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SPECI FI CATI ON *159159* LI GHT EM TTI NG DEVI CE AND

DI SPLAY BACKGROUND OF THE | NVENTI ON (Fi el dof—the

I nvention) 5 The present invention relates to
e 11 g droce”uked | LED 1 ol . hack |15 mllllllllﬁiHﬂlllll\lilll\l\lll
source, traffic signal, trailway s
switch, indicator, etc. SbbCEFIOATIONU|ar|y It relﬁ?
to a Iight enitting device (LED) conprising a
phosphor, whi LIGHTNEMITTINGeDBRYEEengb hpo§ptAght 10
emtted by a light emtting conponent and emts |ight,
BAIKGROUND 7 SHEJAWVENTISING the |ight emitting device.
(Description of Related Art) A light enitting diode is
(Fighshof dig eImWemtIMOgﬁt of clear color with high
efficiency. is also free fromsuch a 15 trouble as
bur n- outfﬂhﬁ E§§Sgb§dlnﬂQﬂﬁﬂomﬂrQbatﬁaraoterliugbt emitting
igh vibration resistance and durability to endure
dh%f?etqﬁﬂd/em GERreispéa¥ii bAsk Bdghtissources &raffic signal,
sem conductor_elenent.. Thus it has been used widely
t5ad lsiagh %b@??%atﬁé&§@i§&hﬁmﬁnﬁylt¢M4céﬁé#@aﬁﬁar etc. More

var,i oys |ight . sources Recently light em tting 20
tdt?é’ﬁ-afr d (RGBE (r’é"dla‘g‘?%e %n@ b} tc@F‘éF§lﬁ5V|‘ﬁ@Vlce (LED)

uItra hi Iun1 ance h efficienpcy have
dﬁﬁg aﬁf%@n ?EEFHF§pFB?swé¥Fﬁ§n€ﬁ§sQf light
h t1 d h b
iy 55 'Eiﬂgtgeﬁﬁ&%%d G dhhet T, v o
td I t d 25 |
B AAY R S8, S BatRY, %, e,
(dé%cﬂﬁg%lo%t%&sRelated Art)

A light emitting diode is compact and emits light of
clear color with high efficiency. It is also free from such a
trouble as bu:n-dut and has good initial dri&e charécte#istic,
high vibration resistance and durability to endure repetitive
ON/OFF operations, because it is a semiconductor element.
Thus it has been used widely in such applications as various
indicators.and various light sources. Recently light emitting
diodes for RGB (red, green and blue) colors having ultra-high
luminance and high efficiency have been developed, and large
screen LED displays using these 1i§ht emitting diodes have
been put into use. The LED display can be operated with less
power and has such good characteristics as light weight and
long life, and is therefore expected to be more widely used in

the future.
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1 *000002* Recently, various attenpts have been nade

to make white |light sources by using |ight emtting

di odes. Because the light emtting diode has a

favorabl e em ssion spectrumto generate nonochromatic

light, making a |light source for white 5 |ight

requires. it to_arrange three |light emtting

conponent 8eCERLRY r GVATE | BEEPIPES dRVE HFRR MRAPe to make
diffusing and mxing the, light Enitted hy them . \Wen
whdRer ALING RAUEESS WrR9 ~ ddgRtas™ittHAGefbifdes.  Because
t here has . heen such pr.obl em t hat jte light of
thRe Lightr SR LEIIEYC AHARE HETdhet A rTie FBLPIon spectrun to
variations in the tone, .l um nance and her, factors of .
IFRET P RE R EPTAY BoRi et TS vhet THe TTURGS for white
em¢tting .conponents are d di n | al
1§8bt RGRE I¥ ot PEBepdR Gttt 4RI crulTERg SkBnponents
i ght em.t.ting-.di t he Is Iyt a -
OFogapSI?ngi fgggﬁgﬁgo%gagggﬂlgﬁgnggfégg Fﬁéﬁﬁggﬁg afid mxing

1 t4t.l : t Lch | t i ; s 4

< W SHBANAty KOLED | SA (bRl KLY 1igne wich
s%%ﬂp%%er%&aﬁg%n%%@,cm Had 1¥94¥n 8FhEH T A9problem that white
conponents, color 'tone Is subject to variation due to

lti%ﬁtdi fofeer idbs iRIPEr@nl € ChiPet epbst jeferated due to
chronol ogi cal changes and 20 operating envifonnment, or

VARG %eNBASS i €RkOrtdmY, beufidHaREe @R tOthat| Waetos of the
uniformy mxing the light emtted by the Iight

lfi?ihﬁtti Bfi€epgnesbipodBHs. | | ghledn twhey dimgledighe emitting
effective as l'ight- em tting devices for generating

dogonietital afe! afasle abfhalighfereett | mbhaetrdny sl i ghitectric power
source capable of 25 emtting white |ight by using

Hdelq@hiirednifiotd riy icdmgorkififeerrasfrom one light emitting diode to
another, making it necessary to apply different voltages
different light emitting components, which leads to complex
drive circuit. Moreover, because the 1light emitting
components are semiconductor light emitting components, color
tone is subject to variation due to the difference in
temperature . characteristics, chronological changes and
operating environment, or unevenness in color may be caused
due to failure in uniformly mixing the light emitted by the
light emitting components. Thus light emitting diodes are
effective as light emitting devices for generating individual
colors, although a satisfactory 1light source capable of

emittihg white light by using light emitting components has

not been obtained so far.
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not been obtained so far. 2 In order to solve these

probl ens, the present applicant previously devel oped

light emtting di odes which convert the col or of

light, which is emtted by light emtting conponents,

by nmeans of a fluorescent material disclosed in 5

Japanese Pai edrde@kaitd\Nosola el 536{ike 7B Bms/, 1 44/D4 present
and 8- 8614. The light emtting di odes di scl osed in
adgpddeantubpreatoastyardeseldpddatlignt Ushigtihghtdiodes which
emtting conponents of one kind, are capable of

cpaverdt ithge |dodlir @ff \Emgm:,amm:.cm her edltafedt B3NA i emitting
constituted as follows. 10 The light emitting diode :
coimponesks ,i by hreahsveo £ gazﬁM@&eabemtadanrlamuaisagosed_ in
alight emtting conmponent, having a |large energy
Jdepadegep Rt dntgtfokai tNosng $ayB2609n 2-98BHSpr Fvild6d94 and 8-
at the tip of a |ead frame, and having a fluorescent
8fdtteri al That dbigbitbs EMthl&g1tﬁe@d§¢tiﬂﬂéckﬂﬂedB in- these
em tting .conponent and emts |ight of a wavel ength
PYPAAcasAONSt pg@ BHED Fhathe babsiGrimad Ligitt emvidatdingngtdmponents
conversron) contained _in a resin nold which covers
OfheP¢ gL NEi t3F Ry CAPGRIGNePE . IERETatdmg ehight ngf white and
g ode di,scl osed as descri bed 20 above_capabl e of '

eFtFﬁ OWﬁVténFI6HF S?nﬁFktﬁﬁeﬁhéslf@ﬁﬁoﬁﬁ -a
e 1 i ng” TAmongHE SBBFENG| TR | AJSBRLGESHT ghe drke above
SRRE g 2e Pt es?é‘ni%ﬁﬁ%iﬁé‘g°”eﬁ&eﬁ%bﬁ?b£€f%£ component,
hakfg;pé ]Fér\%lesgé’?épﬁbi:ggd 01:25.11.ng']1ttI Ntk gir?gelgggr, in a

cup provided at the tip of a 1lead frame, and having a

fluorescent material that absorbs light emitted by the light
emitting component and emits light of a wavelength different
from that of +the absorbed 1light (wavelenéth conversion),
contained in a .resin mold 'which covers the- light emitting
component;

Thé light emitting diode disclosed as described

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

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

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
emitting diode and emits yellowish light.

'However, conventional 1light emitting diodes have
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However, conventional |ight emtting di odes have 3

such problens as deterioration of the fluorescent

material |eading to color tone deviation and :
darkening of the fluorescent material resulting in

SNer, f, I eQcy, n ht ...Dar keni n .
kereéra% ré‘sn{s;':osE a eerl?zgsa[e %4 81ES| nrgeaﬁll ﬁgﬁﬁgﬁ‘ln material
16hyohgscent RhRY altmh n) AR

nater?a for exanpl e, par?év¥ I; §Pe %% ning of  the

fmaﬁéséélﬁtngmaesriéyor%éesm—_ te&ha' 1 w"e?e‘ataéffféienncy of

change their properties l'eading fo coloration

ekBPa&88fg O i gHEL NY HH 18 Ch&gog t smteria |
coI%rat?%n éae to 10 brégég%e of dgugggebg%g |%ht%he case of

- usbhgcwre. ikspgahatk! yr WMrestedd ghltat%@ﬂatl' ”Qu&}?”%%”egbd Zn)s

made of a sem conductor having a high energy band

flsoneecent imEvaRiall,he freenvexrshere gf fdphener Rbthie elements
fluorescent material (that is, energy of light emtted

chys t heutsing c aheuct bioxesd diet emae:éraad Pfate or change
phot ons havi ng 15 energi es above a threshoIJ)whlch can-

theinbgorpedthest Headingr esceniloraitdidm! bAFr daseshe case of
resulting in nore |light being absorbed), or the -

HQUthlagl(ﬂrQHnu@reid@mEeSEEemlahateniampt|0010rstlon due to
decreased (that is, the fluorescent material is

brezlsayet ed dmwhﬂﬂwﬂqndvehythegMQienumqno Ebpghiially when a
ener gy absorbed by the 20 fluorescent materi al

Lighti embtyingcrerranertesinds mf in semicondugtidy denting a high
degradation of the fluorescent naterial. Use of the

eﬂl?w BATEt PRE dSnpbiRchtti LRPRPYAeit henteansansion efficiency
# fn1SSIOn for an extended period of tinme causes

fef %JF%SC%N;WF@%@Idéahsaatlﬁone@ﬁrswe of light emitted

b qsrescent qﬁ<:r ial. 25 Al so Epe f] uorescent materi al
%f% § PR or is increase number of photons having

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), light energy absorbed by the
fluorescent material inevitably increasés resulting in more
significant degradation of the fluorescent material. Use of
the light emitting componeﬂt with higher intensity of light
emission for an extended period- of time causes further more
significant degradation of the fluorescent material. |
Also~ the fluorescent material provided in the

vicinity of the light emitting component may be exposed to a
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vicinity of the light emtting conponent may be
exposed to a 4 high tenperature. such as rising
tenperature of the light emtting conponent and heat
transmtted fromthe external environnent (for
exanpl e, sunlight in case the device is used

A s L N T ST
kpat i i st.( f th tsid
SHEPPSREL S0 0B S 0L SR EBANE U TBLR execnn
' - .|k ght. 1t . .
oBOA R 1238 RO A SR I, i e usec

ob@AbsrRyOPerty, direct current electric field in the
vicinity of the chip may cause el ectrophoresis,

resul tingpl,R+feghandamd to. . .
THE | NVERT O S one gft%&ek?fé%%%eﬂg?%gén D ee% Subject to

abSelerabbde ddbetN6rRf PHhengudesesi bednBPRYEIANd of - moisture
provide a light emtting device which experiences

efbbye@XEroethd utieHeesy Of ntdelarear @d8hd Nthe production
em ssion light intensity, light em ssion efficiency :

paadess)| or th8i fLigher andiongedtmetphnsmecvbdh Fi@h the 1ight

| um nance. 20 The present applicant conpleted the
epitséng compenénon t hrough researches based on the

assunption that a light emtting device having a

l'i ght eni Whieng icomumeentta@nanaorfhnacesigentoMi®iidl property,

must neet the followi ng requirements to achieve the o
dabevk- aunreénhedlebfeic. £281A1)YinThde ivghtiratyt tdhghe chip may

conmponent nust be capabl e of
cause electrophoresis, resulting in a change in the color tone.
SUMMARY OF THE INVENTION

Thus, an object of the present invention is to solve
the problems described above 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.
The  present applicant completed the present

invention through researches based on the assumption that a
light emitting device having a light emitting component and a
fluorescent material_must meet the following requirements to

achieve the above-mentioned object.

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

~emitting 1light of high luminance with 1light emitting
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.emtting light of high [um nance with light emtting
5 characteristic which is stable over a long tine of
use. (2) The. fluorescent material being provided in
the wvicinity of the high-lum nance Iight emtting
conponent, nust show excellent resistance agai nst

: chLi%E%g&qgtq%a%hightggts&gﬁlgngbggegtggggtggﬁ88£8?8§?gé

éeven when uséd o eXt eén PEFT O
whi | g \bei e i g f:high, J:nt ens| . .
emt@&jg&%h?ﬁ?ﬁ%&%ﬁ%t?h?%ﬁ%%naﬁﬂwﬁaFﬁ%ﬁ%%lfn the
il i U QY SGEN T 18 S b n QY | HEGhE Neh €4 1 ¥5CIH
vuthell?ghp enyttiﬁ%ﬁconpo%ent isf &poggg€FéxPi§%#b%8%%ﬁ’ must
shdw At nEensddands Bhainas abgHt 3Qd h4h tige%hat the
that of sunlight according to our-éstimate, and I's
ro@@iHtied t ehBauer s e gy akiddrnige agabnst whbdhtudsd over an
li'ght emtting conponent of higher ['um nance is
extedded (EPrivd hof egand taitbevednat ipdddd Wd h11§8t of high
light 15 emtting conponent, the fluorescent materi al
invesis ihg capatilttedof absor bthg wi Lhghtgh ehfikeiiagecy idinponent
light of high nonochromaticity emtted by the |ight
(parittiidul@ragnpartent Abdoresténtngmait@htiadfl spyewriengt in  the
different fromthat of the Ilight emtted by the |ight _
viedintittiyn® L oipenk aght 2@nihtd nghegmpesenit | iweakposed to light
provides a light emtting device, conprising a |light

-oferd tnadigtdemoimdranshtty saphobyinoas ahpabl 80oto 40 times that

absorbing a part of light emtted by the Iight .
of smnliighy ecepsddny &ed caw esitifqatieghtandf iwawslgviged to have
different, fromthat of the absorbed |ight; 25 wherein _
mogg ALl i a9 eenpéabht aGorpkdiesemiftting deomponent of
higher'luminance is used).

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

Thus the present invention provides a light emitting

device, comprising a light emitting .component and a phosphor

capable of absorbing a part of light emitted by the light

‘emitting component and emitting light of wavelength different

from that of the absorbed light;
wherein said 1light emitting component comprises a nitride

compound semiconductor represented by the formula: In;Ga;ALN
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conmpound sem conductor represented by the fornul a:
Ini Gaj AAKN 6 where Osi, 0sj, 05k and i+j +k=1) and
sai d phosphor contains a garnet fluorescent naterial
conprising at | east one elenent selected fromthe
group consisting of Y, Lu, Sc, La, Gd and Sm and at
| east _ope el enent. sel cted Eron1the group consi sti ng

wheig 08l =and Fh, 2BAa Bet (g AcPhFabeddwPhRspaPryfontains a

a9y s entige %ggﬁﬁg?ﬁd&&a BLEON BT o, e crement
+

S S L O, B i, v o

a@' | QS 1HRYN idHef %1 hiknthes r £ PBR1 ltﬂge Sx%veconSJ_stlng

contal ns vari ous naterlals de |ned as descri

of bRV e, cd NElaidi g ARARROLE: (a8 Rt @ih%nc%hum

Because t he 1 ght en1tt|ng devi ce of e present

i nvent i onphges e idght olihAg CSEROAGA gese of 11
nitride 15 conpouﬁd senf?gﬁﬁuctor capabl e of enitt (éénera Y

n I t dewi:ce :
b SLD SO B8 SR e R IR0 0y, 0s

ardl SOithekphpsphentisaddi nabbee | 'cﬁlﬂtaqmst Uivag iR Cenaterials
has excellent resistance against light so that the

idid1od BrSE ETAGN ored (G2 ddpr afi X Pl iNee ingesitGes.
change even when used over an extended period of tine

whi |l e beThg ephosptiotro Imeitticfedi ghbbwéensiohyaihbi s various
makes it possible to reduce the degradation of
mater brlerdefinsed dasi dgsckdhgdpebbud, ofinudedand Keillog,:Ce and
deterioration due to light of high intensity en1tted
GiyIns@Pn:Feght emtting conponent as well 25 as

extraneous light (sunlight including ultraviolet
li ght, Because the 1light emitting device of the present

invention uses the light emitting component made of a nitride
compound semiconductor capable of emitting light with high
luminance, ﬁhe light emitting device is capable of emi’_tting
light with high luminance. Also the phosphor used in the
light emitting device has excellent resistance against light
so that the fluorescent properties thereof experi'ence less
change even when used over an extended period of time while
being exposed to J.ight of high intensity. This makes it

possible to reduce the degradation of characteristics during

long period of use and reduce deterioration due to light of

25

high intensity emitted by the light emitting component as well
as extraneous light (sunlight including ultraviolet 1light,

etc.) during outdoor use, thereby to provide a light_emitting
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etc.) during outdoor use, thereby to provide a |ight
emtting 7 device which experiences extrenely |ess
color shift and | ess |um nance decrease. The |ight
emtting device of the present. invention can.also be
used in such applications that require response
desri@ed swhimsh héegphengen@6€s nestrempdy deasplanldiecalusett had less
5 phosphor used therein allows after glow only for a
lugigancepataaneasie + i righe Theghhosphbtingedevicehof! thlet present
_emtting diode of the present invention preferably
inyemtdions qan yalse uhralsednum geehetppl Lloakiernt that require
material that contains Y and Al, which 10 enables it
respAnsS EpSedshas bniidgharkde 130 Meeq.i.gforexanplg, because the
device. In the |light em_tting device of the present
PHASRARAS oRSefnheticRihor Ity shedfteF ustast eRnliat EpFala short
represented by a general formula (Rel _rSnr) 3
pe(rAlqd_’oé’ 12 : Ce, 15 where Osr<l and Osssl and Re
s at |eagt i.n which case

lected fr, d &, ,

good chardtt ?&ecé'%i écé’:sr?‘:{)rel%nﬁtx’aei %&htsi%ﬂ%w Ad9odse of the

e annvshidall | RFSbePRBIke FoRRtLEn @1 ng uhviids aminun-
| | it f ble,, f )

o2 550 AR i, RALERERL S L 08, wnscn

| L S$i0N; St S0 | epgt.h of epitted ... .
er{a:bg%{s’ elﬂh tsélr?g Iﬂﬁg/@%%@% Sﬁ?‘%e h@%gl,%%?cveeeﬁg_g)&%’olﬁgiéli aeeqnlt_:t ing
déz\}%l&r_escent, material represented by a general formula

1 P-g_rGdpCe4Snr) 3 (Al _.Ga.) 5012 as the phosphor, .
where 257 {spgkd 8, ngQQsng?rg;t%in% 0QQ3sr &P 08r andhe present

invention, the phosphor may be a fluorescent material
represented by a general formula (Re, .Sm.),;(2l1, .Ga,);0,,:Ce,

where 0sr<l. and 0sss<1l and Re is at least one selected from Y

and Gd, in which case good characteristics can be obtained

similarly to the case where the yttrium—aluminum—garnet

fluorescent material is used.
Also in the light emitting device of the present

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

. temperature dependence of light emission characteristics

(wavelength of emitted 1light, intensity of 1light emission, .
etc.), to use a fluorescent material represented by a genéral

formula (Yl_p_q_erPCequ,),(All_sGa,,)som' as the phosphor, where

0O<p=<0.8, 0.003=<gs0.2, 0.0003<r=<0.08 and Osssl.

Also in the light emitting device of the present
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Also in the light emtting device of the present 8

i nvention, the phosphor nay contain two or nore
yttrium alum num garnet fluorescent materials,
activated wth cerium of different conpositions.
including Y and Al. Wth this configuration, |ight of

lrﬂ?gﬂ{f& col % gﬂopﬁhi}gmr{l % 5a c‘homl:én lnlgl ?g xﬁcFlﬁe yttrium-

en sston’ spec accor

aﬂfn?ﬁ%rﬁ gge(f’i‘?é’@lfﬂ%%”rﬁﬂnrﬁ\%€gr%éﬂ$ eilltlg%ehl g}ltth cerJ.um,

emtti ng conponent t emtting

fe fﬁeqfentthecaﬁg gémﬁquﬁ{d@am&*ew delg tmhave Wwith this

i ght of a speci wavel engt mtted the

céﬂﬁmuleauaﬂng l‘i‘%;\Htceof'tdb§1Eééf ecabbe thah t@s emitted by
phosphor contains two or nore fluorescent materials of

i FSTBINg CONE Qs fd Ditsn IpAsald ot Bhe J0r484 .
¢ ( Rel Sgrrr)s Al laGaa) SngZ Ce, where O?}}?ﬁl@ahndzoOsss&dmg ©

th?éld popartyt |(@avlelemrgnsebect editeem Y12g8c Gd. 045 the light
Al'so in the Ilght emtting device of the present

emiveivid adomponeartder to control the wavel ength of
emtted light, the phosphor nay contain a first
fl uor éscenarthet etnather 2pghseemédthygodeeiiak. odr ralea present
Y3(Al'l _, Gaa)5012: Ce and a second fluorescent materi al

imegmesent edinbyrdemertad havaullagRe3A H (A2 speciZG edharavelength
Osssl and Re is at |east one selected fromY, Gd and

ekt ted\ by ithe heighighemébtingndeddeiece idf ibe ppmedeeable that
invention, in order to control the wavel ength of

t e ph@@pmpghtconttq:pglqghﬁggh@r nagrpe fnorescent materials of

yttriumal um num garnet fluorescent material
d EBFRERH nGORPPSASLOREuoFeRERFRN FRd etiYal 9gRETALlsckonla (Rey.

25 fluorescent material, with different parts of each
Syt;i;(,Al;Lm Ga,)s0,,:Ce, where 0sr<l and 0sssl and Re is at least

one selected from Y and Gd.

Also in the light 'emitt-ihg device of the présent
invention, in order to control the wavelength of emitted light,
fhe phosphor may contain a first fiuorescent_ material
represented by general formula Y,(Al,,Ga,),0,,:Ce and:a second
fluorescent material represented by general formula Re,Al.0,,:Ce,
where O=s=<]l and Re is at least oné selected from ¥, Gd and La.

