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Abstract
In this article, a simulation of surface plasmon resonance (SPR) based Al-doped ZnO 
(AZO) coated long-range low refractive index detections in infrared range sensor by the 
finite element method is presented. Plasmonic material Al-doped ZnO is used for SPR con-
ditions in the desired range. The effects of AZO layer thickness on resonance wavelength, 
confinement loss, and sensitivity of the proposed sensor are examined for different analyte 
refractive indices. We have optimized coated AZO layer thickness of 90 nm and width of 
124.70 µm in our work. The proposed infrared sensor has achieved refractive index sensi-
tivity 2000–16,000 nm/RIU, and the resolution 5.00 × 10

−5
− 6.25 × 10

−6
RIU for the ana-

lyte’s refractive index range from 1.23 to 1.37. The proposed sensor may be utilized for 
detecting low refractive index organic chemicals, biomedical, and liquid foods and may 
also be used in other sensing applications.

Keywords Optical fiber · SPR sensor · Al-doped ZnO · Low refractive index · Infrared 
region

1 Introduction

From the last three decades, the surface plasmon resonance (SPR) principle is more preva-
lent in detection of organic chemicals, bio-chemical, gases and other analyte. SPR based 
optical fiber devices have simple structure, small size, fast response, very sensitive, free-
labelling, long-distance transmission and other unique properies (Homola 2008). Surface 
Plasmon is a collective oscillation of free electrons charge density which is excited by the 
incident photons and propagates along the interface between metal and dielectric (Alex-
andre 2012). The SPR condition occurs, when propagation wave vector of incident pho-
tons and free electrons on the metal layer are matched together. In this condition a sharp 
resonance peak appears at a particular wavelength that wavelength is called resonance 
wavelength. The surface plasmon wave (SPW) is highly sensitive to the slight change in 
the refractive index of the sensing analyte (Raether 1988; Saeed et  al. 2019). The SPR 
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phenomena are very attractive for sensing applications because they are extremely sensi-
tive to changes in refractive indices of the external medium. This aspect is used in different 
fields such as medical diagnostics, biochemistry, biological substance, solution concentra-
tion measurement, food safety, and environment monitoring (Lee et al. 1999; Gupta et al. 
2009; Li et al. 2016; Xing et al. 2015; Paul et al. 2017; Wang et al. 2018). The SPR-based 
sensors have also been utilized for glucose detection in urine, formalin detection in food 
items, cancer cells, and other viruses and disease detection (Karki et al. 2022a, b, c).

Conventional photonic crystal fibres, optical waveguides, and prism-metal coated SPR-
based sensors are either too heavy or too complicated to operate in the actual condition 
(Zhao et al. 2014; Harris and Wilkinson 1995; Kretschmann and Raether 1968; Karki et al. 
2022d, 2023). Optical fibre offers sensing devices that show various advantages such as 
simple and flexible design, small size, proper mode guide mechanism, and extreme sensi-
tivity, etc. Shukla et al. (2015) proposed a metal-ZnO bi-layer SPR based fibre sensor that 
detects the analyte refractive index range from 1.30 to 1.37. The maximum sensitivity was 
obtained at 3161 nm/RIU in wavelengths between 400 and 800 nm. Kanmani et al. (2019) 
designed a bi-layer of silver (Ag), and titanium oxide  (TiO2) coated optical fibre sensor 
for isopropyl alcohol detection that works within the wavelength range 900–1500  nm. 
The refractive index of solution varies from 1.33 to 1.3597 with different concentrations 
(0–60%) of isopropyl alcohol in distilled water. Liu et al. (2013) proposed the experimen-
tal SPR-based silver deposited hollow fibre (HF) sensor to detect different volume ratios 
mixed solutions of kerosene and phonymethylphenyl siloxane liquid. Its liquid mixture 
solution’s refractive index has a range of 1.51–1.58. This HF sensor achieved the highest 
sensitivity 6607 nm/RIU, and resolution 0.8 ×  10−4–2.5 ×  10−4 RIU in wavelengths range 
400–800 nm. Karki et al. (2022e) proposed the multi-layers metal and oxides-coated sur-
face plasmon biosensor. This biosensor is reported to have a maximum sensitivity 664.6°/
RIU at a refractive index 1.37. Nayak and Jha (2017) reported a D-shape SPR-based silver-
graphene coated fibre sensor for analyte refractive indices from 1.33 to 1.37 within wave-
lengths ranging from 600 to 900 nm. The maximum sensitivity and resolution of the sensor 
are 6800 nm/RIU and 8.0 ×  10−5 RIU, respectively. Thus, most fiber sensors detect only 
high refractive index analytes within visible-infrared regions. Some substances have low 
refractive indices, such as fluorine-containing organics, liquid  CO2, medical oxygen (Yang 
et  al. 2019), sevoflurane serving as anaesthetics in the medical field (Chen et  al. 2019; 
Haque et al. 2019a), and other analytes. Therefore, detecting low refractive index analyte 
by the optical fibre sensor in the infrared region is the need of the day.

