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A wide range glucose concentration detection method based on surface plasmon resonance in near infrared wave is 

proposed. A novel prism coupling structure is designed for glucose concentration sensor, and the indium tin oxide(ITO) 

film and ZnO-graphene hybrid nano-sheet is chosen to enhance surface plasmon resonance based on Au nanowires array. 

The thickness of each dielectric layer for the structure designed are analyzed to get the optimal value by finite element 

method, in order that the sensitivity of glucose concentration sensor is able to be enhanced greatly. The optimal thickness 

of each dielectric layer are given, and the sensitivity of surface plasmon resonance glucose concentration sensor can 

reach as high as 0.0395º/(g/L) conc. in the wide detection range of glucose concentration, 0g/L～100g/L conc. And the 

relationship between glucose concentration and surface plasmon resonance angle are obtained in the detection range of 

glucose concentration. 
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1. Introduction 

 

The test and detection devices based on surface 

plasmon resonance (SPR) have been paid more and more 

attention and have become a research hotspot[1-3]. The 

continuous, rapid and security detection of glucose 

concentration is an important technology in the 

biomedical field, and also is an important research 

direction in the biomedical field. For the detection of 

glucose concentration, there are some conventional and 

mature detection methods such as fluorescence 

method[4], glucose oxidase method[5], electrochemical 

method[6], laser roman spectrum[7] and fiber-optic 

method[8]. However, there is no research on wide range 

and high sensitivity glucose concentration detection by 

means of SPR so far, which could be helpful to develop a 

new optical detection device for glucose concentration 

detection. Thus, a novel structure based on SPR is 

designed to make a new glucose concentration sensor in 

this paper, which has the ability of glucose concentration 

detection and has features of higher sensitivity, higher  

accuracy, wider range and easy operation, compared with 

the conventional sensor and detection method.    

SPR is the phenomenon that the free electron in 

metal surface on the interface will be caused to resonate, 

while  the total internal reflection phenomenon exist on 

the interface between two mediums of metal-dielectric 

with different refractive index, as the incident light 

penetrates through the interface[9,10]. The reflection 

decreased greatly at a certain angle as surface plasmon 

resonance occurs and the corresponding angle is called 

SPR angle[11,12]. However the SPR angle changes 

correspondingly, as the refractive index of the sensing 

medium close to the metal surface varies. And this 

implies that the change in SPR angle could be 

determined by physicochemical properties of the sensing 

medium. It is found that by the study in this paper, the 

SPR angle changes with glucose concentration(sensing 

medium) because of the change in the refractive index 

changing with glucose concentration, and the relationship 

between the SPR angle and glucose concentration is 

given, which could provide a further theoretical 

preparation for making glucose concentration SPR 

detecting device in the future. 

 

2. Theory and structure design  

 

The surface plasmon resonance is very sensitive to 

the refractive index variation in sensing medium layer. 

And the refractive index of the glucose solution layer is 
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caused to change by the glucose concentration and 

increase with the increasing of the glucose concentration. 

The relationship between glucose concentration and 

corresponding refractive index are shown as Fig. 1[13]. 

In this paper, there are various nanomaterial 

considering to be added into the structure while it is 

designed, in order to furthest enhance the sensitivity of 

glucose concentration SPR sensor. Metal nanowires 

arrays systems has a strong ability of absorbing incident 

light at specific frequencies of SPR[14-18]. Compared to 

conventional SPR sensor based on metal nano-film, an 

optimal metal nanowire structure can provide a greatly 

sensitivity enhancement (eg. by 3.44 times[19]). 

However, Au nanowires arrays have a good optical 

extinction properties[20]. Thus, Au nanowires arrays are 

chosen to enhance the sensitivity of SPR sensor designed 

in this paper. 
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Fig. 1. Relationship between glucose concentration and 

refractive index 

 

Two-dimensional nanomaterials have an extremely 

strong absorption properties, and are very suitable for the 

adsorption of adsorbate materials because of their large 

surface-to-volume ratio and highly conductive nature[21].  

Indium tin oxide(ITO) film is a transparent oxide 

semiconductor that has wide gap[22], and has a good 

support for surface plasmon resonance wave(SPW) at the 

ITO-dielectric interface[23]. Thus, ITO is chosen to 

enhance the sensitivity of glucose concentration SPR 

sensor. 

Graphene has high absorption coefficient from UV 

to far IR light(~2.3%)[24,25], the charge carrier mobility 

of graphene can reach as high as 106 cm2V−1s−1[26], 

and graphene can be used to enhance SPR. 

