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+,-ก./0�1#"#-$2#"3�ก24#5��$&  
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 �� ���#�JIGK#L�M�#Nก���OกE�P�ก�B��F�ก���กQก��=?I�RM�S#M%�>M�K# Four Wave Mixing (FWM) A�B 
Stimulated Brillouin Scattering (SBS) ���Mก�G
OJ#\#�B���R>��]]�= DWDM ^GC�L�ก��M���C�M��C�P�ก�B�����Mก�G
OJ#
\#M�K#\CAกK�#L�A�> 5 %#�G IGKAกR Single Mode Fiber (SMF), Dispersion Shift Fiber (DSF), Non-Zero Dispersion 
Fiber (NZDF), Non-Zero Dispersion Shift Fiber (NZDSF) A�B Dispersion Shift Fiber (DCF) ����BCBfR�>
N>
%RN>��]]�= 100GHz, 50GHz A�B 25GHz MDj�N#L�P���D"?���IGK����M ��Bf?f�
KNG�
KNM��C
N>M�K#\CAกK�A�R�B%#�G   
MDj�NM�#NA#���>\#ก���GP�ก�B��F�ก���กQก��=?I�RM�S#M%�>M�K# FWM A�B SBS \#�B���R>��]]�= DWDM    
F�กP�ก����M ��Bf?P�ก�B�� FWM A�B SBS ���Mก�G
OJ#\#M�K#\CAกK���J> 5 %#�G M�K#\CAกK�%#�G DCF Mก�GP�ก�B��F�ก 
FWM #KNC��GA�B�� R�กL���>M���^k�G?
N> SBS ���#KNC��GM%R#ก�# FO>�L�\fK�R>��]]�=IGK�BCB��>���\ก�Kก�R�M�K#\CAกK�
%#�GNj�#l ��Mf�����M�K#\CAกK�%#�G SMF, NZDF A�B NZDSF #�J#Mก�GP�ก�B��F�ก FWM ����m>ก�R�M�K#\CAกK�%#�G DCF #�J#
MD��B�� R�^ �����กG��MDN�?%�#�����L�ก�R�M�K#\CAกK�%#�G DCF A�BM�K#\CAกK�%#�G DSF Mก�GP�ก�B��F�ก FWM �m>��G 
MD��BP�ก�B��F�ก FWM Mก�G
OJ#�m>��G���G��MDN�?%�#M�R�ก�� 0 A�BF�กก��M���C�M��C�M�K#\CAกK���J> 5 %#�G �L�\fK�mKnO>  
���A������L�\fKMก�GP�ก�B��F�ก���กQก��=?I�RM�S#M%�>M�K# M%R# ก��MD���DjJ#���f#K���G��B���"�P� A�B^ �����กG��MDN�?%�# 
�L�\fKP�ก�B��F�ก FWM �G�>,  R�กL���>M��%^k�G?
N> SBS MD���
OJ# A�BกL���>N�#D��MD���
OJ# M�S#�K# 
65�$5�6'( : Four Wave Mixing, Stimulated Brillouin Scattering, Dense Wavelength Division Multiplexing 
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A Study on the Effect of Four Wave Mixing and Stimulated Brillouin Scattering of DWDM 
Transmission System in Optical Fiber 

 

Vissavavit Rachnarong  *1) and Suthichai Noppanakeepong2)  
 *  
3)  

Abstract 
 

 This paper presents a study on the effect of four wave mixing (FWM) and stimulated brillouin 
scattering (SBS) of DWDM transmission system in optical fiber by comparing the effect of five types in optical 
fibers such single mode fiber (SMF), dispersion shift fiber (DSF), non-zero dispersion fiber (NZDF), non-zero 
dispersion shift fiber (NZDSF) and dispersion compensating fiber (DCF) on 100GHz, 50GHz and 25GHz for 
frequency channel spacing. We have analyzed the advantage and disadvantage for each type of optical fiber. 
This paper is proposed the method to improve the effect of non-linear phenomena on FWM and SBS due to 
optical fiber non-linearity in DWDM transmission system by comparing the five types of optical fiber. We found 
that the effect of DCF type is shown better performance. From simulation results, it shows lower FWM power 
and threshold power. The optical fiber of DCF type is suitable for transmitted signal in short distance compare 
with other type of optical fiber. The FWM power of SMF, NZDF and NZDSF are more than DCF because of the 
chromatic dispersion less than chromatic dispersion of DCF type. On the other hand the highest FWM power 
occurs due to chromatic dispersion of DSF type equal to 0. The data analysis is indicated some parameters 
cause by the effect of non-linear phenomena such increasing the effective core area, chromatic dispersion 
(CD) which decrease FWM, increase threshold power of SBS and input power.           
Keywords: Four Wave Mixing, Stimulated Brillouin Scattering, Dense Wavelength Division Multiplexing 
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1. �
#5� 
\#�B���j�N�����]]�=GK�CA�>��ก��##�JIGK��

