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Abstract – The aim of this work is the experimental and theoret-
ical study of charge relaxation processes in the films of polyimide 
coated on both sides with lacquer PTFE (PMF-2), charged in a co-
rona discharge at negative polarity in ambient conditions. The the-
oretical analysis is based on the model of quasi-continuous distri-
bution of traps with respect to their energies. This paper shows 
that the stability of the electret state is caused by deep traps that 
are localized in a Teflon coating. 
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I. INTRODUCTION

Composite polymer corona-electrets occupy a special place 
among active dielectrics in modern electrical engineering. The 
combination of increased thermostability [1], mechanical, 
electrical and optical properties, possessed by polyimide, can 
increase the lifetime of the electret.  

However, up to now polyimide was not used as the electret. 
The usage of polyimide films (PM) in electronic devices is 
limited by their low water resistance [2]. This work is devoted 
to the study of accumulation and charge relaxation in the 
composite film PMF-2 (polyimide coated on both sides with 
lacquer PTFE), which can be used as an active dielectric. 

The relaxation of the electric charge in the films of the PMF-
2 was studied by thermally stimulated depolarization (TSD). 
TSD spectra provide information about the mechanism of 
accumulation and relaxation of charge. It requires an analysis 
based on different physical models for getting information from 
the TSD curves. 

The method of charging the polymer films in the corona 
discharge becomes the most common in practice. This method 
is characterized by simplicity and accessibility, the possibility 
of obtaining electrets with a given value of the surface charge 
density.  

II. EXPERIMENT

Polyimide-fluoroplastic film 
A polyimide film (PM) is coated with PTFE resin and 

sintered at a temperature above 300 °C on one or two sides. To 
improve the adhesion properties of the polyimide film to the 
PTFE varnish, it is pre-processed in a corona discharge. This 
film combines the excellent properties of polyimide film and 
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FEP resin: heat resistance, cold resistance, radiation resistance, 
good electrical properties. PMF-2 is successfully used in a wide 
temperature range: from −80 °C to +260 °C. 

Fig. 1. PMF-2 film structure. 

The high thermal and chemical stability of PI is due to two 
reasons:  

1) the high resonance energy of the benzene rings
(Fig. 2) due to delocalization of the π-electrons and
the great number of resonance structures;

2) strength of the imide bonds, resulting from the
competitive n-π conjugation between the carbonyl
group and the non-pair electron couple from the
nitrogen atom as well as from the conformation
state of the 5-member imide ring. The lack of Baer’s
angular torsion is due to the fact that all С and N
atoms are in a sp2 hybrid state with valent angle of
120° and planar conformation of the ring.

Fig. 2. Chemical formula of a molecule of polyimide. 

Electret fabrication 

Dielectric charging is made in a corona discharge under 
ambient conditions, with negative polarity of corona electrode. 
Setup for sample charging is shown in Fig. 3.  
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Fig. 3. Setup for sample charging. 

It is known [3] that an exchange of charges between the ions 
that come from the gas discharge and a polymer film surface 
according to the mechanism of Auger neutralization occurs in 
the process of charging. As a result, the electret homo-charge 
appears. The localization of the charge carriers occurs in the 
traps in a thin surface layer of the dielectric. 

To assess the stability of the electret state of the corona-
electret, we studied thermally stimulated depolarization 
currents of films PMF-2 and PM. The structure of the film 
PMF-2 is shown in Fig. 1.  

PM and PMF-2 films are charged to 400 V with a negative 
corona needle for 30 seconds under ambient conditions. The 
TSD currents were measured at linearly rising temperature with 
the rate dT/dt = 2 K/min and in open circuit when PTFE films 
(thickness 40 μm) were employed. In accordance with GOST 
25209-82, automated setup for electret thermal analysis 
comprises the following parts, shown in a block diagram form 
in Fig. 4.    
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Fig. 4. Experimental setup for TSD measurement. 

For small currents measuring in the automated setup, we use 
electrometric voltmeter-electrometer with a sensitivity of 10 A 
to 14 A. The electret was heated by thermal contact with the 
lower electrode-heater, in which the  spiral of nichrome wire 
was mounted. The temperature was maintained and controlled 
by an automatic programmer Termodat-14E2. Current and 
thermo-emf signals pass into the USB oscilloscope, which 
converts and outputs the signals to the computer, which shows 
the graphic – current versus temperature. 

Experimentally measured TSD spectra are shown in Fig. 5. 

Fig. 5. Spectra of TSD currents of films PM and PMF-2. 

It is seen that the structure of PMF-2 film has higher thermal 
stability compared to the PM electret film.  

