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Jp1óÀ31nDÑ¥|�
�5���AUå. ÏLnØïÄ, �ý©Û±9¢��y
T�{��15, ¢��y3�Âà�±JpØèÇ 2
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1 Ú ó

1nÏ&®¤�y�Ï&��Ä�|¤Ü©,
�Nþ!p�, ü&� 100 Gbit/s 9±þDÑEâ
®²¤�9:. 
3p��ål1nÏ&XÚ¥,
1n�ÚÑ�AÚ��5���A´��Ï&X
ÚNþ�ü�Ì�Ï�. ÚÑ��óÀÐ°ÚÅ/
ÆC, ��5�A��óÀªÌ�Cz±9&�m
�G6�, §�Ñ¬¦&Ò�)�ý, ¿��XÚ
DÑØèÇ�O�. Ïd3Ï&XÚ¥I�éÚÑ
Ú��5�A\±·����ÚÖ� [1]. 
38
c1nÏ&XÚ¥, ÚÑÖ�Eâ, XÚÑÖ�1
n (DCF)!>ÚÑÖ��¬��®²��¤Ù [2];
��X1n¥�1õÇO�!&�êOõ, ®¦1
n��5�A¤�K�XÚ5U�Ì�Ï�.

C
c5, 'u³�1n��5�A�ïÄ�
��
�½�?Ð, JÑ
éõ#��{ÚEâ,
'X�[½êi���5>þïEâ!ý?èE
â!êi��DÑ (BP) {!1� �Ý (OPC) {
Ú��5+nEâ [3] �. ù
é��5³��{
Ä�´æ^>f&Ò?n�¡Eâ, 3�ÂàÏL

êi&Ò?nEâ5Å�, �{'�E,, Ó�¬
É�>f�¡?n�Ý���, �I�é��õÑ.

�©l1óÀ31n¥DÑ���5Å½

�§\Ã, ïÄ¿JÑ
�«~���5�ú�
#�{ —— � ý\­Eâ, �©¤JÑ��{
�I�3u�à\þ���1� ý\­�1�
¬Ò�±¢y��5���A�³�, äk{ü¢
^!ÉÚ$UÑ�A:.

�©Ñu:3u, ��5���Aé&ÒóÀ
�ª�¬�)K�, ��ªÇ}ò�Ñy. 3�½
Cqe, ·�@�ù«ªÇ}ò´�5�. @oÒ
�±|^� ý\­L§�)�ªÇ}ò-�1
&ÒDÑL§¥��5�AÚå�ªÇ}ò, l

³�1n��5�A. �©JÑ��{Ú*:
aqý}òEâ, �´, TEâ8c�^uÚÑ�
Ö� [4].

2 � ý\­¢y��5³���n

1óÀ3ü�1n¥DÑ���5Å½�
� § (NLSE), é ó ° � u 5 ps � ó À, � £ ã
Xe [5,6]:
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+ β1
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2
∂2A (z, t)

∂t2
+

α

2
A (z, t)

=iγ|A (z, t)|2A (z, t) , (1)

Ù¥ A (z, t) ´1óÀ�úC�ä, β1 =
1
vg

´1ó

À�p�DÂ~ê (vg ´+�Ý), β2 ´��ÚÑ~
ê, α ´�ÑXê,γ =

n2ω0

cAeff
´��5Xê (n2 ´

��5ò�Ç, ω0 ´1ÅªÇ, c ´1�, Aeff ´k
�n�¡È).

z = L ?�Ï)�

A1 (L, T ) = A1 (0, T ) exp (iϕ1) , (2)

ª¥, ��mk'���5�£deª��:

ϕ1 (T ) =γ1

[
L|A1 (0, T )|2

+ 2
N∑

k=2

∫ L

0

|Ak (0, T − zdk1)|2dz

]
. (3)

�§ (2) Ú (3) �Ôn¿Â´: �óÀÏL1
n�, duò�Ç�rÝk', óÀ� É�N�.
�§ (3) �1��åÏu��5���A�g� 
N��A SPM (self-phase modulation). 1��åÏ
u��5���A���� N��A XPM(cross
phase modulation). du+�Ý��, Ù�^÷1n
�Ý��´Cz� [6].

d SPM Ú XPM Úå�ªÇ}ò�

∆ν1 (T ) ≈γ1L

πT0
exp

(
−T 2

T 2
0
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P1

T

T0

+
N∑

j=2

Pj

(
2T

T0
− δj1

)]
. (4)

3pdóÀ¥%NC����S, exp
(
−T 2

T 2
0

)
→

1, � (4) ª�?�Ú��

∆ν1 (T ) ≈ γ1L

πT0

[
P1

T

T0
+

N∑
j=2

Pj

(
2T

T0
− δj1

)]
.

