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We propose a setup allowing to use a single chirped Bragg grating written into a 
standard optical fiber as a dispersion-less component dedicated to the forthcoming 
WDM ultra-high bit rate lightwave systems. In the proposed scheme, optical pulses are 
sent bidirectionally into the grating while their polarization states and the local grating 
birefringence are controlled and optimized. This control achieves two important optical 
network functionalities: wavelength routing and optical delaying. The performances are 
investigated using a 6.3 ps pulsed laser. No significant temporal broadening is 
measured and a maximum delay of about 20 times the pulse width is reported. 

Introduction 
In recent years, fiber Bragg gratings (FBGs) have proven their potential to be used as 
efficient filters and tunable optical delay lines in telecommunication systems [1]. 
Optical delays as high as several hundreds of picoseconds can be achieved with uniform 
FBGs providing that the optical pulses are located on the sharp edges of the FBGs 
resonance bands [2]. However, the useful bandwidth is extremely narrow (a few 
hundreds of MHz) so that such gratings fail to work in high bit rate telecom networks 
(next generation at 100 GBit/s for instance).  
This limitation can be avoided by using chirped FBGs (CFBGs) because of the flatness 
and the broad spectral width of their reflection band [3].  Signals with comparable 
spectral bandwidth (up to hundreds of GHz) can be delayed in such systems, without 
amplitude distortion due to the grating shape [4]. However, if no care is taken, pulses 
are affected by the CFBG chromatic dispersion, which has to be compensated. The 
dispersion compensation is often realized with a pair of identical CFBGs oriented in 
opposite directions [5,6]. Full dispersion compensation is obtained when the two 
CFBGs are perfectly identical. In practice, due to the important length and specific 
refractive index modulation profile of the used gratings, such requirement is very 
challenging to fulfil. The use of a single CFBG should thus be privileged, as it has been 
done in [7] with polarization maintaining optical fibers.   
We present here a simple experimental set-up allowing to use a standard CFBG as a 
dispersion-less component dedicated to high bit rates telecom systems. In its simplest 
configuration, it acts as a wideband filter for high bit rates channels, for which other 
FBGs implementations are useless. By increasing the birefringence around the CFBG, 
variable optical delays up to several hundreds of picoseconds are obtained through the 
control of the polarization states of the injected and reflected optical pulses. The delay is 
actually equivalent to the differential group delay (DGD) generated by the CFBG.  
In the following, we detail the features of our dispersion-less configuration and 
experimentally demonstrate its potential with a 15 cm long CFBG.   
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Experiments 
Fig. 1 depicts the schematic of our experimental set-up. Experiments were carried out 
on a 15 cm long apodized CFBG. The grating has been written in hydrogen-loaded 
standard single mode fiber by means of a frequency-doubled argon laser and the 
scanning-beam phase mask technique. The reflection spectrum and the group delay 
curve measured from the short wavelength side are represented in Fig. 2. The CFBG 
chromatic dispersion is about 350 ps/nm.  
 
 
 

 

 
Fig. 1. Schematic of the experimental set-up. The 
optical paths followed by the orthogonally 
polarized pulses are identified by arrows. 

Fig. 2. Reflected amplitude spectrum and 
associated group delay evolution (short 
wavelengths port) of the CFBG. 

 
In order to illustrate the dispersion-less properties of this setup in the context of high bit 
rate telecommunication signals, we used a passively mode-locked fiber laser (Pritel) 
delivering linearly polarized Fourier transform limited pulses of 6.3 ps duration at full 
width half maximum (FWHM).  
In the proposed experimental setup, the light is launched into the short wavelengths port 
of the CFBG through a polarization controller (PC1) and an optical circulator placed 
behind. The reflected pulses pass through a second polarization controller (PC2) and are 
redirected, via a second circulator, to the long wavelengths port grating. Therefore, at 
the output, the pulses have been reflected twice and have travelled the CFBG in 
opposite directions so that the chromatic dispersion is well compensated.  
The role of the polarisation controllers is to achieve orthogonal states of polarization 
between the beams getting out of the short wavelength port and entering in the long 
wavelength one. Indeed, as the grating is not perfectly 100% reflective, a small part of 
the pulses launched in the short wavelength port are transmitted and could interfere with 
signals getting out of the setup. The analyzer placed behind the second circulator is then 
used to isolate the useful signal (pulses reflected twice by the grating) from the 
transmitted one passing directly through the CFBG and the two circulators.  
The control of the delay is achieved by inducing a mechanical stress on the grating. The 
CFBG is placed in a mechanical system allowing to modify the local birefringence by 
the application of controlled transverse forces. Due to this local birefringence, the two 
orthogonal polarization modes (also called x and y modes) are well resolved in the 
CFBG and are linked to the direction of the applied load. The PCs are now optimized to 
align the state of polarisation of the injected(reflected) signal along the x(y) axis of the 
CFBG. Hence, the injected pulses are aligned along the x axis so that the reflected 
pulses experience a delay corresponding to the CFBG group delay along the x axis (τx). 
The polarization state of the reflected pulses is then rotated by 90° and the pulses re-
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enter the grating in the opposite direction, this time aligned along the y axis.  In this 
way, the double-reflected pulses undergo an additional delay corresponding to the DGD 
induced by the CFBG (DGD=τx - τy). And, as the DGD increases with respect to the 
birefringence value [8], a dispersion-less tunable optical delay line is obtained. One 
important feature is that the DGD is constant in the centre of the reflection band. 
During our experiments, care was taken to avoid polarization instabilities. Short fiber 
sections were used and the ambient temperature was kept constant. The performances of 
the setup in terms of dispersion compensation and tunable delay generation were 
investigated using an autocorrelator and a 2 GHz oscilloscope (10 GSample/s). 

