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Abstract
In this work, we propose a surface plasmon resonance (SPR) biosensor based on a hybrid 
structure of silicon nitride  (Si3N4), molybdenum trioxide  (MoO3), and graphene oxide 
(GO) in the Kretschmann configuration. To investigate the performance parameters of 
the SPR biosensor, we calculate, theoretically, the reflectance spectra of the proposed 
model and analysed it. The investigation of various performance parameters i.e., sensitiv-
ity, detection accuracy, and quality factor, of sensor configuration are theoretically done 
with the optimized thickness of silver (55 nm), silicon nitride (5 nm), molybdenum trioxide 
(10 nm), and graphene oxide (2.55 nm) respectively. The sensitivity, detection accuracy, 
and figure of merit for the proposed SPR structure are found at 301 deg./RIU, 4.01, and 
133  RIU−1 respectively for the detection of IgG. Furthermore, the present SPR biosensor 
shows improved sensitivity as compared to the other reported works. The refractive index 
of the analyte changes from 1.33 to 1.37 due to adsorption of the analyte at the GO surface. 
The proposed sensor design can detect the small change in the refractive index of the sens-
ing media doped with the analyte.

Keywords Surface plasmon resonance (SPR) · Silicon nitride · Biosensor · Sensitivity · 
IgG

1 Introduction

In recent days, the need for the development of biosensors is extremely important for 
healthcare, clinical analysis, drug discovery, environmental, security purposes, etc. (Mas-
son 2017; Schasfoort 2017; D’Orazio 2011). It’s a challenging task for biosensors to detect 
very low concentrations of antibodies like immunoglobulin (IgG), DNA, etc. (Kumar et al. 
2022a). Recently a lot of research work have been done for the detection of IgG (Wu et al. 
2016; Yang et  al. 2022; Georgakilas et  al. 2016). IgG is white blood cells glycoprotein 
molecules that are produced by plasma cells and these antibodies protect against infection. 
It recognizes bacteria or viruses very easily. IgG is very important for the diagnosis of 
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autoimmune and immunodeficiency diseases like X-linked agammaglobulinemia and com-
mon variable immunodeficiency syndrome (Notarangelo et al. 2009; Cunningham-Rundles 
and Bodian 1999). In literature, various methods such as SPR, electrophoresis (Soga et al. 
2003), radial immunodiffusion (Dunn et al. 2018), and immunoblotting (Mruk and Cheng 
2011) have been used for the detection of IgG.

In some previously reported works, the SPR technique has been used for the detection 
IgG (Yang et  al. 2022; Dunn et  al. 2018). SPR biosensor is a good compatible sensing 
devices in comparison to other conventional device with high accuracy without any labe-
ling. Surface plasmons (SPs) are charge density waves that reside at the metal-dielectric 
interface. The SPR is phenomenon of excitation of the free electrons at the metal-dielectric 
interface due to the matching of wavevector of incident light with the wavevector of sur-
face plasma wave (SPW). In the Kretschmann configuration, generally p-polarised (TM) 
light is used to excite the SPs at the metal-dielectric interface. At the resonance condition, 
the energy of the incident light is absorbed by the SPs and results in a dip in the reflec-
tance spectra at a particular incident angle which is called a resonance angle. The reso-
nance angle is very responsive to the variation in concentration of the analyte in the sens-
ing medium. Consequently, a small change in the concentration of analytes will generate a 
local change in the refractive index (RI) near the metallic surface and this can be explored 
by measuring the variation of the resonance angle (Tang et  al. 2010; Englebienne et  al. 
2003; Homola and Piliarik 2006).

Graphene oxide (GO) has potential applications for biosensing because it has a large 
surface area, excellent biocompatibility (Liu et al. 2017), solubility (Wang et al. 2011), and 
selectivity (Loh et al. 2010). Both  sp2 and  sp3 hybrid carbon atoms are incorporated in the 
GO as well as it contains various oxygen-containing functional groups (Dreyer et al. 2010; 
Chen et al. 2012). The GO can interact in an ionic, covalent, or non-covalent way to attach 
with the biomolecules (Loh et al. 2010). In recent years, GO has been used to biosensors 
for drug delivery (Liu et al. 2009), detection of cancer cell(Liu et al. 2013), glucose (Song 
et al. 2013), DNA (Zhang et al. 2017), enzyme (Li et al. 2015), protein (He et al. 2013). 
Furthermore, to improve the SPR performances, we use a molybdenum trioxide  (MoO3) 
and silicon nitride  (Si3N4) layer which can be deposited by the chemical vapor deposition 
(CVD) technique (Singh et al. 2021) on the desired substrate. Qiong Wu.et.al used the GO 
layer for attachment of the biomolecules (Wu et al. 2016) and NF Chiu et.al proposed a 
sensing film of the GO layer by the SPR method (Chiu et al. 2017).

