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SPECIFICATION
LIGHT EMITTING DEVICE AND DISPLAY
BACKGROUND OF THE INVENTION |
(Field of the Ihvention)

The present invention relates to a light emitting
diode used in LED display, back light source,’traffic signal,
tréilway signal, illuminating switch, indicator, etc. More
particularly, it relates to a light emitﬁing device = (LED)
comprising a phosphor, which converts the wavelength of light
emitted by a light emitting component and emits light, and a
display device using the lightvemitting device.

(Description of Reléted Art)

A light emitting diode is compact and emits light of
clear color with high efficiency. It is also free from such a
trouble as bu:n—éut and has good initial dri&e characte#istic,
high vibration resistance and durability to endure repetitive
ON/OFF operations, because it is a semiconductor element.

Thus it has been used widely in such applications as various

. indicators and various light sources. Recently light emitting

diodes for RGB (red, green and blue) colors having ultra-high
luminance and high efficiency have been developed} and large
screen LED displays using these light enmitting diodes have
been put into use. The LED display can be operated with less
power and has such good characteristics aé light weight and
long life, and is therefore expected to be more widely used in

the future.
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Recently, various attempts have been made to make
white light sources by using light emitting diodes. Because
the light emitting diodexhas a favorable emission spectrum to
generate monochromatic light, making a light source for white
light requires it to arrange thfee light emitting compénents
of R, G and B élosely to each other while diffusing and mixing
the light emitted by them. When generating white light with‘
such an arrangement, there has been such a problem that white
light of the desired tone cannot be generated due to
variations in the tone, luminance and other factors of the
light emitting component. Also when the light emitting
componentsl are made éf different materials, electric power
required for driving differs from one light emitting diode to
another, making it necessary‘ to apply different voltages
different light emitting components, which leads to complex
drive circuit. Moreover, because the 1light emitting
components are semiconductor light emitting components, color
tone is subject to wvariation due to the difference in
temperature . characteristics,k chronological  changes and
operating environment, or wunevenness in color may be caused
due to failure in ﬁniformly mixing the light emitted by the
light emitting components. Thus 1light emitting diodes aré
effective as light emitting devices for generating individual
colors, although a satisfactory light source capable of
emitting white 1light by using light emitting components has

not been obtained so far.
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In order to solve  these problems, the present
applicant previously developed 1light emitting diodes which
convert the color of light, which is emitted by light emitting
components, by means of a fluorescent material discloséd in
Japanese Patent Kokai Nos. 5-152609, 7-99345, 7-176794 and 8-
8614. The 1light emitting diodes disclosed in these
publications aré such that, by using light emitting components
of one kind, are capable of geherating light of white and
other colors, and are constituted as follows. |

The light emitting diode disclosed in the above
gazettes are made by mounting a lighf emittingA component,

having a large energy band gap of light emitting layer, in a

cup provided at the tip of a lead frame, and having a

fluorescent material that absorbs light emitted by the light
emitting component and emits light of a wavelength different
from that of the absorbed light (wavelength conversion),
contained in a resin mold 'which covers the' light emitting
component.

Thé light emitting diode disclosed as described

above capable of emitting white light by mixing the light of a

“plurality of sources can be made by using a light emitting

componénf capable of emitting blue light and molding the light
emitting component with a «resin including a fluorescent
material that absorbs the 1light emitted by the blue light
emitting diode and emits yellowish light.

However, conventional light emitting diodes have
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such problems as deteridration. of the fluorescent material
leading tb color tone deviation and darkening of the
fluorescent material «resulting in lowered efficiency of
extracting light. Darkening‘heré refers to, 1in the case of
using an inorganic fluorescent material such as (Cd, 7Zn)s
fluorescent material, for example, part of metal elements
conétituting the fluorescent material precipitate or change
their properties leading  to coldration} or, in the case of
using an organic fluorescent material, coloration due to
breakage of double bond in the molecule. Especially when a
liéht emitting component made of a semiconductor having a high
energy band gap is used to improve the con&érsion efficiency
of the fluorescent material (that is, energy of light emitted
by the semiconductor is increased and number of photons having
energies above a threshold which rcan be absorbed by the
fluorescent material increases, resulting in more light being
absorbed), or the quantity of fluorescent material consumption
is decreased (that is, the fluorescent material is irradiated
with relatively higher energy), light energy absorbed by the
fluorescent material inevitably increasés resulting in more
significant degradation of the fluorescent material. Use of
the light emitting component with higher intensity of 1ight
emission for an extended period- of time causes further more
significant degradation of the fluorescent material.

Also the fluorescent material provided in the

vicinity of the light emitting component may be exposed to a
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‘high temperature such as rising temperature of the light

emitting component and heat trénsmitted from the external
environment (for example, sunlight in case the device is used
optdoors).

Further, some fluorescent materials are subject to
accelerated deterioration due to combination of moisture
entered from the outsiﬁe or introduced during the production
process, the light and heat transmitted from +the light
emitting component.

When it comes to an organic dye of ionic property,
direct current electric field in the vicinity of the chip may
cause electrophoresis, resulting in a change in the color tone.
SUMMARY OF THE INVENTION

Thus, an object of the present invention is to solve
the problems described above andA provide a 1light emitting
device which experiences only extremely low degrees of
deterioration in emission light intensity, light emission
efficiency and color shift over a long time of use with high
luminance.

The  present applicant completed the present
invention through researches based on the assumption that a
light emitting device‘having a light emitting component and‘a
fluorescent material must meet the following requirements to
achieve the above-mentioned object.

(1) The light emitting component must be capable of

emitting light of high luminance with 1light emitting
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- characteristic which is stable over a long time of use.

(2) The fluorescent material being provided in the
vicinity of the high-luminance light emitting component, must
show excellent resistance against light and heat so that the
properties thereof do not change even when used over an
extended period of time while being exposed to light of high
intensity emitted by  the light  emitting component
(particularly the fluorescent material provided in the
vicinity of the light emitting component'is exposed to light
of a radiation intensity as high as about 30 to 40 times that
of sunlight éccording to our estimate, and is required to have
more durability against light as light emitting component of
higher.luminance is used).

(3) With regard to the relationship with +the light
emitting componeﬁt, the fluorescent material must be capable
of absorbing with high efficiency the 1light of high
moncchromatiéity emitted by the light emitting component and
emitting light of a wavelength different from that of the
light emitted by the light emittingkcomponent.

Thus the present invention provides a light emitting
device, comprising a light emitting component and a phosphor
capable of absorbing a part of light emitted by the light
emitting component and emitting light of wavelength different
from that of the absorbed light;
wherein said 1light emitting component comprises a nitride

compound semiconductor represented by the formula: In;GaAlLN
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where 0=si, 0sj, Ok and i+j+k=1) and said phosphor contains a
garnet fluorescent material comprising at least one element

selected from the group consisting of v, Lu, Sc¢, La, Gd and Sm,

and at least one element selected from the group consisting

of Al, Ga and In, and being activated with cerium.

The nitride compound semiconductor (generally
represented byvchemicai formula InGa;Al\N where 0=i, 0=j, Osk
and i+3j+k=1) mentioned above contains various ‘materials
including InGaN and GaN doped with various impurities.

The phosphor mentioned above contains various
materials defined as described above, including Y¥,Al1.0,,:Ce and
Gd,In,0y),:Ce. |

Because the light emitting device of the present
invention uses the light emitting component made of .a nitride
compound semiconductor capable of emitting 1light with high
luminance, the light emitting device is capable of emitting
light with high luminance. Also the phosphor used in the
light emitting device has excellent resistance against light
so that the fluorescent properties  thereof experiénce less
change even when used over an extended period of time while
being exposed to light of high intensity. This makes it

possible to reduce the degradation of characteristics during

long period of use and reduce deterioration due to light of

high intensity emitted by the light‘emitting component as well
as extraneous light (sunlight including ultraviolet light,

etc.) during outdoor use, thereby to provide a light emitting
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device which experiences extremely less color shift and less
luminance decrease. The light emitting device of the present
invention can. also be used in such applications'that reguire
response Speeds.as high as 120lnsed., for example,‘because the
phosphor used therein allows after glow only for a short
period of time.

The phosphor used in the light emitting diode of the
present invention preferably contaihs an yttrium~aluminﬁm—
garnét fluorescent material that contains Y and Al, which
enables it to increase the luminance of the light emitting
device.

In the 1light emitting device of the present
invention, the phosphor may be a fluorescent material
represented by a general formula (Re, . Sm.),(Al,.Ga,)s0,,:Ce,
where O=sr<l and 0Osssl and Re is at least one selected from Y
and Gd, in which case good characteristics can be obtained
similarly to the <case where the yttrium-aluminum-garnet
fluorescent material is used.

Also in the light emitting device of the present

invention, it is preferable, for the purpose of reducing the

~ temperature dependence of light emission characteristics

(wavelength of emitted 1light, intensity of 1light emission,
etc.), to‘use.a fluorescent material represented by a general
formula (thqﬁGdgk%Smr)AZquGagsom' as the phosphor, where
Osps0.8, 0.003=g=<0.2, 0.0003sr=<0.08 and O=ss<l.

Also in the light emitting device of the present
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invention, the phosphor may contain two or more yttrium-
aluminum~garnet fluorescent materials, activated with cerium,
of different compositions including Y -and Al. With this
configuration, 1light of desired color can be emitted by
controlling the emission spéctrum of the phosphor according to
the property (wavelength of emitted light) of the light
emitting component.

Further in the light emitting device of the presebnt
invention, in order to have light of a specified wavelength
emittted by the light emitting device, it is preferable that
the phosphor contains two or more fluorescent materials of
diffefent compositions rep.resented by general formula (Re,_
xSmrn(AleGagson:Ce, where Osr<; and Ossx<l énd Re is at least
one selected from ¥ and Gd.

Also in the light'emittiog device of the présent
invention, in order to control the wavelength of emitted light,
ﬁhe phosphor may contain a first fiuoresoent, material
represented by general formula Y,(Al, Ga,),0,,:Ce and:.a second
fluorescent material represented by general formula Re,Al.0,,:Ce,
where 0Oss=<l and Re is at least one selected from Y, Gd and La.

Also in the light emitting device of the present
invention, in order to control the Qavelength of emitted light,
the phosphor may be an yttrium-~aluminum-garnet fluorescent
material containing a fi:st fluorescent material and a second
fluorescent material, with different parts of each yttrium

being substituted with gadolinium.
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Further in the light emitting device of the present
invention, it is preferable that main emission peak of the
light emitting component is set within the range from 400 nm
to 530 nm and main emission wavelength of the phosphor is set
to be longer than the main emission peak of the light emitting
component. This makes it possible to efficiently emit white
light.

Fufther in the light emitting device of the present
invention, it is preferable that the light emitting layer of
the light emitting component contains a gallium nitride
semiconductor which contains In, and the phosphor is an
yttrium-aluminum~garnet fluorescent material wherein a‘part of
Al in the yttrium-aluminum-garnet fluorescent is substituted
by Ga so that the proportion of Ga:Al is within the range from
1:1 to 4:6 and a part of Y in the yttrium-aluminum-garnet
fluorescent is substituted by Gd so that the proportioﬁ of
Y:6d is within the range from 4:1 to 2:3. BAbsorption spectrum
of the phosphor which is controlled as described above shows
good agreement with that of 1light emitted by. the 1light
emitting component which contains gallium nitride
semiconductor including In as the light emitting_layer, and is
capable of impréving the conversion efficiency (light emission
efficiency). Also the light, generated by mixing blue 1light
emitted by the light emitting gomponént aﬁd fluorescent_light
of the fluorescent material, is a white light of good color

rendering and, in this regard, an excellent light emitting

10
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device can be provided.

