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(1 �1$�, �� '�*(!/�1�%-&�1$ 400044; 2 �#��, +)",.��,0�#� 315211)� ~�.��� 1.55µm 5+r�D{�L Er3+:Bi2O3-GeO2-Ga2O3-Na2O 2�Y#:Z
3�wTXC�\a�|s�7U2�YG-��� Ce3+ |p~ B2O3 yG�\a*:�Rl2�Y Ce2O3 �L3� B2O3yG���� Er3+:4I11/2 E/� Ce3+:2F5/2 E/:�E�n�� Er3+:4I11/2 →
4 I13/2 E/:1�p`$H%$�aY� Er3+ |p 4I11/2 E/	l7<�e=2�#:Z
3Æ	�4wT�h��"`:�� Ce2O3�L3Xk?aY� Er3+ |p 4I13/2 →

4I15/2 E/:w�p4%�<g� 1.55µm 5+	l:�g(�5	l:�Wr���^:'� B2O3 yG���P7k$[(Æ/�� 1.55µm 5+	l:�g(��Xk?u>�[	l:�W�i<}P6KM5Ro*R5+�- = ��	KY2�Æ#:Z
3Æ�p4%Æ<}P6Æi'E0�TQ171 ks�^N�A
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Abstract: The Ce3+ ions and B2O3 component were introduced into the Er3+-doped Bi2O3-GeO2-

Ga2O3-Na2O glasses, respectively. And the suppression of excited state absorption of Er3+:4I11/2 level

was investigated under the excitation of 975nm LD. With the introduction of Ce3+ ion or B2O3 com-

ponent, the energy transfer between Er3+:4I11/2 and Ce3+:2F5/2 levels or the multi-phonon relaxation

rate of Er3+:4I11/2 →
4 I13/2 increase, respectively, and the excited state absorption is suppressed effi-

ciently owing to the evident decrease of 4I11/2 level fluorescence lifetime. Meanwhile, the results show

that the total quantum efficiency of Er3+:4I13/2 →
4I15/2 is enhanced in the case of Ce3+ ion doping,

and the fluorescence intensity of 1.55µm radiative transition is improved accordingly while its effective

spectral width is almost unchanged. In the case of B2O3 component introduction, although the 1.55µm

fluorescence intensity is somewhat weakened, its effective spectral width is further broadened and the

peak wavelength of gain cross-section shifts to longer wavelength region.
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LZ3
n�s f>���n�#���N&ÆN	a�� 1.55µm7,M Er3+ n�E|`ouE� 1480� 980nm7SYD!U [3,4]. E� 980nm7S!U�M Er3+ n�E|`ou#�Z;g
&��9��>�E|FG�i �g�!U+W����!U
&Z�l����	�iy8m�[
Er3+ }qÆ4K	��j�;n�-[^6�^�!U5&%/K��u 	 980nm 7S!UB&� Er3+ }q[^��j�;n
gx+�%;[ 4I11/2 G0� Er3+ }q/�!Unq�5uÆ4 (-%;[Æ4� ESA). }�xU%;[Æ4bZ 1.55µm 7,!U5&�%I℄oGbZ%;[
4I11/2 G0+W�[ 4I13/2 G0�?�I&�G�
4I11/2 G0� Er3+}q8=	AdE��B<
l-8M Er3+ 3
[��\X�q}q��� Ce3+ �
Eu3+ � Tb3+ YDfM [3,5], �� Er3+ }q C7�q}q;�G�o�v\�bZ 4I11/2 →

4I13/2G0;�N�a%I&�8-8M Er3+ 3
[��g�Z�qG��3
zH��� B2O3 � SiO2� P2O5 � [4,6], bZ3
�W�Gd�qG��w6b� 4I11/2 →
4I13/2 G0;2�qa%I&�G� 4I11/2 G0
n8=	Ad�/�CB7�℄b
g([8��qG���LZ3
�O
	3
[ [3−7], 6/���qG��
LZ3
℄b�#Keu	�a�8M Er3+:Bi2O3-GeO2-Ga2O3-Na2O 3
[H.��� Ce3+ }q� B2O3 zH�H�#K� Ce3+ }q� B2O3 zH/� 4I11/2 G0� Er3+}q%;[Æ4�xU��u+/ 4I13/2 G0 Er3+}q 1.55µm 7,
n_F��(	

