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The subsolidus phase relations of the ternary system CuO–TiO2–CaO sintered at 950 1C in air have been

determined by powder X-ray diffraction method. Only one ternary compound CaCu3Ti4O12 was found in

this system. From room-temperature dielectric property mapping at 10 kHz, a giant dielectric constant

(er4104) was observed for most of the ceramic composites in the CuO-rich region and in the region

along the CaO–CuO binary line. The composites in the CaCu3Ti4O12-rich region were found to give a

comparable giant dielectric constant when sintered at 1050 1C. The particular microstructure of larger

grains with predominant phase surrounded by smaller grains with the secondary phases was found in

such composites with a high dielectric constant. The relations between structures and dielectric

properties were investigated. An internal barrier layer capacitance effect is the most probable

mechanism to explain this particular dielectric behavior.

& 2009 Elsevier Inc. All rights reserved.
1. Introduction

Materials with high dielectric constants (er) accompanied by
low dielectric loss (tand) and good temperature stability are very
desirable due to their significant applications in microelectronic
devices such as capacitors and memory devices [1,2]. Although
ferroelectric materials such as Ba/Pb-based perovskite oxides have
been widely used, the strong variation of the er with temperature
in these materials often limits their application. Furthermore,
Ba/Pb-free ceramic capacitors are needed to meet the require-
ments of environmentally friendly materials [3].

Subramanian et al. [1] discovered that CaCu3Ti4O12 possesses a
giant er of 104, which is nearly constant below 1 MHz over a wide
temperature range from �173 to 327 1C [4]. A similar promising
dielectric behavior was also found in CuO [5]. Though the origin of
such dielectric behavior is still unknown, an internal barrier layer
capacitor is generally considered as the most probable mechanism
[5–7]. Also, (Ca, Ta)-doped TiO2 ceramics show ultrahigh er4104,
and a grain-boundary atomic defect model was proposed to
explain such a behavior [8]. Kobayashi et al. [3] investigated the
dielectric properties of two-phase composites of CaCu3Ti4O12 and
CaTiO3. A high er (E1800) with a low tand (r0.02) below 100 kHz
was obtained at CaCu3Ti4O12:CaTiO3 ratio of 2:1. A barrier layer of
CaTiO3 on the surface of the CaCu3Ti4O12 grains was proposed to
be the possible contribution to the high dielectric performance.
ll rights reserved.

Veith).
Based on the above-mentioned investigations, the particular
observations in CaCu3Ti4O12, CuO, etc. make the ternary system
CuO–TiO2–CaO a potentially interesting system for dielectric
property investigations. The phase diagrams of binary systems
of CaO–CuO [9–11], CaO–TiO2 [12,13], CuO–TiO2 [14,15] have been
previously studied by others. Very recently, Jacob et al. computed
the phase diagram for the system CaO–TiO2–CuO/Cu2O at 1000 1C
as a function of oxygen partial pressure [16]. No experimental
phase relationship investigation in ternary system CuO–TiO2–CaO
has been done. The composition and the structure of phases
within the CuO–TiO2–CaO system should play an important role
in the dielectric properties. Therefore, it seemed to be quite
promising to investigate the phases and their dielectric properties
of the composites in the ternary system CuO–TiO2–CaO system-
atically.

In the present study, the subsolidus phase relationship and the
dielectric properties in CuO–TiO2–CaO system were investigated.
Parallel synthesis by an injection molding technique developed
in our group was applied [17]. To avoid a liquid phase, all the
samples were investigated after sintering at 950 1C. Some samples
near the CaCu3Ti4O12 region were also synthesized by sintering at
1050 1C. The composites in CuO-rich region and along CaO–CuO
binary line were found to show a giant er (4104) at a sintering
temperature of only 950 1C. The composites in CaCu3Ti4O12-rich
region gave large erE104 when sintered at 1050 1C. The internal
barrier layer capacitance effect might give an important contribu-
tion to the dielectric properties of the composites. The main
objective of this work is to provide the experimental evidence
between the multiphase microstructure and the dielectric
response in the ternary system CuO–TiO2–CaO.

www.elsevier.com/locate/jssc
dx.doi.org/10.1016/j.jssc.2009.08.006
mailto:Michael.Veith@inm-gmbh.de


