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Sintering process optimization of ZnO varistor materials by machine learning
based metamodel
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Abstract ZnO wvaristor is a semiconductor device which can serve to protect the circuit from surge voltage because its
non-linear 1-V characteristics by controlling the microstructure of grain and grain boundaries. In order to obtain desired
electrical properties, it is important to control microstructure evolution during the sintering process. In this research, we
defined a dataset composed of process conditions of sintering and relative permittivity of sintered body, and collected
experimental dataset with DOE. Meta-models can predict permittivity were developed by learning the collected experimental
dataset on various machine learning algorithms. By utilizing the meta-model, we can derive optimized sintering conditions
that could show the maximum permittivity from the numerical-based HMA (Hybrid Metaheuristic Algorithm) optimization
algorithm. It is possible to search the optimal process conditions with minimum number of experiments if meta-model-
based optimization is applied to ceramic processing.
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Fig. 1. (a) Box-type furnace setup to measure temperature using 10 thermocouples and data logging interface with laptop during sin-
tering process (b) Four different ZnO varistor sample positions (#1~#4) in the furnace.
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Table 1

Measured temperature at 4 different sample positions during sintering process with 900~1200°C sintering temperature, 60 min sintering

time, 5°C/min heating rate and 5°C/min cooling rate

Measured temp. [°C]

Setting Temp. [°C]

#1 #2 #3 #4
900 923.5 927 924 912.5
1000 1024.5 1027 1025 1015
1100 1125.5 1128 1124 1118
1200 1230.5 1233 1230 1223.5
Average for difference between 2 2875 2575 1725
setting and measured temp.
Table 2
Processing variables, their type and Min./Max. values using in DOE
Processing variables Type (Continuous or discrete) Min. values Max. values
Sintering temperature [°C] continuous 900 1200
Sintering time [min] continuous 0 600
Heating rate [°C/min] continuous 1.0 7.0
Cooling rate [°C/min] continuous 1.0 7.0
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Definition of variables & object function

- Processing variables:

Sintering Temp., Sintering Time,

Heating Rate, Cooling Rate

[Data Set]
B X3 Xy y
Sintering | Sintering Heating Cooling L
Temp. Time Rate Rate Permittivity

- Objective function:
Permittivity @ 1kHz

DOE by OLHD

Data acquisition

Metamodeling by ML

Sintering process optimization by the

metamodel using HMA

Verification with optimized variables

Predicted value

Metamodel Qo

y=r(x)

Fig. 2. Optimization procedure with DOE and ML based metamodeling.
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Fig. 3. Correlation plots among each variable and measured permittivity in sintering process.
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from the EDT based metamodel.
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Table 3
Max. permittivity data and their sintering conditions comparison between experiment and optimization with EDT
Sintering temperature Sintering time Heating rate Cooling rate Permittivity
[°C] [min] [°C/min] [°C/min] @ 1kHz
Experiment 1200.25 125 1.0 1.0 683
Optimization 1182.75 506.2 1.0 5.5 721
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