2 ℄{&%
2.1 }Y
ÆU � � � z 
 L Z 3 
 e R �l z - 8M Er3+ 
 L Z 3 
 [ � � Ce3+ } q Y D
Er3+/Ce3+ fM�-
 36Bi2O3-40GeO2-14Ga2O3-

10Na2O-0.5Er2O3 − xCe2O3 (BGNx, x=0, 0.2mol%,

0.5mol%, 0.8 mol%). !lz-8M Er3+ 
LZ3
[�� B2O3 zH�-
 36Bi2O3-(40-x)GeO2-

14Ga2O3-10Na2O-xB2O3-0.5Er2O3 (BGNBx, x=0,

5mol%, 10mol%, 15mol%). \[�Er3+ � Ce3+ }q-uxMB&��	eRU�[V�(�j}H�

q�^wU� 10g �3
eR(�_bH����� 30mL�W!��[�R��)} 1200◦C~��o℄�!"[�
 60min, z�tgH�j>[�W?�p�,P"[YDs��8��3
j(�) 10◦C ~���)��� 120min ��u 10◦C/h�I)GP0�	Ds���3
℄?Mn�UW
10mm×10mm×1.5mm ~��I1eR	
2.2 wV�_I180��YD�\[eR4)I1E���2�<���&I1E� SairondD SPA4000?z`
�q�I17S} 632.8nm. Æ4nXE�
Perkin-Elmer-Lambda 950 UV/VIS/NIR ?Hnn)3I1�I��z} 300∼1700nm. �xl�XE� Nicolet 380 ?�xHnn)3I1�I��z} 400∼4000cm−1, I1[D3
eR�+�JWI��0 �
8I����TW)O	
nnXE�<r J-Y dD� TRIAX 550 ?
nnXqI1�K� 975nm 7S��d%n`�}%�+	
Er3+}q
n�>8=�0r Tektronix dD 100M

TDS1012 >uyj(7`I1�E� 50Hz %n-
%��%�7SH.} 808 � 975nm. I�+3N�
�%iG>��+ 1 [	
3 ℄{�/6(m
3.1 4I11/2V:4$hp
7�
8 975nm 7S LD !U��#a[I�
�
BGN � BGNB 
LZ3
��eR[ Er3+ }q��j�;n�Rt�o 1 V(	�ooJ�8
500∼700nm o�7Sp;C�;M Ce2O3 �/��� B2O3 zH� Bi2O3-GeO2-Ga2O3-Na2O 
LZ3
[�8 532 � 547 � 661nm S[y8�℄h��;nL�H./�� Er3+ }q 2H11/2 →

4I15/2

(532nm) � 4S3/2 →
4I15/2(547nm) � 4F9/2 →

4I15/2

(661nm)G0;�N�/b��o 2V(	8M Er3+
LZ3
[� 532 � 547 � 661nm S[��j�;n
gxt� 4I11/2 G0 Er3+ }q�%;[Æ4 [8]: 5��8 975nm!U+%���Er3+ }qfv�[Æ4 (GSA) l℄!Unq���[ 4I15/2 %;P 4I11/2 G0�	l� 4I11/2 G0�lAH Er3+}q�N�a%P 4I13/2 G0Y6O� 1.55 µm 7,
n;�/b (4I13/2 →
4I15/2), 6!xlAH

Er3+ }q:5uÆ4l℄!Unq (-%;[Æ4� ESA) /bP 4F7/2 G0�CAH Er3+ }qSIfv�N�a%P[;[G0 2H11/2 � 4S3/2,



4 Y _UP���L� Bi2O3-GeO2-Ga2O3-Na2O 2�Y#:Z
3�wT 831� 1 �fy�G|X� Er3+ 1 Ce3+ W �|XO (ρ), 	\L (n), OH− n`qe (αOH), 4I11/2 1 4I13/2 U9��J1*\dR� Er3+:4I11/2 1 4I13/2 U9� Ce3+:2F5/2 U9;�UJ��vL
Table 1 Er3+ and Ce3+ concentrations, density, refractive index, absorption coefficient of OH−, the

measured and radiative lifetimes of 4I11/2 and 4I13/2 levels, energy transfer efficiency of Er3+:4I11/2 and
4I13/2 level to Ce3+:2F5/2 level

