Tabriz Journal of Electrical Engineering (TJEE), vol. 55, no. 2, 2025 Serial no. 112
DOI: 10.22034/tjee.2024.60315.4803

Highly efficient SPR sensor based on Al metal and 2D materials

Mina Noori'?*", Ali Tolouei'?

'Department of Electrical Engineering, Sahand University of Technology, Tabriz, 51335-1996 Iran
2Nano-Optics and Photonics Research Lab (NOPRL), Sahand University of Technology, Tabriz, Iran
E-mails: noori@sut.ac.ir

Short Abstract

In this article, the characteristics of the proposed surface plasmon resonance sensor with Kretschmann configuration is investigated. The proposed
sensor consists of aluminum metal and two-dimensional materials for which the the number of layers and their thickness have been optimized to achieve
the highest sensitivity. In the proposed sensor, the aluminum metal has been used due to its low cost and the two-dimensional materials and transition
metal dichalcogenides are used due to their high surface to volume ratio which assist to obtain high sensitivity. The structure comprised of
CaF,/Al/A1,05/2L Graphene/10L Black Phosphorous is the optimal structure. The presented sensor based on surface plasmon resonance, provides
sensitivity of S=304 deg/RIU, figure of merit of FOM=194.871 RIU", minimum reflectance of R;=0.14, and the full width at half maximum of
FWHM=1.56 deg and it is usable as a biosensor. The optimization and the study of the proposed structure which is based on angular interogation, has
been carried out using the transfer matrix method and implementing Lumerical software.
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Introduction

Surface plasmon resonance sensors are widely used in various applications due to their outstanding advantages, such as compactness, label-free
detection, high sensitivity, low cost, and real-time sensing methods. In this article, a surface plasmon sensor based on the Kretschmann structure using
aluminum metal and two-dimensional materials such as graphene and TMDs with an optimal number of layers and thicknesses is presented so that all
sensing parameters, including sensitivity, figure of merite, full width at half maximum, and the minimum reflection are adjusted in a favorable way.
The transfer matrix method (TMM) and Lumerical software have been used to study and check the desired structure.

Proposed Work and Methodology (including comprision, simulation/experimental results and discusion)

In this article, the study is theoretical and the transfer matrix mathod has been used to model the multi-layer structure of the Kretschmann SPR sensor.
Additionally, the field profile curve of the field in different layers has been obtained with the help of Lumerical software. The reflection curve of the
SPR sensor based on ATR, effectively models the performance of the multilayered sensors without any approximation.

First, a conventional Kretschmann structure with aluminum metal is studied for the visible wavelength of 633 nm, and the effect of changing the
thickness of the metal layer on the characteristics of the sensor is investigated. The Kretschmann’s structure to determine the type of prism, consists of
the first layer of the prism, the second layer of aluminum metal, the third layer of aluminum oxide with a thickness of 3 nm, and the fourth layer of
analyte. The changes of the refractive index in the range of 1.32 to 1.355 have been considered to check the final structure. However, the best range for
optimizing sensor’s characteristics is 1.33 to 1.335 with steps of 0.005. By evaluating the performance of common prisms, the CaF, prism with an
aluminum thickness of 40 nm was selected for further investigation of the structure.

Subsequently, efforts were made to make a general improvement in the sensor evaluation parameters, including sensitivity, FOM, FWHM, and Ry, in
the presence of two-dimensional materials such as transition metal dichalcogenides such as WSe,, WS,, MoSe,, MoS,, black phosphorus, and graphene.
First, the effect of adding graphene was investigated, and 2-layer graphene showed good performance. Then, the performance of the sensor in the
presence of black phosphorus and WSe,, WS,, MoSe,, and MoS, was investigated. Finally, while evaluating the parameters of the sensor, the
CaF,/Al/AL,05/2L Gr/10L BP structure was proposed as the optimal and final structure.

Conclusion

In this article, the optimization process of the proposed SPR sensor using aluminum metal and the two-dimensional materials such as transition metal
chalcogenides, graphene, and black phosphorus has been carried out. The sensitivity of the proposed SPR sensor has been increased due to the high
surface-to-volume ratio of the implemented 2D materials. The structure with the combination of CaF,/Al/Al,Os/2L Gr/10L BP is introduced as the
optimal sensor with senitivity, FOM, Ry, and FWHM of 304 deg/RIU, 463/194 RIU™, 0.14, and 1.56, respectively.
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3 Transition metal dichalcogenides (TDMs)
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