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�ëYÌ�)´�Ä�1\��p��50
��, 3ÚÑ�A±9õ«��5�A��Ó�^
e, ÑÑ1Ì��4�Ð°�y�. ù
��5�
A�)g� N�!��� N�!É-.ùÑ
�ÚoÅ·ª�. 8c�ëYÌ��)Ì�´ÏL
põÇ1óÀÄ$1f¬N1nÚ.I1n5¢
y� [1−7]. ù«ª����ª§�°�1Ì31Æ
�Z�Û (OCT)[8]!1ÌÆ!1ÆªÇÿþ [9]!
1ÆÏ& [10]!1ÆDa±9�áóÀ��) [11]

�+�Ñk2�A^, ù
A^�¦�ëYÌä
k�°�Ì°±9�p��Z5.

ïÄ<
ÏLê��[Ú¢�é1f¬N1
n¥�)��ëYÌ��Z5?1
2��ï
Ä [12−15]. 2002 c Dudley Ú Coen é�ëYÌ�
�Z5?1
ê�O�, JÑ¦^üÕá�)�

�ëYÌ�m�Ep�ZÝ½þ©ÛØÓóÀ�
)��ëYÌ�m��Z5, ¿ïÄ
ØÓDÑ
ål!ó°±9Ä$Å��¹e�ëYÌ��Z
5. ØÓ�Ä$óÀ±91f¬N1n��¹e,

�ëYÌ��)É��Å� D(�K�ØÓ,

�Z5�ØÓ [12]. 2003 c Gu ���
¦^U?
�¼V1Z�C�, òÓ�óÀ©1�Ä$
ü�1f¬N1n�)üÕá��ëYÌ, éÙ
�Z5?1
¢�ÿþ [13]. 2004 c Lu ���

¦^óÀ�òò��ÖZ�¤éóÀS�¥��
�óÀÄ$.I1n�)��ëYÌ�m��Z
5�¢�ÿþ [14]. Óc Guo ���¦^ò��
ÖZ�¤é� 1f¬N1n�)��ëYÌ�
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¢�ÿþ, ¼�
Ù�ZÝ��Z
�Ý [15]. 2007 c Türke �<��
¦^.I1
n�)��ëYÌ��Z5�¢�ïÄ [16]. 2008
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Ì��Z5�m�'�¢�, uy¦^��¡È
1nØ ��Ä$óÀ�)��ëYÌ��Z5
�p [17].

�©éØÓ¸�õÇóÀÄ$�)��ëY
Ì9Ù�Z5?1
ê�O�, ��
ØÓ¸�õ
ÇóÀ31f¬N1n¥DÑ�����ª��
üz, ±9�)��ëYÌ��Z5�DÑål�
Cz, éK��ëYÌ�Z5�ÔnÅn?1
©
Û, l�Ñ
�)°�p�Z5�ëYÌ�Ä$
õÇ^�.

2 nØ�.

1óÀ31f¬N1n¥�DÑ�^2Â�
�5Å½��§ (GNLSE) 5£ã,[18]

∂A

∂z
−

∑
k>2

ik+1

k!
βk

∂kA

∂T k
= iγ

(
1 +

i
ω0

∂

∂T

)

×
[
A(z, T )

∫ +∞

−∞
R(t′)|A(z, T − t′)|2dt′

]
, (1)

Ù¥, A L«E>|�ä, βk L«1n�ÚÑ�A,

ÏL3óÀªÌ�¥%ªÇNCòDÑ~ê β Ð
m��V?ê��

β(ω) =n(ω)
ω

c
= β0 + β1(ω − ω0)

+
1
2
β2(ω − ω0)2 + · · · , (2)

ª¥

βm =
(

dmβ

dωm

)
ω=ω0

, (m = 0, 1, 2, · · · ), (3)

γ = n2ω0/cAeff ´ � � 5 X ê, n2 ≈ 3.0 ×
10−20 m2/W ���5ò�Ç, Aeff �k��|
¡È. R(t) ���50���A¼ê, �¹
>f
�zÚ�fØ�z, L«� R(t) = (1 − fR)δ(t) +

fRhR(t), Ù¥ fR �ò�.ù�A��z, éu�
=á�, fR = 0.18. hR ¦^¢�ÿ���=1n�
.ù�A¼ê

hR(t) =
τ2
1 + τ2

2

τ1τ2
2

exp(−t/τ2) sin(t/τ1). (4)

ª¥, τ1 = 12.2 fs, τ2 = 32 fs. duO�¤^�1n
�Ýéá, Ïd��Ñ1n�Ñ.

�§ (1) mªL«��5�, �)g� N
�!��� N�!oÅ·ª!É-.ùÑ�Ú
gÍ�A.

�§ (1) A^©ÚFp��{?1ê�¦).

