
;cdefghije3ebpbm6RT+%/18 SEP 2004  DESCRIPTION  LIGHT. EMITTING DIODE,
OPTICAL SEMICONDUCTOR DEVICE, EPOXY RESIN COMPOSITION SUITED FOR OPTICAL
SEMICONDUCTOR 5 DEVICE, AND METHOD FOR MANUFACTURING THE SAME Technical
Field The present invention relates to an optical semiconductor device such
as light emitting diode of mainly 10 surface mounted type that can be used
for the back light of a liquid crystal display, full-color display,
built-in lamp of a switch, illumination light source, various indicators
and traffic lights, and a method for producing the same, and a light
transmitting epoxy resin composition that has 15 high light resistance and
pliability suitable for the light emitting diode. Background Art An 'LED
chip that uses a nitride semiconductor 20 ( InxGaYAlI_x-YN, 0 ~ X ~ 1, 0 ~
Y ~ 1 ) , a semiconductor light emitting element capable of emitting blue
light with high brightness has recently been developed. Light emitting
devices based on nitride semiconductor have such advantages as higher
output power than those of light 25 emitting devices that use GaAs, A1InGaP
or the like to emit   16 SEP 2004 



2 light within a range from red to yellowish green and less color shift
caused by temperature change, but has such a drawback that it is difficult
to obtain a high output power in a wavelength region including the
wavelength of green 5 light and longer. On the other hand, the applicant of
the present invention have developed a light emitting diode that is capable
of emitting white light by disposing YAG_:Ce fluorescent material, a
fluorescent material capable of absorbing a part of blue light emitted by
the LED chip 10 described above thereby emitting yellow light, on the LED
chip and have applied for patent (International Publication No. W098/5078).
The light emitting diode is, despite the relatively simple constitution of
single-chip two-terminal 15 configuration, capable of synthesizing light
from the LED chip that is electrically connected to a lead electrode and
light from a fluorescent material such as YAG:Ce included in a light
transmitting resin that covers the LED chip, and emitting the synthesized
white light through a convex lens. 20 The light emitting diode allows it to
modify the synthesized light emitted by the light emitting diode from
bluish white to a desired color such as yellowish white by adjusting the
content of the fluorescent material. It may also be possible to emit yellow
or red light, for example, 25 by adding a pigment.   16 SEP 2004 3 



Meanwhile diversification of the applications for the light emitting diode
has generated the needs for a light emitting diode that can emit light with
higher luminance. In recent years, chip light emitting diodes are widely 5
used as the light source for illuminating switch, fullcolor display, back
light for liquid crystal display and the like. The chip light emitting
diode is made,. by electrically connecting a light emitting element in 'a
recess of a package and covering the light emitting element 10 with a light
transmitting resin so as to seal the chip. On the other hand, the rapid
advancement in the optical semiconductor technology has been causing .a
great increase in the output power of the optical semiconductor devices and
remarkable decrease in the wavelength of the 15 emitted light. A light
emitting diode made of a nitride semiconductor, for example, can emit light
with peak intensity at any wavelength within a range from about 350 nm to
650 nm depending on the elements that constitute the light emitting layer.
It has also be made possible to emit 20 light with a high output power of 5
mW or over in visible light region of wavelengths not longer than 550 nm
(including near ultraviolet and blue-green light) by using multiple quantum
well structure in the light emitting layer of a nitride semiconductor. Such
a high output power gives 25 rise to a new problem. That is, for a optical
16 SEP 2004 4 semiconductor device that can emit or receive light of such a
high energy, it is important to prevent the molding resin from being
deteriorated, by the light and reduce the stress generated by heat between
the molding resin and the optical 5 semiconductor chip. Japanese Unexamined
Patent Publication No. 2000-l96151 discloses a molding resin containing, as
a main component, an alicyclic epoxy resin instead of bisphenol epoxy
resin. An epoxy resin composition obtained by curing the alicyclic 10 epoxy
resin, as a main component, with an acid anhydride contains substantially
no carbon-carbon double bond, that causes light deterioration, 'in a main
skeleton .thereof. As a result, such an epoxy resin composition is less
susceptible to deterioration of the molding resin even 15 after being
irradiated with light for a long period of time and has relatively good
pliability. Thus the semiconductor chip is less likely to be damaged by the
thermal stress. However, epoxy resin cured by acid anhydride cannot be
used' in a surface mounted device (SMD) that comprises a 20 semiconductor
chip mounted directly on the substrate surface, since such a device
requires it to form a thin film of the molding resin. That is, the surface
mounted device requires a thin film of the molding resin 1 mm or less in
thickness formed thereon, the mixture liquid of 25 epoxy resin that is
applied has a larger area exposed to  



16 SEP 2004 5 the atmosphere. However, since the acid anhydride curing
agent has high volatility and high hydroscopicity and takes a relatively
longer time, from 5 to 20 hours, to cure, the. acid anhydride curing agent
absorbs moisture and evaporates 5 during curing, thus making it difficult
for the epoxy resin to properly cure. The epoxy resin that has cured
unsatisfactorily cannot demonstrate the proper function of resin with the
light and heat resistance significantly deteriorated. 10 For the reason
described above, a ration curing agent such as aromatic sulfonium salt is
commonly used instead of the acid anhydride curing agent for such
applications that require thin film such as surface mounted device. The
ration curing agent allows for satisfactory curing even 15 when a mixture
liquid thereof with epoxy resin is applied in a thin film, because of low
volatility. However, since the ration curing agent has an intrinsic
tendency to absorb blue light and light having shorter wavelengths, epoxy
resin that has been cured by the 20 ration curing agent is liable to
discoloration, namely to become yellowish due to absorption of short
wavelength light. As a result, it has been difficult to use epoxy resin
that is cured by the ration curing agent in a optical semiconductor device
that emits or receives blue light and 25 shorter wavelengths. Also because
the curing reaction   16 SEP 2004 6 proceeds almost only by the
ring-opening reaction of epoxy groups, the epoxy resin composition thus
obtained has a three-dimensional network wherein ether bonds are arranged
relatively orderly and has lower pliability. Thus there 5 has been such a
problem, when epoxy resin that is cured by means of a ration curing agent
is used in a optical semiconductor device, that a large stress is generated
between the optical semiconductor chip and the molding resin during heating
and cooling of the optical 10 semiconductor device, eventually leading to
cracks generated in the optical semiconductor chip and wire breakage. To
improve the pliability of epoxy resin composition cured with the ration
curing agent, the epoxy resin may be 



15 mixed with a low-molecular weight reactive diluent such as monoglycidyl
ether, polyglycol glycidyl ether, tertiary carboxyl acid monoglycidyl
ether. However, since such a reactive diluent impedes curing of the epoxy
resin, it becomes necessary to increase the amount of the ration 20 curing
agent added, which aggravates the problem of yellowing of the epoxy resin
composition. Disclosure of Invention The present invention has been made to
meet the 25 various requirements for the light emitting diode made of a
16 SEP 2004 7 nitride semiconductor as described above. First, an object of
the present invention is to provide a wavelength converting light emitting
diode that has better light emission characteristic. 5 Second, an object of
the present invention is to provide a method for producing the light
emitting diode having good mass-producing performance. Third, an object of
the present invention is to provide an epoxy resin composition that is less
susceptible 10 to yellowing and has high pliability while being cured by a
cation curing agent, and provide a light emitting diode having excellent
light resistance and heat resistance by using such an epoxy resin
composition as described above as a molding resin. 15 In order to achieve
the objects described above, a first light emitting diode of the present
invention comprises an LED chip having a light emitting layer formed from a
nitride compound semiconductor and a light transmitting resin that includes
a fluorescent material 20 which absorbs at least a part of light emitted by
the LED chip and emits light of a different wavelength. The fluorescent
material includes a fluorescent particles of small particle size and a
fluorescent particles of large particle size; with the fluorescent 



25 particles of large particle size being distributed in the   16 SEP 200 8
vicinity of the LED chip in the light transmitting resin thereby to form a
wavelength converting layer, and the fluorescent particles of small
particle size being distributed on the outside of the wavelength converting
5 layer in the light transmitting resin. In the first light emitting diode
having such a constitution as described above, the wavelength converting
layer made of the fluorescent particles of large particle size can change
the light color efficiently while the 10 fluorescent particles of small
particle size dispersed in an area surrounding thereof suppresses irregular
color. In the first light emitting diode of .the present invention, the
fluorescent particles of large particle size is preferably prepared by
controlling the particle size 15 thereof within a range from 10 to 60 a m,
which makes it possible to distribute the fluorescent particles of large
particle size relatively sparsely in the vicinity of the LED chip in the
light transmitting resin thereby to have the wavelength converting function
performed efficiently. 20 In the first light emitting diode of the present
invention, the fluorescent particles of small particle size is preferably
prepared by controlling the particle size thereof within a range from 0.2
to 1.5 a m, which makes it possible to prevent the fluorescent particles of
small 25 particle size from precipitating and have the light   16 SEP 2004
9 scattering function performed effectively, thus suppressing irregular
color more effectively. It is also preferable that the peak diameter of the
particle size distribution of the fluorescent particles of 5 large particle
size is within a range from 20 to 90 times 



the peak diameter of the particle size distribution of the fluorescent
particles of small particle size, which improves the efficiency of light
extraction. A second light emitting diode of the present invention 10
comprises a light emitting element formed from a semiconductor and a light
transmitting resin that includes a fluorescent .material which absorbs at
least a part of light emitted by the light emitting element and emits light
of a different wavelength, wherein the fluorescent material 15 is
characterized by a volume-based particle size distribution curve that is
flat in a region of cumulative percentage from 0.01 to 10 vol % This
constitution makes it possible to obtain a light emitting diode of high
luminance and high output power. 20 In the second light emitting diode of
the present invention, it is preferable that the fluorescent material
consists of the fluorescent particles of small particle size and the
fluorescent particles of large particle size separated by the flat region
described above, while the 25 peak diameter of the particle size
distribution of the   16 SEP 2004 10 fluorescent particles of large
particle size is within a range from 20 to 90 times the peak diameter of
the particle size distribution of the fluorescent particles of small
particle size, which results in a light emitting diode 5 having high
efficiency of light extraction. In the first and second light emitting
diodes of the present invention, median diameter of the particle size
distribution of the fluorescent material is preferably within a range from
15 to 50 a m, which allows it to 10 improve the efficiency of light
emission and achieve a light emitting diode of high luminance. It is also
made possible to. suppress the formation of dense precipitation that may
affect the optical characteristic. In the first and second light emitting
diodes of the 15 present invention, when the distribution frequency of the
median diameter of the particle size distribution is in a region from 20 to
50%, light emission of good contrast with suppressed irregular color can be
achieved due to less variation in the particle size. 



20 Further in the first and second light emitting diodes of the present
invention, it is preferable to include a diffusing agent along with the
fluorescent material in the light transmitting resin, which makes it
possible to achieve uniform light emission with the irregular color 25 even
more suppressed.   16 SEP 2004 11 Further in the first and second light
emitting diodes of the present invention, the light emitting surface of the
light transmitting resin is preferably a curved surface. With this
configuration, light emitted by the light 5 emitting element is scattered
in the interface between the light transmitting resin and the atmospheric
air when being extracted through the light transmitting resin to the
outside, thus making it possible to suppress the irregular color that tends
to occur when the fluorescent particles of 10 large particle size is used.
The efficiency of light extraction at the light emitting surface can also
be improved thus allowing to emit light with a higher, output power. A
third light emitting diode of the present invention 15 has a package that
comprises a metal base consisting of a pair of thin metal sheets that
constitute positive and negative electrodes being joined via a resin
insulator for electrical isolation from each other and a side wall bonded
to the circumference of the metal base on one side thereof 20 thereby
forming a mounting area, an LED chip mounted on the 



mounting area and a light transmitting resin that fills the mounting area
so as to seal the LED chip. The light transmitting resin is formed
continuously from the mounting area over the top of the surrounding side 25
wall, while the top surface of light transmitting resin is    16 SEP 2004
12 flat and substantially parallel to the metal base and the side face on
the circumference of the light transmitting resin is substantially flush
with the circumferential side face of the package. 5 The third light
emitting diode having such a constitution as described above makes it
possible to provide a light emitting diode that has high reliability and is
suited to mass production. Since the light transmitting resin is formed
continuously from the mounting 10 area to the top surface of the side wall,
the light emitting surface is expanded to the entire top surface of the
light emitting diode, thus achieving good beam directivity. The light
transmitting resin may also include a filler, 15 that may be a fluorescent
material capable of absorbing a part of light emitted by the light emitting
element and emitting light of a different wavelength. Although adding a
fluorescent material tends to cause irregular color, the constitution of
the present invention 20 makes a better light emitting surface that
suppresses irregular color. Median diameter of the particle size
distribution of the fluorescent material is preferably within a range from
15 to 50 um, and more preferably within a range from 20 to 25 50 ,u m.
Using the fluorescent material having such    



13 16 SEP 2004 particle sizes allows the wavelength converting function of
the fluorescent material to be performed effectively, and dicing process to
be carried out satisfactorily thereby improving the yield of production. 5
A method for producing the light emitting diode according to the present
invention is a method for producing the third light emitting diode,
comprising- a first step of making a package assembly consisting of a
plurality of packages by bonding an insulating substrate 10 having .a
plurality of through holes that are grouped corresponding to the mounting
areas, and a metal base plate having portions separated by the resin,
insulator in correspondence to the through holes a second step of mounting
the LED chip in the mounting area of each package 15 formed with the
through holed a third step of applying and curing the light transmitting
resin on the top surface of the insulating substrate and in the through
holes by mimeograph printing by using a mask that has an aperture in
correspondence to each group; and a fourth step of dividing 20 the package
assembly having the light transmitting resin applied thereon into
individual packages. This constitution makes it possible to satisfactorily
mass-produce the light emitting diodes that. have uniform thickness and
flat light emitting surface and end surface. 25 According to the producing
method of the present    16 SEP 2004 14 invention, the mimeograph printing
is preferably carried out while repeating the cycle of decreasing and
increasing the pressure. This makes it very easy to remove bubbles so that
the light emitting diodes that have less variations in 5 the
characteristics; less unevenness in light emission and less irregular color
can be manufactured. In case the light transmitting resin contains
inorganic fillers, in particular, air tends to be entrapped in the resin so
as to form bubbles therein during mixing. 10 Also the optical path length
becomes longer which also tends to cause irregular color due to a
difference in the 



specific gravity between the fillers and between the filler and the light
transmitting resin, but the irregular color can be suppressed by the
producing method of the present 15 invention. Thus the light emitting
diodes having variations in the light color and high reliability can be
manufactured. The epoxy resin composition of the present invention
comprises an epoxy resin containing an alicyclic epoxy 20 resin, which
accounts for 65% by weight or more of the epoxy resin, an acid anhydride
represented by the general formula (1) or dicarboxylic acid represented by
the general formula (2) in an amount of 0.005 to 1.5 mol based on an epoxy
equivalent of the epoxy resin, and a cation curing 25 agent in an amount of
0.005 to 1.5 mol based on an epoxy   16 SEP 2004 15 equivalent of the epoxy
resin. (1) O HOOC R2 COOH (2) wherein R1 represents a cyclic or aliphatic
alkyl or aryl 5 having 0 to 12 carbon atoms and R2 represents an alkyl or
aryl having 0 to l2 carbon atoms. The epoxy resin composition of the
present invention can be cured by using the ration curing agent in the
amount 1/10 to 1/100 times as much as that in the prior art 



10 because the alicyclic epoxy resin reacts with the acid anhydride or
dicarboxylic acid (hereinafter referred to as an acid anhydride or the
like) to form a crosslinked oligomer having some polymerization degree.
Therefore, absorption of light having a short wavelength caused by the 15
cationic curing agent is inhibited, thus making it possible to prevent
yellowing of the resulting epoxy resin composition. The epoxy resin
composition of the present invention has not only an ether bond due to the
ring opening reaction of epoxy groups, but also an ester bond    1 6 SEP
200 16 due to the crosslinking reaction between the alicyclic epoxy resin
and the acid anhydride or the like so that it has a three-dimensional
network formed by irregular connection of epoxy resins. Therefore, the
epoxy resin 5 composition has high pliability even if a reactive diluent is
not used and the use of the epoxy resin composition in a molding resin of
an optical semiconductor device reduces the thermal stress produced between
an optical semiconductor chip and a molding resin, thus making it 10
possible to prevent problems such as crack and wire breakage. The
.pliability of the epoxy resin composition obtained by the reaction between
the epoxy resin and the acid anhydride or the like tends to be proportion
to the 15 molecular weight of the crosslinked oligomer. The higher the
proportion of carboxyl groups, which are converted into an ester as a
result of the reaction with the epoxy resin or a promotor described
hereinafter, among carboxyl groups of the acid anhydride or the like in
the' crosslinked 20 oligomer, the better the pliability of the resulting
epoxy resin composition. The reason is considered as follows. As the ester
conversion proceeds, volatilization of the acid anhydride in the thin film
is less likely to occur in case of curing. The ester conversion ratio of
carboxyl 25 groups of the acid anhydride or the like in the crosslinked 