The light emitting device according to one

embodiment of the present invention comprises a substantially

‘rectangular optical guide ‘plate provided with the light

emitting component mounted on one side face thereof via the
phosphor and surfaces of which except for one principal
surface are substantially covered with a réflecfive material,
wherein a light emitted by the light emitting component is.
turned into a planar light by the phosphor and the optical
guide plate and to be an output from the principal surface of
the optical guide plate.

The light emitting . device according to another
embodiment of the present invention has a substantially
rectangular optical guide plate, which is provided with the
light emitting cbmponent mounted on one side. face thereof and
the phosphor installed on one principal surface with surfaces
thereof and except for the  principal surface being
substantially covered with a reflective material, wherein a
light emitted by the light emitting component is turned into a
planar light by the optical guide plate and the phosphor, to
be an output from the principal surface of the optical guide
plate. | |

The LED display device according to the present
invention has an LED display device comprising the 1light
emitting devices of the present’invention arranged in a ﬁatrix

and a drive circuit which drives the LED display device

11
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according to display data which is input thereto. This

configuration makes it possible to provide a relatively low-

priced LED display device which is capable of high-definition

display with less color unevenness due to the viewing anglé.

The light emitting diode according to one embodiment

of the present invention comprises:
~a mount lead having a cup and a lead;
an LED chip mounted in the cup of the mount lead

with one of electrodes being electrically connected to the

. mount lead;

a transparent’coating'material filling the cup to
cover the LED chip; and |

a light emitting diode having a molding material
which covers the LED chipbcoﬁered with the coating material
including the cup of the mount lead, the inner lead and

another electrode of the LED chip, wherein

the LED chip is a nitride compound semiconductor and

- the coating material contains at least one element selected

from the group consisting of Y, Lu, Sc, La, Gd and Sm, at

least one element selected from the group consisting of AL, Ga

"and In and a phosphor made of garnet fluorescent material

activated with cerium.

The phosphor used in the light emitting diode of the

present invention preferably contains an yttrium-aluminum-

garnet fluorescent material that contains Y and Al.

In the light emitting diode of the present invention,

12
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the phosphor may be a flu‘orescent material represented by a

general formula (Rel“xSm:)s(All;sGas)sou:Ce,‘whe_re O<r<l and Osssl
and Re 1is at least one selected from Y and Gd.

Also‘~ in the light emitting diode of <the present
invention, a fluorescent material represented by a general

formula (Y, ...Gd.CesSm,);(ALl, Ga,)0,, may be wused as the

‘phosphor, where Osp<0.8, 0.003=g=<0.2, 0.0003xr=<0.08 and Os=ss<l.

In the light emitting diode of the present invention,
the phosphor preferably contain two or more yttrium-aluminum-
garnet fluorescent materials, activated with cerium, of

different compositions including Y and Al, in order to control

the emitted light to a desired wavelength.

In the light emitting diode of the present invention,
similarly, two. or more fluorescent materials of different

compositions represented by a general formula (Re, . Sm.),(Al,_

.Ga,)0,,:Ce, where Osr<l and 0s<s<l and Re is at least one

selected from Y and Gd may be used as the phosphor in order to

control the emitted light to a desired wavelength.

In the light emitting diode of the present invention,
similarly, a first fluorescent material represented by a
general formula Y,;(Al, Ga,);0,,:Ce and a second fluorescent
material represented by a general formula ResAlsOQ:Ce, may be
used as the phosphor where O0Osssl and Re 1is at least one
selected from ¥, Gd and La, in order to control the emitted
light to a desired wavelength.

In the light emitting diode of the present invention,

13
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similarly, yttrium~aluminum-garnet fluorescent material a
first fluorescent material and a secéﬁé fluofescent.material
may be used wherein a part of yttrium in the first and second
fluorescent materials is substituted with gadolinium to
different degrees of substitution as the phosphor, in order to
control the emitted light to a desired wavelength. |
Generally, a fluorescent material which absorbs
light of a short wavelength add emits light of a long_
wavelength has higﬁer efficiency than a fluorescent'material
which absorbs light of a long wavelength and emits light of a
short wavelength. It is preferable to use a light emitting
component which emits visible. light than a light emitting
component which emits ultraviolet light ihat degrades resin
(molding material, coating material, etc.). Thus for the
light emitting diode of the present invention, for the purpose
of improving the light emiﬁting efficiency and ensure long
life, it is preferable that main emission peak of the light
emitting component be set within a‘relatively short wavelength
range of 400 nm to 530 nm in the wvisible light region, and

main emission. wavelength of the phosphor be set to be longer

.than the main emission peak of the light emitting component.

With this . arrangement, because light converted by thek
fluorescent material has longer wavelength than that of light
emitted by the light emitting component, it will not be
absorbed by the light emitting component even when the light

emitting component is irradiated with light which has been

14
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reflected and converted by the fluorescent material (since the
energy of the converted light is less thanl the band gap
energy). Thus the light which has been reflected by the
fluorescent material or the like is reflected by the cup
wherein the light emitting component is mounted, making higher
efficiency of emission possible.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic éectional view of a lead type
light emitting diode according to the embodiment of the
preSent invention.

Fig. 2 is alschematic sectional view of a tip type
light emitting diode .aCCOrding to the embodiment of the
present invention.

Fig..BA is a graph showing the excitation spectrum
of the garnet fluorescent material activated by cerium used in
the first embodiment of the present invention.

Fig. 3B is a graph showing the emission spectrum of
the garnet fluorescent material activated by cerium used in
the first embodiment of the present invention.

Fig. 4 is a graph showing the emission spectrum of

the 1light emitting diode of the first embodiment of the

present invention.

Fig. 5A is a graph showing the excitation spectrum
of the yttrium—aluminum~gardet fluorescent material activated
by cerium used in the second embodiment of the present

invention.

15
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fig.’§B is a graph showing the emission spectrum of
the yttrium~aluminqm~garnet fluorescent material activated by
cerium used in the second embodiment of the present invention.

Fig. 6 shows the chromaticity diagram of light
emitted by the light emitting diode of the second embodiment,
while

points}A and B indicate the colors of light emitted by
the light emitting cémponent and points C and D indicate the
colors of light emitted by ﬁwo kinds of phosphors.

Fig. 7 is a schematic sectional view of the planar
light source according to another embodiment of the present
invention.

Fig. 8 is a schematic sectional view of another
planar light source different from that of Fig. 7.

Fig. 9 is a schematic sectional view of another
planar light source different from those of Fig. 7 and Fig. 8.

Fig. 10 is a block diagram 10 of a display device

" which is an application of the present invention.

Fig. 11 is a plan view of the LED display device of

the display device of Fig. 10.

Fig. 12 is a plan view of the LED display device
wherein oﬁe pixel 1is constituted from four 1light emitting
diodes including the 1light emitting diode of the present
invention and those emitting RGB colors.

Fig. 13A shows the results of durable life test of

the light emitting diodes of Example 1 and Comparative Example

16
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1, showing the results at'25°C and Fig. 13B shows the results
of durable life test of the light emitting diodes'of Example 1
and Comparative Example 1, showing the results at 60°C and
90%RH. | |

Fig. 14A shows the results of weatherability test of
Example 9 and Comparative Example 2 showing tﬁe change of
luminance retaining ratio with time and Fig. A14B shows the
results of weatherability test of Example 9 and Comparative
Example 2 showing the color tone before and after the test.'

Fig. 15A shows the results of reliability test of

Example 9 and Comparative Example 2 showing the relationship

~ between the luminance retaining ratio and time, and Fig. 15B

is a graph showing the :ebl'ations'hip between color tone. and
time.

Fig. 16 is a chromaticity diagram showing the range
of color tone which can be 'obtained with a light emitting
diode which combines the fluorescent materials shown in Table
1 and blué LED having peak wavelength at 465 nm.

Fig. 17 is a chromatiéity diagram showing the change
in color tone ‘when the concentration of fluorescent material
is changed in the light emitting diode which combines the
fluorescent materials shown in Table 1 and Elue LED -having
peak wavelength at 465 nm.

Fig. 18A shows the emission spectrum of the phosphor
(Y,.Gd,.4);R10,,:Ce of Example 18A.

Fig. 18B shows the emission spectrum of the light

17



10

15

20

25

emitting.component of Example 18B having the emission peak
wavelength of 460nm.

Fig. 18C shows the emission spectrum of the light
emitting diode of Exampie 2.

Fig._- 192 shows the emiss-ion spectrum of the phosphor
(Y,,Gd, ,),Al:0,,:Ce of Example 5 - . -

| Fig. 19B shows the emission spectrum of the light
emitting vcomponent of Example 5 hav:‘_ng' the emission peak
wavelength of 450nm.

Fig. 19C shows the emission spectrum of the light
emitting diode of Example 5.

Fig. 20A shows the emission spectrum of the phosphor
Y;21.0,,:Ce of Example 6.

Fig. 20B shows the érﬁission spectrum of the light
emittiﬁg component of Example 6 having the emission peak
wavelength of 450nm.

Fig. 20C shows the emission spectrum of the light
einitting diode of Example 6.

Fig. 21A shows the emission spectrum of the phosphor

Y,(Al, sGa,s)s0,,:Ce of the seventh embodiment of the present

invention

Fig. 21B shows the emission spectrum of the light

emitting component of Example 7 having the emission peak

“wavelength of 450nm.

Fig. 21C shows the emission spectrum of the light

emitting diode of Example 7.

18
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Fig. 22A shows the emission spectrum of the phosphor
(¥,.6Gde.5)321:0,,:Ce of Example 11.

Fig. 22B shows the emission spectrum of the phosphor
(Y,.4Gd4.6):21:0,,:Ce of Example 11;

Fig. 22C shows the emission spectrum of the light

‘emitting component of Example 11 having the emission peak

wavelength of 470nm.
| Fig. 23 shows the emission spectrum of the light
emitting diode of Example 11.
DETAILED DESCRIPTION OF THE PREFERREb EMBODIMENTS
Now referring to the attached drawings, preferred
embodiments of the present'invention will be described below.
A light emitting diode lCO of Fig. 1 is a lead type
light emitting diode having a mount lead 105 and an inner lead

106, wherein a light emitting;componént 102 is installed on a

‘cup 105a. of the mount lead 105, and the cup 105a is filled

with a coating resin 101 which contains a specified phosphor
to cover the.light emitting component 102 and is molded in
resin. BAn n electrode and a p electrode of the light emitting
component 102 are\ connected to the mount lead 105 and the
inner lead 106, respectively; by means of wires 103.

In the light emitting diode constituted as described
above, part of light emitted by the light emitting component
(LED chip) 102 (hereinafter referred to as LED light) excites
the phosphor contained in the coating resin 101 to generate

fluorescent light having a wavelength different from that of

19
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‘LED light, so that the fluorescent light emitted by the

phosphor and LED light which is output without contributing to
the excitation of the phosphor are mixed and output. As a
result, the light emitting diode 100 also outputs light having
a wavelength different from that of LED light emitted by the
light emitting component 102.

| Fig. 2 shows a chip type iight emitting diode,
wherein light emitting diode (LED chipj 202 is installed in a
recess of a casing 204 which is filled with a coating material
which contains a specified phosphor to form a coating 201.
The light emitting éomponent 202 is fixed by using an epoxy
resin or the like which contains Ag, for example, and an n
electrode and a p electrode of the light emitting component
202 are connected to metal terminals 205 installed on the
casing 204 by means of conductive wires 203. In the cﬁip type
light emitting diode constituted as described above, similarly
to the lead type light emitting diode of Fig. 1, fluorescent
light emitﬁed by the phosphor and LED 1light which is
transmitted without being absorbed by the phosphor are mixed
and output, so that the light emitting diode 200 also outputs

light having a wavelength different from that of LED light

‘emitted by the light emitting component 202.

