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Abstract: Multilayer models for single mode optical fiber based on Long Range Surface Plasmon Resonance (LRSPR) coated with silver (Ag) and 
gold (Au) with dielectric function of MgF2 are introduced. Properties for the models are theoretically and experimentally reported in this work. Firstly, 
the performances of different models are investigated using COMSOL simulation. Different combinations of magnesium fluoride (MgF2) and Ag/Au 
material embedded layers are applied to observed functionality of dielectric layers underneath the analyte. In theoretical analysis, MgF2-Ag and MgF2-
Ag-MgF2 layers conveys the best performance in sensing.  The combination of plasmonic material Ag with MgF2 rather than Au shows higher sensitivity 
response. The experimental has been carried out with these configurations where exhibit the sensitivities of 1762.5 nm/RIU and 1250 nm/RIU at 1.37-
1.38 and 1.33-1.34 RI range respectively for silver-based models. The outcomes indicate the proposed LRSPR based models with specific dielectric 
where here MgF2 found to be a strong match in sensing applications.  

Keywords: Analyte Sensitivity, D-Shaped LRSPR; MgF2; RI sensor.  

1. Introduction 

Surface plasmon resonance has already proved its potentiality in research field where integrated of 
SPR performs a vital role in nonlinear and modern optics for thin metal film processing. It is also a 
fundamental of many efficient tools for standard assessment of molecular absorption such as 
Polymers, DNA or proteins. SPR is an interface of electrons between real and imaginary permittivity 
where SPs (Surface Plasmons) are the interface of charge density between metal and dielectric 
[1].Theoretically, if a dielectric material in SPR configuration is coated with thin film of metal then it 
propagates Surface plasmon waves (SPw) [2]. Surface Plasmons are electromagnetic waves 
generated by corporate oscillation of conducted electrons. These are mostly supported by the 
metals like Ag and Au where other metals like (Copper, Titanium, Chromium, Alkali, Subalkali etc.) 
also have some impacts to create SPR [3].Among the different versions of SPR, Long Range 
Surface Plasmon is another technique to enhance the performance of SPR. During the last decade, 
the Long-Range Surface Plasmon resonance (LR-SPR) has got tremendous cognizance from the 
researchers, where most researchers found it feasible to improve the sensor’s execution [4]. 

Therefore, the technique of LRSPP has been used in diverse applications, including nonlinear 
interaction, molecular fluorescent, Raman spectroscopy, transmission through metal films, emission 
extraction, amplification, surface characterization, optical interconnections with integrated 
structures, thermo-electro, magneto-optics and chemical sensing [5]. Competitive features for these 
examples extend propagating length and stronger electric field on surface, confined wavelength, 
which induce larger infiltrated evanescent depth in the sensing medium [6]. Apart from the Surface 
Plasmons (SPs) the Long-Range Surface Plasmons (LRSPs) are taken for finding a long 
propagating distance with strongly associated configuration for local field [7]. When the light 
occurrence along with individual electrons satisfies the condition called phase matching, energy of 
this light occurrence is opposed to the SPP mode [8]. When this stated model use the similar RI, 
Surface Plasmon Polaritons (SPP) of metals coupled into two different coupling modes. One is Long 
Range Surface Plasmon Polariton (LRSPP) and another is Short Range Surface Plasmon Polariton 
(SRSPP). The reflection of spectrum compared to the normal one gives lower loss and extended 
propagating length, which presents a confined SPR dip. Augmentation is then called Long Range 
Surface Plasmon Resonance (LRSPR).  

