SPECI FI CATION LI GHT EM TTI NG DEVI CE AND DI SPLAY BACKGROUND COF THE
| NVENTION (Field of the Invention) 5 The present invention retates to a

light emtting diode used in LED display, back Iight fic
signal, ‘trailway signal, illumnating swtch, indicat@ﬂle mewﬁ
particularly, it relates to a light emtting device (L ing a

phosphor, which converts the waveFERGIRIGATIDYht 10 enmitt edBY a |ight

enitting component and emits light, and a display device using the l'i ght
emitting device. (DeschéFﬁEnEﬂﬁTﬂéﬁﬁtBGVAEE)AKDIDéﬁPLeﬁ1tt|ng diode is
conmpact and emits light of clear color wwth high efficiency. It is also
free fromAGKIRWND D [TgFH VAN G- out and has good initial drive
characterlstl ~ hi vi bratiaon resi stance and durability to endure
repet|t| q%ﬁé%ﬂV%ﬂE%°%kmauselt is a sem conductor elenent. Thus

as been used Wi er In such a i cations_as various _indicators and
varlous | i ght sourc RE@éﬁPFyﬁ-Q%ﬂt¥9ﬁtF?%@t§§ dFcodes lightREmiFeng

ar een, 2 Bl Egh oL BN AL B T SRR o o
o1 3 7 S e R BBl R, e
llo—rjlgl lob&%fﬁj’g:@]saﬁl Eg i‘,&ﬁ% ::4_1 abelimhe Wi de:tym%segevmet h&é ut ure.
comprising a phosphor, which converts the wavelength of light
10 emitted by a light emitting component and emits light, énd a
display device using the light emitting device.
(Description of Releted Art)
A light emitting diode is compact and emits light of
clear color with high efficiency. It is also free from such a
15 trouble as burn-out and has good ‘initial dri&e charactefiétic,
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
indicatorsland various light sources. Recently light emitting
20 diodes for RGB (red, green and blue) colors having ultra-high
luminance and high efficiency have been developed; and'large
screen LED displays using these liéht emitting diodes have
been put into use. The LED display can be operated with less
power and has such good characteristics ae light weight and
25 long life, and is therefore expeeted to be more widely used in

the future.
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*c00002* Recently, various attenpts have been made to nake white |ight
sources by using light emtting diodes. Because the light emtting diode
has’'a favorabl e em ssion spectrumto generate nonochromatic |ight, naking
& light source for white 5 light requires. it to arrange three |ight
emtting conmponents of R, G and B closely to each other while diffusing

and nmixing the |ighkceRtlyed vairildiain a¥henplenaidid NBedhi R dd 0 Walde
such an arrangenent, there has been such a problemthat white 1|ight of the

desired tQneteanightbegaisatiefl deengo 1iGghtarémit©nsg | @iddes | ONBecause
| um nance and other factors of the |light emtting conponent. Al so when the

| i ght em thengighenmpaientingardoddhmad i fheceablankenicalison epeetium p@ver
required for driving differs fromone light emtting diode to another,

maki ng it graeesser yohocapphptdcf ldghnt, wdkiagesa1bightf epaptel ifght weiiitdd i ng
conponents, which leads to conplex drive circuit. Moreover, because the

l'i ght em tLighy reauimesntst ate serbagedudimee | 1jHht ettt g @dupoeints
color tone is subject to variation due to. the difference in tenperature
char act er o€t RgsG ehdobBokdgisedly thaeged arithe20 vipdreatd infif vesnvigr @mede mti,x iorg
unevenness in color may be caused due to failure in uniformy mxing the

| i ght em thed Wghthenittgd ki theRg cIdhhesererahirg | whhteeightngriditodes
are effective as light emtting devices for generating individual colors,
al t hough &usht iagf AGTremg amegitt, e hapabeenopueh enprobdgmwiined Whgiie by

using light emtting conponents has not been obtained so far.
. light of "the desired tone cannot be generated due to

10  variations in the tone, luminance and other factors of the
light emitting component. Also when the 1light emitting
components -are made éf different materials, electric power
required for driving differs from one light emitting diode to
another, making it necessary' to apply different voltages

15 different 1ight emitting components,-which leads to complex
drive circuit. Moreover, because the 1light _emitting
components are semiconductor light emitting components, color
tone 1is subject to wvariation due to. the difference in
temperature characteristics, chronological changes and

20 operating environment, or unevenness in color may be caused
due to failure in uniformly mixing the light emitted_by the
light emitting components. Thus 1light emitting diodes aré
effective as light emitting devices for generating individual
colors, although a satisfactory light source capable of

25 emitting white light by using light emitting components has

not been obtained so far.



2 In order to solve these problens, the present applicant previously

devel oped light emtting diodes which convert the color of light, which is
emtted by light emtting conponents, by nmeans of a fluorescent naterial

di scl osed in 5 Japanese Patent Kokai Nos. 5-152609, 7-99345, 7-176794 and

8- 8614. The |ight eni tbiragrdi edessdisel 0 ubl i,gat i qQn
such that, by using light emtti ngscorrpon?r?]%séen g#%?ﬁem% 'nd t%gér e%rspsaenﬂ e of

gener at i ngpbllgbtanef phéd fordlty el opRlPr 34 gRkd é:ﬁﬁtEﬁ?@é“&iB&'Qs ASvhi

follows. 10 The light emtting diode discloséd int gazettes are
made by. cnunérﬂgtaelcgmbreaftlhgﬂtgowngaﬁnhs eha\titRg % %%t?Qﬁﬂ ﬁ:

gap of light emtting layer, in a cup provided at the

and haV|ngompohénasesagmtmaaﬁﬁrbalaihﬁluabégbéﬁﬂ'Mﬂﬁefﬁﬂﬂtéﬁséio%gﬁ i

15 emtting conponent and emts l'ight of a wavelength different romt

of the ab@epbréski BhtefiiakekahgNoscOrD IS0y, 7L998£5 Ned_ifgfghesing @QJ d
which covers the light emtting conponent. The light emtting diode -

di scl osed8ad4describee 2Qgaboveerdapahie ofiedesti ruiseidsed | 9hh byt nEgd ng
the light of a plurality of sources can be made by using a light emtting
conponent Pebbabrtions earet sugh bthat) i bt uandgnilidhrg eie thinghiconf@yBrdnitzg
component with a resin including a fluorescent material that absorbs t he
light eni®fe®nsy khedpl w&e i gapab2s @fi t gengrdtadg andyleni bE mmiow &hhd

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

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

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

The 1light emitting diode disclosed as described

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

‘plurality of sources can be made by using a light emitting
component capaBle of emitting blue light and molding the light
emitting component with a resin including a fluorescent
material that absorbs the light emitted by the blue light
25 emitting diode and emits yellowish light.

However, conventional 1light emitting diodes have



3 = such problens as deterioration of the fluorescent material leading to
col'or tone deviation and darkening of the fluorescent material resulting
in Towered efficiency of extracting. light. Darkening here refers to, in
the case of ,5 using.an inorganic .fluorescent material such as (Cd, Zn)S

f1 uor esce‘ehqc%tpgpp’gﬁfn—sf oS e%&ﬁﬁr&orﬁ%orbf ofpttdie cfdHORESCEDSNSIAtenialy t he
-fl uorescent teri€1 preci pitate or change, their properties leading to

col orat i e,aégfr}gi n ?hecegg’ oftONSsi g% bkQani 8ng| udrskeaingmatady | dthe
coloratiop due to 10 breakage of dogbLe bond in the nolecule. Especially
when a ITgh- Er 11T nd"eorpbient TRRAECER9a 48ni doEFedor SERAGiEnEhi gHE

ot et i ity RIS | BREREI BRRY RS Enl e Ly Lhme case of
Chr eohol di n 2 PR A R el PRBL Rt Titer e (R oD
mrer| al EhmirEces OMardEiag, 850! akine R, | Ml (B cBeRRl ot R A
17l oo st el vl A BT gkt LN ener gy absoped b Lhe 20

fluorescent material” inevi talb y 1 Nncreases resu |

degr adat itHe iaf E?@Rfak‘é;?é@sq(%!&rdi’% 'efé.balcolg%%.t(lfo.n't he.light ¢ nge';]taégg

conmponent with gher intensity I ght ~ em $si dn ot AN eX pé?qod

T er il - 28 A o the T dor escont matorl ol provinbd TLtFe O ARV he
li-glt enlndalth gONPONEBUbIBY BEXDPSeHel A ecule. Especially when a |
light emitting component ‘made of a semiconductor having a high
energy band gap is used to improve the con\}'ersion efficiency
of the fluorescent material (that is, energy of light emitted
by the semiconductor is increased and number of photons having
15 energies above a threshold which ican 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
20 fluorescent material inevitably increasés resulting in more
significant degradation of the fluorescent material. Use of
the light emitting componedt with higher intensity of light
emission for an extended period of time causes further more
significant degradation of the fluorescent material. |

25 Also  the fluorescent material provided in the

vicinity of the light emitting component may be exposed to a



4 high tenperature such as rising tenperature of the light emtting
component and heat transmitted fromthe external environment (for exanple,
sunfight in case the device is used outdoors). 5 Further,. sone
fluorescent materials are subject to accelerated deterioration due to
conbi natiopn of noisture entered fromthe outside or introduced during the
product i oR1IBr CCFRELAGHIFS | GHF%anBSheé%s%ﬁans%$WP%%ﬁ$¢€ﬁntQﬁaIﬁhghtlight
emtting copponent. 10 When it cones to an organic _dye of ionic property,
direct CUFRLRELBY e ATMROTIL g and t REaGi cERRRYMAFLeAe AR M eXtissnal

el ectrophoresi s resulting in a change i,n the dolor tone. SUMVARY OF THE
| NVENTI ONPFREEC MR bp [ ERT ~ 6RaTRESyr SSBH Ity dft iGHFS sthe device 15 uped
probl ens deégribgg above and provide a light emtting device which
experienc%% ﬂ?§ Xtrenely | ow degrees of deterioration in em ssion |light
intepsity, light em.ssion. efficiency and color_shift over a long tinme of
use %1»1 th high | umnlﬁ‘ggjég?r 20°7RE pﬁe‘g%ﬁ‘?s%%rb‘fi‘é‘aﬁ?rééﬁﬁl SrEd THI S tesBAt

[ ti th t] hat l'i ght, itti
ovi oo T NG AT TGRSt Th LA ETROnANE aha o ORPABREdABn. Ofmt BPLAFIRSL

(D The 1Bt e DR e e el e TR MR B R B
high |U”1§§8€§s¥@trkﬂégﬂﬁiéﬁﬂttéﬂg heat = transmitted from the 1light
emitting component.

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

Thus, an object of the present invention is to solve

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

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

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

~emitting 1light of high luminance with 1light emitting



5 characteristic which is stable over a long tinme of use. (2) The.
fluorescent material being provided in the vicinity of the high-lum nance
light emtting conmponent, nust show excellent resistance against |ight and
heat so that the 5 properties thereof do not change even when used over an
ext ended peri og of. time %Q,hi | e bei ng exposed to_light of high intensity
emtted E@‘atrﬁg PrIREIENFREFRgIEoRpBRERL OVEBart LOBKak et RE RFBor escent

mat erial provided ip th vicinity of the light emtting component is
exposed to Iid%S 13@1&' glt“é’(’fieitcie i METSIAL adPHiigh &RFomeed 300 o the
times that. .of sunldght accqrding.to our,estjmate, and is required to have
more dur 3B a&fi %&e ﬂ?bﬂf’g]'a"g%rr?agrhcfe eht FRF n§PibHpBAe fOmMpPNEeRityh Must '
| um nance,i s used),. ) Wth regard to.th elationship with the light 15
emtti ng% Sﬁpor’fec%%l,l e rfefﬁfosrte%rgce%ta%f%?gaﬁ;ﬁﬁgt ad\;c gbl 20 &hakh i ng
with hig flcl.ency kg of _hig nmonochromaticity emtted by the

| i gEt em%trt%' ﬁlé%é%%poﬁfé%?eéﬁdh‘i%m‘%‘ﬁ ng:hlalng?ne[ 514 \/\Hggpen‘é??‘uédi‘?‘f%gerﬁn from

Lhal of EAerldeONbedold ik Bphleuhiolt ey iog conpopent, 20 Thus, dae

present invention~ provides emttin

em ttingjeeapenent ard ;d Jayosp abl e -absorbi.ng .a_part | i ght
emtted t;)Ly the | ?ght %é%‘i tti ngh?(')rrpg%g%t a%gggg‘i ttiené&l%llgiﬁt ofco\?\l/%)voe eginhcgt h

gi)fferent(paﬁrrt(i@hlﬁ%ly()f e appebbed-bhgnt nad 8T el g, S ghd | 9&%, em_'}ﬁ]i ng
sonponent conprises a nitride conpound sem conductor” representéed by e
ernU|aivﬁ&E§§k91@¥ the light emitting component'is exposed to light

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

(3) With regard to the relationship with the light

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

20 - | Thus the present invention provides a light emitting
device, comprising a light emitting . component and a phosphor
capable of absorbing a pai:t of light emitted by the 1light
emitting component and emitting light of wavelength different
from that of the absorbed light;

25 wherein said 1light emitting component comprises a nitride

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



6 where Osi, O0sj, Osk and i+j+k=1) and said phosphor contains a garnet

fl uorescent material conprising at |east one elenment selected fromthe
group consisting of Y, Lu, Sc, La, Gd and Sm and at |east one el enent
selected fromthe group consisting 5 of Al, Ga and In, and being activated
with cerium The nitride conpound sem conductor (generally represented by
cheni cal whemeul &l n1@e] Al &3k whied eid3i+k=03] andslsaidnghiosiphiorl)coren imned
above contains various materials including |nGaN and GaN doped w th
various i9RFRA% i B3uoresTRet pAGSSHdalnenenprddinpows Clerst nonearébement
materi al s defined as de%cri bed above, . incl udi ng{ Y3Al 5012: Ce and Gd31n.012
: Ce . B §h T P MR FASATE g et plaseSc, Lave®d emausSes t he
| ight emttjng copponent made of a nitride 15 conpound sem conduct or
capabl e & m%t‘tiﬂgaﬂ‘—gﬁpe\m@&?ﬂ}ﬁ% F eHeRERe efrome thieglgroap teomeisteinge is

capabl e of ittin 'HJei ht with high |umnance. Al so the phosphor used in
the%bligtﬂf ﬁqﬁ%% ﬁbe%béeéaﬁé?ﬁl"faé‘sﬁ%t@rwecggammt light so that
t he fluorescent prQﬁ?rti esithe eof e&peri.ace | ess 20 change even when used
over an extended period SHYHYRE whCPEPWL,g SRPOSeRARBtPT ght (FRnerhlY

i nt ensi ty.o Trg serg%lr(qe it Eossiflg to reduce the degradation of :
char act eri &S E%Y FBRGLPRE i 68TBR1Gs & ufAa A el ubeegst dsior fA5bn e to
i ght of arﬂi.gh:ir-i fensity ] by l'ight .em tting conponent, as, well 25
as extraneous |8f1§ .j(sulﬁg%%%gg?lcl 8%??8 u!%tof_g\ﬁl&set THAUS  dRLESTHRIS ng
out door  usey1 Jd¥RIE Bhdr IR il Qicl;!eqwxdlecrﬂ Wd s impurities. '

10 The phosphor mentioned above contains various
materials defined as described above, including Y¥,A1,0,,:Ce and
Gd,;Ing0,,:Ce. |

Because the light emitting device of the present
invention uses the light emitting component made of .a nitride

15 compound semiconductor capable of emittiﬁg- light with high
luminance, the light emitting device is capable of emitting
light with high luminance. Also the phosphor used in the
light emitting device has excellent resistance against light
so that the fluorescent properties . thereof experiénce less

20 change even when used over an extended period.of time while
being exposed to 1light of high intensity. This makes it
possible to reduce the degradation of characteristics during
long period of use and reduce deterioration due to light of
high intensity emitted by the light 'emitting component as well

25 as extraneous light (sunlight including ultraviolet 1light,

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



7 device which experiences extrenely |ess color shift and I ess |um nance
decrease. The light emtting device of the present invention can also be
used in such applications that require response speeds. as high as 120

nsec., for exanple, because the 5 phosphor used therein allows after gl ow

only for deviker twhiRel i &befidridey dRer&nesphobsysed gt tdei #4 9Bhqeidls ng

di ode of the present invention preferably contains an yttriumalum num

garnet flluaieanee! deereasal timie conal nemMt @il Alev Wi CBr1@naN#HlRSHE O
i ncrease the lumnance of the light emtting evice. in the light emtting

devi ce ofinteatpoasenin . duerbé oasellhd mphasihaippByc el ené | tlﬁéescx@?f)ulre
material represented by a general formula (RI]) ,Snr) 3 (Al _9Ga soi |

Ce, 15 whrespofse<kpapdsOasshighdaBeli® asebeasEo@nexaﬁxba@t,e@efcra@@eYth@ﬁd
Gd, in which case good characteristics can be obtained simlarly to the
casé whephosiphoyt t usedn aihevieimm galoes dfteresdent oaleri abri sa UsedrtAl so
inthe light emtting device of the present 20 invention, it is

pr ef er ablperipdr offth&iperpose of reducing the tenperature dependence of

| ight em ssion characteristics (wavelength of emtted light, intensity of
| i ght. em ssi on, 'eﬂ%m$9hp®pbgé astlhudnetbentl ighteemalt tiegr éserteed thyrha
gener al forrrul a (Yl p : GdpCegSnr) 3 (All _s@a8) 5012 as the phosphor,
where 2Bresgss. 8ln690§8%©s(13’23 Yok s I e nend a0s s YL rilge ailmninan- ght

emtting device of the present
garnet fluorescent material that contains Y and "Al, which

10 enables it to increase the luminance of the light emitting
device. | |
In the 1light emitting device of the p:resent
invention, the phosphor may be a fluorescent material
represented by a general formula (Re, . Sm ),(Al, .Ga,):0,,:Ce,
15  where 0sr<l and Osssl aﬁ-d Re is at least one selected .Vfrom Y
and Gd, in which case good characteristics can be obtained
similarly to the case where the yttrium-aluminum-garnet
fluorescent material is used.
Also in the 1light emitting device of the present
20 invention, it is preferable, for the purpose of reducing the
_temperéture dependence of 1light emission characteristics
(wavelength of emitted 1light, intensity of 1light emission, .
etc.), to .use'a fluorescent material represented by a general
formula (Yl_p_q_:deCequ,)3(A11_=Ga,)5012' as the phosphor, where
25  0sps0.8, 0.003sg<0.2, 0.0003sr=<0.08 and Osssl. |

Also in the light emitting device of the present



8 invention, the phosphor may contain two or nore yttrium al um num garnet
fluorescent materials, activated with cerium of different conpositions
including Y and Al. Wth this configuration, |ight of desired. color can
be. emtted by 5 controlling the em ssion spectrum of the phosphor
according to the property (wavel ength of emtted light) of the Iight

em tti ng IBBIRFdrien,. Fgﬁt hehosphohe nayhtcomtiain ngwdevore mdre heytprmisem
invention, in order to have light of a specified wavelength 10 enitted by
~ the |ightalamimimgagagtceluqrescentef @atdr tal pat achdvphedpmithc orazium, t wo
or nore fluorescent materials of different conpositions represented by
general fWrnGRALERENT| COmPRYBRIANS , GNOBCGIRI Y wikde A 5r <IWhhH 08tk and
Re is at least one selected fromY and Gd. 15 Also in the light emtting
devi ce ofCArHel PSR | AdORE oRff | Aesiged. t 6odent repnt heewssrelekrd h R
emtted I.Ciég_\ht, t.he phosphor may contain a first fluorescent materi al

r epresent@ P igeisr dihs (ﬁ“}hﬁ%%dy%(smﬁrc%)m@w%ﬁp@%mdmg to
fluorescent materi al represeq_t edég%/ gef\neral_ formul a Re3Al 5012: Ce, 20 where
Osss1 ande BEORCOWast VENELEROE: e i r BM-YECBY AnEPEA. O e n 2+ ght
emtting device of the present invention, in order to control the

wavel engteﬂmbtftlé}ﬁ tctoélk?qr{)ed%‘, t he phosphor may be an .

!l uor escent mator | 3 Uars ShcEif shofFLSrutane Akt SRRt RN
parts .Of frﬁ%htngér{,i U, order to have light of a specified wavelength

10 emitted by the light emitting device, it is preferable that
the phosphor contains two or more fluorescent materials of
different compositions represented by general formula (Re,.
rSm,)',(All_‘,Ga,)5012:Ce, where 0sr<l .and Osss<1 énd Re is at least
one selected from Y and Gd.

15 ' Also in the 1light 'emitt-ihg device of the présent
invention, in order to control the wavelength of emitted light,
fhe phosphor may contain a first fluorescent material
represented by general formula Y,(Al, Ga,);0,,:Ce and. a second
fluorescent material represented by general formula Re,Al.0,,:Ce,

20 where 0sssl and Re is at least one selected from ¥, Gd and La.

