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ABSTRACT: Dielectric properties of model BaTiO3/polymer composites were measured over a broad
frequency and temperature range. A series of BaTiO3/monomer suspensions were photocured into thin
wafers. The wafers were equipped with aluminum electrodes, and the dielectric permittivity of the
composites was investigated at frequencies from 100 Hz to 10 GHz and at temperatures from -140 to
+150 °C. It has been found that for the same BaTiO3 loading dielectric characteristics of the composites
strongly depend of the type of polymer. Polar polymers increase dielectric constant of the composites at
low frequencies but have little effect at gigahertz frequencies. Dielectric losses of the composites show a
maximum at some intermediate frequency within megahertz to gigahertz range that reflects the relaxation
behavior of the polymer matrix. The magnitude of the losses increases with increasing polarity of the
polymer component. At constant frequency and temperature, the composites follow a linear relationship
between logarithm of their dielectric constant and volume fraction of the ferroelectric filler. Practical
implications of such composites behavior are discussed.

Introduction

Development of electronic devices working at high
operating frequencies, such as fast computers, cellular
phones, etc., require new high-dielectric constant (high-
K) materials that combine good dielectric properties
with both mechanical strength and ease of processing.
In particular, the high-K materials are required for
making embedded capacitors for integrated electronic
devices.1,2 The unique combination of dielectric and
mechanical properties is hard to achieve in a one-
component material. Pure polymers are easy to process
into mechanically robust components but generally
suffer from a low dielectric constant.3 On the other hand,
typical high-K materials, such as ferroelectric ceramics,
are brittle and require high-temperature processing,4
which is often not compatible with current circuits
integration technologies. The ideal solution would be a
high-K material that is mechanically robust and pro-
cessable at ambient temperatures. This has raised a
great interest in hybrid materials, such as ferroelectric
ceramic/polymer composites, that may combine desired
properties of the components.5,6

Development of the composite materials for high-
frequency applications requires thorough understanding
of the materials behavior at the frequencies of interest.
However, only limited data are available in the litera-
ture for ferroelectric ceramic/polymer composites at the
frequencies above 1 MHz, because of experimental
difficulties related to high-frequency measurements.5,7-9

To-date, no systematic study on the dielectric properties
of ferroelectric ceramic/polymer composites over a broad
frequency range that would include microwave frequen-
cies has been reported. Recently, a new measurement
technique has been developed for solid films which

facilitated dielectric study of materials at high frequen-
cies.10 That technique has expanded the practical fre-
quency range for dielectric studies of materials up to
10 GHz.

In the present paper we have synthesized model
ferroelectric ceramic/polymer composites and measured
their dielectric properties over a broad frequency range
of 100 Hz-10 GHz. The aim of this research was to
better understand how materials parameters influence
the dielectric behavior of polymer/ceramic composites
for high-frequency electronics. Specifically we address
the following issues: (i) dielectric response of model
BaTiO3/polymer composites over a broad frequency
range of 100 Hz-10 GHz; (ii) effect of different polymer
matrices on dielectric properties of the composites; (iii)
the relationship between the dielectric constant and the
composite composition; and (iv) thermal sensitivity of
the dielectric response over the temperature range of
-140 to +150 °C.

Experimental Details

Materials. Trimethylolpropane triacrylate (TMPTA) was
purchased from Monomer Polymer & Dajac Labs.11 Poly-
(ethylene glycol) diacrylate (PEGDA, Mn ) 575), 1,14-tetrade-
canediol dimethacrylate (TDDMA), 2,2-dimethoxy-2-phenyl-
acetophenone (photoinitiator), and barium titanate (ferroelec-
tric filler) were obtained from Aldrich.

Sample Preparation. First, solutions of 1% mass fraction
of the photoinitiator in the monomers were prepared. Next,
barium titanate powder was mixed into the solutions to form
liquid formulations of various filler concentrations. The for-
mulations were cured by exposure of a few drops of each
formulation squeezed between microscope slides to UV light.
During the exposure, the slides were kept at a constant
distance of about 100 µm using self-adhesive labels in the role
of spacers. The cured composites did not adhere strongly to
the glass and were carefully separated from the slides in the
form of thin wafers. Circular aluminum electrodes, 12.7 or 3.0
mm in diameter, were vacuum-deposited on both sides of the
composite samples.

