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æ^p§LK{��
� Bi lf� BaO-B2O3 Àæ, ÿ½
�¬Àæ�Cù	±9��1«�-u!u�
Ì!F1P~­�±9 Raman 1Ì. 3 808 nm Å�1�-ue, 3� Bi lf� BaO-B2O3 Àæ¥uy
Cù	u
1y�, ��3õ�u1¸, ?Ø
Àæ�ä(�é Bi lfu1�K�, éÙu1Ån?1
ÐÚ�&?.
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1 Ú ó

80 c�"� 90 c�Ðï�¤õ���1n
��ì (EDFA) �<a�Ï&�5
�|�·, �
XO�Å�äÚÏÕEâ�uÐ, ��Nþ1nÏ
ÕXÚI¦Jþ
Æ§, �°�1n��ì�m
u®¤���ïÄ9:. 8c, �
¼��°��
1n��ì, <�Ì�ò81�3Dèlf-¹
�u1á�±9.ù1n��ìþ, �ù
á�þ
�3�g�Û�5 [1]. 2001 c, F�Æö Fujimoto
� [2] ��
 Bi lf�,��=Àæ3 0.8 µm LD
Ä$�^e�)
Å���� 1000—1700 nm �
ù	u1, -<�\-Ä�´, 2005 c�Ûd�Æ
[ Dianov � [3] 3 Bi lf�,�1n¥¢y
Å
�� 1150—1300 nm �-1ÑÑ. ù
ïÄL²,
æ^� Bi á�k"¦^ü�Å��Ä$
¢y 
u 1.2—1.6 µm Åã��°�1��, ùÃ¦ò¬
�yk�êâDÑXÚ�5�|#��·. Ïd,
IS	iå
 Bi lf�,ïÄ�9� [4−33], ªª
mÐ
ïÄó�.

�,®¤õ��
�X�äk`É5U� Bi
�,1Æá�, �é Bi lfù	°�u1�Å
n%¯`ª�, Ùù	°�u1��Ïk±e
A«íä: Êd� Bi lf [19−22,27]!�d� Bi
lf [7−18,23−26]!Bi lf½�fìq [28,29]!Ú
% [30]. -<¢Ã�´, ��8c��, Ñvkv

�yây²Ä¾´ Bi �Û«d�Úå��°
�u1.

3�¢�¥, ± BaO-B2O3 ��NXÀæ��
Ä�á�, �\ Bi lf, éÙCù	u1!��1
«u1!F1Æ·±9 Raman 1Ì?1
ïÄ.

2 ¢��{

p§LK{��
 Bi lf�,� BaO-B2O3

À æ, Ù ¥ BaO/B2O3 ' (� � ') © O� 2:1,
1:1, 1:2 Ú 1:4, � � ¤ | ©� 67BaO-33B2O3-
1Bi2O3, 50BaO-50B2O3-1Bi2O3, 33BaO-67B2O3-
1Bi2O3, 20BaO-80B2O3-1Bi2O3 �Àæ, ©O?Ò
� BaB2:1, BaB1:1, BaB1:2, BaB1:4. æ^©ÛX
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� BaCO3, H3BO3 ±9 Bi2O3 ����, °(¡þ
�3ïN¥·Üþ!, ò·Ü��\�=l�¥,
3�í¥u 1150 ◦C eLK 1 h �, òl�lp§
¬¥�Ñ, �53ý9�ØCg�þ, ,�òÀæ
�uò»¬¥ò», '4>
g,e%�¿§, �
�ß²Àæ, ^u5UÿÁ.

¦^{I J-Y úi� Fluorophog-3 F11Ì
¤!æ^ 450 W õÇ� Xe �±9 808 nm �-1
�4+Ä$
-u, ÿþ��u1ÚCù	u1,
F1Æ·d Tekreonix TDS 3020 êi�;«ÅìP
¹, Raman ÿÁ¦^ LabRam-1B 1Ì¤?1ÿÁ,
¤k�5�ÿ½Ñ´3¿§e?1.

