Specification Light-emitting device, vehicular lighting fixture comprising
the device, and headlamp Technical Field [0001] The present invention
relates to a light-emitting device comprising a semiconductor
light-emitting diode (LED) and a novel fluorescent substance in
combination, and an illuminator using it, especially a lighting apparatus
for vehicles and headlamp emitting amber color light. Background Art
[0002] As lighting apparatusesfor vehichesi that emit amber color light, for

11 3Amele, diretion ngioators, hose, pomprisingsleclric ul golored in
A amber color have beenh conventiona ly used. However, as those
cogyercenting thee drawbacks efislediebuihy; i.e., high power consumption
r.2d, restriction.gn; design for smaller size, those utilizing LEDs have been
proposed and practically used. [0003] As amber color LEDs, there are
[Ckrfowin AlGalnP semiconductors and GaAsP semiconductors showing an

emissionR: speetiun:inthedange of about-580 ta-610 nm;itowever: these

LEDs have a drawback that luminescence intensity thereof markedl
deydérBaseliys the dbiefitfehperatirebecorf HFHﬁJeF.tﬁé‘rgth%lr%%%on,
(1fop usesyffering from high ambient-tempetatare-sudh as searicomhbinationnd

qlampls,_a, Iar%e Qumsber of a{nbeerSLEeDg g1u§t b% prgvig%dlzjln order&'{%a us
arbb]télnurné:ﬁrﬁﬁea qu%nﬁfilqoﬁight, Which Teads'to” restriction on %@Eign 0
f dightingappasatases concéming dncrease in costandyeserationiof -
B‘igit%ggﬁ%r&sp@‘te. Moreovgr, since turn signal lamps incorporat_ed int(_)

adlamps locate near engines, and thus are exposed to especially high

[CathBient temperature, required quantity of

As lighting apparatuses for wvehicles that emit amber
color light, for example, directicn indicators, those
comprising electric bulbs colored in an amber color have
been conventionally used. However, as those overcoming the
drawbacks of electric bulbs, i.e., high power consumption
and restriction on design for smaller size, those utilizing
LEDs have been proposed and practically used.

[0003]

As amber color LEDs, there are known AlGalnP
semiconductors and GaAsP semiconductors showing an emission
spectrum in the range cof about 580 to 610 nm. However,
these LEDs have a drawback that luminescence intensity
thereof markedly decreases, as the ambient 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
obtain reguired guantity of light, which leads to
restriction on design of lighting apparatuses concerning
increase in cost and reservation of installation space.
Moreover, since turn signal lamps incorporated into

headlamps locate near engines, and thus are exposed to



light cannot be secured with the aforementioned amber LEDs. [0004]
There have also been proposed lighting apparatuses that realize an
amber color by a combination of a blue LED and a fluorescent substance
that emits light of a long wavelength upon excitation with light emitted by
the LED (Patent document 1). Patent document 1 describes use of

(Ca,Sr)2Si5N8:Eu as the fluorescent substance for long wavelength to be
e Spofibindd With& blaBLED JODOBPHBWEVEE sincethisfiiorascenti ty of

11 §Hbstange shows as full width.at half-maxigum shabeut-loQinaysad 1rps.
emits a lot of long wavelength components of low visibility, it suffers from

[0%%oblem of low efficiency. Moreover, since it shows a persistence
charagcteristia, isuffers fromea preblepn shat aftesglowrin nofsemitting e s

thggrlods f{educes ws%ﬂ)ﬂgr Wheth it |%used with bllnklp%. Furtt%erm

K re, an
optical” il%ezrels?ﬁldigpensab?eo oorlihe%mabecroc%}l)olrrﬁ@h r%] é}ppfra%usu@ RED

andescrﬂiedﬂm%aientdemhaéahméo@mgldmgi ﬁghtle'r_gmfedctiy BEEDoPatent
wagggégﬁigl;%%B?QSQ?J%%@E&H”S§%@N¥E %%b%%QQEe@“%§A@HEOLED

165 Disclosure of the Invention O ject to be Achieved by the
{ P frivishtiod o[000BI: AnobjecFefithe présentinventibnds 6 pidiade ase of
(clightzemitting devicg which efficiently.eraifs lightyith, dess coler ehange
depending on change of temperature even when it is used in a high
Ve Y BErATdretehironfTsiit LARGthEr [objéctof the bFdsent invention is to
ropmyvide a lighting apparatus for vehicles exhibiting superior visibility by

usin ch a light-emitting device_as mentioned above. 2 Me f
ACh%@%&fﬁ%ggbﬁi%ce %hgs %1§Erescent su%stanceagﬁaaé a

full width at half maximum of about 100 nm, and emits & lot
of long wavelength components of low visibility, it suffers
from a problem of low efficiency. Moreover, since it shows
a persistence characteristic, it suffers from a problem
that afterglow 1in non-emitiing periods reduces visibility
when it i1s used with blinking. Furthermore, an optical
filter is indispensable for the amber color lighting
apparatus described in Patent decument 1 for shielding
Light emitted by LED.

Patent document 1: Japanese Patent Unexamined Publication
(KOKAT) No. 2005-123165

Disclosure of the Invention

Object to be Achieved by the Invention

[ooos]

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

using such a light-emitting device as mentioned above.



[0007] According to the present invention, the aforementioned objects are
achieved by using a novel fluorescent substance in a light-emitting device
comprising LED and a fluorescent substance in combination. [0008] The
light-emitting device of the present invention comprises an LED which
emits excitation light and a fluorescent substance which absorbs the
excitation light to emit light in combination, wherein a fluorescent

Meguitystanee Fcormprising ahtetypeISIATON represented by the general

rofasmula: (Caa,Eup)(Si,A)12(0,N)16 (1.5<a+[3<2.2,0<<0.2,0/N<

0.04) as a main component is used as the fluorescent substance. In

partichif it ¢ BRarheterye dPFrhat sudh 3R Aty pe SiATGN as mentioned
a rabevehaving&ai spegific surfage asea of Oelto;35 m2/g is useee 1
Chromatlc of lj ht emltted by the |i t emlttln devic |s preferab
i AR BRI S5 4y o iy £ 570 135 terine B e =Loe
@hr@mtmtijlm&rd%&(@l&%@cf&om@] Theldighting apparatus for
g Ies of the present invention uses the aforementioned light-emitting
evice. Best Mode for Carrying out the Invention [0010] Hereatfter,
embotirentsidfthetighi-emitting devicec and lightiigeapparatus/fort Lon

<ovghisles of the present -inyention will be.explaingd. Firsfy, the.fluorescent

substance constituting the light-emitting device of the present invention
£ Lmse Explaifee it déaf. (00133 Therd Bipe SiRIcKUsedFoPthel 19ht to
erlightemiting deviegpination, wherein a fluorescent substance

comprising an o type SiALON represented by the general
formula: (Cag,Bupg) (S1,Al)12(0,N)1e (1.5 < o + B < 2.2, 0 < f
< 0.2, O/N = 0.04) as a main component is used as the
fluorescent substance. In particular, 1t is characterized
in that such an o type SiAl0ON as mentioned above having a
specific surface area of 0.1 to 0.35 m°/g is used.