Long-range and short-range are considered as two resonance dips of LRSPR sensor’s resonance 
spectra. As the loss of LRSPPs is less than the SRSPPs, the resonance dip for Long range is 
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narrower as well as deeper than the short-range resonance dip. Hence, to characterize the LRSPR 
sensor performance long-range resonance dips are used [9]. Improving RI sensor is also a purpose 
of LRSPR study. In Long-Range Surface Plasmon Resonance, the refractive index changes near 
the surface of the sensor. This mode of SPR offers absolute opportunity to cut out the features for 
metallic surface [10]. That means LRSPR would provide an opportunity to derive metal composition 
on surface. Keeping all parameters constant, the angle of SPR is absolutely sensitive to move by 
the change of RI with a thin film to the metal surface. In a metal film, coupling between SPs opposite 
to the films can occur by increasing symmetric and antisymmetric SPs [11] mixed modes for 
electromagnetic. The initiated shift of SPR angle indicates the SPR signal millidegree or RIU (RI 
unit) equal to the concentration of binding event on the sensor chip surface [12]. Limited sensitivity 
detection is considered to be a drawback of SPR. To overcome this problem, using dielectric or 
nanoparticle plasmonic labeled analyte are used to precise the SPR signal.  

As a dielectric, MgF2 has grabbed wide attention with its less refractive index and larger range of 
transparency [13], metallic purities and high surface area for better sensitivity [14]. Evaporating 
conditions can slightly influence the MgF2 because of their stability. In this connection, the silver and 
gold nanoparticles have satisfied responses in RI and higher sensitivities [15]. SPR signals are 
highly sensitive with different dielectric medium’s refractive indices with closer metal surface and 
optical thickness varieties. The commonly used metal film in SPR is Au or gold because of their 
reliability and chemical stability [16]. Silver occupies obvious dip of response, higher resolution and 
scattering efficiency, narrower bandwidth with lower cost than gold [17]. Besides, silver generates 
stimulated SPR curve which provides stronger selectivity with higher sensitivity in SPR image 
detection [18]. In addition, silver is less costly than gold which reduces the fabrication budget. In 
spite of having advantages over gold, silver has some drawbacks like chemical instability and 
working limitations, because it can only work when it is covered with the thin film layer [19]. However, 
limitations of Ag and Au coating existed in sensitivity detection could be solved by involved in D-
Shape [20] models. Metal layer of D-shaped LR-SPR can be grated to the adjacent core [21]. 
Besides the materials, dielectric also exploits LRSPR performance with its atomic 
consistency,exciting and thermal features [22]. 

In 2012, Chabot et al. reported a LRSPR sensor with 121 RIU-1 for the detection of living cells 
[23]. In 2013, Méjard et al. proposed a LRSPR sensor for biosensing application with high sensitivity 
response of 466 RIU-1 [24]. In 2017, Chaurasia et al. represented a LRSPR based sensor applying 
new theoretical approach for the enhancement of sensitivity [25]. In the same year, Hou et al.  
reported a multi layer based LRSPR sensor [26]. But, Jiang et al. propsoed and fabricated hollow 
fiber based LRSPR sensor with sensitivity response of 2000 to 6600  nm/RIU [27]. In addition to 
biosensor, lots of refractive index based LRSPR sensors are proposed. In 2018, Pailwal et al. 
reported RI based MgF2 and Au embedded LRSPR sensor for glucose monitoring [28]. Yearlier of 
2020, Jain et al. reported LRSPR based sensor for gas sensing [29]. In very recent, D-shaped 
LRSPR based sensor is proposed and fabricated with sensitivity response of 947.31 nm/RIU [30]. 
Now, it can be concluded that there is still room to design new LRSPR based sensor for gaining 
high sensitivity response.  

In this article, D-shaped MgF2 and Ag materials embedded LRSPR based sensor is proposed 
and fabricated. The experimental outcome indicate the highest sensitivity of 1762.5 nm/RIU. This 
outcome undoubtedly says that this proposed sensor is a strong candidate in RI based sensing 
applications.  

 

 

 

2. Theoretical and Numerical Simulation Analysis 



The D-Shaped multilayer models based on LRSPR for single mode are simulated. For the 
completion of this work, theoretical and numerical explanation of the sensing analysis and 
calculation has been carried out. To point out the sensing performance in this work; some important 
parameters are required such as systematic method, simulated model design, optical properties 
with numerical expressions and sensitivity calculation. The analysis can be expanded by plotting the 
numerical expressions relevant to sensing based on LRSPR sensing mechanism. 

