SPECI FI CATI ON LIGHT EM TTI NG DEVI CE AND DI SPLAY BACKGRCUND OF THE | NVENTI ON

¢Feld of the Invention) 5 The present invention relates to a
dight emtting diode used in LED display, back |ight source, traffic
signal, trailway signal, illumnating switch, indicator, etc. Mor e

‘particularly, it relates to a light emitting device (LED) conprising a
phosphor, which converts the wavel ength of |ight 10 emtted by a |ight
"emtting conponent and emts light, and a display device using the |ight
emtting device. (Description of RelSRESIFACATIAN i ght enmitting. diode is
conpact and emts light of clear color with high efficiency. It is also
free fromsuch a 15 t r Gull¥HRT FMINTING PEVICE AND DIGBLAN tial drive
characteristic, high vibration resistance and durability to endure
repetitive BNCKGROUNB QF | BHE INVENTEGN;t is a sem conductor el ement. Thus
it has been used mﬁdeIK in such appli-cations as various indicators and
various |iglFieddreést ﬁeébﬁ?nyl¢$ght emtting 20 di odes for RGB (red,
green and blue) colors_ having ultra-high, |um nance and high efficiency have
been d&vel oped, and | Thge RSN LEDVEREHPRyTEIALRE thRest Hight smitting
di odes have heen put into_use. The LED display can be operated with |ess
power and hg8dodgcMsgdodnc FdiD didR1ay o PagK |1 ight ROWRe arfratfic sigral,
life, and is therefore expected to, be nore deehy used in the future.

Recent |y, viFpddway: hanad mattlWRinatii@ sYikgRe indicator, etc.  More

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

the future.



white |ight sources by using light emtting diodes. Because the |ight
em-tting diode has a favorable em ssion spectrumto generate nonochromatic
light, nmaking a light source for white 5 light requires it to arrange
three light emtting conponents of R, G and B closely to each other while

- i Ffusing and mxing the light emtted by them \Wen generating white

light with such an arrangenent, there has been such a problemthat white
| ight of the desired tone cannot be generated due to 10 variations in
the tone, |um nance anBecemiely/ avavieusf atitenptghthaven beeng masiepobenmake
Al 'so when the light emtting conponents are made of different materials,:
el ectric powhiteqlight sonrdesvbyg usiinigerkidghtonemiktinghdiedes: i nPetiavse
to another, making it necessary to apgly different vol tages 15 di fferent
| i ght enittithecbhghecemitting cdivodedhas oacfappsrbdei emisgiippuspectrum to
Mor eover, - because the light enmitting conponents are sem conductor |ight
emtting congenerate moneshromatic bightlctmakingraalightdgeureet for white
difference in tenperature  characteristics, chronol ogical ~ changes
and 20 5 opbight ngeanirednitnto @rnandenbhreei hight oemityipg componeats
to failure in uniformy mxing the light emtted by the |ight emtting,
component s. of ThusG|aRhtB ctdesely tn Rach gthexr ndukle diffusing and mixiag
devi ces for generating individual colors, although a satisfactory |ight,
source capabF@eolight "emikied; Ry Jhere | iWhen pgeReraging gWhikei dighg with
conponents has not been obtained so far, 2 3 )
such an arrangement, there has been such a problem that white
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 light emitting
components are made of different materials, electric power
- required for driving differs from one light emitting diode to
another, making it necessary to apply different voltages
15 different light emitting components, which leads to complex
drive circuit. Moreover, because the 1light emitting
components are semiconductor light emitting components, color
tone is subject to variation due to the difference in
temperature characteristics, chronological changes and
20 operating énvironment, or unevenness in color may be caused
due to failure in uniformly mixing the light emitted by the
light emitting compdnents. Thus light emitting diodes are
effective as light emitting devices for generating individual-
colors, although a satisfactory 1light source capable of
25 emitting white light by using light emitting components has

not been obtained so far.



In order to sol've these problens, the present applicant previously

dewvel oped light emtting di odes which convert the color of light, which is
emtted by light emtting conponents, by means of a fluorescent nateri al

di sclosed in 5 Japanese Patent Kokai Nos. 5-152609, 7-99345, 7-176794
ane 8- 7614. The light emtting diodes disclosed in these
publications are such that, by using light emtting conponents of one Kkind,
are capabl e of generating light of white and other colors, and are
constituted as fol |l owsInitorder to solvehe ﬂheﬁﬂ grahliems di de dipresensd
in the above gazettes are made by nounting a |ight emtting conponent,

havi ng a | araepkicanty paeyiguslyf d$g$|lomdtt]un§lﬂ agmittinga digdes owhdeh
at the tip of alead frame, and having a fluorescent material that
absorbs | i ghconsmgxt él:hﬁbwatm: lofyhtighe:, whaah tish emidrhedh dn - Mtemlé'—tllmght
of a wavelength different fromthat of the absorbed |ight (wavel ength

conver si on) , CORPRRENIR) | Y ameasisn ob| @ fliuereseents m@f@##%tdéﬁ?l‘ﬁﬂ@ in

conponent. The light emtting diode disclosed as describ
capabl €5 of eﬁ@EQE@@evm%@tlg‘hkahyN%mﬁglﬁaéo?r gﬁr9834§r 70135@9 apd 8-

sources can be made by using a light emtting conponent capabl e of emtt| ng
blue 1ight a®él4ol di ndhene 1ight cpmitting c%ﬁ?&\?@n i%qlpsed [imjthese
including a -fluorescent material that absorbs the |i ght em tted by the

bl ue 1i ght mubll%amff%gﬂéﬁ ey fchadyi thy a8 ing, Gight sRitting romponents

conventional |ight emttln di odes have such pr.obl e as deterjoration
of the fl uor‘é%cgﬁﬁ gre capable of generap ting ﬁght of wh:c.)te and

other colors, and are constituted as follows.

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

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

The light emitting diode disclosed as - described

20 above capable of emitting white light by mixing the light of a
plurality of sources can be made by using a light emitting
component capable of emitting blue light gnd molding the light
emitting component' with a resin including a fluorescent
material that absorbs the light emitted bir the blue 1light

25 emJ.ttJ.ng diode and emits yellow:.sh light.

However, conventional 1light em1tt1ng diodes have

[THIS SHEET HAS BEEN |
REPLACED




| eading to color tone deviation and darkening of the fluorescent nmaterial
resulting in lowered efficiency of extracting light. Dar keni ng here
refers to, in the case of 5 using an inorganic fluorescent material such
s: (Cd, Zn)S fluorescent material, for exanple, part of nmetal elenents
contstituting the fluorescent material precipitate or change their
properties leading to coloration, or, in the case of using an organic
fluorescent material, coloration due 'to 10 br eakage of double bond in
t he mol ecul éuch R mbl%lMyaﬁne@eﬁeIl‘gﬁtthangt%%nﬁdMFs% Oq\aiaerlal
sem conduct or having a high energy band gap is used to |nprove
conversi on deaddnsncytf 4okox | UbPR8 ceAeViatipnal a(‘fihaldairé‘ené-HSr gP%f heyht
emtted by the sem conductor is_increased and number hot ons havi ng 15
energies atfduerescentshaagexiadh r@&‘ilf‘}é-nabsdﬂbedl%pert'%g of
materi al increases, resulting in npre 1ight bein absorbed or the -
quantity of eXt¥ac&dagnd ighter | aPaEEﬁgh%t ngke § %Fh&f‘el scas[qmof
fluorescent material is irradiated with rel atlvelly gher ener gy l_:
ener gy %bso%@%yaﬁhéfwgamﬂ ublugrescent MAtarialevFEShI 25 nd Qas
resulting in_nore significant. degradation of the fluorescent teri al .
Use of the ISliores |n’§a %Frbgﬂﬂent tﬁxﬁf“gf'tsl' i PREhsiqYy Betalghelemeets on
for an extended perlqd of causes f rth nor.e si anL t de atlon
of the fluo the "$atorestent’ na %Jsaol BRECIPIERbR s dnt Shang

exposed to & '1dre‘jm<'¢a9‘prffei"$z¥;sa$ nudp 1ot r?é‘h%%#él&ﬁ?c’ﬁ%”%%a”%&

using an organic fluorescent material, coloration due to

10 breakage of double bond in the molecule. Especially when a

light emitting component made of a semiconductor having a high

energy band gap is used to improve the conversion efficiency

.of the fluorescent material (that is, energy of light emitted

by the semiconductor is increased and number of photons having

15 | energies above a threshold which can be absorbed by the

fluorescent material increases, resulting in more -light being

absorbed), or the quantity of fluorescent material consumption

is decreased (that is, .the fluorescent material is irradiated

with relatively higher energy), light energy absorbed by_ the

20 fluorescent material inevitably increases resulting in  more

| significant degradation of the fluorescent material. Use of

the light emitting componeni: 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 compohent may be exposed to a



em tting conponent and heat transmitted fromthe external environnment (for
exanple, sunlight in case the device is used outdoors). 5

Further, some fluorescent materials are subject to accel erated
det,eriorati on due to conbination of noisture entered fromthe outside or
i“ntr oduced during the production process, the light and heat transnitted
fromthe light emtting conponent. 10 When it conmes to an
organi c dye of ionic property, direct current electric field in the
vicinity of hikjh chepperyturesesudlectsophbsings, temperatiune i ©fa thengkight
the color tone. SUMVARY OF THE | NVENTI ON Thus, an object of the present

i nvention i emi¢ctingyecdiBponentie gndbbheat dexansmitited oaramdtpeovexteernal
light emtting device which experiences only extrenely | ow degrees of

det eri or at | emviiroamenti dfolri gxampleensunlighitglin edisssithe ddévicienty wsed
color shift over a long tinme of use with high | um nance. 20

The pr esenoutdagpisi)cant conpleted the present invention through
researches based on the assunption that a light emtting device having a :
light émitting conponéWEt&ﬁG:aﬂﬂMRHfQMQ¢QS¢§m%rmateﬁiéfsn@@?tﬁﬂbjﬂﬂﬁcﬁ@ng

requirements to _achi eve the above-nentioned object. 25 (1)  The
| i ght enittiacgedexpsednt deteripratipabpl duef bt combinatipr of meipture
| um nance wth light emtting 5 characteristic which is stable over a

| ong tine ofengexed from the outside or introduced during the production
process, the 1light and heat transmitted from the 1ight
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 1ight ‘intensity, 1light emission
efficiency and color shift over a long time of use with high
luminance.

20' The present applicant completed the present
invention through researches based on the assumption that a

~light emitting device having a light emitting component and a
fluoreécent material must ﬁeet the following requirements to
achieve the above-mentioned object.

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

emitting 1light of high luminance with light emitting



(2) The fluorescent material being provided in the vicinity of the

hi gh-1 um nance |ight emtting conponent, nust show excellent resistance
~against light and heat so that the-5 properties thereof do not change
even when used over an extended period of time while being exposed to |ight
gf ~high intensity emtted by ° the l'i ght emtting conponent
(particularly the fluorescent material provided in the vicinity of the
light emtting conponent is exposed to |ight 10 of- a radiation intensity
as high as aharacieristie which tisastableunivegha hongrtiimg o6 wse. esti nat e,
and is required to have nore durability against light as light emtting
conponent of hi ghg2) | UFhenantlmoreseant) . madendiadh bejagd prowiidede| ani obbRi p
with the light 15 em tting conmponent, the fluorescent nmaterial nust be
capabl e of wisinmifinef vihé hihghhlubinantcentight hemitting componeph, must
monochromaticity. emtted by the light emtting conponent and emtting |ight
of a wavel ershdw dex¢ellent f resishancef agaénst ghdghki @ndd heat (8o | that the
emtting conmponent. 20 Thus the present invention provides a

| i ght ebrittipeppestics &bepeosi ndoa m9ightchange | gyeBonybeRntu fVis¥os phor
capabl e of absorbing a part of light emtted by the light enmtting )
conponent arextended rpexiomhtoff timeewhiden heimte resposadhkQ hhight ehehigh
absorbed light; 25 wherein said |light emtting conponent conprises a
nitride conpbkRRSEH corfiukerd r epP¥senthe bylﬂﬁgtforﬁﬂﬂﬁtlng component
Inf[err]Ga[err]Al[err]N 6 where_O[err]i, O[err]j,. O[erﬁgk and i+£+k:1
and sai d photRaekl ivhs the fluorescent ~material provided n the

vicinity of the light emitting component is exposed to light

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

'(3) with regard to the relationship with the light

15 emitting component, the fluorescent material must be capable
of absorbing with high éfficiéncy the 1light of high
monochromaticity emitted by the 1light emittihg 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
deﬁice, comprising a light emitting component and a phosphor
capable of absorbing a part of light emitted by the light
emitting component and emitting light-of wavelength different
from that of the absorbed Iight;

25 wherein said light emitting .component comprises a nitride

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



garnet fluorescent material conprising at | east one elenent selected from
t.he 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 conduct or (generally
rFepresented by chemcal fornmula In[ferr]Ga[err]A[err]N where O[err]i,
O[err]j, O[err]k and i+j+k=1) nentioned above contains various materials

i ncl udi ng I nGaN and GaN doped with various inpurities. 10 The
phosphor neiHdrendki,albeje Oadkntamidhsi+jsde=ilgusandhtsaidl phosphordcostains a
descri bed above, including Y[err]A[err]Jerr]:Ce and _

&d[ er r] | n[ eigdr@edr r fl@eresReentspatarvial glcompriisiingg afevileassi ane plement

- invention uses the light emtting conmponent made of a nitride 15

compound serdelaahest drogahel gronpeapnsiainggdf Y ththi ey |d ethand S0y

light emtting device is capable of emtting [ight with high | umnance,
"Al so the phanshoratuskeasth one eigmenﬁnisetleﬁgeée\ﬁr@t Helte egEQUP efPNS1sting
resi stance against light so that the fluorescent properties thereof
experi énce lafsAlp0Ga apdadge andnbeing astivated wWitRG@RHEM- period of tine
whil e being exposed to light of high intensity. This makes it possible to
reduce the degradati orfhs cRitxdderi sCPBROWRA | nFIHEPNMCLEF of (GSBEEALLY
reduce deterioration due to light of high intensity emtted by the light .
em tting comeprasendedyhy cliemicak tormakroln:Ga;pyN whexe| 0ghe Padr ulrkg
ultraviolet light, etc.) during, outdoor, use, therepy to provide a light
emtting 7 ancgev-‘rﬂa‘*' ich '@?(’b‘é\‘q'lﬁfgesa%‘%‘f? en%??t?ééﬁs c8§5i‘-°§ﬁi f’c“a’&ﬁglPEs-
including InGaN and GaN doped with various impurities.

10 The phosphor mentioned above contains various
materials defined as described above, including Y;Al1.0,,:Ce and
Gd,In.0,,:Ce.

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

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

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

25 as extraneous light (sunlight including ultraviolet 1light,

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



| um nance decrease. The light emtting device of the present invention can
al so be used in such applications that require response speeds as high as
120 nsec., for exanple, because the 5 phosphor used therein allows after
glow only for a short period of time. The phosphor used in the |ight
enttting diode of the present invention preferably contains an
yttriumalum num .garnet fluorescent material that contains Y and A, which
10 enables it to increase the lum nance of the light emtting device. In
the light eridwiicey wieldlr eexperiengessextremekyt less codoghadpilflr amd besa
fluorescent material represented by . a general formla

(Re[ er r] Sn{ dunjirntle etedr@sser.r | )Ther rligjhtr rémideting devigmref Ofher presenhd
O[err]s[err]l and Re is at | east one selected fromY and Gd, in which case
good char actimviesttiicom ozan balsdt henudedi din sugh tapphicatiens\hbhat t Kequire -
yttriumal um num garnet fluorescent material is used. Also in the 1ight
emitting dewespafse lspeedssast high asi i2énmnses. ,i fors exampdeabbecange the
pur pose of reducing the tenperature dependence of |ight em ssion

char act%r i stphosgheayeneadt Htherein t @ddomsghaftent giaw yoply| i X & §BPER,
etc.), to use a fluorescent material represented by a general fornula

(Y[ err] [ erpérdsiceraf] Sime.r])3(Al [err]Gaferr])[err]Jerr] as the

phosphor, . where 25 O[err]p[err]0.8, 0.003[err]qg[err]0.2,

0.0003[err]r[err]0.08 Ehrl miasphoy ased inythe ilri':ll'l%?e emighingndipdggodethee

of the present 8 I nvention, the phosphor may contain two Qr nore .

yttrium present invention preferably contains an yttrium-aluminum-
garnét fluorescent material that contains Y and Al, which

10 enables it to increase the luminance of the light emitting

device.

In the J.ight emitting ‘device of the present
invention, the phosphor may be a fluorescent material
represented by a general formula (Re,.Sm,);(Al, Ga,)s0,,:Ce,

15 where 0=r<l and 0Oss<l and Re is at least one selected from Y
and Gd, in which case good characteristics ca.n be obtained
similarly to the case where the yttrium-aluminum-garnet
fluorescent material is used.

Also in the light emitting device of the present

20 invention, it is preferable, for the purpose of reducing the
temperature dependence -of 1light emission characteristics
(wavelength of emitted light, intensity of 1light emission,
ei:_c. ), to use a fluorescent material represented by a general
formula (Y,_p_g_,deCequ,),(All_sGa,)soll,' as the phosphor,: where‘

25 0sp<0.8, 0.003sg<0.2, 0.0003=r<0.08 and Os<s<l.

Also in the light emitting device of the present



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
t-he phosphor according to the property (wavel ength of emtted light) of the
I<i ght em tting conponent. Further in the light emtting device of the
present invention, in order to have light of a specified wavel ength 10
emtted by the light emtting device, it is preferable that the phosphor
cont ai ns t winventdoa,f | the e phosphoxt emayl scofitaihf ciwnt ogonporet | ybkrium-
represented by general fornmula (Re[err]

[ er r] Sni er r pluminhfnAghenet Gflaorescent] Glaceriials, \wWolkiwvadjes ith eedium,
O[err]s[err]l and Re is at |east one selected fromY and Gd. 15

Al so in theofi gdifEerent ngpanposidionst hanpleding ithvendi okl.in Pigdr this
control the wavelength of enmitted light, the phosphor may contain a first
f | uor escent contfdguatiop;estight byf gedrsiated oraallox Yean [ ber | eajtted) by
[err]derr]:Ce and a second fluorescent material represented by general

f ormul & Re[ eontaoldingOtber pmdesiop speghrum of ekhesphesphonrnacrerdingtto
| east one selected fromY, Gd and La. Also in the light emtting device of
t he present thevepropsrtyn (vawelengtlntobl amHitgd e ldehtn oner'rgh?ele-‘H@ht,
t he phosphor may be an yttriumal um numgarnet fluorescent materi al

cont ai ni ng #MAttdmgr compeneske naterial and a second 25 f1 uor escent
material, with different parts of each yttrium being subpstituted with

gadol i nium 9 Fur t Farthen da (thenhtlight (et eing dewice Rf pkhecpresent

invention, in 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,
.Sm.);(Al, Ga,)s0,,:Ce, where 0sr<l and 0Osssl and Re is at least
one selected from Y and Gd. |
15 | Also in the light emitting device of the present
ihvention , in order to control the wavelength of emitted light,
the 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 -O-sssl and Re is .at least one selected from ¥, Gd and La.
Also in the light emitting device of the present
invention, in order to control the wavelength 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.



invention, it is preferable that main.em ssion peak of the light emtting
conponent is set within the range from400 nmto 530 nm and mai n em ssi on
wavel engt h of the phosphor is set 5 to be longer than the main em ssion
peak of the light emtting conponent. This makes it possible to efficiently -
éntt white light. Further in the light emtting device of the present
invention, it is preferable that the light emtting |ayer of 10 t he

light emtting conmponent contains a gallium nitride sem conductor-

whi ch contains In, andfaxfehemnobprehe; Light yemitting davhes g&r kbe present
fl uorescent materlal wherein a part of Al in the yttriumal um num gar net

fl uorescent invenipiant uitd i, preferable thatpmaid  eBAS8ior prak Of then
the range from 15 1:1 to 4:6 and a part of Y. in the

yttrium al urdHaht geRiEEing uGPERRRARL | 455 85%: Mihda Hip%dr%llﬂ? hE¥omnh400 nm
proportion of 'Y:Gd is within the range from4:1 to 3.  Absorptjon spectrum
of the phospt@r33fi Bl ?%dcGﬂi’-Po?!“éﬁsb@ndﬂggFiﬁﬁﬂtBbﬁﬁetgﬁo%mgBBBraé eéﬁé’rnt

with that of light_ emtte the light 20 , emttin onent
containd &P IP@dongex r‘il'éﬁg i @ssion Reaky qsn H-In?g tt:.ng
emtting layer, and is ca able roving,.the convrslo f|C|ec
(1ight em ssFOMPRRERt; en?ﬁ %ﬁﬁqlblgfenfe? af El‘ﬁ&eﬁlﬁ Y n§bFu hI"lt‘&ht

emtted by the light emtting conponent and fluorescent |ight 25 of the
fl uorescent gREial, is a white |ight of good color rendering and, in thi S

regard, an excellent lf‘glpit:hgén ;'.ItllEﬂe1gightdgx\ﬁigglﬁgndg\e}lgéogfd%%e present

invention, it is preferable that the light emitting layer of

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

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

20 emitting component ,which ~ contains gallium nitride
semiconductor including In as the light emitting layer, and is
capable of improving the conversion efficiency (light emission
efficiency). Also the light, generated by mixing blue light
emitted by the 1igh£ emitting component and fluorescent light

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

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

10



The light emtting device according to one enbodi nent of the present
l.nvention conprises a substantially rectangul ar optical guide plate
provided with the light 5 em tting conponent nounted on one side face

t hereof via the phosphor and surfaces of which except for one principal
surface are substantially covered with a reflective material, wherein a
light emitted by the light emtting conponent is turned into a planar |ight
by the phosphor and the optical 10 guide plate and to be an output from
t he princi palewigd ateen dfe tprowigteédcal gui de plate. The light enmitting device
according to anot her enbodi nent of the present invention has a

substantial |y rectangullze opdtigh&l gemitbtipnat e demiiceh i acpervdingd Wwah one

15 light emtting conponent nounted on one side face thereof and the
phosphor i nsembbodiment @k phenprpaentuinventiwnhconprigses ahsubstaniiglly
except for the principal surface being substantially covered with a

reflective mectangulamerapntical | gwider plakehy prevideght wisht t the light
conponent is turned into a 20  planar light by the optical guide plate
and t he5phosgivikting gempanent prountesh O oRe nsifgel Iager dghersod helaptheal
guide plate. The LED display device accordLng to the present invention has
an LED di splPRosRROE e Susifagesheofi ghhioh exeept t ifQr JORS e PTINCIRAL
present invention arranged in a patrix and a_drive circuit which drives_the
LED di spl ay sexfaqe arecepbgtantially spresred: Withi anrefdeckiye matexdgl,
This configuration nmakes, it possible to provige g rel atively | ow )
wherein a light emitted by the light emitting component 1is
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 with surfaces
thereof and except for the ©principal surface being
substantially covered with a reflective material, wherein a
light emitted by the light emitting component is turned into a

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

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

25 emitting devices of the present invention arranged in a matrix

and a drive circuit which drives the LED display device

11



priced LED display device which is capable of high-definition display with
lsess col or. unevenness due to the viewing angle. 5 The |i ght
emtting diode according to one enbodi nent of the present invention
conprises: a nount |ead having a cup and a | ead; an LED chip nounted in the
c¢up of the nmount lead with one of electrodes being electrically connected
to the 10 nmount | ead; a transparent coating material filling the cup to
cover the LED chip; and a light emtting di ode having a nolding material,
whi ch cover sacerrd &Ry ciiop dasplay vfakat whicat isg #apeki sthemeto. | ncMhdBng
the cup of the nount lead; the inner |ead and another electrode of the LED
chi p, wher ei¢onhbguirEtian pnakes, ikt prgsibdepdon PraridemiuEedativaly hdow-
coating material contains at |east one el enment selected fromthe group,.
consi sting dpriced (LERcdisplayqddavidicenyhichods capakie @#e hdgbrdelindtdened
fromthe group consisting of Al, Ga and In and a phosphor nade of garnet '
f1 uor escent GiSRkawn Wi [legseadiam "é’(ﬁ"l%esﬁhéuﬁhEQpEB? ViewWing apgle; ght
emtting diode of the present invention preferably cgntains an )
yttriun®al uninum 25 Theakight rembteing diodq aqcarding toong fabedimenk |
In the light emtti nrg di ode, of the present, i nvention, 12 t he phosphor
may be a fl uof e R ?ﬁsﬁr&ileﬂv%r%g 1§#S3 general fornula

(Reterr] smerrlylerr] (A fert] PLEE AL EY LTS LindFa gl Oorrir<t and.
an LED chip mounted in the cup of the mount lead
with one of electrodes being electrically connected to the
10 mount lead;
a transparent coating material filling the cup to
cover the LED chip; and
a iight emitting diode having a molding ‘material
which covers the LED chip covered wj.th the coating material
15 including the cup of the mount 1lead, the inner lead and
another electrode of the LED chip, wherein
the LED chip is a nitride compound semiconductor and
the coating material contains at leasi; one element selected
from fhe group consisting of Y', Lu, Sc, La, Gd and Sm, at
20 least one element selected from the group consisting of :Al, Ga
and In and a phosphor made of garnet fluorescent material
activated with cerium'.
The phosphor used in the light emitting diode of the
preseht invention preferably contains an yttrium-aluminum-
25 garnet fluorescent material that contains Y and Al.

