
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 23 (2012) 234210

8�:
·¶G��1f¬N1n¥
�pVò�KÚÑ�A*

Nr1)2)† ¢dâ1) ÜæV 2)

1) ( ñÜ���ÆÔn�&EEâÆ�, ÜS 710062 )

2) ( �/©nÆ�Ôn�&EEâX, �/ 721016 )

( 2012 c 3 � 20 FÂ�; 2012 c 4 � 27 FÂ�?Uv )

�O
�«8�:
·¶G��1f¬N1n, T1n¥%"����íÎ/¤n�, ��dý��í�Ú�
��í�|¤. Äu�¥þk��{¿(Ü��É5�{���>.^�, éÙVò�!ÚÑ!��5Xê!�å
�ÑÚ�|�A5?1
ê��[; O�
äk�Óëê�ý�G��1f¬N1n�Vò�!ÚÑ9��5X
ê. (Juy, eN�1n(�ëê��m� Λ = 1.15 µm, �í�ý�Ç η = 0.5, �é�m�' f = 0.48, ��
��» d1 = 0.4 µm �, 3Å� 1.55 µm ?, T1n�Vò� B p� 1.02×10−2, 'DÚ1np�ü�êþ?, Ó
�, T1n3$�ÑÏ&I� C Åã¥yKÚÑÚKÚÑ�Ç, ÙÚÑ�Ç3�� C ÅãNC3 –0.132— –0.121

ps·km−1·nm−2 ��SÅÄ, ��5Xê� 45.7 km−1·W−1, �å�Ñ�C 102 dB·km−1. ·¶G��'ý�G��
1f¬N1n�Vò�9�KÚÑA5²wJp, ��5Xê$, �k|u?1ÚÑÖ�.

'�c: �Å�1n1Æ, pVò�, �¥þk��{, KÚÑ

PACS: 42.81.–i, 42.81.Gs, 02.70.Dh, 81.05.Ni

1 Ú ó

1f¬N1n [1](photonic crystal fibers, PCF)

´dn�"�«�Ú÷1n¶��3��î�¡
þ±Ï5ü���í��¤, äkNõÕA�1Æ
5�, X3��ÚCù	Åã�É~ÚÑ!�$�
�Ñ!Ã��ü�!4r�Vò�!����ª
¡È!p��5!N´.�õ�(��A5 [2−5].

dupVò�31nDa!°�1Æì�9p�
1Ï&�+�Ñk­��A^, ÏdÚå<��2
�'5. Ó�, ÚÑ [6] 31nÏ&þ´��û½Ï
&�þÚDÑål�­�ëê, XÛ�ÑTaXÚ
�ÚÑ�¤��c1Ï&XÚ¥���ïÄ9:.

�Xé PCF ïÄ�?�Ú�\, <�uyÏLN�

1n�(�ëê, �±4�/N! PCF �ÚÑA
5; Ó�, PCF pVò�A5��O��±ÏLU
C�í�m� [7]!Ú\ý��½3n�"�A�
�í�/¤ý�� [8] ��{, ¦Vò�êþ?�±
�� 10−3 ½ö 10−2 þ?, ù´DÚ� 1n¤Ø
U¢y�. w,, Ø+´ÚÑA5�´Vò�A5
þr�/�6u1n(�ëê, X���Ú�m�
�. ®kïÄ(JL², k<'5 PCF �pVò�
A5 [2,7]; k<K;5uÙÚÑÖ�A5 [9]. ,
,

é�kÓ�'u PCF pVò�ÚÚÑA5���.

�©æ^�¥þk��{ (full vector finite ele-

ment method, FV-FEM)[10], ¿(Ü�{��� (per-

fectly matched layers, PMLs) áÂ>.^�, �O¢
y
�«8�:
·¶G�í�ü�� PCF, ¿é
ÙVò�!ÚÑ!��5!�å�Ñ9�|�A
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5?1
ê��[, ¿�äk�Óëê�ý�G�
� (ò·¶G��¥���í�O��ý��í
�) PCF ?1
'�©Û, �ÚÑÖ� PCF ��O
Jø�½�nØ�â.

2 �O�n�nØ�.

