i i1l 1 Dhl hill il | Uhl iiiii illl ill SPECIFI CATION *159159* LI GHT
EM TTI NG DEVI CE AND DI SPLAY BACKGROUND OF THE | NVENTI GN (Field of the

| nvéntion) 5 The present invention relates to a |light ] b1 i ode used
in LED di splay, back |ight source, traffic signal, t[ﬂ@mmmm %mal, '
il lum nating switch, indicator, etc. Mire particularl, es to a
light emitting device (LED) conpBPECRYIGARBRONphor, _whichti®¥gfiverts the
wavel ength of light 10 emtted by a light emtting conponent and emts
light, and a display dbVFEE EMIRGINReDEVHAE BNDPt PLAHLABViI ce. (Description
of Related Art) Alight emtting diode is conpact and emts |ight of clear
col or wi ERGTPUREDY O] &FEy INVENIEON so free fromsuch a 15 trouble as
burn-out and has good initial drive characteristic, high.vibration

resi st andd @ dlf?é'-l?iel Oy end1&fdur e repetitive OV OFF operations, because
it is a sem conductor elenent, Thus it has been used widely in such

appl? cations as variBusPTPREPEatTEMHP aFPLREES| HiIt 30dAgBS. smitdning
light emfti 20 di odes_for, . red, green_and bl ue) col ors havjng

ul tra- hi °$%M§f’éﬁc’en P hﬁibﬁRgff“&i'cgéﬁgyiH@% ORI v G C shkEnak ge -
screen LED displays.using t.hese |light emti] di,odes have been, put into
use. The%r@ﬁlé‘{)agpl ?ﬁlg%%ﬁ' bé‘ﬁb’é’ﬁi‘t RV tﬁwi'té%r&g' &S%éFa%J'ha%t%uch Myt

characterjst,i.c |j ght . wei d.25 long, life, and.i s therefore expected
to be no Peasfvtél@l%sr&géd ?.}:1 %%J;é?%? urteo. a rfglght eml%(%lng Qev:.ce (Lﬁ(lg) |

comprising a phosphor, which converts the wavelength of light
10 emitted by a light emitting component and emits light, and a
display device using the light emitting device. |
(Description of Related Art)
A light emitting diode is compact and emits light of
clear color with high efficiency. It is also free from such a
15 trouble as bu:n—dut and has good initial driﬁe characte#istic,
high vibration resistance and durability to endure repetitive
ON/OFF operations, because it is a semiconductor element.
Thus it has been used widely in such applications as various
indicators.and various light sources. Recently light emitting
20 diodes for RGB (red, green and blue) colors having ultra-high
luminance and high efficiency have been developed, and'large
screen LED displays using these light emitting diodes have
been put into use. The LED display can be operated with less
power and has such good characteristics aé light weight and
25 long life, and is therefore expected to be more widely used in

the future.
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_*000002* Recently, various attenpts have been made to nake white |ight
sources by using light emtting di odes. Because the light emtting diode
has’a favorabl e eni ssion spectrumto generate nonochromatic |ight, naking
a~-light source for white 5 light requires. it to arrange three |ight
emtting conponents of R, G and B closely to each other while diffusing

and mxing the |ighbcgAtiied Jay idigm a%eap%nﬁwé Ngelhi e dd 9P Walde

such an arrangenent, there has been such a problemthat white [|i1ght of the

desired tQReteannghtbacigrealigd dyengo 15Qneardid ONsy i Aiddes ! ONBecause
| um nance and othér factors of the |light 'emtting conponent. Al so when the

l'ight enithengigaenepnertisgaddomiay 4i fhepeablereRicalisn 8peetiufm RAONET
required for driving differs fromone light emtting diode to another,

maki ng it gageeasar mohochpphutdef lanent, wkagesalbigdhtf eoaptel Faht wariidd i ng
conponents, which leads to conplex drive circuit. Moreover, because the
i ght em Lighg reaupeeentist ate aserbagedudimse | 1g§ht erintiticigyCatapaarints
color tone is subject to variation due to the difference in tenperature .
char act er b§t ResG ahdoBokdgsedly tbaegeh atthe20 windreatd infif varivigr @mde ntixiorg
unevenness in color may be caused due to failure in uniformy mxing the
| i ght en thed lighthemititgd kym themg cdhmmepeserdhisg | whhte ediighitngridibodes
are effective as light emtting devices for generating individual colors,
al t hough ausht iegf acrengemegitt, $hense hapabeéenosuzh enprobdgmwtinieg IwWhghte by
using light emtting conponents has not been obtained so far.
light of the desired tone cannot be generated due to
10  variations in the tone, luminance and other factors of the
light emitting component. Also when the 1light emitting
components are made of different materials, electric power
required for driving differs from one light emitting diode to
another, making it necessary to apply different voltages
15 = different light emitting components, which leads to complex
drive circuit. Moreover, because the 1light emitting
components are semiconductor light emitting components, color
tone is subject to variation due to the difference in
temperature . characteristics, chronological changes and
20 operating environment, or unevenness in color may be caused
due to failure in uniformly mixing the light emitted by the
light emitting components. Thus light emitting diodes are
effective as light emitting devices for generating individual
colors, although a satisfactory light source capable of
25 emitting white light by using light emitting components has

not been obtained so far.



2 In order to solve these problens, the present applicant previously-
devel oped light emtting diodes which convert the color of light, which is
emtted by light emtting conponents, by nmeans of a fluorescent nmaterial
discl osed in 5 Japanese Patent Kokai Nos. 5-152609, 7-99345, 7-176794 and’
8- 8614. The light g todaerdi edessdhge 088L N IPQ%% ubl i I

3 onqelg‘%rfd i gapa%n%

such that, by using light emtting conponents are

gener at i ngpbllgbhnef phévtowsy RN PRID! 14g8Rd &hE EQHgt '&J{.Bcﬁ% A%

follows. 10 The light emtting diode discloséd "in t ove gazettes are
nmade by nounverg @hki gblognbEt LAgheprpasent aphAr n

gap of light emtting layer, in g gup prgvﬁge%%gr%%ﬁeb?alquﬁ i &H?%gne
and havi ngompohkntsgstgntmeater b&l o4 hatuabssebat! inghite 8t t&ﬂs@!o&@& ljinght
15 emitting conponent and emts |ight of a wavel ength different from't hat
- of the abdephedski BatefimakekadgNoscorbers260Y, 7L99345 ned_insfoheahy gl d
which covers the light emtting conponent. The light emtting diode

di scl osed8ad4descriDed 20.gaboveemiapaine ofiedekti ryiswlidsed i ghh bynEse ng
the light of a plurality of sources can be made by using a light emtting
conponent PERpaBRELIGNSepF et Fghbtbat) i Birt uandgnilighng emie thinghicon@inehitag
component with a resin including a fluorescent material that absorbs t he
light eni®fe®nsy khvdpl #reigapable @fi t gengrdtadg ahileti bs ytethi*oevl alnd

| i ght. However, conventional light emtting di odes have
other’ colors, and are constituted as follows.

10 The 1light emitting diode disclosed in the above
gazettes are made by mounting a lighf emitting- component,
having a large energy band gap of light eﬁitting layer, in a
'cup provided at the tip of a 1lead frame, and having a
fluorescent material that absorbs light emitted by the light

15 emitting component and emits light of a wavelength different
from that of the absorbed 1light (wavelength conversion),
contained in a resin mold which covers the. light emitting
component.

The light emitting diode disclosed as described

20 °  above capable of emitting white light by mixing the light of a

~plurality of sources can be made by using a light emitting
componénf capable of emitting blue light and molding the light
emittiné compohent with a resin including a fluorescent
material that absorbé the light emitted by the blue light
25 emitting diode and emits yellowish light.

However, conventional light emitting diodes have



3 such problens as deterioration of the fluorescent material leading to

col'or tone deviation and darkening of the fluorescent material resulting

in | owered efficiency of extracting light. Darkening here refers to, in

the case 0of ,5 usi B nor gani c .fl uorescent material such as (Cd, zn)S
gﬁmsfo

f1 uor esc M haPEP Se ﬁﬁré-orﬁérltonofoﬁett&le efduprescenbnaataniaig t he

-fluoresc nt terlal e It te or their properties leading to
col orati om, 4E5g ?he 8388 ré% ni "¢ | ueprekesangnaodr i dihe

I t 0 fd bond th | I E |
CoLorat! o ling o @%@%@%ﬁeﬁtrﬁ%@c%ﬁ S
f Fﬁé?ésﬁ’?’i’cl%ﬁer%ﬁf’% Dy W ot S%fe%%%ﬂt%hc'&c{ g case of
d f. ph 15 b
Chr cehol Hf%ﬁf%hﬁeéﬂf%@i%sh?ﬁ% ¥t HRFBeLah, St Aal | War cka0s
et o e Obhc0gug9, oPaP! ey, | 1. I8, etk [ ABLSRY |

mat eri al consunpti on ecr éas

i rradi at ebndd fithtielAt LHE! ¥ tMcgjée;rceq{prﬂx%érkéghtpr%%eﬁr%ﬁ%bsor bed. by, Lhe 20

fluorescent material™ inevi y I ncreases resu t

- degr adat it iof E?gﬂékﬂﬂé§SQ%@Hﬂﬁ§€¥63E01U§§tggn i&%llgﬁt enéggg of

conmponent with intensity of [ight emsSsi6 an ex ed” peri od

of ine amifies furtBeyamute r3ugpbbbenn! feoiatal! onofoddie 4 ual Cf‘c%t
material. 25 Also the fluorescent material provided in the Vicini t he
lidit enikdrdaiggronponastibley boddexiPSetlet Rodecule. Especially when a
light emitting component ‘made of a semiconductor having a high
energy band gap is used to improve the conQérsion efficiency
of the fluorescent material (that is, energy of light emitted
by the semiconductor is increased and number of photons having
15 energies above a threshold which  can be absorbed by the
fluorescent material increases, resulting in mofe light being
absorbed), or the quantity of fluorescent material consumption
is decreased (that is, the fliuorescent material is irradiated
with relatively higher energy), light energy absorbed by the
20 fluorescent material inevitably increasés resulting in more
significant degradation of the fluorescent material. Use of
the light emitting componedt with higher intensity of light
emission for an extended period of time causes further more
significant degradation of the fluorescent material.

25 Also the fluorescent material provided in the

vicinity of the light emitting component may be exposed to a



4 high tenperature such as rising tenperature of the light emtting
conponent and heat transmtted fromthe external environnment (for exanple,
sunlight in case the device is used outdoors). 5 Further,. sone
fluorescent materials are subject to accelerated deterioration due to
conbi nation of noisture entered fromthe outside or introduced during the
product i oR19Br ceERREratre | §NChandsShebisinansiempexkturen tdfe Ithght 1ight
emtting copponent. 10 Wien it-cones to an organic dye of ionic property,
di rect cufPehFlRIe@IMROENY d2Pd theayi ckrrsmbttede Som miy eatisenal

el ectrophoresi s, resul%ing in a change_in the color tone. SUWARY OF THE
| NVENTI ONCRREEONERN b BRF  BFaRRLe pr 8EBALIDNy éft iGHFS sthe deviee 1S uped
probl ens deégribe above and provide a light emtting device which

experi encBeOAPYSextremel y | ow degrees of deterioration in enission |ight

intepsity, |ight enhssﬁgn efficiency and color shift_over a long tinme of
use With high | uni h3htBEX 2057RE SCHIHE | RaReréakpl ared SHelgttestnt

i nvention_thr researches based on,the assunptjon that a light emtting
devi ce ha%%%%fég TRt SR T cbthordht ahd agg?#bBFE§€%nt°ﬁat@PFﬁFuﬁﬁst

t th | [ f ] th b - t d qQbject. 25
(D) The 1 FBRE R B e e o SRRk SR, H4€ nB e gk Sop

high lumpances M thohd O s R L1148 heat transmitted from the light

emitting component.

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

Thus, an object of the present invention is to solve

15 the problems described above andl provide a 1light emitting
device which experiences only extremely low degrees of
deterioration in emission 1light intensity, light emission
efficiency and color shift over a long time of use with high
luminance.

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

25 '(1) The light emitting component must be capable of

~emitting light of high luminance with 1light emitting



5 characteristic which is stable over a long tinme of use. (2) The.
fluprescent material being provided in the vicinity of the high-lum nance
light emitting conponent, nust show excellent resistance against |ight and
heat so that the 5 properties thereof do not change even when used over an
extended period of tine while being exposed to_Iight of high intensity
em tted GPFRETFFRELIENYRLFAGIE ofPBRERt OVEFart LODDatet RE BFBor escent
mat eri al provi %ed i g thg vicinity of the light emtting component is
exposed to |idk? 1806 ZLPQIESCES: | ARSSEiA) adPsHingh RFowsed 3dn o e
times that, .of sunlight accqrding to our_estimate, and is required to have
rore.dur JOPAPEFTag e (G- LSCHIGHE G ot ngmabhadde oTBPAeRtgha et
- lum nance,i s used). ) Wth regard to.th elationship with the light 15
e 14§ ng LBl oTELents 9L LR agaibFFal Sl BE ethi €0 Shatdhiwing
with high effici.ency. | Lght of high, nonochromaticity emitted by the
| i gEt erriplrgpﬁﬁ%é ﬁpoﬁ%%fe%#]d cioem.r}c& nGHAR SR \/\H@@Pen‘éﬁ‘u&di?‘f%’l}!erﬂn from
that of th l,i_gh itted hy.the light . emtting conpopnent. 20 Thus the
present ier*\%gﬁtdf%n&)ﬁ% \(/indeogf aélwghyhé%et BEige a%’&?%se‘? c ?rpﬁ'?‘ggﬁgog I%]ngq}
em tting;ceERQRent apd ;@ daRosp bl e absorbi.ng .a part '
emtted tj)‘y t he IPght é'n‘it?tl nghjg{)rrpg%g%t a%ggé}%ttien&[llg;llg t ofco\%eﬁlderieg{r%th

o A e SSSUERELG ot O RS 0 i
formul a: jRii Gk ¥ the light emitting component is exposed to light

10 -of a radiation intensity as high as about 30 to 40 times that
of sunlight éccording to our estimate, and is required to have
more durability against light as light emitting component of
hi'gher' luminance is used).

(3) With regard to the relationship with +the 1light

15 emitting cOmponeﬁt, the fluorescent .material must be capable
of absorbing. with high efficienéy the 1light of high
monochromatiéity emitted by the light emitting component and
emitting light of a wavelength different from that of the
light emitted by the light emitting .component.

20 | Thus the present invention provides a light emitting
device, comprising a light emitting . component and a phosphor
capable of absorbing a part of light emitted by the light.
emitting component and emitting light of wavelength different
from that of the absorbed light;

25 wherein said 1light emitting component comprises a nitride

compound semiconductor represented by the formula: In;Ga;AlLN



6 where Gsi, Osj, Osk and i+j+k=1) and said phosphor contains a garnet

fl uorescent material conprising at |east one elenent selected fromthe
group consisting of Y, Lu, Sc, La, Gd and Sm and at |east one el enent
selected fromthe group consisting 5 of Al, Ga and In, and being activated
wWith cerium The nitride conpound sem conductor (generally represented by
cheni cal whereulOeil,ni0GH Al &% vdret ei-O3#+k=0%] an@skaidnghiosphlozl )corntinaned
above contains various materials including InGaN and GaN doped with
various ORpBEL | BSUCHeSTRRE pR3SSRIA Inepenphbgindons corasti nongarélrment
materi al s defined as described above,_ including Y3A15012 : Ce and

Gd3I n. 50F2lestede E39Fe thife IrogRt CORSSTHRTOS Yo M.t Be,plesefd aindvEmti on
uses the light enjtting conpgnent nmade of a nitride 15 conpound

seni cond@8Fr aap=PPEt oPREMELEMRGY i gptecieh AroR Ehei saeee, qonrsistging
em-tting %e i,ce ]S _Ca l e of, em,tting, light with high | um nance. Al so the
phosphor © sé‘&’i‘ & ﬁ’é"%ol nghtanélrrg’teﬁnﬁg ag"é:\ﬂiv §h itk gl r esi st ance
against light so that the fl,uorescent properties thereof experience |ess
20 change even whe ed TR eXPERQEAIper FBRLEPNANGEOTNI | €ICNRY HGLY
exposed to |ight of ZL%}gh f’éntensijt% Thiis makes it possible to reduce the
degr adat FERTET NS acter FREFESE HuF PREULRofd B ol Wherse Oadd rQsiuced=k
deteri or atjson Gt 0y 1 ght Fgh_i nsi_t mtted by. the light emtting
conponent as V\J/'eluf"%% qugx?gié%%%%s F%’g&’? (: s?élrﬁ 'lél_ﬁt ivr?é?/l_t?d’isng _ ‘T’%Jtﬁ et
light,  qhigahddWy TAAM 40Y 43 addl! SRk G RIS @i §lkeSm tting
10 The phosphor mentioned above contains various
materials defined as described above, including Y,Al,0,,:Ce and
Gd,In.0,,:Ce. |
Because the light emitting device of the present
invention uses the light emitting component made of .a nitride
15 compound semiconductor capable of emitting light with high
luminance, the light emitting device is capable of emitting
light with high luminance. Also the phosphor used in the
light emitting device has excellent resistance against light
so that the fluorescent properties  thereof experiénce less
20 change even when used over an extended period of time while
being exposed to light of high intensity. This makes it
possible to reduce the degradation of characteristics during
long period of use and reduce deterioration due to light of
high intensity emitted by the light .emitting component as well

25 as extraneous light (sunlight including ultraviolet 1light,

etc.) during outdoor use, thereby to provide a light emitting



7 device which experiences extrenely |less color shift and | ess

| um nance

decrease. The light emtting device of the present invention can also be
used in such applications that require response speeds. as high as 120
nsec., for exanple, because the 5 phosphor used therein allows after gl ow

only for qav3ber twniRal | Mb&fididEs dRerehasphobsdsediidy

$ 9BhaeTLL N

di ode of the present invention preferab?%pcontalns an {§ |un}a um num
garnet fhuslieseer! Jairesial, t hafe CONA Nt ﬂggpéevy@ CBleh%“gﬁJe%%nltt .
e

i ncrease the |lum nance of the |ight enlttlng vice n the |l

devi ce ofinveatioeseiin dMEebé olsetha s osppBycde: snd | HREES
material represented by a general formula (FQ?

emtting
lre

_rsmr), (A1.9Gag) 5012 :

Ce 15 Wh%@ﬁoﬂse5%§éea@daQSﬁiéhaad Reol siset.l egsr arampelechedaisemcye and

Gd, in whic

case good characteristics can be obt ai ned S|n1IarIy to the

casé wheptosbaoyt t tsedt alheriainm galbet Aftor exQRRt BRLYT | 8bri Sa UgB@rtAl SO

inthe light emitting device of the present 20 invention, it is

pr ef er abperiotiooft témpur pose of reducing the tenperature dependence of
| i ght em ssion characteristics (wavelength of emtted light, intensity of
| i ght. emi ssion, etlhe) phosphse askdudnestentighteemdktiapr ddediecd by ha
gener al fornula (Yl_p_g_rGdpCegSnr)3(All_. Ga.).012 as the phosphor, where
25 OspsOpgesengo3zgyention. Q@D@%¢Eﬁbl¥3;ﬂﬂhﬁkﬂﬂ§1 ahlsgtmmlumeaﬂmghhum—

emtting device of the present’

garnet fluorescent material that contains Y and 'Al, which

10° enables it to increase the luminance of the light emitting
device. |

In the 1light emittipg device of the present

invention, the phosphor may be a fluorescent material

represented by a general formula (Re, . Sm.),(Al,.Ga,);0,,:Ce,

15 | where 0Osr<l. and 0Oss<l and Re is at least one selected

from Y

and Gd, in which case good characteristics can be obtained

similarly to the case where the yttrium—aluminum—garnet

fluorescent material is used.

Also in the 1light emitting device of the present

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

.~ temperature dependence of 1light emission characteristics

(wavelength of emitted light, intensity of 1light emission,

etc.), to use a fluorescent material represented by a general

formula (lfl_p_q_:GdE,Cequ,),(All_t,Ga,)so12 as the phosphor,

25 Osps0.8, 0.003=<g=<0.2, 0.0003<r<0.08 and Osssl.

where

Also in the light emitting device of the present



8 invention, the phosphor may contain two or nore yttrium alum num garnet
fluorescent materials, activated with cerium of different conpositions
including Y and Al. Wth this configuration, light of desired. color can
be. emitted by 5 controlling the em ssion spectrum of the phosphor

accor di ng to the progerty (wavel ength of enmitted light) of the Iight

eni t ti ng lavigpdrien, Pt heRO$PheTie NAYhcamtatiin ngwdevore mire he fireiswnt
invention, in order to have light of a. specified. wavelength 10 emtted
by the | @}hxmmnt-tqarr@edevﬂe@r&acarst prater idple, t Aativhbeghwiphorcassitimi ns
two or nore fluorescent materjals of | di fferent conpositions
representdd ByISEREPEl FHRRRFBIITRS AGALGEAY _BCANSORL Ce, Wikehe tWykx1
and Gsssl .and Re is at |least one selected fromY and Gd. 15 Also in the

li ght enmQNHPEARIAR of 1G98 tyr 8denteSiLEeant FBROLI CaR deébe t ERidrieDI Bhe
wavel engt h of emtted Ilght t he phosphor may cont ain a first f|uorescent.
mat et i al qugﬁ%ﬂ e@‘b‘r?ésrléln f%’erﬁflp%m\fo( Altl e EMpher G&%ﬂil‘%g s¥?®ond
fl uoresce material re rese y ner al, rmJ e3Al5 , 20
Osssl andt |9§°é:lerlté(ast w&ﬂ@ 5 g%f r'ﬁ?h1 ghﬂﬁfé %std"er n ]tJr%h

light. emt.ii iy \ch oef t he present |nvent|on, in order to control the
wavel engtﬂmotf tct &P é‘ntt t he phosphor may be an .

!\ Lor escent mater a1 amih ShchhE 2sofF. Brultih MRVAEACT ek RHATEn

partS(ﬁ fﬁvéhé’éﬁ'uﬂh order to have light of a . specified wavelength

ere

10 emitted by the light emitting device, it is preferable that
the phosphor contains two or more fluorescent materials of
different compositions repfesented by general formula (Re,_

Sm.),(ALl, Ga,)s0,,:Ce, where 0Osr<l and Osssl and Re is at least

one selected from Y and Gd.

15 Also in the light'emittihg device of the present
invention, in order to control the wavelength of emitted light,
ﬁhe phosphor may contain a first fiuorescent_ material
represented by general formula Y,(Al,.Ga,)0,,:Ce and:a second
fluorescent material represented by general formula Re,Al;0,,:Ce,

20 where 0Oss<l and Re is at least oné selected from ¥, Gd and La.

