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Description

Technical Field

[0001] The present invention relates to a UV photoexcited red light-emitting material and a light emitting apparatus.

Background Art

[0002] In recent years, as the demand for an LED (Light Emitting Diode) applied to lighting is increasing, the devel-
opment of LED having higher luminance is proceeding.
[0003] A high-luminance LED emits a light with high intensity, and further emits a large quantity of heat due to a large
current flowing the LED. Therefore, the members constituting the LED are exposed to a light with high intensity and
placed under high temperature conditions for a long term. For this reason, the members constituting the LED are required
to individually have high light resistance and high heat resistance.
[0004] There are generally representative white light emitting apparatuses (hereinafter, frequently referred to as "white
LEDs") of the following three types (Non-Patent Literature 1).
[0005] The white LED of the first type has only the light emitting devices in the one package therefor and does not
need a binder, such as an epoxy resin, and therefore can achieve high light resistance and high heat resistance. The
white LED of the first type, however, has a problem in that it is difficult to control the luminances and color tones of the
light emitting devices of three colors, so that the construction of the circuit for the control is inevitably complicated,
increasing the cost for production of the LED.
[0006] A white LED of the second type has in one package for the LED an ultraviolet (hereinafter, frequently referred
to as "UV") light emitting device and a binder, such as an epoxy resin, covering the ultraviolet light emitting device,
wherein the binder has dispersed therein an ultraviolet photoexcited red fluorescent substance, an ultraviolet photoexcited
green fluorescent substance, and an ultraviolet photoexcited blue fluorescent substance.
[0007] A white LED of the third type has in one package for the LED a blue light emitting device and a binder, such
as an epoxy resin, covering the blue light emitting device, wherein the binder has dispersed therein a blue-photoexcited
red fluorescent substance and a blue-photoexcited green fluorescent substance.
[0008] In each of the white LEDs of the second and third types, only one light emitting device is used in the one
package. Therefore, in the white LEDs of the second and third types, the luminance and color tone are easily controlled,
as compared to those in the white LED of the first type, and hence the circuit for the control can be simplified. Thus, the
white LEDs of the second and third types have an advantage in that the cost for production of the LED can be reduced.
Further, the white LEDs of the second and third types also have an advantage in that it is possible to increase the width
in which the color temperature is controlled.
[0009] However, both the white LEDs of the second and third types use a binder, and therefore pose a problem in
that the binder is exposed to a light with high intensity and placed under high temperature conditions for a long term and
hence is likely to deteriorate, so that the binder suffers discoloration to lower the light transmittance, reducing the light
emission efficiency.
[0010] Moreover, when a large current flows through the light emitting device to cause light emission with high lumi-
nance, not only the deterioration of the binder but also a lowering of the properties of the fluorescent substances may
occur Non-Patent Literature 2).
[0011] The white LED is not limited to one having the above-mentioned construction using the lights of three colors,
but may have a construction using lights of two colors having the relationship of complementary colors and passing
through the CIE chromaticity coordinates (0.33, 0.33) for a white light. For example, there is a white LED having in one
package for the LED a combination of a blue light emitting device and a blue-photoexcited yellow fluorescent substance
in a particulate form dispersed in a binder, such as an epoxy resin (Patent Literature 1). However, the white LED having
such a construction using the lights of two colors still has a problem of the lowering of the light emission efficiency due
to the deterioration of the binder.
[0012] Patent Literature 2 describes solid state light emitting devices which include a solid state light emitting die and
a light conversion structure comprising a single crystal phosphor on a light emitting surface of the solid state light emitting
die.
[0013] Patent Literature 3 describes compositions of formula EuxA1-xF2+x-2yOy wherein A is an alkaline earth, 0.002
≤ x ≤ 0.20, and 0 ≤ y ≤ x. Also described is the use of such compositions as identifying markers on commercial goods.
[0014] Non-Patent Literature 3 is a study into the refractive indices of materials of composition Sr1-xRxF2+x (R = Y,
La-Lu; 0 ≤ x ≤ 0.5). Non-Patent Literature 4 is a theoretical study into the refractive indices of materials of composition
M1-xRxF2+x (M = Ca, Sr, Ba, Cd, Pb; R = La-Lu, Y; 0 ≤ x ≤ 0.5).
[0015] For solving the problem of the deterioration of the binder, an attempt to use a silicone resin as a binder instead
of the epoxy resin has been made. However, the problem has not completely been solved.
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Summary of Invention

Technical Problem

[0018] A task of the present invention is to provide a UV photoexcited red light-emitting material which can stably emit
a red light at high efficiency even when a large current flows through a UV light emitting device to cause the material to
emit a light with high luminance, and a light emitting apparatus which can emit a red light or white light with high luminance
at high efficiency for a long term.

Solution to Problem

[0019] The present inventors have made various experiments and, as a result, have developed a novel single crystal
of fluoride represented by Ba1-xEuxF2+x-w (hereinafter, frequently referred to as "BaEuF"). This single crystal can stably
emit a red light with high luminance using a UV light as a light for excitation. The present inventors have confirmed that,
by using the single crystal and a UV light emitting device in combination, a light emitting apparatus using no binder can
be provided. They have confirmed that the light emitting apparatus is advantageous not only in that the light emitting
apparatus can emit a red light or white light with high luminance at high efficiency, but also in that the circuit for the light
emitting apparatus can be simplified, reducing the cost for production of the apparatus. The present invention has been
completed, based on the above finding.
[0020]

(1) The light emitting apparatus of the invention comprises:

a plate member having:

a UV photoexcitable red light-emitting material;
a UV photoexcitable yellow light-emitting material arranged in contact with the UV photoexcitable red light-
emitting material; and
a UV photoexcitable blue light-emitting material arranged in contact with the UV photoexcitable yellow light-
emitting material; and
a UV light emitting device having a light emitting surface;

wherein:

said UV photoexcitable red light-emitting material comprises a fluoride single crystal represented by the chemical
formula: Ba1-xEUxF2+x-w, wherein 0 < x ≤ 0.4 and 0 ≤ w ≤ 0.5, and wherein said fluoride single crystal is capable
of emitting red light on excitation by UV light;
said UV photoexcitable yellow light-emitting material is a cerium-added terbium-scandium-aluminum garnet-
type single crystal; and
said UV photoexcitable red light-emitting material is arranged with respect to the UV light emitting device so
that one surface of the plate member is opposite to the light emission surface of the UV light emitting device.
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(2) In the light emitting apparatus of the invention, it is preferred that the relationship: 0.05 ≤ x ≤ 0.3 is satisfied.
(3) In the light emitting apparatus of the invention, it is preferred that said fluoride single crystal has a flat-plate form.
(4) In the light emitting apparatus of the invention, it is preferred that the UV light emitting device has a light emission
peak wavelength in the range of from 250 to 425 nm.
(5) In the light emitting apparatus of the invention, it is preferred that the UV photoexcitable red light-emitting material
is arranged in contact with the light emission surface of the UV light emitting device.
(6) In the light emitting apparatus of the invention, the UV photoexcitable red light-emitting material is arranged apart
from the light emission surface of the UV light emitting device.
(7) In the light emitting apparatus of the invention, it is preferred that the UV photoexcitable blue light-emitting material
is a Ce:R2SiO5 (wherein R is at least one of Lu, Y, and Gd) single crystal.