Samples BGN0 BGN0.2 BGN0.5 BGN0.8 BGNB5 BGNB10 BGNB15

Ce2O3/mol% 0 0.2 0.5 0.8 0 0 0

B2O3/mol% 0 0 0 0 5 10 15

NEr/ × 1020cm−3 1.567 1.564 1.560 1.564 1.531 1.543 1.554

NCe/ × 1020cm−3 0 0.625 1.564 2.502 0 0 0

ρ/g·cm−3 6.391 6.287 6.254 6.381 6.113 6.062 6.013

n(632.8nm) 2.0088 2.0078 2.0081 2.0073 2.0041 1.9957 1.9905

αOH/cm−1 3.08 3.16 3.22 3.07 3.65 4.25 3.95

4I13/2 →
4I15/2

τm/ms 3.37 3.30 3.29 3.20 2.36 1.72 1.57

τrad/ms 4.20 4.30 4.36 4.29 4.37 4.46 4.53

4I11/2 →
4I13/2+

4I15/2

τm/µs 607 505 374 283 381 275 197

τrad/ms 1.23 1.31 1.33 1.37 1.35 1.42 1.50

Energy transfer efficiency

Er3+:4I11/2 →Ce3+:2F5/2/% 0 16.8 38.4 53.4

Er3+:4I13/2 →Ce3+:2F5/2/% 0 2.08 2.37 5.04/�j1�F6J?<O 4F9/2 D.�x��B6D.F,>�O�Y 4I15/2 49�fn?'k}�k��x�v
h�9kuZwk�
h�9k�,�x6-� 1.55µm 4*�k9�.a,9���W0{"����j� F Tko�F�� 1.55µm 4*�k T3$�n?�f`Xke=�
pp 1.55µm 4*k�k T3$�$H\nD�<� 4I11/2 D.�"9Y�2��m 1(a) nI�6K Er3+ �JX1�X�� Ce3+ {o�� Er3+ {o�
h�9ka><��B9 4I11/2 D.�"9Y�2
�j#Z'�vS�"9Y�2�vSpQ� Er3+/Ce3+{o 99 �� D� m� 
 Er3+:4I11/2+Ce3+:
2F5/2 →Er3+:4I13/2+Ce3+:2F7/2(m 2). Tm�uZ�x6$
<d6 4I11/2 D.
� Er3+ {o3v;7�j\>�� 4I13/2 D.
�D�S�e��F�"9Y�2� Er3+ {oz�<���� Er3+ {o 4I11/2 � 4I13/2 D.9�D�J,{ 3600cm−1, 4 Ce3+ {o 2F7/2 � 2F5/2 D.9[z,6 2000cm−1 }� [9], Er3+ {o} Ce3+ {o n 1 BGN ~ BGNB 	KY2�dQY Er3+ |pÆi�:lWn

Fig. 1 Upconversion emission spectra of Er3+ in

BGN and BGNB glasses
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Er3+:4I11/2 →Ce3+:2F5/2 9�B℄D�m�,��y9���) 1 X2M
�� Er3+ {o 4I11/2D.� Ce3+ {o 2F5/2 D.JX�D�m�3$�y�=
�Bj��B��D�m�3$#{{ [3]

η = 1 − τm/τ0
m (1)%X� τm } τ0

m F,)'1�XK� Ce3+ }9K Ce3+ �H
� Er3+ {o 4I11/2 D.�k6;��m 1(b) nI�6K Er3+ �JX1�X��
B2O3 xF��
h�9k�d<����6 B2O3xFw� >10mol% �1�X�r�BjH�
h�9k�z~kB�"9Y�2
��zZ'�vS� B2O3 xF�Q�"9YvS�2�bfpQ��JX1��V�oD��`X�m 3 �v�2kV^f�T1��V�oD�Q B2O3 xF�&��ntk��Qk B2O3 xF����1��V�{z�oD��{e� 753cm−1 `XO
1315cm−1. B��753cm−1 k��2℄�� [GaO−

4 ]} [GeO−

4 ] E5
y*X Ge–O � Ga–O A��TE& [10], 4 1315cm−1 k��2℄��e� BO3 �rX B–O A��TE& [11], B\ B–OA�TE&�℄��2Qk B2O3 xFw��;74;f���eu�oQf��p{oD.9.a,U�0

n 2 Er3+ |p�Æi�:l*� Ce3+ |p:�E�io'�n
Fig. 2 Upconversion emission of Er3+ and its energy

transfer with Ce3+

n 3 :h B2O3 x��	KY2��w
3lWn
Fig. 3 IR absorption spectra of BGNB glasses with

different B2O3 contents�o_#G$��D.9D��1��V�oD�|Oh� [12]

