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Abstract: Two series of Y;_CeAlsOp, and Y,o,Gd,CenAlsOr, phosphors were synthesized by high-temperature
solid reaction method. The influences of doped elements on the luminescence properties were studied by
measuring excitation spectra, emission spectra, reflectance spectra, fluorescence lifetimes and the dependence of
luminescence intensity on temperatures. The results show that the intensity of the luminescence decreases with
the increase of doping concentration. The luminescence decrease is attributed to the partly absorbed excitation
photons by YAG host. It means that the host with high doping competes with Ce** center for absorbing excitation
energy. The competition leads to less Ce* excited and weaker luminescence intensity. The luminescence intensity
in YAG:Ce phosphors is affected by temperature significantly, and the intensity of the luminescence decreases
with the increase of temperature. Moreover, the thermal quenching of YAG:Ce phosphors is affected strongly by

the concentration of Gd rather than Ce.

Key words: YAG:Ce; white LED; emission spectra; luminescence intensity; thermal quenching

Wk B 41.2009-07-06., Wefe ki H 41.2009-09-03,
R R % R T S (Ne.20070317) %)
KR A, E-mail : chuminghui@vip.163.com
SRR ARUINE L 34 % RN TR RS A BRSSO ) 1% LED AR SRR T,



184 Jd Hl fk

A %26 &

0 35l

][/

LED(Light emitting diode, & % —#% %) J& — F
BARIEIR . S5E5 AT 2Tt LED HA
RO IHRE/N i PR 45 B 0
B 21 D B ARAL G I AR R BT IR, i
MMt SR E K,

Nakamura %5 W78 1996 4F mt R S 4l FH % %
LED FI# A5 A 0 T FOB AR RS, &
R Y B 50 B 2 YALO,:CeP (AT FR YAG:
Ce), B TE 470 nm B i B A7 558 0 58 47 i, H &
PP AE 540 nm BT GBS 6 LED (&S A A TE
MR SR DG LED &, M H GaN #6 &6
WA WA YAG B @580k &k B TR & Ak e
LED 7= & i 30 05 2 %07 2 8O &t A
R G A UR SR S R i s
I A AR UG R S R ik B A kTR 4y
Sk PR Tk A A L I, B st
MOEMAEBE Y & 15 #2562 A% LED 7= i i 3
V& TR o e S (o

H AT R FH 1 3 €0 5 O b R 32 R 4 4
T (Ce™) BT 1 42 50 A B8 A (Y,AL0,), T 5N YAG
miR . YAG PRI AN & 6% 5 350% LED M &
FEGTEVC L, f R BR B L T 06 T RE e oK
RGO I v Aot e R R E , (H BT
YAG DGR R AFAE ROCHCRA S | 56 LED 41
B A 106 LED 762008 X B & 545 55 . Bt ds %
(CRDMRSE M A, Pt &1 XF YAG 28685 1 il £ T
2 B A E | OGRS T T B 5 R A AR X
B SCERIOHGE T A TR A YA AR YAG:Ce
PECH IR H R e REUEAT TWFSY | BIR TR A
Ce i HE AR X 52 B FRE M IR A, 2l THE &
Ce &7 & M4 i, WG B F IS =2 i v,
M e B bRt T AL TIRIERK
FOEE W T, SCHRIPHRIE T 7E YAG:Ce 56504 A}
FEIA GA™ B T I I A SR A 986K IR 1
FEAR G RIZE M Gd N A S B0 T A% RO R
F Ce™ M 5d BUIE 73 2458038 I, & S5 i 1 Kk 7y
] B 2l DT 44 o B8 1 620 43, A4S & b e £, 51
AT i 58 £02 O LED SRR 12 |

FESEBRI Y, R G LED i85 5 F1 YAG:Ce
BEDOCM A GRS IR IR T %, &k
FHEEXEE TR, 6 LED S SR A%,

5596 6By 10 38 2 Il K R DR iC i 1 (6 LED &2 )65k
BRWREARIS [R5 A 1) & i 3 Bl 255 ek
BT T B S 209 SCHRUOHR T T AN [R] 80 7R E
ANRITCEB AN YCeAl0, 286K 7E 460 nm %
T AR R S B R R G A B A R A T
PR B E R, TR A RS ETELI RS Ce i
AR T e SRy Y B M T RS R AN | Gd Y B 26l
PN B K PR LT R | R Bt 25 i A 2K

