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1 Ú ó

1f¬N1n (photonic crystal fiber, PCF) du
Ù���ÚÑA5Ú�r���5A5, ���
1Ñ�Jø
#�å», 3��51Æ�¡kéõ
A^ [1−5]. 3äk 1 �"ÚÑÅ� (zero dispersion
wavelength, ZDW) � PCF �~ÚÑ«, oÅ·ª�
±¢y� ��, DÑ�fU
Ë�Ñ7£ÚÑ
Å [6]. 3äk 2 � ZDW � PCF ¥, �±�)ü
>��� ����Ñ�, �f�±� 2 ��~
ÚÑ«©OË�Ñ� ���7£ÚÑÅÚù£
ÚÑÅ [7−10]. ,, äk 1 � ZDW 9 2 � ZDW
� PCF, Ñ=k 1 ��~ÚÑ«, ��)�ÚÑÅ
Ñ u�~ÚÑ«.

ÏLé PCF (��AÏ�O, �±��äk 3
�9 4 � ZDW � PCF[11−15]. õ�"ÚÑÅ� PCF

�±�)´L�� ���, �ïÄ�f�ÚÑ
Å�m�'XJø
#�Ôn�¸. d PCF k��
~ÚÑ«�m� 2 ��~ÚÑ«, �f�±l��
�~ÚÑ«���,���~ÚÑ«Ë�ÚÑÅ,
Ë���~ÚÑ«�ÚÑÅ, =£
Ä$óÀ��
Ü©Uþ, �E±�f�/ª31n¥DÑ. ÏL
�O PCF �(�ëê, �±UC"ÚÑÅ�, ��
õ�oÅ·ª¸� �, ¦ÙåÄ$ªÇé�, ¿
�l.ùOÃ�Å�, ~�
.ù�A�K�, �
±�)�õ�1fé, Uk���1�f9�áó
À�oÅ·ª9��Ñ��)�1ÌA5, ��5
1Ì�(¹N!3Å�=�!�ëYÌ�)9V
1f�þf1Æ�¡k�A^.

�©|^õ4{é1f¬N1n�ÚÑA5
?1
�[ [16−19], ÏL�O PCF �(�ëê, �
�
äk 3 �9 4 �"ÚÑÅ�� PCF, ©Û
Ú
Ñ�1n(��'X, � PCF ���9��51Æ
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+^�A^Jø
nØ��.

2 ä k n � " Ú Ñ Å � PCF � Ú
ÑA5

~^�ò�ÇÚ�.¢� PCF à¡Xã 1 ¤
«. �Ú«��X�=á�, xÚ����í�, �
��í�må� Λ, �í��»� d, ¥%"� 1 �
�í��«��n�.

ã 1 PCF à¡ã

|^õ4{éã 1 ¤«�äk 60 ��í�
�o�8�/(� PCF ?1
�[, ù���
k�ò�Ç���Ø��u 10−7, (JO(�
� [16−19]. ��ÙÚÑXê D �1n(�ëê�
Cz'XXã 2 Úã 3 ¤«. ã 2 � d/Λ = 0.29
�, éu Λ = 2.18 µm, Λ = 2.2 µm, Λ = 2.22 µm,
PCF �ÚÑ�. �±wÑ, Λ ��, PCF �ÚÑ
���. ã 3 � Λ = 2.2 µm �, éu d/Λ = 0.28,
d/Λ = 0.29, d/Λ = 0.3, PCF �ÚÑ�. �X d/Λ

O�, áÅã�ÚÑ�C�, �Åã�ÚÑ�C�.

1.2 1.4 1.6 1.8 2.0

-4

-2

0

2

4

Λ
=

2.2 mm
  

Λ
=

2.22 mm
  

Λ
=

2.18 mm
  

d/Λ/. 

D
/
p
sS
(n

m
Sk

m
)-

1

λ/mm

ã 2 d/Λ = 0.29 �, éuØÓ� Λ, PCF �ÚÑ�

� â ã 2 Ú ã 3 ¥ Ú Ñ � PCF ( � ë ê

� C z 5 Æ, � ± � � Ø Ó " Ú Ñ Å � 9 " Ú
Ñ m å � PCF, X ã 4 ¤ «. � d/Λ = 0.27,
Λ = 2.264 µm �, PCF �n�"ÚÑÅ�©O
� 1.315 µm, 1.529 µm, 1.703µm. � d/Λ = 0.28,
Λ = 2.233 µm �, PCF �n�"ÚÑÅ�©O
� 1.234 µm, 1.539 µm, 1.861 µm. � d/Λ = 0.29,
Λ = 2.2 µm �, PCF � n � " Ú Ñ Å � © O
� 1.185 µm, 1.542 µm, 1.988 µm. ¤±ÏL PCF
(�ëê��O, �±�·�I��"ÚÑÅ�9
"ÚÑmå� PCF.

� d/Λ = 0.27 µm, Λ = 2.264 µm �, PCF
ÚÑ����ãXã 5 ¤«. �±wÑ, 3Å
� 1.3 µm—1.7 µm � � � S, Ú Ñ � 3 −0.5—
0.5 ps/(nm·km) �mCz, Ù��²"ÚÑ�.

