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æ^p§LKò»{��
X� 80TeO2-10Bi2O3-10TiO2-0.5Er2O3-xCe2O3 (x = 0, 0.25, 0.5, 0.75, 1.0 mol%)

Ú (80-y) TeO2-10Bi2O3-10TiO2-yWO3-0.5Er2O3-0.75Ce2O3 (y = 3, 6, 9, 12 mol%) �Á��íÀæ. ÿÁ
Àæ�
¬ 400—1700 nm ��S�áÂ1Ì, 975 nm Ä$e�þ=�u1ÌÚ 1.53 µm ÅãF1Ì, ±9 808 nm -y
e� Er3+ lfF1Æ·ÚÃ�,Àæ�¬� Raman 1Ì, ¿(Ü Judd-Ofelt nØÚ McCumber nØO�
 Er3+

lf1Ìëê. (JL², 3� Er3+ Á��íÀæ¥Ú\ Ce3+ lf?1 Er3+/Ce3+ ��, ÏL Er3+ lf 4I11/2

U?� Ce3+ lf 2F5/2 U?mÄu(f9Ï�UþD4L§, �±k�³� Er3+ lfþ=�u1¿²wOr
Ù 1.53 µm ÅãF1; Ó�, 3yk Er3+/Ce3+ ��Àæ|©Ä:þÚ\ WO3, �?�ÚJp 1.53 µm ÅãF1¿
Ð°ÙF1u�Ì. ïÄ(Jéu¼�`É1ÌA5�°�� Er3+ 1n��ìÀæÄ�äk¢S¿Â.

'�c: Á��íÀæ, Er3+/Ce3+ ��, 1.53 µm ÅãF1, 1ÌA5

PACS: 78.55.Hx

1 Ú ó

� Er3+ 1 n � � ì (EDFA) � Å © E
^ (WDM) E â � é Ü $ ^ ´ 1 n Ï & X Ú �
uÐª³, EDFA ´¿©|^1n�°]ÚJ
p WDM &�ê�'�Ü�. �Xy�Ï&�ä
�×�uÐÚõxNêâDÑ�Ö�ØäZy,
<�éu1nDÑXÚ¥Ï&Nþ�I¦FÃO
\. ó�31nÏ&I� C Åã (1530—1565 nm)
�~5�=Ä� EDFA ØU÷v�5�NþÏ
&DÑ��¦, mu3yk C ÅãÄ:þ� L Å
ã (1570—1620 nm) *Ð, ¢y C+L Åã���°
� EDFA ®¤�Ö�:. CAc, Dè Er3+ lf�
,�Á�íÀæ�� C+L Åã°� EDFA �#.
Ä�á�Úå<��2�'5 [1−3]. �DÚ�=
Ä�Àæ�', Er3+ lf3Á�íÀæ¥k�Ð
�M)5, 3 1.53 µm Åã?äk���É-u�

�¡ÚF1�p°. ±� Er3+ Á�íÀæ��O
Ã0��1n��ì, ®¢y
OÃ�°� 80 nm
(1530—1610 nm) �pOÃ (> 20 dB) °��� [3].

ó�u 1.53 µm Åã� EDFA Ï~æ^ 980 nm
Ú 1480 nm -1�ü«Ä$�ª. �¢y$D(
XêÚpÑÑõÇ���, ��À^ 980 nm -
1�Ä$�ª [4,5]. ,éu� Er3+ Á�íÀ
æó, 980 nm -1�Ä$�ÇØ$n�, Ì�
3uÁ�íÀæÄ��(fUþ (∼750 cm−1) �
$, ¦� Er3+ lflÄ$U? 4I11/2 �æ�U
? 4I13/2 �õ(fµþ�Ç��, ò�
 4I11/2 U
?þ Er3+ lf�Æ·, �� 4I13/2 U?þ�âf
êÈ\L§É�K�. Ó�, 4I11/2 U?þ� Er3+

