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LIGHT EMITTING DEVICE WITH BLUE

LIGHT LEDANI) PIIOSPIIOR (IOMPUNIL ”IS 

‘lhis application is a 37 (Kl-IR. § l.53(b) divisional ol‘US.
application No. 10i’609.402.liled.lul. I. 2003. now lJ.S. Pat.
No. ?.362.048 which is a divisional ofU.S. application Ser.
No. Whit-58.024. filed Dec. 10. 1999. now US. Pat. No. 6.614.

179 which is a divisional oi‘U.S. application Ser. No. 09800.
315. filed on Apr. 28. 1999. now US. Pat. No. 6.069.440.
which is a divisional ol'U .8. application Ser. No. 0301102725.
tiled on .lul. 29. 199?. new US. Pat. No. 5.998.925. the entire

contents of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a light emitting diode used
in LED display. back light source. traflic signal. ltailway
signal. illuminating switch. indicator. etc. More particularly.
it relates to a light emitting device (I .I ED) comprising a phos-
phor. which converts the wavelength of light entitled by a
light emitting component and emits light. and a display
device tlsing the light emitting device.

2. Description of Related Art
A light emitting diode is compact and emits light ofclear -

color with high efliciency. It is also free from such a trouble as
bum-out and has good initial drive characteristic. high vibra-
tion resistance and durability to endure repetitive ONIOFF
operations. because it is a semiconductor element. Thus it has
been tlsed widely in such applications as various indicators
and various light sources. Recently light emitting diodes for
R013 (red. green and blue) colors having ultra-high lumi-
nance and high elliciency have been developed. and large
screen [.lil) displays using these light emitting diodes have
been put into use. The LED display can be operated with less _
power and has such good characteristics as light weight and
long life. and is therefore expected to be more widely used in
the future.

Recently. various attempts have been made to make white
light sources by using light emitting diodes. Because the light
emitting diode has a favorable emission spectrum to generate
tnouochromatic light. making a light source for wltite light
requires it to arrange three light emitting cotnponents of R. G
and 13 closely 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 ol'the desired lone cannot be generated due to variations
in the tone. luminance and other factors of the light emitting
component. Also when the light emitting components are
tnade ol'ditl'crent materials. electric power required for driv—
ing 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 light emitting components are semiconductor
light emitting components. color tone is subject to variation .
dtte to the difl'erence in temperature characteristics. chrono—
logical changes and operating environment. or unevenness in
color may be caused due to failure in uniformly mixing the
light emitted by the light emitting components. 'l'ltus light
emitting diodes are echctive as light emitting devices for
generating individual colors. although a satislactory light
source capable ofemitting white light by using light emitting
components has not been obtained so far.

In order to solve these problems. the present applicant
previously developed light emitting diodes which convert the
color oflighl. which is emitted by light emitting components.
by means of a fluorescent material disclosed in Japanese
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Patent Kokai Nos. 5—152609. ?—99345. 7—176794 and 8—7614.

The light entitling diodes disclosed in these publications are
such that. by using light emitting components ol'one kind. are
capable ol‘generating light ot'white and other colors. and are
constituted as follows.

The light emitting diode disclosed in the above gazettes are
made by mounting a light emitting component. having a large
energy band gap of light emitting layer. in a cup provided at
the tip ol'a lead frame. and having a fluorescent material that
absorbs light emitted by the light emitting component and
emits light ol‘a wavelength difl‘erent from that ol‘thc absorbed
light (wavelength conversion). contained in a resin mold
which covers the light emitting component.

The light emitting diode disclosed as described above
capable oi'emitting white light by mixing the light ol'a plu—
rality of sources can be made by using a light emitting com-
ponent capable oi~ emitting blue light and molding the light
emitting component with a resin including a fluorescent
material that absorbs the light emitted by the blue light emit-
ting diode and emits yellowish light.

llowever. conventional light emitting diodes have such
problems as deterioration of the fluorescent material leading
to color tone deviation and darkening ofthe fluorescent mate
rial resulting in lowered eiliciency of extracting light. Dark-
ening here re l’ers to. in the case of using an inorganic fluores-
cent material such as (Cd. ms fluorescent material. tor
example. part of metal elements constituting the fluorescent
material precipitate or change their properties leading to col-
oration. or. in the case of using an organic fluorescent mate—
rial. coloration duc to breakage of double bond in the mol—
ecule. lispecially when a light emitting component made ol‘a
semiConductor having a high energy band gap is used to
improve the conversion eiliciency ofthe fluorescent material
(that is. energy of light emitted by the semiconductor is
increased and number of photons having energies above a
threshold which can be absorbed by the fluorescent material
increases. resulting in tuore 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 increases resulting in more significant
degradation o f the lltlorescent material. Use ofthe light emit-
ting component with higher intensity of light emission for an
extended period oi‘time causes further [here signilicant deg—
radat ion of the fluorescent material.

A] so the l'ltlorescent material provided in the vicinity ol‘the
light emitting component may be exposed to a high tempera-
ture such as rising temperature ofthe light emitting compo—
nent and heat transmitted from the external environment (for
example. sunlight in case the device is used outdoors).

1" urther. sotne fluorescent materials are subject to acceler-
ated deterioration clue to combination of moisture entered

from the outside or int reduced during the production process.
the light and heat transmitted from the light emitting compo-
nent.

When it comes to an organic dye of ionic property. direct
current electric field in the vicinity of the chip may cattse
electrophoresis. resulting in a change in the color tone.

SUMMARY OF Till“. lNV'l'ENI‘ION

Thus. an object of the present invention is to solve the
problems described above and provide a light emitting device
which experiences only extremely low degrees of deteriora—
tion in emission light intensity. light emission efliciency and
color shift over a long time of use with high luminance.
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The present applicant completed the present invention
through researches based on the assumption that a light emit-
ting device having a light entitling component and a fluores-
cent material must meet the following requirements to
achieve the above-mentioned object.

The light entitling component must be capable ofemitting
light of high luminance with light emitting characteristic
which is stable over a long time of use.

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 proper-
ties thereof do not change even when used over an extended
period oftitne while being exposed to light of high intensity
emitted by the light emitting component (particularly the
fluorescent material provided in the vicinity ofthe light etnit—
ting component is exposed to light ofa radiation intensity as
high as about 30 to 40 times that of sunlight according to our
estimate. and is required to have more durability against light
as light emitting component of higher luminance is used ).

With regard to the relationship with the light emitting corn-
ponent. the fluorescent material must be capable ofabsorbing
with high eiticiency the light of high monochromaticity emit—
ted by the light emitting cotnponent and emitting light ol'a
wavelength dilferent from that ofthe light emitted by the light
emitting component.

'lhus the present invent ion prov ides 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 entitling light of wavelength differ-
ent from that of the absorbed light:

wherein said light emitting component comprises a nitride

compound semiconductor represented by the formula: lnifiaJ
AIAN where 0E1, Uéj. tlék and i+j+k l ) and said phosphor
contains a garnet fluorescent material comprising at least one
element selected from the group consisting o fY. [.11. Se. [.a.
(id and Sm. and at least one element selected from the group
consisting o fAl. Ga and In. and being activated with cerium.

The nitride compound semiconductor (generally repre-

sented by chemical formula ln,('ia,-Al;(N where 0%]. Oéj.
Uék and i+j+k I) mentioned above contains various mate-
rials including lnGaN and GaN doped with various impuri—
ties.

The phosphor mentioned above contains various materials
defined as described above. including Y3Ai50l31'e and
C.id_.[1150m:Ce.

Because the light emitting device of the present invention
uses the light emitting component made of a nitride com-
pound semiconductor capable of emitting light with high
luminance. the light emitting device is capable of emitting
light with high luminance. Also the phosphor tlsed in the light
emitting device has excellent resistance against light so that
the fluorescent properties thereofexperience less change even
when used over an extended period of time while being
exposed to light of high intensity. This makes it possible to
redttce 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 device which experi-
ences extremely less color shift and less luminance decrease.

The light emitting device of the present invention can also be
used in such applications that require response speeds as high
as 120 nsec.. 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 ofthe present
invention preferably contains ant yttrium-alumintun-garnet

1tt

Rut

Lu 'JI

4o

50

55

on

4
fluorescent material that contains Y and A]. which enables it

to increase the luminance of the light emitting device.
In the light emitting device of the present invention. the

phosphor may be a fluorescent material represented by a
general formula (Re1__Sm’.)_.(Al|‘_‘_('ia_‘_)5()lliCe. where
Oér-cl and Dis; 1 and Re is at least one selected from Y and

Gd. in which case good characteristics can be obtained simi—
larly to the case where the yttrium—alumimun—garnet fluores—
cent material is used.

Also in the light emitting device ofthe present invention. it
is preferable. for the purpose of reducing the temperature
dependence of light emission characteristics (wavelength of
emitted light. intensity of light emission. etc.). to us ‘ a fluo-

rescent material represented by a general formula (Ylgflr,
Cide‘equ,.)_.(AlJ__¥.Ga5)5()l2 as the phosphor. where
Uépéflfi. (LUO3§L1§0.2. 0.0003§r§0.08 and [J-Zzsé 1.

Also in the light emitting device of the present invention.
the phosphor may contain two or more yttriumvaluminum-
garnet fluorescent materials. activated with ceriutu. oi‘differ-
ent compositions including ‘t’ and A]. With this configuration.
light ofdesired color can be emitted by controlling the emis—
sion spectrum of the phosphor according to the property
(wavelength of emitted light) of the light emitting compo-
nent.

Further in the light emitting device ol‘the present invention.
in order to have light o fa specified wavelength emitted by the
light emitting device. it is preferable that the phosphor con-
tains two or tnore fluorescent materials of different composi—
tions represented by general formula (Re J _,.Sm,.)_.(Al ,__,.Cia_‘}5
()nzf'c. where Uérél and ()ésél and Re is at least one
selected from Y and (id.

Also in the light emitting device ofthe present invention. in
order to control the wavelength ofetn i tted light. the phosphor
may contain a first fluorescent material represented by gen-
eral formula Y_.(All_sGas)5012:Ce and a second fluorescent
material represented by general fonnula Re3Al5012:Ce.
where Oésél and Re is at least one selected from Y. (id and
La.

Also in the light emitting device ofthe present invention. in
order to control the wavelength ofem i tted light. the phosphor
may be an yttrium-aluminum-garnet fluorescent material
containing a first fluorescent material and a second fluores—
cent material. with diflerent parts ofeach yttrium being sub—
stituted with gadolinium.

l-'tti1her in the light emitting device ofthe present invention.
it is preferable that main emission peak of the light emitting
component is set within the range from 400 nm to 530 mu and
main emission wavelength ol‘the phosphor is set to be longer
than the main emission peak ofthe light emitting component.
This makes it possible to efliciently emit white light.

Further in the light emitting device ofthe present invention.
it is preferable that the light emitting layer of the light entit-
ting component contains a gallium nitride semiconductor
which contains In. and the phosphor is an yttrinm-alumimun-
garnet fluorescent material wherein a part ol‘AI in the yttrium-
aluminum—garnet fluorescent is substituted by Ga so that the
proportion ofGa:Al is within the range from 1:1 to 4:6 and a
part oi'Y in the yttrium—aluminum—garnet fluorescent is sub—
stituted by (id so that the proportion of Y:(id is within the
range from 4:1 to 2:3. Absorption spectrtun of the phosphor
which is controlled as described above shows good agree-
ment with that ol‘light emitted by the light emitting compo-
nent which contains gallium nitride semiconductor including
In as the light emitting layer. and is capable of improving the
conversion efficiency (light emission efficiency). Also the
light. generated by mixing blue light emitted by the light
emitting component and fluorescent light of the fluorescent
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material. is a white light ofgood color rendering and. in this
regard. an excellent light entitling device can be provided.

The light emitting device aCcording to one embodiment of
the present invention comprises a substantially rectangttlar
optical guide plate provided with the light entitling compo-
nent tnottnted on one side face thereof via the phosphor and
surfaces of which except tor one principal surface are sub—
stantially covered with a reflective 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 otttput front the principal surface ofthe optical gttide
plate.

