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(57) ABSTRACT 
A light emitting device having: a ?ip-mounting type light 
emitting element; a substrate on Which the light emitting 
element is mounted, the substrate being of an inorganic 
material; a sealing portion to seal the light emitting element, 
the sealing portion being of an inorganic sealing material; an 
optical-shaped portion formed nearly semispherical, the 
optical-shaped portion being of the inorganic sealing mate 
rial; and a phosphor portion formed covering the optical 
shaped portion. 
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LIGHT EMITTING DEVICE AND METHOD OF 
MAKING THE SAME 

[0001] The present application is based on Japanese patent 
application Nos. 2005-012810 and 2005-027484, the entire 
contents of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to a Wavelength-conversion 
type light emitting device to Wavelength-convert a light 
emitted from a light emitting element and, in particular, to 
a Wavelength-conversion type light emitting device that is 
excellent in reliability, stable in brightness over a long term, 
and excellent in unevenness of emission color. 

[0004] Further, this invention relates to a light emitting 
device that the light emitting element is sealed With a glass 
sealing material and, in particular, to a light emitting device 
that is excellent in mass productivity, in sealing property and 
deterioration resistance under a high-temperature and high 
humidity environment, and in evenness of emission color. 

[0005] Further, this invention relates to a method of mak 
ing the above light emitting device. 

[0006] 2. Description of the Related Art 

[0007] A light emitting device is conventionally knoWn 
that uses an LED (light emitting diode) element as a light 
source. In recent years, such a light emitting device is in 
Wide use for an automobile lighting apparatus, a backlight 
light source in LCD devices, a lamp in small electronic 
device etc., and the other uses are also promising. 

[0008] A semiconductor light emitting device is proposed 
that White light is radiated by Wavelength-converting a light 
emitted from the LED element by a phosphor (e.g., JP-A 
2004-221619, [0009], [0014] and FIG. 1 thereof) 

[0009] The semiconductor light emitting device in JP-A 
2004-221619 comprises an LED With a lens-shaped resin 
sealing portion, and a transparent phosphor cover Which is 
disposed around the resin sealing portion. The LED is a 
GaN-based semiconductor light emitting element Which has 
an emission peak in 430 to 480 nm. The phosphor cover 
comprises a thin-?lm resin Which has an elasticity to be in 
close contact With the resin sealing portion, and a phosphor 
Which radiates a ?uorescent light by being excited by light 
emitted from the semiconductor light emitting element. 

[0010] The semiconductor light emitting device in JP-A 
2004-221619 is advantageous in that a desired emission 
color With high brightness can be obtained by mixing a light 
emitted from the semiconductor light emitting element With 
a light Wavelength-converted by the phosphor since the 
phosphor cover is disposed around the resin sealing portion. 

[0011] HoWever, the semiconductor light emitting device 
in JP-A-2004-221619 has the folloWing problems. 

[0012] (1) It is dif?cult to secure its long-term reliability 
since the resin sealing portion and the phosphor cover 
deteriorate due to the light emitted from the GaN-based 
semiconductor light emitting element. Further, the bright 
ness of the light emitting device loWers due to the deterio 
ration. 
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[0013] (2) The pro?le accuracy of the phosphor cover and 
the uniformity of phosphor dispersed must be enhanced in 
consideration of the unevenness in emission color and the 
light distribution property since the light radiation charac 
teristics of the semiconductor light emitting device are 
dependent on the shaping property of the resin sealing 
portion and the phosphor cover. Therefore, the manufactur 
ing process Will be complicated and the manufacturing cost 
Will increase. 

[0014] On the other hand, a resin-sealed type LED is 
conventionally knoWn that an LED element is sealed With a 
transparent resin material such as an epoxy resin. 

[0015] It is knoWn that the resin-sealed type LED is 
subjected to a deterioration such as yelloWing When the 
transparent resin material is reacted With intense light While 
it is excellent in sealing Workability due to using the 
transparent resin material. Especially in using a group III 
nitride-based compound semiconductor light emitting ele 
ment to emit short-Wavelength light, the transparent resin 
material near the element can be yelloWed due to high 
energy light emitted from the element and heat generated 
from the element. Therefore, the light extraction ef?ciency 
may loWer signi?cantly. 

[0016] To prevent the deterioration of the sealing material, 
a light emitting device is proposed that uses a loW-melting 
glass as the sealing material (e.g., JP-A-11-177129, [0007] 
and FIG. 1 thereof). 

