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ABSTRACT 

Surface plasmon resonance is a label free real time detection technique which is a suitable and reliable platform 

for clinical analysis of biomolecules. In this paper we analyze surface plasmon resonance nanostructure of photonic crystal 

consisting of multi-layered Au/ SrTiO3/ Graphene in view of its high sensitivity. We will use biosensing material as 

Cerebrospinal Fluid for real time detection of brain and spinal cord diseases. It will be shown that small change in 

refractive index of cerebrospinal fluid by infection can be detected with high sensitivity using this surface plasmon 

resonance biosensors. 
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1. INTRODUCTION 

In the last three decades, surface plasmon resonance (SPR) has evolved from a fairly esoteric physical 

phenomenon to an optical tool which is widely used in physical, chemical and biological investigations where the 

characterisation of biomolecular interactions is of interest. This paper is dedicated to the more conventional, well 

understood planar SPR theory used in applications for biomolecular interaction sensing. Surface plasmon resonance is a 

phenomenon that occurs when light is reflected off thin metal films. A fraction of the light energy that shines at a sharply 

defined angle can interact with the delocalised electrons in the metal film (plasmon), thus reducing the reflected light 

intensity. From the physical point of view, surface plasmons are surface electromagnetic waves that propagate in a 

direction parallel to the metal-dielectric interface. Since the wave is on the boundary of the metal and the external medium, 

these oscillations are very sensitive to any change of this boundary, such as the adsorption of molecules on the metal 

surface. In order to excite surface plasmons in a resonant manner, light beams of certain wavelength (visible or infrared) 

can be used. The incoming beam has to match its momentum to that of the plasmon. 

Biosensors are analytical devices comprising of a biological element like tissue, microorganism, enzyme, cell 

receptor or antibody and a physicochemical transducer. Specific interaction between the target analyte and the biological 

material produces a physicochemical change detected by the transducer which then yields an analog electronic signal 

proportional to the amount or concentration of the specific analyte or group of analytes. 

The optical technique measures the refractive index (R.I.) changes in the vicinity of thin metal layer like gold in 

response to biomolecular interactions. The changes in the SPR angle which is the angle of minimum reflectivity can be 

determined by varying the incident angle and recording the reflected light intensity. So far, numerous studies have been 

advanced the potential of SPR sensors by increasing the effectiveness of the technique. 

In this paper, an optical sensor based on one dimensional photonic crystal (DPC) is used for the analysis of 

Cerebrospinal Fluid (CSF) to help diagnose diseases of the brain and spinal cord. R.I. of different samples of CSF is 

measured and then compared with normal value of 1.3333 (of water). The increase in R.I. from normal value detects 
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various nervous and mental diseases. The design scheme, optimization process, sensing principle, transfer matrix method 

(TMM) and results are discussed in the following sections. 

2.  SENSOR DESIGN 

Our goal of this work is to design an optical sensor based on 1 DPC capable of detecting nervous and mental 

diseases by measuring R.I. of CSF. The geometry model under study is the prism based SPR sensor adopting the 

Kretschmann [1] configuration which is most widely used in the SPR technique. The structure is shown in fig (1). BK7 

Prism made of borosilicate glass is a right angle prism. It produces left handed image by ray deviation of 90⁰. Its surface 

flatness is taken λ/4 where λ is wavelength of light used and R.I. of material is 1.51. The prism surface is coated with 

uniform thin film of gold with complex R.I. = 0.16195 + i3.20991 at λ=632.8 nm [2]. Strontium Titanate SrTiO3 also 

named as ‘Tausonite' is natural occurring and rare. It has direct band gap of 3.25 eV and indirect band gap of 3.75 eV. 

For optical purpose, it is prepared by synthesis. High quality epitaxial SrTiO3 layers are grown on silicon without forming 

SiO2, thereby making it an alternate gate transparent dielectric material of R.I. = 2. 309 [2] at λ = 632.8 nm. SrTiO3 

possesses persistent photoconductivity, thereby it is used in this proposed SPR structure in the form of thin film of 

thickness 0.650 nm. 

