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STUDY OF CORONA POLED POLYSTYRENE BY THERMALLY
STIMULATED DEPOLARIZATION METHOD

Professor S.N. Fedosov, D.Sc. (Physics & Mathematics)
Odessa National University of Technology, Odessa

Corona poling has been employed for a long time in the field of electrets and the technique
was improved considerably by using a control grid and constant current corona poling [1]. Corona
poling of nonlinear optical (NLO) polymers has also proved to be one of the promising methods due
to some important advantages, such as a possibility to perform poling without metal electrodes,
high poling fields, a positive action of the surface charge in supporting orientation of the
chromophore molecules, and a possibility to pole thin films in spite of point defects. Nevertheless,
further improvement of corona poling and proper selection of poling conditions are still needed,
since in the NLO polymer studies, a poorly controlled point-to-plane modification has been used in
most cases.

In this study the samples of guest-host polystyrene/disperse red 1 (DR1) were poled in a
corona triode by a constant current method, and the efficiency of poling was probed by the
thermally stimulated depolarization (TSD) method [2]. The main objective of this work was to
analyze a relative importance of the parameters selected as variables in order to improve the poling
efficiency for the studied guest-host system.

Experimental details

Atactic amorphous PS was obtained by purification of a commercial resin. 20 um-thick
films were prepared from a mixture of PS and 2% of disperse red 1 (DR1) dissolved in chloroform.
Aluminum electrode was deposited on one surface of the sample by thermal evaporation in vacuum.
The samples were poled in a corona triode in dry air environment at a constant current of 2 nA,
while evolution of the electret potential was measured. Then the samples were cooled down with
corona still applied. The following parameters have been selected as variables: (a) material
(PS/DR1 and pure PS), (b) corona polarity (positive and negative), (c) poling temperature (30, 80
and 100 °C), (d) after poling treatment (excess charge was either neutralized or not neutralized by
the virtual short circuiting), (e) aging for a definite time at room temperature, (f) TSD mode: either
with short circuited electrodes (SC), or with a dielectric spacer (DS), or with the air gap (AG).

Results and discussion

The linear increase of the surface potential at the initial stage of constant current poling
indicated that the charge resided on the surface. The dielectric constant calculated from V(t) curves
was 2.5 in pure PS and 2.67 in the doped samples. We have found that in pure PS the positive
charge penetrated deeper in the bulk than the negative one, especially at elevated temperatures.
However, in dye doped samples, the difference was not seen, because the charge injection and space
charge formation were suppressed by formation of polarization. For the potential build-up in pure
PS we adopted Arkhipov-Rudenko-Sessler’s model [3] modified by Ferreira [5] who considered
also the detrapping of the injected charge carriers. By fitting experimental curves to the model we
found product of the charge mobility and the trapping time 7 = 2x10™* m2 V! The temperature
dependence of the detrapping coefficient corresponded to the Williams-Landel-Ferry’s model
characteristic for the main chain molecular mobility at temperatures above Ty indicating that the
traps were probably located at defects or irregularities of the main chain.

One narrow peak was seen at the TSD current curves measured in doped PS poled at 80 °C
in the SC mode followed by a plateau, while two pairs of oppositely directed peaks were formed in
the DS mode and two unipolar peaks were seen in the AG mode. It is known that the surface charge
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in the SC mode does not give the TSD current, while in the AG mode it is very probable that one
peak is caused by relaxation of the space charge and another one - by the surface charge. Formation
and subsequent relaxation of the surface charge is possible also in the DS mode when charges
initially migrate to the surface and then to the rear electrode. In the AG mode, the dipole peak is not
seen, because the relaxation of polarization is reduced in the field created by the surface charge. The
samples of doped PS were poled in positive and negative coronas at 30, 80 and 100 °C representing
temperatures below, near and above T4=95 °C. Two processes have been identified from analysis of
the TSD curves. The large peak appeared at 95-100 °C, while in the region of 70-100 °C the
superposition of two processes probably took place, namely, relaxation of polarization and the
space charge. The values and positions of the TSD peaks did not depend much on the corona
polarity. The shift of the TSD peak to lower temperatures in 100 °C poled sample shows that the
polarization in this case is higher than in 80 °C poled samples. It is clear that contribution of
polarization to the TSD current is the same in neutralized and non-neutralized samples. At definite
conditions polarization and space charge peaks can be separated.

The space charge part of the TSD peaks is reduced considerably by neutralization, especially
in low temperature poled samples, so that the TSD current is almost zero in neutralized samples
poled at 30 °C. It also follows from the TSD curves that at 30 °C polarization has not been formed
and the whole TSD current must be attributed to relaxation of the space charge. The value and
position of the TSD peak in poled doped non-neutralized PS change with time. The peak becomes
larger and moves to lower temperatures. This feature indicates that the dipole palarization increases
as the result of continuing alignment of the dye molecules even at room temperature in the field
created by excess charge trapped at the surface and in the near to surface layer. This is the great
advantage of the corona poling method over the conventional electrode «sandwich» poling.

We proved that the low temperature side of the TSD peak corresponds to the dipole
polarization and the high temperature one — to the space charge. It has been found that the dipole
polarization part was the same in 1 and 2 kV poled samples indicating that even at 1 kV the
saturation of polarization has been achieved, while in the samples poled at 300 V, there was no the
dipole polarization part showing that this voltage was not sufficiently high to induce the poled order
of dye molecules. This result was in agreement with calculations showing that the saturated
polarization in our case can be obtained only at voltage higher than 680 V.

Conclusion

One can conclude that the TSD currents result from superposition of relaxation processes
related to the following: (a) Relaxation of polarization related to oriented of DR1 molecules, (b)
Relaxation of surface charge trapped during poling, (c) Relaxation of space charge injected in the
bulk and trapped there, (d) Neutralization of surface and space charges, (e) Drift of the charge in its
own field, (f) Additional polarization appearing in non-neutralized samples during aging. The
valuable information was obtained about influence of the poling conditions on the space charge and
polarization build-up and their relaxation. The data can be used for optimization of the corona
poling process.
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