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Abstract: Devices based on surface plasmon resonance (SPR) are used to determine the refraction index (RI) of liquids and 

gases. In these cases, as a sensitive element (SE), they use precious materials. It is also known that RI of an investigated 

substance (analyte) depends on temperature, which brings in some errors into results of measurements. The existing construction 

solutions for controlling and adjusting the analyte temperature possess a number of deficiencies, namely: high inertness and 

consumption power. The aim of this work was to study the possibility of using ITO films (In2O3-SnO) as SE and thin-film heaters 

in SPR devices to enhance their accuracy. For the first time, excitation of SPR by using the wavelength 650 nm in ITO films has 

been proved experimentally. It has been also shown that using the heaters based on ITO films reduces the error of measuring the 

analyte RI by 1.8 times and the consumed power – by 2.3 times as compared with the existing heaters of the resistive type that are 

used now in SPR devices. 

Keywords: Thin Film Coating, Plasmonics, Biosensor, Sensor 

 

1. Introduction 

The leading tendencies in development of analytic devices 

require implementation of new physical methods for 

measurements that are based on up-to-date achievements in 

science and technique. The main requirements to these 

methods are as follows: increasing their accuracy and 

sensitivity, shortening the time for measurements, reducing 

the volume of studied substances. It is known that optical 

methods possess a high operation speed and enable to reach 

high accuracy and sensitivity in measurements. One of the 

promising optical methods for analysis of various compounds 

and micro-objects as well as processes at the molecular level 

is the refractometric method based on SPR phenomenon. The 

respective devices (SPR-devices) are mainly designed using 

chemical and biological sensors that consist of SE and some 

physical transducer. As compared with traditional measuring 

methods, the SPR method provides possibility to study 

processes of molecular interaction in micrometer-thickness 

layers in the real-time scale; low value of the sample volume 

required for measurements (less than 10 µl); the method does 

not require any markers or fluorescent labels for studying the 

analyte [1]. 

The SPR-devices are widely used in scientific researches, 

in medicine, pharmacology and ecological monitoring [2-6]. 

Their SE use precious materials, namely: silver and gold [7]. 

Metal oxides are used here as additional layers covering the 

gold or silver layers of SE for enhancement of adsorption 

properties and waveguide amplification of response to 

changes in the analyte RI [8, 9]. Therefore, applying the 

advanced materials for SE and enhancement of accuracy 

inherent to these devices seems to be a topical task. 

One of the promising materials for nanoplasmonics is ITO 

(In2O3-SnO) [10]. Composite thin ITO films are mainly used 

as transparent electrodes for solar cells [11, 12]. Availability 

of conduction in ITO makes it possible to excite SPR in 

them. 

As shown in the previous works [13, 14], account of the 
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temperature factor is essential for enhancement of accuracy 

in measurements when using the SPR-device. 

To decrease the influence of temperature factor on results 

of measuring RI, they apply the methods of thermal 

stabilization and thermal compensation. Thermal stabilization 

means keeping the set temperature of a device as well as 

reservoirs with analytes [15], which is provided by resistive 

heaters and/or Peltier elements, To widen the range of 

temperature control and fast response, one should increase 

the electric power consumed by them. 

However, it results in increasing dimensions and power 

consumed by SPR-devices as well as time for transfer heat 

from a heater. Thermal compensation decreases only the 

temperature drift, and it is efficient only in stationary 

temperature regimes [16].  

Investigated in this work were sensors based on ITO 

nanofilms in SPR-devices. 

2. Devices and Methods of Investigation 

Investigation of the temperature influence on accuracy of 

measurement results and power consumption of ITO thin film 

heaters was performed using the SPR-device «Plasmon-6» 

[17]. The devices of “Plasmon” series are computer-controlled 

optoelectronic small-scale two-channel refractometers based 

on SPR phenomenon for determination of the SPR curve or 

total internal reflection (TIR) envelope shift inherent to the 

studied analyte. Operation surface of the «Plasmon» sensitive 

element is formed from a gold film with the thickness 48 to 52 

nm on flint glass substrate. As a source for excitation, there 

used is p-polarized light from the semiconductor GaAs 

injection laser diode with the wavelength 650 nm. 

Data for plotting the SPR curve (TIR envelope) are 

obtained by rotating the prism and simultaneous measuring 

the intensity of light reflected from the sensitive element. The 

channels are formed by the measuring cell 12 made of 

polymethylmetacrylate, which is mounted on the sensitive 

element via the silicone spacer. To excite surface plasmons in 

both channels, light from the laser diode is separated by two 

beams with the prism 5. Control and stabilization of the light 

intensity are provided with the photodiode 6 and device 

electronics, respectively. Calibration of the absolute angle is 

performed with the photodiode 4 and diaphragm 2 (slot width 

is close to 100 µm) by measuring the intensity of light 

reflected from the prism front face. Measurements of the laser 

light intensity and calibration of the angle are provided with 

the separating plate 3 and diaphragm 10. 

Except prism, all the elements of this optical scheme, 

sensitive element and measuring cell form a separate assembly 

– the optical unit. Angular scanning and determining the 

minimum position of the SPR curve are provided within the 

range of angles 38 to 71 degrees for rotation of the prism on 

the platform-holder with the step-motor and reducer. 

Composite thin films ITO (In2O3-20%; SnO-80%) were 

prepared using magnetron sputtering onto glass substrates of 

the thickness 1 mm and dimensions 18 × 14 mm. The 

thickness of deposited layer was determined using atomic 

force microscopy. At the final stage of formation, this 

thickness reached the value 50 nm. 