Measurements. At low frequencies (i.e., from 100 Hz to 1
MHz), the samples capacitance and loss tangent were mea-
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sured at 25 °C with a Hewlett-Packard 4194A impedance/gain-
phase analyzer. The instrument had been calibrated with an
air capacitor prior to performing the sample measurements.
In this frequency range, the samples with 12.7 mm electrodes
were used.

The measurements within the intermediate frequency range
(i.e., from 1 to 400 MHz) were performed at 22 °C with a 4191A
rf impedance analyzer in its high-precision mode, using a 7
mm coaxial test fixture configuration. The test specimen was
a 3 mm diameter film capacitor treated as a lumped element.

The dielectric permittivity at microwave frequencies (i.e.,
from 100 MHz to 10 GHz) was measured with the newly
developed technique for solid dielectric films.10 The test
specimen for the high-frequency measurements consisted of a
3 mm diameter film capacitor terminating a 7 mm coaxial
waveguide. The specimen geometry was measured using a
Mitutoyo micrometer model 293-301 with 1 µm resolution.11

The complex permittivity of the materials in frequency domain
was obtained from the complex reflectivity coefficients, for
which a computational algorithm was developed to account
for wave propagation in the specimen section. Dielectric
measurements in this frequency range were carried out with
a network analyzer (HP 8720D). One-port S11 (open, short, and
broad-band load) calibration was performed using a HP
85050B APC-7 calibration kit.

The relative uncertainty in geometrical capacitance mea-
surements was typically 2% with the primary contribution
from the uncertainty in the film thickness measurements. The
relative uncertainty of S11 was assumed to be within the
manufacturer specification for the HP 8720D. The combined
standard uncertainty in complex permittivity measurements
was less than 8% while the experimental resolution of the
dielectric loss tangent was about 0.01. All the high-frequency
measurements were performed at room temperature (22 °C).

The capacitance and the dielectric loss tangent data ob-
tained from different instruments were combined together into
a single broad-band dielectric spectrum for each composite
material. Offset adjustment between the data sets from dif-
ferent instruments was less than 8% of the measured values.
Low-frequency data series, which had standard uncertainty
below 2% of absolute values, were taken as a reference for the
offset adjustments of the intermediate- and high-frequency
series by using the data within overlapping frequency ranges
for the offset correction.

The dielectric properties were also measured as a function
of temperature using a Sun Electronic Systems EC12 envi-
ronmental chamber. The temperature ramps were controlled
by the chamber microprocessor using a combination of heating
and cooling with liquid nitrogen duty cycles. The samples were
initially heated to 165 °C at the rate 1.0 °C/min and then cooled
to -140 °C at the same rate. The dielectric data were acquired
in 2.5 °C intervals during the cooling scan. The four-terminal
capacitance and loss tangent measurements were carried out
using a Hewlett-Packard 4274A multifrequency LCR meter

in the frequency range 100 Hz-100 kHz. The LCR meter was
calibrated to the short and open standards using its internal
automatic calibration routine. The electrode diameter of the
samples was 12.7 mm.

Results and Discussion
The photopolymerization technique was chosen for

making the composites, because it allows for solvent-
free mixing of a ceramic filler with liquid monomers to
form suspensions that can be spread in liquid form onto
any surface and then cured into thin films at ambient
temperatures with UV radiation. Liquid monomers can
easily penetrate between the filler particles and even
inside pores (if any), which facilitates the mixing and
allows to avoid air trapping into the composites. Con-
sequently, void-free composites were obtained. In ad-
dition, the large selection of monomers that are photo-
curable ultimately leads to considerable control over the
final mechanical properties of the composites, which is
important for potential applications.

We selected three photocurable monomers of dis-
tinctly different properties for the polymer matrix and
barium titanate as the ferroelectric filler. The chemical
structures of the monomers are shown in Figure 1. The
TMPTA monomer contained three polymerizable acrylic
groups separated by short hydrocarbon chains. Hence,
TMPTA formed highly cross-linked rigid networks upon
cure. The PEGDA monomer had only two reactive
groups separated by a long chain of about 10 ethylene
oxide units. The resulting PEGDA polymer was very
flexible. Moreover, PEGDA was much more polar than
TMPTA, due to the presence of a large number of C-O
bonds in its structure. In contrast, TDDMA monomer
contained a long hydrocarbon chain between the acrylic
groups. Consequently, TDDMA matrix was of very low
polarity, lower than the polymer networks obtained
from the other two monomers. Thus, by appropriate
selection of the polymer matrices of distinctly different
properties, the effect of polymer characteristics on the
dielectric properties of the composites was probed.

