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�O
�«Ó¶V�8�:
1f¬N1n, T1n¥%"����íÎ/¤Sn�, ÏL~�1 4 ��
í���»/¤	n�. æ^�¥þk��{¿(Ü��É5�{���>.^�, éÙÚÑ!��5!�å
�ÑÚ�|�A5?1
ê��[. (Juy, T1n¥ypKÚÑ�N�AÚ�r��|�åUå, �å�
Ñ�C 10−2 dB·m−1. N�1n(�ëê (=�í�m� Λ, ���» d1 Ú�é�m�' f ), �±��ÙpK
ÚÑó�Å�. eN�1n(�ëê Λ = 1.2 µm, f = 0.917, d1 = 0.515 µm �, T1n3$�ÑÏ&I� C

Åã¥yKÚÑÚKÚÑ�Ç, ÙÚÑ�Ç3 −1—−6 ps·km−1nm−2 ��SÅÄ, 3Å� 1.55 µm ?KÚÑ�
� −3400 ps·km−1nm−1, �|¡Èp� 43 µm2, ��5Xê=k 3.6 km−1W−1. T1n3 C Åã¥y�$�Ñ$
��5pKÚÑA5, äkéÐ�ÚÑÖ�Uå, ò3�ål�NþpõÇp�1Ï&XÚ¥¼�éÐ�A^.

'�c: �Å�1n1Æ, �¥þk��{, KÚÑ, �å�Ñ

PACS: 42.81.−i, 02.70.Dh, 42.90.+m, 42.81.Dp

1 Ú ó

ÊÏü�1n¥ÚÑÚå�óÀÐ°¯K�
�(6X�ål�Nþp�1Ï&XÚ�uÐ. ü
$1nÚÑ��Ð�{´æ^ÚÑÖ�1n (dis-

persion compensating fiber, {P� DCF). ���¹
e, DCF ��O�äkü�Õá�Ó¶n����
?1�� [1−3]. �
¼����KÚÑ¿�yü
�DÑ, ¤�O1nATäkpk�ò�ÇÚ�n
��», ù�Ò¬��n�k��¡È�� (��
´ 15—20 µm2) 
�)�A���5�A [4]. æ^
n��,��{�±Jpn�k�ò�Ç, �ù�
q��1n��ó²E,, ?
O\ DCF ¥pK
ÚÑ�¢yJÝ. 8c, û^ DCF �KÚÑ���
3 −100—−150 ps·nm−1km−1.

�ÊÏ��,1n�', 1f¬N1n (PCF)

du(��Oþ�(¹5, ÏL��k�ò�Ç
�N�éN´¢yÚÑ�k��� [5−7]. ÏLN
� PCF 	��(�Úëê¢yÚÑÖ�1f¬N

1n (DCPCF) �ïÄ��®kéõ [8−10]. ,
,

3ù
ïÄó�¥, k� DCPCF KÚÑ�ÅãÉ
��� [11,12], k� DCPCF ��å�ÑL�½ö´
�|¡È��, k��,äkéÐ�ÚÑÖ�A�
�´1n(�E,����(J [13,14]. �d, �©
ÏLN� PCF �(�ëê, `z�O
�«Ó¶V
� PCF, 31n¥%"����íÎ/¤S�, Ï
L~���1 4 ��í���»/¤Ó¶	�. æ
^�¥þk��{ (full vector finite element method,

{P� FV–FEM)[15] ¿(Ü�{��� (perfectly

matched layers, {P� PMLs) áÂ>.^�, éÙ
ÚÑ!��5Ú�å�Ñ�A5?1
ê��[.

(Juy, TÓ¶V� PCF äkér��|�å
UåÚ4$���å�Ñ, ¿3 C Åã¥ypK
ÚÑ$��5�A. ÏLN�1n(�ëê (�í
�m� Λ!�é�m�' f ±9���í���
»') �±N!T1npKÚÑó�Å�. eN
�1n(�ëê Λ = 1.2 µm, f = 0.92, ����
��»�' d1/d = 0.47, T1n3 C Åã (1.53—
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1.565 µm) ¥ypKÚÑÚKÚÑ�Ç, ��å�
Ñ�C 10−2 þ?, �|¡Èp� 43 µm2, ��5X
ê=� 3.6 W−1km−1. �©¤�O�1nÏäk�
�|¡ÈÚpKÚÑA5ò3põÇóÀDÑX
ÚÚn��,1n��ìXÚ�ÚÑÖ��¡k
­��A^.

