; STUVWWKe3e<<| 4 >6tT-K1 8 F ~ B 2005 SPECI FI CATI ON LI GAT EM TTI NG DEVI CE AND
DISPLAY | .. | 5 to 15 20 25 BACKGROUND OF THE | NVENTION (Field of the

I nvention) The present invention relates to a light emttin Qh&9? gsed in
LED di spl ay, back light source, traffic signal, trailway sigﬁa ; 00
illumnating switch, indicator, etc. Mdre particularly, it relates to a
light emtting device (LED) conp8PECRBIGABEONphor, which conver

wavel ength of light emtted by a light emtting conponent and ehmwmmmwmmmmm"
and a di spl ay devi ce uliIGyTt EBMITTENG @HVECEnQNHeDIggLA¥Descripti

Rel ated Art) A light emtting diode is conpact and enits |ight of clédfs

col or WiBACKGROUNT fOR iBHR \INVENTIOMN| so free from such a troubl e as burn-out
and has good initial drive characteristic, high vibration resistance and
dur abi | i {§ied enfiuchee rlgpeantiore) oN oFF operations, because it is a

sem conductor elenment. Thus it has been used widely in sych appljcations as
vargous i ndi cat or sThed presesys ingertionrsedategcdit 1§ Liight e‘%"t‘f?h@g

di odes for RGB (red, green and blue) colaors having ultra-high | um napce and
hi gh ef fdtodacysedvanbbER déeplayed Pagkd Yighe SQRYERSY L‘Eﬁ?ﬁﬁgls‘in%&gn%gr ng
these light emtting di odes have been put .into use,, The LED displ can be
oper at edtnailwayssigoadn abblyREnatiM g8WdtERar AL Ts §5Cri ghtOhki ght

and long life, and is therefore expected to be norge w dely used in
future. partigulasly, Eif zoedaResent?y 2 vSaF-EgEs eRitHRG ﬁlg\y&cgee,(ﬁiﬁgﬁe to

make white |ight sources by using light emtti di ode Becau : i ght
emtti ngcqmpugsmg 8 PRPSPARKe é‘%\lé%"i STV 3?8? owi,‘é?sﬁe‘?’éf%%néﬁoégggﬁati c
1§81 cmenéFRgdc birancraor R el Ao anePBERF, AP b highy fECa M o
i e c , y 0 ilTe
di ffusing and m xing the light enitt by.ihem en_generating white |ight
rLthdsupﬁigﬁgéyréﬁﬁéﬁﬁ?lePgeFEeH%%gﬁgeﬁM%%EEZ% %ggbfgh1that rﬂit? |i ght of
e desired tone cannot be_gener ue to variations in the tone,
IuninancéDéﬁﬁréPﬁéPnfSgtBF%gg?Stgﬁg-ight enitting component. Al so when the
| ight emtting conponen are. nmade of, diff.er el .al Smiekeqt Hhe BWer
required for driviﬁbldﬁ%&eﬁglFF6ﬁﬂb%&°%Fgﬁ$ g%h???%gahgo glﬁg g%grﬁer?
maki ng it necessary tq, appl.y,differ ol t ages 1l inf Nte HoindBlaicBMat ti ng
conponenF%FaﬁhF e ¥t glﬁgnﬁFggcg%%Sé'ci?guﬁf.%ﬁ%Pegsgg,Egggéuse t he
l'ight em tting conponent r ]_GO i Ol ildiGRt SV idHh raHeiettis,
col toﬁé'qu?qseuﬁjseg{urtné'%\‘i‘g‘r %&%?oﬂﬁ%d@%%?oqi%lgl&h‘fference in terrperatlure
characteristics,, chr.onol ogic n rabl Redee repeRiitive
unevennedsg Yﬁﬁ?#kﬁﬁ%/éég%gﬁ?gﬂgdgﬁétga %? h?gﬁigbu%%forniy nixins-the
ght emted by the Lighl mLLiageCOTpOBRN! 5 Jiifcdhdilstem ldlewprt odes
a

are ef fedt .sopﬁéﬁt en!fting evices for generating individual colors,
al though g satlsfaclopy i YedS Widd FanAbERcRl applications as various

indicators and various light sources. Recently light emitting

20 diodes for RGB (red, green and blue) colors having ultra-high
juminance and high efficiency have been developed, and large
screen LED displays using these light emitting diodes have
been put into use. The LED display can be operated with less
power and has such good characteristics as light weight and

25 long life, and is therefore expected to be more widely used in

the future.

T
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25 emtting white light by using light emtting conponents has not been
obt ai'ned so far. 2 i 1 8 FEB 2005 1In order to solve these prob% , the
present applicant previously devel oped |ight enitting‘diode§ %ﬁf@huﬁgﬁvert
the color of light, which is emtted by light emtting conponents, by neans
of a fluorescent material disclosed in 5 Japanese Patent Kokai Nos.

5-152609, 7-99345, Eéégx@r?ﬁé, aOQr%ZQ&‘l-at%ﬂﬂéJhﬁa@Hi Hded mhdsleodimptosed
in these publications are “such that, by usi'ng I1ght emtting conponents of
one ki nd, c e eb3t iyag rd iteiand .col d
are constvi’ﬁ}feedfg@% oflegﬁgeglg)ﬁme r%dgg?ige}?nét%?%geélﬁgdgquggl ose%gﬁ\u%e
above gazgid %%egg%ﬂeg%bﬁyg NRYGaE NHad b FalvorEbild iGN YPectRit b a

| ar ge energy ight emtting layer, in a cup provided at the tip

of a | ead@érgﬁﬁle afdhd@ntofatid | LogRE CeRbKIRGCRI alightals HiRel od Ivetiite

emtted b Ight 15 emtting conponent and emts |ight of a wavel ength

di ffer enélil‘_%r%;‘ FBghipést ge s W eghde gﬁhréé@\lﬁbﬂﬁtg?éhim\f@r SééMponents

cont ai ne reSin nold which covers the Iight emtting conponent. Th

e
l'i ght erﬁ'ﬁfiﬁlg &l asle ﬂiérégéﬂﬂ B &8s obRer 20h ehevei£epsbhe Md aﬁiﬁﬁ%g
i ght of y

white light by mxing the | a plurality of sources can be nade

using a |{gét]eghtt eRdteeapeyerdherapabivrenl geleirhitiagbhid del dhiigtandeieh di ng
the light emtting conponent with a resin including a fluorescent materi al

that absoghsntif hirghhgembht pdthgrehpabl been @ica girdblany thatewkie

emts yellow sh Iight. However, conventional .light emtting di odes have 3

1 8 FEB 299§nheuchrpr ehbendeasredt etoneat icamnoft t e f Iqmiastant rduer itd

| eading to color tone deviation and darkening of the fluorescent materi al

resupti ngvatat oves ednefthei eony, ofLumiinante ngnkli githerDafketony ldr ethef er s

to, in the case of 5 using an inorganic fluorescent material such as (Cd,

Zn) S fl uoLgghentembteingl ,cdmporexetnpl e, Almot whemet &heel 2ights ewistingting

the fluorescent material precipitate or change
components are made of different materials, electric power
required for driving differs from one light emitting diode to
another, making it necessary to apply different voltages

15 different light emitting components, which leads to complex
drive circuit. Moreover, because the 1light emitting
components are semiconductor light emitting components, color
tone is subject to variation due to the difference in
temperature characteristics, chronological changes and
20 operating environment, or unevenness in color may be caused

due to failure in uniformly mixing the light emitted by the
light emitting components. Thus light emitting diodes are
effective as light emitting devices for generating individual
colors, although a satisfactory light source capable of

25 emitting white light by using light emitting components has

not been obtained so far.



their properties leading to coloration, or, in the case of using an organic
fluorescent material, coloration due to 10 breakage of double bond in the
nol ecul e. Especially when a light emtting conponent nade of a '
sem conductor having a high energy band gap is used to inprove{tdEs 2005
conversion efficiency of the fluorescent material (that is, energy of |ight
emtted by the sem conductor is increased and nunber of photons having 15
ener gi es above a threshold which can be absorbed by the fluorescent
material increases, IesubXxdey ikonoFelVveghthgsengpaeddemed), the t iRresent
quantity of fluorescent material consunption is decreased (that is, the

f l'uor escempplritcantal previlousdivat €gvalopedel 44o0El yemighéngerfbkehss Mhyieh
energy absorbed by the 20 fluorescent material inevitably increases
resul ti ng danvegrte Wigredlemmt dbighbiat WBACH! ishemitiede byeddghdt @mifitinge
of the l'ight emtting conponent with higher intensity of |ight em ssion for
an extendembnpanientsi bPymessesft mﬁg\mmﬁ@egtgmaﬁ%@ml dégradaseen gy
the fluorescent material. 25 Also the fluorescent material provided in the
vici i ty cfapdnedd ghatent t Kpkgicd®sondml 8P De "éx%%%éél:ta-§7é794@nsl BE B
2U05 high tenperature such as rising tenperature of the light emtting
conponent Hid heat (Hhsrdighl f regttHd@xt eipdrsenviksTrd (f 6P eddififie,
sunlight in case the device is used oufdoors). JFurther,, some fluorescent
mat er i al s plEligafiions tarQceerdr hhals gBYeSdngt tdwhduenid tHawhiGPREBIETHTS
moi sture entered fromthe outside or introduced during, the productjon
process, to PRghtkdRd, héde t FaReRF-Bt KF f H@H]etr-ﬁ&llnigghfl%}fﬁ‘t Ofhg¥BshBorfditt .

10 When it cones to an organi c dye of . ioni roperty, direct current
el ectric fOENRK iGPAPES vi BRI fYC0 O?ﬁELEH£ﬁ8n8§ EQEE@WéPeCtrophoresis,

resulting in a change in the col or, tone. RY HE | NVENT

gazettes aré 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 ﬁé
fluorescent'material that absorbs light emitted by the light
15 emitting component and emits light of é.wavelength different
from that of the absorbed 1light (wavelength conversion),
contained v'in a resin mold which covers the light emitting
component.
| The light emitting diode disclosed as described
20 above capable of emitting white light by mixing the light of a
plurality of sources can be made by using a light emitting
component capable of emitting blue light and molding the light
emitting component with a resin including a fluorescent
material that absorbs the light em;tted by the blue light
25 emitting diode and emits yellowish light.

However, conventional .light emitting diodes have



Thus, an object of the present invention is to solve 15 the problens

descr'i bed above and provide a light emtting device which experiences only
extrenely | ow degrees of deterioration in emission |ight interish thgp 200ht
em ssion efficiency and color shift over a long tine of use with high

| um nancesu@d Prohleasenas apistemitiratdom ebéd the FleseriscientenhaBer 141 ough
researches based on the assunption that a |ight emtting device having a

| i ght em léadingonponeriolard adrelorésciatiomt eandl daitkkemdalg t ke f okhew ng
requirenments to achi eve the above-nentioned object. 25 (1) The |ight

em tting £huppeseéntushabertapabresaltényttiing |ligghired heffhidisidaanceswi th
light emtting 5 1 1 8 FEB 2005 characteristic which is stable over a

| ong ti neextraseing2)ight.f | uarieereirig nheeei zlefledisnt@y ovhdetel kcddee of
vicinity of the high-lumnance light emtting conponent, nust show

exceb| entusisgstamcénagganit | fhiresuenizamasertladt sheh5 gw ogedti e3n)s

t hereof do not change even when used over an extended period of tinme while
bei ng expbieorescénghtmatferiagh i foensexgmphe)t guhdly tofe mieghll eelémemgs
conponent (particularly the fluorescent material provided in the vicinity
of the |igbnsthtuting dhepofibwerescenxposaderdali ghtedipbtate r adi athamge
intensity as high as about 30 to 40 tinmes that of sunlight according to our
esti mat e, thatlri propeuities tleadimg nbre ahlcatsitiiian, agai nsin | that case | ght
emtting conmponent of higher |umnance is used). (3) Wth regard to the

rel ati onshgpngi tant rerganie MHuenescent coaserdal, t elbrabtienceduendteri al
must be capable of absorbing with high efficiency the light of high

monb@hr onbreéakageepift tdaphhe thend | §nt the mekrpwemon&spesialdyi tvhiarg &i ght
of a wavel ength different fromthat of the light emtted by the |ight
enmitting &bahbnenitting TRespenenpreadntcf nd chenbeopdestaeshavingm kighting
device, conprising a light emtting conponent and a phosphor capabl e of
absor bi ngeBepayt Pand| gfRt hivsed 89 SR IPVEht hehi SRR Tt oREREC BPRCY
emtting light of wavelength different fromthat of the absorbed |jght; 25
wher ei n_s@fdthpgKLUeREECERE PakEERaht (E5REr iiSes @NeRaY: ik Ligho emitted

sem conduct or_ represented by the formula: 1 ni Ga AlLKN 6 1 8 FEB 20D5
by the semiconductdér 1s increased and number of photons having

15 energies above a threshold which 'can be absorbed by the
fluorescent material increases, resulting in more light being
absorbed), or the quantity of fluorescent material consumption
is decreased (that is, the fluorescent materiai is irradiated
with relatively higher energy), light energy absorbed by the

20 fluorescent material inevitably increases resulting in more
significant degradation of the fluorescent material. Use of
the light emitting componeﬁt with higher intensity of 1light
emission for an extended period of time causes further more
significant degradation of the fluorescent material.

25 Also the fluorescent material provided in the

vicinity of the light emitting component may be exposed to a



where GCsi, Osj, Osk and i+j+k=1) and said phosphor contains a garnet
fluor'escent material conprising at |east one el enent selected fromthe
group consisting of Y, Lu, Sc, La, &I and Sm and at | east ong Bell;gg%és
selected fromthe group consisting 5 of Al, Ga and In, and being activated
wWith cerium The nitride conpound sem conductor (generally represented by
chem cal HigHukamperGhAekNsibler eagsiris@nig ©Cefpardturetkst) twmat ildnrgd
above contadl ns various materials including InGaN and GaN doped with vari ous
i mpuri ti esitkGnbecphponbat NEndi Gt akeunsmdttednsEveni Otise Mhdidrgiad
defined as descri bed above, including Y, A15012: Ce and Cd, 1 n5012 : Ce .
Because tgifyilrddiiderfin (fdndektav e, aduilight ebenéasaventi deviges ishaiddaht
emtting conmponent made of a nitride 15 conmpound sem conductor capabl e of
em tting dutiordd)t.n hi gh lumi nance, the light emtting device is capable of
emtting light with high | um nance. Al so the phosphor used in the |ight

em tg i ng devi ce hasrexgisdt ensomesifitarescanti meitdyigills saré haubtjbet to
fluorescent properties thereof experience |ess 20 change even when used
over an exdesiechtpel i atbtdridratiun | eueei Y exquomdeicthatidn gluf ofmdiisture
intensity. This nakes it possible to reduce the degradation of

char act ergmstexsi dfromgthengutsided af isereducedddueingt éheormtaductdion t o
light of high intensity emitted by the Iight emtting conponent as well 25
as extransmosess ghtti{esurlighitt iand udieat ultransmiltdted i ginom ettthe  duirghiy

out door use, thereby to provide a light emtting 7 1 1 8 FE8 2005 device
whi ch expamittires companeagity. | ess col or shift and | ess | um nance decrease.
The light emitting device of the present invention can. also be used in
sucho appl i cati ons tWhénr éguicomesedigorave epganitc adyhi gif doniz0 pramertyor
exanpl e, because the 5 phosphor used therein allows after glowonly for a
short perdicect curmeentTheletbxbtofiebddinnthrevicdndtymoft ithe @hdde WY t he
present invention preferably contains an yttriumal um nungarnet fluorescent
materi al casse cokect rrphoreRii skl regldinm ignapicdange dd ther egdert kene.

| um nance of the light emtting device. In the light emtting device of the
present i SWEMARYGOF tPRE d‘!ﬁ@f%ﬁ%l‘?my be a fluorescent material represented
by a general fornula (Rel _=Sn¥), (Al _9Ga$)501z: Ce,, 15 where Osr<i1 arﬁfj Osssl
and Re is at |east BhBssefRcPRIEFE A EhRPRREERt IRV IR Ly dqYy solve
characteristics can be gbtained sinmlarly to the case where %he e

yt t}Pum ath@i muekienset depasiRed e APQMA ePRYl PROYVEAR. 3y L49PF (SRAFRM

em tting device of the present 20 invenii on, it is greferab!é%, for thef

pur pose ofevia@sci NBifhe EERBELGRGPE dBB&XdeREEXEMSYghtlO%hi S89hFSS ©
characteristics (wavelength of, emitted.light, [ntensity of light em ssion,
etc.), todBkeriP ‘T‘Eb?’ésc%ht SRS CR) S‘éﬁhgsehpgﬁnﬁﬁﬁ'geﬁé?té# SRR 20T

YI ~Q =GdpCeqSnr 3 Al _, G, ) s012 as t hosphor, where 2 sQ. 8,
0. oossqso¢§f+ce.0%1)3@&90.‘38§°£n&h)é§§sl°."% saohf?ﬁ? hgg‘i“FgﬁF &5 t‘i%&‘cﬁ@\ﬁ%e of
the present 8 :
luminance.

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

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

‘emitting 1light of high luminance with 1light emitting



1 ~ 8 FEB 2005 invention, the phosphor may contain two or nore

yttri'umal um num garnet fluorescent materials, activated with cerium of

di fferent compositions including Y and Al. Wth this configurt8ifd® 200§ ght

of desired color can be emtted by 5 controlling the em ssion spectrum of

t he phosphor according to the property (wavel ength of emtted light) of the
| i ght enghiaragteoipobenthidurihestabile tdweert ightorgritinengpfiasee of the
present invention, in order to have light of a specified wavel ength 10
emtted by the2)igltheenfilubngsdentcematerisl prieéingbl prohiaded heiphoshéor
contains two or nore fluorescent nmaterials of different conpositions

r epr esenvgédihitygeoér ahef drigh-d upRmanceSiright (edittgi®en gomidment Camusber e
Osr<l1 and Gsssl and Re is at |east one selected fromY and Gd. 15 Also in

t he | i ghshew ekcedleati amsdfs taneepraggeeintsti Nlvisght oandi heatdeo tthatonthel the
wavel ength of emitted |light, the phosphor may contain a first fluorescent
mat Bri al prepeesites edtigrepfierdd notnuthagéAl eéveita, Wieh-z uGedandvarseennd
fluorescent material represented by general formula Re, A1501z: Ce, 20 ~
wher e OsestendddRperdodt dfedsimereh ke cbedngf esppyedGioandidht. o€ sbigh t he
light emtting device of the present invention, in order to control the
wavel engtihtehsétit t eémlitgled, t Ry phdsighor ¥eghtbe aemittingm acampanentar net
fluorescent material containing a first fluorescent material and a second
25 fl uor ¢parhicudaclyal the t iENIregesnt panatesiakacprpmidedm bl ngthe
substituted with gadolinium 9 1 8 FEB 2005 Further in the |ight

eni tti ngvdekndsyoP£ft Hherkight emkbhingncomponsnpr dereiRasachato mhight

em ssion peak of the light emtting conponent is set within the range from
4000nm t 0£580 raciatd-omailntemsddivorrsndidhe st RRsfut RO pkRsphok ings sEgaS to
be | onger than the nmain enission peak of the light emtting cqonponent. This
makes it ofosynbightoacrprdipdt k9 eHrt efkimater gAnd FErFﬁEPlFﬁdPEQ haYRtL
emtting device of the present invention, it is preferable that the |ight
eni t t i ngMeafedugRbid- itye 393HIS ot 19028 o digiEneHidTi NG CARARLR NPT
nitride sem conductor whi ¢ch contains In, and the phosphor is an

yt t ri um BLgheRuAIBARABESS L§oP8SEent material wherein a part of Al in the

2 opor 1 on'of (&3, AMIES WEERRROL hEOr BB FTOr SRR o atin BABPTor v
or dor | SSE LRIGF TP THE FANGESFFORF 4™ RS 1213 Mokegh e FER2BRRct r um
W th thac ol THAHRDGH {  HAEDy PHOD | GREE TOGITY 1 ABCcomiditint Rh cRLIE
COMLal 15 AU SR SONUS) OLnk SR A A5d bbbl
o 1 ed BEHETE ghionf ot o bbb ATF SR (AR, EheE 8 kne,
[ Luor esCqTlo ety by, Engngnht o celygoetaohgh T ender g and. n this
20 Thus the present invention provides a light emitting
device, comprising a light emitting component and a phosphor
capable of absorbing a part of light emitted by the light
emitting component and emitting light of wavelength different
from that of the absorbed light;
25 wherein said 1light emitting component comprises a nitride

compound semiconductor represented by the formula: InGaALN



device can be provided. The light emtting device according to one

enbodi ment of the present invention conprises a substantially rectangul ar
optical guide plate provided with the light 5 enmitting conponentFgpygised on
one side face thereof via the phosphor and surfaces of which except for one
principal surface are substantially covered with a reflective material,
wherein [,oht 1t b h i : it 0 IS -t sinfat @ a
pl anar Ii%biét’%:yot e (?) 'spg%]% §rr11% tgﬂg-i-gg} cgﬁalggggi 21%% g’?,g glogﬁ?&n%e%an
output fropdde pluBebBabnEUMaAE Gl tE6mOPis DRy avi deeddtat 8ne Thal drieait

em tting device according to another enbodti nent” of the present invention
has a subsdiaddtied | frdme AR Pdip Worsdtigy &F 1, ate, whi chai,SGAr anddesl, Wit h
the 15 light emtting conponent nounted on one side face thereof and the
phosphor st aht ede@BtoRRIlENgI SST SRS WEE B S UhbageDuiphi A istithg
except for the principal surface being substantially covered with a
reflgcti ver et eré@l andhed £idhdd Beigly st i dowitthe delrdhiin.eni t ti ng
conponent is turned into a 20 planar light by the optical guide plate and
the phosphor, to beThe ouiiptiide omdompompndnci pahisondactonl t(wemntdldat
guide plate. The LED display device according, to the present invention has
an LED digsgphreséevédebgothenstad tdemullahtrndéa i it wherde\<des 0afj ,t hoxk
present invention arranged in a matrix and a drive circuit which drives the
LED di splayd dey#§ek%l) men8ibRBd20@bozecocdintging divepdimnsdatma tvéridls s

i nput thereto. This configuration makes it possible to provide a relatively
| owpr i cedindnding! IyGatevand GdN doped capdblvardfous dmpaefiitdiesi.on di spl ay
with |l ess col or unevenness due to the viewing angle. 5 The light emtting
di ofe according to The edheciphent aientionrdseabovayerpndainsnpriasinus
mount | ead having a cup and a | ead; an LED chip nounted in the cup of the
mount | eadaverbabsmedefiredcasodescivébad sboveri dacindingn¥cdkd,i:€a And o
nount | ead; a transparent coating material filling the cup to cover the LED
chi p; andG@,InsQhtCenitti ng di ode having a nol ding material which covers the
LED chip covered with the coating material 15 including the cup of the
mount | ead,' the i nBerahsad sl gnghheremté@mq)déemceh@ﬁ_EDhéhiEpf,e%n# ein
the LED chip is a nitride conmpound sem conductor and the coating pmateri al