Also in the 1light emiﬁting device of the present
invention, in order .to control the Qavelength of emitted light,
the phosphor may be an yttrium-aluminum-garnet fluorescent
material containing a first fluorescent material and a second

25 fluorescent material, with different parts of each yttrium

being substituted with gadolinium.



bei ng substituted with gadolinium 9 Further in the light emtting device
of “the present invention, it is preferable that main em ssion peak of the
Iidht emtting conmponent is set within the range from400 nm to 530 nm and
mai n em ssi on wavel ength of the phosphor is set 5 to be |longer than the

mai n eni ssi on peak Birther | ighthenlightg erddryionertevitei DiTekes prepessi bl e
to efficiently emt white light. Further in the light emtting device of
the presemventant i dh, ig pseferéklablehathanat he dniightioan péalng dfayehe of
10 the light emtting conponent contains a galliumnitride sem conductor

whi ch contighis emitihegt Aenpoosphoisi seatn within uthal nahgemigemet00 nm
fluorescent material wherein a part of. Al in the yttriumalum num garnet
fluorescdmt 330 supsandumadn gpisaien waatelengtpr ofortheophafs Bl is ssatt hin
the range from15 1:1 to 4:6 and a part of Y in the yttrium alum num garnet
fluotesceit hes LnEey than Hie apip embssior peabodfitre ofight Gamittinghi n
the range from4:1 to 2:3. Absorption spectrum of the phosphor which is
cont rol | SSPRRONFIYCr | bEBLEbHRESShovls PRoBébhgr senefif imientiyatemit | Whyhte
emtted B%’t the light 20 emtting conponent which contains galliumnitride
seni conductBtt i ncl uding In as the light emtting layer, and is capable of

I nproving the conversion efficjpency.(light em ssion efficiency). Also the
li ght, generated byé‘h’f&li"ﬁﬁ b utgfai éﬁéhterﬁ“ﬂ%r’&y dqvdcs it & t Pragent

conponent. and .fl uorescent light 25_.of the fluorescent material, is a white
Iigﬁt(ﬁ kﬂxﬁp Ty it 1is pf%%eralle that the %ight emitting layer of

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

15 1:1 to 4:6. and a part of Y in the yttrium-aluminum-garnet
fluorescent is substituted by Gd so that the pro_portioﬁ 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

20 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

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

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

10



rendering and, in this regard, an excellent light emtting 10 device can
be-provided. The light emtting device according to one enbodi ment of the
present ‘i nvention conprises a substantially rectangular optical guide
pl ate provided with the light 5 emtting conponent nounted on one side face
t hereof via the phosphor and surfaces of which except for one principal
surface aevisidhstaantbenldrpvidedr.ed with a reflective material, wherein a
|-ight. emtted by the light emtting conponent is turned into a planar
li ght by the phospHtre andight opemittidg. dglevieel akecandihg betgn afdut
fromthe principal surface of the optical guide plate. The light emtting
devi ce acudhadiimento ahotiverpresdodi iarenoiohheopbesest ianvaHd i tie 18
substantially rectangular optical guide plate, which is provided with the
15 |i ght reatanaglagonsatdsalnogmicde oplate sipdevifdade thiateoftiand 1idre:
phosphor installed on one principal surface with surfaces thereof and
exceépt f G | pRTPRICRUrRABRtAd I eudsEadei ddce cohereds wivtia ahe
reflective material, wherein a light emtted by the light emtting _
conponentPic$ RAhe@Nicht §usfagepl andr whiah bgxeept opfoxalompii derjplaipaland
the phosphor, to be an output fromthe principal surface of the optical
gui de  plSAEEFachh LIS %Eﬂ%yledlelxbf CPRRERY dVAERt 8 ek Lgcddaet mitrmial on
has an LE dispIaX evice conprising the light 25 emtting devices of the
present "MrEftitbna F'&llﬂg:eoe“i‘ q?raBYi xthe light emitting component is.
turned into a planar light by the phosphor and the optical
10. guide plate and to be.an output from the principal surface of
the optical guide plate.

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

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

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

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

and a drive circuit which drives the LED display device

11



and a drive circuit which drives the LED display device 11 according to
digplayldata which is input thereto. This configuration nmakes it possible
to‘provide a relatively low priced LED display device which is capabl e of
hi gh-definition display with |ess color unevenness due to the view ng
angle. 5 The light emtting diode according to one enbodi nent of the
present iaccemtiing cboprdisslay a dmtmt Wieiath hdgi ngnputuptiaexkto ] eadrhds LED
chip nounted in the cup of the mount lead wth one of el ectrodes being

el ectri cglonf igomrasdoed makeasheit 1pomsvibiel ead;protidnsparenttioaliyngow—
material filling the cup to cover the LED chip; and a |ight emtting di ode
havi ng ap¥dcgdndEbatdiamlay wiechceovkicht he cEPabhiep ofo\tdghd dsiftim itthen
coating material 15 including the cup of the nmount |ead, the inner |ead
and anodieéplayewtitdddess chdorEDneNiepnesisedgientbhehkEDiewipgi anglaitride
conpound sem conductor and the coating material contains at |east one

el eRent sel ected femltightgrenidttiasididdsy asfcoxdilng t8c onea emBdbddmeerSm  at
20 | east one el enent selected fromthe group consisting of Al, Ga and In
and a ph&dphde rEEseHt daveBtirnuGrepEdFestaterial activated with cerium

The phosphor used in the light emtting diode of the present invention
preferably contai n@ IPWAL AiSa3d LR D §cheét 1ader escent materi al

that contains Y and Al . .
an LED chip mounted in the cup of the mount 1lead

with one of electrodes being electrically connected to the

10 " mount lead;

a transparent'coating‘material filling the cup to
cover the LED chip; and |
a light emitting diode having a molding material
which covers the LED chip co&ered with the coating material
15 including the cup of the mount lead, the inner lead and
another electrqde of the LED chip, wherein
the LED chip is a nitride cdmpound semiconductor and
. the coating material contains at-leést.one element selected
from the group consisting of ¥, Lu, Sc¢, La, Gd and Sm, at
20 least one element selected from the group consisting of Al, Ga
and In and a phosphor made of garnet fluorescent material
activated with cerium. | |
The phosphor used in the light emitting diode of the
present invention preferdbly contains an yttrium-aluminum-
25 garnet fluorescent material that contains Y and Al.

In the light emitting diode of the present invention,

12



In the light emtting diode of the present invention, 12 the phosphor may
be-a fluorescent material represented by a general fornula (Rel _rSnr)
3(A11_, Ga,) 5012: Ce, ' where 0:5r<|l and 0:5s:51 and Re is at |east one
selected fromY and Gd. Also in the light emtting diode of the present 5
invention, a fluorescent material represented by a general formula

(Y1, , - q Bhed RRRERROT RN Pe, G, Fluouesaapt haarerdads represgnisahoby wher e
Osps0.8, 0.003sgs0.2, 0.0003srs0.08 and Osssl. In the light enitting diode
of the ptge%’@mall FPaEmilen ,(Rep hEMphd dpheFapref.eCehl whemet dsr<iwanst Owr<l
yttriumal um_num lg 2arn t quorﬁscent materials, activated with cerium

of diffe Reorfoltt +6AST RBPUSPAGCYEInd TR, Yi AnGr&8r to control the

emtted light to a_desired vel In,the light emtting diode of the
present invention, q?i Cni F‘Br},@‘ 306%‘& FBLEC LN orERdt Ofat €h¢ alRrafent

di ff.erent, 15 conp05|t| s, r.enrest ent e eneral for :
(ReP rS o) s Eé‘ wha %’% f %ﬁpﬁ%er&’?émgw ahd IEReTAL ot

| east on (o fro e.u ed as the, phosphor in order to
control %%%%r%%tte 1I'Fi“g C}{Ptcgzgmggég?’eué)w\? 2endtH. Ihgth S§dght 28mi tH1%g
oot osonERERoE “Bhak i BLEtTe 630 Firf 2 9 bl S%L'd:@ﬁrer%cem”t i
fluorescent nmateri REpr t ral for Al5 may be
1 RIS St 0N do TR Rt iR,

used as the phosphor mhere is a Iea

ggvgrgngﬁﬁé %HBE%%bﬂ‘bfé%Eﬂéﬂl§rﬁbﬁﬁﬂiﬁegwozérlh@@%1§%€}£¥ﬁydfﬂ%1num—
10 garnet fluorescent materials, activated with cerium, of
different compositions including Y and Al, iﬁ order to control
the emitted light to a desired wavelength.

In ?he light emitting diode of the present invention,
similarly, two or more fluorescent materials of different
15 | compositions represented by a general formula (Re,_.Sm )3 (AL,
«G3,)50;,:Ce, where 0sr<l and Osssl and Re is at least one
selected from Y and Gd may be used as the phosphor in order to

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

25 light to a desired wavelength.

In the light emitting diode of the present invention,

13



In the light emtting diode of the present invention, 13 simlarly,
yttrium al um num garnet fluorescent material a first fluorescent nateri al
and a second fluorescent material may be used wherein a part of yttriumin
the first anﬂ][s ond Ltuo’r ESCfnt .materials is substituted with gadolinium
to 5 diffelretm?ueyr ec¥ “oF 1eURRLPPRIBRIAENERe FHUSPRSCENtN dad@riad a
control t€§qe€15%ed Iight to % des&red(¥avelength. Ceneral ly, -a fluorescent
rat eri al WhiT RBFBECERFgRAtEF 131 1R faPecoRg:  inresaent |maperial a

| ong vvavlgl engt huha$ hj gher. effici gnc§ than a fluorescent material 10 which
absor bs 1Tght of 13 OHB WavBI BnBRRtafd S YN gt e ofixtorandasetendt h.

i gt [ naneso T T o Mo GE P RGEhbmpoont CNTCOR B o ‘il A BIRkn St that
g om ST A oot B ho R Ret FARARY IR Shorenaeied otk owier to°
o1 61 o bl S T RAT e ey ST e ek o 3 K3 Yt component e set
Vi Sible 11 ght 1ogi oo Sha 20" ok n Ery R e e B AT BREERL of T HE pOREHEN® be

set to beligmgeror . tharHde My eABnSHON aRGaK Ettshelh'kr;ﬁ@t ﬁiﬂ' t%i ong
Verted by the :

conponent. ~Wth this .arrangenent, because |ight con

the 11one em 1rhg conponan s, (RS R B d Bl PR e
em1ading woigonemsoyenl M§re bheal 1ghly wavelength and emits light of a
short wavelength. It is preferable to use a light emitting
component which emits visible_ light than a light emitting
component which emits ultraviolet 1light fhat degrades resin
(molding material, coating material, etc.). Thus for the
15 light emitting diode of the present invention, for the purpose
of improving the 1light emitting efficiency and ensure long
life, it is preferable that main emission peak of the light
emitting component be set within a.relatively short wavelength
range of 400 nm to 530 nm in the visible light region,'aﬁd
.20 main emission wavelength of the phosphor be set to be longer
-than the main emission peak of the light emitting component.
With this . arrangement, because 1light converted by the
fluorescent material has longer wavelength than that of light
emitted by the light emitting component, it will not be
25 absorbed by the'light emitting component even when the light

emitting component is irradiated with light ' which ‘has been

14



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

L S, B e e B B el
is a schematic sectignal view qf ead type ii ht emtting di ode
accor di n§ Y8 Fhe®&nbb né:rﬂnvtﬁro,cteﬁﬂ f@glﬁr egﬁnt ‘?ﬁ%/el’ftr}adh. tpfg.band g gap
h ti J I i ip i . 1.1 ght i tti di.od di t
the_enbod et ¢ i, Bben T Bobhbuet B Do " riEs Bho nghiihe
itati t . t f t teri tivated b
cort um USAH TS ¢ PRSBEihbodr et RS prosGRtyHiaR | BF Fho. B s a
h shQwi th 1SS Jf U t t fl 1 teri al
et Puat o A R S AR e e P § 7L G THRRST | on.

20 Fig. %f’hﬂ egl(:?plg)fsrégl\a/_isgg_ohh oesrgli%sli on spectrumof the light emtting
€ ' p

di ode of t I rst enbodinent of theé resent invention. Fig. 5Ais a graph

showi ng Hie X HESARTIT IDRE S HilE SRR t i um al um num garnet fl uorescent
material activated 25 by ceriumused In the second enbodi ment of the

present ~Fig. 1 is a schematic sectional view of a lead type
light emitting diode according to the embodiment of the
10 preSent invention.

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

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

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

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

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

Fig. 5A is a graph showing the excitation spectrum
6f the yttrium—aluminum—garnet fluorescent material acti&ated

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

invention.

15



invention. 15 Fig. 5B is a graph show ng the em ssion spectrumof the
yttriumal um num garnet fluorescent material activated by ceriumused in
t he’ second enbodi nent of the present invention.. Fig. 6 shows the
chromaticity diagramof light 5 enmitted by the light emtting diode of the
second enbodi nent, Fighi | B pbénas ghapihd showidiocaitee tdei €Ol e Sséctightor
emtted by the Ilght em-tting conponent and points C and D indicate the
col ors ofthe gnttemuntzbuminmegkinets dluphespbats mak@fiad. actisratetheymtic
sectional view of the planar 1ight source according to another enbodinent
of the pregmitin usfdern dhe Eigpomrsl iembpdigtetata tstm:tpmmént/uewsﬂtmmt her
planar light source different fromthat of Fig. 7. 15 Fig. 9 is a schematic
sectional view of afhfhert Fhiwg Itihght choomed idiifdver dimgiramm bfioskight Fi g.
7 and Fig. 8. Fig. 10 is a block diagram 10 of a display device which is
n appl i c%mfd}?cbfbx heher bsght pmdERdinondipdg. ofl the asetamd vembodimedre, LED
dlsplay device of 20 the display device of Fig. 10. Fig. 12 is a plan view
of theIJﬂ?%ﬁ%play device wherein one pixel is constituted from four Iight

em tting diodes, including the |light emtting diode of the present
i nvention and R‘?Fd%tes efi ePeh @ R@déSPBFs thes qqlprse 3afsAdwdtt IRitdsd thy of

dur abl e Ilfe ]t_est
1ght emlttlng component and points C and D indicate the

colors of light emitted by two kinds of phosphors.

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

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

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

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

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

20 the display device of Fig. 10.

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

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

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

veat her alli,| ishowiest tife Ffesupte &t apg°cCoapar ggi;yelggagplb@szt%@ow%l
change of lum nance retaining ratio with tine"and Fig. 14B shows the
resul ts OF wFabdeadiifie yreasdsofofthex drighe: Gerairtct iGoyRbilcadsy @ f Esamyie 2
showi ng the col or tone before and after the test. 10 Fig. 15A shows the

resul ts @nd FomPAYative eSxasplebxhnplshiodriand thapateatilte R@nploec 2 shpw ng
the rel ationship between the |um nance retaining ratio and tine, and Fig.
15B is a?odilRéIph showi ng the rel ationship between color tone and tinme. 15
Fi 95 16 is a chromat,city diagram show ng. the range of color tone which
can>be obtai ned wi % 15%ghtSTENS t5hey refwldes Wi creatdreiarsd ittlye Helstoreefs cent
mat eri al g,_sho in TabJe_ 1 and blue LED having peak wavel ength at 465 nm
Fig. 17 'é{aﬁ‘pﬁ??r oﬂaﬁ t OUPAEREAY- hdW 3P 191e 2cheleiein@O the cohange oref when
t he concent rration of fluorescent material s changed in the light emtting
di ode whi CHE8REEN P11 uSRELLerifltut Eilgl rchofagi n 1hdb| shawandhs ue

L, o SReuREak JE LSRR B 465 e 8 Aohcalane, Lhe el o pect o
Example 2 showing the color tone before and after the test..

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

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

Fig. 17 is a chromaticity diagram showing the change.

20 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 Elue LED .-having

peak wavelength at 465 nm.

Fig. 18A shows the emission spectrum of the phosphor

25 (Y,.6Gds.4) ;A10,,:Ce of Example 18A.

Fig. 18B shows the emission spectrum of the light

17



Fig. 18B shows the em ssion spectrumof the light 17 emitting conponent of
Exanpl e 18B having the em ssion peak wavelength of 460nm Fig. 18C shows
the eni ssion spectrumof the light enmtting diode of Exanple 2. 5 Fig. 19A
shows the em ssion spectrum of the phosphor (Yo, 2CGdo.e) 3A15012 : Ce of
Exanple 5. - Fig.. 19B shows the em ssion spectrumof. the I'ight enmitting

conponent .0f Q@tﬂp kN h 1.8$SI Ofype wavel.engt h .of .450nm _10 .
Fi g. _190es oi;'/vs t ekgﬁ\gggi@éﬁ g)pitectﬁ?{%ﬁkgg t eé)l ?ligék‘{tlngerﬁtf?i ﬁ&lgisd'(%‘ o?ea%

Exanpl e Ssafd BendOA shWeoddle en ssion spectrum of the phosphor Y3A15012 :
- Ce of Exanple 6.” Fig. 20B shows .the em ssion spectrumof the light 15

emitting component pigPraunl erouiAER. ciesaWsSianBaak Qe \slengl byl
ig 0

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

Exanpl e Gemit t¢hnd I SO Vsr tmn@mesgi,on spectrum of the phosphor 20
Y3(Al 0. 5Gao. 5)5012: Ce of the seventh enbodi nent of the present _invention

Fi 9.5 21B shows the Bhissi®mm sipsed rihe odmidei bh 0becteRid td A0 KO off
Exanpl e 7 having the em ssion peak wavel ength of 450nm 25 Fig. 21T shows
the em ss{nncapgstAlLO, aicet bE Ekghble 5. : : -
| Fig. 19B shows the emission spectrum of the light-
emitting .component' of Example 5 having. the emission peak
wavelength of 450nm.
10 . Fig. 19C shows the emission spectrum of the light
emitting diode of Example 5. '
Fig. 20A shows the emission spectrum of the phosphor
Y;Al,0,,:Ce of Example 6.
Fig. 20B shows the eﬁission spectrum of the light
15 emitting component of Example l6 having the emission peak
wavelength of 450nm.
Fig. 20C shows the emission spectrum of the light
emitting diode of ExampleIG. |
Fig. 21A shows the emission spectrum of the phosphor
20 Y,(Al, Ga,;s)s0,,:Ce of the seventh embodiment of the present
inventibn |
| Fig. 21B shows the emission spectrum of the 1light
emitting component of Example 7 having the emission peak
‘wavelength of 450nm. |
25 | 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 (Yo.eGd6.2) 3A15012 : Ce of Exanple 11. Fig. 22B shows the

em ssion spectrum of the phosphor (YO0.4Gd0.6) 3AI5012 : Ce. of Exanple 11.
5 Fig. 22C shows the em ssion spectrumof the light emtting conponent of
Exanpl e 11 havi ng e em.ssi on peak wavel ength of 470nm_ Fig. 23 shows the
em ssi on spectrum }J"Jﬁ'gt‘h?z ' éﬁ’f’-"’%eﬁ-‘ihﬁ g S§ilode SPEChTamplod the phopERAKLED
DESCRIPTIQN éF_Tﬂg QBEF RRED ENMBOD] MENTS Now referring to the attached

dr awi ngs (Pprfer 8dsCeibBdP hefa™te thk: present invention will be descri bed
below. A light eni.tin% qgogﬁ 10Q.0of Fi.g. .1 is a lead type light emtting
di ode having a moukt-3-e&FF1EECKTd TRE 1SS 108a §P s rife Cfnfrdice DROSPRPEht

emtting ne 2.0s ipstalled on,a cup 105a. of the nount |ead 105,
and the ééggggﬁéﬂ%%£$Pr¢§dégm#¥%m%f%og{Tng resin 101 which contains a

spegi fi ed phosphor .t r the_light emtting conponent 102 and_i,s_nol ded
ig %resin. An n e|§€§$o§gyan8£8w8 e %ﬂ?@ﬁ%ﬁﬁﬁgtﬁBngéﬁm éﬁ?f?hﬂglight -
conponen sar t t ag _1Q5 and.the jinner |ead, 106,
reggecti %SH}L&%@ rr(gang o‘%ﬁg\j ?ogfs Egg%#% t E‘ Iqllaéfﬁflgemgp?i i Bt peak

constit uladeaend@pChbirb@donabove, part of light emtted by the li ght
emtting conmponént (LED chip) 102 (hereinafter referred to as LED |ight)

excites 25 the phognior £9ntaoRad £he! R 1SAALIEESLAAOb % HENTgHE

emitting diode of Example 11.

10 DETAILED DESCRIPTION OF THE PREFERREIj EMBODIMENTS
Now referring to the attached drawings, preferred
embodiments of the present'invention will be described beléw.
A light emitting diode 100 of Fig. 1 is a lead type
light emitting diode having a mount lead 105 and an inner lead
15 106, wherein a light emitting.componént 102 is installed on a
cup 105a. of the mount.lead 105, and the cup 105a is filled
with a coating resin 101 which contains a specified phosphor
to cover the.light emitting component 102 and is molded in
resin. An n electrode and a p electrode of the light emitting
20 . component 102 are-connected to the 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
25 the phosphor contained in the coating resin 101 to generate

fluorescent light having a wavelength different from that of
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fluorescent |ight having a wavel ength different fromthat of 19 LED |ight,

so+that the fluorescent light emtted by the phosphor and LED |Iight which

is output without contributing to the excitation of the phosphor are nixed

and output. As a result, the light emtting diode 100 al so outputs |ight

having 5 a wavel ength different fromthat of LED |ight emtted by the

| i ght emlBD ndigh¥pongnat that FAike Xlslmowscerdhi filghte keinghtedni byi nghe

di ode, wherein light emtting diode (LED chip) 202 is installed in a

recess ofPhpsEIh@ED4Ehikights Whiqhedisy euitput oat tngu et e & al byt v o

contains a specified phosphor to forma coating 201. The light emtting

conponenttim2exgitatkben bpfusiey Rhospbey anssimivedt lkad idketpitich @sntai ns

Ag, for exanple, and an n electrode and a p electrode of the |ight

eni tti ng XHpdmerthe Joohly eeigrining ctiade i Gl 229 pwhpet Obighs thka vimg on

. the 15 casin %24 b%/ n&ans of conductive wires 203. In the chip type |ight
t

eni t?i ng i REth t AL EfersnHeSEPRpddath R, LEP nilighty emigtere Hkedehe ype
light emtti ntg diode of Fig. 1, fluagrescent 1light emtted by the phosphor
and LED 114t iR GFing % dP2ni t hout being absorbed by the phosphor

are m xed 20 and o ut, so that the light emtting. diode 200 al so, outputs
| i ght having a wave Jg%‘gt r?sdf’ ¥Pent fTONR t RHPSf LLEDY | GRECCERT L tPET t he

190 e g g, corpanenty 208 0a, gL b9 dra0s SopAL g (e
emtted tiyecaeéé- Q:Q‘.I aerggéirpgg fé)fpxgl?]?cr}tx is filled with a coating materi_al'
10 which contains a specified phosphor to form a coating 201.
The light emitting lcomponent 202 is fixed by using an epoxy
resin or the like which contains Ag, for example, and an n
electrode and a p electrode of the light emitting component
202 are connected to metal terminals 205 installed on the
15 casing 204 by means of conductive wires 203. In the chip type
light emitting diode constituted as described above, similarly
to the lead type light emitting diode of Fig. 1, fluorescent
light emi_tfed by the phosphor and LED 1light which is
transmitted without being absorbed by the phosphor are mixed
20 and output, so tha't;_ the light emitting diode 200 also outputs
light having a wavelength different frém that of LED light
emitted by the light emitting component 202.
The light emitting diode coﬁtaining the phosphor as
described above has the following features.
25 - 1. Light emitted by a 1light émitting component

(LED) is usually emitted through an electrode which supplies

20



(LED) is usually emtted through an el ectrode which supplies 20 electric
power to the light emtting conponent. Emitted light 1is partly blocked by
the electrode forned on the light emtting conponent resulting in a '
particular em ssion pattern, and is therefore not emtted uniformy in
every direction. 5 The light emtting diode which contains the fluorescent
mat er i al elboveyerpowan eoi théi ghghtnenottisgovefnpanvhde rengetew Lhgut
f.-orm ng undesirabl e enmi ssion pattern because the light is emtted after

bei ng di fusparbyyt Helddked edgentthrat eliedtrddie Alfidieiegh loinghthenm Lt gdtby
the light emtting 10 conponent (LED) has a nonochromatic peak, the peak

i s broademahtiihgscomphnentoresehtingngnpaopertyculhirsentiasdonepasteen,nakes
an i ndi spensabl e advantage for an application which requires wavel engths
of a rel andvely whdsefange.ndti ghnitbedcenifiwrmly ophi cateryradérecanonar., for
exanple, is desirable to 15 have a w der em ssion peak. The light emtting
di ofles ofhehelfightt amdtsépeonddieddodwwhénhs tonbeidescthbedfbeboeshant t he
configuration shown in Fig. 1 or Fig. 2 wherein a light emtting conponent
whi ch uBa§egily dBOWEHBEuNEa8emmddnduadr uifogukel enewed ywhilghraogener gy
in the visible region and a partjcul ar phosphor are conbi ned, and have

such favUF&BPEtpﬁBEEFPBe§n§§Sgéﬁﬁ%ﬁI?F?sﬁéoneEﬁFtPFQhPeQPUﬁPgﬁhPu%ﬁﬁ&ﬁce
and | ess degradation of |jght em. ssion efficiency and |ess color shift
over an %t BRAEHCUpREFEY BFibgedi BEUFRAgeVckhe, ThIPFeRPeRE ARRERELRH]
whi.ch absorbs 2. Although light emitted by the light emitting
10 component (LED) has a monoch;ométic'peak, the peak.is broad
and has high color rendering property. This characteristic
makes an' indispensable advaﬁtage for an application which
requifes wavelengths of a relatively wide range. Light source
for an optical iméée scanner, for example, is desirable to
15 have a wider emission peak. |
The light emitting diodes of the first and second
embodiments to be described below have the configuration shown
in Fig. 1 or Fig. 2 wherein a light emitting component which
uses nitride compound semiconductor having relatively high
20 enérgy in the visible region and a 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.