Also in the light emitting device of the present
invention, in order to control the Qavelength df emitted light,
the phosphor may be an yttrium-aluminum-garnet fluorescent
material containing a fi_rst fluorescent material and a second

25 fluorescent material, with different parts of each yttrium

being substituted with gadolinium.



bei ng substituted with gadolinium 9 Further in the light emtting device
of the present invention, it is preferable that nain em ssion peak of the
Iidht emtting component is set within the range from 400 nm to 530 nm and
mai n em ssi on wavel ength of the phosphor is set 5 to be |Ionger than the
mai n eni ssi on peak Birther |ighthenlighbgemdatpiogedevithi ofmakes prepossi bl e
to efficiently emt white light. Further in the light emtting device of
the presemventimnt i bh, it pseferdklablthathanaihe emightoanpéalg dfayelie of
10 the light emtting conponent contains a galliumnitride sem conductor

whi ch contights émitiirgt hempbmephoisi sen witthin uthel nahgamfgamet00 nm
fluorescent material wherein-a part of. A in the yttriumalum num garnet
fluorescert 330 sybsanduradn eppicaien whaelehgtpr oforthieophofs pBanrAl is ssekt hin
the range from15 1:1 to 4:6 and a part of Y in. the

yttri um R uRtEshdihan |the dsidhtentsssimstbeak ef byhesdl szht hamithieng
proportion of Y:Gd is within the range from4:1 to 2:3. Absorption

spect r umCHFHPIRNhospReF WRKER iiE ReEsdpledtas eddiciebsdyalsovie shbike
good agreenent with that of light emtted by. the light 20 enmtting
conponent th contains galliumnitride sem conductor including In as the

of fici oncy (1 gt oiEiier S FRBEAGDT Smito e devgRe. corihiar Baesgnt
m xing blue light emtted by _the Light emtting,.conponent aand fl uorescent
ot 25 A uor b tonPIEaEEapyr) Khaty the( SLERENERGEE408d Jaeh oF

10 the 1light emitting component contains a gallium nitride
semiconductor which contains In, and the phosphor is an
yttrium-aluminum-garnet fluorescent material wherein a -part of
Al in the yttrium-aluminum-garnet fluorescenﬁ is substituted
by Ga so that the proportion of Ga:Al is within the range from

15 1:1 to 4:6 and a part of Y in the yttrium-aluminum-garnet
fluorescent 1is substituted by Gd so that the proportioﬁ of
Y:Gd is within the range from 4:1 to 2:3. Absorption spectrum
of the phosphor w.hich is controlled as described above shows
good agreement with that of 1light emitted by. the 1light

20 emitting component 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 1light
emitted by the light emitting c_:omponént aﬁd fluorescent light

25 of the fluorescent material, is a white light of good color

rendering and, in this regard, an excellent light emitting'

10



rendering and, in this regard, an excellent light emtting 10 device can
be provided. The light emtting device according to one enbodi ment of the
préesent i nvention conprises a substantially rectangular optical guide
plate provided with the light 5 emtting conponent nounted on one side face
t hereof vja the phosphor and surfaces of which except for one principal

surface H¥SHIHhPLABLPVEGFEred with a reflective material, wherein a

| ight emtted by the |ight, ﬁnitting conmponent js. turned into a planar
light by the phosphbh® andifRE optRtbFing. ARG apecrrding betan mrPut
fromthe pringipal surface of the optical guide plate. The |light emtting.
devi ce aé%@?%ﬁ%é%ﬁQ) o?%%rpr%ﬁ%BHiﬁgﬂﬁn5ﬂoﬂh@°ﬂﬂé§§ﬁﬁiﬁnﬁ#ﬁﬁ%ﬁﬁ?@ﬁl%ﬁ
substanti al | rectangul ar qptical, guide plate, which is provided with the
15 1i ght re‘?ﬁ‘%létff% acfong’é’r%ﬁﬁm?r‘hlé’& o SiRfEVIARSE thidrieoftmid Light

xcapt 1 S eRpaReal paRRSE R ERRsFaHe 7 Chberentuim dhe
component i Thed i 89536381 aRr FRFD by THREoptPEaloREl det Prateahing
QUi doprate e TES o ent B e, e R BA REERTs BHSERER S Rrob T on
hos o FRAERLN dRn GAIDEASBY, 06! i S04 RS o'
turned into a planar light by the phosphor and the optical
10 guide plate and to be an output from the principal surface of
the optical guide plate.

The light emitting_ device according to another
embodiment of the present invention has a substantially
rectangular optical guide plate, which is provided with the

15 light emitting component mounted on one side face thereof and
the phosphor installed on oné principal surface with surfaces
thereof and except for the principal surface being
substantially covered with a reflective material, wherein a
light emitted by the light emitting component is turned into a

20 planar liéht by the optical guide plate and the phosphor, to
be an output from the principal surface of the optical guide
plate. | |

The LED display device according to the present
invention has an' LED display device comprising the 1light

25 emitting devices of the present.invention arranged in a ﬁatrix

and a drive circuit which drives the LED display device

11



and a drive circuit which drives the LED display device . 11 according to

di splay data which is input thereto. This configuration nakes it possible
to provide a relatively |low priced LED di spl ay device which is capabl e of
hi gh-definition display with | ess col or unevenness due to the view ng
angle. 5 The light emtting diode according.to one enbodi nent of the
present iavcentdiog ceoprddsplag noavs |wedehavisgiapeep 8pdracbead; q@pd ED
chip nounted in the cup of the mount lead w th one of el ectrodes being
electricwdqﬁigunanﬂanimake$eit1@omsdmﬂd(xﬂtpfb&iagsaa&ﬂﬂhtqgguyngow_
material filling the cup to cover the LED chip; and a |light emtting di ode
havi ng a prilcgichd.Emt@isplay wiechceowhisht He IdERablied covierdo-dé inithion
coating material 15 including the cup of the-nmount |ead, the inner |ead
and anotdisplelyestitddd asfs tdod drEMnevignnastedien tiohe hleER iehiipgi analei.tri de
conmpound sem conductor and the coating material contains at |east one

el e®ent sel ected fFnlightyreupttonsidiode afcofding tSe,oren, enbdiingeBm  at
20 | east one elenment selected fromthe group consisting of Al, Ga and In
and a ph&dpide RrRsemt davieatidneospudmestat erial  activated with cerium
The phosphor used in the light emtting diode of the present invention
preferably contai n &PYR% 1A DA IA 2P @ncher Y¥eashr escent materi al

that contains Y and Al. . .
an LED chip mounted in the cup of the mount lead

with one of electrodes being electrically connected to the
10 " mount lead; |
| a transparent'coating'material filling the cup to
cover the LED chip; and |
a light emitting diode having a molding material
which covers the LED chip'coﬁered with the coating material
15 including the cup of the mount lead, the inner lead aﬁd
another electrode of the LED chip, wherein
the LED chip is a nitride cémpound semiconductor and
. the coating material contains at-least.one element selected
from the group consisting of Y, Lu, Sc, La, Gd and Sm, at
20 least one element selected from the group consisting of Al, Ga
"and In and a phosphor made of garnet fluorescent material
activated with cerium. _ |
The phosphor used in the light emitting diode of the
present invention preferably contains an yttrium-aluminum-
25 garnet fluorescent material that contains Y and Al.

In the light emitting diode of the present invention,

12



In the light emtting diode of the present invention, 12 the phosphor may
be.a fluorescent material represented by a general fornula (Rel _rSm) 3
(Al _,G,) 5012 : Ce, ' where O0..qr<l and 0:5s:51 and Re is at |east one
selected fromY and Gd. Also in the light emtting diode of the present 5
I nvention, a fluorescent material represented by a general formula

(Y, .4 r EHSCEYSADNCT (MRY bead Sbuoresgent mederdelt heeprasasgtest , byher e
Osps0. 8, 0.001:590s0.2, 0.0003:5r::50.08 and 0---.s:51. In the |ight .
em tti ng9gnggélofornelpr dfent-SMnséALli-oB2.) sPhe Cehosiere Psekdr alnd/ Gxawlai n
two or nor ﬁétniun}ahuninun} 10 garnet fluorescent materials, activated
Wi th cer?@ﬁl f 18i fFel EAPLcBRBOSPLPEREDi AEPBAENANY GAd A, in order to

control the enTttﬁﬂ light tqQ a desired wavelength. In the light emtting
di ode of the presefit-SPnvERtidiE L¢P aFTYECERS. Brodfor eLf I the edz@Rent

(Rep. r S Vs nEAPRy BGE L SEIPe N, MRS LEbe SAPERRPet 1 Binch RETeT ooy

el r _ : ; : Sr : nd” Re.

cont ol ERERGHE: { e oM 8 I de bt Fod dohendiY. IRt hPRght 28n (g
repr osenBUISBICE HEREraP-Pel ntr a0 A0 RETS: 4 § “eeditea Unara dssla
repr esen ! a la ™A, ) S X d .
fl t terimal t ed Ry s | f I 5 - Ce . b
used ae the phosphar WESF i8S, Phing iRg RIS o chY BrARERE hestaciy, ©°

ggvgrgngﬁﬁéi@Hygﬂﬂbﬂ(bf§¥gféylﬁrE%ﬁﬁgfﬁegwozérlthE S%E}faﬁgéfﬁ%inum—
10 garnet fluorescent materials, activated with cerium, of
differenf cdmpositions including Y and Al, iﬁ order to control
the emitted light to a desired wavelength.

In ?he light emitting diode of the present invention,
similarly, two. or more fluorescent materials of different
15- compositions represented by a general formula (Re,  Sm.) (A1,
4G3,)s0,;:Ce, where 0Osr<l and O0sssl and Re is at least one
selected from Y and Gd may be used as the phosphor in order to

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

25 light to a desired wavelength.

In the light emitting diode of the present invention,

13



In the light emtting diode of the present invention, 13 simlarly,
yttriumal um num garnet fluorescent material a first fluorescent material
and a second fluorescent material may be used wherein a part of yttriumin
the first_and, second flugrescent materials is substituted with gadolinium
to 5 diff3FEh3aG fee¥tBFl§{95§$P’E‘ﬁP%ngé§nﬁﬁe gloosescentn @at@riad a
control the enigged Iight to a desired wavel ength. Generally, .a fluorescent

material Whith AZBUBFESCePEgmRtsridlsiind Aar@congt H unresdeans: | ngberbil a

| h_has higher effici h fl ial 10 which
aboorbs. | Rgh oer w28 G BRE Bl Bngr Tty ok TR G GhS oL EHforandaer ERGL .

gt Unaheao Rt R B PRt U8 mpaent RS R o it AR LIIght Ehat
ot om EE RGeS PR fr Bt SR O, ChorpheeRad pote Owat to-
or o1 o1 abl ST EAr L rey B B S Bk o ST A TS component be set
Vi sible 11 ght rogi o ShAT0" makn ey REPRREn G AREREERT or R HE pRBRRERS be

set to beiigmgeros . thasddia MYy ABRAPN RGEK o Etghelk%ﬁ@t §E1t%irfbng
i g €d Dy the

conponent. “~Wth this .arrangenent, bDecause conve

he | Lght om Lt rhg conponcrrs (SR NY EhEl B Rrr i T ghee
em10ing weiPPnepsoLveN1MgRE bheal 18y wavelength and emits light of a
short wavelength. It is preferable to use a light emitting
component which emits visible light than a light emitting
component which emits ultraviolet 1light ﬁhat degrades resin
(molding material,_ coating material, etc.). Thus for the
15 .light emitting diode of the present invention, for the purpose
of improving the 1light emitting efficiency and ensure long
life, it is preferable that main emission peak of the 1light
emitting component be set within a.relatively short wavelength
range of 400 nm to 530 nm in the visible light region, and
.20 main emission. wavelength of the phosphor be set to be longer
-than the main emission peak of the light emitting component.
With this .arrangement, because light converted by the
fluorescent material has longer wavelength than thaﬁ of light
emitted by the light emitting component, it will not be
25 absorbed by the light emitting component even when the light

emitting component is irradiated with 1light which has been

14



emtting conponent is irradiated with |ight which has been 14 reflected
and converted by the fluorescent material (since the energy of the
converted light is less than the band gap energy). Thus the |ight which
has been reflected by the fluorescent material or the like is reflected by

L0, A8 S 00 S O B BT R
accor di ng T ho SenbbE mH I I 116 S88nc e o, Pho. PaRTs Gap

he. onbod T 5 1 iRt 3nef 1180k e 2" B "F et oy ntihe
cori um usel S GHE ¢ RLBRiRgC P te 1R P AT B ERS e«
et Pvat o g e ey e T R e e (R e TR f on
20 Fig. %fﬁ@i&f@p%ﬁwﬁgohh%o%@iﬁeqn spectrumof the light emtting

di ode of the first enbodinent of the present invention. Fig. 5Ais a graph

showi ng tE¥er X GEHRIHIGT IREOF v Hraldididgt tri um al um num garnet f|l uorescent
material activated 25 by. ceriumused in the second enbodi nent of the

pr esent Fig. 1 is a schematic sectional view of a lead type
light emitting diode according to the embodiment of the

10 preéent invention.

Fig. 2 is a.schematic sectional view of a tip type
light emitting diode .acc0rding to the embodiment of the
present invention.

Fig. 3A is a graph showing the excitation spectrum _

15 of the garnet fluorescent material activated by.cerium used in
the first embodiment of the present invention.

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

20 Fig. 4 is a graph showing the emission spectrum of
the 1light emitting diode of the first lembodiment of the
present invention. |

Fig. 5A is a graph showing the excitation spectrum
of the yttrium—aluminum—gardet fluorescent material activated

25 by . cerium used in the. second embodiment of the present

invention.

15



invention. 15 Fig. 5B is a graph show ng the em ssion spectrumof the
yttriumal um num garnet fluorescent material activated by ceriumused in

t he/ second enbodi ment of the present invention.. Fig. 6 shows the
chromaticity diagramof light 5 emtted by the light emtting diode of the
second enbodi ment, Fighi | 8B pbé nas ghaphd sBowidiar atles tdrei coi o sspéctight of
emtted by .the |ight emtting conponent and points C and D indicate the
col ors ofthe grtteimtabuminumedkrnefs Slupkesphots materFiaj. dctikvatestheyatic
sectional view of the planar I|ight source according to another enbodi nent
of the preayerim usedn dihe Fepod enhodigtentatot e tioesentyi igweft it her
pl anar light source different fromthat of Fig. 7. 15 Fig. 9 is a schematic
sectional view of aftdher6 Fhws [thght chyomed idiiftver dimgiraom ofioskightFi g.
7 and Fig. 8. Fig. 10 is. a block diagram 10 of a display device which is
an appl i ERYPOILY nehr dight PRYEREPENdipdg off the aserand verhediment, LED
di splay device of 20 the display device of Fig. 10. Fig. 12 is a plan view
of the L %ﬁ%play device wherein one pixel is constituted fromfour Iight
emtting diodes,includi n%nt he.li ght em %nq% di ode of _the present '

i nvention and YPYEES i A REBILGREPs & 1Pra 3afsHewhtt itk t Y of

durabl e [éﬁg if&ﬁtoémitting component and points C and D indicate the

colors of light emitted by two kinds of phosphors.

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

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

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

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

"which is an application of the present invention.
| Fig. 11 is a plan view of the LED display device of

20 the-display device of Fig. 10.

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

25 : Fig. 13A shows the results of durable life test 6f

the light emitting diodes of Example 1 and Comparative Example

16



the light emtting diodes of Exanple 1 and Conparative Exanple 16 1,
showi ng the results at 25C and Fig. 13B shows the results of durable life
test of the light emtting diodes of Exanple 1 and Conparative Exanple 1,
showi ng the results at 60C and 90%H. 5 Fig. 14A shows the results of

weat her afli/l ishowigsy e Eesupte atapd°Coandr atigye 1B8AENRrs2 tHOW &, The
change of _|um nance retaining ratio with time and Fig. 14B shows the

resul ts &F Wgabdeadiifiq rasdstofftiRx anght Semitt Bonpaiadds e f Eoeanmp e 21
showi ng the color tone before and after the test. 10 Fig. 15A shows the
resul ts &0 eFPmPRYative edixasipleExhnplshoviaml €hapareatilts Exanm@0ec? ShdwW ng
the rel ationship between the |um nance retaining ratio and tinme, and Fig.
15B is ZQO&IRéIph showi ng the rel ationship between color tone and tinme. 15
Fi 9 16 is a chromatj city, diagram showi ng the range of color tone which
can>be obtai ned wi % 114htSRHT t§hR) T oHes viif cheaimiateisl ithe testoreScent

mat eri al ho in Table. 1 and _blue LED having peak wavel ength at 465 nm
Fig. 17 i%?%glp\é%r oﬂatﬁ%‘itgoapéﬁﬁﬁr’nv%o%‘?fb?%%e 2 h&hgeingo the cehangeoref when

the concgl ri%tai n of fluorescent .material s changed in the light emtting
co

di ode whic CnesS YR PY udPEdCe W - Rt &8 s23GoRrgin bl hewandEie ue
SRR S L N TR R
Example 2 showing the color tone before and after the test..

10 Fig. 15A shows the results of reliability test of
Example 9 and Comparative Example 2 showing the relationship
between ﬁhe luminénce retaining ratio and time, and Fig. 15B
is a graph showing the relationship between color tone and
time. |

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

Fig. 17 is a chromatiéity diagram showing the change.

20 in color tone _whe'n the concentration of fluorescent material
is changed in the light emitting diode which combines the
fluorescent materials shown in Table 1 and blue LED :having
peak wavelength at 465 nm.

Fig. 18A shows the emission spectrum of the phosphor

25 (Y,.6Gd,.,) :AL0,,:Ce of Example 18A.

Fig. 18B shows the emission spectrum of the light

17



Fig. 18B shows the em ssion spectrumof the light 17 emitting conponent of
Exanpl e 18B having the em ssion peak wavel ength of 460nm Fig. 18C shows
the em ssion spectrumof the light emtting diode of Exanple 2. 5 Fig. 19A
shows the eni ssion spectrum of the phosphor ( Y, 2Cd,.,),Al15012 : Ce of
Exanple 5. Fig. 19B shows the emi ssion spectrumof. the light emtting

conponent ﬂt@@phg haxt NG £ hgxeRb$al ofgpe \Nav gt.h.af .450 r 10
Fi g. ,1QCeshovvs the eﬁ?gsi on spect}r(uﬁTbgg ?ﬂseé)l ?liéﬁtl%efnéﬁl %"g‘lgféég‘ Eﬁréak
Exanpl € S¢avdi®endGA shaygnddle em ssion spectrum of the phosphor YSAL5012:
Ce of Exanple 6. Fig. 20B shows -the em ssion spectrumof the light 15

em tting conponent mfgFxaspl eHowiaving temsg%%sisgnelﬁzﬁitin Mver:'n%ngi{g?ﬁé

450nm Fig. 20C shows the em ssion spectrumof th emtting di ode of

Exanpl e Gemiftitgi.n A e st tmn@ﬁesai_on spectrum of the phosphor 20
Y3(Al 0. 5Gao. 5)5012: Ce of the seventh enbodi.nent of the present _invention

Fi 9.5 21B shows the Eigssiam speed rie odmidei bh dbectoin oo KONPROSH o Lf
Exanpl e .7 having the em ssion peak wavel ength of 450nm - -
(Y,.,Gdy.5)sAL;0,,:Ce of Example 5. : _
| Fig. 19B shows the emission spectrum of. the light.

emitting component of Example 5 having the emission peak

wavelength of 450nm.

/

10 Fig. 19C shows the emission spectrum of the light
emitting diode of Example 5. '
Fig. 20A shows the emission spectrum of the phdsphor
Y;Al,0,,:Ce of Example 6.
Fig. 20B shows the'eﬁission spectrum of the light
15 emitting component of Example 6 having the emission peak
wavelength of 450nm.
Fig. 20cC shows the emission spectrum of the light
emitting diode of Example 6.
Fig. 21A shows the emission spectrum of the phosphor
20 Y,(Al, sGa, )s0,,:Ce of the seventh embodiment of the present
inventibn |
| Fig. 21B shows the emission sPectrum of the light
emitting component of Example 7 having the emission peak
wavelength of 450nm.
25 Fig. 21C shows the emission spectrum of the liéht

emitting diode of Example 7.
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25 Fig. 21C shows the em ssion spectrumof the light emtting diode of
Exanple 7. 18 Fig. 22A shows the em ssion spectrum of the phosphor

(Yo. 8Gdo. 2) 3A15012 : Ce of Exanple 11. Fig. 22B shows the enission
spectrum of -t he phosphor (YO0.4GdO0.6) 3AI5012 : Ce of Exanple 11. 5. Fig.

22C shows the enisgLon 3 ect%gn1of t he Light emtting congonent of Exanpl e
11. havi ng the emni $%n 4FEaR NOWSy &REn G SSLOR7 SRRC LIS, O0f3thRoRSOSRBOL

em ssi on ,spectru f the |i enjttjng di ode of Exanple 11. 10 DETAI LED
DESCRIPTK%ﬁﬂéémfﬂégﬁhEﬁ%ﬁﬁﬁgﬁéﬁﬁﬁéﬁ?W%J%S Now referring to the attached

dr awi ngs, preferre%“ engeggngpts g& t he .present ‘invention will be described
bel ow. A light enit&ng“d §FEWToF 6 PGS 1PN SPRALEAR CypEhei BROSBRPELI ng

di ode hayi tal in | ead 15 106, "' w. her ei |'i ght

e 1 g (ConganeTt LiB2 T8 ShoPATRME ohis cup 1053, of {he mount | ead 105
det h 105a i .4 j || ] t in_101 whi ch cont ai

pedi 11ed phosphor Ti% ciuter ShRHS K SRFRTTRh EBRAGAUR: SfootBac ighhol ded

i iR, AR | ¢ f t.he |jght dttd 20

comonent™iG3 3% SomRIEnd B RfhBik! L daros%nb i) Bak106

respectiw%bgleQﬁt@eg@s4gme.res 103. In the light enmitting diode
constituted as described above, part of light emtted by the Iight

ETCHL ng conponent Filg:ED2 $hishbk02e kDeehisRdliber 5LEEFGH b2 ahdERibhaht)
emitting diode of Example 11.
10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Now referring to the attached drawings, preferred
embodiments of the present'invention will be described below.
A light emitting diodellbo of Fig. 1 is a lead type
light emitting diode having a mount lead 105 and an inner lead
15 106, wherein a light emitting componént 102 is installed on a
cup 105a. of the mount lead 105, and the cup 105a is filled
with a coating resin 101 which contains a specified phosphor
to cover the light emitting component 102 and is molded in
resin. An n electrode and a p electrode of the light emitting
20 component 102 are connected to the mount.lead 105 and the
inner lead 106, respectively; by means of wires 103.
In the light emitting diode constituted as described
above, part of light emitted by the light emitting component
(LED chip) 102 (hereinafter referred to as LED light) excites

25 the phosphor contained in the coating resin 101 to generate

fluorescent light having a wavelength different from that of
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25 the phosphor contained in the coating resin 101 to generate fluorescent
i ght having a wavel ength different fromthat of 19 LED |ight, so that the
fluorescent light emtted by the phosphor and LED |ight which is output

W thout contributing to the excitation of the phosphor are nixed and
output. As a result, the light emtting diode 100 al so outputs I|ight

havi ng 5 LEERaJdighigt hsai f Ebatntthe ofilveatessferltED Lliightt emiitted byyt hiehe

| ight emitting conponent 102. Fig. 2 shows a chip type light emtting

di ode, \VPRISPHPY igpd IER t1ighf d«fglwﬁx (AEPetpyy eihost i oentat imgimg ato
recess of a casing 204 which is filled with a coating material 10 which
cont ai ns B peEFrifealiphoshothe oPhespharceate ngized. angheodtimitt. eniftst iag
conmponent 202 is fixed by using an epox resin or the |ike which contains

Ag, for @Fipte, Ehf Akt @rdcting Jé?%ealq)o e21%9 roepwts t hight gaving
-emttfing co ongnt Zgé,%re connected to nmetal _term nals 205 installed on
the A5 cali ¥gvebangih n@ihepent o Agar: ith@ twioeslBP31 ightt aidhes Mppethei ght
emtting diode constituted as described above, simlarly to the |ead type
i ght emf’f%hfg b g FGPonenty 1ffescent light enmitted by the phosphor

and LED light which_is tyansmtted wthout being .absorbed by the phosphor
are nixed 20 and ouf Pt j;os?’ﬁéﬁs t e ThHAt BRS tlgﬁ'g% oﬂ@lﬁﬁgnﬁl s‘i’)f%%?puts

[ gnt emtATrEECHERTE R B Lg Eboi PEER BhiBy ggud otnatnt e
phosphor Pécesgsescgfigegamg% @@Swlltfcﬁl ffé lPﬂfgdfngtt:tlljr-gséoating materiall
10 which contains a specified phosphor to form a coating 201.
The light emitting .component 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
15 casing 204 by meané_ of conductive wires 203. In the ch&.p type
light emitting diode constituted as described above, similarly
to the lead type light emitting diode of Fig. 1, fluorescent
light emitted by the phosphor and LED 1light which is
transmitted without being absorbed by the phosphor are mixed
20 and output, so that the light emitting diode 200 also outputs
light having a wavelength different frém that of LED 1light
'emitted by the light emitting component 202.
The light emitting diode coﬁtaining the phosphor as
described above has the following features.