* contai ns invérbienonses| shent lglite eMdF tLREMCOMPOFEHtD MaGEs ik ithgr Biride Ly,

Sc, La, Gd and Sm at 20 | east one el enent selected fromthe group .
conkPst i ngompoand EeminendncheF acpRaBpfoCnBBlEEindr dekaly uLERCntgh
material activated with cerium The phosphor, used in the light emttjn

di ode of lweippegent thevehioh BMetEiRg (evdfeai ¥ GAPFPLRI Ok FThr 5
garnet fluorescent materjal_ that contains Y and Al, In the |i c?t .emtting
di ode of l1h@hprésigh hagbntjwHnapse.  Also the phosphor used in the

light emitting device has excellent resistance against light
so that the fluorescent properties thereof experience less
20 change even when used over an extended period of time while
being exposed to light of high intensity. This makes it
possible to reduce _the 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
25 as extraneous 1light (sunlight including ultraviolet light,

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



~ a FEB 2005 the phosphor may be a fluorescent material represented by a
gener'al formula ( Re, =Smr ) 3 ( A, ,G, ) s0,2 : Ce, where Gsr< 1 and
Osssl and Re is at |east one selected fromY and Gd. Also in t&dHE #6s
emtting diode of the present 5 invention, a fluorescent materi al

ted.b | f I Y, ~. 9: CeqS 3., A, SO,

oy be. 1SS ks WHETD EXRRELS e EXEERRBLY, 185605l S bomh, 16565 and
Gsssl. I the light I tti j.ode. of. th t i ti t h h h
or of e abIRNGE AT R ror L% ¢ HIRE PBEFFONE COGRLTe: OF | EBPoBEBAERE

terials, i,vated wt ' fodiffé j L ipcludi Y and
lﬁl‘i‘, O o oAbl ATFE BR teed 1Arbrtieth SPRELFREtPiR EheRor A e

i ght i tti di ode of th t.i tion, simlarly, t
f1 tor escERERRAEST SReEs 4R MR A 12 diRsseirt 9%s o 2BPLEenPEFoHF °a th8ner a
f I Re, S Al, ) 5~,.z: wh Csr.<l and.,0Osssl d Re i
| oad ond@ CERERE (PP g S Gy T e HEEET a0 e BHAGpRET™ | oF BT o
control the .emtt ﬂ:[.lieght to a desired wavelength. In the light emtting
di ode of RF ng MSivention, 20 sinilarl y, a first fluorescent materi al

1 tor eacent mat or Lo iRt e Sn S D RIS BEEBL the e
uose 3% RGUEPIRTES retesn chelul i s Y,
'n the light, &M EhiBgediafle HaldFidf e1ealk ' 8YREL1AS. ¥13anal AT FnEcR005

10 enables it to increase the luminance of the 1light emitting
device.

In the 1light emitting device of tﬁe present
invention, the phosphor may be a fluorescent material
represented by a general formula (Re, . Sm,.);(Al, Ga,);0,,:Ce,

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

Also in the 1light emitting device of the present

20 invention, it is preferable, for the purpose of reducing the
temperature dependence of light emission characteristics
(wavelength of emitted light, intensity of light emission,
etc.), to use a fluorescent material represented by a genéral
formula (Yl_p_q_erpCequ,),(All_,Ga,)_,,On‘ as the phosphor, where

25 0<p=<0.8, 0.003=g=0.2, 0.0003<r=<0.08 and Oss<l.

Also in the light emitting device of the present



simlarly, yttriumalumnumgarnet fluorescent material a first fluorescent
mat er'ial and a second fluorescent material may be used wherein a part of
yttriumin the first and second fluorescent materials is subst{§tpgdgsth
gadoliniumto 5 different degrees of substitution as the phosphor, in order
to control the emtted light to a desired wavel ength. Generally, a

f I uor eSC?.BbeK%E‘.@Wﬁ' tHBi Chhe®sReBS ndyhicopftadnshowd vew elmengt hyatd iem-t s
light ,of a |ong wavel ength has hi gher efficiency than a fluorescent

mat eri al x3Qmakush qakaethsfligsarinta hater iele) eagt bvated ewith kiegliumef a
short wavelength. 1t is preferable to use"a light emtting conponent which.
enits vi gifbl @i FEePbnthadompds Phioewi timclgdimgpoverdndhiddh eniWisthul thdsi ol et
| i ght that degrades resin (nmolding naterial, coating material, etc.). Thus
for the Hpnfiighiradsiion, ndidhtdeodi dksipedsencvlonveran orhe f @mititedpubyose
of inproving the light emtting efficiency and ensure long life, it is

pr efser ablednit/itl IiRig tire s isys jpeals pefc tirum loify Hthee phatsiphe rc @egordingb&os et
within a relatively short wavel ength range of 400 nmto 530 nmin the

vi si bl e lghght pregieyty andaz@lemgthenissi emitbedl ehigit bf athe Hhieosdighthe
set to be longer than the main em ssion peak of the light emtting
conponentemiWting eanmonentgenent, because |ight converted by the
fluorescent material has | onger wavel ength than that of [ight emtted by
the light enmitting Fanpbeenin thewliphhoemistiBgabeyiped oy thige Orefiant

em tting conponent even when the |ight emtting conponent is irradiated
with |ighinwdntdlomhasibe@rder to bavreElighforf e | peedfigd cEvAdansthy
the fluorescent material (since the energy of the converted Iight is |ess

t halo t he dmairickeghpbyndigy) lightusempstinghdeandicen Hes b‘ée@rﬁéﬂfégt‘-sd At he
fluorescent material or the |ike is reflected by the cup 5 wherein the

| i ght emnithe nphospborencontaimeintag, %kmﬁgem@ﬁmr%q# : efeyebtadsi & on
possi bl e. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a scgemat : c sectional
view of adifferentpe qompasiddions ngenregented ok ngersrate Hedt€sf the
10 present invention. Fig. 2 is a schematic sectional view of a tip type

li ght enijsmi hgAdi;n6e., haorQ ngvhere hesesbodndepssef 2pd BPed&neY ril\Fé’r% 1 on
Fig: 3Ais a graph showing the excitation spectrum 15 of the garnet

f1 uor esceone ne@be¢ Bed aEFPH of APBYELeri um used in the first enbodi ment of
the present invention. Fig. 3B is .,a.graph.show ng the em ssi of
t helgarnet fl uorescéﬂr?orra]t‘brr'g? Zlc‘tqrsét g’algglﬁ‘érlglﬂﬁﬁﬁ‘?eaofnkﬁ%esqnﬁe&rés e
enbodi ment of the present invention. Fig. 4is a.gra i_ g 4t

eni ssi on 3PERRELAR of 1RHRTAEHNEC e?ﬁm%B B AL idggte%g%\#gg r]fté%?atdf
the present invention. Fig. 5A is, a,graph i,.ng | Lati SPECiT um
of the ytERRUNPRPSH md%’%etc??ﬁ?ﬁrgsc nt St | a#lqgoclﬁg\%ﬁ%gcd e 1

represented by general formula Y,(Al, Ga,)0;,:Ce and a second

fluorescent material represented by general formula Re;Al;0,,:Ce,

20 - where Osss1 and Re is at least one selected from ¥, G4 and La.

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

25 fluorescent material, with different parts of each yttrium

being substituted with gadolinium.



25 by ceriumused in the second enbodi mrent of the present invention. 15 1
8 F E B 2005 Fig. 5B is a graph showi ng the em ssion spectrum of
the.yttriumal um numgarnet fluorescent material activated by{@eFEBramgsed
in the second enbodi nent of the present invention:. Fig. 6 shows the

chromaticity diagra ' 19t el | t 14 [ t he
second enboéi men'?, \%}#{tgleggp'tr?t g:r%nalnlogq% %nclilf'{(:\g][r{edt 2 o oérfsng?giggﬁfgﬂt
emtted b Lght sem kLi c%gg t isat s | Qg C

col ors of X’f‘f’gﬁ?ﬂéﬁh t‘lg"rc}1 %)g/ %\%5“ [ ngisi%gftgﬂgsp 3?&3.8%9& bglgié %tfgcﬁg%at i C
sectional qyj : I ' u “accpedi t t npbegli pent
of the pr%ggﬁi{ty %&&3&?%%"5}’*% stg és%ﬁeﬁ%{teﬁéglsggtel %r?gl%%vir%rv?“gf anl) er

pl anar | i gkt urqe Sdigf ferent 3 ' 7 [ | : SC tic
sect i onal ggi gévgo ar?glt é‘gg lp aerggé)ﬁ&g Eﬁ a}s‘gét}?{de&cn f?fe}élen{ %%%léﬁ)gjééoggg‘iig.
7 arigd Fi ' Orhana+RLogk di : a \ .S dey] behsls an
appl |Scat i gﬁ g? Fﬁggg%eggﬁ{l |tir1\t?eir:(1lt5 f"gnéﬂé?gl 8§1§nga8%?gﬂev?£a/ﬁgfé\@%getgg

di spl ay dguinG 20 [ ' Vi i s abls [ i ew
of the LE%z5 'P§B€g§'devbfi}?egmﬁ%%nggngsgisggléi g:ocg)%sftlidtl%tnet}%’f r%“n?rf g{jﬁfﬁgght
emtting gi_'g_eggg including the light emtting diode of the present invention
and those emtting RG& colors. 25 Fig. 13A shows the results of durable

Iline test of the |i ghirt®@d i Hl odemmofef@iE dedit @APERAL p¥8sEXRNDI €

invention, it is preferable that the light emitting layer of
10 the 1light emitting component contains a gallium nitride
semiconductor which contains In, and the phosphor is an
yttrium-aluminum-garnet fluorescent material wherein a part of
Al in the yttrium-aluminum-garnet fluorescent is substituted
by Ga so that the proportion of Ga:Al is within the range from
15 1:1 to 4:6 and a part of Y in the yttrium-aluminum-garnet
fluorescent is substituted by Gd so that the proportioh of
Y:Gd is within the range from 4:1 to 2:3. Absorption spectrum
of the phosphor which is controlled as described above shows
good agreement with that of light emitted by the 1light
20 emitting component which contains gallium nitride
semiconductor including In as thé light emitting layer, and is
capable of improving the conversion efficiency (light emission
efficiency). Also the light, generated by mixing blue light
emitted by the light emitting component and fluorescent light
25 of the fluorescent mate;:ial, is a white light of good color

rendering and, in this regard, an excellent light emitting

10



18 FEB 20 1, showing the results at 25C and Fig. 13B shows the results
of durable life test of the light enitting diodes of Exanple 1 and

Conpar ative Exanple 1, showing the results at 60C and 90%RH. 5 Fda? %@5
shows the results of weatherability test of Exanple 9 and Corrpz;r F@e
Exanpl e 2 show ng the change of |um nance retaining ratio with tine and

Fig. 14Bdehewe tha besprbvidedweat herability test of Exanple 9 and

Conpar ative Exanple 2 showi ng the color tone before and after the test. 10
Fig. 15A shows themmesul Light reémbbtingy idesticefl ExespréifgandoConpaeative
Exanmpl e 2 show ng the relationship betweeh the | um nance retaining ratio,
and timeempodilept UIB tise appesent sinvengiohecompaisesshi pubstantiadalor
tone and tinme. 15 Fig. 16 is a chromaticity diagram showi ng the range of

col or torectlanginlaan lbptdaadi nephide h pd attieghtprewiitedngwditbde tivki cRigbtbi nes
the fluorescent materials shown in Table | and bl ue LED havi ng peak

wavel engtemittt i4g5 compdnent lmMoistedclomonene csigedifageartshmafhgviae thieange
20 in color tone when the concentration of fluorescent nmaterial is changed
in the | iphosphot t iand dsatéamkeischofonwhiel téxcépuorfsremnemapeinglipaihown
in Table 1 and bl ue LED havi ng peak wavel ength at 465 nm Fig. 18A shows

t he en ssufasee@rainswbs tamt pobkphoovered (wibtheadreflecsAvel mateziafl,
Exanpl e 18A. Fig. 18H shows the eni ssion spectrumof the light 17 ~ 8 FEB
2005 eni twhiengiconpoidghtof emikbned e bys B v Laght heemdirtitsigico e prapenerty e iengt h
of 460nm Fig. 18C shows the em ssion spectrumof ,the light em tting_diode
of Exanpltairheds e 29/ Laae ﬂ-ﬁe'hén‘itﬁsi'@hespé@lspbmrofaftd%etbﬁos’ﬁﬁéﬂa@-

Yo, zGdo,e ),AlsOz : Ce of Exanple 5 . w Fig. 19B shows the em ssion

spddt r umasfidenplatyhtandi tei hg aBnpukbPHE SKORXihg PrIngdpahgsukEack 85 on
peak wavel ength of 450nm 10 Fig. 19C shows the emi ssion spectrum of the

| i ght enithe mptdicade BrLdsaHA®S5. Fig. 20A shows the enission spectrum of

t he phosphor Y, A150, Z: Ce. of Exanple 6. Fig. 20B shows the em ssion spectrum
of the light 15 eni®henglEdpor@Rtteingy e Besudinge & s&nathsdak -

wavel engt h of 450nm ) . .
embodiment of the present invention has a substantially

rectangular optical guide plate, .which is provided with the

15 light emitting component mounted on one side face thereof and

the phosphor installed on one principal surface with surfaces

thereof and except for the principal surface being

substantially covered with a reflective material, wherein a

light emitted by the light emitting component is turned into a

20 planar light by the optical guide plate and the phosphor, to

be an output from the principal surface of the optical guide
plate. |

The LED display device according to the present

invention has an LED display device comprising the light

25 emitting devices of the present invention arranged in a matrix

and a drive circuit which drives the LED display device

11



Fig. 20C shows the emi ssion spectrumof the light emtting diode of Exanple
6. Fi'g. 21A shows the em ssion spectrum of the phosphor 20

Y, (Al 0, SGao, s) Sol z: Ce of the seventh enbodi nent of the presenqd RY @ Mighgo N
Fig. 21B shows the em ssion spectrumof the light emtting conponent of
Exanpl e 7 having the em ssion peak wavel ength of 450nm 25 Fig. 21C shows

the em sgj tr : i WilileRo ¢liod Exagder ol 1 id 8
FE6 20053{58%.1.8%% sﬁ%nmscﬁ% e#n gtgtdﬁ%é('?{aru%off?%t phosphegrO ( ch.meué%o. X )
3Al s0i x e Fi h 13554 Pt f e
phosphor c?@ggéggéegg g%ks? xﬂ: ég%?ggﬁnﬁlbe%ﬁvl?%F%.J?ZZC :'[sdr‘l%lv\}fg :tlﬁg

em sSion aReghr 1@00fdigg;ﬁ_ga¢ fiy £ g 6 CoEPRBERL1 Bf oEXRABheabEiNaYiBd ! he

em ssi on*peak wavel en Onm Firg. 23 shows the em sSion spectrum of

the |ighty.emitt,i i 0 EPh DESCRY - THE
PREFE:QgRE J‘E%&: ﬁlg:'ﬁﬁlsg%%\?v FSFE??P%SV% (i:l)mt’:a %g gtgfggtﬁe%dr awi ngqs-é q;\)#%:ee.r red

enbedi nents of the L8Nt RIBHEINY HildddacdesainkedobehewemBoliigbht
em fting diode 100 of Fig. 1 is a |lead type light emtting diode having a

mount | eag Jcﬁ% ?E@s@ati ARYentean LompPésewherein a light enitting conponent
102 is installed on a cup 105a. of the nmount |ead 105, and the cup 105a is

filled with a coatifgdasi NeHAl netvigly eoRu RmdR aspealdi ed phosphor to
cover the light emitting conponent 102 and is nolded in resin. An n

el ectrode and a p epciEpdendp theuhntgdt iamitid ngupOogomrnanduid?2 laad
connected to the nmount | ead 105 and the
with one of electrodes being electrically connected to the
10 mount lead;
| a transparent coating material £filling the cup to
cover the LED chip; and
a light emitting diode having a molding material
which covers the LED chip co?ered with the coating material
15 including the cup of the mount lead, the inner lead and
another 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 ¥, Lu, Sc, La, Gd and Sm, at
20 least one element selected from the group consisting of Al, Ga
and In and a phosphor made of garnet fluorescent material
activated with cerium.
The phosphor used in the light emitting diode of the
present invention preferably contains an yttrium-aluminum-
25 garnet fluorescent material that contains Y and Al.

In the light emitting diode of the present invention,

12



inner |lead 106, respectively, by nmeans of wires 103. In the light emtting
di ode constituted as descri bed above, part of light enmitted by the | i ght
emtting conponent (LED chip) 102 (hereinafter referred to as g t 9lis)
excites 25 the phosphor contained in the coating resin 101 to ner ate
fluorescent |ight having a wavelength different fromthat of 19 1 8FEB
2005 LEDtheghphosphdhamayhde | aofdsoeescenghmatenitadd beprtésemtad phyr aand
LED i ght which is output without contributing to the excitation of the
phosphor guneralx ebratud 0 UCRR|L, STAS, (@A, 684, § 0, {02 | ivitdreeridrdlingndi dis<100

al so outputs light having 5 a wavel ength different fromthat of LED |light
enmtted land Re lisgglat deastt ogec sgleoted f02dm M gnd2Gdhows a chip type |ight
emtting diode, wherein light emtting diode (LED chip) 202 is installed in
a recess of a casi rill204 imhi thei sliight eemitting cdiedergofatehé alpreGenti ch
contains a specified phosphor to forma coating 201. The light emtting
cononentid@nhtion, xad Hluersseent saseriadsi nepreserted kdywhd clgensgradi ns
Ag, for exanple, and an n electrode and a p electrode of the light emtting
conponentf@@@lar e (¥npesGdila Smppi(Al,1,ERMN Al s WAB | ASt alused onas he the

~casing 204 by neans of conductive wires 203. In the chip type |ight

em tting pliospthamnsitiene dkpesd .8os Or.i09Scg=bole, 0sDADBarky.2® and Assed -t ype
light emtting diode of Fig. 1, fluorescent |ight emtted by the phasphor
and LED |ight whichInsthe % temith ing A10Re RE She MrasH) dRyeskdophor
are m xed 20 and output, so that the light emtting di ode 200 al sq outputs
li ght havihgy mmm:éngmferwueﬁpntaém EWeL O8F NGNS | YL WhnalieH Pt he

light emtting congonent 202. The light emtti ng di_ode contai ni.ng the
phokbhor garngiscrfhbeereseeet ha@aFﬁél%FlromPﬁé}lV sedr e¥iths feriufini &f tted

by a light, emttlng co onent (LE usua emtted thro an el egtrode
whi ch supblffarent compPsHy- ’é%lé'ﬁt lt]o' tH 9% g‘é’m qtﬁf’i

conmponent. Enmitted | |ght |s art ked ttl' q;j}el ectrode forned on the
i ght emithe RPELRD |ati "f?a‘fq emi ssion pattern, and is
t her ef ore not emtted un|f in, ever 5 The |ight emttlng

di ode which cont ai ngntweef %’eﬁtt % gt‘% € v@%rpr%sﬁ?érﬁrt VENtIRR -
uniformy ove wi d ange W t hout _form ndesi rab n
because t%“%—i?g‘?&yt s%é‘m ?’Ed BPYEr l?%est‘l%%s&?tﬁﬁ sceeq{eneg

(LD hascamnb i om0 BERR ot cP ok 9818 ha ﬁ%r‘fnl ﬁ'@ grfgﬁ‘éf’gﬂt-
¥§Pd§rn' A L 16w PERE A GUFT L. VEIVE! 8TGERs 1 aPel 31 For yLRABE. TiDe

Lioht SOuLePel Ol AP aRtY CBha! ER9Rag BE Ghea' 85 EHE"BhSsphor A5 Sl £ 15

control the emitted light to a desired wavelength.
In the light emitting diode of the present invention,
20 similarly, a first fluorescent material represented by a
general formula Y,(Al, Ga,)s0,,:Ce and a second fluorescent
material represented by a general formula Re;Al;0,,:Ce, may be
used as the phosphor where 0sssl and Re is at least one

selected from Y, Gd and La, in order to control the emitted

25 light to a desired wavelength.