lf2gáÂÄ$1fë�þ=�u1, ?�Ú
~�
ë� 1.53 µm ÅãF1u�� Er3+ lfê.
Ïd, �Jp 980 nm -1�Ä$�Ç, �«�Y
´3� Er3+ $(fUþÁ�íÀæ¥Ú\Ù¦
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Dèlf, ~XÚ\ Ce3+, Eu3+ ½ Tb3+ lf?1
�� [5,6], |^ Er3+ lf 4I11/2 U?�ù
Dè
lf�AU?m�UþD4L§, Jp Er3+ lf
l 4I11/2 U?�£� 4I13/2 U?��[�Ç. �D
è Eu3+ ½ Tb3+ lf�Ú\�¬�5 4I13/2 U?
F1Æ·�wÍü$, Ø|uâfê3TU?þ�
È\, lü$ 1.53 µm ÅãF1u�. Ïd, 3¢
SA^¥, �õæ^ Er3+/Ce3+ lf���ª. ,
�«�Y´3� Er3+ Á�íÀæ¥Ú\p(f
UþÀæ|©, XÚ\ WO3, SiO2, P2O5 Ú B2O3

��zÔ, ÏLJpÀæÄ����(fUþ, J
p Er3+ lfl 4I11/2 U?�£� 4I13/2 U?�õ
(fµþ�Ç, O\æ�U? 4I13/2 þ Er3+ l
fê�È\.

� © Ä u | Ü þ ã ü « � Y � g �, ï �

 Er3+/Ce3+ � � Á � � í À æ (TeO2-Bi2O3-
TiO2), ÄkïÄ
Àæ¥ Ce3+ lf�,éu Er3+

lf 1.53 µm Åã1ÌA5�K�. 3dÄ:þÚ
\ WO3 |©, ?�ÚïÄ
ÀæÄ�(fUþ�
Czéu Er3+/Ce3+ lfmUþD491ÌA5
�Jp�^.

2 ¢��{

2.1 ���¬¬¬������

¢ � À � ü | Er3+/Ce3+ � � Á � � í À
æ | © X �. X � �: 80TeO2-10Bi2O3-10TiO2-
0.5Er2O3−xCe2O3 (x = 0, 0.25, 0.5, 0.75, 1.0 mol%),
�gIP� TC0, TC1, TC2, TC3 Ú TC4. X�
�: (80-y) TeO2-10Bi2O3-10TiO2-yWO3-0.5Er2O3-
0.75Ce2O3 (y = 3, 6, 9, 12 mol%), � g I P
� TCW1, TCW2, TCW3 Ú TCW4. �¬��¥
¤^��XÝþ�©ÛX, Ù¥ Er3+ Ú Ce3+ lf
©O´d Er2O3 Ú Ce2 (CO3)3 ¤©±	��ªÚ
\. Uìþã|©�'°(¡� 15 g �Ü�, ²¿
©þ!·Ü, �\NÈ� 30 mL � Al2O3 lG¥,
�u§Ý� 1000—1100 ◦C �7%�p§¬¥LK
�A 0.5 h. 3LK�AL§¥Øä��, ,�²©
���Ñ�\ý9�Ô��ä¥, ¤.�£�°�
§�ê6¬¥?1ò», ò»§Ý:$uÀæ=C
§Ý 10 ◦C �m, �§ 2 h �2± 10 ◦C/h ��Çü
�¿§. òò»��Àæ\ó¤ Φ10 mm×1 mm ü
�¡�1�Àæ�¡, ±?1e�Ú�1ÌÿÁ.

2.2 555UUUÿÿÿÁÁÁ

Àæ�¬áÂ1Ìæ^{I Perkin-Elmer ú
i� Lambda 950 UV/VIS/NIR .©11ÝOÿÁ,
ÿþ�� 400—1700 nm. 1.53 µm ÅãF11Ì
Ú��þ=�u1Ìæ^{I J-Y úi� TRIAX
550 .F11Ì¤ÿÁ, À^ 975 nm Å�-1�4
+ (LD) ��-y. Er3+ lf 4I11/2 Ú 4I13/2

U ? F 1 Æ · æ ^ { I Tektronix ú i 100M
TDS1012 .êi�;«ÅìÿÁ, À^ 808 nm Å
� LD ��óÀ-y, ÏLü�ê[Ü«Åì
¥P~�ÖÑ. Raman 1Ìæ^=I Renishaw
úiw� Raman ¤ÿÁ. Àæ�¬�ò�Çæ^
Sairon úi SPA-4000 .cºÍÜ¤ÿÁ, �¬�
ÝÿÁæ^CÄ��{, À^XÀY��ÿÁM�.
¤kÿÁ´3¿§e?1.

