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1 Ú ó

ÏLé'�¶1å3gd�m¥DÑ�û�
�§ÚÄ�1óÀ3ÚÑ0�¥DÑ�ÚÑ�§,
<���
��éA�n [1,2]. ��éA�n�Ñ,
ÏLé1óÀ��mCþ?1�g� N�, Ò�
±����mßºaq�ì�, =�mßº. �m
ßº�@d Kolner Ú Nazarathy[1] JÑ. Cc5<
�éù�+��)
ßþ�,�, ¿�
�þ�ï
Ä. �mßºQUé1óÀ?1Ð°½öØ , å
���º��^, �Ué&ÒóÀ?1��Úª
��m�=�. �mßº���^3�m¤�!
1Ï&!1&Ò?n�+�, ~XÄu�m¤�E
â [1] �Å/�� [3]!Äu�m - ªÇ=��Å/
uÿ [4]!Äu1Æ Fourier C� [5] ��56Ä�
Ø [6]!ÄuõÅ�óÀØ Eâ [7] �?¿Å/)
¤ì [8] �.

�mßº�±ÏL|^>1� N�!��
5¬Nþ�Úª��ª!��� N� (XPM) ±

9oÅ·ª (FWM) 5¢y. Ï�Äu>1� N
���mßº´u¢y!5U­½, ¤±@Ï¢�
¥��mßº�Ñ´ÏL>1� N�5¢y�.
Äu>1� N���mßº��´|^d�u
�ª (RF) �¨&Ò�>1� N�ì5JøCq
�g� N� [9], �´ù«Cq5��
&ÒóÀ
7L3N�¥%NC°ÄN�&Ò±Ï� 1/2π ±
S�«�, ù�¡��mßº��»�� [10];Ó�,
duÉ�>1� N�ì���°Ä>Ø���,
Äu>1� N���mßº|¤��m¤�X
Ú�©EÇ�$. Ïd, Cc5NõÆöm©|^
��51Æ¥��
�n5¢y�mßº. ~X�
�5¬Nþ�Úª��ª, Bennett �ÏL3�±
Ï4z��� (APPLN) þ\\Øé¡ Y .�ªE
^ì/)E^ì, ¿|^T�mßº¢y
 640 GHz
¢�P¹ [11,12], ±9p��51nþ� XPM, 3
�C�¢�¥Äu XPM ��mßº®²�^u�
56ÄÖ� [13,14]; 3p��57Å�þ� FWM
��±¢y�mßº, Foster � [15] ¦^Äu FWM
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��mßº3�¯1ÿþþ��
©EÇ� 220 fs
�â»5?Ð.

�'Äu>1� N���mßº, Äu�
�51Æ�n��mßº�¢y°(�g� 
N� [11−16], vk�»��, ¿�dÙ|¤��m
¤�XÚäk�p�©EÇ. Ïd, �©Äk?Ø

�mßº��
Ä��n, ,�|^ MATLAB
7.8.0 (R2009a), æ^©Ú Fourier �{��ê�©
Û�{ [17], ©OéÄu XPM Ú FWM ��mßº
±9d§�|¤��m¤�XÚ?1
©ÛÚ�
ý, ��éü«�mßº�A:?1
'�.

2 �mßº��n

� � Ñ � � 5 � A Ú 1 n � � �, Ä �
1 ó À 3 Ú Ñ 0 � ¥ � D Ñ � § � ± ^ � �
5 Schrödinger �§5£ã, ��m¥��¶1å
�DÑ�§�q, ùÒ´��éA�n�Ä:.
3 Fraunheofer Cq^�e, �¶1å��mDÑ�
§� [18]

Ez = − i
2k

(Exx + Eyy), (1)

ª¥ Ez ´�¶1å1|é z ¶��� �, k �
Åê, Exx Ú Eyy ©O´é x ¶Ú y ¶��� �.

Ä�1óÀ3ÚÑ0�¥�DÑ�§²LCþ
����±L«�

Aξ =
i
2

d2β

dω2
Aττ , (2)

Ù¥, Aξ ´Ä�1óÀ��Ì A(ξ, τ) éÚÑ�
Ý ξ ��ê, d2β/dω2 �+�ÝÚÑXê, Aττ �
Ä�1óÀ��Ì A(ξ, τ) ´é�m��� �.
d (2) ª��, Ä�1óÀ3ÚÑ0�¥�DÑ�
§��m¥��¶1å�DÑ�§é�q. Äu�
�éA�n, �±ò�m+�¥�ßºnØa'A
^��m+�¥. �mßº�� ¼ê�

φ(x, y) =
k(x2 + y2)

2fS
, (3)

ª¥ fS ��mßº��å. X (3) ª¤«, �mß
ºé�m � x Ú y �)
���g� N�, Ï
d, éu�mßº5`, Ù� ¼ê�AT�é�
mCþ��g� N�, L�ª�

φ(τ) =
ω0τ

2

2fT
, (4)

Ù¥ ω0 �Ñ\1&Ò�¥%ªÇ, fT ��mßº

��å.