2.1. Systematic Method for Simulation 

The basic purpose of this D-Shaped LRSPR study is already discussed. To design and simulate 
the reported models, COMSOL Multiphysics 5.3a was used. COMSOL Multiphysics is contented 
cross-platform simulating software. The Multiphysics term states - it’s a combination of various 
physical phenomena, Geomechanics module and user defined physics-based simulation. The 5.3 
is an upgrade version of the COMSOL with some impressing applications. SPs (Surface Plasmons) 
can be inspected as an EMW (electromagnetic wave) which can propagate along with interface 
between the metal and buffer. Electromagnetic fields associated with surface plasmons at the 
resonance, reaches at its maximum interface. This electromagnetic field explicatively decays into 
metal and buffer. In this work, silver and gold has been used for better performance of the device. 
There is an analyte as substance helps to purify these metals because it is the purest substances. 
Figure 1 illustrates the experimental work based on deposition layer on side polished optical fiber.  

There are six models using two individual metals as Ag and Au are shows in Figure 1. In model-I 
there is a single metallic layer means the only layer is the metal layer. In model- II, a metallic layer 
over a dielectric (MgF2) layer is deposited as (MgF2/Ag) and (MgF2/Au). In model-III, metallic layer 
of (Ag/Au) is covered by the dielectric layers. Therefore, two sandwich models such as 
(MgF2/Ag/MgF2) and (MgF2/Au/MgF2) are generated. As a dielectric, MgF2 is thoroughly used for its 
stability and metallic purities. The use of this dielectric layer on the metal film purposely to prevent 
corrosion. MgF2 as a dielectric function is helping to cut down the reflection. With a suitable reflective 
index, it can be optically applied as anti-reflective coating.  

 
Fig 1. Proposed Simulation Models for experimental work using metallic Ag and Au. (a) model-I with single metallic layer of Au or Ag and analyte 
layer (b) model-II with dielectric MgF2/Ag/Analyte layers (c) model-III with MgF2/Ag/MgF2/Analyte layers. Same types of models are also designed by 
replacing Au in the place of Ag.  
 
 
 
 

Depending on the light, hits the core there are three categorized modes. When the light just 
passes through the core without hitting the cladding or layers it’s called the core mode. Similarly, 
when the light passes through the layer it indicates as SPP mode. Unlike these, if light hit both the 
core and layer, the arisen mode is called as coupling mode. Coupling mode is nothing but the 
combination of both the core and SPP mode.  



 

   

Fig 2. Mode fields distributions (Core mode, coupling mode and SPP mode) of the proposed simulation models based on metal (a) 
Ag and (b) Au. 

Three of these modes from the proposed models are given in Fig 2. The figure shows for all three 
modes which is model -I for both metals are quite differentiative from the other two models. In fact, 
in model II and III, core and coupling mode for both the gold and silver metal is similar. In case of 
silver metal model II and III have almost the same coupling and SPP mode. 

2.2 Optical properties and Empirical Exploration 

LRSPR is generated when the light has interactions with thin metal films or any kind of nano 
featured strips such as nanoholes, nanoparticles, or nano shells. The wavelength range stands for 
this proposal augmented between 450 nm-850 nm which is considered to be an efficient range for 
LRSPR. At every succession for this range 20 nm has been increased. The diameters for core (8µm) 
and cladding (125µm) are cordially experienced. The metal films of Ag and Au with a thickness of 
40 nm have also been applied. On the other hand, the thickness of analyte and MgF2 layers are 30 
nm and 50 nm respectively. 