ARTICLE IN PRESS

M. Veith et al. / Journal of Solid State Chemistry 182 (2009) 2930–2936 2931
2. Experimental

The preparation of the composites in the whole system was
based on combinatorial parallel synthesis from injection molding
[17]. CaCO3 (SOCALs 312, Solvay Chemicals), CuO (Nanostruc-
tured & Amorphous Materials Inc.), and TiO2 (P25, Degussa)
powders were used. The well-mixed low-viscosity feedstocks
made of powder and the wax-based binder were shaped into
triangular pyramid layer geometry by injection molding. The
binder was a mixture of paraffin wax (Terhell@ Typ 5405,
Schömann) and Luwax V (BASF) by weight ratio of 2.3:1.0. The
weight ratio of the powder to binder is ca. 3.3:1.0. Additionally,
3.5 wt% of stearic acid was added as surfactant for TiO2 powder.
Three injected layers composed of CuO, TiO2, or CaCO3 feedstock,
respectively, were stacked on top of one another to form a
triangular prism, and cut vertically by an aluminum honeycomb
(cell size: 6.4 mm). The schematic set-up of the above process was
published elsewhere [17]. Each individual-layered piece inside the
honeycomb was manually transferred to an aluminum rack with
70 parallel wells. Dilution agents such as decane and paraffin wax
were added into each well (diameter: �10 mm, depth: �30 mm).
Dielectric properties are very sensitive to variation of the
microstructure. In order to get a more homogeneous mixture, a
stainless steel ball (diameter: 6 mm) was put into each well of the
aluminum rack to help the mixing. The covered rack was shaken
in a red-devil painter mixer (Chameleon M & T Machines Ltd.) at
120 1C for 0.5 h, and then cooled during shaking. After removal of
the stainless steel balls, all mixtures were individually transferred
to alumina crucibles and calcined in air at 900 1C for 6 h, followed
by grinding in an agate mortar. This process was repeated four
more times to improve the homogeneity of the mixing. The as-
obtained powder was pressed into pellets of 5 mm in diameter
and 1.2–1.5 mm in thickness under 5 kN, followed by isostatical
pressing under 2000 kN. The pellets were sintered at 950 1C (some
at 1050 1C) for 70 h, followed by cooling in the furnace.

Each composition in this library depends on its geometri-
cal position in the honeycomb, the content of metal oxide in
each layer, and the molecular weight of the components. The
composition in molar fraction of each composite was accordingly
calculated [17]. A total of 171 compositions were achieved in this
library.

X-ray powder diffraction patterns were recorded with a
Siemens D-500 diffractometer equipped with a graphite mono-
chromator using Cu Ka radiation (l ¼ 1.54178 Å) in the range from
15 to 651 in 2y and a counting time of 4 s/step. The relatively long
Fig. 1. Phase relationship in the ternary system CuO–TiO2–CaO at 950 1C in air.
scan times were used, especially when the sample was close to
phase boundaries. An SEM instrument equipped with energy-
dispersive X-ray spectroscopy (EDX) was used to observe the
microstructure and compositions of the sintered pellets.

Room-temperature capacitance (Cp) and dielectric loss (tan d)
of the samples were measured with a parallel-plate capacitor
arrangement using Agilent 4284A precision LCR meter from 102

to 106 Hz. Both sides of the samples were coated with silver-
conducting paint to ensure good electrical contacts. The relative
dielectric constant (er) is determined from the relation er ¼

dCp/(e0A), where e0 is the dielectric constant of vacuum, A is the
cross-sectional area, d is the thickness of the sample.
3. Results and discussion

3.1. Subsolidus phase relationship in the ternary system CuO–TiO2–

CaO

The phase relationship in the ternary system CuO–TiO2–CaO
sintered at 950 1C in air was tentatively determined by XRD
measurements, as shown in Fig. 1. The investigated compositions
are presented in Fig. 2. The phase relationship in this system can
be divided into five bi-phasic regions of CaCu3Ti4O12+CaTiO3,
CaTiO3+CuO, CuO+CaCu3Ti4O12, CaTiO3+Ca2CuO3, CaCu3Ti4O12+
TiO2 (see Fig. 1, lines ab, bd, da, bc, ae) and five tri-phasic
regions of CaCu3Ti4O12+CaTiO3+CuO, CaCu3Ti4O12+CuO+TiO2,
CaCu3Ti4O12+TiO2+CaTiO3, CaTiO3+CaO+Ca2CuO3, CaTiO3+Ca2Cu
O3+CuO (see Fig. 1, regions I–V). The CaCu3Ti4O12 compound is
the only ternary oxide phase under these conditions in the
investigated system.