ก��D�|#�
OJ#NCR�>��GM�}�MDj�N�N>���ก��\%K>�#���MD���
��ก
OJ# ^GC ����KN>ก��f��ก jNMD���FL�#�# ���F�     
\#ก���R>��]]�=\fK�� R���ก�����G FO>IGK��ก��D�|#�
�B���R>��]]�= DWDM Mก�G
OJ# \#�B���R>��]]�= 
DWDM #�J �����n�R>��]]�=FL�#�#��กI�\#M�K#\C
AกK�#L�A�>MD�C>M�K#MG�C� �L�\fK�����n�R>
KN�m�FL�#�#
��กPR�#M�K#\CAกK�#L�A�>IGK��ก
OJ# A�R\#P�G�#�J�L�\fK
Mก�GP�ก�B��F�ก���กQก��=?I�RM�S#M%�>M�K#
OJ#\#    
M�K#\CAกK�#L�A�> (Rajiv et al., 2002) FO>�L�\fKMก�G  
P�ก�B���RN��B���"�H�D\#ก���R>��]]�=I�\#M�K#\C
AกK�#L�A�>Mก�G
OJ# P�ก�B��f��ก���Mก�G
OJ##�JM%R# FWM, 
SBS A�B SRS M�S#�K# (Shamim et al., 2005) M�j�N
Mก�GP�ก�B��#�J
OJ#ก}�KN>��ก��D�|#�M�K#\CAกK�#L�A�>
MDj�NAกKI
P�ก�B�����Mก�G
OJ# M�K#\CAกK�#L�A�> ��FF���##�J
M�K#\CAกK�%#�G NZDF, NZDSF A�B DCF nmกD�|#�
OJ#
��MDj�NAกKI
P�ก�B�����Mก�G
OJ#F�ก FWM G�>#�J#M��FO>IGK
�L�ก��M���C�M��C�P�ก�B�����Mก�G
OJ#F�กM�K#\CAกK�    
A�R�B%#�G ���Mก�GP�ก�B��F�ก���กQก��=? FWM A�B 
SBS (Zhang et al., 2000) MDj�N#L�P���D"?���IGK#�J##L���
��M ��Bf?f�
KNG�
KNM��C
N>M�K#\CAกK�#L�A�>A�R�B%#�G 
MDj�NM�S#A#���>\#ก��D�|#�A�Bก��NNกA��MDj�N�G
P�ก�B��F�ก���กQก��=?I�RM�S#M%�>M�K# 
 

2. 
G�H+ 
2.1 ��ก�	
�
+,-ก./0�1#I�ก Stimulated Brillouin 
Scattering (SBS) 
 SBS Mก�G
OJ#F�กP�ก�B��
N>ก��ก�BF�C
M����C#�����>
N>A�>\#M�K#\CAกK�#L�A�> ก�=�
N> 
SBS (Rajiv et al., 2002) #�J# ������D�#"?
N>�Q�ก���C�

N> �j�#A�>ก�����ก��>
N>M�K#\CAกK�#L�A�>FBM�S#A�� 
Acoustic Phonons ^GC�Q�ก���C�FBMก�G
OJ#ก��%RN>- 
��]]�=�����An� ���ก�K�>
N>��]]�=�M� ����   
A ���ก��B��= Bf∆  = 20MHz ��� ���C�� �j�# 
1.55µm ก��ก�BF�C
N>A�>F�ก��]]�= �j�#
C�C

A�B��]]�= �j�#ก�B��K#FBNCmR\#�����>��>ก�#
K�� 
G�>#�J# SBS FBI�RMก�G�Q�ก���C��Bf�R�>%RN>��]]�=�����
 ���C�� �j�#�R�>ก�#��ก F#ก�R��BCBfR�>�Bf�R�>%RN>- 
��]]�=FB�� ���C�� �j�#���A ���กก�R� Bf∆  = 
20MHz �O�>M�S#
N�M
����FL�ก�G
N> SBS ^GC SBS �L�\fK
Mก�GN����
C�C
N>��]]�=\#�����>��>ก�#
K��ก��   
�����>ก��AD�Rก�BF�CA�>
N>��]]�=  jNCKN#ก���   
�mRAf�R>กL�M#�G
N>��]]�= FB�L�\fK��]]�=����R>NNกI�
��กL���>
N>��]]�=�G�> �R>P�\fKMก�G ���M�j�N�
OJ#  
\#%RN>��]]�= ก�� L�#�= R�M���^k�G?
N>กL���> 
(Threshold Power) �����n��B��=IGK\#�m�A��
 ������D�#"?G�>#�J (Rajiv et al., 2002), (Govind P. 
Agrawal, 2002) 
 

effB

eff
th Lg

bA
P

21
≈  (1) 

 

M�j�N Bg   jN R������B���"��
N>N����
C�C��]]�=
N> 
SBS, b   jN R� ������D�#"?
N>^D��I�M�%�#
N> �j�#

C�CA�B �j�#ก�B��K#FB�� R�NCmR�Bf�R�> 1 nO> 2 
(�� ���#�JกL�f#G\fKก�=����ACR�����G b  = 1), 

effL   jN 
�BCB��>��B���"�P�, effA   jNDjJ#���f#K���G��B���"�P�

N>M�K#\CAกK�#L�A�> 

กL���>N�#D���m>��G�����n L�#�=IGKF�ก 
(Govind P. Agrawal, 2002), (Shamim et al., 2005) 
     

γ
α

100

)10ln(
)( =MaxPin

 (2) 
 