The light emitting diode containing the phosphor as
described above has the following features.
1. Light emitted by a light 'émitting component

(LED) is usually emitted through an electrode which supplies

20



10

15

20

25

‘electric power to the light emitting component. Emitted light

is partly blocked by the eleqtrode formed on the light
emitting component resulting in a particular emission pattern,
and is therefore not emitted uniformly in every direction.
The light emittiﬁg diode which contains the fluorescent
material, however, can emit light uniformly over a»widé range
without forming unaesirable emission pattern because the light’
is emitted after being diffused by the fluorescent material.

2.  Although light emitted by the ligﬁt emitting
component (LED) has a nmnochrométic'peak, the peak'is broad
and has high color rendering property. This characteristic
makes an. indispensable advantage for an application which
requiresvwavelengths of a relatively wide range. Light source
for an optical imége scanner, for example, is desirable to
have a wider emission peak. |

' The light emitting diodes of the first and second
embodiments to be described below have the configuration shown
in Fig. 1 or Fig. 2 wherein a light emitting component which
uses nitride compound semiconductor having relatively high
energy in the visible region and a particular phosphor are
combined, and have such favorable properties as capability to
emit light of high luminance and less degradation <3f.ligh£
emission efficiency and less color shift over . an extended
period of use.

In general, a‘ fluorescent material which absorbs

light of a short wavelength and emits 1light of a long
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wavelength has higher effLClency than a fluorescent materlal
Wthh absorbs light of a long wavelength and emits light of a
short wavelength, and therefore it is preferable to use a
nitride compound semiconductor light emittihg component which
is capable of emitting blue light of short wavelength. It
needs not tdksay that the use of a light emitting cemponent
haviﬁg high luminance is preferable.

A phosphor to be used in combination with the
nitride compound eemicdnductor light emitting coﬁponent must
have the following requirements: |

1. Excellent resistance against Llight to endure

light of a high intensity for a long period of time, because

the fluorescent material is installed in the vicinity of the

lighf emitting components 102, 202 and is exposed to light of
intensity as high as about 30 to 40 times that of sun light.

2. Capability to efficiently emit light in blue
region for +the excitation by means of the light emitting
components 102, 202. When mixing of colors is used, should be
capable of'emitting blue light, not ultraviolet ray, with a
high efficiency.

3. capability to emit  light from green to red
regions for tﬁe purpose of mixing with blue light to generate
white light.

4. Good temperature characteristic suitable for
location in the vicinity of the light emitting components 102,

202 and the resultant influence of temperature difference due

22
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to heat generated by the chip when lighting.

5. Capability to continuously change the color tone
in terms of the proportion of composition or ratio of mixing a
pluraiity of fluorescent materials. |

6. Weatherability for the operating environment of
the light emitting diode.

Embodiment 1

The light emitting diode of.the first embodiment of
the present invention employs a gallium nitride compound
semiconductor element which‘has high-energy band gap in the
light emitting layer and is capable of emitfing blue light,
and a garnet phosphor activated with cefium in combination.
With this éonfiguration, the light emitting diode of the first
embodiment can emit white light by blending blue light emitted
by the light emitting components 102, 202 and yellOW’light
emitted by the phosphor excited by the blue light.

Because the garnet phosphor activated with cerium
which 1is used in the light emitting diode of the first
embodiment has light fesistance and weatherability, it can
emit light with extremely small degrees of color shift and
decrease in the luminance of emitted 1ight even when
irradiated by very intense lightvemitted by the light‘emitting
components 102,‘202 located in the vicinity over a long period
of time.

Components of the light emitting diode of the first

embodiment will be described in detail below.
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(Phosphor)

The phosphor used in the light emitting diode of the
first embodiment is a phosphor which, when excited by visible
light or ultraviolet ray emitted by thevsemiconductor light

emitting layer, emits light of a wavelength different from

“that of the exciting light. The phosphor is specifically

garnet' fluoreséent material activated with cerium which
contains at least oné element selected from Y, Lu, Sc, La, Gd
and Sm and at least one element selected from Al, Ga and In.
According to the present invention, the fluorescent maﬁerial
is preferabiy yttrium-aluminum-garnet fluorescent matérial
(YAG phosphor) activated with cerium, or a fluorescent
material represented by generél . formula (Re,_.Sm ), (AL,.

.Ga,)0,,:Ce, where Osr<l and 0Oss<l, and Re is at least one

- selected from ¥ and Gd. In case the LED light emitted by the

light emitting component employing +the gallium nitride
compound semiconductor and the fluorescent light emitted by
the phosphor having yellow body color are in the relation'of
complementary colors, white color can be output by blending
the LED light and the fluorescent light.

In the first embodiment, because the phosphor is
used by blending with a resin which makes thé coating resin
101 and the coating materilal 201‘(detailed later), colér tone
of the lighﬁ emitting diode can be adjusted including white
and incandescent lamp <color by controlling the mixing

proportion with the resin or the quantity used in filling the
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cup 105 or.the recess of the casing 204 in accordance to the
wavelength of iight emitted by the gallium nitride light
emitting component. | |
| Distribution of the phosphor concentration has
influence also-on the color blending and durability. That is,
when the concentration of phosphor increases from the surface
of the coating or molding where  the phosphor is contained
toward the light emitting componenﬁ,'it becomes lesé likely to
be affected by extraneous moisture thereby making it easier to
suppress the deterioration due to moisture. On the other hand,
when the concentration of phosphor increases from the light
emitting component toward the surface of the molding, it
becomes more likely to be affected by.extraneous.moisture, but
less likely to be affected by the heat and radiation from the
light emitting component, thus making it possible to suppress
the deterioration of the phosphor. Such distributions. of the
phosphor concentration can be achieved by selecting or
controlling the material which contains the phosphor, forming
temperature and viscosity, and the éonfiguration and particle
distribution of the phosphor.
| By using the phosphor of the first embodiment, light
emitting diode having excellent emission characteristics can
be made, because the fluorescent nﬁterial has énough light
resistance for high-efficient operation even when arranged
adjacent to or in the wvicinity of the 1light emitting

components 102, 202 with radiation intensity
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(Ee) within the range from 3 Wem™ to 10 Wem™.

The phosphor used in the first embodiment is,
because of garnet structure, resistant to heat, light. and
moisture, and is therefore capable of absorbing exéitation
light having a peak at a wavelength near 450 nm as shown in
Fig. 3A. it also emits light of broad spectrum having a peak
near 580 nm tailing out‘ toA 700 nm as shown in Fig. 3B:
Moreover, efficiency of excited light emission in a region of
wavelengths 460 nm and higher can be ihcreased by including Gd
in the crystal of the phosphor of the first embodiment. When
the Gd content is increased, emission peak wavelength is
shifted toward longer wavelength and the entire emission
spectrum is shifted toward longer wavelengths. This means
that, when emission of more reddish ligﬁt is required, it can
be achieved by inCreasing the degree of substitutidn with Gd.
When the Gd content is increased, luminance of light emitted
by photoluminescence under blue light ﬁends to decrease.

Especially when part of Al is substituted with Ga
among the composition of YAG fluorescent material having
garnet structure, wavelength of emitted light shifts toward
shorter wavelength and, when part of Y is substituted with Gd,
wavelength of emitted light shifts toward longer wavelength.

Table 1 shows the composition and light emitting
characteristics of YAG fluorescent material represented by

general formula (Y,,Gd,);(Al,,Ga,)0,:Ce.
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Table 1

No. Gd content Ga content CIE chromaticity | Luminance Efficiency
a (molar ratio) | b (molar ratio) coordinates Y
X y
1 0.0 0.0 0.41 0.56 100 100
2 0.0 0.4 0.32 0.56 61 63
3 0.0 0.5 0.29 0.54 55 67
4 0.2 0.0 0.45 0.53 102 108
5 0.4 0.0 0.47 0.52> 102 113
6 0.6 0.0 0.49 0.51 97 113
7 0.8 0.0 0.50 0.50 72 86
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Values shown in Table 1 were measured by exciting
the fluorescent material with blue light of 460nm. Luminance
and efficiency in Table 1 are given in values relative to
those of material No. 1 which are set to iOO.

When substituting Al with Ga, the proportion is
preferably within the range from Ga: &al=1:1 to 4:6 in
consideration of the enission | efficiency and emission
wavelength.  Similarly, when substituting Y with Gd, the
proportion is preferably within the range from ¥Y: Gd=9%:1 to
1:9, and more preferably from 4:1 to 2:3. It is because a
degree of substitution with Gd below 20% results in a color of
greater green component and iess red component, and a degree

of substitution with Gd above 60% results in increased red

~component but ‘rapid decrease in luminance. When the ratio

Y:Gd of Y and Gd in the YAG fluorescent mate:ial is set within
the range from 4:1 to 2:3, in particular, a light emitting
diode capable of emitting white light substantially along the
black body radiation locus can be made by using one kind of
yttrium-aluminum-garnet fluorescent materiél, depending on the
emission wavelength of the light emitting component. When the
ratio Y:Gd of Y and Gd in.the YAG fluorescent material is set
within the range from 2:3 to 1:4, a ligﬁt emittihg diode
capable of émitting light of incandescent lamp can be made
though the luminance is low. When the content (degree of
substitution) of Ce is set within the range from 0.003 to 0.2,

the relative luminous intensity of light emitting diode of not
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less than 70% can be achieved. When the content is less than
0.003, luminous intensity decreases because the number of
excited emission centers of photoluminescence due to Ce
decreases and, Qhen the éontént is greater than 0.2, density
gquenching occurs.

Thus the wavelength of ‘thé emitted light canvbe

shifted to a shorter wavelength by substituting part of Al of

" the composition with Ga, and the wavelength of the emitted

light can be shifted to a longer wavelengih by,substituting
part of ¥ of the composition with Gd. 1In this way, the ligﬁt
color of emission can beAchanged cdntinuously by changing the
coﬁposition. Also the fluorescent material is hardly excited
by Hg emission lines which have such wavelengths as 254 nm and
365 nm,Abut is excited with‘higher:efficiency by LED light
emitted by a blue light emitting component having a wé&elength
around 450 nm. Thus the fluorescent material has ideal
characteristics for converting blué light of  nitride
semiconductor light emitting component into white lighﬁ, such
as the capability of continuously changing the peak wavelength
by 'changing the proportion of Gd. |

According to the first embodiment, the efficiency of

light emission of the light emitting diode can be further

improved by combining the light emitting component employing

gallium nitride semiconductor and the phoéphor made by adding

rare earth element samarium (Sm) to yttrium-aluminum-garnet

fluorescent materials (YAG) activated with cerium.
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Matgrial for making such a phosphor is made by using
oxides of Y, Gd, Ce, Sm, Al and Ga or compounds which can be
easily converted into these oxides at high temperature, and
sufficiently mixing these materials in -stoichiometrical
proportions. - This mixture 1is mixed with an appropriate
quantity of a fluoride such as ammonium fluoride used as a
flux, and fired in a crucible at a temperature from 1350 to
1450°C in air for 2 to 5 hours. Then the fired material is
ground by a ball mill in water, washed, separated, dried and
sieved thereby to obtain the desired material. |

In the producing process described above, fhe
mixture material may also be made by dissolving rare earth
elements Y, Gd, Ce and Sm in stoichiometrical proportions in

an acid, coprecipitating the solution with oxalic acid and

firing the coprecipitate to obtain an oxide of the

coprecipitate, and then mixing it with aluminum oxide and
gallium oxide.

