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(54) Title: BLUE LED DEVICE FOR DISPLAY, COMPRISING RED ORGANIC-INORGANIC COMPOSITE LIGHT-EMIT -
TING MATERIAL
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o

MES Zhete CIAE 0|8 EF LED &

(57) Abstract: The present invention relates to a
blue LED device for a display, comprising a red

PL (Ex=400nm)

ME AA HRMO

CIE x 0.643

CEy 0.351

Wp{nm) 614.1

FWHM(nm) 124

organic-inorganic composite light-emitting ma-
terial allowing high color reproduction and, spe-
cifically, to a blue LED device for a display, com-
prising a red organic-inorganic composite light-
emitting material having a composition of chem-
ical formula 1 below. [Chemical formula 1]
[(Ax1,R)(L)(X)]n wherein in chemical formula
1, A includes at least one metal ion or a metal

compound thereof, the metal ion being selected

from the group consisting of a monovalent metal

ion selected from Li, Na, or K, a bivalent metal
ion selected from Mg, Ca, Sr, Ba, or Zn, a
trivalent metal ion selected from Al or La, or a
tetravalent metal ion selected from Zr or Ti; R in-
cludes one selected from Eu or an Eu compound;
L includes one selected from aromatic com-

pounds having at least two carboxylic acid

AA ... Sample
BB ... PL spectrum
CC ... SEM IMAGE

groups; X includes at least one selected from
phenanthroline and a derivative thereof; x1 satis-
fies 0<x1<2; x2 satisfies 0<x2<2; the sum of x1
and x2 satisfies 0<x;.+X,<2; yis 2 or 3; and n is an
integer selected from integers of 1 or greater.
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(I %[2°,37:5,613] 2 2] 5= [2,3-1][1,10] ¥ FE F 7)o 5(1,10-F FEZH ) 5], [(Yos
JEups)(4,4° - A H] 2 (R 2 50)y(3] 2] 52[2°,3°:5,6] 9] 244 == [2,3-f][1,10] 2 F EE =)
os(3 A = [2,3-1][ 1,101 ¥ E = #)gs1a, [(Yos,Bups)(é,4 -5 A1 B] 2= (Hl 2 41)),
(3 8] 52[2,3:5,619] 244 == [2,3-][ 1,101 7 T E E &), s(3-H & 3] 24 A =[2,3-1][1,10]
HFEE)s],, [Eu(l,3,5-E & 2=(4-7F5 A 3 ) wil A,
(2 £[2,37:5,6]3 2} A| =[2,3-f][1,10] 2| FE ZF )], [Bu(d,4-5 A H] =l 22 4H),
(3 €] 52[3,2-a:27,3-c]H 2], 1= [Eu(d,4’ -2 A] 0] 2= (H 2 2H),
A1-F S A Y 3] 2] 52 [3,2-:2., 3] WD), & v A g o 2 & 5 QT

g o] ) A~ E ¢ o]-& EF LED A+,

0.01 W] 0.19 mol H] 2] 17} W A] 47} F&ro] 2 Hi= 19| F4:313& Soll A

A el E] = 15 o) Abat 0.1 WA 0.19 mol B] ] Eu 3= Eudlg & Soll A AEE=
1<&3, 0.01 WA 0.6 mol¥] 2] FF2EANVE Ho] & F7) 2b= WA o3&
Zol| A e %= 157 0.01 A 0.2 molH] & AFEE 2 1 F- 54 Foll A
A Y= 150 AR E A gsh= vA 9

A7) 9F o] A YRS 50~100 mle] E(H,0), Z 22 o g v e
t] v & 3£ &-o} 1} o] = (DMF, dimethylformamide) *=+

U] o & o}l A Eo}n}o] = (DMA, dimethyacetamide) 2} - Svjjof] a1 A 3}A|
2ot EFES AxshE A e &2 gl Wi 7 dsHA = 3eho

ERES Az GA &

E

dES
dES
dES

[

—

2
|

—

D),
1]/_]—1_:’

EEE 90~210°C £50l A A sh= dAE E3sto] Al 67 34
9] 24& 2z AN F57] 53 g AR s e
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[126]
[127]
[128]

[129]
[130]

[131]
[132]

[133]
[134]

[135]

[136]

[137]
[138]
[139]

[140]

[141]

[142]

15

[heb 1]

(Axl,Rx2)(L) (X)

3}8h2] 194, AT Li, Na == K Tl A A8 ¥ 17} 540]2 =5, Mg, Ca, Sr,
Ba W= Zn Soll A A ¥l 27} F4r0] 2 Wi AL La S0l A A EE 371
T Ol EiE, Zr B Ti Foll A A8l E 471 30| 202 o] Foxl
ToaRE Nz 1% o) e gl e Wi 9] FEATE S T,

RS Eu ¥ Eudl g e Soll A Ay = 128 £33,

LS 2B AA7 2 Hol i T 2z WS S 32 Fol A A=
1%_2_ Eé‘]—ﬁ}ﬁ

X3= 93 E =& (phenanthroline) 2 I F %4 Sol| A A E 3= 15 o] A&
T3,

x1< 0<x1<2°] 3L, x2F 0<x2<2°] ¥, x13 x29] 32 0<x,,x,<2 ©] 3L

yiz 2 == 3011, nd 1 o]/ 2] Aol A Aely] = A o]t}

TkoF ¥HA A o|u| X & 15t 7 -5- dl}e] FEo] SRR AAT S Fol
T 2= eSS S E 2 307k, AP EEY 2 O f 5 A= Y e

B8 W 982 Ve AL, 1 o] o] Bl gl Eol 7 45 AP Ao S Fof
AT A w7 g X e,

w3k, 7 7he] 91E9] o) WS Hold Aol AR o] ¥ WA,
G40l 192 A BA Aot £ ohulshn, vwkgEo] YA

qHeF 90 °C W qhel Lo A gl e A9 A f57] e kg 37
YA L, 210°CE 20T A AN 5571 B Al me 9ot A ek =
A4S welt

o] &} & A Wi S vk A 12 YERY vh5-

[ 1]