Effects of Invention

[0021] The UV photoexcited red light-emitting material can stably emit a red light at high efficiency even when a large
current flows through the UV light emitting device to cause the material to emit a light with high luminance due to UV
photoexcitation.
[0022] In the light emitting apparatus of the invention, the light emitted from a UV light emitting device excites the UV
photoexcited red light-emitting material to cause light emission, and the light emitting apparatus uses no binder and can
emit a red light with high luminance at high efficiency for a long term. Therefore, the circuit for the light emitting apparatus
can be simplified, reducing the cost for production of the apparatus.
[0023] Further, in the light emitting apparatus of the invention, the light emitted from a UV light emitting device excites
not only the UV photoexcited red light-emitting material but also the UV photoexcited yellow light-emitting material and
UV photoexcited blue light-emitting material to cause light emission, and the light emitting apparatus uses no binder and
can emit a white light with high luminance at high efficiency for a long term. Therefore, the circuit for the light emitting
apparatus can be simplified, reducing the cost for production of the apparatus.

Brief Description of Drawings

[0024]

Fig. 1 shows diagrammatic views of the light emitting apparatus according to the first embodiment of the invention,
wherein (a) is a cross-sectional view of the light emitting apparatus, and (b) is a cross-sectional view of a light
emitting device constituting the light emitting apparatus and the portions around the light emitting device.
Fig. 2 shows diagrammatic views of the light emitting apparatus according to the second embodiment of the invention,
wherein (a) is a cross-sectional view of the light emitting apparatus, (b) is a cross-sectional view of a light emitting
device constituting the light emitting apparatus and the portions around the light emitting device, and (c) is a plan
view of the light emitting device constituting the light emitting apparatus.
Fig. 3 is a cross-sectional view of the light emitting apparatus according to the third embodiment of the invention.
Fig. 4 is a cross-sectional view of the light emitting apparatus according to the fourth embodiment of the invention.
Fig. 5 shows diagrammatic views of the light emitting apparatus according to the fifth embodiment of the invention,
wherein (a) is a cross-sectional view of the light emitting apparatus, and (b) is a cross-sectional view of a light
emitting device constituting the light emitting apparatus.
Fig. 6 is a cross-sectional view of the light emitting apparatus according to the sixth embodiment of the invention.
Fig. 7 is a cross-sectional view of the light emitting apparatus according to the seventh embodiment of the invention.
Fig. 8 is a cross-sectional view of the light emitting apparatus according to the eighth embodiment of the invention.
Fig. 9 is a cross-sectional view of the light emitting apparatus according to the ninth embodiment of the invention.
Fig. 10 is a cross-sectional view of the light emitting apparatus according to the tenth embodiment of the invention.
Fig. 11 is a photograph of the sample in Example 1.
Fig. 12 is a transmission spectrum of the sample in Example 1.
Fig. 13 is a fluorescence spectrum of the sample in Example 1.
Fig. 14 is an excitation spectrum of the sample in Example 1.
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Description of Embodiments

First embodiment

<UV Photoexcited red light-emitting material>

[0025] The UV photoexcited red light-emitting material comprises a fluoride single crystal represented by the chemical
formula: Ba1-xEuxF2+x-w (hereinafter, frequently referred to as "BaEuF single crystal"). Further, the relationships: 0 < x
≤ 0.4 and 0 ≤ w ≤ 0.5 are satisfied.
[0026] It is more preferred that the relationship: 0.05 ≤ x ≤ 0.3 is satisfied.
[0027] The UV photoexcited red light-emitting material comprising the above-mentioned fluoride single crystal has an
excitation peak wavelength in the range of from 250 to 425 nm, and serves as a red light-emitting material having a light
emission peak wavelength in the range of from 580 to 720 nm. By using in combination this UV photoexcited red light-
emitting material and a UV light emitting device having a light emission peak wavelength in the range of from 250 to 425
nm, a red light emitting apparatus having high luminance and high efficiency can be achieved.
[0028] The above-mentioned fluoride single crystal has high stability so that the crystal suffers no phase transition.
Therefore, the formation of a crack in the single crystal being cut can be satisfactorily suppressed, so that the generation
of the second phase in the crystal can be prevented, making it possible to obtain the single crystal having an increased size.
[0029] Further, the fluoride single crystal can be grown at a relatively low temperature, making it possible to reduce
the cost for production of the light emitting material.

<Method for producing the UV photoexcited red light-emitting material>

[0030] The above-mentioned UV photoexcited red light-emitting material can be grown by a melt-solidification method,
for example, as follows.
[0031] Predetermined raw materials are first individually weighed at a predetermined molar ratio.
[0032] Then, the weighed raw materials are mixed together in a crucible, and the crucible is placed in a vacuum created
using a vacuum pump, and then the atmosphere in a vacuum is changed to a CF4 (>99.99%) atmosphere and the
resultant mixture is slowly molten, followed by gradual cooling.
[0033] Thus, a UV photoexcited red light-emitting material comprising a fluoride single crystal represented by the
chemical formula: Ba1-xEuxF2+x-w can be produced through the above process.
[0034] Alternatively, the UV photoexcited red light-emitting material can be grown by a Czochralski (hereinafter, referred
to as "Cz") method, for example, as follows.
[0035] Predetermined raw materials are first individually weighed at a predetermined molar ratio, and then the weighed
raw materials are mixed together in a crucible, and the crucible is placed in a vacuum created using a vacuum pump,
and then the atmosphere in a vacuum is changed to a CF4 (>99.99%) atmosphere and the resultant mixture is slowly
molten, followed by gradual cooling, to form a first single crystal in a substantially disc shape. Subsequently, a seed
crystal in a rod shape is cut out from the first single crystal.
[0036] Subsequently, predetermined raw materials are individually weighed at a predetermined molar ratio, and the
weighed raw materials are mixed together in a crucible, and then the crucible is placed in a chamber, and a high vacuum
is created in the chamber using a vacuum pump to efficiently remove oxygen from the chamber, and then the atmosphere
in the chamber is changed to a CF4 (>99.99%) atmosphere.
[0037] Then, the crucible is heated using a high-frequency coil connected to a high-frequency generator (30 kW) to
slowly melt the raw material mixture in the crucible.
[0038] Then, one end side of the seed crystal in a rod shape is brought into contact with the molten liquid in the crucible,
and, while rotating the seed crystal around the center axis, the seed crystal is pull up from the molten liquid, causing a
single crystal to grow on the one end side of the seed crystal in contact with the molten liquid. For example, the rotational
speed is 1 to 50 rpm and the pulling speed is 0.1 to 10 mm/h.
[0039] Thus, a single crystal can be formed around the rod from one end side of the rod.
[0040] Subsequently, the formed single crystal is cut into a predetermined shape, for example, a substantially cylindrical
shape.
[0041] Thus, a UV photoexcited red light-emitting material comprising a fluoride single crystal represented by the
chemical formula: Ba1-xEuxF2+x-w can be produced through the above process.
[0042] Further alternatively, the fluoride single crystal can be produced by a Bridgman method.
[0043] Crystal growth by a Bridgman method is conducted, for example, as follows.
[0044] Predetermined raw materials are individually weighed at a predetermined molar ratio, and the raw materials
are mixed by stirring in a crucible, and then the crucible is placed in a chamber.
[0045] Then, a high vacuum is created in the chamber using a vacuum pump to efficiently remove moisture from the
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chamber, and, while maintaining the high vacuum, an electric current is allowed to flow through a heat source of a
resistance heating type arranged around the crucible to melt the raw materials in the crucible. The heat source has a
temperature gradient such that the upper portion has a temperature higher than the melting point of the raw materials
and the lower portion has a temperature lower than the melting point of the raw materials.
[0046] After the raw materials are molten, the crucible is moved from the upper portion of the heat source having a
temperature higher than the melting point of the raw materials toward the lower portion having a temperature lower than
the melting point. In this instance, a single crystal is grown from the molten liquid in the crucible positioned in a portion
at the melting point or a temperature lower than the melting point. This operation is continuously conducted, enabling
continuous growth of a single crystal.
[0047] In the production of the UV photoexcited red light-emitting material, the above-mentioned melt-solidification
method, Cz method, or Bridgman method is preferably used. This is because a fluoride single crystal having stable
properties can be easily obtained.
[0048] The method for producing the UV photoexcited red light-emitting material is not limited to the above-mentioned
methods. Other methods, such as a floating zone method (FZ method), a micro-pulling down method (m-PD method),
and a zone melting method, can be used.
[0049] However, when the UV photoexcited red light-emitting material is produced using a melt-solidification method,
a Cz method, or a Bridgman method, the resultant fluoride single crystal has high stability so that the crystal suffers no
phase transition. Therefore, the formation of a crack in the single crystal being cut can be satisfactorily suppressed, so
that the generation of the second phase in the crystal can be prevented, making it possible to obtain the single crystal
having an increased size. Further, the fluoride single crystal can be grown at a relatively low temperature, making it
possible to reduce the cost for production of the light emitting material.

