
 1

������� (�	
 : ������

����������������

��������� 

 

� !"#$%&'(�)*+,

-./01234��(SCM)��56

+789:*�;<=;>?@�A;5

B��('CDEF�������

(EDFA) - 1550nm:GHGI�*JK,

��*��(LMNOP 206 3089

*QRS, TU'VW6+789�AX

*5B��LY'4Z[\]*^_`

a@b@(point-to-point)* SONET /SDH 

+,5B�� , c'd4  super-headend 

d�e*E�f0g�hijk�Zl

*mnop�qr*#$s@dtu��

������vqw,GI  (self-phase 

modulation, SPM) � : x w , G I

(external-phase modulation, EPM )����

� (fiber dispersion) -y>EDFAz{|

*}1~xb SCM ��*��-5BR

S*O�����z�`*#$����

������f���� 

 

���� ( keyword : SCM system, 

EDFA, nonlinear fiber optical system, fiber 

dispersion, dispersion compensation ) 

The goal of this project is to transport a 

large number of subcarrier-multiplexed 

(SCM) analog (AM-VSB) and digital 

(M-QAM) video signals over a >200km 

long distance conventional single-mode 

fiber. We plan to use a high-power 

erbium-doped fiber amplifier (EDFA) 

together with two in-line EDFAs whose 

output power can be adjusted between 

15-20 dBm. We will focus our studies on 

the effect of self-phase modulation (SPM), 

external phase modulation (EPM), fiber 

dispersion and ASE noise accumulation due 

to cascade EDFAs in optically nonlinear 

systems (nonlinear mainly sue to the high 

power EDFAs). Our approaches include 

experimental and theoretical studies, and 

building computer simulation models. 
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Design of a long-distance (>200km) subcarrier-multiplexed lightwave system transporting 

multi-channel (>100 ch.) video signals 

 !é3 : NSC87-2215-E009-002 

êëáO : 86/08/01 – 88/07/31 

ìíî : ïðñ òóôæ�¶f2� õö 

÷øìíî :  



 2

ùú67;åp4«* 64-QAM 012

3ð¥û5ä¨+7894«�4«zj

-*��#$¸LYZE�ü\Ý¸Ñý

þ�¡¢+,£¤����*#��

°�¸qrßáu£¤ SCM ����E

Î=E�*��� 

 
��#$��-|Å 

#$��: 

1. ÃÀ�� 

	��Á*®ÂÀ��[7-9]̧ qrÆ

pvqw,GI (SPM)x«����

(dispersion)z{|*�ÇÈÉ(CSO)
O

� 1.55um repeaterless��:GH��

5B��z'¨©*ÊËRS��8H%

�: 

2

220

2

2

)(
22

1
                       

)(












⋅Ω⋅⋅⋅⋅

π
λ⋅

×=Ω

Lz
A

P
nkD

c
m

NCSO

eff

CSOSPM  

��* m "�;åp*�GI��¸

λ�c�D�n2��"�*£�¢���

���-��������+�P0/Aeff"

����*��¸Ω"å�¸NCSO "

product count¸ 22 /)1()( α−+α= α− L
eLLz ¸��*

L "��*£�¸α"��*���Tb
Py>EDFA*��%Åqr�ç��

Ó�X¸«�8H��¥4�ü¸¼��

� � � * )(2 Lz � |  

( ) ( )∑
−

=
α− ⋅−⋅−+ 1

1

2/2
/)()1(

N

i

NL
NLiNzeLz �[8] 

�T4«*8HmEÎ=*Ï�Ð

Ñ�Ò»®ÂÀ��*��ÄÅ-qr

v×*��ÄÅÓE�ÔÕÉ¸P"qr

nÖÛf�ØcÜÙ*+Ý��� 

 

2. f�+Ý�� 

qr*+Ý����"�ü split-step 

Fourier transform method�`X*å�d

262.144 GHz¸d*"'� zE*�!

|"¸#$+,`Xz{|*å!s%� 

3. 5B���� 

��*&"¸'(%)�z*�qr

*���| repeaterless- repleatered�;

&"�u repeaterless*���¸qr¼ü

�;+����(booster EDFA)�:GH

*���"�;E,-w,GI�*

Mach-Zehnder interferometer (MZI) GI

��.��*�e£��/-B01�

��" 1551.7 nm, 1MHz - 8.6 dBm�w

,*GI"x�;2å*13u 1.9GHz� 

3.8GHz - 5.7GHz¸TGI3+��d

3.9� 3.9 - 1.3�¥4¨©* SBS threshold

d 17dBm�78 ;��*13� matrix 

generator 45¸6>x© MZI GI�¸

;åp*GI��d 2.8%� 

u repleatered 5B��*���̧ q

rüF7; in-line EDFAs����.��

*�e£��/-B01���"