MoO3 has a wide-bandgap (~ 3  eV) semiconducting material and can traps electrons 
originating from the SPR phenomena. Furthermore,  MoO3 has unique potential appli-
cations in field sensing, photoelectronic, etc. (Peelaers et  al. 2017; Morales-Luna and 
Morales-Luna 2020; Thomas et  al. 2021). To avoid oxidation problems, we prefer to 
deposit silicon nitride material over the silver layer, which acts as a protective layer. Silicon 
nitride has a high refractive index and it has good properties such as chemical, thermal sta-
bility, and also biocompatibility (Gao et al. 1997; Luke et al. 2015).

In this paper, In the SPR biosensor, a thin metallic film of silver is coated on the base 
of the prism due to the easy generation of SPs on the surface (Kumar et al. 2020). Silver 
provides better sensitivity in comparison to gold and other plasmonic metals, owing to its 
high SPR ratio (ratio between the absolute values of the real and imaginary parts of the 
dielectric constant), but it also gets easily oxidized (Mudgal et al. 2020a). To avoid oxida-
tion and better improvement, hybrid layers of  Si3N4,  MoO3, and GO are deposited over 
the silver layer, which detects IgG effectively. A monolayer GO works as a biomolecular 
recognition element (BRE) for the selective attachment of IgG. The performance param-
eters of the proposed biosensor are investigated theoretically with the help of the transfer 
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matrix method. The performance parameters of the proposed structure, such as sensitivity, 
detection accuracy, and quality factor have been investigated. It is found that our proposed 
structure shows a better result in comparison with the other reported works. It has wide 
applications in the biomedical field for the detection of IgG and other biomolecules also.

2  Methodology

2.1  Design consideration and theoretical modeling

We have designed a “four-layer SPR biosensor’’ based on the Kretschmann method, which 
is shown in Fig. 1. This formulated biosensor is prism coupled and based on angular inter-
rogation methods. The optical wavelength is taken at 633 nm (Rahman et al. 2020). The 
transverse magnetic (TM) polarized light of 633  nm wavelength is incident at one face 
of the prism and the reflected optical signal is received by an optical detector present at 
another face as shown in Fig. 1. The excitation of SPs is not possible by the direct incident 
light, so a prism is used. Because prism provides the necessary momentum for the excita-
tion of SPs at the metal-dielectric surface to the incident light for wave vector matching to 
generate the SPR condition (Dubey et al. 2022). BK-7 prism is easier to manufacture and 
has a low refractive index (Kushwaha et al. 2018a). Here prism acts as a base layer. The 
prism is coated with Ag having a layer thickness,  d1 = 55  nm by the thermal deposition 
technique. The Ag layer is less stable and gets oxidized easily, so an anti-reflecting material 
 Si3N4 layer coated on the Ag layer with thickness,  d2 = 5 nm to prevent the oxidation of the 
silver layer. The monolayer GO enhanced the sensitivity of the proposed sensor due to it 
have large ability to enhance the electric field intensity and also a large surface area to cap-
ture the small biomolecules (IgG) (Xiong et al. 2018). The refractive indices of different 
layers are considered as follows. The refractive index of the BK-7 prism can be calculated 
from the following relation (Brahmachari and Ray 2013)-

GO

Silver

θ

BK-7 Prism

Sensing medium

MoO3

Si3N4

d4
d3

d1

d2

ns

Biomolecules (IgG)
without analyte
with analyte

Fig. 1  Proposed configuration BK-7 prism-Ag–Si3N4–MoO3–GO and PBS solution as sensing medium 
having optimize thickness
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where λ is the wavelength of incident light in a micrometer. This equation is only applicable 
for wavelengths between 0.37 to 2.5 um. The values of the constants, �1 , �2 , �3 , �1 , �2 and �3 
are corresponding 1.0396121, 0.231792344, 1.0104694, 0.0060006986, 0.020017914, and 
103.56065 respectively (Brahmachari and Ray 2013).

