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Abstract: In this proposed work, an SPR-based biosensor with dual nanofilms of a gold metal, 

2-Dimensional MXene, and graphene has been proposed to detect different malaria stages. The 

principal obeyed by the sensor design is attenuated total reflection (ATR) with a modified 

Kretschmann-based configuration. Numerical computational results give the higher sensitivity 

for our proposed design as 227.9 degree/RIU (for single MXene and dual graphene layers at 

RI variation of 1.33 to 1.38 with a change of 0.01) and 258.28 degree/RIU(for trophozoite stage 

of malaria disease), with other performance parameters like DA computed as equal to 0.14 

degree-1 , QF as 31 RIU-1 and 35.5 RIU-1, FWHM as 7.35 degree and 7.27 degree for single 

MXene, dual graphene nanofilms and trophozoite stage respectively. The suggested biosensor 

can diagnose the various stages of severe malaria disease by measuring the refractive index 

alteration in red blood cells (RBCs).  

Keywords: Kretschmann structure, Reflectance, Surface plasmon resonance, MXene, 

Graphene, Malaria detection 

Introduction:  

Surface plasmon resonance (SPR) based biosensors are gaining popularity in detecting 

analytes, chemicals, biomolecules, bacteria, and viruses. The discovery of the SPR has 

improved the chemical sensor and biosensor [1][2]. Fiber optic and prism-based SPR sensors 

are available for different sensing applications [1]. Surface plasmons (SPs) are oscillating 

electromagnetic waves that propagate above a metal surface and are produced with a 

combination of free vibrating electrons and photons. The SPs are excited when the sensing 

medium's refractive index (R.I.) changes. The R.I. variation of the sensing medium causes a 

change in the resonance angle position and results in the change in the position of the dip on 

the resonance [1]. The two basic configurations used in prism coupled based SPR sensors are 

Otto [2] and Kretschmann [3]. A metal must have electrons in the conduction band (follows 

the free electron model) that can resonate with light at an appropriate wavelength to be helpful 

for the SPR mechanism [6]. The principal followed by this configuration is attenuated total 

reflection (ATR) [4]. In the prism-based configuration, a TM, p-polarized light strikes the one 
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interface of the prism it penetrates through thin metal film, giving an evanescent wave. 

Ultimately generates the SP at the boundary (between metal-analyte). In Otto configuration, an 

air gap is provided between prism and metal, but in Kretschmann configuration, one prism face 

is attached with metal. The easy practical implementation and efficient generation of plasmons 

in Kretschmann configuration make it a suitable choice for SPR sensing applications [5][6][7]. 

The SPR sensing technique has proven to be more advantageous for real-time applications in 

cancer cell detection, DNA hybridization, antibody characterization, protein conformation, and 

detection of bacteria such as Pseudomonas and various viruses like Covid-19, SARS, etc.[8]. 

Based on SPR technology, some popular applications like gas sensing, foodborne marker 

screening, environmental monitoring, disease diagnosis, and food safety have been developed 

during the last three decades [9][10][11]. 

Plasmonic metals such as silver, gold, aluminum, copper and nickel, cobalt, etc., can be used 

in the SPR sensor [12][13][14][15][16]. The free-electron criterion model criterion is satisfied 

by these metallic elements. The inclusion of Au in this study is due to the upper hand (more 

merits) over Ag. The properties like its greater corrosion resistance, higher stability, and 

sensitivity [17]. On the other hand, Ag easily oxidizes and shows less sensitivity. The other 

metals like Al and Cu easily oxidize, and additional layers for the protection are needed, 

making the design complex [18]. Since with less adsorbing properties of a metal film, 2 D 

materials are introduced above the metal layers mounted over the glass prism to improve the 

biosensor’s performance and work as a protecting layer for the metal. With advancements in 

the technology sector, sensing applications use 2D materials [19]. The most commonly used 2 

D materials like graphene[20], black phosphorus (BP) [21], Molybdenum disulfide (MoS2) 