25 ' In general, a fluorescent material which absorbs

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

hi gher efficiency than a fluorescent material which absorbs |light of a

| ong wavel ength and enits light of a short wavelength, and therefore it is
preferable to use a nitride conpound sem conductor |ight emtting
conponentWaMfland:h shasphbgbest effiicianyybltiean i ghtf labrakeehtwanalearignh. it
needs not to say that the use of a light emtting conponent having hi.gh
l-uni nanc&hiSCpralisads el ighpHetpaotong wWeveiedgth aadbiemdtison iwhich oifhe
nitride compound sem conductor |ight emtting conponent nmust 10 have the
fol | owi nFh&Gui WeKehesath, mask| therefesestincdsagareferabiit too eseure

i ght of a Q#%? intensity for a long period of tine, because the

f1 uor escAME IS rSAPIERG nSeBiFRUdIGteRe light nemyt 5fi.ngheompogien te nttitihng
co nent.s 102 %ﬁé %gg I s, exposed to |ight of 15 intensity as high as

abott 30 % BPPHBs Afhatmbit e Pilyg: light capashbointy wavesdngtitent | tem t
light in b%%%? re ign.for the excjtation by neans of the light emtting
conponent® 52, P02 FOWREY niBathgthe dSForf i3 bisat smdditdnge campsaising of
emtting,.hl | i,gh not. ultraviolet ray, with a 20 high efficiency. 3.
capabi | i th%vtiglgem gthl TSR FRSS gltseé’ﬁetf{?z)tg? ®-regions for the purpose of

m xing with blue light .t enerate .white light. 4. Good fenperature
characteristic sui tngrpehc%%ﬁl% 25 TocRE ohSER 1B VTR AN ¢ LRl ghhe

em tting (GRMPENE Snfddna semiconductor light emitting component must

'10 have the following requirements:

1. Excellent resistance against 1ight to endure
light of a high intensity for a léng period of time, because
'the fluorescent material is installed in the vicinity of the
light emitting components 102, 202 and is exposed to light of

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

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

20 high efficiency.

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

4. Good temperature characteristic suitable for

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

202 and the resultant- influence of temperature difference due
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202 and the resultant influence of tenperature difference due .22 to heat
generated by the chip when lighting. 5. Capability to continuously change
the color tone in terns of the proportion of conposition or ratio of
mxing a plurality of fluorescent nmaterials. 5 6. Watherability for the
operating environnent of the light emtting diode. Enbodinent 1 The |ight
em tting & d¥eabfgenrrItedtbiefwiicham wifen tlHghdviessnt i nvention enpl oys a
galliumnitride corrgound 10, sem conduct or el enment whi ch has hi gh-energy
band gap in the |ight eMPRPhELFRYER OREIRIQEHHDIchargenthe | ¢rler ueoneght
and a. garnet phosghor activated, with ceriumijn conbination. Wth this
confi gur ath obCTRHeCt i i RFARQT HPRi QH L UIPATHEE 9T 2 Bxbbeli o rmixtag @it
-whi-te light by blending blue ight emtted 15 by the light emtting
corrponent%l‘i’é‘%l,l’%?%n%lqutﬁ?‘% JrterdiddSt-ed by the phosphor excited by
the blue light. Becgrse th% Igar geg.ghogghor activated with cerium which is
used®in the |ight efttt/'ig AFSERTGF¥hECF e WA thsht AL IRt Of

resi stancg, ang, therability, it can 20 emt light with extrenely snall
degrees of'%o ﬁ\f\ﬁ h‘?“f”ttas%l]r&fJ %%%4%‘ase in the | uninance of enitted light even

when i rrﬁg]!.' very intense light emtted by the light emtting
conponent’'s %@ﬁ%’g‘% ]Iocat ed in the vicinity over a long period of tinme. 25

Conponent s of the_l&ﬂ@tl§8%£tEﬂgtgkﬁgedggdgh%fﬁﬂﬁg first embodimént of

the present invention employs a gallium 'nitride compound

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

light emitting layer and is capable of emitfing blue light,

and a garnet phosphor activated with cefium in combination.

With this éonfiguration, the light emitting diode of the first

embodiment can emit white light by blending blue light emitted

15 by the 1light emitting components 102, 202 and yellOW'light
emitted bylthe 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 light fesistance and weatherability, it can

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

25 Components of the light emitting diode of the first

embodiment will be described in detail below.
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enbodi nent will be described in detail below 23 (Phosphor) The phosphor
used in the light emtting diode of the first enbodinent is a phosphor
whi‘ch, when excited by visible light or ultraviolet ray emitted by the
sem conductor light 5 emtting layer, emts, |ight of a wavel ength
different from that of the exciting Iight. The phosphor is specifically
garnet fK(Bhosphen} material activated with ceriumwhich contains at |east
one el ement selected fromY, Lu, Sc, La, Gd and Sm and at | east one

el enent sel ected fTbm BhpsGhoandsed. if0thechidhtgehatthfgpdesaat oEnyRat i on,
the fluorescent material is preferably yttriumalum num garnet fl uorescent
mat er i al £1EynGephodpneny ast iavathedphiorh whedhymwleen aetd ios@sibentisibleri al
represented by general . formula (Rel _rSn¥) 3 (All_ BGa8) 5012: Ce, where
Osr<1 andiigBssPr anttRviclelt Kkezstemitdetb kel dbiceds émimpndwartbxSdl ifhtcase
‘the LED light enitted by the Ilight emtting conponent enploying the

gal Pi um BREEFERT d@WSEUNdeBERf. cInditt opfamd whvelengtbschififdriggit &mpnt ed
by the Ehosphor havi ng yel | ow body color are in the relation of _

conpl eneffaFy bl P8, SFFielnd| digdsn be Thet pphosphoreridi ngpeedfinelLED
light and the-flugrescent light. In the first enbodi ment, because the
phosphor 9RENShsedLBYTEFERRNg MRLSK 14 1r e HGH IMAtES nakith t heexbami nyhiebin
101 and the Coating terial 201 (detail ed Iate;%§ color tone of the |ight
eni tti ngCAPEAENEafthdeAdituONEd SLFNERd FELRGtEE Iromd i Hebnd®Sceht/ | Gfp

col or byaﬁgn%%ouédu%érfégggigge element selected from Al, Ga and In.
10 | According to the present invention, the fluorescent maﬁerial
is prefe:abiy yttrium-aluminum-garnet fluorescent matérial
(YAG phosphor) activated with cerium, or a fluorescent
material represented Dby generél . formula (Re,_.Sm. ), (AL,
G2,)s0;,:Ce, where Osr<1' and Osssl, _and Re. is at least one
15  selected from Y and Gd. In case the LED light emitted by.the
light emitting component employing the galiium nitride
compound semiconductor and the fluorescent light emitted by
the phosphor having yellow body color are in the relation.of
complementary éolors, white color can be output by blending

20 the LED light and the fluorescent light.
In the first embodiment, because the phosphor is
used by blending with a resin which makes the coating resin
101 and the coating material 201 (detailed later), color tone
of the lighf emitting diode can be adjusted including white
25 and incandescent lamp color by controlling the mixing

proportion with the resin or the quantity used in filling the
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proportion with the resin or the quantity used in filling the 24 cup 105
or ;he recess of the casing 204 in accordance to the wavelength of |ight
emitted by the galliumnitride light emitting component. Distribution of
the phosphor concentration has 5 influence also on the col or bl endi ng and

dur abi I tdﬁ? e &5, tht\é’hﬁgctegg %qn@g#e r@&éﬁrﬂg %oPh ﬁpageo&asg‘%%%;} f@un the

surface the coating or nolding ret I'S cont ai ne toward

the | ghtoREciqih COEPOREBh | dnDRCOTe Sy e%%e"§ byibR Recplagctety

extraneous noi st'ure thereby making it easier to suppr ess

deteri or gy i@ j9ie dompdetiture. On the other hand, when the concentration
of phosphor increases fromthe |ight enitting conponent toward the surface

of the nmolding, it phacormsiBH e bfketkyet 0 Bgct@%d§$ﬁa&£gﬂﬁpu%ms

noi sture, but less likely to be affected e heat and radiation from

the s15 | iigiH] wifdd idlgsd-wwtcoﬂdlu%lr@iﬁﬂﬁg Ién@%ﬁéﬂﬂﬁ@ SUpPE£ssis | he
deterioration of the phosphor. Such distributions. of the “phosphor

concent r afted €1 deneelt eveibMyosepRebbREroinceeatea! lirde e NBELFicd
whi ch contains the phosphor, formng tenperature and viscosity, and the

confi gur aifi ohhanccqering| er 2foTdsng i bitdren dhet thgespholis Byonsahged he .
phosphor of the first enbodiment, light emtting diode having excellent

enm ssi on tohanat ttdve stiigist mtﬁmmgrmﬂmpdnmmusem eeddmer dseentl Dby itd has
enough light resistance for high-efficient operation even when arranged 25
adj acent hep afifeaqtachéwieitianemfs mveidtiyte wEerdbhyngnaking it easier to
10 suppress the deterioration due to moisture. On the other hand,
when the concentration of phosphor increases from the light
emitting component toward the surface of the molding, it
becomes more likely to be affected by extraneous moisture, but
less likely to be affected by the heat and radiation from the
15  light emitting component, thus making it possible to suppress
the deterioration of the phosphor. Such distributions of the
phosphor concentration can be achieved by selecting or
controlling the material which contains the phosphor, forming
temperature and viscosity, and the configuration and particle
20 distribution of the phosphor.
By using the phosphor of the first embodiment, light
emitting diode having excellent emission characteristics can
be made, because the fluorescent material has énough light
resistance for high-efficient operation even when arranged

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

components 102, 202 with radiation intensity
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components 102, 202 with radiation intensity 25 (Ee) within the range from
3 Wm2 to. 10 Wrn-2. The phosphor used in the first enbodi nent is,
because ‘of garnet structure, resistant to heat, light and noisture, and is
t heref ore capabl e of absorbing excitation 5 light having a peak at a

vavel engt h negge #50i fM RSt BHOMENGE £FoR- 3 JemP il fé;o s 1ight of broad

spectrum havi ng a peak near 580 nmtailing out to nmas shown in Fig.

3B. Moreover, efftséengugé)%h@fciﬁgédl!smt EALSSEPRSEN 8nb68IRBNET is,
wavel engt'hs, 460 nm and hi gher can be increased by including Gd 10 in the

crystal péciheeplspharnet tderddtste predigdiaint SN nddre, Cd igdrt eghdi s

i ncreased, em ssion peak wavelength is shifted toward | onger wavel ength

and the @pistere)i $SidONisSpaEfabrs chphbed tORantslPdely wayekeagths.
This means that, when em ssion of nore reddish light is required, it can

15 be achigkedhbyingcreassaly sdbeadegrea cdigtiubsddst utsonnw tady Ghowthen t he
Gd content is increased, |lumnance of light emtted by photol um nescence

under blBegli ght ta@ndalso eéedtesasdgifspetimtdad véssctain odvidhgi 8 peak
substituted with Ga anong the conposition of YAG fluorescent materi al
havi ng fA6agarifl siw utailing wanet et h706 em t bed $hohh s f Figt.onaBd
shorter wavel ength and, when part of Y is substituted with Gd, wavel ength
of emittMdrepgar, shEficienvnr df| exgdrtedavdlodrigtemissian eirl ahvegicoheot
conposition and light emtting characteristics.of YAG fluorescent naterial
repr esenvadebgnghs génlramn andnbighey, catdbg, {Acressad) BYl2nciuding Gd
10 in the crystal of the phosphor of the first embodiment. When
the Gd content is increased, emission peak wavelength is
shifted toward 1longer wa\}e'length and the entire emission
spectrum is shifted toward longer wavelengths. This means
that, when emission of more reddish light is réquired, it can
15 - be achieved by increasing the degree of substitution with Gd.
When the Gd content is increased, luminance of light emitted
by photoluminescence under blue light ténds to decrease.
Especially when part of Al is substituted with Ga
among the composition of YAG fluorescent material having
20 garnet structure, wavelength of emitted light shifts toward
shorter wavelength and, when part of Y is substituted with Gd,
wavelength of emitted light shifts toward longer wavelength.
Table 1 shows the composition and light emitting

characteristics of YAG fluorescent material represented by

25 general formula (Y,.Gd,),(Al;.Ga,)s0,:Ce.
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oLnOO0OO 0f4UO00000OC0 00 da) ~h-i OOONIDO0O O Ld C
O0O0d) o0 O0cC a) AOr 1 NMct" LG IDr- H 27 Values shown in
Table 1 were neasured by exciting the fluorescent material with blue |ight
of 460nm Lum nance and efficiency in Table 1 are given in values relative
to those of material No. 1 which are set to 100. 5 Wen substituting Al
with Ga, the propoMalsyes sshowrf dnaBlaplg t hi Wwerlee meamyerdd ony Gexoiltilgl to
4:6 in consideration of the em ssion efficiency and em ssion wavel ength.
Si mi | ar | Ehenddnorasaanty materead th tdy bive 1m%‘po¢>fi 660N . pr dfumiaisince
within the range fromY: Gd=9:1 to 10 1:9, and nore preferably from4:1 to
2:3. It iddeehfiseigney in Table 1 are given in values relative to.

those of material No. 1 which are set to .100.

5 When substituting Al with Ga, the proportion is
preferably within the range from Ga: Al=l1:1 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 .

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

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

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

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

the relative luminous intensity of light emitting diode of not
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degree of substitution with Gd bel ow 20% results in a color of greater
green conponent and | ess red conponent, and a degree of substitution with
Gd ‘above 60% results in increased red conponent but rapid decrease in
Lum nance. When the ratio 15 Y:Gd of Y and Gd in the YAG fl uorescent

materi al yL,§.S i thi.N he range from4:1 to 2:3, in particular, a |light
enittinglégﬁogéaggzgglgahf%gm %ﬁﬁﬁyﬁﬂﬂteﬁh??ﬂﬁh%Lﬁﬁﬁ%@ﬁFa}$y18F§n§hPﬁe
bl ack boGyobgdiﬁi&gn éqgus 3gn h na%%Fby usi ng one ki nd of _
yttrium alun huntgarnet: f I eS &t EPPSPS dRPERIFRg B t RPerenPEsi on

I h L ght 115 : .1h tio Y. Gd of Y and
G hERTREe Lo ad el PP RO CPho R R AR EREeRaRgodRPONES: aCFp
1: 4, | ] LLti di bl e, of itti |'i ght of i d I
can’ b niAar=RRE oA e YT ATECoPRERB, L8NG AETCdn O (HogHEBsaFy2s

substitufj ' et within the range from0.003 to 0.2, the
reIgtivegpgﬁ%ﬁgégcﬁﬁ%gﬁgfty of light emtting diode of not 28 |ess than

Mntenity decr casee ™BEcacie FROCHEROET opt SRS ( EBLERFds: bpREntars b
Phan 0. 2 P RERert 1o & GIBRSRn G SCEORT B ot S SRV IR AIGh SRobnPEL od
the compebrtisnbath & TR A erBn ot « pba thY GRRLEBRdDe

oI L8] SAREIpSRURLEO D - YBRLLLUALIRSHR ' YuBliElEing

10 part of ¥ of the composition with Gd. 1In this way, the ligﬁt

color of emission can be-changed céntinuously by changing the

composition. Also the fluorescent material is hardly excited

by Hg emission lines which have such wavelengths as 254 nm and

365 nm,.but is excited with-higher efficiency by LED light

15 emitted by a blue light'emitting component having a wa;elength

around 450 nm. Thus the fluorescent material has ideal

characteristics for converting blué light of  nitride

semiconductor light emitting component into white ligﬁt, such

as the capability of coptinuously changing the peak wavelenéth

20 by 'changing the proportion of Gd. |

According to the first embodiment, the efficiency of

light emission of the light emitting diode can be further

improved by combining the 1light emitting component employing

gallium nitride semiconductor and the phoSphor made by adding

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

fluorescent materials (YAG) activated with cerium.
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color of em ssion can be changed continuously by changing the conposition.
Al§o the fluorescent material is hardly excited by Hg em ssion |ines which
have such wavel engths as 254 nmand 365 nm but is excited wth higher
efficiency by LED light 15 emitted by a blue light emtting conponent

having a wavel engt hyataaend £630 niRinhbadi@ HeNARGeHs MR Rl Jasd deal
characteristics for converting. bluelight ofELit I de §%n1cond ctor F%ght

em tting AN ¥ Nteyg Wwhete bhgh%ifﬂﬁg‘G@Sth@oﬁgeﬁﬁﬁgi&ﬁiQB can he

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

Gd. Accorglisigyt Gcdiifeftdst iREBOAIHNEIY | ok hgesf fHiC mpkl m s§{pn of
the Iight é%ieiing di ode cén be furthe? iﬁprggé ﬂ@ﬂcgkgPhkgghfﬁé %?5 t :

em tting seEIQNRRM 1§D Yk 1Yy  J@hleisem hi¢d e 5em ¢anduct S crahdtiical
phosphor nade by adding 25 rare earth el enent samarium (Sm to

ytt s um yrgidretogannet. thigor asgeqienat griml ged Yﬁ\ﬁtﬁctéﬁa_tag@ﬁ%gﬂé:@éi um
29 Material for nmaking such a phosphor is made by using oxides Y, d,

Ce, SM Auatdtd Of QOMAIBKIIMNEGRNCAS DEMmEASLY e did i 0abhase

oxi des at” high fenperature, and sufficiently mxing these naterials in

st oi chi oy, Cadnd PLORAT HiNORS. ciflik SbIe XhEr & i Serfh &Lk -4 NfafmanRBEePrict
quantity of a fluoride such as ammonium fluoride used as a flux, and fired

in a crucifyeecatina 4 97PESAL Br & rPNKddeg.to thel Rigbl h@tetikd Sis
hours. Then the fired material is ground bylgﬂﬁngénlﬁ? I'n water, washed,
separ at egrdliiedbynd pidisimeued ihersbyr owabhalh tReadasened dRiRN iala
10 sieved thereby to obtain the dgsired material. |
In the producing process described above, the
mixture material may also be made by dissolving rare earth
elements Y, Gd, Ce and Sm in étoichiometrical proportions in
an acid, coprecipitating the solution with oxalic acid and
15 firing lthe 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-a-r0d,CeSM, ) ,AL0,, can emit light of wavelenéths 460nm and
20 longer with higher efficiency upon excitation, because Gd is
contained in the crystal. When the content of gadolinium is
increased, peak wavelength of emission shifts from 53dnm to a
longer wavelength up to 570nm,' while the entire emission
spectrum also shifts to longer wavelengths. When light of

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

the amount of Gd added for substitution. When the content of
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In the produci ng process described above, the mxture material may al so be
made by dissolving rare earth elenents Y, Gd, Ce and Smin
stoichionetrical proportions in an acid, coprecipitating the solution with
oxalic acid and 15 firing the coprecipitate to obtain an oxide of the
coprecipitate, and then mxing it with alum num oxide and gallium oxi de.

The phospmbr isepirsesdeed by Yuneirganss albff ophvkal(XinesPeficeé CdplewSBIue
3A15012 can emt light of wavelengths 4 6 0 nmand. 20 |onger w th higher
ef fi ci enchyigipon eperdualtliyon, déereases Gd i s Ttmdefiores, | 'vdhes cryst ap. ien
the content of gadoliniumis increased, peak wavel ength of em ssion shifts
from 530medfiermbliyonged wavelewgth umr t moTéOnprefbirdsly he.gantbre RWSsS) on
spectrum al so shifts to | onger wavel engths. VWen |ight. of 25. stronger red
shade i s maades; norec preaferathiveied iy o.6Cbeadiodgr .t he anount of Gd added
for substitution. Wien the content of - 30 Gd is increased, |um nance of

phot%l umi nescence Viitteh masphdi ghépoesentadd ybgeeheageseriereianea ad,ue of
pis preferably 0.8 or Iower, or nore preferably 0.7 or |ower. Further

nore pref.er @d gejsm ) 81006 oin¢buéing 5SihecaphodEhonadepranejdctd by thess
general fornmula (Y1l_ p-5_rGdpCeSnr)3A15012 including Sm can be nade
subj ect tdegdesslnade pendesnperattespeegandbessgafditdes iofcridas eidn craaset
content of Gd. That is, the phosphor, when Smis contained, has greatly
i nproved afii §di.on Thatnaree #&hehi phesphenpendian eSm 11 Exdbrbainédt hehas
i nprovenent increases as the Gd content is _
greatly improved emission luminance at higher temperatures.
10 Extent of the improvement increases as the Gd content is
increased. Temperature characteristic can be greatly improved
particularly by the addition of Sm in the case of fluorescent
material of such a composition as red shade is strengthened by
increasing the content of Gd, because it has poor temperature
15 characteristics. The temperature characteristic mentioned
here is measured in terms of the ratio (%) of emission
luminance of the fluorescent material at a high temperature
(200°C) relative to the emission luminance of exciting blue
light having a wavelength of 450nm at the normal temperature
20 (25°C) .