<Light emitting apparatus>

[0050] Fig. 1 shows diagrammatic views of the light emitting apparatus according to the first embodiment of the
invention, wherein (a) is a cross-sectional view of the light emitting apparatus, and (b) is a cross-sectional view of a light
emitting device constituting the light emitting apparatus and the portions around the light emitting device.
[0051] As shown in Fig. 1 (a), the light emitting apparatus 1 substantially has a ceramic substrate 3, a UV light emitting
device (UV-LED) 10 disposed on the ceramic substrate 3, and a body 4 which is provided on the ceramic substrate 3
and in a wall-like form surrounding the UV light emitting device 10.
[0052] The ceramic substrate 3 is a plate-form member formed from a ceramic, such as Al2O3. The ceramic substrate
3 has on the surface thereof patterned wiring portions 31, 32 made from a metal, such as tungsten.
[0053] The body 4 is a member formed on the ceramic substrate 3 and made from a white resin, and has formed in
the center thereof an opening 4A. The opening 4A has a tapered form such that the opening width is gradually increased
outward from the ceramic substrate 3 side. The inner surface of the opening 4A serves as a reflection surface 40 for
reflecting the light emitted from the UV light emitting device 10 outward.
[0054] As shown in Fig. 1(b), in the UV light emitting device 10, an n-side electrode 15A and a p-side electrode 15B
are mounted on the wiring portions 31, 32 on the ceramic substrate 3 through bumps 16, 16 and they are electrically
connected.

<UV Light emitting device>

[0055] As the UV light emitting device 10, a flip chip device capable of emitting an ultraviolet (UV) light having a light
emission peak wavelength in the range of from 250 to 425 nm is used. As a material for the UV light emitting device 10,
an AlGaN compound semiconductor can be used.
[0056] As shown in Fig. 1(b), in the UV light emitting device 10, on the first principal surface 11a of a device substrate
11 formed from sapphire or the like, an n-type AIGaN:Si layer 12 through a buffer layer and an n+-GaN:Si layer, an
AlGaN light emission layer 13 having a multiple quantum well structure, and a p-type AlGaN:Mg layer 14 through a
p+-GaN:Mg layer on the p-type electrode 15B side are formed in this order. An n-side electrode 15A is formed on the
exposed portion of the n-type AlGaN:Si layer 12, and a p-side electrode 15B is formed on the surface of the p-type
AlGaN:Mg layer 14.
[0057] Carriers are injected into the AlGaN light emission layer 13 from the n-type AlGaN:Si layer 12 and p-type
AlGaN:Mg layer 14, so that the AlGaN light emission layer 13 emits a UV light. The UV light passes through the n-type
AlGaN:Si layer 12 and device substrate 11 and is emitted from the second principal surface 11b of the device substrate
11. That is, the second principal surface 11b of the device substrate 11 serves as a light emission surface of the light
emitting device 10.
[0058] The light emission surface is the surface of the UV light emitting device, and the surface through which a light,
especially in a large amount, from the inside to the outside of the device.
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[0059] The UV photoexcited red light-emitting material 2 is arranged in contact with the second principal surface 11b
of the device substrate 11, which is the light emission surface of the UV light emitting device 10, so as to entirely cover
the second principal surface 11b.
[0060] The UV photoexcited red light-emitting material 2 comprises one single crystal and is in a flat plate form, and
therefore the first surface 2a opposite to the device substrate 11 can be directly in contact with and fixed to the device
substrate 11 without using an epoxy resin between the first surface 2a and the second principal surface 11b of the device
substrate 11. As an example of the method for fixing the UV photoexcited red light-emitting material 2, there can be
mentioned a method for fixing the material using a metal piece.
[0061] The term "one single crystal" means a single crystal which has a size equivalent to or larger than the size of
the second principal surface 11b and the whole of which can be substantially regarded as one single crystal.
[0062] When the first surface 2a is directly in contact with and fixed to the device substrate 11 without using an epoxy
resin between the first surface 2a and the second principal surface 11b of the device substrate 11, the light emitted from
the UV light emitting device 10 can enter the UV photoexcited red light-emitting material 2 with a reduced loss of the
light, making it possible to improve the light emission efficiency of the UV photoexcited red light-emitting material 2.

<Light emission mechanism of the light emitting apparatus>

[0063] In the light emitting apparatus according to the first embodiment of the invention shown in Fig. 1, when electricity
is conducted through the UV light emitting device 10, electrons are injected into the AlGaN light emission layer 13 through
the wiring portion 31, n-side electrode 15A, and n-type AlGaN:Si layer 12. Further, holes are injected into the AlGaN
light emission layer 13 through the wiring portion 32, p-side electrode 15B, and p-type AlGaN:Mg layer 14, so that the
AlGaN light emission layer 13 emits a UV light. The UV light from the AlGaN light emission layer 13 passes through the
n-type AlGaN:Si layer 12 and device substrate 11 and is emitted from the second principal surface 11b of the device
substrate 11, and enters the first surface 2a of the UV photoexcited red light-emitting material 2.
[0064] The UV light, which has entered the first surface 2a, serves as a light for excitation and excites the UV pho-
toexcited red light-emitting material 2. The UV photoexcited red light-emitting material 2 absorbs the UV light from the
UV light emitting device 10, and wavelength-converts the absorbed UV light in wavelength into, for example, a red light
having a light emission peak wavelength in the range of from 580 to 720 nm, so that the light emitting apparatus 1 emits
a red light.
[0065] The light emitting apparatus 1 of the first embodiment of the invention uses the UV photoexcited red light-
emitting material 2 in a flat plate form comprising one single crystal, and does not use a binder, such as an epoxy resin,
for binding fluorescent substances in a particulate form, and therefore is free of a problem of the deterioration of the
binder, particularly the deterioration caused due to irradiation with a high power light for excitation, making it possible
to suppress a lowering of the light emission efficiency.
[0066] Further, the UV photoexcited red light-emitting material 2 in a flat plate form comprising one single crystal can
be reduced in surface area, as compared to the case where a number of fluorescent substances in a particulate form
are bound together, making it possible to suppress the deterioration of properties caused due to the influence of an
external environment.
[0067] The UV photoexcited red light-emitting material 2 in a flat plate form comprising one single crystal is used and
therefore, by increasing the quantum efficiency of the UV photoexcited red light-emitting material 2, the light emission
efficiency of the light emitting apparatus 1 can be improved.
[0068] Further, in the light emitting apparatus 1 of the first embodiment of the invention, as the UV photoexcited red
light-emitting material 2, a BaEuF single crystal is used. Therefore, the UV photoexcited red light-emitting material 2 can
efficiently absorb the UV light emitted from the UV light emitting device 10 to emit a red light with high luminance at high
quantum efficiency.