In the light emitting diode of the present invention,

12



and Re is at |east one selected fromY and Gd. Also in the light emtting
di ede of the present 5 I nvention, a fluorescent material represented by
a general formula
(Y[err]Cd[err]Ce[err]Snferr])[err](A[err]Galerr])[err]derr] may be

gsed as the phosphor, where O[err]p[err]0.8, 0.003[err]qg[err]O0.2,
0.0003[err]r[err]0.08 and O[err]s[err]1. In the 1ight emtting diode of the
present invention, the phosphor preferably contain two or nore

yttri um al uiheinphd$phor gmayetbe fa ufleerescentramateris]l repriesensed by ha
cerium of different conpositions including Y and Al, in order to control
the enitted dergivall FormAs r(®e,weme) £AJL HGal)g0L el | wherenDsr<hgandofsssi
the present invention, simlarly, two or nore fluorescent materials of

di fferent 15nd Reomgositt leastsr opecsedectiedyfroncYeand Gd¢ nul a
(Re[err]Snferr])[err](A[err] [err]Ga[err])[err](err]:Ce, where Oferr]r<l
and O[err]s[err]1 and Asad siat thesilight semitting f dipde 08 thermpresented
as the phosphor in order to control the emtted light to a desired

wavel erfigt h. inventddn,ght dfhuanespentodeaberiab gieprasentedenky o general
simlarly, a first fluorescent material represented by a_general
formul a = Y3(Tymuld Gaf Bril)FRCaSNonfPlcSaqds. ama¥ecdRl ~ BFEBr edent the
material represented by a general fornula Re err]AI&ﬂerr] err]:Ce, may be
used as the phaspitar, whene O<p<O}8/cPr a3 2 (6. QR03 t- 0§nandePsgsle
fromY, Gd and La, in order to, control the emtted 25 light to a desired
wavel ength. In the |igHt &g tkigdhy emdding dieds ofefthe RFeReRELNYENtion,
simlarly, yttriumalumnunmgarnet fluorescent material. a fi

rst .,
fI uorescent e PRFPIAT RIS ¥ | SRR Nt eaPE IgFe yttrium-aluninum-

10 garnet fluorescent materials, - activated with cerium, of
diffefent compositions including ¥ and Al, in order to control
the emitted light to a desired wavelength.

In the light emitting diode of the present invention,
similarly, two or inore fluorescent materials of differe_nt_

15 compositions represented by a general formula (Re, . Sm.);(Al,
Ga,)0,,:Ce, where 0sr<l and 0Oss<l and Re is at least one
selected from Y and Gd may be used as the phosphof 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 é second fluofescent
material represented by a general formulé Re,Al1.0,,:Ce, may be
‘used as the phosphor where 0Os<s<l and Re is at least one
selected from Y, Gd and La, in order to control thé emitted

25 light to a desired wavelength.

In the light emitting.diode of the present invention,
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may be used wherein a part of yttriumin the first and second fl uorescent
materials is substituted with gadoliniumto 5 di fferent degrees of
substitution as the phosphor, in order to control the enmtted light to a
desired wavel ength. Generally, a fluorescent material which absorbs 1ight
of ¥“a short wavel ength and enmits |light of a |ong wavel ength has higher
efficiency than a fluorescent material 10 whi ch absorbs light of a |ong
wavel ength and emts |ight of a short wavelength.. It is preferable to use
a light enitdiniglaxdiynonepttmiin+abmimmigarnet | i fidotdsrent | imaterialti ag
conmponent which emits ultraviolet 1ight that degrades resin (nolding
material, cohbtsthgfindreseént mateyrial ands & csecdmd 1Fluoresgént ematerngl
di ode of the present invention, for the purpose of inproving the |ight
emtting ef fmay dveyused wherein | anpattfef yttriuprihethél £irdtt andi second
em ssion peak of the light emtting conponent -be set within a relatively
short wavel efibidresoent ofmaigériails o £30 subsbhitweedi swhth | ggdolingumn, tand
20 mai n em ssi on wavel ength of the phosphor be set to be |onger than the
mai n end ssi odifeatentf degraesyinf avbstiitptionpasevhe whosphors anr arxdereio,
because |ight converted by the fluorescent material has | onger wavel ength

t han that ofcéntpol dihie temithed dghtgho andesiirgdcwapehengthit will not be
25 absorbed by the light emtting conponent even when the |ight emtting
conponent is irradiat €Gengexally ghta wflienegeanten mpteriadef IWbé-ng ahgorbs
converted by the fluorescent material (since the energy of the converted
light is |eskighfan afhe aslpoFsp wavelength and emits light of a long

wavelength has higﬁer efficiency than a fluorescent material

10 - which absorbs light of a long wavelength and emits light of a
short wavelength. It is preferable to use a light emitting
component which emits visible light than a 1light emitting
component which emits ultraviolet light that degrades resin
(molding material, coating. material, etc.). Thus for the

15 light emitting diode of the present invention, for the purpose
of improving the light 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, and

.20' main emission wavelength of the phosphor be set to be longer
| than the main emission peak of the light emitting component.
With this arrangement, -because light converted by the
fluorescent material has longer wavelength than thaf of light
emitted by the 1light 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
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energy) . Thus the |ight which has been reflected by the fluorescent
material or the like is reflected by the cup 5 wherein the |ight
emtting conmponent is nmounted, making higher efficiency of emni ssion
possi bl e. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic sectional
View of a lead type light emtting diode according to the enbodi nent of the
10 present invention. Fig. 2 is a schematic sectional view of a tip type
light emtting diode according to the enbodi nent of the present invention.
Fig. 3A is xefilmcitedhandngonivertedi byt the fpucrescent materiahe(gimertthe
fluorescent material activated by ceriumused in the first enbodi nent of

t he present energyt i ofi. i#ig). ce@Bvertedygrhpyhthds ndesie Uhanrsithe shbavdr ugapf
the garnet fluorescent material activated by ceriumused in the first

enbodi ment enemgy )pr es@usi nthet ilghghtoowhich has beepj grefileated gbyprthe
showi ng the em ssion -spectrumof the light emtting diode of the first
enbodi ment @lucxessedtermateniat | @ thg. bike sig grepheckesi Ry t khke cup
excitation spectrumof the yttriumalum numgarnet fluorescent nmaterial

acti vathed 2%hereip he &#Sh\@/'ts emittingheompepenl isnmeunted; makingechigher

present invention. 15 16 Fig. 5B is_a graph showi ng the em ssion
spect rum of efficiency of emission possible.

BRIEF DESCRIPTION OF THE DRAWINGS

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 according 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
of the yttrium-aluminum-garnet fluorescent material activated

25 by cerium used in the second embodiment of the present

invention.
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the yttriumal um num garnet fluorescent material activated by cerium used
I:zn-t he second enbodi nent of the present invention. Fig. 6 shows the
chromaticity diagram of light 5 emtted by the light emtting di ode of
t he second enbodi nent, while points A and B indicate the colors of |ight
énttted by the light emtting conponent and points C and D indicate the
colors of light emtted by two kinds of phosphors. 10 . Fig. 7
is a schematic sectional view of the planar |ight source according to

anot her enbodi ment of Ftige PBesienta ignaptt ishowig).tie ienissidrempectrum of
sectional view of another planar |ight source different fromthat of Fig.
7. 15 the yttrijug-adundnumsghrneti fluccesceat waberdialaauttiior edaiey
i ght source different fromthose of Fig. 7.and Fig. 8 Fig. 10 is a block
di agram of gegiiym upedeincthehsetond empbegipnentitobhthd presentedmvention.
invention. Fig. 11 is a plan view of the LED display device of 20 -~ the

di spl ay device of FigFige. i gshawsi| sthe pichromadicity hdiagpani spf aylwvi ce
wherein one pixel is constituted fromfour |ight emtting diodes including
the |i§ht esmitited byoddeoflight emidding g Of dthe tsreand nenbodimerdy,
colors. 25 = Fig. 13A shows the results of durable life test of
the |ight eWhiddeng di odes of Exanple 1 and Conparative Exanple 1,
showing the results at 25[err]C and Fig. 13B shows the results of durable

life test of thePoighs dniand B dnddeater theyrgplons of light emitted by

the light emitting component and points'c and D indicate the
colors of light emitted by two kinds of phosphors.

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

Fig. 8 is a schematic sectional view of anothér
planar light source different from that of Fié. 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.lo 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 one pixel 1is constituted from four light emitting
diodes including the light 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

- | THIS SHEET HAS BEEN
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and Conparative Exanple 1, showing the results at 60[err]C and 90%H. 5
Fig. 14A shows the results of weatherability test of Exanple 9 and

Conpar ati ve Exanple 2 showi ng the change of |um nance retaining ratio with
time and Fig. 14B shows the results of weatherability test of Exanple 9 and
Conpar ati ve Exanple 2 showi ng the color tone before and after the test. 10
Fig. 15A shows the results of reliability test of Exanpl e 9 and Conparative
Exanpl e 2 showing the relationship between the |um nance retaining ratio
and tine, arld Ehpwilsp the aregmalpis ARSI tand relg | L3B hshowst thenresubts
tone and tinme. 15 ° Fig. 16_isa chromaticity diagramshow n
the range ofof slugiablend ifie; (ﬂ?s@aﬁfb§h6bﬂ49h§demlﬂiﬁlagl fgndeanpft Exgmpled
whi ch conbines the fluorescent materials shown in Table 1 and blue LED

havi ng peak amsl/eCempatativecExamplEi gl , 18howingcihemaresulys diadgre®iCshandng
t he change 20 in color tone when the concentration of fluorescent
material is ¥ ¥yed in the light enitting diode which conbines the
fluorescent nmaterials shovvn in Table 1 and bl.ue LED havi ng peak wavel ength

at 465hm Fig. 18A sHoMe thid Shows &hesﬁé‘@%ﬁn of weathgyappbitystest of

ot 551 b A1 Ot 14 | ShEPEbaCEv R A ALl ERa poengss of

having the elndmslsnla%rc]:epeggtg\%\{frllge ngg@lgf w416(¥1 ‘time and Fig. 14B shows the
results of weatherability test of Example 9 and Comparative
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 luminance retaining ratio and time, and Fig. 15B
is a graph showing the relationship 'bétwéer.l color tone and
t_i_me.

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

Fig. 17 is a chromatiéity diagram showing the change

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

Fig. 18A shows the emission spectrum of the phosphor

25 (Y,.sGd,.,) ;A1,0,,:Ce of Example 18A.

Fig. 18B shows the emission spectrum of the light
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Fig. 18C shows the em ssion spectrumof the light emtting di ode of Exanple
2. -5 Fig. 19A shows the em ssion spectrum of the phosphor
(Y[err]Cd[err])[err]J]Al[err]derr]:Ce of Exanple 5. Fig. 19B shows the

em ssion spectrumof the light emtting conponent of Exanple 5 having the
eni'ssi on peak wavel ength of 450nm 10 Fig. 19C shows the

em ssion spectrumof the l[ight emtting diode of Exanple 5. Fig. 20A shows
t he emi ssion spectrum of the phosphor Y[err]lAl[err]_CIerrk Ce of Exanple 6.
Fi g. 20B shemlittiaenrenpenerbefy ubxamplec 18BgHhaving thei tenigpionpeaknt
of Exanple 6 having the em ssion peak wavel ength of 450nm Fig. 20C
shows t he erifa¥glanathc@f #608Mm.t he |ight entting di ode of Exanple 6. Fig.
21A shows the em ssion spectrum of the phosphor 20 L
Y3(Al [err] Ga[err]) [ er g er 1 $C cohows; Hde sepisgornBpeckewn of tthe pigbbnt
I nvention Fig., 21B shows_ the em ssion_spectrumof the light emtting
conponent of€MAtddI% dAadd), iofg BEXRBPAR; 2si on peak wavel ength of 450nm 25

Fig. 21C shows the eni ssion Sts%z{k)nectrum of the light emitting di ode of Exanple
7. 18 5 Fig. 22A showbidhe ¥hishaws, the amigsion speckrymyps the phosphor

(Y[err] Gd[er(rJo).z[G%:.rJfAIl[sgizrzkg g%rks{%p]c_)é 5Ei<arrpl e 11.
| 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 speci:rum of the 1light
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 emission spectrum of the 1light
15 emitting component of Example 6 having the emission peak
waveléngth of 450nm.
Fig. 20C shbws the emission spectrum of the light
emitting diode of Example 6.
Fig. 21A shows the emission spectrum of the phosphor
20 Y,(Alo.sGao.s)SOIQCe of the seventh embodiment of the present
invention
Fig. 21B shows the emission spectrum of the light
emitting component of Example 7 having the emission peak
wavelength of 450nm.
25 Fig. 21C shows the emission spectrum of the light

emitting diode of Example 7.
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Fig. 22B shows the em ssion spectrum of the phosphor
(Ygerr]d[err])[err]Al[err](Jerr]:Ce of Exanple 11. 5 Fig. -
22C shows the em ssion spectrumof the light emtting conponent of Exanple
11 having the em ssion peak wavel ength of 470nm Fig. 23 shows the em ssion
gpectrumof the light emtting di ode of Exanple 11. 10 DETAI LED

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Now referring to the attached

drawi ngs, preferred enbodi nents of the present invention wll be descrjbed
bel ow. A light enitti Rit 38> showss thegemission ppggtiyPcofi fhe Bheephey
di ode- having a nount | ead 105 and an jnner |ead 15 106, wherein a light

emitting conffenbas..)8d:Ps:CasPhl FEAMBIe alkup 105a of the nount |ead 105,
and the cup 105a is filled with_ a coating resin 101 which ¢ ntﬁi ns.

-speci fi ed phosphor t o Kiflrer2 38, Shows, theemissdon, spertrm 185 Lhe ngﬁﬂp‘aﬁd

in resin. An n electrqode and a_p_electrode of the light emtting 20
conponent 10X oaldoebidelradet 91 FEa t”read. 105 and the inner |ead 106,
Const i 1t e s descr | DEBabede. SPARE Ge | GRLSEIPR { BBSBYTHRe b e hifbEng
{e” phosphoremidldhcHORRORREE ¢ O3k | RAARBLE. 161 TRy 0ot if o TR L oK
the 11 Uor eo AHETSEFHE & AT0Msy T he phosphor and LED 11ght whi ch T8 out put
W thout contributing té)ig. 23 shows the emission spectrum of the light
emitting diode of Example 11.
10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Now referring to the attached drawings, pr_éferred
embodiments of the presént invention willl be described below.
A light emitting diode 100 of Fig. 1 is a lead type
iight emitting diode having a mount lead 105 and an inner lead
15- 106, wherein a light emitting component 102 is installed on a
cué 105a of the mount lead 105, and the cup 105a is filled
with a coating resin 101 which contains a specified phosphor
to cover the light emitting component 102 and is molded in
resin. An n electrode and a p electrode of the light emitting
20 component 102 are connected to the mount lead 105 -and the
inner lead 106, respectively, by means of wires 103 ..
| In the light emitting diode constituted as described
above, part of light emitted by the light emitting component
(LED chip) 102 (hereinafter réferred 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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the excitation of the phosphor are m xed and out put. As a result, the
I-ight emtting diode 100 al so outputs light having 5 a wavel ength
different fromthat of LED light emtted by the light emtting conponent
102 Fig. 2 shows a chip type light enmtting diode, wherein |ight
en1tt|ng di ode (LED chip) 202 is installed in a recess of a casing 204
which is filled with a coating material 10 whi ch contains a specified
phosphor to forma coating 201. The light emtting conponent 202 is fixed

by using anIfPox¢igbin 80 tHhat | thewnfinoreseanks Jight oemdtied ebyanthen
n el ectrode and a p el ectrode ,of the light emtting conponent 202 are

connect ed t PhesPhon and REDs Light; whigh| 48 entput without gpRgributing nkans

of conductive wires, 203, In the chip type light emtting diode constituted

as described o@@lEQWQ%rP? the rhasphen dee %K?derﬂn&dt i MeERitede &5 Rg.

1, fluorescent light em_tt he phqosphor _and LED |ight which is
transmitt ed HasHdut % H-d- i‘ﬁs&%ﬁ&&lﬁﬁ F‘l‘r@dﬁhégﬂhéisar@u%l’%%% }ight hawing

out put , so that the tti i ode. 200 al so out puts |ight having a
wavel emgth & 1F ’%ﬁ %’fq;g B i HRAt ATt LER Hyiohite amHgitede kY 1The
conmponent 2Q2. he i ht emtt| n g ggg cont a| ni ng the phosphor as
described a “SOFPB‘RPHg eatfre 1.  Light
emtted by a Iight em i ng,cox onent_ (L &%?eg usu emtted.thro gh an
el ectrode” whi ch suppl i é§ 20 PERtA ¢ E YBet hfa“‘ér?f'itt"-f‘ﬁng‘g

f ﬁgpolnfghi %rﬂetrte%.% llll%lill 'em1t’%a1rntg| _%l:l.olae (lﬁ:% cq}/lpt)hezozales(:ta{r?sdtealleo J.n a
recess of a casing 204 which is filled with a coating materiall.
10 which contains a specified phosphor to form a coating 201.
The light emitting component 202 is fixed by using an epoxy
resin or the like which contains Ag, for example, and an n
electrode and a p electrode of the light emitting component
202 are connected to metal terminals 205 installed on the
15 casing 204 by means of conductive wires 203. In the chip type
light emitting diode constituted as described above, similarly
to the lead type light emitting diode of Fig. 1, .fluorescent
light emitted by the phosphor and LED 1light which is
transmitted without being absorbed by the phosphor are mixed
20 and output, so that the light emitting diode 200 also outputs
light having a wavelength different from that of LED light:
emitted by the light emitting component 202.
The light emitting diode containing the phosphor as
described above has the following features.
25 1. Light emitted by a 1light emitting component

(LED) is usually emitted through an electrode which suppliés

20
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emtting conponent resulting in a particular em ssion pattern, and is
therefore not emtted uniformy in every direction. 5 The |ight
emtting diode which contains the fluorescent nmaterial, however, can
emt light uniformy over a w de range w thout form ng undesirable em ssion
pattern because the light is emtted after being diffused by the '
fluorescent material. 2. Al though light emtted by the light emtting 10
conponent (LED) has a nmonochromatic peak, the peak is broad and has high
col or renderélecprispapawer toriihe clighic remitdting mompongnti.ndEsgstedhldght
advantage for an application which requires wavel engths of a relatively

wi de range. 1isgtpantly cdlioskesh byt i the | edeetredancformed omnmithe lgght
desirable to 15 = have a wider em ssion peak. The light emtting diodes of
the first anemiteing compenenthizeswlingddcd Rarauem smissjon pattern,
configuration shown in Fig. 1 or Fig. 2 wherein a |ight enitting conpgnent
whi ch uses namrdi ds cﬂ%ﬁ%ﬁ%e@&orﬁm&‘%ﬁd hBRLAQIMLY atiny epyery giilingction.
energy in the visible region and a_particular phosphor are _conbined, and
have su2h fa¥ke abliglpk opdritieing s digdei IWhich o captaingyhithy flperescent

| um nance and | ess degradation of |ight em ssion efficiency and |l.ess col or
shift over dnaEs¥ibwbedP¥eYREr Fapselibslight uniformly,oyggep,wide, range

fluorescent material which absorbs |ight of a short wavel ength and emi.t
light of a |$Hghout foxming dindesizabls slssion Rakkern Rarayss Gg&ee?d&i}t

mat eri al whi¢ch absorbs |ight of, a | gng wavel en%_lré %ﬂ%o%rgstcsénlti ﬂgsze%.a

is emitted after being diffused by
2. Although light emitted by the light emitting
10 component (LED) has a monochromatic peak, the peak' is broad
and has high coldr rendering property. This characteristic
makes an indispensable advantage for an application which
requires wavelengths of a relatively wide range. Light source
for an optical image 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 energy in the visible region and a particular phosphor are
combined, and have such favorable properties as capability to
emit light of high luminance aﬁd less degradation of light
emission efficiency and less color shift over an extended
period of use.

25 . In general, a fluorescent material which absorbs

light of a short wavelength and emits light of a 1long
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short wavel ength, and therefore it is preferable to use a nitride conpound
sem conductor light emtting conmponent- which 5 I's capable of emtting

bl ue lIight of short wavel ength. It needs not to say that the use of a
light emtting conponent having high lum nance is preferable. A phosphor to
be used in conbination with the nitride conpound sem conductor |ight
emtting conponent nust 10 have the follow ng requirenents: 1.

