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1 Ú ó

�¯�1&Ò?nEâ´�5p�1�ä¥
�'�Eâ��. 8c, �«�1&Ò?nEâÌ
�´|^��N1��ì (SOA)!��51nÚ
-1ì���5��¥��
��5�A5¢y
� [1−9]. SOA ¥�oÅ·ª (FWM) �AäkéN
��ªÚN��ÇÑî�ß²�`:, Ï�2
�/A^��«�1&Ò?nEâ¥. � FWM �
Aäk=��Ç$!=���Ä! ��'!D
(��":, ¦ÙA^É�
é���. R�VÄ
$ FWM �A�±�Ø FWM �A� ��'5,

*�=���, Äu SOA ¥R�VÄ$ FWM �
A��1&Ò?nEâÚå
2��'5, ïÄ
ö�é SOA ¥�R�VÄ$ FWM �A3nØþ
Ú¢�þÑ?1
ïÄ [1−7]. 3nØïÄ�¡, �

{üå�, ïÄöÌ�æ^{'!�*�©¬�
. [3−5]. �´3©¬�.¥æ^
�
CqÚb
�, Xr SOA ¥R�VÄ$ FWM �A���L
§{z��ÚOÃã!n���5ãÚ��gu

Ë� (ASE) D(ã, ¿b� SOA �OÃÌÚ ASE

Ì´²"�. Ïd, |^©¬�.ØU©Û SOA S
Ü16fÚ1|��mÚ�m�Cz. �
U

'�O(/ïÄ SOA ¥R�VÄ$ FWM �A1
6fÚ1|��mÚ�m©Ù��ÚÄ�A5,

©z [7] ïá
�«AÏ�¹e SOA ¥R�VÄ
$ FWM �A�©ãnØ�., T©ãnØ�.�
�Ä
üÄ$1� ����pR�!&Ò1�
Ù¥��Ä$1²1��¹. éuÑ\&Ò1 �
��?¿�¹e SOA ¥�R�VÄ$ FWM �A,

ÿ�ïá°�nØ�.?1�\O(�nØïÄ.

�©�Ä
 SOA �á�OÃÌ!16f��
m©Ù!1|�p��m©ÙÚ°� ASE Ì, ï
á
�Ñ\&Ò1 ���?¿�¹e SOA ¥R
�VÄ$ FWM �A���°�nØ�.. 3°�
nØ�.¥, Ø=�Ä
 SOA ¥u)�Ì� FWM

L§, �vk�Ñ�
'��f� FWM L§. Ï
d, |^°�nØ�.�±�O(/é SOA ¥�
R�VÄ$ FWM �A?1nØïÄ. |^°�n
Ø�., ±Äu SOA ¥R�VÄ$ FWM �A��
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1Å�=��~, ^ê��[��{lnØþïÄ

SOA�R�VÄ$FWM�AÚÄu SOA �R�
VÄ$ FWM .Å�=�ìA5�Ñ\&Ò1!ü
Ä$1õÇ!üÄ$1�&Ò1�m�Å���
þ9Ñ\&Ò1 ����ó�ëê�'X.

2 SOA ¥R�VÄ$ FWM �A�°
�nØ�.

SOA ¥ � R � V Ä $ FWM � A ´ � n
å Ø Ó Å � � 1 S1, S2 Ú S3(Å � © O � λS1,

λS2 Ú λS3) ÍÜÑ\� SOA ¥, 3 SOA ¥u)
� FWM �A, Ù¥üåÑ\Ä$1 S1 Ú S3 �
 ����pR�, &Ò1 S2 � ���?¿.

b�üÄ$1©OéA SOA ¥� TE �Ú TM

� (±eP� S1TE Ú S3TM), &Ò1 S2 �±©)
��pR��ü©þ S2TE Ú S2TM. ¦&Ò1Ú
Ù¥��Ä$1 S1TE �ª�é�, �,	�
�Ä$1 S3TM �ª���. 3 SOA ¥, S1TE, S2

Ú S3TM u) FWM �A, Ì��¹±eA�L§:

S1TE Ú S2TE �mU
/¤1», 1»Ñ� S1TE

Ú S2TE, �)üå#�1 C1TE(λC1 = 2λS1 − λS2)

Ú C2TE (λC2 = 2λS2 − λS1); 1 » Ñ � S2TM,

� ) C2TM Ú S1TM; Ó �, 1 » � Ñ � S3TM,

�)üå#�1 C3TM(λC3 = λS1 + λS3 − λS2)

Ú C4TM(λC4 = λS2 + λS3 − λS1), ù�L§=�R
�VÄ$ FWM �A. dR�VÄ$ FWM �A�
)�1 C3TM þ��
Ñ\&Ò1�rÝÚ� 
&E. SOA ¥R�VÄ$ FWM �A¥�1Å� 
���9ÙªÇ©ÙXã 1 ¤«.

