56 7 2007 7
1000-3290/2007/56 07 /4200-07

ACTA PHYSICA SINICA

Vol.56 No.7 July 2007
©2007 Chin. Phys. Soc.

Tm’* /Ho’*

2.0 pm

*
510641
2006 10 12 11 4
Tm'* /Ho'* Te0,-WO0,-Zn0 808 nm 2.0pm Tm’*  Ho'*
Judd-Ofelt Ho'* 0 1=246 A,
T, . Ho'* g, A o, A . Tm'* —Ho'*
Tm'" <Ho'* JHo'* L 3.9ms 2.0 pm
9.15x107" em*.  0.5mol% Tm,O;  0.15 mol% Ho, Oy 2.0 pm
Ho'* N 0. X Ty G A
Tm'* /Ho'* 2.0 ym
2.0 pm
PACC 7855 4255R 7840
1 49
10—12
2.0 pm Ho'* 2.0 pm
513 Tm3+ /H03+
Te0,-WO,-ZnO 808 nm
¢ . 1962  Johnson ’ Ho'* 2.0 ym Tt Ho'
CaWo, 2.0 pm Ho'*
2.0 pm 7 0.XT, G A
Ho'* 3 3
Tm’* /Ho™* 2.0 pm
2.0 pm
~ 540 em™! 2.
4 70Te0,-20W0;-10Zn0O-
~ 200 em”" xTm,0;0.3 Ho,O;, x =0 0.1 0.3 0.5 0.7
~1wt% °© 70Te0,-20W0;-10Zn0-0.5Tm, O5-yHo,0; ¥y =0 0.01
500 cm™ 0.05 0.10 0.15
2.5wt% A 15¢
~750 cm™! 850—
* 50602017 50472053 04020036 05300221

NCET-04-0821 NCET-0823

F E-mail qyzhang@scut. edu. cn



7 Tm’* /Ho'* 2.0 pm 4201
900°C 20 min. \
300—320C 3h 16, 5G,
20000
5%,
10 mm x 10 mm X 2 mm
' T, 15000 | 9F,
. Perkin- § ’H, 4
5
Elemer-Lambda 900/UV/VIS/NIR ?ﬂé 10000 | Wis 515
3 3 1
350—2200 nm. Jobin-Yvon 31;5 - s °
L 4 5
TRIAX320 5000 Wy R
808 nm LD ol sy, — . s — 51,
2 Tm’*  Ho'*
A, 257.5¢7" 17
3. 283.54 5!
3.1.
1 70Te0,-20WO0;-
10Zn0-xTm, 0;-0.3 Ho,O, x =0 0.5 £
s
3 3 >
Tm’* Ho'"* %
2
1.2 ‘
Ho:*Gs _ ; m
1.0 . 1400 1600 1800 2000 2200
é Ho:"Fs WA /nm
2 osl 460 470 480 490 500
£ Ho:°F .
~ Ho:"I4
™ Ho:oF; 3 Tt Ho' 70Te0, -20W0; -10Zn0-x Trm, Os -
0.6} R le:3H5 5
\ W 0.3Ho,0; x=0.1 0.3 0.5 0.7
N Tm:"F, b
0.41 \J\J\ Tm:'F, ™ Ho:’l; a
400 8(I)O 12I00 16I00 20IOO \Qz
B /nm .0,
1 70Te0, — 20W0,-10Zn0-xTimy Oy — 0.3Ho, 05 0, 0,
ax=0 b x=0.5 b 460— \Q(,
500 nm
Ho'* 2.0 pm A 0
Judd-Ofelt J-O s z Ho'*
16 Ho'* A, 1 2.
Ho'* 0, 1=246 7= toltu
2,=526x10"em® 2, =2.28x 10 em’® Q4 = - T
2.18x 10 em’. 0,
S=8S4+ S 3.309 x 12
10 ®em’ Ho't L T, 3.9 ms



4202 56
2.
1 .0, Th
1 Ho* 0,
1 o QN0 Pend 2,10 Pem /107 cni
2 0. X T, 16 2.43 1.67 1.84
19 4.77 2.18 1.22
2 3.3 1.14 0.17
N 0. XTy 16 5.20 1.80 1.20
. 2 6.92 2.81 1.42
Ho'* I z, 4.5ms " 5.26 2.28 2.18
T O, X Tph
2 Ho'* L
Ay/nm Niwt% Al To/ms 5./107%cm™? 7 Ge % T,/107 7 m’s
2 2035 2 58.07 26.7 0.53 1.55 14.15
2 2055 2 69.53 8.2 0.38 0.57 3.12
2 2035 2 90.42 5.6 0.79 0.651 4.4
2 2040 2 61.65 0.32 0.70 0.02 0.22
2027 0.68 257.5 4.5 0.915 1.16 4.12
A, N Ho’* o
3.2. \ !
Ho™ 2.0 pm
3.2.1. 1948 nm 8.06 x 107 ent’.
3 808 nm 1D 70Te0, - . A 2
20W0,-10Zn0-xTm,0;-0.3 Ho,0; x =0.1 0.3 0.5 5. A = A Az A
0.7 2.0 pm 8men
T, O, T A, Ho'* .g A
SH—F, 1.47 ym Ho'* ¢ n
Tw'* °F,—> H, 1.8 ym A : 4
Ho'*  °1,—°1 2.0 um 2027 nm 9.15x 107*" em’
Hot 5.44%x107" em®
2.0 pm T * 53%x10 " em® 2
T+ Ho* ‘ 15.4x 10 em® © Ho'*
Tm, O, 0.5 mol%
4 H03+
2.0 pm
3.2.2.
) 3.2.3.
_— 2.0 ym Ho'* °L—"I
2303l I/ | Ho' I,
. - NI
log I,/1 A I, }
I ! N GAx =n’Lo. A —n’lL o, A




