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A B S T R A C T

The photonic crystal index profile with silicon (Si)- Silver(Ag) nanocomposites are numerically investigated
using by Transfer Matrix Methods. The respective optical properties such as its mode profile, group delay and
intensity distribution is studies and analyzed. The results reveal the interesting phenomena that the group delay
is reduced with increasing the wavelength which will be highly deserved for communication applications.

Introduction

Nanocomposites materials based on optical studies and its applica-
tion have been studied in various applications such as magnetic field
sensing [1] and bio sensing [2], polariton studies in super lattice
structure [3,4]. Recently, optical properties of nano-doped photonic
crystal fiber [4] were investigated by R. Udaiyakumar et al. In some
extends, microstructures are involved to form the nano doping material
with base substrate of glass or semiconductor. In this work, the re-
fractive index profile of photonic crystal (PC) waveguide is proposed to
study the optical properties and mode propagation.

Design of refractive index profile and its optical studies

By using Maxwell – Garnett approximation, the dielectric permit-
tivity εmix(ω) can be written by Eq. (1). By using garnett approximation,
the silver and silver has been composited to form the nanocomposite
substrate in PC waveguide. The corresponding refractive index profile is
shown in Fig. 1. The first layer of layer of index profile is filled by silver
doped with silicon particles. The second layer of the index profile is
filled by air. Further, the mode propagation of guided modes in 2D and

3D view is show in Fig. 2 & 3.
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where d is a dielectric constant of transparent matrix, is optical
frequency [5]. ( )m is a dielectric permittivity of nanoparticles mate-
rial, f is a filling factor of nanoparticles, i.e. their volume fraction. We
can find the bulk metallic dielectric permittivity with Drude approx-
imation in the following way:

Fig. 1. Refractive index of profile of Ag-Si substrate PC with width 3 μm and
height 2.75 RIU.
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where ε0 is a constant (ε0= 5 for Ag), P is a plasma frequency ( P=9
eV for Ag), is a relaxation constant ( = 0.02).

The dielectric constant for silicon is given by
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Fig. 1 gives the radial distribution of mode propagation for the
proposed nanocomposited PC. Further, the other optical studies is cal-
culated as shown in Figs. 4 & 5 which gives the information about in-
tensity distribution and guided mode group delay of fundamental
modes.

Conclusion

The photonic crystal waveguide using nanocomposited (Ag – Si) was
numerically investigated using maxwell garnett approximation. It was
prepared by doping the nanoparticle of Ag in silicon base. The proposed
design was analyzed interms of it refractive index profile design.
Further, the optical studies such as fundamental mode propagation,

intensity distribution and group delay has been calculated and plotted.
The results reveals the confinement property of mode propagation ex-
hibited the good performance at the longer wavelength.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.rinp.2019.102234.
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Fig. 2 & 3. Mode Propagation of Ag-Si substrate PC in 2D and 3D view.

Fig. 4 & 5. Gives the intensity distribution and mode delay for guided modes.
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