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Abstract. The effect of the substrate material combined with a polytetrafluoroethylene 

(PTFE) overlayer on the sensitivity of optical sensors based on surface plasmon resonance 

(SPR) in the Kretschmann geometry has been investigated. The experiments were 

performed at a fixed excitation wavelength of surface plasmons using a gold plasmon-

supporting layer. The testing of the sensor elements was carried out by cyclic displacement 

of ambient air by inert helium in the flow cell. A comparative analysis of the characteristics 

of SPR sensors on substrates made of F1 optical glass and styrene-acrylonitrile (SAN) 

polymer was carried out in both the presence and absence of a PTFE overlayer on the gold 

film surface. It was established that replacing the glass substrate with the polymer (SAN) 

causes an increase in sensitivity from 45.8 to 48.1 deg/RIU due to a decrease in the 

refractive index; however, it doubles the figure of merit (FOM) from 26.2 to 50.1 RIU
–1

. 

The application of the PTFE overlayer for both sensor types led to an increase in 

sensitivity: from 45.8 to 74.4 deg/RIU for the glass substrate, and from 48.1 to 

52.1 deg/RIU for the polymer substrate. In addition to enhanced sensitivity, the use of the 

polymer material allows for reducing the cost of the final product, simplifying the stages of 

precision surface treatment. An additional advantage is the narrowing of the resonance 

curves, which significantly improves the accuracy of the resonance angle registration. 
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1. Introduction 

In the modern world, there is a growing demand for 

highly accurate and sensitive sensor systems capable of 

real-time monitoring and control of various processes 

and conditions, which in turn drives the development of 

optical sensors. Optical sensors occupy an important 

position among contemporary analytical systems due to 

several significant advantages over other types of 

sensors, including electrochemical, amperometric, and 

semiconductor-based ones [1]. Unlike electrochemical 

sensors, they do not require direct electrical contact with 

the medium, which is particularly important when working 

with aggressive or biologically active substances. These 

include sensors based on the phenomenon of surface 

plasmon resonance (SPR). SPR technology opens up new 

possibilities for label-free analysis of biological and  
 

chemical objects in real time. In medicine, such sensors 

are used for early disease diagnosis and biomarker 

detection [2–4]; in immunology, SPR systems enable the 

investigation of specific antigen–antibody interactions 

[5]; in genetics, they allow the detection of DNA 

mutations [6]; and in veterinary science, they facilitate 

the rapid identification of infectious agents in animals 

[7]. In industry, these technologies are applied for quality 

control of products and technological processes [8, 9]. 

SPR sensors also play a crucial role in environmental 

monitoring, enabling the detection of harmful 

contaminants in air and water [10, 11]. 

Gas sensing is one of the key areas of modern 

science and technology, enabling air quality control, 

industrial process safety, and environmental monitoring 

[12]. Particular attention is paid to sensors based on the 

phenomenon of SPR, which are distinguished by high  
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sensitivity and rapid response [13]. Due to the ability of 

SPR to respond to changes in the refractive index near a 

metal surface, these sensors can effectively detect even 

low concentrations of gases. Furthermore, advances in 

nanotechnology contribute to the improvement of SPR 

sensor designs [14, 15], enhancing their sensitivity and 

selectivity regarding specific gaseous substances. To 

achieve this, researchers have employed additional 

organic polymer layers such as calixarenes [16, 17], as 

well as metal oxides [18, 19]. In [19], the authors 

proposed an SPR sensor for n-hexane vapors 

incorporating an additional 20 nm zinc oxide layer 

fabricated using the sol–gel method [20], which exhibited 

four times higher sensitivity to n-hexane compared to the 

SPR sensor without the additional zinc oxide layer. The 

authors of [21] applied an SPR sensor for the detection of 

inert gases, specifically argon and helium; the limit of 

detection for the described sensor stood at 2.2·10
–1 

RIU. 