ZnO-graphene hybrid nano-sheet is also chosen to 

enhance the sensitivity of glucose concentration SPR 

sensor, because there exists wide energy band and high 

exciton binding energy for Zn oxide (ZnO)[27-30]. ZnO 

is a wide band gap semiconductor(3.37eV) and has a 

high exciton binding energy[31], which has an important 

influence on optical absorption. And the composite layer 

of ZnO attachment to graphene can work better than the 

individual graphene for SPR enhancement. 
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Fig. 2. Structure designed for the glucose concentration  

sensor (color online) 

 

A novel prism coupling structure was designed for 

the glucose concentration sensor, which is composed of 

polymer prism, ITO, Au, ZnO-Graphene and the sample 

medium layer successively, as shown in Fig. 2. The 

polymer prism is the micro-prism made of polymer 

materials, the refractive index( 0n ) is 1.4. For the two 

materials, ITO and Au, the dielectric constant is given by 

Drude Lorentz model: 
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Where λp and λc denote the plasma wavelength and the 

collision wavelengths respectively, For ITO, the values 

of the plasma wavelength and the collision wavelength 

are used: λp=5.6497×10
−7m and λc=11.21067×10

−6m[32], 

and For Au, the values of the plasma wavelength and the 

collision wavelength are used: λp=1.6826 × 10−7 m and 

λc=8.9342×10
−6m[33]. And the refractive index of ITO 

(n1) and Au(n2) are 0.0819+1.2362i and 0.2725+5.2342i 

respectively. The refractive index of ZnO (n3)is 1.96[34]. 

The refractive index of graphene (n4) is 2+0.56i[35], the 

monolayer thickness of which is 0.34nm, and the 

multilayer thickness is L×0.34nm (L is the layer number). 

The sample medium layer is glucose resolution, its 

refractive index depends on the glucose concentration. 

The wavelength is chosen of near infrared wave (900nm) 

for the incident light, to analyze and research in theory 

and experiment. 

The finite element method is used for theoretical 

analysis. The finite element method is to divide the 

computational domain into finite elements. In each 

element, the differential equation is solved in discrete form 

by means of the variational principle, so as to obtain the 
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solution of electromagnetic problems. The incident light, 

p-polarized light, falls on the metal layers through the 

prism by the total reflection. There exists an evanescent 

wave whose amplitude is decayed exponentially normal to 

the interface by the total reflection. When  
sp0x Re kk  , 

surface plasmon, at the interface of the metal and dielectric, 

are excited by the evanescent wave. The relationship 

between them are given as follows:  

2
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where, 0xk is the wave number vector of the incident light 

across the medium, spk is the wave number vector of the 

surface plasmon wave, jε (j=0,1,2,3,4,5) is the dielectric 

constants of each medium layer including the prism, Au, 

MoS2, GO, and the sensing medium layer respectively. 

jn (j=0,1,2,3,4,5) is the refractive index correspondingly, 

c is the speed of light in vacuum, and  is the frequency 

and is the angle of incidence.  

When the incident light is p-polarized light, the 

reflection coefficient R can be given, according to the 

Fresnel equation and the reflectivity equation, as follows: 
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(p=0,1,2,3,4. q=1,2,3,4,5. j=0,1,2,3,4,5). 

 

 

3. Results and discussion  

 

The optimum thickness are 2nm, 40nm, 3nm, and 

2×0.34nm for ITO, Au, ZnO and Graphene respectively, 

which are obtained by changing one dielectric layer 

thickness while other dielectric layer thickness fixed.  

The SPR spectrum for different layer number of 

Graphene, L = 1, 2 and 3, are shown as Fig. 3(a), where 

the thickness are 2nm, 40 nm and 3nm for ITO, Au and 

ZnO respectively. The solid line spectrum stands for n= 

1.324 and the dash line spectrum stands for n=1.342 for 

the refractive index of sensing medium. It is found that 

from Fig.3(a), the SPR peak spectrum is not good for the 

two limit refractive index as L=1 and L=3, only when 

L=2, the SPR peak spectrum is both good for the two 

limit refractive index. And it is also found that, the 

double-layer Graphene is also optimum and suitable for 

other thickness of all the other layer medium by study 

using the finite element method.  

 The SPR spectrum for different thickness of Au 

layer, dAu = 35nm, 40nm, and 45nm are shown as Fig. 