M�j�N α   jN R������B���"��ก���m]M��C\#M�K#\CAกK�#L�A�>
, γ   jN R������B���"��
N> ���I�RM�S#M%�>M�K# 
 

2.2 ��ก�	
�
+,-ก./I�ก Four Wave Mixing (FWM) 
 �B���R>��]]�= DWDM %RN>��]]�=FB
IGK���P�ก�B��F�ก FWM ���Mก�GF�กก��M����C#A��>
N>
%RN>��]]�=����� ���n��A�ก�R�>ก�#A�BM�S#��Mf��\fKMก�G
 ���M�j�N��>
N>��]]�=G�>�m���� 1 M�S#�m�A��ก��
ก�BF�C���
N> ���n��A�>M�j�N if  , jf  A�B kf  M�S#
��]]�= ���n��
N>A�>A�B FWMf  M�S# ���n��
N>
A�>���Mก�GF�กก��Mf#��C�#L�
N>��]]�=��J>��� ���n��
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M#j� N >F�กP�ก�B��
N> FWM �O� >f� IGK F�ก 

kjiFWM ffff −+=  ก��Mก�G
OJ#
N> FWM M�S#P�ก�B��
F�ก R�^ �����กG��MDN�?%�#
N>M�K#\CAกK��O�>�ก��FB�L�
\fK Mก�G ����R�>M���Bf�R�>%RN>��]]�=�����ก��
AD�Rก�BF�C ���n�����A�ก�R�>ก�# 

 

�LM
+, 1 ������ก��ก�	
���
��������
�ก���
� FWM 
 

 กL���>
N>��]]�=GK�#MN��?D����� ���n�� 

FWMf  ���Mก�GF�กก�����ก�#
N> ���n�����M�S#I�IGKM�j�N��
%RN>��]]�=\%K>�# N %RN>��]]�= �O�>�����nf�IGK
G�>#�J (Zhang et al., 2000), (Tan Saw Chin et al., 2008) 
 

∑ ∑∑
−+=

=
mjik j iffff f f

ijkFWMmFWM fPfP )()(  (3) 
 

M�j�N )( ijkFWM fP  �����n L�#�=IGKF�ก (Shuxian et 
al., 1999), (Zhang et al., 2000), (Tan et al., 2008) 
 

ijk
L

kji
eff

effijk
ijkFWM ePPP

A

Ld

cn
fP η

χ

λ
π α−











=

23

222

21024
)(  (4) 

 

M�j�N ijkd   jNN> ?��BกN����A�G>�H��B ���M�j�N�, 

iP , jP , kP   jNกL���>
N>��]]�=N�#D��
N>M�K#\CAกK�
#L�A�>��� ���n�� if , jf , kf  , λ  jN ���C�� �j�#A�>,     
n   jNG�%#�f�กMf
N> N�?, L   jN ���C��M�K#\CAกK�,     

3χ   jN R� ���I�RM�S#M%�>M�K#N�#G����� 3, c   jN ���M�}�
A�>, ijkη   jN��B���"�H�Dก�����ก�#
N> ���n��F�ก 
FWM f�IGKF�ก (Shuxian et al., 1999), (Zhang et al., 
2000) 

( ) 















−

∆
+

∆+
=

−

−

2

2

22

2

)1(

)
2

(sin4
1

L

L

ijk e

L
e

α

α β

βα
α

η
 (5) 

 

 
 
 

M�j�N β∆   jN R� ���A�ก�R�>ก�#
N> R� >���\#ก��
AD�Rก�BF�C
N> �j�#\#M�K#\CAกK�#L�A�>�O�>�����nf�
 R�IGKG�>#�J (Shuxian et al., 1999), (Zhang et al., 2000)  
 









−+−+−−=∆ )(

2

2 22

kjkikjki ffff
d

dD

c
Dffff

c λ
λπλ

β

(6) 

M�j�N D   jN R�^ �����กG��MDN�?%�#, 
λd

dD   jN ���%�#
N>

G��MDN�?%�#, if , jf , kf   jN R� ���n��\Gl\#�B�� 

 M �j� N \ %K ก � � � � B � � =  R � A � � M ก � �? M %� C #       
 ���#R�FBM�S#���%RN>��]]�=FBIGK���P�ก�B��F�ก 
FWM \#�B���R>��]]�= DWDM �����nf�IGKG�>#�J 
(Zhang et al., 2000) 
 

dt
t

P
Q

e ∫
∞









−=

2
exp

2

1 2

π
 (7) 

 

M�j�N t   jN%R�>M���, Q   jN R� SNR ���Mก�GF�กP�ก�B��

N> FWM f�IGKF�ก (Zhang et al., 2000) 
 

FWM

L

P

eP
Q

α−

= 02  (8) 
 

M�j�N 0P   jN R�กL���>
N>��]]�=A�>GK�#N�#D�� 
 

N���&
+, 1 ��������
����� !" #ก��������	$� (Shuxian et 
al., 1999), (Zhang et al., 2000) 
 

