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Abstract. This paper reports on preparation of ITO thin films with different concentrations of Ga  by 
spay pyrolysis method on Si (100) substrates. The morphology of the prepared films was studied using 
scanning electron microscope (SEM), and the quantitative chemical composition was determined 
using energy dispersive X-ray spectroscopy (EDX). X-ray diffraction (XRD) measurements were 
carried out on Bruker D8 Advance X-Ray Diffractometer with CoKα radiation (λ=0.1789 nm) in the 
2Θ region of 20° - 90°. The optical properties of ITO:Ga thin films were measured using a Jasco V-
670 spectrometer at room temperature (300 K). 
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Introduction 
Currently, great attention is paid to the development of optoelectronic devices for the 

ultraviolet (UV) region of the spectrum. One of the promising and intensively explored materials is 
indium tin oxide (ITO). Particularly, ITO thin films are typically used in gas sensors [1-2], 
semiconductor devices [3], solar cells [4-6] and also as UV radiation detectors or light emitters [7-9], 
due to its high optical transparency, thermal and chemical stability. ITO is easily obtained by various 
methods such as RF magnetron sputtering [10,11], electron beam deposition [12], excimer laser 
evaporation [13], pulse laser deposition PLD [14-15], thermal evaporation technique [16], laser-
vacuum deposition [17], and microwave heating [18]. However, the spray pyrolysis used in this study 
is one of the most cost efficient and fast methods [19]. Addition of Ga to this material system can be 
applied for changing the band gap, thus shifting the emission spectrum or sensitivity spectral range 
to shorter wavelengths. This combination ensures the possibility of obtaining better luminescent, 
photoelectric and optical properties in a fairly wide range from 3.5 eV (ITO) to 4.9 eV (Ga2O3) by 
adjusting the Ga content.  
 

Sample preparation of ITO:Ga 
Thin films of ITO:Ga were deposited at 460°C on n-Si (100) substrate by spray pyrolysis 

method. First of all, the Si substrates were chemically degreased in a chemical solution with a volume 
fraction of H2O:NH3:H2O2 equal to 8:1:1, at a temperature of 80 °C for 10 minutes. It was then kept 
in hydrofluoric acid for 2 minutes, followed by washing in distilled water and  immediately starting 
the deposition process. Each individual solution of indium chloride (InCl3), tin chloride (SnCl4) and 
gallium nitrate (Ga(NO3)3) with molar mass (0.5M) were dissolved in ethanol (C2H5OH) and mixed 
in an ultrasonic bath for 30 minutes at a temperature of 50 °C for the aerosol deposition process. 
Mixtures of ITO and Gallium were taken in proportions as follows: ITO, ITO0.8Ga0.2, ITO0.7Ga0.3 and 
ITO0.6Ga0.4. The deposition time for each thin film was 10 minutes. The solution was sprayed by 
means of a sprayer at an oxygen flow of 0.1 atm in excess of normal atmospheric pressure. 

 

Results and discussions 
Morphological characterization and analysis of the chemical composition of the thin films 

were performed with a scanning electron microscope LEO-ZEISS Gemini 1530, with an energy 
dispersion X-ray analysis unit (EDX). The morphology of ITO:Ga thin films was found to change 
with increasing the Ga content from x = 0.00 to x = 0.40, as observed from SEM images presented in 
Fig. 1. 
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Figure 1. SEM images of ITO:Ga thin films obtained by spray pyrolysis method 
 

As can be seen from images, a higher concentration of Ga leads to an increase in nanoparticles 
size, contributing to reduction of their number on the surface of the substrate. At the same time, the 
thickness of the thin films increases from 90 nm (ITO) to 260 nm (ITO:Ga), keeping the same 
deposition time of 10 minutes. The thickness of the deposited films is related to the concentration of 
Ga, as presented in Fig. 2.  

Figure 2. Relation between the thin films thickness and the concentration of Ga 
 
The chemical composition analysis of ITO:Ga thin films obtaining by spray pyrolysis method 

is shown in Fig. 3. One can see from this analysis, that the content of Ga in the deposited films is two 
times lower that the expected one from the precursor solution. 

Fugure 3. EDX analysis of ITO:Ga thin films obtained by spray pyrolysis method 



Conferinţa Tehnico-Ştiinţifică a Studenţilor, Masteranzilor și Doctoranzilor, Universitatea Tehnică a Moldovei 

 

Chișinău, Republica Moldova, 29-31 Martie 2022, Vol. I 
 

- 232 - 

X-ray diffraction (XRD) measurements (Fig. 4) were carried out on a Bruker D8 Advance 
X-Ray Diffractometer with CoKα radiation (λ=0.1789 nm) in the 2Θ region of 20° - 90°. It should 
be noted that the reflexes do not change their positions, but just change their intensity. The 110, 
431, 220, and 543 reflexes disappear at 20 % Ga content. However, they appear again at a Ga 
content of 30 %.  

