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Abstract: The red phosphors which can be effectively excited by the blue chip and have broad emission
bands are reviewed and discussed in this paper. It is obtained that the phosphors mainly include alkaline
earth sulfides, novel nitrides and silicates, and have the same characteristics of broad emission band
when excited by the 460 nm blue LED chips. Moreover, the correlation between the crystal structure
and the luminescent properties is emphatically analyzed, and some view points on the investigation and
application of the red phosphors for high color index and adjustable color temperature white LEDs are
proposed.

Keywords: red phosphors; blue light activation; spectra broadening; white LEDs

R 7 2Oer BEARATT 9 A 16 A R B 28 A0 R T
FIN 1879 4F % il A BT LT ) » BRAR R L iy
FL G YR BRI O i B AR R M S 1 AT I 2R 5 o
B ORI AL ST R RO IR IR BT A RKT L IR A
R R VBEAE R I T A A — R A B 2B
B IR S Bl R R Ok Y v T v KT 2

BEW A L A A LA AR i TR EIIH .
W7 B #R:2015-07-10; 1817 B #3:2015-10-15

JEIT BARSR 5 T RO B IRAFTE REAE = Rl ok
TGYLAE L, 2 SR KO T 4F (Light emitting
diode, LED) [ H B, Ay [ {4 B8 B (1) SC B 25 58 T 9
JEHERt . 1997 4, H A H AL 2 78 H & B i
LED & R 3 filf b, 2456 305008 & UOE b 26 —
EEABEE R . E,. A6 LED fE R

BEES MM B #8714 50§, E-mail: renlifu@nuaa. edu. cn,

5| AR M AR Uk S TR U M O LED AL 645 M M RHA R 5 ROt Re D se [T ], m at A= At
KK2%4.2016,48(1) :58-66. Tang Ye, Fu Renli, Cao Bing, et al. Luminescent properties of blue light activated
red phosphors for white LED[]J]. Journal of Nanjing Univesity of Aeranautics & Astronautics,2016,48(1):58-66.



%1

Vo MRS G IOR Y 0% LED L@ IO M RHMA R 5 R G RERTF T 59

— BT AL Y 4 A BB OGUR RO RUR B A 4R
Bro 2013 4F 4 A far 22 KRR FARE M T —
WOERR 200 Im/W BT O LED BT ™ &,
PR F2OEKT 100 Im/W ML GEAT L 15 1m/ W (1
JEAL, T REFEAUA 24 F 1l % 1 IF 2% LED 7= & fig
[ 50 Y0, 115 2015 A4 1 7 3, A5 2 UK R
KT R IE AT s B B — R & 6 BB B ™ . LED
77 i R TR [ A IR ) ORI L P B A At
UL A AW R S

H i 3 1 e 9 0% LED, J 4Ry
LIEME W6 LED S A 1 Ik 8 8 986 YAG
Ce*" ¥t LED i R th 4 460 nm 2245 19 5 6 .
O3 WA D A W K R T TR 1 S Ry R
550 nm AT HOG. SRR M E IR A LI A
G AR . R FOB B B Z LD R B
FEBOR far - ME LA AL 25 P9 B RN 2R i e R 1R 50
Yty . B3 EER F RO 4R R RO M6
LED (i & & 45 20 W 5 S [ e m . () 78
“Wiott LED it i+ 8 A 500 7 iy B Al b, n A AT
B G I 1 218 TR LA TS R AT
@R (2) B B SR A R Pk
4 JE B SR T 6 LED Sth I8 k4% 8 R 21 68, 5 4
FEM - TG R 38 5 18 of 1 W 06 5 98 e ki
RIEAEMLOE GOt ITIR A L 2k &S A
AR AHIE 0 = 2 e AR 0 % LEDY . Bk
Pk & RS S I FAN R 05 BB 1 O 3
AN DCHL ., AR B B €0 R 4 00 98 D B (1 0 3K
KR E 40T LA 2R @ K7 B ELA Bk
TR R LT T ROICRUCRAR R T 22 ROe T
A5 KA B L X DA A 1O LED = 3% 65 98 i
TR R, TR R Ak R O )
S B R AT € e e A X TR Ok LED 1) 8 £
T8 O R C AR M Bl O A B OR IR AR R R
WA v f 17 LA ) G SN A 1

H AT BF 5% 55 22 0 T 4 6 6 B0 B9 204858 S 4
MR R IR Z 0, 354 00+ 4 8 B AL IR R
R ALY IR 2 RRE IR 0 1R R 5 AR SO0 3 4ROk
FFWFSE B A B 56 LED 38 A A &0k 1416656
B A RHMA R AR OGEEREEAT T A M PRIR L IR A S
PR AT 8 TAF 52 0 08 6 3 Kk 1 & B (0 48 BORI
3l F LED FZL @508 19— Se i 58 5 )

1 BtteEEWmUIER

PI CaS: Eu*" fil SrS: Eu*" MR L+ 4
J& B AL W R R 26— 2 E SR 40 6 % M R,

TETE B SMCROR T » aT LIE S DG LED H
LLETICH SB35 9 650,620 nm, AT ] F
AR TR = B AT EW % LED Y, o CaS
Eu*" f1 SrS: Eu*' B & Hl i (Ca,—,Sr,)S : Eu*",
AJAE 430~ 500 nm i Fl B ROHO AN 38
A3 B8 Sr/Ca 1Y A A 455 8 S 006 B K.
B4 Sr/Ca LU AH 2 811 K, K5t % i i ) <
P T3 1 B By, 205 1 AH X 5 B AL B WG KL 1 1
AE Sr/Ca & F Ca,, Sr,S = Eu'™ 9 & & Ot
TELO, I A Sr/Ca H B R 6T A
RAEE . AT LAY LED 6 h i R AFIERC . [A]
B DL Mg i IO Ca it Al 39 58 50k 19 &
TG B AR K G i 23 g s A2