[22], perovskite materials [23], Bi2Te3 [24], sulfosalt[6], etc. shows rapid popularity in SPR 

based biosensors due to their optoelectrical properties. This study employs the basic 

recognition element (BRE) over the metal (Au1) film. The properties of graphene-like greater 

robustness and mobility, single-atom thickness, highly flexible and durable, unrivaled opto-

thermal, and at room temperature notable conductivity, zero-gap, less noise, etc., made a strong 

choice as BRE in the biosensors [25][26]. Although these features of 2D material are very 

inspiring when used in the optical research field, somehow, its thickness control is to be taken 

extra care compared to bulk materials during large-scale fabrication. So, to control the 

thickness of 2 D materials, several methods have been introduced such as Chemical Vapor 

Deposition (CVD), mechanical exfoliation, metal-organic CVD, and atomic layer deposition 

(ALD) [18]. Wu et al. [27] proposed an SPR biosensor design with graphene as a core material 
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with an Al metal layer and dual films of MoS2. It gives a higher performance in terms of 

sensitivity as high as 190.83 degree/RIU. Mostufa et al. [28] proposed an SPR mechanism-

based biosensor (Au+PtSe2+Graphene) for the hemoglobin detection in blood and glucose in 

urine and attained 200 degree/RIU sensitivity. Dong et al.  [29] demonstrated a SPR biosensor 

using Ag/PbS/ graphene heterogeneous design and numerically computed five times greater 

sensitivity than the traditional design. Recently, Moznuzzaman et.al [30] presented a 

theoretical study of virus (SARS-COV-2) applying TiO2/Ag/MoSe2/Graphene films over prism 

and achieved 194 degree/RIU (sensitivity), QF as 54.04 1/RIU and DA as 0.2702. Guo et al. 

[31] numerically simulated a SPR biosensor with (TiO2 + ZnO + Au + MoS2 + Graphene oxide) 

modified Kretschmann configuration  and 210.75 degree/RIU sensitivity has been achieved. 

Research work by Xu et al. proposed a Kretschmann based SPR biosensor using 

Au1/TMDC/Au2/Ti3C2Tx and achieved the sensitivity of 198 degree/RIU[1].  

MXene is a new emerging 2D material recently gaining popularity among the researchers due 

to its electrical properties like high conductivity, alongside the mechanical properties like it 

can access hydrophilic surfaces easily[32], greater spacing between interlayers, higher thermal 

stability and surface area [33][34][35]. It has a tightly packed hexagonal crystal structure with 

optical properties like bandgap adjustment and higher light and matter interactions. Its general 

formula is Mn+1XnTx , here M, X, n and Tx  represents transition metal, C or/and N, an integer 

between 1 and 3, and surface functional groups [33]. Earlier research works using MXene in 

sensing-based applications like gas sensors, electrochemical sensors, etc. Other than these other 

applications like energy storage, purifying water, photo, chemical catalysts, etc.  

Malaria is a disease that mainly spreads due to a parasite infecting a female mosquito. It can 

cause severe health hazards, sometimes to death also. A recent report by WHO gives the data 

that in the year 2018, across the world, 228 million cases of malaria were reported [36]. The 

diagnosis of malaria should be done in the early stages; otherwise, it is difficult to cure [37]. 

The optical characteristics of red blood cells (RBCs) in the human blood play an important role 

in determining the phases of malaria illnesses. Normal, Ring, Trophozoite, and Schizont are 

the different stages of malaria disease. The prime constituents of RBC are water and 

hemoglobin, as the concentration in hemoglobin makes the R.I. variation of RBC. In Table 1, 

these stages of malaria disease with RI of RBC have been summarized: 
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Table 1: Stages of malaria with average R.I. of RBC 

 

 Section 2 gives the design methodology with the numerical analysis of the proposed SPR 

sensor. Section 3 consists of results and discussions of the proposed work. In the end, Section 

4 concludes the proposed work. 

2. Design consideration and theoretical model: 

The proposed SPR sensor consists of five layers, namely metals (Au1 and Au2) nanofilms, 2D 

materials (MXene and graphene) structure, and a sensing layer. Figure 1(a) shows the proposed 

SPR. The multilayer structure of our proposed SPR sensor is shown with the help of Figure 

1(b). Figure 1(b) shows how incident light is transmitted and reflected through the multilayered 

structure. 