Second embodiment

[0069] Fig. 2 shows diagrammatic views of the light emitting apparatus according to the second embodiment of the
invention, wherein (a) is a cross-sectional view of the light emitting apparatus 1A, (b) is a cross-sectional view of a light
emitting device constituting the light emitting apparatus and the portions around the light emitting device, and (c) is a
plan view (c) of the light emitting device constituting the light emitting apparatus.
[0070] The light emitting apparatus 1A of the second embodiment of the invention has a light emission mechanism
that the UV light emitted from the UV light emitting device enters the UV photoexcited red light-emitting material comprising
one single crystal and is wavelength-converted in the UV photoexcited red light-emitting material, and this mechanism
is similar to that of the light emitting apparatus 1 of the first embodiment. On the other hand, the light emitting apparatus
1A is different from the light emitting apparatus 1 with respect to the construction of the UV light emitting device and the
arrangement of the UV photoexcited red light-emitting material for the UV light emitting device. Hereinbelow, with respect
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to the constituents of the light emitting apparatus 1A having the same functions and constructions as those described
in the first embodiment, common reference numerals are used in Fig. 2, and the descriptions of these constituents are
omitted.
[0071] As shown in Figs. 2(a) and 2(b), the light emitting apparatus 1A is arranged so that the device substrate 11 of
the UV light emitting device 10A faces the ceramic substrate 3 side. A UV photoexcited red light-emitting material 121
comprising one BaEuF single crystal is bonded to the UV light emitting device 10A on the opening 4A side. With respect
to the UV photoexcited red light-emitting material 121, the same material as the UV photoexcited red light-emitting
material 2 in the first embodiment can be used.
[0072] As shown in Figs. 2(b) and 2(c), the UV light emitting device 10A has a device substrate 11, an n-type AlGaN:Si
layer 12, a light emission layer 13, and a p-type AIGaN:Mg layer 14. Further, the UV light emitting device 10A has, on
the p-type AlGaN:Mg layer 14, a transparent electrode 140 formed from ITO (Indium Tin Oxide). A p-side electrode 15B
is formed on the transparent electrode 140. The transparent electrode 140 diffuses carriers injected from the p-side
electrode 15B to inject the carriers into the p-type AlGaN:Mg layer 14.
[0073] The UV photoexcited red light-emitting material 121 is formed so that, as shown in Fig. 2(c), the material has
recesses formed in the portions corresponding to the p-side electrode 15B and the n-side electrode 15A formed on the
n-type AlGaN:Si layer 12.
[0074] As shown in Fig. 2(a), an n-side electrode 15A of the UV light emitting device 10A is connected to a wiring
portion 31 of the ceramic substrate 3 through a bonding wire 311. The p-side electrode 15B of the UV light emitting
device 10A is connected to a wiring portion 32 of the ceramic substrate 3 through a bonding wire 321.
[0075] When electricity is conducted through the UV light emitting device 10A having the above-mentioned construction,
electrons are injected into the light emission layer 13 through the wiring portion 31, n-side electrode 15A, and n-type
AlGaN:Si layer 12. Further, holes are injected into the light emission layer 13 through the wiring portion 32, p-side
electrode 15B, transparent electrode 140, and p-type AlGaN:Mg layer 14. Thus, the light emission layer 13 emits a UV light.
[0076] The UV light from the light emission layer 13 passes through the p-type AlGaN:Mg layer 14 and transparent
electrode 140 and is emitted from a surface 140b of the transparent electrode 140. That is, the surface 140b of the
transparent electrode 140 serves as a light emission surface of the UV light emitting device 10A. The light emitted from
the surface 140b of the transparent electrode 140 enters the first surface 121a of the UV photoexcited red light-emitting
material 121.
[0077] The UV light, which has entered the UV photoexcited red light-emitting material 121 through the first surface
121a, serves as a light for excitation and excites the UV photoexcited red light-emitting material 121. The UV photoexcited
red light-emitting material 121 absorbs the UV light from the UV light emitting device 10A, and wavelength-converts the
absorbed light mainly into a red light. More specifically, the UV photoexcited red light-emitting material 121 is excited
by the UV light from the light emitting device 10A having a light emission peak wavelength in the range of from 250 to
425 nm to emit a red light having a light emission peak wavelength in the range of from 580 to 720 nm. Thus, the light
emitting apparatus 1A emits a red light.
[0078] In the second embodiment, the same actions and effects as those obtained in the first embodiment can be
obtained.

Third embodiment

[0079] Fig. 3 is a cross-sectional view of the light emitting apparatus according to the third embodiment of the invention.
[0080] The light emitting apparatus 1B of the third embodiment of the invention has a light emission mechanism that
the UV light emitted from the light emitting device enters the UV photoexcited red light-emitting material comprising one
single crystal and is wavelength-converted in the UV photoexcited red light-emitting material, and this mechanism is
similar to that of the light emitting apparatus 1 of the first embodiment. On the other hand, the light emitting apparatus
1B is different from the light emitting apparatus 1 with respect to the arrangement of the UV photoexcited red light-
emitting material. Hereinbelow, with respect to the constituents of the light emitting apparatus 1B having the same
functions and constructions as those described in the first and second embodiments, common reference numerals are
used in Fig. 3, and the descriptions of these constituents are omitted.
[0081] As shown in Fig. 3, the light emitting apparatus 1B has, on a ceramic substrate 3, a UV light emitting device
10 having the same construction as that in the first embodiment. As shown in Fig. 1(b), the UV light emitting device 10
emits a UV light toward the opening 4A side of the body 4 from the second principal surface 11b of the device substrate
11 positioned on the opening 4A side of the body 4.
[0082] A UV photoexcited red light-emitting material 122 is bonded to the body 4 so as to cover the opening 4A of the
body. The UV photoexcited red light-emitting material 122 is in a flat plate form and bonded to an upper surface 4b of
the body 4. With respect to the UV photoexcited red light-emitting material 122, the same material as the UV photoexcited
red light-emitting material 2 in the first embodiment can be used. Further, the UV photoexcited red light-emitting material
122 is larger than the UV light emitting device 10, and the whole of the material is substantially one single crystal.
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[0083] When electricity is conducted through the light emitting apparatus 1B having the above-mentioned construction,
the UV light emitting device 10 emits a UV light from the second principal surface 11b toward the UV photoexcited red
light-emitting material 122. The UV photoexcited red light-emitting material 122 receives the UV light from the light
emitting device 10 through the first surface 122a facing the light emission surface of the UV light emitting device 10, and
is excited by the UV light to emit a red light outward from the second surface 122b. Thus, the light emitting apparatus
1B emits a red light.
[0084] In the third embodiment, the same actions and effects as those obtained in the first embodiment can be obtained.
Further, in the light emitting apparatus 1B of the third embodiment, the UV light emitting device 10 and the UV photoexcited
red light-emitting material 122 are arranged apart from each other, and therefore, the UV photoexcited red light-emitting
material 122 having a large size can be used, as compared to the UV photoexcited red light-emitting material 2 arranged
in contact with the light emission surface of the UV light emitting device 10, improving the easy fitting to the light emitting
apparatus 1B.