3 (J©Û

3.1 áááÂÂÂ111ÌÌÌÚÚÚ Judd-Ofelt nnnØØØ©©©ÛÛÛ

ã 1 �¢�ÿþ�� TC Ú TCW Àæ�¬
�áÂ1Ì. 1Ì¥z��áÂ¸I«Ñ Er3+ l
f�-u�U?, ©OL« Er3+ lfdÄ�U
? 4I15/2 �ù
-u�U?�áÂ�[. Xã¤«,
éuÀæ�¬ TC0—TC3, �X Ce3+ lf�,ß
Ý�O\, Àæ�¬�b	ÅãáÂ��Å���
Åã�� £, ù�pu 2H11/2 U?� Er3+ lf
áÂ¸òÃ{w«. ù´Ï� Ce3+ lf�.m�
[áÂ (4f1:2F5/2 →4f0, 5d1)  u��1Åã [7,8].
�XÀæ¥ Ce3+ lfßÝ�O\, �.m�[é
��1Åã�áÂOr, �¬�b	áÂ��Å

ã 1 Á��íÀæ¥ Er3+ lf�áÂ1Ì
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�£��Åã. ,	, �X Ce3+ lfßÝ�O\
Ú WO3 |©�Ú\, �¸�Å�vkUC. ¸�Å
��ûuÄ� 4I15/2 U?��$ Stark fU?��
A�-u�U?��$ Stark fU?�m�áÂ
�[. ¸�Å�ØC, `² Ce3+ lf½ WO3 |©
�Ú\é�$ Stark fU?� �vk�oK�.
�§��Ú\O\
Àæ��(��E,5, Ú
å Er3+ lf� �¸�UC, ù¬3�½§Ýþ

\ìz�U?¥ Stark fU?�©�±9Or�U
? Stark fU?�m��[.

Dè�,Àælb	�Cù	�áÂ´Dè
lf 4fN |�m�[Úå�. ù« 4fN |�máÂ
�[�^ Judd-Ofelt nØ?1©Û [9,10], ¼��'
1Ìëê. L 1 �Ñ
^ Judd-Ofelt nØO���
�Àæ�¬¥ Er3+ lfrÝëê Ωt (t = 2, 4, 6)
ÚË�Æ· τrad.

L 1 Á��Àæ¥ Judd-Ofelt rÝëê!guË�Æ·!F1Æ·!F1�p° (FWHM)!¸�É-u��¡Ú¬�Ïf

Glasscodes TC0 TC1 TC2 TC3 TC4 TCW1 TCW2 TCW3 TCW4

Ω2/10−20 cm2 2.44 7.38 10.08 12.25 14.13 10.28 10.56 11.18 10.89

Ω4/10−20 cm2 1.08 1.83 2.38 2.73 3.08 2.49 2.43 2.61 2.6

Ω6/10−20 cm2 0.55 0.71 0.68 0.57 0.51 0.79 0.81 0.82 0.77

τrad :
4I13/2/ms 4.56 3.70 3.59 3.73 3.76 3.30 3.24 3.14 3.25
4I11/2/ms 4.22 2.69 2.44 2.40 2.32 2.23 2.16 2.06 2.16

τm :
4I13/2/ms 3.1 2.95 2.93 2.90 2.86 2.73 2.74 2.75 2.76
4I11/2/µs 589 475 341 283 245 230 218 209 193

FWHM/nm 52 54 54 56 56 61 62 63 64

σpeak
e 10−21 cm2 4.70 6.57 6.62 6.74 6.50 7.07 6.94 7.17 7.09

σpeak
e ×FWHM 244.4 354.78 357.48 377.44 364 431.27 430.28 451.71 453.76

σpeak
e × τm(4I13/2) 14.57 19.38 19.40 19.55 18.59 19.30 19.02 19.72 19.57

�â Tanabe[11] �ïÄ, Er3+ lfl-u��
[�Ä��F1u��¹
>ó4�[Ú^ó
4�[üÜ©, Ù¥>ó4�[��zåXÌ�
/ . ���°�²"�F1u�Ì, Jp>ó
4�[�Ì�rÝ´�«k��Ãã. Er3+ l
f 4I13/2 →4I15/2 U?m 1.53 µm F1u��>ó
4�[Ì�rÝ�±L«� [12]

