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A novel all-fiber low-pedestal pulse compression scheme is proposed and investigated. The scheme is based on an 

anomalously dispersive single-mode fiber (SMF) cascading a nonlinear optical loop mirror (NOLM) with another 

anomalously dispersive SMF in the loop. Numerical results show that excellent pulse compression and pedestal reduc-

tion can be achieved by using the proposed scheme. 
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Optical pulse compression has attracted more and more 

attention in recent years due to its broad applications, 

such as optical transmission, ultrafast optics and 

high-energy field. During the past two decades, a variety 

of schemes of pulse compression have been proposed 

and demonstrated[1-7]. There are two well-known tech-

niques to achieve ultra-short pulses, namely, adiabatic 

pulse compression and higher-order soliton compres-

sion[8]. The former typically utilizes dispersion decreas-

ing fiber (DDF) as the transmission waveguide and can 

provide pulse compression with much lower pedestal[9]. 

However, it usually requires large lengths of DDF. 

Moreover, the compression factor is restricted by the 

dispersion-decreasing ratio and the maximum compres-

sion factor is typically limited to about 20[10]. The 

higher-order soliton compression can have a large degree 

of compression, but the compressed pulses suffer from 

significant pedestal generation, leading to nonlinear in-

teraction between neighboring solitons.  

To achieve high degree pulse compression while 

avoiding the technological drawbacks of the two com-

pression techniques, recently, Li et al[11,12] proposed a 

cascaded higher-order soliton compression scheme. Un-

fortunately, the compressed pulses obtained intrinsically 

entail an undesired pedestal component. Presently, a 

widely adopted technique for pedestal suppression is to 

utilize a nonlinear optical loop mirror (NOLM). Fur-

thermore, by properly designing the NOLM, both pulse 

compression and pedestal suppression can be realized in 

the same loop[13].   

In this paper, a novel pulse compression scheme with 

pedestal suppression using NOLM is proposed. The 

NOLM is adopted after an anomalously dispersive SMF 

to realize the low-pedestal pulse compression, in which 

the fiber in the loop achieves the pulse compression and 

the NOLM architecture realizes the pedestal suppression. 

The compression scheme combines the advantages of 

cascaded higher-order soliton compression technique and 

NOLM, through which very large compression factors 

can be achieved with the generation of a relatively small 

pedestal. 

The configuration of the proposed all-fiber pulse 

compression scheme is shown in Fig.1, which is based 

on an anomalously dispersive SMF (fiber 1) cascading 

an NOLM. The NOLM is composed of another anoma-

lously dispersive SMF (fiber 2) and an optical coupler 

with a power-coupling ratio of α:1−α (α≠0.5). The con-

figuration employs fiber 1 as the first compression stage 

and the NOLM as the second one. Specifically, the initial 

pulse u1 is launched into fiber 1 and reaches the maximal 

compression after passing through the fiber. The com-

pressed pulse u2 output from fiber 1 is launched into port 

1 of the NOLM for the second stage compression. The 

NOLM is unbalanced by using a coupler that launches 

unequal amounts of power in the counter-propagating 

direction. As shown in Fig.1, the input pulse is split into 

clockwise pulse u2cw and counter-clockwise pulse u2ccw. 

The pulse u2 is split at the coupler according to[14] 
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where u2cw(0,t) and u2ccw(0,t) are the field amplitudes 

right after the coupler. For the clockwise pulse u2cw, the 

dispersion of fiber 2 is properly set so that the clockwise 

pulse u2cw is compressed again as a new higher-order 

soliton. The length of fiber 2 is chosen so that the clock-

wise propagating pulse is maximally compressed after 

passing through the fiber. After traveling around the loop, 

the counter-propagating pulses recombine at the coupler 

and the transmitted pulse uT is output from port 2. The 

transmitted pulse uT is the final compressed pulse which 

is given by  

( ) ( )
T 2cw 2ccw

, i 1 ,u u L t u L tα α= + − ,           (3) 

where L is the length of the fiber loop. Since the phase 

shift difference between the two counter-propagating 

pulses is intensity dependent, only the central part of the 

pulse is intense enough to experience switching. The 

power dependence of switching condition leads to ped-

estal suppression after recombination. 