The TSD currents in PMF-2 were measured at linearly rising 
temperature with the rate dT/dt = 2 K/min and dT/dt = 6 K/min 
in open circuit when PTFE films (thickness 40 μm) were em-
ployed.  

Measuring at different heating rates allows using the Sim-
mons theory to calculate the energy spectrum of traps charge 
carriers. The depth of traps standing determines the stability of 
the electret dielectric state. 

Fig. 6. Experimental dependence of TSD currents (PMF-2 films) at different 
heating velocities. 

Fig. 6 shows the complexity of the TSD spectra and the 
tendency of shifting to higher temperatures with the increasing 
of heating rate.  

It is known [4] that in the non-polar fluorinated polymers, the 
relaxation of homo-charge is entirely caused by the release of 
the carrier from the surface traps and its drift through the 
thickness of the dielectric. Therefore, it can be assumed that the 
majority of traps are located in the Teflon coating. The presence 
of traps is usually associated with specific surface defects: 
circuit breaking, adsorbed molecules, and oxidation products 
[5]. 

, KT

2 K/min 6 K/min 

I/
Im

ax
 

I/
Im

ax
 

, KT

PM 

PMF-2 



Power and Electrical Engineering 
2017/34 

12 

III. ANALYSIS OF THE TSD SPECTRA 

TSD spectra have complex patterns with a broad maximum. 
Therefore, it is reasonable to analyze the current TSD on the 
base of the model of quasi-continuous energy traps distribution. 
We use the Simmons theory to calculate the function of trap 
energy distribution[6].  

For the processing of the experimental data, we use computer 
software (Mathcad 15.0), allowing to automate the process of 
calculation and improve the measurement accuracy of the 
parameters of relaxation processes that determine the electret 
effect. 

As a result of corona-charging, homo-charge accumulates in 
the traps (with s0n concentration) localized in the surface layer 
of Teflon coating structure PMF-2. 

The current density at the thermally stimulated depolarization 
mode with a linear heating rate β is described by the formula:  
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where  a0f W – parameter of the initial traps distribution; 

a( )N W  – the function of the quasi-continuous distribution of 

the surface traps with respect to the activation energies aW . 

 
The product of    a0 af W N W  is a function of the 

distribution of occupied surface traps with respect to activation 
energies. According to this model, the relaxation of the electret 
is determined solely by the process of activation of homo-
charge from traps. For further analysis, the authors [7] 
introduced in consideration the distribution function, 
normalized to the total concentration s0n : 
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Simmons showed [7] that the integrand  
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has a sharp maximum at energy m

aW , equal to 

                 m s
a

ω
(lg ) .

β
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Also, Simmons showed that the result of the numerical solution 
of the integral equation leads to the values of numerical coeffi-
cients 43.2 10a   , 41.92 10b   , 0.015c  . 

Furthermore, it was shown that a( , )P W T  can be approxi-

mated by the expression  
 

m
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where D  – is the area of the delta function, weakly dependent 
on the temperature: 
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As a result, the TSD current is determined by the equation  
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Using equations (1.1) and (1.2), we calculated the energy dis-
tribution function of the traps shown in Fig. 7. 

The frequency factor was determined from the experimental 
curves (Fig. 1) by the shift of the TSD maximum: 
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where *

1T  and *
2T  – the temperatures of TSD current maxima, 

measured at the heating rates 1β  and 2β , respectively. 

 
 

 
 

Fig. 7. The function of the distribution of the activation energies traps, calcu-
lated from the measured experimental curves. 

The area of traps activation energy (Fig. 6) is in the range 
from 1.2 eV to 1.55 eV, and the activation energy correspond-
ing to the maxima of distribution is 1.37 eV. The distribution 
function shows the concentration of the filled traps per unit area 
of the dielectric. 

IV. CONCLUSION 

This paper shows that the charge is accumulating in deep-en-
ergy traps in the PTFE layer. Activation energy traps are in the 
range from 1.55 eV to 1.2 eV, and the frequency factor is equal 
to 14 1

sω 1.09 10 с  . We have previously shown [8] that the 

PTFE coating in the structure of PMF-2 protects the polyimide 
film from moisture, which greatly increases the thermal stabil-
ity of the accumulated charge. 

This result explains the stability of the electret state in a lay-
ered structure at the molecular level and allows us to control the 
charge relaxation and, therefore, homo-charge stability in co-
rona-electrets. 
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The multilayer structure of TFM-2 can be used for the produc-
tion of the corona-electrets, which will improved thermal sta-
bility under high humidity conditions. 
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