 

Fig.1. Proposed structure of BK7/Au/SrTiO3/Graphene & sensing medium with thickness of Au film (d1 =15 nm), SrTiO3 (d2= 65 nm) and Graphene (d3 =34  nm) 

 

Graphene is an allotrope of carbon. The material strongly absorbs light of all visible wavelengths which accounts 

for the black colour of graphine; yet a single graphene sheet is nearly transparent due to its extreme thickness of 0.34 nm 

taken in this proposed structure. The material is about 100 times as strong as would be the strongest steel of the same 

thickness. It displays remarkable electron mobility 200000 cm2V-1s-1 at room temperature at carrier density of 1012   cm-3 

[3]. The corresponding resistivity of graphene sheet would be 10-6 Ω-cm [4]. It shows unique optical property to produce 

an unexpectedly high opacity for an atomic monolayer in visible to infrared region of electromagnetic spectrum. At 

λ=632.8 nm R.I. of its material is n = 3.0 + i1.4 [5]. Graphene is a conductor having zero band gap. It is versatile optical 

material for SPR biosensing because it has large surface area. 

3. THEORY 

Krestschamann prism- coupling device has been used extensively to study the optical properties of metallic thin 

films including RI(n), extinction coefficient (k), thickness (d) and roughness [6,8]. The behaviour of free electrons of 

metal [7,8,9]  near the interface of metal-dielectric material, called 'plasmons', has been widely used. It is known that high 

density electron gas when subjected to collecting longitudinal oscillations or excitation, will manifest particle behaviour 

having finite rest mass m0 = ħω /c2 . Hence like 'photon' or ‘magnenons’, these particles are called 'plasmons’. Electrons 

or light is used to generate a surface localized wave. The electric field is strongest at the interface and it decreases 

exponentially the sides of penetration distance from the interface. SPR signal is generated provided 

(1) the real part of the complex dielectric constant of the surface active medium (Au) must be negative and 

(2) there must be momentum matching between the excitation and plasmon resonance. 

We have designed and fabricated a multilayer device to modulate the SPR signal without changing the light source 

by coupling prism. 

The dielectric permittivity is negative up to plasma frequency [10] 

ωp = n e2/ϵ0 m                                                                             (1) 

where n is electron density, m its mass, e its charge. 

The dispersion for light in a metal is given by condition [11, 12] 
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k2 c2 + ωp
2 = ω2                                                      (2) 

The dispersionless plasmon mode occurs at ω = ωp. The dielectric permittivity is negative up to frequency ωp and 

the plasma shields the interior from electromagnetic radiation. Above frequency ωp, the medium behaves as to have 

positive dielectric permittivity. 

Thus rendering the dielectric constant negative makes it possible for the surface to support the resonance called 

the surface plasmon resonance [13]. Taking wave vector component along x direction as kx and ɛ- and ɛ+ the permittivity 

of metal and dielectric, the dispersion relation for surface plasmon will be of the form 

𝑘𝑥 =
𝜔

𝑐
[

ɛ+ ɛ−

ɛ++ɛ−
]

1

2                                                                                         (3) 

Taking complex ɛ- for metal and ɛ+ = 1, for vacuum, kx > ω/c for the surface plasmon. Thus the excitation of surface 

plasmon is not possible on a perfectly flat surface using propagation mode of light, and a coupling mechanism will have 

to be provided, such as: surface roughness, a dielectric coupler to vacuum, such as prism. Overall, the negative dielectric 

constant is central to the nature of resonant interactions of structured metal surfaces with radiation. The reflection 

coefficient (r) of p-polarised incident wave is obtained by matrix method for N-layer model [14] since it is simple and 

free from approximations. The layers are assumed stacked along z-axis. For any ith layer, we take thickness di, permittivity 

ɛi and R.I. ni. The tangential fields at the first boundary z = z1 = 0 are related to those of final boundary z = zN-1 by 

