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SPECIFICATION LIGHT EMITTING DEVICE AND DISPLAY
BACKGROUND OF THE INVENTION (Field of the Invention) The
present invention relates to a light emitting diode used in LED display,
back light source, traffic signal, trailway signal, illuzinating switch,
indicator, etc. More particularly, it relates to a light emitting device (LED)
comprising a phosphor, which @@ReIsIOrTT@NRlength of light 10emitted
by a light emitting component and emits light, and a display device using

the light emitting de\EeE (BPESERPHGh BEREfdRe d3Mpt)DISPLAX light
BA '&-‘ﬂﬂ} lgd&ls,fg pﬂ%@ﬁgf jts light of clear color with high
so? ee fro

iIciency. It 1s al m su a trouble as burn-out and has good

p&l@@hd@\@ eharagigristie 1 Righ vibration resistance and durability to
endure repetitive ON/OFF operations, because it is a semiconductor

element. THoBat hasdresmtusedweidelon suell applcationsas vaghts emitting

indicators and various light sources. Recently light emitting 20 diodes for
41REB (HE Yrodn AR ngbﬁ%Fb‘fs RS ST RN Rance SAE R +45052

treégcgé%%ﬁ have eien d?/f nd Iar% %en Lf'iD gés%cé/s uslngC More

t en%ttlng diodes ave Into use. E;.’)Iay can

piecaperaed with less pavverand h@@ such gogdichatagtetistics asdighte - (1rp)
weight and 25long life, and is therefore expected to be more widely used

camphe futoe. 2 phosphor, which converts the wavelength of light
emitted by a light emitting component and emits light, and a
display device using the lightvemitting device.
(Description of Reléted Art)

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

the future.
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Recently, various attempts have been made to make white light sources

by using light emitting diodes. Because the light emitting diode has a

favorable emission spectrum to generate monochromatic light, making a

light source for white 5 light requires to arrange three light emitting

components of R, G and B closely to each other while diffusing and mixing

the light emitted by them. When generating white light with such an '
arrangemeritethené hps bver sodls a piobteptthativehite lightof thede to make
desired tone cannot be generated due to 10variations in the tone,

wihfhaht8 HndStHEFRR 10PY ofthehghtdfiiinEabhbdRsnt JARE fimen Because
i itt] t d diff terials, .electri
e M%%@@g%;&ﬁjﬁ%ﬁ%ﬁ%ﬁ@r madg Og?x} %rggﬁlrgae%%sc% RC %(%:ﬁgﬁmm to

power fequire ers from one light emitting 0 an
gonaking & necessanciaanply diffgrent veliaaes; 1edifferent i amiting,r white
components, which leads to complex drive circuit. Moreover, because the -
liightemiting xempoherits arrs@migenducterelighi ghittieq Comipanentspponents
color tone is subject to variation due to the difference in temgerature

o EhBradtedics chrdtiTdgicdithanges ahé =30 Bpéring ertigr mixing

e S b sed to fajlure in uniformly mixing th o
g e D T R wien

sace effactiveras tighteeiftinghdedcessfor penaradne iNdiviguala@iArsehat white
although a satisfactory light source capable of 25emitting white light by

1 iglny light entifting cdpsciRtts K@NRot IBamolttained sodfanerated [ue to
order to solve these problems, the present applicant previously developed

VAGRESHRTRG dddaL hich Borvelt e BN bf ROt Wi erftieersy Of the

1 lightemitting.components, hy.means of asflypreseent material disglased,in, .+ 5
S%apanese s Ko 5-152609, 7-99345, 7-176794 a%jc‘%- getd. 0

cdhedight emitting diedeediscfosed infibesa pullicatiens aks sushdbak By power
using light emitting components of one kind are capable of generating light
T WHREhHEPEthe F eulors ahd e condtiofedcasfolldwdt emitting diode to

another, making it necessary to apply different voltages
different light emitting components, which leads to complex
drive circuit. Moreover, because the 1light emitting
components are semiconductor light emitting‘components, color
tone 1s subject to variation due to the difference in
temperature . characteristics, chronological changes and
operating environment, or wunevenness in color may be caused
due to failure in uniformly mixing the light emitted by the
light emitting components. Thus light -emitting diodes aré
effective as light emitting devices for generating individual
colors, although a satisfactory light source capable of
emitting white light by using light emitting components has

not been obtained so far.
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10The 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 the tip of a lead frame, and having

a fluorescent material that absorbs light emitted by the light 15 emitting

‘component and emits light of a wavelength different from that of the

absorbed light (Wawelengti 60Ny sion), QQ{gg@edégggf%moqugidbre sent

covers the light emitting component. The light emitfing diode disclosed as
apfektrbad 20 abuve vapablelsierhitng whitslight eyniixing éhedightiel  which
coa}glurality of sources can be made by using a light emitting component '

C

hable SFEMRENG Bl light Hhtr mBRE tHe ligh Ersithddormpensntemitting
M IH} adesin inglyding a fluorescent material that absorbs the light emitted =
c by the blue 1ight925%%?it%§g ((j?l%d?ar%a e?n%tessfeef%%visﬁarffgﬁfﬁ &pfclosed in
Japawestonaldight erdliag diesles haves seeh propleygs a5 dejereradion of g g
the fluorescent material leading to color tone deviation and darkening of :
8&hé fluoresrm matdidl resudting-niloweretiieffieiencydidfextracting light: these
rkening here refers to, in the case of 5 using an inorganic fluorescent

PURAtSFAr 5088 a"ér(%d,s%ﬁ% fiNBfeschyt Hadddal 1ibeRkaspid PaigotmmRanents
I ts.constituting t cent-material precipitate,or. change their
O%r?&%?ie%%%%%ingg)gcﬁargt%ogﬁﬁ,aor,gi% th%g(g;a%:egg):fL Lﬁ?ngfalrgg%gaﬁ% white and
otfluaresceind reatesinl cotoration sueta e bsgakage ef.double bond in the
molecule. Especially when a light emitting component made of a
semicondudBEhakikghd higinéhéigycbadd o@e isdisedlitosmmproie thehe above
rpf/ersion efficie@a% of the fluorescent material (that is, energy of light

co
I3 itted by ThE seMicEndbEtoris MireR%ednd himberSSHidHotds HaRmrpnent ,
nald energies abavegdhresheld whigh can be absprbed hy the fluorescent
ma{gg?ial incre%%es, resuﬁmg in morg Iight being ggsor%@%?%ﬂﬁeoéagﬁﬁty mnoa
cugf flypresdentdnaterial coasumptionds decreased (thatisndhe flugresoenting a
material is irradiated with relatively higher energy), light energy absorbed
Llpp irsseudred @t Matdia tnevraprbAcrb Asdd: reeuliinyad nigre the light
ignificant degradatign of the flugrescent material. Use of the light emittin
o S NGl er AlLhehof Tt Mes i ff alf 4P FiGE Perfbtigierent
fﬂdﬂﬂte 0@?@@5 fyethet more signifigant degragation QLpeOIescent, nversion) ,
material. : , :
contained in a resin mold which covers the light emitting

component.
The light emitting diode disclosed as described

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

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

component capable of emitting blue light and molding the light
emitting component with a resin including a fluorescent
material that absorbs the light emitted by the blue light
emitting diode and emits yellowish light.

However, conventional light emitting diodes have
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25Also the fluorescent material provided in the vicinity of the light emitting
component may be exposed to a high temperature such as rising
temperature of the light emitting component and heat transmitted from the
external environment.(for example, sunlight in case the device is used
um&doorg%.)fFurther, some flugrescent materials are subject to accelerated
e 0

erforation dtie B coRBhfHbIT S ThERuRE entdied FoHPFRESIABke BRter Lal
j ced.duri ro 1on 1he light and heat transmitted
e oo st et comaanent TOWRa coriito ALs/oandye 8  the
flionicemopetty, disget cusent elestiictfield in the viaipipsebthe chiFmav oy  of
cause electrophoresis, resulting in a change in the color tone. SUMMARYY v
eXOFAHHENNVENINON THY8r§robjert betie prefentsnventioniis tolselvease of
5 the praoblems described gbove and provide a light emitting device which

- UoexXperiéhces bRt FSmely IIRF GEGRRE ofdiBHoftiors idSon(light 2n)S

£ inansityelight ganissian efficiensy apd color shift over a long tme of us
with high luminance. 20The present appl%c%e:f coﬁl%%tedp t%e I&Fe%s%nt elements

coingentior: frgugthreserabesbasad omiw-assumpsiendhgliight emifting-hange
_device having a light emitting component and a fluorescent material must '
thpet tRETBRGWIHETedRshiaNts fPachidveriieiabove mantidmedalsiectase  of

us%%%) szr? Ii%@gearpli}_t(i:ng gg@gggggte?gstrgaetcgggglle’ of coloration due to
breakage of double bond in the molecule. Especially when a
light emitting componentfmade of a semiconductor having a high
energy band gap is used to improve the con&ersion efficiency
of the fluorescent material (that is, energy of light emitted
by the semiconductor is increased and number of photons having
energies above a threshold which ican be absorbed by the
fluorescent material increases, resulting in more light being
absorbed), or the quantity of fluorescent material consumption
is decreased (that is, the fluorescent material is irradiated
with relatively higher energy), light energy absorbed by the
fluorescent material inevitably increasés resulting in more
significant degradation of the fluorescent material. Use of
the light emitting component with higher intensity of light
emission for an extended period of time causes further more
significant degradation of the fluorescent material.

Also  the fluorescent material provided in the

vicinity of the light emitting component may be exposed to a
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emitting light of high luminance with light emitting characteristic which is
stable over a long time of use. (2) The fluorescent material being provided
in the vicinity of the high-luminance light emitting component, must show
excellent resistance against light and heat so that the properties thereof
do not change even when used over an extended period of time while

osed to light of hjgh intensity emitted bythelightemitting
gg‘mp%ﬁé)ﬁ? ("baa‘l-’ﬁl&% arl§ W& fludfesdent tiderinPPRIFFEI FEthePVicidiof 1ight

enthedight enitiipgncmponengis gxagsed.{o, ;%M@tgéa radiation in tensgtemal

as high as about 30 to 40 times that of sun t according to our estima

enarid isrseprired fo haveangredurabifityiageinstlightas ligtemiiing-e is used
component of higher luminance is used). (3) With regard to the

oufedorship with the light 15 emitting component, the fluorescent material

must be ca%ablg of absorblng %{h high efficiency the light of high
monochromaticit) et &P BY tHe it eRifRG cBrtpommt SndEhitiHgiect to

adlight of a wavelgagth,differani from that of the light emitted by the |i Ight moisture

emitting component. 20Thus the present invention prowdes a I|gh

engraitting devioe, dompsising ddightreniiiitgcompenedt AnEA Qhﬁ,ﬁpg%ductlon
capable of absorbing a part of light emitted by the light emitting

PTEGRpSnent IRl erhidh§ lightef waeaEngthrdificrbt fret tHét@fthehe light
et l%scarbed Ilght 25whgre|n said Ilght emitting component comprises a

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

Thus, an object of the present invention is to solve
the problems described above and‘ provide a light emitting
device which experiences only extremely low degrees of
deterioration in emission light inténsity, light emission
efficiency and color shift over a long time of use with high
luminance.

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

(1) The light emitting component must be capable of

emitting light of high luminance with 1light emitting
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compound semiconductor represented by the formula: IniGaiAIkN where

Osi, Osj, Osk and ii-j+k=1) and said phosphor contains a garnet

fluorescent material comprising at least one element selected from the

group consisting of Y, Lu, Sc, La, Gd and Sm, and at least one element

selected from the group consisting of Al, Ga and In, and being activated
und semiconductor (generally

with cerium. . . The nitride_cqompo
' Ch%]é?egége% &d %%/Cc%l}nl‘l%gl f]b?mﬁ%a?ﬁ%aﬂfm Vher89sit & odk 446 -

i+j+ked) mertionediabovecantainsyarious materjals including InGaN and
GaN doped with various impurities. 10 The phosp,h%%e?ﬁ%}r%’e CEzi%oveln the
thﬁnéhgVaﬁombﬂﬁhégwskﬁmﬁﬂdmﬁdkxmdbed@@QV@JH@WQEEbonent, must
Y3A15012:Ce and Gd3In5012:Ce. Because the light emitting
ShQ&iGrGrthksitesdRaAsEamsicuss hedighidmitting bdmpeaéntsnadehaft the
nitr 5¢ ound semiconductor capable of emitting light with high
pr%}rgn%rliigr?c%es, thgﬂrﬁéoﬁ?%mitt?r]% d&?%e iSRaBdhle SFENItIHGTEht Wikcthighver an
exiuaBRRCE A5 thegghosphar ysed i tﬂéﬂﬂﬁt empiiting devige !ﬂ%?hﬂc of high
‘excellent resistance against light so that the fluorescent properties thereof
ingegerichce less2@diwahge éyen wher used dy@ran extendedmeriod@mponent
time while being ex%osed to light of high intensity.This makes it possible to

(PRILLE e EkYradlitn of dHAERETRRES divtGOFRjlperpdwfidedandin  the

N gde ioration.due to light of high intensity emitted by the light )
V'lerirglllx:gt%nég cé%pgﬁgntlffé%véll A extt ne%%“s\gi%%?’@unﬁahte?ﬁaﬁﬁf’rfb to light

ofulyaviglel dghbn intensity as high as about 30 to 40 times that

of sunlight éccording to our estimate, and is required to have
more durability against light as light emitting component of
higher'luminance is used).

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

Thus the present invention provides a light emitting
device, comprising a light emitting component and a phosphor
capable of absorbing a part of light emitted by the 1light
emitting component and emitting light of wavelength different
from that of the absorbed light;
wherein said light emitting component comprises a nitride

compound semiconductor represented by the formula: InGa,ALN
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etc.) during outdoor use, thereby to provide a light emitting device which
experiences extremely less color shift and less luminance decrease. The
light emitting device of the present invention can also be used in such
applications that require response speeds as high as 120 nsec., for
example, because the 5 phosphor used therein allows after glow only for

a short period of time. The ghosphor used in the light emitting .
wh§ibae G ite Srebent fvefifioh prarerably c6M@ingedsl phosphor contains a

ga¥ilim-alupjpenarhet fuerescent ma @igﬁé:ogtémig and %Ingvhiglfement

10 enables it to increase the luminance of the light emitting %ewce.

selbeitredihf eomitingedeyiem of therpresedhigvedtion, the phosphoemaybend sm,
a fluorescent material represented by a general formula _

anRe PtshAIRY. CRB0ELLRENTS FRGRSDSE1TIMNOsdst apdRpiscansisting

° flegft one selr?gt nfrom % a}gd.Gd, in which case good characteristics can

bé obtained SimitaHy (o the casBiviicre tha Srffiukt-alufittiBarnet
fluorescentppateriag) is.used Alsadn,the light emitting deyice, of the Q;?éS@Eally

20 invention, it is preferable, for the purpose of reducing the temperature
regiependense abjighiremission chesacierstics, tuavelangih of emitted light; | o<k
intensity of Ii%ht emission, etc.), to use a fluorescent material represente

anpy a HenskaT formBETHENSE  GEBeEgSNiP BLAILGa 301248 theaterials
RO WS 2S0SPELE Q00 60003000 O

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

Because the light emitting device of the present
invention uses the light emitting component made of .a nitride
compound semiconductor capable of emitting light witﬁ high
luminance, the light emitting device is capable of emitting
light with high luminance. Also the phosphor used in the
light emitting device has excellent resistance against light
so that the fluorescent properties thereof experience less
change even when used over an extended period of time while
being exposed to light of high intensity. This makes it
possible to reduce v’;he degrédation of characteristics during
long period of use and reduce deterioration due to light of
high intensity emitted by the light ‘emitting component as well
as extraneous light (sunlight including ultraviolet light,

etc.) during outdoor use, thereby to provide a light emitting
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invention, the phosphor may contain two or more yttriumaluminum-garnet

fluorescent materials, activated with cerium, of different compositions

including Y and Al. With this configuration, light of desired color can be

emitted by 5 controlling the emission spectrum of the phosphor according

to the property (wavelength of emitted light) of the light emitting
decompontith expelridheds thedighiemitingdaviceobthe PresaNt and  1ess

invention, in order to have light of a specified wavelength 10 emitted by
LugHapgine e detice, iTeprafeghlsie ehdtthérshodphidreontdinsiwopresent

more fluorescent materjals of different comgositions. represented by

in‘é%ﬂgf’acf?orﬁ?ma 88.. PFSmM AR G&) Such applicghbpdpsichadndrequire
refisssband i isatdeastione sglesied fram Y. and el dpAlsq In helldht . ...

T . ) NS au
emitting device of the present invention, in order to control the Wwaveleng

phof phitteduighs, thenplresphoranaywentaipastirstdlusresesntymaierial 2 short
represented by general formula Y3(A11l_,Gaj5012:Ce and a second
PexlgreseEnt ARerial represented by general formula Re3A15012:Ce,

20where O §S| and Re is at Ieasgfone selected from Y, Gd and La,
Also in the Tight BRTERG deViiSsr the SriSertifiintoh. i bidertddauof the

priewavelengthof emittedlight, the phosphot may be an ayﬁ:rté%:ﬁum—alu inum-

yttrium-aluminum-garnet fluorescent material containing uorescen
gamaterial andzesecortd 2bitencsadnt materiatovitndiferent paps offgach which
yttrium being substituted with gadolinium. Further in the light
enaRdiftifg device of tAETRBSENt Iventiohniria preferable that nidigemissidrit ing
de Jt.=:\ak of the light emitting component is set within the range from 400 nm
5530 nm and main emission wavelength-of the phosphor is set

In the light emitting device of the present
invention, the phosphor may be a fluorescent material
represented by a general formula (Re, . Sm.),(Al, Ga,);0,,:Ce,
where Osr<l and 0sssl and Re is at least one selected Vfrom Y
and Gd, in which case-good characteristics can be obtained
similarly to the case where the yttrium-aluminum-garnet
fluorescent material is used.

Also in the light emitting device of the present
invention, it is preferable, for the purpose of reducing the
temperé’ture dependence of 1light emission characteristics
(wavelength of emitted light, intensity of light emission,
etc.), to use.a fluorescent material represented ‘by a genéral

formula (Yl_p_q_erpCequr)3(A11_5Ga5)50124 as the phosphor, where

0=p=<0.8, 0.003<g=0.2, 0.0003sr=<0.08 and 0O=ssl.

Also in the 1light emitting device of the present
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5 to be longer than the main emission peak of the light emitting

component. This makes it possible to efficiently emit white light.

Further in the light emitting device of the present invention, it is preferable

that the light emitting layer of 10 the light emitting component contains a

gallium nitride semiconductor which contains In, and the phosphor is an
iny/t{%ri%m-alumi%%:ga net fluorescent material wherein a part of Al in the

UM Al iminiR-g&iet AldFe B is SeBshthted byGa%o iyt tfe YTtrium-
a QPR Ak RBA 13 WL fange e dbl | 1. 210,800 2 RALE el sum,

the yttrium-aluminuth-garnet fluorescent is substituted by Gd so that the
ofprejpdifierefil:Gebispwithin tbegsangedtion #nl to 2:3aABsosption  with this

_spectrum of the phosphor which is controlled as described above shows ‘
cogéd@agrdeRent with ghdt oflightdesiiteacy welight Z0emitiieg emitted by
COc%mg% ent W@ﬁh contain%ggnllium ng:tride se ‘ic%nductor including In as | »
“OheTignt eitting Tayer-andie capah erblﬁn?pgoﬁ § tRARBRPEKIGFCording to
engfficiensy dhakt emission efficiancyy sAlsgthe light, genarated Bemixing 15 gne

blue light emitted by the light emitting component and fluorescent light

em?%5afithg fluorgsoeat thaterial, is a white light of good color rendering and,
in this regard, an excellent light emitting device can be provided.

The light erfigidrgéviéd abb6rdldgits-omaékibbeimervéiahe pfeddit present
. _invention comprises a substantially rectangular optical guide_plat
TR it the TERE SeRTiting SomboHBR riburoch ST hE Ll (g o1 ength
entbeteef vigthe phospharandsuriacgs ofwhichexcept forong-pHacRRh e that
surface are substantially covered with a reflective material, wherein a light

themitibd bytitbe light eraiftitgy componentisttenefllintaraptanar lightdarthels of
_phosphor and the optical :
different compositions represented by general formula (Re,.

rSmc)Q(All_aGas)5012:Ce, where 0Osr<l and 0Osssl and Re is at least

one selected from Y and Gd.

Also in the 1light 'emittivng device of the present
invention, in order to control the wavelength of emitted light,
tbhe 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,
where 0Oxss<l and Re is at least oné selected from Y, Gd and La.