This observation can be explained by changing the structural quality of ITO thin films. The 
intensity of reflexes decreases again at Ga content of 40 %, which can be due to the reduction of 
nanoparticles number on the surface of the substrate, thus creating nano-islands. The high intensity 
peaks corresponding to planes (400), (420) and (332) were observed as predominant peaks for all 
the thin films obtained. 

Figure 4. X-ray diffraction patterns of ITO:Ga thin films 
 

The optical properties of ITO:Ga thin films were measured at room temperature (300 K) 
using a Jasco V-670 spectrometer. The band gap was determined from the Tauc plot of the 
absorption coefficient, and the results are shown in Fig. 5. From this graph one can see that the 
band gap of thin films can be adjusted by changing the Ga content, thus increasing it from 3.55 eV 
for ITO to 4.1 eV for 40% Ga concentration. 

Figure 5. Tauc plot of optical absorption spectra measured at room temperature for ITO:Ga films 
deposited by spray pyrolysis methods on Si substrates 
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Conclusions 
The results of this study demonstrate the influence of Ga content on the morphological, 

structural and optical properties of ITO thin films with x value from 0.0 to 0.4 prepared by spray 
pyrolysis deposition on Si (100) substrates. It has been established that the increase of Ga 
concentration leads to the increase of nanoparticles size, as well as the thickness of thin films from 
90 nm for ITO to 260 nm for films with 40% Ga content, with the same duration of the deposition 
process of 10 minutes. As the concentration of Ga increases, the band gap of the material also 
increases, it reaching a value of 4.1 eV for 40 % of Ga content. 
 

Acknowledgment. This work was supported financially by the DAAD scholarship (German 
Academic Exchange Service) in cooperation with the Leibniz Institute for Solid State and Materials 
Research (IFW), Institute for Metallic Materials (IMW), Dresden, Germany and by the NARD of the 
Republic of Moldova through grant No.20.80009.5007.02. 
 

References 
1. SAKO, T., OHMI, A., YUMOTO, H., & NISHIYAMA, K. ITO-film gas sensor for measuring 

photodecomposition of NO2 gas.Surface and Coatings Technology, pp.781–785, 
(2001).  https://doi:10.1016/s0257-8972(01)01107-0. 

2. PATEL, N. G., PATEL, P. D., & VAISHNAV, V. S. Indium tin oxide (ITO) thin film gas sensor for 
detection of methanol at room temperature.Sensors and Actuators B: Chemical,2003,96(1-2), pp.180-
189. https://doi:10.1016/s0925-4005(03)00524-0. 

3. Y. SHEN, X. XU, Q. LIU, Z. ZUO, H. LIU, M. ZHANG, AND X. HU. Effects of Indium-Tin Oxide 
Film Morphologies on Light-Output Characteristics of GaN-Based Light-Emitting Diodes.J. 
Nanoelectron. Optoelectron,2014, 9(4), pp.549-553.  https://doi.org/10.1166/jno.2014.1624. 

4. CURMEI NICOLAI, ROTARU CORNELIU, SPOIALĂ DORIN. Density of the surface states at the 
interface of the ITO/n-Si structures determined from voltage-capacity characteristics.International 
Conference on Materials Science and Condensed Matter Physics,Chisinau, Moldova, 25-28 september 
2018,9 edition, 2018, pp.318. 

5. CURMEI NICOLAI. Efficient low-cost solar cells based on ITO-nSi.Moldavian Journal of the Physical 
Sciences (MJPS), Chisinau, Republic of Moldova, 2021, Vol. 15, Nr.1-2, pp. 76-82. ISSN 1810-648X. 

6. СИМАШКЕВИЧ АЛЕКСЕЙ, ШЕРБАН Д., КАРАМАН М., RUSU MARIN, БРУК Л., CURMEI 
NICOLAI.Фотовольтаические структуры ITO/SiOх/n-Si повышенной 
эффективности.Электронная обработка материалов, 2016,Номер 52(3),pp.53-57. ISSN 0013-
5739/ISSNe 2345-1718. 

7. BIYIKLI, N., KIMUKIN, I., BUTUN, B., AYTUR, O., & OZBAY, E. ITO-Schottky Photodiodes for 
High-Performance Detection in the UV–IR Spectrum. IEEE Journal of Selected Topics in Quantum 
Electronics, 2004,  10(4), pp.759–765.  https://doi:10.1109/jstqe.2004.833977. 