Composite materials based on metal nanoparticles have 

also been widely explored. In particular, in [22], silver 

nanoparticles stabilized with branched polyethyleneimine 

(BPEI) and citric acid (CIT) were used as an active 

coating for SPR gas sensors. The authors demonstrated 

that these materials exhibit high sensitivity to ethanol and 

water vapors, while selectivity toward analytes depends 

on the nature of the organic coating. Based on the data 

presented in [22] and with account of the hydrophilic 

nature of the gold film surface, atmospheric moisture 

poses a significant challenge to the sensing element. The 

simultaneous adsorption of target molecules and water 

molecules from the air introduces substantial 

measurement errors. Consequently, utilizing a protective 

hydrophobic layer on the plasmon-supporting gold film 

serves as an effective approach to minimize moisture-

induced interference during SPR sensor response 

measurements. 

Polytetrafluoroethylene (PTFE) is a promising 

protective material for mitigating surface hydrophilicity. 

Due to its high thermal stability and chemical inertness, 

PTFE ensures the resistance of the sensor elements to 

moisture, which is a prerequisite for obtaining reliable 

and accurate measurement results. In SPR sensors, an 

additional PTFE layer has been used both as an 

intermediate layer between the prism and the metal to 

excite long-range surface plasmons [23] and as a top 

filtering layer for the separation of small molecules in 

aqueous solutions [24]. In our previous work [25], an 

SPR sensor for volatile compounds was proposed, 

incorporating an additional PTFE layer on an optical 

glass substrate (F1 grade, refractive index nD = 1.6128) 

and a gold plasmon-supporting layer with a thickness of 

50 ± 2 nm. It was demonstrated that the application of a 

PTFE film enhanced the sensor response for samples 

with PTFE layer thicknesses of 30 and 40 nm when 

exposed to saturated vapors of methanol, ethanol, acetone, 

and isopropanol, due to an increase in the effective 

interaction surface area. The highest response was 

observed for the sensing element with a 30 nm PTFE 

layer, showing nearly a three-fold increase in response to  

 

saturated acetone vapors compared to films without 

PTFE. Consequently, the PTFE overlayer has a dual 

purpose: providing a protective function and enhancing 

the sensor response. 

Reducing the cost of SPR sensors, particularly 

regarding the sensing element, is another critical direction 

in their development. The vast majority of SPR sensors 

utilize optical glass as a substrate for the plasmon-

supporting layer. However, optical glass is expensive due 

to stringent requirements regarding its optical 

characteristics and operations such as grinding and 

polishing. In addition, replaceable glass substrates with 

metal coatings are consumable components. Therefore, 

the transition to polymer substrates for SPR-based gas 

sensors represents a relevant direction for further 

development. For example, in [26], SPR sensor 

substrates made of optical polycarbonate (nD = 1.599) 

were used, and SPR excitation in air was demonstrated; 

however, the sensing properties of such a sensor 

concerning gas environments were not investigated. 

This study aimed to determine the effect of the sub-

strate material with a PTFE overlayer on the sensitivity 

of the SPR sensor, and to evaluate the feasibility of 

utilizing polymer substrates for SPR sensors designed to 

detect gaseous substances, particularly inert gases. 

 

2. Materials and methods 
 

The object of this study comprised two types of sensing 

elements for SPR-based sensors with a gold plasmon-

exciting layer. The first type consisted of a styrene-

acrylonitrile (SAN) polymer substrate (with a refractive 

index of nD = 1.5663) with and without an additional top 

PTFE layer. SAN was chosen as the substrate material 

due to its lower refractive index at the operating wave-

length (n650 = 1.5619) compared to optical polycarbonate 

(n650 = 1.5846), since refractive index directly affects 

sensor sensitivity: the lower the substrate refractive 

index, the higher the sensor sensitivity, as shown in the 

work [27]. The SAN polymer has several key advantages 

over polycarbonate: it is significantly cheaper to 

manufacture, has higher resistance to aggressive 

chemicals (especially detergents, fats, and solvents), and 

exhibits less moisture absorption. The second type of 

sensing element was based on optical glass (F1 grade,  

nD = 1.6128), also with and without an additional PTFE 

top layer. Both types of substrates were fabricated as thin 

plates with dimensions of 1×20×20 mm, with a tolerance 

not exceeding ± 0.1 mm. The surfaces of the glass 

substrates were mechanically polished to achieve a root-

mean-square roughness ≤ 4 nm. Prior to deposition of 

the plasmon-supporting layer and the PTFE film, the 

glass substrates were cleaned in an ultrasonic bath using 

a 1:1 mixture of hydrogen peroxide and ammonium 

hydroxide, followed by rinsing with distilled water and 

air drying at room temperature. The polymer substrates 

were supplied with a protective film, which was removed 

immediately prior to metal deposition in vacuum. 