Reflection characteristics for these films were measured at 

the angles larger that the angle of total internal reflection (TIR). 

It allowed checking the possibility to excite SPR in these films 

at the wavelength lower than 1 µm, namely 650 nm. 

 

(a) 

 

(b) 

Figure 1. (a) SPR curve (1), TIR envelope (2) and (b) optical scheme of the 

device «Plasmon-6». Designations of elements see in the text. 

When measuring reflection under SPR conditions, the 

glass substrate with thin ITO film should possess high 

transparency for the operation wavelength. Therefore, 

transmission spectra of the respective substrates were 

measured within the wavelength range 300…1100 nm by 

using the spectrophotometer UNICO 4802 UV/VIS. 

When studying the thin ITO films as heaters, we 
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determined the consumed power by using the measured 

current-voltage characteristics with simultaneous measuring 

the temperature augmentation caused by their self-heating. 

The voltage on the sample was applied from a power supply 

(10 W) with fine adjustment of the output voltage within the 

range 1.5 to 31 V and uncertainty ±0.1 V. Electrical contact 

between the power supply and ITO film was provided using 

copper plates of the thickness 0.3 mm and dimensions 

18 × 3 mm. These plates were connected with the probes of 

power supply.  

To measure the voltage and current through the sample, we 

used the digital voltmeter DT-830B with the error of 

measurements 0.5 %. The temperature was determined using 

the voltmeter DT-838 with the thermocouple being in contact 

with the composite film surface. The error of temperature 

measurements was no higher than ±0.2 К.  

Changes in the air refraction index were determined using 

the device Plasmon-6 and observing the shift of the operation 

point located at the slope of the reflection characteristic 

before the TIR angle at the boundary film-air. The device 

allowed measuring the changes in the intensity of light 

reflected from the boundary in the mode Slope, the substrate 

being heated by electric current. Further, the measured 

intensity values were re-calculated into refraction index 

values by using special software. 

Used here are temperature-sensitive elements M222Pt100 

(Heraeus Sensor Technology, Germany) with dimensions 

2×2×1.2 mm, linear temperature characteristic within the 

range from –203 up to +773 К and initial resistance 1 kOhm 

at the temperature 293 K (DIN EN6075 accordingly to IEC 

751). 

The same measurements were performed for the glass 

substrate without ITO film but heating the studied substance 

by using a constantan wire resistive heater (resistance 42 

Ohm at the temperature T = 20°С) built-in into the measuring 

cell of the SPR-device, the supply voltage of the heater being 

12 V.  

Comparison of the consumed power and the error of 

measurements caused by the temperature drift of the 

operation point were performed at the given temperature 

36.6 ± 0.2°С.  

The error of measurements was determined as the value of 

operation point drift, which was expressed using the values 

of refraction index for the studied air for the interval of 

measurements equal to 1 min. 

3. Results of Experiments and Discussion 

The results of our experiments have shown that SPR is 

excited in ITO films at the wavelength of exciting radiation 

650 nm, which is confirmed by the characteristic minimum in 

the reflection curve for the angles higher than the TIR angle at 

the boundary film - air (55.175 degree, Fig. 2). 

The studied composite films possess high transparency 

(Fig. 3) with the peak in the transmission spectrum in the 

middle of the visible range (575 nm). 

 

Figure 2. Dependence of the reflection coefficient on the angle of light 

incidence at the boundary ITO film – air under excitation of SPR in this film. 

 

Figure 3. Transmission spectrum of the ITO film with the thickness 50 nm on 

a glass substrate. 

Using the current-voltage characteristics of ITO films, we 

calculated the dependence of the power that is released in the 

film sample on the voltage applied to it (Fig. 4). When the 

voltage reached its maximum value 30 V and consumed 

power – 1.2 W, the film and substrate were heated from 

21.5°С up to 60.5°С for only 5 min (Fig. 5). 

When measuring the refraction index for air, the substrate 

with the ITO layer was mounted on the prism operation face 

by using immersion liquid (100% glycerin). In this case, the 

film and substrate were heated to the lower temperature 

(54.8°С) for 20 min, the consumed power being 1.5 W and 

voltage – 30 V, which is explained by additional heat 

dissipation in prism material. At the same time, to heat the 

only glass substrate (without ITO film and placed on the prism 

face) with the resistive heater up to 55°С, it requires the power 

3.4 W and voltage 12 V. 
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Thus, using the film heater enabled us to reduce power 

consumption by more than 2 times. 

 

Figure 4. Dependence of the power released from the ITO film on the 

voltage applied to it. 

 

Figure 5. Dependence of the surface temperature for the ITO film on the 

voltage applied to it. 

Our measurements of the temperature drift observed for the 

operation point have shown that, using the film heater, this 

drift is by 1.8 times lower than that for the resistive heater, i.e., 

3.6•10
-6

 min
-1

 against 6.5•10
 -6

 min 
-1

. This fact is related with 

lower inertness of the processes of heat transfer from thin film 

as compared with that of the bulk heater. 

4. Conclusions 

A. For the first time, shown in this paper is the possibility to 

excite SPR in thin ITO films by using the wavelength 

650 nm and applying these films as sensitive elements 

for SPR-devices. 

B. It has been proved experimentally that applying the 

thin-film heating elements based on ITO in SPR-devices 

allows to reduce the temperature drift of operation point 

and, consequently, the error in measurements of the 

refraction index of the studied substance by 1,8 times as 

compared with that of bulk resistive heaters.  

C. The thin-film heaters based on ITO consume more than 

2-fold lower power in the case of the same heating the 

studied substance as compared with that for bulk 

resistive heaters. 
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