533 B 4 T HL ik 2% 2 Eird Vol.33 No.4
2017 4E 4 J CHINESE JOURNAL OF INORGANIC CHEMISTRY 543-549

ész J_g
H3% LED A Eu &40 &5 15

F AR OF T RBRE NFuF
(LB I XFEFR, LE 200093)

WE. DL LED W e WBUN Far I mRCT e S QPRI mng 5 R ATz 6 H2 F AR #S 2> FOt LED %%
JEB BN SR Z A T RO RCR AR B QIR B S IRER AR R R S AR L 2L SOH AT R B0 DL LED B9 GO AR
EFE R, I LD @ 5Ok 72 W il 1 LED *uﬂ&ﬁ/\‘j'cé?%&ﬁﬁﬂﬁiﬂéigﬁ’lﬁﬁﬁ IARR L GZOUR R T IRAMT I
AR SCHRARGE 1B B L ek NE T BB IR LR LLE R B 90k Eu B 2% 1l IR 20 4 38 5le b 7 4 F A
@y Eu”@%‘%ﬁ’ﬂ#ﬁﬂ%%ﬁ)'ﬂi%y&}ﬁ% ,u& H il Eu 82220 50K KR B0 2 S Holes I i

KEWR . HE LED; £LAY00 ; Eu 2%, ZORZDGL DR W ARLOE RSt Hy ; 7530 206 R 5 9 ek
HESKS, 0614.33'8; TQ4222 XEARIRAD ; A XEH S 1001-4861(2017)04-0543-07
DOI;10.11862/CJIC.2017.044

Red Phosphors Doped by Eu Used in White LED

LI Shuo GUO Ning® LIANG Qi-Meng DENG Hong-Xiao
(College of Science, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: The white LED with advantages of high brightness, small volume, long service life, high efficiency,
energy saving and green environmental protection arouses wide attention. But currently most of the phosphors
used in white LED also owns some drawbacks such as low luminous efficiency, poor color rendering index, high
color temperature, high cost. However, red phosphors can obviously improve the luminous efficacy and color
rendering index of the white LED, so the red phosphors in white LED play an important role in improving its
color rendering index modulation. In recent years, red phosphors have been deeply studied and a lot of new type
red phosphors have been reported. This paper introduces the red line emission phosphors doped by Eu’*, the
band red emission phosphors doped by Eu**, and emphatically introduces the narrow band red emission phosphors
doped by Eu’*. The development of Eu doped red phosphors, the methods to improve the deficiency of the

phosphor, as well as the recent frontier and development tendency of red phosphors are also introduced.
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narrow band red emission phosphors
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Fig.1 Photoluminescence comparison of three phosphors!™
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Table 1 Luminescence performance of sensitization system phosphors by Ce’, Tb*and Eu*

Phosphor composition Excitation peak / nm Emission peak / nm Ref.
LuBOs:Ce™, Th*, Eu™ 360 580, 592, 613~624, 650 [19]
GdBOs:Ce™, Th*, Eu™ 356 592, 612, 624 [16]
LasSi;BO,3:Ce™, Th*, Eu™ 280 591, 614, 620 [20]
Y,Si05:Ce*, Th*, Eu* 355 592, 612, 624 [21]
NaYF,:Ce*, Th*, Eu™ 248 590, 614, 691 [22]
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Table 2 Relative emission intensity under different

excitation wavelength®

Excitation peak / nm

Phosphor composition

397.5 330 290

CagosEugesMoOy 1 1 1
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CagoEuoesBioaMoOy 6.2 560 33

Rambabu 5P £ K 553 (Gd, Y 1 Gd/Y), 45
Bi*Hl Si0, k)2 3 DX LnVO, ZEH 1T T R 4%
WFoE , WFoE R B R O NEE R BN
VO —Bit—FEu*, 48 B AUAT LI & & G0 B if
AT DL G2 0K IR T | Y 0010V 04 Biggor , Euggs 266
W3 1R & G5 B YoV O, Euges 2 6K 19 1.6 1 ;Si0,
TR ZAE W RO R nT LA /> 3R T Y A = 5
R = R ETERE | YooV O4:Bigor , Euges@Si0, 7% 3 #3
1) & T8 B Y05V O Buggs 2 KT 2.2 £,