The proportion of Sm is preferably within the range
of 0.0003<r<0.08 to give temperature characteristic of 60% or
higher. The value of r below this range leads to less effect
of improving the temperature characteristic. When the value

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

characteristic deteriorates. The range of 0.0007sr<0.02 for
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i ncreased. Tenperature characteristic can be greatly inproved particularly
by the addition of Smin the case of fluorescent material of such a
conposition.as red shade is strengthened by increasing the content of Cd,
because. it has poor tenperature 15 characteristics. The tenperature
characteristic nentioned here is neasured in ternms of the ratio (% of

en ssi on tHairprepeet idn t e Shuwheseertempeiraitivale athaa dait@dr ilseriRe eddontes
(-(200C) relative to the em ssion |um nance of exciting blue |ight having a
wavel engt&fofori30ighext itshenamsr mies ireiglexr.at ure 20. (25C) . The proportion of
Smis preferably within the range of 0.0003srs.0.08 to give tenperature
characteristic of 608 opropbyhern Fhefvdlaieinfprebetably his nangmdecas to

| ess effect of inproving the tenperature characteristic. Wen the value 25
of r is abonES2duls r,andeciomakes aeliatarwe dnies 4 anatin=tceC kar aderdstic
deteriorates. The range of 0.0007srs0..02 for 31 the proportion of Sm
wherZe t enpieghatir poshabhet er i Bli¢ crbdativwe Séxiohi Dieindscevirerdesi radl e.
The proportion q of Ce is preferably in a range of 0.003sgs0.2, which
makes relthé vemiss ko ohuhimémeecin ot eZ0$ of perdiegitayepassities. erliesion
relative em ssion |um nance refers to the em ssion |um nance in terns of
per cent ageitinange & i rionasdendn matsfrial Whemes gett. 03at eri al where

g=0. 03. When the proportion g of Ce is 0.003 or lower, |um nance decreases
because t he nunber Wierxditeedpspbostann 19 ct 6es 1§ Phéd! uarndswerice due

to Ce decreases and, when the
luminance decreases because the number of excited emission

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

15 increased beyond an optimum level.

Eor the 1light emitting diode of the present
invention, a mixture of two or more kinds of phosphors having
compositions of (Y, ..GdCesSm.),Al,0,, having different contents
of Al, Ga, Y and Gs or Sm may also be uéed; This increases

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

"color filter.
(Light emitting components 102, 202)

The light emitting component is preferably embedded

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

light emitting component used in the light emitting diode of
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g is greater than 0.2, density quenching occurs. Density quenching refers
to the decrease in em ssion intensity which occurs when the concentration
of an activation agent added to increase the |uminance of the fluorescent
material is 15 increased beyond an optinmum|level. For the [ight emtting
di ode of the present _invention, a mxture of two or nore kinds of
phosphor s T&vi nBE SEoMhos iHIVERT 100 ( viS~q & GdpEkySan) 3ALBALZIchaycagpound

di fferent conten%; of Al, Gﬁ Y and Gs or Smmay al so be used. This

i ncr eases STOREIBEECLonFBRERLE aRd efdficienkdYapprrétingn, ther grampke,
for a fullxcolor liguid %r¥stgl di spl.ay device by using a color filter.
(Li ght enFBPPﬁ&SESHgon@ﬁ §T1825 288F1vRéeH gWitBni eerhygmeonpofbrt Lsght

preferably enbedded 25 in mol ding material as shown in Fig. 1 and Fig.
2. The |¥" @éﬁgttic}?&‘p@&%&‘f‘entlé%ed 2R 2t hemRlgningni tgahigiwh odeibfkida?

t he Eresent I nvention Js %“gglliun1nitride conpound sem conductor capabl e
of effici EMPYURE STHRPINE T nREe Madsr dut efPIhiRer ical kightt i emittingt h
cerium The_ light_. em.tting conponents 102, 202 enploying galliumnitride 5
conpound S&&E&on cﬁth&P@|ﬁﬁégi@eféﬁmhigﬂéupﬁgm:Q#ﬁmtbﬁg Ih@glr cof a
galliun1nihggq?a%gntco qﬁgtﬂéc ch as InGN on a substrate in the MOCVD
process. The structdre ol°t gRECCER St | nEhRoRpERERRI ARPThethe light
honostrucggﬁﬁtigﬁtqﬁystructure or dogble-heterostructure whi ch have M'S
j uncti on, FUHCIT DR BRYj (Ritt PEROSVARF bHES waataRpst usttuare seFon
can be double-heterostructure which have MIS junction, PIN junction
10 or PN Jjunction. Various wavelengths of emission can be
selected depending on the material of.the semiconductor layer
and the crystallinity thereof. It may also be made in a
single quantum well structure or  multiple guantum well
structure where a semiconductor activation layer is formed as -
15 thin as quantum effect can occur. According to the 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.
20 When a gallium nitride compound semiconductor is
used, while sapphire, spinnel, SiC, Si, ZnO or the like may be

used as the semiconductor substrate, use of sapphire substrate

is preferable in order to form gallium nitride of good .

crystallinity. A gallium nitride semiconductor 1layer is
25 formed on the sapphire substrate to form a PN junction Via a
buffer layer of GaN, AlN, etc. The gallium nitride
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sel ected depending on the material of the sem conductor |ayer and the
crystallinity thereof. It may also be made in a single quantum well
structure or nmultiple quantumwell structure where a sem conduct or
activation layer is fornmed as 15 thin as quantum effect can occur.
According to the present invention, a light emtting di ode capabl e of
emtting RERRCORAYREPT| hasnahceype t hondudeieitpr ander dfhd heompdisidor o€an
be nmde by naking the activation |ayer of the light emtting conponent in
si ngl e quBRFuMAREd “sithucany eippurityN. a2Ghwhgh aimgabrdem nbt rioden campund
sem conductor is __used, while sapphire, spinnel, Sic, Si, ZnO or the like
may be u$¥BCagalHduemionifiet senioppdnater Uewisfy sdmphied pubperaties is
preferable in grder to formgalliumnitride of good crystallinity. A

gal | i um ni{FRFgéeSefPEERAGEABAORAY €tCi.9 Fmctorasediproned shpght r emsabibnat e
to forma PN junction via a buffer layer of GaN, AIN, etc. The gallium
nitrPde $83L14€APREHdudt ol shasafarphd yc datest iwitty Nindgpe t depanndstcbnasf
not doped with any inpurity, although in order to forman N type gallium
nitride s&krcéfruct®r Revi fRd desir dh peogert tes fdwarai & e egalatimn,
etc.) such as.inproved |light emssion 5 efficiency, it is preferably doped
with N typétddpsntsiqensictgr, @an e Tethand l@nd,n dkders t préfemablp
type gallium nitride sem conductor, on the other hand, it is preferably
doped wi t AoPefly ¥dthoFartyR&icRoRaNYNSURY, aBe 21Ga, M&r Bed Ba, SBecaadeBht s
difficult _to turn a galliumnitride conpound 10 sem conductor to P type
sinply-byBBSﬁPﬁS atp f§pgy§£&%ﬂ{ti§o turn a gallium nitride compound

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

15 éxposing the surfaces of.P type and N type galliuh.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

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

25 having a diamond stylus which makes straight réciprocal

movement. Thus the 1light emitting component of gallium
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Is preferable to treat the galliumnitride conpound sem conductor doped
with P type dopant in such process as heating in a furnace, irradiation
wi th | ow speed el ectron beam and plasnma irradiation, thereby to turnit 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
shapes arreitfmidedompdune senicondncttor lcayrets adesputteri ng or vapor
deposition. Then the sem conductor wafer which has been formed 20 is cut
into pieces by nearkn ddrdexitm ngnistawh re Sepgtiatweik Dyt har exiterawltfiaige
after cutting grooves (half-cut) which have wdth greater than the bl ade
edge wi dtdiodZ af heievi Srsthembudiments GuiellehgtBhiofs 18yhEC ldntiitie e
pattern of extrenely fine lines on the sem conductor wafer by neans of a
scriber 2héhavighy: aenditeniony cimparsenthiich predk®sr SRl Sm re0nd asal530nm
nmovenent. Thus the light em tting conponent of gallium 34 nitride conpound
semonduiriciusiare beimadecornmidemeridn eoift whé e cogblewehBatipe |dgivr
emtting diode of the first enbodi nent, wavel ength of light emtted by
t he |i ghtrelstidnrshigonpidrienthe plprsaflemaldnd fdeonedsnm fon B¥0ehin Ndnsi ve
I n consideration of the conplenmentary color relationship with the phosphor
and det emareatpraferablssi firomnél2 Onmr to pi@Damaking lfusdwme4 20y tis 4Q0trher
inclusive. It is further nore preferable that the wavel ength be from 450nm
to 475nmmdre mrefmrabd e nprady ehidhevaarslssigh dfd | £ramnces Gim tdee 475hi, in
emtting 10 conponent and the phosphor. Em ssion spectrum of the white
order to improve the emission efficiency of the light emitting

10 component and the phosphor. Emission speétrum of the white
light emitting diode of the first embodiment is shown in Fig.-
4. The light emitting component shown here is of lead type
shown in.Fig. 1, which employs the light'emitting component
and the phosphor of the first embodiment to be described later.
15 In Fig. 4, emission having a peak around 450 nm is the light
emitted by the light emitting component, and emission having a
peak around 570 nm is the photolumihescent emission excited by
the light emitting component.
Fig. 16 shows the colors which can be represented by
20 the white 1light 'emittihg diode made by combining. the
fluorescent material shown in Table 1 and blue LED (light
emitting component) having peak wavelength 465nm. Color of
light emitted by this white light emitting diode corresponds
to a point on a straight ‘line connecting a point of
25 chromaticity generated by the blue LED and a point of

chromaticity generated by the fluorescent material, and
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light emtting diode of the first enbodinent is shown in Fig. 4. The |ight
em tting conponent shown here is of lead type shown in Fig. 1, which

enpl oys the light emtting conponent and the phosphor of the first-

enbodi nent to be described later. 15 In Fig. 4, em ssion having a peak
around 450hemefere hthei yhde whiteedolprt hediioght(shiddd pragmonantyignd
em ssion having a peak around 570 nmis the photol um nescent. em ssi on
excited by6)the thghrestireli pgrtarpomenttherichrdfatsivong tdiegeimrsambeh
can be represented by 20 the white light emtting di ode made by conbi ni ng.
the fluockekkenconered &y shoingi mhEabftudrascebt upaktERiALEgt teniTt timg
conponent) havi ng peak wavel ength 465nm Color of light emtted by this

white |ighabksittin§idikodd sbowesphredsharmye ipoidniigylich ddlaikRihed | fige
connecting a point of 25 chromaticity generated by the blue LED and a point
of Zhroneeiteenys gefiefitedebygenhembteriedserin matenittite anidght3Sehbet BAQr e
the wide white color region (shaded portion in Fig. 16) in the central
portion ofiede throhanged:y Chnients cah. fbeoréstéyt amvesethly asé ngivde
fluorescent materials 1 to 7 in Table 1. Fig. 17 shows the change in
em ssi on tolwrlgherperrenstamphtentthefrdd inressenin netee rdaalts gl e nshilt.e
light emtting _diode is changed. Contents of fluorescent materials are
given iPSevVghl per cwrmgbre® FRE.rdsin esker i aft hbecdatghy appesacihes As
will be seen-froanig. 17, color of the Iight approaches that of the
f| uor escetatrat @f i aktBewhéadupheseentenmagieri@ls| ushescenthamaterntadnt s of
i ncreased_and approaches that of blue
10 fluorescent material is increased and approaches that of blue
LED when the content of fluorescent material decreased.
According to the present invention, a light emitting
component which does not excite the fluorescent material may
be used together with the light emitting component which emits
15 light that excites the fluorescent material. Specifically, in
addition to the fluorescent material .which is a nitride
compound semiconductor capable of exciting the fluorescent
material, a light emitting component having a light emitting
layer made of gallium phosphate, gallium aluminum arsenide,
20 gallium arsenic phosphate or indium aluminum phosphate is
arranged together. With this configuration, light emitted by
the 1light emitting component which does not exéite the
fluorescent material is radiated to the outside without being

absorbed by the fluorescent material, making a light emitting

25 diode which can emit red/white light.

Other components of the light emitting diodes of Fig.
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LED when the content of fluorescent material decreased. According to the
present invention, a light emtting conponent which does not excite the
fluorescent material may be used together with the light emtting
conponent which emits 15 light that excites the fluorescent material.

Speci fical land iFLadd &iian be deesddimgepedpty, . material which is a nitride
.conpound sem conduct or capable of exciting the fluorescent material, a

I-i ght  em ((ddndh *IRROREeshaiang 2a3lji ght emtting layer nmade of gallium
phosphat e, gallium al um num arseni de, 20 gallium arsenic phosphate or

i ndi um al um num phoﬂmat@ﬂ@ctaﬂ«@ngg_q-etsoggbbgr 2Nt hgh bi B3 cq{g‘j@urg%gdon,
light emtted by the light emtting conponent which does not excite the

f | uor escesliedtati®s | @onductadiaygd geolhetRuERhTE WbANQMEiPEINT arRPSRRd. by
the fluorescent material, nak?ﬁg g_Light emtting 25 d%odépwﬁ%ch ggn em t

r ed/snhi t enddHiiitica@ hedormonant syDfnt henbi 9Bt ceRLLLERY dirodescof 1Fli%m 36
1 and Fig. 2 will be described below. (Conductive wres 103, 203) e

conduct i \emiwitiiasy 1Qmzdtemioul dobave2000d  el@ehiiag CeRMUE Yy 9Ged
t hermal conductivity and good 5 nechanical connection with the e?ectrodes

of the |igghireamddity ngo cOITPORENY ém? 0% /ckhermpl ¢ Vi S
preferabfgﬂ%.01 cg1/(s)(cn2)(cygﬁ%qo?'ﬁ?éﬁgrb an nngggH%%éfe%églyﬁgﬁf

cal / (s) ( YERfFHly @. Nica o s RRmWPT&a ) idy hidHdet & o0k dharandyct i ve
wire is preferably from 1l0pmto 10 45pminclusive. Even en the sa
mat eri al dismestest fof hdieh conductive wire is preferably from 10um to
10 45um inclusive. Even when the same.material is used for both
the coating including the fluorescent material and tﬁe molding,
because of the difference in thermal expanéion coefficient due
to the fluoréscent material contained in either of the above
two materials, the conductive wire is 1likely to break at the
15 ~interface. Fof 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
20 wire 6f such material and configuration is used, it can be
easily connected to the electrpdes of the 1light emitting
components, the inner lead énd the mount.lead by meéns of a
wire bonding device.
(Mount lead 105)

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

105b, and it suffices to have a size enough for mounting the

37



the coating including the fluorescent material and the nolding, because of
the difference in thermal expansion coefficient due to the fluorescent
material contained in either of the above tw materials, the conductive
wire is likely to break at the 15 interface. For this reason, dianeter of

the conduridwe shitridg 86RH6HARLY 100t &3S dfan 0
of light é%]ttlng aréi andﬁease of hané'lng pyggg?g%PG1wP ﬁfﬁqggpnl The

conduct i vighav reugrel 05 .2 ety Saide asa 9 lchr %plla{d d@iﬁﬁn num

or an alloy thereof. Wen a conductive 20 wre of su mater1 al

confi gur addmpbrigntiss @dhe iinRAN IR BASHY SKRNNEH thd Qn&{}& el féd@?sé’cﬁ the

light emtting conponents, the inner |ead and the nDunt | ea y neans of a

Wi re bondisigcsirrde celddordde | €ad t82) ﬁéhfh%n{mitfltn ROMPd SESs@ Cup
105a and a lead 105b, and it suffices to have a S|ze erfough f'or nDuntlng _

the 5 37 |d{htermit t | 8UeceFPaBENtmAQA WD thgyW I bogdeRg demife d e
cup 105a. In case a plurality of |ight en1tt|ng conponents are |nsté? ed

in the cugl etk i BaHdudEad dyp HRPGoRP CHARY: %Eﬁﬁjfﬁetéi§u

emtting conmponent, because 5 different electrode mat’e may

suffi ci entirel eqid i eghegendugti Vh:tekju&@@ngOd wRBHUCEh Y tyi gt h doyerdbongli ng
wire and others are required. Wien the light emtting conponent is

i nst al | eccompdrtentcups olnshellredntin etk apdpt BE D mSudt | LeddWiahld ttiee
fl'uorescent material, light emtted by 10 the fluorescent material is, even

i f isotraopig,isefikbéddwbyh the fluorescent material, light emitted by

10 the fluore;cent material is, even iflisotropic, reflected by

the éup in a desired direction and therefore erroneous

illumination due to 1light from other 1light emitting diode

mounted nearby can be prevented. Erroneous illumination here

refers to such a phenomenon as other light emitting diode

15 mounted.nearby appearing as though liéhting despite not being

supplied with power.

Bonding of the light emitting component 102 and the

mount lead 105 with the cup 105a can be achieved by means of a

thermoplastic resin such as epoxy resin, acrylic resin and

20 imide resin. When a face-down light emitting component'(such

a type of light emitting component as emitted 1light is

extractéd from the substrate side and is configured for

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

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

25 bonding and electrically connecting the 1light emitting

component and the mount lead at the same time. Further, in
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the cup in a desired direction and therefore erroneous illum nation due to
light fromother light emtting diode nounted nearby can be prevented.
Erroneous illumnation here refers to such a phenonenon as other |ight
emtting diode 15 nounted nearby appearing as though |ighting despite not
being su ied, w t.nh power. Bonding of the light emtting conponent 102 and
t he now#%ﬁ%gdtﬁoémd%qﬂ?tﬁﬁ?cﬁsfg@5§n§$nQ§ak&gh%véﬁlbgzwbaqs off &he
bhernDpIqftictresLFtsuchéﬁf.e oxy resin, acrylic resin and 20 imde resin.
Wen a faced YowiFFgRe &Hid 'ng‘g‘&%?ﬁ%ﬁeﬁ’? (iehcun fpethg moght ergading
conponent 1thed Jight is. extracted fromthe substrate side and is
confi gurevﬁ%g% rr%lbentillr'é% HEEH T SRPINE R pbs rqurted i Patohy nirnared, Ag
paste, c n te. netallic. bu or the |ike can be used for 25 bondi ng
and m<a£¥$i%ﬁ$€§88%n%%Y?nﬁegﬁﬁcgyﬁﬁtfBﬁFF#Pﬁgtocﬁﬁﬁoﬁ@ﬁﬁaaﬁd t He rohuie

| ead: at t a ige. Further, . in_ 38 order_to inprove the efficiency of

| i ggst ut i |széa‘t :Tgtrl]é oggf:ﬁgcel LQREDBREE 1%y RESRE Ay f fEen of - Lhietoud -6 ¢ he

nount |e _ n the_Light.emtting conponent is nmounted may be mrror-
pol i shedaﬁéc%%%&e?‘eflethﬁgQFﬂrﬁct &7 15536€ s RF ackhei nmewnt 5leade, ithe

surface rou ngﬁg_is. Hgferabl from0.1Sto 0.8 S -inclugive. El ectric
resi st and® ot XHﬂ#% 1o 2P 4N ~FRe RBAaBPYeWPERERL3DOY Witlim add Qrmme.

pr ef er abl i t-hi - nting,a urality of light emttin
cpnppnemﬁ?%%rﬁ%ébé%éﬁﬁﬁ ¥2§géf¥ﬁ% ??gﬁ%ggkiFﬂﬂﬁ&lESNﬁﬁﬁ@ﬁP§n§én§Wat e
si gni fi capd, 40 fé’g%y’ntthog feat, aerhgiétrier{gefcogxgpohrllegg\tst hgegnr[earlat%onSo;I_Ll%cntilfvjlctayné s

10 amount of heat and therefore high thermal conductivity is
required. Specifically, the thermal conductivity .is
preferably 0.01  cal/(s)(cm?®)(°C/cm) ér higher, and more
preferably 0.5 cal/(s)(cmﬂk°C/cm)'or higher. Materials which
satisfy these requirements contain steel, copper, copper-clad

15 steel, copper-clad tin and-metailized ceramics. |
(Inner lead 106)

The inner lead 106 is connected to one of.electrodes
of the light emittihg component 102 mounted on the mouﬁt.lead
105 by means of conductive wire or the like. 1In fhe case of é

20 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 that
the conductive wires db not touch each other. For example,
contact of the conductive wires with each other can be

25 prevented by increasing the area of the end face where the

inner lead is wire-bonded as the distance from the mount lead
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required. Specifically, the thermal conductivity is preferably 0.01
cal/(s)(cnR)(Ccm or higher, and nore preferably 0.5 cal/ (s) (cnR)

cnm) or higher. Materials which satisfy these requirenments contain
steel, copper, copper-clad 15 steel, copper-clad tin and netallized

coram os inckansks! aa 400 The IdIRLe | 630,100 W oaERlad (o apeeo!

el ectrodes of the light emtting conponent nmo of- the" fount ead

105 by nggpgégh.condgﬁi'fg@ew f&u&ﬁ?é%'ﬁe'#gh?ﬂ% ! 6258 Of 4 ae%%['sifgr@ee

emtting where a plurality”o I g “conpone

i nstall edoandkhengOuicr Gtk 4onhdcO2GESRALY UG ALANGDA PLICAI ALY of

inner |l eads 106 1A such a nanner tha t he condu

each othep. 160k exaMBkeve $ANEARLiAL opgugh| ' i th each other
can be 25 prevented by Yﬁcreasinglthgggggg g? % gggngbbggg%%here the inner

lead is wre-hondsdias thesdint anee {5t g goynt ] eg siggdi HEEEE2€3 150

that the space between the conductive wires Is “Secured. Surface“rbughness

of the ipRer HeeqthRhdd 25F mYNeSt i Ddayet h i*ﬁftﬁgﬁd“[%i )ﬁ%g"“b’éexda%ie b
t f rYt act .

preferably from1.6 S to 10 S inclusive In considefafion cl ose co

5 I'n or dejuntd iher Bd Neoiminehel Gathd BedgSkhed ?r}l%%gvufitﬁiﬂgayi eoRURGRed by

nmeans of a die. "Further, it may be nmade by pun to formthe 1 nner |ead

then pregsdr igddd thefdbfheo @WuhiAsE ther elded 02" HeAlgHih& AT fRe2RMhg
hei ght of the end face.” 10 The inner lead is required to have good
connecti ¥aky.

