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High-pressure spray cleaning is commonly used in the semiconductor device manufacturing process. In this study, a regression
machine-learning algorithm was developed to predict generated static electricity, based on data from multiple sensors, to
prevent electrostatic discharge (ESD) during high-pressure spray cleaning. As a countermeasure to ESD, generated current
was suppressed by applying a high negative voltage to pure water, and by heating the water. A synergistic effect was achieved
by combining these methods. We devised a system for predicting static electricity and avoiding ESD and made a regression
machine-learning algorithm as a soft sensor for the system based on these data. Twenty-four regression machine-learning
algorithms were prepared using the pressure of the spray and temperature of the pure water as control factors, and the flow
rate and resistivity of the pure water, as observation factors, were evaluated in terms of root mean square error (RMSE)
coefficient of determination, predicted speed and learning time. The results showed that the ensemble learner could be
predicted with an RMSE value of 0.408 pA. A coefficient of determination of 0.92, a prediction speed 13.0 ps/unit or lower,

and a learning time of 5.56 s.
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Table 1 Experimental Conditions.

Pressure [MPa] 1~10
Water Temperature [‘C] 20.1~80
Applied Voltage [kV] -10~0
Sampling interval [s] 1.0
Time of Measurement 30
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Table 2 Machine-learning methods and training results.

Learning results RMSE [pA] Coefficient of determination Predicted speed [ps/unit] Learning time [s]
Linear regression (Linear) 0.572 0.92 2.63 5.18
SVM (Linear) 0.576 0.92 21.30 110.88
Ensemble (Bagging tree) 0.408 0.96 13.00 5.56
Gaussian process regression (Index GPR) 0.406 0.96 179.00 34748
Narrow neural network 0418 0.96 233.00 28.26
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