Sed[4I13/2 → 4I15/2] = 0.0188Ω2 + 0.1176Ω4

+1.4617Ω6, (1)

dþª��, Ì�rÝ Sed Ì��ûu Ω6 �C
z, Jp Ω6 ��, �¦ Sed ��k�O�. �©ï
�� TCW Àæ' TC Àæäk��� Ω6 �, ý
«X Er3+ lf3 TCW Àæ¥�k�U¢y°
�u�.

3.2 þþþ===���uuu111ÌÌÌ

d ã 2 � �, 3 500—700 nm � � Å � «
m S, þ = � F 1 ¥ � 3 n � Stark © � ' �
² w � u � ¸, Ì ¸   � © O   u 526 nm (É
1)!547 nm (É1) Ú 661 nm (ù1) NC, ©O

éAu Er3+ lf 2H11/2 →4I15/2, 4S3/2 →4I15/2

Ú 4F9/2 →4I15/2 U?m�u��[. Xã 3 ¤
«, 526 nm, 547 nm É1Ú 661 nm ù1�u�
L§Xe: Äk, 3 975 nm Å�-ye, ?uÄ
� 4I15/2 U?�� Er3+ lf©OáÂ��Ä$
1f (=Ä�áÂ, GSA) �[� 4I11/2 Ä$U?,
Ù¥�Ü© Er3+ lf2g�gáÂ��Ä$1
f (=-u�áÂ, ESA) ?�Ú�[� 4F7/2 U?.
,�, ?u 4F7/2 U?þ� Er3+ lf×�ÃË
� µ þ � 2H11/2, 4S3/2 Ú 4F9/2 U ?, ¿ d ù

U?�£�Ä�U?©Ou�Ñ��É1Ú
ù1. Ó�, d GSA L§�[� 4I11/2 Ä$U
? � , 	 � Ü © Er3+ l f � � Ã Ë � µ þ �
4I13/2 æ  � U ?, , � d 4I13/2 æ  � U ?
� £ � Ä � U ? � ) 1.53 µm Å ã F 1 u �.
w,, 1.53 µm ÅãF1u�L§�þ=�u1
L§´p�¿��. éuA^u 1.53 µm Åã
EDFA  ó, þ = � u 1 y � � � 3 ´ Ø | �,
§�Ñ
\���Ü©Ä$1f, ü$
 975 nm
Ä$�Ç.

dþã©Û��, ��Jp 975 nm Ä$e
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� 1.53 µm ÅãF1rÝ, 7L¦�U³�þ=
�u1. dã 2 ��, �XÀæ¥ Ce3+ lf�,
ßÝ�O\, Er3+ lf�þ=�u1��²w~
f, ~Xã¥ TC4 �¬�þ=�u1A�*ÿØ
�. ��, Ce3+ lf�Ú\Jp
 Er3+ lfÄ$
U? 4I11/2 �æ�U? 4I13/2 e=�µþL§
��Ç, l¦þ=�u1L§��¿�5³�.

ã 2 Er3+/Ce3+ �� TC Àæþ=�u1Ì

ã 3 Er3+ lf�[9� Ce3+ lfm�UþD4

3.3 Er3+/Ce3+ lllfffUUUþþþDDD444

Ce3+ l f � Ú \, J p 
 Er3+ l f d Ä
$ U ? 4I11/2 � æ  � U ? 4I13/2 � � [ �
Ç, ù � 8 Ï u Er3+/Ce3+ l f m � U þ D 4:
Er3+:4I11/2+Ce3+:2F5/2→Er3+: 4I13/2+Ce3+:2F7/2.
d u Er3+ l f 4I11/2 � 4I13/2 U ? m � �
� 3600 cm−1, Ce3+ lf 2F7/2 � 2F5/2 U?m�
�� 2400 cm−1[4], üöm�3X�� 1200 cm−1