Compared to the computed phase relations at 1000 1C [16], a
disagreement existed about the number of possible compounds
from CaTiO3 to CaO. Though the CaO-rich compounds Ca3Ti2O7

and Ca4Ti3O10 were evaluated to be present at 1ZPO2
/P040.165

[16,18], no experimental evidence was given so far. The powder
diffraction patterns of CaTiO3, Ca3Ti2O7 and Ca4Ti3O10 are very
similar [13,19]. Nevertheless, their diffraction patterns can be
distinguished in the X-ray diffractogram using diffractions below
301 (2y) [19]. The most convincing evidences for the identification
of Ca3Ti2O7 and Ca4Ti3O10 are the reflection at 18.21 (2y) for
Ca3Ti2O7 and the diffraction line near 19.61 (2y) for Ca4Ti3O10 [13].
As we did not find any evidence for these lines in the diffrac-
tion diagrams and the lines of CaTiO3 could be fully identified
with respect to 2y and the intensities, we can conclude that no
The phase relationship analysis is based on compositions shown in Fig. 2.
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Fig. 2. Room temperature of (A) log er and (B) log tan d of the samples sintered at

950 1C in CuO–TiO2–CaO system at 10 kHz. Colored dots represent the investigated

compositions used to determine dielectric properties and the phase relations in

Fig. 1. Dashed lines show the phase boundaries.
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crystalline material of Ca3Ti2O7 or Ca4Ti3O10 is present in our
samples (although there is one report stating that both
compounds are stable at 950 1C) [18]. Calcium titanates are
normally synthesized by solid-state reactions between CaCO3

and TiO2 at temperatures above 1300 1C [20]. The compound
Ca3Ti2O7 does not form readily at temperatures below 1480 1C
[21]. The compound Ca4Ti3O10 was reported to be the equilibrium
product of the composition 4CaO �3TiO2, at least at 1650 1C [13].
This may explain why these compounds were not determined in
the present study. Another possible explanation for the absence of
Ca3Ti2O7 and Ca4Ti3O10 is that even longer sintering duration
might be needed for their formation. At that point, we made no
further investigations. Preliminary results show that in region V,
the additional phase CaCu2O3 was also observed. The phase
relation investigation in the system Ca–Cu–O showed that
Ca2CuO3 was the only stable phase [9]. Roth et al. [10] reported
that CaCu2O3 was stable between 985 and 1018 1C. In our study, a
possible partial reaction between Ca2CuO3 and CuO might happen
during the long-term sintering, and therefore produce a certain
amount of CaCu2O3. Due to the complication in the subregion of
CaTiO3–CaO–CuO–CaCu3Ti4O12 and the limited results, more
detailed investigations in this region are required.
3.2. Dielectric property mapping in ternary system CuO–TiO2–CaO

The room-temperature dielectric constant er and loss tan d at
10 kHz in the ternary system CuO–TiO2–CaO sintered at 950 1C are
shown in Fig. 2. Most composites in CuO-rich region and along
binary CuO–CaO line showed quite promising high er (4104)
(Fig. 2(A)). The er of the composites in tri-phasic regions of II and
III, both of which contain TiO2, gave relatively low values.
Compared to other phase regions, quite high values for tand in
the composites in phase region V were observed (Fig. 2(B)).

Sarkar et al. [5] reported that properly annealed CuO possesses
giant er. They proposed that using their route small portions of
Cu3+ located at grain boundaries are responsible to get an
electrically heterogeneous microstructure, containing semicon-
ducting grains and insulating grain boundaries [22]. This is the
desired electrical microstructure to produce the internal barrier
layer effect, which is thought to be the most probable mechanism
for giant dielectric constants. In our study, the particular
microstructure of larger grains (E3mm) of a predominant phase
surrounded by smaller grains (E0.3mm) of secondary phases
were observed in the composites in the CuO-rich region and along
CaO–CuO binary line. This microstructure seems to be important
to explain the physical properties, which will be discussed in
Section 3.3. Such types of microstructures probably follow the
internal barrier layer capacitance effect to enhance the dielectric
property of the composites.

