SPECI FI CATION LI GHT EM TTI NG DEVI CE AND DI SPLAY BACKGROUND OF THE

| N\VENTI ON (Field of the Invention) 5 The present invention relates to a

| §ght emtting diode used in LED display, back |ight source, traffic.
signal, trailway signal, illumnating switch, indicator, etc. Mre
particularly, it relates to a light emtting device (LED) conprising a
phosphor, which converts the waveFERGIRIGATIOYht 10 emtted by a |ight

enm tting conponent and enits light, and a display device using the |ight
em tting device. (DescrFpFHENEYLTRENGt BAVACE)AND| PEBPLAKWiI tting di ode is
conpact and emts light of clear color wwth high efficiency.. It is also

free fromPGRWND DL T8 IAVANTHRh- out and has good initial drive

characteristic, high vibration resistance and durability .to endure
repetiti &G Gng%’f?erId‘tVl%mHecause it is a seniconductor elenent. Thus

it Q@S been used m%@gly in such applications_as various .indicators and
vari‘ous |ight source¥ REE&RPFy ¥ 19 tFehates0te Rled ipbt mROE-YHimy
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comprising a phosphor, which converts the wavelength of light

10 emitted by a light emitting component and emits light, énd a

display device using the 1ight.emitting device.
(Description of Reléted Art)

A light emitting diode is compact and emits light of

clear color with high efficiency. It is also free from such a

15 trouble as bu:n—dut and has good initial dri&e characté#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 as light weight and

25 long life, and is therefore expected to be more widely used in
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the future.
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rrazazacvererrererrrrerrrrurrrrrrrrrt *@0002* Recently, various attenpts
have been made to nake white |ight sources by using light emtting diodes.
Because  the light emtting diode has a favorable em ssion spectrumto
generate nmonochromatic light, making a light source for white 5 |ight
requires. it to arrange three light enmitting conponents of R G and B
ctosely to each ot hﬁécéxﬂ}:gg,duafﬂ%u@ aegefggﬁgn%a‘}éﬂebééﬂhsnaa@ t{&dplke

t hem When generating light wth u an arrangenent, there has been

such a propiem §hght WabhGcds! By @ ihge19enit! ehitigfaieds JeRRAALRI

due to 10 variations in the tone, |uninance and other factors of the |ight

emtting ¢REPRAGAL. eMigeingeaibde IHaghta eﬁé{réfagleC@ﬂQQBQBhSs?é@tlﬂ‘&ﬁletQ:f
different materials, electric power required for driving differs from one

l'ight em ?bhagadéoﬂsnb@hram@tm_@r 11k, NGndHiMpcessaghtt Soappky fdirf hariay
voltages 15 different light emtting conponents, which | eads to conpl ex

drive cirghght Megaoves, irecedisarkhagki giireani 1i§hY enQEROAGNCHMents
sem conductor |ight emtting conmponents, color tone is subject to

vari ati onodur,t g hhe Hi Eflesehgetbneatdmothairumh idarddifersisig and mixing
chronol ogi cal changes and 20 operating environnent, or unevenness in color
may be catibed lighé temiftdiddurkey i hhemi f oWHan ngsmagat ey | whhte edilghsd Wiyth he

light emtting conponents. Thus light emtting diodes are effective as

| i ght eni suchg adewircesgemengendih@ienchasmdbeénuahchcel proplemt frwagh white
satisfactory |ight source capable of 25 emtting white |ight by using |ight

emtting édgpsnendts Hae 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 componehts, which leads to complex

drive circuit. Moreover, because the 1light emitting

components are semiconductor light emitting components, color

tone 1is 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 1light emitting diodes are

effective as light emitting devices for generating individual

colors, although a satisfactory 1light source capable of

25 emitting white light by using light emitting components has

not been obtained so far.



not been obtained so far. 2 In order to solve these problens, the present
applicant previously devel oped Iight emtting di odes which convert the
color of light, which is enmitted by light emtting conponents, by neans of
a fluorescent material disclosed in 5 Japanese Patent Kokai Nos. 5-152609,

799345, 7-176794 and Sor8ekd. cdhesbhghl efldd g lads di s4l0sed ddfhese

publ i cations are such that, by using light emtting conpdne

kind, ar eaﬁ@l@iébﬁtOpr‘ﬁfﬁlWlee%hhp@d V\ﬁi'lt;%tan%m gffis?g{;ogde)id&éés apd 4y e

constituted as fol | ows. 10 The light émtting dio In the a ove

gazettes aopvapdethy. conubt bAYLaght ghivnelht isN@mG@Ran g*?ﬁcv'e{gﬁtac'
energy band gap of light emtting layer, in a cup provi de at e tipof a

| ead fr ameompodehayi ngya méeiruor@Sceantfmabeésalenth%{at%ﬁ%lbsdhée*% g tted
by the tight 15 emitting conponent and emts |ight of a wavel engt ﬁ

~di ffBrent Japanesthattehtt Kekalbseozed s-H1BR6(IRVELENYL S, CPLYRESBANhnd 8-
contained in a resin nold which covers the |ight en1tt|ng conponent. The

light eni 86149 di odeheli stlighed asnidasiarg bediod8sabauigsCanald e 9f  emrdsng
white light by mxing the light of a plurality of sources can be nmade by
using a | pghlieationagareosponenhataphpl esdhgeliighitngmiktdny ¢oimpyhénts

nmol ding the light: emtting conmponent with a resin including a fluorescent
materi al @Raorgbsking, t 1B | gapakhet ol genelethhge ligit o5 whité| ragxd

di ode and emits yellow sh |ight.
other colors, and are constituted as follows.

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

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.

Thé 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
component capaEle of emitting blue light and molding the light
emitting compohent with a resin including a fluorescent
material that absorbs the light emitted by the blue 1light
25 emitting diode and emits yellowish light.

'However, conventional lidht emitting diodes have



However, conventional |ight emtting diodes have 3 such problens as
deterioration of the fluorescent material |eading to color tone deviation
and darkening of the fluorescent material resulting in |owered efficiency
of extracting Dar keni ng here refers to, in the case of 5 using an
i nor gani csqcfrhoPé@PgﬁE“Srra‘?%r|d§|te§t}@i¥aé=slc(f(:d0f2rt)f8% fluorescent mmatesrid], for
-exanpl e, of netal elenents constituting the fluorescent materi al

preci pit eea "¢ hahfe CPROFr FdSer t9eEiatkinn ngand cdhokenioy, of ithd he

case of gani.c fl orescent nmaterial, coloration due to 10
br eakage %f d‘g?ﬁ) ch T’?\rlf nBF%EiFéngEsﬁécl dioeTen ef figdigncyeniat i ng

conmponent - de of a ond havi n a high energy band gap is used to
i nprove tHe %%Vé}%lgﬁniéﬁflc:ﬁ@r@?md’fgt Bre| g6fesseto mainr the (asst 9%,

energy of t _em sem conductor i § increased and number of
photons huaéwrgrpq g‘ e%é?% aQ:‘*_'c U S57LEY oF‘Btﬁﬁ?Eﬁ C%H*F’be agps6FBed BY T he

fl t | t. ht b b bed

or 'the. quE TR erT h“%%%??%ﬁﬁ? E88 SFSRl St O e%%?ﬁas%aesr%’e{r}%).s
the fl t ed th | at ] y. high ,

[ ght encroy arenrnsl Bhe i e pa ke At e o T TRDPY R cs
resul (1 nGundt Db eonsi 98LE | Ganlaidep adalian.al e ) ;rggcler}b naLeLial, Use

of the light em t?l ng conponent "Wt int énsi
for an exisgnded Rer fiati ur e n| ficant ation
Hip 'o‘i‘é;a?u.c ﬂuﬁﬁ'lé%@%nft {nF@érgQi Ié?‘f"a? prcglbefqde

of the fluorescent materi al Al'so- the uorescént
theo breakage of double bond in the molecule. 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 more light being
absorbed), or the quantity of fluorescent material consumption
is decreased (that is, the fluorescent material is irradiated
with relatively higher energy), ligﬁt energy absorbed by the
20 fluorescent material inevitably increasés resulting in more
significant degradation of the fluorescent material. Use of
the light emitting componeﬁt with higher intensity of 1light
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



vicinity of the light emtting conponent nmay be exposed to a 4 high
tenperature. such as rising tenperature of the light emtting conponent
and heat transnitted fromthe external environment (for exanple, sunlight
in case the device is used outdoors). 5 Further,. sone fluorescent
materials are subject to accelerated deterioration due to conbination of
noi st ure hégherbAMBFEARRUTR SUCH d@sor riaingducenpenatuget hef prdduciight
process, the light and heat transmtted fromthe light emtting conponent.
10 When i EM¢bR2BIt FAMPUIYHNi @ndyehspti ohrenpnipbedy, frafir édte cextemhal
electric field in the vicinity of the chi% may cause el ectrophoresis,

resul ti ngSPKLIECRRERYe (FATt REAEBLEr 8R4 1IDSUNMARASEF TIME dewing| ON Thed, an
obj ect of th gre'ent invention is to solve 15 the probl ens described
above and®PF@9rt®’a |ight emtting device which experiences only extrenely
| ow degrees of det?riﬁﬁation in emssion light intensity, light enission
ef fi%i ency and col of “Shi*fEoPEM€a FTHRNof MaSeTWRLE MX$h Sthigedante. 20

L0 B SoCHRGBPRLLEAN SOURLELSR. LUE Pagserl, | ONeDLon, Ly ogh oo s

o410 SRORPRATE AR che |MALSRECRL THGSLLRLAT B! e Lol lont g,

em tting cpgpanent fst Pfgﬁ@pagﬁg %eat transmitted from the 1light
emitting component. '

10 When it comes to an organic dye of ionic property,
direct current electric field in the vicinity of the chip'may
céuse 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 and- provide a 1light emitting
device which experiences only extremely low degrees of
deterioration in emission 1light intensity, 1light 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



.emtting light of high |umnance with light emtting 5 characteristic
whi'ch is stable over a long time of use. (2) The. fluorescent material
being provided in the wvicinity of the high-lum nance light emtting
conponent, must show excellent resistance against |ight and heat so that
the 5 progerties t hereof do not change even when used over an extended
peri od of PRFAECRRALFEIBeYRLCRxDPBsBHAP SR PYRE 8f LARGhtinAt @AsES9-emitted by.
the light em téi ng gonp% ent %part icularly the fluorescent. materi al
provided in tHhé) viEOEn 3“81‘315 &Nt g temiedi ndeddFporEridedex fdsed o
light 10 of ,a,radiation intensity, as high, as about 30 to 40 tinmes that of
sunl i ght V&E&Br"&i’l’nﬁ%t &%ﬁurhlegg}'MH}aréﬁﬁj ':I?%S)FEqGWFEHlPS RQPEONRPLe must -
durability against.light as light-emttin onponent. aof higher | um nance
s used) ShofStAE ety e e rEratt SR iERY B (ReA IR hSLeri | ng
componen .l yor nt -mat eri al, nmust. _be capabl e . of absorbing with high
ef Plgci en%’?i’ggtﬁf"éht@%&%‘%ﬁh éorn)rﬁ)c’é:l'ur i AREY tfggﬁi t ¥RERbyITR 19 an
emtting n } t.td ' f . vel engf h_different fram.t hat
of the Ie%g%paggﬁ-?teggggy%e{#?%h{'hg?ngt ?’ier}g“g\é\%x oHen .t%O{W%E Plgehd‘rg&ent
i nvention ReRYiEeS aehi;@Rlegem iy Ng evi ce; feMpPrigihng:alig Ao
conponent nand é hosShér capablyle of }g%sorgllﬁgea plg'rﬁltl[egflﬂﬁi gh{&togﬁatntteté{a:nby

o IneRP RS gonen canss LT pHal o1 el onel ! S i)
conpri segjaiRiikl @& 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 componeﬂt, the fluorescent lmaterial 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 1light emitted by the 1light
emitting component and emitting light of wavelength different
from that of the absorbed light;

25 wherein said light emitting component comprises a nitride

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



conpound sem conductor represented by the fornula: IniGaj AlkN 6 where Osi,
Gsj, Osk and i+j +k=1) and said phosphor contains a garnet fluorescent
material’ conprising at |east one el enent . sel ected 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 with

cerium Where t0dide oxojypoikid edi Lofdkel pr angesaial brhosphaRresHeddy a
chem cal fornmula Ini Ga Al kN where Osi, Gsj, Osk and i+j+k=1) nentioned
above cogeained vBlwonsseantr materiadc| conpgisiMiaNaandl <8t doped alidnent
various inpurities. 10 The phosphor nenti oned above contains various

mat er i al Sed€dtesd fxom dds igyodpalcons isticiqudihg ,Y34,5612: Ca,acd aGd3bm5012
: Ce . Because the light emtting device of the present invention uses the
| i ght emang nqtohpadbnpngadd egend réel¢alieed 1Srennphendroay cosnkicttoing
‘capable of emtting light with high lum nance, the light emtting device

'i s Scapa®ife 2 &f AN iagsk bRILNG AH vakfd arigd. cardomt.he phosphor used
inthe light emtting device has excellent resistance against light so
that the fluoresce®roperitilde t hepEEPUaLper FEREEON@EELRD chigrrerAllY when
used over an extended perjod of_tinme while being exposed to Iight of high
i nt ensi t FePHASENRA LY t cheBier bl EorpuladddeGapd Heyhadst i0si of0sj, Osk

characteristics, duri | ong. period of use and reduce deterioration due to
T ohe of 8T grit HUGHLT t yRERPEOREE by APRES) | GRINCEHAEL | VaToMFondML SeLeRt | 25
as extr aneo S d il rnd W WP War WY WA VAL g Mo,
10 The phosphor mentioned above contains various
| materials defined as described above, including Y,Al,0,,:Ce and
Gd,;Ing0,,:Ce.
Because the light emitting device of the p'_resent
invention uses the light emitting component made of .a nitride
15 compound semiconductor capable of emitting light with high
luminance, ﬁhe 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 ;he degrédation of characteristics during
long period of use and reduce deterioration due tol 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



etc.) during outdoor use, thereby to provide a light emtting 7 device
whi.ch experiences extrenely less color shift and less |unm nance decrease.
The' 1ight enmtting device of the present invention can also be used in
such applications that require response speeds as high as 120 nsec., for

Chort  gRFRRH° SR DGR Y B HRA AT el

F1'tor bscbin naRe SFBRRHRE, o Aey JIGHE AR Aiad AR E 48] B 28508

| ncrease hignkiBhnease Hlsd e | 4608 9N A0 R G 1 dils DRk GGt NG
% hosphor y bé a M

device of the present 1nvention, the p | toresce

mater Al reLeBhescabedqlya8 geg’ ak 196Mibacl RPlor kb perfick BH

N e
Ce, 15 wﬁer r<iand Osssi and Re is at [elst one’sefecte rom and

Cd. sin Wahehphase goad chaiasherasibgs cpncde iyl nedyysi sliardy a.the
case where the yttriumalum num garnet fl uorescent natgrla is used. Also
in the IF@Q&ognbEtgmﬂedevice of the present 20 invention, it is
preferable, for the purpose of reducing the tenperature dependence of

l'i ght emi ssion chamaet ghbsphés ubwavehengehieghenkht ed ihigghtiodenbgnghky of
light emssion, etc.), to use a fluorescent material represented by a

general pkresedkta {nvehtign GHEBHIB)Y 3 dotainsd, AnS0{+2 rdsnt-Ag uphiasphor ,
where 25. 0:5p:50.8, 0.003--50:50.2, 0.0003--5r:s0 08 and 0: 5s:51.
garnet fluorescent material that contains Y and Al, which
10 enables it to increase the luminance of the light emitting
device. | |
In the 1light emitting device of the present
invention, the phosphor may be a fluorescent material
represented by a general formula (Re, . Sm ),(Al, ,Ga,):0,,:Ce,
15 where 0Osr<l and 0Osssl and Re is at least one selected .-from Y
and Gd, in which case good characteristics can be obtained
similarly to the case where the yttrium-aluminum-garnet
fluorescent material is used.

Also in the 1light emitting device of the present
20 invention, it is preferable, for the purpose of _reduciﬁg the
_ temperéture dependence of 1light emission characteristics
(wavelength of emitted light, intensity of 1light emission,
etc.), to .usela fluorescent material represented .by a genéral

formula (Y, GdPCequ,)3(A11_,Ga,)501_2' as the phosphor, where

-p-9-%
25 O=<p<0.8, 0.003=g=<0.2, 0.0003sr=<0.08 and Osssl.

Also in the 1light emitting device of the present



Also in the light emtting device of the present 8 invention, the phosphor
may contain two or nore yttrium alum numgarnet fluorescent materials,
act/ivated with cerium of. different conpositions including Y and Al. Wth
this configuration, light of desired. color can be. emtted by 5
controlling the em ssion spectrum of the phosphor according to the

pr operty ipweneliengt hthé ephdsphioti giey afonthdan i ght epi thory cartanem .
Further in the light emtting device of the present invention, in order to
have | i glatluofinamsgecinkite f 1 uvanesdaargt hmatlér sal ¢ | edchyvahed| wdhh erdrtitimg
device, it is preferable that the phosphor contains two or nore fl uorescent
mat er i al ©fof diffefentntcowpobtiomhs ingdnddagt el B3ndeddr.al fWinhl &fiRe,
=Snmr) 3( Al 1_aGae) 5012: Ce, where Osr<1l and Osssl and Re is at |east one

sel ect ed domdrhgvratdosd. 13ghtsoofn dReiredhtcehprticgnddve ceervittee dresent
I nvention, in order to control the wavelength of emtted light, the
pho$phor asmy:rsddtigion taef iegmsits sftilao rspsdmun et ditieal phasgivass anaar diyngyeirer al
formula Y3(AIl _9Gae)5012: Ce and a _second fluorescent material represented
by gener &hef o RAPSIRYIAI(FEY2LlERItI) Rfter eMEE58d ahdige) i it thastlight
selected fromyY, Gd and La. Also in the light emtting device of the
present STHEIMDFCTIRP S ter to control the wavel ength of enmitted Iight,

t he phosphor may be an yttrjum al um num garnet, fluorescent. naterial
containing a first BYRidtescEht Thét g}LEEF gﬂ&t’élg@c@ﬁﬂlfgﬂfu%cﬁrrﬁsent

matert _aI ’invx\getn i%lrI,f e{r?n%rgaerrt St-oof hgg(e:h l}.[Ltg“:I uon% a .specified wavelength

10 emitted by the light emitting device, it is preferable that
the phosphor contains two or more fluorescent materials of
different compositions rep.resented by general formula (Re,.
,Sng,)',(All_,Gaa)sou:Ce, where Osr<l and Osssl énd Re is at least
one selected from Y and Gd.

15 ' Also in the 1light 'emittiog device of the present
invention, in order to control the wavelength of emitted light,
fhe phosphor may contain a first fluorescent 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 ono selected from ¥, Gd and La.

