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A B S T R A C T

In this paper, an asymmetric photonic crystal fiber (PCF) working on surface plasmon resonance (SPR) has been
proposed and demonstrated using the wavelength interrogation method and lower birefringence peak method.
The proposed sensor contains a D-shaped analyte channel that can detect unknown analytes within the sensing
range of 1.42–1.47 refractive index units (RIU) of the analytes. The structural asymmetry induces orthogonal x
and y polarization modes. The numerical investigations with the finite element method (FEM) reveal that the
sensor has a maximum wavelength sensitivity of 80,000 nm/RIU with a sensor resolution of 1.25 × 10−6 RIU for
the y polarization mode and the maximum figure of merit (FOM) is found to be of 370.4 RIU−1. For the x
polarization mode, the sensor exhibits a maximum wavelength sensitivity of 53,000 nm/RIU with a resolution of
1.89 × 10−6 RIU, having a maximum figure of merit (FOM) of 351 RIU−1. These results are found by using the
wavelength interrogation method via confinement loss. On the other hand, the lower birefringence peak method-
based analysis reveals a maximum wavelength sensitivity of 50,000 nm/RIU with a resolution of 2 × 10−6 RIU.
As such, it is highly suitable for organic chemical detections and medical diagnostics. In addition, this paper
studies the fabrication tolerance on the sensor performance.

Introduction

Surface Plasmon Resonance, an emergent technology, has presented
unprecedented and eclectic progress in the realm of sensors due to its
multifarious applications in the fields of bioimaging [1], chemical
sensing [2] and environmental monitoring [3]. The application of SPR
not only encompasses biomolecular analyte detection, but also conducts
analysis as a label-free real time technology [4]. Despite the availability
of other sensing mechanisms like intensity modulated sensors, wave-
length modulated sensors, phase modulated sensors and polarization
modulated sensors, SPR sensors stand out to be the most effective in
terms of their superior sensing readings [5]. Surface plasmon resonance
sensors have demonstrated exuberant and assorted capabilities over
other sensing technologies like micro resonator, fiber bragg grating,
multimode interference and resonant mirror through their elective and
meticulous sensing tactic along with efficient light regulation.

Previously, SPR sensors based on prism technology like slot waveguide
and v- groove waveguide have been regarded as bulky and expensive.
These impediments ultimately sculpted the way for PCF based SPR
sensors as they substantiated qualities like portability, lightness in
weight and remote detection skills. For SPR sensing applications, var-
ious configurations like micro fluidic slot based structures, long period
fiber Bragg grating, D shaped structure, external and internal metal
coated fibers have been extensively studied. Furthermore, the devel-
opment of photonic crystal fibers has emerged steadily with their su-
perior light confining capabilities, providing versatile applications in
broadband optical communications as well [6]. The flexibility in the
design of periodic arrangement of airholes in PCFs gives freedom to
produce core guided optical modes, in accordance to the work demand.
The present research works are focusing on the application of the
physics of SPR on PCFs to produce enhanced results for analyte sensing
purposes.
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Surface plasmon waves (SPW) occur at metal-dielectric interfaces,
first demonstrated in 1957 [7], with Zenneck’s contribution to theore-
tical introduction to SPR, coming in at 1907 [8]. Kretschmann [9] and
Otto configurations [10] demonstrate the prism coupling mechanism to
induce SPRs in metal dielectrics which are essentially utilized for de-
tecting unknown refractive index of analytes. However, due to the
bulky nature, its remote sensing applications are pretty limited. Hence,
at present, SPR based PCF sensors are preferred due to its miniaturized
size, design flexibility and enhanced sensing performance. The two
groups of SPR PCF sensors are basically internally coated and externally
coated sensors depending on the location of analytes and metal coating.
The internal sensing technique offers higher sensitivity as the analyte
directly alters the refractive index configuration of the fiber [11]. As
SPR occurs at metal-dielectric interface, not all metals are suitable for
supporting the optical phenomenon. Gold and silver are the most de-
sirable choices as they are noble metals, showing inter-band transitions.
Gold shows larger resonance peak shifts and is more chemically stable
than most other metals [12]. Usage of silver points to a sharper re-
sonance peak, but its formation of brittle oxide in aqueous environment
restricts its practical applications [5]. The scientific communities and
researchers have come up with versatile design structures with sa-
tisfactory sensing capabilities. A PCF SPR sensor has shown a wave-
length sensitivity, Sλ=7040 nm/RIU with a sensing range of 1.40–1.42
[13]. Another PCF shows Sλ=4000 nm/RIU, with sensor resolution,
R = 2.5 × 10−5 RIU [14]. A large D-shaped microfluidic channel based
sensor has achieved a maximum Sλ=11,000 nm/RIU [15]. These in-
vestigations have been carried out, based on wavelength interrogation
utilizing the confinement loss scheme. However, using the most re-
cently developed lower birefringence peak method, a PCF sensor re-
vealed Sλ=6,300 nm/RIU with R as low as1.587 × 10−5 RIU with a
large sensing range of 1–1.43 [16]. The lower birefringence peak
method is not dependent on the confinement loss of sensors, rather on
the real part of the effective index of orthogonal core modes in asym-
metric structures.