A gold coating with a thickness of 48 ± 2 nm was 

deposited onto one side of the prepared substrate by  
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thermal evaporation in vacuum using a VUP-5M system. 

Before deposition, the glass substrates were pre-coated 

with a 2…4 nm thick chromium sublayer to enhance the 

metal adhesion to the glass surface. The deposition 

process was carried out at a residual pressure of 

(2…4)·10
–3

 Pa with a deposition rate of 5-6 nm/s. Real-

time thickness control was ensured using a KIT-1 quartz 

crystal microbalance. 

To form functional PTFE nanocoatings, the method 

of thermal evaporation of solid polymer particles in 

vacuum with additional electron activation was used [28, 

29]. Deposition of 40-nm thick PTFE films was carried 

out using a modified UVN-74 vacuum system. The eva-

poration process was carried out with a specially designed 

water-cooled electron-beam evaporator–activator. The 

use of an activation current of 10 mA at an accelerating 

voltage of 0.8 kV enabled not only a stable deposition 

rate in the range of 2 to 4 nm/s, but also in situ electron 

activation of polymer fragments during evaporation. 

The temperature regime was controlled at the eva-

porator, with a maximum heating temperature of 349 °C. 

Deposition was performed at a residual pressure in the 

working chamber of approximately (1.7…2.5)·10
–2

 Pa 

((1.7…2.5)·10
–4

 mbar), which ensured a sufficient mean 

free path of particles toward the substrate and promoted 

the formation of a mesoporous film structure. In situ 

monitoring of film thickness and growth rate was carried 

out using a four-channel quartz crystal microbalance 

system (Sigma Instruments SQM-242). To ensure 

coating uniformity and to enable analysis of aggregation 

processes during film growth, a substrate holder rotation 

system was employed. 

Surface microroughness was investigated using a 

NanoScope IIIa Dimension 3000™ atomic force 

microscope (Veeco Inc.). The scanning process was 

performed with silicon probes of the “Ultrasharp CSC38” 

series (Mikromasch, Germany), featuring a nominal tip 

radius of 10 nm. High resolution was ensured by the low 

noise level of the instrument (below 0.05 nm). The main 

structural parameters of the surfaces were calculated 

using the AFM data and Gwyddion 2.36 software. 

The optical constants of the gold and PTFE films 

(refractive index n, absorption index k), as well as their 

thickness d, were determined based on the measured 

refractometric characteristics of the SPR for the 

investigated samples in ambient air. 

The sensitivity S of the SPR sensor with different 

sensing elements was calculated according to the well-

known relationship, defined as the ratio of the reflectance 

curve minimum shift Δθ (sensor response) to the 

refractive index alteration ΔN of the analyzed substance 

interacting with the sensing surface. 

The refractometric characteristics of the investigated 

samples were measured using an SPR device Plasmon-6 

(V. Lashkaryov Institute of Semiconductor Physics, NAS 

of Ukraine). The instrument implements the prism-based 

excitation of surface plasmons in the Kretschmann con-

figuration [30]. The optical scheme of the sensor includes 

a semiconductor laser, a glass semipentaprism on which  

 

the investigated samples with a gold coating were placed, 

and a silicon photodetector. The wavelength of the semi-

conductor laser used for surface plasmon excitation was 

650 nm. Angular dependences of the reflection coefficient 

were obtained by mechanical scanning through prism 

rotation, followed by determination of the resonance 

angle, defined as the minimum of the reflectance curve. 

The sensor response was recorded as the angular shift Δθ 

of the resonance minimum in the reflection characteristic, 

caused by changes in the refractive index ΔN of the 

analyzed medium. The operating angular range of the 

device is 38…69°, corresponding to refractive index 

measurements in the range of 1.00 to 1.41. Plasmon-6 

can work with both gaseous and liquid media, so the 

range of measurement of the refractive index is as 

follows. The angular measurement range of the device 

for the excitation wavelength of surface plasmons  

λ = 650 nm specified in the article is limited by the 

optical geometry of the device. The angular resolution of 

the system is 3 arcseconds, which ensures the resolution 

at the determination of refractive index equal to 1·10
–5

. 

