Specification Light-emtting device, vehicular lighting fixture conprising
t he device, and headl anp Technical Field [0001] The present
invention relates to a light-emtting device conprising a. sem conductor
light-emtting diode (LED) and a novel fluorescent substance in

conbi nation, and an illumnator using it, especially a lighting apparatus
for vehicles and headl anp em tting anber color |ight. Background Art [00021
As |ighting apparatuses for vehi&d%e<$iffat®%enit amber color light, for
exanpl e, dirgcti-encindicatars, +hoseicenpiisiing ekeeird ¢ bul bs colored in
an anber color have been caonventionally used. However, as those overcom ng
the dr awbatR&OF8Fect? i€ BiuFbs™™4 "€ ATYh power consunption and

restricti one@midesi gnefor smaller size, those utilizing LEDs have been

pr oposed anﬁ%Pnactically used. [0003) As anber color LEDs, there are
known Al Gal ‘em conductors and GaAsP sem conductors showi ng an em ssion
spectrum i n the Thangesofntaboutnsi8e: trel 616 nm aHoweversmitthese LEDs have a

drauback 1 hat, | U AGSCENee . @ggggér&@m@@r?&hwm@w? decreases, as the

anbi ent tenperature”becones hi For this reason, for use suffering from
hi gh anbi eftEpemper at upeesidhoasseedr SEORDARER i16n CPARPS T8 afge nunber of
amber LEDs  nust.he proyvided.d neorder. 4:a:0bt ai i y-equbr esbguanti ty of light,
which leads to restriction on_design of lighting appar at uses concer ni ng

i ncrease i ACEOSTigNE S 8RR rveaCE 8P of M ite Nl PP 0r spacet9™Nor eover, since
turn signak,lkamps,dsngerporated into headl anps | ocate near engines, and thus
are exposed to _especially high anbient tenperature, required quantity of

| i ght canndt®bel secured with the aforenentioned amber LEDs. [ 0004]

There have al so dieengpt oppsed:kighdsngoappanatuseshbhatnirteakhbze an anber

col or by a combination_of a blue LED and a fluorescent substance that emts
light of a“Foiig g?a«?eﬂ'eha%h”'%&@ﬁ""éx%%eacﬁ%% w*?h“ﬁeﬁ?’g‘ﬁf %néj%t ed by the LED

( Pat ent documpntsﬁﬁ;@EatEnicdm@bﬁEwamEdeé@rhbe@ﬂmge0910{GEWSr)2515N8:Fu as
the f'“Ore%%%ﬂtcéﬁﬁ%%@%%?lf?ﬁm%%ﬂg}%@%@L§99£§1§Q@Qeo&&ﬂﬁhﬂﬁg widh a blue

LED. [0005 ver,” since this fluorescent substancé shows a ful
wi dt h at halcEvhasimah éfeabout 21005 nm - fand "éATt RO 68791 91§ wavel engt h
conponent s .0f; Low Vi si:Bhl bt Yaedityn S f ensafieemsazpr ebbem of : 1:0wnef fi ci ency.
Moreover, since it shows a persistence characteristic, it suffers froma
probl em t haELaf b&TYI6W" REPOTESENFEL | i PerPod¥ Y&dlces visibility when it
is used W tfychkinking. Furthernore, an optical filter is indispensable for

the anmber color |ighting apparatus described, in Patent document 1 for
shiel ding Iight em¥t&d by “’E[Ti%ﬁat%h?‘fedé?é&n}éfﬁ?wﬂ%*?ﬁpﬁgese Pat ent
Unexam ned fRuhkbeatdons( KOKAIYANO 5:2005:dAl231D65 showing an emission

spectrum in the range of about 580 to 610 nm. However,
these LEDs have a drawback that luminescence intensity
+hereof markedly decreases, as the amblent temperature
becomes higher. For this reason, for use suffering from
high ambient temperature such as rear combination lamps, a
large number of amber LEDs must be provided in order to
cbtain reguired guantity of light, which leads to
restriction on design of lighting apparatuses concerning
increass in cost and reservation of installation space.
Moreover, since turn signal lamps incorporated ilnto

headlamps locate near engines, and thus are exposad to



Di scl osure of the Invention Qbject to be Achieved by the Invention [0006]
An object of the present invention is to provide a light-emtting device
which efficiently emts light with | ess col or change dependi ng on change of
tenperature even when it is used in a high tenperature environnment. Another
object of the present invention is to provide a |ighting apparatus for

vehi cl es exhi bi.ti superior visibility by using such a,light-emtting

devi ce as Wﬁtcilﬁhgg %ﬂ%\/é{“ “Wea s?m?%}fa%crklelxe\ﬂeﬁég{%e %ﬁ%ﬁ%ﬁg[%ﬁom] Accor di ng
to the present icavest ilensethesd@forbment isdrnedrebf ectss! areeachi®ved by using
a novel flqﬂﬁqﬁcent substance in a light-emtting device conprising LED and
a fluorescent substance in conbination. [ 0008] The light-emtting
devi ce of the piesenthadvavehtd dreconprices! antbED'WHiPCRT @RS excitation

light and g flugrescent, substange woi,ch absorhs;the excitalinm light enit
light in conbination, wherein a fluorescent substance conprising an a type

Si Al ON r epresentiedobysté gaheraicef b tul R ECal druP (51815 12(0, N) 16 (1.5 <
n +< 2.2, P%15n08cR ufNewuM it 0004) v ast @ Hraicn: eospanentei setised as the

fluorescent substance. In particular, it |§ f[harqact, rized in that such an a
type Si Al ONHS eRPFOMEL above *hayT i F"§peci f 1¢° Surfict®area of 0.1 to

0. 35 NMR2Ag iSa,usedsiN::Eu asChrendticektyeaf duightnes fdedchy t he
light-emtting de;i/'Ec?%i,s pre{yeraplw)"{ltgln t.he Jange defined as xZ-22: 0.545, y

0.39, and §X' =07 Ferveb1°% K& ¢hf ofiati city coordinates (C E 1931).
[0009]  10005]

However, since this fluorescent substance shows a
full width at half maximum of about 1060 nm, and emits a lot
of long wavelength components of low visibility, 1t suffers
from a problem of low efficlency. Moreover, since it shows
a persistence characteristic, it sufiers from a problem
that afterglow in non-emititing pericds reduces vigibility
when it is used with blinking. Furthermore, an optical
filter is indispensable for the amber color lighting
apparatus described in Fatent document 1 for shielding
light emitted by LED.

Patent document 1: Japanese Patent Unexamined Publicaticn
(KOKAI} No. 2005-12316¢b5

Dizclosure of the Inventicn

Object to be Achieved by the Invention

(0008}

An oblect of the present invention is to provide a
light-emitting device which efficiently emits light with
less color change depending on change of tCemperature even
when it i3 used in a high temperature environment. Another
object of the present inventicn is to provide a lighting
apparatus for vehicles exhibiting superior visibility by

using such a light-emitting device as mentioned above.



