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The evolution of the solitons from 10 GHz optical pulses with frequency chirp is experimentally
investigated in standard single-mode fiber with different lengths by use of the pulse analyzer with the second-
harmonic generation frequency-resolved optical gating. It is found that the pulses can evolve into the fundamental

soliton when input power is higher than its the theoretical value. The temporal width, frequency chirp and time-

bandwidth product of the pulses which have propagated over 3.5 dispersion length in the fiber decrease with increase

—

of input power. The pulses almost remain unchanged in width, but vary with the propagation distance in temporal
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shape, frequency chirp and time-bandwidth product in the sequent propagation. The higher input power is, the

narrower temporal width of the formed soliton is. When input power is lower than the predicted value from the
and the frequency chirp decreases with increase of propagation distance.
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soliton theory, the pulses cannot evolve into the fundamental soliton,the temporal width of output pulses increases

fiber optics; optical soliton; frequency-resolved optical gating (FROG) ; frequency chirp; pulse shape
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Fig.1 Experimental setup
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Fig. 2

Temporal shape (a) and frequency chirp curves (b) of the optical pulse before transmission
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3.3 Bk AR EL

Ly ATR/NT 240 mW B, %y Bk v A WA ok
R R H/INBEE A T SR T 8D
SRR RN & = 2. FEAH RS AT 3R
T S Bk e B R Wk A A A B S G T R
&l 6 Fim i AZIZ % 107 mW(20. 3 dBm) B4 A

Pk AEJEEF A& % 200 m.355 m 1 1000 m J5 A
Wb £k . P IR L B e D3 R K T 2R
AR — 2R IR g 1 B AR AR 258 4 48 oL 1 U K
A R /0N B % i L B 3R KT OB/ o X R B AR SR
F 52 Wi I 2 i L B 14 3 i 38 0 EL R G B
W47y o 32 T H A

10| (@) 200 m 10+ () 355m 10 | (¢) 1000 m
T 5 = b % b
< &
3 5 2
g 0 g0 % 0
& 2 &

-5 -5 -b

~-10 -10 -10
~1 0 1 -1 0 1 -1 0 1
T/TFWHM T/TFWH',\T T/TPW? M

B 6 $ATIE 107 mW B Hfk b 726 EF B f5 45 (2)200 m, (b)355 m FI(c) 1000 m J5 f WE Wik il £%
Fig. 6 Chirp curves at input powe 107 mW after transmission over (a) 200 m, (b) 355 m and (¢) 1000 m

& 7 KRB A TR 240 mW B A B P 7E Y%
A HfE 4 200 m. 355 m Al 1000 m S5 K W Wk i1 2% .
Fhy LB AL, i 8 o e W WK 19 R /0 B A B S 1 3
KGR 6

BBk ZEYCEF T A% 4 200 m J5HE T=(—1~
1) Tewrana A 0> D350 1) W WBK BT R AP SRGE K — SR B

2R (EL R S5 B 48 X (6 R DA WK B9 K/ B 107 mW
BEB/D . WA BKMIEGL 5% 355 m J57E T=
(—1, 5~O)TFWHMIXbﬁE4JW§JW(E?;%m%ﬁM7‘J—%
B (HRA R B 4 X5 8 R0 WK B9 K/ B 107 mW
B FW /DN s 2 T=(0~0. 3) Trwam X 3, /I 5k T
W RF T T>0. 3Tewan X WKBEE T 5 fm i
Hapn. FEJGE AL 1000 m J57E T=(—1.3~



9 XTSRS TR RBOLL T EALTE BRI T B L BB

1317

1. 2 Towam X381 T K 55 T

B 8 Frmi ATk 417 mW B A K h7E %
£F £ %5 200 m. 355 m A 1000 m J5 F WA Wk il 2%
H P ET DL, H B v O R ST A R WK e 2R 58 0L R —

SRR NMNELR L 355 m 5 HRF R %X
{5 B R WK B9 K/ B K, £ 4 1000 m 5 IR Z » 15 5
200 m JG /DN,

3B

ot

\\

I
(@]
|

ot

(Swhw) /10
<
(Bwhw) /10~

t
et
>
t

ot
<

10 (b) 355 m

—

(c) 1000 m

(Swiw) 1107
[ ot E

I
at

]
o
<

-1 0 1 -1
TIT,

FWHM

0 1 -1 0 1
T T,

©0 7 FWHM

B 7 HAZIE 240 mW B GRK M FE LR o 24 (2)200 m, (b)355 m Al () 1000 m J By WA Wik il £%
Fig. 7 Chirp curves at input power 240 mW after transmission over (a) 200 m, (b) 355 m and (¢) 1000 m