Glass and polymer substrates coated with gold and 

with gold and PTFE layers, respectively, were mounted 

onto the working surface of a semi-pentaprism (made of 

K8 glass, nD = 1.5141) of the Plasmon-6. Optical coupling 

between the substrate and the prism was ensured using an 

immersion liquid (microscope oil, nD = 1.518, Merck). 

The refractometric characteristics were measured in the 

periodic resonance-angle scanning mode. 

During the investigations, ambient air (nD = 

1.00028821 [31]) was utilized as a control gaseous 

medium, which was subsequently displaced by inert 

helium gas (nD = 1.000034387 [31]) to alter the refractive 

index of the medium above the respective sensing 

element. Concurrently, the dispersion of the refractive 

index was considered to calculate ΔN, specifically:  

n650 = 1.00028738 [31] for air and n650 = 1.000034348 

[31] for helium. It is understood that the values of the 

refractive indices for air and helium for a wavelength of 

650 nm were used, which differ from those for a 

wavelength of 589.3 nm, for which the refractive index is 

most often indicated in tabular data. The displacement of 

air by helium resulted in a refractive index change of  

ΔN = –0.000253. The measurements were carried out 

using a flow cell hermetically mounted above the sensing 

element to ensure direct contact of air and helium with 

the PTFE or gold surface. The volume of each channel in 

the measurement flow cell was 50 µL. The delivery of 

the gases was maintained at a constant flow rate of 

2 mL/min. The pumping of reagents was performed 

using a 10 mL syringe pump connected to the outlet of 

the cell. The inlet of the measurement flow cell was 

connected via a system of polymer tubing to reservoirs 

containing the corresponding inert gas. 

The sensor response was calculated as the 

difference between the angular positions of the resonance 

minimum before and after adsorption. Based on the 

calculated sensor responses and the ΔN value, the 

sensitivity of the studied sensors was determined. 
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The measured refractometric characteristics were 

used to determine parameters such as the full width at 

half maximum (FWHM) of the resonance curve and the 

figure of merit (FOM = S/FWHM), which are widely 

applied in plasmonics for sensor benchmarking [32]. 

It should be noted that temperature fluctuations 

have a multifactorial influence on the physical 

parameters of SPR sensors [33] and also affect the vapor 

pressure of the investigated medium. In particular, both 

the real and imaginary parts of the dielectric functions of 

the sensor materials are temperature-dependent. Thus, 

thermal instability represents a significant source of 

measurement error. 

To minimize temperature-induced errors in the Plas-

mon-6, the reservoirs containing the investigated media 

and the syringe pump were placed inside a thermostatic 

enclosure. Measurements were performed under standard 

environmental conditions: the temperature in the 

operation volume was 20 ± 0.2 °C, air humidity was 

30 ± 1%, and atmospheric pressure was 740 ± 5 mmHg. 

Similarly, fluctuations in atmospheric pressure were 

not considered: a variation of ± 5 mmHg results in a 

change in the refractive index of the medium at the level 

of ± 1·10
–7

 RIU, which is two orders of magnitude lower 

than the sensitivity limit of the Plasmon-6. 

 

3. Results and discussion 
 

Fig. 1 presents AFM images showing the surface 

topology of the sensing elements on a glass substrate 

without an additional coating (a) and with a 40-nm thick 

PTFE layer (b). 

From the analysis of the AFM images, the root-

mean-square surface roughness Rms over an area of 

1 μm², the effective surface area A, the roughness 

parameter RZ at 10 points along a baseline of 1.4 μm 

(image diagonal), and the arithmetic mean roughness Ra 

along the baseline, as well as the maximum statistical 

height (derived from the height distribution histogram)  

 

 

 

were determined (Table 1). The morphological analysis 

indicates that the deposition of the PTFE layer leads to a 

3.6-fold increase in the root-mean-square roughness of 

the sensing element surface. This results in an increase in 

the effective interaction area with the analyzed medium 

and, consequently, an overall enhancement of the SPR 

sensor sensitivity. 

Fig. 2 shows the measured refractometric charac-

teristics, namely the dependences of reflection сoefficient 

on the angle of incidence θ at the boundary between 

different media: metal on glass/air (F1_Au), metal on 

polymer/air (SAN_Au), PTFE on metal on glass/air 

(F1_Au_PTFE), and PTFE on metal on polymer/air 

(SAN_Au_PTFE). 
 