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

being substituted with gadolinium.
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bei ng substituted with gadolinium 9 Further in the
light emtting device of the present invention, it is
preferable that main em ssion peak of the 1ight
emtting conmponent is set within the range from 400 nm
to 530 nmand main em ssion wavel ength of the phosphor

is set 5 FYEhBeFoAGethenddahte eRitiing siavdrepadk tdfe present

t he | i,ght emtting conponent. This nakes it possible

1PYCBF{PRT et ylBmPrSHFTRO1S i IRt Paiph@missicme Peght of the
STl PR LSt B ERgBi e Pt Rl B Hoab gom 00 o
b 83, L S R el YR e o
<Eep oAhSH ShAT, A, SRRCheLUOOEosett AP Bt el eniccing
cERIBBERCEN! A2 Uil U edpol B3t e llBncny ety wnice

4ohrand a part of Y in the yttriumalum num garnet

1
_ %?uorescent_is substituted by Gd so that the

proportio : -y WMqtshjyg t 4: 1t N
PuPthe¥ & ithe ll?#'ﬂ:t hégﬁa{%.g%‘: oéréﬁ?lecﬁ]fl Siﬂ'le present

2:3. Absorption spectrum

3 d;as 3 ' V. 0 a
LEPRRESRAT e o mhatiinat o the, JIOH;SOREREERG, daver o

tRENPOIGRE W@hﬁﬁtﬂ@@ta&aﬁFgﬂéh£U”b8ﬁ££i§§ a gallium nitride
sem conductor including Tn as the light emtting

séajesnd@dtor S whi@ablcowfaid®r oM NY dride €8BVEpRHSPhor is an
efficiency (light em ssion efficiency). Also the

yttghtm-gbmeiatedgynat Xf bgobésieent ghdteidt ttkiwyit fHElpart of
light emtting component and fluorescent |ight 25 of
Al henf [tlor egteniumabdbumahumi-gaanabi faubirgbtent deodsubstituted
b;ocli,e?rso that the proportion of Ga:Al is within the range from
1:1 to 4:6 and a part of Y in the yttrium-aluminum-garnet
fluorescent is substituted by Gd so that the proportioﬁ of
Y:Gd is within the range from 4:1 to 2:3. Absorption spectrum
of the phosphor whiéh is controlled as described above shows
good agreement with that of 1light emitted by. the 1light
emitting component which contains gailium nitride
semiconductor including In as the light emitting layer, and is
capable of improving the conversion efficiency (light emission
efficiency). Also the light, generated by mixing blue 1light
emitted by the light emitting ¢omponént aﬁd fluorescent light

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

rendering and, in this regard, an excellent 1light emitting'
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rendering and, in this regard, an excellent |ight
emtting 10 device can be provided. The |ight
emtting device according to one enbodi nent of the
present invention conprises a substantially
rectangul ar optical guide-plate provided with the

| détg@é aﬁﬂ&ét%ﬂgv fponent nounted on one side face
t i e p

ereof via't osphor and surfaces of which except
for one pipjhAaci P ghtSUr LG sy, i al] .er ed
with a reflecti veg mat e%ﬁ%ﬁ?gﬁgwergﬁgﬁfﬁél [ gahc%éog% %ed to one
eodiReht 0BF Rkt Hirdd eRRNMARRA i Pl% gt ial
pl anar |ight by t e'pﬁo_sphor_ and'ot%heédg{tl %aéqlé()).%%sl%aentlall-y

rétedRgaldr t Copeial oWpide fromatde provtdasl i akhe 1ight

of the optical guide plate. The light emtting.

eflfvt Dfg aeempehagtt qoudidieron eshedisiiyt £{cd hehRr88eNtyia the
i nvention has a substantially rectangular optica

plypssieop| aded whirdtades plodvi d@doW t BxEBBt15fbidhéne principal
em tting conponent nounted on one side. face thereof

sanfhcé harpheapbhoant halay| edverean&ifphi RCimed1 o @ ematerial,
with surfaces thereof and except for the principal

wisewré fiwe abel ight sehitaati dy ythevdariethtwi éhietigf| eopohent is

material, wherein a light emtted by the |ight
twrned i pgtoomopdanar s liightedby ntbea @b gptanar ahd gthebyoptical

the optical guide plate and the phosphor, to be an
gvidpurlateonenietpr baciapalbusputadeonf tihee popitriciglalglsweface of

pl ate. The LED display device according to the present
theepitieml HEsidg RIEYQH spl ay device conprising the

light 25 emtting devices of the present invention

arr anged The 5 haght x emitting . device according to another
embodiment of the present invention has a Substantially
rectangular optical guide plate, which is provided with the
light emitting component mounted on ohe side face thereof and
the phosphor installed on one principal surface with surfaces
thereof and except for the principal surface being
substantially covered with a reflective material, wherein a
light emitted by the light emitting component is turned into a
planar light by the'optical guide plate and the'phosphor, to
be an output from the principal surface of the optical guide
plate.

The LED display device according to the present

invention has an LED display device comprising the 1light

emitting devices of the present invention arranged in a matrix

and a drive circuit which drives the LED display device

11
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and a drive circuit which drives the LED display
device 11 according to display data which is input
thereto. This configuration makes it possible to
provide a relatively low priced LED.di splay device
which is capable of high-definition display with |ess

G T Roa gteS WA Tobue P RERRS  mss
oBERATLALINE Rl AR g2 LBl £04 RYE3Retery 1ow-
IR 180 Ay 0B e ARLERCTSS M Pl g d st
SIS ith 1450 Sl den O il L Rl e
covers t henbED; ghi Pefk VLIRS a&a&bts&%ﬁ&&%ﬁ :egz{éa diment

15 including the cup of the nount |ead, I nner

ofNthe GRedddit ef Pedoh HonldieddzR chip, wherein the
LED chip is a nitride conpound seni conductor and the
coating nateshat Tead ahasidd 4 eagd A0e £1emRnt
selected fromthe group consisting of Y, Lu, Sc, La,
Gd and Smanate®O dlegst moustedenenttise! eapedf rene thiéunt lead
group consisting of AIl, Ga and In and a phosphor made

wbfh ganeectof | edeescredesnabeingl elactiriahdllyWiddhmeeitiddn to the
The phosphor used in the light emtting diode of the

| mguets elead nventi on preferably contains an

yttri-umal um num 25 garnet fluorescent material that
contai ns & &wénAparent coating material £filling the cup to

cover the LED chip; and

a light emitting diodelhaving a molding material
which covers the LED Chip.COQQrEd with the coating material
including the cup of the mount 1lead, the inner lead and
another electrode of the LED chip, wherein

the LED chip is a nitride cémpound semiconductor and

the coating material contains at least one element selected

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

least one element selected from the group consisting of Al, Ga
and In and a phosphor made of garnet fluorescent material
activated with cerium.

The phosphor used in the light emitting diode of the

present invention preferably contains an yttrium-aluminum-

garnet fluorescent material that contains Y and Al.

In the light emitting diode of the present invention,

12
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In the light emtting diode of the present invention,
12 the phosphor may be a fluorescent materi al
represented by a general fornula

(Rel _rSnr)3(All_gGa9)5012: Ce, * where 0:5r<l and
0:5s:51 and Re is at |east one selected fromY and

tk&l. pAbspholt s, | bahth eMddridu-&Hodga Pl L e g@g@%g%nt@d by a

invention, a fluorescent material represente
Seeesipl £fo I Yism y9k: ( 0
gmay bg 5s£§ﬁg§ ?ﬁé“ phoggﬁgﬁggﬁggg%)%ébs@#%%eC@S}<P &gd Oss=1
afd 0Rd : £g): at 01 @as 0. HPES1ededirvnt V.81 54, I n the
light emtting diode of the present invention, the
phosphor plsberiabl yheonlaght t wniart iy eédiode of the present
yttriumalum num 10 garnet fluorescent materials,
invenvicord Wit filueresoendf mitfdrrant repepesntednsdy a general
including Y and Al, in order to control the entted
foimintat o (¥, desiGdeCemay ¢l (gt ea, ) 40,1 hembyghtbeeni isédlg as  the
di ode of the present invention, simlarly, two. or :

pPhoshdt yowkkece nd spet .6 i &l D Bf<qof.2er ®nN000B5r<0.08 and 0Osssl.

conpositions represented by a general formula
(Rel. rsnr¥n3thalligBcaenitbing: digede whkreh®-pBesantantnvention,
Osssl and Re. is at |east one selected fromY and Gd
theyphesnieln r¥efREaphysFRETALR diPeron onoxenytbtighealuminum-
emtted !Li ht to a desired wavelength. In the |light
ITREL i n§ HSBQECGPH hBabrEIBME /i n@&rg?twéﬁ,ed 2(with = cerium, of
a first flupr ef&?nt mat eri al _ represent ed

Lm | ar] ( b
ATHTRERT oM RbHions 1aFTUTHRE) T send Abe HROEASECHmcontrol

£ t. . material sented b | f |
the SR i, thd TRTF L YR IR hor wher e 0sss1

d Re i f . Cd and La, | .
order to Entpl 1ol cRrEFERb R0 e Bkrelly tivention,

sﬂ@i’ﬂﬂﬁg} h'tWO_ or more fluorescent materials of different

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

4G3,)s0,,:Ce, where 0s<r<l and Osss<l and Re. is at least one

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

control the emitted light to a desired wavelength.

In the light emitting diode of the present invention,
similarly, a first fluorescent material represented by a
general formula Y,(Al, .Ga,).0,,:Ce and a second fluorescent
material represented by a general formula Re3A150;2:Ce, may be
used as the bhosphor where 0Oss<l and Re is at 1least one
selected from Y, Gd and La, in order to control the emitted
light to a desired wavelength.

In the light emitting diode of the present invention,

13
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In the light emtting diode of the present invention,
13 simlarly, yttriumalum num garnet fl uorescent
material a first fluorescent material and a second
fluorescent material my be used wherein a part of

iNiadmyi, N the dilunfla 133d ns@C | u gf&%ﬁ ery i
Simgﬁsublﬁ;ﬂy:'t utye}g: W th ggfgg] Wl %%qtngftS gf{ erenci egrdé%éérlal a
fafr ssubSTid s h Bsmd ber PDSRhAr a '%é&r@?rfiﬁ’oréé’&%x}l}@l material
the emtted light to a desired wavel ength. Generally,
reayf [neoresseeheratiar il pat of apsordsm 1h ObheOfifst and second
short. wavel ength and emts light of a |ong
fiavelesegnlt hamterglhds efifd cisammtithtied fhieh es§edlinium  to
material 10 which absorbs light of a | ong wavel ength-
dddd ezeintts deggeesobfasubhtitubduvel esgthe phobphor, in order to
"preferable to use a light emtting conponent which
comtiolvitbebemittgt 1ighh tol aghes bned twagel engiionent
which emts ultraviolet light that degrades resin
(nol di ng frEneraally coat | Agupmeeceakt, materiaThushich absorbs
the 15 light emtting diode of the present invention, '
laghtt hefpurposkorbf wayeksagth t fad | gintiteni titighy of a long
efficiency and ensure long life, it is preferable -
VeKELeREFR &fcs hiahgrearfbiciercyi §han @m fluoexescent material

onponent be set within a relatively short wavel ength
Wf‘&ﬁ’@eagﬁoﬁgé iﬂrﬁ@& 830 hkaAng Yavedengie andjrenitsyibight of a

nd,20 mai.n _enm ssion, wavel ength of the phosphor be o
Sggftt SHELBIS . thartst H?Efe.'rf"?ﬂrr?bé'rﬁ sk oHSBedk bightheemitting

Bt I AR et el BT E b e
BB BAECT Rl 0D UARBUI 0 1O RIS R reesn

(ﬁ?gﬁ{iﬁﬁd it dr a1, 9Bba@Thb! e ELIPONCU YN WABRS NEor the

light emitting diode of the present invention, for the purpose

of improving the 1light emifting efficiency and ensure 1long
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 1light region,'aﬁd

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 that of light
emitted by the light emittidg component, it will not be
absorbed by the'light emitting component even when the light

emitting component is irradiated with light which ‘has been

14
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emtting conponent is irradiated with |ight which has
been 14 reflected and converted by the fluorescent
material (since the energy of the converted light is
| ess than the band gap energy). Thus the |ight which
has been reflected by the fluorescent material or the _
retkectédr gahieebfeBYeb NByCHRe Sr YREF8EBti Dbt 9P a1 (since the
emtting conmponent is nounted, mnaking ﬁlgher .
erétigpi iy tfe eabasbpBeROSEidtE. BRI EBs Tl
THE DRAWNGS Fig. 1 is a schdghrrati c sect ?Eﬁgﬁélgi gv%goggnd 9ap
ehendy)ype Thughttieei Uliighg divRgdehaaray dbBEnt Ordflected by the
enbodi mrent of the 10 present invention. Fig. 2 is a
fivhrencent sewtiamal voew thea Tike t YBe réfD&Et&d Yyl Ndhe cup
di ode according to the enbodi nent of the present ' :
whevehti the Fight3émittangraphpshent ngs theugked | ahdleihg higher
spectrum 15 of the garnet fluorescent material
efticioneyl Oy emissivnuspessiblehe first enmbodi ment of
the present invention. Fig. 3B is a graph show ng the
BREEE SPBFCRPREIPN ODITHE RRAJEINGS f| uorescent materia
activated by ceriumused in the first enbodi nent of
t he preseftdinteAsi 8nschemaitdc sectipnglaptiesh@fi g lead type
the em ssion spectrumof the light emtting diode of
1ight 1 st didiate oRrqaerdindesént theenembodient of the
5A i s a, graph, showi ng the excitation spectrum of the
pﬁ????%n¥§¥%&?ﬂ%%ngarnet fluorescent material activated

25 by..cegLun1ased in the second enbodi nent of the )
present 1g9. 1s a schematic sectional view of a tip type

light emitting diode ‘according to the embodiment of  the
present invention. |

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

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

Fig. 4 is a graph showing the emission spectrum of

the light emitting diode of the first embodiment of the

present invention.

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

invention.
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invention. 15 Fig. 5B is a graph show ng the em ssion
spectrumof the yttriumalum numgarnet fluorescent
material activated by ceriumused in the second
enbodi nent of the present invention.. Fig. 6 shows the

h [ d f d by, the |
o tting S buco B Ene gaes ds&s»%&ﬁa@n%}fe : tqlémplﬂgaﬁ%trum of
tﬁégggtfauﬂdéféﬁfnﬁﬁ &P gésgfﬁokﬁ? aW& %%Ibgl 'q}vated by

emtting co en

f
| C%{]lglsnbﬁ%és& S_uP § é % I'S aéng%] ethI C secnctq\ oﬁées\ﬁngwl&ventlon

the planag;q |'9@t:ﬁﬁﬂk?etﬁ@POEﬂEBQaEgcéggthgiagram of 1light

enbodi nent of the present 1nvention
erSichesmtp t a r r
source f?ffe%?aﬁﬁoﬁ??ﬁg?ﬁgfBEFSE gfpl' ii%ééﬁgsfﬁfqd;ment’
vﬁﬁghﬁnHtLC sectional view of another planar |ight
source different fromthose of Fig. 7 and Fig. 8.
Fi g.pdihts B Bhacks dingieadOtak @dlicyy ayr d8YLRE emitted by
which is an application of the present invention. Fig.
thel 1sglet peabtvirg obmpbaechEDagids Hahtteve cenQf p dQdiRQte the
di splay device of Fig. 10. Fig. 12 is a plan view of
calloers €l diisghitayerdentieck bywtarceikindize off gﬂ,\bslpﬁors .
constituted fromfour |ight emtting odes including
the lightFigdt7i ng @i cachedattite peesbmtal | MYeRt o@N tayed planar
those emitting RGB colors. 25 Fig. 13A shows the
lighdy| seuote dacgbird inigf et@ eshobher embodiment of the present

invention.
Fig. 8 1is a schematic sectional view of another
planar light source different from that of Fig. 7.
| 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

the display device of Fig. 10.

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

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

the light emitting diodes of Example 1 and Comparative Example

16



10

15

20

25

the light emtting diodes of Exanple 1 and Conparative
Exanple 16 1, showing the results at 25C and Fig. 13B
shows the results of durable |ife test of the Iight

em'tti ng di odes of Exanpl e 1 and Conparative Exanple

he_res Its QC and 90%%H._ 5 Fig. 14A
Sﬁg% Fégulrf?u ﬁg‘rgbialnﬁt ¥ iestl 38 Sh%nﬁ:lr@ gesults

ﬁnQuEQHPérfifél etggempf €t Re Sf?%{]g%xtghtgngpqa:ln % cﬁgﬁB %d%ample 1

| um nance retal ning ratro w

Lyec ahil'i test l.e 9 and

aConpgh‘?t%ﬁlij\?e %&eggé ﬁ "’sn%o“ﬁ{ég ch‘Sr i Y5efdF e 60°C and

sogrRgafter the test 10 Fig. 15A shows the results of
reliability test of Exanple 9and Conparative Exanple

-2 showi ngri§e I£hashORShiRe PEIYEED 5§%ééﬁ'ﬂeﬂaaﬁacl 1ty test of

retaining ratio and tine, and Fig. 15 Is a

Exdmpil éng St hend elcaimpaiaftiired et ¥aRp1 £ 01201 s O En nq: gﬁange of
15 Fig. 16 is a chromaticity diagram show ng the % ang

lolimador reneinbihgh reaidewobhaivia@ Wadd ikl ghitsp sh
emtting diode which conbines the fluor eségnt shows the

remtirs abf sieawherabldlity testndolsl UsakigDehay i Bﬁdp%‘%’ﬁnparatlve
wavel ength at 465 nm Fig. 17 is a chromaticity

Exfingkad stowing tiie doirge to2@ ibefodleoantiongtwhedhbhgest .
concentration of fluorescent material 1is changed in
the |ightF&gd t 1PAg shicste tie ciesalbsnest the€liability test of
fl uorescent materials shown in Table 1 and blue LED

Emﬂlrﬁg peaR WerEREAgLNcatE e lem 2 FiowiBA shewsella&ionship
em ssion spectrum of the phosphor 25

betasicddnie) BR5EADS EeT6F ARARG| aLdA. and time, and Fig. 15B

is a graph showing the ;elatlonshlp between color tone. and
time. |

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

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

Fig. 18A shows the emission spectrum of the phosphor
(Y,.¢Gd, ) s21:0,,:Ce of_Example 18A.

Fig. 18B shows the emission spectrum of the light
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Fig. 18B shows the em ssion spectrumof the |light 17
emtting conponent of Exanple 18B having the em ssion

peak wavel ength of 460nm Fig. 18C shows the em ssion
spectrumof the light emtting diode of Exanple 2. 5

Fig. 19A shows the em ssion spectrum of the phosphor
(Yo.2Gdo. 8) 3A15012 : Ce of Exanple 5. Fig. 19B shows

eiE Langs stompepert r o oExanpike | 1gBt hawvitndi nhe emission peak
congonent of Exanple 5 having the emn ssion peak
wanedraAgbhodf 4490Am 10 Fig. 19C shows the enission
spectrum of, the light “enitting diode of Exanple 5.

Fig. 20A $HGs 18e EhPYsi dhespesissionf sphetphospiforthe light
Y; Al5012: Ce of Exanple 6. Fig. 20B shows the eni ssion
eRpEtingnfidrdenet| E5ARPLes2eni tting conponent of

Exanple 6 havin%. the em ssion peak wavelength of . - :
450nm  Fi §190¢ %SRS Wsh & heneddissdosp spectausf ofhséhe phosphor

[ egitting di ode of ample 6. Fig. 21A shows the
(_gﬁ?ggé‘i-t)ﬁggbéeteﬁn?ng’fﬂép fo3phor 20 -
of the seventh enbodi nent of the

Y3(Al 0.5 .. : :
préseﬁt G?H§ﬁ%?ﬂ%% §F8V52f§§ﬂﬁﬂM§?+ﬂPeﬁP§§F6Hm of the light
eﬁggfﬁ%éﬁm Qéméqu?e;lx{ ge %‘Qafﬂ}%){}%g eﬁgt g‘g?efgasg%ﬁaa J.l,g,%d.%n  peak

t he em sSi on peak

wg@gigng%ﬁ Lieesephgsi on spectrum-of the Iight

Fig. 19C shows the emission spectrum of the 1light
emitting diode of Example 5. -

Fig. 20A shows the emission spectrum of the phdsphor
Y;Al;0,,:Ce of Example 6. |

Fig. 20B shows the'eﬁission spectrum of the light
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

Y;(Al, sGa,5)s0,,:Ce of the seventh embodiment of the present

invention

Fig. 21B shows the emission spectrum of fhe_light

emitting component of Example 7 having the emission peak

“wavelength of 450nm.

Fig. 21C shows the emission spectrum of the light

emitting diode of Example 7.
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emtting diode of Exanple 7. 18 Fig. 22A shows the
em ssion spectrum of the phosphor (YO0.9Gd6.2) 3A15012
. Ce of Exanple 11. Fig. 22B shows the em ssion
spectrum of the phosphor (Y0.4CGd0.6) 3A15012 : Ce. of
Exanple 11. 5. Fig. 22C shows the enission spectrum of
the lightpi@m i NehRAMRIUE M iQYs A TYR thhim I&%V't'?lg:mé)hosphor

the em ssion peak wavel ength of 470nm Fig. 23 sh

(ﬂofk@d‘%‘@?ﬂsgﬂ sReefr gRuMp1LENeIlight emtting di ode of
Exanpl'e” 11. 10 DETAI LED DESCRI PTI ON OF THE PREFERRED :
EMBODI MENASg Ny B eftesws tthd @ntilss it ageed i@ \WNéhe phosphor
preferred enbodi ments of the present invention wll

(e Gdgssrlhed :bel oW ExAmplghtiem tting di ode 100 of
Fig. 1is alead type light emtting diode having a

“nount | eaid05220d showisnridre | emilssi5n 18pectitameidt athe light
light emtting conponent 102 is installed on a cup

enlidBa.ngpf componeoht dfeadxa®dleantlt hawiupy 18he iemission peak

filled with a coating resin 101 which contains a
W%@cﬁﬁqtédqﬁ]dg@hm to cover the light emtting

conponent 102 and is nmolded in resin. An n el ectrode
and a p ekt rdde sfoushetheglemismsion ngpeotrampodenthe light
102 are connected to the nount | ead 105 and the inner
e“}léfédlnﬂ)@lqd@sﬁéc@‘@é\lp}e By -neans of wires 103. In the
gItht em tti n di ode constituted as descri bed above,
LEgY qE}Sé-‘mI THON; OF BYIE: RBEFEGREDeEMBOPAYENBSpOnent
(LED chip) 102 (hereinafter referred to as LED |ight)
excites %Y hEe%ﬁSEbﬂﬁr ontBf ndd-arhade dBAYIRGS r eFireferred

ﬁgghfﬂ% ene%at%e 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

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
component 102 are.connected to the nmunt.lead 105 and the
inner lead 106, respectively) by means of wires 103.