101} (2) 200 m 10} (b) 355 m

[@2]
(7]

—\/\*’_\’

(dwrw) /1072
[e=]
(Swhw) /107
[o=]

N

10 | () 1000 m

—__

ot

(Sw/hw) /10°
=

-5 -5 -b
-10 -10 -10
] 0 1 Tl 0 1 =1 0 1
T TFW[IM T TmmM T/TPWHI\’I

B 8 #WATHE 417 mW BHGIK 7 64 P55 () 200 m, (b)355 m F(c)1000 m J5 WA 5k ih 2%

Fig. 8 Chirp curves at input power 417 mW after transmission over (a) 200 m, (b) 355 m and (¢) 1000 m

3.4 BKHEEFERMENL

AR e # I8 T 0 R WEK B 2 i L R A AL T
RS AR Ak, T B A ) 5 ARt B S e R
BRI RMAERT AL, S8R, A B 7E
£F W A% 4 200 m B R B R) TR AR BE B A T
BTN AT 107 mW B9 1. 264 W/
B 417 mW B A 0. 326, FEBE/G B4 S 72 P Bk v
B B ) A FE AR RS A A T R BT ARk, AT
& 240 mW B 237 200 m.355 m H 1000 m BEE 5
I TR 4 FE R4 B 0. 741.,0. 617 1 0. 312, 8 A
Th& K 417 mW Bf 435I 0. 326.0, 417 F1 0. 365,

4 Wi

HRAR 6 £F T B34, 76 A Bk o 2 56 R Wk
XL TE 40 Bk o 5 S 7 4R 1 1S L 24 A 30
T HICTUEIIH Po G B B ET 1 90 FE
TE Al B o R A

_ 15
P, = yTE (@)

FE LA B 06 £F IR 4% S S5 0 v 0 2 DD o Bk e
FEEE T AR EERMF R n k. RIS
LRINFTE B AR o » 7T LA g A S5 o 4y A Bk o
ARG LT 200 m EEEHEEEEAE RN
T. BEALBEMNHT = —19. 2 ps’/km, y=
L63W ' /km(BRIFLHETZL KRB n. = 2. 6 X
1072 m®* /W) X2 e 42 55 4 1. 86 ps FY WL 1E 1
WAJERkF T, =1. 06 ps, B #{ K B Lp=0. 058 km,
IO RBB IR FIEEEHS10.6 W,
EARZRFMT S5 VIR 223 mW X p. HRIEI
FHBBERY . H

U,T) = (1+e)sech T, |e|<1/2 (2)
U0, D) AHE—4b— B 98 F I 8 09 Bk v (2 4% 8137,
sech T g XU i1 1E % pR %N . 4 A Bk w72 6 45 o vy DA
IR — T, B — 0.5 < e < 0.5 ATHRTE
(0. 25 ~ 2, 25) X 223 mW 22 [&] [) 7 W& Bk XUk 1E 1 Bk
IR T R — N IF AR TR, K AT)
FRTFIMTFRE LM 223 mW Bl e>0 B §E45 15
AETE IR » S5 AT 2/D TIRF I <0 B A



1318 b =3

H 26 %

BB IR T . LHRERSMILBEIENZER N
%5 A Bk 4 3 Bl IE BB MR 3%

HMADNRERRT MM FIREHERME
223 mWE I A B 7ER 4 &0 200 m( 3.5 fiF
ERR B B A R LT B — B IR, (R T
BLIRT Bk v 52 BE B & A T 3R 9 AR Ak i ARk, B A
MK, IMF R FEER /DN, BHRAIRNR
240 mWHT £33 200 m YG&F J5 B I8 BLIR 1 Bk i i 4%
PSR CH—0.9, LT N 4. 23 ps, K
TR ABKMTERE 1.8 ps. YWMARET
417 m W T AR F Bk w2 e 2 58 8 1. 71 ps, He
AR 240 mWH R4 182, FRM i A 2 %
240 mW B HI/NMBZ

2 %2 X W

1 G. P. Agrawal. Nonlinear Fiber Optics & Applications of
Nonlinear Fiber Optics [M]. Jia Dongfang, Yu Zhenhong, Tan
Bin et al.. translated. Beijing: Publishing House of Electronics
Industry, 2002, 1~538 (in Chinese)

G. P. Agrawal. FZBRAGAFRBZABRAM]. EBET . RE
WL, R & JER: BT ok i ARHE 2002, 1~538

2 Cao Wenhua, Liu Songhao. Amplification and compression of
ultrashort solitons in an erbium-doped nonlinear amplifying fiber
loop mirror I. Basic principles[J]. Acta Optica Sinica, 2004,
24(8): 1067~1072 (in Chinese)

