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Especially, silicate phosphors excited by blue light from an LED and emitting

converted light are used in light emitting devices for implementing white light or color
for demand for several applications. In the last years, the use of silicates has been in-
creasing for LED applications.

The LEDs and especially the High Power LEDs produce a lot of heat during
operation. Additionally, LEDs have to withstand high ambient temperature above
80°C. Phosphors themselves have a system depending on temperature-behavior. The
brightness of most phosphors is decreasing with increasing temperatures.

This so-called temperature quenching depends on the interactions between activator
and host lattice and is influenced by the composition of the matrix, structure, lattice

effects, concentration as well as the kind of activator. In particular, the strength of the
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[22] The difference between exciting radiation and emitting radiation is the Stokes shift.
In Orthosilicates, Disilicates as well as Chlorosilicates, the Stode shift is between 160
nm and 360 nm, and depends on the exciting radiation as well as the excitability of
divalent Europium within the host lattice.

[23] In Orthosilicates, e.g. the activator ion Europium 2+ is surrounded by oxygen ions in
different distance caused by the orthorhombic structure. Best temperature stability has

been observed with Barium rich systems, in which the Europium ions have shortened
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For example, the light emitting may implement white light with CRI of Ra=80~95,
especially 90~95 by the light emitting diode emitting blue light and the luminescent
material.

The luminescent material, that is, the phosphor may be disposed on at least one of
side, top and bottom faces of the light emitting diode. Further, the phosphor may be

mixed into an adhesive or a molding member so that the phosphor can be disposed
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silicate can be provided where Copper is basically an
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electrically connected to each other in anti-parallel.

Advantageous Effects

According to the embodiments of the present invention, light emitting devices having
improved temperature and humidity stability can be provided by employing the non-
stoichiometric tetragonal Alkaline Earth Silicate phosphors. Furthermore, light
emitting devices with higher temperature stability and lower sensitivity against water,

humidity and polar solvents can be provided as well as with high color temperature
range from about 2,000K to 8,000K or 10,000K showing a CRI of 80~95, especially
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Mode for the Invention
Light emitting devices according to embodiments of the present invention will now

be described with reference to the accompanying drawings.

(Light Emitting Device)
Fig. 1 is a cross-sectional view of a light emitting device 100 according to an em-

bodiment of the present invention. Fig. 1 shows a chip-type package comprising at



bodi ment of the present invegtion. [53] Fig. 3 is a
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invention. [54] Fig. 4 is a cross-sectional view of a
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Light emitting diode 6 may be electrically connected to an external power supply
through electrodes 5, and thus emits primary light. The luminescent material 3 absorbs
at least a portion of the primary light and emits secondary light of a wavelength longer
than that of the primary light. As a result, the primary light emitted from the light
emitting diode 6 and the secondary light from the luminescent material 3 are mixed
together, and the mixed light is emitted from the light emitting device. A desired color
of light, for example white light, may be implemented by this mixed light.

The light emitting device 100 can comprise two or more light emitting diodes. These
light emitting diodes may have same emission peaks to each other, or may have
different emission peaks from each other. For example, the light emitting device 100
may comprise same or different light emitting diodes each emitting ultraviolet or blue
light. Furthermore, the light emitting device 100 may comprise a light emitting diode,
for example a red light emitting diode, which emits light with a wavelength longer than
the emission peak wavelength of the phosphors. Such a longer wavelength light

emitting diode may be employed for improving a CRI of the light emitting device 100.
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5 via an elec trically conductive wire 2. [69] The
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em tting device rise [1ght emtting
di $iggpate the heat from the hght emlttmg diode 6 Fur hermore, a lead frame including

lead terminals may be used as the substrate. Such a leadframe may be surrounded and
supported by the molding member 10 encapsulating the light emitting diode.

In Fig. 2, the reflector 21 may be formed of a different material from the substrate 1,
but not limited thereto. The reflector 21 may be also formed of the same material as the
substrate 1. For example, a lead frame having lead terminals can be insert-molded of a
plastic, such as a PPA, which forms the substrate 1 and the reflector 21 together. Then,

the lead terminals are bent to form electrodes 5.
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anphdkaye ifouhtghqfo“eﬁrrprl se ot her phosphors in addition
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lead electrodes 44 through a electrically conductive wire. Furthermore, another elec-
trically conductive wire may connect the other lead electrode 44 to the heat-sink 41,
such that the light emitting diode 6 can be electrically connected to each of the two
lead electrodes 44.