Also in the 1light emitting device of the present
invention, in order to control the Qavelength of emitted light,
the phosphor may be an yttrium-aluminum-garnet fluorescent
material containing a first 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
|idght eritting conponent is set within the range from400 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 ssion peak mirtier | ighthenlighhg enderoReRlevithi SfMBkRS prepossi bl e
to efficiently emt white light. Further in the light emtting device of

the preseiveritnient i b, ig¢ psepeediel @blmathahal e dniight oM pding Jrayeke of
10 the light emtting conponent contains a galliumnitride sem conduct or
whi ch cortights émjttaimg t hbempbonepholsi Sean withiih ubhal HEhEMFERINEA00 nm

fluorescent material wherein a part of. A in the yttriumal um num garnet
fluorescem 330 suhsandumedn bpiGaisn wiaxtelehetpr eforihepirfs gBrAl is Ssatt hin
the range from15 1:1 to 4:6 and a part of Y in the yttriumalum num garnet
fl udrescetn he largar thhad the o embsside pealpost ithe afight Gemistwhghi n
the range from4:1 to 2:3. Absorption spectrum of the phosphor which is
control | ezpreppRter | bEHigbovkeshows poosibhgr temefif iviithtilgaterdft | wiyhte
emtted 3%* the light 20 emtting conponent which contains galliumnitride
senm condu/ek®tt+ ncluding In as the light enitting layer, and is capabl e of
i mproving the conversion efficiency (light em ssion efficiency). Also the
light, generated byFWXR¢g bR ubhe éhshterﬁmtlttédnlﬁly detvdclel ¢ift tde tpragent
conponent, and fluorescent |ight 25 of the fluorescent material, is a white
li ght of JgrB’cﬁ:ﬂtJ&ﬂ'orlt 1s preferable that the light emitting layer of
10 the 1light emitting component contains a gallium nitride
semiconductor which contains 1In, and the phosphor is an
yttrium-aluminum-garnet fluorescent material wherein a -part of
Al in the yttrium-aluminum-garnet fluorescent is substituted
by Ga so that the proportion of Ga:Al is within the range from
15 1:1 to 4:6 and a part of Y in the yttrium-aluminum-garnet
fluorescent is substituted by Gd so that the proportion of
Y:Gd is within the range from 4:1 to 2:3. Absorption spectrum
of the phosphor which 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 light
emitted by the light emitting ¢omponént and fluorescent light

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

rendering and, in this regard, an excellent 1light emitting

10



rendering and, in this regard, an excellent light emtting 10 device can
be"provided. The light emtting device according to one enbodi nent of the
present invention conprises a substantially rectangular optical guide
plate provided with the light 5 emtting conponent nounted on one side face
t hereof via the phosphor and surfaces of which except for one principal
surface S¥iSHIMBCPEPVed¢fEred with a reflective material, wherein a

light emtted by the |ight emtting conmponent is turned _into a planar
light by the phosptﬁ}e an lﬁﬁ@ op?mgfa?lgg gHAIELGH at BSaREAEBIbe BRI oISt
LT, A S0 06 Sl PSRBT oG
15 1 ght "R SAIHH oA o IUREs ORI o HFev sl (Heteoicimd LaHE
xcapt 1 Pea e | ronparet naEheRn R GRRSPunt: SHGF chderent wiin dhe
A e N T T T R
QUi do prate e TR R Al o0 R EERTs BEAEERAYS MG on

b o AL o daiee SBELSLBD (06 A Sneiid "BolpiheRe oo the
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 componenﬁ mounted on one side face thereof and
the phosphor installed on one principal surface with surfaces
thereof and except for the  principal surface being
substantially covered with a reflective material, wherein a
light emitted by the light emitting component is turned into a

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

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

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

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 )provi'de arelatively low priced LED display 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 iavcenidion ceoprdseplaya darat Wiegsh haw ngnautUPtRefefo! ead iy LED
chip nounted in the cup of the mount lead w th one of electrodes belng

el ect ri caldnf ignmeciced Makédieit1possiblel aad; protiddsparRNhteoaliyNd ow-
material filling the cup to cover the LED chip; and a light emtting di ode

havi ng a pmilcdichd.Bmt@isplay whechceowhieht He Idapathiep crover@o-am #tih tthieon
coating material 15 including the cup of the nmount |ead, the inner |ead
and anotdisplelyestirtddd esfs tdod drER nevignnasse deien tohehleER iekiipgi angiei.tri de
conpound sem conductor and the coating material contains at |east one
el e?ent sel ected f{Fankighyreuttiongidiody adcofding tSc,oden, enBbdinger3m  at
20 I east one el enent selected fromthe group consisting of Al, Ga and In
and a phedpiidre RrRsoft gaventidneosgodistesrat erial  activated with cerium
The phosphor used in the light emtting diode of the present invention
preferably contai ns® &Yt riqad Hairm B garchat Ydadgr escent nateri 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 and
another electrode of the LED chip, wherein
‘the LED chip is a nitride compound semiconductor and
- the coating material contains at least one element selected
from the group consisting of Y, Lu, Sc, La, Gd and Sm, at
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

(Re, rSir)3(All _,G,)5012: Ce, where 0:5r< and 0-.SS:51 and Re is at |east
one selected fromY and Gd. Also in the light emtting di ode of the present
S invention, a fluorescent material represented by a general fornula
(-Y1_~q_r GhsCeRfssDhar (MpY bea.3 Sb1orapgent medernialt heepphospted , byhe e
Osps0. 8, 0.003sgs0.2, 0.0003i.-r-.50.08 and 0ss:51. In the light emtting
di ode of Qteﬁi’@r@rles‘-@mmlm/e(rﬂqlaﬁm;)i(lﬁélpﬁ@s)pﬁgr- Qer,efwdreats Y0<aw1it &imd t Ows

nor e yttr| n}alunlnu 10 garnet fluorescent nmaterials, activated with
cerium éﬁeﬁﬁnhgﬁﬁﬁsPPPOﬁ?lﬁﬁEFGdﬁﬁ@mYYaﬁédApd -in order to control

t he enitted Ilght t a de5|r ength, In the |ight emtting diode of
the present inventi &Pniy vva e‘B?‘tFerg fdirstes@dnt that @resentof
dif@@rent 15 conp05|U€EE§gepr ente é eneral formula (Rel _rsnr) 3
(AP, cADVeEsis &6 eéé i1 seented abyl eastgPera

sel ect ed an e, use hosphor ip order to control t he
emtted |"5|f g‘ﬁk@ 5 d‘eES'F'F C% ﬂé?wé”fﬁ $’ﬁe NBht E%tﬂsﬁgﬁ di 88e dih< he

by e gelbER: ‘he%?m é(%?:sa"’?ﬁ{lf by’ 070341350 s Eégé‘%e%q?épeéi%{ﬂ fEEa
o rd oo o Bt s KR BN TS L
or der toﬁ@’tﬂt@sﬁh}b‘% eﬁ?éf@&bl%s cc&ﬂ%ntewg desifed WY il %'?19— ‘uminum—

10 garnet fluorescent materials, activated with cerium, of
different compositions including Y and al, iﬁ order to control
the emitted light to a desired wavelength.

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

15 | compositions represented by a general formula (Re,_Sm, ), (AL,
.Ga,)s0,,:Ce, where 0s<r<l and O0s<ssl 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 Re}ﬂﬁOQ:Ce, may be
used as the bhoSphor where Osssl and Re is at least one
selected from Y, Gd and La, in order to control 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 numgarnet fluorescent material a first fluorescent nateri al
and a second fluorescent material nmay be used wherein a part of yttriumin
the first anﬂ%se ond flugrescent materials is substituted with gadolinium
to 5 diffeHrBht2teyt ec¥toF 18BpELPRERIBNIaENERe FHowpRsCentn arakerial a
contr ol t€ﬁ¥enigged Iight to a desired wavel ength. Generally, .a fluorescent
mat eri al h ZPUBFESCePEgMRteriRlsIRRd AaREcONG HE Hieresrent | ngherbala

| ong mavelength haa h'ghen efficiency than a fluorescent material 10 which
absor bs | T'ght P91 1ac owb WaFBl ARk taitf SnfElunm gt e af istorandaserendgt h.

It i ' | Light emitti : t which enits visibl
ot Prok APl ST S SR ST B o P
d d ' | terial ' terial tc.). Th f t he 15
St UL M R S R R
2 5 e TAILLES LIS 0 LU L% 1

i t hi | ativel I f 40 30 in t
LT o el e grel 10 ot g A08C0RAC ST LIS,

set to beyigmgeror . thanyde ”%Jd%eqf%@?rfm a‘?ﬁak i tishe 1| ggt b§?f"t Lé' "Yong

conponent. “Wth this arrangenent ause |1 ght "conver

the | L oht S re P chrponaar L SO PO L SH38 et Bhr it PR ™
em10ing eRIPRNEPEoLHENINGRE bleal 1By 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 light emifting efficiency and ensure long
life, it is preferable that main emission peak of the light
emitting component be set within a.relatively short wavelength
range of 400 nm to 530 nm in the visible light region,'aﬁd
.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 tha£ of light
emitted by the liéht emitting component, it will not be
25 absorbed by the'light emitting component even when the light

emitting component is irradiated with light 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

convert ed 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

e 11 of ond OPaT LS 'ca%i‘ e iR DASGRSATN GAURELTRAR TGS FEE 1
;iﬁiréfﬂée”r?e?%se ltﬁ% oot %ﬁé 13 ”E@nti?%“ m;t'zggdfa%?ﬁz gD
the embodiam o t A, Bhenit i ubhiiien PRgs e egél%a%%ﬁﬁ%?n;”r?%é"
cer thnf 'ﬁseal%%%%?fﬂ‘?ggﬂ%oﬁm%% %rse;f?ié‘énﬁf:%f;% %“V"’“eogs?{.s 2
et uar ooy ey [ SR SRR ime S T R (L S SR 1 on.
20 Fig. Agfh%(%érg{;?yp@rg@gwsgg_ohh oY;$5i0n spectrum of the | i ght emttl ng

di ode of t nt o t he resent invention. Fig. 5Ais a graph

show ng tHE BX HHERIR TP 1ISRE O Hie @hﬁﬁr@g@trlun}alumrunngarnet fl uorescent
material activated 25 by ceriumused in the second enbodi nent of the

present ~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 _according to the embodiment of the
present invention.

Fig.-BA 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 gra@h 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

ef the ytt:ium—aluminum-garﬁet fluorescent material activated

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

invention.
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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 nent of the present invention.. Fig. 6 shows the
chromaticity diagramof light 5 emtted by the light emtting di ode of the

second enbodi ment, Fidni | £B pibé nas ghaphd sBokidioc aitee tdiei £ Sspctiahtor
emtted by .the light emtting conponent and points C and D indicate the
col ors ofthe ghttemn+zbuminimegkinets filuphespbats mat@fHiag. aktisraxegcheyatic
sectional view of the planar |ight source according to another enbodi nent
of the prassinm usederin die Eigrorgl iembodictentata T tee tpmesdnty i iewenft immt her
pl anar |ight source different fromthat of Fig. 7. 15 Fig. 9 is a schematic
sectional view of aniyher6 mhaover Itihght choomed idiiftiyer ddtagramm ¢Poskighit Fi g.
7 and Fig. 8. Fig. 10 is a block diagram 10 of a display device which is
an appl | GRitGedibY Hehprdight emishtngndibdg. ofl e asedtomd vérbodingdte, LED.
di spl ay device of 20 the display device of Fig. 10. Fig. 12 is a plan view
of the LBRHi®pl ay device wherein one pixel is constituted fromfour |ight
emtting diodes including the light emtting diode of the present '

i nvention and RAHEE efri @GP RERIEBRBES thes qrlpra 3afsAdwdtt Irmitdnd thy of

durable ljife fest of . . .
the ilght emitting 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 1is 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 1is constituted from four light emitting
diodes including the 1light emitting diode of the éresent
invention and those emitting RGB colors.

25 : Fig. 132 shows the results of durable life test of

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 emitting 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 alli | ishowisf e Exeapte tang°EogRar atyve 1566 2 +Show
change of ' | um nance retaining ratio wth ti rréban&%éi EBO%ATB%%OV\B%%@
results off wemtabdreatlilfie ytesssto Dt Hxanyer Stk GUMM R dy/ & B £ 2
showi ng the col or tone before and after the test. 10 Fig. 15A shows thle

results end eComparatjveedixanpleExapplsdiaid €aEPHALIMG Examiec2 W ng
the relationship between the lum nance retalning ratio and tine, an ig.
15B is #0#Rébh showi ng the rel ationship between color tone and tine. 15
Fig. 16 is a chromaticity diagramshow ng the range of color tone which
canpe obtained wi tFig |T4fhtshows tihey reswbles v ohestedr 169 e tfdatorgscent
materials shown in Table 1 and blue LED having peak wavel ength at 465 nm
Fig. 17 Eraqndie ofmtand t fomPagradvshdikargpidie 2chahgeingO tie cohangeoner when
the concentration of fluorescent material is changed in the light emtting
di ode whirtHEGRGEn eSS EREN1IRY ydrddCerithut &ingl samhoWngi.n kbl shéwanctHe ue
LED havi n uﬁ%ak vel engt h at 465 run. Fig. 18A shows the em ssion

spect rum 5 sPRaFIessbL Ay ciet 3R 5EKaNEd cof 9 EradplGongsxcative

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 fhe luminénce retaining ratio and time, and Fig. 15B
is a graph showing the re.lationship between color tone and
time. |

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

Fig. 17 is a chromatiéity diagram showing the change

20 in color tone when the concentration of fluorescent material
is changed in the light emitting diode which combines the
fluorescent materials shown in Table 1 and Elue LED -having
peak wavelength at 465 nm.

Fig. 18A shows the emission spectrum of the phosphor

25 (Y,.¢Gd, ) ALl:0,,: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 wavelength of 460nm Fig. 18C shows
the emission spectrumof the light emtting diode of Exanple 2. 5 Fig. 19A
shows the emi ssion spectrum of the phosphor (Yo.2CGo.$) 3A15012 : Ce of
Exanmple 5. Fig. 19B shows the em ssion spectrumof. the light emtting

conmponent -ft@g,@ﬂp 8 Engdh 1.$81 OfxPe -\aV gt.h .qf .450 10
Fi g. 190es ows t eEem gglé}én spftectﬁ}r{%ﬁr%gé ﬁ?rFeé)l ?%F{tl%eﬁlélﬁll r?gu F’&égl (r;?éak
Exanpl e S5/ 1end0A ShWpdiie em ssion spectrum of the phosphor Y3Al 5012:
~Ce of Exanple 6.” Fig. 20B shows.the em ssion spectrumof the light 15

emitting conponent pfqExagpl ARG e &%ss%ssgﬁal%&ﬁgk o%ﬂ\eﬂeenﬂ%%gf

450nm Fig. 20C shows™the em ssion spectrumof th emtting e of

Exanpl e Genifitding HicOWs Hi@n@liessi.on spectrum of the phosphor 20
Y3(Al 0. 5Gao. 5)5012: Ce of the seventh enbodinent of the present _invention

g(g-s 21B shows the B SS1 90 SRReS rene Enide; b ec@fﬂxﬁ%f‘_%ﬁ@é‘ﬂ?ﬁ@@%ﬁoﬁf
npl e 7 having the em ssion peak wavel ength of 450nm 25-Fig. 21C shows
t he eni ssincaEReFiALm Qicet b Ekghple 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 phosphor
Y;A1,0,,: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. 20C shows the emission spectrum of the light
emitting diode of Example.6. |
Fig. 21A shows the emission spectrum of the phosphor
20 Y,(Al, Ga, s)s0,,:Ce of the seventh embodiment of the present
inventién |
| Fig. 21B shows the emission Spectrum of the light
emitting component of Example 7 having the emission peak
“wavelength of 450nm. |
25 N Fig. 21C shows the emission spectrum of the light

emitting diode of Example 7.
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emtting diode of Exanple 7. 18 Fig. 22A shows the em ssion spectrum of the
phasphor (Yo.eCGdo.2 ), A15012: Ce of Exanple 11. Fig. 22B shows the
eni'ssi on spectrum of the phosphor (Yo.4Gdo.6)3A15012: Ce of Exanple 11. 5.
Fig, 22C shows the em ssion spectrumof the light emtting conponent of
Exanpl e 11 having the em ssion peak wavel ength of 470nm Fig. 23 shows the
eni ssi on spectrum 6£9the2hi §hOWSefkne: BAd S§ilode specExrampbd the pbopslArLED
DESCRI PTI ON OF THE. PREFERRED EMBODI MENTS Now referring to the attached

dr awi ngs { ¥peEfer kadsCweibd R et amR¥e thk: present invention will be described
below. A light emLti ng %io e 10% of Fi,g. .1 isa lead type light emtting
di ode having a moufit-9re2dP168°HRd RS PRIES1PBagPeEt rips Oy kBRe PROGPRPEL

emtting,go nen 2 is ipstall on,a cup 105a. of the nount |ead 105,
and the é%pyq‘?gsa 3}5‘%3&%#%0"{.\/\%%&%0&1 ng resin 101 which contains a

spegi fied phosphor .:to r e light emtting co nent 2 and._i.s. nol ded
in g'resin. An n el & foggyanaﬁgw% 5&%%t?@ﬁﬁ§%ﬁ tﬁggggﬁﬂF i ttinglaght

conponen .are t nt ad _1Q5 and the Jinner |ead, 106,
respect i %8?{3%1&9 rr%a@ 'roi%r@% ibgs gggﬂgﬁﬁ tfhg ?’lagﬁpgengp?i RPfSRe peak
constitu cLirbgd,.above, part of light emtted by the Iight
enittingkggﬁggﬁ EP BFLEEPC ip) 102 (hereinafter referred to as LED |ight)

excites 25 the phosior £9NkALRET tie ! RAISAILNGLESE Aurd Obe! A ENTBhE
emitting diode of Example 11.
10 DETAILED DESCRIPTION OF THE PREFERREﬁ EMBODIMENTS
Now referring to the attached drawings, preferred
embodiments of the present'invention will be described below.
A light emitting diode 100 of Fig. 1 is a lead type
light emitting diode having a mount lead 105 and an 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

19



fluorescent light having a wavelength different fromthat of 19 LED I|ight,
so-that the fluorescent |light emtted by the phosphor and LED |ight which
i.s output without contributing to the excitation of the phosphor are m xed
and output. As a result, the light emtting diode 100 al so outputs |ight
having 5 a wavelength different fromthat of LED |ight emtted by the.
I-i ght em&ED ndigitponent tbat Rlhe XLtmwescemthi dilgipte kimdhtedm byi nghe
di ode, wherein light .emtting diode (LED chip) 202 is installed in a
recess ofphospim@ERDALERI Lights whidhedis oltput oat thou traden tal b ndi td
contains a specified phosphor to forma coating 201. The light emtting
componentti®2exgitakeanbpiustig BRospbey auwssimivedt lked idetpti ch @sntai ns
Ag, for exanple, and an n electrode and a p electrode of the |ight
em tting X®Fpherihe 20000k eebirg edilade nkd &l alee ndwtpetL OB ghis t e v g on
. the 15 casing 204 b%/ means of conductive wires 203. In the chip type Iight
em t? i ng ¥i Baeetengtht diédensnlefermpddadhbe, LEP nillighty emtidtede Hkathe ype
| i ght enittiqg di ode, of Fig. 1, fluorescent light emtted by the phosphor
and LED |+HME \@#RtHINg 99 4% &P4ni t hout being absorbed by the phosphor
are m xed 20 and'ou‘TLgut,rfo hat the light emtting diode 200 al so, outputs
light having a wavel 8yt If diSfP&Fent (TRt HAPOf LiEHY | GRETEERTL tAHCRS/ t he
light emtting, co nent 202. The.light_ em tti.ng di ode, containing. the
phosphor ‘“é}%er%‘e'_écff%éﬁ%‘Bbgélﬂ%sgf‘ﬂ@gf (()F'F:anc%‘dpgeath?re’ss. stpllggptn a
emtted by, & dight, eé‘%éix'xé‘gz&zf’”il?ﬁ{‘&{“is filled with ‘a coating material
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 means of conductive wires 203. In the chip 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 from that of LED 1light
emitted by the light emitting component 202.
The light emitting diode containing the phosphor as
described above has the following features.
25 - 1. Light emitted by a 1light émitting component

(LED) is usually emitted through an electrode which supplies
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(LED) is usually emtted through an el ectrode which supplies 20 electric
power to the light emtting conponent. Emitted light 1is partly blocked by
t.he el ectrode forned on the light emtting conponent resulting in a '
particular, em ssion pattern, and is therefore not emtted uniformy in
every direction. 5 The light emitting diode which contains the fluorescent
mat er i al el86vEYErpowan eoi théi phghtinembtviygovenpensdhte remngetedi 1Lheht
form ng undesirabl e eni ssion pattern because the light is emtted after

bei ng di L§uspdrbyyt Helddked esgentthent elieaitrade Alfolrmiegh binghtheni LigHtby
the light emtting 10 conponent (LED) has a nonochromatic peak, the peak

i s broademabtihgscbmpbnent oresehteng nijn paopartyculbrsenhasdohepasteen, nakes
an i ndi spensabl e advantage for an application which requires wavel engths
of a rel ahidvelsy whdeefange.ndti ghnitbedcainffwrmly ophi catenymadérschmasr, for
exanple, is desirable to 15 have a w der em ssion peak. The light emtting
di o8es ofhehelfipghtt amdtsaponddiedeodwhidahs cenbaidesckhbedfbupo@sagne t he
configuration shown in Fig. 1 or Fig. 2 wherein a light emtting conponent
whi ch  umeteniiali dboweNpoungase®rdsndudhdr yniioigukel enew ek ywhilghraogener gy
in the visible region and a partijcul ar  phosphor are conbi ned, and have
such favBisBPEtpfepBingeindesinphabe| PRySEsONeRAERFEhPEERUARGRNEUALARRCE
and | ess degradation of I em_ ssion efficiency and | ess col of shift

light er .
over an éRft ERdEHedpRfred Bﬁlﬁge¢l§§u$ﬁdg%ﬁeFBF,fh@??ﬁ%?%%%é%%t%ﬁ%%}iaI
whi.ch absorbs 2. Although 1light emitted by the light emitting

10 component (LED) has a monochromatic peak, the_peak.is broad
and has high color rendering property. This characteristic
makes an- indispensable advantage for an application which
requiies.wavelengths of a relatively wide range. Light source
for an optical imége scanner, for example, 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 a'gmrticular phosphor are
combined, and have such favorable propertigs as capability to
emit light of high luminaﬁce and less degradation of.lighf
emission efficiency and less color shift over an extended
period of use.

