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PO3/IJI 2

XIMIYHI, ®I3UYHI TA MATEMATUYHI METOIHU
JOCJIKEHHSA NPOLECIB TA AITAPATIB
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DEPOLARIZING FIELD IN FERROELECTRIC POLYMERS AND ITS
NEUTRALIZATION BY TRAPPED CHARGES

Dzhakeli V.L., BSc student, Department P&M, Faculty TEPaTD
Odessa National Academy of Food Technologies

Switching of polarization in ferroelectric polymers results in appearance of the depo-
larizing field tending to switch the polarization back to its original state [1]. If the depolariz-
ing field is not neutralized (or compensated) by trapped charges, or by other means, the resid-
ual polarization is weak and unstable, because the main polarizing field and the depolarizing
field have opposite directions.

There are two sources of space charges in ferroelectric polymers. They can either orig-
inate from separation of already existing intrinsic carriers, or be injected in the bulk through
surfaces of the sample. It was proved [2] that the massive trapping of charges occurs during
the buildup of polarization in ferroelectric polymers, but it is not clear where the trapped
charges reside.

It is shown in this paper that favorable conditions for trapping exist not only at bound-
aries of the polarized crystallites, but also in macroscopic transition zones, by which polarized
parts of the sample are separated from non-polarized ones. Depending on poling conditions,
the zones are located either near surfaces, or inside the volume. We found that the charge den-
sity necessary to compensate the depolarizing field does not depend on thickness of either the
transition zone, or the polarized volume. Assuming that compensating charges are trapped at
boundaries of crystallites and considering that ferroelectric polymer has a brick-like structure
[3], we found that the charge density necessary to provide for complete compensation must be
about 3-10°° m™, which is 10® times higher than the total charge available in the sample.

It means that all compensating charges cannot be trapped at the boundaries of crystal-
lites, but they reside, most probably, in the transition zones. We calculated that the field acting
at a dipole inside a crystallite was zero in this case. At the same time, the second component
of polarization appears under action of rather high field applied to the amorphous phase of the
ferroelectric polymers, although it is not as large and stable as the ferroelectric polarization in
crystallites.

We calculated that the charge density of about 3 pC/m” can be obtain by separation of
the intrinsic charges, but this value is much lower than that necessary for compensation of the
depolarizing field estimated as 0.1 C/m”. It means that additional charges are needed which
can be supplied either by injection, or by thermal stimulation during poling. Considerable de-
crease of the apparent conductivity in ferroelectric polymers observed at different poling con-
ditions was in good agreement with our model calculations.
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It is sometimes assumed that poling takes place in the field created by the trapped
charges. This is wrong, because the poling field is provided by the power supply, while the
trapping of charges in ferroelectric polymers is not the cause, but the result of polarization.

Scientific Advisor — Prof. A. E. Sergeeva, DSc (Physics & Mathematics)
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