100

Relative intensity
N =N )
) S IS

[\
S
T

(=]
T

500 550 600 650 700 750 800
Wavelength / nm
1 A Sr/Ca tbF Ca,,Sr. S Eu*™ Bk H1Hk
i GRS 460 nm)
Fig. 1  Emission spectrum of Ca;_, Sr,S :

different Sr/Ca ratios(A, =460 nm)

Eu?" under

SR AE IR 2 DB PR G R 2 5 i L AR
o SRS s PR RER A . Ho 5
Stk o DRL T (S 45 it 1 245 ) 32 B IR o B0 HL OB 3R
FIR O BOR KRR 8K 2 THT 4k B35 ol 13
FU AT LR o AL A AR T AR AR T A R
5k B AL FEOL B G AR BOR . H T2
B B AR R B 2L Ot U .

2 mUHER

ALY R B SR . N /N S
FC A Eu® ™ 22 6] f S A PR 0k o 75 & 1A 37 5 2
KT 9 AR 55 - LA ERE 9 B8 A58, AT
o 98 A A A S ek . LA 8 79 5d BaE
O W B e 1 7 B S R PR AL RS L AT S B B
S5t T H il T CSING DU T A i 45 0 WA AR 55
A b IR B /DN 5 3 BRAE DG b D 30r 4G vl 0 16 7 B
/N RTINSO KRR



60 5]

22O o= Mt

PNEPNIE S 48

RACY Dk BT B R 09U 61 QB
1 55 2 A0 B WO EE = g DL R Y R Ot Rk
RPN RO 3 v 45 HOOT R WE ) 32 31 1 Bt
2GR B AR R O . WA 4 TR
¥y B e YEAF, AR RIS A N T EO6 LED, £F
BUETE G L LED M7= ahd .
2. 1 M,SisNg( M=Ca, Sr, Ba) %3 #H

M, Si:Ng( M= Ca, Sr, Ba) 2% ¢ 1] 3 3
T ek [ AH S A B KRB W R O iAo R G

g3
(2 — 2)M;N, + 3xEuN + 5Si;N, —
3M, ,Eu,Si; Ny + 0. 52N, (D
(2 —2)M+ 2Eu+ 5Si(NH), —
M, ,Eu,Si; Ny + N, + 5H, (2)

£ M, Sis Ny fi i b JH 5 R 45 4 2 Bk 7 3 £
(9 LSIN, DY [a] 44 41 18 1 = 4 IR 2549 . — 2B N
JiF3%EH: 2 4 St Hfh N R4 3 4 Si i
T Hr Ca,Sis Ny J& B} AR 25 4, 25 M B 5 o
Ce.Ca®" B 7 5 4l 7 A A WAL 2 10 K 4 75
Ba, Si; N 5 Sr, Si: Ng EI/‘J 5‘51¢z§$@5’$1u’igj‘7£5‘5
fh A, s | B8 Pmn2i'Y, Eu®' FE M, Sis N
(M=Ca, Sr ., Ba) @i t& W /EH T AT LA 4600~
680 nm ¥ 21 9%, B L. ML Si; N, ¢ Eu®" (M= Ca,
Sr, Ba)VE N EE ML A5 BB & )12
A,

Kl 2 H M,Si;Ng : Eu*' (M= Ca, Sr, Ba)#¢
JERY R Tk eI . Mo SN ¢ Bt (M=
Ca, Sr, Ba)7E 400~470 nm i3t B N A 25 3k 1)
WS, TF B L B 4 A B0 Kk X G AP 5 InGaN
3 LED i B (465 nm) fr & th @ JEAHICEL . A
WU+ 48 % A RS iR & Ed”T 1)
WL M, Sis Ny = Eu”" 3 &5 B W (E {7 B JL-F#B TG
AL, SR B Eu’ ' VR EE A N, M, Sis Ng = Eo®'
(M= Ca, Sr, Ba) 2508 (1 i 55 6 M A 8 8 (M=
Sr) 5 # {8, (M= Ba) 1] 21 % 3% 2 48 4k , 5 K& JHE K
3k 680 nmM*, A, MLSi;Ng 2 Eu?™ (M= Ca,
Sr, Ba) %0 1 $ K M R R AT o A D R B A AR
I AR H A3 R F HoE LED 6 6441 (298
MR Z —.