2 �O�n�nØ�.

#�O�Ó¶V� PCF à¡Xã 1 ¤«, ��
1n±�=�Äá, ¥%Ä����íÎ�)�¢
%«��¤S�, �CS�� 3 ��í�|¤S�
�. ~�1 4 ��í���»ÛÜO\Ùk�ò�
Ç
/¤���S�Ó¶��/	�. ���í�
Uìé¡8�:
ü�, 1n(�ëêæ^�í�
m� Λ, �é�m�' f = d/Λ, ���» d Ú��
�» d1 £ã, �µá�ò�Ç� 1.45.

ã 1 $�ÑpKÚÑ PCF à¡(�

�
é#�O1n?1ê��[, æ^ FV-

FEM ¿(Ü PMLs áÂ>.^�. �â Maxwell �
§, k��{�Ä��§� [16]

∇ ×
(
[µr]−1∇ × E

)
− k2

0[εr]E = 0, (1)

ª¥, E �>|rÝ, [εr] Ú [µr] ©O�0��é0
>~êÚ�é^�Ç. æ^ FV-FEM ©Û PCF �,

�
°(�[�í�>., ~À�­�·Ü>.
½!:��[��, ò1nà¡©¤Nõ��, |
^ (1) ªéù
��?1¦), �±��'u��
�����§, =

[K]{E} = k2
0n

2
eff [M ]{E}, (2)

ª¥, [K] Ú [M ] �k��Ý
, {E} ´d>.Ú!
:|¤�lÑz>|rÝ¥þ, neff �k�ò�Ç.

�â [K] Ú [M ] �DÕÝ
á5é����§?
1¦), ��¤�O1n�Ä�k�ò�Ç neff . �
�
ó, PCF �oÚÑ D(λ) �uÅ�ÚÑ Dw(λ)

Úá�ÚÑ Dm(λ) �Ú [17], =

D(λ) = Dw(λ) + Dm(λ), (3)

Å�ÚÑ Dw(λ) �ûu1n�Å�(�. �Å�
ÚÑ�', á�ÚÑ Dm(λ) duê�é�, Ï
�
±��Ñ. u´, PCF �ÚÑ D(λ) �L«� [18]

D(λ) = −λ

c

∂2|Re(neff)|
∂λ2

. (4)

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

 PCF ���å�Ñ Lc(λ) �k�ò�Ç neff �
m�'X�L«� [19]

Lc(λ) =
2 × 107

ln(10)
2π

λ
Im[neff ], (5)

ª¥, c �ý�¥�1�, λ �1Å�. Ïd, ��
Ä�k�ò�Ç neff (½, ÚÑ D(λ) Ú��å�
Ñ Lc(λ) þ�±(½. ,	, 3?Ø DCPCF �O
¥���5�A�, k��|¡È Aeff �´��
�~­��ëê, Ï�k��|¡È�����
û½
��5Xê���. PCF ���5Xê�
L«� [20]

γ(λ) =
2πn2

λAeff
, (6)

ª¥ n2 = 3.0 × 10−20 m2·W−1 �á����5
ò�Ç. k��|¡È Aeff �±ÏLeª?1O
� [21]:

Aeff =

( ∫∫
|E2|dxdy

)2

∫∫
|E|4dxdy

, (7)

ª¥�È©«�´��1nà¡. w,, ��5X
ê�k��|¡È¤�', k��|¡È��, �
�5XêÒ��.

3 (J9?Ø

3.1 ÓÓÓ¶¶¶VVV��� PCF ÚÚÚÑÑÑëëëêêê���`̀̀zzz���OOO

�
¦¤�O�1nU3$�ÑÏ&I� C

ÅãNC���°�Å���S¢yÚÑN�
�A, æ^ FV-FEM ê�ïÄ
T1nÚÑ�1
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n(�ëê�m�'X. ���¹e, PCF Å�Ú
Ñ Dw(λ) �1n(�ëê�m�'X�L«� [22]

Dw(λ;M,Λ, f) =
1
M

Dw

( λ

M
;Λ, f

)
. (8)

ª¥ M ��m���'~. (8) ªL², éu�Ó
� f , PCF ���m� � M �, 3 λ/M ?�Å�
ÚÑò~���5� 1/M . w,, <�UC1n�
��(�ëêéN´N� PCF �ÚÑëê D(λ).

