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ABSTRACT:A dual-core photonic crystal fiber (PCF) surface plasmon resonance (SPR) biosensor employing a hybrid Au-TiO2 coating is
presented for biosensing applications. This study was formulated as an extension of our earlier Au-only dual-core PCF-SPR design, where
the main modification is the introduction of an ultra-thin TiO2 dielectric overlayer to improve modal coupling and sensing response. The
numerical analysis was carried out for analyte refractive indices from 1.28 to 1.44. A parametric analysis was also performed to examine
the influence of the air-hole diameters, lattice pitch, and TiO2-layer thickness on the resonance behavior and confinement-loss response.
The results show a clear redshift in the resonance wavelength as the analyte refractive index increases, where the resonance wavelength
shifts from 400 nm to 650 nm, corresponding to an overall wavelength shift of 250 nm across the investigated range. The confinement-
loss spectra also show stronger coupling at higher refractive indices, with the largest loss peaks observed near the upper end of the
sensing range. In addition, the amplitude sensitivity reaches a maximum absolute value of approximately 842RIU−1, confirming a strong
intensity response around the resonance condition. Compared with the previous Au-only configuration, the hybrid Au-TiO2 structure
provides ameasurable improvement in amplitude response and extends the usable lower-end refractive-index range. These results indicate
that the proposed hybrid-coated dual-core PCF structure is a promising platform for high-contrast refractive-index detection.

1. INTRODUCTION

Surface plasmon resonance (SPR) sensing enables label-free
monitoring of refractive-index (RI) variations at a metal-

dielectric interface and is therefore attractive for biochemi-
cal, medical, and chemical diagnostics [1–5]. Photonic crystal
fibers (PCFs) provide flexiblemicrostructured geometries [6, 7]
that can strongly confine light and support long interaction
lengths, making PCF-based SPR sensors a highly sensitive plat-
form [8–11]. Dual-core PCF structures are particularly attrac-
tive [12] because they support mode coupling between core-
guided modes and supermodes, which can amplify loss res-
onances when the phase-matching condition with a surface
plasmon polariton mode is satisfied [13, 14]. Recent stud-
ies have reported different PCF-SPR biosensor configurations
for refractive-index and biomedical sensing applications, with
continuous efforts directed toward improving sensitivity, reso-
nance sharpness, modal coupling, and detection reliability. Re-
cent reviews have also highlighted the importance of PCF-SPR
and optical-fiber SPR biosensors for label-free biomedical de-
tection, while optimization-based approaches have been used
to improve sensor design with fewer simulation trials [15–17].
These developments show that the improvement of PCF-SPR
biosensors is not limited to fiber geometry only, but also de-
pends strongly on coating-layer engineering and resonance con-
trol.
Gold is a common plasmonic coating because of its chem-

ical stability and well-established optical response; however,
Au-only coatings can produce relatively broad resonance peaks,
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which may limit the detection resolution and reduce the figure
of merit [2, 18, 19]. One practical strategy for improving the
resonance quality is to engineer the coating stack by adding a
thin high-index dielectric layer. Such a layer can modify the lo-
cal optical environment, increase field overlap with the analyte,
and improve spectral tuning [20–23].
In addition to geometry-based optimization, recent PCF-

SPR studies have shown that sensing performance is strongly
affected by plasmonic configuration, coating material, and
modal-coupling condition. Rifat et al. [24] demonstrated a
practical PCF-SPR configuration and reported wavelength-
and amplitude-interrogation sensing characteristics. Wu et
al. [3] showed that a side-polished gold-coated, hexagonal
PCF can provide high wavelength sensitivity by increasing the
accessibility of the guided field to the plasmonic interface.
Recent comparison-oriented studies have also reported sev-
eral advanced PCF-SPR configurations, including four-channel
wide-range designs, twin-core D-shaped structures, hybrid Ag-
TiO2/Au-TiO2 coated sensors, and D-type dual-mode PCF-
SPR sensors with microfluidic channels [25–29]. These stud-
ies are included in the comparative evaluation because they
represent different strategies for improving wavelength sen-
sitivity, amplitude sensitivity, resonance tuning, and detec-
tion resolution. Other reported designs, including dual-core,
microstructured, three-core, side-polished, and dual-plasmon-
material PCF-SPR sensors [2, 11, 18, 22, 23], further confirm
that both fiber architecture and coating-layer engineering play
decisive roles in improving resonance shift, sensitivity, and de-
tection resolution. Our earlier Au-only dual-core PCF-SPR
sensor [1] was based on induced mode coupling in a gold-
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coated dual-core PCF structure. In the present work, the Au-
only configuration is not repeated as a separate design, but is
used as a baseline reference to quantify the effect of introduc-
ing the TiO2 dielectric overlayer. Therefore, the contribution
of the present study is reformulated as a hybrid-coating and
modal-coupling enhancement study, where an Au-TiO2 bilayer
is used to tune the plasmonic interface, improve the analyte-
field interaction, and extend the usable refractive-index sens-
ing range. Accordingly, the present manuscript focuses on res-
onance tunability, expanded sensing metrics, and comparative
performance evaluation of the proposed hybrid Au-TiO2 coated
dual-core PCF-SPR biosensor.