16 SEP 2004 17 oligomer is lO% or more, and preferably 70% or more. The
ester conversion ratio can be controlled by the reaction temperature and
time. The epoxy resin composition of the present invention 5 has an
advantage that, after reacting an alicyclic epoxy resin and an acid
anhydride or dicarboxylic acid to obtain a crosslinked oligomer, a mixture
of the crosslinked oligomer and the cation curing agent can be cured. When
the alicyclic epoxy resin and acid anhydride or the like 10 are previously
reacted in a proper reaction vessel, to form a crosslinked oligomer and a
mixture of the crosslinked copolymer and a cation curing agent is- molded
over the surface of a substrate of an optical semiconductor device,
volatilization of the acid anhydride can be prevented 15 during the curing
reaction even in case of molding in the form of a thin film. Since the
viscosity of the mixture of the crosslinked copolymer and the cation curing
agent can be freely controlled by the amount of the acid anhydride or the
like and the ester conversion ratio, the. viscosity 20 suited for handling
can be easily set. The mixture of the crosslinked copolymer and the cation
curing agent has already been polymerized to some degree, thus resulting in
less change in viscosity with a lapse of time and long pot life. 25 When
using the epoxy resin composition of the present    18 16 SEP 2004
invention in a molding resin of an optical semiconductor device, functional
particles such as fillers, fluorescent agent particles, diffusing agent
particles and colorant agent particles can be appropriately mixed. Since
the 5 mixed solution of the crosslinked copolymer and the cation curing
agent has a comparatively high viscosity, these functional particles are
superior in dispersibility. Therefore, a desired function can be exhibited
in a small content of the particles, thereby making it possible to 10
reduce a loss in light emission or light reception of the optical
semiconductor device due to light scattering and screening of the
functional particles. As the alicyclic epoxy resin in the epoxy resin
composition of the present invention, for example, 15 epoxidated
cyclohexene derivative, hydrated bisphenol A 



diglycidyl ether and diglycidyl hexahydrophthalate ester are preferably
used. The use of the alicyclic epoxy resin makes it possible to obtain an
epoxy resin composition which is less likely to cause light deterioration
and is 20 superior in pliability. As the cation curing agent in the epoxy
resin composition of the present invention, for example, aromatic sulfonium
salt, aromatic diazonium salt, aromatic iodonium salt and aromatic selenium
salt can be preferably used. 25 These cation curing agents can achieve
sufficient curing in   16 SEP 2004 19 a small amount because of its fast
curing rate. Preferably, the epoxy resin composition of the present
invention further .contains a polyhydric alcohol or a polycondensate
thereof in the amount of 0.1 to 5.0 5 equivalents based on the acid
anhydride or dicarboxylic acid. Examples of the usable polyhydric alcohol
include ethylene glycol, diethylene glycol, trimethylene glycol,
triethylene glycol, propylene glycol, 1,4-butanediol, and 1,6-hexanediol.
The pliability of the resulting epoxy 10 resin composition can be further
improved by adding these polyhydric alcohol or polycondensates thereof. An
optical semiconductor device of the present invention comprises at least a
pair of lead electrodes, an optical semiconductor chip that is electrically
connected 15 to the lead electrodes and a molding resin that seals the
optical semiconductor chip, wherein the epoxy resin composition of the
present invention is used as the molding resin. This constitution makes it
possible to manufacture the light emitting diode that is subject to less
decrease 20 in the light emission or reception efficiency due to yellowing
of the molding resin and is less susceptible to damage to the chip due to
thermal cycle and to wire breakage. The effects of improving the light
resistance and the 25 heat resistance can be achieved remarkably
particularly in   '16 SEP 2004 20 



case the optical semiconductor device of the present invention is of the
surface mounted type made by joining the optical semiconductor chip on the
surface of a substrate having lead electrodes formed thereon, or a light 5
emitting diode chip comprising an optical semiconductor that has a light
emitting layer made of a nitride semiconductor that includes at least In
and Ga and a main peak of emission at a wavelength of 550 nm or shorter. '
A first method for producing the fluorescent particles 10 of the present
invention is a method for producing the fluorescent material by firing a
mixture of a stock material and a flux, wherein the firing process includes
a first firing process of firing in a first reducing atmosphere and a
second firing process of firing in a 15 second reducing atmosphere, while
the first reducing atmosphere has weaker reducing power than the second
reducing atmosphere. The fluorescent material that can absorb the
excitation light more efficiently by producing the 20 fluorescent material
by this method. In the first method for producing the fluorescent material
of the present invention, aluminum fluoride can be used as the flux. In the
first method for producing the fluorescent 25 material of the present
invention, a substance including   16 SEP 2004 21 barium fluoride and boric
acid can be used as the flux in which case it is preferable that the flux
includes a liquid. When a substance including barium fluoride and boric
acid with a liquid added thereto is used as the flux, 5 variation in the
chromaticity of the emitted light can be suppressed. A second method for
producing the fluorescent material of the present invention is a method for
producing the fluorescent material by firing a mixture of a stock 10
material and a flux, wherein the flux includes barium fluoride, boric acid
and a liquid. This method can suppress the variation in the chromaticity of
the light emitted from the fluorescent material manufactured thereby. 15
According to the producing method, water can be used as the liquid.
According to the producing method, Y203, Gdz03, A1203 and CeOz can be used.



20 Brief Description of Drawings Fig. 1 is a schematic sectional view of an
SMD type light emitting diode according to first embodiment of the present
invention. Fig. 2A is a graph showing the volume-based 25 distribution
curve (cumulative percentage of particle    22 16 SEP 2004 sizes) of the
fluorescent material of the first embodiment. Fig. 2B is a graph showing
the volume-based distribution curve (distribution frequency of particle
sizes) of the fluorescent material of the first embodiment. 5 Fig. 3A is a
schematic plan view of a mask used in mimeograph printing in the producing
method of the first embodiment. Fig. 3B is a schematic plan view showing an
enlarged portion of the mask shown in Fig. 3A. 10 Fig. 4A through Fig. 4D
are process diagrams of the mimeograph printing in the producing method of
the first embodiment. Fig. 5 is a sectional view showing a part of a
package assembly after curing of a light transmitting resin applied 15 by
the mimeograph printing in the producing method of the first embodiment.
Fig. 6 is a schematic sectional view of an SMD type light emitting diode
according to second embodiment of the present invention. 20 Fig. 7A and
Fig. 7B are sectional views showing processes of forming a light
transmitting resin of a light emitting diode Example 5. Fig. 8 is a
schematic sectional view of an SMD type light emitting diode according to
Example 1 of the present 25 invention.   



16 SEP 2004 23 Fig. 9Ais a graph showing the volume-baseddistribution curve
(cumulative frequency distribution ofparticle size)of the fluorescent.
material of ComparativeExample 1.5Fig. 9Bis a graph showing the
volume-baseddistribution curve (distribution of particle size) of
thefluorescent material of Comparative Example 1..Fig. 10Ais a schematic
sectional view of a lamp tykelight. emittingdiode according to Example 9 of
the present10invention.Fig. 10Bis an enlarged view of a portion in
thedashed circlein Fig. 10A.Fig. 11Ais a graph showing light transmission
ratioof epoxy resincomposition before light resistance test.15Fig. 11Bis a
graph showing light transmission ratioof epoxy resincomposition after light
resistance test.Fig. 12Ais a graph showing light transmission ratioof epoxy
resincomposition before thermal stability test.Fig. 12Bis a graph showing
light transmission ratio20of epoxy resincomposition after thermal stability
test.Fig. 13 is a graph showing the variation in the outputintensity ofa
light emitting diode using epoxy resincomposition asthe molding resin,
measured in service lifetest at a normal temperature.25Fig. 14 is a graph
showing the variation in the output    16 SEP 2004 24 intensity of a light
emitting diode using epoxy resin composition as the molding resin, measured
in a high temperature and high humidity life test. Fig. 15 is a graph
showing the variation in the 5 viscosity of epoxy resin composition with
time. Best Mode for Carrying Out the Invention Now preferred embodiments of
the present invention will be described below with reference to the
accompanying 10 drawings. Embodiment 1 A light emitting diode of the first
embodiment is of surface mounted type (SMD) comprising a light emitting
diode chip (LED chip) 5 sealed in a package with a light 15 transmitting
resin 8 as shown in Fig. 1. In the light emitting diode of the first
embodiment, the package comprises a metal base 2 and a side wall 1, the
side wall 1 being bonded with the circumference on one side of the metal
base 2 for making a mounting area la. The LED chip 5 



20 is die-bonded in the mounting area 1a of the package and is, after
wiring is made by wire bonding, sealed with the light transmitting resin 8
(for example, about 1 mm thick over the. LED chip). In the light emitting
diode of the present invention, 25 the epoxy resin proprietary to the
present application is    25 16 SEP 2004 used as the sealing resin 8, and
the sealing resin includes a fluorescent material (fluorescent material
particles) dispersed therein that converts the light emitted by the light
emitting diode (LED) chip into light of different 5 wavelength and emits
this light, thus providing the following features. First, light resistance
and heat resistance are improved by using the light transmitting sealing
resin 8 comprising the epoxy resin composition that can be cured 10 with a
smaller amount of the cation curing agent because crosslinked oligomer is
formed through the reaction of alicyclic epoxy. resin and acid anhydride or
dicarboxylic acid. Second, output power and luminance of light emission 15
are greatly improved by controlling the particle sizes of the fluorescent
material (wavelength converting substance) that is dispersed in the light
transmitting resin in the specific particle size distribution of the
present invention. 20 Now the constitution the light emitting diode of the
first embodiment will be described in detail below. <Package> According to
this embodiment, the metal base 2 of the package is made of a thin metal
sheet 2a constituting a 25 positive terminal and a thin metal sheet 2b
constituting a   



16 SEP 2004 26 negative terminal that are bonded to each other with an
insulating resin 4 and connected to a positive electrode 5a and a negative
electrode 5b of the LED chip 5, respectively, with wires 7. 5 In the first
embodiment, the LED chip 5 is die-bonded with a die bonding resin 6 onto
the thin metal film 2b. According to the present invention, however, the
LED chip 5 may also be die-bonded onto the other thin metal film 2a, or
over both the thin metal film 2a and the thin metal film 10 2b. <LED chip
5> Since the light emitting diode of the first embodiment is constituted so
as to convert the wavelength of a part or a11 of the light emitted by the
LED chip 5, the LED chip 5 15 is made in such a constitution that emits
light of wavelength that can excite the fluorescent material. While various
semiconductors such as ZnSe and GaN can be used for the LED chip 5;
according to the present invention the LED chip 5 preferably uses a nitride
semiconductor (InxAlYGaI_x_ 20 YN, 0 ~ X, 0 S Y, X + Y S 1) capable of
emitting light of short wavelength that can efficiently excite the
fluorescent material. The LED chip 5 has the light emitting layer made of
InxGal_xN ( 0 < X < 1 ) , wherein wavelength of the emitted light can be
changed within a 25 range from about 365 nm to 650 nm by changing the mixed
27 16 SEP 2004 crystal composition. While the LED chip 5 may be constituted
in either homojunction structure, heterojunction structure or double
heterojunction structure that has MIS junction, PIN junction or pn junction
5 according to the present invention, it is preferable to employ double
heterojunction structure that allows light emission with higher luminance.
Wide selection of the wavelengths of light emission is made possible by
controlling the chemical composition and mixed crystal 10 composition of
the semiconductor that constitutes the light emission layer (active
layer).- The active layer may also be made either in single quantum well
structure or multiple quantum well structure including a thin film that
includes quantum effect. 15 When the LED chip 5 uses a nitride
semiconductor, sapphire, spinel, SiC, Si, Zn0 or the like can be used for
the substrate, but it is preferable to use a sapphire substrate in order to
form the nitride semiconductor of good crystallinity satisfactorily in mass
production. The 20 nitride semiconductor can be formed on the sapphire
substrate by MOCVD process or the like. It is preferable to form a buffer
layer such as GaN, A1N or GaAlN on the sapphire substrate and form the
nitride semiconductor layer having pn junction thereon. 



25 The LED chip having pn junction made of nitride   16 SEP 2004 1 28
semiconductor may be made in double heterojunction structure by forming the
buffer layer on the sapphire substrate and forming, on the buffer layer, a
first contact layer of n-type gallium nitride, a first cladding layer of 5
n-type aluminum gallium nitride, an active layer of indium gallium nitride,
a second cladding layer of p-type aluminum gallium nitride and a second
contact layer of p-type gallium nitride successively in the order. ' While
the nitride semiconductor shows n-type 10 conductivity when not doped with
an impurity, Si, Ge, Se, Te, C or the like is preferably introduced as an
n-type dopant in order' to form the desired n-type nitride. semiconductor
and Zn, Mg, Be, Ca, Sr, Ba or the like is preferably added as a p-type
dopant in order to form the p 15 type nitride semiconductor. Since it is
difficult to turn the nitride semiconductor into p-type simply by doping
with a p-type dopant, it is preferable to decrease resistance by heating in
a furnace, by plasma irradiation or the like after introducing the p-type
dopant. Thus the LED chip 5 20 using the nitride semiconductor can be
manufactured by forming the nitride semiconductor layers and then cutting a
wafer having electrodes formed at predetermined positions into individual
chips. In order to have the light emitting diode of the first 25 embodiment
emit white light, it is preferable to set the   16 SEP 2004 29 wavelength
of light emitted by the LED chip 5 within a range from 400 nm to 530 nm in
consideration of the relationship of complementary color with the light
emitted by the fluorescent material and the need to prevent the 5 light
transmitting resin from being deteriorating, and the wavelength is more
preferably set within a range from 420 nm to 490 nm. In order to improve
the efficiency., of emitting light of the LED chip itself and the
efficiency of emitting light by the excitation of the fluorescent 



10 material, it is more preferable to set. the wavelength of light emitted
by the LED chip 5 within a range from 450 nm to 475 nm. The present
invention can also be applied to an LED chip that emits light in
ultraviolet region of a wavelength shorter than 400 nm, by choosing the
type of 15 fluorescent material. Since the nitride semiconductor LED chip
based on the insulating substrate such as sapphire or spinel has the ptype
and n-type electrodes formed on the semiconductor surface side, the
electrodes are formed in a desired shape 20 on the p-type semiconductor
layer and the n-type semiconductor layer by sputtering, vapor deposition or
the like after etching the p-type semiconductor so as to expose the n-type
semiconductor. When light is extracted from the semiconductor side, the
electrode formed almost a11 over 25 the surface of the p-type semiconductor
layer is made as a   16 SEP 2004 30 light transmitting electrode consisting
of a thin metal film. <Fluorescent substance> Specific gravity of the
fluorescent material is 5 several time that of the liquid resin before
curing. Viscosity of a thermosetting resin decreases considerably when
heated to cure. As a result, when a liquid resin including a fluorescent
material is applied to cover an LED chip and is heated to cure, most of the
fluorescent 10 material included in the resin is concentrated around the
LED chip and sediment. Since the concentrated particles of the fluorescent
material sediment one on another around the LED chip 5, only the
fluorescent material particles located near the 15 LED chip surface can
efficiently absorb light emitted by the LED chip. Thus many of the
fluorescent material particles do not fully perform the wavelength
converting function but act only to attenuate the light energy by blocking
the light of which wavelength has been converted 20 by the other
fluorescent material particles. This results 



in a decrease in the output power of the light emitting diode. To avoid
such a problem, the present invention employs such a fluorescent material
having a particular particle 25 size distribution as the wavelength
converting function of   16 SEP 2004 31 a11 fluorescent material particles
can be fully made use of, thereby to improve the output power of the light
emitting diode. Specifically, the fluorescent material used in the 5 light
emitting diode of the first embodiment consists of a group of fluorescent
particles of large particle size 81 (first part of distribution) and a
group of fluorescent particles of small particle size 82 (second part of
distribution), while there is a region between the first 10 part and the
second part of the particle size distribution where substantially no
fluorescent material exists. . According to the present invention, the
fluorescent material of such a particle size distribution is used to
prevent the formation of precipitation that has adverse 15 effect on the
optical performance and prevent irregular color of the emitted light from
occurring. Fig. 2A and Fig. 2B show volume-based distribution curve of the
fluorescent material used in the first embodiment, Fig. 2A being the
cumulative percentage distribution of the particle sizes 20 and Fig. 2B
being distribution frequency of the particle sizes. As shown in Fig. 2A,
the fluorescent material used in the present invention consists of
particles of sizes distributed as shown by the volume-based distribution
curve 25 that has a flat region between the cumulative percentage of   