25 In general, a fluorescent material which absorbs

light of a short wavelength and emits light of a 1long
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light of a short wavel ength and emits light of a long 21 wavel ength has

hi gher efficiency than a fluorescent material which absorbs. light of a
l.ong wavel ength and emts light of a short wavel ength, and therefore it is
preferable to use a nitride conmpound sem conductor light emtting

conponentwase dndh shasphlilgheaf effiididigeybl titah i ghtr1qfo rshaeidntWayst&nghh. |t
needs not to say that the use of a light emtting conponent having high

| um nancevhiiclprabsoers el ighphofpholong kevesedqth ce@bidtalison (WHth dfhe
nitride conpound seni conductor light emtting conponent nust I0 have the
f ol | owi nFhajui wenvedesgth, Emedl tdetrafesiest bncd sagpraserhbnbt d apdurse
light of a high intensity for a long period of time, because the

f 1 uor escerttyider¢empoend nsemiteddiatbhe lighkniety tefi nigheonbofdnte Wt td g
conponents ‘102, 202 and is.exposed to light of 15 intensity as high as
abot 30 %% g8rebhes athaembttsng bilgiet . 1ight Capalsibdrtty waveldéngilent | yreem t
light in blue region for the excitation by neans of the light emtting
conponent®eed® N9B2 towkdy ntbathgtbe osieoref ia lsglt smoititd e campabde of
emtting blue light, not ultraviolet ray, with a 20 high efficiency. 3.
capabi | i AR EHIN i gMinansia grearefeiade regi ons for the purpose of
mxing with blue light to generate white light. 4. Good tenperature
characteristic sui t‘:gbl%hc? OB5 Yhc &8 oMSeA t AB vFemhirgtdent eith githe

emtting cqQnponents 102 .
9 ¥R 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 light emitting
components 102, 202. When mixing of colors is used, should be
capable of'emitting blue light, not ultraviolet ray, with a .

20 high efficiency.

3. capability to emit light 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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202 and the resultant influence of tenperature difference due .22 to heat
generated by the chip when lighting. 5. Capability to continuously change
t.he color tone in terns of the proportion of conposition or ratio of
mxing a plurality of fluorescent materials. 5 6. Watherability for the
operating environment of the light emtting diode. Enbodinment 1 The I|ight
eni tting tth dusaofgarnerdtiads byertimdiohdm whien flighfriegient i nventi on enpl oys a
galliumnitride conpound 10 sem conductor el ement which has hi gh-energy
band gap in the |ight efapabigitnayer contimaeuphablchaigenthe icnldt veone ght,
and a. garnet phosphor activated with ceriumin conbination. Wth this
confi gur ath overnheof igr REARQY WP iV CWPaie Far Ir eabieli gk mixkng e t
white |ight by blending blue light emtted 15 by the light emtting
corrponentBl\lwl,l’%OZDfan‘%L%PéﬁS&ﬁqqi Fiterdailst-ed by the phosphor excited by
the blue light. Because the garnet _Ehosphor activated with cerium which is
usedPin the Iight ebittWrathpsablisitynéor the anmradiimntemaironnggnpt of

resi stance and weatherabjlity, it can 20 emt light with extrenely snmall
degrees ofRreolWREHRILHNE H&Q9%ase in the |uninance of emitted Iight even
when irradi ated by very intense light emtted by the light emtting
conponent SR Yocated in the vici nity over a long period of tine. 25

Conponent's of the |ght,emtting diode QLathed i £irst embodiment 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 emitting blue light,
and a garnet phosphor activated with cefium in combination.
With this éonfiguration, the light emitting diode of the first
embodiment can emit white light by blending blue light emitted

15 by the light emitting components 102, 202 and yellOW'light
emitted by the phosphor excited by the blue light.

Because the garnet phosphor activated with cerium
which is used in the light emitting diode of the first
embodiment has light 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,l202 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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enbodi nent will be described in detail below 23 (Phosphor) The phosphor
used in the [ight emtting diode of the first enbodinent is a phosphor
whi‘ch, when excited by visible light or ultraviolet ray emtted by the
sem conductor light 5 emtting layer, emits light of a wavel ength different
from that of the exciting light. The phosphor is specifically garnet
f-l uor escephospher) al activated with ceriumwhich contains at |east one
el ement selected fromY, Lu, Sc, La, Gd and Smand at | east one el enent
sel ected from A, CheapHobphotOudedoidi bhet bithe pmésehhgi dvedéi of, thee
fluorescent material is preferably yttriumalum num garnet fl uorescent
mat eri al £if¥ACGephodpheny aet iavathed phiorh wheldhymwioen aetd osdsisgntrisimieri al
represented by general . forrmula (Rel _rSme)3(Al1_ BGaa) 5012: Ce, where
0: 5r<1 ahiiglitsor, widrReidoketat rhgasmidied] Sbyelthet exeriiamdactur Glightn
case the LED light enmitted by the 1light emtting conponent enploying the
gal Pi um aniktdng dayssundenidhs cdridindt opfared whvelkungtbschififdregiit Emomt ed
by the Ehosphor havi ng yel | ow body color are in the relation of _
conpl enekhaky @bl 6he, s¥Fiting| digesn be Thet pphodphor eridi ngpegdfinelLEFD
light and the fluorescent light. In the first enbodi ment, because the
phosphor 9pENehsedLBYTBFERBIENg MRHSF 18 1r e G iMAtEH makietsh t eeeba®i nghieBin
101 and the coating paterial 201 (detailed later), color tone of the _|ight
em tti ngCAPbaénEaftbéeadfuoned sldeadi Felasted Mramdl i debnd@3cehd- | Gfp
col or by cgntrollin%it e nixing _

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:escent matérial
(YAG phospﬁor) activated with cerium, or a fluorescent
material represented by generél . formula (Re,_.Sm. ), (21,
Ga,)s0,,:Ce, where O0sr<l and Osssl, and Re is at least 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 résin 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 controlling the mixing

proportion with the resin or the quantity used in filling the
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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 wavelength of |ight
emtted by the galliumnitride light emtting conponent. Distribution of
t he phosphor concentration has 5 influence also on the col or blending and

d bility., | S, ' h h ' f h
ur face P I b5t FHE EPoRBFPRg Wer it 1 M phby ACEoEBRIGENER Tiar d
the ligh A ' ik .10 be_ af t.ed

ext rancole i, BREr SEPht o T R CRhe, JRLLigg, oGl Y

deteri or aiy;QR jGie deppgdpletirr €. On the other hand, when the concentration
of phosphor 1 ncrease romthe light emtting conponent toward the surface

of the nmolding, it D#ﬁﬁgﬂﬁﬁi- e Lt kelyet o R satEeCt LAR{PU
noi sture, but less [ikely tlo [)e af f ect gd_ Sy tsgié1 %ea?q}e?% a |tg't|on%}ar50m
the s15 |Gl Rifidd id1%E YR UM oo I HIBHE 11ty idndP A4 18 1 SUPRILSSi s | he
deterioration of the phosphor. Such distributions. of fhe phosphor

concent r diHeR 1098 HEnEEHHE EYEbRYoEepR6EPABroAnceaaLEs! lrrae tiHe NBELFid
whi'ch contains the phosphor, formng tenperature and viscosity, and the

confi gur aifi oghantchting! er JRoTdsid i Ridren ehet RhodIRRNOLs Byonsiiged he
phosphor of the first enbodinent, light emtting diode having excell ent

em Ssi on thanRrttid Siigrst eadit tigradepdieaaysed eddnsy esamntl ey iwd has
enough light resistance for high-efficient operation even when arranged 25
adj acent Heo afff eatddhdbyiettidnemfs trreidtgld herdbyngnaking it easier to
10 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 échieved 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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conponents 102, 202 with radiation intensity 25 (Ee) within the range from
3 Wn2 to 10 Wm 2 . The phosphor used in the first enbodinent is, because
of /garnet structure, resistant to heat, light and noisture, and is
t herefore capabl e of absorbing excitation 5 light having a peak at a

wavel engt h neare45QiBALAStEEOMENGE £FbA- 3 Hemi’t t8! 0 KBTS |1ght of broad
spectrum having a peak near 580 nmtailing out to 700 nmas shown in Fig.

3B. Moreover, eff'mﬁbengmggh@xci tedd! | ght eRessE@Pstn ambedifBnef is,
wavel engt’hs. 460 nm and hi gher can be increased by including Gd 10 in the

crystal pbchficephosplarnet t&ertttstepniyedingint Vhen héde, Cd it eahdi S
i ncreased, em ssion peak wavelength is shifted toward | onger wavel ength

and the moficterepi ssidnisspairefors shiphbd@ tofarabddngalg waxelieagtiba.
This means that, when em ssion of nore reddish light is required, it can

15 be achiighed hayingcreegsealg adhe adegrweslerfgtdubiséart ud 50N N tds Ghowihén t he
& content is increased, lumnance of light emtted by photol um nescence
under bl Bégli §ht t dtdslise dadrieaskiglds peliltdyd whpecpaut hévAhgi a peak
substituted with Ga anong the conposition of YAG fluorescent materi al
havi ng. Reagarm®® gy utagtdngweeetedgt h78P emmt teed Bhghn shaf tsid.owdBd
shorter wavel ength and, when part of Y is substituted with Gd, wavelength
of emittMarepyser,skifficiepatr 0Ll exfategavialghigtenissigyl ein ahsegieneot
conposition and light emtti ng characteristics of YAG fluorescent materi al
r epr esenwayebgngphsgéhlr B apAnhigheyicacdbp3dincrepea) bplincduding Gd
10 in the crystal of the phosphor of the first embodiment. When
the Gd content is increased, emission peak wavelength is
shifted toward 1longer wavelength and the entire emission
spectrum is shifted toward longer wavelengths. This means
that, when emission of more reddish light is réquired, it can
15 - be achieved by increasing the degree of substitution with Gd.
When the Gd content is increased, luminance of light emitted
by photoluminescence under blue light ténds 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 light shifts toward
shorter wavelength and, when part of Y is substituted with Gd,
wavelength of emitted light shifts toward longer wavelength.
Table 1 shows the composition ‘and light emitting

characteristics of YAG fluorescent material represented by

25 general formula (Y,.Gd,);(Al, . Ga,)s0,,:Ce.
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d lbnao00 OUCLOOODOOODO Ht>0 C7T~ 0 rl td 41b, OOO
N I to 0O00(0OO0OO0OO0OO0 OO0 r--1ro0 C r-1a r-{ Or--4 Nmd'
i-nto G Az (u H 27 Values shown in Table 1 were neasured 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 materi al
No

. 1 which are setValmesposhown in Table 1 were measured by exciting

(0]
00

the fluorescent material with blue light of 460nm. Luminance
and efficiency in Table 1 are given in values relative to
those of material No. 1 which are set to .100.

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. _emissidn - efficiency and emission
wavelength. Similarly, when substituting Y with Gd, the
prop_ori:ion 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 iess red component, and a degree
of substitution with Gd above 60% results in increased red
~component but -rapj.d decrease in luminance. When the ratio

15 Y:Gd of Y and Gd in the YAG fluoresceht mater_:ial is .s..et 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 J.uminance 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

28



5 When substituting Al with Ga, the proportion is preferably within the
range fromGa: Al=1:1 to 4:6 in consideration of the em ssion efficiency
and em ssion wavelength. Simlarly, when substituting Y with Gd, the
proportion is preferably within the range fromY: G=9:1 to 10 1:9, and

Wt h G BEPBACIa%, PBBLCPE B ASIEDr TS he Gr R RbrpenLRES chlishoos
 ncroased-PHa" cHERERT BptePaitl qBEFERaaSEn bastvaRCENANBRTRE aFi 0 15
froma: 1576 529 PRipAFeicraptOREl i8Rt ERpEpiininaranaceapdiPe 5 cRPL (i ng
A O ) e
whon  hoduPtehatiy’ SHERFSY nd Gd i n. The YAG 1 uor escent matorial |s se
omi (11 ng 11 ht of PRBENoRE oRETEIAEn BE hi% IWSIGH thes FoniGhincee: <
range 11 BHH0C603 P 0 ST e BTN U DU HEAE PR | PhHEL e (1 ng
than_ 0. 569, SERIBIR EHER ) Hie Pl FC RIS, nitoam o eneRbrfod
o 5o Mgy QUG TERC S AB! Uun S o R e
10 part of Y of the composition with Gd. 1In this way, the light
color of emission can be.changed continuously by changing the
composition. Also the fluorescent material is hardly excited
by Hg emission lines which have such wavelengths as 254 nm and
365 nm,.but is excited with-higher-efficiency by LED 1light
15 emitted by a blue light emitting component having a wa;elength
around 450 nm. Thus the fluorescent material has ideal
characteristics for converting blus light of  nitride
semiconductor light emitting component into white lighf, 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 light emitting diode can be further
improved by combining the light emitting component employing
gallium nitride semiconductor and the phosphor made by adding

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

fluorescent materials (YAG) activated with cerium.
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5. quenching occurs. Thus the wavel ength of the emtted |ight can be
shifted to a shorter wavel ength by substituting part of Al of the

coﬁposition with Ga, and the wavel ength of the emtted |ight can be
shifted to a | onger wavel ength by. substituting 10 part of Y of the

composition With Cliaddkiidy Sothaliity 'delH o GHARIOL U SBILN AL DG o

changed conti nuousty by changi ng the ° conposi t1 on. esce

forial i Pty e ! / h
material d,5dar dy excede Cgéyslﬂg @.Eﬂ %d@rbé'gfsagak?ﬁnﬁlg\g/ﬁgﬁ_ggf gan ebnecy by

wavel engt hs as 254 nm and 5 nm but 1s excite

LED | i ghieak1gm ddidebied bhts !diilie cBkiALEO LOMRARENT ABKL DY, ZonaYE Lngth

around 450 nm™ Thus the fluorescent materi al has aracteristics for

convert Madiuadial AliRidg] denssem GpuCtar. 1 ol S faTpenent

into white light, sich as t capabi | cont i nuously angl ng € peak

wavel engtdyof tanzhangi agikhenpieneet i 98 %i@? ﬁﬁgeﬁs?; gagﬁé){%%ia{f% de

enbodi nent, the efficiency of |i1ght emssion o

can be. ! Widiffie 187 OUee RO B4BA WIe binhs Gl LIGIGATHUNEN a0 2

enpl oyi ng gal Il fum nitride sem conductor e phos
rare eartf el e sapBai UM S r&Qinidr hemal um OO rof| 4585 GENT

materials (YAG activated with cerium 29 Materia or nmaking such a

o ch e Do Ceadt Bt onver Fedy mt oPkESE otin, The e AR ML G TGS
suf fi ci erfdonrd Mydat Bese wanaerial svaves) olabhed®et Lepdlrated, dried and
10 sieved thereby to obtain the desired material.

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

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-r0d,Ce.Sm, ) ;AL 0,, can emit light of wavelengths 460nm and

20 longer with higher efficiency upon excitation, because Gd is
contained in the crystal. When the content of gadolinium is
increased, peak wavelength of emission shifts from 53dnm to a
longer wavelength up to 570nm,' while the entire emission
spectrum also shifts to longer wavelengths. When light of

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

the amount of Gd added for substitution. When the content of
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5 proportions. This mxture is mxed with an appropriate quantity of a
fluoride such as amonium fluoride used as a flux, and fired in a crucible
at ‘a tenperature from1350 to 1450C in air for 2 to 5 hours. Then the
fired material is ground by a ball mlIl in water, washed, separated, dried
and 10 sieved thereby to obtain the desired material. In the producing

process ¢rschkbeth@boyeed | haunindrde & ephatolaMinbs8eREe MREELRY blue
dissolving rare earth elenents Y, Gd, Ce and Smin stoichionetrical

proporti Qnighth qadAcildy CofsCeePséal i ng tiers@did ,0n walde OX@ki cpacigk and
15 firing the coprecipitate to obtain an oxide of the coprecipitate, and

t hen. mi Xigi@efidradliyh al8mownleweds asy meakl i prepxisisly The 7phesphvwer.
represented by the general fornula (Y1l_ Gd.CeSM)3Alsol2 can enit |ight of
wavel engtiis- 4feinfoakd pr2@ dramger i tils lni.gher ebldegi.ency upon excitation,
because Gd is contained in the crystal. Wen the content of gadoliniumis

i ncreased, peak wavEengiidsgiioent sptefested t 5yf thm 328l 0 farmuQRgqryY,
wavel ength up to 570nm while the entire em ssion spectrumalso shifts to

| onger wavelamoéfsn, ) Wigo, | | iitlediRy Shv 0BgRT Beedmahadeisjdereded, Ids€an
be achlevedhby I ncreasing the amount of Gd added for substitution. Wen
the cont eldperfdent® @Gh isempereases, regaradese of phel dlndfaaeseenssnteith
blue 1ight gradually decreases. Therefore, value of pis preferably 0.8
or | ower,ofr cdore mheteriad) ythel/ phospher, when hem ny ecpheaenably hdsis

0.6 or lower. .

greatly improved emission luminance at higher temperatures.

10 Extent of the improvement increases as the Gd content is
increased. Temperéture charactéristic can be greatly improved
particularly by the addition of Sm in the case of fluorescent
material of such a cbmpoéition_as red shade is strengthened by
increasing the content of Gd,-because it has poor temperature

15 characteristics. The temperature characteristi¢ 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 ekciting blue
light having a wavelength of 450nm at' the normal temperature

20 (25°C).

The proportion oﬁ 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 charaqteristic. 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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5 The phosphor represented by the general fornula (Y1_

p_q_=GdpCe9Snr), Al sOL2 including Smcan be nade subject to | ess dependence
on 't enper at ure regardl ess of the increased content of Gd. That is, the
phosphor, when Smis contained, has greatly inproved eni ssion |un nance at
hi gher tenperatures. 10 Extent of the inprovenent increases as the d

content itshe i pospastibn Tefipsmawhesec EmpaEratutd cleamdierdistdld Ybeagmes/ ed
particularly by the addition of Smin the case of fluorescent material of
such a copoort iliglese ried md@deldssiretblengt hened by i ncreasing the content
of Gd, because it has poor tenperature 15 characteristics. The tenperature

characteristic nentTieegropereios geasuras is peefergbly hénr at irarndd of
em ssion |um nance of the fluorescent material at a high tenperature

(200.0) rel@iixpd.@,t hehioH seilss Inelifeinee afisxidd inguiaire IdBMohayt ng a
wavel engt h of 450nm at the normal tenperature 20 (25-C). The proportion of
Sm i%s prehipgladat yposshbhet he Thageelaft ire004Bkssidh OBuhinghve trefeesatts e
characteristic of 60%or higher. The value of r below this range leads to
| ess ef f eche ehissponvingihheceefpetatrmse othgreasteartagie o Wen ¢hisybdme 25
of r is above this range, on the contrary, the tenperature  characteristic
det eri or atesindiee refige DIudxS0sr aRtd2idbrwhede tdvd D3oporti on of Sm
where tenperature characteristic becones 80% or higher is nore desirable.

