
Missouri University of Science and Technology Missouri University of Science and Technology 

Scholars' Mine Scholars' Mine 

Electrical and Computer Engineering Faculty 
Research & Creative Works Electrical and Computer Engineering 

01 May 2023 

Design And Analysis Of Gold-nanowires Based Multi-channel SPR Design And Analysis Of Gold-nanowires Based Multi-channel SPR 

Sensor Sensor 

Nasir Mahmood Anjum 

Farhan Mumtaz 
Missouri University of Science and Technology, mfmawan@mst.edu 

Muhammad Aqueel Ashraf 

Follow this and additional works at: https://scholarsmine.mst.edu/ele_comeng_facwork 

 Part of the Electrical and Computer Engineering Commons 

Recommended Citation Recommended Citation 
N. M. Anjum et al., "Design And Analysis Of Gold-nanowires Based Multi-channel SPR Sensor," Results in 
Optics, vol. 11, article no. 100397, Elsevier, May 2023. 
The definitive version is available at https://doi.org/10.1016/j.rio.2023.100397 

This Article - Journal is brought to you for free and open access by Scholars' Mine. It has been accepted for 
inclusion in Electrical and Computer Engineering Faculty Research & Creative Works by an authorized administrator 
of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including reproduction for 
redistribution requires the permission of the copyright holder. For more information, please contact 
scholarsmine@mst.edu. 

http://www.mst.edu/
http://www.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/ele_comeng_facwork
https://scholarsmine.mst.edu/ele_comeng_facwork
https://scholarsmine.mst.edu/ele_comeng
https://scholarsmine.mst.edu/ele_comeng_facwork?utm_source=scholarsmine.mst.edu%2Fele_comeng_facwork%2F5054&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/266?utm_source=scholarsmine.mst.edu%2Fele_comeng_facwork%2F5054&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.1016/j.rio.2023.100397
mailto:scholarsmine@mst.edu


Results in Optics 11 (2023) 100397

Available online 24 February 2023
2666-9501/© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Design and analysis of Gold-nanowires based multi-channel SPR sensor 

Nasir Mahmood Anjum b,1, Farhan Mumtaz a,1,*, Muhammad Aqueel Ashraf b 

a Department of Electrical and Computer Engineering, Missouri University of Science and Technology, Rolla, MO 65409-0040, USA 
b Department of Electronics, Quaid-i-Azam University, Islamabad 45320, Pakistan   

A R T I C L E  I N F O   
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A B S T R A C T   

This research reports the simultaneous multi-analyte sensing capabilities of a D-shaped multi-channel surface 
plasmon resonance (SPR) sensor. Three channels are truncated in a U-shaped pattern at the side-polished surface 
of the D-shaped three-core fiber. Three Gold-nanowires (AuNWs) are positioned at the bottom of each sensing 
channel. To examine the SPR sensor’s multi-channel characteristics, a finite element method (FEM) is applied. In 
order to detect a variety of analytes, y-polarized modes-multiplexing is used, which offers a sufficient wavelength 
range. At an infiltrated refractive index (RI) of 1.35, 1.38, and 1.41, respectively, the maximal RI sensitivities of 
c-1 (channel-one), c-2 (channel-two), and c-3 (channel-three) are found as 7,611 nm/RIU, 5,128 nm/RIU, and 
12,974 nm/RIU, respectively. Moreover, the sensing structure with three external sensing channels is being 
demonstrated first time, to the best of our knowledge, using multicore fiber for the detection and discrimination 
of three different analytes simultaneously. According to expectations, the proposed sensor may be helpful for the 
detection of a wide range of chemicals and bio-analytes.   

