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SWITCHING OF FERROELECTRIC POLARIZATION AND ITS BUILD-UP
IN POLYVINYLINDENE FLUORIDE (PVDF) FILMS

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

Ferroelectric polymers have an advantage over traditional ferroelectric materials due to their
good mechanical properties. At the same time, the magnitude and stability of the ferroelectric
polarization in ferroelectric polymers are not sufficient to ensure their wide scale practical
application in sensors and actuators. Since both parameters depend on the poling conditions a deep
understanding of polarization related phenomena is important for improving these material
properties.

Polyvinylidene fluoride (PVDF) is a ferroelectric polymer undergoing a fast polarization
reversal called also as polarization switching [1,2]. Its ferroelectricity originates from molecular
dipoles associated with positively charged H atoms and negatively charged F atoms. The all-trans
conformation of chain molecules and their parallel packing cause an alignment of all molecular
dipoles in one direction to induce a large spontaneous polarization. Polarization reversal occurs as a
result of the rotation of molecules about their chain axes.

Polarization and switching phenomena in 12 pm-thick PVDF have been studied
experimentally by application of 500 to 2500 V voltage pulses from 100 ns to 100 s duration and
short-circuiting with the total displacement continuously monitored. All displacement components
were identified and evaluated, such as the remanent polarization, the -related displacement, the
unstable reversible component and the conduction currents. It has been found that contrary to
theoretically predicted fast switching of polarization at high fields, the ferroelectric component
continued to increase even for times 5-6 orders of magnitude longer than the switching time
indicating that apart from the fast component a slow one exists. A phenomenological model of
polarization build-up and switching has been worked out considering nonlinear P(E) dependence,
effect of amorphous phase, transport and trapping of intrinsic and injected charge carriers. The
following expression has been obtained for temporal development of the polarization
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E, — is the average electric field, E. — the coercive field, & — the dielectric constant, &, — the
permittivity of a vacuum, Py — the saturated ferroelectric polarization, Es — the lowest field at which
P is obtained, 7 — the characteristic time constant, e — the elementary charge, x4 — the mobility of
intrinsic and injected charge carriers, n — the volume density of the charge carriers.

Considering the role of the discovered slow component of polarization it was possible to
explain the previously observed experimental results and reexamine existing models.

(1)

where

T =

References
1. H. von Seggern and S. Fedosov, IEEE Trans. Diel. Elec. Insul. 11, 232 (2004).
2. S.N. Fedosov and H. von Seggern, J. Appl. Phys. 94, 2173 (2004).

170



KOMITPOMIC TTAPETO MDK KPUTEPISIMU EOEKTUBHOCTI IMTPOLIECY ®OPMYBAHHS PO3KIIATY
HABYAJIbHUX 3AHATH
Cakamiok O.FO., TPIIHH @.A ... .. e e e e e e 155

CEKIIA «TEXHOAOTTYHE OBAATHAHHST SEPHOBHX BHPOBHHIITB
POJIb SMART CUCTEM B VTIPABJIIHHI OBJIAJTHAHHSIM ITEPEPOBHOT ' AJTY 31

I'anoniok O.1., Anexcamun O.B., Fongapyk I A ..., 157
PE3VJIbTATU JOCJIPKEHHSA JIYILEHHA-IUTI®YBAHHSA AYMEHIO
Tonuapyk I'.A., JJimin AJL, IHamko LMoo e 160

CWJIOBE JOCJIJPKEHHA 3YBYACTO-BAXKIUIBHOI'O MEXAHI3MY 31 3BOPOTHO-
OCTYHAJILHUM PYXOM BUXIJHOT JIAHKU

JHmia ALTL, IHIMIIKO LV ... e e e 161
I1I010 PO3POBKIM KOHCTPYKLIII PET'YJIbOBAHIX KPUBOILMIIIB

JIIHH ALTL e e e e e 162
HATIPSIMKU Y JOCKOHAJIEHHSI KOMBIHOBAHUX MUHUX MAILWH [IJ151 3EPHA K9-5EMA

CompateHKO0 JL.C., CTOPOK B.C ... e 163

CEKIUIA «PIBHKO-MATEMATEMATHYHI HAYKH»