Zinc oxide (ZnO) doped with aluminum (Al) reveals the enhancement of magnetic, 
electric, and optical properties. The Al–O (0.192 nm) covalent bonding length is closer to 
that of Zn–O (0.197 nm), so Al-doped ZnO (AZO) has high conductive (Mridha and Basak 
2007). Sensing devices mainly depend on the plasmonic metals and their layer’s thickness. 
Plasmonic metals Copper (Cu), Silver (Ag), and Gold (Au) are the most commonly used to 
initiate surface plasmon polaritons (SPPs) for SPR conditions (Albrecht et al. 2018). Com-
pared to these metals, AZO is more available at a lower cost and has controllable conduc-
tive and optoelectronic properties. Plasma frequency of AZO observes in the near-infrared 
region (Rhodes and Franzen 2006). Some authors proposed experimentally and theoreti-
cally AZO-coated optical fibre based sensors for different applications such as CO gas sen-
sors (Chang et al. 2002), sodium acetate detection sensor (Chi et al. 2018), formaldehyde 
detection sensor (Tsai et al. 2014), isopropyl alcohol with glycerin detection sensor (Prieto-
Cortés et al. 2019) and relative humidity detection sensors (Harith et al. 2015, 2017).

In this work, we propose SPR based AZO coated D-shape single-mode optical fibre 
sensor in the IR region. The analysis has done by the finite element method (FEM) using 
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the COMSOL Multiphysics simulation software. By tuning the thickness and width of the 
AZO layers, the wavelength sensitivity of the sensor is obtained 2000–16,000  nm/RIU 
for analyte refractive index ranges 1.23–1.37, and corresponding maximum resolution 
6.25 × 10

−6 RIU for IR region.

2  Methodology

Figure 1a–c show the cross-section view, side view, and set-up diagram of the D-shaped 
AZO-coated infrared sensor, respectively. In Fig.  1a, different colors represent the fiber 
core, fiber cladding, Al-doped ZnO layer, and analyte layer. We have depicted these parts 
in Fig. 1. Step-index single-mode optical fibre with a diameter of core 8.2 µm and cladding 
of 125 µm has been used for our simulation work. In Fig. 1b, we have depicted the side 
view of the proposed sensor and AZO-coated etched section, which interacts with sens-
ing material. In Fig. 1c, we have revealed the set-up diagram of the proposed sensor with 
different operational parts. The physical significance values of all used parameters in our 
designed structure are shown in Table 1.

Germanium (Ge) doped silica and fluorine (F) doped silica have been used for fibre 
core and cladding, respectively. The wavelength-dependent refractive index of the core and 
cladding have measured by Sellmeier’s formula (Tan 1998):

where  p1,  p2,  p3,  q1,  q2,  q3 are Sellmeier’s coefficients and λ (in µm) is the light source wave-
length. Coefficients values of 4% Ge doped silica are  p1 = 0.6867,  p2 = 0.4348,  p3 = 0.8966, 
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Fig. 1  Schematic diagram of D-shape AZO coated SPR based optical fiber sensor a Cross-section view. b 
Side view. c Set-up diagram
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 q1 = 0.07268  µm,  q2 = 0.1151  µm, and  q3 = 10.00  µm and 1% F doped silica coefficients 
are  p1 = 0.696166,  p2 = 0.407942,  p3 = 0.897479,  q1 = 0.068404 µm,  q2 = 0.116241 µm, and 
 q3 = 9.89616 µm (Wang et al. 2019). Using Eq. (1), we have plotted the dispersion spectra 
for the fibre core and cladding in Fig. 2a.