Fourth embodiment

[0085] Fig. 4 is a cross-sectional view of the light emitting apparatus according to the fourth embodiment of the invention.
[0086] As shown in Fig. 4, the light emitting apparatus 1C of the fourth embodiment of the invention is different from
the light emitting apparatus 1B of the third embodiment with respect to the positional relationship between the UV light
emitting device, the substrate on which the UV light emitting device is mounted, and the UV photoexcited red light-
emitting material. Hereinbelow, with respect to the constituents of the light emitting apparatus 1C having the same
functions and constructions as those described in the first, second, and third embodiments, common reference numerals
are used in Fig. 4, and the descriptions of these constituents are omitted.
[0087] The light emitting apparatus 1C of the fourth embodiment of the invention has a body 5 formed from a white
resin, and a transparent substrate 6 held by a holding portion 51 in a slit form formed in the body 5. The light emitting
apparatus 1C has a UV photoexcited red light-emitting material 122 comprising one BaEuF single crystal disposed so
as to cover an opening 5A of the body 5. Further, the light emitting apparatus 1C has a UV light emitting device 10A
mounted on the surface of the transparent substrate 6 which is on the side opposite the UV photoexcited red light-
emitting material 122, and wiring portions 61, 62 for conducting electricity through the UV light emitting device 10A. The
composition of the UV photoexcited red light-emitting material 122 is the same as that of the UV photoexcited red light-
emitting material 2 in the first embodiment.
[0088] The body 5 has a curved depressed portion formed in the center thereof, and the surface of the depressed
portion serves as a reflection surface 50 for reflecting the light emitted from the UV light emitting device 10A toward the
UV photoexcited red light-emitting material 122 side.
[0089] The transparent substrate 6 is formed from a member having light transmitting properties, for example, a resin
having light transmitting properties, such as a silicone resin, an acrylic resin, or PET, a glass substance, or a single
crystal or polycrystal of sapphire, a ceramic, quartz, AIN, or the like. The transparent substrate 6 has light transmitting
properties such that the substrate transmits the UV light from the UV light emitting device 10A, and insulating properties.
To the transparent substrate 6 are bonded part of the wiring portions 61, 62. The n-side electrode and p-side electrode
of the UV light emitting device 10A are electrically connected to one end portions of the wiring portions 61, 62 through
bonding wires 611, 621.
[0090] When electricity is conducted through the light emitting apparatus 1C having the above-mentioned construction,
the UV light emitting device 10A emits a UV light, and a part of the UV light passes through the transparent substrate 6
and enters the first surface 122a of the UV photoexcited red light-emitting material 122. The remaining UV light is reflected
off the reflection surface 50 of the body 5 and passes through the transparent substrate 6 and enters the first surface
122a of the UV photoexcited red light-emitting material 122.
[0091] The UV light, which has entered the UV photoexcited red light-emitting material 122, is absorbed by the UV
photoexcited red light-emitting material 122 and wavelength-converted. The light emitting apparatus 1C emits a red light
wavelength-converted by UV photoexcited red light-emitting material 122.
[0092] In the fourth embodiment, the same actions and effects as those obtained in the third embodiment can be
obtained. Further, in the light emitting apparatus 1C, the UV light emitted from the UV light emitting device 10A to the
side opposite the UV photoexcited red light-emitting material 122 is reflected off the reflection surface 50, and passes
through the transparent substrate 6 and enters the UV photoexcited red light-emitting material 122, and therefore the
efficiency of taking light is improved.

Fifth embodiment

[0093] Fig. 5 shows diagrammatic views of the light emitting apparatus according to the fifth embodiment of the
invention, wherein (a) is a cross-sectional view of the light emitting apparatus, and (b) is a cross-sectional view of a light
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emitting device constituting the light emitting apparatus.
[0094] As shown in Fig. 5(a), the light emitting apparatus 1D of the fifth embodiment of the invention is different from
the light emitting apparatus 1B of the third embodiment with respect to the construction and arrangement of the UV light
emitting device. Hereinbelow, with respect to the constituents of the light emitting apparatus 1D having the same functions
and constructions as those described in the first, second, and third embodiments, common reference numerals are used
in Fig. 5, and the descriptions of these constituents are omitted.
[0095] In the light emitting apparatus 1D, a UV light emitting device 7 is disposed on a wiring portion 32 formed on
the ceramic substrate 3.
[0096] The UV light emitting device 7 is, as shown in Fig. 5(b), formed from a β-Ga2O3 substrate 70, a buffer layer
71, an Si-doped n+-GaN layer 72, an Si-doped n-AlGaN layer 73, an MQW (Multiple-Quantum Well) layer 74, an Mg-
doped p-AlGaN layer 75, an Mg-doped p+-GaN layer 76, and a p electrode 77, which are stacked in this order. An n
electrode 78 is formed on the surface of the β-Ga2O3 substrate 70 on the side opposite the buffer layer 71.
[0097] The β-Ga2O3 substrate 70 is formed from β-Ga2O3 which exhibits n-type conductivity. The MQW layer 74 is
an AlaGa1-aN/AlbGa1-bN (wherein a and b are different from each other and independently a number of 0 or more) light
emission layer having a multiple quantum well structure. The p electrode 77 is a transparent electrode comprising ITO
(Indium Tin Oxide), and is electrically connected to a wiring portion 32. The n electrode 78 is connected to a wiring
portion 31 of the ceramic substrate 3 through a bonding wire 321. As a device substrate, SiC may be used instead of
β-Ga2O3.
[0098] When electricity is conducted through the UV light emitting device 7 having the above-mentioned construction,
electrons are injected into the MQW layer 74 through the n electrode 78, β-Ga2O3 substrate 70, buffer layer 71, n+-GaN
layer 72, and n-AlGaN layer 73. Further, holes are injected into the MQW layer 74 through the p electrode 77, p+-GaN
layer 76, and p-AIGaN layer 75. Thus, the UV light emitting device 7 emits a UV light. The UV light passes through the
β-Ga2O3 substrate 70 and others and is emitted from the light emission surface 7a of the UV light emitting device 7, and
enters the first surface 122a of the UV photoexcited red light-emitting material 122. The UV photoexcited red light-
emitting material 122 receives the UV light from the UV light emitting device 7 through the first surface 122a facing the
light emission surface of the UV light emitting device 7, and is excited by the UV light to emit a red light outward from
the second surface 122b. Thus, the light emitting apparatus 1D emits a red light.
[0099] In the fifth embodiment, the same actions and effects as those obtained in the third embodiment can be obtained.

Sixth embodiment

[0100] Fig. 6 is a cross-sectional view of the light emitting apparatus according to the sixth embodiment of the invention.
[0101] As shown in Fig. 6, in the light emitting apparatus 1E of the sixth embodiment, a UV photoexcited yellow light-
emitting material is disposed on the UV photoexcited red light-emitting material on the UV light emitting device, and a
UV photoexcited blue light-emitting material is disposed on the UV photoexcited yellow light-emitting material. Except
for this, the construction is the same as that of the light emitting apparatus 1 of the first embodiment. Hereinbelow, with
respect to the constituents of the light emitting apparatus having the same functions and constructions as those described
in the first through fifth embodiments, common reference numerals are used in Fig. 6, and the descriptions of these
constituents are omitted.
[0102] In the light emitting apparatus 1E, a UV photoexcited yellow light-emitting material 85 is disposed on the UV
photoexcited red light-emitting material 2 on the UV light emitting device 10, and a UV photoexcited blue light-emitting
material 95 is disposed on the UV photoexcited yellow light-emitting material 85. The UV photoexcited red light-emitting
material 2 emits a red light using a part of the UV light from the UV light emitting device 10, the UV photoexcited yellow
light-emitting material 85 emits a yellow light using another part of the UV light from the UV light emitting device 10, and
the UV photoexcited blue light-emitting material 95 emits a blue light using the remaining UV light from the UV light
emitting device 10. The thus emitted red light, yellow light, and blue light are mixed together, so that the light emitting
apparatus 1E emits a white light.

