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1. Introduction 

It remains of great interest to develop an optical pulse compression technique capable of achieving both high-quality 
pulses and large compression factors. Ideally, the required input power should be low, the fiber length should be 
short, and the fabrication should be easy. The proposed compression technique using cascaded higher-order solitons 
in optical fiber here can meet the desired features of an ideal optical pulse compressor, and has significant 
advantages over the widely reported adiabatic and higher-order soliton compression schemes. The adiabatic 
compression has a limit on the compression factor and needs excessively long dispersion decreasing fiber segments 
[1], and the higher-order soliton compression suffers from serious pedestal generation that contains a large portion 
of the pulse energy [2]. In this paper, we theoretically study the cascaded N-soliton for non-adiabatic pulse 
compression in three nonlinear fibers with different constant anomalous dispersion coefficients. Very large 
compression factors can be achieved with the generation of a relatively small pedestal, making the technique 
competitive with current pulse compression technologies. 

2. Background 

For pulses longer than 1 ps in duration, the pulse propagation in nonlinear fibers is governed by the nonlinear 
Schrödinger (NLS) equation [3],     
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where A is the slowly varying amplitude of the pulse envelope, z is the distance, t is the time,
2 is the second-order 

dispersion coefficient, and  is the nonlinear coefficient. Fig. 1 shows the 3-soliton evolution over one soliton 

period. In conventional higher-order soliton compression, the fiber length is chosen so that the soliton pulse is at its 
highest peak during the evolution, which corresponds to the minimum pulse width. This gives the maximum 
compression factor possible in higher-order soliton compression schemes. The key idea of this paper is to consider 
switching the dispersion of the fiber at the maximal compression point so that the localized compressed pulse 
structure is now ready to be compressed again as a new higher-order soliton in the next fiber segment.  

3. Cascaded N-Soliton Compression 

For the proposed 3-stage N-soliton compression scheme, the initial pulse is a chirp-free hyperbolic secant pulse 

 1sech ,N  where 
0/t T   is the normalized time, N1 is the soliton order in the first fiber. The output of the first 

fiber is launched into a second fiber with a different dispersion coefficient, and the soliton order in the second fiber 
is N2. The output of the second fiber is launched into a third fiber with a different dispersion coefficient, and the 
soliton order in the third fiber is N3. Here, we assume the nonlinear coefficient   is the same for the three fibers, 

and consider the case for which N1=N2=N3=3. The fiber length is optimized to have maximum compression in each 
fiber. Table 1 gives the fiber design in the 3-stage 3-soliton compression, when 21/22 /23 is the second order 
dispersion in first / second / third fiber, L1/ L2 / L3  is the fiber length of the first / second / third fiber, and z01/ z02/ z03 
is the soliton period in first / second / third fiber. The specific details of the compression factor and pedestal energy 
are given in Table 2. The pedestal energy is calculated using the method described in [4]. After the second fiber, the 
compression factor is 70.8 and the pedestal is 44.8%, which is much better than the conventional higher-order 
soliton compression. After the third fiber, the compression factor and pedestal are 599.7 and 58.8%, respectively. 
The performance of the cascaded N-soliton compression scheme is much better compared to the available techniques. 
In conventional higher-order soliton compression, an N=15 soliton can generate a compression factor of 60, but up 
to 80% of the pulse energy is contained in the pedestal component [2]. Thus it is a highly inefficient method, from 
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an energy standpoint, for producing ultrashort pulses. In the adiabatic pulse compression, the maximum compression 
factor is limited to about 20, and the fiber length required for broad input pulse tends to be excessively long [2]. 
Further, dispersion decreasing fibers can be rather expensive to procure or manufacture. Pelusi et al. propose the 
higher-order soliton (N~2) compression in DDF [1]. An N=2.1 soliton in a linear profiled DDF with length equal to 
one soliton period gives a compression factor of 55 and corresponding pedestal energy of 30%. For the 3-stage 
3-soliton compression, Fig. 2 shows the pulse shapes when compression is maximized in all three fibers. Fig. 2(a-c) 
are the results based on the NLS equation. Fig. 2(d-f) considers the case when input pulse is short (T0=1 ps), and the 
governing equation is the ultrashort pulse equation described in [5]. The full-width at half maximum (FWHM) 
varies from 1.76 ps to 0.21 ps after the first fiber, 28 fs after the second fiber, and 7 fs after the third fiber, which 
indicates a good compression for the short input pulse.  
 

N=3 first second third 

Comp. factor 8.4 70.8 599.7 

Pedestal (%) 26.0 44.8 58.8 

22 21/   23 21/   1 01/L z  2 02/L z  3 03/L z  

0.0884 0.0078 0.237 0.235 0.235 

 

Table 1. Fiber design in 3-stage N-soliton compression. Table 2. Compression factor and pedestal (%).  

                            Fig. 1. Soliton evolution over one period (N=3).  

 

 

 
Fig. 2. Pulse shapes where compression is maximized in all three fibers for N=3. (a), (b), and (c) are results using NLS equation in the first, 
second, and third fiber respectively. (d), (e), and (f) are results using ultrashort pulse equation in the first, second, and third fiber respectively. The 
dashed curves and solid curves represent the input pulse and output pulse of the corresponding fiber in linear scale.   

4. Conclusion 

Cascaded higher-order soliton compression scheme shows clear and distinct advantages over the standard methods 
of adiabatic pulse compression, higher-order soliton compression and higher-order soliton compression in DDF. 
Specifically, cascaded higher-order soliton compression can achieve a very large compression factor using two or 
three nonlinear fibers with different constant anomalous dispersion coefficients. Each fiber length is shorter than 
half of its soliton period. The 3-stage third-order soliton compression gives a compression factor of 600 and 
corresponding pedestal of 59%. These results are highly favorable when compared to the standard techniques 
previously used, thus suggesting that the cascaded higher-order soliton compression technique is a promising 
technology that is easy to implement with current technological components.   

5. REFERENCES 

1. M. D. Pelusi and H. F. Liu, “Higher order soliton pulse compression in dispersion-decreasing optical fibers,” IEEE J. Quantum Electron. 33, 
1430-1439 (1997). 

2. K. C. Chan and H. F. Liu, “Short pulse generation by higher order soliton-effect compression: Effects of optical fiber characteristics,” IEEE J. 
Quantum Electron. 31, 2226-2235 (1995). 

3. G. P. Agrawal, Nonlinear Fiber Optics (Academic, 2001).  
4. W.-H. Cao and P. K. A. Wai, “Picosecond soliton transmission by use of concatenated gain-distributed nonlinear amplifying fiber loop 

mirrors,” Appl. Opt. 44, 7611-7620 (2005).  
5. J. M. Dudley, G. Genty and S. Coen, “Supercontinuum generation in photonic crystal fiber,” Rev. Mod. Phys., 78, 1135 (2006). 

 2


