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Precision Temperature Control Loop Self-Tuning Method Based on Stability

Region Performance Optimization

Wen Guojun  Yang Zigiang Dong He'
(School of Mechanical and Electronic Information, China University of Geosciences (Wuhan), Wuhan 430074, China)

Abstract Precision temperature control systems are critical in semiconductor manufacturing to maintain
the stability of the ambient temperature. However, determining the optimal control parameters becomes
difficult due to the characteristics of the system such as time lag, nonlinearity and large inertia. In addi-
tion, when the system state changes, the control parameters need to be recalibrated to adapt to the new
operating conditions. The existing controller parameter tuning methods are mainly divided into engineer-
ing tuning method and optimization algorithm. The former is easy to use and convenient to calculate,
but it is only applicable to the scenarios with low control accuracy requirements, and it depends on the
experience of the operator, which is time-consuming and labor-intensive as it needs to be adjusted repeat-
edly. Although the latter performs better in terms of parameter optimization efficiency and control accu-
racy, it is difficult to ensure the stability of the system. and there is a risk of falling into the local opti-
mum. Aiming at the above problems, this paper proposes a controller parameter self-tuning method
based on stability region performance optimization. The method firstly obtains the system model
through model identification, and then applies the stability region locus method to determine the stability

region of the controller parameters on this basis. In order to evaluate the set value tracking ability and
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disturbance resistance of the system, corresponding performance indexes are proposed. The stability re-
gion is divided into grids and the performance indexes corresponding to the grid point parameters are cal-
culated to ensure that the calibration results are globally optimal. In addition, this method uses actual
system data as model perturbation inputs for performance evaluation, which makes the tuning results
more reliable. Experimental validation shows that the controller parameters obtained based on the meth-

od of this paper have significant advantages in system control accuracy compared with manual parameter

tuning.
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Fig. 2 The closed loop of liquid temperature control system
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