Applied Electromagnetics Y« Y/ Vol.\Y/ No.)/ PagePages )+ )-)+4

Applied Electromagnetics

ISSN: Y1£0-0)0F E-ISSN: YAY)-YY))

Investigating the Effect of the Thickness of Gold Nanodisk Arrays on the
Performance of Metal-dielectric-metal Multifunctional Sensors Based on

Surface Plasmon Resonance and Localized Surface Plasmon Resonance
Davood Shahabi', Mahdi Sovizi' ©’, Maryam Aliannezhadi"©", Mohsen Ghahramani

Salianeh®

' PhD Student, Semnan University, Semnan, Iran. Email: shahabi.phy@gmail.com

" Associate Professor, Semnan University, Semnan, Iran (“Correspondence: msovizi@semnan.ac.ir)
Associate Professor, Semnan University, Semnan, Iran Email: m_aliannezhadi@semnan.ac.ir

* Researcher, Imam Hussein University, Tehran, Iran. Email: kpmghahramani@ihu.ac.ir

ARTICLE INFO

ABSTRACT

Article history:

Article Type: Research paper
Received: Y4 January Y. Ye
Revised: +© April Y+Yo
Accepted: ¥+ April Y+Yeo
Auvailable online: Y) May Y. Ye
. “Correspondence:
msovizi@semnan.ac.ir

Keywords:

Array Sensor

Gold Nanostructures

Localized Surface Plasmon Sensor
Surface-enhanced Raman Sensor
Nanosensor

In this article, a three-dimensional metal-dielectric-metal surface plasmon
resonance sensor with nanodisc arrays is designed and the effect of the
nanodisks' thickness is investigated on the performance of a multifunctional
sensor based on surface plasmon resonance in liquid and gas sensing. The
simulations are done using the finite difference time domain method
(FDTD) and by applying appropriate boundary conditions. The results
confirm the significant effects of the nanodisks' thickness on the
performance of the optical sensor, So that the thickness and linewidth of the
resonance peak decrease and increase, respectively, with the rise in the
thickness of the nanodisks. Also, a red shift in the resonance wavelength is
observed with the increase of the nanodisks' thickness. The results indicate
the appropriate sensitivities of these proposed optical sensors in gas and
liquid sensing. The sensitivities of these three-dimensional array sensors
with the studied nanodisk's thickness (Y+ to 1+ nm) are in the range of 1+
to 1¢A nm/RIU and °AA to 1V¢ nm/RIU for gas and liquid sensing,
demonstrating the proposed sensor is a suitable candidate for optical
sensing of materials. Also, the nanodisk thickness of ¢+ nm is obtained as
the optimal thickness for sensing in both specific environments due to its
appropriate sensitivity value (~1¢+ nm/RIU). In addition, the results
demonstrate that the proposed structure can be introduced as a suitable
candidate for surface-enhanced Raman spectroscopy due to the formed hot
spots and the field distribution in the configuration.
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