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(BopoHOK) 3a0e3neuye icTOTHE 30UIbIIEHHS IJIOLII aKTUBHOI poO040i MOBEpXHI aOpa3uBHUX KPYTiB
1 BITHOCHUX IIBUIKOCTEH MEPEMIITICHHS 3epHA 110 HUM.

2. Y3aransHeHHs npuHimny aii nporotuny Al-31IH-3 1 MmoaepHi30BaHOT MalllMHU CBITYUTH
PO MpSIMY 3aIEKHICTh €PEeKTUBHOCTI 00poOku (iymieHHs abo nutidyBaHHS) 3€pHOBOI Macu Bif
aKTUBHOT po00YOi IJIOLII MOBEPXHI pOOOUYMX OpraHiB, IO XapaKTEpPHU3YeThCs Oe3mocepeHiM
KOHTAKTOM 3 IapaMH 3epHa abo Kpymu, IO MEPEMINIAlOThCS MO Hid, 1 BiA JOBXHHHU MUIAXY
NepeMileHHs UX 1apiB 1o adpa3uBHIN MOBEPXHI.

3. TpuBamicte  JymieHHS  3€pHA, 3AJIEKHO  Bi  BUIVISAY  0OpOOIIOBAaHUX
CUTBCHKOTOCTIOIAPCHKHUX KYIBTYp CKIazae Bix 9 mo 16 c.

4. 3 BpaxyBaHHSM pI3HUX (DI3UKO-MEXaHIKO-TEXHOJIOTTYHUX BJIACTUBOCTEH 3€pHa PI3HUX
KyIbTyp 1 HeoOXimHoi (3amaHoi) SKOCTI JYIMIEHHS, TPOIYKTHBHICTH MOJIEPHI30BAHOI MAIIMHHU
3HAXOJUThCA B Mexkax 3,2...5,7 1/4.

®parMeHTH MOJEpHI3aIill MAIIMHW MIATBEPKCHI TEXHOJOTTYHUMH, CHJIOBUMH 1
3arajlbHOMAIIMHOOYAIBHUMH pPO3paxyHKaMHu.

OTxe, NMPOEKTYBaHHS, BUPOOHULITBO 1 BIPOBAKEHHS JAaHOI JIYIIMIBHO-IUII(YBaIbHOL
MAaIIUHH JOLIBHO.
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CEKIIA «PISHKO-MATEMATHYHI HAYKH»

IMPORTANCE OF THE CHARGE DYNAMICS SCREENING DURING
POLARIZATION SWITCHING IN PVDF FILMS

Prof. A.E. Sergeeva?, Prof. S.N. Fedosov', Prof. H. von Seggern?
10dessa National Academy of Food Technologies
’Darmstadt Technological University, Germany

Ferroelectric polymers like polyvinylidene fluoride (PVDF) have attracted attention during
the last 20 years 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.

Interest to the charge in PVDF was aroused when 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®.
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 observed.

In this work the interrelation of polarization switching and screening charge dynamics is
investigated 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
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reconstruction to screen the reversed polarization in the slow part of the switching process.

Experiments were 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 a-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,, Ea(0)=Ecr(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 is the current equation, which is the same for all four cases:

Uo _nL(Eaga + Ecr5cr) _ Aligoga ddEta + gEa:| — Aligogcr dE“' +d—P+ gEcr:| (1)

I(t) =
® R dt dt

where Ea and Ecr are the electric fields in the amorphous and crystalline phases, respectively. The
conductivity is assumed to be g=go for case 4 and g=gotenu for cases 1, 2 and 3 with e being the
elementary charge, u 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

— -2 - 2
o n o all 2

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.
For the case 2 all screening charges are released instantaneously described by

dn 3
= 3
& o 3

with the initial condition
2n, |P,|

O = —
n(0) =n, o

(4)

In the case 3 of high intrinsic conductivity, g is the same as the initial value in the case 2

2n,|P, |

g (%)

y=0,+

whereas g=(o is assumed in the case 4 of low conductivity.
The intrinsic polarization dynamics in all four cases is described by

dP P, -P

dt  z(E,) ©

where

cr

() =1, exp{%j. (7)

The hysteresis of the ferroelectric polarization is simplified by
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PO Ecr S EC
st = (8)

Po + 2Pr(Ecr - Ec)/(Es - Ec) Ecr 2 Ec

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: x=10"* m?/V s,
70=2:-108 s, EA=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, Nn=n,=3.92-10%® m3 causing g=gmax=6.32-10* S/m, while n=0 and
0=00=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 tm=eoe/go, Which is tv=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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HOW ELECTRIC CONDUCTIVITY AFFECTS POLARIZATION IN
FERROELECTRIC POLYMERS

Prof. S. N. Fedosov, Prof. A. E. Sergeeva!, Prof. H. von Seggern?
10dessa National Academy of Food Technologies,
’Darmstadt University of Technology, Germany

Ferroelectric polymers like polyvinylidene fluoride (PVDF) and its copolymers have
attracted attention during the last years due to a promising for sensors combination of high residual
polarization and good mechanical properties. Initially, conductivity and space charge were
considered as secondary and even interfering side effects in such materials. It is shown in this paper
that the residual intrinsic conductivity plays an important role in formation of the polarized state
and its dynamics during operation of the devices.

There is one feature of the ferroelectric polymers that was not given enough consideration so
far. All these materials are two-phase systems with different dielectric constants and polarization-
field dependences of the individual phases. In this paper four important processes in ferroelectric
polymers are analyzed comprising initial poling, short circuiting, partial polarization back-switching,
and polarization switching by application of the reversed polarity voltage by using experimental data
and a two-layer model.

Experiments were carried out on 12 um-thick samples of PVDF, as well as P(VDF-TFE)
and P(VDF-TrFE) 20 um-thick films with metal electrodes of 0.2 cm? area deposited by cathode
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