28 5 Vol.A28 No.5
2001 5 CHINESE JOURNAL OF LASERS May 2001

0258-7025 2001 05-0421-05

510631

TN 787+ .3 A

Soliton Pulse Compression Based on Cross-phase-modulation in
Anomalous Dispersive Optical Fiber

LUO Ai-ping XU Wen-cheng CHEN Wei-cheng GUO Qi LIU Song-hao
Institute of Quantum Electronics ~ South China Normal University — Guangzhou 510631

Abstract In anomalous dispersive fiber fundamental soliton pules have the desirable property i.e. their shape and pulse width
are invariant during propagation along the fiber. In this paper a new method to compress fundamental soliton pulses in the
anomalous dispersion regime through cross-phase-modulation for pump pulse and soliton pulse is proposed. Two nonlinear coupled
equations were established to describe the propagation of pulses in the fiber and solved numerically. It is found that the
fundamental soliton can be compressed by using the method of the cross-phase modulation and exists an optimum value of fiber
length in the compression. It is also found that the pump pulse power pump frequency chirp and various pulse widths have great
effects on soliton pulse compression. In order to obtain large compression factor pump pulses with negative chirp and narrow
pulse-width are desirable selected.

Key words cross-phase-modulation soliton pulse compression generation of ultra-short pulses

1.32 pm -

620 nm 6 fs :
1.32pm 1.6 pm

* 980030 1.32 ym
19674015
1999-12-06 2000-04-17 5000 2 1.32 pm



422
1.6 ym
3
10 fs
5 6~9
2
10
Ay 1A iy PA
Iz Ty 91 * PG v s
i) A7 +2 A7 4, 1
Ay 194, i, PA By
(7z+1)g2(7t +2 22(7[2 +2 2=
i}/z |A2|2+2 A1|2 Az 2
Aj=12 Vg
Baj Qj 7j
1
2
-2 R
Vg1 Tor
B A;
£ = u = 3
15 /P
1 2
IU, l IV,
3—E+Esgn Bai 02 =
iN* | U 2+ 2| U, )% U, 4
U, IU, Bn U,

o

9Uy 1 _
€ ~%ar T2 0Bl a2 T

28

iV 2 U, 2| U ? o, 5
w1
N* = 7P\ T§/ Ba Py
Toy w1 w3
o =Ty va
- /| Ba|
11 -
~0
1+ iC T
U 0T = exp(— ) Tm) 6
| P T
U, 0T = F?sech(ﬁ) 7
c To
P,
3
4 5
6
1.06 pm
1.55 pm
1.3 ym By ~ | Bn| =20
ps’/km ¥y = ¥, =1.3 W 'km™!
0 =~ O
3.1
5
7
1 N =10



5 423

& = 0.047

Zopr N =10
Zopr ~ 0.16L,

Normalized intensity

3 N=102025 C =0Ty = Ty, € =0.047

lN:lOC:OTm:TOZ

Fig.3 Frequency chirp of signal pulse at § =0.047 for
N=102025 C:O T()IZT(YZ

Fig.1 Temporal evolution of the one-soliton for

thecase N =10 C =0 Ty = Ty

12 3.2
—N =10
== N =20 &

g | N=ts .

£ sl i

i i

3 'y

=

:

=

2 C=0 Ty =Ty, N =10 4 N =10 C
20 25 303

Lopr 0.16 0.077 0.061
Fig.2 Shapes of signal pulses at optimum fiber length Lopr
=0.16 0.077 0. 061 for N = 10 20 25 Ty =

Ty and C = 0

N 10 20 25



424 28

s

Normalized intensity

5 N=25C=0 Fe
0

Fig.5 Variation of compression factor F with the

parameter 6 for N = 25 C = 0

L()P'l'

0.144 0.16 0.178

Fig.4 Shapes of the signal pulses at the optimum fiber
length Lopy = 0.144 0.16 0.178 for N = 10 Ty,

=Ty, €C=-303 —g=0s
L utd-Joalt I
>
33 FR i)
kS i1
2 s 1
E inl
7 ZB 3
-1 0
5 N=25C=0 Normalized time r
0 = Too/ To 6 N=25C=068=0511.5
Fe =160 - 3.1 8 Fig.6 Shapes of the signal pulse where it is shortest
8 Py for N =25 C=0 6=0511.5
Fe¢ 0 = Fe
28.9 4
6 0 0.511.5
0 <1

o > 1



426

R. L. Fork C. H. Brito Cruz P. C. Becker et al..
Compression of optical pulses to six femtoseconds by using
cubic phase compensation. Opt. Lett. 1987 12 7 483 ~
485

A. S. Gouveia-Neto A. S. L. Gomes J. R. Taylor. Pulses
of four optical cycles from an optimized optical fiber/grating
pair/soliton pulse compressor at 1.32 pm. J. Mod. Opt.
1988 351 7~10
Xu Wencheng Guo qi  Liao Changjun et al.. Femtosecond
soliton compression and stabilization in fibers with slowly
decreasimg dispersion. Acta Optic Sinica 1995
152 174~179

Xu Wencheng Guo Qi Liu Songhao. Higher-order dispersion

in Chinese

and soliton pulse compression in the dispersion-decreasing
fibers. Chin. Phys. Lett. 1997 14 4 298 ~ 301

B. A. Umarov F. Kh. Abdullaev M. R. B. Wahiddin.
Soliton interaction and switching in a coupler with third order

1999 162 340

dispersion and Raman effect. Opt. Comm.

10

11

28

~ 346

Bozena Jaskorzynska  Dieter Schadt. All-fiber distributed

compression of weak pulses in the regime of negative group-

velocity dispersion. IEEE J. Quantum Electron. 1988 24
10 2117 ~2120

Govind P. Agrawal P. L. Baldeck R. R. Alfano. Temporal

and spectral effects of cross-phase modulation on copropagating

ultrashort pulses in optical fibers. Phys. Rev. A 1989 40
9 5063 ~ 5072

Wen-hua Cao Shenping Li Kam-tai Chan. Generation of dark

pulse trains from continuous-wave light using cross-phase

modulation in optical fibers. Appl. Phys. Lett. 1999 74
4 510~512
L. Xu N. Karasawa N. Nakagawa et al.. Experimental

generation of an ultra-broad spectrum based on induced-phase
modulation in a single-mode glass fiber. Opt. Comm. 1999
162 256 ~ 260

Govind P. Agrawal. Nonlinear Fiber Optics Second Edition .
San Diego Academic Press 1995. 239 ~ 243

Govind P. Agrawal. Nonlinear Flber Optics Second Edition .
1995. 289 ~ 292

San Diego Academic Press