Further, a luminescent material 3 is disposed around the light emitting diode 6 on the

heat-sink 41. As described with reference to Fig. 1, the luminescent material 3, while
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acc }gd AYe FOSSSTIARY Véfi%%lfi‘ HeHemyftingdevise g@@ﬁ?wr‘ﬁng to yet further
I nsrabbdiment ofhie piegdilt ireehtidi.ng devi ce 300 has been

kno efe?é%,g '[0I li‘lgr% the{]ﬁ'[lghttl Hqgtttlg% ggﬁew 20 (g%%rzs-las aR % Ssrlrréé gﬁgand a
paplluracblfcy plelzdt- Sllné%ﬁl’ oelbs2 Wmlchfaze Joared ta tl@dp)llplog tahdmsglted from
haé’a{cﬂ%tl?er Sﬂgﬂteen%ﬁtlrfgucﬁo&@% A 7f £ FRAnRb o"nflﬁe Heap- %‘fnk?@ij and 52

of one | ead tr | east one |ight emt
di G2 elaeirigsly sondiceye F“il’heﬁWéS anp elﬁsﬁqcal&»hcwecta%) lead electrodes

el %ﬂﬁd)li}g@ﬂ disctGRMpeehadtive v&ﬁﬂé@ (rﬁit B&fwﬁ)eﬂﬁp@n@@lfyr DRtEled@electrodes

et Rt ohB i ot bEnTivink por ol otk %@ectffﬂ%; 54 are

mashosm ih Hig. ghbutahosderl elevredenghi be pravidedlehaato.

120035 2T LB By v

e mnntilmggdlad@ofearsi 7,8 deissibed wetd refietance wfldeeh aéletlmnmeg:ent

mtaféﬁaiy%ﬂ]%%s@hbé‘%&&\kz% d&ailWhi | e bei ng di sposed
ar ound t . emtting diode 6, adsorbs at |east

a
por {1 &4 aa?vq fﬂgqui“@ﬁli“s M wERIORT BB I isglepcriherlithat fog light
di &dﬂtll@g’kﬂioeém tismbinghd o ¢l snpstauteli Hf e tiathew@siak engidh the elec-
nesce

fr sQEr be terial .3

ar B FBOER ek S ang ol APRHERY PR Biggor ead
poele¢tonle3Broogh theiclaptmdally domtucnb@ww Vheshiembadiments are limited

th t ' j [y;

B e e

deside psblptios gde thereprgsnectiyedy|n the ¢ape Wheigribe h&ht egnitting diode 6
nojschi '@\QOJBBH@ 8fe, "1PhieR AAPSUWRE @& tilos bl ﬂh@ttolﬁﬂﬂé theRQf, the light

di ode .6 e | um.ne ent mat eri al rt|on
pafpitgne @185%16 &1 (,bter‘3 é‘%caloli cgippeied to %H:eel OdFhY F@{‘nﬁi}‘é‘fu odes
10thm)ghb®0fedHctmﬂllpﬁ:01&thye wires irtdpeaiely. 18 Blis él'd?.e, thé aditesive need

enj been described to have a pair
0 an However, the |ight
thrab s ﬁ" g@‘/d %i.:’it d 32. he |igh

em it thngrrdb@dmmtmfahmsmnwemre theelaght eiméiging divels Gtrhasnbe
thgyrRgl br 01 b%aﬁﬁl)ﬁb%efdrc%ﬁﬁ;%s@éseﬁﬁé’oﬁé%ctoE 86] Fig. 4is

a cross-sectional view of Ight emtting device 400
accdhg 1g]gt qngtty]@tdlode 6 may has, for example, a doublé heterosutructure, single

quantum well structure or multi-quantum well structure, which has a single active
region between n-type and p-type semiconductor layers.

Otherwise, the light emitting diode 6 may comprise a plurality of light emitting cells
spaced apart from one another on a single substrate. Each of the light emitting cells
comprises an active region, and these light emitting cells may be connected to one
another in series and/or in parallel through wires so that the light emitting cells can be

directly driven under AC power supply. Such an AC-light emitting diode can be driven



anot her enbodi nent of the prgsent invention. Fig. 4
shows a |light emtting di ode package for high power.
wO 3p/omsi®erring to Fig. 4, the light emtting PEVKR2008/004734
400 conprises a heat-sink 4 1 provided in a housing
43. The bottom surface of the heat sink 4 1 is exposed
t oinQushBéddidn td- e@lpcﬁbeecstlpplsﬂ @dthédt Qe ARG ecnwsitthbyfdrigéng a bridge