Excel | ent resistance against |ight to endure [ight of _a high intensity, for
a long peri s@avslength abigherceffisiencEntham: & i fluexesernty magerialne
vicinity of the Iight enitLinthonponents 102,. 202 and is eﬁﬁgsed to |ight

of 15 i ntvdHgh \ahsorhsyLightaRfuta 3bPng wavelepgth BRd fnits 1ight o5 a
" Capability to efficiently emt light in blue region for the excitation b
means of theshqrdhtWéﬁ?%?ﬂﬁﬁhco@éﬁﬁeﬁbgrﬁ@r,eZG-i WePraterable ) &ise |
used, .shoul d be capable of emttjng blue light, not uljraviolet ray, with a
20 high Sr¥trdhde Gemppund SeMiGIRduChay ohight | gRitERg, GPRerneR rﬂglcﬁ
(091015 T e RUERESC sl MBI L0045 chiolte | SnEReALRIMLLE | OBk
ey of Led LG B LLNGSAmanents 107 20 0 Lhectesy! Latbopent,
when Iightirggvf%g(ﬁﬁgﬂﬂfdﬁi a%%egggtggg%g%gﬁlgbange t he col or -t one

A phosphor to be used in combination with the

nitride compouhd.semiconductor light emitting component must
10 have the following requirements:

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

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

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

20 high efficiency.

3. capabiiity té 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

22



in terms of the proportion of conposition or ratio of mxing a plurality of
f.l vorescent materials. 5 6. Weatherability for the operating
environnment of the light emtting diode. Enbodinent 1 The |ight emtting

di ode of the first enbodi nent of the present invention enploys a gallium
nritride conmpound 10 - sem conductor el enent which has hi gh-energy band gap
inthe light emtting layer and is capable of emtting blue |ight, and a
garnet phosphor activated with ceriumin conbination. Wth this

confi gurati oo héat|geperated thingh# ehdpowhene lighsingrbodi ment can enit
white light by blending blue light emtted 15 the light emttin
conponents 102, 202 an3. yeCaWElW WQQMWQS‘%’ hange the aolex 87;0119%
blue light. Because the garnet phosphor activated wth cerlun1mh|ch i, S used
in the |i ghtlentermﬁgoﬂl'@d% propoRt xon Nf Gampesiddom or Kafio ol MXdnde a

and weatherabili tg it can 20. emt light wth extrenely snall degrees of
col or shift pharabityee flneresqent mate@riglsenitted |ight even when
irradiated by very intense light emtted by the light enmitting conponents

102, 203 located in thé-vi ¥eai hﬁrébé11§Y|§ﬁ§ p8ei operatinge enyjronment of
Conmponents of the light em{ti nc(I:; di ode of the first enmbodinent will be
descri bed i nthet highbeemitting diqd®msphor) The phosphor used in the Iight

emtting diode of the .
Embodiment 1

The light emitting diode of the first embodiment of

the present invention employs a gallium nitride compound

10 semiconductor element which has high-energy band gap in the
'~ light emitting layer and is capable of emitting blue liéht,
and a garnet phosphor activated with cérium in combination.
With this configuration, the light emitting diode of the first
embodiment can emit white light by blending blue light emitted

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

Because the garnet phosphor activated with cerium
which is used in the 1light emit-ting' diode of the first
embodiment has light resistance and weatherability, it can

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

25 Components 6f the light emitting diode of the first

embodiment will be described in detail below.
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first enbodi ment is a phosphor which, when excited by visible Iight or

ul traviolet ray emtted by the sem conductor light 5 emtting |ayer,
emts light of a wavelength different fromthat of the exciting |light.

The phosphor is specifically garnet fluorescent material activated with
cei um whi ch contains at |east one el enent selected fromY, Lu, Sc, La, &d
and Sm and at | east one el enent selected fromAl, Ga and In. 10

According to the present invention, the fluorescent material is preferably
yttrium al un{Phesplenkt fluorescent material (YAG phosphor) activated-

with cerium or a fluorescent materi al represented by gener al
formula (Re[err] Sni eThe)phospliow [used irrthecalight dmdtit]itige ddjodee ofithee
Oferr]r<l and O[err]s[err]1l, and Re is at |east one 15 selected fromY

and. Gd. | n £hssttembodimentyhis eai phedphort whithghwheni excigedobyowdstible
enpl oying the galliumnitride _conpound sem conductor. and the fluorescent
|ight emttelighttpPE pHs@VIOUSS i ¥Ry yemitie8ody cther semiéconduptor elldghdn
of conplenentary colors, white color:can be output by blending 20 t he
LED |i ght anemi®elingydayesentemitght lightt 1af f ar Stavelisngthendif ferent e fiom:
phosphor is used by blending with a resi.n which nakes the coating resin 101
and- t he coat ¥Rt n@ferthe =ExCitdagdai 1ight at erThecphosphoxe i3 Reqifjeally
emtting diode can be_adjusted including white 25 and _incandescent
lamp col or 9¥gnekonflepresgent hamakexial ppepdvated wikht heerdgmn whiche
quantity used in filling the 24 cup 105 or the_recess of the casing 204
i n accor dancPREAIN Havieatlyt Pner elenent cfelectedyfrem Yal FunShit LRde Gd

light. and Sm and at least one element selected from Al, Ga and In.
10 According to thé present invention, the fluorescent material
is preferably yttrium-aluminum-garnet fluorescent material
(YAG phosphor) activated ' with cerium, or a fluorescent
material represented by general formula (Rel_,Snlr)3(All_
Ga,)0,,:Ce, where 0=r<l and Osss<l, andl Re is at least one
15 selected from Y and Gd. 1In case the LED light emitted by'the
light emitting component employing the galiium nitride
compound semiconductor and the fluorescent light emitted by
the phosphor having yellow body color are in the relation of
complementary colors, white color can be output by blending

20 the LED light and the fluorescent light.
In the first embodiment, because the phosphor is
used by blending with a resin which makes the coating resin
101 and the coating material 201 (detailed later), color tone
of the light 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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emtting conponent. Distribution of the phosphor concentration has 5
knfluence also on the color blending and durability. That is, when the
concentration of phosphor increases fromthe surface of the coating or
mol di ng where the phosphor is contained toward the |light emtting
cofrponent, it becones less likely to be affected by extraneous noi sture
thereby naking it easier to 10 suppress the deterioration due to
~noisture.  On the other hand, when the concentration of phosphor increases
fromthe |i gwp % tomgthenpesess o6wihe casisgr 29de igx agrondangergto the
beconmes nore likely to be affected by extraneous noisture, buyt |ess |ikely

to be affecwavedengtd hefit bight aemitited f bym the mallium gpdtzdder hight

conponent, thus making it possible to suppress the deterioration of the
phosphor. SeEtdHING compPPaedtef the phosphor concentrati-on can be
achieved by selecting or _controlling the material which contaips the

phosphor, forning tenfbshnibutdea viafcodihs, RRRSRIRX cFRRGRREFALIPY Nghas
particle 20 , _distribution of the phosphor. By using the, phosphor of the
first dnbodiimfduenceyilsonPr the Grdas RierAingxesd) dnrab +ityon That is,
i ant T osi SRl TR SRR N O bIICRRINT. OV SHRAF o7 gbhe 28uEace
IR O W TR Y. B R el
vemerr] tC)ég%;g% (ﬂngiQLR?e%H%igg%rcgﬁggnggtthgtfLéggmggbfgggefgkéfy to
.be affected by extraneous moisture thereby making it easier to
10 suppress the deterioration due to moisture. On fhé 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 enough light
fesistance for high-efficient operation even when arranged

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

compdnents 102, 202 with radiation intensity
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because of garnet structure, resistant to heat, I|ight and noisture, and
Irs~t heref ore capabl e of absorbing excitation 5 | i ght having a peak at a
~ wavel ength near 450 nmas shown in Fig. 3A. It also emits |ight of broad
spect rum having a peak near 580 nmtailing out to 700 nmas shown in Fig.
.3B7 Moreover, efficiency of excited light emission in a region of

wavel engt hs 460 nm and hi gher can be increased by including Gd 10 in the
crystal of the phosphor of the first enbodi nent. When the Gd content is

i ncreased, emi ssi GBepanithiay dihen grandes faionf SeWemcivdod 100HWger .wavel engt h and
the entire em ssion spectrumis shifted toward | onger wavel engths. Thi s
means that, when emi ssTh d@hoaphor edifiesh |imghithes fdagtr egmbpdimgntisis,
be achi eved by increasing the degree of substitution with Gd. Wen the &d
content is ihRIaugRdof| mm%esgfrwqtgme.enmswtmt plket oheat neddghte ander
blue light tends to decrease. Especially when part of Al is substituted
with Ga anofPisiare,onpsdi tisntherefone <¢apahlkece#st akaarbing exeitgtion
garnet structure, wavelength of emtted light shifts toward shorter .
wavel endyt h ahkghtwhBavineg t aopedk ats dsvavelength 1 Rean, 438y &R hshewn in
emtted light, shifts toward | onger wayel ength, Table 1 shows the

conposi ti on Bdir |3¥ht Ehi 2150 geREES atight sPE cbroad vaperthwR cBREARI Nt PRAKI

represented by 25 general, forml a ) )
(Y[ err] &d[ er‘F%%‘[ ePBP( AMertRiddme ¢ PRLertq Q790 | Mmcas pghown| cip| Fig. 3B.

Moreover, efficiency of excited light emission in a region of
wavelengths 460 nm and higher can be increased by including Gd
10 in the crystal of the phosphor of the first embodiment. When
the Gd content 1is increased, eﬁtission peak wavelength is
shifted towafd longer wavelength and the entire emission
spectrum is shifted toward longer wavelengths. This means
that, when emission of more reddish light is required,- 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 tends to decrease.
Especially when part of Al is substituted with Ga
among the compbsition 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 1light emitting
characteristics of YAG fluorescent material represented by

25 general formula (Y, .Gd,);(Al,,Ga,)s0,,:Ce.
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Val ues shown in Table 1 were nmeasured by exciting the fluorescent materi al

wi th blue Iight 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

When substituting Al with Ga, the proportion is preferably within the range
from Ga: Al=1:1 to 4:6 in consideration of the emssion efficiency and

em ssi on wavel engt h. Simlarly, when substituting Y with Gd, 'the
proportion is preferably within the range fromyY: Gd=9:1 to 10 1:9, and
nore preferably from4:1 to 2:3. It is because a degree of substitution
with Gd bel ow28%+estts+h cotpr—ofrgrepterTgreem—copponent and | ess
red conponent|, and a degrge off subptitytion with Gd jpbove 60% results in
i ncreased red ccﬁrponent but ragpid pecrgase jn | ym nahce. When the ratio
15 Y: Gd of| Y#nd Gd in|the YAGquo_resgoent materijpl i$ set within the
range from4:|1 t® 2:3, in| padti cgd pr,5q | Egpht @it B ggll ode capable of
emtting whitie I ght subs} artifal I'y| al ong The bT'chk"b adi ation | ocus can
be nade by usli ngione kind| of yttripm alluni npm g4r net qu rescent material,
dependi ng on |t hdd20 en| ssiqn wayel ength pf the light ém tting conponent.
When the ratijo Y: Gd of Y hnd @&d _in|the|YAG || uornescent terial is set
within the range from2:3}to 1:4, h light emttijng dj odejcapabl e of
emtting lig & incandefcent| | anp carl be [rade [t houph tie | umi nance is
| ow. When tlhe gontent (Hegsde 9_1: 25 supstatiut ihon) ‘gf Ce is set within
the range frogm Q5008 to 0| 2,Stlhew pl abi veq imfAqusal htergi ty of |ight
emtting di ofj]e c% not 28 '
i
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| ess than 70% can be achi eved. Wen the content is |ess than 0.003,
l.um nous intensity decreases because the nunber of excited em ssion centers
of photol um nescence due to Ce decreases and, when the content is greater
than 0.2, density 5 guenchi ng occurs. Thus the wavel ength of the emtted
l-ight can be shifted to a shorter wavel ength by substituting part of Al of
the conposition wwth Ga, and the wavel ength of the emtted |ight can be
shifted to a | onger wavel ength by substituting 10 part of Y of the
conposition with Gd. Valuds sshewn tine Tahjle Lowereomeaswrsdorby agxgéting
changed continuously by changing the conposition. A so the fluorescent
material is tie dinoresdent aterial ssitin blurslightohadeOvmeh Waménangehs
as 254 nmand 365 nm but is excited with higher efficiency by LED |ight 15
em tted by and ueffigheneyi tin nfabbepdneare hgiven aimaveluegt lrekajuikwe 160
nm Thus the  fluorescent materi-all has ideal characteristics for
converting tHaose of gidterdfal iNo.r ildwhieiln avedsetotol 180t em tti ng conponent
into white light, such as the capability of continuously changing the peak
wavel ergit h 20 by chelren ngubstitudiagt i Ah ofithd. GAgcothi ngproparitdon r is
enbodi ment, the efficiency of light em ssion of the light emtting di ode
can be furt hareferahised wiythdanbitlieng range | dhomeniGati ndledrpontat 4mpl ofhng
galliumnitride sem conductor and the phosphor nade by addi ng 25 rare
earth el enerdomsideratidriSm) ofo yihe i uemassionumeffiedenciyuorand enemission
materials (YAG activated with cerium 29

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 less red component, and a degree
of substitution with Gd above 60% results in increased red
component but rapid decrease in luminance. When the ratio
15 Y:Gd of Y and Gd in the YAG fluorescent material is set within
the range from 4:1 to 2:3, in particular, a light emitting
diode capable of emitting ﬁhite light substantially along the
black body radiation locus can be made | by using one kind of
yttrium-aluminum-garnet fluorescent material, depending on the
20 emission wavelength of the light emitting component. When the
ratio Y:Gd of Y and Gd in the YAG fluorescent material is set
within the range from 2:3 to 1:4, a light emitting diode
capable of emitting 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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Material for making such a phosphor is made by using oxides of Y, Gd, Ce,
Sm- Al and Ga or conpounds which can be easily converted into these oxides
at high tenperature, and sufficiently mxing these materials in
stoichionetrical 5 proportions. This mxture is mxed with an
appropriate quantity. of a fluoride such as amoni um fl uori de used as a
flux, and fired in a crucible at a tenperature from 1350 to 1450[err]Cin

air for 2 to 5 hours. Then the fired material is ground by a ball mll in
wat er, washde@sss&banai’®$ can & ahipyed. siWhan theqantent okg shess Hehan
desired material. In the producing process described above, the

m xture nat 8048 ,mejunivouse intensdtydi decreangsr pecaunsge h theenpunbey, afj,
Ce and Smin stoichiometrical proportions in an acid, coprecipitating the
sol uti on wi exciked cemdsgiqnd centersirpfig phatoluninescenget edue o tobiCe n
an oxide- of - the coprecipitate, and then mxing it wth.al um num oxide
and ‘gal | i undegiréasesh@nghoshien therconterd bf greagenetdant dtAd dengity |
[err]Cd[err]Ce[err]Snferr]) [err]Al[err]Jerr] can emt |ight of
wavel edgt hs quédeiingnocears. | onger with higher efficiency upon excitation,
because Gd is contained in the crystal. Wen the content of gadoliniumis
i ncreased, peak wavel digush bheenayslengdhi fof fuihen s8dhbedo kidhingean be
wavel ength up to 570nm while the entire em ssion spectrumal so shifts to
| onger wavelsdrifitied to Mherhdrtgn waveld®ngthsthy rapbstridmtdimgdpart: e dsll, of t
can be achieved by increasing the anount of Gd added for substitution. Wen
t he cont ent thie 3gomposition with Ga, and the wavelength of the emitted
light can be shifted to a longer wavelength by substituting
10 part of ¥ of the composition with Gd. In this way, the light
color of emission can be changed continuously by changing the
composition. Also the fluorescent material is hardly excited
by Hg emission lines which 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 wavelength
around 450 nm. Thus the fluorescent material has ideal
characteristics for converting blue 1light of nitride
semiconductor light emitting component into white light, such
as the capability of contihuously changing the peak wavelength
20 by ‘changing the proportion of Gd.
| According to the first embodiment, the efficiency of
light emission of the light emitting diode can be further
improved by combining the light emitting component employing
gallium nitride semiconductor and the phosphor made by adding

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

fluorescent materials (YAG) activated with cerium.
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Gd is increased, |um nance of photol um nescence with blue |ight gradually
deer eases. Therefore, value of p is preferably 0.8 or |ower, or
nore preferably 0.7 or lower. Further nore preferably it is 0.6 or lower. 5
The phosphor represented by the general formula (Y[err]
[etr]Gd[err]Ce[err]Snmerr])[err]Al[err]err] including Smcan be nade
subject to | ess dependence on tenperature regardless of the increased
content of d. That is, the phosphor, when Smis contained, has greatly
i nproved emi ssion | unMaterdadt fargnakingnpechtyrpkosplior issmade by using

| mprovenent increases as the Gd content is increased. Tenperature '
char act er i spkddeanoife Ygr &t/ \Ca nPw ciil pandi Gal erl yompoundsagdiichoeags kem
in the case of fluorescent material of such a conposition as red shade is
st r engt heneeabilyncoawented: himtmnthaseobxddeshaataubight tiempeyesure, and
tenperature 15 characteristi.cs. The tenperature characteristic
ment i oned henfficienbiyr emiixinger thede t hmatarialsy) iof oSteichiometticake
of the fluorescent material at a high tenperature (200[err]C) relative to

t he enbssi oprbporhione.of cRlzis i myidiure | iight mixedngwathavah e mpprepr Esonm
at the normal tenperature 20 (25[err]C). The proportion of Smis
preferably guahtityhefr smg&lubrdde0Gsicly ras [ ammp0ios tfluginisle caped ansr &
characteristic of 60% or higher. The value of r below this range |eads to

| ess ef f ect £fafixi, mandyifigredein eaperacibdeciadr att beinperatui@efirome MH0uet@s
of r is above this range, on the contrary, the tenperature characteristic

" deteriorate3s4s50°dhénr aige fofr @ 00607hemoursar r | Thé? the Iired material is

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

In the produéing process described above, the
mixture material may also Ibé made by dissolving rare earth
elements Y, Gd, Ce and Sm in stoichiometrical proportions in
an acid, coprecipitating the solution with oxalic acid and

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

The phosphor represented by the general formula (Y,
P_‘ll_,erE,Cequ,),Al_,,o12 can emit light of wavelengths 460nm and

20 longer with higher efficiency upon excitation, because Gd is
contained in the crystal. When lthe content of gadolinium is
increased, peak wavelength of emission shifts from 530nm to a
longer wavelength up to 570nm, while the entire emission
spectrum also shifts to longer wavelengths. When 1light 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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the proportion of Smwhere tenperature characteristic beconmes 80% or higher
i-s -nore desirable. The proportion q of Ce is preferably in a range of
0.003[err]qg[err] 0.2, which nakes relative em ssion |unm nance of 70%or 5
hi gher. possi bl e. The relative em ssion |um nance refers to the em ssion
l-ui nance in terns of percentage to the em ssion |um nance of a fluorescent
mat eri al where g=0.03. Wen the proportion q of Ce is 0.003 or |ower,
| um nance decreases because_the nunber of excited em ssion 10 centers of
phot ol uni nefsknds dijcreaged defHHNANCEH dofwhRROEPLURIRRSQRNGE o Wity nbdue,
density quenchi ng occurs. Density quenching refers to the decrease in,
eni ssi on i ntldiBit y g¥AdUAlE urdeoreasese condBereforen ovad¥eactqf atPonls
agent added to increase the Ilumnance of the fluorescent material s
15 - increpxefarapdyd @n8on nlkAWeEvelor FEPrehrekprahdy t 0+ Ag A odeweK -
the present invention, a mixture of two or nore kinds of -phosphors having
conposi t i onFuwrthey aorecprefierablyr AtsisePr f) PEr APWELerr] J err] having
different contents of Al, Ga, Y and Gs or Smnay al so be used. This
i ncreases 20 t he RGhe phrshies represenied bhcthppgererabnformula (Y,
exanple, for a full-color liquid crystal display device by using a color
filter. (Li ghi-GohfeSmyAafpontieludoyy Smo)camebe ghadensubiggtcdimporers
is preferably enbedded 25 in a nmolding material as shown in Fig. 1 and
Fig. 2. Trdepengenasrian | venperdlomee t regardless hef | that ingreasad grpyensf
32

of Gd. That is, the phosphor, when Sm is contained, has

greatly improved emission 'luminance at higher temperatures.
10 Extent of the improvement increases as the Gd content is
increased. Temperature characteristic éan 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 Itemperature 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 0.0007<r<0.02 for
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the present invention is a galliumnitride conpound sem conductor - capable
af - efficiently exciting the garnet fluorescent materials activated
with cerium The light emtting conponents 102, 202 enploying gallium
nitride 5 conpaound sem conductor are nade by formng a light emtting
l-ayer of galliumnitride sem conductor such as InGaN on a substrate in the
MOCVD pr ocess. The structure of the light emtting conponent may be
honostructure, heterostructure or doubl e-heterostr u%&ge whi ¢h hav% M S
junction, PlItheuREPPRRtion of Smpighere. temperatyre; LREL s pegmes
em ssion can_be sel ected dependi ng, on, the material of the sem conductor

| ayer and th80%r9x5tligher (15 maxe desirahlery 5 so be made in a single
guantum well structure or multiple (%uantu,m wel | structure where a
seni conduct or acti vat i SAe|- BFePortien, ge@liCe sis preferally ih: dnrapgeco=f
can occur. According to the present invention, a light emtting diode
capabl e of efi003=sg=0v2h whiglemakes kelatiye eRissdone vdiganse of (7193 or
phosphor can be made by nmaking the activation |ayer of the light emittin
conmponedt i nhighgr e PRESAPLR: el Thet redative enifsiqn shuminance refergydp ,
galliumnitride conpound sem conductor is used, while sapphire, spinnel,
SiC Si, zndthe eméssigm hupipangecinaterms o&nPeIFENLAge iGpIhe Emisfionf
sapphire substrate is preferable in order to formagalliumanitride of good
crystal |ini t juminance gaf |3 JRluorescent makgrisdqshede 83 is 25

formed on the sapphire substrate to forma PN junction, via a _buffer Iaeyer
of GaN, AN, etc. WheRe they ProRPYRiPRi (@ §F Ce is 0.003 or lower,

luminance decreases because the number of excited emission
10 centers of photoluminescence due to Ce decreases and, when the

'q is greater than 0.2, density quenching occurs. Density

quenching refers to the decrease in emission intensity which

occurs when the concentration of an activation agent added to

increase the 1luminance of the fluorescent material is
15 increased beyond an optimum level.