In the light emitting diode of the present invention,

13



The light emtting diodes of the first and second enbodi nents to be

descr'i bed bel ow have the configuration shown in Fig. 1 or FigLl %ﬁﬁpﬁf in a
light emtting conponent which uses nitride conpound sen cond Et i ng
relatively high 20 energy in the visible region and a particul ar phosphor
are conbigierd.1 a1y havet s+ alom abine-garpest t | E3uasesapnbi | magerdadni @

| ight of high I um nance and | ess degradation of .light em ssion efficiency
and | ess miglsy Shidreswent amateréalledndera odecbndsElupxescegpenaradierial
fluorescent material which absorbs |light of a short wavelength and emts

li ght of pfay @@ Wded whéré&t &0parwavé gtyrhiumadnhitiieerfiofsiti anehoecdnsh a
fluorescent material which absorbs light of a |ong wavel ength and emts

li ght of flwhrrdcemyvelmagehiaknd fiser ehibstititeds mprither galdoltinivgme &o
nitride conmpound sem conductor |ight emtting conponent which 5 is capable
of e ttidigftBnrent idggreds shbrasubstvidiutiipm.ad ttheqhwspiton o ignpndeat tiche
use of a light emtting conponent having high lum nance is preferable. A
phosphor c¢antaeolisehe jemiktesd faighon ta teh desdned Wakelemgidund semni conduct or
light emtting conponent nust ~10 have the follow ng requirenments: 1.
Excel | ent resistanc@engrdhby, | i ghtLlvoreseent | impteniakh HWhieh nakennbs f or
a long period of tine, because the fluorescent material is installed in the
vi ci nity bighthe 9f gta  ehianti nyrayehangddt s and2, erdisandightexpbsed t3®N9 ght
of 15 intensity as high as about 30 to 40 tines that of sun light. 2.
Capabi | | tyaveleddtizi bas| higher |efhiciengy ehargpof fuaraseend RatQLidd by
means of the |ight enitt[ng conponents 102, 202. When m xing of colaors is
usetl) showhicheakboprbs elbghtnPEt AndoBduaaviedengtioand ks ldghtaPf i th a
20 high efficiency. 3. capability to emt light fromgreen to red.req{ons
for the peheesewaverrrokl-wi tHt bilfe REERAraPdSydir ise  fhilldnt it %904
tenperature characteristic syitable for 25 locatjon in the vicinity of the
li ght eni €PRPQReRHpIteRhs %23:520‘21%446{? hilﬁg’stul FBAR % H&Eﬁée ‘%I?l‘ytmg
tenperatuggmg$gé§£ea%%éﬁmzéfis ultraviolet light that degrades resin

(molding material, coating material, etc.). Thus for the
15 light emitting diode of the present invention, for the purpose
of improving the light emitting efficiency and ensure long
life, it is preferable that main emission peak of the light
emitting}component be set within a relatively short wavelength
range of 400 nm to 530 nm in the visible light region, and
20 main emission wavelength of the phosphor be set to be longer
‘than the main emission peak of the light emitting component.
Wiﬁh this . arrangement, because light converted by the
fluorescent material has longer wavelength than that of light
emitted by the 1light emitting component, it will not be
25 absorbed by the light emitting component even when the light

emitting component is irradiated with light which has been

14



~ a FES zoos to heat generated by the chip when lighting. 5. Capability to
conti‘nuously change the color tone in terns of the proportion of
conposition or ratio of mxing a plurality of fluorescent nat kB AES 2P g
Weat herability for the operating environnment of the light emtting diode.
Enbodi nent 1 The light emtting diode of the first enbodi mrent of the
present i nefherbadeapiogonyeytedi bin ther fdvorespentdmafesérilc@ainceothe

el ement whi ch has high-energy band gap in the light emtting layer and is
capabl e ofnengytiof Whe rpgWertedd hightneis plesshothant it edband hgapri um
in conbination. Wth this configuration, the light emtting diode of the
first enbeuereW)-canThist Whet dighght whichl dmal ndpeeinuerefbectedi tyedtis by
the light emtting conponents 102, 202 and yellow light emtted by the
phosphor &kspresceptt matgnial i ¢n . thecalbiet He guefidecpadsphior thet i gape
with ceriumwhich is used in the light emtting diode of the first ‘
enbo8i nenwhpieini ghe Léght:gmétting cempheeabi iLst mountedanmaRiegi highght
with extrenely small degrees of color shift and decrease in the |um nance
of enitte8ffigheneyeffnABASFiPRIPASSHPEY-very intense light enmtted by the
light em ttigg conBonents 102 202 located in the vicinity over a |long
peri od of BRIRE: DESCRERBEANAPE BHE( RRAWINGS enitting di ode of the first
enbodi ment will be described in detail below. 23 1 8 F E B 2005
(Phosphor) The phosPREr dsdf i SFhenatin SeFEionRl dvivke of anhbead,type
enbodi nent ,i s.a phosphor jch, when excited by visible |ight or

ul travi ol tlgﬁ’éy gWngﬂgwat SARIVFRRT ortq | dhe 5 egbodimegt agér  theits
I igli of a wavelength different fromthat of the exciting light. The

pho bhor PEeSERE; +P¥ENFYOBarnet fluorescent material activated with cerium
whi ch contains at Igast Qne, el erren#_l?sel ected fromY, Lu, Sc, La,, Gd and Sm

and at |east one el Efdnt et cGPPBATAF, SegtiRRalnviey Afcdt iR E¥Pehe
present invention, .the fluorescent material (is preferably.,

yttriuma Elﬂﬂ%urr?‘@b{;ﬂb?gﬂ%b? Rt CHHHRT atq y ephﬁg'gﬁéﬂfneé‘@tmgt eth&i th
cerium or_a fIFor es egtomat erial represented by general fornula (

Rel :Sm:),prfsﬁf1 e 3‘ Eyz Ce, where Osr<1 and Osssl , and Re is at

e e Lo oonidahs ot e SRR S TRk o bt
i d f I i . h hor - havi

el Fow bods sPodatrgs; srAREFEPh; hHebr2HY BFE B bIOR BRI SF¥L S or

can be oug put fg?_z%glngﬂg ggmglqtt?ﬁeéggoé%%%%n@nﬂ“;%gt%é#orescent light. In

the first "enbo ecause IsTus y blending with a resin
whi ch makes the coati;pg gesisn 10 Pﬂﬁ'}t [ ' 2 iled -
later), color tone %‘flgt he | ilght (]a?n ttl n%?od'?%gée %n%%f%gj y%p%éeéﬁﬁxﬁ |€g
white 25 gapd 'rg%‘i:"i‘a SERIY r & 488N € Ol ‘ceﬂf—xio%&‘l‘x}dﬁﬂ& Uhe BeXigH RIQROr{Aon
with the resim or the quantity used in filling the

the first embodiment of the present invention..

20 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-garnet fluorescent material activated

25 by cerium used in the second embodiment of the present

invention.
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24 .1 8 FEB 2005 cup 105 or the recess of the casing 204 in accordance to
the wavel ength of light enmitted by the galliumnitride light enitting
conponent. Distribution of the phosphor concentration has 5 i nf1ld.1%@§eznﬁsl SO
on the color blending and durability: That is, when the concentration of
phosphor increases fromthe surface of the coating or nolding where the
phosphor is contained toward the light emtting conponent, it becones | ess

l'i kel be af f i i 1564 Ki i ' .
ikely to be affectegdify spt &N 0 Upr PN sgmﬁl&gfﬁggg?ﬁgggﬁ_gnl rsp%n%%rf%t tecof 10

suppress the deterioralion due to noi'sture. and, e

concent r atiy) pftPHRAPAEMLAGHEASRRet GMidiedddiiit xﬁﬁée%ggoﬁggﬁggﬁgg BY by

toward the surface of the nolding, it becones nore

ext r aneouscdmit Weked bid ﬁtﬁ@%éé&ﬁ&krﬁﬁoéﬁnéﬁ%e@feghg?;gkggenea‘ingggtgpg.t o

radiation fromthe 15 light emtting conponent, thus Ing I't possi

suppress the deteri oppd| ong ofg s Phasph Sty s ri i t
phosphor concentrat i o"ggcan be I};Eﬁi eved b)c/mgal ect i‘%'?%r dg%grgl‘ryﬁl ﬁ]fg Pﬁ.eqht
mat esi al  whlidt DRl thet DegRROERIM I P rdide tEAPERAT d ey mﬂi“t‘*
and the confi gur ati%n and pgrti cle Z&Hd?sﬂ%t?gﬁgg? F‘%§°§ osemr. YA
usi ng t he ytigsphor of the first enbodi ment, |ight emtting di ode having
excel l ent em ssion characteristics can be made, because the fluorescent :
material has enmigitd i Bhtandespstiaddeate th@ghceibisi eF LRA(A! ERNLLHEN b\ghen
arranged 25 adjacent to or in the vicinity of the light emtting conponénts
102, 202 wvitteh Yigtitat emfitthhgnsidnpcent laSd FpbiBt80@5 {ke)p WihhkiBatBe thange
from3 Wms to 10 Wm s. The phosphor used In the first enbodi nent is,
because ofccgammetoﬁt_'lrilgnuuemitreedstb;,antwdbOkheaé,ofi%ﬁléspﬁdrﬂpi sture, and is
t heref ore capabl e of absorbing excitation 5 |light having a peak at a.
wavélengt h near 450 higas7shiewaischegatié. skectdbsaleniiey loghthef phagad
spectrum having a peak near 580 nmtailing out to 700 nmas shown In Fig.
3B. Mreoveightefsoureacpagbrekiaig etiol iagtutieen sembodimeatr eFi othef present
wavel engt hs 460 nm and hi gher can be increased by including Gd 10 in the -
crystal ofinvemtglemsphor of the first enbodi ment. Wien the Gd content is

i ncreased, em ssion peak wavelength is shifted toward | onger wavel ength. and
the entire enission Bhbect Buniibs 3hisiahmhatulmr debtigenlwaviéengihs andhher
means that, when enission of nore reddish light is required, it can 15 be
achi eved miansgr ddgihiy acve e gt bEferentubErom uthatn of thigd. 7 When the &d
content is increased, |umnance of light emtted by photol um nescence under
bl uésl i ght tends to BkErefselsEspedicdignatienspationhlAlviev sufst Rnotber
with Ga among the conposition of YAG fluorescent material having 20 garnet
struct ur e Pz ddgit sousae tdHEfexgnt shrom sthesmiref shbg ¢ ef &gt H.
and, when part of Y is substituted wth Gd, wavel ength of emtted |ight
shifts toward | ongerFifwel@ndtt.2 block diagram of "a display device

" which is an application of the present invention.
Fig. 11 is a plan view of the LED display device of
20 the display device of f‘ig. 10.

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

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

the light emitting diodes of Example 1 and Comparative Example
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Table 1 shows the conposition and light emtting characteristics of YAG
fluorescent material represented by 25 general fornula 18 FEBC]SUUE)
(YL ,&d,), (AT _bGab)sA z: Ce. 26 ~ 8 FEB 2005 WO ~-OO0 ~ M10 ~" ~
,-IMr-1 r-1IMr-1 ri Oy.~WNU, ~ ~wn~, ~0~a ~ ~ ,~ ~ '

1, showing the results at 25°C 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 60°C and
90%RH.

5 : Fig. 14A shows the results of weatherability test of
Example 9 and Comparative Example 2 showing the change of
luminance retaining ratio with timé and Fig. 14B shows the
results of weatherability test of Example 9 and Comparative
Example 2 showing the color tone before and after the test.

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

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

Fig. 17 is a chromaticity diagram showing the change

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

Fig. 18A shows the emission spectrum of the phosphor

25 (Y0.6Gdy.4) ;A1;0,,:Ce of Example 18A.

Fig. 18B shows the emission spectrum of the light

17
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emitting component of Example 18B having the emission peak
wavelength of 460nm.

Fig. 18C shows the emission spectrum of the light
emitting diode of Example 2.

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

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

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

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

Fig. 20B shows the erﬁission spectrum of the light

15 emitting component of Example 6 having the emission peak
wavelength of 450nm.

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

Fig. 21A shows the emission spectrum of the phosphor

20 Y,(Al,.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.

25 Fig. 21C shows the emission spectrum of the light

emitting diode of Example 7.

18
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Fig. 22A shows the emission spectrum of the phosphor
(Y,.¢Gdo.,) sA140;,:Ce of Example 11.

Fig. 22B shows the emis"sion spectrum of the phosphor
(Y,..Gdo.¢) :A1s0;,:Ce of Example 11.

Fig. 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.

DETAILED DESCRIPTION OF THE PREFERRED EM.BODIMENTS

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 component 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
J.nner lead 106, respectively, by means of wires 103.

In the light emitting dJ.ode constituted as descrlbed
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 1light emitted by the
phosphor and LED light which is qutput without contributing to
the excitation of the phosphor are mixed and output. As a
result, the light emitting diode 100 also outputs light having

a wavelength different from that of LED light emitted by the

light emitting component 102.

Fig. 2 shows a chip type 1light emitting diode,
wherein light emitting diode (LED chip) 202 is installed in a
recess of a casing 204 which is filled with a coating material
which contains a specified phosphor to form a coating 201.
The light emitting component 202 is fixed by using an epoxy
resin or the like which contains Ag, for example, and an n
electrode and a p electrode of the light emitting component
202 are connected to metal terminals 205 installed on the
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 thaﬁ 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 cohtaining the phosphor as
described above has the following features.

1. Light emitted by a light emitting component

(LED) is usually emitted through an electrode which supplies

20
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electric power to the light emitting component. Emitted light
is partly blocked by the electrode formed on the light

emitting component resulting in a particular emission pattern,

"and is therefore not emitted uniformly in every direction.

The light emitting diode which contains the fluorescent
material, however, can emit light uniformly over a wide range
without forming undesirable emission pattern because the light
is emitted after being diffused by the fluorescent material.

2. Although 1light emitted by the light emitting
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 exampie, 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‘light
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 long
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Qd~ Otp. o OD orobQ-1INW~tf1~Chz a~ H 27 1 8 FEB 2005 Val ues shown
in Table 1 were nmeasured by exciting the fluorescent material with blue

| ight of 460nm Lum nance and efficiency in Table 1 are givénGWﬁBv@mhes
relative to those of material No. 1 which are set to 100. 5 Wen

subst i t uvanglAhgtht haGa, hidgiepr effitciencys thaaf e ablyoresbent t hateahgd from
Ga: Al=1:1to 4.6 in consideration of the em ssion efficiency and em ssion

wavel engwhichi absarbg, lilght afbst iang ngavelendtlCdand hemptopbighonofsa

preferably within the range fromY: GJd=9:1 to 10 1~:9, and nore preferably

from 4: 1shor?: 3vavelengtiecaand athlepeferef itubisi tprefimraklieh td hmeowa20%

results in a color of greater green conponent and | ess red conponent, and a

degree ohitulide wmpomnd tdenGaarivhnot 0% igstul éemitningccempenentdwhich

5l is caéable of emitting blue light of short wavelength. It

needs not to say that the use of a light emitting component
having high 1uminance is preferable.

A phosphor to be used in combination with the
nitride compound semiconductor light emitting cohponent must

.10 have the following requirements:

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

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

2. Capability to efficiently emit light in blue
region for the excitation by means of the 1light emitting
components 102, 202. When mixing of colors is used, should be
capable of'emitting blue light, not ultraviolet ray, with a

20 high efficiency.

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

4. Good temperature characteristic suitable for

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

202 and the resultant influence of temperature difference due

22



conponent but rapid decrease in |um nance. Wen the ratio 15 Y: Gd of Y and
Gd in the YAG fluorescent material is set within the range from4:1 to 2:3,
in particular, a light emtting diode-capable of emtting mhiﬁq%kthh%
substantially along the black body radiation | ocus can be nade by using one
kind of yttriumalum num garnet fluorescent material, depending on the 20
em ssi on vavieéabhggenerated By dithe eehip ivher chdghtsing. Wien the ratio Y: Gd of
Y and &d in the YAG fluorescent material is set within the range from2:3
to 1:4, a light eni5tingapabibityptol eontinnpuslyigchange bthe i eelomcterat

| anp can be made though the |um nance is Iow Wen the content (degree of
25 subst i inttenys opf Cehe sprepoyk ion nof heorpegbtienneD. DaBLe H Pixing a
relative lumnous intensity of light emtting diode of not 28 1 8FEB
2005 | essplumal ¥ogs efinf beoresrenednateeialse content is | ess than 0: 003,

| umi nous intensity decreases because the nunber of excited em ssion centers
of phot ol uni nescencé-dudeddhexapddisys &eradhe Preraking oprehEonment f or
than 0.2, density 5 quenching occurs. Thus the wavel ength of the emtted

| i ght canthe %nggteamtbtbng @@®- wavel ength by substituting part of Al of
the conposition with Ga, and the wavel ength of the emtted |ight can be
shifted tBmBoddmgBE havel ength by substituting 10 part of Y of the
conposition with Gd. In_this way, the light color of_em ssion ¢can be
changed continuousl?hﬁyléﬁéﬁgﬁquﬂ+§§xﬂﬁﬂﬂﬁt?@nﬁhﬁu%%F?%ee$@?éﬁ¥%%%n?f
material is hardly excited qy,ﬂg em ssion |ines i ch have.auch maveleﬂgths
as 254 nnthRd BESSART LIRVERLIQR; (RPLAYS @ gat cPehEydBy TRFPPYRRL 15

om 19nus BRBLPPIBRELEEnEIRRSD SYOHER Pagalh Rty <FEa PaP CohvERE ng
i oht,  SubAShS o s 1FY8F ofhdorkd HURRATY® cRANGTHG e ponle wbahEhot n
20 by Chaggidngatggrgégp%rhtois% o(z):f %ivated with cerium in combination.
With this configuration, the light emitting diode of the first
émbodiment can emit white light by blending blue light emitted
15 by the light emitting components 102, 202 and yellow light
emitted by the phosphor excited by the blue light.

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

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

25 components of the light emitting diode of the first

embodiment will be described in detail below.
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According to the first enbodinent, the efficiency of Iight em ssion of the
light emtting diode can be further inproved by conbining the |ight
emtting conmponent enploying galliumnitride sem conductor anq g¢%3q£&§phor
made by adding 25 rare earth el enent samarium (Sm to
yttriumal um numgarnet fluorescent materials (YAG activated with cerium
29 1 8{5535%395 Mat erial for making such a phosphor is nade by using
oxi des of Y, , , Sm Al and Ga or conpounds which can be easily
converted into theggeophdephot sel HampBealigitr epdtedhbi alieakl ¥£meKeng
these materials in stoichionmetrical 5 proportions: This m xture is m xed
with an gppeepemdoaimeatt iilsy 0fpliodphey iwleichic hwiten aerBtem byueikdplesed
as a flux, and fired in a crucible at a tenperature from 1350 to 1450C in
air for 2iyatd JWuastrdheslébe rhiyr ashittied | BY ithedr semebydectst | 1aght in
wat er, washed, separated, dried and 10 sieved thereby to obtain the desired
mat gri al emiRtihg POy nemitscebighiesofi kedwabelengthe differrentrafesmal
may al so be made by dissolving rare earth elenents Y, Gd, Ce and Smin
st oi chi ofrpati cof phepoekehosng n lamgraci d, Topr phbpphaki nis t bpesdifithtayw t h
oxalic acid and 15 firing the coprecipitate to obtain an oxide of the
copr eci pigagnet amludmsceEnt ngatemidlh adetivatedxiwithndcgalinunwhicte
The phosphor represented by the general fornula (Y1_ ~QrGdpCeQSnr), A15012
can ent conglatingf ataalaatgtdre 480emersnd &ededjefrom t Y, hi.ghescef Lagi 6dcy
upon excitation, because Gd is contained in the crystal. Wen the content
of gadol iamdursn sandicataledstpornk wdewleatgiseleicted sfram xhj {63 &ndmIB30nm
to a | onger wavel ength up to 570nm while the entire em ssion spectrum al so
shilfot s t adcongdmgnete| thegt byreswhtn invgnt ion ,25the r fhgeresednthadseirdal
needed, it can be achi eved by increasing the anount of Gd added for
subst i t utiison piéferatly coittariunefalaminun-gagret20@ ued escengcr dasedial
| um nance of photol um nescence with blue |ight gradually decreases.
Ther ef or § YAG| phasfphpn)s metisaind ovBthr Fewewm, orokor @ pddrergscgns. 7 or
| ower. Further nore preferably it is 0.6 or |lower. 5 The phosphor
repr esentaderyialne gepsesentsnul Y ( Yigereyalodpd@rmida A (Re1sSPnel Bdi-ng Sm
can be nmade subject to | ess dependence on tenperature regardl ess of the
i ncr easeGapnOentCeof Waerghfsr<d, amd Pussphorandih®e Sks i atcoleasthe®nehas
greatly inproved em ssion |um nance at higher tenperatures. 10 Egten of
t hd 5 npr eedesied fgahseand Ghe nceptenEhpsLERCAdghEq emithper By utde
characteristic can be greatly inproved particularly by the, additi,on.qf Sm
in the casahd fembEeiednt CREPEPRAE offeMOY 0% ontlRi t PEALAYM, e&‘lg"l’fd‘g is
strengt hened by increasing the content of Gd, because it has poor
t enper at PRI FERLGPRARFERr ARG ttet?ﬁ)elfggﬂFSSEﬁE acth t?‘gl%?l?i E¥ed
here is neasured in terns,of the.ratio (% _ qf emssiopn m nance.of the
fIuorescéﬁerﬁﬂ%ﬁ?%@ra?a%Fﬂ?gHeiéﬂﬁehgp&r€%iﬂﬁxﬁr?e+%t¥58 F@EFﬁéognP si on
| um nance of exciting blue |ight, having.a wavel ength of 450nm or mal
t enper at FPRERSHALY %ﬁo’fﬁ’ prPt"i%Sn cg}lcgm Fa0 pPE TR \Aﬁ?hi%;"et%h%gn ange
of 0.0003srsQ.08 to.give erature charact.eristic of 60% or higher: The
valdl of trhebél'%]tlrﬂrg: raéﬁiggﬂ%e QrEscElt 2%192‘& of inproving the
tenperature char athrrll % Iec'f},/yse{] terx]t%o\éallm%%t, because the phosphor is
used by blending with a resin which makes the coating resin
101 and the coating material 201 (detailed later), color tone
of the light emitting diode can be adjusted including white

25 and incandescent lamp color by controlling the mixing

proportion with the resin or the quantity used in filling the
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25 of r is above this range, on the contrary, the tenperature
characteristic deteriorates. The range of 0.0007Srs0.02 for 31 i g&@ﬁB
2005 the proportion of Smwhere tenperature characteristic becdﬁ% or
hi gher is nnre desirable. The proportion q of Ce is preferably in a range
of 0. 0035 whi ch nmakes rel atjve em ssion |um nance of 70% or 5 higher

p055|ble %péI8F|$QQNﬁ%ﬁﬁ%ﬁ1? n¥“%nEésF89e?Q4téﬁﬂﬂQQQﬁéﬁﬂQﬁ1@Qwﬁh%nce

in terns of rce a m s Iun1 e of. g fluoresgent materia
where q= Owﬁ‘ég gh E!t @y i S O(ﬁ?ld-rl‘!“bv\éﬁ-trlléﬁ’l nhhglkt

decr eases becguse t he nunber of ex0|ted em ssion 10 centers of
phot ol urmi FBIEELRE GORPPRERE- decreases and, when the q is greater than 0.2,

d h f he d

ST IS, PR R TS| oS P
dded th he fl t

gL Sicdl Sehog S %?.ﬂﬁﬁ#é?@%‘fgf%ﬁ?n%hﬁgﬂé SEERELATE T ks

i B A P AT ORI

Ga, d S I b he .RGB

G, Y 2008 e SRR S PRetatly, herd TEETHR A T HRORRRES,

di spl d b I tt 10

01501 CEUEELDNEEL e BALOE A o A LB COTE L IO,

rﬁtf[];a: Igﬁté??&ﬁ%ﬁgﬁggeékréﬁgg{;gmofstJPé’ thaPlny hiking £OMBQOELE Hsed

10 suppress the deterioration due to moisture. On the other hand,
when the concentration of phosphor increases from the light
emitting component toward the surface of the molding, it
becomes more likely to be affected by extraneous moisture, but
less likely to be affected by the heat and radiation from the

15 light emitting component, thus making it possible to suppress
the deterioration of the phosphor. Such distributions of the
phosphor concentration can be achieved by selecting or
controlling the material which contains the phosphor, forming
temperature and viscosity, and the configuration and particle

20 distribution of the phosphor.

