
Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

℄ 21 \ ℄ 2 -  - , � H � Vol. 21, No. 2

2006 � 3 } Journal of Inorganic Materials Mar., 2006�$7T: 1000-324X(2006)02-0351-06

Er3+ " TeO2-WO3-La2O3 ;h,EQv�)Uz�G��
E >�DB<�?�=�A C
(61398759:429;�61 315211)# �� ��~43W%wR& TeO2-WO3-La2O3. 1l~R&W&n�+�h��+℄3%wWC�bD�fl Judd-Ofelt s	7|~%wWM~5f/r Ωt(t=2 � 4 � 6), ` 1{2+65f℄3F 1{2+65f�u#~5f/r Ω2 �%w;u�"W	+�fl

McCumber s	7|~ Er3+ � 1.5µm BWp/mQG�� TeO2-WO3-La2O3 %w� La2O3W�| >5mol% [��m2#P_`�f (Tx), u�	�%w,�g�q�/Wm��MUI�!� TeO2-WO3-La2O3 e��iN�/rL/Ws9*�,��P ℄ B�1zK%wÆ Er3+; �+D�ÆC�bD+	KeT�TQ 171 ��8�l�A

1 ���&A*I}Xhy�9�i�'-�XF=�E�iremr WDM ,�X�	ADgkpjOj��b(�ÆsM1XF=zoz)8
�4gmX54Æ0sM1 (EDFA)fo�,'y�<�.F>X�bOj (∼30nm) \S+��,R4XF=

H�J=�X54,�-�_Æ0sM1XsME�I c )h (1530∼1565nm)< L )h (1570∼1610nm)l�\S<��4OWXD_ [1∼5]. 5� Er3+ X2{L'y�Æ	A 1.5µm DgC[pFMXnRH��FjXiÆ�}j�$9[pFjX����>�F�X'y�
E�by℄E��F\XT)�}�F}X�R��
H2{L'y�F�fjOsM154'yt:X,�-� [3]. Q2{L'yXD�
E�Ze'y3�it��X�/�Æ0Xn�Oo��Mk��5��^9Xgm [3]. ��OW� Er3+ 5�2�5'y,� (TWL),2}�.D�
EE��v$�S'X'o�iÆÆ,E��gm Judd-Ofelt t
8}N�6g0}�gm McCumber t
8}�q0nRH�

2 ��
2.1 �uF(6G?� (80−x)TeO2-20WO3-xLa2O3(x=0 � 5 � 7.5 � 10 � 12.5 � 15) ,�/�OWi=� Er3+ X5��g� 1.3wt%, .� TeO2 � WO3 � La2O3 XEge� 99.99%. :?&��O|x� 2005–04–07, �C�NO|x�2005–05–26Xb�p� �:*AdI+L (60272034); �CX*AdI+L (Y104498); �(jd6Y�^*d+L

(02J20101-01).&\a� ! � (1978– ), ��wdNVU	 E-mail: zhulinyezi@126.com
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352  - , � H � 21 \� 15g, ?v&��E�^~�sK Al2O3 0��r 800∼900◦C X���a��H# 1h, BHGW�SKtD!X�����r�(���(��(�g� 400∼420◦C, �� 2h !�^
10◦C/h XygD�k�
B�(!X'yS'O��#Æ��< 10mm×10mm×2mm XS'^�2mm

2.2 �r?�.m"tY�o2'y�g�.m.>%<o2'y�R�
�R���gJ" 1�

'oÆ,m Perkin-Elmer-Lambda 950UV/VIS/NIR BvÆÆg[2m�2}p��
400∼1700nm;iÆ,oo� J-Y �xX TRIAX550 BiÆÆ,[2m�m 970nm X LD /�0nw�D�
E2m.m3Dv$o (DTA),�gp�� 200∼900◦C,W�yg� 10◦C/min.�p2m^�k�-NC
^P2VX'yS'X�R���g� Er3+ �gJ" 1 �

9 1 /Æ0:gAL�mI ρ �%}j n � Er3+ f-sI Ne ��Z Er3+ f- 4I13/2 q[�� τm

Table 1 Glass composition, weight density ρ, refractive index n, Er3+ concentration Ne,

lifetimes of the level 4I13/2 of Er3+ τm

Glass code Composition/mol% ρ/g·cm−3 n Ne/10
20ion·cm−3 τm/ms

TWL1 80TeO2-20WO3 6.679 2.188 2.805 2.916

TWL2 75TeO2-20WO3-5La2O3 6.847 2.204 2.876 2.534

TWL3 72.5TeO2-20WO3-7.5La2O3 6.944 2.211 2.914 2.151

TWL4 70TeO2-20WO3-10La2O3 7.163 2.219 3.006 2.349

TWL5 67.5TeO2-20WO3-12.5La2O3 7.317 2.227 3.073 2.541

TWL6 65TeO2-20WO3-15La2O3 7.462 2.235 3.132 2.614

3 `SV�k
3.1 ��Rw�*Æ 1 �A� Er3+ � (80 − x)TeO2-20WO3-xLa2O3 'y,��X'oÆ,
ÆX�'ow�o Er3+ 0n��5 

or2{L,�'yX(�'oH�)9y�r 350nm zO��^ Er3+ o,�<�}�5X|3!o�'o,�1

)�r)|3X'oH�
a� [6]:

σabs(λ) =
2.303log(I0/I)

NL
(1)b� log(I0/I) f'y'oÆ�g�N �P��.X)�r)5��g (P�� ions/cm3), LfS'X g (P�� cm). .v'oH�
a� [6]:

∑
abs

=

∫
σabs(λ)dλ =

∫
2.303log(I0/I)

NL
dλ (2)" 2 �A��Zb (1) � (2) 8}AX� TWL 'y,�� Er3+ |3X'oH�4.v'oH�
o" 2 e^aA
�& La2O3 X�}o 0mol% �;U 15mol%, Er3+ � 1.5µm )hX.v'oH�.�;j!D\�� TWL3 'y�KU.M� 54.42×10−25cm3; |3Xw�



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

2 -  ��Y� Er3+ � TeO2-WO3-La2O3 %w�W�+D��C�bDMU 353)9� La2O3 X�}� 0mol% \f 1528nm, RS'��p La2O3 \�|3w�)9%ZU
1530nm,Q�& La2O3 �}X�;�w�)9�nV�#
w�)9X%Ze�f
� La3+XdK�i'yJ�PuX�vp�j;�Ij'ow��OpZd [7].9 2 TWL :g��+ Er3+ !yD��^n�YK��^n�!yM'=�� Sed, Smd Z

Sed/(Sed+Smd)

Table 2 Absorption cross-section (σabs), integrated absorption cross-section (Σabs), Sed, Smd

and Sed/(Sed+Smd) of TWL glasses

Glass σabs Σabs Peak-wavelength Sed Smd Sed

code /10−20cm2 /10−25cm3 /nm /10−20cm2 /10−20cm2 /(Sed+Smd)

TWL1 0.606 37.6 1528 1.042 0.602 0.634

TWL2 0.6536 44.56 1530 1.128 0.602 0.652

TWL3 0.806 54.42 1530 1.399 0.602 0.699

TWL4 0.696 47.76 1530 1.185 0.602 0.663

TWL5 0.645 42.81 1530 1.123 0.602 0.651

TWL6 0.616 40.78 1530 1.037 0.602 0.633


 1 TWL %w� Er3+ W&n�+
Fig. 1 Absorption spectra of Er3+ doped TWL

glasses


 2 TWL � Er3+ 5f/r Ωt(t=2 � 4 � 6) ~
La2O3 �|W�"
Fig. 2 Dependence of the Ωt(t=2,4,6) on La2O3

content
Judd-Ofelt (J-O) t
 [8,9] 8mov$8} Er3+ �+
,�$T�X6g0s�a!2|3,76g Sed ^4G!2|3,76g Smd. 'yXN�6g0s Ωt(t=2 � 4 � 6) e^	�^P2VX'oÆ,�.>l=o)V [10,11]. [�8}qo;0
�4 [12]. Æ 2 1
�N�6g0s Ωt(t=2 � 4 � 6) s'y� La2O3 �}X�,
oÆ 2 e
�N�6g0s Ωt(t=2 � 4 � 6) � La2O3 �}X�;.�;���}�

7.5mol% \KU.M�B!-D
.� Ω2 X�#xg > Ω4 � Ω6 X�#xg
�Z Tanaba[EXOW [11,12], Ω2 s'yJ��$�7Xti:E�88��i'y<v�#.�{
��� Er–O �X�<Ei Ω2 U%6Vj; [13,14]. Er–O �X�<Ez6� Ω2 �XzM
� TWL 'y,���Ω2 X�#eI-�{_Ki
 1) I2�{L'yXJ�v$e
 [15] �& TeO2 �}X>>�TeO2 XN���J�� TeO4 �TeO3 � TeO3+1 "A>P�
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354  - , � H � 21 \T� Er3+ ��$�7ti:E�6�jo\�XOWe
 [17], Er3+ ��$�7Xti:E�6T� Ω2 ��M
 2) �& La2O3 X�;�/�����X La3+ Xs}�;�st7Q8z�Ij_'y���t7Qs}>>� Er–O X�<E>L� Ω2 >>

H� TWL 'y,�� Ω2 .�;!>>e�Xv
�
R La2O3 X�}F>\� Ω2 $To Er3+ ��$�7ti:E℄
�Ij�;�R La2O3 X�} >7.5mol% \� Ω2 $To Er–O �X�<�E℄
�Ij>>
 Ω6 �'y,�X|Ep�� Ω4 o Ω2 � Ω6 �
℄
 [14].�Z J-O t
�ir�,|3G�
� ∆S=∆L=0, ∆J=0,±1 �5=X|3�J�G!2|3X�4 [16]. ��)VjO}�bXnR,��}a!2|3X8i��fX�p?Xqo

�G!2|3+Ypr$�76L�,�-�XE��ja!2|3f$�7X�s
ir4r) 4I13/2 →
4I15/2 XnR�a!2|3X,76ge"
� [16]:

Sed[4I13/2;
4I15/2]=0.0188Ω2+0.1176Ω4+1.4617Ω6 (3)o (3) be?� Sed X�#$T?℄r Ω6. �} Ω6 X�e_a!2|3X,76gVUp?X�M
o" 2 e^aA� Sed � Ωt X�#fX�X�� La2O3 X�}� 7.5mol% \�

Sed KU.M� 1.399, 
\ Sed/(Sed+Smd) X��KU.M� 0.699.�Z JO t
�)�r)X.v'oH��a!2)X,76g<���e"
� [17]:∫
σabs(λ)dλ ∼ Sed (4)I" 2 e
��& La2O3 �}X�;� Sed .�;!>>��^ Er3+ � 1.5µm )hX.v'oH�UnV8
X�#


3.2  RwWJ~_oÆ 3 � Er3+ �'y TWL3 �m 970nm LD 0n-XiÆÆ,
'y TWL3 � Er3+ �
4I13/2 →

4I15/2 |3[pt8jXnR,�.iÆ�}�j (FWHM) �e^KU 76nm. 
igmrOjjXÆ0sM1t8pb
�Z McCumber t
 [18], Er3+ r)X 4I13/2 →
4I15/2|3Xq0nRH�e^�Z|3 4I15/2 →

4I13/2 'oH�=V�."
b�

σe(λ) = σa(λ)exp[ε − hν/kT ] (5)� (5) � ε fs�gp�X0n�}�."t`af
�>�g+���X� Er3+ r)I


 3 Er3+ �%w TWL3 �Wh��+
Fig. 3 Emission spectra of Er3+ in TWL3 glass


 4 Er3+ �%w TWL3 �W&nG��n Mc-

Cumber s	7|Wp/mQG�
Fig. 4 Absorption cross-section and the stim-

ulated emission cross-section calculated by Mc-

Cumber theory of Er3+ in TWL3 glass
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2 -  ��Y� Er3+ � TeO2-WO3-La2O3 %w�W�+D��C�bDMU 355,� 4I15/2 0nU�5 4I13/2 �FTX+o��m�4 [19] Xqo8}�=V ε=6552cm−1,

