

simultaneously with a single sealing material, for example, an epoxy resin or
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a silicone material. Thus, a sealing portion with a double layer structure
conventionally has been suggested in which the vicinity of the light—emitting
element is covered with an elastic silicone material and its outer side is
covered with a resin or the like having a large mechanical strength (for
example, see FIG. 2 of JP 2000-150968 A).

However, even an LED with the double layer structure in which the
vicinity of the light—emitting element is covered with an elastic silicone
material and its outer side is covered with an epoxy resin having a large
mechanical strength has a problem in that the epoxy resin is degraded over
time by the light and heat emitted from the light—emitting element, thus
lowering its light transmittance and leading to a lower luminous flux of the
LED.

In other words, the LED generates heat when it is used for a long
time, and sometimes is heated up to nearly 100°C or more than 100°C in the
vicinity of the light—emitting element. Therefore, even in the LED with the
double layer structure in which the vicinity of the light—emitting element is
covered with an elastic silicone material and its outer side is covered with an
epoxy resin having a large mechanical strength, this heat and light degrade
the epoxy resin over time, so that the light-transmitting property of the
sealing portion lowers. Further, since a light—emitting device using a white
LED is provided with a light—emitting element emitting high energy light in
the blue and ultraviolet regions, the degradation of the epoxy resin is
enhanced further.

Moreover, in the above—described LED with the double layer
structure, when the resin in the inner layer expands or shrinks due to the
heat generated by the light—emitting element, the resin in the inner layer
and the resin in the outer layer are more likely to peel off from each other at
an interface between them. Furthermore, a stress is applied to the resin in
the outer layer, thus generating cracks or the like, so that the reliability in

the sealing portion may be impaired.
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In particular, in the above—described surface mount—type LED 30
illustrated in FIG. 12, regardless of whether the sealing poftion has asingle
layer structure or a double layer structure, when the silicone material is used
as the sealing resin 33, the adhesiveness to the reflecting plate 34 becomes
insufficient. Also, since the silicone material tends to expand and shrink
due to heat, the sealing resin 33 and the reflecting plate 34 peel off from each
other, and moisture enters through this peeling part, thus affecting the
light-emitting element 32 adversely in some cases. Moreover, even when
the epoxy resin is used as the sealing resin 33, a use of aluminum, for
example, as a material of the reflecting plate 34 lowers the adhesiveness of
the sealing resin 33 to the reflecting plate 34, causing a problem similar to

the above.

Disclosure of Invention

A first light—emitting device according to the present invention
includes a light—emitting element, and a light—-transmitting sealing portion
covering the light—emitting element. The sealing portion includes a first
sealing layer covering an outer surface of the light—emitting element, a
second sealing layer covering the first sealing layer and a third sealing layer
covering the second sealing layer.

A second light—-emitting device according to the present invention
includes a substrate, a plurality of light—emitting elements mounted on the
substrate, a light—transmitting sealing portion covering the light—emitting
elements, and a reflecting member disposed so as to surround the
light—-emitting elements. The sealing portion includes a first sealing layer
covering outer surfaces of the light-emitting elements, a second sealing layer
covering the first sealing layer and a third sealing layer covering the second
sealing layer. The third sealing layer covers the reflecting member and is

made to adhere to the substrate.
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Brief Description of Drawings

FIG. 11is a sectional view showing a lamp-type LED as an example of
a light—emitting device according to the present invention.

FIG. 2 is a sectional view showing a white LED as another example of
the light—emitting device according to the present invention.

FIG. 3 is a sectional view showing another white LED as an example
of the light—emitting device according to the present invention.

FIG. 4 is a sectional view showing another white LED as an example
of the light—emitting device according to the present invention.

FIG. 5 is a sectional view showing another white LED as an example
of the light—emitting device according to the present invention.

FIG. 6 is a sectional view showing another white LED as an example
of the light—emitting device according to the present invention.

FIG. 7 is a sectional view showing another white LED as an example
of the light—emitting device according to the present invention.

FIG. 8 is a sectional view showing another white LED as an example
of the light—emitting device according to the present invention.

FIG. 9 is a sectional view showing an illuminating module using
another white LED as an example of the light—emitting device according to
the present invention.

