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^U?�zÆí��È�{ÚM��,�{��
� Bi V���=Ä1n. ÿÁ
� Bi 1ný���¡�
áÂ1ÌÚ� Bi 1n3A½Å�e�áÂXê, 3ØÓÅ��-1-ue, ïÄ
� Bi 1n�Cù	F11Ì.

� Bi 1n3 976 nm -1-ue, ÙF11Ì��3 1000—1400 nm �m, F1¸�¸� u 1140 nm NC, �p
°�� 130 nm; 3 793 Ú 808 nm -1-ue��
 1000—1700 nm ��°�Cù	F1, �p°�L 250 nm. Ï
Lé� Bi 1ný���¡?1 900 ◦C �§ 1 h �9?n�, uy3 808 nm -1-ueý���¡�F1rÝO
\
C 4 �. ïÄ(JL², äk�°�F1A5�V��� Bi 1nk"���áóÀ-1ìÚ�N�-1ì�
OÃ0�.

'�c: � Bi 1n, �°�u1, V��1n, 9?n

PACS: 42.81.Bm, 42.70.Hj, 42.70.Km, 81.40.Gh

1 Ú ó

�N�1n-1ìÚ�¦1n-1ì3¯õ
+� (X1Ï&!�E1ÌÆ!�lfNÔn!)
ÔÆ�) ÑkX­��A^. �N�1n-1ì�
N���É1n¥�,lfF1Å������,
��
ó, ~5��=Ä�Dè1n-1ì��N
���Ø�L 100 nm, 
�"y3 1150—1500 nm
Å���S��Dè1n-1ì. 1n�¦-1
ì´Äu£��n¢y�áóÀÑÑ�, ±1n�
�OÃ0�, |^1n¥�ÚÑÚ��5�A�¢
y�Ä£�ó�. Ï~�¹e, géÄ�Ä£�1
n-1ì®²�±¢y�¦þ?��áóÀÑÑ.
1n�¦-1ìäkó�­½!�Çp!�ÑÑ
�p�²þõÇ�`:, l
É�ïÄö�2�'
5 [1−4]. du£�-1ì�£�óÀ°Ý�'uO
Ã�°, 
OÃ�°�'u1n¥-¹0��u1
�°, ¤±~5��Dè1nduÙ�Ä�u1�
°��
1n-1ì�4�óÀ°Ý.

Cc5, �«�3 1000—1600 nm Åã¢y°
�u1��,1nÚå
<��,�. 2001 c,

Fujimoto � [5] ��
 Bi, Al ���7�íÀæ
¥ Bi �Cù	u1, uy3Å�� 800 nm -1
�-ue§�±uÑ¸� u 1250 nm NC, �
p°�� 300 nm ��°�Cù	F1. 2003 c,
Fujimoto � [6] 3� Bi 7�íÀæ¥¤õ¢y

1��. d�©z [7—10] ��
3ØÓÄ�Ú�
,¤©e� Bi Àæ3 1000—1600 nm Åã��°
�Cù	u1. 2005 c, Dvoyrin � [11] Ú Haruna
� [12] ©O��
1��ü��� Bi 1n, �¦�
31n¥¿vk���� Bi Àæ@���°�C
ù	u1. Óc, Dianov � [13] 3� Bi 1n¥¤õ
¢y
-1ÑÑ. ��, ²L�ï<
�ØäïÄ
Ú&¢, ØÓ|©�� Bi 1n-1ìÚ��ì�
Åì���, 8c� Bi 1n3ØÓÅ��-1-
ue, �¢y 1100—1550 nm Åã�-1ÑÑÚ1
�� [13−19]. 2011 c, Ç7À� [20] ��
 Bi �,
�n�|¤� SiO2-Al2O3-GeO2 ü��1n, uy
3 808 nm -1-ue� Bi 1n�F1�p°�
� 495 nm.

�ü��1n-1ì�'�, V��1n-1
ìæ^äkV��(���,1n��OÃ0�,
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Ä$13S��¥DÑ, S��äk��ê��»
Úî�º�, ù¦�1n�ÍÜ�Ç��
4��
Jp. D /V��1n��ó²{ü, ��S��
��/�V��1n�'qk�p�áÂ�Ç (�
� 90%±þ). Ïd, V��� Bi 1nkX4Ù­
��ïÄd� [16]. �©ïÄ
 D /V��� Bi 1
n�áÂÚF1A5±99?néý���¡F
1�K�, ��uÐ#.(��� Bi 1nÚ� Bi
1n-1ìJø¢�êâÚnØÄ:.