The lighting apparatus for vehicles of the present invention uses the
af orenentioned light-emtting device. Best Mdde for Carrying out the

| nvention [0010] Hereafter, enbodinents of the light-emtting device
and lighting apparatus for vehicles of the present invention wll be
expl ai ned. First, the fluorescent substance constituting the

light-emtti ng %e\-vizceq,ot .the pre ent _invention will be explained in detail.
[0011] Meads ¥RE B-tyedi AFOYTUSEd for the light-emitting device of the
present inygmtijon is an Eu-activated Ca-a-Si Al ON fl uorescent substance

represented by tAthl%ener %_IO ir?é nula. M(3.AL).12(0,N)16, wherein Ca is used
as the el ement M dnd 'Bu"SefVving as a Tum nescénce center is introduced as
a part of &foreFe~atctiaateddeChs a:Si ArONefddioreseent subseances are generally

excited with, L, cf, road wavel, h.range of.framultraviol et to blue
o et vi St C T Oh " B T o o) Gu o, Branag Fonboer "the S0 ON

f | uor escentED ar@staheeqiFednt nStire epFesehtcImieatiofh- real i zes eni ssion of

| ong wavel epgih |ight of orange to red by reducing oxygen content in the

Si ALON crystal s and jncreasing solid-solution concentration of Ca

(i ncluding. SpecPfi tdlntyeritteif t§VEFgHtT dfaR aaber COF6F- By excitation
with |ighfb\|c@fﬁp%sw@vgﬂ1emm hflxiighté}QLﬂ’saﬁgeitﬁt:ﬂgO J_E@h%@nmm [ 0012] . fThe
a type Si ALON fluorescent substance mentioned above can he prepared by, for
el SOMRT RSt o T TP or s S BORAEHS TS e Eong StPhG oF (o)
silicon nitride,ighb) ial aoriivat bdd r ivdere{c)a af ICareentai nivvgteompound, (d) an
Eu- cont ai ni_ng conpound, and (e). X S ) .a_heat .treatnment at
1650 to 1856]%%%5‘& nitrogen a %r%g‘lf%g?y?%%%@a?} gﬁbag%}%ﬁé“ﬂ Al ON, and

obt ai ni ng powderz:hdvengual Maklparicelecdi aneterx of 215 $6,25 pnfonly by

cl assification, This=method is characterized.in thal, the.a type SiA N (e)
is incorporated into thée raw materi al pgmﬂery m xture, and powder having a
mean parti éleceisretefuiottaaset o 256 rant | €l igbt-ailreds orl3F A5y 2EL 2SI fi cat i on,
and a fluorgscent substance Qht gined by this: smihedohashaismakl specific
surface area, and shows superior enissign efficiency, small tenperature
dependency SPeFiEd GFL6ECT ighE £o be ém 8t ég,mdﬁdlﬁﬁéﬁd‘col or change even in
a hi gh tenperat unecenaviconment 11940043} ted by thEhe:tptadnimpbag ratio of Ca
and Eu (a + p) in the fluorescent substance_exceeds 1.5 nd does not
exceed 2. 295\ th JCaPFeh§ oI '8 bFC SHEIPeP ST 1T £5dFF Fi 8u$ “td obtain

fl uorescence mizbh anfpeaks wavebengtin akrb95-nmie lcanpestiMityh (a + p)

exceedi ng %.O%tdzgrpaeae%eqegga{quphase adversely affecting fluorescence
characteristrcs comes to be nore easily generated. Further, solid-solution
amount of HGOPvYalue of 6) is less than 0.2. If it is 0.2 or larger, the
fluorescence peak wavelengt h shifts Abusciichecopesndiffigukt to obtain an
amber color, and emi ssion ef fpl ciency al so_decreases. [0014] The

rati o of oxXygentiaid useer bR IcopRE OG04 18Rt sl 1ol #97i% -exceeds 0. 04,
not only itzchecames dif Fhewind auobtrai nafkuerescence with a peak wavel ength
of 595 nn or |onger, but also solid-solution |imts of Ca and Eu decrease
to make it difficult to realize a + 6 > 1.5.

Hereafter, embodiments of the light-emitting device
and lighting apparatus for vehicles of the prasent
invention will be explained.

First, the fluorescent substance censtituting the
light-emitting device of the present invention will be
explained in detail.

[0011)



[ 0015] The aforenentioned fluorescent substance is obtained in the
formof powder (particles), and particles preferably having a specific
surface area of 0.1 to 0.35 n2/g, nore preferably 0.1 to 0.3 n2/g, are
used. If the specific surface area is larger than 0.35 n2/g, primary
particles do not fully devel op, or fI uorescent substance particle surfaces
have unevenness, and as a result, h em ssi.on_efficiency of 60%or nore
cannot be obt ai hed.” IFPEhRLslét |lI5r‘38 fLalr?e*ég}éE §- g’ﬁﬁ?l%‘?"%cﬁan 0.1 n2/g,
particle dd;ﬁﬁﬁtEEbSesbﬁﬁ:OﬁﬁTéﬁ)@ldraragseanV\hIﬁtﬂﬁyte@v@&@4¢ﬁ6©meni ence such as
cl oggi ng of. a nozzl & of dis enser ed at, A ing the

| i ght - eni t%Jr‘]nO Fedevi e PRt he pr etséé’ﬁtgl”ﬁvé#]t |18nggj? Ues oﬁn%) e specific
surface ar*eaqar&lMalme@mbtwalemedn by iBETs@til 4 Boient Lametty $i, sanper f or med on
the basis of Jreasyyelenl ;acepring.l o.the BET ARthadod 0418],.. . The

i ght-emt |ng ce of e present invention has the sanme configuration
as that ofckridwn Fi-gittieaiediGigodeviEds fé%@ésﬁv%%tsﬁﬁéaﬁﬁl?ﬁ éfént i oned a

type Si Al Q\.fd.ugreseant: subst anceHis cesed as: @ whl uog ntnsubst ance, and
the structure and the type thereof are net particul ar limted. As

the first EnPodi-rBERTICLE ™ Vpi EaWI‘iogﬁf”brfi]tstllerr& ded n—CeO%/(;r\%ﬁl ch the present

invention {81 aRPkiesrdseshopiedsr, Ftge shalloR Ehbscddght- em tting device,
electrodes 4 and 5 for bot h_anode/ cat hode are Provided o | anp house 3
consi st i ng®ofs '@ f n‘s?ﬁ%tll“né ‘FeETTAIT SUCH Yt as< fi bers eé“ﬁﬁsé% epoxy resin,
and an LEDo2 iuf mxe@@mtmheibaﬂsrpom@msmés W tdecdanyadhdsiivig such as an epoxy
resin. Electrodes for anod ca LED 2 are el ectrically

connect ed ?%y%@orf:é)gg%rhtdl ng ea%jerqg\ﬁ &ct ¥ odes darligég(b rﬁ;% I(L::r\)%ductl ve wire
6. A concavel mgzcﬂmrnecbfa:tvaanoap@fdiﬁ rfatlelle@m%r”‘“dposﬁm@@mfefd{he | anp house
3, and an orange flugre I ang Liesi.n fﬂL,edlnthe
concave to (E:oér}[gltl tut gga(ﬁe%ﬁt §]léur:i?‘lé '?Llr}jn%rgggn%ﬁ W[“O”OQI ‘]@;% he As the bl ue
LED 2, a knéwh "vgéeLED havithg aeprakinavel endtt Pii-the range of 420 to 480
nm can be ysed;; Specific exanples include GaN type conpound sem conductors,
| nGaN type corrpound sem conductors, ZnO type conpound sem conductors, ZnSe
type conpound séncontiict S8l O%ngl G o7t h. SYTBOTEFe et 1%%Fhe resin to be

filled in theygaoncayve @ﬁe@@@abyngzdmt,@ﬁﬂppken&%ﬂj@cam@taerﬂaal that i's
transparent for wave Iengrblh range shortter ? Q t he.em ssi.

wavel engt h™@of " EDFS¥“ant tart"he nixed W't h° 't Pdor edtent r%u%‘stance
Speci fi c exampiesuinnel utertdwer rmSe:t tdangonesins;g p;hv@apoem,abilde Eesins, | ow
mel ting poi nt 91' ass,. .an

ort T er ons t S epoxy
resins, silicone Tesi ﬁsgI %poﬁh SL et %y Si ?gxgn%e %‘%r |L\%§Pﬁvié§l%1a\??§g epoxy
groups, oxetameryrEsians;oaertyd ilE5Pesiys 2 andreyel colebirpsresions are

especi al ly preferred. .These resi ng,ganhe,usedal@ne,-01,0ne @k, nore kinds
of them may be used as” a mxture
particle diameter of 15 to 25 pm only by classification.

