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Phase-Sensitive Amplifiers

Research on Suppressing Soliton Interaction Using
Abstract

LIN Hong-rong, YANG Ai-xia, QIAN Sheng, CHI Xiao-ling, LI Yue-hui
(Department of Communication Engineering , Nanjing University of Posts

and Telecommunications, Nanjing, Jiangsu 210003, China)

Using phase-sensitive amplifiers (PSA) as in-line amplifiers to suppress soliton interaction in soliton

Key words

transmission system was theoretically analyzed by computer simulation. For comparison, the interaction of soliton in
soliton, without additional control techniques, the interaction between solitons can be suppressed and the steady

the system using erbium-doped fiber amplifiers (EDFA) as in-line amplifiers was also simulated. The simulation

considered both average-soliton regime and dynamic-soliton regime, The results show that using PSAs instead of
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EDFAs as in-line amplifiers can effectively suppress the pulse broadening and soliton interaction. For average-
significantly.

transmission distance can be lengthened greatly. For dynamic-soliton system, PSA also has a good behavior of
[=}

suppressing soliton interaction. But after long distance transmission, the amplitude of soliton pulse descends
amplifier; solitons interaction; computer simulation

optical communication; optical soliton transmission; phase-sensitive amplifier; erbium-doped fiber
ERESRRTEGRET . AT RERENE

fRA R, W 18 13 45 7 AR BN ok b 1] 19 18] B (P 42 o
fRIEE ), R A H 0 2 A (OTDM)  #7r & A

FET B SRR 518 2 T ROBS 51 R A B INT [H] B9
FAE AR IRT- B TE R A W A, A4 i 4 B AL, F2

HE TR, e m g E™ . B, R BRIl

(WDMDSFHE ARR LB, MBI FREE, BT

., MEDEMFEMHEERRE—- N TTEER
Y% B #8:2003-12-23; BB B 3 :2004-04-12

HEWHE . LHE HAB 2 E S (BK2002032) F BT H .

Mm@, BRI FERLRRERABELL RK

#% (EDFAE R FE LR B8 R AME S BRFE R BN
EEB A AR (1943, B, BERM A HAMEX2EEF IRERER BN EENETREXLTER
AR L AR M3 R & B 4R 2 fBLF T4E . E-mail: linhr@njupt. edu. cn

TR



412 2l 5] # b 32 %
MTRERL. BEATHARTHRANARE  Lo=T./|8 .3 28 N FRAH

5 CASE) e 7 1l /2 56 0 BT 190 A 54 R 19 5 25 A N = Lo _ 7PT @
FUD RPN B G5 o A SR P A 0 4 4 Lu [gl”’

2 VIR 25 98 1] 46 g AR Sfe 100 ) 9 [ 9 B4 0

FRBOLRCR AR (PSA) A A B —Br S =Bk
RN S BE S BRI — B OBBOR A% . HOLHE
i B MR, BB UR Bk oh i 32 A AL 4y B AT
R, T W IER AL B . NI M BORE R 2
AL REAE S B ik o F) B B KR, T ELE [R] i B A
AL U8 2 Tl B » B BB A5 410 5 ' Bk v ¥4 JE L B T R
A —E W BRAMEEORS . MEBOLECR S BT H
R WY SETROR HLBR I AN 7= AR TR B R B8 5T e 7
P ERA 0 dB iy MRS 4R B n R AR OB K
RAAE RGO T 2 il R GE I TE LR R AR I, 7E ok
B o JHG A BI42 ) B R R, S (AT LA ol 97 ik o
K B » T EL AR SC AR 7F 5 45 SR 2 I s T LA 25 e 8
/NI T8 B A AR

A5 SCR F Rk w1 i T 188 780 R T 9 I A
TR ARAE A TEL TR A OO T8 R T
] ) B AR, 3F B 5 AR 9 18 EDB £ BOR & O I T
RGBT R HE T FHIT NS IM T WAL
L

2 ZBOEHMAKRER G TR LR E
WA AT R R

X F A IEE (B < 0,8 > 0, WFIEHk
WA RIS W] DU I — b 18, )

ﬁ?@f‘lﬂﬁ%‘ﬁﬁ?%%ﬁﬁ?ﬁtﬂ[m
18—5 %‘;g aaU —N*|U|"U,

(D
AP RAE—bE X

_ A f— 2 T:t—z/vg
,_PO’ LD’ T, ’
_a __ B
= ZLD’ 0 AR (2

AP UEe AR K IEEER AR
A [R] BE &, I A6 43 3 A SGEF I9 JH — AL B FE A &
BHSE .M A NGS5 a% KL, P, M
T 53 5 4 #0 46 Jok o B W AE D) SR MK S8, = 1R 55 4%
WBE R ¢ NI v, AR o HILTHAER
B H—HEaBSR.L N _HraHS R’ TR T
BT _HULAHSE), Lo NEBKE, EX

AP L. = 1/ Py AT FELRERHN
>1,4N=1 Hﬂ‘%ﬁi%?&%i‘ﬁ%?ﬂa‘?%kﬁ'ﬁﬁﬁ?,

; s _1el_
LT WA Po IR P = Lo = -

2HRERBEH LI T X EEZHINTHH 2 =

Y N>

Ly,

A BE SR A AR R B 75 7 R, B
PLAR G205 B 77 16 7T A4S i SR IR T 7 £F i A5 i e
P TE RGN B 31758 T F BT — R
R BE 2, (= L./2) < 1,L, RBORARMEE] M3
T (o = 1) WL HTT R E P ER AT B
H .