AR+L+X->[(A R (L), (X,

A7) WE-2] 1ol A A, R, L, Xi= 31812 19] A, R, L, X9} Hdalar, & vy o

| B3 AR A PR Fol & FEHE BYFDEA 7] E

A7FRoll Eutt =33 A= g2 dAA o5 a3 R &4
A& Fdste] LED SOl A&t i3 SAS FEAE = =

do
—{1:1
N

J

Lo ool
o N
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[143]
[144]
[145]

[146]
[147]

[148]
[149]

[150]
[151]

[152]
[153]

[154]
[155]

[156]
[157]
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Al
2l 1
0.1 mol®] 2] Y(NO,);-6H,0, 0.1 mol®] £] Eu(NO,);-5H,0, 0.2 molH] 2]
4,4 - A ) 2~ (W 2 4h), 0.2 molH] o 31 214 ==[2,3-f][1,10] 9 F E &2 (3} 3} 2

13)2 A3, AFE 98 E 50ml B2(H,0)0] ¥ FAFA S8 e ]

ZEEE 150°C 2o st A4 F-57] 5 3 A= [(Yos.Eugs

(A4S ATH] 2 CH 2 AR, (9 81 4] 2 [2,3-£][1,10] 3 E =), & Al 28 AT
Al X o 2

170 °C 5ol X A& 2l Al stare= AAld 13 2 WP o=
Az 33 T

Al X 01 3

190 °C Lol A A ot A& Alelsharis Ao 19 g2 o=
Az 33 T

A A eof 4

0.1 molH] 2] Y(NO5);-6H,0, 0.1 mol¥] &] Eu(NOs);-5H,0, 0.2 molH] &]
4,40 -2 X 8] 2~ (¥l 241, 0.2 molH] ¢
¥ 2] %2[2°,3°:5,6] 3] 2FA] =[2,3-f][1, 10| F EE (3} 82 17)S A et a, Agw
'ﬂﬁg 50 ml &(H,0)0 ¥ 31 #A3HA 3 o3

Lol A gt ete] A A f-57] 13w A S [(Yos,Eues

)(4 4 -2 A H| 2 (A 22 Ah)y(3] 2] 52[2°,37:5,6] 9] 2 4] . [2,3-][ L 10] | FEE &), &
A 233t

Al X 01

0.1 molH] 2] AL(SO0.,);, 0.1 mol¥]| 2] Eu 3}5H&, 0.2 molH| &
4.4 - A H| 22 (1224, 0.2 molH] o ) 214 1=[2,3-f][1,10]¥ ' E & % (3} 514
13)S At F#EE A2 E 50 ml B(H0) YL 7 AeA £33 g 4]

A=)

ZFES 150°C 2 5ol A FAdste] A #5571 53 2 Al = [(Alps,Eugs
(4,4 -5 A H] 2= (2 40) (] 2FA] = [2,3-][1L10]H FEE /)], & Al x8 it
Al X 01
0.1 mol¥] 2] TiO,, 0.1 mol¥] 2] Eu 3}3HE-, 0.2 molH] 2] 4,4’ -5 A H] =l 241,
0.2 mol¥] 9] I &}A] x-[2,3-f][1,10]: ]%E%ﬂ(ﬁ}fw] 13)S A3t a, A
HYEE 50ml E2(H,0)° @i HFAsHA Z3H3 b= 7] 2 %%% 150 °C

A&

Lo A g she] A 57 HE ‘?z%f XH» [(Tios,Eug;s
(A4S AT H] 2 2), (9 24 (2, 3-61,10] 5] T E B 21, & A e,

A A o] 7

0.1 molH]| 2] Zn(NOs),, 0.1 mol¥] 2] Eu 3}3=, 0.2 molH] 2]
4.4 -5 A 8] 22 (1 241), 0.2 mol®] 2] ¥ 24 [2,3-£][1,10] 91 FE Z (3} 5]
13)S A#Fetar, 29 U2 S 50ml Z(H0)) YL 7 A&7 £33
E3=E 150°C 2ol A HAdahe] A4 {571 13 I3 A= [(Zngs,Eus
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)44 -5 ATH 2 (L2 A ) (3] 2HA] 1=[2,3-£][1,10] 7]

GEE), & Az A
[158]  21Alel 8
[159] 0.1 mol¥] 2] Bi,0;, 0.1 mol®] 2] Eu &} 3=, 0.2 mol¥] 2] 4,4°-2- A B] 2~ (Wl 24,
0.2 mol¥] o] 3] 2}A] =[2,3-][1,10]¥ FEZ = (3} 82 13)& ig 2kl o, A ey
ﬂiismm%mpMPﬁ~?“}1L Hek opo A EE2 150 °C
Lo A hdste] A A {571 53 g A = [(Bigs,Bugs
m¢iﬂm%m14mﬂﬂ% w[2,3-0(1,10]71 FEE )], & Alzshint
[160]  2Ald9
[161]

0.1 mol®] 2] MnCO;, 0.1 molH] &] Eu 3}3H%-, 0.2 molH| ] 4
0.2 molH] o] 3] &}-A] == [2,3-][1,10]¥| FEEH (3}3H4] 13)& % 5
UEE 50 ml =(H0)0ll Wil FAdstA &3¢ ohs- 7] &

=% ]}‘1 6LH€}04 Zs }‘ﬂ ‘!TT7] 6n:l %%’ H-U— [(Mnys,Eug s
)(4,4 -5 A H] 22 (2 40), (3] 2HA] 1 [2,3-][ 1L, 1013 FEE /)], & Al =83l o
[162] A A4 10
[163] 0.1 mol®] 9] Y,05:Eu*&3E, 0.2 molH) 9] 4,4’-2- A1 8] 2~ (H %
¥ €] %2[2°,37:5,6] Aa‘rx #[23 f1[1,10]¥

OJEE

221, 0.2 molH] 2]
GEEA G 17)S ek, A7
AL s e v 371 £ 150 °C
ol A BH bl A A WTﬂ &g dk3g A & [(Y,0;