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

fluorescent light having a wavelength different from that of
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fluorescent |light having a wavel ength different from
that of 19 LED light, so that the fluorescent |ight
emtted by the phosphor and LED Iight which is output
W thout contributing to the excitation of the
phosphor are mi xed and out put .. result, the |ight

o 1080 07, S Bl A0 A oy o
pﬁnghbkgghdeﬂbbt nghgowg%ﬁni 183tﬁ5}:9w}1ﬁ%h8h9 oxﬁtf{'bl?tlng to

['1ght emtt Wher ei et

tﬁbo@cc{ﬂt@l‘aﬂ Py £ 2QRel Spﬂﬁh%'r] edr-d nm?xeﬁe%ﬁ} - a‘fﬁhﬁ) As a

casi ng 204 which is fill th a coating ma

a@ume cefka d p 0 a
“S81S0, EFLIGHS SREEHALGLABRARENR ASebOEIRELELLON: having

au&bﬂ@l@ﬁgQﬂoﬁﬁfﬂé¥édt‘Erdﬂ“%ﬁé%eofhhﬁﬁ qqg%@'%ﬁ ’ed by the
for exanple, and an n electrode and a p electro

ltigrt! eghttenyt EoRgosenponen! 202 are connected to '
metal termnals 205 installed on the 15 casing 204 by
means of Edaduc®i vehows ea 288ipl neype Qhight yRRitkight diode,
emtting diode constituted as described above,

wheneliar lyghtoemi¢tliagd dipde |(LEDt oiiipt)t i20p didengfalled in a
Fig. 1, fluorescent Ilight emtted by the phosphor and

rEEEESIgﬁtamhﬂShngS204th$thiEdfmﬂlhduWLbEIﬂgc@@@fﬁ@mmhterlal
by the phosphor are m xed 20 and output, so that the

whiight containgg @i siecified shaaplput stol ifghtm havicogting 201.
wavel ength different fromthat of LED light emtted

The¢ dAghL @Ritdnng i pgneeonpehedf2202. fiweed | gt using an epoxy
em tting di ode containing the phosphor as descri bed

regpde Rastitelikel shiied feertaERs 29,1 fon gexampies eand an n

i ght en1tt|n conponent
ef¥ctrodegand %ectq%de of the light emitting component

202 are connected to metal terminals 205 installed on the
casing 204 by means of conductive wires 203. In the chip type
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
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.
1. Light emitted by a 1light émitting compbnent

(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
conmponent. Emtted light is partly blocked by the

el ectrode fornmed on the light emtting conponent
resulting in a particular em ssion pattern, and is
t herefore not emtted unifornmly in every direction. 5

elaRF i ROER (19 rfd‘edl SR it SApaRAt. | Enicted Light

BNy S eay Y raﬁéﬁve&x&?ﬁ%‘sﬁ?ﬁ%}fﬂﬁ d" on the light
qi5|rable em S|on Q%tern because ligh
el i SRR rh by t&?ertm@raeec%mssmn pattern,

' h h | d h
a[{eEat |ﬁéghex%ofo?getnpgﬁgnte"é’%hésfhmgéggoﬁﬂﬁggrfrbrrlﬁ eEYpeda’KreCtlon

i Bl | 0Bl IS UAEO B AT I e
m 131[ 1"’“36%?1 v%vé}n I&ﬂ‘:y \A%{:Cnnﬂfgg'}ﬂa&e ver & yide range

wave engt ative € range source

witHo@! Lsa‘ﬁ@ m1§ﬂo§w&rk'§eﬁ]auﬁe -%l}e light

deS|rab to 15 ave em ssi‘on pea

ienadidrud dadss Hglrfd“%fffru%teda@ Iﬂuo%%@ﬁlr{eﬂlta%leﬁ:lal.

to be described bel ow have the guratlon

Fig. 1 oraFig.aPcidiediel Bignki Qélﬁlt%@dt b 9 @I%TDQQGBE emitting
whi ch uses nitride conpound sem conduc havi ng

can@dartdnte! yLim ghnhae %%@Motﬂr&rﬁ@tﬂésb@a@c re@h@n agf 3s broad
particul ar phosphor are conbi ned, and have sucﬁ
arfdavhaablhd gr apeYd eSeﬁae@&ﬂgblﬁndp}eﬁﬁy enthilsi Hadcteristic
hi gh | um nance and | ess degradation of light em ssion '
madds ciaancyndnspkrssbtel cadedntdgeveomnaaxt epgetication which
period of use. 25 In general, a fluorescent nmateri al
reghiigtesabediengths of a relatively wide range. Light source

for an optical image scanner, for example, is desirable to

- have a wider emission peak.

. The light emitting diodes of the first and second
embodiments to be described below have the configuration shown
in Fig. 1 or Fig. 2 wherein a light emitting component which
uses nitride compound semiconductor having relatively high

enérgy in the visible region and a particular phosphor are

combined, and have such favorable properties as capability to

emit light of high luminance and less degradation of.ligh£
emission efficiency and less color shift over an extended
period of use.

In general, a fluorescent material which absorbs

light of a short wavelength and emits 1light of a 1long

21



10

15

20

25

l'ight of a short wavelength and emts light of a | ong
21 wavel ength has higher efficiency than a fl uorescent
material which absorbs Iight of a | ong wavel ength and
emts light of a short wavel ength, and therefore it
' ahl.e t,o. a itride c ound seni conduct or '
PR Rt R et o i PRR e iiasescent Raterial
EMLht bRgobhEe 1 gt o@f Shayt I g. lt. needs _no
I say tﬁat't%ébggeogfaahgﬁﬁkpﬁ%%¥§$%% @8@p5ﬂ8&§ 11%ht of a
she¥tnG.didfedduH nangg | bie. pE‘P hory 19 ke o
used in corrbidrg]t'i on W t?’ﬁ%ﬁ?ﬁt#‘lﬁdeﬁco g%%ﬁﬁabie © use a
n$epigendesbelinki ¢ ieWntilicRe C endn i Shg KA NAYE ;
the_folloang requiﬁénents; f. E@ggIF%hQH?%§i§%gﬁﬁgent which
i8gdapabllel Gt bmierdHge bldedhi i Ght ao?' Whd ePsEdVedPn. 1t
a long period of tine; because “the Tl uorescent .
neddsr nak it i fefathed ithet hsevif Nht ¥ 18kt heyi el g;‘
em tting conponents 102, 202 and is eigosed fbl%%iﬂcomponent
hatiig higlenbatinascdi ph prefdrdB1e30 to 40.times that
of sun light. 2. Capability to efficiently emt [|ight
in blue PRegphosphort e exad t alsiedn By NB8MBiRitid® with the
light emitting conponents 102, 202. Wen mi Xing-.of
ntbride compeedd stemilabrgeicteapabightof eefttin§gcbhpbnent must
light, not ultraviolet ray, with a 20 high
haye | thentgl l@vingpedidingmantsenit |ight fromgreen to
red regions for the purpose of mxing wth.blue |ight
to generale wBKcellepht repisteode eapeimstir dight to endure
characteristic suitable for 25 |location in the
Ligkt nptyaohighe Intems idni tiama chapanper§od02f time, because

the fluorescent material is installed in the vicinity of the

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

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

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

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

202 and the resultant influence of temperature difference due
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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 the
color tone in terns of the proportion of conposition
or ratio of mxing a plurality of fluorescent

tHah%Etabéne§a§edvﬁ9tEﬁéaéhk %héﬁrlggﬁaﬁﬂgratlng

envi ronnent of 1 ght ttlng Enbodi nent 1

The 1ight sem tdaigag idisede tQ)f ctotﬁ%lhhb%tslz"@?ﬁ' tt:h@f color tone

the present invention énploys a gall nitri

ﬁPEEQHBdoleh%egk696Q%§bﬂroQ'%6& bsWilieh B%Sratlo of mixing a
hi gh-energy band gap in the light emtting |ayer and

plaraapakl efofFiasrekteatbhueekights. and a.. garnet
phosphor activated with ceriumin conblnatlon Wth

this confiegur atéathetdieilitghtf@m theéngpdradengf ehberonment of
first enbodinent. can emt white |ight by bl ending

theuéighgheménitihgddibdky the |ight emtting conponents

102, 202 and yellow light emtted by the phosphor
Embodiiménity 1t he bl ue |ight. Because the garnet phosphor
activated with cerium which is used in the |ight

emi tting dhedd ight emititigtg dﬁﬁi@lmﬁnthhafltsghEmbodlment of
resistance and weatherability, it can 20 emt |ight
thﬁthp§%§ﬁeﬁelyngﬁhtiodeg¢@@¢pxﬁ ool qgaldhivt amidcride compound
decrease in the |um nance of emitted |ight even when
sepiganduedopy eAamentht whseh| hgist Q#ﬁht%ﬁﬁt@Ythénﬁlgmp in the
emtting conponents 102, 202 located in the vicinity

14gBE £Midig er 13YeT o NG| ks QSP%%oﬁént@$t¥% blue light,

Ilght emttin d|o of the f gt
a. garnet hosp or actlvate with cerium in combination.

With this éonfiguration, the light emitting diode of the first
embodiment can emit white light by blending blue light emitted
by the light emitting components 102, 202 and yellOW'light
emitted by the phosphor excited by the blue light.

Because the garnet phosphor activated with cerium
which is used in the 1light emitting diode of the first
embodiment has 1light fesistance and weatherability, it can
emit light with extremely small degrees of color shift and
decrease in the luminance of emitted 1light even when
irradiated by very intense light emltted by the light emlttlng
components 102, 202 located in the v1c1n1ty over a long period
of time.

Components of the light emitting diode of the first

embodiment will be described in detail below.
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enbodi nrent will be described in detail below 23 1 4
(Phosphor) The phosphor used in the |ight emtting

, diode of the first enbodinment is a phosphor which,

when excited by visible Ilight or ultraviolet ray
emtted by the sem conductor light 5 emtting |ayer,
(Pﬁ}rgépg;?light of a wavelength different from that of
€ & i ng light. The phosphor is specifically

e L SRS B Pk S A T Bioge ot cho

. X d | ener ey
ebthe S, SL A L5, 6 Tk o visione

. : . | Pal i . .
LEPTBE VA el LSBT B s 11gne
et BUS A 1a§'¥ G FE&&%@OH%REI iogat gd yu egugg::hu”&liff?gent from

fl uorescen mat eri al represented by gén fornmu

- tHdwel 0TS He 3ekA1tingCRERPO12: piE, P\g[g%g)g‘o?: S5l ifically

Gsssl, and Re is at "l east one 15 se t romyY an
gdzthet | NEBaseddnd Ehdt@hiaem déedvdyed heyithOhkerium which
emtting conponent enploying the galliumnitride _
cOIHEIGHN htS B LN Bied 0L @néht heeTéaos@seest Yi obh, sc, La, cd
emtted by the phosphor having yell ow body col or are
aridy sneanel ati aeast onenElemiitarge IS, 8 t21 £0EQr and In.
can be output by blending 20 the LED |ight and the .
Addamtigsret thghtpresentheidvarsticanbocheeiinobesagfae material
- the phosphor is wused by blending with a resin which :
igrakese fdmdoat iy riesi-alubthuadatrine tc o ftlivog esatesrti amaterial
201 (detailed later), color tone of the |ight -
(Y84 t tphasplicade et beatel usvith i ncéniimg wbhrtea fluorescent

material represented by general formula (Re, . Sm. ), (AL,

.Ga,)s0,,:Ce, where 0sr<l and Osssl, and Re is at least one

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

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

In the first embodiment, because the phosphor 1is
used by blending with a resin which makes the coatiné resin
101 and the coating material 201 .(detailed later), colér tone

of the light emitting diode can be adjusted including white

and incandescent lamp color by controlling the mixing

proportion with the resin or the quantity used in filling the
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25 and i ncandescent |anp color by controlling the
m xing proportion with the resin or the quantity used
infilling the 24 cup 105 or the recess of the casing
204 in accordance to the wavelength of [ight emtted
by the galliumnitride light enitting conponent.
c@psiPbbor drheofredems phofphbe candergt 2atti dn kasordance to the
i nfluence al so.on the col or blending and durability.
wivalength whien Ltightcoegdntedt i by dfhehgsiidunm nnitasds light
fromthe surface of the coating or nolding where the
ephbSpaer cpspenanti ned toward the light emtting
conmponent, it becones less |likely to be affected by
ext r aneouBifbrébutéonherdby theki rRdspheasi eroncentration has
press the deterjoration due to noisture. On the
lB?ﬁ%?nﬁﬁnalsomﬁ@ntbﬁecﬁbﬁéeh%?%@%@% ¥nd phospipbtity. That is,
%ncregses fromthe light enmtting conponent toward
fR EhPr SOBCERtERELRAI Gith PhasPhose doiREeansse el he osurface
moi sture, but less likely

ffecte extran
ofs e arpatiny 5 ¢ Fe ifage ﬁmlaerf%d.taﬁ &P??R)‘?ﬁi |r1é$15contalned
<D EEb 1 0HCOAPRIRAL: ke k! 1B L BSRBNS Ly ko
h
b FFELEHY BT rRtriREoRs RaEnFef “ﬁ%%?i‘rh%?ﬁ%t casier to
s%f@sgoﬂxé' &‘%t%ﬁfopgg gpoéu ft% rﬁ uaﬁ%rrperdat % ar,l_' er hand,

cosity, e con rguration an cld

w %ﬁt iUt d &(tfm&boéﬁh%rhos%o%s'%dé&e %oﬂ’gﬂr fe light

e first enbodi nent

efRXEELhENc SHPSRAN QQﬁkﬁﬁﬁeihét' r £48e g%"%ﬁ%htmoldlng, it

becausé the fluorescent materi al has enou
bé&shes an6ee f DIkBI ght 8T he CALRECPPETHY | Rt LYEE W b isture, but

arranged

less likely to be affected by the heat and radiation from the
light emitting component, thus making it possible to suppress
the deterioration of the phosphor. Such distributions of the
phosphor concentration can be échieved by selecting or
controlling the material which contains the phosphor, forming
temperature and viscosity, and the configuration and particle
distribution of the phosphor.

| By using the phosphor of the first embodiment, light
emitting diode having excellent emission characteristics can
be made, because the fluorescent material has .enough light
resistance for high-efficient operation even when arranged

adjacent to or in the vicinity of <the 1light emitting

components 102, 202 with radiation intensity
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25 adjacent to or in the vicinity of the |ight
emtting conponents 102, 202 with radiation intensity
25 (Ee) within the range from3 Wm2 to 10 Wrn2. The
phosphor used in the first enbodinent is, because of
garnet structure, resistant to heat, Ilght and

moi stBfe Wididn £hendradtan £roapdpMenst tebddr amg’ .
excitation 5 light having a peak at a wavel engt h near )
450 nm asTioRfIQSPhE g uspd i g1t e erfiinsY | gﬁﬂb%'*ment is,

br oad sgg}ct rum havi ng: %ﬁpeak near 580 nmtailing '
bgcauRsy JArNGH WS e/3presipranterto eﬂeﬁ&rent’}'ght and

<A S, AR RS D R srion
tal _of th h he
G B 1 B bty e 2 s o
' t d .t
.S engtﬁte hET B0 Pt 3 BT HEER o o oons

Vey en | n t, - _
ne\i#en em SSI on d"flq' e ygdd#(ghgﬁb;h |s§?eq |°S"é1d % 'Fig. 3B.

Stltutlon ?ﬁgt§¥f €ﬁéfeé%29tgncon ?fogfln a region of

deHTéﬁﬁ%ﬂ% ddﬁndﬁm¥ﬁa‘Hl%ﬂé¥ﬂcéﬂnﬁé‘¥%c hsed by including Gd

phot ol'um nescence under Dlue l1ght ten to decrease.

iFsheci @b se aheds pawd phodbhbs sebshiet ¥ied tWeho@ment. When
anong the conposition of YAG fluorescent materi al

tHaVicag c3RtEnt nels stimittatshd WawalieRabh Obe8Ri ti®felength is
light shifts toward shorter wavel engt h and, when part

sHifftéd s tauasdi t abadew t raGdlenysiel gngt heigé ewndiesd emission
light shifts toward | onger wavel ength. Table 1 shows

sgdurammphsi tsharftad toghrderlidrigery whaedehgthsti csSThis means
YAG fl uorescent material represented by
that, when emission of more reddish light is required, it can
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 tends to decrease.
| Especially when part of Al is substituted with Ga
among the composition of YAG fluorescent material having
garnet structure, wavelength of emitted light shifts toward
shorter wavelength and, when part of Y is substituted with Gd,
wavelength of emitted light'shifts toward longer wavelenéth.
Table 1 shows the composition ‘and light emitting

characteristics of YAG fluorescent material represented by

general formula (Y,,Gd,);(Al,.Ga,):0,,:Ce.
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UCooOOo0oO 0OCr5 0 -P"g4-J ~4G0O0O0O0ONGCr
kb 0 U(0OOOOC) O oO .00cC Or{ Or-t N
M4t:1" tf) 10 N A z CU 27 Values shown in Table 1
were nmeasured by exciting the fluorescent nmateri al
with blue |ight of 460nm Luninance and efficiency in

Table 1 a L¥EenRna~nval e at4 v, f
mat eri al {Kg}g%gv\/rrﬁﬂgﬁmnarjéﬁsaab?% 1100€eéngtg%gﬁ%e8 by exciting

tREDSLhbPEERENA Mk bhi SR, Wlilke Wl%%orltiil?qg: iy PEGIET 2Ph¥minance
W th =1l:1to 4.6 in

in the range from Ga: Al to o
af@NErAAAlNeY Ofnt QAW S %r}_eef{;iséﬁn% aGQltt?ﬁéSG?eqndtive to.

wavel ength. Simlarly, when subsfituting Y w

thbSe OF ORELT 081 i Ko Pr Ef@H 8Bk Yaré tdé ghe g@nge from Y
Gd=9:1 to 10 11:9, and nore preferably from4:1 to

2:3. It i gnbRcasoss@icemiee rafl sybat igali g LBofdrtion is

bel ow 20% results in a color of greater green
pEOFEPASTY  alddthess fRE CPaRgaentrodndca: degi€f:1 to 4:6 in
consideration of the emission efficiency and emission
wavelength. Similarly, when substituting Y with Gd, the
proportion is preferably within the range from Y: Gd=9:1 to .
1:9, and more preferably from 4:1 to 2:3. It is because a
degree of substitution with Gd below 20% results in a color of

greater green component and less red component, and a degree

of substitution with Gd above 60% results in increased red

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

Y:Gd of Y and Gd in the YAG fluorescent mate;ial is get 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
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 1l:4, a ligﬁt emitting diode
capable of émitting light of incandescent lamp can be made
though the luminance is low. When the content (degree of
substitution) of Ce is set within the range from 0.003 to 0.2,

the relative luminous intensity of light emitting diode of not
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of substitution with Gd above 60% results in increased
red conponent but rapid decrease in |um nance. \Wen
the ratio 15 Y:Gd of Y and Gd in the YAG fl uorescent
material is set wwthin the range from4:1 to 2:3, in
particular, a light emtting diode capable of
less tthay Wokteahi bt ashbetaati althgnak®eg cod®enk! 36K 1ess than
body radi ation | ocus can be made by using one kind of
0y203j uhadimuusumigaensityf | der st HRIcQkis@l . the number of
dependi ng on the 20 em ssion wavel ength of t he light
exrited ngercisgionentcentfears t hef Aot NinGhetfcehcad & to  ce
in-the YAG fluorescent material is set wthin the
deanemsés oan@; 3whenlthe xdritghit eis t §rogtek odBancdna| ensity
of emtting light of incandescent |anp can be nade
quémeiging lcdwrs .nance is | ow. When the content (degree.
of 25 substitution) of Ce is set within the range from
0.003 to Thigs thiee wavelernethumifhothel ndeitStdd Qfight can be
light emtting diode of not 28 |ess than 70% can be
shichieleth dhenorber coavehengshl kgsstbanitQtOAg, part of Al of
| um nous intensity decreases because the nunber of

thciprpgoemtishowitént@as ahdphciel uwaivedengohe dflethe@ emitted

Ce decreases and, when the content is greater than
1igit G@nstySHiﬁmmmchmng(innger WhmsléM@tMabyl@mﬁétltutlng
of the emtted light can be shifted to a shorter
Pagly ed &gt df byhe ubsmposithgn paithoédAl a@h thie way, the llght
conposition with Ga, and the wavelength of the emtted
CQlQﬁnofx#mtﬁﬁsﬁﬂfQQM be ghhoggér camtéhengshybpy changing the
substituting 10 part of Y of the conposition with Gd.
caupQsitsianay, Ao |thmt flBoresceft ematerdalcas bardly excited

changed continuously by changing the conposition.
bya|H Q"F#@Sfﬂ%rléé)@énwhmhemaa'le issicha wdivie lexgthed as 254 nm and

365 nm, ‘but is excited with higher efficiency by LED light
emitted by a blue light emitting component having a wé;eleﬁgth
around _450 nm. Thus the fluorescent material has ideal
characteristics for «converting blue 1light of nitride
semiconductor light emitting component into white ligﬁt, such
as the capability of continuously changing the peak wavelenéth
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

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

fluorescent materials (YAG) activated with cerium.
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by Hg em ssion Iines which have such wavel engt hs as
254 nmand 365 nm but is excited with higher
efficiency by LED Iight 15 emitted by a blue |ight
emtting conmponent having a wavel ength around 450 nm
Thus the fluorescent material has idea
char act er Mstiecg atoforomakihgngubhue bhgbphet ftmade by using
seni conductor |ight enmitting conponent into white
okiidhs, ofudh Gib tCe, cSpabhli apdofacont ictwquesinds which can be
changi ng the peak wavel ength 20 by-changing the
eps bpyr Comvestte@d. iz otlieng taxitdes fat shighbadimpertature, and
the efficiency of [light em ssion of the Iight
sehficient iy odaricdmgoe thesder matepieled kyn cosboihthiometrical
the light emtting conponent enploying gallium
PrPpert&oBemi corblyts omistthinehe ishospiked rmdehbyaaddapgroprlate
25 rare earth el ement samarium (Sm to
qyantitiy @fun n§Angadidet SIfthoaes@e\monrmmerfbimu(d\éAG)lsed as a
activated with cerium 29 Material for making such a
fhassphod ifslnedieimyausinvgibde dds af t¥mpEdat@ee FrpmAl1350 to
and Ga or conpounds which can be easily converted
14907 t heseioxifdes 2atthi §h hoemser at Then ahd fired material is
sufficiently mxing these materials in
gxeBnRehbynét Madadl ®ibk opbr WRSRE, Waishedi xtaaparadedi, xatkied and
with an appropriate quantltg of a fluoride such as
s heviei theFebivr Feeokisdin ashe degimed amtdryald in a
crucible at a tenperature from 1350 to 1450Cin air :
for 2 to Enhotihe PrOdUHES | mxPaasser idgsdmibag oakpve, the
by a ball mll in water, washed, separated, dried and
m&’et‘é’F%v@etﬁ-Té@ébw% 8BEai b headesibyeddhaselving pare earth
#@F%grodu0|n process_descri bed above, the mxture '
Y |§5€ RGedR BP @tedchiiongtrdcaleamaportions in

an acid, copre01p1tat1ng the solution with oxalic acid and

firing the coprecipitate to | obtain an oxide of the

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

The phosphor represented by the general formula (Y,_
p-q-r0d,CeSm. ) ,Al;0,, can emit light of wavelenéths 460nm and
longer with higher efficiency upon excitation, because Gd 1is
contained in the crystal. When the content of gadolinium is
incfeased, peak wavelength of emission shifts from 53dnm tb a
longer wavelength up to 570nm,' while the entire emission
spectrum - also shifts to longer wavelengths. When light of