Bi* i 118 A Ak 770 RE A % W A R B 15 33 45 40

T O RS 4R O B R IR Eud o) I 58
SISO A R, T BitRE A A AR 3T 5 Ak
I, R I G0 T 400 nm BRI 9 58 MO K |
K T W W) BB AT KA B 4R Bu, I Eu R OGTERE
EERE
1.4 #35 Sm* B E R T H

S BEIN NS Eu® 19 B AF A B R R R e AT R
SERER Z B RE L 25/ AT LS B RE LG S

Bouzidi FBFSE T Sm™ Eu*B 4% BaWo, »¢t
#, R R LS Sm* 2 G BaWO,Eu* 2tk 1Y & Ot
FFATIE R | T RORAE R 24% , BaW O, Eu™ Sm™ 9% e #
0 B AL RN (0.660,0.334), €4 46 O 82.90% , il
BaWO,:Eu* %08 4 B AL £5 (0.640,0.361), (A4l 3k
57.78% ; BaW 0S¢ It #3104 & A 475 41 (0.602,0.396)
AR 65.72% , 5 R4S Sm*Z 5 BaWO, Eu*
PN LT 5

Sun EPH B AHTE A R T CayMgy(Si04)s 76K,
IR T8 2% Eu® Sm*AIIEE Eud il Sm¥ X 98 6
PERERYSZMA , TSR . Ca Mgy(SiO,)s Eu* 1] LATE 394
nm YEI I & T &G 614 nm 1Y 056 B ¥ & 7 K AL
B A A A A8 B AH B AR 5 CaygMg, (SiOu)g:Sm* A LA 7E
405nm JEHIR T R G 602 nm B Z00G Hk EETEK
HLFE A AH 4B I (1 BE S 7% B2 i 46428 Eu® F1 Sm™2Z 5,
T Sm**—Eu Z [H] (1 BE 5 5 #% | Ca Mg, (Si0,)s ¢ O6
K TE 400~410 nm (9 W BCH 3400 Eu’+ 19 & Gt 58
B

38 Sm* Al LAY 58 Eut4B 42 £ 6 56 M it I
P A L Pk e g WO R W T Smi—
Eu*Z [ R 88 | 3b48 SmPal L3R i 21 (2 5 by
1 K& EHERE



546 Jd Hl fk

#o% 4R %33 %

2 EuBRHHRAEE SR

TR T (Bu?) 2 — S ) Ea i &
JeE A 4f7 RER BB A 4F05d REH KT 51
0 4f-5d BRIE S FL AR AR VR BRAE , I B E TR 2
HE I I ISR R G R B
2.1 WU RIE KK

AL R — 2 )2 R MR, H
A B L IR R £2 0 (Cay,, Sr)STEWHR R | %28
BRI LAY 6% & i & A

Yang SFPIBFSE R W] A Mg Ga UK Ca I LA
FIE CaS:Eu 2ECH I R IERCR | H I B S st
R BB E 185 CHMF T, CaggyMgooGag,S:
Eu 683 1Y & G it J32 Bt ek B8 1 s 1T e 1 A 3 ik /D>
37%; % T, H R 5 B LR B 24 T4 5 23.9%

Hu ZEP0E 58 1 LABRAL W) R S5 R (Cay, , Sr)S:Eu
LR, BFIE R DAL o FOR S R 2T
YK W21 B = T B R R IR (Cay,, Sr)SEu> 2 6 M
A LABE 430~450 nm 19 #5006 Ok & 5400 Eu? B
Ca/Sr 1E R & et v LU i 15 % Ca 1 Se HL Bk 3k
IRUAS [R) I A B 5 M

B Ak 9 ¢ 6y Fie K I ) AL ) B A < e e R A
2%, SIS Ts SR R Aver 4§ PIE
CaS:Eu>%¢ b 1 28 TR 7 — 2 S0 Ab B0 T R 34 o
PrkME, LR RE SR ARG CaSEu 2t
R K P A5 21 I o A%

