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Abstract

The influence of charge injection on the formation of remanent polari-
zation in P(VDF-TrFE) copolymers is studied by inserting an insulating
barrier between the metal electrodes and the P(VDF-TtFE) copolymer
during the poling process. The resulting remanent polarization is signifi-
cantly smaller than that of identically poled samples with the same field
strength and time duration applied, but with directly contacting metal
electrodes. This shows that the orientation of the dipoles alone is not a
sufficient condition for the formation of remanent polarization in PVDF
and its copolymers. Our experiments indicate that the stabilization of
the polarization is mediated by charge injection and charge trapping at
polarized crystallite surfaces.

1. Introduction

The origin of the high stability of the polarization in poled films of PVDF and
its copolymers with TrFE are still open to discussion.

The observation of spontaneous polarization and dipole rotation in the near-
hexagonal lattice of the polar f-crystallites in 60° steps [5] gives evidence for
ferroelectricity in the polar crystallites of PVDF.

By poling the dipoles are rotated into the direction of the applied field and
are kept in this orientation after switching off the poling field. The dipole ori-
entation in the polar crystallites is considered to be stabilized by the anisotropy
field of the near-hexagonal lattice.

Since the poling needs high electric fields (MV /em) charge injection at the
electrodes becomes possible. The role of these injected space charges for the
piezoelectricity observed in poled PVDF films has been discussed extensively
in the literature (see for a review [1]).

In order to investigate the importance of charge injection for the formation
of piezoelectricity in the films, poling experiments have been performed with
blocking electrodes [2, 3, 4]. Usually the films are coated with evaporated metal
electrodes for poling. The charge injection from the metal electrode into the
film can be hindered by inserting a thin insulating layer between the metal
electrode and the PVDF film,
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In all previous experiments with blocking electrodes the films have been po-
led at elevated temperature (80 - 100 °C) and at rather low field strength (0.3 -
0.4 MV /em) for longer times (i.e., hours). A direct comparison of the resulting
remanent polarizartion after poling with contacting and blocking electrodes,
respectively, is not possible under these conditions since the conductivity of
PVDF is at least two orders of magnitude larger than that of the blocking
insulator. Therefore after applying a voltage step to the sandwich sample:
insulator/PVDF film/insulator the voltage across the PVDF sample decays
within a few 100 s.

2. Experimental

Figure 1 shows the electric diagram of the sample sandwich consisting of
blocking insulating layers and the PVDF film.
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The relation between the voltage drop across the PVDF sample and the
insulator can be estimated for two cases:

1. For times short compared to the charge relaxation times in the blocking
layers 7, = R;C; and in the sample 7, = R,C,, respectively, the voltages
are determined by the capacitances Cp ans C;. This condition is limited
by the charge relaxation time 1, of PVDF which is & 100 s. During that
time the dielectric displacement is the same in all materials.

2. For times longer than the relaxation times the voltage drop is determined
by the resistors R; and R,. Since the blocking electrode has a large
resistance compared to the PVDF sample, the voltage drop in this case
develops only across the blocking insulator films.

Consequently the poling time must be short enough to ensure that the full
potential is applied to the PVDF sample. In addition the applied potential
must be large enough to polarize the PVDF film. A limitation is given by the
dielectric strength of the insulating material. The dielectric displacement is
constant through all materials. Therefore the insulator will be polarized to the
same extent as the PVDF film. Most insulators cannot withstand the large
displacement of 1 - 10 uC/cm? in PVDF.
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The selected insulator should have a large permittivity connected with a
high breakdown field. We chose 1.5 ym thick PETP film (Hostaphan, reg. TM
of Hoechst, Germany) for that purpose. The dielectric strength is calculated
from the data sheet, given by the displacement at the breakdown field: D =
e B =1pClcm?.

The sample material is a copolymer of PVDF with TrFE, which has been
annealed 2 hours at 135 °C.

3. Results

Figure 2 shows a comparison of the dielectric displacement measured with
the capacitor Cp, (comp. Fig. 1) of two poling processes with and without
insulating layers at the electrodes, respectively.