ã 1 �m¤�XÚ

��k���m¤�XÚ��dnÜ©|¤,
©O�Ñ\ãÚÑ, �mßºÚÑÑãÚÑ, Xã 1
¤«. Ù¥ A(0, τ) �Ñ\Å/, ξ1 �Ñ\ãÚÑ�
Ý, ξ2 �ÑÑãÚÑ�Ý, A(ξ1 + ξ2, τ) �ÑÑÅ
/. é?¿Å/?\T�m¤�XÚ�, ò (4) ª¥
��mßº�� ¼ê�\¿²LO���Ñ�
m¤�XÚ�¤�^��

1

ξ1
d2β1
dω2

+
1

ξ2
d2β2
dω2

= −ω0

fT
, (5)

Ù¥ β1 Ú d2β1/dω2 ©O�Ñ\ãÚÑ�DÑ~
êÚÚÑXê, 
 β2 Ú d2β2/dω2 ©O�ÑÑã
ÚÑ�DÑ~êÚÚÑXê [19]. ��m¤�XÚ
÷v (5) ª�¤�^��, ÑÑÅ/�L«�

A(ξ1 + ξ2, τ) =
1√
M

exp
( iω0τ

2

2MfT

)
A

(
0,

τ

M

)
, (6)

Ù¥, ω0 �Ñ\1óÀ�¥%ªÇ, M ��m¤�
XÚ���Xê, ÙL�ª�

M = −
ξ2

d2β2

dω2

ξ1
d2β1

dω2

. (7)

d (6) ª��, ÑÑ1óÀ�Å/ A(ξ2, τ) �Ñ\
1óÀ�Å/ A(0, τ) �~�q, üö�m�«O
3u§��óÀ°ÝØÓ, ÑÑ1óÀ�óÀ°
Ý�Ñ\1óÀ�Ì� M �. |^ù«'XÒ�
±éóÀ3��þ?1Ð°½öØ , Ì�A^
u�á1óÀ�&ÿÚ1óÀ�Ø . ���X
ê |M | > 1 �, ÑÑ1óÀ�Ð°; � |M | < 1 �,
ÑÑ1óÀ�Ø  [20].

3 Äu XPM ��mßº

ÏLÚ\���&ÒóÀÅ�ØÓ�!Å
/ � � Ô � . � Ä $ ó À, ÏL � & Ò ó À u
) XPM �^, �é��&ÒóÀ¢y°(��
g� N� [16]. Äu XPM ��mßº|¤��
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m¤�XÚ�(�Xã 2 ¤«, &ÒóÀ´¥%Å
�� 1556 nm � Gauss óÀ, Ä$óÀ´¥%Å�
� 1542 nm �Å/��Ô�.�óÀ, ü�óÀ²
L��ÍÜì�3�ã��51n l0 ¥u) XPM
�^, Ä$óÀÒ�±é&ÒóÀ¢y�g� N
�. ,	, Ñ\ãÚÑÚÑÑãÚÑ©Odüãü
�1n¢y, §�©O�¡�Ñ\ã1nÚÑ\ã
1n. 3©z [21] ¥, ·�®²én�G�e�Ä
$óÀ�¸�õÇ!Ñ\ã1n��Ý!��5
1n���5Xê�?1
?Ø, Ïd3�ýXÚ
¥, ®��ZÑ\ã1n�Ý l1 = 162.32 m, ÑÑ
ã1n�Ý l2 = l1/C, C �Ø Xê, ÙL�ª�

C =
1

|M |
, (8)

±9p��51n��Ý l0 = 200 m, Ù��5X
ê γ0 = 0.02 W−1m−1.

ã 2 Äu XPM ��mßº|¤��m¤�XÚ

3.1 ÄÄÄuuu XPM ������mmmßßßººº���¢¢¢yyyJJJ:::ÚÚÚ
KKK���ÏÏÏ���

3��51n¥��3 XPM �n��¹e,
ã 2 ¥��mßº�Jø°(��g� N�,
,
3¢S¥�¢y%'�(J, ÙÌ�J:�
éJ��põÇ�Ô�.Ä$óÀÚ"ÚÑp
��51n [21]. 3CÏ�ïÄ¥ÏL¦^�(
� Bragg 1» (SSFBG) Å/��Ô�.�óÀ�
±¢y [14], Ïd¢y�mßº�Ì�(JÒ8¥
3
p��51nÜ©. 3¢S�¹¥, Ø XPM
�^	, ã 2 ¥��m¤�XÚ�p��51
n¥��3X&ÒóÀÚÄ$óÀ�g� N
� (SPM)!ÚÑ�Ï�, 3éõ�¹eù
Ï�é
�m¤�XÚ�K�¬�L XPM. Ïd, XÛ~�
ù
Ï��K�, ´¢yÄu XPM ��mßº�
Ì�ó�.