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

the amount of Gd added for substitution. When the content of
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elements Y, Gd, Ce and Smin stoichionetrica
proportions in an acid, coprecipitating the solution
with oxalic acid and 15 firing the coprecipitate to
obtain an oxide of the coprecipitate, and then m xing
it wth alum num oxide and gallium oxide. The
hosphor represented by the general fornmula (Y1_ .
G% d5 GApEEgIRrE, albpnRge et PhgRelgminesseaRgt hyith blue
460nm and. 20 longer with higher efficiency upon .
1%ﬂﬁﬁtagFﬁﬂ?ah%ﬁauggcéﬁaﬁ§scontaﬂﬂ&?@?P?%e CY?E?%I.Of p 1s

Wien the content of gadoliniumis increased, peak
Pﬁ%f/%?%t{bg\( h o% & sdiP¥RTehi PT s MA%m BIBARYEBLY Qohger lower.
wavel ength up to 570nm. whjle the entire em ssion
FUSHERT THR S SRRl 0 oy & Do e vhen | i ght
of 25 stronger. red shade i s need it can be achi eved

d
by | ncr cahgPhPRRN Ao BRPT 8P Soeaa ¥y they General formula (Y.

substitutio content of 0 &d i.s increased,

When t
s R oL St DPEACEBe b ARPN 1 GBAdR GHBISCE to less

adhiiTad o0 BEBPTabErS BPOnBrL RPoRs by frorepeed content

. Eurth ly it is 0.6 or | . .5 -
ok ol 05 G 51 ccdie CEPBFERRE: &Sl SRor il SopYained, has
GdpCeqS 3Al, ol 2 ingludi S R d
ofedbie: TrRtodel ShitHinmhe d U RADRar 5k Pl GhERg, HpRRRratures.
of the kpc&ﬁased cont ent That is,
’ i

BRSO Hen ST STAR AETREES oPRactdS| Mk ofgRtent is
ir?c%nr.:?sa?]sieo . | ufgnrm]aeg]f _uarge hctgabzgarctt_gr %{J.a%cr%ergn}f%og%%teﬂtr improved
0 e 1 hprov Nt " 1'hcreases” as 2 n
o AELSEERRy TSTPERE! AL EDARARS R Ar 90 B8 Horescent
m 3 gflguéﬁnéﬂgbmposition_as red shade is strengthened by
increasing the content of Gd,lbecause_it has poor temperature
characteristics. The temperature charactéristig mentioned
here 1is measured in terms of the ratio (%) of emission
luminance of the fluorescent material at a high temperature
(200°C) relative to the.emission luminance of e#citing blue
light having a wavelength of 450nm at' the normal temperature
(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 characteristic. When the value

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

characteristic deteriorates. The range of 0.0007sr<0.02 for
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mat eri al of such a conposition.as red shade is
strengthened by increasing the content of d,
because. it has poor tenperature 15 characteristics.
The tenperature characteristic nmentioned here is
measured in terns of the ratio (% of enission

<hATLRREE bt 1 4 YSEP N oA e Fndr lilkictsc pecomes

ht h I th
¥ REoneeaeE, B ot By %Hfateir%?ure aéb”?zé‘c?’a.veTﬁQQ

pfOpOft|°Q8%f§§q%b§tH ng &”59' rE?S €;n°h range of

0. 0003srs ive t era ure c arac erl tic of
SR Ml R HAAD? ST o
h‘ig%éctp%@ e, Wighe! Healing AR 2 fls fod S; ARPNELL Sefers to

nge on t e Contrary,

8_ ggr ﬁt'%mgﬂgﬁﬁ 13 %%rﬁgh%f%ﬂg¥%%%e§%e t9 the emission

srs e proportion o
1&&&HSQ€EPB§ ? fiéﬁ%@éééﬁt°m§§&9ﬂ£§‘v her s
nore desirab e proportion g of |s pre erably
in a ranggneh QhQO r%iofhi gh Jmkeg r gl aty \6%3 ngr lower,
em ssion [um nance 0% or 57 hi gher possi bl’e.

mﬁllash&e i SSd bd umeeanee rtq{eerﬁuhsekheof”b%éa@ed emission
| um nance in.terns of percentage to the em ssion

cleH’EbE'QnSQ ?Bo@oihﬂ@ﬁ@§88ﬂ&e”@ﬁ§rt@| Cé“h@éc‘?r@a&so%nc}m%en the

the proportion q of Ce is 0.003 or Tower, [um nance

qderd egsas tbecaussen t be anundisks ofy exyakhedi 8 Qs .10 Density
centers of photolun1nescence due to Ce é reases an

qWBABhEAE &ferd’ &) efhd haBcPedse dEASiet sRYSACHIMRns :Lty which
occurs. Density quenching refers to the decrease in _
o88ugs| Ahehnt@BSidohcehitilation of an activation agent added to
increase the luminance of .the fluorescent material is.
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

1-p-¢-r04,Ce.8m,.) ;A1l,0,, having different co-ntents

of Al, Ga, Y and Gs or Sm may also be used. This increases
the RGB components and enables the application, for example,

for a full-color 1liquid crystal display device by using a

"color filter.

(Light emitting components 102, 202)
The light emitting component is preferably embedded
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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occurs when the concentration of an activation agent
added to increase the |um nance of the fluorescent
material is 15 increased beyond an opti mum | evel. For
the light emtting diode of the present invention, a
m xture of two or nore kinds of phosphors having

tdonpopiresens ofifvéntpich r GieCedSnT )2AL G haytPfde compound
different contents .of Al, Ga, Y and Gs or Sm may al so -

drmnicsrdiucHurs icupatdses X0 té&x@ﬁrﬁﬂfwo@wl&:ﬁ\@d the garnet
enabl es the application, for exanple, for a

flddresuent | mptet ialyst alctdiveilay dendrce c@fﬂﬁi.ng 4The light
color filter. (Light emtting conponents 102, 202) The

dnighitireym t¢ompp eamponend2i,s ok er@bpyopmp%ddggll;ﬁml Nnitride
a nolding material as shown in Fig. 1 and 2.

dqmﬁuundn$emr@pm©mwumenhrésmmdé1b?eﬂdﬁﬂﬂhéﬂﬁtlhﬁﬁt emlttlng
di ode of 32 the present invention is a gallium

leiyter defcaygiduinoh  senirddadusémicaapaiier okuehf igd erthlciNn on a
exciting the garnet fluorescent materials activated
swbstrmede uin The Moghd pmndésmg Ccatiponaititc tl¥d ZH2the light
enpl oying galliumnitride 5 conpound sem conductor are

emddd ing formpomgent | nglyt bei thdmog t duayterr egf petéroditructure or
nitride sem conductor such as InGaN on a substrate in
dﬂﬂ?h&ﬂmﬁegpﬁ@@ngtdﬂﬂawhxqmthaeeoﬂnﬂuﬂ&m@ﬁﬂon, PIN junction
em tting conponent may be honostructure,

dret @Nospwuctier. or douild s hemmmgmmtsurefmm‘rsm can be
M S junction, PIN junction 10 or PN junction. Various
Sﬂ%ﬁﬂtﬁ%ﬁdﬁpaﬂdhﬂgsnncﬁh@amaberlsblefteﬁedspmﬂdbnguemor layer
the material of the sem conductor |ayer and the

aé‘ldyst:bﬁllq{n’sfatlﬁémé{tﬁ/ thenegfal soIbe madeaELaoa be made in a

single 'quantum well structure or multiple quantum well
structure where a semiconductor activation layer is formed as-
thin as gquantum effect can occur. According to'tﬁe present
invention, ‘a light emitting diode capable of emitting with
higher luminance without deterioration of the phosphor can be
made by making the activation layer of the light émitting
component in single quantum well structure of InGaN.

When a gallium nitride compound semiconductor is
used, while sapphire, spinnel, SiC, Si, 2ZnO or the like may be
used as the semiconductor substrate, use of sapphire substrate
is preferéble- in order to form gallium nitride of good
crystallinity. A gallium nitride semiconductor 1layer is
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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singl e quantum wel I structure or nultiple quahtun1me||
structure where a sem conductor activation layer is

formed as 15 thin as quantum effect can occur.

According to the present invention, a light emtting

di ode capable of emtting with higher |um nance
s@h&b@ﬂﬁu@&b@rhﬁgaﬁ!0@y$@ EBRARBLEPNEY GRAReRe tHRASMition of
maki ng the activation layer of the [Tght emtting

né@MapIA witisi A8V € ifgari vy, Walllk hSugHC i eoPdet NEBNFform an N
20 When a galliumnitride conmpound Sem conductor is

typed,gatliiuen sePPhide, seRifpflucEE, having Q&S itdf properties:

T ke may be used as the, sem conductor substrate, use

(ehrgapphicbicerbshtaba, ietcRl)efsRichDlas | InPFskedd t Pi§E Memission
galliumnitride of good crystallinity. ‘A gallium '

- effiificidacgemieondulrefdrayely ide ARG Hypdedopant such as
r

sapphire substrate to forma PN junction via a buffe
sliayeae , of sépaNreAlldndetc. Tha gsddéxrMmeBi tidGe a3 type gallium

- sem conductor has N type conductivity under the

ntepditi arentfcombictdanedomi ttheanyth8PUMang, akthaughpiaferably
order to forman N type galliumnitride sem conductor
dbpedngitties regbgr @ppant esuchcakr imf, Q@grepel ataQnsr and Ba.
etc.) such as inproved light emssion 5 efficiency, it
Besapsef ertably ddfed cultch ™ t ypendepaghlsiiGR afitiSide compound
Ge, Se, Te, and C. In order to forma P type gallium

- semicodéusear cond®cttype aninigley dbpedopand, ai tp ityype dopant, it

preferably doped with P type dopant such as Zn, M,

iBe, mwfSralled Bao Beoesatse ithei s gaXliwml t diddiden acompound

galliumnitride conpound 10 sem conductor to P type
semapbpdbgtdopidupeda Rithpe dbppet ,dogant sipr efetlablpeocess as
to treat the galliumnitride conpound - sem conduct or
hdapddgwinhaPfuypacdppanradbasich pivitebswaspeed electron beam
and plasma irradiation, thereby to turn it to P type. After
exposing the surfaces of P type and N type gallium nitride
semiconductors by the etching or other process, electrodes of
the desired shapes are formed on the semiconductor layers by
sputtering or vapor deposition.

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

having a diamond stylus which makes straight réciprocal

movement. Thus the 1light emitting component of gallium
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heating in a furnace, irradiation wth | ow speed

el ectron beam and plasma irradiation, thereby to turn
it to P type. After 15 exposing the surfaces of P type
and N type galliumnitride sem conductors by the
etching or other process, electrodes of the desired

EbRPER, Fheo i doRefloutfer o C2ER S Nen conduct or

e of 5,PEARRoER EREF™Gus B0 ) SRh l B LR B Demiceing
PRER T b LR LSl o iR tea by
<P UL ook gl 40 8oE0LE; o SEELIURG, LI PRI Lo 530mm

'iﬁ§§€§i9 aj.CriQgﬁsgéepgvigﬁnséﬂ%ﬁggﬂghﬁtoh%ieﬂ%éﬁgrY“ color

s~ strai'ght Fecrproca

1Lt f |4 itrid [ .
<ERLLTERTPRETA ST S PR TR reso, o
t t { f.
kUL ablly ELORL 9 B0 RS 510 L gy surcnes

mSEL| bLOSFOFPONERLL | Endr GLECAIM LA 100 LA o ' W Bnm, i

Inclusive 1 n consideration 0
tionshi N h o) . rioration. s
oESLELEOTSHLR L AL NEaDLERORTECANUARFIPTBIL AN ensecing
j fve t dys f nor ref.er ab h th .
cSEERELCpok, 4 BARRRer T S Sl B8 cne nsce
11 gRE O¥R; £02nETh350AN oS! kel FNDEOlerkBAMAR SEMHLAT in Fig.
10 conponent “and the phosphor. Em ssion spectrumo

100248 UEiohd OBk LA SRR I i g 2ena trpo
sKOERORRNTF i10W), NghechS HpllRRAd {NPC1ight emitting component
and the phosphor of the first embodiment to be described later.
In Fig. 4, emission having a peak around 450 nm is fhe light
emitted by the light emitting component, and emission having a
peak around 570 nm is the photolumiﬁescent emission excited by
the light emitting component.

Fig. 16 shows the colors which can be represented by

the white 1light emitting diode made by combining. the

fluorescent material shown in Table 1 and blue LED (light

emitting component) having peak wavelength 465nm. Color of
light emitted by this white light emittiﬁg diode corresponds
to a point on a straight line connecting a point of
chromaticity generated by the blue LED and a point of

chromaticity generated by the fluorescent material, and
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shown in Fig. 1, which enploys the light emtting
conponent and the phosphor of the first enbodinent to
be described later. 15 In Fig. 4, em ssion having a
peak around 450 nmis the light emtted by the |ight

<SOHEPS SHAER iR SN 0 T P B e i
(53 Sl S0 SO 18, SRR IS ELL can e

can be repre

BT, e S g Q%‘@angiﬁﬁas%fﬁatih:aﬁ“?s 1 to 7 in

465
SEEDAITD SUBITh  RAJRE BRLD 55 hen ehe
cghegﬁtgog%e%ﬁ%%Q%scggta§Ethongt|C| trﬁé h?%&%dfb?h¥hsmlttlng

connecting a poi nt Ty-end

b LED:RAHo8aR0! BhnObne NGO LELE-ARPo1RLER, B, (DB given

uor escent teria ererore he WI

iﬁo%gigﬁﬁgggfcéﬁ@é?gdﬁgogﬁéOPeéfn Qed 1) A0 égg%%ﬁ? materlalf

centr rtion o romati cr di agram can

AEUMEXICQ%?r§Qe9ny§hn9déﬂ f*uoégﬁﬁgﬂBgHQ5ﬁg'fi€hé LB8proaches

in Table 1. Fig ows the ¢ in ens

tﬁQkor owherplhe 5 LRS- éfﬁ.%r d'{ngk'i% c?oﬁ’@ent of

t he mhlte I'1 ght en1tt|ng d|o els c ange

£9hofLYoERECRRLPREEN s S.Lr@r%a%'e\éerhnd Llsiesh

l0flhes that of bl
percentage to the resin used in the co gnnﬁs as © ue

n

1LAS Whbh Qﬁeségﬂtéﬁgnbf'91u&3es@8ﬁ9rm&%ef{51|d ease

- approaches that of the fluorescent nmaterials

content ohcdBrhhiy r€§C€HE E§Eh€|1h§eh995§asgd%§gﬂt emitting
approaches that of bl ue D when the confefnt o

cbhponeseenhibnt eided rd@@rsﬁé@ée theCHdiedldtGnaterial may
present invention, a light emtting
be used together with the light emitting component which emits
light that excites the fluorescent material. Specifically, in
addition to the fluorescent material which is a nitride
compound semiconductor Capable of exciting the fluorescent
material, a light emitting component having a light emitting
layer made of gallium phosphate, gallium aluminum - arsenide,
gallium arsenic phosphate or indium aluminum phosphate is
arranged together. With this configuration, light emitted by
the 1light emitting compohent which does not exéite the
flﬁorescent material is radiated to the outside without being
absorbed by the fluorescent material, making a light emitting

diode which can emit red/white light.

Other components of the light emitting diodes of Fig.
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conmponent whi ch does not excite the fluorescent
material nmay be used together with the light emtting
component which emits 15 light that excites the
fluorescent material. Specifically, in addition to.the

1 Y oot oF L b P51 thed HedHtne 11 uor ebcent

(G e et el A9 F?H&"Bﬁ(@épﬂitv'enggil Hﬂﬂi

ndi um a1 BREn Bh %%fphvi?'(e'w%m o MiRgea2bagerherid e good
=i <At choefls hetndlc tadfeneivicy ana goos

oes nt _nater dto.th t si de

mec ot e.ﬁa““%%étﬁ%ézwé gﬁ?lu8}§§§§ﬂ eﬁat@ﬁlthe light.
e‘*%%’%i‘ﬁq?#ﬁéé?gﬁ“é%é?gao flnts ofnESY grpnductivity  is
ttl di od EJ% 36,1 and Fig. 2 mnll be
P’&% o B8, ceagliserob iee S hbghare and more
CSERBEI L R AR 58 aniniey,
A R Rt T AR
o081 1Yo 01 Epbh (ULRTENECLEIL Bl 85”5200 bo
CHEIR 44 i S 0 S A Ve 13 e mena,
bécﬁaq]xssé‘r@f @L@r##fér_sed{:s@dlr( %&%{1 ;g,%mgsg%% %g)efficient due

cluding t orescent nmateri

b@eEﬁQSQlGBrEE@eHEfE%E%Q&%l'%&H%% TR HPABLRL: of the above

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

~interface. For this reason, diameter of the conductive wire

is preferably not less than 25um and, for the reason of light
emitting area and ease of handling, preferably within 35um.
The conductive wire may be a metal such as gold, copper,
platinum and aluminum or an alloy thereof. When a conductive
wire 6f such material and configuration is used, it can be
easily connected .to the electrpdes of the 1light emitting

components, the inner lead and the mount lead by;meaﬁs of_a

wire bonding device.

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

105b, and it suffices to have a size enough for mounting the
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to the fluorescent material contained in either of the

above two materials, the conductive wire is likely to

break at the 15 interface. For this reason, dianeter

of the conductive wire is preferably not less than

25 and, for the reason of light emtting area and .
1iGRE BRIALABR GOTRGAGREr A3 WHEhi FhSSHFe PRBding device in

onducti v ire may be a netal such as gold, copper, e

tﬁ?at?‘ﬁ%m ]E%g‘a al uni ?\{nﬁm B7S8n &l | BYUFALikRr ofekight = emitting

cSRBEHERE Yo 28 hLEnLog 50 PBLOEISL 0T SR LS . e
12! ol kBT U ORI ol prer om0
o PBaPd 20,1980 5 TIE, UL Lo 105 EOTPLLSSS 2 SUBrcione
BRI IRTIB e T AT L LLOR EOTPILN
ERRC AN Y e THaRPALTD pEPUBRE 58, emsteins
BT €L 5815005 00t 16 |LGAT 5 11 10, OB ana ene
Bl Lhokeplog LIEk 158! SURMIIAL RANEB0 1 sqps, anseeea by
S e A0 WS AR SRS speraoes by

Cefgll@G b the ALUPEESCoRl - IBLEEL A any! e FLEILET BYronecous

fluorescen . , even | .
STPELERLEELEY A oc80R e, deBlt S AUECA AUy rsng asocs
m&iNeEa | AGMLELLhT BY ﬂf@y%nted. Erroneous - illumination here
refers to such a phenomenon as other 1light emitting diode
mounted_nearby appearing as though lijhting despite not being
supplied with power.

Bonding of the light emitting component 102 and the
mount lead 105 with the cup 105a can be aéhieved by means of a
thermoplastic resin such as epoxy resin, acrylic resin and
imide resin. When a face-down light emitting component'(such
a type of 1light emitting -cémponent as emitted light 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

bonding and électrically connecting the 1light emitting

component and the mount lead at the same time. Further, in
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nount ed nearby can be prevented. Erroneous
illumnation here refers to such a phenonenon as
other light emtting diode .15 nounted near by
appearing as though Iighting despite not being
supplied with power. Bonding of the light emtting
ogdeportent iMfoemdthbe efifduiiencgadb A0bi gt t itliNg 264Pon of the
105a can be achi eved by neans of a thernoplastic '
ligbtn eniditiay epbodes esumfaaer Y Cth@Sichparslt 28nkMn@int lead -
resin. \When a face-down. light emtting conponent
whsgean hheypiégbt einghtiegi componentposenduite@ iy @k mirror-
light is extracted fromthe substrate side and is -
pPebdashgdr &0 garve mefiectdnghduacedbnodes the aapased.he n this
cup 105a) is used, Ag paste, carbon paste, netallic
Cpefp thet harfiake cxudimassedis gprefebablly Ngrendo.1S to 0.8 S
.electrically connecting the light emtting conponent '
ipadus heepount Blestric t heesiatmrndare. ofur ther , modnt38 lead is
order to inprove the efficiency of light utilization
poéfehablyighthimi 3000 dinoded mvrkageeFerbBeyCURtRin 3uQd-cm.
the nount |ead whereon the light emtting conponent
When npaunbéngas péurpiity- ofollighed emd tgiivey refnpeeiont® on the
function to the surface. In this 5 case, the surface
negRghhead, i sherbightbeyittbmy CCdpomets Fenérataiss Menificant
El ectric resistance of the nmount lead is preferably
afeyRt n o30bpar cranthd tierefpref eh b y thiernial 3pbndastivity is
Wien nounting. a plurality of light emtting -
IePhpotént s onSpRELLiBaklyl eadtha he thiegimaleni tohdgctivity  is
conmponents generate significant 10 anount of heat and
PIeErEiRYe hPghlt herddl(sodralitiCvic) | sor rentiighed, and more
Specifically, the thermal -conductivity is preferably
Prefarayly (8% caed ( & Ltgmor "a/ gher prahdghere Materials which

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

The inner lead 106 is connected to one of.electrodes
of the light emittiﬁg cémponent 102 mounted on the mouﬂt-lead
105 by means of conductive wire or the like. 1In fhe case of é
light emitting diode where a plurality of the light emitting
components are installed on the mount lead, iﬁ is necessary to
arrange a plurality of inner leads 106 in such a manner thét
the conductive wires do not touch each other. For example,
contact of the conductive wires with each other can be
prevented by_increasing the area of the end face where the

inner lead is wire-bonded as the distance from the mount lead
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preferably 0.5 cal/(s)(cnm2)(C cm or higher. Materials
which satisfy these requirenents contain steel
copper, copper-clad 15 steel, copper-clad tin and
netallized ceramcs. (Inner |ead 106) The inner |ead
. 106 is connected to one of electrodes of the |ight
1Rpreasey sonpdrdnttile2spegnt detorearhetwuodnlieativd Ofires is
by nmeans of conductive wire or the like. In the case
sefuredo | i furiade t inapgliness wodr ethepl iinnert yledd t kend face
light emtting conponents are installed on the nount
COoRRYCtIRng | wikbBcébeagpndnctiveantierea ¢ upakfeyablyi finen 1.6 S
| eads 106 in such a manner that the conductive wres
t@olhio? iekys Bee hibterns ideratebampife clasentcacttact .t he
conductive wires with each other can be 25 prevented
by i her ea9eng tohefameathe fhsesndebaceimher desheed shape, it
inner lead is wire-bonded as the distance fromthe
naypupe PeaghedobynBransesfse digt t Farspece L&t wegnbeheade by
conductive wires is secured. Surface roughness of the
PRRGRING ebg dRaTf dhe éBRAEciiead wihem tpeesomdigingeit on the
wire is preferably from1l.6 S to 10 S inclusive in
endnépder dhegiehyt €9 osentspladthe sarea opadr hesighdr mf hshe end
inner lead in a desired shape, it may be punched by
e@ns of a die. Further, it may be made by punching
to formthe ipner | ead_ then pressurizing it on the
end face Ther&hyex oleddt +d| regeizgdtarkpyrigmnd sfonnestivity
end face. 10 The inner lead is required to have good '
WHIhnEAL HARALRG t K1ERE BOHEMNMgR TR r €ONEICElver evires and have
co dgﬁﬁive W res and have , good el ectrica

IXBhd T2 ISp EOPAVER Y Hrhe ePREEHfoCally, the electric

resistance is preferably within 300u.-cm and ‘more preferably
within 3p.-cm. Materials which satisfy these requirements
contain iron, copper, iron-containing copper, tin—coﬂtaihing
copper, copper-, gold- or silver-plated alumiﬁum, iron and
copper.

