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Ferroelectric polymers have an advantage over traditional ferroelectric materials due to their 
good mechanical properties. At the same time, the value and stability of the ferroelectric 
polarization in ferroelectric polymers are not sufficient to ensure their wide scale practical 
application in the field of sensors and actuators. That is why an understanding of polarization 
related phenomena in ferroelectric polymers is important for improving their electrical properties.

In the last few decades several groups have worked on ferroelectric switching in poly 
(vinylidene fluoride) (PVDF) and its copolymers. A qualitative charge trapping model has been put 
forward that assumes an instantaneous alignment of dipoles that flip back if not compensated by 
trapped charges. However, the large depolarization current that would result from the flipping back 
was not observed experimentally. 

Another opinion exists stating that in ferroelectric polymers charges play only a minor role 
in processes of high field polarization switching which is assumed to be accomplished in 
microseconds. This assumption, however, contradicts experimental data. It was shown that the 
ferroelectric polarization continues to grow for times of five to six orders of magnitude longer than 
the usually assumed switching times.

In this respect an important detail was not given enough consideration, namely, that PVDF 
is a semicrystalline material composed of a non-ferroelectric amorphous phase occupying about 
50% of the volume and a crystalline phase generally containing ferroelectric crystallites along with 
paraelectric crystals. Ferroelectric and paraelectric parts exhibit different dielectric constants and 
polarization field dependencies. It has been shown that the presence of conductivity in a polymer-
ceramic composite delays the polarization switching. However, this idea has not been adopted for 
ferroelectric polymers.

Despite numerous studies, the exact value of the dielectric permittivity of PVDF, a typical 
ferroelectric polymer, is unknown, because reported values of are in the range 2 - 30 depending on 
the method of measurement or the calculation methodology, as well as the technology of obtaining, 
structure and composition of samples. 

Experimentally measured values of the dielectric permittivity usually are not reliable, if the 
commonly used method of Sawyer Tower is applied. The reason is dependence of the obtained

polymers are in the order of seconds, while standard frequency of the electric hysteresis 
measurements is 1000 Hz. Under this condition, induction does not keep up with the field, and the 
hysteresis loop became distorted. 

PVDF is the two-component semi- -phase 
(50-90 %) and amorphous phase (10-50 %). Furukawa [1] has found that is a function of the 
applied field, namely = 19 in a zero field, while = 9 when the ferroelectric polarization reaches 
saturation and = 30 when the polarization is zero near the coercive field.

All components of the polarization in the non-ferroelectric phase of PVDF are linear, 
whereas, the ferroelectric nonlinear component PF in the ferroelectric phase consists of electron and 
dipole components. The polarization P in linear dielectrics is proportional to the applied field 
strength E
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, (1)

where is the permittivity of a vacuum; is the dielectric permittivity of the sample.
It is known from the theory of dielectrics that depends on the concentration of the atoms na

and that of dipoles nd, the atomic polarizability , the static dipole moment p, and the temperature T
[2]

, (2)

where k is Boltzmann's constant.
It is also known [3] that the dipole moment p of the -CF2-CH2- unit in PVDF is p=7.6·10-30

C·m, while md
-26 kg (dipole mass). It is also known that the densities of amorphous a and 

crystalline c phases in PVDF are different ( a = 1.68 g/cm3 3), and therefore the 
concentrations of dipoles are also different (ncr

28 m-3 and nam m-3). Thus, the 
concentration of atoms in the crystalline and amorphous phases are ncr' 29 m-3 and nam' = 

29 m-3. Atomic polarization is usually calculated as , where r -10 m is the 
average radius of the atom.

Substituting the above values into (2), we obtain the value of the dielectric constant in 
amorphous and in crystalline phases at room temperature a = 11.3, c = 12.9. The obtained values 
are in good agreement with the values of the dielectric constant of PVDF commonly given in 
literature [4,5].

In the amorphous phase of PVDF, there are dipoles -CF2-CH2- oriented to some degree 
under action of the external field creating some additional polarization P', proportional to the field 
strength E. Polarization P' is reversible, that is, it completely disappears at zero field similarly to the 
electronic and dipole components of the full polarization. von Seggern and Fedosov [6] have found 

cm2 at E = 160 MV/m. 
Assuming that the polarization P' is responsible for this polarization component, its 

influence can be taken into account as an additional part of the dielectric constant in the amorphous 
phase equal to 8.3. Thus, it seems that the dielectric constant of the amorphous phase is actually 
equal to a = 19.6. 

However, it should be noted that contributions of electronic and dipole components to 
polarization P' are different. This follows from the experimental data that P' is formed in about 50 

E = 160 MV/m and it disappears during the same time during the short circuiting. 

electronic and dipole polarization components follow the field almost instantaneously. 
Considering above calculated data and discussions we used in our subsequent calculations 

the following numerical values of the PVDF dielectric constant: c = 12.9 and a = 19.6.
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