16 SEP 2004 32 0.01 vol % to 10 vol % where inclination of the curve is
zero. In the flat region, that is a range of particle sizes located between
the first part and the second part of the distribution, there is
substantially no fluorescent 5 material. In the first embodiment, the
fluorescent particles of small particle size 82 accounts for 0.01 vol % to
10 vol % of the total volume of fluorescent material, while the fluorescent
particles of large particle size 81 accounts 10 for 90 vol % or more of the
total volume of fluorescent material. According to the present invention,
the fluorescent particles of small particle size preferably accounts for
0.01 vol% to 5 vol% of the total volume of fluorescent material. Including
the fluorescent particles 15 of small particle size in such a small amount
makes it possible to disperse the fluorescent material in the resin so as
not to block the light emitted by the LED chip and the fluorescent
particles of large particle size while preventing irregular color from
occurring. 20 It is also preferable that the peak diameter of the particle
size distribution of the fluorescent particles of large particle size 81 is
within a range from 20 to 90 times the peak diameter of the particle size
distribution of the fluorescent particles of small particle size 82. 25
When the two groups of particles have such a large   19 SEP 2004 



33 difference in particle size, it is made possible to make full use of the
functions of the two groups of fluorescent . material particles (the
fluorescent particles of small particle size 82 mainly scatter light, and
the fluorescent 5 particles of large particle size 81 mainly convert the
wavelength). The fluorescent particles of small particle size 82 has lower
efficiency of wavelength conversion, but pan reflect and scatter light
thereby preventing irregular 10 color of the emitted light. Therefore, the
fluorescent particles of small particle size is preferably dispersed in the
light transmitting' resin instead of precipitating around the LED chip. The
fluorescent particles of small particle size used 15 in the present
invention are prepared in a very small amount with the particle sizes
thereof being far smaller than those of the fluorescent particles of large
particle size. This allows for the light emitting diode having the
fluorescent particles of small particle size favorably 20 dispersed in the
light transmitting resin. Particle sizes of the fluorescent particles of
small particle size 82 are preferably within a range from 0.2 to 1.5 um.
This makes it possible to prevent the fluorescent particles of small
particle size from precipitating and have the function to 25 scatter light
performed effectively. Also the fluorescent   16 SEP 2004 34 particles of
small particle size 82 of particle sizes described above hardly precipitate
in the light transmitting resin that .has not yet cured, and therefore can
be disposed separately from the fluorescent particles 5 of large particle
size 81. Specifically, the fluorescent material of the present invention
consisting of the fluorescent particles of large particle size 81 and the
fluorescent particles of small particle size 82 exists 'in such a state in
the light transmitting resin that covers 10 the LED chip 5 as the
fluorescent particles of large particle size 81 are located near the LED
chip 5 and the fluorescent particles of small particle size 82 are
dispersed substantially uniformly in the surrounding thereof. Of the
fluorescent material dispersed in this 15 state, the fluorescent particles
of large particle size 81 function to convert the wavelength of the light
emitted by the LED chip 5 and the fluorescent particles of small particle
size 82 located in the surrounding thereof work to reflect the light
thereby to prevent irregular color of the 20 emitted light. The fluorescent
material of medium particle size may also be included that have a peak of
particle size distribution at a particle size between those of the
fluorescent particles of small particle size 82 and the 25 fluorescent
particles of large particle size 81. It is  



16 SEP 2004  35 difficult for the fluorescent particles of large particle
size to absorb and convert a11 the light to be converted. The fluorescent
particles of large particle size 81 has a larger surface area and therefore
there is some portion of 5 light that is reflected by large fluorescent
material particles. To counter this difficulty, such fluorescent particles
of medium particle size are included along with the fluorescent particles
of large particle size 81 that have particle sizes smaller than those of
the fluorescent 10 particles of large particle size 81 and smaller than
those of the fluorescent particles of small particle size 82, so that part
of light that is not absorbed by the fluorescent particles of large
particle size 81 is absorbed by the fluorescent particles of medium
particle size and converted 15 to different color. Through efficient color
conversion of the portion of light emitted by the LED chip and reflected by
the surfaces of the fluorescent particles of large particle size as
described above, it is made possible to obtain desired chromaticity with a
minimum amount of 20 fluorescent material and improve the luminance. The
median particle size of the fluorescent particles of medium particle size
is preferably within a range from 0.3 to 0.9 times that of the fluorescent
particles of large particle size 81, more preferably 0.5 to 0.8 times
thereof, which 



25 makes it possible to efficiently absorb light reflected on   16 SEP 2004
36 the surface of the fluorescent particles of large particle size and
convert the color thereof. In general, the efficiency of converting
wavelength of light becomes higher as the particle size of the 5
fluorescent material is larger. The light emitting diode of the present
invention is made in such a constitution as a11 light emitted by the LED
chip 5 is efficiently absorbed and converted by the fluorescent particles
of large particle size 81, by designing the particle size 10 distribution
of the fluorescent particles of large particle size 81 as described later
so that the fluorescent particles of large particle size 8l will not be
disposed one on another around the LED chip 5. Since the fluorescent
particles of large particle size 15 81 having larger particle sizes among
the fluorescent material particles of the present invention are distributed
as shown in Fig. 4A and Fig. 4B, the particles hardly precipitate in such a
state as the particles are in contact with each other, but are precipitated
while keeping 20 favorable distances from each other. As a result, light
emitted by the LED chip 5 can be guided not only to the fluorescent
particles of large particle size 81 that are located near to the LED chip 5
but also to a11 the fluorescent particles of large particle size 81. 25
Consequently, more fluorescent material, particles can   16 SEP 2004 37
contribute to the conversion of light thereby increasing the light
absorption efficiency and wavelength conversion efficiency of the entire
fluorescent material. In order to obtain desired light by using the 5
fluorescent material of the prior art of which particle sizes are not
properly controlled, it is necessary to include a large amount of the
fluorescent material in the resin. Since this leads to thicker layer of
fluorescent material with the particles piled up one on another, 10
.proportion of the fluorescent material particles that do not contribute to
the light conversion increases and the fluorescent material particles that.
do not contribute to the light conversion block the light. Thus light
extraction ratio has been low and high luminance could not 



15 be achieved with the fluorescent material of the prior art. When the
fluorescent particles of large particle size 81 having the mean particle
size and the particle size distribution properly controlled are used as in
the present invention, probability of the fluorescent particles of 20 large
particle size 81 to precipitate densely one on another is low so that the
fluorescent particles of large particle size 81 can be dispersed more
sparsely than in the prior art. Accordingly, because the distance between
each fluorescent material particle and the light emitting 25 surface can be
made relatively shorter, light of which    38 16 SEP 2004 wavelength has
been converted can be extracted to the outside while maintaining high
luminance without being absorbed by the resin. Basic concept of controlling
the particle distribution 5 of the fluorescent particles of large particle
size 81 according to the present invention has been described above.
According to the present invention, as described above, the. light emitting
diode of high luminance and high output power can be achieved by using the
fluorescent material 10 consisting of the fluorescent particles of large
particle size' 81 and the fluorescent particles of small particle size 82
and making the color conversion layer made from the fluorescent particles
of large particle size 8l disposed around the LED chip 5 at favorable
distances from each 15 other in order to improve the efficiency of
extracting the light to the outside, the light absorption ratio and the
light conversion efficiency. In order to fluorescent material particles
that do not contribute to the light conversion efficiency, particle 20
sizes of the fluorescent particles of large particle size 81 are preferably
controlled within a range from 10 a m to 60 um, more preferably from 10 um
to 50 a m and most preferably from 15 ,u m to 30 um. Fluorescent particles
smaller than 10 a m and larger than the fluorescent 25 particles, of small
particle size 82 tend to precipitate and   16 SEP 2004 



39 precipitate densely mass in the liquid resin, thereby decreasing the
transmittance of light. Fluorescent particles smaller than 15 a m and
larger than the fluorescent particles of small particle size '82 have
higher 5 tendency to precipitate and precipitate densely in the liquid
resin than those larger than 15 ,u m and, when the producing process is
controlled improperly, the particles precipitate densely in the liquid
resin thereby decreasing the transmittance of light. 10 Particle sizes of
the fluorescent particles of large particle size are preferably uniform
which makes it possible to effectively prevent the fluorescent particles of
large particle size from precipitating densely. Standard deviation of the
particle size distribution of the 15 fluorescent particles of large
particle size can be kept to within the desirable range of 0.3 or lower
without specific classifying operation, and can be further controlled to
0.15 or lower by classification (the inventors of the present application
verified that fluorescent particles of 20 large particle size having
standard deviation of 0.135 can be manufactured by classification). The
present invention improves the output power of the light emitting diode by
using the fluorescent particles of large particle size as described above
thereby minimizing 25 the blocking of the light by the fluorescent
material. The   16 SEP 2004 40 material for the fluorescent particles of
large particle size used in the present invention is preferably one that
has high light absorption ratio, high. conversion efficiency and a wide
range of excitation wavelengths. 5 As 90 vol % or more of the fluorescent
material consists of the fluorescent particles of large particle size 81
that have excellent optical characteristics (high light absorption ratio,
high conversion efficiency and a wide range of excitation wavelengths),
light of other 10 wavelengths around the main emitting wavelength of the
LED chip can be satisfactorily converted to other wavelength and the light
emitting diode can be manufactured more preferably in mass production. As
described above, since the light emitting diode of 15 the present invention
uses the fluorescent material of the 



above constitution, the fluorescent material particles can be separated
into the layer having the function to scatter light made of the fluorescent
particles of small particle size 82 dispersed in the region apart from the
LED chip 5 20 in the resin and the color conversion layer made of the
fluorescent particles of large particle size 81 precipitated around the LED
chip 5 with favorable distances being kept from each other. Thus the light
emitting diode of the present invention capable of emitting light of high
25 output power and high luminance uniformly without irregular   16 SEP
2004 41 color can be obtained. Particle size distribution of the
fluorescent material used in the present invention is shown. by the
volume-based distribution curve. The volume-based distribution curve is 5
drawn by measuring the particle size distribution of the fluorescent
material by laser diffraction and scattering method. Specifically, the
fluorescent material is dispersed in a aqueous sodium hexametaphosphate
solution having a concentration of 0.05 and the particle size 10
distribution is measured with a laser diffraction particle size
distribution measuring instrument (SALD-2000A) over a range from 0.03' to
700 a m in an atmosphere of 25C in temperature and 70% in humidity.
According to the present invention, median particle 15 size of the
fluorescent material refers to the particle size at which the cumulative
percentage reaches 50 vol % in the volume-based distribution curve, and
this value is preferably within a range from 15 to 50 um. It is also
preferable that the fluorescent material includes the 20 particles of this
median size with a high concentration, preferably from 20% to 50 vol %
(distribution frequency). The light emitting diode having good contrast
with irregular color suppressed can be obtained by using the fluorescent
material made up of particles having less 25 variation in size as described
above.   



16 SEP 2004 42 This is because, while the fluorescent particles of large
particle size 81 are more probable to cause irregular color than smaller
fluorescent material particles, grading the fluorescent particles of large
particle size 81 to 5 decrease the variations in the particle size improves
the irregular color compared to a case of greater variations. In the light
emitting diode of the present invention, the fluorescent material is
preferably based on the yttrium aluminum oxide fluorescent material
activated with cerium 10 that can emit light by absorbing the light emitted
by the semiconductor LED chip having the light emission layer made of a
nitride semiconductor: The yttrium aluminum oxide fluorescent material may
be YA103: Ce, Y3A1501z: Ce (YAG: Ce) , Y9A1Z09: Ce or a mixture of 15 these
materials. The yttrium aluminum oxide fluorescent material with Ba, Sr, Mg,
Ca and/or Zn included therein may also be used. Si may also be included to
suppress the reaction of growing crystal so as to obtain the fluorescent
material particles of uniform sizes. 20 In this specification, the yttrium
aluminum oxide fluorescent material activated with Ce is to be understood
in a broad sense of the word so as to include the following 



fluorescent materials: (1) yttrium aluminum oxide fluorescent material with
25 part or a11 yttrium atoms being substituted with at least   16 SEP 2004
43 one element selected from the group consisting of Lu, Sc, La, Gd and Sm.
(2) yttrium aluminum oxide fluorescent material with. part or a11 aluminum
atoms being substituted with at least 5 one element selected from the group
consisting of Ba, Tl, Ga and In. (3) yttrium aluminum oxide fluorescent
material with part or a11 yttrium atoms being substituted with at least one
element selected from the group consisting of Lu, Sc, 10 La, Gd and Sm and
part or a11 aluminum atoms being substituted with at least one element
selected from the group consisting of Ba, T1, Ga and. In. More
specifically, the fluorescent material is a photoluminescent fluorescent
particles represented by 15 general formula(YZGdI_z) 3Als~~z:Ce (0<Z s 1)
or aphotoluminescentfluorescentparticlesrepresented bygeneral formula
(Rei_aSma) 3Re' sOlz :Ce ( 0S a< 1, 0 ~ b1, Re is at leastone element
selectedfromamong Y, Gs, Laand Sc and Re' isat least oneelementselected
from among20 ~Al, Ga and Tn) . 



The fluorescent material, due to its garnet structure, has high resistance
against heat, light and water, and has an excitation spectrum peaking at
around 450 nm and a broad emission spectrum with peak emission at around
580 nm and 25 tailing up to 700 nm.   16 SEP 2004 44 Efficiency of
excitation emission of the photoluminescent fluorescent particles in a long
wavelength .region not shorter than 460 nm can be improved by including Gd
(gadolinium) in the crystal. As the Gd content is 5 increased, peak
wavelength of light emission shifts toward a longer wavelength and the
entire emission spectrum also shifts toward longer wavelengths. This means
that emission of light of more reddish color can be achieved by increasing
the Gd content. Increasing the Gd content also 10 decreases the luminance
of blue photoluminescence emission. The fluorescent material may also
include Tb, Cu, Ag, Au, Fe, Cr, Nd, Dy, Co, Ni,, Ti or Eu added thereto as
required. The emission wavelength also shifts toward shorter wavelengths
when a part of A1 atoms are substituted with Ga 15 in the yttrium aluminum
garnet fluorescent material having a garnet structure. The emission
wavelength also shifts toward longer wavelengths when a part of Y atoms are
substituted with Gd. When substituting a part of Y atoms with Gd, it is 20
preferable to keep the proportion of Y atoms substituted with Gd within 10%
and increase the Ce content (substitution) from 0.03 to 1.0. When the
proportion of Y atoms substituted with Gd is less than 20%, green component
increases and red component decreases but this change can 25 be compensated
for by increasing the Ce content so as to   16 SEP 2004 



45 compensate for the decrease in the red component thereby to obtain the
desired chromaticity without decreasing the luminance.. Because the
photoluminescent fluorescent particls which has such a composition has an
excellent 5 temperature characteristic, the reliability of the light
emitting diode can be improved. Also the use of a photoluminescent
fluorescent particles that has been prepared to have much red component
makes it possible to manufacture a light emitting diode capable of emitting
an 10 intermediate color such as pink. The photoluminescent fluorescent
particles described above can be manufactured as follows. First, as the
materials to make Y, Gd, A1 and Ce, oxides thereof or compounds that can
easily turn into such oxides are mixed 15 in stoichiometrical proportions
thereby to make the stock material. Alternatively, a solution prepared by
dissolving rare earth metals of Y, Gd and Ce in stoichiometrical
proportions in an acid is coprecipitated with oxalic acid, the product of
which is fired to obtain a coprecipitated 20 oxide material. The
coprecipitated oxide material is mixed with aluminum oxide to obtain a
mixed stock material. A mixture of the mixed stock material and fluoride
such as barium fluoride or ammonium fluoride added thereto as a flux is put
into a crucible and fired at a temperature from 25 1350 to 1450C in air
atmosphere for 2 to 5 hours. The   



16 SEP 2004 46 fired material is ground in water by using a ball mill,
washed, separated, dried and sieved to obtained a photoluminescent
fluorescent particles. In the light emitting diode of the present
invention, 5 the photoluminescent fluorescent particles may contain two or
more kinds of yttrium aluminum garnet fluorescent material activated with
cerium and/or other fluorescent material added thereto. When two kinds of
yttrium aluminum garnet fluorescent 10 material having different
proportions of Y being substituted with Gd are mixed, light of desired
chromaticity can be obtained easily. Particularly when a fluorescent
material having higher proportion of substitution is used as the
fluorescent particles of large 15 particle size and a fluorescent material
having lower proportion of substitution or no substitution at a11 is used
as the fluorescent particles of medium particle size, color rendering
performance and luminance can be improved at the same time. 20 <Light
transmitting resin> The light transmitting resin 8 is formed by applying a
solution, which is prepared by mixing a crosslinked oligomer obtained by
reacting an epoxy resin containing an alicyclic epoxy resin, which accounts
for 65 % by weight or 25 more of the epoxy resin, with an acid anhydride or
16 SEP 2004 47 dicarboxylic acid (0.005 to 1.5 mol based on an epoxy
equivalent) with a small amount of a cation curing agent (0.00005 to 0.003
mol, preferably 0..0001 to 0.01 mol, based on an epoxy equivalent), to the
inside of a mounting area 5 la in which the LED chip 5 of the nitride
semiconductor is mounted, followed by curing with heating. The light
transmitting resin 8 thus formed scarcely causes yellowing of the resin
because the content of the cation curing agent that absorbs blue light is
1/10 to 10 1/100 times as much as that in the prior art. Therefore, the
light emitted by the LED chip of the nitride semiconductor capable of
emitting blue light and light of which wavelength has been converted can be
extracted to the outside. Because of comparatively high pliability, the 15
light transmitting resin 8 reduces the thermal stress caused by a
difference in thermal expansion coefficient between the light transmitting
resin 8 and the LED chip 5, thus making it possible to prevent failures
such as crack in the LED chip 5 of the nitride semiconductor and breakage
20 of the wire 7. The composition of the epoxy resin composition used in
the light transmitting resin 8 will now be described in detail. 