We have deposited the AZO layer on the etched flat D-shaped optical fibre surface. 
The AZO layer is used as a plasmonic material to generate the SPR condition. We have 
analyzed the sensor results for 30–90 nm thick AZO layers with a 20 nm step increment. 
For AZO, dispersion spectra are defined by the following Drude model (Paliwal and John 
2017);

where �
∞

(= 3.5) represents the background permittivity, � (= 4.86 ×  1013 Hz) is the damp-
ing frequency, and �p (= 5.22 ×  1014 Hz) is the plasma frequency. Here, angular freauency 
� =

c

�
, where c and λ are the speed of light and wavelength, respectively. Figure 2b indi-

cates the AZO metal oxide dispersion curve obtained using the Drude model Eq. (2).
We have used the analytes in the external medium to analyze the sensor’s performance, 

which is direct contact with the AZO layer. Here, we have considered a 20 µm thick analyte 
medium layer on the AZO layer in our simulation. We have analyzed all the results for the 
analyte’s refractive index range of 1.23–1.37. The dielectric constant (�am) and refractive 
index 

(

nam
)

 of the analyte have the relation �am = n2
am

 . The excited surface plasmon reso-
nance (SPR) condition is explained by the Eq. (3) (Shukla et al. 2015).
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Table 1  Used parameters values 
in the proposed fibre sensor 
model

Parameter SI unit

Fibre core diameter 8.2 µm
Fibre cladding diameter 125 µm
Optimized AZO layer thickness (t) 90 nm
Optimized AZO layer width (w) 124.57 µm
Taking analyte thickness 20 µm

Fig. 2  Dispersion curves for a fiber core and cladding, and b Al-doped ZnO
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where Kspw =
�

c

√
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�AZO+�am
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2
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�AZO+n
2
am

 represents the propagation constant of the SPW 

and n
0
 and c denote the fibre core refractive index and light velocity, respectively. In Eq. (3) 

left side represents the propagation constant of the incident light source at wavelength λ 
with an angle α, and right-hand side describes the propagation constant real value of the 
SPW. In the right side Eq.  (3), the propagation constant is changed due to changing the 
analyte refractive index. Therefore every refractive index satisfied the resonance condition 
at a particular wavelength. The resonance wavelength shifting can be obtained with the 
change in the analyte refractive index. The simulation has performed by the finite element 
method (FEM) using the COMSOL Multiphysics simulation software.

3  Result and discussion

In this paper, the fibre sensor modes characteristics have been analyzed by the finite element 
method (FEM) using COMSOL multiphysics simulation software. Figure 3a, b illustrate the 
energy distribution of the core-guided and SPP modes, respectively, for analyte refractive 
index 1.23. Overall optical energy is enclosed in the fibre core for the core mode condition. 
The energy distribution presents on the AZO layer and in the analyte medium for the SPP 
mode condition. The coupled mode phase-matching condition is satisfied when the core and 
SPP modes are drastically coupled, and more energy is transferred from the core mode to the 
analyte medium. This energy distribution for the SPR condition is shown in Fig. 3c.

The confinement loss or propagation loss is obtained by the following equation (Haque 
et al. 2019b):

(3)
2�

�
n
0
sin� = Re(Kspw)

(4)Loss =
54.5757 × Im(neff ) × 10

4

�
dB∕cm

Fig. 3  Variation of real part 
refractive index and confine-
ment loss spectra of coupling 
mode with wavelengths at 
analyte refractive index ( n

am

) = 1.23, the thickness of AZO 
layer (t) = 90 nm and width 
(w) = 124.57 µm, and the phase 
matching wavelength represented 
by the dotted line
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where λ (µm) is the source wavelength and Im(neff) indicates the effective coupling mode 
refractive index imaginary part.

The coupling mode refractive index imaginary part Im(neff) is related to the loss, 
whereas the real part Re(neff) shows the refractive index in the usual sense. In Fig. 3, the 
red curve shows the refractive index real part of the effective coupling mode continuously 
decreasing with the wavelengths. The blue curve represents the confinement loss spectra 
variation with wavelengths. This loss is determined by the imaginary part of the coupling 
mode effective refractive index using Eq.  (4). The loss spectrum appears upward with a 
higher value initially. It decreases with a lower value after achieving the maximum loss 
peak at a resonant wavelength (1500 nm) for the phase-matching coupling condition.

The characteristics of the sensor are determined by the many different performance 
parameters, i.e., confinement loss, resonant wavelength, sensitivity, and resolution. The 
AZO plasmonic material generates the surface plasmon wave, and the thickness of the 
AZO layers affects the SPR phenomenon. Figure  4a exhibits confinement loss spectra 
curves for 30–90 nm thick AZO layers within the wavelength range from 1060 to 2660 nm 
for analyte refractive index 1.36. As shown in Fig.  4, the resonance loss peak increases 
with the thickness of the AZO layer in the red-shift wavelength region.