Eu)(4 42 A M) 2~ Z2AH) (3 Bl £[2°,37:5,6] ) 2} 4] w[2,3-][1,10] =

EEd),
& Az
[164] A Al 11
[165] 0.1 mol¥] 2] La,05:Ew+3}3HE-, 0.2 molH] 2] 4,4’-3-A] H] 22 (Wl Z£4H), 0.2 molH] 2]
2] 5[27,37:5,6] 3] A == [2,3-][1, 10| FE = (382 17)& A &Fstar, A 2 E
HRE50ml =(H0)° Wil #LdeHA EFe b5 7] Td=2150°C
5o A A ste] A A /Y] 53 - Al S [(LayO,
:Eu)(4,4° - A 8] 2 22 40),(3] 2] 52[2°,3°:5,6] 3] 2} 4] = [2,3-f][1, 10| H E & 7)),
& Az
[166] 2 ALe 12
[167]

0.1 mol¥] 2] Gd,O4:Eu*3}3HE, 0.2 molH] 2] 4,4°-5-A] H] 2(
¥ 2] %[2°,3°:5,619) 2h 4] = [2,3-][1,10]¥]

OJEE

#l Z4h), 0.2 molH] &
dEZA (3 e 17)S A ks, AskE

3 FAsA R o 4] EFEL150°C
SxolA dstel 441 571 % A A% (GO,
{Eu) (4,47 % AT 8] 2 (8 2409 2] 502 37:5,619] €1 K] 2,311, 109 E 3,
< Alzskadrt.

[168]  Z2Alell13

[169]

0.1 mol¥] 9] La,0;:Eu3*3}sH=-, 0.2 mol®] 2] B d ZEFE] o A=, 0.2 mol¥H] 9
3] 2} A 5= [2,3-1][1,10]-F F E Z 812, 3.t} o] 7} B 1} o] E R (3} 82 14)£ ] Fﬂ:é}—r
AeE A7 E 50 ml B(H0)) L 7 DA £33 e 7] 3

A= 150 °C
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[170]
[171]

[172]
[173]

[174]
[175]

[176]
[177]

[178]
[179]
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E5o| A FHAd Ehe] A A 777 H9t g AR [(La,05Ew) (Bl gl e o A =),
(1A 23 1L10]-51 Y 5 21-2.3-Th o] S Lol £, & Al 2191
Al X o 14

0.1 mol¥] 2] Y,04:Eu 3}31E, 0.2 molH] 2] 4,4-3-A] H] 2~ (W Z£4H), 0.2 molH] 2]
o) B 2 9] 8] 15[3,2-a:27,37-c:37.2 ~h:2 7 37 <] P Lk R (8} 814 28) S A #kahan,
A3 ARE S0ml EH0)9 ¥ A3 £33 thE 37 EFES 150°C

S| A jhAdahe] A f-5-7] TRt dd Al & [(Y,0;
‘Eu)(4,4" -5 A 8] =l 240l Ev 9] 8] %£[3,2-:27,37-¢:37,2"-h:27 ", 37|l W X
Mo S A 223 T

Al X 01 15

0.1 mol®]) 2] Y(NO,);-6H,03} 3%, 0.1 mol®] 2] Eu(NO,),-5H,03}3H%, 0.2
molH] 2] 4.4°-5 A 8] 2~ (¥l Z4H), 0.1molH] 2]
1 2] %[2°,3°:5,6] 3] &4 4] == [2,3-f][1,10] ¥ FEE A (3} 84] 17)3} 0.1mol B ¢
L10-9AFEEAZ 2] 16)& A #FstaL, & %hﬂ YHE 50ml EH,0)° €L
TAEA £ b2 37 EFES 150°C 250l A FAd38te] A4 F-57]
Lo 3 AR [(Yos.Eugs)(4,4-5 A1 H] *(‘ﬂi’& )3
(¥ & 527,375,613 2h 4] 2=[2,3-f][1,10] ] FE F H )y 5(1,10- A FEE )5S
Az 33 T

Al X 01 16

0.1 mol®]) 2] Y(NO,);-6H,03} 3%, 0.1 mol®] 2] Eu(NOs);-5H,033H &, 0.2
molH] 2] 4.4°-£ A] 8] 2~ (H24h), 0.1 molH] 2]
I 2] 5[2°,3:5,6]3 2+ 4] =[2,3-(][1,10]9 T E = = (3184 17)3 0.1mol H] 2]
) 2FA] = [2,3-][1,10] 9 F EE (354 13)S A &Fstal, AFE 455 50 ml
EMH,0) Yal T dsHA £33 th & 7] EFES 150 °C 2ol A 7HAd 8k
A A {57 B8 A S [(Yos.Eues) (4,4 -5 A H] 22 (ML 22 41)),
(¥ 2] 5227,3°:5,6]3] 2} 4] 1= [2,3-£][ 1, 10] ¥ F E & ¥ )o (3] 1A 2= [2,3-][1,10]F HE
=) sl Al Z3FAT

Al X 01 17

0.1 mol®] 2] Y(NO,);-6H,03} 3%, 0.1 mol®] ] Eu(NO,),-5H,03 &, 0.2
molH] 2] 4.4°-5-A] 0] 2~ (W Z£4H), 0.1 molH] 2]
¥ 9] 5[2°,3%:5,6]13) & A == [2,3-f][1,1019 F E & 2 (3} 812 17)7} 0.1mol H] &
3-v) &l ) e} A - [2,3-£][1,10]) ¥ G E = 2 (3} 512 15)% Ao, AHH AR5
50 ml 2 (H,0)°l ¥ L3 £33 2 47| EFE-2 150 °C >0 A
gt AA F57] B3 dd Al S [(YosEugs) (4,4 -5 A1 8] 2~ (0 2 4h)),
(¥ & %[2°,3%:5,613] 2h#] 2=[2,3-f][1,10] ¥ FE F ), 5(3-1 & 3] 2} 4] =[2,3-][ 1,10]
HFEEH) ], Azs v

Al X 01 18

0.1 mol®] 2] Eu(NO»);-5H,03}3E-, 0.2 molH] 2]



