This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 14:09

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

—— Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Mobility and Trapping of Injected Charge
Carriers in Ferroelectric Organic Solids

Sergei Fedosov ®

# Odessa Technological Institute, Odessa, Ukraine
Version of record first published: 24 Sep 2006.

To cite this article: Sergei Fedosov (1993): Mobility and Trapping of Injected Charge Carriers in
Ferroelectric Organic Solids, Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 230:1, 61-64

To link to this article: http://dx.doi.org/10.1080/10587259308032213

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259308032213
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 14:09 18 February 2013

Mol. Cryst. Lig. Cryst. 1993, Vol. 230, pp. 61-64
Reprints available directly from the publisher
Photocopying permitted by license only

© 1993 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

MOBILITY AND TRAPPING OF INJECTED CHARGE CARRIERS
IN FERROELECTRIC ORGANIC SOLIDS

SERGEI FEDOSOV
Odesga Technological Institute, Odessa, Ukraine

abstract A model is proposed and discussed explain-
ing the role of trapped charge carriers in stabili-
zation of polarized state in ferroelectric polymers.

INTRODUCTION

Ferroelectric organic solids such as poly(vinylidene flu-
oride) or PVDF are of grate practical importance because
of their strong piezo- and pyroactivity, which are close-
ly related to a high level of remanent polarization.

The three-stage model of polarization build-up in ferro-
electric polymers was worked out in our previous studies
based on experimental data on kinetics of the electret
potential, abgorption currents, voltage-current characte-
ristics and thermostimulated polarization «::v.n‘z:‘ents."'4
It was shown that strong polarization appeared near a po-
gitive electrode at the second stage and its expantion

was similar to the movement of & domain wall in conventi-
onal ferroelectrics. Charge transport equations were
solved analytically assuming an important role of injec-
ted and deeply trapped charge carriers. By the curve fit-
ting technique, it was found that the effective mobiliiy
of charge carriers decreased gradually reaching the value
of 1.1x10-8 m2/V.s. It corresponded most likely to the
trap modulated mobility, since it was six orders of magni-
tude lower than that of free carriers. However, a mecha-~
nism of the charge trapping and its influence on the sta-
bility of polarization were not clearly understood.
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CHARGE TRAPPING

It is obvious that charge trapping may occur not only at
the permanent local centres but also at the potential wells
related to large-scale fluctuations of the potential.

Let us consider the possibility of such a process in fer-
roelectric organic sclids composed of ferroelectric crys-
tallites (such as Form-1 of PVDF) dispersed in the amor-
phous polymer matrix. In case of the uniformly polarized
spherical crystallites, potential energy of an elementary
charge at its surface is defined by the interaction bet-
ween the charge and a local field of the polarized crystal

E = - (1/3e,)ePRcosd, (1)

where s is the permittivity of a vaccum, e the elementary
charge, P the vector of polarization, K the radius-vector,
ot the angle between P and R.

It is clear from Eq. (1) that the energy is negative at
half of the surface. Conditions are favourable there for
localization of charge carriers.

Suppose n is the surface density of the localization sites
and g(E) is the energy distribution function of the traps.

Then one can write

g(E}dE = ndS, (2)
where dS = 2xR°sinddd. (3)
It follows from Egs. (1) to (3) that

g(E) = 3e N/ePR = const, (4)

where N is the total number of traps ( N = 2%R°n ).

Therefore, in a range of 0 to E = - ePR/}eo,according

to Eq. (1), there is a uniform ?;gctangular) energy dis-
tribution of localized states at the surface of the pola-
rized crystallites. For quantitative evaluation one can
take V = 10712 cm ( R=30 A ). Considering P = 0.14 C/m2

according to > we obtain Emin = - 15 eV, indicating
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the presence of deep trapping of the charge carriers st
the crystallite surface,

In case of crystallites having a form of plane disc (with
h as the thickness) one can get

E= - hPcos&/4eo. (5)

Substituting h = 10 A and P = 0.14 C/m® we obtain

Emin = - 4 eV, also indicating existance of deep trapping
of the carriers.

Therefore, during the poling, new traps are added to the
already existed Anderson's centres of localization in
amorphous phase and to the Maxwell-Wagner's traps at the
crystal-amorphous interface. As a result, a thernodynamic
equilibrium between the delocalized and the trapped car-
riers moves in a direction of the latter. This must lead
to a decreage in the effective mobility and conductivity
while strong polarization is formed (the field exceeds a
coercive value)., These features were observed experimen-

1-4

tally in our previous works , proving validity of the

proposed model.

DISCUSSION AND CONCLUSION

If the vector P is directed oppositely under the influence
of an external field, the energy state of the previously
localized charge carriers will also be changed drasti-
cally. As a result, charge carriers will be shaked out the
traps, while another traps are formed at the opposite side
of the crystallite. Although the total number of traps and
their energy distribution remain almost the same, their
spatial distribution will be different.

A mass release of carriers from the traps can be conside-
red as a peculiar internal emission. For a definite time,
there is a transient period of abnormally high conducti-
vity due to increase of the free carrier density. The
phenomenon was observed in our previous works“"4 support-
ing the proposed model.

According to the model, the trapped charges plaey an
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important role in processes of stabilization and relaxa-
tion of the polarized state, since they partly compensate
local depolarization fields.

One must distinguish between charge trapping in ferroelec-
tric polymers and charge accumulation due to the Maxwell-
Wagner's effect observed in all heterogeneous dielectrics.
In the former case, the process is non-linear and irrever-
sible. Moreover, strong polarization in crystallites and
trapped charges at their surfaces form a stable self-ba-
lanced system even after the external field is removed.
Congidering the more or less universal approach developed
in this work, we believe similar processes take place in
composites containing ferroelectiric inorganic crystals
(such ag PZT) dispersed in a polymer matrix.

In all cases, to obtain a high level of remanent polari-
zation in ferroelectric polymers, it is necessary to pro-
vide, during the poling process, sufficiently high density
of charge carriers either by their injection, for example
from corona, or by heating as in the case of the thermo-
stimulated polarization.
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