(Coating material 101)

The_coating material 101 is provided in the cup of
the mount lead apart from the molding material 104 and, in the
first embodimgnt, contains the phosphor which converts the
light emitted by the light emitting component. The Coating
material may be a transparent material having good
weatherability such as epoxy resin, urea resin and silicon or
glass. A dispersént may be used-together with the phosphor.

As the dispersant, barium titanate, titanium oxide, aluminum
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resistance is preferably within 300p.-cm and nore

preferably wthin 3p.-cm Materials which satisfy

these requirenents 15 contain iron, copper,

i ron-contai ning copper, tin-containing copper, _

copper-,. gold- or silver-plated alum num iron and

oxddeer silCoani dgomatler pad tOe) 1The awet prgfeBhbBliyalsed. When
101 is provided in the cup of 20 the nount |ead apart
theonflherestenng metteriiall 184 fodmedn bye sfittsring, coating
enbodi nent, contains. the phosphor which converts the
matghtiagninayebbebpmibseti. ghtnetrhtisi rgsegnpoddaht &hétting diode
coating mnmaterial nay be a transparent material having
cgpeblenedt lp@nslding toplsush can dpoxyadesby, caneaolksng the film
and silicon or 25 glass. A dispersant nay be used

thigknges airt promédphgsphorperdsrehdndithperfdantresbantunmaterial
titanate, titanium oxide, alum num 40 oxide, silicon
layexi-de and the like are preferably used. Wien the
fluorescent material is formed by sputtering, coating
(Maddingl matgrbalokPéded. In this case, a light

emtting diode capable of bending colors can be nade

by controMhenguehélmg| rho8 t hagkrdss dungtdeindi by grotect the
aperture in the fluorescent material [|ayer. (Ml ding

lighr pRLtEGDY TREDPEBEAtnd 0204 thes edreddainite oniter 103 and the
protect the |ight enmitting conponent 102, the

ceahrdngt imAtef ¥l 1881arndhiple crotedas nghaapheralfridl external
whi ch_cont ai ns phosphor from external disturbance.
dASEBFBRRAGSt 0 t hBCFPESingnhbaI nEhe, Lirss pmbpdimehd, it is

that -the nol ding material 104 further contain a
preferable that "the molding material 104 further contain a

dispersant, which can unsharpén the directivity of light from
the iight emitting component 102, resulting in increased angle
of view. The molding material 104 has the function of lens to
focus or diffuse the light emitted by the 1light emitting
component. Therefore, the molding 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,

or a combination of these. Also the molding material 104 may

be made in a structure of multiple layers of different

materials being laminated. As the molding material 104,
transparent materials having high weatherability such as epoxy
resin, urea resin, silicon resin or glass is preferably
employed. As the dispersant, barium titanate, titanium oxide,

aluminum oxide, silicon dioxide and the like can be used. In
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di spersant, which can unsharpen the directivity of
light from the light emtting conponent 102,
resulting in increased angle 15 of view The nol ding
material 104 has the function of lens to focus or
diffuse the light emtted by the light emtting
a8QIRosLNto Iher;afigberstahe,n%@sgao%ah%y A1 s0bd oM ined in
made in a configuration of "convex |ens or concave
thénsmoRadfhgtin{aeialan €l a1 ShaBeoPisgVi E¥€0hd present
the direction of optical axis, 20 or a co i nation of
ihheseion) Sehé hshHBDHED AUMARISE | 3bnddn &R Ye i DRI qr{é 4nolding
structure of nmultiple layers of different. materials
mReefgal adirnaiedthAS ddit iR dhaeFBAL! | AlyHdM the phosphor is
transparent materials havi'ng high-weatherability guch

cORtEPREY I€Sithe UnBAdRAS MmatekigD) ré?r?t_ilna Olof9! 388w! Scan be
preferably 25 enpl oyed. the dispersant, barium

fhitREAt enciéd S84 UM P dfhos St MM DXéd e SEdAtclhed in both
di oxi de and the like can be used. 1n 41 addition to, '

thée cdiadfieigs adte S PAAE ek ahs2dRRgCARItRIYIRd .i N Fhbeher, a
nol di ng material. Nanely, according ?o t he present

résientimiludiigy ph@&phphoﬁﬁhobe R@Pt BedsRid hak | thé Ne&oating
nmolding material or In the coating material. Wen the

mpbespabr whibeconsahgedglaskhe rulfder@entt oy . tHedl &oating
of view can be further increased. The phosphor may

" matepidk, cast aheedolaihgt hatbheagoat imhg smidadsalitabssible to

the nolding material. Further, a resin including the
mphosphoureny N gisedermbtt hreg cadbiag whirtherisil 18851 gubject to
using glass, different fromthe coating 10 -material,
the ihfluehce nof mdEstwle Whils geddspiédpossiidge. t The molding
manufacture a light emtting diode which is |ess
asdibfeetcoat indenanfd Lsmclee aflad®i of Utlee Védre gotbrial in order
productivity. The nol di ng
to match the refractive index, depending on the application.
According to the present invention, adding the dispersant
and/or a coloration agént in the molding material has the
effects of masking the color of the fluorescent material
obscured and improving the color mixing performance. That is,
the fluorescent material absorbs blue component of extraneous
light and emits light thereby to give such an appearance as
though colored in yellow. However, the dispersant contained
in the molding material gives milky white color to the molding"
material and the coloration 'agent renders a desired color.
Thus the color of the fluorescent material will not be

recognized by the observer. In case the 1light emitting

component emits light having main wavelength of 430nm or over,
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and the coating may al so be made of the same materi al
in order to match the refractive index, depending on
the application. 15 According to the present
i nvention, adding the dispersant and/or a coloration
agent in the nolding material has the effects of
_masking the color of the fluorescent materi al
1sbssumaranpréfiprabviegthas cdlitoraviiodiety gesdrbemneeich serves
That is, the fluorescent- material absorbs blue
agokpohenstabidieeanbeusonrdaingfit and emits |ight
thereby to give such an appearance as though col ored
Epmhogémeaty, 2ZHowever, the di spersant contained in the
mol di ng material gives mlky white color to the .
nmol di ng' ThRet dight gmdtthiagcdiodet oénthgesecpaddenbodiment of
desired color. Thus the color of the fluorescent o :
that @uegenti | invienthen 25 esadai rod byindgeaobsekemmt | provided
case the light emtting conponent emts |ight having
wirhhn gRdidiu@hghht 5ida3manpoungy esemigonducter nwhéch has high-
preferable that ultraviolet absorber which serves as
enpgay fal | gaer be ddwm alhebt Fembitibrnt layewe &s ghthe light
emtting diode of the second enbodi nent of 5 the
eBiESERE FATRAREBR PBAdnAdélB9resraptamatkcieht ipebvdied two or
W th galliumnitride conpound seni conductor which has
MArgh- k&RESgy HandPBRPPHATLE he Offi gitifdfiAnarntng ¢eyres sions, or
the light emtting conponent and a fl uorescent
PREERFRBIY | ncYLBFAYTrAdUBANURDERTRERds SLuphesphDEs obaterials
di fferent conpositions, or 10 preferably _ L )
aghEvYaERdal dftim G&EHSM 11 @8 eddtht RROEPHEKS Wwith this
ac%lvated,mﬁth cer.iym as i he phosphor. Wth this )
CRBAtPYERBEPBN, 2a 44 Yrtting diede which allows tte give a

dgéygeg color- tone by controlling the contents of the two or
more fluorescent materials can be. made even when the
wavelength of the LED 1light emitted by the light emitting
component deviates from the desired value due to variations in
the production process. In this case, emission color of the
light emitting diode can be made constantly  using . a
fluorescent material having a relatively short emission
wavelength for a 1light 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
material represented by general formula (Reb¢smg3(Alb

.G3a,)s0,,:Ce may also be used as the phosphor. Here 0Osr<l and
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desired color tone by controlling the contents of the

two or nore fluorescent materials can be nmade even

when the 15 wavel ength of the LED Iight enmitted by the

light emtting conponent deviates fromthe desired

val ue due to variations in the production process. In

j1S C , p&M Sssign 0 he .light, emttipng djpode

Ogc%gn1 'begﬁrr(gdg%co%zt ggt ﬁ%a%;tl n%m.; gelFngpes‘{%‘?ﬂ ﬂatg’q afnd La.
THEY I NGoRriGhAALYShY QLS €miySSi velengt by £ of 5

Iighthnitﬁing conponenF ofqg§regg?%%€¥§ gﬁ%rtgl$8£l%e the
A es ol vaye! gl Pt TIHOLERSEN! TG | Anen  the

having d relatively |l ong em ssion wavelength Tor a
fIdscet thd t¥r LoNPoRepipffed £6! aligheli%t! i gh—

em ssi on wavel ength. As f%r ?he ?Iuo éSéé%F%%gFgﬂquQ energy
vits S 1OT eSCIRNt em2BLBBT @y Alnd ePE§RENT e |

formul a (igF_anr) 3 (Xil_ ,Gﬂ?ﬁSOlgaégéﬁixggéﬁ?qﬁ?t for a
1 @siddeoPhespBobr Ml QisdslyRad 93381

<¥§fﬁ% at | east one selected fromY, Cﬁ gﬁﬁqégg e?%ﬁ%onmental
coTI WHAL | 8 TkRS dfoROSEI bl 980 Wrlicl 2y t o ich i

denaturing of the fl uoor escent fr%teri é\r‘lte@\}gﬁ] V\Egﬂd?héﬂthh S
sUl JESESEONtexReRIN Y 1rfs RIDASRAO BLEB: 1 AN t issi

hi gh-energy 5 visigle light emtted by fherﬁgg%tynd emission

1wlinanddy PNt ah@r has Eﬁ@gd@ﬁﬂf&ﬁf%mié@@bﬁrﬁ$ﬂﬁanent of

used under various environnmental conditions, an
hilgreneidmanze icait bemnhalieng di ode which is subject to
extrenmely insignificant color shift and em ssion
| um (R Hec oA sheas@doad bhBodembhed eni ssion
- conponent of 10 high |unm nance can be nade. (Phosphor
of the sawand emdodpnesphoiNowutBa PRESPhGhe USEdght tRGitting
light emtting
component of the second embodiment will be described in detail

. below. The second embodiment is similar to the first

embodiment, excépt that two or more Kinds of phosphors of
different compositions activated with cerium are used as the
phosphor, as described above, and the method of using the
fluorescent material is basically the same. |
Similarly to the case of the first embodiment, the
light emitting diode can be given high weatherability by
controlling the distribution of the phosphor (such as tapering
the concentration with the distance from the light emitting
component) . Such a distribution of the phosphor concentration
can be achieved by seiecting or controlling the material which
contains the phosphor, forming temperature and viscosity, and

the configuration and particle distribution of the phosphor.

J
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conmponent of the second enbodinment will be described
in detail below. The second enbodinent is simlar to
. the first 15 enbodi nent, except that two or nore kinds
of phosphors of different conpositions activated with
ceriumare used as the phosphor, as described above,

Tiensl hbeorBiNRgd tof tifd Ngedbied EhMOAERERA! HE%‘EEEE{:}:B.én of the
basically the sane. Simlarly to the case of the first

£ oudosk et , mhberid0 to@Ben€PhtibAidi Qe et kA FcKBPding to
hi gh weat herability by controlling the distribution

tid tdpemhobphorcdicti s .t apennBe hBEoLQNA ntE@IiEH% second
with the distance fromthe |light emtting onponent) .

endbsdiimertt 5t ef Bit i eAcf othe MAs T s S 6P4 A ahb0Anct@sed by
be achi eved by selecting or controlling the materi al

dedi i Ceoé ai HSrdhigeddros phex ﬁt%-mﬁ%t%?efnﬁiﬁlé’ €kinds of
and viscosity, and the configuration and particle

fIhdﬁésdnﬂtOﬁaﬁériimsphﬁé?h@kampﬂé,TEH%aﬁﬁiﬁbd&Bgth% order of
the second enbodi nent, distribution of the

néd riosescent e eLiiahtCoaRErt {1ey | eambs_naﬁ{:?”ﬂdt%}ding to. the
according to the operating conditions. Also according

light heermecoret g Meight effiitai e ¥oaibonieat.
em ssion can be increased by 5 designing the
arrangenenitiof thee tonfigurateoki nsis ehe fEHebRECRIMbodiment,
materials (for exanple, arranging in the order of

sineidianelss to tihe | fohdt erinbbdigea@nPAniyit) &RLOENAIdi6de has
the |ight generated by the light emtting conponent.

hiyt hefifiiec endy qunditérosug 1 fxehts enesich winedidi whelD arranged
simlarly to the first embodiment, light emtting .

adfjasrinthas dw gin eflie orsmbyitgnd et veght Hiefi-shapae light
even when arranged adjacent to or in the vicinity of '

emigitimg/eComppghnbutgidth | rghfation intensity (Ee) within the

range from 3 Wem™? to 10 Wem™ can be made.

The yttrium-aluminum-garnet fluorescent material
activated with cerium (YAG fluorescent material) used in the

second embodiment has garnet structure similarly to the case

‘of the first embodiment, and is thérefore resistant to heat,

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

wavelength of excitation of another yttrium-aluminum-garnet
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emtting conponent with radiation intensity (Ee)
wthin the range from3 Wm2 to 10 Wm 2 can be
made. 15 The yttrium al um num garnet fl uorescent
material activated with cerium (YAG fl uorescent
material) used in the second enbodi nent has garnet

£3hbEs8ER SimtaFin t ddit fase WAfeH heeldiLgt .
enbodi nent, and is therefore resistgﬁt%thﬁgat?f IFBﬁt second

efBdamRbat utln Hie peakneavelingh &f eXBLLALEAN LYl ¥ dashea

20 yttriumal um numgarnet fluorescent materr al

1ihe. ineqard sApodhieRheCHbNE w8 ERGLHOGRM ion
indicated@%y the solid I?%% in Fi%. @igﬁang fﬁgs&éﬁg can be
s¥BV @leaRgtdd BHm 8% S Sindil Gdeddey SEheNQH: h’i;\]xﬁ.n ¢ in Fig. 5
i ndi cated by the solid-line i nY Fi gfa SB,S_ iP]é' rral%lnng 9 B
whilBe eithEShgNtAREChAHEY 68 !@.E@é@rﬁﬁt 9 tbéydadméfs txﬁ) 2223l out to
700nm This makes it possible to emt green light. fhe
7P6AK. VEBNEL efighds oft exsdd 1O Ofe@OLALY 1ignt.
yttriumal um num garnet 45 fluorescent materi al
activat edwabhenigt hure of thee eftoned ankedi mat fQaecdds to a
set near 450nm as indicated by the dashed line in
skbgtebAvarsl ditipedly waubkengubinh epasei f Cal beamong the
set near 600nm as indicated by the dashed line in Fig.

cofstbtudnte wEKi thet hean@mfssbeasepaet IMdRSPIPT 0d/AvAhg garnet

to tail out to 750nm This nakes it possible to emt

stedetugh) . wiMvebengind ofhé heaesiéngeh | bphtntsesbifé@d1ight is
to a shorter wavel ength by substituting part of Al,

shitvedthe acapsgeruenielehgthe byAGubsditengskeBart of Y with
mat eri al having garnet 10 structure, with Ga, and the.

Gdwa\ezidefegt hLaf. t hepropdtteibd | @it sebsshttteflgt (AR with Ga is
| onger wavel ength by substituting part of Ywith &
pmﬂémbl)a.ffmmmatzkb#uof sobsi6 tin i dgnA detdbié® o6 the light
emitting efficiency and the wavelength of emission. Similarly,
proportion of substituting Y with Gd and/or La is preferably
from Y:Gd and/or La=9:1 to 1:9, or more preferably from Y:Gd
and/or La=4:1 to 2:3. Substitution of less than 20% results
in an increase of Qreen component and a. decrease of red'

component. Substitution of 80% or greater part, on the other

hand, increases red component but decreases the luminance

steeply.

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

proportions. Or either, mixture material is obtained by
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preferably from Ga: Al1=1:1 to 4:6 in consideration of
the light emtting efficiency and the wavel ength of
emssion. Simlarly, 15 proportion of substituting Y
with Gd and/or La is preferably fromY:Gd and/or
La=9:1 to 1:9, or nore preferably fromY:Gd and/or
digsoflvintg Za¥e Sabshitelementd Ivssadhanc20%reswWid Sm in
in an increase of green conponent and a decrease of
staeidchicorgporierdl.  Sulgptartiidnen din' 8GHbial, groeaireicipdtiting the
on the other 20 hand, increases red conponent but
salatrieas exxalies lamidhamnce fistigeplthe Mapreclp ifrercemtli optain an
such a phosphor i s made by using oxides of Y, Gd, Ce,
oxigde ML Sne andpCacbpitabppuwbichvhishthen migedasiity aluminum
converted into these oxides at high tenperature, and
oxRlesufahdci gal L jumi xaxigle heseThias emiattsuten is mixed with an
stoi chionmetrical proportions. O either, mixture
appuanyidtd sqoimtitedoby a 4B whrsisld vSugh ras e aeavhlium fluoride
elenents Y, Gd, Ce, La and Smin stoichionetrical -
ugeb@RS tad ohtuxn apd dficedr évi pi tancnplehat soltatrperature from
oxalic acid and firing the coprecipitate to obtain an :
1350 deoofl 490e Bhpircigdirt afer whitod Bs Hdwers Jri xarthes tbhe fired
alum num 5 oxi de and gallium oxide. This mxture is
mafierdd niiish grPungbh oy ikald quiddt iitry weftex f wamtiedo seplarated,
as amonium fluoride wused as a flux, and fired in a
driest il sdteved dsaekyute fobdminl3be tdesi4sd Sakaraal.
for 2 to 5 hours. Then the fired material is ground
by a bal |I%i Fhej geqandr emhadiaentsepdeattsey onOmdréetinds of
and, sieved thereby to obtain the desired material. In
Y e Weediir iawodgiarast, fhecragcent nhwderiiads ofctivated with
yttriumal um num garnet f|uorescent materials '
cerdumy ffed ik ferent compositions may be either used by mixing

or arranged independently (laminated, for example).. When the
two or more kinds of fluorescent materials are mixed, color
converting portion can be formed.relatiQely easily and in a
manner suitable fof mass production. When the two or more
kinds of fluorescent matefials are 'arranged independently,
cdlor can be adjusted after forming it by laminating the

layers until a desired color can be obtained. . Also when

~arranging the two or more kinds of fluorescent materials

" independently, it is preferable to arrange a fluorescent

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

away from the LED element. This arrangement enables efficient
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ceriumof different conpositions may be either used by
m xi ng or arranged i ndependently (lam nated, for

exanpl e). Wien the 15 two or nore kinds of fluorescent
materials are m xed, color converting portion can be
formed relatively eaS|Iy and in a manner suitable for

duct Wh Ki nds of
RSB EAL A BRLED 0 LRI ],
oo ghB AR SR RE AL Sl s

mﬁi‘aopﬁr‘gﬁﬁaﬁ%& i oo %ré%“égﬁéa%’?h% kiz?@rgum—alummum-gamet
£ ref erabl e, arragg 3 ﬁfcent mat eri al, t hat h

Y@%ﬁiﬁe??ghPaFFﬁﬁP eI? rn t ?f?%b cGﬁﬁBﬁéﬁFlOBF ads the
£ St e aE ab A BT (REOYE | i makes it

P%ﬁi%é%ﬁ%ﬁt H@ﬁ% %Liéehhiieéﬁ%te%%”iﬁig?m Fgraglg of emitting
h h de_of
l%%%ona ﬁ%an nFO Z eﬁgg%_t %Eltabnt Ié%ﬁggﬁy%eﬂlﬁagelength

oS LB AU TR Dby LA STl bR g PLomponenc

S T, BB i B o
a%?skﬁﬁﬁt en1{?eg£%0| q?@é&%&%%(ﬂ %%#gl mf gh&??tng light of
CFEBRNE oA AR I U L1,  an
I e T O
o¥hi glhd s thE chuoMapiGid Yy ROAELS G301 L5+ Ls BR9a Pininum-garnet
fluorescent materials of different compositions can be emitted.
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
emission wayelength of the LED element, thereby compensating
for -thé' variation of the emission wavelength of the LED
element. Also a light emitting diode including RGB components
with high luminance can be made by selecting the emission

wavelength of the fluorescent materials.
Moréovef, because the yttrium-aluminum-garnet (YAG)

fluorescent material used in the second embodiment has garnet
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of the two or nore kinds of yttriumal um num gar net
fluorescent materials of different conpositions can be
emtted. 15 According to the second enbodi nent, col or
can be controlled by changing the conpositions or
quantities of the LED elements and fluorescent
sthcanrel s the nlight i enitking fighe of ttlimgseddndeenbodiment
l ess varjation in the em ssion wavel ength can be nmade
cagy eettectight t A€ Highr dovdimanas cfeml 3 doogr dieniad of time.
the 20 enmi ssion wavel ength of the LED el ement, thereby
Aleonpdesdtiohy erdtting dapdgsi ef shet hdrsti smbodiment and the
wavel ength of the LED elenent. Also a light enmtting :
segiogde SHRALUAS FEEP cBRPBAGAE s Wikt L ighgh emht himg ecomponent
. can _be made by selecting the em ssion wavel ength of '
insf@liedor skident LHIRERTIRRE . 2WatBEEdler, bdd@sse herause the
yttriumalum numgarnet (YAG fluorescent nateri al
copyedted tHeNSeditd FomRn nvaYehasgbhr fkan 4pat of the light
structure, the light emtting di ode of the second '
emdihedi nbHt then 4APRT| | GRLLELANE gRoMBANARKee £BPrgY of the
|l ong period of time, Also the |ight emtting diodes
cogetieds  } 9N b niiddi heat Fen heheshapd @BodP Frerfthenr pitride

eﬁrovL ed Wwth Ii&ht,enitting angonent 5 installed via

SEeGONEUEERT r nBREr ik . 145 BdK&h¥e tRe PRoMRSAKPD by the
.I%ap% has,longer wav Iength t han that of the Iight )

NIEN e eBY COREUFEGRt 18KFEt i ng E8mpBAERPUIBNERGy IdghEhemitted
copyert light is |ess than the hand gap of_ the

byni?%?deffg%ﬁg%%%% cf%iger i 45| eSETPFkefly 3}5Pe to the LED
absorbed by the 10 nitride sem conduyctor |ayer. _Thus, )

1 RER RN PEnE B EPEODRy OEnETLFaGPBs CERE 119HE emitted
mat er i Is directed also_to the LED elenent hecause

byor tihe HutE AR URESEiaN. the NEvEH BRPOFREY LY the LED

element, and therefore the emission efficiency of the 1light

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

Specifically, a light emitting component 702 of the.

planar light source of Fig. 7 is secured in a metal substrate
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1

by the fluorescent material is never absorbed by the
LED elenent, and therefore the em ssion efficiency of
the light 15 emitting diode will not be decreased.
(Pl anar light source) A planar |light source which is
anot her enbodi nent of the.present invention is shown
703 Rify. idverbedh€ pshape hilghtecspudne isisawationt eayer and a
Fig. 7, the 20 phosphor used in the first. enbodi nent
condupbivecpatitenbotnoenshows) cane af oeded n aAftéﬁlémpctrlcally
material 701. Wth this configuration, blue Iight
cemnecetngy thhe ejaidtingaieniaf i the 3éghtoediittdngi somponent and
col or-converted and is output in planar state via an

thptendugtivie patterTpiphosphodi spensiad wheetepdfy Pfin and

Specifically, a light emtting conponent 702 of the

apphiad Linght theurnowesiseriQrshapes gethaledsubstaratet 8103 whereon
substrate 49 703 of inverted C shape whereon an

thesulighton endgtarirmwdcamponeductvm pid t eountedt. shomne light
are formed. After electrically connecting the

erittingdeonponapt| mgms equriedy conpixedtoabd ahhend face of

- conductive pattern, phosphor is mxed with epoxy resin

aBRCEY bl Prlicat ogl!f@eiml/@t%@@ shpeeametef an epoxy resin.
substrate 703 whereon the light emtting conponent

A 7gefileckeunt&dln TRET| igpntaiomng | ag wokson@hffuhisn agent is
secured is fixed onto an end face of an acrylic

appRnged Qi ere pPhit X aipyl neharedfofint ko oxyt iesi rguide plate
reflector film 707 containing a white diffusion agent

794 yhexer abiged ddFpexs iy prheet pdl06pl thenosf fdmaned, for the
optical guide plate 704 where the di spersive sheet

PWWEP?% %gtPE%N?ﬁﬁﬁng(ﬁ14¢ﬁﬁs$ﬁnﬁﬁse of preventing

fluorescence
Similarly, a reflector 705 is prov1ded on the entlre

surface on the back of the optical gulde plate 704 and on one
end face where the light emittiﬁg component is nét provided,
in order to improve the light emission efficiency. With this
configuration, light emitting diodes for planaf.light emission
which generates enough luminance for the back light of LCD can
be made.