AR SCR il EAR L 4 T — & 51 YAG:Ce %
MR, REGEHBEIE T Ce* 1 GA* Y15 2 vk 1 AR 1k
X 98 MRy e S I A S | A R e SR 1 2 5
Xof T BB P R R

1 SRIE#ES

1.1 YAGH & BIHH &

e Ak % 2 Y5 Ce,AlOp FT(Yae,,Gd,Cens) AlsO
THa b G 2R MR AR B 40 ALO5(99.99%) . 155 48 Y,0,
(99.99%) . 11 4l Gdy05(99.99%) . 1 4l Ce0,(99.99%),
BB R FEVE Y :4=0.06~0.42,y=0.2~1.6,, ¥ I
W JFCR A B SO ER TR AP | R A 1%~
5% BaF, 1 hy Bl 750 R e i 0 22 550 of 48 v H &
FaetE, A WHE 20~40 min J5 IR A W R 2
25 mL A BT SE 100 mL A S IR EP
TH 3 22 TR] AT P R 7= AR 3 SRR R RL)ZE 3 B
— IR RN IR PO TR 2 1450 °C, Be 4
2 h, BURHG KRR 0 BIF S R4S 2 UL R TR
(ENIORTLE N .

1.2 ik ss

P IEIEIE i H 7 F-4500 43 066 TR AS 9%
J6 75 i W it - Tektronix-TDS 3052 %0 7 I #5 ic
&, R Nd-YAG B0 9 = £555 355 nm ik o
10 ns WOCHE L ; FE AT SRS 1 Rigaku D/
MAX-RB &Y XS 2 A7 S A0 A5 ; it B2 52 men e 1 >R 1)
F il 9 28 Y 2E M AR I 3R G I A 4
il B AT B R A ASCZE B, SR FH A H A 0 )
P I B CRAIE T I A T AR
2 GR5WR®
2.1 Y;.,CeAlLOy, F(Y,0,,Gd,Ceg)AlOy, 72 #5}

ik

Bl 1 4 Y. CeALO, & 81 28 % 8 (x=0.06,

0.42)FE i i) XRD B, % L PDF brifE <, &l 1a (19
Ry =R UE (211).(420) .(640) -5 b if €% (PDF .



52

WSS 8 2% Ce, Gd(Ys.,Ce,Gd)ALO,, %M B K6 T B Rl B2 7 I R 185

79-1892)— — X I, 3X 2 B 48 A B R 5 An AR 45 4
WA A H ST R YAG 4548, MBI ik
S O m AT (DL BT b)), B b (8 177 SR WG W ) /N £ R T
D, XOEH T HERE FERN CeX BULE/
BB Y X g A R AR T
Pk, DT S AR N R RE T R B, X 2P
WEBT Ce™ B T M A YAG @k 9 IR T
YHRALE B2 2 (Yae,,Gd,Ceng) AlsO 1, FR N FE L 1Y
XRD El, 5 Y;AL0,, #5 #E Bl (PDF.79-1892) — — X}
IVERUIEEZ YN SLB i DER R L g i R SRR (A S YA
i Z M YAG 4549  XRD MRl Gd> vk B2 15 K [a] /)y
T M Bl | X R T AR R RO Kk,

Intensity (a.u.)

1

1

1

1

! PDF: 79-1892

| 1 | 1 "

20 30 40 50 60 70

20/(°)

1 R Yz.%Ceo.%AlsOn(aW H Yz.szceoAzszlso12(1))FI/‘J XRD

Fig.1 XRD patterns of samples Y,0CenA;s01, (a) and
Ya55CeqnAsOn (b)

(Y, 94fdeyceO.06)A15012

y=038

Intensity (a.u.)

PDF: 79-1892
1| | | | | l Al L

20 30 40 50 60 70
20/ )
2 (Yo, G Cenn) ALO (=0, 0.2, 0.8)F 51 . ff:
XRD Kl
Fig.2 XRD patterns of samples (Y,9,,Gd,Ce)AlsO1,

(y=0, 0.2, 0.8)

22 Ce#lGd EEX YAG KAMKNIEER
A1)
Kl 3 460 nm ¥ CIEAE T AR Ce¥ B4

(0.06 <x <0.42)Y;_Ce,Al0,, 2 M3 119 & 51615 B
4 4 460 nm #OGH A T AR GdH B AR (0.2<
y < 1.6)(Ya0i,Gd,Cegu) AlOy, 950 H3 1 4 550 1% 1A
JEIBE R 1R ARG, 4RI T 530 A 540
nm 247, XTR Ce* Y 5d-4f RIBKIE . FEZE Ce A1 Gd

| YAG:xCe
A =460 nm

e =
o O
o
o
o
o
o

PL intensity (a.u.

o o
%

"1 YAG :xCe

.7
0.0 0.1 0.2 03 0.4
Ce** compositional weight (x)

Intensity (a.u.)