#�O�8�:
·¶G�� PCF à¡(
�Xã 1 ¤«. T1n±�=�Äá, ¥%"�
���í�
/¤n�, ��dý��Ú���
|¤. �í��ò�Ç n0 = 1.00. 1n(�ëê
æ^�í�m� Λ, ý�Ç η = d/a, �é�m�
' f = d/Λ, ����» d1 £ã, �µá�ò�Ç
� 1.45.

ã 1 pVò�KÚÑ PCF à¡(�

®kõ«ê��.^u1f¬N1n�A5
©Û, �©æ^ FV-FEM ¿(Ü PMLs áÂ>.
^�é¤�O�1f¬N1n�.�Vò�!
ÚÑ!��5Xê!�å�ÑÚ�|�A5?
1©Û.

Äu Curl-curl �§, éu?Û�^�é0>~
ê εr Ú�é^�Ç µr £ã�0�5`, Ñ�^e
ªL«:

∇× (ε−1
r ∇× H) − k2

0µrH = 0, (1)

ª¥ H �^|rÝ, k0 �ý�¥�Åê, k0 =

(µ0ε0)1/2. A^Iþk��{, �§ (1) �=z��
ê¯K

([A] − (neff)2[B]){H} = 0, (2)

ª¥ [A] Ú [B] �k��Ý
, {H} ´d>.Ú!
:|¤�lÑz^|rÝ¥þ, neff �k�ò�Ç.

�â [A] Ú [B] �DÕÝ
á5é����§?1
¦), ��¤�O1n�Ä�k�ò�Ç neff . ��

ó, �Vò� B(λ) ´£ã1n �A5�­�
ëþ, �L«� [11]

B(λ) = |Re(ny
eff(λ)) − Re(nx

eff(λ))| , (3)

ùp, ny
eff Ú nx

eff ©OL«ü�� �Ä�k�ò
�Ç. PCF �ÚÑ D (λ) �L«� [12]

D(λ) = −λ

c

∂2 |Re(neff)|
∂λ2

, (4)

1nÚÑ�Ç [13] ´£ãÚÑCz�Ì�Cþ, �
ÚÑ�'X�

Dslope(λ) =
dD(λ)

dλ
. (5)

Ó�, |^��É5 PMLs ��áÂ>.^�é�
���§?1¦), �±�� neff JÜ, ?
 PCF

���å�Ñ Lc (λ) �k�ò�Ç neff �m�'
X�L«� [14]

Lc(λ) =
2 × 107

ln(10)
2π

λ
Im[neff ], (6)

ùp c �ý�¥�1�, λ �1Å�.

3 ê��[�(J©Û

3.1 Vò�A5

pVò�1f¬N1n�2�^u1nDa
ì� ���!p°�1Æì�91Ï&XÚ [15].

�
¦�O�8�:
·¶G�� PCF 3�°�
Å���¢ypVò��A, æ^ FV-FEM ïÄ

1n(�ëê�Vò��m�'X. dã 2(a) �±
wÑ, �½ f = 0.5, η = 0.5, d1 = 0.5 µm, �m� Λ

l 1.15 µm Cz� 1.3 µm, CzÚ�� 0.05 µm �,

�Å��O\, Vò� B ¥yO\ª³; Ó�, �
X Λ �O\, Vò� B �Ne£, Ó�Å�éA
�Vò� B Åì~�, ù´du�m��O�ü
$
n�����ò�Çé', ?
��Vò�~
�. dã 2(b) �±wÑ, �½ Λ = 1.15 µm, f = 0.5,

d1 = 0.5 µm, ý�Ç η l 0.5 Cz� 0.58, CzÚ
�� 0.02 �, �Å��O\, Vò� B ¥yO\
�ª³, ¿��X η �O\, Vò� B �Ne£,

Ó�Å�éA�Vò� B Åì~�. dã 2(c) �
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±wÑ, �½ Λ = 1.15 µm, η = 0.5, d1 = 0.5 µm,

�é�m�' f l 0.48 Cz� 0.54, CzÚ��
0.02 �, � Å � � O \, V ò � B ¥ y O \ �
ª³, ¿��X f �O\, Vò� B �Ne£,

Ó�Å�éA�Vò� B Åì~�. dã 2(d)

�±wÑ, �½ Λ = 1.15 µm, η = 0.5, f = 0.48,

� � � � » d1 l 0.4 µm C z � 0.8 µm, C z

Ú � � 0.1 µm �, � Å � � O \, V ò � B

kO\�ª³, ¿��X d1 �O\, Vò� B

�Ne£, Ó�Å�éA�Vò� B �Åì~
�. � � m � Λ = 1.15 µm, ý � Ç η = 0.5,

�é�m�' f = 0.48, ����» d1 = 0.4 µm

�, 3 1 Ï & Å ã 1.55 µm ?, V ò � B p �
1.02×10−2.

