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Abstract: Multi-channel FBGs for third-order dispersion compensation are reported. They cover 
19 nm into 12 channels. Gratings for third-order dispersion compensation (with a dispersion 
varying from –810 to –860 ps/nm) and for dispersion slope compensation (with a dispersion 
varying from – 1310 to –670 ps/nm) are presented. 
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1. Introduction 

The management of chromatic dispersion is one of the challenges of emerging communication systems. Although 
chromatic dispersion helps minimizing the non-linear effects in DWDM systems, adequate management of this 
effect has to be performed. Dispersion Compensating Fibers (DCFs) [1] and Chirped Fiber Bragg Gratings (CFBGs) 
[2] are two well known solutions for compensating chromatic dispersion. DCFs are presently the preferred solution 
for simultaneous compensation of a large number of WDM channels. However, such a fiber is lossy and do not 
allow a proper compensation for all the WDM channels. Although the dispersion is properly compensated for one 
channel, the residual dispersion that exists at other channels can become significant and has to be compensated for 
after a certain propagation length. 

While relatively narrowband in nature, FBGs can be made broadband by a strong increase of their length [3] or 
by making them multi-channel [4].  

In this paper, we report on multi-channel FBGs for third-order dispersion compensation and for dispersion slope 
compensation. 

 

2.  Third-order dispersion compensation 

Third-order dispersion compensation refers to the compensation over several WDM channels of both the second-
order (D) and third-order (dD/dλ) dispersion effects. For such an operation, the compensator is required to have a 
different dispersion value for each of the channels. Sampled FBGs have been proposed to obtain a multi-channel 
operation; however the sampling function replicates a given dispersion function [5]. As a result, all the channels are 
identical and the resulting device cannot compensate for the dispersion slope. Single -channel non-linearly chirped 
FBGs have been proposed for narrowband dispersion slope compensation [6]. In order to achieve operation over a 
broader range, multi-channel non-linearly chirped FBGs were proposed [7]. This last approach allows a tuning of 
the dispersion but the spectral duty factor is limited to about 25%. 

In this paper, we report results obtained with multi-channel FBGs based on superimposed gratings. Using this 
technique, the dispersion can be adjusted individually in each channel. The central wavelength of each channel is 
adjusted within ±10 pm. Typically, a FBG for the compensation of the dispersion is required to be relatively long 
(about 10 cm) and not ultra-strong (about 90% reflectivity). These two characteristics imply that only a modest 
index change (about 1×10-4) is needed for a single -channel FBG which is compatible with the fabrication of multi-
channel FBGs. Fig. 1 shows the reflectivity and group delay spectra of a 12 -channel FBG for the third-order 
dispersion compensation. Also shown in Fig. 1 is the dispersion value for each of the channels in comparison with 
the target. The reflectivity of the grating in each channel is higher than 80%. Both the dispersion and the dispersion 
slope are adjusted to compensate for the dispersion accumulated over 50 km of SMF-28 fiber. The group delay was 
measured using a chromatic dispersion measurement instrument model Q7750 from Advantest with a modulation 
frequency of 250 MHz. In this demonstration, a channel spacing of 1.6 nm was chosen to emphasize on the 
broadband capability of the fabrication technique, although narrower channel spacing can be obtained as well. The 
measured dispersion values agree with the target within ±4%, and within ±2% (±15 ps/nm) for ten of the twelve 
channels. 
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Fig. 1. Reflectivity and group delay spectra of a 12-channel third-order dispersion compensation grating (upper two 
graphs). The dots in the bottom graph gives the dispersion values obtained from a curve fit of the group delay while the 
solid line represents the target. 

 
 

3.  Dispersion slope compensation 

The same method was used to fabricate a FBG for dispersion slope compensation. Such a device is required for 
trimming the residual dispersion accumulated over ultra -long distances. For example, 13.6 km of a DCF having a 
dispersion value of  -100 ps/nm/km is required for compensating the dispersion accumulated over 80 km of SMF-28 
fiber. A typical DCF compensates for approximately 60% of the SMF-28 dispersion slope so that a residual 
dispersion slope of 0.023 ps/nm2/km remains after the compensation [1]. A fiber link composed of 20 sections of 80 
km of SMF-28 each followed by 13.6 km of DCF have a total length of 1600 km and a residual dispersion slope of 
36 ps/nm2. Fig.2 shows the reflectivity and group delay spectra of a multi-channel FBG designed to compensate for 
such a residual dispersion slope. Also shown in Fig. 2 is the dispersion value for each of the channels in comparison 
with the target. Again, the reflectivity of the grating in each channel is higher than 80%. As can be seen, a very good 
adjustment of the dispersion value can be obtained channel per channel. 

 

4.  Conclusion 

We have demonstrated the fabrication of multi-channel FBGs in which the dispersion and the central wavelength are 
adjusted in each channel. The multi-channel character is achieved by superimposing many gratings on a section of 
an optical fiber. The adjustment of the central wavelength is precise within ±10 pm. The precision of the dispersion 
adjustment is close to ±2% which renders possible third-order dispersion compensation. 
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Fig. 2. Reflectivity and group delay spectra of a 12 -channel dispersion slope compensation grating  (upper two graphs). 
The dots in the bottom graph gives the dispersion values obtained from a curve fit of the group delay while the solid line 
represents the target. 
 

The adjustment of the dispersion can also be done over a large range. The technique was used to demonstrate the 
ability to compensate for the dispersion slope with a rate of 36 ps/nm2. More specifically, we have demonstrated that 
the dispersion value can be adjusted between –670 and –1310 ps/nm within the same multi-channel FBG. 

The channel central wavelength can also be adjusted over a large range. As a result, channels that cover a total 
bandwidth of 19 nm within the same multi-channel FBG have been demonstrated. 
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