housj. 43, an exte t hrough.t he housi.ng. At.least
ooliRlifid s 08 SRR ST QHER EE IR e B oy
sufdrmoe sefies ireayhehlight ankittihglcetlhpoagingte wibsteite,ithak layrays being
co I
&Q&p%élﬁﬁ @ggkgé ee&&} o @P'mei fiC a?é(}%?r}*ﬁé o@?&ﬁﬁg‘b a[ Qf the AC-

c ohgm(,ermm@gqu@ carfe § tuhréfrawr@ toahwﬁ@«ge Epredomastie Byl §pr example,
conpnebi ¥R WisiRe mlg}l@ Bﬁhﬁﬁhg e 98 BsnetBasch @lr@@tmgea light
44 tQ.the heat - |nk é h t hat thelllgﬁgi t|n ded.
di SRELRE deyicen¥h &ﬂ @ PE EHV?I}/ L OAHRELCPVELSERSh cf b RroVide

[96] t vvthlel@eirr@keg Chier lothérse séeht n{a&&ial Emdyt‘[erdlsp@sémmtweectﬁeﬂlght emitting
rra}h% an tﬂessugstfc’aﬁog%g th%gl% sm élc%%nehﬁ(?ﬂt 1P %g% ocffj: 1S

6 on eat-sin eSCI‘I eren
Fi gloullted,tatmé nhayrendisicibnted wather thaladissivet. Septed hgmnescent material 3

di 3REFR ﬁrag gk%rﬁ(l}}?oij thd h&hteéﬁﬁt&ll H&Wﬁi\k/%efr(ﬁn th%q%ﬁ’i'f Qﬁltﬁﬁg diode 6

| east a porti fromt

enfitd GRS mhé davigsd défﬁ@rt:%t Wa}vgkpgtlhafmrﬁ &waaba@ﬁbf:% lélﬁtt
[97] vvav Erh slav&ﬁpmdchﬁesaﬂ@s Hel Rt J:ﬂnghﬁg th@ ﬁawmbeaﬁ@@eﬁbed above,

ria dotted. an t i ode
F S peSen S fietion i tair e glofituees; i hORRRE Rt e T
rmdarthtm@ dmfnmaeo*f tKlEﬂpIESﬁSnltl owetieoaaarbengodified dépghding mwntthe kigd of the
N
ﬁ%\ﬁv en;ml 8?@81?&1 f_:gﬁllle%gbf? hle?ho\gI tilére(?tg' eggl < ﬁi a{?&%n% angle of
of light| tihgmtlrp@m tqusnghadlght@@uaogda@@wm ng to yet
[og] further enbodi nent of the present invention. [90]
Referring to Fig the light emtting device 500
[99] conﬂr‘irglé‘gscén%%ﬂ% 53 and a plurality of heat-sinks 5
[100] 1 amde hgninkicett rasteriil B, Raehtio uédien kaibsiling:nd st thépidbe @tlention,
fromea er. Light emtting diodes 6 and 7 are
noﬁﬁ]togaég?{otf e heat-sinks 5 1 and 52 through
[101] el edhe lwaihtspentondeidtliive nanthesihiesstriahunieésentrmhaatidlywhich is a

c oﬁg&ﬁé SE)HOI] }ﬁ@ﬁl(getlst@&g;oﬁ ?staﬁ%tﬁ%@&ﬁ C%In%.%{ﬁl]% Frﬁké %licon in the

conductrve wres respectl vel
el eyptablghise thanghat ip shecqiyred] 1attishef &ﬂeqaérephsﬁrsplacné hig g ptatghiometric

53CﬂyQtap§41tu‘éhﬁ|@ In JWtibEaRe RINARESCONESatO%al 2bSaHBAWAIdNA copper in its
%ﬂg{x&n% nor e | ead el ectrodes may be provided

[0 COBIAR RYPPIUE 1341 458¥¥8ht naterial 3 may be
(102 d| s fodedluatineseehtahateed shaydeaeplesdnitel dsithhfolleming fongula 1.
(103 di odes 6 and 7, as described with reference to Fig. 4.
The | uni nescent material 3 will be described bel ow in

[104] det &idrmuf:@R] |1 n the above errbodi ments of the present

|
|
]
[105] [ nvg@g SP@a de%ﬁ?“q@%%")?ﬁ“b alpyt he light emtting
] ed
|
|

IS nou e 'subStrate 1 or on the
106 eat S| nk t hrough the el ec
[107 Wherein, u+v+w+x=1, y=z+a, z<2, 0<x<1, 0<a<(.5, and 0<b<0.5.