ÚÑUÚåÄ$óÀ�&ÒóÀ�rl�A,
�UÚÄ$óÀ� SPM �Ó�^UCÄ$óÀ�
/G, Ïd�kæ^"ÚÑ1nâU÷vXÚ�¦,
ù´¢y�mßº�'��� [21]. 3¦^"ÚÑ

p��51n� XPM �mßº|¤��m¤�
XÚ¥, ²L�ý��
�óÀ°Ý���Xê¤
�'�ÑÑóÀ. ,
, ÑÑóÀ�õÇ�'�&
ÒóÀO�
Az�. ²L©Ûuy, p��51
n¥Ø=�3XÄ$óÀ�&ÒóÀ� XPM, �
�3XÄ$óÀ�&ÒóÀ� FWM. Ä$óÀÏ
L FWM �±é&ÒóÀ?1ëþ��, duÄ$
óÀõÇép,Ó�"ÚÑ1n¦� ����÷
v, ÏdÄ$óÀ�&ÒóÀ� FWM �^ér, &
ÒóÀ���
Az�. Ó�, 3ÏL FWM é&
ÒóÀ?1ëþ���L§¥, Ä$óÀ�Uþ~
�, Ù��Å/u)¥%]�, Ø2°(÷v�Ô
�.óÀ��¦, ¦�g� N��) l. Ïd,
ÚÑ, SPM Ú FWM ¤�K�Äu XPM ��mß
º�n�Ï�.

�
���k��Äu XPM ��mßº, ·
��
?�Ú��ý©Û. �
~f FWM �K�,
3"ÚÑp��51n¥Ú\
é�þ�ÚÑ�
Ç. �ý(Jy², Ø= FWM �K���~f, 

�rl�A!ÚÑ� SPM ��Ó�^��±3
��éXÚ5UK�4��G�. 3ù«�mß
º|¤��m¤�XÚ¥, Ä$óÀé&ÒóÀ
� XPM ´��óÀ���Ì�Ï�,Ó�Ä$ó
À�Å/��±°(��Ô�., l
é&ÒóÀ
¢y°(��g� N�.

3.2 ÄÄÄuuu XPM ������mmmßßßººº���ÚÚÚÑÑÑ������ýýý
©©©ÛÛÛ

þ¡�nØ©Û�Ñ, ÚÑ�ÀJ´¢y�m
ßº�Ä�ó�. Ïd3�ý¥, Äkæ^
�«
��5ÚÑ £1n [22] én«K�Ï�?1�ý
©Û, ,�qép��51n��Z"ÚÑ: �
?1
�ýÚ?Ø.

3.2.1 Äu XPM ��mßº�ÚÑ�Ç�
�ý©Û

Ø
�y�½þ�ÚÑ�±~f FWM �^
	, ÚÑ����, ÚÑ� SPM é�mßº�K
�Ò��. ²L�ý©Û�Ñ, 3p��51n�
ÚÑ� β02 = 0 ps2/km ��¹e, �I��½�
ÚÑ�ÇÒ�¦ FWM �^��~�. ;| [22]
¥���5ÚÑ  £1näkp��5, Ó�
3 1550 nm ?�ÚÑ���½, ÚÑ�Ç3 0.001
� 0.1 ps/nm2 · km−1 ���S, TÐÎÜXÚ��
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¦. Ïd3�ý¥æ^
T��5ÚÑ £1n,
- 1550 nm ? β02 = 0 ps2/km,ÏL�½�½��
ÚÑ�Ç β03 5¢y�m¤�XÚ. d (6) Ú (8) ª
��, �?11óÀØ , = C > 1, &ÒóÀ�
óÀ°Ý�Ø �Ó�, Ù¸�õÇ���, ��
�ê�u C. &ÒóÀ¸�õÇ����ê3e
©¥{¡����ê. du FWM �Ì�K��
&ÒóÀ�õÇ, 
&ÒõÇ����ê�óÀ�
Ø Xê��, Ïd�
©ÛXÚ�K�Ï�, e
¡é&ÒóÀ�¸�õÇ?1©Û. �ÚÑ!SPM
Ú FWM ��^~f�, �ª(Jy², &ÒóÀ�
k�Ø . �Ø Xê C = 2 �, �X β03 �Cz,

&ÒóÀ�¸�õÇCzXã 3 ¤«.

