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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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thickness). In this study models were developed using fuzzy logic method. Fuzzy set theory which formed the basis of
fuzzy logic, as an alternative to classical set theory, was presented by L.A. Zadeh [1]. In the fuzzy set theory, the transition
between membership to non-membership is done progressively [1].

Unlike Boolean Logic fuzzy logic was designed to reproduce human thinking technique using mathematical approach
[1, 5]. This particular approach helps to visualize and predict possible output data variables depending on the input data
changes [3, 7, 6]. Several SiO2 experiments were designed and conducted, a light transmission coefficient and thickness
were measured for each coating sample. Using fuzzy logic method thickness and light transmission coefficient models
were developed and compared with measured values.

2. Design of SiO2 coating experiment

Experiments to develop prediction models were carried out at a laboratory vacuum machine UV80 for coating webs
and films [8]. Silicon reactive sputtering was selected for the experiments, where SiO2 coating was applied onto
polyethylene terephthalate (PET) film. For the process power supply (8kW), argon flow 75 sccm, variable oxygen and
airflows were used. Main idea of the experiment was to change airflow quantity thus simulating leak condition, to verify
coating quality, i.e. measure its thickness and a light transmission coefficient. After conducting SiO2 vacuum coating
experiments samples were verified and measured. Measured results are given in table 1.

d T
No. 02, sccm Air, sccm (thickness, nm) | (transmission coefficient, %)
1 0 70 142.1 86.64
2 0 65 133 86.49
3 0 55 128.5 87.54
4 0 50 121.3 88.36
5 7 45 115.2 89.35
6 17 40 110.7 89.45
7 20 35 109.8 89.19
8 25 30 112.8 87.66
9 30 25 11.6 87.55
10 41 15 119.9 86.81
11 50 5 126 85.33
12 52 0 130.5 83.98

Table 1. Technological parameters and the results of SiO2 coating samples

Coating sample measurement was performed on spectrophotometer MC 122 for light transmission coefficient
calculation and FILMETRICS F20-UV machine to determine coating thickness. SiO2 coating light transmission should
not be less than 88% to match the requirements. Results showed that in leak situation under certain circumstances coating
light transmission property does not match 88% boundary. After coating visual verification it was concluded that SiO2
coated samples No. 4, 5, 6, and 7 are pure, clean and doesn’t have any browning signs, thus visual coating quality matches
the desired requirements.

3. Design of prediction models using Fuzzy Logic

One of the main reasons of the research is to develop prediction models to control SiO2 coating light transmission
coefficient and thickness under leak circumstances. Developed prediction models can be implemented in vacuum coating
sputtering laboratories or factories. In the begining input values were defined, then the fuzzification was performed or in
other words fuzzy logic was used [4]. The next step included generation of output values according to the defined fuzzy
rules previously defined in the database [4]. After fuzzy model was developed, a defuzzification we performed in order
to obtain 3D output parameter plot.

Fuzzy modelling was performed using fuzzyTECH 8.30b Professional Demo software. To develop fuzzy logic model
two input variables were used: O2 flow rate and air flow rate, while output variables were coating light transmission
coefficient (T) and thickness (d). The following model shows relationship between input data, output data and rule block
(see figures 1 and 2).
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Fig. 1. Light transmission coefficient fuzzy model
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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).
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Fig. 3. Five membership functions for air flow rate
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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 scem).
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. 5. Five light transmission membership functions

For thickness were selected five membership functions, as follows (shown at figure 6): very small (113 nm); small
(119 nm); medium (126 nm); big (133 nm); very big (142 nm).
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Fig. 6. Five thickness membership functions

The division created by membership function is sufficient to set up a full-fledged light transmission coefficient and
thickness fuzzy logic model. Therefore, it is necessary to set a correlation between input and output data using fuzzy rule
block, where a database of rules were formed. Since fuzzy logic is based on humanlike operating principles, thus the rule
block operates by means of “IF”, “THEN”. In table 2 a rule block of light transmittance is shown. Rule block database is
design based on the obtained and measured SiO2 coating sputtering experiment results, which are shown in table 1.

IF THEN

Nr. Air flow 02 flow Light transmission coefficient
1 Very small Big Small

2 Very small Big Very small
3 Very small Very big Very small
4 Very small Small big

5 Very small Medium medium
6 Small Small Very big
7 Small Medium Big

8 Small Very big Big

9 Small Very big medium
10 Medium Very small Big

11 Medium Very small Very big
12 Medium Very small Medium
13 Medium Small Big

14 Medium Small Very big
15 Medium Medium Medium
16 Big Very small Big

17 Big Very small Medium
18 Big Small Very big
19 Big Small Big

20 Very big Very small Small
21 Very big Very small Medium
22 Very big Very small Big

Table 2. Fuzzy logic rule block of light transmission
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4. Data defuzzification

Next step after development of the rule block was data defuzzification, where linguistic values are transferred into
numerical values and prediction models are graphically displayed in 3D and 2D plots. Light transmission coefficient 3D
prediction fuzzy model is shown in figure 7. Thickness 3D prediction fuzzy model is shown in figure 8. In additional
window “Watch: Interactive debug mode” input values can be changed to obtain output values, thus oxygen and air flows
can be changed and after data defuzzification thickness and light transmission coefficient values can be obtained.

00| SEESED a9
a0z = |[light_transmissior ~|[5% -] sl Watch: Interactive Debug Mode (=N R~

light_tran Ir 2 Outputs:
light_transmission 88.714750

8]

[ [ [
83.88 84.31 84.75 85.19 85.63 86.06 86.50 86.94 87.38 87.81 88.25 88.69 89.13 89.56 90.00

Fig. 7. Light transmission (T) prediction model 3D plot
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Fig. 8. Coating thickness (d) prediction model 3D plot

One particular example is showed in Fig. 8, where in the interactive debug mode the airflow is to 35 sccm and O2
flow is 20 sccm, thus data defuzzification calculates light transmission coefficient 88.71%. Same principle applies to nano
coating thickness prediction model at figure 9, where airflow is 23 sccm and oxygen flow is 30 sccm and thickness
prediction model result is 113 nm. Developed fuzzy logic models must be compared with experimental measured results.
Therefore, several samples were selected from table 1 and combined with fuzzy logic generated predicted values changing
gas flows (see figure 9, 10).
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Fig. 9. Measured and predicted nano coating thickness (d)
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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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