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

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

components 102, 202 with radiation intensity

25



1 8 FEB 2005 the present invention is a galliumnitride conpound

sem conduct or capabl e of efficiently .exciting the garnet fluorescent
materials activated with cerium The light emtting conponents1§OE§BQ@E
enpl oying galliumnitride 5 conpound sem conductor are nmade by formng a

L S e leBp AR MR SRR R o T
&ﬁ?‘é:ﬁ“ﬁQiﬁ”ﬁAys ,-eu_n@5?2%?“&%%‘1,85ncﬁ%éﬁ‘)?ﬁg?‘-ﬁhﬂ Sﬁafﬁzneﬁ%ﬁ@_éﬁft gt h ’
Eﬁﬁfﬁﬂghs?aﬁé?iﬁal “ghigRe SFpIFLRR R TR 9, f“&%ﬁf d3oBs ram Tn o
Zer o HEERIRET A CAE) PSSR DA
of dh  EREFSL ORI PHAECRL e A IR0 LAY .,
oi ngl e qRLat APl Mo rroe SR AR & bilfad lefiia hAGLESTROBERK |1
sem CO”dﬂgger éé%uw,twﬂgﬁ Sahpdi ke §8bNYeh: adl Csholm. Wigl.hespi ke
nayfbe gse ~as tde sem con ugtO{.subsprape, use of sappﬂlrF substrate is
Gal 1 um HPE ey O e I Sy S o R T R8BS e

to formg%{?@l%eHBEﬁEOE‘GUi Amaahdf BQShEEYEEnOBeGﬁﬁ‘cré;yedef)gi iRBeudshki g

nitride ~ FEB 2006 sem conductor has N type conduCtivity under the

copgi ti OPnofthQQEr@%Q%d Wt RIRMPHIBPHIY Yot AR OEIPst Vetb8&@iméRe f Or Whan N
type galltumnitride sem conductor.'having desired properties (carrier
concent r gheONgd eldontSHEN j@S hARkexsdd) | dbhiesi o Pedk ehfdvelength | isis
preferably doped with N type dopant such as Si, Ge, Se, Te, and C. In order:
to form gnPrtrRe galhirdm Dohgétle ware t Gind OrHee epithee hamdssibni S
preferably doped” with P type dopant such as Zn, My, Be, Ca, Sr and Ba.
Because kbettrdinf figukhiffeetiurtowashl Longeni twa el exaggind Ifhizenieanguct or
to P type sinply by doping a P type dopant, it is preferable to treat the
gal | i um ghati, dgheaneailss isemiofonmbins aredibipstd W gt Pis ypeqdoped; it eanh
process as heating in a furnace, irradiation with | ow speed el ectron beam
andspl aspe iachdéved @y irdvresdning the dedrée &XtypbstitatiodSwikhosdng the
surfaces of P type and N type galliumnitride sem conductors by the etching
or ot her ypeacase Gd econvers b tinerdasieded lshwipemow eof ol ight oemtibhéeed
sem conductor |ayers by sputtering or vapor deposition. Then the
sen condigt phowaflaminkscknbasuhden bbneelligbti tends totdepreass. by neans of
a dicing saw, or separated by an external force after cutting grooves
(hal f-cut) whi ch h@spesigiliygreerer pabtin otheAbl dde sathpd iiudieldl wiith Ga
otherwi se, the wafer is cut into chips by scribing grid pattern of
ext remel pmbnge theescompeaitieni cohduA®r fafaressenteamaterialschpNéng2s
havi ng a di anond styl us which nakes strai ght reciprocal novenent. Thus the
li @it enigarined cstmpacsme of wguelengtB4 of lesitred Adghtni shifls céapaufd
sem conduct or can be nade.

shorter wavelength and, when part of Y is substituted with Gd,

wavelength of emitted light shifts toward longer wavelength.
Table 1 shows the composition and light emitting

characteristics of YAG fluorescent material represented Dby

25 general formula (Y,,Gd,);(Al,,Ga,)s0,,:Ce.
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Ot her conponents of the light emtting diodes of Fig. 36 1 8 FEB 2005 1
and Fig. 2 will be described bel ow. (Conductive wires 103, 203) The
conductive wires 103, 203 shoul d have good el ectric conductivh%y @qﬁg
thermal conductivity and good 5 nechani cal connection with th FE tT0des
of the light emtting conponents 102, 202. Thermal conductivity is
preferably 0.01 cal V43)ésmsho@hcmn oTablghdr ,warnsl measupedl dyabbycting
cal/(s)(cme)(C/cm) or higher. For workability, dianmeter of the conductive
wire is pried efhisbyescent 1latenidD witin blckudiight bfertedran t BusinEnce
material is used for both the coating including the fluorescent materi al
and the nadi effibdeacye Df Tableéi fI eaeecegiven hdnnafa Rxesnsiedatdeef fisi ent
due to the fluorescent material contained in either of the above two

mat eri al sthode ecdmatcerizxl Woe I svhidlelard esdtr aak 1ot he 15 interface. For
this reason, dianmeter of the conductive wire is preferably not |ess than
25~.5m and, for thewheasmulstithingenalt i wgthr eda Andheasprepohandhi nos
preferably within 35~rm The conductive wire may be a netal such as gold,
copper, ppréferabbyd withiimuntios aramdé oyfidier egd: \Hes a1 copslucdige 29
wire of such material and configuration is used, it can be easily connected
.to the etensidelestidnt hefl i gthie emenlissdononpeneidfende ander émbssmg t he
nount | ead by nmeans of a wire bonding device. (Munt |ead 105) 25 The nount
| ead 105 wavplésgsha cusitfilaray] awhead d@sbcituing suf Wiieds ta,haygea

si ze enough for nmounting the 37 1 8 FEB 2006 light emtting conponent 102
wi th the piepoboiehndsdpteferabliyhevitipid ObRe. rdahgeaserdm plur @d=tg 10ftd i ght
emtting conmponents are installed in the cup and the nount lead is used as
conion el pe9j odadf aloddheptéfitalelyt frog @aamporenbd:3becamseis dddwisenta

el ectrode materials may be used, sufficient electrical conductivity and
good condfiedteé tyf W itilbs € heubindi wptvi ¢E loelowt 1% Sradelts etni 4 esb1dWesr t he
light emtting conponent is installed in the cup of the nount |ead and the
cup is figregteit grebar Homporenentamptiassl redi gbhpefiehtpdaby X0 dégree
fluorescent material is, even if isotropic, reflected by the cup in a
desired dbfecubst iand ibhereith ecar rabaais60 | WasiAtsONiAUE nedaisgldt f&dm
other light emtting di ode nounted nearby can be prevented. Erroneous

i |l um nat¢éomfipbeest r duer srdpidudbciepbendrendimsfantber |wigbh efet tragisli ode
15 nmount ed near by appearing as though lighting despite not being supplied
Wi t 5 powey :GBodiEli mgand Gheihi the ARGt flugresceonandtdOPannik tdet nplhin ead
105 with the cup 105a can be achi eved by nmeans of a thernoplastic resin
such as epoxy raggen, fioam yhi:¢ resi p:3nd id0 padtde-ylst n. a Widght ettt vy
light emtting conponent (such a type of light emtting conponent as
emtted | dgbdlei @apablacbeEd emiaminke whilted railghts i gl Arwht imlagnfd e dcior
nmounti.ng the el ectrodes to oppose the cup 105a) is used, Ag paste, carbon
paste, mebRatkCbbUyp raidildteion Keomas den ubednfade 25y besih#goaed kind of

el ectrically connecting the light emtting conponent and the nount |ead at
the same ytoeiufdali@inunsg@thet fluorescent material, depending on the

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

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

the relative luminous intensity of light emitting diode of not
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1 8 FEB 2005 order to inprove the efficiency of light utilization of the
Ilght .emtting diode; surface of the cup of the nount |ead wheregn the
light emtting conponent is nounted may be mirror polished told v&B 2005
reflecting function to the surface. In this 5 case, the surface roughness
is preferably. from0.1S to 0.8 S inclusive. Electric resistance of the .
mount . | d&$s £hanefEaradn vibe haghieved 2. Whanaktienosoatenss dsallegswittham
3~tS2. cm Wen nounting a plurality of light emtting conponents on the
nmount | edd,0G3he Luglnovsi t inkeneityordenreageer becasisgni theamuniitemmmit of
heat and therefore high thermal conductivity is required. ~ Specifically,

t he t her redfcidmdiucmissipon s qandfeisablof 0.pbb tedlunisigsoenoeC/ dvwe ortchi gleer
and nore preferably 0.5 cal/(s)(cne)(C/ cm or higher. Materials which

sati sfy tdessreaseguiardenvBesothei contealt, isppeeatenpphanclad ,lsestsddly,
copper-clad tin and netallized ceramcs. (lnner |ead 106) The inner |ead
106 8 s cauesxtleichg @asversof el ectrodes of the light emtting conponent 102
nount ed on the nount |ead 105 by neans of conductive wire or the like. In
t he case of a 20 |iTims efdhet i wmavel enigtivhexfe thpl LEmitted oflight | caht be
emtting conponents are installed on the nount lead, it is necessary to
arrange ashilfitenl ity af shonker|waveldéfgthnbgueshbatihnhéngt paktt b€ @adndifcti ve
wires do not touch each other. For exanple, contact of the conductive wres
wi t h eachth® heompaaibiof. rihev@a; eand byhe nemwadengthhefar theofentitrteshd
face where the inner lead is wire-bonded as the distance fromthe nount
| ead 39 liglk Fcan Bb2OGHhifiadates asdarger t wavebangt e bye asubiste todmidgct i ve
wires is secured. Surface roughness of the inner |ead end face connecting
Wit t hepaaonchfEtY vef wehe cempositiabl withoGdl. 6I8 tthis0wayi,ndhesildgghitn
consideration of close contact. 5 In order to formthe inner lead in a
desi red' cdlape,of tembys ben pamchedchpngednsoat iauduslyFiyt ledrangingmshede
made by punching to formthe inner |ead then pressurizing it on the
composition. Also the fluorescent material is hardly excited

by Hg emission lines which have such wavelengths as 254 nm and
365 nm,.but is excitéd with higher efficiency by LED light
15 emitted by a blue light emitting component having a wavelength
around 450> nm. Thus the fluorescent material has ideal
characteristics for «converting blue 1light of nitride
semiconductor light emitting component into white light, sgch
as the capability of continuously changing the peak wavelength

20 by 'changing the proportion of Gd. |
According to the first embodiment, the efficiency of
light emission of the light emitting diode can be further
improved by combining the light emitting component employing
gallium nitride semiconductor and the phosphor made by adding
25 rare earth element samarium (Sm) to yttrium-aluminum-garnet

fluorescent materials (YAG) activated with cerium.
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end face thereby to control the area and height of the end face: 10 The
inner'lead is required to have good connectivity with the bonciiengEgm'ms
whi ch are conductive wires and have good el ectrical conductivity.

Specifically, the electric resistance is preferably w thin 300uS2. cm and

nore preferably within 3~rS2. cm terials which satisfty these, requirenments
15 contain iron, c&rerial, RI-E&%&QﬁnFHSECBpBBP?PSPﬁ-&%nwaﬁﬁiR§ SoBEr
copper-, gold- or_ silver-plated al ug nu jron and co r. atin

mat er i al OXddpsTRE %atqcivg Gt eFal & 16‘?& éapr%i%%@‘?‘ﬁp‘f%ewﬁhc‘%’ o?agobfhe
nmount | ead apart fromthe polding material 104 and, .in the first

enbodi neRES Umﬁﬁqﬁﬁﬁqﬁgphﬁgﬁhﬁggﬂ%(9314%%véthﬁﬂﬂaW?Tﬁﬁr%ﬁﬁﬁ?Edaﬂg t he
light emtting conponent, The coating materi.al. may, be a_ traogsparent,

mat eri al sﬁé\filﬁde@ggé( WA S bi Fﬁ?ﬁesue}?"—fs“éﬂéxy +Rsi ﬁF°&F£‘;} F‘&girﬂ'c’&r]rd
silicone or 25 glass. A di$§ersant may be us%%%{o ether with the %ho phor .
As Bhe dPIEPOTEALNShari ufPLPt MMAKEUTE| t3Hi JMXRY d&1th ufPhuRPEBOP l-ageFEB
2005 oxi de, silicon_dioxide and the |ike are(yrﬁferabléﬁuéed. ﬁ%gn t he

f1 uor escavantdtdr iaf As RS YSUBht B i HYCIHHR | ALUARLERT H5SThy2Pe
omtted. In this case, a light emtting diode capable of b ndin? ggl rs can
be made Hlugontans | fhBedndnfia FENGHPIKnREs 2ot eRARATYS FFrdbetfaPetn the
fluorescent material |ayer. (Mdlding material 104) The nol ding 104_has the
f unct i on 145 05€otiactaihelor gRt tonik t hegreonpdhen: tiop fired cBABBELRAYe 1fire
103 and the 10 coating naterial 101 which conta&ns hosghqé fr.om ext ernnal

di sturbamunchdanga% mid Lt jdns (wakfyoni Washed j t SPRAFREPRs afiF Eefh 2R he
mol ding material 104 further cqontain a dLspersant,,m&ich can unshar pen the
di rldtt i vishevsd thanebyr 59 obdalngthe fesirsd B8hFEA8ht 102, resulting in

i ncreased angle 15 of view The _nolding material 104 has .the functiqn of
| ens to focus or diiﬂusﬁh?hePFPGH?lBﬂitP§8°6§StthFF6HPeQniFPPH&'cosﬁﬁhent.
Therefore, the nolding material 104 may be made in a configuration of
convex | @hsctdireoRekeELiptndaYardl sy Peaveads By ihsse TRES G i n

the direction of optical axis, ) . \ . .
elements Y, Gd, Ce and Sm in stoichiometrical proportions in

an acid, coprecipitating the solution with oxalic acid and

15 firing the coprecipitate to obtain an oxide of the

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

The phosphor represented by the general formula (Y,.

oqr04,Ce S, ) A1:0,, can emit light of wavelengths 460nm and

20 longer with higher efficiency upon excitation, because Gd is

contained in the crystal. When the content of gadolinium is

_increased, peak wavelength of emission shifts from 530nm to a

longer wavelength up to 570nm, while the entire emission

spectrum also shifts to longer wavelengths. When light of

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

the amount of Gd added for substitution. When the content of
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20 or a conbination of these. Also the nolding material 104 may be made in
a structure of nultiple layers of different materials being |aninated. As
the nol ding material 104, transparent materials having high ﬁ%ﬁegﬁl lity
such as epoxy resin, urea resin, silicon resin or glass is prefera 25 ,
enpl oyed. As the dispersant, .bariumtitanate, titanium oxide, alum num

oxi de, sjlic I, QXl d ghe ik C baynsteshuninegskence SwiER 2blae
addition'to f%eq'aﬁgs&lpéegﬁssﬁ't, lgﬁ%??ﬁ%? gf/ f'}ljso be contained in the nolding

mat eri al ilélﬁgﬁlg)ré,ﬁa?q}%ﬁrl@ N dPrddedr esenfhiepyeslre9n. viah@ephesphgs mig be

cont ai ne& e“nolding material or in the coating material. Wen

t he phosgrﬁ%&gigéggycﬁt@i Rgd j'ﬁawéPe sty dﬁxagef@ﬁﬁ'&ahl@ngbmofoz\/i 2owean be

further e phosphor nhy al so be contained in both the coating

materi al _and.the npl di i,al rphgr orarb@en including the phosphor
may be ugé‘&'% L H‘g%gogg'lgr%ﬁgrrg?gr }"gl E\E;\hi I e ﬁgi ng glass, different fromthe

randt acture & 11 oniPmRICRIT o S PLand FRaeRet O Nt Fiknce
e of b e BYRGF | T Gh o] o R oh 1 e PSR ies - dpendi ng
i spor s RS G T BPER L e TR B o K e The
ot ovi n@PS hBScol oF MG By pdtFor PERCE Chhar e, e 1 oy ecent. at et al
Give sucrieCpoangrey o, SHISTRM C1SRihRACe BF RGhSr e o °
o1 B ng. TREGTS) OhndtPRe BPAT A B GEet e dor &2 o i) red Col ort Thus (e

I f the fl Lal o ot 3 oes ' it d
cbsrver LRTECARE | ol B 4§ R e e i

wavel engt h of , 430nm or, Qv : B ithd e Hrehesrdd cerdthat
ul travi gl%"t‘r%b%%%ﬂ’y\Aﬁ?cﬁﬁgeréégétégﬁl igghtsa‘sD?glbiﬁr}éz?régti cﬂc))nt ai ned.

Enbodi nent ‘. The Light,emfL] ' di & nbecbngiierndd Dy he
present i?ﬁé‘ﬁﬁ%ﬂ ?t T%%été %yéélggﬁag%%&gl%ne%?&pﬁ&@%eh§m th gal I? um ni}: ride

conpound gem congduct ﬁleW@Bﬁlﬂeﬁﬁs o YENYBaANdiWapad péde témbhérepiteing

| ayer as ?‘ﬂﬁrF?ﬁﬁ?ge ti'ng conponent "and a fluorescent material including

two_or more kinds of, phosphors, of i ffslgMrLOBRAThbEERSstoE Lot bbpedbl y
ytt tPum aFﬁﬁFﬂﬁﬁ?ﬁé?ﬁgegfl uorI]ZnsF%:)er#Jnic e?reari als activated with ceriumas the
phosphor. Wth this configuratio liglat eRdtting i wBifcheii$o@isnt o
gi ve a deBFFEd 13 d?e?%‘ﬁ%g%ya%{on?reo inggt he contents gfégt he two or nore
fluorescent naterials. can. b wWhaeding 1acvigved t be@petatut&D
light em £PBAIBDICELSS éﬁ? gr]ﬁgtB i%r?g\éggnponentl devi at es fffgor?n the desired

val ue due to yariationg, in the pro .0 P N olehi Sk CASihg EP1LGEI ON
col or of RO YhEedMEEVEng i §8§ ceg’tlic%el%r}r]ad%&ggﬁértl%%\t Y using 2
fluorescent, material havi i yel X LM BS| RPr®HA1 Waeabepgthréor a
light eni 9 gl?rﬁj‘d}‘?en? ngglégkg{‘i égl %@Elorta em ssi on wavel engt h and
using a fluorescent material having a relatively |ong eni ssion wavel ength
for 28 |igHZ23eftting conponent of a relatively long enission wavel ength. As
for the fluorescent terial . e tepidl wienigseheedahye
general formula (Rel™= rﬁsog%ﬁgdgfségl gécél?ﬁafg al sg be used as the

phosphor- ol—éeroe.o%or:élrs%n.dos to give temperature characteristic of 60% or

higher. The value of r below this range leads to less effect
of improving the temperature characteristic. When the value
25 of r is above this range, on the contrary, the temperature
The range of 0.0007=<rs0.02 for

characteristic deteriorates.
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43 1 8 FEB 2005 Gsssl, and Re is at |east one selected fromY, Gd and La.
This configuration nakes it possible to minimze the denaturing of the
fluorescent material even when the fluorescent material is ey o8 Jl

hi gh-intensity high-energy 5 visible light emtted by the light emtting
conponent for a long period of time or when used under various

envi r onmedlprigpstiticinsof agdl wheref eemparhicghe eharacrerdsede Weicomeiss
subject to extrenely insignificant color shift and em ssion | um nance

decr easegay‘gdcjlaq,j_tdygldq;g e AesdirableqQnponent of 10 high | um nance can be
made. (Phosphor of the second enbodi nment)” Now t he phosphor used in the

light enitting conperenprépotbtfoseqgond @Ead Eréfevddlpeineacrahge iof
detail below The second enbodinment is simlar to the first 15 enbodi nent,

except t gﬁ.to dﬁsw._zrrvmi@m%@s RRASIYES o sdlilbhen dnti na@eROSiE! i7QRS or

activated wt erium are used as the phosphor, as described above, and the

met h:ﬁd ofnitid¥d pHSsibueresomé wehativk icnidasion! lunidns@ngesrsisi hay |y
to the case of the first enbodinent, the 20 light emtting di ode can be

gi ven hi ghy, svegh {1es b8 | 1EMiRnEONEAOLEIRS bife peirshithyti @0 @hel Renipfaagmor

(such as tapering the concentration with the distance fromthe |ight

em tting Jof Wb risdenibdt@tiefl Wherehespheon . concentration can
be achi eved by selecting or controlling the material which 25 contains the

phosphor, fornm ng tQREET AnY epBRoYt$6ASid Y ofandet higs conbogurét i Aowaeid
particle distribution of the phosphor. 44 t 8~ DEB 20p5 Thus according to

the secongl,g{hokkdedlecrdatles Phéc s thiee hhmbees @t epBitedalemission
concentration is determ ned according to the operating conditions. Al so

accpg di “%%&téf@ SECORS STRRh B nc&fdis i e HedideL HnE Ghemtthe
I ncreased by
g is greater than 0.2, density quenching occurs. Density
quenching refers to the decrease in emission intensity which
occufs when the concentration of an activation agent added to
increase the luminance of the fluorescent material is
15 increased beyond an optimum level.