Chromaticity of light emitted by the light-emlitting
device is preferably in the range defined as x = 0.545, y
= 0.39, and v = x - 0.12 in terms of the chromaticity
coordinates {(CIkE 1931).

[0009]

The lighting apparatus for vehicles of the present
invention uses the aforementicned light-emitting device.
Best Mode for Carrying out the Inventiocn
[C010]

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

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

[0011)



of the present invention is an Eu-activated Ca-a-SIAION fluorescent
substance represented by the general formula: M,(Si,Al)12(O,N)16,
wherein Ca is used as the element M, and Eu serving as a luminescence
center is introduced as a part of it. Eu-activated Ca-a-SiAION fluorescent
substances are generally excited with light of a broad wavelength range
of from ultraviolet to blue to emit visible light of from yellow to orange.

Howélet, thetSON fiudidsceift dsulsstaidecusedinttheibré sertdnvhitione
o1 realizes emisgion; oflong wavelength light of grange de red by reducing
~oxygen content in the SIAION crystals and increasing solid- solution
L1 egnéeritration"si Ca tiRERIdiTgPE) Speifically, tit enifsight of AR ‘dioér
M, colordy, excifation wyith Hghte ofhagvavelengih in the range«f 420rto 480 and
nm.%oolz The at)ipe SIAION fluorescent substancetmelgitionecg above "
EUC b Preparedby, Tor 8Xamples Subjedting a raw" material powdery > F2*
o fmixture consisting of ¢a) sikican-nitride;N(b) Alumiaamrenitride;fefances are
Ca-containing compound, (d) an, Eu-containing .c e :
1o AION o o hoat G Samant ot 1650 10 TEL06 3 Mirogen. oNge of
f ratmosgphere to lebtaircar augpd SIAION, andsabtaiming gbwder having a

yeMean particle diametes of 1540 25.pm only by glassificatian.. This method

is characterized in that the a type SIAION (e) is incorporated into the raw
SUREEEHEl DOWUHETy Hiixthe, & poWdet Waving & meariarfice didmeater st
o£15 10,25 ds ohfained oghrby elassifiggtion; angl-aiflugreseemtc i ng
OXsubstance obtained b)ﬁj}#ais method has a %mall se;a)}%cific surface area, a'ﬂd—

$65is SEPEOremissidifefficihcy, Sl " fhipetaturd Yependendy for
sogelen oblight:ie hetemittedn anfl small calor gchange Buen in schigh fically,
i&eg%¥¥gugggggvm9:qyg“aﬁégggéolor by excitation with light
of a wavelength in the range of 420 to 480 nm.
[0012]

The « type SI1AION flucorescent substance mentioned
above can be prepared by, for example, subjecting a raw
material powdery mixture consisting of (a) silicon nitride,
(b) aluminum nitride, (c) a Ca-containing compound, ({(d} an
Eu~containing compound, and (e) an o type S1iA1ON to'a heat
treatment at 1650 to 1850°C in a nitrogen atmosphere to
obtain an o type S1ALON, and obtaining powder having a mean
particle diameter of 15 to 25 um only by classification.
This method is characterized in that the o type SiAILON (e)
is incorporated into the raw material powdery mixture, and
powder having a mean particle diameter of 15 to 20 um is
obhtained only by classification, and a fluocrescent
substance obtained by this method has a small specific
aurface area, and shows superior emission efficiency, small
temperature dependency for ccler of light to be emitted,
and small color change even in a high temperature

environment.



The total molar ratio of Ca and Eu (a + P) in the fluorescent substance
exceeds 1.5, and does not exceed 2.2. With (a + P) of 1.5 or smaller, it is
difficult to obtain fluorescence with a peak wavelength of 595 nm or
longer. With (a + P) exceeding 2.2, the secondary phase adversely
affecting fluorescence characteristics comes to be more easily generated.
Further, solid-solution amount of Eu (value of a) is less than 0.2. If it is 0.2
[OBEfafger, the fluorescence peak wavelength shifts, thus it becomes

difficult, {0 ebfaim ap amber color ;and emission; efficiency ; also decreases.
[0014] The ratio of oxygen and nitrogen, O/N, is 0.04 or smaller. If it
£ 1 BRa&eti=e0 b4 HBEORY ftbetonésdifficutt: toPabtaitfiiorestericeSrithia” - < -

w1 peak wavelengty of 595 qet erdanger, butalse salid-sotution ligytsefiGan
ﬂqnd Eu decrease to make it difficult tg reali%% a+ >E%§5. 0015] ¥he
Flaforémentisied fiiorescBRf SuBStaiceTisobtained “inth8Forki o 86%3&'

v i(partictes), andspartielas preferahly thavirg aspeeifig surface arearof 64l y
10 0.35 m2/g, mare_preferably 0.1.t0.0.3 m2/g, are used. If the specifi

“ isgue r?g:lengre"élig Cfgr%seg than 0 g%grﬁ ﬁf%t %%i%nsa%rg %Sart?c zﬂseg 0 i ot%pl ly - fe

eadevelogeorEfludrescentsulistace particle- sofaceshavenghevernness

(vaNd as & E'ti@,igbe_%@i%mneﬁis:'zen%@f 60%.0r more cannot, ??@r, the
obtained. If the specific surface area is smaller than 0.1 m2/g, particle
1 gianfstersectfie fod e, ahkieR nfay invite incomveniente csiithsas

di¢leggingtofa-nezzle of dispenserisaechatthe time; ofassembling te ciency
light-emitting device. In the present invention, values of the specific

& LAt AreaTare values obtained by BET multipoint analysis 5 performed

[ oon the basis of measurement according to the BET

The ratio of ozxygen and nitrogen, O/N, is 0.04 or
amaller., TIf it exceeds 0.04, not only 1t becomes difficult
to obtain fluorescence with a peak wavelength of 595 nm or
longer, but also solid-sclution limits of Ca and Eu
decrease to make 1t difficult to realize o + [ > 1.5,
[0015]

The aforementioned flucrescent substance is cbtalned
in the form of powder (particles), and particles preferably
having a specific surface area of 0.1 to 0.32 m’/g, more
preferably 0.1 to 0.3 m*/g, are used. If the specific
surface area is larger than 0.35 m”/g, primary particles do
not fully develop, or fluorescent substance particle
surfaces have unevenness, and as a resultf, high emission
efficiency of 60% or more cannct be obtained. If the
specific surface area is smaller than 0.1 m‘/g, particle
diameters become too large, which may invite inconvenience
guch as ¢logging of a nozzle of dispenser used at the time
of assembling the light-emitting device.

