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Abstract: We investigate the effects of higher order 
dispersion on the self-similar optical pulse compression in 
nonlinear fiber Bragg gratings with exponentially decreasing 
dispersion. 
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1. INTRODUCTION 
  Recently we have reported nearly chirp-free and 
pedestal-free optical pulse compression in nonlinear fiber 
Bragg gratings (NFBGs) with exponentially decreasing 
dispersion [1]. Since both the pulse width parameter T(z) and 
second order dispersion coefficient β2 decrease exponentially 
at the same rate, the second order dispersion length LD (= 
T2(z)/|β2|) also decreases exponentially. In [1], the pulse 
compression is modeled by the nonlinear Schrödinger (NLS) 
equation, thus only the second order dispersion effect  is 
included. However, if the third order effect is present, the 
third order dispersion length LD' (= T3(z)/|β3|) will decrease 
much faster compared to LD if the third order dispersion 
coefficient β3 is constant. In this work, we use the nonlinear 
coupled mode equations (NLCMEs), which include all orders 
of dispersions, to study the effects of higher order dispersion 
on the self-similar pulse compression in NFBGs.  

2. THEORETICAL MODEL 
  Nonlinear pulse propagation in fiber Bragg gratings (FBGs) 
is governed by the NLCMEs which describe the coupling 
between the forward-propagating wave (u) and 
backward-propagating wave (v) [2], 
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where β1  is the group delay per unit length, δ = n(ωc − ωΒ)/c 
is the frequency detune from the Bragg frequency ωB, ωc is 
the center frequency of the optical pulses, n is the average 
refractive index, and c is the speed of light in vacuum. The 
parameter  is the coupling coefficient, 
with η  (η=0.8 is used in this paper) being the fraction of the 
fiber mode that overlaps with the grating, Δn being the 
refractive-index modulation, and Λ (Λ=0.5 μm is used in this 

paper) being the period of grating. The parameter γ  is the 
nonlinear coefficient, z is the distance, and t is the time. The 
effective second order and third order dispersion coefficients 
of FBGs are given by [2] 
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We consider that the second order dispersion decreases 
exponentially, i.e. β2(z) = β20 exp(−σz), where β20 is the initial 
second order dispersion of the NFBG. We also assume that 
nonlinear coefficient is constant and δ (z) = bκ(z). Therefore,  
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Similar to [3], we define a figure of merit (M) to quantify the 
relative importance of the second order and third order 
dispersions. M is defined to be the ratio of LD to LD'. For 
optimum pulse compression, M should be as small as possible.  
We have 
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We note that the value of M remains constant during the 
self-similar pulse compression, i.e. the relative importance of 
the second order dispersion and third order dispersion in the 
whole compression process has been decided at the beginning 
of compression. 
  Since the pulse compressor works in the transmission 
region, we need to ensure that the pulse spectrum does not 
overlap the reflection spectrum of the grating. For a chirped 
Gaussian pulse of the form exp[−(1+iC)T2/T0

2/2], the 
bandwidth (FWHM) is given by 2

02 (1 ) ln 2 / .C Tω +Δ =  In 
order to avoid the pulse spectrum falling into the stop band, 
we require that half of the spectral bandwidth must be smaller 
than the spectral distance from the band edge (|δ| = κ) [4]: 
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For the self-similar pulse considered here, C(z)=C0exp(−σz), 
we have 
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Another constrain is imposed by the grating modulation depth 
Δn, which can be as large as 0.01 in H2 loaded fibers [5], and 
Δn is associated with κ.  Therefore,  
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The NLCMEs are solved by the implicit 4th-order 
Runge-Kutta method [6]. For finite length L considered here, 
v(L,t)=0. In addition, we assume that the system initially 
contains no energy, i.e. u(z,0)=0 and v(z,0)=0. 

3. NUMERICAL EXAMPLES 
  The initial pulse is sech(t/T0)exp(iα20t2/2), where the initial 
pulse width parameter T0=10ps and the initial chirp α20= 
−0.005THz2. The grating parameters are β20= −25ps2/cm, 
σ=0.125/cm, and L=16 cm. According to the two constrains 
imposed by Eq. (6) and Eq. (7), b should be within 1.91 and 
4.2. In Fig. 1, we extend Δn further to 0.03, corresponding to 
b=1.5. We also investigate pulse compression for b = 4.5, 5, 
5.5 and 6, in which the transmission is expected to be lowered. 
Figs. 1a, b, c and d show the compression factor, pedestal (%), 
transmission (%) and value of M when b = 1.5, 2, 2.5, … 6, 
respectively. From Fig. 1a, the compression factor drops with 
the increase of b. From Fig. 1b and c, both the pedestal energy 
and transmission initially increase and then decrease with the 
increase of b. From Fig. 1d, the value of M increases with the 
increase of b, meaning the effect of third order dispersion is 
becoming more and more important. The smallest value of M 
(0.25) occurs when b=1.5, and the second smallest value of M 
(0.52) occurs when b=2. The third order dispersion is 
important because of the large M value. In order to have large 
compression factor, little pedestal, high transmission, and 
taking into account the limit of the grating modulation depth, 
we will use b=2 for subsequent discussions. Under the NLS 
approximation, the compression factor is 7.38, and the 
compressed pulse is pedestal free. When b=2, the 
compression factor, pedestal and transmission are 8, 0.2% and 
88%, respectively. The results of NLCMEs are still close to 
that from the NLSE at M = 0.52 showing that the NLS 
equation is still a good approximation at such a large M value. 
Fig. 2 shows the initial (solid curve) and compressed (dashed 
curve) pulse when (a) b=2 and (b) b=4. The compressed pulse 
using b=2 is much better than the one using b=4, showing 
shorter temporal duration and smaller pedestal. Fig. 3 shows 
the profile of (a) average refractive index n and (b) grating 
modulation depth Δn when b=2.  

4. CONCLUSIONS 
  We studied the effects of higher order dispersion on the 
self-similar pulse compression in nonlinear fiber Bragg 
gratings with exponentially decreasing using the nonlinear 
coupled mode equations. Our results show that the quality of 
compressed pulse remains high despite the presence of 
significant higher order dispersion effect. 
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Fig. 1: (a) Compression factor, (b) pedestal, (c) transmission, and (d) M 
versus b. 
       

 
                  (a)                       (b)   
Fig. 2: Initial (solid curve) and compressed (dashed curve) pulse profile for (a) 
b=2 and (b) b=4.  
 

   
                   (a)                        (b)   
Fig. 3: Profile of (a) n and (b) Δn when b = 2.  
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