We chose barium titanate (BaTiO3) as a model fer-
roelectric filler, since it is a well-known and character-
ized ferroelectric material. For the purpose of this study,
we used BaTiO3 with an average particle size of about
1 µm.

Dielectric Constant of BaTiO3/Polymer Compos-
ites as a Function of Frequency. The influence of
barium titanate concentration on the dielectric constant
of the composites was studied over a broad frequency

Figure 1. Structure of the monomers.
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range. Figures 2 and 3 show the dependence of the
dielectric constant of BaTiO3/TMPTA and BaTiO3/
PEGDA composites on frequency for different volume
fractions of barium titanate at 25 °C. The dielectric
constant plots for BaTiO3/TDDMA composites (not
shown) were similar to those of BaTiO3/TMPTA, except
for the slopes and positions of the lines, which were
lower.

In the case of TMPTA polymer matrix, logarithm of
the dielectric constant decreases linearly with the
logarithm of frequency for all of the BaTiO3 concen-
trations (Figure 2). Below 1 MHz, the logarithm of
the dielectric constant decreases by 0.0211 per fre-
quency decade with a standard deviation of 0.0008,
regardless of the BaTiO3 concentration (i.e., except for
pure TMPTA matrix, which has slightly lower slope).
Within the high-frequency range above 100 MHz, the
slope changes from -0.023 for 5% of BaTiO3 -0.033 for
35%. This corresponds to about 5-7% decrease of the
dielectric constant per frequency decade.

At low frequencies, BaTiO3/PEGDA composites have
much higher dielectric constants than the corresponding
BaTiO3/TMPTA composites (Figure 3 vs Figure 2). For
example, the dielectric constant of 30% BaTiO3/PEGDA
composite is 41 at 1 kHz, while the corresponding
dielectric constant of 30% BaTiO3/TMPTA is 24. This
is due to the higher polarity of the PEGDA matrix.
However, the dielectric constant of BaTiO3/PEGDA

composites decreases more significantly with increasing
frequency, and by 10 GHz, the PEGDA- and TMPTA-
based composites exhibit similar ε′ values, as demon-
strated in Figure 4. This indicates that at high fre-
quency the mobility of polar groups in polymer chains
is too slow to contribute to the dielectric constant. It
appears that at frequencies of the order of 10 GHz the
ceramic component dominates the dielectric constant of
the composites. This conclusion is further supported by
the BaTiO3/TDDMA composites also shown in Figure
4. The dielectric constant of the BaTiO3/TDDMA is less
dependent on frequency than that of the previous two
composites but still approaches the same high-frequency
limit as the BaTiO3/TMPTA and BaTiO3/PEGDA com-
posites. In summary, the data in Figures 2-4 indicate
that at low frequencies the dielectric constant of BaTiO3/
polymer composites strongly depends of the dielectric
properties of both the polymer and the ceramic compo-
nents, while at gigahertz frequencies the dielectric
constant becomes dependent primarily of the ceramic
filler and its concentration.

As shown in Figure 2, at 35% volume fraction, barium
titanate filler can provide the dielectric constant of
about 20 at 10 GHz. We have found that the highest
volume fraction of 45% can be achieved for BaTiO3 with
1 µm average particle size in some monomers (e.g.,
PEGDA) without loosing the material processability. At
that concentration the dielectric constant of the corre-
sponding composite reached about 30 at 10 GHz. Hence,
the dielectric constant of 30 at microwave frequencies
is the maximum achievable value for the photocurable
composites based on BaTiO3 filler.

Dielectric Losses of BaTiO3/Polymer Compos-
ites. The magnitude of dielectric loss is an important
material parameter for making capacitors. Ideally, in a
capacitor the dielectric losses should be as low as
possible. Figure 5 compares loss tangent (tan δ) of the
three polymer matrices loaded with 30% volume fraction
of BaTiO3 particles. It is well-known that BaTiO3
ceramic does not show significant dielectric losses up
to megahertz frequencies, while the BaTiO3 loss tangent
reaches a maximum within the gigahertz to terahertz
frequency range. Hence, the dielectric losses of the
BaTiO3/polymer composites observed within low fre-
quency range (Figure 5) originate primarily from the
polymer component. Slight increase of the loss tangent

Figure 2. Dielectric constant of BaTiO3/TMPTA composites
as a function of frequency for various volume fractions of
BaTiO3.