1. Introduction 

Due to unique optical, electrical, and mechanical characteristics, 
gold (Au)-based structures like nanoparticles and nanowires are 
frequently utilized as the building blocks for sensing devices in the 
chemistry and biochemistry sectors (Zhang et al., 2014). The superior 
physiochemical characteristics of AuNWs (Gold nanowires) make them 
valuable components for nanotechnology. Regarding unique gold 
nanostructures, ultrathin AuNWs are a great choice for nanoelectrodes 
in electrochemical applications such pressure sensors, DNA detectors, 
interconnects, and nanoelectrodes (Dawson and O’Riordan, 2011). 
AuNWs are able to provide high current densities, an excellent signal-to- 
noise ratio, and low double layer capacitance due to the surface-location 
of 70 % of their gold atoms. For sensing applications, these character-
istics are crucial due to their superior physical and chemical charac-
teristics, AuNWs and Au-nanoparticles, which range in diameter from 1 
nm to 100 nm, are frequently utilized in chemical and biological sensors. 
One of the reasons why AuNWs are so popular in many scientific do-
mains, particularly in the creation of sensors, is their distinctive optical 
feature. AuNWs produce significant absorption and scattering of light 
about 520 nm (Jain et al., 2006), which results from the collective 
oscillation of conduction electrons on the surface of AuNWs when they 

are stimulated by the incoming light, is what gives the material its bright 
color. As a result, the size of AuNWs may be adjusted to alter the SPR 
peak, and this property cannot be seen in bulk gold or AuNWs less than 
2 nm in diameter. Therefore, AuNWs is a strong option for integration 
into SPR-based optical sensors. 

SPR sensors have a number of advantages for the detection of bio-
molecules (Kumar et al., 2023) because of their high sensitivity, high 
throughput capabilities, label-free detection, rapid real-time moni-
toring, and non-destructive studies (Mumtaz et al., 2022; Rifat et al., 
2018; Zhang et al., 2019; Cao et al., 2018). Numerous practical appli-
cations of common chemicals and biomolecules use SPR sensors for food 
safety inspection, chronic disease diagnosis, health and environmental 
monitoring, drug testing, chemical reactions of substances, etc. Tradi-
tional SPR sensors exhibit several limitations for detection procedures 
such as centralized laboratories, technically skilled workers, electronic 
and optical apparatus for alignment, etc (Liu et al., 2015). To overwhelm 
the deficiencies accumulated by the traditional SPR sensors, researchers 
reported miniatured SPR sensors based on fiber-optics, such as single- 
mode fiber (SMF) based SPR sensors (Liu et al., 2021; Pathak et al., 
2021; Kadhim et al., 2022), photonic crystal fiber (PCF)-based SPR 
sensors (Chen et al., 2018; Haque et al., 2018; Mishra et al., 2020), etc. 
The PCF-based SPR sensing structures are characterized by internal and 
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external sensing channels that depend on the positioning of the metal 
layer corresponding to the generation of a localized plasmonic field. In 
the SPR sensors, the internal sensing mechanism is much more difficult 
to realize than that of the external sensing mechanism. Most SPR sensors 
allow the detection and quantification of only one analyte at a time, but 
there is a severe need to detect multiple analytes simultaneously. The 
methods using propagation of x-polarized (pol), y-pol, or both × and y- 
pol modes are employed to attain multi-analyte sensing. Various 
chemicals and bio-analytes are simultaneously detected via multi- 
channel SPR sensors (Cao et al., 2018; Liu et al., 2015; Mishra et al., 
2020; Haider et al., 2020; Liu et al., 2016; Yasli et al., 2020; Kaur and 
Singh, 2019). Liu et al. (Liu et al., 2016) explored time-division multi-
plexing technology via multi-channel structure, presented RI sensitivity 
is 2,288 nm/RIU ranging from 1.333 to 1.385, although the sensitivity of 
the sensor is quite low but presented simultaneous sensing tendency of 
multi-analyte. Prism-based long-range SPRs have been reported for the 
detection of biomolecules(Singh et al., 2021; Verma et al., 2022), which 
promoted high imaging sensitivities and improved figure of merit 
(FOM). Taylor et al. (Taylor et al., 2006) reported a prism-based multi- 
channel SPR sensor that demonstrates the sensing of foodborne bacterial 
pathogens. The multiplexing capabilities and sensing approach of their 
SPR sensor are attractive, but the prism-based structure displayed ob-
stacles of tools/settings during procedures (Maurya et al., 2022). Nelson 
et al. (Gomez-Cardona et al., 2020) reported a SPR sensor based on H- 
shaped microstructured optical fiber whereby presented the highest RI 
sensitivity of 7540 nm/RIU by using two symmetrical channels for the 
detection of analytes in the range of 1.33 to 1.39. Yasli et al. (Yasli et al., 
2020) utilized x-pol and y-pol modes to demonstrate the performance of 
a PCF-based SPR sensor, and the obtained RI sensitivities are 2500 nm/ 
RIU and 3083 nm/RIU using c-1 and c-2 in the detection range of 1.33 to 
1.36, respectively. An internal multi-channel PCF-based SPR sensor with 
2,000 nm/RIU and 18,000 nm/RIU RI sensitivities were presented in ref 
(Haider et al., 2020) using c-1 and c-2 with y-pol modes propagation, 
respectively. Whereas c-3 exhibits a RI sensitivity of 3,000 nm/RIU with 
x-pol modes propagation, in the analyte RI range of 1.33 to 1.42. The 
advantages of the sensor include high RI sensitivity at 1.42 with 
simultaneous detection of three analytes, and suddenly presents the 
disadvantage of internal sensing channels that may affect the sensor 
performance for realization. PCFs are the most widely used in SPR 
sensors although micro-structuring introduces operational complexities. 
Additionally, the SPR sensors with multi-channel have unique advan-
tages, such as inexpensive, and rapid detection, which enhance sensing 
technology. 