25 - 1. Light emitted by a light emitting component

(LED) is usually emitted through an electrode which supplies
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25 1. Light emtted by. a light emtting conponent (LED) is usually
emitted through an el ectrode which supplies 20 electric power to the |ight
emtting conmponent. Emitted light is partly blocked by the electrode
formed on the light emtting conponent resulting in a particular. em ssion
pattern, and is therefore not emtted -uniformy in every direction. 5 The
| i ght enefllecagidi pdwewhtohtbenlaght enéttlingr esmpohentat eEmdlttedoddgdit, can
emt light uniformy over a wide range w thout form ng undesirable '
em ssi onigat perbtlpechiigeketie By ghthe | lartnate afffieemedski g dithfeusddgint t he
fluorescent material. 2. Although light enmitted by the light emitting 10
conponen?mGEE9P9h§§m§°ﬁ§ﬁ6cﬁﬁéﬁgtF@gpéakﬁ PREticak ars epvisgd onapad g hi gh
color rendering property. This characteristic nakes an indispensable
advant ag@nfloriantagpeifeae owrwheahttedquinetormiel dngteceny airecidionel v

w de range. Light source for an optical inmge scanner, for exanple, is
desir abl &heo  11ghfayEmadthiagr E/Pdsi oDASRKk. CPREAINGht thE t HlYPIES6EaE: of
the first and ,second enbodinents to be descrijbed bel ow have the

conf i gur BEEF iefowhOWeN SEirg CaR SIE gLight e BTALBLY | gWer efti Wirsy LeSFSonent

' The VRGHIEYT SGFBH A A aFEPLE| SPLPRICANGrCLAED BerBRREd Hrond 1o
and | cos MHoaTISaEoRtEFE PARRS BrPEursl bFr FBFeRLyoRRacPRLonEBesiatni 11
over an extended %ﬁrioiiﬂhéﬁﬁﬂ light emitted by the light emitting
10 component (LED) has a monochrométic'peak, the_peak.is broad
and has high color rendering property. This characteristic
makes an' indispensable advaﬁtage for an application which
requifes.wavelengths of a relatively wide range. Light source
for an optical image scanner, for ekample, is desirable to
15  have a wider emission peak. | |
The light emitting diodes of the first and second
embodiments to be described below have the configuration shown
in Fig. 1 or Fig. 2 wherein a light emitting component which
uses nitride compound semiconductor having relatively high
20 enérgy in the visible region and algmrticular phosphor are
combined, and have such favorable properties as capability to
emit light of high luminance and 1less degradation of.lighf
emission efficiency and less color shift over an extended
period of use.
25 u In general, a fluorescent material which absorbs

light of a short wavelength and emits 1light of a 1long
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25 In general, a fluorescent material which absorbs |ight of a short

wavel ength and emts light of a long 21 wavel ength has hi gher efficiency
than a fluorescent material which absorbs. light of a | ong wavel ength and
emits light of a short wavelength, and therefore it is preferable to use a
nitride gﬁﬁf%kﬁb@%%nhé%n@&@@@ﬁ leffhkckenay i hiyan oapdiantreddentt Smasecighabl e
of emtting blue light of short wavelength. It needs not to say that the
use of a YhHH W??gﬁ’%glé‘é%oﬁﬁn? lpag wgvieilgnatbriamencmits griefler adf ea A
phosphor to be used_in conbination with the nitride conpound sem conduct or
light eni$i9Mly #GvSoREAtusand 1¢hexafanee 16l liswi pgefegeblenerd suse. a
Excel l ent_resjstance against light to endure light of a high intensity for
a |l ong pé?’rtbrd"%? TPRROURE c §584COPRECEPE 0 A ShEN teMAitdimical companrsital wheikh n

t he %’i Ci anI%yF%fpghgg flgaggﬁ?_ggllé%l n congg&ﬂegt sélOZr),@étOZ andbi S egposed to
| i ghit of : t ST 28. 18 tHavesength. | i gkt .
2. Capability. t flficiently. emt light in_blue, K region for the excitation
by maags %%eﬁeg?lggﬁp ésrﬁift]\‘/lﬁft %Bﬁ%ﬁfﬁ t‘léf 1B|2_,llﬁ?£ Wéfi:t lﬁ(ﬂ%?@f:‘?ftn% ors
I s used, e'CﬂHﬁB!eo emtti ue light, not ultraviolet ray,
with a ff)g‘ﬁllg(ﬂ lgﬁ?m encya.mcf %saﬁa%?f%%]teo' emt light fromgreento red
regions for the purpo 1 X W, t | | i,ght to, generate ite light.
4. Cood 'tenperaturegcﬁgr?%%ﬁ@r%s?%c s‘,buél1t g“bﬁ%g fd‘% combgnathp ~with the
nitride compound semiconductor light emitting component must

10 have the following requirements:

1. 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 of the
light'emitting components 102, 202 and is exposed to light of

15 intensity as high as about 30 to 40 times that of sun light.

2. Capability to efficiently emit light in blue
region for the excitation by means of the 1light emitting
components 102, 202. When mixing of colors is used, should be
capable of.emitting blue 1light, not ultraviolet ray, with a

20 high efficiency.

3. capability to emit 1light from green to red
regions for the purpose of mixing with blue light to generate
white light. -

4. Good temperature characteristic suitable for

25 location in the vicinity of the light emitting components 102,

202 and the resultant influence of temperature difference due
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25 location in the vicinity of the light emtting conponents 102, 202 and
the resultant influence of tenperature difference due .22 to heat
generated by the chip when lighting. 5. Capability to continuously change
the color tone in.ternms of the proportion of conposition or ratio of
mxing a plurality of fluorescent materials. 5 6. Watherability for the
oper at i ngcemgdlorgrnrrafied e theyiahigrivhemd igilddag -Enbodi nent 1 The i ght
emtting diode of the first enbodi nent of the present invention enploys a
gal liumnitride conpounePPARLLERY cohdiRMbEnEd tchnngd Hee ¢0Ior chergy
band gap in the light emtting | ayer and is capable of emtting blue |ight,
and a garhet tPHBS pPbrtRR (RRRRVEE R P £ FOMRAS Hkomtpnaxabie ofvmixing sa
~configuratjon, the light emtting diode of the first enbodinment can emt
white | i ghtUBRLbte 'r@%{?e"qf? MAR%HEF 115 by the |ight emitting

co nents 102, 202_and_yel|ow |i.gh mtted by the phosphor excited by
thgn"ﬁl ue |ight. BeCQUSewéﬁg"ﬁﬁﬁhégléﬁogﬁﬁoﬁ’é’ct REAEIRG t B WhPEh i s
used in the Iljght emiting diode of the first enbodinent has |ight

resi st ance %njdgqr\l%%t%%tb]i'%t -,O%‘ can 20 enmit light with extremely snall
degr ees ift and decrease in the |um nance of emtted |ight even
when i r%ﬁ%%%e%€ 1\/ery intense light emtted by the light emtting

conponents 102, 202qp}gcet gfl | BnliRE;XHCHILEY Qi | PNL LU0k 1. 0dnd | OF

the present invention employs a gallium nitride compound

10 semiconductor element which has high-energy band gap in the

light emitting layer and is capable of emitfing blue light,

and a garnet phosphor activated with cerium in combination.

With this éonfiguration, the light emitting diode of the first

embodiment can emit white light by blending blue light emitted

15. by the 1light emitting 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 1light emitting diode of the first
embodiméht has 1light fesistance and weatherability, it can

20 emit light with extremely small degrees of color shift and
decrease in the luminance of emitted 1light even when
irradiated by very intense light emitted by the light'emitting
components 102,.202 located in the vicinity over a long period
of time.

25 Components of the light emitting diode of the first

embodiment will be described in detail below.
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25 Conponents of the light emtting diode of the first enbodinent wll be
described in detail below. 23 1 ' (Phosphor) The phosphor used in the light
enm’tting diode of the first enbodinent is a phosphor which, when excited
by visible light or ultraviolet ray emtted by the sem conductor light 5
emtting layer, emts light of a wavelength different from that of the
exci ti ng(Phgbphoffihe phosphor is specifically garnet fluorescent materi al
activated with ceriumwhich contains at | east one el ement selected fromY,
Lu, Sc, La, Gd an@h&nphndphtr|vasd bnetbkéelightsehittbngfdiboddl of Gahand
In. 10 According to the present invention, the fluorescent material is

pr ef er abEgrgtt embadanentnim gaphetsphiowondsicdnt whedrereat i tddrAfy phbsphbe )
activated with cerium or a fluorescent material represented by general .
formul a {Reht 9x )ultxayiglet Gray) e@ittede, bnhtshe Grmikemithadsss|lightd Re
is at least one 15 selected fromY and Gd.. In case the LED light enmtted
by $he eRghRtiegi thaveyF cofPbdhentliahy o9fng t Hevedehgtim mitfifiedentc ofiponind
sem conductor and the fluorescent |light emtted by the phosphor having

yel | ow bbBgtcbr thee §¥CIHNG eldghén of Theonphespherr yiscospesifivaridycol or

.can be outgut-byﬁglending 20 the LED light, and the fluorescent light. In
the firsP2ERBEdi reHPreBEERTs e MAE PR plRGTt ivategsed Hyh bl Epih WYy wWERECH

resin which makes the co tin% resin 101 _and the coatin%lnaterial 201
(detaileaopﬁﬁépf,a OESPSEOH. element selected from Y, 1u, Sc, La, Gd

and Sm and at least one element selected from Al, Ga and In.
10 According to the present invention, the fluorescent maﬁerial
is preferably yttrium-aluminum-garnet fluo:escént matérial
(YAG phosphor) activated with cerium, or a fluorescent
material represented by generél . formula (Re,_.Sm. ), (AL,
Ga,)0,,:Ce, where 0sr<l and Osssl, _and Re 1is at ieast one
15 selected from Y and Gd. In case the LED light emitted.by the
light emitting component employing the galiium nitride
compound semiconductor and the fluorescent light emitted by
the phosphor having yellow body color are in the relation.of
complementary colors, white color can be output by blending
20 the LED light and the fluorescent light.
In the first embodiment, because the phosphor is
used by blending with a resin which makes thé coatiﬁg resin
101 and the coating material 201 (detailed later), coldr tone
of the lighﬁ emitting diode can be adjusted including white
25 and incandescent lamp color by conﬁrolling the mixing

proportion with the resin or the quantity used in filling the
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of the light emtting diode can be adjusted including white 25 and
|ncandescent | anp color by controlling the mxing proportion with the
resin or the quantity used in filling the 24 cup 105 or the recess of the
casing 204 in accordance to the mavelength of light emtted by the gallium

i Lde g1 gebtLERg caRRaRCHy MSLLLOM 00 f) 1l PERAIBNRE g the

concentr |on 57 Infl'uence al'so on | ‘or

That is, rbx{ copcent LAt oty pft HHOSRNOL pienC sm mf MR L8 SU
| di ME ?e the p o] ? f%ﬁt

t he coatlng or i ng osph s con alne toward the

em tting SOMRONRNoondorRaROMes less likely to be af f ect ed by extraneous
noi sture thereby making it easier to 10 suppress the deterioration due to

moi sture. On the ot@fgtﬁmmmheafthEneongﬁ%mb kN ¢ &dé}h%@%a] nofgases

fromthe light emtting conponent toward the Sur ng, It

becogres n@ ddi@ Yaldd sh alfedabbbRdd BREQRT T a6y Dutrhiesss,
likely to be affected by the heat and radi ation fromthe 1§rllght en1tt|ng

conponentyhdrhush&BkbRgehtr RO56H bbe pﬁogﬁlﬂbtei%crba@egetﬁ*ohprt'ﬂé ogupfadde
phosphor. Such distributions. of the phosphor concentration can be

achi eved &y shkectoaging ocontobiingg vHrarathei ghoMpHdy coBt acontiheed
phosphor, form ng tenperature and viscosity, and the configuration and
particl e t&éamt sthe biiglon efittinghoaglmmentBy itsiberdnes ghasphbi kely the
first enbodinent, light enitting diode having excellent enission

char act erbsstaftfectead lje emitsndmoauseidtherd |Lirssgentakdierital ehsseenough

llgPé suppress the deterioration due to moisture. On the other hand,
when the concentration of phosphor increases from the light
emitting component toward the surface of the molding, it
becomes more likely to be affected by.extraneous_moisture, but
less likely to be affected by the heat and radiation from the
15 light emitting component, thus making it possible to suppress
the deterioration of the phosphor. Such distributions of the
phosphor concentration can be achieved by selecting or
controlling the material which contains the phosphor, forming
temperature and viscosity, and the configuration and particle

20 distribution of the phosphor.
| By using the phosphor of the first embodiment, light
emitting diode having excellent emission characteristics can
be made, because the fluorescent material has énough light
resistance for high-efficient operation even when arranged
25  adjacent to or in the vicinity of the 1light emitting

components 102, 202 with radiation intensity
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resi stance for high-efficient operation even when arranged 25 adjacent to
or inthe vicinity of the light emtting conponents 102, 202 with

radi ation intensity 25 (Ee) within the range from3 Wm 2 to. 10 Wm 2 .
The phosphor used in the first enbodinent is, because of garnet structure,

resistant to heal, whitahh 6RE raRgst grem @nﬁcms thef gf geR-capabl e of
absorbing excitation 5 li-ght having a peak at a wavel ength near 450 nm as

shown in Fig. 3A The abaesgﬁbks bsght oh bkpad spestruenbaviiRend Peak
near 580 nmtailing out to 700 nmas shown in Fig. 3B. Mbdreover,

ef fici enpgcabisexwf edalringht eviastase] n Medagiat oto WRwet ?ngﬁlhjht 46@1de
and hi gher can be increased by including Gd 10 in the crystal of the

phosphor mefistheef,i raid edbodient foMberapgatd eCdo€orit¥rb nd hexedtedion
em ssion peak wavel ength is shifted toward | onger wavel ength and the

ent bre efiightomavipecta upeals shi fd echvealeigtl onger wavelmngidisshdwhs ireans
that, when em ssion of nore reddish light is required, it can 15 be

achi eved Fliiy .i Bar.eaditng lisee eteigreeel ifhis bt brodd ospatt husdhavidhgn at e a®&l
content is increased, |lum nance of light emtted by photol um nescence
under bl nealri gh80t emdstadlingr ease. tRsp@fPal iy Wsenspawn ofnAlFig. 3B:
substituted with Ga anong the conposition of YAG fluorescent nateri al
having Morgavesy effdeigney wdvexsigiad dfightl terissigntishaf regionacd
shorter wavel ength and, when part of Y is substituted with Gd, wavel ength
of em tté’@vﬁlgﬁgt@ﬁl £68 tl@waflé hdg§er ravebendnireasgdl byl isgrdne inge Gd

corrp05| tioon and light emtting
in the crystal of the phosphor of the first embodiment. When

the Gd content is increased, emission peak wavelength is
shifted toward longer wavelength and the entire emission
spectrum is shifted toward longer wavelengths. This means
that, when emission of more reddish ligﬁt is required, it can
15 - be achieved by inCreasing the degree of substitution.with Gd.
When the Gd content is increased, luminance of light emifted
by photoluminescence under blue light ﬁends to decrease.
Especially when part of“Al is substituted with Ga
among the composition of YAG fluorescent material having
20 garnet structure, wavelength of emitted 1light shifts toward
shorter wavelength and, when part of Y is substituted with Gd,
wavelength of emitted light Shifts toward longer wavelength.
Table 1 shows the composition and light emitting
characteristics of YAG fluorescent material represented by

25 general formula (Y, ,Gd,);(Al,.Ga,)s0,,:Ce.
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characteristics of YAG fluorescent materi al
formula (Y, _,Gd,)3(Al_bGab)5012: Ce. 26 1 '
Tn N1-4 Ln IDIDcr MNTr-I
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Efficiency
100
63
67

108

113

113

86

Luminance
Y
100
61
55

102

102

97

72

0.56
0.56
5

0.53

0.52

0.51

0.50

0.32
2

CIE chromaticity
coordinates
0.41

0.45

.47

0

0.49

0.50

Ga content
b (molar ratio)
O.o
0.4

0.0

0.0

Gd content
a (molar ratio)
0.0
0.0

0.2

0.4

0.6

0.8

No.
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cCO C7~ O rl NGQUOOONct wO 0d) UCUooOC- OO 0O Ltd

r-1a) HO'- 1 NmV U IO N z H 27 Values shown in Table 1 were

measured by exciting the fluorescent material with blue light of 460nm

Lum nance and efficiency in Table 1 are given in values relative to those

of material No. 1 which are set to 100. 5 Wen substituting Al with Ga, the

proportion is pref% s . shewWhi Ant Rablegd Wegim easairced 1byo ex®itiing
consi deration of the em ssion efficiency and eni ssiaon wavel ength.

Si mi | ar | Ehavfdmonasaantuiiateread (i, biwe light of 460nm. Luminance
and efficiency'in Table 1 are given in values relative to.
those of material No. 1 which are set to iOO.

5 When substituting Al 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. Simiiarly, when substituting Y with Gd, the
proportion is preferably within the range from Y: Gd=9:1 to

10 1:9, and more preferably from 4:1 to 2:3. It is because a
degree of substitution with Gd below 20% results in a color of
greater green component and less red component, and a degree
of substitution with Gd above 60% results in increased red
~component but rapid decrease in luminance. When the ratio

15 Y:Gd of Y and Gd in the YAG fluorescent material is éet within
the range from 4:1 to 2:3, in particular, a light emitting
diode capable of emitting white light substantially along the
black body radiation locus can be made by using one kind of
yttrium-aluminum-garnet fluorescent material, depending on the

20 emission wavelength of the light emitting component. When the
ratio Y:Gd of Y and Gd in.the YAG fluorescent material is set
within the range from 2:3 to 1:4, a ligﬁt emittiﬁg diode
capable of émitting light of incandescent lamp can be made
though the luminance is low. When the content (degree of

25 substitution) of Ce is set within the range from 0.003 to 0.2,

the relative luminous intensity of light emitting diode of not
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proportion is preferably within the range fromyY: &=9:1 to 10 1-:9, and
nore preferably from4:1 to 2:3. It is because a degree of substitution
with Gd bel ow 20% results in a color of greater green conponent and |ess
red conponent, and a degree .of substitution with Gd above 60% results in

i ncreased _red Q ent _but rapi.d decrease in |um nance. Wien the ratio 15
Y: Gd of %3%&8%“{7?%?%55% efﬁ?g‘rlé"é’ r@%i%ei%o%‘é%nw i$i hesg nEhpRnge

from4: 1.t 0§:3, in.garticukar,. Ii%%t emtting diode capable of emtting
white |i JnPO3ubstHRITATT y TNEERG e OFCEERSESYPREANSR | dhe 0BYSDEEN BE rmde

b [ i;nd _of [ | um t . fl t terial,
depend n6ion~Eho. 88 tR] HEHEGERcnbEn BROFRLLRBRESERRE | HiocoRponSh.
When the ratia Y: GJ of Gd ip-fhe, YAG fl t material is.set
i tni n cReePaget; o b g Lok A 15 et e Gabrotenaiy

em tting_|I .of N escent |anp can be made though the |um nance is
Iom; V%eﬁhkﬁghégﬁtégga?gégree of 25 substitution) of Ce is set wthin the

(Ange T7om 0008 |Gyl epd NSt ALLUR |41 10K kRl Bl A, SRl {0
(e o SRR ORI SIS PR AT, o FLCLER
Comt et FRe S, Cefon 205 g SRR SR B TS hEure, 1,
subst i tUbiBAePYdn e An2brelNe L OAPIHELEN WAl Fher ), ¢ BELEYELERALN ©f
10 part of Y of the composition with Gd. 1In this way, the ligﬁt
color of emission can belchanged céntinuously by changing the
composition. Also the fluorescent material is hardly excited
by Hg emission lines which have such wavelengths as 254 nm and
365 nm,.but is excited with-higheriefficiency by LED 1light
15 emitted by a blue light emitting component having a waQélength
around 450 nm. Thus the fluorescent material has ideal
characteristics for converting blué light of  nitride
semiconductor light emitting component into white ligﬁt, such
as the capability of continuously changing the peak wavelength
20 by 'changing the proportion of Gd. |
According to the first embodiment, the efficiency of
light emission of the liéht emitting diode can be further
improved by combining the light emitting component employing
gallium nitride semiconductor and the phoépho; made by addin§

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

fluorescent materials (YAG) activated with cerium.
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light can be shifted to a | onger wavel ength by substituting 10 part of Y of
hg conposition with Gd. In this way, the light color of em ssion can be
nged continuously by changing the conposition. Also the fluorescent
material is hardly excited by Hg em ssion |lines which have such

wavel engths as 254 Myerichl 45 riRi s dch XGPHARGHMA *1§1' bﬁ;ffdsq_n‘%f'cy
by LED light 15 emtted by a blue light emtting conponent avi

wavel engidx i @0 ¥H0cam cahusmt haaf lap] escest 88 &gshﬁas h@ﬁlbﬂe%'an be
characteristics for converting bl ue light of nitrid sem conductor |1 ght

em tting LYMEneddni&tGedhiheol itHdse SY&RNGeds atthehf@ﬁa@leln Eﬁaeﬁre, and

conti nuously changi ng the peak wavel ength 20 by-c ging-the proportion of

Gd. Accordiffidientlg fimskigpbodnemat . ndeerfdici engy oftoildigimadizsion of
the light emtting diode can be further inproved by conmbining the Iight

eni tg i ng i RinsePl OxhAg Makkuwd nhérlﬂfxé&mﬁmut‘érpr agg%ﬂﬁate
ma

phosphor e by adding 25 rare earth el enent samarium (Sm

yttri um adgfdidy oof nat £IddiorRs C8AEhMBILr Amthn { Gk 136H; at Gﬂ—:é’ﬂ tBsCe i Um
29 Material for making such a phosphor is nade by using oxides of Y, ,

Ce, Sm Allwand &ed oficedpaunds vbieibTanake a easder SOMNEr £86m1 NBGOL hese
oxi des at high tenperature, and sufficiently mxing these materials in

st oi chi onegggealinS OPEsEi ON%o T BolkyL Ur erHeh %H@df%é@ AALRAGIPS it e
quantity of a fluoride such as ammoni um fluoride used as | ux, d’flred

in a crugiiunditby 4eppelaimding fironydSse, tQasﬂé@QCsleBa%hﬁ:eEQr d%lfe‘a %xﬂpurs
Then the fired material is

10 s;eved thereby to obtain the desired material.

In the producing process described above, the
mixture material may also be made by dissolving rare earth
elements Y,'Gd, Ce and Sm in étoichiomet:ical proportions in
an acid, coprecipitéting the solution with oxalic acid and

15 firing the coprecipitate to  obtain an oxide of the
coprecipitate, and then mixing it with aluminum oxide and
gallium oxide.

The phosphor represented by the general formula (Y,.
p-q-rGd,CeSM, ) ,AL0,, can emit light of wavelenéths 460nm and.