The proportion g ofWieni sti ebeogbiry ion aqr aofje Cef i9. MOIHFs002, Iweh,
makes rel ative em ssion | um nance of 70% or
luminance decreases because the number of excited emission

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

15 increased beyond an optimum level. |

For the 1light emitting diode of the present
invention, a mixture of two or more kinds of phoSphors having
compositions of (Y, _..GdCesSm.),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,
fdr 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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5 higher possible. The relative em ssion |um nance refers to the em ssion
| umi nance in terns of percentage to the emission |um nance of a
f.-l uvorescent material where g=0.03. Wen the proportion q of Ce is 0.003 or
| ower, | um nance decreases because the nunber of excited em ssion 10
centers of photol umi nescence due to Ce decreases and, when the q is greater
fhan 0.2, t8&nsi PyesgfhchilRyedtdans. tensiay galbhehi ngquirtafieles t compeund
decrease in em ssion intensity which occurs when the concentration of an
acti vat i off SBgERPdagaed tSaPPHXPeagé t BELLgAPABAKe. ekcihéngl ubhescgatnet
materi al | 15 increased beyond an optinmumlevel. For the light emtting
di ode of EHEOFESSERt MAGERLRSA, acKiveted ovitho oeriwme ki n@beoflight
phosphors having conpositions of (Yl _p-Q =CGdpCegSnr)3Al., G 2 having
di f f er ent SPoitdRgs SMpAnents ViGhd G208r Smpkeyialgso dellmed. Thtside
incrgases 20 't he RGB conponents and enabl es the application; for exanple,
for & ful FORBPYRY |SFRIFTASAr RED| BRdgehcefoynimg ng alightt oemittieg.
(Light emtting conmponents 102, 202) The light emtting conponent is -
pr ef er abl ya¥RBedRied 9223 1UR NHpr e g SeRdeonducaorsmwwh i asFi TnGaNamch Fag.
2. The i gt em tti,ng conponent used in the light emtting diode of 32
the presefiPPPhvanti 3R ihe YAFYPurrRcesSde cBrpoahtucsertc@fducher 1éghabl e
of efficientl¥.excitinq{the garnet fluorescent materials activated with

|

cerium TRELEEGRE ARE N4 cBAYorRt §omgstrogbusap| drterasdinuaimne t erde

double-heterostructure which have MIS junction, PIN junction

10 or PN Jjunction. Various wavelengths of émission can be
selected depending on the material of.the semiconductor layer
and the crystallinity- thereof. It may also be made in a
single gquantum well structure or. multiple gquantum well
structure where a semiconductor activation layer is forﬁed as -

15 thin as gquantum effect can occur. Accofding to'the.present
invention, ‘a 1light emitfing diode capable of emitting with
higher luminance without deterioration of the phosphor can be
made by making the activation layer of the 1light emitting
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 1layer 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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5 conpound sem conductor are made by formng a light emtting |ayer of
galliumnitride sem conductor such as InGN on a substrate in the MOCVD
process. The structure of the light enitting conponent nmay be
honostructure, heterostructure or doubl e-heterostructure which have MS
junction, PIN junction 10 or PN junction. Various wavel engths of em ssion
can be séemécendaeperndhag &h tyee neorduativityhensem drireundrodit igrerofand
the crystallinity thereof. It. may also be made in a single quantum wel |
struct ur endf RPPEdpwltduaany minphrityt r edttiioaghheire ardeni tondieatroran N
activation layer is forned as 15 thin as quantum effect can occur.

Accor di ngtyBet malddagemity idenseoaconducyor daivtimigngies osl cppapeetbés
emtting with higher |um nance without deterioration of the phosphor can
be made bgaRERERgCPREeatrataPhenetayer sofich fes | imptoeedt ligipt emmpsment in
single quantumwel | structure of InGN. 20 Wen a galliumnitride conpound
sem eondutéicigncrsedt whi prefmmphilye dopsidnnelth S Gye , ddpdhor stdke hike
may be wused as the, sem conductor substrate, use of sapphire substrate is
pr ef er abl 81k n GRde¥€t oTror mNgal ¢+ umIm terder otogobarm cay $t aiypeni ggllAum
galliumnitride sem conductor layer is 25 forned on the sapphire substrate
to form aRPRELERCISIHSANAUSLAFUf feR [tdyrer obheCaManalN, ist cis Thee§akhblm
nitride 33 sem conductor has N type conductivity under the condition of
not dopedd@pPed &WFWlﬁnﬁYR%,d@P@héu@HChnaﬁwﬁﬂ,tMgfannaﬂaN Sy pendjaBRi um
nitride sem conductor  having desired properties carrier concentration,
etc.) Sucﬁegguﬁﬁpﬂgve58|i igwldsiem turn 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 low-speéd electron beam
and plasma irradiation, thereby to turn it to P type. After

15 éxposing the surfaces of P type and N type gallium.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 qf 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 iines 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
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5 efficiency, it is preferably doped with N type dopant such as Si, GCe,

Se, Te, and C. In order to forma P type gallium nitride sem conductor, on
the other hand, it is preferably doped with P type dopant such as Zn, My,
Be, Ca, Sr and Ba. Because it is difficult to turn a galliumnitride
conpound 10 sem conductor to P type sinply by doping a P type dopant, it

I's pref erpidre ded domgaiuride egdldondnuctdy icdg GaRewrd  senmi conduct or doped
with P type dopant in such process as heating in a furnace, irradiation

with | ow speed el ecirt wrdeanto aaaipldsite i 11qek abiaD, thdereit tanitdihdt to
P type. After 15 exposing the surfaces of P type and N type galliumnitride

sem condufiddes dify tie £ircktngmbodoinbat, pwacesengethesir ademtolfenithedas) red
shapes are formed on the sem conductor |ayers by sputtering or vapor

deposi ti ofhe Thieshtt kenisemireprebigiaienafiay e S bevesh fayomd 203 enre ut
Into pieces by nmeans of a dicing saw, or separated by an external force

aftes cutindigigiveovesn( hatdnsieraicih hage whalt hcgrpakRenthzy t heotdade
edge width. O otherwise, the wafer is cut into chips by scribing grid

pattern ofemdicemip wWitte diaashaspldie el Conerd it Wi eff Bedmansad a
scri ber 25 having a dianond stylus which makes straight reciprocal

novenent .mdtriprdertaliy £romt42gnootpodonnmofingdhlsiive. 34 thiiy i flertespound
sem conductor can be nade. In order to emt white light with the |ight '
em tting makederaffetdid d itlstt ertbodiaesitengiety ebengitdm of 5 drigRio emisdred hy

the light emtting conponent is preferably from400nmto 530nm
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 liéht emitting component shown here is of lead type
shown in.Fig. 1, which employs the light emitting component
and the phosphor of the first embpdiment 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 emitting 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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5 inclusive in consideration of the conplenentary color relationship with

t he phosphor and deterioration of resin, and nore preferably from420nmto
490nminclusive. It is further nore preferable that the wavel ength be from
450nmto 475nm in .order to inprove the em ssion efficiency of the |ight

enitting dRecefponecthe anildéhehpbespbobr EEEINON SHRAYE %&fldd"em\’“? &,
I'ight emtting diode of the first enbodiment is shown in Fig. 4. The light

em tting réyppbnethesbennrhdr porsioh loFadtHey pthrdnpawe ity Ehgzgrjam e hbe
enploys the light emtting conponent and the phosphor "of the first

enbodi nenfulby beodegedi igd Laigg. the | M ibPesdeneMssbPNaNaviinotg Beakn
around 450 nmis the light emtted by. the light emtting conponent, and

em ssion hablegla Pégk aroshdwS7@&hemdhmridee ihaiml d8HoIE S r QASS] Ofe
excited by the light emtting conmponent. Fig. 16 shows the colors which

can be reporsemtedobyfldbrebeenti metkirghl sernt Mg wiiiade Nmfe: bymeorbadi ng.
the fluorescent nmaterial shown in Table 1 and blue LED (light emtting

conponentdiddei hy eeakgedy el engtdn iS50 £ Gobpés @ént |mAthdr £ < tHde by vdh s
white Ilght emtting diode corresponds to a point on a straight .Tine

connect i njn awpbymt Pérdéntcdyensd itdid reenenaet Ly dHe dJata igFRaanrd-ia1poi nt
of chromaticity generated by the fluorescent material, and 35 therefore

the w de Mhi wéltolber sexyi ofir¢mhadgd [Adr,t i colom Efgthelahdnttéppﬁﬁﬁﬁmé&
portion of the chromaticity diagramcan. be fully covered by using the
fl uorescephatatefi atbel tfdudrescemabl materffiads. 1¥hehowtHehe adrange: | nof
em ssi on col or' when the
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 configquration, light emitted by
the 1light emitting component which does not exéite 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.

36



5 contents of fluorescent materials in the white light emtting diode is
changed. Contents of fluorescent materials are given in weight percentage
t.o/the resin used in the coating material. As will be seen fromFig. 17,
color of the light approaches that of the fluorescent materials when the

content of gy fiiorescent: B fdlried Hd1RRSed and approaches that of blue
LED when the content of fluorescent material decreased. According to the

present i@Hd@ve iHY 198 ttigyg conponent which does not excite the
fluorescent material may be used t'ogether with the light emtting

conponent whi ch enifge J&Ad@%iﬁé‘atwi%étq&b3t,hezblsuoé§g:u‘gﬁt_ﬂ@&é‘”%%d

Specifically, in addition to the fluorescent materi al is anitride

compound Srse AU RTaAnks of goxdl t kR kS fwﬁ&gé‘c"e‘m%l%ng%r%;ﬁ“@

light emtting conponent having a’light emtting ayer na I um

phogphat erertd A icHn al sohRetR B5genidien 20neal lilemapgeni ¢ jthosphat & ome
i ndi um al um num phosphate is - arranged toget her. th this configuration,

light emdhgeiyg tdempdodicem ibbNg Qgﬁponenﬁrg\ﬁgﬁ} Sﬁ,e@%ti@gg%e fde

fluorescent naterial i's radiated to the outsi w t ho rbed by

the fl uormag’% ﬁrbgbl Makh g sa}étf:h?ﬂgcﬁ%ﬂti NG, Zﬁighgge. wai,gh £Lmt

red/white |ight. er conponents t emttin bdes of FIg. 36

1 and Fi gorerefdblpe desadiifad Rel2g\ec/&opnekich { yife reﬁ%é%r}é%)lﬂ@(}f’,
conductive wires 103, 203 should have good electric conductivity, good
thermal chidduetéwyi b¥ ailtk 986Aductive 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 expénSion coefficient due
to the fluoréscent material contained in either of the above
two materials, the conductive wire is likely to break ét the
15 interface. Fof this reason, diameter of the conductive wire
is preferably not less than 25pm 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 6f such material and configuration is used, it can be
easily connected to the: electrodes of the light emitting
components, the inner lead and the mount lead by means of a
‘wire bonding device.
(Mount lead 105)

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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5 mechani cal connection wth the electrodes of the light emtting
conponents 102, 202. Thermal conductivity is preferably 0.01
cab/(s)(cnﬂ)(Cch) or higher, and nore preferably 0.5 cal/(s)(cn2)(C/ cm
or higher. For workability, ~dianeter of the conductive wire is-preferably

f 10 éﬁgm%, ol th
tLgnLoag]ng |nclud|:ﬂﬁéﬁéb¥ 88§§§2ég?eﬂ%%£fla angP%ﬁébﬁgﬁhén%ﬁgqbeggﬂgg of
the diffenfiCedn b tfb%rm' SRENY AL COPT Il e of O f thqerhtf'%% it

ed Uuct

mat eri al cont al

_ _ ( in either of e abov eri als con
wire is lddlondmdrgak ﬁséaméeﬁ MUl A6 JHR il S Akadfl! ATRIAL Of
the conductive wire 1is preferably not |ess than pnla or the reason
of light Jenidthdl) &&e:Ahdecpse ehehan h'tn%ml&rﬁnegraé%l S 0 The
conductive wre nmay be a netal such as gol d, copper, at 1 nurh an a unlnum

or an allgystdesngof . ewéﬂrédgonq‘%ﬁéf’eal%o V‘fnégCOfbéUCGs te“sadfﬁg% nt o

configuration is used, it can be easily connécted to the'el ectt o

light enididdwg i GOMIRMSiENE IdNegdRAG AR of a
Wi re bondi ng deJ§/| ce. (I\/buntl Ilrg:?d 105)g 25 The rmuﬁr‘lh?’%y 1{01%@0%“ ses % cup

105a and @iteadindlORhediad ialres Ufrta%ﬁ?%eho havghansi £fe eNPLghy f Oémmé{

the 37 light emtting conmponent 102 with the wire bonding .device In
cup 105a.cdipsrast APl shathtYeal ili MHe eSipt bRI t IO RONEAL Soahe aln@lst@}hé ed

in the cup and the nount lead is used as comon el ectrode for the |ight

em tting &@IPPNEN{11LECRUER 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 light from other 1light emitting diode

mounted nearby can be prevented. Erroneous illumination here

refers to such a phenomenon as other 1light 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 aéhieved 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 light emitting component as emitted 1light is

extractéd from the substrate side and is configured for

mounting the electrodes to oppose the cup 105a) is used, Ag

paste, carbon paste, metallic bump or the like can be used for

25 bonding and electrically connecting the light emitting

component and the mount lead at the same time. Further, in
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5 different electrode materials may be used, sufficient electrical
conductivity and good conductivity with the bonding wre and others are
rrequi red. When the light emitting conponent is installed in the cup of the
mount |ead and the cup is filled with the fluorescent material, |ight

emtted b t fl uorescent material is, even if isotropic, reflected b
the cup i%r%gﬁeglgréﬂm(ﬁorvgctﬁ?ﬁ E%gl?ﬁgf“éi’oroé e:\'+%131’é08§ll¥?4’ﬁh?ﬁaﬁforﬂé&|e %/o
| i ght frOfl @er L%ght egil&ing dioge nD%nted near by can be prevented.
Erroneous T 1 um RatroRZh& G er 2629 sQdh ThHhERBmSHoONtRS BORET |1epd
emttin i ode 15 .nount ed, nearby. appeari ng as though |ighting despite not
bei ng gu‘g%?l%%nv&l?%u:glo‘?/\e%.e%b?n%’r'f%p‘b‘?m?‘?fgem’rgﬁ %‘?Hl?"f? dhao ﬁ@}?ﬁrqm and
the nou e 0, it h the.cup.105a can.be achieved by neans of a .
thernDpIgé?i%ég%%iﬁdsg%ﬂeagengQ l?%s%Hch&PQIFB IS ﬁ“&%&cﬁeilﬁ4k$h%%in.
When. a fage-do light _em tting conponent uch _.a type of light emttin
corrg%nentg%ég’evn\ﬁl?eag#aﬁfa iré)ugg%feﬁggtléz‘d Ry ?W%uﬁégfﬁa%l%i g@ Ind iS °
configure . ounti ng.,the el ectrodes to oppose the cup 105a) is used, Ag
paste, car %il’)l&%]és e, me %IeFi%ElSunﬁe&rlst%ﬁé‘qq keogantB% uB8HEor 1B2dyonkk ng

fead at (MESCa B M PO RY sa%mase EootapRols VAERERT PERETRY- of
0 L AAGEASClad 8 RSB, b 19 ol LTS L g CU opdle
pol i shed 4,0 er&(c?,f lEgd | f]gglfltyngrﬁ_{@tplrtxé) é'ohn?pg#éz];gsceg'erixgrgthei Ssignificant
10 amount of heat and therefore high thermal conductivity is
required. Specifically, fhe thermal = conductivity ‘is
preferably 0.01 cal/(s)(cm?)(°C/cm) ér 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 énd-metallized ceramics.
(Inner lead 106)
The inner lead 106 is connected to one of.electrodes
of the light emittiﬁg cdmponent 102 mounted on the mouﬁt-lead
105 by means of conductive wire or the like. In the case of é
20 light emitting diode where a plurality of the light emitting
components are installed on the mount lead, it is necessary to
arrange a plurality of inner leads 106 in such a manner that
the conductive wires db not touch each other. For example,
contact of the conductive wires with each other can be
25 prevented by increasing the area of the end face where the

inner lead is wire-bonded as the distance from the mount lead
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5 case, the surface roughness is preferably from0.1S to 0.8 S inclusive.
Electric resistance of the nmount lead is preferably within. 300}pQ cm and
nore preferably within 3pSZ-cm Wien nounting a plurality of |ight
enmtting conponents on the nount | ead the light emtting conponents

onduct | i S <5 i Taat S 1R | PR o Rt Py ep s

f bl |/ h d. b
cal / (s) (*&s ool SeRE) (L %?%%.Sai g niaf R P e yLﬁoar Frent s
t ai oppe , d. t
(r:rg?aﬂ |nzed cera tci(?l%p%h(tlﬂriner Ircéaha%%%@?ﬁé&?ﬁnersopégéf%f)%’} gf)ﬁ eét gdsto
f elect l; t 102 ted th t
Cead 105 by reaneegpediey by Pont T R O s Yo hace of & 20

o et odfesthese Bl Wil T 1HngE 1084l LGN, CELLLLDG g%%"?f”%{gy of

are |nstalled on the nmount | ead, I'S néecessary arra Par al

I t, t
cach othary for LI B TRNY g b %@&ﬁ&@%tdﬁ% te 55, 5 Bl 3
can be 2% HeMent adh b b¥olACkB@S! fhde1 8582 +§) %%Jdl%@bgmﬂeo},hechg ner

| ead is wire-bornded as the di stance fronlthe nD i NCr eases so

that the sRRCEaEEL PRERhYE teONWEEINE WHES ESa SREUHRG gh rSEC%hEOLQ{H‘eSS
of the inner lead end face connecting wth the conduct |c'{/e wre s

preferablpgdgom1.6 S to 10 S inclusive in consideration of close contact.