The design and fabrication of wavelength modulated LRSPR sensor with metal and buffer layer 
are reported. Now, the equations related to the approach are considered. The analyte is added to 
support the thin metal film in every structure. The surrounding refractive indexes of analyte are 1.33, 
1.34, 1.35, 1.36, 1.37, and 1.38 and for dielectric layer MgF2 is 1.38 as these are precise refractive 
index for evanescent property. MgF2 is naturally birefringent, an ideal material that applied in the 
models as a buffer which work for the betterment of sensitivity. The foundation of LRSPR fabrication 
is the core therefore the material used there is called foundation material as because core is the 
base of simulation. The core material is the pure silica where the cladding material is dopped silica. 
In accordance to the dispersion law of Sellmeier, refractive indices variance of silica can be 
expressed as  

𝑛(𝜆) =  √1 +
𝐵1𝜆2

𝜆2 − 𝐶1
+

𝐵2𝜆2

𝜆2 − 𝐶2
+

𝐵3𝜆2

𝜆2 − 𝐶3
 (1) 

Here n(λ) is the effective RI of silica for proposed wavelength. The Sellmeier coefficients follow: 
B1 = 0.696163, B2 = 0.4079426, B3 = 0.897479400, C1 = 4.67914827 × 10−3 µm2, C2 =1.35120621 
× 10−2 µm2, C3 = 97.9240025 µm2 and B1, B2, B3, C1, C2, C3 are the coefficients of Sellmeier. After 
the silica, the next most important refractive indices are for the metal layer. Even if the silica is the 
foundation material for the structures, as for the layers, the metal is the base. The two effective 
metal Ag and Au have many refractive indices according to various equations. For this experiment, 
the Drude and Loentz both equations are conjointly used for the refractive indices. 

The Drude (D) and Lorentz (L) combination are known for electronic transitions where former one 
depicts the intra-band and later inter-band respectively. The DL (Drude-Lorentz) conjunction 
overcomes the single D or L limitation. The DL model efficiently works between the wavelengths of 



500 nm to 1000 nm [31]. The thin film metals (Au & Ag) material dispersion represented by DL 
equation which can be expressed as, 

ɛ = ɛ𝛼 −
𝜔2𝐷

𝜔(𝜔 + 𝑗𝛾𝐷)
 −

∆ɛ. Ω𝐿2

𝜔2 − Ω2𝐿 + 𝑖Γ𝐿𝜔
 (2) 

These symbols have significance by their own meaning. ɛ is the metal permittivity where  ɛ𝛼 is 

the permittivity for high frequency, ω = 2πc/λ which stands for angular frequency, ωD and γD 
indicate plasma frequency and damping frequency. ∆𝜀 is for the weighting factor, ΓL is spectral width 
and ΩL is the oscillator strength respectively. Particular values for each and every symbolic 
parameter are given in Table 1. 

Table 1: Parameter values used in Drude-Lorentz equation for both Ag and Au thin film: 

Metal    ε    ωD /2π      γD/2π      ΩL/2π      ГL/2π      ∆𝜀  

Ag  2.4064  2214.6 THz 4.8 THz 1330.1 THz 620.7 THz  1.6604  

Au   5.9673  2113.6 THz 15.92 THz 650.07 THz 104.86 THz   1.09  

 

The main goal of this study is to achieve the better sensitivity of proposed D-Shaped LRSPR. In 
this manner, the polarizations for the designed models were under consideration. Two major 
directions are the x-polarization and y-polarization. The differences between two modes are visible. 
Once the two modes of values (real and imaginary) are evaluated, the refractive indices difference 
between these two polarizing modes or Birefringence can be derived from 

𝐵 = ∆𝑛 = |𝑛𝑥
𝑖 − 𝑛𝑦

𝑖 | (3) 

Here, B stands for birefringence and ∆𝑛 is the RI difference between two modes with wavelength 
variation. nx and ny indicate the real refractive index values in x and y polarization modes. For any 
kind of plasmonic structures, a problem called confinement loss arises which cannot be expelled 
from the structures. Basically, a confinement-loss depicts the sensitivity of a structure. The 
calculation of this confinement-loss of a proposed model can be expressed as the equation (4) [32]. 

𝛼𝑐(𝑑𝐵/𝑐𝑚) = 8.686 ×
2𝜋

𝜆
× 104 (4) 

Where, λ denotes operating wavelength of the reported structures and 𝜋=3.1416 is considerably 

standard. Coupling length states the minimal length to which maximal light amount passes through 

the silica core. The coupling length can be calculated by the equation (5) [32]. 