ã 1 SOA ¥R�VÄ$ FWM �A¥�1Å� ���9ÙªÇ©Ù

�Ä
 SOA �á�OÃÌ!16f��m
©Ù!1|�p��m©ÙÚ°� ASE, ïáÑ
\&Ò1 ���?¿�¹e SOA ¥R�VÄ
$ FWM �A�°�nØ�.. 3°�nØ�.
¥, Ø=�Ä
 SOA ¥Ì�u)� FWM L§, �
�Ä
�
'��f� FWM L§. ¤±|^ïá
�°�nØ�., �±�O(/é SOA ¥�R�

VÄ$ FWM �A?1nØïÄ. 3ê��[¥æ
^
 SOA �©ã�., =ò�� SOA w¤d n �
fãGë¤, � n v
��, �Cq@�3ù

fã¥16fßÝ�©Ù´þ!�. 3fã i ¥,

&Ò1!Ä$1Ú�)�#ªÇ1�DÑ�§�
L«� [10,11](�
{üå�, 3±e�§¥�Ñ

eI i)

dATE
S1

dz
=

1
2

[
ΓgTE

S1

1 + P/Psat
(1 − iα) − αint

]
ATE

S1 − 1
2

ΓgTE
S1

1 + P/Psat
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(ηS1TES2TE |ATE
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+ ηC3TMC4TMATE
C2 ATM

C3 ATM∗

C4 + ηC4TMS3TMATE
C1 ATM

C4 ATM∗

S3

]
, (1)

dATE
S2

dz
=

1
2

[
ΓgTE

S2

1 + P/Psat
(1 − iα) − αint

]
ATE

S2 − 1
2

ΓgTE
S2

1 + P/Psat

×
[
(ηS2TES1TE |ATE

S1 |2 + ηS2TEC1TE |ATE
C1 |2 + ηS2TEC2TE |ATE

C2 |2)ATE
S2

+ ηS1TES2TEATE
C2 ATE

S1 ATE∗

S2 + ηS1TEC1TEATE2
S1 ATE∗

C1 + ηC1TES1TEATE
C2 ATE

C1 ATE∗

S1

+ ηC2TES1TEATE
C1 ATE

C2 ATE∗

S1 + ηC2TES2TEATE
S1 ATE

C2 ATE
S2

+ ηS1TMS2TMATE
C2 ATM

S1 ATM∗

S2 + ηS3TMC3TMATE
S1 ATM

S3 ATM∗

C3 + ηS3TMC4TMATE
C2 ATM

S3 ATM∗

C4

+ ηC2TMS1TMATE
C1 ATM

C2 ATM∗

S1 + ηC2TMS2TMATE
S1 ATM

C2 ATM∗

S2 + ηC3TMS3TMATE
C2 ATM

C3 ATM∗

S3

+ ηC4TMS3TMATE
S1 ATM

C4 ATM∗

S3 + ηC4TMC3TMATE
C1 ATM

C4 ATM∗

C3

]
, (2)

dATE
C1

dz
=

1
2

[
ΓgTE

C1

1 + P/Psat
(1 − iα) − αint

]
ATE

C1 − 1
2

ΓgTE
C1

1 + P/Psat

×
[
(ηC1TES1TE |ATE

S1 |2 + ηC1TES2TE |ATE
S2 |2 + ηC1TEC2TE |ATE

C2 |2)ATE
C1 + ηS1TES2TEATE2

S1 ATE∗

S2

+ ηS1TEC2TEATE
S2 ATE

S1 ATE∗

C2 + ηS2TEC2TEATE
S1 ATE

S2 ATE∗

C2 + ηS1TMS2TMATE
S1 ATM

S1 ATM∗

S2

+ ηS1TMC2TMATE
S2 ATM

S1 ATM∗

C2 + ηS2TMC2TMATE
S1 ATM

S2 ATM∗

C2 + ηS3TMC4TMATE
S1 ATM

S3 ATM∗

C4

+ ηC3TMS3TMATE
S1 ATM

C3 ATM∗

S3 + ηC3TMC4TMATE
S2 ATM

C3 ATM∗

C4

]
, (3)