FIG. 10 shows a relationship between an elapsed time and a
luminous flux maintenance factor in the illuminating module.

FIG. 11 is a sectional view showing a conventional lamp—type LED.

FIG. 12 is a sectional view showing a conventional surface

mount-type LED.

Description of the Invention

The following is a description of embodiments of a light-emitting
device according to the present invention. An exemplary light-emitting

device of the present invention includes a light—emitting element and a
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light-transmitting sealing portion covering the light-emitting element. The
sealing portion includes a first sealing layer covering an outer surface of the
licht—emitting element, a second sealing layer covering the first sealing layer
and a third sealing layer covering the second sealing layer.

The above—noted sealing portion is formed to have a triple layer
structure, thereby increasing the flexibility in selecting a sealing material
and a sealing structure for each layer, making it possible to select a sealing
material and a sealing structure that are optimum for each layer.
Consequently, a decrease in luminous flux of the light—emitting device can be
suppressed, and the reliability of the sealing portion can be improved.

More specifically, for example, as the sealing material used for the
first sealing layer, it is possible to use a light-transmitting material whose
light transmission factor is not lowered very much by light and heat emitted
from the light—emitting element and that has an elasticity. The use of the
sealing material whose light transmission factor is not lowered very much by
the light and heat emitted from the light—emitting element prevents the
sealing material of the first sealing layer from degrading over time, thus
preventing deterioration in the light—transmitting property. Also, the use of
the sealing material that has an elasticity prevents damage due to an
application of a mechanical stress to the light—emitting element or cracks
generated in the sealing material in the vicinity of the light—emitting
element.

The above—noted light—transmitting material whose light
transmission factor is not lowered very much by the light and heat and that
has an elasticity can be, for example, water glass or a silicone material such
as a silicone resin, a silicone rubber, or the like.

Further, as the sealing material used for the second sealing layer, a
heat and light resistant light—transmitting material whose light transmission
factor is not lowered very much by light and heat emitted from the

light-emitting element can be used, for example. This prevents the sealing
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material of the second sealing layer from degrading over time, thus
preventing deterioration in the light—transmitting property. At the same
time, a heat—shielding effect of the first sealing layer and the second sealing
layer prevents the sealing material of the third sealing layer from degrading
over time, thus preventing deterioration in the light-transmitting property.

The above—noted heat and light resistant light—transmitting material
whose light transmission factor is not lowered very much by the light and
heat can be, for example, a heat and light resistant epoxy material such as a
silicone modified epoxy resin, an epoxy resin containing a hydrogenated
bisphenol A glycidyl ether as a main component, or a fluorocarbon resin, a
fluorocarbon rubber, a silicone material, water glass or the like.

Furthermore, as the sealing material used for the third sealing layer,
a light—transmitting material having a rigidity can be used, for example.
This makes it possible to protect the light—emitting element from an external
shock.

The above—noted light-transmitting material having a rigidity can be
an epoxy material such as an epoxy resin, or glass, a nylon resin,
polycarbonate, an acrylic resin or the like.

Also, the second sealing layer preferably is formed of a
light—transmitting material whose glass transition temperature is equal to or
higher than 100°C, more preferably is formed of a light—transmitting
material whose glass transition temperature is equal to or higher than 120°C
and most preferably is formed of a light—transmitting material whose glass
transition temperature is equal to or higher than 140°C. This makes it
possible to alleviate the stress from the second sealing layer to the third
sealing layer so as to improve the reliability of the sealing portion by the
third sealing layer. In other words, by forming the second sealing layer with
a light—transmitting material whose glass transition temperature is equal to
or higher than 100°C, even when the light—emitting element is kept

operating continuously in a state where the operating temperature of the
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atmosphere varies greatly, the deformation of the second sealing layer caused
by the expansion and shrinkage can be suppressed, and the stress from the
second sealing layer to the third sealing layer can be alleviated. Although
the upper limit of the glass transition temperature is not particularly limited,
the glass transition temperature is not higher than 190°C, for example, in the
case of an epoxy material used generally for sealing an LED.

The above—noted glass transition temperature of the
light-transmitting material of the second sealing layer can be adjusted
suitably. For example, the glass transition temperature can be varied by
changing the.composition of the light~transmitting material, raising the
curing temperature of the light—transmitting material, adjusting the amount
of a curing agent or the like.