ã 2 8�:
·¶G�� PCF Vò��Å��Cz (a) � f = 0.5, η = 0.5, d1 = 0.5 µm, Λ ±Ú� 0.05 µm l 1.15 µm

O\� 1.3 µm; (b) � Λ = 1.15 µm, f = 0.5, d1 = 0.5 µm, η ±Ú� 0.02 l 0.5 O\� 0.58; (c) � Λ = 1.15 µm, η = 0.5,

d1 = 0.5 µm, f ±Ú� 0.02 l 0.48 O\� 0.54; (d) � Λ = 1.15 µm, η = 0.5, f = 0.48, d1 ±Ú� 0.1 µm l 0.4 µm O\
� 0.8 µm

3.2 ÚÑA5

�
¦¤�O1nU3$�ÑÏ&I� C Å
ãNC���°�Å���S¢yÚÑN��A,

æ^ FV-FEM ê�ïÄ
T1nÚÑ�1n(�
ëê�m�'X. ��, PCF ÚÑ D (λ) �1n(�
ëê�m�'X�L«� [16]

D(λ;MΛ, f) =
1
M

D

(
λ

M
;Λ, f

)
, (7)

(7) ªL², éu�Ó� f , PCF ���m� � M

�, 3 λ/M ?�ÚÑò~���5� 1/M , Ù¥,

M ��m���'~. w,, <�UC1n���

(�ëêéN´N� PCF �ÚÑëê. éu�Ó�
�é�m�' f , �m���, ÚÑ��, ��KÚ
ÑéAÅ��A7£. Ïd, �
¦¤�O1n¥
y���KÚÑ�, �í�m� Λ ØUÀ���.

Äk, �½ f = 0.5, η = 0.5, d1 = 0.5 µm, �m� Λ

l 1.15 µm Cz� 1.3 µm, CzÚ�� 0.05 µm �,

ÚÑ�Å��Cz'XXã 3(a) ¤«. lã 3(a)

�±wÑ, �X Λ �O\, ��KÚÑ� �u
)ù£. �À� Λ = 1.15 µm �, ��KÚÑé
AÅ���C$�ÑÏ&Å� 1.55 µm. Ïd, À
� Λ = 1.15 µm ���O1n��Z�m�ëê.

Ùg, À� Λ = 1.15 µm, f = 0.5, d1 = 0.5 µm ØC,

234210-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 23 (2012) 234210

ý�Ç η l 0.5 Cz� 0.58, CzÚ�� 0.02 �,

ÚÑ�Å��Cz'XXã 3(b) ¤«. lã 3(b)

�±wÑ, �Xý�Ç η �O\, ��KÚÑ�
 �u)7£, �À� η = 0.5 �, 3$�ÑÏ
&I� C Åã�¥%Å� 1.55 µm NCKÚÑ
����. Ïd, �
÷vÚÑÖ��I�, ý�
Ç η ��Z�OëêÀ�� η = 0.5. 2g, �
½ Λ = 1.15 µm, η = 0.5, d1 = 0.5 µm, �é�m
�' f l 0.48 Cz� 0.54, CzÚ�� 0.02 �, Ú
Ñ�Å��Cz'XXã 3(c) ¤«. lã 3(c) �
±wÑ, �X f �O\, ��KÚÑ� �u)ù

£, �À� f = 0.48 �, 3$�ÑÏ&I� C Å
ã�¥%Å� 1.55 µm NCKÚÑ����. Ó
�, �
÷vÚÑÖ��I�, �é�m�' f �
�Z�OëêÀ�� f = 0.48. ��, À� Λ =

1.15 µm, η = 0.5, f = 0.48, � � � � » d1

l 0.4 µm Cz� 0.8 µm, CzÚ�� 0.1 µm �,

ÚÑ�Å��Cz'XXã 3(d) ¤«. l 3(d) �
±wÑ, �X d1 �O\, ��KÚÑ� �u)ù
£, �À� d1 = 0.4 µm �, ��KÚÑéAÅ�
fÐ3$�ÑÏ&I� C Åã�¥%Å� 1.55 µm

NC.

