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The electrocaloric effect (ECE) is a phenomenon in which a material shows a reversible temperature change
under an applied electric field. There has been some problem in the conventional refrigerator. Since the
conventional refrigerator operates by using a compressor, vibration generation is inevitable. The other
disadvantage includes the difficulty in down-scaling. Thermoelectric cooling using the Peltier device has
been considered as a solid state cooling device; however, low efficiency has been a hindrance to the wide
applications. From the viewpoint of the refrigerator innovation, new refrigerators based on the new
mechanism are expected. ECE is considered to be one of the new cooling mechanisms. By using ECE, the
application to compact a high energy-effective, inexpensive, and safe refrigerator would be considered. In
order to create ECE cooling devices, materials with large ECEs are required. For direct measurement of the
AT, there are some difficulties. Most probably due to these difficulties, the reports on the direct
measurement of AT are limited thus far.

In this study, the electrocaloric temperature change, AT, due to applied AE, of the BaTiO;-based ceramics is
estimated and directly measured. Figure 1 shows temperature-electric field (T-E) loops of the Ba(Zr,Ti)Os
ceramics and BaTiOs-based multi-layer capacitor. The comparison with the estimations from indirect
approach based on Maxwell’s equation will be discussed. And temperature distribution analysis of the
BaTiO;-based multi-layer capacitor will be discussed for the realization of the cooling devices.

This study is partly supported by grant from KAKENHI #26420684 from the Ministry of Education,
Culture, Sports, Science and Technology, Japan.

234 22:2
233 | 221 1

232 + 2+
231 + 219 +

g o
2| 23+ 3 218 4
3 =1
g 2 217 1
2 i
£ £ Lo
C @
L 227 + = 215
226 + 214
225+ 213+
. 204 . . 242
-40 -20 0 20 40 -3 -2 -1 0 1 2 3
Electric field (kV/icm) Voltage (kV)

Fig. 1. Temperature-electric field (T-E) loops of the Ba(Zr,Ti)O3 ceramics and BaTiOs-based multi-layer
capacitor
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