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

15 contain iron, copper, iron-containing copper, tin-coﬂtaining
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 éoating
material may be a transparent material Thaving good
weatherability such as epoxy resiﬁ, 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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51n order to formthe inner lead in a desired shape, it may be punched by
means of a die. Further, it may be nmade by punching to formthe inner |ead
t.hen pressurizing it on the end face thereby to control the area and

hei ght of the end face. 10 The inner lead is required to have good
goﬁnectivit¥ wth,the b ndiqg mﬁrgs ﬂhiihkare conductive. w res_and _have
dood el ecP¥FE8&r BohHuRR| IHP319%pald s FREI £1ket AECPEEERFRPLY e €f ancineR
preferablg w thin SOQQ.-cn1and nor.e grefgrablg within 3p.-cm Materjals
whi ch sat FBFy PHEREESHtl r Sfsftd-3ls dont SPHRTE orbY c SR Eringn- cBPR&HRg ng
copper, tin:zcomntaining co copperz,. gold- or silver-plated al ym num
iron and méBSﬁé%i T%%a??naggﬁéfgria nlBE}STﬁ@SEOaFiiégﬁﬁtﬁgFﬁilﬁﬁlé}gde
provided in_t cu f .20 the.nmount | ead apart fromthe | di ng, mat eri al
104 and. FREERGC PR, SPngRBgCRANED G H1%diadth P HHORphEr LIRS nERonborpe

t he Iigh% enktted b¥ t he Li?ht enitting coagonegt. The coating materjal
may Pe a tPAREPEPEND: nRE RV L4 Aadl ngPGoOU S weht FBRaBLPPEGSSERR BATRBORY
resin, ur&g resin and silicon or 25 glass. A dispersant nay be used

t oget her htthe phosphor. As the dispersant, bariumtitanate, titanium

oxi de, al yginum 40 Qékggl fbﬁ con dioxide and the |ike are preferably
o fghe T k

used. We l'uorescent "naterial is fornmed by sputtering, coating

a2 O B bl S AL AN €O ortt LR

| 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 materiél 104 has the function of.lené to

focus or diffuse the 1light emitted by the light emitting

component. Therefore, the mblding material 104 may be made in

‘a configuration 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 material 104,

transparent materials having high weatherability such as epoxy

resin, wurea 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. In
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5 thickness or providing an aperture in the fluorescent material |ayer.
(Mol ding material 104) The nol ding 104 has the function to protect the

l.i ght emitting conponent 102, the conductive wire 103 and the 10 coating
mat erial 101 which contains phosphor from external disturbance. According
to the first enbodinent, it is preferable that the nolding material 104
furt her coltidiiomnn taigperdisperswnth phosphshampen atlse dier eonite inedfid i ght
from the light enmtting conmponent 102, resulting in increased angle 15 of
vi ew. Thehml dioiglimgt emadleri@d .has Nahmelynpct acnoefiihgnstdo tHocysregent
diffuse the light emtted by the light emitting conponent. Therefore, the
mol di ng nitwaTitalon,04 heaphss phede ray ke conftigined i eitlodr cionvdre |nesisd ntg
concave |l ens, and may have an elliptic shape when viewed in the direction
of opticatatedinl 20r oina Thwrbicratiiog ofattdmeisel . Al Stharhethel ghogpheterisl
104 may be nmade in a structure of nultiple layers of different materials
bei rig | amamdtaihedAs inhethel dnobdimg ematedDall, tamyispaodnt viraerc¢ahs bhavi ng
hi gh weatherability such as epoxy resin, urea resin, silicon resin or

gl ass i s prefreabincr@msanl oyititek pAespiedispersbsd , bdardontn irddanat ehoth
titani um oxide, alum numoxide, silicon dioxide and the |ike can be used.
In 41 addiqienaténghaadissperlsapnnd Shesphotdimy aladedielcont Bumedern & he
nmol ding material.. Nanely, according to the present invention, the phosphor
" may be comsdimednsiltddng nthie pbegPher maeriked orsddh eke thatigrpting
material. Wien the phosphor is
material while wusing glass, different from the coating
10 material, as the molding material. This makes it possible to
manufacture a light emitting diode which is less subject to
the influence of moisture with good productivity. 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 present invention, adding the dispersant
and/or a coloration agent in the molding material has- the
effects of masking the color of the fluorescent material
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 molding material gives milky white color to the molding"
material and the coloration 'agent renders a desired color.
Thus the color of the fluorescent material will not be

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

component emits light having main wavelength of 430nm or over,
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5 contained in the nolding material, angle of view can be further

i ncreased. The phosphor may al so. be contained in both the coating nateri al
and the ‘'nmol ding material. Further, a resin including the phosphor nay be
used as the coating nmateri al .while using glass, different fromthe coating

10 material, as the noldi ng naterial. This nmakes it possible to
nanufacture

| i i is.less subject to, .the |nfluence
of mor st i wtﬁggéo PErid ML EEAT10782 BhEDERE: L Bnikiy Tak
be nmade of a t.er in or match the refractive |ndex
dependi ng onhtq'nric g%p%?icla z|‘%‘ln belgo,&)c aolf‘c?qﬁg to the present invention, adding
t he dlquiéggg éHEﬂ a coloration agent in the nolding material has the
effects o the col or of the quorescent mat eri al obscured and

i nprovi ng the coI oreﬂ%xo tpeérﬁﬁr_{rﬁp g%l é]gt te%e?%wo&ﬁésc ?Ig_gt e#l al

absor bs bl ue conpon xtraneous
G Sper santLoRt §?%é§”“ﬁ i °”%Fn§\°a'nar25¥a|u gﬁ'ﬂ'eé’awren% fit SToYiSed 0
Thus t he ‘Car'br SEFEEHE ¢ %%%ﬁe%?’“ﬁa?er. AR BT Ecbas: ARy« he
3232[2%&“%9%&28’%9&5% ot Tihe PR B Ry DR CPHEDI AT
o o M R 0 S PIARRY OSALEE a2
more kinds of phosphors of different compositions, or
10 preferably yttrium-aluminum-garnet flﬁores_cent- 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 'or
more fluorescent materials can be. made even: - when the
15 wavelength of the LED 1light emitted by the 1light emitting
component deviates from the desired value due to variations .in
the production process. In this case, emission color of the
light emitting diode can be made constantly wusing @ 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 (Re,_.Sm;);(Al,.

Ga,)0,,:Ce may also be used as the phosphor. Here 0O=<r<l and
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5 the present invention is nmade by using an el enent provided wth gallium
nitride conpound sem conduct or which has high- energy band gap in the |ight
enmtting layer as the light emtting conmponent and a fluorescent materi al
including two or nore kinds of phosphors of different conpositions, or 10
preferably yttriumal um num garnet fluorescent materials activated with
ceri um adssisd ,phasphBe. It att liemstconfé geeaktead addmwhy, ewid tang fiaede
which allows to give a desired color. tone by controlling the contents of
the two dishpreorfigreakion nmaéesal sittanpbesibhde even mieimife 1%he
wavel ength of the LED [ight emtted by the light emtting conponent

devi at es FAGRYHO T esP¥ ed thel usf iprascandy i anavesiab tdverpr odueti othe
process. In this case, emission color of the light emtting diode can be
made condtlaussagdithdrat-erialoris cexposed etd ahibhviing east el ahiiv@l-ensirat

em ssion 20 wavel ength for a light emitting conponent of a relatively
shot eniVdsiigd aval ¥ thgeritihed ubynghe f Lights emit timgerdatporteati nfor a
relatively long em ssion wavelength for a light emtting conponent of a
rel ati velyPNDReeRE seHntideepengiien Assddrunder f Yaoiossernvitroamealtal a
fluorescent 25 material represented by general fornula (Rel_=Snr)3(All_

L Ga, ). 01 itPngs0ahe (ferefoncheaphblpifor emigrtd ng 5diddandvhith 0sss1,
and Re is at, |l east one selected fromY, Gd and La. This configuration
makes it SR etP o StAPARIY tinsignddaiqanitngcelor helilfitor and eemissationi al
even when the fluorescent material is exposed to high-intensity
high-eneﬁ@@lnance decrease and has the desired emission component of

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

Now the phosphor used 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 of 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 selecting 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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5 visible light emtted by the light emtting conponent for a |ong period
of time or when used under various environnmental conditions, and therefore
alight emtting diode which is subject to extrenely insignificant col or
shift. and em ssion |um nance decrease and has the desired em ssion
component_of 10 high | um nance can be nmade. (Phosphor of the second

embodi memt U RoRFEREIBRDs BRoENE esesend hembpghmeat t Wisgributponewt othehe
second enbodiment will be described in detail below The second enbodi nent
i s simlarliRresrent mertasizkheanrentratkerptist etemuinad e tdins o
phosphors of different conpositions activated with ceriumare used as the
phosphor ,tB® RREFIVEY alsElitdanshe mddEed 8rcazsddgahso fiber eseennd
material is basically the same. Simlarly to the case of the first

embodi merfRMPekENeDYy | ehRiciantYi pd dileid emiseien veanhibgh imemtdraresbibyty
by controlljng, the distribution of the phosphor (such as tapering the
concent r HFDHIMRS (1 o AEAREETeRM (9% |th@it ot tong meveponbmds. SGich a
distribution of the phosphor_ concentration can be achieved by selecting or
control | i MPFRSTRAterMafesdath bEOEoRKATMASEY haFROghng ,irf ore mrder of
tenperature. and viscosity, .and the configuration and particle

di st ri but?REBIST hECpHIEPhiINts4emHES1ng c GPaPRGENS )t hacsetdiryg efodthent ,
di stributjon of the fluorescent_  material concentration is determ ned

accor di ng-tNt (FRPFHAR A iB¥g i dk d9h enig g qanpimept o the second

enbodi nent, efficiency of light em ssion can be increased b
ngh the:gconfqburatlon of the second yembodiment,

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 Wcm™ 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. 53, 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
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5 designing the arrangenent of the two or nore kinds of fluorescent
materials (for exanple, arranging in the order of nearness to the |ight
emjtting conponent) according to the |I|ight generated by the light emitting
conponent. Wth the configuration of the second enbodi nent, 10 simlarly
to the first enbodinent, light emtting diode has high efficiency and
enough | i oFeIGettan i t&reif nh &F tdvidieged widdy acemiumo of i bhehese¢enaity
of relatively high-output light:- emtting conponent with radiation

i nt ensi t PR iNERthi RaRhEe SifgeneaBmi3 0NENias t dndicaved bycdameedasiied 15
The yttriumal um num garnet fluorescent material activated wth cerium
(YAG fl uokERRehl Faferi“ft) Wddthe PRk sexoptergbtibdpfiesnissdogaasat be
structure simlarly to the case, of the first enmbodinent, and is therefore
resi st antS¢o REar, 600nghtasindnadratede byrhkhpesleshedel birg hinf Fégoi t 2Bi on
of the 20 ytiriumalum numgarnet fluorescent material of the second

enbadtli nerithEkd BrKERg hBar eBLeniPAsSPRELEEMeSChYIdRNd ol itd Haide dut FEg.

5A, and the peak. wavel ength of em ssion can be set near 510nm as

i ndi cat ed’ PR he BT diakeR it IsEibte touamit megd nigighte eni ssion spectrum
so broad as to tail_out to 25 700nm This makes it possible to emt green
light. The peak waVRYShGRAtR! AfkcFhgt i Fhitredndtiigdt is shifted to a
yttrium alum num gar net 4§bfkuorescent material activated with cerium of
the secortPERBodWARl et heb¥et SHREE1RSDARTasPR ¥R i edlhy BMendasked
line in Fug&55A, and the peak wavel ength of em ssion can be set near 600nm
as i ndi c TP IHEYaSed PEndAS ELjorsgcent 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 Y with Gd and/or La is preferably
from ¥:Gd and/or La=9:1 to 1:9, or more preferably from Y:Gd
and/qr La=4:1 to 2:3. Substitution 6f less than 20% results
in an increase of green component and a decrease of red
component. Substitution of 80% or greater part, on the other

20 hand, increases red component but decreases the luminance
_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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5 whil e making the em ssion spectrumso broad as to tail out to 750nm
This makes it possible to emt red |ight. Wavelength of the emtted |ight,
s 'shift'ed to a shorter wavel ength by substituting part of A, anmpng the
constltuents of the YAG fluorescent material havi ng garnet 10 structure,

wth Ga, Lengt the emtied |light shlftedtoalonger
wavel engt bfljlsvu néltl |ng f)’é%? el&f“?\ﬂﬁ ad é;ﬁ]d/oFeLa Lpr opft iBh dm

consi der SCORTH “1@%—'}*1‘3% ? PrRREeRiRg s AT i rand R Ga'et?%gt% gine

em SSi on r rt| of suhstituting Y wwth Gd and/or La is
pref er abls)(/)‘slhf rléﬁ% \?&&} %’ f‘rtltflglq'g‘ pirtérts 39 fhftradrﬂ I
and/ or L%—é toq_, Zt Scl)JbSt | tut | 0{1 of ﬁ than 20% results _in _an jncrease
of green ZdHSorEnt T AL P LECHRAEE o VRECh cdfipShERt m%@ﬁst“ﬁltt&’tlab]ﬁmﬁfn%% or

t , d t t d
Phe sl um haace “8ploredtifin oG, | nERFRG RS pRospRGkeRs Witk B

La, . A d Ga ds whi c b
casi Ly cOREPELHd & Fyrkho i chich afor eiaid 0 Widen: |y

Tt or Ll e obeh i hed By ”3&81—‘%&?3?%5'  BraclBiBlel AP eratare aron s
2ol ut 1 on 1RH TS adRd tand THP ! RQR hESBogk eb? pe ‘;kc@ﬁ?sa‘ir ora afh otxﬁhaﬁreedof
the copr ﬁ%‘t@rtl%tle’lswyrcdﬁn'ds bt])q%n ﬂgl)ﬁ.eqnﬂlthl.al ur@er, washed, separated,

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.relatiQely easiiy and in a
manner suitable for mass production. When the two or more
kinds of fluorescent materials are 'arranged independently,
color can be adjusted after forming it by laminating the

20 layers until a desired color can be obtainea.'. 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 LED element, and a

25 fluorescent material that absorbs light of a longer wavelength

away from the LED element. This arrangement enables efficient
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5 oxide and galliumoxide. This mxture is mxed with an appropriate
quantity of a fluoride such as amonium fluoride wused as a flux, and fired
inja crucible at a tenperature from 1350 to 1450 Cin air for 2 to 5
hours. Then the fired material is ground by a ball nmll in water, washed,
separated, 10 dried and sieved thereby to obtain the desired material. In

fhe secorghRFpAdioieRind ehgsEWenOoMIighi.,nds of  yttrium al um num gar net
fluorescent materials activated with “ceriumof different conpositions may

be either used by nind NG gy eminney diviepedantd s ddHA natfhiddit is
exanpl e). When the 15 two or nore kinds of fluorescent materials are m xed,

color cem&s thpg mrn? OBwé apembeemaei ARl abkV e}t eafhly1 @churl gh rrE@ner
suitable for mass production. Wen the two or nore kinds of fluorescent

mat er i al s¢1aicdk-e¥dedye thd tulenenslently, dioH<Herkan 6mads veisds af bar fiatdn ng
it by lamnating the 20 layers until a desired color can be obtained. Al so

when  ar ran@inGddit tMeterianse kifduethdilbear e8660L . Mt @hisdl Spakes it
i ndependently, it is preferable. to arrange a fluorescent material that

absor bs Idg¥didreond hpakeght EBDGhti egiteiBeneIodOf cApshREL @ Vvl gy h
near to the LED el enent, and a 25 fl uorescent naterla? t hat absorbs |ight

of a | ongerghwavet Qi‘@i‘recawaylcﬁf oartheiekbl gl ementt Th,s drngerendnermbl es
efficient 47 absorption and em ssion of light. The light emtting di ode of

the secorsf et reatitterl byRdthdysemidthduwstdy Iyt kéndst Dig component
yttriumal uni numgarnet fluorescent materials of different conp05|t|ons as
t he corresponds to a point on the stra;ght 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 pérticular,'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 - the 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.méterials.

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

fluorescent material used in the second embodiment has garnet
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5 fluorescent materials, as described above. This nmakes it possible to
make .a light emtting diode capable of emtting I|ight of desired color
efficiently. That is, when wavelength of light emtted by the

sem conductor |ight emtting conmponent corresponds to a point on the

Strai ght ski-fieaeaneehidn Atefidls ANdapaLAL oF ivhd hseﬁ?&w”%iyzsi%%%{ﬁggagr am

of Fig. 6, light o any color 1nt régi on enclosed A

B, C andeanD dilL i Ghotl VBECHibR UiASHERTRIAEL LY RELL S LRANSe Cogpd D

of the two or nore kinds of yttriumalum num garnét erials

of diffenent ¢aEPe3LhtOBRiItRAnBeqsBlbEedr {ReAGSRLMEI DGLEQ 40 tSSSSQghe

€4
enbodi nent, col or can be contrglled by changi ng %ge conposrtrons

L : . i | Leul ar,
quanti ti gsc8hdt endefadnflrRTed s pi‘B@;&é&o%‘iiﬁe[}{]ledfgé .eérhﬂéi%vgggﬁé{nhﬁ'd ar

alight emtting diode of less variation in m SS10n can be

made by ipekaqtiead the flEpisscanindmt foia)§,pccor diArhf%gﬁ _Otké]é]ceat?s(.)e em gl on

wavel ength of the LED el enent, thereby conpensating e variation of

Lhe o oebadaiaua aight Alad MolELl FheOPOhach! $had At L1, ghede

i ncl udi ng RGB conponent s um nante can ng the

em ssi onemw@eeldengih ehet heibhyor eagert ngMbenbahsnt 25 M?éfgy?rofbeﬁﬁgse
the yttriumalum numgarnet (YAG fluoréscent " material used in the second

enbodi neabnRrastaar rﬁ?nﬁlS %t I YEE YT &hddethbgBa Gy tgfa'gngof“ 4R OB;,{:?IEF%GCO“"

enbodi ment ~ can emt Tight of high | um nance for a ng period o
Al'so theskingbbnattbig ghadess ofiddie hiskehyerpgdigentanddhe ryecend

enbodi nent are provided with light emtting conponent
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 emiséion, the light 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. Wwith  this
configuration, blue Light emitted by the -galliumn.hitride
semiconductor is color-converted and is output in planar state
via an optical guide plate 704 and a dispersive sheet 706.
25 Séecifically, a light emitting component 702 of the.

planar light source of Fig. 7 is secured in a metal substrate
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5 installed via fluorescent material. Al so because the converted |ight has
| onger wavel ength than that of the light emtted by the light emtting

conponent, energy of the converted light is |less than the band gap of the
nitride sem conductor, and is less likely to be absorbed by the 10 nitride

sem condu r layer al t hou he light emtted by the fluorescent
Yat eri al '?@:9 i d‘%‘de’éﬁ'%% ‘o ?lﬁﬁngﬂH‘e&%n?nbe’éﬁ@é%‘foﬁ héaY 85t royy 8f

em ssi on, ht emitted fluorescent material is never absorbed
by t he LEang?%hgﬁ? Pg%ﬁe{%e§%¥5r€h?%%)eﬁfgs BRMEAr | cPEREY BLeFRELFRIAY 15
o iting, dhsde il Rl S deereased, (PRI OO, courecl A BLaRE o
used .7n Pt ReBe8Ehee bk Bt “EnatREBendochisroisith PROsEAERPABIa o
gGai |7 um nepPLEES $BRPcBRBLARSFERS dork '&%oﬂb@??%b%ﬁﬁs'rggﬂét e heslnar
Speci 1 oaths, LhgRGRertiht: gﬁ'gatee 73% 733"'5 Shié»d&%&:?t T ddarce of

Fig. 7is se red EQ a meta ﬁubstrate 70% inverted C s (;age wher_eon
an insul a |on fa?er 388“8“ c& H&ch%ﬁ?ﬁﬁﬂt%ﬁn &HSF ORGP Tare e of AER. ©Af t er

e b g ETREChLO L BL8E!LPE 00k By Ll P RRE o1
A reflector film 707 containing a white diffusion agent is

10 arranged on one of principal planes of the optical guide plate
704 where the dispersive shéet 706 is not férmed, for the
puréose of preventing flubreséence.

Similarly, a reflector 705 is provided on the entire
surface on the back of the optical guide plate 704 and on one

15 end face where the light emittiﬁg component is not provided,
in order to improve the light emission efficiency. with this
configuration, light emitting diodes for planaf.light emission
which generates enough luminancé 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 polariier plate on one principal plane of the
optical guide plate 704 via liquid crystal injected between
glass'substrates (noﬁ shown) whereon a translucent conductive

25 pattern is formed.

