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Using artificial neural networks the prediction of the properties of semiconductor sol-gel films of 
ZnxMgyO composition has been performed. The data arrays for working with neural networks were ob-
tained as a result of measuring the photoelectric characteristics of sol-gel coatings on an automated basic 
laser test facility in accordance with GOST-17772-88. An array containing 1800 variants of input parame-
ters was used when working with neural networks. The early stopping criterion was taken in training neu-
ral networks. The maximum number of training epochs did not exceed 1100. There are 210 neural net-
works with one and two hidden layers constructed during the process. The parameters of neural networks 
have been established that provide acceptable results in predicting the properties of semiconductor sol-gel 
layers. The research results can be used for determining the technological parameters of sol-gel formation 
processes using films with selective photosensitivity. 
Keywords: neural network, sol-gel method, thin films. 
 
С использованием искусственных нейронных сетей выполнено прогнозирование свойств полупро-
водниковых золь-гель пленок состава ZnхMgyO. Массивы данных для работы с нейронными сетями 
были получены в результате измерения фотоэлектрических характеристик золь-гель покрытий на ав-
томатизированном базовом лазерном испытательном комплексе в соответствии с ГОСТ-17772-88. 
При работе с нейронными сетями использовался массив, содержащий 1800 вариантов входных па-
раметров. При обучении нейронных сетей использовался критерий раннего останова. Максималь-
ное количество эпох обучения не превысило 1100. Построено 210 нейронных сетей с одним и 
двумя скрытыми слоями. Установлены параметры нейронных сетей, обеспечивающие лучшие ре-
зультаты при прогнозировании свойств полупроводниковых золь-гель слоев. Полученные резуль-
таты могут быть использованы при определении технологических параметров процессов форми-
рования золь-гель методом пленок с селективной фоточувствительностью. 
Ключевые слова: нейронная сеть, золь-гель метод, тонкие пленки. 
 
Introduction. The creation of sensors, including UV sensors, is an important direction in the 

development of modern electronics. Such sensors find application in industry, medicine and ecology 
due to their ability to work under the exposure to solar radiation and radiation from heated parts of 
equipment. Currently intense research on materials is underway to create ultraviolet sensors, while the 
actual task is to develop new materials [1]–[2]. The ZnO-based thin films have photosensitivity and 
can be used in producing light-emitting diodes [3]–[5]. A promising option is ZnхMgyO films with 
selective photosensitivity made via the sol-gel method. The band gap width is an important character-
istic of semiconductor materials. In order to change the band gap width, ZnO thin films are alloyed 
with various metals, including magnesium, which is suitable for replacing zinc in the lattice [6]–[7]. 

Presently artificial neural networks are widely used for modeling complex dependencies be-
tween input and output data of various systems. They have good capabilities to detect nonlinear re-
lationships in multidimensional data sets [8]–[9], which makes them an effective tool for various 
fields of science and technology [10]–[16]. Artificial neural networks are successfully used in mod-
eling the properties of semiconductor materials, including for predicting the properties of semicon-
ductor sol-gel films of the ZnхMgyO composition when nitric acid is added to sol [16]. This paper 
applies artificial neural networks to predict the properties of ZnхMgyO semiconductor sol-gel films 
produced by adding hydrochloric acid to the sol. 

A technique for producing sol-gel layers and measuring their photoelectric characteris-
tics. The ZnO:Mg films were formed by separate sol-gel hydrolysis. The coatings were developed 

Известия Гомельского государственного университета  
имени Ф. Скорины, № 3 (138), 2023 

РЕПОЗИТОРИЙ ГГ
У И

МЕНИ Ф
. С

КО
РИНЫ



Application of artificial neural networks to predict the properties of ZnхMgyO… 95 

through centrifugation. Zinc acetate dihydrate, magnesium acetate, isopropyl alcohol and 
monoethanolamine were used as starting materials. The film-forming solution was prepared as fol-
lows: zinc acetate and magnesium acetate were dissolved separately in isopropyl alcohol and stirred 
at 60 °C for 10 minutes. Then, monoethanolamine was added. Similarly, magnesium acetate-based 
sol was produced. The sols were then mixed in different concentrations to obtain films with differ-
ent component ratios (1:1, 1:2, and 1:5). As mentioned earlier, hydrochloric acid was additionally 
added to the sol. Silicon wafers were used as substrates during layer deposition to measure current-
voltage characteristics. To determine the photocurrent, an automated basic laser test facility was 
used and the measurements were made in accordance with GOST-17772-88 (see figure 1). The op-
tical module of the system included a sample positioning system, a multispectral laser radiation 
source made up of a set of 9 laser diodes at 405, 450, 520, 660, 780, 808, 905, 980, and 1064 nm 
with calibrated luminous intensity of about 2 mW. The TO-3535BC-UVC265-30-6 VE LED with a 
capacity of 300 µW was used as a UV source (278 nm) [17]–[18]. 

