
Chapter 6 
 

Summary 
 

In this study, we investigate how symmetries affect the E-polarization and 

H-polarization band structures in the two-dimensional photonic crystal, which 

involving structural and rotational symmetries, and material. The plane-wave method 

is employed to calculate band structures and field patterns. First, the two-dimensional 

triangular and square photonic crystals are considered. The optimal parameters in 

obtaining the largest PBG are calculated and the parameters influencing the formed 

PBG are examined. The effects of structural and rotational symmetries associated 

with the deformation and rotation of rods on E-polarization and H-polarization band 

gaps has also been studied systematically. The results show the large complete PBGs 

can be widened by rotating the noncircular rods in the photonic crystal. Moreover, the 

features of band structures by the use of anisotropy materials in the photonic crystal 

have been examined. 

It is well known that the complete PBG for square lattice exists in the case of 

square dielectric columns, but closes when the rods are replaced with circular 

dielectric columns. To understand how the regular shape and boundary of rods affects 

the formation of PBG in square lattice, the N-polygonal and corner-cutting structures 

are considered. The features for both E- and H-polarization bands are examined from 

the band-structure and the field-pattern perspectives. The photonic crystals of 

anisotropic N-polygonal rod obtain a larger complete PBG width than that of isotropic 

N-polygonal rod. The band structures of isotropic rods approach the same as that of 

circular rod for N is greater than twelve, while that of anisotropic rods resemble to 
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circular rods for N is greater eighteen. The E-polarization bands of anisotropic 

photonic crystal are more sensitive to rods’ boundary than that of isotropic structure, 

and the fabrication requirements of anisotropic photonic crystal consequently are 

more stringent than that of isotropic photonic crystal.  For the corner-cutting 

structures, we little by little cut the corners of square rods to form octagonal shape at 

the fixed filling factor. In particular, the band-structure viewpoints are used to 

understand the features of formed PBG in the square lattice. The results in the 

E-polarization gap (E8 gap) reveal that the cutting corner of rods strongly affects the 

E9 band in resonance frequency and field distribution inside the rod. The decrease in 

resonance frequency and the increase in band width lead to close the E-polarization 

gap. The results in the H-polarization gap (H6 gap) reveal a strong relationship 

between cutting corner of the rod and the H6 or H7 bands. The decrease in resonance 

frequency of H7 band and the increase in band widths for both H6 and H7 bands lead 

to close the H-polarization gap. Accordingly, the complete PBG is closed in the square 

lattice when the square dielectric rods are replaced with the octagonal dielectric rods.  

Next, we further investigate the formed PBG of hollow rods in the triangular lattice. 

Three deformed and two rotational structures are constructed to investigate the 

effects of structural and rotational symmetries on the E-polarization and H-polarization 

band gaps. The results in the H-polarization modes indicate that the air space among 

the rods dominates the low-frequency gaps while the shape of the rods affects mainly 

the high-frequency gaps. The results in the E-polarization modes reveal a strong 

relationship between the shape of the rods and the band gaps, as determined from 

the field patterns. The effect on the E-polarization mode for rotational structures is 

similar to that for deformed structures. However, H-polarization modes are affected 

not only by the field distribution among rods but also by the reduction of rotational 

symmetry.  
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The symmetry of photonic crystal plays an important role in opening complete 

PBGs. Analyzing the structural and rotational symmetries of photonic crystal is useful 

in understanding the properties of the formed PBGs and provides a path for designing 

proper photonic crystal structures with desired PBGs. 
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