Now referring to Fig. 8 and Fig. 9, a planar light
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5 applied into the inverse Cshaped netal substrate 703 whereon the |ight
emtting conponent 702 is nounted. The light emtting conponent thus
secured is fixed onto an end face of an acrylic optical guide plate 704 by
means of an epoxy resin. A reflector film707 containing a white diffusion
agent is 10 arranged on one of principal planes of the optical guide plate
704 wher 8OMFEe| sFIWANGhek? 780N ETot enhofinerttor ofie tper paumesent
preventing fluorescence. Simlar]ly, a reflector 705 is provided on the
entire SHVEATEh WiHd R IAICEHeedpbetav. gulftie plighs 2OY taridigordesriae 15
end face where the light_ emtting conponent is not provided, in order to

i nprove SHOWH gk Edssi Bn 18 MaGendy SNEh ehieonfdanmagiien i bhat| ingve
emtting_di odes for planar |ight enission, which generates enough |uni nance
for the BdahY igjhtttsd Rab e LighkagBitddngpgirdat 76R d5 wmavenrfed to
emtting diode for planar |ight emssion to a liquid crystal display can
be achi eWedbsy Llightanky ng £ogOrarGorsrerien e78h wWhichr cenitgdnsp pimsdfon he
optical guide plate. 704 via liquid crystal injected between_ glass

subst r at %&d( AGt SHBRY) 1hh&LEGAR fa Stadiss Vidde in optdgetli gaides ppateerAdi-s
formed. Now referring to Fig. 8 and Fig. 9, a planar light 50 source
according to anot hé?heeﬁﬂtﬁﬂtrréﬂltdﬁlqglég%f%%rﬁhowm\ﬁéhtﬁ% W 13s pdfesidy i bed
bel ow. The I i ght eni,tiqg device.  shown in_Fig. 8 is nade in such a :
confi gur 848h BhA°HH M TAGIpR ERREL LY ARt g@ritied t byy Hhede it s

converted to_ . .
emf%tlng component 702 1is turned to planar state by the

10 optical guidé plate 704, then converted to white light by a
dispersive sheet 706 which cbntains phosphor formed on.one of
the principal 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 resin 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. :

- <Application>

20 (Display device)

Now a display device ‘according to thé present
invention will be described below. Fig. 10 is a block diagram
showing the configﬁration 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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5 white light by a color converter 701 which contains phosphor and is
output in planar state via an optical guide plate 704. The light emtting
device shown in Fig. 9 is made in such a configuration that blue |ight
emtted by the light emtting conponent 702 is turned to planar state by
the 10 optical, guide plate 704, then converted to white |light by a

di sper si VOt %ﬁ%n%ﬁag'coﬂ-‘thﬁ MEHhBspRbRY f 8EHbdEe060dne havinghevhite
principal, pl.ane of the optical quide plate 704, thereby to output white
light in pr%Fh r SBHEEENT THEO ﬁ%sgﬂér sh@yheln i idherl cont Filged 2 raxtanged

di spersive sheet. 706 or. . forned in a 15 sheet by spreading it together with

a bi nder YR2sPA b CPREIIUFPLPRI 4B Sh&AsInws. SHuraseshowhe ibi fdar. 11,

i ncludi ng. t he $hosphor'ng be formed in dots, not sheet, directly on the
opti cal S{ﬁ deSptafid FOROC %ﬁﬁ‘ﬁi‘“—&&t L5 d1apXay spewicelevi Bop NewiaadiTht ay
devgfe according. 0.the reseﬂt invention will be described below. Fig. 10
is & bl ock dPEGY LRI sl t hiIRBniIGGKdMigomatietivd dpepI| bpingyifarmed

according, to t ggﬁr sent jnvention. As shown in Fig. 10, the display 25
devi ce cg’rfbﬁ?gfeag 4! edTJstg\'ay device 601-and a drive circuit 610 having
a driver 602, videg,dat s%%ra e ngggs 2%3 and tone 51 control neans 604.
The LED display devit® B81Vehavtrgihhi £¢° 1Bt tBRi t¥idrp dhadas Soragrwn
in Fig. %ﬁgrsfi%uug agﬁinged tin natrLiﬁconfiguratLon in a casing 504 as
shown i n B 168 $OYEefOhst RBRBEAF oMKt SECFERIIAFPARYdEfitee Whitedh ciing
504 . _ . :
input, the tone  control means 604 which computes and outputs
10 tone signals for controlling the individual light emitting
diodes of the LED display device 601 to 1light with the
specified brightness according to the data read frém RAM 603,
and the driver 602 which is switched by signals supplied from
the tone control means 604 to drive the light emitting diode
15 to light._ The tone control circuit 604 retrieves data from
the RAM 603 and computes the duration of lighting the light
emitting diodes of the LED display deVice-GOl, 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 pulse signals
which are input from the drive circuit, and has the following
advantages.
The LED display device which diSplaYS with white
25 light by using light emitting diodes of three colors; RGB, 1is

requiréd to display while controlling the 1light emission
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5 1is provided with a light blocking material 505 being formed integrally
therewith. The drive circuit 610 has the video data storage neans (RAM
603 for ‘tenporarily storing display data which is input, the tone control
means 604 which conputes and outputs 10 tone signals for controlling the

i ndi vi dughutidughlorerhbt R)9G dnades 19GhkhensER 1o % e U 82 BBL b g1

wth the specified brightness according to tlh ata read from

ond 1 SusCdtiolion 15 (R hig S anaLs, BYDEL ey EQD RACCIRIC

control neans 604 to drive t l'i ght tting dio

control gi ist; +§04 L ey srda : he : RAM o] h
durati onqgugt(éllﬁisdﬁ?i'ngﬁﬁﬁeél i ghtr;d g%a%tgle%réhggég? o%péshggﬂﬁg E)&sgpﬁryé dg\]/fi ce

601, therneut pLfsnt Pubgersignal ifdded Urpipg o fft ' em;tting
di odes to the LED display dgvi cel 6631. In the c%}c?&%él&’dev%ehz%{%%ns ?’t ut ed

as gescrichaglakave, cbheibEPadisp! 8 €a% G ;6@1 cii%cuﬁ%p@z?li‘éhoé QK%Q! 2¥kng
Wh fié

i mages according to the pul se signals Ich are input tfromt rive

circuit, rand aspi fhelliew ng rad a i spl-ay, ' ich
i Sy P e S By T B R

colors, ReentSon,equbwésetp Heudhdy Wehke @Rt IQlddi1ag they]ightsAm ssi on
52 output of the R Gand B light emtting diodes and“accordingly nust

control thasktighteanbyt vzt ndi adestber Bkd 110 LS S50 PNos | PhENSIrkYent.
tenperature characteristics and other factors of the light em {ting di odes
into acc@uwilenti®sul ¥hd@hi can emit white light without using light

10 emitting diodes of three kinds, RGB; it is not necessary for
the dri?e circuit to individually control the R, G and B light
emitting diodes, making it possible ~ to simplify £he
configuration of the drive circuit and make the dispiay device
at a.low cost.

15 With an LED display device which diSPlays'iﬁ white
light by using 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 defihition. The.LED display device of the
displéy 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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5 conplicate configuration of the drive circuit which drives the LED
di splay device. In the display device of the present invention, however,
because ‘the LED display device 601 is constituted by using light emtting
di odes 501 of the present invention which can emt white light wthout
using light 10 emtting diodes of three kinds, RGB, it is not necessary for
fhe driveldghtuct tighrr vigianiviesnt r oFurkber, ®idhd thei §ED @hsplang
di odes, making it possible to sinplify the configuration of the drive
circuit af@VHeRe WHeNi dpsRyaeyiye making| dleosplors W hthaeeED kbl ay
device which displays in white |ight by using light emtting_di odes_of
three ki nBBitRERY ddedesnr dd'§5gyhiSefudh ng §ia68eRsnuthebd ispilay ra@ter at
the same tine and the light fromthe light enitting diodes nust be 20
m xed i n ehaRICE o IS pFay BAfickdng v BPMeon®fnithg tREBt Bicht REBittihg
emtting diodes for each pixel, resulting in a |large display area for each
pi xeP anddieReRgdpPeRAbBYsPBl &heo vigWdpidayangker Hiksh IR idianlay dweiceD
di spl ay device of the display, device according to the present invention,
in contraSf, ths E5%56P2p+%y90£;?Pv%ﬁ§éHQiiﬁﬁhmﬁﬁPQkﬂmbne with a single
light emtting diode, and iis therefore capable_of display with white 53
light of higher defffi 6PSRTIRGH ABPVeni FRet AeSPERY gdeples PHRVIRRdviHiER
di splays by mi xing the colors, of three |ight  emitting diodes, there is
such a cak ea§EPh%%ﬂ Yay SO SRMGERI dtiBet & iphsciemiGtdnds s he
RGB |i ght enitting ) . . ) L . .

the presént invention which is capable of emitting white light

10 is capable of displaying stable white 1light with higher
definition and has an advantage of less color unevenness. Tﬁe
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 convéntional LED displayldevice
15 which employs only red and green colbrs, and is therefore
suited for use over a long period of time.
(Embodiment of another.display device employing the light
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 invention, 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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5 di odes depending on the viewi ng angle, the LED display device of the
present invention has no such problem As described above, the display
device provided with the LED display device enploying the light: emtting
di ode of the present invention which is capable of emtting white Iight 10
IS capable of displaying stable white light with higher definition and has

an advantweigie®f datas stbpagenevedies S RAMEor ERefipsphay 19eVE€6r 0hgt Rene
present invention which is capable of displaying with ite Iigh? al so

i nposes lagautstdinglady aatd,0 o Ry & GOERET e fdn iha sy gtdsnated BRe
di spl ay device 15 which enploys only red and green colors, and is therefore

sui ted fatatusesbweedaihonheperarodtof donpute Brdwsi BRRha0E a0Rt herqwh spd ay
device enploying the light em'tting diode of the préesent invention) e

li ght enithe ndidihtdeenfttineg prdseids | fUeRt | Ofec 20i6aN Hra g1ee’ds0 egastdtute
an LED di spl ay device wherein one pixel is constituted of. three RG |ight
em t3ing ditipedas «hdchonis | sghtcradt thyng tdeoutut hgiBhaIends | RHRNIEMHe - as
shown in Fig. 12. By connecting the LED display devie and a specified

drive ciremtitiron dbsphwit desd cecaapabl enef diigphayidid taiPu RRiddTagES can
be constituted. The drive circuit of this display device has, simlarly to
a case ofiliomoiiatone di®pe agrieei csircbit - i$ rraqubtedakexciteisgl ymreeds
(RAM for tenmporarily storing the input display data, a tone. control
circuit vénaih prfoceasseRGBheliglet aemtittddgi ndidweRANKHO €REPWhe teonEighgnal s

for lighting

emitting diode. The tone control circuit computes the
10  duration of lightin§ the light emitting diodes from the data
stored in the ﬁAM, and outputs pulse signals for turning on
and off the light emitting diodes. When displaying with white
1ight, 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 gr no pulse signal is output at.all. On
the other hand, a pulse signal is given to the white light
emitting diode in compensation thereof. This causes the LED

display device to display with whité light.
As described above, brightness of display can be
20 improved by adding the white light emittiﬁg diode to the RGB
light emitting diodes. When RGB light emitting diodes are
combined to display white light, one or two of the RGB colérs
may be enhanced resulting in a failure to display pure white
~depending on the viewing angle, such a problem is solved by
25 adding the white light emitting diode as in this display

device.
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the light emtting diodes with specified brightness and a 5 driver which is
switched by the output signal of the tone <control circuit to cause the
light emitting diodes to illuminate. The drive circuit is required
exclusively for each of the RGB Iight emtting diodes and the white |ight
emtting diode. Th ton %Efr circuit cog'put e% the 10 duration of
Fighting the Iight Jz%"c?e JfIF%LHtt h8 A of&8PEAY t HEVRER| 3fhd

Theh d: spTeSTRPa 'ﬁ% | %{'et I B hER%&: " Spfnabs MFOHRRA i ng
e e T (Y e e B
Eggengafl o(‘i Ef‘ﬁer eo% Itvlg‘g;u"[s te[]ﬁgwgl 8’ ﬁlﬁggfzayg‘%{%ﬂ‘:g t%ff?cg‘?): QYSF-Wth

by i neasRlSies Sﬁﬂ@ﬁ‘?’@% Vet e a@%%tsisf%%hﬁ;ﬁ? Srtpitnd Hibdes.
Yoo or ¢ He e s hafded BFERuR Shﬁggr{tf"&g& i i e oty

whi t I h b I d b 25
i ng t RE- LaEY SRy Rt i $0L80 Bnel R ek ayrecvbiEe s

br of er ;Efe“"’f?ﬁ“% %L?ﬁ%é%?%@#ﬁ%ég’o‘séﬁﬁé 3 LS5 o8 £BRRFDI ot cind
whi ch Cor%gse o&é‘%{’éﬂ Yhe driver is turned off.
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 1light
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 is handled as a set of light emitting
diodes. Two or more sets of the light emitting diodes are
used, each hairing the light emitting diodes arranged in spiral"
configurétion. 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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signal for lighting the white light emtting diode with 5 specified

bri.ght ness. The pul se signal. which is output from the tone control
eircuit is given'to the white llight emtting diode driver thereby to
switch the driver. The white light emtting diode illum nates when the
driver is, turned on, and %oes out when the driver is turned off. 10

(Traf fi ctRBRgRAPNEGREANt RE Ehgnhtl iahtt (8TH- i nmied trdescand ctlait SubPAYEALEON | S
used as a,traffic signal which is a kind of display device, such

advant ag¥$tRa®¥fero5tlai ReWehs SURRIYe £F| i nEerBredvdm a2| Ghpsseks oafof
time and _no_col or 15 unevenness even when part of the light enitting di odes
go out. TFRLWRY afFiE &t gnal TBRpl B5P nG 4RI aY gRevdget t ing riiasks ofint han
present ipvention_has such a configuratiQn as white light emtting diodes
are arr aﬂggﬂlﬁﬂmad%ﬁ%éﬁa?@a%é?eﬁﬁuépp%n&l&*ébi delpahtebhorkingr pe@beR
circuit of | i,ght egi tting 20 diodes wherein such-light emtting diodes are
connect eBPRni5s8RREEdo PN ANS 1TSS A b oS Bhicer exubper | fhilewi t t The

di odes. Two or more sets, of the H\i ght emtting diodes are used, each

havi ng tﬁggFF?gﬁt WEniREP AR offédhard agélei FHEAG alensopni ditat FéEP1RNen
all light,emtting di,odes_are arranged, 25 they are arranged over the
entire apéan?n%bfecf%ﬁfar RS gHT a¥ 1Rt 9 APEert Do dfde 19 ¥rp vt eY iG@s 16y
sol dering_for %g{t he, connection of the I|i ger emtting diodes and the
subst r at B2SGPE h EEFPEARaI2 pﬁ\}@}?eguﬁﬁF%}nlgt 9y theupegki pa EMasShasshs,
railway %Io_gngle'alyr]l% I'o f d{__ﬁgl EJl. sdl & Coef Ighgl % %gslig afll‘om the outside,

10 with the inside of the chassis closed. Thus a signal 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 emitting 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
light_ emitting diodes or part of the light emitting-_'_diodes
fail to illu_miné_te due to some trouble, capable.of iliuminate
evenly in a circular configuration wit.h_out color shift by
means of the remaining set of 1light emitting diédes or

25 remaining light emitting diodes. Because the light emitting

diodes are arranged in a spirél configuration, they can be

57



al um num di ecast chassis equipped with a |ight blocking nenber 5 and is
seal ed on the surface with silicon rubber filler. The <chassis is provided
with a white color Iens onthe display plane thereof. Electric wiring of
the LED display device is passed through a rubber packing on the back of
the chassis, for sealing off the inside of the chassis fromthe outside,
10 with tRAETRREPeMBFEL ﬁgnéﬁéxs%aa &ded .centigr a aidyndtivEn whitkout i ghy is
made. A sigggl of higher reliability can be made by dividing the |ight
enitting YFHUSESBE {RRT 7 LM ITHY shigRAls | el ey M ar Hidandegceto Umsrad
arranging_themin a spiral configuration swirling froma center toward
out si de, Fﬁgpigs%onnecting themin parallel. The configuration of
swirling fromthe center tqward outside may be either continuous or
intermttent. TherefFBFfe, fPddioMd@dInunéampteshe furghereniillivarratieodeshand
desi%ed nunber of .the sets of Iight;enitting di odes can be sel ected
dependi ngPHRSERE dIVEREY-CRr e oRCEREL LAY 02 B s BIody Bevbee comsitrusdynad | s,
even when_ one O£ the sets of Ilight emtting diodes or part of the |ight
em tting HBYEsTNFaFFOPE GLREF®ME nate due to some trouble, capable. of
iIIuninatf eveﬂ%y }n a circular configuration without color shift by
means of FREIFRNE h ng set of light emtting diodes or 25 remaining |ight

emtting diodes. Beﬁause thi Ii%htdenitt&ng di odes are arranged in a
spiral configuratiofi*®PRLS CaRTBEII8T arLifREdemdEbingnserponeat haging

center, a driven wthout an different, impression fromsignals enpl oyin
incandesc%%teTéﬁ%§9n E%&%n%?e%%pnm ané a hafP wfdth of 30nm gmployigg ay g

10 GaInN semiconductor. The light emitting component of the
present invention is made by flowing TMG (trimethyl gallium)
gas, TMI (trimethyl indium) gas, nitrogen gas and dopant gas
together with a carrier gas on a cleaned sapphire substrate
and forming a gallium nitride compound semiconductor layer in

15 MOCVb process. A gallium nitride semiconductor having N type -
conductivity and a gallium nitride semiconductor having P type
conductivity are formed by switdhiﬁg SiH, and Cp,Mg as dopant
gas. The LED element of Example 1 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 contacﬁ 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 guantum well structure. The sapphire substrate has a
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The foll ow ng Exanples further illustrate the 5 present invention in
detail but are not to be construed to |imt the scope thereof. (Exanple 1)
Exanpl e -1 provides a light emtting. conponent having an em ssion peak at
450nm and a half width of 30nm enploying a 10 -GalnN sem conductor. The
light emtting conponent of the present invention is nade by flow ng TMG
(trinethéllgalliu .ags ™ é&rineth | indium) gas, nitrogen gas and
dopant gd811t8elhEF 1Pt FeRICARrAREFOfatayar afe ctherpphi vrA_Y bt eV e
and forn%n a %%Iliuglnit%ide iggﬁgﬁp "senmi conductor |ayer in 15 MOCVD
process. “A §afFi-Hfrtni-Pr F3&Ss &mi ctiGY $avi PN X yBEPe cefBieeRdREyOBnd a
gal l'iumnitride seniconductor having P type conductivity are fornmed by

swi t chi ngSsiaH} ateUBPRALUL §af PO CEDrelahnve afitexafipreinghas a
cont act £S§e%i ich is a galliumnitride sem conductor having N type
conducti viTy B-a clad | ayer which is a galliumnitride alumnum =
senitconduct or havi%g Pt e-cpndUﬁ ivity and a contact layer which is a
gal Pium nitride sefMtE8AdUCIRIS HEi E)ePst FECESndRikt Bvitype aald for k¥Ee

bet ween Eh%188”taC£ Iager havgng'g ﬁxge_condu tivity and the clad | ayer
havi ng P EYPSCRIRGURFI vRY§ P sPR RbALHBBed® 280F el BEEFOAT oA € afRF S

sapphi 1 oY oB e AEE e o RERPRaPPrARLAT: Frde SRR, A VBTG
sem conaliEtor ek MadeaPSa St e orartee. droRboCTIL LA coaPPBRSRES m ng
are made by dividing the wafer with external force.