 

 

Fig.1 Schematic of the cascaded pulse compression 

scheme 

 

The model used in this work to simulate the propaga-

tion of pulses in cascades of fibers is based on the gener-

alized nonlinear Schrödinger equation (GNSE)[15]  
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where u is the slowly varying envelope of the optical 

field, z is the propagation distance, and t is the time in 

the moving reference frame. The parameters β2 and γ are 

the second order dispersion coefficient and Kerr nonlin-

earity coefficient, respectively. In this paper, the contri-

butions of the higher-order dispersion terms and 

higher-order nonlinear effects are neglected, for simplic-

ity, although they should be taken into account for 

propagation of ultrashort high peak power pulses with 

duration less than 1 ps. Fiber loss here is neglected too. 

For the proposed cascaded compression scheme, the 

initial pulse is assumed to be a hyperbolic secant pulse 

N1sech(t/T0), where T0 is the pulse width parameter re-

lated to the full width at half-maximum (FWHM) by 

TFWHM≈1.763T0, and N1 is the soliton order in the first 

fiber. The output of the first fiber is launched into the 

NOLM with a different set of dispersion coefficients, and 

the soliton order of the clockwise pulse u2cw in the sec-

ond fiber is N2. Consequently, we have  
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where T01,02, P01,02 are the pulse width parameter and peak 

power of the pulses input to the first and second fibers, 

respectively. β21 and β22 are the second order dispersion 

coefficients in the first and second fibers, respectively. 

Since the input pulse of the second fiber is not an exact 

hyperbolic secant shape, N2 is decided by the pulse fitting 

with a sech2 pulse which has the same peak power and 

FWHM intensity. Here, we assume that the nonlinear coef-

ficient γ is the same for the two fibers (γ=2.5W-1⋅km-1), 

and N1=N2=N. 

We perform numerical simulations for the power- 

coupling coefficient α in the range of 0.6≤α≤0.9. The 

TFWHM of the initial pulses and β21 are set to be 30 ps and 

−20 ps2⋅km-1, respectively.  

Tab.1 shows the calculated results for four typical 

power-coupling coefficients of α=0.6, 0.7, 0.8 and 0.9. 

For each α and each N, the fiber parameters of the first 

and second fibers are appropriately chosen so that the 

compressions are maximized in both the first fiber and 

NOLM. We note that for each N, both compression fac-

tor and pedestal energy increase with the increase of α, 

but the pedestal energy is more sensitive to the change of 

α. For example, for N=2, increasing α from 0.6 to 0.9, the 

pedestal energy increases from 3.5% to 12.6%, yet the 

compression factor only increases from 17.3 to 19.1. For 

N=5, increasing α from 0.6 to 0.9, the pedestal energy 

increases from 15.6% to 70.5%, yet the compression 

factor increases from 238.6 to 289.1. By choosing the 

value of α in the vicinity of 0.6, the two-stage pulse 

compression with an NOLM can achieve significant 

pedestal suppression without much compression factor 

decrease. 

 

Tab.1 Compression factor, pedestal (%) and fiber de-

sign for different α 

Parameters N=2 N=3 

α 0.6 0.7 0.8 0.9 0.6 0.7 0.8 0.9

Compression factor 17.3 17.6 18.4 19.1 60.1 63.2 67.3 70.0

Pedestal(%) 3.5 4.1 7.3 12.6 4.8 13.1 26.6 38.0

β22/β21 0.122 0.142 0.163 0.183 0.053 0.062 0.071 0.080

L1/z01 0.500 0.237 

L2/z02 0.487 0.235 

Parameters N=4 N=5 

α 0.6 0.7 0.8 0.9 0.6 0.7 0.8 0.9

Compression factor 132.8 145.4 156.5 160.6 238.6 270.1 289.1 289.1

Pedestal(%) 8.3 29.6 49.4 58.4 15.6 49.5 66.4 70.5

β22/β21 0.030 0.035 0.040 0.045 0.019 0.022 0.025 0.029

L1/z01 0.150 0.108 

L2/z02 0.150 0.108 
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The details of the fiber design in the two-stage higher- 

order soliton compression with an NOLM are also explicitly 

presented in Tab.1, where L1 and L2 are the lengths of the 

first and second fibers, respectively, and z01 and z02 are the 

soliton periods in the first and second fibers, respectively. It 

can be noticed that the dispersion coefficient of the second 

fiber is always smaller than that of the first fiber. For each N, 

with the increase of α, the ratio of the dispersion coefficients 

in the second and first fibers, β22/β21, becomes larger, how-

ever L1/z01 and L2/z02 remain unchanged. L1/z01 and L2/z02 

only depend on N. With the increase of N, both L1/z01 and 

L2/z02 become smaller. 