�m�Uþ�� ∆E(ã 3), ù�Uþ��I�dÀ

æÄ�(fë�UþD45Ö�. ã 4 ´ÿþ��
Ã�, TC Ú TCW Àæ�¬� Raman 1Ì. �±
wÑ, TC Àæ¥ Raman 1ÌÌ�d u 420 cm−1,
657 cm−1 Ú 750 cm−1 �n�A�¸|¤, ©O
éAuÀæ(�¥ Te—O—Te ��é¡� Ú�
�Ä![TeO4] Vn�IN¥ Te—O ���é¡
� �Ä±9 [TeO3] n�INÚÆC [TeO3+1]
n�IN¥ Te—O ü�Ú Te¸O V����
Ä [13−15]. ù�, éu 1200 cm−1 �m�Uþ�
� ∆E �I�ü�Ä�(f�ë��ÏÖ�=�,
Ïd Er3+ lf 4I11/2 U?� Ce3+ lf 2F5/2 U
?m�ù«UþD4L§´'�N´u)�.

ã 4 TC Ú TCW Àæ� Raman 1Ì

ã 5 TC Àæ¥ Er3+ lf 4I11/2 Ú 4I13/2 U?� Ce3+ l
f 2F5/2 U?m�UþD4�Ç

Er3+/Ce3+ lfm�UþD4L§rf�±d
üöm�UþD4�Ç5L�. UþD4�Ç½Â
� [16]

η = 1 − τm/τ0
m, (2)

ª¥, τm Ú τ0
m ©OL«Àæ¥�k Ce3+ ÚØ

� Ce3+ � Er3+ lf 4I11/2 U?F1Æ·. �â

107802-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 10 (2012) 107802

L 1 ¥Æ·êâ, ��� Er3+/Ce3+ lfmUþD
4�Ç� Ce2O3 ¹þ�Cz'XXã 5 ¤«. �±
wÑ, �XÀæ¥ Ce3+ lf�,ßÝ�Jp, Er3+

lf 4I11/2 U?� Ce3+ lf 2F5/2 U?m�Uþ
D4�Çd 0 ×�Jp� 58%. Ïd, 4I11/2 U?
þë�-u�áÂ� Er3+ lfê�þ~�, �A
/þ=�u1×�~f.

3.4 ùùù			FFF111ÌÌÌ

ã 6 � 975 nm -1-ye� TC Àæ�¬
¥ Er3+ lf 1.53 µm Åãù	F1Ì, �ã�Ñ
�´F1È©rÝ� Ce2O3 �,¹þ�Cz. X
ã¤«, �X Ce3+ lf�,ßÝ�O\, Er3+ l
f 1.53 µm ÅãF1²wOr, 3 Ce2O3 �,¹
þ 0.75 mol%�m������. F1rÝ�Or
8Ïuc¡¤ã� Er3+ lf 4I11/2 U?� Ce3+

lf 2F5/2 U?mUþD4�Ç�O\ (ã 5 ¥
¢�¤«UþD4�ÇlØ� Ce3+ lf� 0 J
p��\ Ce3+ lf�� 58%), TUþD4L§
¦�ë� 1.53 µm ÅãF1u�� 4I13/2 U?
þ Er3+ lfê�þO\. 3 Ce2O3 �,¹þ�
� 1 mol%�, 1.53 µm ÅãF1rÝk¤~f, ù�
U´�X Ce2O3 �,¹þ�O\, Er3+ lf 4I13/2

U?� Ce3+ lf 2F5/2 U?mUþD4�ÇÅì
O\ (ã 5 ¥J�¤«UþD4�ÇlØ� Ce3+

lf� 0 O\��\ Ce3+ lf�� 8%) �(J,
TUþD4L§¦� 4I13/2 U?þ Er3+ lfêO
�~�½eü.

