Nanomeghyas

www.nanomeghyas.ir
_

Stability Enhancement and Optimization of a Black Phosphorus-
Based Surface Plasmon Resonance Sensor Using Graphene for
Urinary Glucose Detection

V. Mohadesi * (0000-0003-3369-4638), F. Abrinaei #3(0000-0002-2339-6672)
!Department of Electrical Engineering, Sara.C., Islamic Azad University, Sarab, Iran
2Department of Physics, CT.C., Islamic Azad University, Tehran, Iran
® Department of Physics, ET.C., Islamic Azad University, Tehran, Iran

Received: 2026-04-08 Revised: 2026-04-24 Accepted: 2026-06-18

Abstract: Surface plasmon resonance (SPR)-based sensors have attracted significant attention as highly sensitive
platforms for the non-invasive detection of glucose. In this study, an SPR biosensor with a CsF/Cu/FASnl; /Black
Phosphorus (BP)/Graphene multilayer structure was designed for glucose detection in urine samples and analyzed
using the Transfer Matrix Method (TMM). To achieve optimal performance, the thickness of the copper layer as
well as the number of black phosphorus and graphene layers were systematically optimized. The results
demonstrated that the optimized configuration, consisting of a 50 nm copper layer, three layers of black
phosphorus, and a single graphene layer, exhibited the best sensing performance, achieving a maximum sensitivity
of 348 deg/RIU and a figure of merit (FoM) of 91 RIU™ L. Although the incorporation of graphene resulted in a
slight reduction in sensitivity, it significantly improved the chemical stability of the sensor by protecting black
phosphorus against oxidation, thereby enhancing its practical applicability. Furthermore, comparison with
previously reported SPR biosensors revealed that the proposed design, which integrates a copper plasmonic layer
with a perovskite layer, black phosphorus, and graphene, provides an excellent balance between sensitivity,
chemical stability, and fabrication cost. These findings highlight the proposed sensor as a promising candidate for
the development of low-cost, high-performance SPR biosensors for non-invasive glucose monitoring.
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Abstract: Surface plasmon resonance (SPR)-based sensors have attracted significant attention as highly sensitive
platforms for the non-invasive detection of glucose. In this study, an SPR biosensor with a CsF/Cu/FASnl; /Black
Phosphorus (BP)/Graphene multilayer structure was designed for glucose detection in urine samples and analyzed
using the Transfer Matrix Method (TMM). To achieve optimal performance, the thickness of the copper layer as
well as the number of black phosphorus and graphene layers were systematically optimized. The results
demonstrated that the optimized configuration, consisting of a 50 nm copper layer, three layers of black
phosphorus, and a single graphene layer, exhibited the best sensing performance, achieving a maximum sensitivity
of 348 deg/RIU and a figure of merit (FoM) of 91 RIU™ . Although the incorporation of graphene resulted in a
slight reduction in sensitivity, it significantly improved the chemical stability of the sensor by protecting black
phosphorus against oxidation, thereby enhancing its practical applicability. Furthermore, comparison with
previously reported SPR biosensors revealed that the proposed design, which integrates a copper plasmonic layer
with a perovskite layer, black phosphorus, and graphene, provides an excellent balance between sensitivity,
chemical stability, and fabrication cost. These findings highlight the proposed sensor as a promising candidate for
the development of low-cost, high-performance SPR biosensors for non-invasive glucose monitoring.
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