Wmp = W0exp(−α∆E/h̄w) (2)%X�W0 , D��, ∆E=0��.aG$�h̄w,1��V�oD��α , -����<��x�Qk B2O3 xF�����V�oD��`X�t0�o_#{b��F� Er3+ {o 4I11/2 →
4 I13/2D.9.aG$RG`X�#��F�"9Y�2� Er3+ {o<RG<��v!_Qswk�Bi2O3-

GeO2-Ga2O3-Na2O�JX1�X B2O3 xF���-�"9Y�2�vS3sfy� Ce2O3 eK��Æ�
3.2 4I13/2T8�I�uK6K Er3+ �JX1�XWB Ce2O3 eK��� B2O3 xF�nt$d1� 4I11/2 D.
 Er3+ {oRG>�� 4I13/2 D.��d<� 4I11/2 D.�k6;�-� Er3+{o 4I13/2 D.�k6;��) 1nI��A��'J~Jz�6 Ce2O3K2��JX1�X�4I13/2 D.�k6;&�9z�V� 3.37ms<�O 3.20ms, 46�� B2O3 xF��JX1�X� 4I13/2 D.�k6;?<9��� 3.37msRG<�O 1.57ms. -�
A�nt|{��� Er3+ {o 4I13/2 � 4I15/2 D.J (∼6500cm−1)� Ce3+ {o
2F7/2 � 2F5/2 D.9[�N'Jz (>4000cm−1),�A99�D�m�J{uB�ZD�m�3$#" 4I11/2 D.1�Zj\<�. () 1). �r�
Ce2O3 �K2bf�'� Er3+ {o 4I11/2 D.��k6;�4- 4I13/2 D.6;��'9z�-��A� B2O3 xF���`X�1��V{z�oD���r6RG`X Er3+:4I11/2 →

4I13/2 D.0�o_#G$�g��h6j#Z'
`X�



4 Y _UP���L� Bi2O3-GeO2-Ga2O3-Na2O 2�Y#:Z
3�wT 833

Er3+:4I13/2 →
4I15/2 D.0�o_#G$�g���m 3 �v�2Vk��6 3461cm−1 RZx6kj\Q B2O3 xFw�;z4;f��2J�B,�1�X OH− �r�TE&�℄� [11]. ��1�X B2O3 xF,� H3BO3 &�����6X��SuZXx6kFS=�
 H3BO3 →B2O3+H2O, N��AFo&y�~}Y��1�
P�2v4�Q OH− �rL'�;z�1�
PX OH− �yV{�p Er3+ {o 4I13/2 D.��k�8X<��{-� Er3+ {o 4I13/2 D.4^�NGfj\

OH− �94E&
nt$ 4I13/2 D.
 Er3+ {o9��M�.a>���Y 4I15/2. n?�6��
B2O3 xF��JX1�X�Er3+ {o 4I13/2 D.�k�RG?<�F&�pQ�1�X OH− ���Æ�{�F
"J Ce2O3 �K2� B2O3 xF���-� 1.55µm 4*�k9���'����o3$�-� 4I13/2 } 4I11/2 D.�M��o3$#{{ [2]

ηi = τmi/τradi (i = 2, 3) (3)ZX τm2 � τm3 F,,H��� Er3+ {o 4I13/2} 4I11/2 D.�k6;�4 τrad2 � τrad3 F,,
Er3+ {o 4I13/2 } 4I11/2 D.�M�6;�nt�H��� Er3+ {o�2kVmf Judd-Ofelt ~)2M
� [13,14], M��o3$L'�k�TD.
� Er3+ {oF�M�.a9��k�1$���6 975nm  T��F� 1.55µm 4*�k9�.a (4I13/2 →

4I15/2) � Er3+ {owr� 4I11/2 D.��x� 4I11/2 D.� 4I13/2 D.��M��o3$
 η′

3 = 1− η3 KM�'k 4I13/2 →
4I15/2 D.��k9�.af'��r�{\� 1.55µm 4*

�k9�f'si� 4I13/2 D.M��o3$ η2� 4I11/2 D.�M��o3$�Y!�,si�v�o3$
ηT = η2 × η′

3 (4)) 2^f� Er3+ {o 4I13/2 D.M��o3$
η2 } 4I11/2 D.�M��o3$ η′

3 F,Q Ce2O3K2w�} B2O3 xFw��&���)n?�Qk1�X Ce2O3 K2w��;7� Er3+ {o
4I13/2 D.�M��o3$(�<1�4Qk1�X B2O3 xFw��;7�Er3+ {o 4I13/2 D.�M��o3$<1"J9���A�J~bf6� Ce2O3 K2} B2O3 xF-� 4I13/2 D.�k6;�'9gUQ�6�℄l��� 4I11/2 →