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

15 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

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

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

As the dispersant, barium titanate, titanium oxide, aluminum
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wi th the bonding wires which are conductive wres and have good el ectrical
conductivity. Specifically, the electric resistance is preferably within
300M -cm and nore preferably within 3y.-cm Materials which satisfy these
tequi renents 15 contain iron, copper, iron-containing copper,-

coppor . (oM EngEaaRer f P65E P bhe PhiRend | BrShSe Rl et e dBiR  ne
FiTst entelft monUotes s RERE ihhochor SR th  £ahvEPLE CERENSY | g2 EHRY ( od
mht ortal TAVPRE bOMI NRATREFEE 1 | (3" <hRte Ao 8Pox 1 Lahh mFEEcrectipdad
Ae the o Syaral 2 REnl R0 ERTREs Bh B B o, R TR TS ROt bR

S TS R S SR v D e i 2 L

case, a Ii % emtting diode capable of bending colors can be nade by
controlliﬁ%y he film5 thickness or provi ding an aperture in the

Funct i on Lo Brorec i ReR I e t{ g component 102, the conquetive wire.
103 and the 10 coaphpg BRI 1891 HEL CRrEONEFhDE 1 BROSRNOp Lham et gL nal

light emitting component 102, the conductive wire 103 and the
10 coating material 101 which contains phosphor from external
disturbance. According to the <first embodiment, it is
prefefable that the molding material 104 further contain a
dispersant, which can unsharpén the directivity of light from
the iight emitting component 102, resulting in increased angle
15 of view. The molding materiél 104 has the function of lens to
focus or diffuse the 1light 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,
20 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

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

aluminum oxidé, silicon dioxide and the like can be used. In
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di sturbance. According to the first enbodinment, it is preferable that the
nol ding material 104 further contain a dispersant, which can unsharpen the
directivity of light from the light emtting. conponent 102, resulting in
Lncreased angle 15 of view The nolding material 104 has the. function of
lens to focus or diffuse the light emtted by the light emtting
conponentaddifeiat ke, theied hppeir sgnat phoaphd 4 mayy Aieoraste dontained in
configuration of convex |ens or concave |lens, and may have an elliptic
shape wheh&/i addling t mate¢iniadt-i on ¥emepyi,cahcawpirding0 o aclwenpredémn of
these. Also the nolding material 104 may be made in a structure of

nul ti pl e INBRAGLYE, dilis @harphaminay de dwitainedi ebtlesr #As the moldimg
material 104, transparent materials having high weatherability such as
epoxy réwierigleacredinn, the| coetingsimatoerplass iwherr ethe abhysphoenplioyed.
As the dispersant, bariumtitanate, titanium oxide, alum num oxide,
siliTon droKsainethd ithethekemedding usederial, 4largle addi t vhawt ocahe be

di spersant, phosphor may al so be contained in the nolding material.

Nanel y, dewoftRmholnaraasedyr esdr phospdmr amgy tdiks g hos phart aimed el e dodeh ned
either in the nolding material or in the coating material. Wen the
phosphor §Re 5ceghingn@ptiarigde anddithe nmedding, maigirdadf. vi Burtcherbe a
further increased. The phosphor nay al so.be contained in both the coating
“material EHRLR hdDPBNGiiRG nhher i BhOSPReT hanay a be esised nebudiing tdwaphgphor

may be used as the coating material while using glass, different fromthe
coati ng material while “using glass, different . from the coating

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

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

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

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

component emits light having main wavelength of 430nm or over,
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10 material, as the nolding material. This makes it possible to

manuf acture a light emtting diode which is |ess subject to the influence
of  nmoi sture with good productivity. The nolding and the coating may al so
be made of the sane material in order to match the refractive index,
depending on the application. 15 According to the present invention, adding

the dispofsall naRd! drotrahdlatiplt a0etalloibe IRLALAE, MRaLhA JARd N

effects maski ng the color o uorescen eria cure

i mprovi n%]st he S %rtal"ﬂﬁzf%rp%ef Q:rdm._% hat is, the fluorescent material

absor bs ue conponent ext raneous |ght and emts light thereby to
gi ve such@aRpear ance as  though colored in yellow. However, the
di spersant contained in the nolding rrateri al gives mlky white color to

the nolding materigle aﬁjgﬁ@eerﬁﬂl_ﬂ e&f {15 é;?se%éorgqa%%&?ﬂue%% CE)y the

Thus t he coI or of the fluoOrescent na erl a recognl zed

obsey Ver ..ild) pasgehbe divilie 0 ! LN hadiorBONGAL G 12 LhghL baving, 1Bl

wavel engt 30nm or over, I's nor pre

absor ber MErPh Se1yes rﬁ.strll'c&htcé%ﬁ@bn%%éFsrr?emﬁ.t%ogxgﬁtcgo?e%hgﬁjoqhgerﬁ Jhe

l'ight emtting d| ode of the secon he present i nvehti on

is made kyhdigdyngpandel Nt nor eMbded; e t Rpgalt dgCO u
sem conduct or Whl ch h gﬁ% glh ener gy %and énap |J‘Irr11 thgé1 %%h?semmtqtgl %Qf ayer

as the | idiite 1Y Iddpb P enenta At S dd U CSRANL Y Sl Alud g Welld 2 WO
or nore kinds phosphors of different conpositions, or
more kinds of phosphors of different compositions, or
10 preferably yttrium-aluminum-garnet flﬁorescent- materials
activated with cerium as the phosphor. = With this
configuration, a licjht emitting diode which allows to give a
desired color tone by controlling the contents of the two §r
more fluorescent materials can be made even:  when the
15 wavelength of the LED light emitted by the 1light emitting
component deviates from the desired value due to variations in
the production process. In this case, emission color of the
light emitting diode can be made constantly using . a
fluorescent material having a relatively short emission
20 wavelength for a light emitting component of a relatively
short emission wavelength and using a fluorescent material
having a relatively long emission wavelength for a light
emitting component of a relatively long emission wavelength.
As for the fluorescent material, a fluorescent

25 material represented by general formula (Rel_zsm,) s(R1,.

.Ga,)s0;,:Ce may also be used as the phosphor. Here 0Osr<l and
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10 preferably yttriumal um numgarnet fluorescent materials activated with
cerium as the phosphor. Wth this configuration, a |light emtting diode
which allows to give a 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 light emtted by the light emtting conponent

devi at es Osssh, t hendieBer eids vat udedise tane/asedkbte88 ifironf he, PlgadUghd ORa .
process. In this case, enm ssion color of the Ilight emtting diode can be
made condifdift | yCoRT hguration | yprkegsentitrat posaibhavi ng a mbhaiiyel ytaeor t
em ssion 20 wavelength for a light emtting conponent of a relatively
short end&SadMLid\gel et hthad USiunresdanior esakatiant eldvan havémg &he

rel atively |ong emission wavel ength for a light emtting conponent of a
reIativeﬁ&WQ£ﬁfQQﬁ§xﬂ%ﬁ?ﬁ&%kﬂkﬁmﬂ*@o$%dfbm hhghfinoeastent higheehakgy a
flugrescent ., 25 naterial represented by general forrmula (Rel _=Snr)3(Al _

, Ga”) 50V2Sibd dmlidisoeBétie@dbys thee bhgsphemittdéng @ompbrantt #3r 0assi,
and Re is at |east one selected fromY, Gd and La. This configuration
makes it {98SsiRREAD 9f nEiReeorhahetentsad i mdaf vheibhsoeasteshmentani al
even when the fluorescent material is exposed to high-intensity '
hi gh- eneFGRI3-L1odisp| e2Rd grithexifiomad By tight | gt teringt | dijpdenpdnient fisr a
| ong periog.of time or when_used under various environnmental conditions,
and t her 8PBAECE | Y YnEXERPRELKg i@ ifHicamt scobubj edtifito and r emébyion
insignificant color shift and em ssion |um nance decrease and has the
desir ed Hﬂ&ﬁ%&?%ﬂﬂﬁﬁﬁﬁ%ﬁe(ﬁnd has the desired emission component of

10 high luminance can be made.
- (Phosphor of the second embodiment)
| Now the phosphor wused in' the light .emitting
component of the second embodiment will be described in detail
~ below. The second embodiment is similar to the first
15 embodiment, excépt that two or mofe kKinds of phospﬂors of
different compositions activated with cerium are used as the
phosphor, as described above, and the method of usingl the
fluorescent material is basically the same. |
Similarly to the case of the first embodiment, the
20 light emitting diode cén be given high weatherability by
controlling the distribution of the phosphor (such as tapering
the concentration with the distance from the light emittiﬁg
component). Such a distribution of the phosphor concentration
can be achieved by seiecting or controlling the material which
25 contains the phosphor, forming teﬁperature and viscosity, and

the configuration and particle distribution of the phosphor.

~
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10 high I'um nance can be made. (Phosphor of the second enbodi ment) Now the
phosphor used in the light emtting conponent of the second enbodi ment
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
descri be FHBOVRCCHILRhetfethsd TrCand ngbedimentor déssmibmaioni @if ithe
basically the sanme. Simlarly to the case of the first enbodinment, the 20
light emIYYHPIHTe R HR i FeRCHN BRa Wik héFaldietierynined asmanslinagte he
di stribution of the phosphor_,(such as tapering the concentration with the
di st ance ¥1OmABFFAGI é’ﬁ?i“@t.li(tr’r@nscorrpoﬁ fP) . asgerdangi stei btl¢ orsetonrde
phosphor cqncentration__can be achi eved by selecting or controlling the
nat eri al ?B&?W%on?%ﬂ%lﬁw pRéspHENL faRifASIPn eApBr Meurinicrgaged by
viscosity, and , the configuration and particle distribution of the
phosphor .9eSAaming ddtor AHFRIERIRE s@londbdwarerer dhexe i buindm odft he

fluorescent material concentration is determned according to the
oper at | ngh RTKRTG Dtts Ao 2t of AP ROSKBTRFE: s BE6ABI M dd: MR oxsias coBncy

of light em ssion ﬁan br‘e iicr ased b%/ 5 designing the arrangenent of the
two or noteRTRE 6P ol dgbéntSHEtEiial SorpeneakanprecordinthgtRy Fhet he
order of _.nearness tq t | ight em tting conponent) according to the 1|ight
gener at ed %%eqqrgaﬁ:[ecﬂ%yt ttigW‘F’g o FERE T 1NG IFOmMBOR®IHE 4 gur ati on of the

second enbodi rent, With the confiquration of the second embodiment,

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

15 The yftrium—aluminum—garnet fluorescent material
activated with ce;ium (YAG fluorescent material) uséd in the
second embodiment has garnet structure similarly to the case
of the first embodiment, and is therefore resistant to heat,
light and moisture. The peak wavelength of excitation of the

20 yttrium-aluminum-garnet fluorescent material of the second
embodiment can be set near 450nm as indicated by the solid
line in Fig. 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

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

wavelength of excitation of another yttrium-aluminum-garnet
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10 simlarly to the first enbodinent, light emtting diode has high
efficiency and enough |ight resistance even when arranged adjacent to or
injthe vicinity of relatively high-output Iight emtting conponent with
radiation intensity (Ee) within the range from3 Wm 2 to 10 Wm 2 can be
made. 15 The yttriumalum numgarnet fluorescent material activated with
ceri um ( YAS9TgRiesce M taRiadi aprtdyadeadn wish seewidmenbbdi veat $asondr net
structure simlarly to the case: of the first enbodinent, and is therefore
resi st ant®RRPHRANE FRYhbeamPhonsatir 450 e greakndivetedgby dheexdishedon
of the 20 yttriumalum num garnet fluorescent material of the second

embodi nentik@nibeFigt dar adnkhas Pesdi ceaerl eygtiheofolkndsslipne dam Fhg.
5A, and the peak. wavel ength of em ssion can be set near 510nm as

i ndi cat e dy PRBTs&00AM |3felpdirpgedsdy thel dashiednglite &ni Fsigon 5B,
spectrum so broad as to tail out to 25 700nm This makes it possible to

em t2 gr esthiigHtakinge bakeniwsiPrngpPRCEIUBX SOt droad @fs dwottrl out to
yttriumal um numgarnet 45 fluorescent material activated with cerium of

t he secontP OFboditishimakas b Rassidure 450mmnids Yedlilcaled by t he dashed
line in Fig. 5A and the peak wavel ength of em ssion can be set near 600nm
as indi cated by the"ESHRREER n@f ntheg emiterd wHillghtmaks ng i ashi §9i o
spectrum so broad as to tail out to 750nm This nmakes it possible to emt
red |i ghtShERRT eMGURIGNTthe BHi t FRBSTiERELNG sPRTE e®fi 023, sABPR@r the
wavel engt h by substituting part of A, anong the .constituents of the YAG
f1 uor escemi™ wsndis hedin %aﬁﬁ%& fluorescent material having garnet

10 structure, with Ga, and the anelength of the emitted light is
shifted to a longer wavelength by-substituting part of Y with
Gd and/or La. Proportion of substituting Al -with. Ga is
preferably from Ga:Al=1:1 to 4:6 in consideration of the light
emitting efficiency and the wavelength of emission. Similarly,

15 | proportion of substituting Y with Gd and/or La is preferably
from Y:Gd and/or La=9:1 to 1:9, or more preferably from Y:Gd
and/or La=4:1 to 2:3. Substitution éf less than 20% results
in an increase of green component and a decrease of red
component. Subétitution of 80% or dreater part, on the other

20 hand, increases. red component but decreases the luminance
_steeply.

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

25 sufficiently mixing these materials in stoichiometrical

proportions. Or either, mixture material is obtained by
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10 structure, with Ga, and the wavel ength of the emtted light is shifted
to.a longer wavel ength by substituting part of Y with G and/or La.
Proportlon of substituting Al with Gais preferably fromGa:Al=1:11t0 4:6
Ln consi deration of the light emtting efficiency and the wavel ength of

em ssi on 49y 2ePr o) bstg t ut ngmtthand/or La is
pr ef er abl yés;grlg%r\?y G “and/ §$9E 9&1&{13§€ 3}’or reCref BRab?hd s rPn WIcd

and/ or L%‘tﬂu%htl%n%t%lca§Ub?>tr'o§ﬁ>§5:'t9.§ecr e :S\Zsoa;chir d O%é{{%(sﬁléf tlg[]}”@??ﬁtlﬁ i on

i ncrease of gr een conponen as

of 80% oigq e Rahntic %%l@%]n%tt}%gi rﬁ%ndocr |Hr%%%%es red@co onent but

decreases the um nance stee Al g

can’ bo &3 yf%h‘%ﬁ‘?tﬁé ooty omaéé A% REGR g SObPe o imiin

suf fsi ci eptls i@ s in I chionmetrical ro ortlons
eit F?er %&ﬁlﬁneégg?e ﬁlugaog{ zgl%lned bg;ﬁg'?m MEHS i 1§ rﬁgéegar‘t’htlel @rﬂant s

Y, d, £ t
copr eci prERE ﬁ’%%ﬁ%mi%“utﬁ Skt & i R, %nstah@w%aﬁ%cﬁlmratdee to
obtain a'ilse(ax'a‘ie Piride, C&’rpc'ief’ilpécﬁ ai a""@%ﬁglbz - 'EQ“E m Xedﬁ\gatgh§1r?e;t Jim 5

oxi de and galllumOX|de This mxture is mxe

?‘n‘aQttiﬁc?Ee“”‘iﬁ{f’?ﬁp“?ﬁé@are?—‘ ORE 1256° 05148 r%?fﬁ e oy’ (Gied

gce)ggifat -ergﬁ'ﬂetrﬁ%lf isedrdmiebyla 13197 g by, %{aér', r‘gashedn staetpear'atwad'Shed
10 dried and sieved thereby to obtain the desired material.

Ih the second embodiment, the two or more kinds of
‘yttrium-aluminum-garnet fluorescent materials activated with
cerium of different compositions may be either used by. mixing
or arranged independently (laminated, for example). When the

15 two or more kinds of fluorescent materials are mixed, color
converting portion can be formed relati\;ely easily and in a
manner suitable for mass production. When the two or more
kinds of fluorescent materials are .arrang-ed independently,
color can be adjusted after forming it by laminating the

20 layers until a desired color can be obtaineci.'. Alsoc when
arranging the two or more kinds of fluorescent materials

'~ independently, it is preferable to errange. a fluorescent
material that absorbs light from the light emitting component
of a shorter wavelength near to the LED element, and a

25 fluorescent material that absorbs light of a longer wavelength

away from the LED element. This arrangement enables efficient
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10 dried and sieved thereby to obtain the desired material. In the second
enbodi nent, the two or nore kinds of yttriumalum num garnet fl uorescent
matieri al’'s activated with ceriumof different conpositions nmay be either

used by m xing or arranged independently (lam nated, for exanple). Wen

the 15 two or nore kinds of fluorescent materials are m xed, color

converti pgeHpt ivh eda @mi%%ﬁﬂﬁchEUQQM%§|y easily and in a manner
suitable for mass production. Wien the two or nore kinds of fluorescent

materials are arranges lingependenting didoroamde adimst &b ffdnd ordi ng

it by laminating the 20 layers until  a desired col or can be obtained. Al so

when ar mets NPyt s i ewonre kbids 1oindd UBkesgEntj WL ST/l fum-garnet
i ndependently, It is preferable. to arrange a fl'uorescent naterial that

absor bs |f1gidrdgqant hemd tghia B t birng Siormongt Qémgoéhe%ﬁé vael engd h
near to the LED elenent, and a 25 fluorescent material that absorbs |1 ght

of & | ongaErusseangt Ratavay 1] onad hadseR idletneabovdhi S af@anoRaRAL enabl es
efficient 47 absorption and em ssion of light. The light emtting di ode of

the seconsbsayiadi nedt make FROEIGYNtUSHIGLHWD OfidHY ec!ﬁ%ﬂgﬁeo‘(of emitting
yttriumal um numgarnet fluorescent materials of different conpositions as

the 5 fl Udipscent dediredlcolas destceibrdlpbovenathiis mkes ivav e to
make a light emitting diode capable of emtting |light of desired col or

ef ficientdfy.1iftet dneitbsebmented engitcomiudtd@htl efid tagi hyidd&omponent
sem conductor light'emtting conponent corresponds to a point on the
strai ght damespmmicttiong paiint An the straight line connecting point A
10 and point B in the chromaticity diagram of Fig. 6, light of
any color in the shaded region enclosed Ey points A, B, C and
D in Fig. 6 which is the chromaticity points (points C and D)
of the two or more " kinds of yttrium-aluminum-garnet
fluorescent materials of different compositions can be emitted.
15 According to the éecond embodiment, color can be controlled by
changing the compositions or quantities of the LED elements
and fluorescent materials. Iﬁ porticular,'a light emitting
diode of less variation in the emission wavelength can be made
by selecting the fluorescent materials according to the
20 emission wavelength of the LED element, thereby compensating
for the variation of the emission wavelength of the LED
element. Also a light emitting diode including RGB components
with high luminance can be made by seiecting the emission
wavelength of the fluorescent materials.

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

fluorescent material used in the second embodiment has garnet
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10 and point Bin the chromaticity diagramof Fig. 6, light of any color
in the shaded region enclosed by points A, B Cand .Din Fig. 6 which is
the chromaticity points (points Cand D) of the two or nore kinds of '
yttriumal um numgarnet fluorescent materials of different conpositions

b 5 t t I b
Contr ol | SeE By CUER0 R0 TR SR RE IEaE IRk RE! e [ iR e
and f| uoggsCeRnt tmatighial S ﬁn%ﬁa&hhgugﬁeebgo'rgagﬂl mg beddoadl Wy I e es8

variation in the em’ssion wavel ength can

fl uoresc r S el LED

el enent ﬁ?%%pgﬁg %f%peﬁgg?Fﬁéﬂg %%béﬁi vari |€%P% W%ﬁ%‘%ﬁﬁ%@i %@ﬁéﬁength
of the LEL e | [ clu RGB component s
wi th high I%ﬁéngﬁgédégﬁﬁge%ﬁgaggﬁyﬁgtc%c ?%g ?gghemﬁﬁﬁ(ﬁ#a SETRAGTAE of

thes {1 uos gseen eamt 91bal 5612 MRRVemaigaase the yLpr i %,h@cg' 4yt nug gar net

(YAG fluorescent material used in the second enbo nent 48 1

, Struct I e tiqr e nd n.em-t

| i ght of%%ﬁibﬁ% !ﬁg ht grrs a &O(ég?‘?%aé'&e”f gﬁb %Eq;ltq Cm? %Wfttl ng

di odes oémibecdi risg e@ﬁg@dlﬂf@gt angqhibein @&ggﬁg@%? pJP‘”Q?Q wth
uorescen

light emtting conmponent 5 installed V|a fI Al soO

because édgvespsyentighd i 95t hass | eREAr VRYehang hg%ﬁa’bf h@he"fnf 14k gnt
emtted by the light "emtting conponent, energy of converted |g t is
| ess thaﬁeﬁf@bﬁﬁﬁﬁkéﬁu)(Hnér“isn'ﬁébge likely to be absorbed by the
10 nitride semiconductor layer. Thus, although the light emitted
by the fluorescent material is directed alsé to the LED
element because of the isotropy of emission, the-liéht emitted
by the fluorescent material is never absorbed by the LED
element, and therefore the emission efficiency of the light
15 emitting diode will not be decreased..
(Planar light souxrce)
A planar light source which is another embodiment of
the present invention is shown in Fig. 7.
In the planar light source shown in the Fig. 7, the
20 phosphor used in the first embodiment or the second embodiment
is contained in a coating material 701. Wlth this
configuration, blue 1light emltted by the -gallium nltrlde
semiconductor is color-converted and is output in planar state
via an optical guide plate 704 and a dispersive sheet 706.