1561.1 nm, 2MHz - 8 dBm�����

*£�" 60 89¸��*B�1��8

¥4� EDFA+*9:�°G; u̧A<

qr"=>?@¥4����*��¸A

B��z?©*���d 0dBm¸CD

"EP 12dBm�qr:x�; 1.9GHz2

å*w,GI©,-*w,GI��¸Þ

�FILø*w,GI3+(β)qr¥4

#$ SPM� EPM*GHIð����q

røñºJK�åp*�ÇÈÉ°ÙÚ

à)*ÄÅL
E SBS*IðL°[13]� 

 
#$|Åt 

b repeaterless*��̧ )�M*"Ê

É*K 78 åp*�ÇÈÉbLø*��

B�1�- 64�74�87 �NLø*��

£�*�O�qr¥4�©�»îÀ��

*8HmzB©*�P�/QR�¸T�

+Ý��zB©*m/Q��¸TÑ��

�z)©*Ý/QSH�qrTU©uÒ

»*®ÂÀ�[7-9]*���¸V�E� 

EPM¸Y"ÐWE��xF EPM 
EX

&���A¥'"Ò»*À�zØ*��

�¸perturbation ¼E©K�Ç*YZ

[10]¸Tqrw2 SPM� EPM[Hz{



 3

|* CSO "°vc¡Ç*���Ið�

TÑAÔ���*IðL'\û]^¸_

�"` (1)5BRSÎ£a(2) β Î¡a(3)

w,GI*å�Î¡�A�@C¥4�)

�-)7*ÄÅ°x4C��)�*ÄÅ

"bc)�*��'(¸�N��*£

�-���*����" 60 89-

12dBm�è£�" 30089�qr¥4�

©¼E`w,GI3+(β)Q8(%β=2.5

< 3.0)-RSQQ(%8P 20089)ñ¸

8H�zB©*ÝdeÙ�Tf��g¸

Lh β -RSËi¸+Ý��*ÝÓ¥

4j��ÝSHBw`@�qr¥4TU

©` β = 0¸�8H�zB©*Ýj+Ý

��zB©*ÝSHB�k@�)7"+

Ý��*ÄÅ¸qrlβ=2.5¸FIGI

*å�	 1.9GHz© 6GHz�qr¥4�©

`GIå�EP 6GHzñ¸mARS¼E

2089̧ ��*ÄÅ�8HmÓÉnÎ�

(o 4 dB)�b 4GHz- 1.9GHzTp¸`

RS���P 40 89- 120 89ñ¸�

�*ÄÅ�8HmCqrEÎ�*Én� 

V�:xw,GIs�¥4jt*

SBS thresholds¡[12]¸Y"�)��)

7*ÄÅqr¥4��bLø*��£

�-B����
uu�;vÖ*w,

GIÝAB CSO Ê8�A;ÄÅwx¥

4ü°`yz{ SPM z{| CSO *�

���TO�;|��*Ê�5BRS*

ÌÍ��  (1) B�1�}�8P SBS 

threshold[13] a (2) SPM + EPM + 

Dispersion { | * CSO ~ � ; (3) 

Dispersionz{|*����(subcarrier 

compression) [10]- (4) °vy> EDFA

z{|** ASE }1~�…Ó"}��

���*ÌÍ� 

dFjt SBS threshold¸EPM wx

"L¥<�¸TÑs�s@�Tf��

g¸EPM� SPM �Dispersion Hu��

¥'A CSO I@<IÉ¸±�B��1

��5BRS�w,GIå��3+7Ó

o�*�O°nÖ¸�»V��WE�2

*8H¥4�Ù���>ro�*�

O¸Y"qr*+Ý��¥4Î�Ù�ß

à CSO *IÏ�b£RS*��æ2�

�Tp¸x EPM w`PAB.��*E

Iå/I/¸�©����*��CDc

��A��ì�D"����*���

b AM-VSB Tp¸RSL£z4��L

�sa�Tb QAMTp¸¥5*RSQ

£¸z4��
Q�s�z4b£RS*

QAM5BTpÊ@"¥4Lx EPM�{

����EAü������*�H� 

�H��4«*ÌÍ¸qr¥4�0

b:GH*��5B��Tp¸ýLxX

&*��-�����¸ 80 åp

AM-VSB¸�åp*GI�� 3%ñ¸

Ê£RSo 706 10089�øXP��¸

b QAM Tp¸ý�çWE EPM z{|

*����IðÊ£¥¨*RSod

10006 120089¸A"b����£

� 306 8089Tp� 

 