This method is characterized in that the o type 5iAL0ON (&)
is incerporated inte the raw material powdery mixture, and
powder having a mean particle diameter of 15 to 25 um is
obtained only by classification, and a fluorescent
substance obtained by this method has a small specific
surface area, and shows superior emission efficilency, small
remperature dependency for cclor of light to be emitted,
and small color change sven in a high temperature

environment.



[ 00191 Chromaticity of light emtted by the light-emtting device of
the present invention is preferably in the range defined as x0-545, y ?).
0.39, and yx - 0.12 in ternms of the chromaticity coordinates (ClIE 1931).
Such chromaticity can be realized by a conbination of a blue LED having a
peak wavel ength in the range of 420 to 480 nmand the a type Si Al ON

fl uorescent q?1_u\astance menti oned above. However, a fluorescent substancethan
the amber cOfor fluorescent substance mentioned above may al so be cont ai ned
so long as the cheomutalcintyzdaoes imott devizatde Efar 0m t e riangee defi ned. above.
[ 00201 S the ot.her ug n ub ~ gener.al | wn

fluor escengJ’%%‘%zstcgﬂbe%%ﬁgﬁg%s&!e(ﬁe%g%i Eh’?’acﬁasgt%ga %ﬁglﬁ!%fe%l\/?nglv( 1) Ca, Sr,
Ba), europium actirvat etf 198SPENSne(IMex, My, Ca,diSELCER) , tewopium acti vat ed
MBS105 (M £ My, o Ry Slyi Ak, oS4 Opiunactii vat ed sMALSENG (N> My, Ca, Sr,
Ba), and ceriumactivated A3§5012 (A=Y, &, Lu, Th, B ="Al, Ca) can be
used i ndepBhtfentd v, Borstom6 R nore KPRASE BT emPeans beiicéd-4s a ni xture.
Further, ifrpeeded, & Scatbgel NG A0eAL  sUCh-Ashaki ugsuldate, magnesi um
oxi de and silicon oxide may be mxed jn the material for wavelength

conver si onfor e FRARET TG 1 ef Pt on® 0t *EXE AL PONCTIgHt “and” | i ght of whi ch
wavel engt h (i-s1.convept etk hysthensmteri.alis [t0021).2 or lardbe, fdisor escent
subst ance can be used by .m xi,ng@icté_ﬁ n,t pg%aftoﬂrue:ng@tggp&gg_‘r esin in an

appr opri at e~ AUt A fHoudh “the "Gnpldnt "t be i xed TR the resin is not
parti cul ar Byffisalttedy ¢lttdis asuahbar alodut, land <50%: byn welghtienpy ef er abl y
about 5 to % welght, based on the resin. The fluorescent substance may
al so be di g%g{s(g%lﬁgfg e |lanp house 3. [0022] As for the structure
of the |anpChdiise 3, blue LED 2, and electrodes 4 and 5, it is sufficient

that the blue LER.2.is fixed,00:t hed anp-house 3y, and ¢ he Leader el ectrodes
for anode/ cat hode are each electrically connected to correspondi ng

anode/ cat hé#al etect f bdds “@pcfa® LED 20%arhthéy Ray e v ar Fotis

confi gur at irensp©iher1thadsdhat shown ipBax wavelengthORfexanmplkeosral t hough not
shown as draw ngs, they may have a configuration that the anode/cathode

el ect r odes '6PITED P antt® ¢ r“égf)Sﬁﬁi‘trftjml edder® éi'ectr 6d8sTare el ectrical ly
connect ed apdrfixedoonztde:l anprhouse t3 wethi & eutte¢ti-ci material such as

t hat of AU'TC’EQ’f} a conductive resin of which typical exanples include An
bunmp, ani sdt p* c conductive sheet, Ag paste etc, or the like, a
configuration that efereafertthenet eCtucdescsof HEDt2nics et edtiriiocalll y connect ed

to a corresponding, header. glsctrode; and,fi xed on.theLanp. fause, 3 with any

of the aforenentioned nmaterials, and the other el ectrode an

corr esponditagireatereel ekt rogdagreaetect Pecal 1y corect®d "@eh a conductive
wire, or thedkike.; Furthesmren?ih qrdersiQ. i nprove featisradi ation property
for LED 2, the |anp house 3 may be constituted with a conductive nateri al
such as a MEEaPCSGHERats|i 17T al'ed ServE 4% tHe PEARI €%eEfrode 5 for one
of the el ectrodes.y [8028dp, or Fflucrescent substance particle

surfaces have unevenness, and as a resulft, high emission
efficiency ¢f 60% or more cannot be obtained. If the
specific surface area is smaller than 0.1 m%/g, particle
diameters become too large, which may invite inconvenience
such as cloggling of a nozzle of dispenser used at the tLime
of azsembling the light-emitting device.

In the present inventicn, values of the specific

surface area are values obtalned by BET multipoint analysis



On the surface of the concave formed in the | anp house 3, a highly
reflective material may be formed by application, plating, deposition, or
the like. Although it is desirable that the concave has an approxi mate
truncated circul ar cone shape, it nmay have an approxi mate square pyramd
shape. Al though the sidewall of the concave desirably inclines, it may he
substantial ly perpendi cul ar dependi ng on use. 00243 . %h.@

|i ght - emi t B¢ R AET € OF CRE*PresERESIRVENTT 6T Showe? 1 5% t1'€ &bt or change
and good emissiqn efficiency even in a high tenperature environnment, since
it uses the @p@ci fic Eu-activated Ca-a type Si AlON fluorescent substance as
a fluoresceht'%ubstance to be excited by light emtted by a blue LED. The
i ght-em tting dewi tegtof-stahet present cenvéntheopreaanbelmadéito have an

em ssion spectr.um_in_whi ¢ f.a..regign tor;a wavelength of 500 nm
or shorterI?C(:Sonts}"iest5§‘m%f“q:‘>r 0 g?@@%%@oaf% tvﬁgttg?a&&?”eglg?%ﬁgte?ngési on
spect r um byeusiarg canebED Hrdvihg aiddsgittepned ichg vpeakiindiel ength of 420 to
480 nit and, the afqrepantioned: a fype .S Al ON.Jluorescentssubst ance.
Moreover, the full width at half maxi mumof the main peak in the em ssion

spect rum ofn€ hed isgRECEMS BPAgtMevite tEe100f Mh%or st I e i Bechuse of

t hese charagterdstics, it can realize chromaticity in the range defined as
x0. 545, y0.39, and <Xx-0.12 in terms_of the ch erat_i,_ci_,tx coor di nat es
(ClE 1931) wit héit tﬁ%iw%n%ﬁ??%ﬂﬂtﬁ Ft BYPF gﬁr@f{era?%tﬁﬁght of a

wavel engt haefi 500 nmmoth sher tekseor thenkike.is appliedbrecvrenn as for
change of chromaticity, chromati.city, change anpunts_ can be e, to satisfy
Lx f'-%O0. 63 gh%‘ Ay C%? 63t H' eerf%nﬁ'%(l)?gc %“Tn‘é:éa’o?*?%”emcc%rso% TCity