25 Specifically, a light emitting component 702 of the

planar light source of Fig. 7 is secured in a metal substrate
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sem conductor, and is less likely to be absorbed by the 10 nitride

seni conductor layer. Thus, although the light emtted by the fluorescent

material is directed also to the LED el enment because of the isotropy of

em ssion, the light emtted by the fluorescent material is never absorbed

by the L el ement nd, therefore the enission efficiency of the light 15
Thaqet & B

emtting wi TV H01ED e Cd RN IRE e W NCEBPEN 21 | iigisiladdiode) 1ay 8T artid | fght
source which.is another enbodi nent. of the present invention_is shown_in
Fig. 7. IFPRREHHEnER2 g @Hﬁcseh%%malf% ’Eﬂ@nﬁg. hiteReeloptpheaphsr
Coat i ng rRCBHET bRy BReCERPSS B T Bt 2PBE. SR INGHOERR TR BJLt he
St v S R A ! g SHRRE LY GhLEE SHTeh Sndt bes TaBaRd™
Po07 | Rkt PR oEfe: anVEnR Fatharss Rt SYRATIEEF ¢ RapbeRRERcon
clectricalls Wiiec G e or SRePERE ol ' Fhe H oMOUMAL: ng. bRpoRSHE and
e conough L ves REUASKToa IRSPHAL Rllied 48 LB SBRALESLY 2tk egap bed
gomanentad Gk 19 etk B 40 1001 0 SRUROOCRS ANUESELRLIS
an epoxy feglty ector f£ilm 707 containing a white diffusion agent is
10 arranged on one of principal planes of the optical guide pléte
704 where the dispersive sheet 706 is not férméd, for thé
purpose of preventing flubreséence.
Similarly, a reflector 705 is provided on the entire
surface on the back of the optical guide plate 704 and on one
15 end face where the iight emittihg component is not provided,
in order to improve the light emission efficiency. wWith this
configuration, light emitting diodes for planaf.light emission
which generates enough luminance for the back light of LCD can
be made. |
20 Application of the light emitting diode for plaﬁar
light emission to a liquid crystal display can be achieved by
arranging a polarizer plate on one priﬁcipal plane of the
optical guide plate 704 via liquid crystal injected between
glass substrates (noﬁ shown) whereon a translucent conductive

25 pattern is formed.

Now referring to Fig. 8 and Fig. 9, a planar light
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A reflector film707 containing a white diffusion agent is 10 arranged on
one of principal planes of the optical guide plate 704 where the

di spersive sheet 706 is not forned, for the purpose of preventing
fluorescence. Simlarly, a reflector 705 is provided on the entire surface
on the back of the optjcal guide ate 704 and_on one 15 end face where

|
the |ighttHSG i< nt *Ps ASCYRSEVi dRPod HneRterofo it oBEaSRAY i ght

em ssion .efficgiency.. \Wth this configuration, light emtting diodes for

pl anar | iléme"&rﬁ%‘s?éb‘&w&}rﬁ ccth]e@%ﬁ’eﬁ’%‘ile eLABugh Thenilighte et ting stevudae ght
of LCD can _be pade.. Zodfpplicat'on,of the light emtting diode for planar
light enmi“®§%h 1B %llgi‘q dLEr )}E"‘l‘éﬁ s pF A cdn FRN T ke hythakr dnlgieng a
pol ari zer, .pl.at e on .on rinci pal plane. of .the  optical gquide plate. 704 via
liquid criysht Gf“}ﬁn‘etc%d:df’p?be'?%&’eeﬁlg T aSR1sGRREr diede( 462 %omnmﬁt@ortca
tra@§lucent co;fuq%ive 25 pgttern is formed. Now referring to.Fig. 8 and
Fig> 9, &Snariditghey 80C8d0rcFuREF BRg/Pb WhéEhecomtsaaisnarosthathe
present _invention wll, be_described below The |ight emtting device

shown i naﬁ%g.lsa ".“rsJCPr‘ErEde‘“i RI2DaR Stabs ivddr &0 GRtikad prdde pilghe dfieted by
the light emtting ﬂieoqte YhQCZ i S, ¢ anver& ed. to white [ight by a color, '
converter 701 which conta hs PHos AFT S H? iFh Yl 2has RadS W a an

L B PG bR, LRI B

emitting component 702 is turned to planar state by the

10 optical guidé plate 704, then converted to white light by a
dispersive sheet 706 which contains phosphor formed on one of
the principal piane of the optical guide plate 704, thereby to
output white light in planar state. The phosphor may be
either contained in the dispersive sheet 706 or formed in a

15 shéet by spreading it together with a binder resin over fhe
dispersive sheet 706. Further, the binder including the
phosphor'may be formed in dots, not sheet, diréctly on the
optical guide platé 704. |

: <Ap§lication>

20 (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

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

610 having a driver 602, video data storage means 603 and tone
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emtting conmponent 702 is turned to planar state by the 10 optical guide
plate 704, then converted to white [ight by a dispersive sheet 706 which
cont ai ns phosphor fornmed on one of the principal plane of the optical

gui de plate 704, thereby to output white light in planar state. The
phosphor may, be eithereﬁgntained in the dispersive sheet 706 or forned in
a 15 sheet°Byr2hrBSaNRgoPE -t oddthevER EhSRLBY ndevicesi6dloverating white

di spersi ve, sheet 706. Further bi nder including the phosphor may be
forned i nfld@?%, er%g@%ﬁ%eg,mg??egtaﬁy HP9heln opigcal gui dd.gpl & eamoanged
<Appl i catjon> O.(Display _device) Now a djsplay device according to the
present %‘g\,’&ﬁ}:gﬂ;ﬁ ﬁPPElgéragéepi B8d TG 304 18si shawbl dok Rligagrbin
show ng pﬂg cgnfi uration.of the display, device according to the present

i nvent i o> ARSEHORR MPRCHIOTEichd: WL P5 device. cofpel s iy LEDL

displ ay deyice 601 and.a.drive.circyit 610 having a driver 602, video data
stolrQ'J’age ?rle%nggggéégadv? e @85 lgbﬁt g’&locrlféé‘ﬂs Foerigle 66D dedplgayfamvede
601, havi Lt li,ght em.tting di odes 501 shown in Fig. 1 or Fig. 2

ar r anged {gkg%%ﬁfw&:Qﬁ%ﬁ?%ﬁﬂﬂﬂj on in a casing 504 as shown in Fig. 11, is
used as nnnochronat'geL Didisplg¥ dsavic::;[“.g The casing 504 5 is provided with
a l'ight blocking materi ar 505 DeFHY-T oPid Paht EralTidehedatint IEtomrgeri ve

Clrouit G0uDas e vedeordat BeRoLage  MeaNs  (RAM, 603 For Lemporarily
input, the tone control means 604 which computes and outputs

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

and the driver 602 which is switched by signals supplied from

the tone control means 604 to drive the light emitting diode

15 to light. The tone control circuit 604 retrieves data from
the RAM 603 and computes the duration of lighting the 1light
emitting diodes of the LED.display device. 601, then outputs

pulse signals for turning_on and off the light emitting diodes

to the LED display device 601. In the display device

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

advantages.

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

requiréd to display while controlling the 1light emission
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i nput, the tone control nmeans 604 which conputes and outputs 10 tone
signals for controlling the individual light emtting diodes of the LED

di spl ay 'device 601 to light with the specified brightness according to the
data read from RAM 603, and the driver 602 which is switched by signals

suppl i edolutput oife then®,cananhd BRAGHt6Mhike iGld W8 lihgh di ode
15 to light.. The tone control C|rcu?t 604 reg}ﬁgveghggta r%ﬁ?%?ﬁ&h%§w|603

and conpuiues tdemtdenatien nigh gémtrtglﬁghediw@é bgwskaﬂgnéhgd%ﬁlgé gp e LED

di spl ay device 601, then outputs pulse signals tor turn on an

li ght eniintrieng itiyodesemperdtherd EBhdi-apkayidevicee S04 okRelh y eVI ce
20 constituted as described above, the LED display de8|§gg63¥ﬁhgﬂggaggb

of di spl apieng 1iatges éﬁl@ﬁtdhag (@ ddees PULB€o ST WA nhi C‘tﬁﬁﬁdﬁ% from
he I spl ay

the drive circuit, and has the followi ng advantages.

devéce thmbldb&mbat&n@hbhrﬂﬁhbﬂ o£5thbghklbé %%&Eglk'%HEcﬁ”hEEb@ﬁe@FBd S

of three colors, RGEB, is required to display while controlling t

em ssi onLED2 dléply otietheeR Grand ik | HQQFI@W tddpg i Bgestt?é"dpil%ggﬁql ngl y

must control the light emtting diodes by taking the em ssion ntensit

t enper at ingeahdvact eidvwsves, amtcauler £Ret arEp ofaisphay! | ghsieai tdging di odes
into account, resulting in 5 conplicate configuration of the drive circuit

whi ch dr coesttikated EBydusinay Jdeiitc eniltt e i sdbays SievsEer k P%se&%sent
i nvention, however, because the LED display device 601 is constituted

usi ng IlghVeanubhlnghﬂwmd&suﬁOkmdk twRipeesEfght without using light

10 emitting diodes of three kinds, RGB, it is not neceésary for-
the drive circuit to individually control the R, ¢ and B light
emitting diodes, making it possible to simélify the
configuration of the drive'circuit and make the display device
at a.low cost.

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

and the 1light from the light emitting diodes must be

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

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

emitting diode, and is therefore capable of display with white
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invention which can emit white light without using light 10 emtting diodes
of three kinds, RG@B, it is not necessary for the drive circuit to
individually control the RR, Gand B light enitting diodes, making it
possible to sinplify the configuration of the drive circuit and nmake the
di spl ay device t a lowcqost., 15 Wth an LED display device which displays
in white f’r?%ﬁwt ofy RiIHRF | AGRENLRLPRF ng HREBRET of Wifthecth® n§ED FREEPIFE
three light emttin dh&des nust be illym nated at _the same tine and the
light fro Yh%eliwéﬂghe LEPHYY Vi HXesMHiLRIbeDO0CRIRES i9f oEBERSt ol HFRY| ay
white light, by, comi,niing the three RGB |light emtting diodes _for each

pi xel , re%lﬁﬁ’iyh%g Ualgdfegrgeﬁ‘%ﬁesp}%y SHcda goFaééch'ispig? SASDARR: rfePler
inpossiblegto di@glay wjkg.hi h definition. The LED disELag devi ce of the
di spl ay deVFREEACELFIi Ty POCkeNGr KenfoMF et dhe iBFR oRdfRSt  eDEteing
di splay with,white light can done with a single light _emtting diode,
and ot HRiR i bo oPN uEBp Syewing AILe  Ee g HFERAYhatevice
definitionf Further, with the LED display device which displays by m xing
the col or8t ofNE HPERSFRGMNVERE 19T RARI RRYSUCh RxQPleRsuch a case as the

di splay color changes _.due_t | ocking of sqQone of the RGB light emt{ing 5
di odes dependi ng ongfhgeﬁFEﬁﬁﬁ AT B F%E %Ef?h?%p@%&ﬂ?ﬁnﬁtﬁyl?ﬁdt%bth

Gevi co. pr VT GERDWAR P e QR0 SRS HO0 CERempRay ng RS SPBgHLSHR 9% ng
di ode of the present inyention which is capable of emitting white light
10 is capable of displaying stable white light with higher
definition and has an advantage of less color unevenness. Tﬁe
LED display device 6f the present invention which is capable
of displaying with white light also imposeslless-stimulation
to the eye compared to the conventional LED display device
15 which employs only red and green colors,l and is therefore
suited for use over a long period of time.
(Embodimgnt of another display device employing the ligﬁt
emitting diode of the present invention)
| The light emitting diode of the present invention
20 cén be used to constitute an LED display device wherein one
pixel is constituted of. three RGB light emitting diodes and
one light emitting diode of the present inventipn,.as shown in
Fig. 12. .By'éonnecting the LED display device and a specified
drive circuit, a display device capable of displaying various
25 images can be constituted. The drive circuit of this display

device has, similarly to a case of monochrome display device,
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the present invention which is capable of emtting white light 10 is
capabl e of displaying stable white |ight with higher definition and has an
advant age of |ess col or unevenness. The LED display device of the present
invention which is capable of displaying with white [ight al so i-nposes

| ess stinmulation to the eye conpared to the conventional LED display

devi ce lwiwldcchdemrpl oysopidey mneshrand (RA@HFoe0! bfipopAdily tdesefeg e trli ted
for use over a long period of tine. (Enmbodi nent o? anot her di spl ay device

enpl oyi nd.righet |dightl ayemdatiai,ng dicode contha RriesRiitt W igycebiRd ity
emtting diode of the present invention 20 can be used to constitute an
LED di spldatadestaeedheneitheoM ptaekompueensidriait edqeb1shree RGRH ghy
emtting diodes and one light emtting diode of the present invention,.as

shown intHe gligBt Bymitomirect digdelse LEDhdispdayrdayi ee igndnasspeghdi ed
drive circuit, a display device capable of displaying various 25 i mages can
be Gonstidnitvestk Whichriise switchédobyt htRedigplpit deyhe® s, thenidandy to
a case of nonochrome display device, 54 video data storage neans (RAM for
t enpor ar idontstadr | ngidde t | tput chspd aytHat alightoneng@mting dildddst wd ch

processes the data stored in the RAMto conpute tone signals for |ighting
t he |i ghtildmntitiatge.di oddse wilt ivepexdirdweit bisghtepsireandeachudivesy worh is
swi tched by the output signal of the tone control circuit to cause the
| i ght emegadgodi ddes RGB illilgint neméttThe diiodesi andi tthes whduer edight
exclusively for each. of the RGB |light emtting diodes and the white |ight
emitting diode. The tone control circuit computes the
10  duration of lighting the light emitting diodes from the data
stored in the ﬁAM, and outputs pulse signals for turning on
and off the light emitting diodes. When displaying with white
light, width of the pulse signals for lighting the RGB light
emitting diodes is made shorter,_or peak value of the pulse
15 signal is made lower or no pulse signal is output at.all. on
the other hand, a pulse signal is given to the white light
emitting diode in compensation thereof. This causes the LED
display device to display with white light.
As described above, brightness of display can be
- 20 improved by adding the white light emittihg diode to the RGB
light emitting diodes. When RGB light emitting diodes ‘are
combined to display white light, one or two of the RGB colérs
may be enhanced resulting in a failure to display pure white
~depending on the viewing angle, such a problem is solved by

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

device.
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emtting diode. The tone control circuit conputes the 10 duration of

lighting the light emtting diodes fromthe data
out puts pul se signals for turning on
Wien displaying with white light, width of the pulse signals for lighting

15°si gnal (s made | Dbt tOF NP I‘;’?‘@iﬂf’r St f - QLCRERY GFVicRe 4R her

stored in the RAM and
and off the light emtting diodes.

15 signal is nade Iomer or no pu

hand, a pglser iv to the |gg emtting diode in
corrpensat(?longt ereo %ﬁ?s %gusle&:’s & }la‘y' deviCY 1 BediRIEASH t h
white |ight

b h q EI b 20 d
by addlng t mﬁgﬁgc§%gﬁtt§ﬁ§¥?Fﬁg o%gggilghé’ls Eaﬁiﬁﬂ%%§;ﬁhﬁrép r%ggs.
Wh RGB di whi t
o two of“%'“hé&?%%' I}r é‘*‘t‘l‘*%sb%ﬁ%nh%%@? bR 'nér%aﬁﬁn@;. §ipdf! gk ay

wh h I |l ved by 25
g R SR e | BREORAFs 1o HBl e € T BB R, Toysivea Vstrq%r

he d goi bed .abqv
br of er abl B haPh% ‘%béﬁ‘gf ?%g.&'?igéaxs SEVER. tglegc‘if'bwge Hiahienttidng
which corpiigs Lbeyay! EE‘FFSE?WO f {;&Qh%hgg cfrgﬁ,ﬁwl \tlﬁ'[rbhghix %g Lt r}-?cr om

diode with 5 specified

Ness. e pul se si

the tone &RMEE g CAIG4M T ilﬁumghg‘éast % Ege\ﬁ]\ﬂgt tc%f ht , em Lo

driver thereby to swtcht

mcPERR 8%deand

rrver

T um natgse g tlifer MNP 1% dATNEE Qe AU £

10

15

20

25

(Traffic signal)

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

configuration. After connecting power lines by soldering for
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- goes out when the driver is turned off. 10 (Traffic signal) Wen the |ight
enlttlng di ode of the present invention is used as a traffic signal which
is’a kind of display device, such advantages can be obtained as stable
lllunlnatlon over a Iong period of time and no col or 15 unevenness even

when par des o out. . The traffic signa
enpl O)F/)I nchg F f%? r%’ of “Eﬁ‘et“‘tﬁ eiipdes Gt the ﬁg§’5§ﬁéﬁea

confi gur@i{:ﬂn |tle tt| ng i odes are arranged on a substrate

wher eon a--conductive pé{)‘gggn ﬁ‘{sg é’r’rreﬂ A<ci PEGRFED! 4T gRt FrATHiShgo%0

di odes sug. ght e tt| di are connected in series or
par al | e},\@gg‘f{‘%g}ﬁd lc?rgsla se ht% &R atX nGeVaLEdesS ISR néfe 3Bts of

the |igh d the |ight emtting diod
art angad- UL l%%%f?aﬁraﬁ%ﬁngéﬁgi HWhot Lagne: Bhieloacacaper

dyngoiLh th t |
cori gur 3okt Srepd B B REag Tiiler L0 Gty 81T, | nane

connect i he | i e t] n d| ode nd t e supstrate wth external
power su%% %lé q's @’hecu Cg;a‘;l WJ‘ cHaas‘gﬁ%% 4 we§7Si §RaltherngLeppay

I Zﬁlaé%fi%?%éth% Eﬂcﬁdaﬂn%cf"% S I PROSES AR G | B LbBer
e S ERELAShe & PSS VLD iRt S8, B0l o2 b4 DEudhREY o
a rUbberchf‘CQaQQJ.ﬂB e bagk ohstRR Ciasss: chassis from the outside,

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

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

20  display device. This signal is, even when one of the sets of
light_ emitting diodes or part of the 1light emitting-”_diodes
fail to illu_miné_te due to some trouble, capable of illuminate
evenly in a circular configuration witlh_ou1.: color shift by
means of the remaining set of 1light emitting dioldes or

25 remaining light emitting diodes. Because the light emitting

diodes are arranged in a spiral configuration, they can be
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for sealing off the inside of the chassis fromthe outside, 10 wth the
inside of the chassis closed. Thus a signal of white Ilight is nade. A
sighal of higher reliability can be made by dividing the light emtting
di odes of the present invention into a plurality of groups and arranging

themin a spiral . configuration swirling froma center toward, outside,
whil e 15 %%ﬁ?\%%?? n‘&OFﬁeﬂFPﬁelb&r BPRE| the, S5 gans | Srlvan swithowly any om

the centq&.%gmard out si de nmm iﬁgﬁeither continuous or intermttent.

Ther ef or S -0ESF PRYE HURDETS HI™ (HET iHHan 2t (SPRPY B D anitPsRent emmrmber
of the seiéxgg; ii ht emtting diodes can be selected depending on the

di spl ay area ort e LED 20 display device. This signal is, even when one of
the sets of [|ight @HittGQQQQiodes or ggr of the light emtting diodes
fail. to illumnate die t'§*sEHE Er oXIPLEHablBItHET| | |iddiufhirateevehhy in
a cigcul ar conf%gurati gn wi t.hou colﬁr shift by neans of the remaining set
of 1Tght RRFTERhg1@VEE4C0r W5 fehathi MEY i 3R 8ttt tihgbai seastmeskiuse t he
| i ght en1i%ﬁ%g giodes ar arr%ﬂged in a spiral configuration, they can be
57 arrange r AT ERY WEhe center, and driven without any different

i npr essi 0(%{((58 gi pfal s enpl oyi ng i ncandescent |anps. <Exanpl es> The
fol |l ow ng* an%%e urther illustrate the 5 present invention in detai

but are ol Lo/ be CORSENESLgrol LA ANEsageretpElscleo (Bl e ),
an emission peak at 450nm and a.half width of 30nm employing a

10 GaInN semiconductor. The light emitting component of the
present invention is made by flowing TMG (trimethyl gallium)

gas, TMI (trimethyl indium) gas, nitrogen gas and dopaﬁt gas
together with a carrier gas on a cleaned sapphire substrate

and forming a gallium nitride compound semiconductor layer in
15 MOCVD process. A gallium nitride semiconductor having N type -
conductivity and a gallium nitride semiconductor having P type
conductivity are formed by switching SiH, and Cp,Mg as dopant

gas. The LED element of Example 1 has a contact laYer which

is a gallium nitride semiconductor having N type conductivity,

20 a clad layer which is a gallium nitride aluminum semiconductor
having P type conductivity and a contact layer which is a
gallium nitride semidonductor having P type conductivity, and
formed between the contacﬁ layer haQing N.type conductivity

and the qlad layer having P type conductivity is a non-doped

25 InGaN activation layer of thickness about 3 nm. for making a

single_quantum well structure. The sapphire substrate has a
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an em ssion peak at 450nm and a half wdth of 30nmenploying a 10 GalnN
sem conductor. The light emtting conponent of the present invention is
made by ‘flowing TMG (trimethyl gallium gas, TM (trinethyl indiunm gas,
nitrogen gas and dopant gas together with a carrier gas on a cl eaned
sapphire substrate and formng a galliumnitride conpound sem conduct or

| i MOCVD, . A gall | itrid i conduct or hayi ng_ N t
conduct | 9FEY HRAACEARE, BhRAr PP te Shnt BRI EOBI=h oot RGP (AT = 1w

conduct i yi re forped_by sw tchi i H4 and 2 as dopant as. The LED
el ement é?kéfgﬁnggl%ﬁagaéecgnﬁﬁg#%&é YﬁﬁhicHSR? at¥Rf | PRI FeRdRgeor

sem conduct or _having N type conductivity, 20 a clad_|ayer which is a

gal | i um fft ANGE |e§m n%/ sEFTRShALRESr O ThAPOng Pri @hoveorrfias vieymind a

cont act £ 'eEiTﬁiCh is a galliumnitride sem conductor having P type
- conductivity,"and formed between the contact |ayer having N type

conductivity and clad | ayer having P type conductivity is a non-dbped
25 ThGaN acti vat i o%&%§§ere’%ﬁ° W%kﬁggs%é]ﬁ(ﬁ??% ik £ 8r tERG ngnd i Rype

dem condbersrSPaErBFCHALats BT eoRChitEr b Fod, PrenficrBeere TEE mREres
400C or BhoB T EEEEAr ming ot nECHEPRNTs AP GBS oh Y oYREeRT p
ormed By s irerTRoE APt G g PHES s e Bl RO {09 eFSURPRR thas
been madgyasmdaschiPEdARLNS: the WL EM LR % bURAE Y Srce .

