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ÏL3�(�àÜÔ1n (mPOF) ����í�¥W¿�¬á�¼�
pÝ9�N��Y. mPOF. �Y�§
Ý�O\u)wÍ�7£, �Yþ>.�§Ý(¯Ý�� −5.5 nm/◦C. æ^�¥þk���{é�|A5±9Ä�
k��|¡È�©Û(JL², TW¿�¬� mPOF 3�Y�¥%Å�NCäk��k��|¡È, Ú�Ó(��
W¿�¬� mPOF ë��äk�p�õÇÍÜ�Ç. ïÄ(Ø� mPOF 3§ÝDa+��A^9�«�N1nì
����Jø
nØë�.
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1 Ú ó

1 f ¬ N 1 n (PCF) � ¡ � � ( � 1
n (MOF), ��¥äk¶�ü��±Ï5�(�
�í�, g¯±5���É<�'5 [1]. �DÚ
1n�', MOF �(��O�\(¹. ÏLUC
���í��/G!º�!ü��ª9ê8, �±
¼��«#Û�A5, 'XÃ�ü�DÑ, 4�½
4���|¡È, p�ªVò�±9ûÐ�ÚÑA
5 [2−5]. �â�1Ån�ØÓ�ò MOF ©��S
�� (TIR) .Ú1f�Y (PBG) .ü�a. ,,

®²kïÄL²ÏL3 MOF ����í�¥W
¿Ü·�pò�Çá�, Xpò�Ç��N½ö�
¬ (LC), �±ò�S��. MOF =C�1f�Y
. MOF[6,7]. Ù¥����¬duäkpVò�!
(¯�9N�Ú>N��`ûA5, �2�^u
�OÄu1f�Y�A��N1nì�, XK�m
'!�NVò���ìÚ�NÈÅì� [8]. ùaì
�äk4���\�Ñ, ¿��±3���	ÜK
�e¼�N�5. �±`, �¬�1f¬N1n�
�Y�A�(Ü, ��NÈ!p5U1Æì��ï

�Jø
êÅ.

Cc5, �(�àÜÔ1n (mPOF) Ï'DÚ
��=Ä� MOF äk\ó§Ý$!ý����
��{(¹õ�!¤�$ÚÄ�á�«aõ�`
: [9] -å
<�2��ïÄ,�. Ø
äk
�(�1n��«#ÛA5	, Ak�á�`³
� mPOF ì��5U�OJø
�õ�B|. 3·
�±c�©Ù¥, éà`ÄZL�`| (PMMA) Ä
� mPOF ���±931nD�!1nDa��
¡�A^?1
�þnØÚ¢�ïÄ [10−12]. ��
� MOF ~^�Ä�á� —– L�=�', PMMA

äk�p�ò�Ç (n = 1.49) Ú91Xê. Yuan �
<ÏL3 PMMA Ä���S��. mPOF ���
í�¥W¿�¬á�, Äg3 mPOF ¥*	�
�
¬���1f�Y�A9�Y�9�NA5 [13].

ù��«�N mPOF ì����Jø
¢���.

,, éuW¿�¬��Y. mPOF 9Ù�NA5
nØ�¡�ïÄÿ����.

�©ÏL3 PMMA Ä�!äkn�/¬�
(�� mPOF ���í�¥W¿ E7 .�¬á
� [14], ¼�
�Y. mPOF. ïÄ
(�ëê9
§Ýé1n�YA5�K�. A^�¥þk���
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{ (FEM)[5,15] O�
W¿�¬��Y. mPOF(LC-

mPOF) �Ä�k��|¡È, ±9��Ó(��W
¿�¬��S��. mPOF(TIR-mPOF) �m�õ
ÇÍÜ�Ç. (JL²¤�O� LC-mPOF äk`
û�9�N�A!���|¡È, � TIR-mPOF ä
k�p�ÍÜ�Ç. ïÄ(Ø� mPOF 3§ÝDa
+��A^9�«�N1nì����Jø
n
Øë�.

