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ABSTRACT

In this present communication, we have theoretically studied the photonic band gap in ternary metal-dielectric
photonic crystal which can be significantly enlarged when air is considered as a dielectric constant. All the
theoretical analyses are based on the transfer matrix method together with the Drude model of metal. In this
paper we have consider the effect of the variation of the thickness of the metal on the reflection bands of ternary
metallic-dielectric photonic crystal (MDPC). We also observed that the enlargement of band gap in MDPC is

due to the addition of increase of the thickness of metallic film at normal incidence.
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I. INTRODUCTION

Nowadays the periodic arrangement of layers
having different materials is called a photonic crystal.
If this periodic arrangement is in the order of the
wavelength of light, then for some range of
wavelength of the light cannot pass through the
crystal. This range of wavelength is called the
photonic band gap (PBG) or forbidden band gap for
the electromagnetic wave [1-5]. The photonic crystals
are also known as the electromagnetic wave band gap
materials because the electromagnetic wave cannot
propagate through such photonic crystal if the
incident wavelength is equivalent to the thickness of
the unit cell of the crystals. Photonic crystals are a
class of artificial periodic composite materials which
exhibit electromagnetic band gap (i.e. frequency
regime where the EM wave cannot propagate), this
band gap property makes the PCs very important for
the manipulation of EM wave; they can act for the
EM wave in the same way as the semiconductors for
the propagation of electrons. The photonic crystals
are the artificial structures which are made up by
combining the large numbers of the dielectric/metals
materials. The metal has important characteristic in
optics, if the thickness of metal is small than the skin
depth, the EMW can transmit and if the thickness of
metal large than skin depth, the EMW cannot
transmit. Such metallic has studied for the
telecommunication by studying the transmittance and
reflectance of the periodic media. The optical
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properties of the metal is considered from Drude
model of metal, the reflectance and transmission is
calculated by using simple transfer matrix method [6-
8]. G.N. Pandey et al. have been theoretically studied
omni-directional reflection bands in one dimensional
plasma photonic crystal in TE- and TM-modes and
the optical properties of plasma photonic crystal. G N
Pandey et al. have also studied the reflectance and
transmittance behaviors of superconductor dielectric
photonic crystal at different incidence angle and at
different temperatures [9-16]. In this paper the
photonic band structure in the visible and near
infrared for a ternary metal dielectric photonic crystal
has been theoretically investigated. It has been
observed that the ternary metal dielectric photonic
crystal has a superior feature in the enhancement of
the high reflectance range with the Ag metal. In the
normal incidence, the high reflectance range can be
significantly enlarged for the thicker metal.

Theory and Physical model

A schematic diagram of a one-dimensional
ternary metal dielectric photonic crystal (MDPC) of
N- periodic multilayer may be considered when in
each period of the metallic layer 2 is sandwiched by
two dielectric layers 1 and 3 which are shown in
fig.1.
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Figure 1: Schematic diagram of the ternary metallic photonic crystals

The permittivity of the metal in Drude model can be written as

ex()=1-0,70+H Yo (1)

where ®, is the plasma frequency and Y is the damping frequency. The index of refraction of a metal is given as
nzz\/sz.

For the TM wave, the characteristic matrix M (A) is expressed as

L.
i, Ml;] [Mh "’fl] [ cosf, Esmﬁl

MAy= M2y Maa[=|Mz, M —jplsinB, cosB, %)
The matrix elements can be further calculated as follows ,
Mys=cosBicos B cos PB3-(P1/P2) sinPisinBzsinBs —(pa/p2) cos Busin Posin Bz -(Pa/p2) sin Bz cos B, sin Bs