This work proposes an SPR based PCF sensor having a compara-
tively large microfluidic D-shape analyte channel with semi-hexagonal
lattice of airholes. Gold has been chosen as the plasmonic metal. The D-
channel hole causes the asymmetric core buildup of the structure,
which induces the two orthogonal x and y polarization modes. The
novel feature of this work is the study of both the confinement loss-
based wavelength interrogation method and the lower birefringence
peak method on a plasmonic sensor having a semicircular gold layer
with an analyte filled D-channel. Considering the confinement loss
scheme and carrying out the wavelength interrogation method, the x-
polarization mode portrays a maximum Sλ = 53,000 nm/RIU with a
maximum FOM of 351RIU−1 along with an R = 1.89 × 10−6 RIU. The
y-polarization core guided mode shows a maximum Sλ = 80,000 nm/
RIU with a maximum FOM of 370.4 RIU−1 along with an
R = 1.25 × 10−6 RIU. Considering the lower birefringence peak
method, a maximum Sλ = 50,000 nm/RIU is achieved, leading to a
sensor resolution R = 2 × 10−6 RIU. Hence, the proposed sensor is
highly suitable for biochemical analyte detections as the sensitivity of
the sensor is high. This work also focuses on fabrication tolerance of the
sensor performance.

Theoretical considerations

Coherent delocalized electron oscillations occurring in a metal
conductor are called surface plasmons. Due to electronic transporta-
tions, longitudinal oscillations occur in the conductor to generate the
surface plasmons when an external field is applied. A metal-dielectric
supports surface plasmon polaritons (SPP) under resonance conditions,
where SPWs propagate along the interface, which has a propagation
constant [17]

=
+c

M D

M D (1)

Here, is the angular frequency. c is the velocity of light. M and D are
the permittivity of the metal and dielectric medium respectively.

Phase matching condition is ensured when the phases of SPWs and
the applied EM field are matched along with their propagation con-
stants coinciding with one another. Optical confinement because of
photonic bandgap or modified total internal reflection (TIR) is the light
guiding mechanism occurring in PCFs. Resonance takes place at the
phase matching condition, where the frequency and the momentum of
SPWs and incoming EM field coincide. Such phenomenon causes
maximum modal power transfer from core guided mode to spp mode.
When measured, the confinement loss takes the form of a gaussian
shape because of its leaky gaussian core guided mode. The gaussian loss
peak appears at the resonant wavelength, λ. This confinement loss is
dependent on the imaginary part of the effective mode index [18]

= × × ×CL k Im n dB cm8.686 ( ) 10 ( / )eff0
4 (2)

where, =k0
2 is the wave number in vacuum and Im(neff) denotes the

imaginary part of the effective mode index. The wavelength inter-
rogation method is solely dependent on the confinement loss, particu-
larly, the imaginary part of the effective index. On the contrary, car-
rying out the sensor performance analysis via the lower birefringence
peak method, lower peak of the birefringence curve corresponds to the
resonating wavelength. Birefringence is observed for structural fibers
presented with asymmetric cores. In metallized PCF, the differences of
the real parts of the effective indices of x and y polarization modes
represent birefringence [19]

=B Re Reeff
x

eff
y

(3)

where, Reeff
x and Reeff

y are the real parts of the effective indices of x and y
polarization modes.