For the 1light emitting diode of the present
inveﬂtion,‘a mixture of two or more kinds of phosphors having
compositions of (Yypq.Gd.Ce.SM,);AL;0,, having different contents
of Al, Ga, ¥ and Gs or Sm may also be uéed. This increases

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

(Light emitting components 102, 202)

The light emitting component is preferably embedded

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

light emitting component used in the light emitting diode of
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5 designing the arrangenent of the two or nore kinds of fluorescent
materials (for exanple, arranging in the order of nearness to the |ight
em tting conponent) according to the Iight generated by the {1 B8gfB @6tti ng
conponent. Wth the configuration of the second enbodinent, 10 simlarly to
the first enbodinent, light emtting diode has high efficiency and enough
li ght redih® anpseseat whthveRrtioRed 18dj akentgald idm i nnikeideci fampmd
relatively high-output light emtting conponent with radiation intensity
(Ee) wi t leemicondughnr f reapabl@mof t IDicksRElk areditige. the Tigarnet
yttriumal um numgarnet fluorescent material activated with cerium (YAG
f | uor escefituonrsgent! ) materials hackiwmied ntybdiire eriaum gar n&hest Aueghdy e
simlarly to the case of the first enbodinent, and is therefore resistant
to heat, émigttingd componentsThd Oeak 2R el emplaybngexgaldion ofitmigde0
yttriumal um numgarnet fluorescent material of the second enbodi nent can
be s®t nezompddnin semindhnductdrbyanehemade i byl iferningig. l3ghtamnittteingeak
wavel engt h of em ssion can be set near 510nm as indicated by the solid line
in Fig. SByehi o€ ngklhiumhaidmisis oaenpeenduaten isushd as tInGadi |oputd t o
25 700nm This nmakes it possible to emit green light. The peak wavel ength
of excit asubstodtandnhdheytNOGUIN REageasm gdiheetsBucture ¢EBthgoslight
fluorescent material activated with cerium of the second enbodi nent can be
set near dbdbobimg icotpoaead byay hdedabomestiweture Fi jet8postnuctusepark
wavel ength of emission can be set near 600nm as indicated by the dashed
line in Flgubk&-h&teids erucikirg whicbritesteorMEpedungtiieon, bP3dd Hxnatelami |
out to 750nm This nmakes it possible to emt red light. Wavel ength of the
emi10ed |oghtPN s Rmdttien.t 0 aVehdpter wavelengths by fSuksissuonngcdar tbef
Al, anong the constituents of the YAG fluorescent material having garnet 10
st ruct ur eselethedadepending wavdhengatesfiagheofertihe ctemigindyetoghi¥ayerto a
| onger wavel ength by substituting part of Y with Gd and/or La. Proportion
of substiandi nheAlcwyshabhindtyr dfharanfs fr gt Gaapl =lisb t be4:@den in a
consideration of the light emtting efficiency and the wavel ength of
em ssi on. sShglear guantempr weddt | Gtmictauiest icut imgltdplie h auanwd orwell i s
preferably fromY:Gd and/or La=9:1 to 1:9, or nore preferably fromY. &
and/ or Lastrtictor@: ghesabsat istentiicomdsictioss aattiame tiow rleven sis rfamedh@Rase
of green conponent and a decrease of red conponent. Substitution of 80% or
greaser pahin as tmmiumereffetindan mmases Aedordipgnént the presekes
the lum nance steeply. Material for naking such a phosphor is nmade by using
oxi des of iNyvefidiofe, d.alight Smitkimg diodenpsmpadd.enhd £h epdftiadedditly
converted into these oxides at high tenperature, and 25 sufficiently m xing
t hese nat highks dlominencki stithoutaldgheaiionaties ofr tdie Hphosphion @an be
material is obtained by L

made by making the activation layer of the 1light emitting

component in single quantum well structure of InGaN.

20 When a gallium nitride compound semiconductor is
used, while sapphire, spinnel, 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 layer is
25 formed on the sapphire substrate to form a PN junction via a
buffer 1layer of GaN, AlN, etc, The gallium nitride
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46 1 8 F E B 2005 dissolving rare earth elenments Y, G, Ce, La and Smin
stoichionetrical proportions in acid, coprecipitating the solution oxalic

acid and firing the coprecipitate to obtain an oxide of the q$ﬁ%ggk@@iaie,
which is then m xed with alum num 5 oxi de and gal | i um oxi de. [ "Xt ur e

is mxed with an appropriate quantity of a fluoride such as amoni um
fl uori de seetceductotixhasnt ftiveed ¢onduatiity cunden thapeomditdopry ¢hf 1350
to 1450 Cin air for 2 to 5 hours. Then the fired material is ground by a
bal | m|Inotn daped, wikbhahy sbppunityl, adthengh dnd axideredte h&pEMy ang N
obtain the desired material. In the second enbodi nent, the two or nmare
ki nds of yypei galiium mirbnjsienesemniconducton havéngaldesdaedy prapewties
ceriumof different conpositions may be either used by mxing or arranged
i ndepende(tayrié¢mntontentrabionxaapte). swabn ashdmpraves drighly eend ggibomnf
| fluorescent materials are m xed, color converting portion can be forned
} rel asi vel gfebsieénycpndit nia pmefierabliyt dbpedf eritinds typeddapant sian ase
| two or nore kinds of fluorescent materials are arranged independently,
col or canshg @dj,usesd Bé} emnflor@i ng Int dydémntoatfionn tdeP2@yp@yegallinm| a
desired color can be obtained. Al so when arranging the two or nore kinds of
f | uor escenitohder iszsicondeodiodent oy, tihe | ctherf daad,e 1o disr gpxeferably
fluorescent material that absorbs light fromthe light emtting conponent
of a shordepedawethn@® typardopantesuéd aker#ent ,MandBa, 28af | §3r @édkrBa.
material that absorbs light of a Ionger wavel ength away fromthe LED
el ement. Bbtauaser dngeiendidfifilods efdi tient a7gallium nitride compound
10 semiconductor to P type simply by doping a P type dopant, it
is preferable to treat the gallium nitride compound
semiconductor doped with P type dopant in such process as
heating in a furnace, irradiation with low-speed electron beam
and plasma irradiation, thereby to turn it to P type. After
15 éxposing the surfaces of P type and N type gallium nitride
semiconductors by the etching or other process, electrodes of
| .
% ‘ the desired shapes are formed on the semiconductor layers by
|
sputtering or vapor deposition.
Then the semiconductor wafer which has been formed
20 is cut into pieces by means of a dicing saw, or separated by
an external force after cutting grooves (half-cut) which have
width Qreater than the blade edge width. Or otherwise, the
wafer is cut into chips by scribing grid pattern of extremely
fine lines on the semiconductor wafer by means of a scriber
25 having a diamond stylus which makes straight reciprocal

movement. Thus the 1light emitting component of gallium
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1 $~ FEB 2005 absorption and emi ssion of light. The light emtting di ode of
t he second enbodi nent is nmade by using two or nore kinds of
yttriumal um numgarnet fluorescent materials of different cohpdHB p0ghs as
the 5 fluorescent materials, as described above. This nakes it possible to
make a light emtting diode capable of emtting |ight of desired color
effici ent,{%ri‘a@tcdnspgmrgmmﬁbrofcdﬂ W mRd,.t ed by the sem conduct or
light emtting conponent corresponds to a point on the straight |ine
connecting point A jif erdepotdtedit whiiige CIi By LEH ik ANAE Ymiftitdnd,
light of any color in the shaded region enclosed by points™A B, Cand D in
Fig. 6 Witdud sot henéheopBti embhdpfet; wAYelbhgbhadd Didbh iR tived Yy nore

ki nds of yttriumalum numgarnet fluorescent materials of different

conposi t Qs p@h@%ﬁﬁﬁi@-céﬁm 0§ 6 Ot d 1 1L G TR RN 53 o OF

can be controlled by changing the conpositions or ‘quantities of the LED

el ergents goeh fd HAg eSeaNt B SIdSeidh PRt | %ﬂ@r,geﬂgggﬁ%‘e%g“ Reh1d0de

of less variation in the em ssion wavel ength can b selecting the

f1 uor esceg%lgr@;_cﬁ{g}?ir% v?f&?ﬁﬁié‘@pﬁ&s%ﬁt?r %&@é@%bft’iﬁyﬁr? R efin h@rED

el enent, ereby conpensating for the variation e em ssion wavel ength

of the LER, &) eiROterdbBP ArohIlbofill tbi 190dhodfch el ydi. Ny TRCE £ PR S

wi th high ['um'hance can be nmade by selecting the em ssion wavel ength of the

(|43 5 B A Br LM N eferatten e ot ) 3
order to improve the emission efficiency of the light emitting
10 component and the phosphor. Emission spectrum of the white
light emitting diode of the first embodiment'is shown in Fig.
4. The light emitting component shown here is of lead type
shown in Fig. 1, which employs the light emitting component
and the phosphor of the first embodiment to be described later.
15 In Fig. 4, emission having a peak around 450 nm is the light
emitted by the light emitting component, and emission having a
peak around 570 nm is the photolumihescent emission exéited by

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

25 chromaticity generated by the blue LED and a point of

chromaticity generated by the fluorescent material, and
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1 8 FEB 2005 structure, the light emtting diode of the second enbodi nment
can eimt light of high lunm nance for a long period of tine. Also the |ight
enitting diodes of the first embodi ment and the second enbodihERB e
provided with light emtting conponent 5 installed via fluorescent

mat er i al .tHerOf e atlse wihde cwhitet edlbrglregion |(ehadedwpositdoat Hnt iy .t hat
of the light emtted by the [ight emtting conponent, energy of the

convertedléj ol thel eeatthanpbheibandfgameoichidomatiiciitye diegiraandiact e and
is less likely to be absorbed by the 10 nitride sem conductor |ayer. Thus,

al though #hELy i gbvegaiit tad byihde thleuof REnfecet ehaterisalsli necied7alizp to
the LED el enent because of the isotropy of "em ssion, the light emtted by

the fluoregseatl at pigal 17Sshewsr tals@haededyint henildERorl @Rl wheth the
therefore the emission efficiency of the Iight 15 emtting diode will not

be decreassftents aoar fhigbbssent CRAtArRhaBakin itHal WHAWe & MHC feni iy her
enbodi nent of the present invention is showmn in Fig. 7. In the planar 1ight

source shgyhdénié hehimded /. ¢HetSRNeHOSPIDiorEAsent) ddredidld AEQlivant or

the second enbodinment Ts contained in a coating material 701. Wth this
confi guragh %ié&ht‘gpét@éﬁtﬁé ey tdigaldddmmithd E@atafigC aadestian .i s

color-converted and is output in planar state via an optical guide plate

704 and apdi ghenrsipee sdwet £76R. Fa9.Sneri et Yofatheghtight tdppie augonent
702 of the planar |light source of Fig. 7 is secured in a netal substrate 49

18 FES zogRat03c@f tRHEer fadoCesbant Wieteenade | Mmenat itdie | Buitedtd af
conductive pattern (not shown) are forned. After electrically connecting
thejgl ect gpderofcthe hhgbkisl ibi AaceedBeAeAndaMpproaches that of blue
LED when the content.of fluorescent material decreased.
According to the present iﬁve_ntion, a light emitting
component which does not excite the fluorescent material may
be used together with the light emitting component which emits
15 light that excites the fluorescent material. Specifically, in
addition to the fluorescent material which is a nitride
compound semiconductor capable of exciting the fluorescent
material, a light emitting component having a light emitting
layer made of gallium phosphate, gallium aluminum arsenide,
20 gallium arsenic phosphate or indium aluminum phosphate is
arranged together. With this configuration, light emitted by
the 1light emitting component which does not excite the
flﬁorescent materiél is radiated to the outside without being
absorbed by the fluorescent material, making a light emitting
25 diode which can emit red/white light.

other components of the light emitting diodes of Fig.
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t he conductive pattern, phosphor is mxed wth epoxy resin and 5 applied
into the inverse C shaped netal substrate 703 whereon the Iig@t Egyhﬁing
conponent 702 is nmounted. The light emtting conponent thus ﬁ

fixed onto an end face of an acrylic optical guide plate 704 by neans of an

epoxy resynand £¢€ Legtﬁilil$§1&Q§cﬁgﬁéalﬂéngwg white diffusion agent is 10
arranged on one of principal planes of the optical guide plate 704 where,

t he dlspeiébxguéﬁgeé w9Bess109; d@syed, for the purpose of preventing
fluorescence. Simlarly, a ref{ector 705 is provi ded on the entire surface

on the back of the epbi cabnguédevel aferdd? woy, onganeshsueRd fiace }'@&5& the

light emtting component is not provided, in or der to i nprove the

em ssion gi E&ek88CYeoNhEt {9 Sy COTYdSHIr Al i dyeges
pl anar |ight em SSI%CI)’I whi ch g?leraq‘ies enoﬁﬁlum%%?ggg]t?’g#?heh kchl ght

of LED capebRaABESL 2906%&965' oaufafn thgd | Wile @Pddds9 S 0dgd Oy Phgpar

light emssion to a liquid crystal display can be achieved by arrang ng a

pol ari zer n paly gpl an the PpL 04; vi a
eﬂieﬁfn% eeBﬁHBBbH‘Eb 109!,an& i gﬁm@ R £y 04y

|IQUI? crystal cte et ween glass su strates on a
Fo o aBbrfasbiy 83 PUAL LG ihon] cookocBianis o iy nin "

o L 1ing gé?s%gé rﬁsﬁ“&a”?@&* gL sucﬁiéhggﬁf PS%?%%%%% e
light em yianlePyrt lifF | LRat c%wdtutdt%ed'@ﬂfe@%h (ﬁ‘an . 48P AeEOmS 10 ecd i ght

by a col or converter 701 which contai ns phosp s “out put in planar

S.tais V! a4§g30%biaglw de pRleRl Suheld- th@esdxﬁegl ha 1 rh?s‘if‘é’éc?f‘% %@e‘tl?i oht

e In such a configuration that t emtted
emttln 0 o t e
pl at e 784‘8&th§§§§%3§£?2 &Eﬁ ??% Pgﬂ?éi céhe %%%ri}é%eé&heet g‘g{‘} C%:]deh

ot 115 BMegaka KSR cse ot S e shine oot o
be e'thertBOQh@'E%%dfbééghﬂhﬁﬁ%%fiﬁf,é@ﬁ@élggé ?h 9tHR? 0F &he above
two materials, the conductive wire is likely to break at the
15 interface. For this reason, diameter of the conductive wire
is preferably not less than 25um and, for the reason of light
emitting area and ease of handling, preferably within 35um.
The conductive wire may be a metal such as gold, copper,
platinum and aluminum or an alloy thereof. When a conductive
20 wire 6f such material and configuration is used, it can be
easily connected ‘to the electrodes of the light emitting
components, the inner lead and the mount lead by means of a
‘wire bonding device.
(Mount lead 105)

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

105b, and it suffices to have a size enough for mounting the
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15 sheet by spreading it together with a binder resin over the dispersive
sheet’ 706. Further, the binder including the phosphor may be fornmed in
dots, not sheet, directly on the optical guide plate 704. <Appl Femizppgn> 20
(Di spl ay device) Now a display device according to the present invention

cont i gur ai Tt of R O Pagonglie 03, WK EhGORPRLSROMAY Movice dn
and 2 ari 97 PR T Ro I RN DR hd AN BndRg 2
an, one Shpanery? S5, S0 0 8l SRS 0ha TG LR SRLAY foigl 001
I g CRbhl 2LAGB B €8s 30 it HBMLA e o sl
0, 5°K! 10, Bk gl 0Btk pBaLor TR oat ot ol by 108 (Reae Slo Gt
dieplay dgi bl ey | o lApULs P OECSOR SBlalEEN 8040 S e GNA G5, a0
i odes ol |28, HERy 9 Blave dadre Abicad N utelh Lhe SPEGHL) ey gy noss
gt om STRRRAT o1 1 ARas LU R eng CREC R (e HORR 1800 AR e
o (ting GrBGLE SFLLRS PEERERS Zdoibetdn it dl DR el ¢
LT 1bY M Phe 08 4R8-8LER ENRablag erd {1 8geel efes bR e LD iaplay diy' o
Gl oplay SeKLoocRgT I8 cAPagker pla aPLAXLIG! TRAE® PEEOLALND, (BilEa o°
si ng. |1 oht BERTER T o EEL AT A" sent  SEREE” Tt sty P89
whi | e C°”%68£L£&9n52§b§iggh %@fﬁyévénted. Erroneous illumination here
.~ refers to such a phenomenon as other light emitting diode
15 mounted nearby appearing as though 1i§hting despite not being
supplied with power. |
Bonding of thg light emitting component 102 and the
mount lead 105 with the cup 105a can be achieved by means of a
thermoplastic resin sﬁch as epoxy resin, acrylic resin and
20 imide resin. When a face-down light emitting componentl(such
a type of 1light emitting component as emitted light is
extracted from the substrate side and is configured for
mounting the electrodes to oppose the cup 105a) is used, Ag
paste, carboﬁ paste, métallic bump or the like can be used for

25 bonding and electrically connecting the 1light emitting

component and the mount lead at the same time. Further, in
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52 1 8 FEB 2006 output of the R Gand B light emtting di odes and
accordingly nmust control the light emtting diodes by taking the em ssion
intensity, tenperature characteristics and other factors of thbslﬁ%ﬁ@mﬁ

emtting diodes into account, resulting in 5 conplicate configuration of

the drive circuit which drives the LED display device. In the display
device of the present invention, however, because tie LED display device
601 i s comstderutin byproveg thgheféiciensy dHdeighl wfiltirattiesedt the

i nvention which.can enit white light without using light 10 enmitting diodes
of three Riighst, @&EBttingi slimdle nesesfacyg foff the dup/eofi the tméwnt lead
individually control the R Gand B light emtting diodes, nmaking it

possi bl e twhediegn ithe thigltordn it g ocompondrt di. s ViRoeht edi hagnBenpieroie
di splay device at . a low cost. 15 Wth an LED display device which displays
in white lgojhished U ngiveghefietctingg finetdanoftd Ritee &irfisce RGBInt R@iis
three light emtting diodes nust be illum nated at the sane tine and the
li ghts fromddes |tight serFatengotightes sTusd E@ezav_:msxyd firdmoroders tio dosal ay
white light by conmbining the three RGB light emtting di odes for each

pi xel , resiHdluddivien a | apgecdiripl ayréd st dride eagh pPichel ayhi@ki D8adt is

i npossible.to display with high definition. The LED di splay device of the
di spl ay deyiererdAq diithi® 3dW; 0Le5EHnd MY iHard Ph RNk idH 4 2Bm.
di spl ay vﬁ%ﬁh whi teg’lri ght can .dl;? done with a si rglfgilrée Ir‘:agh?ﬁlerﬁ ttj?nng?ildsiqodg,
and is thenefmmeownapady eaopldirapity W iyt eenbit idy ~coiffo@Rbs | bahthef
hi gher definition. Further, with the LED display devite which displays by
m xi ng t henanitonieaef, tttieeligigbt evfitt ih§gconpdaentshgeaersteughgai€asanas
the display col or changes due.to blocking of sone of the REB light emtting
5 dilgdes dgpaiiti nefonhéhe Wi Rthedtdlote t ReghER Kb SRARY cdplMduer i@fithheis
present invention has no such problem As described above, the display
devi ce pr%qﬂﬁﬂ:éﬂ.’fh‘FheSbE_@iﬁﬁ.&ﬁb.i)Fé',dthﬁé ergHepPd t R riduaitivarkt ti Ag
di ode of the present invention which is capable of emtting white light 10

is capabl gogzgféiia%qlfyi Ggoitaélaqw)t&rmrg*é/a& h Bi-gher; il ni tagh apdrRas

an advant of leSs col or unevenness. e LED display device of the

PresenL | Bl | 2aEnpab enn] 4/ S e i Sty e

di splay desdtgesty these requirements contain steel, copper, copper-clad
15 | steel, copper-clad tin and metallized ceramics.

(Inner lead 106)

The inner lead 106 is connécéed to one of'électrédes.

of the light emitting component 102 mounted on the mount lead

105 by means of conductive wire or the iike. In the case of a

20 light emitting diode where a plurality of the light emitting

components aré installed on the mount iead, it is necessary to

afrange a plurality of inner leads 106 in such a manner that

the conductive wires dq not touch each other; For example,

contact of the conductive wires with each other can be

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

inner lead is wire-bonded as the distance from the mount lead
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15 which enmploys only red and green colors, and is therefore suited for use
over a long period of tinme. (Enbodi ment of another display device enploying
-the light emitting diode of the present invention) The |light emtting di ode
of the present invention 20 can be used to constitute an LED di 4@ &§B d805i ce
wherein one pixel is constituted of three RGB light emtting di odes and one
light emtting diode of the present invention, as shown in Fig. 12. By
connecting,the LED di spl device and a speC| fied drive circui t, a display
devi ce cap&BfEedfed §7 af aaf‘/?a V8 08R2%8 ﬁé@’@@ncﬁh%ecébﬁgﬁtweedﬂrﬁﬁe is
drive circuit of this dis Iay device has, simlarly to a case of nonochrone
di spl ay defpearegsq 1SBrﬁEB‘320§9“9h§§§Sda9£ stbeagénneanslemiM end face
tenporarily storing the input display data, a tone control circuit which
processes EABNEGEANSt dH&d | ¥he heoRANTEA Ve T ionprefgnabbyf gwom ght6 ng
the light enmitting diodes with specified brightness and a 5 driver which is
swi tched byot k@ Suipalusilyrainoronsddesiag ismnalolclsisec giontastcause the
light emtting diodes to illum nate. The drive circuit is reqU| red

excl uSivel y for IBactrdsir the RoBm itte snheri dgadi ddesaadestimedwstape i git
em tting diode. The tone control circuit conputes the 10 duration of

I'i ghti ng tmayl bghpuaehed my derrs ¢f o dhbe.daFarshered iitn ntdye HANMhadedby
outputs pulse signals for turning on and off the light emtting diodes.