3
My,=1/jp; sinP; cosP, cosPs+1/jp, cosP; sinP, cosPa+l/jps cosPy cosP, sinPs-po/jpipssinPisinP,sinfs
4)
Mz;1=-jp1sin By cos Bocos Ba-jpzcos Pisin Pacos Pa-jpscos Bicos Posin Ps+pipa/p, sin PBisin Bosin B
®)
Mjy=cos Bicos Pocos Ps-Pa/p2 sin Bisin Bycos Bs-Pa/ps cos Pisin Posin Ba-pa/p; sin Bicos Posin Pa
(6)

Here B;=Konidicos©, and p;=n,cosO,. where 1=1,2, and 3, respectively,k=m \/uoso is the free-space wave number.
The reflectance can be written as R=r*r,
Therefore the reflection coefficient r of the system is given by

(M, +M 1 Po)Po— (Mo, + M5, D)

= (M, + M Po)Pe T (Mo, + M5 D) %

where py =ngcos. The above formulations can also be applied for the TM wave by a simple replacement of
pl=cos/nl where 1=0, 1, 2 and 3 respectively.

Il. RESULT AND DISCUSSION respectively. The wave length ranges are found from
In this present communication, we have consider the 4000A° to 1200A° for TE mode and also from
ternary periodic structure (air\Ag\air) having layers 1 4000A° to 1200A° for TM mode. The R (T) for the
and 3 with the air materials whose refracting indices ~ considered structure is same for TE mode and TM
and thicknesses are n;= 1.0, d;=90mm and ns= 1.0, mode. The completed reflectance or zero
ds=90mm, respectively. The metallic layer has been transmittance range is obtained from 7800A°. The
taken as silver (Ag) with the plasma frequency w, =2 reflectance and the transmitted show the band gap
Tx2.175x 1o0l® . near about 4200A° for the wavelength 4000A°-
rad/s and the damping  19000A° which is in visible region. Now for same
frequency is ¥ = 27T x4.35x 101* rad/s [7]  structure, we have increased the thickness of Ag
which shown in figure 2. The figure shows R (solid ~ Which is about 20nm with other parameters are same
line) / T (dotted line) versus wavelength, where R~ Which is shown in figure 3.
and T means reflectance and transmission
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Figure 2: Reflectance/Transmitted versus wavelength of considered structure for (a) TE mode & (b) TM mode.

Figure 3: shows the reflectance and
transmittance for the considered structure for TE and
TM modes at normal incidence which are the same.
When the thickness of the Ag metal is increased, the
band gap or reflectance is increased for very large
range of wavelength. The band gap is found about

600nm for the air\Ag\air ternary periodic structure
with thickness 20nm. Thus we concluded that the
thickness of the metal is increased, the reflection or
forbidden band gap is enhanced due to the properties
of the metal.

TE mode for Ag.0—0

[ ———

____________________________

3000 10000 12000
wWavelength {A™)
TM mode for Ag.0—0
e ; ____________ ~ -

Wavelength (A™)

Figure.3: Reflectance/Transmitted versus wavelength of considered structure for (a) TE mode & (b) TM mode

Again we have increased the thickness of
the Ag for the same structure; we observed that the
reflectance is enlarged as compare to the thickness of
Ag 50nm. In figures 2, 3 and 4, we have taken Ag as
a ternary structure with thicknesses 10nm, 20nm and
50nm respectively which shows that the reflectance is
increased if the thickness of the Ag metal is
increased. For the same structure of the thickness of
Ag metal is increased to 90nm, the reflectance is

found 100% for all the range of the wavelength as
shown in the figure 5. Thus we have concluded from
the above calculations that when the thickness of the
Ag metal in ternary structure is increased then the
reflectance is also increased and transmission for the
large thickness is negligible. It means the large
transmission is possible when the thickness of the Ag
metal in ternary periodic structure should be small
i.e. 10nm or 20nm.
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Figure 4: Reflectance/Transmitted versus wavelength of considered structure for (a) TE mode & (b) TM mode
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Figure 5: Reflectance/Transmitted versus wavelength of considered structure for (a) TE mode & (b) TM mode
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