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Abstract; The transmission properties of two-dimensional photonic crystals with triangular dielectric rods were

studied using the finite difference time domain (FDTD) method for different lattice structures, section areas, azimuth

angles and incident angles. The results showed that the photonic band gap (PBG) width and the central frequency

depends on the lattice structure and sectional areas. Azimuth angle of cylinder affects the PBG in some degree, how-

ever the widths of band gaps are the same when their effective incident section are equal, such as with the 6 value of

0° or 60°. In addition, transmission characteristics have no changes with the variation of incident angle in range of

low frequency (below 0.26a/A ), but the transmission coefficient decreases dramatically with increasing frequency

(0.28a/A ~0.37a/)) , even new wider forbidden band is formed under certain conditions. This work will be of

significance in fabricating PC devices.
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1 Introduction

Photonic crystals (PCs) are artificially fabrica-

ted using periodic dielectric structure''’.

They may
provide a possibility of forbidding light propagation
within a frequency band. After twenty years develop-
ment, the basic theories have become perfect. At
present, the hottest themes are the discovery and ap-
plication of PCs containing new materials or novel
structure. In the aspect of material, PC is fabricated
by using semi-conductive material, organic material ,
metallic material, activated dielectric material , etc.
As to structure, quasi-periodic configurative non-
crystal PCs are developed. Comparing with the one-
dimensional (1D) or three-dimensional (3D) PCs,
the two-dimensional (2D) PCs are currently favored

because of their relatively easy fabrication and provi-
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ding most of the functionality of 3D structures. Cur-
rently, the study of theory and application of 2D PC
is the one of the hottest themes in the area of phy-
sics, material science, and photonic electronic sci-
ence'>"®'. Many 2D PC structures have been pro-
posed. PC devices have been realized with bulk,
quantum well and quantum dot active regions. The
width of forbidden band is relevant to many factors,
such as lattice structure, relative permittivity, filling
factor, etc. There are various methods on studying
PC transmission characteristics, such as transfer ma-
trix method ( TMM )""*) FDTD method""™'",
multiple scattering method ( Order-N Y2 the
plane wave expansion (PWE) method'"®’ | etc. Feng
et al. used the PWE method to calculate the band
structure of 2D PC with triangular lattice'™*’ | but the

transmission properties were not presented. In this
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paper, the transmission properties of the 2D PCs
with triangular dielectric rods for different lattice
structures, section areas, azimuth angles and inci-
dent angles were investigated. The transmission
properties have no changes with the variation of the
incident angle in the range of low frequency ( below
0.26a/A ). However, the transmission coefficient
reduce with increasing incident angle, even the new
forbidden band is formed in the high frequency band
(0.28a/A ~ 0.37a/)1).
expand the research of 2D PCs with the laser-like

The calculated results

hetero-structure.

2 The Basic Theories

In this paper, the non-loss and non-magnetic

material was chosen. The time-dependent Maxwell’s

curl equations in PCs can be written as

Vtze(r)%—f (1)

VxE =-pu(r) 2 (2)

where & (r) is the position dependent permittivity
and u(r) =pu, is permeability in vacuum. In a 2D
case, the fields can be decoupled into two trans-
versely polarized modes, i. e. , the TE mode and the
TM mode.

space and time by a so called Yee-cell tech-
15]

These equations can be described in
nique' . The following FDTD time stepping formu-
las are the spatial and time descriptions of Egs. (1)
and (2) on a discrete 2D mesh within the x-y coor-

dinate system for the TE mode''"’
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where the index n denotes the discrete time step, in-
dices ¢ and j denote the described grid point in the x-
y plane, respectively. At is the time increment, and
Ax and Ay are the intervals between two neighboring
grid points along the x and y directions, respective-
ly. One can easily see that for a fixed total number
of time steps the computational time is proportional
to the number of discrete points in the computation
domain. Special consideration should be given at the
boundary of the finite computational domain, where
the fields are updated using special boundary condi-
tions as the information out of the domain is not
available. Here, the perfectly matched layer ( PML)
method and periodic boundary condition (PBC) are
used for the boundary treatment.

In calculation, the time increment A¢ and the
space intervals Ax and Ay need satisfy numerical

stability conditions""”’

LR - ]%
(Ax)*  (Ay)°

(6)

c

where, ¢ is the speed of light in vacuum.