The phosphor represented by the general formula (Y,.
parGd CeSm, ) ;Al0,, can emit 1light of wavelenéths 460nm and
longer with higher efficiency upon excitation, because Gd is
contained in the crystal. When the content of gadolinium is
increased, peak wavelength of emission shifts from 530nm to a
longer wavelength up to 570nm,v while +the entire emission
spectrum also shifts to longer wavelengths. When 1light of
stronger red shade is needed, it can be achieved by increasing

the amount of Gd added for substitution. When the content of
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Gd is increased, lﬁminance -0f photoluminescence with blue
light gfadually - decreases. Therefore, wvalue of p |is
preferably 0.8 or lower, or Iﬁore preferably 0.7 or lower.
Further more éreferably it is 0.6 or lower.
| The phosphor brepresented by the general forrﬁula (Y,
p-q:Gd,CeSm.) ,AL0,, including Sm can be made subject to less
dependence on temperature ‘regardless of the increased content
of G4d. That is, the phosphor, when Sm is contained, has
greatly improved emission luminance at higher temperatures.
Extent of the improvement increases as the Gd content is
increased. Temper‘atu‘re characteristic can be greatly improved
particularly by the addition of Sm in the case of fluorescent
material of such a cbmpoeition as red shade is strengthened by
increasing the content of Gd, 'because it has poor temperature
characteristics. The temperature characteristic mentioned
here 1is measured in terms of the ratio (%) of emission
luminance of the fluorescent material at a high temperature
(200°C) relative to the emission luminance of exciting blue
light having a wavelength of 450nm at the normal temperature
(25°C) .
The proportion oﬁ Sm is preferably within the range

of 0.0003sr=<0.08 to give temperature characteristic of 60% or

of improving the temperature characteristic. When the value
of r is above this range, on the contrary, the temperature

characteristic deteriorates. The range of 0.0007srs0.02 for
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the proportion of Sm where temperature characteristic becomes
80% or higher is more desirable.

The proportion g of Ce is preferably in a range of
0.003=g=0.2, which makes relative emission luminance of 70% or
higher possible. The relative emission luminénce refers to
the emissibn luminance in terms of percentage to the emission
luminance of a fluorescent material where g=0.03. | |

When the proportion g of Ce is 0.003 or lower,
luminance decfeases because the number of excited emission
centers of photoluminescence due to Ce decreases and, when the
g is greater than 0.2, density quenching occurs. Density
quenching refers to the decrease in emission intensity which
océurs when the concentration of an activation agent added to
increase the luminance of .the fluorescent material 1is
increased beyond an optimum level.

For +the 1light emitting diode of the present
invention, a mixture of two or more kinds of phoSphors having
compositions of (Y,,..GdCesSm,.),Al;0,, having different contents
of Al, Ga, Y and Gs or Sm may also be uéed; This increases
the RGB components and enables the application, for example,

for a full-color liquid crystal display device by using a

"color filter.

(Light emitting components 102, 202)
The light emitting component is preferably embedded
in a molding material as shown in Fig. 1 and Fig. 2. The

light emitting component used in the light emitting diode of
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the present inventibﬁ is a gallium nitride compound
semiconductér capable of efficiently ,exciting the garnet
fluorescent materials activated with cerium; ‘The 1light
emitting components 102, 202 employingA gallium nitride
coméound'semiconductor are made by fOrming'a light emitting
layer of gallium nitride semiconductor such as InGaN on‘.a
subétrate‘in the MOCVD process. The structure of the light
emitting component may be homostructure, heterostructure or
double-~heterostructure which have MIS junction, PIN -junction
or PN Jjunction. Various wavelengths of émission can be
selected depending on the material of.the semiconductor layer
and the crystallinity' thereof. It may also be made in a
single quantﬁm well structure or. multiple guantum well
structure where a semiconductor activation layer is formed as-
thin as guantum effect can occur. According to'the present
invention, 'a 1light emitfing diode capable of emitting with
higher luminance without deterioration of the phosphor can be
made by making the activation layer of the light émitting
component in single quantum well structure of InGaN.

When a gallium nitride compound semiconductor 1is
used, while sapphire, spinnel,lsiC, Si, Zn0 or the like may be
used as the semiconductor substrate, use of sapphire substrate
is preferéble- in order to form gallium nitride of good
crystallinity. A gallium nitride semiconductor layer 1is
formed on the sapphire substrate to form a PN junction via a

buffer layer of GaN, AlIN, etc. The gallium nitride
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semiconductor has N type conductivity under the condition of

not doped with any impurity; although in order to form an N

type gallium nitride semiconductor having desired properties

(carrier concentration, etc.) such as improved light emission
efficiency, it is preferably doped with N type dopant such as

si, Ge, Se, Te, and C. In order to form a P type gallium

nitride semiconductor, on the other hahd, it is preferably

doped with P type dopant such as Zn, Mg, Be, Ca, Sr and Ba.

Because it is difficult to turn a gallium nitride compound

- semiconductor to P type simply by doping a P type dopant, it

is preferable to  treat the gallium' nitride compound
semiconductor doped with P type dopant in such process as
heating in a furnace/ irradiation with iow~speéd electron beam
and plasma irradiation, thereby to turn it to P type. After
éxposing the surfaces of P type and N type gallrﬁn nitride
semiconductors by the etching or other process, electrodes of
the desired shapés are formed on the semiconductor layers.by
Sputtering or vapor deposition.

Then the semiconductor wafer which has been formed
is cut into pieces by means of a dicing saw, or separated by
én external‘force after cutting grooves (half-cut) which have
width éreater than the blade edge width. Or otherwise, the
wafer is cut into chips by scribing grid pattern of extremely
fine lines on the semiconductor wafer by means of a scriber
having a diamond stylus which makes straight réciprocal

movement. Thus the 1light emitting component of gallium
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nitride compound semiconductor can be made.
In order to emit white light with the light emitting
diode of the first embodiment, wavelength of light emitted by

the light emitting component is preferably from 400nm to 530nm

inclusive in consideration of the complementary color

relationship with the phosphor and deterioration of resin, and
morévpreférably from 420nm to 490nm inclusive. It is further
more preferable that the wavelength be from 450nm to 475nm, in
order to improve the emission.efficiency of the light emitting
component and the phosphor. Emission speétrum of the white
l;ght emitting diode of the_first embodimentAis shown in Fig.-
4. The liéht emitting coﬁponent shown here is of lead type
shown in}Fig. 1, which employs the light emitting component
and the phosphor of the first embodiment to be described later.
In Fig. 4, emission having a peak around 450 nm is the light
emitted by the light emitting component, and emission having a
peak around 570 nm is the photclumihescent emission excited by
the light emitting component.

Fig. 16 shows the colors which can be represented by
the white 1light emitting diode made by combining. the
fluorescent material shown in Table 1 and blue LED (light
emlitting component) having.peak wavelength 465nm. Color of
light emitted by this white light emitting diode corresponds
to a point on a straight line connecting a point of
chromaticity generated by +the blue LED and a point of

chromaticity generated by the fluorescent material, and
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therefore the wide white color region (shaded portion in Fig.
16) in the centrai portion of the chromaticity diagfam can. be
fully covered by using the :fluo;escent materials 1 to 7 in
Table 1. Fig. 17 shows the'change in emission color when the
contents of fluorescent materials in the white light emitting
diode is changed.v Contents of fluorescent materials are given
in weight percentage to the resin used in the coating material.
As will be seen from Fig. 17, color of the light approaches
thatv of the fluorescent materials when the content of
fluorescent matefial is increased and approaches that of blue
LED when the content of fluorescent material decreased.
According to the present invention, a light emitting
component which does not excite the fluorescent material may

be used together with the light emitting component which emits

~light that excites the fluorescent material. Specifically, in

addition to the fluorescent material .which is a nitride
compound semiconductor capable of exciting the fluorescent
material, a light emitting component having a light emitting
layer made of gallium phosphate, gallium aluminum arsenide,
gallium arsenic phosphate or indium aluminum phosphate is
arranged together. With this configuration, light emitted by
the light emitting component which does not excite the
flﬁorescent material is radiated to the outside without being
absorbed by the fluorescent material, making a light emitting
diode which can emit red/white light..

Other components of the light emitting diodes of Fig.
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1 and Fig. 2 will be described below.
(Conductive wires 103, 203)

The conductive wires 103, 203 should have -good
electric éonductivity, good thermal conauctivity and good
mechanical connection with the electrodes of +the 1light
emitting . domponents.-loz, 202. Thermal conductivity is
preferably 0.0ll cal/(s)(cm®)(°C/cm) or higher, and more

preferably 0.5 cal/(s)(cm?®)(°C/cm) or higher. For workability,

diameter of the conductive wire is preferably from 10pm to
45pm inclusive. Even when the same material is used for both
the coating including the fluorescent material and tﬁe molding,
because of the difference in thermal expanéion coefficient due
to the fluoréscent material contained in either of the above

two materials, the conductive wire is likely to break at the

interface. For this reason, diameter of the conductive wire

is preferably not less than 25um and, for the reason of light
emitting area and ease of handling, preferably within 35um.
The conductive wire may be a metal such as gold, copper,
platinum and aluminum or an alloy thereof. When a conductive
wire df such material and configuration is used, it can be
easily connected to the electrodes of the 1light emitting

components, the inner lead and the mount lead by means of a

wire bonding device.

(Mount lead 105)
The mount lead 105 comprises a cup 105a and a lead

105b, and it suffices to have a size enough for mounting the
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light emitting component 102 with the wire bonding device in
the cup 105a. in case a plurality‘ of 1light emitting
components are installed in the cup and the mount lead is uséd
as common electrode for the light emittiné COmponént, because
different electrode materials may be -used, sufficient
elect;ical conductivity and good conductivity with the bonding
wire and others are réquired. ~ When the light emitting
component is installed in the cup of the mount iead and the
cup is filled with the fluorescent material, light emitted by
the fluore;cent material is, even if.isotropic, reflected by
the éup in a desired direction and therefore erroneous
illumination due to light from other light emitting diode
mounted nearby can be prevented. Erroneous illumination here
refers to such a phenomenon as other 1light emitting diode
mounted nearby appearing as though liéhting despite not being
supplied with power.

Bonding of the light emitting component 102 and the
mount lead 105 with the cup 105a can be aéhieved by means of a
thermoplastic resin such as epoxy resin, acrylic resin and
imide resin. When a faée—down.light emitting component’(such
a type of light emitting- cdmponent as emitted 1light is
extracted from the substrate side and is configured for
mounting the electrodes to oppose the cup 105a) is used, Ag
paste, carbon paste, metallic bump or the like can be used for
bonding and électrically connecting the light emitting

component and the mourit lead at the same time. Further, in
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ordep'to improve the efficiency of light utilization of the
light emitting diode, surface of the cup of the mount lead
whereon the light emitting component is mounted may be mirror-
polishéd to give reflecting function to the surface.. In this
case, the surface roughness is preferably from 0.1S to 0.8 S
inclusive. Electric resistance of the mount lead is
preferably. within 300u{Q-cm and more preferably within 3uQ-cm.
When mounting a plurality of light emitting components on the
mount lead, the light emitting components generate significant
amount of heat and therefore high thermal conductivity is
required. Specifically, the thermal conductivity .is
preferably 0,01‘ cal/(s)(cm?)(°C/cm) ér higherﬁ and more

preferably 0.5 cal/(s)(cm®)(°C/cm) or higher. Materials which

satisfy these requirements contain steel, copper, copper-clad
steél} copper-clad tin and metallized ceramics.
(Inner lead 106)

The inner lead 106 is connected to one of.electrodes
of the light emittiﬁg component 102 mounted on the mouﬁt.lead
105 by means of conductive wire or the like. In the case of é
light emitting diode where a plurality of the light emitting
components are installed on the mount lead, if is necessary to
arrange a plurality of inner leads 106 in such a manner that
the conductive wires db not touch each other. For example,
contact of the conductive wires with each other can be
prevented by’increasing the area of the end face where the

inner lead is wire-bonded as the distance from the mount lead
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increases so that the space between the conductive wires is
secured. Surface roughness of the inner lead end face
connecting with the conduétive wire is preferably from 1.6 S
to 10 S-inclusive in consideration of close contact.

In order to form the inner lead in a desired shape, it
may be punched by means of a die. Further, it may be made by
punching to form the inner lead then pressurizing it on the
end face thereby to control the aréa and height of the end

face.