dATE
C2

dz
=

1
2

[
ΓgTE

C2

1 + P/Psat
(1 − iα) − αint

]
ATE

C2 − 1
2

ΓgTE
C2

1 + P/Psat

×
[
(ηC2TES1TE |ATE

S1 |2 + ηC2TES2TE |ATE
S2 |2 + ηC2TEC1TE |ATE

C1 |2)ATE
C2

+ ηS1TEC1TEATE
S2 ATE

S1 ATE∗

C1 + ηS2TES1TEATE2
S2 ATE∗

S1 + ηS2TEC1TEATE
S1 ATE

S2 ATE∗

C1

+ ηS2TMS1TMATE
S2 ATM

S2 ATM∗

S1 + ηS3TMC3TMATE
S2 ATM

S3 ATM∗

C3

+ ηC4TMS3TMATE
S2 ATM

C4 ATM∗

S3 + ηC4TMC3TMATE
S1 ATM

C4 ATM∗

C3

]
, (4)

dATM
S1

dz
=

1
2

[
ΓgTM

S1

1 + P/Psat
(1 − iα) − αint

]
ATM

S1 − 1
2

ΓgTM
S1

1 + P/Psat

×
[
(ηS1TMS2TM |ATM

S2 |2 + ηS1TMS3TM |ATM
S3 |2 + ηS1TMC2TM |ATM

C2 |2 + ηS1TMC3TM |ATM
C3 |2

+ ηS1TMC4TM |ATM
C4 |2)ATM

S1 + ηS2TMS3TMATM
C3 ATM

S2 ATM∗

S3 + ηS2TMC2TMATM2
S2 ATM∗

C2

+ ηS2TMC4TMATM
S3 ATM

S2 ATM∗

C4 + ηS3TMC4TMATM
S2 ATM

S3 ATM∗

C4

+ ηC2TMC4TMATM
C3 ATM

C2 ATM∗

C4 + ηC3TMS3TMATM
S2 ATM

C3 ATM∗

S3

+ ηC3TMC4TMATM
C2 ATM

C3 ATM∗

C4 + ηS2TEC2TEATM
S2 ATE

S2 ATE∗

C2

+ ηC1TES1TEATM
S2 ATE

C1 ATE∗

S1 + ηC1TES2TEATM
C2 ATE

C1 ATE∗

S2

]
, (5)

dATM
S2

dz
=

1
2

[
ΓgTM

S2

1 + P/Psat
(1 − iα) − αint

]
ATM

S2

− 1
2

ΓgTM
S2

1 + P/Psat

[
(ηS2TMS1TM |ATM

S1 |2 + ηS2TMS3TM |ATM
S3 |2 + ηS2TMC2TM |ATM

C2 |2

+ ηS2TMC3TM |ATM
C3 |2 + ηS2TMC4TM |ATM

C4 |2)ATM
S2 + ηS1TMS2TMATM

C2 ATM
S1 ATM∗

S2

+ ηS1TMS3TMATM
C4 ATM

S1 ATM∗

S3 + ηS1TMC3TMATM
S3 ATM

S1 ATM∗

C3 + ηS3TMC3TMATM
S1 ATM

S3 ATM∗

C3

+ ηS3TMC4TMATM
C2 ATM

S3 ATM∗

C4 + ηC2TMS2TMATM
S1 ATM

C2 ATM
S2 + ηC2TMS3TMATM

C3 ATM
C2 ATM∗

S3
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+ ηC2TMC4TMATM
S3 ATM

C2 ATM∗

C4 + ηC3TMS3TMATM
C2 ATM

C3 ATM∗

S3 + ηC4TMS3TMATM
S1 ATM

C4 ATM∗

S3

+ ηS1TES2TEATM
C2 ATE

S1 ATE∗

S2 + ηS1TEC1TEATM
S1 ATE

S1 ATE∗

C1

+ ηC1TES1TEATM
C2 ATE

C1 ATE∗

S1 + ηC2TES2TEATM
S1 ATE

C2 ATE∗

S2

]
, (6)