(5)

ù��}ò´�5�, �1n��5Xê!óÀ°
Ý!DÑål!�óÀ�õÇ9rl�Ak'.

@o, ·��±�Äé&ÒóÀ<�ýkÚ?
��� , ¦�� (5) ª¥���5�5�� f
Ð��, l
¦DÑ��óÀÑy� Ú}ò�Ø
�y�, ±��³�1n��5 Kerr �A��^.
ùÒ´ý\­¢y��5³���n.

3 �1� ý\­�¢y

éu¢S��Nþ1nDÑXÚ
ó, ´æ^
�8Å©E^Eâ, éõ�Å�31n¥Ó�DÑ,
¦+ØÓÅ��m+�ÝØÓ
�3rl�A, �
´?Û��Å��,�óÀ�Ù¦Å��óÀS
��moU�±���­U, ��5�^É�rl
�A�K�Ø�, �±�Ñ. @o, ò (5) ª{z¤

∆ν1 (T ) ≈ µT, (6)

Ù¥ µ =
γ1L

πT 2
0

(
P1 + 2

N∑
j=2

Pj

)
´�5}òXê.

1Æ��5Nª�±ÏL1� N�¢y, 1�

  φ ÷v
dφ

dt
= 2πν (ν ´ªÇ), @o(Ü (6) ª�

�� N�¼ê�

∆φ (T ) = πµT 2. (7)

éu LiNbO3 Å��1Æ� N�ì
ó, Ù� 
N�¼ê�

∆φ (T ) =
V (T )

Vπ
π, (8)

Ù¥ V (T ) ´\3� N�ìþ�>°Ä&Ò, Vπ

´N�ì��Å>Ø. �â (7) Ú (8) ªk

V (T ) = µVπT
2 (9)

ùp T ´±+�Ý vg £Ä��m�I, =�:�
óÀS�¥�,�óÀ¥%­Ü, �éüóÀ�l.
éu��óÀS�
ó, (9) ªÒATU�¤±ó
À±Ï Tp �±Ï�¼ê

V (t) =
∑
n∈Z

µVπ(t − nTp)2,−Tp

2
6 t <

Tp

2
. (10)

T°Ä&Ò�±Ï�Ô�/>&Ò. 8ck��^
�uÅ�[±Ï�Ô�Å/��Y, ØL°Ý�$.
du´�~5Å/, �¢yp�ý�±Ï�Ô�Å
/, Iæ^Fp�?êÐmõ��uÅU\Cq½
^?¿Å/u)ì (AWG) )¤, ØL8c�Eâ
Y²�ØU��ép��Ç.

±}òN����uÿXÚ�~, éu}òó
À
ó, z�óÀ��p�° TFWHM =

2
3
Tp, Ó�

k TFWHM = 2(ln 2)1/2
T0, ��

T0 =
Tp

3(ln 2)1/2
, (11)

(Ü (6) Ú (10) ª��°Ä>Ø¸¸�

Vpp =
9γ1LVπ ln 2

4π

P1 + 2
N∑

j=2

Pj

 . (12)
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���Ö���5 Kerr �A�5��5}ò,
N�ì¤I�°Ä>Ø¸¸��DÑ�ÇÃ', 

��&�u�õÇ�Ú±9DÑål�5�'. ü
&�DÑ�Çû½�´�Ô�°Ä>Ø&Ò�­
EªÇ.

�©Ò3u�àæ^ã 1 ��ª5¢y� 
�ý\­l
5³���5.

ã 1 ý\­1�¬�«¿ã

4 �ý©Û

� © æ ^ X Ú � ý æ ^ û ^ D Ñ � [ ^
� VPItransmissionMakerTM v8.3 (Virtual Photonics
Inc), ±�y·�JÑ�ý}ò�{³�1n��
5�A3 DWDM XÚ¥�DÑ5U. XÚ(�µ
ãXã 2 ¤«, ã¥ � LD �-1ì, DATA �ê
â6, CLOCK ��¨&Ò, MZM �êâ - L�N
�ì, PM �� N�ì, AWG �?¿Å/u)ì,
MUX �Å©E^ì, BA �õÇ��ì, SMF �I
Oü�1n, DCF �ÚÑÖ�1n, LA ��´��
ì, DMUX �)E^ì, Detector �&ÿì.