Application of the light emitting diode for plaﬁar
light emission to a liqgid 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
pattern is formed.

Now referring to Fig. 8 and Fig. 9, a planar light
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Simlarly, 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 emtting conponent
is not provided, in order to inprove the |ight
em ssion efficiency. Wth this configuration, |ight
sRfBdd | Ngceb £dlbsy f Otop! athdrihleBSSHY WECNthe present
gener ates enough |um nance for the back Iight of LCD
irsent ivm reda. 29 AepdrL8éd OPe Péwi herhedhl (8 Wit%ing device
di ode for planar |ight emssion to a liquid crysté :
shbwapl 8y @Ry .bes adli exgde by n HUAIGNEGhPQYHdZRIn that blue
pl ate on one principal -plane of the optical guide
1ipjtet eemiAOdedvilsy | tigell Dighysembttnhgcheddbetwoens PodsSrted to
substrates (not shown) whereon a transl ucent
wititrelUCighvie b5apaicdlen ¢endartad. 700WAEERT LoRGalifs phosphor
Fig. 8 and Fig. 9, a planar light 50 source according
ard Eneifputenhogilaralr eftatke vikeseanbptiBkeNhueReWphhte 704.
be described below. The light emtting devie shown
in Fig. 8rtie Ingtet iemisitcing devifded Whathir0id halg bloue s made in
light emitted by the light emtting di ode 702
such canverifidyurmatioshi thati Pludy lagael nDOrEr by’ ¥0d 1light
whi ch contai ns phosphor and is output in planar state
endita iy opbimpahegtii d20pl aie HiknedTheol | ghhne#i tEtage by the
device shown in Fig. 9 is made in such a configuration
ogthiatalblqreide ghlateai U70dd yhdhecdhgbite@ntbt ivdite light by a
-conmponent 702 is turned to planar state by the 10
digpersdlvegshdetpl Hie wiidch t bent aimy ephesiphér WhbiRelli At one of
by a di spersive sheet 706 whi ch contai ns phosphor
thiepprdaicdipadneleie pife tive mpitialalplgriceopliste goUi,cahereby to
gui de plate 704, thereby to
output white light in planar state. The phosphor may be

either contained in the dispérsive sheet 706 or formed in a
sheet by spreading it together with a binder resiﬁ over the
dispersive sheet 706. Further, thel binder including the
phosphor'may be formed in dots, not sheet, diréctly on the

optical guide plate 704.

- <Application>

(Display device)

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

610 having a driver 602, video data storage means 603 and tone
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out put 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
bi nder resin over the dispersive sheet 706. Further,
t he binder including the phosphor may be forned in
cdatsolnaleagBeatos .di regd | ¥EONAEE P gigode - -
704. <Application> 20 (D splgygéggigsyihgwﬁquigg a?“; white
ldgutcendeedndi @d ddest b@ IPrAeAR] ih NWEHL T PNoW IHi e 2 arranged
descri bed below. Fig. 10 is a block diagram show ng ' _
ihheateik gunttigeraefiohhadisptayigevéce ascandivAgihoFig. 11,
the present invention. As shown in Fig. 10, the
idi spldy a25 mmodterreigild SEED adidfa¢li 88l fye devirge €Qdking 504
and a drive circuit 610 having a driver 602, video.
idaprostidedgesimans 603hanbIcEnd g0k {0l 588N$eGA% formed
The LED di splay device 601, having white |ight
iptregtahlydtbeeswbOH. shown in Fig. 1 or Fig. 2 arranged
in matrix configuration in a casing 504 as shown in
Fig. 11, The uheideascipootbr GTat i Kad ERK spidso dayt&e.storage
The casing 504 5 is provided with a |ight bl ocking
meaner (BAMP060Beifoy tempedaridlyegtallingt daseMaihdathe which is
_drive circuit 610 has the video data storage neans
igpat) 608 ftonet enpomali Iyjeaior604y dhsphayoftidedhiagld outputs
is input, the tone control means 604 which conputes
tand cuignals 16oromnerdimpidling otheonindividugit height emitting
i ndividual light emtting diodes of the LED display -
diedése @01 tthe | LAt dishlape depirs f iG@d btbghl i8S with the
according to the data read from RAM 603,

specified brightness according to the data read frbm RAM 603,
and the driver 602 which is switched by signals supplied from
the toné control means 604 to drive the light emitting diode
to light. Tﬁe 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
constituted as described above, the LED display device 601 is
capable of displaying images according to the pulseisignals.
which afe input from the drive circuit, and has'ﬁhe following
advantages. |

The LED display device which di5playé with white

light by using light emitting diodes of three colors; RGB, is

required to display while controlling the 1light emission
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and the driver 602 which is switched by signals
supplied from the tone control neans 604 to drive the
light emtting diode 15 to light. The tone contro
circuit 604 retrieves data from the RAM 603 and

oGPBRLLSE LR AL T AR, AL 4B en T s oty
' l's, for .t i d.off the light ..
mEE  EPRBTOT ofioe 8N MR ek PR o i DY 5q miss fon
.%%éﬁla deyice 20 constituted as. described above, the
LB o DEGEAEE6L LT SIS H° 0P8PI AYFRRE factors of
£ 0Bges ﬁ oordiqg}to thg.galse signals. which are , )
P Aput Brom tHE-driRR cPretlt, altthas2ERRURbY | okifFgLlting . in
AR TREa R LR p A LS el b e e ene
S T e She SR Rl 88 ne present

em tting, di odes rdin

LR Phr PR enbEP RIS ed R o LY (SRFRLRY péEvice 601 is
CSFREE 8 PR, SRR S AL AL 5 B e
A5G | B O RsEOTULER S CA QLEN Bhing i
ey along e Bribbsl i ety oFEoRS) ngdy mesasspry for
the SRS R N L LA U A R =t B 1igne

e%&ég ”ﬁhggegightm&Qiﬁgit%kpghggggfglgf HﬂJeeSE%B ify ;the

RGB, 11 is not necessary”for t rive circuit™
AP OO B SEE B e 68 Uidfhay cevice
at a low cost.

With an LED display device which displays'iﬁ white
light by usiﬁg light emitting diodes of three kinds, RGB, the
three light emitting diodes must bé illuminated at- the same
time |

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

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

emitting diode, and is therefore capable of display with white
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configuration of the drive circuit and nmake the

di splay device at a low cost. 15 Wth an LED di spl ay

devi ce which displays in white 1light by using |ight

emtting diodes of three kinds, RGB, the three |ight
emtting diodes nust be illumnated at the same tine

ldgttt hef | hgghetr dofting tioght eruttheg,diwdas €Hst Ik® display
20 mxed in order to display white |ight by conbining
dekécehreeiciRGBibpyhyserby t migidigodease f eble2eh ®F Xehree 1ight

resulting in a large display area for each pixel and
emikihggi tdicdesssi therd oisdispyawidasehi gh dabi RifsAhy color -
The LED di splay device of the display device : :
cheagedi nipd otbhdluadsiay o6fivasanieonofi RIRONREBStLigd%: emitting

can display with white |ight can be done with a single .
diibdet depentling dnodde ancduwing kargifer eltapan eddéplay device

di splay with white- 53 |ight of higher definition.
oEuthbepresenh iheehEloulilspd ayo sievh gerowi«dh. di spl ays

by m xing the colors of three light emtting diodes,

there i s dscHeaccabedaasbbhe, dtbpl Ayspbhgrdecheagesodi@ed with
to bl ocking of sone of the RGB light emtting 5 di odes
tHep&rdi my.sgrl ayhelen e nemplhay ing t hhel ERglits pindyt tdeyy ckiode of

of the present invention has no such problem As
tHesprebentaboventioe wWhiphays deapaelerofi detitwdnd white light

LED di spl ay device enploying the light emtting diode

isf capebpeesent dispdmyioy weitelblies edyidlel e ldfjheni withg highe
white light 10 is capable of displaying stable white :
defgnhitiwnhangighas agefdvintage anfl hass anobdvauhegennéss. The

| ess col or unevenness. The LED display device of the
LBPeddnplanvaieviie® Wi cthé spcapabteinvention which is capable

of displaying with white light also imposeslless~stimulation
to the eye compared to the conventional LED display device
which employs only red and green colors, and is therefore
suited for use over a long period of time.

(Embodimént of another-display device employing the ligﬁt
emitting diode of the present invention)

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

device has, similarly to a case of monochrome display device,
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of displaying with white |ight also inposes |ess
stinmulation to the eye conpared to the conventiona
LED di spl ay device 15 which enploys only red and green
colors, and is therefore suited for use.over a |ong
period of tinme. (Enbodi nent -of another display device

' ' P tti i od f th ; .
EIBLOUL TR glt ngILLt ] 08 Sholhe PLESe o ing cne
‘] ' 0 ' titute LED di spl
ShEVETHLEM o200 U UKD L COIPULILE PR ek the

détn%%h%tSE‘la&t ;g '&l%’dﬁﬁma% o%ﬂdtﬂleghécﬁeerg“ é%{i{f%sgi 948 ighting

resent ‘1 nvention, as s

cPNIAG ke HED UMY 9o A0 A SPoRLRlens and a

rivecircuit, a display device c

dﬁ’ﬁé?.uézh%?hit %egfdggpggg &gstthtemoeudc'px;}m.efgéﬁim%ft (9fa the tone

circuit o i ce "has, s

&S Pf W&O%?i égpgg d‘ta‘.)lliece%ig?xgr?/i?g&t%ﬁg.%tg?ng&f)des to

storage neans (RAMfor tenporari

i 0 e e dat A € Iﬂggyﬁe(:%@it Ckgcﬁéq%vﬂe% 8%% ‘]?szif"?gly for

the data stored to conp one s

eddH bkgmwgmbge%idgw eﬁﬂkﬁhﬁgi@%ﬁcﬁghgﬁ%ﬂ% light

bri ght ness and Iver whic

ettty Sigide Of t hgd ont_eoné:or}.‘lscfrﬂrocli r"\c:l“fLirtc.].lLig: 8%%\?/(1gautes the

the light emtting diodes to um nat e.

dE Al b 1egHEERY ene SLH@ g%xﬁfatjrrﬁgﬁ@io&éstff%rg%e data

light emtting dioldes an Ite em t

stirde. idhenkonaus oK Q! oﬁit[aﬁi’lgt p‘ﬁqggyt%ﬁag%e;@?? ofurning on

~duration of lighting the ITght emtting _
a1 fattthe Std dnfi tiien RAMo . oyfuy %i@ﬂ&%g/&z'gg'aﬂlt% white

~for turning on and off the light emtting .
1igha) distrybAgthet Buldid & ignals for lighting the RGB light
emitting diodes is made shorter,_of peak value of the pulée
signal is made lower or no pulse signal is output at.all. On
the other hand, a pulse signal is given to the white light
emitting diode in compensation thereof. This causes the LED
display device to display with white light.

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

may ‘be enhanced resulting in a failure to display pure white

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

adding the white light emitting diode as in this display

device.
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light, width of the pulse signals for lighting the RGB
light emtting diodes is made shorter, or peak val ue
of the pulse 15 signal is made | ower or no pul se
signal is output at all. On the other hand, a pulse
signal is given to the white light emtting diode in
conpensat Fon tther ebfivahecsrcaisesft tmmdiEDs diisplay device as
device to display with white [ight. As described
dapoviebedr igfinueass idf U spirefermblee tBAti nprored by provided
adding the white light enmitting diode to the RGB
sepghetehyt asng  doogesontrvleciREGB it giitictniddnipytes the pulse
di odes are conbined to display white light,. one or
signabf fore RGRNuing s theaywbdtenhadnged remitting idiede with
failure to display pure white depending on the
speehf hgd ahgiehtresh. a filshimmses sbgrval whi2h dddiourput from
the white light emitting diode as in this display
thevtere s9nFoelt pérduite isi gdwen dfo dumh whitisplight emitting
device as described above, it is preferable that a
dipde hdrpveyi dderebapdiat eviytek &heorkriomat.r ol Ther ediitte light
whi ch conmputes the pulse signal for lighting the '
Rkt EENg | ghedeniddnpgnaitede whienh thepdcivérdis turned on, and
brightness. The pul se signal. which is output from
P9 Pohevhomtthy driver tig suygiederfifo the white |ight
emtting.,  diode driver thereby to switch the driver
The WRF2EL1¢ ghtgnahl tting di ode illuninates when the
driver is_turned on, and goes out.when the driver is
turned of¥heno theaf fiighsi gemirtinen dhiede glwf the present
.emtting diode of the present invention is used as a
1RYeRt I silgnatssthi &% i3 dn@ffdcofsignal which is a kind of

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

configuration. After connecting power lines by soldering for
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di spl ay device, such advantages can be obtai ned as

stable illumnation over a long period of time and no

col or 15 unevenness even when part of the |ight

emtting diodes go out. The traffic signal enploying

the light emtting diode of the present invention has
timicdormennidrgw it tion hsgwbi erittghy desiiés i agddipdesubstrate

are arranged on a substrate whereon a. conductive

wigdt t exhersal opoer Asepplyj t iaf 1sgltecamett ing 30 chassis of

di odes wherein such [ight emtting di odes are

reidiweget edgnal .ser it oLEpardisplay s dewnidlecdiss pl&®dd in an
of light emtting diodes. Two or nore sets of the

allunginure mi itetcarsy dihaces saregqu ipped, wdath ahadighg bheckight member
emtting diodes arranged in spiral configuration.

andheirs ajdaledyhin ethié¢ tsupfatedestar 8ibi cangedob@b EhBYer. The
are arranged over the entire area in circular

chamsflisgui st popvidktienicddnnactiigepayselor i Defsbyn the display
sol dering for 56 the connection of the light emtting

pldiredasherrwbfi.ne Elestratewininl ext etheal LEOVEIsSLPPl device is
it i's secured in a chassis of railway signal. The LED

padissgl hmmvilceai supbeceddakiany @h uthaubedkeeaStthe chassis,
chassis equi pped wth a |ight blocking nenber 5 and is ,

foyeseal img t Ef sthkacienstiiden of | tben chalsisds fiddrerthdheutside,
chassis is provided with a white color lens on the

WhﬂhsMh@ylnﬁhdﬁe°ﬁh@h@othaEHe@tcﬂ©swdr|nghaé aheibhBl of white
di splay device is passed through a rubber packing on

lighd Hacknaste + hed chbgral, of f bigen| rabiabilite casibe made by
of the chassis fromthe outside, 10 with the inside of

diglid ingaseie &hebed emiftisng siipdes obfuttilee présgmt | $nvention
made. A_signal of higher reliability can be nade by

indioyi @i pdurRd ityghef ediroupag mabdegr@nguhe presenin a spiral

i nvention
configuration swirling from a center toward outside, while

connecting them in parallel. The configuration of swirling

from the center toward outside may be either continuous or

intermittent. Therefore, desired number of the light emitting
diodes and desired number of the sets of light emitting diodes
can be selected depending on the display area of the LED -
display dgvice. This signal is, even when one of the sets of
light emitting diodes or part of the light emitting @iodes
fail to illuminéte due to some trouble, capable. of illﬁminate
evenly in a circular configuration wifhou£ color shift by
means of the remaining set of 1light emitting diédes or
remaining light emitting diodes. Because the light emitting

diodes are arranged in a spiral configuration, they can be
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into a plurality of groups and arranging themin a

spiral configuration swirling froma center toward -

out si de, while 15 connecting themin parallel. The
configuration of swirling fromthe center toward

outside may be either continuous or intermttent.

adFiremgfedr eno e sderetk Iyunbedr ofhé heeht@hf A4 Hrgen without any
di odes and desired nunber of the sets of I|ight

de/fifieirieng dimpatess ioan flremsslignted dppeoding 9Achh8escent lamps.
di splay area of the LED. 20 display device. This

<Eixgmplleise, even when one of the sets of 1ight

emtting diodes or part of the light emtting di odes

fail. to iTHeunm fialkowiegt oExamplesoubhest@pabl Blu®frate the
illumnate evenly in a circular configuration wthout
prelsentshirtertyionreans deftaile betniamenthset t6f Hd dbnstrued to
emtting diodes or 25 remaining light emtting diodes.
1Bad4usbet seobieghheerbift.i ng di odes are arranged in a

spiral configuration, they can be 57 arranged nore

(Bxagplly Agar the center, and driven without any

di fferent inpression fromsignals enploying :

i ncandescé@xanpdigpd. pro@igiesl esiighe feolitednagcbnpopkas having
further illustrate the 5 present invention in detai

apuemase 1ot peekbetcdhdnmueddt e hkilfi witthea s€opeénm employing a
thereof. (Exanple 1) Exanple 1 provides a |light

Gadnilt | seiterpdieter havi e ahigm seimdttieak adbmgddamt of the
and a half width of 30nmenploying a 10 GalnN '
PEeARBSndIdEmt ioThels | made ebivt thluyiogrpeM@n( toimeétieyl gallium
present invention is made by flow ng TMG (trinethyl :
gaal| T (tgaignetiml (irdiemhygasndinit)ogas, gast raagkndopant gas
gas and dopant gas
together with a carrier gas on a cleaned sapphire substrate

and forming a gallium nitride compound semiconductor layer in
MOCVD process. A gallium nitride semiéonductor having N type -
conductivity and a gallium nitride semiconductor having P type
conductivity are formed by switching SiH, and Cp,Mg as dopant
gas. The LED element of'Examplell has a contact laYer which
is a gallium nitride semiconductor having N type conductivity,
a clad layer which is a gallium nitride aluminum semiconductor
having P type conductivity and a contact layer whiéh is a
gallium nitride semiéonductor having P type conductivity, and
formed between the contacf layer having N.type conductivity
ahd the clad layer having P type conductivity is a non-doped
InGaN activation layer of thickness about 3 nm. for méking a

single guantum well structure. The sapphire substrate has a
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together wwth a carrier gas on a cl eaned sapphire
substrate and formng a galliumnitride conpound
sem conductor layer in 15 MOCVD process. A gallium
nitride sem conductor having N type conductivity and
a galliumnitride sem conductor having P type
-conductivity are fornmed by swtching SiH4 and Cp2My as
gaddpamt nigasdeTlsemiEbnduenent lafebEx&ophnaedlthasedn under a low
contact layer which is a galliumnitride
t exgpreEiradvdhec ttor niveks ey B ffgre opeitct i Théyp  29pa gkmdconductor
layer which is a galliumnitride al um num
isseammeriadtar ahaempgrRtuype ofonicti Wt Yardifk dafter forming
contact layer which is a galliumnitride
theefiidonduct or having P type conductivity, and forned
- ‘between the contact |ayer having N type conductivity -
and t he Afded agepohitng nghP tsypefarmrsdusti W tyypes &nd N type
non-doped 25 InGaN activation layer of thickness about '
sepyeendyctoakilayeas biyngktehdongnt nnandl p slevtitodes IFhe formed
sapphire substrate has a 58 galliumnitride
bys espwidieitictidor | Afkerf scmebingertden semierormidcawr wafer which
tenperature to nake a buffer layer. The P type
hageheinduader asi sdesaribed] abouet edpghat verei tofinkpO0C€omponents
above after formng the film 5 After exposing the
arguirpgdeedyoflipidype the wefgpevitknexoexnal ofotegers by
etching, n and p electrodes are formed by sputtering.
After schgi ngight semitbhugctermperient wrate Has bben above
~made as descri bed above, |light emtting conponents
Precesindé MPudit@ddiiny a heupa® &r awmongx tleadalwhiotcel.s Iitade of
.The light emtting conponent nmade in the above
SléV@éeggangmﬁrrﬁeéd by ieuppordingrowathl eeppxshicesis.  Then

made of siIver-ELated steel by die bonding wth epoxy
elpgg;g@eqh@ﬁ the light emitting component, the mount lead and

the inner lead are electrically connected by wire boding with
gold wires 30um in diameter, to make a light emifting diode of
lead type.

A phosphor is made by dissolving rare earth elements
of Y, Gd and Ce in an acid in stoichiometrical proportions,
and coprecipitating the solution with oxalic acid. Oxide of
the coprécipitate'obtained by firing this material is mixed
with aluminum oxide, thereby to obtain the mixture material..