dATM
S3

dz
=

1
2

[
ΓgTM

S3

1 + P/Psat
(1 − iα) − αint

]
ATM

S3

− 1
2

ΓgTM
S3

1 + P/Psat

[
(ηS3TMS1TM |ATM

S1 |2 + ηS3TMS2TM |ATM
S2 |2 + ηS3TMC2TM |ATM

C2 |2

+ ηS3TMC3TM |ATM
C3 |2 + ηS3TMC4TM |ATM

C4 |2)ATM
S3 + ηS1TMS2TMATM

C4 ATM
S1 ATM∗

S2

+ ηS2TMS1TMATM
C3 ATM

S2 ATM∗

S1 + ηS2TMC2TMATM
C4 ATM

S2 ATM∗

C2 + ηC2TMS2TMATM
C3 ATM

C2 ATM∗

S2

+ ηC3TMS1TMATM
S2 ATM

C3 ATM∗

S1 + ηC3TMS2TMATM
C2 ATM

C3 ATM∗

S2 + ηC3TMS3TMATM
C4 ATM

C3 ATM∗

S3

+ ηC4TMS2TMATM
S1 ATM

C4 ATM∗

S2 + ηC4TMS3TMATM
C3 ATM

C4 ATM∗

S3 + ηC4TMC2TMATM
S2 ATM

C4 ATM∗

C2

+ ηS1TES2TEATM
C4 ATE

S1 ATE∗

S2 + ηS1TEC1TEATM
C3 ATE

S1 ATE∗

C1 + ηS2TES1TEATM
C3 ATE

S2 ATE∗

S1

+ ηS2TEC2TEATM
C4 ATE

S2 ATE∗

C2 + ηC1TES1TEATM
C4 ATE

C1 ATE∗

S1 + ηC2TES2TEATM
C3 ATE

C2 ATE∗

S2

]
, (7)

dATM
C2

dz
=

1
2

[
ΓgTM

C2

1 + P/Psat
(1 − iα) − αint

]
ATM

C2

− 1
2

ΓgTM
C2

1 + P/Psat

[
(ηC2TMS1TM |ATM

S1 |2 + ηC2TMS2TM |ATM
S2 |2

+ ηC2TMS3TM |ATM
S3 |2 + ηC2TMC3TM |ATM

C3 |2

+ ηC2TMC4TM |ATM
C4 |2)ATM

C2 + ηS1TMC3TMATM
C4 ATM

S1 ATM∗

C3 + ηS2TMS1TMATM2
S2 ATM∗

S1

+ ηS2TMS3TMATM
C4 ATM

S2 ATM∗

S3 + ηS2TMC3TMATM
S3 ATM

S2 ATM∗

C3 + ηS3TMC3TMATM
S2 ATM

S3 ATM∗

C3

+ ηC4TMS3TMATM
S2 ATM

C4 ATM∗

S3 + ηC4TMC3TMATM
S1 ATM

C4 ATM∗

C3 + ηS1TEC1TEATM
S2 ATE

S1 ATE∗

C1

+ ηS2TES1TEATM
S2 ATE

S2 ATE∗

S1 + ηS2TEC1TEATM
S1 ATE

S2 ATE∗

C1

]
, (8)

dATM
C3

dz
=

1
2

[
ΓgTM

C3

1 + P/Psat
(1 − iα) − αint

]
ATM

C3

− 1
2

ΓgTM
C3

1 + P/Psat

[
(ηC3TMS1TM |ATM

S1 |2 + ηC3TMS2TM |ATM
S2 |2 + ηC3TMS3TM |ATM

S3 |2

+ ηC3TMC2TM |ATM
C2 |2 + ηC3TMC4TM |ATM

C4 |2)ATM
C3 + ηS1TMS2TMATM

S3 ATM
S1 ATM∗

S2

+ ηS1TMC2TMATM
C4 ATM

S1 ATM∗

C2 + ηS2TMC2TMATM
S3 ATM

S2 ATM∗

C2 + ηS3TMS2TMATM
S1 ATM

S3 ATM∗

S2

+ ηS3TMC2TMATM
S2 ATM

S3 ATM∗

C2 + ηS3TMC4TMATM2
S3 ATM∗

C4 + ηC4TMC2TMATM
S1 ATM

C4 ATM∗

C2

+ ηS1TES2TEATM
S3 ATE

S1 ATE∗

S2 + ηS1TEC2TEATM
C4 ATE

S1 ATE∗

C2 + ηS2TEC2TEATM
S3 ATE

S2 ATE∗

C2

+ ηC1TES1TEATM
S3 ATE

C1 ATE∗

S1 + ηC1TES2TEATM
C4 ATE

C1 ATE∗

S2

]
, (9)