4I13/2D.9��M��o3$�d`X�4tki�)9 Ce2O3 K2} B2O3 xF-� 4I11/2 D."9Y�2�vS�Æ�) 2 Xg��f� Er3+ {o 4I13/2 D.v�o3$F,Q Ce2O3 K2w�} B2O3 xFw��&��ntk��6 Ce2O3 K2� Bi2O3-GeO2-

Ga2O3-Na2O1�X�Ox 4I13/2 D.�M��o3$�U<1�� 4I13/2 D.v�o3$Qk Ce2O3K2w��;74`X�BB9 Ce2O3 eK4D�y�vS 4I11/2 D.�"9Y�2�g��D;f 4I13/2 D. 1.55µm 4*�k9�.a��r
Ce2O3 �K2ntV� Er3+ {o 1.55µm4*�kEV�46�� B2O3 xF� Bi2O3-GeO2-Ga2O3-

Na2O 1�X�Qk B2O3 xFw��;7� 4I13/2D.v�o3$#�<1�B96T�JX1�X�� B2O3 xF/9D;f 1.55µm 4*�k9�.a�6 975nm4Q"���m 4H��� BGN� 2 �fy�G|XÆ Er3+ F� 4I13/2 1 4I11/2 U9*\J�vL� 4I11/2 U9l*\J�vL1 4I13/2 U9�J�vL
Table 2 Radiative quantum efficiency of 4I13/2 and 4I11/2 levels, the non-radiative quantum efficiency of

4I11/2 level, and the total quantum efficiency of 4I13/2 level, respectively

Samples BGN0 BGN0.2 BGN0.5 BGN0.8 BGNB5 BGNB10 BGNB15

Radiative quantum efficiency

η2 = (τm2/τrad2)/% 80.2 76.7 75.5 74.6 54.0 38.6 34.7

η3 = (τm3/τrad3)/% 49.4 38.6 28.1 20.7 28.2 19.4 13.1

Non-radiative quantum efficiency

η′

3 = (1 − η3)/% 50.6 61.4 71.9 79.3 71.8 80.6 86.9

Total quantum efficiency

ηT = (η2 × η′

3)/% 40.6 47.1 54.3 59.1 38.8 31.1 30.2
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n 4 L Er3+ 	KY2�Y 4I13/2 →
4I15/2 	l:�Wn

Fig. 4 Fluorescence emission spectra of 4I13/2 →

4I15/2 transition in Er3+-doped bismuth-based glasses} BGNB �JX1�
PX Er3+ {o 4I13/2 →

4I15/2 �k9�f'�&��y��H�Bj��
3.3 4I13/2 T8��>P�
F
�6K Er3+ �JX1�XWB Ce2O3eK�n;f 4I13/2 D. 1.55µm 4*�k9�.a�v4`XZ�{k�Cz_;|TV��=|;|�Br6K Er3+ �JX1�X
�!� [5].vBjA5wl#�61�X�� B2O3 xFZQs/9~&��{ 1.55µm 4*�k9�.af'=4�U<���x�K Er3+ �JX1�6�{k�Cz_;|TV��ZCzPV�oh�=|;|^E�Æ�v;|~q^E�-� 975nm4Q T�
D.�k`�A%�K Er3+ k�Cz_�=|;|Vsi� 4I13/2 D.;|O5 [15]

σg = βσe − (1 − β)σa (5)%X� β ,"9Y 4I13/2 D.
 Er3+ 	o<?K2v<�"�� σe , Er3+ {o 4I13/2 →
4I15/2 D..a��:"9�O5�ntmfMcCumber~) [16], � 4I15/2 →

4I13/2 D..a��2O5
�
σe(λ) = σa(λ)exp[(ε − hν)/kT ] (6)B�� k ,17n.P<� T ,
P�'� ε ,��'�h�"9D��Z�~z{,�℄�'9&��j\ Er3+ {ov�Y 4I15/2 "9�D.