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

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

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

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

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

obtained the desired material. A Phosphor made as describe
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are made by dividing the wafer with external force. 10 The light emtting
conponent nmade in the above process is nmounted in a cup of a nount | ead
whi‘ch is made of silver-plated steel by die bonding with epoxy resin. Then
el ectrodes of the light'emtting conponent, the nount |ead and the inner
| ead are electrically connected by wire boding with 15 gold wires 30pmin

di amet er aboyemakelsa | igttrium+alugindimdgmniet | eadluppescAnphos plderdisimde
by di ssol vi ng rare earth elements of Y, Gd and Ce in an acid in

st oi chi omep:rlesahtpdopurtgeneral arfdramimec|{yp). g@dlggAlJ@? < whgﬂewam&xal ic
acid. Oxide of 20 the coprecipitate obtained by firing this material is

m xed W20R a@furld nisn sxbdtitthedebytho Gdbtaaidh $tBsEikttien Maeibabs. celhe
m xture was then mxed with ammonium fluoride used as a flux, and fired in
a cruci bhe &-03.tenperature of 1400C in air for 3 hours. Then the fired
material is ground by a ball 25 mll in water, washed, separated, dried and
si eved thereby to 86bt Baméd thg desigkt nef ertlad. £l Rhaswit TadeaaSal
describe 59 above is yttriumalum numgarnet fluorescent naterial
repr esenheyibyg gervampoSidrimn @ f YOYQ&Gth . 2)ABML QY wh {eh whes ebakauimad®0% of
Y is substituted with Gd and substitution ratio of Ce 'is 0.03. 5 80 Parts
by wei ghfinofththeahoymrpreenss maner ill0 pavisgby conipsi toHNepbxf Yae3GAO. 2)
3A15012 : Ce which has been made in the above process and 100 parts by
wei ght oRIrepdyf fiesientlar emsxedi dicertiyn nilned teldmry. i ntThes| sluyry Thiss
slurry is
poured into the cup prov1ded on the mount lead whereon the
10 light em’itting component is mounted. After pouring, the
slurry is cured at 130°C for one hour. Thus a coating having
a thickness of 120um, which contains the phosphor, is formed
on the light emitting component. In Example 1, the coating is
formed to contain the phosphor in gradually increasing
15 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 dust. A lead frame with the coating layer of
20 phosphor formed thereon is placed in a bulletéshaped die and
mixed with translucent epoxy resin and then cured at 150 °C
for 5 hours.
Under visual observation of the light emitting diode
formed as described above in the direction normal to the light

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

rendered yellowish color due to the body color of the phosphor.
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poured into the cup provided on the nount | ead whereon the 10 |i ght
emtting conponent is nounted. After pouring, the slurry is cured at 130C
for' one 'hour. Thus a coating having a thickness of 120pm which contains

t he phosphor, is formed on the light emtting conponent. In Exanple 1, the

coating is formed Neasiordngdrtd he plfosphehromagiaded! |y peLs€asi Nedior
concentration toward the light emtting conponent. “Irradiation intensity

s about tEnp¥mifireThend i gbllognitdrdey irpnpadert cndtkhbe1phasPhaKi® Eng
nol ded with translucent epoxy resin for the purpose of protection agal nst

ext r aneousicste esade mBi Stasoridred dilséve Aahdad{papmee WhEh ehhetaaat ivigi dayer
of 20 phosphor fornmed thereon is placed in a bullet-shaped die and m xed

Wi th trarsighterfavepowal vessidt grod Joegn cired) aford Shfondic i hPE st Under
vi sual observation of the light emtting diode formed as déscribed. above

in the diyect¢alomnotemperatthe bEgBDB02K eahdt BNngsplfane cdlomasefdunthd hat
‘the central portion was rendered yellow sh color due to the body col or of

t he phospimiex ERaj\eebicknants approbriatatd cid ythei Bhareekeristeapeiat e
and col or rendering index of the light emtting diode nmade as descri bed

above and-sepatfigmof feudtresognwhilbep .| i ghtigdayeent tiesg Ok £ EDc38Rcy0.w289)
for chromaticity point (x, 5 vy), color tenperature of 8080 K and 87.5 for
col or rerfodrli MyW, h®parRDL emtice tharte cfpEroximedreddscdte Iagy.actmirtdidrs of
a 3-waveformfluorescent |anmp. Light emtting efficiency was 9.51 mW
conpar ablim tloifehatests anndex andedienovns aoi. ehgrigieation with a current
10 of 60mA at 25°C, 20mA at 25°C and 20mA at 60°C with 90% RH,-no
‘change due to the fluorescent matefial was observed, proving
that the 1light ehitting.diode had no difference in service
life from the conventional blue light emitting diode.
(Comparative Example 1)
15 | Formation of a light emitting diode and life tests
 thereof were conducted in the same manner as in Example 1
except for changing the phosphor from (Y, ,Gd,,),Al0,,:Ce to
(ZnCd)S:Cu, Al. The light emitting diode which had been
formed showed; immediately after energization, emissiqn of
20 white light but with low luminance. In a life test, the
~output diminished to zero in about 100 hours. Analysis of the

cause of deterioration showed that the fluorescent material

was blackened.

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

which had caught on the fluorescent material or entered from
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inlife tests under conditions of energization with a current 10 of 60mA at
25C, 20mA at 25C and 20mA at 60C with 90% RH, no change due to the

fl Uorescent material was observed, proving that the light entting di ode
had no difference in service |ife fromthe conventional blue |ight

em t{ i N tHie0 @t S QUMAHAINE BB Ihoblo b8 FOLRLLGN, 018 Jight ST Lig

diode and life tests thereof were“condu in e sa

Exanpl for hang YO 8Gd3 2) 3ALE0L2 .. Ce
" ecé))r (se:%gﬁ)?mﬁlt.eor T gIeng gdﬁa@gosgjlp r gfﬁa‘i.m ¢ l“r?arc?sr?enzc) f‘“oa]tr?erdlaslwomed,

to (Zn The light emtting ode een r

i mredi at elegy1afiher B0k DhdRbhen. S SLON i i ght Wi 1| w
| um nance. Iun z:iL ?’irfe te]sgt lé‘(tgllrlléé)di] sgglfgé'%dl %{ensﬁgh%% c%% %%?% F%gggoﬁqbl%g

hours. Al i f f. deterij.oration showed that the flyorescent
mat eri al %\%\Ig?tb ngcskté;r?g(fn It% gatq-'rlgg‘olkgi it qsucp'%)ro%ee’& toofdf?a(g‘éb‘ baeter?%a%sé"d‘ s
theg 25 gkt 1kde cfheqhl .t ti.ng_conpopent d_noi sture wmhich
hadscaugﬁtogl%‘nat eéélﬁtoggjééﬁén?bggmﬁ%‘eﬁpa éol}&ghtg;s)e l‘?roﬂs é:fg{a%be ut*sk
brought aleutpheiedys rﬁ?f@ ol | oidals nai t eclpitat t
surface of thlé fl uor esg'Zn%J@arra eri gl, rt'g@t}f]té?l% ilﬁs bpggégnel sﬁ??@%e%‘:

Resul ts @kilhitfiee egh3uBNOQLth CoREdtd NS Qf &REr giszati ' CuLr of
20mA at 25 C and 5 20mA at 60 C vm'l%h 90% RH%E’%; éﬁ%&%g?n%g‘%%*‘% ogé*i%er .

://\/Ia]t Be \t,\,ih?ﬁ'f?’gfh@ .of Axaspie 1inkUNNRBRGAdsS FHAMGAd M tﬁﬁgsaotvav?ell]aﬂé’e
pect to the initial value as the eference. A solrd line
i ndi cat ednEiaakles tompArati@ey Eai@le 1 in Fig. 13.
10 (Example 2)

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

15 and increasing the content of Gd in phosphor 'tﬁan: tﬁat 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

20 emitting white light, gave values of (0.375, 0.370) for
chromaticity point (x, y), color temperature of 4400 K and
86.0 for color rendering index (Ra). Fig. 18A, Fig.
18B and Fig. 18C show the emission spectra of the phosphor,
the light emitting component and the light emitting diode of

25 Example 2, respectively.

100 pieces of the light emitting diodes of Example 2
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i ndi cates conparative Exanple 1 in Fig. 13. 10 .(Exanple 2) In Exanple 2, a
Irght em tting conponent was nade in the sane manner as in Exanple 1
except for increasing the content of In in the nitride conpound

sem conductor of the 1light emtting conponent to have the em ssion peak at

460 nm 1&eged rade ea Nrd Ay <€ ORI o ggﬁ%ﬂi?ggégggkﬁkgggé&ggg hken

Exanple. 1 to have a conposition of (Ya,

Measur emaffite rOfl iGMtQmBt ifeirt M 0R@ Mourel) Or 14 eppeLat yke r kepdering
i ndex of the Iig%{h enetting i oos e o wer eS| U0 pelBnf e oEPRIE | N

capabl e 0tmiRQuem 1t Wy t @ahughtbe fHve %ﬁleu]?fig%o(t%s%75’trg%?§(’%er‘;a

chromaticity point (x, y), color tenperature o arid or ol or

renderi nguimigexs( Rcentiidty Hhedi the 18BeaRdst Gy5l88% SOW h?gygﬂhfﬂioon
elig

spectra of the phosphor, "the light emtting component and’t

eni 5t i ngadifgdecate 28 ExanBharacteespestively. 100 pieces of the Tight
emtting diodes of Exanple 2 62 were nade and average | um nous intensities

t hereof wekampaken) after lighting for 1000 hours. In terms of percentage
of the lumnous intensity value before the life test, the average

| umi nous intensity iaft erighe ldfitdios Wasa98. 8% Pr QWY Y G di Efagi%ence
in the characteristic. (Exanple 3) 100 light emtting diodes were nade in
the sanemammemerasasihnEksaphee 11 except ffor agliigy SBhi rRdgdadi ok Oto
rare earth elements Y, Gd and Ce in the phosphor to make a
10 fluorescent material with composition of

(Y5.35Gd,.5:C€0.0:5M,.0,) sA1:0,,.  When the light emitting diodes were
made illuminate at a high temperature of 130 °C, average
temperature characteristic about 8% better than that of
Example 1 was obtained.
15 | (Example 4)
LED display device of Example 4 is made of the light
emitting diodes of Example 1 being arranged ih a 16 x 16
matrix on a ceramics substrate whereon a copper pattern is
formed as shown in Fig. 11. In the LED display device of
20 Example 4, the substrate whereon the light emitting diodes are
arranged is placed in a chassis 504 which is made of phenol
resin and is provided with a light biocking member 505 being
formed integrally therewith. The chassis, the light emitting
diodes, the substrate and part of the light blocking member,
25 except for the tips of the light emitting diodes, are covered

with silicon rubber 506 colored in black with a pigment. The
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rare earth elenents Y, Gd and Ce in the phosphor to make a 10 fl uorescent
material wth conposition of (YO 39CGd, 57Ce0 03Snp. 01) 3A15012. When the
light enmitting diodes were nmde illumnate at a high tenmperature of 130 C,
average tenperature characteristic about 8% better than that of Exanple 1

bt ai ‘ . dovi g AT Exampl e
Ton " astEResits! SRR DifP SR K4 O P 8RR IR, L1
a ceram oF %EB%"E% t‘i’@%%&-ﬁe’i‘iﬁ&ggg@gggern is formed as shown in Fig.

11. In th i splay device 0 anple 4, the substrate whereon the

o of phenol 1 oot s ahali S Aol SHEER A9l GeR] RGP AGGR 805

made of phenol resin an ( 11 ( e

i odes, PreCeiber 2ty otr FA O, SRRt RhfBRs U cRBBBE for
h i f | 5 1411 I y d ith sili 506

col ored BT & proIErRShORED B uEt PhTEn JREOPRE P G B RR ng

i apl ay devres mahet FRATsor otbutd WBL e haTe dire. LS TR O

di spl ay device made I n configurat iC

t enpor ar ijliynst 0eRStE PRy 'H’i’édefé v%lghplt %iggg%%%da EPE&&?&I rol, ¢ r%l:ii%ev\,hi ch

processes the data stofed Int ute tone’signals Tor I'ighting

the | ghieaddl tiion disades ukRLaPag) | kgl DoLBLECSS AT d5kVendeansethi ch

is switched by the output signa
control «circuit to cause the 1light emitting diodes to

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

(Example 5)

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

20 . Measurement of chromaticity point gave values of
(0.450, 0.420) in average for chromaticity point (x, y), and
light of incandescent lamp color was emitted. Fig. 193, Fig.
19B and Fig. 19C show the emission spectra of the'phosphor,_
the light emitting component and the light emitting diode of

25 Example 5, respéctively. Although the light emitting diodes

of Example 5 showed luminance about 40% lower than that of the
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control circuit to cause the light emtting diodes to 10 illum nate are

el'gctri cally connected to make an LED display device. By driving the LED
di splay devices, it was verified that the apparatus can be used as bl ack
and white LED display. device. (Exanple 5) 15 The light emtting diode of

Exanpl e biyre smdeting 4h6ass®rs BRRRH18Ss5I ns?ﬁ%&é?o%iﬁ?%ﬁ%ﬁci%?ﬂiggg

phosphor  fepresented by general fornula (Y0,

bi eces _@bmbheabightocohitiog. paingies ofsExprplegyere mde and measur ed

for various characteristics. 20 , asurenment of chromaticity point gave
val ues. pfxanp145¢y 0.420) in average for chromaticity point (x, y), and
| ight of incandescent |anp color was emtted. Fig. 19A, Fig. 19B and Fig.

19C show the emi ssirgR IBRGH &t PE9sRROILs i gh it t ;
conmponent and. the Iight %glm' tting jtc?lri?c'g)de of 2§ Exa)trf]%i‘%i%, ISr g;sglgecn!tl\{%eel %n

Al thoughth8e danEht mefhéki G digdes . - heyed ija qut  40%
| ower than that ofmt he 64 |ight er?‘inﬁlieﬁg@g}go}g:e%%f fgar‘flp#erﬂc‘g,agﬁgaggygood

veat her apepib¥en€eAPByakcdelralt RrnRf1 £XAMR.6  1cbn | irfg) t 6)
The |ight %m’ t??ng di %)’dteéil of Exanpl e 6 \Aﬁ%%%é ?% 51toﬁ)e E?'Zén%es(rra%l%g?hgs in

- Exanpl e 1igxeephiteinysungdpbosehexkanpaR &samed Ryaoensd dhel ot bbaror
Y3Al 5012: Ce. 100 pieces of the light emtting diodes of Exanple 6 were

nmade andvaedsus echapact¥aisOlss characteristics.

' Measurement of chromaticity point slightly yellow-

10 greenish white light compared to Example 1 was emitted. The

light emitting diode of Examplé 6 showed good we-atherability

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

15  Example 6, respectively. | | |
(Example 7)

The light emitting diode of Example 7 was made in
the same manner as in Example 1 except for usiﬁg phosphor
represented by general fcrmula Y;(Al, Ga, )s0,,:Ce. 100 pieces

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

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

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

spectra of the phosphor, the light emitting component and the
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Measurenment of chromaticity point slightly yellow 10 greenish white |ight
conpared to Exanple 1 was emtted. The |ight emtting diode of Exanple 6

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

l'ight. emightgernbopimeniiciyd dhEddnlle ey tiddgppcdiodawof 15 Exanpl e 6,
respectively. (Exanple 7) The light emtting diode of anple 7.was nmade in
the sane (Exemepl@s8) n Exanple 1 except for using phosphor represented by
general formula Y3 (Alo.5Gao.5) 5012 : Ce. 100 pieces 20 of the Iight

emtting diodes of Exanpligh? warittinde @bshe NBASUH@MIIY ¥afhi8Ukhade in
characteristics. Although the light emtting diodes of Exanple 7 showed a

| ow | uni rene e saewi thatheyr eani sin Wekagplieght  ardepshomed QQQQ@M§§$§ﬂﬁﬁi|ity
simlar to that of Exanple 1 in 25 life test. Fig. 21A, Fig. "21B and Fig.

21C Show Ié‘@rmmmnbyswﬁemlofféhﬁuD@OSED?Al dde Lgtltc@%tiicﬁhg does
conponent and the 65 light emtting diode o éxanple , respectively.

(Exanpl e )t Thenkaght veni t 1009 pieatss 0bf Exaspl 6l shvegmiBeeny N a il sSave
manner as in Exanple 1 except for using phosphor 5 represented by general

fornul a @ksaniple. & Geaxes masE 2nd Geeashimdd doas vati @it abtok3@ thicgges of
the light emtting diodes of Exanple 8 were made and neasured for various
characteristics. Altlougdh t fehd i gigheni emiogind odeodds Ex@npkRafple 8
showed a low 1uminance, showed good weatherability similar to
10 that of Example 1 in life test.
(Example 9)
Light emitting diode of Exémple 9 is planar light
emitting device having the configuration shown in Fig. 7.
In,.0sGao.esN semiconductor having emission peak. at
15 450nm is used as a light emitting component. Light emitting
componepts are made by flowing TMG (trimethyl gallium) gas,
TMI (trimethyl indium) gas, nitrogen gas and dopant gas
‘together with a carrier gas on a'éleaned sapphire substrate
and forming a gallium nitride compound semiconductor layer in
20 MOCVD process. A gallium nitride semiconductor layer having N
type conductivity and a gallium nitride semiconductor layer
having.P type conductivity are formed by switching Sin and
Cp,Mg as dopant gas, thereby forming a PN junction. For the
semiconduétor light emitting component, a contact layer which

25 is gallium nitride semiconductor having N type conductivity, a

clad layer which is galliim nitride aluminum semiconductor
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showed a | ow | um nance, showed good weatherability simlar to 10 that of
Exanple 1 in life test. (Exanple 9) Light emtting diode of Exanple 9 is

pldnar light enitting device having the configuration shown in Fig. 7.

I no. 05Gao. 95N sem conductor having em ssion peak at 15 450nmis used as a
light em tting component. Light emtting conponents are nmade by flow ng

TVG (tri hEVHAg gl tyrg gasductivityri ret lthdi ntayey gasichni is ogerl lgagn and
dopant gas together with a carrier gas on a cleaned sapphire substrate
and f or Mg degauninun t9enkcevdpotor BavingnButype lcyreiuctl vad yMaRD
process. A galliummnitride sem conductor |ayer having N type conductivity
and a gald iGRRAYATY | RYenviebplluésogaldjem nHaviidg . sentimnduenductiating ar e
formed by switching SiH4 and Cp2My as dopant gas, thereby formng a PN -
juncti on? FeyP¢ he€ongdeat évhtivicEae | fgmedm t Ann@amingemnion , Layeonbdctzd-ayer
which 25 js galliumnitride sem conductor having N type conductivity, a

cl ad | aySeRfAS cEnEaN gahiahm Rekepde atlanbhenhetearoonpuattaon 66s haidmged
type. conductivity, a _clad |layer which is gallium nitride alum num

sem cond&&we%ﬁﬂeg cpady daveshdestiing tN tane  corshnttdctitiyayerd whiec ke lisd

gal liumnitride. sem conductor having P type conductivity are forned. An
activat i oRYISy VIR ZP SExRp e rAEERLAEY h nBkbuffedollalyerhdise porguintdd on -
is formed between the clad |ayer having N type conductivity and the clad
| ayer ha¥ithg % ypEBBRIEE | VUSRI f ePYl ayf@rmiingr ogadiziumon ntiteride

sapphire suhstrate by formng galliumnitride
semiconductor layer at a low temperature. The P type nitride

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

above after forming the film.

After forming the semiconductor lairers- and exposing
the surfaces of P type and N type semiconductor layers by
etching, electrodes are formed by sputtering. After scribing

15 the semiconductor wafer which has been made as described above,
- light emitting. components are made as 1igﬁt emitting
compopents by dividihg the wafer with external force.
| The iight emitting component is mounted on a mouﬁt
lead which has a cup at the tip of a silver-plated copper lead
20 frame, by die bonding with epoxy resin. Electrodes of the
light emitting component, the mount lead and the inner lead
are electrically connectéd by wire bdding with gold. wires
having a diameter of 30um.
The lead frame with the light emitting component
25 ~attached thereon is placed in a bullet-shaped die and sealed

with translucent epoxy resin for molding, which is then cured
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ductor layer at a |ow tenperature. The P type nitride 10

ductor layer is annealed at a tenperature of 400C or above after

‘the film After form ng the sem conductor |ayers- and exposing

t he

s of P type and N type sem conductor |layers by etching, electrodes
n aaclts 8RRt 19 bazboy SHHeRN ERmEOE NG CoRPONLASSE ol s
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pl ate whisgh 'gnpghggggd on all end faces. On one surface and side face of

the acrylic pl ate, screen printing is applied by using bariumtitanate

di spersed in an acryl i HiNderE a%ﬁ%ant e Gy or.d. flc)e?clto%rs, ijeChma{dse t QSP

cured.

10

15

20

25

Phosphor of "greén and red “Colors are rnade b
dissolving rare earth elements of Y, Gd, Ce and La in acid in

stoichiometrical proportions; and coprecipitating thé. solution
with oxalic acid. Oxilde of the coprecipitate obtained by
firing this material is mixed with aluminum oxide and gallium
oxide, thereby to obtain respective mixture materials. The
mixture is then mixed with ammohium flﬁoride used as a flux,
and fired in a crucible at a temperature of 1400 °C ih air for
3 hours. Then the fired material is ground by a ball mill in
water, washed, separated, dried and sieved thereby to obtained
the désired material.