coordi nat es (&t B934 )cut Achithedn erwigmonreatiabn tenperabere rrange of from
-20 to 85C. 0 ~ . Her r _he _kLi ght, Pay ar vehicles
of the pr eéjgﬂ%l?%%lgnﬂfo?\n a*ﬁg%tlﬁgiﬁga%gd%ﬁago%ﬁ% s%“’?"r?@gi ?ismérl%f aftf)g expl ai ned.
[.0026] an ep@Fryy.re2ishowsl an eXbnplie SE=EReT i gt FAGP appHicatus for

vehi cl es of ;the,present i nvent LoN.y, THics:l i-gbt i ng zapparatds seenpri ses a
light-emtting elenent 21, a supporting part 22 which supports the

l'i ght - emi tﬁpﬁge&%ﬁﬁ 9§ LEP refif&ctdi” 23 °RAvH Ty ‘ah Cﬁﬁﬁ?‘g‘%%&f’el y circul ar
arc shape, -andeanQutgr1éens 24-di sposed sadas ko if aceotherviekl ector 23.
The light-emtting elenent 21 is acli ht_;erri tti n% Lerrg\r,]é] 21 having the
sane structdré 8s Chat G hé FPghte &m fTi Ag deviréesshowt in Fig. 1, and is
fixed on thessuppords ngepaddp 22use thaind he uppers surtbaeecoft t he
light-emtting el ement having the filled fl.uorescent bst ance shoul d face
the di rect iFSHoS0BEt Snt &l T%ﬁ%‘eﬁpéﬁ i%‘r%ﬁ‘ i é}?%icﬁogcggﬁnggcti ng the

|'i ght - em t tdongtétenent 124 arhitthenbenser@24:tt.0 prevent outer lights from
directly i rfro%qg?ti ng the light-emtting element 21. The light-emtting

el ement 21 is connected to a power supply part not shown in the draw ng.
The reflector 232§ $hkoblyefiidceing Fight é’lé-ﬁi ttled @y rehe Pight - i ng

el enent 21 Lo the directhon picd he bhensi24soand &in lpaskethe surface
thereof facing the light-emtting elenent 21 consists of a netal or a white

material . FoECéxafpte™Caes| Hifi ‘o engedl DS KR8 aF i SAUm Br - i m of white
pi gnent is fenred,en ddeoshd faed byddepasi tizen, cappldeatiuon, or the like.
Moreover, although it is not shown in the, dr aw'{jngdu‘ﬂor%ptiggl Jilter for
adj usti ng t95ECHEY D G sposed AS FEYTT Y Bt ween T 1é “outer T%ens and the
| i ght-em tticghel ement. [0027]

(0018

The resin to be filled in the concave as a sealing
material may be a material that 1s transparent for a

wavelength range shorter than the emission peak wavelength



Because of such a structure, color of the optical filter or the outer |ens
cannot be seen fromthe outside when the light-emtting el enent 21 does not
emt light. When light is emtted, light reflected by the reflector 23 i3
irradi ated outside through the I ens 24. Therefore, colors (appearances) at
the tinme of Iight emi ssion and no Iight em ssion conpletely differ to

provi de favorable visibility. (0028] The lighting apparatus for

vehi cl es offtHE presehtcdmbPenti ot ¢an berused F6F~var i%{g%tlai’l@?’lti ng

appar at useg, £ or s vehighes sueh1 8% frernexanpl.e; @Bivehicle turn signal

| anps, rear_conmbination | anps, car rqoomillum nation | anps, neter

i 11 um nat | BROEAHE 26kt EF 55 uhPhati e IFP g3 ShRRs A g%aﬁﬁ%“ of a

headl anp t orabi G tithag present stdvent isppxi Srappld, edil Figne 3esta), is a front
view thereof, and (b) if a sect;ovnql.vvime}v]vagjrg)n% AL A U;I’ﬁhiﬁsﬂ headl anp is
const it ut ed b PHUrdl * G ng" appar at Uses” i mel Gdihg® & hi'gh beam ranp 31,

| ow beam r arps2r32 randn33,acayposi tdomsr, appd 34y clande&it urgpigisgpat | anp 35.

Al though the éé&‘m%g&g£4%dde%h%%e0§e£n% Rrgsent daventian gan be applied
| |

to any of fRese ng apparatuses, It Is suitable for, 1n particular,
on-vehi cl ectaryr sicgrakitdnps, thor W Ok edPdres angexof anber color is
standar di zeg,i each country. The color range of anber color used for
on-vehicle turn signal lanps is standardized as an orange range of 0.429 a
y (2P22 0.398 and202bb7 Tzl 1igbt itise Medns theCHforatieity

coor di nat eski fe HS 105500t apadnt @hd 18SpYe B Ab39, iy 0: 0 r=n@e67x, and y
1431 x - 0.12 in the FOE rules in Eurgpe. In the United States, it is

st andar di z68@fagey a5 ¢. 390 y4% @ %9-00.387x?n%n‘6 ¥ =~ 6:12 i'h 'SAE°J573¢ and
3578d. [0029] the chromSitneecyt ReckighiteamCLEng®&lementci2l used in the

| i ghting apparatus for vehicles.of %Q}e present_invention, can,;cealize a
1 1201

chromatici £ PARGESOF X°8 O 845, "§°310. 30 &nd y X = 0 n ternms of the

chromat i ci tipveoordimatesa(dlcdEgtd3l) ,tlid reapeprdvidde tanioh-vehingl e turn
signal la afisiyin ¢ aforementi aned . specifd.cathons,,d.0030]

Mor eover , mS%Ih%C% ﬁﬁ’é I“iqé% - e@;ﬁut%t T%g%evilce (' ght e tﬂlt?n% el enent 21)

i tsel f canipealtze aHrlomaticEnty sWbs IS kst afiddr dPzed™?@nge1a8 the |i ght

source of the,lighting. appalrat us,fos aehicchesnof 4ihe presentaii-avention, the
| i ghting apparatus for vehicles of the present |nvention enabl es

manuf act ur €°ofPUrds <irgnalbr HTpSs i t Hot "Gse B it ifCaT ¥ t'EP§° Since it
does not usg:anysopddweal filter, light em ssion |loss is decreased, and
ef ficiency EiOSOQ%ESO i nproved. Exanples [00311
As the other flucorescent substance, generally known

fluorescent substances such as europium~acitivated M;SiC, (M

= Mg, Ca, Sr, Ba), eurcplum-activated M:SigNg (M = Mg, Ca,

8r, Ba), eursplum-activated M:310s (M = Mg, Ca, Sr, Baj,

eurcpium-activated MALSiNsy (M = Mg, Ca, Sr, Baj, and

cerium-activated 2:Bs01 (A = Y, &d, Lu, Th, B = Al, Ga) can

be used independently, or twe or more kinds of them can be

used as a mixture. Further, if needed, a scattering agent

such as barium suwlfate, magnesium oxide and silicon oxide

may be mixed in the material for wavelength conversion for

enhancing reflection of excitation light and light of which

wavelength is converted by the material.