Parameters Values 
3χ ( ergcm /3 ) 6x10 15−  

 n / 1.45 

effL  (km) 20.7 
L  (km) 100 
α  (dB/km) 0.21 
c  (m/s) 3x10 8  
f (THz) 192.1-196 
λ  (nm) 1529.55-1560.61 
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N���&
+, 2 ��������
���
��%"# ��ก"�#&��%���'�	!#�(���
 !" #ก��������	$� (Shamim et al., 2005) 
 

Fiber 
Type 

effA  
( 2mµ ) 

D  
(ps/nm-km) 

λd

dD  

(ps/ 2nm -km) 
SMF 80 17 0.08 
DSF 50 0 0.06 
NZDF 72 3 0.015 
NZDSF 50 4.6 0.045 
DCF 20 -80 -0.76 

 
3. 4.P+/5�-#.#ก����ก�� 
 �� ���#�J�L�ก���OกE� (Rajiv et al., 2002), 
Mก��C�ก��P�ก�B�����Mก�GF�ก ���I�RM�S#M%�>M�K#\#ก���R>
��]]�= (Nonlinear Polarization) \#�B��ก���j�N���
��]]�= DWDM MDj�N#L�����M ��Bf?ก��Mก�G���กQก��=? 
FWM �RN���L�ก���OกE�ก��Mก�G���กQก��=? FWM A�B 
SBS �R�Mก�GP�ก�B��M#j�N>F�ก���>\G MDj�N�GP�ก�B�� 
\#ก��Mก�G FWM A�B SBS \#�B��ก���j�N���PR�#M�K#
\CAกK�#L�A�> (Shamim et al., 2005) �L�ก�� �OกE�
 �=������
N>M�K#\CAกK�#L�A�>A�R�B%#�G M%R# SMF, 
DSF, DCF, NZDF A�B NZDSF MDj�N#L� ����mK���IGKF�ก
ก���OกE�f�jN�������#���IGKF�กก���OกE� (Zhang et 
al., 2000) ���L�ก����M ��Bf?A�B�L�ก��#L�M�#N\#�m�

N>ก����M ��Bf?M%�>���M�
F�กP�ก�B��
N> FWM     
\#�B���R>��]]�= DWDM %R�> ���C�� �j�# 
1529.55 nm nO> 1560.61nm (C-Band) ������BCBfR�>
N>
%RN>��]]�= 100GHz, 50GHz A�B 25 GHz ^GCP�
ก����M ��Bf?M%�>���M�
���IGK��#�J#FBnmก#L���D�}N�M�S#
ก���^GC\%K^��Aก�� MATLAB MDj�NM���C�M��C�P�ก��
��M ��Bf?�R�>l 
 

4. ��ก����ก�� 
4.1 ก5��'&7.#RSN$L&$S/ ( max,inP ) 

 R�กL���>N�#D��
N>M�K#\CAกK�#L�A�>A�R�B%#�G 
F�ก��ก����� 2 �� R��R�>ก�#I����
#�GDjJ#���f#K���G

��B���"�P� M�j�NกL���>N�#D����กFB�L�\fK�����n�R>
��]]�=IGK�BCB��>���Iก�
OJ# F�ก�m���� 2 กL���>N�#D��
N> 

 
 

�LM
+, 2 ก&��)�
�#�*�%��%*( #�%"# ��ก"�#&��%���'�	!#�( 
 

M�K#\CAกK�#L�A�>%#�G SMF (6.4241dBm) FB��กL���>���
�m>��GM#j�N>F�ก��DjJ#���f#K���G��B���"�P��m>��G �����
GK�CM�K#\CAกK�%#�G NZDF (6.4241dBm), NZDSF = 
DSF (4.3829dBm) A�B DCF (0.4035dBm) A�BF�ก�m�
��� 3 FBMf}#�R�M�j�NDjJ#���f#K���G��ก
OJ#กL���>N�#D��ก}FB��
 R������ก
OJ#A�BM�j�N R������B���"��ก���m]M��C�� R��G�>
FB�L�\fKกL���>N�#D���� R��G�> A�R�����n�R>��]]�=IGK
\#�BCB��>���M�R�MG�� \#ก���R>A�� Single Mode #�J#M�� 

 
 

�LM
+, 3 ก&��)�
�#�*�%��%*(���������#��������+,#���$#"��)(
��	%��-��� 
 

�����nMD���DjJ#���f#K���GIGK��ก�����G��B��= 158.74 
2mµ  (a ≈ 6.4µm f�jN V< 2.405) M�R�#�J# (Shamim et 

al., 2005) MD��B�R�nK��� R��m>ก�R� R�#�JFB�L�\fKMก�Gก��
M����C#^f�GM�S# Multi Mode Mก�G
OJ# pure silica core 
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and 13.3%
32OB :86.7%

2SiO cladding) A�Rก��MD���
DjJ#��� f#K���GFB�L�\fK R�G��MDN�?%�#�� R�����m>
OJ#  
 

4.2 6%�ก5��'&-
�$TU�/V07& SBS ( thP ) 
 M�j�N�L�ก���R>กL���>����m>
OJ#FB�L�\fK�R>IGK\#
�BCB��>���Iก�
OJ# A�RnK��R>กL���>���Mก�# R�กL���>M���^k�G?