òþfD(\�Ñ\óÀ¥ (z��ª��1f)

5éÑ\1|�D(?1�[. ¦^�ëYÌz�
k��°�Ì¤©���Ep�ZÝ��5½þ
©Û�Z5 [12]

|g(1)
12 (λ, t1 − t2)|

=

∣∣∣∣∣ 〈E∗
1(λ, t1)E2(λ, t2)〉√

〈|E1(λ, t1)|2〉〈|E2(λ, t2)|2〉

∣∣∣∣∣, (5)

ª ¥, � ) Ò L « é Õ á � ) � � ë Y Ì
é [E1(λ, t), E2(λ, t)] ¦²þ, �©¥O� 100 é
äkØÓ��ÅþfD(�\�óÀ�)��ë
YÌ�²þ. Ï�Ì�'%�Z5�Å��'X,

Ïd�©�O�� t1 − t2 = 0 �� |g(1)
12 |.

ã 1 1f¬N1n>º×£î�¡(�ã (�í��
» d = 2.205 µm, �í�må Λ = 3.359 µm)

ã 2 1f¬N1nÚÑ�

O�¥¦^�1f¬N1n�>º×£î�
¡Xã 1 ¤«, ÿ���í��»� d = 2.205 µm,

�må� Λ = 3.359 µm. T1n�ÚÑ�X
ã 2 ¤«, "ÚÑÅ� (ZDW) � 1.001 µm. �ý
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¥¦^�����VÐmÚÑXê, �Ñ�p�
�ÚÑXê. 3Å� 1064 nm ?, ÚÑXê� β2 =

−8.243×10−27 s2/m, β3 = 8.083×10−41 s3/m, β4 =

−1.313×10−55 s4/m, β5 = 3.575×10−70 s5/m, β6 =

−1.151×10−84 s6/m, β7 = 4.359×10−99 s7/m, β8 =

−1.903 × 10−113 s8/m, β9 = 9.533 × 10−128 s9/m,

β10 = −5.261 × 10−142 s10/m. T1n�k��
| ¡ È � Aeff = 10.398 µm2, � ¦ � � � 5 X
ê γ = 0.017 m−1·W−1.

O � ¥ ¤ ^ � Ä $ ó À � V  � � ., ó
À � � ° Ý (FWHM) � 150 fs, Ä $ ¥ % Å �
� 1064 nm,  u1f¬N1n��~ÚÑ«.

3 O�(J�©Û

3.1 ¸̧̧ ���õõõÇÇÇ 1 kW ���óóóÀÀÀ333111nnn¥¥¥DDD
ÑÑÑ������������ªªª���üüüzzz±±±999ÌÌÌ���ZZZ555
���CCCzzz

ã 3 ¤«�¸�õÇ� 1kW �Ä$óÀ3

1n¥DÑ 0.8 m L§¥����ª�üz. �
óÀDÑ 0.2 m �, óÀ°ÝCÄ, Ó�ÙÌ°C
°, �óÀ�ªÌ/GØ2é¡. ù´dug�
 N��)���ªÇ}ò, 3�~+�ÝÚÑ
��^e, ¦óÀu)Ø . du+�Ý�1r
k'X, 1r�r, +�Ý��, óÀ¸�¬Åì
�óÀ�÷£Ä, E¤óÀ�÷'c÷Í, C�Ø
é¡. duªÇ}ò�1r��m�Czk', Ï
dóÀ�÷ª£��, 3óÀc÷ªÇù£, óÀ
�÷ªÇ7£, ��áÅÌÐ°��. 3+�ÝÚ
Ñ�g� N���Ó�^e, ¬Ñy�f. d
ugCÍ�A, p��f©��Ä��f. Ó�
óÀS.ùÑ�¦�fªÇÅì��Å��£
Ä, +�ÝC�, �f�Ä$ÌóÀ©m, �óÀ
�÷£Ä. ùdóÀ31n¥DÑ 0.4 m � 0.8 m

�óÀüzL§�±�ß/wÑ. ªÌduóÀ
S.ùÑ�u)4�Ð°. du�fÚÑÅË�
3 0.8 µm ?Ñy��²w�¸, 3g� N�!
��� N���A��Ó�^e, ¦�áÅªÌ
Ð°.