WO 2017/150831 PCT/KR2017/001766

[180]
[181]

[182]
[183]

[184]
[185]

[186]

[187]
[188]

[189]
[190]

[191]
[192]

19

1,3,5-E 8] 22 (4-7H5 A 9 )l Al 0.2 mol H) 2]

8] 52[2°,37:5,6] 3 24 A = [2,3-f][1,10]H F E Z =1 (382 17)& A #Fehar, A =
YEE 50ml EMH,0)° Wi d3shA £33 o & 7] £33 E& 150 °C
oA At AN F5U] 5 d AR

[Eu(1,3,5-E 2] 22(4-7HA] 3 )y il Al (37 2] 527,375,613 &4-4] = [2,3-f][1,10] ]
EZ], & Axstglth

2 A 19

0.1 mol®] 2] Eu(NO;);-5H,03}¢HE-, 0.2 molH] 2] 4,4°-2 A ¥] A~ (Hl 2
mol®] €] dipyrido[3,2-a:2",3"-c]phenzine (3} 8} 2] 18)S A aF&}ar, & aF
ml =(H,0)0 ¥Wil 7 LdsHA EF 3 v 7] EFES 150°C 2%
A ete] A A 57 B3 Al & [Eu@d,4 -5 A1 8] 200 2 4h),
(dipyrido[3,2-a:2",3"-c]phenzine)], & | Z3}51 .

2 A1 4 20

molH] ¢] 11-methoxydipyrido[3,2-a:2',3-c]phenazine( &} 8} 2] 19)& A &Fs}aL,
AEE 92 E50ml E(H0)9 2 A8 2T U 7] EFES 150°C
S0l A A ske] AA f-5-7] 53 d A & [Eu(d.4 -5 A ] 222
(11-methoxydipyrido[3,2-a:2',3'-c]phenazine)], & A Z 3} %t}

A Ao 21

A& Ex5ta, A7) FEZE el @)

Alete 7)) gl= g Qo] A2 A S S

LED 32 &3t Sof] A7) 4 Ao ¥ s FAe B olo]o] 5 ALE3}o]
RAEEaL, A Ao 1ol A @ A A F5 7] St i A 221 [(Yos,Eugs

)44 S A 8] 22 () 22 A4), (30 EFA) 2 [2,3-£][ 1, 1019 FEE 9)), 9f S 2] 4

Az 3kl e

AL 22

AN 7] = g AR EA AA o 2004 A2 2l AREsh AL el =
71 ATl 213 F A8kl A ATske] LED 971 %] 2F BLUE Al £33} 3.
Ao 23

AN 7] = g AR EA AA o 30l A A2 2l AREsh Al el
871 Al 217 & DSk A ATSEe] LED 91 7]14] °F BLUE Al £35S
AL o] 24

AN 7] = g AR EA AA o 4ol A A2 2l AREsh AL el
871 Al 217 & DSk A ATSEe] LED 91 7]14] °F BLUE Al £35S
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[193]
[194]

[195]
[196]

[197]
[198]

[199]
[200]

[201]
[202]

[203]
[204]

[205]
[206]

[207]
[208]

[209]
[210]

[211]
[212]

[213]
[214]

[215]
[216]

[217]
[218]

20

2] o] 25
A F-57] B3 G A 52 A DA 5ol A Al xzgE AE ALEShE Al 9]l =
%ﬂ@ﬂﬂmﬂ AstA A Ashe] LED 3} 7] A ¢} BLUE Al 2313 T
/\1/\04

@ﬁ°$ﬂ Ho g A 52 A Ao 6ol A Al x As AMEshE A Qo=
71 AAl e 213} & A 5HA A Aol LED 3} 7] #] ¢} BLUE Az 35} T}
/\1/\012

A F-57] B3 G A B2 A Ao 7oA Al xzgE AE ALEShE Al 9]l =
%ﬂ@ﬂﬂmﬂ%%ﬂﬂ@l&ﬂumﬂﬂ1%MM§ﬂ =y
/\1/\04
ﬂmWTﬂ 59k A g2 A A AT 8ol A Al 28 A& ARESEE A 9 edl=
%ﬂ@ﬂﬂﬂﬂ%%aﬂél&ﬂumﬂﬂl%MM§ﬂ+ﬂ%W
/\1/\04

@ﬁ°$ﬂ 59k A g2 A A AT 9| A A 28 A& ARESsEE A 9 edl=
A7] A Aol 213 F L sHA A A she] LED 3 7] 4| ¢} BLUE Al 2313 T

2 Al ol 30

A §77] g AR A DA A 10004 AT S AHEEHE 3
Sloll 3= 447] AT el 2154 5 A7) A 5}e] LED 7] 4 9k BLUE A 23545k
2 Aol 31

ﬂwﬂﬁv1ﬁ%H@hm§iﬁ

h & A& Ak A
ﬂﬂbﬂﬂél1mﬂ%%ﬂﬂﬂﬂ&ﬂumﬁﬂﬂ%B UE Azt
21 A] o] 33
AN 5] 59 e AR 2 AT 13004 A3 Zle AR sk A
elelli= 471 AAle 213 T AsA A A 8ke] LED 217 4] 2k BLUE Al 223} it
A A] o 34
AN 5] 59 e AR 2 A 1400 Al z23 2le AR sk A
ool = 371 AAld 219} & AsHA| A8k LED #1717 2 BLUE Al 23} 3t
Ao 35
AN 7] 59 e AR 2 AT 1504 A3 Zle AR sk A
elelli= 471 AAle 213 T AsA A A 8ke] LED 217 4] 2k BLUE Al 223} it
2 A] o 36
AN 7] 59 e AR 2 A 16004 A3 Zle AFEshs A
elelli= 471 AAle 213 T AsA A A 8ke] LED 217 4] 2k BLUE Al 223} it
2 A] o] 37

A8 §57] 2

o
e
ol
)
kil
it
2

>
>,
£
[—
~
=2
2
2
r
.
o
Su
=
o
Ot
o
rr
.
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[219]
[220]