In the present invention, values of the specific

surface area are values obfained by BET multipoint analysis



method. [0016] The light-emitting device of the present invention has the
same configuration as that of known light-emitting devices except that the
aforementioned a type SIAION fluorescent substance is used as a
fluorescent substance, and the structure and the type thereof are not
particularly limited. As the first embodiment, a typical light-emitting
device to which the present invention is applied is shown in Fig. 1. In this
pelight:emittingrdéviee belectrodds handu5dochoth anodefcatijoderatgie BET
(yj:ged on a Lamp house 3 consisting of an insulating material such
ass fibers and an epoxy resin, and an LED 2 is fixed on the lamp house
[ 08 1with an adhesive such as an epoxy resin. Electrodes for
anode/gathpde of LED 2:areeach.glectrisally-¢ennected.tor correspending

leader electrodes 4 and 5 with a conductive wire 6. A concave is formed,
hagt & 8pprakimatederter Posiion ot the Idmp holise s and Hhtorafge ™79
deflucrescenic-suhstance anda resi-kare fillechindhe copsave 1. gonstitute

18 Iight-emittin% eﬁ)enjent. '0017] As the blue LED 2, a known blue LED
FIRQiRG 2 PEak” Waveldhgth 1 the fangs of 42016 480°4am canbe as6d <<
an8pecific examptesrinchude GaN typeconipaund SemieonductarsyinGaNaxrly
li%@ﬁec mpound semiconductors, ZnO type compound semiconductors,
nSe type compound semiconductors, and so forth. [0018] The resin to

be fillég in-the dorncavesas e sealing: materislonay beld eiateral thatisy

g clransparent for a. wayelength range;sharter than the emissionspeak spoun

wavelength 6 of LED 2, and can be mixed with the fluorescent substance.
in Fig. 1. In this light-emitting device, electrodes 4 and

mel
g

5 for both anode/cathode are provided on a lamp house 3
consisting of an insulating material such glass fibers and
an epoxy resin, and an LED 2 is fixed on the lamp house 3
with an adhesive such as an epoxy resin. Electrodes for
anode/cathode of LED Z are each electrically connected tec
corresponding leader electrodes 4 and 5 with a conductive
wire €. A concave 1s formed at an approximate center
position of the lamp house 3, and an orange flucrescent
substance and a resin 1 are filled in The concave te
constitute a light-emitting element.

[Co17]

As the blue LED 2, a known blue LED having a peak
wavelength in the range of 420 to 480 nm can be used.
Specific examples include GaN type compound semiconductors,
InGaN type compound semiconductors, ZnC type compound
semiconductors, 7ZnSe type compcund semiconductors, and so

forth.
(0018]

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

wavelength range shorter than the emission peak wavelength



Specific examples include thermosetting resins, photocurable resins, low

melting point glass, and so forth. Thermosetting resins such as epoxy

resins, silicone resins, polydimethylsiloxane derivatives having epoxy

groups, oxetane resins, acrylic resins, and cycloolefin resins are

especially preferred. These resins can be used alone, or one or more

kinds of them may be used as a mixture. [0019] Chromaticity of light
cfemittedzby thellightreritting :deviceiofithe present inventientis preferabhyre .

in the ran [ ? 0,545,y > , < X.- in terms  of
Spt%:elﬂc %gm%%g????ggrgﬁétéé%%g?%gl ?%%ﬁ%ﬁéorﬁ%ﬁ%@géan be
phredlized by secombibation ofa Blae LEDY havikngta peak vavelehgte irf et h -

TEAAGe0f 420 19 480.nm.and, the atype SIHION luorescent substance: sins,

mentioned above. However, a fluorescent substance other than the

PogmBéresior fiiore<cEtit stbstanek mértidied dboveinsy alsahes

oxesniained:=sa long as the chromalicity dogsdot deviate kearthedange are
defined above;gozwog As the other fluorescent substance, generall
©Sirgui Miorédcert SUBSanCRE SN 48 diropiim-actvatad MESioH (M°”
ong= Mg, rCa;Srk Bajseurd pilmractivatedM2SiSN8M = Mg CarSr, Ba),
[O%Lgﬁ)ium-activated M3SiO5 (M = Mg, Ca, Sr, Ba), europium-activated
MAISIN3 (M = Mg, Ca, Sr, Ba), and cerium-activated A3B5012 (A =,
Gd, LG ThB =AL Ga)xan: behusetrindégehdentlyer twoiormere kindsy

ac9fthemcan be usedas a mixiure, Futther, if needed. 8 scattering agent, e

such as barium sulfate, magnesium oxide and silicon oxide may be mixe
dejpthe thateridl fér Wavélength conVerion for Centhancigrefleétiontsf terms

o fexaitation light-and-light ofyvhigh naavelengthsis converted bythe material,

00211 The fluorescent substance can be used by mixing it in
chromaticity can be realized by a combination cf a blue LED

having a peak wavelength in the range of 420 to 480 nm and
the o type S1AI0ON fluorescent substance mentioned above.
However, a flucrescent substance other than the amber color
fluorescent substance mentioned above may also be contained
so long as the chromaticity deoes not deviate from the range
defined above.
[0g20)

ks the other flucorescent substance, generally known
filuorescent substances such as europium-activated M;S3i0; (M
= Mg, Ca, Sr, Ba), europlum-activated M;3isNg (M = Mg, Caz,
Sr, Ba), europium-activated M3351i0s (M = Mg, Ca, Sr, Ba),
europium-activated MALSiN; (M = Mg, Ca, S5Sr, Ba), and
cerium-activated B:3Bs0;, (A =Y, &Gd, Lu, Tk, B = Al, Ga) can
be used independently, c¢r two or more kinds of them can be
used as a mixture. Further, 1if needed, a scattering agent
such as barium sulfate, 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.

-1



the aforementioned resin in an appropriate amount. Although the amount

to be mixed in the resin is not particularly limited, it is usually about 1 to

50% by weight, preferably about 5 to 20% by weight, based on the resin.