Also, the light-emitting device according to the present embodiment
further can include a substrate on which the light—emitting element is
mounted, and a reflecting member disposed on the substrate. The reflecting
member can surround the light—emitting element, the first sealing layer can
cover the outer surface of the light-emitting element, the second sealing layer
can cover the first sealing layer, and the third sealing layer can cover the
second sealing layer and the reflecting member. Further, the third sealing
layer can be made to adhere to the substrate. In this embodiment, the third
sealing layer covers all of the light-emitting element, the first sealing layer,
the second sealing layer and the reflecting member on the substrate, and the
third sealing layer and the substrate are made to adhere to each other at a
peripheral part of these members. This makes it possible to prevent
moisture or the like from entering an inside of the light—-emitting device more
reliably, thus improving the reliability of the sealing portion of the
light—emitting device further.

Further, the above—mentioned reflecting member is not particularly
limited as long as it has a function of reflecting light from the light—emitting

element. For example, a reflecting plate, a reflecting film, a prism or the
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like can be used.

Moreover, the coefficient of linear expansion of the sealing material
forming the first sealing layer and that forming the second sealing layer can
be made substantially equal to each other, or the coefficient of linear
expansion of the sealing material forming the second sealing layer and that
forming the third sealing layer can be made substantially equal to each other.
In this way, even when repeating a high temperature state in which the
light—emitting element emits light and a low temperature state in which it
does not emit light, cracks are not generated easily in each layer of the
sealing portion, thus improving the reliability of the sealing portion.

It also is preferable that at least one sealing layer selected from the
group consisting of the first sealing layer, the second sealing layer and the
third sealing layer contains a phosphor material that is excited by light
emitted from the light—emitting element so as to emit light. This allows a
wavelength conversion of the light emitted from the light—emitting element
so as to emit light at a desired wavelength. Furthermore, in the case where
the light—emitting element emits visible light, it is possible to provide a
light-emitting device whose output light includes an emission component
from the light—emitting element and that from the phosphor material.

Furthermore, it is preferable that the third sealing layer has a higher
refractive index than the second sealing layer, and the second sealing layer
has a higher refractive index than the first sealing layer. This reduces the
total reflection of light, making it possible to raise the light extraction
efficiency.

Moreover, the light—emitting device according to the present
embodiment can include a plurality of light-emitting elements. This makes
it possible to use this light—emitting device as a high-power illuminating
module. In this case, the first sealing layer and the second sealing layer
may be formed for each light—emitting element and do not have to be layers

covering the plurality of light—emitting elements continuously.
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Now, the embodiments of the present invention will be described,
with reference to the accompanying drawings.

(First Embodiment)

FIG. 1is a sectional view showing a lamp-type LED as an example of
a light—emitting device according to the present invention. In this
light-emitting device, an outer surface of a light—emitting element 4 is
covered with a first sealing layer 1 formed of a first light—transmitting
material. The first sealing layer 1 is covered with a second sealing layer 2
formed of a second light-transmitting material, and the second sealing layer
92 is covered with a third sealing layer 3 formed of a third light—transmitting
material. In other words, a sealing portion of this light—emitting device has
a triple layer structure including the first sealing layer 1, the second sealing
layer 2 and the third sealing layer 3.

The first light—transmitting material can be the above—mentioned
light—transmitting material whose light transmission factor is not lowered
very much by the light and heat emitted from the light-emitting element 4
and that has an elasticity, and most preferably is a silicone material such as a
silicone resin, a silicone rubber, or the like. The second light—transmitting
material can be the above—mentioned heat and light resistant
light-transmitting material whose light transmission factor is not lowered
very much by the light and heat emitted from the light-emitting element 4,
and most preferably is a heat and light resistant epoxy material such as a
silicone modified epoxy resin, an epoxy resin containing a hydrogenated
bisphenol A glycidyl ether as a main component, or the like. In addition, the
third light-transmitting material can be the above—mentioned
light—transmitting material having a rigidity, and most preferably is an epoxy
material such as an epoxy resin or the like.