[221]
[222]

[223]
[224]

[225]

[226]
[227]

[228]

[229]

[230]
[231]

[232]

[233]

[234]

[235]

[236]

21

elolli= 71 Al 213} & A 8HA| A 8He] LED #1714 2} BLUE Al £33 H-
PSS o 38
A f57] B3 g A2 A A 184 Al e A& ARgshs A
Slefi= 7] Al 213 &L eHA A Alske] LED 9714 2 BLUS
PSS o 39

A § 7] By AREA QA 1994 A2 A A= A
9ol = 7] A ol 213} F A5 A 5e] LED 3171 4] <} BLUS: A 23k}

21 AL o] 40

G §27) B Am2A A 20004 AZ G S A3 A
9ol = 7] A ol 213 F 5P A 5] LED 3171 4] <} BLUS A 23k 5k

] 31}

Hlulef 1

Aol A 0 & AFEE 31 9= SCASN((Sr,Ca)AlSiN;:Euzt) 3 334 3= A] 5ol A
T]sle] Al o, o] o] 1E X = & 203 o] HHA]Z(FWHM)< 75 nm=
zki=t},

Hl o 2

H] aef) 1o A Al z2gt A A w2 55 AFESHE Sl o] Q] ol = A A Al d 213
A AAlEte] &F LED Wt E #45lE Al £33t

1?5-] 01]

Aol o] Wb o2 Az A g A5 = 1ol A S vk} 7o)
nearUVell A F 614.1 nm¥] 2 A b3 5418 Ho|m 124 nm 9 F-2 HEX] &5
zh=v) &, 719 g A ol vls A F HhX] &1} 513 o] LEDS A A a3

|

l:l

A g ole ok 4= 9

S =] T A

2371 A A o] 1q1x] 207 v oL el 1o A Al 2k A A kg A 25 HES F 5o
g el EF(A) LED gA (ko) E f150)E Al dot

kA, & 257 150 °Col| A] 210°C 7h4] 20°C (1t A 2.2 FAA S P& 59
d e ggsolu), o] el 2 3kw 150 °)ColA 210 °C 744 3= A 3] &
zh= Hhd o)) 210 °C o] el M= 3 A 8 9] 9 = A8t Aol ety As ¢
T At

%32 614.1 nme| A A kst EA1S Bol= B oulgo ulE A A a2l 7 (Y
o.s,Euo.s)(4,4’-’2F}\] H]—/—\‘(‘ﬂ}_ﬂ' Ns( "451‘;(]1—1——[2 3-f11, 10]”1]]1/_]' =

2~ EGo|t}, o] R o3, oF 360~400 nmol| A 73 o 7] F-& 2=k
2L ok 2= o]q_

5 40l 98H4, 3] 2] 52[2°,3%:5,6] 3] 214 = [2,3-][ 1, 10| ¥ F EE A & E 3135}
- Blue(ok 450 nm) ©1 71338 zka1, oF 613 nmol| A 73k 2] A b33 5}
Zk3=T}. =5, Blue LED-& 0 2 AL8 745 8F 440 wbag Al m e 218 &4 5 9

% 57613 nme] AA b EA g zh= A A w3 Al 2 [(Yos,Eugs
(4,4 -5 A H] 22 2 4h)s(F 2] (27,375,619 2hA] 1= [2,3-f][ 1, 109 HE & 7). 2
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o] 7] 29 E&l & Yehd Aot

X6+ & ol whE 815Ha] 19] AS o] EF o] 9]¢l Al(SO.);, TiO,, Zn(NOs),,
Bi,0;, MnCO, & W7 aho] FAd gk 2 A b Al o) g abg ~F Ed] &
VER 2ol ar, 7 Eod o] i 3152 19 AE o] EF o] 9]¢ Al(SO
)3 Ti0,, Zn(NO3),, Bi,Os, MnCO; = W 7 8to] hA4d gk 41 A k33 2| = o] EDS
T1efEolr, & 8 A 102 & g ol & A A wh Al w5 o] YA o u| A&
Ve Alolth ¥ 8, ¥ 9, % 10 W [(Yos,Eups) (4,4’ -2 A1 8] 2l 241,

(3 8] 52[2,3:5,6]19] 244 = [2,3-(][L10]H FE E 7)), o] o]n| A o]t}

5202 g o & A2 E a1 913 SCASN((Sr,Ca)AISiN;:Eu2+) & 4| 2]
1P R A Z(FWHM)2 75 nmE 2t

5212 By wpE LED 3l 7| X o] A~ EQ S F A $ Al o],

LED 3} 7] #] = 2 €] &£ 4] 4=4] (OE 6630 A ¢} OE 6630 BE 1:4 H] & & 4]-&
el el A A e Al AN LG ARE 5~10 5H% HIHE F ol &
S Aol A Yo A3 Al A A A 2 =S A XA TF%E
%3 LED PKG7} color filterZ %3 8318 747 x, y #3371 (0.27,024)
ThSeh= vl g =2 7 dk

22 A FAA Y ] AR AN EEAE v 3R 19
o] Z3t3le] 2% %] 7]HE NTSC Al Ed o] A A3 E A8 Aol

1]

B2 =M EER + A7 HY w2 8
S =M K + CILE 1931
N5 w23 83 " y
Red 0.6394 0.3245
Green 0.3115 0.6138
Blue 0.1566 0.0415
Gamut(%) 73.5%
o] el A Ao E Fxsto] At sl 7] Woke] srdd T A=
sh719] £ QT AN 71 A Y B gl 754 Ao R e Holihx] gz
A ol A & S st =8 2 HAAA = S oldlld o A=

ol o},

PO
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ATHY
"4 -8 1] st7] s}ekal 19 A& 2h= A 557 B3t dF A RE et
t~Edo]8 &5 LED A,

(3} 1]

[(A +1,R)(L)y(X)]n

3}8H2] 1o A, A= Li, Na == K ol A A8 17} F50]= &, Mg,
Ca, Sr, Ba TE3= Zn ol A A e H 27} F4r0] & = Al B La Sl A
AEE 37F F o) i, Zr EE Ti oA A8 47 580|202
o] Foxl o 2 RE AEE = 1 o] FEol i 119