[
𝑈𝑖

𝑉𝑖
] = 𝑀 [

𝑈𝑁−1

𝑉𝑁−1
]                                                                                    (4) 

where U and V stand for the tangential components of electric and magnetic fields respectively. M is characteristic matrix 

of combined structure given by 

𝑀 = ∏ 𝑀𝑖

𝑁−1

𝑖=2

= [
𝑀11 𝑀12

𝑀21 𝑀22
]                                                                         (5) 

such that 

                                      𝑀𝑖 = [
𝑐𝑜𝑠𝛽𝑖

−𝑖𝑠𝑖𝑛𝛽𝑖

𝑞𝑖

−𝑖𝑞𝑖𝑠𝑖𝑛𝛽𝑖 𝑐𝑜𝑠𝛽𝑖

]                                                                          (6) 

taking 

𝑞𝑖 = √
µ𝑖

𝜀𝑖
𝑐𝑜𝑠𝜃𝑖 =

√𝜀𝑖 − 𝑛𝑖
2𝑠𝑖𝑛2𝜃𝑖

𝜀𝑖
                                                             (7) 

 

and      𝛽𝑖 =
2𝜋

𝜆
𝑛𝑖(𝑧𝑖 − 𝑧𝑖−1)𝑐𝑜𝑠𝜃𝑖 =

2𝜋

𝜆
𝑑𝑖√𝜀𝑖 − 𝑛𝑖

2𝑠𝑖𝑛2𝜃𝑖                                      (8) 

The amplitude of reflection coefficient (r) of p-polarised incident light wave is given by 

𝑟 =
(𝑀11 + 𝑀12𝑞𝑁)𝑞1 − (𝑀21 + 𝑀22𝑞𝑁)

(𝑀11 + 𝑀12𝑞𝑁)𝑞1 + (𝑀21 + 𝑀22𝑞𝑁)
                                                      (9) 

Thus reflectivity will be             𝑅 = |𝑟|2                                                                                              (10) 

For proposed photonic biosensor, the performance and efficiency can be assessed by various parameters like, 

sensitivity 𝑆 =
ΔθSPR

Δns
 RIU−1, detection accuracy D. A =

ΔθSPR

Δθ0.5
 and quality factor or figure of merit Q =

S

Δθ0.5
 RIU−1  
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4. RESULT AND DISCUSSION 

4.1. In our proposed biosensor the coupling prism of BK7 glass of R.I. = no = 1.51 is taken. Metal layer of gold 

(Au) has thickness d1 = 47nm, 23nm, 15nm and 8.6nm and repeated profile N = 1, 2, 3, 4 and 5 with R.I. n1 = 

0.16195+i3.20991. The dielectric SrTiO3 of R.I. n2 = 2.389 and constant thickness d2 = 0.65 nm is taken. Thin graphene 

layer has R.I. = n3 = 3.0+i1.4 with thickness d3 = 0.34 nm. 

As shown in fig 2(a), there are five curves showing variation of reflectivity (R) with incident angles (θ) taking 

layers N = 1, 2, 3, 4 and 5. 

Table (1) shows all of the details about curves by calculation. It is clear that the resonance angle θSPR, increases 

with increase in number of layer from N = 1 to N = 5. The value R is nearly zero (minimum) at θ = θSPR. The reflectivity 

R = Rmax increases first and then decreases as N increases but it is larger than 0.92. The value of full width half maxima 

(FWHM) is the lowest 8.26⁰ for N = 1 and then increases upto 10.13⁰ for N = 5. As N increases, the sensitivity also 

increases starting from minimum 180⁰RIU-1 for N=1 to maximum 196⁰RIU-1 for N=5. The detection accuracy (D. A.) 

decreases continuously from 0.1089 for N = 1 to 0.0967 for N = 5. The quality factor decreases from 21.791RIU -1 for 

N=1 to 19.3484RIU-1 for N = 5. 