Influenced by the multi-channel sensing approach, a simple and 
compact sensing structure is proposed for multi-analyte sensing simul-
taneously. The sensor is a side-polished D-shaped structure and has three 

Germanium-doped cores with three external sensing channels. AuNW is 
placed at the base of each channel in the closed vicinity of the respective 
adjacent core. The mode coupling demonstrates the multiplexing in the 
sensing structure, and simultaneously the external sensing channels 
provide operational simplicity. The sensor effectively demonstrates up- 
to-the-mark performance using just y-pol modes propagation in com-
parison with earlier reported sensors, those depend on both polariza-
tions for multi-analyte sensing (such as a structure reported in ref. 
(Haider et al., 2020)). The proposed D-shaped multi-channel SPR sensor 
certainly has the potential to trade off SPR sensors that are single/dual 
channel devices and detect two analytes or only one analyte at the same 
time. 

2. Sensor configurations 

The schematic cross-sections of the proposed sensor are shown in 
Fig. 1(a-b). The D-shaped optical fiber consists of three cores, and each 
core has correspondingly-three adjacent extrinsic sensing channels. The 
c-1, c-2, and c-3 are U-shaped and have the identical channel width 
“Wch”. AuNW, which is being employed as a plasmonic material to 
stimulate SPR (Mumtaz et al., 2023), is positioned at the bottom of each 
channel. Au-NWs’ diameter is represented by the symbol dAu. The cores 
and clad diameters of 8.2 µm and 125 µm are used, where the resonance 
matching condition of the sensor is strongly dependent on the compo-
sition of the optical fiber and the plasmonic material. Λ represents the 
pitch distance between the adjacent cores. Dr is the residual distance 
from the sensing channel base to the nearest point at the boundary of the 
corresponding core. The wavelength dependent RIs of D-shaped optical 
fiber for core (Germanium-doped silica) and cladding (Pure silica) are 
estimated by (Mumtaz et al., 2022; Mumtaz et al., 2023) 

n(λ) =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

1 +
κ1λ2

λ2 − ξ2
1
+

κ2λ2

λ2 − ξ2
2
+

κ3λ2

λ2 − ξ2
3

√

(1) 

where, the coefficients of the Sellmeier dispersion equation (i.e., κ1, 
κ2, κ3, ξ1, ξ2, and ξ3) are given in ref (Mumtaz et al., 2022). The Drude- 
Lorentz model can be used to determine the material permittivity of Au 
as (Luo et al., 2021; Gómez-Cardona et al., 2018); 

εAu = ε∞ −
ω2

D

ω(ω + iγD)
−

Δε.Ω2
L(

ω2 − Ω2
L

)
+ iΓLω

(2) 

where the values of the Lorentz oscillator strength (ΩL), spectral 
width (ΓL), plasma frequency (ωD), angular frequency (ω), damping 
coefficient (γD), weighting factor (Δε), and permittivity at high fre-
quency (ε∞), are shown in reference (Chen et al., 2021). 