Figure 3. Dielectric constant of BaTiO3/PEGDA composites
as a function of frequency for various volume fractions of
BaTiO3.

Figure 4. Comparison of the frequency characteristics of
dielectric constant of 30% BaTiO3/polymer composites and the
corresponding pure polymer matrices.
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of BaTiO3/TDDMA and BaTiO3/TMPTA composites
when approaching 10 GHz is an indication of the onset
of BaTiO3 loss contribution, because pure TDDMA
polymer showed only a small (i.e., below 0.02) loss
tangent within this frequency range. In the case of
BaTiO3/TMPTA composite, the loss contribution from
BaTiO3 is overlapped with the loss maximum of TMPTA
showing up at megahertz frequencies, while in the case
of BaTiO3/PEGDA, BaTiO3 loss is completely obscured
by much larger loss of PEGDA polymer.

The dielectric losses of the composites follow the same
general trend as the polymer polarity with tan δ
increasing in the order TDDMA < TMPTA < PEGDA.
Hence, while a highly polar polymer matrix increases
the low-frequency dielectric constant of the ceramic/
polymer composites, the dielectric losses are also in-
creased, particularly within the intermediate- and high-
frequency ranges (Figure 5). This suggests that, for
high-frequency applications where the dielectric losses
need to be minimized, composites with nonpolar poly-
mer matrices will perform better.

Effect of BaTiO3 Content on Dielectric Constant
of BaTiO3/Polymer Composites. It is perceptible that
higher concentrations of ferroelectric filler lead to higher
dielectric constant composites. What is not obvious is
the quantitative relationship between the filler content
and the dielectric properties of the composite, particu-
larly at high frequencies. Several quantitative rules of
mixture models have been proposed for predictions of
the dielectric constant of heterogeneous two-component
systems on the basis of dielectric properties of the
components.12-18 However, while different models had
been developed, usually little or no experimental evi-
dence was provided to support the derived equations,
and it turns out that most of these theoretical models
fail when it comes to prediction of the dielectric constant
of ferroelectric ceramic/polymer composites, where there
is a large contrast between the dielectric constant of the
components, especially at high filler contents.12,15 In the
case of the ferroelectric ceramic/polymer composites, the
rules of mixture proposed by Yamada-Ueda-Kitaya-
ma18 and Jayasundere-Smith19 have been used most
often. However, even these equations do not fit experi-
mental data precisely.15,18,20

Figures 2 and 3 show that the plots of the dielectric
constant vs frequency are practically equidistant in
logarithmic scale for equally spaced BaTiO3 volume

fractions (i.e., with the exception of pure TMPTA matrix,
which is lower; Figure 2). This indicates the logarithm
of the dielectric constant is linearly proportional to the
volume fraction of BaTiO3, even at high frequencies.
Hence, the BaTiO3/TMPTA composites follow the “log-
law” relationship, originally proposed by Lichteneck-
er,16,21 in which the dielectric constant (ε′) of a clean two-
component system can be represented by

where æf represents volume fraction of the filler in the
composite.

Figure 6 shows the dielectric constant of the three
composites as a function of volume fraction of BaTiO3
at representative frequencies of 1 kHz, 1 MHz, and 1
GHz. These data are consistent with the log-law rela-
tionship and provide the first experimental evidence
that the ferroelectric ceramic/polymer composites follow
the log-law relationship over a broad frequency range.

The relationship between the logarithm of the dielec-
tric constant of the composites and the volume fraction
of the ferroelectric filler is linear at each frequency
within the range studied. However, this does not imply
that the log-law parameters determined at one fre-
quency can be used to predict the dielectric constant of
a composite at other frequencies. The slope and inter-
cept of the relationship depend of the dielectric char-
acteristics of the system components, which are gener-
ally frequency dependent.

According to the dielectrics theory, at very high
frequencies the dielectric constant of most of polymer
matrices is going to drop down to the square of the
polymer refractive index as the limiting value. The data
shown in Figure 4 provide the first experimental
evidence that the decay of influence of polymer matrix
on the dielectric constant of ferroelectric ceramic/
polymer composites can occur at frequencies as low as
10 GHz. As most of polymers have refractive index
within the range 1.35-1.70,22 the dielectric constant of
the polymer matrices at microwave frequencies will be
of the order of 1.8-2.9. By substituting these numbers
into the log-law equation, it can be predicted that when
a ferroelectric filler with the dielectric constant of 10 000
at microwave frequencies is applied, the composites with

Figure 5. Comparison of the dielectric losses (tan δ) of 30%
BaTiO3/polymer composites and the corresponding pure poly-
mer matrices.