Furthermore, a phosphor material as a material for converting a
wavelength of light emitted from the light-emitting element 4 or a filter
material, a pigment or the like for absorbing light at a specific wavelength
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emitted from the light—emitting element 4 may be contained in at least one
selected from the group consisting of the first light—transmitting material,
the second light—transmitting material and the third light—transmitting
material.

(Second Embodiment)

FIG. 2 is a sectional view showing a white LED as another example of
a light—emitting device according to the present invention. In this
light-emitting device, an outer surface of a light—emitting element 4 is
covered with a first sealing layer 1, the first sealing layer 1 is surrounded by
and covered with a second sealing layer 2, and the second sealing layer 2 is
covered with a third sealing layer 3. In other words, a sealing portion of this
light-emitting device has a triple layer structure including the first sealing
layer 1, the second sealing layer 2 and the third sealing layer 3. The second
sealing layer 2 is formed into a convex lens shape for focusing light.

A first light-transmitting material forming the first sealing layer 1
can be the above—mentioned light—transmitting material whose light
transmission factor is not lowered very much by the light and heat emitted
from the light—emitting element 4 and that has an elasticity, and most
preferably is a silicone material. In order to prevent damages to the
light-emitting element 4, the first sealing layer 1 preferably has a thickness
of 40 um to 300 pm from the outer surface of the light—emitting element 4.

A second light—transmitting material forming the second sealing
layer 2 can be the above-mentioned heat and light resistant
light-transmitting material whose light transmission factor is not lowered
very much by the light and heat emitted from the light—emitting element 4,
and most preferably is a heat and light resistant epoxy material, although an
epoxy material, a silicone material, water glass or the like can be used. In
order to block heat emitted from the light—emitting element 4 and not to
increase internal stress, the second sealing layer 2 preferably has a thickness

of 150 um to 1000 pm from an interface with the first sealing layer 1.
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In addition, a third light—transmitting material forming the third
sealing layer 3 can be the above-mentioned light—transmitting material

having a rigidity, and most preferably is an epoxy material having an

excellent adhesiveness to a reflecting plate 7 and a multilayer substrate 6,
which will be described later. In order to protect the light—emitting element
4 from an external shock, the third sealing layer 3 preferably has a thickness
of 100 pm to 1000 pm from an interface with the second sealing layer 2.

Further, the first sealing layer 1 contains a phosphor, for example, (Y,
Gd)sAlsO1s: Ced* or (Sr, Ba)2SiO4: Eu2* as a yellow phosphor 5 that is
activated with Eu2* ions and has an emission peak in a wavelength region
from 560 nm to shorter than 580 nm.

The light—emitting element 4 is a blue light-emitting element having
an emission peak in a wavelength region from 440 nm to shorter than 500 nm.
The above—noted yellow phosphor 5 is excited by blue light from the
light-emitting element 4 so as to emit light including an emission component
from the light—emitting element 4 and that from the yellow phosphor 5. Due
to the mixture of the blue light and the yellow light, this output light becomes
white light.

The light-emitting element 4 is mounted on the multilayer substrate
6 via bumps 8. The multilayer substrate 6 includes a metal plate 6a, a first
insulating layer 6c and a second insulating layer 6d. Further, in the first
insulating layer 6c, a wiring pattern 6b is formed. Moreover, on the
multilayer substrate 6, a parabolic reflecting plate 7 is disposed, and the
light-emitting element 4 is disposed inside the parabolic portion of the
reflecting plate 7.

The light-emitting device is formed by forming the first
light-transmitting material (the first sealing layer 1) containing the yellow
phosphor 5 by printing so as to cover the light—emitting element 4, applying
the second light—transmitting material (the second sealing layer 2) inside the
parabolic portion of the reflecting plate 7 by a dispenser method, followed by
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heating and curing, and then forming the third light—transmitting material
(the third sealing layer 3) having an excellent adhesiveness to the reflecting
plate 7 and the multilayer substrate 6 by transfer molding. In addition to
the first sealing layer 1 and the second sealing layer 2, the third sealing layer
3 is provided to cover the entire light-emitting device, thereby achieving a
better sealing.