Figure  4b shows that if the analyte refractive index varies from 1.36 to 1.37, we 
obtain resonant wavelength shift values of 95 nm and 160 nm for the AZO layer’s 70 nm 
and 90 nm thickness, respectively. Figure 5 illustrates the confinement loss value spectra 
of the sensor for various widths (40 µm, 60 µm, 80 µm, 100 µm, and 124.70 µm) of the 
AZO layer for analyte refractive index 1.35 and 1.36. For analyte refractive index 1.35, 
we have obtained peak loss values 337.8482 nm/RIU, 337.7934 nm/RIU, 337.7386 nm/
RIU, 337.7934  nm/RIU, and 337.7600  nm/RIU for 40  µm, 60  µm, 80  µm, 100  µm, 
and 124.70  µm width AZO layers at constant 1990  nm resonant wavelength, respec-
tively. Also, we have calculated peak loss values 501.4944 nm/RIU, 501.2850 nm/RIU, 
501.0494 nm/RIU, 501.2588 nm/RIU, and 501.2588 nm/RIU for different width AZO 
layers 40 µm, 60 µm, 80 µm, 100 µm, and 124.70 µm, respectively for another refractive 
index 1.36 at 2085 nm resonant wavelength. According to these data, the resonant wave-
length value is fixed, and the peak loss value only minor changes with the width of AZO 
layers. The confinement loss value represents how much core mode energy is transferred 

Fig. 4  a Change in loss spectra with wavelength for different thicknesses of AZO layers at analyte refractive 
index 1.36. b Loss spectra variation of the sensor for 70 nm and 90 nm thick AZO layers at analyte refrac-
tive index 1.36 and 1.37
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to the SPP mode when the external medium analyte is in contact with the AZO layer. 
We can calculate the change in the external medium analyte’s refractive indices by 
measuring the loss peak shifting values. The wavelength sensitivity of an SPR sensor 
is defined as the change in the resonant wavelength values per unit change in the refrac-
tive index of the external medium, so maximum sensitivity means maximum shifting in 
resonant wavelength value with a change in two successive refractive indices. If the sen-
sor is highly sensitive, we can be easily calculated the variation in the external medium 
analyte’s refractive indices. The resolution parameter of the SPR sensor expresses the 
sensor’s capability to measure the smallest variation in the analyte’s refractive indices.

This D-shape SPR infrared sensor is more sensitive to the external medium refrac-
tive index. Figure 6 describes the loss spectra variation of the infrared sensor for analyte 
refractive indices from 1.23 to 1.37 in the wavelength range 1200–2600 nm. The loss 
peak value increase with the analyte refractive indices due to strong coupling. We have 
obtained loss peaks at a resonant wavelength for different analyte refractive indices.

Fig. 5  Variation in losses with 
widths of AZO layers at a fixed 
thickness (t) = 90 nm and analyte 
refractive indices  nam = 1.35 and 
 nam = 1.36

Fig. 6  Variation in loss spectra with wavelengths for different analyte refractive index a 1.23–1.29, b 1.30–
1.37 at fixed thickness (t) = 90 nm and width (w) = 124.70 µm
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Figure 7a shows the variation in resonance wavelength with the analyte refractive index 
for different thick AZO layers. We can see in the figure that the resonance wavelengths 
of the sensor move to a larger wavelength side, with increases the refractive index of the 
analyte for all thicknesses of the AZO layers. We have found higher value resonance wave-
length for higher value analyte refractive index and lower value resonance wavelength for 
small value refractive index. It can be clarified by Eq. (3) that the real value of the prop-
agation constant  (Kspw) of SPW will be higher for a higher value of the analyte refrac-
tive index. Hence its SPR condition is obtained at a larger wavelength. Similarly, the SPR 
condition is obtained at the lower wavelength for the lower value of the analyte refractive 
index due to the smaller real value of  Kspw (Sharma and Gupta 2007).

The sensitivity is a significant parameter to examine the performance of the SPR-based 
fibre sensor. The wavelength interrogation method is mostly used for long wavelength 
ranges and larger sensitivity SPR sensors. The wavelength sensitivity can be defined as fol-
lows in Eq. (5) (Hassani and Skorobogatiy 2009):

where Δ�peak represents the resonant wavelengths shift of two-loss peaks and Δnam indi-
cates the change in two analyte refractive index media.

