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Abstract 

Pulse pedestal suppression by nonlinear optical 
loop mirrors is utilized to reduce the intersymbol 
interference caused by the group delay ripples of 
a real grating profile in dispersion-managed 
communication systems compensated by chirped 
fiber gratings. 
 
Nonlinear optical loop mirrors (NOLMs) 
constitute a key element for 2R regeneration [1]. 
It has been demonstrated, by simulations [2] and 
experiments [3], that NOLMs can substantially 
improve the transmission performance for 
dispersion-managed (DM) transmission systems 
compensated by dispersion compensating fibers. 
On the other hand, chirped fiber gratings (CFGs) 
constitute an attractive element for dispersion 
compensation because of their compact size and 
other advantages such as the possibility of 
achievement of higher-order dispersion 
compensation and without nonlinearity. It has 
been shown that ideal CFGs in DM systems can 
support transmission speeds up to 100 Gb/s [4]. 
However, CFGs have group delay ripples (GDR), 
which arise from the imperfections in the grating 
fabrication processes. The GDR induces side 
peaks in the pulse profile. These side peaks lead 
to intersymbol interferences, which degrade the 
system performance. Experiments using CFG for 
dispersion compensation over 500 km at 40 Gb/s 
have been successfully accomplished [5]. 
Recently we have shown that the use of NOLMs 
can improve the transmission performance in DM 
fiber systems compensated by CFGs [6].   
 
In this work, we examine the effectiveness of 
NOLMs in DM communication systems 
compensated by real gratings, in which a 
Gaussian-shaped bit sequence is used as input 
pulses. In Ref. [6], we used a sinusoidal function 
to approximate the GDR structure and assumed 
that the CFG has no power loss. Here, we use a 
real grating profile provided by the Redfern 
Optical Components company. It gives the actual 

grating reflectivity and group delay spectra as 
shown in Figs. 1(a) and 1(b), respectively. The 
amplitude and period of the GDR are irregular 
along the spectrum. We have shown that the use 
of NOLMs can reduce the pedestal induced by 
the real GDR in single pulse propagation [7]. 
Here, we examine the transmission performance 
of a bit sequence in the system and use highly 
nonlinear fiber (HNLF) instead of 
dispersion-shifted fiber [7] in the NOLMs. 
We find that the error-free transmission 
distance in the system with NOLMs is six 
times longer than that without NOLMs.   

 
Fig. 1. (a) Reflectivity and (b) group delay spectra of a 
real grating. 
 
We obtain the pulse propagation in optical fibers 
by solving the nonlinear Schrödinger equation.  
The dispersion map consists of a piece of fiber 
with dispersion 1.62 ps/nm/km and loss 
coefficient 0.2 dB/km and a CFG. The pulse 
energy is chosen to be 0.23 pJ. Using a recently 
developed design procedure [8], we find the 
resulting fiber length and grating dispersion to be 
10.28 km and −15.55 ps/nm, respectively. We find 
that the amplitude of GDR is ~ 2 ps and the 
dominant ripple periods are ~ 0.015 and 0.018 
nm, respectively. These ripple periods lead to a 
pair of side peaks located at ~ 500 ps apart from 
the central peak as shown by the solid curve in 
Fig. 2. The amplifier spacing, ~ 41.1 km, is four 
times the map length. We insert a NOLM after 
each amplifier. The NOLM consists of a 50:50 

CFI2-3

1564



coupler and a 193 m HNLF. An attenuator is 
placed at one arm of the loop mirror to break the 
symmetry. The HNLF has zero dispersion, 
nonlinearity of 20 km−1W −1 and loss coefficient 
of 0.55 dB/km [3]. At the output of NOLMs, we 
place a Gaussian bandpass filter to reshape the 
pulse and the filter is followed by a loss element 
to balance the pulse power. The amplifier has a 
gain of 26.2 dB for compensating the losses in 
the transmission line and NOLMs.  
 
Figure 2 shows the stable pulse shape in the 
system without (dotted) and with (solid) NOLMs. 
We found that the NOLMs stabilize the pulse and 
significantly reduce the pedestal that is caused by 
the GDR, by ~ 96 dB.  The NOLMs act as an 
intensity filter to enhance the peak power and 
simultaneously reduce the pedestal that contains 
the side peaks.  
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Fig. 2. Pulse shapes in the system without (dotted) and 
with (solid) NOLMs. 
 
To obtain a quantitative evaluation of the 
effectiveness of the NOLMs in the system, we 
have launched a 128-bit Gaussian-shaped 
pseudo-random bit sequence in the systems with 
pulse energy of 0.23 pJ and width of 5 ps at a 
speed of 40 Gb/s. The Q-factors (minimum 
between the intensity Q-factor and timing 
Q-factor) obtained in the system without (dashed) 
and with (solid) NOLMs are shown in Fig. 3. The 
transmission distance is increased by six times 
when NOLMs are used. We attribute this 
improvement of the transmission performance to 
the large pulse pedestal suppression by the 
NOLM action. On the other hand, we found that 
the timing Q-factor is dominant because of the 
interaction between the pedestal of the pulse 
profile and its neighboring pulses. The large 
interaction is caused by the GDR that induces the 
side peaks located between the central peak and 
the neighboring pulses. 
 
In summary, we have demonstrated that the new 
application of the NOLMs is highly effective in 
reducing the pedestal induced by the GDR of real 

CFGs in a 40 Gb/s DM fiber communication 
system. The transmission distance can be 
increased up to several thousands of kilometers 
(∼ 3 Mm) by the use of NOLMs.  
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Fig. 3. Q-factors of the bit sequence in the system without 
(dashed) and with (solid) NOLMs. 
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