� ý ï á � � D Ñ � Ç 40 Gbit/s/& �, r
Ý N � - � � u ÿ � � 8 Å © E ^ X Ú, æ
^ 1550.12 nm NC, 200 GHz &�m�� C-band
ªÇ, &�ê 49. ?¿Å/u)ì (AWG) (12) ª
¤«�±Ï�Ô�/>°Ä&Ò, Ó�\� 49 ´
� N�ìþ¢yý\­, ²E^�x\1nó
´DÑ. DÑ1n�Ñ α = 0.2 dB/km, SMF �Ú
ÑXê D = 16 ps/(nm·km), ÚÑ�Ç S = 0.08

ps/(nm2·km), zã SMF �Ý� 40 km; DCF ��Ö
� SMF �ÚÑ, zãéA�Ý� 8 km. 1n� Kerr
��5ò�Ç n2 = 2.6 × 10−20 m2/W. �´��
ì LA æ^D(�ê F = 5 dB � EDFA ¦��
�Ö��ã1n��Ñ. êâ&Ò DATA, AWG Ú
�ÂÅnö�¨ CLOCK ÓÚ. �ü&�u�õÇ
� P , oDÑål� L.

�â (6) Ú (12) ª, 3DÑ�Ç�½�^�e,
� N�ì°Ä>Ø¸¸����û½
Ù\3
&ÒóÀþ����£þ, =���ª£. ùû½

ý\­�{UÖ��1n��5 Kerr �A¤�
� ÆC���, Ï�� N�ì¤U«É�°Ä
>Ø´3�½��S�. 3ù���S, � N�
ì°Ä>Ø¸¸�����ou�õÇÚoDÑ
ål L �5O�, âU��Ö�1n��5 Kerr
�A¤��� ÆC.

éu�8Å©E^DÑXÚ, ØÓ&�Ï11
ÅªÇ��é �ØÓ, &ÒÉ����5�^¬
k�É. Xã 3, 3u�õÇÚDÑål�½�^
�e, ØÓ&���ZÖ�:, =´�ÂàØèÇ
���ý\­�£�Ø¦�Ó. &� 1 �Ù¦&�
�p�^�f, �ZÖ�:3 PM �£ 1000◦ �m;
&� 5, 6, 7 nö��, É���5�ú§Ý�C,
�ru&� 1; 
&� 30 ?uÅ�ã�¥Ü, ��
5�AéÙ&ÒDÑ�K���. ù� (5) ª¥�
rl�Aëþ δj k', ªÇ�å��, rl�A�
r, Ò¬~f1õÇé��5�A��z. XJØ
�Ärl�A, � (6) ª, @o�&�É����5
�úÒ¬Ä���, =�&���ZÖ�:ªu­
Ü. éuü�&�
ó, X&� 6, �¤±�3�Z
Ö�:, ´Ï��kT:� fÐ��Ö�, � 
N�ì°Ä>ØØ
 (jÖ�) ½´�LT: (L
Ö�), Ñ¬kí{}ò�3, K���XÚ�DÑ
5U.� � �� � � ��⋯⋯⋯⋯

ã 2 ý}ò�ýXÚ(�µã

194205-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 19 (2012) 194205

� � �� ��� � �� � � 	 
 � � 	 � � � 
 � � � 
 � � �	 � � 
 �	 � � �	 � � �	 � �
� � � �

ã 3 P = 1.0 mW, L = 960 km �ØÓ&��ÂàØè
Ç�� N�ì���£Cz�­�ã

� � � � � � � � � � � � � � � � � � � � � �� � � �� � � �� � 	

 � � 
� � � � � � � �� � � � � � �� � � � � � � �� � � � � � � �

ã 4 P = 1.0 mW, L = 960 km Ú P = 0.5 mW,
L = 1920 km �&� 6 �ÂàØèÇ�� N�ì�
��£Cz�­�ã

,��¡, du� N�ì¤U«É�°Ä>
Øk��, ¤±¦^ü�� N�ì?1ý\­�
Ò�3��Ö�4�. Xã 4 ¤«, u�õÇ�½
�, üÕïÄ��&�, X&� 6 3ØÓDÑål
����5Ö��J, ��±�Ñù���(Ø:
�1u�õÇ P �oDÑål L �¦È�½�,
é&� 6 
ó, �ZÖ�:­Ü. ù�(Ø� (12)
ª�¼ê'X�p�y.

5 ¢��y

�
?�Ú�y�©��{é1n��5�
��A�³��J, �©?1
¢�, du¢�^
���, æ^ 7 ´1|¤�8Å©E^XÚ, 1
æ

^ C ÅãIO�&ÒªÇ, ¥%Å� 1548.9 nm, m
� 100 GHz, z�1
u�õÇþ� 20 mW; Øè
¤��&Ò
ÑÑ��ÅèS�, �Ç 2.5 Gbit/s;
&� 3 ´ÏLý\­��Ö��&Ò, ,��Ù¦
&�E^?\1nó´; � N�ìd?¿Å/u
)ì AWG �)�±Ï�Ô�.óÀ°ÄXã 4 Ú
ã 5 ¤«; °Ä&Ò­EªÇ 2.5 GHz, °Ä&Ò�
�>Ø 7.9 V. 1nó´d SMF, DCF Ú1��ì|
¤, ÚÑ��Ö�, SMF � 40 km, DCF � 10 km; �
�ìæ^ EDFA, �y�ÂÅ�Â��&Ò?u�
Z�ÂõÇ��, � −2 dBm; �ÂàÏL�N1È
Åì (TOF) ÈÑ&� 3 ¥�&Ò, x\1�ÂÅ¥
¡EÑ�©&Ò. ¢�XÚ(�µã 5 ¤«. ã 6,
ã 7 ´¢�ÿÁ���êâ. ��

ã 5 ý\­¢�XÚ(�µã
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 � � �
� � 


� � 

ã 6 7 ´E^\nc�1Ì (a) &� 3 �\ý\­; (b)
&� 3 \\ý\­� � � �� � � � �� � � � �� � � � �� � � � �� � � � �� 	 


ã 7 &� 3 �1Ì

ã 8 \3� N�ìþ�>°Ä&Ò

ý\­��^´�)�1n��5���A
���� ÆC, @o31ÌþLy�¦ªÌ�)
,«Ð°. ã 6 ¥ (b) �éu (a) �)�Ð°5
u
rÝN�Úý\­�V­�A, Ù¥ý\­��^

Xã 7 ¤«.

ã 9 \�Ø\ý\­�&� 3 �ÂàØèÇ�\nõ
ÇCz�­�é'ã

ã 10 ý\­§ÝØÓ�&� 3 �ÂàØèÇ�\nõ
ÇCz�­�é'ã

\nõÇ�Cz¦1n��5�Arf�)
Cz. ã 9 ¥&� 3 eØ\ý\­, 3\nõÇ�
$, ��5�A�f�, �ÂàØèÇé$��±
­½; �X\nõÇO����5Ø��Ñ�, �
ÂàØèÇm©×�þ,, XÚ5U�z. 
&� 3
\\�½� ÆC�, m©��5�f, ý\­å
�
��^, �
�z
XÚ5U; �X\nõÇ
O�, 1n��5�A���� ÆCÅÚ�ý\
­�-�, �ÂàØèÇ~�, ����-���
�Z; 2?�ÚO�1n��5�A, Ò�Ñ
ý
\­�Ö���.

?�ÚïÄØÓý\­e�ÂàØèÇ�\
nõÇCz�5Æ. ý\­� ���UCÏL�
�� N�ì�>°Ä>Ø¸¸�¢y, \3�
 N�þ�±Ï�Ô�/>°Ä&Ò: �ý\­
�� ����, Ù�ÂàØèÇ��Z�w,
¬Ñy3¦1n��5�A�r�\nõÇe, X
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ã 10 ¤«; 
ý\­���, Ù�ZÖ�:ATÑ
y3 23.5 dBm �c.

�,æ^�XÚ(�Ú©Û��ØÓ, ã 9 Ú
ã 10 �Ñ�(Ø��ý(JÄ�¬Ü, �U�Ð
�|±ý\­³���5���A�nØ.

6 ( Ø

�©JÑ¿ïÄ
�«#��~{ü��1
Æ� ý\­��{5³�1n��5���A,
lXÚ�ýÚ¢�ü�¡�y
T�{��15.

ý\­�{(�{ü, �I�3u�àéÑ\�&
Ò\þ�½�� ÆC, é´u¢y, ��XÚ�
õÑÒ´� N�ìþ�õÑ, UÑ$, é��5
�A�³��J�Ð, �±JpXÚØèÇ 2 �ê
þ?, é·ÜÉÚ1Ï&Eâ. e�Ú�ó�òØ
ÓªÇ�m�rl�AÚÚÑ�Ä?5, ïá��
°(�êÆ�., 3®�XÚëê��¹eO�Ñ
#�N�ì°Ä>Ø¼ê/ª, \�é��5�A
��� ÆC¤�5�N=þ, F"UA^3XÚ
¥U���Ð�DÑ5U.
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A novel simple fiber nonlinearity suppression method
in fiber-optic transmission systems using an all optical

phase pre-emphasis∗
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Abstract
In this paper we propose, simulate and experimentally verify a novel and simple optical phase pre-emphasis method, which is

capable of mitigating fiber nonlinearity in dense wavelength division mult-DWDM optical translation systems. In our simple method,

each transmitted wavelength is modulated by a phase modulator driven by a periodic parabolic electric driving signal. Both of the

simulations and experimental results verify that the proposed method can effectively mitigate the fiber Kerr nonlinearity.

Keywords: optical fiber transmission system, nonlinear kerr effect, nonlinear Schrödinger equation, phase shift
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