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Optimization of Photonic Crystal Fiber Sensors Using

Plasmonic Materials and Spiral Structures
Dr. Ralda Jaafar!

Abstract

Optical fiber technology has witnessed remarkable development since the
emergence of conventional fibers based on the principle of total internal
reflection. With the rapid advancement in photonics, photonic crystal fibers
(PCFs) have emerged as an advanced generation of optical fibers that provide
exceptional control over light propagation characteristics through numerous
structural parameters, particularly the geometrical arrangement of air holes
and the incorporation of novel materials. These fibers also exhibit a superior
capability to enhance the interaction between the electromagnetic field and
the surrounding medium, making them highly suitable for optical sensing
applications.In this study, the design and analysis of a photonic crystal fiber
incorporating a spiral distribution of air holes in the cladding and plasmonic
materials (gold and silver) are investigated in order to exploit the phenomenon
of surface plasmon resonance (SPR) and examine its influence on the
fundamental propagation mode when employed in optical sensing
applications. Furthermore, the fundamental physical principles of the
proposed design, as well as the effects of the spiral geometrical distribution
and the type of plasmonic material on the optical properties, are discussed.
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The proposed structure was modeled using COMSOL Multiphysics based on
the finite element method (Finite Element Method(FEM)), in addition to
MATLAB for calculating the effective refractive index and confinement loss.
The obtained results demonstrate a significant improvement in the sensitivity
values of the proposed design due to the enhanced coupling of
electromagnetic fields, confirming the effectiveness of the structure for high—
precision sensing applications. The spectral sensitivity reached up to 5000
nm/RIU.

Keywords: Photonic crystal fibers, spiral distribution, plasmonic materials,

surface plasmon resonance, optical sensors.

Supervisor - Department of communication Engineering- Faculty of Mechanical
and Electrical Engineering- Lattakia University ,Lattakia- Syria.
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