Also in the light emitting device of the present
invention, in order to control the V«}avelength of emitted light,
the phosphor may be an yttrium-aluminum-garnet fluorescent
material containing a fi:st fluorescent material and a second
fluorescent material, with different parts of each yttrium

being substituted with gadolinium.
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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 SUFREERAh durfdces thémist arabkedpdfor evd pencifalsiefapeesent
ink:‘)/_eein J§ubsta§|*§%all covere Witt’g refleﬁtive material, wherein a light '

emitted By tha Tigh en‘ﬁffﬁgec%?’nggneﬁ RruMBdhiERSE hRMafRfE byt the
1ilheroptirakguife Plgauiihie Phosphar tiRe,3q oMUt oM hesy o 400

- principal surface of the optical guide plate. The LED display device
toaccdiding tetle presentini/ention hasaslldny tispidy dawce ReBWHiSIdis set
the light 25emitting devices of the present invention arranged in a matrix
Loy ke akhRedrchitathiER riad henEpsdigplay ertvicet deeordiighd: emitting
display data which is input thereto.This ¢configuration makes it possible to )
D %? er% 'reIat%%f‘flol\?v%ﬁc:sedll_gE[??ilss%f'ang&ev%’e Whithis@apaBle GRit white
1 ikjgh-definition display with less color unevenness due to the viewing
angle. -The light emitting diode according to one embodiment of the
present invEntivrheamprisesha mhbyghtlead havinga eup sl aleadhe present
an LED chip mounted in the cup of the mount lead with one of electrodes

InyERE EEetriddily EBnREGEG T3 M€ 16MBtntaBSd; 1 1ight enitting layer of

the 1light emitting component contains a gallium nitride
semiconductor which contains In, and the phosphor is an
yttrium-aluminum-garnet fluorescent material wherein a.part of
Al in the yttrium-aluminum-garnet fluorescent is substituted
by Ga so that the proportion of Ga:Al is within the range from
1:1 to 4:6 and a part of Y in the yttrium-aluminum-garnet
fluorescent is substituted by Gd so that the proportioﬁ of
Y:Gd is within the range from 4:1 to 2:3. Absorption spéctrum
of the phosphor which is controlled as described above shows
good agreement with that of 1light emitted by the light
emitting component which contains gallium nitride
semiconductor including In as the light emitting layer, aﬁd is
capable of improving the conversion efficiency (light emission
efficiency). Also the light, generated by mixing blue light
emitted by the light emitting component aﬁd fluorescent light
of the fluorescent material, is a white light of good color

rendering and, in this regard, an excellent light emitting

10
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a transparent coating material filling the cup to cover the LED chip; and a
light emitting diode having a molding material which covers the LED
chip covered with the coating material 15including the cup of the mount
lead, the inner lead and another electrode of the LED chip, wherein

the LED chip is a nitride compound semiconductor and the coating

| ri in least one element selected from the group consisting
it et

of Y, Lu, m, at 20 least one element selected from the

group consistiag ohALIGa anghn@nda Phasphormade ot garnet

- : : to
fluorescent material activated with cerium. The phosphor used in
enpredighe eitihg dicdepofetherpresentenveniionqueferablyscontaii®afant ially
yttrium-aluminum25garnet fluorescent material that contains Y and Al. In '

one

T AR ETittirRPROH8 bf i prserPiERtioRT M ARGsphGrtinay beea  1ight

N ent material represented. by a general formul )
e s S SEB01D C nert OBRY s Bastrafa KB sPeattia the
phoBgielected o Yrantkd. o  whiAlSo dxthg lightemitting diodeaf 5.,

the present 5invention, a fluorescent material représented by a general

sufl arsla@rig  SupSeviSiv)l(ali_sCGua)s@l nvdyhe usedefitbephospherterial ,
where Osps0.8, 0.003sgs0.2, 0.0003srs0.08 and Osssl. ,
wherein a light emitted by the light emitting component is.

turned into a planar light by the phosphor and the optical
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
light emitting cémponent 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
planar light by the optical guide plate and the phosphor, to
be an output from the principal surface of the optical gquide
plate. | |

The LED display device according to the present
invention has an LED display device comprising the 1light
emitting devices of the presentvinvention arranged in a matrix

and a drive circuit which drives the LED display device
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In the light emitting diode of the present invention, the phosphor preferably
contain two or more yttrium-aluminum- 10 garnet fluorescent materials,
activated with cerium, of different compositions including Y 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 more
fluorgscent ntwater' Is of different 15 compositions represented by a

& General formula (REIBMY3(F'112 e¥RGSE12:E%, iieteDsrEh ot Osssl This
oIt BEs alieashape selectegdiamy and G4 pay be.usgd as
g

phosphor in order to control the emitted li ‘a desired Wavéaleng
prthedightemitting plede dfdhepsesentdhverdion a2 sinilasly, ﬁiE%LdefinitiOn
fluorescent material represented by a general formula ,
dihppiay BAEIE0ES EcCatPE SBBEHENUBRS R nTate idlaepresented bygl e .
general for H|ea Fl{e ﬁ 5012:Ce, may. be used as the phosphor where

3
Osssl and Re Ts at 1Bast 6he sereted 8y 2BTPAT DS, ihoragptembodiment
o fCarieol seyited 254ghttga ggﬁi&q_y@yglength. In the light emitting
diode of the present invention, similarly, yttrium-aluminum-garnet
fluorescent aateviat-a fiestdluoaescent materabaad & Sesgad fluorescent
material may be used wherein a part of yttrium in the first and second
fluorescent MatéfiAls Ristbsmate-®ith daddtinfincupsdiffereritalegresst  lead

.Qf,substitution as.the phosphor, in control the emitted light to a desired
WL\?\'{gve?é%th?? efecggr?ear%ﬁy, R fesCaRtatsift WhichIRREoFaShdie  the

ay %y low-

- moMaveleagi.and emits light of wavelength has higher efficiency than a

fluorescent _
a transparent coating material filling the cup to

cover the LED chip; and

a light emitting diode having a molding material
which covers the LED chip‘COQered with the coating material
including the cup of the mount lead, the 4inner lead and
another electrode of the LED chip, wherein

the LED chip is a nitride compound semiconductor and

. the coating material contains at least one element selected

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

least one element selected from the group consisting of AL, Ga

~and In and a phosphor made of garnet fluorescent material

activated with cerium.

The phosphor used in the light emitting diode of the

present invention preferably contains an yttrium-aluminum-

garnet fluorescent material that contains Y and Al.

In the light emitting diode of the present invention,
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order to absorbs a long material 10which 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 light emitting

component which emits ultraviolet light that degrades resin (molding

material, coating material, etc.). Thus for the 15 light emitting diode of the
cnregRakipnaatian fordse BuTpase pLimeroving dhe lghhermiting.efligieny o

and ensure long life, it is preferable that main emission peak of the light
geemiting cortpanent ke, sehyithin B refatiyedy, shert wayeleaghuange0fy 0<s<1

400 nm to 530 mm in the visible light region, and 20 main emission
angalelehytt? bf #fRhoSirorielestashelmrmel thamthedwain emission

peak of the Iyi%E)t _emgtlnghcgm onent. With this arrangement, because light

converted by the flidreSéant matetial RS TorbRP wi ey ththarHifat &fresent
inlightremsitted Py thedight emitting campensit, %@ﬂk@%tek?&%gabéo%rbgq‘%yeneral

the light emitting component even when the light'emitting component is
formadiated with lightdyhic/shas,been mflocted andcpnvested bydbe as  the

fluorescent material (since the energy of the converted light is less than
Phefrband gapestrer§ypSthus the P8 wiiéh has beehekeseddsy thed Oss<l.

quorescentfH a%%rlea | ngt‘S: l”é%listrte:[lggteéjig%éheo%ugche present invention,

the phosphor preferably contain two or more yttrium-aluminum-

garnet fluorescent materials, activated with cerium, of

different 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 more fluorescent materials of different
compositions represented by a general formula (Re, . Sm.),(Al,.

Ga,)s0,,:Ce, where 0Osr<l and O0sssl and Re is at least one

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

control the emitted light to a desired wavelength.

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

In the light emitting diode of the present invention,
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5wherein the light emitting component is mounted, making higher
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 10present

s iRYyeRtor 59,215 f schematic_sectional view of a tip type light .
emitting%l’odeyaccord?ng o't egg%%o%?rﬁgﬁtt of tr%/ai%?erseesn??pﬁ\%nti% terial a

fiFgt 3K 1n18.gtaple showingdhe excitalion speclrindSehthegamels naterial
fluorescent material activated by cerium used in the first embodiment of

neghefedafdnvdrtiopin a pdy. 38 iya grapimsiowingdhe arsissiend second

‘}fectrum of the garnet flyorescent material activated by cerium used in

s
R rE CEMBodTET b B preEnt iRVERdT Wekty. 4ikthgrafadsowngm  to
aitheraissionspestium.of heylaht emifing diode of the fist embodment

[ Fig. [

of the presentinvention. ISagraphs Wﬁﬁlﬁ% éx&i?at%der to
cospaatiunt iné thenyitriued-alyminuriganekiusresceniyaatssial getivated

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

‘ Generally, a fluorescent material which absorbs
light of a short wavelength aﬁd emits light of a long
wavelength has higﬁer efficiency than a fluorescent‘material
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 light emitting
component which emits ultraviolet light that degrades resin
(molding material, coating material, etc.). Thus for the
light emitting diode of the present invention, for the purpose
of improving the light emiﬁting efficiency and ensure long
life, it is preferable that main emission peak of the 1light
emitting component be set within a.relatively short wavelength

range of 400 nm to 530 nm in the visible light region, and

main emission wavelength of the phosphor be set to be longer

-than the main emission peak of the light emitting component.

With this . arrangement, because 1light converted by the
fluorescent material has longer wavelength than that of light
emitted by the light emitting component, it will not be
absorbed by thellight emitting component even when the light

emitting comporient is irradiated with light which has been

14
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Fig. 5B is a graph showing the emission spectrum of the
yttrium-aluminum-garnet fluorescent material activated by cerium used in
the second embodiment of the present invention. Fig. 6 shows the
chromaticity diagram of light 5emitted by the light emitting diode of the
second embodiment, while points A and B indicate the colors of light

ré@ﬁ@&ﬂé@yﬂ%ﬂ“@@ﬁﬂ@ﬁ@éﬁCB@p@H@”E@H%E%@@%E&a%ﬁggpggﬁnigﬁ%ce the
colors of light emitted by two kinds of phosphors. 10Fig. 7 is-a schematic

ensegtional View'of theqlareantiight éaLghe: acterdingde anather emodime gap
of the present invention. g. 8 is a schematic sectional view of

Sr&nGEher pIan’SPHﬁht§Bﬁrcé6ﬁf€?en‘t’ﬁbﬁﬂhd}ﬁ Figegn15rgleisted by the
riffiuelg eclional ey ogogng D R R I achRe oup

those of Fig. 7 and IS a dlagran’?

wH@B@iﬂSﬁﬂbaml§ﬁﬂo@ﬁﬁﬂ%&ﬁ&*ﬁ%& aten.i s mountedF@mi%fﬁg higher
plan view of the LED display device of 20the display device of Fig. 10.

efffigcionsy planafs of tre bESsdisplay device wherein one pixel is
constituted from four :Si)%ht emlttlédlodes including the light emitting diode:

BRI the R SBAERvENt G ahtiEnhd T@i’iﬁﬁwﬁ"iﬁg RGB colors.

 Fig. 1 is’a schematic sectional view of a lead type
light emitting diode according +to the embodiment of the
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.IBA is a graph showing the excitation spectrum
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.

Fig. 4 is a graph showing the emission spectrum of

the light emitting diode of the first embodiment of the

present invention.

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

invention.
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25Fig. 13A shows the results of durable life test of the light emitting diodes
of Example 1 and Comparative Example 1, showing the results at 25C
and Fig. 13B shows the results of durable life test of the light emitting
diodes of Example 1 and Comparative Example 1, showing the results at
60C and 90%RH. 5Fig, 14A shows the results of weatherability test of
“Example 9 /8 Cothpdratife EXARDISEMSRhgthe @mbgeisiumpreesun of

Wt '@99{9&'\9MM'HGH@%EJ&@%4‘?E£Q8W§§“€f sults of We@ﬁhefab”‘%ted by

test of Example 9 and Comparative Examp aes%owrflnaéc fie-& orat%%é

cebdfore anddafton thihtestetdriigetbh shawsthe results aireliahilit; testat son .
Example 9 and Comparative Example 2 showing the relationship between

the luminartexetaifingidsand time, ahddFig ti58 tya gtaphshewing  light

théetrel t@nshi befween color tone and time. 15Fig. 16 is a chromaticity
Mdingram Rowity theFaHgEDEESHR forfdhRAiRh R4n BreolitarrewigRRod inent
whiidht emitting diode which combines the fluorescent materials shown in

Table 1 and blue LED having peak wavelength at 465 nm.

points A and B indicate the colors of light emitted by
the light emitting component and points ¢ and D indicate the
colors of light emitted by ﬁwo kinds of phosphors.

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

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

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

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

“which is an application of the present invention.

Fig. 11 is a plan view of the LED display device of
the display device of Fig. 10.

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

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

the light emitting diodes of Example 1 and Comparative Example
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Fig. 17 is a chromaticity diagram showing the change 20 in color tone

when the concentration of fluorescent material is changed in the light

emitting diode which combines the fluorescent materials shown in Table 1

and blue LED having peak wavelength at 465 rim. Fig. 18A
1 shows the emission spectrum of,theophosphor 25(Y0.4Gdo4)3A150n:Ce

" oFEXAMPIR 18I FiGSHEE $haks AR @ndissioR specttdm cfbiuartighthe results
o remittiag camppnent of Exal pj:eh%S having the emission peak wavelength »

of 460nm. Fig. 180 shows th%l%%%s?o%lggéﬁfﬁjrﬁglb?ﬂﬁslié}ﬁ Example 1
anemitting-diode of Example2<5Fg. 194 shows the emission spectrum of ,

the phosphor (Y02Gd0.3)3A1012-Ce of Exﬁa\%?ple 5. 5?:.%3? 168 sh%s\/vg and

mission spectrum of the light emitting component of Example 5

having the %missirz%gea wavelength of 450nm. 10Fig. 19C shows the
emission spectium ot thé gt dhftifgBRteSorExairpleimrabilityy, test of

Exé%grﬁﬁloev%s tQﬁ@”@@é%@%ﬁ?w %&tgﬁgﬁheosghorsgoséggglz{%g OfChange of
luminance.retaining ratio with time and Fig.’léB shows the
results_of weatherability tesﬁ of Example 9 ard Comparative
Example 2 showing the color tone before and after the test;

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 relationéhip between color tone. and
time. |

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

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

Fig. 18A shows the emission spectrum of the phosphor
(¥,.6Gdg.,) sAL0,,:Ce of Example 18A.

Fig. 18B shows the emission spectrum of the light
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Fig. 203 shows the emission spectrum of the light lcemitting component of
Example 6 having the emission peak wavelength of 450nm. Fig.
200 shows the emission spectrum of the emitting diode of Example 6.
Fig. 21A shows the emission spectrum of the phosphor ‘
20Y3(Al05Ga0.5)5012:Ce of the seventh embodiment of the present

SAGERtGh COMPORTR 1P EhofEaRE Einiddian dpeeinm oFlife lighission peak

wa@@i}g&%{:ﬁn@f)%@é Example 7 having the emission peak wavelength of
450nm. 25Fig. 21C shows the emission spectrum of the light emitting

diode of Example 78c  showdd. 224 shewsstheremission spactium ofthe s gnt

phosphor (Y0GdO0.2)3A15012:Ce of Example 11. Pig. 22B shows
enthetarmissibipdge ctiurioittys.phdsphor (Y0.4Gd06)3A15012:Ce of
Example 11..

Fig. 19A& shows the emission spectrum of the phOSPhor
(Y,,Gd, 5),A1:0,,:Ce of Example 5.

| Fig. 19B shows the emission spectrum of. the lightv
emitting ‘component of Example 5 having the emission peak
wavelength of 450nm.

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

Fig. 20A shows the emission spectrum of the phdsphor
Y,A1,0,,:Ce of Example 6.

Fig. 20B shows the'eﬁission spectrum of the light
emitting component of Example 6 having the emission peak
wavelength of 450nm.

Fig. 20C shows the emission spectrum of the light
emitting diode of Example 6.

Fig. 21A shows the emission spectrum of the phosphor

Yy(Al, sGa, 5)s0,:Ce 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.

Fig. 21C shows the emission spectrum of the light

emitting diode of Example 7.
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5Fig. 22C shows the emission spectrum of the light emitting component of
Example 11 having the ,emission peak wavelength of 470nm. Fig.
23 shows the emission spectrum of the light emitting diode of Example 11.
10DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Now referring to the attached drawings, preferred embodiments of the
present inyerdion will berdeacribed RelGWs s on sgﬁ%gglﬂ{ﬁng?nQH@%%osphor
100 of Fig. 1 1s a lead type light emitting diode having a mount lead 105
(Y atitian)ighkOgad el 08 xevinpiedn Allight emitting component 102 is
Installed on a cup 105a. of the mount lead 105, and the cup 105a is filled ‘
with a coafing restrt 802 W¥HEh EBRtATS AshRRiffBgsHospRoP fo Ed¢erthesphor
light emitting.component 102 and is.molded in resin. An n electrode and a
(Y°p“eée°cf|)d g %Oflfﬁrgﬁgﬁ%gmﬁﬁrnfg]f)cémbonent 102 are connected to the
mount leag 195 and thedppeslead d0@espeetively, Dy means Wifes 1ignt
103. In the light emitting diode constituted as described above,
empartiofigltcemitedrty the'lighkemitlieg ddmpoaenhd ERIchippd@2sion peak
(hereinafter referred to as LED light) excites 25the phosphor contained in
wa‘fﬁ&‘éaﬁﬁll?g Pesifi 1980 generate fluorescent light having a wavelength
different fr?mgthatﬁ shows the emission spectrum of the light

emitting diode of Example 11.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Now referring to the attached drawings, preferred
embodiments of the present invention will be described below.
A light emitting diode 100 of Fig. 1 is a lead type
light emitting diode having a mount lead 105 and an inner lead

106, wherein a light emitting »componént 102 is installed on a

cup 105a. of the mount lead 105, and the cup 105a is filled

with a coating resin 101 which contains a specified phosphor
to cover the’ light emitting component 102 and is molded in
resin. An n electrode and a p electrode of the light emitting
component 102 are' connected to the mount.lead 105 and the
inner lead 106, respectively, by means of wires 103.

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

fluorescent light having a wavelength different from that of
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LED light, so that the fluorescent light emitted by the phosphor and LED
light which is output without contributing to the excitation of the phosphor
are mixed and output. As a result, the light emitting diode 100 also outputs
light having 5a wavelength different from that of LED light emitted by the

" light emitting component 102. Fig. 2 shows a chip type light

itting,diode, wherein light emitting diode (LED chip) 202 is installed in a
Lﬁzegg%%'cag\ﬁg 2%}1a\?vhic‘hh% filg‘gdvc\)/ffﬁ% c%%‘iingln%%"rim%‘\%ﬁﬁéh by the
pespains aspedified phosehqiipdeLasa SQ%WZ%JCE*&%HQBB%@F%%;M to

component 202 is fixed by using an epoxy resin or the like which contains

theg, dscasarnplen and artneelgdtrogshand apelaatreda obihe light gmitting as a
comggc;nent 202 are connected to metal terminals 205 installed on the 15

reithy 263Dy hekks SR EbhdticthiRtes 268, mipe @iFIpeslightght having

(tti [ C ituted as descrihed above, similarly to the lead type
e oG L . At eHbsc it TR byihe PHoSHaraity the
1ildnR light wihighyisdsapemited wighout being absorbed by the phosphor are -

mixed 20 and output, so that the light emitting diode 200 also outputs light

having a waliedength differwst fram thatpf LER Eght eatitted ayithedight diode,

emitting component 202. . The light emitting diode containing the
YHSiSsghot 28 tesERitdd Hbove Hadand FoiRwiig-Ratd@a. 251 Lifkalled in a

g e D e ¥ ersa1

electrode which supplies electric power elighte
wiEiniitteddight isparty hipekackby thesleainds foraedson the Jigiermiting 201 .
component resulting in a particular emission pattern, and is therefore no
Themittedhuinifemalyinryesodipsgtiomt TRE Rght emitiingdlidde whithg an epoxy
cantains the fluo es}%:ent material, however, can emit light uniformly over a

TSRt r8hgeWithott fsiniig GHaSSabRetamisidn paRErneeRke thefghtan 0
eliearpitied aftgg being diffysed by the fluoresce nﬁmgﬁ%'alén%iégg%%ghc@n%onent
emitted by the light emitting
202 are connected to metal terminals 205 installed on the
casing 204 by means of conductive wires 203. In the chip type
light emitting diode constituted as described above, similarly
to the lead type light emitting diode of Fig. 1, fluorescent
light emitted by the phosphor and LED 1light which is
transmitted without being absorbed by the phosphor are mixed

and output, so that the light emitting diode 200 also outputs

light having a wavelength different from +that of LED light

emitted by the light emitting component 202.

The light emitting diode containing the phosphor as
described above has the following features.
1. Light emitted by a light émitting component

(LED) is usually emitted through an electrode which supplies
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10 component (LED) has a monochromatic peak, the peak is broad and
has high color rendering property. This characteristic makes an
indispensable advantage for an application which requires wavelengths of
a relatively wide range. Light source for an optical image scanner, for
example, is desirable to 15have a wider emission peak. The light
emitting diodes of the first and second embodiments to be described

- eLBEihiRabRYiRE chrriddtatidr ShbwaA - "E o PP OReRérein BligREed 1ight

. . emitti m hi S itri ompound semiconductor having . . |
e rer:g%\?e%%ﬁigg%%%g}%g;? ﬁhﬁ%ib%ﬁ%&%ﬁoa%% a %8%%1% ﬁﬁosp ¥loer light
emate-gambinath dndlavessich favgrable prepartias-as £apaRilitsteMiat tern,

light of high luminance and less degradation of light emission efficiency

| angndiesstésiorshiftcover an extdrided period ofudg. 25 general, alirection.

fluorescent material which absorbs light of a short wavelength and emits

Thﬁghﬂdfgilronge%?/‘é?&@hﬂé%qﬁghé? Benﬁpﬁ%ﬁ@ﬁup@%enﬁluoresCent
na (IROHY WiGh absoros gt ghadond wavelengliand emiledlan ol g range

short wavelength, and therefore it is preferable to use & nitride compound
wisamiconebetaight eaukingconpengisikieh pds capablsfRMiLttinthe 1ight
blue light of short wavelength. It needs not to say that the use of a light
isemmtingcbragarentalirg Aighfuredadce islprefElableescent material.
'‘phosphor to be used in combination with the nitride compound.

semiconduttor light ARG cormPBherffitdtaBndve thdfondvmyr emitting
co "’&Q&e”&m). hal: %Cﬁ%%éﬁ%mg@g igg}cl,igl’ﬁlt}%rzg%%r}? Iiggt broad

of a high intensity for a long period of time, because the cent
anthatesial ininsiallesliothereiginity iofdhepligpertitiing camponeifs ddZceristic

202 and is exposed to light of .

makes an indispensable advantage for an application which
requi‘res wavelengths of a relatively wide range. Light source
for an optical imége scanner, for example, is desirable to
have a wider emission peak.