Ca, Si; Ny 5 Sr, Sis Ny 7] 2H i (Sr, ., Ca, ), Sis N
BlVAEA L5 S « A6, @i Ca® BT &
e Sr,Sis N Hiy Se* " il £ 19 (Sry -, Ca, ), Sis N ¢
Eu’" 856k, o s Sro/Ca 1 He 9. 7] L) ik A8
s (Sry -, Ca, ), SisNg = Eu®" 268 19 & 316
A E . Sr,SisNg (x=0) Hl Ca,Si;Ng (z=1) 43

1.0+
5 08t
=y
1] -
& 0.6
£
8 04f
&
Lg 0.2}

0.0

400 450 500 550 600 650 700 750 800 850 900

Wavelength / nm
(a) M=Ca
1.0+
1:x=0.02
2:x=0.10

. 3:x=0.20
5 0.8f 4:x=0.40
® 5:x=0.80
> 6:x=1.20
2 7:x=1.60
g 0.6 8:x=2.00
g
=
g
&
g
@

500 550 600 650 700 750 800 850 900 950

Wavelength / nm
(b) M=Sr
1.0 1:x=0.02
2:x=0.04
R
. x=0.
508 5:x=0.80
~ 6:x=2.00
&
g 0.6 -
g
g o4t
g
=02
0'0 | et LS T e
450 500 550 600 650 700 750 800 850 900
Wavelength / nm
(c) M=Ba
2 M,Si; Ny + Eu* BE S 03 R f1 & 563%™

Fig.2 Excitation and emission spectra of

M, Si; Ng + Eu*™

%R 612 nm I 605 nm BILTYE R & B Ca'
AR Se*™ B5ak 14 38 0 & S W 14 A i O Tl
Bl (B 3) . P, a] DL o ol 28 5 4 85 1 B 4
W B B SR T 4 S B =2 T 0 R 43 BB ke 52
BT I AT R R, A 2,3 HhAR T AL e
BT 5 2R e BE 10 A8 Ak AT LR KT Rl M ek AR A o
W F 7 5 T 4 S o R AT O



%1 7]

ME L AE TR GWOR 9 1D LED AL @5k MRHA R 5 &P RERT 7Y 61

x=1

x=0.875
M
x=0.625

x=0
500 550 600 650 700 750
Wavelength / nm
B 3 K[ Sr/Ca b F(Sr—,Ca,),Sis Ny = Eu*™ 6 1

BAE
Fig.3  Emission spectrum of (Sr;—, Ca,);SisNg : Eu®’

phosphors under different Sr/Ca ratios

5 ) 5K, W A5 B AR 47 1) L

AR M, Sis Ng = Eu® AU —Fh B G RCRE
LB b F 348 R (R= Nd, Sm,
Dy, Ho g Tm)/ER KARMEM AL bk iz A
(DB SRE
2.2 MAISIN; (M= Ca, Sr) %533 #

AR, — PP B IS A T B LED 2 (s
EHEe B MAISIN, ¢ Eu*' ( M = Ca, St %
Wik R K . CaAlSIN, HAT IE A8 4544 . 25 0] i Bf
Hy Cme2, , H S IRL5#J2 i (Si/ADN, PR AE A
FEAR BA G A — A~ = 4 23 (8] AR 16 3% S
A 1/3M NJEFREBA 24 SI/ALFEF.FTF 2/3
1 N 5 34> Si/Al A% 42, ALLSi i ¥ b
BLAF AR AE (Si/AD N, 9 DY i AR A% A7 | 1 Ca it
BB H My Ny 3 (M= Al, S % 5 i i 38 5 19 45
SO AR FREC 4. BT MAISING (M =
Ca, So) MM F R E . Eo® B 7 RE R 8F 2L
FE o th B F 610~650 nm 247 L6 H R GAK
BRI R DA B AR R 2 )2 .

4t CaAlSIN; : Eu™" 56 & LA Sr, Ca, RE(FR
4 AINLSI N, Fi N, S JFURMEE =5 & A

Li %9 % 8 CaAlSi & 4 F1 Ik W B 1
Eu(Cay, 02 Eug, o0s AISDFE RS HE T 500~800 °C Rim]
PAFHE 25419 CaAlSIN, KRR T & BUREE .

CaAlSiN; = Eu”" W& M & SO iE & 4 fr
s HBOR 61 Ry vt 1 . NI R AP IXIE il 2 400

X8 (250~600 nm) &R AT LAAT 80 % . 16 & F Tl
LHMIE R YE LED S . 7E 460 nm ¥ &
T RO B TE K S W H AL T 650 nm A,
e Eo B ek B R I B WAL RS . JE
T BE PR OKCME fE IR, b A CaAISING ¢ Eu®T Al
Ca,SisNg = Eu®" M PERE 2 5 & BURT & 19 #08 K
PEBE 5 RRUE L W] DL AT b 2 (1% LED X 21 8758
T T AR .

Intensity / a.u.

250300 350 400450 500 550 600 650 700 750 800 850
Wavelength / nm

Bl 4 CaAlSINg = Eu™" [k F1 % e g

Fig. 4 Excitation and emission spectra of CaAlSiN; : Eu’"

et S B Catt FE R Sr,Cay -, AISIN; ¢
Eu’" AN a8 CaAlISIN, = Eu®™ £ &
PR RSP TRy E . B 5 24 455 nm JG#g
KR Sr.Ca,—, AlSiN; = Eu*" #E i & 51 6i1% . i
5 AU BEAE St A vk BE Y 3G . e S 0 A I8
KB 10 5 5 1 #88) . Sr.Ca,—, AISIN; = Eu®”
FESh B &S A0 B R AL 650 nm {558 B 6
610 nm 4., 5 M,Si;N; ¢ Eu*" ( M= Ca, Sr,
Ba) 2 b1, Ay 52 B0 335 98 42 AT 3 ao ok A8 T B8 1
B 2Rk 12 B R B 3 Y B 4 R B T IBOROE L
[ 5 1A