[0017] FIG. 15 is a cross sectional vieW shoWing the light 
emitting device disclosed in JP-A-11-177129. The light 
emitting device 50 comprises an LED element 51, a printed 
circuit board 52, a Wiring pattern 53 formed on the surface 
of the printed-circuit board 52, a Wire 54 Which electrically 
connects betWeen the LED element 51 and the Wiring 
pattern 53, and the loW-melting glass 55 Which seals the 
LED element 51 and the Wire 54, and has a refractive index 
of about 2 Which is near 2.3 or so, the refractive index of a 
GaN-based LED element. 

[0018] The light emitting device in JP-A-11-177129 is 
advantageous in that a light returned to the inside of the LED 
element 51 due to total re?ection on the surface thereof can 
be reduced by sealing the LED element 51 With the loW 
melting glass 55 Which has a refractive index close to that of 
the GaN-based LED element. Thus, the amount of light 
entering into the loW-melting glass 55 after being emitted 
from the LED element 51 can be increased. As a result, the 
light extraction efficiency can be enhanced as compared to 
the conventional device With the LED element sealed With 
the epoxy resin. 

[0019] HoWever, the light emitting device in JP-A-ll 
177129 has problems in practical manufacturing and mass 
productivity since the loW-melting glass cannot be easy 
processed like the epoxy resin. 

[0020] For example, When the LED element is sealed With 
the glass in high-viscosity state so as to prevent the heat 
damage of the LED element, the Wire may be deformed by 
the high-viscosity glass so that the electrical short-circuiting 
or the disconnection of Wire may occur. Even When using the 
glass in loW-viscosity state, the molding as shoWn in FIG. 
15 is dif?cult to conduct. On the other hand, a resin 
printed-circuit board cannot endure the processing tempera 
ture, and an inorganic printed-circuit board may be broken 
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When being pressed by a mold. Further, since the glass 
sealed LED element requires an individual processing, not a 
batch processing due to the high-temperature processing, it 
cannot be applied to the mass production. 

[0021] As described above, a phosphor White LED With a 
good long-term reliability is never proposed, and a glass 
sealed LED With a good mass productivity is never pro 
posed. 

SUMMARY OF THE INVENTION 

[0022] It is an object of the invention to provide a light 
emitting device that is excellent in long-term reliability so 
that the brightness can be stabiliZed over a long term, and 
excellent in evenness of emission color. 

[0023] It is a further object of the invention to provide a 
light emitting device that is excellent in mass productivity, 
in sealing property and deterioration resistance under a 
high-temperature and high-humidity environment, and in 
evenness of emission color. 

[0024] It is a further object of the invention to provide a 
method of making the light emitting device. 

[0025] (1) According to one aspect of the invention, a light 
emitting device comprises: 

[0026] a ?ip-mounting type light emitting element; 

[0027] a substrate on Which the light emitting element is 
mounted, the substrate comprising an inorganic material; 

[0028] a sealing portion to seal the light emitting element, 
the sealing portion comprising an inorganic sealing material; 

[0029] an optical-shaped portion formed nearly semi 
spherical, the optical-shaped portion comprising the inor 
ganic sealing material; and 

[0030] a phosphor portion formed covering the optical 
shaped portion. 

[0031] (2) According to another aspect of the invention, a 
light emitting device comprises: 

[0032] 
[0033] a substrate on Which the light emitting element is 
mounted, the substrate comprising an inorganic material; 

[0034] a sealing portion to seal the light emitting element, 
the sealing portion comprising an inorganic sealing material; 

[0035] an optical-shaped portion formed nearly semi 
spherical, the optical-shaped portion comprising the inor 
ganic sealing material; and 

[0036] a phosphor portion formed covering the optical 
shaped portion, 

a ?ip-mounting type light emitting element; 

[0037] Wherein the inorganic material comprises a thermal 
expansion coef?cient equivalent to that of the light emitting 
element, and 

[0038] the inorganic sealing material comprises a thermal 
expansion coef?cient equivalent to that of the substrate and 
the light emitting element. 

[0039] In the above invention (1) or (2), the folloWing 
modi?cations and changes can be made. 
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[0040] (i) The inorganic sealing material comprises a glass 
material. 

[0041] (ii) The phosphor portion comprises an inorganic 
material and a phosphor. 

[0042] (iii) The phosphor portion comprises a thermal 
expansion coef?cient greater than the sealing portion. 

