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Abstract In this paper the influences of multi-perturbations originating from amplifier spontaneous-emission ASE  noise and

cross-phase modulation XPM in wavelength-division-multiplexed WDM are simultaneously considered by using the variational

method to analyze evolvement characteristics of dispersion-managed soliton transmission. Simple analytical expressions for dynamics

equations of dispersion-managed soliton and timing jitter are obtained. At last the degrees of effect to system for three

perturbations are given.

Key words  dispersion-managed soliton wavelength-division-multiplexing  WDM  amplifier spontaneous-emission ~ASE

noise cross phase modulation

EDFA WDM
EDFA
ASE
G-H :
> Kumar
G-H 3 6
WDM
DMS T8
G-H
2000-09-04 2000-10-30
60072046
1970—

E-mail xum2000@263. net

T, Yu

Sugahara



du 1 du
Yozt 2 2T
5
10
5
» d Z |dU|* @ Zz
bo=]" [~ EE YN Sy
i (dU 9U)
3 2( Ur - Jar 6
J_u 1 a_u 2. _ -
+2dZ72T+UZ‘u|u_LGZu1
d Z :-ﬂzLD/tan—yZPOLDGZ 5
UZT =AZfrtexpid 7

=Lp —a+ ZUZ—Z L, = 13/
D —atEE m v =10/ P2 o =BZ T-T, Z

I3 7 = 0O
D¢:% T—TQZ 2 _ 8
B2 2
P 2 QIBZ}/ g D
010 0 kZ T-TyZ +80
Zo N ABCEkT,O
7 6
5
Zd=Zl+Z2 d C2 k2 QA4
dy 0< 7Z-nZ, < 7, LO:_ZA(BI+B3]’+BIZ)+ZBI”
¢ 2 dy Zy < Z-nZ;< Z 2 A%C A?
2 1 < 4 —ndy < 24y 3]9_B[l KTy +0 9
Z1d1+Z2d2 2B
dZ = @ ” (o 2
Zy : Z I, =J7wf rdr
Ad = d, - d w - -
L, p L =" pde 1y = |7 _fde 1, = |7_pdr
d1=d+Ad L dy= d -ANdT 3
Zy Zy
ALy d [JL e au au*)
AdZy| <1 AdZy| s 1 ILy  d (9Ly) _ (
‘ l‘< | d|>> oY dZ(aX)_LJ—w R ax * + R o dT
10
X=ABCkT, O0R° R
R
o 1
2
;U1 U
9Z+2dZ92 +Q Zz |lUPU=0 4
ASE
UZT =uZTepl 62 dZ (Q Z
= o exp2C 2 Az 3~5 ’
, 2l -2 7 - nZ, ASE ASE
QZ =0 o - 22, ASE

R UU" 4

XPM R



WDM 3
R =-20|Us;|*> U +0oU -osU 11 AdZy| > 1
U ZT =6 Z-mZ, g T  ASE fr =exp -7
11 m 2 Uy, = Af = +
20| Us_;|?U, Us_,; XPM BAT exp i¢ AT = Ty - Tp
if 20 Us_i|?0U; Uz 0U, 1 10
ASE
A = lAdC 12
== a
B = - BdC 126
C =d2B* - C* —J20B%A% + 2J20B*A? 2BAT? - 1 exp — BAT?
82 ”QABZJ Re oUexp — i$ exp -2 v+ BAT > = 7% 1 -47% dr +
%Bz_[-iclﬁe SUexp — i exp — 72 1 -472 dr 12¢
Ak = 4 AETFBJ {2821m SUexp — i$¢ - Re dUexp — i }Texp T
2208 A2ATexp — BAT> + 5 27’: AB
J‘w {2221111 SUexp — i¢ — Re dUexp — i }>< texp -2 7+ BAT > - 22 dr 12d
AT = - Ak +ABy d 12e
XPM-ASE
R Ak
ABy 4 G-H
XPM ASE
12d Ak = Akl +Ak2 +Ak3 8
Ak, ASE Ak,
XPM 12d XPM-ASE
Aks XPM ASE
8 v 2mQAB,[ Cy ® kT ® k T
Aky = % EIHJ_@A(] T gT exp(zBd dz - Rej LAg 7 g T oexp i, dr 13
C
g T = z-exp[ (252 + (9) 2 7+ B,AT * - 2'2] d Zy
w="Fk/B,gw =F gt neo =FAqt JAY B
C, © w - , , ® w - ’ '
Aky w = 16V ZHQA‘IB(Z[ZB%IIHJ-”g(Bd)n o' do' - RQ[_mg( B, )77 w dw] 14
ASE ?
7o no =0 70 77 o = SP @ - o' 15
1.763 d A*Ag
S, = Ny G -1/ 2xN, Ny = Piy/hwy = m N,
G 15 14

Ak}

647rv TCQAB% Ny, G - (C%I 1)(144c¢2+c2 c?