Seventh embodiment

[0103] Fig. 7 is a cross-sectional view of the light emitting apparatus according to the seventh embodiment of the
invention.
[0104] As shown in Fig. 7, in the light emitting apparatus according to the seventh embodiment, a UV photoexcited
yellow light-emitting material is disposed on the UV photoexcited red light-emitting material on the UV light emitting
device, and a UV photoexcited blue light-emitting material is disposed on the UV photoexcited yellow light-emitting
material. Except for this, the construction is the same as that of the light emitting apparatus 1A of the second embodiment.
Hereinbelow, with respect to the constituents of the light emitting apparatus having the same functions and constructions
as those described in the first through sixth embodiments, common reference numerals are used in Fig. 7, and the
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descriptions of these constituents are omitted.
[0105] In the light emitting apparatus 1F, a UV photoexcited yellow light-emitting material 86 is disposed on the UV
photoexcited red light-emitting material 121 on the UV light emitting device 10A, and a UV photoexcited blue light-emitting
material 96 is disposed on the UV photoexcited yellow light-emitting material 86. The UV photoexcited red light-emitting
material 121 emits a red light using a part of the UV light from the UV light emitting device 10A, the UV photoexcited
yellow light-emitting material 86 emits a yellow light using another part of the UV light from the UV light emitting device
10A, and the UV photoexcited blue light-emitting material 96 emits a blue light using the remaining UV light from the UV
light emitting device 10A. The thus emitted red light, yellow light, and blue light are mixed together, so that the light
emitting apparatus 1F emits a white light.

Eighth embodiment

[0106] Fig. 8 is a cross-sectional view of the light emitting apparatus according to the eighth embodiment of the present
invention.
[0107] As shown in Fig. 8, in the light emitting apparatus according to the eighth embodiment, a UV photoexcited
yellow light-emitting material is disposed on the UV photoexcited red light-emitting material, and a UV photoexcited blue
light-emitting material is disposed on the UV photoexcited yellow light-emitting material. Except for this, the construction
is the same as that of the light emitting apparatus 1B of the third embodiment. Hereinbelow, with respect to the constituents
of the light emitting apparatus having the same functions and constructions as those described in the first through seventh
embodiments, common reference numerals are used in Fig. 8, and the descriptions of these constituents are omitted.
[0108] In the light emitting apparatus 1G, a UV photoexcited yellow light-emitting material 87 is disposed on the UV
photoexcited red light-emitting material 122, and a UV photoexcited blue light-emitting material 97 is disposed on the
UV photoexcited yellow light-emitting material 87. The UV photoexcited red light-emitting material 122 emits a red light
using a part of the UV light from the UV light emitting device 10, the UV photoexcited yellow light-emitting material 87
emits a yellow light using another part of the UV light from the UV light emitting device 10, and the UV photoexcited blue
light-emitting material 97 emits a blue light using the remaining UV light from the UV light emitting device 10. The thus
emitted red light, yellow light, and blue light are mixed together, so that the light emitting apparatus 1G emits a white light.

Ninth embodiment

[0109] Fig. 9 is a cross-sectional view of the light emitting apparatus according to the ninth embodiment of the invention.
[0110] As shown in Fig. 9, in the light emitting apparatus according to the ninth embodiment, a UV photoexcited yellow
light-emitting material is disposed on the UV photoexcited red light-emitting material, and a UV photoexcited blue light-
emitting material is disposed on the UV photoexcited yellow light-emitting material. Except for this, the construction is
the same as that of the light emitting apparatus 1C of the fourth embodiment. Hereinbelow, with respect to the constituents
of the light emitting apparatus having the same functions and constructions as those described in the first through eighth
embodiments, common reference numerals are used in Fig. 9, and the descriptions of these constituents are omitted.
[0111] In the light emitting apparatus 1H, a UV photoexcited yellow light-emitting material 87 is disposed on the UV
photoexcited red light-emitting material 122, and a UV photoexcited blue light-emitting material 97 is disposed on the
UV photoexcited yellow light-emitting material 87. The UV photoexcited red light-emitting material 122 emits a red light
using a part of the UV light from the UV light emitting device 10A, the UV photoexcited yellow light-emitting material 87
emits a yellow light using another part of the UV light from the UV light emitting device 10A, and the UV photoexcited
blue light-emitting material 97 emits a blue light using the remaining UV light from the UV light emitting device 10A. The
thus emitted red light, yellow light, and blue light are mixed together, so that the light emitting apparatus 1H emits a
white light.

Tenth embodiment

[0112] Fig. 10 is a cross-sectional view of the light emitting apparatus according to the tenth embodiment of the invention.
[0113] As shown in Fig. 10, in the light emitting apparatus according to the tenth embodiment, a UV photoexcited
yellow light-emitting material is disposed on the UV photoexcited red light-emitting material, and a UV photoexcited blue
light-emitting material is disposed on the UV photoexcited yellow light-emitting material. Except for this, the construction
is the same as that of the light emitting apparatus 1D of the fifth embodiment. Hereinbelow, with respect to the constituents
of the light emitting apparatus having the same functions and constructions as those described in the first through ninth
embodiments, common reference numerals are used in Fig. 10, and the descriptions of these constituents are omitted.
[0114] In the light emitting apparatus 1J, a UV photoexcited yellow light-emitting material 87 is disposed on the UV
photoexcited red light-emitting material 122, and a UV photoexcited blue light-emitting material 97 is disposed on the
UV photoexcited yellow light-emitting material 87. The UV photoexcited red light-emitting material 122 emits a red light
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using a part of the UV light from the UV light emitting device 7, the UV photoexcited yellow light-emitting material 87
emits a yellow light using another part of the UV light from the UV light emitting device 7, and the UV photoexcited blue
light-emitting material 97 emits a blue light using the remaining UV light from the UV light emitting device 7. The thus
emitted red light, yellow light, and blue light are mixed together, so that the light emitting apparatus 1J emits a white light.
[0115] In the light emitting apparatuses 1E, 1F, 1G, 1H, 1J of the sixth through tenth embodiments, it is preferred that
each of the UV photoexcited blue light-emitting materials 95, 96, 97 is a Ce:R2SiO5 (wherein R is at least one of Lu, Y,
and Gd) single crystal. This is because the use of the above single crystal can achieve light emission with high luminance,
and further processing the single crystal into a predetermined size and fitting the single crystal to the UV light emitting
devices 7, 10, 10A or light emitting apparatuses 1E, 1F, 1G, 1H, 1J are easy.
[0116] In the light emitting apparatuses 1E, 1F, 1G, 1H, 1J of the sixth through tenth embodiments, it is preferred that
each of the UV photoexcited yellow light-emitting materials 85, 86, 87 is a cerium-added terbium-scandium-aluminum
garnet-type single crystal.
[0117] Specifically, preferred is the UV photoexcited yellow light-emitting material comprising a single crystal repre-
sented by the chemical formula: ((Tb1-zCez)1-yLy)a(M1-xNx)bAlcO12-w. In the above chemical formula, L represents at
least one of Sc, Y, Lu, Yb, Tm, Mg, Ca, Hf, and Zr, M represents Sc, and N represents at least one of Tb, Ce, Y, Lu, Yb,
Tm, Mg, Ca, Hf, and Zr. a, b, c, x, y, z, and w, respectively, satisfy the relationships: 2.5 ≤ at 3.5, 0 ≤ b ≤ 2.5, 2.5 ≤ c ≤
5.5, 0 ≤ x ≤ 1,0 ≤ y ≤ 0.5, 0.0001 ≤ z ≤ 0.05, and 0 ≤ w ≤ 0.5.
[0118] The above material is preferred because the use of the above material can achieve light emission with high
luminance, and further processing the material into a predetermined size and fitting the material to the UV light emitting
devices 7, 10, 10A or light emitting apparatuses 1E, 1F, 1G, 1H, 1J are easy.
[0119] In the light emitting apparatuses 1E, 1F, 1G, 1H, 1J of the sixth through tenth embodiments, the UV photoexcited
yellow light-emitting materials 85, 86, 87 and UV photoexcited blue light-emitting materials 95, 96, 97 are fitted to the
UV photoexcited red light-emitting materials 2, 121, 122 on the outer side, namely, on the side opposite the UV light
emitting devices 7, 10, 10A. However, there is no particular limitation with respect to the fitting of the UV photoexcited
yellow light-emitting materials 85, 86, 87 and UV photoexcited blue light-emitting materials 95, 96, 97 to the UV pho-
toexcited red light-emitting material 122. For example, the UV photoexcited yellow light-emitting materials 85, 86, 87
and UV photoexcited blue light-emitting materials 95, 96, 97 may be fitted to the UV photoexcited red light-emitting
materials 2, 121, 122 on the inner side, namely, on the UV light emitting devices 7, 10, 10A side.
[0120] In the light emitting apparatuses 1E, 1F, 1G, 1H, 1J of the sixth through tenth embodiments, it is preferred that
the thicknesses of the plates of the UV photoexcited red light-emitting materials 2, 121, 122, UV photoexcited yellow
light-emitting materials 85, 86, 87, and UV photoexcited blue light-emitting materials 95, 96, 97 are controlled so that
the CIE chromaticity coordinates for a white light are around (0.33, 0.33). In this case, the color purity can be improved
so that the light emitting apparatus does not emit a bluish white or yellowish white light but emits a pure white light.
[0121] In the light emitting apparatuses 1, 1A, 1B, 1C, 1D, 1E, 1F, 1G, 1H, 1J of the first through tenth embodiments,
the UV photoexcited red light-emitting materials 2, 121, 122 are arranged with respect to the UV light emitting devices
7, 10, 10A so that the light emitted from the UV light emitting devices 7, 10, 10A enters the UV photoexcited red light-
emitting materials 2, 121, 122. Therefore, the UV photoexcited red light-emitting materials 2, 121, 122 can be efficiently
excited by the light emitted from the UV light emitting devices 7, 10, 10A, enabling light emission with high luminance.
[0122] The form of the light emitting apparatus of the invention is not limited to those mentioned above. A construction
such that one light emitting apparatus has a plurality of UV light emitting devices may be employed. Further, a single
crystal material having a different color tone from that used in the invention, such as a green fluorescent substance,
may be used in combination with the single crystal in the invention.
[0123] The UV photoexcited red light-emitting material and light emitting apparatus of the invention are not limited to
the above-mentioned embodiments, and can be changed or modified within the scope of the technical ideas of the
invention. Hereinbelow, the invention will be described in more detail with reference to the following Examples. However,
the following Examples should not be construed as limiting the scope of the invention.