To calculate sensitivity (s), we have taken two RI values 1.330 and 1.335 and drawn curves 2(b), 2(c), 2(d), 2(e) 

and 2(f). By fig 2(b), ΔθSPR=0.90⁰, Δn = 0.005, for N = 1, S=180⁰RIU-1. By fig 2(c), ΔθSPR=0.92⁰,Δn = 0.005, for N = 2, 

S=184⁰RIU-1. By fig 2(d), ΔθSPR=0.96⁰,Δn = 0.005, for N = 3, S=192⁰RIU-1. By fig 2(e), ΔθSPR=0.97⁰,Δn = 0.005, for N 

= 4, S=194⁰RIU-1. By fig 2(f), ΔθSPR=0.98⁰,Δn = 0.005, for N=5,S=196⁰RIU-1. Thus maximum increase in sensitivity is 

for N =3 as also shown in fig 3. where S vs N curve is drawn. 

Thus our proposed SPR biosensor is far better than that of others [15, 16], showing high value of sensitivity and 

quality factor. 

 

 

Fig.2 (a) Repeated layered SPR Biosensors (Au, SrTiO3, Graphene) for N=1,N=2,N=3,N=4,N=5 
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Fig.2(b) Sensitivity of SPR Biosensor (Au, SrTiO3, Graphene) for N=1 repeated layer 

 

Fig.2(c) Sensitivity of SPR Biosensor (Au, SrTiO3, Graphene) for N=2 repeated layers 

 

Fig.2(d) Sensitivity of SPR Biosensor (Au, SrTiO3, Graphene) for N=3 repeated layers 
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Fig.2(e) Sensitivity of SPR Biosensor (Au,SrTiO_3,Graphene) for N=4 repeated layers 

 

Fig.2(f) Sensitivity of SPR Biosensor (Au,SrTiO_3,Graphene) for N=5 repeated layers 

 

Fig.3 Variation of Sensitivity of SPR Biosensors with no of repeated layer N = 1, 2, 3, 4, 5 
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TABLE-1 

Details of proposed biosensor with results obtained 
No of 

repeated 

Layer 

Au width, 

optical 

length(nm) 

SrTiO3 

Width 

(nm) 

Graphene 

Width 

(nm) 

Resonance 

Angle 

θSPR 

Rmax FWHM 

Δθ0.5 

Sensitivity 

Deg/RIU-1 

Detection 

accuracy 

Quality 

factor 

N=1 47 0.65 0.34 75.41 0.9493 8.26 180 0.1089 21.7910 

N=2 23 0.65 0.34 75.61 0.9517 8.71 184 0.1056 21.1250 

N=3 15 0.65 0.34 75.84 0.9455 9.17 192 0.1046 20.9378 

N=4 11 0.65 0.34 76.14 0.9350 9.62 194 0.1008 20.1663 

N=5 8.6 0.65 0.34 76.50 0.9293 10.13 196 0.0967 19.3484 

 

4.2. CSF ANALYSIS FOR DETECTION OF INFECTIOUS DISEASES OF THE BRAIN AND SPINAL   

         CORD. 

  The plasmonic biosensing device is one of the useful technologies for rapid and advanced sensing of biological 

samples [17]. Together with it, photonic biosensing techniques are advantageous due to accuracy consistency of results, 

rapid responses and relatively lower cost [18,19]. In recent years, photonic biosensing technology based optical sensing 

has emerged as a hot research field for the service of mankind. Motivated by the above mentioned excellent sensing 

capabilities of photonic SPR biosensor, in this paper, we have explored one of the possible ways by which 1DPC with 

defect layer (CSF medium) can be efficiently used to detect diseases of brain and spinal cord. 

CSF is a clear, colourless watery fluid that flows in and around our brain and spinal cord. The brain and spinal 

cord[20] make up central nervous system. It controls and coordinates everything we do including our ability to move, 

breathe, see, think and more. It acts like a cushion that helps protect the brain and spinal cord from sudden injury. The 

fluid also removes waste products from the brain and helps our central nervous system work properly. 

