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Studies on the Thermodielectric Generator Part IV
Expressions for Small and Large Signal Capacitances of the
Thermodielectric Element as a Function of the Applied Voltage
and the Temperature.

Sanji FUJIMOTO, Tadashi MATSUMOTO

(Received September 30, 1965)

It is well known that the capacitance of ferroelectric capacitor depends largely upon
the impressed voltage and the temperature. The expression to the voltage dependence
of the small signal capacitance (i. e. the differential capacitance) has been originally
given by L. A. Pipes, assuming that;the relation between the electric charge Q and the
impressed voltage V is Vecsinh aQ. For the dependence of the temperature above the
Curie temperature, Curie-Weiss’ law is well satisfied.

However, in some applications of ferroelectric materials such as the high power
ferroelectric limiter and the high voltage generation with the thermodielectric generator,
it is needed to know the large signal capacitance as a function of both the impressed
voltage and the temperature, where the large signal capacitance is defined as C;=Q/V
provided that the working point is chosen at the origin on the Q—~V curve.

In this paper, assuming the relation between Q and V as V=aQ+5Q3? the expres-
sions of small and large signal capacitances of ferroelectric capacitor used as the
thermodielectric element are given first as a function of two variables—the impressed
voltage and the temperature—, and their relative relation is shown quantitatively. In
general, small signal capacitance can be measured easily, while the measurement of
large signal capacitance is rather difficult, in particular, at the alternating impressed
voltage. Using our expressions mentioned above, however, we can readily obtain the
latter from the data of the measurement of the former. Moreover, the influence of
temperature rise due fo dielectric loss is considered approximately.

Finally, it is verified with some experiments that the expressions shown herewith
are satisfactory and useful not only in the analysis of thermodielectric generator but
also in the other applications in which both the impressed voltage and the temperature
of ferroelectric ceramic capacitor are changed forcedly and widely,
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Table A-1 Relations in the assumed fundamental equations of nonlinearity.
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