" The light emitting diodes of the first and second
embodiments to be described below have the configuration shown
in Fig. 1 or Fig. 2 wherein a light emitting component which

uses nitride compound semiconductor having relatively high

energy in the visible region and a particular phosphor are

combined, and have such favorable properties as capability to

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

In general, a fluorescent material which absorbs

light of a short wavelength and emits 1light of a 1long
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15intensity 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 20high
%%Q emit light from green to red regions for

ici 3. bilit
waﬁigﬁ'&r}%h hfirsn ixhlg%%%%blllﬁ ijg?ﬂ’?élﬁ n&%?@wﬁiteﬁ?g‘?ﬁ?fescenq.material

he purpose 0 In
wh@e8d igyaperature; acteristic;suitahle.: : tion_in the vicinity, of '
the light em?tﬁg%é%n%ﬁts%lol%%ggr%{ tlliegl %e%%ltgrr]ﬁn lTelr#cSe gfl ght of a
shienperaturel diffgtence due taheatgenerated by thechirwhemlighting. yse 4
.5. Capability to continuously change the color tone in terms of the
DL RioT PSR RGo SRRIM GRGB BT ixihed plueality bifigoresenhent which

lsm%tgﬂgg'lg 6'o\é/e%txqgg:a@ﬂg% foﬂﬂ%o‘ieir?ggg gr%virggglg{l t %favelength . It
neede not to say that the use of a light emitting component
having high luminance is preferable.

A phosphor to be used in combination with the
nitride compound semicenductor light emitting coﬁponent must
have the following requirements: |

1. Excellent resistance against light to endure
light of a high intensity for a long period of time, because
lthe fluorescent material is installed in the vicinity of the
light‘emitting components 102, 202 and is exposed to light of
intensity as high as about 30 to 40 times that of sun light.

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

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

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

202 and the resultant influence of temperature difference due
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the light emitting diode. 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 light, and a garnet
phosphor activated with cerium in combination. With this configuration, the

+dg itting diode of the first emhbodiment can emit white light by
Igr%(%n@g %?ugeedﬁ%%te é?m%?[ﬁadt{fbyc 1(‘-:-plig]’ﬁ Ei Ilr%hé:&rﬂgments 102, 202

and yellow light eraiged byithe Rhospbar excited by the,bluedidhte <0101 tone

Because the garnet phosphor activated with cerium which is used in the
itigheemitting didde pf theofirst embofimentbasi ightresistanceiand £ mixing a

weatherability, it can 20 emit light with extremely small degrees of color
PR et fedsd MRRIGMIn tecstidrhitted light even when irradiated

by very intense light_ emitted. by the light emitting components 102, 202

located in th%e'vic%%?eégérgg (g}/r%"glﬁ riod of t{l:%%. S5EbMpbREntErthgnment of
tHght eanittingdiedes of the; firgt embodiment will be described in detail

below. (Phosphor) ~ The phosphor used in the light emitting diode
Empae et endbodiment is a phosphor which, when excited by visible light
or ultraviolet ray emitted by the semiconductor light :

. The light emitting diode of the first embodiment of
the present invention employs a gallium nitride compound
semiconductor element which'has high}‘—energy band gap in the
light emitting layer and is capable of emitfing blue 1light,
and a garnet phosphor activated with cerium in combination.
With this ‘configu‘ration, the light emitting diode of the first
embodiment can emit white light by blending blue light emitted
by the light emitting components 102, 202 and yellowlight
emitted byvthe phosphor excited by the blue light.

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

Components of the light emitting diode of the first

embodiment will be described in detail below.
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5emitting layer, emits light of a wavelength different from that of the

exciting light. The phosphor is specifically garnet fluorescent material

activated with cerium which contains at least one element selected from

Y, Lu, Sc, La, Gd and Sm and at least one element selected from Al, Ga

and In. 10 According to the present invention, the fluorescent material is

referably yttrium-aluminum-garnet fluorescent material (YAG phosphor)

(P 8ﬁ\5’§}85 With cerium, or a fluorescent material represented by general

formula (Reign I#_h ? %g re, 0sr<1 and Osssl, and Re is

at least ong‘ r%g]ggl%%c ed8 rs}%\%gn G\gﬂ% e&agsgehf?]e 1-Tilglﬁf;e?lnlltcfe(? b§>/f the
fitheclightiepdiliecheomponren erpiayingWhe grlliuphBitrids.campauURY visible

semiconductor and the fluorescent light emitted by the phosphor having
1igaftovwpBodiléaievarelintthe patatiemidfcoinpiemedritary ceturspwihite wotor 1ight

can pe output by blending 20the LED light and the fluorescent light.
S e i st eMBOdimERE becaustthe Bhosphdfay GLea %y bl Wihtg from

. thgeéinowhi%@a'é%&%ﬁ%atiﬂ&ggﬂ. 101.and th%g%%; matenal 201, ¢4 car1y

(detailed later), color tone of the light emitting (ﬁo n be aﬁjusﬁ%ﬁu »
gaincdding WMhites2aangincandescenl lami:€alos by Loniroing the mixing which

proportion with the resin or the quantity used in filling the cup 105 or the
CcopgceRDfafe £83IBY 208N akeBRidhceadens svhvElamytlY of light daittedla, Gd

y the galljum nitride light emitting component. Distribution of the ,
an%héé“ph%? oﬁger#%?i%ﬁ RS 5 SifitlTRe diSd- 6 tRe coibPBlehting®andnd In-

Ac@yabilify. That {5, w hﬁ?é@%&{?”&‘%ﬂl@&i@{‘o‘?{,thEBhQEi'&‘H:‘?S‘é‘ééé@”ln@gerial

surface of the coating or molding where the phosphor is contained towar

is theplighf @rmaitting compedent; & hetomes-lessilikely te becafiecied by material
extraneous moisture thereby making it easier to 10 suppress the A
(YBEteriBPaf e to APISHUAL ©h tHéidther Ba#d.Wihen B concefikapgiescent

f phosphor increases from the light emitting.component toward the
magﬁfgfé“cag of the %\roﬁé'iﬁafz? eco%?’es mors ﬁﬁgl%/ to B AR by( Re,S1,) 3 (Ad,.

cayigneeus maistyre, yitless likgly (g affected by fie heatand 1ease one
radiation from the

selected from Y and Gd. In case the LED light emitted by the
light emitting component employing the galiium nitride
compound semiconductor and the fluorescent light emitted by
the phosphor having yeliow body color are in the relation of
complementary colors, white color can be output by blending
the LED light and the fluorescent light.

In the first embodiment, because the phosphor is
used by blending with a resin which makes the coatiﬂg resin

101 and the coating material 201 (detailed later), color tone

of the light emitting diode can be adjusted including white

and incandescent lamp <color by «controlling the mixing

proportion with the resin or the quantity used in filling the
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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 20distribution of the phosphor. By using
cuthejgh®splrormidhe-tirsi ematlinest, dgbtiemittyry dioge havnesexeedenlo the

emission characteristics can be made, because the fluorescent material

wafgd BRGigh li9ht rdsistahcesdi bigdeffrientdiseratishloven whiéhride light

ed 25a%jacemtto or in the vicinity of the light emitting components

eniET KD CRRes

adiation intensity (Ee) within the range from 3 Wcm-2 to 10

Wem-2. DisthhPoB*E%‘?Poré'ﬁedE@lg‘e;ﬁﬁBE Qgim%triée'?x%%gfoq( has

garnet structure, resistant to heat, light and moisture, and Is there

indapehie of abhsorbing exeitationob lighthaving aapeakatamavelgngthrhat is,
near 450 nm as shown in Fig. 3A. It also emits light of broad spectrum
whigsyitg'& peaRIRaF 53BN (8fingBRERIPO0 fifrasahewn fadly. BB2 surface

Mqreover, efficiency of excited. light emission in a region of wavelengths = |
Of46%%em and. %l‘lg%%r En bnécﬁ%gjér%e Vi ﬁ%luﬁ?ﬁ% éﬁl?ﬁﬂlﬁ%e &ystagrrained

tolehospbor efthe firgt embodiment \Wher ',[he,L@%%Qmﬁ@tsisligggaiﬁ%ely to’

emission peak wavelength is shifted toward longer wavelength and the
beentire emissionyspertruan sostifted tewandtonpereieyeleagihsy This easier to
means that, when emission of more reddish light is required, it can 15 be
SURBHieFed bl T teaSinyIhe Higred bR stifsiatst With-GdOwHerethetdg@r hand,
content is increased, luminance_ of light emitted by photoluminescen .
o e T s i e PO BRe NRSARER phreh arRe Liont
enststifiedayith SReamongothercompgsition of XAG fluprescant matenialng, it

having 20 garnet structure, wavelength of emitted light shifts toward

besiqorest wenvetedgthealid, Wherepar be¥ tisdubgtiteted-nithdad, mavelength, but
le%fsergijthtgglliygh%ghigzt%V\f/%rgclgggeg\}lfva\éﬂgn tehét and radiation from the
light emitting component, thus making it possible to suppress
the deterioration of the phosphor. Such distributions of the
phosphor concentration can be achieved by selecting or
controlling the material which contains the phosphor, forming
temperature and viscosity, and the configuration and particle
distribution of the phosphor.

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

adjacent to or in the wvicinity of the 1light emitting

components 102, 202 with radiation intensity
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Table 1 shows the composition and light emitting characteristics of YAG
fluorescent material represented by 25general folmula
(YI"Gd,,)3(All_bGah)5012:Ce. Efficiency OOT 9 L9 801 1 EIi ETT 98

(Ee) within the range from 3 Wem™ to 10 wem™.

The phosphor wused in the first embodiment is,
because of garnet structure, resistant to heat, light. and
moisture, and is therefore capéble of absorbing excitation
light having a peak at a wavelength near 450 nm as shown in
Fig. 3A. it also emits light of broad spectrum having a peak
near 580 nm tailing out‘ to. 700 nm as shown in Fig. 3B.
Moreover, efficiency of excited light emission in a region of
wavelengths 460 nm and higher can be ihcreased by including Gd
in the crystal of the phosphor of the first embodiment. When
the Gd content is increased, emission peak waveléngth is
shifted toward longer wavelength and the entire emission
spectrum is shifted toward longer wavelengths. This means
that, when emission of more reddish ligﬁt is required, it can
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 ﬁends to decrease.

Especially when part of”Al is substituted with Ga
among the composition of YAG fluorescent material having
garnet structure, wavelength of emitted light shifts toward
shorter wavelength and, when part of ¥ is substituted with G4,
wavelength of emitted light éhifts toward longer wavelength.

Table 1 shows the composition ‘and light emitting
characteristics of YAG fluorescent material represented by

general formula (Y,.Gd,);(Al,.Ga,)0,,:Ce.
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Values shown in Table 1 were measured by exciting
the fluorescent material with blue light of 460nm. Luminance
and efficiency in Table 1 are given in values relative to
those of material No. 1 which are set to ‘100.

When substituting Al with Ga, the proportion is
preferably within the range from Ga: Al=1:1 to 4:6 in
consideration of the emission | efficiency and emission
wavelength. Simiiarly, when substitutingk Y with Gd, the
proportion is preferably within the range from Y: Gd=9:1 to
1:9, and more preferably from 4:1 to 2:3. It is because a
degree of substitution with Gd below 20% results in a color of
greater green component and iess red component, and a degree

of substitution with Gd above 60% results in increased red

~component but rapid decrease in luminance. When the ratio

Y:Gd of ¥ and Gd in the YAG fluorescent mate:;ial is set within
the range from 4:1 to 2:3, in particular, a light emitting
diode capable of emitting white light substantially along the
black body radiation locus can be made by using one kind of
yttrium-aluminum-garnet fluorescent material, depending on the
emission wavelength of the light emitting component. When the
ratio Y:Gd of Y and Gd in.the YAG fluorescent material is set
within the range from 2:3 to 1:4, a ligﬁt emittirig diode
capable of émitting light of incandescent lamp can be made
though the luminance is low. When the content (degree of
substitution) of Ce is set within the range from 0.003 to 0.2,

the relative luminous intensity of light emitting diode of not
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090 Ga content b (molar ratio) 00 VO 90 00 0'0 00 00 Gd content a (molar
ratio) 00

less than 70% can be achieved. When the content is less than
0.003, luminous intensity decreases because the number of
excited emission centers of photoluminescence due to Ce

decreases and, when the content is greater than 0.2, density

- quenching occurs.

Thus the wavelength of the emitted light can be

shifted to a shorter wavelength by substituting part of Al of

the composition with Ga, and thé wavelength of the emitted

light can be shifted to a longer wavelengﬁh by‘substituting
part of Y of the composition with Gd. In this way, the ligﬁt
color of emission can be'cbanged cdntinuously by changing the
coﬁposition. Also the fluorescent material is hardly excited
by Hg emission lines which have such wavelengths as 254 nm and
365 nm,'but is excited withvhigheriefficiency by LED light
emitted by a blue light emitting component having a wéﬁelength
around 450 nm. Thus the fluorescent material has ideal
characteristics for converting blué light of  nitride
semiconductor light emitting component into white ligﬁt, sgch
as the capability of continuously changing the peak wavelength
by ‘changing the proportion of Gd. |
According to the first embodiment, the efficiency of
light emission of the light emitting diode can be further

improved by combining the light emitting component employing

-gallium nitride semiconductor and the phosphor made by adding

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

fluorescent materials (YAG) activated with cerium.
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Material for making such a phosphor is made by using
oxides of Y,k Gd, Ce, Sm, Al and Ga or compounds which can be
easily converted into these oxides at high temperature, and
sufficiently mixing these materials in -stoichiometrical
proportions. This mixture is mixed with an appropriate
quantity of  a fluoride such as ammonium fluoride‘us_ed as a
flux, and fired in a crucible at a temperature from 1350 to
1450°C in air for 2 to 5 hours. Then the fired material is
ground by a ball mill in water, washed, separated, dried and
si_eved thereby to obtain the desired material.

In the producing process described above, the
mixture material may also be made by dissolving rare earth
elements FY, "Gd, Ce and Sm in étoichiometrical proportions in

an acid, coprecipitating the solution with oxalic acid and

firing the coprecipitate to obtain an oxide of  the

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

The phosphor represented by the general formula (Y,.
p-q-r0d,Ce5m, ) ;AL0,, can emit light of wavelenéths 460nm and
longer with higher efficiency upon excitation, because Gd is
contained in the crystal. When the content of gadolinium is
increased, peak wavelength of emission shifts from 530nm to a
longer wavelength up to 5‘70nm,‘ while the entire emission
spectrum also shifts to longer wavelengths. When light of
stronger red shade is needed, it can be vachieved by increasing

the amount of Gd added for substitution. When the content of
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Lii Values shown in Table 1 were measured by exciting the

fluorescent material with blue light of 460nm. Luminance and efficiency in

Table 1 are given in values relative to those of material No. 1 which are

set to 100. 5When substituting Al with Ga, the proportion is preferably

within the range from Ga: Al=1:1 to 4:6 in consideration of the emission

efficiency and emission wavelength. Similarly, when substituting Y with
Gdsgithe HPGFGHBRTS prefdraBliFithinthe rﬁg@@fﬂdiﬁ\i(fi@dﬁglﬂeto }0LEy, blue
liaqixh morerE][iefe bl Afrgm Af:% to 253 Itis because a degree of substitution )

with GdBelow reSUIST R A Golor of grggt%F%Fgé:ﬁa‘ (:omBSP'igﬁt artfies® 1S

prEELOMRgNeRt, @nd a degres of sybstifiiog with Gd abgye 6Q%0resits i, o
increased red component but rapid decrease in luminance>When the ratio
FiEHE abY anskeddm dbe Y AG flusrescenb matekialis set within the
range from 4:1 to 2:3, in particular, a light emitting diode capable of .
emitting whitédigbtarsstantiatigraleng tvetlabl bbdy radinton loctismanla (Y,
be made by using one kind of yttrium-aluminum-garnet fluorescent '

e-matelZsWepeitife or‘?ﬂfélﬁélé‘;r%isé’iﬁn \ﬁ&\‘}el_é??gtHWﬁe fyRishikingo less
a&ompQRent. Yhe etxta%gg%&@gdroé%(%%g?[G.S(}lnotge gl'qo‘eG tluog:esge(égt(i content

aterial is set within the range from aligh em}itﬁﬁa i0
o£apable of emitting ight efinc ptlampican bganade thayghitiged, has

luminance is low.When the content (degree of

greatly improved emission luminance at higher temperatures.
Extent of the improvement increases as the Gd content is
increased. Tempereture characteristic can be greatly improved
particularly by the addition of Sm in the case of fluorescent
material of such a cbmpoeition‘as red shade is strengthened by
increasing the content of Gd,lbecause it has poor temperature
characteristics. The temperature characteristic mentioned
here 1is measured in terms of the ratio (%) of emission
luminance of the fluorescent material at a high temperature
(200°C) relative to the emission luminance of ekciting blue
light having a wavelength of 450nm at  the normal temperature
(25°C) .

The proportion of Sm is preferably within the range
of. 0.0003=srs0.08 to give temperature characteristic of 60% or
higher. The value of r below this range leads to less effect
of improving the temperature characteristic. When the value

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

characteristic deteriorates. The range of 0.0007=sr=0.02 for
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25substitution) of Ce is set within the range from 0.003 to 0.2, the relative
luminous intensity of light emitting diode of not less than 70% can be
\ achieved. When the content is less than 0.003, luminous intensity
~ decreases because the number of excited emission centers of
photoluminescence due to Ce decreases and, when the content is greater

than 0.2, density 5quenching occurs. Thus the wavelength of the
e RESHRRT BRH 6 shiRecHi o Shor IR AR TR et BEComes

g8 Al ofithg compositionwith Gagand thewavelength of the emitted light can
be shifted to a longer wavelength by substituting 10 part of Y of the

compositiorrixth gxdgarthisamayy therlight coler piemissien gankea range of

changed continuously by changing the composition. Also the fluorescent

0 .rh8fbripd Os Rardh Exbitecth b Horetissiorelires whichrhaverSlichnce of 70% or

wavelengths as 254 nm and 365 mu, but is excited with higher efficiency

> PIGRPED KGR 1B Mitted BY % LRRLAght EmifRéSorRPonk ARG refers to

thvga\é%qggt%%ro ngr@nrgg. 'I?rrllustthe fluocr) cent matgrial has ide
characteristics for convertinng

1weMitrgeomponent ine sdiedightasuch;as the,carakility of gontinuously
changing the peak wavelength 20by changing the proportion of Gd.

| ) )
lue Tght of Ritride SEMICSIHuCtSr Iiﬁ?\? emission

According tBlike firshemhodipent; tle efficienty afdighteemissimsofthe lower,

light emitting diode can be further improved by combining the light emitting

*

LutinaoTsnt ERTIGRRGHalRFRHFEe $&RicAaRREST and thexshdsphoremission

10 cem%g% Sby atddirpl% ggﬁrg .earghcgle@eenénsamarium (Sm) to v
VHFUM-alm R Um-garnet Huoreatent Mkterifis (T AL ZGRARY Rt - when the
g C88UMyreater 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

15 increased beyond an optimum level.

For the 1light emitting diode of the present

invention, a mixture of two or more kinds of phosphors having

compositions of (Y, ..Gd CesSm.),Al,0,, having different contents

of Al, Ga, Y and Gs or Sm may also be used. This increases

20 the RGB components and enables the application, for example,

for a full-color ligquid crystal display device by using a

color filter.