Fig. 1. (a) Transverse, (b) perspective view with geometrical parameters, and (c) mesh profile of the D-shaped multi-channel SPR sensor.  
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3. Results and discussions 

3.1. Modal characteristics 

The numerical simulation runs to determine the performance of the 
proposed D-shaped multi-channel SPR sensor. COMSOL Multiphysics 6.0 
software is employed to accomplish the numerical solution. The sensor 
generates surface plasmon polarization (SPP) mode when a certain 
wavelength is triggered in one channel and the other two remained off. 
The mesh of the proposed geometry is defined to execute FEM based 
precise modal solution, and the mesh contains 17 ~ domains, 61 ~ 
edges, 48 ~ points, and 5874 ~ elements, as shown in Fig. 1(c). Perfect 
match layer (PML) is employed to absorb the reflections at the boundary 
interface and the size of PML is 10 % of the cladding diameter. The 
phase-matching condition in each channel is obtained at a certain 
wavelength in the SPR sensor when each channel is specified with the 
corresponding range of RI analytes, as shown in Fig. 2. For example, the 
electric field of y-pol mode exhibit phase-matching conditions and 
modes-multiplexing is achieved when analyte RI (na) at c-1, c-2, and c-3 
are infiltrated with 1.35, 1.38, and 1.41. The excitation of SPP mode in c- 
1, c-2, and c-3 came into being at a certain wavelength, i.e., 0.8082 µm, 
0.9635 µm, and 1.2230 µm, for infiltrated na value of 1.35, 1.38, and 
1.41, as shown in Fig. 2(a-c), respectively. 

3.2. Optimization of sensor parameters 

Firstly, the optimization of structural parameters is taken into ac-
count before the classification of the sensor with a range of RI analytes. 
The Dr is a key parameter in the lieu of structural optimization for the 
sensor. The stronger coupling between SPP mode and fundamental 
mode produces a larger extinction ratio of confinement loss (CL) peak 
whereby Dr substantially influences the loss spectrum. The spectral CL 
corresponding to the core-guided mode of the proposed D-shaped multi- 
channel SPR sensor can be estimated by (Cao et al., 2018); 

CL = 8.686 × KoIm(neff ) × 104 (dB/cm) (3) 

where, Ko = 2π/λ (λ denotes the operating wavelength and is taken in 
µm), and Im(neff) represents the imaginary part of the effective RI. 
Comparing the CL for y-pol and x-pol, it can be seen that the x-pol modes 
exhibit significantly reduced CL in the interference pattern, as seen in 
Fig. 3. Additionally, the operational wavelength-dependent effective 
refractive indices for the y-pol and x-pol propagating modes, which 
exhibit slight variations in the wavelength range of 1.15 µm to 1.4 µm, 
were also determined. The demonstrations that follow examine CL’s 
influence in the spectral domain. 