In the case of covering the light—emitting element with a single
sealing resin and heating and curing the sealing resin to achieve sealing, the
difference in temperature between the sealing resin surrounding the
light-emitting element and the sealing resin in the vicinity of the outer
surface arises at the time of curing the sealing resin, so that a residual stress
is generated easily inside the sealing resin. In contrast, by forming the
sealing portion with the triple layer structure as in the light—-emitting device
according to the present embodiment, the heating and curing can be
conducted for each layer, and each layer can be made thinner compared with
the case of the single layer structure. Consequently, a residual stress is not
generated easily.

By changing the height of the convex lens shape of the second sealing
layer 2, it is possible to change the luminous intensity distribution of the LED
without changing the shapes of the reflecting plate 7 and the third sealing
layer 3. In other words, by increasing the height of the convex lens shape, a
beam angle can be narrowed.

Further, in the case where an epoxy material is used as the second
light-transmitting material forming the second sealing layer 2 and the third
light-transmitting material forming the third sealing layer 3, it is preferable
that the epoxy material has a glass transition temperature of equal to or
higher than 100°C and a coefficient of linear expansion of 5.0 x 10-3 to 8.0 x
10-5 in order to prevent cracks being generated in the sealing material due to
thermal expansion and shrinkage and maintain a sufficient sealing.

In addition, it is preferable that the refractive index decreases from
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the third sealing layer 3 in an outermost part via the second sealing layer 2
as an intermediate layer to the first sealing layer 1 covering the
light-emitting element in this order. This reduces the total reflection of
light, making it possible to raise a light extraction efficiency.

A large number of the white LEDs according to the present
embodiment can be mounted on a planar substrate so as to be used as a
high—power illuminating module.

(Third Embodiment)

FIG. 3 is a sectional view showing another white LED as an example
of the light—emitting device according to the present invention. The
light-emitting device in the present embodiment is similar to that in the
second embodiment except that a system of mounting the light-emitting
element 4 is changed from a flip—chip type (the second embodiment) to a
silicon sub—mount system. In FIG. 3, numeral 9 denotes a back surface
electrode, and numeral 10 denotes a wire. The members common to the
second embodiment are assigned the same reference numerals, and the
description thereof will be omitted here.

(Fourth Embodiment)

FIG. 4 is a sectional view showing another white LED as an example
of the light—emitting device according to the present invention. The
light-emitting device in the present embodiment is similar to that in the
second embodiment except that the shape of the second sealing layer 2 is
changed from the convex lens shape to a concave lens shape. In FIG. 4, the
members common to the second embodiment are assigned the same reference
numerals, and the description thereof will be omitted here.

(Fifth Embodiment)

FIG. 5 is a sectional view showing another white LED as an example
of the light—emitting device according to the present invention. The
light-emitting device in the present embodiment is similar to that in the

second embodiment except that the shape of the second sealing layer 2 is
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changed from the convex lens shape to a flat shape. In FIG. 5, the members
common to the second embodiment are assigned the same reference numerals,
and the description thereof will be omitted here.

(Sixth Embodiment)

FIG. 6 is a sectional view showing another white LED as an example
of the light—emitting device according to the present invention. The
light-emitting device in the present embodiment is similar to that in the fifth
embodiment except that the second sealing layer 2 also covers an upper
surface of the reflecting plate 7. In FIG. 6, the members common to the fifth
embodiment are assigned the same reference numerals, and the description
thereof will be omitted here.

Incidentally, in the case where the second light—transmitting material
forming the second sealing layer 2 has a considerably larger coefficient of
linear expansion than the third light-transmitting material forming the third
sealing layer 3, it is preferable that the second light—transmitting material is
filled only within the parabolic portion of the reflecting plate 7 as in the fifth
embodiment in order to alleviate the stress to the third sealing layer 3 caused
by thermal shock.

(Seventh Embodiment)

FIG. 7 is a sectional view showing another white LED as an example
of the light—emitting device according to the present invention. The
light-emitting device in the present embodiment is similar to that in the fifth
embodiment except that the shape of the third sealing layer 3 is changed
from a flat shape to a convex lens shape. In FIG. 7, the members common to
the fifth embodiment are assigned the same reference numerals, and the
description thereof will be omitted here.

(Eighth Embodiment)

FIG. 8 is a sectional view showing another white LED as an example
of the light-emitting device according to the present invention. In the

light-emitting device in the present embodiment, the first sealing layer 1
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contains a red phosphor 11, the second sealing layer 2 contains a green
phosphor 12, and the third sealing layer 3 contains a blue phosphor 13.