For the light 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 used. This increases

20 the RGB components and enabies the application, for example,
for a full-color liquid crystal display device by using a
color filter. |
(Light emitting components 102, 202)

The light emitting component is preferably embedded

25 in a moldiné material és shown in Fig. 1 and Fig. 2. The

light emitting component used in the light emitting diode of
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sem conductor has, N type conductivity under the condition of not doped with
any inpurity, although in order to forman N type galliumnitride
sem conductor having desired properties (carrier concentration, etc.) such
as inproved light em ssion 5 efficiency, it is preferably doped with N
t-ype dopant such as Si, CGe, Se, Te, and C. In order to forma P type
galliumnitride sem conductor, on the other hand, it is preferably doped
with P type dopant such as,Zn, Be,, Ca, _Sr and Ba. Because it is
difficult t&beur PEESRRY | uf‘rf‘ﬁ?f‘ggﬁﬁ corhouftd 1??%1%m Bbﬁﬁﬁgfeor AR,
sinply by doping a_ P type do It _is referable to., freat . the
gal i um ~ni BEMH °n95ﬁ5égndc§£$}3i%nd‘a€t off bﬁeﬁnaf}fh PTG o e i IRARN
process as heating in a furnace irradlat{o(il-wit | ow- speed ele;ﬁ'{ro beam
ERE edo €e

and pl asma EARQUPECERE PAEPELILS, 2GR WY pCe iy 15 g

the surfaces of P type and N type | 1iu Itride sem condygt.ors by..the
et ching or SMAELiRFoc SOMPOMEDRES, oY rof ﬂl,@ d&E'Pﬁé’H%Eﬂap@?Llj%é‘"'r orTrer 19e

" the semi conductor | ayers by sputtering or vapor deposition. .Then the .
sem cofduct 6PmpRRRA \RAMECARSNGTOL, ?’?ﬁqnﬂadﬁo%y E 9 At & 180 YN

of a dicing_saw, or_separated by an_exterpal force after cutti ooves
(hal f-cut) WAYEE tﬁﬁ/egﬂil&tlﬁmgr’béi’&d? héﬁ“&lﬁenﬂ}lsﬁerecfg@% th.ﬂﬂ;"% on a

ot herwi se, the wafer is cut intag chips scr_ibl[lng ri att

b d f .
extrenel y fSubstrate dm (e SHICYRBEOCEPSnal etRPyS ‘IéﬁEB’B‘F g%gﬁ'ﬂeoe]rlgz%t

having a dianmond stylus which kes straight reciprocal noyenent.
Thus the ﬁ%lngmqqmg@e%ngage;?e Bpmoggppegmtgq %e‘%erostruc%ure or

double-heterostructure which have MIS junction, PIN junction

10 or PN junction. 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 - quantum well
structure where a semiconductor activatién 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 emitting
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 1ike may be
used as the semiconductor substrate, use of sapphire substrate

is preferable in order to form gallium nitride of good

crystallinity. A gallium nitride semiconductor layer is
25 formed on the sapphire substrate to form a PN junction via a
buffer layer of GaN, AlN, etc. The gallium nitride
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nitride conmpound sem conductor can be made. In order to emt white |ight
with the light emtting di.ode of the first enbodi nent, wavel ength of |ight
emtted by the light emtting conponent is preferably from400nmto 530nm 5
inclusive in consideration of the conplenentary color relationship

wi th the phosphor and deterioration of resin, and nore preferably from
420nm to 490nminclusive. It is further nore preferable that the wavel ength

be from450nmtp 475nm in order .to inproyve the em ssjon efficiency.of the
T ght Com £t 1 PR EeP g i Ny b Peh COTRGHIRLY S| e cROBRLEAPB ofne

white light emitting_diqQde of the first enmbodi nent iis shoqwn in FLg. 4. The
'Tht entrtiGE cOMBRACHALENGRY HETRIT Ly 8 LEROTGh L8N ARASEn 19 chorm 3 B
enpl oys the |ight ept{ting conponent and the phosphor of the first )
enbodi nent tEYRR aéélP-WBeg”ité”tlé’F. Sl%“"%"rﬁlqﬁ‘g". 1&5"%% s9P8ArRdy PRGPSLLdSf
around 450 nmis fhe light emt}ed gg the |ight enttting conponent, .and
eni ssi on haviFRFEL-He KOBFRIEA BN n F%'lh%ughoﬁﬁléﬁpﬁe edni1ghts smdssion
excited by the_|ight enigtiqg conmponent. Fig. 16 shows the col ors which can
be represent@EEIGIERLY, 1HelS BFeEerably doRedt Vikh Ngtgpe dppgst sych as
conbining the fluorescent material shown in Table 1 and blue LED (Ili ght
emitting conPbnefBy B ML pedRAnSrel ehBt PTIETNO fepmoa & FYBRt dakldomy
by this white |ight enitting di ode corresponds to _.a _point ,on a
strai ght |iREtridmnsemisgnayctpgy nion ofhes othex, Bandy cillty igemreferablyy
the blue LED and, a _point .of chromaticity generated by the_fl uorescent
materi al, andgeped with P type dopant such as” Zn, Mg, Be, Ca, Sr and Ba.
Because it is difficult to turn a gallium nitride compound
10 semiconductor to P type simply by doping a P typé dopant, it
is preferable to treat the gallium nitride compound
semiconductor doped with P type dopant in such process as
heating in a furnace, irradiation with low-speed electron beam
and plasma irradiation, thereby to turn it to P type. After
15 exposing the surfaces of P type and N type gallium nitride
semiconductors by the etching or other process, electrodes of
the desired shapes are formed on the semiconductor layers by
sputtering or vapor deposition.
Then the semiconductor wafer which has been formed
20 is cut into pieces by means of a dicing saw, or separated by
an external force after cutting grooves (half-cut) which have
width greater than the blade edge width. Or otherwise, the
wafer is cut into chips by scribing grid pattern of extremely
fine lines on the semiconductor wafer by means of a scriber

25 having a diamond stYlus which makes straight reciprocal

movement. Thus the light emitting component of gallium
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therefore the wde white color region (shaded portion in Fig. 16) in the
central portion of the chromaticity diagramcan be fully covered by using
the fluorescent materials 1 to 7 in Table 1. Fig. 17 shows the change in
em ssion color when the 5 contents of fluorescent materials in the white
I'i ght .emtting diode is changed. Contents of fluorescent materials are
given in weight percentage to the resin used in the coating material. As
w |l be seen, roH1Fi . 17, .color of .the |ight appr o ches that of the

fl uorescent & PaFngﬂEHdtﬁ%mﬁﬁﬂPgﬁﬁt?ﬁ p be Madfescent nmaterial is

I ncreased and approaches that of blye LED when the content of fluorescent
mat eri al decreased. AJ@OP&BF gB Fﬂétpwgéﬁﬁtf?ﬂ@EHVFEm,tQFI1£ﬂﬁteﬁW%Y?%Eﬂ
conmponent i,ch does not excite the fluorescent nateria _nay be used

t oget her wi ife O &E‘F st Rpkash t VAYEdengh é’flé'lg)i‘tl igHttachiby
excites the h&gine cent .material. Specifically, in addition to the

fl uorescent © AO8E GRLLRiPG SOMPPRERE %%nﬂ’é%%ﬁ':%lé]‘ﬂ R A N oy (7 30
exciting the fluorescent material, a light emtting conponent having a
light enittiRGLPEIER nelde oFogﬁFﬁﬁaﬁ%ﬂgsp% e, tha| | COmPAementaryar SOk,
20 gal l'ium ar seni ¢ ,phosphate or_indium al um num phosphate is arranged

t oget her . vFPHaFHP§596§fW@EPthSnPhPFBH?reﬂ?@t@%t%§1Q¥ﬂF¥9Qﬂﬂfeﬁﬁﬁ%ﬂ«mﬁnd
conmponent whi ch does not _excite the fluorescent material is radiated to the
out si de wi t FOEE PELAGTaBLYr £&a™,#20Rm o, 49008 dnCI¥SdVeal | THaidshgturthemt
emtting 25 di ode which can emt red/white light. O her conponents of
“the |ight empppipgegpgaggeothgpgth96wavelength bé from 450nm to 475nm, in

order to improve the emission efficiency of the light emitting
10 component and the phosphor. .Emission spectrum 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 photoluminescent emission excited by
the light emitting component.
Fig. 16 shows the colors which can be represented by
20 the white 1light emitting diode made by combining: the
fluorescent material shown in Table 1 and blue LED (light
emitting component) having peak wavelength 465nm. Color of
light emitted by this white light emitting diode corresponds
to a point on a straight 1line 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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1 and Fig. 2 will be described below (Conductive wires 103, 203) The
gonductive wires 103, 203 should have good el ectric conductivity, good

t hermal conductivity and good 5 mechani cal connection wth the

el ectrodes of the light emtting conponents 102, 202. Ther mal :
conductivity 1is preferably 0.01 cal/(s)(cnerr])([err]Ccnm) or higher
and nore preferably 0.5 cal/(s)(cnferr])([err]C cn) or higher. For _
wor kabi lity, diameter of the conductive wire is preferably frqn1lq£err mto
10 45[ er heretorgsithe widge white, aHOL fRgiR Lghadeds RREddahihditgt he
coating including the fluorescent naterial and the nol| ding, because of the
di fference L)t Hay e SRl PAdE N Qferfihe) Rhrematie iy dHagan AR H¢ al
contained in either of the above two materials, the conductive wire is |,
likely to bfsdldyatcovared; by usidgr Jthe flygresgent, matgriadsanett? df e
conductive wire is preferably not |ess than 25pm and, for the reason of

i ght emttiTpler da ar?d—%-aé‘e'y dthovish dthen £hanas ok ANLSF 10 FINTTheR the
conductive wire may be a nmetal such as gold, copper, platinumand alunjnum

or .an 3l | oy com&eads. ofndluerascent: imarexjals vy Lhy whikie bl aht apmbbEing

configuration is used, it can be easily connected to the el ectrodes of the
Ii ght enitt idi@deorisoshanged. he CORkENtEQE ShBOrRECABL MateRlaly FEarglven o
wi re bonding device. (Munt |ead 105% 25 | . tThe mount | ead 105 :

conprises alduweight Beycgntage ¥osbhepasin used | besthe gpatelng Materdadugh
for nDuntin%gﬂxaf¥’be seen from Fig. 17, color of the light approaches
that of the fluorescent materials when the content of
10 fluorescent material is increased and approaches that of blue

LED when the content'of fluorescent material decreased.

According to the present invention, a light emitting
component which does not excite the fluorescent material may
bé used together with the light emitting.cémponent which emits
15 light that excites the fluorescent material. Specifically, in
addition to the fluoresceht material which is a ﬂitride
compound semiconductor capable of exciting the fluorescent
material, a light emitting component having a 1ight emitting
layer made of gallium phosphate, gallium aluminum ar.senide,
20 gallium arsenic phosphate or indium aluminum phosphate is
arranged together. With this configuration, 1ight emitted by
the light emitting. component which does not .excite 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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~Jight emtting conponent 102 with the wre bonding device in the cup
,05a. In case a plurality of |light emtting conponents are
installed in the cup and the nount lead is used as conmon el ectrode for the
ight emtting conponent, because 5 different electrode materials nmay
be&" used, sufficient electrical conductivity and good conductivity with
the bonding wire and others are required. Wen the light emtting
conponent is installed in the cup of the mount |ead and the cup is filled
with the flubradaddhtdmed &fildl be dascrdbhed belgy.10 the fl uorescent
material is, even if isotropic, reflected by the cup in a desired direction
and t her ef or €CendusieNe wiremilfdd &93due to 1ight fromother light enmitting
di ode nounted nearby can be prevented. Erroneous illum nation here refers
to such a phenonenon aEhet irenduafHiveniwiziesy dPdde 383 shepdd edawenr Ppod

appearing as though lighting despite not being supplied w th power. Bonding
of the |ightelegtxiag m&%@mnmz 8r9dt hEhaEnal | eerdugibivith 3nd c geod
105a can be achieved by neans of a thernoplastic_resin such as epoxy resin,
acryl i c5resimechanical  c¢oppectien n wigenthef aedegbhindes ghefenithe ndight
conponent (such a type of light emtting conponent as emtted light is .
extracted femhtting compenents s102, aR02.is EHErPadr eFoNGYCLININY| ndS
the el ectrodes to oppose the cup 105a) is used, Ag paste, carbon paste,
metal | i ¢ bunpreferaislyi k@.0hn kald{ed (fwf) '€/cm)borait nghighelr, el sodr i awidey
connecting the light emtting component and the nount |ead at the sane
time. FurthpreféralBly 0.5 cal/(s)(cm’)(°C/cm) or higher. For workability,
diameter of the conductive wire is preferably from 10um to
10 45uym inclusive. Even when the same material is used for both
the coating including the fluorescent material and the molding,
because of the difference in thermal expansion coefficient due
to the fluorescent material contained in either of the above
two materials, the conductive wire_is likely to break at the
15 interface. For this reason, diameter of the conductive wire
is preferably not less than 25um and, for the reason of light
emitting area and ease of handling, preferably within 35um.
The conductive wire may be a metal such as gold, copper,
plétinum and aluminum or an alloy thereof. When a conductive
20. wire of such material and-configuration is used, it can bg '
easily connected to the electrodes of the light emitting
components, the inner lead and the mount lead by means of a
‘wire bonding device.
(Mount lead 105)

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

105b, and it suffices to have a size enough for mounting the
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39 order to inprove the efficiency of light utilization of the Iight
em-~tting diode, surface of the cup of the nmount |ead whereon the |ight
emtting conmponent is nmounted may be mirror- polished to give reflecting
function to the surface. In this 5 case, the surface roughness is
preferably from0.1S to 0.8 S inclusive. Electric resistance of the
mount lead is preferably within 300[err].cmand nore preferably within
3[err].cm Wen nounting a plurality of light emtting conponents on the.
nmount | ead, dighy | gRiteing  coBPeRARbNAARs ViEhe the: WixsipoRding 19evice idfnt
of heat and therefore high thermal conductivity is required., e
Speci fi cal | ythe (Gp t ml  dohdfasei @ RIISddty o9fy dight emitting
cal/(s)(cnferr])([err]Ccm_ or higher, and nore preferably 0.5 L

cal / (s) (cni esompquenty @raninftalileserin e qup anghithe Beunds Jepdeds used
requirements contain steel, copper, copper-clad 15 . steel éggper-cl ad

tin and net 2§ | cemmerrekeetrode nfer thedlighbt emdttingr companent.i because

connected to one of electrodes of the light emtting conponent 102 nounted
on t he Sountdiferems beleehredef amalerdale e oPe hausede. PHLfAciente
of a 20 light emtting diode where a plurality of the | i_%ht emtting

component s #keckrical apnshiatioifand aaed i@ﬁ%‘%&waw hother kagdiag
plurality of inner |eads 106 in such a manner that the conductive wres do
not touch eaeirettand othersxagpee, reguined.of tWrerorddet bighti r emifiting
each other can be 25 prevented by increasing the area of the end face

wher e the i reemponent i tswingtpbhedd ias the ewptafc&her aunte Irathtandaghe

cﬁp is filled with the fluorescent material , light emitted by

10 the fluorescent' material is, even if isotropic, reflec_ted by

the cup in a desired direction and therefore erroneous

illumination due to light from other light emitting diode

mounted nearby can be prevented. Erroneous illumination here

refers to such a phenomenon as other 1light emitting diode

15 mounted nearby appearing as though lighting despite not being
supplied with power. |

Bonding of the light emitting component 102 ‘and the

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

thermoplastic resin such as epoxy resin, acrylic resin and

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

a type of 1light emitting component as emitted light is

extracted 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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40 increases so that the space between the conductive wires is secured.
Surface roughness of +the inner |lead end face connecting with the
conductive wire is preferably from1.6 Sto 10 S inclusive in consideration
of close contact. 5 In order to formthe inner lead in a desired
shape, it may be punched by neans of a die. Further, it nmay be made by
punching to formthe inner | ead then pressurizing it on the end face
thereby to control the area and height of the end.face. 1Q . . The
i nner IeadiQF#%&UF?e&mPE°N§v§qﬁxﬁﬁ%%ﬁﬁEﬂﬁYv?%yiﬁiaﬁtqﬁiiiﬁEHFEPm?#e§he
whi ch are conductive w res and have good el ectrical conductivity. :
Speci fi cal | ylighthcemiteing; dipde st G& Of ctDeasFYP WP hith’e\’,()‘@%%??] lepd
and nore preferably within 3[err]. cm Mat eri al,s whi ch satisf% t hese

r equi r ement Swhereon ddhe Bk iaht sRittdnge compogenty 4, Moundedopg¥, e mirror-
“tin-containing copper, copper-, _gold- or silver-plated alum num _irop.and
copper. (Can‘?glngshﬁﬁ ¥ agl‘i%lﬁ'efﬂﬁi%c"ch%ﬂiﬁ‘bn%‘é?ig? the PUrface: ded® fhife
cup of 20 the nount |ead apart fromthe nolding material 104 and, in the
first efbodi®ase,; thenPurfacenropabepas: ignpueierabdy: 590 ¢ilhitenPeBed
by the light emitting conponent. ~ The coating material may " be a )
transparent inglusivg. havEAGCetEéed FeRAREARGR | Of sJ3ﬁ3a§méH@Ry tead, is
urea resin and silicone or 25 gl ass. A di spersant may be used tggether
with the phospeferably twidhin 300HArcmpand meret preferably twifhin o34 Yecm.

al um num
When mounting a plurality of light emitting components on the

" mount lead, the light emitting components generate significant

10 amount of heat and therefore high thermal cohductivity is
required. Specifically, the thermal conductivity is
preferably 0.01 cal/(s)(cm’)(°C/cm) or higher, and more

preferably 0.5 cal/(s)(cm®)(°C/cm) or higher. Materials which
satisfy these requirements contain steel, copper, copper-clad
15 steel, copper-clad tin and metallized ceramics.
(Inner lead 106)
| The inner lead 106 is.connected to one of electrodes
of the light émitting.component 102 mounted on the mount lead
105 by means of conductive wire or the like. in the case of a
20 light emitting diode where a plurality.of the light emitting
components are installed on the mount lead, it is neceésary to
arrange a plurality of inner leads 106 in such a ﬁanner that
the conductive wires-do 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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oxide, silicon dioxide and the like are preferably used. Wen the
f.l vorescent material is fornmed by sputtering, coating material may be
omtted. In this case, a light emtting di ode capable of bending colors
can be made by controlling the film5 t hi ckness or providing an aperture
isn*the fluorescent material layer. (Mdlding material 104) The nol ding 104
has the function to protect the light emtting conponent 102, the
conductive wire 103 and the 10 coating material_ 101 which contains |
phosphor frdﬁF%ﬁ@éﬁﬁmsQﬂ5@%?b5h§eﬁpa°@§kﬁﬁWﬁ¢© thg cppgductiye; wires 1is
enbodi ment, it 1S preferable that the nolding material 104 further
contain a disgsareght, wARERacan IPMIRReRs t9fe dhecdbpery deadi geRrdf  EdFehe
light emtting conponent 102, resulting in increased angle_ 15 of view.
The nol di ng aeaNectdmg] 0y thasthe, cconget e owirendst prefexabdy dFnomse & K@
light emtted by the |light emtting conponent. Therefore, the nolding
materi al 1040y ISe imgdasiNeainogpngidarabionfof oplese |eentagt concave | ens,
and may have an elliptic shape when viewed in the direction of optical |
axis, 20 or aldorawdel i b Sermhdde inmey lerd npndanglesdred Hhapey nily
be made in a structure of nultiple layers of different naterials being
| ami nat ed. maas hehpunshed dymeansyiof @aie s oBpakhen, il | ke Hagde gby
hi gh weat herability such as epoxy resin, urea resin, silicon resin or glass
i s preferablpprehing &l E9B@. thes imnerdilgad skhen presanrizingaidé an tBheum
.oxi de, alum num oxide, silicon dioxide and the |like can be used. In 41

end face thereby to control the area and height of the end

face.