The fluorescent substance may also be dispersed in the lamp house 3.

[0022] As for the structure of the lamp house 3, blue LED 2, and

electrodes 4 and 5, it is sufficient that the blue LED 2 is fixed on the lamp
[Ofédie 3, and the leader electrodes for anode/cathode are each

electrigally connestedtocorrgsponding angde/cathede eleetipdes of LED 1 1

2, and they may have various configuration§ other ghan that shown in
Eh g 10 O RampiE AIthdtigh not sRowREs drawiritsS el tidy have a
»1 canfigiration thatdhe anodelcathode-electiodes: of LEDh2 apdnot

corresponding leader electrodes are electrically, connected and. fixed on
paﬁweilg%paﬁdg”lﬁekﬁ%t egf' eutectic m%%élr?ﬁlﬁ C%/%% r?atfoft' unq%f a%y
wetghdyctiveaésinabf.whishctypical exarhplestinclude Antbump saxisotropice
regﬁ%‘?‘ic%@s*ﬁ%é% baste ete, oL the like. . confiqyration fhat one of fhe
electrodes of LED 2 is electrically connected to a corresponding ‘Leader
theleb#dde Nand fixed on the lamp house 3 with any of the aforementioned
-oBagerials, and the other electrode and a corresponding leader electrode

are electrically connected with a conductive wire, or the like. Furthermore,
in orde? tbmptéve AbatradidtiorCdropity fSFEED 24 fife imp Htuse™® 2+
anfayhe-eonsiituted withia conductive materiat suelt asa metaksethat iti.zp
canr?I,so serve as the Leader electrode 5 for on%of ghe electrodes. OOZé%(]ES
am

2 8On therslirfite ofthe EOncaVE formed i the rarhp 608 3 Sa Righty’
foreflective: matetialdnay be foeméed dyectrically cennected to
corresponding anode/cathode electrodes of LED 2, and they
may have various configurations other than that shown in
Fig. 1. For example, although nct shown as drawings, they
may have a configuration that the anocde/cathode electrodes
of LED 2 and corresponding leader electrodes are
electrically connected and fixed on the lamp house 2 with a
eutectic material such as that of Au-5n, a conductive resin
of which typical examples include Au bump, anisocotropic
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 3 with any of the
aforementioned materials, and the other electrode and a
corresponding leader electrode are electrically connected
with a conductive wire, or the like. Furthermore, in order
to improve heat radiation property for LED 2, the lamp
house 3 may be constituted with a conductive material such
as a metal so that 1t can also serve as the leader
electrode 5 for one of the electrodes.

(0023]



application, plating, deposition, or the like. Although it is desirable that the
concave has an approximate truncated circular cone shape, it may have
an approximate square pyramid shape. Although the sidewall of the
concave desirably inclines, it may be substantially perpendicular
depending on use. 0024] The light-emitting device of the present invention

shows little color change anc#ggod emission efficiency even _in a high
temperatbie eAVFSHTBNE SirldeSit G8ES IES spEEHE Eudctivated 855

hotyRe SIAION, fluerescents substance asa:-Huoreseent substaneede bey
__excited by light _emitted by a blue LED. The Iightk;emgti dev}gf&f theh 0
2Pyt eSEht iMENtidhtah b Made d tiavd an 8hission spectrum “in Which an-
is aflea Ot awegiontfara wavetength of 500=im or sghorter consiststaf.b%adred

.. less of the total area of the, emission spectrum ing, ED haying a
blﬂaﬁﬁg%itﬁﬁa epesa a@%ﬂel@%g%agf %2%67 fgo %éb ﬁ?%é/ gégg%heggf%_rer%en;floned
pyeatype SINMION flubkéscentisubbtantedMordovet ftheffall awidt dehalf

seMaximym of the:main pegk inthe,emission. spacirm of the light-emitting
device i5 100 nm or smaller. Because of these characteristics, it can
depealizeehfomatfcity in the range defined as x ? 0.545,y 2 0.39, andy < x
10089412 in terms of the chromaticity coordinates (CIE 1931) without using
an optical filter for shielding light of a wavelength of 500 rim or shorter, or
the IiK& Morebver, s for thangé bf chrdtatlcity, Efrohidticity "chdhye”"
shamounts ear bednade t0:satigfy dx< §H3-anduliy: 0.03 irtefmnsiefrchangesn
of the,chromaticit)éggordinates . (rCIE 1931) within an environmep,gta
0

0 éinpérature TARgS of from =201 85C. 90025 Hereafter, the ligh ?Lg
spappdratus foraehictesefithea-« type S1AION fluocrescent
substance as a fluocrescent 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 the
emission spectrum by using an LED having a light-emitting
peak wavelength of 420 te 480 nm and the aforementioned
type SiALON fluorescent 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
chromaticity in the range defined as x £ 0.545, y = 0.39,
and v & x - 0.12 in terms of the chromaticity coordinates
(CIE 1931) without using an optical filter for shielding
light of a wavelength of 500 nm or shorter, or the like.
Morecover, as for change of chromaticity, chromaticity
change amounts can be made to satisfy Ax = 0.03 and Ay =
0.03 in terms of change of the chromaticity coordinates
(CIF 1931) within an environmental temperature range of

from -20 to 85°C.



present invention and the headlamp comprising it will be explained.
[0026; Fig. 2 shows an example of the lighting apparatus for vehicles of
the present invention. This lighting apparatus comprises a light-emitting
element 21, a supporting part 22 which supports the light-emitting
element 21, a reflector 23 having an approximately circular arc shape,
and an outer lens 24 disposed so as to face the reflector 23. The
{Ufightlemitting element 21 is a light-emitting element 21 having the same

structure 8 that.of thedight-emitting deyise shown i, Fig; s, apdds fixed the
on the supporting part 22 so that the upper surface of the light-emittin
Prafindnt- H4Gihg the fifed 1udfeseeAt'sumistantd sHould face'the” diréc

expubstantially perpendicular to a line connecting the light-emitting element
ﬁ nd the lens 24 to prevent outer lights from directly irradiating the

[ ightzemitting element 21. The light-emitting element 21 is connected to a
poweF supply partmet shovexarthesdrawing: G hel géflettor 2@issfortus for

eflecting lights_emi e;light- emitting nent, 2 directi i
Vehféglg(%\g 2421% an eeat kﬁggggt tﬂtg slu}%g%:%%t%]é ge'of %%Eg t%?ﬁé%t%? r%itti%%g QPaOJus
coplemams 2% consists 6id: frietalcored White matérial FoF BRaMplela fiflof 22

whietalsuch as- aluminum ora film.of white pignaent.is formed ondheq -t o
surface by deposition, application, or the” like. Moreover, although it is not