éu�Ó��é�m�' f , �m���, ÚÑ�
�, ��KÚÑéAÅ��A7£. Ïd, �
¦¤
�O�1n¥y���KÚÑ�, �í�m� Λ Ø
UÀ���.

Äk, À��é�m�' f = 0.82, ����
��»�' d1/d = 0.5 ØC, Λ l 1.1 µm Cz
� 1.3 µm, CzÚ�� 0.1 µm �, ÚÑ�Å��
Cz'XXã 2 ¤«. lã 2 �±wÑ: �X Λ

�O\, ��KÚÑ� �u)ù£, ���KÚ
Ñýé�~�. �À� Λ = 1.2 µm �, ��KÚ
Ñ¤éA�Å��C$�ÑÏ&Å� 1.5 µm. Ï
d, À� Λ = 1.2 µm ���O1n��Z�m�
ëê.

ã 2 � f = 0.82, d1/d = 0.5, �m� Λ �ØÓ��, Ó¶V
� PCF ÚÑ D �Å� λ �Cz

Ùg, À� Λ = 1.2 µm, f = 0.82 ØC, �
��» d1 l 0.47 µm Cz� 0.51 µm, CzÚ�
� 0.01 µm �, ÚÑ�Å��Cz'XXã 3 ¤
«. lã 3 �±wÑ: �X d1 �O\, ��KÚÑ
ýé��AO\, ��KÚÑ� �u)ù£. �
À� d1 = 0.49 µm �, ��KÚÑéAÅ�fÐ
3$�ÑÏ&I� C Åã�¥%Å� 1.55 µm N
C. Ïd, �
÷v$�ÑÏ&Åã�ålÏ&¥
ÚÑÖ��I�, ���»��Z�OëêÀ�

� d1 = 0.49 µm.

��, À� Λ = 1.2 µm, d1 = 0.49 µm ØC, U
C�é�m�' f Ú������»�' d1/d �,

ÚÑ�Å��Cz'XXã 4 ¤«. lã 4 �±w
Ñ, �X�é�m�' f �O�, ¦+��KÚÑ
ýé�ÅìO�, 
��KÚÑ� �£�pªã,

�A�����»�'���~�. Ón, �
÷
v$�ÑÏ&I�NC�ålÏ&L§¥ÚÑÖ
��I¦, À��Z�é�m�' f = 0.82.

ã 3 � f = 0.82, Λ = 1.2 µm§���» d1 �ØÓ��, Ó
¶V� PCF ÚÑ D �Å� λ �Cz

ã 4 � Λ = 1.2 µm, d1 = 0.49 µm, �é�m�' f Ú��
����»' d1/d �ØÓ��§Ó¶V� PCF ÚÑ D �Å
� λ �Cz

�â±þ©Û��, Ó¶V� PCF �ÚÑ�
1n(�ëê���', O��é�m�'½ö
~�����»�', �±�)�����KÚ
Ñ±÷v�ålÏ&L§¥ÚÑÖ���¦, �
��é�m�'���, ��KÚÑ� �òu)
7£. Ïd, �
÷v$�ÑÏ&ÅãÚÑÖ��
I�, À��ZÚÑÖ� PCF �(�ëê©O�
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�m� Λ = 1.2 µm, �é�m�' f = 0.82, ��
�» d1 = 0.49 µm, ����»�' d1/d = 0.50.

d�, T1n3Å� 1.55 µm éA���KÚÑ
� −1828 ps·km−1nm−1.

3.2 $$$���ÑÑÑpppKKKÚÚÚÑÑÑÖÖÖ��� PCF ���ÚÚÚÑÑÑAAA555
©©©ÛÛÛ

lã 4 ©Û��, ����é�m�'ò�
����KÚÑýé�¿¦��KÚÑ� �u
)7£. �´, O\����»�'q¬¦��K
ÚÑ� ��)ù£. Ïd, �
3$�ÑÏ&I
� C ÅãNC¼��Z�ÚÑÖ��J, æ^ FV-

FEM éÓ¶V� PCF ?1
?�Ú�`z�O.

