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CEKIISA «PISHKO-MATEMATEMATHYHI HAYKH»

SWITCHING OF POLARIZATION IN PVDF FILMS: IMPORTANCE OF
SCREENING BY TRAPPED CHARGES

Prof. S. N. Fedosov', Prof. A. E. Sergeeva!, Prof. H. von Seggern?
!Odessa National Academy of Food Technologies
’Darmstadt Technological University, Germany

During the last 20 years some ferroelectric polymers like polyvinylidene fluoride (PVDF)
have attracted attention due to a promising combination of high residual polarization and good
mechanical properties [1,2]. Although initially expected wide-scale applications of PVDF have not
been achieved so far, it remains a model material for studies on polarization phenomena in
ferroelectric polymers.

Eisenmenger et al. [3] put forward a qualitative charge trapping model assuming that
dipoles in PVDF are intrinsically unstable and their preferential orientation is fixed only by charges
trapped at the dipole or domain surfaces®. The idea has aroused interest to the charges in PVDF.
However, their assumption of instantaneous switching of dipoles and their back-switching, if not
stabilized by charges has not been proved experimentally, since the expected huge displacement
currents during back-switching have not been ever observed.

Interrelation of polarization switching and screening charge dynamics is investigated in this
work by comparing experimental data with results of modeling. The results stress the importance of
an instantaneous release of all screening charges in the fast phase of switching and its
reconstruction to screen the reversed polarization in the slow part of the switching process.

Our experiments have been performed on 12.5 um-thick biaxially stretched PVDF samples
from Kureha Co. with Al electrodes deposited by vacuum evaporation. The crystallographic
structure of the polymer exhibited almost equal portion of crystalline and amorphous phases. IR
spectra indicated that the fraction of ferroelectric [3-phase in relation to the non-polar o-phase
corresponded to a ratio of 70:30 and remained unchanged in the switched samples.

For theoretical modeling, the morphological structure of PVDF was assumed to be as an
earlier proposed layer structure [4,5]. Initial conditions are as follows: P(0)=P,, E.(0)=E:{0)=0.

In order to reveal the effect of screening and conductivity on the switching process four
extreme cases of the screening charge behavior during the switching of polarization are analyzed.

The following 1s the current equation, which is the same for all four cases:

I(t) =

U” _nL(Eaé‘u +Ecr5cr) = A g()ga dEa +gEa = A 505” dEc” +£+gEcr (1)
R dt dt dt

where £, and E., are the electric fields in the amorphous and crystalline phases, respectively. The
conductivity is assumed to be g=g, for case 4 and g=g,+enu for cases 1, 2 and 3 with e being the
elementary charge, 1 the mobility of free charge carriers and n the free charge density.

Considering gradual release and recombination in case 1, the dynamics of the charge density
n is assumed to be as follows

dn dP/dt )
—=2n —an
dt ed

)

where the first term on the right side describes the released charge density due to polarization
switching and the second term shows the charge recombination.
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For the case 2 all screening charges are released instantaneously described by

dn )
—=-an 3
% 3)
with the initial condition
2n,|P,
n(0)=n, =——= “4)
ed
In the case 3 of high intrinsic conductivity, g is the same as the initial value in the case 2
2n,|P,
g=8,t——— M )
d
whereas g=g, is assumed in the case 4 of low conductivity.
The intrinsic polarization dynamics in all four cases is described by
a _F-P (6)
d v(E,)
where
E
(E,)=1, exp[E—Aj . (7)

The hysteresis of the ferroelectric polarization is simplified by

p = F, E,<E, .
“\p+2pP(E,-E)(E -E) E,>E,

Egs. (1) to (8) were solved numerically in relation to the ferroelectric polarization P. The
best fitting was obtained for the case 2 with the following values of parameters: z=10""' m*V s,
7,=2-10% s, E4~1.1-10° V/m, and @=0.5-102" m%/s. The same parameters were used in calculations
of the case 1. In the case 3, n=r,=3.92-10* m3 causing g=gux=6.32-10* S/m, while n=0 and
g=2,~3-10"" S/m corresponded to the case 4.

The best agreement between experimental and theoretical dynamics of the polarization
switching was observed in the case 2 corresponding to an instantaneous release of the screening
charges upon application of the switching voltage. With all other models, a fit of the theoretical
prediction to the experimental data was unsuccessful.

The physical reason why all other models fail can be seen in the dynamics of the released
charges. In the model with the constant low conductivity (case 4) the charges are released according
to the Maxwell relaxation time constant zy=¢.e/g,, Which is 7,~=4.5 s for the present case. The
consequence is that only a small fraction of the polarization can switch freely, whereas the rest is
hindered by the electric field of the still persisting screening charges. This situation changes around
the Maxwell relaxation time when the screening charges are released.

The model of instantaneous release (case 2) seems to offer the right mix of released charge,
recombining charge and conducting charge. The initially very high number of released charges
forms a high conductivity that allows polarization to switch unimpeded.
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CORONA DISCHARGE POLING OF FERROELECTRIC POLYMERS

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

Dipoles in ferroelectric polymers (FP) must be oriented by application of DC electric field to
insure desired properties of the material. The most advanced process called corona poling was
applied earlier in electrostatic filters, electrophotography and in electrets. Due to its versatility,
corona method allows to optimize the process by proper selection of poling parameters.

Advantages of corona poling are: (a) poling can be performed without deposited electrodes
(b) higher fields can be achieved than in case of sandwich poling, and (c) thin films can be poled in
spite of defects, because breakdown is limited only to small sample area. A simple point-to-plane
geometry was gradually replaced by a corona triode with a metal grid between the point and the
sample. The corona triode was used to study dynamics of poling and charge transport phenomenon
in polymers [1-6]. In this work we describe corona poling of ferroelectrics polymers with an accent
on using constant current corona poling (CCCP).

There are four modifications of the corona triode (Fig. 1). In the simplest mode I, corona and
grid voltages are controlled independently by power supplies 5 and 6 and kept constant. The
elements 4, 8, 9, 10 are not used in mode I. One can measure the poling current (7), but cannot
separate its components. If either the sample or the grid is made vibrating (mode II, element 4 is
added), one can observe the dynamics of the surface potential by the modified Kelvin method
measuring the AC current (8). In the mode III the feedback 10 is introduced to control the corona
voltage 6 in order to keep the poling current constant. So, all poling parameters can be measured
and controlled. In the latest version of the triode (mode IV) not the corona, but the grid voltage is
adjusted through the feedback 9 for keeping the current constant. There is no need for a vibrating
capacitor, so elements 4 and 10 are excluded.

1 +A 18

1 — the corona electrode, 2 — the grid, 3 — the sample, 4 — vibration of the grid, 5 — high voltage DC
power supply for corona, 6 — power supply for the grid, 7 — DC component of the poling current,
8 — AC component of the poling current, 9 — the feedback circuit to control the grid power supply,
10 — the feedback circuit to control the corona power supply

Fig. 1 — Block-diagram of the corona setup

To find best poling conditions we recommend to measure current-voltage characteristics.
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