 

 

Fig. 2. Measured refractometric characteristics for the samples: 

SAN substrate with 48 nm gold film (SAN_Au), F1 glass 

substrate with 48 nm gold film (F1_Au), F1 glass substrate with 

gold film and additional PTFE layer (F1_Au_PTFE) and SAN 

substrate with gold film and additional PTFE layer 

(SAN_Au_PTFE). 

  

Fig. 1. AFM images of the surface for the glass substrate samples without covering (а) and with the 40-nm thick PTFE layer (b). 
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One can see that the measured resonance angle for 

the sensor with a SAN substrate (SAN-Au), compared to 

the resonance position obtained with the sensor with a 

glass substrate (F1-Au), is shifted toward lower angles, 

which is consistent with the data reported in [26]. A 

feature of Plasmon-6 is that the scanning angle cannot be 

greater than 18 degrees (12 degrees in the prism glass), 

so the authors chose the start of the scan of 40 degrees to 

demonstrate the critical angle, and therefore, the device 

could measure only up to 52 degrees. In Fig. 2, the angle 

is limited to 50 degrees, which was the authors’ decision. 

This effect is explained by the decrease in the difference 

in refractive indices of the substrate and prism material 

when replacing F1 glass with the polymer. At the same 

time, the PTFE layer has a higher refractive index 

compared to both the F1 glass and SAN, so the presence 

of an additional PTFE layer leads to a shift of the 

resonance angle toward higher values by almost four 

degrees, from 43.5° to 47.2°. In this case, the resonance 

angle for the glass substrate is located at a larger value, 

namely close to 47.4°. The broadening of the resonance 

curve in the presence of the PTFE layer is associated 

with higher propagation losses of surface plasmons at the 

air-PTFE interface compared to propagation in air. 

Using the refractometric curves and the special pro-

gram package WinSpall 3.0, we calculated the optical para-

meters and thickness of gold and PTFE layers (Table 2). 

The fitting considered the adsorption of moisture 

from the air onto the gold surface. The fitting results 

showed that moisture forms a heterogeneous water layer 

approximately 8 nm thick with an effective refractive  

 

 

 

index of 1.294. The lower value of the refraction index 

found for PTFE indicates inhomogeneity and porosity of 

the polymer layer. With the assumption that pores in the 

polymer layer are filled with air, and the refractive index 

of PTFE is n = 1.375 for a deposition residual pressure 

2·10
–4

 mbar in operation chamber [29], the porosity of 

these layers was calculated applying the simplified 

formula by Bruggeman [34]. According to the calculation 

results, the porosity value is 5.72%. 

It is generally accepted that adsorption of gas 

molecules on the surface of the sensing element leads to 

a change in the dielectric permittivity of the near-surface 

layer, which in turn alters its refractive index and 

consequently causes a shift in the resonance angle. The 

kinetic profiles acquired using the Plasmon-6 are shown 

in Figs. 3 and 4, depicting the reflectance curve minimum 

shift due to the replacement of air by helium in the flow 

cell. The charts correspond to samples with various 

substrate configurations: glass substrate without PTFE 

(Fig. 3a), polymer substrate without PTFE (Fig. 3b), 

glass substrate with a PTFE overlayer (Fig. 4a), and poly-

mer substrate with a PTFE overlayer (Fig. 4b). As can be 

seen, the sensor response is fully reversible, since the gas 

molecules do not undergo any chemical interaction with 

the surface. This confirms that the process is limited to 

physical adsorption of molecules on the surface layer. 

The presented experiments demonstrate that the 

Plasmon-6 SPR instrument effectively detects the 

difference between air and helium. The sensitivity of the 

instrument to changes in the refractive index is highly 

elevated, and since inert gases are remarkably stable,  

 

Table 1. The calculated surface roughness and effective surface area from AFM images. 

Structure type dPTFE, nm Ra, nm Rz, nm Rms, nm A, μm
2
 

F1_Au 0.00 0.46 2.18 0.91 1.006783 

F1_Au_PTFE 40.00 1.07 4.81 3.23 1.032824 
 

 

Table 2. The calculated optical parameters of gold and PTFE layers on glass. 