‘fhe light emitting device according to another embodi-
ment of the present invention has a substantially rectangular
optical guide plate. which is provided with the light emitting
component mounted on one side face thereof and the phos-
phor installed on one principal surface with surfaces thereof
and except for the principal surface being substantially cov-
ered 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 ofthe optical guide plate.

'lhe ll 51) display device according to the present invention
has an Llil) display device comprising the light emitting
devices of the present invention arranged in a matrix and a
drive circuit which drives the l.lil') display device 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 eolor unevenness due to the viewing angle.

‘lhe light emitting diode according to one embodiment of
the present invention comprises:

a mount lead having a cup and a lead:
an l_lil) chip mounted in thecttp ofthe mount lead with one

ofelectrodcs 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 ntaterial which

covers the 1-151) chip covered with the coating material includ-
ing the cup of the mount lead. the inner lead and another
electrode of the 1.] El) chip. wherein

the LED chip is a nitride compound semiconductor and the
coating material contains at least one element selected from
the group consisting on. Lu. Sc. La. Gd and Sm. at least one
element selected from the group consisting of Al. Lia and In
and a phosphor made of garnet fluorescent material activated
with cerium.

'llte 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. the
phosphor may be a fluorescent material represented by a
general formula (Re,_,5m,.)3 (All__,('ia_.)5012:(.‘e. where
()érd and Oésél and Re is at least one selected fromYand
(id.

Also in the light emitting diode of the present invention. a
fluorescent material represented by a general formula

(YI1MP,dechSmthAlI__.Gas }5012 may be used as the
phosphor. where ()§p§0.8. (l.003§q§0.2. 0.0003érétlllfl
and (lésél.

[n the light emitting diode of the present invention. the
phosphor preferably contain two or more yt lriu m-a lum inum-
garnet fluorescent materials. activated with cerium. ot'differ—
ent compositions includingY and Al. in order to control the
emitted light to a desired wavelength.

In the light emitting diode of the present invention. simi-
larly. two or more fluorescent materials of di fl‘erettt compo-

5

1n

III

is

in

L.) 'Jl

4o

on

6

sitions represented by a general tonnula (Rc]_,_Smr)_.(AlH
(mpg), 2.'('e. where 0§r<l and Uésé l and Re is at least one
selected t'romY and (id 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. sinii-
larly. a first lluorescent material represented by a general
formula Y3[Al 1__.Ga_.]501 3 :0: and a second fluorescent mate—
rial represented by a general formula Re_.A15013:Ce. may be
used as the phosphor where Oés'él and Re is at least one
selected from Y. (id and La. in order to control the emitted

light to a desired wavelength.
In the light emitting diode of the present invention. sitrti-

larly. yttrittm-alnmimini-garnet fluorescent material a first
fluorescent material and a second fluorescent material maybe
used wherein a part ol'yttrium in the first and second fluores—
cent materials is substituted with gadolinium to different
degrees ofsubst ittttion as the phosphor. in order to control the
emitted light to a desired wavelength.

Generally. a fluorescent material which absorbs light ol'a
short wavelength and emits light of a long wavelength has
higher clliciency than a fluorescent material which absorbs
light ofa long wavelength and emits light of a short wave—
length. It is preferable to use a light emitting component
which emits visible light than a light emitting component
which emits ultraviolet light that degrades resin (molding
material. coating material. etc}. Thus for the light emitting
diode of the present invention. for the purpose of improving
the light emitting efficiency and ensttre long life. it is prefer-
able that main emission peak ofthe light emitting component
be set within a relatively shon wavelength range o l‘400 nm to
530 nm in the visible light region. and main emission wave-
length of the phosphor be set to be longer than the main
emission peak of the light emitting component. With this
arrangement. because light convened by the 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 coin—
ponent is irradiated with light which has been reflected and
converted by the fluorescent material (since the energy ofthe
converted light is less than 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 efl'icicncy ofemission
possible.

BRllil’ l')l-‘.S(.‘RIP'I‘ION 01“ THE DRAWINGS

I: (i. I is a schematic sectional view ol‘a lead type light
emitting diode according to the embodiment of the present
invention.

FIG. 2 is a schematic sectional view of a tip type light
emitting diode according to the embodiment of the present
invention.

SIG. 3A is a graph showing the excitation spectrum ofthe
garnet fluorescent tnatcrial activated by cerium used in the
flrst embodiment of the present invention.

.5 (i. 313 is a graph showing the emission spectrum of the
garnet fluorescent material activated by cerium used in the
first embodiment ofthe present invention.

KG. 4 is a graph showing the emission spectrum of the
light emitting diode of the lirst embodiment of the present
invention.

FIG. 5A is a graph showing the excitation spectrum ofthe
yttrium—aluminunt—gamct fluorescent material activated by
cerium used in the second embodiment of the present inven-
HUI].
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FIG. SB is a graph showittg the emission spectrum of the
yttrium-altunintnn-garnet fluorescent material activated by
eeritlm used in the second embodiment of the present invert-
tion.

FIG. 6 shows the chrolnaticity diagram oflight 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 component and points C and D indicate the
colors of light elnitted by two kinds of phosphors.

FIG. 7 is a schematic sectional view of the planar light
source according to autother embodiment ofthe present invert-
tion.

FIG. 8 is a schematic sectional view of another planar light
source different from that ofl-‘IG. 7.

FIG. 9 is a schematic sectional view of another pla nar light
source dillcrcnt from those ofFlG. 7 and FIG. 8.

FIG. 10 is a block diagram 0le display device which is an
app] ieat ion of the present invention.

FIG. 11 is a plan view of the LED display device of the
display device ol‘FIG. 10.

FIG. 12 is a plan view ofthe I .lil) display device wherein
one pixel is constituted frotn four light emitting diodes
including the light emitt ing diode oft he 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 1.
showing the results at 25" (T. and FIG. 1313 shows the results
of durable life test of the light emitting diodes of lixample l
and Comparative Iixample 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 the ehzmge
ofluminanee retaining ratio with time and FIG. 1413 shows
the results ot'weatherability test of Example 9 and Compara—
tive Iixample 2 showing the color tone before and after the '
test.

FIG. 15A shows the results ofreliability test ofExample 9
and Comparative l-ixamplc 2 showing the relationship
between the luminance retaining ratio and time. and FIG. 15B
is a graph showing the relationship 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 l

and blue LIED having punk wavelength at 465 nm.
FIG. 17 is a chromaticity diagram showing the change in

color tone when the concentration of fluorescent tttaterial is

changed in the light emitting diode which combines the lluo—
rescent materials shown in Table 1 and blue I_Iil) having peak
wavelength at 465 nm.

FIG. 18A shows the emission spectrum of the phosphor
(Y.,_b(id.-}_4)3A15011:Ce of I'ixample 18A.

FIG. 1813 shows the emission spectrum ofthe light emit-
ting component of Example 18B having the emission peak _
wavelength of 460 nm.

FIG. 18C shows the emission spectrum of the light emit—
ting diode ofl Example 2.

FIG. 19A shoWs the emission spectrum of the phosphor
[YMGdMifiAlfioI 2:Ce of Example 5.

FIG. 19B shows the emission spectrum ofthe light cmit-
ting component o flixamplc 5 having the emission peak wave-
length of450 nm.

FIG. 19C shows the emission spectrum ofthe light emit—
ting diode of Example 5.

FIG. 20A shows the emission spectrum of the phosphor
Y3Al5()u:(‘c oflixample 6.
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FIG. 208 shows the emission spectrum of the light entit—
ting component ofl ixample 6 having the emission peak wave-
length of 450 not.

FIG. 20C shows the emission spectrum of the light entit—
ting diode oflixample 6.

I: G. 2111. shows the emission spectrum of the phosphor
Y3(.Aln_5Gan_5)50]2:Ce of the seventh embodiment of the
present invention

FIG. 218 shows the emission spectrum of the light emit»
ting component oflixample 7 having the emission peak wave-
length ot'45t} nm.

F'G. 21(‘ shows the emission spectrum of the light entit-
ting diode ofl Example 7.

I: G. 22A shows the emission spectrum of the phosphor
(YU_BGd.,_3)_.AlSO] 2:Ce of Example 11.

FIG. 228 shows the emission spectrum of the phosphor
(Yu__1(idnlfi)3j\l5()l2:(‘e of fix-ample 11.

FIG. 22C shows the emission spectrum of the light entit-
ting component of Example 11 having the emission peak
wavelength of 470 11111.

F .G. 23 shows the emission spectrum of the light entitling
diode ofI-Ixample ll.

 
DETAILED DI'ESCRIP'I‘ION OF THE l’RI'SFERRl'il)

EMBODIMEN‘I'S

Now referring to the attached drawings. preferred embodi—
ments ofthe present invention will be described below.

A light emitting diode 100 of FIG. 1 is a lead type light
emitting diode having a mount lead 105 and an inncrlead 106.
wherein a light emitting component 102 is installed on a cup
105:: of the mount lead 105. and the cup 105:: is filled with a
coating resin 101 which contains a specified phosphor to
cover the light emitting component 102 and is molded in
resin. An 11 electrode and a p electrode ofthe light entitling
component 102 are connected to the mount lead 105 and the
inner lead 106. respectively. by means ofwires 103.

In the light emitting diode constituted as described above.
part of light emitted by the light emitting component (flit)
chip) 102 (hereinafter referred to as LIED light) excites the
phosphor contained in the coating resin 101 to generate tltlo—
rescent light having a wavelength ditl'erent from that ofLED
light. so that the fluorescent light emitted by the phosphor and
llil) light which is output without contributing to the excita-
tion ofthe phosphor are mixed and output. As a result. the
light emitting diode 100 also outputs light having a wave-
length ditTercnt from that ofliil) light emitted by the light
emitting component 102.

FIG. 2 shows a chip type light emitting diode. wherein light
emitting diode {[.Ii|) chip) 202 is installed in a recess ofa
casing 204 which is filled with a coating material which
contains a specified phosphor to font] a coating 20] .‘l‘ite light
emitting eotnponent 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 chip type iight
cmitt ing diode constituted as described above. similarly to the
lead type light emitting diode of l-‘lG. I. fluorescent light
emitted by the phosphor and Hit“) light which is transmitted
without being absorbed by the phosphor are mixed and out-
put. so that the light emitting diode 200 also outputs light
having a wavelength different from that of LED light emitted
by the light etnitting component 202.

The light emitting diode containing the phosphor as
described above has the following features.
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Light emitted by a light emitting component (LED) is
ttsually emitted through an electrode which supplies electric
power to the light emitting component. limiued light is partly
blocked by the electrode formed on the light emitting coni-
ponent resulting in a particular emission pattern. and is there-
fore not emitted uniformly in every direction. The light emit-
ting diode which contains the fluorescent material. however.
can emit light uniformly over a wide range without harming
undesirable emission pattent because the light is emitted after
being dilTused by the fluorescent material.

Although liglu emitted by the light emitting component
(I 131)) has a monochrontatic peak. the peak is broad and has
ltigh color rendering property. This characteristic makes all
indispensable advantage for an application which requires
wavelengths ol'a relatively wide range. Light source for an
optical image scanner. for example. is desirable to ltave a
wider emission peak.

"lhe light emitting diodes of the first and second embodi-
ments to be described below have the configuration shown in
FIG. 1 or 1:10. 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 of light
emission ellieiency and less color shift over an extended
period of use.

In general. a fluorescent material which absorbs light o f a
short wavelength and emits light of a long wavelength has
higher efficiency than a fluorescent material which absorbs
light of a long wavelength attd emits light o f a slum wave-
length. and therefore it is preferable to use a nitride contpound
semiconductor light emitting component which is capable of
emitting blue light ofshort wavelength. It needs not to say that
the use ofa light emitting component having high luminance
is preferable.