ã 3 ¸�õÇ� 1 kW �Ä$óÀ31f¬N1n¥DÑ 0.8 m ����ª�üz (a) ��üz; (b) ª�üz
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d1n�Ä$óÀ�ëê��ëþ N2 =

LD/LNL = γP0T
2
0 /|β2|, Ù¥ LD = T 2

0 /|β2| �ÚÑ
�Ý, LNL = 1/(γP0) ���5�Ý. óÀ31n¥
DÑ��f©�A��Ý� Lfiss ∼ LD/N [3]. ¸�
õÇ 1 kW �óÀ3�©O�¤¦^�1f¬N1
n¥DÑ��ëþ N �� 7.1, ÏdóÀ�Ð/¤
p��f, 3gCÍ�A��^e¬u)�f©�,

Lfiss �� 0.39 m, ÏdTóÀ31n¥DÑ 0.4 m

�=¬Ñy�f©�y�, �ã 3 ¤«�ÎÜ. ©
�/¤�Ä��f�ó°Ú¸�õÇ� N k±
e'X [18]:

Tk =
T0

2N + 1 − 2k
,

Pk =
(2N + 1 − 2k)2

N2
P0, (6)

ª ¥, k = 1—N̄ , N̄ � � � C N � � ê. d
d � ± O � � � ¸ � õ Ç � 1kW � ó À © �
Ñ � 1 � � Ä � � f ó ° � 10.7 fs, ¸ � õ Ç
� 3.94 kW. �\�óÀ�Ä��f�, óÀS.
ùÑ�Úå�.ùaAª£�ål�Czdeª
L« [18]:

∆νR(z) = −4TR|β2|z
15πT 4

0

, (7)

ª¥, TR ���5�A¼ê���Ý, ��� 3 fs.

�óÀDÑ� 0.4 m �, d 0.2 m ?/¤�f, ²
O����fÅ�£� 1.2 µm. óÀUYDÑ�,

Ñy.ùaAª£�Ú, ªÌØ2��Å��*
Ð. 3p�ÚÑ��^e, .ù�f¬u�ÚÑ
Å, ¦1n�~ÚÑ«ÑyÌ¸. dã��T¸ 
u 0.8 µm ?. .ù�f�ÚÑÅÏL��� N
���^�)N\�ªÇ©þ, /¤��²"�
1Ì.

ã 4 ¤«�Ä$õÇ 1 kW �óÀDÑ 0.8 m

L§¥Ì�Z5�Cz. 3�u)�f©��, �
�1ÌÑLyÑéÐ��Z5. �óÀDÑ 0.3 m

�, �fu).ùgª£, ªÌ��ÅÐ°, dã�
�, 3�)��ëYÌ��Åà�Z5�Ù¦Ì¤
©�. �óÀUYDÑ�, 3�Åà�Z5C�, �
´¿Ø²w. �)��ëYÌ�Z5�N�Ð.

3.2 ¸̧̧���õõõÇÇÇ 10 kW óóóÀÀÀ333111nnn¥¥¥DDDÑÑÑ���
������ªªª���üüüzzz±±±999ÌÌÌ���ZZZ555���CCCzzz

ã 5 ¤«�¸�õÇ 10 kW �Ä$óÀ31

n¥DÑ 0.5 m ���!ª�±9Ì�Z5�C
z. �óÀDÑ 0.1 m �, Ä$óÀ©��Nõá
óÀ, Ó�Ñy�f©�, ªÌÐ°, d���Ì
��S�Z5éÐ. dóÀ�1nëê�±O�
� N ∼ 22.3, �f©��A��Ý� 0.12 m, Ïd
3óÀDÑ� 0.1 m �=¬Ñy�f©�. óÀU
YDÑ�, p��f©��Ä��f, du.ùg
ª£, ªÌ��Å��*Ð. .ùgª£¦��f
óÀÅ�C�, +�Ýeü, Åì�ÌóÀ©l. Ó
�31n�~ÚÑ«�áÅã, 3� ��^�e
¬ÑyÚÑÅ. �óÀDÑ� 0.5 m �, Ä$óÀ©
�Ñ 3 �.ù�fóÀ, �Ñy��fd (6) ª�
�äk�°�ó°±9�$�õÇ, ÏdÙ.ùª
£��, Ó�z��f¬Ë�ØÓ�ÚÑÅ¸. .
ù�fÚÚÑ¸ÏL��� N����5ÍÜ
�)N\�ªÇ©þ, /¤²"��ëYÌ.

ã 4 ¸�õÇ� 1kW �Ä$óÀ31f¬N1n¥D
Ñ 0.8 m �Ì�Z5�Cz

�DÑ 0.2 m � 0.3 m �, �)��ëYÌ�
�Åã�Z5:ìòz, Ó�3áÅ�Ñy²wò
z. �DÑ 0.5 m �, ��1Ì��S�Z5ÑC
�é�.
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ã 5 ¸�õÇ 10 kW �Ä$óÀ31n¥DÑ 0.5 m ���!ª�±9Ì�Z5�Cz
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3.3 ¸̧̧���õõõÇÇÇ��� 1 kW ÚÚÚ 10 kW üüü«««���¹¹¹
���'''���

d±þ©Û��, óÀ¸�õÇ�p, 1Ì¬
3�á�ålSÐ°, �´Ó��)��ëYÌ�
�Z5�¬:ìeü, ±���1Ì��S�Z5
ÑC�é�. ù´duÄ$óÀg�¤����
ÅD(Úå�, D(Ì�´ÏLN�Ø½5é
�ëYÌ�)å�^. N�Ø½5�OÃ�°
� [18]