(Light emitting components 102, 202)

The light emitting component is preferably embedded

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

light emitting component used in the light emitting diode of
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Material for making such a phosphor is made by using oxides of Yr Gd,
Ce, Sm, Al and Ga or compounds which can be easily converted into
these oxides at high temperature, and sufficiently mixing these materials
in stoichiometrical 5 proportions: This mixture is mixed with an appropriate
quantity of a fluoride such as ammonium fluoride used as a flux, and fired
tHea Crycibie ft a teyppergturs,from: 1350 10 1 in air for 2, t0.5 hours.
Then t%e fireg material if%%f&fndn%/%a baeltl mi%%r?' %vg%é%: szsh%%%%e compound
s sepaeted.adred anddflsieveddiierebydochiaimipe desied materighe garnet
In the producing process described above, the mixture material' may also
L haqngde By dissaivmigiale canktloments YwGh CecandiBm.in+ The 1light
e %Eoti%k}i%metric?%oportions in an acid, coprecipitating the solution with
oxalic-A€id and ES fiftd the doptecipitté to BBREPEAMKIdeTFAdUM  nitride
ipita ' xing.jt with aluminum oxide .and gallium oxide. |
c%%%p%ﬁ%@rﬁ%yﬁg génr%eérjgl fg}’mlﬁgwu-}ng a light emitting

layer ,GsrCegSMANdAR3032 gan el ligbhahwayelengihg 4%%”&%%0 on a

longer with higher efficiency upon excitation, because Gd is contain
S\WRs Emata. Whehlthe MMt afgzcietinium isircreasac: peak Wawelepgth i ght
of emjssion shifts from 530nm to a longer wavelength up to 570nm, while

S BATE SFTRBRIES ectidt alk® sHIRBA6 TsHGarwaveldrgtiesonbendighte  or
tr rr hade is needed, it can be achieved by increasing the ‘
A e e S oERC b By P10 Sunct don

amount of Gd a or su ution.

oincrersequhipingnce of Rhptolypunescensewiiblue light gradually -,

decreases. Therefore, value of p is preferably 0.8 or lower, or more

s prefetatly @cpendoiwer. Surtheremneecprefarabhrit i@ 6 HElQWBhauctor layer
The phosphor represented by the general formula (Y1.. _

N .

anfl ¢ tBApCEPHIAI2RLOY2 iRBRERRISM cdt baaadedsbiedto leasle in a

Siﬁﬁgden%%o u'(I(;imp‘gr t%re regardless of the increased content of Gd.
is, tie phosphor” whien Sif i E5HEf e hasWYredthFibforogé@ntum  well

staissiepdupiRance.at highet IERPSIAY €St s vation layer is formed as
thin as quantum effect can occur. According to tﬁe present
invention, ‘a light emitting diode capable of emitting with
higher luminance without deterioration of the phosphor can be
made by making the activation layer of the light emitting
component in single quantum well structure of InGaN.

When a gallium nitride compound semiconductor is
used, while sapphire, spinnel,‘SiC, Si, ZnO or the like may be
used as the semiconductor substrate, use of sapphire substrate
is preferéble in order to form gallium nitride of good
crystallinity. A gallium nitride semiconductor layer is
formed on the sapphire substrate to form a PN junction Via a

buffer layer of GaN, BAlN, etc. The gallium nitride
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10 Extent of the improvement increases as the Gd content is increased.
Temperature characteristic can be greatly improved particularly by the
addition of Sm in the case of fluorescent material of such a composition as
red shade is strengthened by increasing the content of Gd, because it has
poor temperature 15 characteristics. The temperature characteristic
s nepinnacthere inmeasuiegn tekdanotifie ally (PLEMiSon ngseson o
luminance of the fluorescent material at a high temperature (?2‘60833
noelativetaitheierhissing lumipance pf exaitingbdie light BaiBg ato form an N
wavelength of 450nm at the normal temperature 20(25C). The proportion

TR SnoRigrergrablj Witds theaahge ot 0:0003sIs0708 ¢0 glee tempenatuperties

characteristic of 60% or higher. The value of r below this range leads to

(T8&S &ffEct SHIRPPOVIART #78 tenfidiaturs ChBrfSeriBr RS théwfuemission

o2Ppftisa c’)velgmi%‘ga n the contrary, the temperature characteristic

deteriorategs.The ranggzgg‘egﬁ%g}sf%o%%é%cr& tﬁjéetggo ortieh of %ﬁ?@\ﬁ]%resuc’h as

siemperatuse chatactesigtic kecomes 80%y@r-higher f%mreddeﬁir%g e gallium
The proportion q of Ce is preferably in a range of 0.003sgs0.2, which ,

n Hhalietereeivé ernidsionduminancetdfe/ 0¥theb highaapossiblei Thereferably
relative emission luminance refers to the emission luminance in terms of

ARG dertdyd i thE X RisSBRANRINBRER ORE fldbrestient Bateriflawhére and Ba.

Bé’c:aou%?é it is difficult to turn a gallium nitride compound
semiconductor to P type simply by doping a P type dopant, it
is preferable to treat the gallium nitride compound
semiconductor doped with P type dopant in such process as
heating in a furnace,. irradiation with iow-—speéd electron beam
and plasma irradiation, thereby to turn it to P type. After
éxposing the surfaces of P type and N type gallium nitride
semiconductors by the etching or other process, electrodes of
the desired shapés are formed on the semiconductor layers by
sputtering or vapor deposition.

Then the semiconductor wafer which has been formed
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 chyips by scribing grid pattern of extremely
fine lines on the semiconductor wafer by means of a scriber
having a diamond stylus which makes straight réciprccal

movement. Thus the 1light emitting component of gallium

34



10

15

20

25

When the proportion g of Ce is 0.003 or lower, luminance decreases
because the number of excited emission 10centers of photoluminescence
due to Ce decreases and, when the q is greater than 0.2, density
guenching occurs. Density quenching refers to the decrease in emission
intensity which occurs when the concentration of an activation agent

n; dcliL%deto increase the luminance of the fluorescent material is

e RS R IS SFRRGHT RSB €20 Perpagf:light emitting diode
of the presgnt i i ixture of t r more kinds of phosphors
having com%&)s%ﬁg%?‘%gl?ﬁsg%rﬁﬁggglﬁ% EAVFS?)% hggﬁgin%ﬁgrten?

dicerdents ofrd, @ar¥ anehGoenRm Manalse bedipad. Jhis)ingiaases 20ceq by
the RGB components and enables the application, for examplé, for a
thiglllcbidrtlicend thybstat display deviceiry gsied arcaanfilfofl ighterittiag 53 0nm
. components 102, 202) - The light emitting component is .
INGTEfSrabfy emtBeddEdBBHEMNEMY matérial BB ShowehpERRdnaad Fig. color
Jhe light emitting component used in the light emitting diode of the
s R ion s ﬁlﬂﬁﬁ’é‘é”éoﬁﬁ%u 3 'sBhitoAdICtBr 84pdE . and

presen INVENtion Is a gaﬁi
mcBiCISRHY SXHHRY PRRARGLIPresced &%e&?iéﬁf%'i%ad With CQUUMBy ther
The light emitting components 102, 202 employing gallium nitride 5
rmogEMpoeidsehlieorchctortare made byrgrtningsa iguemnting.laysr 8f5nm, in
gallium nitride semiconductor such as InGaN on a substrate in the
OnGRICHY pEBEESY ThEhgr RRireHfaRe Higitierhittiny cofpoment mgytbemitt ing
homostrEI(D:ture heggrostructure or double-heterostructure which have MIS
i

COURRHSH, |Rﬁﬁnc‘i R H8FBRPANClioAi™NE SO WSRIERGHR of Bmidifonwhite
: b d ng on terial of the semicqnductor.layer and _,.

e Thorar T by s b e e a0 Fis.

4 .structuse Di gridtiplenguanivin wethstHelre whelaa ReRICONFUERr 1 ead type
activation layer is formed as 15 thin as Quantum effect can occur.

shaggording ¥d ghe preserit infentow lalight emittidg glodeesapabimgf component
emitting with higher luminance without deterioration of the phosphor can

anfle WSO BY FRAGRG e SEFatibhIEySFGIAATBREeiffting pRsardRdn 1ater .

anQQEFHET“&%EgﬁE%HJ %@fﬁé”%?ﬁeak around 450 nm is the light

mitting

emitted by the light emitting component, and emission having a
peak around 570 nm is the photolumiﬁescent emission excited by
the light emitting component.

Fig. 16 shows the colors which can be represented by
the white light ‘emitting diode made by combining. the
fluorescent material shown in Table 1 and blue LED (light
emitting component) having peak wavelength 465nm. Color of
light emitted by this white light emitting diode corresponds
to a point on a straight ‘line connecting a point of
chromaticity generated by the blue LED and a point of

chromaticity generated by the fluorescent material, and
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20When a gallium nitride compound semiconductor is used, while
sapphire, spinnel, SiC, Si, ZnO or the like may be used as the
semiconductor substrate, use of sapphire substrate is preferable in order
to form gallium nitride of good crystallinity. A gallium nitride semiconductor

Iaeyergs 25forg1ed on.the sapphire substrate to form a PN junction via a .
BEHeF tyer of Bakt KINVBL PhE YhRInTREIRD séffesiftucoridon in Fig.

1 &ype; gonguctivity, under the condition.of.not doped with.any impurity,
g?though in order to form an N%eggkallﬁ})rﬁ ni r%é@%gcmllccolr% uc &Félg\ﬂﬂ‘g can. be
faebired-prepestiesHpgaries agnceniration, Sie s sueh agimproveddioht +o 7 i,
emission Sefficiency, it is preferably doped with N type dopant such as Si,
T@d.esd, Te, Bhd -C.UA stlew® tohen alfatype ghtliuembiégden color when the
semiconductor, on the other hand, it is preferably doped with P type

CUSHRAE SudH as BHOFIRS B e ol s. Betatibe itB Hifickighturemitting
lum pitride compoungd 1Q semiconductor to P type simply by dopinga .
d%?t%/%gl §opcag?wef,rll?lﬁ?sc%refg%%%eepotﬁegﬁhgsg%ﬂ?Eﬁ"ﬁ %ﬁﬁae%?ﬁﬁdw are given
iseicgndugiar-deped, ﬂk%tﬂ%%dPQQWHn&%@H[ERC%?%a gg%%n%ﬁ%gterial}

furnace, irradiation with low-speed electron beam and plasma irradi tion,
Asherib tooturrsitén Plype. After.151exposisgdhe surfages of e agM aches
type gallium nitride semiconductors by the etching or other process,

Lhadctritfes thBtlesFedeRapesate fotaedwmie sorhieondttter layensent of

£ %l)Jttering or vagor depasition.Then the semiconductor wafer which cut
iRt pitced By Al dfa AT &R hrPedeARPFORE Serididtinget blue

 LEBoQYes, (halfscut) which have wid) Sé&eﬂéh%%%e blagle edge width. Or

2 . ia ea
otherwise, the wafer is cut into chips by scribing grlgpa ern o extsremely
fine lines orniecsemicgnductonwaieeky meanswiaseibera 1ight emitting

component which does not excite the fluorescent material may
be used together with the light emitting component which emits
light that excites the fluorescent material. Specifically, in
addition to the fluorescent material which is a nitride
compound semiconductor Capable of exciting the fluorescent
material, a light emitting component having a light emitting
layer made of gallium phosphate, gallium aluminum arsenide,
gallium arsenic phosphate or indium aluminum phosphate is
arranged together. With this configuration, light emitted by
the 1light emitting component which does not excite the
fluorescent material is radiated to the outside without being
absorbed by the fluorescent material, making a light emitting
diode which can emit red/white light.

Other components of the light emitting diodes of Fig.
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25having a diamond stylus which makes straight reciprocal
movement.Thus the light emitting component of gallium nitride compound
semiconductor can be made. In order to emit white light with the
light emitting diode of the first embodiment, wavelength of light emitted by
the light emitting.com%onent is preferably from 400nm to 530nm 5
1 iaRfishAdin corigideration drafrrébngldrrdntdry color relationship with the
h or and deterioration of resin, and more preferably from 420nm to
(C%ﬁ%h?ﬁé’lﬁsmfﬁ?s fj(gr er%ﬁgr)e preferable that the wavelength be from
450nm to 4F8am. 43 geerteumpraye 1e emjssion gificiengy,of ine Jiglt
emitting 10 component and the phosphor. miésiozn spe&%’rﬁio th}elgv\‘/’kﬁte good
ellight efnittingdiedenfthe first eppbadinertris showbindig+4 1R Ighha  good
emitting component shown here.is of lead type shown in Fig. 1, which
meghplbyeahe lighhamittingtonypbnknt ahe thesplasphodef theoffrst the  1ight
embodiment to be described later. 15 In Fig. 4, emission having a peak
P thB 5 HES B fight ehfitted bY%he light daRtAG Eompendngadity is
emission having a.peak around 570,nm, is the photoluminescent emission
prg)%::e?t%ﬁ the i'gﬁiL emﬁfﬁ‘\{(j &S%b%ﬁze)r{t.nc:{é:.“% siffvs thé Tofrs wiigt  more
preaibarepresented, by 2 It g, ‘e gyt "#fde, made b i1
‘combining, the fluoresc(en rr(}n%\gsr?al s/;wvbn %Era{\qbg[g “and blugL Brd?f]lﬁtl}flty’
diemittieg corfipdrient) danihgrcalewanatengifs 465regccalor of libdm 1oum to
emitted by this white light emitting diode corresponds to a point on a
45U RCHMS ddifhectiBY eNpoThest Behrematcinegemdraledisy treebluor both
enbERINEL APt o ehiomayely gsnerated by he luorescent material and
because of the difference in thermal expanéion coefficient due
to the fluoréscent material contained in either of the above

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

interface. For this reason, diameter of the conductive wire

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

components, the inner lead and the mount lead by meahs of a

wire bonding device.

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

105b, and it suffices to have a size enough for mounting the
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therefore the wide white color region (shaded portion in Fig. 16) in the
central portion of the chromaticity diagram can be fully covered by using
the fluorescent materials 1 to 7 in Table 1. Fig. 17 shows the change in
emission color when the 5 contents of fluorescent materials in the white
_light emitting diode is changed. Contents of fluorescent materials are
Ligien $ifeid Mo PCaRAGE 1S thblrd sividdedtih ehevdaatingandtionial. desrice  in
thWi" be seep fgom Fig. 17, color of the light approaches that of the o
fuoredRent fiterials when tHe ontéht dP1bRRdrskenfiatdrighs emitting

colfiGieaspdand appraaches dhatigf Qlye LR, when t%‘?} COMEMLOT) cad is used
fluorescent material decreased. Acéor Ing to ﬁe present’

asinvention, a:lighieraidingrenmponent ydreh degs Retexcits s floresoeit use
material may be used together with the light emitting component which

digfdsetrs lighe iret exeides thevditersscent mateyial. Specificadly,, in agdditioncient
to the fluorescent material which is a nitride compound semiconductor

SLE5HEBIE%r SRRMYThé THibrestRft ARAErACRIRAEMiting Chipdient bonding
. having a. light emitting layer made of gallium phosphate, gallium aluminum |
W'J‘!fa?trgsenéisJ aed, Z(S%Efﬁﬁ?n a?see/%ic Eﬁggﬁhrzgg or indi‘ﬁ%;glunﬁh m phE&ihatgte tting
cofpianagd tagethersWithithis configwationiohterified by the light 4 ang the

emitting component which does not excite the fluorescent material is
curadiated 1a Yee outstde witlkouf being:abserbesdrydheduprascent matetized by
making a light emitting 25diode which can emit red/white light. Other
theorhpBRERESTHRe MgHenitting diedeverrig.f 1 aadtrigp2 il beflected by
described below. (C nductiv§ wires 103,,203) The conductive

Eh&ireSR3, YB3 dhouftFRAveE 008 ERESHd @Bnd GRRity ti55fiRrs  erroneous

1169 ivity,and gaodygechapical ¢ cti ith the. electrodes. of the ..
11”9%%'1%&%69 cc?n?pgor?gr?ts Fgg%z.ggﬁgmgpﬁn%ugﬁﬂb% p?glfle%é@g diode
mo Orflecal {sH em?) (Edember Hghek anddnorempprefaiably0.51 1umination here

cal/(s)(cre)(C/cm) or higher. For workability, diameter of the conductive

refifesis prefefalsi frém Emnegenon as other light emitting diode
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
imide resin. When a face-down light emitting component Y(such
a type of 1light emitting cdmponent as emitted 1light 1is
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

bonding and electrically connecting the 1ight emitting

component and the mount lead at the same time. Further, in
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10 45pm 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
omieeristpsefenahiy vot lens thapbviaangd, &y the (9ason o ghtenifting, ¢ ¢pe
area and ease of handling, preferably within 35pm. The conductive wire
1 ¥a8y benimeia suchiad goldscoppereplatinush and-apmstunt Beamalier 1ead
thereof. When_a conductive 20 wire of such material and configuration is

VRiEeTOR cEPthe £9bily EBHECEd e tRPERRNBdES Ohthinfight emittife mirror-
S$P , the inner lead and the mount lead by means of a wire = . .
P bo%%&gdrgéc smofnﬁgg ?63?2 MSht ’ead 65 E8fbReEs a i this

cadba angka Laﬁdfgg@b,la&ggiﬁﬁléfgge%p av ize, enough for. maunting
the light emitting component 102 with th We%eggé% ?ﬁg %Jlg(\)ﬁ%quytéé %:(EJ -8 8
ink05s Ivease a piiralityrofdightemsiting sempogents grg insiallgain the .4 ;s
cup and the mount lead is used as common electrode for the light emitting
PrFRaeRat, Wethuse B différentelecttode reateriaissmay be wsathin 30 -cm.
sufficient electrical ccétnducti\(ity and goqd conductivity with the bonding

VRS BRUHEL &te REHERAd: WherT the At ilittiig.esmpemesnsnts on the
md lled iy th p m nd the cup js filled withthe . . .
dfPugtlJt{?echeér?% 'megt%%i aﬁigﬁatcer%ﬁ% dl?l%/gJ gié: the: Al gf%%%e RS i€ SRhhEcant
arisatiapic feflreted byiae cupdpardesired diiection aMLNereig, «tivity is
erroneous illumination due to light from other light emitting diode mounted ™ .

regHrbgdan be prépentefii Eabheous itbminatioreherd refesptaigueiaity  is
phenomenon as other light emitting diode J5 mounted nearby appearing

Prafiictighlighfing HesgitetddtDeiRg SupBlisthwith poweh igher, Boadilg more
d the mount lead 105 with the cup

fthe light emitti t10
I i hCae 1 & e o AT sudfeReBRaRy v ich

saﬁﬁﬂfﬁcﬂw§é§"kéﬁﬁﬂ%@ﬂ@§€§985nwg¥H‘@@3&590%%§gggemﬁgﬁier—clad
component (such a type of light emitting component as emitted light
s teglacted poer tod sdbstiate side aad 49 Ttonbiguredfanmasinting the
electrodes to oppose the cup 105a) is used, Ag paste, carbon paste,
(IpRedlid BampL8bthe like can be used for

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

inner lead is wire-bonded as the distance from the mount lead
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25bonding and electrically connecting the light emitting component and
the mount lead at the same time. Further, in order to improve the
efficiency of light utilization of the light Emitting diode, surface of the cup
of the mount lead whereon the light emitting component is mounted may
be mirror-polished to give reflecting fundtion to the surface. In this case,

inthessusréacesroughness thprefasably freatQdsto O S daglusive s GlectiCres is
resistance of the mount lead is preferably within 300p0-cm and more

segiefeérdbly withir 8p2em reehnmseanting a pliralityiohkght émiiing end  face
components on the mount lead, the light emitting components generate

COLRRIIEARE 1FdhBuritt HeBPERE tHeterord RiyhtRemid torriatuvigbem 1.6 S

required ifically,.the thermal conductivity.is preferably 0.01
toczflj%s)%crin%) C/%f:r?n‘%gor Hgﬁlgr{l%ﬁ errfgélﬁr%fé&r/fab%geca? 5?8%5)(0/0@

or highe Materials whighsatisly thase requirgments congaia seel,

! ¢ : hape, it
copper, copper-clad steel, copper-clad tin and inetallized ceramics. (?nneg '

mafealdel @8)nched Bhenrrerdead 166 ésieannertackipone otelestrodes phde by
the light emitting component 102 mounted on the mount lead 105 by

PUR{RHRDf EBndirtife Wi ok #e kel fRthetdieR ob aZGlighitzdmittingt on the
en%io%eac\évehe% g&p#lraligy’é)f the I@gt mitting components-are installed on
the Mount Tead, Tt s neessaRy o arrangs afiGlig ¥t it ddsCbe e end

£asldch a manner that the conductive wires do not touch each other. For
example, contact of the conductive wires with each other can be

25preventerhly ineneasing the arcareidhe end fase yharedbgdnneidaadisivity
wire-bonded as the distance from the mount lead increases so that the :

wighacklsettbend fegcortuesvewhiiathis secureth Surfacevmugtiness oithe have
inper lead end face connecting, with the conductive wire is preferably from

991% STATEfiAusivEIREORER B0 of clOBETORERRILY, the® electric

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

(Coating material 101)

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

As the dispersant, barium titanate, titanium oxide, aluminum
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5In order to form the inner lead in a desired shape, it may be punched by
means of a die. Further, it may be made by punching to form the inner
lead then pressurizing it on the end face thereby to control the area and
height of the end face. 10The inner lead is required to have good
connectivity with the bonding wires which are conductive wires and have

oxgiadgl, electricabeordustivity. pecifieally; lh@ee@?g'cgﬂf"é@é%%qg used. When

preferably within 300y. cm and more preferably within 3p. .cm terials
thehichlsmishsthest reyatremiernits 15 coftaindidn, IspppesuiteacoRtginingbat i ing

copper tin- contalnlng copper, copper-, gold- or silver-plated aluminum,
N3fsirand cBpge tCB ?@aterlépld"il)%ecéc?ﬁmg%éﬂam 1eniisting diode

ided inthe ¢ of 20 the mount Ie from the molding material
ca%o%ﬁgr%d E tir}fe first erhbodient, cc%ﬁtams %ogﬁh&o\%ﬁf?} dierishe film

iR kigbtsmitfeqd, by (heilight eiting.cempanent. The '5‘1_9eh alcrial mater ial

may be a transparent matérial having good weatherability such as epoxy
laesin, urea resin and silicon or 25glass. A dispersant may be used

together with the phosphor. As the dispersant, barium titanate, titanium
(Mpdde. reluRatan iedidé Odilicon dioxide and the like are preferably used.