450 I S(I)O I 5;0 I 6(I)0 I 6;0 I 700
Wavelength / nm
B3 A Ce Bt Y CeAlOy, ZEEHY Y &I L1
(i 151 K 6T L B Ce™ 48 A% 1t A2 4k
Fig.3 Emission spectra of Y; Ce,Al;O}, phosphors with
different x (Inset shows PL integral intensity vs

Ce™ doping molar fraction)

| — — 15
_de_Cem)Aliou — o

7 (Y1.947, A
310 PR
1 = < . g
Ay 160nm T 08 S 5040,
] i Z 06
E
=04
A

021 (v,,, Gd Ce

0.06

JALO,,

02 04 06 08 1.0 1.2 1.4
Gd** compositional weight ()

y=02 B
y=03
y=04 —
y=0.6
—— y=038 o
y=1.0
y=12 E

Intensity (a.u.)

y=14
y=16 B

S(I)O I SSIO I 6(I)0 l 6%0 ‘ 7(I)0 ‘ 75I0 ‘ 800
Wavelength / nm
P 4 RIE Gd* B A4 3 I (Y00, Gd Cegs) AlsO, 26K
1 5 SM % (i 11 R RO BE B G B A i 1
B 1k)
Fig4 Emission spectra of (Y, ,Gd,Ceg)Als0,, phosphors

with different y (Inset shows PL integral intensity

vs Gd* doping molar fraction)



186 Jd Hl fk

%526 5

A

TR, RS i e R A LR X R T
Ce™ bt YRR K Ce™ R Y5 M- A m A i
ik, Ce™ M 5d RES N RS T & | ik 5 SCkIHRE — 5,
T Ce B4 x N 0.06 I, C T IZDCH it
B N BT B CeX i mit— 1, kot
SR LA B i oK, AN RGN, 2w = F 0.36 BF, kOt
S B TF 4 B B R R A&l 3 4 B TR, S L T,
Ce Vi BE R 1 e — I vk FE I, | TV BE AR K 5 | /e
KR E TR,

R T YGE SIS S T Ce B TR KB
(1, FATT 40 B0 Tk 2 A R BB A 2 R R
2, Sa b PR, R BRI 2 SRR
15 F7 A A B Ce™ R G = I 1 & =
AR Ak, BB T TR SE IS RE S T S S 1B A% vk B S R
P, A 7= A BT B S S I e K, De ' i i Bl
1B 2% B U BE RGN R B AN 2 BT VR B AR K
W, B G RINFE ST N 44 ns, LB Ce¥ F
FIRESh 4y 47 ns B§ AT, ATRER M T Gd R AR
) TP K T o e B, T TR AR R S IR S T

N [
XKL,

m x=0.06

13 CeY, ALO, 0x=009 |3
1 Ax=021 |3
vx=036| ]
. +x=0.39
2014 «x=042 |
2z
é i
g i
A 0.01 E
A ]
0.001 : : : :
0 100 200
T T T T
1 Gdyceu 06Y2.941’A15012 : i : 8% E
Ay=04
vy=0.6
+y=08
= 4 <y=10] |
s 0l y=12| 3
2 ey=14
g *y=1.6
£
S 0014
CH
0.001 T T T T T T 1
100 200 300 400

Time / ns
5 ARFEBAREEN YAG PO EE M Y, Ce,AlLO,
() F1 Y0, Gd, CegoeAls0,, (b)Y 226 2 8 i 2%
Fig.5 Decay curves of the fluorescence of Y; Ce,AlOy,
phosphors (a) and that of Y, ,Gd,CenwAlsOrn
phosphors