Examples

(Example 1)

<Preparation of a sample in Example 1>

[0124] BaF2 (form: powder; purity: 99.99% or more) and EuF3 (form: powder; purity: 99.99% or more) were used as
raw materials.
[0125] BaF2 and EuF3 were first individually weighed. The BaF2:EuF3 (molar ratio) was 87.5:12.5.
[0126] Then, the weighed BaF2 and EuF3 were mixed together in a crucible, and the crucible was placed in a vacuum
created using a vacuum pump, and then the atmosphere in a vacuum was changed to a CF4 (>99.99%) atmosphere
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and the resultant mixture was gradually molten. Subsequently, the molten mixture was slowly cooled, thus forming a
single crystal in a disc shape (sample in Example 1) by a melt-solidification method.
[0127] Fig. 11 is a photograph of the sample in Example 1.
[0128] As shown in Fig. 11, the single crystal as the sample in Example 1 had a diameter of 4 cm. The single crystal
had a thickness of 0.5 cm.
[0129] The sample in Example 1 was subjected to powder X-ray diffractometry. As a result, only diffraction peaks
ascribed to BaEuF were observed, which confirmed that BaF2 and EuF3 did not remain. Thus, this single crystal was
identified as Ba0.875Eu0.125F2.125 (composition initially charged).
[0130] Then, the obtained single crystal was cut into a specimen having a size of 1.5 3 1.5 3 4.5 mm3.
[0131] Then, the cut specimen was subjected to mirror polishing for the entire surface to obtain a sample for meas-
urement.

<Evaluation of the single crystal>

[0132] With respect to the single crystal, a transmission spectrum, a fluorescence spectrum, and an excitation spectrum
were measured. The results are shown in Figs. 12, 13, and 14.
[0133] In the transmission spectrum, absorption peaks were seen in 200 to 400 nm.
[0134] In the fluorescence spectrum, high intensity peaks were respectively seen around 590 nm and around 700 nm,
and low intensity peaks were respectively seen around 620 nm and around 650 nm. Ba0.875Eu0.125F2.125 (sample in
Example 1) emitted a red light having a first light emission peak wavelength of 590 nm, a second light emission peak
wavelength of 700 nm, a third light emission peak wavelength of 690 nm, a fourth light emission peak wavelength of
620 nm, and a fifth light emission peak wavelength of 645 nm.
[0135] In the excitation spectrum, an excitation peak wavelength was seen in the range of from 200 to 400 nm.

<Formation of a light emitting apparatus>

[0136] A UV light emitting device having an AlGaN layer as a light emission layer was first prepared.
[0137] Then, Ba0.875Eu0.125F2.125 (sample in Example 1) was cut into a circular form as viewed in the plane by dicing
with respect to the plane perpendicular to the axial direction, and the resultant circular crystal was further cut according
to the size of the second principal surface of the device substrate of the UV light emitting device.
[0138] Then, the obtained single crystal plate was bonded to the second principal surface of the device substrate of
the UV light emitting device.
[0139] Subsequently, the electrode of the UV light emitting device was bonded through a bump to the wiring portion
formed on a ceramic substrate.
[0140] Thus, the light emitting apparatus shown in Fig. 1 (light emitting apparatus in Example 1) was prepared through
the above process.
[0141] By conducting electricity through the UV light emitting device from the wiring portion, red light emission with
high luminance form the light emitting apparatus was achieved.

(Example 2)

[0142] The light emitting apparatus shown in Fig. 1 (light emitting apparatus in Example 1) was prepared in the same
manner as in Example 1.
[0143] Then, a Ce:TSAG single crystal plate which is a yellow fluorescent substance was prepared, and cut according
to the size of the second principal surface of the device substrate of the UV light emitting device.
[0144] Then, the cut Ce:TSAG single crystal plate was bonded to the Ba0.875Eu0.125F2.125 (sample in Example 1)
single crystal plate in the light emitting apparatus in Example 1.
[0145] Subsequently, a Ce:Lu2SiO5 (LSO) single crystal plate which is a blue fluorescent substance was prepared,
and cut according to the size of the Ce:TSAG single crystal plate.
[0146] Then, the cut Ce:Lu2SiO5 (LSO) single crystal plate was bonded to the Ce:TSAG single crystal plate in the
light emitting apparatus in Example 1.
[0147] Thus, the light emitting apparatus shown in Fig. 6 (light emitting apparatus in Example 2) was prepared through
the above process.
[0148] By conducting electricity through the UV light emitting device from the wiring portion, white light emission with
high luminance from the light emitting apparatus was achieved.
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Reference Signs List

[0149]

1, 1A, 1B, 1C, 1D, 1E, 1F, 1G, 1H, 1J: Light emitting apparatus
2, 121, 122: UV Photoexcited red light-emitting material
2b, 121b, 122b: Second surface (Light emission surface)
7, 10, 10A: UV Light emitting device
85, 86, 87: UV Photoexcited yellow light-emitting material
95, 96, 97: UV Photoexcited blue light-emitting material

Industrial Applicability

[0150] The UV photoexcited red light-emitting material of the present invention can stably emit a red light at high
efficiency even when a large current flows through a UV light emitting device to cause the material to emit a light with
high luminance due to UV photoexcitation. In the light emitting apparatus of the invention having the UV photoexcited
red light-emitting material, the light emitted from the UV light emitting device excites the UV photoexcited red light-
emitting material to cause light emission, and the light emitting apparatus uses no binder and can emit a red light or
white light with high luminance at high efficiency for a long term. Therefore, the circuit for the light emitting apparatus
can be simplified, reducing the cost for production of the apparatus.

