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ABSTRACT: In this paper, the transmittance of transverse electric field (TE) in one-dimensional photonic
crystals (1D PC'’s) with different defect layer geometries is theoretically investigated in visible region by using
finite-difference time-domain (FDTD) method. TiO,is used as higher refractive index material, SiO,is used as
lower refractive index material and Al,Ozis used as defect layer material. Our results show that defect layer
geometry effect TE transmittance peak value and position therefore we achieved the optimum geometry for the
highest transmittance. We also find that if we take the defect layer material Al,Os, thickness 80 nm and position
as (AB),C(AB),, highest transmittance peak value occurred.
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l. INTRODUCTION

Photonic crystals (PCs) are optical nanostructures which dielectric constants change periodically [1].
Because of this periodic change PCs structures have forbidden frequency range called as the photonic band gap
(PBG) that electromagnetic waves not propagate in this region [2]. This property of PCs provides us to control
the propagateof light [3]. PCs can be periodic in one-dimensional (1D), two-dimensional (2D) and three-
dimensional (3D) [4]. 1D PCs attract attention because of easily investigated and fabricated. In 1D PCs,
dielectric constants are periodic in one-dimension and used as low-loss optical waveguides, high-efficiency
semiconductor lasers, dielectric reflecting mirrors, light-emitting diodes, optical switches, high-Q resonators,
antennas, optical filters, frequency selective surfaces, antireflection coatings etc [5-7].

In PCs, produced defects break the periodicity and leads to the appearance of localized modes in
theforbidden bands which named defect modes [8, 9]. Properties of defect layer parameters such as defect layer
geometry, material, thickness and position affect the behavior of defect modes.

In recent years, too many theoretically and experimentally investigations carried out effects on
transverse electric (TE) and magnetic (TM) field’s transmittance and reflectance of defects in PCs [10, 11]. In
these investigations, defect layer geometries are considered to be linear.

In this paper, we have examined the effects of the different defect layer geometries on TE
transmittance. The highest TE transmittance geometry has obtained in visible range for 1D PCs. Also material,
thickness and position of defect layer have optimized for the highest transmittance.

Toinvestigate PCs different theoretical techniques can be used such as transfer matrix method (TMM)
[12], the plane wave method (PWM) [13] and finite-difference time-domain method (FDTD) [14, 15]. We
prefer FDTD method for theoretical analysis because of its simplicity, applicability and losses of propagation
fields are smaller from other approximation methods. We used OptiFDTD software [16] for our transmittance
spectra simulations which based on the finite-difference time-domain method (FDTD) method.

I.THEORETICAL METHOD
FDTD method solves the Maxwell equations in complex geometries. This method solves the transverse
electric (TE) and magnetic fields (TM) by depending on space and time. In FDTD method, space and time axis
are divided in regular grids along the axis direction as known Yee cells. A certain time step is determined for
iterations. After the iterations TE and TM fields can be calculated in 1D PCs.

Maxwell equation for isotropic linear medium is

VxH=¢e2 +0E ()

Where E is the electric field, H is the magnetic field, € is the dielectric permittivity and o is the electric loss of
the medium. If we suppose electromagnetic wave propagate along z direction in 1D PC, Eq. 1 can be written as,
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In 1D Yee cells, if we suppose integer k as number of space step Az and integer n as time steps At along

the z direction then Eq. 2 is expressed as,
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2
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Eqg. 3 provides us to calculate TE values for each space and time steps.

Frequency domain transmission spectrum can be obtained by the Fourier transform of the time
domain data. The band structures of defective 1D PC can have a wide variety in electromagnetic properties. For
determination of boundary conditions perfectly matched layers (PMLs) and periodic boundary conditions (PBC)
can be use [17, 18].

I11. RESULTSANDDISCUSSION

We consider PCs which forms are (AB),C(AB), shown layout of PCs in Fig 1. Wafer dimensions are
10um x 10um and the wafer material taken air. The layer A, B and C represent SiO,, TiO, and Al,05; where
refractive indexes of layers are n, = 1.55, n, = 2.97, n, = 1.77 at A=543.5 nm [19] and the structure layer
thicknesses are chosen d, = 88 nm, d, = 46 nm and d. = 80 nm according to quarter wave stack condition
(n.d =A/4) respectively. Red vertical line represents the input plane which taken to Gauss modulated
continuous wave. The input plane wavelength is 543.5 nm (He-Ne laser) [20] and propagate at z direction. The
green point is observation points which observe transmission of TE.

Fig. 1.Fig. 1 Layout of 1D PCs.