2 1n(��O9�Y9�NA5

�©�O� LC-mPOF �à¡(�Xã 1 ¤
«, 3 PMMA Ä�¥, do�n�/ü��W¿
�¬��í��¤1n��, ¥%?"����
í��¢%"�«�¤n�. Λ �¬�~ê, d �
W¿�¬��í��». ¤æ^� LC � E7 .�
¬ (Tc = 58◦C) á�, Ù��É5�±ÏLÏ~ò
�Ç no Ú�~ò�Ç ne 5£ã [14]. ò�Ç�§

ÝÚÅ��Cz'Xd*Ð� Cauchy úªL«�

no/e(T, λ) = Ao/e(T ) +
Bo/e(T )

λ2
+

Co/e(T )
λ4

, (1)

Ù¥ Ao/e, Bo/e, Co/e � Cauchy Xê. ò E7 .�
¬á�� Cauchy Xê�uL 1 ¥.

ã 1 LC-mPOF î�¡«¿ã

L 1 E7 .�¬á�� Cauchy Xê

§Ý T/◦C
no ne

Ao Bo/µm2 Co/µm4 Ae Be/µm2 Ce/µm4

15 1.5006 0.0065 0.0004 1.7055 0.0087 0.0028

20 1.4998 0.0067 0.0004 1.6993 0.0085 0.0027

25 1.4994 0.0070 0.0004 1.6933 0.0078 0.0028

30 1.4989 0.0072 0.0004 1.6846 0.0090 0.0025

35 1.4987 0.0071 0.0004 1.6761 0.0091 0.0025

d u E7 . � ¬ á � (no = 1.502, ne =
1.7@1.55 µm, 25 ◦C) �ò�Ç�uÄ�á��ò
�Ç, 3���í�¥W¿�¬¦1n��1Ån
u)
��5�Cz, =d�5��S���1=
C�1f�Y�A�1. ¢�(JL², 3 PMMA

Ä�� mPOF ���í�¥W¿ E7 .�¬, �3
L�=Ä���(�1n¥W¿T�¬��¹a
q, �§Ý$u Tc(���) �Ã	\>|�, 6Ä
5���¬©f÷1n¶�þ!²1ü� [13,16].

d��¬á���é0>~êÜþ�é�Üþ,

ε11 = ε22 = n2
o, ε33 = n2

e , 1n����Y(��
 �Ã' [7,17,18]. LC-mPOF �DÑA5Ì���

¬á��Ï~ò�Ç no k'. ¦+Xd, ·�3O
��, Eò�¬á��0>~êÜþ���é�Ý

�/ª, �)
�~ò�Ç ne �K�.

3é1n(�?1�O�, �
Bu�¬á�
�W¿, ���í��»Ø´�� [13], Ó��

�y�W¿�¬�1nU
Ã�ü�DÑ, 1n
����é��» d/Λ AØ�u 0.45[2]. Äk, ·
�æ^�¥þk���{ïÄ
ØÓ(�ëê�
±Ï5��¥�1f�YA�, Xã 2 ¤« (�Ú
«�L«�Y), ¿o(
�Y�(�ëê�Cz
5Æ. dã 2(a)—(c) �±uy, �¬�~ê Λ ð½
�, �Y� ����» d �O\��Å��
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�£Ä¶dã 2(d)—(f) �±uy, ���» d ð
½�, �Y� � (¥%Å�) A�ØC, �´�Y
�¬�~ê Λ �O\C°!Cf. ù� Luan

�<æ^²¡Å�{�Ñ�(Ø��� [19]. L
²�Y�/¤´Äupò�Ç0�Î (=ùp�
�¬) �m�����A�. �âù
5Æ, ÏL

ÜnN���(�ëê, �±3A½�Å�?¼
�Ü·�1f�Y. éu Λ = 9 µm, d = 4 µm

� LC-mPOF, �±3¿§� (T = 25 ◦C) ¼�¥%
Å�� 1.55 µm, °Ý�� 600 nm �1f�Y. ±
eÌ�éT(�� LC-mPOF �9�NA5?1
ïÄ.

ã 2 ØÓ(�ëê�1f�Y (T = 25 ◦C) (a)—(c) �¬�~ê Λ ð½, UCW¿�¬��í��» d ¼���Y(�;
(d)—(f) �W¿�¬��í��» d ð½, UC¬�~ê Λ ¼���Y(�

ã 3 LC-mPOF �Y�§Ý�Cz

�
ïÄT LC-mPOF �Y�9�NA5, ·
�O�
ØÓ§Ý�±Ï5��(��1f�Y.