3 (J�©Û

3.1 CCCùùù			uuu���111ÌÌÌ

ã 1 ´� Bi lf BaO-B2O3 Àæ3 808 nm
Ä$
e�u�1Ì, lã 1 ¥�±wÑ, ØÓ
| © � À æ Ù ù	u 1 y � k ¤ Ø Ó. � ¬ À
æ BaB2:1 ¥*	�
 u 1189 nm ?�Cù	
u1, ¿3 1235 nm ?Ñy
p¸; � BaO ¹þ
~�, �¬Àæ BaB1:1 ¥*	�
 u 1060 nm,
1190 nm, 1408 nm ±9 1578 nm �u�¸, ��
¬ BaB2:1 �Ó�´, 1190 nm ?�u�¸�3p
¸; 
�¬ BaB1:2 ¥*	�
ù	°�u1, u
�¸� u 1298 nm ?, �p°�� 220 nm, Ù
F1P~­�Xã 2 ¤«, d 808 nm -1�4+

ã 1 � Bi lf BaO-B2O3 Àæ3 808 nm Ä$
e�u
�1Ì

-u, uÿ 1298 nm Å�, ¢�¤���F1P~
­�����ê[Ü­��Î, ���¬�F1

Æ·� 160 µs; � BaO ¹þ?�Ú~�, �¬À
æ BaB1:4 ¥vk*	�?Û�Cù	u1y�.

(JL², Bi lf�Cù	u1É��¬|¤
�K�: �X BaO ¹þ�~�, ù	u1dõ��
Ä�u�¸=C�°�u1, 
� BaO ¹þ?�Ú
~��, u1��.

ã 2 �¬Àæ BaB1:2 ¥ 1298 nm ?�P~­�

3.2 ������111«««---uuu!!!uuu���ÌÌÌ

�
?�ÚïÄ� Bi lf�'��ÀæCù
	u1Ån, *ÿ
Ù3��1«�u�1Ì9
ÙéA�-u1Ì. 8cïÄ@� Bi lf��Å
ã�u1
u Bi3+ ±9 Bi2+, é>f�.� 6s2

� Bi3+ 9>f�.� 6s26p1 � Bi2+ �U?(�
®²�¤
�£ [16,31−37], Xã 3 ¤«. Bi3+ kü
�-u¸, 1�-u¸éAu 1S0 → 1P1 >f�[,
 u 240 nm �m, 1�-u¸éAu 1S0 → 3P1

��[, u 310—390 nm ÅãS, 3b	1�-u
e, �u�Ñ71 (3P1 → 1S0); Bi2+ �-u¸©O
éAu 2P1/2 → 2S1/2(b	), 2P1/2 → 2P3/2(2)(7
1) 9 2P1/2 → 2P3/2(1) (£1) >f�[, u�¸é
Au 2P3/2(1) → 2P1/2 �>f�[.

(JXã 4 ¤«. �¬Àæ¥þ*	�

 u 320—340 nm ÅãS�-u¸, ©Û��8
áu Bi3+ �áÂ (1S0 → 3P1), 3�¬ BaB2:1,
BaB1:2 ¥©O*	�
 u 488 nm, 426 nm �
-u¸, 8áu Bi2+ �áÂ (2P1/2 → 2P3/2(2));
é�¬ BaB2:1, BaB1:1, BaB1:2 9 BaB1:4 ©Oæ
^ 340 nm, 343 nm, 332 nm ±9 322 nm Å��1
-u�, ©O*	�
¸� u 554 nm, 508 nm,
468 nm ± 9 450 nm � ° � u 1, u 1 ��C
X
7Ú9£ÚÅã, éÙ?1pd©¸, X�
¬ BaB1:1, ��Åãu1d 487 nm 9 580 nm �u
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1|¤, �â©z, ©O8(u Bi3+ � 3P1 → 1S0

�>f�[±9 Bi2+ � 2P3/2(1) → 2P1/2 �>f
�[.

ã 3 Bi3+!Bi2+ U?ã

ã 4 � Bi lf BaO-B2O3 Àæ3��1«�u�9Ù
éA-uÌ

±þ¢�(JL², 3Ó��¬¥, Bi lf�
±± Bi3+, Bi2+ �ØÓd��·Ü/ª�3, �
æ^ Bi3+ -u¸é�¬?1-u�, �±*	
� Bi2+ �u1, L² Bi3+ � Bi2+ �m�U�3
UþDÑ.