K f)k'
8s�T fS'�g�h f*qf8s�σa(λ) f Er3+ X 4I15/2 →
4I13/2 |3X'oH��e^o (1) b=A
o (5) b8}VUXq0nRH�,JÆ 4 �
�.w�nRH� σpeak=9.002×10−21cm2.iÆnR�}j (FWHM) �q0nRH� σe irÆ0sM1^3jOsMt8�T
Æ0sM1XOj�Ee^m FWHM×σe =.M>�}�{�=.zM���bOj�Ez� [16]. TWL3 'yX σe=9.002×10−21cm2, FWHM=76nm, � FWHM×σe =.� 684, .=.s.�,�X'y8�FM
�{L'y (∼554) ��{L'y (∼301) ��{L'y

(∼236.8)[16], 
H TWL 'y[pF�XOjE�

3.3 <iF{
H�'yXD�
E	8.m'yX$Q`a�g (Tx) �'yX%��g (Tg) Æ=X3�
∆T M>o�} [20]. ∆T zM�v�'yD�
Ez��zpurÆ0Xn�
" 3 �A�'yS'X Tg � Tx ^4 ∆T s�
I"�e^aA� Tg �& La2O3 X�}X�Mj�M�v� La2O3 X;K�6�'yJ�XM�E�
s0
�4 [21] Xvo8X�
R La2O3 X�} >5mol%, �n3'yX$Qw�v� TWL 'y[pF�Xb$Q�v�h�rÆ0Xn�
9 3 :g�tD Tg � Tx �Z ∆T �'

Table 3 Tg, Tx and ∆T of TWL glasses

Glass code Tg/
◦C Tx/

◦C ∆T/◦C=Tx − Tg

TWL1 420 605 185

TWL2 439 615 176

TWL3 445 / ∞

TWL4 460 / ∞

TWL5 470 / ∞

TWL6 479 / ∞

4 `k
1. gm J-O t
8}�'yX6g0s Ωt(t=2 � 4 � 6), n3�& La2O3 �}X�;

Ωt(t=2 � 4 � 6) .�;�� La2O3 �}� 7.5mol% \KU.M�B!-D
 J-O t
v$"� Ω2 .�;!>>e�Xv
�
R La2O3 X�}F>\� Ω2 $To Er3+ ��$�7ti:E℄
�Ij�;�R La2O3 X�} >7.5mol%\� Ω2 $To Er–O �X�<�E℄
�Ij>>

2. gm McCumber t
8}� TWL'y,�� Er3+ r)I 4I13/2 U 4I15/2 |3Xq0nRH��2m� TWL 'yX�}j
.� TWL3 Xq0nRH�� σe=9.002×10−21cm2,

FWHM=76nm. TWL 'y[pFMX FWHM×σe=684, fX���jO54Æ0sM1Xt:,�-�

3. TWL 'y[pF�XD�
E� Tg �& La2O3 X�}X�Mj�M�R La2O3 X
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356  - , � H � 21 \�} >5mol%, �n3'yX$Qw�v� TWL 'y[pF�Xb$Q�v�h�rÆ0Xn�
>d
�
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Spectral Properties and Thermal Stability of Erbium-doped

TeO2-WO3-La2O3 Glass

ZHU Lin, XU Tie-Feng, NIE Qiu-Hua, SHEN Xiang

(Faculty of Information Science and Engineering, Ningbo University, Ningbo 315211, China)

Abstract: Er3+-codoped TeO2-WO3-La2O3 glasses were prepared. The thermal stability and

spectral properties, such as absorption spectra, emission spectra of the glass samples were mea-

sured and investigated. Three intensity parameters, electric dipole transition, magnetic dipole

transitions were calculated by Judd-Ofelt theory. The relationship of Ω2 and glass composition

was analyzed. The emission cross-section of the 4I13/2 →
4I15/2 transition of Er3+ ions was cal-

culated by McCumber theory. When La2O3 content was up to 5mol%, glass samples showed no

onset crystallization temperature (Tx), indicating that they are saitable for fiber drawing. The

results show that TeO2-WO3-La2O3 glass has a good thermal stability and will be a promising

host material for 1.5µm broadband amplification.

Key words tungsten-tellurite glass; Er3+; spectral properties; thermal stability