Compared to the high dielectric constant of the composites in
the CuO-rich region, the composites near CaCu3Ti4O12 showed
much lower erE200 when they were sintered at 950 1C. When
treated at 1050 1C in air, quite high er and great differences in
microstructure were observed. The detailed data will be discussed
in Section 3.4.

The combination of CuO–CaCu3Ti4O12–CaTiO3 was found to
exist inside ternary system CuO–TiO2–CaO. CaTiO3 was used to
produce dielectric composites due to its low tan d[3]. CaCu3Ti4O12

and CuO were both reported to show giant er [1,5]. It seems to be
very promising to investigate such combinations in detail in order
to find the common characteristics in such high er materials and
to search for new composites with optimal dielectric properties.
Further investigation of the detailed results and discussion
concerning the correlation between the dielectric properties and
phase distribution in ternary system CuO–CaCu3Ti4O12–CaTiO3 is
underway.
3.3. Apparent correlation between dielectric property and phase

distribution in CuO-rich region

In order to show the correlation between dielectric property
and phase distribution in the CuO-rich region, composites of
regions 1 and 2 (Fig. 2(A)) across the tri-phasic regions of V, I, II
were chosen to demonstrate the frequency dependence of
dielectric property in detail. Fig. 3 shows the frequency
dependence of er and tand of representative samples (1-a)–(1-d)
in region 1 and (2-a)–(2-g) in region 2 of Fig. 2(A). A clear
difference of the dielectric behavior across different phase regions
was observed. This is likely to depend on various characteri-
stics such as different multiphase combinations and/or micro-
structures.

In phase region V, a relative plateau of er (4104) was observed
in samples (1-a) and (1-b) (Fig. 3(A)) and samples (2-a)–(2-c)
(Fig. 3(B)) over the measured frequency range from 102 to106 Hz.
In comparison, in phase region I, as seen in samples (1-c) and
(1-d) (Fig. 3(A)) and samples (2-d)–(2-f) (Fig. 3(B)), er slightly
decreased with frequency increasing in the low-frequency range,
while sharp decrease of er in the high-frequency range was
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Fig. 3. The frequency dependence of er (up) and tan d (down) of (A): samples

(1-a)–(1-d) (down to up) of region 1 and (B): samples (2-a)–(2-g) (down to up) of

region 2 in Fig. 2(A). Sample (1-b�) has the same starting composition as sample

(1-b), but sintered at 1000 1C, whereas others were sintered at 950 1C.

Fig. 4. SEM images of (A): sample (1-b) and (B): sample (1-b�) in Fig. 3 with

sintering temperature of 950 and 1000 1C, respectively.
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observed. The drastic drop of er accompanied with a ‘‘loss peak’’ in
the high-frequency range can be well described by a Debye-like
relaxation [23]. The steep decrease in er happens at the frequency
where tand displays a relaxation peak. The relaxation peak
occurred at 50 kHz for samples (2-d)–(2-f) (Fig. 3(B)), whereas it
was found at around 100 kHz for samples (1-c) and (1-d)
(Fig. 3(A)). When the TiO2 phase exists in the composite, which
is the case in phase region II, a drastic drop of er behind 1 kHz
accompanied with a broad loss peak was observed in sample (2-g)
(Fig. 3(B)).

For the samples (1-a) and (1-b) (Figs. 2(a)) and (2-a)–(2-c)
(Figs. 2(b)), extremely high tand were measured, especially at low
frequencies. Such dielectric behavior was also observed in other
composites along the CaO–CuO binary line. This implies a serious
limitation to the application of such materials. The dc conductiv-
ity is possibly the main contribution to the high dielectric losses in
such composites in phase region V.

The dielectric loss of ceramic materials is also influenced by
the extrinsic loss arising from porosity, secondary phases, grain
size and defects, etc. induced by processing [24]. For example,
when higher sintering temperature (1000 1C instead of 950 1C)
was applied in the same composition as sample (1-b), a large
decrease of tand and a slight decrease of er were observed (sample
(1-b�) in Fig. 3(A)). This might be caused by the densification of
the sample and by the decrease of porosity after sintering at
higher temperature. Fig. 4 shows the microstructure of these two
samples. A bimodal grain size distribution was observed. The
bigger grains were found to be composed of only copper oxide by
EDX analysis. The smaller grains with the secondary phases were
situated on the bigger copper oxide grains. Compared to (1-b),
sample (1-b�) shows the growing of both types of grains. The
porosity of the sample (1-b�) treated at 1000 1C is much lower
than (1-b) at 950 1C (Fig. 4). These preliminary results show that a
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decrease of the dielectric loss by sintering at higher temperature
may be triggered. Due to the limitation of the liquidus
temperature, the sintering temperature was kept below 1000 1C.
Therefore, further optimization of the process in view of the
decrease of tand may be probably studied by ‘‘soft chemistry’’
method, in which the temperature for sintering would be much
lower compared to solid-state reaction.