-3



Hereafter, exanples of the present invention will be explained. [0032] 1.
Preparation of a type Si AlON fl uorescent substance Silicon nitride
powder (61.2 mass %, alum numnitride powder (22.1 mass %, calcium
nitride powder (9.5 mass %, calciumfluoride powder (5.0 mass %, and

eur opi um oxi de powder (2.2 nmass %9 were mxed in a. nortar, put into a
boron ni trt e,.crucible, and subjected to a heat treatment at 1750C for 16
hour s unde az*r'litrogen at nosphere of atnospheric pressure in an electric
furnace havi ng aheafbon<heatersubAsaace esul tbeofuspovielermiXinayidifif ract onetry,
it was confirned .t the p .Qbt al by .the b lreatnment was a type
Si Al ON. rob%%?f&%fegg}ltﬁ%gdpg%g{r ‘0 f‘gi %Eg%*%%“tdﬁé Ergg%n“t'r eatnent (a type

Si Al ON, 152hEss:09) thsidricoon AP trd dexpowder =S emassiognot al umi num nitri de
powder (19.1.mass . %, calicium ni trd de,ponder, (11,mss:% ;,and europi um

oxi de powder (1.9 naSs %_ were m xed, put into a boron nitride crucible,
and subj ectedtio arhéatativeabight® &C 1Y50€Y f'61-916- hot T GRdefea nitrogen

at mospher e i g an ehectiriccbsnacasbayhfg v canbomdentebrsddhe -obt ai ned
sanpl e was subjected to sieve classification, and powder which passed
through a 45% 9fiesA"Was’used as a fluorescent substance for producing
light-emttomg devices. [0034] Crystalline phase of this fluorescent
substance was exam_.ned by powder X-ray diffractonetry, .and. | s found
that the existi 2‘5 E?%Vé%bfaﬁ%% SN AT L %‘8‘*8‘%&/ ot-"d P%eﬁﬁ% Al ON. When
f | uor esceneed spectrudewas avgasured iw Ehidispect robkuorophokoBber, the peak
wavel engt h,was 600 .c _ £ ul i dt.hat, hal f joaxi 85 nm The
specific s%r%ic@lxgﬁeg}]mgged(}%gg %r%ég? \@[’O%Q%] ad ”eaa%l 3{%@@@%83 of

f | uor escentosubstiaicesh¢Ex anpl eschl algc3riCohparawtivet&kdiples 1 to 5) were
prepared by, the.samg pr epaAtLen,sethedassthals descri bads abave with
changing a + 9 and thé O/Nratio in the conposition formula of the

f1 uor escent2gUbdtaanéé L PCagF BhpyE St RN 2008N) 18" 4§25hd¥WT T A"Tabl e 1. For
the fluoreseent; substance0t, Conpanati ve: Exanpl eslardhest arképng materi al
powders except for the a tt}/vpe,Si ALON wer e m'é(epL in a siolchionetric ratio
and used. F@ 3%ﬁvﬁfFaEP81ﬁﬁ Lateﬁp that the anocde/cathods

electrodes
of LED 2 and corresponding leadsr electrodes are

electrically connected and fixed on the lamp house 3 with a
eutectic material such as that of Au-Sn, a conductive resin
of which typical examples include Au bump, anisctropic
conductive sheet, Ag paste etc, or the like, a

-

configuration that one of the electrodes of LED 2 is
electrically connected to a corresponding leader electrode
and fixed on the lamp house 2 with any of the
aforementioned materialsg, and the other slectrode and a
corresponding leader electrode are electrically connected
with a conductlve wire, or the like. FPurthermore, in order
to improve heat radiation property for LED 2, the lamp
house 3 may be constituted with a conductive material such
23 3 metal so that it can also serve as the leader
electrode 5 for one of the electrodes.

[CCZ23]
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Or the surface of the concave formed In the lamp
house 3, a highly reflective material may be formed by
application, plating, deposition, or the like. Although it
is desirable that the concave has an approximate truncated
circular cone shape, 1t may have an approximate sguare
pyramid shape. Although the sidewall of the concave
desirably inclines, it may be substantially perpendicular
depending on use.

[o0z24]

The light~emitting device ¢f the present invention
shows little coleor change and good emissicn efficiency even
in a high temperature environment, since it uses the
specific Eu-activated Ca-u type SLALON fluorescent
substance as a fluorescent substance to be excited by light
emitted by a blue LED. The light-emitting device of the
present invention can be made to have an emission spectrum
in which an area of a region for a wavelength of 500 nm or
shorter consists of 5% or less of the total area of ths
emission spectrum by using an LED having a light-emitting
peak wavelength of 420 to 480 nm and the aforementioned o
type S1AION flucrescent substance. Moreover, the full
width at half maximum of the main peak in the emission
spectrum of the light-emitting device is 100 nm or smaller.
Because of these characteristics, 1t can realize
chromsticity in the range defined as x £ 0.545, y £ 0.39,
and v £ x - 0.12 in terms of the chromaticity coordinates
(CIE 1831 without using an optical filter forx gshielding
light of a wavelength of 500 nm or shcrter, or the like,

Moreover, as for change of chromalicity, chromaticity
change amounts can be made to satisfy Ax £ 0.03 and Ay =
0.03 in terms of change of the chromaticity coordinates
(CIE 1931) within an environmental temperature range of

~2

from 0 to BROC.
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Hereafter, the lighting apparatus for vehicles of the
present invention and the headlamp comprising it will be
explained.

100267

Fig. 2 shows an example of the lighting apparatus for
vehicles of the present inventicn. This lighting apparatus
comprises a light-emitiing element 21, a supporting part 22
which supporis the light-emitting element 21, a reflector
23 having an approximstely clrcularxr arc shape, and an outerx
lens 24 disposed sc as te face the reflector 23. The
light-emitting element 21 iz a light-emitting element 21
having the same structure as that of the light-emitting
device shown in Fig. 1, and is fixed on the supperting part
22 so that the uppsr surface of the light-emitting element
having the filled flucrescent substance should face the
direction substantislly perpendicular te a line connecting
the light-emitting element Z1 and the lens 24 to prevent
outer lights from directiy irradiating the light-emitting
element 21. The light-emitting element 21 is ceonnected to
a power supply part not shown in the drawing. The
reflecteor 23 is for reflecting lights emitted by the light-
emitting element 21 to the direction of the lens 24, and at
ieast the surface therecf fzcing the light-emitting element
21 consists of a metal or a white material. For example, a
film of metal such as aluminum or a ILilm of white pigment
is formed on the surface by deposition, applicaticon, or the
like. Moreover, although if is not shown in the drawing,
an optical filter for adjusting tint may ke disposed as
reguired between the outer lens and the light-emitting
element.

[0027]

Because of such a structure, color of the optical

10
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filter or the outer lens cannot be seen from the outside
when the light-emitting element 21 dces not emit light.
When light is emitted, light reflected by the reflector 23
is irradiated outside through the lens 24. Thereifore,
colors f{appearances) at the time of light emission and nco

light emission completely differ to provide faveorable
<

The lighting apparatus for vehiclesa of the present
invention can be used for various lighting apparatuses for
vehicles such as, for example, cn-vehicle turn signal lamps,
rear combination lamps, car room tliumination lamps, meter
ililumination, and switch illumination. ¥Fig. 3 shows an
example of a headlamp to which the present invention is
applied. Fig. 3, {a) is & front view thereof, and (b} is a
sectional view aiong A-A. This headlamp is constituted by
plural lighting apparatuses including a high beam ramp 31,
low beam ramps 32 and 33, a poesition ramp 34, and a turn
signal lamp 35. Although the light-emitting device of the
present invention can be applied to any of these lighting
apparatuses, it is sultable for, in particular, on-vehicle
turn signal lamps, for which color range of amber coler is
standardized in each country. The color range of amber
color used for on-vehicle turn signal lamps is standarcized
as an orange range of 0.429 Z y = 0.398 and z & 0.C07 (z =
1 - =2 - y, 2yz means the chromaticity coordinates) in JIS
D5500 in Japan, and as y £ 0.39%, y 2 0.79 =~ 0.67x, and y
% ® - 0.12 in the ECE rules in Eurcope. In the United

States, it is standardized as v = .39, yv = 0.78~0.67x, and

Since the light-emitting slement 21 used in the

lighting apparatus for vehicles of the present invention

11
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can realize a chromaticity range of X = 0.545, v = 0.38,
and v 3= x - 0.12 in terms of the chromaticity coordinates
(CIE 183%), it can provide an on-vehicle turn signal lamp

satisfying the aforementicned specificaticns.