2 3sRGWn iy tHE d R G * afi Dptit 3l filter for-adjustiny sy bé tispdsed te <

1eas requiredbebueen theseutes lens-and the light-emitting etement, 40027,

.Because, of such a structure, colgr of the optical 10 filter or the outer le
L Gt e SeRtPBHHE utdide Wingn 1Hé TGhESH g Elemet 21 doss

hamohemitlightame structure as that of the light-emitting
device shown in Fig. 1, and is fixed on the supporting part
22 so that the upper surface of the light-emitting element
having the filled fluorescent substance should face the
direction substantially perpendicular to a line connecting
the light-emitting element 21 and the lens 24 to prevent
outer lights from directly irradiating the light-emitting
element 21. The light-emitting element 21 is connected to
a power supply part not shown in the drawing. The
reflector 22 is for reflecting lights emitted by the light-
emitting element 21 to the direction of the lens 24, and at
least the surface therecf facing the light-emitting element
21 consists of a metal or a white material. For example, a
film of metal such as aluminum or a film cf white pigment
is formed on the surface by depositicn, application, cor the
like. Moreover, although it is not shown in the drawing,
an optical filter for adjusting tint may be disposed as
required between the outer lens and the light-emitting
element.

[0027]

Because of such a structure, color of the opLical
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When light is emitted, light reflected by the reflector 23 is irradiated
outside through the lens 24. Therefore, colors (appearances) at the time
of light emission and no light emission completely differ to provide
favorable visibility. [0028] The lighting apparatus for vehicles of the
present invention can be used for various lighting apparatuses for
vehicles such as, for example, on-vehicle turn signal lamps, rear
£1combirationlampst edr roons illiaiiAgtior? fanfiss® tnetéPIuminafion Sarntk

whewiteh dlumigatian..Fig 3 shows an- exampleseta hgadlamp to which:the
present invention is applied. Fig. 3, (a) is a front view thereof, and (b) is a

Whggctiorfl Vielw afhy A-20 Thist HeadIamp' & coRgtitited by pidgrat fightitlg <>
; sapparatusessincluding abighbeamramp:31, clow beam amps:32 and 33,
osition ramp 34, and a turn_signal lamp 35. Although the light-emittin

o ite GG Trabs it eiiion ot 68 nghed tiay BrHesCTgning o
11 gpparatuses; itris suitable fer] in parficalar; on-wehicled ¢urnzsignaldamps,

. for.which color range of amber color is standardized in each country. The
visipbllITvy, . . .

color rang% of amber color used for on-vehicle turn signal lamps is

{O&tandardized as an orange range of 0.429 ? 'y ? 0.398 and z < 0.007 (z =

1 - X 1y, Xyzimeans the chromaticity egprdinates) in.)Ig-D5500,in Japan,
~andasy>_0.39,y> 0.79 - 0.67x, andy <x-0.12 in the ECE rules in
InEGGpE T B URfted SStatdS t i$ 3tarndatdize@asys oa3ggratuses for
v ¥9:Q-87x,and < Xr0:12 i 9ARJ5 78c-and,4%278d. {0029]Sinee the amps,

light-emitting element 21 used in the lighting apparatus for vehicles of the
IS GreseRTMVERtion ™1 1 64k fealizé'a Eﬁr%gfﬁndtiﬁyffwgaetw?lo?%, y Beter

110.39; randiy:s X 20.424n terms of therchrematieity cbardinateshows an
example of a headlamp to which the present invention is
applied. #ig. 3, {(a) is a front view thereof, and (b} is a
sectional view along A-A. This headlamp is constituted by
plural lighting apparatuses including a high beam ramp 31,
low beam ramps 32 and 33, a pesiticon 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 suitable for, in particular, on-vehicle
turn signal lamps, for which coler range of amber color is
standardized in each country. The color range of amber
color used for on-vehicle turn signal lamps 1s standardized
as an orange range of 0.429 = yv 2 0.398 and z = 0.007 (z =
1 - x - y, %xyz means the chromaticity coordinates) in JIS
D5500 in Japan, and as v £ 0.39, y £ 0.79 - 0.67x, and y

< x - 0.12 in the ECE rules in Europe. In the United
States, 1t is standardized as y = 0.39%, v = 0.79-0.67x, and
vy = x - 0.12 in SAER J578c and J578d.

[C029]

Since the light-emitting element 21 used in the

lighting apparatus for vehicles of the present invention

11



(CIE 1931), it can provide an on-vehicle turn signal lamp satisfying the
aforementioned specifications. [0030] Moreover, since the light-emitting
device (light- emitting element 21) itself can realize chromaticity within the
standardized range as the light source of the lighting apparatus for
vehicles of the present invention, the lighting apparatus for vehicles of the
present invention enables manufacture of turn signal lamps without use of
caoptieal filtees.:Sinbe {doesaiot wsezryeopticakfilter O lightoemissidn loss’is

angegreased, and %ﬁiciﬁm%ﬁé%a@oow,erﬁaegﬁ%m%&%%O%Qot@ﬁ%@s
exaépagfles of the present invention will be eérgfuned. [0032] 1.

(CPFepatation of a tjp& SPARON flfiorescBRE Sibistandce ‘Sifdontiffite' povider
sa {82 Mmass Y)caluminumdiitriderpewder-(22 i mass do) calcium nitride
wder (9.5 mass %), calcium fluoride powder (5.0 mass %), and
wﬁﬁpo}pium oxide powder (2.2 mass %) were mixed in a mortar, put into a
boromnitridereruciblé nard sibjecteghto-eehedtitieatment iatd 760Cfor 16
emh%lﬂrf’nunde r.eamglrt}rgg lil)atmg ggq%re(:%fnat%og pReiC §BeLSC§IH£€fZ Tc%'%? I%ﬂr{%in
urnace having a carbon fieater. As a result o powder X-ray
thdiffractomvetry tavas confirmed the the Powdep obtainet by ife héanting

a pFS@%%@ was a type SIAION -[00331 The powder.ohtained by theheat
I

“treatment (a type SIAION, 15 mass %), silicon nitride powder (53 mass 12
11 gliriRGnPRiEge fowdérE 9VE fness %), Calditif ritrideSpowder Bri-rass
enX)1ard guropidm-oxide poweer£1.9Mass %) amps without use of

optical filters. Since it does not use any optical filter,
light emission loss is decreased, and efficiency is also
improved.
Examples
[0031]

Hereafter, examples of the present invention will be
explained.
[0032]
1. Preparaticn of o type SiALON fluorescent substance