𝐿𝑐(𝜇𝑚) =
𝜆

2|𝑛𝑥
𝑖 − 𝑛𝑦

𝑖 |
 (5) 

Herein, Lc indicates the proposed coupling length and λ is the wavelength where two of these are 
inversely proportional to each other. An optical strip passes the mono core enabled by the reported 
structure. It supports better Long-Range Surface Plasmon Resonance sensing. The output power 
can be derived from equation (6) [32]. 

𝑃𝑜𝑢𝑡(𝜆) = 𝑠𝑖𝑛2 (
|𝑛𝑥

𝑖 − 𝑛𝑦
𝑖 |𝜋𝐿

𝜆
)  = 𝑠𝑖𝑛2 (

𝛥𝑛𝑥𝑦𝜋𝐿

𝜆
) (6) 

Whither, L represents the entire length of designed fiber. Another term which depends upon the 
output power is called transmittance spectrum. When the light exceeds by the supposed fiber, it can 
be calculated by equation (7) [32]. 

𝑇𝑟 = 10 log10 (
𝑃𝑜𝑢𝑡

𝑃𝑖𝑛
) (7) 

Here, both Pin and Pout are indicating the power at their maximum for input and output respectively. 
Where, the visual power transmittance or optical power of a specific structure is defined by Tr. 
However, wavelength sensitivity of a proposed sensor evaluation through the switch of the 
sharpness at its maximum transmittance curve at a specified wavelength because of the absolute 
variation of refractive indices. The wavelength sensitivity can be calculated by the equation (8) [32]. 



𝑆𝑤 [
𝑛𝑚

𝑅𝐼𝑈
] =  

∆𝜆𝑃

∆𝑛
 (8) 

Here, 𝑆𝑤 defines the sensitivity wavelength measured in nm/RIU and λp defines the peak wavelength 

with variance in other words, resonance wavelength.  ∆𝑛 denotes the refractive indices variance. 
The sensitivity measured with various transmittance curve or Tr by the equation (9) [32]. 

𝑆𝑣 [
𝑑𝐵

𝑅𝐼𝑈
] =

max (𝑡𝑥𝑏1 − 𝑡𝑥𝑏2)

max (𝑛𝑏1 − 𝑛𝑏2)
  (9) 

In order that, ∆𝑛𝑏1 is the difference between refractive indices and 𝑡𝑥𝑏1& 𝑡𝑥𝑏2 are the transmittance 
curve of maximal amplitude of b1, b2 respectively. Any changes in the RI can be detected by the 
resolution variance of the reported structures. For this proposed model the resolution can be easily 
calculated by equation (10) [33].  

𝑅𝐼[𝑅𝐼𝑈] =  
∆𝑛 × ∆𝜆𝑚𝑖𝑛

∆λ𝑝𝑒𝑎𝑘
 (10) 

Here, ∆𝑛 indicates the refractive indices difference, ∆𝜆𝑚𝑖𝑛 and ∆λ𝑝𝑒𝑎𝑘  are the differences between  

minimum wavelength and peak wavelength respectively.The phase detecting method is directly 
affected by the sensor resolution to oppose the amplitude interrogating method.The complications 
of this method can be extracted by applying the sensitivity equation of amplitude. This sensitivity 
can be spontaneously  evaluated by the equation (11) [34]. 

𝑆𝑎[𝑅𝐼𝑈−1] = − 
1

𝛼𝑐
×

∆𝛼𝑐

∆𝑛
 (11) 

Where, 𝛼𝑐 is the confinement loss.  ∆𝛼𝑐 and  ∆𝑛 represent the difference between confinement-loss 
and refractive indices respectively. Equations from 6 to 11 play a vital rule for measuring the 
sensitivity in LRSPR sensor. Both confinement loss and transmittance have great impacts on 
sensing analysis, these two are the key point for sensitivity. Sensitivity based on LRSPR sensor can 
be calculated with any of this two, as long as none of these are calculated, sensitivity is impossible. 