Firstly, the CL spectra are obtained with the variation of Dr from 0.1 
µm to 0.3 µm. The maximum CL peak value for c-1, c-2, and c-3 are 
achieved with Dr = 0.1 µm where Dr = 0.2 µm and 0.3 µm are displayed 
lesser CL peak values, and na is taken as 1.33, 1.36, and 1.39, respec-
tively, as shown in Fig. 4(a). Alternately, the minimal distance from the 
plasmonic AuNWs to the corresponding core offers stronger mode 

coupling, interestingly the Dr runs away from the core boundary reduces 
CL as well as mode coupling, therefore, the optimized value of Dr is 
considered as 0.1 µm. Another critical parameter is dAu which alters the 
performance of the SPR sensor. It is observed that the dAu governs the 
effective RI of SPP modes, varying from 0.8 µm to 1.2 µm finds out CL 
peaks resonant locations, as shown in Fig. 4(b). The limitations pre-
vailed by the switching of channels as per the range of analytes and in 
accordance with defined groups, the optimized dAu parameter is 
considered as 1.0 µm. The Λ demonstrates the coupling phenomena in 
either the optical fiber functions under strongly or weakly coupled 
modes. In this. 

research, a strongly coupled optical fiber-based SPR sensor is 
considered, consequently, Λ is set ≤ 20.0 µm (Sakamoto et al., 2017) and 
varied from 15.0 µm to 20.0 µm to see its impact on the CL spectra, as 
shown in Fig. 4(c). It is found that Λ at 17.5 µm is found most suitable for 
each channel in terms of appropriate CL. Lastly, Wch of each channel is 
varied from 2.0 µm to 5.0 µm. Noticeably, with the increment of Wch 
decrease the CL which is caused by the diminishing evanescent field 
interaction with the increasing volume of analytes, as shown in Fig. 4(d). 
It is observed that the optimum CL peaks are achieved at 2.0 µm, 
therefore, with consideration of sensing windows for each analyte group 
and modes multiplexing competence for each channel, the optimized 
Wch is considered as 3.0 µm. In the process of structural parameters 
optimization, one parameter among all parameters is varied while the 
others are presumed to be fixed, therefore, the scrutinizing of parame-
ters (i.e., Dr, dAu, Λ, and Wch) in terms of optimization results in better 
SPR sensor performances. 

3.3. Sensing performance 

The wavelength sensitivity (nm/RIU) is an approach to measure the 
sensing performance of the proposed sensor, and can be estimated by 
wavelength interrogation technique(Kadhim et al., 2022); 

Sλ =
Δλ
Δna

(4) 

where Δλ denotes the difference in wavelength, and Δna represents 
the difference in RI. In order to gauge the sensing performance of the 
SPR sensor, three groups in accordance with the distribution of analytes 
are defined, such as c-1 measures the analyte variations from 1.33 to 
1.35, c-2 measures the analyte variations from 1.36 to 1.38, and c-3 
measures the analyte variations from 1.39 to 1.41 (refer to Table 2). 
Fig. 5(a-c) shows a graphical representation of the spectral evolution for 
c-1, c-2, and c-3, which. 

correspond to changes in na from 1.33 to 1.41. As shown in Fig. 5(a), 
na in c-1 varies from 1.33 to 1.35, whereas na in c-2 and c-3 remains 
constant at 1.36 and 1.39, respectively. In this scenario, the CL peak for 
c-1 is changing corresponding to a shift in na values whereas the CL 
peaks for c-2 and c-3 neither shifted the wavelength position nor 
affected the c-1CL peak. Thereafter, na in c-2 was varied from 1.36 to 
1.38, whereas na in c-1 and c-3 remained constant at 1.33 and 1.39, 

Fig. 2. The electric field distribution of y-polarized SPP and fundamental mode coupling constitute phase matching conditions at a certain wavelength for (a) c-1 at 
na = 1.35, (b) c-2 at na = 1.38 and (c) c-3 at na = 1.41. 
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Fig. 3. shows the effective refractive index and confinement loss for the y-pol and x-pol modes as a function of wavelength, where ch-1, ch-2, and ch-3, respectively, 
are infiltrated with liquid analyte of 1.35, 1.38, and 1.41. 