2
2 a C
No  \aB4* 3b ”)“XP(‘S“ +48b+3b)

16



c? 2C,AT
=BdATb=9+ﬁc=# Z = nZ, C,~0* 16
v 6 o 6 -1 ZAT?
ARy = OTEOT 020 Ny (1634M " l)exp( 8 p ATZ) 17
No 3 3
ASE 2x 107 m*/W A =50 pm?
AR _ V27N, G -1 (C@+4B‘},) 8 o Z ~1
b= 27N, A%B, 2 XPM
v2rN, G -1 XPM-ASE
AR —’TP—( ) C;~0 19
27N, A2
XPM
Ak} = 8QAIBIAYAT?exp - 2BIAT? 20 583 AA =1 nm
nZ, XPM XPM-ASE
AR = AET + AR+ AR 21
]
12e 1 'E:G the contributing area of XPM
N ‘NZ, , .12 = 6
To * = = Ak, [szdd Z' dz 22 % s
-é 6. 4 the equal line
of timing Jitter
A AB, E 5.2
[
ASE  XPM-ASE G g 5.8 the contributing area of XPM —ASE
XPM  XPM-ASE Lo
- \ i 1 L 1
Q g2 90 2 4 3 3 10
= Initiative normalized input pulse power
3 2
1 Fig.2 Contributing area of several perturbations which
7,/4 leads to solitons timing jitter
Z Ny, =1
ned ® 3 ABy = 24 AA =2.9
to =18.6 ps )(() =1.55
) nm po =1.51 0.78 mW
pm R =10 Gbit/s 100 ps
> 5t dy = -3 ps/k
0 L b Z =10000 km 8
30 d, =2.8 ps~/km -28 XPM 45 ps
Ly =1250 km Z, = Z; =50.1 km Z, = 7, ASE XPMASE
= 0.04 Zl = Z2 = Zd/Z a =0.2 dB/km ny =3. 25 pSZ 15 p52
> 21, =65 ps
N XPM 10-° ASE  XPM-
bt ""'—za‘—“
s | ASE <107° 23
CE (AN WDM XPM
g 4 1]
£ i 7 <6250 km  XPM
& B -9
i’g _J ’ distance £ <10
1 Z(l
Fig.1 Dispersion managed sketch map ABy



WDM

L]
(=]

~
“m
=
§ 40 =
2 XEM -7
] i
£ 30
E e
* -~
5 a0 - rd
¥ -
& - -
g .7 XPM— -
¥ 10 < o
g A
g - . Y
= — SE
¢ 2 4 3 8

Normslized distsnce 2

ABy = 24 Py =1.51

Fig.3 Comparing on the solitons mean square of timing

Mean aquare of timing jitter (ps®)

Fig.4

o
o

jitter led by several perturbations. Initiative channel

spacing ABy =24 peak power 1.51

T T
-—-d, =30,d; =—28

>

_d| =50l d! :—48 I/A'
80— A ,AB, =20 v
B:AB. =40
| C a8, =60
o I % E
40 ,/' Pl Vod
A ‘/’//A
- e
20 < _’/-'//g,/
L c
o - %
0 2 4 6 8
4

Comparing on the total mean square of timing jitter

in conditions of different initiative channel spacing

and dispersion map

ABy 20 AA =2.4
40 AA =4.8mm 60 AA =7.3

mm
nm A
B C
Ad | AdZz, | d, =30
ps*/km  dy = —28 2.8 ps’>/km d, =50
ps’/km  d, = —48 4.8 ps’/km
ABC ABC
AB, = 20 10°°

3750 km

7500 km  AB, = 40

-3
-5

10

11

AB, | AdZ, |

ASE XPM  XPM-ASE

M. Suzuki H. Kubota A. Suhara et al.. 40-Gb/s single-
channel optical soliton transmission over 70 000 km using in-
line synchronous modulation and optical filters C . 1998
Conf. Optical Fiber Communication. San Diego CA Th14
J. P. Gordon H. A. Haus. Random walk of coherently
amplified solitons in optical fiber transmission J . Opt.
Lett. 1986 11 10 665 ~ 667

Xiangling Yang Yangjing Wen. The Fundamental Theory of
Optical Fiber Soliton Communications M . Beijing Industrial
Publication Company of National Defense 2000 in Chinese
T. Okamawari A. Maruta Y. Kodama. Reduction of
Gordon-Haus  jitter in a dispersion compensated optical
transmission system analysis J . Opt. Comm. 1998 149
261 ~ 266

T. Yu E. A. Golovchenko A. N. Pilipetskii et al..
Dispersion-managed soliton interactions in optical fibers ] .
Opt. Lett. 1997 22 11 793 ~795

S. Kumar M. Wald F. Lederer. Soliton interaction in
strongly dispersion-managed optical fibers J . Opt. Lett.
1998 23 13 1019 ~ 1021

M. J. Ablowitz G. Biondini S. Chakravarty et al.. On
timing jitter in wavelength-division multiplexed soliton systems
J . Opt. Comm. 1998 150 305~ 318

H. Sugahara H. Kato T. Inoue et al.. Optimal dispersion
management for a wavelength division multiplexed optical
soliton transmission system J . J. Lightwave Technol.
1999 17 9 1547 ~ 1559

H. A. Haus K. Tamura L. E. Nelson et al.. Stretched-
pulse additive pulse mode-locking in fiber ring lasers theory
and experiment J . [EEE J. Quantum Electron. 1995 31
3 591 ~598

D. Anderson. Variational approach to nonlinear pulse
propagation in optical fibers J . Phys. Rev. A 1983 27
6 3135~3145

S. Kumar F. Lederer. Gordon-Haus effect in dispersion-
managed soliton systems J . Opt. Lett. 1997 22 24
1870 ~ 1872

N. J. Smith F. M. Knox N. J. Doran et al.. Enhanced
power solitons in optical fibers with periodic dispersion
management J . Electron. Lett. 1996 32 1 54~55



