
 

 

Abstract: A simple method for generation of 160 GHz 
soliton-like ultrashort pulse train at 850 nm is proposed and 
demonstrated numerically.  

I.  INTRODUCTION  
High-repetition-rate ultrashort optical pulses are widely 
used in various areas such as ultrafast physical processes, 
ultra-high-data-rate optical communications, optical 
frequency metrology and high-accuracy measurements. 
The repetition rate of femtosecond pulse train generated 
in passive mode locked lasers is typically smaller than 1 
GHz. It is also difficult to generate a pulse train with 
repetition rate higher than 40 GHz from active mode 
locked lasers because of the use of modulator inside the 
laser cavity. Soliton-like pulse train at high repetition rate 
by induced modulation instability of a continuous wave 
(CW) optical signal in optical fibers was demonstrated by 
Hasegawa in 1984 [1] and pulse trains at 300 GHz 
repetition rate had been achieved using this technique [2]. 
However, individual pulses suffer from significant 
pedestal generation, which lead to nonlinear interactions 
between neighboring pulses. The generation of a stable 
train of pedestal-free and non-interacting solitons has 
been demonstrated by the adiabatic compression of a 
dual-frequency signal inside a dispersion decreasing fiber 
(DDF). [3]. But the dispersion inside the DDF must 
decrease sufficiently slowly in the adiabatic compression 
process, thus a relatively long fiber is required. Recently, 
we have demonstrated pedestal-free and nearly chirp-free 
pulse compression of chirped solitary pulses in nonlinear 
fibers/gratings with exponentially decreasing dispersion 
using the self-similar analysis [4]. An important 
advantage of the self-similar compression scheme is that 
the adiabatic condition does not need to be satisfied and 
rapid compression is possible in a short length of fiber.  

Ultrashort pulses at 850 nm find applications in many 
areas such as biophotonic sensing, optical coherence 
tomography, and material processing. Generation of 
ultrashort optical pulses at near infrared wavelengths with 
current laser sources, however, is still difficult. Advent in 
state-of-the-art photonic crystal fiber (PCF) drawing 
techniques in which anomalous dispersion can be 
obtained at near infrared and visible regime, make it 
possible to generate ultrashort pulses by pulse 
compression technique. In this paper, we propose to 
generate high-repetition-rate soliton-like pulse trains by 
self-similar compression of prechirped dual-frequency 

optical signals in highly nonlinear fibers with 
exponentially decreasing second-order dispersion. We 
numerically demonstrate the formation of a 160-GHz 
train of ~150 fs pulses at 850 nm. The full dispersion 
characteristics and higher-order nonlinear effects have 
been included. 

II.  PRECHIRPING OF A CW DUAL-FREQUENCY SIGNAL 
The coherent beating between the two CWs generates a 
sinusoidally modulated optical signal which is a chirp-
free pulse train. From previous work we note that a linear 
chirp can facilitate efficient pulse compression in the self-
similar compression scheme. We therefore add a pre-
chirping process for the sinusoidally modulated optical 
signal. Here we use a piece of highly nonlinear fiber as a 
prechirper. The CW dual-frequency signal can be 
represented as A(z=0, t)= A0sin(πt/T0)，  t ∈  [−16T0, 
16T0]，where 

0A   and 
0T   are the amplitude and pulse 

width parameters. The sinusoidal pulse train ( 2
0A = 0.1 W 

and T0=6.25 ps corresponds to the repetition rate of 160 
GHz) is launched into a highly nonlinear fiber of 40 m 
with nonlinear coefficient 100 / /W kmγ = . In the absence of 
dispersion, the prechirped pulse maintains its sinusoidal 
pulse shape in the prechirping process. A polynomial 
fitting of the phase of the prechirped pulse train gives the 
chirp coefficient 2

20 0.202 THzα = − . Thus, the prechirped 
pulse train can be nearly approximated by the form of 
A(z=40m, t)= 1

16n

−

=−∑ A0sin(πt/T0)exp{iα20[t−(n+0.5)T0]2/2}, 

t ∈  [nT0, (n+1)T0] + 16

1n=∑ A0sin(πt/T0)exp{iα20[t− 

(n−0.5)T0]2/2}, t∈  [(n−1)T0, nT0]. 