When the fluprescent material is formed %/sputterlng coating material

may be omittad. IFthi€ ta8e, LayhtHittifG diodeeapasR oFperRfiRfect the
ll%%rsé}@ftt%%ﬂﬁadg&ﬁl %%%tﬁqllqg)?e fJ(!WeStQIgEQ lvgr%ljl_gi:lgg f 83 and the

aperture In th uorescent materi
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 unsharpén the directivity of light from
the iight enitting component 102, resulting in increased angle
of view. The molding matériél 104 has the function ofviens to
focus or diffuse the light emitted by the light emitting
component. Therefore, the molding material 104 may be madevin
a configuration of convex lens 5r’¢oncave lens, and may have
an elliptic shape when viewed in the direction of optical axis,
or a combination of these. Also the molding material 104 may
be made in a structure of multiple layers of different
materials being laminated. As the‘ molding material 104,
transparent materials having high weatherability such as epoxy
resin, urea resin, silicon resin or glass is preferably

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

aluminum oxide, silicon dioxide and the like can be used. In
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layer. (Molding material 104) The molding 104 has the function
to protect the light emitting component 102, the conductive wire 103 and
the 10coating 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

oty SO (o VO SRRSO i08 (UG, o,

S
increased angle 15 oJT ew. In teria

- thiensrie faqus;or fiffuse the light efitted %th%@&@%@@ﬁgng€@n”§wgﬂypresent

Therefore, the molding material 104 may be made in a configuration o

- ingemieikdens theoptaseplens, ang rbay bave:anediptis ishepe wherviewesh ding

in the direction of optical axis, 20 or a combination of these. Also the
maf@tdifg material104haFpe bade Matstricilre of ultipletlagemsiofsphor  is

dlgeg%neténaterlalageln laminated. As the molding material 104,

CoRaRdparent fatendfs h hitgh WRkt5EriBiity sGOTEE ety HGY urean  be
i1, Sl L glass is prefer, pl . As the djspersant,.
e e T e e i Bae 0 both

thike eanthimyseta tieatidition ia therdispessatinphospher-may . alsoferther, a
contained in the molding material. Namely, according to the present

regpiantioncthedsins phiokenap besgimainedasthdpén the edbldig materiaborating
in the Coatir%?f material. When the phosphor is contained in the molding

maf Attt anflé b vieWrddiFbe BT incréddd@ TR phddstior nidPals6oating

maQ%f QL_@ineadsi oth 18 § ating material pdt molding material. .
FurtF?er, a resi%c uding t%%%ﬁ%%%ﬁéﬁ%gy he}&ggé?j ast %Sco%ljéinﬁcssmle to

mafateiil while ising ghassedifferantdrom hecogiing 1 0 featetials ag thesect  to
molding material. This makes it possible to manufacture a light emitting

thdiotle Whiehdeless subject torthevinfibegee df poisturecwith gpod The molding
productivity. The molding and the coating may also be made of the same

ang, 5l 57 8FddrdoMRtch tFe refagirdanddx, depepaiy Batiksial in order

application.,15 According to the, present invention, adding the dispersant . .
t :
Oar%%lgf: é c%l%?at%%%%%%%r‘{ elr%(é?%)frfg ngigt%%%i?ﬁ&g thoegef Ts piication.

Ac€@§5m@§hewaﬁ0£ﬁéﬂﬂgﬂ@9@%%6”&H@@%%ﬁ6ﬁ§cugaéEH?i”ﬁﬁ8“0§ﬂ§§ersant
color mixing performance. That is, the fluorescent material absorbs blue

andgmponenteflexti@oeons agent in the molding material has- the
effects of masking the color of the fluorescent materiai
obscured and improving the color mixing performance. That is,
the fluorescent material absorbs blue component of extraneous
light and emits light thereby to give such an appearance as
though colored in yellow. However, the dispersant contained
in the molding material gives milky white color to the molding:
material and the coloration ‘agent renders a desired color.
Thus the color of the fluorescent material will not be

recognized by the observer. In case the 1light emitting

component emits light having main wavelength of 430nm or over,
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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 25recognized by the observer.In case the light emitting
Lt corfipdient eﬁﬁt%flg@%?lﬁéﬁn&ﬁﬁn WhvERH BF 4301iR BPBveW it @ serves
re preferable that ultraviolet qpsorbe{g which serves as light .stabilizer
& contained. Embodiment f?ﬁé?‘léﬁteemitting diode of the second
EnSmBedipentof 5 the present invention is made by using an element
provided with gallium nitride compound semiconductor which has ‘
high-energyhant iggiptinghe tighthemitting tayer asitbedighbemittingodiment of
component and a fluorescent material including two or more kinds of
thehospRERNST diffsrepntéempositions ot 10prefsrably an element provided
wl %ttrium-aluminum-, arnetfluorescent materials activated with cerium as the

RosBAGr With thisEdfiffuRHBRCR HE ht it divtle whictafdwsigs  high-
en@ysg dgsigd calgr tqne %&ngﬁg."[gf}&theﬁ?feﬁ{'r%%fgfvggag,e%gg%h@m%ﬁg light

fluorescent materials can be ma ven when the of

enkERilight esrified dydhedightenitiing-ecampenent deviates fiomtheing two or
desired value due to variations in the production process. In this case,

mogmmissienrcsior affhe bgiatsgphitiing diade cahibé emade: constanthsusinges, or
fluorescent material having a relatively short emission 20 wavelength for a

PIffiferhittihg cofhpoREAT o dyBidtivay ISR EmisdidH WereReRfth andaterials

smglg fl orescggt m%terlal havmggrel%é_l'vely Iopégﬁemlssmn wavelength

“tora |g% em?fﬁng comr%jnjé%xf\ofarelativ f/"long BS8A Waveler‘fiﬁ . As this

coﬁ%i@%gﬁ‘erf&??mam@tﬁgiﬁhaé%%@fﬁat 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
wavelength of the LED light emitted by the light emitting
component deviates from the desired value due to variations in
the production process. In this case, emission color of the
light emitting diode <can be made constantly using . a
fluorescent material Thaving a relatively short emission
wavelength for a light emitting component of a relatively
short emission wavelength and using a fluorescent material
having a relatively long emission wavelength for a light
emitting component of a relatively long emission wavelength.
As for the fluorescent material, a fluorescent

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

Ga,)s0,:Ce may also be used as the phosphor. Here O=r<l and
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25materialrepresentedbygeneralformula(Rel_,Smr)3(All_ 5Ga8)5012:Ce
may also be used as the phosphor.Here Or<1 and Osssl, and Re is at
least one selected from Y, Gd and La. This configuration makes it possible
to minimize the denaturing of the fluorescent material even when the
fluorescent material is exposed to high-intensity high-energy visible light

itted_by. the light emitting component for a long period of time or when
Osﬁggd ur?éyéir vgﬁoulssen‘—\i/sfro Sﬁfgl SOHuitRAsCEhG thefdiore alightd and La.

Themnitting-diodeurhiehds subiggtde extyemely asignificant cglor shiftand . ¢y
emission luminance decrease and has the desired emission component of :
denehighinminamte cambe mades (Bhosphor afithesecond emkedimgAn the
Now the phosphor uSed in the light emitting component of the second
L1 upmReiRBAt WAt dédcribed frBeEarbdiow hd sécorehertodmght-isner gy
. similar ta the first 15 embodiment, except that two or more kinds of
iz eP %F%p%é’iti

les)ﬁgsﬁorsl aiffERsht Wa&i%ﬁ@d G EEAGH afeBRRBaR théor a

10RB0§PARL RS describad abpve,and (e methed of using the flugrescent . 5
material is basically the same. Similarly to the case of the et

coetmbodiment, the20lght esmiging diode cantbe giverdiigh weatherabilitt on  is
by controlling the distribution of the phosphor (such as tapering the

supgreehtraforevith eme tistahee foom thedight emitiing comiptineald Sushias ion
distribution of the phosphor concentration can be achieved by selecting or

1u1&\6ﬁ1[%1|ﬁﬁag %%Cﬁu%?ér?al mhhas the desired emission component of

high luminance can be made.
(Phosphor of the second embodiment)
Now the phosphor wused in- the 1light emitting

component of the second embodiment will be described in detail

. below. The second embodiment is similar to the first

embodiment, excépt that two or more kinds of phosphors of
different compositions activated with cerium are used as the
phosphor, as described above, and the method of using the
fluorescent material is basically the same. “

Similarly to the case of the first embodiment, the
light emitting diode can be given high weatherability by
controlling the distribution of the phosphor (such as tapering
the concentration with the distance from the light emitting
component). Such a distribution of the phosphor concentration
can be achieved by seiecting or controlling the material which
contains the phosphor, forming temperature and viscosity, and

the configuration and particle distribution of the phosphor.
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25contains the phosphor, forming temperatureS and viscosity, and the
configuration and particle distribution of the phosphor. Thus according to
the second embodiment, distribution of the fluorescent material
concentration is determined according to the operating conditions. Also
according to the second embodiment, efficiency of light emission can be

THAsTeased 5 flesigningdhe anangement af the two A e kinds of Lr tne

fluorescent mateérials (for example, arranging in the brder of nearness to
f lthexdigit emitting cemponesyracoerdiag te shes ight geseratad by dhe dighti ng o
emitting component. With the configuration of the second embodiment, 10
themikipg 8 e frstemnidddidmms - light émitting dioderkainhjghtefficiehey second
d,enough light resistance even when arranged adjacent to or in the

e“@i%ﬁﬂﬁ%‘f’ elaffiely RgtRGHpAtlight Shfiti g E6mibome fawittPradidioreased by

aelntensity (Fe) within the range fram 3 Won, to 10 Wem' can be made. .
5 %he yﬁ(riumi-ll\; urrr:?%t?rﬁggqagrﬁg uoroe\gcen li1rr€?atetr-’i‘§?acﬁ(l%\teH“a\ﬁﬁj’l caftpis  of

£106AG foresarnt Batarial) ysed indhersecand emhodiment b Sgag‘e&tder of

‘structure similarly to the case of the first embodiment,”and’is therefore
negesistant t--heathightldnthmoisturet The pealtnpanelength of exsitation ofo  the

.the 20 yttrium-aluminum-garnet fluorescent material of the second
LighbodfRetedi b Bethealdstrimanihbitaedbytensalid line in Fig.

5A, and thevp%%k V\% velen%th f emission can be set near 510nm as )
indicated by the ‘solid Tine R Eig 58 AWATE m&Kingthe emRSRIIfspeEkaRiment,

5130 biaad oo tkaut 10 257 00N TR INAKeS gesible 0 e ae has
light. The peak wavelength of excitation of anot ar
higthriuntalarbémmg-gandetenough 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.
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
yttrium-aluminum-garnet fluorescent material of the second
embodiment can be set near 450nm as indicated by the solid
line in Fig. 5A, and the peak wavelength of emission can be
set near 510nm as indicated by the solid - line in Fig. 5B,
while making the emission spectrum so broad as to tail out to
700nm. This makes it possible to emit green light. The peak

wavelength of excitation of another yttrium-aluminum-garnet
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fluorescent material activated with cerium of the second embodiment can

be set near 450nm as indicated by the dashed line in Fig. 5A, and the

peak wavelength of emission can be set near 600nm as indicated by the

dashed line in Fig. 53, 5while making the emission spectrum so broad as

to tail out to 750nm. This makes it possible to emit red light. -
e1¥éavaleaath ohihe eried Ight is shiled 19 2oMEL NAPIRN B s econa

substituting part of Al, among the constituents of the YAG fluorescent
enmattnabhavigrgaseet dorstistisre agithieazgndithe;wavelengh ofthe qashed

_emitted light is shifted to a longer wavelength by substituting part of Y with

Limyy drib/drice. PPéportiaslofibsheting wawith Saishpreferaiydmimn can be

Ga:Al=1:1to 4:6 in congideration of the light emitting efficiency and the
Selval&dhgth Oo?%iﬁon?%ﬁ&ﬁﬁ%SWcﬁ%ﬁon%%tit&ﬁﬁ@ YiRithEdg- 5B,

nand/qr L -iﬁ regﬁgab ir :Gd and/or L.a=9:;1 to 1:9, or more prefetably
v from Y%(}% aﬁd/or Laé\éi:gigt%r)\fL g% gﬁggﬁtﬁ%g‘n of |et]§§ ?ﬁgn ﬁﬁ%tPesEﬁésm git to
75 Digfease ph gregpmeompengiAga decrassaf red sompanent.

Substitution of 80% or greater part, on the other 20 hand, increases red

componenibwelengases ¢fe tminaree steeqlly.1ight Matedalifeted to a
making such a phosphor is made by using oxides of Y, Gd, Ce, La, Al, Sm
Shohb%a HFEORITRAER whith EaPBE Badiy-BenverRed inofthekd oxigaong the

| Cori;isgchiéggne% rsaturgfar]cq}.%Ss%é%ii%}Gmixin%these materials in

stoichiometrical proportions SO TRRICTE Malkfiaf siattaifag bys  garnet
st HR04R] TR ERIE CHIERIY He Qb S SAAN BT LrRloLhIAEN B gne s
id and firing the

proportions in acid, coprecipitating the solution oxalic ac
sheopeetipitatetolabtgieranvaxideaidhe copresipiate; wvtichds thepdmixedy with
with aluminum 5 oxide and gallium oxide. This mixture is mixed with an
Gd afnepgRate ddantity SHphasitdesuch fis smbonidmtflioridelisedidsha Ga  is
flux, a (ifire in a crucible at a temperature from 1350 to 1450 C in air for_
pr%%%%a% drs™TREN B76 hreat matdifal i€ §rothd RS bafFam R vidr, the light

emf@%&ﬁg'é%@¥@¥§hcy and the wavelength of emission. Similarly,
proportion of substituting Y with Gd and/or La is preferably
from Y:Gd and/or La=9:1 to 1:9, or more preferably from Y:Gd
and/or La=4:1 to 2:3. Substitution éf less than 20% results
in an increase of green component and a decrease of red’
componenﬁ. Substitution of 80% or dgreater part, on the other
hand, increases red component but decreases the luminance
steeply. |

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

proportions. Or either, mixture material is obtained by
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10dried and sieved thereby to obtain the desired material. In the

second embodiment, the two or more kinds of yttrium-aluminum-garnet

fluorescent materials activated with cerium of different compositions may

be either used by mixing or arranged independently (laminated, for

example). When the 15 two or more kinds of fluorescent materials are
dimxed; oedor cenvertieg portiortandedormed refatively easily, andiA® sm  in

manner suitable for mass production. When the two or more kinds of
stpdsleseBstmatetals BreRABRGed indeiendently, colopparberaidjasteédg  the

gfter,foimi'r;)\? ié%laminating the .20 layers until a desired color canbe
SO5Btahtal. Ri&s WhetCaaddiflg tHe &9 of Hroredares bpiiticieacémt obtain an

erjials indep L G ferable to atrange a fluorescent material .
Oxg}g% aﬁo%gﬁ?g%%%%g]%ﬁ%hi?t’?ﬁécc%mlpson%%?%f gjsﬁ%?te?’lt aﬁumlnum
oxwayelength near tathe L&EQ elementand a 2aflugrescentmatetialthals vy 4,
absorbs light of a longer wavelength away from the LED element. This
apprapgeneat guaies efficient aabsanptiohdndemission oflighhium fluoride
The light emitting diode of the second embodiment is made by using two
USEHnRTe Rintsbf yitAlfh-&lRfAuklyatnStiptbdcen tnatetiaRpsiniiffareat from
13g%mQ:%sitions as the 5 fluorescent materials, as described above. This

akeSit fossible to Maké adightEmitting-fiode &g3Htie of eRiging ligiRt of ired
ma@esifed color Sglﬂﬁrmlbe hat l§a%eﬂjﬂ§V%ﬂng}Q§§Iﬁ9h&,§gﬂgﬁq b%eﬂg)%rated ,
e

semiconductor light emitting component corresponds fo a point on t

dritdightline teneectintgepeby Att) chepeintBdn dhe cheomatieity-i a1 .
diagram, of Fig. 6, light of any color in the shaded region enclosed by
points A, BLT dreeD freFRR® veimibl dsithendhrotiadicitwpoints (poirts @inds of
d D) of the two or more kinds_of yttrium-aluminum-garnet fluorescent

n
yt?nrath a8 O RSB RPESMB bt P68 RitRit 451 AkSordmgiiaked with
mRodi ol ontrolled by.changing the .

o e one b et SENe (D ortle 2RO SSochE i o 109

or Irepariingled, a hglyemiding dipde ilassvaniafiondn he,eppssion  when the
wavelength can be made by selecting the fluorescent materials according-

tweo the 200emiskiondsavefenfivottheddnd efement; herelyre mixed, color
compensating for the variation of the emission wavelength of the LED

CORIETREH AISBAF gt enfiting BRdé Maeding R torigoneasiwith kgl in a

malffa02115e; ¢ be made by selecting the emission wavelength ofthe
kinds of fluotescent materials are .arranged independently,
color can be adjusted after forming it by laminating the
layers until a desired color can be obtained‘." BAlso when
arranging the two or more kinds of fluorescent materials
independently, it is preferable to arrange a fluorescent
material that absorbs light from the light emitting component
of a shorter wavelength near to the LED element, and a

fluorescent material that absorbs light of a longer wavelength

away from the LED element. This arrangement enables efficient
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25Moreover, because the yttrium-aluminum-garnet (YAG) fluorescent
material used in the second embodiment has garnet structure, the light
emitting diode of the second embodiment can emit light of high luminance
for a long period of time. Also the light emitting diodes of the first
embodiment and the second embodiment are provided with light emitting
component 5 installed via fluorescent material. Also because the

- ahsprRHEANigH hatdRgétRatdehdtithan that of the light emitted by the

light emitting,component, energy of the converted light is less than the .

band gap o? eergf%r?é};% sgr%lnt:%o% u%togr,lg i I’és‘élﬁ%eﬁ%%%damﬁg&%ﬁnt 18
ndhe 10.nitidesemicondugtorjayer. Thus, althoug tél&lsg' eGSR NGa et

fluorescent mgct%rial is directed also to the LED eIeB(nent ecaf%g o?% Sarne

f lisotrepy-ehemissiare tie light esdittediby the duereseenipaledabiseves  the
absorbed by the LED element, and therefore the emission efficiency of the’

ligpresemmtingaielalisnot e dedrsasoth¢Rlarevdight sour@@)is makks it

planar light source which_is another embodiment of the present invention

PISTHBIA it Bighyee @ 119N FRINEAASIGhE QB IRaRA T e Figitting
li7gﬁleeéai2r4§ BQQ%BQ% Lé%%']@ tl%%Pg%féﬂgﬁdlmené‘f\ra\%/hﬁrfﬁegg@%en wavelength

embodiment is contained in a coating ma erial 7

o fconfigxatian; Hhees light armisted iy thergaliwphitlidgsemicandugtar Somponent
color-converted and is output in planar state via an optical guide plate 70
coarks pispiysive shept 708, 25Spécificallya adight 2iniiting samponemng 768int A
of the planar light source of Fig. 7 is secured in a metal substrate
and point B 1n the chromaticity diagram of Fig. 6, light of
any color in the shaded region enclosed 5y 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.
According to the sécond embodiment, color can be controlled by
changing the compositions or quantities of the LED elements
and fluorescent materials. In pérticular, a light emitting
diode of less variation in the emission wavelength can be made
by selecting the fluorescent materials according to the
emission wavelength of the LED element, thereby compensating
for -,thé' v.ariation of the emission wavelength of the LED
element. Also a light emitting diode including RGB components
with high luminance can be made by selecting the emission
wavelength of the fluorescent materials.

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 layer and a conductive
pattern (not shown) are formed. After electrically connecting the electrode
of the light emitting component and the conductive pattern, phosphor is
mixed with epoxy resin and 5applied into the inverse C-shaped metal

substrate 703 whereon the light emitting. component 702 is mounted. The _,
Sﬁiﬁ]‘ﬁ?é%ﬁ%hg %igl%psoﬁéthhﬁE\%EE&fé% i$1i%68 offo dmencPracanst afmbodinent

< AENYliG pptieal gide, plate; 7Q4 by means of ap epoxy fesin. Areflector film ;o
707 containing a white diffdsion agent is 10arranged on one %?prlnc:lpal :

alaneshef thegppticahguidenplate; dfewhete the dispessive-shert i706,is nofd the
formed, for the purpose of preventing fluorescence. Similarly, a .

s geflectorstd® isiprevidedon the enticesurfade on thehltackof thel ogticabmponent

- guide plate 704 and on one 15 end face where the light emitting

it eco) t isVHGt prévided SRRAET topREwE the light 8rhfgionbecause  the
efficienc ith this configuration, light emitting .diodes for planar light .

Cmiss igﬁ/dwvr%éﬁ %%ngraéﬁegfg Holgh I%%Yr?ar%eéég%or} tﬁ%‘ﬁé‘ck‘?@ﬁ of EC Diantiaht

erPe-ade. 29Appligation;Qfithe 'iam‘l@eﬁﬂ(@g dioge, for planar "89&9@?598& the

to a liquid crystal display can be achieved by arranging a polarizer plate
canrvene: principa iptane of the opticehguide: plates20d viaiguidarystdle nitride

injected between glass substrates (not shown) whereon a translucent

S IHRADBRHE 2Spatte NS folmedl RiDw réfdkiedy to Fiy. anddtigoed by the
nf&?gigggémiconductor layer. Thus, although the light emitted
by the fluorescent material is directed also to the LED
element because of the isotropy of emiséion, the light emitted
by the fluorescent material is never absorbed by the LED
element, and therefore the emission efficiency of the light
emitting diode will not be decreased. |

(Planar light source)

A planar light source which is another embodiment of
the present invention is shown in Fig. 7.