R T i LW SER RE S SR BE R R TR R
AT T 3% 2 A R FUFE 5 0918 = 5 S W 6 A
B 7 Wi, BEE Ce™ M G WK FEHE N, Ce™ B T 1
460 nm Ab 1) 4f-5d WA W 1G58 | ] A7 48 A i
T RN 565 A G R At 7 S S i Bk 380
nm Bt AN KT 500 nm 6% I B3 5 0 0
B SXAEE R Ce RIGHR S T M, T BE RS
5 Ce™ B TR R R IE S, T30 Ced Xt
460 nm T & IR ¥ I AT 1 DR/ | v R AT R BT
AT U 2 R R 11 T DS R LA A B

0.8

0.6 ""\ //

0.4 1 \ \ /
A \ /’

0.0 T T T T T 1
300 400 500 600 700
Wavelength / nm
Bl 6 A Ce*BA2ME M YCe,ALO, 70K
ik 5 53 R
Fig.6 Reflectance spectra of Y5 Ce,Al;O,, phosphors

Reflectance / a.u.

with different x

Y, 4,,Gd Ce, ,ALO

006" 512

Reflectance / a.u.

%0 300 400 500 600 700
Wavelength / nm
7 AN GA™ B AW 1 (Y 100, Gd,Cengg) ALO 1, 5K
4 i B 5 1
Fig.7 Reflectance spectra of (Y, ,Gd,Cegp)ALsO;,
phosphors with different y

HRAE & 6 FIEL 7 504 20 575 8] T Ce*X) 460 nm
PR TC S R B 2 Ce™ I G Y R BE 1 A 1k ¢
F 8 Akl o s B 8 AT LA 2 Ce e
#H I 0.36 B, Ce XTI A 56 ) 1 W e i b /b | i
WS (8 5 R B Y R R 2 AL 9 R
Ce* Xt 460 nm PR GG B A G VR 1Y
B R | e 8 5 R R B T R



52

WSS 8 2% Ce, Gd(Ys.,Ce,Gd)ALO,, %M B K6 T B Rl B2 7 I R 187

)20 Xt — D UE ] T RN R AR R0 B B
Ce™ Ml Gd™ & 5 WG NZ 7 T Bk 00 Jot A 2 oy ik 22
VER PTG M Ce BIEHICRE J) T K | 55 BT
I B IR MACHE B8 BT 5 BB0Y R JBORS D' ) IR AU i T i
JEM T Ce* M GA* B IA T B L,

1.1 1.1

=

1.0 & o A— Q 110
. a 5
209 O & 09 =
z 5
208 108 5
3 o
R= cé
= 07 107 £
kS
<

06 YAG : xCe o Absorbance 10.6

APL
0.5 : - - - 0.5
0.0 0.1 0.2 0.3 0.4

Ce doping molar fraction (x)
K8 Y;.CeAlsOy, PEXEKY AL E AN Ced R ¥ A I 1Y
L B Ced B AR TR I 122 1
Fig.8 Comparison of fluorescence intensities and the net
absorbances of excitation light by Ce as a function

of Ce* doping concentrations

1.2 T T T T T T — 1.2
104 8 o 110 4
o o) - =
= ~
3 084 °© 88 3 q g Jo8z
5 5
£ 0.6- 106 ¢
E g
=]
= 0.4 104 5
<

0.2 (YZ_QHdeCeOOé)AlSO12 = Absorbance H40.2

o PL
0.0+— 0.0

02 04 06 08 10 12 14
Gd doping molar fraction (y)

K9 GA™BA4(Y,0.,Gd,Cegu)AlsOy, ZEGH K IEHR A Gd™
X A e B e W B G5 2 iR B Y A2 A
Fig.9 Comparison of fluorescence intensities and the net
absorbances of excitation light by Ce* as a function

of Gd* doping concentrations

2.3 Y3, CeALOy, F(Y,0,,Gd,Cey)AlO,, KR FE

R 1

Bl 10 A Ce* T iy Y;.Ce,AlOy, 2EGH K
TE 200~500 K i B2 70 [l N 19 A6 BE ARk 45 R 3%
B, AN [F] Ce* & i (v=0.06~0.42) 1 YAG:Ce™ 2 ok &
DR 3 B A T T T R R T TR T 500 K
B, NIA Ce ¥ BE 45 2 92 6 K A OG0 BE AR X T %
T 2N B S0% A4 . 11 2 AR G i
(Yaou, Gd,Cenu)ALsO,, 2361 BHE 200~500 K it HE
Bl N 19 i B AR Ak 5 SRR B IR B T S R EUR