Modelling and numerical analysis

The proposed sensor design consists of a semi-hexagonal 3-ring
orientation of airholes with diameter, da. The airholes are arranged in
this fashion so that the distance between consecutive airholes, i.e, the
pitch, Λ is kept at 1.90 μm. The airhole da is related to the pitch by,
da = 0.5Λ. The geometry of the proposed design contains a semi-
circular metal layer over silica, along with a D-channel, where the
analyte needs to be introduced which is shown in Fig. 1(a). The working
range of the sensor is between 1.42 and 1.47 of the refractive indices of
analyte. For the corresponding wavelength ranges of the analyte index,
the difference of the refractive index of silica and analyte induces
photonic bandgap between analyte and silica. This causes the light
confinement in the core region. Moreover, as there are no airholes in
between the semicircular metallic layer and core region, guided mode is
formed where the analyte has been introduced. Hence, evanescent
waves can easily interact with metal surface electrons to produce sur-
face plasmon waves (SPW). This causes the sensor to be highly sensitive
to analyte changes.

Chemically stable gold is chosen as the plasmonic metal with
thickness, tg = 40 nm. Gold with thickness below 10 nm is impractical
as it forms discontinuous film [20]. Our proposed sensor has a gold
layer which is much higher than the practical limit to avoid fabrication
impediments. The micro-fluidic D-channel (MFC) needs the introduc-
tion of analytes within it. Stack and draw method is a practical way of
introducing circular airholes [21]. The D-MFC can be subjected to
modified chemical vapor deposition (CVD) preform with flat ground at
a side [22]. To precisely formulate the residual diameter, rough edges
are polished for fabricating D-shaped preform [23]. CVD also allows
gold layer deposition with minimized surface roughness. For uniform
coating, atomic layer deposition (ALD) is another alternative for the
metal layer deposition [24]. A metal layer can be deposited using
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thermal evaporation, pulsed laser deposition (PLD) or electron beam
deposition (EBD) through nanosphere masks [25]. Nanosphere litho-
graphy (NSL) efficiently produces nanoparticle arrays with controlled
size and shape. The localized SPR (LSPR) peak shift studies have been
conducted using the NSL as the fabrication technique for metal layer
formation along the dielectric in [25]. The effect of silica overlayer
thickness variations have also been studied in the LSPR shifts.

An optical source can pass light through a polarizer controller into
the fiber, which is spliced with the PCF SPR sensor (Fig. 1(b)). The
output is passed to an optical spectrum analyzer (OSA) to get the
reading in a computer. Any change detected in analyte index is picked
up by the sensor and subsequent resonant wavelength changes are
detected by a spectrometer. Refractive index of the back ground ma-
terial is chosen to be silica which is likely to be more insensitive to
temperature, calculated via Sellmeier’s equation [6]
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where, Bi and Ci are sellmeier coefficients for silica where i = 1,2,3
with λ being the wavelength.

Plasmonic metal, gold has a dielectric function derived from the
drude model [18]

=
+ +j D j( ) ( )d

D L

L L

2 2

2 2 (5)

in which, = 5.9673 which is the permittivity at high frequency,
ωD and γD are the plasma and damping frequencies respectively. The
rest of the parameters have been taken from [18].

Finite element method (FEM) is the numerical tool with which si-
mulation works have been carried out in comsol multi-physics software.
A non-physical perfectly matched layer (PML) has been chosen as the
boundary condition which acts as an absorber of radiation and reflected
light at the boundary. Triangular mesh elements divide the entire
geometry, where the maximum and minimum element sizes are
1.68 × 10−6 m and 7.52 × 10−9 m respectively, which ensures the
propagation of wave. Maximum element growth rate is chosen to be
1.3, which allows element size to grow from smaller element regions to
higher ones. Usually, letting this value be close to 1 is desirable. The
ratio of the boundary element size to the curvature radius is 0.3. These
give a strong simulation environment to have better accuracy in

reaching solutions with the eigen value solver.