ã 3 �Ñ
¤�O� LC-mPOF ��1��Y�
§Ý�Cz. �Y�þ!e>. (L«�k�ò
�Ç neff �Å��Cz) �n�� (PMMA �ò
�Ç) ��:Å� λU, λL û½
�Y�°Ý. �
X§Ýd 15 ◦C O\� 35 ◦C, �Y�áÅ���
£Ä (þ!e>.©Od 1.9 µm Ú 1.26 µm £Ä
� 1.79 µm Ú 1.21 µm). �§ÝCzé�Yþ>
.�K��\wÍ, l���Y�§Ý�O\
CÄ. �Y�7£Ì�´du3 15—35 ◦C ���
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S, E7 .�¬á��Ï~ò�ÇäkK�§ÝF
Ý (dn0/dT < 0) ���. �Yþ!e>.�§
Ý(¯Ý�m��É�±^�����ª1Å�
�. [6,20] 5)º. �â����., ±Ï5��(
���Y>.dÙ¥pò�ÇÜ© (=ùp� E7

.�¬á�) ���Å�û½. du�¬á�Ï~
ò�Ç�§Ý�Cz���Y�þe>.u)�
þ��é£Ä, ¤±�Yþ>. (�Å�) ?�ýé
£Äþ��. éu¤�O� LC-mPOF, �Yþ>.
�§Ý(¯Ý��� −5.5 nm/◦C.

3 LC-mPOF A5©Û

Ï~�¹e, LC-mPOF ��ë�� TIR-mPOF

äkØÓ��|¡È, =¦´��Ó(��W¿
�¬� mPOF ë�, du�1ÅnØÓ, �ö��
|¡È�Ø�Ó. éu LC-mPOF ì�, �\�Ñ

Ì�u LC-mPOF � TIR-mPOF �|¡È��
�5�ÍÜ�Ñ [21]. �
ïÄ LC-mPOF � TIR-

mPOF �m�ÍÜ�Ñ, ·�A^ FEM é¤�
O LC-mPOF(Λ = 9 µm, d = 4 µm, T = 25 ◦C) 3
1��Y�S��|A5?1
©Û. ã 4 �Ñ

 LC-mPOF 3�Y>�? (λ = 1.3 µm) Ú�Y
¥%? (λ = 1.55 µm) �Ä��|©Ù, ±9�Ó
(��W¿�¬� TIR-mPOF 3 λ = 1.55 µm �
�Ä��|©Ù. 3�Y>�?, LC-mPOF ���
Ã{òÄ���3n�¥, ké��Ü©Uþ*
Ñ�
��¥, Xã 4(a) ¤«; 3�Y¥%Å�N
C, Ä���Ü©UþÑ��3n�¥DÑ, �E
k�Ü©Uþ©Ù3n�±��1��pò�Ç
0� (�¬) ¥, Xã 4(b) ¤«; ,, äk�Ó(
�ëê!�ÓDÑÅ��W¿�¬� TIR-mPOF

�Ä��|%�����3n�«�, Xã 4(c)

¤«.

ã 4 Ä��|©Ù�p�ã (a) LC-mPOF �Y>�? (λ = 1.3 µm) �1r©Ù; (b) LC-mPOF �Y¥%? (λ = 1.55 µm)
�1r©Ù; (c) λ = 1.55 µm � TIR-mPOF �1r©Ù

ÏL>|rÝ31nî�¡S�©Ù E(x, y)
�±O�ÑkÄ���|¡È Aeff

[21] �

Aeff =

[ ∫ +∞

−∞

∫ +∞

−∞
|E(x, y)|2dxdy

]2

∫ +∞

−∞

∫ +∞

−∞
|E(x, y)|4dxdy

. (2)