10 | _ The 1light emitting component made in the above
process is mounted in a cup .of a mount lead which is made of
silver-plated steel by die bonding with epoxy resin. Then
electrodes of the light ‘emitting component, the mount lead and
the inner lead are electrically connected by wire boding with

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 Y, Gd and Ce. in an. acid in stoichiometrical proportions,
and coprecipitating the solution with oxalic acid. Oxide of

20 the coprelcipitate' obtained by firing this material is mixed
with aluminum oxide, thereby to obtain the mixture material..
The mixture was then mixed with émmonium fluoride uéed 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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the film 5 After exposing the surfaces of P type and N type sem conductor
Iayers by etching, n and p electrodes are formed by sputtering. After

scr’i bi ng the sem conductor wafer which has been nade as descri bed above,
light emtting conponents are made by dividing the wafer wi th external
force. 10 The light emtting conponent nade in the above process is

mount ed iabovecup &f a yotniuheallumbneh-garnage offlugireseent! at athisdead) by
die bonding with epoxy resin. Then electrodes of the light'emtting

conponentrepresemvedt Headeandalt odmuler |eagdcay o .8l gt fdésalchyreonnasied
by.wire boding with 15 gold wires 30min dianmeter, to make a light emtting

di ode of 20%axf tYpes Auphbiphbedi withdeadyand ssobytmgutabﬁ gacib elfermats
of Y, G and Ce in an acid in stoichionetrical proportions, and

copr eci piitsatdi.®3 .t he solution with oxalic acid. Oxide of 20 the
coprecipitate obtained by firing this material is mxed wth alumnum

oxi de, thereby to @ aiParttise biyxt wedghtit' @fi athe fAheordsdente Was-dhem
m xed with anmoni um fluoride used as a flux, and fired in a crucible at a

t enper at vy igfy BACO@positaion fof BYheeds,) . Xhen,tbe &hied Raktebealn infadys ound
by a ball 25 mlIl in water, washed, separated, dried and sieved thereby to
obt ai ned imhet e sibeve nrocess. a,ndDrﬂiSQ)hparUadeayaSWedﬁﬂmﬂbﬂ epBxgbhQ\ess irp
yttriumal um numgarnet fluorescent nmaterial represented by general
fornul a @¥e BRI xiantisolpixede twheterabdmto 2@%11:ny i STiseibsiliakwiyedism t h
Gd and substitution ratio of. Ce
poured into the cup prov1ded on the mount lead whereon the
10 light emitting component 1is mounted. After pouring, the
slurry is cured at 130°C for one hour. Thus a coating having
a thickness of 120pm, 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.Sw/cm2. The light emitting
component and the phosphor are molded with translucent epoxy
resin for the purpose of protection against extraneous stress,
moisture and dust. A lead frame with the coating layer of
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 emi{:ting 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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Is 0.03. 5. 80 Parts by weight of the fluorescent material having a
conposition of (Yo.BGdo.2) 3A15012: Ce which has been made in the above
process ‘and 100 parts by wei ght of epoxy resin are sufficiently mxed to
turn into slurry. The slurry is poured into the cup provided on the nount
| ead whereon the 1Médsyirtenesrittst i ngofonporarbmat ioBUpt ed. pAiite) powdiwr the
Slurry is cured at 130C for one hour. Thus a coating having a thickness of
120pm wHientpex@thaiensandiecphosphmndesid@r kdexopf hehd i ghghemdditging
conponent. In Exanple 1, the coating is fornmed to contain the phosphor in
gr adual | it easdegad’ desmuretadtaloove owadd ddsatliqhsd £ ednlititAgqC omponent .
Irradiation intensity is about 3.5WcnR2. The light emtting conponent and
t he phosphigrhtargavenlvidohesi tdf t(rearsdi2ycent2 &PPXFor et dind toilc ittye guimrosex of
protection agai nst extraneous stress, noisture and dust. A lead frame with

t he Toatiyg |@lbrr oteRfephvsphooff 80BOd K hen€oB7..s  Foacedlor arendering
bul | et-shaped die -and mxed with translucent epoxy -resin and then cured at

150 C fomdexho(Rs) whileh wireuappabseimetd oto oththenhkhirgBteebticsg ofi ade
fornmed. as described. above in the direction normal to the light 25
em tti ng Ppiwaefamm wituépasdenbatlaimps cedtigdit pemitoingaefceéndeneg was
yel |l ow sh col or due to the body col or of the phosphor. 60 Measurenents of
chromat i A 451 poivhvt ,campasrablee e rttialy e finah cioandeswrt AgrimdexFuft hdwe
light emtting diode nade as descri bed above and capable of emtting white
in life tests under conditions of energization 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 material was observed, proving
that the light emitting.diode had no difference in service
life from the conventional blue light emitting diode.
(Comparative 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 Jluminance. In a life test, the
- output diminished to zero in about 100 hours. Andlysis of the
cause of deterioration showed that the fluo_rescent material
was blackened.
This trouble is supposed to have been caused as the

25 light emitted by the light emitting component and moisture

which had caught on the fluorescent material or entered from
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| i ght gave values of (0.302, 0.280) for chromaticity point (x, 5 vy), color
tenperature of 8080 K and 87.5 for color rendering index (Ra) which are
approxirmate to the characteristics of a 3-waveformfluorescent |anp. Light
emtting efficiency was: 9.51 n1vv conparable to that of an incandescent

Car Tent - 1000 e LS AR RO AR E G B

change dygd-q fiketfd UQESaeR Mhaial wes ahser eﬁd.‘ zfpgsogrom tn%'pcaérfaﬁe

light emtting.di ode had no difference in servic

conventi Q%%lulhtlllh% light1 eRktitadsdiredee . ( Cogmnaratd c?]E Exaepl @bk sluna

Formation of a li'ght emtting diode and life tests hereof were conéﬂcted

'§]$gt E&i@éﬁ“dﬁ?@%ﬁ% é‘%ﬁrﬁ%ﬁé} el p%ﬁ@ﬁﬂen“ﬁa“%%&#ﬁf 5 GRo@ i ch
uni o 11 AL W ou iy anes, ane ARl FA TS % B &l%*?ghed

to zero igheAbpEsu1p9 %@réxarﬁs@éya.l S Og"kene USEs Ogl g}xerirpfete_lcﬁe

that the fluorescent material™ was bla hIS t e 1S suppose to

have beerrcaaisied avalile ¥S5chi Ghbsgabtt adh by e lh'lgﬁfalenbéihag £9mMmagqent
and noi sture which had caught on the fluorescent. material or entered from

61 the oulesicd@reoughs 8bRYE nh@teolﬂfdl%ét%m)@arﬂﬂéOidahdzhn%zaw line
precipitate on the surface of the fluorescent material, resulting in
bl ackened rslildaaes dRapdrati®le [Hiag18StS indary. 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 that of
Example. 1 to have a composition of (Y, .Gd,,),Al;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, 0.370) for
chromaticity point (x, y), color temperature of 4400 K and
86.0.for color rendering index (Ra). Fig. 18a, Figqg.
18B and Fig. 18C show the emission spectra of the phosphor,
the light emitting component and the light emitting diode of

25 Example 2, respectively.

100 pieces of the light emitting diodes of Example 2
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conditions of energization with a current of 20mA at 25 C and 5 20mA at 60
Cwth 90% RH are shown in Fig. 13. together wwth the results of Exanple
1. 'Luminance is given in terns of relative value with respect to the
initial value as the reference. A solid line indicates Exanple 1 and a

wavy |ingeriengifer! esmdCUiRFald VRuleoPs el&téﬂsftgesl%hel‘gof( fraaplaydh In

Exanple 2, a light emtting conponent was nade In ane nmanner as in
Exanpl e af%&emlgwm@ncfro&asnm HsurLONtERt £ @EmEN kn %Qgeﬂt%gledsfc%mound
sem conductor of the 1light emtting conponent to vE Ssi on peak at

460 nm 13 uaifhouRCr eRsenli£e vaoikee Air&dch phosEhahan. f ha
Exanple. 1 to have a COh‘pO}};I tion of e(Yor 6Gdo, 4)1]%%%5%1%&[; he tav%frage

Measur emeies n@fusC iRyl idivt Ya RNt thEOh Ok ot QURAY ALK €gg apg C ngeri ng
i ndex of the |ight enlttlgg di ode, which were Jﬂgagsdggcrpkgglg osg;and

capgbl e afi £ £20 eadel ihnghwhtharhigbtisgaue val ues of (0.375, 0.370) for
chromaticity point (x, y), color tenperature of 4400 K and 86.0 for col or

renderingekageie(B3). Fig. 18A, Fig. 18B and Fig. 18C show the enission
spectra of the phosphor, the light emitting conponent and the |ight

emtting diode of 12% Exagpte ehittesRechivakby. H0PePigees of e | isghe

emtting diodes of Exanple 2 62 were nmade and average |umnous intensities
thereof meneetaken iafExanplehti ngxéept1GeR haddsng! Bnl BB @hiPEELERIATE

of the lumnous intensity value before the life test t he average
-rare earth elements Y, Gd and Ce in the phosphor to make a
10 fluorescent material with composition of

(Y,.35Gd,.5:C€,0:5Mg .0, )3A1:0,,. When the light éx_nitting diodes were
made illuminate at a high temperature 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 in a 16 x 16 .
matrix on a ceramics substrate whereon a copper pattern is
formed as shown in Fig. 11. In the LED display device of

20 Example 4, the substrate whereon the light emitting diodes are
arranged is placed in a chassis 504 which is made of phenol
resin ana is pro{ride'd with a 1light 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 d'iodes, are covered

~with silicon rubber 506 colored in black with a pigment. The
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| um nous intensity after the life test was 98.8% proving no 5 difference
in.the characteristic. (Exanple 3) 100 light emtting diodes were made in
the sane nmanner as in Exanple 1 except for adding Smin addition to rare
earth elements Y, Gd and Ce in the phosphor to nake a 10 fl uorescent

erial i . 9 . 93SnD. 3 a \Wh h
raLer 2] RSSO L, o e oA R/ e, 3SR, L) AL L Menne

[ight emtting odes were de T1Tumn

C . .eri stigc. t 8% bett th t hat of
Sampl e Pvde ohearnsdc SOYRRANG BoAaRED 6 2ol ay devi co of Beample 4 is

rode of he 11 oht o8 {150 fhages, oh-BAIPG . bong ot anged un R A0 x 1o
ot Heschaudhe LERS) oBl axaseviec! SQBAS, o Ui e )
505 bei ngLFarted rogt arTor apcen T nEL AR ERuBLP Benedrhen, UBR vy
the 1 bs ‘o the 11 ghiorilTr b6 aosmite fihe opgetiald W L1aFRafer Hinr
i il e T S Vi e
The LED dieaplsaywAeuh Ce ddG ikRhble PN 80480t signal of the tone
control circuit to «cause the ligﬁt 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 made in
the same manner as in Example 1 except for using phosphor
represented by general formula (Y, ,Gd,,),Al,0,,:Ce. 100 pieces
of the light emitting diodes of Example 5 were made and
measured for vafious characteristics.

20 . Measurement of chromaticity point gave values of
(0.450, 0.420) in average for chromaticity point (x, y), and
light of incandescent lamp.color was emitted. Fig. 193, Fiq.
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 light emitting diodes

of Example 5 showed luminance about 40% lower than that of the
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descri bed above, a RAM which tenporarily stores the input 5. display data,
a tone control circuit which processes the data stored in the RAMto
coﬁpute tone signals for lighting the light emtting diodes with specified
"brightness and drive neans which is switched by the output signal of the

tone conigRpt Ehi€tihglQis@sSEt NExhinglle S gﬁbaeddgegaswtegtﬁg hbliygkpate

are electrically connécted to make an LED dis evi ce r|V|ng t he
LED di Spb@ﬁ{mﬁéﬁé{bﬁéstol‘Ehéﬁ@sof/eéf}keimﬁﬂe i hag 1b§ea@@§£at us can be used as
bl ack and ite LED display device. (Exanple 5) 15 The light emtting
di ode of (Example §)was nade in the same manner as in Exanple 1 except for
usi ng phosphor represented by general formula (YO0.2CGdo.8) 3A15012 : Ce.

100 pieces of theghieght;qd tédl:[lgtlﬁlz_';()d@&d@f X e PAiy Be WBT QAR @8 in

measured for various characteristics. . Measurenent of chromaticity
poi Bt ga¥BeVadiRs. m@hnet0.450in 0-Heip 1@ aVv e a0 OEthﬁPﬁP&g{l gh)ésB‘HbEt (x,
y), and |light of incandescent |anp color was emtted. Fig Firg

and Fi g. réBEesbatelingyejersiral AR of A1N6, pbesphqroo ;Srﬂé‘cég 9b% %'mettl ng
conponent and. the Ilght em tting di ode o ai Exanpl e 5, Tespectively.

- Al t houghiigat! eghtteRyt Hibaedi edextipIRXARIer & Ri@Negnk Uﬁbaeaeeda%%t 40%
| ower than that of the 64 light enmitting di odes of Exanple 5, showed good

weat her abakibyMs epapacabreésticéhat of Exanple 1 in life test. (Exanple 6)
|  Measurement of chromaticity point slightly yellow-
10 greenish white light compared to Example 1 was emitted. The
light emitting diode of.Example 6 showed good weetherability
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 compohent 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 usir;g phosphor
represented by general formula Y,(Al,;Ga,;)s0;,:Ce. 100 pieces

20 of the 1light emitting diodes of Example 7 were made and
measured.for various cheracteristics.

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

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

spectra of the phosphor, the light emitting component and the
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The light emtting diode of Exanple 6 was nmade in 5 the sanme manner as in
Exanpl e 1 except for using phosphor represented by general fornula
Y3A15012: Ce. 100 pieces of the light emtting diodes of Exanple 6 were
made and neasured for various characteristics. Measurenent of chromaticity
poi nt slibidhy gmittong digiecet Sxardple 1, ghis ¥ead, to Exanple 1 was
emtted. The Ilight emtting di ode of Exanple showed "good weat herability
simlar tEtdapleofgExanple 1 in life test. Fig. 20A, Fig. 20B and Fig. 20C
show t he ‘em ssion spectra of the phosphor, the light. emtting conponent

and the light emttThg digHe eimithsnkxadipdde 6ofr ExRaeilie/ed ywab Exarel eir)
The light emtting diode of Exanple 7 was made in the sanme manner as in

Exanpl e ltk«cepimef atanrssmgaphaaph@xampaer eseekedpby fenerngh nbor b hEr
(Al'o.5Ga0.5) 5012 : Ce . 100 pieces 20 of the light emtting di odes of

Exanpl e 7represemded aby gmeswledfédanuvar icayeATharRGH 65, sté Csnidnt hwigh t he
light emtting diodes of Exanple 7 showed a |ow | um nance, emtted

greeni sh mirt t eohicglit and 3howgiiegond weatcher abidlit yesifthiag lddddeat of
Exanple 1 in 25'1ife test. Fig. 21A, Fig. 21B and Fig. 21C show the -

eni ssi on Esgeple a8 ofetchengpiwospltbmedsherdd ghir erdrtilduyy) crpieeteiti sandst.ne 65
light emtting diode of Exanple 7, respectively. (Exanple 8) The |ight
emtting diode of Exkvipbegld wdhe midghitn emitting diodes of Example 8°
showed a low luminance, showed good weatherability similar to
10 that of Example 1 in life test.
(E}::amp]_.e 9)
Light emitting diode of Exémple 9 is planar light
emitting device having the configura.tion shown in Fig. 7.
In, sGa,.4sN semiconductor having emission peak at
15 450nm is used as a light emitting component. Ligﬁt 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
Cp,Mg .as dopant gas, thereby forming a PN junction. For the
semiconduétor light emitting component, a contact layer which

25 is gallium nitride semiconductor having N type conductivity, a

clad layer which is gallium nitride aluminum semiconductor
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the sane manner as in Exanple 1 except for using phosphor 5 represented by
general formula Gd3 (Al o.5Go0.s) 5012 : Ce which does not contain Y. 100

pi éces of the light emtting diodes of Exanple 8 were nade and neasured
for various characteristics. Although the light emtting diodes of Exanple
-8 showed a | ow | um nance, showed good weatherability simlar to 10 that of
Exanpl e hawing B ttaze CPRARPEAVAFYLI ght cdadt t lagedi oddadf Exargdld i s
planar light emtting device having the configuration shown in Fig. 7.

| no. os Ga@\igBN dse A lagHdu o eksorduetds shaningaR &ypes oifinetiyvidyedad a
light emtting conponent. Light emtting conponents are nade by fl ow ng
TVG (tri fetdBAtag |1agr geBich T gRALArmhyii tinddieu rengiasynduicttioay dva wiasy and
dopant gas together with_ a carrier gas on a cl eaned sapphire substrate

and f or mfhgt¥Pe gaPRARGT AVEEY d @ o nfrrmer s enPoordtictuat ety etayer 20 EMADAD
process. A galliumnitride sem conductor |ayer having N type conductivity
anda galddnad ninfale Walconakesora | dpublehhetagoP jwpeticondist ifdamedr e
formed by switching SiH4 and Cp2My as dopant gas, thereby form ng a PN

j unct i onPatareamEhes siashndraorhavyigre Neivnd mprebrgioineitty and diteactlddiyer
which 25 is galliumnitride sem conductor having N type conductivity, a
clad | aydrX@fi dRYiNGR | FYRe nFePABEt AV ikY nunPsbriffendlaver 166 nramisted
type. conductivity, a clad layer which is gallium nitride alumnum

seni cond® or thavi PPy e coWasEratet yband ferming acgalldyem wiiitride

galliumnitrjide sem conductor having _
semiconductor layer at a lOw temperature. The P type nitride

10 semiconductor layer is annealed at a temperaﬁure of 400°C or

above after forming the film.
After forming the semiconductor la_?ers» and exposing
the surfaces of P type and N type semiconductor layers by
~ etching, electrodes are formed_by sputtering. After scribing
15 the Semiconduétor wafer which has been made as described above,
- light emitting. components are made as light emitting
components by dividing the wafer with external force.
The iight emitting component is mounted on a mouﬁt
lead 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 connected by wire bo'ding 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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P type conductivity are fornmed. An activation |ayer of Zn 5 doped I nGaN
whi ch makes a doubl e-hetero junction is formed between the clad |ayer
having N type conductivity and the clad |ayer having P type conductivity.
A buffer layer is provided on the sapphire substrate by formng gallium
nitride senicqnductor Iﬁﬁer at erature. The P t%/gg nitride 10
a .

I t

Seni cond@&t 0P Gy dPTh s° aRRBEFed "g’[er% Yeer?'b r 4PTRe SfP ULy St Ger
f ' t.he fil Af f ' th i duct I d [ th
Sur f aces SAP{y R IY Ch I T ERRHib 31T 8y o7 sCBYTCRE R R, CBfedFodos

f db tteri Af t SCr.i bi 15 th i.conduct whi ch
has been HAET T tReBFFBRICaBUAT Y | GFOEnPLATRg Cohiportn SOk o Ao s
l'i ght i_tti ts by dividi th fer, wth t | f .. Ih
[ ght enfori R bcRBEREnt 08 Witht B4 BRES ABHnCLdcha o b hAE ACRIA IR ¢t he
ti f i -pl ated ' dead, 2Q f . dieb ' i t.h
eoPn. CEAASIcRORIR nEPRREAEaN e | PR aothoREntis Mo HEUAT] o ATS he
[ I |l ectricall ted i, r.e bodi it ld w
havi ng o CHPRREEER o SUpRCYRES BA0 Tt WIS RO g e ALt g “BomBbnent
25 attaclg_%d dereqnss placed in a bullet-shaped.die and sealed wth
transl ucént epoxy resin for nolding, which is then cured 67 at 150C for 5

hours, thereby to fﬁ{orggq’t&l u%fl i oM taftricfg reT(H O%%lo e %'rlée Hagg

o . . . b b
emtting diode is connected to orme end ace of an acrylic optic gwyde
plate Whﬁﬁgédiv895'§@?%*££rth elements of Y, Gd, Ce and La in acid in

10 stoichiometrical proportions, and coprecipitating thé_ solution
with oxalic acid. Oxilde 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 temperature of .1400 °C ih 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,,):0,,:Ce and capable
of emitting green light prepared as described above and 100
parts by weight of the second fluorescent material having a
composition of (Y, ,Gd,.),Al;0,,:Ce and capable of emitting red
light prepared in a process similar to that for the first

25 fluorescént material, are sufficiently mixed with 100 parts by

weight of epoxy resin, to form a slurry. The slurry is
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all end faces. On one surface and side face of the acrylic 5 plate, screen
printing is applied by using bariumtitanate dispersed in an acrylic

bi nder as white color reflector, which is then cured. Phosphor of green
and red colors are made by dissolving rare earth elenments of Y, Gd, Ce and

La in acid i;n_ 10 stoichionetrical proportions, and coprecipitating the .
sol uti on a\HPthre&ﬁdﬂ O&EI}HIY. ct%odéa’bf&fﬂ:gft‘:%ﬁ%?{)i ayin b?aitﬁ‘é& sgf Prl}i ng
this material is mxed with alum nuqoxi de and galljum ,oxide, thereby to
obt ai n rz)sﬁec{n}“ve ¥i QA m&&er?al‘%. TheCodt St ur é0s fRéRdni k@d HEh @
ammoni um_f.l uoride ysed as a flux, 15 and fired.in a crucible at a .