The refractive index of the Ag layer can be defined using the well-known Drude model 
for metal (Gupta and Sharma 2005).

where �
�
=(1.7614 ×  10–5 m) and �⌋ =(1.4541 ×  10–5 m) represent the plasma and collision 

wavelength of the silver (Ag) layer, respectively. Furthermore, the anti-reflection coating 
of the  Si3N4 layer of the optimized thickness  (Si3N4 = 5 nm) (Kumar et al. 2022b) is grown 
over the Ag layer, which is the second layer. The refractive index value of this  Si3N4 layer 
is calculated by Luke et al. (2015).

The next layer is taken of  MoO3 because it enhances the performance of SPR. The last 
layer of GO is deposited over the  MoO3 layer. The thickness and corresponding refractive 
index of all the layers are shown in Table 1. The Phosphate buffer solution (PBS) is con-
sidered a sensing medium. The refractive index of PBS is deliberated as  ns = 1.343 + ∆ns, 
where ∆ns is unstable due to the ligand-analyte interaction on the sensing surface. We have 
made different structures used of SPR biosensor. A comparison with the proposed work is 
given in Table 2.

Furthermore, we have also discussed the feasibility of the proposed SPR biosensor. For the 
experimental analysis, a multilayer design can be fabricated with the following procedure. A 
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2
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+ 1
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)1∕2

Table 1  SPR biosensor used materials, thicknesses, and RI at 633 nm

S. N Material used Thickness Refractive index References

1 Silver (Ag) 55 nm 0.056253 + 4.2760*1i Balaji (2021)
2 Silicon nitride  (Si3N4) 5 nm 2.0394 Luke et al. (2015)
3 Molybdenum trioxide  (MoO3) 10 nm 1.8233 + 0.00204*1i Stelling et al. (2017)
4 Graphene oxide (GO) 2.55 nm 1.2728 + 0.0039*1i Xue et al. (2013)

Table 2  SPR biosensor type of 
structures and layer arrangement

S. N Structures type Layer arrangement

1 Structure-I Bk-7 Prism/Silver /MoO3/GO layer
2 Structure-II Bk-7 Prism/Silver/Silicon nitride/

MoO3/GO layer
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glass prism is cleaning with the piranha solution and DI water, respectively. One face of the 
prism is coated with silver layer (55 nm) by a using thermal evaporation technique equipped 
with controlled digital thickness monitoring (Hao et al. 2020), silicon nitride and  MoO3 thin 
films can be deposited over desired substrate using sputtering technique (Uthanna et al. 2010). 
GO can be synthesized using different techniques like chemical vapour deposition (CVD), 
spray pyrolysis technique etc. (Manawi et al. 2018) on different substrates which can be trans-
ferred over the  MoO3 layer. Above the  MoO3 layer, the sensing medium PBS attaches to the 
GO surface which already contains an analyte (IgG) as shown in Fig. 1.

2.2  Mathematical modeling for reflectivity

In the SPR phenomena in the prism coupler method, when a p-polarized incident light is inci-
dent through the prism at the metal–dielectric interface, SPs are generated due to wave vector 
matching between the incident light wave vector  Kx =  (K0  np sin θres) and the surface plasmon 

wave vector KSP =

(

Realvalue

√
K0(εmn

2
s
∕
(
εm + n2

s

)
)

 where  K0 represent the wave vector 

of the incident light in free space,  np and  ns also represents the RI of the prism and sensing 
medium, εm is the dielectric constant of the metallic layer. The necessary condition is repre-
sented as (Kumar et al. 2020).-

The above mathematical relation shows that the fixed operating wavelength value of the 
 kSP can be varied if the RI of the sensing medium changes. Hence, the resonance condition of 
SPR phenomena  (Kx =  KSP) must change. At resonance angle θres , the phenomena of attenua-
tion total internal reflection (ATR) occur by which the maximum part of incident light goes to 
excites SPs and results in a sharp dip in the reflectivity curve.

We have demonstrated the numerical analysis to explore the reflectance for multilayer 
structure using the transfer matrix method and Fresnel equation (Kushwaha et al. 2018b). Our 
proposed model consists of BK-7 prism, Ag,  Si3N4,  MoO3, and GO being placed in parallel 
one after another. The thickness of each layer varies in the perpendicular direction the denoted 
as the z-axis. The boundary condition at the interface of the first layer and the last layer is con-
sidered as Z = Z1 = 0 and Z = Zn−1, respectively. The dielectric constant of the path layer equals 
the square of its refractive index. These methods adopt no approximation, allowing them to 
give accurate results rapidly. The transfer matrix expresses a relationship among the tangential 
components of the electric and magnetic fields of the first layer and the last layer, and the rela-
tion is given as(Kumar et al. 2020):

where  A1 and  B1 represent the tangential components of electric and magnetic fields at the 
first layer interface.  AL-1 and  BL-1 represent the tangential components of electric and mag-
netic fields at the final layer interface. P represents the characteristic matrix of a multilayer 
structure with elements Pij , defined as
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Here 

.where P represents an arbitrary number, βP represents phase thickness and qP represents 
refractive indices of the corresponding layers, which are explained by-

where nBK−7 prism is the refractive index of the BK-7 prism, θ0 is angle of incidence and λ 
as wavelength of incident light.