2 ¢ �

^U?�zÆí��È (MCVD) �{ÚM�
�,�{��
� Bi 1ný��. 3pX�=À
æ+S�È��Õt�, Ù¤©´ SiO2, òÕt�
E�u¹k Bi lfÚ Al lf�M�¥, ¦ Bi l
fÚ Al lf¿©áNuÕt�L¡, Ù¥ Bi l
fÚ Al lf��,ßÝ©O� 0.2—1.0 mol/L Ú
0.1—0.5 mol/L. òE���ý���u MCVD �
Kþ?1ØY!Àæz, ��3 2000—2200 ◦C §
Ýe �/¤
� Bi 1ný��. ,�òý��
\ó¤ D /, 3 2100 ◦C �m�§Ýe?1.j.
3.jL§¥, k3 D /1nL¡æC��$ò
�Çæ�, ²b	��z, ,�2æC�o�, ²
L�z/¤
� Bi V��1n, .j�Ç�±3
10 m/min �m.

�©¤ïÄ�� Bi V��1nS��/G
� D /, S���»� 400 µm. 1n�¡ì¡X
ã 1 ¤«, 1nn�¥ùÚ, �´n�¥%du3
 ��kép�§Ý, ��¥%?�þ� Bi lf
�u
ôÚ��. S���ê��»� 0.46, n�
�ê��»�u 0.1.

ý���¡���1¤�»� 14 mm, þÝ

ã 1 � Bi 1n��¡ã

� 6 mm �?1¢�. ý���¡�9?næ
^±7���\9���p§¬\9. ý��
�¡�áÂ1Ìæ^{I Perkin Flmer úi)�
� Lambda 35 .©11ÝOÿþ (ÿþÅ���
� 200—1100 nm); 1n�F11Ìæ^ ZOLIX ú
i)�� Omni-λ5007 .F11Ì¤ÿþ (ÿþÅ
���� 300—2200 nm). -u
´Å�� 793,
808, 976 nm ���N-1ì.

3 (J9?Ø

3.1 ��� Bi 111nnnýýý���������¡¡¡���áááÂÂÂAAA555

ã 2 �Ñ
� Bi 1ný���¡�áÂ1Ì.
lã 2 �±, wÑý���¡¥ Bi lf�áÂ¸©
O u 300, 500, 700, 912 nm ?, Ù¥ 500 Ú 700 nm
?�áÂ'�²w, 
 912 nm ?�áÂrÝ�f.
áÂ¸� ��'u©z [20] ¤���ü� Bi 1
nk¤ØÓ, ©z [20] �Ñ�áÂ¸©O u 450,
530, 580, 700 nm ?, Ó�3 800—1050 nm ��S
äk�°�áÂ�, Ù¥ 530 Ú 700 nm ?�ü��
°�áÂ�, 450 Ú 580 nm ?�ü��Ä�áÂ�.

ã 2 � Bi 1ný���¡�áÂ1Ì

^�ä{ÿþ
� Bi 1n3~^� 793, 808,
976 nm Å�-1-ue�áÂXê. áÂXê α

�L«�

α = 10log(PL2/PL1)/∆L, (1)

ª¥, L1 ��äc1n�Ý, L2 ��ä�1n�Ý,
PL1 ��äc1n�à�ÑÑõÇ, PL2 ��ä�
1n�à�ÑÑõÇ, ∆L = L1−L2 �¤�1n�
Ý. L 1 �Ñ
� Bi 1n3 793, 808, 976 nm Å�
?�áÂXê. lL 1 �±wÑ, � Bi 1n3 793
Ú 808 nm Å�?�áÂXê'��C, 
 976 nm
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Å�?�áÂ� 808 nm Å�?���. �©��
�� Bi 1nÚ©z [19] ¥���ü��� Bi 1
n�', 3 793, 808, 976 nm Å�?�áÂXê�
�u©z [19] ¥�áÂXê. Ù�Ï�Uk±eü
:: �©¤^� Bi 1n� Bi lf�,ßÝ�$;
V��1ndu�Ü©1Ñ3S��¥DÑ, 3S
��¥��õg2BLn�, ù��U¬��áÂ
Xê $.

