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novel dispersion compensator in a transmission mode, as a 
result of double reflection and double mode coupling, 
using a tilted chirped fiber grating pair.  
 
Principle of the transmissive-type dispersion 
compensator based on a tilted chiped grating paris 
 

The Fig. 1 shows the structure of the proposed FBG 
pair. The proposed tilted chirped FBG pair consists of a 
pair of polished FBG blocks with a long effective coupling 
length. Both of upper and lower side-polished FBG blocks 
contain tilted chirped fiber Bragg gratings with high 
reflectivity, which are seperated with a coupling length (Lc) 
for complete coupling. In the upper polished block, 
propagating core mode is reflected at the upper FBG and 
coupled to counter-propagating cladding modes. The 
counter-propagating cladding modes are guided in the 
upper fiber cladding up to the upper polished block. When 
the upper and lower polished blocks are deeply polished to 
closely place the upper and lower fiber cores alongside 
each other, the counter-propagating cladding modes in the 
upper fiber cladding are completely coupled to the lower 
fiber cladding within the coupling length. And the coupled 
counter-propagating cladding modes are coupled to core 
mode at the lower FBG.  

 

 
a) 
 

 
b) 

 
Fig. 2. Dispersion compensator in transmission based on tilted 
chirped fiber Bragg grating pair, where L and �  are length and 
tilt angle in titled fiber grating, respectively, and Xg and X are 
actual period and period in axial direction in tilted fiber grating, 
respectively(a); Cross-section of dispersion compensator (b)   
 

Fig. 2(a) shows a conceptual view of the proposed 
dispersion compensator, which consists of two tilted 
chirped gratings in a fiber, and (b) shows the cross-section 
of the proposed grating pair with the following parameter: 
diameter of fiber core (Dcore)=5um, cladding 
radius=62.5um, distance of polished residual 
(Dres)=2.5um, and coupling length (Lc)=2.5mm.  While 
the two gratings have the same tilt angle, their periodicities 
are in a reverse order from each other. Optical pulses in an 

optical fiber are broadened due to chromatic dispersion. 
Thus, when these dispersed pulses enter the first tilted 
chirped grating, the long wavelength components are 
reflected in front of the grating, while the short wavelength 
components are reflected at the end side of the grating, 
yielding to mode coupling from a fiber core mode to fiber 
cladding modes, simultaneously. Thereafter, the reflected 
optical pulses are backward-propagated as the cladding 
modes re-enter the second tilted grating, where the long 
wavelength components are re-reflected at the rear of the 
second grating, while the short wavelength components are 
reflected in front of the second grating.  

As a result, due to the double reflection and mode 
coupling between a fiber core mode and fiber cladding 
modes, the proposed dispersion compensator operates in a 
transmission mode. Whereas an untilted fiber grating 
couples from the forward-propagating LP01 core mode to a 
backward-propagating hybrid cladding mode with 
azimuthal order number l=1, a tilted grating couples from 
LP01 core mode to a hybrid cladding mode with any 
azimuthal order number l [9].  Here, the tilted grating in 
the proposed dispersion compensator is used to increase 
the degree of freedom in the dispersion compensator 
design, as the mode coupling between fiber core mode and 
fiber cladding modes is very limited with an untilted 
grating.  

 

Coupled-mode theory in a linearly chirped tilted 
grating 

The mode coupling between fiber mode Y and fiber 
mode 6 is well described by the coupling coefficients. 
Thus, for a tilted chirped fiber grating, the tangential 
coupling coefficient KY6 including a dielectric perturbation 
#M is given by  

),,(),(),,,()4/( 2
0 0 TT�TMT! 6
�

YY6 rErEzrrdrdk ;	
� � #�       (1) 

where EY and E6 are the transverse and longitudinal electric 
field of fiber mode Y and fiber mode 6, respectively. 
Equation (1) indicates that the energy exchange between 
the two fiber modes depends strongly on the electric field 
overlap integral. To design a dispersion compensator in a 
transmission mode based on a tilted chirped fiber grating 
pair, the optimum tilt angle must be known.  From 
reference [9], the grating tilt angle �opt for maximum 
coupling between a fundamental core mode and hybrid 
lm(l&1) cladding modes can be expressed by �opt=tan-1[ 
(n2

1- n2
01,eff)1/2/(n01,eff + ncl,eff)], where n1 is the core index 

and n01,eff and ncl,eff are the effective index of the LP01 core 
mode and hybrid lm(l&1) cladding modes, respectively.   

