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ROLE OF TRAPPED CHARGES IN NEUTRALIZATION OF
DEPOLARIZING FIELD IN FERROELECTRIC POLYMERS

Professor A.E. Sergeeva, D.Sc. (Physics & Mathematics)
Odessa National University of Technology, Odessa

Switching of polarization in ferroelectric polymers (FP) is accompanied by appearance of
the depolarizing field tending to switch the polarization back to its original state. If this field is not
neutralized (or compensated) by trapped charges, the residual polarization will be weak and
unstable. There are two sources of space charge in FPs. It can either originate from separation of
already existing intrinsic carriers, or be injected in the volume through surfaces of the sample. It has
been proved that the massive trapping of charges occurs during the buildup of polarization in FPs
[1], but it is not clear so far where the trapped charges reside. In this paper it is shown that favorable
conditions for trapping exist both, at boundaries of the polarized crystallites and in macroscopic
transition zones, by which polarized parts are separated from non-polarized ones. However, the
compensating charges are trapped only in the transition zones.

It was known that structure of the uniaxially stretched PVDF, and most probably of other
semi-crystalline FPs, is bricklike, i.e. crystallites are oriented in the stretching direction, each
having dimensions of about a=7.5 nm, b=3.5nm, ¢=2.5 nm in directions 1-2-3. The crystallites are
separated from each other by amorphous gaps of about 2.5 nm thick in direction 1, while very
narrow layers of about 0.5 nm separate crystallites in directions 2 and 3.

Assuming that crystallites are spheres or discs we found that conditions are favorable at
boundaries of polarized crystallites for trapping of charges [2]. This can be considered as if new
localized states are added to already existing Anderson’s centers in amorphous phase and to
Maxwell-Wagner's charges trapped at the interfaces. However, the depolarizing field can be
compensated by this mechanism, if only one crystallite is considered. The picture is different, if
effect of neighboring crystallites is accounted for.

Favorable conditions for trapping of charges exist at boundaries of the macroscopic
polarized layers as well, L.e. in transition zones by which polarized parts are separated from
unpolarized ones. According to Poisson's equation one can write

PE(x,t) oP(x,t)
= t
o T ox X +pt)

1)

where X is the coordinate in the thickness direction, t the time, e, the permittivity of vacuum, ¢ the
dielectric constant, E the field, P the polarization, p the volume density of real uncompensated
charges. If the sample is short circuited after poling for the time exceeding Maxwell's relaxation
time (about 200 s for PVDF), the field will become zero everywhere in the volume, i.e. E(x,t) = 0.
Then from Eq.(I) we obtain

oP(x,t)

— Z=-plx) )

Eq.(2) indicates that trapped charges can reside in the transition zone. It can be easily proved
that the net charge per unit surface area does not depend on thickness of the transition zone and is
equal to the magnitude of polarization in the uniformly poled part of the sample. Another
conclusion is that the net density of the compensating trapped charge does not depend on thickness
of the polarized layer, provided the one-dimensional approximation is still valid.

Assuming that neutralized charges are trapped at boundaries of each polarized crystallite one
can calculate the density of the charges. Calculations show that real density of the charge carriers is
n=10'8 m3, while the required charge is ni=2-10% m=, i.e. the real charge is 8 orders of magnitude
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lower than that necessary for compensation of polarization by charges trapped at boundaries of each
crystallite. Therefore, the charges are not trapped at boundaries of crystallites. How then the
depolarizing field is compensated? It appeared that trapping only in transition zones is sufficient.

It is obvious that the density of the polarization charge at surfaces of the sample P' is
proportional to P,=0.14 Q/m? and crystallinity x.~0.5. Let us calculate the field applied to a dipole
inside any crystallite. Considering validity of the superposition principle, the total field is the sum
of fields created by all charged layers, both over and under the dipole. It is easy to show that the
resulting field is zero, because numbers of positive and negative layers are the same. It means that
the depolarizing field inside crystallites can be completely neutralized by the charges trapped at the
surface or in transition zones.

A rather high field exists in the amorphous phase of a FP, but this field is not caused by
polarization of crystallizes, as postulated sometimes. It results from compensating charges residing
at the surface of the sample, or in transition zones. The field can cause separation of free carriers in
amorphous phase, but this does not affect the field inside crystallites (it will remain zero). Separated
charges are pressed to surfaces of crystallites, therefore their mobility is reduced. This can be a
reason of the sharp decrease in the apparent conductivity during poling of FPs [3].

Let us estimate the net charge necessary for neutralization of the depolarizing field by
charges trapped in transition zones. Considering polarization P' = 0.1 Q/m?, the thickness of the
sample Xo = 20 um, the density of intrinsic free charges n = 10 m= and assuming that all separated
charges are trapped at surfaces of the sample, we obtain for the surface density of the charges
6’=3.2-10° Q/m?, which is much lower than the required density P' = 0.1 Q/m?. This result is
simple, but rather important. It shows that there must be sufficient source of free charges during
poling, so that they can be trapped in order to compensate the depolarizing field completely. They
can be either injected, as in cases of corona or high-field poling, or emitted thermally inside the
sample in case of the thermoelectret poling. For example, the required charge can be injected in 15
min during room temperature constant-current corona poling at the current density of 160 nA/m?.

It is worthwhile to mention that FPs poled at elevated temperatures usually possess higher
values of polarization than those poled at room temperature. The thermal activation in case of FPs is
necessary only to provide for the high number of free charges, but not to increase mobility and
improve alignment of dipoles, as in case of conventional polar electrets. The thermoelectret
polarization in FPs is an undesirable side effect, because being unstable thermodynamically, it
decays slowly with time, negatively effecting their piezoelectric and pyroelectric performance.

We have already suggested [4] that a very close interaction existed between polarization and
space charge in FPs. Here more evidence is provided of this and give some new information on
where the compensating charges are trapped and how they neutralize the depolarizing field. The
clarification is necessary, because it is often assumed that the poling take place in the field created
by trapped charges. The fact however is that the poling field is provided by the power supply, and
the trapping of charges in FPs is not the cause, but the result of polarization.
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