A Ca®™ A7 BURCAT A4S BT 1Y 9 64 P Fi
PR M H B ALK 2 B 15 3 58 35 1 i
B, M Wang &0 BF #H T (Ca, La,)
(Al St DNy = Ewili i e 22 5% 1+ 43 J8 FH &
AL La’t 5 Lit #40 BOfG Ca 'L i 8 AT A
Si'T B AR B A H . B 6 g2 La®
FIOLET UG Ca®' J5 58 6 B i e K M BE 1 22 Ak
A LA F| CaAlSIN; : Eu(x=0. 00) % Y58 J# b i
BETHE Lt Lit O A A AR (H EE La® O Y
KRN X PSR A S LR UL B T Eu” X ir
Qb i AR 37 R S AR SRR B4 RSB AAR A B
BT



62 Moa M o= PPN S %48 %
Loy 1 B E MOSE. A S BERRAR IR B R o T
408 304 SR 8 A G Si— O B L I P SIS B o
o §302 NP L ST SEL SACE P
E T Eut' L5 4510 B R IR 40 @3 #1 R BF
Zoa G5 A A T AE AR R R B 5 9 2 B
0.2 FEHRIE

_____ = BERR b 3R 4L SO0 H) 0335 8 T 4 4

500 550 600 650 700 750 800
Wavelength / nm

Bl 5 Sr,Ca, AlSIN, = Eo®" ¥ 5 193 & fl & 4
St
Excitation and emission spectra of

Sr,Ca,_, AlSiN; : Eu*"

Fig. 5

COoL
—o00
LB HS

(U]
100 200 300 400 500 600

T/K

(a) (Ca,Li)(Al_Si,, )N,:Eu

300 400 500 600
T/K

(b) (Ca,_La)(Al,, Si,_)N,:Eu
B6 SEEE A HE R g

Fig. 6 Thermal quenching properties of photoluminescence

XEF Eu® 0k i B AL L0 G PO Byl 2k
AR T e BE B R A T LS B
EPER NS . SR, i T R A X 1 2 52
FACYI D ) B K B e L L T ST 2 A
P R AR 7= A 1 ZORAR AR T Tl A A 7 X
PR 29 1 1% 28 5 By 18 1o i » A 7 AR 1
P AR AL B AL PO R B & T 20 32w IR
Eu., Ca, Sr 2 1 40 3 X5 5 84 A W 56 B 19 WF i I
KEAHERBEZL,

3 BEREER

UTAER R T RE R ER OB S O A TR
T8 NP R ZE A AR E S Al A AR E M A — AR B
A0 A5, G TR A 5 D' A ek BHLARL B S SR R DR T A

JEo M EuT . fEH B0 MR M EEIR $h 4 A7
baoy i AR IR N B = SN S B Sl 7 D i
#W T Li,ZnSiO, : Ed®', Sr;B,SiOg : Eu®™ Hl
Zn,Si0, = Eu’ & B AED OR A A RIS T
1200 “CHI4 T4 R M, SiO, : 2Eu®™ (M =
Mg, Ca, Sr, Ba) 4@ 8. FIH Eu’ ¥k
ML 5 A T Eo’” 52>, Chot 5 G T
( Ba,,Cay+ ,),Si0, = zEu*", 0. 06Mn’" (2 W
0.02~0.08) %M, H x=0. 08 B & 5 W5 58 &
eht. BEAh.BR T Eu 9 BH B 7 0T LUIYE b 30 Ao
S Al e MR SRR W RCBE W UL W A T
Li,ZnSi0, + Sm’" ZL 4858 Sk , % I & 6 1 i iF
T THE5E. 25 T AR M IET d &R, B4
RBORL, 2 Sm™ WBIIRE R 2. 5%, KGR E
R R—FE T 6 LED 4L a5 6k .

i, & ik R £ A 55 A A B Ca, SL, O, 2 3 4F R
FE TR F16 LED 2856 8 i 5 F v B & 3011 — Fib
R RE R Eh LB M OBE. Cay, SO, B R 45
¥, 2 [ BES O P21 /a, 76 LB i vp, A A 4R
VO TA] A% S o 454 2 T [ ST, O JHE M, 3 4> Ca®
e A Z 1 AR 26 P A LS O, 35 J A |) HE 51 % 1%
— AN A SR aX 3 A Ca' LA & T AR K
W ARBI Y 7 EALEM . HFLCaO; ]Ik K &
T HES 5 XA .3 A4 Ca®' 1Y 7k 3 3R 5%
A fr 2 5

B 7 251300 °C[EAHR NG BCF Eu* 421
Cay Si, O DGR 13 &GS AR S 6IE . H
B GIE T LLE 1. CasSi,O; = Eu?™ 41458 6 By
(9 A R0 k3 B 55 5 4 B K % X (350 ~
470 nm) , 7] LA 5 ¥ LED S8 7 4R 4 b DT JE 5 7 H
TE 2T 6 X 387 A iR 1 2R — X R 1) & S 0 L i R0 T
600 nm A4, ¥E— 5 Ca;Si, O, + E 40t
TR PR 25 40 5 R O6 R R Z A1 Bk R A5
Eu’" VE 0% R AE Ca; Si, O g i v 22 fir DL 3
SHERZERERER IR — L6 3 X
B F7E Ca; Si, O f i Ca®' (5 4fg 14 W A2 e 437 2 1
PRTE AR ASHEIN 52 B0 43 Si— O B A 1 3 5
HLF o 4 AR N Bl 2 36 K X ARk A Eu” T )



