57 5 2008 5 Vol.57 No.5 May 2008
1000-3290/2008/57 05 /3244-05 ACTA PHYSICA SINICA (©2008 Chin. Phys. Soc.

1 350007
2 230026
2007 9 21 2007 10 23
EF* PLZT Er'* PLZT
Er* . 980 nm EFf* PLZT
540 564 nm 678 nm ) Er'*
EF* PLZT Cy=0.91%x10"" em’/s Cy
=18.23x 107" em’/s. EF* PLZT Tin EF*

Er3+
PACC 7820 3350 7855 7840

14 15
1. PLZT
16—19 Li 18 Nd3+ PI_ZT
1966  Auzel Camargo 1 Ef* PLZT
12
} EF* PLZT
Ef*

Ef* PLZT 980 nm

Ef* PLZT
4—10 . 2.
h 1971  PLZT PLZT
PbO + La,0; + Zr0, + TiO, +
R VA ABO; Er, O, 2% 700
Pb La Zr Ti O, C 15 min
750 cm™! 3mm X3 mm X2 mm
2.401 . Perkin-Elmer Lambda 900
UV-VIS-NIR
* A0510014 2006F5025

t E-mail zqzheng@ fjnu. edu. cn



3245

5
1 400 nm—1700 nm 451 nm
493 nm 522 nm 552 nm 656 nm 806 nm 976 nm 1540
nm ] 1200
“Lisn YFs, ‘Fu PHyn fSin E
YFopn 4]9/2 “Lin 4]13/2 g 800
2023 =
522 nm Judd-Ofelt ig
#®

0,=2.2230 x 10°® cm’
02,=0.2773x 107" em® 02, =0.1285 x 10°* em®

0, Er'* PLZT
EI‘3 +
EI‘3 +
1.
10 |
E
S~
)
=
0 _/JJ ALV—JL—M—A j\}k‘
400 800 1200 1600

K /nm
1 PLZT

2 Edinburgh FLS 920

EX* PLZT 980
nm 540 nm 564 nm 678 nm
2f111/2 4S3/2 4F‘;/Z
! 115/2
Er* “Lin
228 ps “Lin
ETU *Ip +* 1" Fop +* 15
ESA I, + h—"F,, YF.,
! F7/2 : H11/2
! 83/2 . : H11/2
“Isn 540
nm 4 Ss
“Lisn 564 nm .Sy,

400

500 600 700

# /nm
2 PLZT
4F()/z 4Fg/z
s 678 nm
PLZT
3.
3.1.
980 nm E/* PILZT Ef*
3 1—7
sy lan fLip Ly *Foy Sy fFop
Ni—N; Er'” . 2Hn/z
4S}/z 4S3/2 2Hu/z
“San
2%
2 1
980 nm
Er* 980 nm “Luin
i Fap
4[n/z Er'*
! Fap B Pl
4]11/2 +4]11/2»4F7/2 + 4]15/2 4]13/2 +

4 4 4
Tiap="Iop + 7 I1sp

dN
ditl = - RBNI + R31N3 + A21N2 + A31N3



3246

i

) 4/ "7/2 \\ TN 7
Huye “
83/ i 6Ng
1 ¥
Foze i 5N5 Cys
o/ 1 ! : 4N,
1
¥ ¥
Iz T 3N .
i Cop
U v Y 9N,
1
iz ' |
980 nm ' i
1
¥ \ \Al ! i
“I1s/2 - 1N, i *
1 L e e e Vo ___1
. H
3 980 nm

