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The activation energy Q slightly decreased in the range of 20-80 °C from 1.17 ¢V to 1.09
eV. Then Q increased abruptly reaching the highest values of 1.23-1.55 eV at 105-110 °C. The
magnitude of the energy correlated with the content of the ceramics filler being 1.23 eV at 40 %,
1.40 eV at 50 % and 1.55 eV at 70 % of BaTiOs in the composite. Moreover, the temperature of the
peak was very close to the Curie point of BaTiOs, proving that the relaxation behavior of the
composite near this temperature is governed by ceramics.

Similarity of electrical relaxation in PVDF-BaTiOz composites and PVDF can lead to the
development of a generalized model capable to interpret and even predict the electrical properties of
the polymer-ceramics ferroelectric composites.

PYROELECTRICITY AND RESIDUAL POLARIZATION IN PVDF THIN
FILMS WITH NANO-SCALE STRUCTURE

A.E. Sergeeva and S.N. Fedosov
Odessa National Academy of Food Technologies, Odessa, Ukraine

Ferroelectric polymers having a nano crystalline structure were considered during the last
years as new candidates for replacing inorganic materials in pyroelectric sensors due to their good
mechanical properties, reasonably sufficient performance and easy fabrication. Polyvinylidene
fluoride (PVDF), being a typical ferroelectric polymer, has prospects of widespread application in
pyroelectric sensors. In this work, the relationship between pyroelectricity in PVDF films and
residual polarization was investigated.

Polymer chains of PVDF are arranged in such a way that a semi-crystalline structure is
formed consisting of nanosized crystallites and amorphous phase. The preferential orientation of the
dipoles occurs only after poling, i.e. application of an external strong DC electric field. Short-
circuited poled films possess the residual polarization Pr, presence of which and its dependence on
temperature leads to appearance of pyroelectricity in PVDF.

Experiments were performed on 12.5 um-thick biaxially stretched PVDF films with Au
electrodes deposited by cathode sputtering. Initial poling and switching of polarization were
performed by a step-wise application of DC high voltage. The pyroelectric dynamic coefficient was
measured by the thermal pulse method developed by Collins. A heat pulse of 50 us duration was
generated by the Metz 45 CT-3 flash unit and absorbed by the metal electrode deposited on the
sample surface. The heat flowing along the thickness direction created a temperature distribution
T(x,t) and caused appearance of the pyroelectric current recorded by Tektronix TDS 510A
broadband oscilloscope.

Five series of experiments were performed, in which the polarization reversal was
accomplished at different duration (from 10 ps to 100 s) of the applied voltage in the range from 0.5
kV to 2.5 kV

The one-dimensional (in the direction of thickness) homogeneous differential equation of
the second order in partial derivatives has been solved for the case of the thermal pulse excitation.

Comparison of the switched polarization and the pyroelectric signal at the identical
switching conditions has shown the absolute similarity of the corresponding experimental curves.
This indicated that there was a direct proportionality between the residual ferroelectric polarization
and the pyroelectric coefficient. On the basis of the obtained results, it was proposed to employ the
measurement of the pyroelectricity by the simple Collins method to estimate the polarization state
of PVDF films used for the manufacturing of sensors and actuators.
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