ã 3 &ÒóÀ�õÇ� β03 �Cz

L 1 &ÒóÀ²Lp��51n±�ÙÅ/�Cz9�Ï©Û

β03 β03 < 2 × 10−4 ps3 ·
km−1

2 × 10−4 ps3 · km−1 <

β03 < 15 × 10−4 ps3 ·
km−1

β03 > 15×10−4 ps3 ·km−1

P3/P2 P3/P2 > 1.5 ¿Åì~� 0.5 < P3/P2 < 1.5 P3/P2 < 0.5 ¿Åì~�

Ì�K�Ï
�

FWM ÚÑ!SPM � FWM Ñ�
f

ÚÑ!SPM

�Ï9Ôn
y�

β03 ����ÿ, FWM �
^ � r, Ä $ ó À é &
ÒóÀ?1ëþ��. �
X β03 �O�, FWM �^
~f

d � Ú Ñ !SPM � FWM
Ñ�f, &ÒóÀÉ��ë
þ��ÚÙÚÑÐ°Ñ�
f, &ÒóÀ�Å/Cz�
�

β03 ����ÿ, ÚÑ�^�
r, &ÒóÀ�ÚÑÐ°. �
X β03 �O�, ÚÑ�^\r

L 2 &ÒóÀ3ÑÑã1n¥����§Ý9�Ï©Û

β03 β03 < 4 × 10−5 ps3 ·
km−1

4 × 10−5 ps3 · km−1 <

β03 < 10 × 10−4 ps3 ·
km−1

β03 > 10×10−4 ps3 ·km−1

P4/P3 P4/P3 < 2 ¿ÅìO� P4/P3 > 2 ¿3, ��
���

P4/P3 < 2 ¿Åì~�

Ì�K�Ï
�

FWM ÚÑ!SPM � FWM Ñ�
f

ÚÑ!SPM

�Ï9Ôn
y�

β03 é���ÿ, FWM �
^�~r, ��Ä$óÀ
u)¥%]�, ØUJø
k���g� N�. �
X β03 �O�, FWM �^
~f

FWM �^é¯~f, Ä�
Ø2UCÄ$óÀ�Å/,
Ó�ÚÑ� SPM éÄ$ó
ÀÅ/�K����, �m
¤�XÚ����ê��
��

�X β03 �?�ÚO�, ÚÑ
ò� SPM �ÓUCÄ$óÀ
�Å/, Ó�ÚÑ�¬Ð°
Ä$óÀ, ù
Ñò���
g� N��^~f

ã 3 ¥, P1, P2, P3, P4 ©O��©&ÒóÀ!
²LÑ\ã1n��&ÒóÀ!²Lp��51
n��&ÒóÀ!²LÑÑã1n��&ÒóÀ
�¸�õÇ, P3/P2 �L
&ÒóÀ²Lp��5
1n±�ÙÅ/�Cz§Ý, �N
3p��5
1n¥Ä$óÀÏL FWM é&ÒóÀ?1ëþ

���§Ý±9&ÒóÀÉ�ÚÑÐ°�§Ý, X
L 1 ¤«. P4/P3 �L
²L�g� N���&
ÒóÀ�¸�õÇ3ÑÑã1n¥����§Ý,
�N
&ÒóÀ3p��51n¥�Ä$óÀ�
g� N��§Ý, ��N
Ä$óÀ�Å/�±
�Ô�.�§Ý, XL 2 ¤«. P4/P1 �N
&Ò
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óÀ¸�õÇ�o���ê.

nÜL 1 ÚL 2 ��, � 2 × 10−4 ps3/km <

β03< 10 × 10−4 ps3/km �, p��51n¥�
ÚÑ!SPM � FWM é�mßº�K���. �
�, �
©Ûrl�A�K�, Ï�ÚÑ��r
l�A�î­, ¤±3�ý¥-ÚÑ�Ç���
� β03 = 10 × 10−3 ps3/km, d�&ÒóÀ�Ä
$óÀrl
����u��&ÒóÀ��p
°��Ý, �´&ÒóÀ�Å/¿vkCz, Ó
� P4/P3 = 2.28, ù`²&ÒóÀ3p��51n
E,��
k���g� N�, Ïd, 3þãÚ
Ñ�Ç��Srl�A�K��±�Ñ.

nÜ±þÏ���,ÏLÚ\�½þ�ÚÑ�
Ç, Ò���~� FWM,Ó�q¦rl�A!SPM
ÚÚÑØK�XÚ�5U. lã 3 ¥�±wÑ,
3 β03 = 2 × 10−4 ps3/km NC, �m¤�XÚ�
o����ê��, = P4/P1 ≈ 2.3, du FWM �
ëþ��Ú�mßº����U\, �L
n��
���ê. 
3 β03 = 3× 10−4 ps3/km NC, FWM
�^®²�~�, XPM ¤���éóÀ���Ì
�Ï�, d�������ê�u�½����ê,
= P4/P1 ≈ 2. �X β03 �?�ÚO�, ÚÑ�K�
�5��, ���ê�Åì~�. Ó�, �ý(Jy
², ����ê�u 2 �, &ÒóÀ�óÀ°Ý�
�Ø � 1/2, �m¤�XÚ�K�Ï��k�ü
$, 1óÀ�k�Ø .