Silicon nitride powder (61.2 mass %), aluminum
nitride powder (22.1 mass %), calcium nitride powder (9.5
mass %), calcium flucride powder (5.0 mass %), and europium
oxlide powder (2.2 mass %) were mixed in a mortar, put into
a boron nitride crucible, and subljected to a heat treatment
at 1750°C for 16 hours under a nitrogen atmosphere of
atmospheric pressure in an electric furnace having a carbon
heater. As a result of powder X-ray diffractometry, it was
confirmed that the powder cbtained by Che heat treatment
was o type SI1IAION.
00331

The powder cbtained by the heat treatment (uw type

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

12



were mixed, put into a boron nitride crucible, and subjected to a heat
treatment at 1750C 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-pm mesh was used as a fluorescent substance for producing
light-emitting devices. [0034] Crystalline phase of this fluorescent
alggpstafice Was' Raminetrty powder Xaay diffractotdetiyanditwade

pofeund that the existing crystalling phase consisted-enly ot a (type SIAKIN: )
When fluorescence spectrum was measured with a

WeLfedtoifidrophvtontetér, the’peak wavsiehgth was 600 rim, ahd the full

suwitih at hatf anaxineum Wwas<35 i Thetspeciic °surface areawas 8.2hdexr

mZ{gf.O[OOC%S] Plural ?Pds of.fluorgsqﬂné[ Csybstange% lggxamgl_je_\;l to 3,

@ 8%mpa?§f?veaﬁ§gs esTto 8) weré prepa“?é“& byltlhe same pré’pna?aﬁon

camethotas that .deSribedcalzoveswitts eliaiging as + Riand the: O/N ratfoi v e
he_compasition formula I scen n - -~
cl%gs%ﬁ%()%sé%%\%i Z%f&)%{}ﬁ&%“%%% 21%%% %%ruﬁgglrea 4512

Caa,Eup N),6, as shown in Table 1. For the scent
meglibstance6fConfparativel Es@pista l, heosthaingematerial powders o

li%)gp@péggrttpgﬁg type, SIAION were mixed in a stoichiometric ratio and
[o%sﬁ;dg' [0036] [Table 1] 13mc(Nm UNN UOOO iCHO 1WmmC

Crystalline phase of this fluorescent substance was
examined by powder X-ray diffractometry, and it was found
that the existing crystalline phase consisted only of o
Type SiAI0N. When fluorescence spectrum was measured with
a spectroflucrophotometer, the pesak wavelength was 600 nm,
and the full width at half maximum was 85 nm. The specific
surface area was 0.24 n?/g.
(00357

Plural kinds of fluorescent substances {(Examples 1 to
3, Comparative Examples 1 to 5) were prepared by the same
preparation method as that described above with changing o
+ B and the O/N ratio in the composition formula of the
fluorescent substance (Caq,Eup) (S1,Al)2(0,N}15, as shown in
Table 1. For the fluorescent substance of Comparative
Example 1, the starting material powders except for the o
type SI1AION were mixed in a stoichliometric ratio and used.
[0036]
[Table 1]
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2 . Measurementhef florescentcharacterstice0fteristics of

fluorescent substances

Fluorescent characteristics of the flucrescent
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 flucorescent characteristics of the
fluorescent substances, total luminous flux emission
spectra were measured with an integrating sphere using blue
light isolated from light of a xenon lamp light socource and
having a wavelength of 455 nm as an excitation source, by
means of a multichannel spectrometer, MCPD 7000, 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 cof 465 te 780
nm by the method simiiar to that of JIS Z8724. Quantum
efficiency wag calculated according toe the method of Okubo
et al. (Journal of the I[lluminating Engineering Institute
of Japan, Vol. 83, No. 2, Heisei 11 (199%), 87-92 pages,
"Quantum efficiency measurement of NBS standard fluorescent
substance™). The results are shown in Table 1.
[0038]

The specific surface area of the substance of Example
1 was 0.24 m?/g, whereas that observed in Comparative
Example 1 where the o type SiAION was not used as a raw
material for producticon of the flucrescent substance was as
large as 0.42 m*/g. From comparison of these results of
Example 1 and Comparative Example 1, 1t can be seen that if
the specific surface area 1s larger than 0.35 mz/g, a high
luminous efficiency of 60% or more cannot be obtained.
[0039]

As for the content of Ca and Eu (o + B}, from
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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 measured with an integrating sphere using

blue light isolated from light of a xenon lamp light source and having a
coRpReletigth of 455 fint &8 'ah-éxditatiorn 364 %,géy (fhean§ ofat- 7177
comptichannel speetrameter,(MCPR 7000, progduced iy OtsukacElegtopits 3

Co., Ltd. Asé r chromaticity, chromatjcit 000£dinat+es CIEx and C#E)‘/rin
% tHe XYZ &o S systent dBfingd it 31s weré'calctlated fiom thé =9~

themissién spectta datef inithe Wwavelengthaange 61146% taZ80cnminynthe
peNEthod similar g th %fgls!sgi?@f‘- %ﬁ%‘ﬁm ef '8'31"11%3"%‘?%03&%@9‘1

according {o the method 6f Okubo et ournal of the Illuminating
S iEngtheefingtinstitute of Japanswols 83, Koi2, HekdEE(1999)287-93

seeéas%r;}%)!a%@@ efficiencypeasyrement of NBS stapdard.fluorescent

substance”) The results are shown in Table 1. [0038] The specific surface
chafed 6RtheSubstarit@srExample 1Was 624'm2/g" WHB?Eas that
[cobserved in Comparative Example 1 where the a type SIAION was not

used as a raw material for production of the fluprescent substance was as

large =& 0- 45 m2/A5 FFSth coMipdifsoh of et reduld bt "Bxample™tand
(vE&Dmpasative Exampte tothcan bhesseentthahid thespecHicsuriaceraréa i

) ) - 0
5B R 5T DD e s o 600 ot et
seeompadsor vktheresults ot Example: 2(aft = 171)«<Comparative Lut 2on
amgé%@pnlaefzég +<%§1%)@aQ9fCQWP@£@%Veed§X%'T‘E'? %he fluorescence
peak wavelength shifts, and lumincus efficiency is reduced.

Furthermore, from comparison of the results of
Example 2 (O/N ratio = 0.02) and Comparative Example 5 (O/N
ratic = 0.06), it can be seen that the ratio of oxygen and
nitrogen is preferably 0.04 or smaller for both the peak
wavelength and the lumincus efficiency.
(00411
3. Production of Light-emitting device

The flucorescent 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 obtailn 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 emission wavelength: about 460 nm) were fixed. Then,
the resin was cured by heating at 150°C for 1 to 4 hours
and thereby fixed to produce such a light-emitting device
as shown in Fig. 1.