The epoxy resin composition constituting the light 25 transmitting resin 8
contains, as an essential component,   16 SEP 2004 48 an epoxy resin
containing an alicyclic epoxy resin as a main component, an acid anhydride
or dicarboxylic acid, and a cation curing agent. If necessary, it further
contains a promotor made of a polyhydric alcohol or a polycondensate 5
thereof. Details of the respective components are as follows. (Epoxy resin)
Since the light transmitting resin 8 must maintain high light
transmittance, it is required that the epoxy 10 resin used in the present
invention accounts for 65o by weight or more, preferably 90 % by weight or
more, of the whole epoxy resin component (total amount of only the epoxy
resin excluding a curing agent) and the content of an aromatic component
serving as a coloring component, 15 especially a phenol derivative, is
reduced as small as possible. As the alicyclic epoxy resin, for example,
epoxidated cyclohexene derivative, hydrated bisphenol A diglycidyl ether
and diglycidyl hexahydrophthalate ester can be used alone or in
combination. It is particularly 20 preferred to mix an epoxidated
cyclohexene derivative such as 3,4-epoxycyclohexylmethyl-3',4'-epoxyhexyl
carboxylate, as a main component, with diglycidyl hexahydrophthalate ester
and, if necessary, an epoxy resin made of a cyclohexane derivative such as
hydrogenated bisphenol A 25 diglycidyl ether, and epichlorohydrin. A liquid
or solid   16 SEP 2004 49 epoxy resin made of bisphenol A diglycidyl ether
can also be mixed, if necessary. (Acid anhydride or dicarboxylic acid) 



As the acid anhydride or dicarboxylic acid, an acid 5 anhydride represented
by the following general formula (1) or dicarboxylic acid represented by
the following general formula (2). (1) O HOOC Rz-COOH (2) 10 In the
formulas, R1 represents a cyclic or aliphatic alkyl or aryl having 0 to 12
carbon atoms and RZ represents an alkyl or aryl having 0 to 12 carbon
atoms. As the acid anhydride, for example, there can be used propionic 15
anhydride, succinic anhydride, 1,2-cyclohexanedicarboxylic anhydride,
3-methyl-1,2-cyclohexanedicarboxylic anhydride,
4-methyl-1,2-cyclohexanedicarboxylic anhydride, phthalic anhydride,
4,4'-biphthalic anhydride, hexahydrophthalic anhydride,
methylhexahydrophthalic. anhydride,    16 SEP 2004 50
trialkyltetrahydrophthalic anhydride, and hydrated methyl nadir anhydride.
As the dicarboxylic acid, for example, there can be used
4,4'-biphenyldicarboxylic acid, 2,2'biphenyldicarboxylic acid, oxalic acid,
succinic acid, 5 adipic acid, 1,6-hexanedicarboxylic acid,
1,2cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic acid,
1,4-cyclohexanedicarboxylic acid, o-phthalic acid,..mphthalic acid, and
p-phthalic acid. When an epoxy resin is mixed with an acid anhydride or 10
dicarboxylic acid to form a crosslinked oligomer and then the crosslinked
oligomer is cured by mixing a ration curing agent, the acid anhydride or
dicarboxylic acid is mixed in the amount within a range from 0.005 to 0.5
mol, and preferably from 0.01 to 0.2 mol, based on an epoxy 15 equivalent.
When the epoxy resin, the acid anhydride or dicarboxylic acid and the
ration curing agent are simultaneously mixed and cured, the acid anhydride
or dicarboxylic acid is mixed in the amount within a range from 0.005 to
1.5 mol, and preferably from 0.1 to 0.8 mol, 



20 based on an epoxy equivalent. (Cation curing agent) As the ration curing
agent, for example, there can be used aromatic sulfonium salt, aromatic
diazonium, aromatic iodonium salt and aromatic selenium. The aromatic 25
sulfonium salt is decomposed by heat and/or ultraviolet   1 51 16 SEP 2004
light having a wavelength of 360 nm or less to generate a cation. Examples
thereof include Triphenyl sulfonium Hexafluoroantimonate and Triphenyl
sulfonium Hexafluorophosphate. The resin composition can be 5 sufficiently
cured by adding a small amount of Triphenyl sulfonium Hexafluoroantimonate
because of its large curing rate. The cation curing agent is preferably
used in the amount within a range from 0.00005 to 0.003 mol, preferably
from 0.0001 to 0.01 mol, and more preferably from 0.0002 to 10 0.005 mol,
based on an epoxy equivalent. (Promotor) Examples of the polyhydric alcohol
used as a promotor include ethylene glycol, diethylene glycol, trimethylene
glycol, triethylene glycol, propylene glycol, 1,4 15 butanediol, and
1,6-hexanediol. There can also be used a polycondensate obtained by the
condensation polymerization of one or more polyhydric alcohols among these
polyhydric alcohols. The polyhydric alcohol or polycondensate thereof is
used in the amount within a range from 0.1 to 5.0 20 equivalents, and
preferably from 0.2 to 3.0 equivalents, based on the acid anhydride or
dicarboxylic acid. The epoxy resin composition used in the light
transmitting resin 8 may contain component other than those described
above. For example, the light transmitting resin 25 8 may contain fillers
10. In addition to the fillers 10,   1 



16 SEP 2004 52 it can contain various functional particles of diffusing
agents and colorants. The method of forming the light transmitting resin 8
will now be described in detail. 5 The method of forming a light
transmitting resin 8 includes, for example, (i) a method of applying a
solution, which is prepared by simultaneously mixing an epoxy rein with an
acid anhydride and a ration curing agent, arid curing the solution, and
(ii) a method of applying a 10 solution, which is prepared by reacting an
epoxy resin with an acid anhydride to form a crosslinked oligomer and
mixing the crosslinked oligomer with, a ration curing agent, and curing the
coating film. For example, when the light transmitting resin 8 is formed in
the thickness of 500 ,gym 15 or less, the method (ii) is better. By
employing the method (ii), volatilization of the acid anhydride can be
prevented in case of applying the light transmitting resin 8 in the form of
a thin film and curing the thin film. Also the viscosity of the solution to
be applied is easily 20 controlled and the pot life is prolonged, so that
the workability is improved. The method (ii) will now be described. First,
an epoxy resin containing an alicyclic epoxy resin, which accounts for 65 %
by weight or more of the 25 epoxy resin, is reacted with an acid anhydride
or   l 



53 16 SEP 2004 dicarboxylic acid in the amount within a range from 0.005 to
0.5 mol, preferably from 0.01 to 0.20 mol, based on an .epoxy equivalent to
form a crosslinked oligomer in a proper reaction vessel. When using a
polyhydric alcohol or a 5 polycondensate thereof as a promotor, it is mixed
with the epoxy resin, together with an acid anhydride or dicarboxylic acid.
The reaction between the epoxy rein and the acid anhydride or dicarboxylic
acid is preferably conducted at room temperature at which the side reaction
10 such as oxidation is less likely to occur. In the case of the acid
anhydride, the reaction time is within a range from about 1 to 360 hours.
In the case of the dicarboxylic acid, the reaction time is within a range
from about 1 to 180 hours. To reduce the reaction time by acceleration of
15 the ring-opening reaction of the acid anhydride, the reaction system may
be heated to 50 to 150C (preferably 60 to 120C) . Then, a solution is
prepared by mixing the resulting crosslinked oligomer with a ration curing
agent in the 20 amount within a range from 0.00005 to 0.03 mol, preferably
0.0001 to 0.01 mol, based on an epoxy equivalent. The mixed solution is
packaged in the inside of a mounting area la in which the LED chip 5 of the
nitride semiconductor is mounted, and then cured with heating to form a
light 25 transmitting resin 8. Preferably, the mixed solution is   16 SEP
2004 54 subjected to primary curing by heating at 80 to 100C for 2 to 4
hours and then subjected to secondary curing by heating at 140 to 150C for
2 to 4 hours. More specific method will be described hereinafter. 5 The
pliability of the epoxy resin composition thus obtained finally is
proportion to the molecular weight of the crosslinked oligomer during the
process. The higher the proportion of carboxyl groups, which are converted
into an ester as a result of the reaction with the epoxy resin 10 or
promotor, among carboxyl groups of the acid anhydride or dicarboxylic acid,
the better the pliabilitv of the resulting epoxy resin composition. The
.viscosity of the mixed solution of the crosslinked oligomer and the cation



curing agent can be freely controlled by adjusting the 15 amount of the
acid anhydride or the ester conversion ratio, because the viscosity varies
depending on the molecular weight of the crosslinked oligomer.
<Manufacturing method of embodiment 1> Now a method for producing the light
emitting diode of 20 the first embodiment will be described below. This
producing method is a method for producing the surface mounted light
emitting diode of the first embodiment with stable quality satisfactorily
in mass production. 25 In this producing method, since a plurality of   16
SEP 2004 55 packages are processed collectively to the step of covering the
LED chip 5 with the light transmitting resin, a package assembly consisting
of a plurality of packages is used. The package assembly is made by bonding
an insulating 5 substrate 101 having a plurality of through holes 101a that
correspond to a mounting area 1a of each package, and a metal base plate
102. The insulating substrate 101 comprises, for example, a laminated resin
of thickness from 0.06 mm to 2.0 mm and has 



10 a plurality of through holes 101a penetrating therethrough in the
direction of thickness. Cross section of the through hole 101a may be oval;
circular. or rectangular. That is, the present invention is not limited in
terms of the cross sectional shape of the through hole 101a that can 15 be
selected from among various shapes. Inner wall of the through hole 101a is
preferably tapered neat the opening so that the diameter thereof increases
from one side of the insulating substrate (surface to be bonded with a thin
metal sheet) toward the other side: When the inner wall of 20 the through
hole 101a is tapered, light emitted by the LED chip toward the inner wall
can be reflected thereon and directed upward, thus making it possible to
extracting the light emitted by the LED chip 5 efficiently from the light
emitting element. 25 The metal base plate 102 has separation grooves formed
16 SEP 2004 56 therein in correspondence to the through holes with the
grooves filled with an insulating resin 4, so that thin metal sheet 2a and
the thin metal sheet 2b are electrically isolated from each other by the
insulating resin 4 in each 5 package when the packages are cut off. A part
of thin metal sheet 2a, the insulating resin 4 and a part of the thin metal
sheet 2b are exposed in the through hole 101a in each package. Also in the
package assembly, the plurality of .10 packages are disposed in a group for
each opening 113 of the mask 112 to be described later. <Mounting of LED
chip> The LED chips 5 are die-bonded at predetermined positions in the
through holes (mounting areas) of the 15 package assembly constituted as
described above, and wiring is provided as required by wire bonding (Fig.
5). The thin metal sheet 2a and the thin metal sheet 2b are exposed in the
through hole, and the LED chip 5 is bonded onto the thin metal sheet 2b
that is a negative 



20 electrode, while a p-type electrode 5a and an n-type electrode 5b of the
LED chip 5 are connected to the thin metal sheet 2a and the thin metal
sheet 2b, respectively by means of wires 7. <First process: mimeograph
printing> 25 The light transmitting resin (epoxy resin composition   16 SEP
2004 57 of the present invention) 8 that serves as the sealing member is
applied by mimeograph printing in a chamber. Fig. 3A is a plan view of the
mask 112 used in the mimeograph printing according to the producing method
of the first 5 embodiment. The mask 112 has a plurality of apertures 113 as
shown in Fig. 3A, position and size of each aperture 113 being set so that
a plurality of packages of one group correspond to one of the apertures 113
(Fig 3B). Thus the mask used in the present invention is designed so as to
10 form the light transmitting resin layer not only in the through holes
but also in the surrounding thereof on the insulating substrate 101.
According. to the producing method of this embodiment, such a light
transmitting resin layer that maintains a smooth surface even after curing
can 15 be formed on the inner surfaces of the through holes 101a of the
insulating substrate and on the insulating substrate 101 by carrying out
the mimeograph printing using the mask 112 as described above.
Specifically, in this producing method, groups each 20 consisting of a
plurality of packages are disposed except for areas around the apertures
113 where it is difficult to apply the light transmitting resin with a flat
surface, as shown in Fig. 5. Thus the light transmitting resin layer having
uniform thickness and flat surface is formed in the 25 portions where the
plurality of packages are disposed, so   18 SEP 2004 



58 as to suppress the variations in the thickness of the light transmitting
resin layer between packages and make the light transmitting resin surface
of each package flat. After forming the light transmitting resin layer in a
5 single step for the plurality of light emitting diodes as described
above, individual light emitting diodes are separated by cutting along the
dashed lines shown in Fig.  5. Thus the light emitting diodes having
uniform thickness can be manufactured with high yield without variations in
the 10 size and color among the light emitting diodes. Thickness of the
light transmitting resin layer formed on the insulating substrate can be
changed freely by controlling the thickness of the mask. Now an example of
method for the light transmitting 15 resin layer having uniform thickness
and flat surface in the portions where the plurality of packages are
disposed around the apertures 113 will be described below. (Step 1) First,
the package assembly 100 having the through 20 holes 101a facing toward the
mask 112 is sucked onto a elevation stage 117 (Fig. 4A), the stage 117 is
lifted with the package assembly 100 and the mask 112 aligned and put into
contact with the bottom surface of the mask 112 (Fig. 4B). This makes it
possible to bring the package assembly 25 100 into contact with the mask
112 in such a state as   18 SEP 2004 59 warping of the package assembly
being corrected. As warping of the package assembly is corrected as
described above,. the light transmitting resin layer of uniform thickness
can be formed on one surface of the package 5 assembly 100. Forming the
sealing member in the warped state on the substrate leads to variations in
thickness among the light emitting diodes, thus resulting in lower yield.
The light transmitting resin that includes the 10 fluorescent material is
applied on outside of the apertures of the mask 112 under the atmospheric
pressure as shown in Fig.. 4A, and the resin is deaerated by decreasing the
pressure in this condition. The decreased pressure is preferably within a
range from l00 to 400 Pa, which makes 15 it possible to effectively remove
bubbles from the resin. In this embodiment in which the package assembly
l00 and the mask 112 are used, the light transmitting resin having a
relatively high viscosity can be used. 