dATM
C4

dz
=

1
2

[
ΓgTM

C4

1 + P/Psat
(1 − iα) − αint

]
ATM

C4

− 1
2

ΓgTM
C4

1 + P/Psat

[
(ηC4TMS1TM |ATM

S1 |2 + ηC4TMS2TM |ATM
S2 |2 + ηC4TMS3TM |ATM

S3 |2

+ ηC4TMC2TM |ATM
C2 |2 + ηC4TMC3TM |ATM

C3 |2)ATM
C4 + ηS2TMS1TMATM

S3 ATM
S2 ATM∗

S1

+ ηS3TMS1TMATM
S2 ATM

S3 ATM∗

S1 + ηS3TMS2TMATM
C2 ATM

S3 ATM∗

S2 + ηS3TMC3TMATM2
S3 ATM∗

C3

+ ηC2TMS1TMATM
C3 ATM

C2 ATM∗

S1 + ηC2TMS2TMATM
S3 ATM

C2 ATM∗

S2 + ηC3TMS1TMATM
C2 ATM

C3 ATM∗

S1
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+ ηS1TEC1TEATM
S3 ATE

S1 ATE∗

C1 + ηS2TES1TEATM
S3 ATE

S2 ATE∗

S1 + ηS2TEC1TEATM
C3 ATE

S2 ATE∗

C1

+ ηC2TES1TEATM
C3 ATE

C2 ATE∗

S1 + ηC2TES2TEATM
S3 ATE

C2 ATE∗

S2

]
. (10)

ùp, Aj ��1|�úÌCz, P =
∑

j

|Aj |2 �

1 i � f ã ¥ o � 1 õ Ç, Γ � � � Ï f, αint

� SOA �SÜ�ÑXê, gj �1 i fã¥1Å
�á�OÃXê, Psat � SOA ��ÚõÇ, α �1
6f�ÝóÄÚå��°OrÏf, ηjj′(j 6= j′)

� FWM ÍÜÏf, �L FWM 1Å�m���5
�p�^.

�Ä
 ASE �°�Ì©Ù, r�� ASE Ì°
l λ1 � λm ©� m ã, b� ASE �3©á�Å�
þ�3. 3 SOA �1 i fã, Å�� λj � ASE �
DÑ�§�L«�

±
dW±

j (z, t)
dz

=[Γg(N,λj) − αint]W±
j (z, t)

+ 2ΓRst(N,λj)
hc2

λ3
j

, (11)

Ù ¥, Wj(z, t) � õ Ç Ì � Ý, ü   � W/nm;

Rst(N,λj) �31 i fã!Å�� λj �É-u
�Xê; h �ÊK�~ê; c �1�.

£ã SOA ¥16fCz��Ç�§�

dN

dt
=

I

ewdL
− (c1N + c2N

2 + c3N
3)

−
∑

j

gj
Gj − 1
lnGj

|Aj |2λj

hcwd

−
m∑

j′=1

gj′

[
2gj′

ḡj′

(
Gj′ − 1
lnGj′

− 1
)

+
Gj′ − 1
lnGj′

∆λ(W+
j′ + W−

j′ )λj′

hcwd

]
(j = S1TE,S2TE,C1TE,C2TE,S1TM,

S2TM,S3TM,C2TM,C3TM,C4TM), (12)

Ù¥, I �5\>6, e �>f>þ, L, w Ú d ©
O� SOA k«��!°Úp, C1, C2, C3 ©O
�"�ÚÐ¼¥%Úå��Ë�EÜXê!Ë�
EÜXêÚ Auger EÜXê, gj Ú Gj ©O� λj

3 SOA 1 i fã¥�ÀOÃXêÚ²L1 i fã
¼��OÃ.

3 (J9©Û

|^ïá�°�nØ�., ±Äu SOA �R
�VÄ$ FWM .�1Å�=�ì�~, �[ï
Ä
 SOA ¥R�VÄ$ FWM �A±9ù«Å
�=�ì�=�5U. Ñ\&Ò1 S2 �¥%Å�
� 1551 nm, Ñ\&Ò1²þõÇ� −20 dBm, Ñ\
�1'� 15 dB; üÑ\ëYÄ$1 S1 Ú S3 �Å
�� 1550 Ú 1540 nm, ²þõÇÑ� −15 dBm; Ñ
\&Ò1 S2 ÚÄ$1 S1 �m� �Y�� 45◦.