[0043] (iv) The phosphor portion comprises a dichroic 
mirror that a plurality of materials With different refractive 
indexes are alternately laminated, and a phosphor layer 
formed on the dichroic mirror. 

[0044] (v) The the phosphor portion comprises a loW 
melting ?uoride glass. 

[0045] (vi) The optical-shaped portion comprises a dimen 
sion to de?ne a ratio to a Width of the light emitting element 
of 21/2 or more and 10 or less. 

[0046] (3) According to another aspect of the invention, a 
light emitting device comprises: 

[0047] 
[0048] a substrate on Which the light emitting element is 
mounted, the substrate comprising an inorganic material; 

[0049] a sealing portion to seal the light emitting element, 
the sealing portion comprising an inorganic sealing material; 
and 

[0050] 
tion, 

a light emitting element; 

a coating portion formed covering the sealing por 

[0051] Wherein the sealing portion comprises a cutting 
face at Which an interface of the inorganic sealing material 
and the substrate is exposed and by Which the light emitting 
element is surrounded, and 

[0052] the sealing portion is covered With the coating 
portion on an entire surface thereof. 

[0053] (4) According to another aspect of the invention, a 
light emitting device comprises: 

[0054] 
[0055] a substrate on Which the light emitting element is 
mounted, the substrate comprising an inorganic material; 

[0056] a sealing portion to seal the light emitting element, 
the sealing portion comprising an inorganic sealing material; 
and 

[0057] 
tion, 

a light emitting element; 

a coating portion formed covering the sealing por 

[0058] Wherein the sealing portion comprises a cutting 
face by Which the light emitting element is surrounded, and 

[0059] the sealing portion is covered With the coating 
portion on an entire surface thereof that light emitted from 
the light emitting element reaches directly. 

[0060] In the above invention (3) or (4), the folloWing 
modi?cations and changes can be made. 

[0061] (vii) The light emitting element comprises a ?ip 
mounting type light emitting element, and 

[0062] the substrate comprises the inorganic material that 
comprises a thermal expansion coef?cient equivalent to that 
of the sealing portion. 
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[0063] (viii) The coating portion comprises a light-trans 
mitting inorganic material. 

[0064] (ix) The coating portion comprises a phosphor 
containing material. 

[0065] (x) The coating portion comprises a dichroic mir 
ror. 

[0066] (5) According to another aspect of the invention, a 
method of making a light emitting device comprises: 

[0067] a ?rst step that a substrate comprising an inorganic 
material is provided; 

[0068] a second stet that a plurality of light emitting 
elements are mounted on the substrate; 

[0069] a third step that the substrate With the plurality of 
light emitting elements mounted thereon is sealed With a 
sealing material; 

[0070] a fourth step that a cutting portion is provided in the 
sealing material; 

[0071] a ?fth step that a coating is formed on a surface of 
the sealing material including an exposed portion formed by 
providing the cutting portion; and 

[0072] a sixth step that the substrate With the sealing 
material is separated along the cutting potion. 

[0073] In the above invention (5), the folloWing modi? 
cations and changes can be made. 

[0074] (xi) The coating in the ?fth step is formed by 
sputtering. 

[0075] (xii) The coating in the ?fth step is formed by 
electrostatic coating. 

ADVANTAGES OF THE INVENTION 

[0076] According to the invention, since the light emitting 
element and the substrate both made of the inorganic mate 
rial are sealed With the inorganic sealing material, the 
sealing property and reliability can be enhanced. Further, 
deterioration caused by light emitted from the light emitting 
element can be suppressed, and a stable brightness can be 
kept Without unevenness in emission color over a long term. 

[0077] Furthermore, since the sealing portion and the 
substrate are covered With the light-transmitting inorganic 
coating portion, the Water resistance of the sealing portion 
can be enhanced and a good adhesion betWeen the substrate 
and the sealing portion can be secured. Further, even in high 
humidity environment, it can have a good sealing property 
and deterioration resistance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0078] The preferred embodiments according to the inven 
tion Will be explained beloW referring to the draWings, 
Wherein: 

[0079] FIG. 1A is a cross sectional vieW shoWing a light 
emitting device (herein also called LED) in a ?rst preferred 
embodiment according to the invention; 

[0080] FIG. 1B is a schematic diagram illustrating light 
radiation on the surface of a glass sealing portion; 
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[0081] FIGS. 2A to 2E are cross sectional vieWs shoWing 
a method of making the LED in the ?rst embodiment; 