t enper at ﬁé’o&'fesfﬁ% @3 HeEt fg?j/eg %’ug%? tHeR @fe §i FRYCRaCONVAriDg
ground b ball, mll.in er, washed, separated, dried and sieved

t her eby ?‘@%(?ort]zﬁlng%av%rh% a‘é%%&%fﬁﬁer?& .aggﬁg Biﬂ“s byTaEi gfﬁ‘t‘mo’i‘estcﬁé‘tfi rst
fl u%resc_ent 20 ;material having a,conposition of Y3 écAI 0; 6Gao,. 4) 5012 : Ce
and “capabiE-elenif¥ Phg 4F eEXY ibmopr‘éb%r &dMgs $edTriafedtRBEveChnd Moo

(0. acd, PRy CIAROIAYS Sk s BrR o e g ied. TG Fdsar 689 n &
D106 A B e (88, Lt BRI R R e e
LU T Yt i SRl e L OO B SIS BYSTa @
f1uor esc%?atlo@treerr;cﬁa!rilnac_;yeirndte% %ef q:%xeed laisghat Cecr)r{i rti%%m'é%rvtiicneg gave values
10 of (0.29, 0.34) for .chromat'icity 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 quantities of a green organic
fluorescen_t pigment (FA-001 of Synleuch Chemisch) and a red
organic fluorescent pigment (FA-005 of Synleuch Chemisch)
which are peryléne-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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material having a thickness of about 30m The fluorescent 5 material |ayer

is cut into the sane size as that of the principal light emtting plane of
the’/optical guide plate, and arranged on the optical guide plate thereby
to formthe planar |light enmitting device. Measurenments of chromaticity

poi nt  andecelor rigpgestant | npefal he-ddr@leidd t h)9 JENLES 9o mialdes
10 of (0.29, 0.34) for chromaticity point (x, y) and” 9270 for color

render i nq i, ndax owht&hcapabaBP@Xidieit: iy (A& PigRET biregx@mpl=nayef orm
quorescgnﬁAlaﬁﬁgﬁ?%gﬁt enit?ing efficiencig%f 121 n?VVconparang to that

of an i negndeneartity a@Bovasnaklsdi Nned RiHd haridmt weatharaly | iddedestss

under 15 conditions of energization with a current of 60mA at room

tenper at Wep22QARA v Hx@PlleNPeiats!l fo2hea 208 e al x60G Wit iy o 0% RH 350,
change due to the fluorescent material was observed. ™ "(Conparative Exanple

2) Bor m peAfhddayill i t tiegr di @& andonaatbeqabidy tyir28aiastfigt heyaaf
were conducted in the sane nmannher as in. Exanple except for mxing the

same quarfliddfe dlfetd FHagen qen@aaited f IBiPr esa@i¥n Pigrente(FA-ONL afoudd) euch
Chem sch) and a red organic fluorescent pignment (FA-005 of Synleuch

Chemi schirepMisahting Refuivenenderirtald ivasion B¢ eath ofidie dvdsta Feriod
fluorescent material represented by general formula 3 (Al o0.6Gao. 4) 5012:

Ce capablagr afneenjdadn nyvignee mdasyirinmndhdelunbch srenontetd Loies eetiioeded i al
represented by general formula ( Yo.4Gdo.6) 3Al 5012 : Ce capable of.

em tting dam i gbheofatExcaploud. tidesonattthdy theorgesat gerabdt.he rhgh
emtting diode of

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

15 light emitting component of Example 9 experiences 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 resin.

Electrodes of the light emitting component, the mount lead and
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Conparative Exanple 1 thus fornmed were (x, y) = (0.34, 0.35). 5

Weat herability test was conducted by irradiating with ultraviolet ray
generated by carbon arc for 200 hours, representing equivalent irradiation
of sun light over a period of one year, while neasuring the |um nance
retainingratjo angllS Cé)lor'to at varjous tines during the test period. In
a 10 reliabt|TEYY st tVﬁF?i%}ﬁCQﬁﬁ??*%b TRPBFEP Maswirerkpdirs Ytk t
light at a nstant tenperature of 70C while neasuring the |um nance and
col or toné J;‘? WEFErent tines. The results are shown in Fig. 14 and Fig.

15, together with | e 9 As mn e clear, fromFig. 14 and Fig. 15,
the 15 |ight enittiﬁ% e | e "X HFer RenEeESteskluorescent
deterioration thf arail%f Ie 2. .(Exanple 10) The lLight emtting
di ode of ’@(%%1‘% 10°FRESSFREF t }Se PF‘BﬁFa%m FPFH‘@}Iél ode(Ah0:Ga.s0 Ha2 1 Fght

o (11 ng 1558181 q'?ﬁ "@&%&&n@;ﬁﬁ?ﬁ%bﬁ*‘tmﬁ@‘.“'£2a3°§'é8%§8ﬁn£‘%£%s$§r'¢ade
in the sane nan as_in ' .-The light emtting conponent
is rmuntr%lt‘?’ﬁl e E%W%?%’Q/E{%gp 9&' tﬂ@n? ﬁ forglPlléer {¥b aFds 2B1Qppe?
e 111 ng co?moln%h?fb"”gl'tﬂt%u““ RS U S I MR 1F L M
connect ed, by, vicke Rodlng il o8Ol VEEena™OSPIYL T IRIP DY Todng; 2
stoichiometrical proportions, and coprecipitating the solution
10 with oxalic acid. Oxide of the coprecipitation obtained by
firing it is mixed with aiuminum 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 hours. Then
15 the fired material is ground by a ball mill in water, washed,
separated, dried and sieved thereby to obtained the first and
second fluorescent materials of +the specified particle
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 td form
a slurry. The slurry is poured into the cup which is provided
on the mount lead wherein ﬁhe light emitting component is
placed. Then the resin including the phosphor is cured at
25 130°C for 1 hour. Thﬁs a coating layer includiné the phosphor

in thickness of 120um is formed on the 1light emitting
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material represented by general fornula Y3(Al 0.5G0.s)5012: Ce 5 capabl e of
emtting green |ight and a second fluorescent material represented by
general ‘formula (Y,.2G,., ),AI5012 : Ce capable. of emtting red |ight
prepared as follows. Nanely, rare earth elenments of Y, Gd and Ce are
solved in acid in stoichionetrical proportions, and coprecipitating-the
50l ut i onCPBPRNER tox alCracEEtEatarnde fofttheh dhasmhegi dine &hieogoaliziondayey
firing it is mxed with alum num oxide_and gallium oxide, thereby to
obtai n r &SpetRFRRATR&t Grédvatéyi diawanthe thiexthkeht | smikkeug WiCOmPORSSF-um
fluoride_used as a flux, and fired, in"a crucible at a tenperature of 1400C
in air fEPTENREur sChanddahs (eB1EEing @ampanant sapdodhe byhespRPT @ue in
wat er,. washed, separated, dried and sieved thereby to obtained the first
and sec8f&1eCubYe FOdAE Ngatdtbats ags Luee ndp REDIYe desdint ifoire thei SUTpeSE on.
40 parts by weight of the first fluorescent material, 20 40 parts by
wei ght  oPLt RECSECEHAPTY RIGHIESEe SXLFANEAUS ST SED0 Mojsitug e ndeidgiSt - of Pepoxy
resin are sufficiently mxed to form a slurry. The slurry is poured into
the cup weAch F2ams g9itiedthn coRé LRgurkay@adohhphesphetie fhirgRe dhiemeony
conmponent, i s | aced. Then the resin including the phosphor is cured at 25
130C for % rﬂJ’LFF‘?edrth & Rutiely5hared | Adeudity RReSPhysphotrans iuGedtness
of 120pmis fornmed on the light emtting 71 conponent. Concentration of
t he phosBROXYi FoSHE Aot itlipn Spered jat i IRt Caded §r dwaisl-y Underd witsaalj ght
SRR L A | S S s (A T SR S R R

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 ZOhA at 605C 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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sealed by nolding with translucent epoxy resin for the purpose 5 of
protection agai nst extraneous stress, noisture and dust. A lead frame with
the coating | ayer of phosphor forned 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 fornmed as
descri bed®Te) abdde | BYt h&lewiast i dHGor Y Imethne |gg%ii@r¢0ttig@@,p| avd it
was found that. the central portion was rendered yellowi sh color due to

t he body (delisretdiylt hEngHgRphGRS + MBASTPERBN IR Sof 2'ethr dpRENEI G@SpJigdethast or
tenperature and color rendering index of the |light emtting 15 diode of
Exanpl e Mltthi2hcapsiemdeaasoledcFilBaneshapprhdvre valbsdgadle (thegebin. t3y)
for chromaticity point (x, y), .89.0 for color rendering index (Ra) and

| i ght emﬁqlilhgaefQE}Je]iJé%yné¥rl§91 samEpoynd t Renirandeatasr akAYeR yinesihe
under conditions of energization with a current of 60mA at room

t enper at HACVD @HOCEF St rfo dif lilelifse mek i i @ riPiEigam darc 80T Mixer dJowsimg Mo
change due to the phosphor was observed, show ng no difference from an
ordi nary $RR FPHRLCEAVLEY nGldl ofle J°d HiNE seltFtde | Fraicenduatesr | aYes
(Exanmpl e 11), 2.5 1 no, 4Gao, 6N sem conductor having an eni ssion peak at _
470nm i s RSB AsT ahYPED SRSV ity e £PFRgd cBiipseiching Sik e by
flowing TMG (trinethyl galliug% as, ™ '(trinethyllindiug} gas, njtrogen
gas and dd¥At YRRd t3R)ether ORPRR F3Sar riRFIRE ERIBIRG e8ndd sHIRF: QN -

substrate thereby to ) ) . e
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 semigonductor 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 the 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 describgd above, light
emitting combonents are made by dividing the wafer with an

25 eXternal force.

The light emitting component is mounted in a cup at
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forma galliumnitride conmpound sem conductor layer in the 5 MOCVD process.
A gal liumnitride sem conductor |ayer having N type conductivity and a

gal lium'nitride sem conductor layer having P type conductivity were forned
by. switching SIH4 and Cp2My used as the dopant gas, thereby formng a PN

unction For, the LED el enent contact |ayer whiich is galliumnitride 10
genlcondJ%F%r H%V?SQQV§%H¥?§xﬁﬁﬁiﬁq\ﬁ?@Pe%.%PHHtléfﬁp chie| g]ﬁﬁFpgum

nitride al nun1senlconduc havi.n ucti,vity and a contact
layer wh e?# éﬁ fat AVl oﬁ&uﬁ& i ghitne y% g CORERBERYT ty
are for An él on I er 0of no dOcP I n chckness f about
15 3nmi rW&%P aPﬂe Smﬁﬂﬁeﬁ il h%E?n& ﬁc¥%bﬁa BndELEGFES and
t he cl ad,l ayer h Vi P t.ype conducti vi ma ngl e quant um
wol 1 str &t %ﬁ%ﬂefﬂﬁ)@y@?ﬂ §’15F8v}‘é¥&“8n tﬂéaéa% FipEaBiA? o oy

. formdng agalllum itride.sem conduc | .a er a tenperature. 20
Aftg’lr formng the | ;eﬁﬂd Si WG het% M‘fff' ecgﬁlBORIef‘;%/pe

Ater scArIRneheh S ot Bt ar oot e“mﬁk@il?ée L L%%rzsﬁve
ext or nal Hotb e SR SRR ?Pgse i dl'aér'a?i?%n%uﬁ?’aaﬁ. HLHEER %% (he
H bct 00l ¥?§ﬁ2f‘-€ﬂ?0§w@?§.m %%é%%ﬁﬁ Y £5fle HoRHS) SENAnGORE Piner
| ead arecﬁoeci:é.r' %é ybfv.?gnff&ﬁg emitting diode is connected to one end
10 face of an acrylic optical guide plate which is pollshed on
.all end faces. On one surfaée and. side face of the acrylic
plate, screen printingl is applied bj using barium titanate
dispersed 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,,);Al0,,:Ce capable of
emitting yellow light of relatively short wavelength énd a
fluorescent material represented by | general formula
(¥,..Gd,.¢)sA10,,:Ce capable of emitting .yellow . light of
20 relatively long wavelength prepared as follows. Namely, ra_ré
earth elements of Y, Gd and Ce are solved in acid in
stoichiometrical proportlons, and copreCLpltatlng the solution
with oxalic acid. Oxide of the coprecipitation obtained by
firing it is mixed with aluminuhl_oxide, 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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by wire boding wwth gold wires having a dianmeter of 30pm 5 The |ead frane
with the light emtting conponent attached thereon is placed in. a

bul I'et - shaped die and sealed wth translucent epoxy resin for nolding,
which is then cured at 150C for 5 hours, thereby to forma blue Iight
emtting diode. The blue Iight emtting diode is connected to one end 10
face of &emperptuceopf cakO§ic dénplate Weirch3i howalsi.shedhem whé dhddebdaces.
On one surface and side face of the ac[{liq plate,. screen printing is
appl i ed P@t@silad B&r gGeuNc: BYatebadilspdddedn wWaterac washedi separaseghite
color reflector, which is then cured. 15 Phosphor is made by m xing a

f | uor escéFiadadd gllevedpr esented by general fornula (Yo, 8Gd(,

, 2) 3A15014: Ce capable of emtting yellow light of relatively short

wavel ength and a fi0foreEeht biateioht fpresbheed fBypogeseeak mertanial (Yo
4CGdo. 6) 3A15012; Ce capable of emtting yellow . light of 20 relatively |ong
wavel engtf prepakbaess ilamdwswarahengthr and  38Pt hpattesrebys weight Gefand
Ce are solved in acid in stoichionmetrical proportions, and coprecipitating
t he sol uiieddovini EAUBKXEFFEnci Batekidlk oLt eekaplerlyi tlmnidon wehnedianad by
firing it is mxed with alum numoxide, thereby to obtain_ 25 respective

mi xture HRESH AT TSI 58 IHeSTEIhe% eBPAV € hargmebditdmirntdyi Adxgsedidd a
flux, and fired in a crucible at a 74 tenperature of 1400C in air for 3
hours. THEOPG marts &y wedtdt 9f _Srgddndasyin anshiextruded n thareby weshed,

separ at ed dried and sieved. . . _
form a fluorescent material film to be wused 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 ahd color

15  rendering index of the 1light emittiﬁg device of Example 3
which is made as described above gave values of (0.33, 0.34)
for chromaticity point (X, y), 88.0 for color rendering index
(Ra) and light emitting efficiency of 101 m/W. Fig. 22A, Fig.
22B and Fig. 22C show emission spectra of the fluorescent

20 material represented by (Y,.,Gd,,),A1l0,,:Ce and a fluorescent
material represented by general formula (Y, ,Gd,,);Al:0,,:Ce used
in Example 11. Fig. 23 shows emission spectrum of the light
emitting diode of Example 11. Further in life tests under
conditions of energization with a current of 60mA at room

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

90% RH, no change due to the fluorescent material was observed.
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100 parts by weight of yellow fluorescent material 5 of relatively short
wavel ength and 100 parts by weight of yellow fluorescent material of
relatively | ong wavel ength which are made as descri bed above are
sufficiently mxed with 1000 parts. by weight of acrylic resin and

10 convertrag aver M HRnshroBRETNTTY N Eihas s ik Thed o PagBerhen
t I I t Ot th I f

the opti S5F g aa et %fnd"?ﬁsf?l?rﬁghé‘%zéw%%ﬁggﬁpq phaglh gbf pFIRES by

to make ghaln I?.hg Rt gbﬂgeﬂ@vhgeh gh?ﬁg %glrélt?étgf (I%rgog?_tl city point and

col or ren erlng I 'ndex o ‘Exanple 3 which
is nade ?i %é 333 above gave val ues -of (0.33, 0.34) for chromaticity
poi nt (X, or color rendering index (Ra) and |ight enitting

gfo];?f'r:ng%’ ?Lelgllucr;grh\éégc]gir%tzz glr‘llggl dt;"é) Fes Fgé’gar#? Y@g\élagm?)s 53612:'Ce
o 2, SRR TER S O SR WIBEESh, Esbel e,
90 SRl o B s Hin b8t
fZPLT]g\r 2gcen{§%%m€l¢%§do ﬁsj%rz\ggﬁﬁaf% ?gr I%%%d‘é% <'I"ed %‘H‘%(})“%éﬁq‘lcje"tli’/ocgge
e ARG ST ahe VS aRE o: UM lL R 0 sermenel,
10 that of the light emitting diodes of Example 1, showed good
weatheraﬁility comparable to that of ﬁxample 1 in life test.

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

15 weatherability even when used with hlgh 1umlnance for a long
lperlod of time. Therefore, application of the.llght emitting-
diode is not limited to eléctronic aépliances put can open new
aéplications 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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(Example 12) 5 The light emtting di ode of Exanple 12 was nmade in the sane
manner as in Exanple 1 except for using phosphor represented by general
formul a Y31 n5012: Ce. 100 pieces of the light emtting di ode of Exanple 12
wer e made. Al though the light emtting di ode of Exanple 12 showed

| um nance | ower than 10 that of the light emtting diodes of 'Exanple 1,
showed good weatherability conparable to that of Exanple 1 in life test.
As descri bed above, the-light emtting diode of the present invention can
emt light of a desired color and is subject to | ess deterioration of

em ssion efficiency angggggﬂg 15 weat herability even when used wi th high

| um nance for a long p f time. Therefore, application of the |ight
emtting diode 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,out r use such.as, 20.sign _and illum nation
for exp%éssmays. 76 CLAIMS A ﬁig%gggn??f??kF%kﬂﬁ%ﬁ§§MWQ% QCSHﬂpféiﬁfzf |'i ght
em tti ng; SRIPAR_IH; ' Ct,l ayer - ] tor. .
phospho?lgapable éfﬂgﬁggggﬁﬁgéahég??go SI?ﬁ%?ﬁ%??g%%gQ&?%n?“?ﬁ%£ﬁ#{§ﬁo?

eni tti ngne capsieihcandapablbi 88 Abebin ohg Wavelandh 1idikf enepted romd hat of
the absorbed |ight, wherei-n:. a) said light emtting conponent is a LED
" whi ch hbeie ahiglt ieard ttiagecovpapentsi agd aegat t ingm nighti @€ basetlesgrh conduct or
containing.lndiunland is capable of emitting a blue color

different from that of the absorbed 1light, wherein:

a) said light emitting component is a LED which has an active
layer ;ohprising 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) said phosphor is.a-garnet fluorescent material activated

- with cerium which is capablé of absorbing a part of the
blue color light which s?ectrum has awpggk-wavelength:
within the range from 420 to 490 nm and thereby emittingi
light having a broad 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 a spectrum of an

unabsorbed light passed through séid the garnet
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| i ght which spectrum has a peak wavel ength within the range from420 to
490 nm b) said phosphor is a garnet fluorescent material activated wth
ceriumwhich is capabl e-of absorbing a part of the blue color |ight which
spectrum has al wavel ength. within the range from 420 to 490 nm and
thereby emtting. |ight having a broad em ssion.spectrumconprising a peak
wavel engt h exi sting around the range from510 to 600 nm and a tai
continui ng beyond 700 nmand <c¢)'said em ssion spectrumemnmtted fromthe

garnet {1 uor esceni,  ma %rkaha%%&agat%gﬁgﬂég%ge;ﬁgggg@dca%a%ezC&ﬁun1of an

unabsor bed |ight™ asse thr Gugh “sard "'uorescent materia

from said LED arecca0allaeola ol e LADPLAOLEREN OLAGE ;Lo ke o paaRl) nUoUS

conbi ned spectrun1 ting evice accor to clai

wherein the |ighi,ec@hom of the conblned spectrumis mhlte 3. Alight
~emtting device accordlng to claim2,  wherein the chromaticity point of
the white light color is 'positioned along the black body radiation | ocus
shown in the chromaticity diagram 4. A light emtting device according to

claim 1,2 wherein the pHosfOreior i efe it QoM dd rtﬂ:s faddhel ,gar net
fluorescent materials activated with cerium 78
wherein the light color of the combined spectrum is white.

3. A light emitting device according to claim 2,
wherein the chromat1c1ty point of the white llght color is
positioned along the black body radiation locus shown in the

chromaticity diagram.
4. A light emlttlng device accordlng to clalm 1,

wherein the phosphor comprises two or more kinds of the garnet

-fluorescent materials activated with cerium.
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