In the planar light source shown in the Fig. 7, the
phosphor used in the first embodiment or the second embodiment
is contained in a coating material 701. with  this
configurétion, blue 1light emitted by the 'gallium ‘nitride
semiconductor is color-converted and is output in planar state
via an optical guide plate 704 and a dispersive sheet 706.

Specifically, a light emitting component 702 of the

planar light source of Fig. 7 is secured in a metal substrate
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source according to another embodiment of the present invention will be
described below. The light emitting device shown in Fig. B is made in such
a configuration that blue light emitted by the light emitting diode 702 is
converted to 5 white light by a color converter 701 which contains
phosphor and is output in planar state via an optical guide plate 704.
703hedlight errdting dlevdcesshgyen inirig:dbis made imsuch asefigwatien and a
that blue light emitted by the light emitting component 702 is turned to
coplanak stege bytthedn dptical gbrlelamrr0£dherdonverfestto white tightally
by a dispersive sheet 706 which contains phosphor formed on one of the

CORRTCibaf Hard 8f Rt Spticafiguidé plale 704 3hereBP 16 blfsut SRRt and

O B e R e SIRE s in ana

eet ina et sprea ge r witir a

apiesiaverdths dispersivespeet (A& Rystherpibehinderieluding thes ynereon

phosphor may be formed in dots, not sheet, directly on the optical guide
thplaté Y4t <Applicationp 20¢Rispteyrdevicel is Nowmadisplay dedise 1ight
~according to the present invention will be described below. Fig. 10 is a
EMBBER HtagraRRPSHRAIRg Hhe BofRftitafoh dfthd Hisplaycddviceaaccerding ése of
the present invention. As shown jn Fig. 10, the display 25device .
anggaEylid o téﬁ%?sp?&%&vi@i%ﬁ%a%%da%}ﬁv@ fiedit etoHaVRPEY resin.

comprises anﬁ_

i id ta a d ongc 604 .
D e o oS EY Sent 4s

aripdrigel osirign2asanged it Msdnx gonfigiyation #ha caging-R04 8side plaite
.shown in Fig. 11, is used as monochromatic LED display device. The
710éaskiyeB® the dispersive sheet 706 is not formed, for the

purpose of preventing fluoreséence.

Similarly, a reflector 705 is grovided on the eﬁtire
surface on the back of the optical guide plate 704 and on one
end face where the light emittiﬁg component 1s not provided,
in order to improve the light emission efficiency. With this
configuration, light emitting diodes for planaf‘light emission
which generates enough luminance for the back light of LCD can
be made.

Application of the light emitting diode for planar
light emission-to a liguid crystal display can be achieved by
arranging a polariier plate on one principal plane }of the
optical guide plate 704 via liguid crystal injected between
glass substrates (not shown) whereon a translucent conductive
pattern is formed.

Now referring to Fig. 8 and Fig. 9, a planar light

50



——

10

15

20

25

5 is provided with a light blocking material 505 being formed integrally

therewith. The drive circuit 610 has the video data storage 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 light emitting diodes of the LED display device
sofi@ldo Iig;gégiygig_hggSpet%ﬁedaRL' ss a¢eording to the data read from

RAM 603, and the driver 602 w %#%%sw%ﬁg ]ygg?élr%als 2 pplf%e?defron? resent
inthentonencantnol means &94rtoriverbe dight eni'iltltg‘glq'i\%ﬂ‘é Lafelighly device

The tone control circuit 604 retrieves data from the RAM 603 and .
shegmpdtes fiegdurdtion of lightimg tme light Bmitting siddes:obholtER hat blue
13 dis Ii%#device 601, then outputs pulse signals for turning on and off the

io0és 2 i e 802dm thedigglageeviested to
lﬁ&ﬁ it diobEs el oD digidy Bevige 8D2dm theXidslagdevicsted t

onstituted as described above, the LED_display device 601 is capable
wh%? isg%%% (i%r%lggs ggc?o%ﬁinacﬁr)“{ﬁer %ﬁr’se %Ofg a&fwﬁ?&h%ﬁ@‘?ﬁﬁﬂ‘ﬁfrcﬁﬁos?hor
anthe drive; elayt, 5 | vanfages. ; . Jhe LE
display de\tlsice ﬁﬁ&%ﬁﬁs@v‘gﬁ%mﬁﬁ%& y ﬁgﬁ\jg I?g%f%em r?tlllnag © 704.
diodes of tiee doloyist R&B.ds taquites, tocdispiywhilencentalling the made in
light emission output of the R, G and B light emitting diodes and
SUgBcofdirfty: ikt E8i/teNthe- gt ehntting didddsbyemkinigethe emisslon  1ight
emir%%nsﬁi%/, tg@rgeratur(at ch?r cteristics and other factors of the light emitting
l00e5Nts aCEOUNt. resu t??g in8compic&te cofigubafidi Bf tR¢ @Fge PY the
ifeuit whi iv L is evice. In the display device of th
O.pgr{e‘é;éeint %‘g/gﬁ%irong,ihéc?\?i%vlz? [gécpat?j%ees;{ théci% eéis%%ay%d%v?é%lgﬁl iilg%t by a
dispestiites Ry esing fight emitting digdes 5O ofkhe presentvention one of
which can emit white light without using light 10 emitting diodes of three
theingsi RGB At isicteceSsarydor theidaie giciiteopndividupdly conlvekeby to
the R, G and B light emitting diodes, making possible to simplify the
OUEBHfiguttioreof tedlifve Bircl @t make REStisplay Hevicd aeR 16w casey be

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

optical guide plate 704.

- <Application>

(Display device)

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

610 having a driver 602, video data storage means 603 and tone
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15With 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

color@achpixgl and makingpit impessibie 1o display with, hi efinition, The .
LED display device of the display device%%?grdﬁynegwéocﬁg%)%éer}ﬁavmg white
1iiventan, tin Cogtrasto@esars displayomth Whiterlight candie ¢ane Wih 8y rangeq

_single light emitting diode, and is therefore capable of display with white ,
10jigkt 'of Mghee aehiaiioa Fgthekrwith thesliED displayedevitewhicn Fig. 11,
isdisglggs Ab%mixing the colors of three light emit_tin diodes, there is such a

caseas the diSPIay RoEhaRgLE Bué i BibRKing Bf Sefne ofthe RGBS ing 504
o711 e fepenos o e vemna o, PP SEPY o
integrally therewith. :

The drive circuit 610 has the video data storage
means (RAM) 603 for temporarily storing display data which is
input, the tone control means 604 which computes and outputs
tone signals for controlling the' individual light emitting
diodes of the LED display device 601 to light with the
specified brightness according to the data read frbm RAM 603,
and the driver 602 which is switched by signals supplied from
the tone control means 604 to drive the light emitting diode
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
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 ﬁhe following
advantages.

The LED display device which displays with white

light by using light emitting diodes of three colors; RGB, 1is

required to display while controlling the 1light emission
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As described above, the display device provided with 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 light
with higher definition and has an advantage of less color unevenness. The
IS vige of t r t invention which is,capable of displaying, ,
° wit v%hitg?% tga S0 %&%@sﬁi@lﬁ%ﬁuﬁ |%ﬁ 5'tife %fi@ %%%p%?egd %%%&lngly
meaventional LED, displayrdevige; 1dwhich employs pplyred a0d GreeN emission
colors, and is therefore suited for use over a long period of timé.
iEmboitimentteigrathendisplahdevice employing thenlightemitingrdiede rs  of
of the present invention) The light emitting diode of the present invention
the cah B sed®idonstitute 84 2EES displaydevies whergin onepixelfsing  in
C)cOnftituteCd of three RGB light emitting diodes and one light emitting diode v
Fhe recent Vet 55 Yo ihfHg 4F2 Y8y Gdnradting'the fEirives the
Lebsplaydavice and,a specified drive circyit, ld%‘%plagedeilécee _cgg_aqclﬁo_f present
displaying various 25images can be constituted. The drive circdit of this

irieplay deyicebasyeimilarlydemease of snongshromg display devicee 601 is
video data storage means (RAM)for temporarily storing the input display

Copsd Ewrrdeontrol Timgit Whishtprevessegthecdatd stored in the RAM toresent

. compute tone Sjgnals for lighting the light emitting diodes with specified

LIBFRRIEYS aHd L drivEARhichS wm%y%ﬁégatpm%wm tHe e Light

| circuit to_cause the light emitting di s to.illuminate. The drive
e e L R R it iy GGBES Sy 7o

cribe whitedight emitting-diode 4Eke fene eontcalaircyit computes the 10 5 15 gne
duration of lighting the light emitting diodées from the data stored in the ,
erAM]iand odtpufe pulse sighalsdor timningpersane 0§ thedight emiing.ry  the
diodes. When displaying with white light, width of the pulse signals for
CIiRyhEAY IS ROBIGhEBMIERG dfodests wadasonekor beak dakpiefthdevice
aé)ul'selﬁlj‘Sq Si r]Se}_‘I is made lower or no pulse signal is output at all. On the
otherfvan , a pulse signal is given to the white light emitting diode in

@%ﬂgﬁgiﬁti%ﬁwgﬁf' i Gapsgedhe WED display, deyice [ display with s+ e
light by using light emitting diodes of three kinds, RGB,' the
three light emitting diocdes must be illuminated at the same
time

and the light from the 1light emitting diodes must be
mixed in order to display white light by combining the three
RGB light emitting diodes for each pixel, resulting in a large
display area for each pixel and making it impossible to.
display with high definition. ThebLED display device of the
display device according to the present invention, in contrast,

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

emitting diode, and is therefore capable of display with white
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As described above, brightness of display can be 20 improved by adding
the white light emitting diode to the RGB light emitting diodes. When RGB
light emitting diodes are combined to display white light, one or two of the
RGB colors may be enhanced resulting in a failure to display pure white
depending on the viewing angle, such a problem is solved by 25adding
1i8awhite light gaitting diads as iy this displaydevice,s vy +nEORBE gispiay
drive circuit of such a display device as described above, it is pre]%rable
déhate CRbile pravisellseparbBielynaiskd teneeatralLieyl WBIEh three 1ight
computes the pulse signal for lighting the white light emitting diode with 5
enspekid bightRss. THepalse sigsalabhich isastpuaforhtike thigplay color -
control circuit is %i}/en to the white light emittig& diode driver thereby to

CRENERSh& dfivel CTHRYRE Rt 8hitiRf ok illirhfmatdeivhehdhe dRFertting

afdiuned . andgpes.out whep (e diver e uned off 10(raffie Sonal s o

When the Tig ing dio the pre ehtion is used as a
osignal whick ima king,ehdisplayideyice, sushradyantages can be obtained
as stable illumination over a long period of time and no color 15
unevenneseversdrehbzait ebiredight emittihgpdiages goiats. phedradiiel with
signal employing the light emitting diode of the present invention has such
thecdiiyu 1B wWHRY igi erfigvdiBeedbr diafgedesr itsingtraiode of
wheregn a conductive pattern is formed. A citcuit of light emitting 20 X
R od&sw Ié%eir% %‘ﬂ%ﬂ%gﬁf‘ emtng dilLoSdecsagraeED Shritttedihtderss ghite light
iparalields handled asaset of ght ewitting diodes Jwo QL pAre SUS.OM 1 gner
the light emitting diodes are used, each having the light emitting diodes ‘
deafiangeibin spirdl hasfigutatoAlbegalldight esittingidiedesiatenness. The

arranged, 25they are arranged over the entire area in circular ‘

LEdnfigation. Areieshneétiighsondidiestoyiguigantrigforwhich is capable
of displaying with white light also imposes Vl‘ess-v stimulation
to the eye compared to the convention.al LED display device
which employs only red and green colors, and is thverefore
suited for use over a long period of time.

(Embodimént of another display device employing the ligtt
emitting diode of the present :tnventicn)

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

device has, similarly to a case of monochrome display device,
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the .connection of the light emitting diodes and the substrate with external
power supply, it is secured in a chassis of railway signal. The LED display
device is placed in an aluminum diecast chassis equipped with a light
blocking member and is sealed on the surface with silicon rubber filler.
The chassis is provided with a white color lens on the display plane

... thereof, Electric wiring of the LED display device is passed through a
v %erq:?atc%nﬁto%rtﬁ SDallcsfife c,(ﬁ%%%'sﬁ%r SESMRPERTAd hsiBEDF i the

. ~chassi id ith the inside of.the chassis.closed. Thus a

mg%aﬁasf%gv%gi}‘tg] I‘i%gl%?i%'megdlgéﬁésiggr:%ﬁlgf %h‘éﬁ%ﬁ%ﬂitvkbéﬁ?be%%%%sﬁgfs the

dadh/idglgaﬂ.‘l@d”gbﬁemﬂﬁngzﬂi@d%%Ofdﬁﬁﬁﬁ%éer@&‘@”gﬁr%ﬂﬁfsa PRI Oy 5 g
groups and arranging them in a spiral configuration swirling from a center

theowaidbdtsideiwhied5 domketingdthem ispatdliel stheconfiguration obnd a
swirling from the center toward outside may be either continuous or

dr fvermittEhtChekéfo Heshed niidbet bt thedlghi emittiggdibodeg arthe  tone

codgsricrﬁd nlér{]Pgr o1f:the sets of Ii%ht emitting dipdes Can be selected
Spending on-the dispiay aféiisfthe tED 20 Fiifiay GEHEE L PHis dpdes  to
i18ugyeauhen ongof ihe sels oljiphtamiting diades,orpart ol e light, y <o
emitting diodes fail to illuminate due to some trouble, capabFe. 0
eaiiuminfiteteveniyan a Tirghiar eenfiguiation avithoss colaashifthy Rrars ofy i ght
the remaining set of light emitting diodes or 25remaining light emitting
englgetBIBetadse the ligfttemitthrpdiodesate @trangéddn ftspidmputes  the
configuration, %can be arranged more densely near the center, and

d“féﬁ\tz WitRSutard ditrBPent iHipredsih £t Sighass émpRyingtron the data
stiranaascentiampey SEIAEPISE oy e ol following Examples futiher o,

illustrate the Spresent invention in detail but are no e cori

anfimittire spepe therecbn(Exemple dlodes. Exdpplad Havigesa ightn white B
. emitting component having an emission peak at 450nm and a half width of
1igbhm emgloyingfa the pulse signals for lighting the RGB light
emitting diodes is made shorter, or peak value of the pulse
signal is made lower or no pulse signal is output at all. On
the other hand, a pulse signal is given to the white light
emitting diode in compensation thereof. This causes the LED
display device to display with white light.

As described above, brightness of display can be
improved by adding the white light emittiﬁg diode to the RGB
light emitting diodes. When RGB light emitting diodes are

combined to display white light, one or two of the RGB colors

may be enhanced resulting in a failure to display pure white

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

adding the white light emitting diode as in this display

device.
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10 GalnN 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 foLming a gallium nitride compound
semiconductor layer in 15 MOCVD process. A gallium nitride '

semicondugterhaieg Nriype cenduaiiily 8ad agaflium nifide: oy device as
semiconductor having P type conductivity are formed by switching SiH,

defwrcpavg addupant gas. The pEDemehtof Example 1des asontagtovided
layer which is a gallium nitride semiconductor having N type conductivity, -

SSRRE ThidtayBP whicha8 % GaRtRitriaé Ehuhinuh seicermpietsrshavig pulse

P type conductivity,and a coptact layer which is a gallium nitride )
Slsgem%on%%%torhhlé Pﬁblﬁ%ypg%é%ndﬁéﬁ\ﬁﬁ/, ant¥0rme8htieBd thgiode with
s feoniadtdayeshaying Biype conductivify and the dlad Jayer,haying P type
conductivity is a non-doped 25InG?N activa‘tior%ﬁ?ayer@%écﬁknyesss%%%é)}lg trom
tirem fommakingta sihgtei qoarituni wel struatute Thessapphire substfateenitting
has a gallium nitride semiconductor laver formed thereon under a low
digdperhtiieto rhlRE SBUTEP layei thife REhymedeivieonductkirds aimigated. ight

at.a temperature of 400C or above after forming the- film. S5After exposing
T TRCRL 1P pe AU 150e WAbORGGPILYER HyrebARRAN g and

gdglestiodgnae fauned by spulteripg., Aliar sqribing the semiconductor

wafer which has been made as described above, light emitting

companeits ate sage by dividing the wafer with external force. 10The

light emitting component made in the above process is mountéd in a cup

of a mount ¥&zeinwhithds matiehdf sileariplaiedysteélibyidie bandingavithpresent
epoxy resin. Then electrodes of the light emitting component, the mount

IEgd ahthe fndiSigdd & efectiicaly e6nneé@aBy WiRdBBding with kind of
a50alg Wies 30M Ingiameler, o, make a light emiting diode of lead e, 1
illumination over a long period of +time and no color
unevenness even when part of the light emitting diodes “g‘o out.
The traffic signal employing the light emitting diode of the
present invention has such a con}figuration as white light
emitting diodes are arranged on a substrate whereon a
conductive pattern is formed. A circuit of light emitting
diodes wherein such light emitting‘ diodes are connected in
series or parallel is handled as a set of light emitting
diodes. - Two or more sets of the light ,emitting diodes are
used, each hairing the light emitting diodes arranged in spiral
configur_étion. When all light emitting diodes are arranged,
they are arranged over the entire area in circular

configuration. After connecting power lines by soldering for
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A phosphor is made by dissolving rare earth elements of Y, Gd and Ce in
an acid in stoichiometrical proportions, and coprecipitating the solution
with oxalic acid. Oxide of 20 the coprecipitate obtained by firing this
material is mixed with aluminum oxide, thereby to obtain the mixture

material.. The mixtu e%?s then mixed with aimuonium fluoride used as a

O ARG SATE a SrucTRIE & 398mpeTathre BI400eRairRS 3Hur§ ibstrate

vwi' @e%%ﬁﬁmaﬁ%@ﬂs @QEE%SV ajnall ggm@égk\%‘;eg:’eglﬁsrﬁedbhassis of

separated, dried and sieved thereby to obtained the
rahaterial Bhiesplior madetas desasibelisplay device is placed -in an
aboveisyttrium-aluminum-garnetfluorescentmaterial represented by
algevievaniotneda Sr09BEc2) 3A15Q 12 Cravherétdbout 208bof ¥liscking member
substituted with Gd and substitution ratio of Ce is 0.03. 5.80 Parts b
angeibhit SEMESHIPESCERE MRt FRVIRG TR cSrhpbSRbnfpber filler. The
Y08Gd0,,),A1502:Ce which. has been ,made in the abgve process and
Ch%ﬁ J|5§1rtsi%y \Bgl%%% (gf\gpoﬁiﬁsina ar‘ghs,h ﬁcie%?l?/cn%ixgﬁ rt1§ tu?ﬁlint%%s ur
p1Ehe skipryis peuredintodhe cup provided g the,moupt legdhereonthe co is
10 light emitting component is mounted. After pouring, the slurry is cured
paatsESDC-for amgrhoar. Fhivs excopting hayinga thickness-af l20prhwhichassis,
contains the phosphor, is formed on the light emitting component. In
LopxHifiple i dheédatifig §s foRféd 0 dntdiRdhe pReSEsor firgradtllly outside,
singi|15 ;:%ncen ration toward the light emitting component.
n

o'ttty %" abot SERFEMS2. THSfght enfiftitty BopSRaMt &d White
LibePhasphauare melded Wiy rasislycegh epoxLiaan [P RUIROHE Oage by

protection against extraneous stress, moisture an ust. rame with

d ithedcoeding fayenaf2(: phasphern toymed drreonis plageddR@sent  invention
_ bullet-shaped die and mixed with translucent epoxy resin and then cured
inge150 'ormAcdry. of  gunyes vismal obsewationof thedightiemitingspiral

diode formed as described above in the direction normal to the light .
configuration swirling from a center toward outside, while

%iyzjsplay

.ancre
‘“1? df

connecting them in parallel. The configuration of swirling

from the center toward outside may be either continuous or

intermittent. Therefore, desired number of the light emitting
diodes and desired number of the sets of light emitting diodes
can be selected depending on the display area of the LED.
display device. This signal 1is, even when one of the sets of
light emitting dicdes or part of the light emitting ddiodes
fail to illuminéte due to some trouble, capable of illuminate
evenly in a circular configuration wit'hout color shift by
means of the remaining set of light emitting dicdes or
remaining light emitting diodes. Because the 1light emitting

diodes are arranged in a spiral configuration, they can be
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25emitting plane, it was found that the central portion was rendered
yellowish color due to the body color of the phosphor.
Measurementsofchromaticitypoint,color temperature and color rendering
index of the light emitting diode made as described above and capable of
emitting white light gave values of (0.302, 0.280) for chromaticity point (x,

aryhgelbriempenatyEe 0f 880 K andk8¢a fewcolonigndgringdndex (Ra) .« any

‘WhiCh are approximate to the characteristics of a 3-waveform fluorescent
djafkwpr eightiewittrg éfficienoyrwad 9l m/Ainsbmpiatablededhatetant lamps.

incandescent lamp. Further in life tests under conditions of energization
<EXifT R & rent 100f 60mA at 25C, 20mA at 25C and 20mA at 60C with

90% RH, n%égangﬁe dye ta the flggr%sc?t material was observed, |
~ proving that the light emitting diode FaPAS diffefeiceifsentdd Hfetighe  the
priBssonventianal blije light enaitting digde. (Gamparative Example 1
15Formation of a light emitting diode and life tests thereo were ggn(fl}clfélgd to
1iim the shme mawet lssdadixample 1. except for changing the phosphor.
from (Y08Gd0.2)3A15012:Ce to (ZnCd)S:Cu, Al. The light emitting diode
(E¥RERIfadlbeen formed showed, immediately after energization, emission
of . ' |
Example 1 provides a light emitting component having
an emission peak at 450nm and a half width of 30nm employing a
GaInN semiconductor. The light emitting component of the
present invention is made by flowing TMG (trimethyl gallium)
gas, TMI (trimethyl indium) gas, nitrogen gas and dopaﬁt gas
together with a carrier gas on a cleaned sapphire substrate
and forming a gallium nitride compound semiconductor layer in

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 lajer which
is a gallium nitride semiconductor having N type conductivity,
a clad layer which is a gallium nitride aluminum semiconductor
having P type conductivity and a contact layer 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
InGaN activation layer of thickness about 3 nm. for making a

single quantum well structure. The sapphire substrate has a
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20 white light but with low luminance. In a life test, the output diminished

to zero in about 100 hours. Analysis of the cause of deterioration showed

that the fluorescent material was blackened. This trouble is

supposed to have been caused as the 25light emitted by the light emitting

component and moisture which had caught on the fluorescent material or
gaditered fronr tHe ostside dmadught@abols photdysitdd makercalloidatZde a low

to precipitate on the surface of the fluorescent material, resulting in
Ceplaekerted Surtaca Resuits ot fifeste stsaivder coRditioRs b pRegifatiopnductor
. _with a current of 20mA at 25 C and 520mA at 60 C with 90% RE are ,
LSSHRETEY. 25 iyelifiRGlri R sGifs 4Example BRQRAn&fdeR forming
+p@iven {n terms of relative value with respect to the initial value as the

reference. A solid line indicates Example 1 and a wavy line indicates

Comparativerfexamplepoiniirig. khd0&Exarple?) or p IyREMAE 208 type

light emitting component was made in the same manner as in Example 1 ‘
s egicapr fordhoreasivetie conterncafingn the aitdde conpotnddes are formed

semiconductor of the light emitting component to have the emission peak
bYat SRR indéa&hg ﬁﬁ@fé%’ﬁ{%ﬁt HMGd APRESIHOIRAY tHat e which

xample 1 to have a cqmposition of (Y0.6Gd0.4)3A15022:Ce.
h 3 '\
a%le%segergmgﬁéleof %ﬁrogn%a%&ﬁ/b&% nt,‘g‘éc(ﬂ‘c';?fernl p%?g ur A eofey  components

ad@nderngndex of thenightiemitiing.diods (which-were, mads gs.described
above and capable of ' '

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 bonding with epoxy resin. Then
electrodés of the light emitting component, the mount lead and
the inner lead are electrically connected by wire boding with
gold wires 30um in diameter, to make a light emiﬁting diode of
leéd type.