7�ÄÀ 

 

uAÂ#$���¸qr��u£R

S:GH��æ2���¸ýE EPM°

�� SBS¸�»î��0°*�P SPM

z{|* CSO *8H
L�ü¸_�"

RS£<β�*ñ��ÐÑqr��F�
;+Ý��*f���¥4ü°�Ù�

ßà SPM + EPM + dispersionz{|*�

��~��M·¸V� EPM ¥4EI�

j¡ SBS threshold¸TÑ β s�s@¸

Y">*�gIð" Dispersionz{|*

������H4«��ÌÍ*�)¸

qrßà 80åpAM-VSBÊ£RSo 70

6 10089ab QAMTp¸Ê£¥¨*

RSod 10006 120089� 

[1] W. I. Way, et al, “Simultaneous 

distortion of multichannel analog and 

digital video channels to multiple 

terminals using high-density WDM 

and a broadband inline erbium-doped 



 4

fiber amplifier,” IEEE Photon. Technol. 

Lett., Vol.2, pp.665-668 Sep. 1990. 

[2] E. Yoneda, et al, “Erbium-doped fiber 

amplifier for video distribution 

networks,” IEEE J. Sel. Areas 

Commun., Vol.8 pp.1249-1256, Sep. 

1990. 

[3] A. M. Hill, et al, Electron. Lett., vol.26, 

pp.1882, 1990. 

[4] C. Y. Kuo, “High-performance 

optically amplified 1550 nm lightwave 

AM-VSB CATV transport system,” 

Tech. Digest, paper WN2, OFC’96. 

[5] H. Dai, S. Ovadia, and C. Lin, “Hybrid 

AM-VSB/M-QAM multichannel video 

transmission over 120 km of single 

mode fiber with cascaded 

erbium-doped fiber amplifiers,” IEEE 

Photon. Technol. Lett., vol.8, 

pp.1713-1715, Dec. 1996. 

[6] K. Kikushima, et al, “Signal crosstalk 

due to fiber nonlinearity in wavelength 

multiplexed SCM-AM-TV 

transmission systems,” Post-deadline 

Digest, paper PD24, OFC’95. 

[7] M.R. Phillips, et al., IEEE. Photonics 

Technology Letters, Vol.3, No.5, May 

1991. 

[8] C. Desem,. Electron. Lett. vol 30, no 

24, pp. 2055-6, Nov. 1994. 

[9] Dogan A. Atlas, 1996 NCTA Technical 

Papers, pp.289-293. 

[10] M.R. Phillips, D.W. Anthon and K.L. 

Sweeney, OFC’96 post deadline paper 

PD17. 

[11] F. W. Willems, W. Muys and J. C. van 

der Plaats, OFC’96 Technical Digest, 

pp.281-282. 

[12] F. W. Willems, J. C. van der Plaats and 

W. Muys, Electronics letters, Vol.30, 

No.4, pp.343-345, Feb. 1994. 

[13] M. R. Phillips, OFC’97 post deadline 

paper PD23. 



 5

 

Fig. 1. Experimental Setup 
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Fig. 4. Numerically calculated and analytical CSOs 

@ channel 78 as a function o f the total fiber length in 
an equal-span, multi-stage repeatered AM-CATV 

system.  (β = 2.5 for all PM modulating tone 
f requencies. Other parameters are the same as those 

given in Fig. 3) 

Fig. 2. CSO @ channel 78 as a function of launched 
optical power into a repeaterless AM-CATV system 

with three dif f erent transmission distances: 64, 74, 
and 87 km.  Numerical results are for CSOs caused 

by both SPM and EPM ef f ects, while analytical 
results are based Eq.(1).  Key parameters include:  

OMI/ch = 2.8%, number of AM channels = 78, λ0 = 
1551.7 nm, D = 17ps/nm/km, n2 = 2×10

-20 
m

2
/W, 

fiber loss = 0.2 dB/km, and Aeff = 90µm
2
. β’s for the 

three tones at 1.9, 3.8, 5.7 GHz are 3.9, 3.9, and 1.3, 

respectively. 

Fig. 3. Measured, numerically calculated, and 

analytical CSOs @ channel 78 as a function of the 
total fiber length in an equal-span, 

multi-stage-repeatered AM-CATV system. 

Inter-stage fiber span is 60km. (OMI/ch = 3%, λ0 = 

1561.1 nm. Single tone phase modulation at 
1.9GHz. Other parameters are the same as those 

given in Fig. 2). 
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