Structure type 
Gold layer PTFE layer 

n k d, nm n d, nm 

F1_Au 0.283 3.613 49.36 – – 

F1_Au_PTFE 0.254 4.172 46.84 1.353 43.47 
 

 

Table 3. Results of measurements of sensor response and calculations of quality parameters of SPR-sensor. 

Structure type Δθ, arc.sec. S, deg/RIU FWHM, deg FOM, RIU
–1

 LOD, RIU 

F1_Au 41.8 45.8 1.75 26.2 10.9·10
–6

 

F1_Au_PTFE 67.8 74.4 2.08 35.8 6.7·10
–6

 

SAN_Au 43.8 48.1 0.96 50.1 10.4·10
–6

 

SAN_Au_PTFE 47.4 52.1 2.21 23.6 9.6·10
–6
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the responses of the SPR minimum angle exhibit highly 

distinct plateaus with low noise levels. Consequently, 

this method holds great promise for measuring the 

refraction of inert gases. 

To evaluate the statistical error of the analyte 

response measurement, a series of six air-to-helium 

substitution cycles was performed for each exchange of 

gases and sensor system, which allowed the maximum 

possible measurement uncertainty. The calculated mean 

sensor responses Δθ for different configurations, their 

sensitivity S, FWHM, and FOM, as well as the estimated 

limit of detection (LOD) are summarized in Table 3. 

The sensitivity enhancement observed for both 

glass- and polymer-supported sensors upon applying the 

additional PTFE layer is attributed to an increased 

effective interaction area. This enhancement is driven by 

the higher surface roughness of PTFE (Rms = 3.23 nm) 

relative to the bare gold surface (Rms = 0.91 nm). 

 

 
 

The substrate material also influences the efficiency 

of conductive heat transfer to the deposited film, thereby 

affecting its thermal formation regime. For F1 glass, 

thermal conductivity is almost an order of magnitude 

higher (0.71, 0.78 W/m·K for F2 as an analogue of  

the F1 brand [35]) than that of SAN polymer  

(0.085 W/m·K [36]). Therefore, PTFE films deposited on 

polymer substrates cool more slowly, which affects their 

structure, in particular porosity. This variation may 

account for the differences in the SPR sensor responses 

observed across distinct substrates: a less ordered 

structure on the glass substrate yields a higher response, 

thereby providing greater sensitivity. Consequently, for 

the sensor featuring a glass substrate with a PTFE 

overlayer, the responses exhibit a wider scatter in 

magnitude and a less pronounced plateau, indicating a 

gradual pore-filling process on the surface of the PTFE 

film. The resonance curve for the glass substrate was  
 

  

Fig. 3. The measured responses of SPR-sensors for glass (a) and polymer (b) substrates, when substituting the air in the flow-cell with 

helium. 

 

  

Fig. 4. The measured responses of SPR-sensors with an additional 40-nm thick PTFE layer for glass (a) and polymer (b) substrates, 

when substituting the air in flow-cell with helium. 
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broader (FWHM = 1.75 deg) than that for the polymer 

substrate (FWHM = 0.96 deg) due to the presence of the 

chromium sublayer, which increased optical absorption. 

As a result, the highest FOM value was observed for the 

sensing element with the SAN substrate (50.1 RIU
–1

), 

which was nearly twice as large as the FOM for the 

sensing element on the F1 glass substrate (26.2 RIU
–1

). 

Thus, in terms of sensitivity, the SPR sensor with the 

glass substrate and a PTFE overlayer takes the lead, 

followed by the SPR sensor with the SAN substrate and 

PTFE. For the most sensitive sensor configuration, 

F1_Au_PTFE, a lower LOD can be achieved; factoring 

in the measured baseline noise level of the Plasmon-6 

instrument (5·10
–4 

deg), it amounted to 6.7·10
–6

 RIU. 

Meanwhile, for the polymer-based sensor 

SAN_Au_PTFE, the limit of detection was higher, 

reaching 9.6·10
–6 

RIU. 

Therefore, the research results demonstrate that 

transitioning to a polymer substrate is highly viable. 

Although the SPR sensor sensitivity remains largely 

unaffected, a clear economic benefit is achieved due to 

the lower cost of the substrate material and the simplified 

fabrication technology, which excludes substrate surface 

treatment. Furthermore, polymer substrate enables 

narrower resonance curves, thereby improving the 

accuracy of the resonance angle determination. 