[108 The luminescent material is a silicate phosphor having tetragonal crystal structure

different from orthosilicate phosphors having orohorhombic crystal structure.

[109] And, a tetragonal non-stoichiometric silicate can be provided where Copper is
basically an essential part of the matrix.

[110] The luminescent material may be made by a multi-step high temperature solid state

reaction between the starting materials comprising a surplus of SiO, and metal



trically conductive adhesive;d, and electrically
connected to the electrode or | ead el ectrode through
w0 b@oersstd ri cal |y conductive wire. These enbodP@ERR2008/004734
are limted when the light emtting diode 6 is a
"one-bond die", which has its electrodes on the top
Si cempoaldh @l pofesl cieddshad endtal cagspeaet, iMﬁJ:}ydecbﬁlpbhﬁat high tem-
ase Mhere the Ilght emtting diode 6 is a "two-bond
%ﬂauﬁﬁltﬁcﬁéf its two el ectrodes on the top side
[111] t heSev:dral exhi@ples ghthedwinines eyt vhamdelsénamyacheed to use in the light
ﬁﬁftﬁ%%@éleéé d‘f‘%ﬂé‘ﬁ‘éée‘%@ u{vgnttl(l;healﬁl Qfacf%ﬂg Csotfleljeglaﬂe now descrlbed.
el ectrddes throu two electrically conductive w
12]respectively. In this case, the adhesive need not to
[113] be @h@&@w ally conductive. [93] In the enbodi nents of
[114] }'026 eq{g][nlg%et 0@ thq: he nlﬁslg %&n%%nlﬁ%gégr}?@ntedqgllowmg)]/?ormula 2
senidesuribedt or. [94] The light emtting diode 6 nay
has, for exanple, a double heterosutructure, single
uantun1me|| structure or multi-quantum wel |
[116 strﬂﬁﬂumb12NM|ch has a single active regi on between

[115]
]

U17]n ttﬂmﬁ zmspﬁtyf wSem conductor |ayers. [95]
18]
]

it emtting diode 6 may conprise a
plurallty of Ilght emtting cells spaced apart from

[119 oneAt@rsfatnli}ﬁgm@tenalsﬂnn]gNm ph&@h&tﬂtﬁo (Bash), <sfrc0§1@42I9I@g§ Si0,
es an actlive r
et oo 0 AR e RS bR il L BeRP i S, o Sfarting

| nmaeriaBsn &rdl eff vernppanaldeehs whil asigirbumatesirs mitddavitl the ap-

I &%&)r&@shlﬁﬂ&%é l#astogg‘%%:r%t}h rﬁﬁfﬂp%lmqg bt/ d@ﬂg%’l 1@@ In a first

d r $19 ﬁhmmemlﬁes: tijedrinian a]m@np@mlr:lbémmil 35/5%/@ tthgjuines geeatmosphere

AQP@%r%@BI‘éeg’aE)eﬁ)r by4 fQLG] Nﬁe@r&l’ﬁh@lg &thé Gfakerfal %rmﬁ’l@@ I8 a second
series array of light emt 1's connect eo t he

r eUER-fheemixipie 1%9“%? A AR ES P bl #alyPU i W@Hly educing at-
enminbbphee: e hdd ol a h‘B)lufsg TRe1s thsha @i, is hiB&E wakliedly 8ried and

b d h h

DL b SRLLY RIS L8638 i B R g o o
emntKignd, didodestellineshe thantetregmebstupture (shhenvio Figa§ewhah is clearly
do Feln® flldﬁlethetﬂf 0 ﬁ@'ﬂpg (%hO\er:l' BVEQL 922391\'1023 ince_the

I emt S are connecté&d in series. Thus, a
[120] | | g m taplej k. t“FSHg s eletip Serayhilegtiomanahes iHie WatiteB flows mbare &
POWElerE PRIy Figt 8N 1RAd RV ded the[s%l‘tuﬁal%a{s %@éﬂ‘&l{aﬁged &Rised by non-