JerEREM AL, JF B B GdY i A K i
—nE LGB e KT 1.2, IR EF & 500 K B
PN KR B R Z R 109%, LRI 10 A1
11 ATE, 3B G HE il A B ™ 3 5 SCHRIOH i
—E, WA DRI BER i — L0 T
G i 1 2 't 5 B PR K 7™ o 1) D P R FH AR
BIRL R NGmIE T SHE TR RER N,

= Rexp[=EIRT)]

10 i Ylf\cexAlSOlZ
0.8
=2
<
E 0.6 1
E
2 0.44 e x=0.09
&~ A x=021
v x=0.36
0.2 1 & x=039
< x=042
00 T T T T T
0.2 0.4 0.6 0.8 1.0 12 14
Temperature / K
K10 A Ce* T Y, Ce AlOy 26K KOG EE
i it 32 14 728 Ak

Fig.10  Dependence of fluorescence intensities of
Y;.Ce,Al50, phosphors on temperatures for

various Ce* doping concentrations

0.8

PL intensity / a.u.
<
S
1

0.2 1

(Y.

devceO.D())AISOIZ

291

“O% 20 0 3o a0 | 4% 0
Temperature / K
11 AR G E T (Yae,,Gd,Ceno) ALOy, FEEH
O o R I i AR A
Fig.11  Dependence of fluorescence intensities of
(Y201,Gd,Ce6)AlsOy, phosphors on
temperatures for various Gd* doping

concentrations



188 Jd Hl fk

3
g3
=5
#
e
gl

R NI T E NEOERE, BIASREN B cd
R PPE I E K 10,11 TSR Bk e RN
IA M, PIAEEEI R M E HREE Ce™ M Gd ik
FER AR SR s 12 fE 13 s, B 12 #8 R
M E {HI8 R Ce™ B 1 B2 3G i i i A8 /N, (AR 4k
TEREEA R, M x>0.36 B, R #l E AT P ANE 13
RILE A ALE 250~280 meV S P Bl G
BomSeAs /NEHIR, M y>0.8 B E{EBE TR AR
AR By 38, R A AR LG K, 2 y>1.2
BF R BRI A, FESLIR R fh B Z2 vk B L
RBEINIE 1 RS, Xt — 2Rl T Gd ik
PeR =B R R CR N T R g, BWE$
GA*FE i Ce™ R A 5 HE i Sl RS & i

200 300
o
@ 1250
150 |
A
N 2
I~ A A A 2 200 E
a o o ;
100 - °
4150

oL ! . L ! L . ! 100
0.05 0.10 0.15 0.20 0.25 030 0.35 0.40 0.45
Ce** doping molar fraction

Bl 12 Y5.CeAlO, ZOEMHUAFH BN R I E (A BE
Ce* B A it Y 221K

Fig.12  Nonradiation ratio factor R (square dots) and
thermal activation energy E (solid triangle
dots) was plotted as a function of the

compositional fraction of Ce ion doped in YAG

300
4000 -
A 3
A
A A A
A 4250
3000 | A,
x i >
2000} 1200 £
€3]
=]
o
1000 - o 1150
o o @ e
ol . 1100

1 1 1 1 1
02 04 06 08 10 12 14 16
Gd** compositional weight (y)

B 13 (Yoo, Gd,Cen)ALOy, 706 LA 13 810 R
M E EF GHE IR i 22 1k
Fig.13  Nonradiation ratio factor R (square dots) and
thermal activation energy E (solid triangle
dots) plotted as a function of doping fraction of

Gd* ion in Ce/Gd co-doped YAG

3 & i

K H e A A T R B Y5 Ce,ALO, FI
(Ya01,Gd,Cegu)AlOy, 206K, RGHBITE T Ce* Ml
G IS NI X 58 by e Sk B SE PR sg g, DA
PR R B R e S5 AR

(1) M4BT CeX Ml GA»* VAT , FF AT oo AR Jk i
1) SRR GE AL, DRI 5T T YAG @A, BEAS Ce™
(B Gd*) BRI (0.06<x<042,02<y<
1.6), DRy KOs B BT B, AT R B DR
R BT B IR R B K BT S R i T
WP Ce™ (B Gd*)1B 2% I 1 BT Xh il & e A il , &
A5 Ce(E Gd*) XU CITE AR, T3 Ce™
(B Gd™) % i A& O i W s o ) TATRRAIR 1 &0
SREE . R AR AS m RO R $i i O e
WOR G R R a2 5 ot R A Al & S e xR
R W IAR T2