A phosphor to be used in cotnbination with the nitride
compound semiconductor light emitting component must
ltave the following requirements:

Excellent resistance against light to endure light of a high
intensity for a long period of time. because the fluorescent
material is installed in the vicinity o l‘ the light emitting cout-
ponents 102. 202 and is exposed to light ofintensity as high as
about 30 to 40 times that of sun light.

Capability to efliciently 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 elliciency.

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

Good temperature characteristic suitable for location in the
vicinity ofthe light emitting components 102. 202 and the
resultant influence of temperature difference due to heat gen-
erated by the chip when lighting.

Capability to continuously change the color tone in terms
ofthe proportion ol‘composition or ratio ofmixinga plurality
of fluorescent materials.

Weatherability for the operating environment of the light
emitting diode.

limbodiment l

‘lhe light emitting diode of the first embodiment of the
present invention employs a gallium nitride compound settli—
conductor element which has high—energy band gap in the
light emitting layer and is capable of emitting blue light. and
a garnet phosphor activated with cerium in combination. With
this configuration. the light emitting diode of tltc first embodi -
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ment can emit white light by blending blue light entitled by
the light entitling components 102. 202 and yellow light
emitted by the phosphor excited by the blue light. Because the
garnet phosphor activated with cerium which is used in the
light emitting diode of the lirst embodiment has light resis-
tance and weatherability. it can emit light with extremely
small degrees of color shill and decrease in the luminance of
emitted light even when irradiated by very intense light entit—
ted by the light emitting components 102. 202 located in the
vicinity over a long period ol‘time. Components of the light
emitting diode of the first embodiment will be described in
detail below.

(Phosphor)
'l'he phosphor ttscd in the light emitting diode of the first

embodiment is a phosphor which. when excited by visible
light or ultraviolet ray emitted by the semiconductor light
emitting layer. emits light o fa wavelength different from that
ol' the exciting light. The phosphor is specifically garnet tluo-
rescent material activated with cerium which contains at least

one element selected from Y. Lu. Sc. La. Gd and Sm and at
least one element selected from Al. Ga and [11. According to
the present invention. the fluorescent [material is preferably
yttrium‘aluntinnm-garnet fluorescent material (YAG phos-
phor) activated with cerium. or a fluorescent material repre-
sented by general formula (Re._,Sm,.l_.(!\l],_9(ia_,)5(.)|2:(‘e.
where 0§r<l and 02 s :3 l . and Re is at least one selected from

Y and Gd. in case the LED light emitted by the light emitting
component employing the gallium nitride compound semi-
conductor attd tlte fluorescent light emitted by the phosphor
having yellow body color are in the relation ofcomplemen-
tary colors. white color can be output by blending the [.1313
light attd the fluorescent light.

In the first embodiment. because the phosphor is used by
blending with a resin which makes the coating resin 101 and
the coating material 201 (detailed later). color tone in fthe light
cmitt ing diode can be adjusted including white and incandes-
cent lamp color by controlling the mixing proportion with the
resin or the quantity used in filling the cup 105 orthe recess of
the ‘asing 204 in accordance to the wavelength of light emit-
ted by the gallium nitride light emitting component.

Distribution of the phosphor concentration has influence
also on the color blending and durability. 'l‘hat is. when the
concentration of phosphor increases front the surface of the
coating or molding where the phosphor is contained toward
the light emitting component. it becomes less likely to be
alfected by extraneous moisture thereby making it easier to
suppress the deterioration due to moisture. 0n the other hand.
when the concentration of phosphor increases [him 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 [teat 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 con-
trolling the material which contains the phosphor. forming
temperature and viscosity. and the configuration and particle
size distribution of the phosphor.

By using the phosphor of the first embodiment. light entit-
ting diode having excellent emission characteristics can be
made. because the fluorescent material has enough light resis-
tance for high-efficient operation even when arranged adia-
cent to or in the vicinity ofthe light emitting components 102.
202 with radiation intensity

(1 ie) within the range from 3 Went-2 to 10 Wcm-Z.

'lltc phosphor used in the first embodiment is. because of
garnet structure. resistant to heat. light and moisture. and is
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therefore capable ofabsorbing excitation light ltaving a peak
at a wavelength near 450 nm as shown in l"l(i. 3A. It also
emits light of broad spectrum having a peak near 580 um
tailing otlt to 700 nm as shown in lr'lG. SB. Moreover. elli-
ciency of excited light emission in a region o l‘ wavelengths
460 nm and higher can he ittcrcased by including (id iii the
crystal ot'tlte phosphor oftltc first embodiment, When the Gd
content is increased. emission peak wavelength is shifted
toward longer wavelength and the entire emission spectrtntt is
shil'led toward longer wavelengths. This means that. when
cmissiort of more reddish light is required. it cart be achieved
by increasing the degree of substitution with (id. When the
(id content is increased. luminance o f ligltl emitted by pho-
toltttttittescence under blue light tends to decrease.

Especially wlten part ofAl is substituted with Ga among
the composition onACi fluorescent material having garnet
structure. wavelength of emitted light shifts toward shorter
wavelength arid. when part ot'Y is substituted with (id. wove-
lcngth o l‘ entitled light shitis toward longer wavelength.

Table I shows the composition and light emitting charac-
teristics ol‘YAG fluorescent material represented by general
formula (Y1—aCida)3(Al]—bGab]5012:Ce.

 TAB [ .13 l

( iri ( in.

content content CIE chromaticity
:I tntolnr b (molar coordinates Luminance

No. ratio] ratio: X y Y Efficiency

1 |J_LJ t.|_ti om 11.56 the too
3 mi :J.4 [1.32 ”.56 6! at
t no of (1,39 .154 5:? o?
4 ”.2 H.“ 0.45 0.53 1132 108
.w' HA tI,t| (1.4? I153 to: 11.1
a no o_o [1.49 “.51 9? 113
3' [1.8 0.0 0.50 0.50 12 86 

Values shown in ‘l'abie l were measured by exciting the
fluorescent material with blue light of 460 nm. Luminance
and etlicicncy ilt Table I are given in values relative to those
ol‘material No. l which are set to 100.

When substitutingAl with Ga. the proportion is preferably
within the range from Ga: Al 1:1 to 4:6 in consideration of
the emission efficiency and emission wavelength. Similarly.
when substituting Y with (id. the proportion is preferably
within the range from Y: (id-"9:1 to l :9. and more preferably
from 4:1 to 2:3. It is because a degree ofsubstitution with (id
below 20% results in a color ofgreater green component and
less red component. and a degree of substitution with Cid
above 60% results in increased red component but rapid
decrease itt ltnttinattce. When the ratio Y:Cid on attd Gd iii

the Yr\(i fluorescent material is set within the range from 4: l
to 2 :3. in particular. a light emitting diode capable ot'cmitt ing
wltitc light substantially along the black body radiation locus
‘an be made by using one kind o l' yttrinm-ahintinum-garnet
fluorescent material. depending on the emission wavelength
ofthe light etttitting componettt. When the ratio Y:Cid onand
(id in the YAG fluorescent material is set within the range
from 2:3 to 1:4. a light entitling diode capable of emitting
light o [incandescent lamp can be made though the luminzutce
is low. When the content (degree ol'subslitution) of (.‘c is set
within the range from 0.003 to 0.2. the relative luminous
intensity of light emitting diode of not less than 70% can be
achieved. When the content is less than 0.003. lutnittous

intensity decreases because the number of excited emission
centers of pltotol umincscence dtte to ("e decreases and. when
the content is greater than 0.2. density quenching occurs.
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Tints the wavelength of the emitted light cart be shifled to
a shorter wavelength by substituting part ofAl o i'the compo-
sition with Go. and the waveicngth ofthe emitted light can he
sltiiied to a longer wavelength by substituting part on ol‘the
composition with (id. In this way. the light color of emission
can be changed continuously by changing the composition.
Also the fluorescent material is hardly excited by Hg emission
lines which ltave such wavelengths as 254 nm attd 3 65 tun. but
is excited with higher efficiency by ].|-Zl) light emitted by a
blue light emitting component having a wavelength around
450 not. Thus the fluorescent material has ideal characteris—

tics for converting blue light of nitride semiconductor light
emitting compottcttt ittto white light. such as the capabili ly of
continuously changing the peak wavelength by changing the
proportion of (id.

According to the first embodiment. the efficiency oflight'
emission of the light emitting diode cart be further improved
by combining the light emitting component employing gal-
liunt nitride semiconductor and the phosphor made by adding
rare earth elemettt satttarium (Sm) to yttrium-aluminum-gar-
net fluorescent materials (YAG) activated with cerium.

Material for making such a phosphor is tttade by using
oxides on. Cid. Ce. Sm. A] and Ga or compounds which can
be easily converted into these oxides at high temperatur ‘. and
sufficiently mixing these materials in stoicltiontetrical pro-
portions. This mixture is mixed with an appropriate quantity
of a fluoride such as ammonium fluoride used as a flux. and

lired in a crucible at a temperature from [350 to 1450” (f. in
air for 2 to 5 hours. Then the tired 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. the mixture
material may also be ntade by dissolving rare earth elements
Y. Cid. Ce and Sm irt stoichiometrical proportions in an acid.
coprecipitating the solution with oxalic acid artd tiring the
coprecipitate to obtai n an] oxide ol‘tlte coprecipitale. and then
mixing it with aluminum oxide and gallium oxide.

The phosphor represented by the general lormula (Yl-p-
q-r('idp(‘cq8ntr)3:\ISO] 2 can emit light of wavelengths 460
nm arid longer with higher efficiency upon excitation.
because Gd is contained in the crystal. When the content of
gadolinium is increased. peak wavelength of entission shiiis
from 530 11111 to a longer wavelength up to 570 um. while the
entire emission spectrum also shifts to longer wavelengths.
When light ofstronger red shade is needed. it can be achieved
by increasing the amount 0 IT id added for substitution. When
the content it |‘( id is increased. luminance o l‘ photoluntincs-
cence with bltte light gradually decreases. 'l'herefore. value of
p is preferably 0.8 or lower. or ntore preferably 0.7 or lower.
Further more preferably it is 0.6 or lower.

The phosphor represented by the general formula (Y 1 -p-
q-rtidpt'ernrJEAISC)l 2 including 3111 cart be made subject
to less dependence on temperature regardless o ftltc increased
content ot‘Gd. That is. the phosphor. whctt Sm is contained.
has greatly improved emission luminance at higher tempera—
tures. Extent ofthe improvement increases as the Cid content
is increased. Tetttperature characteristic can be greatly
intprovcd particularly by the addition ol‘ Sm iii the ‘asc of
fluorescent material of sttch a composition as red shade is
strengthened by increasing the content oi'Cid. because it has
poor temperature characteristics. The tcmpentture character-
istic mentioned here is measured in terms of the ratio (%) of
emission luminance oftlte fluorescent material at a high tern—
perature (200° C .} relative to the emission luminance ofexcit—
ing biue light having a wavelength of 450 11111 at the normal
temperature (25" (7.).
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The proportion of Sm is preferably within the range of
0.0003 §r§0.08 to give temperature characteristic: of60% or
higher. The value 0 fr below this range leads to less effect of
improving the tentpcrature characteristic. When tlte value of
t' is above this range. on tlte contrary. the temperature char-
acteristic deteriorates. The range of 0.0007§r§il.02 for the
proportion of 8111 where tetnperature cltaracteristic becotttes
80% or higher is ntore desirable.

'lhe proportion q of (Te is preferably in a range of
0.003éqé02. which makes relative emission luminance of
70% or ltiglter possible. The relative emission luminance
refers to the emission luminance in tentts of percentage to the
emission luminance ol‘a fluorescent ntaterial where q——-0.()3.

When the proportion q of Ce is 0.003 or lower. luminance
decreases because the number of excited emission centers of

photolutttittescence due to ('e decreases autd. when tlte q is
greater titan 0.2. density quenching occurs. Density quench-
ittg refers to the decrease in emission intensity wlticlt occurs
when the concentration of an activation agent added to
increase the luminance of the lluoresceitt material is

increased beyond art optimum level.
For the light emitting diode of the present invention. a

mixture of two or more kinds of phosphors having composi-
tiorts of [Yl-p-q-r(idp(‘equr)3.-\150l2 having different
contents of Al. (ia. Y and (is or Sm rttay also be used. This
increases tlte RUB components and enables the application.
for example. for a litllwcolor liquid crystal display device by
using a color filter.