A CSF analysis is a group of tests that uses a sample of fluid taken from spinal cord by lumbar puncture. R. I. is 

one of the important parameters [21] in biomedical diagnosis of CSF, working as a biosensing material kept in the 

proposed SPR structure as defect layer. The samples of different concentrations with different types of infections have 

different R.I. values. The SPR biosensor is very sensitive to small change of R.I. There are separate SPR angles 

corresponding to minima of reflectance curves drawn for each index value as shown in fig (3a) and (3b). The sample of 

CSF with index 1.3333 is infectionless and those with values higher than 1.3333 show diseases according to concentration 

as given in table (2)[22]. 

Fig.3(a) Detection of different sensing brain tissue with SPR Biosenor (Au,SrTiO3,Graphene for N=3 & d=15 nm) 
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Fig.3(b) Detection of different sensing brain tissue with SPR Biosenor (Au,SrTiO3,Graphene for N=3 & d=5 nm) 

TABLE-2 

Details of CSF with obtained results 
 

Tissue 

 

Density 

 

% 

Water 

 

R.I. 

Mean 

d = 15 nm d = 5 nm 

Resonance 

Angle θR 

Reflectivity Resonance 

Angle θR 

Reflectivity 

CSF 1.000 100 1.3333 76.48⁰ 0.0002 - - 

Wall of solid brain abscess 1.028 97 1.3412 77.98⁰ 0.0032 - - 

Multiple sclerosis 1.031 96 1.3425 78.24⁰ 0.0041 - - 

Oligodendroglioma 1.056 94 1.3531 80.50⁰ 0.0222 - - 

Gray matters 1.186 80 1.3951 84.06⁰ 0.7902 80.42⁰ 0.5946 

White matters 1.237 70 1.4121 - - 83.08⁰ 0.5339 

Low grade gloma 1.286 58 1.4320 - - 87.11⁰ 0.3049 

Medulloblastoma 1.318 53 1.4412 - - 88.81⁰ 0.0120 

Glioblastoma 1.343 49 1.4470 - - 88.66⁰ 0.1855 

Lymphoma 1.378 42 1.4591 - - 87.03⁰ 0.6888 

Metastasis 1.381 40 1.4602 - - 86.89⁰ 0.7119 

 

From table(2) and from the R vs θ curves shown in fig 3(a), it is clear that CSF samples taken from spinal cord 

with water content 100 % to 80 % and corresponding refractive index values from n=1.3333 to 1.3951 show clear 

minimum reflectivity at θSPR with values from 76⁰ to 81⁰. The gray matter-fluid of n=1.3951 shows θSPR = 86.06⁰ with 

rather high reflectivity R=0.7902 showing nearly flat curve and thus  the position of minima is not sharp.  

For the fluids with values of n = 1.4121 to 1.4602 and water content 70% to 40%, the reflectivity curves merge 

together showing flatness without minima points at d=15 nm as shown in fig3(a). To get sharp minima for these fluids, 

we have drawn another fig3(b) with R vs θ curves by decreasing thickness to  d= 5 nm but same N=3. The minima points 

are found between 80⁰ to 89⁰ including gray matter fluid of n=1.3951 for which θSPR = 80.42⁰ with this decreased thickness 

and it was at θSPR = 84.06⁰ in fig3(a) with thickness d=15 nm.  

Thus this proposed high sensitive biosensor provides real time detection of types of infections with different 

refractive index values directly observed from the R vs θ curves. This will help the patient save time and money both. 
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5. CONCLUSION 

We have investigated theoretically the performance of proposed one dimensional photonic SPR based biosensor 

for the detection of brain and spinal cord diseases. In this study we have chosen suitable structural parameters for the 

nanostructure. The laser light beam of wavelength λ= 632.8 nm is used for high quality analysis of biosensing medium 

(CSF). The real time diagnosis of infections in the fluid found in or around brain and spinal cord has been done. This SPR 

based nanobiosensor technique is one of the most promising tools because it is continuously progressing and involving to 

be more suitable to emergency care or diseases outbreak. We hope that this highly sensitive biosensor will be used for 

DNA hybridization detection, medical diagnostics, enzyme detection, food safety and environmental monitoring in future. 
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