Figure 6. Relationship between the dielectric constant of
BaTiO3/polymer composites and BaTiO3 content at selected
frequencies.

log ε′composite ) log ε′polymer + æf log( ε′filler

ε′polymer
)
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dielectric constant of 87-113 at these frequencies will
be attainable at 45% filler content.

Effect of Temperature on Dielectric Properties
of BaTiO3/Polymer Composites. For most of practical
applications, the dielectric constant of the materials
used for capacitors should be stable within the opera-
tional temperature range of electronic devices. Figure
7 shows the temperature dependence of the dielectric
constant for various volume fractions of BaTiO3 in
TMPTA polymer matrix. It is noteworthy that the
curves for various BaTiO3 volume fractions are parallel
to each other and practically equidistant in the loga-
rithmic scale with the exception of the curve for pure
TMPTA matrix. This indicates that the composites
follow the log-law also within the entire range of
temperatures studied. It is peculiar, however, that the
curve for pure TMPTA polymer is parallel to that of the
composites below -50 °C, but at higher temperatures
the composites behave differently than the pure poly-
mer. This suggests that the pure polymer matrix does
not necessarily have to follow the same trend as the
corresponding composites. Consequently, the dielectric
constant of pure TMPTA polymer, measured at 25 °C,
is slightly lower than the intercept point of the log-law
equation fitted to the BaTiO3/TMPTA composites (Fig-
ure 6). However, this exception does not seem to be a
general phenomenon, because the dielectric constants
of the other pure polymer matrices fit well to the log-
law.

Figure 8 compares the temperature dependence of
dielectric constant of the composites containing 30% of
BaTiO3 in different polymer matrices with that of the
pure polymers at four selected frequencies. It is evident
that the thermal characteristics of the dielectric con-
stant strongly depends of the type of polymer matrix.
The composites based on the polar PEGDA polymer
show very large dielectric constant variation with tem-
perature, particularly at low frequencies. For example,
the dielectric constant of 30% BaTiO3/PEGDA composite
at 1 kHz is about 40 at 25 °C but drops to 20 upon
cooling the composite to -50 °C. On the other hand, the
dielectric constant of the least polar BaTiO3/TDDMA
composite varies less than 15% over the temperature
range from -150 to +150 °C. This further emphasizes
that for practical applications of the composites, where
the dielectric constant needs to be stable against both

frequency and temperature variations, nonpolar poly-
mer matrices are superior.

Figures 7 and 8 indicate that the temperature depen-
dence of dielectric constant of BaTiO3/polymer compos-
ites is a complex function of the dielectric characteristics
of both of the components. The characteristic enhance-
ment of the dielectric constant of BaTiO3/TMPTA com-
posites at the temperatures above -50 °C compared to
that at lower temperatures (Figure 7) can be attributed
to behavior of BaTiO3 filler, because no such behavior
is observed in pure TMPTA polymer. It is well-known
that barium titanate undergoes phase transitions upon
heating or cooling.23 Upon cooling, BaTiO3 transforms
from cubic state to tetragonal, then to orthorhombic, and
finally to rhombohedral one. In the case of pure BaTiO3
ceramic with grain size of about 1.1 µm, these three
transitions take place at about 120, 20, and -70 °C,
respectively, and are accompanied by sharp maxima in
the dielectric constant magnitude around the phase
transition temperatures.24 Each crystalline phase has
different dielectric properties with the tetragonal one
having highest dielectric constant. Hence, the largest
enhancement of the dielectric constant within the
temperature range where the tetragonal form dominates
(i.e., between 20 and 120 °C, Figure 7) is consistent with
the intrinsic behavior of the BaTiO3 filler. However, no
sharp maxima around the BaTiO3 phase transition
temperatures are observed in the case of the composites
(Figure 7). This may suggest that the phase transitions
within BaTiO3 particles are slow compared to the time
scale of the experiments (i.e., the heating/cooling rates
applied). However, further studies will be necessary to
explain this phenomenon in detail.