After some straightforward mathematical step, here we proposed of four-layer model, 
the reflection coefficient rp for p-polarised light is given by

Finally, the reflectance intensity for the p- polarized incident wave and can be repre-
sented as-

2.3  Mathematical modeling of the performance parameters

The performance parameters of the SPR sensor are characterised by mainly three param-
eters: sensitivity (S), detection accuracy (DA), and quality parameter (Q). For the better 
performance of the SPR sensor, all of the above parameters should be as large as possible 
(Kumar et al. 2022a).

2.3.1  Sensitivity

The sensitivity is defined as the ratio of change resonance angle ( Δ�res ) to change refrac-
tive index (∆ns) and can be written as mathematically-

2.3.2  Detection accuracy

Next, the parameters of the SPR sensor are detection accuracy (DA) or signal to noise ratio 
(SNR). It is expressed in terms of resonance angle change ( Δ�res ) and FWHM, where 
FWHM means full width at half maxima as given by
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where FWHM determine by given below relation;
FWHM = (θmax + θmin)/2, [unit: (degree)].

2.3.3  Quality factor

Another important parameter of the SPR sensor is quality factor (Q), or figure of merit 
(FOM), can be in terms of sensitivity (S) and FWHM given as follows;

Its unit is usually expressed in  (RIU−1). The resonance condition phase of the reflected 
light also changes. The phase change at the resonance angle can be calculated by the fol-
lowing expression: -

Furthermore, Parameters electric field intensity enhancement factor (EFIEF) influences, 
and the evanescent field of both the media (metal and dielectric interface), which is defined 
as the ratio of the square electric field at the last interface to the first layer interface, can be 
calculated by the following expressed(Kumar et al. 2020).-

where ε1 and �L are dielectric constant respectively and t is the transmission coefficient.

2.3.4  Limit of detection (LOD)

It measures the change of biomolecule concentration or analyte in the sensing medium and 
it is defined as the given relation:

The limit of detection is calculated for a very minute change in the sensing medium; 
here, we have a very small shift of 0.010°.

3  Results and discussion

Figure 1 shows the schematic diagram of the proposed SPR biosensor structure. At wave-
length 633 nm, the refractive index of the taken materials with their thicknesses are men-
tioned in Table.1. The thickness of each layer is optimized to achieve the minimum reflec-
tance. The minimum reflectance indicates that most of the incident light transfers to the 
SPs, and for any SPR sensor, the value of minimum reflectance should be nearly zero 
(Kumar et al. 2022c). Here, a helium–neon (He–Ne) laser of the wavelength λ = 633 nm is 
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used as a monochromatic source of the incident light because of the optical nonlinearity at 
low wavelength (Maurya et al. 2015).

Initially, we optimized the thickness of the Ag layer at a fixed thickness of the  Si3N4 
layer  (d2 = 5 nm) and found that the minimum reflectance occurs at a thickness of 55 nm. 
The optimized thickness of materials is used for the efficient excitation of surface plasmons 
(SPs). It is clear that from Fig. 2 the reflectance intensity depends on the thickness of the 
Ag layer and the optimized thickness is 55 nm as shown in Fig. 2.

We have analysed two separate hybrid structural configurations as structure-I (BK-7 
prism-Ag-MoO3-GO SPR biosensor) and structure-II (BK-7 prism-Ag-Si3N4-MoO3-GO 
SPR biosensor) for the comparative analysis, which is given below Table 2. Basically, these 
two structures explain the roles of  Si3N4,  MoO3 and GO for the performance enhancement. 
In our further optimization, we will study all structural configurations and their perfor-
mances in our proposed biosensor.