N> SBS (

thP ) A�K� FB�L�\fKMก�G���กQก��=?I�RM�S#  
M%�>M�K# SBS Mก�G
OJ# G�>#�J# ��FB��กE��BG��กL���>
N>
��]]�=\fK��L�ก�R��BG��
N> R�M���^k�G? �O�>N�FFB�KN>
�G�BCBfR�>�Bf�R�>N��ก�=?
C�C��]]�=�> F�ก�m�   
��� 4 FBMf}#�R� R�กL���>M���^k�G?
N> SBS FB�� R��m>
OJ#
M�j�N ������D�#"?
N>^D��I�M�%�# ( b ) �� R�����m>
OJ#     
FBMf}#IGK�R� R�กL���>M���^k�G?
N> SBS (F�ก��ก����� 1) 
\#M�K#\CAกK�#L�A�>%#�G SMF (6.0831dBm) �� R��m>��G
M#j�N>F�ก�� R�DjJ#���f#K���G��B���"�P�����m>��G �����
GK�CM�K#\CAกK� #L�A�>%#�G  NZDF (5.6255dBm), 
NZDSF = DSF (4.0418dBm) A�B DCF (0.0625dBm) 
����L�G�� nK� R�กL���>M���^k�G?�m>
OJ# FB�L�\fK�����n
�R>��]]�=IGK�BCB��>���Iก�
OJ# A�RnK� R�กL���>M���
^k�G?��L�ก}FB�L�\fK�����n�R>��]]�=IGK�BCB��>���\ก�K 

 
 

�LM
+, 4 �'�ก&��)����%./�(��
� SBS  #�%"# ��ก"�#&��%�
��'�	!#�( 

 
 

�LM
+, 5 �'�ก&��)����%./�(��
� SBS  #�)%(*��'�	!#�( 
 

\#�m���� 5 FBMf}#�R�M�j�N�����B���"��
N>N���� 

C�C��]]�=
N> SBS (

Bg ) �� R���ก
OJ# FB�L�\fKกL���>
M���^k�G?
N> SBS �� R������L��> G�>A�G>I�K\#����>��� 3 
�O�>���G�%#�G����ก�FB�� R������B���"��
N>N����
C�C
��]]�=
N> SBS #KNC��G FO>�� R�กL���>M���^k�G?
N> 
SBS ����m>ก�R����G�%#�GNj�#l \#�� ���#�JM��\%KM�K#\CAกK�
����L�F�ก����ก� (Rajiv et al., 2002) P�ก�B��
N> SBS #�J
�����n�n�>IGKGK�Cก��MD���I�#?��G�?
N>Af�R>กL�M#�G
��]]�=A�>^GCก�����#�BM�jN#^�M�ก��
N>M�M�N�?GK�C
 ���n��M�}ก#KNC����� ���Mf��B�� (��B��= 200MHz)  
 

N���&
+, 3 �'�ก&��)����%./�(��
� SBS  #�)%(*��'�	
!#�( (Guanshi Qin et al., 2008) 
 

Material Type 
Bg  (m/W) 

thP  mean) 
Silica 2x10 11−  3.8043mW 
Bismuth oxide 6.43x10 11−  1.1833mW 
Tellurite  1.6989x10 10−  0.4479mW 
Chalcogenide 6.08x10 9−  0.0125mW 

 
 
 
 
 
 
 
 
 

(
) 
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4.3 ก5��'&07& FWM ( FWMP ) 
 กL���>
N> FWM Mก�G
OJ#M#j�N>F�กก�����ก�#
N>
 ���n�����NCmR\ก�KM �C> �L�\fKMก�GM�S#กL���>���I�A��ก�NG
f�jN��ก�#M
K�I�\#กL���>f��ก�L�\fKMก�G���กQก��=?    
^D��I� M�%�#��� I�R M�S# M%� > M�K# Mก�G
OJ #  M�j� N�L �ก��
M���C�M��C�กL���>
N> FWM ���Mก�G
OJ#\#M�K#\CAกK�         
5 %#�G G�>�m���� 6  

 
ก 

 

 

 
  

�LM
+, 6 ������ก�'��ก&��)��
� FWM ก) �	�	$'������ 
��� 100GHz, �) �	�	$'��������� 50GHz ��	 �) �	�	 
$'��������� 25GHz 

N���&
+, 4 ก&��)��
� FWM  #�%"# ��ก"� 5 !#�( ����	�	 
$'��!'
�%);;�< 100GHz, 50GHz ��	 25GHz 
 

Fiber 
Type 

Freq. Ch. 
Spacing 

FWM 
Power 

inFWM PP /  
(%) 

SMF 100GHz 533.58pW 1.3149x10 5−  
DSF 100GHz 71.136nW 0.0028 
NZDF 100GHz 12.915nW 3.5362x10 4−  
NZDSF 100GHz 4.2117nW 1.6606x10 4−  
DCF 100GHz 4.1237pW 4.0648x10 7−  
SMF 50GHz 7.8431nW 1.9328x10 4−  
DSF 50GHz 71.804nW 0.0028 
NZDF 50GHz 68.509nW 0.0019 
NZDSF 50GHz 33.629nW 0.0013 
DCF 50GHz 66.115pW 6.5170x10 6−  
SMF 25GHz 58.193nW 0.0014 
DSF 25GHz 71.912nW 0.0028 
NZDF 25GHz 100.13nW 0.0027 
NZDSF 25GHz 66.599nW 0.0026 
DCF 25GHz 1.0101nW 9.9566x10 5−  