When di spl Rpnabingt kaahfewn| ikt , inpelr hleadt depul peesswnid ind oitl iqght the
the R@B light emtting diodes is made shorter, or peak value of the pul se
15 signal esdnmidsd ott\hﬁrebymtopuq:@etsogna'lha sared pandathetilght Gnft Hdeot érd
hand, a pul'se signal is given to the white light emtting diode in
conpensat i §acehereof. This causes the LED display device to display with
white light. As described above, bri ghtness of display can be 20 inproved
by aliéli ng the white Mhghtinmen tlléragi disondeequirdrt tRGhavehgoadn ¢enmer tivileyp.
When RE light emtting diodes are conbined to display white |ight, one or
two of thewgm ddieor bondinge winhes c el icds vk r e ngondug tiisiel wires dinspl bgve
pure white depending on the view ng angle, such a problemis solved by 25
addi ng t hegabdt eel eghrieailt t cogddctdeity.i n tBpsciispabyydevite. &bectric

‘resistance is prefer-ably within 300uQ.cm and morel‘preferably

within 3uQ.cm. Materials which satvisfy these requirements
15 contain  iron, copper, iron—-containing copper, tin-containing

copper, c~0ppe1_'?—, gold-' or silverfpiated ‘alumin'um, ivron and

coPée'r. | | |

(Coating material 101)

The coating material 101 is provided in the cup of

- 20 the mount lead.apa_rt from the.moliding 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 silicone or
25 glass. ‘A dispersant may be used together with the phosphor.

As the dispersant, barium titanate,. titanium oxide, aluminum
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1 8 Fps 2005 For the drive circuit of such a display device as descri bed
above, it is preferable that a CPU be provi ded separately as a tone control
circuit which conputes the pul se signal for lighting the whitq g FgRt2005
emtting diode with 5 specified brightness. The pul se signal which is

out put fromthe tone control

) O ..circuit is.given to the white |ight emitting
di ode dr P¥éfey hELdBFORoddRXidR ?Hé %PPvéakeTﬁéewﬁFPgeFPBEY Bﬁgatinghé#ode
illum nates. when the driver is ﬁﬂ&ned og, ana oes out when the dr%v§r S
turned othe 16lyqreseentsiRakesiamerts hEOFGH: % BRYH e diNde GPAERRI
present invention is used a3 a traffic_signal which,is a kind.of di.splay
devi ce, Ba§eRriglamaygbe Sﬂﬁtﬁédobtipngaléscéﬁﬁblé_aﬂﬁﬁﬁiﬁgfggﬁngvg}ogelong
period of tine and no col or 15 unevenness even when Rgrt ﬁt thg Ii%hﬁ

em tti ngcapskde @5 hrnding G9kANS a1 ghal mMads| BYi RGREReML 10N B Lithg

di ode of the present. invention has such a configuration as mhit% Ihg t

eni Bt i ng thilckaessr OTaPTAVIEINGn 3R ARSI Ih&h&of HoTERGERLI FACFEIiern i s
formed. A circuit of light emtting 20 di odes wherein such light emtting
di odes al@ye®dnnected in series or parallel is handled as a set of I|ight
emtting di.odes. Two or, nore sets of the light emtting diodes are used,
each havi(Mpldiag mgerd@il 1i04d di odes arranged in spiral configuration.
When all light emtting diodes are arranged, 25 they are arra eqéo r the
entire area in circkhar medgingur b4 oMasas £he hg R tEHes g‘)‘?

sol dering for 56 1 8 FEB Z005 t he connection of fhe ILght Sgittin% di odes
and the Julght emitting component 102, the conductive wire 1 and the

10 coating material 101 which contains phosphor from external
disturbance. According to the first embodiment, it is
preferable that the molding material 104 further contain a
dispersant, which can unsharpen the directivity of light from
the light emitting component 162, resulting in increased angle

15 of view. The molding material 104 has the function of lens to
focus or diffuse the light emitted by the 1light emitting
component. Therefore, the molding material 104 may be made in
a configuration of convex lens 6r concave lens, and may have
an elliptic shape when viewed in the direction of optical axis,

20 or a cohbination of these. Also the molding material 104 may
be made in a structure of multiple layers of different
materials being laminated. As the molding material 104,
transparent materials having high weatherability such as epoxy
resin, urea resin, silicon resin or glass is preferably

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

aluminum oxide, silicon dioxide and the like can be used. In
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wi th external power supply, it is secured in a chassis of railway signal
The LED display device is placed in an alum num di ecast chassis equi pped
with a light blocking menber 5 and is sealed on the surface w tk giFEBCA
rubber filler: The chassis is provided with a white color |ens on the

di splay plane thereof. Electric wiring of the LED display device is passed
t hrough additfen gaclithey disnarsantck WIOIPNOL HRRY | 8159 obeseantagnedt 1hhe

i nside of the chassis fromthe outside, 10 with the inside of the chassis
cl osed. Tthes moddgngl watehiak.|ighfamelymdaceerdinml tef Ahghepresent
reliability can be made by dividing the light emtting diodes of the
present iimwentiion,i the phosphari mayobegcontained sitheygi Ag thenpAdangpiral
configuration swirling froma center toward outside, while 15 connecting
them in matsdiel dheivorfliggueeatingomadsinialng f Wbant Hde cplhesPROGalis
outside may be either continuous or intermttent. Therefore, desired nunber
of tshe | icgintadmiett i Ay dtbeesnaliiingsimaderiadber apgleheofeteiey [daght be

em tting diodes can be selected depending on the display area of the LED 20
di spl ay dhmsither ihmcresisgdal The @hosphioan naye adisa e sendadned; gnt befht t i ng
di odes or part of the light emtting diodes fail to illumnate due to sone
troubl e, tapabdatbhgi Matenialle andnithei meldingumatecdal i gurBereResi t Bout
color shift by neans of the renmmining set of light emtting diodes or 25

r emai ni ngddight iekiludiing dtbdesph@ephose mde beghusedi t2$ ngch# ogeatang
arranged in a spiral configuration, they can be 57 ~$ F E B 2005,

ar r anged mattex iddns eblyi keearus g ceglass, andififeventw fhomt &b dicoRd&iagt

i npression from signals enploying i ncandescent | anps. <Exanpl es> The

f oll®wi ngudbernidles darthermoldingrmaterhal. This makes it possible to

manufacture a light emitting diode which is less subject to
the influence of moisture with good producti&ity. The molding
and the coating may aiso be made of the same material in order
to match the refractive index, depending on the application.
15 According to the present invention, adding the dispersant
and/or a coloration agent in the molding material has the
‘effects of masking the color of the fluorescent materiai
obscured and improving the color mixing performance. That is,
the fluorescent material absorbs blue component of extraneous
20 light and emits light thereby to give such an appearance as
though colored in yellow. However, the dispersant contained
in the molding material gives milky white color to the molding -
material and the coloration agent renders a desired ‘color.
Thus the color of the fluorescent material will not be
25 recognized by the observer. In case the 1light emitting

component emits light having main wavelength of 430nm or over,
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5 present invention in detail but are not to be construed to limt the
scope'thereof. (Exanple 1) Exanple 1 provides a light emtting conponent
having 10 15 20 25 an em ssion peak at 450nm and a half w dth of 30nm
enpl oyi ng a Gal nN senmi conductor. The light emtting conponent lod REBe2005
present invention is made by flowing TMG (trinmethyl gallium gas, T™M

(trinmethy] _indiu gas ' e g hep Wit rier
gas on a % eéﬁeﬂ‘%&prﬁﬁerf;é}s{]% P%ﬁ%é aﬁggF g?%g%tagéiﬁ’?g% E{htl\ﬁhd} é’ci.o‘frpound
sem conduct oy, l.ayer, i.n. D.process.. A galliumnitride sem conductor

havi ng N ﬁ%%ﬁoﬂﬁ?@%ﬁﬁe ag%ritrﬂrh?‘f?‘ni tri de sem conductor having P
type conductiﬁrﬁ%qar formed by switching Si H4 and Cp~My as dopant gas .
The LED PR t anple 1 has a contact layer which is a galliumnitride

i duct havi "N ductivi | i i S, [ 1]
sem conductor bavi gt |RECRAELLKI BYood SEARLOYS MR Slbd ufheldd U
I whi ch i gal | i itride, i duct having P._t ductivity,
S i ! s HMOLLIL G semogndict ot hovi 19 2 ues.c el
o Yo LRVAR e, COMUOLLLL L Al A0St ) nGRL o bagaty | aver

PO ¢ SUROb el ", ik A SE SRR L e SRR IO
1pe, Sem CEMLELST el SRR Sa%h o STREALY GeBbEPCRATARNE 910
cem condie of | BISLS, P! CDhalonde BNl LA, 2 SRR
e A BLe "y PTG SRTRRREDABE RO PUadtt O gt Sl
212055 | SoRRURLed L S DS ROl AL MEEReROe O sthicrekle o
o {1119 SOOI Lhe DAoeog MACL0BETuhial, B9eEboH Gl
O S L1888 el Ron e BIPERY Lo SCIRIEREY, SO ke
o0 CoPr e Bl ALY A OARARS ] SngBl SR Pl e

15 wavelength of the LED 1light emitted by the 1light emitting
component deviates from the desired value due to variations in
the production proceSs. In this case, emission color of the
light emitting diode can be made constantly using a
fluorescent material having a relatively short emission

20 wavelength for a iight emitting component of a relatively
short emission wavelength and using a fluorescent material
having a relatively 1long em.ission wavelength for a light
emitting component of a relatively long emission wavelength.

As for the fluorescent material, a fluorescent

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

Ga,)s0,,:Ce may alsb be used as the phosphor. Here 0sr<l and
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wi th al um num oxi de, thereby to obtain the mxture material. The m xture
was then m xed with amoni um fluoride used as a flux, and fired in a
crucible at a tenperature of 1400C in air for 3 hours. Then thi fLred
material is ground by a ball 25 mlIl in water, washed, separat @, & 2008 and
sieved thereby to obtained the desired material. , Phosphor nade as

descri be &fs=<1, ~afid~Reg 280Gtabbeast sopkt rdelrecadn fuomgar,nedd f hudr ascent
material represented by general fornmula .. ( Yo,eGdo.s ) 3A15012 Ce where
about 20%hisY confdguratived wakescd dhd gosstibile | obor amioimiz€e ithe). 03.
5 80 Farts by weight of the fluorescent naterial having a conposition of (
Yo, BGdo, zdenapusing: ©F wileh hfidubrescentie mattehdadboveven ocwhenancthidO
parts by wei ght of epoxy resin are sufficiently mxed to turn into slurry.
The sl urrflucrescent nateriak &ep exposiededtocorhidte-imbents ityach idgterermrdyhe 10
light emtting conponent is nounted. After pouring, the slurry is cured at

130G f or wheibber lights emiddsd roy hdhend ighthi ekivetsingf cérpdenwhifelr a
contains the phosphor, is fornmed on the light emtting conponent. In

Exanpl e 1llondgepepaddngfi s i nexd when onsedn unkiexpheapivars | enwirshmeital

I ncreasing 15 concentration toward the light emtting conponent:

| rradi at i condit bowss } y ansl abbereBob5¥ anz 1ighe | embttng t tdiegiec onpbekntisand

t he phosphor are nolded with translucent epoxy resin for the purpose of

pr ot ect i osuhjectstoexexmemeky stinesgnifbcahtir ecdid dsisift Aahdacerirssionn t h
the coating layer of 20 phosphor formed thereon is placed in a

bul | et - shhpeinanee addcreasd \anth Hasansheicdes iepdx emissinnandmpoaenturefl at
150 C for 5 hours. Under visual observation of the light emtting di ode

f orbed ashilghclubhinamb®vean rbe meadies ection normal to the light 25 emtting
pl ane, it was found that the central portion was rendered yell ow sh col or

due to the bodyPhosphoofofhehghsspdmd .erifbodiment)

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

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

Similarly to the case of the first embodiment, the

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

25 contains the phosphor, forming temperature and viscosity, and

the configuration and particle distribution of the phosphor.

44



~1$ FEB 2005 Measurenents of chromaticity point, color tenperature and.

color ‘rendering index of the light emitting di ode made as descri bed above
and capable of emtting white |ight gave val ues of (0.302, O. 23%}5&@
chromaticity point (x, 5 y), color tenperature of 8080 K and 8 20| or
rendering index (Ra)_ which are approximate to the characteristics of a
3=vavef orFhYys uRFeREGERT| &Ap the ghecordi enbadiment i disgributdoslmbfWthe
conparable to that of an incandescent lanp. Further in life tests under
condi t i orfslugresnsnfi /ndtenial t foacentrahiono isf dedekmineds @ccamdingtt@5C
and 20mA at 60C with f0% RH, no change due to the fluorescent material was
obser ved,thg ovapRratiang t ieondigrionsyi t t | Adsodi edeokddngo tiof fehencedand
service life fromthe conventional blue light emtting diode. (Conparative
Exanpl e igmbiciimentat i @Afb¢iancyglf diighti remissitn acanl bee inexteasedekgof
were conducted in the sane manner as in Exanple 1 except for changing the
phosphor designing eGhe ~)aridgament t of Zrkhe St Adr Tineré i ghindani tdf ng
di ode whi ch had been formed showed, i Mmediately after energization,

em ssi on Tfu@esdente hageériadls (Loh kmampliei namrrenglinga ini fthet estdert hef

out put dimnished to zero in about 100 hours. Analysis of the cause of

det eri or meéawnesmwWse tthe flight uvemttting camponahntyasadtaokianpdtoTHilse
trouble is supposed to have been caused as the 25 light emtted by the

| i ght enmlighty genmpratked bindthwikighte emitdinpdamegtenton the fl uorescent

material or entered from61 1 8 F E B 2005 the outside brought about

photol ysis to make Wbthoitthe =zondigorptdonpiofit &hmn skeoadr femmodimerits,
fluorescent material, resulting in blackened surface. . Results of life

test® undeimibacliy i brs tife efibrgt z smbod inents ,a ightenembtt PAgAddbdas Hasand 5

20mA at 60 Cwith 90% RH are shown in Fig. 13 together with the results of

Exanpl e lhidhinefifickency pnvérenongkerhbght resibdtamce adwen wiidn raasmacted o

the initial value as the reference. A solid line indicates Exanple 1 and a

~wavy |inedjaiient et Gunphn atheevicimjpte df ireRtivdly high-output light
emitting component with radiation intensity (Ee) within the
range from 3 Wem™ to 10 Wem™ can be made.

15 The yttrium-aluminum-garnet fluorescent material
activated with cerium (YAG fluorescent material) used in the
second 'embodiment has garnet structure similarly to the case
of the first embodiment, and is therefore resistant to heat,
light and moisture. The peak wavelength of excitation of the

20 yttrium-aluminum-garnet fluorescent material of the second
embodiment can be set near 450nm as indicated by the solid
line in Fig. 5A, and the peak wavelength of emission can be
set near 510nm as indicated by the solid -line in Fig. 5B,
while making the emission spectrum so broad as to tail out to

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

wavelength of excitation of another yttrium-aluminum-garnet
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10 (Exanple 2) In Exanple 2, a light emtting conponent was nmade in the
sanme manner as in Exanple 1 except for increasing the content of In in the
nitride conpound sem conductor of the light emtting conponeny g egbapags t he
em ssion peak at 460 nm 15 and i ncreasing the content of Gd in phosphor !
than that of Exanple 1 to have a conposition of (Yo, 6CGdo, 4)3A15012: Ce.
Measur enmgilverescemtonmaterrialpoaativabedr vithercexium armf cdiher sefead ng

i ndex of the light emtting di ode, which were nade as descri bed above and
capabl e @mb2@imentt ican whet eeti girar ghvenapgesinstiqatesly by otBeopasyed
chromaticity point (x, y), color tenperature of 4400 K and 86.0 for col or
render i ndinedein (Ray. BRg. argi tie gpeakBwavelrengthl g semivdien e@RBsben
spectra of the phosphor, the light emtting conponent and the |ight

em tting sbtodeeat BY0ENargs eindicatedcbyvdihe dashededdmeofin hBigi ghB,
emtting diodes of Exanple 2 62 1 8 FE8 ~5 were nmade and average | um nous
i nt ensi t ivtsl Ieh awataiingvetrtee tekiss n espédipum ngo f broadoashsar sailnousr e of
percentage of the lum nous intensity value before., the life test, the
aver age |780rmous Thid enakesy idf porsstifd.d ite endst reds 19§h8% proving no 5
difference in the characteristic. (Exanple 3) 100 light emtting di odes
were made in the samevekemprh aofi ntkxamuidctiedxteghtf ais aghidgedmtan a
addition to rare earth elenents Y, Gd and Ce in the phosphor to make a 10
f | uor escestiomeder walveliengthonbpsi sulbst bfuting. g=@to. 9£Cedlpasameng )the
aAlsoiz Wen the light emtting diodes were nade illum nate at a high

t enper at wenofithBht® afertye Ya®efiuorescent amadersitlc having s@araeter
than that of Exanple 1 was obtained. 15 (Exanple 4) LED display device of
Exapp! e 4stsudtacee pfwitte ¢a grancderihe ivayelkiroids af theargnicteddiightardsanged
ina 16 x 16 matrix on a ceram cs substrate whereon a copper pattern is
forned assishpwed i to Faglofder| wavbdehgbhdbypksapstdtutdngf pa@tErdn¥ avith t he
substrate whereon the light emtting diodes are arranged is placed in a
chassi s 56d wiid/or sLaede Erqpuertdlonm esifn swbds t sty bvg ded. wiviihha ¢4 gliss

bl ocki ng nmenber 505 being forned integrally '"therewith. The chassis, the

li ght e piéfgrabDyefyor hea sAllst rhtteo ahdb pin tcaris iderdtipn dff ddie dg.ghdnber
25 except for the tips of the light emtting diodes, are covered wth
silicon rembetingbethioienty rard athe wavelengtymett enilssies. Sigifaglp,2005
substrate and the light emtting diodes are sol dered by neans of an

aut psmat i cppepoetioy ohcubstituting ¥ with Gd and/or La is preferably

from Y:Gd and/or La=9:1 to 1:9, or more preferably from Y:Gd
and/or La=4:1 to 2:3. Substitution of less than 20% results
in an increase of green component and a decrease of red
component. Substitution of 80% or greater part, on the other

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

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

25 sufficiently mixing <these materials in stoichiometrical

proportions. Or either, mixture material is obtained by
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The LED display device made in the configuration described above, a RAM
which'tenporarily stores the input 5 display data, a tone control circuit
whi ch processes the data stored in the RAMto conpute tone sigrgaFsafaogs
lighting the light emtting diodes with specified brightness and drive

neans which is switched by the output signal of the tone_control cirguit to
cause t hAISSPHVIDG ¢ ARG é?ﬁﬁgg t ?L’&e#gurﬁhatc;@'ar £€a| cbir | | Yorfect ed

to make an LED display device. By driving the LED display devices, it was
verified® h("ﬁ’é‘eé:dﬂ&agt uPTER? %Sedlgs R%Ge aRPREALIPILES IS ptR?
device. (Exanple 5) 15 The |jght. emtting diode of Exanple 5 was made in
the sanme SRk K%I&mdegapdeﬁép&nq %rh%mzareﬁ@ame t&pobdEADe @npy
gener al fornulawéYb,ZGUo,e),A15012:Ce. 100 gieces of.theliéﬁg emtting

di odes ofobdtfe BNGFePRBELPAFAEReaWiteR £8r then sixechaisdt aduminug 20
Measur enent, of chromaticity point gave val ues, of (0.450, 0.420) jn average
for Thromitids t angoj galiiumy)oxigey | i ghhisf MhebierRsdént MiERE it R
emtted. Fig. 19A, Fig. 19B and Fig. 19C show the em ssion spectra of the
phosphor ,2RB¥RCRG igthe ciRRRE HeY cBipdndhkuckisie neush gas ammoning dlo@sise 25
Exanpl e 5, respectively. Although the light em tting di odes of Exanple 5
showed | HfgthrR® abblEeXx403pdohdEedhdR AhSEUSHbLge 384 2 tempeanauxgy$ oMy ht
emtting di odes of Exanple.S, showed good weat herability conparable to that
of ExanpllB30 i hol i4ba e . ipb&inpl §06) 2Thko| iSghhowns$ ¢ t i riEheft otibe off iBashpl e
6 was made in 5 the sane nanner as in Exanple 1 except for_using pho%Phor

r epr esentfateRidjenks Frawrdni ar hakbmilde in gnteecsadied hsSqpagqted,

em tting di odes of Exanple 6 were nmade and neasured for various

chak@ct erdsied AndskeredrdhersbYe oo plttadin yhsoidas igigdgmattgrial ow10
greeni sh white light conpared to Exanple | was emtted. The light emtting
di ode of Exanple 6 EhohBE §668ngefWRodmant,y e tée €5 MREE %rlnéféar?pﬂ el
inlife test. Fig.. 20A, Fig. 20B and Fig. 20C show the em ssion spectra of
t he phosphefsiumeaymipun-garngthgfdBrpeReantadtptieriaignhacEivetedg Witdde of
15 Exanple 6, resgectively. (Exanple 7) The light emtting. diode of,
Exanpl e TeBkY diffprentngoRRARLE1QRS| RaExRepled thegy dssd Ry MiKifg
phosphor represented by general fornula_Y,%AIo,SGao,S)sG 2: Ce. 100 pi eces
20 of theo¥ | yrrangedt indepepdertly Clampratedweferng¥em@ds)rea &
various characteristics, A though the Iight emtting di odes of Example 7
shohked a ¥TWwv PUNMPEHF kiR t P@dgfd-r‘-@é?ﬁsg?r\féhim%tqﬂf-_‘gﬂs apgesAdxed  gsor
weat herability simlar to that of Exanple 1 in 251ife test. Fig, 21A Fig.
21B and FeepventdinhoRCrhéoBnicas e spesned aelppdviedyspatily nand Rt @

emtting conponent and the 65

manner suitable for mass production. When the two or more
kinds of fluorescent materials are arranged independently,
color can be adjusted after forming it by laminating the
20 layers until a desired color can be obtained. Also when
arranging the two or more kinds of fluorescent materials
independently, it is preferable to arrange a fluorescent
material that absorbs light from the light emitting component
of a shorter wavelength near to the LED element, and a
25 fluorescent material that absorbs light of a longer wavelength

away from the LED element. This arrangement enables efficient
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1 8 FEB 2005 light emtting diode of Exanple 7, respectively. (Exanple 8)
The li'ght enmitting diode of Exanple 8 was nade in the same manner as in
Exanpl e 1 except for using phosphor 5 represented by general faorpmula