F&3et e £ 3kEa,

R-Z Eu =& Eudl3H&E %Oﬂ}\ﬂ MENE = 128 ¥ 8)E,
Le 20718 Aol s £/ 2= @A) S3H Fol A e

1&g 383,
= 3¢ E & 2 (phenanthroline) & 1 S5 3] Fol| A A8l ¥ = 1F o] S

i@dﬂ,
x12 0<x1<20] 3L, x2+= 0<x2<2°]H, x13 x22] 32 0<x,.,x,<2 ©] 3L
yi= 2 5= 30]H, n 1 o] 9] Ao A AElE] = g gro|t)

[ 73 2] A 13}kl Qlof A,
233 =2 Zn0, Y,0;, La,0;, Gd,05, AL(SO,);, TiO,, Zn(NO»),, Bi,O;
= MnCO; Toll M A B H = o = 3huE F3tehs 553 32¢ Ae
EA 0 8 5= A4 53 d A5 E Eghele A&l
EF LED ##].

[ 73 3] A 13}kl Qlof A,

71

Eu 52 Eudh 15 o) o] 7o) 9 281, B3z Euol %344
_‘:L_ﬁ\__/\]—Q-UO] A< ﬁggig}%@%ﬂ%$7]%;jL%%XH§%
¥ 35k ] 2 E o] & B LED 4 X,

8734 A3Fel 2 ﬁﬁ
Eu 3}3} =& ZnO:Eu, Y,0;:Eu, La,05:Eu == Eu(NO»);-xH,0 5| A
A8 E = 18019, Eu(NOs);-xH,0 ol A x3= 1 WA 60| A A Bl x = A 5221
e 5RO E ah= A /7] S dE A8 5 X et

t~E# ol &5 LED &A.

%473 5] A1kl ol A,

L2 5171 31514 2 A 8 Sl 4 A= A ZHh A 5HoR
shiz A4 f57] B Y ARE EFehs v 2Feol§ BT LED

[heh4 2]
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N

"c} ] Rl% %\*i(H) Ao} 71(-CN) H3= Hl ' 7](CH,)°] 3L, R, WA] Ry
2}z H YA 0 = G2 2(H), o] =7 (-NH,), Wl ' 7](CH;) 1=

7 (phenyl)©] ", Ry> = 24x(H) 5= ¥ 5 A (-OCH,)©] 2, Ry = F4x(H), C
1~Cs &7 7], 3l 'd (phenyl), n-C,~C, &7 3] 'd (n-C,~C alkylphenyl),

t] v & 9] d (dimethylphenyl), E 2] W € 3 d (trimethylphenyl),

t] of] € 9| d (diethylphenyl), E ] ol & #]| ' (triethylphenyl),

n-4 E 2 3] 'd (n-nitrophenyl), n-°} 7| *= 3] 'd (n-aminophenyl),

n-1 3 J ] J (n-sulfonylphenyl), ¥1/d 3 d 5 d (disulfonylphenyl), n-C;~Cs
=+ A] 7 d (n-C~Cy alkoxyphenyl), ©] Wl E-A] 3] d (dimethoxyphenyl),

t] o] 5-A] 7] d (diethoxyphenyl), n-3] 2] & (n-pyridyl), > 2] ] & (pyrimidyl),

9 7 & (furfuryl), Y22 & ¢| ' (naphthalenyl) 5= 3] & d (pyrenyl)©] ™, Ry,
2 FA2H), C~Cs &Z 7], 9 (phenyl) H=+= n-C~Cs &Z 3 A (n-C,~Cs
alkylphenyl) 5=l A _‘21% T AL, A7) C~C &A= UﬂEA] ol A,
TR EZA BEA] HESA] = Aa L Ao nd 2 WX 4F
AE e = o] = shube] A5=o)H, o-, m-, p-5 W] Eh= A %;ggi
k= AN 757 5 Hd AR5 E 2ot 225 o]8& EF LED
2=,

A6l o} A,

Xi= 8171 8814 1307 27 Fol 4] A 1F o 49 QS KAoR
Shi= 24 §57] B3 0 AR S T3eh T2 B0 ol § SF LED

A

(2514 13]

W Ny

/ 7\
=7 W=

(2o} 2 14]
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P87l ALl glolA,
Xiz at7] 5heha] 289 A& 5H o
E s v =5 olE = LED A
(S} 28]

=N N=

N 7/ \_4

(73 10]  Al1gkel AdojA,
371 382 12 [(Yos5.Eups)(4,4° -5 A H] 2= (Hl 2 41);
(I A 2= [2,3-1][1, 1013 ' FE Z )], [(Yos.Eugs) (4,4’ -5 A1 8] 2 (Hl 2 41),
("ﬂ‘j/]—L[Z’ 3°:5,6]3] 2FA] 52[2,3-f][1,10]H] F E &), [(Alys,Eugs
)(4,4 -SR] 22 (22 41)) (3] 2 4] 32,3-£][1,10] 3 G EE 7)), [(Ties,Eugs
)44 -S- A ) 22 (M 224153 2 4] 32,3411 [ 1,10] 3 ' FEE 7)., [(Znes.Eugs
)(4,4 -5 A ) 22 (22 4h)5(3] 2 4] 32 [2,3-£][ 1,10] ¥ ' FEE 7)., [(Bios,Eups
(4,4 -SR] 22 (22 41) (3] 2] 3 2,3-1][1,10] 3 G EE 7)), [(Mngs,Eugs
)(4.4°- 1Hli(ﬂi§’&))3(§4 2 2] = [2,3-f][1,10]H FEZ 2], [(Y.0;
Eu)(44 -2 A M) 2 (A3 8] 52 [2°,37:5,6] 3] 2R 4] 1 [2,3-f][1,10]H F E
3], [(La,O5:Eu)(4,4’ - Al 8] 22 (Wl 22 4H)),
(43*[2 37:5,6]9] 2F 4] 1= [2,3-1][ 1,101 ¥ F E & 7)), [(Gd,O;
Eu)(4 4 -2 A ) 22 (1 2220, 2] 52 [27,3°:5,6] 3] 2FA] 3= [2,3-f][1,10] 3

o [(La,OxEw)(B T 2 e o] Al &2,

_4_4

5]