The applied potential was adjusted in order to compensate for the voltage
drop at the insulators and to obtain the same diplacement.

elecirodes

plied for 50 ms. The dolled

E s}

S 07F contacting : ] )

= o6f _ electrodes Figure 2: Dielectric displace-
£ 05f e —| ment measured with capaciior
g Ocr blocking Cpn. The high voltage was ap-
8 o3t

5

3]

a

line corresponds to the poling
a; § experiment with metal contacts.
0 20 L0 50 80 The full drawn line corresponds
Time [ms] to the expertment with blocking
electrodes.

The high voltage is applied for 50 ms. This time is well below the charge
relaxation times of the blocking insulator ; = 10% s and the PVDF sample
7, 2 100 s. The dielectric displacement is constant in the sample sandwich
under this condition. The sample is kept under short circuit condition after the
high voltage impulse (compare for the experimental details of the high voltage
pulse generator used [8] and the paper about " Dynamics of the Polarization in
P(VDF-TrFE) Copolymers” in this volume).

The displacement and thus the degree of dipole orientation is equal in both
cases. But the short time remanent polarization, which can be deduced from
the displacement value after the high voltage impulse is significantly smaller in
the case of blocking electrodes. After a few minutes of short circuit condition
the polarization distribution in the film depth is measured using the pressure
step technique (PPS) [7]. The corresponding results shows Figure 3.

The experiment shows that the resulting remanent polarization after a few
minutes is about two orders of magnitude smaller if blocking electrodes are
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Figure 3: Polarization distribu-
tion in the film depth measured
with the pressure step lechnique
(PPS). The dotted line corre-
sponds lo the poling experiment
with metal contacts. The full
drawn line corresponds to the
experiment with blocking electro-
des.

used as compared to the ordinary poling with metal contacts.

Since for each experiment a new sample has to be used the observed reduc-
tion factors scatter due to differences in the morphology and preparation of the
sample sandwich. For a series of 9 experiments with varying impulse length
between 10 and 1000 ms we find reduction factors with a mean value of 16.
Figure 4 shows the data of this series.
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Figure 4: Polarization values
depending on the poling impulse
duration, (O: mazimum value of
the dielectric displacement du-
ring field application, 7: re-
manent polarization after poling
with contacting metal electrodes,
A remanent polarization after
poling with blocking electrodes.
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4. Discussion

The results of the poling experiments with blocking electrodes show that charge
injection is a necessary condition for the stabilization of the polarization in
PVDF and its copolymer with TrFE. The anisotropy field of the near-hexagonal
lattice of the polar f-phase is not strong enough to account for the long time
stability of the polarization and the high coercitive field.

An additional interaction between the injected charges and the dipolar po-
larization of the polar crystallites can describe the observed behavior.

At the surface of the polar crystallites, where the molecular dipoles end,
coulomb traps are formed. The injected charges become deeply trapped. The
dipole orientation in the crystallites are fixed in the electric field of the trapped
charges. There is no residual electric field in the material, because the trapped
charges compensate the polarization of the crystallites. Figure 5 shows a section
of a f-crystallite perpendicular to the chain direction.
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Under the condition of perfectly blocking electrodes it is expected that no
remanent polarization can develop at all by poling the films, because not enough
charges are available to fix the dipole orientation. The observed small remanent
polarization could be either stabilized by intrinsic charges or by charges, which
were able to pass the blocking insulator. Since the blocking insulator is stron-
gly stressed near its breakdown field it can be assumed that charge injection
transport in the insulator can account for the observed small remanent polari-
zation in the P(VDF-TrFE) samples. This is confirmed by measurements of the
charge density profile inside the insulator after the poling experiments. We find
a charge density in the insulator film of about the same order of magnitude
as necessary to compensate the remanent polarization in the P(VDF-TrFE)
sample.
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5. Summary

The poling of PVDF with blocking electrodes hinders the charge injection into
the material. Compared to samples, which have been poled with metal con-
tacts, the resulting remanent polarization is more than one order of magnitude
smaller when poled with blocking electrodes.

This behavior cannot be explained by a ferroelectric model for the polar
crystallites alone.

The stabilization of the polarization is from our experimental results connec-
ted with the injection of charges and charge trapping at the crystallites surface.
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