 

 
 

Figure 1 – Schematic diagram of an automated basic laser facility for testing photodetectors: 
ОWS is the operator’s workstation, EM is the electronics module, ICU is the information-computer unit, 

IDSM is the interactive digital source-meter, AWFG is the arbitrary wave-form generator, OSC is the 
oscillograph, ОМ is the optical module, PM is the positioning module, MLPLS is the multispectral laser-

plasma light source, PLS is the pulsed laser source, PTCM is the positioning and thermostat control module, 
HCU is the heat and cold unit, PM is the positioning module, SP is the spectrophotometer 

 
Application of artificial neural networks. The training data array and the array data for test-

ing neural networks were formed as a result of measuring the photoelectric characteristics of sol-gel 
coatings in accordance with GOST-17772-88 on an automated basic laser test facility. After train-
ing, the artificial neural networks using new data sets are able to determine correctly the values of 
the photoelectric characteristics of the sol-gel coatings. 

When working with neural networks, an array containing 1800 variants of input parameters was 
used, a part of which is presented in Table 1. While creating artificial neural networks, the ReLU acti-
vation function and the Adam optimizer were used to predict selective photosensitivity. The networks 
were formed with the MSE loss function [9]. When training the artificial neural networks, the early 
stopping criterion was used, with the maximum number of training epochs not exceeding 1100. 

 
Table 1 – Section of the dataset used for training and testing artificial neural networks 

 

№ Molar ratio Bias voltage Wavelength  Current strength 
Zn Mg U, В λ, нм I, А 

1 1 1 -3 405 -9.260E-04 
2 1 2 -6.5 450 -1.940E-03 
3 1 1 -11 905 -1.140E-02 
4 1 5 11 780 2.450E-05 
5 1 5 -7 520 -8.150E-05 
6 1 2 4 980 9.380E-05 
7 1 5 -1 808 -2.120E-06 
8 1 2 -1.5 405 -2.800E-04 
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   End of Table 1 

9 1 1 -5.5 450 -3.230E-03 
10 1 5 -8 405 -9.380E-05 
11 1 5 -11 660 -1.510E-04 
12 1 2 7 780 1.220E-04 
13 1 1 3.5 278 1.470E-04 
14 1 5 7 520 1.030E-05 
15 1 1 -0.5 660 -1.010E-05 
16 1 2 -1.5 780 -3.020E-04 
17 1 1 -7.5 1064 -5.710E-03 
18 1 2 -14.5 660 -5,100E-03 
19 1 2 -4 450 -1,080E-03 
20 1 5 11 1064 2.460E-05 
21 1 1 0.5 808 4.180E-06 
22 1 5 -11.5 780 -1.590E-04 
23 1 2 -8.5 980 -2.740E-03 
24 1 1 -0.5 780 -1.020E-05 
25 1 5 0.5 450 4.710E-09 

 
During the numerical experiment, 210 neural networks with one and two hidden layers were 

constructed (see Figure 2). 
 

 
 

Figure 2 – Artificial Neural Network architecture 
 
The following criteria were used to evaluate the effectiveness of artificial neural networks: 

n 2
i = 1 i i

1RMSE (d y )
n
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n
i = 1 i i

1MAE d y
n

= −∑  – Root Mean Square Error (RMSE); 
n 2
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n 2
i = 1 i

(d y )
R 1

(d d)
−

= −
−

∑
∑

 – determination coefficient. 

 
Table 2 provides information on 20 most effective neural network configurations for predicting 

selective photosensitivity. 
 

Table 2 – Artificial Neural Network Testing Results 
 

№ Network architecture RMSE MAE R2 
1 3-14-14-1 8.86E-05 5.55E-05 0.9994 
2 3-14-15-1 9.05E-05 5.65E-05 0.9994 
3 3-15-14-1 9.96E-05 6.23E-05 0.9993 
4 3-13-15-1 1.00E-04 6.33E-05 0.9992 
5 3-15-11-1 1.02E-04 6.21E-05 0.9992 
6 3-15-15-1 1.02E-04 5.92E-05 0.9992 
7 3-13-14-1 1.03E-04 6.30E-05 0.9992 
8 3-12-14-1 1.05E-04 6.38E-05 0.9992 
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9 3-15-12-1 1.08E-04 6.49E-05 0.9991 
10 3-15-13-1 1.12E-04 6.35E-05 0.9990 
11 3-13-13-1 1.15E-04 6.86E-05 0.9990 
12 3-12-15-1 1.15E-04 6.21E-05 0.9990 
13 3-14-13-1 1.15E-04 6.63E-05 0.9990 
14 3-14-12-1 1.16E-04 7.08E-05 0.9990 
15 3-15-10-1 1.16E-04 6.96E-05 0.9990 
16 3-14-11-1 1.17E-04 6.43E-05 0.9990 
17 3-11-13-1 1.18E-04 6.71E-05 0.9989 
18 3-12-13-1 1.19E-04 7.05E-05 0.9989 
19 3-13-12-1 1.20E-04 6.95E-05 0.9990 
20 3-15-9-1 1.21E-04 6.91E-05 0.9989 

 
When testing on all three selected criteria, the artificial neural network with architecture [3-14-14-1] 

showed the best results. Meanwhile, none of the neural networks with a configuration containing a 
single hidden layer was among the best networks. 

Conclusion. The parameters of neural networks that provide acceptable results for predicting 
the properties of semiconductor sol-gel layers have been established during numerical experiments. 
The results obtained can be used in determining the technological parameters of sol-gel formation 
using the method of films with selective photosensitivity of ZnхMgyO. 
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