The mixture was then mixed with ammonium fluoride used as a

' flux, and fired in a crucible at a temperature of 1400°C in

air for 3 hours. Then the fired material is ground by a ball
mill in water, washed, separated, dried and sieved thereby to

obtained the desired material. = Phosphor made as describe
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el ectrodes of the light'emtting conponent, the nount
lead and the inner lead are electrically connected by
wire boding with 15 gold wires 30Mmin dianmeter, to
make a |ight emtting diode of |ead type. A phosphor
is made by dissolving rare earth elenents of Y,

o S0 1R AT NSTOTELE L DO maeria
e Oul SRR PLERLE OO 00 DY TLTLAS LS oo
2608 18 DSy 0 TSRS TE o o co

i%idqg3in a crucible at a tenperature of 1400C in air
or’ 3 hours. Then the fired material is ground by a

ool 20, ML AU Sy SRS, SRR PR macersan
RS GTRS 8208 15, 8, PB(50l g ggen nas been maae
L BESILE WY SrdCI RIS IR Sy reete
SEOSELABRC 9 bl S 3D e gBRERL S e sturey
P AEEPLHL 07 Al (Y0 O, AL S CIpfES REFon e
PR RS SoBHLFLOTLLY ABRAAS LUABLN Bpyriga, e
05T egg MOPLSE0: B 8011 -ET LIS COBUIEY navin

® S e g b S 0 0 L 00p B 15 o
on the light emitting component. 1In Example 1, the coating is
forhed to .contain the phosphor in gradually increasing
concentration toward the light emitting component.
Irradiation intensity.is about 3.5W/cm?. The light emitting
component and the phosphor'are molded with translucent epoxy
.resin for the purpose of protection against extraneous stress,
moisture and dﬁst. A lead frame with the coating layer of
phosphor formed thereon is placed in a bulletéshaped die and
mixed with translucent epoxy resin éndlthen cured at 150 °C
for 5 hours.

Under visual observation of the light emitting diode

formed as described above in the direction normal to the light

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

rendered yellowish color due to the body color of the phosphor.
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on the light emtting conponent. In Exanple 1, the
coating is formed to contain the phosphor in
gradual ly increasing 15 concentration toward the |ight .

em tting conponent. Irradiation intensity is about
3.5Wcn2. The |I@ht emtti onent .and the
-phosphor YFRSHHPHERRES t h @ ansF SRRtdFdEy reRPHRfor color

SRSt a8 Lok | B %l%sbmrmﬁétx{%eﬁﬁé@?h;x%%ayeqmutmg
o ord %Z%%Sr%%%%%eé RO WK (T SRATIERE SpdkFing white
HRLp AR okt DT o of C13 1 i Bl for r%%%’f&f’cem RREE (%
vf§ 9%55055 swfﬁﬁarsi e 080 LB SaRaT A0 bhaox fhe1oE rendering
AR haTosbign U8 SRRt O SR it By o
RO St i, 6 : TS ey o
gaﬁé*”v“?&es Vre?*é‘r“%o SRS T BRI i rartner
11( X?.J_?e?/t\éﬁ EQ' Sﬁdggn‘gggﬁéﬁg ngf %08§}e§g§%%\,t§.z?wg:r&§ current

{éwe?ft%%sg iy °f%a§ﬁ%a§aﬁvc§z5dirmrj' LB YW re, no

cﬁ%g% Oéué”t'o” eff@@f é EHEEP?%l bgsl 'obeser%%tdzf proving

r conditions o energl za i on W a current

t}@:QETAt E 2151%&11_208?%19%18;0&%%20 tnt 60&1_ éper%)e/o B’ﬁ" service
ange ue tot 'uoresce _
le’éefQ’cﬁg t#¥ ®dd¥ntional blue light emitting diode.

(Comparat ive Example 1)

Formation of a light emitting diode and life tests

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

except for changing the phosphor from (Y,.,Gd,,);Al:0,,:Ce to

(ZnCd)S:Cu, Al. - The 1light emitting diode which had been

' formed showed, immediately after energization, emissio.n' of

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

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

cause of deterioration shov}ed that the fluo_resce_nt-mater_ial
was blackened.

This trouble is su'pposled to have bee_ﬁ caused as the
light .emitted- by the light emitting component and moisture

which had caught on the fluorescent material or entered from
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that the light emtting.di ode had no difference in
service life fromthe conventional blue |ight
emtting diode. (Conparative Exanple 1) 15 Formation
of alight emtting diode and life tests  thereof were
conducted in the sane manner as in Exanple 1 except
theroehahde ngrewghbhaephlorpietm ysds 0@make Ial3Eidal zinc to
Ce to, (ZnCd)S:Cu, Al. The light emtting di ode which
PHR@LBERRte f PRredtRAovRer f3¢Rredd bt ethe aftugrescent material,
energi zation, emssion of 20 white light but wth | ow
resid hidgein| plackened; esrfacke . RRAPLES dofi hifmegesss under
-zero in about 100 hours. Analysis of the cause of
cordttionait obnereogetatien with fd uoresemntofMm @A adt 25 °C and
was bl ackened. This trouble is supposed to have been
29miysetl 49 t'Rewizh |908htRierdne eshdwyn t e Fight la@nitogetgper with
conponent and_noi sture which had caught on the
the usreyddst  ofmEermaleorl ent dgdranem B1 gh¥eputidl geerms of
brought about photol ysis to make colloidal zinc to
relalipet MRlWh WHEhsuFeaBeChf ¥he thauodadsdal value  as the
material, resulting .in blackened surface. Results of .
I¢1fECRERt s fndolidc didiq i PGt emdranREtS oh apghagwavy line
.current of 20mA af 25 C and 5 20mA at 60 C with 90% RH
1IDFECRERRC PP H LIS B berl it Fi%-hd 3resul ts of

Exa e 1. Lumnance is given in ternms of relative
REATRLS T

respect to the initial value as the _
reference. A solégﬁL%ne igdicates,Exanple 1 and a wav

_ y .
line indfBaF®am t af i vEI iR ofpt et ANg (FamRpnens waS made in
. (Exanmpl e 2& I n ExaqPIe 2, a_light emtting conponent,
the s SREGe Fanner as In Example except for ihcreasing the

content of In in the nitride compound semiconductor of the
light emitting component to have the emission peak ét 460 nm
and increasing the content of Gd in phosphor than thaﬁ of
Example 1 to have a composition of (Y, ,Gd,,);Al,0,,:Ce.

Measurements of chromaticity point, color
temperature and color rendering index of the light emitting
diode, which were made as described_ above and capable of
emitting white 1light, gave values of (0.375, 0.3'70) for
chromaticit_y_poirit (X, Y), color temperature of 4400 K and
86.0 lfor color renaering index (Ra). Fig. 18A., Fig.
18B and Fig. 18C show the emission spectra of the phosphor,
the light emitting component and the light emitting diode of
Example 2, respectively.

100 pieces of the light emitting diodes of Example 2
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the same manner as in Exanple 1 except for increasing
the content of Inin the nitride conpound
sem conductor of the light emtting conponent to have
the em ssion peak at 460 nm 15 and increasing the
content of Gd in phosphor than that of Exanple 1 to
WaER dad] oRPBsAVEEATSf lunédneeaOintensisdes theseof were taken
Measurenents of chromaticity point, color tenperature.
atfifF oDt I ¥ nkP P hoeRUES - t h&N| itgmsewift pemgentage of the
di,ode, which were nade as described above and capable -
lufinoys epntepradtinivadug ghefogavehml bageoftqe: 375he average
0.370) for chromaticity point (x, y), color :
lumdAedsat tnkert Lmodt keanghegd.if e dieeol wasr 8RdBRi ngroving no
Jndex (Ra). Fig. 18A, Fig.., 18B and Fig. 18C show the
diffiersnse diediien YRt 93HESdsor, the |ight emitting
co nent and the light emtting diode of 25 Exanple
(Exampd&dot i vel y. 100 pieces of the Iight emtting
di odes of_ Exanple 2 62 were nmade and average_| um nous :
intensiti®Wt Prérgg& TRt etingenliostaser WPrghtMade f 0 the same
1000 hours. In terms of percentage of the |um nous , .
m?i%eénsﬁyl\'}aﬁi}@%%rﬁ et £esfdding SPerdyeaddition to
l.um no ﬁhin ensi% after . the life test was 98. 8%
raﬁl’%\ﬁ’zh%” o €+EMGH geryenc%di ANEh &S iR akher irhgsphor to make a

Exanpl e . 3) 100 light,emtting diodes were nade_in the
LIUoResCelner as ?ﬁgﬁ&b ble 1 eXdht for aBEMRAYSEHPR of

dditiog to_ rare th elements Y, Gd and Ce.in the
<Y§n§é€%m et-elsfpake)lﬁf%ﬁl uﬂﬁsgcsﬁfe HdEBt gmiftiRg diodes were

conmposjtion of Y0. 39GJ0 57Ceo. 03SnD 01) 3A15012 .
magRn L hUTEPGRE et ¢ 3 n o ESRBFERUZe Jof 130 ¢, average

temperature. characteristic about 8% better than that of

Example 1 Qas obtained.
(Example 4)

LED display device of Example 4 is made of the light
emitting diodes of Example 1 being arranged iﬁ a 16 x 16
matrix on a ceramics substrate whereon a copper pattern is
formed as shown in Fig. 11. In the LED display device of
Example 4, the substrate whereon the light emitting diodes are
arranged is placed in a chassis 504 which 'is made of phenol
resin and is provided with a light biocking member 5Q5 being
formed integrally therewith. The chassis, the light emitting
diodes, the substrate and part of the light blocking.membef,

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

~with silicon rubber 506 colored in black with a pigment. The
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7

made illum nate at a high tenperature. of 130 C

average tenperature characteristic about 8% better

than that of Exanple 1 was obtained. 15 (Exanple 4)

LED di spl ay device of Exanple 4 is nade of the |ight

emtting diodes of Exanple 1 being arranged in a 16 X
sibstratei andnthecaighicc emstibShgaldd odber @@t AWMV by means
pattern is formed as shown in Fig. 11. In the LED
ofli spl aytdext te 961der IxamEchihe i he substrate whereon

the light emtting diodes are arranged is placed in a

chassi s 5@lewliBih Hisphde afevilenohadeesim &hé iGonfiguration
provided with a |ight blocking nenber 505 being
déscnided ntadgrvad /| y at e wwhiichTheembesst 51y t k& dreght the input
emtting diodes, the substrate and part of the |ight

-db$ptay ndatepber to2d eoneémblf airclhdtt mpsicdf drhvedsisglat the data

emtting diodes, are covered .with silicon rubber 506
stored edni rtlhg aBRMwitich ecoppyirentonghes idithlsubsor allégandng the
the light emtting di-odes are soldered by neans of an '
1aghbrenit tsigiglediindesachite. speciffledi dplightdessceand drive

made in the configuration described above, a RAM
mewns h whaipbor asi |swistalress bfie thpubutbudi spiquyalatof, @he tone

tone control circuit which processes the data stored
comtrpk RAM-cwitonpat echome sitheal dikbrt | ieghittitiggt heliodes to
light emtting diodes with specified brightness and
1jkunEnatmeapsewsilelsticd cawily c leodnigr tielde tout pake sagnalEDofdisplay

the tone control circuit to cause the light emtting
dey seres t By10inivimg die BER @isplaycdeivjcesnndtt ewst overified

make an LED display device. By driving the LED )
thpspthg appRrEREUS| €angbeveppfli @g black and white LED display.
device. '
(Example 5)
| 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 various characteristics.

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. 194, Fig'.
19B and Fig. 19C show the emission spectra of the 'phosphor,
the light emitting component and the light emitting diode of
Example 5, respéctively. Although the 1light emitting diodes

of Example 5 showed luminance about 40% lower than that of the
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that the apparatus can be used as bl ack and white LED
di splay. device. (Exanple 5) 15 The light emtting
di ode of Exanple 5 was nade in the sane manner as in
Exanpl e 1 except for using phosphor  represented by
general formula (Y0.2CGdo.e) 3A15012 : Ce. 100 pieces
Light mrenittging ebiadesn et dioagl eof5 Behpler Hoset evemttherability
and neasured for various characteristics. 20
CoppEARfeko dthathidfmidaginle doiimt 1gdee teatues , of
0.450, 0.420) in average for chromaticity point (X,
(§%ampd@i 6) i ght of incandescent |anp col or was -enitt ed.
Fig. 19A, Fig. K 19B and Fig. 19C show the em ssion
spectra ofhe hdighbssmditt inghaliqdghtobnExanpgec Snpeaennade in
and. the light emtting diode of 25 Exanple 5,
hfeesﬁé’@?l vEannen afoudgh Examplghtl eekcephg fdnrodesmg)f phosphor
anpl e 5 showed | um nance about 40% | ower than that
r%ﬂr%%?éltesh by gﬁ?n%ﬁ'ﬂtifﬁgméilédé‘sl\bﬂlﬁﬂml el®) phevesl of the
dvveatherablllty arable to that of Exanple 1
l%ﬂ?ﬁl?%% ttelRg ¢ HEX§ME1¢|ghwe§ﬁ1madﬁgaddom§asﬂr6d for-

e_ 6 was nade |n 5 the same manner as in Exanple
vag Bt

5t afﬁﬁ"rc‘q%%c’jlﬁﬁosphor represented by general
formul a Y3AI 5012: Ce. 100 pieces of the |ight emtting
di odes of @F&?ﬁﬁ"éerﬁz wefe %@é‘%ﬁ&lﬁ#aﬁﬂ@i fetightly yellow-
vari.o ar acferistics. Measurenment of chromaticity
ILESHE IW ke Lyt oGemRAr g e bR Exammilee 1 iwpg emitfed. The

e ared to Ex e 1 was em_tted. The |ight emtting
llrﬁ?gge Wt%psgg%esﬁgv\@d‘%@ vieafheredi ppp§ weatherability

similar.to that of Example 1 in life test. Fig. 20A, Fig. 20B
and Fig. 20C show the emission spectra of the phosphor, the
light emitting component and the light emitting diode of
Example 6, respectively. " |

(Example 7)

The light emitting diode of Example 7 was made in
the same manner as in Example 1 except for using phosphor
represented by general formula Y,UﬂmsGaos)o :Ce. 100 pieces
of the light emitting diodes of Example 7 were made and
measured for various characteristics.

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

spectra of the phosphor, the.light emitting component and the

65



N

10

15

20

25

simlar to that of Exanple 1 in life test. Fig. 20A
Fig. 20B and Fig. 20C show the em ssion spectra of

t he phosphor, the |light. emtting conponent and the
light emtting diode of 15 Exanple 6, respectively.

LHEHE BTt ing Died SR IR 1R B dmrteor Bt for

JSLNng, phgsphor represented by general formula Y3
I8 EL Sy 5012 : e, 100 pieces 20 of the Iight

3 5Gb 5) 012 Ce. d d |
For vartobbechelh ST A Adaugn SRemmlm e vas made in

68 HP A, SR PR A ncsgnor

SREERLERERN i A B, S0 R 140,28 LB does

i i . t f hor, t light.emtti
B8 SRR 35S T el Sy b e o
. i.ght. em ) I ode . .
E%?mgéa%ﬁ&é%@vr\gasdemagfe@:}ﬁéaeihﬁ%eds}ercr)exl hicha q,usa Lk\aﬁ%c —eristics.
Ex ] 1 f [ h . 5 ) ted .
geﬁgfa?t f%ﬁnﬁﬁg%d%ﬁ&?%e%oz’éﬁ‘??ﬁﬁf;r _pordfaﬁsﬁ%%og%ample 8
0 ec I B | odes.
sBfkeqo8! 30 LuplfnBkeShefld B QB NY Wshnar <o

R QEtEEASSIES 1A e light emtting diodes
of Exan%Fe 3 shomlérﬁ la' o%hszfJérqn nance, showed good
(eghheLady lity simlar to 10 that of Exanple 1 in

l[1fe test. (Exanple 9) . _
Light emitting diode of Example 9 is planar light

emitting device having the configuration shown in Fig. 7.

In, (sGa, N semiconductor having emission peak at
450nm is used as a light emitting compohent. Light émitting
components are_made by flowing TMG (trimethyl gallium) gas,

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

together with a carrier gas on a cleaned sapphire substrate

and forming a gallium nitride compound semiconductor layer in
MOCVD process. A gallium nitride semiconductor layer having N
type conductivity and a gallium nitride semiconductor layer
having, P type conductivity .are formed -by switching S-iH4 and
Cp.Mg .as dopant gas, thereby forming a PN junction. For the
semiconduétor light emitting component, a contact layer which
is galiium'nitride semiconductor having N type conductivity, a

clad layer which is gallium nitride aluminum semiconductor
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Light emtting diode of Exanple 9 is planar |ight
emtting device having the configuration shown in
Fig.. 7. 1n0.05@&0, 95N seni conduct or havi ng em ssi on
peak at 15 450nm-is used as a light emtting
component. Light emtting conponents are nade by

hab Mg NI TMppét IddRidtivialy,i ul) 3% 1dPr (WHIBR Y4 gallium
i ndi um) gas, nitrogen gas and dopant gas together

nitidde &2uhifimIaEmEBoAdGtE8RCHaTRRPNE! @ yPUbHI AR tivity and
and forming a. galliumnitride conpound $emn conduct or

al ayptact 28ydPCWRiIPHOGRSFalA i IniwPidd ldddfconductor having
sem conductor |ayer having N type conductivity and a

P gakbeumondudtde isgm aendecined|l ayen d@ivikidh (¥dfer of zn-
conductivity are forned by swwtching SiH4 and Cp

- depedoaitaNg ash it e melkest of MaeabaePhekdp6t iRihcti®n th8 formed

sem conductor light emtting conmponent, a contact

béeyesn Wihe e P&d | Bagad | hawi iy IN | €& LB RRRAUGHRYy AW e clad

N type conductivity, a clad layer which is gallium
layér | Nevahgnpnugpeeabaandusv oty . 66 ahdvirFarNithyRe is provided
conductivity, a clad layer which irs gallium nitride :
oml uttheum ssepploiorelucsobsbaytag Byt YpeoeilCt p¥liyuRndnitride
a contact layer which-is galliumnitride.
s aeitenduciod or 1aget ngt Pat {pe tengeehtuiey amrgef or nitride
An activation layer of Zn- 5 doped InGaN whi ch nakes a
seoLbd Rt &f 01hyeet H8n drindaQlei®ht bt weRpetheustads 400°c or
| ayer having N type conductivity and the clad [|ayer -
alhawe ngf fert yiernoiongludie iiiym. A buffer |ayer is provided
on the sapphire substrate by formng galliumnitride
sem conduafver| fgeming &hkowetndopadattoe. 13kerP tyfe exposing
nitride 10 sem conductor |ayer is annealed at a
thenperfingee off 4B0Gywe and N type semiconductor layers by

etching, electrodes are formed by sputtering. After scribing

the semiconductor wafer which has been made as described above,

- light emitting components are made as light emitting

components by dividi.ng the wafer with external force.

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

The lead frame with the light emitting component

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

with translucent epoxy resin for molding, which is then cured
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above after formng the film After formng the
sem conduct or | ayers and exposing the surfaces of P
type and N type sem conductor |ayers by etching,
el ectrodes are forned by sputtering. After scribing 15
t he sem conductor wafer which has been nmade as
atdedsofbedoabdvehouts ghthemebyi e cofon&nb var € igte emlttlng
as light emtting conponents by dividing the wafer
diwdé. exThenhlutoddghtTiemiltitgg eitiods nigs cosrponedd it one end
nmounted on a nmount |ead which has a cup at the tip of -
face! 0ér qi adexlytippepticad quide grgteéywiiehbdsdipajished on
with epoxy resin: Electrodes of the light emtting
akbnpodeftaceshe ndunponeesdizfied e rend naiddel| fade axfe the acrylic
el ectrically connected by wire boding with gold wres
phavéng s ndicanepeinbing@ogm Jppliedd Hyr aneimgt bariem titanate
| ight emtting conponent 25 attached thereon is
dptpersed ninm dul derybhapeindee asdwsiébéedolartheflector, which
transl ucent epoxy resin for nolding, which is then
igukken eyred. 150C for 5 hours, thereby to forma bl ue
light emtting diode. The bl ue light emtting diode
i s connecPB@spbobnectndgreqee andanredr ytptooptiene made by
guide.plate which is polished on- all end faces. On, .
dppeokyinacEaRpdeartk paemeptst RE Xor Bdic 08 @ingd da in acid in
screen printing is applied by using bariumtitanate
SEPipeiaretrirah REPRPFEiPMhdeRndsCORreeipbtating the solution
reflector, which is then cured. Phosphor of green and
w+%@ ON23iS areldmde Byidgi <2bl Fheg rapeeelpitate embipdned by
Y, &, Ce and La in acid in 10 st0|ch|onetr|ca

.fbafb%r*fhbﬁsmaéﬁalebp.lécmam% i"He b luigium jpide and gallium

oxide, thereby to obtain respective mixture materials. The
mixture is then mixed with ammonium fluoride used as a flux,
and fired in a crucible at a temperaturé of 1400 °C in air for
3 hours. Then the fired material is ground by a ball mill in
water, waéhed, separated, dried and sieved thereby to obtained
the désired.material.