  

Figure 1. (a) Schematic of proposed SPR sensor  (b) Layer structure of SPR sensor   

 

Malaria stage Average R.I. (RBC) References 

Normal (I) 1.402  

[38][39] Ring (II) 1.395 

Trophozoite (III) 1.381 

Schizont (IV) 1.371 
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2.1 Refractive index of Prism and other films: 

The transverse magnetic, p-polarized light is incident on the one surface of the prism and 

reflected and comes out of the other surface. Here He-Ne laser source is used. A low refractive 

index prism is frequently used to stimulate surface plasmons because it boosts its excitation 

energy. This is because incident light's wave vector balances the surface plasmon's wave 

vector. A BK7 prism is a borosilicate crown glass prism. It is lead-free and arsenic-free and is 

widely used in optical biosensing applications. The transmission rate is between 350 nm and 

2000 nm. Furthermore, because of its low refractive index than other glass prisms, it gives 

greater sensitivity. The BK7 prism demonstrates the most significant SPR viewpoint while 

retaining a respectable minimum reflectance [40]. The design parameters used in our proposed 

structure have been summarized in Table 2. 

Table 2. SPR biosensor configuration parameters 

Films  Materials (BK7 Prism as base) Width (nm) R.I. at 633 nm 

1 Au (1st layer) 𝐷1 = 45 0.18344 + i ∗ 3.4332 

2 MXene (2nd layer) 𝐷2 = 𝐺 ∗ 0.993 2.38 + 𝑖 ∗ 1.33 

3 Au (3rd layer) 𝐷3 = 3 0.18344 + i ∗ 3.4332 

4 Graphene (4th layer) 𝐷4 = 𝑇 ∗ 2 3 + i ∗ 1.1491 

5 Sensing film (5th layer) - 1.33+Δ n 

 

For the BK7 prism, its R.I.is given by the Sellmeier equation [41]: 

np = ( αaλ2λ2−βa + αbλ2λ2−βb + αcλ2λ2−βc + 1)1/2
       (1) 

here, λ is the wavelength of the incident optical signal. The values for the constants given in 

equation 1 have been summarized in Table 2. 

Table 2. Constants values in equation (1) 

Constant Values Constant Values αa 1.03961212 βa 0.00600069867 αb 0.231792344 βb 0.0200179144 αc 1.0104694 βc 103.560653 
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For Au (metal), R.I. can be expressed by Drude Lorentz's model [42]: 

nAu = (1 − λ2∗λcλp2 (λc+λ∗i))1 2⁄
         (2) 

here, the value of λc (collision wavelength) is 8.9342 ∗ 10−6 m and λp (plasma wavelength) is 

1.6826 * 10-7 m. 

 2.2 Transfer matrix method (TMM): 

A popular method used for reflectance computation; the transfer matrix method [43]. Using the 

N-layer matrix method, a theoretical study was conducted. Therefore, the characteristic matrix 

can be used to express the N-layer structure, as shown in equation 3. 

T = ∏ TKN−1K = [T11 T12T21 T22]          (3) 

as TK = [ cosβk −i(sinβ𝑘)/qk−iqksinβk cosβk ]       (4) 

here, TK is the kth layer matrix, βk is the optical admittance and qk is the phase factor. 

 βk = 2πλ dk √Єk − n12sin2θ12
  

 
qk = √Єk − n12sin2θ12 Єk⁄  

Here, θ1 is the incidence angle at the BK7 prism,λ is the operating wavelength and Єk is the 

dielectric constant and dk is kth layer’s thickness. 