Results analysis and discussion

Wavelength interrogation method

Fig. 2 (a) and (b) portray the x and y polarized core modes forming
the core of the guided mode. Fig. 2 (c) and (d) are the associated spp
modes. The spp mode in Fig. 2 (c) couples itself to the x-polarized core
mode and the spp mode in Fig. 2(d) couples itself to the y-polarized
core mode. This results in maximum power transfer from the core
guided light to the surface plasmonic waves (SPW) which leads to the
resonance coupling between the core guided modes to the spp modes at
the resonance wavelengths. This has been portrayed with the electric
field profile in Fig. 2 (e) and (f). The real part of effective indices of the
x and y polarization modes establish crossings with that of the asso-
ciated spp modes. These crossings ensure the phase matching of the EM
field and the SPWs. The central airholes are removed for the stability of
core mode with respect to changes in λ. Fig. 3 elucidates the gaussian
confinement loss of the two modes corresponding to their resonant
wavelength, λ. For pragmatic implementation, a good sensing response
for both the orthogonal modes provide more freedom in choosing the
light source [18]. Our proposed sensor shows a good response for both
modes. For the analyte refractive index change from 1.42 to 1.47, the
gaussian peak and resonance λ shifting is portrayed in Fig. 4(a) and
5(a) for the x and y polarization modes.

The ideal structural parameters for the design are tg = 40 nm,
Λ = 1.90 μm and da = 0.5Λ, found after several deliberate iterations
performed in determining the optimized structure. An increase of re-
fractive index of the analyte causes subsequent blue shifting of the
gaussian peak, which can be detected by a spectrometer. Both ortho-
gonal polarization modes show the same optical property.

Fig. 4(a) illustrates the shifting of the CL spectra with small increase
of RI for x polarization mode. The confinement loss appears to increase
with the increase of RI from 1.42 to 1.45 and the spectra indicates
significant red shifting with decrease of RI. On the contrary, the CL
spectra appears to decrease with the increase of RI from 1.45 to 1.47.
Fig. 4(b), (c) and (d) illustrate the CL spectra in accordance with the
subsequent changes in tg, Λ and da for the x polarization mode. With
the increase of tg, confinement losses indicate trivial depreciation. A
reduced amount of energy transfer is extrapolated from this, as thicker
gold layer obstructs penetration of the evanescent field. By increment of
Λ from 1.8 to 2 μm, a substantial amount of loss decreases, thereby
demonstrating reduced interaction. There have been no observable
shifts in variation of the pitch. The saturation of confinement loss can
be articulated by varying the da from 0.4Λ to 0.5 Λ as depicted in
Fig. 4(d) with no apparent shifting.

Fig. 5(a) portrays the behavior of the CL spectra with respect to the
changes in RI in y polarization mode. For decline of the analyte index
from 1.46 to 1.43, confinement loss decreases owing to reduced energy
transfer from core to SPWs. However, at na = 1.42, the structure shows
significant increase in confinement loss along with an increased red
shift. Fig. 5-(b), (c) and (d) show an illustration of the CL spectra for y
polarization mode. Increasing gold layer thickness causes blue shifting
of the gaussian curve for both orthogonal modes and no definitive
change in its loss. For alteration of the Λ from 1.8 to 2 μm, gaussian
response is steeper at 1.90 μm but no wavelength shifting occurs. The
fractional increase or decrease of the diameter of airholes has negligible
effect on the sensor performance. The wavelength interrogation method
reveals a sensor resolution [18]

=S nm RIU
n

[ / ]
a (6)

where, being the peak wavelength shifts and na denoting to con-
secutive analyte index difference. Figure of merit (FOM) is a significant
parameter to scrutinize the sensor’s gaussian response. The FOM is

(a)

(b) 

Fig. 1. (a) Geometry and (b) Experimental setup of the proposed design.
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inversely proportional to the full w idth half maximum (FWHM) of the
gaussian loss curves [26]

=FOM S
FWHM (7)

Tables 1 and 2 uphold the sensor performance for the orthogonal
polarization modes.

Maximum resonant λ shift occurs for na = 1.45 for x-pol mode and
that for y-pol mode occurs at na = 1.42. The resonant shifts are con-
siderable and appear to be uniformly distributed throughout the analyte
RI. Within tabular data, a highest FOM of 351 RIU−1 and 370.4 RIU−1

are observed for the x-pol and y-pol mode respectively. Higher con-
finement loss is an impediment to the sensor design as it limits the
sensor length causing hindrance in getting a viable and measurable
output signal. The maximum propagation loss for x and y pol modes are
137 dB/cm and 97.1 dB/cm respectively.