7 Tm’* /Ho'* 2.0 pm 4203
10
o 3.3.
5
s 3.3.1.Tm’"
= 3+ 3+
% Tm 808 nm Tm
ﬁ 3H4 3H6*>3 F4 3F4 3F4
§ HO3+ 517
= 2.0 pm
. . ‘ . Tm3+ 3H4 5
1700 1800 1900 2000 2100 2200 ~ 700—800
B /nm 1 2 1 »
cm” ~ 500—600cm "~
4 Ho* 2.0 m ~ 1300—1400cm ™
Tr* 3H4 3H5
4360 cm ™! Tm®*
B. p=0.99 ’H,
C. p=0.93
D. p=0.73 6
% E. p=0.48 | |
S F. p=0.23 — = + W + Wer 5
Ia G. p=0.11 Tm Teal
5 I p=0.028
£ 1 1
s W = . - T 6
T T(:a] WMP
_ . . . . . , . . Wer
1700 1800 1900 200? 2100 2200 2300 2400 2500 0.5 mol % Tmz 03 Tm3+
#K /nm
WCR 3-
5 Ho’*  2.0pm 3
5 5 3+ 5 5
nhoon Ho b s Baos 1.71 x 10% Wepls™! 4367
Ho'* SI7 2 ~21 -1
O'Tm/(’,m 6.83x 10 W42/S 300
’ Iy Wy ls™! % 3100 r4lps * 294.12
GA =Nps, A - 1-p o, A 4
p=n 517 /N N Ho'* 3.3.2.
P 2 Tm’*
I7 3+
. Ho 2
G A /N . 5 HO 3 Tm3+ 3H5
2.0 pm Ho Tm®* °F, Tm'* *H,
2.0
pm Ho'* I, SE,
2027 nm 1948 nm 5 3. s
0.93 °S, Ho I,
>0.
P Tm’* /Ho**
0.23<p<0.93 1948 nm 5
2027 nm
p<0.23 0 1948 nm
dn,
p W = - ¢8086Tmn] — Rnyn, + Wyn,
°1
7 n
C 1IN + Cynyng — Coning + — 7

()



4204 56
dn 7 — 13
T; =2Rnyn, + Wypn, — Cxn,ns .. ..
- Tm Ho
n
+ Conyng — ?j 8 6
dn4 ny
dr = ¢8080Tmn1 - Rnyn, - . 9
4
n, +n, + ng = Ny, 10
J 2.0 F
ns g
W = - 626n2n5 + CGanan + ? 11 .
6 -
J ‘=« 1.5
ng g s
q =C26n2n5—(362n1n6—_76 12 S 9
~
® 10t
, ns + g = Ny, 13 %
o
808 . T £ o5l 6
808 nm Tm’* R Wg/ng, 5
4
3 .
Tm™* W, C; i 0.0 , , ,
j n o 0. 000 0. 002 0. 004 0. 006 0. 008
. ‘ BHE /s
2 . n'l‘m an
3+ 3+
THI HO 6 Tm3+ H03+ 124
ng 0 =ng n, 0 =0 ny 4 =0 ns 0 = ny, T®*  3Hg °F, *H, 56
ng 0 =0 74 =3.9ms. 7, Judd-Oflet Ho'* 5T 5L
70Te0,-20WO0;-10Zn0-0.5Tm, O;-yHo, 05 y
=0 0.01 0.05 0.10 0.15
3. Tm®* 3F4 Ho'* 517
Gy
) Tm, O 0.5 mol% Ho, 0,
900 nm 4 2027
Ho'* °L,—>"I; nm 7
H03+ 516 Tm3+ SHS
Ho, O,
3
C; 4.
0.7
0.6
18 0.5}
- 0.4f
4 Ca Co £ osf
S~
Tm, Oy Ho, O3 Ca Ce ﬁ 0.2}
fmol % Il % 10" Tem's™t /107 ens™! € O0lp
E o0f
0.5 0.15 31.7 1.58 ol
0.5 0.1 30.6 1.63 0.2}
70.3 1 1 1 1 1 1
0.5 0.05 28.5 1.61 0 1000 2000 3000 4000 5000
0.5 0.01 27.8 1.55 IR/ Wem™
7 2027 nm
3.4. Tm, O 0.5 mol% Ho, 05 a 0.15 b 0.1
3 4 ¢ 0.05 d 0.01 mol%