Iun1n scent terial be disp bet
| i ijﬂltc PR3 Cr?%PBBfeTglsg’E%"rF% <h Bg‘f’rebﬁtg‘éenlc Eﬂfpyttﬁ/ comparing Fig.
he& forsd min-oeichibinetric dne Hig. glhltfoemslbtdh[tgndino OayiQrthosilicate, es-
no adhesi ve 9.
Sl R ror R bt S Lt RO T et
U21]port|on of the light enmitted downward fromthe |ight
[1221€M trtheg diode 6 and emits light having a different
wavel ength fromthe absorbed [ight. [97] Though
several structures for the light emtting device have
been descri bed above, the present invention is not
limted these structures, and the structure of the
light emtting device of the present invention can be
nodi fi ed dependi ng on the kind of the




[123]

[124]
[125]
[126]

[127]
[128]

light emtting diode,

t her eof

el ectriqal

a desired view ng angle of
wo 09ez88the | i ght emtting device,

connect

etc.

li ght,

i on net hod

t he purpose
[ 98] [POI/KR2008/004734

(Lum nescent material) [100] The | um nescent materia
3, which is used in enbodi nents of the present

[ nmﬂ)ld ]qn,

| R

i s now descri bed.

[101] The | um nescent
is a non-stoichiometric |um nescent nateri al,
i's a silicate phosphor having tetragonal

crystal

st Powdaerampaciopbhihei Ingtwoget sifletican (Cn-Kdheadiatiost af some
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gaﬂi:dt\pl?h &4y S/ Li@hiub£e of silicate

ol chionmetric crystal structure.
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G3GERTT N0

epresente

]

od o

| ow n(t):iﬁgbg)r mul a

(}1898

i slode

$®bi bed

0.430%5] [1

3.6534 For my. 14l

0.1818

0.1820

10 |1.808

0.2176

0.1612

0.1771

0.1774

0.1778

11 |1.660

0.2055

0.1395

0.1703

0.1705

0.1707

12 |1.589

0.2030

0.1338

0.1667

0.1667

0.1666

13 |1.522

0.1889

0.1282

0.1595

0.1598

0.1602

14 |1.489

0.1842

0.1256

0.1568

0.1569

0.1569

15 |1.343

0.1802

0.1206

0.1526

0.1527

0.1528

* Data from Literature for Sr;SiOs in (10 = Inm): R.W. Nurse, J. Appl. Chem., 2,
May, 1952, 244-246

(example 2)

Manufacturing method of the luminescent material represented following formula 3

is described.

[Formula 3]




[117] CuO05Sr29ISil o5C6 |i BgOO04 [118] [119] As
starting materials for 1 Mdl phosphor, CuO (3.98g),
WEe@90288499. 60g), Si 2 (63.09g), Eu2C3 (14. O8ghCEHREHL@B/004734
any conbi nations thereof are used. The starting
materials in formof very pure oxides as well as
[129] car bapasesBay.8i KOseEwM.t h the ap propriate surplus of
[130] Silica together with small armounts of flux (NH4C
16g). In a first step, the mxture is fired in an
[131] aI u s serigrgamiieliels dor 1MS @ phor, En0 BERE), Pa€ Oat Fosidias BnCO;
e f 2 FONN
ot A oS (AR EL QSR (R o oLt hPRof §sed. The
fi a‘rté@mg Anaggiiady WrfPHa OF Y iPheeoxddes ps 3Bdps caboppigk jup mixed with a
r eglispliufof Sihc her ¢ithQmaddeiduhRnallud (Reues- 240 nIn 4 N step,
‘t]ﬁ%rl al is ed, 1vvashed lgl“ eg ’gl %ﬁal eved. .
u %@é‘h’cs e ay abalumipe caieiblpag L R AR &S a&B%Were of
581>)~6’1m1(r$hmw11 préxfiing. thd natediatlis Gﬁﬂ/lS(ﬂ agdin.2es sbcEDanh;&ap, the mixture is
t ehre%qg n;g ]fu?ntma gi?:)?e étsl % OS re%)ufmg afm%sgﬁere for additional 6

clearl eren rom the Ica
Fi lyurs. gr hgnghé @)ater{a]_g(}]nllled wathtd diied pad sieved. dhe ﬂummescent material