20 longer with higher efficiency upon excitation, because Gd is
contained in the crystal. When the content of gadolinium is
incfeased, peak wavelength of emission shifts from 530nm t§ a
longer wavelength up to 570nm, while the entire emission
spectrum also shifts to longer wavelengths. When light . of

25 stronger red shade is needéd, it can be.achieved by increasing

the amount of Gd added for substitution. When the content of
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ground by a ball mll in water, washed, separated, dried and 10 sieved
thereby to obtain the desired material. In the producing process described
above, the mxture material nmay al so be made by dissolving rare earth
elenments Y, Gd, Ce and Smin stoichionetrical proportions in an acid,
coprecipitating the solution with oxalic acid and 15 firing the

copr eci piddit dst oinbi@asedn Mintihaicd hof cphbesilphiabecennd tdreth Mpdu it
wi th al um num oxi.de and gallium oxide. The phosphor represented by the
general fhighd a ¢pgdualrR rédpfedsSes ), Al S@tikroao] t vand obfwayel epgt hs
460nm and. 20 |l onger with higher effici.ency upon excitation, because Gd is
cont ai nechrafdrdublyr yst 8l .onhdowele cont ellreof pgedetabiyma.g bRCrERSEE.
peak wavel ength of em ssion shifts from530nmto a |onger wavelength up to
570nm  whidfrHdie neirtd prefiEradilgn itsHector.bmodl 3ewst.fts to | onger

wavel engt hs. When light. of 25 stronger red shade is needed, it can be
achigved by increasig phdsplomunéppés&ateddpyg the gehsiralutfoamul\dhery t he
content of 30 Gd is increased, |um nance of photol um nescence with bl ue

l'ight gradyddd yege)gases, Iheleding, stal d&nofbep madeprsafiejerd yr6. 8l @ss
| ower, or nore preferably 0.7 or lower. Further nore preferably it is 0.6
or | ower .dépditeptmsphotemperasent edehgyrdhesgenér alhef dimadems@dl content
pq_r GdpCegSnr) 3Al 5012 i ncl udi ng Sm can be nade subject to | ess dependence
on tenperaf uGd.r egahditesss pf thiee phosphsed odrdrensm aofs Gdonthdheds, has
phosphor, when Smis contained, has _
greatly improved emission luminance at higher temperatures..
10 Extent of the improvement increases as the Gd content 1is
increased. Temperature characteristic can be greatly improved
particularly by the addition of Sm in the case of fluorescent
material of such a composition as red shade is strengthened by
increasing the content of Gd, because it has poor temperature
15 characteristics. The temperature characteristic mentioned
here is measured in terms of the ratio (%) of emission
luminance of the fluorescent material at a high temperature
(200°C) relative to the emission luminance of exciting blue
light having a wavelength of 450nm at' the normal temperature
20 (25°C).
The proportion of Sm is preferably within the range
of 0.0003=<r=<0.08 to give temperature characteristic of 60% or
higher. The value of r below this range leads to less effect

of improving the temperature characteristic. When the value

25 of r is above this range, on the contrary, the temperature

characteristic. deteriorates. The range of 0.0007srs0.02 for
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greatly inproved em ssion |um nance at higher tenperatures. 10 Extent of
the inprovenent increases as the Gd content is increased. Tenperature
chdracteristic can be greatly inproved particularly by the addition of Sm
i.n the case of fluorescent material of such a conposition.as red shade is
strengthened by increasing the content of Gd, because it has poor

t enper at te Prajoartacirero £t Smswhéhe temperature dharecteristiic rhextdamersed
here is measured in ternms of the ratio (% of em ssion |um nance of the

f 1 uor esceéfts mat driighleratisa Meirgh desiipebdteure  (200C) relative to the enission
| um nance of exciting blue |ight having a wavel ength of 450nm at the
normal tenperature TiRO pre@ritidmeqpedpdlie i m pfeSaralsliypr therabdangs tdf n
the range of 0.0003srs.0.08 to give tenperature characteristic of 60% or

hi gher. The 05xdq#® .Qf, whiehowakiess redrga vee aael d0 dre damdffaete off 70®rawi ng
the tenperature characteristic. Wen the value 25 of r is above this range,
on tte cdmiglery, pobeibkaper dthe erethiivet emisis iordel emimamtes refeesr amge of
0. 0007srs0.02 for 31 the proportion of Smwhere tenperature characteristic
becones 1802 emiss ifrerlusinpree dési tabne. ofh@encepdeageortoy Wie Genission
preferably in a range of 0.003sgs0.2, which makes relative em ssion

| um nancelwiimgwe ot R Hlgingesasndi materiisd mdlens w=0e®i3ssi on | unm nance
refers to the em ssion lumnance in terms of percentage to the enission

| um nance of a fl udfkererftharapeppartinar ed g 08e Vien 0.8 3proportower q of

Ce is 0.003 or |ower, o
luminance decreases because the number of excited emission

10 centers of photoluminescence due to Ce decreases and, when the
g 1s greater than 0.2, density quenching occurs. Density
quenching refers to the déecrease in emission intensity which
occurs when the concentration of an activation agent added to
increase the 1luminance of the fluorescent material is

15 increased befond an optimum level.

- For the 1light emitting diode of the present
invention, a mixture of two or more kinds of phosphors having
compositions of (Y,,..Gd.CesSm.),Al0,, having different contents
of Al, Ga, ¥ and Gs or Sm may also be uéed; This increases

20 the RGB components and enables the application, for example,
for a full-color 1liquid crystal display device by using a
"color filter.

(Light emitting components 102, 202)
The light emitting component is preferably embedded

25 in a molding material as shown in Fig. 1 and Fig. 2. The

light emitting component used in the light emitting diode of
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| um nance decreases because the nunber of excited em ssion 10 centers of
phat ol um nescence due to Ce decreases and, when the q is greater than 0.2,
densSity ‘quenching occurs. Density quenching refers to the decrease in

em ssion intensity which occurs when the concentration of an activation
agent addgg to increase the | ymnance of the fluorescent material is 15
i ncr eased “BEy o &Pt | MAREREVER. FAF t 1fe | Pahlieni t tiikridiedecomponad
present inventian, a mxtureg of two or nore kinds of phosphors having
conposi t i SARLGPT ?EEqu_FéBE}EéSSrrP)%Aﬁé}Slﬁaﬂlng .gkeitingt &bt egarnesdf
Al,. G, gland Gs o% Sn1na¥.abso be ysed. This increases 20 the RGB
cormponent £ 3R48REBFesMRHETAPHFi cafkdNatedr Wikhpl eerinms a f Ghe- cdhight
liquid crystal .di splay device by ing_a_color filter. (Light emtting
conponent mi%ﬁ}“ﬁOZfaﬁﬂ?qq%ﬁﬁ e%#ftin&ogonﬁ€ﬁéﬁWﬁQ§[N%ﬁ%#éhmy adbedded
25 ip a nDIdfn% HaterLaI shown in Fig. 1 and Fig. 2. The |light enitting
conpdnent CARREUPH (FREIGPIRICHRT 3 FY H‘iagﬁe' R fopmimg gr dskght i améhtiog is

a galliumnitride conﬁiund_ sem conduct gr capable of efficiently exciting
the gar net@YPFud?es8aht 118 HEF A% c SaPdCORRCERT cefuchn aFheInGalit on  a

emtting ponents .102,. 20 l oying galliumnitride 5 conmpound _
senicondu%ﬁggggsgenﬁﬁbagvaf%?ﬁgﬁgpéopgﬁ - enti®i AGrUFkyEe gebre | bight
duct or_such .as_| substrate in the MOCVD process.

et Vg L i LSRR

heterOStrHSEB&S—REte:ostructura which have MIS junctién, PIN junction.

10 or PN junction. Various wavelengths of émission can be

selected depending on the material of.the semiconductor layer

and the crystallinity. thereof. It may also be made in a

single quantﬁm well structure or- multiple guantum well

structure where a semiconductor activation layer is formed as -

15 thin as quantum effect can occur. According to the preéent

invention, ‘a light emitting diode capable of emitting with

higher luminance without deterioration of the phosphor can be

made by making the activation layer of the 1light émitting
component in single quantum well structure of InGaN.

20 When a gallium nitride compound semiconductor is

used, while sapphire, spinnel,lSiC, Si, Zn0 or the like may be

used as'the.semiconductor substrate, use of sapphire substrate

is preferable in order to form gallium nitride of good

crystallinity. A gallium nitride semiconductor layer is
25 formed on the sapphire substrate to form a PN junction via a
buffer layer of GaN, AlN, etc. The gallium nitride
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doubl e-heterostructure which have MS junction, PIN junction. 10 or PN
junction. Various wavel engths of em ssion can be selected depending on the
material of the sem conductor layer and the crystallinity thereof. It my
al so be made in a single quantumwell structure or nmultiple quantum wel |
structure where a sem conductor activation |ayer is formed as 15 thin as
quant um efEBaEORARCEREUNASAZt ok YPdgcondunbipibyennderm v i cond it idrght £
emtting di ode capable of emtting with higher |um nance wi thout

det eri or alP8n S9PGhe’ Hiibsphdr IERHIBEY  m@d&hiopgakimgorfier atoi ammoran ayer
of the light emtting conponent in single quantumwell structure of I|nGaN.
20 Wien atyRPl igahldiu i EteidpoarBisentsehducthaving destiredvhpreperbphisr e,
spinnel, SiC, Si, ZnO or the |ike may be used as the, sem conductor
substrat e (CASELEF SAPFRPEEASLBEYr &€ - )i Sustefasy abhprovedr Hight oendsaion
galliumnitride of good .crystallinity. Agalliumnitride sem conductor
layeP is S5LLGARBEYonithdssxsfiarabdybstangade Wikt o ntyp®Nippamt i sucki asa
buffer |ayer of GaN, AIN, etc. The galliumnitride 33 sem conductor has N
type conddéri fHi&y $RdeFerh@nsbn@iti o oPrdest teoptermi ah Partyyperpgall yum

al though in order to forman N type galliumnitri.de sem conductor having.
desired pPépErfresenicandusitaioncent rtdte optherc.hamichiss isppoeserabyut
em ssi on efficiency, it is _preferably doped with N type dopant such as
Si, Ge, SHOP%E Wikh @ §¥PrdePand FHFM 2P AYpeMgal BeumCani 54 cend Ba.
sem conductor, on the, other hand, it is preferabl{. doped with P type
dopant _Su@ﬁcagszn,l%}nglf@c@t ak@ @BAdrn a gallium nitride compound

10 - semiconductor to P type simply by doping a P type dopant, it
is preferable to treat the gallium' nitride compound
semiconductor doped with P type dopant in such process as
heating in a furnace? irradiation with iow-speéd electron beam
and plasma irradiation, thereby to turn it to P type. After

15 éxposing the surfaces of P type and N type gallbﬁn nitride
semiconductors by the etching or other process, electrodes of
the desired shapés are formed on the semiconductor layers.by
sputtering or vapor deposition.

Then the semiconductor wafer which has been formed

20 is cut into pieces by means of a dicing saw, or separated by
an external force after cutting grooves (half-cut) which have
width greater than the blade edge width. Or otherwise, the
wafer is cut into chips by scribing grid pattern of extremely
fine lines on the semiconductor wafer by means of a scriber

25 having a diamond stylus which makes straight réciprocal

movement. Thus the 1light emitting component of gallium

34



Because it is difficult to turn a galliumnitride conmpound 10 sem conduct or
to. P type sinmply by doping. a P type dopant, it 1is preferable to treat the
gal'l ium nitride conpound sem conductor doped with P type dopant in such

process as heating in a furnace, irradiation with | ow speed el ectron beam
and plasma irradiation, thereby to turn it to P type. After 15 exposing the

surfaces witPide peomgrohid teygmei galdiatemiddar dee ngerd.conductors by the
etching or other process, electrodes of the desired shapes are forned on

t he semi conductor | myessdéy t@pﬂhierwmﬂt@flﬂ%@@fwﬂtﬁpoﬁiéiPiﬂ;htT@tﬂi.ﬂﬁ‘.ﬂig
sem conduct or waf er which has been fornmed 20 is cut into pieces by neans
of a di cidipdawf othsefaratedmbpdimgnext eavallehette oFf NGIgh&Uldnitg a1 ayes
(hal f-cut) which have w dth greater than the blade edge wdth. O

ot her wi sethé¢ hkighiafenititsirmgtcompenatt ps byrefetdbng Bfdm AAtderdd H30nm
extremely fine lines on the sem conductor wafer by means of a scriber 25
havi®ig atinclwsrel stiyl uscovs derstkisn st o&i ghthé ecicpiptahentRY9MEMo1dHUS
the light emtting conponent of gallium 34 nitride conpound sem conduct or

can be nedelatiprsldgy witlentilte whdsphdghindi détéhotdivn & tiddich, dide of
the first enmbodi nent, wavelength of light emtted by the light emtting
conponentméxe ppréferdbly f foom4900mmt bo5300mnS iinmdusdiee | Mtcarsifleraiéen of
the conpl enentary color relationship with the phosphor and deterioration
of resin,meme preferahlef ertet ytle om0yt O O0from NCS oreh W 47156ms, fikt her
nore preferable that the wavel ength be from450nmto 475nm in

order to improve the emission efficiency of the light emitting

10 component and  the phosphor. Emission speétrum of the white
light emitting diode of the first embodiment is shown in Fig.-

4. The light emitting component shown here is of lead type
shown in Fig. 1, which employs the light emitting component
and the phosphor of the first embodiment to be described later.

15 In Fig. 4, emission having a peak around 450 nm is the light
emitted by the light emitting component, and emission having a
peak around 570 nm is the photolumihescent emission excited by
the light emitting component.

Fig. 16 shows the colors which can be represented by

20 the white 1light emittihg diode made by combining. the
fluorescent material shown in Table 1 and blue LED (light
emitting component) having peak wavelength 465nm. Color of
light emitted by this white light emitting diode corresponds
to a point on a straight line connecting a point of

25 chromaticity generated by the blue LED and a point of

chromaticity generated by the fluorescent material, and
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order to inprove the em ssion efficiency of the light emtting 10 conponent
and t he phosphor. Em ssion spectrumof the white |light emtting diode of
the first embodinment is shown in Fig. 4. The light enitting conponent
shown here is of lead type shown in Fig. 1, which enploys the |ight
enmitting thepefiene thadwiie phasphoplofr tresyifdn ststemleedipertidn he Fig.
described later. 15 In Fig. 4, em ssion having a peak around 450 nmis the
light enl6}edinbgheheenitghl grirtiong ofo o ertirometd irtys iy haw i dn abe peak
around 570 nmis the photol um nescent em ssion excited by the |ight

em tting €ehpyneoveredg.bylcushogs thiee £bhorssadnthmaserhelse@ esentredihy
20 the white light emtting di ode nmade by conbining. the fluorescent
materi al Tablw L Tabke 17asttolsuchieERNdriqghtin esmidd itth cayEonemian heNeng
peak wavel ength 465nm Color of Ilight emtted by this white l[ight emtting
di ode correrpents ofofdupresteoh materdiagist in itte cdnitectiinght geittied 25
chromaticity generated by the blue LED and a point of chromaticity

gener at eddbgdehésf thangedent Comtentsl of afiluoBesdenbanef or Ealdea e dgivbnt e
color region (shaded portion in Fig. 16) in the central portion of the
chromat i cinywaiahk apereentage talthe cossirdidnd usi nthd e dd iy escential .
materials 1 to 7 in Table 1. Fig. 17 shows the change in em ssion color
when the Bscyalédnte sgen| Goeesfagt ratercaleri aft khewdiight i ghpreaches ng
di ode i s changed. Contents of fluorescent materials are given in weight
per cent ageha® t A€ r &8en FJe@rescens codtienjadst enrib@n the content of

10 fluorescent material is increased and approaches that of blue
'LED'when the content of fluorescent material decreased.

According to the present invention, a light emitting

component which does not excite the fluorescent material may

be used together with the light emitting component which emits

15 light that excites the fluorescent material. Specifically, in

addition to the fluorescent. material which is a nitride

compound semiconductor Capable of exciting the fluorescent

material, a light emitting component having a light emitting

layer made of gallium phosphate, gallium aluminum arsenide,

20 gallium arsenic phosphate or indium aluminum phosphate is

arranged together. With this configuration, light emitted by

the 1light emitting component which does not excite the

flﬁorescent material is radiated to the outside without being

absorbed by the fluorescent material, making a light emitting

25 diode which can emit red/white light.

Other components of the light emitting diodes of Fig.
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As will be seen fromFig. 17, color of the |ight approaches that of the
fluorescent materials when the content of 10 fluorescent material is

i néreased and approaches that of blue LED when the content of fluorescent
materi al decreased. According to the present invention, a light emtting

conponent] Wnd IF ipe netllerd tdeddie Hddeaghent material may be used
together with the light emtting conponent which emts 15 |ight that

excites tf{eoddust Bas antramtieysd alaoSpecifically, in addition to the
fluorescent material which is a nitride conpound sem conductor capabl e of

exciting the fluoresgentcomicerive , wiiddsghtioai t bong sABRYAENEadaVidubd
light emtting |ayer made of gallium phosphate, gallium alum num arseni de,

20 gal | i v edtseid C ORI 1, | BdiodM @hernadm PHASRRREGILF Ad angs
together. Wth this configuration, light emtted by the [ight emtting

commnentmedh oA cHIeS Eohn€xeide tWethf | upeesearl-trBLRE alod S Yradi ai fghd 0
the outside wi thout being absorbed by the fluorescent material, nmaking a

light enmdmitgin®5 chmpenaish cap, enpoar ed/ WaiHed-rld19hteo fddrari viaponant s
of the light emtting diodes of Fig. 36 1 and Fig. 2 will be described

bel ow. gékmﬂbﬁﬁyﬁ Woles 10331 /2@3) chAp(RRGUCt i ¥ WhiiERe103, 2203 shomd d
e

have goo | ectric conductivity, good thermal conductivity and good .5

103, 202 Thormal Eonduct 1vity e Tbrererany 0eOLEn % B S
hi gher, ahihmetrer of the conductive wire is preferably from 10um to
10 45um inclusive. Even when the same material is used for both
the coating including the fluorescent material and tﬁe molding,
because of the difference in thermal expénéion coefficient due
to the fluoréscent material contained in either of the above
two matefials, the conductive wire is likely to break at the
15 interface. Fof this reason, diamete; of the conductive.wire
is preferably not less than 25um and, for the reason of light
emitting area and ease of handling, preferably within 35um.
The conductive wire may be a metal such as gold, copper,
platinum and aluminum or an alloy thereof. When a conductive
20 wire df such material and configuration is used, it can be
easily connected .to the- electrqdes of the 1light emitting
components, the inner lead énd the mount.lead by;meéhs of a
wire bonding device. | |
(Mount lead 1055

25 ' The mount lead 105 comprises a cup 105a and a lead

105b, and it suffices to have a size enough for mounting the
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preferably 0.5 cal/(s)(cnm)(C/ cm or higher. For workability, dianmeter of
thg conductive wire is preferably fromlOomto 10 45pminclusive. Even when
the sane material is used for both the coating including the fluorescent
material and the nolding, because of the difference in thernal -expansion

coef fi ci enigiieemitr i ébmpbﬁéﬁentloaatvﬁﬂhaltt'f@n{q@tee@ohalﬁbt iy iQle LI
above two naterlals the conductive wire is likely to break at the 15

interfacegndoreddi 9osAson, M angdss of tEcondust iye Widht | Sef@d giabl y
not |ess than 25}.rmand, for the reason of light” -emtting area and ease

of handl Icftgndpd}{@ft.%r afrley Mgt F6pm th eGP E i e n e MBdadeif Jatal
such as gol d, copper, platinumand alum numor an alloy thereof. Wen a

conduct i vgs 28oithde OfeStiESdSBESK %heafld_g%(tnfén&lﬂﬁtdc_frbd wpdtsdth, ihelRlsbe
easily connected to the electrodes of the light emtting conponents t he

inneg | eadli gk ddte mevattkead bymdariaief amayi r epdondiseg devicerid Moypt
| ead 105) 25 The nount |ead 105 conprises a cup 105a and a lead’ 105b, and

it sufficepedtorhave cbrivizst Baughio dgdmyrﬁdx{mlé@fm@ with [{KtbSMAiAG NI
conponent 102 with the wire bondlng evice in the cup 105a. In case a

pluralitywibfel il efhielisng areonpeqeitedar e i REkal | edei N 1Lt Cugmandi dde
nmount |ead is used as common electrode for the |light emtting conponent,

because Scahgdmsrentiel eastaleetntiar ithe oay be usesl, mouhti ¢ealt ard echéi cal
conductivity and good conductivity with the bonding
cup is filled with the fluorescent material, light emitted by
10 the fluore;cent material is, even if.isotropic, reflected by
the éup in a desired direction and therefore erroneous
illumination due to 1light from other 1light emitting diode
mounted nearby can be prevented. Erroneous illumination here
refers to such a phenomenon as other light emitting diode
15 '~ mounted nearby appearing as though liéhting despite not being
supplied with power.
Bonding of the light emitting- component 102 and the
mount lead 105 with the cup 105a can be achieved by means of a
thermoplastic resin such as epoxy resin, acrylic resin and
20 imide resin. When a face-down light emitting component'(such
a type of 1light emitting component as emitted 1light is
extracted from the substrate side and is configured for
mounting the electrodes to oppose the cup 105a) is used, RAg
paste, carbon paste, metallic bump or the like can be used for

25 bonding and electrically connecting the 1light emitting

component and the mount lead at the same time. Further, in
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wire and others are required. Wien the light emtting conponent is
installed in the cup of the nount lead and the cup is filled with the
fl dorescent material, light emtted by 10 the fluorescent material is, even
if isotropic, reflected by the cup in a desired direction and therefore
erroneous '%}ugénation due_to light fromother light emtting diode

¥

2% n WPLEVE eHi®dS L ELFoRBEYs 9T | Lokt nsAlhzablonepdr the

nmount ed nea
appoari hot SO naBE Ry el o B REARGY Yol THE SBRpITBATAF { Rogeerlead

the cop 106 22 I8 EROLS AR EETRE I Ronent s impnted o din miRioEs

o 11 ng RORRER LT BERe 2R 5E0nd) FhRrEInm tong reormpEHeRe-as T thin

the &l cctFaues FhEonaEeRebn g R EsL s SRl anly “Faen cb- Lar 6o Opdat,
Connect | g TRETI4NT enPheEtd Ccompaiaiangs (Fo. nbont MeaBtat kewd s

of "the  IPOTRI bt My R A8 PREC BTG MORE EHGTarAbAE WHHNR| B4 e con

the i ghtyedy thé e SOEPINERE LS 1 PRUALed be .m.rror- polished to give
reflecting function t%pthg éﬁ??égg:gknqﬁﬁﬁﬁ §¥“3%§€§ Fﬁ§@§ﬁﬁ¥§fchb33Hﬁess
Imiuﬁ'[ e}c Sgﬁ&%ﬁs’t f1om 0-din tfi&fg é?niétnfrlxéjsclz'c\)/n?porlx%x?gst rglecnerz(?a;s‘éestsaingcneifojfc;nhte
10 amount of heat and therefore high thermal conductivity is
required. Specifically, the thermal conductivity is

preferably 0.01 cal/(s)(cm®)(°C/cm) or higher, and more

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

satisfy these requirements contain steel, copper, copper-clad
15 steél, copper—clad tin and metallized ceramics.
(Inner lead 106)
The inner lead 106 is connected to one of.electrodes
of the light emittihg cdmponent 102 mounted on the mouﬁt.lead
105 by means of conductive wire or the like. 1In ﬁhe case of é
20 light emitting diode where a plurality of the light emitting
components are installed on the mount lead, it is hecessary to
arrange a plurality of inner leads 106 in such a manner that
the conductive wires db not touch each other. For example,
contact of the conductive wires with each other can be
25 prevented by_ihcreasing the area of the end face where the

inner lead is wire-bonded as the distance from the mount lead
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preferably within 300-cm and nore preferably within 3p S2-cm  Wen
mounting a plurality of light emtting conponents on the nount |ead, the
light emtting conponents generate significant 10 amount of heat and
therefore high thermal conductivity is required. Specifically, the thernal

duct i i ' 0 hi gher , d
o or ablirichzesP S SEAALY tleD e ( BELGHER Mo ad e wBPRs S ese
equi t ai -clad. .15 steel -clad ti
L et AR ] nsBE e CPBRGRNCEEPREE SRS ites] Foan CRRET o '
t f . . i MN.tti 1 t ed

rount | oegtEiliteit {8 SbARhETE WIS AP MR TSR 1C8 & Ca

20 |ight I isnQD%hQQQV@hgﬁgggnghp%§%k3£npgftQﬁoggggépﬁghéting conmponent s

are installed on the nount it 1S necessary t @ a plurality of

inngr |eads 10§, i -$4che g g’ggﬁeru{éﬁag_?%épelgggd&gia/ed%m'%igéﬁl?%hggtght&cgr

each other. For exanple, contact of e conductive w

can be 2 i r“%sd' h cga o nd;fa re_the, jnner
lead is %ﬂ%%@%% tﬂl}é I sté;ﬁoc%e %rg?hsf he?ﬁ%gﬁf’e‘l’eég ﬁ%g“’fﬁ%cﬁlgg%egfso
that the RpRES RetveesslRe theNduUGid, Vel ¥hfeg e X [:(ritge%u%zi% ff.lgeoéo%gl@ness

of the inner lead end face connecting wth tl ve re |

preferablgpd rpaed. 6nereby 19 %&ﬁg}:&fi 8 d f\algé?z%ggr %te:it%r?xt()fofl PRE QY act.

5 1n order to formthe inhner ad 1n a desir ape, may bé€ punched by
means of gy e. Further, it may be nade by

10 The inner lead is required to have good connectivity
with the bonding wires which are conductive wires and have'
good electrical conductivity. Specificaliy, the electric
resistance 1is preferably wiﬁhin 300u.-cm and more preferably
within 3p.-cm. Materials which satisfy these requirements

15 contain iron, copper, iron-éontaining copper, tin-coﬂtaiﬁing
copper, copper-, gold- or silver-plated alumiﬁum, iron and
copper.

(Coating material 101)
The coating material 101 is provided in the cup of

20 the mount lead apart from the molding material 104 and, in the
first embodiment, _contains_ the phosphor which converts the
light emitted by the light emitting component. The Coating
material may be a transparent material having good
weatherability such as epoxy resin, urea resin and silicon or

25 glass. A dispersant may be used.together with the phosphor.