3(b), where the thickness are 2nm, 3nm and 2×0.34nm 

for ITO, ZnO and Graphene respectively. The solid line 

spectrum stands for n= 1.324 and the dash line spectrum 

stands for n=1.342 for the refractive index of sensing 

medium. It is found that from Fig. 3(b), the SPR peak 

spectrum is not good for the two limit refractive index as 

dAu = 35nm and dAu = 45nm, only when dAu = 40nm, the 

SPR peak spectrum is both good for the two limit 

refractive index. And it is also found that, the 40nm, 

thickness of Au layer, is also optimum and suitable for 

other thickness of all the other layer medium by study 

using the finite element method.  

The effects of thickness of ITO layer on SPR angle, 

for the two different glucose concentration, c =0g/L and 

c =100g/L, are shown as Fig. 4(a), where the thickness 

are 40nm, 3nm, 2×0.34nm for Au, ZnO, Graphene 

respectively. It is viewed that, the SPR angle move 

towards the large angle both for c =0g/L and c =100g/L, 

that is, the SPR angle increases both for c =100g/L and 

c =0g/L, with the thickness of ITO layer increasing. 

However, the SPR angle increases more for c =100g/L 

than that for 0g/L, as the thickness of ITO layer increase. 

Thus, the sensitivity is enhanced when the thickness of 
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ITO layer increase, but there is a better SPR peak at 2nm 

than that at other three thickness both for the two 

concentration limit. And it is obtained that the optimum 

thickness of ITO layer is 2nm based on the enhancement 

of sensitivity.  
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Fig. 3. SPR spectrum (a) for different number of 

graphene layer for L= 1, 2 and 3. (b) for different 

thickness of Au layer for dAu= 35nm, 40nm and 

45nm.The solid line spectrum and dash line spectrum 

stands for the refractive index of sensing medium 

n =1.324 and n =1.342 respectively (color online) 

 

The effects of thickness of ZnO layer on SPR angle, 

for the two different glucose concentration, c =0g/L and 

c =100g/L, are shown as Fig. 4(b), where the thickness 

are 2nm, 40nm, 2×0.34nm for ITO, Au, Graphene 

respectively. It is viewed that, the SPR angle move 

towards the large angle both for c =0g/L and c =100g/L, 

that is, the SPR angle increases both for c =100g/L and 

c =0g/L, with the thickness of ZnO layer increasing. 

However, the SPR angle increases more for c =100g/L 

than that for 0g/L, as the thickness of ITO layer increase. 

Thus, the sensitivity is enhanced when the thickness of 

ZnO layer increase, but there is a better SPR peak at 3nm 

than that at other three thickness both for the two 

concentration limit. And it is obtained that the optimum 

thickness of ZnO layer is 3nm based on the enhancement 

of sensitivity.  

74 76 78 80 82 84 86 88 90
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Incident  Angle (deg.)

R
ef

le
ct

iv
it

y

 

 

dITO=1nm

dITO=2nm

dITO=3nm

dITO=4nm

g/L0c g/L100c

   

(a) 

74 76 78 80 82 84 86 88 90
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Incident  Angle (deg.)

R
ef

le
ct

iv
it

y

 

 

dZnO=2nm

dZnO=3nm

dZnO=4nm

dZnO=5nm

g/L0c

g/L100c

 

(b) 

Fig. 4. The effect of (a) thickness of ITO layer (for dITO 

= 1nm, 2nm, 3nm and 4nm) on SPR angle, (b) thickness 

of ZnO layer (for dZnO = 2nm, 3nm, 4nm and 5nm) on 

SPR angle, for different glucose concentration, 

c =0g/L and c =100g/L (color online) 

 

Thus, the thicknesses of 2nm, 40nm, 3nm and 

0.68nm are chosen for ITO, Au, ZnO and Graphene 



Glucose concentration sensor based on enhanced surface plasmon resonance by ITO film using Au nanowires array …  249 

 

respectively, for the structure designed. And the figure of 

merit, SPR spectrum for the glucose concentration, the 

effect of glucose concentration on the SPR spectrum for 

the structure designed is shown as Fig. 5, where the SPR 

spectrum for the glucose concentration, c=0g/L and 

c=100g/L, are given. Au nanowires array and 

two-dimensional nanomaterials, such as ITO, ZnO and 

Graphene, have extremely strong absorption properties. 

Besides, the combination of multi-layer muduim could 

show a better optical performance than single medium. 

