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Numerical study on output characteristics of single-pulse mode-locked fiber lasers

WANG Jian, TANG Xin, LIN Jing, DING Yingchun
( Department of Physics, School of Science, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: In order to analyze the output characteristics in single-pulse mode-locked fiber lasers with different net cavity
dispersion, a numerical model based on the nonlinear Schrédinger equation is conducted to analyze the pulse evolution in the
cavity by using the split-step Fourier method. According to the numerical simulation, the relationship between some parameters in
fiber lasers and the net cavity dispersion is proven theoretically, and in the case that the net cavity dispersion is positive, the
output pulse is compressed outside the cavity numerically and the compression ratio reaches up to ten times. Then the values of
the required dispersion and the pulse width after compression are calculated. The results show that the maximum small-signal gain
coefficient is proportional to the net cavity dispersion in general. And when the small-signal gain coefficient reaches the maximum
value, the pulse width and the time-bandwidth product( TBP) increase gradually, and the 3dB bandwidth increases first and then

decreases with the increase of the net cavity dispersion. The conclusion can provide reference for optimizing passively mode-

locked fiber lasers.
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Fig. 1 Schematic of mode-locked fiber laser

Table 1 Parameters of numerical simulation!'0-'3]

fiber type (pgz sz/m \ ) (W . Y/km 1 ) L/m go/m
EDF 38 5.3 4 variable
SMF, -22 1.1 4 0
SMF, -22 1.1 variable 0
DCF 123 3.8 2 0

Sk vhFESC A b AL R FE o] LU DA R AR Lk
SETE TR
9A(z,7)
0z

PA(z,7) _

i
+ ZBZ 87'2

$A(z7) +iy[A(z,r) A7) +

Az, T
T )
K A(z,7) K2 18 AR R I , 2 IR 6L R %
WIS T RS0, B, Ny 43 B (A S
ARG R B, Q I 44 98, g i 45 R £ SMF
Al DCF "1, =07 EDF g n] AFILA R 030K
g:1+%%l 2)
K, g, A/ME S5 BB E M E, 5390378 Bk b g
A R AR R . X HLZEE TOREF R L m R
LA S B AR R
XA Y AR g 2 A AR i, Al
LA AT LLFRIR N

T:l—ATexp(—Pé)—a (3)

AT, PR P G350 37 i A AT LA £ 98] ] T
JEE Bk b DR LB AT AR A A A D) 3R, o S AT A
FISCAR (4 181 A AR o i X A~k s nT LUK B, vl
(ERAILLT gL N bprpURE S (YT QUM B YRR s v p Uik Y
T ZE M T SAR A 07 2 o A, A 2 Bt

a
input pulse power/W

v
b n
'
MR
'
HRt
H
e
At
o\
— -—{>-Il,'
HRY
HIR
IR
VR
;
P

Fig.2 a—transmission of saturable absorber ~b—effect of saturable ab-

transmission of
saturable absorber

sorber on pulse

AR YARAY P 2 2R T o348 B (4 07 ik A T R
SRA K — D BEHLGE S (5 A A BRI IR (5, Ei
PRA A B2 R BIRRE R BIIRS . BUEiEs:
T YA P i K i BE AR R 25 A KT 0. 1% I,
Hotars 2R E RS BEPRANS N E, =
10pJ,AT =20% , =40nm, P, =72W,a =0. 55, Hi 4y
ZRZME 1,

2 HEREU

BURDELFEOEE K P A AL R AN 3 i
— LI (55 7R N A Wi B 14, I 26 1000
Rl I , A5 AR A B ik i



786 N

ot R

2017 4 11 A

normalized
intensity/a.u.

Fig.3  Evolution of output pulses in mode-locked fiber lasers

maximum small-signal
gain g, /m’!
=

%3 =67 =01 00 01 02 03
net cavity dispersion/ps?

Fig.4 Maximum small-signal gain as a function of the net cavity dispersion
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Fig.5 Parameter variation of output pulse with different net cavity disper-

sions
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Fig. 6 Temporal shape and chirp information

a—before compression b—after compression
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