 

F�กก����M ��Bf?กL���>
N> FWM (��ก����� 3) 
\#M�K#\CAกK�#L�A�>��J> 5 %#�G M�j�N�L�ก����กE� R�กL���>
�R>
N>��]]�=I�R\fK�m>Mก�#ก�R� R�กL���>M���^k�G?
N> 
SBS ����BCBfR�> ���n�� 100GHz, 50GHz A�B 25GHz 
M�K#\CAกK�#L�A�>%#�G DCF Mก�GP�ก�B��F�ก R�กL���>

N> FWM #KNC��G �����GK�CM�K#\CAกK�%#�G SMF, 
NZDSF, NZDF A�B DSF ����L�G�� nO>A�K�R�M�K#\CAกK�
%#�G DCF FB��กL���>
N> FWM ���Mก�G
OJ##KNC��G A�Rก}�� R�
กL���>M���^k�G?
N> SBS #KNC��GGK�CM%R#ก�# �R�>F�ก
M�K#\CAกK�#L�A�>%#�G SMF �����กL���>M���^k�G?
N> SBS 
��ก��G �L�\fK�����n�R>
KN�m�\#�BCB��>���Iก�ก�R�   
M�K#\CAกK�#L�A�>%#�G DCF �O� >�L�\fK��BfC�G
>���B��=����L�\fK�G OA (Optical Amplifier) �>IGK 
A�BM�K#\CAกK�%#�G NZDF FBMก�GกL���>
N> FWM          
�����กก�R�M�K#\CAกK�%#�G NZDSF A�Rก}�������=���



������� ��%=�> ? A�B ���"�%�C #D#� �D>E? 
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\ก�KM �C>ก�#FO>�L�\fKI�RA�ก�R�>ก�#��ก#�ก A�RM�K#\CAกK�
%#�G NZDF #�J#��กL���>M���^k�G?
N> SBS ����m>ก�R�A�B
 R�G��MDN�?%�#�����L�ก�R�M�K#\CAกK�%#�G NZDSF G�>#�J#   
\#ก��\%K>�# ��D�F��=�\#ก��M�jNก\%KM�K#\CAกK�       
#L�A�>���Mf��B��ก��ก��\%K>�# A�BF�กก��M���C�M��C�
M�K#\CAกK���J> 5 %#�G �L�\fK�mK�R� R�กL���>
N> FWM         
FBM����C#A��>��� R�D�����M�N�?G�>#�J�RNI�#�J 

 
 

�LM
+, 7 ����%)��)#-��
�ก&��)� FWM ���������#�������
�'��+,#���$"��)(��	%��-��� 
 

4.3.1 �+,#���$#"��)(��	%��-��� (Rajiv et al., 2002 A�B
��ก����� 4) P�ก�B��F�ก ���I�RM�S#M%�>M�K#\#M�K#\C
AกK�#L�A�>FBMD���
OJ#��� ���M
K�
N>A�>\#M�K#\CAกK�
#L�A�> M�j�NกL���>
N>��]]�=A��PกP�#ก��DjJ#���f#K���G

N> N�?A�BกL���>
N>��]]�=��ก��ก�BF�CNNกA�� 
I�R���m�A��H�C\#DjJ#���f#K���G
N>M�K#\CAกK�#L�A�>  jN
ก��MD���DjJ#���f#K���G��B���"�P�
N>M�K#\CAกK�#L�A�>FB
�L�\fK ���M
K�A�>M����C�� R��G�> F�ก�m���� 7 FBMf}#�R�
nK�DjJ#���f#K���G��B���"�P��� R����MD���
OJ# �L�\fK R�กL���>

N> FWM �� R������L��> \#ก��NNกA���KN> L�#O>nO>     
 R�P��R�>
N>G�%#�f�กMf (∆) nK�P��R�>
N>G�%#�f�กMf     
�� R�����G�>FB�����nMD��������
N> N�?IGK��ก
OJ# A�B
DjJ#���f#K���G��B���"�P�MD�����ก
OJ# 

 
 