ã 6 ØÓ Ce2O3 �,¹þe� Er3+ lfF1Ì

ã 7 ´ 3 TC3 À æ ¥ Ú \ WO3 | © �
= TCW Àæ�¬¥ 1.53 µm Åãù	F1Ì. X

ã¤«, Ú\ WO3 |©�, 1.53 µm ÅãF1��
?�ÚJp. F1rÝ�Jp8ÏuÀæÄ��
�(fUþ�O\Úå
 Er3+ lf 4I11/2 U?
� Ce3+ lf 2F5/2 U?UþD4�Ç�?�ÚO
\, Xã 8 ¤« (ã 8 ¥¢�¤«UþD4�Çd
Ø� WO3 � 52%Jp��\ WO3 �� 67%). d
ã 4 � Raman 1Ì��, ¹k WO3 |©� TCW
Àæ3 360 cm−1 ?Ú 915 cm−1 ?Ñyü�#
� Raman Ì�, §�©O8Ïu [WO6] l¡N(
�¥ W—O—W ����ÄÚ [WO4] o¡N(
�¥ W—O ü�Ú W¸O V��� �Ä [13−15].
ù�3 TCW Àæ¥, Er3+/Ce3+ lfUþD4L§
¥� 1200 cm−1 �m�Uþ��=I�����
ü�Ä�(f�ë�9Ï=�, ù«�ª�(f9
Ï�k|uJp Er3+/Ce3+ lfm�UþD4�
Ç, l 4I13/2 U?þ Er3+ lfêÈ\��¯, ?
�Úr?
 1.53 µm ÅãF1�u�.

ã 7 ØÓ WO3 �,¹þe� Er3+ lfF1Ì

ã 8 TCW Àæ¥ Er3+ lf 4I11/2 Ú 4I13/2 U?� Ce3+

lf 2F5/2 U?m�UþD4�Ç

F11Ì�Ì°��d FWHM 5L�. L 1
�Ñ
 TC Ú TCW Àæ�¬� FWHM. �±w�,
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Á��íÀæ¥ Er3+ lf FWHM �X Ce3+ l
f�,ßÝ�Jp�AÐ° (lØ� Ce3+ lf
� 52 nm Jp��\ Ce3+ lf�� 56 nm). À
æ¥Ú\ WO3 |©�ù«Ð°ª³��²w (l
Ø� WO3 � 56 nm Jp��\ WO3 �� 64 nm).
ù´du Ce3+ lf��,Ú WO3 |©�Ú\¦
� Er3+ lf±�� �¸u)Cz, \�
��
U?¥ Stark fU?�©�§Ý, l�� Er3+ l
fF1u�Ì��þ!Ð°.

3.5 ������¬¬¬555ÚÚÚOOOÃÃÃ���¡¡¡

éuA^u EDFA �ÀæÄ�ó, ¸�É
-u��¡ (σpeak

e ), FWHM ÚF1Æ· (τm) ´n
���1Ìëê. É-u��¡ σe �dÿþ
��áÂ1Ì�â McCumber nØO��� [17],
FWHM �dÿþ�� 1.53 µm ÅãF1Ì��Ö
�, τm Kdÿþ�� Er3+ lfF1P~�ÏL
ü�ê[Ü��.

EDFA OÃ0����¬5d�°¬�ÏfÚ
OÃ¬�Ïf£ã, Ù¥�°¬�Ïf^¸�É-
u��¡� FWHM �¦È (σpeak

e ×FWHM) ��
5ïþ, OÃ¬�ÏfK^¸�É-u��¡ÚF
1Æ·�¦È (σpeak

e × τm) ��5ïþ, §��¦
È��, Àæ���¬5�Ð [18,19], ù
ëêþ�
uL 1 ¥.

dL 1 wÑ, TC Àæ¥, �°¬�ÏfÚOÃ
¬�Ïfþ�X Ce3+ lf�,ßÝ�O\Åì
O�, ¿3 TC3 Àæ¥����, ù�F1ÌrÝ
�Czª³���, `²Ú\�½þ� Ce3+ lf
�±UõÀæÄ����A5. 3Ú\ WO3 |©
� TCW Àæ¥, OÃ¬�ÏfÚ�°¬�Ïfo
NþÑ´O\�. ¿�, TCW Àæ�é TC Àæä
k����°¬�Ïf, OÃ¬�Ïf� TC À
æ�±², `²3 TC Àæ¥Ú\ WO3 �±?�Ú
UõÀæÄ����A5.

OÃ�°´1nÏ&XÚJpÏ&Nþ��
�'��I. éu 975 nm -1Ä$e� EDFA, &
ÒOÃÌÌ��ûu Er3+ lfæ�U? 4I13/2

�OÃ�¡Ì [20]:

σg = βσe − (1 − β)σa, (3)

ª¥, σa Ú σe ©O� 4I15/2 ↔4I13/2 U?m�É
-u��¡ÚáÂ�¡, β ´æ�U? 4I13/2

þ Er3+ lfêÓ�,oê�'~.