3.2.2 Äu XPM ��mßº�p��51
n�ÚÑ":��ý©Û

3 þ ¡ � � ý ¥, � � æ � 
 ± ¥ m
� 1550 nm Å�?�ÚÑ":. �
éXÚ5
U?1?�Ú�`zÚnØ©Û, 3#��ý¥
± 1 nm �m�, ©O± 1442, 1443 · · · , 1556 nm �
ÚÑ":, éXÚ�5U!�����ê!β03 �
��?1
�ý©Û.

Äk, �± 1442 nm �ÚÑ":�, �ý(J
L²�k3 β03 > 1 × 10−3 ps3/km � FWM â�
�~f, �d�L��ÚÑ� SPM �Ó�^î­
K�
Ä$óÀ�Å/. FWM, SPM éÚÑ���
¦Ø�NÚ, ÏdÃ{��k���mßº.

Ùg, �XÚÑ":Å��O�, l 1547 nm
?m©�±��k���mßº. �XÅ��O�,
�m¤�XÚ�5UXã 4 Úã 5 ¤«. dã 4 �
�, �m¤�XÚ������ê3 2—2.5 �m;

dã 5 ��, �X"ÚÑ:Å��CzÚÑ�Ç
�k���Cz��. nÜ�����êÚÚÑ�
Ç β03 �k�����, T�mßºXÚ�ZÚÑ
":AÀ3Ä$óÀ�&ÒóÀ¥mNC.

ã 4 �����ê

ã 5 k� β03 ��

4 Äu FWM ��mßº

ÏLÄ$óÀ�&ÒóÀ?1 FWM �^�
�±¢y�mßº, Äu FWM 5¢y�mßº´
CAcÑy�#�{. �Ù¦�mßºXÚØÓ
�´, Äu FWM ��mßº|¤��m¤�XÚ
ÑÑ�óÀØ´&ÒóÀ, 
´Ä$óÀ�&Ò
óÀ?1 FWM �^��)�=�ÅóÀ, �'Ä
u>1� N���mßº, Äu FWM ��mß
ºäk�¢y°(�g� N��`:, �'Ä
u XPM ��mßº, Äu FWM ��mßºäk
�´u¢y�`:. Äu FWM ��mßº|¤�
�m¤�XÚXã 6 ¤«. Äk&ÒóÀ²LÚÑ
Xê� β′

12 �Ñ\ãÚÑ1n l′1, Ä$óÀ²L�
ã�ÓÚÑXê�1n l′p, �â FWM �A�5�,
é>|rÝ©O� Es(t) Ú Ep(t) �&ÒóÀÚÄ
$óÀ, �)�=�ÅóÀ�>|rÝ� [23]

Ei(t) ∝ E2
p(t)E∗

s (t), (9)
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Ù¥ E2
p(t) �Jø�g� N�, � ¼ê�

φ(t2) =
t2

β′
12l

′
p

, (10)

�â=�ÅóÀ�&ÒóÀ�� �Ý, E∗
s (t) �

�=�ÅJø�&ÒóÀ��ÚÑXê�ÚÑþ.
3ÑÑà\\� β′

12 ��ÚÑXê�ÑÑãÚÑ
1n, ~XÚÑÖ�1n, ��÷v (5) ª��m¤
�^�, Ò�±¢y�m¤�XÚ.

ã 6 Äu FWM ��mßº|¤��m¤�XÚ

4.1 ÄÄÄuuu FWM ������mmmßßßººº���¢¢¢yyyJJJ:::ÚÚÚ
KKK���ÏÏÏ���

XÛJp FWM �^Ú~� SPM, XPM ÚÚ
Ñ�K�´¢yÄu FWM ��mßº�Ì�ó
�. Jp FWM �^ko«Ì�å»: Jp��5
Xê γ′

0!O�p��51n�Ý l′0!Jp&Òó
ÀÚÄ$óÀ�¸�õÇ Ps Ú Pp. Ïd3�ý
¥æ^
�p���5Xê γ′

0 = 0.002 W−1m−1

±9���p��51n�Ý l′0 = 1000 m. Ó
�, �
����õÇ�=�ÅóÀ, æ^
·�
põÇ�Ä$óÀ. Ù¥, &Ò1óÀ�¥%Å�
� 1542 nm, �ÔÄ$óÀ�¥%Å�� 1556 nm.