X- ﬁﬁyancgnilgsﬁﬁpﬁl'aﬁ’iﬁuﬁw & 3’6@' rﬁ’n ?srh%W‘ﬁ’rlh i:}%% 7). AW rud IR i€ ahéc:logously to

evi dence fromF the structure
h X35 é‘hé‘ﬁ@éﬂmééﬂééd‘nﬁ@&&st oi chi omet ry and

[132] COpB@rsubsImﬁ)nCBffdﬁqu @D ogolRdtiudl f? SAenG@aRestlt® & Aiyer¥sion between
53% Pr(ifor a non- stoichiometric and Fig. 12
{15fi¢hi & {Or‘i“c‘;haéﬁVUthﬁ%g‘fPﬁ cate, e s pecially
[133]for t he dlffractlon pattern in the regi on 20=32-42°.
[12 Tabl e 1[ Table 1] [Table ] Powder X-ray
[134] Xall][11)?‘31‘2§)t he 15 strongest reflections (Cu-K 11
[135]r ad Mﬂniuﬁa@yurmg mehed o the Banisesshgpioiia repyasareddolpwing formula 4
dafqefdrpmyli terature. [123] * Data fromLiterature for
Sr38|05 in (10 =Inm: RW Nurse, J. Appl. Chem, 2,
1952, 244-246 [124] [125] (exanple 2) [126]
[137 I\/an[ﬂ(ﬁﬁmum ng net hod of the |um nescent materi al

361 vh

|

[138]rep geﬁﬁg§ O(PM g 0foorrrul a 3 is described. [127]

[12 ot 13“}51)? € u 05Sr 25 1B a0 4Sii 0305

[139]106: Eu 0 04 [ 130]

[140] As starting materials, CuO (5.57g), SrCO; (431.08g), CaCO; (1.0g), SiO, (61.89g),

Eu,0; (14.08g) and/or any combinations thereof are used. The starting materials in

form of very pure oxides as well as carbonates are mixed with a surplus of Silica

together with small amounts of flux (NH,4 24g). In a first step, the mixture is fired in an
alumina crucible at 1,300°C in an inert gas atmosphere for 2~6 hours. After pre-firing,
the material is milled again. In a second step, the mixture is fired in an alumina
crucible at 1,370°C in weakly reducing atmosphere for additional 6 hours. Then, the
material is milled, washed, dried and sieved. The luminescent material has an emission
maximum at 586 nm.

[141] In the following table 2, Relative brightness of various non stoichiometric Copper
Alkaline Earth Silicates at 25°C, 100°C, 125°C and 150°C compared with YAG and
common Silicate phosphors under 455 nm excitation is summarized.

[142]

[143] Table 2



[131] As starting materials for 1 Mol phosphor, CuO
(3.98g), SrCO 3 (376.46g), BaCO 3 (78.94g), SiO 2

W@ 898k3)8 Eu2C3 (14.08g) and/ or any conbi nat i BEIFKR2008/004734

[144]
[145]

[146]

[147]
[148]

t hereof are used. The starting materials in form of

very pure oxides as well as carbonates are m xed wth

a pbp2ls of Silica together with small anounts of

fltilx { HACl - 26. 7g). In a first step, the mxture is
fiFe8'Sh an alumina crucible at 1,300 0C in an inert
gaBelativolidtenas bonoRstGichmuresric Gppr Adkadinkibarthdilidates at 25°C,
ma oal ~do 3 | i :
e 2 Al L A i 3P ERPH G SifelE phgroors under
wedk] ymesgitationg at mosphere for additional 6 hours.

Them—the materitat s miiied, wastied, drigd_an

si|&PBPOSHRB | uni nescent |BREBRoR HEBisHAN e Lsi JAOC|125°C|150°C
mexi mum at 582 nm (' shownwhveldrigh(n [Maxidfugn st ructure |i s
anal ogously to exanple 1 as shown|in table 1 and Fi|g.
8.| [132] By substituti of™f only ™YNbl Barium for

St iumresults in an i SSi on ween nd in

Fi g and to _a r‘hangp iffgthp qtralg?urp ]192’%] [13 'F6 ”

l(exl_am‘sf)gsie):EhassShmwlanuf ge3uring meod of [lobe 192 |78 |63
m-Aescent—ratertat—represented—+fottowngforfutasd

i s|(YesoryiQedu(q1286) [ 137455 For mul &14] [ 138P0cu@@s |73 |57

Srj292 O SiT 030 5 06: 04 [ 189}, [ 140] rartjj.ng

naséw(siﬁgs,ﬂl@uo (5.57q), 3 (4BP208q), 1@§6cc§)§ 529 oo

Si .£1.899), B
(1ﬁ%§‘1}2?1§€g@)€£é&0 9) %’52 (14 5%%9) anqé)srm y ?Z 94

c ere8of are lised. The starti eri

i_ndungmz_giéaagsrly3qg_ggrmlo_a§i425253_ as we|dooas cafbonaes dps |02

+ + h + h ]