As the dispersant, barium titanate, titanium oxide, aluminum
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punching to formthe inner |lead then pressurizing it on the end face
thereby to control the area and height of the end face. 10 The inner |ead
is/required to have good connectivity wth the bonding wires which are
conductive wires and have good el ectrical conductivity. Specifically, the

| e [ ' f bl hi 00M f o]
T S A A e A A MR BB B i
PV T T B PR, U OO B
ti |,101 th h | d t
con 1o et 0y SPSRMARER, Ly sIPEL ) TR LB JPL
ST MbSRAECPITPARG) B, 5o B O e AT e
e oL B B PR A, bR B8 BRI SheBethieDs

barlun1t|%anate titani um oxi de, alum num 40 oxide, silicon dioxide and
the |ike afés ﬁfeferably used. When the fluorescent material is formed by

sputtering,, |0%§§Béapa gg 04 g gay be omtted. In this case, a |light

emtting of ing colors can be nade by controlllng t he
fi1m5 thickness of nRROYd At 138°" hHL® il ' BinEk1BReSES b RRE 2hne
light emitting component 102, the conductive wire 103 and the

10 coating material 101 which contains phosphor from external
disturbance. According to the first embodiment, it is
prefefable that the molding matefial 104 further contain a
dispersant, which can unsharpén the directivity of light from

the iight emitting component 102, resulting in increased angle

15 of view. The molding matériél 104 has the function ofrlens to
focus or diffuse the 1light emitted by the light emitting
component. Therefore, the mblding material 104 may be made in

a configuratién of convex lens ér.éoncave lens, and may have

an elliptic shape when viewed in the direction of optical axis,

20 or a combination of these. Also. the molding material 104 may
be made in a structure _of multiple layers of different
materiais being laminated. As the molding matefial 104,
transparent materials having high weatherability such as epoxy

resin, urea resin, silicon resin or glass is preferably

25 employed. As the dispersant, barium titanate, titanium oxide,

aluminum oxide, silicon dioxide and the like can be used. 1In
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(Mol ding material 104) The nolding 104 has the function to protect the
light emtting conponent 102, the conductive wire 103 and the 10 coating
materi al’ 101 whi ch contai ns phosphor from external disturbanece. According
to the first enbodinent, it is preferable that the nolding material 104
further contain a dispersant, which can unsharpen the directivity of |ight
from theddightorertia tihr) dospeneant 10phospbart may ial sondrecazataaimpd 1% of
view. The nolding material 104 has the function of lens to focus or

di ffuse tHe | mgidiag t magemyiadhe | i YJamedyit t eAgordéngontat .tiierpfesentt he
nol ding material 104 nmay be made in a configuration of convex |ens or
concave |EWEN RN nRhBROSHPRMIhhie etnpelnvgdreitkeedin ntheaenaldingi on
of optical axis, 20 or a conbination of these. A so: the nolding materi al
104 may TrRLersdl | or a 16t riuke ureasinguinaperialy er Sitefn dihé epbosphoat eis al s
bei g | ami nated. As the nolding material 104, transparent materials having
hi gi? weatFRrEHingd y 1§uckhas @‘Bg‘;b}lngré@tﬁrMba ravsd¥e <ifl | voawr esén ope '
glass is preferably 25 enployed. As the dispersant, bariumtitanate,

titani umagther Jeﬂq}?ﬁarﬁﬁrgj-oxi'lat% Bhasmhar dhaiki alksanie t dentd keed aitn beothed.
In 41 addition to the dispersant, phosphor may al so be contained in the
nol di ng rt®r FARtiNEn@AFeicdor @PAg the tHelpiegematenivdnt i oBurtherphodphor
may be contajned either in the nolding material or in the coating

" material . X8Eh GHElRdNShothes BhespRar ngmay n hee uasidli 8§ nhber i aPatingl e

of view can be, further increased. The phosphor nay al so.be contained in
bot h material while wusing glass, different from the coating

10 material, as the molding material. This makes it possible to
manufacture‘a lighf emitting diode which is less subject to
the influence of moisture with good producti&ity. ‘The molding
and the coating may also be made of the same material in order
to match the refractive index, depending on the application.

15 According to the présent invention, adding the dispersant
and/or a coloration agént in the molding material has: the
effects of masking the color of the fluorescent materiai
obscured and improving the color mixing performance. That is,
the fluorescent material absorbs blue component of extraneous

20 light and emits light thereby to give such an appearance as
though colored in yellow. However, the dispersant contained
in the moldiné material gives milky white color to the molding
material and the coloration 'agent renders a desired color.
Thus the color of the fluorescent material will not be

25 recognized by the observer. In case the 1light emitting

component emits light having main wavelength of 430nm or over,
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the coating material and the nolding material. Further, a resin including
t he phosphor may be used as the coating naterial while using glass,
different fromthe coating 10 naterial, as the nolding naterial. This nakes
it possible to manufacture a light emtting diode which is |ess subject to
the influence of noisture with good productivity. The rml di ng and the

coating nay S t eria ' der

refracti \r?;t i %egopgegen?e%b&% t Fslﬁii !apg?££3Yﬁ8ﬁeglé EEBF‘& ﬁ’rg;‘%tcgl t%%r‘fﬁ%sent
inventio or.a coloration agent in the nolding
mat eri al %azﬂﬁw st%%ﬂt q ngdé "he ol or of the fluorescent materi al

obscured @ighd; g the color m xi ng performance. That is, the

fl uorescent nm r|aI absorbs. blue conponent of extraneous 20 |ight and

Vel | ow. %thtv??ref’ﬁeﬁ%.%% e é*ﬁft@%*eiP%%%ngﬁft e AFETRD FHer Rty ks
Fendbrs o iheobroaehl Sff Bl Tie W' B {‘f{%ilr%q“ﬁ%ﬁg'; eRer o B RS |
i s ?éﬁ-ﬁﬁ 3?%%?# mveﬂ"%ng%’ﬁﬁé?né ARG A | pag, gegRener
Cont ai ned " Eod aont 3 nd T She et P4t ng'@?%éélsgof BRnkt S Bon b Bbb e et
SLI I |5u$nhn| tr%ﬁodﬁméﬁrérg%%gﬁlt‘p&ﬁ has %P{%]t“%ﬂlva eéi el '
' more kinds of phosphors of different compositions, or
10 preferably yttrium-aluminum-garnet fluorescent materials
activated with cerium as the phosphor. With this
configuration, a liéht emitting diode which allows to give a
desired color tone by controlling the contents of the two §r
more fluorescent materials can be. made even: - when the
15 wavelength of the LED light emitted by the light emitting
component deviates from the desired value due to variations in
the production process. In this case, emission color of the
light emitting diode can be made constantly using . a
fluorescent material having a relatively short emission
20 wavelength for a light emitting component of a relatively
short emission wavelength and using a fluorescent material
having a relatively long emission wavelength for a light
emitting component of a relatively long emission wavelength.
As for the fluorescent material, a fluorescent

25 material represented by general formula (Rel_:Sm-,) 5(ALl,.

G3a,)s0,,:Ce may also be used as the phosphor. Here 0sr<l and
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energy band gap in the light emtting layer as the light emtting
conponent and a fluorescent material including two or nore kinds of
phosphor's of different conpositions, or 10 preferably '
yttriumal um numgarnet fluorescent materials activated with ceriumas the
phosphor. Wth this configuration, a light emtting diode which allows to
give a desisled awd oRe tioneaby leastr cdné ngelbeteant®rs of ‘dae 4n@ ©k. nore
f1uorescent, materials can be. nmade even when the 15 wavel ength of the LED
li ght emiitéd byoRREIWFRRioRni ke ddnpopeasidbei attes fmiminhee desheed
val ue due to varjiations in the production process. in this case, eni ssion
col or of deRAtULigt &k tt ithe di reRtdre maneteonsl antdvwenusiwige  the
fluorescent material having a relatively short em ssion 20 wavel ength for a
li ght eniflUioFFscERfomaferdala kel expoeey tehdighennsensntyahdgtngheragd
using a fluaorescent material having a relatively |Iong em ssion wavel ength
fora |i JHS1bdMA t1ight cempbhedt byt the el aghvelepittigge agicarentavedengt h.

As for the fluorescent material., a fluorescent 25 material represented by
general foNsuIREYRY oSnEjBeAPE wheda 591 uBdenayazlisasbenviednasntha
phosphor. Here Osr<l and 43 0Osssl, and Re is at |east one selected fromY,
Gd and L&ORIHGIONSenf #Ydr dithesiehianeesai tL gkt Iemd titd ng ndapde tieich is
denaturing. of the fluorescent nmaterial even when the fluorescent naterial

i s exposEYPIGST gFR i RKERSIELYhilpsiandifgiramtyi cobor Ishgifit eand t exhilsgithe

i ght em.tti.ng conponent for a_|ong period of tine or when used under

vari ous Hﬁ%ﬁ%ﬂﬁ%ﬂ crease and has the desired emission component of

10 high luminance can be made.
(Phosphor .of the second embodiment)

Now +the phosphor wused in- the 1light .emitting
component of the second embodiment will be described in detail
. below. The second embodiment is similar to the first
15 embodiment, except that two or more kinds of phosphors of
different compositions activated with cerium are used as the
phosphor, as described above, and the method of using the
fluorescent material is basically the same. |
Similarly to the case of the first embodiment, the
20 light emitting diode can be given high weatherability by
controlling the distribution of the phosphor (such as tapering
the concentration with the distance from the light emitting
component). Such a distribution of the phosphor concentration
can be achieved by seiecting or controlling the material which
25 contains the phosphor, forming temperature and viscosity, and

the configuration and particle distribution of the phosphor.

-
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conditions, and therefore a light emtting diode which is subject to
extrenely insignificant color shift. and em ssion |um nance decrease and
has: t he desired em ssion conponent of 10 high |um nance can be nmade.
(Phosphor of the second enbodi nent) Now t he phosphor used in the |ight
emtting _conponent of the second enbodinent will be described in detail
bel ow. TH%ecREEPEHRA henthes sesandrenodbment ; stissrébbbiionent, theept
that two or nore kinds of phosphors of different conpositions activated
with cerifidHESS IR RRt YRR pReBpRBErabioredsr deseratioed, amedrdiaantthod
of using the fluorescent material is basically the sane. Simlarly to the
case of (IR fiGRGFatH#IGdi FERAitie@s .20 | AdRe enfeerdgngi otle ctlre besegansh

hi gh weatherabjlity by _controlling the distribution of the phosphor (such
as t aper iSO HReRtonceht ¥t ey weEh ligdtdiestigfdeor roant be lHingreased: thng
conponent). Such a distribution of the phosphor concentration can be
achi%®eved IHING | i i%or FFRIRTEHY torfg rdier ito weeh e orkigids ok
phosphor, form ng tenperature. and viscosity, and the configuration and
parti cl e THAQESIRRN oMt el HhoEPRopxample Thasrasedndi g ttdet ieerdese ool
enmbodi nent,, distributiqgn of .the fluorescent material concentration is

det er m nEWHAGTYI hg 1 t héIBFer iy tONEPEPEASN LAl saeerrdint n§ot Ehee

second nbqdi ment, effjcien of . Light em ssion can be increased by 5
desi gni ng]""t‘l(}bt eﬁ‘?’%ﬁ@&?éing’yoft et IS SifsAagisampagtents uor escent

materials (for examﬁfk %ﬁkﬁn gg.i%ﬂr%@%ogrqsg %%e second embodiment,
10 similarly to the first embodiment, light emitting diode has
high efficiency and enough light resistance even when arranged
adjacent to or in the vicinity of relatively high-output light
emitting component with radiation intensity (Ee) within the

range from 3 Wem™? to 10 Wem™ can be made. |
.15 The yttrium—aluminum—garnet fluorescent material
activated with cerium (YAG fluorescent material) uséd in the
second embodiment has garnet structure similarly to the case
‘of the first embodiment, and is therefore resistant to heat,
light and moisture. The peak wavelength of excitation of the
20 yttrium-aluminum-garnet fluorescent material of the second
embodiment can be set near 450nm as indicated by the solid
line in Fig.'SA, and the peak wavelength of emission can be
set near 510nm as indicated by the solid -line in Fig. 5B,
while making the emission spectrum so broad as to tail out to

25 700nm. This makes it possible to emit green light. The peak

wavelength of excitation of another yttrium-aluminum-garnet

45



nearness to the light emtting conponent) according to the |ight generated
by the light emtting conmponent. Wth the configuration of the second

enbodi neént, 10 simlarly to the first enbodinment, light enmtting di ode has
hi gh efficiency and enough light resistance even when arranged adjacent to
or in the vicinity of relatively high-output light emtting conponent wth
radi ati onf}¥RESSIENE (mAtepiad nachdVatgdgeWiitdm gevdnm2 o6 1thevrsecerd be
made. 15 The yttriumal um numgarnet fluorescent material activated with
ceri um ( YR UM cRRAR Pat r9tal DeakedSPAMt s sediprtedbbyi rdvet drshedr net
structure simlarly to the case of the first enbodinent, and is therefore
resi st ant1i®e héht F1g1i gt o3 nbhst Peak MRY eendtiavef epgihsdpnexeint dpe on

of the 20 yttriumalum num garnet fluorescent naterial of the. second

embodi nert€eaReBE $AOe2S 15DdAratepndicated Isipshied sbinel inj Fdg.n $Bg.

5A, and the‘feak..Mavelength.of_enission can be set near 510nm as

i ndizat ed?bile Heakig dthenenifs Fpy. SBECtIWRi e fhakiadg ashdcertiasis omtspeet rum
so broad as to tail, out to 25 700nm_ This nakes it possible to emt green
light. ThE&ORBKk TieveIeHERh F RO&S RS de smighotererlight.
yttriumal um numgarnet 45 fluorescent nmaterial activated with cerium of
the second enbodi nEAYeLERIHR &t hBSr erieds Lisditcated Hiftrd dished
line in Fig. 5A and the peak wavel ength of em ssion can be set near 600nm
as i ndi cafRRFHSF t MRVEISNsFh i kY iﬁuhﬁg.ltmalns vibrFe edki Adt hamepdssthe

spectrum so brpad as to taj] out to__750nm This nakes it possible to emt
r ed |ightqonstltuents of the YAG fluorescent material having garnet

10 structure, with Ga, and the wavelength of the emitted light is

shifted to a longer wavelength by‘substituting part of Y with

Gd and/or La. Proportion of substituting Al -with: Ga 1is

preferably from Ga:Al=1:1 to 4:6 in consideration of the light

emitting efficiency and the wavelength_of emission. Similarly,

15 proportion of substituting f with Gd and/or.La.is preferably

from Y:Gd and/or La=9:1 to 1:9, or more preferably from Y:Gd

and/or La=4:1 to 2:3. Substitution éf less than 20% results

in an increase of green component and a decrease of red

componenﬁ. Subétitution of 80% or dJreater part, on the other

20 hand, increases. red component but decreases the luminahce
steeply. |

Material for making such a phosphor is made by using

oxides of ¥, Gd, Ce, La, Al, Sm and Ga or compounds which can

be easily converted into these oxides at high tempefature, and

25 sufficiently mixing these materials in stoichiometrical

proportions. Or either, mixture material is obtained by
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Wavel ength of the emitted light is shifted to a shorter wavel ength by
substituting part of A, anong the constituents of the YAG fl uorescent
materi al " having garnet 10 structure, with Ga, and the wavel ength of the
emtted light is shifted to a | onger wavel ength by substituting part of Y

with Gl g I, s Proportion,of substjtuting Al with Ga is preferably
from Ga: ,ﬁal%%{o%‘{l(l)r?%: a,%% c%ﬁ ?Ber ?%ﬁngf the 1G%nht Ceni L8 ngnef f$Ri ekey

and the I emission. Simlarly, 15 oportion of, substituting Y
with Gd ﬁ?ﬁ%ﬁglﬂ ei;e{%pf r%lro(ﬂﬁ Y J?/ﬂ Goaca‘%/ or°IRESF P ¥ RYIRET  Jrhepre
0% r ecoul e e oxte WY Candf TN e fomhes o tidhedse STy an

ggz%gﬁzﬁ![:xsi%ig&a&éggr:afegg%gr reater. part, on the other 20 hand,

i ncreases re corrponen?’ gu‘te %i%%r%%‘gésw REDT dFi 8RR Migtesepith Madwrinyms or

makigng s p ph ' by using, .oxides of Y, &d, Ce, La, A, Sm
o o Pl %?%ﬁ“ﬁa%‘ﬁe- %léorﬂ}m%ei o PHESE oXibRs an

and Ga or conpounds can e ‘easi
high te [ ir.e,_.and i ckently, m Xi these materials in .
st oi chi gpd tpﬁ%ogﬁqa%o%%%‘?%% 85 aeiﬁl]h‘b%l‘#?q xFUrR Adt @mmaniug hlusride by

46 di ssol r h Y : ...La _and Sm.in staichiopetrical
proport i gr?séz?nerﬁc% ﬁ?:%br%é?g??{é ?n%n?%ecgglgllll?gfeoﬁ 08l YRS A H ¥ ng

the copragidy tate t,g obiaipn an. oxide of the coprecipitate, which is then
mixed v g u?ngn&r%%é)_ o7 de i gar P urh S PER G S mi ERA® 8 e SAELN t h
ar‘ appr Rt & 19UaNtd Loh i vy fd lincérl'ld":mf‘lu.l.cr&rﬁswﬂn&p,n'vlvjargf{elcy,orsl,éjg?arated,

10 dried and sieved thereby to obtain the desired material.

| Ih the second embodiment, the two or more kinds of
yttrium-aluminum-garnet fluorescent materials activated with
cerium of different compositions may be either used by.mixing

or arranged independently (laminated, for example).. When the

15 two or more kinds of fluorescent materials are mixed, color
converting'portion can be formed relati&ely easily and in a
manner suitable for mass production. When the two or more

kinds of fluofescent materials are .arranged independently,

color can be adjusted after forming it by 1laminating the

20 layers until a desired color can be obtained. . Also when
arranging the two or more kinds of fluorescent materials

- independently, it is preferable to arrange a fluorescent
material that absorbs light from the light emitting component

of a shorter wavelength near to the TLED element, and a

25 fluorescent material that absorbs light of a longer wavelength

away from the LED element. This arrangement enables efficient

47



used as a flux, and fired in a crucible at a tenperature from 1350 to 1450

Cinair for 2 to 5 hours. Then the fired material is ground by a bal

m Ul in'water, washed, separated, 10 dried and sieved thereby to obtain

t-he desired material. In the second enbodi nent, the two or nore kinds of

yttriumal um num garnet fluorescent materials activated with cerium of

di f f er entabzypasidn @nsl sl om tdferligdad by mi xing or arranged

i'ndependently (Il am nated, for exanple). Wen the 15 two or nore kinds of

fl uorescent nateri daise drisymi »egulit tid@rdicdeavef ting HPetdheNemisoy heedor hed

relatively easily and in'a manner suitable for mass production. Wen the

two or mmaie kbpdsasifng | twpesmentmomret ekirds afe pttahgedalmfopendent hat

col or can be adjusted after forming it by lamnating the 20 layers until a

desired ciluwresterte abdtenials Al o whbhf ferraretngi 6gmpbeitwensr iy e khads

of fluorescent materials independently, it is preferable. to arrange a

fl udr esceftuoredaarital mahatriabser bas | idddcfibem t BBokieght emitd | ngkesnpbuvent

of a shorter wavel ength near to the LED el enent, and a 25 fl uorescent

mat er i al pdedikibsotdsmbhkeghta olightorgerttimel disdd capaplbr @b t&eitElhg

el enent. This arrangenent enables efficient 47 absorption and emn ssion of

| i ght. Theidhtghof edéesirted dobor efffihéestiynd Onaddiientwhen wadeléygtli ng

two or nore kinds of yttriumalum numgarnet fluorescent materials of

di f f er entof dnipyist temiteas hyhetlte f $ enicondunt tomt kiglat sem st ieg cc oponabbve.

This makes it possible to make a light emtting di ode capable of emtting
corresponds to a point on the straight line connecting point A

10 and point B in the chromaticity diagram of Fig. 6, light of

any color in the shaded region enclosed by points A, B, C and

D in Fig. 6 which is the chromaticity points (points C and D)

of the +two or more kinds of yttrium-aluminum-garnet

fluorescent materials of different compositions can be emitted.

15 According to the second embodiment, color can be controlled by

changing the compositions or quantities of the LED elements

and fluorescent materials. Iﬁ pérticﬁlar,'a light emitting

diode of less variation in the emission wavelength can be made

by selecting the fluorescent materials according to the

. 20 emission wavelength of the LED.element, thereby compensating

for _thé' variation of the emission wavelength of the LED

element. Also a light emitting diode including RGB components

with high luminance can be made by selecting the emission
wavelength of the fluorescent materials.

25 Moreover, because the yttrium~-aluminum-garnet (YAG)

fluorescent material used in the second embodiment has garnet
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i ght of desired color efficiently. That is, when wavel ength of |ight
em.tted by the sem conductor light emtting conponent corresponds to a
point on the straight line connecting point A 10 and point B in the
chromaticity diagramof Fig. 6, light of any color in the shaded region
encl 0sedsbyueeubls Aneb.1ignenRifhd diofe WIS LS OfBbASRLY:
points (points Cand D) of the two or nore kinds o :
yttriumahﬁmeawvg.qrgﬁi of | HOERS AR FREY | Qf 1dhEf c {h&ons
can be emtted. 15 According fo thelgécond e#ﬁodi%gh ,%%%ﬁgg ggﬁoggﬁé

controlIggsgythghﬁmghﬂgehhﬁt§H8p9§5859”éfOEhQPEEEEEiSﬁb8éi$§§tL de#ﬁ?ents
g fode of Te

and fluorescent matéerials. In particular, a light emtting Ss

vari ati ogekBnihen@busmican Vel g8t Iae@nwhenMdenYerd | "gohBEnent
fluorescent materials accordingﬁto t he 28 eniss?%n W%v%#%éﬁ h %&BtﬂgnLED

el egent, jhherebrgcopansati redUnd henygéi it on of tl%g’i ﬁgﬂ% wayglengt h

of the LED elenent. Also a light emtting diode inc conponent s

Wi th hi gBohB-RBACE igRR e dTBOS, A SGheeid henell $3/a@n f/»ﬂ%&?ée of

t he fl uorescent naté%ials. 25 Nﬁ?ﬁ%ver, be@%ﬁéeEPﬁg]§%F?iﬁh}a uniggﬁggarnet
(YAG) féid@t&éae_nb%mitﬁ_él ahiyned éﬂiﬁﬁ@n%ecéaﬂpsﬁgﬁgl meghe 98f Netne48
structure, the light emtting diode of the second enbodi nen can emt
light ofcbhgbrtes manpe: f ok a14989 iy 0€hef Bdrd®. gabl SOrt hed | ghtreqitting
di odes of the first enbodi nrent and the second enbdodinent are provided with
| i ght ensehiBgnaaepepgntakdi nsd alllead viakkhyorescant . BRHA - b?' S€he
because the converted light has | onger wavelength than that of the |ight

10 nitride semiconductor layer. Thus, although the light emitted

by the fluorescent material is directed also to the LED
element because of the isotropy of emission, the liéht emitted
by the fluorescent material is never absorbed by the LED
element, and therefore the emission efficiency of the light
15 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.
In the planar light source shown in the Fig. 7, the
20 phosphor used in the first embodiment or the second embodiment
is contained in a coating material 701. with this
configurétion, blue 1light emitted by the gallium nitride
semiconductor is color-converted and is output in planar state
via an optical guide plate 704 and a dispersive sheet 706.
25 Specifically, a light emitting component 702 of the.

planar light source of Fig. 7 is secured in a metal substrate
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emtted by the light emtting conponent, energy of the converted light is
| ess than the band gap of the nitride sem conductor, and is less likely to
be absorbed by the 10 nitride sem conductor |ayer. Thus, al t hough the 1ight
emtted by the fluorescent material is directed also to the LED el enent
because Q{ he isptro §¥%£f em ssion, .the light emtted by the fluorescent

material {% n&FeriBfR dcbyStﬁ%eLE[BerQOé‘rre"f‘\’P 15 lerdost ok dY €he 34 s8ion
eTf|C|enc the li nlttln ode nQt be decreased. gP# nar
K ght so ey s e ?t‘f?lifht %qu 4 ckarmae, BEben slartsic

resent invention is i Ianar i ht source shown _in
the Fig. 90 e fiSe frrer e él% 9F (Hhe! S gRe2 R TecEhd
enmbodi nent, _iS ntalne coat| nmateri a 70
confi gur att®nS° ‘ﬂ%t+Y%kﬁ’a%W‘T?édplb?/g?lP1‘érgé‘FI‘?‘b’ﬁ? .Wmeep%@fn EBRHDCEBE i s

704 Bnd SR SEET 25—‘8562 BE: Re-2e5 Gtansd afetAl B ikeftat (o ges%g%‘%im
702 of th pl.an ht ,sour ce of F secured |n a netal ate
49 703 of é%%ihf %&hﬁﬁinﬁheF8aﬁ°8ﬁ |nsﬂb§t|bﬁ BRI et a @End &9 Ye
L e ST AR i
D001 . L S0, CORof 8L T e P o Buse o
The l'ghtA reflector film 707 containing a white diffusion agent is
10 arranged on one of principal planes of the optical guide pléte

704 where the dispersive shéet 706 1is not férmed, for the

purbose of preventing flubreséence.