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

15 contain iron, copper, iron-containing copper, tin-containing
copper, copper-, dgold- or silver-plated aluminum, 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 1ight emittihg component. The coating
material may be a transparent material having good
weatherability such as epoxy resin, urea resin and silicon or

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

As the dispersant, barium titanate, titanium oxide, aluminum
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addition to the dispersant, phosphor may al so be contained in the nolding
mat-eri al . Nanely, according to the present invention, the phosphor
may be contained either in the nolding material or in the coating nmaterial.
When t he phosphor is 5 contained in the nolding material, angle of view
gan be further increased. The phosphor may al so be contained in both the
coating material and the nolding material. Further, a resin including the
phosphor may be used as the coating material while usi gl ass, different
fromthe coackidedOsilicen «dicxideaandiche | dike) ane @nesﬁgerabitm as@lees When
possible to manufacture a light emtting diode which is |ess subject to the
i nfluence ofthei silnaresdaentgomaterdalctisi thprmede hyl sPutterinde coatiing
may al so be made of the sanme material in order to match the refractive

i ndex, depenmiaberibal timay dpe|omittesh. 1B thixcasgndg tighte gpidddng diode .
inventlon addi ng t he di spersant _and/or a col oration agent in the nolding
mat er i al hascapebbefettbendlngskohgrShganobsrmaﬂeth&-n0m¢m@§&éng irdiee rfiidm
obscured and inproving the color mxing performance. That is, the

f1 uor esbent thickness abropbeviding conpaperturs X tthen norESCent] mgrrerdad
emts light thereby to give such an appearance as though colored in yell ow.
However, thelayepersant contained in the nolding material gives mlky white
color to the nolding material and the coloration agent renders a desired
col or. Thus (Meldbhgrmatexial f1Qbyescent material will not be 25
‘recogni zed by the observer. In case the |light emtting component enits
| i ght havi ng mai n waveTbagmeolstingBokftorhagetheq2function to protect the

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
preferable that the molding material 104 further contain a
dispersant, which can unsharpen the directivity of light from
the light emitting component 102, resulting in increased angle
15 of view. The molding material 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 or concave 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 oxide, silicon dioxide and the like can be used. 1In
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it is nore preferable that ultraviol et absorber which serves as light
stabilizer be contained. Enbodinment 2 The light emtting diode of the
second enbodi nent of 5 the present invention is nmade by using an el enent
provided with galliumnitride conmpound sem conductor which has high- energy
Band gap in the light emtting |layer as the |light emtting conponent and a
fluorescent material including two or nore kinds of phosphors of different
conpositions, or 10 pref erably yttrium al um num gar net f1 uorescent
mat eri al s acaddiitiah W tthe cdispexrsant, (pkosphew pnay . also be coptained; dn
configuration, a light emtting diode which allows to give a desired col or
tone by contthe | imolding coatenmtialef t Mamedbypr agcerdingortescédie pxesentl s
can be made even when the 15 wavel ength of the LED light emitted by
the .1 i ght eninvénigiamnpidre phagphan awyf bhemcontadasdr edtherudndybet molding

variations in the production process. |In this case, enission colar of the
light enittimateriale omn ime vhelecoastingnmaterdialy a Whenr ddhecrphosphex i ik
having a relatively short em ssion 20 wavel ength for a |ight

em tting conpumeained dm ethei viedldingr madrerisilon wagdeengf h wiew usiang he
fluorescent material having a relatively |long em ssion wavel ength for a
li ght enittifurcempdmteased. r @hst iphsisphoon grayriadsioo enepaltaiged. insbotbr
the fluorescent material, a fluorescent 25 material represented by
gener al f othell ecatRafje matenfiadr | 3hdr theAnekding material. Further, a.
[err]Ga[err])[err](err]:Ce may al so be used as the phosphor. Here ]
O[err]r<l amdesitn including the phosphor may be used as the coating
material while using glass, different from the coating
10 material, as the molding material. This makes it possible to
manufacture a light emitting diode which is less subject to
- the influence of moisture with good productivity. The molding
and the coating may also be made of the same material in order
to match the refractive index, depending on the application.
15 According to the present invention, adding the dispersant
and/or a coloration agent in the molding material has the
effects of masking the ‘color of the fluorescent material
obscured and improving the color mixing performance. That is,
the fluorescent material absorbs-blue component of extraneous
20 light and emits light thereby to give such an appearance as
though colored in yellow. However, the dispersant contained
in the molding material gives milky white color to the molding
material and the coloration agent renders a desired color.
Thus the color of the fluorescent material will not be

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

component emits light having main wavelength of 430nm or over,
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O[err]s[err]l, and Re is at |east one selected fromY, Gd and La. This
configuration nakes it possible to mnimze the denaturing of the
fluorescent mterial even when the fluorescent material is exposed to
hi gh-intensity high-energy 5 visible light emtted by the light emtting
conrponent for a long period of tinme or when used under various
environnental conditions, and therefore a light emtting diode which is
subject to extrenely insignificant color shift and em ssion | um nance

decr ease andibaist mereepnefitrahlssithat caborasniolét 1absorbeyhwhighnsezyvesan
be made. (Phosphor of the second enbodi nent) Now the phosphor used in the
light enittiasg Iibglwonsrabikizdr econtadmeddi nrent will be described in
detail bel ow. The second enbodinent is simlar to the first 15
enbodi ment, Embadjimentia2. two or nore kinds of phosphors of different
conpositions activated with cerium are used as the phosphor, as descri bed
above, and the nethod Dheutight teémitting eticnie omtthe fledand sybodimenthef
sanme. Simlarly to the case of the first enbodi nent, the 20 l'i ght

em tting di othecpresengi vinverigion\eas haasdei | by y usyingoran oelemgnt heprovided
di stribution of the phosphor (such as tapering the concentration with the
di stance frowithedhaildinmemitride cooppoend ) seficonduditerr iwhitdhonhas thigh-
phosphor concentration can be achi eved by selecting or controlling the -

mat eri al whi ehle2gy bandntgaps imetpeoskight ewmititiggt clegeerat ase Himel light
viscosity, and the configuration and particle distribution of the phosphor.
44 emitting component and a fluorescent material including two or

more kinds of phosphors of different compositions, or

10 preferably yttrium-aluminum-garnet fluorescent matérials

activated with cerium as the phosphor. With this

configuration, a light emitting diode which allows to give a

desired color tone by controlling the contents of the two or

more fluorescent materials can be made even when the

15 wavelength of thé LED light emitted by the light emitting

component deviates from the desired value due to variations in

the production process. In this case, emission color of the

light emitting diode can be made constantly using a

fluorescent material having a relatively short emission

20 wavelength for a light emitting component of a relatively

short emission wavelength and using a fluofescent material

having a relatively long emission wavelength for a 1light
emitting component. of a relatively long emission wavelength.

As for the'. fluor_escent material, a fluorescent

. .25 m?terial represented Dby genéral formula (Re,,Sm.);(Al,_

Ga,)0,,:Ce may -also be used as the phosphor. Here 0=r<l and
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Thus according to the second enbodi nent, distribution of the fluorescent
material concentration is determ ned according to the operating

condi tions. Also according to the second enbodi ment, efficiency of

| i ght em ssion can be increased by 5 designing the arrangenent of

the two or nore kinds of fluorescent materials (for exanple, arranging
in the order of nearness to the light emtting conponent) according to the
| i ght generated by the light emtting conponent. Wth the configuration of
the second @sBsdiin@nd Re is Aty leasy wone rRelegted cfiseli YontGd| age; La.
em tting diode has high efficiency and enough |ight resistance . eyen when
arranged adfhdént qenpiguratian \iwakesy 4t ; #oggiRle hEQh- SINIIEZE ghthe
emtting conponent with radiation intensity (Ee) within the range from 3
wenierr] todenadaFisgr] efan beeppdduopgscent’ material e even Wwhen . the
yttriumal um numgarnet fluorescent nmaterial activated wth cerjium (YAG
fI uor escent Fhoxessenty dayeriadnhdss Rmesachilrli high-Hakergitiet highrRRer ey
simlarly to the case of the first enbodinent, and is therefore resistant
to heats, |i yisible rsiahturemitited pbxk they ot kghf heBithihgt SPMPANSRt: HO R
yttriumalum numgarnet fluorescent material of the  second enbodi nent
can be set domg sB8rndef ntivat ey whephased jundenvariqys) enyirepmental
peak wavel ength of em ssion can be set near, 510nm as indicated by the solid

line in Fi gcoditimnse namd ndhereforessaodighict emitting, slipdes whichi |1yt

to 25  700nm_ This nmakes it _possible tqg emt green light. The peak,

)

wavel engt h Gubdesit; 29 opxsremgdy hdmsiandifieaaturfler gghaét and emission

1uminance. decrease and has the desired emission component of
10 high luminance can be made.
(Phosphor -of the second embodiment)

Now the phosphor used in the 1light emitting
component of the second embodiment will be described in detail
below. The second embodiment is similar to the £first

15 embodiment, except that two or more kinds of phosphors of

| different compositions activated with cerium are used as the
phosphor, as described above, and the method of using the
fluorescent material is basically the same.

Similarly to the case of the first embodiment, the

20 light emitting diode can be given high weatherability by
controlling the distribution of the phosphor (such as tapering
the conc-entration. with the distance from the light emitting
component). Such a distribution of the phosphor concentration
can be achieved by seiecting or controlling the material which

25 cﬁntains the phosphor, forming temperature and viscosity, and

the configuration and particle distribution of the phosphor.
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fluorescent material activated with ceriumof the second enbodi nent can be
set near 450nm as indicated by the dashed line in Fig. 5A, and the peak
wavel engt h of emi ssion can be set near 600nm as indicated by the dashed
line in Fig. 5B, 5 whi | e maki ng the em ssion spectrumso broad as to
tarl out to 750nm This nmakes it possible to emt red |light. Wavel ength of
the emtted light is shifted to a shorter wavel ength by substituting part
of A, anong the constituents of the YAG fluorescent material having garnet
10 structThes afeerding ok the gesanthgrbediment o iisteibyugion @f the
shifted to a | onger wavel ength by substituting part of Y with Gd and/or La.
Proportion ofluQssgent imateria} t ponpentrakion 19| deterwined Apecoxdingste
in consideration of the light emtting -efficiency and the wavel ength of

eni ssion. Si¥he aperathing gopddticas.of shbsei tageerding the GFhendsecond
is preferably fromY:Gd and/or La=9:1 to 1:9, or nore preferably fromY:. &d
and/ or La=4 emhediment, RHEi¢ciensynodi 1ight emission anibe inczeasedr bise
of green conponent and a decrease of red conponent. Substitution of 80% or
gr eat er5 par tdessigning otthe Zrrangement ofcr ddees twed esnpowre: kinds of
decreases the | um nance steeply. Material for making such a phosphor is
made by usi nflupfergenii matexialse, (for example andrxangingoipotihésorderhofan
be easily converted into these oxides at high tenperature, and 25

suf fici ent| yneagnegss) tohdthe Kighti Bmitting sconponent) r acsiordingorte otbe

O either, mxture material is obtained by 46
B light generated by the light emitting component.

With the configuration 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 yttrium-aluminum-garnet fluorescent material
activated with cerium (YAG fluorescent material) used in the
second embodiment has garnet  structure similarly to the case
of the first embodiment, and is 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 makin§ the emission spectrum so broad as to tail out to

25 700nm. This mgkes it posslible to emit green light. The peak

wavelength of excitation of another yttrium-aluminum-garnet
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dissolving rare earth elenents Y, Gd, Ce, La and Smin stoichionetrical
proportions in acid, coprecipitating the solution oxalic acid and firing
the coprecipitate to obtain an oxide of the coprecipitate, which is then
m xed with alum num5 oxi de and gal | i um oxi de. This m xture is m xed
W th an appropriate quantity of a fluoride such as ammoni um fl uori de used
as a flux, and fired in a crucible at a tenperature from 1350 to 1450

[err]Cin air for 2 to 5 hours. Then the fired material is ground by a
bal | nmill inflierescepishmpterdgdr apetivated withd cexfiwiewf tther elsecond
obtain the desired material. In the second enbodi nent, the two or nore

ki nds of yttemkediment ngan ghenaets |nerrs4binmmaserindivated byt ethei tlashed
ceriumof different conpositions may be either used by m xing or arranged
i ndependent I1ine aimn&dgd, SPor andinphe) peakewavied epgth afivemissiore &andbeof
fluorescent materials are mxed, color converting portion can be formed .
rel atively 8%|peand 609n msnéndigated| byf dthersdasheddddneorin FienS5Bhe
two or nore kinds of fluorescent materials are arranged independently,
col or can behidle smakiing tthe femissiton t spgctzum nse i bxpadea®Oto thiyeoatundil
a desired col or can be obtained. Al'so when arranging the two or nore
ki nds of fl utr@eentThis makess iithgossidder tp, emiti vedr 2ightbl e to arrange a
fl-uorescent material that absorbs light fromthe light emtting conponent
of a shorter wavel engtWavekength t pf LEme clemvitted ahight 25s shifite@sdmnt a
material that absorbs light of a Ionger wavel ength away fromthe LED
el enent . Thishertemhgwaveleagkbl cbyefsubstituting part of Al, among the
constituents of the YAG fluorescent material’ hav'ing- garnet
10 structure, with Ga, and the wavelength of the emitted light is
shifted to a longer wavelength by substituting part of Y with
Gd and/or La. Proportion of substituting Al with Ga 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 of less than 20% results
in an increase of green cbmponent and a decrease of red
component. Substitution of 80% or dgreater part, on the other
20 hand, increases red component but decreases the luminance
steeply.
Material for making s'uch. 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 temperature, and

25 sufficiently mixing these materials in stoichiometrical

proportions. Or either, mixture material is obtained by

46



absorption and em ssion of light. The light emtting diode of the second
enbodi ment is nade by using two or nore kinds of yttriumalum num garnet
fluorescent materials of different conpositions as the 5 fl uorescent
materials, as described above. This makes it possible to nmake a |ight
emtting diode capable of emtting |light of desired color efficiently. That.
I's, when wavelength of light emtted by the sem conductor light emtting
conponent corresponds to a point on the straight |ine connecting point A 10
and point B #4f% Vmoﬁétneciﬁyraha@m'amtﬁgh 6Gdisi gfes ofLanyansb| &m i An
the shaded regi on enclosed by points AL B, Cand Din Fig. 6 which is the
chromat i ci t ySRIChIORSIFiqal cerpaytions 4@ w@fdd.or copsesipitagingof the
yttriumalum numgarnet fluorescent materials of different conpositions can
“be enitted. SGlution QFakify acid And digHage hedicoprecipitatecko bbtain an
controll ed by changing the conpositions-or quantities of the LED el ements
and fl uor esc‘@FﬁdW%r%ﬁ s‘.’OPr?‘PllBhFQ‘F%uI‘th,L&a is ghhermmikedgwitbdalumingms
variation in the en ssion_wavel ength can be nmade by selecting the

f1 uorestent Ede | And agadlimng a%idere 20This o pigdiuge wise mixed ofithheabED
el enent, thereby conpensating for the variation of the em ssion wavel ength.
of the LED ARREQRriagesavantiy efi at ifdyoxidee sushl Lal ngmresivonfdnontide
with high lum nance can be nmade by sel ecting the em ssion wavel ength of the
f1 uorescent Hifdr3sm & fhux, and fired inpaeceyueibbecabisa temperature from
yttriumal um numgarnet (YAG fluorescent material used in the second
embodi nent hHe3dQataetldh® °C in air for 2 to 5 hours. Then the fired

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

In the second embodiment, the two or more kinds of
yttrium-aluminum-garnet fluorescent materiais activated with
cerium of ciifferent 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 relativély easily and in a
manner suitable for mass production. When the two or more
kinds of fluorescent materials are arranged independently,
color can be adjusted after forming it by laminating the

20 layers until a desired ;ﬁolo_r can be obtained. Also " when
arranging the two or ‘more kinds of fluorescent materials
independently, it is preferable to arrange a fluorescent
material that absorbs light from the light emitting component
of a shorter wavelength near to the LED element, and a

25 fluore'scen_t- material that absorbs light of a longer wavelength

away from the LED element. This arrangement enables efficient
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structure, ‘the light emtting diode of the second enbodi nent can emt |ight
of -high lum nance for a long period of tine. Also the light emtting diodes
of the first enbodi nent and the second enbodi nent are provided with |ight
em tting conponent 5 installed via fluorescent material. Al so
betause the converted |ight has | onger wavel ength than that of the Iight
emtted by the light emtting conponent, energy of the converted light is

| ess than the band gap of the nitride sem conductor, and is less likely to
. be absorbed #3pseF¥etion and)iemispione@fcddahdt-or | ayer. Thus, although the
light emtted by the fluorescent naterial is directed also to the LED

el enent because of theThgotighly emithingdipde of thehsesend enbodimeat is
fluorescent material is never absorbed by the LED el enent, and therefore

t he em ssi onmadei byerkging twe |9hmors kinds t of ngthiniam-alumisgm—-garnet
decreased.- (Planar |ight source) A planar |ight source which is another
enbodi nent. ofluoxesgentent makerskaleon of skbififenent g campasitiong| adar [theht
source shown in the Fig. 7, the 20 phosphor used in the first enbodi nent
or the Beconfluorescentt magerdsdsai a8l describedoaabone. nat Bhial malgss it
Wth this configuration, blue light emtted by the galliumnitride

seni conduct opossikle otoc maker tadlighti emdtting idiqdearcapahke eofi #mikting
optical guide plate 704 and a di spersive sheet 706. 25
Speci fi cal | ylight i gfit degired ngotonpefificienblyi tKbapl Asar wheghwayelengtdf
Fig. 7 is secured in a netal substrate 49
of light emitted by the semiconductor light emitting component
corresponds to a poirﬂi on the straight line connecting point A
10 and point B in the chromatic_ity diagram of Fig. 6, lightl of
any color in the shaded region enclosed by points A, B, C and
D in Fig. 6 which is the chromaticity points (points C and D)
of the two or more kinds of yttrium-aluminum-garnet
fluorescent materials of different compositions can be emitted.
15 According to the second embodiment, color can be controlled by
changing the compositions or quantities of the LED elements
and fluorescent materials. 1In particular, a light emitting
diode of less variation in the emission wavelength can be made
by select._'i.ng 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 cén be made by selecting the emission
wavelength of the fluorescent materials.

25 | Moreover, because the yttrium—aluminum—garnet (YAG)

fluorescent material used in the second embodiment has garnet
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703 of inverted C shape whereon an insulation |ayer and a conductive :
pattern (not shown) are formed. After electrically connecting the el ectrode
of the light emtting conponent and the conductive pattern, phosphor is

m xed with epoxy resin and 5 applied into the inverse C shaped netal
substrate 703 whereon the Ilight emtting conponent 702 is nounted.

The light emtting conponent thus secured is fixed onto an end face of an
acrylic optical guide plate 704 by neans of an epoxy resin. A reflector
film 707 comtaudturea whe olight uenbbtinandipde1@f the rseger oambadipent
principal planes of the optical guide plate 704 where the dispersive sheet
706 is not faameemitotight pfir hdgh druminanae | foF f AudPBYc ORIEOMS of | BiMG: 2
reflector 705 is provided on the entire surface on the back of the optical
gui de pl at e M@p &he dighte emdttingndipdes waifcthet farstgpmbedimenkgand the
conmponent is not provided, in order to inprove the |ight em ssion :

ef fici ency. stiadnd hembadimenjurareoproviidad arith: j kiighti cemit¥ing prempenenght
em ssi on whi ch generates enough |um nance for the back |ight of LCD can be
made. 29 installed Apiaicfiluonestentie magdriakitti ndlioddeerusgg ankhe
light emssion to a liquid crystal display can be achieved by arranging a
pol ari zer plaanvrentesheliglithchas| lphger wavehengphi thangdihad mftehgolight
liquid crystal injected between gl ass substrates (not shown) whereon a
transl ucent emirtthest i by 2%he Jdighdr n emititdnged companeater r eAGYOY FP§. Bhand
Fig. 9, a planar light 50

converted light is less than the band gap of the nitride

semiconductor, and is less likely to be absorbed by the’
10 nitride semiconductor layer. Thus, although the light emitted
by the fluorescent  material is directed also to the LED
element because of the isotropy of emission, the light emitted
by the fluorescent material is never absorbed by the LED
element, and therefore the emission efficiency of the 1light
15 emitting diode will not be decreased.
(Planar light source)
A planar light séurce which is another embodiment of
the present invention is shown in Fig. 7.
'In the planar light source shown in the Fig. 7, the
20 phosphor used in the first embodiment or the second embodiment
is contained in a coating material 701. With this
configuration, blue 1light emitted by the gallium. nitride
semiconductor is color-converted and is output in planar state
.via an optical guide plate 704 and a dispersive sheet 706.
25 Specifically, a light emitting compbnent 702 of the

planar light source of Fig. 7 is secured in a metal substrate
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source according to another enbodi nent of the present invention will be
descri-bed below. The light emtting device shown in Fig. 8 is made in such
a configuration that blue light emtted by the Iight emtting diode 702 is
converted to 5 white [ight by a color converter 701 which contains
phosphor and is output in planar state via an optical guide plate 704. The
light emtting device shown in Fig. 9 is made in such a configuration that
blue light emtted by the light emtting conponent 702_is turned to planar
state by the7@® of opeverteduldeShape ewhereophan cdnsulationo layiere apdh@
by a dispersive sheet 706 which contains phosphor forned on one of the
principal plesedective pperern (ptishiwmk 02, farmedoy AfFasuglactapical 1y

light in planar state. The phosphor may be either contained in the
di spersi ve stesneqbingr ther gdectyode1 f theebighy epithiinggcpmposgathand
with a binder resin over the dispersive sheet 706. Further, the binder -

i ncl udi ng t hthgheepdeetivg prttermePhosphas, 18 gnixash atithiiepas yesin fpnd
optical guide plate 704. <Application> 20 (Di spl ay device) Now a displ ay
devi ce Bccorapplied intoptbseAinvensenCrohaped metade subistratee|’dd. wheyreor
is a block diagram showi ng the configuration of the display device
according tothée bightentenibidmg ogompopenthol#? i rismi gounted.t he Eheplladghts
devi ce conprises-an LED display device 601 and a drive circuit 610 having a
driver 602, eniitbingteomponent bbusssegaredd isonkixgxd onto an end face of

an acrylic optical guide plate 704 by means of an epoxy resin.
A reflector film 707 containing a white diffusion agent is

10 arranged on one of principal planes of the optical guide plate
704 where the dispersive sheet 706 is not formed, for the
purpose of preventing fluorescence.

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

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

20 Application of the light emitting diode for planar
light emission to a liquid crystal display can be achieved by
-arranging a polarizer plate on one principal plane of the
optidal guide plate 704 via liquid crystal injected between
glass subsﬁr,ates (not shown) whereon a translucent conductive

25 pattern is formed.

Now referring to Fig. 8 and Fig. 9, a planar light
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control means 604. The LED display device 601, having white light emitting
di edes 501 shown in Fig. 1 or Fig. 2 arranged in matrix configuration in a
casing 504 as shown in Fig. 11, is used as nonochromatic LED display
device. The casing 504 5 is provided with a Iight blocking material 505
betng forned integrally therewth. The drive circuit 610 has the video data
storage neans (RAM) 603 for tenporarily storing display data which is

i nput, the tone control nmeans 604 which conputes and outputs 10 t one
signal s for saunge| | a¢epxding ndtei daaptheght eaodimegtdi edfes Bhet hpresent
di splay device 601 to light with the specified brightness according to the
data read frimveRtNIg0ildnde rdespri dozlavhi chThe Lhghthemibling gdevice
supplied fromthe tone control neans 604 to drive the light emtting di ode
15 - . to |igshown The Fdgs c®nisolmade cint sswh rat confdgugationr dhathebing/
603 and conputes the duration of lighting the light emtting diodes of the
LED di spl ay dightc cenéiited thyh the plighpuesitting dioder702r #$ ngonverhedoke
the light emtting diodes to the LED display device 601. In the

di spl ay5 dewhite(0light obyt at woderasaweantiered/ Gbovkich heontmins sphagphor

. device 601 is capable of displaying imges:according to the pul se signals
whi ch are i rgnd ¥s @autpwd dn pdaparcstateavdahan optical| guide plateit Hks.