The inner lead is required to have good connectivity

with the bonding wires which are conductive wires and have

good electrical conductivity. Specifically, the electric
resistance 1is preferably wiﬁhin 300u. -cm and'more preferably
within 3p.-cm. Materials which satisfy these requirements
contain iron, copper, iron-containing copper, tin—coﬂtaiﬁing
copper, copper-, gold- or silver-plated alumiﬁum, iron and
copper.

(Coating material 101)

The.coating material 101 is provided in the cup of
the mount lead apart from the molding material 104 and, in the
first embodiment, contains the phosphor which converts the
light emitted by the light emitting component. The coating
material may be a transparent material  having good
weatherability such as epoxy resin, urea resin and silicon'qr
glass. A dispersant may be used‘together with the phosphor.

As the dispersant, barium titanate, titanium oxide, aluminum
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oxlde, silicon dioxide and the like are preferably used. When
the' fluorescent material is formed by sputtering, coating
material may be omitted. In this case, a light emitting diode
capable of bending éoiors can be made by.éontrolling the film

thickness or providing an aperture in the fluorescent material

layer.
(Molding material 104)

The molding 104 has the function to protect the
light emitting component 102, the conductive wire 103 and the
coating material 101 which contains phosphor from external
disturbance. According to the first embodiment, it is
prefefable that the molding nmtefial 104 further contain a
dispersant, which can unsharpén the directivity of light from
the iight emitting component 102, resulting in increased angle
of view. The molding matériél 104 has the function ofdiens to
focus or diffuse the light emitted by the 1light emitting
component. Therefore, the molﬁing material 104 may be made in
a configuration of convex lens ér.concave lens, and may have
an elliptic shape when viewed in the direction of optical axis,
or a combination of these. Also the molding material 104 may
be made in a structure of multiple layers of different
materials being laminated. As the molding material 104,
transparent materials having high weatherability such as epoxy
resin, wurea resin, silicon resin or glass is preferably
employed. As the dispersant, barium titanate, titanium oxide,

aluminum oxide, silicon dioxide and the like can be used. In
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addition to the dispersant, phosphor may also be contained in

the molding material. Namely, according to the present

invention, the phosphor may be contained either in the molding

material or in the coating material. When the phosphor is
contained in the moldingA material, angle of view can be
further increased. The phosphor may also be contained in both
the coatidg material and the molding material. Fufther, a
resin including the phosphor may be used as the coating
material while wusing glass, different from the coating
material, as the molding material. This makes it possible to
manufacture a lighf emitting diode which is less subject to
the influence of moisture with good prcducti§ity. The molding
and the coating may also be made of the same material in order
to match the refractive index, depending on the application.
According to the present invention, adding the dispersant
and/or a coloration agént in the molding material has the
effects of masking the color of the fluorescent materiai
obscured and improving the color mixing performance. That is,
the fluorescent material absorbs blue component of extraneous
light and emits light thereby to give such an appearance as
though colored in yellow. However, the dispersant contained
in the molding material gives milky white color to the molding
material and the coloration ‘agent renders a desired color.
Thus the color of the fluorescent material will not be
recognized by the observer. In case the light emitting

component emits light having main wavelength of 430nm or over,
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it is more preferable that»ultraviéief abébrbér/which.serves
as light4stabilizér be conﬁained.
Embodiment 2

The light emitting diode of the second embodiment of
the present invention is made by.using an element'provided
with gallium nitride compound semiconductor which has high-
energy band gap in the light emitting layer as the light
emitting component and a fluorescent material including two or
more kinds of phosphors of different compositions, or
preferably yttrium~aluminum-garnet _flﬁorescent‘ materials
activated with cerium as the phosphor. With this
configuration, a liéht enitting diode which allows to give a
desired color  tone by controlling the contents of the two or
more fluorescent materials can be made even:  when the
wavelength of the LED light emitted by the 1light emitting
component deviates from the desired value due to variations in
the production process. In this case, emission color of the
light emitting diode can be made constantly  using . a
fluorescent material having a relatively short emission
wavelength for a light emitting component of a relatively
short emission wavelength and using a fluorescent material
having a xrelatively long emission wavelength for a light
emitting component of a relatively long emission wavelength.

as for the fluorescent material, a fluorescent
material  represented by general formula (Re,_.Sm.), (AL,

G3a,):0,,:Ce may also be used as the phosphor. Here 0O=r<l and
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0O<s<l, and Re is at least one selected from Y; Gd and La.
This configurationv-makes it possible to minimize the
denaturing of the fluorescent material even when the

fluorescent material is éxposed to‘high-intensity high-energy

visible light emitted by the light emitting component for a

long period of time or when used under various environmental

conditions, and tﬁeréfore a light emitting diode which is

subject to extremely insignificant color shift and emission

luminance decrease and has the desired emission component of

high luminance can be made.

(Phosphor of the second embodiment)

Now the phosphor wused in' the 1light 'emitting
component of the second embodiment will be described in detail
below. The second embodiment is similar to the first
embodiment; excépt that two or more kinds of phosphors of
different compositions activated with cerium are used as the
phosphor, as described above, and the method of wusing the
fluorescent material is basically the same.

Similarly to the case of the first embodiment, the
light emitting diode can be given high weatherability by
controlling the distribution of the phosphor (such as tapering
the concentration with the distance from the light emitting
component). Such a distribution of the phosphor concentration
can be achieved by seiecting or controlling the material which
contains the phosphor, forming temperature and viscosity, and
the configuration and particle distribution of the phosphor.

P
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Thus according to the second embodiment, distribution of the
fluorescent material concentration is determined according to
the operating conditions. Also according to the second
embodiment, efficiency of light emission can be increased by
designing +the arrangement of the two or more kinds of
fluorescent materials (for example, arranging in the order of
nearness to the light emitting component) according to the
light generated by the light emitting component.

With the configuration of the second embodiment,
similarly to the first embodiment, light emitting diode has
high efficiency and enough light resistance even when arranged
adjacent to or in the vicinity of relatively high-output 1_ight
emitting component with radiation intensity (Ee) within the
range from 3 Wem™? to 10 Wem™ can be made.

The yttrium-—aluminum-garnet fluorescent material
activated with ce_rium (YAG fluorescent material) uséd in the

second embodiment has garnet structure similarly to the case

of the first embodiment, and is therefore resistant to heat,

light and moisture. The peak wavelength of excitation of the
yttrium-aluminum-garnet fluorescent material of the . second
embodiment can be set near 450nm as indicated by the solid
line in Fig. 5A, and the peak wavelength of emission can be
set near 510nm as indicated by the solid -line in Fig. 5B,
while making the emission spectrum so broad as to tail out to
700nm. This makes it possible to emit green light. The peak

wavelength of excitation of another yttrium-aluminum-garnet
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fluorescent material —activated with cderium of the second
embodiment can be set‘near 450nm as indicated by the dashed
line in Fig. 5A, and the peak wavelength of emission can be
set near 600nm as indicated by the dashed. line in Fig. 5B,
while making the emission spectrum so broad as to tail out to
750nm. This makes it possible to emit red light.

Waveleﬁgth of the emitted light is shifted to a

shorter wavelength by substituting part of 2al, among the

~constituents of the YAG fluorescent material having garnet

structure, with Ga, and the wavelength of the emitted light is
shifted to a longer wavelength by-substituting part of Y with
Gd and/or La. Proportion of substituting Al ‘with‘ Ga 1is
preferably from Ga:Al=1:1 to 4:6 in consideration of the light
emitting efficiency and the wavelength of emission. Similarly,
proportion of substituting Y with Gd and/or La is preferably
from Y:Gd and/or La=9:1 to 1:9, or more preferably from Y:Gd
and/or La=4:1 to 2:3. Substitution éf less than 20% results
in an increase of green component and a‘ decrease of red'
cemponenﬁ. Substitution of 80% or greater part, on the other
hand, increases red component but decreases the luminance
steeply. |

Material for making such a phosphor is made by using
oxides of Y, Gd, Ce, La, ARl, Sm and Ga or compounds which can
be easily converted into these oxides at high,tempefature, and
sufficiently mixing these materials in stoichiometrical

proportions. Or either, mixture material is obtained by
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dissolving rare earth elements Y, -Gd, Ce, La and Sm in
stoichiometrical proportions in acid, copfecipitating the
solution oxalic acid and firing the coprecipitate to obtain an
oxide of the coprecipitate, which is then mixed with aluminum
oxide and gallium oxide.. This mixture is mixed with an
appropriate quantity of a fluoride such as ammonium fluoride
used as a flux, and fired in a crucible at a témpefature from
1350 to ‘1450 °C in air for 2 to 5 hours. | Then the fiﬁed
material is ground by a ball mill in water, washed, separated,
dried and sieved thereby to obtain the desired material.

Ih the second embodiment, the two or more kinds of
yttrium-aluminum-garnet fluorescent materials activated with
cerium of different compositions may be either used by.mixing
or arranged independently (laminated, for example). When the
two or more kinds of fluorescent'materials aré miked, color
converting portion can be formed,relatiQely easily and in a
manner suitable for mass production. When the two or more
kinds of fluorescent materials are 'arranged independently,
color can be adijusted after forming it by laminating the

layers until a desired color can be obtained. = Alsc when

~arranging the two or more kinds of fluorescent materials

" independently, it 1is  preferable to arrange a fluorescent

material that absorbs light from the light emitting component
of a shorter wavelength near to the LED element, and a
fluorescent material that absorbs light of a longer wavelength

away from the LED element. This arrangement enables efficient

47



10

15

20

25

absorption and emission of light.
The light emitting diode of the second embodiment is
made by using two or more kinds of yttrium-aluminum-garnet

fluorescent materials of different compositions as the

fluorescent materials, as described above. This makes it

possible to make a light emitting diode capable of emitting
light of desired color efficiently. That is, when wavelength
of light emitted by the semiconductor light emitting component
corresponds to a point on the straight iine connecting point A
and point B in the chromaticity diagram of Fig. 6, light of
any color in the shaded region enclosed By points A, B, C and
D in Fig. 6 which is the chromaticity points (points C and D)
of the two or more  kinds of yttrium-aluminum~garnet
fluorescent materials of different compositions can be emitted.
According to the éecond embodiment, color can be controlled by
changing the compositions or quantities of the LED elements
and fluorescent materials. In pérticular,-a light emitting
diode of less variation in the emission wavelength can be made
by selecting the fluorescent materials according +to the
emission wayelength of the LED element, thereby compensating
for ‘thé' Variation of the emission wavelength of the LED
element. Also a light emitting diode including RGB components
with high luminénce can be made by selecting the emission
wavelength of the fluorescent méterials.

Moréover, because the yttrium-aluminum-garnet (YAG)

fluorescent material used in the second embodiment has garnet
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structure, the light emitting diode of the second embodiment
can emit light of high luminance for a long period of time.
Also the light emitting diodes of the first embodiment and the

second embodiment are provided with light emitting component

installed via fluorescent. material. . Alsc because the

converted light has longer wavelength than that of the light
emitted by the 1light emitting component, energy of the
convérted light is less than the band gap of the nitride
semiconductor, and is less likely‘ to be absorbed by the
nitride semiconductor layer. Thus, although the light emitted
by the fluorescent material is directed also to the LED
element because of the isotropy of emission, the light emitted
by the flﬁorescent material is never absorbed by the LED
element, and therefore the emission efficiency of the light
emitting diode will not be decreased.b |

(Planar light source)

A planar light source which is another embodiment of
the present invention is shown in Fig. 7.

In the planar light source shown in the Fig. 7, the
phosphor used in the first embodiment or the second embodiment
is contained in a coating material 701. with  this
configurétion, blue lightk emitted by the -gallium ‘nitride
semiconductor is color-converted and is output in planar state
via an optical guide plate 704 and a dispersive sheet 706.