Similarly, a reflector 705 is ?rovided on the eﬁtire

surface on the back of the optical guide plate 704 and on one

15 end face where the light emittihg component is not provided,
in order to improve the light emission efficiency. With this
configuration, light emitting diodes for planaf.light emission
which generates enough luminance for the back light of LCD can
be made. .

20 Application of the light emitting diode for plaﬁar
light emission.to a liquid crystal display can be achieved by
arranging a polafizer plate on one principal plane .of ﬁhe
optical gquide plate 704 via liquid crystal injected between
glass'substrates (not shown) whereon a translucent conductive

25 pattern is formed.

Now referring to Fig. 8 and Fig. 9, a planar light
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emtting conmponent thus secured is fixed onto an end face of an acrylic
optical guide plate 704 by neans of an epoxy resin. A reflector film 707
containing a white diffusion agent is 10 arranged on one of principal

pl anes of the optical guide plate 704 where the dispersive sheet 706 is
not fornmed, for the purpose of preventing fluorescence. Simlarly, a

refl ect orSORFFS s FFRAYEM ontPhe a@tihar sembedinent t hef batheof presendt i cal
gui de plate 704 and on one _15 end face where the light emtting conponent
i's not prRMSIEdECR Widkddre tdesTpee PRAOVF ghfhenildghdn estiftitdinancdeviwe h
this configuration, light emtting diodes for planar I|ight enmssion which
gener at e$ gh?l di%and e iformade ” BackSHERhE gonfdyuzative whas. Hoe
Application of the light enitting diode for planar light enmission to a
liquid criyatf %I?Js‘iﬁ%fg Ranthe hieheyeribyingr dirgengoa ge adnmarysidatteo on
one princi,pal p]ane of the ptical guide plate 704 via liquid.crystal

i nj ect ed VH&%ELL&&: al¥ §ul§s°t%1°§t SONREL R oWAY méﬁboﬁ%qa?@ﬁslmhor
conductive .25 pattern.s forned. Nowreferring to Fig. 8 and Fig. 9, a

pl anar | it 1SEYRKcMAIGEN T avdehan opsdsriesuice phater d9ént
invention will be descrjbed bel ow. The light emtting device shown in Fig.

8 is made in such &OMIYPNT AMFTIRABIiRe hym daniRied Dyis made g

emtting diqde 702 is.converted to. 5 ite_light by a color converter 701
whi ch corﬁ‘b?qhsaph%%‘bﬁ&“raa’ﬁﬂ stE}GFpu*PVT‘F% ;JP—S%& rikkedi yantbst ildghtyui de

late 704, . .. .
P emitting component 702 is turned to planar state by the

10 optical guide plate 704, then converted to white light by a
dispersive sheet 706 which contains phosphor formed on one of
the p;incipal piane of the 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

15 sheet by spreading it together with a binder reéin over the'
dispersive sheet 706. Further, the_ binder including the
phosphor'may be formed in dots, not sheet, directly on the
optical guide platé 704. :
<Ap§1ication> '

20 (Display device)

Now a display device according to thé present
invention will be described below. Fig. 10 is a block diagram
showing the configuration of the display device according to
the present invention. As shown in Fig. 10, the display

25 device comprises an LED display device 601 and a drive circuit

610 having a driver 602, video data storage means 603 and tone
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The light emtting device shown in Fig. 9 is made in such a configuration
that blue light emtted by the light emtting conponent 702 is turned to
pl anar state by the 10 optical guide plate 704, then converted to white
l.ight by a dispersive sheet 706 which contains phosphor formed on one of
the princi a{: ngane of thg optical_guide plate 704, thereby to output
white |ighePrrohl BRaRSsPite. fHhe pRbePhay Bevieet 86 cdwvdinpdihite he
di spersive, sheet 706,or forged in_a 15 sheet by spreading it together wth
a bi nder TE2Rh GULFEiRE dipdper SPde siemr o&Figurl her, Filge I¥ mferanged

i ncl udi ng, t he Fhosghor.na pbe fornmed in dots, not sheet, directly on the
optical gtfdB2bfafe ?Bﬁ?gQﬁﬁbF?BaﬂPoﬁbC%ﬂ?ﬂi]%ﬁﬁaﬁsdéhpwe)MNkagdikb}ay
device according to the present ., invention will be described below Fig. 10
is a bl ock® dPaaaams IRORCHG OMRE LeoAE Ly IR Y ofevire di sPhey admiing: 504
accarding.to__the Eéesenélinvintion. As shown in Fig. 10, the display 25
devite cohprPERY¥IGR| FRLE & L§IREydOkdNIamp texia v e565r beiing siormedi ng
a driver 502 viﬂﬁg. dat a storage neans 603 and tone 51 control neans 604.
The LED dF3pf&Aoeli e thraving white Fight enitting di odes 501 shown
in Fig. 1 or Fig. ZFgrr§n ed in mgrix configuration in a casing 504 as
shown in Fig. 11, ©u§edVEs Torothr ofdli "AEDtAEs W ideqledrts. Ttrrageing

S oo o BEE IB Bo7 ELONERLOCKLRE, MELELLAL 902 8O LY T 1o
input, the tone control means 604 which computes and outputs

10 tone signals for controlling the-'ihdividual light emitting
diodes of the LED display device 601 to light with the
specified brightness according to the data read frbm RAM 603,

and the driver 602 which is switched by signals supplied from

the toné control means 604 to drive the light emitting-diode

15 to light. The tone control éircuit 604 retrieves data from
the RAM 603 and computes the duration of lighting the light
emitting diodes of the LED display device 601, then outputs

pulse signals for turning on and off the light emitting diodes

to the LED display device. 601. In the display device

20 constituted as described above, the LED display device 601 is
capable of displaying images according to the pulselsignals
which are input from the drive circuit, and has'ﬁhe following

advantages.

The LED display device which displays with white
25 light by using light emitting diodes of three colors; RGB, is

required to display while controlling the 1light emission
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The drive circuit 610 has the video data storage neans (RAM 603 for
tenporarily storing display data which is input, the tone control neans
604 whi ch conputes and outputs 10 tone signals for controlling. the

i-ndi vidual light emtting diodes of the LED display device 601 to |ight

with the owpeni fdfed Her iFRGhiIeeR 26 QI Gl 4y ik dLAUNS UBRNEAT,

and the driver 602 which is switched by signals supplie

control mRAS Edferdd) direel idie | é@mt%tg%gaﬁgmggg%\%@ @ty E18 fone

control circuit 604 retrieves data from conputes the

dur ati on joftdrsgitlyl, NOtéMfetitite @WahEte disedes Oggﬁgsgﬁgﬁgd%ggﬁﬁy%gg%-Ce

601, then outputs pulse signals for turning on an i ng

di odes tund helifh di spliayidevi ceiofd. katbhe display gg}{égﬁlg%
IS

constituted as described above, the LED display device capabl'd' of

di spl ayi R@mipTEGRS oA Fdigh altq ohh @ FPhse i igRal s rhic EE?;C?' sl @ the
e |

drive circuit, and has the follow ng advantages. splay device

whi-ch di ggivayaigpldly Wliehacel5 | ighttRy WSisH dy gééyf&t tdhﬁe]gﬁ:géo G%snt hree

colors, RGB, is required to display while“controlling t I ght” "em ssi on

52 out putinvferitienR? Kowsde, | iliawsd t theg dikpdes gndiAcaeydibagl ¥o1 Myst
control the light emtting diodes by taking the em'ssifon intensity,

t enper at wonstiianaetie bys tustih i gtithesm{ e€i g Sabdes heoh i ght i:h%mﬁrreisrég\t
di odes into account, resulting in 5 conplicate configuration of “the drive

circuit \mventdonveshibk ¢&D dinsid awnded ceighk tHecdbsp! ays ARy ag ot the
pr?%ent emitting diodes of three kinds, RGB, it is not neceésary for
the dri&e circuit to individually control the R, G and B light
emitting diodes, making it possible to siﬁplify fhe
configuration of the drive'circuit and make the display device
at a low cost.

15 | With an LED display device which displays in white
light by usiﬁg light emitting diodes of three kinds, RGB, the
three light emitting diodes must be illuminated at the same
time |

and the light from the 1light emitting diodes must be

20 mixed in order to display white light by combining the three
RGB light emitting diodes for each pixel, resulting in a large
display area for each pixel and making it imposSible to.
display with high defiﬁition. The LED display devicé of the
display device according to the present invention, in contrast,

25 can display with white light can be done with a single light

emitting diode, and is therefore capable of display with white
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i nvention, however, because the LED display device 601 is constituted by
usi ng Ilght enlttlng di odes 501 of the present invention which can emt
white light without using light 10 emtting di odes of three kinds, RGB, it
i-s not necessary for the drive CIFCUIt to individually control t he R G
and B lig em tting di odes, .makin ossible to si I|f

conf i guraf:f%lh ©oP%t ?f??‘?/egéﬁrleﬂrﬁ'ogn rrgiéé'tflﬁé' dl"élﬁ'-lhay H%v%@@ displavw
cost. th an D | ay_devi,ce whi ch displays_in white _|ight_by u5|ng
li ght eni %(%Yﬁc@ediwk‘d'é: ‘?Eﬂ#%s kidsMLKERT t’ﬁge FRieEs| iYht tBEPRt | hyIWF odes
must be illu nate at, the time and the light fromthe lLight emtting
‘di odes nuStt 113 %0 ﬁﬁ?&& i na'befxif'erWo sd’lcrs}bl Ay GRAFEt 25 i Ghe Ws&}rﬂy n‘F?ubo¥ he

t hree ﬂa§ for _each pixel, resulting in alarg

di spl ay a?ié Jb x& q DFaK? fig SIS nBbs NS RERB 1diady a?m%\f-‘f-hn%l gh
defi |t|o ED di,spl ay _deyi ce .of .the | a deV|ce according to the
pres %ﬁ%%%?ohepFﬂdtgﬂt¥asgﬁezgtﬁﬁ+qﬁsﬁﬂQ%é) FHRARY cERVEE® done
W th a S|n e li and is therefore capable of displ ay
with whit® %%eﬁgﬁ?ﬁe‘&{n h?\jﬁ’g?l%féﬁ??ﬁtl?%nsu%rﬁm e’%th the LED d| spl ay

d whi ch d I | d d
therc i s such lfﬁaiésa§¥fﬁ5’fé”§p?§§v%& 5h® HishlaE omeles nitekied +'t§’oﬁ2 |

o o1, B8 B0 A a0 1 R Y s PP
the present invention which is capable of emitting white light
10 is capable of displaying stable white light with higher
definition and has an advantage of less color unevenness. Tﬂe
LED display device 6f 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
15 which employs only red and green colors, and is therefore
suited for use over a long perlod of time.
(Embodlment of another dlsplay device employing the llght
emitting diode of the present invention)
| The light emitting diode of the present invention
20 can be used to constitute an LED display device wherein one
pixel is constituted of. three RGB light emitting diodes and
one light emitting diode of the present inventipn,_as shown in
Fig. 12. .By'éonnecting the LED display device and a specified
drive circuit, a display device capable of displaying various
25 images can be constituted. The drive circuit of this display

device has, similarly to a case of monochrome display device,
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As descri bed above, the display device provided with the LED display
device enploying the light: emtting diode of the present invention which
is capable of emtting white light 10 is capable of displaying stable white
l.ight with higher definition and has an advantage of |ess col or

unevenness. The LED display device of the present invention which is

capabl e wifdati sdlazpi ngtorade wmdans | JIRAM)IfOY | GRAPOSakE3§ SétdHlingi ahe tO
tthe eye conpared to the conventional LED display device 15 which enpl oys

only red iaphtgrdiespley atata,ard tond hesmefmyle cistduiad Winlcseroneyses [ty
period of time. (Enbodi nent of another display device enploying the |ight
em tting ditedesbéredeipr ehentRAMVeat icomputiee domht seghal sngodi adigytafidde
present invention 20 can be used to constitute an LED di spl ay device
wherein drfee pilghlt | emtionbig t diedest . wihheesp¥ai tight perfighttineg sdi afles and
one light emtting diode of the present invention,.as showm in Fig. 12. By
conrect i riyitver LEDidhsplsaysdiuchedand, athpecndﬂp&ﬂ: gigMalcidftuthe adiiespl ay
devi ce capabl e of displaying various 25 inmages can be constituted. The
drive cirouitraf thiscwitsplay dausee hhe, dighitar lenitt@imgcasdafes to
nonochr onme di splay device, 54 video data storage neans (RAMfor
t enpor ar il utinrd ey t h&he ngoivedi spleguidat 45 arequired cextiok iveilguifomhi ch
processes. the data stored in the RAMto conpute tone signals for lighting
the |i ghteagh t ofng-hdd 0868 Wiitghtspenitiddgbrdightamsandndtee Swidikeerlighitth i s
switched by the output signal of the tone control circuit to cause the
| i ght eniemitfylng oddiede The tone control circuit computes the
10  duration of lighting the light emittin.g diodes from the data
stored in the RAM, and outputs pulse signals for turning on
and off the light emitting diodes. When displaying with white
light, width of the pulse signals for lighting the RGB light
emitting diodes is made shorter, or peak value of the pulse
15 signal is made lower or no pulse signal is output at all. On
the other hand, a pulse signal is given to the white light
emitting diode in compensation thereof. This causes the LED
display device to display with white light.
As described above, brightness of display can be
20 improved by adding the white light emitting diode to the RGB
light emitting diodes. = When RGB light emitting diodes ‘are
combined 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

25 adding the white 1light emitting diode as in this display

device.
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illumnate. The drive circuit is required exclusively for each. of the RGB
light emtting diodes and the white light emtting diode. The tone control
circuit conmputes the 10 duration of lighting the light emtting diodes from
t.he data stored in the RAM and outputs pulse signals for turning on and

The purse oignals. 1 E98 ??‘%ﬂﬁ%ﬂe&%@ bl T '@,tsgme Srickh s ©
STorer” (SesCEmey G, | IE IS SRk a%ﬁa' RaFed s el bRL BQBHSE (e
i splay deopaEitaby e b 0ent e R B S | PR T T ess
Che Rep Y31 perord LRGN %e\?\ﬁg’%ﬁ%&h?. é’ﬁ‘ct eﬁi“%??ﬁ{j SO dinde St o
et %é%u???%%‘y‘.’%’f%‘t‘?%%%?é t@gﬁ.@%éaey s R e
Ut o e SroRUCRaRe POPPLERK 35 95 B 24 %@%d' A e eniting cuch
a displ aYdﬂ@déCeri‘%erd%?l%rr'eQ%d @5’%& th ERePTES r_El e &Hé‘t wletgpg ]p][ﬁ%%

provided separately as a tone cont 1 of - gi rcwt conpdt €

br gt nese™ SRE S 8%, STLpALASE: Pherl o8 1?%?&*“ b8 PRB8E, o and
circuit i§oedi Y& Wifed r@xé’wﬁﬁﬁréﬂ'gig RIBddd Uk,
10 (Traffic signal)

When the 1light emitting diode of the pfesent
invention is used as a traffic signal which is a kind of
display device, such advantages can be obtained as stable
illumination over a 1long period of time and no color

15 unevenness even when part of the light emitting diodes go out.
The traffic signal employing the light emitting diode of the
present invention has such a con.figuration as white light
emitting diodes are arranged on 'a substrate whereon a
conductive pattern is formed. A circuit of light emitting

20 diodes wherein such 1light emitting. diodes are connected in
series or parallel 1is handled as a set of 1light emitting
diodes. Two or more sets of the light einitting diodes are
used, each haVing the light emitting diodes arranged in spiral-
config-urétion. When all light emitting diodes are arranged,

25 they are arranged over the entire area in circular

configuration. After connecting power lines by soldering for
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di ode driver thereby to switch the driver. The white light emtting diode
i l1.um nates when the driver is turned on, and goes out when the driver is
turned off. 10 (Traffic signal) Wien the light emtting di ode of the

present invention is.used as a traffic signal which is a kind of display
devi ce, %H%h advan;ta es Cfaq: be .obt ai ned as stable illum nation over a |ong

period of F FENRRG h: by Tifhtferpiebst R@ndiwdes pard bhet ﬁéblsﬂ'-g”ﬁﬂie

emttlng di_ odes oot Thetraffl si,gna] enploying the light emtting

di ode of “ g fgesré}ﬁﬁ i RO¥REI oerEP%{‘sY'su& 2T oRFFYErdt iloh as C&kﬁﬂ*‘elﬁ’r i §Ht

emtting_di ange ubst e whereon a, conductive pattern

is for neagligg?r {ﬂ'?ﬁ%#‘ | i gﬁp nﬁFﬁ ncglﬁﬁﬂf of&Y 1GSer &Fn RIAGE] | gt an

emtting tdL'{JOdeS ar,e _conr e\%bed i.n series or parallel is handled as a set of
T

li ght enftPPAgI™afsge8s agr lﬁo?@%@??‘iof"lf-ﬁeal iLdahtekilockhgadreabsrar e
Con gur 8PRoRY TRETSE T It B AT g Hb e CL b @) oF¥aRBRArL BEoF hey Take
pover 11 SUESB eGP T RGLFE EEH 1 B aﬁsctcfo&é.%?ié‘%%‘){%ngﬁéﬁéﬁrﬂfl%%g%" "
chassi s BranPgth é%%?;ﬁaﬁﬂcﬁﬁe{éﬁ{ﬁi'g 3500 B itk SavaRe 15 -
eal ed of FRERS HEARE, e EUbBREC pokinlal o Fe?. PRk hatas scheditevi ded
with a “@Bkeggﬁﬂln&‘%?Eoghghﬁﬂ@fﬁgégk the chassis from the outside,

10 with the inside of the chassis closed. Thus a si.gnal of white
light is made. A signal of higher reliability can be made by
dividing the light emitting diodes of the present invention
into a plurality' of groups and arranging them in a spiral
configuration swirling from a center toward outside, while

15 connecting thém in parallel. .The- configuration of swirling
from the center toward outside may be either continuous or
intermittent. Therefore, desired number of the light emitting
diodes and desired number of the sets of light emiﬁting diodes
can. be selected depending on the display area of the LED -

20 display device. This signal is, even when one of the sets of
1ight_ emitting diodes or part of the light emitting __diodes
fail to illuminéte due to some trouble, capable of illuminate
evenly in a circular configuration witlho_ui.: color shift by
means of the remaining set of 1light emitting dioldes or

25 remaining light emitting diodes. Because the light emitting

diodes are arranged in a spiral configuration, they can be
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pl ane thereof. Electric wiring of the LED display device is passed through
a rubber packing on the back of the chassis, for sealing off the inside of
the’ chassis fromthe outside, 10 with the inside of the chassis closed.
Thus a signal of white Ilight is nade. A signal of higher reliability can

be made b itviding the light emtti diodes of the present invention
into a pI%FggP9§goP85?o§5§S§ﬂ§ QFP5ndﬁ$%JQQRﬁﬁF¢1%P%pﬁ?%NencUhtthFaﬁnﬁn
swirling ér a center_toward Putside, while 15 connecting themin

paral | el . ’rﬁg]eESH i QUPEEFDHCOI L LM 1T 970215 r AP peing nirgandpeeenbulampe. my -

be either< Qgti uoys or intermttent. Therefore, desired nunber of the
light emt |n8p GPodes and desired nunber of the sets of light emtting

di odes can be sele d ndi.ng on_the display area of_ the LED 20 displ ay
device. This signalgbg, g%@ﬁQMﬁgﬁ(iﬁﬁﬁWp R 52F§t8ﬁrIikﬂku%ﬁﬁiﬁ¢ngtbﬁodes
or part of éhg tig%ﬁ e%Lttin déo es, fail. to illum nate due to sone
troubl e, Rapabl Ve ghanty B4t a2Efr dQtarte obri granatoiedi Eaout

col or shi aps of the remaining set of light emtting diodes or 25
Hn g, BB LSoRs Wheret™

remai ni ng " Because the light emtting diodes are
arranged Eﬁx?m§9érf configuration, they can be 57 arranged nore densely
near the nter, and driven wthout any different inpression fromsignals

(I Tustrace the 5 pracsRfar R RroTsAtRnSatiaht pBitElanermponBatchA¥paes
tQ linjtaﬁh8m§§998ntggéfogt 450nm and a.half width of 30nm employing a
10 GaInN semiconductor. The 1light emitting component of the
present invention is made by flowing TMG (trimethyl gallium)
gas, TMI (trimethyl indium) gas, nitrogen gas and dopaht ggs
together with a carrier gas on a cleaned sapphire substrate
and forming a gallium nitride compound semiconductor layer in
15 MOCVD process. A gallium nitride semiconductor having N type
conductivity and a gallium nitride semiconductor having P type
conductivity are formed by switching SiH, and Cp,Mg as dopant
gas. The LED element of'Examplell has a contact laYer which
is a gallium nitride semiconductor having N type conductivity,
20 a clad layer which is a gallium nitride aluminum semiconductor
having P 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
25 InGaN activation layer of thickness about 3 nm. for méking a

single quantum well structure. The sapphire substrate has a
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(Exanple 1) Exanple 1 provides a light emtting. conponent having an
em.ssion peak at 450nm and a half wdth of 30nmenploying a 10 GalnN
seni conductor. The light enmitting conmponent of the present invention is
made by flowng TMG (trinethyl galliunm) gas, TM (trinmethyl indiun) gas,
nitrogen gas and dopant gas toget her with a carrier gas on a cleaned

sapphire at.¢ L m aII umnitride, conpound se cond ct or
raegr ind %ggﬁkéw%ﬁtfgggségmng #?¥Fﬁe LT L oRATEERR WX ®Ype
conduct I n tr conduct n

condﬂct : g%{r‘éeg?gu ??féd g]es:/vl tbu%%n apfé? aﬁd j%bezkgw%fgﬁofﬁ Ecoﬁggcuﬂﬁe LED
el ement of Exanple ngs a,  cont act Iayer mhlgh IS galliumnitride

seni conditt ARAERY At 13 pESEBREBERFSi PF, 490G @FadHFaV%raﬁ%ﬁ%hfP§mbng

galllun1thrkg§ al um num sem conductor having P type conductivity and a
contact layer Which is a galliumnitride sem conductor having P type

conduativity  and P%@re%?;’eﬁta%%?é‘héﬁ ¥ e a%ﬁdac?sv 1 yone” I n¥eaoped

quant um an e ePor Y 8kagh B REBERRT R and Aot actsgd@s ot Frifed

) e BTSRRI | U Lo TR A SR L ke

400C or AROVSALT Sfade TN ieddiffdd Thodul! t ToREPURLIL HY SUREARER-S" P
are made by dividing the wafer with external force.

10 The light emitting component made in the above
process is mounted in a cup .of a2 mount lead which is made of
silver-plated steel by die bonding with epoxy resin. Then
electrodes of the light 'emitting component, the mount lead and
the inner lead are eleétrically connected by wire boding with

15 gold wires 30um in diameter, to make a light emifting diode of
lead type.

