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The rods formed in PCF are not exact cylinders rather ellipse rods which shows that the defect eigen frequency is controlled 
by the cross section area of rods. The control by the cross section area of rods provides a better way to modify the 
distribution of electromagnetic fields in photonic crystal and keeps the eigen frequency unchanged.

1. Introduction
Photonic Crystal Fibers (PCF) is now a proven technology that 
is competing with conventional fibers in many applications. 
The emergence of localized defect modes in the gap frequen-
cy region when a disorder is introduced to the periodic dielec-
tric structure is one of the most important properties of pho-
tonic crystals. There are usually two types of two dimension 
(2D) structure which are adopted in PFC[3], triangular lattice 
and square lattice of dielectric cylinders. In order to form a de-
fect, one or more cylinders are moved from a regular lattice 
structure. 

The localized defect mode will appear around the defect 
which is called an eigenmode. The relations between the ei-
genmode or bandgaps and the structure parameters are stud-
ied extensively [2].

However the dielectric rods fabricated with recent technology 
in PCF are not exact cylinders

The shapes of rods affect the eigenmode in PCF
The 2D photonic crystals in the form of triangular lattice and 
square lattice of circular dielectric cylinders have complete 
bandgaps for TM modes. A localized eigen-mode will form 
around a defect as shown in Figure 1.

Figure 1. (a) Triangular lattice, (b) Square lattice

The relations between the eigenfrequency and the ra-dius 
of dielectric cylinders in a small region have been calculated 
numerically with Finite Element Method [4] and are shown in 
Figure 2.

Figure:2. The relations between the eigen frequencies 
and the minor axis radii of ellipse rods. (a) The minor axis 
of ellipse rods is along the vertical direction; (b) The minor 
axis of ellipse rods is along the horizontal direction.
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The Eigen frequency of the localized defect mode decreases 
roughly linearly with the increase of the radius. As the rods 
fabricated in 2D photonic crystals are not exact cylinders, the 
shape of rods will affect the bandgaps [5] and the defect ei-
gen modes. The ellipse rods are taken to simulate the rods 
with ir-regular shapes for studying the eigen modes.

As for the triangular lattice structure shown in figure 1(a), if 
the radius of cylinders becomes smaller in horizontal or ver-
tical direction in a small range, i.e. the ellipse rods take the 
place of cylinders 

In order to make sure of this conclusion let the minor axis has 
different directions in a triangular lattice structure as shown in 
figure 3. The eigen frequency[1] almost keeps unchanged and 
the symmetry of the distribution of the electric field in this 
structure is disturbed[6]. A natural explanation to the common 
eigen frequency is that they have a common cross section 
area of rods. The cross section area of these ellipse rods is

It is almost same to the cross section area of ellipse rods.

are taken to simulate the rods with ir-regular shapes for study-
ing the eigen modes.

As for the triangular lattice structure shown in figure 1(a), if 
the radius of cylinders becomes smaller in horizontal or ver-
tical direction in a small range, i.e. the ellipse rods take the 
place of cylinders 

In order to make sure of this conclusion let the minor axis has 
different directions in a triangular lattice structure as shown in 
figure 3. The eigen frequency[1] almost keeps unchanged and 
the symmetry of the distribution of the electric field in this 
structure is disturbed[6]. A natural explanation to the common 
eigen frequency is that they have a common cross section 
area of rods. The cross section area of these ellipse rods is of 
rods.

 

 
Figure:3. The distribution of electric field in 2D triangu-
lar lattice photonic crystal, the minor axis of ellipse rods 
has different directions. The eigen frequency is 11.8611 
GHz.

3. Conclusion
The eigen frequency of defect eigen modes formed in 2D de-
fect photonic crystals is controlled by the cross section area of 
rods and the distribution of electro- magnetic field around the 
defect is affected by the cross section shape of rods.
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