%1

Vo MRS G IOR Y 0% LED L@ IO M RHMA R 5 R G RERTF T 63

5d BE FE O T M A I RE B S0 A L S B0 1 A7
BLLA . B R kAR e A, B Cay SO ¢
Eu*" 556y 19 & §F 6 3% vl LA . Ca; S1O; ¢
Eu’" & 7 192 e 55 35 3] 110 nm, 3X % B 2 R A
WA 5 Ca;SL, O, = Eu* L0 A58 56 Fil YAG ¢
Ce'" AR M AL LED M S8 &1 B 6
FEE. AR Eut B2 i DY (I 8), ki (H
A [RAE AN A A8 Ak, B 19 3 oik JBE 78 A AR
KBl Eu® " (9 BERE N . K S A 9 OG5 SE 3 m Js
BN Eutt YR EE 2=0. 01 B, & G007 B 19
Heok o PRI 7E S B A R A S A D A
R TR S HBIEE S, H CaySi,O; ¢
Eu®" 20650 b B 0 & S5 I K I A R AU,
FIF AR H 719 LED (e ke ok .

Intensity / a.u.

\
b
—
-
2.,
2

£

LA

-
>

500 600 700
Wavelength / nm

Bl 7 CasSi,O: = Eu*" ZE6M M R G IE Fn R o615
Fig. 7

300 400

Excitation and emission spectra of

Ca; Si, O; * Eu*" phosphor

Ca, Si,0,:Eu, 4

1: x=0.002
2: x=0.005
3: x=0.008
4:x=0.010
5:x=0.015
6: x=0.020
7: x=0.030

Intensity / a.u.

5
3
6

500 600 700 800 900
Wavelength / nm
B8 AF Eu" WEHBIM Ca;SO; = E" #E & &4
it
Fig. 8 Emission spectrum of Ca;Si,O; : Eu’" with

different concentrations of Eu*"

Huid %A T Ca,Si, 0, ¢ Eu*” 210 %¢
et RHETRT L 0% LED o R . B A DA

B, #52K A CaySi, O = Eu®" 20 58 6 4 k25 4
FEHFR A LED B 2006543 - il L3RS o ik
AR R R EIR R % LED. X F H 9% LED i
o — AR E NS R B A R R .

4 HfiEx

B T G Ak R0k R R O SR L AR R
AR WETE T AR R # LaSr, AlO; 3L T 41 2
G bR, B AR IR AR OR T R IR AR 3k AR
1400 CHESHAFE N AR T L Eo® R m
LA HOGIE N B Eo® & SRR 1 Lok
e 9 BrR,579,588,619,655 Fl 704 nm Ab Y %
P BIAHE T D, A SRS F,(J=0,1,2,
SVOREHMERIE . B LaSr, AlO; [ 5 &858 1 46 1k
PELEW 7R JE AT WK g o8 A Bk R
Eu*" JHURGHEIE IR I A Eu’ & 5 1 R AE
SRG W EA Eu® R GTREME G SEA 35 (L T
610 nm 4, 3X & Eu®" 1y 4/°5d" >4 17 BRE K
. A& 10 frR . AR 320 nm RAMDGEME T
WL — R H] Eo® (W RFAE SR 0§, FE 445, 460
480 nm i) WG R T EiE T X R BB R
Eu’t W Seis & 5. 8 530~750 nm,

Philipp 885 & 0L T — Fh @ 800 2006 & S
AR DN ScLLIALN, ] = Eu®', "] 9 B H
GaNiE R AR K. MBI E R 0. 40, 7
440 nm PEECR T AR I IE(EAE 650 nm, - 15 FE
50 nm ZEA B AER LG, SrLLIALN, ]+ Eu®’
HAG HPEK /N (200 °C B 2 FROR K 95%), Kok
MR m i PO S T 1420, 5 B A48 4
(Ra8=91,R9=57) Wy HF i, (1 H A HE LN T — 1R

A.,=619 nm 619
2.=320nm
Y PLE | PL
o 588

Intensity / a.u.

K
WaAS

200 250 300 350 400 450 500 550 600 650 700 750
Wavelength / nm

2 0. 35E0*" B I i &

& 9 Lag g5 Sr, AlO;
ML
Fig. 9 Excitation and emission spectra of Lag, s

Sr, AlO; : 0. 35Eu*" phosphor



64 Moo M

H}

LIPS S

48

La,,St,A10,:0.35Eu™
(H,¥N,)

Intensity / a.u.

A
2~

250 300 350 400 450 500 550 600 650 700 750

Wavelength / nm
B 10 Lay e Sr AlO; ¢ 0. 35E0*T /Eu® 28 6 83 (1
N R A
Fig. 10 Excitation and
Lag, s Sry AlO; + 0. 35Eu®*™ /Eu*™ phosphor
LED 556k #1L.
L5 LA b AT Bl DGR 1A R AL B SR Y
o ] LR B BE O R B 2 U E 2L SO0 R
ROCYERE Y F 2L R L I Hoad i i 8 S AR 45 4 m] LA
PP OGS R s 5 — il . Eu® JEC W R AN
ZLA TR BB O BIOUR TR I £06 X
M vE il 5t L b F BRI AN R IR E
JTA 5 LB AR Lot R Mn & W H
B IVELL A0k 1 K 6 L 3 T T 2 b B o
g, Xia, Esra fil Wang 2508 43 BIBF 98 T
Mn*" /Mn'" # % ] BaZnOS, MgAl, Si, Os #1 AIN
LGRS AR JEZ N RN T K . Peng %5 R
JH oo e R VR A 25 AR R B T T R DA AR
Wk SriALL Oy = Mn'" 2L A% 6K, H2ZRAE
FF & . I8 A He T TR 408 9 O Ry 3. 5MgO -
0.5MgF, » GeO, : Mn'"" (MMG : Mn'") ffi ‘B 15
% . ZREGIEN, K MDA 3 F Mo HU
THLE AP L