A phosphor is made by dissolving raré earth elements
of ¥, Gd and Ce.in an acid in stoichiometrical proportions,
and coprecipitating the solution with oxalic acid. Oxide of

20 the coprécipitate'obtained by firing this material is mixed
with aluminum oxide, thereby to obtain the mixture m_at'eri'al._
The mixture was then mixed with ammonium fluoride used as a
flux, and fired in a crucible at a temperature of 1400°C in
air for 3 hours. .Then the fired material is ground by a ball

25 mill in water, washed, separated, dried and sieved thereby to

obtained the desired material. . Phosphor made as describe
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sem conductor |ayers by etching, n and p electrodes are fornmed by
sputtering. After scribing the sem conductor wafer which has been made as
descri bed above, light emtting conponents are made by dividing the wafer
with external force. 10 The light emtting conmponent made in the above
process is nmounted in a cup of a nount | ead which is made of silver-plated
steel byapo¥epondisng W ERBrepexylumiium-gaenet el edfluodescehtt he material

I'i ght' em tting conponent, the nmount |l ead and the inner |ead are

el ectri caePyesenitedt &y bgenpral bddmyula t hY 550 )AL, ecS80phera ditanet er,
to make a light emtting diode of |ead type. A phosphor is nade by

di ssol vi 3§ % &fe ¥aks hsebekdhutedowivh Gft santd Ceubst ibution ratio of Ce

stoi chionetrical proportions, and coprecipitating the solution with oxalic
aci d. Oxil®e 000320 the coprecipitate obtained by firing this material is

m xed wth alum num oxide, thereby to obtain the m xture material.. The
m xPure was then ni®%edPairtls abhionvaikghtuorf dethisedt hisoresddnix, marteerfiialed i n
a crucible at a tenperature of 1400C in air for 3 hours. Then the fired
mat er i al hayiggo@dnEanpes Baldn 25 ni ¥i..Gdy. Mah 24Q,. Was hebjicsepasabeen dradsd and
sieved thereby to obtained the desired nmaterial. Phosphor nade as descri be
59 above s HA] rikRV 2l BRPRGAFPgaTetl G0 ubrESEe Y aiglital of r eppEyemeasdiiby
general formula (Yo.8CGd0.2) 3A15012 : Ce where about 20%of Y is

subst i t uPE® e iiemd B ubikedutiont vaR| dndfo Geluisy 0. 03he. sBOrPyr tiss by

wei ght of the fluorescent material
poured into the cup provided on the mount lead whereon the

10 light .emitting component is mounted. After pouring, the
slurry is cdred at 130°C for one hour. Thus a coating having
a thickness of 120um, which contains the phosphor, is formed
on the light emitting component. 1In Example 1, the coating is
formed to contain the phosphor in gradually increasing
15 concentration toward the light emitting component.
Irradiation intensity is about 3.5W/cm?. The 1light emitting
component and the.phoséhor'are molded with translucent epoxy
resin for the purpose of protection against extraneous stress, .
moisture and dust. A lead frame with the coating layer of
20 phosphor formed thereon is placed in a bullet-shaped die and
mixed with translucent epoxy resin and then cured at 150 °C
for 5 hours.
Under visual observation of the light emitting diode
formed as described. above in the direction normal to. the light
25 ‘emitting plane, it was found that the central portion was

rendered yellowish color due to the body color of the phosphor.
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havi ng a conposition of (Y0.5Gdo22) 3A15012 : Ce which has been nade in
t he. above process and 100 parts by weight of epoxy resin are sufficiently
mxed to turn into slurry. The slurry is poured into the cup provided on
t.he nmount | ead whereon the 10 light emtting conponent is nounted. After

pouring, the slurryeasusetientat 13FC f ochedmakeityThuspdi soAt i Ng-d1ass ng
a thickness of 120m which contains the phosphor,.iS forhed on the |ight

em tting epanenire | anfxaopoe Iredder DOQt iRAekS of OFRBA1EghEe0NR tt 1
phosphor in gradually increasing 15 concentration toward the light emtting

conponentdiode reddat iaen ded@nididd alsoabowind3. SMa1e dhe ehi@Rl ngm Wi it
conponent and the phosphor are nolded with translucent epoxy  resin for the

purpose dfightotgate orlags nefl (OUIEDEWIS2SI ) 66 bR LS 3N altst - (4 | ead
frame with the coating |ayer of 20 phosphor formed thereon is placed in a

bul | ®t - shipedcdler ahdmpatraedrai bl BOBISIKICEAE 8POBY foSidbland tdeferined at
150 C for 5 hours. Under visual observation of the - light emtting diode

forned. asndkesc(Rédpdwhabhverien agprodiinetd oo NeheBkhh@actBeikigbt o3b a
emtting plane, it was found that the central portion was rendered

yel | owi sh3-ecdwefalme fhubhesbeny daker. of Likgtphespbeing éQf&BaéhbgmMﬁ§ of
chromaticity point, color tenperature and col or rendering index of the

li ght em%¢3hgn/Wi cxlenpeachblas tde siira theslf sdoovien@umtd espatd € aafp e Rt tigemhi t e
~light gave values of (0.302, 0.280) for chromaticity point (x, 5 vy), color
tenperapuhe bif808Os ks andd8r7. Bohdittoher ofemderigigation with a current
10 of 60mA at 25°C, 20mA at.25°C and 20mA at 60°C with 90% RH,.no
‘change due to the fluorescent matefial was observed, proving
that the 1light eﬁitting.diode had no difference in service
life from the conventional blue light emitting diode.
(-C_dmparétive Example 1) |
15 Formation of a light emitting diode and life tests
thereof were conducted in the same manner as in Example 1
except for changing the phosphor from (Y, ,Gd,,);Al0,,:Ce to
(ZnCd)S:Cu, Al. The 1light emitting diode which had been
formed showed, immediately after energization, emission of
20 white light but with low luminance. In a life test, the
-output diminished to zero in about 100 hours. Analysis of the

cause of deterioration showed that the'fluoreSCent-material

was blackened.

This trouble is suppOSed to have been caused as the
25 light emitted by the 1light emitting component and moisture

which had caught on the fluorescent material or entered from
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i ndex (Ra) which are approximate to the characteristics of a 3-waveform
fl uor escent | anp. Light emtting effici ency was 9.51 m W conparable to
t hat of ‘an incandescent lanp. Further inlife tests under conditions of
energi zation with a current 10 of 60mA at 25C, 20mA at 25C and 20mA at 60C

with 90%tRd ouasichangouiit tddue ﬂﬂd&l@sﬁ@%ﬁa‘ﬁé oS ARSI MRA tq

proving that the light emtting.di ode had no erence |n serV| ce 1fe

from t he grerverittaaral di uaHd ghfuraEdd | Rge dighe. %g]gasr 1) 15
For mati on of ?ﬁlght emtting diode and life tests ereo vvere con uct ed

in the sa@ym@il 85 b1 e ept n e p om
(Yo8BGdo22) u3A15 12 : @a%@ﬂ@%n%rgg&é ﬁé‘gll'hfé%aln&%t gégﬁgt F?%ggdﬁg{c?él\rml ch

had been JnQ¥ifB¢ Qe bnd PRdialH] XVJ.aJﬁ eaf {iﬂ:ezg t{'aotf[ %nmergf é,of g

white light but wth | ow | um nance. Mt shed

to zero ixppabopt 4§0-hoys ep ?@g{l\aﬁl ack s c_laﬁ\isgl ggt %I’I q:%tl on stowed

that the fluorescent materi a ES suﬁposlé

have beermzAausegudsst b BRahpDdt 1M ti.@lﬂ\l‘?iﬁnt:@e id %QELV%H] ti] NgeCREP

and noi sture which had caught on the fluorescent. teriral or-entere from

61 the outediatd vy ovghueabeuthpheéopast s 1 miee ¢ahkohdal vZiRE t& the
precipitate on the surface of the fluorescent material, resulting in

bl ackenedefigifeace. Regukbsiaf 1liinke l&ﬁﬁ.@ﬂ@@fxan@@'f'@ﬁ§ af waRer Qi Zad | on
with a current of 20mA at 25 C and 5 OM at 60 Cwith 90% RH afe shown in

Fig. 13. imgeldess Wdndparative Example 1 in Fig. 13.

10 (Example 2)

In Example 2, a light emitting component was made in
the same manner as in Example 1 except for increasing the
content of In in the nitride compound semiconductor of the
light emitting component to have the emission peak at 460 nm

15 and increasing the content of Gd in phosphor than'tﬁaf of
Example 1 to have a composition of (Y, .Gd,,);A1,0,,:Ce.

Measurements of chromaticity point, color
temperature and color rendering index of the 1light emitting
diode, which were made as described above and capable of

20 emitting white 1light, gave values of (0.375, 0.3'70) for
chromaticity point (x, y), color temperature of 4400 X and
86.0 .for color rendering index (Ra). Fig. 18a, Fig.
188 and Fig. 18C show the emission spectra of the phosphor,
the light emitting component and the light emitting diode of
25 Example 2, reséect_ively.

100 pieces of the light emitting diodes of Example 2
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the results of Exanple 1. Luminance is given in terns of relative value
w'tih respect to the initial value as the reference. A solid line indicates
Exdnple 1 and a wavy line indicates Conparative Exanple 1 in Fig. 13. 10
~(Exanple 2) In Exanple 2, a light emtting conponent was nmade in the sane

nmenner ageird E@@@p@mdlévgxagefIHmiﬂ5ﬁ§a§ﬁ98néb@ie&?ﬂh@?&o?fwE?ei%ak%%ve

nitride conpound sem conductor. of the [light emtting conponent to

the em ssirelrpaalghalind6oamibooanibirar eas) Ndetie E;ggbg%geﬁ@_agg (DB Rpesphor

than that of Exanple. 1 to have a conposition o 0, 4)

Measun afgabe sof i etermBty ChYuBOiddf0,50! @het ePRs atlys?., aPfe COhRrage
rendering index of the light emtting diode, which were nade as deséﬁlbed

above anduﬁgﬂ@bgeﬁwten%Qﬂ@ﬁéﬁdéﬂJﬂﬁ@tﬁikégQ%stgﬁxﬁsV@b?@?,2%6%9k§§ﬁ§0 86. 0

0.370) for chromaticity point (x, y), color tenperature o

forscol ogikgedenteyinndax tRaracEbgisi8A, Fig. 18B and Fig. 18C show the
em ssion spectra of the phosphor, the light emtting conponent and the

l'i ght em(Ekiangidi gge of 25 Exanple 2, respectively. 100 pieces of the
light emtting diodes of Exanple 2 62 were nmade and average | um nous

intensities thereofiowergigrkermiaitiolg | H4BHERY {OFc 1QRUOWRS. thd ek of
percentage of the lumnous intensity value before the |ife test, the

aver age mauflefouss i DheBXaiplaf tler ekbepti frort esdayns 88 8% RAQvtNEnneo 5
difference in the characteristic. _
rare earth elements Y, Gd and Ce in the phosphor to make a
10 fluorescent material with composition of

(Y,.35Gd,.5,C€0.03SMy ;) 3A150,,. When the light émitting diodes were
made illuminate at a high temperéture_ of 130 °c, average
temperature characteristic about 8% better than that of
Example 1 was obtained.
15 | (Example 4)
LED display device of Example 4 is made of the light
emitting diodes of Example 1 being arranged ih a 16 x 16
matrix on a ceramics substrate whereon a copper pattern is
formed as shown in Fig. 11. In the LED display device of
20 Example 4, the substrate whereon the light emitting diodes are
arranged is placed in a chassis 504 which 'is made of phenol
resin and is provided with a light biocking member 505 being
‘formed integrally therewith. The chassis, the light emitting
diodes, the substrate and part of the light blocking-member,
25- except for the tips of the light emitting diodes, are covered

~with silicon rubber 506 colored in black with a pigment. The
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(Exanmple 3) 100 light emtting diodes were made in the sanme manner as in
Exanpl e 1 except for adding Smin addition to rare earth elenents Y, &d

and Ce in the phosphor to make a 10 fluorescent material wi th conposition
of  (Yo.39CGdo. 57Ceo0. 03SnD 01) 3A15012. When the light emtting di odes were

de ill wy i .of 130.C
Char act er e Sporbotiie: FPEE FEhlFridd A T0a5a-BFE Foadetan BeadiEas
(Exanpled%)ahﬁgﬁgb%gggﬁ gg@dg;fﬂg ﬁé@ﬂﬁh 4 is made of the light emtting

di odes of Exa eing arranged rna’I6 x 16 matrix on a ceramcs
LED i apl ay devi oo o 20 Ex st Sy | BeyiBiiatedt . WheFusn o idfrar v
phenol | reevh Red TanBYEGT e R ESE (e S Bheer o ee R
SubSi 1 at & S art o Che PRSnCOBY ook RyTramberi6h BRekeeths, TR T o
bl ack w5 R ghant norRg 58 (RAEE, o2be el A T aBCarSaceid e |
oy oo B cRhath VLDl 0| 0 IROTLOE g ThEek Tl SHlke |

device made in the con n scr above,

stores R anIPUhiShdi 8P 3% i¢ahdd B Ot OBLERLLCT & £l WBCh RE OGESReS
control circuit +to cause the light emitting diodes to

10 illuminate are electrically connected to make an LED display
device. By driving the LED display devices, it was verified
that the apparatus can be used as bléck'and white LED display.
device. | '

(Example 5)

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

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

25 Example 5, respéctively. Although the 1light emitting diodes

of Example 5 showed luminance about 40% lower than that of the
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stored in the RAMto conpute tone signals for lighting the Ilight emtting
diodes with specified brightness and drive neans which is switched by the
output signal of the tone <control circuit to cause the light emtting
diodes to 10 illumnate are electrically connected to make an LED di spl ay

o odes il . Y oom . otk
evice. BygHEi vhiotihg &EEuE spF aycdRMi ces E%}?*ﬁ%ﬁaéf%a dh@%é??ézx%ggye 5)

appar atus can be used as black and white LED evl ce.

15 The |éghpagabiéi 69 €hoteo o e ERoDL el 55 4es; pRde.dn  the same manner as in
Exanple 1 e%cept for using phosphor rep%eseﬁtege%igbeneral formul a

(Ya. 2Gdo(Bkampe@y : Ce . 100 pieces of the light emtting. diodes of
Exanpl e g were made and neasured for various characteristics. 20 .

Measur ement of chr gaBt inGigrt. RGkIt BRYCaYBleS s Bfandfh 450y 428e | Bn
average for chromaticity point (x, y), and 1|ight %ﬂ I ncandescent ?anp

color vagheMdand. mkhfer 198 Fh9Exakil and %&er%tgcfégoﬁé&q% ﬁg}’ﬁ?gﬁt&

spectra of the phosphor, the light emtting co nent an

em t ti ngréppdgentedSblx ypleeal ARTRAG i ¥aliyo Abkhoughd ;ﬁ}éé@tofnﬁ}%i "9,

di odes of Exanple 5 showed | uni nance about ~40% I ower th that o

light emightgesliedesgotiibuaspPbe Exapipaeed aaok Raides AR hblyureqmparabl e
to that of Exanple 1 in life test. (Exanple 6) The light emtting di ode of

Exanpl e ayrdsugedRatrictSrideisae manner as in Exanple 1 except for using
phosphor . '

Measurement of chromaticity point slightly yellow-

10 greenish white light compared to Example 1 was emitted. The
light emitting dicde of Example 6 showed good weétherability
similar to that of Example 1 in life test. Fig. 20A, Fig. 20B
and Fig. 20C show the emission spectra of the phosphor, the
light, emitting component and the 1light emitting diode of

15-  Example 6, respectively.

(Example 7)

The light emitting diode of Example 7 was made in
the same manner as in Example 1 except for usiﬁg phosphor
represented by general fprmula Y,(Al, Ga, ;);0,,:Ce. 100 pieces

20 of the light emitting diodes of Example 7 were made and
measured for various characteristics.

Although the 1light emitting diodes of 'Examplé 7
showed- a low luminance, emitted greenish white light and
showed good weatherability similar to that of Example 1 in

25 life test. Fig. 21A, Fig. 21B and Fig. 21C show the emiésioh

spectra of the phosphor, the. light emitting component and the
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represented by general fornula Y3AI 5012: Ce. 100 pieces of the |Iight
emitting diodes of Exanple 6 were nade and neasured for various
characteristics. Measurement of chromaticity point slightly yellow 10
greenish white light conpared to Exanple 1 was enmitted. The light emtting
di ode of Ekghpl embrisiroyeligrod fvanidigiiadi1, tpespedfiihai .0 that of Exanple 1
inlife test. Fig. 20A, Fig. 20B and Fig. 20C'show thé em ssion spectra of
t'he phosplexampbe 8)ight. emtting conponent and the |ight emitting di ode
of 15 Exanple 6, respectively. (Exanple 7) The light emtting di ode of

Exanpl e 7 was made The fLhehsammireuite; d@odd Exarmdaﬁlpheexs:ea&sfﬁ{ad@sim
phosphor represented by general fornula Y3(Al a.5Ga0.5)5012: Ce. 100 pieces

20 of thethe gistar@mindnmgr daedemn okxExaIRl el7e%é?t”9f@r angm %ﬁﬁsﬂnéﬁr
various characteristics. Al though the light emtting di odes Of anple 7

shovied a teprésentedcBy efbrdred Jfeenish dag(zelusc&htt)aé\ld csheywednoonsks
weat herability simlar to that of Exanple 1 In ) fest. Fi g. 21A, Fig.

21B and Fagt 2bEtatiawi.he eoDsgiimtespect kaeofl idie PERSEHORg H'l%d'e'sghif
em tting conponent and the 65 |ight enmitting diode of Exanple 7,

respect i VExamplé Bxarptee nideltmnd ingddsarad tddig v@ﬂ%sofcr@g@@megl%tw@% .made
in the same manner as in Exanple 1 except for using phosphor 5
represented by generhthéwghultdreGdl ighlto. &bt g 5UlibdesLe othi ERaflpES 8

showed a low luminance, showed good weatherability similar to
10 that of Example 1 in life test.
(E#ample 9)
Light emitting diode of Exémple 9 is planar light
emitting device having the configuration shown in Fig. 7.
Ing sGas. N semiconductor having emission peak at
15 450nm is used as a light emitting compohent. Light emitting
components are made by flowing TMG (trimethyl gallium) gas,
TMI (trimethyl indium) gas, nitrogen gas and dopant gas
'together with a carrier gas on a éleaned sapphire substrate
and forming a gallium nitride compound semiconductor layer in
20 MOCVD process. A gallium nitride semiconductor layer having N
type conductivity and a gallium nitride semiconductor layer
having_P type conductivity are formed by switching SiH, and
(thg.as dopant gas, thereby forming a PN junction. For the
semiconduétor light emitting component, a contact layer which
25 is gallium nitride semiconductor havihg N type conductivity, a

clad layer which is gallium nitride aluminum semiconductor
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not contain Y. 100 pieces of the light emtting diodes of Exanple 8 were
made and neasured for various characteristics. Although the light emtting
di odes of Exanple 8 showed a | ow | umi nance, showed good weatherability
simlar to 10 that of Exanple 1 in life test. (Exanple 9) Light emtting
di ode of Exanple 9 is planar light emtting device having the )

confi gur BAVARIs IOWYYPS FFERAYCtivHBY 0s@oChEN sanaonyhdesr ¥avigRgldMssi on
peak at 15 450nmis ysed as a light emtting conponent. Light emtting
conponenfid tELE en@d MR FATHE ORKESHIE AT gRl FYRR) ceaguctiNLtyt antet hy!
indium gas, nitrogen gas and dopant_gas together with a carrier gas on a
cl eaned $afHIHAESs errat‘féhl%lhdl%smlggua. ngsrifgnmsericoaduesapotdying

semi conductor |ayer .in 20, MOCVD process. A galliumnitride sem conductor

| ayer ha¥i ig/BE t9PRUChhvitYi ey fafdred ,gal PRuRGhivatdens haxadadt 8 ayer
having. P type conductivity are forned by sw tching SiH4 and Cp2My as
dopant g&OPSChet BN f ¥Ry BaRRE| Encirehlemetere  jvaatdenduts ofommgis

em tting conponent, a_contact |ayer which 25 is galliumnitride

seni condietaeeRa ity Chady gevedndigcting &Y type goaguchisdtihiass tdeggliadim
nitride glum nym sem conduct or 6 having N type conductivity, a clad ] ayer
whi ch i s gX9% ﬁ’rﬂ‘”ﬁ’igt A deYRE (PR %?‘%Je‘fﬁ"clgndu%t-g}lfﬁam RGYPTt yHe PEGNIGET vi ty
and a contact, | ayer i,ch is galliumnitride seni conductor having .P type
conducti 9ty HPe féﬁﬁ\élg‘.lrﬁn RRIER Igyer IHTENS JBRLYLYA Ga R ARTiGE

makes a douhl e-hetero junction is fornged _ .
se&%con ua%orllayer JL a {owngemperature. The P type nitride

10 semiconductor layer is anneaied at a temperaﬁure of 400°C or
above after forming the film. |
| After forming the semiconductor layers and exposing
the surfaces of P type and N type semiconductor layers by
etching, electrodes are formed_by sputtering. After scribing
15 the semiconductor wafer which has been madelas described‘above,
light emitting components are made as 1igﬁt emitting
components by dividing the wafer with external force.
The iight emitting component is mounted on a mount
iead which has a cup at the tip of a silver-plated copper lead
20 frame, by die bonding with epoxy resin. Electrodes of the
light emitting component, the mount lead and the inner lead
are electrically connectéd by wire bdding with gold wires
having a diameter of 30um.
The lead frame with the light emitting component
25 attached thereon is placed in a bullet-shaped die and sealed

with translucent epoxy resin for molding, which is then cured
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between the clad | ayer having N type conductivity and the clad |[ayer
havi ng P type conductivity. A buffer layer is provided on the sapphire
subistrate by formng galliumnitride sem conductor |ayer at a | ow
tenperature. The P type nitride 10 sem conductor |ayer is annealed at a

e conalis oS0 By e 5 BB Boc R L A Pkl i Pne ) b oo gAY
A Lor SCAIERg 1EHeE i H0 B Ve SR e RSO BEER H a e THoatd bed
i vi i ng VI Vi of AR AL o S A L PReCLRGRT WBHCEL | Wy EShBOHBA: Tk,
Copper | aad 9Bt Trane®7n, Y ShEreEekl, Bha B Bete %8 KRR RS he

|8 Mg CRIRANEL BRI Lot a0 L1 LG heBlin S ranase

electric y  donnéct ed re-bo ng a "diameter of

30pm They.l ¢ fr it :Eﬂg-li ] tid . tached i hereon
is pl acegh'lS asgt?lalqglt\-g%%pe d?ce%gﬁg%rspe;algeg&lvcc\n { h%tq%aryrléﬁeﬁfgg%ttoggo%lrée}gi n
for nol disng.. i Shdeg then cured 67 at 150C for 5 hours, thereby to forma

blue I'ight emtting diodg. The blue light emtting diode is connected to
oS £ ! 00 O THIRBRAG O SR e ik WA T ST )
printing dl%&ﬁ?)ll'n?j R HYNE P B S aALE, cd, ce and La in acid in
10 stoichiometrical proportiohs, and coprecipitating thé solution
with oxalic acid. Oxi‘de of the coprecipitate obtained by
firing this material is mixed with aluminum oxide and gallium
oxide, thereby to obtain respective mixture materials. The
mixture is then mixed with ammonium fluoride used as a flux,
.15 and fired in a crucible at a temperaturé of .1400 °C in air for
3 hours. Then the fired material is ground by a ball mill in
water, washed, separated, dried and sieved thereby to obtained
the désired .material.
120 parts by weight of the  first fluorescent
20 material having a composition of Y,(Al,.Ga,,)s0,,:Ce and capable
of emitting green light prepared as described above and 100
parts by weight of the second fluorescent material having a
composition of (Y, Gd,s):Al;0;,:Ce and capable of emitting red
light prepared in a process similar to that for the first

25 fluorescent material, are sufficiently mixed with 100 parts by

weight of epoxy resin, to form a slurry. The slurry is
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di spersed in an acrylic binder as white color reflector, which is then
cured. Phosphor of green and red colors are nade by dissolving rare' earth
el €nents of Y, Gd, Ce and La in acid in 10 stoichionetrical proportions,
and coprecipitating the solution with oxalic acid. Oxide of the
coprecipitate optained hy firing this material is mxed with alum num .
oxi de an@%&lﬁqcﬁrﬂn Iﬁ‘gl,y t?‘f@?‘éb%‘t%cﬁlﬂ%é? n1R¥8pebBVBInEX e kiassr iof s.
The m'xtourse is then m xed with amopium fluoride used as a flux, 15 and
fired in a>cr 08 bPE &3PT effer &t FPELBE-39888% i R0d r drded 3tAoLFRIM THRen
the fi re% rraoterial I S_groun b%{ a ball mlIl in_  water, washed, separated,
dried and HAREFHer®hteT b2 bot &Y Rtd tq hRe JUSFHe #Sned eFPAPT CRN YA N Dy
wei ght of the fi rs}'_;1 fluorescent = 20 material having a conposition of Y3
(Al o: 6Ga8 2P B bayngng neSSof O nPPPhg IPHBen | TRt THUPREE s
descsri bed acbov.e and_100 arts by.weight. of the second fluorescent materi al
having a “HoHodyh t F88Shf Y0 HEI0INEP IS ofdme Blz@nPtaphblfe 8 &R ting
red |ight .preparegll.i a process simlar to that for the first 25
[} or es oA ariohiy SRHEATE SHARE ik uaat 1000 [Hes B1a i gd of
epoxy resj to forma slurry. .The .sjurry is 68 applied unifqormy onto an
acrylic Iazfgrearn eé{_/ion tg’ef R ESs gdﬁldeb.%flarﬁﬁ A Ys &5 fé)l?ﬂjli't%]q ¥ and
dried to4f; f S t material |aver t?ﬂ#}e.used as .a_col or
converti r?‘gl(gr{r?atae _en}ll‘éaﬁﬁ' ngclfeﬁiglcg "t hi CKIess b Watﬁﬁéﬂm P& éid 5
materi al éoeiyoezr déndd] ir{gntianfer}]ce o%a@xeSIlzfghacs émhﬁ:ttiqg tcpe%ice gave values
10 of (0.29, 0.34) for chromaticity point (x, y) and 92.0 for
color rendering index (Ra) which are approximate to the
properties of 3-waveform fluorescent lamp. Light emitting
efficiency of 121 m/W comparable to that of an incandescent
lamp was obtained. Further in weatherability tests under
15 conditions of energization with a current of 60mA at room
temperature, 20mA at room temperature and 20mA at 60°C with
90% RH, no change due to the fluorescent material was observed.
(Comparative EXample 2)
Forming of light emitting diode and weatherability
20 tests thereof were conducted in the same manner as in Example
9 except for mixing the same gquantities of a green organic
fluorescent pigment (FA-001 of Synleuch Chemisch) and a red
organic fluorescent pigment (FA-005 of Synleuch Chemisch)
which are perylehe-derivatives, instead of the first
25 fluorescent material  represented by  general - formula

Y,(Al,.(Ga,. )s0,,:Ce capable of emitting green 1light and the
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principal light emtting plane of the optical guide plate, and arranged on
the optical guide plate thereby to formthe planar |ight emtting device.
Measurenents of chromaticity point and color rendering i ndex of the |ight
emtting device gave values 10 of (0.29, 0.34) for chromaticity point (X,

y) and 92eRohr rEQbPEsEEREe Mt HiEX Hdpe Sty ab?t ageheX4 Bl rinh 1the

properties of 3-waveform fluorescent |anp. Light em{ting efficiency of

121 m W qeiipasab) 2116t bat cabadel BFandeseity fé&mlwgﬁtoatfaiﬂ&%ﬁ\pléurst.her
in weat herabi ity test's.. under 15 conditions of enerdization wth a

current o BanA iaki thooRookraBakakUr & 2QI at] IHRM teiRar Al & uk 2 at
60C wth 90% RH, n0O change due to the fluorescent material” was observed.