22 EHWERIK KK

5 HAT R A 4 are ekt Ak dve
JEH (R e ik 5L R (R Tk R 0 R R A W 9 I e 4
RE BLAT O 5 1 ORI Ak 24 e M DA R R 58 e ik
fiE, BN F1JE LED Y FRARSE B2 e A1 R

Li S5 0 IR B AR A 8 T — & 41 MoSisNg:Eu?*
(M=Ca,Sr,Ba)?¢ e H . DF5ERWILE 395nm LA T,
BEE Fu>f5 220 B2 195 MoSiNgEu*(M=Ca,Sr) &M
LR e Bk, R ST K A 600~680 nm; 1
Ba,SisNgEu> 11 & 41 % K 4 580~680 nm, 7E 465 nm
M & T, CayosEugeSisNg, SryosEuesSisNs F1 Ba, ssFEuge
SisNg 2 6 #0319 AR X & 33 B2 43 5k 71% ,87%
84% , H & 7808505 H 50%~55% ,75%~80%
75%~80% , Sr,SisNgEu>5¢ A 1Y €8 A8 BR A8 5 4% 31 T
PR HERE i (St Ca,S:Eu*) M 7E Eu £ 2% M,_Eu,SisNy(M=
Ca,Sr,Ba) 2¢GH 1, SrSisNg:Eu? 2 6 8y BA i A 1
i S WLED F2¢ 6 R,

W F ALY 3 DN B SR AT SR = R Sk B

GEM FEZE 7], Chen S5, M(NOs),(M=Ca, Sr), -
SisN, Fll Eu(NOs); R JE M B 7E 909%N,+10% H, (7K #1453
BOMAAA T, F 1200 CHVE R T SRR ER L G L T
M,SisNg:Eu*(M=Ca,Sr)% 6 Hr , ST HTE 465 nm
kT, AT LAFE 580~670 nm Ab ™ A= 5 ZU Y & 35t
SALGE0G BROT R LE, A O R R REAR T 2
200 °C, H Ry RN, Ry A3k Tollr DL K B & Je it
TR

Kim SFPTH Z AL AL 8 R &4 F 4 8T (S,
Ca)AISIN;Eu>¢ 60y, IR0 H T LATE 450 nm 15
TR T, K9 635~655 nm MZ0%; I HEEE Sr
W RE B3GR 1 A S 0 ) S T 1 RS Bl AR
T E S0 2K (SrosnCase) AISINSEu>(2% , 5 ¥ H 73 %0)
FOLRYTE 150 CF () & 38 A AR PR 35 = 0 F & 5
SREETY 86% , M YAG:Ce*FECHITE 150 °C T 1Y & it 5
BEAUN % T 1 68% , U] 258 60 BoA B 47 1 #4
FasE k| 2R S 1 WLED HZtk

I T AU R X T 1% 8 B AL DOk 1 A
S R B AT 20 A N A R A I
SRAR i, A FF Tl A A= 7™ | 33X B R HL i 29 T 1% & 51
TR RN, B A B AR TR A L T 4
Xof S TR A R BB R O R AT R L
23 BABEL RIS

BRIR 8 R 990k IR by FL ) 48 W BE AR | 5 BE 5
Wy R AL 2 R PR A | RRE /NGy T 4 AR AR A R
BRI R,

F BRI 58 55 22 1) 30 58 A0 UK o TR 4k 1R 3R 298 8k
JEH ECHE BRI AR T RE R S AT
I, B2 Deng SFPIHTIE AH L5 L T B BU& 1Y 2145
Cay(PO,)0 Z3EHr , M5t H il LLBE 460 nm Y ¥ 6%
K, REFFIETE FWHM ~ 154 nm,665 nm B 5 47 21
o, HHEIEEIA A 6 354.5 em™, KT BB ¢
1) At 48016 P 4168 % 6B . SeSiOs:Eu®*(3 402 em™),
Sr;ALOgEu(4 846.6 cm™) Ml LiSrBOs:Eu™(5 557.9 cm ™),
MHT WLED B HH R 20 mA, €445 4(0.313 5,
0.331 6), HHAHC @R R 6 446 K, W EOFEECH 90.5,
24 EwBZMETLNE SR AH