2. SENSOR STRUCTURE AND NUMERICAL METHOD

2.1. Sensor Configuration
Figure 1 presents the cross-sectional schematic of the proposed
PCF-SPR sensor employed in this study. The modeled struc-
ture is formed in a fused-silica background and consists of a
hexagonal lattice of circular air holes with two distinct diam-
eters. The smaller and larger air holes are characterized by
d1 = 0.4µm and d2 = 0.8µm, respectively, while the pitch
is fixed at Λ = 1.2µm. The use of two different air-hole diam-
eters is intended to tailor the modal confinement and enhance
the interaction between the guided coremode and the plasmonic
sensing interface.

FIGURE 1. Schematic representation of the cross-sectional structure of
the proposed PCF-SPR biosensor.

The sensing region is defined at the plasmonic interface ad-
jacent to the central modified region of the fiber. In this re-
gion, a thin Au layer is introduced as the primary SPR-active
metal layer, followed by an ultra-thin TiO2 dielectric overlayer
deposited on the outer side of the Au film. The analyte is as-
signed to the region in contact with the outer TiO2 surface, so
that changes in the analyte refractive index directly modify the
optical environment of the plasmonic interface. This descrip-
tion clarifies that the analyte region is the sensing medium ad-
jacent to the coated interface and should not be confused with
the structural air holes of the PCF.

Following the general architecture established in our earlier
Au-only design [1], the present work preserves the same ba-
sic sensing platform while introducing a TiO2 overlayer as an
additional high-index dielectric layer. This hybrid bilayer ar-
rangement is adopted to isolate the effect of the TiO2 overlayer
on mode-coupling behavior and sensor performance while pre-
serving the same basic sensing platform.
Although the present study is numerical, the proposed struc-

ture is considered a feasible direction for future experimental
implementation. The fabrication of cylindrical metal-coated
PCF-SPR structures is more challenging than that of side-
polished or D-shaped fibers because precise deposition of plas-
monic and dielectric layers around microstructured regions re-
quires careful control. Possible fabrication routes may include
PCF drawing followed by selective infiltration of the sensing
region and subsequent deposition of the Au and TiO2 layers
using controlled thin-film coating techniques. Therefore, the
proposed design is intended to provide a numerically investi-
gated platform that can guide future experimental realization of
hybrid-coated PCF-SPR sensors. For clarity and reproducibil-
ity, the structural parameters used in the final refractive-index
sensing simulations are summarized in Table 1. These val-
ues represent the adopted simulation configuration used for the
sensing analysis. The parametric study was then used to exam-
ine how variations in each parameter affect the resonance and
confinement-loss behavior, rather than to claim a global opti-
mum.

TABLE 1. Final selected structural parameters used in the sensing sim-
ulations of the proposed hybrid Au-TiO2-coated dual-core PCF-SPR
biosensor.

Parameter Value
Smaller air-hole diameter, d1 0.4µm
Larger air-hole diameter, d2 0.8µm

Lattice pitch, Λ 1.2µm
Au layer thickness 40 nm

TiO2 overlayer thickness 5 nm

2.2. Material Modeling
In the numerical analysis, the optical properties of the con-
stituent materials weremodeled as wavelength-dependent in or-
der to accurately describe the propagation, modal coupling, and
plasmonic resonance behaviors over the investigated spectral
range. The background material of the photonic crystal fiber
was assumed to be fused silica, whose refractive index was cal-
culated using the Sellmeier dispersion relation commonly used
in PCFmodeling [9, 30]. For silica, the refractive index is com-
monly expressed as:

n2
SiO2

(λ)− 1 =
0.6961663λ2

λ2 − (0.0684043)2
+

0.4079426λ2

λ2 − (0.1162414)2

+
0.8974794λ2

λ2 − (9.896161)2
(1)

where λ is the operating wavelength in µm, and this Sell-
meier model is widely used for fused silica and is valid over
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the optical range relevant to the PCF-SPR analysis. The plas-
monic layer was assumed to be gold because of its chemical
stability and well-established performance in SPR-based opti-
cal sensors [4, 8]. The Au layer was modeled as a dispersive
lossy metal using wavelength-dependent complex optical con-
stants. The complex refractive index of gold, (nAu + ikAu),
was taken in accordance with the widely used Johnson-Christy
dataset [13], which covers the visible and near-infrared spectral
range relevant to plasmonic analysis. The complex permittivity
of gold was obtained from:

εAu(λ) = [nAu(λ) + ikAu(λ)]
2 (2)