J}o J}o J}o J}o _l

I—JI—JI—JI—J

_4_4
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(I A =[2,3-][1,10]-# FEEZ -2 3-t}o| FFH o] ED] | [(Y,0;
‘Eu)(4,4 -5 A H] 220 240, (Fl E vk ] 2] 52[3,2-a:27,37-¢:37,2"-h:27"",37+]]
Iﬂ] q’ﬁ)]m [(Yo.s,Euo.s)(4,4’-%}\] H] —/—\‘(lﬂ}—)&)%
(3 2] 5[2°,37:5,613] A == [2,3-f][1,10] F F E E ), 5(1,10- A HEE ), 4],
[(Yos5,Eups)(4,4 -5 A1 8] 2= (R 2 41)) (3] 2] 52[2°,3°:5,6] 9] 2+ 4] 1 [2,3-f][1,10]
Iﬂ] %E%%)os("ﬂ E]—Z] +[2,3-1][1,10] “Tﬂ %E%%)O.S]m [(Yos5.Eups
)(4,4 - A 8] 20 2 AR (F 2] 522°,37:5,6] 3 2 A] =[2,3-][1,10] I HE &
& ).s(3-7 & 37 24 4] 12,311, 1019 F EF /)y 5],
[Eu(1,3,5-E &) 22 (4-7H5A] 3 Hydl &), 2] 5= [2°,3°:5,6]3] 2} 4] =[2,3-f][ 1,1
0191 FEE 7)), [Eu,4-5 A H] 2= 2 4h),
(H19) 2] 5[3,2-a:2",3"c|F WD), B3 [Eu(4,4’ -5 A1 8] 2= (241,
(1-¥ S A B 9] 2] £[3,2-a:2,3'-c]F 3D, Tl A A w) = &ehE<d
e 5RO E ah= A /7] S dE A8 5 X et
t~E# ol &5 LED &A.

7 11]  Alrgel oA,

8312 19] 24S 2 A A §77] B 0P A2 WA Eo] 15 nm
o591 21 & 5 0% Bz A F o] b5 H A FT7] B u
AnE 3ot v AZ ol 8 BT LED 4.
(373121 ALl WE A F77] B g ARG Az AHA,
17h WA 47F 350l & = 10 FEEFE FolA AE = 1%
o443}, Eu tEi= EushiHE ol A A5 3

rl

Fu}, 2 uA7] S

ol o) 2 s R ELE

9 1 fa) Fol A M= 1% o e AR A
- =]

AegE 95 E 50~100m12] Svjo) Y 7 A A &

H © g &
Az} @A
EFE S 90~210°C S LA FA5 = @A S E3lslo] A2 517
shera) 19 2AE 2 AM /57 B3 Ed A RE 9k
HaEeels &5 LED A

[3}82 1]

[(A.R)L),(X)]a

s}eha] 10 4, Al= Li, Na 3= K Foll A A e g 17F F4:0]2 iz, Mg,
Ca, Sr, Ba BE3= Zn S0l A A el g 27} F4:0] & = Al B3 La S0 A
AelE 37} F4ro]| & i= Zr i T ol A A el 47 F4o)| 207
o] Fol X Lo BZRE A= 15 o) Ato] FEro] & hi= 119

T2~ =LELIE O 3 &L=
= &3t =S Egshal,

R Eu B3 Busl @& Soll A A e s = 158 233,
LE FF 2R A7 2 Ho] i o] zbis upakE A 8135 o) A A Bl ] s

290 sIEl=
155 ¥3s}a,



WO 2017/150831 PCT/KR2017/001766

(7478 13]

[7d -8} 14]

[7d -8 15]

[7d7-8 16]

(7478 17]

34

1= 93 E = (phenanthroline) 2 I F- 54 Fol| A A el 5= 1% o4&
i@&%
x12 0<x1<20] 3L, x2+= 0<x2<2°]H, x13 x22] 32 0<x,.,x,<2 ©] 3L
yi= 2 Hi= 30]H, nd 10]4k9] ol A A el E = Aol
A28l oA,
0.01 W= 0.19 mol¥] 2] 17} A 47} F420]& iz 19] F4:33 5
Fo| A AelE = 1% o) Aba} 0.1 WA 0.19 molH] &) Eu 3= Eudlgt &
Sl A A= 123 0.01 HA 0.6 molH] 8] 72 E AV & Zojx
Tﬂ7“‘M&;ﬁhﬂ e Soll A el E = 1553 0.01 WA 0.2 molH] 2]

AGEEH B I F 54 oA A8 E = 1F ol 985 HFsh=
g E5EHew 3}# AA F7] B g A wE otk

& dle]§ &F LED A

A 123 91\0']}‘1

&= H,0, TR, ol g, v EHE, v E L F-olvho] =(DMF,
dimethylformamide), ©] #| & o} | E o}n} o] =(DMA, dimethyacetamide) ¢!
A& EQOR AN F57] 5 dd A5 5 £t HAaEH 0l &

£ LED X,
;ﬂ 1123}l QLo A,

23} 3 =& ZnO0, Y,0;, La,0s, Gd,05, AlL(SO,)s, TiO,, Zn(NOs),, Bi,0s
= MnCOs 5ol A A8 E = o) = sty & E3tshs 58 dE2 2
EXRom A AR5 483 v & ol-& &F LED FA.