Figs.2—5 show the compressed pulses in the case of 

α=0.6. Fig.2(a) shows the pulse shape where compres-

sion is maximized in the first fiber when N=2. The most 

notable feature of the compressed pulse is that it contains 

a broad pedestal. The figure clearly illustrates that the 

peak intensity of the compressed pulse is four times 

higher than that of the initial pulse. Fig.2(b) shows the 

final compressed pulse output from the NOLM when 

compression of the clockwise pulse is maximized in the 

loop using a fiber dispersion corresponding to N=2. It is 

evident that the pedestal has almost disappeared. The 

peak intensity (which is normalized to the peak intensity 

of the initial pulse) of the final compressed pulse is 

nearly eight times higher than that of the initial pulse and 

the final compression factor is 17.3. In Ref.[11], the 

conventional two-stage second-order soliton compres-

sion achieved a compression factor of 19.7, but the cor-

responding pedestal energy was as high as 18.8%.  
 

 
(a) The input and output pulses of the first fiber for N=2 

 
(b) The input and output pulses of the NOLM for N=2 and α=0.6 

Fig.2 Pulse shapes where compression is maximized 
in both the first fiber and NOLM for N=2 and α=0.6 

 

(a) The input and output pulses of the first fiber for N=3 

 

(b) The input and output pulses of the NOLM for N=3 and α=0.6 

Fig.3 Pulse shapes where compression is maximized 

in both the first fiber and NOLM for N=3 and α=0.6 

 

 
(a) The input and output pulses of the first fiber for N=4 

 
(b) The input and output pulses of the NOLM for N=4 and α=0.6 

Fig.4 Pulse shapes where compression is maximized 

in both the first fiber and NOLM for N=4 and α=0.6 
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(a) The input and output pulses of the first fiber for N=5 

 

(b) The input and output pulses of the NOLM for N=5 and α=0.6 

Fig.5 Pulse shapes where compression is maximized 

in both the first fiber and NOLM for N=5 and α=0.6 

 

Similarly, Figs.3—5 show the pulse shapes where 

compression is maximized in both the first fiber and 

NOLM for N=3, 4 and 5, respectively. The details of the 

compression factor and pedestal energy are given in 

Tab.2. For comparison, the results of Ref.[11] (the con-

ventional two-stage higher-order soliton compression 

without the NOLM) are also shown in the table.  

 

Tab.2 Comparison of compression factor and pedestal 

Methods Parameters N=2 N=3 N=4 N=5 

Compression factor 17.3 60.1 132.8 238.6
Ours 

Pedestal (%) 3.5 4.8 8.3 15.6

Compression factor 19.7 70.8 158.4 283.9
Ref.[11] 

Pedestal (%)  18.8 44.8 61.1 71.3
      

 

As seen in Tab.2, in our two-stage pulse compression with 

an NOLM, both the compression factor and the proportion of 

pedestal energy become larger with the increase of the soliton 

order N, but the proportion of the pedestal energy is kept at a 

rather low level. In the case of N=2, the compressed pulse 

achieves a compression factor of 17.3, and the corresponding 

pedestal is only 3.5%. In the case of N=5, the compressed 

pulse achieves a compression factor of 238.6, while the cor-

responding pedestal is no more than 16%. As reported in 

Ref.[11], in the conventional two-stage higher-order soliton 

compression, for a pulse compression factor of 19.7, the ped-

estal energy has already exceeded 18%. For the conventional 

two-stage fifth-order soliton compression, although the com-

pressed pulse achieves a compression factor of 283.9, the 

pedestal energy is as high as 71.3%. 

Our compression scheme can also be applied in three-stage 

or other multi-stage pulse compression. Very large compres-

sion factors with the generation of a relatively small pedestal 

can also be achieved. 

In summary, a novel pulse compression and pedestal sup-

pression scheme based on cascaded SMF and NOLM is pro-

posed and investigated. The scheme firstly employs an an-

omalously dispersive SMF to compress the higher-order soli-

ton, and then an NOLM with another anomalously dispersive 

SMF in the loop is used to further compress the pulse as a 

new higher-order soliton and to suppress the pedestal after the 

pulse compression. The simulation results show that by ap-

propriately choosing the power-coupling ratio and fiber pa-

rameters, both large compression factors and low-pedestal 

compression can be achieved. In comparison with the con-

ventional cascaded higher-order soliton compression tech-

nique without the NOLM, comparable compression factors 

can be attained with much lower pedestal energy. The pro-

posed compression scheme is a superior compression tech-

nique, which can be applied in pulse compression for a wider 

range of pulse widths. It is very attractive in comparison with 

current compression schemes and techniques. 
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