ã 3 8�:
·¶G�� PCF ÚÑ�Å��Cz (a) � f = 0.5, η = 0.5, d1 = 0.5 µm, Λ ±Ú� 0.05 µm l 1.15 µm

O\� 1.3 µm; (b) � Λ = 1.15 µm, f = 0.5, d1 = 0.5 µm, η ±Ú� 0.02 l 0.5 O\� 0.58; (c) � Λ = 1.15 µm, η = 0.5,

d1 = 0.5 µm, f ±Ú� 0.02 l 0.48 O\� 0.54; (d) � Λ = 1.15 µm, η = 0.5, f = 0.48, d1 ±Ú� 0.1 µm l 0.4 µm O\
� 0.8 µm

Ïd, �
÷v$�ÑÏ&ÅãÚÑÖ��
I�, À��ZÚÑÖ� PCF �(�ëê©O
��m� Λ = 1.15 µm, ý�Ç η = 0.5, �é�
m�' f = 0.48, ����» d1 = 0.4 µm. d
�, T1n3Å� 1.55 µm éA���KÚÑ�
–75.7 ps·km−1·nm−1. Ú Ñ � Ç 3 � � C Å ã
NC3 –0.132— –0.121 ps·km−1·nm−2 ��SÅ
Ä, X ã 4(a) ¤ «. T 1 n 3 � � C Å ã ¥ y
K Ú Ñ Ú K Ú Ñ � Ç, K Ú Ñ Ú K Ú Ñ � Ç �

· Ü ^u ° � ÚÑ Ö �. ~ X, é u STM-28TM

D Ñ 1 n [9] (D = 17 ps·km−1·nm−1, Dslope ≈
0.023 ps·km−1·nm−2) � κ (κ = D/Dslope, Ùü 
� nm) ��� 740 nm, ��¢y°�Ö���¦
Ö�1n� κ ���Ö�1n� κ �A�C. ·�
�O1n� κ ���� 673 nm, Ïd, �±�Ð/
é STM-28TM DÑ1n?1°�Ö�. Ó�ã 2 �
©Ûy²
�O1n3 C Åã�Vò�����
�. Ïd, T#. PCF ¤¥y�pVò�KÚÑ�
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ã 4 8�:
·¶G�� PCF �ÚÑ�Ç, �å�Ñ�Å��Cz'XÚÄ��|Ó+©Ù (a) ÚÑ�Ç; (b) �å�Ñ;

(c) 1.55 µm ?Ä��|Ó+©Ù

A, ò31nÚÑÖ� [17,18] Ú1nDa [19] ��
¡¼�éÐ�A^.

?�Úæ^ FV-FEM ¿(Ü�Z PMLs é�
O1n��å�Ñ9�|?1
©Û. ã 4(b) £
±
�O1n�å�Ñ Lc (λ) �Å� λ �Cz,

w,, �XÅ��O\, �å�ÑÅìO�, �´
3Ï&I� C ÅãNC, �O1n��å�Ñ�
C 102 dB·km−1. ã 4(c) �Ñ
8�:
·¶G
�� PCF 3Å� 1.55 µm ?�Ä��|Ó+. l
ã 4(c) �±wÑ, T�O1n��|�éÐ/�
å3�«. ,	, T#.1n�·¶G��æ^
f[+æÈEâ½ý���NàÜEâéN´
¢y [20], 
Ø7æ^E,�M�-v�{½ý�
�}�{ [21], Ï
#�O PCF ����é��
N´.

3.3 AÏ(�e�ØÓ��(� PCF V

ò�ÚÚÑA5�'�©Û

±e¤©Û�(�´ Λ = 1.15 µm, η = 0.5,

f = 0.48, d1 = 0.4 µm �·¶G��Úý�G
�� (òþã���í�O��ý��í�) PCF.

dã 5(a) �±wÑ, 3Å� 1.55 µm ?, ·¶G
��'ý�G�� PCF �Vò� B �p, ©O
� 1.02×10−2 Ú 8.82×10−3.