Further, the light—emitting element 4 is an ultraviolet light-emitting
element having an emission peak in a wavelength region shorter than 380
nm. The red phosphor 11, the green phosphor 12 and the blue phosphor 13
respectively constituting color elements of Red, Green and Blue (RGB) are
excited by ultraviolet light from the light—emitting element 4 so as to emit
light. Due to the mixture of the RGB lights emitted from the respective
phosphors, the emitted light becomes white light.

The red phosphor 11 can be, for example, Sr2SisNs: Eu2* or the like,
the green phosphor 12 can be, for example, BaMgAli0017* Eu?*, Mn?* or the
like, and the blue phosphor 13 can be, for example, BaMgAl10O17: Eu2* or the
hike.

In the present embodiment, by changing the concentration of the
phosphors contained respectively in the first sealing layer 1, the second
sealing layer 2 and the third sealing layer 3 in the sealing portion or
changing the thickness of these layers, it is possible to extract light having
desired chromaticity coordinates.

If a white resin reflecting plate formed of AMODEL
(polyphthalamide), VECTRA (liquid crystal polyester resin) or the like is used
as the reflecting plate 7 in the present embodiment, it has a low light
reflectance at short wavelengths, and it is degraded by ultraviolet light.
Thus, an aluminum reflecting plate or the like having a high reflectance and
a stable property toward ultraviolet light or a reflecting plate obtained by
depositing metal on a surface of a white resin reflecting plate formed of
AMODEL or VECTRA is preferable.

In the present embodiment, the structure other than that described
above is substantially similar to that in the second embodiment. In FIG. 8,
the members common to the second embodiment are assigned the same

reference numerals, and the description thereof will be omitted here.
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(Ninth Embodiment)

FIG. 9 is a sectional view showing an illuminating module using
another white LED as an example of the light-emitting device according to
the present invention. The light—emitting device in the present embodiment
is a high-power illuminating module obtained by mounting a plurality of the
white LEDs according to the third embodiment on a planar substrate.
However, in the present embodiment, the second sealing layer 2 is not formed
into the convex lens shape. In FIG. 9, the description of the members
common to the third embodiment is omitted.

In the present embodiment, the third sealing layer 3 covers all of the
light—emitting element 4, the first sealing layer 1, the second sealing layer 2
and the reflecting plate 7 on the multilayer substrate 6, and the third sealing
layer 3 and the multilayer substrate 6 are made to adhere to each other at an
outermost peripheral part 14 of the reflecting plate 7. In this manner, it is
possible to prevent moisture or the like from entering an inside of the
light—emitting device reliably, thus improving the reliability of the sealing
portion of the light—emitting device.

Hereinafter, the present invention will be described more specifically
by way of examples. It should be noted however that the present invention
is not limited to these examples below.

(Example 1)

An illuminating module having a structure similar to that shown in
FIG. 9 was produced using 64 white LEDs with a triple layer structure. In
other words, the illuminating module in the present example had a structure
in which the third sealing layer 3 covered all of the light-emitting element 4,
the first sealing layer 1, the second sealing layer 2 and the reflecting plate 7
on the multilayer substrate 6 and the third sealing layer 3 and the multilayer
substrate 6 were made to adhere to each other at the outermost peripheral
part 14 of the reflecting plate 7.

The first light-transmitting material forming the first sealing layer 1
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was a silicone resin (“Silicone AY42” manufactured by Dow Corning Toray
Company, Limited), the second light-transmitting material forming the
second sealing layer 2 was a modified epoxy resin (“Formulated Epoxy Resin
XNR/H5212” manufactured by NAGASE & CO., LTD.; glass transition
temperature: 110°C), and the third light-transmitting material forming the
third sealing layer 3 was a bisphenol A epoxy resin (“NT300H” manufactured
by Nitto Denko Corporation).

With respect to 100 parts by weight first light-transmitting material,
70 parts by weight (Y, Gd)sAl;012: Ce3* yellow phosphor was contained. As
the light-emitting element 4, a blue light—emitting element having an
emission peak in a wavelength region from 440 nm to shorter than 500 nm
was used.