Fig. 4. The structural parameters optimization for the SPR sensor, and the resonance CL peak wavelength for c-1 and c-2 and c-3 shifts as a function of (a) Dr, (b) dAu, 
(c) Λ, and (d) Wch. 
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respectively, as shown in Fig. 5(b). Likewise, the c-1 and c-3 infiltrating 
analytes had no effect on the c-2 in this instance. Finally, na in c-3 varies 
from 1.39 to 1.41, whereas na in c-1 and c-2 remains constant at 1.33 and 
1.35, respectively, as shown in Fig. 5(c). In this case, the only difference 
of a large wavelength shift is observed toward a longer wavelength by c- 
3 in CL peak as compared to c-1 and c-2 while the rest of the sensing 
mechanism displays an analogous trend. RI sensitivities of 7,611 nm/ 
RIU, 5,128 nm/RIU, and 12,974 nm/RIU are obtained for c-1, c-2, and c- 
3, respectively. As shown in Fig. 5(d), the sensitivity curves provide an 
excellent 2nd-order polynomial fitting correlation function for CL peak 
data (R2 = 0.9719) and wavelength shift data (R2 = 0.98826) in the RI 
range of 1.33 to 1.41. The suggested multi-channel SPR configuration 
encourages the use of smart devices with improved sensitivity and 
minimal analyte capture rates, which lowers analyte waste. The best 
measurement resolution with c-3 is 7.71 × 10-6 for a 0.1 nm wavelength 
change at na of 1.40. The remaining values of na (i.e., 1.33 to 1.39) are 
reached with a spectral resolution on the order of 10-5, demonstrating 
the sensor’s capacity to pick up minute variations in na. Furthermore, 
based on analysis, the proposed SPR is extremely suitable for the 
detection of a wide range of known chemicals and bio-analytes, as 
shown in Table 1. 

On the contrary, amplitude sensitivity is another effective way for 
assessing the sensing performance of the suggested D-shaped multi- 
channel SPR sensor, which may be determined (Pathak et al., 2021); 

SA = −
1

CL(λ, na)
×

∂CL(λ, na)

∂na
(5) 

Moreover, this approach is inexpensive and comparatively less 
complex because it is unlikely that an interpolation function is required 
to calculate the sensitivity. The spectral evolution shows the variation of 
amplitude sensitivities at the different values of na as shown in Fig. 6(a). 
Using c-1, c-2, and c-3, the optimum amplitude sensitivities are obtained 
as − 198.3 RIU− 1, − 447.1 RIU− 1, and − 721.8 RIU− 1 corresponding to na 
values of 1.35, 1.38, and 1.40, respectively (refer to Table 2). As seen in 
Fig. 6(b), the trend of amplitude sensitivity exhibits a superb 2nd-order 
polynomial fitting correlation function with R2 = 0.9983. 

The inverse of overall CL at any na can be added up to estimate the 
sensor length “L”, and when the sensor has high CL, it reduces the sensing 
length, which is mathematically expressed by(Kadhim et al., 2022); 

Fig. 5. The SPR sensor CL spectral evolution (a) the na in c-1 is varied from 1.33 to 1.35 while other channels remained constant such as c-2 = 1.36 and c-3 = 1.39 (b) 
the na in c-2 is varied from 1.36 to 1.38 while other channels remained constant such as c-1 = 1.33 and c-3 = 1.39 (c) the na in c-3 is varied from 1.39 to 1.41 while 
other channels remained constant such as c-1 = 1.33 and c-2 = 1.36 and (d) the fitting correlation function is obtained for peak CL data and wavelength shift data 
corresponding to the range of analytes i.e. 1.33 to 1.41. 

Table 1 
SPR sensor channel-wise targeted analytes.  

Sensing channel Description RI 

c-1 Alcohol, Methyl 1.33 
Deionized water 1.333 
10 % Glucose sol. in water 1.347 
Ether, Milk 1.35 

c-2 Propylene, Acetone, Blood cells 1.36 
Hexane, Acetic acid 1.37 
Skin cell 1.36–1.38 

c-3 Cancerous blood cells 1.39 
Cancerous cervical cell 1.392 
Breast cancer cell 1.401 
Decane 1.41  

N.M. Anjum et al.                                                                                                                                                                                                                              
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L = −
1

CL(λ, na)
(6) 