[0082] FIG. 3 is a cross sectional vieW shoWing a light 
emitting device in a second preferred embodiment according 
to the invention; 

[0083] FIG. 4 is a cross sectional vieW shoWing a light 
emitting device in a third preferred embodiment according 
to the invention; 

[0084] FIG. 5A is a plain vieW shoWing an LED in a ?fth 
preferred embodiment according to the invention; 

[0085] FIG. 5B is a cross sectional vieW cut along a line 
B-B in FIG. 5A; 

[0086] FIG. 6A is a cross sectional vieW shoWing an LED 
lamp in a sixth preferred embodiment according to the 
invention; 

[0087] FIG. 6B is a cross sectional vieW shoWing: a 
light-emitting portion mounted on the LED lamp in FIG. 
6A; 

[0088] FIG. 7 is a cross sectional vieW shoWing a light 
emitting device in a seventh preferred embodiment accord 
ing to the invention; 

[0089] FIG. 8A to 8C are cross sectional vieWs shoWing 
a Wiring formation step to a glass preparation step in a 
method of making the LED in FIG. 7; 

[0090] FIG. 9A to 9D are cross sectional vieWs shoWing 
a glass sealing step to an LED separation step in the method 
of making the LED in FIG. 7; 

[0091] FIG. 10 is a cross sectional vieW shoWing a light 
emitting device in an eighth preferred embodiment accord 
ing to the invention; 

[0092] FIG. 11 is a cross sectional vieW shoWing a light 
emitting device (LED) in a ninth preferred embodiment 
according to the invention; 

[0093] FIG. 12A to 12C are cross sectional vieWs shoW 
ing a Wiring formation step to a glass preparation step in a 
method of making the LED in FIG. 11; 

[0094] FIG. 13A to 13C are cross sectional vieWs shoW 
ing a glass sealing step to an LED separation step in the 
method of making the LED in FIG. 11; 

[0095] FIG. 14A to 14D are cross sectional vieWs shoW 
ing a glass sealing step to an LED separation step in a 
method of making a concave groove in an LED in a tenth 
preferred embodiment according to the invention; and 

[0096] FIG. 15 is a cross sectional vieW shoWing the 
conventional light emitting device in JP-A-11-177129. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

First Embodiment 

[0097] FIG. 1A is a cross sectional vieW shoWing a light 
emitting device in the ?rst preferred embodiment according 
to the invention. FIG. 1B is a schematic diagram illustrating 
light radiation on the surface of a glass sealing portion. 
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Components of the Device 

[0098] As shown in FIG. 1A, the LED 1 comprises: a 
?ip-chip type LED element 2; an A1203 substrate 3, as an 
inorganic material substrate, provided With circuit patterns 
4A, 4B, and via holes 3A; an Au bump 5 to electrically 
connect betWeen the circuit pattern 4B and an electrode of 
the LED element 2; and a glass sealing portion 6 that is made 
of an inorganic sealing material to seal the A1203 substrate 
3 and the LED element 2 and is provided With an optical 
shaped portion 6A formed semispherical. 

(Details of the Components) 

[0099] The LED element 2 comprises, sequentially groWn 
on an underlying sapphire substrate, an AlN buffer layer and 
a GaN-based semiconductor layer including an n-GaN layer, 
a light-emitting layer, and a p-GaN layer. It has a horiZontal 
type electrode structure that a part of the n-GaN layer is 
exposed as an n-electrode formation region by etching the 
p-GaN layer through the n-GaN layer. It is ?ip-chip mounted 
on the circuit pattern 4B through the Au bump 5. The LED 
element 2 has a central emission Wavelength of about 470 
nm and a thermal expansion coef?cient of 7><10_6/o C. The 
ratio of the Width of the optical-shaped portion 6A of the 
LED 1 and the Width (i.e., the maximum Width, the length 
of a diagonal line in case of a square) of the LED element 
2 is determined to be 21/2 or more and 10 or less. 

[0100] The A1203 substrate 3 has a thermal expansion 
coef?cient of 7><10_6/o C., Which is nearly equivalent to that 
of the LED element 2. It is provided With the circuit patterns 
4A, 4B and the via pattern 4C Which are made of tungsten 
(W)inickel (Ni)igold (Au). 
[0101] The glass sealing portion 6 is made of loW-melting 
glass Which can be processed by hot pressing at a loW 
melting point of 6000 C. or less, and it has a thermal 
expansion coef?cient (7><10_6/o C.) nearly equivalent to that 
of the LED element 2 and the A1203 substrate 3. It is, on its 
surface, provided With the optical-shaped portion 6A Which 
is formed semispherical, and a phosphor ?lm 6B Which is 
formed, as a phosphor portion, on the surface of the optical 
shaped portion 6A. 