( Conpar atdow® aPsdIRlee FXanpAleM g ials | 8hhe&MibEENYxdi Qde -and waat herapi l ity
20 tests thereof were conducted in the same manner as’'in anple 9 except

for sm xi %att%r%@ﬁ@.i%#an_tiéé@s Qas? OEBRALEEEAN Gy Tl YOL-GEEERE NG IRRRL
(FA-001 of Synleuch em sch) and a red. organic fluorescent pignent

(FA-005 of tPavieneh Cher seftherditiceh e RaiHane-fes i wadd vesoo | idgad, of

the first 25 fluorescent material represented by general formula Y3

(Al 0. 6Gag-ehresdhtinge egapabllendf ieHadidtd o e édrghlli%ﬂ.d s H&ecand
fluorescent material represented by general formula ("Yo.4Gdo.6)3Al 5012: Ce

capabl e off @fid tyeig r ahillieghteadureayatee YumdHrat i&t 4 in Gepreitial esndf
the light emtting diode of Conparative Exanple 1 thus fornmed were (X, Yy)
= (0. 34, d313R) - ton¥eatthevabidid y thiesls wasringdutied:-dyt i peddoatl.i ngrw tah

10 reliability tést, the light emitting component was energized
to emit 1light at a constant temperature of 70°C _thle
measuring the luminance and color tone at different times.
The results are shown in Fig. 14 and Fig. 15, together with.
Example 9. As will be clear from Fig. 14 and Fig. 15, the

15 light emitting component of EXample 9 experiencés less
deterioration than Comparative Example 2.

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

20 In the light emitting diode of Example 10, the light
emitting component having a.light emitting layer of Ing  sGa,.ssN
with emissidn peak at 450nm which is made in the same manner
as in ﬁxample 9 is used. The light emitting component 1is
mounted in the cup provided at the tip of a silver-plated

25 copper mount lead, by die bonding with epoxy resiﬁ.

Electrodes of the light emitting component, the mount lead and
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ultraviolet ray generated by carbon arc for 200 hours, representing
equivalent irradiation of sun light over a period of one year, while
measuring the lumnance retaining ratio and color tone at various tines
during the test period. In a 10 reliability test, the light emtting
conponent, was, energj ze to emt light at a constant tenperature of 70C

while nmEdReriRReY hPadinifoim Rl eFtr tRA bLY (QRINSELRR B renre thoding whih

results are shown in Fig. 14 and Fig. 15, together with Exanple 9. As will
be clear $9YM¥EES14 and Fig. 15, the 15 light emitting conponent of
Exanpl e 9 experi encgs |less deterioration than Conparative Exanple 2.

. (Exanpl e 10) The ITRRTPRATt ti5hg RA%de B Bi¥dPde 20 Firat| eBHIOXSHRERE ght
emtting diode. 20 In the Ii$$t emtting di ode of Exanple 10, the |ight

eni tting TOpohtht FERESRERAEF ghbY enPBRFRYLI afeFrmial ng: dsleab 29500l ¢

em ssi on peak at 450nm which is nmade in the sane manner as in Exanple 9 is
used ThETRYMS et t PRITEIRBONBRESE s 1Hint &9 n & heeeapdprblieres @8Nt he

tip of a silver-plated 25 copper,_ mount | ead, hy die bonding_w th_ epox
resin. Bt bibs TIPIFRES ?%ﬂt %¥1t9?ﬂ§r€gnpgﬁéﬂP}athéY. o :BAP:atfee 70

the inner_| ead were electrically, connected by wire boding with old wres.
Phosphor cf%p%d]d% 8§ rﬁ“%%%d'“& f’f‘%/%tgf‘ﬁﬁﬁrﬁ@&ﬁ‘tredﬂa?%rf-_&ﬁ?@ﬁreseﬁ%ﬁ%}by
general formil . 130N A SE%S) §01%, %oa da88PaRL 0,00 FTIS4N9; 9resy T

stoichiometrical proportions, and coprecipitating the solution

10 with oxalic acid.. Oxide of the coprecipitation obtaiﬁed by

firing it is mixed with aiuminunl oxide and gallium oxide,

thereby to 6btain'respective mixture.materials; The mixture

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

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

15 the fired material is ground by a ball mill in water, washéd,

separated, dried aﬁd sieved thereby to obtained the first and

second fluorescent materials of the specified particle
distribution.

40 parts by weight of the first fluorescent material,

20 40 parts by weight of the second fluorescent material and 100

parts by weight of epoxy resin are sufficiently mixed to form

a slurry. The slurry is poured into the cup which is provided

on the mount lead wherein the 1light emitting component is

placed. Then the resin including the phosphor is cured at

25 130°C for 1 hour. Thﬁs a coating layer including the phosphor

in thickness of 120um is formed on the 1light emitting
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material represented by general fornula ( Yo,2Gdo.8) 3Al 5012 : Ce capable
of emtting red |ight prepared as follows. Nanely, rare earth elenents of
Y, &d and Ce are solved in acid in stoichionetrical proportions, and
coprecipitating the solution 10 with oxalic acid. Oxide of the

copreci pitation obtained b¥ firi ng it is mxed wth alum num_ oxide and

gal | i um 6RM@ENeNtner ERPCEHTEBEAPR PEsFEE PhOSRREUAE WheeFPAFdNITRBYRF Xt ur e
i's mi xed ,with amoniumfluoride used as a flux, and fired in 'a «crucible
at a tenpér aRFeeIFeA486edPALAYr Yz hbhes 1 ighdn emithing | FeapRRedti-al is
gr ound b¥ aball mll in water, washed, separated, dried and sieved

ther eby FHIEBEZI NP hé 1GNtst SRt 1RG c SAFPANGSte st thet PRAFRIYF BKe
speci fied p:irti le distribytion. 40 _parts by weight of the first

f 1 uor escEReLREL &Y FPld1Rg W3 Thatransyumengherory: kesdBcERE EhEoPESBESE
material and 100 parts by weight of epoxy resin are sufficiently mxed to
form a SEUPFPLefhdod GOAYNSE FXGrederNso Stressup MasERrPsaploddsd 8n the

nount | ead erein the light emtting _conponent is placed. Then_ the resin
i ncl udi ngef"\gg ‘{ﬁ‘?&?ph‘ﬁ'tri‘ sggﬁr £825¢-ngs 1PHRE oF BDABRROL TRAE™MEdCSRETREM ayer

including th hosphor _ i.n thickness of .120pmjs forped, on the |ight
emtti ngg‘s7lp%c"‘g n&fit @ @?@e%‘i?%ﬁ&ﬁfy ofll{ehéa“p?indgﬁfﬁﬁ Vhth h&ré‘é‘élli%ﬁg‘jmltayer
is increased gradyally toward the light emitting conponent. Further, the

|i ght enPPXYg TESAPoRdMk Tifdh e sshdSpnot0 &r £orsSahedrsy nHndekg idisiysl

r ansl XY resi r r f pr i on in X
Lrans| uceal SROKY Lesin LR LSV BR5E: 2o’ AALALCSSd QL LIRL N XA OuS
10 above in the direction normal to the light emitting plane, it

was found that the central portion was rendered yellowish.
color due to the body color of the phosphor.
Measurements of chromaticity point, color
temperature and color rendering index of the light emitting
15 diode of Example 10 which was made as described above gave
values of (0.32, 0.34) for chromaticity point (x, y), 89.0 for
color rendering index (Ra) and_light emitting efficiency of
101 m/W. Further in wéatherability tests under conditions of
energization with a current of 60mA at room température, 20mA
20 at room temperature and 20mA at 60%: with 90% RH, no change
due to the phosphor was observed, showing no difference from
an ordinary blue light emitting diode in the service life
characteristic.
(Example 11)
25 In, Ga, N semiconductor having an emission peak at

470nm is used as an LED element. Light emitting components
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| ead frame with the coating |ayer of phosphor fornmed thereon is placed in
a bullet-shaped die and m xed with translucent epoxy resin and then cured
at 150C'for 5 hours. Under visual observation of the light emtting diode
formed as described 10 above in the direction normal to the light emtting
plane, it was found that the central portion was rendered yellow sh.

col or duedX® tRadpodPycolfdowang: hdMshosphoimethnbur gaditiondf dasonmatTEIty
point, color tenperature and color rendering index of the light emitting
15 di ode CirEeEyle indigmihiads REdEogendesas | ded dbpentgmes vedgesherf
(0.32, 0.34) for chromaticity point (x, y), 89.0 for color rendering index
(Ra) and Yighta eGRFEi®H @Nﬁi@ﬂeﬁc?l@fanei%ﬁamvirﬁjrstumtﬁatmmlabit¢ty
tests under conditions of  energization with a current of 60mA at room.

t enper at UFRET 20mrgbl Him r BokT LdRpFairpEndngderdaAnducsot wWiayemn0dnRHhao
change due to the phosphor was observed, showi ng no difference from an
or dihary NPGND | pypress t th rapldi Bk nitxige ssenvicanduder clayerctmavitg N
(Exanple 11) 2.5 Ino.4Gao. 6N sem conduct or having an eni ssion peak at
470nm i s t¥RR SONHCEEVLEY Bt . 2 LiggH iavA t R iwgidenpendsondurzoar elawrie by
flowwing TMG (trinmethyl gallium. gas, T™M %trinethyl i ndium) gas, nitrogen
gas and dt&EHRI gBs tEGetIRNAUCH VALY R¥¢ efoyagdoRYa s idmtengs apbli rand
substrate thereby to forma galliumnitride conpound sem conductor |ayer
in the 5 GEHID it eds. tACgdPPRDM HaASi d@l%@ﬁxgg@mmg Paydt FaReheN

For the LED element, a contact layer which is gallium nitride

10 semiconductor having N type conductivity, a clad layer which
is gallium nitride aluminum semiconductor having P type
conduétivity and a contact layer which is .gallium nitride
semiconductor having P type conductivity are formed. An
activation layer of non-doped InGaN with thickness of about

15 3nm is formed between thé contact layer having N type
conductivity and the clad layer having'P type conductivity,
thereby to make single quantum well structure. A buffer layer
is provided on the sapphire substrate by forming a gallium

‘nitride semiconductor layer at a low temperature.

20 After forming the layers and exposing the surfaces
of P type and N type semiconductor. layers by etching,
electrodes are formed by sputtering. After 'scribing the
semiconductor wafer which is made as described above, 1light
emitting coméonents are made by dividing the wafer with an

25 ekternal force.

The light emitting component is mounted in a cup at
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type conductivity and a galliumnitride sem conductor |ayer having P type
conduct|V|ty were formed by. swtching SiH4 and Cp2My used as the dopant
gas, thereby forming a PN junction. For the LED el enent, a contact |ayer
which is galliun1nitride 10 seniconductor having N type conductivity, a

clad | ayer, whj un1n|tr de al um num sem conduct or _havin
conduct i it gﬁ% afcﬁht 'VﬁfcﬂoPgeﬁaWPPﬁﬁI%qqqcﬁy géﬁléﬁ%&&eﬁor

Pﬁé'a&gwpt” e.eﬁa‘é@%!?elﬁv'néﬁﬁe S aan%ééfléi")” (T rRep ey er
e o8, e T o aa%;{'r}ene:% L R
2t o T ow erpE rgggfi ?#g'ﬂn%&"& 'fa%{?‘%%;?)%? i8HEne surf aces
Formed by oput tNe” i‘e@ﬁ”dﬁlf%rﬁénalt o8 R CEBi-Charer SATEORSRE made
vt er wi AEEREDSS hEEFbThl 1 oPLaToinah [oNELLHFETPHEbEInbReANd SoRIER od
w'th Sﬁﬁxi‘l‘%l‘?ﬂénﬁ% Ao 1Fet) ﬁt P BRTRERAG PHABBNGR SernE Tt |
gol d wi 1 & hAIPRG EOE Amdveeer SR e 106RY 7 b whiANEn ST il
emtting c?‘ocp&)gnen{'he blue light emitting diode is connected to one end
10 face of an acrylic optical guide plate which is polished on
.all end faces. On one surfaée and. side face of the acrylic
plate, screen printing- is applied by: using barium titanate
: dispefsed in an acrylic binder as white color reflector, which
is then cured. |
15 .PhOSphor is made by mixing a fluorescent material
represented .by general formula (Y, .Gd,,),Al;0,,:Ce capable of
emitting yellow light of relatively short wavelength énd a
fluorescent material represented by | general formula
(Y,..Gd, ¢);A1l0,,:Ce capable of emitting .yellow light of
20 relatively long wavelength prepared as follows. Namely, rare
earth elements of Y, Gd and Ce are solved in acid in
stoichiometrical proportioné,_and coprecipitatiﬁg the solution
with oxalic acid. Oxide bf the copreéipitation obtained by
firing it is mixed with aluminuﬁtloxide, thereby to obtain
25 respective mixture material. The mixture is mixed with

ammonium fluoride used as a flux, and fired in a crucible at a
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attached thereon is placed in. a bullet-shaped die and sealed wth

transl ucent epoxy resin for nolding, which is then cured at 150C for 5
hours, thereby to forma blue light enmitting diode. The blue |ight
emtting diode is connected to one end 10 face of an acrylic optical guide
plate which is polished on .all end faces. On one surface and side face of
t he acryltiempepladtee. <Tr ddi@0pCi din ngirs fappl B echdursusi narHeay | thet iftixeat e

di spersed in an acrylic binder as white color reflector, which is then
cured. 1BaplegsgRoisi gresdd by @ Padd miflludmesediEr natamtienl, segmmesedt,ed by
general formula (Yo8BGdo. 2) 3A15012: Ce capable of emtting yellow |ight of
rel ati veldrisidorandngvevedgth and a fluorescent naterial represented by
general formula ' ( Yo.4Gdo.6) 3A15012: Ce capable of emitting yellow |ight
of 20 relatively |dftf vedetenhyh Weiapdr eaf ayeldbwoduokaselept meteriedrth
elements of Y, Gd and Ce are solved in acid in stoichionmetrical

proport i &fs, rahait topkecishiardt i vavehengbhutdarsh 1Ri0t hpaxis | byacveigtki @ of
the coprecipitation obtained by firing it is mxed w th alum num oxi de,

t her eby t&ldiovai Alporeespatt i atarkddr cofnteelativahe nmoawr evdvelangdd with
amoni um fluoride used as a flux, and fired in a. crucible at a 74

t enper at WY @IS 3F rdesrr BeeRduprBovehanet Isa fifiicdentdyt avipgld iwsitdy ound
by a ball mll in water, washed, separated,  dried and sieved. 100 parts by
wei ght oft 0P [pawts bRar ssdaht @i evqranlics xss imeland \etyrusdiestt tdbahdich and

100 parts by weight  of . )
form a ~ fluorescent material film to be used as color

10 converting material of about 180um in . thickness. The
fluorescent material film is cut into the same size as the
principal emission plane of the optical -guide plate and
‘arranged on the optical guide plate, thereby to make a light
emitting device. Measurements of chromaticity point aﬁd color

15 rendering index of the light emitting device of Example 3
which is made as described above gave values of (0.33, 0.34%4)
for chromaticity point (X, y), 88.0 for color rendering index
(Ra) and light emitting efficiency of 101 m/W. Fig. 22A, Fig.
22B and Fig. 22C show emission spectra of the fluorescent

20 material represented by (Y,,Gd,.,);Al;0,,:Ce and a fluorescent
material represented by general formula (YQJdeshAlgxz:Ce used
in Example 1l1. Fig. 23 shows emission spectrum of the light
emitting diode of Example 1l.. Further in 1life tests under
conditions of energization with a current of 60mA at room

25 temperature, 20mA at room temperature and 20mA aﬁ 60°C with

90% RH, no change due to the fluorescent material was observed.
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yel l ow fl uorescent material of relatively |Iong wavel ength which are nade
as descri bed above are sufficiently mxed with 1000 parts by wei ght of
acrylic resin and extruded, thereby to forma fluorescent material filmto
be used as color 10 converting material of about 180pmin thickness. The

b ol or 10 converting materi a 180pm i thi ckness.
erm 95t on BARE aY 1L KGR bar Fhorag orste SAA bR AHRs Died hE VAR e

quide bl #he ulErAbd gRkens |Gl SibkLLN0 dedice, Measurgmonls df,

chromaticity point rehderi'ng T ndex

device o 5%%&R' L .S a I above .gave val ues of (0. 33,
0. 34) f%P C roﬁgfﬁgip§h§%P3t°?§gﬁ?)%1%§i%s %&Hbgﬁgﬁrﬁgﬁdering i ndex (Ra)
and IighRE§g5b§Enq2§fficiency of 101 m'W Fig. 22A, Fig. 22B and Fig. 22C
show em ssion spectra of the fluorescent 20 material represented by

Yos8CGdo. 2) 3A15012: terd.al ted b I
foraula (Y0 aco, SR ArEh ehi el a8 ebaeT £ A Bnd 0L £I°ULE] R ®
1 SSi f | L ght. Lt i f le 11. Furth i
Tt ot aorehate Barkee a9Nun CBAMLIE ) P8E-Bhe DT Bathar RERAEIRT foom
25 1 eMPeidiiedentU il JORIRILTESERLYLC 220 At BOE Wi Lh o 908 R O

change due to-the fludrescent materia “wad observed. gﬁﬁFﬁgrly, Sired
Chr oI UCALOAN T SIS o, RS BN RORLD PRR e
material 1 jGRamit iy 1B 0O RP1d I8 AlAGs: o uAIRlE Yr RS iRde i n
10 that of fhe light emitting diodes of Example 1, showed good
weatheraﬁiliﬁy comparable to that of ﬁxample 1 in life test.

As described abqve, the-light emitting diode of the
present invention can emit light of a desired color and is
subject to less deterioration of emission efficiency and good

15 weatherability evén when used with high.luminancé fof a lbng
lperiod of time. Therefore, application of tﬂe.light emitting
diode is not limited to eleétronic aépli&nces but can open new
applications includiné' display for automobile, aircraft énd,
buoys for harbors and'ports, as well as outdoor use such as

20 = sign and illumination for expressways.
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the same manner as in Exanple 1 except for using phosphor represented by
general fornula Y3In5012: Ce. 100 pieces of the light emtting diode of
Exanpl e 12 were made. Although the light emtting di ode of Exanple 12
showed | um nance |ower than 10 that of the light emtting di odes of Exanple
1, showed good weatherability conparable to that of Exanple 1 in life
test. As described above, the-light emtting di ode of the present
i'nvention can emmt light of a desired color and is subject to |ess
deterioration of em ssion efficiency and good 15 weatherability even when
used with high Iuninanﬁggiggga | ong period of time. Therefore, application
of the. light emtting f is not limted to electronic appliances but
can open new applications including display for autonobile,' aircraft and.
buoys for harbors and ports, as well as outdoor use such as 20 sign and .
illum nation for expressways. , 76.CLAINS. 1. Alight em.tting device which-
conpri sgé a light enmitting c%rrg(lj%ﬁt “RAVFHEE a%e‘%‘cﬁﬁ '\)"gllcgyggm%?l%es a

sem condugho enafd -y pRAgBRSLCARIDLE of ARSOIDINGA R L OLnl doi, g t ed
from the light emtting conponent and emtting ]1 i‘ght of wave engtuh . ‘
di f f er eahdfa ophddiorofcaphelabser ABdokhb ghd , o WREFEIJE 1ightSahdeté@htrsm tting
conponent is a LED which has an active layer conprising a galliumnitride
" based sEhtchighictedittiaat aPnpagenndanm anit i g dpaghite off weneléngigh a bl ue
col or IlgPt mhichC%P%%Frunlhas a peak wavel ength within the range from

420 to 29 gﬁﬁnt fr at of the absorbed light, wherein:

a) said light emitting component is a LéD which has an active
layer ;ohpfising a gallium nitride based semiconductor
containing Indium and is capable of emitting a blue color
light which spectrum has a peak wavelength within the
range from 420 to 490 nm,

b) gaid phosphor is.a.garnét f1uorescent material activated
- with cerium which is capablée of absorbing a pértlbf the
blue colo; light which sbectruﬁ has awpqgk-wavelengthl
.within.the range from 420 to 490 nm and thereby emittingﬂ
lighé having é brbad'emission.spéctrum comprising a peak
wavelength existing around the range from 510 to 600 nm

‘and a tail continuing beyond 700 nm

and
c) said emission spectrum emitted from the garnet fluorescent
material activated with cerium and = spectrum of an

unabsorbed light passed through said the garnet
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b) said phosphor is a garnet fluorescent material activated wth cerium
which is capabl.e-of absorbing a part of the blue color |ight which
spettrum has a,:.,.Deak- wavelength. within the range from 420 to 490 nm
andr thereby emitting. |ight having a broad enission. spectrumconprising a
peak wavel ength existing around the range from510 to 600 nm and a tai
conti nui ng beyond 700 nmand c¢)'said em ssion spectrumemtted fromthe
garnet fluorescent material activated with-ceriumand a spectrum of an

unabsor bed |ight_.passed through_said _the garne 7 .. fluorescent. materi al
from said LED arféLuggﬁg’ﬁlegtofna%c?\}:éﬁhaﬁﬁoﬁ‘g 3&@htl'gé1§}ret é:.a‘l?ﬁ%éea ¢ont i nuous
conbi ned spectrym. . 2; | e Ll LC cqr:ding to L1,
wherein the Iigﬁ#%%g%gFégglgﬁgnbgk |ﬁg Ds%%%ﬁr%ngggﬁaéﬁﬁgﬁ° %fﬁkﬁbgpght
em-tting device Qeeending to claim?2, wherein the chromaticity point of
the white light color is positioned.along the black body radiation | ocus
shown in the chromaticity diagram 4. Alight emitting device according to
claim1l1, wherein the phosphor conprises two or nore kinds of the garnet
fluorescent materials mctiyed eshiddiheeidtiMe Hcording to claim 1,

wherein the light color of the combined spectrum is white.

3. A light emitting device according to élaim 2,
wherein the chromaticity point of the white light color is
positidned along the black body radiation locus shown in the

chromaticity diagram.
4. A light emitting device-according to claim 1, .

wherein the phosphor comprises two or more kinds of the garnet

fluorescent materials activated with cerium;
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