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

S.N. Fedosov, A.E. Sergeeva, H. vONn SeZ@eIrn. ... ... .. ...t 165
CORONA DISCHARGE POLING OF FERROELECTRIC POLYMERS
ALE. Sergeeva, SN FedosOV. ... .. ..o 167

SWITCHING OF FERROELECTRIC POLARIZATION AND ITS BUILD-UP IN POLYVINYLINDENE

FLUORIDE (PVDF) FILMS

S.N. Fedosov, A.E. Sergeeva..........o.oiuiniiiiit i 169
APPLICATION OF DIELECTRIC SPECTROSCOPY AND TSDC METHODS FOR STUDYING

RELAXATION IN NON-LINEAR OPTICAL AND FERROELECTRIC POLYMERS

A.E. Sergeeva, S.IN. Fedosov....... ... ooo /NS 170
OTPUMAHHAA TA JOCJIJPKEHHA EKCTPAKTIB [3 PO3TOPOITIII ITIAMUCTOI
BamopoiKHUI B.l ... 171

BUKOPUCTAHHA HEYITKOI'O PEI'VJISITOPA JIJISI OLIHIOBAHHA KOHKYPEHTO3/IATHOCTI
MIATIPUEMCTBA

Konosenko H.I'., ®equenko FO.C., UepeBro €. B 173
SAJIMIIKOBA TIOJIAAPU3ALA B CUCTEMI ITIC+/IP1, SIKA BUBUEHA METOJOM CTPYMIB TCQ

PeBEHIOK T A ... e 175
JIESIKI ACIIEKTH JOCJIJDKEHHSI MATEMATUYHOI MOJIEJII EKOHOMIYHUX ITPOLIECIB

BiTiok A.B., HysHa H. B ... 176
HEJIOKAJIBHUM TICEBIOIIOTEHITIAJI I TTAPHA MDKIOHHA B3AEMO/IISI Y METAJIIYHOMY TEJIIT
1002350118 5 N PRt 178
[TPOCTA MATEMATHWYHA MOJIEJIb CIIOPIIHEHOCTI HAPO/1IB

L1033 ) S 5 R0 180

CEKIISA <EAEKTPOMEXAHIKA, MEXATPOHIKA TA ITHIKEHEPHA I'PAPIKA

MOJEJIFOBAHHS YACTOTHO-PET'YJIBOBAHOI'O EJIEKTPOITPUBOAY TAI'O-AYTTbOBUX

MAIIVH ITAPOBOI'O KOTJIA

bao6iu B.®., I'aniyain A.A., 3ag0p0oiKHIOK Q... 182
JOCJIJDKEHHS BIUIUBY KOHTAKTHOT IE®@OPMAIIIT JAHOK HA TIEPEJTATOYHE BITHOIIIEHH
IMITVJIbCHOI'O PEAYKTOPA

CyO00TIHA VL L. .o e e e e 184
BUKOPUCTAHHSA EJIEMEHTIB AJICEBPAIYHOI'O AHAJIIBY B KYPCI IHKEHEPHOI TA

KOMITIOTEPHOI TPADIKH

JIOMOBIIEB BLA ... 186
OIITUMAIJIBHE PO3BUTTA TEPMOAMHAMIYHMX LIUKJIIB ITAPO-KOMIIPECOPHUX CUCTEM
TPAHCO®OPMALIT TETUIOTU HA CXIJILIL, BUBIP KOMITPECOPIB 1 TIPOMDKHUX TEMITEPATYP

IBAHEHKO €. B ... . 187
BITPOEJIEKTPOCTAHIIIS 3 BIPOTATUBHUM CMHXPOHHUM I'EHEPATOPOM
LIITEIa €. ... . i e e e 189

BIUINB ITEPETABAJIBHOI'O YMCJIA HA TABAPUTU 3YBYATHUX ITEPEJJAY O/THO- 1
JIBOCTVYIIEHYACTUX PEIYKTOPIB
ABAHECBIHIL AL oo e 193

388