The typical bimodal grain size distribution observed in SEM,
such as sample (1-b), was also found in some of the other samples
along the CaO–CuO binary line (not shown). The bigger grains
with predominant phase were found in a fine-grained matrix of
secondary phases.
Fig. 5. The frequency dependence of er (up) and tan d (down) of samples (3-a)–

(3-e) in region 3 of Fig. 2(A). Sample (3-a�) has the same starting composition as

sample (3-a), but sintered at 950 1C, whereas others were sintered at 1050 1C.

Fig. 6. X-ray diffraction patterns of samples (3-a)–(3-e) in region 3 of Fig. 2(A),

sintered at 1050 1C.
3.4. The dielectric properties in CaCu3Ti4O12-rich region

Considerable interest to CaCu3Ti4O12 has been stimulated since
CaCu3Ti4O12 was observed to show giant er by Subramanian [1].
Furthermore, CaCu3Ti4O12 has been reported to have quite
different values of the dielectric constant because of different
microstructures in the ceramic samples [25]. Fang et al. [25]
observed that er of CaCu3Ti4O12 becomes higher than 104 only
when there are large grains (10–20mm) in the sintered ceramic
samples. Adams et al. [6] achieved er4 in large-grain (E100mm)
CaCu3Ti4O12 ceramics, which is 2 orders of magnitude higher than
fine-grained (E5mm) CaCu3Ti4O12 ceramic. They argued that
large grains may be crucial for enhancement of the dielectric
constant. Liu et al. [4] found that CaCu3Ti4O12 exhibits erE104

with small grain sizes (2–3mm). They believe that the density
of the sample is the key factor for the large dielectric constant in
their samples prepared by a sol–gel process [4].

Due to a possible liquidus temperature in CuO-rich region, the
samples near CuO cannot be treated higher than 1000 1C; some of
them partially melted even below 1000 1C. Herein, 950 1C was
chosen as the sintering temperature for the dielectric property
mapping in ternary system CuO–TiO2–CaO. The composites in
CaCu3Ti4O12-rich region sintered at 950 1C exhibit erE200 at
10 kHz, as can be seen in Fig. 2(A). When the composites in
CaCu3Ti4O12-rich region were sintered at 1050 1C, quite different
dielectric behavior was observed.

Fig. 5 presents the dielectric constant and dielectric loss
dependence on frequency at room temperature for CaCu3Ti4O12-
rich samples (3-a)–(3-e) in region 3 of Fig. 2(A) sintered at
1050 1C. A weak dependence of er on frequency was observed in
these samples. The highest er (E104) was observed in sample
(3-a), which is the CaCu3Ti4O12-richest sample in this library.
Samples (3-c)–(3-e) also exhibited quite high er, though slightly
lower than that of sample (3-a). Sample (3-b) gave the lowest er

compared with other samples treated at 1050 1C, but still
remained impressively high er (4103 below 30 kHz). The
corresponding X-ray diffraction patterns for the investigated
samples sintered at 1050 1C are given in Fig. 6. Samples (3-c)
and (3-e) are bi-phasic composites of (CaCu3Ti4O12+CaTiO3) and
(CaCu3Ti4O12+TiO2), respectively. Sample (3-d) is a composite
of three phases (CaCu3Ti4O12+CaTiO3+TiO2). These composites
exhibit very high er with low dielectric loss when sintered
at 1050 1C (Fig. 5), in comparison to those sintered at 950 1C.
Microstructure evolution and different phase combination in such
composites seem to play an important role for enhancement of
the dielectric properties. The influence of phase distribution on
the dielectric property in such a region is unclear yet, and needs
more systematic investigations.