5 % it

BRSNS N W2 | AR DS g i
BB IR DG LED il 45 h R 55 &
SRR . ARG A W i i 6 R T IR IR A
HROLF RSB R ML T HAE BOE LED 4t
S L PRI O A R S O 2 I A B B R 21 (8 S by
P RALY 2R AL 0 FEO0 b it — R B H
Ot LED ML 5 et okt fo & P 38 o v ik,
JERCR R O AR . E/EEDE LED MBS
HRBJRATH 2 1A IO (ELAT 220 194 1 8 A% 7 A Rt PR Al
T AR Tl b RO A= 7 o PR ke 3 5R A 3 1 ol o

emission  spectra  of

T B URL A 4l R AR DO R R AR
B, MR RERR Eh 3L T Ca; S, O; + Eu® ZL 58
oy R IRAE G o AFL Ey T U K R R A TE L AR AR A
P RS E M I S 0 S e b L RE IR SR B B Y kL
OB R B A AR A R A 03X R R
S A7 SV R R R S AR A L R
AP G LED 285 T 5l .

SR H A F ot LED 2065 6 8 1) iF
FIEAN SRR B A R HE T 25 1. Bk,
TR RO e B DL S
LED, LA /2 B N 4 LED BB i35 0 >k, T —
HWF5E TAFE R & M AT JLAS 7 i A T

(D A ERRIOCH ROt TERE. WA
Fot LED %% 0 J 210 68 98 S AR £F 75 — R 51 ] @,
T R A 2% 7 VR A IS R DA RO R
AN Gy A5 BN A A G, ELAF AR BORL R ST AR 46 e
Wi L B B K N B S AR ™ E AF (), Dy b vl A
P 1 JEOR Y AN R B L R AL S S RO RS
L E H5 /N | El 2 T B A K ) R, DA R B 17 T
B 1) A B o AR A5 1 R R R 1 B A R
o TR AN AR JE ST A 5 A I AR T [ A )
T AT Y B ok A L R AL 4 e E B k. ]
B A B R T 8 T AR Y SRS BT
R TRIE

(2) FRECRE R O 8B FIRUE T4 18T
B LED 265808, wHm L i a oA
B ) LM BN 0 3T HE v AL RS L BT I R
TE Mk DA SR i PR B DA R R D6 0% R i
k. T3 ok, AT AEIE XY 0 I 5| AT 5 AL 4L A
FEHOT, LAY A I ] R AR

(3) IR A e P B A G R 1 R
TR T R K R B A 1 2 R B
1 S BE RE  fil TE  IR 48 A L A5 B A 21 4
WA B, MR SRy B T S AR A ] L 28
JEE IR — B, AT LA 8 25 i 7R AR P R S T
TR ik T2, BRIk H BTkt ie R
AN B ARJE O A IR IR ARIE T XA 96 R  v) RE
P H & O STIRAE H fR 5 LED ST,

(4) BT WO WA B B8 3 Dy P 4 1Y) 20 6 ¢
k. HETEE & G e R 2 KN
U S B AT e UMY 1 v AR % S TR B 7
AR /INH I LN T DA 2 5 By AR R 1) 55088 1 DT
[ S N P R R T S R U o A B L S 3
AR LA 3 K B B T — 2B R S A £
Tt e ) 488 Ol 8538 I 21 8.5 6 8 &



%1

4

U WELSEFTPREDOEROL Y DG LED FIZL G5O R A RHE R 5 R OB TERETT 5T 65

S & Lk

[1]

[2]

[3]

(4]

[5]

[6]

[7]

(8]

(9]

Nakamura S. The blue laser diode: GaN based light
[ M.

emitters and lasers Berlin:  Springer-
Verlag,1997.

JTEEE AR & &2 LED BR B 450880 i — ok 8 M - ROF) ol
W 5 L iy R I R F1 06 LED SBIRLT . B2 41
5, 2013(5) 169,

Wan Haibin, Deng Jingying. A breakthrough in the
field of LED lighting: Philips developed the most
energy-efficient warm white LED light source in the
world [ J ]. Sci-tech Innovations and Brands, 2013
(5):69.

S TR N LS SRR DA R R R
M7 LT ] RO A R R 2% 22 iR, 2015, 47(3) ¢
421-4217.

Wu Yuechao, Yin Jianhua, Liu Yu. et al. Fourier
transform  infrared spectroscopic imaging and
analytical method of articular cartilage[J]. Journal of
Nanjing University of Aeronautics & Astronautics,
2015,47(3) :421-427.

Yan X S,Li W W, Sun K. A novel red emitting phosphor
Caln, O, : Ed’" .Sm*" with a broadened near-ultraviolet
absorption band for solid-state lighting [ J]. Materials
Research Bulletin,2011,46(1) :87-91.