In case the fluorescent material is used while being, 20 included in the
light transmitting resin as in the first embodiment, it is preferable to
use a resin that has a certain level of viscosity in order to ensure
homogeneous dispersion, since the fluorescent particles of large particle
size precipitate at a fast rate in the liquid 25 resin. However, a resin of
higher viscosity is difficult   16 SEP 2004 60 to deaerate and may lead to
lower yield of production. For this reason, in the present invention, the
mimeograph printing is carried out while repeating the pressurization and
depressurization after removing bubbles by decreasing 5 the pressure, so as
to make it possible to use the light transmitting resin of high viscosity
without decreasing the yield of production. Thus a resin of high viscosity
can be used in order to minimize the color inconsistency that tends to
occur when fluorescent particles of large particle 10 size are used. Also
the light emitting diode can be manufactured with high yield even when a
resin of high viscosity is used. In case sealing is done with the light
transmitting resin including bubbles, the bubbles reflect and refract 15
light emitted by the LED chip and light emitted by the fluorescent
material, resulting in conspicuous irregular color and unevenness in
luminance. To prevent this problem, it is very effective in suppressing
irregular color and unevenness in luminance, to repeat the cycle of
,decreasing 20 and increasing the pressure as in this embodiment when
applying the light transmitting resin that includes the fluorescent
material. Bubbles included in the light transmitting resin may also lead to
peel-off of the light transmitting resin and/or wire-bonded portion and
wire 25 breakage, resulting in lower reliability. Therefore   16 SEP 2004
61 removal of the bubbles by the method of this embodiment is very
effective also in improving the reliability. <Step 2> 



Then first cycle of forward squeegee sweep is carried 5 out under decreased
pressure (Fig. 4C). A forward squeegee spatula 114 used in this operation
is inclined forward with respect to the vertical line of the mask 112 as
shown in Fig. 4C, and is pressed by pneumatic pressure against the mask 112
so as to move and squeeze the resin 8 into the 10 aperture 1l3 of the mask
112. Since the forward squeegee sweeping operation is carried out under
decreased pressure, suction of the elevation stage 117 is not effective:
But displacement between the package assembly 100 and the mask 112 does not
occur because the elevation stage 117 is 15 pressed physically against the
mask 112. <Step 3> Then the ambient pressure is increased to the
atmospheric pressure and, upon completion of pressure increase, first cycle
of return squeegee sweep is carried 20 out in a direction opposite to the
forward squeegee sweep (Fig. 4D). A return squeegee spatula 115 is inclined
toward the moving direction with respect to the vertical line of the mask
112 more steeply than the forward squeegee spatula 114 and is moved by
larger pneumatic pressure than 25 that in the forward squeegee sweep
operation. As the light   16. SEP 2004 62 transmitting resin is squeezed
again with a larger contact area between the return squeegee spatula 115
and the mask 112, bubbles can be removed efficiently from the resin that
fills the apertures 113 so that the sealing member can be 5 finished with
smoother surface. <Step 4> Several cycles of forward and return squeegee
sweeping operations are carried out while repeating the pressure decreasing
and increasing cycles similarly to the step 2 10 and step 3, thereby to
fill the aperture 113 with the resin of uniform thickness. <Step 5> With
the mask 112 in contact with the package assembly 100, the light
transmitting resin is cured and then the 15 mask is removed. Thus the light
transmitting resin formed integrally in the through hole wherein the LED
chip is placed and on the top surface of the insulating substrate can be
made to have top surface that is flat and substantially parallel to the
bottom surface of the package. 20 When the method of forming the sealing
resin by mimeograph printing is employed as described above, the light
transmitting resin having relatively high viscosity before curing can be
used. Consequently, unlike in the case of using a resin of low viscosity,
the fluorescent 25 material does not precipitate or migrate in the resin.
As 



16 SEP 2004 63 a result, relatively good mixed state of the fluorescent
material can be maintained. In addition, the period in which the light
transmitting resin remains during the forming process is from several tens
of seconds to several 5 minutes, far shorter than several hours in the case
of potting process in which molten resin is poured into the through holes
and cured by heat. Moreover, since the time taken to cure can also be made
very short, the fluorescent material particles can be prevented from
precipitating one 10 on another on the LED chip. Thus according to the
producing method of the first embodiment,, since the light transmitting
resin of highviscosity can be used, the resin and the fluorescent material
can be prevented from separating from each other 15 in the period after
mixing the fluorescent material in the light transmitting resin till
application to the substrate. As a result, variations in the content of
fluorescent material included in the resin among the light emitting diodes
can be minimized, thus making it possible to 20 manufacture the light
emitting diodes with less variation in the color of the emitted light
within a production lot and among different production lots. Yield of
production can also be improved. Also the fluorescent particles of large
particle size 25 can be prevented from precipitating densely near the   1
64 16 SEP 2004 surface of the LED chip in the period between filling the
through holes and curing of the resin, so that wavelength converting
function of the fluorescent particles of large particle size can be
effectively utilized. Further, the 5 fluorescent particles of small
particle size can be distributed uniformly in the light transmitting resin
around the fluorescent particles of large particle size, thus preventing
light emitting diodes from experiencing irregular color. 10 Particularly in
case the light emitting diode includes YAG: Ce fluorescent material as the
fluorescent material so as to emit white light, the fluorescent material
has larger specific gravity than the light transmitting resin and tends to
precipitate densely. Even in this case, the 15 fluorescent particles of
large particle size 81 can be prevented from precipitating densely near the
surface of the LED chip 5, so that the light emitting diodes of uniform
color temperature can be manufactured reliably. 



Now the dicing process will be described in detail 20 below. Individual
light emitting diodes are separated through the dicing process as described
below after the light transmitting resin has been cured. <Second process:
Dicing process> (Dicing step 1) 25 After curing the resin, the package
assembly 100 is   16 SEP 2004 65 bonded onto a dicing sheet on the light
transmitting resin side. The bonding strength can be increased since the
bonding surfaces of the package assembly 100 and the dicing sheet are made
of substantially the same material and are 5 flat planes. As a result, the
chips can be prevented from coming off and mis-positioning in dicing can be
prevented, making possible to separate into the individual light emitting
diodes with high yield. In case the resin is applied and cured by using a
mask 10 that has apertures corresponding to the individual through holes of
the package assembly, in contrast, the applied resin shrinks and sinks over
the through, holes, resulting in decreased bonding strength because only
the surface of the insulating substrate other than the areas over the 15
through holes makes contact with the dicing sheet. In case a larger amount
of the resin is applied and cured by using the mask that has apertures
corresponding to the individual through holes, on the other hand, the resin
surface becomes higher than the top surface of the insulating substrate 20
that is to be diced and only the resin surface makes contact with the
dicing sheet as the bonding surface, thus resulting in very weak bonding
strength between the package assembly and the dicing sheet that leads to
mis-positioning in dicing. When dicing is carried out with the package 



25 assembly and the dicing sheet held together in unstable    66 16 SEP 200
condition as described above, the chips tend to come off and
mis-positioning in dicing is likely to occur. The light emitting diodes
thus obtained may also have such undesirable cut surfaces that have burrs
or the like. The 5 burrs may break in the packaging process that follows.
When the burrs break to a depth, moisture infiltrates from the outside into
the sealing member. This decreases the reliability of the light emitting
diode and causes such defects as metallic members sealed inside are
oxidized and 10 discolor. <Step 2> The package assembly that is fixed
closely on the dicing sheet in step 1 is cut off by means of a dicing blade
applied onto the bottom surface of the package 15 assembly along the dashed
lines in Fig. 5. The dicing blade has a cutting edge consisting of fine
diamond particles around a bond. The diamond blade of this constitution
tends to be loaded with metal chips generated as saw dust, when cutting off
the light emitting diodes that 20 fill the space between the diamond
particles. In order to avoid this problem; it is preferable to include a
hard filler in the light transmitting resin that makes the sealing member
in the first process, in which case the loading metal chips are pushed out
so that dicing operation 25 can be carried out smoothly. Use of a filler of
larger 



16 SEP 2004 67 particle size increases the operation and effect. Using the
fluorescent particles of large particle size as a filler increase the
effect since the fluorescent particles of large particle size has high
hardness. 5 In the light emitting diode manufactured by the producing
method described above, the light transmitting resin seal is formed
integrally on the top surface of the insulating substrate and in the
through hole of the insulating substrate, top surface of the light
transmitting 10 resin is substantially parallel to the bottom. surface of
the package, and the outer circumferential surface of the light
transmitting resin is substantially flush with the outer circumferential
surface of the package. As the light transmitting resin is formed over the
entire surface of the 15 light emitting diode, light emitting surface can
be made wider with increased output power. Moreover, since the light
transmitting resin on the insulating substrate diffuses light from the LED
chip more effectively to the outside, the light emitting diode has good
directivity. In 20 case the light transmitting resin includes the filler,
the effect is further enhanced by the filler, so that the light emitting
diode has favorable light emitting characteristics. In the light emitting
diode of the first embodiment according to present invention, the luminous
intensity and 25 power can be increased by using florescent material   16
SEP 2004 



68 classified so as to have the fluorescent particles of small particle
size and the fluorescent particles of. large particle size and disposing
the florescent material to make full use of each function. The fluorescent
particles of 5 small particle size account for 0.01 vol % to l0 vol % of
the total volume of fluorescent material and are dispersed in the
transmitting resin to scatter the light. The fluorescent particles of large
particle size can convert the wavelength of the light efficiently by
controlling the 10 particle size thereof so that the particles can be
distributed in the vicinity of the LED chip. Since the fluorescent
particles of- large particle size o f this embodiment can be excited by the
light in a broad wavelength band, the fluorescent particles can convert the
15 wavelength of the light in the case that the wavelength of the light
emitted from the LED chip varies by a change of the current. Therefore, it
is possible to provide the light emitting diode with a good reliability and
a good productivity. 20 In the method for producing the light emitting
diode according to this embodiment, the light emitting diode with a good
luminance characteristic can be produced efficiently. Moreover, in the case
that production process need a long period time, variations in the light
emission performance 25 can be kept extremely small between the light
emitting    16 SEP 2004 69 diodes manufactured in the early stage of the
production run and the light emitting diodes manufactured in the latter
stage of the production run. Therefore, the irregular color of the light
emitting diode can be 5 prevented and the yield of production can be
improved. The epoxy resin composition of the present invention described in
the first embodiment can be prevent yellowing and has a high pliability,
because a crosslinked oligomer formed by reacting the alicyclic epoxy resin
reacts with 10 the acid anhydride or dicarboxylic acid. The epoxy resin
composition of present invention can .be handled easily, since the
viscosity of. the epoxy resin composition can be freely controlled by the
amount of the acid anhydride or the dicarboxylic acid, or the ester 15
conversion ration and has long pot life. 



Embodiment 2 Fig. 6 is a schematic sectional view of an SMD type light
emitting diode according to second embodiment of the 20 present invention.
The light emitting diode of the second embodiment comprises the LED chip 5
made by forming a pn junction of a nitride semiconductor (AIXGaYInZN, 0 S X
~ 1, 0 ~ Y S 1, 0 S Z s 1, X + Y + Z - 1 ) on a sapphire substrate via a
buffer layer made of Ga~All_dN, 0 S d 5 1) , 25 the LED chip 5 being placed
on a glass epoxy substrate 12   16 SEP 2004 70 that has a pair of lead
electrodes 12a, 12b. The LED chip 5 has a light emitting layer made of at
least a nitride semiconductor layer. Positive and negative electrodes
provided on at least one surface of the LED chip 5 are 5 electrically
connected to lead electrodes 12a, 12b with electrically conductive wires 7.
In the light emitting diode of the second embodiment, a fluorescent
material similar to that of the first embodiment is dispersed in the light
transmitting resin 18. 10 The fluorescent material dispersed in the light
transmitting resin 18 consists of the fluorescent particles of large
particle size 81 and the fluorescent particles of small particle size 82.
Thus the wavelength converting function of a11 the fluorescent particles of
large particle 15 size 81 is fully made use of thereby to improve the
output power of the light emitting diode, while preventing irregular color
from occurring by means of the fluorescent particles of small particle size
82. In the light emitting diode of this present invention, 20 epoxy resin
described in the first embodiment is preferably used for the light
transmitting resin 18. However, in the second embodiment, since the resin
is molded on the substrate instead of filling the inside of the package,
other epoxy resin, glass, silicone resin, 25 acrylic resin or the like
suitable for the producing method   



16 SEP 2004 71 may also be used. Embodiment 3 The light emitting diode
according to the third embodiment of the present invention comprises an LED
chip 5 having a constitution, for example, shown in Fig. 1 or Fig. 6
capable of emitting ultraviolet ray with a main peak of emission in a short
wavelength region around 400 nm. .An LED chip capable of emitting
ultraviolet ray can be easily made by growing a semiconductor layer based
on a nitride 10 semiconductor on a sapphire substrate. In the light
emitting diode of the third embodiment, a resin or glass 'that is somewhat
resistant to the ultraviolet ray is used as the light transmitting resin,
and a fluorescent material having the particle size 15 distribution
described in the first embodiment is used. For the material of the
fluorescent material, YzOZS: Eu fluorescent material that is excited by
light of short wavelengths in the ultraviolet region and emits red light,
Sr5(PO4)3C1: Eu fluorescent material that is excited by 20 light of short
wavelengths in the ultraviolet region and emits blue light or (SrEu) 0
AlzO, that is excited by light of short wavelengths in the ultraviolet
region and emits green light can be used. A light emitting diode that emits
white light can be 25 manufactured by forming a wavelength conversion layer
made    



72 16 SEP 2004 of a mixture of a red light emitting fluorescent material, a
blue light emitting fluorescent material and a green light emitting
fluorescent material on the surface of the LED element. 5 Besides the
fluorescent material described above, 3 . 5Mg0 ' 0 . 5MgF2  GeOz : Mn,
Mg6As2011: Mn, Gdz02 : Eu or LaZOZS Eu may be used as the red fluorescent
material, Re5(P09)aCl: Eu (Re is at least one element selected from among
Sr, Ca, Ba and Mg) , BaMgZAl160z,: Eu, or the like may be used as the 10
blue fluorescent material. The light emitting diode capable of emitting
white light with high luminance can be made by using these fluorescent
materials. In the light emitting diode of the third embodiment, since the
fluorescent material consists of the fluorescent 15 particles of large
particle size 81 and the fluorescent particles of small particle size 82
similarly to the first embodiment, the wavelength conversion layer capable
of efficiently converting light of ultraviolet region is formed so that the
light emitting diode of high luminance 20 can be obtained. Particularly
when fluorescent materials of a plurality of types are used to emit mixed
light, it is preferable since irregular color can be effectively suppressed
by the light scattering effect of the fluorescent particles of small
particle size. 25 When a thin layer having wavelength converting   16 SEP
2004 73 function is formed from a mixture of such fluorescent materials
described above, the fluorescent materials preferably have similar median
particle size and particle shape, since this makes it possible to
satisfactorily mix 5 light of different wavelengths emitted by the
different fluorescent materials thereby to suppress irregular color. In the
third embodiment, different wavelength conversion layers may also be formed
from different fluorescent materials. In case different wavelength 10
conversion layers of different fluorescent materials are formed in multiple
layers, it is preferable to form a red light emitting fluorescent material,
a green light emitting fluorescent material and a blue light emitting
fluorescent material one on another in this order on the LED chip in 15
consideration of the transmittance of each fluorescent material for
ultraviolet ray, since this causes a11 layers to efficiently absorb light
in the ultraviolet region. Furthermore, it is preferable that the particle
sizes of different fluorescent materials are controlled so that the 



20 blue fluorescent material has the largest median particle size followed
by the green fluorescent material and then the red fluorescent material in
order to have the particle sizes of the fluorescent material decrease from
the lower layer to the upper layer in the multiple wavelength 25 conversion
layers, since this allows ultraviolet rays to   16 SEP 2004 74 efficiently
transmit up to the topmost layer and also makes it possible to have the
ultraviolet rays completely absorbed by the multiple wavelength conversion
layers. The wavelength conversion layers for different colors 5 may also be
formed on the LED chip in such a configuration as stripes, grating or
triangle. In this case, the layers including the different fluorescent
materials may ..be disposed at a distance from each other, which improves
the color mixing performance. It is also preferable to form 10 the
wavelength conversion layer so as to cover the LED chip as a whole, since
this makes it possible to prevent the ultraviolet, rays from being absorbed
in the outside of the sealing resin. Embodiment 4 15 Fourth embodiment of
the present invention relates to a method for producing the fluorescent
material that is suited for the light emitting diode, in which such a
fluorescent material is synthesized that chromaticity of the emitted light
can be prevented from shifting and red 20 component can be prevented from
decreasing. A method for synthesizing the fluorescent material is disclosed
in Japanese Unexamined Patent Publication No. 4985/1973 in which various
materials of fluorescent material are mixed in stoichiometrical proportions
and 25 boric acid is added thereto as flux, with the mixture being   16 SEP
2004 75 fired. Japanese Unexamined Patent Publication No. 36038/1986
discloses such a method as various materials of fluorescent material are
mixed in stoichiometrical. proportions and barium fluoride is added thereto
as flux, 



5 with the mixture being processed to grow particles. When barium fluoride
and boric acid is added as the flux to the fluorescent material so as to
assist the growth of particles, chromaticity of the emitted light obtained
by the irradiation with excitation light shifts and the red 10 component
decreases. In the fourth embodiment, shift in chromaticity of the emitted
light ,of fluorescent material is suppressed by adding a liquid to the
mixture before firing the mixture of the mixed materials of fluorescent
materials and the flux 15 including barium fluoride. It is supposed that
addition of the liquid during firing makes the mixed materials denser and
improves reactivity so that homogeneous fluorescent particles of uniform
particle sizes can be obtained. The effect can be improved further by
pressurizing during 20 firing. The more the amount of the liquid added, the
better the particle shape and the higher the effect of suppressing the
chromaticity shift of the emitted light. The amount of the liquid added is
preferably within a range from 5 to 200 25 wt %, more preferably within a
range from 10 to 70 wt o and   16 SEP 2004 76 . most preferably within a
range from 50 to 70 wt % of the mixed material The above effect can be
enhanced by adding Fe in addition to Ce, as the activation agent for the
fluorescent material. 5 Also according to the method for producing, it is
preferable to fire the fluorescent material of the fourth embodiment, the
mixture of the mixed materials ,.,of fluorescent materials and the flux in
two steps comprising a first firing step of firing in an air or weakly
reducing 10 atmosphere and a second firing step of firing in a reducing
atmosphere. In the present invention, the weakly reducing atmosphere refers
to an atmosphere that includes oxygen of such a concentration that at least
the quantity of oxygen 15 required in the reaction of forming the desired
fluorescent material from the mixed material. The fluorescent material can
be prevented from blackening and the light absorbing efficiency can be
prevented from decreasing, by carrying out the first firing step until the
process of forming the 20 desired fluorescent material is completed in the
weakly reducing atmosphere. The reducing atmosphere in the second firing
step is a reducing atmosphere that has higher reducing power than the
weakly reducing atmosphere. 