XÃAÏ`², þãëêØC, Ù¦O�¤^�ë
ê��©z [12] �Ó.

du C3TM ´R�VÄ$ FWM �A�)�
1, ¿���
Ñ\&Ò1�rÝÚ� &E, �
±¢yß²�Å�=�. Ïd, e¡ïÄÑÑ=�
1 C3TM �õÇ!=��ÇÚ�1'�Ñ\&Ò
1�üÄ$1õÇ!üÄ$1�&Ò1�m�Å
���þÚÑ\&Ò1 ����ó�ëê�C
z�¹.

ã 2 �Ñ
ÑÑ=�1�õÇ!=��ÇÚ
�1'�Ñ\&Ò1õÇ�Cz�¹. 3 SOA ¥,

R�VÄ$ FWM ��ÇdÑ\1õÇÚ SOA �
OÃüö�p�^�Óû½, =�1�1õÇ�Ñ
\&Ò1õÇÄ�¤�'. Ïd, �Ñ\&Ò1'
�f�, SOA ÿ����Ú, OÃA�ØC, d��
XÑ\&Ò1�Or, ÑÑ=�1��Or; ?�
ÚOrÑ\&Ò1, SOA Ò?u��ÚG�, OÃ
eü, ��ÑÑ1m©~f, Xã 2(a) ¤«. Ïd,

�XÑ\&Ò1õÇ�Or, =��Çk�úeü,

,�×�eü, Xã 2(b) ¤«.

ã 2(c) �=�1��1'�Ñ\&Ò1õÇ
�Cz�¹. �=�1� “0” �, �XÑ\&Ò1
�Or, SOA Ñ?u��ÚG�, OÃA�ØC. ¤
±=�1ÑÑ� “0” �õÇ�Ñ\&Ò1õÇ�
O�O�. �=�1� “1” �, �XÑ\&Ò1
�Or, SOA dØ�ÚG�?\�ÚG�, OÃe
ü, ��=�1ÑÑ� “1” �õÇ�Ñ\&Ò1õ
Ç�O�eü. Ïd, �XÑ\&Ò1õÇ�O
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r, =�1��1'k�ú~�, ,�×�~�.

ã 3 �Ñ
ÑÑ=�1�õÇ!=��ÇÚ
�1'�Ñ\Ä$1 S1TE õÇ�Cz�¹. l
ã 3(a) �±wÑ, �XÄ$1 S1TE õÇ�Or, =
�1kO��~�. ùÌ�´du=�1�1õÇ
�Ñ\Ä$1 S1TE �õÇÄ�¤�'. �Ñ\Ä
$1 S1TE '�f�, SOA ?u��ÚG�, d��
XÑ\Ä$1 S1TE �Or, ÑÑ=�1��Or;

?�ÚOrÑ\Ä$1 S1TE, SOA Ò?u��Ú
G�, OÃeü, ÑÑ=�1m©~f. ù���

�XÄ$1 S1TE �Or, =��ÇkO��~�,

Xã 3(b) ¤«.

ã 2 ÑÑ=�1õÇ!=��ÇÚ�1'�Ñ\&
Ò1 S2 õÇ�Cz (a) ÑÑ=�1õÇ; (b) =��Ç;

(c) �1'

l 3(c) �±wÑ, �XÄ$1 S1TE õÇ�O
�, �1'Cz�~�. �Ñ\Ä$1 S1TE '�f

�, =�1� “0” Ú “1” ü«�¹e, SOA ÑØ�
Ú, OÃÄ���; �XÑ\Ä$1 S1TE �Or,

=�1� “0” Ú “1” ü«�¹e, SOA Ñ?u�Ú
G�, OÃ���Ø�. Ïd, �XÄ$1 S1TE õ
Ç�O��1'A�ØC.