Gd, (Al 0, SGao, s) sGrCe whi ch does not contain Y. 100 pieces of tﬂég%iéﬂmﬁ
emtting diodes of Exanple 8 were nade and neasured for various

charactergﬁggfﬁt-gﬁtgggggmiggaéﬁg@f B{gnding diodes of Exanple 8 showed a
showve

| ow | um nance, good weat herabilTty simlar to 10 that of Exanple 1

inlife test. (Exa i sopk bt 0 j rslight
emtting devicé haC?hg ?%ghggﬁﬁfggkg i§%°§ﬁo§ﬁ ?ﬁegggaaég %%%?%s é@esé )

. J aving -ne o : SSN
component Tage B BELET WSS Teb P FhY Kind3 % FEFEEna dpl bt ofBhct ! N0
gallium ﬁfﬁﬁrgggeﬁir'EBE@!&ale'QfQ 98 ff@kéﬁ?ge@oﬂgéfgggoﬂgpa s 9%he

together Wth a carrier gas on a cleaned sapphire su e and formng a

gal | 5um N} (bAesEanPO itk SEEIONAUE! edd¥Bed N HBMICVD A CRILE OfL! T UM

nitride sém conduc ver haVing N typeé conductivity and a gal 1 um

i d . hayi P . . ; .
it chi ngb o PP Sea Ch AN s danait b dBEP ORUGhG abaBle (Y (Bl PUing
th i : t |5 1441 It | i i
R e A S B L o
Shi ch i T L . . , 2 . N
type condant HyFy ehitFEq by LERTLERAILELE 1 0ne dmBeERe OlmpORHALT

. q . . onduct Lyt : whi ch.

 gallfum nEPEFsIBEhaS Lo MOBCIRECUR P’ ¥eRltae CETRELobRUELIIG BOIAE 2

thyati . Qf . [LNCGAN swhi .e- het | !
o Y meatBd b iR SRR e SR 08 R S G
| aver havipg Bohype seoRflictindels A dnd ety iy R ded ok 1he ang

Supstr orfduct or

sapphire ate by formng gall nitride sem ‘ayet at a | ow
tenperatuge., . T -t Myt Tl ﬁ%@ﬂg% r J ﬁwp e t

t enper at ug)e i g‘iggc%%a%ﬁ/elsgﬁ%éj orm ng qépf?éﬁnY@gAf{é? or?né n%n?h%ijl
sem condugt.or er nd pos/ t he, fa o] . Ype : '
senicondu§%0r1pg%er§w%y é?%hiﬁgﬁg%leg%ﬁgéengfe &8§ﬁééﬁbsfggﬁﬁ%érgﬁageﬁﬁter

scribing %?}J%gggggmtcﬂggggﬁgisV‘@ge&if@%?gﬁ?ai?n ?é‘itf@?&!%s aéarg%é;ré.ngi;fk&ppve’

i ght em nponents are nade as I'ng conponents

O SLa0 hBEoRLRG Yo bneXEELBAL bALGAINCHE | LOTbe dhh! bAOCCREPOIEER p7

- nounted onh moun as a cup at the a silver-p
I . by_dj j it A ip. . Electyod
Tont emt PUARGLEG T ntoRpFelEionT ook, BRI ILIUE, Rl TeIP CEReRint e

Shoctrically PIMBRALAY HhtErPRELNO Wi NplPticHhe) BN fghe ShatEify O
diode of less variation in the emission wavelength can be made
by selecting the fluorescent materials according to the

20 emission wavelength of the LED element, thereby compensating
for the variation of the emission wavelength of the LED
element. Also a light emitting diode including RGB components
with high luminance can be made by selecting the emission
wavelength of the fluorescent materials.

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

fluorescent material used in the second embodiment has garnet
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The lead frame with the light emtting conponent 25 attached thereon is

pl aced in a bullet-shaped die and sealed with translucent epoxy r 'n(b r
nol di ng, which is then cured 67 1 8 FEB 2~5 at 150C for 5 hod?§ﬁ§#%% gby
to forma blue light emtting diode. The blue light emtting diode is

ol 1 sheatbkasTiEen thel it Ynfeting JaBBULTRE HlicTalegid MibGHikENL ¢
Beryli ¢ BrRasrts Side ' 57 BLohcroRiaidR PO $Tuons WK “BEEfls: or
L A TS RS0 ol e
g b e e e
mﬁth a%n%ﬂ?gﬁﬁiﬁaoH%ﬁéLw kP%ﬁF%é??Em?%§§eﬁﬁaifired.' %1(#?&?&%% QFH%

oy o FlrFeed i Bt it e B Bl i
£ 0 ot oFPSE il Y o Bomilebon'af v g eiieChens) Hhestt cpanks
pyove sl e ool P el FRlRne SR e
E)roé:ess ?Fﬁ\iFQP%PStPﬁat f"‘Bﬁ ?ﬁ% ﬁersss[ gj?‘;‘tkﬁlygr égceﬁ?gnﬁ£?ﬁ%ac{ eg’lye the

Uy Ol enthy mxed i L 1900025450V YaHA, 91:7BUh 45Y Bight LRLMLAa

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

planar light source of Fig. 7 is secured in a metal substrate
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1 8 FEB 2006 applied uniformy onto an acrylic |ayer having a thickness of
0.5 mmby neans of a nult.i-coater, and dried to forma fl uorescent
material |ayer to be used as a color converting naterial haviqg @Eéquﬁkness
of about 30frm The fluorescent 5 material layer is cut into the sane size
as that of the_principal, [ight emittin | ane of t opticagl quide plate,’
and arrad@8d oh tlﬁ‘éf%%ﬁdca‘? aps pr&?geé)Iﬁelaé’byl'ﬁ%&f%'fﬁ‘??h a %gna?n‘?i Gnt
emtting devjce. rieasurenents of chrqmati ci Qj nt d col.or .rendering
i ndex of coRductife Hatterly (K% sHo¥e aFR Lf@é‘“%ﬁ‘l -of AIFeFg eIGCEA) Y
chromaticity point (x, y).and 92.0 for cotor rendering ~. ndex (Ra) which
are appr&ﬂﬂ%ﬁﬁ?%ﬂgtqﬂﬁp%%ﬁ%FF?é§ 8f FhG ¥ eRLEE %eﬁ?m98ﬁﬁ9%U%$%
emtting efficiency of 921m Wconparable to that of .an i ncandescent | agmp
was obt aithed Spnduatigie iRt Wheie RPRGSBNOF  1Se Stiegh Jdith SPOXNIFESIRs 3(5‘%
energi zation 'wth a current of 60mA at roomtenperature, 20mA at. room
t emffer at ARPXed J0HP EheotnVpEse ofos Raped omekahgsuBsEraser HO3r MhereSfent
mat eri al was observed..gcpnparative Exampl e 2), . Formng of light emtting
di ode andheaddahihi eRitting {eQRRARSRE e0f0Zeié cHAUNELEd i n Thfe Jabt
manner as in Exanple 9 except for nixing the sane quantities gf a gree
organi c feMigFENE ROTRPYRRAHE ERAS 052CBFe8y Afe fdXh SRR PR afBa TRE GFganic
fl uorescent pigment (FA-005 of, Synl euch Cheinisch) which are .
peryl ene-aferacraty ife Oph iale gridie Hats (104 by mefne Qe FROXY esin.
represented by general formula Y, (Al o0,6Gao,, g,scrz . _Ce capable of |,
em tting AyrE6RLEFEAE didm hé06o contpinipgp 3 oyhisec shif F4siATesR8RRt nderi al
represented by general fornmula (Yo.aGdo.s)3A s~m Ce capable of emtting red
i gl of azzakged ®on @R iRTIRCRAY BIRReS F e Iptgifale@uidePltsde of
Conparative Exanple 1 thus fornmed were (X, é% -.(0.34, 0.35). 5
Weat her abl94 t yhesst the défpertivenyshestad?8bi if wreh A8 ol £0%r dipe
generated by carbon arc for, 200 _hours, representing equivalent irradiation
of sun | iRMEPRSRO% PRIVNREIHI JFHAIGKESCenRiA+ e measuring the | um nance
retaining ratio and color tone at various tinmes during the test period: In
a 10 reliability teSimilagly; ghtrefestery thrpbharovkided R dike FYO & t
light at a constant tenperature of 70C while ngasurin% t he | um nance and
col or tormunface errthe bagksofThber opkiralapuidromtats A04. and Sy Y.
15, together with Exanple 9. As will be ,clear fromFig. 14 and Fig 5,
thelds |igpd EaFet WhgTEorkivhehtoll embkbiRg ocempepeBhcds Mods REA%YISS at i on
t han Conparative Exanple 2. ,%Exanple 10) ,The light emitting dhqgﬁ]q{
Exanpl e 10njerderehd fppsovegkheediightngndissden BEGicIEReYi gt EhithiShg
di ode of Exanple 10, the light emtting pqggonent havigﬁ a,“hght emtting
| ayer of ¢oRfba@eatDem W id Bkt bingiodrs Ahpidnah 1i9Ha 4S5 19
sanme manner as in Exanple 9 is used, The |light emtting conponent is .
nmount ed iwhitk gepepabes dereegh t HeMingnes @%i?%rbéﬁ]‘étg]écﬁrg cb%rﬁ?é? SBtint
| ead, by gie qgnding W th epoxy resin.

e made.

20 Application of the light emitting diode for planar
light emission to a liquid crystal display can be achieved by
arranging a polarizer plate on one principal plane of the

optical guide plate 704 via liquid crystal injected between
glass substrates (not shown) whereon a translucent conductive

25 pattern is formed.

Now referring to Fig. 8 and Fig. 9, a planar light
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El ectrodes of the light emtting conponent, the nount | ead and 70 1 8 FEB
2005 the inner lead were electrically connected by wire boding with gold

W res. Phosphor is nmade by mxing a first fluorescent nateri af g ey g8%nt ed
by general fornmula Y, (Ala,SGao,, ) sOz Ce 5 capable of emtting green

| ight and a second fluorescent material represented by general fornula

(Yo, zGdaseyre@e 50agcordingablte® ofarether ngembadimgnt podpartde aspresents.
Nanely, rare earth elenents of Y, Gd and Ce are solved in acid in

st oi chi oimventidn pwapdr beodescaidedopedompi t athiengl ight semitting 1device
oxalic acid. Oxide of the coprecipitation obtained by firing it is m xed
wi t h al ushowm dx dBignd 8gais i madexi e, sunbr ebycoofaoguaahionsidati vielue xt ure
materials. The m xture is mxed with ammonium fluoride used as a flux, and
fired i nlaghtuembteedt by ttdvepdrightr emift ti4g0@iiadeni 707 ais comvestedhen 15
the fired material is ground by a ball mll in water, washed, separated,

dri 8d angh$tevadghiteigbya t cobbt acnatterherf i70dt wnicths evamich insiopbesphor
materials of the specified particle distribution. 40 parts by wei ght of the
first fl andetiseotitpateinaplafdriStapbetvidyancopthical duids qelaie f1040r escent
material and 100 parts by weight of epoxy resin are sufficiently mxed to
forma slurry. TheTheuldghitsemittddgi devickeshapnwinchigs $rbsimladeonnt he
nmount | ead wherein the light emtting conponent is placed. Then the resin

i ncl udi nguthe phespifdguratdionedtldt 251980CLight 1 enddrtedThiog &heoalight! ayer
i ncludi ng the phosphor in thickness of 120Nmis forned on the |ight

em tti ngefittiags €pspapnehtcobndms . tGrnednt tat i phamdr t letatieosplifor the t he
coating layer is increased gradually toward "the light emtting conmponent.
Funoher, opkéchilghiuield tplaige cdopendhenanmbriver yEbsphowhisee ldghlitedbpya

nol ding wth translucent epoxy resin for the purpose 5 of protection

agai nst @ispamsdue sheess,706oivdticte cordadusst ;phosplenad foxmed v hondeof
coating | ayer of phosphor formed thereon is placed in a bullet-shaped die.
and ni xe¢hei princdpalupdaneepdixyheesptiand ghédecpletieaf0450€héneby hours.
Under visual observation of the light emtting diode fornmed as described 10
above i noultgudi reltiten igshtal iho plendx gbtaéeitti Mpepl phesphor way f bend
that the central portion was rendered yell owi sh color due to the body col or
of the pldspleer .contained in the dispersive sheet 706 or formed in a

15 sheet by spreading it together with a binder resin over the
dispersive sheet 706. Further, the binder including the
phosphor may be formed in dots, not sheet, directly on the
optical guide plate 704.
<Application>

20 (Display device)

Now a display device according to the present
invention will be described below. Fig. 10 is a block diagram
showing the configuration of the display device according to
the present invention. As shown in Fig. 10, the display

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

610 having a driver 602, video data storage means 603 and tone
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Measurenents of chromaticity point, color tenperature and col or rendering
index of the light emitting 15 di ode of Exanple 10 which was nmade as
descri bed above gave val ues of (0.32, 0.34) for chromaticity Q%i RPER ( v},
89.0 for color rendering index (Ra) arid light emtting efficiency or 10
| MW Further in weatherability tests under conditions of energization with
a curr entcoptredmmesns ood4 ¢ enfPbeatlinbe diXphay lewiceo6dt pnhavangr ehite 20m
at 60C with 90% RH, no change due to the phosphor was observed, show ng no
di f f er endd.ghrtorensit it ndigddes u801i ghoweniint iFig .diloder | Fighe2sarrangekd f e
characteristic. (Exanple 11) 25 Ino, dGa, aN sem conductor having an
em ssi on ipeakatatid 7€omf igurstibasianal EBséngmsoid. ds gitiovam ini Rdgcolgnent s
72 1 8 FEB 2005 are made by flowing TMG (trinethyl galliunm) gas, T™M
(trinethyls iugBdinds gmenochromgencgaiDadd spdpynideydcd.ogerher castihga 504rri er
gas on a cleaned sapphire substrate thereby to forma galliumnitride
conound igenprovided owikthyar lighbhebloblin® matesdal AR béinyniformed
sem conductor |ayer having N type conductivity and a galliumnitride
sem conduaitegdadysr dheedewgth.t ype conductivity were formed by sw tching
Si H4 and CpzMy used as the dopant gas, thereby formng a PN junction. For
t he LED el enent, a Tt detiveayeiraiitch6l8 dadd i thenivikdiede dftas esitoaadect or
having N type conductivity, a clad layer which is galliumnitride alum num '
sem condugdams heERAMYY 603 yPer cbenipotravily abdringodisplalagiatawwhdbhi ds
galliumnitride sem conductor having P type conductivity are formed. An
activati dmputy,ertioé tonedepadrbiGuidanst 6 0siwkies scofipabesit ahd dwoputs
formed between the contact |ayer having N type conductivity and the cl ad
| ayir hawidige Pstigpaleontbict icontyoliiagebyhé o imakde iduagl el igtant emiveling
structure. A buffer layer is provided on the sapphire substrate by form ng
a gal |l i uidvdes defsetheonlEpt ddispley alevadeowelanpes atlight 2@viAfH erthe
formng the | ayers and exposing the surfaces of P type and N type
sem conduspenif iskrisr ightaieds rapcatdintg ockestie eddba nedally fepmt RAM 693 ,Af t er
scribing the sem conductor wafer which is made as descri bed above, |ight
em tting srahpohendsivee 6oRewhichi isdswrdtthedwbies iywnkl sasuppldete fivam
force. The light emtting conponent is nounted in a cup at 73 1 8 FEB 200
the tip afhe sdheecoptabkdmeappersotpud debek byhdi Rijhbdiendgtuinl ehiode
resin. Electrodes of the light emtting conponent, the nount |ead and the
i nmes | eagb aL gkt ect rileal tyneoooatirell kyrcuie Bl ngeviidvem! davar exomavi ng
a dianeter of 30ONm 5 The lead frane with the light emtting conponent
attached therram i693plankdcompwetdsil the- slapedod efntigiealieg vhehlight
transl ucent epoxy resin for nolding, which is then cured at 150C for 5
hours, thafietying doodes bifuctle ghEDedisplay devdee TéEL bl thehi ghttpartst ti ng
di ode is connected to one end 10 face of an acrylic optical guide plate
which is s & hetmal el forenchfraires .orDrarah e e & iaht sndet thimge ddbdelse
acrylic plate, screen printing is applied by using bariumtitanate
di spersectkd n wHe aqrd | ikipldgr dewibet e60dlor rEil ethior didpldy i slavier
cured. 15 Phosphor is made by m xing a fluorescent material represented by
geneg al foosmd ¢ tutedcaBGlOsFrib&A1aPd%e; thecBpbblésplagnidevice oIl ds
| ight of relatively short wavel ength and a fluorescent naterial represented
by gener abagsprall 8 f( Wispidying3Almages eacapatiingofoeniti¢ i pglyel Isdwnalght of
20 rel atively | ong wavel ength prepared as follows. Nanely, rare

which are input from the drive circuit, and has the following

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

required to display while controlling the light emission
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earth elements of Y, Gd and Ce are solved in acid in stoichionetrica
proportions, and coprecipitating the solution with oxalic acid. Oxide of
the coprecipitation obtained by firing it is mxed with al urf hifBodie,:
thereby to obtain 25 respective mxture material. The m xture is mxed with

amoni UM LLugti 49 WHEdRas A stk 1ale lehad thg adblEkPbRadhcBoFdinglyd FHB

2045 tenperature o inair hours. Then the tired materi IS

db ball .m 4 4 i i . L0O
0roune Db abochil i, Saekerhy sebotal oy Chkedoatoeied o

parts by Wwei _ teria ive ort

wavel eng&gqmi &gvg@gﬁa{%ﬂ 0halhoXlbl Qe ELURP CaRh IR Aol of

) c
relativel ong Ich are made as descr ove are

suffici e{%ll%yOﬁgﬁrﬁuggi{(&ggpar%ﬁ)&gﬁ er?'ﬁ% of c%%@ﬁ[ti C rleég.;%‘?{q%exrihuded,

t her eby : orescent matertal filmto be used as co _
F s comEhics el e3nrhitard hian Rrs @R vt bty I HIERTREThetTERe
ke a | ahePtfrg Gaedeel N U e RBRIRT s DB, St ERRERLD o
s, doscriencattye hatdfen: DdieGilag B CHT RapTel DuEy et A 1 367N
101 o w e isked Y Ut SR (Bleeliy ABheETi0l B8 Fhel e’
o cocaltvahlal g, LSBT SGRe il 94BN Guinle Ui 130857,
el  ng oHe T e oo, ARSI NP R TR MEPLS UG nbBEShRRY £ox;
ener 91 23450 A RO O RAIA AT IR STRRLAR &, 28T S5chom
mterial ues oheerved 13 hAGEP 200 SeUdANY. 98T rEhpl AP hity

configuration of the drive circuit and make the display device

at a low cost.

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

and the light from the light emitting diodes must be

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

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

emitting diode, and is therefore capable of display with white
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t.he wavel ength of the light entting conponent is changed by changing the
content of the fluorescent material. (Exanple 12) 5 The light enitting
di ode of Exanple 12 was made in the same nmanner as in Exanplﬁ l-xeppt for
usi ng phosphor represented by general forrmula Y,In,AOZ Ce. 1 8 pi eces of
the light emtting diode of Exanple 12 were made. Although the |ight
enitting dighte of bBigheire defimblien} uni Fartker owwi thhdihel OLERatdisPkaye
light emtting diodes of Exanple 1, showed good weatherability conparable
to that afevBaepwbithi displkaysesby mixinrgrithed cdpbors wofe thyee diight ng
di ode of the present invention can emt light of a desired color and is
subj ect temitesinglediodes at ithveref s suchbn af chseedsy thel désplag color
weat herability even when used with high |um nance for a | ong period of

time. Thetlfrges dppl itoat bdnckinghef i ghmeemfit thg RGRelighhotemithiing to
el ectroni c appliances but can open new applications including display for
aut @obi |diodes cdepéndimy bomythéov ikwihgr angde, pohes LERs disiplays dsor
use such as 20 sign and illumnation for expressways. This application is a
di vi si onadf ofheS@1EDEM 2trbrettion s FEB RR06 pRokle®.1. A chip type |ight
em tting diode which conprises a light emtting diode chip conponent
conprising at |eastAswlesdyibedtal@ave; ubheidisplay chgoigrl Bresidesb riddt or

of different conductive types; a nmetal term nal conponent conprising a pair
of el ect rgigesLERCH isipdayr idatice cemplaayioyy wehé 3aghtl| egittdngt diegediobie
chip and a coating conponent arranged on or above a light emtting surface
of said |tgdtpessént nindendiorhilpich is capable of emitting white light

10 is -capable of displaying stable white light with higher
definition and has an advantage of less color unevenpess. The
LED display device of the present invention which is capable
of displaying with white light also imposes less stimulation
to the eye compared to the conventional LED display device
15 which employs only red and green colors, and is therefore
suited for use over a long period of time. |
(Embodiment of another displayldevice employing the light
emitting diode of the present invention)
The light emitting diode of the present invention
20 can be used to constitute an LED display device wherein one
pixel is constituted of. three RGB light emitting diodes and
one light emitting diode of the present invention, as shown in
Fig. 12. By connecting the LED display device and a specified
drive circuit, a display device capable of displaying various
25 images can be constituted. The drive circuit of this display

device has, similarly to a case of monochrome display device,
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wherein said light emtting diode chip is capable of emtting a blue Iight
10 having a main peak of 420 nmto 490 nmin wavel ength and said coating
conponent contains a phosphor represented by a general fornula
(Re,.~Snmr)3(All,G,)$0,2:Ce where 0 s r <1 and 0 5s s 1 and REBi205,¢

| east one selected fromY and Gd and capabl e of absorbing a part of Ilght

\(/3\121;/2} Zﬁgt hq%’ﬂngerh't?%%@ﬁ&?éngnﬁrg&ji qu%@or bedeﬁﬁgﬁrgfglf | p t%p% | ght
emitting i S s, o UdReh el Bisdidd V'v\g{iltchg?r%:ﬁ%i%e@ Q4 chip

conpri ses g t "em-t tlng ' ayer of si e guant um guant um
Il st tt d i . Al

\fe vthrrm n said %P ﬁt em tt| nﬁmgl og %pg@gon%dr}fésegfﬁ%gﬁlcfé@ Eq#lﬂil 21

| i ght d | '

aranged it oft QBSVE &3 J?#Sﬁ% A f‘?’%ﬂé.%ﬂ%‘wi‘%‘—*ﬁ%@@g B B

e 4119 41t Ohniafl ad OByieLARS’ by Oknd e/ Plgnal T of 1£F 5,8 2005

chi ype |1 g emtting cla wher éi n sal

Gal | i um %Jr{ezd@hw@wmS%Coeguséortkamigﬁee LLERdngn AsgMagtrate

sel ected Trom the group consisting of sapphir spinne and

6. A chip r{a['&l“ emyd | B919600S; digg It&e‘fnaelt %cf{‘{@ﬁ.ﬁé:['}és?o%

coating conpon iI's of "a transparent natefi al rom roup

consi st i t??%%leggg aig:gg%rﬁﬁﬁ@tlﬁ?g'%%sr e5ha m dﬁigepho hi p

type ligh ing to cC 1, wherein sai or is

(r)epresent andugg ec&?él for (cX\e S%tli 827 g %%%@e% Cq.nher e

and als
10 duration of lightlng the light emitting diodes from the data

stored in the RAM, and outputs pulse signals for turning on

and off the light emitting diodes. When displaying with white

light, width of the pulse signals for lighting the RGB light

emitting diodes is made shorter, or peak value of the pulse

15 signal is made lower or no pulse signal is output at all. On

the other hand, a pulse signal is given to the white light

emitting diode in compensation thereof. This causes the LED
display device to display with white light.