(Light Emitting Components 102. 202)
The light emitting component is preferably embedded iii a

molding material as shown in HO. 1 and HG. 2. The light
emitting component used lit the light emitting diode of the
present invention is a gallium nitride compoultd semiconduc-
tor capable o l‘elTicicntl y exciting the garnet fluorescent mate-
rials activated with cerium. The light emitting components
102. 202 employing gallium nitride cotttpound semiconduc—
tor arc tttade by forming a light etnitting layer of gallium
nitride semiconductor such as ln(iaN on a substrate in the

M(){'Vl.) process. The structure of the light emitting compo-
nent may be homostruclure. lteterostructurc or double-het-

erostructure which have MlS junction. PIN junction or PN
junction. Various wavelengths of emission can be selected
depending on the material oftlte semiconductor layer and the
crystal linity thereof. it may also be made in a single quantum
Well structure or multiple qttantum well structure where a
semiconductor activation layer is formed as thin as quantum
eli‘ect can occur. According to the present invention. a light
emitting diode capable of emitting with higher luminance
without deterioration ofthe pltosphor can be ntade by making
the activation layer ofthe light emitting component in single _'
quantum well structure of InGaN.

When a gallium nitride compound semiconductor is used.
while sapphire. spinnel. Sit“. Si. 2.110 or the like ntay be used
as the scmicoltductor substrate. use of sapphire substrate is
preferable iIt order to form gallium nitride of good crystallin-
ity. A gallium nitride semiconductor layer is formed on the
sapphire substrate to form a PN junction via a bu tier layer of
GaN. AlN. etc. Tltc gallium nitride settticonductor has N type
conductivity ttttder the condition ofltot doped with any impu-
rity. although in order to forrtt an N type gallium nitride
senticoitductor having desired properties (carrier concentra-
tion. etc.) such as improved light emission elliciency. it is
preferably doped with N type dopant such as Si. Ge. Se. 'l‘e.
and C. in order to lbrnt a P type gallium nitride semiconduc—
tor. on the other hand. it is preferably doped with P type
dopant such as Zn. Mg. Be. Ca. Sr and Ba. Because it is
dillicu It to turn a gallium nitride compound semiconductor to
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P type simply by doping :1 P type dopant. it is preferable to
treat the gallium nitride compound semiconductor doped
with 1’ type dopant irt such process as heating in a furnace.
irradiation with low-speed ciectrort beam and plasma irradia-
tioit. thereby to turn it to I’ type. A lier exposing the surfaces 0 l‘
P type and N type gallium nitride scltticonductors by the
etching or other process. electrodes ofthe desired shapes are
formed on the semiconductor layers by sputtering or vapor
deposition.

Then the semiconductor water which has been formed is

cut ittto pieces by means of a dicing saw. or separated by an
external force aiier cutting grooves (half—cut) which ltave
width greater titatt the blade edge width. Or otherwise. the
wafer is cut into chips by scribing grid pattern of extremely
fine lines on the semiconductor water by means ol'a scriber
having a diamond stylus which makes straight reciprocal
movement. Thus the light emitting component of gallium
nitride compound semiconductor can be made.

In order to emit white light with the light entitling diode of
the first embodiment. wavelength ofligltt emitted by the light
emitting component is preferably front 400 11111 to 530 mi]
inclusive in consideration of the complementary color rela-
tionship with the phosphor attd deterioration of resin. and
more preferably froltt 420nm to 400 nrtt inclusive. it is further
more preterable that the wavelength be from 450 nm to 475
run. in order to improve the emission ellicicncy of the light
emitting component attd the phosphor. Emission spectrunt of
the white light emitting diode of the first embodiment is
shown itt l-‘l(i. 4. The light emitting componertt shown here is
ol'lead type shown in FIG. 1. which employs the light emit»
ting component altd the phosphor of tlte first embodiment to
be described later. in FIG. 4. emission having a peak around
450nm is tlte light emitted by the ligltt emitting contponettt.
and emission having a peak around 570 nm is the pltotoluttti—
ncsceitt emission excited by tile light emitting component.

1" Ki. [6 shows tlte colors which can be represented by the
white light emitti ttg diode ntade by combining the lluorcseent
material shown in Table l and blue I .liil) (light emitting cont-
poncltt} having peak wavelength 465 nm. (‘olor o flight entit-
ted by this white light emitting diode corresponds to a point
on a straight litre connecting a point ot'cltromaticity generated
by the blue LED and a point ofcltrontaticity generated by the
lluorcscent material. artd therefore the wide white color

region {shaded portion in l-‘lCi. l6) iit tlte central portion ofthe
chromaticity diagram can be fully covered by using the lluo-
rcscent materials I to 7 in Table l. FIG. 17 shows the change
in emission color when the contents of fluorescent materials

in the white light emitting diode is changed. Contents of
fluorescent materials are given in weight percentage to the
resin used it] the coatiltg material. .-'\s will be seen from l-‘lG.
17. color ol‘the Iigltt approaches that ol‘the fluorescent mate-
rials when the colttcltt oflluorcscent material is increased and

approaches that of blue l.|3-‘.l.') when the content o l' lluoresccnt
material decreased.

According to the present invention. a light emitting cont—
ponent which does ttot excite the fluorescent material may be
used together with the light emitting component which entits
light that excites the ilttoresccttt material. Specifically. itt
addition to the fluorescent material which is a nitride corn-

pound semiconductor capable of exciting the fluorescent
material. a light emitting component having a light emitting
layer ntade of gallium phosphate. gallium aluminum ars~
enide. gallium arsenic pltospltate or indium aluminum pltos—
phate is arranged together. With this configuration. light entit—
ted by the light emitting component which does not excite the
fluorescent material is radiated to the otttside without being
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absorbed by tlte fluorescent material. rttaking a light etttitting
diode wlticlt cart emit redlwhite light.

Other components of tlte light erttitting diodes of lt'lCi. l
and HO. 2 will be described below.

(Conductive Wires 103. 203)
The conductive wires [03. 203 should ltave good electric

conductivity. good thcrntal conductivity and good mechani-
‘al cottnectiolt with the electrodes o f the ligitt emitting corti-
pottents [02. 202, 'l‘ltermal conductivity is preferably 0.01
‘all(s} (cmZ) ("C‘Jcnn or ltiglter. altd more preferably 0.5

cams) (c1112) (”Clem) or ltigher. For workability. diameter of
tlte conductive wire is preferably from 10 pm to 45 tllll inclu—
sive. liven wlten the same tttaterial is used for botlt the coating
ittcludittg the fluorescent material and the molding. because
oftlte difference irt thermal expansion coefficient due to the
fluorescent material contained in either of the above two

materials. the conductive wire is likely to break at the inter-
face. For this reason. diameter of the conductive wire is pref-
erably trot less than 25 umand. forthe reason ofligltt emitting
area and ease of handling. preferably within 35 pm. The
conductive wire may be a metal such as gold. copper. plati-
num and aluminum or an alloy thereof. When a conductive
wire of such material and cottliguration is used. it cart be
easily connected to the electrodes of the ligltt emitting cont-
ponents. the inner lead and the mount lead by means ofa wire ‘
bonding device.

(Mount Lead 105)
The mount lead 105 comprises a ctlp 105a arid a lead 105i).

and it sullices to have a size enough for mounting the light
emitting component 102 with the wire bonding device in the
cup 105a. In case a plurality ofligltt emitting components are
installed in tlte cup and tlte mount lead is used as common
electrode for the light emitting component. because different
electrode tttaterials may be used. sufficient electrical conduc—
tivity and good conductivity with the bonding wire arid others
are required. When the light emitting component is installed
itt the cup of the mount lead and the cup is tilled with the
fluorescent material. light entitled by the fluorescent material
is. even ifisotropic. reflected by the cup in a desired direction
and therefore erroneous illumination due to light front other
light emitting diode mounted nearby cart be prevented. Erro—
tteotls illuntination here refers to such a phenomenon as other
light emitting diode mounted nearby appearing as though
lighting despite not being supplied with power.

Bonding of the light emitting component 102 and the
utouitt lead 105 with the cup 105:: can be achieved by means
ofa thermoplastic resin such as epoxy resin. acrylic resin and
itttide resin. When a lace—down light emitting component
{such a type of light emitting component as emitted light is
extracted front the substrate side and is configured for ntount—
ing the electrodes to oppose the cup 105(1) is used. Ag paste.
carbon paste. metallic buntp or the like can be used for bond-
iltg and electrically connecting the ligltt entitling component
altd the mount lead at the saltte time. Further. iIt order to

intprove the efficiency ofligltt utilization ofthe ligltt emitting
diode. surface of the cup ofthe mount lead whereon the light
emitting component is mounted may be mirror—polished to
give reflecting function to the surface. In this case. the surface
roughness is preferably from 0.18 to 0.8 S inclusive. lilectric
resistance of the mount lead is preferably within 300 tLQ-cm
artd more preferably witltiu 3 ttQ-cm. When utountiug a plu-
rality of light emitting components on the mount lead. the
light emitting components generate significant amount of
heat and therefore high thennal conductivity is required. Spe—
cifically. the thermal conductivity is preferably 0.0] cams)
(c1112) {”CJcm) or higher. and more preferably 0.5 call(s)
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(cm2) (°C.lcttt) or higher. Materials which satisfy these
requirements contain steel. copper. copper-clad steel. copper-
clad tin and metallired ceramics.

(loner Lead 106)
The imter lead 106 is connected to one of electrodes of tlte

light emitting component 102 mounted on tlte mount lead 105
by means ofcottductive wire or the like. In the case of a light
emitting diode where a plurality ofthe light emitting compo-
nertts are iusta I led on the utou ut lead. it is necessary to arrange
a plurality ofinner leads I06 iIt suclt a manner that the coit-
ductive wires do not touch each other. For example. contact of
the conductive wires with each other cart be prevented by
increasing the area of the end face where the inner lead is
wire-bonded as the distance from the mount lead iltcreascs so

that the space between the conductive wires is secured. Stir-
face roughness of the inner lead end face connecting with the
conductive wire is preferably from | .6 S to 10 S inclusive in
consideration ofclose contact. In order to form tlte inner lead

in a desired sltape. it may be punched by means of a die.
Further. it may be ntade by punching to fornt the inner lead
then pressurizing it on the eltd face thereby to control the area
and height ofthe end face.

The inner lead is required to ltave good connectivity with
the boltdi ng wires which are condttct ive wires altd have good
electrical conductivity. Specifically. the electric resistance is
preferably within 300 ttQ'cm and ntore preferably within 3
ttQ-cm. Materials which satisfy these requirements contain
iron. copper. iron-containing copper. tin-containing copper.
copper-. gold- or silver-plated aluminum. iron altd copper.

((‘oaling Material 101}
'l‘lte coating material 101 is provided in the cup of the

mount lead apart front the molding material 104 and. iii the
lirst embodiment. contains the phosphor which convens the
light entitled by the ligltt emitting component. The coating
material may be a transparent material having good weather—
ability such as epoxy resin. urea resin and silicone or glass. A
dispersant may be used togetlter with the phosphor. As the
dispersant. barium titanate. titaniunt oxide. aluminum oxide.
silicon dioxide and the like are preferably used. When the
lluorescent material is formed by sputtering. coatiltg ntaterial
may be ontitted. In this case. a light emitting diode capable of
bending colors can be made by controlling tltc film thickness
or providing an aperture in the fluorescent material layer.

