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Abstract. The investigation of a D-shaped photonic crystal fiber sensor with a bimetallic layer for operation
at the visible and infrared spectra is presented. The bimetallic layer is composed by silver and gold slabs
deposited adjacently on the flat face of the fiber. It is shown that this architecture allows the excitation of two
sharply distinguished plasmon resonance, which suggest potential applications for multiparameter sensing.

1 Introduction
Surface plasmon resonance (SPR) sensors have attracted
much attention due to their technical features as highly
sensitive characteristic and wide operating spectral range
[1]. Sensors based on SPR have many potential
applications such as biological detection [2]. Owing to
advantages such as low loss and large mode area, photonic
crystal fibers (PCF) have been used as a suitable platform
for exciting surface plasmon resonances. Besides, guiding
modes can be easily manipulated by varying the PCF’s
structural parameters [3]. A large variety of SPR sensors
constructed with PCFs have been reported as: refractive
index sensors [1], temperature sensors [4] and chemical
sensors [5].
A sensing platform based on a D-shaped photonic
crystal fiber with a bimetallic layer is theoretically
investigated in this work. This is a new approach of a
multiplasmonic sensing configuration, that is not based on
coupling between plasmons in overlaid metallic films.
Rather, it considers distinct and independent plasmons,
with different responses that may facilitate simultaneous
measurements of more than one physical parameter, as
demonstrated for another design in Ref. [6]. In this study
we consider a simpler design, with a bimetallic layer
formed by two adjacent slabs of silver and gold, deposited
on the flat surface of the PCF. Numerical computations
have shown that a sensitivity of 3010 nm/RIU is achieved
for the measurement of a single parameter (refractive
index).

2 Designed Structure

The scheme of the structure proposed is depicted in
Figure 1. It is obtained by a side polished PCF with a
hexagonal array of air holes on a matrix of fused silica.

Figure 1. Schematic design of the D-shaped photonic crystal
fiber with a bimetallic layer.

The diameter of the fiber is D = 24 μm and the
diameters of the air holes is designated by d. The
distance between two adjacent air holes is kept fixed at
Λ = 2μm while the ratio among d and Λ is d/ Λ=0.88.
The Finite Element based software COMSOL
Multiphysics [7] was used to carry out numerical
calculation. To adequately evaluate the sensing
properties of the D-shaped fiber, we applied a perfectly
matched layer (PML) boundary condition with 10% of
the fiber diameter for the truncation of the
computational domain.
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Figure 2. Dispersion and absorption curves of the D-shaped PCF with a bimetallic layer.

plasmons, with distinct responses with potential interest
for multiparameter sensing. Preliminary results of a single
parameter (refractive index) show a sensitivity of 3010
nm/RIU and a resolution of 3.32x10-5 RIU.

3 Results and Discussion
The dispersion curves for the SPP modes and the
fundamental fiber mode together with the absorption
curve are plotted in Figure 2 for nanalyte=1.36. The resonant
coupling is reached at the phase matching between the
SPP mode and the fiber guided mode, resulting in
maximum confinement losses. The computed sensitivity
is accounted for the variation of the resonant wavelength
of maximum absorption for a variation of 10-2 in the
refractive index of the analyte. Preliminary results are
presented in Table 1, where a sensitivity of 3010 nm/RIU
and resolution of 3.32x10-5 RIU are achieved considering
an experimental spectral variation detection of 0.1 nm.
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Table 1. Sensitivity and Resolution for the variation of analyte
refractive index.
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A refractive index SPR sensor based on a D-shaped
photonic crystal fiber with a bimetallic layer is analyzed
in this work. This approach of a multiplasmonic sensing
configuration is not based on coupling between plasmons,
but on the generation of two distinct and independent
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