Results and discussion 
The dispersion compensation of the setup has been validated by measuring the temporal 
broadening induced by the linear properties of the grating. We recorded the 
autocorrelation traces of the injected (Fig. 3, plain curve), single-reflected (Fig. 3, dotted 
curve) and double-reflected pulses (Fig. 3, dashed curve). By assuming that the shape of 
the laser pulses is a sech, we found that the FWHM of the input pulses are 6.3 ps, in 
agreement with the constructor datas. As expected, an important temporal broadening 
(about 20 times the initial pulse duration) is induced by the important dispersion of the 
grating (~2.33 106 ps/nm/km) compared with the pulse duration when it is single 
reflected. It is worth noting that this temporal broadening is only due to dispersion 
effects and not to spectral narrowing due to the finite bandwidth of the CFBG reflected 
band. Besides, we checked that more than 95 % of the energy of the pulse is located in 
the bandwidth of the grating. When the pulse experiences a double pass inside the 
CFBG, we obtain an autocorrelation trace that is extremely similar to the original one. 
The FWHM is narrower by only 0.3 ps. This small discrepancy is attributed to the 
presence of a phase ripple on the group delay curve. We believe that the discrepancy 
could be cancelled by using a tanh refractive index modulation profile.  
The tunable delay generated by the loaded CFBG was estimated by means of 
intercorrelation measurements using a free-space interferometer. Taking into account the 
uncertainty induced by the precision of the translator, the resolution in the delay 
measurement is 0.07 ps. Fig. 4 depicts the evolution of the optical delay undergone by 
the output pulses as a result of the transverse force applied on the CFBG. As expected, 
the obtained evolution is linear. In particular, a nearly 120 ps delay (corresponding to 
about 20 times the pulse duration) is obtained for a transverse force of 500 Newtons, 
yielding to a birefringence value of a bit more than 4 10-4 [8]. It has been checked that 
the dispersion-less properties of the setup are not altered by the uniform mechanical 
stress applied to control the optical delay. 
These results demonstrate that the proposed configuration can be used not only as a 
dispersion-less filter but also as a tunable optical delay line. It makes use of passive 
optical components that does not drastically affect the power budget: the output pulse 
power has been measured 2.8 dB smaller than the injected pulse. In addition, the 
performances can be tailored by playing on the CFBG physical parameters. In particular, 
the smaller the chirp coefficient, the higher the maximum delay value. However, a small 
chirp coefficient reduces the CFBG bandwidth so that amplitude distortions can occur. 
As for our target applications the correct FWHM of the reflection band is a few 
nanometers, the reported experiments confirm that the maximum tunable delay value 
can readily reach more than 100 ps. 
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Fig. 3. Effect of the double pass in both directions of 
the CFBG on the pulse duration. 
 

Fig. 4. Induced optical delay on the double reflected 
pulses as a function of the transverse force applied on 
the CFBG. 

Conclusion  
In conclusion, we have demonstrated the feasibility of a dispersion-less component 
dedicated to high bit rates transmission systems. Our configuration is based on a double 
pass of light in both directions of a CFBG. The same component simultaneously works 
as a filter and a tunable delay line when the state of polarization of the optical pulses and 
the local birefringence of the CFBG are controlled. Optical delays of more than 100 ps 
can be readily achieved, without dispersion and distortion. This solution therefore 
overcomes the limitations of uniform FBGs-based configurations. 
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