Specifically, a light emitting component 702 of the

planar light source of Fig. 7 is secured in a metal substrate

49



10

15

20

25

703 of inverted C shape whereon an insulation layer and a
conductive pattern (not shown) are formed. After electrically

connecting the electrode of the light emitting component and

the conductive pattern, phosphor is mixed with epoxy resin and

applied into the inverse C-shaped metal substrate 703 whereon
the light emitting component 702 is mounted. The light
emitting com?onent thus secured is fixed onto an end face .of
an acrylic optical guide plate 704 by‘means of an epoxy reéin.
A reflector film 707 containing a white diffusion agent 1is
arranged on one of principal planes of the optical guide plate
704 where the dispersive shéet 706 is not férmed, for thé
purbose of preventing fluoreséence.

Similarly, a reflector 705 is provided on the entire
surface on the back of the optical guide plate 704 and on one
end face wheré the light emittiﬁg component is not provided,
in order to improve the light emission efficiency. With this
configuration, light emitting diodes for planaf‘light emission
which generates enough luminance for the back light of LCD can
be made.

Application of the light emitting diode for plaﬁar
light emission‘to a liquid crystal display can be achieved by
arranging a ;xalariZer plate on one principal plane of the
optical guide plate 704 via liquid crystal injected between
glass substrates (not shown) whereon a translucent conductive
pattern is formed.

Now referring to Fig. 8 and Fig. 9, a planar light
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source according to another embodiment of the present
invention will be described below. The light emitting device
shown in Fig. 8 1is made in such a configuration_thét blue
light emitted by the light emitting diode 702 is converted to
white light by a color converter 701 which contains phosphor
and i1s output in planar state via an optical guide plate 704.
The light emitting device shown in Fig. 9 is made in
such a configuration that blue light emitted by the 1light
emitting component 702 is turned to planar state by the
optical guidé plate 704, then converted to white light by a
dispersive sheet 706 which contains phosphor formed onvone of
the principal piane of the optical guide plate 704, thereby to
output white 1ight in planar state. The phosphor may be
either contained in the dispersive sheet 706 or formed in a
sheet by spreading it together with a binder resin over the
dispersive sheet 706. Further, the binder including the
phosphor bmay be formed in dots, not sheet, diréctly on the

optical guide plate 704.

- <Application>

(Display device)

Now a display device ‘according to the present
invention will be described below. Fig. 10 is a block diagram
showing the configuration of the display device according to
the ‘present invention. As shown in Fig. 10, the display
device comprises an LED display device 601 and a drive circuit

610 having a driver 602, video data storage means 603 and tone
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control means 604. The LED display device 601, having white
light-emitting diodes 501 shown in Fig. 1-or Fig. 2 arranged
in matrix configuration in a casing 504 as shown in Fig. 11,»
is used as monbchromatic LED display device. The casing 504
is provided with a light blocking material 505 being formed
integrally therewith.

The drive circuit 610 has the video data storage
means (RAM) 603.for temporarily storing display'data which is
input, the tone control means 604 which computes and outputs
tone signals for controlling the. ihdividual light emitting
diodes of the LED display device 601 to light with the
specified brightness according to the data read frbm RAM 603,
and the driver 602 which is switched by signals supplied from
the tone control means 604 to drive the light emitting diode
to light. The tone control circuit 604 retrieves daté from
the RAM 603 and computes the duration of lighting the light
emitting diodes of the LED display device. 601, then outputs
pulse signals for turning on and off the light emitting diodes
to the LED display device. 601. In the display device
constituted as described above, the LED display device 601 is
capable of displaying images according to the pulseisignals
which are input from the drive circuit, and has the following
advantages. | ‘

The LED display device which displaYs with white
light by using light emitting diodes of three cclors; RGB, is

requiréd to display while controlling the light emission
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output of the R, G and B l;ght emitting diodes and accerdingly
musﬁ control the light emitting diodes by taking the emission
intensity, temperature characteristics and other factors of
the light emitting dibdés into account, resulting in
complicate configuration of the drive circuit which drives the
LED display device. In the display device of the present
invention, however, because the LED display device 601 is
constituted by using light emitting diodes 501 of thé‘present
invention wﬁich can emit white light without using light
emitting diodes of three kinds, RGB, it is not necessary for
the dri&e circuit to individually control the R, G and B light
emitting diodes, making it possible to simplify ihe,
configuration of the drive‘circuit and make the display device
at ablow cost.
with an LED display device which displays in white
light by usiﬁg light emitting diodes of three kinds, RGB, the
three light emitting diodes must be illuminated at the same
time |
and the lighf from the 1light emitting diodes must be
mixed in order to display white light by combining the three
RGB light emitting diodes for each‘pixel; resulting in a large
display area for each pixel and making it impossible to.
display with high definition. The‘LED display device of the
displéy device according to the present invention, in contrast,
can display Qith white light can be done with a single light

emitting diode, and is therefore capable of display with white
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-light of higher definition. Further, with the LED display -~ -

device which displays by mixing the colors of three light
emitting diodes, there is such a case as the display color
changes due to blockihg of some of the RGB light emitting
diodes depending on the viewing angle, the LED display device
of the present inveﬁtion has‘no such problem.

As described above, the display device provided with
the LED display device employing the light emitting diode of
the present invention which is capable of emittiné white light
is capable of displaying stable white 1light with higher
definition and has an advantage of less color unevenness. Tﬁe
LED display device éf the present invention which is capable
of displaying with white lighﬁ also imposesleSS~stimulation
to the eye compared to the convéntional LED display‘device
which employs oniy .red and dgreen colors, and is therefore
suited for use over a long perlod of time.

(EmbodLment of another dlsplay device employing the llght
emitting diode of the present invention)

| The light emitting diode of the present invention
can be used to constitute an LED display device wherein one
pixel is constituted of three RGB light emitting diodes and
one light emitfing diode of the present inventiQn,_as shown in
Fig. 12. VBy'connecting the LED display device and a specified
drive circuit, a display device capable of displaying various
images can be constituted. The drive circuit of this display

device has, similarly to a case of monochrome display device,
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video data storage means (RAM)for temporarily storing the
input display data, a tone.control circuit which processes the

data stored in the RAM to compute tone signals for lighting

‘the light emitting diodes with specified brightness and a

driver which is switched by the output signal of the tone
control «circuit to' cause the light emitting diodes to
illuminate.  The drive circuit is required exclusively for
each of the RGB light emitting diodes and the white light
emitting diode. The tone control circuit computes the
duration of lightind the light emitting diodes from the data
stored in the ﬁAM, and outputs pulse sighals for turning on
and off the light emitting diodes. When displaying with white

iight, width of the pulse signals for lighting the RGB light

emitting diodes is made shorter, or peak value of the pulse

signal is made lower or no pulse signal is output at all. On
the other hand, a pulse signal is given to the white light
emitting diode in compensation thereof. This causes the LED
display device to display with whité light.

As described above, brightness of display can be
improved by adding the white light emittiﬁg diode to the RGB
light emitting diodes. When RGB light emitting diodes are
combined to display white light, one or two of the RGB colérs

may be enhanced resulting in a failure to display pure white

~depending on the viewing angle, such a problem is solved by

adding the white light emitting diode as in this display

device.
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For the drive éircuit of such a display device as
des¢ribed above, it 1is preferable that a CPU be provided
separately as a tone control circuit which computes the éulse
signal‘ for lighﬁing the white lighﬁ emittihg diode with
specified brightness. The pulse signal which is output from
the tone control circuit ié,given to the white light emitting
diode driver thereby to swiﬁch the-driver. The white light
emitting diode illuminates when the driver is turned on, and
goes out when the driver is turned off.

(Traffic signal)

When the 1light emitting diode of the pfesent
invention is used as a traffic signal which is a kind of
display device, such advantages can be obtained as stable
illumination over a 1long period of +time and no color
unevenness even when part of the light emitting diodes go out.
The traffic signal employing the light emitting diode of the
present invention has such a coﬂfiguration as white light
emitting diodes are arranged on a substrate whereon a
conductive pattern 1is formed. A circuit of light emitting
diodes wherein such light emditing; diodes are connected in
series or parallel is handled as a set of light emitting
diodes. Two or more sets of the light emitting diodes are
used, each haVing the light emitting diodes arranged in spiral
configurétion. When all light emitting diodes are a:ranged,
they are arranged over the entire area in circular

configuration. After connecting power lines by soldering for
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the connection of the light emitting diodes and the substrate

with external power supply, it is secured in a chassis of

railway signal. The LED display device is placed -in an
aluminum diecast chassis equipped with a light blocking. member
and is sealed on the surface with silicon rubber filler. The
chassis 1is provided with a white color lens on the display
plane thereof. Electric 'wiring of the LED display device is
passed through a rubber packing on the back of the chassis,
for sealing off the inside of the chassis from the outside,
with the inside of the chassis closed. Thus a si-gnal of white
light is made. A signal of higher reliability can be made by
dividing the light emitting diodes of the present invention
into a pluralityv of groups and arranging them in a spiral
configuration swirling from a center toward outside, Mwhile

connecting them in parallel. The configuration of swirling

from the center toward outside may be either continuous or

intermittent. Therefore, desired number of the light emitting
diodes and desired number of the sets of light emiﬁting diodes
can be selected depending on the display area of the LED ;
display device. This signal is, even when one of the sets of
light emitting diodes or part of the light emitting diodes
fail to illuminéte due to some trouble, capable of illuminate
evenly in a circular configuration wit.ho_ut color shift by
means of the remaining set of light emitting diodes or
remaining light emitting diodes. Because the light emitting

diodes are arranged in a spiral configuration, they can be
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arranged more densely near the cénter, and driven without any
different impression from signals employing incandescent lamps.
<Examples>

The following Examples further illustrate the
present invention in detail but are not to be construed to
limit the scope thereof.
(Example 1)

Example 1 provides a light emifting_component ﬁaving
an emission peak at 450nm and a.half width of 30nm employing a
GaInN semiconductor. The light emitting component of the
present invention is made by flowing TMG (trimethyl gallium)
gas, TMI (trimethyl indium) gas, nitrogen gas and dopaht gas
together with a carrier gas on a cleaned sapphire substrate
and forming a gallium nitride compound semiconductor layer in
MOCVD process. A éallium nitride semicoﬁductor having N type -
conductivity and a gallium nitride semiconductor having P type
conductivity are formed by switching SiH, and Cp,Mg as dopant
gas. The LED element of'Example'l has a contact laYer which
is- a gallium nitride semiconductor having N type conductivity,
a clad layer which is a gallium nitride aluminum semiconductor
having E’vtype conductivity and a contact layer"which is a
gallium nitride semiconductor having P type conductivity, and
formed between the contact layer having N type conductivity
and the clad layer having P type conductivity is a non-doped
InGaN activation layer of thickness about 3 nm. for méking a

single guantum well structure. The sapphire substrate has a
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gallium nitride semiconductor layer formed thereon under a low

temperature to make a buffer léyer. The P type semiconductor
is annealed at a temperature of 400°C or above after forming
the film. |

After exposing the surféces of P typé and N type
semiconductor layers by etching, n and p electrodes are formed
by sputtering. After scribing the semiconductor wafer which
has been made as described above, light emitting components
are made by dividing the wafer with external force.

The 1light emitting component made in the above
process is mounted in a cupAof a mount lead which is made of
silver-plated steel by die bonding with epoxy resin. Then
electrodes of the light emitting component, the mount lead and
the inner lead are electrically connected by wire boding with
gold wires 30um in diameter, to make a light emiﬁting diode of
lead type.