{Molding Material 104}

The molding 104 has the function to protect the light entit-
ting coutponettt 102. the conductive wire 103 and the coating
material 10] which contains phosphor front external distttr—
bartce. According to the first embodiment. it is preferable that
the molding material 104 further contain a dispersant. which
can unsharpen the directivity oflight front the light emitting
component 102. resulting in increased angle of view. The
molding material [04 has the function of lelts to focus or
dilTuse the light entitled by the light emitting component.
'l'lterefore. the molding material 104 may be ntade in a cort—
Iiguration of convex lens or concave lens. and may have an
elliptic shape when viewed in the direction of optical axis. or
a combination ofthese. Also the molding material 104 may be
made in a structure of multiple layers ofdifferent materials
being laminated. As the molding material 104. transparent
materials having higlt weatherability such as epoxy resin.
urea resin. silicon resin or glass is preferably employed. As
the dispersant. barium titanate. titanium oxide. aluminum
oxide. silicon dioxide arid the like can be used. In addition to

the dispersant. pltospltor may also be contained in the mold-
ing material. Nzuuely. acCording to the present invention. the
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phosphor may be contained either in the molding material or
in the coating material. When the phosphor is contained in the
molding, material. angle ofview can be further increased. The
phosphor may also be contained in both the coating material
and the molding material. l-'urther. a resin including the phos-
phor may be ttscd as the coating material while ttsing glass.
different from the coating material. as the molding material.
This makes it possible to manufacture a light emitting diode
which is less subject to the influence of moisture with good
productivity. 'llle molding and the coating may also be made
of the same material in order to match the refractive index.

depending on the appli ‘ation.According to the present invert-
tiott. adding the dispersant andl‘or a coloration agent in the
molding material has the effects of masking the color of the
fluorescent material obscured and improving the color mix—
ittg performance. That is. the fluorescent material absorbs
blue component ofextmneous light and emits light thereby to
give stlch an appearance as though colored in yellow. How-
ever. 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 ofthe fluorescent
material will not be recognized by the observer. In case the
light emitting component cm its light having main wavelength
of 430 run or over. it is more preferable that ultraviolet
absorber which serves as light stabilizer be contained.

limhodimcnt 2

The light emitting diode of the second embodiment of the
present invention is tnade by using an eletnent provided with
gallium nitride compound semiconductor which has high-
energy band gap in the ligltt emitting layer as the light emit-
ting component and a fluorescent material including two or
more kinds o l‘phosphors of different compositions. or preli-
erably yttrium-aluminum-gamet fluorescent materials acti-
vated with cerium as the phosphor. With this configuration. a
light emitting diode which allows to give a desired color tone
by controlling the contents of the two or more fltloresccnt
materials cam be made even when the wavelength ot'the Mil)
light emitted by the light emitting component deviates from
the desired value due to variations in the production process.
[it this case. emission colorof the light emitting diode can be
tnade constantly using a fluorescent material having a rela—
tively short emission wavelength for a light emitting compo—
nent of a relatively short emission wavelength and using a
fluorescent material having a relatively long emission wave-
length for a light emitting component of a relatively long
emission wavelength.

As for the fluorescent material. a fluorescent material rep-
resented by general formula (Rel—rSm,.)3(All—sCias)5012:
Ce may also be used as the phosphor. Here 02rd and
025% l. and Re is at least one selected from Y. (id and 1a.

This configumtion makes it possible to minimize the dena-
turing of the fluorescent material even when the fluorescent
material is exposed to high-intensity high-energy visible light
emitted by the light emitting component for a long period of
time or when used under various enviromnental conditions.

and therefore a light emitting diode which is subject to
extremely insignificant color shill and emission luminance
decrease and has the desired entission component of high
luminance can be made.

(Phosphor of the Second Embodiment)

Now the phosphor used in the light emitting component of
the second embodiment will be described in detail below. The

second embodiment is similar to the first embodiment. except
that two or more kinds of‘phospltors ofdi fferent compositions
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activated with cerium are used as the phosphor. as described
above. and the method of using the fluorescent material is
basically the same.

Similarly to the case of the [irst embodiment. the light
emitting diode can be given high weatherability by control-
ling the distribution of the phosphor (such as tapering the
concentration with the distance from the light entitling coin—
ponent). Such a distribution ofthe phosphor concentration
can be achieved by selecting or controlling the material which
contains the phosphor. forming temperature and viscosity.
and the configuration and particle size distribution of the
phosphor. ‘l‘hus. according to the second embodiment. distri-
bution o fthe 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 entitling component.

With the configuration of the second embodiment. simi-
la rly to the first embodiment. light entitling diode has high
efficiency and enough light resistance even when arranged
adjacent to or in the vicinity of relatively high-output light
emitting component with radiation intensity (I ie} within the
range from 3 Wcot-2 to It) Went-2 can be made.

The yttrium-aluminttm-garnet fluorescent material acti-
vated with cerium (YAG fluorescent material) used in the
second embodiment has garnet structure similarly to the case
ofthe first embodiment. and is therefore resistant to heat. light
and moisture. The peak wavelength of excitation of the
yttrittm-altlminum-gamet fluorescent material of the second
embodiment cart be set near 450 um as indicated by the solid
line in FIG. SA. and the peak wavelength ol'cmission can be
set near 5 l (lnmas indicated by thcsolid line in FIG. 513. wftile
making the emission spectrum so broad as to tail out to 7‘00
nm. This makes it possible to emit green light. The peak
wavelength of excitation of another yttrium-altnninum—gar—
net fluorescent material activated with cerium of the second

embodiment can be set near 450 nm as indicated by the
dashed lilte in FIG. 5A. and the peak wavelength o remission
can be set near 600 nm as indicated by the dashed line in FIG.
SB. while making the emission spectrum so broad as to tail
out to 750 nm. This makes it possible to emit red light.

Wavelength of the emitted light is shifted to a shorter
wavelength by substituting pan 0 fAl. among the constituents
ofthe YAG fluorescent material having garnet structure. with
(la. and the wavelength of the emitted light is shifted to a
longer wavelength by substituting part on with (id andfor
La. Proportion of substituting Al with (3a is preferably from
Cia:Al [1] to 4:6 in consideration of the light emitting elli—
eiency and the wavelength ol'ernission. Similarly. proportion
of substituting Y with (id andfor l .a is preferably from Y:(id
andr’or l.a—-'9‘.l lo 12‘). or more preferably from Y: (id andlor
l.a=-4:l to 2:3. Substitution of less than 20% results in an

increase of green component and a decrease of red compo-
nent. 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 ofY. (id. (‘e. 1.11. Al. Sm and (in or compounds which
can be easily converted into these oxides at high temperature.
and sulliciently mixing these materials in stoichiometrical
proportions. 0r either. mixture material is obtained by dis-
solving rare earth elements Y. (id. ('e. La and Sm in stoichio~
metrical proportions in acid. coprecipitating 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
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quantity ol'a fluoride such as amtnoniutn tluoride ttsed as a
flux. and tired in a crucible at a temperature from 1350 to
14500 ('T. in air for 2 to 5 hours. Then the tired ntaterial is

ground by a ball mill in water. washed. separated. dried and
sieved thereby to obtain the desired material.

In the second embodiment. the two or more kinds ol‘

yttrium-a]uminttm-garnet fluorescent materials activated
with cerittm o 1' different compositions may be either ttsed by
mixing or arranged independently (laminated. lor example).
When the two or more kinds of fluorescent materials are

mixed. color converting portion can be formed relatively
easily and in a manner suitable for mass production. When the
two or tnore kinds offiuorescent materials are arranged iride—
pendently. color can be adjusted after forming it by laminat-
ittg the layers until a desired color cart be obtained. Also when
arranging the two or more kinds of fluorescent materials
independently. it is preferable to arrange a fluorescent mate-
rial that absorbs light from the light emitting component ole
shorter wavelength near to the LED element. and a fluores—
cent material that absorbs light of a longer wavelength away
from the Hill) element. This arrattgetnent enables ellicient
absorption and emission of light.

The light entitling diode ofthe second embodiment is made
by using two or more kinds ol'yttriutn-alum i Hum-garnet tluo-
rescent materials o I‘dil‘l‘ercnt compositions as the fluorescent
materials. as described above. This makes it possible to tttakc
a light etnitting diode capable of emitting light of desired
color efficiently. That is. wlten wavelength of light emitted by
the semiconductor light emitting component corresponds to a
poittt on the straight line connecting point A and point B iii the
chromaticity diagram ol‘ FIG. 6. light of any color in the
shaded region enclosed by points A. I}. (‘ and l') in FIG. 6
which is the chromaticity points (points (7 and D) of the two
or more kinds ol'yttritnn—aluminum—garnet fluorescent mate—
rials of different compositions cart be emitted. According to
the second embodiment. color can be controlled by changing
the compositions or quantities of the 1.1 El) elements and fluo-
rescent materials. In particular. a light emitting diode ofless
variation in the emission wavelength can be made by select-
ing the fluorescent materials according to the emission wave-
length of the LED element. thereby compensating for tlte
variation of the etnission wavelength of the LED element.
Also a light etnitting diode including RGB components with
high luminance can be made by selecting the emission wave-
length of the fluorescent materials.

Moreover. because the yttrium-aluminutn-gamet (YM'i)
fluorescent material used in the second embodiment has gar-
net structure. thc light emitting diode ol‘ the second embodi-
ntettt cart emit light of high luminance for a long period of
time. Also the light emitting diodes ofthe first embodiment
and the second embodiment are provided with light emitting
component installed via fluorescent material. Also because
the converted light has longer wavelength thatt that ol‘ the
light emitted by the light emitting component. energy of the -
converted light is less than the band gap ol‘the nitride semi-
conductor. and is less likely to be absorbed by the nitride
semiconductor layer. Tints. although the light entitted by the
fluorescent material is directed also to the LEI) eletttent

because of the isotropy of emission. the light entitled by the
fluorescent material is never absorbed by the I.l'.-‘.l') element.
and therefore the emission elliciency of the light emitting
diode will not be decreased.

(Planar light Source)

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

1o

in

L.) 'JI

4o

._,, (I

on

20

In the planar light source shown itt the FIG. 7. the phosphor
used in the first embodiment or the second embodiment is

contained in a coating material 701. With this coniigunuion.
blue ligltt emitted by the gallittrn 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 cotnponent 702 of the planar
light source ot'FIG. 7 is secured in a metal substrate 703 of
inverted C shape whereon an insulation layer and a conducA
tive pattern (not shown) are limited. At'ter electrically eon-
necting the electrode of the light emitting component and the
conductive pattern. phosphor is mixed with epoxy resin and
applied ittto the inverse ('-shapcd metal substrate 703
whereon the light emitting component 702 is mounted. The
light emitting component thus secured is fixed onto an end
face of an acrylic optical guide plate 704 by means of an
epoxy resin. A reflector film 707 containing a white dill‘usion
agent is arranged on one of principal planes of the optical
guide plate 704 where the dispersive sheet 706 is not formed.
for the purpose of preventing fluorescence.

Similarly. a reflector 705 is provided on the entire surface
on the back ofthe optical guide plate 704 and on one end face
where the light emitting component is not provided. in order
to improve the light emission efficiency. With this configura-
tion. light emitting diodes t'or planar light emission winch
generates enough luminance for the back light ofl.("l) can be
made.

Application ol‘ the light emitting diode for planar light
emission to a liquid crystal display can be achieved by arrang-
ing a polarizer plate on one principal plane of the optical
guide plate 704 via liquid crystal injected between glass sub-
strates (not shown) whereon a translucent conductive pattern
is formed.

Now referring to FIG. 8 and FIG. 9. a planar light sottrce
according to another embodiment ol‘ the present invention
will be described below. The light emitting device shown in
FIG. 8 is made in such a configuration that blue light emitted
by the light entitling diode 702 is converted to white light by
a color converter 70] which contains phosphor and is 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 light emitting
component 702 is turned to planar state by the optical guide
plate 704. then converted to white light by a dispersive sheet
706 which contains phosphor formed on one o f the principal
plane ol'thc optical guide plate 704. thereby to output white
light 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 may be harmed in
dots. not sheet. directly 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 l-‘IG. 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
control means 604. The l.l-Il) display device 60]. 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 monochrotnatic LED display device. The
casing 504 is provided with a light blocking material 505
being formed integrally therewith.
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The drive circuit 610 has the video data storage means
(RAM) 603 for temporarily storing display data which is
inptlt. the tone control means 604 which computes and out-
puts tone signals for controlling the individual light emitting
diodes ofthe | ,lil) display device 60] to light with the speci-
fied brightness according to the data read from 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 data from the
RAM 603 and computes the duration of lighting the light
emitting diodes of the LEI) display device 601. then outputs
pulse signals for turning on and off the light emitting diodes
to the Li Cl) display device fit”. in the display device consti-
tuted as described above. the LED display device 601 is
capable of displaying images according to the pulse signals
which are inpttt from the drive circuit. and has the lbllowing
advantages.