8. KIM, H., LEE, G.N., KIM, J.Hybrid Structures of ITO-Nanowire-Embedded ITO Film for the Enhanced 
Si Photodetectors.Journal of Nanomaterials, 2018,pp.1-8. https://doi:10.1155/2018/4178989.  

9. ZHAO, S., CHOI, D., LEE, T., BOYD, A. K., BARBARA, P., VAN KEUREN, E., & HAHM, J. Indium 
Tin Oxide Nanowire Networks as Effective UV/Vis Photodetection Platforms.The Journal of Physical 
Chemistry C, 2014, 119(26), pp.14483–14489. https://doi:10.1021/jp506074c.   

10. VICTOR SUMAN, VADIM MORARI, EMIL V. RUSU, LIDIA GHIMPU, AND VEACESLAV V. 
URSAKI. Electrophysical properties of ITO:Ga2O3 films grown by RF magnetron sputtering.Moldavian 
Journal of the Physical Sciences (MJPS),Chisinau, Republic of Moldova, 2021, Vol. 20, Nr.2, pp. 145–
150.ISSN 1810-648X. https://doi.org/10.53081/mjps.2021.20-2.05. 

11. CHANDRA, S., PANDYA, H. J., & VYAS, A. L. ITO Thin Films by RF Sputtering for Ethanol 
Sensing.First International Conference on Sensor Device Technologies and 
Applications, 2010, Nr.11642132.  ISBN:978-1-4244-7473-
8.https://doi:10.1109/sensordevices.2010.31. 

12. HONG, C. H., WIE, S. M., PARK, M. J., & KWAK, J. S. Electron Beam Irradiated ITO Films as Highly 
Transparent p-Type Electrodes for GaN-Based LEDs.Jour. of Nanoscie. and Nanotechn.,2013,13(8),  
pp.5420–5423. https://doi:10.1166/jnn.2013.7071. 



Conferinţa Tehnico-Ştiinţifică a Studenţilor, Masteranzilor și Doctoranzilor, Universitatea Tehnică a Moldovei 

 

Chișinău, Republica Moldova, 29-31 Martie 2022, Vol. I 
 

- 234 - 

13. COUTAL, C., AZÉMA, A., & ROUSTAN, J.-C. Fabrication and characterization of ITO thin films 
deposited by excimer laser evaporation.Thin Solid Films,1996, 288(1-2), pp.248–
253. https://doi:10.1016/s0040-6090(96)08824-4. 

14. YAP, S. S., YONG, T. K., NEE, C. H., & TOU, T. Y. Pulsed Laser Deposition of ITO: From Films to 
Nanostructures.Applic. of Las. Abl. - Thin Film Deposition, Nanomaterial Synthesis and Surface 
Modification, 2016, pp.85-102. https://doi:10.5772/65897. 

15. ZUEV, D. A., LOTIN, A. A., NOVODVORSKY, O. A., LEBEDEV, F. V., KHRAMOVA, O. D., 
PETUHOV, I. A., GASKOV, A. M.Pulsed laser deposition of ITO thin films and their 
characteristics.Semiconductors, 2012, 46(3), pp.410–413.  https://doi:10.1134/s1063782612030256. 

16. SOFI, A. H., SHAH, M. A., & ASOKAN, K. Structural, Optical and Electrical Properties of ITO Thin 
Films.Journal of Electronic Materials,2017, 47(2), pp.1344–1352.  https://doi:10.1007/s11664-017-
5915-9. 

17. A. S. TOIKKA, N. V. KAMANINA. Laser-vacuum deposited ITO thin films for optoelectronic 
applications.Techn.,2021, Vol. 3, Issue 7, pp.154-160. ISSN:2668-778X. 

18. OKUYA, M., ITO, N., & SHIOZAKI, K. ITO thin films prepared by a microwave heating. -Thin Solid 
Films,2007, 515(24), pp.8656–8659. https://doi:10.1016/j.tsf.2007.03.148.  

19. A. SIMASHKEVICH, G. SHEVCHENKO, YU. BOKSHYTS, L. BRUC, M. CARAMAN, I. 
DEMENTIEV, T. GOGLIDZE, N. CURMEI & D. SERBAN. Low-Cost ITO/n-Si Solar Cells with 
Increased Sensitivity in UV Spectrum Range.Surface Engineer. and Appl. Electrochemistry, 2021, 
vol. 57, pp.315–322.https://doi:10.3103/S1068375521030133. 

  