3Äu FWM ��mßº¥���51nÜ
©�3X SPM, XPM ÚÚÑ�K�Ï�, �
¢y
�mßº, ù
Ï��K��I�~�. Äk, &Ò
óÀÚÄ$óÀ� SPM UÚåóÀª�Ð°, Ï
dÙ¸�õÇ Ps Ú Pp I�·�~�; ,	, O�
ÚÑ1n�Ý l′1 Ú l′p Uk�~� SPM �A, Ïd
3�ý¥-Ñ\ã1n�Ý l′1 = 1000 m!Ä$1
óÀ�Ñ\ã1n�Ý l′p = 1900 m. Ùg, du
Ä$óÀ²L���ÚÑÐ°, Ïd&Ò1óÀÉ
�� XPM �^é�, ��ÑØO; du&ÒóÀ�
õÇ��, ÏdÄ$óÀÉ�� XPM �^�'�
�. 2g, �ý(JL², FWM �^¿Ø´�r�
Ð, 3 FWM �^Lr��ÿ, duXÚ¥��3X
Ù¦� FWM �^, ~X&ÒóÀÚ=�óÀ��
UY��Ä$óÀ�Ù¦ªÇ�óÀu) FWM,
�)#�ªÇ�óÀ, l
��&ÒóÀÚ=�
óÀÆC. ÏdXÚ¥� FWM �^I��±3�
�·��G�. ��, ÚÑU��~f FWM �^,

¤±��51n¥�ÚÑ�AT�~�. ,
, �
ý(Jy², �½þ�ÚÑ�±~� SPM ÚÙ¦
� FWM, l
�±·�O�&Ò1óÀÚÄ$ó
À�õÇ,JpÄ$óÀ�&ÒóÀ� FWM �^,
¦ÑÑ1óÀ�õÇO�.

4.2 ÄÄÄuuu FWM ������mmmßßßººº������ýýý©©©ÛÛÛ

�âÄu FWM ��mßº�K�Ï��n
Ø©Û, é�m¤�XÚ?1
�ý©Û, ¿©O
éXÛ~�ù
K�Ï�?1
�ýÚ?Ø. Ä
k, 3��3 SPM �^�n��¹e, |^�m
¤�XÚ?11óÀÐ°, -��Xê M = 20,
SPM �^é�mßº�K���ý(JXL 3 ¤
«. 3��3 SPM �^�n��¹e§&ÒóÀ
ÚÄ$óÀ�¸�õÇ©OI�÷v Ps 6 15 mW
Ú Pp 6 200 mW.

dL 3 ��, &ÒóÀÚÄ$óÀ�¸�õÇ
©OI�÷v Ps 6 15 mW Ú Pp 6 200 mW. Ù
g, �
u� XPM �^é�mßº�K�, 3�
�3 XPM �^�n��¹e, - Ps = 15 mW,
Pp = 200 mW, � ý ( J y ² & Ò ó À Ä � Ø
É XPM �^�K�, 
Ä$óÀ�´É��f
� XPM �^, é�mßº�K��~�. du&Ò
óÀÚÄ$óÀ�õÇ��, XPM �^Ò��, Ï
d XPM �^é�mßº�K��~�. 2g, �3
�ý¥\\ FWM �^�, FWM �^é�mßº
�K�XL 4 ¤«. ��Ä FWM �^�, &Òó
ÀÚÄ$óÀ�¸�õÇI�÷v Ps 6 15 mW,
Pp 6 50 mW.

�ý(Jy², � Ps = 15 mW, Pp = 50 mW
�, �ý���ÑÑóÀ�Ñ\óÀ�Å/��,
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ÑÑóÀ�¸�õÇ� 16 mW, ó°� 60 ps, 

Ñ\óÀ�ó°� 3 ps, ÑÑóÀ�ó°TÐ�
uÑ\óÀó°� 20 �, ¢y
k���m¤
�XÚ. ��, �3�ý¥\\ÚÑ�, �,ÚÑ
¬��~f FWM ��^, l
ÑÑóÀ�¸�
õÇü$, �´ÚÑ¿ØK�ÑÑóÀ�ó°.
� Ps = 15 mW, Pp = 50 mW �, ÑÑóÀ�¸�
õÇ���ÚÑ�CzXã 7 ¤«. dã 7 ��,

�ÚÑ� β′
02 > 0.04 ps2/km �, duÚÑ�L�

��ÑÑóÀu)Æ/. �'n��mßºXÚ
¥�� 20 ���ÑÑóÀ¸�õÇ� 0.8 mW, w
, FWM ��mßº�ÑÑóÀ¸�õÇ���
õ. nþ��, ��÷v Ps 6 15 mW, Pp 6 50 mW
±9�A�ÚÑ�¦, Ps = 15 mW, Pp = 50 mW
� β′

02 > 0.04 ps2/km, Ò�±��k���m¤�
XÚ.