 
4. Conclusions 
 

This study investigates the effect of the substrate material 

with a PTFE overlayer on the sensitivity of optical 

surface plasmon resonance (SPR) sensors operating in 

the Kretschmann configuration with a fixed excitation 

wavelength and a gold plasmon-supporting layer. Helium 

was used as the inert gas, which was alternately replaced 

by ambient room air inside the flow cell above the sensor 

sensing element. A comparative analysis was performed 

for SPR sensors utilizing F1 optical glass and SAN poly-

mer substrates, both with and without a PTFE overlayer 

on the gold film surface. The experimental results 

demonstrate that using the polymer substrate slightly 

increased the sensitivity from 45.8 to 48.1 deg/RIU due 

to a lower refractive index, while simultaneously 

doubling the figure of merit from 26.2 to 50.1 RIU
–1

. The 

application of electron-beam evaporation by using the 

modernized UVN-74 system enables the fabrication of 

PTFE films with a well-developed surface morphology 

(Rms = 3.23 nm). Depositing the PTFE overlayer 

enhanced the sensitivity for both sensor types: from  

45.8 to 74.4 deg/RIU for the glass substrate, and from 

48.1 to 52.1 deg/RIU for the polymer substrate. More 

pronounced sensitivity enhancement observed for the 

glass substrate is attributed to its higher thermal 

conductivity, which influences the PTFE film formation 

process. Conclusively, the findings substantiate the 

feasibility of utilizing polymer substrates, which do not 

lead to a significant reduction in the sensor sensitivity. 

Concurrently, the polymer substrate provides substantial 

economic advantages due to lower material cost and  

 

a manufacturing process for the substrate surface 

treatment. Owing to the instrument high sensitivity to 

refractive index alterations and the exceptional stability 

of inert gases, the SPR minimum angle responses display 

clear plateaus characterized by low noise. Therefore, this 

approach represents a highly promising technique for the 

refractive index measurement of inert gases. 
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Вплив матеріалу підкладки на чутливість ППР сенсора з політетрафторетиленовим покриттям до 

інертного газу 
 

Г.В. Дорожинський, Ю.В. Коломзаров, К.П. Гриценко, В.В. Романчук, Г.В. Дорожинська, Т.П. Дорошенко, 

А.В. Самойлов, А.А. Корчовий, О.М. Стрільчук, Р.В. Христосенко 
 

Анотація. Досліджено вплив матеріалу підкладки у поєднанні з шаром політетрафторетилену (PTFE) на 

чутливість оптичних сенсорів на основі поверхневого плазмонного резонансу (ППР) у геометрії Кречмана. 

Експерименти проведено при фіксованій довжині хвилі збудження поверхневих плазмонів з використанням 

шару золота, що підтримує плазмони. Сенсорні елементи випробувано шляхом циклічного витіснення 

навколишнього повітря інертним гелієм у проточній комірці. Порівняльний аналіз характеристик ППР 

сенсорів на підкладках, виготовлених з оптичного скла F1 та стирол-акрилонітрильного (SAN) полімеру, 

проведено як за наявності, так і за відсутності шару PTFE на поверхні плівки Au. Було встановлено, що заміна 

скляної підкладки полімером SAN приводить до збільшення чутливості з 45,8 до 48,1 град/RIU через 

зменшення показника заломлення; однак це подвоює показник якості (FOM) з 26,2 до 50,1 RIU
–1

. Застосування 

PTFE покриття для обох типів сенсорів привело до збільшення чутливості: з 45,8 до 74,4 град/RIU для скляної 

підкладки та з 48,1 до 52,1 град/RIU для полімерної підкладки. Окрім підвищеної чутливості, використання 

полімерного матеріалу дозволяє знизити вартість кінцевого продукту та спростити етапи прецизійної обробки 

поверхні. Додатковою перевагою застосування полімерних підкладок є звуження резонансних кривих, що 

значно підвищує точність реєстрації кута резонансу. 

 

Ключові слова: сенсор, поверхневий плазмонний резонанс, підкладка, політетрафторетилен, стирол-

акрилонітрил, гелій, чутливість, коефіцієнт якості. 
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