The coefficients of reflection of p-polarized (TM mode) incident wave are expressed as: Rp = |rp|2 = ((T11+T12qN)q1−(T21+T22qN)(T11+T12qN)q1+(T21+T22qN))       (5) 

2.3   Parameters for SPR sensor performance: 

The parameters which define the SPR sensor’s performance, such as sensitivity(S), minimum 

reflectance (Rm), full width half maximum (FWHM), the figure of merit (FOM), and detection 

accuracy (DA), have been computed. For the best performance of the SPR sensor, the S, DA, 

and FOM should be high [44], and the value of FWHM should be low. 
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2.3.1   Sensitivity (S): 

The sensitivity (S) is defined as the ratio of the deviation in the resonance angle of incidence 

to the change in the sensing medium's refractive index. The sensitivity can be expressed by the 

formula:  S = ΔθresΔn  (in degree/RIU)         (6) 

here, Δθres= change in the resonance angle, Δn= change in refractive index of the sensing film 

2.3.2   Full width half maxima (FWHM): 

The full width quantitatively describes the width and sharpness of the reflectance curve at half 

maximum (FWHM). The FWHM can be expressed by the formula:  FWHM =  𝜃2 − 𝜃1(in degree)        (7) 

2.3.3   Figure of merit (FOM) or Quality factor (QF): 

This parameter describes the resolution of the sensor. It is the ratio of the sensitivity and the 

FWHM. It is generally expressed with the relation: QF = S/FWHM (in RIU-1)         (8) 

2.3.4    Detection accuracy (DA) or signal to noise ratio (SNR): 

It is the reciprocal of FWHM. Its determination is done with the help of the SPR curve. 

It is defined by: DA or SNR =  1/FWHM (in degree-1)       (9) 

2.4 Field distribution computation: 

The electric field distribution of the TM (p-polarized) light within each layer displays the 

evanescent field augmentation of the proposed structure under various conditions. The 

generation of the evanescent field above the analysis interface is critical for the surface 

resonance phenomena since the sensing process is done on the analyte’s boundary. Therefore, 

using the reflectance and transmittance of the TM polarized light, compute the E and H field 

distribution within the first layer using the total characteristics matrix equation presented below 

[45]:  
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[ Hy1(z)−Ex1(z)] = P1(z). [ 1 + rpq1(1 − rp)] Hyinc, z1 ≤ z ≤ z2                  (10) 

HereHy1(z)and Ex1(z)  are magnetic and electric fields, Hyinc = incident magnetic field 

amplitude and rp = reflection coefficient. 

here, P1(z) = [ cos (βk(at z)) i/q1sin (βk(at z))iq1sin (βk(at z) cos (βk(at z)) ]                (11) 

In the same manner, these field distributions within the layer j ≥ 2 are given by: 

[ Hyj(z)−Exj(z)] = Pj(z) ∗ ∏ P(z = zi + di)1j−1 ∗ [ 1 + rpqj(1 − rp)] Hyinc, zj ≤ z ≤ zj+1              (12) 

here, Propagation matrix, Pj(z) = [ cos (βk(at z=z−1)) i/qjsin (βk(at z=z−1)iqjsin (βk(at z=z−1) cos (βk(at z=z−1) ]            (13) 

 

2.5 Experiment possibilities 

The fabrication steps of different layers for our proposed sensor have been done, giving the 

final design for the SPR chip. The coupling glass prism was initially dipped in the solution 

(acetone vapor + methanol + deionized water), earlier coupled to the gold nanolayer. Over the 

prism glass, the physical vapor deposition (PVD) of both gold layers is done by a thermal 

evaporator system [46]. The fabrication of the graphene nanolayer was performed using the 

Chemical vapor deposition (CVD) process [47]; afterward, this graphene layer chemically 

shifted to the MXene layer. The process of liquid exfoliation may be adopted for preparing the 

MXene layer [48]. The last step to be performed after the fabrication is the transfer of these 

layers of chips over the coupling prism, and the results are calculated with the help of a sensor 

setup. Generally, for sensing-based applications, deionized water has been inserted with the 

help of input flow cells in the sensing medium, and it contains impurities such as bacteria, 

viruses, etc. Then, this organic aqueous solution is poured above the sensor chip area for 

sensing purposes. Over a rotating table, the entire combination has been placed, and the 

resonance angle is set, as shown in figure 1. The output side of the coupling prism used has an 

optical detector that detects the light reflected, giving its intensity.  