Morsoveyr, since the light-emitting device (light-

iy

emitting element 21) itself can realize chromaticity within

the standarcized range

w

s the light source of the lighting
apparatus for vehicles of the present invention, the
ligrting apparatus for vehicles of the present invention
enables manufacture of turn signal lamps without use of
optical filters. Since it does not use any optical filter,
light emission loss is decreased, and efflciency is alsc
improved.
Examples
[0031]

Hersafter, examples of the present invention will be

explained.

reparation of o type SIALON fluorescent substance
gilicon nitride powder (61.2 mass %), aluminum
nitride powder {22.1 mass %), calcium nitride powder (9.5
mass %), calcium fluoride powder (5.0 mass %), and europium
oxide powder (2.2 mass %) were mixed in a mortar, put into
a boron nitride crucible, and subjected to a heat treatment
1750°C for 16 hours under a nitrogen atmosphere of
atmospheric pressurs in an electric furnace having a carbon
heater, As a result of powder X-ray diffractometry, it was
confirmed that the powder obtalned by the heat treatment
was o type 31ALON.
(00331
The powder obtained by the heat treatment (o type

o

StAION, 15 mass %), silicon nitride powder (53 mass %),

12
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aluminum nitride powder (1%.1 mass %), calcium nitride
powdsr {11 mass %), and europium oxide powder (1.9 mass %)
were mixed, put into a boron nitride crucible, and
subjected to a heat treatment at 1750°C for 16 hours under
a nitrogen atmosphere in an electric furnace having a
carbon heater. The obtained sample was subjected to sieve
classification, and powder which passed through a 45-um
mesh was used as a flucrescent substance for preducing
iight-emitting devices.
(00247

Crystalline phase of this fluorescent substance was
axamined by powdser X-ray diffractometry, and it was found
that the existing crystailine phase consisted only of
type S1ALON. When flucrescence spectrum was measured with
a spectrofluorophotometer, the peak wavelength was 600 mm,
and the full width at half maximum was 85 nm. The specific
surface area was 0.24 wm®/g.
[0035]

Plural kinds of flucrescent substances (Examples 1 to
3, Comparative Examplez 1 to 5) were prepared by the same
preparation method as that described above with changing o
+ B and the 0/N ratio in the composition formula of the
fluorescent substance {(Ca.,EBup) (81,A1):2(0,N)¢, &s shown in
Taple 1. For the flucrescent substance of Comparative
Example 1, the starting material powders except for the o
type S1ALON were mixed in a stolichicmetric ratic and used.
[003e)]

ITablie 1}
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[0637]
2. Measurement of fluocrescent characteristics of
Fluorescent substances

Fluorescent characteristics of the fluorescent
substances of Examples 1 to 3 and Comparative Examples 1 to
5 were measured by exciting Them with excitation light of
455 nm. As the fluorescent characteristics of the
fluorescent substances, total luminous flux emission
spectra were measursed with an integrating sphere using blue
light isolated from light of a xenon lamp light source and
naving a wavelength of 455 nm as an excltation source, by
means of a multichannel spectrometer, MCPD 7800, produced
by Otsuka Electronics Co., Ltd. As for chromaticity,
chromaticity coordinates CIEx and CIEy in the XYZ color
system defined in JIS Z8701 were calculated from the
emission spectra data in the wavelength range of 465 to 780
nm by the method similzy to that of JIS Z8724. Quantum
efficiency was calculated according to the method of Okubo
at al. {Journal of the Illumirating Engineering Institute
of Japan, Vol. 83, No. 2, Heisei 11 {199%}), 87-93 pages,
"ouantum efficiency measurement of NBS standard flucrescent
substance”™). The results are shown in Table 1.
{ocasl
The specific surface area of the substance of Example
1 was 0.24 Hf/g, whereas that observed in Comparative
Example 1 where the ¢ type SIAION was not used as a raw
material for production of the fluorescent substance was as
large as 0.42 m’/g. From comparison of these results of
Example 1 and Comparative Example 1, it can be seen that 1f
the specific surface avsa ils larger than 0.35 m’/¢g, a high
luminous efficiency of 60% or more cannot be obtained.
[0039]

As for the content of Ca and Eu {(« + B}, from

i5
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comparison of the results of Example 2 (o + p = 1.71),
Comparative Example 2 (x + f = 1} and Comparative Example 3
(¢ + B = 2.5), it cen be seen that if o + B is not larger
than 1.5, it is difficult to obtain fluorescence with a
peak wavelength of 595 nm cr longer, and if an o type
SiA10N of which o + B exceeds 2.2 1s produced, the
secondary phase adversely affecting the fluocrescence
characteristics comes to be more easily formed.

10040)

Further, as for the solid scolution amount of Eu
{value of PB), from comparison of the results of Example 3
(8 = 0.04) and Comparative Example 4 (B = 0.25}, it can be
seen that even with the same o + B, if the solid solution
amount of Fu (value of BY exceeds 0.2, the flucrescence
peak wavelength shifts, and luminous efficlency is reduced.

Furthermore, from comparison of the results of
Example 2 (0/N ratic = 0.02) and Comparative Example 5 {(O/N
ratio = 0.08), it can be ssen that the ratioc of ouygen and
nitrogen is preferably 0.04 or smaller for both the peak
wavelength and the luminous efficiency.

41

,"_.
f
—

1o
3, Production of Light-emitting device

The fluorescent substance of Example 1 in an amount
of 20 parts by welght was mixed with 100 parts by weight of
a thermosetting silicone resin, and kneaded to obtain a
uniform mixture, and the mixture was injected with an
injector into a lamp house 3 on which an electrode 5 and a
blue LED (gallium nitride type compound semiconductor LED,
peak emisszion wavelength: about 460 nm) were Tixed. Then,

hours

i

or 1 ta

h

the resin was cured by heating at 150°C
and thereby fixed to produce such a light-emitting device
as shown in Fig. 1.

[0042]

i8
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With flowing an electric current of 350 mA through
the biue LEZD of the above light-emitting device, total
luminous flux was measured with an integrating sphere, and
an emission spectrum was measured at an amblent temperature
of 25°C. The emission spectrum is shown in Fig. 4. As the
results, the total luminous flux was about 29 lm, the peak
wavelength was 603 nm, and the full width at half maximum
of the emission spectrum was 86 nm. Further, the integral
value for the wavelengih range of 500 nm cxr shorter
corresponded to 0.33% of the total integral value. The
chromaticity cocrdinates at the time of emigsion were x,y =
0.5798, 0.4169, and it was confirmed that they were within
the range of amber color used for on-vehicle turn signal
lamps.

[0043]
4, Fvaluation of temperature characteristics

With flowing an electric current of 350 mA through
the lignt-emitting device produced in the secticn 3 and a
conventional AlGalInP semiconductor LED at a controllied
ambient temperature, total luminous flux and chromaticity
werse measured with an integrating sphere. The results are
shown in Figs. 5 and 6. In Fig. 5, intensity of the
lumincus flux is represented in terms of relative intenslity
based on the luminous flux measured at an ambilent
temperature of 25°C. In Fig. 6, the region enclosed with a
broken line represents the chromaticity range for direction
indicator defined in ECE, and the region enclosed with an
alternate long and short dash line indicates the CIE1971
spectrum locus.