Mao Z Y.Zhua Y C.,Gan L,et al. Tricolor emission
Ca;Si,O; * Ln (Ln= Ce, Tb, Eu) phosphors for
near-UV white light-emitting-diode [ J ]. Journal of
Luminescence,2013,134:148-153.

AU B RO 5 RO R IMD. b5t b2
Tl i feAt: , 2004,

Xu Xurong, Su Mianzeng. Optical and luminescence
materials [ M ]. Beijing: Chemical Industry Press,
2004,

Gang S R, Kim D, Kim S M, et al. Improvement in
the moisture stability of CaS : Eu phosphor applied in
light-emitting diodes by titania surface coating[]].
Microelectronics and Reliability, 2012, 52 (9/10):
2174-2179.

EIE IR IR EE L AE (R A B SrS ¢+ Eu, Sm,
Er iy 6 At ROGAE i R LT 1. R 2% 4k, 2013, 34
(3):251-256.

Wang Ying, Hao Zhendong, Zhang Xia, et al. Optical
storage and spectrum properties of electron trapping
materials SrS:Eu,Sm,Er[ ] ]. Chinese Journal of Lu-
minescence,2013,34(3) :251-256.

Han X B, Feng Y Z,Peng G H, et al. Synthesis of
high brightness red long persistent phosphor (Sry,
Ca,)S : Eu, Dy by Sol-Gel thermolysis method[]].

Advanced Materials Research, 2013, 652/653/654:

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

[20]

[21]

581-584.

B A 2055 R AR 58, Sr / Ca LhAR X 21 (838
Ry Cay . Sr. S+ Eo*™ By m[1]. h E# L 2F i
2004,22(6) :854-858.

Hu Yunsheng, Ye Hongqi, Zhuang Weidong, et al.
Influence of Sr/Ca ratio on red phosphor Ca,,Sr, S :
Eu?" [J]. Journal of the Chinese Rare Earth Society.,
2004,22(6) :854-858.

Eeckhout K F, Smet P F, Dirk P. Luminescent
afterglow behavior in the M, Si; Ny ¢ Eu family(M =
Ca, Sr, Ba)[J]. Materials,2011,4(6) :980-990.

LiY Q,van Steen J E J,van Krevel ] W H,et al. Lu-
minescence properties of red-emitting M, Si; Ny
Eu’" (M=Ca,Sr,Ba) LED conversion phosphors[]].
Journal of Alloys and Compounds, 2006,417 (1/2)
273-279.

Teng X M, Liu Y H,Liu Y Z,et al. Preparation and
luminescence properties of the red-emitting phosphor
(Sr,,Ca,),Si;Ng = Eu’
[J]. Journal of Rare Earths,2009,27(1) :58-61.
Kim Y I, Kim K B, Lee Y H, et
Chemistry of M,Si;Ng: Eu*" (M = Ca, Sr, Ba)

with different Sr/Ca ratios

al. Structural

phosphor via structural refinement [ J]. Journal of

Nanoscience and Nanotechnolog, 2012, 12(4):
3443-3446.
Uheda K. Hirosaki N, Yamamoto Y. et al

Luminescence properties of a red phosphor CaAlSiN; :
Eu’" for white light-emitting diodes[ J . Electrochemical
and Solid State Letters,2006,9(4) . H22-H25.

Hua W W,Cai C,Zhu Q Q,et al. Preparation of high
performance CaAlSiN; : Eu*" phosphors with the aid
of BaF, flux[]]. Journal of Alloys and Compounds,
2014,613:226-231.

Watanabe H, Kijima N. Crystal structure and
luminescence properties of Sr,Ca;, AISIN; : Eu®"
mixed nitride phosphors[J]. Journal of Alloys and
Compounds,2009,475(1/2) :434-439.

Blasse G, Grabmaier B C.
[M]. Los Angeles: Wises Press,2008.

Wang C, Zhao Z Y, Wang X C, et al. Luminescence

Luminescent materials

properties of Ca,Si; Ng : Eu’" prepared by gas-pressed
sintering using BaF, as flux and cation substitution
[J]. RSC Advances,2014,4:55388-55393.

Chen C C, Xie E Q. Synthesis and luminescence
properties of red-emitting M, Si; Ng : Eu®" -based (M
= Ca, Sr,
reduction[ JJ. Science China; Physics, Mechanics &
Astronomy,2014,57(3) :433-436.

Smeta P F, Eeckhout K F, Bos A ] J, et al.

Ba) phosphors by a simple nitrate

Temperature and wavelength dependent trap filling in



66 MOoE oM o= M XK K ¥ ¥ R 48 %
M, Si; Ng Eu (M = Ca, Sr, Ba) persistent 2014,43(3):532-536.

[22]

(23]

[24]

[25]

[26]

(27]

[28]

[29]

[30]

[31]

phosphors[ J]. Journal of Luminescence, 2012, 132
(3):682-689.

LiJ F,Lei BF,Qin ] L,et al. Temperature-dependent
of Ca,Si; Ng Ed®", Tm®'
phosphor and its afterglow properties[ J]. Journal of
the American Ceramic Society,2013,96(3) :873-878.
Zhang H R,Dong H W,Lei B F,et al. Enhanced per-

formance of Ca,;Si;Ng : Eu*', Tm®" reddish-orange

emission spectra

afterglow phosphor by co-doping with Dy*" []].
Optical Materials,2014,36(11) :1846-1849.