The LED display device which displays with white 25  light by using |ight
emitting diodes of thrBee doights endding devjgier showno indFagl.a§ wEi made in
controlling the Ilight emssion 52

such a configuration that blue 1light emitted by the 1light
emitting compdnent 702 is turned to planar state by the
10 optical guide plate 704, then converted to white light by a
dispersive sheet 706 which contains phosphor formed on one of
the principal plane 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 ih a
15 sheet by spreading it together with a binder resin over the
dispersive sheet 706. = Further, the binder including the
phosphor ﬁay be formed in dots, not sheet, directly on the
optical guide plate 704.
<Application>
20 (Display device)

Now a display device according to the present.
invention will be described below. Fig. 10 is a block diagram
showing the cbnfiéuration 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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output of the R Gand B light emtting diodes and accordingly must control
the light emtting diodes by taking the em ssion intensity, tenperature

characteristics and other factors of the Ilight emtting diodes into
account, resulting in 5 conplicate configuration of the drive circuit
whi ch drives the LED di splay devi ce. In the display device of the present

I nvention, however, because the LED display device 601 is constituted by
using light emtting diodes 501 of the present invention which can emt

white [ight centmak neans 604ht The LESridispiawdidsiieef6Qh chaxingswhitts,
it is not necessary for the drive circuit to individually control the R G
and B |ight Jight jemitiingiediodemkpdl shewnpdasiPide 1t Pr SFigi i 2yarrprged
configuration of the drive circuit and nmake the display device at_a | ow
cost. 15 in matrix ¢enfigwrattonii ipl aycasinge 5 @F Shywmyin | Righi L,
l'ight by using Fight emtting diodes of three kinds, RGB, the three |ight
em tting di odesusedtagempnpghreamatiicalEPhdispday: deviged t HEhe i gasingoRPéhe
light emtting diodes nust be 20  mxed in order to display white |ight
by cont® ni ngis hprovided Redthi ght1ight t bhgchindemateriadcrb(qs xke¢ing efarmedg
in a large display area for each pixel and meking it inpossible to display
wi th hi gh deintegrajdy thexresgmhdi spl ay device of the display device
according to the present invention, in contrast, 25 can display with
white light can be dorBhey diigesigigianilt ghl0ehast | Boe dvddeo =data sstorage
therefore capable of display with white 53
means (RAM) 603 for temporarily storing display data which is
input, the tone control means 604 which computes and outputs
10 tone signals for controlling the individual 1light emitting
diodes of the LED display 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 supplied from
the tone control means 604 to drive the light emitting diode
15 to light. The tone control circuit 604 retrieves data from
the RAM 603 and computes the duration of lighting the light
emitting diodes of the LED display device 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 pulse signals
which are input from the drive circuit, and has the following
advantages.
The LED display device which displays with white
25 light by using light emitting diodes of three colors; RGB, is

. required to display while controllingl the 1light emission
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| i ght of higher definition. Further, with the LED display device which

di splays by mxing the colors of three light emtting diodes, there is such
a case as the display color changes due to bl ocking of sonme of the RGB
light emtting 5 di odes depending on the view ng angle, the LED displ ay
devi ce of the present invention has no such problem As described above,
the di splay device provided wth the LED di splay device enploying the |ight
emtting diode of the present.invention which is capable of emtting white

light 10  ¢utpPehprblEhefRdiGmrgikhglightismitining diades and acdengiagly
definition and has an advantage of |ess col or unevenness. The LED display
devi ce of tHBupt cq@Rtreokbhei hghhi emitsivgpdipdess by fakipognFhei emisgsion
light also inposes |ess stinulation to the eye conpared to the conventi onal
LED di spl ay Heberity, temppraturpgl sharagtenistissd gndewthesirorfackousi of
therefore suited for use over a long period of time. (Enbodinment of another
di spl ay devitkeenpightng emictinght diedes ngiatede agcount pr ezesultingnt iion)
The light emtting diode of the present invention 20  can. be used to
constitdte apompbichrt®|cegniiguratignerad the alyiivee|circuwidn sihiicht dativest thee
RGB light emtting diodes and one light emtting diode of the present
i nvention, aBERBh@MsplayFidevige. By Tonhbet idignlay Ldeviceplofy thei presenta
specified drive circuit, a display device capable of displaying various 25
i mges can bthvemsionut bgwevere deecauser dliet BEDt [displiay| devieei c&0hads
simlarly to a case of nonochrone_di splay device, 54

constituted by using light emitting diodes 501 of the present

invention which can emit white light without using 1light

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

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

and the light from the 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 definition. The LED display device of the
display device according to the present invention, in contrast,

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

emitting diode, and is therefore capable of display with white
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vi deo data storage neans (RAM for tenporarily storing the input display

data, a tone control circuit which processes the data stored in the RAMto
conpute tone signals for lighting the light enmitting diodes with specified
bri ghtness and a 5 driver which is switched by the output signal of the

tone control circuit to cause the light emtting diodes to illum nate.
The drive circuit is required exclusively for each of the RG |ight
emtting diodes and the white light emitting diode. The tone control

circuit codjights of hbigber derfimitdonst | Fyixrtheg,t heith ghhee kBN | displayies
fromthe data stored in the RAM and outputs pul se signals for turning on
and of f t he dewjie ewhichngisgipdays. hyhemidiing avheg oslorswhof e thrger  Lughk h
of the pulse signals for lighting the RGB light emtting diodes is made
shorter, or emddting utiades hetheree is5 suchi gnaases amdsheowbisplamocelexe
signal is output at all. - On the other hand, a pulse signal is given to the
white |ight changeisngdue odte | blackingsefi soneepfofthe TRGB ddgivs embttiny
di splay device to display with white |ight. As described above, brightness
of dis@ ay cHodes Aependimgr oredhs wietring tamgle tehe i GER displayngdevice
to the RGB light emtting diodes. When RGB light emtting diodes are
conbi ned tooff yheaprasient lingentionchas haosuéht probBdBrcol ors may be
enhanced resulting in a failure to display pure white depending on the
vi ewi ng angl e, such a Awx alesemikeds aboye byh2sdispldyi dgvite phovidedguith
emtting diode as in this display device. 55
the LED display device employing the light emitting diode of
the present invention which is capable of emitting' white light
10 is capable of displaying stable white 1light with higher
definition and has an advantage of less color unevenness. The
LED display device of the present invention which is capable
of displaying with white light also imposes less stimulation
to the eye compared to the conventional LED display device
15 which employs only red and green colors, and is therefore
suited for use over a long period of time.
(Embodiment of another display device employing the light
emitting diode of the present invention)
The light emitting diode of the present invention
20 can be used to constitute an LED display device whereih one
pixel is constituted of three RGB light emitting diodes and
one light emitting diode of the present invention, as shown in
Fig. 12. By connecting 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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For the drive circuit of such a display device as described above, it is
preferable that a CPU be provided separately as a tone control circuit

whi ch ‘conputes the pul se signal for lighting the white light emtting di ode
with 5 specified brightness. The pulse signal which is output fromthe
tone control circuit is given to the white light emtting diode driver

thereby to switch the driver. The white light emtting diode illum nates
when the driver is turned on, and goes out when the driver is turned off.
10 (Vidge | datiagnakeragen means | JRAMY fort i bempovapily tstoningsethe

invention is used as a traffic signal which is a kind of display device,
such advant atRRUE Aigplathdatded aad-oneisioatinoly eixenisn whiebr pracesseg the
period of tine and no color 15 unevenness even when part of the
| i ght enittidRtali sherxedoinuttherTRAN r tef comphyealtomep| pignajla hfori dhighting
emtting diode of the present invention has such a configuration as white
light enittithe dldghs emitginggddodesa witht speciftiedecbrightmelsst iand a
pattern is forned. Acircuit of light emtting 20 di odes wherein such
| i ght €ittidigivendwbighe isonswitehiednbyerthe outpatalsignal bfindilexl tene
set of light enmitting diodes. Two or nore sets of the light emtting
di odes are tradacieineuity ttee |cawse enthei nhighbdeemittimgeddiodesi r 4b
configuration. Wiwen all light enmtting diodes are drranged, 25 they are
arranged oveklumipatesnti he agdrive| ecircwitul i cequigedatéxoilusivedy for
connecting power lines by soldering for 56
each of the RGB light emitting diodes and the white 1light
emitting diode. The. tone control circuit computes the
10 duration of lighting the light emitting diodes from the data
stored in the RAM, and outputs pulse signals for turning on
and off the light emitting diodes. When displaying with white
light, width of the pulse signals for lighting the RGB light
emitting diodes is made shorter, or peak value of the pulse
15 signal is made lower or no pulse signal is output at all. On
the other hand, a pulse signal is given to the white light
emitting diode in compensation thereof. This causes the LED
- display device to display with white light.
As described above, brightneéss of display can be
20 improved by adding the white light emitting diode to the RGB
light emitting diodes. When RGB light emitting diodes are
combined to display white light, one or two of the RGB colors
may be enhanced resulting in a failure to display pure white
depending on the viewing angle, such a problem is solved by
25 adding the white 1light emitting diode as in this display

device.
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the connection of the light emtting diodes and the substrate wth external

power supply, it is secured in a chassis of railway signal. The LED
di spl ay. device is placed in an al um num di ecast chassis equi pped with a
l'i ght bl ocki ng nmenber 5 and is sealed on the surface with silicon rubber

f-itler. The chassis is provided with a white color |ens on the display

pl ane thereof. ‘Electric wiring of the LED display device is passed through
a rubber packing on the back of the chassis, for sealing off the inside of
the chassis fromthe oBeki §he frive gircuMe ehspuchof thisplak sAeviresag
Thus a signal of white light is made. A signal of higher reliability can be
made by di vi desgribed| iafievesni iti if dpseferablehcthatesant CPHy IR | @Foviideda
plurality of groups and arranging themin a spiral configuration swirling
from a cent esepavatelyuasi detonpi centsol cisgnidtt whachheomputgsr heepulse
The configuration of swirling fromthe center toward outsi de may be either
continuous ogignakrrfex edtighbiiagef &he whiteedlhghberemitiing | i'%/}mdebrrmltthng
di odes and desired nunber of the sets of |light emtting di odes can be

sel ect el depspecihfied bnightmessy afbe qulse signgly which sps apugpvtcdrom
This signal is, even when one of the sets of light emtting di odes or part
of the |ightthei tonagcanbret e€ircuib is| givent sodthet whisee Lightblemitting

capabl e of illunmnate evenly in a circular configuration w thout color
shift by neadiode dmiverndheredysdio oswiteint thei driNgrdi odBke owhite light
remaining light emtting diodes. Because the light emtting diodes are

arranged i n emipting diedegdiiuminatefeyhenn the sriver is turned on, and
goes out when the driver is turned off.
10 (Traffic signal)

When the 1light emitting diode of +the present
invention is used as a traffic éignal which is a kind of
display device, such advantages' can be obtained as stable
iliumination over a long period of time and no color

15 unevenness even when part of the light emitting diodes go out.
The traffic signal gmploying the light emitting diode of the
present invention has such a configuration as white 1light
emitting diodes are arranged on a substrate whereon a
conductive pattern is formed. A circuit of light emitting

20 diodes wherein such 1light emitting diodes are connected in
series or parallel is handled as a set of light emifting
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,

| 25 they are arranged over the entire area in circular

configuration. After connecting power lines by soldering for
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arranged nore densely near the center, and driven w thout any different
I.mpression from signals enpl oyi ng i ncandescent | anps. <Exanpl es> The
following Exanples further illustrate the 5 present invention in
detail but are not to be construed to limt the scope thereof. (Exanple 1)
Exanple 1 provides a light emtting conponent having an enission peak at
450nm and a half wdth of 30nm enpl oying a 10 Gal nN sem conduct or . The
light emtting conponent of the present invention . is made by flow ng TMG
(trinethyl ¢theicepneckiom\ef (thendight emdttipggddodaest ppdehgasubsgrate
dopant gas toget her with a carrier gas on a cl eaned sapphire substrate and
form ng a gaWithnmexternad @OWRIUNEUBRPKYecordduci®r Segpxied ninsa chaxsas of
process. A galliumnitride sem conductor. having N type conductivity and a
gal | i um ni t rkaiblwayr cdgnadt-or HEhe n&ED t dpspiavidudevide y igr eplaeefd I3y an
switchiing SiHerr] and Cp2My as dopant gas. The LED el enment of Exanple 1
has a cont acalumjeumdietast chapsis @auipped &viddniac dighd: Hloekingymembege
conductivity, 20 a clad layer which is a galliumnitride alum num
- sem conBluct candiai$ nge®legpencthausurface withasidicant rubber #ildpris Fhe
galliumnitride sem conductor having P type conductivity, and forned
bet ween t he chassits [Lay@ravidedy withpa sdvidietcoloy dedst lan cthe ddpplay
having P type conductivity is a non-doped 25 | nGaN activation | ayer of
t hi ckness abplang theteefsakiEdgckricniciggamfurthe| LERt digplay. devige is
sapphire substrate has a 58

passed through a rubber packing on the back of the chassis,

for seal.ing off the inside of the chassis from the outside,
10 with the inside of the chassis closed. Thus a signal of white
light is made. A signal of higher reliability can be made by
dividing the light emitting diddes of the present invention
into a plurality of groups and arréngin§ them in a Sspiral
configuration ‘swirling from a center toward outside, while
15 connecting them in parallel. The configuration of swirling
from the center toward outsi}'le 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 dependiﬁg on the display area of the LED
20 .= display device. This signal is, even when one of the sets of
light emitting diodes or part of the light emitting diodes
fail to illuminate due to éome trouble, capable of illuminate
evenly in a circular configuration without color shift by
means of the reﬁlaining set of light emitting diodes or
25 remaining light emitting diodes. Because the light emitting

diodes are arranged in a spiral configuration, they can be
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galliumnitride sem conductor |ayer fornmed thereon under a | ow tenperature
to-make a buffer layer. The P type sem conductor is annealed at a
tenperature of 400[err]C or above after formng the film 5

After exposing the surfaces of P type and N type sem conductor |ayers by
etthing, n and p electrodes are fornmed by sputtering. After scribing the
sem conduct or waf er which has been nade as descri bed above, light emtting
conponents are made by dividing the wafer with external force. 10 '
The |ight ennanged marpoirnrelieay thecentere prdcdsiven wathewl apya
cup of a nount |lead which is nade of silver-plated steel by die bonding

wi th epoxy rdisfferentTiapressionodromosignalsi gipleyingi Hacandescent lampes.
nount | ead and the inner lead are electrically connected by wi re boding
with 15 ~ gixamples? 30[err]min dianeter, to make a light enmitting diode
of lead type. A phosphor is nade by dissolving rare earth elenents of Y, d
and Ce in an acid i n $¥hg chfeldevingl PBrempplesonsiuriheropibltupirxake ngthie
solution with oxalic acid. Oxide of 20 t he coprecipitate obtained by
firing %his presental ingentien Wwht [detiaidi nowt oarge nathetebype: ccomstryed hto
m xture material. The m xture was then m xed with amoni um fl uori de used as
a flux, and ¥imitl the scopecithlexegf.a tenperature of 1400[err]Cin air for 3

hours. Then the fired nmaterial is ground by a ball 25 mll in water,
washed, sepafExampleirli)ed and sieved thereby to obtained the desired
mat eri al . Phosphor nade as describe 59 -

Example 1 provides a light emitting component having

~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 dopant 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
héving P type conductivity and a contact layer which is a
‘gallium nitride semiconductor having P type conductivity, and
formed between the contact layer having N type conductivity

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

25 InGaN activation layer of thickness about _3 nu for making a

single quantum well structure. The sapphire substrate has a
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above S yttrium al um num gar net fl uorescent materi al represented
by-general forrmula (Y[err]CGd[err])[err]J]Al[err]derr]: Ce where about 20% of
Y is substituted with Gd and substitution ratio of Ce is 0.03. 5

80 Parts by weight of the fluorescent material having a composition of
(Ylerr]d[err])[err]AI[err](err]:Ce which has been nmade in the above
process and 100 parts by wei ght of epoxy resin are sufficiently mxed to
turn into slurry, The slurry is poured into the cup provided on the nount
| ead wher eorgahblun nityidesemicondugtosndayen formedphereon underra low
pouring, the slurry is cured at 130[err]C for one hour. Thus a coating
havi ng a t hitemperatyire 2oy draken a wutfexohayens t EbepRotyper semdcbodnetiovn
the light emtting conponent. In Exanple 1, the coating is fornmed to

contai n the jwhoasphealeéd gtadudidmpenatmessiofy 460°C @mpnakove aafber formdng
t he l'i ght emtting conponent. Irradiation intensity is about

3.5Wcni err]the filjmd j ght em tting conponent and the phosphor are nol ded

wi th transl ucent epoxy resin for the purpose of protection against
extranedus stress, noikfter expoging. the |suxficesrcofi tth typecaati 1§y tuper
of 20 phosphor formed thereon is placed in'a bullet-shaped die and m xed
wi th trans| iRemicapingtor diayensd byhe@tchingd at ans) pl eler€rbdessaneuformed
Under vi sual observation of the light emtting diode fornmed as descri bed
above in t héyi spattenings naAftert senibjmg Ahe semiconductpmreaféx which
found that the central portion was rendered yell ow sh color due to the body
col or of théwhobeenr magie as described above, light emitting components

are made by dividing fhe wafer with external force.

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

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

| A phosphof is made by dissolving rare earth elemenfs
of Y, Gd and Ce in an acid in stoichiometrical proportions,
and coprecipitating the solution with oxalic acid. Oxiﬂe of

20 the coprecipitate obtained by firing this material is mixed
with aluminum oxide, thereby to obtain the mixture material.
The mixture was then mixed with ammonium fluoride used as a
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'ﬁater, washed, separated, dried and sieved thereby to

obtained the desired material. A Phosphor made as describe
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61 Measurenents of chromaticity poi nt, col or tenperature and col or
rr-endering index of the light emtting di ode nade as descri bed above and
capable of emitting white |light gave values of (0.302, 0.280) for
chromaticity point. (x, 5 - y), color tenperature of 8080 K and 87.5 for
color rendering index (Ra) which are approxinmate to the characteristics of
a 3-waveform fl uorescent | anp. Light emtting efficiency was 9.5 ImW,
conparable to that of an incandescent lanp. Further in |life tests under
condi ti ons @boweer giisat i gyt ium-salovrimam-ge@rnet of flrexcel] er rdte2
at 25[err]C and 20mA at 60[err]C with 90% RH, no change due to the _

f1 uor escent represeatedadiybgenexal. formidy t(V3(,Gthg) Alght:€el where abmite
had no difference in service life fromthe conventional blue.ltght emtting
di ode. (ConB@Ratafy& Banphbstjtuted with Gd andFsubstitotdbnaratdt of Ce
emtting diode and life tests thereof were conducted-in the same manner as
in Exanpl e iseRe@Bt for changi ng the phosphor from

(Y[err]Gd[err])[err]Al [err]Cerr]:Ce to (ZnCd)S: Cu, Al . The light .
em ttivg di ode whi ch 88d Parbsf dbyredresighted of i khredi Sl @byesdést material
energi zation, em ssion of 20 white light but wwth | ow | um nance. 1n a

life test, haviegtpuicaipvsiitibad ofo (Ar.Gdjp) A1g0L, :¢80whachs hadndesi mafe
the cause of deterioration showed that the fluorescent material was
bl ackened. ¥hi $her calbwe | proceposandt d00apariserby awsbghtsofhepdxy rddight
emtted by the light emtting conponent and noi sture which had caught on
the fluoresovet suifidigntdy emixeddtér dmrn into slurry. The slurry is
poured into the cup providéd on the mount lead whereon the
10 light emitting 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 phosphdr are molded with translucent epoxy
resin for the purpose of protection against extraneous stress,
moisture and dust. A iead frame with the coating layer of
20 phosphor formed thereon is placed in a bullet-shaped die and
mixed with translucent epoxy iesin 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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t he outside brought about photolysis to nmake colloidal zinc to precipitate
on-the surface of the fluorescent material, resulting in blackened surface.
Results of life tests under conditions of energization with a current of
20mA at 25 [err]C and 5 20mA at 60 [err]C with 90% RH are shown in Fig.
33 together with the results of Exanple 1. Lunminance is given in ternms of
relative value with respect to the initial value as the reference. A solid
| ine indicates Exanple 1 and a wavy |ine indicates Corrparat|ve Exanple 1 in
Fig. 13. 10 ( ExanplMeasunementspl eof, a ¢hxgmateiditty ng podptpent ewbor
made in the same manner as in Exanple 1 except for increasing the content
of In in th&enpedatareomudindoieni cenderiing cdinddwe of gltheerliiightngembbipimegnt
to have the em ssion peak at 460 nm 15 and increasing the content of d
i n phosphor dilcgle thade oas Edesgirdbedt @abovwee and ogppableowfofemitting white
(Ylerr]&d[err])[err]Al[err]CLerr]:Ce. Measurenments of chromaticity .
poi nt , cdlightt graver aaluesawd ¢61.302;e0d@BDPNgfondehrohatbeity ghoimti (xj ng
di ode, which were nade as descri bed above and capabl e of 20 emtting
white 3ighty), grolow stenperatfurg 00B8780800K3amd &5 cfomnedlar t yepdening x,
y), color tenperature of 4400 K and 86.0 for color rendering index (Ra).
Fig. 18A, imdex 18 xrwhicly. atéCapproxinatenitesithe spextactenfistties of a
phosphor, the light emitting conponent and the light emtting diode of 25
Exanpl e 2, res@aretfiorsl yflugesdemeslanpt he Light emitting dififfiied emcybExeas! e
2 62 '

9.51 m/W, comparable to that of an incandescent lamp. Further

in life tests under conditions of energization with a current

.10 of 60mA at 25°C, 20mA at 25°C and 20mA at 60°C with 90% RH, no
change due to the fluorescent material was observed, proving
that the 1light emitting diode had no difference in serviée
life from the conventional blue light emitting diode.
(Comparative Examplé 1)

15 | Formation of a light emitting diode and life tests
thereof were conducted ih the same manner as in Example 1
except for changing the phosphor from (Y, .Gd,,),Al:0,,:Ce to
(Zncd)sS:Cu, Al. The light emitting diode which had been
formed showed, immediately after energization, 'emission of

20 white light but with low luminance. In a life test, the
output diminished to zero in about 100 hours. Analysis of the
cause of deterioration showed that the fiuorescent 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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were made and average |um nous intensities thereof were taken after
lLighting for 1000 hours. In terns of percentage of the |um nous intensity
val ue before the life test, the average |lum nous intensity after the life
test was 98.8% proving no 5 difference in the characteristic. (Exanple
3)- 100 light emtting diodes were nade in the same manner as in Exanple 1
except for adding Smin addition to rare earth elenents Y, Gd and Ce in the

phosphor to make a 10 fl uorescent mat eri al with. L
conposi ti on the oubtéide[lmroidht eabduie phatidiysdis [td avakleAicoddolidadr Zincvken
the light emtting diodes were made illumnate at a high tenperature of 130

[err] C, averppecipitpztat wr cthe aswriate c afbotthes8yfilararescemdn materdal ,
Exanpl e 1 was obtai ned. 15 (Exanpl e 4) LED display device of Exanple 4
is made of thesulyimgeimnt blagkdnedesurifaBeanplResulks nof alifiegsests anderx
16 matrix on a ceram cs substrate whereon a copper pattern is formed as

shown in Fi gcodditions oheenddyikisinicry wiesh e mirddht ofH>@imA ekl 25 fe and
substrate whereon the light emtting diodes are arranged is placed in a

chassi s5504 pbmahats 60ade @fithh@0d REesire astibwrs i oFiged1di thgetheghtwith
bl ocki ng nmenber 505 being fornmed integrally therewith. The chassis, the
i ght enittithediredadtst hef sBgamplee land gaminafnceheis i glivehl dioki hgrmeniedy |
25 except for the tips of the light emtting diodes, are covered with
silicon rubbeelabfveolwalak i wilthackespebta o gridrel . iniei€3 value as the
reference. A solid line indicates Example 1 and a wavy line
indicates Comparative Example 1 in Fig. 13.
10 (Example 2)

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

15 and increasing the content of Gd in phosphor than that of
Example 1 to have a composition of (Yo'sGdo,,,),AlsOu: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 1light, gave values of (0.375, o.37oj for
chromaticity point (X, y), color temperature of 4400 K and
86.0 for color rendering index (Ra). f‘ig. 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, réspectively.