L 3 SPM é&ÒóÀÚÄ$óÀ�K�

¸�õÇ Ps 6 15 mW Ps > 15 mW Pp 6 200 Pp > 200 mW

SPM �K� f r f r

�Ï9Ôn
y�

Ps � � � � ÿ, & Ò
óÀ� SPM �^�f,
& Ò 1 ó À � ª Ì Ø
É SPM �K�

� Ps O��, &ÒóÀ
� SPM �^\r, &Ò
óÀ�ªÌÉ� SPM �
K�
ÑyªÌÐ°, $
�Ñyõ¸(� [17]

Pp ����ÿ, Ä$ó
À� SPM �^�f, Ä
$óÀ�ªÌØÉ SPM
�K�

Pp O � �, Ä $ ó À
� SPM �^\r, Ä$
óÀ�ªÌÉ� SPM �
K�
ÑyªÌÐ°, $
�Ñyõ¸(�

L 4 Ù¦ FWM é&ÒóÀÚÄ$óÀ�K�

¸�õÇ Ps 6 15 mW, Pp 6 50 mW Ps = 15 mW, Pp > 50 mW

Ù ¦ FWM
� K�

f r

� Ï 9 Ô n
y�

ÑÑóÀØÉÙ¦ FWM �^�
K�

duXÚ¥� FWM �^Lr, &ÒóÀ
Ú=�ÅóÀþ���Ä$óÀë�Ù
¦#ªÇ�)� FWM �^¥��&Ò
óÀÚ=�1óÀ�Å/u)ÆC

ã 7 ÑÑóÀ¸�õÇ�ÚÑ� β′
02 ���Cz

duþ¡��ý©Û´�é��K�Ï�Å
�?Ø�(J, Ïdéu����m¤�XÚ5
`T(J�Ø
�õ. Ï�3�ý¥\\ÚÑ±
�, p��51n¥� SPM Ú FWM �^��A
/~f, Ù¥ SPM �^�~f¦&ÒóÀÚÄ$
óÀ�¸�õÇ�±·�Jp, FWM �^�~�
�¦�&ÒóÀÚÄ$óÀ�¸�õÇ�±?�

ÚJp. Ïd, ¢S�XÚI�nÜù
�5�Ó
û½&ÒóÀÚÄ$óÀ���. � Ps = 20 mW,
Pp = 200 mW �, ÑÑóÀ�¸�õÇ���ÚÑ
�CzXã 8 ¤«. dã 8 ��, �XÚÑ��C
z, ÑÑóÀ�¸�õÇþeÅÄ; ,	, �ÚÑ�
�,�
��, ÑÑóÀ�¸�õÇ�p� 0.1 W
±þ. �ý(Jy², 3ã 8 ¥�ÅL��Å¸ 
�NC, ÑÑóÀ�Å/�&ÒóÀ°(�q, ó
°� 60 ps, TÐ´&Ò1óÀó°� 20 �; 
3
ã 8 ¥ÅL��Å� �NC, ÑÑóÀ�Å/Ñ
y¥%]�, u)ÆC. ²L©Û��, 3ÅL��
Å¸ �NC, ÚÑ�Ú\¦Z6� SPM!Ù¦
� FWM �^ü$,Ó�duÄ$óÀ�Jp, �ª
�ÑÑóÀ�Ñ\óÀ�Å/��, ¿�Ù¸�õ
Ç�~p; 3ÅL���.NC, ÚÑ�Ú\Ó�
�¦Z6� SPM �^ü$, ,
, 3ù
 �Ù¦
� FWM �^TÐ÷v� ��^�, Ïdù
Z
6�m¤�XÚ� FWM �^�~î­, &ÒóÀ
Ú=�óÀ��#�Ä$óÀòUþ=£�Ù¦

014203-7



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 1 (2012) 014203

ªÇ�óÀþ�, ÑÑóÀ�Å/Ñy
î­��
z, ¿�Ù¸�õÇ�~$.

±1��Å¸�~, �±éÑÑóÀõÇÚ
ÚÑ�'X�?�Ú�ý. dã 8 ��, 3 β′

02 =
0.05 ps2/km NC, ÑÑóÀõÇòC 0.02 W. du
3dNC�:�ÚÑm���, �
?�Ú©Û,
���m��ÚÑXê, �Ñ
ÑÑóÀ¸�õÇ
�ÚÑXê β′

02 ���Cz�¹, Xã 9 ¤«. �
ã 8 ¥ÅL���¹�q, 3ã 9 ¥ÅL��Å¸
 �NC, ÑÑóÀ�/G�&ÒóÀ°(�q,

ó°� 60 ps, TÐ´&ÒóÀó°� 20 �; 
3
ã 9 ¥ÅL��Å� �NC, ÑÑóÀ�G/Ñ
y¥%]�, u)ÆC. Ïd, ÑÑóÀ¸�õÇ?
uÅ¸ ���ÚÑXê�p��51n��Z
ÚÑXê.

nþ¤ã, ÏLÚ\�½þ�ÚÑ�±¦1
n ¥ � Z 6 � SPM Ú Ù ¦ � FWM � ^ ~ f,
¦ FWM =��Ç��O\, Ó�, �lé�§
Ýþ~�
ép��51n$ÚÑ���¦, ¦X
Ú�N´¢y.