The metal plate 6a was a 1.0 mm thick aluminum plate, and the first
insulating layer 6c and the second insulating layer 6d respectively were
formed using a 0.1 mm thick epoxy resin containing an inorganic filler such
as AloOs or the like. The reflecting plate 7 was a 0.5 mm thick aluminum
plate. Also, the inner diameter D1 of the parabolic portion of the reflecting
plate 7 (see FIG. 9) was 1.69 mm, and the outer diameter D2 thereof (see FIG.
9) was 2.34 mm. The first sealing layer 1 had a thickness of 0.1 to 0.2 mm
from the outer surface of the light—emitting element 4, and the third sealing
layer 3 had a thickness of 0.4 mm on the reflecting plate 7.

(Example 2)

An illuminating module was produced similarly to Example 1 except
that a silicone resin manufactured by GE Toshiba Silicones (glass transition
temperature: 60°C) was used as the second light—transmitting material.

(Comparative Example)

An illuminating module was produced similarly to Example 1 except
that the second sealing layer 2 and the third sealing layer 3 were formed
together as a single layer using the bisphenol A epoxy resin used in Example

1 and combined with the first sealing layer 1 so as to form a sealing portion
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with a double layer structure.

Next, a lifetime test was conducted for the illuminating modules of
Example 1, Example 2 and Comparative Example. Under a test condition n
which the temperature of the light-emitting element was maintained at
100°C, the relationship between an elapsed time and a total luminous flux
maintenance factor was determined. The total luminous flux was measured
by an integrating sphere with a diameter of 60 cm. FIG. 10 shows the
results. In FIG. 10, the total luminous flux maintenance factor was
expressed as a relative value when the total luminous flux at the start of the
test was given as 1 (the reference value).

As becomes clear from FIG. 10, for the illuminating modules of
Examples 1 and 2, the total luminous flux maintenance factor remained 1
(100%) or higher when 500 hours elapsed. On the other hand, for the
illuminating module of Comparative Example, the total luminous flux
maintenance factor lowered to 0.85 (85%) when 500 hours elapsed.

(Example 3)

An illuminating module was produced similarly to Example 1 except
that the glass transition temperature of the modified epoxy resin used as the
second light-transmitting material in Example 1 was varied.

Next, using the obtained illuminating module, a thermal shock test
was conducted in accordance with Japanese Industrial Standards (JIS) C
7021. This thermal shock test evaluates the tolerance of a semiconductor
device when the semiconductor device is subjected to repeated thermal
distortions, and is carried out in a liquid layer. The temperature of the
liquid layer on a high temperature side was set to 100°C, which could be
reached in the case where the illuminating module was kept operating
continuously, whereas the temperature of the liquid layer on a low
temperature side was set to —40°C. The liquid in the liquid layer was a
fluoridated chemically inert fluid “Galden” for both of the high temperature

side and the low temperature side. The immersion period at each
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temperature was 5 minutes, the transfer period from the high temperature
side to the low temperature side was within 10 seconds, and 100 cycles of
these tests were conducted. Further, the illuminating module whose glass
transition temperature was 120°C went through the tests up to 200 cycles,
and that whose glass transition temperature was 140°C went through the

tests up to 300 cycles. Table 1 shows the results.

(Table 1)
Glass transm:) . Results of thermal shock test
temperature (°C)
- Crack generated in third sealing layer
60 - Crack generated in second sealing layer around wire
- Peeling occurred at interface between third sealing
layer and second sealing layer
90 - Minute crack generated around wire
100 - No crack or peeling
120 - No crack or peeling even after 200 test cycles
140 - No crack or peeling even after 300 test cycles

As becomes clear from Table 1, by setting the glass transition
temperature of the light-transmitting material for the second sealing layer to
100°C or higher, it was possible to maintain the reliability of the sealing
portion even in the case where the temperature of an atmosphere in which
the light-emitting device was used varied greatly. However, even if the
glass transition temperature of the second light—transmitting material was
lower than 100°C, no cracks or peeling occurred as long as the illuminating
module was kept operating in an atmosphere at room temperature.

The invention may be embodied in other forms without departing
from the spirit or essential characteristics thereof. The embodiments
disclosed in this application are to be considered in all respects as illustrative
and not limiting. The scope of the invention is indicated by the appended
claims rather than by the foregoing description, and all changes which come

within the meaning and range of equivalency of the claims are intended to be
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embraced therein.