L 1 � Bi 1n3 793, 808, 976 nm Å�?�áÂXê

Å�/nm PL1 /W PL2 /W L1/m L2/m ∆L/m α/dB·m−1

793 0.45 1.35 20 0.2 19.8 0.24

808 0.74 2.03 20 0.2 19.8 0.22

976 0.91 1.51 20 0.2 19.8 0.11

3.2 VVV��������� Bi 111nnn���FFF111111ÌÌÌ

ã 3 �Ñ
� Bi V��1n�F11 Ì,
3Å�� 793 Ú 808 nm -1-ue, � Bi V�
�1näk�°��Cù	F1, F1Å���
� 1000—1700 nm, �p°�L 250 nm, F1¸¸
� u 1250 nm NC. dã 3 ��, 1240 Ú 1380 nm
?�¸�� OH− áÂ, du OH− áÂ��L�,
¤±ØU(½äN�F1¸¸ Ú�p°. lã 3
��±wÑ, du 793 Ú 808 nm Å����C, ¤
±^Å�� 793 Ú 808 nm -1-u�ÙF11Ì
/G��C. ùL²�,3ØÓÅ��-1-u
e, �§���[U?���Ó. 3 976 nm -1-
ue, ÙF1Å���3 1000—1400 nm �m, �
²w�u3 793 ½ 808 nm -1-ue�F1Å
���, F1¸¸� u 1140 nm NC, �p°�
� 130 nm. ã 4 �Ñ
3 808 nm -1-ueØÓ

ã 3 � Bi 1n�8�zF11Ì -uÅ�©O� 793, 808,
976 nm

ã 4 -uõÇ� 1, 2, 3, 4 W �� Bi 1n�8�zF11Ì
-uÅ�� 808 nm

\nõÇ�� Bi 1n�F11Ì. lã 4 �±w
Ñ, �X\nõÇ�Or, � Bi 1n�F1rÝ
�ÅìOr, �ÑyõÇO\��F1rÝ�Ú
�y�.

3.3 999???nnnééé��� Bi ýýý������FFF111AAA555���KKK���

du Bi lfu1¥%�/¤é§Ý'�¯a,
Ïdé� Bi ý���¡?1
9?n¢�, ±ï
Ä9?néý���¡F1A5�K� [21]. òý
���¡�up§¬¥ 0.5 h ,§� 900 ◦C, ,�
3 900 ◦C �§ 1 h. é'Ù 900 ◦C 9?nc��(
Juy, 3Å�� 808 nm -1-ueý���¡
�F1rÝO\
C 4 �, ÙF11ÌXã 5 ¤«.
¢�(JL², k��9?nò4�/Or� Bi
1ný���¡�F1rÝ. ù´du3 MCVD
�Kþ�(¤ý����(�mLá (Ø� 0.5 h)
�Ñ´ÛÜ�(, ¤±�U´Lá��(�mØU
¿©/¤ Bi ¹5¥%. ÏLéý��?1·��

ã 5 ý���¡3 900 ◦C 9?nc��8�zF1Ì -
uÅ�� 808 nm
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9?n, òkÏu�õ Bi lf¹5¥%�/¤, �
¦� Bi 1ný���¡�F1rÝOr.

4 ( Ø

æ^ MCVD �{ ��
 D /V��� Bi
1n, ¿éÙ1ÌA5?1
¢�ïÄ. 3 793,
808 nm -1-ue, 3� Bi 1n¥�)
�°�
Cù	F1, ÙÅ���3 1000—1700 nm �m,
� p ° � L 250 nm, F 1 ¸ ¸ �   u 1250 nm
NC. 3 976 nm -1-ueÙF1Å����

1000—1400 nm, F1¸¸� u 1140 nm NC, �
p°�� 130 nm. 3 808 nm -1-ue, �X\
nõÇ�Or, ÙF1rÝ�ÅìOr, �Ñy
-uõÇO\��F1rÝ�Ú�y�. ÏLé
� Bi 1ný��3 900 ◦C �9?n, uy9?n
�3 808 nm -1-ueý���¡�F1rÝO
\
C 4 �, �U´du3 900 ◦C ?19?n�ý
���Ü/¤
�õ� Bi ¹5¥%���. ¢�
(JL², V��� Bi 1nòk�U���¦ó
ÀÚ�N�-1ì���OÃ0�.
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Abstract

Bi-doped double cladding fiber preform is prepared by modified chemical vapor deposition and solution doping process. The

absorption spectrum of preform and the near-infrared (NIR) luminescence spectrum of fiber are experimentally investigated. The

luminescence spectrum of the fiber shows a peak emission band at 1140 nm with a full-width at half-maximum (FWHM) of 130 nm

under 976 nm LD exciting. Under 808 or 793 nm LD exciting, an ultra-broad NIR emission with an FWHM of more than 250 nm

is observed in the Bi-doped fiber, and the range of luminescence spectrum is from 1000 to 1700 nm. After the heat treatment of the

Bi-doped fiber preform slice under 900 ◦C for 1 h, under 808 nm LD exciting, the fluorescence intensity is about 4 times higher than

that of the perform slice without heat treatment. The results indicate that the Bi-doped double cladding fiber is a promising gain medium

used for ultrashort fiber lasers and tunable fiber lasers.

Keywords: Bi-doped fiber, ultra-broad emission, double-clad fiber, heat treatment
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