(00447

Es cisarly seen from the results shewn in Fig. 5,

whereas the lumincus flux of the AlGaInP semiconductor LED

decreased in the high temperature region, the light-



1Conpar ati ve Exanple 4 [0037] 2. Measurement of fluorescent
characteristics of fluorescent substances Fl uor escent
characteristics of the fluorescent substances of Exanples 1 to 3 and
Conparative Exanples 1 to S were neasured by exciting themw th excitation
light of 455 nm As the fluorescent characteristics of the fluorescent
substances,. QgL LUIINOYS [hine,0LasT O SRACH! Srupl e reagured with an
integrating sphere using bl ue ITght solate romlight of a xenon |anp
| i ght sourdec@pdehabitig dunavelendth ofeu5s facakldh EFEPEaty¥ion source, by
means of a_gwl tichannel spectronmeter, MC2D 7000, produced by O suka
Electronics Co., Ltd. As for chromaticity, chromaticity coordinates C Ex
and ClEy in thefXYzZ:wol 6F §&terdEifndd "i°IFSS 2870 REFe” cal cul ated from
the em ssi Qi isReehid datm sRctde maveh engidh angenef: 465 t0afg0 nm by the
method simlar to that of JIS, 28{)24. Quantum effi Clﬁ{‘c‘\é \flyas{ cal cul ated
accor di ng {1t He frethdd 6L RUBEVef Al - “Efgdrnal’ of 1 Hé FPFtMiTat i ng
Engi neer i ng-dmstiet bt £o0fc idapanya Vel 08331 Nojti2n Hedseitdk:, (1999), 87-93
pages, "Quantum efficiency.neasurenent of NB andard f] uorescent
subst ance” Tg#he’mrlééhrﬁ sdc%rl%es %\Aﬁ.e h°Tabl el%f%%['bgrgﬁmweg The specific
surface areactofe theosubistiancehofgbreanpl €<dn was: 8nR24=mP/ g, wher eas t hat
observed in_ | %%%%hygca@ga%¢%l where the a type Si AlON was not used as a
raw material for production of the fluorescent substance was as |arge as
0.42 n/g. {Feom conparison of these results of Exanple 1 and Conparative
Example 1, it can be. seensthatoddsct besspeci Liccywsurface apeacis | arger than
0.35 n2/g, a high lum nous efficiency of 60% or nore cannot be obtained.
[0039) As fof ii&tcehtentofiecacant Ele (st f¥entCompari'son of the
results of ;Exanphe:i2cf{en *Feliddinodompar ative dxanplec® (Gdahgs 1) and
Conpar ative Exanple 3 (a + P %59 it_can, be ?geg %ﬂhat AL a + 5 is not
| arger thafi® 155 P854 fF°Eult t'o *Sbtatn 1 Joredcend@With 2 peak
wavel engt h=ef: 53meam or | onger, and if an a type SiAION of which a + 5
exceeds 2.2 jiswp,rq,ogu_egl,cgat}gﬁggondary phase adversely affecting the
f1 uor escencB”tharact efisti'cs “cohes to be nore easily formed. [0040]
Further, ag0fé6#] the solid solution amunt of Eu (value of p), from
conparison of th ults of Exa a8 3; { Pt 3,-04). nand Compagatiyve Exanple 4
(p - 0.25), it ggﬁggggs‘ieer?tﬁat even!withm:tl he <ame a + p, if the solid
sol uti on arpbhthofemElt{valdeich &) BEweEets 0r 2 4hesF| tistescence peak
wavel engt h shifts, .apd,bwmimnous efdigiencyiisid educedeicity  Furthernore,
from conpari son of the resul ‘ts‘wof Example 2 (O0/N,ratio = 0.02) and
Conpar at i vEEREAPIE52L 04N it F6M2S 15 06T, i1 Can Bets¥En 'that the ratio of
oxygen and Bkt rogen be pielferabbyl 0:104 rar appatd ersdsorobotdhitchespeak
Wﬁvelengtha%gdgégg%glug%ggy%xgkglEL&&C%burces, and 1t is especially

suitable for lighting apparatuses for vehicles used at a

high ambient temperature.

Brief Description of the Drawings

[0047]

[Fig. 1] A drawing showing an embodiment of the light-

emitiing device of the present invention

[Fig. 2] A drawing showing an embodiment of the lighting

apparatus for vehicles cof the present invention

‘Fig. 31 A drawing showing an embodiment ©0f a headlamp

18



[004It 3. Production of Light-emtting device The fl uorescent

subst ance of Exanple 1 in an anount of 20 parts by weight was m xed with
100 parts by weight of a thernosetting silicone resin, and kneaded to
obtain a uniformmxture, and the m xture was injected with an injector
into a | anp house 3 on whi ch an electrode 5 and a blue LED (gallium
nitride type compound,se t L Kk SsSi o ngt h: about
460 nm were ¥ xed. hsc @?h%$%§%%1m53 CEC?% g;!}ﬁlzéat P‘H\gﬂgfg’%oc for 1 to 4
hour s and t hier.elgy mldaaWLPG phodude asuehi w8 ldrghpeehi ¥t iddgt8vi ce as shown in
Fig. 1. Efﬁh entﬁimgV%EQcél@MMﬁ@ ap.glectric current of 350 mA through
the blue L e above light-emtting device, total |um nous flux was
measur ed mi?hyaﬁ |ﬁt%@%ﬁ@ﬂngbgﬁﬁéké@“@%ﬂﬂéﬁméﬁﬁEEP%ﬁ“§b€étrun1mas measur ed

at an anbi ept: t-eaperat We-qk 285G c-Thet M $Sion cspeet fimaxsmshown in Fig. 4.
As the results the total |um nous flux was about %@F?%nﬁ§:he peak
X

wavel engt hiives 603~ nm2and EREFW I“SWPEtH- 5t ﬁ&PF“ of the enission
spect rum wasr86:nmc Fuid hee, 1t hie Haatiegiad value bortthexwavet ength range of
500 nmor shorter corr onded to 0.33% of the total |ntegral val ue. The
chronatlC|P?q%%6?dP%a?§§Péf “the°tinme of emission were x,y = 0.5798, 0.4169,
and it wasicosdflirmed that they were within the range of anber col or used
for on-vehicle turn signal S, 0043] val i O f tenperature
characterlgtlcs esE QVVthk?ngmfﬁ% gn el g%?gziogg%réﬁtqu 350 mA t hrough

t he |ight - elititicnig, dévi ce qoredacett iWarehel sect-i 6AI3Tafie & 186nvent i ona

Al Gal nF seni conducter LED . at .argontyol | ed, gndi ent,st enperature, tota

| umi nous flux and chronat|C|ty were nmeasured with an integrating sphere.
The results are shown in Figs. 5 and 6. In Fig. 5, intensity of the

| um nous flux is represented in terns of relative intensity based on the

| um nous flux nmeasured at an anbient tenperature of 25C. In Fig. 6, the
region enclosed with a broken line represents the chromaticity range for
direction indicator defined in ECE, and the region enclosed with an
alternate long and short dash line indicates the ClF1971 spectrum | ocus.