3. Results and discussions: 

The optimized thickness taken during the result preparation is 45 nm for Au1 film, 0.993 nm 

for MXene film, 3 nm for Au2 film, and 0.34 nm for graphene film. The result obtained after 



9 

 

the theoretical analysis of SPR sensor design is explained in this section. Firstly, Figure 2 

explains the four different scenarios of reflectance with an angle of incidence curves for the 

absence of MXene and graphene nanofilms (𝐺 = 0, 𝑇 = 0) shown in Figure 2(a). Then the next 

cases for 𝐺 = 0, 𝑇 = 1 (i.e., in the presence of a single graphene nanofilm, no MXene film) 

and 𝐺 = 1, 𝑇 = 0 (i.e., with a single MXene and no graphene film) shown in Figure 2(b) and 

2(c) respectively and at last with Figure 2(d) the SPR curves shown for the 𝐺 = 1, 𝑇 = 1 

case(with single MXene and graphene nanofilms). All these SPR curves have been plotted 

considering the RI of the sensing medium as 1.33 (black line curve) and 1.34 (red line curve). 

With the addition of both materials films (G = T = 1) over the traditional structure (i.e., G =T = 0), the SPR curves shift with the shift in the angle of incidence [Figure 2(d)] as compared 

to the traditional case. The corresponding sensitivity chart for these four cases is shown in 

Table 3. In Table 3, case 4 (i.e., 𝐺 =  𝑇 =  1), the sensitivity is maximum (147.2 𝑑𝑒𝑔𝑟𝑒𝑒/𝑅𝐼𝑈) when compared with the other three cases (case 1,2 and 3). So the impact of adding 2D 

materials films over metal layers (proposed work) indicates its advantage over traditional 

structure (case 1) in terms of sensitivity. 

Table 3. Tabulation chart for sensitivity and change in resonance angle calculation 

 

 

 

 

 

 

In Figure 3, the effect of variation of both the films (keeping one constant at a time) is shown 

in Figure 3. Figure 3(a) shows the impact on SPR curves by varying the graphene film (T) from 

0 to 5, keeping MXene film constant. The shift in SPR curves and the shape of the SPR curve 

also alters (it becomes wider). The same impact can be observed in Figure 3(b). As in this case, 

the Mxene film kept constant, and the graphene layer varied from 0 to 5. 

Cases Sensitivity (degree/RIU) Δ θ (degree) 
Case 1: 𝐆 = 𝟎, 𝐓 = 𝟎 137.8 1.378 

Case 2: 𝐆 = 𝟎, 𝐓 = 𝟏 140.8 1.408 

Case 3:𝐆 = 𝟏, 𝐓 = 𝟎 143.4 1.434 

Case 4:𝐆 = 𝟏, 𝐓 = 𝟏 147.2 1.472 
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Then, Figure 4 gives the sensitivity alteration for the four cases discussed earlier but with 

varying RI of 1.33 to 1.38 with a change in 𝑅𝐼 = 0.01. Case 1, for 𝐺 = 𝑇 = 0, the maximum 

and minimum sensitivity achieved is 137.8 𝑑𝑒𝑔𝑟𝑒𝑒/𝑅𝐼𝑈 and 202.8 𝑑𝑒𝑔𝑟𝑒𝑒/𝑅𝐼𝑈 [indicated 

by black dash line]. Case 2, for 𝐺 = 0 𝑎𝑛𝑑 𝑇 = 1, minimum sensitivity of 140.8 𝑑𝑒𝑔𝑟𝑒𝑒/𝑅𝐼𝑈 

and a maximum of 202.8 𝑑𝑒𝑔𝑟𝑒𝑒/𝑅𝐼𝑈 is attained [indicated by red dash line]. Case 3, for 𝐺 =1 and 𝑇 = 0 the minimum and maximum sensitivity achievable is 143.4 𝑑𝑒𝑔𝑟𝑒𝑒/𝑅𝐼𝑈 and 216.2 𝑑𝑒𝑔𝑟𝑒𝑒/𝑅𝐼𝑈. 