- 100 pieées of the light emitting diodes of Example 2
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substrate and the light emtting diodes are sol dered by nmeans of an
automati c sol dering nmachi ne. The LED di splay device nade in the
configuration described above, a RAM which tenporarily stores the input 5
di splay data, a tone control circuit which processes the data stored in the
RAM to conpute tone signals for lighting the light emtting diodes with
specified brightness and drive neans which is switched by the output signal
of the tone control circuit to cause the light emtting diodes to 10
i | lum nat e aereecmedte iagal |average cluninansaintens itbesli thergoficwexe . tayen
driving the LED display devices, it was verified that the apparatus can be
used as bl aaftemd lilghttd ngEfodi 908y hemarisce. IrExtemise &f pgércentage of th&he
light emtting diode of Exanple 5 was made in the same nanner as in Exanple
1 except fodumdinogsphispensityepveivet dbforeyehbealliffir nbest, the average
(Y[err]CGd[err])[err]Al[err]Jerr]:Ce. 100 pieces of the |ight em'tting
di odes of Edamineus usrtensddy afiterashe cllifer testi sas 88t epro;urrg; nQ@o
Measurenment of chromaticity point gave values of (0.450, 0.420) in average
f or chrsonat iddiftferenicet iox the) chandcteghstié. i ncandescent | anp col or was
emtted. Fig. 19A Fig. 19B and Fig. 19C show the em ssion spectra of the
phosphor, tH&xample &yitting conponent and the light emtting diode of 25
Exanpl e 5, respectively. Although the light emtting di odes of Exanple 5
showed | um nance aboutl0f0% ighker enhiztrtinpt diddése Wwske made in the same
manner as in Example 1 except for adding Sm in addition to .
rare earth elements Y, Gd and Ce in the phosphor to make a
10 fluorescent material with composition of

(Yo.356d0.5:C€0.055M, 01 ) sA1:0,,. When the light emittihg diodes were
made iiluminate at a high temperature of 130 °C, average
temperature characteristic about 8% better than that of
Example 1 was obtained.

15 (Example 4)

LED display device of Example 4 is made of the light

emitting diodes of Example 1 being arranged in a 16 x 16
matrix on a ceramics substrate whereon a copper pattern is
formed as shown in Fig. 11. In the LED display device of

20 Example 4, the substrate whereon the light emitting diodes are
arranged is placed in a chassis 504 which 'is made of phenol
resin and is provided with a light blocking member 505 being
formed integrally therewith. The chassis, the light emitting
diodes, the substrate apd pé.rt 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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light emtting diodes of'Exaane 5, showed good weat herability conparable
to-that of Exanple 1 in life test. (Exanple 6) The light emtting di ode of
Exanple 6 was made in 5 the same manner as in Exanple 1 except for using
phosphor represented by general formula Y[err]J]A[err]derr]:Ce. 100 pieces
of “the light emtting di odes of Exanple 6 were nade and neasured for
various characteristics. Measurenent of chromaticity point slightly yell ow
10 greeni sh white light conpared to Exanple 1 was emtted. The |ight
em tting di aibsiirateargrncd the hbight gemitting diedes | aye ssaldered oby hmeans
Example 1 in life test. Fig. 20A, Fig. 20B and Fig. 20C show the em ssi on
spectra of t¢ﬁaqnunqﬁumatndusdldgmungnmachnge@onponent and the |ight
emtting diode of 15 Exanpl e 6, respectively. (Exanple 7) The |ight
~emtting diode of Exarfhe IERaslisplay ndeviéceamadmnior the i n:omfagplrstion
except for using phosphor represented by general formula _
Y[ err] (Al [ erdéseafidved ) Rbovee)] aa r RAle. which pgiepperazily storés [thght 1nput
emtting diodes of Exanple 7 were nade and neasured for various
char act®ri stdisplay tdahagh a htone gbonenel t cincuibdebich pracesses thewddta
| ow | um nance, emtted greenish white |light and showed good weat herability
simlar to tskored narghlee RAM nt@5 computiee tene . sifgngls2Far Flight2imy atbe
Fig. 21C show the emi ssion spectra of the phosphor, the Iight emtting
conponent arntlighte @mitting diodes with specified brightness and drive
means which is switched by the output signal of the tone
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 verified
that the apparatus can be used as black and white LED display
device.

(Example 5)

15 The light emitting diode of Example 5 was made in
the same manner as in Example 1 except for using phosphor
represented by general formula (Y, ,Gd,;);Al:0,,:Ce. 100 pieces
of the 1light emitting diodes of Example 5 were made and
measured for various 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. 19A, Fig.
19B and Fig. 19C show the emission spectra of the phosphor,
the light emitting component and the light emitting diode of

25 Example 5, respectively. Although the light emitting diodes

of Example 5 showed luminance about 40% lower than that of the
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light emtting diode of Exanple 7, respectively. (Exanple 8) The |ight
enttting diode of Exanple 8 was nade in the sane nmanner as in Exanple 1
except for using phosphor 5 represented by general fornula
Gd3(Alerr]Gferr])[err](err]:Ce which does not contain Y. 100 pieces of
the-light emtting diodes of Exanple 8 were nmade and nmeasured for various
characteristics. Although the light emtting di odes of Exanple 8 showed a
| ow I um nance, showed good weatherability simlar to 10 that of Exanple

1in life tdsight Emdbtiiagodipdgst ofnExampdedbodshowedx gapleweatbepabhhity
light emtting device having the configuration shown in Fig. 7.
| n[ er r] Ga[ eraompagakileofouihat pivERgMPLesti bn pifie testo 450nmis used
as a light emtting conponent. - Light emtting conponents are made by
fl owi ng TMG (Exampdenl) gal |ium) gas, TM (trinethyl indium gas, nitrogen
gas and dopant’ gas together with a carrier gas on a cleaned sapphire .
substrate and forni ng Theyalightn emitting cdipden®f cikxample c6 owasaymde nir0
MOCVD process. A galliumnitride sem conductor layer having N type
conductd vi t ythendsamgamanpernias | da sErampiriudt @xdepter £azviusing t phesphor
conductivity are formed by switching SiH err] and Cp[err] My as dopant gas,
t her eby f or mepyresemieduiy igeneradorfoymulaenY AdrdycCer | ilPd pheaeas myf the
conponent, -a contact |ayer which 25 is galliumnitride sem conductor
havi ng N ty@dahdndmittibdingy dipdgasa®f Example ¢h wereganadenand tméasunedinfonm
sem conduct or 66
various characteristics.
Measurement of chromaticity point slightly yellow-
10 greenish white light compared to Example 1 was emitted. The
1ight emitting diode of Example 6 showed good weatherability
similar to that of Example 1 in life test. Fig. 20A, Fig. 20B
and Fig. 20C show the emission spectra of the phosphor, the
light emitting component and the 1light emitting diode of
15 Example 6, respectively.
(Example 7)

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

20 of the 1light emitting diodes of Example 7 were made and‘
measured for various 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. Zlh, Fig. 21B and Fig. 21C show the emission

spectra of the phosphor, the light emitting component and the
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having N type conductivity, a clad layer which is galliumnitride alum num
sem conduct or having P type conductivity and a contact |ayer which is
galliumnitride sem conductor having P type conductivity are fornmed. An
activation |layer of Zn- 5 doped I nGaN whi ch makes a doubl e-hetero
junction is formed between the clad | ayer having N type conductivity and
the clad | ayer having P type conductivity. A.buffer layer is provided on
the sapphire substrate by formng gallium nitride sem conductor |ayer
at a | ow t enbkghk smitting dioge ofi Exanple07, respecbidelyor | ayer is
~anneal ed at a tenperature of 400[err]C or above after formng the film
Af ter form nExamplsed)conductor |ayers and exposing the surfaces of P type
and N type sem conductor |ayers by etching, electrodes are formed by
sputtering. After scriTheiglight emittingi diodiectafl Emdmplehsclvasamddenin
made as desecri bed above, light emtting conponents are nade as |ight
enitting cor¥heaasebpmaginendi ag time Bmdmple’ lh exteptnalfofontsingrhphbsghor
emtting conmponent is nmounted on a nount |ead which has a cup at the tip of
a silver-pl arepresenied | kyndgeteralf fammullay GdAAlQRGANE) 0,k CeephicH edbas
El ectrodes of the light emtting conponent, the nount |ead and the inner
| ead are el aqticentainolfnect B30 bpieces lwfditige wilighgolethiwting rdodes aof
di ameter of 30[err]m The lead frame with the |light emtting conponent 25
attached t hdizamplies 8pweged madea and! ineasuedeflodi vanhous cch®&thatéistics.
transl ucent epoxy resin for nolding, which is then cured 67

Although the 1light emitting diodes of Example 8

showed a low luminance, showed good weatherability similar to
10 fhat of Example 1 in life test. |
(Example 9)
Light emitting diode of Example 9 is planar light
emitting device having the configuration shown in Fig. 7.
Ing sGa, sN semiconductor having emission peak at
15 450nm is used as a light emitting component. Light emitting
components are made by flowing TMG (trimethyl gallium) 'gés,
TMI (trimethyl indium) gas, nitrogen gas and dopant gas
together with a carrier gas on a cleaned sapphire substrate
and forming a gallium nitride compound semiconductor layer in
20 MOCVD prbcess. A gallium nitride sémiconductor layer having N
type conductivity and a gallium nitride semiconductor layer
having P type conductivity are formed by switching SiH, and
Cp.Mg as dopant gas, thereby forming a PN juriction. For the
semiconductor light emitting component, a contact layef which
25 is gallium nitride semiconductor having N typé conductivity, a

clad layer which is gallium nitride aluminum semiconductor
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-at 150[err]C for 5 hours, thereby to forma blue light emtting diode. The
blue light emtting diode is connected to one end face of an acrylic
optical guide plate which is polished on all end faces. On one surface and
side face of the acrylic 5 plate, screen printing is applied by using
bariumtitanate dispersed in an acrylic binder as white color reflector,
whi ch is then cured. Phosphor of green and red colors are nmade by
dissolving rare earth elenments of Y, Gd, Ce and La in acid in 10 )

st oi chi onet rhawingr Bpdifpensondngtivikiei @ t 6ladg kawesowhirhn 16 t gadkanme
aci d. Oxi de of the coprecipitate obtained by firing this material is

m xed with aibisen abyninumeepiconduesor having dbytype ogeBARCEEEHEY AR
m xture materials. The mxture is then_m xed with amoni umfluoride uysed
as a flux, 1 contagt flayerwhichrisi praliumanitgpdeasemicondugtor| BAVERY n
air for 3 hours. Then the fired material is ground by a ball mll in.water,
washed, sepd® atype epnduchivityende tfrmas. t oABbagtivatipa daverdf Zn-
material. 120 parts by weight of the first fluorescent 20 = materi al

havi ng & cordapsd | $nGaN Whaiall (makesr jaGaflevb]letetexy ejupctionndis afasmedof
emtting green light prepared as descrjbed above and 100 parts by weight of
the second fhetsresydihe mlias Jayarahaning dokyes copdustivity and the clad
(Y[err]CGd[err])[err]Al[err](err]:Ce and capable of emtting red light
prepared in kaygnceawing R | type ocondectivithe fArbuffer laypypoissprevided
material, are sufficiently mxed with 100 parts by wei ght of epoxy resi.n,
to forma slenrythe Tisapphimey jsulsstrate by forming gallium ~nitride

semiconductor layer at a low température. The P type nitride
10 semiconductor layer is annealed at d temperature of 400°C or
above after forming the film.

After forming the semiconductor 1‘ayers 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 light 'emitting
components by diviciing the wafer with external force.

The light emitting component is mounted on a mount
lead which has a cup at ﬁhe tip of a silver-plated copper lead

20 frame, by die bonding with epoxy resin. Electrodes of the
light emitting component, the mount lead and the inner lead
are electrically connected by wire boding 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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69 applied uniformy onto an acrylic layer having a thickness of 0.5 nm by
peans of a nulti-coater, and dried to forma fluorescent material |ayer to
be used as a col or converting material having a thickness of about
30[err]m The fluorescent 5 material |layer is cut into the sane size
as that of the principal light emtting plane of the optical guide plate,
and arranged on the optical guide plate thereby to formthe planar |ight
emtting device. Measurenents of chromaticity point and col or rendering
i ndex of thet i pS@°cenfdr i Bghdarsce tWrerebyal tesfdfm a Glued. Pght). émjtting
chromaticity point (x, y) and 92.0 for color rendering index (Ra) which
are approxi rditcsle.o Thee phupelights enitsting adivde fisiocenneacited anp. one Lendt
emtting efficiency of 12 ImlWconparable to that of an incandescent | anp
was obt ai nedface Ff t apr acryldet loptilgidli tguidst plabeewhish iscpuliished of
energi zation with a current of 60mA at roomtenperature, 20mA at room -
t enper at ur e add @eiifaces] eOn ©ne tsnefgeRHandositienfaceu®f ccheneacrylic
fluorescent material was observed. (Conparative Exanple 2) Form ng of |ight
emttirhy di platend serneérr phiintting?20is appdtiedt ey eubingr damimuctdtanhateéhe
.sanme manner as in Exanple 9 except for mxing the same quantities of a
gr een or ganidisiperseds dan@anpiagayiiic( BAndetr ab ShiteucblGhereftadtangd whieh
organi ¢ fluorescent pignent (FA-005 of Synleuch Chem sch) which are
peryl ene- derdisy d&thenesuredi.nstead of the first 25 fl uorescent
mat eri al represent ed by gener al formul a
Y[err] (Al [err] Ga[ err] )Bhempghdrer of Q@reeapalind ofrednm tblagsgraee |madé abyl
t he

dissolving rare earth elements of Y, Gd, Ce and La in acid in

10 stoichiometrical proportions, and coprecipitating the solution
with oxalic acid. Oxide of the coprecipitate obtained by
firing this material is mixed with aluminum oxide and gallium
oxide, thereby to obtain respective mixture materials. The
mixture is then mixed with ammonium fluoride uséd as a flux,

15 and- fired in a crucible at a temperature of 1400 °C in air for
3 hours. Then the fired materiai is ground by a ball mill in
water, washed, separated, dried and’ sieved thereby to obtained
the desired material.

120 parts by weight of the first fluorescent

29 material having a composition of Y;(Al, Ga, ,)s0,,:Ce and capable
of emitting green light prepared as described above and 100
parts by weight of the second fluorescent material having a
composition of (Y,.,Gdy.¢)sA1;0,,:Ce and capable of emitting red
light prepared in a process similar to that for the first

. 25 fluorescent material,. are sufficiently mixed with 100 parts by

weight of epoxy resin, to form a slurry. The slurry is
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second fluorescent material represented by general fornula
(Yferr]CGd[err])[err]Al[err]Oerr]:Ce capable of emtting red |ight of
Exanple 9. Chromaticity coordinates of the light emtting diode of
Conparative Exanple 1 thus fornmed were (x, y) = (0.34, 0.35). 5
Weat herability test was conducted by irradiating wth ultraviolet ray
generated by carbon arc for 200 hours, representing equivalent irradiation
of sun light over a period of one year, while measuring the | um nance
retaining rappdisdd undiformlynento s iasy Liicrdayar ihayinge & cshigioessl. of
In a 10 reliability test, the light emtting conponent was energi zed to
emt light #&.5 mmnsb;anunaamqoeoﬁt L e mfltiGcoate® ,whahd ndied i kg t ierm a
| um nance and color tone at different tines. The results are shown in Fig.
14 and- Fi g. flmoresgentte matiertiadxabayer 9to e wiseéd bas clacaro¥omwnedigertiiingind
Fig. 15, the 15 light emtting conponent of Exanple -9 experiences:
| ess det eri madterialt HeaviConpar shicknEsanplfe dhoyiExatmhe 1@herhEluopéscent
emtting diode of Exanple 10 is a |ead type light emtting diode. 20
I n the 3 i ghmatrertilalnglayerle iaf &wanpiretd Othehesamghtsiee t a8 nghadnpoifiernthe
having a light emtting layer of In[err]Gaferr]N with em ssion peak at
450nm whi ch primgali light emittiagnplaae ofi Ehenpptial squide. platide andht
emtting conmponent is nmounted in the cup provided at the tip of a. :
si |l ver - pl at extx¥éinged omprhe opiiichl gedde phatediberébydtogfomnt the epbayar
resin. Electrodes of the light emtting conponent, the nount |ead and 70
light emitting device. Measurements of chromaticity point and

color rendering index of the light emitting device gave values

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

color réndei:ing 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 fo the fluorescent material was observed.
(Comparative Example 2)

Forming of light emitting diode and weatherability.

20 tests thefeof were conducted in the same manner as in Exaniple

9 except for mixing the same qhantities 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

Y,(Al, Ga, ,)s0,,:Ce capable of emitting green light and the
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the inner lead were electrically connected by wire boding with gold wres.
Phosphor is made by mxing a first fluorescent material represented by
general fornula Y[err](A[err]Ga[err])[err]derr]:Ce 5 capabl e of
emtting green light and a second fluorescent nmaterial represented by
general formula (Y[err]CGd[err])[err]Al[err](Jerr]:Ce capable of emtting
red light prepared as foll ows. Nanely, rare earth elenents of Y, Gd and
Ce are solved in acid in stoichionetrical proportions, and coprecipitating
the sol uti osecond Fluoreseent paterialorepresenrtrd cbyr cgeperali okprmula
obtained by firing it is mxed wth alum num oxi de and galli um oxi de,
thereby to dBo.afd.¢laBhchtiCe aarable afit emikiing rede lightuod EXampd& Wi th
ammoni um fluoride used as a flux, and fired in a crucible at a tenpperature
of 1400[ er r Coromagicityr gopsdinatemenofs thet hbight ecemitieing 4i04dg ok
by a ball mll in water, washed, separated, dried and sieved thereby to
obt ai ned t h€ompagative Exappdef ludhusc formes: derg d¥of Whe& sifbci4i - 33) -
particle distribution. 40 parts by weight of the first fluorescent .
materi & , 2Weathegapidityby tesitght was t ieonsinstied f | BYr edaaadiagiag al Wik
100 parts by weight of epoxy resin are sufficiently mxed to forma slurry.
The slurry udtpesiedetnt vavhegengratedh by pravbered awct Heorpuwdl0 | deurs,
wherein the light emtting conponent is placed. Then the resin including
t he phosphorepresentdng: eggivalegd| drrpdiabion abusun Iight ovektd Rerigdr
i ncl udi ng the phosphor in thickness of 120pmis forned on the |ight,
enitting 710f one year, while measuring the luminance retaining ratio and

color tone at various times during the test period. In a

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, togeﬁher with
Example 9. As will be clear from Fig. 14 and Fig. 15, the

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

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

20 In the light emitting diode of Example io, the light
emitting component having a light emitting layer of In, (sGa,.osN
with emission peak at 450nm which is made in the same manner
as in Example 9 is used. Thel light emitting component is
mounted in the cup provided at the tip of a silver-plated '

25 cbpper mount lead, by die bonding with epoxy resin.

Electrodes of the light emitting component, the mount lead and
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72 conponent. Concentration of the phosphor in the coating |ayer is
Lnereased gradually toward the light emtting conponent. Further, the |ight
emtting conmponent and t he phosphor are sealed by nolding with transl ucent
epoxy resin for the purpose 5 of protection agai nst extraneous stress,
poi sture and dust. A lead frame with the coating | ayer of phosphor forned
thereon is placed in a bullet-shaped die and m xed with translucent epoxy
resin and then cured at 150[err]C for 5 hours. Under visual observation of
the |ight erdhetiingeti deadf werededectizicalbydcannecteddvy wire reoding(fith
normal to the light emtting plane, it was found that the central portion
was render egjoldl wawesh col or due to the body col or of the phosphor.
Measur enent s - of chromaticity poi nt, col or tenperature and col or
rendering index of th@hosphorenistimadas by aicdagf aExfkpst 15luprescorts
made as descri bed above gave values of (0.32, 0.34) for chromaticity point
(x, y), 89. materiadl orepresented i bytex geReyradnd forghilaeni¥s (AlgGahfs) €:01Rs
of 10 ImMW Further in weatherability tests under conditions of
ener gi Zat i orcapiabiea ofir remittindOgkesn r bdghtemnd ateur eecoodn Phuoreggenrtpom
tenperature and 20mA at 60[err]C with 90% RH, no change due to the phosphor
was obser vedatshdailng nepresentedncbyf r generradr difpamplpl ud Yh G0, s aAliQq: Hee
diode in the service |life characteristic. (Exanple 11) 25
| n[ er r] Ga[ ervapabdeniabHnemitbtingavedg ldghdni peeparetaas afodlows.i s Namelys
an LED el enent .- Light emtting conponents

rare earth elements of Y, Gd and Ce are solved in acid in

stoichiometrical proportions, and coprecipitating the solution

10 with oxalic acid. Oxide of the copreqipitaition obtained by

firing it is mixed with aluminum oxide and gallium oxide,

thereby to obtain 'respective mixture materials. The mixture

is ﬁu‘.xed 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 f_ired material is ground by a ball mill in water, _washed,

separated, dried and sieved thereby to obtained the first and

second fluorescent materials of the specified particle
distribution.

