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Abstract 
 

The paper analyses SiO2 vacuum nano coating technological process and its influence on coating quality and 

properties. Use of fuzzy logic is proposed to develop a process prediction models for vacuum coating. Several experiments 

were designed and conducted using UV80 laboratory vacuum system, wherein SiO2 coating light transmission coefficient 

and thickness were measured. SiO2 nano coating light transmission and thickness predictions models were designed using 

fuzzy logic techniques. After preliminary analysis it was concluded that models developed by fuzzy logic have high 

accuracy and can be used to predict SiO2 vacuum nano coating properties if a leak in vacuum system appears during 

technological process, thus enabling continuation of the technological process as long as coating properties will match 

selected criteria. 
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1. Introduction  
 

Nowadays nano coatings are one of the most commonly used and desired product in vacuum field, which can be 

applied onto webs, films and foils. For example, in SiO2 vacuum nano coating technology a magnetron sputtering is used 

and SiO2 coating itself is unique and demanded coating due to its properties. Thin layers having high insulation resistance 

are required for many applications in electronics and in sensor and photovoltaic technology [2]. SiO2 is one of these 

materials. These applications include gate oxide layers in microelectronics (which are only a few nanometers thick), 

insulating layers in sensor applications (for which higher dielectric strengths can be required) and insulating layers in 

photovoltaic technology (for which the requirements on dielectric strength are lower) [2]. Therefore, it is essential to 

maintain required coating technological process parameters to provide good product quality. System leakage is one of the 

main problems we encountered with during SiO2 coating process. Pressure deviations, process parameter changes and 

leakage can damage the coating, its quality and properties. Therefore, it is necessary to establish models, which can be 

used to predict vacuum nano coating properties when there is a leakage in vacuum system. Such models would help to 

evaluate SiO2 coating sputtering process condition and predict its output parameters (light transmission coefficient and 
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Fig. 1. Light transmission coefficient fuzzy model  

 

 
 

Fig. 2. SiO2 nano coating thickness fuzzy model  

 

After fuzzy logic model development it was necessary to define membership functions to all input and output 

parameters and create rule block definitions between technological and output parameters. Logic variables have truth-

values that lies in range between 0 and 1. Membership functions for input and output parameters were developed based 

on the results from experiment conducted and described, thus these results are considered as preliminary result database 

which is shown in table 1. 

For the airflow five membership functions were selected that are as follows (shown at figure 3): very small (12 sccm); 

small (24 sccm); medium (36 scmm); big (48 sccm); very big (60 sccm). 

 

 
 

Fig. 3. Five membership functions for air flow rate 

 

 
 

Fig. 4. Five membership functions for O2 flow rate 

 

For oxygen flow rate (O2) five membership functions were selected that are as follows (shown at figure 4): very small 

(10 sccm); small (20 sccm); medium (30 sccm); big (40 sccm); very big (52 sccm). 

Similar fuzzification procedure was made for thickness and light transmission coefficient (shown at figure 5). For 

light transmission coefficient five membership functions were selected that are as follows: very small (84, 5%); small 

(86%); medium (87%); big (88.5%); very big (90%). 
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Fig. 9. Measured and predicted nano coating thickness (d) 

 

 
 

Fig. 10. Measured and predicted light transmission coefficient (T) 

 

Vacuum SiO2 nano coating light transmission was evaluated as the main criteria, which it must meet. Therefore, if 

the leak appears it is necessary to follow light transmission prediction model in order to secure determined coating quality. 

Measured and fuzzy logic calculated light transmission and thickness results are shown in figures 9 and 10. Calculated 

light transmission results show high accuracy of 93.9% at fourth sample and highest value of 99.8% at eight sample. 

Calculated nano coating thickness results show high accuracy of 90% at fourth sample and highest value of 99.5% at 

eight sample. Light transmission model has high accuracy and can be used for vacuum nano coating properties prediction. 

Thickness model showed accuracy deviation is from 90% up to 99.5%. Thus, thickness model accuracy can be considered 

as decently high. Both models can be used to predict nano coating properties if a leak in vacuum system appears during 

technological process. As for the priority, the light transmission model remains as main. 

 

5. Conclusion 
 

This paper, investigate leak influence on coating quality and its properties during vacuum coating sputtering 

technological process. Experiment results and developed fuzzy logic models show that it is possible to predict vacuum 

nano coating light transmission coefficient and thickness under leak conditions with decently high accuracy. Experiments 

showed that light transmission accuracy diapason is from 93.9% up to 99.8% and thickness accuracy diapason is from 

90% up to 99.5%. Fuzzy logic developed models present reliable accuracy, thus can be used in laboratory or vacuum 

coating sputtering facilities to predict coating properties and quality in leak conditions. Prediction models can save time, 

material and allow coating process to continue. Fuzzy model development is a complicated task, where precise definition 

of membership functions and rules are important. 
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