 

  

  

Figure 2. Reflectance as a function of angle of incidence, for (a) 𝐺, 𝑇 = 0 ,0 (b) 𝐺, 𝑇 = 0,1, 

(c) 𝐺, 𝑇 = 1,0 and, (d) 𝐺, 𝑇 = 1,1 
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Figure 3. Reflectance as a function of angle of incidence for (a) MXene film (G) = 

constant and varying graphene film (T) and (b) graphene film (T) = constant and varying 

MXene film (G) 

 

Finally, in the case (𝐺 = 𝑇 = 1), the maximum and minimum sensitivity achieved is 147.2 𝑑𝑒𝑔𝑟𝑒𝑒/𝑅𝐼𝑈 and 218.4 𝑑𝑒𝑔𝑟𝑒𝑒/𝑅𝐼𝑈 [indicated with blue dash lines]. So, the 

conclusion here can be made that with the inclusion of both the nanofilms of MXene and 

graphene, the sensitivity increases to an extent compared to the traditional structure. 

 

Figure 4. Sensitivity as a function of the refractive index of the sensing medium 

Figure 5 shows the influence of metal layer thickness on the SPR sensor’s characteristics. The 

graph is plotted for reflectance w.r.t the angle of incidence. For the analysis, the metal (Au1) 

layer thickness is optimized. Different thicknesses of the Au1 layer were taken from 25 nm to 

55 nm with a gap interval of 10, and the minimum reflectance was measured. It is to be noted 

that for metal (Au1) film thickness of 45 nm, the minimum reflectance of 0.03862 has been 

observed with the resonance mechanism. As a result, for 45 nm thickness of the metal film 

sensor’s performance is higher.  
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Figure 5. Reflectance v/s angle of incidence plot for different Au1 film thickness 

 

3.1 Malaria stage detection: 

For the detection of malaria disease stages, firstly, we investigated the change in reflectance 

characteristics with respect to incidence angle after adjusting the geometrical parameters of the 

proposed sensor for the four stages of the disease. The blood analyte sensor layer to detect 

various stages of infection with malaria is depicted in Fig. 6. The SPR curves have been shifted 

to a lower resonance angle. As we invaded the area, the width of these bends became wider as 

we infiltrated the blood with different stages of malaria (i.e., from normal stage to ring stage, 

ring stage to Trophozoite stage, and then finally to Schizont stage). From the normal to the 

schizont (highest infectious) stage of malaria, the SPR curves shift to a lower incidence angle.  

 

Figure 6. Impact on reflectance for the angle of incidence for various malaria stages with dMXene = 0.993 nm, dAu1 = 45 nm and dAu2 = 3 nm 
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This is due to the fact that the RI shifts to lower values with different stages of malaria, from 

1.402 to 1.371. Malaria detection is further being studied with the help of the plot shown in 

Figure 7. It gives out the resonance angle variations w.r.t. the various malaria stages (i.e., from 

first to last). For the first stage (normal) of malaria, the angle of resonance is on the higher side 

when compared with the next stages (ring to schizont).  

 

Figure 7. Impact of malaria stages on the angle of resonance 

Figure 8 gives the sensitivity variation with the changes in stages of malaria for metal (Au1) 

film with graphene film. The maximum sensitivity value is 258.28 degree/RIU achieved for 

the trophozoite stage of malaria disease and a minimum (70.57 degree/RIU) for the first (ring) 

stage. For the schizont stage, 225.4 degree/RIU sensitivity has been achieved. 

 

Figure 8. Sensitivity versus malaria stages curve 
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The upcoming table, Table 4, indicates the results obtained during the MATLAB simulation of 

SPR-based biosensor.  

Table 4: Performance parameter’s tabulation chart for different combinations of G and T 

 

LAYERS 

 

 

θ1 

 

 

θ2 

 

FWHM  

(𝒅𝒆𝒈𝒓𝒆𝒆) 

DA 

(𝒅𝒆𝒈𝒓𝒆𝒆−𝟏) 

QF 

(𝑹𝑰𝑼−𝟏) 