120 parts by weight of the  first fluérescent
material having a composition of Y,(Al, ,Ga, ,)s0,,:Ce and capable
Of-emitting green light.prepared as described above and 100
parts by weight of the second fluorescent material ﬁéving.a
composition of (Y, ,Gd,.s)Al0,,:Ce and capable of emitting red
light preéepared in a process similar to that for the first
fluorescent material, are sufficiently mixed with 100 parts by

weight of epoxy resin, to form a slurry. The slurry is
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with oxalic acid. Oxide of the coprecipitate obtained
by firing this material is mxed wth al um num oxi de
and gallium oxide, thereby to obtain respective

m xture materials. The mxture is then mxed with
amoni um fluoride used as a flux, 15 and fired in a

appLLed| €ndfotml PPOREQ HhCaBEy1408016yER Blakih a }hick
l(ﬁours. Then theyfi red ,materigl S g%’oundab; g k?aﬁ tckness of

005 | Imnt NbyWeh@&nsWashed fpeRBiatEateflli th@N¢ SiVedo form a
thereby to obtained the desired material. 120 parts

fhyomes gt Ohatbeifir &hgﬁa'rUQf&SBthseao JRLET IR A dWerting
a conposition of Y3(A10 6Ga0. 4)5012: Ce and capable of '

metetiaNghgvery lad ofiigkensy edraandascrifed. abewe adiorescent
100 parts by weight of the second fluorescent

mavéeiaRl 1agerngis QAPeskbi ofhef sa¥e 4650e6)aSALBRE2: of the
Ce. and capable of emtting red Ilight prepared in a

ppinchssl sigharenix it glond her fiHStopdb Jd QB e B1ate, and
material, are sufficiently-mxed with 100 parts by

ameaghéd obn eftoxyopesddl. i deorphates|tHdnebyR® SAdtl HS planar
68 appliied uniformy onto an acrylic |ayer having a
lidhckembist g deviden bMemanterdnts B4 ditSloitynGoint and
dried to forma. fluorescent nmaterial |ayer to be used
celon redderaunviridengf Meterl fhthatiing: imd sknes yafe values
about 30pm The fluorescent 5 material |ayer is cut
of nf{0.Rhe arBd )si zer ashirbattatithe pdirthc{pal )i HHd 92.0 for
emtting plane of the optical guide plate, and :
ce@lomngszhderite dpidexal (Bai)dewhliahe aher edypioximdte to the
the planar |ight em-tting device. Measurenents of
pripartaiei b pdiwdvefurm cdlapresndeti nampdex Dighbte emitting
light emtting device gave values 10 of (0.29, 0.34) '
efifprcignaneef cilRy} poivhtcdmpayabbadt®2.thatorof an incandescent
lamp was obtained. Further in weatherability tests wunder
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 1light emitting diode and weatherability
tests thereof were conducted in the same manner as in Example
9 except for mixing the same quantities of a green organic
fluorescent pigment (FA-001 of Synleuch Chemisch) and a red
organic fluorescent pigment (FA-005 of Synleuch Chemisch)
which are perylehe—derivatives, instead of the first

fluorescent material = represented by  general - formula

Y,(Al, Ga, )s0,,:Ce capable of emitting green 1light and the
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color rendering index (Ra) which are approximte to
the properties of 3-waveform fluorescent |anp. Light
emtting efficiency of 121 m Wconparable to that of
an i ncandescent |anp was obtained. Further in
weat herability tests. under 15 conditions of

seerd) Adujosieshant amateréal ofepoeyenrted oby general formula
tenperature, 20mA at roomtenperature and 20mA at 60C

(Y. 4G50, ) PR R * G0 ERARYE e ewithiéng| uededdght of Example 9.

mat eri al was observed. (Conparative Exanple 2)

- ClERTAR RS BEY | i GRRrdiRateshg @ff odehandl gk heembtting Qigpde  of

tests thereof were conducted in the sane nanner as in
Caspamreive Bxamptef br thitRi AGroRe ¥ere deandi)t ies(®f34 0.35).
green organic fluorescent pignent (FA-001 of Synleuch -
WML BHE atesd  dramani €ondysitesicerky pi gwepdiating  with
(FA- 005 of Synl euch Chem sch) = which are
U3V L erf 3%t | YRRCTaYRY edtl ofca¥ROR  ragic 25for 200  hours,
fluorescent material represented by general formnula )
TR f9ETL Bra e 1 ghent Gef-taafblsﬂﬂ@rbf_ofgrﬁttrt i kg hfr efer a period .
%i ht and the .69 second, fluorescent material . . )
Of PMesErted WYL ARAFUF i the kwplorere gjem bong eatio and
red, |ight of Exanple

- capable of. emttin le 9. .
CRHIONEORE: 13F CUOF 4PRAL A< t HRTERGN NGy beshoParsad. In a

f. arative Exanple 1 thus, formed were (x, y) = )
r%ol.as&off%.iés esg, V\Eglf’he]r’aﬂghq i 91t ELRI WESTPBREDEL &@spyenergized
irradiating with ultraviolet ray generated by carbon )
tor cefby 2bBIRourdt RepredehRihg EAUP9EREWFe of 70°C . while

G P e g TRAT AR LG hOAG 1% | Biakazent times.
oo SR L9PE, el T, H BT e 4B b i
E%?ple@%g' ZeAds will be clear from Fig. 14 and Fig. 15,'the

light emitting component of EXample 9 experiences less

deterioration than Comparative Example 2.
(Example 10) |

The - 1ight emitting diode of Example 10 is a 1lead
type light emitting diode.

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

Electrodes of the light emitting component, the mount lead and:
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to emt light at a constant tenperature of 70C while
nmeasuring the |Ium nance and col or- tone at different
times. The results are showmn in Fig. 14 and Fig. 1.5,
‘together with Exanple 9. As will be clear fromFig.
14 and Fig. 15, the 15 light emtting conponent of
tix afpher 91 ex@ ek £aCEBed €FEca B} CFb St t &M RPalire boding with
Conparative Exanple 2. .(Exanple 10) The |i‘ght .
gebhd twings di ode of Exanple 10 is a lead type |ight
emtting diode. 20 In the light emtting di ode of
Exanpl e 1Phosprori gi¥ readd t iHy0  @GQHRARENh hAYIHE afluorescent
light emtting |ayer of Ino.05Go. 95N with emission
mpeakial 4bOpreséneddi sbyrdgehBrae $8PRuIBNNGI(A18SGAD ,).0,,:Ce
Exanple 9 is used. The light emtting conponent i$§ '
capabbted o Eehdtedpgpr gredad Bi?ﬁ.the did @f 8econd fluorescent
silver-plated 25 copper nount |ead, by die bonding
mat ¢hi #poxyepessented| esyr ogdefiephlt heokn@hh ey} 1ddd,),AL1,0,,:Ce
conmponent, the nount |ead and 70 the inner lead weré )
capaivle i ofl lepitarimecteetl by ighte pfregiaig@dMdd rf80i6ws. Namely,
Wi res. Phosphor is nmade by mxing a first fluorescent
rame eerakhr exlremsarttsedo by ygened abnfiorqall are solved in acid in
Y3(Al 0.5Ga0.s)5012: Ce 5 capable of emtting green
s 16 it iemet mi cede b dd ntoi @rsc.e rd ndred @i d i g BRHEISRN e Bblution
~general formula ( Yo.2Gdo, 8) 3A15012 : Ce capable of
wighh t okajicedclidght Qréger ed ashé obbpwecipptetyon bat@ined by
earth elenents of Y, Gd and Ce are solved in acid in
fitigighiitnetsi odxedr opbthi eisimianch copidei pirdt yaYlitR oxide,
solution 10 with oxalic acid. Oxide of the

thegetaci pbt eabteaanoesipest ivye mixture materials. The mixture

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

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

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

40 parts by weight of the first fluorescent material,
40 parts by weight of the second fluorescent material and 100
parts by weight of epoxy resin are sufficiently mixed 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
130°C for 1 hour. Thﬁs a coating layer including the phosphor

in thickness of 120um 1is formed on the 1light emitting
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firing it is mxed with alum num oxi de and gal lium

oxide, thereby to obtain respective m xture

materials. The mixture is nmixed with amoni um

fluoride used as a flux, and fired in "a crucible at

a tenperature of 1400C in air for 3 hours. Then 15 the
chpérenBl erbheentral BNG SHdd § ey '

ma%hed, separ at ed, &gggd:gﬁgﬁéﬁg&§3ﬂ¥%éfgg;%%%%ba;lng layer

i®btiaichedskhe didhiannd téﬁ&?@dﬂHéKEf@ﬁ@nﬁmqﬁtﬁﬁéab%mponent.
of the specified particle distribution. 40 parts by

FUet e, Ofthlehel f4K 6t ehliwer agCaidmpB it ahng 34e*OpR8shRor are
by wei ght of the second fl dorescent material and 100

sERléS By MEldiMg bl oyadERidett ity idEnt 196 MR purpose
to form a slurry. The slurry is poured into the cup

o £8t &St D5OVASteTh s OTesthea TBUY dt8atk WheiSigh drdae didlafust. A

emtting conponent is placed. Then the resin

léae! adifg thenphosphayat ingd WSt 025ph386nber forh@Ur thereon
Thus a coating |ayer including the phosphor in .

id hpakaeas iof d2BpmLes-Enaped aiet henhd | ghke@Mdithn& rafklucent
conmponent. Concentration of the phosphor in the

ep®R} | Pes 1RYAd Ei8eh NGl LS esk Of egealdor towand & he Jiddt visual
emtting conponent. Further, the light emtting.

olospedteidn aod tdhe phogiphoemate ingeal iRdiDyr sbhed NgsWddscribed
transl ucent epoxy resin for the purpose 5 of

alpswd eth i bheagarast ient napmals tot khes 1 ighitStewie tand plane, it
dust. A lead frame with the coating | ayer of phosphor
wdor fedinidhetkott  tilee pbaaedaln pobridet welsapedndeécedndellowish
m xed with translucent epoxy resin and then cured at
cdEDC dwe o hdie hodyinderlod sufaltheolpherspioran of t he
light emtting diode fornmed as descri bed 10 above in
the directeasunememtis t o tofe | i ghtromaktiting pl aneint t color
temperature and color rendering index of the 1light emitting-
diode of Example 10 which was made as described above gave
values of (0.32, 0.34) for chromaticity point (x, y), 89.0 for
color rendering index (Ra) and light emitting efficiency of
101 m/W. Further in wéatherability tests under conditions of
energization with a current of 60mA at room température, 20mA
at room temperature and ZOhA at 60°C with 90% RH, no change
due to the phosphor was observed, showing no difference from
an ordinary blue light emitting diode in the service life
characteristic.
(Example 11)

In, Ga, N semiconductor having an emission peak at -

470nm is used as an LED element. Light emitting components
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was found that. the central portion was rendered
yell owi sh color due to the body col or of the
phosphor. Measurenents of chromaticity point, color
tenperature and col or rendering index of the |ight
emtting 15 diode of Exanple 10 which was nmade as.

aflgschibed aRpver %w]?naa' ;r‘ﬁé of%&gm%%hggl 3@alﬁf er ngas, I

chromat | CI t pol nt ren

(LPERXt LR 1%H‘§.uh\g9 asemﬂﬂ:gg;tz éeﬁ?ﬁé g{tp amt ﬁsyvtogether

Further I n weat i1ity t er con

¢ERr g ¢akirqe 2 r o954,
wterrpe'r aturrg g 8rt?A g,(?cg creJE)]EtE)arrI?;tderrp%%%\}t@%rrée andsaﬁ?t&\e tt:hereby to

féPIQVHt a?@%ﬁﬁ"‘mﬂ%ﬁi@nQSmggHﬁdt %ézﬁ%oqm%gz:?)nary er in the

observe showi ng no difference from an or

Mbt OBt pBALEEENT i Qflhﬁmt H§t§§&¥' QSm%%aﬁd%ﬁtor layer haVJ.ng N

characterlstlc (Exanple 11) 25

t9PBE CHMHIHAQAN VI gy an eyA 51 @R Rerkiak sAgan{HBdcﬁxc%é)r layer

used as an LED élenent. Light emtting conmponents

havenguee tpd | ovhdMe-tdME €§ M BBEN YL gl WSvgf‘éch i sim, and

(trimethyl” i ndium) gas, nitrogen gas an opant gas

chMptiesd Wkt Rne dopdrdtergdds Qﬁeﬁeﬁye%%%lﬁﬁp%h'ﬁl@ junctlon
substrate thereby to forma gal | ium nitride conpound

FOEMtRENdEot @l ehayiel, ian ddit Ao tVAMRPIOEESS 18 g1 1M nitride
nitri de seni conduct or | ayer having N type

sénDeosdhytey AR¢iagod |dipse ntbﬁﬁ@@tﬁ@ﬂtﬁonﬁu“ctl%rd | BWRer which
having P type conductivity were forned swit chi ng

'1§IF§aBDﬂumeﬂh@rﬂ§§d aﬁuhhﬁuﬂopééﬁlﬁéﬁduéﬁéfebMav1ng P type

formng a PN junction. For the LED el enent, a contact
congect Wit iandakl icombhdt i deykd: Sﬁﬂh@andigzt Qa1lduiNOnitride

N type conductivity, a clad | ayer which

semiconductor having P type conductivity are formed. An
activation layer of non-doped InGaN tvith thickness of about
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.

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 coméonents are made by dividing the wafer with an
ekternal force. |

The light emitting component is mounted in a cup at
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is galliumnitride al um num sem conductor having P
type conductivity and a contact |ayer which is
galliumnitride sem conductor having P type
conductivity are fornmed. An activation |ayer of
non- doped I nGaN with thickness of about 15 3nmis

tROr 6B bet veesiiherconiesd £8YBerNavuRe NdaiP&y die bonding
conductivity and the clad | ayer having P type

w LM Osisd sty | s in I hed ekt don e Sdﬂwlﬁ?%t@@mﬁ’etw t,
structuf%. A buffer layer is provided on the sa&Lﬁﬁmgonen

tiselbabint e 1b¥al Qndl Rthed Oddrt UTkadi hrbde18ewireendy ¢t Qonnected
| ayer at a low tenperature. 20 After forming the

by ayEfs Fodh X ROIH Gd1e wElHelsaha%ingf aPati¥Retardol BypR.
sem conductor. layers by etching, ‘“electrodes are

- formed byrseuliteard Ngraré t itHCr e ngi’éﬂﬁ emitting component
sem conductor wafer which is made as described above,

attgttied evhétéhy £SMTPQALGBHS id & n&ﬂﬂ@&-ﬁhé(%é’d Ngi&h8nd sealed
wafer with an 25 external force. The light emtting '

wHPorems 1 e MO U @Y | Pe@ig UPoRt moYdihfe WwhRcRf i8 then cured
silver-plated copper nount |ead by die bonding wth

atepOBy°d esbh. sElRfirMsQdeshefedherdi ¢Bkme™ ik 1ight emitting
conponent, the nount |ead and the inner |ead aré

did@et ri Tht | yleeonbheghedembyt hged bode ngswebhngetddwkebesne end

having a diameter of 30pm 5 The lead frame with the

fddghdf enint tadry ldenpapteidal agt adbeglaher aaridis Pd apesﬂishéd on
in a bullet-shaped die and sealed w th translucent

‘a¥pozydr €acest or owlohheigsunbiacd badt e ufate af th@Cacrylic

for 5 hours, thereby to forma blue light emtting
plkhtozle. sTheehl yerirntgihtg enst tappd. ididodey | sisdonebaetuho titanate
one end 10 face of an acrylic optical guide plate
di/atpq:d's.eéds jpolairsl'mmc binder as white color reflector, which
is then cured. | |
Phosphor is made by mixing a fluorescent material
represented ‘by general formula (Y, ,Gd,,),Al;0,,:Ce capable of
emitting yellow light of relatively short wavelength énd a
fluorescent material represented by | general formula
(Y,..Gd, s);A10,,:Ce capable of emitting .yellow light of
relatively long wavelength prepared as follows. Namely, raré
earth elements of Y, Gd and Ce are solved in acid in
stoichiometrical proportioné,_and coprecipitatiﬁg the solution
with oxalic acid. Oxide bf the copreéipitation obtained by
firing it is mixed with aluminuh\_oxide, thereby to obtain

respective mixture material. The mixture is mixed with

ammonium fluoride used as a flux, and fired in a crucible at a
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all end faces. On one surface and side face of the
acrylic plate,. screen printing is applied by using
bariumtitanate dispersed in an acrylic binder as
white color reflector, which is then cured. 15
Phosphor is nmade by m xing a fluorescent materi al

CSEPLEIEHE" S BT B U e ice
wshorls vorg SEGLa By 8 pLLUKSEEELL JBLEE: Agnog. qoparaces.

arpeabiggofiemagting yellow light of 20 relatively |ong
wavel ength prepared as follows. Nanely, rare earth

el enent s Y a sQkv [ ' ' _ .

stoichiongP?i g?QSro oﬁ??g%EF g%d§%%&?ggﬁgiCglﬁﬁfqﬁuyaterlal
ol ufsi Wit he [ ' i d f 4t .

o Ol R SRR a8 10 prve iy esone of

y&l 150 nu ¢ & e th e nRle 11 10013 nréiag§§3?ﬁt 'Yéng wavelength
mxture material. The mxture is mXxed w anﬁ%nlum

ri ndfi.ed . UG : T
L hee 4R 85, At to e dube i A Piea wich

1606 earv@tiey i ddidst WOUNAPYi@ batin n&}i% &0 MR ,y thereby to

washed, separated, dried and sieved. 0 parts

f¥Eh g4 Of1y6kboMeht UonBEERRh1 MRk kAl £o° e M &ls¥d VelY color
short wavel ength and 100 parts by weight of yellow

cohver eseent naRkenhdl r rehpbhivel Vdopao Wayel @RgkRness. The
whi ch are nade as descri bed above are sufficiently

fraxessyeith miBBRiRartsiky ¥8i ghlt ofn@sr ¥hbC d68 Ns B8 as the
extruded, thereby to forma fluorescent material film

p2t DnPEpAS e Cendis HA O phAneoneer tithe NBpeLbal ofudleUlplate and
180pmin . thickness. The

arranged on the optical guide plate, thereby to make a light

emitting device. Measurements of chromaticity point and color

- rendering index of the 1light emitting device of Example 3

which is made as described above gave values of (0.33, 0.34)
for chromaticity point (k, yY), 88.0 for color rendering index
(Ra) and light emitting efficiency of 101 m/W. Fig. 22A, Fig.
22B and Fig. 22’C show emission spectra of the fluorescent
material represented by (Y,,Gd,,);Al0,,:Ce and a fluorescent
maferial represented by general formula (YOJdeshAlgxz:ge used
in Example 11. Fig. 23 shows emission spectrum of tﬁe light
emitting diode of Example 11l. Further in life tests under
condiﬁions of e'ner'gization. with a current bf 60mA at room
temperature, 20mA at room temperature and 20mA a£ 60°C with

90% RH, no change due to the fluorescent material was observed.
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fluorescent material filmis cut into the sanme size as
the principal em ssion plane of the optical guide
plate and arranged on the optical guide plate,
thereby to make a light emtting device. Measurenents
of chromaticity point and-color 15 rendering index of
Sitid drlght éesitédg admonte iefithkad@phe bz WA §¥aiSedBeSen when
as descri bed above gave val ues of (0.33, 0.34) for :
thﬂwwwm@lemgWhpomﬂtﬂa>1y§ht8%mﬁtﬁﬁg qﬂmgoﬁéﬁ@eignghanged by
index (Ra) ‘and light emtting efficiency of 101 mW
chlRnyimpAheFicpnt 2B oo He £1udHesthal EteHien Sspectra
of the fluorescent 20 material represented by
(ERémpd@dd.2)) 3Al 5012: Ce and-a fluorescent nateria
represented by general formula (Yo.4Gdo.6) 3A15012 :
Ce used: The Exagipteehitthng HRIdThwys BLARSION12 was made in
spectrumof the light emtting diode of anple 11.
theur shee imarndre aestin uBstempleondi EkeBptoffor using phosphor
energi zation with a current of 60mA at room 25
repargsETdtad &y Z@awemu(ﬁonmheap&'rmmfcmd 2008 aliebBS of the
"with. 90% RH, no change due to the fluorescent
lhghtﬂémdtW@&gobsedee©f Harple | B2l werdesidd®sl. Although the
chromaticity can be nmaintai ned even when the
1 ightelesrgitingf dilveld icghtEsemiplied N airpese Mun isafwmngesfver than
by changing the content of the fluorescent naterial.
thagxampl she2)l ightheenighingniiiodag difodxaiplxarpl ehb¥ed good
was made in the sanme manner as in Exanple 1 except
wefagthersibid ilyo spmparabdisr évertthed bf gonepdle flonmibdfe test.
Y31 n5012: Ce. 100 pieces of the Ilight emtting diode
of Exanplis Kdesmriberhdebove; hbhighliipht kndhtieqi tiiodg of the
di ode of Exanple 12 showed | um nance | ower than 10
presentof invenY igyht ceni tenity dighbs aff &xdeplicel, odlowedand is

ood
su ject to 1ess deterloratlon of emission efficiency and good

weatherablllty even when used with hlgh lumlnance for a long

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

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

sign and illumination for expressways.
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weat herability conparable to that of Exanple 1 in life
test. As described above,. the light emtting diode
of the present invention can enit light of a desired
color and is subject to | ess deterioration of
em ssion efficiency and good 15 weatherability even
when used with high [um nance for a |ong period of
time. Therefore, application of the. light emtting
diode is not limted to el ectronic appliances but can
open new appllcatlons i ncl udi ng display for
autonobi le,' @Leamdt' and. buoys for harbors and
ports, as wel T_as out door use such as 20 sign and
illumnation for expressways. 76 CLAIMS 1 A light
emtting device which conprises a light emtting

1. conponent havi ng -an mAgtighe kayering ae§§@gqgﬁgypkg&prlses a
and a phosphor capabl e of absorbing a part of I|ight

light emedtingneontpmndritytavamat Rhngct omponerdr ar a semlconductor
emtting |ight of wavelength different fromthat of

and Re PARSBRPEC-IRAIMS AthepePabing) aspaut | oHHiigh eminged from

gge mlIS a LED which has an active  |ayer

<hec dABFT TR ST 7 RS BASEELRS M iIIRG spvelength

n I [ Ie of en1tt|n a bl ue
dlf%%g%?t R B R B R RR0N ) O Wi

W i ghitdhe i ghan Qfﬁlf: £ Oy 4Gt Sh 490 My %DS @hgcﬂ hl%?‘é’ har ace ive

is a garnet fluorescent material activated wt

‘ceri Urayehi cloripsisapabh ega‘JIl:abSQﬁbjrﬁ@eabﬁaéH Qémié&mductor
bl ue col or, Iight which spectrum has a,:gak wavel engt h.
MAth|?PQq%§nﬂ§ﬁgén¢FEWhanﬁ)Iﬁ)aﬁﬂhhﬁﬂ @ﬁdemhetemg a blue color

em tt.i.n t haV|n a broad em ssion. spectrum
Conpﬁﬁégﬁg g EPECt m 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 capablée of absorbing a pért of the
blue color light which sbectruﬁ has aqpeak wavelength.
-w1th1n the range from 420 to 490 nm and thereby emlttlng:
1lght hav1ng a broad em1s51on .spectrum comprising a peak
wavelength existing around the range from 510 to 600 nm

‘and a tail continuing beyend 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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wavel engt h exi sting around the range from 510 to 600
nm and a tail continuing beyond 700 nmand <c¢)'said
em ssion spectrumemtted fromthe garnet fl uorescent
material activated with ceriumand a spectrum of an
unabsorbed |ight passed through said the garnet 77
fluorescent material fromsaid LED are capabl e of
over |l appi ng each other to make a continuous conbi ned
spectrum 2. A light emtting. device according to

claim ¥1uowB8rens - haeekhgmtf99%0§a9& 188 qeEbLRgdbie of
spectrumis white. 3. Alight emtting device

accor dowgriepphagmeach whBEEi Aot HekEhs 0ABLE th&u@bta&bmed
of the white light color is positioned along the

bl ack bpedgtradi.ation | ocus shown in the chromaticity

diagram 4. A light emtting device according to claim

1, wherein the phosphor conprises two or nore Kkinds

of the garnet fluorescent materials activated with
2.cerium 78 A light emlttlng device according: to claim 1,

wherein the light color of the combined spec¢trum is white.’

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

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

wherein the phosphor comprises two or more kinds of the garnet

fluorescent materials activated with cefium;
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