3.3 Raman 111ÌÌÌ

±þ(JL², Bi �Cù	u1±9��1«
�u1þÉ�Àæ|©�K�, =É BaO ½ B2O3

¹þõ��K�. ¢�¥¤æ^�Àæ|©�{ü

�'�íÀæNX, Ù¥, '�íÄìäkõ«(
�: ²¡ BO3 n�/Ú BO4 o¡NÄ�(�ü�,
±9d²¡ BO3 n�/Ú BO4 o¡N�Ä�(�
ü�|¤����(�ü�, Xo'�íÄì!�
'�íÄì! '�íÄì�,�
l(��Ý©
Û Bi �Cù	u1, éÀæ�¬?1
 Raman 1
ÌÿÁ, (JXã 5 ¤«.

Ò ¤ ï Ä � | ¤ ��S � À æ 
 ó, §
� � Raman Ì d u 490—523 cm−1, 630—
656 cm−1, 749—774 cm−1, 803 cm−1, 925—
927 cm−1, 1163 cm−1, 1363—1445 cm−1 �«��
¸�¤, L 1 nÜ
©zék''�íÄì�A
� Raman Ì��½, ë�þã�Ì��½, éã 5
�(J�Xe�©ÛÚ?Ø:

749—774 cm−1 «�:©z¥òd«��¸©
O8uo'�íÄì!�'�íÄì±9 '�
íÄì��Ä. lã 5 ¥�±wÑ, T«���©
fÄì´Àæ¥Ì��(�Äì, Ù¸ ÚrÝ�
|©�ØÓ
UC.

ã 5 � Bi lf BaO-B2O3 Àæ� Raman ãÌ

925—927 cm−1 « �, 1163 cm−1, 1361—
1445 cm−1 «�: 8(�Àæ¥/¤��x� (non-
bridging oxygen, NBO) �Ä. �±wÑ, 3�¬À
æ BaB2:1, BaB1:1, BaB1:2 ¥, ©O�3 u±
þA�«���x��Ä¸, �¸��p, �N

 NBO ¹þ�O\.

d Raman ã Ì � �, ¤ ï Ä � | ¤ ��S
� BaO-B2O3 Àæ(�Äì��E,, =�3o
'�íÄì��3�'�íÄì! '�í�Ä
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ì, �Ø´±ü��,«Äì�3, 
´A«Äì
Ó��3.

L 1 '�íÄì� Raman ¸��½

ªÇ/cm−1 �½

490—523 [BO4] o¡N��é¡C/�Ä [38]

630—656 '�Äì [B3O6]3− ��Ä [39]

749—774 o'�íÄì!�'�íÄì!

 '�íÄì��Ä [38−41]

803 '�Äì [B3O6]3− ��Ä [38−41]

925—927 [BO3] n�N� B-O− ���Ä [42]

1163 �'�íÄì¥� B-O− ���Ä [42]

1363—1445  '�íÄì¥� B-O− ���Ä [43]

3.4 uuu111ÅÅÅnnn���&&&???

¯¤±�, Bi lfù	°�u1¥%�å
�
ØØ>, 3�¢�¥, é BaO- B2O3 :Bi ÀæNX?
1
�'�¢�, �ÑXe©Û:

Äk, ®kïÄL², p§e Bi2O3 N´u)
©)�A, Bi3+ ©)�$d� Bi lf, 3LN¥�
3XeÄ�²ï:

Bi3+ ⇔ Bi2+ ⇔ Bi+.

�âCù	9��1«1Ì(J, �X BaO ¹þ�
ü$, ��1«u�Ì¥%¸ �áÅ���£Ä,
L² Bi2+ ¹þÅìü$, �dÓ�, Bi �Cù	u
1� BaO ¹þü$��½§Ý�, u1¸��. �
âÄ�²ï, Bi2+ ¬��$d�=C, X Bi+ $�
´7á Bi. � BaO ¹þO\, Bi2+ ¹þO\, �$
d� Bi lf¹þO\��U5\�, �¬¥*	
�
Cù	u1, ddíä, Bi �Cù	u1¥%
�$d�� Bi lf�', X Bi+, Bi �fìq½ Bi
lfìq.

Ùg, �'¢�(JL²Àæ�Cù	u1±
9��1«u1þÉÀæ|©�K�, 
Àæ|
©�CzÚå(�Äì�Cz. Raman (JL²
3 BaO-B2O3 Àæ¥'�íÄì��E,, ��±
uyù���ª³: Bi lf�Cù	u1�Àæ(
�¥�x��¹þ���', � BaO ¹þ�$�,
3�¬ BaB1:4 ¥, NBO ¹þé�, T�¬¥ÃCù
	u1. ù�©z [25] ¥�����,©¥, 3� Bi

lf� SrB4O7 Àæ!õ¬¥�3�r��x��
Ä¸, *	�
Cù	°�u1, 
3Ó|©�ü
¬¥Ø�3�x��Ä¸, vkuyCù	u1.

