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Abstract: The energy band structure, density of states and electronic density difference of Cagg¢;Sr| 9;AIOF were
calculated using the planewave pseudopotential method based on density function theory and generalized gradient
approximation. The covalence of Cag 9,51, o;AIO4F was studied with valence bond theory. The excitation and emission
spectra and fluorescent lifetimes of Cagg;Sr;97AlO4F doped with Ce*™ were investigated. The results show that the
valence band is mostly composed of O and F 2p orbital, while the conduction band is mainly constructed from the Sr(1),
Sr(2) atoms 4d and Al atoms 2p orbits, the energy gap is 6.235 eV. The bond covalence of Ca/Sr(2)—0O and Ca/Sr(2)—F
is strengthened with increasing the concentration of Ca®" in Sr;AlO4F host. The emission peaks and fluorescence lifetime
(t1e) of Ce*" in both two sites of 10-fold oxy-fluoride coordination (Sr(1)OsF,) and 8-fold coordination (SrOgF,) are
about 472 nm, 38.35 ns and 550 nm, 49.45 ns, respectively.

Key words: fluorescence material; electronic structure; rare earth; luminescence; first principles

KR &6 I (Light emission diode, AL 1X10° WL 26K 10 5N, X hEr
LED)+# 69 /68 (Y3ALs012:Ce,  YAG:Ce)ZH 4 il 1 LR K. R A esE c s 21
6 LED, HAEHEACH BT 18, HYEKTH 1/2, AW — R B .

EEWE: N ERLRHOR A B I H (201112200034); )7 448 55— bk Br % LI H (B 1.[2010]633 5))
WimBHA: 2013-07-25; 1EITHEA: 2014-03-20
BEEE: (UEE, @A TRW, L #ik: 020-61086469; E-mail: nhygd@163.com



1340 A G EE R

2014 £ 5 H

PENHACT 1 LED BAHIER S, A, $2
AREE, SR . AT LED+3 {056
FH(YAG:Ce® )2 Tolk b SeBl (o R 53k, SR,
YAG:Ce #JeH REEIE e e b, #45)
LED+YAG:Ce %6} 77 S 25 % (A (<4000 K)
0 LED [ 8 VRIS, 554h T YAG:Ce ZL6AN 211 1]
S S E 7 6 iR o Ee N T A S G A= P Y TN E b
LED MUPGU, IR 50t LED WUk =2k,
G BRI B3 5 P

Sr;AIO04F®), Ca,Srs (AlO4F). Ba,Sr; [ AIOF®),
Sr;GaOF! ik - U 8 3k ¢ ek FLATAH 7] b R 454
JETANTI AR, Amem 58, HA REFRAOGIER,
TSN 2 0T o 4 Ca St AlIOF AR 4B N Ca™
REAT AR i ROGHRAE , AR G 1S 8 A R R i 41
¥, H Ca¥BARN x=04 MRS RER . ME
Ba,Sr; AlO4F TZ’—(/% ‘:F' ’ Béffﬂé%f‘ﬂﬂfﬁ Sl'(l)Ost *%12,
RATEHILER LS, [FFEAT/E SrsGaO,F 1A &
rPOUL SR BB R RO %1,

I, AXEHEMVIR T C B 70T
CagorS1203AIOF ZEYE M I HL T REMY 45 1 SR
Ce™" B T £ CagorSragsAlOF ¢ 06 By i + W A
Sr(1)OgF, A& AL H1J\BCAT Sr(2)O6F, WA IS « &
SOt AR A RO .

1 I8

1.1 #H&EEE

KO om WM VR A& R W e B
Ca097Sr2A03—2xcexNaxAlo4F(x:0~05) JE\ *j 7|‘/Jr 7'7
SrCOs(AR), CaCOs(AR), SrFy(AR), A1,05(99.99%),
Ce0,(99.99%), Na,COs(AR). Na'lj HLfifAMEF], %
W EIRE A I S, R IR TR N 1, K
s BIFEE 20 min, KHEGPIRAH ST, DU e
55, fE 1250 CLRiE 6 h, EImEH).

1.2 #HREE

K 1178 & Bruker Advanced D8 X 54453 K 15X
DU 5t () S AR K, PRSP 2=0.15405
nm, FHER 10 (O)/min. FE8 UK KSEIER
FHOEE 2 T8 FSL-920 W AFa259¢ 06610k,
WOLEIE N 150 W AT, IR RS O % i

1.3 RTFRHSEWITERZ
SRR L2 R BRI S (PWP) AL X

BEIEILU(GGA) JriEM IS AR B Cag 078t 03AIO4F
R RET L, AL O CASTEP 1A%
e k P& (k-mesh) K/NA 3X3X2, ~PjaL
AEst R 7R B H ) eshbr e S e S W Slobn e 43
WK 300 eV, 0.1 eV/nm. 2.0X10°° eV/atom.

2 HR5UHE

2.1 miRLEM

1 Ji7sh CagorSr032.Na,Ce, AlO4F(x=0.05) 1]
XRD i o HI AL F BRI A1, CagorSta 03 AlO4F A
J&T Bimem V7R, S a=6.6517 A,
c=10.9443 A, c/a=1.6453, tH XRD i &I, B/ a
) Ce’ B T RELI CagorSta03 AIOLF AHAEEM A4

Cay 9751, 03-2,Na,Ce,AlO,F
x=0.05

| .
10 20 30 40 50 60 70 80
20/(°)

Cay 9781, 3AIO,F

1 Ca0_97Sr2_03_2,.NaxCexAlO4F(x:O.05) E"] XRD fg
Fig. 1 XRD pattern of Cagg7515 03.2,.Na,Ce, AlO4F (x = 0.05)
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Fig. 2 Band structure of Caj ¢;S1 o3 AIO4F
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Fig. 4 Electronic density distribution for Sr;AlO,F (a) and Cag ¢7Sr; 03AlO4F (b)
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Table 1 Calculated results of bond parameters in Sr;AlO4F and Cag ¢7Sr;,03A104F host
Host Bond Bond length/pm E} eV E}'/eV eV £ £
Sr(2)—O0 269.7 5.28 3.393 4.045 0.587 0.413
Sr3AlO4F
Sr(2—F 251.9 6.07 4.019 4.548 0.561 0.438
Ca/Sr(2)—0 261.2 5.23 3.673 3.723 0.506 0.493
Cay 97812, 03Al04F
Ca/Sr(2—F 247.5 6.01 4.199 4.299 0.512 0.488
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Fig. 6 Decay curves of phosphor Cag;S1; 03-2,Ce,Na, AlO4F
(x=0.05)at 5K
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