A phosphor is made by dissolving rare earth elements
of ¥, Gd and Cé.in an.acid in stoichiometrical proportions,
and coprecipitating the solution with oxalic acid. Oxide of
the coprécipitate‘obtained by firing this material is mixed
with alumihum oxide, thereby to obtain the mixture materialn
The mixture was then mixed with émmonium fluoride used as a
flux, and fired in a crucible at a temperature of 1400°C in
air for 3 hours. .Then the fired material is ground by a ball
mill in wafer, washed, separated, dried and sieved thereby to

obtained the desired material. . Phosphor made as describe
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above is vttrium-aluminum-garnet = fluorescent material
represented by general formula (Y, ,.Gd,,);Al;0,,:Ce where about
20% of Y is substituted with Gd and substitution ratio of Ce
is 0.03. |

80 Parts by ‘weight of ‘the fluorescent material
having a compositién of (Y,,:Gd,,)sAL0,,:Ce which has been made
in the above process and 100 parts by weight of epoxy resiﬁ
are sufficiently mixed to turn into slurry. The slurry is
poured into the cup provi‘d‘ed on the mount lead whereon the
light .emitting component i1s mounted. After pouring, the
slurry is cured at 130°C for one hour. Thus a coating having
a thickness of 120um, which contains the phosphor, is formed
on the light emitting component. In Example 1, the coating is
forfned to .contain the phosphor in gradually increasing
concentration toward the light emitting component.
Irradiation intensity is about 3.5W/cmﬂ The 'light emitting
component and the.phosphor‘are molded with translucent epoxy
‘resin for the purpose of protection against extraneous stress,
moisture and dust. A lead frame with the coating layer of
phosphor formed thereon is placed in a bullet-shaped die and
mixed with translucent epoxy resin énd'then cured at 150 °C
for 5 hours.

Under visual observation of the light emiﬁting diode

formed as deséribed,above in the direction normal to the light

‘emitting plane, it was found that the central portion was

rendered yellowish color due to the body color of the phosphor.
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Measurements of  chromaticity point, color
temperature and color rendering index of ‘the light emitting
diode made as described above and capable of emitting white
light gave values of (O.30v2, 0.280) for chromaticity point (X,
y), color temperature of 8080 K and 87.5 for color rendering
index (Ra) which are approximate to the cﬁaracteristics of a
3-waveform fluorescent lamp. Light emitting efficiency was
3.51 m/W, comparable to that of an incandescent llamp. Further

in life tests under conditions of energization with a current

of 60mA at 25°C, 20mA at 25°C and 20mA at 60°C with 50% RH, no

‘change due to the fluorescent material was observed, proving

that the light emitting diode had no difference in service
life from the conventional blue light emitting diode.
(—Cdmparative Example 1)

Formation of a light emitting diode and life tests

- thereof were conducted in the same manner as in Example 1

except for changing the phosphor from (Y, ,Gd,,):A1l;0,,:Ce to
(ZnCd)s:Cu, Al. - The 1light emitting diode which had been
formed showed, immediately after energization, emissio‘n‘ of

white light but with low luminance. In a life test, the

~output diminished to zero in about 100 hours. Analysis of the

cause of deterioration showed that the fluorescent material
was blackened.

This trouble is supposed to have beeh caused as the
light emitted by the light emitting component and moistﬁre

which had caught on the fluorescent material or entered from
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the outside brought about photolysis to make colloidal zinc to
precipitate on the surface of the fluorescent material,
resulting in blackened surface. Results of life tests under
éonditidns of eﬁergization with a current of 20maA at 25 °C and
20mA at 60 °C with 90% RH are shown in Fig. 13 together with
the results of Example . 1. Luminance is given in terms of
relative wvalue with respect +to the initial wvalue as the
reference. A solid line indicates Example 1 and'a wavy line

indicates Comparative Example 1 in Fig. 13.

(Example 2)

In Example 2, a light emitting component was made in
the same manner as in Example 1 except for increasing the
content of In in the nitride compound semiconductor of the
light emitting component to have the emission peak at 460 nm
and increasing the content of Gd in phosphor than ‘thaﬁ of
Example. 1 to have a composition of (Y, Gd,,),Al;0,,:Ce.

Measurements of chrOmaticity point, color
temperature and color rendering indek of the light emitting
diode, which were made as described above and capable of
emitting white 1light, gave values of (0.375, 0.370) for
chromaticity point (x, y), color temperature of‘44OQ‘K and
85.0 for color rendering index (Ra). Fig. 18An, Fig.
18B and Fig. 18C show the emission spectra of the phosphor,
the light emitting component and the light emitting diode of

Example 2, respectively.

100 pieces of the light emitting diodes of Example 2

62



10

15

20

25

were made and average luminous intensities thereof wére taken
after lighting for 1000 hours. In terms of percentage of the
Juminous intensity value before the life test, thé avérage
luminous intensity after the life test was 98.8%, proving'no
difference 'in the characteristic.

(Example 3)'

100 light emitting diodes were made in the same
manner as in Example 1 except for adding Sm in‘addition to
rére earth elements Y, Gd and Ce in the'phosphor to make a
fluorescent material with composition of
(Y5.55Gd,.5:C€4.035My 1) 3A10,,.  When the light émitting diodes were
made illuminate at a high temperature of 130 °C, average
temperature characteristic about 8% Dbetter than that of
Example 1 was obtained.

(Example 4)

LED display device of Example 4 is made of the light
emitting diodes of Example 1 being arranged in a 16 x 16
matrix on a ceramics substrate whereon a copper pattern is
formed as shown in Fig. 11. In the LED display device of
Example 4, the substrate whereon the light emitting diodes are
arranged is placed in a chassis 504 which is made of phenol

resin and is provided with a light blocking member 505 being

formed integrally therewith. The chassis, the light emitting

diodes, the substrate and part of the light blocking‘membet,

except for the tips of the light emitting diodes, are covered

- with silicon rubber 506 colored in black with a pigment. The
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substrate and the light emitting diodes are soldered by means
of an automatic soldering machine.
The LED display device made in the configuration

described above, a RABM which temporarily stores the input

-display data, a tone control circuit which processes the data

stored in the RAM to compute tone signalé for lighting the
light emitting diodeé  with specified brightness and drive
meéﬁs' which is switched by the output signal of the tone
control «circuit to cause the ligﬁt emitting diodes to
illuminate are electrically connected to make an LED display
device. By driving the LED display devices, it was verified
that the apparatus can be used as bléck'and white LED display .

device.
(Example 5)

The 1light emittihg diode of Example 5 was made in
the same manner as in Example 1 except for using phosphor
represented by general formula (Y, ,Gd,,),Al,0,,:Ce. 100 pieces
of the light emitting diodes of Example 5 were made and
measured for vafious characteristics.

Measurement of chromaticity point gave wvalues of
(0.450, 0.420) in average for chromaticity point (x, y), and
light of incandescent lamp color was emitted. Fig. 192, Fig.
19B and Fig. 19C show the emission spectra of the phosphor,
the light emitting component and the light emitting diode of
Example 5, respéctively. Although the light emitting diodes

of Example 5 showed luminance about 40% lower than that of the
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light emitting diodes of Example 5, showed good weatherability
comparable to that of Example 1 in life test.
(Example 6) -

| The light emitting diode of Ekample 6 was made in
the same manner as in Example 1 except for using phosphor
represented by_generai'formula Y,Al;0,,:Ce. 100 pieces of the
light emitting diodes of Example 6 were made and measured for
various characteristics.

' Measurement of chromaticity point slightly yellow-
greenish white light compared to Example 1 was emitted. The
light emitting diode of'Examplé 6 showed good weétherability
similar to that of Example 1 in life test. Fig. 20A, Fig. 20B
and Fig. 20C show the emission spectra of the phosphor, the
light. emitting component and the 1light emitting diode of
Example 6, respectively.

(Example 7)

The light emitting diode of Example 7 was made in
the same manner as in Example 1 except for usiﬁg phosphor
represented by general ermula YsuquGamshdu:Ce. 100 pieces
of the light emitting diodes of Example 7 were made and
measured‘for various characteristics.

Although the light emitting diodes of ‘Examplé 7
showed a low luminance, emitted greenish white light and
showed good weatherability similar to that of Example 1 in
life test. Fig. 21A, Fig. 21B and Fig; 21C show the emission

spectra of the phosphor, the light emitting component and the
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light emitting diode of Example 7, respectively.
(Example 8)
The light emitting diode of Example 8 was made in

the same manner as in Example 1 except for using phosphor

represented by general formula Gdﬂ?ﬂchamshon:Ce which does

not coptain Y. 100 pieces of the light emitting diodes of
Example 8 were made and measured for various characteristicé.

Although the light emitting diodes of Example 8
showed a low luminance, showed good weatherability similar to
that of Example 1 in life test.
(E#ample 9)

Light emitting diode of Exémple 9 is planar light
emitting device having the configuration shown in Fig. 7.

In, sGas.esN semiconductor having emission peak at
450nm is used as a light emitting component. Light emitting
components are made by flowing TMG (trimethyl gallium) gas,

TMI (trimethyl indium) gas, nitrogen gas and dopant gas

‘together with a carrier gas on a cleaned sapphire substrate

and forming a gallium nitride compound semiconductor layer in
MOCVD process. A gallium nitride semiconductor layer having N
type conductivity and a gallium nitride semiconductor layer
having P type conductivity.are formed by switching SiH4 and
CgﬁMg.as dopant gas, thereby forming a PN junction. For the
semiconduétor light emitting component, a contact layer which
is galiium nitride semiconductor having N type conductivity, a

clad layer which is gallium nitride aluminum semiconductor
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having N type conductivity, a clad layer which is gallium
nitride aluminum semiconductor having P type conductivity and
a contact layer which is gallium nitride . semiconductor having

P type conductivity are formed. An activation layer of Zn-

~doped InGaN which makes a double-hetero junction is formed

between the clad layer having N type conductivity and .the clad

layer having P type conduétivity. A buffer layer is provided
on the sapphire substrate by forming gallium nitridé
semiconductor layer at‘a low temperature. The P type nitride
semiconductor layer is annealed at a temperaﬁure of 400°C or
above after forming the film. |
After forming the semiconductor layers and exposing
the surfaces of P type and N type semiconductor layers by
etching, electrodes are formed’by sputtering. After scribing

the semicoenductor wafer which has been made as described above,

- light emitting components are made as light emitting

components by dividihg the wafer with external force.

The iight emitting component is .mounted on a mouﬁt
iead which has a cup at the tip of a silver-plated copper lead
frame, by die bonding with epoxy resin. Electrodes of the
light emitting component, the mount lead and the inner lead
are electrically connectéd by wire boding with gold wires
having a diameter of 30um.

The lead frame with the light emitting component

~attached thereon is placed in a bullet-shaped die and sealed

with translucent epoxy resin for molding, which is then cured
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at 150°C for 5 hours, thereby to form a blue 1ightremitting
diode. The blue light emitting diode is connected to one end
face of an acrylic optical guide plate which is polished on
all end faces. dn,one surface and side face of the acrylic
plate, screen printing is applied by using barium titanate
dispersed in an acrylic binder as white color reflector, which
is then cured.

Phosphor of green and red colors aie made by
dissolving rare earth elements of Y, Gd; Ce and La in acid in
.stoidhiometrical'proportions; and coprecipitating thé_solution
with oxalic acid. Oxi&e of  the coprecipitate obtained by
firing this material is mixed with aluminum oxide and gallium
oxide, thereby to obtain respective mixture materials. The
mixture is then mixed with ammohium fluoride used as a flux,
and fired in a crucible at a temperature of 1400 °C iﬁ air for
3 hours. Then the fired material is ground by a ball mill in
water, washed, separated, dried and sieved thereby to obtained
the désired material.