A fluorescent material having high efficiency of 25 absorbing excitation
light can be obtained by firing in two   16 SEP 2004 77 steps as described
above. This makes it possible to reduce the amount of the fluorescent
material required to obtain the desired chromaticity and obtain .a light
emitting diode having high efficiency of extracting light, for example, 5
when the method is applied to the light emitting diode. Variation Example 1
(Light transmitting resin) While a particular epoxy resin is used in the
first embodiment, according to the present invention, the light 10 emitting
diode may also be made by mixing other resin or glass and the fluorescent
material described in the first embodiment. In this case, materials that
can be suitably used as the light transmitting resin include light
transmitting 15 resins having good weatherability such as other type of
epoxy resin (for example; nitrogen-containing epoxy resin), acrylic resin
and silicone and glass. A light emitting diode of high output power can be
made also by including fluorescent material consisting of fluorescent
particles of 20 large particle. size and fluorescent particles of small
particle size in such a resin as described above. A pigment may also be
added together with the fluorescent material to the light transmitting
resin. In order to improve weatherability of the light 25 transmitting
resin, an ultraviolet absorbing agent may also   16 SEP 2004 78 



be added to the light transmitting resin, and further an antioxidant,
organic zinc carboxylate, acid anhydride or . chelate compound of. zinc may
also be added to the light transmitting resin. 5 Variation Example 2
(Diffusing agent) Further according to the present invention, the light
transmitting resin may include a diffusing agent in addition to the
fluorescent material. For the diffusing 10 agent, barium titanate, titanium
oxide, aluminum oxide, silicon oxide, calcium carbonate or the like is
preferably used. Organic diffusing agents such as melanin resin, CTU
guanamine resin and benzoguanamine resin can also be used. The light
emitting diode having good directivity can 15 be made by adding the
diffusing agent as described above. The diffusing agent in this
specification has median particle size of 1 nm or over and less than 5 ,u
m. It is preferable to use the diffusing agent having median particle size
within a range from 1 um to 5 um, since it 20 causes satisfactory random
reflection of light emitted by the LED chip and the fluorescent material
and suppression of irregular color that tends to occur when the fluorescent
particles of large particle size is used. Use of the diffusing agent also
makes it possible to make the half 25 width of the light emission spectrum
narrower and obtain   16 SEP 2004 79 the light emitting diode having high
color purity. The diffusing agent having median particle size or 1 nm or
over and less than 1 a m has lower effect of interfering with the light
emitted from the LED chip but 5 can improve the viscosity of the resin
without decreasing the luminous intensity. When this effect is utilized in
a process of filling the recess of package with a resin by potting or the
like, it is made possible to disperse the fluorescent material
substantially uniformly in the resin 10 that is contained in a syringe and
maintain this condition, and therefore high yield of production can be
achieved even when the fluorescent particles of large particle size that is
relatively difficult to handle is used. As can be seen from the above
discussion, the diffusing agents used in the 15 present invention have
different actions depending on the range of particle sizes, and can be used
in proper combinations according to the application. 



Variation Example 3 (Filler) 20 Further according to the present invention,
the light transmitting resin may contain fillers, in addition to the
fluorescent material. Specific material that can be used as the filler are
the same as those for the diffusing agent, although the median particle
size is different. The filler 25 in this specification has median particle
size within a   21 SEP 2004 so range from 5 ,um to 100 a m. When the filler
having median particle size in this range is included in the light
transmitting resin, variation in the chromaticity of light emitted by the
light emitting diode is improved by the 5 light scattering effect and
resistance of the light transmitting resin against the thermal shock can be
improved. This makes it possible to prevent such troubles as breakage of
wires that connect the LED chip and electrodes of the package and peel off
of the bottom 10 surface of the LED chip and the bottom of the package
recess even when used at high temperatures. Thus the light emitting diode
of high reliability can be provided.' Moreover, it is made possible to
regulate the fluidity of the resin at a constant level over an extended
period of 15 time and applying a required amount of the light transmitting
resin to a desired position, thus allowing for mass production with a high
yield. The filler has preferably similar particle size and/or shape to
those of the fluorescent material. In this 20 specification, the expression
"similar particle size" means that the difference in the median particle
size is less than 20 %, and the expression similar shape" means that the
difference in the roundness factor (length of circumference of a true
circle of the same area as the projected area of 25 the particle/ length
projected of circumference of the   16 SEP 2004 81 particle) that
represents the degree of proximity of the particle shape to the true circle
is less than 20o. Use of 



. such a filler results in interaction of the fluorescent material and the
filler that causes the fluorescent 5 material to be favorably dispersed in
the resin thereby to suppress the irregular color. Both the fluorescent
material and the filler preferably have median particle sizes within a
range from 15 a m to 50 um, more preferably within a range from 20 ,um to
50 ,um. The particles can be 10 dispersed with desirable distance from each
other when the particle sizes are controlled in the range described above.
This makes, it possible to secure a path to extract light and improve the
directivity while preventing the luminous intensity from decreasing due to
the mixing of the filler. 15 When the light transmitting resin including
the fluorescent material and the filler of particle sizes in the range
described above is applied by the mimeograph printing, dressing effect can
be provided in which the dicing blade is restored from loaded condition in
the dicing process 20 after curing the light transmitting resin, thus
improving the mass production performance. In order to achieve good
dressing effect in the dicing process, it is preferable that the filler of
larger particle sizes is included. Good dressing effect can be 25 achieved
for effectively restoring loaded dicing blade when   _) 82 16 SEP 2004 the
light transmitting resin includes a filler having median particle size
within a range from 15 um to 50 a m, more preferably within a range from 20
,u m to 50 ,u m.' Variation Example 4 5 (Light emitting surface) According
to the present invention, the light transmitting resin surface that serves
as the light emitting surface of the light emitting diode may be a curved
surface. In the case of the light emitting diode 10 described in the second
embodiment in which the resin is molded on the substrate, the light
transmitting resin surface is preferably formed in a curved surface so .as
to achieve the desired directivity, since light cannot be reflected upward
on the side wall of the package in this 15 type of light emitting diode.
Such a curved light emitting surface can be formed by applying the light
transmitting resin including necessary substances dispersed therein in the
mimeograph printing using a mask 39 (Fig. 7A) having apertures formed
therein 20 in correspondence to the individual light emitting diodes. This
process is illustrated in Fig. 7A and Fig. 7B. While the surface of the
light transmitting resin applied as described above usually becomes a
curved surface after thermosetting of the resin, the surface can be formed
in 



25 any desired shape according to the material and    83 16 SEP 2004
configuration of the mask 39 and the quantity of resin applied. With this
method, the light emitting diode can be manufactured satisfactorily in mass
production. Even when the light emitting diodes of the present invention 5
including fluorescent particles of large particle size and fluorescent
particles of small particle size are manufactured in a large quantity over
a long period of time, variations in the light emission performance can be
kept extremely small between the light emitting diodes 10 manufactured in
the early stage of the production run and the light emitting diodes
manufactured in the latter stage . of the production run, thereby improving
the yield of production. Moreover, when silicone is used as the material of
the 15 mask 39, producing cost can be reduced and the light emitting
surface of a desired curve can be formed by making use of the difference in
the thermal expansion coefficient between the silicon and the light
transmitting resin. Variation Example 5 20 While the LED chip and the
package are connected by means of wires in the first embodiment, although
the present invention is not limited to this constitution and such a
constitution may also be employed as the LED chip is mounted in the
mounting area la of the package by flip 25 chip-bonding with conductive
material and output light is    84 16 SEP 2004 extracted from the substrate
side of the LED chip. Since the package has the insulating section 4
located in the mounting area 1a (through hole) with the thin metal sheets
2a, 2b exposed on both sides as shown in Fig. 1, it 



5 suffices to mount the LED chip so as to straddle over the insulating
section 4 and connect the positive and negative electrodes of the LED chip
directly to the thin metal sheets 2a, 2b, respectively. Variation Example 6
10 The light emitting diodes of the embodiments and variation examples
described above are SMD type light emitting diodes, although the present
invention is notlimited to this constitution. For example, the fluorescent
material and/or the epoxy 15 resin described in the first embodiment can be
used in light emitting diodes of various forms such as display, 8segment
indicator and bullet type. That is, use of the fluorescent material
described in the first embodiment makes it possible to make a light 20
emitting diode of high output power and use of the epoxy resin described in
the first embodiment makes it possible to make a light emitting diode of
high reliability. The light transmitting resin described in the first
embodiment can be applied not only to light emitting 25 elements such as
light emitting diode but also to light   16 SEP 2004  85 receiving element
such as photodiode. The present invention will be described in the
following examples and is not limited only to such. examples. 5 Example 1
The SMD type light emitting diode as shown in the sectional view of Fig. 8
is fabricated as a light emitting diode of the present invention. The LED
chip comprising a light emitting layer made of InGaN and having a main peak
10 of 470 nm is used as a LED chip 5. In the light emitting diode of
Example l, the package is a molded resin body formed in one piece of the
base part and the side wall part. The electrode leads 22a and 22b are
insertion molded into the base part of the resin 24. The LED chip can be
formed 15 by making use of MOCVD method. More specifically, the cleaned
sapphire substrate is set in to the reactor chamber and films are formed
using trimethylgallium (TMG) gas, trimethylindium (TMI) gas and ammonia gas
as a reactive gas, and hydrogen gas as a carrier gas, and silane gas and 20
cyclopentadiamagnesium as a impurity gas. 



The LED chip comprises a AlGaN layer as a low temperature buffer layer, a
non-doped GaN layer to enhance a crystallinity (thickness . about 15000 A),
a Si-doped GaN layer as an n-type contact layer on which an electrode is 25
formed (thickness . about 21650 A), a non-doped GaN layer   16 SEP 2004 86
to enhance a crystallinity (thickness . about 3000 fir), a multi-layered
film in the form of a super lattice made of a non-doped GaN layer
(thickness . about 50 ~) and a Si doped GaN layer ( thickness . about 300 ~
) as a n-type cladding 5 layer, a multi-layered film in the form of a super
lattice made of a non-doped GaN layer (thickness . about 40 Aj and a
non-doped InGaN layer ( thickness . about 20 angstrom)., to enhance a
crystallinity of the light emitting layer, a light emitting layer in the
multi quantum well structure 10 made of a non-doped GaN layer (thickness .
about 250 ~) and a non-doped InGaN layer (thickness . about 30 A), a
multilayered film in the form of a super lattice of a Mg-doped InGaN
(thickness . about 25 A ) and a Mg-doped GaAlN (thickness . about 40 fir)
and a GaN layer doped with Mg as a 15 p-type contact layer (thickness .
about 1200 A), which are sequentially formed, on the sapphire substrate.
The semiconductor wafer on which multiple nitride semiconductor layers have
been formed in such a way is etched partially to expose a part of the
n-type contact 20 layer. Then, on the exposed p-type and n-type contact
layers, the n-type and p-type electrodes are formed, respectively, using
sputtering technique. Thereafter, the resulting wafer is cut into the
respective light emitting device to fabricate a LED chip which is able to
emit blue 25 light.   16 SEP 2004 87 The LED chip fabricated in the
above-mentioned way is die-bonded with a die bonding resin 6 to the hollow
of the package formed by molding integrally the lead electrodes 22a and 22b
to the resin 24. Each electrode of 



5 the LED chip and each of the lead electrode 22a and 22b are wire-bonded
using gold wire 7 having a diameter of 35 a m, respectively, to establish
electric connection. In Example 1 of the present invention, (Yo,BGdo;z)
z.sssAls~~z  ~eo.o3s in which about 20 percent of Y is 10 substituted with
Gd and which has a central particle size of 21.429 ,u m is used as a
fluorescent material. The fluorescent material. is composed of a
fluorescent particles of large particle size and a fluorescent particles of
small particle size and has a volume-based particle size 15 distribution as
shown in Fig. 2A and 2B. In the flat range having a slope of zero in the
curve of the volume-based particle size distribution, the cumulative
percentage of particles is 4.6 vol % and the particle size ranges from
1.371 a m to 8.379 ,u m. That is, 4 : 6 vol % of the whole 20 fluorescent
material comprises a fluorescent material of small particle size of a
particle size smaller than 1.371 m and the remaining 95.6 vol % comprises a
fluorescent material of large particle size of a particle size larger than
8.379 um. The central particle size of the 25 fluorescent material
classified using a settling method to   16 SEP 2004 88 have such a particle
size distribution is 21.4 ,um and the distribution frequency of the
above-mentioned central particle size is 29.12 %., The particle ,size of
peak of distribution frequency of the fluorescent particles of 5 small
particle size is 0.613 ,u m and the particle size of peak of distribution
frequency of the fluorescent particles of large particle size is 22.908 um.
A standard deviation in the particle distribution of the fluorescent
particles of large particle size is 0.295. 10 The fluorescent material,
which is adjusted to obtain light of (x, y) - (0.33, 0.33) in a CIE
chromaticity diagram and an epoxy. resin as a light transmitting resin are
mixed at a ratio of 16 . 100. The resulting epoxy resin containing the
fluorescent material is filled by 15 potting in the hollow of the package
in which the LED chip is connected to a pair of lead electrode with gold
wire and cured to form a light emitting diode. The light emitting diode
fabricated in such a manner can emit white light of a high intensity and
output. 20 (Comparative Example 1) To compare, the light emitting diode
having the same chromaticity coordinates is fabricated in the same way as
in Example 1, except that (Yo,BGdo,z) z.sssAls~iz  Ceo.o3s fluorescent
material having a wide particle size 25 distribution, of which the curves
of volume-based particle 



16 SEP 2004 89 size distribution are shown in Figs. 9A and 9B, and a
central particle size of 6.315 um is used. The luminus intensity and the
output of the light emitting . diode according to Comparative example 1 are
decreased by about 5 35 % and about 25 %, respectively, as compared to the
light emitting diode of Example 1. This shows that the light emitting diode
according to the present invention can emit light of high intensity even in
the wavelength range whore the chromaticity is low, for example, white
light. 10 A standard deviation in the particle size distribution of the
fluorescent material which is used in Comparative Example l is 0.365.
Example 2 The light emitting diode having the same chromaticity 15
coordinates is fabricated in the same way as in Example 1, except that
(Yo,9ssGdo.oo5) z.,soAlsO~z: Ceo,zso fluorescent material is used. This
fluorescent material is classified in such a manner that the material has a
flat range where the cumulative percentage of particles is 0.077 vol % and
the 20 particle size ranges from 1.371 a m to 8.379 um, the central
particle size of the material is 25.626 ,um, the distribution frequency of
said central particle size is 24.8l2 %, and peak particle sizes of the
distribution frequency of the small particle size and large particle 25
size fluorescent particles are 0.613 and 28.012 ,u m,  



16 SEP 2004 90 respectively. The luminous intensity and output of the light
emitting diode of Example 2 is enhanced by about 18 and about 10 %,
respectively, as compared to the light emitting diode of Example 1. Example
2 can provide a light 5 emitting diode having a higher intensity light
emitting diode than Example 1. A standard deviation of the particle size
distribution in the fluorescent particles of large particle size is 0.259.
10 Example 3 The light emitting diode having the same chromaticity
coordinates is fabricated in the same way as in Example 1, except that the
epoxy rein and SiOz having a central particle size of 2.5 ,um as a
diffusing agent were mixed at 15 the ratio by weight of 100 . 50 and
thereafter, the same fluorescent material as that of Example 1 was mixed
into the epoxy resin containing the diffusing agent. The light emitting
diode of Example 3 shows the same. intensity and output as those of Example
1. The irregular color can be 20 inhibited and a good color tone can be
achieved, as compared to Example 1. Example 4 The light emitting diode
having the same chromaticity coordinates is fabricated in the same way as
in Example 1, 25 except that the light transmitting resin containing a   16
SEP 2004 91 



fluorescent material was provided using a mold on the LED chip which was
electrically connected to the substrate, as shown in Fig,. 6. The light
emitting diode having a smooth light emitting plane can be obtained and
shows the similar 5 properties to those of Example 1. Example 5 The light
emitting diode having the same chromaticity coordinates is fabricated in
the same way as in Example 1, except that the light transmitting resin
containing a 10 fluorescent material was formed by means. of an intaglio
printing method using a mask 39 made of silicone and cured on the substrate
to which the LED chip 5 was electrically, connected, as shown in Figs. 7A
and 7B. The light emitting diode having a curved light emitting plane can
be obtained 15 and shows more even light emission, as compared to Example
1. There are provided on the substrate 32 positive electrodes 32a and 32b,
respectively, in correspondence with each LED chip. 20 Example 6 The epoxy
resin and Si02 having a central particle size of 2.5 a m as a diffusing
agent were mixed at the ratio by weight of 100 . 50 and thereafter, the
same fluorescent material as that of Example 2 was mixed into 25 the epoxy
resin containing the diffusing agent. Further,   16 SEP 2004 92 SiOZ having
a central particle size of 6 um as a filler is included at the ratio of 70
wt% to the epoxy resin. The resulting material is used as a light
transmitting resin. The light transmitting resin was filled in the hollow
of 5 the cabinet having a wall on which the LED chip is electrically
connected to a pair of lead electrodes with gold wire using an intaglio
printing method in the same manner as in Example 5. And then, the resin was
cured at 85 C for 3 hours and further, at 140 C for 4 hours to 10 fabricate
a light emitting diode having the same chromaticity coordinates as in
Example 1. The light emitting diode of Example 6 has a longer lifetime and
emits even light. Example 7 15 The light emitting diode is fabricated in
the same way as in Example 3, except that the fluorescent material similar
to that of Example 2 and Si02 having a central particle size of about 25 u
m which is similar to that of said fluorescent material, as a filler are
used. The 20 luminous intensity of the resulting light emitting diode is
increased by 10 %, as compared to that of Example 3. Example 8 