The sensor wavelength resolution evaluates the sensor performance
[18]

=R n RIU/a min peak (8)

where = nm0.1min is considered as the minimum spectral re-
solution [18]. The sensor resolution is inversely proportional to wave-
length sensitivity. The proposed sensor shows a minimum sensor re-
solution of 1.89 × 10−6 RIU and 1.25 × 10−6 RIU respectively.

Lower birefringence peak method

The lower birefringence peak method is carried out and studied for
asymmetric PCF sensors. Unlike the confinement loss scheme, bi-
refringence of a PCF is not dependent on the imaginary part of the ef-
fective mode index. As discussed in the theoretical analysis, it is solely
dependent on real parts of the orthogonal modes induced into the
structure because of asymmetric core modes. The birefringence curve of
a metallized PCF sensor has an upper and a lower peak. The lower peak
corresponds to the resonant λ and their difference is termed as re-
sonance intensity [27]. In this scheme of analysis, changes in the ana-
lytes corresponding to their refractive indices, are successfully detected
by changes in the resonant λ and resonance intensity.

Fig. 6 portrays the dispersion relations and their corresponding bi-
refringence. The lower peak is denoting resonant wavelength. Fig. 7 (a)

(a) 
(b) 

(c) (d) 

(e) (f) 

Fig. 2. Electric field distribution of the (a)‘ core mode (x-polarized) (b) core mode (y-polarized), (c) spp mode coupled to the x-polarized core mode (d) spp mode
coupled to the y-polarized core mode (e) and (f) represents the resonance coupling of the spp modes with the orthogonal core modes.
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shows that analyte index variations from 1.42 to 1.47 causes blue
shifting of the birefringence curve. The shift in lower peak, picked up by
a spectrometer, is the shift of the resonant λ. Furthermore, the analyte

index changes have an effect on resonant intensity, it rises, followed by
a subsequent decline. Fig. 7 (b), (c) and (d) come up with the fabrica-
tion tolerance on the birefringence curves. The increase of metal layer
thickness causes the blue shifting of the birefringence curve, followed
by a subsequent decrease of resonant intensity. Pitch variations have
more impact on the resonant intensity. For the airhole da variations,
increasing da to more than 0.5Λ, causes birefringence curve to shift
upward. The lower peak in the birefringence curve representing the
resonant λ is similar to the loss peak of the x-polarization mode ob-
tained from the confinement loss method [16]. The shifting of the lower
peak, detecting the analyte changes is related to the wavelength sen-
sitivity, which evaluates the sensor performance [27]

=S nm RIU
n

[ / ]
a (9)

where, represents the lower peak shifts with respect to analyte index
change na. Table 3 evaluates the sensor performance in terms of bi-
refringence.

The highest Sλ is observed for na = 1.44, which is of 50,000 nm/
RIU with a resolution as low as 2 × 10−6 RIU.

Comparative analysis

Table 4 comes up with a comparative argument of the results of the
proposed sensor in terms of the wavelength interrogation method via

Fig. 3. Dispersion relations of the x-pol core mode (pink), y-pol core mode (red)
and the spp modes (dark blue, green) with gaussian confinement loss, x-pol
(brown) and y-pol (light blue) with parameters na = 1.46, tg = 40 nm,
Λ = 1.90 μm, da = 0.5Λ. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)

(a) (b) 

(c) (d) 
Fig. 4. Loss curves for x-polarization, with varying (a) analyte index (b) gold layer (c) pitch and (d) airhole diameter.
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(a) (b) 

(c) (d) 
Fig. 5. Loss curves for y-polarization, with varying (a) analyte index (b) gold layer (c) pitch and (d) airhole diameter.

Table 1
Sensor performance within the sensing range for x-polarization.

Analyte index αpeak (dB/cm) λpeak (μm) FOM (RIU−1) Sλ (nm/RIU)

1.42 80 4.1 150.8 30,000
1.43 78.2 3.8 242.4 40,000
1.44 95 3.4 280.9 50,000
1.45 137 2.9 351 53,000
1.46 74.8 2.37 168.6 44,000
1.47 16.2 1.93 N/A N/A

Table 2
Sensor performance within the sensing range for y-polarization.