(2) Ce¥ & B AEXT Y, Ce,ALOy, 9 R 1 4
PERAE BTS2 /N | Y Ce™ & & M 0.06 3 i F
0.42, HEETHE 500 K B, Y, Ce,AlO, %K &
5ER B R X T 2 I OO BRI B R AR AE 50% 245, Gd
FB 2 IR R K | Y Gd* 4B 2% & & AN 0.2 3 i 2]
1.2, TR 2 500 K 1, (Yae,Gd,Ceg) A0y, 706
K3 't 5 BE AR X T R T B R E AR 509%~90% Z
[E) 38 2ok ) FH AR A R X Bl AT B L 4
B 48 G R il #4057 B 1 it PR 01 6 [ 1
RS, BIRES G Ce™ AR HHT
SRS R,

S Lk

[1] Nakamura S, Fasol G. The Blue Laser Diode. Berlin: Springer,
1996.1-24

[2] Mita Y, Kobayashi T, Miyamoto Y, et al. Phys. Stat. Sol. (b),
2004,241(12):2672-2675

[3] HU Yue(#] ), XIONG Lin(fi&  #K). Experiment Science
& Technology(Shiyan Kexue Yu Jishu), 2006,12:54-56

[4] YANG Yun-Xia(# = #), CHEN Xian-Ling(# 1l ¥2), YUAN
Shuang-Long(% AUJE), et al. J. Chin. Ceram. Soc.(Guisuanyan
Xuebao), 2006,34(6):671-674

[5] Optoelectronics Industry Development Association (OIDA).
The Promise of Solid State Lighting for General lllumination.
Washington DC: OIDA, 2002.11-13

[6] Park J K, Lim M A, Kim C H, et al. Appl. Phys. Leit., 2003,



52

WSS 8 2% Ce, Gd(Ys.,Ce,Gd)ALO,, %M B K6 T B Rl B2 7 I R 189

82(5):683-685

[7] Setlur A A, Srivastava A M, Comanzo H A, et al. Proc SPIE,
2004,5187:142-149

[8] ZHANG Shu-Sheng(5K F32k), ZHUANG Wei-Dong(HE TL %),
ZHAO Chun-Lei(# % &), et al. J. Rare Earths(Zhongguo
Xitu Xuebao), 2004,22(1):118-121

[9] Jang H S, Im W B, Lee D C, et al. J. Lumin., 2007,126(2):
371-377

[10]Zhang C, Heeojer A J. J. Appl. Phys., 1998.,84 (3):1579-
1582

[11]WU Jing(% 32), LIANG Chao(# #), DONG Yan(#
#7), et al. The Sixth National Conference on Functional
Materials and Applications(% 7< /& 'F B 2 se M4+ & H 5 A
F R £X). Wuhan: [s.n.], 2007.

[12]LI Chang-Min(Z* K ), LI Zhong-Hua(% H14€), SHI Yan(*£
). Journal of Dalian Institute of Light Industry (Dalian
Gongye Daxue Xuebao), 2007,26(2):143-146

[13)JIANG Da-Peng(:# KM§), ZHAO Cheng-Jiu(# K A ), HOU
Feng-Qin( X%%), et al. Chin. J. Lumin.(Faguang Xuebao),
2003,24(4):385-389

[14]YU Bin-Hai (4 # 1), WANG Yao-Hao (L #£ ). Chin. J.
Lumin.(Faguang Xuebao), 2005,26(6):761-766

[15]SU Qiang(#7  #f), WU Hao(2 %), PAN Yue-Xiao(if X
%), et al. J. Rare Earths(Zhongguo Xitu Xuebao), 2005,23
(5):513-517

[16]LI Hui-Juan (% & 45), SHAO Qi-Yue(HFi& #), DONG Yan
(# &), et al. Chin. J. Lumin.(Faguang Xuebao), 2008,29
(6):984-988

[17]Pan Y X, Wu M M, Qiang S. J. Phys. Chem. Solids, 2004,
65(5):845-850.

[18]LI Xue-Ming(%22# W), HE Nan-Ling(fi] F§ ¥%), TAO Chuan-
Yi (K8 1% ). Journal of Chongqing University: Natural
Science Edition(Chongging Daxue Xuebao: Ziran Kexue Ban),
2007,30(2):103-106