The light emitting diode is fabricated in the same way as in Example 6,
except that the fluorescent material 25 similar to that of Example 2 and
Si02 having a roundness   16 SEP 2004 93 which is different by 10 % from
that of said fluorescent material and a central particle size of about 25 %
m which is similar to that of said fluorescent material, as a filler are
used. The luminous intensity of the resulting 5 light emitting diode is
increased by 10 $, as compared to that of Example 6. Example 9 As shown in
Fig. 10A and Fig. 10B which is a partial enlarged view of Fig. 10A, the LED
chip 5 (similar to that 10 of Example 1) is die-bonded with epoxy resin 42
to the cup portion of the mount lead 42a made of bright plated copper and
thereafter, each electrode of the LED chip 5 and the mount lead 42a and the
second lead 42b are wire-bonded, respectively, using a wire 7 having a
diameter of 30 ,u m. 15 The mixture of the fluorescent material similar to
that of Example 2, which is adjusted to obtain light of (x, y) (0.33, 0.33)
in a CIE chromaticity diagram and an epoxy resin as a light transmitting
resin at a ratio by weight of 5 . 100 is filled in the cup of said mount
lead and then, 20 cured at 150 C for 1 hour to form a coating part
containing a fluorescent material. Further, a cannonball type lens 49 is
formed using the transparent epoxy resin, so as to obtain a round shape in
view of light emitting observation plane. The resulting lamp type light
emitting 25 diode has effects similar to those of Example 1.   16 SEP 2004
94 Example 10 



The lamp type light emitting diode is fabricated in the same. way as in
Example 9, except that the fluorescent material similar to that of Example
2, the epoxy resin 5 which is a light transmitting resin and SiOz having a
roundness which is different by 10 % from that of said fluorescent material
and a central particle size of about 25 a m as a filler are mixed at a
ratio by weight of 100. 10 . 35 and the resulting mixture is filled in the
cup of 10 the, mount lead. Brighter and more even light is emitted, as
compared to Example 9. - Example 11 The LED chip similar to that of Example
l is placed in the hollow of the resin package into which the lead 15
electrode is inserted. The silicone resin which is a light transmitting
resin, the fluorescent material similar to that of Example 1, the
fluorescent material composed Yz.sssAlsOiz  Ce0.035 having a central
particle size of 13 ,u m and SiOz having a central particle size of about
0.5 a m 20 are mixed at a ratio by weight of 100 . 0.69 . 0.5 . 10 and the
resulting mixing solution is filled in said hollow, so as to fabricate a
light emitting diode. The resulting light emitting diode has effects
similar to those of Example 1, a good color rendering and a high
brightness. 25 Example 12   16 SEP 2004 95 The light emitting diode is
fabricated in the same way as in Example 11, except that the silicone resin
which is a light transmitting resin, (Yo.9Gdo,1) z.965A'-5~12  Ce0.035
having a central particle size of 30 ,um, the fluorescent material 5
similar to that of Example 2, and SiOz having a central particle size of
about 0.5 a m are mixed at a ratio by weight of 100 . 0.69 . 0.5 . 10 and
the resulting mixing solution is filled in said hollow. The resulting light
emitting diode has effects similar to those of Example 2, a 10 good color
rendering and a high brightness. Example 13 Example 13 is an example of a
producing method according to the first embodiment. In Example 13, the
surface-mounted type of light 15 emitting diode as shown in Fig. 1 is
fabricated. In Example 13, the LED chip 5 is a nitride semiconductor LED
chip comprising a light emitting layer made of Ino,zGao,eN which has a
monochromic light emitting peak of 475 nm in the visible region. More
specifically, 20 the LED chip 5 is fabricated by forming nitride
semiconductor layers on the cleaned sapphire substrate using a TMG
(trimethylgallium) gas, a TMI (trimethylindium) gas, a nitrogen gas and a
dopant gas with a carrier gas, by means of MOCVD method. In this case, the
n-type nitride 



25 semiconductor and p-type nitride semiconductor layers are   16 SEP 2004
96 formed, respectively, by using SiH4 and CpZMg as a dopant gas. The LED
chip 5 comprises a buffer layer made of GaN which is grown at a low
temperature, an n-type GaN layer 5 which is an undoped nitride
semiconductor, a Si-doped GaN layer (n-type contact layer) on which an
n-electrode is formed, a light emitting layer in the multi quantum dell
structure in which one group consisting of the GaN layer as a barrier
layer, the InGaN layer as an well layer and the 10 GaN layer as a barrier
layer is sandwiched between the GaN layers, a Mg-doped AlGaN layer (p-type
cladding layer), and a -Mg- doped GaN layer (p-type contact layer), which
are sequentially formed, on the sapphire substrate. The p-type
semiconductor is annealed at the 15 temperature of 400 C or more after
forming layers. After forming layers, each of p-type and n-type contact
layers is exposed by etching on the same surface side of the nitride
semiconductor on the sapphire substrate. The positive and negative
electrodes are formed on each 20 contact layer, respectively, by
sputtering. The metal thin film is formed as a translucent electrode on the
entire surface of the p-type nitride semiconductor and thereafter, the
basic electrode is formed on a part of the translucent electrode. The
resulting wafer is scribed and cut by 25 eternal forces into LED chips
which are light emitting 



'1 6 S E P 2()04 97 devices. The LED chip fabricated in the above-mentioned
way is die-bonded with an epoxy resin into each via hole of the package
assembly which has been described in the first 5 embodiment. Each electrode
of the LED chip is electrically connected to the metal films 2a and 2b,
respectively by wire bonding using gold wire. The fluorescent material is
fabricated as follow. Rare earth elements, Y, Gd and Ce, are dissolved in
an 10 acid at a ratio of stoichiometry and the resulting solution is
coprecipitated with oxalic acid. The resulting coprecipitate is calcined
and the obtained oxide- of coprecipitate and aluminum oxide are mixed. The
resulting mixture as a flux is mixed with barium fluoride and filled 15
into the crucible and then, heated at 1400 C for 3 hours in the air to
obtain a burned product. The burned product is ground in water with a ball
mill and washed, separated, dried and then, at last, combed to form
(Yo.9ssGdo.oos) z.~soAlsCiz  Ceo.zso fluorescent material . 20 An alicyclic
epoxy resin composite (viscosity 8000 mPa  s) obtained by mixing and
dispersing 17 wt % of said fluorescent material and 70 wt % of SiOz having
a central particle size of 10 a m into the epoxy resin containing 20 wt %
of SiOz having a central particle size of 



25 0.3 a m is used as a material for sealing members.   16 SEP 2004 98 In
this Example 13, the mask 112 made of stainless steel and having a
thickness of 100 a m is used. The mask design is the same as in Fig. 3 that
is described in the first embodiment. The package assembly on which the LED
5 chip is located is inhaled to the mask 112 with the stage for elevating
the substrate mounted in such a way that the opening side of the via hole
is aimed at the mask 112,., to make contact with the mask 112. Said light
transmitting resin is applied to the end 10 of the mask 112 in a
predetermined amount required for printing and the pressure is reduced to
330 Pa. After the completion of decompression, an air pressure of 0.10 Mpa
is applied to the knife 14 inclined at 30  in the operating direction with
respect to the perpendicular line of the 15 mask 112 to run the squeegee in
one direction. Next, the inside of the chamber is pressurized to 20000 Pa.
After completion of compression, an air pressure of 0.12 Mpa is applied to
the knife 15 inclined at 35 in the direction opposite to said squeegee with
respect to the perpendicular 



20 line of the mask 112 to 'run the squeegee in the other direction. This
reciprocating squeegee is repeated twice. Next, the stage for elevating the
substrate is lowered to separate the package assembly from the mask 112.
Then, the light transmitting resin is primarily cured at 25 85 C for 3
hours and secondarily cured at 140 C for 4   16 SEP 2004 99 hours. In this
way, the light transmitting resin having an smooth surface is formed over
the via hole and the insulating substrate on either side thereof. Next, to
the ultraviolet radiation cured dicing 5 adhesive sheet having a thickness
of 150 a m and comprising an adhesive layer of 20 a m in thickness is
attached the package assembly with the light transmitting resin side of the
assembly opposite to the adhesive layer. The package assembly and the
dicing adhesive sheet are cut into the 10 depth of 100 um using a dicing
blade from the bottom of the package assembly to cut away respective light
emitting diodes. Finally, ,the ultraviolet radiation is applied to the
package assembly from the film side to cure the adhesive layer and then the
assembly is cut away into each 15 light emitting diode. When 500 of the
surface-mounted diode type (SMD type) light emitting diodes obtained in
this way were tested for variations, it has been shown that variations in
chromaticity are small among different light 



emitting diodes and that visually, there is no unevenness 20 in emitted
light in each light emitting diode. (Comparative Example) The light
emitting diode is fabricated in the same way as in Example 13, except that
the mask formed in such a way that one opening corresponds to one via hole
of the 25 package assembly is used. The light transmitting resin   16 SEP
2004 loo filled in the top surface of the resulting light emitting diode
leaks on the top surface of substrate on each side. The resulting light
emitting diode is adhered to the adhesive sheet for dicing and cut away,
each light emitting 5 diode comes apart. . When 500 of the resulting light
emitting diodes are observed, there are burrs on the top surface, as
compared to Example 1. Where 500 of light emitting diodes were implemented,
variations in color temperature during 10 producing were examined.
Variations in color temperature during producing for the light emitting
diodes of Example 13 were reduced by about 20 0, as compared to the area on
the chromaticity diagram for the light emitting diodes of Comparative
example. 15 (Example 14) The surface-mounted light emitting diode is
fabricated in the same way as in Example 13, except that an alicyclic epoxy
resin composite (viscosity . 15000 mPa  s) obtained by mixing and
dispersing 15 wt % of the above 20 mentioned fluorescent material and 40
wto of SiOz having a central particle size of 10 a m into the undoped
one-liquidcured epoxy resin including a bridged oligomer is used as a
material for a sealing member. The luminous intensity and output are
increased, as compared to Example 13. Moreover, 25 the reliability can be
improved dramatically.   



16 SEP 2004 10l In Example 15, (Yo,BGdo,2) z.9ssAlsGdl2: Ceo,o3s in which
about 20 percent of Y is substituted with Gd and which has a central
particle size of 21.429 um is prepared 'in the same way as in Example 13.
The fluorescent material is 5 composed of a fluorescent material of large
particle size and a fluorescent material of small particle size. In the
flat range having a slope of zero in the curve of ...the volume-based
particle size distribution, the cumulative percentage of particles is 4.6
vol % and the particle size 10 ranges from 1 . 371 um to 8 . 379 ,u m. That
is, 4 . 6 vol % of the whole fluorescent material comprises fluorescent
particles of small particle size smaller than 1.371,u m and the remaining
95.6 vol % comprises fluorescent particles of large particle size larger
than 8.379 ,u m. The central 15 particle size of the fluorescent material
classified using a settling method to have such a particle size
distribution is 2l.4 um and the frequency of the above-mentioned central
particle size is 29.12 %. The particle size of peak of distribution
frequency of the fluorescent particles 20 of small particle size is 0.613
,u m and the particle size of peak of distribution frequency of the
fluorescent particles of large particle size is 22.908 um. Where the
fluorescent material having such a particle size distribution is used, the
luminous intensity and light 25 emitting output can be enhanced.   16 SEP
24 102 In example 15, the surface-mounted type light emitting diode is
fabricated in the same way as in Example 14, except that 15 wt % of the
above-mentioned fluorescent material is added to the resin composite. The
light 5 emitting diode of Example 15 can achieve an effect similar to that
of Example 14. The brightness of the light emitting diode of Example 15 is
higher than that of Example 14. Example 16 , Four kinds. of resins C, D, E
and F, which were 10 epoxy resins according to the present invention, and
the resins A and B of Comparative example were prepared and the
characteristics thereof were examined. 1. Preparation of the epoxy resin
composite 



The epoxy resin composites A to F were prepared 15 under the following
conditions. Where acid anhydride was added, the conversion ratio of a
carboxyl group to an ester group was estimated. The ester conversion ratio
is the ratio, expressed as a molar percentage, of the carboxyl groups
included in the acid anhydride, which have been 20 converted into ester
groups. The ester conversion ratio was examined using a neutralization
reaction with KOH solution. Specifically, 1.00 g of the epoxy resin was
dissolved in 50 mL of ethanol and 0.1 N KOH solution in water was added. At
the point of neutralization, the color 25 of the BTB indicator turned from
yellow into blue (at pH   16 SEP 2004 103 7.6). The amount of carboxyl
groups which were not converted into ester groups was determined using the
mount of KOH solution in water required for neutralization. 5 resin A .
Comparative example 256 (1.95e.eq)g of 3' 4' -epoxy-cyclohexylmethyl
3,4-epoxy-cyclohexanecarboxylate, which is a derivative of cyclohexene
epoxidated compound as an alicyclic epoxy resin and 0.6 g of Benzyl
p-hydroxyphenyl methylsulfonium 10 Hexafluoroantimonate, which is an
aromatic sulfonium salt (anion species is hexafluoroantimony) and a
benzylsulfonium-based catalyst, as a cationic curing agent, were put in the
300 mL four neck flask. The resulting mixture was stirred for 0.5 hour and
heated at 85 C for 3 15 hours and further at 140 C for 4 hours to be cured.
resin B . Comparative example 7.68 g of propylene glycol monoglycidyl ether
is added ( 3wt % with respect to the epoxy resin) as a reactive 20 diluent
was added to the component of resin A. The resulting mixture was stirred
for 0.5 hour and heated at 85 C for 3 hours and further at 140 C for 4
hours to be cured. 25 resin C . present invention   16 SEP 2004 



104 256 g (1.95e.eq) of 3' 4' -epoxy-cyclohexylmethyl
3,4-epoxy-cyclohexanecarboxylate as an alicyclic epoxy resin, 104.29 g
(6.09x10-1. mol) of the mixture of 4methylhexahydrophthalic anhydrate /
hexahydrophthalic 5 anhydrate at a ratio of 70/30, 2.56 g (4.12x10-2 mol)
of ethylene glycol as a promoter and 0.6 g of Benzyl phydroxyphenyl
methylsulfonium Hexafluoroantimonate, which is a benzylsulfonium-based
catalyst, as a cationic curing agent, were put in the 300 mL four neck
flask. The 10 resulting mixture was stirred for 0.5 hour and the ester
conversion ratio was measured to be O%. After measurement, the. mixture was
heated at 85 C for 3 hours and further at 140 C for 4 hours to be cured. 15
resin D . present invention 256 (1.95e.eq) g of 3' 4'
-epoxy-cyclohexylmethyl 3,4-epoxy-cyclohexanecarboxylate as an alicyclic
epoxy resin, 9.57 g (5.69x10-2 mol) of the mixture of
4methylhexahydrophthalic anhydrate / hexahydrophthalic 20 anhydrate at a
ratio of 70/30 and 1.77 g (2.85x10-2 mol) of ethylene glycol as a promoter
were put in the 300 mL four neck flask and the temperature was increased
slowly with a multiheater and maintained at 90 to 100 C for 16 hours. The
temperature was decreased slowly to room temperature. 25 Then, 0.6 g of
Benzyl p-hydroxyphenyl methylsulfonium   16 SEP 2004 105
Hexafluoroantimonate, which is a benzylsulfonium-based catalyst, as a
cationic curing agent, was added. The resulting mixture was stirred for 0.5
hour and the conversion ratio of the carboxyl group into the ester group 5
was measured to be 90.6 %. After measurement, the mixture was heated at 85
C for 3 hours and further at 140 C for 4 hours to be cured. resin E .
present invention 10 The epoxy resin composite was prepared in the same way
as resin D, except that 256 g (1.95e.eq) of 3' 4' epoxy=cyclohexylmethyl
3,4-epoxy-cyclohexanecarboxylate as an alicyclic epoxy resin, 15.95 g
(9.48x10-2 mol) of the mixture of 4-methylhexahydrophthalic anhydrate / 15
hexahydrophthalic anhydrate at a ratio of 70/30, 2.95 g (4.75x10-2 mol) of
ethylene glycol as a promoter and 0.6 g of Benzyl p-hydroxyphenyl
methylsulfonium Hexafluoroantimonate, which is a benzylsulfonium-based
catalyst, as a cationic curing agent, were used. The ester 20 conversion
ratio of the carboxyl group into the ester group was measured to be 94.2 0.
resin F : present invention 