ã 5 �Ñ
 LC-mPOF Ú TIR-mPOF �Ä�
k��|¡È�DÑÅ��Cz'X. éu LC-

mPOF, 3�Y�¥%Å�NC, duÄ��|��
Ð���3n�¥, Aeff �����. 1.55 µm ?�
k��|¡È� 218 µm2. 3�C�Y>��«�,

du�|���*Ñ�� Aeff O\. � Aeff â

,:ìO\� (3Å� 1.2—1.3 µm �m), `²�
|��Ü©Uþ®²*Ñ�
��¥, =DÑÅ�
��
�Y>�. d�|¡È�Å��Cz5�
ä�Y �Úd¢S�Ã����(�¥O��
Ñ��Y �ÎÜ�éÐ. éu�W¿�¬� TIR-

mPOF, du(�ëê���÷vÃ�ü�DÑ^
�, Ä��|U
éÐ���3n�¥. Ù Aeff �
Å��O\ÑkO\, �o´�u LC-mPOF ��
|¡È. LC-mPOF � TIR-mPOF �ë��, õÇÍ
ÜXê [21]T �±CqL«�

T ≈ 4Aeff,1Aeff,2

(Aeff,1 + Aeff,2)2
, (3)
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ã 5 LC-mPOF Ú TIR-mPOF 31��Y�S�Ä�k
��|¡È Aeff

ã 6 LC-mPOF Ú TIR-mPOF �õÇÍÜXê T �DÑ
Å��Cz'X

Ù¥ Aeff,1 Ú Aeff,2 ©OL« LC-mPOF Ú TIR-

mPOF �Ä�k��|¡È. ã 6 �Ñ
 LC-mPOF

Ú�Ó(��W¿�¬� TIR-mPOF ë��õÇ
ÍÜXê T �DÑÅ��Cz'X. 3�Y�¥%

Å�NC, ÍÜ�Ç�p, 1.55 µm ?�ÍÜ�Ç�
� 0.873. XJ=lü�pë1n�|¡È���
5�ÍÜ�Ñ��Ý�Ä, ·��O� LC-mPOF,

ó�3�Y¥%Å�NC�, �±ò�Ü©�Uþ
k�/ÍÜ?\�W¿�¬�1n?1DÑ.

4 ( Ø

ÏL3 mPOF ����í�¥W¿�¬á�
¼�
�Y. LC-mPOF. ÏLïÄ�Y�(�ë
ê�Cz5Æuy, ���¬�~êð½�, �
Y� ��W¿�¬��í��»�O\��
Å���£Ä; ���»ð½�, �Y� �A�
ØC, �´�¬�~ê�O\C°!Cf. é
¤�O� LC-mPOF 9�NA5�ïÄ(JL²,

3 15—35 ◦C ���S, 1��Y�§Ý�O\u
)wÍ�7£, �Yþ>.�§Ý(¯Ý�±�
� −5.5 nm/◦C. �OÑ¿§�3 1.55 µm NCä
k� 600 nm �°� LC-mPOF. 3�Y�¥%Å�
NC, Ä��|��Ð���3n�¥, 1.55 µm ?
�±¼� 218 µm2 ��k��|¡È. d�|¡È
�Å��Cz5�ä�Y �Úd¢S�Ã��
��(�¥O��Ñ��Y �ÎÜ�éÐ. ïÄ

 LC-mPOF Ú�Ó(��W¿�¬� TIR-mPOF

ë���õÇÍÜ�Ç. (JL²·��O� LC-

mPOF, ó�3�Y¥%Å�NC��±ò�Ü©
�Uþk�/ÍÜ?\ TIR-mPOF ?1DÑ. ïÄ
(Ø� mPOF 3§ÝDa+��A^9�«�N
1nì����Jø
nØë�.
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Abstract

A highly tunable bandgap-guiding microstructured polymer optical fiber (mPOF) is designed by infiltrating the cladding air holes

with a liquid crystal. Bandgap is blue shifted as temperature is increased. A high thermal tuning sensitivity of −5.5 nm/◦C is achieved

at the long-wavelength edge of the bandgap. Mode properties and effective mode area of the fundamental mode are investigated by

using the full-vector finite element method. The designed fiber has a large effective area and high power transmission coefficient

between the index guiding modes and the bandgap guiding modes. Our results provide theoretical references for applications of mPOF

in sensing and tunable fiber-optic devices.

Keywords: microstructured polymer optical fiber, liquid crystal, photonic bandgap, finite element method
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