ã 8 ÑÑóÀ¸�õÇ�ÚÑ� β′
02 ���Cz

ã 9 3 β′
02 = 0.05 ps2/km NCÑÑóÀ¸�õÇ�ÚÑ� β′

02 ���Cz
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5 Äu XPM ��mßºÚÄu FWM
��mßº�'�

Äu XPM ��mßºÚÄu FWM ��m
ßºÑ´Äu1n¥���5�A5¢y��
mßº. üö8cþ?u�mßºïÄ�c÷+
� [14,23], þ�^u�mßº��m¤�!�� - ª
��+�.Ó�, üö�äkØÓ�A:. Äk, Ä
u XPM ��mßº�ÑÑóÀ�&ÒóÀ�Å�
�Ó, 
Äu FWM ��mßºXÚ�ÑÑóÀ�
&ÒóÀ�Å�ØÓ, ÏdÄu XPM ��mßº
·Ü?1���&ÒóÀ?n, 
Äu FWM ��
mßº3?nóÀ�Ó���±?1Å�=�, ·
Ü^u�5�1�ä¥�óÀ?nÚÅ�=�. Ù
g, Äu XPM ��mßº¥�ÑÑóÀ�&Òó
À�oUþÄ��Ó, 
Äu FWM ��mßº¥
�ÑÑóÀ�'&ÒóÀÙUþ�¢y��. 1n,
Äu XPM ��mßº�¢yJ:3upõÇÄ$
óÀ��)±9p��51n���, 
�'�e
Äu FWM ��mßº�¢y�N´�
, ÙJ:
Ì�3up��51n���, 38c�ïÄ¥�
õ¦^7Å�¢y [24].

6 ( Ø

ÄkéÄu XPM ��mßº�p��51n
¥���5L§?1nØÚ�ý©Û, JÑæ^
�k�½ÚÑ�Ç�p��51n�Ó��ØÚ
Ñ!SPM Ú FWM �K�, ¿ép��51n¥�
ÚÑ�Ç���?1
?Ø, �XlnØþ©Û

ÚÑ":� �éXÚ�K�. �ÑÚÑ":�Ð
À3&ÒóÀ�Ä$óÀ�¥%?NC�(Ø. ²
L�ýy²
©z [22] ¥���5ÚÑ £1n
Ò�±÷vXÚ��¦. ,�éÄu FWM ��m
ßº�¢y?1
�ýÚ?Ø, (Jy²ÙÌ�K
�Ï��ÚÑ!SPM ±9Ù¦� FWM �^. 3&
ÒóÀÚÄ$óÀ�õÇ�±3Ü·���, SPM
ÚÙ¦� FWM �K��k�/~�, ��
k�
��mßº; ,	, �p��51n¥Ú\�½Ú
Ñ�, ���~� SPM ÚÙ¦� FWM �K�, l

¦&ÒóÀÚÄ$óÀ�õÇ�±?�ÚO�;
�ý(JØ=��
k��ÑÑóÀ, ��±��
épõÇ�ÑÑóÀ. ��éü«�mßº�A:
?1
'�.
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Simulation and analysis of time lens using cross phase
modulation and four-wave mixing∗

Li Bo Tan Zhong-Wei† Zhang Xiao-Xing

( Institute of Lightwave Technology, Beijing Jiaotong University, Beijing 100044, China )
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Abstract

Cross phase modulation based time lens and four-wave mixing based time lens are realized by utilizing cross phase modulation

effect and four-wave mixing effect in the high nonlinear fiber, respectively. The nonlinear process in the high nonlinear fiber of cross

phase modulation based time lens is simulated and analyzed. The simulation and the analysis show that the main influence factors

are dispersion, self phase modulation and four-wave mixing, which can be eliminated by using the high nonlinear fiber with a certain

amount of dispersion slope. Besides, the zero-dispersion wavelength of the high nonlinear fiber should be around the centre between the

signal pulse and pump pulse. Then, the nonlinear process in the high nonlinear fiber of four-wave mixing based time lens is simulated

and analyzed. The simulation and the analysis show that the main influence factors are dispersion, self phase modulation and other

four-wave mixing, which can be eliminated by using the signal pulse and pump pulse with a certain amount of power. Besides, the

powers of the signal pulse and the pump pulse can be improved by using the high non-linear fiber with a certain amount of dispersion,

then the power of the output pulse can be improved, too. Finally, two kinds of time lenes are compared with each other.

Keywords: optical pulse compression, time lens, cross phase modulation, four-wave mixing

PACS: 42.30.−d, 42.30.Lr, 42.65.−k, 42.65.Re
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