ã 3 ÑÑ=�1õÇ!=��ÇÚ�1'�Ñ\Ä$
1 S1TE õÇ�Cz (a) ÑÑ=�1õÇ; (b) =��Ç;

(c) �1'

=�1õÇ!=��ÇÚ�1'�Ñ\Ä
$1 S3TM õÇ�Cz�¹Xã 4 ¤«. �Ä$
1 S1TE õÇ�K�aq, �XÑ\Ä$1 S3TM

õÇ�O�, =�1õÇÚ=��Ç�Ñ´kO�
�~� (Xã 4(a) Ú (b) ¤«), �1'A�ØC (X
ã 4(c) ¤«). Ïd, éuÑ\Ä$1 S1TE Ú S3TM,

§��õÇÀ��3���Z�.

�½Ñ\&Ò1ÚÄ$1 S3TM �Å�©O
� 1551 Ú 1540 nm, UCÄ$1 S1TE �Å�, l

084209-6



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 8 (2012) 084209

UCÑ\&Ò1ÚÄ$1 S1TE �Å���þ.

ã 5(a) �Ñ
=�1õÇ�Ñ\&Ò1ÚÄ$
1 S1TE �Å���þ�Cz�¹. lã 5(a) �±
wÑ, �Ñ\&Ò1ÚÄ$1 S1TE �Å���þ
O��, =�1�õÇ:ìeü. =�1 C3TM Ì
�´d S1TE Ú S2TE /¤�1»Ñ� S3TM �)
�, 3Ñ\&Ò1ÚÄ$1 S1TE �Å���þ�
��¹e, �mL§16f�ÝóÄ�AÓÌ�/
 , 3��þ���¹e, ¯��SL§16f\
9Ú1Ì��ÓÌ�/ , �SL§'�mL§
f, Ïd FWM �A�Å���þ�O�×�~
f. ù���
�XÑ\&Ò1ÚÄ$1Å���
þ�O�=��Çeü, Xã 5(b) ¤«. l 5(c) �
±wÑ, �XÑ\&Ò1ÚÄ$1 S1TE Å���
þ�O��1'A�v�oUC.

ã 4 ÑÑ=�1õÇ!=��ÇÚ�1'�Ñ\Ä$
1 S3TM õÇ�Cz (a) ÑÑ=�1õÇ; (b) =��Ç;

(c) �1'

ã 5 �&Ò1ÚÄ$1 S3TM �Å�©O� 1551

Ú 1540 nm �, ÑÑ=�1õÇ!=��ÇÚ�1'
�Ñ\Ä$1 S1TE Å��Cz (a) ÑÑ=�1õÇ;

(b) =��Ç; (c) �1'

�½Ñ\&Ò1ÚÄ$1 S1TE �Å�©O
� 1551 Ú 1550 nm, ¦Ä$1 S3TM Å�3 1530

� 1570 nm ��SCz, ±UCÑ\&Ò1ÚÄ$
1 S3TM �Å���þ. ã 6(a) �Ñ
=�1õ
Ç�Ñ\Ä$1 S3TM Å��Cz�¹. lã 6(a)

�±wÑ, �Ñ\Ä$1 S3TM �Ñ\&Ò1�
�þO��, =�1õÇ��~�. O�Ñ\&Ò
1ÚÄ$1 S3TM �Å���þ, �,d�Ñ\
&Ò1ÚÄ$1 S1TE �Å���þØC, é�)
=�1kÌ��z� FWM L§vkK�, �é�
)=�1k�f�z�ü� FWM L§¬k¤K
�, = S3TM, S2TM /¤�1»Ñ� S1TM, S3TM,

C2TM /¤�1»Ñ� S2TM(� (9) ª), l¦=
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�1õÇ~�. ��éuÑ\Ä$1 S1TE �Ñ\
&Ò1��þ�K�, ~��ÌÝ���õ. Ïd,

=��Ç�Ñ\Ä$1 S3TM �Ñ\&Ò1��
þ�O�CzØ�, Xã 6(b) ¤«. ù�©z [6, 7]

¥�(J��. lã 6(c) �±wÑ, �XÑ\&Ò
1ÚÄ$1 S3TM Å���þ�O�, �1'�A
�ØC.