Li ] W, Watanabe T,Sakamoto N,et al. Synthesis of a
multinary nitride, Eu-Doped CaAlSiN;, from alloy at
low temperatures [ J]. Materials Chemistry, 2008, 20
(6):2095-2105.

Wang S S,Chen W T,Li Y,et al. Neighboring-cation
substitution tuning of photoluminescence by remote-
controlled activator in phosphor lattice[J]. J Am
Chem Soc,2013,135(34) :12504-12507.

] B K L 4 BT, B S0, 4. Li, ZnSiO, ¢ Eu't 20 {8
PR I w5 KOOt RE LT ). R R 2 4R, 2014,
42(3):309-313.

He Xiaolin, Ying Dingming, Hu Wenyuan, et al.
Synthesis and luminescence properties of Li, ZnSiO, :
Eu’" red phosphor [ J]. Journal of the Chinese
Ceramic Society,2014,42(3):309-313.

Wang L. S, Wang Y H. Luminescent properties of
Eu’’ -activated SryB,SiOg: A red-emitting phosphor
for white light emitting diodes[ J]. Journal of Lumi-
nescence,2011,131(7):1479-1481.

BRI E AR A KA L A - BE R R T 4 Zn, SIO,
Eu’ " 2L 5¢ 0k (1], Ot 3% % 50635 4 BT, 2011, 31
(4) :890-893.

Wu Yang, Wang Yongsheng, He Dawei, et al.
Synthesis of the Zn, SiO, : Eu®*" red phosphor by sol-
gel method[ J]. Spectroscopy and Spectral Analysis,
2011,31(4) :890-893.

SWE R F % T HF B8 LED 1R
2 A L6k RO E R BF 5 LT 1. i A 27 4
2009,27(3) :344-347.

Jin Shangzhong, Yang Yi, Shen Changyu, et al.
Luminescent properties of a silicate red-emit
phosphor for white-LED[ ] ]. Journal of the Chinese
Rare Earth Society,2009,27(3) :344-347.

Choi N S, Park K W, Park B W, et al. Eu*"- Mn*"
energy transfer in white light emitting T-phase ( Ba,
Ca),SiO, * Eu*" , Mn®*" phosphor[ ] ]. Journal of Lu-
minescence,2010,130(4) :560-566.

M, B € B, B K e, 5%, 7 BBk Rk A&
Li, ZnSiO, : Sm®" 41 4 9 S By [T 1. N T 1 2 4t

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

He Xiaolin, Ying Dingming, Liao Qilong. et al.
Sm’" by
sol-gel method[ J]. Joural of Synthetic Crystals,2014,
43(3) :532-536.

Toda K,Kawakami Y,Kousaka S I,et al. New silicate
phosphors for a white LED [J]. IEICE Trans
Electron,2006,E89:1406-1412.

Qian F J, Fu R L, Agathopoulos S, et al. Synthesis
and luminescence properties of a broad-band red
phosphor Ca;Si,O; : Eu®"
emitting diodes[J]. Journal of Luminescence, 2012,
132.71-75.

Jiang W N, Fu R L, Gu X G, et al. A red-emitting
phosphor LaSr, AlO;

Preparation of red phosphor Li,ZnSiO, :

for warm white light-

: Eu’” /Eu®" prepared under
oxidative and reductive atmospheres[]J]. Journal of
Luminescence,2015,157:46-52.

Philipp P, Volker W,Cora H,et al. Narrow-band red-
emitting Sr[ LiAl;N, ] : Eu®' as a next-generation
LED-phosphor material[J]. Nature Materials, 2014,
13(9) :891-896.

Xia Y J,Huang F Q,Wang W D,et al. A novel red-
emitting Mn-activated BaZnOS phosphor[ J]. Optical
Materials.2008,31(2) :311-314.

Esra O, Nilgun O K. Mn'"-, Th*'"-, and Er"-
activated red phosphors in the MgAl;Si, Og system
[J7]. Journal of Thermal Analysis and Calorimetry,
2014,115(1) :573-577.

Wang X J.Xie R J,Dierre B,et al. A novel and high
brightness AIN @ Mn (2 +) red phosphor for field
emission displays[J]. Dalton Transactions, 2014, 43
(16):6120-6127.

Peng M Y, Yin X W, Tanner P A, et al. Orderly-
strontium
red
phosphor for warm white light emitting diodes [J].

manganese-doped

Mn'" .

layered tetravalent

aluminate Sr, Al;; O, An efficient
Journal of the American Ceramic Society, 2013, 96
(9):2870-2876.

Sohn S, Lee J M, Shin N. A search for new red
phosphor
optimization process [J]. Adv Mater, 2003,15(24) :
2081-2084.

Li W, Jia Y C.Lu W Z,et al. Cerium-, terbium- and

europium-activated CaScAlSiO; as a

using a computational evolutionary

full-color
emitting phosphor [ ] ]. Journal of Luminescence,
2014,147.:159-162.

Mao Z Y,Zhu Y C, Gan L, et al. Tricolor emission
Ca3Si,O; ¢ Ln (Ln= Ce, Tb, Eu) phosphors for
near-UV white light-emitting-diode [ J ]. Journal of
Luminescence,2013,134:148-153.



7]

ME LS5 TR GWOR 1 1D LED AL @5k MoRHA R 5 &t

&
H

=3
B

W

oy

5%

67