�À��m� Λ = 1.2 µm, ���» d = 1.1 µm,

=�é�m�' f = 0.917, ,�ÅìO\���
»±N�������»�', �[���ÚÑ�
Å��Cz­�Xã 5 ¤«. dã 5 �±wÑ, ��
m�Ú�é�m�'ØC�, ��KÚÑýé�Ä
�ØC, ��X���»�O�, ��KÚÑ� 
�£�$ªã. �À����» d1 = 0.515 µm �,

�O��pKÚÑÖ�1n���KÚÑ� �
ù£�$�ÑÏ&Å� 1.55 µm NC, éA��K
ÚÑ�p� −3400 ps·km−1nm−1, ÚÑ�Ç sD(λ)

3$�ÑÏ&I� C ÅãNC�Å�Cz'XX
ã 6 ¤«. lã 6 �±wÑ, �� C ÅãÚÑ�
Ç3 −1—−6 ps·km−1nm−2 ��SÅÄ. nÜ©Û
ã 5 Úã 6 ��, T1n3�� C Åã¥yKÚÑ
ÚKÚÑ�Ç, 4p�KÚÑÚKÚÑ�Ç�Ù3
�Nþp�pUþ�ålÏ&XÚ¥�ÚÑÖ�
C½
­��Ä: [23].

ã 5 � Λ = 1.2 µm, d = 1.1 µm, ���» d1 �ØÓ��,
Ó¶V� PCF ÚÑ D �Å� λ �Cz

ã 6 � Λ = 1.2 µm, d = 1.1 µm, d1 = 0.515 µm �, Ó¶
V� PCF ÚÑ�Ç sD �Å� λ �Cz

?�Úæ^ FV-FEM ¿(Ü�Z PMLs é�O
1n���5Xê!�|¡È9�å�Ñ?1

©Û, (JXã 7 ¤«. ã 7(a) �Ñ
�O1n�
k��|¡È Aeff(λ) Ú��5Xê γ(λ) 3$�Ñ
Ï&I� C Åã�Å� λ �Cz'X. lã 7(a) �
±²wwÑ��5Xê��|¡È�m��''
X, �XÅ��O\, $ªã�|Åì����³,

ã 7 Ó¶V� PCF ��5Xê γ (λ)!k��|¡È
Aeff (λ) Ú�å�Ñ Lc(λ) �Å� λ �Cz'X Λ =

1.2 µm, d = 1.2 µm, d1 = 1.1 µm. (a) γ (λ) Ú Aeff (λ);
(b) Lc (λ)
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?
���|¡ÈÅìO�, �A���5Xê²
w~�, 3$�ÑÏ&Å� 1.55 µm NC��5X
ê�k 3.6 km−1 W−1, 
�|¡ÈKp� 43 µm2.

ù«��|¡È$��5pKÚÑ PCF, �±k�
³�ÚÑÖ�L§¥oÅ·ª���5�A [24],

ò3põÇóÀDÑXÚÚ�,1n��ì¥¢
yÚÑÖ�k­��A^ [25]. d	, XJ3ÑÑ.
�f (dissipative soliton) -1ìXÚ¥^T�O1
n��DÚ�ü�1n, Ø=U�ÌÝJpóÀU
þ, �U �n��Ý, 4�Jp­EªÇ [26,27].

ã 7(b) «Ñ
�O1n�å�Ñ Lc(λ) �Å� λ

�Cz. lã 7 �±²wwÑ, �XÅ��O\, �
å�ÑÅìO�, �´3$�ÑÏ&I� C ÅãN
C, �O1n��å�Ñ�C 10−2 dB·m−1, ¥y$
�å�ÑA5. ùò��Or1n3ÚÑÖ�L§
¥�DÑ�Ç.