2.3 Simulated Sensitivity Measurement 

The experimental measurement of sensitivity is the main approach for this simulation. The target 
simulation attempt is the sensitivity performance which relies on several terms and conditions. The 
buffer layer and the thin metal type is also vulnerable. Another inspection is the effect of metal-film 
thickness and material properties on the spectral-phase performance.  Here, the simulated sensing 
analysis is carried out for three different models. In this work, transmittance is used to evaluate the 
ultimate sensitivity, which can be calculated by applying Equation (7) which also plotted in Fig 3. 
The transmittance is one of the operations obtain, while the light wave hits the core or pass through 
the surface. The transmitted light is polarized along with the axis of the polarizer. The two main 
cases of axis are X and Y. These are also called as X and Y polarizations. According to the structures 
there are different layers in different models. So, the more the layers in a model, the more assistance 
the polarization gives to distinguish the sensitivity performance as in the model. As illustrated in 
Figure 3, both silver and gold exhibit transmittance with wavelength variance. For each models the 
silver-based graphs are sharper and more promising than the gold-based models. The transmittance 
has been increased with the wavelengths until reaching the proposed limit. From Figure 3, it is also 
viewed that both model-1 and model-2 for two defined metals have same transmittance range but 
for the sandwich model or model-3 transmittance are different from each other. The transmittance 
for silver-based sandwich structure has shorter range than the gold based one.  
  



 

 
Fig 3: Transmittance vs wavelength performances.Based on Ag (a) model 1 (b) mode 2 (c) model 3 or sandwich model and based on Au (d) model 

1 (e) model 2 (f) model 3 for sandwich structure 
 

  

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 



The resonant wavelength shifts to longer wavelength when the refractive indices of analyte 
increase. The spectral-phase sensing performance in a sample shows refractive index with dynamic 
range of 1.33-1.38 using both metals of Ag and Au for long-range SPR configurations. Sensitivities 
between the transition regimes, are very low. Specific combinations of Ag and Au with buffer layer, 
the sensitivity magnitude can extremely be high. The sensitivities plotted in Figure 4. Best x and y 
polarizing sensitivity limit the detection on changes analyte refractive indices 1.33 to 1.38. For silver, 
the sensitivity varies from 5.34 ×103 nm/RIU to 8.34× 103nm/RIU for x and y polarization and for 

gold 6. 03 × 103 nm/RIU to  7.89 × 103nm/RIU for those polarizations. Simulation results indicate 
that spectral-phase Long range SPR sensing performance is not equally sensitive to the different 
models using the same metal. From Figure 4, it can be seen that silver based simulated sensitivities 
for both x and y polarization are more vacillating than the gold-based simulation. In silver-based 
sensitivities, this fluctuation is more at 1.38 of RI than the remaining RI’s. Also, as previously 
mentioned silver gives higher and sharper sensitivities than gold. From Figure 4, it is an evidence 
to this argument that silver metal is conciliating enough to be compared with gold. Even with silver, 
model-2 and model-3 are work much better than the model-1. 

Well, from here, the polarized lights are to be measured from the physical processes of deviated 
light beams, which also known as birefringence (the property of double refraction). When the 
polarized light waves hit the surface, it will be transmitted and reflected. As per the sensitivity of this 
work measured from transmittance, this term should be dealt with. The more the layers assist the 
light to transmit in the cases (both x and y polarization) for linear polarization, the more it helps to 
distinguish the sensitivity performance according to the layers. 

 

 

(a) 



 
 

Fig 4: Sensitivities vs.analyte performances.Based on Ag (a) sensitivities  for combined  models I,II and III. Based on Au (b) sensitivities for 
combined models I,II and III. 

 
3. Experimental Sensitivity Measurement 
For this part, there are processes to strengthen the LRSPR phenomena before getting into the 
sensing method. Basically, there are three main processes in this experiment. Firstly, optical fiber 
will undergo wheel polishing method to establish a D-shape fiber. Secondly, the D-shape region is 
deposited with layers of metal and DBL to establish a sensing surface. Lastly is the sensing method 
and collection of experimental data.  