7 Tm’* /Ho'* 2.0 ym 4205
. Ho, 0, A, z, Ho'*
o, A o, A
Tm3+ 4’H03+ Tm3+
0.5 mol% Tm, O, 0.15 <~Ho* 18 .Ho* L
mol % Ho, O, 39ms 2.0 pm
3 -
Ho, 0, 9.15x 107" em’. 0.5 mol% Tm,0;  0.15 mol%
23
Ho, 0, 2.0 pm
H03 + 5 17
4 ° T"l Tm Ge X Tm
Tm’* /Ho’* TeO,-WO,-ZnO
808 nm LD 2.0 pm T’
Ho'* Judd-Ofelt
Ho'* 0,
1 Zou X Toratani H 1996 J. Non-Cryst. Solids. 195 113 12 Shen X Nie QH XuTF Gao Y 2005 Acta. Phys. Sin. 54
2 Peng B Tzumitani T 1995 Opt. Mater. 4 797 2379 in Chinese 2005
3 ShinYB LimHT Choi YG KimY S Heo J 2000 J. Am. 54 2379
Ceram. Soc. 83 787 13 RaiS B Singh A K Singh S K 2003 Spectrochim. Acta. A 59
4 Richards B D O Shen S X Jha A 2005 Proc. of SPIE. 5984 3221
598407 14 Judd B R 1962 Phys. Rev. 127 750
5 Courrol L C Tarelho L V.G Gomes L. Vieira N D Cassanjes F 15 Ofelt GS 196 J. Chem. Phys. 37 511
C Messaddeq Y Ribeiro S J L 2001 J. Non-Cryst. Solids. 284 16  Rukmini E Jayasankar C K 1995 Opt. Mater. 4 529
217 17 Singh AK Rai SB Singh V B 2005 J. Alloys Compd . 403 97
6 KimYS ChoWY ShinYB HeoJ1996 J. Non-Cryst. Solids . 18 VilaL D Gomes L. Eyzaguirre C R Rodriguez E  Cesar C L
203 176 Barbosa L. C 2005 Opt. Mater. 27 1333
7 Johson L] Boyd G D Nassau K 1962 Proc. IRE. 50 87 19 Shin Y B Jang J N Heo J 1995 Opt. Quant. Elect. 27 379
8 Zhang QY Li T Jiang Z H 2005 Appl. Phys. Leit. 87 171911 20  Reisfield R Hormadaly R 1976 J. Chem. Phys. 64 3207
9 Zhao C Zhang Q Y Pan Y X Jiang Z H 2006 China. Phys. 15 21  SongJH Heo] Park SH2003 J. Appl. Phys. 93 9441
2158 22 ChenH Liu YH Zhou YF Zhang Q Y Jiang Z H 2005 J.
10 Wen L Yang]JH HuL L2004 Acta. Phys. Sin. 53 4378 Non-Cryst . Solids . 351 3060
2004 53 4378 23 Zhang QY Yang GF Buddhudu S Jiang Z H2005 China. Phy.
11 LiJC XueTF FanYY LiSG HuHF 2006 Acta. Phys. Lett. 22715
Sin. 55923 in Chinese 24 Spector N Reisfield R Boehm L 1977 Chem. Phy. Lett. 49 49
2006 55923



4206 56

2.0 um emission properties and energy transfer of
Tm3* /Ho3* -codoped tellurite glass *

Chen Gan-Xin  Zhang Qin-Yuan' Yang Gang-Feng Yang Zhong-Ming Jiang Zhong-Hong

Key Laboratory of Specially Function Materials and Advanced Manufacturing Technology ~ Ministry of Education China

and Institute of Optical Communication Materials ~ South China University of Technology — Guangzhou 510641  China
Received 12 October 2006 revised manuscript received 4 November 2006

Abstract
This paper reports on spectroscopic properties and energy transfer of Tm®* /Ho®* -codoped ZnO-WO;-TeO, glass upon
excitation of 808nm diode laser. The J-O strength parameters spontaneous emission probability and radiative lifetime of Ho®*
were calculated using Judd-Ofelt theory. The absorption cross-section and stimulated emission cross-section were also
investigated. Our result indicates that the highest gain of 2.0 pm emission which comes from °I; to *Iy transition of Ho®*
might be achieved from the glass at the rare-earth ion concentration of 0.5 mol% of Tmy O; and 0.15 mol% of Ho,O;. It is

found that coefficients of the forward Tm®* —Ho’* energy transfer is about 18 times that for the backward Tm®* < Ho®*

energy
transfer. The calculated fluorescence lifetime of the °1; level of Ho®* is 3.9 ms and the emission cross section of the °L,—1,
transition of Ho’* exhibits a maximum of 9.15 x 10~%' em?® at 2027 nm. We also found that T’ * /Ho®* -codoped tellurite glass
is a promising host material for potential 2.0 um laser by comparing the quantum efficiencies the values of o, x 7,, and gain

coefficients of fluoride and heavy metal oxide glasses respectively.
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