Polymer flexibility has an influence on low-frequency
dielectric constant of the composites. In particular, the
presence of dipoles in the polymer matrix and their
mobility strongly affects the dielectric constant magni-
tude. In the case of PEGDA polymer, the concentration
of the dipoles was highest, because the poly(ethylene
oxide) segments contained dipolar C-O bonds at every
third atom. Moreover, at ambient temperatures PEGDA
polymer was the most flexible of the three polymers
studied. Consequently, the variation of dielectric con-
stant of BaTiO3/PEGDA composites with temperature
is highest (Figure 8). The large decrease of dielectric
constant of BaTiO3/PEGDA composites upon cooling to

Figure 7. Effect of temperature on dielectric constant of
BaTiO3/TMPTA composites at 100 Hz, 1 kHz, 10 kHz, and 100
kHz.

Figure 8. Comparison of the temperature dependence of
dielectric constant of 30% BaTiO3/polymer composites with
that of the corresponding polymers.
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low temperatures can be explained primarily as the
effect of decreasing mobility of polymer dipoles with
some contribution from the changes in the filler. We
found by DSC that PEGDA polymer had a glass transi-
tion temperature (Tg) originating mostly from its poly-
(ethylene glycol) segments at about -20 °C. This
temperature corresponds to the inflection point on the
PEGDA and BaTiO3/PEGDA curves obtained at 100 Hz
(Figure 8). Hence, transition of a polar polymer from
its glassy to its elastic state has a huge effect on the
dielectric constant of both the polymer and the corre-
sponding composites. In the case of BaTiO3/PEGDA
composites the transition more than doubled their low-
frequency dielectric constant. TMPTA and TDDMA form
highly cross-linked polymer networks, which restrict
movements of most of polymer segments. Both of these
polymers were in their glassy state within the temper-
ature range studied. Consequently, the polymer dipole
mobility in TMPTA was restricted, while in the case of
TDDMA few dipoles were present. These are the likely
reasons of much lower sensitivity of the dielectric
constant of BaTiO3/TMPTA and BaTiO3/TDDMA com-
posites to changes of temperature. At very low temper-
atures, where the mobility of any dipoles is restricted
(“frozen”), the dielectric constant of all the composites
becomes similar and independent of the type of polymer
matrix. In that sense, the behavior of composites at low
temperatures resembles their behavior at high frequen-
cies.

Conclusions
By mixing liquid photocurable monomers with a

ferroelectric filler, liquid suspensions are easily obtained
that can be spread into thin layers (i.e., easily processed)
and then photopolymerized into solid composite films.
The photopolymerization processes can be carried out
at ambient temperatures, which are compatible with
current electronic circuits integration technologies.
Moreover, the liquid suspensions can be easily patterned
onto printed wiring boards or integrated circuit packag-
ing by lithography, microcontact printing, or other
patterning techniques.

The dielectric constants of the BaTiO3/polymer com-
posites follow a logarithmic mixing rule at the filler
volume fractions above 5%. The log-law is obeyed within
the frequency range of 100 Hz-10 GHz and within the
temperature range of -140 to +150 °C. Pure polymer
matrices do not always obey the log-law of the corre-
sponding composites. The slope and intercept of the
relationships depend on the dielectric characteristics of
the composite constituents. For a particular composite
system, these parameters also depend of the measure-
ment frequency. Hence, the relationship parameters
obtained for a single frequency should not be used to
predict the dielectric response at other frequencies. The
log-law parameters need to be determined for the
frequency and composite of interest.

Polar polymers increase dielectric constant of the
composites at low frequencies. However, the presence
of polar groups in the polymer matrix also increases
dielectric losses, particularly within the intermediate-
and high-frequency ranges. The mobility of the polar
groups ceases at the frequency of the order of 10 GHz.
Consequently, at that high frequency the dielectric

constant of BaTiO3/polymer composites becomes inde-
pendent of the polymer type.

At low frequencies, thermal characteristics of dielec-
tric constant of the composites strongly depend on both
the polymer polarity and flexibility. The composites
based on a nonpolar polymer matrix show little varia-
tion of their dielectric constant with temperature. On
the other hand, the dielectric constant of the composites
based on a polar polymer matrix strongly depends of
the polymer state. At the temperatures where the
polymer matrix is in its glassy state, the dielectric
constant is much lower than that in the elastic state
with a steep increase around the glass transition
temperature.
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