¤�O� PCF du�íW¿'�$ (d/Λ <

0.43), �±ü�DÑ, �n���, äkp��5X
ê, UA^uÅ�=�!�ëYÌ�)9V1f�
��5L§.
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3 ä k o � " Ú Ñ Å � PCF � Ú
Ñ©Û

¥%n��k���í�� PCF Xã 6 ¤«.
Ù¥�Ú«��X�=á�, xÚ����í�,
���í�må� Λ, �í��»� d, ¥%�k 1
����í��«��n�, ���í���»
� c.

d

ã 6 ¥%n��k���í�� PCF à¡ã

ù« PCF �ÚÑ�1n(��Cz'XX
ã 7 �ã 9 ¤«. ã 7 � d/Λ = 0.751, c = 0.586 µm
�, éu Λ = 2.07 µm, Λ = 2.08 µm, Λ = 2.09 µm,
PCF � Ú Ñ  �. Ú Ñ � Λ � O �  O �, �
Å ã � Ú Ñ � C z � �, á Å ã � Ú Ñ � C z
��. ã 8 � Λ = 2.08 µm, c = 0.586 µm �,
éu d/Λ = 0.749, d/Λ = 0.751, d/Λ = 0.753,
PCF � Ú Ñ  �. 3 � Å ã, Ú Ñ � d/Λ � O
�  O �; 3 á Å ã, Ú Ñ � d/Λ � O �  ~

�. ã 9 � d/Λ = 0.751, Λ = 2.08 µm �, é
u c = 0.584 µm, c = 0.586 µm, c = 0.588 µm,
PCF �ÚÑ�. ÚÑ� c �O�~�, �Åã
�ÚÑ�Cz��, áÅã�ÚÑ�Cz��.
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�âã 7 �ã 9 ÚÑ� PCF (��Cz'
X, ��
ØÓ"ÚÑÅ�9"ÚÑmå� PCF,
Xã 10 ¤«. � Λ = 2.035 µm, d/Λ = 0.723,
c = 0.566 µm �, PCF �o�"ÚÑÅ�©O
� 1.22 µm, 1.33 µm, 1.445 µm, 1.575 µm. � Λ =
2.066 µm, d/Λ = 0.742, c = 0.58 µm �, PCF
� o � " Ú Ñ Å � © O � 1.114 µm, 1.294 µm,
1.521 µm, 1.742 µm. � Λ = 2.08 µm, d/Λ = 0.751,
c = 0.586 µm �, PCF �o�"ÚÑÅ�©O
� 1.085 µm, 1.274 µm, 1.548 µm, 1.807 µm. lù

êâ�±wÑ, ÚÑ�9"ÚÑÅ�måCz�
�ê�1nëêO\�ÌÝCq¤�''X. ÏL
·�N� PCF (�ëê, �±��·�I��"Ú
ÑÅ�9"ÚÑmå� PCF.
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� Λ = 2.035 µm, d/Λ = 0.723, c = 0.566 µm
�, PCF ÚÑ����ãXã 11 ¤«. �±
wÑ, 3Å� 1.2 µm—1.6 µm ���S, ÚÑ�
3 −0.04—0.04 ps/(nm·km) �mCz, Ù��²"
ÚÑ�.

¤�O� PCF k��~ÚÑ«©�m� 2 �
�~ÚÑ«, ù
"ÚÑÅ�� �Úmå�±3
é�Å���S(¹N!, �±�)´L�� �

��, Uk���1�f9�áóÀ�oÅ·ª
9��Ñ��)�1ÌA5.

© z [11] � � Ñ 
 � � � í � � » c

� 110 nm �aq(� PCF. �©¤�O PCF � c

� 580 nm, � í � � � � N ´ � �, ¤ ± � O
� PCF ´�±��Ñ5�.
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ÏLé1n(��AÏ�O, ��
äk 3
�9 4 �"ÚÑÅ�� PCF. ©Û
 PCF ÚÑ
� Λ, d/Λ 9 c �(�ëê�Cz'X, ù
"
ÚÑÅ�� �9må�±3é�Å���S
(¹N!. 3äk 3 �"ÚÑÅ�� PCF ¥, 3Å
� 1.3 µm—1.7 µm ���S, ÚÑ��±3 −0.5—
0.5 ps/(nm·km) ��S. 3äk 4 �"ÚÑÅ�
� PCF ¥, 3Å� 1.2 µm—1.6 µm ���S, Ú
Ñ�3 −0.04—0.04 ps/(nmkm) ��S, Ù�C"
�²"ÚÑ�. õ�"ÚÑÅ�1n�±�)´
L�� ���, k���1�f9�áóÀ�
oÅ·ª9��Ñ��)�1ÌA5, ��51Ì
 ��(¹N!3Å�=�!�ëYÌ�)9V
1f�þf1Æ�¡k�A^.
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Abstract

The dispersion characteristics of photonic crystal fibers are computed using the multipole method. Single-mode fiber with three

zero-dispersion wavelengths is obtained by properly designing fiber structure parameters. The dispersion characteristics of photonic

crystal fiber with a small air hole in the core are analyzed. Fibers with four zero-dispersion wavelengths are designed. The variation rules

of zero-dispersion wavelength with fiber structure parameter are found. The locations and spacings of the zero-dispersion wavelengths

can be adjusted flexibly in a large wavelength range. Closing to zero and flattened dispersion can be obtained in the fibers with multiple

zero-dispersion wavelengths. The multiple zero-dispersion wavelengths can create a rich phase-matching topology, and enable better

controlling the spectral locations of the four-wave-mixing and resonant-radiation bands emitted by solitons and short pulses.

Keywords: photonic crystal fiber, multipole method, zero dispersion wavelength, flattened dispersion
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