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1. Introduction
All-dielectric  metamaterials  have an  upper  hand over

conventional  metal-dielectric  composites.  Due  to  the  ab-
sence of metallic inclusions, power dissipation is negligi-
ble. The functionality of dielectric metamaterials relies on
the excitation of Mie-resonance in nanoparticles of high di-
electric constant. Silicon is a highly permittivity material,
and the fabrication techniques pertaining to it are well un-
derstood. In this article, a design of dielectric ring shaped
particle based metamaterial perfect reflector has been pro-
posed .

2. Design and Numerical Analysis
Design

The metamaterial is basically a periodic arrangement of
silicon rings as shown in figure 1.

 Figure 1. Design of the proposed metamaterial

The outer diameter (d) is 600 nm, height (h) is 300 nm and 
periodicity (a) is 720 nm. Inner diameter (d1) has been var-
ied from 150 nm to 300 nm and effect of inner diameter has
been studied. Metamaterial perfect reflector made up of an 
array of cylinders has also been analysed here, which can 
be tuned to operate at different wavelength by varying the 
diameter and height of the nanocylinder. 

Numerical analysis
       Unit cell of the metamaterial was analyzed in COM-
SOL  Multiphysics  with  periodic  boundary  conditions.
Wave was made to propagate normal to the plane of period-
icity. In this way, reflection spectrum has been calculated
for  different values of d1 (150 nm, 200 nm, 250 nm and 300
nm). The obtained reflection spectrum has been shown in

figure 2.
3. Results
      Reflection spectrum shown in figure 2, has been calcu-
lated for different values of inner diameters. It can be no-
ticed that as the inner diameter d1 increases, reflection peak
shifts towards the shorter wavelengths. It can also be no-
ticed that in case of ring shaped nanoparticle, reflection co-
efficient is  much higher than that  in case of disk shaped
particles (when d1 = 0).

Figure 2. Reflection spectrum
Conclusion
   The dielectric ring type metamaterial perfect reflector has
been successfully proposed. 

Acknowledgements
   The authors gratefully acknowledge the initiatives and support
provided by establishment of the TIFAC-Centre of Relevance and
Excellence in Fiber Optics and Optical Communication at Delhi
Technological University (Formerly Delhi College of Engineering)
Delhi, through the “Mission REACH” program of Technology Vi-
sion-2020 of the Government of India, One of the authors (NS)
acknowledges  the  support  through  Junior  Research  Fellowship
awarded by University  Grants Commission (India) under  UGC-
NET-JRF scheme.

References
[1] Slovick, Brian, et al., Phys. Rev. B, 88.6 (2013) 165116
[2] Moitra, Prakshit et al., App. Phys. Lett., 104.17 (2014) 171102
[3] Moitra, Prakshit et al.,  ACS Phot. 2.6 (2015) 692-698

第79回応用物理学会秋季学術講演会 講演予稿集 (2018 名古屋国際会議場 (愛知県名古屋市))19p-PA3-9 

© 2018年 応用物理学会 03-275 3.15

mailto:dryogitakalra@gmail.com
mailto:nishant.shankhwar@gmail.com