εAu = εr + iεi (3)
where εr and εi are the real and imaginary parts of the dielec-
tric function, respectively. This treatment accounts for both the
negative real permittivity required for plasmon excitation and
the intrinsic absorption loss of the metal layer.
For the hybrid coating, the TiO2 overlayer was also described

using a wavelength-dependent refractive index. In the present
model, the refractive index of rutile TiO2 was calculated using
the DeVore dispersion relation [31]:

n2
TiO2

(λ) = 5.913 +
0.2441

λ2 − 0.0803
(4)

with λ in µm. This model was employed within the same
spectral window used for the sensing analysis. In the present
work, the main physical role of the TiO2 overlayer is not sim-
ply its dispersive nature, since all main materials are treated as
wavelength-dependent, but rather its relatively high refractive
index compared with the surrounding sensing medium. The
TiO2 layer modifies the local optical environment at the Au-
dielectric interface, shifts the plasmonic phase-matching con-
dition, and alters the coupling strength between the guided core
mode and the surface plasmon mode [15, 27, 28].
Because TiO2 is commonly treated as a low-loss dielectric

in simplified PCF-SPR models over the investigated optical
range, its extinction coefficient was neglected in the present
analysis [27, 28, 31]. This approximation allows the effect of
the high-index dielectric overlayer on modal coupling and res-
onance tuning to be isolated. For experimentally deposited thin
films, however, a more detailed model may use measured com-
plex optical constants of TiO2, especially when film absorp-
tion, deposition conditions, or nanoscale thickness variations
are considered [31].
Overall, fused silica, Au, and TiO2 were all modeled using

wavelength-dependent optical properties. This ensures that the
calculated effective index, confinement loss, resonance wave-
length, and sensing response reflect the dispersive behavior
of the proposed hybrid Au-TiO2-coated PCF-SPR biosensor
within the actual operating wavelength range considered in this
study.

2.3. FEM Simulation Settings
Themodal characteristics of the proposed sensor were analyzed
using a finite element method (FEM)-based eigenmode solver,
which was employed to calculate the complex effective refrac-
tive indices of the guided and plasmonic modes supported by

the structure. The real part of the effective index provides in-
formation on mode propagation, whereas the imaginary part
is related to modal attenuation and was used to evaluate the
confinement-loss response.
To emulate an open computational domain and avoid

artificial reflections from the simulation boundary, perfectly
matched layers (PMLs) were imposed at the outer boundary of
the model. Local mesh refinement was applied near the Au and
TiO2 coating regions, where the electromagnetic field exhibits
strong spatial variation due to plasmonic excitation. The mesh
was refined until the calculated effective index and resonance
position showed stable behavior with negligible variation upon
further refinement. This procedure ensured that the reported
confinement-loss spectra and resonance wavelengths were not
significantly affected by numerical discretization.

2.4. Performance Metrics
The sensing characteristics of the proposed PCF-SPR biosen-
sor were evaluated using standard SPR performance metrics,
including confinement loss, resonance-wavelength shift, wave-
length sensitivity, average wavelength sensitivity, amplitude
sensitivity, sensor resolution, full width at half maximum
(FWHM), and figure of merit (FOM). The confinement loss
was obtained from the imaginary part of the complex effective
refractive index of the guided mode as follows [9, 24]:

Lc = 8.686×
(
2π

λ

)
× Im(neff)× 104 (5)

where λ is the operating wavelength in micrometers; Im(neff)
is the imaginary part of the effective refractive index; and Lc is
expressed in dB/cm. The resonance wavelength λres was iden-
tified from the maximum value of the confinement-loss peak
for each analyte refractive index.
The wavelength sensitivity was calculated from the displace-

ment of the resonance wavelength caused by a change in the
analyte refractive index [3, 24]:

Sλ =
∆λres
∆na

(6)

where∆λres is the resonance-wavelength shift, and∆na is the
corresponding analyte refractive-index variation. To compare
the overall spectral response across the full sensing range, the
average wavelength sensitivity was calculated as:

Sλ,avg =
λres,max − λres,min
na,max − na,min

(7)

where λres,max and λres,min are the resonance wavelengths cor-
responding to the maximum and minimum analyte refractive
indices, respectively, while na,max and na,min are the maximum
and minimum analyte refractive indices considered in the sens-
ing range.
The amplitude sensitivity was obtained from the normalized

variation of confinement loss with respect to the analyte refrac-
tive index [2, 24]:

SA(λ) = − 1

α(λ, na)

∂α(λ, na)

∂na
(8)
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where α(λ, na) is the confinement loss at wavelength λ and an-
alyte refractive index na. In the numerical analysis, the deriva-
tive can be evaluated using a finite-difference approximation:

SA(λ) ≈ − 1

α(λ, na)

α(λ, na +∆na)− α(λ, na)

∆na
(9)

The sign of SA indicates the direction of loss variation; there-
fore, the absolute value |SA| was used when the maximum am-
plitude sensitivities of different sensors are compared.
The sensor resolution was estimated using the minimum de-

tectable wavelength shift of the interrogation system [3, 25, 26]:

R =
∆na ×∆λmin

∆λres
(10)

where∆λmin is the minimum measurable spectral shift. In this
work, ∆λmin = 0.1 nm was adopted, which is commonly used
in numerical evaluations of PCF-SPR sensors.
The resonance linewidth was represented by the full width

at half maximum (FWHM) of the confinement-loss peak. The
figure of merit was then calculated as [26, 28]:

FOM =
Sλ

FWHM
(11)

A smaller FWHM and a larger wavelength sensitivity lead to
a higher FOM, indicating sharper resonance and better spectral
detection capability. The inclusion of these metrics provides a
more complete assessment of the proposed sensor than confine-
ment loss and amplitude sensitivity alone.

3. PARAMETRIC STUDY PLAN
To ensure a fair and physically meaningful comparison between
the conventional gold-coated structure and the proposed hybrid
Au-TiO2 configuration, the geometrical parameters of the PCF
were kept unchanged throughout the analysis. First, the Au-
only design reported in our previous work [1] was used as the
baseline reference structure. Then, a thin TiO2 overlayer was
introduced above the Au film to investigate its influence on the
sensing characteristics of the sensor. Thus, the observed per-
formance difference can be attributed primarily to the added
dielectric overlayer rather than to a change in the underlying
fiber architecture. In the parametric study, the gold thickness
and analyte refractive index were varied systematically within
selected ranges. For each parameter set, the confinement loss
spectrum was calculated over the wavelength range of interest.
The resonance behavior was identified from the loss peak, and
the corresponding amplitude sensitivity was evaluated to deter-
mine the effect of each parameter on the sensor performance.

4. RESULTS AND DISCUSSION

4.1. Comparative Mode Coupling and Loss Characteristics
To demonstrate the effect of the proposed dielectric-assisted
coating, the performance of the present hybrid design was com-
pared with that of the previously reported Au-only structure

from our earlier study [1]. Fig. 2 summarizes this compari-
son in terms of the modal characteristics and the correspond-
ing confinement-loss spectra. As shown in Fig. 2(a), the real
part of the effective refractive index of the interacting modes in
the proposed hybrid structure reveals phase-matching regions
between the fundamental and plasmonic modes. These cou-
pling wavelengths are indicated by the dashed vertical lines.
Fig. 2(b) highlights the corresponding mode-interaction behav-
ior used as a reference for the conventional Au-coated design.
In Fig. 2(c), the confinement-loss spectra of the Au-only and
Au + TiO2 configurations are compared directly. It is evident
that the introduction of the TiO2 overlayer modifies both the
resonance wavelength and the peak-loss magnitude. The res-
onance peaks of the hybrid structure were shifted relative to
those of the Au-only configuration, and their amplitudes were
altered, indicating a change in the modal coupling condition at
the metal-dielectric interface. These results confirm that the
dielectric overlayer provides an effective means of tuning the
plasmonic response and support the interpretation of the present
work as a materials-level development of the previous Au-only
sensor platform.
The role of the TiO2 overlayer can therefore be understood

as a modification of the optical environment surrounding the
plasmonic interface. Since TiO2 has a higher refractive index
than the surrounding analyte region, its incorporation above the
gold layer changes the effective index of the plasmonic mode
and shifts the phase-matching condition with the guided core
mode. This modification enhances the overlap between the
guided field and the plasmonic sensing region, leading to a
stronger resonance response. Accordingly, the hybrid Au-TiO2

coating provides an additional degree of freedom for tuning
the resonance wavelength and improving the sensing perfor-
mance compared with the Au-only configuration. The vertical
dashed lines in Fig. 2 are used as visual guides to show the re-
lationship between the mode-interaction regions in Figs. 2(a),
(b) and the loss peaks in Fig. 2(c). When the effective in-
dices of the guided core mode and the plasmonic mode become
close to each other, phase matching occurs, and the coupling
between the two modes becomes stronger. This stronger cou-
pling transfers optical energy toward the plasmonic sensing in-
terface, which leads to the resonance-loss peaks. Therefore, the
dashed lines confirm that the observed loss peaks are produced
by modal coupling rather than by random spectral variations.