III.  COMPRESSION OF PRECHIRPED PULSES 
The generalized nonlinear Schrödinger equation (GNLSE) 
which includes higher-order dispersion effects (up to the 
M-th order dispersion) and higher-order nonlinear effects 
(such as self-steepening and intrapulse Raman scattering), 
has been widely used in the modeling of ultrashort pulse. 
The GNLSE can be written as [5]: 
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where A(z,t) is the field envelope, 
0

1/
shock

τ ω=  and 
0

ω  is 
the center frequency, 

mβ  and  γ  are the m-th order 
dispersion coefficient and nonlinear coefficient of the 
fiber respectively. M represents the order up to which 
dispersive effects are included. The Raman response 
function is ( ) ( ) ( ) ( )1 .

R R R
R t f t f h tδ= − +  We use 0.18

R
f =  

and 
R

h determined from the experimental data for fused 
silica Raman cross-section. Equation (1) has been 
successfully used for the description of transmission of 
pulses as short as a few optical cycles if enough higher-
order dispersive terms are included. 

The prechirped pulse train is launched into a highly 
nonlinear fiber of 1 km with nonlinear coefficient  

100/W/kmγ = . The dispersion parameters at the operating 
wavelength (850 nm) of the dual-frequency signal  are: β2 
= −12.76 ps2/km, β3 = 8.119×10−2 ps3/km, β4 = 
−1.321×10−4 ps4/km, β5 = 3.032×10−7 ps5/km, β6 = 
−4.196×10−10 ps6/km, and β7 = 2.570×10−13 ps7/km [5]. 
The higher-order (>7) dispersion terms not shown here 
are found to have negligible influence. The prechirped 
pulse in Section II is used as the input of this highly 
nonlinear fiber of length 1 km. We also assume the 
second-order dispersion varies exponentially as 

( ) ( )2 20 expz zβ β σ= − where 2
20 12.76 ps /kmβ = −  while 

higher-order (>3) dispersion terms keep unchanged along 
fiber length. According to the self-similar analysis in [4], 
the decay rate of the second-order dispersion coefficient 

20 20σ α β= . The peak power of the chirped pulse train is 
chosen to be 2 2

0 20 08 / 3 /P Tπ β= , which is based on a 
sinusoidal pulse ansatz. Figure 1 shows the input and 
output pulse train of the nonlinear fiber in linear (a, c) 
and logarithmic scale (b, d). The pulse has evolved into a 
hyperbolic secant like pulse shape. The compression 
factor is 19.9 (the FWHM is compressed from 3.125 ps to 
157 fs) and the pedestal energy is 7.48%. The amount of 
pedestal is calculated using the method detailed in Ref. 
[4]. We also note that the ratio between the soliton 
separation and soliton pulse width is as large as 39.8 in 
this example. Figures 1(e) and 1(f) show the prechirped 
dual-frequency signal spectrum and output spectrum of 
the soliton train respectively. The new and small 
frequency component near (ν−ν0)T0=10, −10 is generated 
in the prechirping process. The frequency red shift in Fig. 
1(f) is because of the intrapulse Raman effect. The 
compressed pulse experiences obvious bandwidth 
broadening, as shown by the dashed and solid curves in 
Fig. 1(g) which represent the input and output spectrum 
of a single pulse in the pulse train. The bandwidth 
broadening factor in Fig. 1(g) is more than seven times. 
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Fig. 1.  Input and output pulse train of the nonlinear fiber in linear (a, c) 
and logarithmic scale (b, d). (e) Input dual-frequency signal (chirped) 
spectrum and (f) and output spectrum of the soliton train; (g) spectrum 
of a single pulse in the input pulse train (dashed curve) and spectrum of 
a single pulse in the output pulse train (solid curve). 

IV.  CONCLUSIONS  

We have proposed a high-repetition rate soliton-train 
source based on a nonlinear fiber with the exponentially 
decreasing second-order dispersion. We numerically 
demonstrated the possibility of a 160 GHz train of ~150 
fs pulses by reshaping a dual-frequency signal into a train 
of solitary pulses. The proposed approach features a 
compact structure, and also allows one to compress long 
pulses over a short fiber length.  
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