S (𝒅𝒆𝒈𝒓𝒆𝒆/𝑹𝑰𝑼) 𝐆 = 𝟎, 𝐓 = 𝟎 76.38 82.03 5.65 0.18 35.9 202.8 𝐆 = 𝟎, 𝐓 = 𝟏 76.67 83.02 6.35 0.16 33.3 211.6 𝐆 = 𝟏, 𝐓 = 𝟎 76.84 83.78 6.94 0.14 31.2 216.2 𝐆 = 𝟏, 𝐓 = 𝟏 77.25 84.52 7.27 0.14 30.0 218.4 𝐆 = 𝟏, 𝐓 = 𝟐 77.72 85.07 7.35 0.14 31.0 227.9 𝐆 = 𝟏, 𝐓 = 𝟑 78.28 85.4 7.12 0.14 31.2 222.1 𝐆 = 𝟐, 𝐓 = 𝟏 78.14 85.15 7.01 0.14 31.0 217.2 𝐆 = 𝟑, 𝐓 = 𝟏 79.55 84.64 5.09 0.20 37.4 190.5 

 

The different combinations of layers of MXene (G) and graphene (T) were taken to calculate 

the performance parameters. At G = 1 and T = 2, the sensitivity value is highest 

(227.9 degree/RIU) than in other combinations of films. The minimum sensitivity for the layer 

combination (𝐺 = 0 and 𝑇 = 0) (i.e., 202.8 degree/RIU). It should also be noted that the 

sensitivity decreases after the G = 1, T = 2 combination. The values of performance 

parameters indicated here were all at 𝑅. 𝐼. = 1.38 as we considered here RI variation of 0.01 

for range of R.I. from 1.33 to 1.38. 

3.2 Proposed and previous work analysis: 

Table 5 gives the comparative analysis between the earlier studies on SPR sensors with the 

present study. 

Table 5: Brief summarization of proposed and earlier studies 

Ref. λ Layer designs (Prism +) S DA QF FWHM 

Present 

study 

633 nm Au1+MXene+Au2+graphene 

(𝐺 = 1, 𝑇 = 2) 

227.9 0.14 31 7.35 

Present 

study 

633 nm Au1+MXene+Au2+graphene 

(Trophozoite stage) 

258.28 0.14 35.5 7.27 
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[28] 633 nm Au+PtSe2+graphene 200 - - - 

[30] 633 nm TiO2+Ag+MoSe+graphene 194 0.2702 54.04 - 

[31] 632.8 nm TiO2+ZnO+Au+MoS2+GO 210.75 - - - 

[1] 633 nm Au+TMDC+Au+Ti3C2Tx 198 - - - 

[49] 632 nm Rh+Ag+Si+Graphene 220 0.098 21.56 10.204 

[50] 633 nm Ag+graphene 91.76 - 52.31 1.754 

 

3.3 Normalized field distribution 

In Figure 10, the electric field plots perpendicular to the prism interface for the proposed sensor 

(Au1 / MXene / Au2 / graphene). The electric field intensity increases with the inclusion of the 

metal layer over the prism interface, and at last, it attains maximum value at the last 

graphene/sensing medium interface. It is due to graphene's high biomolecular absorption rate 

acting as a BRE. The enhancement in an electric field is greater for the proposed sensor along 

with the graphene/sensing film interface. The electric field's greater interaction in the analyte 

region generally increases sensitivity. 

 

Fig. 10. Electric field distribution for proposed SPR biosensor  
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Conclusion: 

A highly sensitive Kretschmann geometry relied on SPR biosensor has been numerically 

analyzed to detect all phases of malaria disease. The suggested SPR biosensor depends upon 

the existence of SPR that relies upon R.I. fluctuations of RBC across the life cycle of the 

malaria parasite. The suggested sensor’s structure comprises bimetallic Au, MXene, and 

graphene nanofilms, which ultimately ascends the sensitivity to 227.9 degree/RIU level for the 

single MXene and two graphene layers compared to 202.8 degree/RIU for a traditional 

structure. The other performance parameters computed are DA, QF, and FWHM of 0.14 

degree-1, 31 RIU-1, and 7.35 degrees. The maximum sensitivity of 258.28 degree/RIU has been 

calculated for the trophozoite stage with  DA of 0.14 degree-1, FWHM of 7.27 degree, and QF 

of 35.5 RIU-1. The current research results provide a unique perspective in the research area of 

photonic sensors, which can be employed to diagnose malaria disease at the initial stages. 
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