Fig. 3 shows the grating tilt angles for the maximum 
LP01 core-to-hybrid 2m cladding mode coupling in a 
linearly chirped fiber grating at a wavelength of 1300nm to 
1700nm. A tilted chirped fiber grating is formed in a single 
mode fiber with the following parameters: core radius 
a1=2.56m, cladding radius a2=62.56m, cladding index of 
n2=1.45, relative index difference of #=0.005, and index of 
the surrounding medium of n3=1.0. Here, the straight line 
and dots represent the LP01 core mode-to-HE2m cladding 
mode coupling and the LP01 core mode-to-EH2m cladding 
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mode coupling, respectively. Fig. 2 indicates that the mode 
coupling between the LP01 core mode and the hybrid lm 
cladding mode was strong in the tilted chirped grating 
slanted by an angle of approximately 2 ~ 3 degrees. The 
maximum tilt angles for fiber mode coupling vary with the 
mode number m.   
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Fig. 3. Optimum tilt angles for maximizing mode coupling 
between core mode and hybrid 2m cladding mode in tilted 
chirped fiber grating 

For a simple performance evaluation of the proposed 
dispersion compensator, an analytic expression was 
derived based on ray-optics approach. Based on the 
assumption that the optical pulse broadening is essentially 
the maximum relative delay between the shortest and the 
longest wavelengths, the dispersion D of the proposed 
dispersion compensator can be roughly written as 
D=2L(n01,eff + ncl,eff)/c#(, while a conventional chirped 
fiber grating has a dispersion of 2Ln01,eff/c#(.  Here, L is 
the length of the grating and #( and c are the optical 
bandwidth and light velocity, respectively. Meanwhile, the 
phase-matching condition allowing different resonant 
wavelengths along the length of the grating in the proposed 
dispersion compensator can be expressed by =co

01 +=cl
lm = 

2�/X(z), where =co
01 and =cl

lm are the propagation constant 
of the LP01 core mode and hybrid lm cladding mode, 
respectively. Plus, X(z) is the grating period along the fiber 
axis, and different resonant wavelengths are reflected at 
different positions of the grating, equivalent to X0 + Cz, 
where X0 is the grating period along the fiber axis in a 
grating that meets the phase-matching condition for a 
specific resonant wavelength (0 and C is the chirp rate of 
the fiber grating.  
 Fig. 4 shows time delay and spectrum in the proposed 
dispersion compensator based on a 50mm-long, 3 degree-
tilted grating pairs. The tilted angle is apodized by tanh 
apodization function with 2=4 and ==3.  

 
a) 

 
b) 

Fig. 4. Time delay (a) and transmission spectrum (b) with 
proposed dispersion compensator 

Table 1 and Table 2 summarize the dispersion 
characteristics of the proposed compensator according to 
two different lengths and chirp rates, respectively. A chirp 
rate C of 0.19nm and length of 200mm were fixed in tables 
1 and 2, respectively, while the remaining simulation 
parameters were as the follows: fiber tilt angle of 2 degree, 
refractive index modulation #n of 2 x 10-4 . 
 
Table 1. Comparison of dispersion characteristics when using 
simple analytic equation and coupled-mode equation for 
proposed dispersion compensator with two different lengths 

2L 
(mm) 

Bandwidth 
(nm) 

Dispersion(ps/nm) 
using coupled-
mode equation 

Dispersion(ps/nm) 
using simple 

analytic equation 

100 0.5 -1,898 -1,946 

200 0.5 -3,931 -3,891 
 
Table 2. Comparisons of dispersion characteristics when using 
simple analytic equation and coupled-mode equation for 
proposed dispersion compensator with two different chirp rates 

C 
(nm) 

Bandwidth 
(nm) 

Dispersion(ps/nm) 
using coupled-
mode equation 

Dispersion(ps/nm) 
using simple 

analytic equation 

0.4 1.0 -1,746 -1,965 

0.6 1.4 -1,167 -1,351 

 
These parameters met the condition for mode 

coupling between the LP01 core mode and the HE24 
cladding mode. Fig. 3 shows the transmission and time 
delay spectra within the proposed dispersion compensator 
based on 50mm-long, 2-degree tilted grating pairs. The 
tilted grating was apodized using tanh apodization function 
with 2=4 and ==3.  

 
Conclusions 

 
In conclusion, this paper proposed a dispersion 

compensator in transmission based on a tilted chirped FBG 
pair.  The proposed dispersion compensator operates in a 
transmission mode as a result of double reflection and 
double mode coupling between a forward-propagating core 
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mode and a backward-propagating hybrid cladding mode 
with any azimuthal order number l in two tilted fiber 
gratings. Plus, the optimum tilt angle to maximize the 
mode coupling between a guided core mode and a hybrid 
cladding mode with an arbitrary azimuthal order number is 
investigated along with the phase matching condition for a 
resonant wavelength along the fiber grating. To evaluate 
the performance, the transmission spectrum and dispersion 
characteristics of the proposed dispersion compensator are 
simulated using the coupled mode equations, while a 
simple analytical equation for the dispersion characteristics 
is also derived using a ray–optics approach.  A comparison 
of the dispersion results when using the simple analytic 
equation and coupled-mode equation showed a good 
agreement.  
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