�
�Ð/©Û·¶G�� PCF �ÚÑÖ�
A5, �[
ý�G�� PCF ÚÑA5. ¿�Ú?
��#�ëê, =��5Xê [22]

γ(λ) =
2πn2

λAeff
, (8)

ª¥ n2 ´�=���5ò�Ç, �±ÏLõ«ÿ
þEâ�� (Xg� N�!��� N�!oÅ
·ª), �©æ^©z [9] (n2 = 3.0×10−20 m2·W−1)

�(J; Aeff �k��¡È, �±ÏLeª?1O
� [23]

Aeff =

(∫∫ ∣∣E2
∣∣ dxdy

)2∫∫
|E|4dxdy

, (9)

ª¥�È©«�´��1nà¡. w,, ��5X
ê�Ùk��¡È¤�', k��¡È��, ��
5XêÒ��. 1n��5�A´��DÑNþ�
Ì�Ï�, Ï~ PCF ��KÚÑo´��X���
�5�A.

dã 5(b) �±wÑ, 3Å� 1.55 µm ?, ·¶
G�� PCF ���KÚÑ�$uý�G�� PCF,

234210-5
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©O� –75.7 Ú –58.4 ps·km−1·nm−1. `²·¶
G�� PCF �N´¼���KÚÑ�. dã 5(c)

�±wÑ, 3�Ó�(�ëêe, ·¶G��'
ý�G�� PCF ���5Xê�, ©O� 45.7

Ú 61.7 km−1·W−1, ùéÚÑÖ�1n´�©k|
�. Ïd, ·¶G��'ý�G�� PCF �N´¼
��$��5Xê�pVò��KÚÑ��ÚÑ
Ö�1n.

ã 5 ·¶G��Úý�G�� PCF Vò�!ÚÑ9��5Xê�Å��Cz'X (a) Vò�; (b) ÚÑ; (c) ��5Xê

4 ( Ø

Äu FV-FEM, ¿(Ü PMLs áÂ>.^�, `
z�O
�«8�:
·¶G�� PCF, ÏLN
�1n(�ëê (�í�m� Λ, ý�Ç η, �é�
m�' f ±9�����» d1), �±��ÙpV
ò�KÚÑó�Å���. �À� Λ = 1.15 µm,

η = 0.5, f = 0.48, d1 = 0.4 µm �, #�O1n3 C

Åã¥yKÚÑÚKÚÑ�Ç, ÙÚÑ�Ç3�

� C ÅãNC3 –0.132— –0.121 ps·km−1·nm−2 �
�SÅÄ, 3Å� 1.55 µm ?, T1n�Vò� B

p� 1.02×10−2, �å�Ñ�C 102 dB·km−1, ��
5Xê� 45.7 km−1·W−1. 3�Ó�(�ëê�¹
e, ·¶G��'ý�G�� PCF äk���KÚ
Ñ�Ú�$���5Xê, �k|u?1ÚÑÖ�.

�©�nØïÄ�8�ÚÑÖ�1n��OÚ�
EJø
�½�nØ�â.
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Abstract

A novel hexagonal honeycomb lattice photonic crystal fiber is proposed, which is composed of a central defect core, a cladding

with elliptical air-hole and small round air-holes. Based on the full vector finite element method with anisotropic perfectly matched

layers, its birefringence, dispersion, nonlinearity, leakage loss and mode field are numerically investigated. We compare hexagonal

honeycomb lattice photonic crystal fiber and hexagonal elliptical lattice photonic crystal fiber, both of which have the same struc-

ture parameters. Numerical results indicate that the proposed fiber shows high birefringence and negative dispersion effect. The

birefringence is 1.02×10−2, both its dispersion and dispersion slope are negative, the dispersion slope values are between –0.132–

–0.121 ps·km−1·nm−2 over C band, the leakage loss is close to 102 dB·m−1 and the non-linear coefficient is 45.7 km−1·W−1 at a

wavelength of 1.55 µm, if the parameter is selected as Λ = 1.15 µm, η = 0.5, f = 0.48, and d1 = 0.4 µm. It is found that

the hexagonal honeycomb lattice photonic crystal fiber easily obtains high birefringence, large negative dispersion and low non-linear

coefficient. It is demonstrated that the hexagonal honeycomb lattice photonic crystal fiber has huge potential in designing dispersion

compensation photonic crystal fiber.

Keywords: fiber optics and waveguides, high birefringence, full vector finite element method, negative dispersion
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