ã 8 �#.Ó¶V�$�Ñ$��5pK
Ú Ñ PCF 3 $ � Ñ Ï & I � C Å ã 1.53, 1.55

Ú 1.58 µm Å�?��|©Ù�¹. lã 8 �±
wÑ, 3áÅ�«�, �|�éÐ/�å3S�, �
XÅ��O\, �|ÅìlS��	�LÞ. 3Å
� 1.55 µm NC, �|LÞ�	�¿/¤­½�
	Ü�|ã (ã 8(c)). �´du�|�ù«LÞ
Úå�O1nk�ò�Ç�Cz?
��pKÚ
Ñ�A��); Ó�, �|lS�*Ñ�	��
¬ ¦ k � � | ¡ È O \, Ï d, � � 5 X ê ²
w~�.

,	, #�O�Ó¶V�pKÚÑ PCF ¥��
�(��8�:
ü��ªæ^f[+æÈEâ
éN´¢y [28], 
Ø7æ^E,�M�-v�{½
ý��}�{ [29], Ï
#�O PCF ����é�
�N´.

ã 8 Ó¶V�pKÚÑ PCF 3 C Åã��|üz�¹ (a) λ = 1.53 µm; (b) λ = 1.55 µm; (c) λ = 1.58 µm
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4 ( Ø

ÏL31n¥%Ä����í�/¤Sn�,

~�1 4 ���»/¤	n�, l
�¤Ó¶V�
(�, 1n��æ^�/�í�8�:
ü��ª,

�O
�«Ó¶V�(� PCF. ±�=�Äá, æ
^ FV-FEM, éÙÚÑ!��5!�å�ÑÚ�|
�?1
ê��[. ïÄ(JL², #�O�Ó¶
V� PCF ¥ypKÚÑ�N�A, N�1n(�ë
ê (�í�m� Λ, ���» d1 Ú�é�m�' f )

�±��ÙpKÚÑó�Å���. �m� Λ ��,

��KÚÑýé���, �´��KÚÑ� �u
)7£; ~��é�m�' f , ��KÚÑ� �K
u)ù£, Ó���KÚÑýé�~�; eO��
��» d1, ��KÚÑýé��AO\, ��KÚ

Ñ� �£�$ªã. �d, À�T1n(�ëê
��m� Λ = 1.2 µm, ���» d1 = 0.515 µm, �
é�m�' f = 0.917, =���» d = 1.1 µm �,

�O1n3$�ÑÏ&I� C Åã¥yKÚÑÚ
KÚÑ�Ç, ÚÑ�Ç3 −1—−6 ps·km−1nm−2 �
�SÅÄ, ¿3$�ÑÏ&I�¥%Å� 1.55 µm

?KÚÑ�p� −3400 ps·km−1nm−1, �å�Ñ�
C 10−2 dB·m−1, �|¡Èp� 43 µm2, ��5X
ê=k 3.6 km−1W−1, ¥yéÐ�$�Ñ!$��
5ÚpKÚÑA5. �O1näk�ù«��|¡
È!$��5!$�ÑÚpKÚÑA5, U
k�
³�ÚÑÖ�L§¥�oÅ·ª���5�A, ò
3 C Åã��ål�NþpõÇp�1Ï&XÚ
Ú Raman ��ìXÚ [30] �ÚÑÖ��¡¥y2
,�A^cµ.
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Abstract

A novel hexangular lattice dual-concentric-core photonic crystal fiber is proposed, which is composed of a central defect core,

an outer ring core by introducing small air-holes on the forth ring and double cladding circle air-holes along the direction of fiber

length. Based on full vector finite element method with anisotropic perfectly matched layers, its dispersion, nonlinear, leakage loss

and mode field are numerically investigated. Numerical results indicate that the proposed fiber shows higher negative dispersion

tunable effect and stronger confinement ability of guided mode, which the leakage loss is close to 10−2 dB·m−1. The wavelength

for high negative dispersion value can be adjusted by artificially choosing the parameters of proposed fiber, i.e. Λ, d1 and f . Both

its dispersion and dispersion slope are negative, the dispersion slope values are between −1–−6 ps·km−1nm−2 over C band, and its

negative dispersion value is −3400 ps·km−1nm−1, the nonlinear coefficient is only 3.6 km−1W−1, and the corresponding area of mode

field is 43 µm2 at wavelength of 1.55 µm, if the parameter is selected as Λ = 1.2 µm, f = 0.917, d1 = 0.515 µm. Obviously, it

has a good dispersion compensation, therefore it has admirable applications in the field of high-speed large-capacity high-power pulses

long-distance communication system.
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