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stract: We demonstrate almost chirp-fee and ped-
l-free optical pulse compression in nonlinear fi-

 Bragg gratings with exponentially decreasing 
ersion. The exponential profile is well approxi-

ted by a number of gratings with constant disper-
. 

roduction 
re are two widely used techniques to compress an 

ical pulse; namely using higher-order soliton ef-
t and adiabatic pulse compression. The former can 
e large compression ratio, but it suffers from sig-
cant pedestal generation. Adiabatic pulse com-
ssion can be achieved by the use of distributed 
n or dispersion decreasing fiber. But, adiabatic 
dition must be satisfied, i.e., the change must be 
dual. Here we propose a more attractive solution 
ich consists of a transmission-based pulse com-
ssor employing a nonlinear fiber Bragg grating 
G) with exponentially decreasing dispersion. The 
e dispersion in the spectral vicinity of the grating 
 band leads to very short devices (centimetres as 
osed to kilometres). Numerical examples confirm 

t compressed pulses are of large compression fac-
 little chirp and almost free of pedestal.  We de-
 a figure of merit for the optimization of the grat-

 parameters to generate compressed pulse with 
d quality. The exponential dispersion profile of 

 grating is also well approximated by a number of 
tings with constant dispersion.   
eoretical model 
nlinear pulse propagation in FBGs can be de-
bed by the nonlinear coupled mode equations 
CMEs) which describe the coupling between the 
ard-propagating wave (u) and backward-

pagating wave (v) [1]. 
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ere β1 is the group delay per unit length, δ = n(ωc 

B) /c is the frequency detuning from the Bragg 
uency ωB , with n being the average refractive 

ex, and c being the speed of light in vacuum.  The 
ameter  is the coupling co-
cient, with η  being the fraction of the fiber mode 
t overlaps with the grating,  ∆n being the refrac-
-index modulation, and Λ being the period of 

G. The parameter γ  is the nonlinear coefficient, z  

/ / / 2n nκ η π= ⋅ ∆ ⋅ Λ

is distance, and T is the time. Under certain condi-
tions, the NLCMEs can be reduced to the well-
known nonlinear Schrödinger type equation (NLSE) 
[1]. Self-similar pulse compression near the photonic 
bandgap of gratings in the NLSE limit has been de-
scribed in [2-4], where the pulse width T(z) = T0 

exp(−σ z), σ = 2α20 β20  and the chirp C(z) = α20T0
2 

exp(−σ z).  As |C(z)| decreases along compression, 
the time-bandwidth product tends to 0.315 (trans-
form-limited hyperbolic secant pulse). The effective 
quadratic dispersion and cubic dispersion of FBGs 
are given by [1] 
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Here, we consider that the dispersion decreases ex-
ponentially as β2(z) = β20 exp(−σ z) . We also assume 
that nonlinear coefficient is constant and δ (z) = 
bκ (z). Therefore, 

( )3/ 22 2
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We define a figure of merit (M) to quantify the rela-
tive importance of the second order and third order 
dispersions. M is defined to be the ratio of second 
order dispersion length (LD) to the third order disper-
sion length ( 'DL ).  For self-similar pulse compres-
sion, the importance of third order dispersion is pro-
portional to |β20|, the value of b, and inverse propor-
tional to T0. For optimum pulse compression, M 
should be as small as possible. 
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Nonlinear pulse compression in FBG 
The NLCMEs are solved by the implicit 4th order 
Runge-Kutta method described in [5]. The initial 
pulse is chosen to be sech(T/T0)exp(iα20T2). We 
choose the parameters b = 2, T0 = 10 ps, α20 = 
− 0.0025 THz2, L = 16 cm and β20 = − 25 ps2/cm. 
Figure 1(a) depicts the initial pulse u(z = 0, T), the 
transmitted pulse u(L, T), and Fig. 1(b) shows the 
reflected pulse v(z = 0, T). Most of the light is trans-
mitted through while a small amount is reflected 
back. From Fig. 1(a), the transmitted pulse experi-
ences effective compression. Figure 2 shows the 
compressed pulse shapes. The solid line, dashed line, 
and dot-dashed line represent the results using 
NLCMEs, NLSE with third order dispersion (β3), and 
NLSE without third order dispersion respectively. 
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The small amount of pedestal is due to the presence 
of the higher order dispersions. 

 
 
 

  
 
Stepwise approximation 
Since generally it is not easy to fabricate a FBG with 
exponentially decreasing dispersion, we approximate 
the exponentially varying dispersion FBG by a num-
ber of FBGs with different constant dispersion. If N 
sections are used to approximate a grating with 
length L, the constant dispersion value bi of the i-th  

section is given by 
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Figure 3 shows the initial pulse (solid lines) and com-
pressed pulse (dashed-line) using 8-section approxi-
mation. The spectra of the compressed pulse in Fig. 
4(a) correspond to the three cases shown in Fig. 2 
using the same symbols. The spectrum of the com-
pressed pulse in Fig. 4(b) corresponds to that of 8-
section approximation.  Table 1 gives the comparison 
between the compressed pulse in exponentially de-
creasing dispersion and its 8-section approximation. 
It shows the compression ratio and the residual chirp 
are close to the NLSE approximation, but small 
amount of pedestal is actually generated. 
Conclusion 
We have demonstrated almost chirp-fee and pedestal-
free optical pulse compression in nonlinear fiber 

Bragg gratings with exponentially decreasing disper-
sion. The exponential profile is well approximated by 
a number of gratings with constant dispersion. 

 Fig. 1. The launched pulse u(z = 0, T), transmitted pulse 
u(L, T) and reflected pulse v(z = 0, T) at L = 16 cm.  

 

Fig. 3. Initial and transmitted pulse in logarithmic scale. 

          Fig. 4. Spectra of transmitted pulses.   Fig. 2.  The transmitted pulse in logarithmic scale. 
 DDFBG 8-section 
FWHM (z = L) 2.20 ps 

(NLSE: 2.39 ps) 
2.24 ps 

Comp. factor 8.01 (NLSE :7.39) 7.88 

Time delay 926.3 ps 926.2 ps 

C(0) − 0.25 

C(z = L) −0.0347 (NLSE: 0.0338)  −0.021 

Pedestal (z = L) 0.54%  
(NLSE+β3: 0.023%) 

0.18% 

 Table 1. Compressed pulse in dispersion exponentially 
decreasing FBG (DDFBG) and 8-section approximation.  
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