Ay Ny + A Ns + Ag No + szNg + Cs3N§

4
[11/2

dn.
d—z2 =-AyN, + AsNzRNs + Ap Ny + A5, Ns
+ AgNg = 2C» N,
dN
Tf =R13N1 - R3|N3 - R37N3 - A31N3 - A]3\12RN3
+ AN N, + AgNs + AgNg — 2C45 N3
dn.
== AGN, = AN, - AN, + AN,
+ AgNg + C» N;
dN
T; == A51N5 - ASZNS - Asst
— ASNs + AZ N,
dN,
d—t6 =-AgNe = AgNg — Ag N — Ag Ng
- AGNSHNﬁ + A7NsRN7
dN
dt7 =Ry N, - A7N6RN6 + C33N§
N:N1+N2+N3+N4+N5+N6+N7.
1 Ry Ry
R
Cpn Cy 4]13/2 + 4[13/294 Loy + 4[15/2
+4111/2_’4]15/2 +4F7/2 N;
Er* N Er*
Rsa Risy
25
ol
R(}SA =}TV
o'l
RrisA ZE

57
262
= 4
mczAvf
o o v f
v 1
AH ANH
1 26
AR “ n 27 5
AM = Ce 5
AE C «a
dN,
- = 0. 6
dt
Erf'*
1 PLZT
ANRyg-1 34143 AN /s! 277121.9
A1 82304 AR /st 27.36
Al /s 36.18 AR /7! 91.62
A& 157! 22.03 AW /g1 3345.2
Al 157! 279.47 AR /57! 127.10
AR /871 655.56 AR 7571 202.53
AMYs! 3000 Ry3/s™! 0.225
AR /st 80.06 Ry /s™! 0.179
A /s 63.16 Ryls™! 0.279
AR st 943.2 Cpl 107 Bem’/s 0.91
Cy/ 107" em?/s 18.23
3.2.
Runge-Kutta
Ny=1 N, =0 i1
sz C33
1550 nm 980 nm
Cx C33
4 1550 nm
a
b c d Cy

=0.91x10""® em’/s Cy, =18.23x 107" em’/s Cy =
0x107® em’/s €y =18.23x 107 ® em’/s €y =



3247

3.64x 107" em’/s €3 =9.12x 107" em’/s

a
. Cyn Csy
2mol % Er'* PLZT 980 nm “Lap
4 4 4 4
+ L= Fop + 7 Lisp Ly +7 1
4 4
> o + 7 sp Cyp=0x
107" em’/s
4
Ly I3
1.0
L0
0.8
% 0.6 0.005  0.015
§ L
m 0.4
0.2
0.0 L . . . . . . ; n !
0. 002 0. 006 0.010 0.014 0.018
T /s
4 1550 nm
a b c
d Cyn=0.91x10""% cm®/s €3 =18.23x 10718

em’ls Cp=0x10"" em¥/s Cy3 =18.23x 107" cm’/s

3.64x 107 em’/s Cy3 = 9.12 x 10718 em’/s

4
5 =" Lsp

a

C22

b

C33

CZZ =

5» =0.91x 107" em’/s Cyy =

18.23x 10™"® em’/s
Cy

4 3+
Ly Er

“Fa, “Fap
: H,yp,
* Sy, 540 nm 564 nm

1.0

0.8
® 0.6
bt
T
o 0.4

0.2

b
0.0 .
0.2 0.6 1.0 1.4
B /1075
5 111/2”4 Lispp a
b C»n=0.91x10"1
em’/s Cy3=18.23x 107" cm?/s
4.
Er* PLZT
PLZT
980 nm
1550 nm 980 nm

Cy, =0.91x10"" em’/s

4
111/2

Ef* PLZT

1 Auzel F 1966 J. Comt. Rend. 263 B 819
2 Auzel F 1973 J. Proc. IEEE 61 758

3 Yang J H Dai S X Jiang Z H 2003 Progress in Physics 23 284

2003

23 284

4 LinH Pun EY Liu X R2001 J. Non-Cryst. Solids. 283 27
5 Higuchi H Takahashi M Kawamoto Y 1998 J. Appl. Phys. 83 19

6 Takahashi M
Phys . 83 3920

Cyy =18.23%x 107" em’/s.
C33

980 nm

Izuki M Kanno R Kawamoto Y 1998 J. Appl.