Sample (3-a) is the CaCu3Ti4O12-richest sample in this library
with minor secondary phases of CaTiO3 and Cu2O (Fig. 6).
Comparing to sample (3-a�) sintered at 950 1C, which has the
same starting composition as sample (3-a), much higher er and
lower tan d were observed in sample (3-a), as seen from Fig. 5. The
microstructures of these two samples were investigated by SEM
(Fig. 7). In sample (3-a�) (Fig. 7(A)), the grains are homogeneous
in shape and size, approximately ranging from 0.5 to 2mm. In
comparison, sample (3-a) treated at 1050 1C shows a quite
different microstructure, as seen from Fig. 7(B). Two types of
grains were observed. There are bigger grains with grain sizes of
approximately 10–30mm and there are smaller grains with grain
sizes E2mm located at the triple point of the bigger grains or the
grain boundaries. Additionally, a liquid phase was found on the
grain boundaries. EDX analysis reveals different compositions in
the big grains, the small grains and the liquid phase (see Fig. 7(B)).
CaCu3Ti4O12, CaTiO3 and copper oxide (either CuO or Cu2O) have
been thus localized, respectively. CuO will decompose into Cu2O
at temperature above 1000 1C in air [26]. It may be assumed that
copper oxide transforms into a liquid phase during the sintering
treatment and leads to anomalous grain growth. The existence of
CaTiO3 and a copper oxide wetting layer might be considered as



ARTICLE IN PRESS

Fig. 7. SEM micrographs of (A): sample (3-a�) and (B): sample (3-a) in Fig. 5

sintered at 950 and 1050 1C, respectively. Insets in (B) show the composition

analysis by EDX for big grain (up), small grains (middle), and liquid phase (down),

respectively.
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the barrier layers of the CaCu3Ti4O12 grains promoting the
dielectric property of CaCu3Ti4O12.

The origin of the peculiar dielectric phenomena is not fully
understood so far. In our study, the clear grain-boundary effect
was observed in the high dielectric constant materials both in
CuO-rich region sintered at 950 1C and in CaCu3Ti4O12-rich region
sintered at 1050 1C. This supports a model with an extrinsic
internal barrier layer capacitance mechanism coming from grain-
boundary effect. However, giant dielectric constants were also
reported in a single-crystal CaCu3Ti4O12. It was proposed that the
locally planar twin boundary and the antiphase and composi-
tional ordering domain boundaries act as the barrier layers in the
single crystal since a perfectly grown single crystal of CaCu3Ti4O12

shows only a dielectric constant of 100 [27]. Fang et al. [27]
observed that the different domains existed inside the grains and
suggested both domain boundaries and grain boundaries acting as
the barrier layers to contribute to the extraordinary dielectric
response in CaCu3Ti4O12. The discovery of internal domains inside
the grains correlates the dielectric mechanism for both poly-
crystalline and single-crystal materials. The domain boundaries
might also exist in our composites, which needs further
confirmation.
4. Conclusion

Subsolidus phase relationship and dielectric properties in the
ternary system CuO–TiO2–CaO were studied. Five bi-phasic
regions and five tri-phasic regions and only one ternary
compound CaCu3Ti4O12 were found in this system.

Giant dielectric constants were found in two regions in the
ternary system CuO–TiO2–CaO: One is the CuO-rich region and
along the CaO–CuO binary line, in which the composites possess er

over 104. This composite can be fabricated in a single step at a low
sintering temperature of 950 1C. The other is the CaCu3Ti4O12-rich
region sintered at 1050 1C. A quite high tand was observed
in composites in the phase region of (CuO+CaTiO3+Ca2CuO3).
The low resistivity and Debye relaxation might be two main
contributions to the high dielectric loss.

The grain size distributions in most of the giant er composites
are found to be bimodal. Smaller grains with secondary phases are
located on the surface or the boundaries of the bigger grains,
which are composed of the predominant phases. The smaller
grains might act as barrier layers and might enhance the dielectric
property. The composites in the CaCu3Ti4O12-rich region show a
clear grain-boundary effect made of presumably liquidus copper
oxide and/or CaTiO3.

It is currently premature, to associate the special microstruc-
tures and phase distributions with the promising dielectric
properties of the composites in the ternary system CuO–TiO2–
CaO. More investigations such as the temperature dependence of
dielectric properties in the representative composites with giant er

will be explored in the future.
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