In order to investigate defect layer geometry on TE transmittance we consider different defect layer
geometries as shown in Fig. 2. The TE transmittance spectra of these different PCs structures are shown in Fig.
3. The transmittance peaks were occurred in visible range for all structures. TE transmittance peak values and
position for designed defect layer geometries are different. The minimum transmittance peak value occurred in
Fig. 2 (c) at 602 nm rate for % 51 and maximum transmittance peak value occurred in Fig. 2 (e) at 513 nm rate
for % 72. These results suggest us for our purposes PC shown in Fig. 2 () is more suitable to be the defect layer
geometry for TE transmittance.

Thedefectlayermaterialis an  importantperformancefactorforthe TE transmittance. InFig. 4
thetransmittancespectra of 1D PCswithdifferentdefectlayermaterialssuch as Al,03, LiNbO3, ZnO, GaAs and Si
shown. The other parameters are same with Fig. 2 (e).

The minimum transmittancepeakvalueoccuredwhilethedefectlayermaterial is Si at 602 nm rate for % 40
andmaximumtransmittancepeakvalueoccurredwhilethedefectlayermaterial is Al,O5 at 513 nm rate for % 72 as
shown in Fig. 4, As therefractiveindex of thedefectivelayerincreases,
themaximumtransmittancepeakvaluedecreases. For Si andGaAs second peaks occurred at 435 nm and 432 nm
respectively, also photonic band gap (PBG) occurred for GaAs between 506-533 nm. With the refractive index
of defectlayerincreases, maximumtransmittancepeaksmoveshigherwavelengthsandsecondpeaksoccurred —at
lowerwavelengths. Fromtheseresultswe can choosetheAl, 05 as appropriate material for our purposes.
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Fig. 2.Layout of PCs with different defect layer geometries.
(a) Common geometry, (b) Exponential taper geometry.

(c) Linear taper geometry, (d) Hyperbolic lens geometry.
(e) Parabolic taper geometry.
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Fig. 3. TE transmittance spectra of PCs with different defect layer geometries.
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Fig. 4. TE transmittance of PCs with different defective layers.

For investigate the effect of defect layer thickness over TE transmittance we get defect layer thickness
as 80 nm, 102 nm, 154 nm, 184 nm and 307 nm (n.d =A/4 ,n.d=2/3,n.d=21/2,n.d=3A/5and
n.d = A) shown in TE transmittance spectra of PCs with different defect layer thickness in Fig. 5.Here defect
layer geometry is same as Fig. 2(e) and defect layer material is Al,05.

From Fig. 5 the minimum transmittance peak value occurred while the defect layer thickness is 307 nm
at 548 nm rate for % 14 and maximum transmittance peak value occurred while the defect layer thickness is 80
nm at 513 nm rate for % 72. The maximum transmittance peaks move to the higher wavelengths as increase the
defect layer thickness. For 184 nm the maximum transmittance peak was disappeared in higher wavelengths and
for 184 nm and 154 nm thicknesses second transmittance peaks occur from lower wavelengths. Thus the
maximum transmittance peaks can be controlled by changing the thickness of defect layers.
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Fig. 5.TE transmittance of PCs W|th different defect layer thicknesses.

Finally, we examined effect of defect layer position on TE transmittance by studying (AB),C(AB)g,
(AB);C(AB)s, (AB),C(AB),4, (AB)sC(AB)3, (AB)C(AB), structures.

TE transmittance spectra of PCs with different defect layer positions are shown in Fig. 6. Defect layer
geometry is same as Fig. 2(e), defect layer material is Al,05 and defect layer thickness is 80 nm. The minimum
transmittance peak value occurred in (AB),C(AB)g at 522 nm for % 15 and maximum transmittance peak value
occurred in (AB),C(AB), at 513 nm for % 72. Also for (AB)4C(AB), second transmittance peak occurred at
lower wavelengths. Thus, the maximum peak values and positions can be controlled by changing the defect
layer position.
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Fig. 6.TE transmittance of PCs with different defect layer positions.

V. CONCLUSION
We have theoretically investigated the effect of defect layer geometries on TE transmittance in 1D PCs

at visible range. Our simulations show that defect layer geometries affect the transmittance of TE. Different
defect layer geometries studied and the defective layer geometry with maximum transmittance was determined.
Also we analyzed defect layer material, thickness and position on TE transmittance. PC structure of Al,03
material at 80 nm thickness and at (AB),C(AB)4position showed maximum TE transmittance. These results
provide us designing and manufacturing new types of 1D PCs for optical applications at visible region.
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