Firstly, a single-mode optical fiber (SMF) is used while processing. The SMF was stripped at the 
middle exposing cladding/core region and was put at a wheel polishing setup consist of clipper for 
holding both end of the fiber. Blank driller attached with fine and coarse sandpaper for grinding the 
SMF. At one end of the fiber, a light source is connected to allow light flowing so that at another end 
of the fiber, a power meter connected will measure the amount of power loss while grinding the fiber. 
The amount of power loss was set to ~6 dB loss. Thus, it can be predicted that a large amount of 
light was leaked at the sensing region, which in turn will enhance light interaction thus increasing its 
sensitivity. The resulting of the polishing is schematically drawn in Fig. 5. The diameter of 
cladding/core of the fiber will be changed from the original of 125 µm, and it is measured with an 
optical microscope.  

 

Fig 5: Schematic diagram of resulted Wheel Polishing Method 

(b) 



 

After the D-shape fiber is finished, it will undergo deposition of thin metal and DBL. the deposition 
process was done using an electron beam evaporation machine (e-beam). The deposition was done 
in two sets; DBL/metal layer, and DBL/metal/DBL layer, for which conventional LRSPR (cLRSPR) 
and symmetric LRSPR (sLRSPR) represented gradually. For this experiment, MgF2 was used as 
DBL and the thin metal film was silver (Ag). Since Ag is a noble metal, it possesses a strong 
absorption in ultraviolet region thus suitable for plasmonic study. The thickness for MgF2 and Ag 
were constantly set to 50 nm and 40 nm for all DBL and thin metal deposition. Thus, the configuration 
of cLRSPR and sLRSPR would be [50 nm- MgF2/40 nm-Ag] and [50 nm- MgF2/40 nm-Ag/50 nm- 
MgF2] respectively.  

When all the fabrication processes are done, then it is moved to the sensing process (details in 
Fig. 6). For this process, sensitivities towards the change of refractive index (RI) are investigated. 
Thus, solution of different RI is prepared, specifically using glucose solution, since it is easiest to 
prepare. The glucose powder is mixed with DI water using mass-to-volume ratio. The RI of the 
solution is verified using a lab standard refractometer. Next, fabricated fiber was connected to a 
white light source and a spectrometer (HR4000 Ocean Optics) at both end and the setup was in a 
stable position. The spectrometer is connected to a computer and the light transmittances were 
recorded and analyzed using Spectra Suit software.  

Whenever a metal layer is sandwiched in between two distinguishable dielectric buffer layers 
(DBL) with similar refractive index (RI), two types of propagating modes will be generated due to the 
overlapping of surface plasmon polaritons (SPPs) within a metal layer interface. These modes are 
known as long-range SPPs (LRSPPs) and short-range SPPs (SRSPPs) [5, 10] and it is called 
LRSPR and SRSPR respectively. As soon as they triggered the resonance phenomenon which 
occur with the presence of the evanescent wave. As a result, there will be two dips rise out from the 
resonance spectra of LRSPR sensor which are long-range and short-range resonance dip as shown 
in Fig.7. 

 
Fig 6: Sensing process for D-shape fiber 

 
They could be differentiated by the loss, as SRSPPs suffer bigger loss which can make the 

LRSPPs secure with some advantages on preserving the loss. Thus, the LRSPPs possess narrower 
and deeper dip which directly improve the sensor parameters such as detection accuracy (DA) and 
high sensitivity when external environment face changes in RI [11]. 

Hence, only long-range dip is chosen to characterize for sensor purpose. The RI of DBL will 
determine the behavior of LRSPR sensor as the closer the external environment RI to the RI of DBL, 
the more significant it affects the long-range. Therefore, it is proven that the sensitivity of the 
sLRSPR sensor improve at value around 1762.5 nm/RIU when the external environment RI at range 
1.37-1.38 comparing to its sensitivity of resonance sensor at RI range 1.33-1.34 which is 1250 
nm/RIU. In addition, the penetration depth of the dip at this RI range (1.37-1.38) is deeper comparing 
to the dip at RI range (1.33-1.34). The occurrence is due to the material of DBL (MgF2) in which the 



RI range is about 1.374-1.384 corresponding to the wavelength range between 400 nm-1000 nm 
[9]. 