A28l oA,
Eu 3}3} =& ZnO:Eu, Y,0;:Eu, La,05:Eu == Eu(NO;);-xH,0 Fol| 4]
/HE—HIQ A 1*"0111] Eu(NO;);-xH,O oﬂj‘i xi= 1 LHZ] 601]}‘1 HEHQ = ézl:?_
NS EAow A ukg A ns 4838 ] AL o)L B L ED 4X.
A2l glef A,

L 8}7] 3t8h4) 2 7] 8 Tl A A B sz o) = s E 23tk A e
SRR she A4 §77] 53 0 AR S 2iehs v agol s
= LED A

[heh4 2]

HO OH
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A7 R WA Ryp> A2 54 0
YUEZ; o}1] 1; X3} HE= 1) %] 3
H| X 2HE C g SHAL A 3 =
H| X 3HE Cy At 2, X 3 H= v x| 3k ;
H] X 3h Cpqo0bH; X3 = H X 3HE Co Ol B A 2= 2| 3 IE
HXSFEA N, OZ S 17] o] 42 ¥3H6}= C ol Bl 222
N X3+= CH ©|t}.
[d7a 191 Al18%el o)A,
)

_gr
N,
2
2 ¢
ol
rir

o

7] Ry 72&2(H), AloF=7](-CN) 1= ¥ 7](CH3)°] L, Ry WA Ry
ZF HHA 0% G2 4(H), oF] =7 1(-NH,), Wl ' 7](CH;) 1=
7 (phenyl)©] ", Ry> = 24x(H) 5= ¥ 5 A (-OCH,)©] 2, Ry = F4x(H), C
1~Cs &7 7], 3l 'd (phenyl), n-C,~C, &7 3] 'd (n-C,~C alkylphenyl),

t] v & 9] d (dimethylphenyl), E 2] W € 3 d (trimethylphenyl),
t] of] € 9| d (diethylphenyl), E ] ol & #]| ' (triethylphenyl),
n-4 E 2 3] 'd (n-nitrophenyl), n-°} 7| *= 3] 'd (n-aminophenyl),

n-"1 32 d 7 d (n-sulfonylphenyl), T A 3 d #)) d (disulfonylphenyl), n-C,~Cs

-l?i
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&A1 9 (n-C,~Cs alkoxyphenyl), U] ¥ % A] 7 H (dimethoxyphenyl),

t] o] 5-A] 7] d (diethoxyphenyl), n-3] 2] & (n-pyridyl), > 2] ] & (pyrimidyl),

¥ 7 (furfuryl), Y32 -2 d (naphthalenyl) == 3] & d (pyrenyl)©] ™, Ry,

2 G4 (H), C~Ce &7 71, 9D (phenyl) 5= n-C~Cy &2 3 (n-C,~C

alkylphenyl) 5=l A _E—”,%] 5= 931, A7) C~C LEA = W EA], o A,

EREA LEA] MG A Ei= A o8 0 2 YIX] 4 Foll A

A E = o= skl G50l ™, oo, m-, p-& oW e AE EHOR
g

= T
}#XJ}\H B3} ;(HEE _LB‘]-O]»L‘q}\—LEﬂ ]_g_ SE‘LED

571 &3
A=A

(2738201  A183Fol o)A,

X3z 8h7] 3hshA] 13 WiA] 27 Fell ] A B E = 18 ol 3Rl Ale SH R
stz AN F7] B3 g A R g 38k Y&y o] 8 £F LED
&
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[5-1]
PL (Ex=400nm)
A‘g% HRMO PL Spectrurﬁ
CIE x 0.643
CIEy 0.351
Wp(nm) 614.1
FWHM(nm) 124
SEM IMAGE

25 A= L 150°C
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210°C | 26% —— 210

450 500 550 600 650 700 750
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[5=3]
12 - [(Y,5Eu, )(4,4"-S A[H| A (I ZA), (T 2 K] ke [2,3-f][1, 10] H HE E 2],
1
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3 08
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s 06
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g 04
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0 1 T 1
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Wavelength(nm)
[5=4]

- [(Yo5EUo )44 -SAH| 2 (1 2= 41),(T] 2] =[2',3":5,6]T 2t X] =[2,3-f][1,10]F| H E & 8],
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[5=7]
cedax3, SpC 29_Ju|_fos;i;§:31%:34 chedax3: sSpec 294"“-305;%’1?:51%:55
] Element Wt% At% "' ] Element Wt% At%
L CK 56.40 65.83 CK 50.51 69.30
38 OK 33.85 2967 |[|*' 1 NK 04.86 05.72
AIK 08.43 04.38 OK 20.74 21.36
25 Eul 01.32 00.12  |||s1 4 TiK 04.36 01.50
et | Mairix Correction | ZAF Kent Eul 19.54 02.12
.o . | Marrix Correction [ 7ZAFE
Al
0.9 ~ 1.0 -
Ti Eu
0.0 y y y " r El,j r T Y 0.0 y y A 'y ‘.‘ — r T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 3.00 4,00 5.00 6.00 7.00 8.00 9.00
Energy - keV Energy - keV
clledax3. Spc 294u|-50§:i:§:596:21 c:ledax3. spc ZSJUI-EOSLi:!?:E:'ISMS
1] Element  Wt% Ar% (I Element Wt% At%
c CK 54.08 61.73 CK 18.32 61.61
4.9 - NK 13.89 13.60  |||ao - OK 09.54 24.09
OK 28.19 24.16 BiM 67.24 13.00
n Eul | 02.43 0022 || | Eul __ ]04.89 01.30
K'C ' Znk 01.40 00.29 K'c ‘ | Marrix | Correction | ZAF
" | Matrix Correction 1 ZAF "
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o
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Energy - keV Energy - keV
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1.2 -
0.6 o
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Excitation Spectrum I Emission Spectrum

((Y;0,:Eu)4,4"- R ALY 2 (W =L (M2} £(2°,37:5,6) M2t X . (2,3-1}{1, 10) H L2 § &)
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Excitation Spectrum | Emission Spectrum
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Excitation Spectrum Emission Spectrum
[(Gd,0:Eu)(4,4' - R AJH| A (M=), (12| £(2,3":5,6)0] 2} x| ke (2,3-f1[1, 101 HE )],
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! e
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Excitation Spectrum I Emission Spectrum
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[5=15]

Excitation Spectrum I Emission Spectrum
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[5=17]

Excitation Spectrum Emission Spectrum
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