Figure  7b illustrates the sensitivity variations with the analyte refractive indices for 
30 nm, 50 nm, 70 nm, and 90 nm thick AZO layers. It exploits from this figure that the 
proposed sensor’s sensitivity enhances with the AZO layers’ thickness. We have opti-
mized a 90 nm thick AZO layer for our sensor for better performance. We have achieved 
a maximum resolution of 6.25 ×  10−6 RIU of the SPR sensor for analyte refractive indices 
1.36–1.37, obtained by the following equation (Paul et al. 2019).

where Δ�min (= 0.1 nm) is the minimum wavelength instrumental resolution.
We have optimized a 90  nm thick and 124.72  µm width AZO layer for our sensor. 

Table 2 shows all performance properties of the proposed sensor, i.e., loss peak, resonance 
wavelength, peak shifting, sensitivity, and resolution. The loss peak values and resonance 

(5)S� =
Δ�peak

Δnam
(nm∕RIU)

(6)R =
Δ�min

S�
(RIU)

Fig. 7  Variations of the resonance wavelength and sensitivity with analyte refractive indices (RIs) for differ-
ent thicknesses of AZO layers
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wavelengths of the sensor vary from 73.01 to 327.31 dB/cm and 1500–2245 nm, respec-
tively. Besides, the wavelength sensitivity of the sensor varies from 2000  nm/RIU to 
16,000 nm/RIU for analyte refractive index range 1.23–1.37. This refractive index range 
covers the many organic chemicals, bio-chemical, different chemical mixtures, and liquid 
food such as fluorine-containing organics with various concentrations, i.e. 1,1,1-trifluoro-
acetone (nam < 1.30), 1,1,1,3,3,3-hexafluoro-2-propanol (nam = 1.275), 2,2,2-trifluoroethyl 
triflu-oroacetate (nam = 1.2812), trifluoroacetic acid (nam = 1.2850), 2,2,2-trifluoroethanol 
(nam = 1.2907), heptafluorobutyric acid (nam < 1.30), trifluoroacetic anhydride (nam < 1.30) 
(Dean 1998), savoflurane  (nam = 1.27) used in medical field for anesthetic (Chen et  al. 
2019), pure honey  (nam = 1.356) (Yadav et al. 2020) and other low refractive indices ana-
lyte. Table 3 shows the comparison of our work with other authors’ previously reported 
work.

Compared to other optical fibre, prism, grating coupling, and photonic crystal fibre 
(PCF) based SPR sensors, the proposed sensor has many advantages such as a simple 
structure, easy and cheap manufacturing, lightweight device, cheap consisting material 
AZO compared to costly material Gold, Platinum, etc., and detection of the low refractive 
index analytes. Using AZO layer in our sensor has more advantages such as significant 
mechanical strength, not easily oxidized with the contact of the external medium, chemi-
cal and thermal stability, high optical gain, and excitation binding energy and making it an 
ideal material to realize excitonic devices at room temperature (Ma et al. 2004). The sens-
ing medium in the proposed sensor structure easily contacts the AZO layer, making it very 
easy to detect their sensing variations. The sensing medium does not require filling in the 
hollow core or inside the hole of fibre like other sensors.

We have theoretically demonstrated the performance of our proposed sensor by 
using the finite element method (FEM) based COMSOL multiphysics simulation soft-
ware. Better performance results are only meaningful if the designed structure can 
be experimentally fabricated. Our sensor structure design is very simple, so it can be 

Table 2  Performance properties of SPR based D-shaped fiber sensor

Analyte refrac-
tive index

Loss peak (dB/cm) Resonance wave-
length (nm)

Peak shift-
ing (nm)

Sensitivity 
(nm/RIU)

Resolution (RIU)