m xed—wHth—a—surptus—etSHeatogether—wth—spaH
anbunt St efafo Mhn:QONEEUR4GHS | n a (386t stegl0th@S |94 191

mxture is fired in an alumna crpcible at 1,300 0C in
an—ihert gasat rrncphprp for 2-6 hours. After

pr|€xuf, iBai, 189, s Mbe Mmt $r d.@1|435%5 mi | | eb7agai n. |1ID6 a|9secand (92
steg, the m xture is fifned in an aluni na cruciple at
1,13 &@‘W n weakly reducilng atnosphere for| additiondl 6
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sileved. The | um nescent [material has an em ssipn
mr'riim at 586 nm [ 141] In the fpllow ng| table 2,

Rel-at ine hrightaiess of. Wafd ous no toi ch t Ig-C
B A R0 e S oS " O HE TS 8 |93
and»1500C conpared wi th|YAG and

Non-stoichiometric Oxy-Orthosilicates also show higher emission efficiency
compared with the stoichiometric ones. In both cases, the incorporation of Cu?* as host
component leads to an improvement of brightness and emission efficiency as can be
taken from Fig. 10 for typical orange emitting species.

In the following table 3, sensitivity of non-stoichiometric Copper containing new
phosphors against humidity and temperature compared to common Silicate phosphors
is summarized. Here, the brightness is measured under 450 nm excitation wavelength

with time exposed to the condition of 85°C temperature and saturated humidity.

Table 3



common Silicate phosphors unger 455 nmexcitation is
sunmari zed. [142] [143] Table 2[ Table 2] [Table ]
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Al kaline Earth Silicates at 250C, 1000C, 1250C and
1500C conpared wth YAG and common Silicate phosphors
ungdemnledd5 nm excitation [144] [145] Non-
shfgégjonetric xy-Orthosilicates al so show hi gher
e Jn efficiency conpared with the stoichionetric
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material being a Silicate phosphor having tetragona
crystal structure and having nore silicon in the
crystal lattice than that in the crystal lattice of
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structure. [2] The light em{ging device according to
claim1l1l, wherein the |lum nescent materi al contains

wa@lzaoalozsst8 Copper within the matri x and Eur opi UPCEER2008/004734

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

activator. [3] The light emtting device according to
claim1, wherein the |um nescent material conprises a

sili cate represented as t@@ﬁﬁigu

( BauSr vCawCux) 3y( Zn, My, Mh 0 5+2b: Eua, wherein,
U+V+wﬁfghtemrrﬁﬁ§dev¥c%2oo T&fdg; . 0<a<0.5 and 0<b<0. 5.
[4] The ght, em 1t %n evi ce according to any one of

i
cl ai rrsal.’églftd’ngt m&f‘ﬁé‘?‘%r he lu minescent material is
excit eﬂn@ysﬁ)ﬁiﬂioaﬁdtﬁ@hﬁﬁhma{t m2£i€y i WA SO diRpase(l afound the light

The light.em.ttin i ce, accor di ny .ong. of .

el i me i bl M 5P TR R RSy B0

l'i ght amttmt@dlbdmgmd/mmtl@ lggght bavinp difeexerit twanglengitifiomi dre.absorbed
[ 6] Thﬁgﬂtl ght emitting device according to claimb5,

wherei n"the |uninescent material enits |ight having

wavel eWheRingBe peEAOBDI R Hinigggen matpryl 3 §ifjggte phosphor

em ttiRgigewts rﬁp@@gtgl JighctuPe Qf[l‘yh Iﬁf)re%hliwoﬂﬁn thel@ysal lattice
0l.0

e et t By o et St dhporsn FPHEE yiphjomenic crysta
em ttisigpedirade and |ight emtted fromthe | um nescent
gﬁ; egin"gfleo]fléh@em-[i!?ﬁg fe?igé %&I& ”'Eé [@clgﬁyi %l\lf\%&ﬁ Qﬁeidliuﬂ'%?etsgent material
W t h CRIntafs @aaism%pbwuh@ ghtm@zmdtliurmglum atsdaétwator

em ttifg f?éﬂ%%nhﬂtlﬂﬁtdeé‘ieg aéd&?dlhé‘fﬁ gL B hdIBh Bhd lﬂlmne{sg&nt material
The light enitting device according to any one of

cl ai meCOMRIEFesa sifisalE agnieseRed ag the; fﬁéné%lént material is
di sposesh, &m@tuL)ggzh NABIDfSi$jAle,:Elop and bottom faces

f th ht di od The t t
Gevi cevipBlr FTHE v ar 6= haidr IStk P Tstbng
mat er i ‘dhe fight mfmmldg idatioe acroatlihgsi any ame ofi chbhgli mg3, wherein the lu-
menber rmr{efkée]n H&%na%ﬁ *&c@é@ I%th 1208588 Kﬁ%fn{i"ﬁﬂfﬁrﬂ' and 5b8 nm.