For the structure-I, we have optimized thickness  (d1 = 55  nm) of the Ag layer coated 
on the base of the prism, which generated the SPs and gives a sharp reflectance. We fur-
ther selected the  MoO3 layer  (d3 = 10 nm), and the monolayer graphene oxide (GO) layer 
 (d4 = 2.55 nm), over the Ag layer, respectively. Here, the  MoO3 layer improved the perfor-
mance of the SPR biosensor and increased sensitivity. We have taken the last layer as a 
monolayer of GO. It’s a thickness of 2.55 nm, because GO can be used for selective attach-
ment of IgG. A monolayer of GO works as a bioreceptor layer for the detection of IgG as 
shown in Fig. 3. Over the GO layer we have considered the sensing medium (PBS solu-
tion) for sensing purposes. Here we have used phosphate buffer solution (PBS) as a sensing 
medium in which IgG is present. The refractive index of the sensing medium was 1.343 
before adding the PBS solution. In this work, we have considered that due to the addition 
of IgG in the PBS solution, the refractive index of the PBS solution changes from 1.343 to 
1.373 near the GO surface(Zheng et al. 2018). We have taken five different concentrations 
of 0, 0.025, 0.05, 0.1, and 0.25 mg/ml, respectively, of IgG in PBS solution (Kumar et al. 
2022b). In Fig. 3. with an increase of IgG in the PBS solution, the corresponding reso-
nance angle is shifted to the right side at 60.99, 64.79, 69.29, and 74.99 deg., with an RI 
increment of 0.03 of PBS solution due to adsorption of analyte (IgG). For Structure-I, the 
value of the minimum reflectivity is 2.988 ×  10–3 and the resonance angle is 73.24 deg. in 
the bare PBS solution. After adding the IgG concentration solution to the sensing channel, 
the resonance angle shifts towards a higher value of 78.39 deg. with a minimum reflec-
tivity of 1.6 ×  10–2. Thus, due to the addition of IgG in the PBS solution, the resonance 
angle changed by 5.15 deg. with the change in the refractive index from 1.343 to 1.373 

Fig. 2  Resonance angle (deg.) 
verses reflectance for optimiza-
tion of Ag and  Si3N4
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of the sensing media. If it increases the resonance angle, it means IgG attaches to the GO 
layer. Mathematically, sensitivity, detection accuracy, and quality factor are calculated by 
Eqs. (11), (12), and (13) respectively. Thus, for structure-I, the maximum sensitivity, detec-
tion accuracy, and figure of merit (FOM) are found to be 171  deg./RIU, 3.52, and 117 
 RIU−1 respectively.

Further, we used the phase interrogation method to check the resonance angle, which 
is described mathematically as Eqs. (14), whose results support our findings. Moreover, 
we have studied the phase change of the reflected light versus incident angle at different 
concentrations of IgG, such as 0, 0.025, 0.05, 0.1, and 0.25 mg/ml, adding in the sensing 
medium then increased the resonance angle, respectively for the proposed structure-I as 
shown in Fig. 4. It is clear from Fig. 4 an abrupt phase change is contained at the same 
resonance angle when the refractive index increases from (1.343 to 1.373) in the sensing 
medium. The position of the phase change is found to be sensitive to the concentration of 
the analyte (IgG). As we change the concentration of the IgG, the corresponding phase 
change position shift towards the higher angle side because of the damping of SPs for 
structure-I.

The electric field intensity enhancement factor (EFIEF) is very important performance 
parameter of the SPR biosensor and as well as defines how much the electric field is lim-
ited in the sensing medium in comparison to the metal-dielectric interface. The EFIEF 
allows the field to peak height at the resonance angle. Mathematically, EFIEF is calculated 
from Eq. (15). Figure 5 shows, if increasing the concentration of the IgG, i.e., (0, 0.025, 
0.05, 0.1, and 0.25 mg/ml), the effective RI of the sensing medium changes from 1.343 

Fig. 3  Incidence angle (degree) 
verses reflectance for structures I

Fig. 4  Phase vs incident angle 
for structures I
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to 1.373, the resulting EFIEF decreases. It is clearly seen that the excitation of SPs occurs 
because, at the resonance angle, most of the incident light energy is transferred to the sens-
ing probe for the generation of the SPs. Here, we can say that IgG strongly attaches to the 
GO layer and increases the refractive index of the sensing medium of the biosensor. The 
decrease in EFIEF with the concentration of IgG occurs mainly due to the absorption of 
incident energy by the IgG. In this study, we have taken the fixed thickness of the GO layer 
and changed the concentration of IgG. Figure 5 shows the variation of EFIEF of the pro-
posed biosensor with the refractive index of the sensing medium for the design structure-I.