Thus, the surface plasmon resonance effect can be 

greatly enhanced by them, so that the energy of the 

output light has a sharp drop at the position of the 

resonance angle. And the SPR spectrum changes because 

of the different glucose concentration. Concretely 

speaking, the SPR spectrum moves towards the higher 

glucose concentration, the SPR angle shifts to the higher 

glucose concentration correspondingly and increases 

significantly with the increasement of the glucose 

concentration.   

The sensitivity of the SPR sensor or SPR glucose 

concentration sensor can be defined as  
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       (6) 

where, △θSPR is the change in resonance angle,△n is 

the the change in refractive index, △c is the change in 

glucose concentration, Sn and Se are the sensitivity of 

SPR sensor and SPR glucose concentration sensor 

respectively. 
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Fig. 5. SPR spectrum with different glucose concentration, 

c =0g/Land c =100g/L (color online) 

 

 

The relationship between SPR angle and 

corresponding glucose concentration is given, as shown 

in Fig. 6, where the solid line stands for theoretical value, 

and the dot line stands for experiment value. It is showed 

that the SPR angle increases accordingly as the glucose 

concentration increases gradually, and there exists linear 

relationship between SPR angle and glucose 

concentration in the scope of glucose concentration, 0g/L 

conc.～100g/L conc.. Here, the reason why there exists 

linear relationship between SPR angle and glucose 

concentration, in the scope of glucose concentration, 

0g/L conc.～100g/L conc.. It is because there exists a 

linear relationship between the refractive index and 

glucose concentration in the scope of glucose 

concentration, 0g/L conc.～100g/L conc.. The glucose 

concentration gradually increases in the scope of 

concentration, 0g/L conc.～100g/L conc., the refractive 

index also increases linearly with the glucose 

concentration correspondingly. So that SPR angle also 

increases linearly with the refractive index of glucose 

solution layer in the scope of glucose concentration, 0g/L 

conc.～100g/L conc.. 

Besides, the SPR angle shifts significantly, ranging 

from 79.44º to 83.39º, in the scope of glucose 

concentration, 0g/L conc.～ 100g/L conc.. Thus, the 

detection range of glucose concentration sensor is 0g/L～

100g/L conc., the shift of SPR angle is 3.95º at the 

detection range, and also the sensitivity reached as high 

as 259.87º/RIU in terms of refractive index change, 

which has higher sensitivity compared with other sensor, 

such as the sensors with sensitivity of 59.5º/RIU[36], 

75.0º/RIU[37], 83º/RIU[38], 121.67º/RIU[39], 

181.95º/RIU[40] and 194º/RIU[41]. Then the sensitivity of 

SPR glucose concentration sensor reaches 

0.0395º/(g/L)conc. in terms of glucose concentration 

detection.  

http://dict.cnki.net/dict_result.aspx?searchword=%e6%9e%81%e5%bc%ba&tjType=sentence&style=&t=extremely+strong
http://dict.cnki.net/dict_result.aspx?searchword=%e5%85%b7%e4%bd%93%e8%80%8c%e8%a8%80&tjType=sentence&style=&t=concretely+speaking
http://dict.cnki.net/dict_result.aspx?searchword=%e5%85%b7%e4%bd%93%e8%80%8c%e8%a8%80&tjType=sentence&style=&t=concretely+speaking
http://dict.cnki.net/dict_result.aspx?searchword=%e6%98%be%e8%91%97&tjType=sentence&style=&t=significantly
http://dict.cnki.net/dict_result.aspx?searchword=%e6%a3%80%e6%b5%8b%e8%8c%83%e5%9b%b4&tjType=sentence&style=&t=detection+range
http://dict.cnki.net/dict_result.aspx?searchword=%e6%a3%80%e6%b5%8b%e8%8c%83%e5%9b%b4&tjType=sentence&style=&t=detection+range
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Fig. 6. Relationship between SPR angle and glucose 

concentration 

 

4. Conclusion  

 

In this paper, a novel prism coupling structure based 

on SPR is designed for the wide-range glucose 

concentration Sensor, and the thickness of each medium 

layer was optimized to get the good SPR spectrum and 

the high sensitivity. The sensitivity can reach as high as 

259.87º/RIU in terms of refractive index change, and the 

sensitivity of SPR glucose concentration sensor reaches 

as high as 0.0395º/(g/L) conc. in the wide detection range 

of glucose concentration, 0g/L conc.～100g/L conc. And 

the relationship between SPR angle and glucose 

concentration is given, based on this, the making of a 

new optical detection device, SPR detecting device with 

a higher sensitivity, has a sufficient theoretical 

preparation.  
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