�LM
+, 8 ����%)��)#-��
�ก&��)� FWM ���������#�������
�'�.������ก(�%��
��!)# 
 

4.3.2 .������ก(�%��
��!)# �L�\fK R�กL���>
N> FWM     
�G�>M%R#ก�# (��ก����� 6) G�>�m���� 8 FBMf}#�R�กL���>
N> 
FWM FBMก�G��ก�����G��� R�^ �����กG��MDN�?%�#M�R�ก�� 0 
(M�K#\CAกK�%#�G DSF Mก�GP�ก�B��F�ก FWM ��ก��G) 
A�BFB�G�>M�j�N R�^ �����กG��MDN�?%�#�� R��m>
OJ# A�RnK�
 R�^ �����กG��-MDN�?%�#\#M�K#\CAกK�#L�A�>����กMก�#I�
I�RG� MD��BFB�L�\fK�m��R�>
N>��]]�=Mก�Gก��P�GMD�JC#
I�F�กMG�� A�R R�G��MDN�?%�##�J�����n�L�\fK�G�>IGKGK�C
ก��F�Gก��G��MDN�?%�#���Mf��B�� �L�f���M�K#\CAกK�%#�G 
DCF �� R�^ �����กG��MDN�?%�#M�S#��#�J#ก}MD��B 
(Shamim et al., 2005) �� R�P��R�>
N>G�%#�f�กMf����m>  
�L�\fK R�M��IกG?G��MDN�?%�#�� R������L� M�j�N R�M��IกG?     
G��MDN�?%�#�� R���L��L�\fK R�^ �����กG��MDN�?%�#�� R���G�� 
4.3.3 ��������
��%"# ��ก"� M�j�N�� R���ก
OJ#�L�\fK
กL���>
N> FWM ��กL���>>�#�����L��> (��ก����� 4) G�>#�J#
M�j�NกL���>�� R��G�>M#j�N>F�ก ���C��
N>M�K#\CAกK�
��ก
OJ#ก}FL�M�S#���FB�KN>MD��� R�กL���>
OJ# A�Rก��MD���
N>
กL���>��
�GFL�ก�G��� R�กL���>M���^k�G?
N> SBS G�>#�J# ��
FB��กE��BG��กL���>
N>��]]�=\fK��L�ก�R��BG��
N> R�
กL���>M���^k�G?
N> SBS �O�>N�FFB�KN>�G�BCBfR�>
�Bf�R�>N��ก�=?
C�C��]]�=�> 
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4.3.4 ก&��)�
�#�*� M�j�N�� R���ก
OJ# R�กL���>
N> FWM #�J#
ก}FB�� R�����m>
OJ# (��ก����� 4) A�RnK�กL���>N�#D���� R�
#KNC�>ก}�L�\fKกL���>
N> FWM #KNC�>GK�C 

 
 

�LM
+, 9 ����%)��)#-��
�ก&��)� FWM ���������#�������
�'��	�	$'����������
�!'
�%);;�< 
 

4.3.5 �	�	$'����������
�!'
�%);;�< M�j�N�� R���ก
OJ# 
�L�\fKกL���>
N> FWM �� R��G�> (��ก����� 6) A�R\#ก��
MD��� ���F�
N>%RN>��]]�=FL�M�S#���FB�KN>�G�BCBfR�>
 ���n��
N>%RN>��]]�=�> F�ก�m���� 9 FBMf}#�R�M�j�N
��N#กL���>N�#D��
N>A�R�BM�K#\CAกK��� R�M�R�ก�# M�K#\C
AกK�%#�G DCF �� R�กL���>
N> FWM �m>��G����BCBfR�>
N>
 ���n��M�R�ก�� 0 MD��B�R�M�K#\#AกK�%#�G DCF #�J#         
��DjJ#���f#K���G��B���"�P����#KNC�����G A�RM�j�N�BCBfR�>
 ���n��
N>%RN>��]]�=�� R���ก
OJ# FBMf}#IGK�R� R�
กL���>
N> FWM 
N>M�K#\CAกK�%#�G DCF #�J#�� R���L���G 
M#j�N>F�ก R�G��-MDN�?%�#
N>M�K#\CAกK�%#�G DCF #�J#     
�� R�����m>��G �L�\fKกL���>
N> FWM �� ���%�#�����G FBMf}#
�R�M�K#\CAกK�%#�G DCF ก��M�K#\CAกK�%#�G DSF #�J#       
�� R����A�ก�R�>ก�#%�GMF# MD��B�R� R�G��MDN�?%�#
N>M�K#
\CAกK�%#�G DSF M�R�ก�� 0 ( ���%�#M�R�ก�� 0) 
4.3.6 ()!#�$)ก�$ \#ก��NNกA��M�K#\CAกK�#L�A�> 
(Shamim et al., 2005) M�j�N R�P��R�>
N>G�%#�f�กMf      
�� R����#KNC�> FB�����nMD���DjJ#���f#K���G��B���"�P�   
\fK�� R���ก
OJ#IGK (V< 2.405)  
4.3.7 %)���	%��-�=ก��%�;�%�� #�%"# ��ก"�#&��%� FB
D�F��=�IGKF�ก�m���� 3 A�B
KN 4.3.4 M�j�N�����B���"��ก��

�m]M��C�G�>FB�L�\fKกL���>N�#D���G�>A�BM�j�NกL���>
N�#D���G�>FB�L�\fKกL���>
N> FWM ��L��> 
 

4.4 64�\#%�I	-M]#
+,^%7&$'((�)I	_/2�'���     
ก�	
�I�ก FWM ( eP ) 
  ���#R�FBM�S#���%RN>��]]�=FBIGK���P�    
ก�B ��F�ก FWM \#�B���j�N��]]�= DWDM M�S#���
��G R���]]�=��ก�#���Mก�GF�ก���กQก��=? FWM �R���
�����=�����ก#KNCMD�C>\G M�j�NM��C�ก�� R�กL���>
N>
��]]�=A�>GK�#N�#D�� P���D"?
N> ���#R�FBM�S#���
%RN>��]]�=IGK���P�ก�B��F�ก FWM #�J#FB�� R�
OJ#NCmR
ก�� R�กL���>
N> FWM M�j�N�L�ก��M���C�M��C� ���#R�FB
M�S#���%RN> ��]]�=IGK���P�ก�B��F�ก FWM ���Mก�G
OJ#
\#M�K#\CAกK�#L�A�> 5 %#�G IGKP�G�>�m���� 10 

 
ก 

 

 



������� ��%=�> ? A�B ���"�%�C #D#� �D>E? 
 