In order to further improve the performance parameters of the above configura-
tions, we have proposed structure-II of the SPR biosensor, which consists of BK-7 
prism-Ag-Si3N4-MoO3-GO-sensing medium. At the constant thickness of the  Si3N4 of 
5 nm, it is clearly seen that as we increased the thickness of Ag the reflectance dip gets 
increases and becomes sharper at 55 nm. Figure 6 depicts that the minimum reflectiv-
ity and corresponding resonance angle of 77.85 deg. for the bare PBS buffer solution 
are 1.337 ×  10–2. After adsorption of the IgG, the minimum reflectivity is increased to 
3.871 ×  10–1 and the resonance angle shifted to a higher angle of 86.88 deg. The maxi-
mum resonance angle change is 9.03 deg. due to a concentration change of 0.25 mg/
ml of IgG. Therefore, we can say that IgG is attached strongly to the GO layer, because 
GO has a large surface area and high electron mobility with an increased electric field 
between analyte and contact surface. Hence, the sensitivity, detection accuracy, and 
quality factor are increasing in the SPR biosensor. The GO layer is selective for the 

Fig. 5  Resonance angle (degree) 
verses EFIEF for structures-I

Fig. 6  Incidence angle (degree) 
verses reflectance for structure-II
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attachment for the detection of IgG due to its excellent biocompatibility. For this con-
figuration, the maximum achieved sensitivity is 301 deg./RIU with a detection accu-
racy of 4.01 and a quality factor of 133  RIU−1. It’s clear that structure-II is better than 
structure-I due to the large real value of the dielectric constant of  Si3N4,  MoO3, and 
monolayer GO. Thus,  Si3N4 is responsible for the enhancement in the parameters in 
structure-II as compared to structure-I. The performance parameters of all the struc-
tures at wavelength of 633 nm are summarised in Table 3.

Figure  7 shows the phase change of the reflected light versus incidence angle for 
the proposed multilayer structure. It is clear that for the structure-II, an abrupt phase 
change occurs at the same resonance angle for the different concentration of the IgG as 

Table 3  The performance parameters of the proposed SPR biosensors

S. N Used structure ∆θ (deg.) FWHM Sensitivity 
(deg./RIU)

Detection accu-
racy (DA)

Quality factor 
(QF)  (RIU−1)

A Structure-I 5.15 1.46 171 3.52 117
B Structure-II 9.03 2.25 301 4.01 133

Fig. 7  Phase vs incident angle for 
structures-II

Fig. 8  Resonance angle (degree) 
vs EFIEF for structures-II
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in Fig. 6, which support our finding results. With the change in concentration of IgG, 
the corresponding phase changing position shifts to the higher angle side due to the 
alteration of the RI of sensing medium, and hence the resonance condition for the SPs 
also changes the position of resonance.

For the structure-II of EFIEF, Fig. 8 clear that with the increasing concentration of 
IgG in the sensing medium, the RI of  ns changes from 1.343 to 1.373, then the EFIEF 
decreases, which occurs due to the strong adsorption of IgG at the sensing surface of 
the biosensor. The decrease in EFIEF with the concentration of IgG occurs due to the 
absorption of incident energy by the IgG.

Thus, we have found the performance parameters of the SPR biosensor for the 
above structures I and II. The parameters such as sensitivity, detection accuracy, and 
quality factor for both the structures are tabulated in Table 3 and with a comparative 
study, other reported work is summarised in Table 4. We have also calculated the limit 
of detection (LOD) from Eq. (16) for the proposed the structures I and II, which are 
found to be 5.82 ×  10–5 and 3.32 ×  10–5 deg. respectively.

4  Conclusion

In the present work, we have proposed a multilayer Ag-Si3N4-MoO3-GO based SPR biosen-
sor for the detection of IgG. In this work, monolayer GO is used for the selective attachment 
of IgG. It is found that the proposed biosensor shows improved sensitivity, quality parameter, 
and detection accuracy as compared to the other reported SPR biosensors for the dynamic 
change of refractive index  (ns) from 1.343 to 1.373. Furthermore,  Si3N4 and  MoO3 are used 
for performance enhancement due to their unique properties. As the real part of the dielectric 
constant of these materials is larger compared to their imaginary parts, there is minimal loss 
of surface plasmons. The proposed structure shows maximum sensitivity, quality parameter, 
and detection accuracy as 301 deg./RIU, 133  RIU−1, and 4.01 respectively. Also, a proposed 
SPR biosensor can be fabricated for real-time and level-free detection of IgG, which would be 
inexpensive.
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