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Summary 

 

A three-layer optical system “prism - gold nanolayer – dielectric” was investigated for the effect of the refractive index of the 
prism (first layer) and the permittivity of the dielectric (third layer) with the constant parameters of the gold nanolayer (second 
layer) on the reflection coefficient of the system under consideration. The studies were carried out accurately in view of the 
modeling of a real experiment by the transfer matrix method. The dependences of the reflection coefficient of the three-layer 
system on the wavelength λ at different values of the varied parameters were obtained. 
 
1. Introduction 
 

The transfer matrix method is used to calculateеру complex optical sensor systems. This method, on the one hand, allows 
calculate rather complex (multilayer) systems, although it is an approximate method. And, on the other hand, it is quite accurate 
and allows to actually simulate a real experiment in sens of the resonant wavelength and resonant incidence angle values 
finding. 
 
2. Formulation of the problem 
 

The matrix transfer method is based on the use of two types of 2×2 matrices [1]. These are the dynamic matrix Dα,β , which 
describes the processes of light reflection and transmission at the interface between layer with number α and layer with number 
β, and the propagation matrix Pα, which determines the propagation of direct and reflected waves in layer with number α: 
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In these definitions, the coefficients of reflection 𝑟𝛼,𝛽, transmission 𝑡𝛼,𝛽 and propagation 𝑘𝛼 are determined by the Fresnel and 
Airy formulas [2] and have the form: 
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Here 𝑛1 corresponds to the refractive index of the prism 𝑛p, and angle 𝛼 is the incidence angle of light (in degrees). 
 

A typical three-layer optical scheme “prism - gold nanolayer – dielectric” was considered and the effect of two factors (the 
refractive index of the prism (first layer) and the permittivity of the dielectric (third layer)) on the resonant wavelength and 
resonant angle of incidence (the main sensory characteristics) was investigated. The parameters of the gold nano-layer (the 
second layer) were assumed to be constant. 
 
The resonant mode at the calculations was selected from the condition of the maximum value of the ratio of the depth of the 
reflection coefficient minimum to its half-width and from the condition of the maximum sensitivity of the refractive index value 
to the change in the permittivity of the dielectric (third layer). 
 
 
 
 



3. Conducted Research 
 
The calculations were performed in the widest possible range of prism refractive indices np ={1.44;  1.55; 1.66; 1.77; 1.88; 
1.99; 2.10; 2.21; 2.32; 2,42}. These values cover almost the entire range of refractive indices for optical glasses used in prisms 
(the first layer). And even includes some exotic values [3], such as 2.42 for diamond. 
 
For permittivity values of the dielectric ε (третій шар) three values typical in the studies were chosen: ε={1.742; 1.784; 2.341}. 
The first two of them correspond to water in the temperature range from 0°С to 100°С [4], and the third value corresponds to 
a layer of DNA molecules used in biosensors [3]. 
 
4. Results 
 
Figure 1 shows some (12 out of 30) of the results of the reflection coefficient calculations for the research system. 
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Figure 1. Dependence of the reflection coefficient R of the three-layer system “prism - gold nano-layer - sensor dielectric” on 
the wavelength λ (nm). The numbering of the curves in each of the four graphs corresponds to the following values of the 
permittivity ε of the sensor dielectric: curves 1 - correspond to 𝜀 = 1.742; curves 2 - correspond to 𝜀 = 1.784; curves 3 - 
correspond to 𝜀 = 2.341. Graphs a - correspond to the values 𝑛p = 1.44, 𝛼res = 66.4°; graphs b - correspond to the values 
𝑛p = 1.77, 𝛼res = 48.2°; graphs c - correspond to the values 𝑛p = 2.10, 𝛼res = 38.9°; graphs d - correspond to the values 
𝑛p = 2.42,  𝛼res = 33.0°.  
 
References 

 
 [1]. Y.Wang,, S. Gao, X. Zhang, H. Chen, I. Drevensek-Olenik, R. A Rupp, J.Xu, “Transfer matrix method for light 

propagation in variable complex chiral media,” Physical Review E, 104, 6, December 2021, p. 064702. doi: 
https://doi.org/10.1103/PhysRevE.104.064702.  

[2]. M. Born, E. Wolf, “Principles of optics: electromagnetic theory of propagation, interference and diffraction of light,” 
Elsevier, 2013, 808 p. 

[3]. A. Suprun, L. Shmeleva, “Resonance Characteristics and Their Physical Mechanisms in DNA Receptors of Biosensors,” 
41st International Conference on Electronics and Nanotechnology (ELNANO), IEEE, October 2022, pp. 334-338. 
doi: 10.1109/ELNANO54667.2022.9927025. 

[4]. A. D. Suprun, L. V. Shmeleva, “Conditions changing for the surface plasmon resonance realization in optical sensors 
under the temperature influence,” European Physical Journal Plus, 137, 5, May 2022, p. 580. doi: 
https://doi.org/10.1140/epjp/s13360-022-02798-1. 

 

https://doi.org/10.1103/PhysRevE.104.064702
https://doi.org/10.1109/ELNANO54667.2022.9927025
https://doi.org/10.1140/epjp/s13360-022-02798-1