B, XM, BEXTFETBEXMFHBRRESESL.
EARFHEI]. kFER, 2004, 24(8): 1067~1072

3 Ruiyu Hao, Lu Li, Rong Caoyang et al.. Exact chirped multi-
soliton solutions of the nonlinear Schrédinger equation with
varying coefficients[ J]. Chin. Opt. Letz., 2005, 3(3): 136~
139

4 Bin Tan, Zhiyong Li, Zhaoying Wang e al.. Wavelength and
duration tunable soliton generation from a regeneratively mode-
locked fiber laser[J]. Chin. Opt. Lett., 2004, 2(10): 604~606

5 L. F. Mollenauer, R. H. Stolen, J. P. Gordon. Experimental
observation of picosecond pulse narrowing and solitons in optical
fibers[J]. Phys. Rev. Lett. , 1980, 45(13): 1095~1098

6 Gao Yizhi, Yao Minyu, Xu Baoxi et al.. A 2.5 GHz optical
soliton transmission[ J]. High Technology Letters, 1994, (7):
4~6 (in Chinese)

WUE L REE,FEW %, 2.5 GHz bl P& HR AR
W, 1994, (7). 4~6
Mao Qinghe, The

7 Yang Xianglin, Wen Yangjing e al..

experiment study of 2, 5 GHz optical soliton wave transmission
and compression[J]. High Technology Letters, 1996, 10; 26~
28 (in Chinese)
B, BERM, BHM %, 30 km 2. 5 GHz X MFEEREE
FELBHARL]. HRAER, 1996, 10, 26~28

8 Huang Zhaoming, Wu Fang, Jiang Zeming et al.. Experimental
study of optical fiber soliton transmission[J]. Acta Photonica
Sinica, 1996, 25(10): 935~938 (in Chinese)
HER R F.EEN F M TFERANERHARDI] 7%
&, 1996, 25(10) . 935~938

9 Zhang Xiaoguang, Lin Ning, Zhang Tao e al.. 10 GHz,38 km
prechirped dispersion-managed soliton transmission [ J]. Acta
Photonica Sinica, 2001, 30(7): 813~817 (in Chinese)
BB TLOK W% . BIAMK 10 GHz.38 km AL EH I
FrEmEBRII]. F %41, 2001, 30(7); 813~817

10 Xu Baoxi, Li Jinghui, Jiang Xin e al.. Optical soliton
transmission at 2. 5 GHz[J]. Acta Electronica Sinica, 1995, 23
(11); 38~54 (in Chinese)
HER,Z5E. 2 5 4. 2.5 GHz R TFEH[]] 2 F%
&, 1995, 23(11). 38~54

11 Yu Jianjun, Yang Bojun, Yu Jianguo e al.. Solition transmission
research in experiment[J]. Optronics « Laser, 1996, 7(5);: 267~
272 (in Chinese)
RBE . HHE KEE % AWMFERAZRHRI] 2T .
Mk, 1996, 7(5): 267~272

12 Yu Jianjun, Yang Bojun, Guan Kejian. Generation of 5 GHz
16. 2 ps ultrashort optical pulse[J]. Acta Optica Sinica, 1998,
18(1): 14~17 (in Chinese)
REE, HAE, ERM. 5 GHz 19 16. 2 ps BANLIK W =4£
[J]. k%%, 1998, 18(1): 14~17

13 Yu Jianjun, Yang Bojun, Guan Kejian, A soliton transmission
system with dispersion-allocated technology [J 1. Chin. J.
Lasers, 1998, A25(2): 153~157 (in Chinese)
REE,HHB . B RACBEREEANMFEAZR
[J]. +@E%k, 1998, A25(2) . 153~157

14 Yu Jianjun, Yang Bojun, Guan Kejian e al..
transmission based on the chain of different dispersion fiber[J].
Acta Optica Sinica, 1998, 18(4): 446~450 (in Chinese)
REE,BHE.BRAE F. ETARGEEAHEGHENNT
fespfRll]. k&%), 1998, 18(4) . 446~450

15 Liu Shanliang, Zheng Hongjun. Experimental research on the

Soliton

characteristic measurement of the short pulses before and after
propagating in dispersion-flattened fiber[J]. Chin. J. Lasers,
2006, 33(2): 199~205 (in Chinese)
XU, KRR FE. S8 Bk s BT OGS P AR ET S % ML
FR B B R ERFSET]. + B8k, 2006, 33(2): 199~205
16 Junkichi Satsuma, Nobuo Yajima. Initial value problem of one-
dimensional self-modulation of nonlinear waves in dispersive
media[J]. Suppl. Prog. Theor. Phys., 1974, 55. 284~306