A phosphor is made by dissolving raré earth elements
of ¥, G4 and Ce. in an.acid in stoichiometrical proportions,
and coprecipitating the solution with oxalic acid. Oxide of
the coprecipitate‘obtained by firing this material is mixed
with aluminum oxide, thereby to obtain the mixture material.4
The mixture was then mixed. with émmonium fluoride uéed as a
flux, and fired in a crucible at a temperature of 1400°C in
air for 3 hours. .Then the fired material is ground by a ball
mill in water, washed, separated, dried and sieved thereby to

obtained the desired material. . Phosphor made as describe
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20 emitting white light, gave values of (0.375, 0.370) for chromaticity point

(X, y), color temperature of 4400 K and 86.0 for color rendering index (Ra).

Fig. 18A, Fig. 188 and Fig. 180 show the emission spectra of the

phosphor, the light emitting component and the light emitting diode of

25Example 2, respectively. 100 pieces of the light emitting diodes of
abBxampleis werg niadeiand bueliageluginoes intensitiesrtheteoftverematerial

taken after lighting for 1000 hours. In terms of percentage of the luminous
T SRESRAY ValueBefsteiReE dite tESETHELdvelZge Fuiminels fAterSRY wher theabout

I fe t t was 98.8% V|n o 5djfferencethe characteristic. (Exam

%OO ght emlttlng% Qg% w%rge maldémt e %?ﬁ%ﬁﬁé?%’rﬁ%xﬁfﬁﬁ@ld Ce
lSe>g5:ecp§ 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

(Y,,,Gd,,,CaSmpilasOn.nihendhegtight emittingediodes wese seade material
illuminate at a high temperature of 130 7C, average temperature

hagharecteristivialosutt8ebettér than hat of BXaPple ¢ wasiotaines. been made

15(Example 4) LED display device of Example 4 is made of the
lnllgﬁpgmﬁg)ﬁ’d QioHES %?E&aﬁ%?g £ BAing 2 ihgBY i 1851 6°hafRCsY a Tes in

%eragg r a,copper pattern is formed as sho i in Fi

arll In t é’gﬁf i%Iay g\%é]e o %%?gmp’r qil ei:ulf)syrate ﬁ/ereonkgﬂrry is

pdight @mitting diedes @@parwﬁdg@lae%d i Chassiso0fMliChiSereon  the
made of phenol resin and is provided with a light blocking member 505

1ikging ferméd intggrallyberewith. The chassissthe lighteaiting shiodeisng, the

the substrate and part of the light blocking member, 25except for the tips
shyqn§”gﬁtgmnmﬁ3gmdégpéﬁgégny@me 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
concentration toward the light emitting component.
Irradiation intensity is about 3.5W/cmﬂ The ‘light emitting
component and the,phosphor'are molded with translucent epoxy
bresin for the purpose of protection against extraneous stress,
moisture and dust. A lead frame with the coating layer of
phosphor formed thereon is placed in a bullet-shaped die and
mixed with translucent epoxy resin énd‘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

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

rendered yellowish color due to the body color of the phosphor.

60



10

15

20

25

with silicon rubber 506 colored in black with a pigment. The substrate and
the light emitting diodes are soldered by means of an automatic soldering
machine. The LED display device made in the configuration
described above, a RAM which temporarily stores the input display data, a
tone control circuit which processes the data stored in the RAM to

- compute toHERTFERI IR ntindthe ligR Brmlmgigid8Es witPepasiied color

| nd drive means which is switched, by the output signal of the , |
teto;r%-épcgo%n%%%cﬁac%lt {0 cause t?%’l%%]fjéﬁﬂttiﬁ‘é} ?o%eg fo %IILﬁnh?l}af'e argLtting
diejgelrigalheconneciedde make anbeD displaydevied By.driving the;l D i te
display devices, it was verified that the apparatus can be used as black '
1ighct whited B Hisplay Hepice (Exampis §) 15Bhe ighipmitiog eiodsaint (x,
Example 5 was made in the same manner as in Example 1 except for
Y usis§ pR&sporreprdsertePBy §8F¢rakforndla §Y05GdR)BAIBI&Ce: 400ering
angxig%es ofague Iziﬁht mitting diodes of Example 5 were made and measured
FYariels ¢

* 5 cHATAG SIS, SBRICHSIIEhENLS? citindicity Jroiftgavelcs of a

3-Yalues9f0.450, 8,42Q)Jp.avetage for chromatici Int (X, y),.and light of .
incandescent lamp color was emitted. Fl%acl%%\ Izélé.g%’éé%d, |g.lf9]%ncy was
9 .Stow the, erissian speetra of e phesphar, thediahi emitting Q%Egneriiurther
_ and the light emitting diode of 25Example 5, respectively. Although the

1njight EmittingtdlodesierEcanplecs shewed lienmagie abiboh 40%:lower current

than that of the : ‘
of 60mA at 25°C, 20mA at 25°C and 20mA-at 60°C with 90% RH, no

‘change due to the fluorescent material was observed, proving

that the light emitting. diode had no difference in service
life from the conventional blue light emitting diode.
(-Cdmparative Example 1)

Formation of a light emitting diode and life tests

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

except for changing the phosphor from (Y,,Gd,,);Al;0,:Ce to
(ZnCd)s:Cu, Al. The light emitting diode which had been
formed showed, immediately after energization, emission of

white 1light but with low Jluminance. In a life test, the

~output diminished to zeroc in about 100 hours. BAnalysis of the

cause of deterioration shov}ed that the fluo,resce}nt‘material
was blackened.

This trouble is su'ppOSed to have beén caused as the
light emitted by the light emitting component and moisture

which had caught on the fluorescent material or entered from
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light emitting diodes of Example 5, showed good weatherability

comparable to that of Example 1 in life test. (Example 6) The

light emitting diode of Example 6 was made in 5the same manner as in

Example 1 except for using phosphor represented by general formula

Y3A3.5012:Ce. 100 pieces of the light emitting diodes of Example 6 were
thehguetaid eeasorathfor agiots shatact st st Measkeemedlofidal zinc to

chromaticity point slightly yellow- 10 ,greenish white light compared to

PrESLRTOIE FasEmittEReThE hyhRemitiRg diddesor EianpreG shbwegaterial,
goed therability similar, to.that of Example 1 in life test, Fig. 20A, Fig.
rf6203 a%ﬁ:i%‘?{z.%é ,sﬁé%lvr‘lt%% esrhligs%%es'pectge? orF" r]%sphco%phfifefhétﬁﬁ under

cofANEING £OMONSAL 2pd the light emitfing diode, of 15E 16,6, °
respectively. (Exampelg 7) The Iig%t eg)rlgﬁﬁr?éll(tjig ergg) Elf(\ar%}%lez; ¢ and
2 ommsamadiinthewane masnarasiRExamRle exsertifgr using 98%@9?1%& with
represented by general formula Y3(Al0sGa0.05 fl:.Ce. 100 pieces 200f the
EhgHE @RYRIFY divtle EBRERAMPIE 7 wekaimbrRnaed rheasyieefor Varidusrms of
refh%rflcteristic Although the light emitting diodes of Example 7

showed a?f)?/vfﬁjemin‘ﬁf"i%g, e ?t%é’cf GreertiSh Wit lightidnifdhoNaliGoodss the
repealerability siaiarg halpl Exaple 440 2R {85L HO 214 [1%403 11ne

and Fig. 21C show the emission
indicates Comparative Example 1 in Fig. 13.

(Example 2)

In Example 2, a light emitting component was made in
the same manner as in Example 1 except for increasing the
content of In in the nitride compound semiconductor of the
light emitting component to have the emission peak at 460 nm
and increasing the content of Gd in phosphor than‘tﬁaﬁ of
Example 1 to have a composition of (Y, ,Gd,,),Al.0,,:Ce.

Measurements of chromaticity point, color
temperature and color rendering index of the light emitting
diode, which were made as described above and capable of
emitting white 1light, gave wvalues of (0.375, 0.370) for
chromaticity point (x, y), color temperature of 4400 K and
86.0 for color rendering index (Ra). Fig. 18a, Fig.
18B and Fig. 18C show the emission spectra of the phosphor,
the light emitting component and the light emitting diode of
Example 2, respectively.

100 pieces of the light emitting diodes of Example 2
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spectra of the phosphor, the light emitting component and the light
emitting diode of Example 7, respectively. (Example 8) The light
emitting diode of Example 8 was made in the same manner as in Example
1 except for using phosphor 5Srepresented by general formula Gd3(Al
0.5Ga0.5)501,:Ce which does nat contain Y.106 p eces of the light

Wit o888 oFEREADR & WeHBGREdELaE PiddstREd forskfipliswere taken

a £hayacteristic £ Aﬂt@@bjg the Iight itting diodes of Example 8

fszgowed z(i!’T‘owﬁlxlﬂmn%ﬁce, shOV\&/jleOo}l §66d vﬁe%th%%ﬂﬁﬁty%ﬂnﬁ’ﬁﬁ%%ﬁﬁ?ofo f the

Ldxaieple 1inditstest(Example 9)Ligit emitiing diodg of Example 9 is average
planar light emitting device having the configuration shown in Fig. 7. ‘

1un0.85Ga0i9N semicgnduttenhaving anmissiopgpeakwds 9s8.8%, proving no

difference in the characteristic.

(Example 3)

100 light emitting diodes were 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
fluorescent material with composition of

(¥5.356dg.57C€4.,03SMg ;) ;AL50,,.  When the light emitting diodes were
made illuminate at a high temperature of 130 °C, average
temperature characteristic about 8% better than that of
Example 1 was obtained.
(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
Example 4, the substrate whereon the light emitting diodes are
arranged 1is placed in a chassis 504 which is made of phenol
resin and is provided with a light biocking member 505 being
formed integrally therewith. The chassis, the light emitting
diodes, the substrate and part of the light blocking.member,
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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15 450nm is used as a light emitting component. Light emitting
components are made by flowing TMG (trimethyl gallium) gas, TMI
(trimethyl indium) gas, nitrogen gas and dopant gas together with a carrier
gas on a cleaned sapphire substrate and forming a gallium nitride
compound semiconductor layer in 20 MOCVD process. A gallium nitride
subsraiconduatef layer hayieeN & eonduciviy and A gallyn pitide vy neans
semiconductor layer having P type conductivity are formed by switching
ofSiHl, and CmMiras dbgemtigas, thetelrysforming a PM junction. For the
semiconductor ”%thﬁ emitting component, a contact layer which 25is

gallium nitritsetfiContdEBr REviRGREGPe BaAGuctivity, theladriyBiguration
ich s gallium nitride alymipnum semicqonductor having N type .
a< B0l IR IMALITIOE ST S %eﬁﬁag%ﬁﬁ%murﬁ%%%ﬁéonﬁﬁ&orlnput

conductivity, a clad layer which is galliun i

‘aibpviag Pavpe candustivity-and-a sontack layer whigh is galiumanitide. ;o yaca

semiconductor having P type conductivity are formed. An activation layer
stofZd- Smlopée INGaN whickmgkesa deihle-betgra junctigiyis feemed ng the

.between the clad layer having N type conductivity and the clad layer ‘
LighfingsPifitd rondEendss A bifdr 18R picvided ohghe sapphiend drive

meslrjlbsstr‘iaqg_(i:-.tc)y{)for.mingi a!éiug: (%gride semiconductor layer at a low
fEMperature: THE P §pleﬁ i ﬁéeﬁﬁ%n&k@@ﬂﬁﬁye??ﬁé’ﬁﬂea&% athe tone

colfmpgratyre,Qf 400C er,abqye after f_gﬂ’gingi{@ fiim. e]gr}_,j_%’/cpigr];tgenr; rng)iggs to

the semiconductor layers and exposing the surfaces o type
i1semicondeictordayersby eiehing yelegrodesate fermethRye spitteritg. qisplay
After scribing 15 the semiconductor wafer which has been made as
degéseribed Bibods Lightentiting kbinpdheplsgredmade as Jightemitingrerified
components by dividing the wafer with externat force. _The light
Eh3mitiRG cBRRTENE s MBENERE JF §nGintIead Whiththaghd tapTdiineldgplay |
ae9f asilver-plated copper lead 20 frame, by die bonding with epoxy resin.
Electrodes of the light emitting component, the mount lead and the inner
(Eleagbare egctrically connected by wire boding with gold wires having a
. diameter of 30pm.
The light emitting diode of Example 5 was made in

the same manner as in Example 1 except for using éhosphor
represented by general formula (Y,,Gd,,),Rl;0,,:Ce. 100 pieces
of the light emitting diodes of Example 5 were made and
measured for vafious characteristi;:s.

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
Example 5, respéctively. Although the light emitting diodes

of Example 5 showed luminance about 40% lower than that of the
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The lead frame with the light emitting component 25attached thereon is

placed in a bullet-shaped die and sealed with translucent epoxy resin for

molding, which is then cured at 150C for 5 hours, thereby to form a blue

light emitting diode. The blue light emitting diode is connected to one end
1198 danadylic gpteal guide platgWhichy's palished Onalend 1ages aniy sty

n one surface’and side face of the gCI’th 5 pﬁate, Screen prln‘flng IS

coappliegbhy: usingHarium fitanate dispersedim ar aceylig binder as white

color reflector, which is then cured. Phosphor of green and red
(Eculogslarebmade by dissolving rare earth elements of Y, Gd, Ce and La in

acid in 10stoichiometrical proportions, and coprecipitating the solution with

oxalic acid.®bgide 68tHe piciditede BBty fFirythisemateHafismade in

mixed with aluminum oxide an%égallium oxide, thereby to obtain respective

R iR T IS TTha Sixtlire T U Rixed WifR SRimoridm Hidhde dtfPhor
re%oscéglé‘?x‘téé apg fired,in-a crugible at a tempegatyre of 149%@3%34 3%f the

urs. Then thé fired material is ground by a bafl mill in water,
1isgpparateth diind andsieedthersbyrtp nbtaingd the gesiredmaterials32Q4 for
parts by weight of the first fluorescent 20 material having a composition of
vay3s, Gaa dpo&eeignd.capable of emitting green light prepared as
described above and 100 parts by weight of the second fluorescent

material hal{Rg S EGMPBSitiGH of FHEERE)3L N 58FACE ol Hbable gellow-

o 2itting red light prepared in.a process similar to that for the first ..
grZSn%ﬁJtlor%sg(gr}l%gfﬁateiﬁeﬁa,hgrecs%ﬁ%rﬁ@ rﬁ&e Withe 160 p?)ar‘f]saﬁy \?V%llgthtteoc} - The

1iepaxydRsite ihiprm sy Fhe siis 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
Example 6, respectively.

(Example 7)

The light emitting diode of Example 7 was made in
the same manner as in Example 1 except for usiﬂg phosphor
represented by general formula Y,(Al,.Ga,):0,,:Ce. 100 pieces
of the light emitting diodes of Example 7 were made and
measured for various characteristics.

Although the light emitting diodes of Example 7
showed a low luminance, emitted greenish white light and
showed good weatherability similar to that of Example 1 in
life test. Fig. 217, Fig. 21B and Fig. 21C show the emission

spectra of the phosphor, the light emitting component and the
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applied uniformly onto an acrylic layer having a thickness of 0.5 mm by
means of a multi-coater, and dried to form a fluorescent material layer to
be used as a color converting material having a thickness of about 30pm.
The fluorescent 5 material layer is cut into the same size as that of the
.principal light emitting plane of the optical guide plate, and arranged on
Lo St gt 8Iﬁ?$ﬁ1e9§b§’f8‘f6?£?tﬂe' pEREPRGHSifkling device.
(EM %erg?nts 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 forieslor fepderiag inden Ra) whish are appioximMatg afhe nage in
properties of 3-waveform fluorescent lamp. Light emitting efficiency of 121
the/Vg zompaeatsie Yo that ofan icamplbscent laspepas ahtained.ihdrthehésphor
weatherability tests under 15 conditions of energization with a current of

TeRERACARONPIEMBRRATRS. 28R P ORtdMpersiare hAd 20mAWLBIC does

ith. 90% EFR, go cha due to the fluprescent material was opserved.
no%o(ﬁ%é% Ve %kamp?e8 g) EoKiming o?ﬁgﬁ?ﬁni&iﬁaklﬁooeé“éﬁ&mg diodes of

ExWRgiherabilibr-20iests thergohwese cogdugted n the same manner asin ; o .

Example 9 except for mixing the same quantities of a green organic
fluorescentyliyment (FALME of SynteucnChemischiandiadedeganiGmple 8-
fluorescent pigment (FA-005 of Synleuch Chemisch) which are '
shpggfere-dawativedinsrad oithefilstgood weatherability similar to
thZgﬂuogescentmaterialrepresentedby eneralfoLmula
$3(A0.6E85R)S012:¢B capiBId 6FEmitting green light and the second
(EH4QL §ge@t)material represented by general formula
(Y0.4Gd0,)3A15012:Ce capable of emitting red light of Example 9.
Chromaticityieenrdieatestafiige hakiamiding giedeafCamparatyeanar 1ight
Example 1 thus formed were (X, y) = (0.34, 0.35). 5 Weatherability test
emjjas donddewictipy readiating vithadtifviolstaay genstated bircarhgn arc
for 200 hours, representing equivalent irradiation of sun light over a period
of one yeaﬁ%hi#g%ea%urﬁﬁﬁqﬁﬁqm}’rﬁﬁ% reR@HiHeCratiMEE é6lr iRtk at
456%}/“ari£)sus&ig%%s %usring ttj& te[:&t peeriogtI{lna 10 reliability test, the Iight et
emitting component was erergized to emit light R A ohstant terfpsratiiat =19
cofbéPeyiilepeasyrng ti‘teylurﬁj_@.;}ggéanﬂ&pb( {on&at g ffreéﬁfilfﬁﬁn) gas,
g

The results are shown in Fig. 14 and Fig. 15, together with Example 9. As
TMWIll e cleeefrom Figntd and Figay, theitrogen gas and dopant gas

together with a carrier gas on a cleaned sapphire substrate

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

clad layer which is gallium nitride aluminum semiconductor
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15light emitting component of Example 9 experiences leas deterioration
than Comparative Example 2. .(Example 10) The light emitting
diode of Example 10 is a lead type light emitting diode. 20In the light
emitting diode of Example 10, the light emitting component having a light
emitting layer of Ino.,,Ga,"N with emission peak at 450nm which is made
halpithe same n i @rp,pge9i u he light emitti . .
cokrtr‘ltf)onent i@ﬁ;ﬁfﬁ%&:ﬁ% cup 5ro§de%ie%%y§%an§%gg%laﬁe% galllium
nipstdpperimountinad yidierdondiag Wik epeyy estyfdecttodrzefithety and
light emitting component, the mount lead and the inner lead were
2 gty tBNRECtER bywile badihdg With gold wirds. semicoHospimr ishaving
made bgsomi irg%_{;l first fluorescent material represented by general formula
a

P VIR0 KBS VU1 e Grabi sfiting Yreehdight ahion sdcsrer  of Zn-

o teri ‘ b | f | . . .
-d géare%&»&“%ﬁ{?&ﬁe%%%eda yfgé_()alqgiae_gr%%llje%% pljeunCt(J}‘Oa% f(j]lF()Wéf.omEd

Y02Gdec5)3A15012:Ce capable of emitting red lig pare

bebdasaelyriase €psh clementnakYngdhand/ee are salvedip A4d g the clad
stoichiometrical proportions, and coprecipitating the solution 10 with oxalic

layen. Dwideof the toprecigitationtdbtained byAiring fifisimixedaxithi s provided
aluminum oxide and gallium oxide, thereby to obtain respective mixture '

R matdifals. TRERHAFe isSTHRRHEAHT amBidniufPAToide useldd arux nitride
ser@ﬂgof Hggé@_ grc ”iceiilgzlgrat aattegn pfée&}}u%ee%cpledftoaot% ixpe?ir f%hseh%u%ygger}xitride
semiconductor layer is annealed at a temperaﬁure of 400°C or
above after forming the film. |

After forming the semiconductor lai;ers' and exposing
the surfaces of P type and N type semiconductor layers by
etching, electrodes are formed ’by sputtering. After scribing
the sémiconducﬁtor wafer which has been made as described above,
light emitting components are made as light emitting
components by dividing the wafer with external force.
| The iight emitting component is mounted on a mount
lead which has a cup at the tip of a silver-plated copper lead
frame, by die bonding with epoxy resin. Electrodes of the
light emitting component, the mount lead and the inner lead
are electrically connectéd by wire bo.ding with gold wires
having a diameter of 30um.