4.2. Field Distribution and Mode Interaction Analysis

To gain deeper physical insight into the sensing mechanism
of the proposed PCF-SPR structure, the electric-field distribu-
tions of the main interacting modes were investigated. These
field profiles clearly show that the resonance behavior origi-
nates from the interaction between the core-guided fundamen-
tal and plasmonic modes supported at the metal-dielectric in-
terface. As shown in Fig. 3(a), the fundamental mode (FM) is
mainly confined within the central core region. Most of the op-
tical energy remains concentrated in the fiber core, while only
a weak evanescent tail extends toward the surrounding plas-
monic region. This distribution indicates that the overlap be-
tween the guided field and the sensing interface is still limited,
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(a) (b)

(c)

FIGURE 2. Real part of the effective refractive index for the fundamental mode, SPP mode, and SCM mode under different coating configurations:
(a) hybrid Au-TiO2-coated structure and (b) Au-only coated structure. (c) Corresponding confinement-loss spectra for the hybrid Au-TiO2 and
Au-only coatings. In (c), the red curve represents the hybrid Au-TiO2 coating, while the blue curve represents the Au-only coating. The dashed
vertical lines are added as visual guides to correlate the modal intersection/phase-matching points in (a) and (b) with the resonance-loss peaks in (c),
confirming that each loss peak originates from enhanced coupling between the guided core mode and the plasmonic mode.

and therefore no strong coupling occurs under this condition.
In Fig. 3(b), the surface plasmon polariton mode (SPP mode)
exhibits a markedly different field distribution. In this case, the
optical field becomes strongly localized near the plasmonic in-
terface, indicating that the modal energy is concentrated around
the coated sensing region rather than inside the core. This be-
havior confirms the plasmonic nature of the mode and reflects
its strong dependence on the metal-dielectric boundary. The
field pattern presented in Fig. 3(c) corresponds to the SCM
mode, which represents a hybridized modal state. Unlike the
FM and SPP modes, the field in this case is neither fully con-
fined in the core nor entirely localized at the plasmonic in-
terface. Instead, it shows a redistributed profile, indicating
stronger interaction and energy exchange between the guided
and plasmonic modes. This mixed field behavior is a clear sig-
nature of modal hybridization near the phase-matching condi-
tion. The paired field profiles shown in Fig. 3(d) and Fig. 3(e)
further illustrate the field evolution during the coupling pro-
cess. In one case, the field remains more concentrated around
the core region, indicating stronger core-guided characteris-

tics. In the other, a significant portion of the optical energy
is transferred toward the annular plasmonic region, which re-
flects stronger coupling with the sensing interface. This grad-
ual redistribution of modal energy confirms that resonance is
established through coupling between the interacting modes
rather than through an isolated modal state. Similarly, Fig. 3(f)
and Fig. 3(g) demonstrate the transition between the resonance-
associated state and the fundamental guided state. One dis-
tribution shows enhanced localization near the plasmonic re-
gion, while the other preserves stronger confinement at the
fiber center. The coexistence of these two patterns near the
same spectral region indicates that the interacting modes be-
come strongly mixed around the phase-matching wavelength.
Overall, these field distributions provide clear physical evi-
dence that the confinement-loss peaks observed in the spectral
response are directly associated with coupling between the fun-
damental core mode and the plasmonic mode. When the op-
tical field remains largely confined in the core, the interaction
with the metal-dielectric interface is weak, and the confinement
loss stays relatively low. However, when the field extends sig-
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(a) (b) (c)

(d) (e)

(f) (g)

FIGURE 3. Representative mode profiles of the proposed PCF-SPR sensor. Panels (a)–(c) correspond to non-resonant conditions, where no strong
modal interaction is observed. Panels (d) and (e) show the interaction between the cladding mode and the fundamental mode, while panels (f) and
(g) show the interaction between the resonant mode and the fundamental mode.

nificantly toward the coated sensing region, the modal overlap
increases, leading to stronger plasmonic coupling and conse-
quently higher confinement loss.

4.3. Parametric Analysis of the Proposed Sensor
To further evaluate the performance of the proposed hybrid
PCF-SPR biosensor, a parametric analysis was performed by
varying selected structural parameters while keeping the re-
maining geometrical and material properties unchanged. This
analysis is important for identifying the parameter values that
provide a stronger plasmonic coupling and improved sensing
behavior. Among the investigated parameters, diameter d1
plays a significant role in controlling the field distribution in-
side the fiber and the overlap between the guided mode and the
plasmonic sensing interface. Therefore, the effect of varying d1
on the confinement-loss spectrum was first examined. Fig. 4 il-
lustrates the effect of d1 on the confinement-loss response of the

proposed sensor. The resonance peaks are strongly influenced
by this parameter. As d1 increased from 0.2µm to 0.4µm,
the peak loss values increased significantly, and the resonance
wavelengths shifted accordingly. The strongest resonance is
obtained at d1 = 0.4µm, indicating improved coupling be-
tween the guided and plasmonic modes. It suggests that d1 is
a key parameter in tuning the spectral response of the sensor.
This behavior indicates that increasing d1 improves the interac-
tion between the guided field and the sensing region. Therefore,
the increase in peak loss not only is a change in magnitude, but
also reflects a stronger resonance condition.
Figure 5 shows the effect of varying the structural parame-

ter d2 on the confinement-loss spectrum of the proposed PCF-
SPR sensor. In this analysis, d2 was changed from 0.8µm to
1.0µm, while the remaining geometrical and material param-
eters were kept unchanged. It is evident that the confinement-
loss response is highly sensitive to this parameter because both
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FIGURE 4. Confinement-loss spectra of the proposed PCF-SPR sensor
as a function of wavelength for three selected values of d1. Each ac-
companying mode profile corresponds to one of the selected d1 values.

