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Abstract: In this study, we investigated the effect of electrode pattern design on the thermal shock resistance and

temperature uniformity of a ceramic heater. A cordierite substrate with a low thermal expansion coefficient was

fabricated by tape casting, and a tungsten electrode was printed and used as a heating element. The temperature

distribution of the ceramic heater was calculated by a finite-element method (FEM) by considering various electrode

patterns, and the tensile stress distribution due to the thermal stress was calculated. In the electrode pattern with a

single-line width, the central part of the ceramic heater was heated to the maximum temperature, and the position of the

ceramic heater having a double-line width was changed to the maximum temperature, depending on the position of the

minimum line width pattern. The highest tensile stress was found along the edges of the ceramic heater. The temperature

gradient at the edge determined the tensile stress intensity. The smallest tensile stress was observed for electrode pattern

D, which was expected to be advantageous in resisting thermal shock failures in ceramic heaters.
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Fig. 1. Layout of electrode patterns for ceramic heater.
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Table 1. Design parameter of various electrode patterns.

Pattern code  Maximum line width Minimum line width

A 20 20
B 100 50
C 150 50
D 50 20
E 20 20

(@) (b)

© . (d)

Fig. 2. (a) The calculated temperature distribution, (b) the actual
temperature distribution the electrode pattern A, (c) the calculated
temperature distribution, and (d) the actual temperature distribution
of the electrode pattern C.
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Fig. 3. (a) The temperature distribution, (b) the tensile stress
distribution, (c) the
respect to the imaginary line of the electrode pattern B, (d)

temperature and stress variation with

the temperature distribution, (e) the tensile stress distribution,
and (f) the temperature and stress variation with respect to the
imaginary line of the electrode pattern C.
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Table 2. Properties of ceramic substrates materials and their
thermal shock coefficient.

Material Cordierite ALLO; AIN
Thermal conductivity (W/(m - K) 3 25 150
Poisson’s ratio 0.21 021 0.24
Coefficient of thermal expansion (10%/K) 1.7 8.2 4.5
Young’s modulus (GPa) 70 300 330
Fracture strength (MPa) 117 345 320

RT 23 28 246
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