3 Calculation Results and Discussion

3.1 Theoretical Model

The 2D PCs consist of a triangular lattice with
16 rows air triangular rods etched through a dielec-
tric material & = 10. 5 ( InP/GalnAsP ) laser-like
hetero-structure with a lattice constant a. The rods
are infinitely long in the z direction. The direction of
incident wave parallels with the y-axis. The calcula-
tion model is shown in Fig. 1, in which only 8 rows
are plotted for the convenience. A Gaussian pulse is
incident perpendicularly toward the bottom surface.
The transmission is calculated as the ratio of the out-
put and input powers obtained by integration of the
Poynting vector fluxes at the detector and the refe-
rence lines, respectively. The calculation is stopped
after the Gaussian pulse has totally passed through
the detector. All the results presented below are cal-

culated with the same grid parameters.
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Fig. 1 Schematic of 2D triangular lattice PC

3.2 Transmission Properties with Different
Lattices

The transmission coefficients of PC are calcula-
ted for triangular and square lattice, respectively.
The side length of regular triangular air rod is
0.62a. The calculated result is shown in Fig. 2.
From the Fig. 2, the forbidden band of triangular lat-
tice is wider than that of square lattice in the low fre-
quency band; however, more forbidden bands ap-
pear in case of square lattice. So, the lattice signifi-
cantly affects the transmission characteristic of 2D
PC. The PC with square lattice is more suitable for
fabricating multiple band stop filter than that with

triangular lattice.

Fig.2 Transmission spectra for the different lattices

3.3 Transmission Properties with the Variation
of Rod Sectional Area

As for the transmission of the different sectional
area of triangular rods, two different triangular rods
with the side length of 0. 52a and 0. 62a are calcu-
lated, respectively, as shown in Fig. 3. The width of
forbidden band is proportional to the size of the side
length. The larger the side length is, the higher the

central frequency is. This phenomenum is agree with

the conclusion of other papers. So, the width of for-
bidden band can be adjusted by changing the value
of the filling factor.

Fig.3 Transmission spectra with the variation of sectional

area

3.4 Transmission Properties with the Variation
of Azimuth Angle

The transmission properties with the variation of
azimuth angle are calculated. The rod is rotated 6
degree along the anti-clockwise direction, where 0
denotes azimuth angle as shown in Fig. 4. The trans-
mission coefficients are calculated when 6 is equal to
0° or 30°, as shown in Fig.4 (a). It is shown that
the band width and central frequency are varied with

the variation of azimuth angles. The results correspond

Fig.4 Transmission spectra with the variation of azimuth angle
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well with the conclusion of other papers.

In addition, the transmission coefficient is cal-
culated with the @ value of 60°, as shown in Fig. 4
(b). Tt is clearly shown that the forbidden band
width and central frequency are the same with the
value of 0°. However, the relationship between the
band width and azimuth angle has not been re-
vealed. To analysis the above results, the effective
incident section which denotes a projected section in
a plane that is perpendicular to the incident direction
is introduced. The effective incident sections are the
same when 0 is equal to 0° or 60°. So, the trans-
mission is determined by the effective incident sec-
tional area when other factors are the same. The
conclusion has not been reported by other papers.
3.5 Transmission Properties with the Variation

of Incident Angle

Considering the periodical structure of PC and
the symmetry of dielectric rod, the transmission with
the variation of the incident angle and the fixed azi-
muth angle should be the same when azimuth angle
is varied and incident angle is fixed. With the azi-
muth angle 6 of 0°, the transmission coefficients are
calculated with the variation of the incident angle 3,
as shown in Fig. 5. From the Fig. 5, it is clearly
shown that in the low frequency band, the transmis-
sion spectra are the same; in the high frequency
band, the width of three small forbidden bands are
unvaried and the transmission ratio decrease with in-
creasing the incident angle for non-perfectly forbid-
den band.

To validate the universality of the above results,

Fig.5 Transmission spectra with the variation of incident

angle

the triangular air-rods is substituted for circular air-
rods, the transmission properties are studied when g8
are equal to 0°, 30° or 60°, respectively, as shown
in Fig. 6. The forbidden bands are all the same in
the low frequency band ( below 0. 26a/A ) The
transmission coefficient reduce, with the increasing
B in the band of 0. 28a/A to 0. 37a/)\, even the
new forbidden band is formed when B is equal to
60°. The similar result is also obtained for the PC
with rectangular air-rod. So, the width of forbidden
band can change by adjusting the incident angle,
which is easy to implement in fabrication using PCs
with the laser-like hetero-structure. The similar re-

sult has not been reported.

Fig. 6

Transmission spectra of circular air-rods with the

variation of incident angle

4 Conclusion

The transmission of 2D PC of triangular dielec-
tric rods was studied using FDTD method. PBG is
affected by changing the lattice structure. The width
and central frequency location of the forbidden band
can be adjusted in a certain range with the variation
of azimuth angle of rod for the TE polarization wave.
The simulated result showed that in the design of
PBG of the triangular dielectric rod, the triangular
lattice structure should be adopted and makes the
cylinder section as large as possible. In addition,
the PBG width and central frequency can be fine-
tuned to fulfill design requirements by changing the
cylinder azimuth angles. In particular, the transmis-
sion spectra are the same with the variation of the in-
cident angle in the low frequency band ( below

0.26a/1). However, in the high frequency band,
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the transmission ratio decreases with the increasing few reports that the band gap can be adjusted or the
incident angle for non-perfectly forbidden band of new band gap can be formed by changing the inci-
0.28a/A t0 0.37a/A, even the new wider forbidden dent angle. This work will be of significance in future

band is formed. To our knowledge , there have been fabricating photonic crystal devices.
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