Table 2. Comparison of performance parameters among different sensors between two different RI (1.33-1.34). 

Type of Sensor cLRSPR sLRSPR 

Sensitivity (nm/RIU) 2812.5 1250 

FOM (RIU-1) 78.23 69.44 

FWHM avg (nm) 35.95 18 
 

Table 3. Comparison of performance parameters among different sensors between two different RI (1.37-1.38) 

Type of Sensor sLRSPR 

Sensitivity 
(nm/RIU) 

1762.5 

FOM (RIU-1) 41.59 

FWHM avg (nm) 42.375 

 

 

 
 

Fig 7: Graph of transmittance spectra of the sensor as a function of wavelength (a) resonance wavelength of cLRSPR range from 450-650 nm at RI 
range 1.33-1.35 and 1.375 and (b) resonance wavelength of sLRSPR at refractive index range from 450-650 nm at RI range 1.33 -1.34 and 1.37-
1.38 

Apart from that, cLRSPR sensor also has been studied where the configuration is formed of two 
layers, MgF2/Ag which refer to Model II in Figure I. The series of RI range starting from 
1.33,1.34,1.35 and 1.375 have conducted in the experiment where the first two RI (1.33 and 1.34) 
are maintained along the study and the last two RI (1.35 and 1.375) are an addition of RI that able 
to capture to give the significant affect towards the LRSPR dip. It can be observed that the 
penetration depth and sensitivity of the cLRSPR sensor, 2812.5 nm/RIU is better at RI range, 1.33-
1.34 compared to sLRSPR sensor. Literatures reported that the thicknesses of DBL which usually 
used are around 200-600 nm using MgF2 [4] and 300-500 nm for using Teflon [25] This might be the 
reason on the results that cLRSPR is better here since the thickness of DBL is 50 nm. By introducing 
the MgF2 in the system, it is proven that the generated long-range (cLRSPR) is capable to enhance 
the sensitivity of cSPR sensor, 2166.67 nm/RIU at RI range 1.33-1.34 by ∆645.833 nm/RIU and 
within the sLRSPR sensor itself, the sensitivity at RI range 1.37-1.38, 1762.5 nm/RIU surpass the 
sensitivity at RI range 1.33-1.34, 1250 nm/RIU by ∆512.5 nm/RIU which indicate that the RI of DBL 
play an important role for sensitivity performance. Tables 2 and 3 represent the experimental 
outcomes summary of the proposed LRSPR sensor.  

 



4. Conclusion 

Extensive experimental analysis for various D-shaped models based on LRSPR sensors are 
expounded with this report. Models presented in this article are the inception of LRSPR sensor 
simulation. The entire study is based on the fabrication of those following proposed models 
consisting Ag. Through the theoretical and numerical analysis, the simulated sensitivities using Ag 
and Au materials are measured. The sensitivities have also been evaluated experimentally using 
silver material for its standardized performance than gold. The RI ranges of 1.33, 1.34, 1.35 and 
1.375 have conducted in the experiment which the first two RI (1.33 and 1.34) are maintained along 
the study and the last two RI (1.35 and 1.375). The experimental measurements are balanced with 
the simulated result analysis. Characteristics of DBL exploited for the refractive index measurement. 
The penetration depth and sensitivity of cLRSPR sensor is 2812.5 nm/RIU at RI range of 1.33-1.34, 
compared to sLRSPR sensor. The generated cLRSPR enhanced the sensitivity of cSPR sensor by 
2166.67 nm/RIU at 1.33-1.34, 1762.5 nm/RIU exceled the sensitivity at 1.33-1.34, 1250 nm/RIU by 
∆512.5 nm/RIU. Here, LRSPR offers better sensitivity for the metal silver. In LRSPR, cLRSPR is 
more tolerant than sLRSPR.    
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