FIGURE 5. Confinement-loss spectra of the proposed PCF-SPR sensor
as a function of wavelength for three selected values of d2. Each ac-
companying mode profile corresponds to one of the selected d2 values.

FIGURE 6. Effect of TiO2 layer thickness on the confinement-loss spec-
trum of the proposed hybrid PCF-SPR sensor. Each accompanying
mode profile corresponds to one of the selected TiO2 thickness values.

FIGURE 7. Effect of pitch Λ on the confinement-loss spectrum of the
proposed hybrid PCF-SPR sensor. Each accompanying mode profile
corresponds to one of the selected pitch values.

the resonance wavelength and the peak loss magnitude var-
ied significantly with changing d2. For d2 = 0.8µm, the
loss spectrum exhibits the strongest resonance behavior, with
pronounced peaks appearing in the longer-wavelength region
and the maximum confinement loss reaching approximately
65 dB/cm. This indicates that the modal coupling between the
guided core mode and the plasmonic mode becomes stronger
at this diameter. When d2 is increased to 0.9µm, the reso-
nance peaks shift and their amplitudes decrease compared with
the previous case, showing a moderate coupling condition. A
further increase to d2 = 1.0µm results in a clear reduction in
the loss magnitude, with weaker and less pronounced resonance
peaks, suggesting a lower overlap between the guided field and
plasmonic sensing interface. This behavior can be attributed to
the role of d2 in modifying the field confinement and phase-
matching condition inside the fiber structure. Changing this
diameter affects the spatial distribution of the guided mode and
its evanescent extension toward the metal-dielectric region of
the fiber. Consequently, the strength of plasmonic coupling is
altered, which is directly reflected in the confinement-loss spec-
trum. Based on the obtained results, the case of d2 = 0.8µm
provides the strongest resonance response among the exam-

ined values and can therefore be considered the most favorable
choice for this parameter.
Figure 6 illustrates the effect of varying the TiO2 dielectric-

layer thickness on the confinement-loss spectrum of the pro-
posed sensor. Three thickness values, namely 5 nm, 10 nm,
and 15 nm, were considered while keeping the other parame-
ters fixed. It is evident that changing the TiO2 thickness leads
to noticeable shifts in the resonance peaks and variations in the
peak-loss values. The thicker TiO2 layers of 10 nm and 15 nm
produce stronger and more pronounced resonance peaks than
the 5 nm layer, indicating that the dielectric overlayer thickness
has a clear influence on the plasmonic coupling condition.
This result shows that the TiO2 thickness can be used as

an effective tuning parameter for controlling the resonant re-
sponse. However, in the final refractive-index sensing analysis,
the 5 nm TiO2 overlayer was retained as the adopted ultra-thin
dielectric coating in order to evaluate the effect of the minimal
TiO2 modification on the original Au-only dual-core platform.
Therefore, the 5 nm value should be understood as the adopted
simulation thickness used for the comparative sensing analysis,
not as the globally optimal TiO2 thickness.
Figure 7 shows the effect of changing the pitch Λ on the

confinement-loss spectrum of the proposed sensor. Three pitch
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FIGURE 8. Effect of analyte refractive index on the confinement-loss
spectrum of the proposed hybrid PCF-SPR sensor.

values of 1.2µm, 1.4µm, and 1.6µm, were examined while
keeping the other parameters unchanged. It is observed that
varying Λ causes clear shifts in the resonance peaks and sig-
nificant changes in the loss magnitude. As the pitch increas-
esed, the resonance peaks moved toward shorter wavelengths,
accompanied by a modification in the peak intensity. This in-
dicates that the pitch has a significant influence on the modal
confinement and coupling condition between the guided and
plasmonic modes. Therefore, Λ can be considered an impor-
tant parameter for tuning the spectral response of the proposed
hybrid PCF-SPR sensor. This trend shows that the pitch mainly
controls the spacing between the air holes and hence the degree
of field confinement in the core region. As a result, small vari-
ations in Λ can noticeably change the resonance position and
the loss amplitude.