[0102] The phosphor ?lm 6B is formed by coating an 
acrylic coating material containing CezYAG (yttrium alumi 
num garnet) phosphor on the surface of the optical-shaped 
portion 6A and then drying it. As shoWn in FIG. 1B, light 
Lb reaching the phosphor ?lm 6B While transmitting the 
glass sealing portion 6 is irradiated to the phosphor and, 
thereby, yelloW lights Lb1 to Lb3 are radiated from the 
phosphor. 

(Method of Making the LED 1) 

[0103] A method of making the LED 1 of the ?rst embodi 
ment Will be described beloW. 

[0104] FIGS. 2A to 2E are cross sectional vieWs shoWing 
the method of making the LED 1 in the ?rst embodiment. 
Hereinafter, the A1203 substrate 3 is used Which is previ 
ously provided With a V groove 3G for separation and a via 
hole. 

[0105] (Wiring Formation Step) 

[0106] As shoWn in FIG. 2A, a W paste is screen-printed 
on the A1203 substrate 3 according to the circuit pattern. 
Then, the A1203 substrate 3 With the W paste printed thereon 
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is heated at 15000 C. to burn the W onto the A1203 substrate 
3. Then, Ni plating and Au plating are provided on the W to 
form the circuit patterns 4A, 4B and the via pattern 4C. 

[0107] (LED Element Mounting Step) 

[0108] Then, as shoWn in FIG. 2B, the LED element 2 is 
?ip-mounted through the Au bump 5 on the circuit pattern 
4B of the A1203 substrate 3. 

[0109] (LoW-Melting Glass Preparation Step) 

[0110] Then, as shoWn in FIG. 2C, a plate-like PZOSi 
ZnOiLiZO-based loW-melting glass 60 is parallel placed 
over the A1203 substrate 3. 

[0111] (Glass Sealing Step) 

[0112] Then, as shoWn in FIG. 2D, the loW-melting glass 
60 is hot-pressed at 550 to 5000 C. in a nitrogen atmosphere. 
The loW-melting glass 60 is bonded to the surface of the 
substrate through oxides contained in the A1203 substrate 3 
and the glass, and the glass sealing portion 6 is molded to 
have the semispherical optical-shaped portion 6A according 
to the form of a pressing mold. 

[0113] (Phosphor Film Formation Step) 

[0114] Then, as shoWn in FIG. 2E, With the plural LED’s 
1 formed in an array, the phosphor-containing acrylic coat 
ing material is coated on the surface of the glass sealing 
portion 6 and then dried to form the phosphor ?lm 6B on the 
surface of the glass sealing portion 6. 

[0115] Then, the LED 1 is separated by cutting the A1203 
substrate 3 along the V groove 3G. 

(Operation of the LED 1) 

[0116] The operation of the ?rst embodiment Will be 
described beloW. 

[0117] When current is fed through the circuit pattern 4A 
from a poWer supply (not shoWn), the light-emitting layer is 
current-fed through the electrode of the LED element 2. 
Thereupon, the light-emitting layer emits blue light. The 
blue light is inputted from the GaN-based semiconductor 
layer through the sapphire substrate to the glass sealing 
portion 6, reaching the optical-shaped portion 6A. The blue 
light reaching the optical-shaped portion 6A is then inputted 
to the phosphor ?lm 6B. Thereupon, the phosphor contained 
in the phosphor ?lm 6B radiates yelloW light While being 
excited by the inputted blue light. Thereupon, White light is 
generated by mixing the yelloW light With the blue light, and 
externally radiated from the phosphor ?lm 6B. 

Effects of the First Embodiment 

[0118] The effects of the ?rst embodiment are as folloWs. 

[0119] (1) Since the LED element 2 is sealed With the glass 
sealing portion 6 With the semispherical optical-shaped 
portion 6A, deterioration in the sealing material due to the 
self-heating or self-irradiating of the LED element 2 does 
not occur so that the LED 1 can have an excellent sealing 
property of the LED element 2 and a stable brightness over 
a long term. Further, the bonding strength betWeen the glass 
sealing portion 6 and the A1203 substrate 3 can be enhanced 
since they have an equivalent thermal expansion coef?cient 
