�¢� BaO-B2O3 Àæ¥, B2O3 ��ä/¤
N, BaO ��ä	N, å ä � ( ��ä � � ^.
� BaO ¹þ���, Xã 5 ¥�¬Àæ BaB1:4,
Ì��(�Äì�o'�íÄì, ù«n��ä(
�¦ Bi3+­½�3; � BaO ¹þ�O\, '�í(
�Äì)à, x�ä�, NBO ¹þO\, |u$d
� Bi lf��3 [25]. ù�þãLN¥�3�Ä�
²ï©Û(J´���, = Bi �Cù	u1�$
d� Bi lfk'.

nÜ±þ©Û, � Bi lf� BaO-B2O3 Àæ¥
Cù	u1¥%��x�(��', ¿�$d� Bi
lfk', �Ä¾´ Bi+ �´ Bi �fìq½lf
ìqÚå�Cù	u1�I�õ�¢�ó�.

d	, �,æ^ 808 nm � LD -u3� Bi �
BaO-B2O3 Àæ�¬¥�)
Cù	u1, �ù	
u�¸�¸/±9�p°��± ©z��k
¤ØÓ, ©z���þ´���°�Cù	u�
¸, �p°��p� 300 nm, 3�¢�¥, =3�
¬ BaB1:2 ¥*	�
Cù	�°�u1, ���
��, 
3�¬ BaB2:1 ¥, 1189 nm ?u�¸�p
°��Ä, ���p¸, �¬ BaB1:1 ¥*	�
õ
�Cù	u�¸.

(Ü Raman ãÌ, �±uy, �'
ó, *	�
°�u1� BaB1:2 �¬Àæ��Ä¸��ü�,

 BaB2:1, BaB1:1 �¬Àæ��Ä¸��E,, '
�íÄì±õ«(�Äì/ª�3. /�©z [29]
¥�(�ã, Bi lfÓâ'�íÄì�mY �,
íä BaB1:2 �¬¥'�íÄì��{ü, Jø�
��¸(���ü�, l
/¤
°�u1, 
�
¬ BaB2:1, BaB1:1 ¥, äkE,�'�í(�Äì,
ØÓ(�Äì¥�x�¦u1¥%kõ�ØÓ�
��¸(�, *	�
p¸½õ�u1¸, 
éu
�¬ BaB1:4, �,Ù'�íÄì���ü�, �X
þ¤ã, Ù NBO ¹þ�$, Ø|u$d� Bi lf�
3, Ïd�*	�Cù	u1. p¸��3±9õ
�u1¸�3��Ï�k�u?�Ú�ïÄó�.

4 ( Ø

3� Bi � BaO-B2O3 Àæ¥*	�
Cù	
u1, Ùù	u1¸ !rÝ±9�p°�ÉÀæ
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|©�K�. Cù	u�1Ì(JL², �ÀæN
X¥ BaO ¹þ�~�, ù	u1dõ��Ä�u
�¸=C�°�u1, � BaO ¹þ~���½§
Ý�, Cù	u1��; 
�dÓ�, ��1«-
u!u�Ì©ÛL², 3Ó��¬¥, Bi lf�±
± Bi3+, Bi2+ �ØÓd��·Ü/ª�3, � BaO

¹þO\, Bi2+ ¹þO\, �$d� Bi lf¹þ
O\��U5\�; Raman 1Ì©ÛL², � BaO
¹þ�~�, NBO ¹þ~�. íäCù	u1¥%
�Àæ¥��x��'��$d� Bi lf�',
X Bi+, Bi �fìq½ Bi lfìq.
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Abstract
Bi-doped BaO-B2O3 glasses are prepared by the melting method. Visible and infrared luminescence spectra, fluorescence decay

curve and Raman scattering spectra are measured. NIR emissions, not only one broadband emission peak but also several emission
peaks, appear in Bi-doped BaO-B2O3 glass under 808 nm LD pumping. The effect of the network structure of BaO-B2O3 glass on the
NIR emission is discussed, and the mechanism for the emission is investigated preliminarily.

Keywords: near infrared emission, Bi ions, borate group
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