120 parts by weight of the . first fluorescent
material having a composition of Y,(Al, Ga,,):0,,:Ce and capable
of emitting green light prepared as described above and 100
parts by weight of the second fluorescent material having a
composition of (Y,.,Gd):81:0,,:Ce and capable of emitting red
light prepared in a process similar to that for the first
fluorescent material, are sufficiently mixed with 100 parts by

weight of epoxy resin, to form a slurry. The slurry is
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applied uniformly onto an acrylic layer having a thickness of
0.5 mm by means of a multi-coater, and dried to form a
fluorescent material layer to be used as a color converting
material having va thickness Vof about 30um. The fluorescent
materialA layer is cut into the same size as that of the
principal light emitting plane of the optical guide plate, and
arranged on the optical gu‘ide. plate thereby to form the‘ planar
light emitting device. Measurements of chromaticity point and
color rendering index of the light emitting aevice gave values
of (0.29, 0.34) for chromaticity point (x, y) and 92.0 for
color rendering index (Ra) which are approximate to the
properties of 3-waveform fluorescent lamp‘. Light emitting
efficiency of 121 m/W comparable to that of an incandescent
lamp was obtained. Further in weatherability tests under
conditions of energization wiﬁh a. current of 60mA at room
temperature, 20mA at room temperature and 20mA at 60°C with
90% RH, no change due to the fluorescent material was observed.
(Comparative Example 2)

Forming of light emitting diode and weatherability
tests thereof were conducted in the same manner as in Example
9 except for mixing the same quantities of a green organic
fluorescent pigment (FA-001 of Synleuch Chemisch) and a red
organic fluorescent pigment (FA-005 of Synleuch Chemisch)
which are perylehe»—derivatives, instead of the first
fluorescent material.  represented by  general - formula

Y,(Al, (Ga, ()0,,:Ce capable of emitting green light and the
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second fluorescent material represented by general formula

(Y,.,Gdy ) ,A10,,:Ce capable of emitting red light of Example 9.

. Chromaticity coordinates of the 1light emitting diode of

Coméarative Example 1 thus formed were (x, y) = (0.34, 0.35).
Weatherability test was éonducted by irradiating with
ultraviolet ray generated bj carbon arc for 200 hours,
representing equivalent irradiationjof sun light over a period .
of one year, while meaéuring the‘luminancé retaining ratio and
color tone at various times during the test period. In a
reliability tést, the light ‘emitting component was energized
to emit light at a constant temperature of 70°C ‘while
measuring the luminance and color tone at different times.
The results are shown in Fig. 14 and Fig. 15, together with}

Example 9. As will be clear from Fig. 14 and Fig. 15, the

light emitting component of Ekample 9 experiences less

deterioration than Comparative Example 2.
{Example 10) |

The . light emitting diode of Example 10 is a lead
type light emitting diode.

In the light emitting diode of Example 10, the light
emitting component having a'light emitting layer of In, sGag.esN
with emissién peak at 450nm which is made in the same manner
as in‘Example 9 is used. The light emitting component is
mounted in the cup provided at the tip of a silver-plated
copper mount lead, by die Dbonding with epoxy resin.

Electrodes of the light emitting component, the mount lead and
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the inner lead were electrically cennected by wire boding with
gold wires. |
Phosphor is made by mixing a first fluorescent
material represented by general formula Yguumjcémghon:Ce
capable of emitting green 1light and a second fluorescent
material represented by general formula (¥,.,Gd,.¢)AL:0,,:Ce
capable of emitting red- light prepared as follows. vNamély,
rare earth elements of Y, Gd and Ce are solved in acid in
stoichiometrical proportions, and coprecipitating the solution
with oxalic acid. Oxide of the coprecipitation obtained by

firing it is mixed with aluminum oxide and gallium oxide,

thereby to obtain respective mixture materials. The mixture

is mixed with ammonium fluoride used as a flux, and fired in a

‘crucible at a temperature of 1400°C in air for 3 hours. Then

the fired material is ground by a ball mill in water, washed,
separated, dried and sieved thereby to obtained the first and
second fluorescent materials of the specified particle
distriﬁution.

40 parts by weight of the first fluorescent material,
40 parts by weight of the second fluorescent material and 100
parts by weight of epoxy resin are sufficiently mixed to form
a slurry. The slurry is poured into the cup which is provided
on the mount lead wherein ﬁhe light emitting component is
placed. Then the resin including the phosphor is cured at

130°C for 1 hour. Thus a coating layer including the phosphor

in thickness of 120um is formed on the light emitting
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component. Concentration of the phosphor in the coating layér-
is increased gradually toward the light emitting component.

Furﬁher, the’light emitting. component and the phosphor are
sealed by’molding with translucent epoxy resin for the purpose

of protéction against extraneous stress, moisture and dust. A
lead frame with the coating layer of phosphor formed thereon
is placed in a bullet—shaped die and mixed with translﬁcent

epoxy resin and then cured at 150°C for 5 hours. Under visual

observation of the light emitting diode formed as described

above in the direction normal to the light emitting plane, it

was found that the central portion was rendered yellowish
color due to the body color of the phosphor.

Measurements of chromaticity point, color

temperature and color rendering index of the light emitting:

- diode of Example 10 which was made as described above gave

values of (0.32, 0.34) for chromaticity point (x, y), 89.0 for
color rendering index (Ra) and'light emitting efficiency of
101 m/W. Further in wéathefability tests under conditions of
energization with a current of 60mA at room température, 20mA
at room temperature and ZOmA at 60°C with 90% RH, no change
due to the phosphor was observed, showing no difference from
an ordinary blue light emitting diode in the service life
characteristic.
(Example 11)

In, Ga, N semiconductor having an emission peak at

470nm is used as an LED element. Light emitting components
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~are made by flowing TMG (trimethyl gallium) gas, TMI

(trimethyl'indium) gas, nitrogen gas and dopant gas together
with a carrier gas on a cleaned sapphire substrate theréby to
form a gallium nitride compound semiconductor layer in the
MOCVD process. A gallium nitride semiconductor layer'having N

type conductivity and a gallium nitride semiconductor layer

having P type conductivity were formed by switching SiH, and

Cp,Mg used as the dopant gas, thereby forming a PN junction.
For the LED element, a contact layer which is gallium nitride

semiconductor having N type conductivity, a clad layer which

is gallium nitride aluminum semiconducter having P type

conductivity and a contact layer which is .gallium nitride
semiconductor having P type conductivity are formed. An
activation layer of non-doped InGaN with thickness of about
3nm is formed between the contact layer having iN type
conductivity and the clad layer having-P type conductivity,
thereby to make single quantum well structure. A buffer layer

is provided on the sapphire substrate by forming a gallium

‘nitride semiconductor layer at a low temperature.

After forming the layers and exposing the surfaces
of P type and N type semiconductor. layers by etching,
electrodes are formed by sputtering. after scribing the
semiconductor wafer which is made as described above, light
emitting combonents are made by dividing the wafer with an
ekternal force.

The light emitting component is mounted in a cup at
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..the tip of.a silver-plated copper mount lead by die bonding-

with epoxy resin. Electrodes of the light emitting component,
the mount lead and the inner lead are electrically connected
by Qire boding with gold wires having a diameter of 30um.

The lead frame with the light emitting component
attached thereon is placed in a bulleﬁ—shaped die.and sealed
with translucent epoxy resin for'molding, which is then cured
at 150°C for 5 hours, thereby to form é blue light emitting
diode. The blue lighﬁ emittingrdiode is cénnectéd to one end

face of an acrylic optical guide plate which is polished on

.all end faces. On one surface and side face of the acrylic

plate, screen printing is applied bj using barium titanate
dispersed in an acrylic binder as white color reflector, which
is then cured. |

Phosphor 1is made by ndxihg a fluorescent material
represented Aby general formula (Y, ,Gd,,);A1;0,,:Ce capable of
emitting yellow light of relatively short wavelength énd a
fluorescent material represented by | general formula
(Y,..Gd, )sA10,,:Ce capable of emitting ‘yellow light of
reldtively long wavelength prepared as follows. Namely, rare
earth elements of ¥, Gd and Ce are solved in acid in
stoichiometrical_proportioﬁs,‘and coprecipitating the solution
with oxalic acid. Oxide bf the copreéipitation obtained by
firing it is mixed with alumindm‘oxide, thereby to obtain
respective mixture material. The mixture is mixed with

ammonium fluoride used as a flux, and fired in a crucible at a
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temperature of 1400°C" in air for 3 Hhours. Then the fired
material is ground by a ball mill in water, washed, separated,
dried and sieved.

| 100 parts by weight of yellow fluorescent material
of relatively short wavelength and 100 parts by weight of
yellow fluorescent material of relatively long wavelength
whicﬁ are made as described above are sufficiently mixed with
1000 parts by weight of acrylic resin and extruded, thereby to
form a fluorescent material film +to be used as color
converting material of about 180pm in thickness. The
fluorescent material film is cut into the same size as the
principal emission plane of the optical ‘guide plate and
arranged on the optical guide plate, thereby to make a light
emitting device. Measurements of. chromaticity point aﬁd color
rendering index"of the light emitting device of Example 3
which is made as described above gave values of (0.33, 0.34)
for chromaticity point (X, y), 88.0 for color rendering index
(Ra) and light emitting efficiency of 101 m/W. Fig. 22A, Fig.
22B and Fig. 22C show emission spectra of the fluorescent
material represented by (Y,.Gd,,);A10,,:Ce and a fluorescent
material represented by general formula (Y, ,Gd,,).A10,,:Ce used
in Example 11. Fig. 23 shows emission spectrum of the light
emitting diode of Example 11.  Further in life tests under
conditions of energization with a current of 60mA at room
temperature, 20mA at room temperature and 20mA at 60°C with

90% RH, no change due to the fluorescent material was observed.
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Similarly; desired chrqmaticity_cén,be maintained even when
the wavelength of the light emtting component is changed by
changing the content of the fluorescent material.
(Example 12) |

: The light emitting diode of Example 12 was made in
the same manner as in Example 1 except for using phos?hor
represented by general formula Y,In,0,,:Ce. 100 pieces of ihe
light émitting diode of Examéle 12 were made. Although the
light emitting diode of Example 12 showed luminance lower than
that of fhe light emitting diodes of Example 1, showed good
weatheraﬁility comparable to that of ﬁxample 1 in life test.

As described above, the light eﬁitting diode of the

present invention can emit light of a desired color and is
subject to less deterioration of emission efficiency and good

weatherability even when used with high luminance for a lbng

period of time. Therefore, application of the light emitting-

diode is not limited to electronic appliances but can open new
applications including 'display for automobile,’ aircraft and.
buoys for harbors and'ports, as well as outdoor use such as

sign and illumination for expressways.
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MCSLLY

CLAIMS

1. A light emitting device which comprises:

a light emitting component having a gallium nitride based
semiconductor; and

a resin containing at least one phosphor capable of
absorbing a part of a first light of blue color emitting from
the light emitting component and emitting a second light of
wavelength different from that of the absorbed first light, said
emisgion of the second light emitted from at least one
fluorescent material and a light of an unabsorbed first 1light
passes through said fluorescent material from said 1light
emitting component, said first and second lights are capable of
overlapping each other to make white light;

wherein a concentration of phosphor increases from the

light emitting component toward the resin surface.

2. The 1light emitting device according to c¢laim 1,
wherein the distributions of the phosphor concentration are
achieved at least by selecting or controlling the resin which
contains the phosphor, forming temperature and viscosityg and

the configuration and particle distribution of the phosphor.
3. The 1light emitting device according to c¢laim 1,

wherein said a gallium nitride based semiconductor is a gallium

nitride based semiconductor containing Indium.
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4. The light emitting device acecording to

MCSLLP

claim 1,

wherein said fluorescent material is a garnet fluorescent

material containing the rare earth element.

5. The 1light emitting device according to

claim 4,

wherein said fluorescent material 1is a garnet fluorescent

material activated with cerium.

6. The light emitting device according to

wherein said phosphor 1is a garnet fluorescent

comprising ¥ and Al and activated with at least cerium.

7. The light emitting device according to

wherein the fluorescent material is YAG:Ce.

8. The light emitting device according to

wherein said YAG:Ce contain Gd.

9. The light emitting device according to
wherein the concentration of the phosphor tapers
surface of a resin that contains the phosphor toward

emitting component.
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