Eu B 2R 561 Uk 8 R 9Otk A B
8 BU(CRY), B m DG OERCR | AW R S &
JEAE e IR T LA A5 BBl &8 b B 5 4%
il , BEARAH 5 53 (CCT<4 000 K) LA K 48 = 1 3t BH 4%
RS RS R B R T AT
R

Sebastian £ £ 1Y St{Mg,SiN,]:Eu>%¢ St 3 Al LA



5% 4 4 W4F . 106 LED ] Eu B4 EG5000 547

B 450 nm W EEOGEUE , &S 615 nm IILLG, H R g
9 M 43 nm, M[Mg:SiN,J(M=Ca, Sr, Eu) i & X #R ) 3277
R H 25 77 Ao /N T FE sE S | Bu I R A5 1Y 25
o ot 5 AR BHL A, 1t 2 ] A7 A AR A SR A R
o HHFFE IR R | SHMgSiN, | Eu> 2 Y6 M 6E 5 2 it
R R R AR LR s R R IR A H 6 K
i A AR LA 5 100%, A B e
HC Ay B A5 2 (1) A0 o' BOH ) T RE R S R IR ROk
BORBEALAY R A . Sebastian S5958 A R T 377 i R 45
F4 1) Ba[Mg:SiN,|2¢ Y6 # , L2568y 1 & 5 I K R 670
nm, F WL 1 970 em™ W57 32 I HAG P 4 40 J2 A5 a7
o i S S IS RO R ) W L A A e '
Ak B b5 =4,

Pust FHR DI & B T Ca[LIALN,:Eu> % Y # , Iit
PEIEH AT LI 470 nm W56 K, & 5T 668 nm 4T
g6, HPPEIETEH 60 nm, Ca[LiALN,]:Eu 1) @ A8 55 ok
(0.720,0.280) , HA B ALK L Ca[LiALN,]:Eu® 98 Y6 iX
Tl Re B 1 5 Al R A8 A R B R PR IR BT
JE4 1 AIN LiN (SiN #l MgN, PUJrfh &, b T figf 5

JEUE A A R PG | Pust SFPHAAFSE T Sr #4
B Ca, IFIIA T SHLIALN,:Eu>2 6k | 10280
AT LABE 440 nm M EEEEE , &S 650 nm L6,
HAE IS 50 nm, S{LIALN,-Eu® 2 ok HA B AR
PR ME | TE 200 CF AR PR BF 95% 1 AH XF 1t 3%
R H AR H AT A CaAISINgEu> 2t Ky 12
15 14% , 205 0 58 U 78 R ST SE0 R,

Peter 55 “5) H &5 16 & 6 S M A B T Cagoslis
[AloNssFEu> 2GR | M52 3 PR Ll R () T 7 D e
(S5 KE (DU TR AR AIN, B0 2 8RN AH 3% A B AIN, 356
SR E] T TR R WUE I T RN S T &R
SR T LS Eu B 28 R 5T, stk i R G K
647 nm, FUETE R 1 280 em™ SRS MY A K HHEL
B

HIE , Eu 48 2% 10 725 15 2106 K 5139 6 3 19 8 X6 Bk
PE DL BRI A b 1A 45 0 BT LIS & Bu?+ B & R 0 8 5
(L7 A ELAE 3 el D AR SR S BR T A R Y
RAE N e 40 2% et i O 0% oAk 26
DMy BT R R LR 3,

R 3 EuSZEMEGRILL LML ERE
Table 3 Luminescence performance of Eu* doped narrow band phosphors

Phosphor composition Excitation peak / nm Emission peak / nm FWHM /nm Ref.
Ba[MgALN,JEu® 450~480 666 43 [43]
SMgALN, Eu® 450~480 612 54 [43]
Ca[MgALN,J-Eu® 450~480 607 55 [43]
Ba[Mg,Ga,N, Eu® 440 649 46 [43]
Ba,Ga;NsEu® 365 638 47 [44]
(Sr,Ba)SisNgEu® 450 590~625 38~49 [45]
(Ca,Sr)AISINEu® 450 610~660 40~48 [46]
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