4I13/2 UGf�r�D��2O5�H����2Vv#
σa(λ) =

2.303

Nl
OD(λ) (7)ZX� OD(λ) {H���1�
Pk3'� N {

Er3+ {oK2L'� l {1�
P�'�m 5 ,69g� 4I13/2 D. Er3+ 	o<F<l���
�� BGN01�
PX Er3+ {o 4I13/2

D.;|O5q!�ZX�-� β=0} 1�;|O5q!F,, Er3+ {o 4I13/2 ↔
4I15/2 D.9��2O5}:"9�O5�6!5�ÆX�"9Y

4I13/2 D.
	o<?K2 Er3+{ov<�"��, β Lsi� Tk*�b$�j�lt����y!� β=0.5�	o<=hF<��m 5n?�B�;|O5q!X�f�j\q~ (1523∼1650nm)S\�F<^F�L'fxF{ Bi2O3-GeO2-Ga2O3-

Na2O ��JX1�.��{ C+L 4*o"q~Cz�;|�V�m 6 ,-� β=0.5 �;|O5JL4QF,Q1�X Ce2O3 K2w�} B2O3 xFw��&�h��ntk��6 Ce2O3 eK�K Er3+ �JX1�X�JL4Q&�/99��46�� B2O3xF�K Er3+ �JX1�X�Qk B2O3 xFw��;7�JL4Qn)Q4*�j�|{ [15,17],;|O5�JL4Q-z�tTK Er3+ 1��{Cz_;|TV�C
�_z�=|;|~q�

n 5 :h
p=G=mA� 4I13/2 E/<}P6r"
Fig. 5 Gain cross-section of 4I13/2 level for different

population distribution

n 6 <}P6KM5RG-R Ce2O3 L3x�~
B2O3 yGx��'�
Fig. 6 Peak wavelength of gain cross-section as a

function of Ce2O3 and B2O3 contents



4 Y _UP���L� Bi2O3-GeO2-Ga2O3-Na2O 2�Y#:Z
3�wT 835� 3 �fy�G|XÆ Er3+ F� 1.55µm �!�."\�v�D5)�n`?Q (σa) 1"\?Q(σe)

Table 3 Effective width ∆λeff , peak values of absorption (σa) and emission (σe) cross-section of Er3+ ion

at 1.55µm band in bismuth-based glasses

Samples BGN0 BGN0.2 BGN0.5 BGN0.8 BGNB5 BGNB10 BGNB15

∆λeff/nm 65.0 65.8 65.4 65.1 66.4 68.2 69.5

σa/ × 10−21cm2 6.86 6.84 6.89 6.91 6.68 6.57 6.53

σe/ × 10−21cm2 6.99 6.93 6.90 6.99 6.75 6.64 6.60B96K Er3+ �JX1�X�� B2O3 xFDgWj>t= 1.55µm4*�k9�kV~q�) 3^f� BGN } BGNB �JX1���
PX Er3+{o 1.55µm 4*�k9��3~q)JL�2O5}9�O5�ZX��3~q ∆λeff t�%2M
∆λeff =

∫
I(λ)dλ

Imax
(8)%X� I(λ) ,H���4Q λ k�k9�f'� Imax {JL9�f'�ntk���JX1���
PX Er3+ {o 4I13/2 D.�k9��3~q�;|O5JL4Q�&�n+#���

4 �M
1. 6K Er3+:Bi2O3-GeO2-Ga2O3-Na2O 1�X�� Ce3+ {o�eu Er3+ {o 4I11/2 D.� Ce3+{o 2F5/2 D.9�D�m��`X� Er3+ {o

4I11/2 →
4I13/2 D.9�M�.aG$�<��

4I11/2 D.
 Er3+ {o<�v46�zZ'
vS�TD.�"9Y�2�g��.� Ce3+ {o���Wj>`X� 4I13/2 →
4I15/2 D..a�v�o3$�;f� 1.55µm 4*�k9�.a�

2. 6T1�X�� B2O3, eu-1��V�oD��`X��d`X� Er3+:4I11/2 →
4I13/2D.0�o_#G$� 4I11/2 D.
 Er3+ {o<RG<��4"9Y�2
��3vS�g���Q B2O3 xF����Q1�X OH− �rL'�`X�<�� 4I13/2 →

4I15/2 D..a�v�o3$�.�� 1.55µm4*�k9�.a�� 4I13/2 D

.;|O5JL4Qn)Q4*� 1.55µm 4*�k9�.a~q
�Wj>t=��Cjr
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