SRR T 4508 TR ) AR 9T 0 4 R AL 9T )
i) AR T o 51 AIRF 18] 1 15— FL IR BE g, , 1

_ 1 _ 0.832%
% = 3BT, ~ BTrwm’

A B AR LR AR, Townm N BRI F 5 22 55 . %)
stk R R TRk, WA To = 1. 665 Tewam

TEPRIEAT OB ROHRL D A
g dD/dA, BT B K By ZIAIHI KRR A

B :_%D’ b= G )2(2D“ dA)

b 55 K o 24 2 51 F o 0 450 0 R T LA B84 A
OB HOR 38 0% AR A 2 1 0 F %R0

A *
«/@ [Ain(Z,T) +26 Ain (Z, T)] +

[A,.(2,T) —e*A (Z,T)]
2/G
K Au (2, D) s Avu (2, T 43 51 R J80K 28 50 A T4
HEKMHE R, AL (2, D) 2 Auz, T) WE L,
G R KA 25 , ¢ 15 S ouMAhiz 6 Z A i A AL
% JEiEt 5 ES WAL B =0,
) ey A O o B 06 R A R AL R
Ao(z, T) =V/GRe[A, (2, )]+

%Im[Amz,T)], )

7
2

€Y

(5)

Aout (23 T) =

(6)

AW Re[An (2, D], Im[A, (=, D] SRR A
155 Y6l 528 A0 2 3. =X (6), (7) R BH T M BBk
K A% B 25 0 A U B XT ¢ = 0, OB KA
{URHF 5 ik v e, 37 Wy S 3 $ AL 108 25, T % G i 35 0
RUEEEW .



3H ARPERE S5 B FAR OGO 1 DRI T B BT ST 413

X B EGAF AR W A
A (2, D) = VGA (=, D, (8)

75 SRR A3 25 58 R AMEOG A BB I 15 0L , 3
#IBEN G = exp(al.) SJHBEHF M KRB MT R
GWTEFE BT IR B &5, B R
WERN 2hoo (G— 1), K h AT BITEH B w0 R A
WA WS RIE N F, =4.5 dB,

3 HRERESH

G BUER A AR R B 7 R, R
VLRGN R TR RN TR ETINTH
HAEM. RAKE QBB OCE (DSF) b A 1%
B R BRIMNT MRS, AT RUMBOLHEK
# 0F FORIRT R G ol v, 20 50 05 B T A ok
R B B EDLE R WA LT 15 8 R 48, I it
130 HeB . 1 o SR Mok b £ i B T IR T
ARSR AL R G IR T 18] B B AR . B8R K ah B R
R R KR DFE R E R T B AR B
TR (0 BORT B AR 9 o R, HF HLOR AT T
N

3

Power/(X 10" W)

[SEI SN )
: :

Power/(X10 "W)

YRR EINTF L5, REMFELEIAR
SEEMEN. HFEPHINEASER LR
¥ A, =1552 nm, B MFERE « =0. 25 dB/km,
A D =0.2 ps/(nm « km) , B E £ dD/da
=0.07 ps/(nm® » km),JFRHERE ¥y =2.16/(W
« km) (GE/REE 7, =2.67X107° m?/W, & Bt
H R S =50 pmz)u
3.1 HATFEHMFEHRAR

XM FEHTRUGEPRSENT .
IFPKFE «. =12.5 ps, AR AR HE L, =25 km,
BKE Lo ~221 km, Xt IH— LK ERREE Z, =
0.1134(Z, < D, MEHEF Q= 1. 346 X FfFE 5 M
K B =20 Gbit/s WHRZ, I+ H—LHER g
=3.33, ARG HER Y 10000 km,

YR 500 km (4 20 MK B R BURE—
YR i HE — 2 70 07 Jok v o o i 3 0 T ARG SO % Bk
X FE AL AR T AL, 2 R B 1 R S
2, HpE 1(QME 2() ABERL B RBMTR
GO A5 B 1(h) i 2 (b) R AH OB R 23 90
FREMGTES R,

B 1 T 15 10000 km FPTE # %
() R AFABERL RS (b) N RE M BOEH R

Fig. 1 For average-soliton system, the pulse shape evolution in 10000 km transmission

(a) using EDFAs as in-line amplifiers; (b) using PSAs as in-line amplifiers
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Fig. 2 For average-soliton system, the spectrum evolution in 10000 km transmission

(a) using EDFAs as in-line amplifiers; (b) using PSAs as in-line amplifiers
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Fig. 3 For dynamic-soliton system, the pulse shape evolution in 10000 km transmission

(a) using EDFAs as in-line amplifiers; (b) using PSAs as in-line amplifiers
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Fig.4 For dynamic-soliton system, the pulse spectrum evolution in 10000 km transmission

(2) using EDFAs as in-line amplifiers; (b) using PSAs as in-line amplifiers
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Fig.5 Original pulse shapes and the pulse shapes after transmitting 10000 km of soliton pair for different bit-rate

(a) the original pulse shape; (b) the pulse shape after transmitting 10000 km
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Fig. 6 Original pulse shapes and the pulse shapes after transmitting 10000 km of soliton pair for different pulse width

(a) the original pulse shape; (b) the pulse shape after transmitting 10000 km
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