The epoxy resin composite was prepared in the same 25 way as resin D,
except that 256 g (1.95e.eq) of 3' 4'    l 106 16 SEP 2004
epoxy-cyclohexylmethyl 3,4-.epoxy-cyclohexanecarboxylate as an alicyclic
epoxy resin, 25.52 g (1.52x10-1 mol) of the mixture of
4-methylhexahydrophthalic anhydrate / hexahydrophthalic anhydrate at a
ratio of 70/30, 4.72 g 5 (7.60x10-2 mol) of ethylene glycol as a promoter
and 0.6 g of Benzyl p-hydroxyphenyl methylsulfonium Hexafluoroantimonate,
which is a benzylsulfonium-based catalyst, as a cationic curing agent, were
used. The ester conversion ratio of the carboxyl group into the ester group
10 was measured to be 92.4 %. 2. flexibility examination The light emitting
diode as. shown in Fig. 1 was fabricated using the epoxy resin composites A
to F and the impact test in liquid phase was carried out to evaluate 15
flexibility of the resin. No fluorescent material was mixed into the epoxy
resin composite of the light emitting diode used for this examination. In
this impact test in liquid phase, the cycle 20 consisting of dipping in the
liquid phase of -40 C for one minute and dipping in the liquid phase of 100
C for one minute was repeated 500 to 2500 cycles and then, the number of
the occurrence of cracks into the LED chip or of 



malfunction due to wire open was examined (test samples . 25 100) .   16
SEP 2004 107 The examination results are shown in table 1. For the resin A
obtained by curing the alicyclic epoxy resin only with a cationic curing
agent, the malfunction due to cracks occurred since the initial stage of
the test and the 5 ratio of malfunction reached 100 % after 1000 cycles.
For the resin B of which the flexibility was enhanced by adding a reactive
diluent, 7 0 of malfunction occurred after 2500 cycles. On the other hand,
for any resins C, D, E and' F according to the present invention, the ratio
of the 10 occurrence of malfunction was not more than 4 % after 2500
cycles. Particularly, for the resins D, E and F in which the conversion
into ester was advanced, the occurrence ratio of malfunction was 0 $. It
was confirmed that he epoxy resin composite of the present invention has a
more excellent 15 flexibility than that of the conventional epoxy resin of
which the flexibility is enhanced using a reactive diluent. Table 1
Occurrenceratio of malfunctionCause of500 cycle.1000 cycl 



e1500 cycle2000 cycle2500 cyclemalfunctionResin A : Comparative
example39$100$100$100$100$crackResin B : Comparative
example0$0$1$4$7$crackResinC : example1$1$3$3$4$crackResinD :
example0$0$0$0$0$-ResinE : example0$0$0$0$0$-ResinF : example0$0$0$0$0$- 3.
light resistance (yellowing) examination   16 SEP 2004 108 The light
resistance test was carried out using the epoxy resins B and F. The test
piece of 30 X 30 X 3 mm was fabricated and radiated with a xenon lamp for
100 hours at 120 C to examine the change in overall transmittance of 5 beam
before and after the radiation. The transmittance was measured with a
spectroscopic colorimeter (made by Murakami Color Lab.). The examination
results are shown in Figs. 11A and 11B. Fig. 11A shows the overall
transmittance of beam before radiation and Fig. 11B shows the overall 10
transmittance of beam after radiation. For the resin B, a conventional
epoxy resin composite to which a reactive diluent was added, the
transmittance in the range of a short wavelength decreased and the color
was changed into yellow in the early stage. The transmittance further
decreased in 15 the range of a short wavelength and the yellowing was
advanced remarkably during the light resistance test. On the other hand,
for the resin F, an epoxy resin composite of the present invention, no
coloring was observed in the early stage and after the light resistance
test. 20 4. heat resistance examination The heat resistance test was
carried out using the epoxy resins A, B and F. The test piece of 30 X 30 X
3 mm was fabricated and heated at 120 C for 500 hours in an oven to examine
the change in overall transmittance of beam 



25 before and after the heating. The transmittance was   16 SEP 2004 109
measured with a spectroscopic colorimeter (made by Murakami Color Lab.).
The examination results are shown in Figs .l2A and 12B. Fig,. 12A shows the
overall transmittance of beam. before heating and Fig. 12B shows the
overall transmittance 5 of beam after heating. The resin A, a conventional
epoxy resin composite to which a cationic curing agent was added, showed a
transmittance similar to that of the resin F, an epoxy resin composite of
the present invention, in the early stage. But 10 for the resin A, the
transmittance in the range of a short wavelength decreased and the color
was changed into yellow during the heat resistance test. For the resin B, a
conventional epoxy resin composite to which a reactive diluent was added,
the 15 transmittance in the range of a short wavelength decreased and the
color was changed into yellow in the early stage. The transmittance further
decreased in the range of a short wavelength and the yellowing was advanced
remarkably during the light resistance test. 20 On the other hand, for the
resin F, an epoxy resin composite of the present invention, no coloring was
observed in the early stage and the yellowing was advanced during the heat
resistance test, but the heat resistance was better than that of resin B.
25 5. LED current passed life examination   16 SEP 2004 110 The light
emitting diode having a structure as shown in Fig.1 was fabricated using
epoxy resin composites B and F and the current passed life test (current .
10 mA) was carried out at room temperature (25 C) and at an elevated 5
temperature and a high humidity (85C,85 %). Figs. 13 and 14 are graphs
showing changes in relative outputs Po % (the relative value of outputs
where the output in the early stage is 100 % ) of LED during the current
passed life test 



at room temperature and at an elevated temperature and a 10 high humidity,
respectively. As shown in Figs. 13 and 14, for the epoxy resin composite of
the present invention, the reduction of the LED output during life was
smaller than that of the conventional epoxy resin composite B. 6. pot life
examination 15 The change in viscosity over time was examined at 50 C using
the epoxy resin composites B and F. The examination results are shown in
Fig. 15. The conventional epoxy resin composite B had a pot life of about
25 hours, while the epoxy resin composite of the present invention F 20 had
a pot life of about 40 hours. Example 17 The surface-mounted type light
emitting diode as shown in Fig. 1 was fabricated. In this light emitting
diode of Example 17, a fluorescent material was mixed with 25 the light
transmitting resin. The LED chip 5 comprises a   16 SEP 2004 111 nitride
semiconductor device including a light emitting layer made of Ino,2Gao,8N
semiconductor having a monochromic emission peak of 475 nm in the visible
range. That is, the same LED chip as that of Example 13 was used. 5 The
package used was also the same as that of Example 13. The fluorescent
material used was also the same as that of Example 13. , To the
above-mentioned resin F, 15 wt % of said 10 fluorescent material and 40 wt
% of Si02 having a central particle size of 10 ,u m were mixed and
dispersed to obtain an alicyclic epoxy resin composite (viscosity .
15000mPa s) as a light transmitting resin. 500 light emitting diodes were
fabricated in the 15 same way as in Example 13. The variations among 500
light emitting diodes fabricated in this way were examined. It was shown
that variations in chromaticity among the light emitting diodes were small
and there was no visual emission unevenness in 



20 each light emitting diode. The reliability could be enhanced extremely,
as compared to the diode using the resin A. Comparative Example The light
emitting diode was fabricated in the same 25 way as in Example 17, except
that the resin A and the mask    16 SEP 2004 112 having an opening
corresponding to one via hole in the insulating substrate were used. The
emission unevenness was observed and the even emission could not be
achieved. The reliability decreased, as compared to Example 17. 5 Example
18 The light emitting diode was fabricated in the same way as in Example
17, except that the same fluorescent material as that of Example 15 was
used and 15 wt % of the fluorescent material was included into the resin F.
The 10 light emitting diode of Example 18 showed effects similar to those
of Example 1 and had a higher brightness than that in Example 17. The
following examples will describe the synthesis of the fluorescent material.
15 Example 19 (the synthesis of the fluorescent material by 



means of a two-step calcination method in reducing atmospheres) The
following examples relate to the method of the fluorescent material suited
for the light emitting diode. 20 According to the method of Example 19, a
flux is mixed into the mixture material which has been adjusted to achieve
the composition of the fluorescent material and the resulting mixed is
filled in the crucible and calcined at 1400 C to 1600 C for 6 to 8 hours in
the weakly reducing 25 atmosphere and further, at 1400 C to 1600 C for 6 to
8   16 SEP 2004 113 hours in the reducing atmosphere. The resulting
calcination product is ground and passed through a comb of 200 mesh to form
a fluorescent material. In this way, the mixture consisting of the mixed
raw 5 material and the flux is calcined using a two-step calcination method
comprising the first calcination step in the weakly reducing atmosphere and
the second calcination step in the reducing atmosphere, so as to obtain 'a
fluorescent material having a high absorbing efficiency of 10 . the
excitation wavelength. Therefore, where the resulting fluorescent material
is applied to the light emitting diode as shown in Fig. l, the amount of
the fluorescent material required to obtain the desired tone can be reduced
and the light emitting diode having a high efficiency of light 15
extraction can be achieved. Example 20 (Oxides of each raw material are
mixed at a stoichiometric ratio. flux . aluminum fluoride) 



First, the mixture material is obtained by mixing Y203, GdZ03, A1203 and
Ce02 at a stoichiometric ratio . To the 20 resulting mixture material,
aluminum fluoride is added as a flux and mixed with a ball mill mixer for 2
hours. Next, after removing the ball, the resulting mixture is fired at
1400 to 1600 C for 6 to 8 hours in a weakly reducing atmosphere and further
at 1400 to 1600 C for 6 to 8 hours 25 in a reducing atmosphere. The
resulting firing product is   16 SEP 2004 114 ground and passed through a
comb of 200 mesh to form a fluorescent material. Where the resulting
fluorescent material is irradiated with an exciting light in the blue
range, the fluorescent material emits light of (x, y) 5 (0.457, 0.527) in
chromaticity coordinates (JISZ8110). For example, where this fluorescent
material is used for the light emitting diode as shown in Fig. 1, the
similar results to those of Example 19 can be achieved. Example 21 (barium
fluoride + boric acid is used as a flux 10 in Example 20) First, the
mixture material is obtained by mixing Y203, Gdz03, A1203 and Ce02 at a
stoichiometric ratio. To. the resulting mixture material, barium fluoride +
boric acid is added as a flux and mixed with a ball mill mixer for 2 hours.
15 Next, after removing the ball, the resulting mixture is calcined at 1400
to 1600 C for 6 to 8 hours in a weakly reducing atmosphere and further at
1400 to 1600 C for 6 to 8 hours in a reducing atmosphere. The resulting
calcination product is ground and passed through a comb of 200 mesh to 20
form a fluorescent material. Where the resulting fluorescent material is
irradiated with an exciting light in the blue range, the fluorescent
material emits light of (x, y) - (0.454, 0.531) in chromaticity coordinates
(JISZ8110). 



The fluorescent material formed using barium 25 fluoride as a flux has a
longer y value of chromaticity and   16 SEP 2004 115 a smaller amount of
red component, a compared to the material using other substances as a flux.
For example, where this fluorescent material is used for the light emitting
diode as shown in Fig. 1, the similar 5 results to those of Example 19 can
be achieved. Example 22 (10 wt % of a liquid is added during calcination in
Example 21 ) First, the mixture material is obtained by mixing YZ03, Gd203,
A1203 and CeOz at a stoichiometric ratio. To the 10 resulting mixture
material, barium fluoride + boric acid is added as a flux and mixed with a
ball mill mixer for 2 hours. Next, after removing the ball,, 10 wt % of a
liquid such as pure water with respect to the resulting powder is added and
the resulting mixture is calcined at 1400 to 1600 C for 6 15 to 8 hours in
a weakly reducing atmosphere and further at 1400 to 1600 C for 6 to 8 hours
in a reducing atmosphere. The resulting calcination product is ground and
passed through a comb of 200 mesh to form a fluorescent material. where the
resulting fluorescent material is irradiated with 20 an exciting light in
the blue range, the fluorescent material emits light of (x, y) - (0.45S,
0.530) in chromaticity coordinates (JISZ8110). For example, where this
fluorescent material is used for the light emitting diode as shown in Fig.
1, the similar 25 results to those of Example 19 can be achieved.   16 SEP
2004 116 Example 23 (37.5 wt % of a liquid is added during calcination in
Example 21) 



First, the mixture material is obtained by mixing Y203, GdZO" A1203 and
CeOz at a stoichiometric ratio. To the 5 resulting mixture material, barium
fluoride + boric acid is added as a flux and mixed with a ball mill mixer
for 2 hours. Next, after removing the ball, 37.5 wt % of a liquid such as
pure water with respect to the resulting powder is added arid the resulting
mixture is calcined at 1400 to 1600 C for 6 10 to 8 hours in a weakly
reducing atmosphere and further at 1400 to 1600 C for 6 to 8 hours in a
reducing atmosphere. The resulting calcination product is ground and passed
through a comb of 200 mesh to form a fluorescent material. Where the
resulting fluorescent material is irradiated with 15 an exciting light in
the blue range, the fluorescent material emits light of (x, y) - (0.458,
0.528) in chromaticity coordinates (JISZ8110). For example, where this
fluorescent material is used for the light emitting diode as shown in Fig.
1, the similar 20 results to those of Example 19 can be achieved. Example
24 ( 62 wt % of a liquid is added during calcination in Example 21) First,
the mixture material is obtained by mixing YZO3, Gdz03, A1203 and CeOZ at a
stoichiometric ratio. To the 25 resulting mixture material, barium fluoride
+ boric acid is   16 SEP 2004 117 added as a flux and mixed with a ball
mill mixer for 2 hours. Next, after removing the ball, 62 wt % of a liquid
such as pure water with respect to the resulting powder is added and the
resulting mixture is calcined at l400 to 1600 C for 6 5 to 8 hours in a
weakly reducing atmosphere and further at 1400 to 1600 C for 6 to 8 hours
in a reducing atmosphere. The resulting calcination product is ground and
passed through a comb of 200 mesh to form a fluorescent material. Where the
resulting fluorescent material is irradiated with 10 an exciting light in
the blue range, the fluorescent material emits light of (x, y) - (0.461,
0.526) in chromaticity coordinates (JISZ8110). For example, where this
fluorescent material is used for the light emitting diode as shown in Fig.
1, the similar 15 results to those of Example 19 can be achieved.
Industrial Applicability The present invention can provide the light
emitting diode having a less irregular color, good reliability, good 20
productivity, and high utility value.   



16 SEP 2004 l18 CLAIMS 1. A light emitting diode comprising; 5 a package
having a metal base consisting of a pair of thin metal sheets that
constitute positive and negative electrodes being joined via a resin
insulator for electrical isolation from each other, a side wall bonded to
the circumference of one principle face of said metal base 10 and a
mounting area enclosed by the side wall, an LED chip mounted in said
mounting area and, a light transmitting resin that fills the mounting area
so as to seal the LED chip, wherein said light transmitting resin is formed
15 continuously from said mounting area over the top of said side wall and
the top surface of said light transmitting resin is flat and substantially
parallel to said metal base and the side face on the circumference of the
light transmitting resin is substantially flush with the 



20 circumferential side face of the package. 2. The light emitting diodes
according to claim 1; wherein said light transmitting resin includes a
filler. 3. The light emitting diodes according to claim 2;   16 SEP 2004
l19 wherein said filler includes a fluorescent material which absorbs at
least a part of light emitted by said LED chip and emits light of a
different wavelength. 4. The light emitting diodes according to claim 3; 5
wherein median diameter of said fluorescent material is set within a range
from 15 to 50 ,um. 5. A method for producing the light emitting diode
according to claim 1 comprising; a first step of making a package assembly
consisting 10 of a plurality of packages by bonding an insulating 



substrate having a plurality of through holes that are grouped
corresponding to said mounting areas and a metal base plate having portions
separated by the resin insulator in correspondence to the through holes, 15
a second step of mounting the LED chip in said mounting area of each
package formed with the through hole, a third step of applying and curing
the light transmitting resin on the top surface of the insulating substrate
and in the through holes by mimeograph printing 20 by using a mask that has
an aperture in correspondence to each group, and a fourth step of dividing
the package assembly having the light transmitting resin applied thereon
into individual packages.   16 SEP 2004 120 6. The method for producing the
light emitting diode 



according to claim 5; wherein said mimeograph printing is carried out while
repeating the cycle of decreasing and increasing the 5 pressure. .A
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