The 1. lil') display device which displays with white light by
using light emitting diodes of three colors. RUB. is required
to display whilecontrollingthc light emission output ofthe R.
G and B light emitting diodes and accordingly must control
the light emitting diodes by taking the emission intensity.
temperature characteristics and other factors ofthe light emit—
ting diodes into aceount. resulting in complicate configura-
tion ofthe drive circuit which drives the LEI) display device. -
[n the display device of the present invention. however.
because the LED display device 601 is constituted by using
light emitting diodes 50] of the present invention which can
emit white light without using light etnitting diodes of three
kinds. RC3 B. it is not necessary tor the drive circuit to indi—
vidually control the R. (i and [3 light emitting diodes. making
it possible to simplify the configuration of the drive circuit
and make the display device at a low cost.

With an I.-| El) display device which displays in white light
by using light emitting diodes o f three kinds. RGB. the three -
light emitting diodes must be i lluminated at the same time and
the light from the light emitti ng diodes tnust be m ixed in order
to display white light by combining the three RUB 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 Lill) display device of the display device
according to the present invention. in contrast. can display
with white light can be done with a single light emitting
diode. and is therefore capable of display with white light of
higher definition. l-‘urther. with the [.1 il J 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
blocking ol‘some o fthe RGB light emitti ug diodes depending
on the viewing angle. the ] .l-Il) display device ofthe present
invention has no such problem.

As described above. the display device provided with the
LED display device employing the light emitting diode ol'the
present invention which is capable of emitting white light is
capable ofdisplaying stable white light with higher del‘init ion
and has an advantage of less color unevenness. The LEI) -
display device of the present invention which is capable of
displaying with white light also imposes less stimulation to
the eye compared to the conventional LED display device
which employs only red and green colors. and is therefore
suited for use over a long period of time.

[I ilubodintent o f Another Display Device Employing the
Light Emitting Diode ol‘tlte 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 RUB light ctnitting diodes and one light
emitting diode ofthe present invention. as shown itt l"l(i. 12.
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By connecting the LED display device and a specified drive
circuit. a display device capable ofdisplaying various images
can be constituted. The drive circuit ofthis display device has.
similarly to a case of monochrome display device. video data
storage means (RAM) for temporarily storing the input dis-
play 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 ofthe RUB light
eluitting diodes and the white light emitting diode. The tone
control circuit computes the duration of lighting the light
emitting diodes from the data stored in the RAM. and outputs
pulse signals tor turning on and ofl'the light emitting diodes.
When displaying with white light. width of the pulse signals
for lighting the RUB light emitting diodes is made shorter. or
peak value ofthe pulse signal is made lower or no pulse signal
is output at all. ()n the otherhand. a pulse signal is given to the
white light emitting diode in compensation thereof. This
causes the LED display device to display with white light.

As described above. brightness ofdisplay can be improved
by adding the white light emitting diode to the RGB light
emitting diodes. When RUB light entitling diodes are com-
bined to display white light. one or two of the RGB colors
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.

For the drive circuit of such a display device as described
above. it is preferable that a (.‘l’U be provided separately as a
tone control circuit which computes the pulse signal for light-
ing the white light emitting diode with specified brightness.
The pulse signal which is output than the tone control circuit
is given to the white light emitting diode driver thereby to
switch the driver. The white ligit emitting diode illuminates
when the driver is turned on. and goes out when the driver is
turned off.

['l‘rallic Signal)
When the light emitting diode ot' the present invention is

used as a traffic signal which is a kind ol‘display device. such
advantages can be obtained as stable illumination over a long
period ot'time and no color unevetuiess even when part ofthe
light emitting diodes go out. The traffic signal employing the
light entitling diode of the present invention has such a con—
figuration as white light emitting diodes are arranged on a
substrate whereon a conductive pattern is limited. A circuit of
light emitting diodes wherein such light emitting diodes are
connected in series or parallel is handled as a set of light
emitting diodes. Two or more sets ofthe light emitting diodes
are used. each having the light emitting diodes arranged in
spiral configuration, When all light emitting diodes are
arranged. they are arranged over the entire area in circular
configuration. After connecting power lines by soldering for
the connection of the light emitting diodes and the substrate
with external power supply. it is secured in a chassis ofrail-
way 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 filter. The chassis is

provided with a white color lens on the display plane thereof.
l-Llectric wiring o t' the l.l-il J display device is passed through a
rubber packing on the back o fthe chassis. for sealing othhe
inside of the chassis from the outside. with the inside ofthe

chassis closed. Thus a signal of white light is tirade. A signal
ol‘higher reliability can be tirade by dividing the light emitting
diodes ol'the present invention into a plurality of groups and
arranging them in a spiral configuration swirling from a cen-
ter toward outside. while connecting them in parallel. The
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configuration ol'swirling from the center toward outside may
be either continuous or intennittent. 'I‘herct'ore. desired num-

ber of the light emitting diodes and desired ntunber ofthe sets
of light emitting diodes can be selected depending on the
display area of the l .lil) display device. This signal is. even
when one o fthe sets o flight emitti ng diodes or pan 0 fthe light
emitting diodes fail to illuminate due to sortie trouble. capable
ol'illuminate evenly in a circular configuration without color
shift by means ol'thc remaining set ol‘light emitting diodes or
remaining light emitting diodes. Because the light entitling
diodes are arranged in a spiral comiguration. they can be
arranged more densely near the center. and driven without any
dilTerent impression from signals employing incandescent
lamps.

liXAMl’lJiS

'lhe following l'ixamples further illustrate the present
invention in detail but are not to be construed to limit the

scope thereof.

Example 1

l'ixample 1 provides a light emitting component having an
emission peak at 450 nm and a hall‘width ol‘30 nm employing
a (ialnN semiconductor. The light emitting component o i' the
present invention is made by [lowing 'I‘M(i (trimethyl gal-
lium) 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 semicon-
dttctor layer in MOCVl) process. A gallium nitride semicon-
ductor havi ng N type conductivity and a gall iuln nitride sem i -
conductor having P type conductivity are fanned by
switching Si} 14 and (‘pZMg as dopant gas. The I .lil) element
of Example 1 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 1’ type
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 [nCiaN
activation layer ofthickness about 3 nm for making a single
quantum well structure. The sapphire substrate has a gallium
nitride semiconductor layer formed thereon under a low tem-
perature to make a buffer layer. The P type semiconductor is
annealed at a temperature of400° (‘. or above other fonning
the him.

After exposing the surfaces of]J type and N type semicon-
ductor layers by etching. n and p electrodes are thrilled 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 light emitting component made in the above process is
mounted in a cup ofa mount lead which is made of silver-
plated steel by die bonding with epoxy resin. Then electrodes
ofthe light emitting component. the mount lead and the inner
lead are electrically connected by wire boding with gold
wires 30 pm in diameter. to make a light emitting diode 0 [lead
type.

A phosphor is made by dissolving rare earth elements 01"”.
(id and Ce in an acid in stoichiometrical proportions. and
coprmipitaling the solution with oxalic acid. Oxide of the
coprecipitate obtained by firing this material is mixed with
aluminum oxide. thereby to obtain the mixture material. The
mixture was then mixed with ammonium fluoride used as a

llux. and fired in a crucible at a temperature of l 400" (‘. in air
for 3 hours. 'l'hen the lired material is ground by a ball mill in
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water. washed. separated. dried and sieved thereby to
obtained the desired material. Phosphor made as describe
above is yttrium-aluminum-garnet fluorescent material rep-
resented by general formula (YO.8(_itlt}.2)3Al 50 l 2 :(‘e where
about 20% olY is substituted with (id and substitution ratio of
(‘e is 0.03.

80 Parts by weight of the fluorescent material having a
composition of (Y0.8Cid0.2}3.1\l5()l2:Ce which has been
made in the above process and 100 parts by weight ol‘epoxy
resin are soiliciently mixed to turn into slurry. 'l'hc slimy is
poured into the cup provided on the mount lead whcrwn the
light emitting component is mounted. After pouring. the
slurry is cured at 13t " (‘. for one hour. 'lltus a coating having
a thickness of 120 um, which contains the phosphor. is
formed on the light emitting component. In Example 1. the
coating is formed to contain the phosphor in gradually
increasing concentration toward the light emitting compo-
nent. Irradiation intensity is about 3.5Wr’cmZ. The light entit-
ting component and the phosphor are molded with translucent
epoxy resin for the purpose ol‘ protection against extraneous
stress. moisture and dust. A lead frame with the coating layer
ol'phosphor formed thereon is placed in a bullet—shaped die
and mixed with translucent epoxy rcsitt and then curedat 150”
(.‘. 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 phos—
phor.

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 [0.302. 0.280) for chrotnaticity point (x. y). color
temperature of 8080 K and 87.5 for color rendering index
(Ra) which are approximate to the characteristics of a
3—wavel'orm fluorescent lamp. Light emitting eli'iciency was
9.5 lnn’W. comparable to that ofan incandescent lamp. Fur—
ther in life tests under conditions of ettergixation with a cur-
rent ol‘60mA at 25° (... 20 mA at 25° ('. and 20 mA at 60° (.‘.

with 90% RI 1. no change due to the fluorescent material was
observed. proving that the light emitting diode had no differ-
ence in service life from the conventional blue light emitting
diode.

Comparative lixample I

Formation of a light emitting diode and life tests thereof
were conducted in the same manner as in lixample ] except
for changing the phosphor li'om (Y0.86d0.2)3.¢\15012:(‘c to
(ZnCd)S:Cu. Al. The light emitting diode which had been
formed showed. immediately after energixation. emission of
white light but with low luininzmce. In a life test. the output
diminished to hero in about 100 hours. Analysis ofthe cause
of deterioration showed that the fluorescent material was
blackened.

This trouble is supposed to have been caused as the light
emitted by the light emitting component and moisture which
had caught on the fluorescent material or entered from the
outside brought about photolysis to make colloidal zinc to
precipitate on the surface ol‘tlte llttoreseent material. resulting
in blackened surface. Results oflife tests under conditions of

energixation with a current of20 mA at 25° (‘. and 20 inA at
60° (.‘. with 90% RH are shown in FIG. 13 together with the
results of Example 1. Luminance is given in terms of relative
value with respect to the initial value as the reference. A solid
line indicates lixemtple l and a wa\-'y line indicates Compara-
tive lixample l in l-‘Ki. l3.
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Example 2

[n lixample 2. a light entilting component was made itt the
saute tttanner as in Example 1 except for increasing llte con-
tettt oi'ln iii the nitride compound semiconductor ol‘thc light
etttittittg colttpottettt to ltave tlte elttissiott peak at 460 nttt attd
increasing the content ol'Gd in phosphor than tltat ol‘Example
I to have a composition ol'(Y0.6Gd0.4J3A150l2:(.‘.e.

Measurements o l' cltromaticity poittt. color temperature
and color rendering index of tllc light entitling diode. which
were made as described above and capable of entitling white
light. gave values (1110.375. 0.370) for cltrontaticity point (x.
y). color temperature o l‘ 4400 K and 86.0 for color reltderittg
iltdex (Ra). FIG. 18A. FIG. lsB attd FIG. 18C sltow the
emission spectra ol'the phosphor. the light emitting compo—
ltettt and the ligltt emitting diode o l‘ lixample 2. respectively.