4.4. Amplitude Sensitivity Characteristics

To further evaluate the sensing performance of the proposed
hybrid PCF-SPR sensor, the confinement-loss spectra, am-
plitude sensitivity, and resonance-wavelength shift were ana-
lyzed for different analyte refractive indices. These results pro-
vide a comprehensive view of the spectral evolution, strength
of amplitude-based interrogation, and overall wavelength re-
sponse of the proposed structure. Although Fig. 8 presents the
confinement-loss behavior, it is discussed in this section be-
cause the amplitude-sensitivity response is closely related to
the variation of confinement loss with analyte refractive in-
dex. Therefore, presenting the confinement-loss behavior to-
gether with the amplitude-sensitivity results helps clarify how
changes in the loss spectrum influence the sensitivity response.
As shown in Fig. 8, the confinement-loss spectra shift pro-
gressively toward longer wavelengths as the analyte refrac-
tive index increased from 1.28 to 1.44. This redshift indi-
cates that the phase-matching condition between the guided and
plasmonic modes occurs at higher wavelengths for larger an-
alyte refractive indices. In addition, the resonance peaks be-
came stronger at higher refractive-index values, particularly for
na = 1.42 and 1.44, confirming enhanced plasmonic coupling
in this range.
The corresponding amplitude-sensitivity response is shown

in Fig. 9. The amplitude-sensitivity curves are mainly negative

FIGURE 9. Effect of analyte refractive index on the amplitude sensitiv-
ity of the proposed hybrid PCF-SPR sensor.

around the resonance region, indicating a rapid decrease in the
confinement loss with the refractive-index variation at the se-
lected wavelengths. In practical amplitude-interrogation sens-
ing, the absolute magnitude is more important than the sign.
The highest absolute amplitude sensitivity is obtained at higher
analyte refractive indices, reaching approximately 842RIU−1

for na = 1.44 followed by approximately 818RIU−1 for
na = 1.42. This behavior confirms that the amplitude-
sensitivity response becomes stronger at the upper end of the
investigated refractive-index range. It should be noted that
the maximum amplitude sensitivity reported here is extracted
from thewavelength-dependent amplitude-sensitivity spectrum
and should not be interpreted as a fixed-wavelength operating
sensitivity. In practical sensing operation, the proposed sen-
sor is mainly calibrated using the resonance-wavelength shift
with analyte refractive index, while the amplitude-sensitivity
spectrum provides an additional metric for describing the RI-
dependent loss variation near the resonance region.
Figure 10 summarizes the variation in the resonance wave-

length with the analyte refractive index. A clear monotonic in-
crease in the resonance wavelength was observed as the analyte
refractive index increased, confirming the redshifting behavior
observed in the loss spectra. This trend demonstrates that the
proposed sensor provides a stable spectral response over the
examined refractive-index range and supports its applicability
for refractive-index sensing. The wavelength-interrogation re-

FIGURE 10. Resonance wavelength as a function of analyte refractive
index for the proposed hybrid PCF-SPR sensor.
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TABLE 2. Performance comparison of the proposed hybrid Au-TiO2 coated dual-core PCF-SPR biosensor with selected reported PCF-SPR sensors.

sponse was evaluated from the resonance-wavelength shift with
respect to the analyte refractive-index variation according to
Sλ = ∆λres/∆na. Based on the resonance-wavelength cal-
ibration shown in Fig. 10, the maximum and average wave-
length sensitivities were extracted and included among themain
sensing-performance metrics. These results complement the
amplitude-sensitivity analysis and provide a more complete
evaluation of the proposed hybrid Au-TiO2-coated PCF-SPR
biosensor.
To further evaluate the resonance quality of the proposed sen-

sor, the figure of merit was considered in relation to the reso-
nance linewidth. The FOM is commonly defined as the ratio
between the wavelength sensitivity and the full-width at half
maximum of the resonance peak, i.e., FOM = Sλ/FWHM .
A higher FOM indicates a sharper resonant response and bet-
ter wavelength-discrimination capability. Therefore, FOM pro-
vides a useful complementary metric together with wavelength
sensitivity, amplitude sensitivity, and resolution.
To quantify the quality of the calibration fitting in Fig. 10,

a second-order polynomial fitting was applied to the extracted
resonance-wavelength data. The obtained fitting parameters
were R2 = 0.9979, SSE = 123.10, and MSE = 13.68, in-
dicating good agreement between the fitted calibration curve
and the extracted resonance-wavelength data.

4.5. Comparative Performance Evaluation
To clarify the relative performance of the proposed hybrid Au-
TiO2-coated dual-core PCF-SPR biosensor, a broader compara-
tive evaluation was carried out with selected reported PCF-SPR
sensors. The comparison was expanded beyond the authors’
previous Au-only dual-core structure and includes different
sensing configurations, such as practical external-sensing PCF-
SPR structures, side-polished gold-coated PCFs, four-channel

plasmonic PCF sensors, twin-core D-shaped PCF-SPR sensors,
skin-cancer-oriented hybrid-coated PCF-SPR sensors, and D-
type dual-mode PCF-SPR sensors with microfluidic channels.
The earlier Au-only dual-core PCF-SPR sensor reported in the
ARPN Journal of Engineering and Applied Sciences [1] is re-
tained only as a baseline reference, because the present struc-
ture is developed on the same sensing platform. Therefore, the
comparison is not limited to the authors’ previous work, but
places the proposed hybrid Au-TiO2 design within the wider
PCF-SPR literature and recent state-of-the-art sensing strate-
gies.
The comparison was based on the plasmonic layer, operat-