270 

 
  

�LM
+,  10 ������ก�'���
�����#'�
	��>#���!'
� 
%);;�<
	?("�)���ก�	��
�ก FWM ก) �	�	$'��
������� 100GHz, �) �	�	$'��������� 50GHz ��	 �) 
�	�	$'��������� 25GHz 
 

 F�กก���� M ��Bf? R� ���#R�FBM�S#���%RN> 
��]]�=IGK���P�ก�B��F�ก FWM Mf}#IGK�R�M�j�N
�BCBfR�> ���n��
N>%RN>��]]�=�� R�����G�> FB�L�\fK 
 R� ���#R�FBM�S#���%RN>��]]�=FBIGK���P�ก�B��F�ก 
FWM �� R�MD���
OJ# (C��>กL���>
N> FWM C��>��ก FB�L�\fK
��B���"�H�D\#ก���R>
KN�m�Mก�G ���P�GD��G��ก
OJ#) 
A�G>�R�กL���>
N> FWM �� R��m>
OJ#M�j�NM��C�ก��กL���>
N�#D�� A�BFBMf}#�R�M�K#\CAกK�%#�G DCF #�J#�� R� ���
#R�FBM�S#���%RN>��]]�=IGK���P�ก�B��F�ก FWM #KNC��G 
�����GK�CM�K#\CAกK�%#�G SMF, NZDSF, NZDF A�B 
DSF ����L�G�� G�>#�J#M�j�NกL���>
N> FWM �� R���ก     
FB�L�\fK R� SNR �� R�#KNC A�BM�j�N R� SNR �� R�#KNCFB
�L�\fK R� ���#R�FBM�S#�� R���ก A�B\#��>��>ก�#
K��  
ก}M%R#MG�C�ก�# (Gm��ก����� (7), (8)) 
 G�>#�J#ก����� M��FB\%K>�#�B���R>��]]�= 
DWDM ����KN>ก��\fKMก�GP�ก�B��F�ก FWM #�J#�� R����
CN����IGK M���KN> L�#O>nO>���A�����IGKก�R��I�K\#
K�>�K# 
MDj� N#L � I�D�F��=�ก���GP�ก�B��
N>ก��Mก�G
���กQก��=? FWM IGK �L�\fKM �jN
R�C���������n#B�m>
OJ#
 jN��N�������P�GD��G��L�, �R>กL���>��]]�=IGK�m>
OJ# 
A�B���BCBfR�>�Bf�R�>N��ก�=?
C�C��]]�=A�>Iก�
��ก
OJ# 

5. $�SM��ก����ก�� 
 F�กก���OกE�P�ก�B�� FWM A�B SBS ���     
Mก�G
OJ#\#M�K#\CAกK���J> 5 %#�G#�J#FB����IGK�R�M�K#\CAกK�
%#�G DCF Mก�GP�ก�B��F�ก FWM #KNC��G A�R�� R�กL���>
M���^k�G?
N> SBS ���#KNC FO>�L�\fK�R>IGK�BCB��>���\ก�K
ก�R�M�K#\CAกK�%#�GNj�#l (Shamim et al., 2005) nK�       
\#ก��NNกA�������n���FBMD���DjJ#���f#K���G��B���"�P�

N> DCF IGK#�J# FB�����n�GP�ก�B��
N> FWM A�B 
SBS �>IGK A�B�����n�R>กL���>IGK\#�BCB��>���Iก�
OJ#
N�กGK�C \#ก��NNกA���KN> L�#O>nO> R�P��R�>
N>G�%#�
f�กMf (∆) nK�P��R�>
N>G�%#�f�กMf�� R�����G�>FB�����n
MD��������
N> N�?IGK��ก
OJ# A�R��ก��GIGKI�RMก�G V< 2.405 
��Mf�����M�K#\CAกK�%#�G SMF, NZDF, NZDSF #�J#Mก�G  
P�ก�B��F�ก FWM ����m>ก�R�M�K#\CAกK�%#�G DCF #�J#
MD��B�� R�^ �����กG��MDN�?%�#��L�ก�R�M�K#\CAกK�%#�G 
DCF A�BM�K#\CAกK�%#�G DSF FBMก�GP�ก�B��F�ก 
FWM �m>��G MD��B R�^ �����กG��MDN�?%�#�� R�M�R�ก�� 0 
(M�j�N R�G��MDN�?%�#M�R�ก�� 0 FB�L�\fK ���A�ก�R�>
N>
ก��AD�R  ก�BF�C �j�# ( β∆ )  �� R����#KNC M�j�N ���
A�ก�R�>
N>ก��AD�Rก�BF�C �j�#�� R����#KNC FB�L�\fK
��B���"�H�Dก�����ก�#
N> ���n��F�ก FWM ( ijkη )     
�� R�����m> FB�L�\fKกL���>
N> FWM �� R�����m>) 
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