ã 6 �&Ò1ÚÄ$1 S1TE �Å�©O� 1551

Ú 1550 nm �, ÑÑ=�1õÇ!=��ÇÚ�1'
�Ñ\Ä$1 S3TM Å��Cz (a) ÑÑ=�1õÇ;

(b) =��Ç; (c) �1'

3R�VÄ$ FWM �A¥, Ñ\&Ò1� 
���´?¿�, §�Ä$1 S1TE �3�� �
Y�. ïÄ=�1õÇ!=��ÇÚ�1'�Ñ
\&Ò1ÚÄ$1 S1TE � �Y��Cz�¹,

lïÄÑ\&Ò1 ���éR�VÄ$ FWM

�A�K�. ã 7(a) �Ñ
=�1õÇ�Ñ\&
Ò1ÚÄ$1 S1TE � �Y��Cz�¹. l
ã 7(a) �±wÑ, �X �Y��O�, =�1õ

Çk�ú~�, ,�:ì~�. �XÑ\&Ò1Ú
Ä$1 S1TE � �Y��O�, =��Ç�=�
1õÇ�Czª³aq, k´A�ØC, ,�m©
~�, ��:ì~�, Xã 7(b) ¤«. Ïd, R�V
Ä$ FWM �A3é���SéÑ\&Ò1� 
�Ø¯a. ù�©z [6, 7] ¥�(J��. lã 7(c)

�±wÑ, �1'�XÑ\&Ò1ÚÄ$1 S3TM

Å���þ�O�A�ØC.

ã 7 ÑÑ=�1õÇ!=��ÇÚ�1'�Ñ\&Ò
1ÚÄ$1 S1TE � �Y��Cz (a) ÑÑ=�1õ
Ç; (b) =��Ç; (c) �1'

4 ( Ø

�©ïá
Ñ\&Ò1 ���?¿�¹
e SOA ¥R�VÄ$ FWM �A���°�nØ
�.. ±Äu SOA ¥R�VÄ$ FWM ��1Å
�=��~, ÏLê��[��{é SOA ¥R�
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VÄ$ FWM �AÚÅ�=�5U?1
nØï
Ä, ©Û
Ñ\&Ò1õÇ!üÄ$1õÇ!Å�
±9&Ò1 ��éÑÑA5�K�. ïÄ(JL
²: SOA ¥R�VÄ$ FWM �A�)�=�1�
XÑ\&Ò1Úü�Ä$1�CzÑ´kOr�
~f; Å�=��Ç�Ñ\&Ò1�Ork�úe
ü, ,�×�eü, �XüÑ\Ä$1�OrkO
��~�, �1'�Ñ\&Ò1�Or~�, �
A�ØÉüÄ$1õÇCzK�. Ïd, éuüÑ

\Ä$1�3X�ZõÇ�. �,�Ñ\&Ò1Ú
Ä$1 S1TE �Å���þO��, ÑÑ=�1õ
ÇÚ=��Ç��:ìeü, ��Ñ\&Ò1�Ä
$1 S3TM �Å���þO��, ÑÑ=�1õÇ
���ÌÝ~�, =��ÇCzØ�, �1'A�
ØC. ¤±, |^ SOA ¥�R�VÄ$ FWM �A
�±*�Å�=���. R�VÄ$ FWM �A3
é���SéÑ\&Ò1� �Ø¯a.
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Abstract

A comprehensive broad-band model of orthogonal dual-pump four-wave mixing (FWM) in semiconductor optical amplifier (SOA)

is presented in the case of the polarization state of the input signal being arbitrary. By performing numerical simulation and taking the

all-optical wavelength conversion based on orthogonal dual-pump FWM in an SOA for example, the effects of the input light powers,

frequency detuning and polarization state of the input signal on the orthogonal dual-pump FWM and the performances of wavelength

conversion are theoretically investigated.

Keywords: orthogonal dual-pump four-wave mixing, semiconductor optical amplifier, all-optical wavelength con-
version, conversion efficiency

PACS: 42.65.−k, 42.65.Hw, 42.79.Nv

* Project supported by the National Natural Science Foundation of China (Grant No. 60707006) and the Natural Science Foundation of Institution

of Higher Education of Jiangsu Province, China (Grant No. 09KJB510009).

† E-mail: lplthl@sohu.com

084209-10