any one o erein t emt ng
di ode Hhrilightiemiting deweentcorting 2ty ceef sBims §in écwherem the lu-

Wi t hi 3m%§%d%@ﬁ1:ﬁ%9ﬁl iﬂﬁﬁgl;ltlgﬂrﬁetﬂellgrtg-wﬁ% $ibd ?%thg %)(d:lﬁﬁ radiation.
accorlg O Clalm urther c rpn 0 er |

emitti FE@ la%&gn%laﬁﬂﬁ‘gla? ACFORIIEH [ R ﬁ%‘@iﬁ@ dhe Wﬂgﬁ“‘éFWt material
t he Iot hedts hg}gm&wﬁ%lv&alvblﬂggtﬁlb@d&eﬁE’OD $inl zlnglftBOﬁfmlf onger

wavel e than,. .t em SSi Q ak wavel.engt the . .
o nod e e Rahd 5T SqpRARREF IR D EARRT ), Bl Migen whir
accor diigly or desgiedilightldf, colras anplembiase by kagiag dighipemnisted fimm the
substr lg 'rf]:n‘?tﬁiggs %%h@ hgﬂteeﬂu'ttg@hoﬁmhé i hfeefdfat Sal.

nmount e
The light emitting deV1ce according to any one of claims 1 to 3, implementing

white light with CRI of Ra=80~95 by the light emitting diode emitting blue light
and the luminescent material.

The light emitting device according to any one of claims 1 to 3, wherein the lu-
minescent material is disposed on at least one of side, top and bottom faces of the
light emitting diode.

The light emitting device according to claim 9, wherein the luminescent material
is mixed into an adhesive or a molding member.

The light emitting device according to any one of claims 1 to 3, wherein the light
emitting diode and the luminescent material are configured within one package.

The light emitting device according to claim 11, further compring;



[14] The light emtting devige according to claim 13,
wherein the substrate conprises a printed circuit

whomwpd28818 a | ead frame. [15] The |ight em tti NRECTHBERR@S/004734

[13]

[14]

[15]

[16]

[17]

[18]

[19]

according to claim 13, wherein the package further
conprises a reflector, and Werein the light emtting
di ode othemnmithnettting diode Cf)lﬁflgLﬁé'd wtthm[tﬁ@bad&bge l'i ght

corpr | S50 hE FRERAY hiRpk i G dallsdita PHEN vl than the
eni t t i ergissibo geakowateien gdubisthe anmnf:s[cm]mﬁlthleall i ght
emtii e ﬁl \f'eﬁﬁttl"ﬁg %F{;Lgé B o}cﬁn L Eeﬁh‘;l \Mﬁ%lﬁ't Oﬁa@ﬁage comprises

| uni nescent mat er i st r
menberd sYbpBReE | i ght enitting device according to

cl ai m yheremhige ﬁgm oM RinRABERAE nERAMRUIHERe SRgaE- Si N kt
n

and wh ht, em tt di_.ade j s .nount ed
heat - sﬁfk 18 tfgjm?ﬁgeYliC@ﬁ‘iCOéciﬂlg tq ‘H@mblgz MeeTR sy ﬂff‘t‘i merlses
any onepnﬁtedbﬁtcmsb&rdmz81ea&vlﬁefre1 n the light emtting

gif o??g?ﬁe @%1‘[ { 1tt1ng Y]?e a COI'CP gg go 89 f ,\(xi/hrflzgei@ t}{%l p%[:l%agetfxrther

comprises a reﬂector and

Wherein the light emitting diode is mounted in the reflector.

The light emitting device according to claim 13, further comprising;

a molding member encapsulating the light emitting diode on the substrate.

The light emitting device according to claim 16, wherein the luminescent
material is distributed in the molding member.

The light emitting device according to claim 11, wherein the package comprises
a heat-sink, and

wherein the light emitting diode is mounted on the heat-sink.

The light emitting device according to any one of claims 1 to 3, wherein the light
emitting diode is an AC-light emitting diode having a plurality of light emitting

cells.