[0042]
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(a+ P =2.5), it can be seen that if a + R is not larger than 1.5, it is difficult

to obtain fluorescence with a peak wavelength of 595 nm or longer, and if

an a type S:iAION of which a + R exceeds 2.2 is produced, the

secondary phase adversely affecting the fluorescence characteristics

comes to be more easily formed. [0040] Further, as for the solid solution

amount of Eu_ (value of P), from comparison of the results of Example 3

(R = 8:04) ahd CormPardtive Bxample 4] 20:25) 1t can‘bé seenthat!
thevenwithrthe same-ac Bhif the solidhseldtion tamauiat-of i (vatue: ofl ~)
1,gxceeds .2, the fluorescence peakwavelength shifts, and luminous .,

effféci)élnscy‘islﬁéiduced.%rt ermore, from compar’lsgn o?%hegres% tsof’
an Example 2r(0AY eatior=10.02)samkCompatative Exampleis (0/NC eatigerature

o006 it Ca‘f‘k]%e Sgan that the xatiq. of gxygen.and, nitiqgenis preferaply .,

0.04 or smaller for_ both the peak wavelength and the luminous

regfficichcy [00419 '3 Produétion 6f Cightierfitiing device ThelfluoreBeerea k

wa%tﬁa%% of Example 1in ap-ameunt ef,2Q pakts by weightwas mixed x
with 100 parts by weight of a thermosetting silicone resin, and kneaded to

of obtain BraRiforAT kG e Sl taSnixfureTvas fijedt8d with"aR infetctor=2 -+
vainie adamprhousg-3-enwvhieh aneleetrede 5 andran biue EEB(galtium

nitride type compound semiconductor LED, peak emission wavelength:
CORBBTAS it Werd ed. Phe the {65 wak coreitby FeMifg at TS0

chiornatoi4 hoyrscand dhereby fixed tolproducessuch atighktsemitting devicey =
o 33l 8 L SRS2L 10 Do e e 1380 D
the range of amber color used for on-vehicle turn signal
lamps.
[0043]
4, Evaluation of temperature characteristics

With flowing an electric current of 350 mA through
the light-emitting device produced in the section 3 and a
conventional AlGaInP semiconductor LED at a controlled
ambient temperature, total luminous flux and chromaticity
were measured with an integrating sphere. The results are
shown in Figs. 5 and 6. In Flg. 5, intensity of the
luminous flux is represented in terms of relative intensity
based on the luminous flux measured at an ambient
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 enclogsed with an
alternate long and short dash line indicates the CIE1971
gpectrum locus.
[o044)

As clearly seen from the results shown in Fig. 5,
whareas the luminous flux of the AlGaInP semiconductor LED

decreased in the high temperature regicn, the light-
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luminous flux was measured with an integrating sphere, and an emission
spectrum was measured at an ambient temperature of 25C. The emission
spectrum is shown in Fig. 4. As the results, the total luminous flux was
about 29 Im, 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 wavelength range of 500 nm or shorter corresponded to
ST0'33% bf e totHl iftegrarvalié SFive dﬁgﬁaﬁ&aﬁcoﬁg}a?ﬁ%&ééﬁﬁiﬁime
de oF emissioT wete Xymi0.5798,04168yvand it washeorfitmedithaptheyture
were within the range of amber color used for on-vehicle turn signal
mps. [0043] 4. Evaluation of temperature characteristics With flowing an
electfic cotrent, of:=36:mAthréugh ithe light-ernitting device prodaded’in

seihe-section 3 and & copventional AlGalnP: semicondyetor LED;atA (451 e

controlled ambient temperature, total luminous flux and chromaticity
deperd Meastted Withh nfegraling SphefdThedesdlts ard Shdlvndf Figs:=d

fro@nd§ InFig B, dntensity of the: luginoys.fluxds represented-n terms ok
relative intensity based on the luminous flux measured at an ambient

i fthpératirestRsEs i #g. 6, the fegibh Encloset With-a Brokef e

1 i representsdhe eheomaticityrange dordirection indicajer-defined in ECE,
and the region enclosed e{\gthcan alternate long and short dash line

“MihdlcatdS the CTETE7L spéctrum locus. [0044] As clearly seen from the

[ Ofesults shown in Fig. 5, whereas the luminous flux of the AlGalnP

semiconductonLED decreased.in the high temperature region; the light, ..
Pt

17 emftting evice of the present invention showed little decrease of the
thiindinobs flaxevén ivthechighdempefdtare resent invention could

stably maintain the lumincus flux, and show little change
of chromaticity, even if it is used in a high temperature
environment.
Industrial Applicability
[0046]

According to the present invention, there is provided
a light-emitting device of amber colior that can stably
maintain luminous flux, and shows little chromaticity
change even at a high temperature. This light-emitting
device can be applied to lighting apparatuses for vehicles,
and general amber color light scurces, and it is especially
suitable for lighting apparatuses for vehicles used at a
high ambient temperature.
Brief Description of the Drawings
10047]
[Fig. 1] A drawing showing an embodiment of the light-
emitting device of the present invention
[Fig. 2] A drawing showing an embodiment of the lighting
apparatus for vehicles of the present invention

[Fig. 31 A drawing showing an embodiment of a headlamp
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region. Further, as shown in Fig. 6, whereas the AlGalnP semiconductor
LED showed a significant chromaticity change depending on change of
ambient temperature, and it deviated from the chromaticity range for
direction indicators, the light-emitting device of the present invention
showed little chromaticity change even when the ambient environment
became 100C. [0045] On the basis of these results, it was confirmed that
us flightsemitlint d&Vicé of fite predertinventiotfcoiid Ssably mifitdinthe
| Fluminous flux;-and showHitlle: ehange ©f Chromaticitysevenif itis used in a
. . high temperature environment. l8ndustrial glicability 0046] According to
L e prIBeht iventish there’is pr \%d%éa%@g t-emitting device of amber
[ Fealor thatzanrstably gmairtainlygmirous:fhax; and showslittie: chromaticity
change even at a high temperature, This.light-emitti vice ca
lu§661leds to\flf“gﬁi na%;p%g%l?a%]s‘gsg %org\%]hglgégg arai(%éﬁgr%%m%ﬁegr c% c%f%ﬁte
[Fsgurceés, and itds’ especially suitablerfor ightingcapparatuses for vehicles
chysedata i*eljgh&m'ﬁ_@t tempgratyre. Brief Description of the Drawings,
[0047] [Fig. ].] A drawing showing an embodiment of the light- emitting
Degevied bf the presdnatmventidn [Fig. 2] A drawing showing an embodiment
[0@fsthe lighting apparatus for vehicles of the present invention [Fig. 3] A
drawing showing an embodiment of a headlamp 18 using the
L Jight-erfifttirity dévice of the frelsent invention TEIE 4] A ttawiny showing
elaremission spectrumxofdhetive wire, 21 ... light-emitting