1.23 73.01 1500 20 2000 5.00 ×  10−5

1.24 79.81 1520 20 2000 5.00 ×  10−5

1.25 87.51 1540 25 2500 4.00 ×  10−5

1.26 96.34 1565 30 3000 3.33 ×  10−5

1.27 106.51 1595 30 3000 3.33 ×  10−5

1.28 118.32 1625 30 3000 3.33 ×  10−5

1.29 132.22 1655 40 4000 2.50 ×  10−5

1.30 148.74 1695 40 4000 2.50 ×  10−5

1.31 168.80 1735 50 5000 2.00 ×  10−5

1.32 193.65 1785 55 5500 1.81 ×  10−5

1.33 225.68 1840 65 6500 1.54 ×  10−5

1.34 269.46 1905 85 8500 1.18 ×  10−5

1.35 337.77 1990 95 9500 1.05 ×  10−5

1.36 501.26 2085 160 16,000 6.25 ×  10−6

1.37 327.31 2245 NA NA NA
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easily fabricated by using laser micro-machine and side-polishing techniques. These 
techniques are very simple and most convenient for controlling the depth of the fibre 
and fabrication of D-shaped fibre. After constructing the D-shaped optical fibre, it 
must be coated with the Al-doped ZnO plasmonic material for SPR condition. The 
optical fibre can be deposited using many authentic techniques such as high-pressure 
micro-fluidic chemical deposition, chemical vapor deposition, electron beam evapora-
tion, atomic layer deposition, wheel polishing, and liquid phase deposition (Islam et al. 
2020, 2022; Sazio et al. 2006; Shi et al. 2006; Kumar et al. 2021). The thin Al-doped 
ZnO layer deposition is very easy to achieve using different conventional deposition 
techniques. Harith et al. (2017) proposed a humidity sensor with Al-doped ZnO layer, 
which was developed using the well-known and simplest sol–gel method. Although 
different methods can construct the proposed sensor structure, a question remains 
whether optical fibre sensor structure parameter dimensions can be exactly maintained 
in the experimental study. In the actual scenario, when fabricating the device, we 
generally face ± 1–5% changes in the optimized parameters (Al Mahfuz et  al. 2020). 
In Fig.  5, the loss values are almost the same, and the resonant wavelength has also 
remained the same with AZO layer width (w) variations. Therefore the sensor perfor-
mance is unaffected by the deviation of the AZO layer width. For ± 5% deviation of 
the thickness (t) from their optimized value, we have calculated the alteration of the 
sensor performance and demonstrated the effect of AZO layer thickness (t) on the loss 
in Fig. 8. We find the 8 nm shift in resonant wavelength toward the lower wavelength 
side for − 5% deviation and the 7 nm shift toward the lower wavelength side for + 5% 
deviation in AZO layer thickness. These small variations in resonant wavelength will 
have negligible effects on the sensor results. Our structure can tolerate the ± 5% range 
fabrication error without any change in sensor performances.

Table 3  Performance comparison of low refractive index detection SPR sensor

References Type of sensor Max. sensi-
tivity (nm/
RIU)

Resolution (RIU) RI range

Liu et al. (2018) PCF sensor 6000 2.80 ×  10−5 1.27–1.36
Yang et al. (2019) PCF sensor 10,700 9.93 ×  10−6 1.19–1.29
Liu et al. (2020) PCF sensor 15,000 6.67 ×  10−6 1.22–1.33
Wang et al. (2018) PCF sensor 13,500 7.41 ×  10−6 1.27–1.32
Chen et al. (2019) PCF sensor 11,055 9.05 ×  10−6 1.20–1.29
Jain et al. (2022) PCF sensor 10,000 2.00 ×  10−5 1.35–1.40
Singh et al. (2020) Optical fibre sensor 3725 2.68 ×  10−5 1.27–1.33
Mishra and Mishra (2021) Optical fibre sensor 10,280 9.72 ×  10−6 1.33–1.38
Kaur et al. (2022) Optical fibre sensor 10,766.28 9.29 ×  10−6 1.33–1.37
Bag et al. (2020) Experimental optical fibre 

sensor
70 5.90 ×  10−5 1.333–1.345

Zhang et al. (2020) Experimental optical fibre 
sensor

3973.8 1.51 ×  10−5 1.3415–1.401

Our work Optical fibre sensor 16,000 6.25 ×  10−6 1.23–1.37



Al‑doped ZnO based long range optical fibre sensor for efficient…

1 3

Page 11 of 14 608

4  Conclusion

The SPR-based novel D-shape sensor is designed, and it is a numerical analysis by 
the finite element method (FEM) for low refractive index analyte detection has been 
made. For SPR conditions, Al-doped ZnO (AZO) has been used as plasmonic mate-
rial. Our structure is easy to design as only a single layer of AZO is coated on pol-
ished D-shape fiber. The proposed SPR sensor has achieved the wavelength sensitivity 
2000–16,000  nm/RIU for analyte refractive indices range 1.23–1.37 by adjusting the 
thickness of the AZO layer. The maximum resolution is obtained at 6.25 ×  10−6 for ana-
lyte refractive indices range 1.36–1.37. The SPR sensor has a high potential to detect 
low refractive index analytes, i.e., drug inspection and monitoring, biological and 
organic species, and other analytes.
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