ing or resonance window, analyte refractive-index range, max-
imum wavelength sensitivity, average wavelength sensitivity,
maximum amplitude sensitivity, and estimated resolution. The
results are summarized in Table 2. When exact values were not
explicitly stated in the cited works, approximate values were
estimated from the reported resonance shifts, available sensing
ranges, or plotted spectral responses. Such values are marked
by the symbol “∼”. Values that could not be safely estimated
from the available information are indicated as NR.
As shown in Table 2, the proposed hybrid sensor provides

a broader analyte-index interval than the earlier Au-only
design by extending the lower sensing limit from 1.30 to
1.28. The maximum amplitude sensitivity increases from
about 700RIU−1 in the previous Au-only structure [1] to
about 842RIU−1 in the present hybrid Au-TiO2 structure,
corresponding to an improvement of approximately 20.3%.
This confirms that the TiO2 overlayer modifies the optical
environment around the Au film and strengthens the interaction
between the core-guided mode and surface plasmon mode.
The comparison also shows that several reported PCF-SPR

sensors achieve high wavelength sensitivity by using side-
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polished geometries, D-shaped structures, multi-channel ar-
rangements, or hybrid plasmonic coatings. For example, side-
polished and D-type structures improve the access of the guided
field to the analyte region, while multi-channel and hybrid-
material configurations provide additional degrees of freedom
for tailoring the plasmonic response. In contrast, the present
design preserves the dual-core PCF sensing platform and in-
troduces an ultra-thin TiO2 dielectric overlayer as a materials-
level modification. This approach improves themodal coupling
and extends the usable lower-end refractive-index range with-
out changing the basic sensing architecture.
Although the improvement in amplitude sensitivity is mod-

erate compared with some highly optimized reported designs,
the proposed hybrid Au-TiO2 coating provides a measurable
enhancement over the previous Au-only dual-core structure
and maintains a stable resonance shift across a relatively wide
analyte-index range. Therefore, the contribution of the present
work should be interpreted as a parametric hybrid-coating en-
hancement of a dual-core PCF-SPR architecture rather than a
claim of a fundamentally new SPR mechanism.

5. CONCLUSIONS
In this study, a hybrid dual-core PCF-SPR biosensor based on
Au and TiO2 coatings was proposed and numerically inves-
tigated using the finite element method. This study was in-
tentionally developed as an extension of our earlier Au-only
dual-core PCF-SPR sensor [1], with the main objective of ex-
amining how an ultra-thin TiO2 dielectric overlayer alters the
modal coupling condition and overall sensing response. Field-
distribution analysis showed that the sensingmechanism is gov-
erned by the interaction between the fundamental core-guided
mode and plasmonic mode supported at the metal-dielectric in-
terface. Near the phase-matching condition, the modal energy
is redistributed from the fiber core toward the coated sensing re-
gion, leading to stronger coupling and higher confinement loss.
This behavior was clearly reflected in the loss spectra, where
the resonance peaks shifted systematically with variations in
both structural parameters and analyte refractive index. A de-
tailed parametric analysis demonstrated that the geometrical pa-
rameters of the proposed structure, including d1, d2, pitch Λ,
and dielectric-layer thickness, have a significant influence on
the confinement-loss characteristics. By properly tuning these
parameters, stronger resonance peaks and improved coupling
behavior were obtained, indicating that the hybrid coating pro-
vides an additional degree of freedom for optimizing sensor
performance. The results further showed that the confinement-
loss spectra exhibit a clear redshift as the analyte refractive in-
dex increases, confirming the strong dependence of the reso-
nance condition on the surrounding sensing medium. In addi-
tion, the amplitude sensitivity was found to increase markedly
at higher analyte refractive indices, where the maximum ab-
solute value reached approximately 842RIU−1 at na = 1.44,
while a similarly high value of about 818RIU−1 was obtained
at na = 1.42. These results indicate that the proposed sensor
becomes more responsive in amplitude interrogation mode in
the high-index region. Compared with the previously studied
Au-only structure [1], the present Au + TiO2 design shows a

noticeable enhancement in sensing performance. In particular,
the maximum absolute amplitude sensitivity is improved from
about 700RIU−1 in the previous design to about 842RIU−1 in
the present work, corresponding to an enhancement of nearly
20.3%. Furthermore, the analyte refractive-index detection
range is extended from 1.30–1.44 to 1.28–1.44, which repre-
sents an increase of about 14.3% in the sensing span relative
to the previous Au-only design. These quantitative differences
confirm the beneficial role of the TiO2 overlayer in enhanc-
ing the sensor response. Overall, the proposed hybrid PCF-
SPR biosensor offers improved tunability, stronger amplitude-
based response, and a wider usable refractive-index range than
the conventional Au-coated configuration. Accordingly, the
present study may be regarded as a parametric continuation of
our previous Au-only sensor architecture [1], in which the addi-
tion of the TiO2 overlayer provides a practical materials-based
route toward higher biosensing performance.
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