7 Ding Q L Xiao S G Zhang X H 2006 Acta. Phys. Sin. 55 5140

in Chinese

5140

2006 55

8 Song F' Tan H Shang M R Zhang G Y ChengZ X Chen H C


Absent Image
File: 0


3248 57

10

11

12

13

14

15

16

2002 Acta. Phys. Sin. 512375 in Chinese 17 Kadono K Yazawa T Jiang S B Porque J Hwang B C
2002 51 2375 Peyghambarian N 2003 J. Non-Cryst. Solids . 331 79

Chen X B Li M X Sawanobori N Zeng Z Nie Y X 2000 Acta . 18 LiBZ ZhengZ Q Yang ] W Li K2005 Chin. Phys. Lett. 22
Phys . Sin. 49 2482 in Chinese Sawanobofi 80
N 2000 49 2482 19 Camargo A S'S Possatto J F Nunes L A O Botero £ R Andreeta
Wen L Zhang LY YangJH Wang GN Chen W Hu L L2006 ERM GarciaD Eiras J A 2006 J. Sol. Sta. Commu. 137 1
Acta. Phys. Sin. 55 1486 in Chinese 20 Judd B R 1962 J. Phys. Rev. 127 750

2006 55 1486 21 Ofelt G S 1962 J. Chem. Phys. 37 511
LiuS H. 2005 Laser & Infrared 35 385 in Chinese 22 Mendez-Ramos ] Lavin V. Martin I R 2001 J. Alloy. Comp. 323
2005 35385 735
Krumins A Fritsherg V 1981 Ferroelectrics 35 149 23 Zheng Z. Q Liang H Ming H Zhang QJ Chen B Sun X H Xie
Guto-Nelle A Schichl H Springer J 1983 Ferroelecirics 49 151 J P 2003 Chin. Phys. Lett. 20 654
Ballato ] Esmacher R Schwartza R Dejnekab M 2000 J. Lumin . 24 Yeh D C Sibley W A Suscavage M Drexhage M G 1987 J.
8 101 Appl . Phys. 62 266
Murakami S Herren M Morita M Ohkubo S Suzuki T 1995 J. 25  Maciel GS Aradjo C B 1997 J. Phys. Rev. B 55 6335
Lumin . 66 294 26 Weber M J 1967 J. Phys. Rev. 157 262
Gene H Haertling 1987 Ferroelectrics 75 25 27 Miyakawa T Dexter D L 1970 J. Phys. Rev. B 12961

Analysis of the dynamics of upconversion in erbium-doped
transparent lead lanthanum zirconate titanate ceramic™

Li Xiao-Yan'  Zheng Zhi-Qiang' © Feng Zhuo-Hong'  Liu Jing'  Jiang Cui-Hua'  Kong Ling-Kai' =~ Ming Hai®
1 School of Physics and Optoelectronics Technology — Fujian Normal University — Fuzhou 350007 China
2 Department of Physics  University of Science and Technology of China Hefei 230026  China
Received 21 September 2007  revised manuscript received 23 October 2007

Abstract

The absorption and upconversion fluorescence spectra of Er'* ions in Er* doped transparent lead lanthanum zirconate

titanate PLZT ceramic were measured at room temperature. The radiative transition probabilities of the Er* * ions were calculated

usi

ng the absorption spectrum of Er'* doped PLZT. Strong upconversion emission was observed in the upconversion luminescence

of E'* doped PLZT. The green emission intensities at 540 nm and 564 nm were stronger than the red emission intensity at 678

nm. The upconversion rate equations describing the dynamic process of the system have been deduced. The upconversion

coefficients were estimated by numerically solving the rate equations and fitting the simulated curves to the measured data. The

coefficients Cpand Cs; obtained are 0.91 x 10™™ em®/s and 18.23 x 107" en® /s respectively. The results show that evident

upconvesion phenomenon can be observed in Er’*  PLZT transparent ceramics which is consistent with our observation.
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