Claims

1. A light emitting apparatus comprising:

a plate member having:

a UV photoexcitable red light-emitting material;
a UV photoexcitable yellow light-emitting material arranged in contact with the UV photoexcitable red light-
emitting material; and
a UV photoexcitable blue light-emitting material arranged in contact with the UV photoexcitable yellow light-
emitting material; and
a UV light emitting device having a light emitting surface;

wherein:

said UV photoexcitable red light-emitting material comprises a fluoride single crystal represented by the chemical
formula: Ba1-xEuxF2+x-w, wherein 0 < x ≤ 0.4 and 0 ≤ w ≤ 0.5, and wherein said fluoride single crystal is capable
of emitting red light on excitation by UV light;
said UV photoexcitable yellow light-emitting material is a cerium-added terbium-scandium-aluminum garnet-
type single crystal; and
said UV photoexcitable red light-emitting material is arranged with respect to the UV light emitting device so
that one surface of the plate member is opposite to the light emission surface of the UV light emitting device.

2. A light emitting apparatus according to claim 1, wherein 0.05 ≤ x ≤ 0.3.

3. A light emitting apparatus according to claim 1 or 2, wherein said fluoride single crystal has a flat-plate form.

4. A light emitting apparatus according to any of claims 1 to 3, wherein the UV light emitting device has a light emission
peak wavelength in the range of from 250 to 425 nm.

5. A light emitting apparatus according to any of claims 1 to 3, wherein the UV photoexcitable red light-emitting material
is arranged in contact with the light emission surface of the UV light emitting device.

6. A light emitting apparatus according to any of claims 1 to 3, wherein the UV photoexcitable red light-emitting material
is arranged apart from the light emission surface of the UV light emitting device.
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7. A light emitting apparatus according to any of claims 1 to 6, wherein the UV photoexcitable blue light-emitting material
is a Ce:R2SiO5 (wherein R is at least one of Lu, Y, and Gd) single crystal.

Patentansprüche

1. Lichtemissionsvorrichtung umfassend:

ein Plattenteil aufweisend:

ein UV photoerregbares rotes Licht emittierendes Material;
ein UV photoerregbares gelbes Licht emittierendes Material angeordnet in Kontakt mit dem UV photoer-
regbaren rotes Licht emittierenden Material; und
ein UV erregbares blaues Licht emittierendes Material angeordnet in Kontakt mit dem UV photoerregbaren
gelbes Licht emittierenden Material; und
eine UV Licht emittierende Einrichtung, die eine Licht emittierende Oberfläche hat;

wobei:

das UV photoerregbare rotes Licht emittierende Material einen Fluoridmonokristall umfasst, repräsentiert mittels
der chemischen Formel:
Ba1-xEuxF2+x-w, wobei 0 < x ≤ 0,4 und 0 ≤ w ≤ 0,5, und wobei der Fluoridmonokristall in der Lage ist, auf Anregung
mittels UV Licht rotes Licht zu emittieren;
wobei das UV photoerregbare gelbes Licht emittierende Material ein Cerium-ergänzter Terbium-Skandium-
Aluminium-granattyp-Monokristall ist; und
das UV photoerregbare rotes Licht emittierende Material in Bezug auf die UV Licht emittierende Einrichtung
derartig angeordnet ist, dass eine Oberfläche des Plattenteils gegenüber der Licht emittierenden Oberfläche
der UV Licht emittierenden Einrichtung ist.

2. Lichtemissionsvorrichtung nach Anspruch 1, wobei 0,05 ≤ x ≤ 0,3.

3. Lichtemissionsvorrichtung nach Anspruch 1 oder 2, wobei der Fluoridmonokristall eine Flachscheibenform hat.

4. Lichtemissionsvorrichtung nach einem der Ansprüche 1 bis 3, wobei die UV Licht emittierende Einrichtung eine
Lichtemissionsspitzenwellenlänge in dem Bereich von 250 bis 425 nm hat.

5. Lichtemissionsvorrichtung nach einem der Ansprüche 1 bis 3, wobei das UV photoerregbare rotes Licht emittierende
Material in Kontakt mit der Licht emittierenden Oberfläche der UV Licht emittierenden Einrichtung angeordnet ist.

6. Lichtemissionsvorrichtung nach einem der Ansprüche 1 bis 3, wobei das UV photoerregbare rotes Licht emittierende
Material abseits der Licht emittierenden Oberfläche der UV Licht emittierenden Einrichtung angeordnet ist.

7. Lichtemissionsvorrichtung nach einem der Ansprüche 1 bis 6, wobei das UV photoerregbare blaues Licht emittie-
rende Material ein Ce:R2SiO5 (wobei R mindestens eines aus Lu, Y and Gd) Monokristall ist.

Revendications

1. Appareil émettant de la lumière comportant:

un élément de plaque comprenant:

un matériau photo-excitable par les UV émettant de la lumière rouge;
un matériau photo-excitable par les UV émettant de la lumière jaune disposé en contact avec le matériau
photo-excitable par les UV émettant de la lumière rouge et
un matériau photo-excitable par les UV émettant de la lumière bleue agencé en contact avec le matériau
photo-excitable par les UV émettant de la lumière jaune; et
un dispositif émettant de la lumière UV ayant une surface d’émission de lumière;
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dans lequel:

ledit matériau photo-excitable par les UV émettant de la lumière rouge comprend un monocristal de fluorure
représenté par la formule chimique: Ba1-xEuxF2+x-w, dans laquelle 0<x ≤0,4 et 0≤w ≤0,5 et dans lequel ledit
monocristal de fluorure est capable d’émettre de la lumière rouge lors d’une excitation par une lumière UV; ledit
matériau photo-excitable par les UV émettant de la lumière jaune est un monocristal de type grenat de cérium
et terbium-scandium-aluminium; et
ledit matériau photo-excitable par les UV émettant de la lumière rouge est disposé par rapport au dispositif
émetteur de lumière UV de sorte qu’une surface de l’élément de plaque soit opposée à la surface d’émission
de lumière du dispositif d’émission de lumière UV.

2. Appareil émettant de la lumière selon la revendication 1, dans lequel 0,05<x ≤0,3.

3. Appareil émettant de la lumière selon la revendication 1 ou 2, dans lequel ledit monocristal de fluorure présente
une forme en plaque plate.

4. Appareil émettant de la lumière selon l’une quelconque des revendications 1 à 3, dans lequel le dispositif émettant
de la lumière UV présente un pic de longueur d’onde d’émission de lumière dans l’intervalle compris entre 250 à
425 nm.

5. Appareil émettant de la lumière selon l’une quelconque des revendications 1 à 3, dans lequel le matériau photo-
excitable par les UV émettant de la lumière rouge est disposé en contact avec la surface d’émission de lumière du
dispositif émettant de la lumière UV.

6. Appareil émettant de la lumière selon l’une quelconque des revendications 1 à 3, dans lequel le matériau photo-
excitable par les UV émettant de la lumière rouge est disposé à distance de la surface d’émission de lumière du
dispositif émettant de la lumière UV.

7. Appareil émettant de la lumière selon l’une quelconque des revendications 1 à 6, dans lequel le matériau photo-
excitable par les UV émettant de la lumière bleue est un monocristal de Ce:R2SiO5 (dans lequel R représente au
moins un Lu, Y et Gd).
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