As described above, brightness of display can be

20 improved by adding the white light emittiﬁg diode to the RGB

light emitting diodes. When RGB light emitting diodes are

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

may be enhanced resulting in a failure to display pure white

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

25 adding the white light emitting diode as in this display

device.
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~\: | 1 9S&thMsisiiss’ 19 - prosidednhaitl) - 45 108ktes’ ¢91dr 0%ehs On ttHO4Rispapy
104| <s10%| & ()-D a! 9" #$9%88aU6+: 104 ;

510%| & (lanSs30ges ) - 1EBRA0LE¢ WLring) SFL0kE AED (Jidplaeieyics()Lsl! Q S
&10% | & () - 198804 Y8S& ' j H. 104] ;

S109% Ls™ GabGHd &Kyough @Llﬁf%&eé-‘) -Pdcising108hthp& HaokYIHE 10he| &hapsigd| & (
)-s 104 for sealing off the inside of the chassis from the outside,
10 with the inside of the chassis closed. Thus a signal of white
light is made. A signal of higher reliability can be made by
dividing the light emitting diodes of i:he present invention
into a plurality of groups and arranging them in a spiral
configuration swirling from a center toward outside, while
15 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
20 display device. This signal is, even when one of the sets of
light emitting diodes or part of the light emitting diodes
fail to illuminate due to some trouble, capable of illuminate
evenly in a circular configuration wifhout color shift by
means of the remaining set of 1light emitting diodes or

25 remaining light emitting diodes. Because the light emitting

diodes are arranged in a spiral configuration, they can be
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an emission peak at 450nm and a half width of 30nm employing a

10 GaInN semiconductor. The 1light emitting component of the
present invention is made by flowing TMG (trimethyl gallium)
gas, TMI (trimethyl indium) gas, nitrogeﬁ gas and dopant gas
together with a carrier gas on a cleaned sapphire substrate
and forming a gallium nitride coméound semiconductor layer in

15 MOCVD process. A gallium nitride semiconductor having N type
conductivity and a gallium nitride semiconductor having P type
conductivity are formed by switching SiH, and Cp,Mg as dopant
gas. The LED element of Example 1 has a contact layer which
is a gallium nitride semiconductor having N type conductivity,

20 a clad layer which is a gallium nitride aluminum semiconductor
having P type conductivity and a contact layer which is ‘a
gallium nitride semiconductor having P type conductivity, and
formed between the contact layer having N type conductivity
and the clad layer having P type conductivity is a non-doped

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

single quantum well structure. The sapphire substrate has a
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semiconductor layers by etching, h and p electrodes are formed

by sputtering. After scribing the semiconductor wafer which

has been made as described above, light emitting components

are made by dividing the wafer with external force.

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

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

A phosphor is made by dissolving rare earth elements
of ¥, 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 mixture was then mixed with ammonium fluoride used as a
flux, and fired in a crucible at a temperature of 1400°C in
air for 3 hours. Then the fired material is ground by a ball

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

obtained the desired material. . Phosphor made as describe
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having a composition of (Y,,Gd, ,);Al0,,:Ce which has been made
in the above process and 100 parts by weight of epoxy resin
are sufficiently mixed to turn into slurry. The slurry is
poured into the cup providéd on the mount lead whereon the
10 light emitting component is mounted. After pouring, the
slurry is cured at 130°C for one hour. Thus a coating having
a thickness of 120um, which contains the phosphor, is formed
on the light emitting component. In Example 1, the coating is
formed to contain the phosphor in gradually ' increasing
15 concentration toward the  light emitting component .
Irradiation intensity is about 3.5W/cm®. The light emitting
component and the phosphor are molded with translucent €poxy
resin for the purpose of protection against extraneous stress,
moisture and dust. A lead frame with the coating layer of
20 phosphor formed thereon is placed in a bullet-shaped die and
mixed with translucent epoxy resin and then cured at 150 °c

for 5 hours.
Under visual observation of the light emitting diode
formed as described above in the direction normal to the light
25 ‘emitting plane, it was found that the central portion was

rendered yellowish color due to the body color of the phosphor.
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10%9&() 3191aveform fluorescent lamp. Light emitting efficiency was
9.5 Im/W, comparable to that of an incandescent lamp. ' Further
in life tests under conditions of energiza‘tion with a current
10 of 60mA at 25°C, 20mA at 25°C and 20mA at 60°C with 90% RH, no
changé due to. the fluorescent material was observéd, proving
that the light emitting.dibde bhad_n_o difference in service
life from the conventional blue light émit-ting diode.
(Comparative Example 1)
15 Formation of a light emitting diode and life tests
| thereof wére conducted in the same manner as in Example 1
‘except for changing the‘ phosphox frofn (Yo_,Gdo.,),Al_.,Ou:Ce' ‘to
(zncd)s:Cu, Al. The light emitting diode which had been
formed showed, immediatély ~after energization, emission of
20 white light but with low luminance. In a life test, the
| output diminished to zero in about 100 'hours.. Analysis of the
cause of deterioration showed that the fluorescent material
was 'blackened.
This trouble‘is supposea to have been caused as the
25  light emitted by the light emitting component and moisture .
which had caught on the fluorescent material or entered from
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(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
10  fluorescent material with composition of
(Yo.39Gd,.59C€0.035Mg.0;) sA1s0,,.  When the light émitting diodes were
made illuminate at a high temperature of 130 °C, average
temperature characteristic about 8% better than that of

Example 1 was obtained.

15 (Example 4)
| LED display device of Example 4 is made of the light
emitting diodes of Example 1 being arranged in a 16 x 16
matrix on a ceramics substrate whereon a copper pattern is
formed as shown in Fig. 11. In the LED display device of
20 Example 4, the substrate wheréon the light emitting diodes are
arranged is placed in a chassis 504 which is made of phenol
resin and is provided with a light blocking member 505 being
formed integrally therewith. The chassis, the light emitting
diodes, the substrate and part of the light blocking member,
25 except for the tips of the light emitting diodes, are covered

with silicon rubber 506 colored in black with a pigment. The
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described above, a RAM which temporarily stores the input

5 display data, a tone control circuit which processes the data

stored in the RAM to compute tone signals for lighting the
light emitting diodes with specified brightness and drive
means which is switched by the output signal of the tone
control circuit to cause the 1light emitting diodes to

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

(Example 5)

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

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

25 Example 5, respectively. Although the light emitting diodes

of Example 5 showed luminance about 40% lower than that of the
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The light emitting diode of Example 6 was made in
5 the same manner as in Example 1 except for using phosphor
represented by general formula Y,Al.,0,,:Ce. 100 pieces of the
light emitting diodes of Example 6 were made and measured for
various characteristics.

Measurement of chromaticity point slightly yellow-

10 greenish white light compared to Example 1 was emitted. The
light emitting diode of Example 6 showed good weétherability
similar to that of Example 1 in life test. Fig. 20A, Fig. 20B
and Fig. 20C show thé emission spectra of the phosphor, the
light emitting component and thé light emitting diode of

15 Example 6, respectively.

(Example 7)

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

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

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

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

spectra of the phosphor, the light emitting component and the
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VL3&10%&%4€ g%ﬁ%&lﬂuﬁlo $190 pieces of the light emitting diodes of

Example 8 were made and measured for various characteristics.
Although the 1light emitting diodes of Example 8
showed a low luminance, showed good weatherability similar to
10 that of Example 1 in life test.
(E#ample 9)
Light emitting diode of Exémple 9 is planar 1light
emitting device having the configuration shown in Fig. 7.
In, ,sGa,. N semiconductor having emission peak at
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 éleaned sapphire substrate
and forming a gallium nitride compound semiconductor layer in
20 MOCVD process. A gallium nitride semiconductor layer having N
type conductivity and a gallium nitride semiconductor layer
having P type conductivity are formed by switching SiH, and
Cp,Mg as dopant gas, thereby forming a PN junction. For the
semiconductor light emitting component, a contact layer which
25 is gallium nitride semiconductor having N type conductivity, a

clad layer which is gallium nitride aluminum semiconductor
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between the clad layer having N type conductivity and the clad
layer having P type conductivity. A buffer layer is provided
on the sapphire substrate by forming gallium nitride
semiconductor layer at a low temperature. The P type nitride
10 semiconductor layer is annealed at a temperaﬁure of 400°C or
above after forming the film.

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

15 the semiconductor wafer which has been made as described above,
light emitting components are made as light emitting
components by 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

20 frame, by die bonding with epoxy resin. Electrodes of the
light emitting component, the mount lead and the inner lead
‘are electrically connected by wire boding with gold wires
having a diameter of 30um.

The lead frame with the light emitting component

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

with translucent epoxy resin for molding, which is then cured
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&@10% % %2¢g-0f an acrylic optical guide plate which is polished on
all end faces. On one surface and side face of the acrylic
5 plate, screen printing is applied by using barium titanate
dispersed in an acrylic binder as white color reflector, which
is then cured.
Phosphor of green and red colors are made by
dissolving rare earth elements of Y, Gd, Ce and La in acid in
10 stoichiometrical proportions, and coprecipitating the solution
with oxalic acid. Oxide of the coprecipitate obtained by
firing this material is mixed with aluminum oxide and gallium
oxide, thereby to obtain respective mixture materials. The
mixture is then mixed with ammohium fluoride used as a flux,
15 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 fluorescent
20 material having a composition of Y,(Al,.Ga, ,):0,,:Ce and capable
of emitting green light prepared as described above and 100
parts by weight of the second fluorescent material having a
composition 6f (Y,..Gd,.¢)A1;0,,:Ce and capable of emitting red
light prepared in a process similar to that for the first

25 fluorescent material, are sufficiently mixed with 100 parts by

weight of epoxy resin, to form a slurry. The slurry is
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- 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 the oPticél guide plate thereby to form the planar
light emitting device. Measurements of chromaticity point and
- color rendering index of the light emitting device gave values
10 of (0.29, 0.34) for chromat:.c:.ty point (x, y) and 92.0 for
color rendering index (Ra) which are approx:.mate to the
properties of 3-waveform fluorescent lamp. Light emitting
efficiency of 12 Im/W comparable to that of an incandescent
iamp was obtained.  Further in weatherability tests under
15 conditions of energization with a current of 60mA at room
temperéture, 20mA at room temperature .and_ 20mA at 60°C with
90%- RH, no change due to the fluorescent material was observed.
(Comparatlve Example 2)
| Forming of light emitting diode and weatherab:.l:.ty
20 tests ‘thereof were conducted in the same manner as in Example
9 except for mixing the same gquantities of a green organic
fluorescent pigment (FA-001 of Synleuch Chemisch) and a re.d
organic fluorescent pi-g‘mént (FA-005 of Synleuch Chemisch)
which are perylene-derivatives, instead of the first
25 fluorescent material —represented by general - formula
Y,(Al, Ga,.  )s0;.:Ce capable of emitting green light and the
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represen léQ equlvé{g&% &rréﬁlatlon of sun light over a period
of one year, while measuring the luminance retaining ratio and
color tone at various times during the test period. In a

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

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

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

20 In the light emitting diode of Example 10, the light
emitting component having allight emitting layer of Ing qsGa,.ssN
with emission peak at 450nm which is made in the same manner
as in Example 9 is used. The 1ight emitting component is
mounted in the cup provided at the tip of a silver-plated

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

Electrodes of the light emitting component, the mount lead and

70



s, &10%R&' ()- s*109&& ()- (10%R& ()- b s9&IOWWR' ()-;;;;;; <<-=vU410 :
YL0YER@ ()- "10% & & ()- s10% & & ()- #10% & & () - 10&10&10& <
109&& () --=h====H>>|[:vU410 "10% & & ()- "10% & & () - o%‘ |
10% & & ()- "10% & & ()- "10% & & ()- >>q??@@A| [: vU410 %0&%)2@5()
"10% &l & ()- s+&I0% &l & ()- '"10% & & ()- 5&109%R& () - [&10%3&D& 0).-
ACAAAAAAMde.‘Iﬁler Iekargde ederipEaally tongectied byl alirel badding wWith
7"10% & & ()- sS5&10% & & ()- ABBBCCI D| [:vU410 #10%R2&8&' ()- 98&10%R&& ()
"109%R2&8& (Gold WAXREL' ()- %0%R&& ()- s"10%R&S& () -i DDDEVEEE| [ : vU410
'r109R&&E () - % 109R&& () - #"109R&& () - L!&I0WR&&E ()- "109%R&&' ()-
"109R&& () - EMFFGyGaB@§phai 02& ; madep sRy( ) mipingslaoaRiargt ()fluorescent
VL3&10928& ()- 1"109R&& ()- u L)&10%28<& () -

VL) &109%2 & {eriGACCHRGHE S dnvEdD 2 Hy s 1998 d) - A0a@Eld ) - Y ARAYRBA( ) )s0,,:Ce

"1008& ()- $S10084& ()- 10281028} HHHHHI | | [ : A4102& s 10984 ()- 10984 () -
10988 () capabl@Eof) - emit@IBE (Jreen s TOBgHE (pnHl | al Fkeddnd [ FMEOEECcent
71099&' ()- ' "1099&' ()-9 ,#10%& ()- 5 10984 ()- + 1098& ()-

| 10984 ( Jmatdidih Moddptd it had 4 Ty - SgOIEHAY ) - Lo BMEYAR' (Y. .CURIPERLE (O
1094.0940% ; 1099& ()- 7 1098& ()-tN OOPPQQ [:vU410 9y&YA0YE&E ()- |
9y &4 0% kfepRa{)e ob emitting red light prepared as follows. Namely,
rare earth elements of ¥, Gd and Ce are solved in acid in
stoichiometrical proportions, and coprecipitating the solution
10 with oxalic acid. Oxide of the coprecipitation obtained by
firing it is mixed with aiuminum oxide and gallium oxide,
thereby to obtain respective mixture materials. The mixture
is mixed with ammonium fluoride used as avflux, and fired in a
crucible at a temperature of 1400°C in air for‘3 hours. Then
15 the fired material is ground by a ball mill in water, washed,
separated, dried and sieved thereby to obtained fhe 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 form
a slurry. The slurry is poured into the cup which is provided
on the mount lead wherein the light emitting component is
placed. Then the resin including the phosphor is cured at
25 130°C for 1 hour. Thus a coating layer including the phosphor

in thickness of 120um is formed on the ‘light emitting
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lead frame w:.th the coating layer of phosphor formed thereon
is placed in a bullet-shaped die and mixed with translucent
'epoxy resin and then cured at 150°C for 5 hours.A Under visual
observation of the light emitting diode formed as des_cribed
10 above in the direction. normal to the light emitting.plané, it
was found that the central portion was rendered yellowish
- color due to the body color of the phosphor.
Measurements of chromaticity point, color
temperature and color rendering index of the light emitting
15 diode of Example 10 which was made as described  above gaVe
values of (0.32, 0.34) f‘or_chromaticity.'point (X, v), 89.0 for
color rendering index (Ra) and light emitting efficiency of
10 Im/W'. Further in wéatherability tests under conditions of

energization with a current of 60mA at room temperature, 20mA
20 at room temperature and 20mA at 60°C with 90% RH, no change
due to the phosphor was observed, showing no difference from
an  ordinary biue light emitting -diode in the service 1life
characteristic.
(Example 11)
25 In, Ga, N semiconductor having an emission peak at

470nm is used as an LED element. Light emitting components
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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 junction.
For the LED element, a contact layer which is gallium nitride
10 semiconductor having N type conductivity, a clad layer which
is gallium nitride aluminum semiconductor having P type
- conductivity and a contact layer which is gallium nitride
semiconductor having P type conductivity are formed. An
activation layer of non-doped InGaN With thickness of about

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

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

25 external force.

The light emitting component is mounted in a cup at
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5 | The lead frame with the light emitting component
attached thereon is placed in a bullet-shaped die and sealed
with translucent epoxy resin for molding, which is then cured
at 150°C for 5 hours, thereby to form a blue light emitting
diode. The blue light emitting diode is connected to one end

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

15 Phosphor is made by mixing a fluorescent material
represented by general formula (Y,,Gd,,),Al;0,,:Ce capable of
emitting yellow light of relatively short wavelength and a
fluorescent material represented by general formula
(Y,..Gd,.¢);Al0,:Ce capable of emitting yellow 1light of

20 relatively long wavelength prepared as follows. Namely, rare
earth elements of Y, Gd and Ce are solved in acid in
stoichiometrical proportions, and coprecipitating the solution
with oxalic acid. Oxide of the coprecipitation obtained by
firing it is mixed with aluminum oxide, thereby to obtain

25 respective mixture material. The mixture is mixed with

ammonium fluoride used as a flux, and fired in a crucible at a
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100 parts by weight of yellow fluorescent material
5 of relatively short wavelength and 100 parts by weight of
yellow fluorescent material of relatively long wavelength
which are made as described above are sufficiently mixed with
1000 parts by weight of acrylic resin and extruded, thereby to
form a fluorescent material film to be used as color
10 converting material of about 180um in thickness. The
fluorescent material film is cut into the same size as the
principal emission plane of the optical guide plate and
arranged on the optical guide plate, thereby £o make a light
emitting device. Measurements of chromaticity point and color
15 rendering index of the light emitting device of Example 3
which is made as described above gave values of (0.33, 0.34)
for chromaticity point (x, y), 88.0 for color rendering index
(Ra) and light emitting efficiency of 101 m/W. Fig. 22A, Fig.
22B and Fig. 22C show emission spectfa of the fluorescent
20 material represented by (Y,,Gd,.);Al;0,,:Ce and a fluorescent
material represented by general formula (Y, ,Gd,¢)iAl:0,,:Ce used
in Example 11. Fig. 23 shows emission spectrum of the light
emitting diode of Example 11. Further in life tests under
conditions of energization with a current of 60mA at room
25 temperature, 20mA at room temperature and 20mA at 60°C with

90% RH, no change due to the fluorescent material was observed.
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(Example 12)

The light emitting diode of Example 12 was made in
the same manner as in Example 1 except for using phosphor
represented by general formula ¥,In0,,:Ce. 100 pieces.of the
light emitting diode of Example 12 were made. Although the
light emitting diode of Example 12 showed luminance lower than
that of the light emitting diodes of Example 1, showed good
weatherability comparable to that of ﬁxample 1 in life test.

As described above, the light emitting diode of the
present invention can emit light of a desired color and is
subject to less deterioration of emission efficiency and good
weatherability even when used with high luminance for a long
period of time. ‘Therefore, application of tﬁe 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.

This application is a divisional of SG 9900442-6.
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component contains a phosphor re'présented by a general formula (Re,. Sm,),(Al,.
sG2,)s0,2:Ce where 0 ST < 1 and 0 £ s < 1 and Re is at least one selected from Y

and Gd and capable of absorbing a part of light emitted by said light emitting

diode chip component and emitting light of wavelength longer than that of the

15 absorbed light.

2. A chip type light emitting diode according to claim 1, wherein said light
emitting diode chip comprises a light emitting layer of single quantum well or
multi quantum well structure.

20
3. A chip type light emitting diode according to claim 1, wherein said light

emitting diode chip comprises InGaN.

4, A chip type light emitting diode according to claim 1, wherein said
25 phosphor is arranged on or above said light emitting diode chip so as to absorb

the emitting light of radiation intensity of 3 to 10 Wem™.
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5. A chip type light emitting diode according to claim 1, wherein said
Gallium Nitride compound semiconductor layers are formed on a substrate

selected from the group consisting of sapphire, spinnel, SiC, Si and ZnO.

5 6. A chip type light emitting diode according to claim 1, wherein said
coating component is of a transparent material selected from the group

consisting of epoxy resin, urea resin, silicone resin and glass.
7. A chip type light emitting diode according to claim 1, wherein said

10 phosphor is represented by a general formula [(Y,..Gd,),..Sm,]s(Al;.,Ga,)50,,:Ce

whereosr<landOsss1land(l-a)/ais2/3to4/1.
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