[ 0044] As clearly seen fromthe results shown in Fig. 5, whereas the
| um nous flux of the Al GalnP sem conductor LED decreased in the high
tenperature region, the light- emtting device of the present invention
showed litle decrease of the lum nous flux even in the high tenperature
region. Further, as shown in Fig. 6, whereas the Al Gal nP sem conductor LED
showed a significant chromaticity change dependi ng on change of anbient
tenperature, and it deviated fromthe chromaticity range for direction
indicators, the light-emtting device of the present invention showed
little chromaticity change even when the anbi ent environnent becane 100C.
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[ 0045] On the basis of these results, it was confirned that the
light-emtting device of the present invention could stably nmaintain the

| um nous flux, and show little change of chromaticity, even if it is used
in a high tenperature environnent. Industrial Applicability [0046]
According to the present invention, there is provided a light-emtting
device of amber color that can stably. neintain [umnous flux, and shows
little chromaticity change even at a’hlgh tenperature. This Ilght emtting
devi ce canibe appli®d-toitty idegiapparatiisésdforl Vgt 6Pesce and gener al

amber color LﬁQQ&l?Q%&&Q%&t@&d]J%”E53§§Q§QN§J&%S@éﬁﬁaﬁkﬁ +kQkel i ghting
appar at uses Tor vehi cl'es used at ‘a high anbient tenperature. Bri ef

Descri pti onhiofh cheothawiiGgsfOOM7IC" [ErRE ™9 SAL8r HwfHg “Showi ng an

enbodi ment . of:t-he : bi ghireeai Lt i ngL devikeenof sdthe spresenipiiinvegtion [Fig. 2]
A draw ng show ng an_enbodi nent of the Ik%pthgTagﬁqgatus for vehicles of
the present FFertfof [H5P§S3 % draw hg SHowi ng ah” ehbodi ment of a.

headl anp  usinguhhe:l hght+emtiti ng sdevicce pf< the, ptesent< itngention [Fig. 4]

A drawi ng showi.ng an em ssion spectrum of the I emttin dQV|ce of the
exanpl e [F%“f%](g A “dr &M g sho ﬂ@OW%ﬂpeFaPﬁ?%‘ﬁgﬁL st

&ndendy of “F'timi nous fl ux
of the |igbhteemridti.ng device of the exanple [Flg 6] A draw ng show ng

t enper at ur ependency of..ch 1 L€ gyice of the
exanpl e Dechlp?igna% gx?%t%%ns [% %T%Q¢AY% fﬂ@ﬁngFQ bl ue LED, 3

| anp houseyhigh Buglectrodeti6n, iﬂﬁﬁoﬁddc@lﬁ%PQM%ﬁée“EJ?ﬂD%E§ﬁFPt|ng

which absorbs the excitation light to emit light in
combination, wherein a fluorescent substance comprising an
o type SI1ALON represented by the general formula:

(Cag, Bus) (81,A1)12(0,N}1g (1.5 < o+ £ < 2.2, 0 < £ <0.2,
O/8 £ 0.04) as a main component and having a speclfic
surface area of 0.1 to 0.35 m’/g is used as the fluorescent
substance.

3] The light~emitting device according to claim 1 or Z,
wharein chromaticity of light emitted by the light-emitting

device is in the range defined as x = 0.545, y £ 0.39, and

y £ x - 0.12 in terms of the chromaticity coordinates (CIE
1231 .
143 The light-emitting device according to any one of

claims 1 to 3, wherein the excitation light emitted by the
light source has an emission peak wavelength of 420 to 480
nm.

i5] The light-emitting device accerding to any one of
claims 1 to 4, wherein area of a region of 5C0 nm or
shorter in an emission spectrum of the light-emitting
device consists of 5% or less of the total area of the
emisslion spectrum.

[6] The light-emitting device according to any one of
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element, 23 ... reflector, 24 ... outer lens Cains [1] Alight-emtting
device conprising a |light source which emts excitation |ight and a

fl uorescent substance which absorbs the excitation light to emit light in
conbi nat:hQRysWACKBI B awﬁéy@{@swtmﬁqb%@@cqmmr ki Bgi8A SpdypaS Al ON
represented by the general formul a: (Ca,, Eu) %12 (O,N)16 (1.5 < a +
2.2, 0 «fpthe)lighpfaniteing Buycas hasmai die rrf)’éﬁé t 2F shad Bdnasi e

fl uores%%ngogugﬁtgpc&alle[rz] A light-emtting device conprising a |ight
source which emts excitation |ight and a fluorescent substance which
absorbs [7he éxéiipation kprpratus et vdhghiepn which uses|ghe hhEhein a
fluores S n, M\, type Si @‘hgﬂné epriesented by the
gener al € g%ﬁ%%{g &gvn]ée %%&hzh? %?0 11Ié516 f S<a+5<22 0<85<02
0/ N -2c.1810. 94)13531tanma| apmﬁenfoandehavm@ aogpetbing suriaget area of
0.1to /gl d nt. &g? C [ T

i ght - emmtl'?ltg%gdevllseé%zgéc%fsd%%gl%&u %?1 or %\Aﬁe?aerlldn g ?%)%grf}in%ty of

i ght emrithed lﬁyomhetheghhgm{etmzn:gzldn@w cdemsnin thedramgeldefintar as x %t
0. 545, yl- ot = e of e ci o di nat es
(CE 19§f dl[agfnq'het |g emt |‘”tﬁ~1igeC evél[(r:rg3 act(—iicl)gdlzﬁergEr %g%tglﬁy %%e 0 E{cl ains 1
to 3, wherelinet hevl-exeuhatul—man light-=gmittctied bevtihe lagltrésour ce hasy an

p <

em ssi on_pea vel eng 420 to 480 .nu. | . The light-enitting device
accor di 7§'S t8l§a\é\§ab‘ﬂ% of ¢l allrsnsuieg 0* 2, “Nher- El% gFea" o ggé;’lreénelnt(%n of 500 mMm

or shortien i mhanleghssiPmmmpectogmiol v@@ldiaﬁltmrﬁﬁnggtdeulamc&nm sts of
5% or Ie%s of the tot%I area,of the %m ssion spectrum
erein area of a region o or Bhorter 1n an emission
gpectrum measured without using a color filter consists of 5%
or less of the total area of the emission spectrum.
[10] The lighting apparatus for vehicles according to claim 8,
wherein the main light-emitting direction of the light-

emitting element is substantially perpendicular to the main

light-emitting direction of the lighting apparatus.
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[6] The light-emtting device according to any one of <clains 1 to 5,
wherein the main peak in the em ssion spectrumof the light-emtting device
has a full width at half maxi mumof 100 nmor smaller. [7] A lighting
apparatus for vehicles, which uses the light-emtting device according to
any one of clains. 1 to 8. Alighti apparat us for _vehic|es conprising
a light- @Hﬂt@iHﬁaQF@W%ﬁquggﬁgﬁﬁeEP%rR?ggt¥§£éﬁﬁﬁﬁ6t&ﬁdaF@??é%?ﬁn J 1 i ght
fromthed ght- e ¢1dng el esent, and a lens for irradiating the |ight
reflected by the reflector to the outside, wherein the light-emtting

devi ce according to any one of clainms 1 to 6 is used as the light-emtting
element. [9] The lighting apparatus for vehicles according to claimS8,
wherein area of a region of 500 nmor shorter in an em ssion spectrum
measured without using a color filter consists of 5%or |less of the total
area of the em ssion spectrum [10] The lighting apparatus for vehicles
according to claim@8, wherein the main light-emtting direction of the
light-emtting elenent is substantially perpendicular to the main
light-emtting direction of the lighting apparatus. [11] A headl anp
conprising the lighting apparatus according to any one of clains 7 to 10.
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