Analyte index αpeak (dB/cm) λpeak (μm) FOM (RIU−1) Sλ (nm/RIU)

1.42 97.1 4.4 344.8 80,000
1.43 39.2 3.6 341.9 40,000
1.44 74.7 3.2 370.4 40,000
1.45 79.6 2.8 219.3 50,000
1.46 84.2 2.3 200 37,000
1.47 30.2 1.93 N/A N/A

Fig. 6. Dispersion relations of the x and y polarization modes and their bi-
refringence curve.
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confinement loss scheme. The PCF SPR sensor shows a very high wa-
velength sensitivity in comparison to other recent works and the nu-
merical value is the highest within the sensing range 1.42–1.47 to the
best of our knowledge.

Table 5 draws out a comparative analysis with recent publications
on PCF SPR sensors in terms of the lower birefringence peak method. To
our best knowledge, carrying out analysis based on birefringence
method, our proposed sensor surpasses other works in terms of wave-
length sensitivity and minimum spectral resolution.

Sensor evaluation

The sensor shows a very good linear fit for x and y polarization
modes in terms of confinement loss scheme and also for birefringence

(a) (b) 

(c) (d) 
Fig. 7. Birefringence curve for the metallized PCF with (a) analyte index variation (b) gold layer thickness (c) pitch and (d) airhole diameter.

Table 3
sensor performance within the sensing range with birefringence peak shift
studies.

Analyte
index

λpeak (μm) Resonance
Intensity

Resolution (RIU) Sλ (nm/
RIU)

1.42 4 2.995 × 10−4 3.33 × 10−6 30,000
1.43 3.7 5.998 × 10−4 2.5 × 10−6 40,000
1.44 3.3 6.998 × 10−4 2 × 10−6 50,000
1.45 2.8 6.999 × 10−4 2.5 × 10−6 40,000
1.46 2.4 1.998 × 10−4 2.5 × 10−6 40,000
1.47 2 9.95 × 10−5 N/A N/A

Table 4
Comparison of recent publications with respect to the confinement loss based
wavelength interrogation.

Ref. Structure WS (nm/
RIU)

FOM
(RIU−1)

RI Index

[28] D shaped 46,000 N/A 1.33–1.43
[29] Circular lattice 9000 N/A 1.34–1.37
[30] D-shaped 31,000 N/A 1.32–1.4
[18] Scaled-down 30,000 508 1.33–1.39
[31] Dual micro

channel
13,000 N/A 1.23–1.29

[32] D shaped 20,000 N/A 1.18–1.36
[33] Au-TiO2 based 25,000 502 1.33–1.38
[34] H shaped 25,900 N/A 1.33–1.49
[35] Circular slotted

lattice
16,000 400 1.4–1.46

Proposed design (x-
pol)

D-channel
Semi-hexagonal

53,000 351 1.42–1.47

Proposed design (y-
pol)

D-channel
Semi-hexagonal

80,000 370.4 1.42–1.47
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curve shifting which is shown in Fig. 8. The governing characteristic
curves for the x and y orthogonal modes and birefringence curve
shifting are y = −45x + 68, y = −48x + 72 and y = −41x + 62
respectively. The analysis of the sensitivity performance of D-channel
semi-hexagonal PCF SPR sensor reveals the sensor to be an ecclesias-
tical candidate for analyte sensing. Likewise, the fabrication tolerance is
studied on the sensor characteristics, which shows a satisfactory result,
making it a viable candidate for pragmatic implementations. The sensor
is studied with both the confinement loss dependent wavelength

interrogation method and the recently developed lower birefringence
peak method and the results are compared. Both the analysis reveal the
sensor performance to be satisfactory.

In this paper, we investigated and focused on the behavior of the
structure around RI 1.42–1.47 owing to its possible real time applica-
tion in chemical and environmental sensing. There are various chemical
agents possessing the RI within the specified range from 1.42 to 1.47
(for example, polylactic acid = 1.46, glycerol = 1.4729, Carbon
Tetrachloride = 1.46, 60% glucose solution in water = 1.4394).

These analyte RI alterations are the key to picking up sensor re-
sponses. The resonant wavelength shifts with the local RI change in the
core region investigated via the wavelength interrogation technique,
can be detected by the optical spectrum analyzer when the output is
passed through it. Also, the lower peak birefringence method confirms
the same. The spectrum is analyzed in a computer later on. Initially, the
biosensor has to be spliced with fibers in the input and output of the
sensor. It is suggested that single-mode fibers are spliced such that only
the core guided modes are passed on to the sensor, eliminating the
other radiation modes or lossy modes. The SPR biosensor shows a good
sensing response in both the orthogonal modes. Hence, polarizing the
light in specified planes is important initially before the incident light is

Table 5
Comparison of recent publications with respect to lower birefringence peak
shifts.