The lead frame with the 1light emitting component
attached thereon is placed in a bullet-shaped die and sealed

with translucent epoxy resin for molding, which is then cured
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15 the fired material is ground by a ball mill in water, washed, separated,

dried and sieved thereby to obtained the first and second fluorescent

materials of the specified particle distribution. 40 parts by weight of the

first fluorescent material, 20 40 parts by weight of the second fluorescent

material and 100 parts by weight of epoxy resin are sufficiently mixed to
atfoLpecsiysy. Thesdinsis pareed o the ceprwhich isirovidedion thg s tring

mount lead wherein the light emitting component is placed. Then the resin
digfrdin e PROSphbiEEuredidi2B180¢fode hivur chhusatoadting layee end

including the phosphor in thickness of 120pm_is formed on the light

LaGithing TBMpone £ CoREN Ao I8 HE pﬂ%gﬁﬁor‘?ﬁ%ﬁ@céﬁinﬁc}’éﬁéﬂ@d on
arfcisnred giadually sawaddng lghtemitig componept Lurther.the gt ;
emitting component and the phosphor are sealsd y mgl%llng with Y

plhaaslucant epexypiesiit faldheiRUregse s Lf Prrfection against-extraneo s nat e

stress, moisture and dust. A lead frame with the coating layer of phosphor
digpmesetheieoris placgd i albltideshapedvidictand alixed withteansiucenthich
_epoxy resin and then cured at 150C for 5 hours. under visual observation
1S oF@%“Iing’é?ﬁitting diode formed as described 10 above in the direction

normal to tgﬁ Iighiﬁemitting plane, it was f%{md that the central portion was

rendered yefiowih color due ﬁ)r%%nboc?yncolofcg heSHSSphorare made by

a1 Messuiementspichuamalicitypaiai-galoremperatre apd gplpryendering.; 4 in
index of the light emitting 15 diode of Example 10 which was made as
stdeéstrikeseabive jape vatesiaf(8,32z AB4) dorely DpIaticity PR, ¥hlution
.89.0 for color rendering index (Ra) and _light emitting efficiency of 101
WiRIWORakRer intcatheraBiiifests findérecomditars dbétartization aithed by
. acurrent of 60m at room temperature, 20mA 20 at room temperature and

L1530 &G URI0R PR Snd g i tHEPRoEpror i and gallium
ox2hserved,shaying o differance fiap ap.arginagy;flug light eraitfing diode
in the service life characteristic. ‘ v

mixture is then mixed with ammonium fluoride used as a flux,
and fired in a crucible at a temperature of 1400 °C in air for
3 hours. Then the fired material is ground by a ball mill in
water, washed, separated, dried and sieved thereby to obtained
the desired material.

120 parts by weight of the first fluérescent
material having a composition of Y,(Al,.Ga,,)s0,,:Ce and capable
of " emitting green light prepared as described above and 100
parts by weight of the second fluorescent material having a
composition of (Y, ,Gd,,),Rl0,,:Ce and capable of emitting red
light prépared in a process similar to that for the first

fluorescent material, are sufficiently mixed with 100 parts by

weight of epoxy resin, to form a slurry. The slurry 1is
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(Example 11) 25Ino,Gao,N semiconductor having an emission peak at
470nm is used as an LED element. Light emitting components are made
by flowing TMG (trimethyl gallium) gas, TMI (trimethyl indium) gas,
nitrogen gas and dopant gas together with a carrier gas on a cleaned
sapphire substrate thereby to form a gallium nitride compound

apBRMCONAHES 1aYSY iB Ak SMOLVE, Precessy A 0allm AINAe +hickness of
semiconductor layer having N type conduct|V|ty and a gallium nitride

0 . Benticondyctondayres hafingaP type tarduetivity weemnmtbrmedily switthimprm  a
SiE4 and Cp2Mg used as the dopant gas, thereby forming a PN junction.
Llpgrercees ér@%@ﬁﬂ%tlco%?é{éﬂay%@ whRh 6 8dllig® nitridecl@r converting

emiconductor havmg t conductivity,.a clad Jayer which is gallium
maﬁltrld'eoglu?lnlnum semlc%oltﬁ%%%fiorsnavfﬁ PEpe col?'lngE’trvlty dMtFa EoHREESCent

matéyes which s gallium nigide semicpndygtor haying Pitype %Oé‘d%ifrf"’t':ty PP the

formed. An activation layer of non-doped InGaN wit t ickness of about

prifchmuls fotrted ketweenithe soatact dayerhaving Ndxpe senductivityte, and
and the clad layer having P type conductivity, thereby to make single
argaastarh fell'shecareintufteridyerid previdbe vepetsapphira the planar
forming a gallium nitride semiconductor layer at a low

bstrate
ll?e%pé?’gfuﬁgl%AﬂEVf&ﬁﬂng Hre RyErRIERG ©xXpbsmytABatiaesy gppint and
colVPE %Qé}_&gg em{ ortl@geﬁ.s %gtchlrﬁ electrclees .are fog@% values

by sputtering. After sc |ng e semico uctorw afer which'is made as
ofdegstibed abqye, IIQE@WHW@@&%@*S p&a made by dyzd'%wegz .0 for

wafer with an 25external force. The light emitting component is mounted

cojpg cupertdering 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
conditions of energization with a current of 60mA at room
temperature, 20mA at room temperature and 20mA at 60°C with
90% RH, no change due to the fluorescent material was observed.
(Comparative EXample 2)

Forming of light emitting diode and weatherability
tests thereof were conducted in the same manner as in Example
9 except for mixing the same guantities of a green organic
fluorescent pigment (FA-001 of Synleuch Chemisch) and a red
organic fluorescent pigment (FA-005 of Synleuch Chemisch)
which are perylehe—derivatives, instead of the first

fluorescent material represented by  general - formula

Y, (Al, (Ga,. ,)0,,:Ce cépable of emitting green light and the
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the tip of a silver-plated copper mount lead by die bonding with epoxy
resin. Electrodes of the light emitting component, the mount lead and the
inner lead are electrically connected by wire boding with gold wires having
a diameter of 30pm. 5 The lead frame with the light emitting component
attached thereon is placed in a bullet-shaped die and sealed with

s eqRird|udemaengartin forreslding, wiiph ¢stherecurdolyat t0@fel5 formula
hours, thereby to form a blue light emitting diode. The blue light emitting

(XoatiGde 13 Corflecttd 16 BRERMT 19F faRB ot dcryfdopticahguiaé pratample 9.

- cnfa isnelishad a0 afl enddgces, On ong suffacg and e lace ot heoy . o

acrylic plate, screen printing is app y using BariumTitana éncﬁsper%%
confp ARACIYIC ipdepas white eelor reflectar, which isthen,cured g, 34, 0.35).
15Phosphor is made by mixing a fluorescent material represented by
Weafeheralddaintla (YOS8G0G.2)3A15032rCecapable lof emittingayelios fight with
of relatively short wavelength and a fluorescent material represented by
ultedeiA E6fimulaly 0. 86H816)32A 50 Ceaipdie obamittifpyelld fighhours,

of 20 relatively long wavelength prepared as follows. Namely, rare earth )
FeRi SR e S1y B VRIEE ard SHRAG eI RistSiRioheGaoves 2 period

ot PERROTYARS, ang eeRreginitating dhe %Wat@ﬂa{&ﬂm@é!cza&%j%ﬁgg]%@%o~ and
coprecipitation obtained by firing it is mixed with aluminum oxide, thereby

colo pbtasn2brespective sibsture inaterialdhenixine istaixed widhiod. . 1In a
ammonium fluoride used as a flux, and fired in a crucible at a temperature

rebiauddctiy airfor 3 hobesTheg e firrd Hidegialdsypourehby sdsll enikigized
water, washed, separated, dried and sieved. 100 parts by weight

£o of §BHdwW fllidEdscent atérial ©P FSIAfRElY shERRERATHRh aPd 10Ppartswhile
ight Il t ial of relatively | | th .
me@y uv}_Lq.lg Q&;{g 0&5,3&%?%8%” %g%ﬁengggoﬁﬁ. aggeg Oz?g Wg‘ﬁ%‘o% t times. |

which are made as described above are sufficiently mixed w parts
ThdY walghtef agryicsesiprand extryded, therebyitoform afiloressgbther with
material film to be used as color 10 converting material of about 180pm in
Exahipkress . Thedfuorésddenbmatetiabfiimiz out ihioythe samersizeFdg thel5, the
. principal emission plane of the optical guide plate and arranged on the

LighticalGhids phite, RBRRRMBHake ' lighrEmitify ddvicexperiences less

deterioration: lve Example 2.

Measurements ggg%ro&%tié):g\é ggi.nt and color.

(Example 10)

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

In the light emitting diode of Example 10, the light
emitt_ing component having a ‘light emitting layer of In, ,Ga, N
with emissién peak at 450nm which is made in the same manner
as in_Example 9 1is wused. The light emiﬁting component is
mounted in the cup provided at the tip of a silver-plated
copper mount lead, by die bonding with epoxy resin.

Electrodes of the light emitting component, the mount lead and
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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 (Y0,,Gd3.2)3A15012:Ce and a
tnRuaresesntiaaterigbrapresented y-9aRerabiima y by wire boding with

(Y0.4Gd0.6)3A15012:Ce used in Example 11. Fig. 23 shows emission
godpkctimesf the light emitting diode of Example 11. Further in life tests

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

25temperaftf@SEOHA ati®onTistipeRifuréiand 20mA at B0 With®okrescent

RE, ng.change due to th%ﬂ orescent material was observed. Similarly,

e

8 gsﬁf“é%chr%n’?aﬁ%ﬁ?%%ﬁ intfiRBE Sven FRatHewaveldhgtsGHotiasC:2 : Ce

calighf eantting cempepentis changed ky changing.the content of the o

%%%(rescent material. (E)%ample 12) 5- Tée%igh‘l{}gcrinitt?ng é.%%%“é’f E)%%%F’eescent
mat2wisimade iy fiesame magnerasiaEamplerhexeept for Usig, ) .a1,0,,: ce

phosphor represented by general formula Y,InsOn:Ce. 100 pieces of the =
CapFh enitihg eitidetdmBxarsple 12gvdre prae wdthoagh thellightemittingmely,

diode of Exargslee 12 showed luminance lower than 10that of the light ‘ .
Tk it B IS GPRXEMPREL, Showied GOt \w&atierabifty comtpatabl@mid in

3 in life test... . As described above, the light emitti ,
e oo R 3P doA S AbMEn e 2otut son
wistbjesktolless detedioration ofemissiog efficiency.and,9ead ;1% optained by
weatherability even when used with high luminance for a long . period of
fitrheg Thitefare, apiptiedtionidfithea lightiemittingdiotie isnat ligdeditan oxide,
electronic appliances but can open new applications including display for

thanRiobiie, ARTaA AN BRBTS FdMearBofsaIRE pares @5 1AdK as otfideomixture

. use such as , .
is lxe% with ammonium fluoride used as a flux, and fired in a
crucible at a temperature of 1400°C in air for 3 hours. Then

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

40 parts by weight of the first fluorescent material,
40 parts by weight of the second fluorescent material and 100
parts by weight of epoxy resin are sufficiently mixed td form
a slurry. The slurry is poured into the cup which is provided
on the mount lead wherein the light emitting component is
placed. Then the resin including the phosphor is cured at

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

in thickness of 120um is formed on the 1light emitting
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20sign and illumination for expressways. MCSUP CLAIMS 1. A light
emitting device which comprises: -a light emitting component having
a gallium nitride based 5 semiconductor; and a resin containing at
least one phosphor capable of absorbing a part of a first light of blue color
emitting from the light emitting component and emitting a second light of

coguslenih cilsienl o tratobibe absorhec st Lo, L0said smission .,

of the second light emitted from at least o rescent material and a >

islighhof-ansmabsprbad dirstlighiopasses dreuahisaid flugreseenymalgrigbnent .
from said light emitting component, said first and second lights are

Fughbatle otdverlapging egotibtHardo makewiatetightyd Swhereiph@sphor are

seglgncentration of the phosphor increases from the surface of a resin that

AN RGP RO towariPRIHAE BRitiRg oI FiteRt. ZoThdlightPurpose

£€ 'gggéj@v' e according to claim 1, 20 wherein the distributions of the ‘
° pggisphor cloégr(l:e%lgfgtjllcg){n£| gree Rhiaed & Iast By Sel g FSortrstifgst - A

1ethe resimwhiGh eantains tbgw%@hqraggg‘i%tem Bl AR MSCOSEY o - aon
_ and the configuration and particle distribution of the phosphor. 253.The .
islight @rEitting Wewicéraddortirmgitopeldindli,e and mixed with translucent
epoxy resin and then cured at 150°C for 5 hours. Under visual
observation of the light emitting diode formed as described
above in the di:ection normal to the light emitting plane, it
was found that the central portion was rendered yellowish
color due to the body color of the phosphor.

Measurements of chromaticity point, color
temperature and color rendering index of the light emitting
diode of Example 10 which was made as described above gave
values of (0.32, 0.34) for chromaticity point (x, y), 89.0 for
color rendering index (Ra) and light emitting efficiency of
101 m/W. Further in wéathefability tests under conditions of
energiz_ation with a current of 60mA at room température, 20ma
at room temperature and ZOImA at 60°C with 90% RH, no change
due to the phosphor was observed, showing no difference from
an ordinary blue light emitting diode in the service Llife
characteristic.

(Example 11)
In, G2, N semiconductor having an emission peak at

470nm is used as an LED element. Light emitting components
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wherein said a gallium nitride based semiconductor is a gallium nitride
based semiconductor containing Indium. 4.The light emitting device
according to claim 1, wherein said fluorescent material is a garnet
fluorescent material containing the rare earth element. 55.The light
emitting device according to claim 4, wherein said fluorescent material is a
arnet fluorescent material activated with cerium. 6.The light emittin
ar%evic%az%cor ihg t(??f)‘“ E%:d)rﬁ‘%'ﬁgg hord8 bt %as r TMI

almr§, lOTW ereif‘r

(tHucressgAt matetiakgongarising, Yrand,Aland actiyated wi Eﬁ&_'eﬁ% together

cerium. [.The light emitting device according to claim 6, wherein
wiftioreseent materiakis YAG £ec 15-B.dhedighp rmitting deviceaecordiBgeby to
to claim 7, wherein said YAG:Ce contain Gd. ‘ ‘
form a gallium nitride compound semiconductor layer in the
MOCVD process. A gallium nitride semiconductor layer having N

type conductivity and a gallium nitride semiconductor layer

having P type conductivity were formed by switching SiH, and

Cp,Mg used as the dopant gas, thereby forming a PN Jjunction.
For the LED element, a contact layer which is gallium nitride

semiconductor having N type conductivity, a clad layer which

is gallium nitride aluminum semiconductor having P type

conductivity and a contact layer which is gallium nitride
semiconductor having P type conductivity are formed. An
activation layer of non-doped InGaN Qith thickness of about
3nm is formed between the contact layer having N type
conductivity and the clad layer having‘P type conductivity,
thereby to make single gquantum well structure. A buffer layer

is provided on the sapphire substrate by forming a gallium

- nitride semiconductor layer at a low temperature.

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

The light emitting component is mounted in a cup at
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9.The light emitting device according to claim 1, 20 wherein the
concentration of the phosphor tapers from the light emitting component
toward the resin surface.

the tip of a silver-plated copper mount lead by die bonding
with epoxy resin. Electrodes of the light emitting component,
the mount.lead and the inner lead are electrically connected
by Qire boding with gold wires having a diameter of 30um.

The lead frame with the light emitting component
attached thereon is placed in a bulletnshaped die‘and sealed
with translucent epoxy resin forvmolding, which 'is then cured

at 150°C for 5 hours, thereby to form a blue light emitting

‘diode. The blue light emitting 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

plate, screen printing is applied byA using barium titanate
dispersed in an acrylic binder as white color reflector, which
is then cured. |

Phosphor is made by mixing a fluorescent material
represented .by general formula (Y, ,Gd,,);Al0,,:Ce capable of
emitting yellow light of relatively short wavelength and a
fluorescent material represented by | general formula
(Y,.G4,.,):;AL0,,:Ce capable of emitting .yellow light of
relatively long wavelength prepared as follows. Namely, raré
earth elements of Y, Gd and Ce are solved in acid in
stoichiometrical proportions, and coprecipitatiﬁg the solution
with oxalic acid. Oxide bf the copreéipitation obtained by
firing it is mixed with aluminuﬁm_oxide, thereby to obtain
respective mixture material. The mixture is mixed with

ammonium fluoride used as a flux, and fired in a crucible at a
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temperature of 1400°C in air for 3 hours. Then the fired
material is ground by a ball mill in water, washed, separated,
dried and sieved.

| 100 parts by weilght of yellow fluorescent material
of relatively short wavelength and 100 parts by weight of
yellow fluorescent material of relatively long wavelength
whicﬁ 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 wused as color
converting material of about 180um in thickness. The
fluorescent material film is cut into the same size as the
principal emission plane of "the optical vguide plate and
arranged on the optical guide plate, thereby to make a light
emitting device. Measurements of chromaticity point aﬁd color
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
material represented by (Y,,Gd,,):Al0,,:Ce and a fluorescent
material represented by general formula (Y, ,Gd,).Al0,,: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 energizationb with a current of 60mA at room
temperature, 20mA at room temperature and 20mA at 60°C with

90% RH, no change due to the fluorescent material was observed.
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Similarly, desired chromaticity can be maintained even when
the wavelength of the light emtting component is changed by
changing the content of the fluorescent material.

(Example 12)

The light emitting diode of Example 12 was made in
the same manner as in Example 1 except for using phoséhor
represented by general formula Y,In.0,,:Ce. 100 pieces of ﬁhe
light émitting diode of Examéle 12 were made. Although the
light emitting diode of Example 12 showed luﬁinance lower than
that of fhe light emitting diodes of Example 1, showed good
weatheraﬁility comparable to that of ﬁxample 1 in life test.

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

weatherability even when used with high luminance for a lbng

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

sign and illumination for expressways.
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CLAIMS

1. A light emitting device which comprises:

a light emitting component having a gallium nitride based
semiconductor; and

a resin containing at least one phosphor capable of
absorbing a part of a first light of blue color emitting from
the light emitting component and emitting a second light of
wavelength different from that of the absorbed first light,
said emission of the second light emitted from at least one
fluorescent material and a light of an unabsorbed first light
passes through said fluorescent material from said light
emitting component, said first and second lights are capable
of overlapping each other to make white light;

wherein a concentration of the phosphor increases from
the surface of a resin that contains the phosphor toward the

light emitting component.

2. The light emitting device according to claim 1,
wherein the distributions of the phosphor concentration are
achieved at least by selecting or controlling the resin which
contains the phosphor, forming temperature and viscosity, and

the configuration and particle distribution of the phosphor.
3. The light emitting device according to claim 1,

wherein said a gallium nitride based semiconductor is a

gallium nitride based semiconductor containing Indium.
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4., The 1light emitting device according to claim 1,
wherein said fluorescent material 1s a garnet fluorescent

material containing the rare earth element.

5. The 1light emitting device according to claim 4,
wherein said fluorescent material 1is a garnet fluorescent

material activated with cerium.

6. The light emitting device according to claim 5,
wherein said phosphor 1is a garnet fluorescent material

comprising Y and Al and activated with at least cerium.

7. The light emitting device according to claim 6,

wherein the fluorescent material is YAG:Ce.

8. The 1light emitting device according to claim 7,

wherein said YAG:Ce contain Gd.
9. The light emitting device according to claim 1,

wherein the concentration of the phosphor tapers from the

light emitting component toward the resin surface.
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