Industrial Applicability

As described above, by forming a sealing portion of an LED to have a
‘triple layer structure, the present invention makes it possible to select a
sealing material and a sealing structure that are optimum for each layer,
thereby suppressing a decrease in luminous flux of the light—emitting device
and improving the reliability of the sealing portion. Thus, the present
invention improves the reliability of the light-emitting device in various

displays and luminaires.
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CLAIMS

1. Alight-emitting device comprising:

a light—-emitting element; and

a light-transmitting sealing portion covering the light—emitting
element;

wherein the sealing portion comprises a first sealing layer covering
an outer surface of the light—emitting element, a second sealing layer
covering the first sealing layer and a third sealing layer covering the second

sealing layer.

2. The light-emitting device according to claim 1, further comprising

a substrate on which the light—-emitting element is mounted, and

a reflecting member disposed on the substrate,

wherein the reflecting member surrounds the light—emitting element,
and

the third sealing layer covers the reflecting member and is made to

adhbere to the substrate.

3. The light—emitting device according to claim 1, wherein the second
sealing layer is formed of a light—transmitting material whose glass

transition temperature is equal to or higher than 100°C.

4. The light-emitting device according to claim 1, wherein at least one
sealing layer selected from the group consisting of the first sealing layer, the
second sealing layer and the third sealing layer comprises a phosphor
material that is excited by light emitted from the light—emitting element so
as to emit light.

5. The light-emitting device according to claim 1, wherein the first sealing
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layer is formed of a silicone material.

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

sealing layer is formed of a silicone material or an epoxy material.

7. The light—-emitting device according to claim 1, wherein the third sealing

layer is formed of an epoxy material.

8. The light—emitting device according to claim 1, wherein a sealing
10 material forming the first sealing layer has a substantially equal coefficient of

linear expansion to a sealing material forming the second sealing layer.

9. The light—emitting device according to claim 1, wherein a sealing
material forming the second sealing layer has a substantially equal
15 coefficient of linear expansion to a sealing material forming the third sealing

layer.

10. The light—emitting device according to claim 1, wherein the third sealing
layer has a higher refractive index than the second sealing layer, and the

20 second sealing layer has a higher refractive index than the first sealing layer.

11. The light-emitting device according to claim 1, comprising a plurality of
the light—emitting elements.

25 12. Alight—emitting device comprising:
a substrate;
a plurality of light—emitting elements mounted on the substrate;
a light-transmitting sealing portion covering the light—emitting
elements; and

30 a reflecting member disposed so as to surround the light-emitting




10

15

20

25

30

WO 2006/006544 — 925 - PCT/JP2005/012716

elements;

wherein the sealing bortion comprises a first sealing layer covering
outer surfaces of the light—emitting elements, a second sealing layer covering
the first sealing layer and a third sealing layer covering the second sealing
layer, and

the third sealing layer covers the reflecting member and is made to

adhere to the substrate.

13. The light-emitting device according to claim 12, wherein the second
sealing layer is formed of a light—transmitting material whose glass

transition temperature is equal to or higher than 100°C.

14. The light-emitting device according to claim 12, wherein at least one
sealing layer selected from the group consisting of the first sealing layer, the
second sealing layer and the third sealing layer comprises a phosphor
material that is excited by light emitted from the light—emitting elements so
as to emit light.

15. The light-emitting device according to claim 12, wherein the first

sealing layer is formed of a silicone material.

16. The light-emitting device according to claim 12, wherein the second

sealing layer is formed of a silicone material or an epoxy material.

17. The light-emitting device according to claim 12, wherein the third

sealing layer is formed of an epoxy material.

18. The light-emitting device according to claim 12, wherein a sealing
material forming the first sealing layer has a substantially equal coefficient of

linear expansion to a sealing material forming the second sealing layer.
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19. The light—-emitting device according to claim 12, wherein a sealing
material forming the second sealing layer has a substantially equal
coefficient of linear expansion to a sealing material forming the third sealing

layer.

20. The light—emitting device according to claim 12, wherein the third
sealing layer has a higher refractive index than the second sealing layer, and
the second sealing layer has a higher refractive index than the first sealing

layer.
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