element, 23 ... reflector, 24 ... outer lens
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light-emitting device of the example [Fig. 5] A drawing showing
temperature dependency of luminous flux of the light-emitting device of
the example [Fig. 6] A drawing showing temperature dependency of
chromaticity of the light-emitting device of the example Description of
Notations [0048] 1 ... resin, 2 ... blue LED, 3 ... lamp house, 4, 5 ...
electrode, 6 ... conductive wire, 21 ... light-emitting element, 23 ...
reflector, 24 ... outer lens 19 Claims2[H]A light-emitting device comprising
r 1@ light soyree: which-emits exeiation lightands fldorescent-substances
which absorbs the excitation light to emit light.in combination, wherein a
b ore RPN S pHSAG At Blye SIAIORT Feff dberibe By e®
whenerabformula:t{Ga, Eup) (SiADDL2 (OiN)H6 (b sai+ 21< 31, OiaP < 0.2,
0/N < 0.04) as a,main.component is used as the fluorescent tar
o A O ] ARG Ao cao LG Tt SOUICe it S 2oty an
o exciationAight and prfuoresceht substancecwhichlabsorby: the: excitation

(clightfo emitilight in, eempination, wherein a flyorescent substance: 5,
comprising an a type SIAION represented by the general formula:

O/fCas Ebal(®i, ML 2t0 /)16 (o ane3ic P2 gs€d €0. 2t hG/INfQ 0o szent

s;& Brain component and having a specific surface area of. 0.1 to 0.35 m2/g
is used as the fluorescent substance. [3] The light-emitting device

[ 2dccortling a1 or 2 GwHéret Ehforaticity bof fighit emitted By the"
whlight-emitting ¢leviceds inthel ranige defined asx:3 05451 r> O.39; @ndcy
Wby G2 lnterms of the chromatictty coordingles (GIE 1938 1»
combination, wherein a fluorescent substance comprising an
« type SiAION represented by the general formula:

(Cag,Bug) (S1,A1)12(0,N) ¢ (1.5 <o+ B < 2.2, 0 <p < 0.2,
O/N = 0.04) as a main component and having a specific
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 2,
wherein chromaticity of light emitted by the light-emitting

device is in the range defined as x = 0.545, v 2 0.39, and

y = x - 0.12 in terms of the chreomaticity coordinates (CIE
1931).
[4] 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.

[5] The light-emitting device according to any one of
claims 1 to 4, wherein area of a region of 500 nm or
shorter in an emission spectrum of the light-emitting
device consists of 5% or less of the total area of the
emission spectrum,.

(6] The light-emitting device according to any one of
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[4] 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. [5] The light-emitting device
according to any one of claims 1 to 4, wherein area of a region of 500 nm
or shorter in an emission spectrum of the light-emitting device consists of
5% or less of the total area of the emission spectrum. [6] The
cIfightsenittiiy devitd atediding'fo 3R Bn8BF 20 daims 1 1555 Wherein the
sp@ain-peak in the.emission- speetrumcpfdbe light-emilting device hasenfullt
width at half maximum of 100 nm or smaller. [7] A light-emitting device

haddmpASAG A light source Ivtiiéh &itts 'éxcitation light and a fluorescent

[ 7Substance amhiehrabsoths;thecexcitationlight te emit hghtighcombimatien,
wherein at an environmental temperature in the  r of -20C t@ 85C

Whéhca%ng%mcﬁ}ttﬁeef%{t%ﬁ ?uarr% inous #Iﬂ% ng. %gl&i §r sl%rﬁgl er;ggrcfé %ﬁromatl%?tyno%e

whthelemitted fight tisén thecrainge idefinedds™ 20.546,y 208% ahd y < X -

2.0 ferms of the chromatficity, caordinates (CIE.1931). {81 The re in the

light-emitting device according to claim 7, wherein at an environmental
r afafitperature bh thetfane 6f~ 20C88985C Lchrbfatitity Ehardge afioant -1
1 satisfies Ox-0.93-and:Ay <,0.934m terms: ot-changeof the chrgmaticity] i ght
~ coordinates (CIE 1931@._ [9]1 A Iighting>ap9aratus for vghicles which uses_
i shenlightéemitting device Aeordingitaany-oneof dlaimsU- toB. T16) A = X
- lighting appeasatus forrvehielesicomprising a light- emittingtelemeént,m 1931) .

. 8r flecﬁq][r1 gor rlezcgblin and reflecti .I%%ht afron’(lj ;[%g% ht;ceomitt'in?%iglement,
"and a K ectecﬁ%y fhe reflector to the outside,

ens fLor irradia %ntgttﬁ%qig %]rezf
whelterein the lightemittingndevice accomdirgrtetanye in the range of -
20°C to 85°C, chromaticity change amount satisfies Ax =
0.03 and Ay = 0.03 in terms of change of the chromaticity
coordinates {CIE 1%31).

[9] A lighting apparatus for vehicles, which uses the
lightwemitiing device acceording to any one of claims 1 to §.
[10] A lighting apparatus for vehicles comprising a light-
emitting element, a reflector for receiving and reflecting
light from the light-emitting element, and a lens for
irradiating the light reflected by the reflector to the
outside, wherein the light-emitting device according to any
one of claims 1 to 8 is used as the light-emitting element.
{11] The lighting apparatus for vehicles according to
claim 10, wherein area of a region of 500 nm or shorter in
an emission spectrum measured without using a color filter
consists of 5% or less of the total area of the emission
spectrum.

[12] The lighting apparatus for vehicles according to
claim 10, 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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one of claims 1 to 8 is used as the light-emitting element. [11] The lighting
apparatus for vehicles according to claim 10, wherein area of a region of
500 nm or shorter in an emission spectrum measured without using a
color filter consists of 5% or less of the total area of the emission
spectrum. [12] The lighting apparatus for vehicles according to claim 10,
wherein the main light-emitting direction of the light-emitting element is

[1sUbstantialf Pérpendiciar 15 the main lighBemittiAg Uitetioh dfthe

adightingrappasatusy 23413 Arheadiamp comprtising, the lighting apparatus
according to any one of claims 9 to 12. 22
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