Ref. Structure WS (nm/
RIU)

Resolution (RIU) RI Index

[27] Hexagonal
lattice

22,000 4.55 × 10−6 1.33–1.42

[19] Circular lattice 16,700 5.99 × 10−6 1.33–1.42
[16] Square lattice 6,300 1.587 × 10−5 1–1.43
Proposed

design
D-channel
Semi-hexagonal

50,000 2 × 10−6 1.42–1.47

(a) (b) 

(c)
Fig. 8. Resonant λ versus analyte index changes for confinement loss method with (a) x-pol mode (b) y-pol mode and (c) with birefringence curve shifts.
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made to enter the sensor.

Practical prospect of analyte sensing

SPR based sensing is remarkable when it comes to analyte sensing.
The refractive index change of the analyte in close contact with the
metallic nanoparticles causes sharp intensity changes in the output.
These nanoparticles behave as transducers which convert the local RI to
spectral shifts in the propagation loss. Recently, a research team has
been able to come up with a plasmonic biosensor with experimental
verification of Covid19 diagnosis using the PPT (Plasmonic
Photothermal Effect) combined with localized SPR [36]. The binding
events that occur cause the local analyte RI on the nanoparticles to
change. This has been utilized for the genetic testing and the nucleic
acid detection of the virus. This PPT based LSPR method provides a
much more reliable, fast and precise alternative for Covid19 detection
when compared to the presently used RT-PCR (Reverse Transcription
Polymerase Chain Reaction) technique. It has been reported that loca-
lized SPR shifts have been previously used for measuring concentrations
of a neurotoxin, Amyloid -Derived Diffusible Ligand (ADDL), which
plays a significant role in the progression of Alzheimer’s Disease [37].
Generally, organic molecules have higher refractive indices which are
suitable to be detected with our modeled sensor with high and sharp
sensitivity. In Ref. [38], a majority portion of the refractive index of
toluene, benzene, chloroform and carbon di-sulfide lies in the sensing
region of our proposed sensor. Glucose is a relatively important organic
compound, which is reasonable to represent blood components. Dif-
ferent concentrations of glucose solutions lie within the RI sensing
range of 1.33–1.47 [39]. The sensing range of our proposed sensor falls
a subset to this RI sensing range.

Fiber limitations and further discussion

The alteration in RI with temperature changes is defined by the
thermo-optic coefficient (dn

dT
) of any material. The dn

dT
of the waveguide

silica is very small, which is 7.8 × 10−6 per degree Celsius [40]. This
suggests that the waveguide silica is almost insensitive to temperature
changes, which makes it a suitable candidate for analyte sensing with
PCFs [41]. However, the core region guides light through the analyte.
Hence, the dn

dT
of the analyte has a greater impact on the effective mode

index of the core mode. Any alterations in the effective index will cause
the resonance wavelength to occur at slightly shifted wavelengths. It is
suggested that the temperature remains steady and stable when the
analyte is made to flow in the analyte channels of the sensor. In addi-
tion to this, splicing loss may occur when splicing the sensor to the
fibers connected to the input and output of the PCF. The study of
splicing losses is beyond the scope of numerical investigations of the
PCF SPR sensors.

Conclusion

In this work, an asymmetric SPR based PCF sensor is proposed
which has a D-shaped MCF channel. Gold is used as a chemically stable
plasmonic metal. The confinement loss-based wavelength interrogation
method reveals the maximum wavelength sensitivity of the sensor to be
53,000 nm/RIU and 80,000 nm/RIU for x and y polarization modes,
respectively along with a figure of merit (FOM) of 351 RIU−1 and 370.4
RIU−1, respectively. The sensor resolution is found to be as low as
1.89 × 10−6 RIU and 1.25 × 10−6 RIU for the orthogonal modes. The
lower peak birefringence method reveals a maximum wavelength sen-
sitivity of 50,000 nm/RIU with a resolution of 2 × 10−6 RIU. The
sensitivity readings within the sensing range 1.42–1.47 are the highest
among the reported sensors. The proposed sensor is indeed a suitable
candidate to be practically implemented for analyte detections.
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