Ω2
c =

4γP0

|β2|
, (8)

ÙOÃÌdeª�Ñ:

g(Ω) = |β2Ω|(Ω2
c − Ω2)1/2, (9)

ª¥, Ω �ª£. d±þüª���Ä$¸�õÇ
O��, N�Ø½5�OÃÓ��O�. 3�ë
YÌ�)�L§¥, .ùgª£òN�Ø½5�
���Å?�D(���)�ëYÌ��Å1Ì,

du3TL§¥ØI�÷v� ��^�, Ïd�
)��ÅÌ¤©äk�Å�� ±9ÌÝ. Ó�d
up�ÚÑ��^, .ù�fË��ÚÑÅI�÷
v� ��^�, ÏdáÅ?�)�ÚÑÅ¸�.
ù�f�Ó, �äk�Å�� �ÌÝ. �Ä$ó
ÀõÇ�p�, DÑéá�ålÒ¬Ñy�õ�Ä
��f©�, z��fÑ¬u)gª£, õ��f
ª£òCX���ÅÌ��. Ó�õ��fË��
)�ÚÑÅ�òCX��áÅ��. Ïd3pÄ$
õÇ^�e, N�Ø½5¬é�)����ëY
Ì�^.

�óÀ¸�õÇ� 10 kW �, N�Ø½5�

OÃ��, �¬3��1Ìu)�^, ÏdÒ¬Ñ
yXã 5(c) ¤«�óÀDÑ 0.5 m ����ëYÌ
��S��Z5Ñòz��¹. �Ä$¸�õÇ
� 1 kW �, N�Ø½5OÃ��, �Ì��^3
�ëYÌ�üà, ���ëYÌ��SEU�±�
Ð��Z5.

4 ( Ø

�©¦^Ep�ZÝ�½ÂéØÓ¸�õÇ
�óÀÄ$1f¬N1n�)��ëYÌ��Z
5?1
ê�O�, ��
ØÓ¸�õÇóÀÄ$
e��ëYÌ��)9Ù�Z5�Cz. dO�(
J��.ù�fgª£±9ÚÑÅË�´Ä$ó
ÀÅ� u1n�~ÚÑ«�¹e�ëYÌÐ°
�Ì�ÔnÅn, �ëYÌ��Z5KÌ�É�
N�Ø½5�K�. duN�Ø½5��Ä$
óÀ����ÅD(, ¦��ëYÌ�)L§¥.
ù�fgª£±9ÚÑÅË�ÑÉ�K�, �)�
Ì¤©äk�Å�� ÚÌÝ, E¤�ëYÌ�Z
5òz. duN�Ø½5�OÃ�Ä$õÇk',

Ä$õÇ�p, N�Ø½5OÃ��, D(�K
���. Ó��Ä$õÇ�p�, ¬Ñy�õ�Ä
��f©�, ¦����)��ëYÌÑ¬É�N
�Ø½5�K�. Ïd�¼�p�Z��ëYÌ,

I�ÀJÄ$¸�õÇ���óÀ?1Ä$. �´
�Ä$óÀõÇ���, �)��ëYÌ�Ì°�
�. Ïd��)p�Z°��ëYÌ, ÒI�Ün
ÀJÄ$óÀõÇ.
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Coherence properties of the supercontinuum
generated in anomalous dispersion region

of photonic crystal fibers∗

Jin Ai-Jun Wang Ze-Feng Hou Jing† Wang Yan-Bin Jiang Zong-Fu
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Abstract

We numerically calculated the coherence properties of the supercontinuum based on the definition of complex degree of mutual

coherence, and obtained the spectral broadening of the pump pulse and the coherence properties of the generated supercontinuum

under different pump powers. The results showed that the dominant underlying mechanisms of the spectral broadening are soliton

self-frequency shift and dispersive wave generation when the pump wavelength located in the anomalous dispersion region of photonic

crystal fiber. While the coherence properties are affected by the modulation instability which amplifies the stochastic noise of the pump

pulse, thus the generated frequency components have stochastic phases and amplitudes, which induces the degradation of the coherence

of the supercontinuum. The gain of modulation instability increases with the increasing of the pump power, and the effect of the noise

on the supercontinuum will become greater which degrades the coherence properties. Low pump power is required to obtain high

coherent supercontinuum, and suitable pump power should be adjusted to get wide bandwidth and high coherent supercontinuum.

Keywords: supercontinuum, coherence properties, pump power, photonic crystal fibers
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