ã 9 ´3ØÓ�æ�U? 4I13/2 âfê
�=©Ù�/e,TCW1 Àæ�¬�OÃ�¡Ì
�. β = 0 éA�´ Er3+ lf 4I15/2 →4I13/2

U?m�[�áÂ�¡Ì, β = 1 éA�´ Er3+

lf 4I13/2 →4I15/2 U?m�[�É-u��
¡Ì. ¢SA^¥, '�N´¢y β = 0.5 �l
fê�=©Ù, ù�OÃ�¡�¥yÑ
��
°� (1528—1640 nm) ²"�©ÙA�, `²|
©� TeO2-Bi2O3-TiO2-WO3 �Á��íÀæ·Ü
�� C+L+ Åã°����OÃÄ�. ã¥�
ã´ β = 0.5 ��OÃ�¡Ì¸�Å��Àæ
¥ WO3 ¹þ�Cz'X. �X WO3 Ú\¹þ�O
\, ¸�Å�Åì��Åã�� £, `²T|©
� Er3+ Àæ����ìOÃ0��ò�����
&ÒOÃ�° [20].

ã 9 ØÓâfê©Ù�¹e� 4I13/2 U?OÃ�¡�

4 ( Ø

� � 
 Er3+/Ce3+ � � | © � TeO2-Bi2O3-
TiO2 �Á��íÀæ, ?1
 Er3+ lf 1.53 µm Å
ã1ÌA5�JpïÄ. ïÄuy, ?1 Er3+/Ce3+

��, ÏL Er3+: 4I11/2 U?� Ce3+: 2F5/2 U?m
Äu(f9Ï�UþD4L§, �±3�½� Ce3+

lf�,ßÝ��S, ²wJp 1.53 µm ÅãF1
rÝ. Ó�, Ú\·þ WO3 |©JpÀæÄ�(f
Uþ, �±?�ÚJp 1.53 µm ÅãF1rÝ¿²
wÐ°ÙF1Ì°. Ïd, 3 Er3+/Ce3+ ��$(
fUþ�Á�íÀæÄ�¥, �
¢y°�!pF
1rÝ�ÑÑ, �±3Àæ¥Ú\äkp(fUþ
�·þ WO3 |©.
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The fabrication of Er3+/Ce3+ co-doped tellurite-
bismuth glasses and the improvement

of spectroscopic properties∗
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Abstract

A series of 80TeO2-10Bi2O3-10TiO2-0.5Er2O3-xCe2O3 (x = 0, 0.25, 0.5, 0.75, 1.0 mol%) and (80-y) TeO2-10Bi2O3-10TiO2-

yWO3-0.5Er2O3-0.75Ce2O3 (y = 3, 6, 9, 12 mol%) tellurite-bismuth glasses are prepared by the conventional high-temperature melt-

ing and annealing method. The absorption spectra of 400—1700 nm, upconversion spectra and 1.53 µm band fluorescence spectra

under the excitation of 975 nm, the 4I11/2 and 4I13/2 level fluorescence lifetimes of Er3+ under the excitation of 808 nm, and the Ra-

man spectra of doping-free glass samples are measured. Meanwhile, the spectroscopic parameters of Er3+ are calculated and analyzed

with the help of Judd-Ofelt theory and McCumber theory. The results indicate that the upconversion fluorescence can be suppressed

efficiently and the 1.53 µm band fluorescence can be enhanced evidently, owing to the energy transfer from Er3+: 4I11/2 →Ce3+:
2F5/2 levels when the Ce3+ ions are introduced into the Er3+-doped tellurite-bismuth glasses. Moreover, the 1.53 µm band fluores-

cence intensity can be improved and the fluorescence spectral width can be broadened further when an appropriate amount of WO3

component is introduced. The above research results are of theoretical significance for obtaining the tellurite-bismuth glasses with

excellent spectroscopic properties, which are used for the 1.53 µm broadband Erbium-doped optical fiber amplifier.

Keywords: tellurite-bismuth glass, Er3+/Ce3+ co-doping, 1.53 µm band fluorescence, spectroscopic property
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