100 pieces of the light entitling diodes of l ixample 2 were
made and average luminous intensities thereof were taken
alier lighting for 1000 hours. [It terttts of percentage ot‘ the
ltltttinotts intensity value before the lil‘e test. the average lumi-
ltotts intensity alter the life test was 98.8%. proving no dif—
ference in the characteristic.

l'ixample 3

100 light entitling diodes were made in the same tttauncr as
itt lixamplc 1 except for adding Sm itt addition to rare earth
elementsY. Gd and Ge in the phosphor to make a fluorescent
material with composition of (Y0.39Gd0.5?Ce0.03Sm0.01J
3A15012. When the ligltt etttittiltg diodes were tttade illunti-
note at a high temperature ol‘ 130° (1.. average temperature
characteristic about 8% better than tltat ol‘ Example I was
obtained.

Example 4

LED display device of [Example 4 is lttade of the light
entitling diodes ot‘ lixample I being arranged in a 16x16
matrix on a cerantics substrate whereon a copper pattern is
formed as shown itt FIG. II. In tlte LEI) display device ol‘
Example 4. the substrate wltereon the light etttittittg diodes
are arraitged is placed ilt a chassis 504 wlticlt is ntade ol'
pltenol resin and is provided with a light blocking member
505 being formed integrally therewith. The cltassis. the ligltt
entitling diodes. the substrate and part of the light blocking
ntentber. except for the tips of the light entitting diodes. are
covered with silicon rubber 506 colored itt black with a pig-
ment. The substrate and tlte light emitting diodes are soldered
by nteans of an automatic soldering ntacltine.

The LED display device made in the configuration
described above. a RAM which tetttporarily stores the ittpttt
display data. a tone control circuit which processes the data
stored in the RAM to compute tone signals for lighting the
ligltt emitting diodes with specilicd brightness and drive
means which is switched by the output signal ol‘ the tone .
control circuit to cause the light emitting diodes to illttutinate
are electrically connected to ntake alt LED display device. By
driving the LED display devices. it was verified that the
apparatus can be used as black attd white I .| El) displayr device.

l'ixample 5

‘llte light emitting diode of Example 5 was ntade in the
sante manner as in Example 1 except for using pltospltor
represettted by general formula (Y0.2GdO.8)3AISO]2:C‘e.
100 pieces of the ligltt emitting diodes ol' lixamplc 5 were
ntade and measured for various characteristics.
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Measurement ol'cltromaticity point gave values ol'(0.450.
0.420) in average for chrotttaticil}.r point (x. y). and light of
incandescent lamp color was entitled. l-‘IG. 19A. FIG. t9l'3
and FIG. 19C sltow the emission spectra ot'llte pltospltor. tlte
light entitling component and the ligltt emitting diode of
lixample 5. respectively. Although the ligltt emitting diodes
ol'Example 5 showed lttmittanceabout 40% lower tltan that ol'
the light emitting diodes of Example 5. showed good weath—
crability comparable to that o l' lixample l in life test.

l'ixamplc 6

The light emitting diode ol‘ [Example 6 was made iIt tlte
sante manner as in Example 1 except for using phosphor
represented by general formula Y3A|50.3:Ce. 100 pieces of
the ligltt emitting diodes ol‘ lixample 6 were made and mea-
sured for various characteristics.

Measurement ofcltromalicity point slightly yellow-greeti-
isltwhile lightcompared to l'ixarnple l was etttiltcd.'l‘lte light
emitting diode of Iixample 6 showed good weatltet'abilityr
similar to that of Example 1 in life test. FIG. 20A. FIG. 203
attd FIG. 20C sltow tlte emission spectra ot'the phospltor. the
light emitting component and the light entitling diode ol'
lixample 0. respectively.

Example 7

The tign emitting diode of Example 7 was made itt tlte
sante manner as in Example 1 except for using phospltor
represented by general formula Y3(Al0.5(ia0.5)5()l2:(‘e.
100 pieces of the light entitling diodes of lixample 7 were
made and measured For various characteristics.

Although the light emitting diodes ol‘lixamplc 7 sltowed a
low luminance. emitted greenish whitc ligltt and showed
good weatlterability similar to that of Example I in life test.
FIG. 21A. FIG. 218 and FIG. 21C show the emission spectra
ol‘tlte phosphor. the ligltt emittiltg component and tlte light
entitling diode of] Example 7. respectivelv

l'ixamplc 8

The ligltl emitting diode of Example 8 was made in the
sattte manner as itt Example 1 except for using phosphor
represented by general formula (id3(.’\l0.5(ia0.5)5012:(‘e
which does not contain ‘1". 100 pieces ol‘ the light emitting
diodes ol‘ lzixample 8 were made and measured for various
characteristics.

Although the light emitting diodes ol‘lixample 8 sltowed a
low luminance. showed good weallterability similar to that of
Example 1 in life test.

lixample 9

Light emitting diode oi‘ Example 9 is planar light emitting
device having the configuration shown in FIG. 7.

Int).05Ga0.95N semiconductor having emission peak at
450 nm is used as a light emitting component. Light emitting
components are lttade by [lowing TMG (t‘rinlethyl gallium)
gas. 'l'Ml (trimethyl indium) gas. nitrogen gas altd dopant gas
together with a carrier gas on a cleaned sapphire substrate and
forming a gallium ttitridc compound semiconductor layer in
M()(‘V'l ) process. A gallium nitride sem iconductor layer hav-
ing N type conductivity and a gallium nitride semiconductor
layer having P type conductivity are limited by switching
Sil-I4 and Cp2Mg as dopant gas. thereby forming a PNjuttc—
tiott. For tltc semiconductor light cntittittg component. a cott-
tact layer which is gallium nitride semiconductor having N
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type conductivity. a clad layer which is galliutn nitride alu—
minum scmiConductor having N type conductix-‘ity. a clad
layer which is gallium nitride aluminum semicondtlctor hav-
ing P type conductivity and a contact layer which is gallium
nitride semiconductor having P type conductivity are formed.
An activation layer of Kit-doped InGaN which makes a
double—heterojunction is limited between the clad layer hav—
ing N type conductivity and the clad layer having 1’ type
conductivity. A bu ffcr layer is provided on the sapphire sub-
strate by forming gallium nitride sei'nicondttctor layer at a low
temperature. The i’ type nitride semiconductor layer is
annealed at a temperature offilllt)" (‘. or above a fter forming
the [lift].

After thrilling the semiconductor layers and exposing the
surfaces of P type and N type semiconductor layers by etch—
ing. electrodes are fonned by sputtering. After scribing the
semiconductor wafer which has been made as described

above. light entitling components are made as light emitting
components by dividing the wafer with external force.

‘llte light emitting component is mounted on a mount lead
which has a cup at the tip ofa 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 connected by wire boding with gold wires having
a diameter of 30 um.

The lead frame with the light cm itting component attached
thereon is placed in a bullet-shaped die and sealed with traits-
ltlcent epoxy resin for molding. which is then cured at 150° C.
for 5 hours. thereby to tbrm a blue light emitting diode. The
blue light emitting diode is cormected to one end lace 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 by using barium titanale dispersed in an
acrylic binder as white color reflector. which is then cured.

Phosphor of green and red colors are made by dissolving _
rare earth elements on. Gd. Ce and [a in acid in stoichio—

metrical proponions. and coprecipitating the solution with
oxalic acid. Oxide of Lhe coprecipitate obtained by tiring this
material is mixed with aluminum oxide gallium oxide.
thereby to obtain respective mixture materials. The mixture is
then mixed with ammonium lluoride used as a llux. and tired

in a crucible at a temperature of1~=t00D C. in air for 3 hours.
Then the tired material is ground by a ball mill in water.
washed. separated. dried and sieved thereby to obtained the
desired material.

120 parts by weight of the first fluorescent material having
a composition of Y3t.-°tl0.6(ia0.4)5012:Ce and capable of
emitting green light prepared as described above and 100
parts by weight ofthe second fluorescent material having a
composition of (YO.4Gd0.6)3AlSOl2:Ce and capable of
entitling red light prepared in a process similar to that for the
first fluorescent material. are sutliciently mixed with 1th
parts by weight ot‘epoxy resin. to limit a slurry. The slurry is
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 a thickness of about 30 run. The fluorescent
material layer is cut into the same size as that ol‘the principal
light emitting plane ol‘the optical guide plate. and arranged on
the optical guide plate thereby to form the planar light emit-
ting device. Measurements of chromaticin point and color
rendering index of the light emitting device gave values of
(0.29. 0.34) tor chromaticity point (x. y) and 92.0 for color
rendering index (Ra) which are approximate to the properties
ol'3—wavetbrm fluorescent lamp. Light emitting elficiency of
12 lnu’W comparable to that of an incandescent lamp was
obtained. l-'ttrther in weatherability tests under conditions of
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energimtion with a current of 60 mA at rootn temperature.
20mA at room temperattirc and ZOmA at 60" C. with 90% R1 1.
no change due to the fluorescent material was observed.

Comparative lixample 2

Forming of light emitting diode and weathcrability tests
thereof were conducted in the same manner as in Example 9
except lor mixing the same quantities of a green organic
fluorescent pigment UTA-001 of Synleuch (‘hemiscln and a
red organic fluorescent pigment (FA-005 of Synlcuch ('he-
misch} which are perylenc-dcrivatives. instead of the first
fluorescent material represented by general formula
Y3(Alt).6Ga0.4 )SO 1 2: Ce capable ofemitting green light and
the second fluorescent material represented by general for—
mula (Y0.4(id().fi)3Al5012:('e capable of emitting red light
of lixample 9. (.‘hmmaticity coordinates of the light emitting
diode ol’Comparative lixample I thus formed were (x. y]=
(0.34. 0.35). Weatherability test was conducted by irradiating
with ultraviolet ray generated by carbon are for 200 hours.
representing equivalent irradiation of sun light over a period
ot'one year. while measuring the luminance retaining ratio
and color tone at various times during the test period. In a
reliability test. the light emitting component was energized to
emit light at a constant temperature of70° (1 while measuring
the luminance and color tone at different times. The results

are shown in FIG. 14 and HQ. 15. together with lixample 9.
As will be clearirom FIG. 14 and FlG. 15. the light emitting
component of Example 9 experiences less deterioration than
Comparative lixample 2.

l-Zxample l0

The light emitting diode of] Example ID is a lead type light
ctnitting diode.

In the limit emitting diode ofExample 10. the light emitting
component having a light emitting layer of Int).05(iaU.95N
with emission peak at 450 run which is made in the same
manner as in lrlxample 9 is used. The light emitting compo-
nent is mounted in the cup provided at the tip o fa silver-plated
copper mount lead. by die bonding with epoxy resin. lilec-
trodes ot‘the light emitting component. the mount lead and the
inner lead were electrically connected by wire boding with
gold wires.

Phosphor is made by mixing a first fluorescent material
represented by general formula Y3(Al{).5(ia0.5)SUl2rCe
capable ofcm itting green light and a second fluorescent Ina te-
rial represented by general formula [Y0.2(id0.8)3,-'\15012:
Ce capable ofemitting red light prepared as follows. Namely.
rare earth elements ol‘Y. Gd and Ce are solved in acid in

stoichiometrical proportions. and coprecip itating the solution
with oxalic acid. Oxide of the coprecipitation obtained by
tiring 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 tired in a

crucible at a temperature of 1 400° 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 size
distribution.

40 parts by weight ofthe first fluorescent material. 40 parts
by weight o l‘thc second fluorescent material and |00 parts by
weight of epoxy resin are sufliciently mixed to form a slurry.
The slurry is poured into the cup which is provided on the
mount lead wherein the light emitting component is placed.
Then the resin including the phosphor is cured at 130" (7. for
1 hour. Thus a coating layer including the phosphor in thick-
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ness of l20 inn is formed on the light emitting eotuponeitt.
("oneentnttion ol‘ the phosphor in the coating layer is
increased gradually toward tlte light emitting cotnponent.
Further. tlte light emitting component and the phosphor are
sealed by molding with translucent epoxy resin for the pur-
pose ol‘ protection against extraneous stress. moisture and
dust. A lead frame with the coating layer ol'phosphor formed
tltereon is placed in a bullet—shaped die and mixed with trans—
lucent epoxy resin and then cured at 150° (7. for 5 hours.
Under visual observation of the light emitting diode formed
as described above in the direction normal to the light entit-
ting plane. it was found that the central portion was rendered
yellowish color due to the body color of the phosphor.