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

weight of epoxy resin, to form a slurry. The slurry is
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dissolving rare earth elenents of Y, Gd, Ce and La in acid in 10

stoj chionetrical proportions, and coprecipitating the. solution with oxalic
aci'd. Oxide of the coprecipitate obtained by firing this nmaterial is m xed
wi th al um num oxi de and gallium oxide, thereby to obtain respective

m xture rratp%rs.ie?ns. .TEe mxture is then m xed with amoni um fl uori de used
as a fl ulPPrsSthd I oOptG (A% Rerylie 1avper heviiegor thdgkapess &fr for

3 hours. OTP%en thebfi red ma_tertj al is fround b%/ a ball mll in water,

washed, separ Med™ dAEFand tsi vt her PRt e%r olitigl ndgiedhet@esioE a
materi al ..;120 eg?aret@__ b&ewe%%t;]g if the first flugrescent 20 material having
a conposi i CePF (e . 4RYEH130 dee gHEeEapsble celoBnicanvieytdingen
light pre q__redagTs descri bed ahoye and 100 parts by wei ght of the second

f1 uor esc RSty i VIR Ag lcx*&?ﬁési‘?f 0APBEL( ¥OHIGdo. BhsAfBarressenind
capable of .emitting red Jight prepared . in a process simlar to that for
the%fi r sEASE A for ggg@ﬁt Hat &Rtal ,lg%‘?e%riﬁfﬁéf“@nﬁlyz%i Bed fhak 10D f&ast s by
wei ght of__epoxy resi.n, .to forma slurry. The slurry iis 68 applied

uni formfr&ﬁc&% 3&%&‘1’% ENNENIRIRG 2% itk peddcadl aviderplffeneansd of a

mul ti -coaler, ergj oqlr IS dto f.orgl/% fluorescent material |ayer to be used as

a col or converting  materifal*S r‘i‘ddz? EHi3HEn r6PYafi6utt o30piheTid-anar
1 vorescans, T le LAXEL S b og e s size ss e a the,
M soPlr S LA RLAYE LIASORA 200G Blihg Wedlee Tald Wadey o

10 of (0.29, 0.34) for chromaticity point (x, y) and 92.0 for

color rendering index (Ra) which are approximate to the

properties of 3-waveform fluorescent lamp.. Light emitting

efficiency of 121 m/W comparable to that of an incandescent

lamp was obtained. Further in weatherability tests under

15 conditions of energization with a. current of 60mA at-room

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

90% RH, no change due to the fluorescent material was observed.

(Comparative Example 2)

Forming of light emitting diode and weatherability

20 tests thereof were conducted in the same manner as in Example

9 except for mixing the same 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 perylene-derivatives, instead of the first

25 fluorescent material represented by general - formula

Y3(Al, (Ga, )s0,;,:Ce capable of emitting green 1light and the
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color rendering index of the light emtting device gave values 10 of (0.29,
0.34) for chromaticity point (x, y) and 92.0 for color rendering index
(.Ra) which are approximate to the properties of 3-waveform fl uorescent
lamp. Light emtting efficiency of 121 mi Wconparable to that of an

i ncandesg@Riond aFPuYRSs BRI kel T hefe x%é’é??éé&erg?'lg%%e}:?ftsfcrnm%er 15

conditions of energization with a. current of 60mA erature

20mA at rqoncaenpwlaéur@eaedgagme A %wﬂg %XBE' PJEO?% %@% que 9t.0 the

fl uorescent f-&rialf Ras obsérved ar at

li ght enidiroattdicads ardoweahherabi lolftytr?é) tﬁy nr}ége £d in
the sane manner as in Exanple 9 except for Ing t & sa quantltles of a

green or gefighradiver escaiplePignEls (F4eR0d QEroY SN g red
organic qué&Escent pi gnent ( FA- 005 of Synleugh @k ch) Mhld% a?gﬂ

per yl enev@%@h@'@b‘i@%tly' nsé@@@' ofgalshe ébﬁ&&%éﬁ %gsiﬁédﬁkﬁépg' with

represented by general formula Y3 (Al capa

em tting WreeRildight an g@ne@%t\%@co 'daﬁfb%?rpe tgll al prﬁf‘ﬁt} ed by
general formula (Yo. 46% 3A15012 capabl e or%rggrﬁlti nzgddree i"ght of

Exanpl e Sep r@%re@{tﬁ.frﬂgme&;ﬁu%mé@ltndt&%ﬂaﬂﬂ&ﬁx 'dfgrﬂurﬁrﬂféﬂif‘gaxﬂéro%e friod
Conparative Exanple 1 us fornmed were (X, Yy) 0.35). 5

Weat her alyfl idne tyeslr Was 10@Nehealsed- iy lﬁH@dllﬁthr{%d@ tﬁbta&r{fr?@/ 9018l T
generated by carbon arc for 200 hours, representing equival®ent irradiation

of sun |icghtorovesna periwgridis O&Qmé%ardum¢Etma%éflgp@i}%ohum NARCe
retaining ratio and

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

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

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

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

25 copper mounﬁ lead, by die bonding with epoxy resin.

Electrodes of the light emitting component, the mount lead and
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color tone at various tinmes during the test period. In a 10 reliability
test, the light emtting conponent was energized to emt light at a
congtant’ tenperature of 70C while measuring the |unminance and col or tone
at different tinmes. The results are shown in Fig. 14 and Fig. 15, together
with Ex le.,9. As will be clear fromFig. 14 and Fig. 15, the 15 |ight
em tti ng%%pb%?ﬁ brakuen? £leekhira bt ceonresteddhervirat habingamnith
Conparati ve ample 2. .(Exanple 10) The light emtting di ode of Exanple 10
is a Ieaago}‘gz‘éln’??%ht emtting diode. 20 In the light enmitting diode of
Exanpl e 10, the Iig@é em tting conponent having a light emtting |ayer of
| no. 05Gao. 95N wi t P RATRRPHN Ireariagte 450nnivipiisl | ¢ nddestn fheoseseemanner
as in Exanple 9 js used. The |ight enittin% conponent is nounted in the
cup provi ?FE&aiher?PEﬁﬁﬁn%ﬁ%il ¥r - pEReEdl 25fooppéa niufhl, Sad,s) B, dCe
bonq%ng wth e oxyi{esin. El ectrodes of the kgght emtting conmponent, the
mourit | edtPRIRY-S 70T hEMLhEEPI| eFHORRr el ket Anshl lay semnadt eflbyrescent
bodi ng w Phosphor is made by m xing a first fluorescent

mat eri al Iﬁa&pe?lggale]gt Ye\%erg’f/e%%rh"e‘"‘r | ¥%r ngeReNal A fosmy as) b5 e ) :Blepadee of
gener al (SR (S50 585 Ini” Fab oL IRt Cpr aRasE it TeRiovEng renelght
o hadr Pk qeppth JMTEnbs §279,°%d"aRu" B 2r2' shived Tn Seid ‘in
stoichiometrical proportions, and coprecipitating the solution
10 with oxalic acid. Oxide of the coprecipitation obtained by
firing it is mixed with aiuminum oxide and gallium oxide,
thereby to 6btain‘re5pective mixture.materials; .The mixture
is mixed_with ammonium fluoride used as a flux, and fired in a
crucible at a temperature of 1400°C in air for 3 hours. Then
15 the fired material is ground by a ball mill in-water,_washéd,
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,
20 40 parts by weight of the second fluorescent material and 100
parts by weight of epoxy resin are sufficiently mixed td form
a slurry. The slurry is poured into the cup which is provided
on the mount lead wherein the light emitting component is
placed. Then the resin including the phosphor is cured at
25 130°C for 1 hour. Thﬁs a coating layer includiné the phosphor

in thickness of 120um is formed on the 1light emitting
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stoichionetrical proportions, and coprecipitating the solution 10 with
oxalic acid. Oxide of the coprecipitation obtained by firing it is m xed
wi th al um num oxi de and gallium oxide, thereby to obtain respective
mxture materials. The mxture is mxed with anmonium fluoride used as a
flux, and fired in '"a crucible at a tenperature of 1400C in air for 3
hours. TREMPPBERfe fFPBASRELEELAR PE FhuRhasPherhdn thiel coplingt dayer
washed, . separated, dried and_sieved thereby to obtained the first and
second f PFRor SRS St 8FRARELEY thawasshetheed it | endttingt copponent -40
parts by_weight of the first fluorescent material, 20 40 parts by wei ght
of the sEBSRHSENudTRRcédghiat@ritiingd componsantt sany wWegtphedpkpdxRreesi n
are sufficiently mxed.to fqr a slurry. The slurry is poured into the cup
whi ch issﬁﬁg\?pdéﬁ _mBﬁ Re W&GH} treag licsndi POy meghn &art theg PESPRSRent
IS placeg. Then the resin including the phosphor is cured at 25 130C for 1
houP. ThS RTLEECEAGN 8P8ATShcPFIFAGCSONE Fd@SFor moistuneckndsdust-128pm i s
f ormed og taeéi ht enittiﬂg 71 c¢onpqnent. Concentration of the phosphor
in the co&ffndH Wil TRer 698tdngr dAkaY yof onhpePhee Lpghederheriens
component.. _FEurther, the |light emttipg. conmponent and the phosphor are

seal ed by® ]tﬂcr?élewi'rt‘ h3t etfc"eﬁr}]lapﬁfgx9lﬁe§'i“ﬁl fBFXehewptin pdgéns lyrent
protection against extraneous stress, noisture and dust. A lead frame with
t he coat PRGXFay&F18f apRodiedr chgeredt HeY®&6n fois Sphavad - i nUadew Vésuelaped

die and nixed with trans] ucent, oxy.resin and then cured at 150C for 5
hour s. Uﬁgg?rvﬁgagp é¥]LHe Q1gﬁg)egitting dQOde formed as described

10 above in the di;ection 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.

Measuremenfs of chromaticity point, color
temperature and color rendering index of the light emitting:

15 - diode of Example 10 which was made as described above gave
values of (0.32, 0.34) for chromaticity point (x, y), 89.0 for
color rendering index (Ra) and light emitting efficiency of
101 m/W. Further in weatherability tests under conditions of
energization with a current of 60mA at room température, 20mA

20 at room temperature and 20mA 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)
25 In, G2, N semiconductor having an emission peak at

470nm is used as an LED element. Light emitting components
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observation of the light emtting diode forned as descri bed 10 above in the
direction normal to the light emtting plane, it was found that the
central portion was rendered yellowi sh color due to the body color of the
phosphor. Measurenents of chromaticity point, color tenperature and col or

rendering index of the light emtting 15 diode of Exanple 10 which was
nmade as dB<RriBadeabdVe d&@?hﬂﬂlngﬂ f (br3metlyy34) ghdd ivhw)onatassyi t yINDI nt
(x, y), 89.0 for. color rendering index (Ra) and light emtting efficiency
of 101 ny%FLIMRFR¥er IdivRht HeFabinittpassstdasnded dopanti g&s ofogether
energi zation with a current of 60MA at roomtenperature, 20mA 20 at room

t enper at eCRind SBRALEE €8T ANt B gd%AREd FRREidmge suhss take Htheatminphtos  was
observed, showi ng no difference from an ordinary blue light emtting di ode
in the sefQARe?d | 9alliHar adteidst icompayrdhpsenicpndustpmo. Yy, 6Nn  the
sem conduct or_havi ng an em ssion peak at.. 470nmis used as an LED el enent.
Li gt emNQGYRy REPTRTent P I8l ekt ket 332 15 ek erpdmvs g riagehyiagind iNim
gas, ™™ trinmethyl indiunm gas, nitrogen gas and dopant gas together

with a cdi¥Ber cgREUEKIYLIEYe da5Hildans btk ride skavigopdugtofrorbayer

gal liumnitrjde conpound sem conductor layer in the 5 MOCVD process. A

gal | i um MAFHeE EemY®En ARAFHRIEY RN figt REMeg pbYe ddideahinig ySHidd and

gal liumnjtride sem conductqr layer having P type conductivity were forned
by. switc zh‘@ 590 Hy 2%@9% d 98$ 1t Heh ekt IoEBing har &Y jerekivpa PN

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

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

15 3nm is formed between the contact layer having. N type
conductivity and the clad layer having-P type conductivity,
thereby to make single quantum well structure. A buffer layer
is provided on the sapphire substrate by forming a gallium
nitride semiconductor layer at a low temperature. |

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

25 eXternal force.

The light' emitting component is mounted in a cup at
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For the LED el enment, a contact layer which is galliumnitride 10
sem,conductor having N type conductivity, a clad |ayer which is gallium
ni tride ‘al um num semni conductor having P type conductivity and a contact
layer which is galliumnitride sem conductor having P type conductivity
are forneq* Aﬁﬁaactivatip | ayer .of non-doped InGaN with thickness of about
15 3nm i H%r Bt ettt HRF RAERY FapRRT hBPURG Naathdy cdhgubending and
the clad | ayer having P type conductivity,. thereby to make single quantum
vel | str et e?P%Ybeg%Se‘r“-l aﬁérecii@d&%\ﬂ%efdleoﬁlt% SNFHLNG SOBPORENE /by
form ng allium- gitride sem conductor |ayer at _a | ow tenperature. 20

I

After fortHngd QWet | 4587 s aBAd & NIRF theadurFgc&d ecsripal e candertefpe
senicondﬁftor. lﬁ%ﬁfs b%f ching, .electrodes are forned bé sEuttering.
After scrivhiffs %ﬂﬂﬁid&%ﬁ WiEESr DRVAES As dAaBetss aEsdPiBed above,
lig emtting cogB$neﬁts arf made hy dividing the wafer wwth an 25
external force. Thellls ghfadn tT3my nehe il gifuneBitiing CoFPanents t he
tip of a silver-plated copper unt. |.ead by di e bondin with epoxy_resin.
El ect rodeasttbﬁéﬁfg &‘%ﬁﬁo’én&t Pﬂgcéénﬁ@néﬂtl?uuf%%‘wgl éha and eraledner
| ead aredguﬁgtringh¥h0q$nected q¥.mﬁ%e bodia with gold,mﬁres havi ng a
di amet er “SrCBOPFRAE RS RPFY aheS TR t FOX hBO gﬂg'ew tRngScEREBnERES
attached theL @p if plac$g¥jn a bull et-shaped die and sealed wth
transl ucétt § Xy 1e%sin Lol dihRESRhi BR forihen klwedlight1s0dtidngs

hours, ‘Q£ﬂ§9¥.tqrﬁgrﬁiéebiﬁgh{igﬁitgﬂﬁétﬁggde is cénnectéd to one end

10 face of an acrylic optical guide plate which is polished on
.all end faces. On one surfaée and. side face of the acrylic
plate, screen printing.is applied bj using barium titanate

- dispersed in an acrylic binder as white color reflector, which
is then cured.

15 Phosphor is made by mixing a fluorescent materiai
represented by general formula (Y,,Gd,,);Al,0,,:Ce capable of
emitting yellow light of relatively short wavelength and a
fluorescent material represented by | general formula
(Y,..Gd,6)sA10,,:Ce capable of emitting lyellow light of

20 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 6f the coprecipitation obtained by
firing it is mixed with aluminum oxide, thereby to obtain

25 respective mixture material. The mixture is mixed with

ammonium fluoride used as a flux, and fired in a crucible at a
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di ode. The blue light emtting diode is connected to one end 10 face of an
acrylic optical guide plate which is polished on all end faces. On one
surface’and side face of the acrylic plate,, screen printing is applied by
using bariumtitanate dispersed in an acrylic binder as white col or
reflector, which is then cured. 15 Phosphor is made by m xing a

f | uor escé&mmpexténral of eprdS80t cah byigederal 3f dvoudsa (Y The@d. the) fA2QL2 :
Ce capable of emtting yellow light of relatively short wavel ength and a
f | uor escEterdedr iigl grepnds &t édbiey lgaviddalinf srahem wWashealGd & e3)a r3AESOL 2:
Ce capable of emtting yellow light of 20 relatively |ong wavel ength

pr epar ed d&d-edolangws ieNgfel y, rare earth elenents of Y, Gd and Ce are
solved in acid in stoichionetrical proportions, and coprecipitating the
solution wth oxallid® aeamts Gryd&edghtheofopedtopi fatboesobhai medtanial
firing it is mxed with alum num oxide, thereby to obtain 25 respective

m xtur e @it eFERRTLIVRLY nisharte vavealsegthi and adfdni pawrts ubyi deeighd af a
flux, and fired in a crucible at a 74 tenperature of 1400C in air for 3
hours. Ti&dlowe flregespensrimptesigiownd byelatixeély milldng n weatedrenghdshed,
separated, . .dried and sieved. 100 parts by weight of yell ow fl uorescent
mat eri al WhE-chf ar& RMIAdfe|3s s%wrsdm% ehovh ane soffpgiestBy wdixget wifth

yel l ow fl uorescent material of relatively | ong wavel ength which are made
as descrilf99 REEFE Re waighitciodn @Oy Yailfe d afiiith antpGoctpardesl b hagiedin tef

acrylic resin and extruded, thereby to ) _
form a fluorescent matérial film to be used as color

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

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

20 material represented by (Y,,Gd,,);Al0,,:Ce and a fluorescent
material represented by general formula (YOJdeshAlez:Ce used
in Example 11. Fig. 23 shows emission spectrum of the light
emitting diode of Example 11.. Further in life tests under
conditions of energization. with a current of 60mA at room

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

90% RH, no change due to the fluorescent material was observed.
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forma fluorescent material filmto be used as color 10 converting materi al
of about 180pmin. thickness. The fluorescent material filmis cut into
t he 'sane size as the principal em ssion plane of the optical guide plate
and arranged on the.optical guide plate, thereby to nake a light emtting

devi ce. I, ts : o] LCi int_and, col or, 15 rendering i ndex of
the I gh%qta{iﬂs{g 165180 BRE S HE A dn e RAEAL R c FIRd beh e

I ' 0. f ticit i nt , , 88.0 f I
Pander | note,diaddheltel 8 e (RO Rk E s bl Mt 046 ot BoA

Fig. 22 Ei 2 em.ssion spectra of the fluorescent 20 materi al
represenEgg%%?nﬁggbéGg?iggyéAfgdibe: OIFF LY TGeLd&dt nmateria

represen%g% jgensnal formula (Y,.4Gdo,6) 3AI 5012 :.Ce used in Exanple
11. Fig. shows em ssion spectrumof the light emtting di ode of Exanple

11. gFurther in |ifeytest der..conditi.ons of _energization with a current
of 60nk at room'ZS%%rr;lel?%r%@ur%FllE gafijgﬁmqfenEb’fﬁ’%R%ﬁ’elanHa%rﬁ@deﬁ BOC-
with 90 H, c dug_tq.t fluorescent material was observed. 75
Simlarl %Bde%iﬁ?%dagﬁrg%ﬁati&ci ?‘3’/‘ Egﬁa’%gﬁai t SFRERT e AT WHEANTt HENQERRPENGL h

I uor escint earerear B e 135 ARt e Rt | Feb dpageest Ao 12
Fepr esent ey BEnard rorear a0k B 1 Hehinadk: of ALRECSGihe
emtt ' ng1digpde e‘ﬂxfit%%ﬁ%‘pEQOQi% We %x%%ﬁ'e A ré %qqrgadt q.%minance lower .than
10 that of fhe light emitting diodes of Example 1, showed good
weatherability comparable to that of ﬁxample 1 in life test.

As described abpve, the -light emitting diode of the
present invention can emit 1light of a desired color and is
subjgdt to less.deterioration of emission efficiency and good

15 weatherability evén wheﬁ used with high luminance for-a.long
.period of time. Therefore, application of thé.light emitting-
diode is not limited to eleétronic aépliances but can open new
applications including 'display for automobile, aircraft énd,
buoys for harbors and'ports, as well as outdoor use such as

20 = sign and illumination for expressways.

76



light emtting di ode of Exanple 12 showed | um nance | ower than 10 that of
the light emtting diodes of Exanple 1, showed good weatherability
conparable to that of Exanple 1 in life test. As described above,.
the-light emtting diode of the present invention can emt |ight of a
desired color and is subject to |less deterioration of em ssion efficiency
and good 15 weatherability even when used with high |um nance for a | ong
period of tinme. Therefore, application of the. light emtting diode is not
limted to el ectronic appliances but can open new applications including

di splay for autonobile,~; akgeraft and. buoys for harbors and ports, as
wel | as outdoor use sué%ggg&gzo sign and illum nation for expressways. 76

CLAIMS 1 Alight emitting device which conprises a light emitting
conmponent having an active |ayer of a sem conductor and a phosphor capable

of absorbing a part of 1ight itted from -the |ight em.tting conponent and
emtti néw i ght of wavel ength g‘g}lf‘?gFeﬁfMFFbﬂ?t%ﬁfl%ﬁ wiHehalgoapbedes i yht

wherei n1iqR) saitckid BN opent is a LED which has an active
| ayer coﬁ%rising a 52?%%0n1n%trgaggg§s§8 S&ht ton ??ﬂlgébﬁﬁgFﬁP%ﬁPQWRﬁun1

and i s eapabl shedpieis tdapagia BFUughs8L-9t nel | ' Spec S, eak

~wavel ength within the range fron1420953g4% ﬁ%?hﬁfhEgﬁﬁ %hgg% %rzﬁgpa
garnet Fheokegtemmititiong abmpohuat @dd wiitr oef | ughideh whscaRgb) - e- of
absorbing_a part of the blue color light which spectrum has a:7, paakk

mavelenagﬁferent from that of the absorbed light, wherein:

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

b]said phosphor is.a'garnet fluorescent material activated

- with cerium which is capablé of absorbing a pért of the
blue colo; light which sbectrum has aﬁpqgk'wavelengthl
within the range from 420 to 490 nm and thereby emitting.
light having a brbad emission.spéctrum comprising a peak
wavelength existing around the range from 510 to 600 nm

‘and a tail continuing beyond 700 nm

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

unabsorbed light passed through séid the garnst
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within the range from420 to 490 nmand thereby emtting. |ight having a
broad em ssion spectrum conprising a peak wavel ength existing around the
range from510 to 600 nm and a tail continuing beyond 700 nmand - ¢)'said
em ssion spectrumenitted fromthe garnet fluorescent material activated
with ceriumand a spectrum of an unabsorbed |ight passed through said the
garnet 77 fluorescent-material fromsaid LED are capable of overl apping
each other to nake a continuous corrbi ned spectrum 2. Alight emtting.

devi ce accordi NG Q IS En't "hattvg%' ﬁ:té’gggﬁl(%etb ol O(rﬁ (r)1f ﬁa@v or}bi ned

spectrumis white.

wherein the chr %ﬁ%é”l%%“%f'e'gc ottkfé‘?: ‘@E‘;‘ te Li htco% lnur%Jtssi con% ale%ned

al ong the bl ack |on OCUS “sHOWN i C|ty iagram 4.
Alight emtti n%ﬁ&\eﬁﬁn_accor ding to claim1, wher ei n the phosphor :
- conprises two or ‘'nore kinds of the garnet fluorescent materials activated
wWith cerium 78 ' ’

2. A light emitting device according to claim 1,

wherein the light color of the combined speétrum is white.

3. A light emitting device according to claim 2,
wherein the chromaticity point of the white light color is
positioned 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 cerium.
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