The sensing length is obtained as 0.91 mm, 0.68 mm, 0.52 mm, 0.32 
mm, 0.23 mm, 0.17 mm, 0.17 mm, 0.10 mm, and 0.07 mm corre-
sponding to the na value of 1.33, 1.34, 1.35, 1.36, 1.37, 1.38, 1.39, 1.40, 
and 1.41, respectively, as shown in Fig. 6(c). The sensor length tends to 
decrease as na increases, which affirms that the proposed SPR is a 
miniaturized probe. Other critical parameters for determining the per-
formance of the sensor are full-width half maximum (FWHM) and figure 
of merit (FOM). The FOM provides information related to the detection 
capabilities of a sensor, which can be estimated by(Liu et al., 2019); 

FOM = −
Sλ

FWHM
(7) 

The full-width half maximum (FWHM) and FOM are displayed in 
Fig. 6(d). It is obvious that the suggested SPR sensor has a narrow 
resonance peak that increases with the value of na. Thus, a reduction of 
3 dB bandwidth or FWHM is obtained. The FWHM is decreased to 38.52 
nm at na of 1.41. The suggested SPR has an FWHM of 41.38 nm at na of 
1.40 and a maximum FOM of 313.53 RIU− 1. Table 2 shows the obtained 
FWHM and FOM values corresponding to the na. Table 3 compares the 
performance of the proposed SPR sensor to that of previously reported 
sensors, demonstrating that the suggested SPR sensor has greater sen-
sitivities, a simple construction, and only uses the y-pol modes sensing 
technique. 

4. Conclusion 

In conclusion, a side-polished D-shaped multi-channel SPR sensor for 
simultaneous multi-analyte detection is suggested and demonstrated. 
Three-core optical fiber with external multi-channel offers distinct 
multi-analyte sensing regions. The structural optimization of the sensor 
is performed by tuning the critical parameters that influence CL spectra. 
By using wavelength and amplitude interrogation techniques, the sen-
sitivities are acquired. The SPR sensor functions under the y-pol mode 
propagation that provides a sufficient wavelength tracing span for each 
channel to detect the targeted analytes in the division of analytes groups. 
The optimal wavelength and amplitude sensitivities for the SPR sensor 
with AuNWs structure are 12,974 nm/RIU and 721.28 RIU− 1 in the 
analytes RI range of 1.33 to 1.41, respectively. A maximum FOM of 
313.53 RIU− 1 is attained, and it also offers the finest measurement 
resolution on the order of 10-6 RIU− 1 using the wavelength interrogation 

Fig. 6. (a) The spectral evolution shows amplitude sensitivity as a function of the different na, polynomial fit correlation function associated with (b) amplitude 
sensitivity and (c) sensor length, and the trend of (d) FWHM and FOM for the SPR sensor. 

Table 2 
The sensing performance of the D-shaped multi-channel SPR sensor.  

Channel na Sλ 

(nm/RIU) 
Resolution 
(RIU) 

SA 

(RIU¡1) 
FWHM  

(nm) 

FOM 
(RIU¡1) 

c-1  1.33 2,573 3.89 × 10-5 − 138.0  36.79 69.94  
1.34 2,649 3.78 × 10-5 − 169.9  37.76 70.15  
1.35 7,611 1.31 × 10-5 − 198.3  42.22 180.27 

c-2  1.36 2,940 3.40 × 10-5 − 263.1  33.73 87.16  
1.37 4,984 2.01 × 10-5 − 325.1  30.23 164.87  
1.38 5,128 1.95 × 10-5 − 447.1  30.40 168.68 

c-3  1.39 7,843 1.28 × 10-5 − 584.2  34.49 227.40  
1.40 12,974 7.71 × 10-6 − 721.8  41.38 313.53  
1.41 N/A N/A N/A  38.52 N/A  
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approach. The suggested D-shaped multi-channel SPR sensor is expected 
to be a possible contender in the area of sensing for several biochemical 
applications based on the sensor’s multiplexing abilities and 
performance. 
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