Measurements ol‘ chromaticity point. color temperature
and color rendering index of the light emitting diode 01'
Example 10 which was made as described above gave values
ol‘ (0.32. 0.34) for cltrontaticity point (x. y). 89.0 for color
rendering index (Ra ) and light entitling etl'iciency of l 0 lnu’ W.
Further in weatlterability tests under conditions ol‘encrgiva-
tion with a current o l‘ 60 mA at room temperature. ZOmA at
room temperature and ZOmA at 60" (T with 90% R1 1. no
change due to the phosphor was observed. showing no di iler—
ence from an ordinary blue light emitting diode in the service
li fe characteristic.

lixample ll

[nU.4CiaU.6N semiconductor having an emission peak at
470 inn is used as an [ill] element. l_ight etnitting compo-
nents are made by flowing TMG (trimethyl gallium) gas. TM]
[trimethyl indium} gas. nitrogen gas and dopant gas together
with a carrier gas on a cleaned sapphire substrate tltereby to
form a gallium nitride cotnpotmd semiconductor layer in the
MOCV'I ) process. A gallium nitride sem iconductor layer hav-
ing N type conductivity and a gallium nitride semiconductor '
layer having 1-’ type conductivity were limited by switching
Sill-1 and (TpZMg used as the dopant gas. thereby lbrming a
PN junction. For the LED element. a contact layer which is
gallium nitride semiconductor having N type conductivity. at
clad layer which is gallium nitride aluminum semiconductor
having lJ type conductivity and a contact layer which is gal-
littm nitride semiconductor having P type conductivity are
limited. An activation layer tiliion-dtiped InGaN with thick-
ness ol‘about 3 11111 is formed between the contact layer having
N type conductivity and the clad layer having i’ type conduc-
tivity. thereby to make single quantum well structure. A bu tier
layer is provided on the sapphire substrate by limiting a
gallium nitride semiconductor layer at a low temperature.

After [Forming the layers and exposing the surfaces or 1J
type and N type semiconductor layers by etching. electrodes
are limited by sputtering. After scribing the semiconductor
wafer which is made as described above. light emittittg com-
ponents are made by dividing the wafer with an external
force.

The light emitting contponent is mounted in a cup at the tip
ol'a silver—plated copper mount lead by die bonding with
epoxy resin. lilectrodes of the light emitting component. the
mount lead and the inner lead are electrically connected by
wire boding with gold wires having a diameter ol'30 tun.

The lead frame with the light emitting component attached
thereon is placed in a bullet-shaped die and sealed with trans-
lucent epoxy resin for molding. which is then cured at 150° C.
for 5 hours. thereby to form a blue light emitting diode. The
blue light entitling diode is connected to one end face of an
acrylic optical guide plate which is polished on all end faces.
01] one surface and side lace ol‘ the acrylic plate. screen
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printing is applied by using barium titanate dispersed in an
acrylic binder as white color reflector. which is then cured.

Phosphor is made by mixing a fluorescent material repre-
sented by general formula (Y0.8(id().2)3A15()l2:('.‘e capable
o l‘ emitting yellow light of relatively short wavelength and a
lluorescent material represented by general l‘onnula
(Y0.4Cid0.6)3AlSOl 2: Ce capable of emitting yellow light of
relatively long wavelength prepared as follows. Namely. rare
earth elements ol‘Y. (id and (.‘e are solved in acid in stoichio-

metrical proportions. and coprecipitating the solution with
oxalic acid. Oxide ot'the coprecipitation obtained by tiring it
is mixed with aluminum oxide. thereby to obtain respective
mixture materia l. The mixture is [nixed with aunmonium litto-

ride used as a flux. and fired in a crucible at a temperature of
1400" C . in air for 3 hours. Then the tired material is ground
by a ball mill in water. washed. separated. dried and sieved.

100 parts by weight ol'yel low llttorescent material ol‘rela-
tivcly short wavelength and 100 parts by weight of yellow
lluorescent material ol’ relatively long wavelength which are
made as described above are stillicicntly mixed with l000
parts by weight ol'acrylic resin and extruded. thereby to form
a fluorescent material film to be used as color converting
material tilabtitlt 180 um in thickness. The fluorescent mate-
rial lilm 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. Measu re-
ments ol‘cbromaticity point and color rendering index ol‘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). 38.0 for color rendering index (Ra) and light
emitting clliciency of 101 nth. l-'l(i. 22A. 1510. 2213 and HG.
22C show emission spectra of the fluorescent material repre-
sented by (Y0.8(id0.2)3.r\15()l2:(‘e and a lluorescent mate-
rial represented by general lormula (Y0.4(id0.6)3_-’\15012:
C'e used in Example 1 l . FIG. 23 shows emission spectrutn of
the light emitting diode of Example 1 1. Further in life tests
under conditions ol'energization with a current of 60 mA at
room temperature. 20mA at room temperature and ZOmA at
60° (7. with 90% RI 1. no change due to the fluorescent mate-
rial was observed. Similarly. desired chromaticity can be
maintained even when the wavelength ol. the light emitting
component is changed by changing the content of the fiuo—
rescent material.

lixample 12

The light emitting diode ol‘ l'ixample 12 was made in the
salne manner as in lixample 1 except for using phosphor
represented by general formula Y3lnSOl 2:C‘e. 100 pieces of
the light emitting diode 01‘ Example 12 were made. Although
the light emitting diode of lixamplc 12 showed luminance
lower titan that of the light emitting diodes of lixample 1.
showed good weatherability comparable to that of l Example 1
in life test.

As described above. the light emitting diode o l‘ the present
invention can emit light ol'a desired color and is subj cct to less
deterioration of emission efficiency and good weatherability
even when used with high luminance for a long period ol‘
time. Therefore. application of the light emitting diode is not
limited to electronic appliances bttt can open new applica-
tions including display for automobile. aircraft and buoys For
harbors and ports. as well as outdoor use such as sign and
illumination t'or expressways.

The invention claimed is:

l. A light emitting device which comprises:
a light emitting component having a gallium nitride based

semiconductor: and
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a resi n conta ining at least one phosphor capable ot‘absorb—
ing a part of a lirst light of blue eolor emitting from the
light emitting component and emitting a second light of
wavelength different from that ol'the absorbed first light.
said emission of the second light emitted from at least
one fluorescent material and a light of art uttabsorbed
first light passes through said fluorescent material from
said ligltt entitting component. said unabsorbed first
light and said second light are capable o l' overlapping
each other to make white light;

wherein a concentration ofthe phosphor increases from the
surface o l‘ a resin that contains the phosphor toward the
light emitting component. or the concentration ol‘phos-
pltor increases from the ligltt emitting component
toward the resin surface.

2. The light emitting device according to claim 1. wherein
the concentration o f phosphor increases from the surface ofa
resitt wherein the phosphor is contained toward the light
emitting component.

3. The light emitting device according to claitn 1. wherein
the concentration of phosphor increases from the light entit-
ting component toward the surface of the resin.

4. The light emitting device according to atty one ofclaints
l to 3. wherein tlte distributions o l’ the phosphor concentra-
tiott are achieved at least by selecting or controlling the resin ‘
which contains the phosphor. forming temperature and vis—
cosity. and the configuration and particle distribution of the
phosphor.

5. A light emitting device comprising:
a light emitting compottent having a gallium nitride based

semiconductor: and

a resi n containing at least one phosphor capable o l‘absorb-
ing a part ol'a first light of blue color emitting from the
light emitting component and emitting a second light of
wavelength different from that oftlte absorbed first light.
said emission of the second light emitted from two or
more fluorescent material and a light it 1' an tlnabsorbed
lirst ligltt passes through said l'iuorescent material li'ont
said light emitting component. said unabsorbed first
light and said second light are capable of overlapping
each other to make white light:

wherein the two or more kinds offluorescent materials are

independently arranged wherein fluorescent material
that absorbs light from the light emitting component ofa
shorter wavelength is near the light emitting component.
attd a fluorescent material that absorbs light ofa longer
wavelength is away from the light emitting component.

6. The light emitting device according to claint 5. wherein
the concentration of phosphor is controlled.

7. The light emitting device according to claim 6. wherein
tlte distributions of the phosphor concentration b ‘ achieved at
least by selecting or controlling the resin which contains the
phosphor. forming temperature and viscosity. and the cort-
figuration and particle distribution of the phosphor.

8. The light emitting device according to any one ol‘claims
l and 5. wherein said a gallium nitride based semiconductor
is a gallium nitride based semiconductor containing Indium.

9. The light emitting device according to any one of claims
I and 5. wherein said fluorescent ntatcrial is a garnet fluores-
cent material containing the rare cartlt element.
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10. The light emitting device according to claim 9. wherein
said rare earth element is cerium.

11. The light emitting device according to claim 10.
wherein said phosphor is a garnet fluorescent material corti-
prising Y and Al and activated with at least ceriutn.

12. The light emitting device according to claim 11.
wherein the fluorescent material is YAG :Ce.

13. The light emitting device according to claim 12.
wherein said Y.-'\(:'r:(.‘c contain (id.

14. A light emitting device comprising:
a light emitting component having a gallium nitride based

semiconductor: and

a resin containing at least one phosphor capable ofahsorh-
ing a part ofa first light of blue color emitting front the
light emitting contponent and emitting a second light of
wavelength different from that ol‘thc absorbed lirst light.
said emission of the second light emitted from at least
one fluorescent material and a light of an unabsorbed
first light passes through said the fluorescent material
from said light emitting component. said unabsorbed
first light and said second light are capable of overlap—
ping each other to make white light:

wherein the spectrum of said gallium nitride based senti-
conductor is a peak wavelength within the range from
420 to 49011111.

the spectrum of said fluorescent material is a peak wave-
length existing around the range from 510nm to 60011111.

and said fluorescent ntaterial has a controlled particle size
distribution.

15. The light emitting device according to claim 14.
wherein the emission color of the light emitting device is
made constant using a fluorescent material having a relatively
short emission wavelength for a light emitting component o f
a relatively short emission wavelength and tts ing a fluorescent
tnaterial having a relatively long emission wavelength for a
light emitting component ofa relatively long entissiott wave—
length.

16. The light emitting device according to c.aim 14.
wherein the spectrum of said liuorescent material is a peak
wavelength exi st ing around the range from 530 ttttt to 570 nm.

17. The light emitting device according to c aim 14.
wherein said a gallium nitride based semiconductor is a gal—
littnt nitride based semiconductor containing Indittnt.

18. The light entitting device according to c.aim 14.
wherein said fluorescent material is a garnet fluorescent mate-
rial containing the rare cartlt element.

19. The light emitting device according to c
wherein said rare earth element is cerium.

20. The light entitti 11g device according to c.aim 19.
wherein said phosphor is a garnet fluorescent material com—
prising Y and Al and activated with at least cerium.

21. The light emitting device according to c
wherein the fluorescent material is Y:\Q:("c.

22. The light emitting device according to claim I. wherein
the concentration o l‘tlte phosphor tapers from the surface ol‘a
resin that contains the pltosphor toward the light emitting
component.

23. The light emitting device according to claittt 1. wherein
the concentration of the phosphor tapers from the light emit-
ting component toward the resin surlitce.

aitn 18. 
aim l9.

31‘ * 5F 3! 8‘
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UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENT NO. : 7,531,960 82 Page 1 of I
APPLICATION NO. : III682014

DATED : May 12.. 2009
INVENTOR(S) : Yeshinori Shimizu et a].

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

Column 32, line 53 (Claim 21, line 2]. please change

“YAQ:Ce‘"

to

-- YAG:Ce --.

Signed and Sealed this

Seventh Day of September, 2010

David I. Krlppos
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