40 parts by weight of the first fluorescent matefial,

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

. parts by weight of epoxy resin are sufficiently mixed to form

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

on the mount lead wherein the 1light emitting component is

placed. Then the resin including the phosphor is cured at

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

in thickness of 120pum is formed on the 1light emitting
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are made by flowing TMG (trimethyl gallium gas, —FM—{(trethyl
i ndiunm) gas, nitrogen gas and dopant gas together with a ar§| er_gas on a
cl eaned sapphire substrate thereby to forma galliumnitri laced
sem conductor layer in the 5 MOCVD process. A gallium
sem conductor |ayer having N type conductivity and a galli
sem conduct or | ayer having P type conductivity were forned by swi t chi ng

Si H4 and Cp2My used as the dopant gas, thereby formng a PN junction. For

t he LED el ecomppnentoent aonceayeatmmflthgaphmmhtwrtlm dehe ocoating layer
sem conductor having N type conductivity, a clad layer which.is gallium
nitride al uisnuineedssshdgraduahlyi fgwardy jthe obiighti wmifting scompanent.

| ayer which is galliumnitride sem conductor having P type conductivity are
f or med. ARuxtherat i e | Ajghtofemiditidgpedonpeaenty |nd: Hthenpbosphoxbane 15
3nm is formed between the ~‘contact layer having N ‘type conductivity
and t he cl agehdedr bgamohdifgt wpthcbnanslugenty, epoxy cbgsin fokcthe rppxpose
guantum wel | structure. A buffer layer is provided on the sapphire '
substr &t e bpff proitegtiogabbainsthi extdaneens cobvess prmdigturetand |[dnwgt. A
tenperature. 20 After formng the | ayers and exposing the
surfaces of 1lRadyfixramed witth pehaeecadabingcilayerapdr phosphorhifaymes cchexelrn
are formed by sputtering. After scribing the sem conductor wafer which is
made as desdsi hkhadtbvin ki dhlleti-shappde ahimnands mixedmadd byt vans tuegnt he
wafer with an 25 ext-ernal force. The light emtting conponent is nounted
in a cup at epoxy resin and then cured at 150°C for 5 hours. Under visual

observation of the light emitting diode formed as described
10 above in the direction normal to the light emitting plane, it
was found that the central portion was rendered yellowish
color due to the body color of the phosphor.
Measurements of chromaticity point, color
temperature and color rendering index of the light emitting
15 diode of Example 10 which was made as described above gave
values of (0.32, 0.34) for chromaticity point (x, y), 89.0 for
color rendering index (Ra) and light emitting efficiency of
101 m/W. Further in weatherability tests under conditions of
energization with a current of | 60mA at room tempera.ture s 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 emii:ting diode in the service 1life
characteristic.
(Examplé 11)
25 In, Ga, N seﬁu‘.conductor having an emi_.ssion peak at

470nm is used as an LED element. Light emitting components

, [THIS SHEET HAS BEEN.
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the tip of a silver-plated copper nount |ead by die bonding wth epoxy
resin. Electrodes of the Iight emtting conponent, the nount |ead and the

I nner |l ead are electrically connected by wire.boding with gold w res having
a dianeter of 30[err]m 5 The lead frame with the |ight

em tting conponent attached thereon is placed in a bullet-shaped die and
sealed with translucent epoxy resin for nolding, which is then cured at
150[err]C for 5 hours, thereby to forma blue light emtting diode. The

bl ue |ight emne timadeli oy i §lowhngct MGt o (Mxdmetdyl0o galildsmn)of gasacrIMIc
optical guide plate which is polished on all end faces. On one surface and
side face of(trimeddryyll i indilum)e, gass epitpogen i ggsi andpplapaatbygassi hggebherm
titanate dispersed in an acrylic binder as white color reflector, which is
then cured. with a carrier gdthompharcleamediesapphixe ngubstraike cthereby to
material represented by general formula (Y[err]Gd[err])[err]Al[err](err]:
Ce capabl e dformmi &t igaj lyiein onitride cbmpeuatdi \esmiconguctoayelaygr h iandthe
fl uorescent mat eri al represent ed by gener al formul a

(Y[ er r 15cd[ emgCviDe iprjotiefser.r | & gallliGm ndipideesemicondiictonglayet | baving ghit
of 20 relatively | ong wavel ength prepared as follows. Nanely, rare

eart h el enerttypeof condacit imiltye aade sofgakliium aditaride senictonghettaxalayer
proportions, and coprecipitating the solution with oxalic acid. Oxi de of
t he copreci avwirnigre obypeneonductivihy weries firrmed iy hswitehingn 8iHgeand
thereby to obtain 25 respective mxture material. The m xture is

m xed with apmMgi wwsetl & i tiee udepant gas) uthexebyf iffiogwhing @ cPNicijbhetiona
74 '

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

10 semiconductor having N type conductivity, a clad layer which
is gallium nitride aluminum semicon_ductor 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 for:ﬂed ‘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 1layers by etching,
electrodes are formed by sputtering. After scribing the
'semiconductor wafer which is made as described above, light
emitting components 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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tenperature of 1400[err]Cin air for 3 hours. Then the fired material is
ground by a ball mlIl in water, washed, separated, dried and sieved. 100
parts by weight of yellow fluorescent material 5 of relatively short
wavel ength and 100 parts by weight of yellow fluorescent material of
relatively | ong wavel ength which are made as descri bed above are
sufficiently mxed with 1000 parts by weight of acrylic resin and extruded,
thereby to forma fluorescent material filmto be used as col or 10
converting thet eripalof ot sdiimer-platiedr rdoppem maountkhead. byTidiel | bandingnt
material filmis cut into the sanme size as the principal em ssion plane of
t he opti cal wikhdeppkyt esid.ar Edrgbtodest bf bthei taghtuenittbing ecomprnestty, t o
make a light emitting device. Measurenents of chromaticity point and col or
15 - rendertheg niowhx l#fad handi ghe dmneri dgadeirne elfedtmigdlly ovnnected
made as descri bed above gave values of (0.33, 0.34) for chromaticity point
(x, y), 88.byf srireobodingnwithngoilddeiréfRabawing | a ghtanetien iofy 3m.ci ency
of 101 mMW Fig. 22A, Fig. 22B and Fig. 22C show em ssion spectra of the
fluorescent 20 mat @heal leagr cfrmmiecedwibyh the light emitting component
(Y[err]Cd[err])[err]Al[err]dJerr]:Ce and a fluorescent material represented
by general fattached Yhene€odd|bs rplieed | [ er Bullet—shGpedsede rarkkasgaked 1.
Fig. 23 shows em ssion spectrumof the light emtting diode of Exanple 11.
Further in hiith ttosnslmncéat epodyt imessinoffanaalidiatg orwhiialh s ctherntupéd
60mA at room 25 tenperature, 20mA at room tenperature and 20mA at

60[ err] C wi tat 9080°BH fo® Shhbgesduaherebye td ubsrmcanbluet erigit wvasitting

observed. 75 . _ .
diode. The blue light emitting diode is connected to one end

10 face of an acrylic optical guide plate which is polished on.
all end faces. On one surface and side face of the acrylic
plate, screen printing is applied by using barium titanate
dispersed in an acrylic binder as white color reflector, which
is then cured.

15 Phosphor is made by mixing a fluorescent material
represented by general formula (Yo.sGdo.z)aAlsolzzée capable of
emitting yellow light of relatively short wavelength and a
fluorescent material represented by general formula
(Y¥,.,Gd,.¢)Al;0,,:Ce capable of emitting yellow iight 6f

20 relatively long wavelength prepared as follows. Namely, rare
earth elements of Y, Gd and Ce are solved in acid in
stoichiometrical proportions, and coprecipitating the solution
with oxalic acid. Oxide of 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

74



Simlarly, desired chromaticity can be nai ntai ned even when the wavel ength
of -the light entting conponent is changed by changing the content of the
fluorescent material. (Exanple 12) 5 The light emitting di ode
of Exanple 12 was nade in the sane manner as in Exanple 1 except for using
phosphor represented by general formula Y[err]In[err]Jerr]:Ce. 100 pieces
of the light emtting diode of Exanple 12 were made. Although the |ight
em tting diode of Exanple 12 showed |uninance |ower than 10 that of the
| i ght em ttitegpedratageofofExhePdE linslduwedfoood Vieamit=r abiThery thepafiated
to that of Exanple 1 in life test. As described above, the light emtting
di ode of thmaperiaht isngroundnbyaa kall milhtinfwateksiwvashedl @eparated,
subject to |l ess deterioration of em ssion efficiency and good 15
weat her abi | diniedvendwadeveded with hi gh |uni-nance for a |ong period of
time. Therefore, application of the light emtting diode'is not |limted to
el ectroni c appl i ances 100t peartsogen weighippofcyeldow | flalantsaenti spategriak
autonmobil e, aircraft and buoys for harbors and ports, as well as outdoor
use sush asof0 relatirelindshbruniweatelendgtdr andr dddvaparts6 by weighihT ofS
CLAIMED | S 1. A light emtting device, conprising a light emtting
conponent ageldophofphoreseenb| enalferislor bifngrelpiivedy | lghyg emvelkendih
the light emtting conponent and emtting |ight of
which are made as described above are sufficiently mixed with
1000 parts by weight of acrylic resin and extruded, thereby to
form a fluorescent material film to be used as color
10 converting material of about 180um in thickness. The
fluoreécent material film is cut into the same size as the
principal emission plane of the optical guide plate and
arranged on the optical guide plate, thereby to make a light
emitting device_.. Measurements of chromaticity point and color
15 rendering index of the light emitting device of Example 3
which is made as described above gave values of (0.33, 0.34)
for chromaticity point (x, y), 88.0 for color rendering index
(Ra) and light emitting efficiency of 101 m/W. Fig. 22A, Fig.
22B and Fig. 22C show emission spectra of the fluorescent
20 material represented by (Y,.Gd, ,):Al;0,,:Ce and a fluorescent
material represented by general formula (Y, ,Gd,¢);Al:0,,:Ce used
in Example 11. Fig. 23 shows emission spectrum of the light
emitting diode of Example 11. Further in life tests under
conditions of energization with a current of 60mA at room

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

90% RH, no change due to the fluorescent material was observed.
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5 wavelength different fromthat of the absorbed Iight; wherein said
Light emtting conponent conprises a nitride conpound sem conductor and
- sai d phosphor contains a garnet fluorescent material conprising at |east
one el ement selected fromthe group consisting of Y, Lu, Sc, La, Gd and Sm
and at 10 | east one el enent selected fromthe group consisting of Al, Ga
and In, and being activated with cerium 2. A light emtting devi ce
accor di ng to claim 1, wherein the phosphor used contains an
yttrium al unsimidapknet des iveds chromadieiityl caht henimagnradned evers when
3. A light emtting device according to claim1, wherein the phosphor
may be a fl ucheswavelengthi aif rlzi}ﬂeb:egh'edemytangemn@bnﬁmimnaa changed by
(Re[err]Snierr])[er](Al[err]Gferr])[err]err]:Ce, where O[err]<l1 and
O[ err]-s[ err]dhamglirRe the atoritendt afhdhee fitoreésteot Makediali, 4. A || ght
emtting device according to claim 3, -20 wherein the phosphor
contains a (Exampksclkd} material represented by a general formula
(Y[err]Cd[err]Ce[err]Snierr])[err](A[err]Ga[err])[err](err], where
O[err]pherr] 0.8, 0.003Trer lightr e@itting0oddsder ofr [Bxanjple08l2ardas made in
O[err]s[err]l. 5. A light emtting device according to claim 2,
wherein the yiwsisahme manment asn imoEzampbee lyt except alfiori rusing 5 phosphonet
fluorescent materials, activated with cerium of different
conposi ti onsrepoésenteyl Yoypngeneral férmula YLImyog,:Cenittlog pieceésecof the
according to claim 3, wherein the phosphor contains two or nore
fl uorescent hiqkti einstbingl fifiodentof Brrample 0b3 wepees@desd biltboeghl the
formula (Re[err]Snferr])[err](Al[err]Galerr])[err]derr]:Ce, where
O[err]r<1 antigheremsiting dixnie Ref Example dt2 |shmstedo lamislancee dowermthaand
Gd.

10 that of the light emitting diodes of Example 1, showed good

weatherability comparable to that of Example 1 in life test.
As described above, the light emitting diode of the
'present invention can emit light of a desired color and is
subject to less deterioration of emission efficiency and good
15 weatherability even when used with high luminance for a long
period of time. Therefore, application of the light emitting
diode is not limited to electronic appliances but can open new
applications including display for automobile, aircraft and
buoys for harbors and ports, as well as outdoor use such as

20 sign and illumination for expressways. y
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7. A light emtting device according to claim 1, V\,herein'the
phesphor may contain a first fluorescent materi al represeﬁ{—edr— al
formula Y[err](Al[err]Gferr])[err](err]:Ce and a second Iuorescent

material represented by general fornula Re[err]Al[err]Jer eenR laced
where O[err]s[err]l1 and Re is at | east one selected fromY,
A light emtting device according to claim 2, wherei

may be an yttriumal um num garnet fluorescent nmaterial cont al ni ng a | rs

f | uor escent WHAT eI S aFLARYER g%tond fluorescent material, with each different
parts 15 of ttriunms. in said first and second fluorescent being
substituted withlgadohi hight smitting|dewiceensemprising\a ceighiccmmiditing to
claim 1, wherein main em ssion peak of the light emtting conponent is set
within the Faﬂ@@nﬁﬂbnﬁﬂéOﬁnPQQSBBQﬁnPéDébﬁﬁlnfenb§gtbnn90a paxdy el feigkghtof
t he phosphor is set to be |onger than the nmain em ssion peak of the |ight
enitting cofPdhEad. byothg I]-P-ggltt emitting eewposenscesddiemytting diighs, of
wherein the light emtting l'ayer of the light emtting conponent contains a
gal | i ubn ni twaaelgeqtbo@uﬁgemntofnm rthaf 2 the mbsawbedhd ightgphor is an
yttriumalum numgarnet fluorescent material wherein a part of Al in the
yttrium al uwheteigarsrid lightorewéthings compomentt edompriseso a hatitithisle
proportion of Ga:tAl is within the range from1:1 to 4:6 and part of Y is
substi t ut edCQ?P@n@o qud@%p@poangoﬁaaﬂ YplEisphoni conrtating rangaredm
4:1 to 2:3. 11. A light emtting device according to claim1,

whi ch conprf%'é@rasgm‘étmtemaly cewprhgimaratpleast gnedelemsnd selected

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

10 least one element selected from the group consisting of Al, Ga
and In, and being activated with cerium.

2. A light emitting device acdording to claim 1,
wherein the phosphor used contains an yttrium-aluminum-garnet
fluorescent material containing Y and Al.

15 3. A light emitting device according to claim 1,
wherein the phosphor may be a fluorescent material represented
by a Qeneral formula (Re,.Sm ),(Al, Ga,);0,,:Ce, where Osr<1. and
bsssl and Re is at least one selected from Y and Gd. |

4. A 1light emitting .device accordihg to claim 3,

20 wherein the phosphor contains a fluorescent material
represented by a general formula (Y, ..,GdCesSm,),(Al,_Ga,):0:,,
where 0=p=<0.8, 0.003=g<0.2, 0.0003<r<0.08 and Os<s<l.

| 5. A light emitting device according to claim 2,
wherein the phosphor may contain two or more yttrium-aluminum- _

25 garnet fluorescent materials, activated with cerium, of

different compositions including Y and Al.
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being provided with the light emtting conponent nounted on one side face
thereof via the phosphor and except for one principal surface being
substantially covered with a 10 reflective material, wherein a |ight
emtted by the light emtting conponent is turned into a planar |ight by
tlre phosphor and the optical guide plate to be an output fromthe principal
surface of the optical guide plate. 12. Alight emtting device according
to claim1, which 15 conpriises a substantially rectangul ar optical guide
pl ate, being provded M thige |emiiting + daydceonpsserdingunted shadle 3vde
face thereaf and the €hosphor installed on one principal surface thereof
and except frexeid prihei pRhospheEkceCRBLA&NS bWt QX | yNeER or £4URFERCENT
reflective material , 20 wherein a light enitted by the light emtting
conponent i dnatenials ned ApfEeEent | @?ﬂ“ﬂ?ﬁlﬂiﬁénﬁpﬂwew*é%‘?plbé& c9gRELEhe
phosphor, .to be an output fromthe principal surface of the optical guide
plate. 13. AformEllali Reapmpi(dde 68phOlis€e, t mhadegisngli tandig0es<l amndvRees
according to one of claims 1 to 10 arranged i-n a matrix and a drive :
ci rcui t3 whi cis Y Aeasthonecsealiestiedy faem ¥eand Gd.according to display data
which is input thereto. 14. Alight emtting diode conprising: a nount |ead
having a cup and & | eadl; kighiED emitEingindayice t Recordisg t%@ nBaim edd 5
with one of electrodes being electrically connected to the nount | ead;
wherein the 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,

10 where 0ss<l and Re is at least one selected from ¥, Gd and La.

‘8. A light emitting device according to claim 2,

wherein the phosphor may be an yttrium-aluminum-garnet

fluorescent material containing a first fluorescent méterial

and a second fluorescent material, with each different parts

15 of yttriums in said first and second fluoresceht being
substituted with gadolinium.

9. A light emitting device according to claim 1,
wherein main emission peak of the light emitting component is
set within the range from 400nm to 530nm and main emission

20 wavelength of the phosphor is set to be longer than the main
emission peak of the light emitting component.

10. A 1light emitting device. according to claim 9,

 wherein the light emitting layer of the 1light emitting

component contains a gallium nitride semiconductor containing

25 In, and the phosphor is an yttrium—alumihum—garnet fluorescent

material wherein a part of Al in the yttrium-aluminum garnet
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a transparent coating material filling the cup to cover the LED chip; and a
Light emtting diode having a nolding material 10 whi ch covers the LED
chip covered with the coating material including the cup of the nount |ead,
the inner | ead and anot her el ectrode of the LED chip, wherein the LED chip
ks a nitride conpound sem conductor and the coating material contains at

| east one el enent selected 15 fromthe group consisting of Y, Lu, Sc,

La, Gd and Sm at |east one el ement selected fromthe group consisting of

A, Ga and |Hlugrescentospdosuhsddtytedarbiet Gl 9y cthaht the: cpreporiion apéd
with cerium 15. A light emtting diode according to claim 14, 20
wher ei n t he Gandsbhds wishivothe eange yEremuk:al &e rish gandeparltu@feslﬁehs
material that contains Y and Al. 16. A |ight em tting diode according to
cl ai m 14, vmmwumqaﬂus;ﬁwbrsq@pawe ther propostdon oft ¥:6dl isepitbint sheby
a general formul a (Re[err]Snferr])[err] (Al [err]Gaferr])[err](Jerr]:Ce,
wher e Of er r|rangenrfros 4:1 djce2:Bs[err]1 and Re is at | east one sel ected
fromY and Gd. 17. A light emtting diode according to claim 14, - wherein
the fludrescent nkleridllightepnitbingdievice gaceordingrbol alaim 1, which
(Y[err]CGd[err]Ce[err]Snerr])[err](A[err]Ga[err])[err]Jerr], where
O[ err] p[ er r |Eoniprikex)3[er shipptantdally(. peoBirgulay erogticed agttide plate
O[err]s[err]l. 18. Alight emtting diode according to claim15, 5
wher ei n t he hgiosphprovidedi mithwthe hibghtyemitiingl wonponendarmeynted on
fluorescent materials, activated with cerium of different conpositions
i ncluding Yenel slide face thereof wvia the phosphor and except for one
principal surface being substantially covered with a
10 reflective material, wherein a light emitted by the light
emitting component is turned into a planar light by the
phosphor and the optical guide plate to be an output from the
principal surface of the optical guide plate.
12. A light emitting device according to claim 1, which
15 comprises ‘a substantially rectangular optical guide plate,
being provided with the 1light emitting component mounted on
one side face thereof and the phosphor installed on one
principal-surface thereof and except for the principal surface
being substantially covered with a reflective material,
20 wherein a light emitted by the light emitting component is
turned into a planar light by the optical guide plate and the
phosphor, to be an output from the principal surface of the
optical gquide plate.
13. An LED display device comprises the light emitting

25 devices according to one of claims 1 to 10 arranged in a

matrix and a drive circuit which drives the LED display device
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19. A light enmitting diode according to claim16, wherein the phosphor two
or -more fluorescent materials of 10 di fferent conpositions represented
Ey a general formula (Re[err] ' .
[err]Sn{err])[err] (Al [err]Ga[err])[err]Cerr]: Ce, where O[err]r<1 and
O[err]s[err]l and Re is at |east one selected fromY and Gd. 20. A |light
emtting diode according to claim 14, wherein the phosphor contains a first
fluorescent. material 15 represented by a general fornula :
Y[err] (A [eraq@qdamg e dilsplayr date whdch iscénput| thevetent naterial
represented by a general formula Re[err]Al[err]err]:Ce, where
Oferr]sferr]1l andide i’ highte anitdriag diedecgompais¥nged and La. 21. A
light emtting diode according to claim18, 20 wherein "the phosphor
contains an yttriumalmedniurhepd havimg e ewpeandmat deads cont ai ni ng a-
first fluorescent material and a second fluorescent material wherein a part
of yttriumin the firsanahBDsehdpd mountedcint the cupl ofi $heybrountt dead
with gadoliniumto different degrees of substitution. 25 22. A
light %nittwikth dhedeof aetectiradest beinqi eleqtrionklyi connegtedi sto othe
peak of the light emtting conponent is 81 set within the range from
400nm t o 530Gwonmndlesi;n en ssi on wavel ength of the phosphor is set to be
| onger than the main enssion peak of the Iight emtting conponent. 23. A
. light enmitting diode axctrdnsparent| sioatingwmatemisl fikhingethesiorp p&ak
of the.light emtting conponent is set within the range from 400nmto 530nm
and mai n enmcoven te dRIh@hipgf ande phosphor .is set to be |onger than the
mai n

a light emitting diode having a molding material

10 which covers the LED chip covered with the coating material
including the cup of the mount lead, lthe inner .lead and
another electrode of the LED chip, wherein

the LED chip is a nitride compound semiconductor and
the coating material contains at least one element selected

15 from the group consisting of ¥, Lu, Sc, La, Gd and sm, at
least one element selected from the group consisting' of. Al, Ga
and In and a phosphor made of garnet fluorescent material
activated with cerium. |

15. A light emitting diode according to claim 14,

20 wherein the phosphor used contains an yttrium-aluminum-garnet
.fluoresc'ent material that contains Y and Al.

16. A 1light emiﬁting diode according to claim 14,
wherein the phosphor may be a fluorescent material represented
by a general formula (Re, . Sm,) 3(A11_5Ga,)5(_)12:Ce, where.05r<1 and

25 Oss<1 and Re is at least one selected from Y and Gd.

17. A 1light emii:ting diode according to cléim 14,
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em ssion peak of the light emtting conponent, by which a white based |ight
can be emtted. 82 ‘ '

v
s,
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~

wherein the fluorescent material is represented by .a general
formula (Y,,..,GdCesSm.),(Al, Ga,).0,,, where 0Osp=<0.8, 0.003=g=<0.2,
0.0003=<r<0.08 and Osss;. _ _
| 18. A 1light émitting diode according to claim 15,
5 whérein the phosphor contains two or more yttfium—aluminum—
garnet fluorescent materi‘als, activated with cerium, of
different 'coméositions including ¥ and al.
19. A 1light emitting diode according to claim 16,
wherein the phosphor two or more fluorescent materials of
10 different compositions represented by a general formula (Re,.
LSm.) 3(A11_,Ga,)-50n:Ce, where 0sr<l and Oss<l and Re is at least
one selected from ¥ and Gd.
20. A 1light emitting diode according .to claim 14,
wherein the phosphor contains a first 'fluorescent material
15 represented by a general formula Y,(Al, Ga,)0,,:Ce and a second
fluorescent material represented by a general formula
Re;Al;0,,:Ce, where 0Oss<l and Re is at least one selected from Y,
Gd and La.
21. A 1light emitting diode according to claim 18,
20 wherein the phosphor contains an yttrium-aluminum-garnet
fluorescent materiél containing a first fluorescent material
and a second fluorescent material wherein a.part of yttrium in
the first and second fluorescent materials is substituted with
gadolinium to different degrees of substitution.
25 22. A 1light emitting diode according to claim 14,

wherein main emission peak of the light emitting component is

[ e
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set within the range from 400nm to 530nm and main.emission
wavelength of the phosphor is set to be longer than the main
emission peak of the light emitting component.

23. A light emitting diode accordiﬁg to claim 1, wherein
main emission peak of the light emitting component is set
within the range from 400nm to 530nm and main emission
wavelength of thé-phosphor is set to be longer than the main
emission peak of the 1light emitting component, by which a

white based light can be emitted.

T
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