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Abstract

Microwave dielectric ceramics with the composition of (1 —x)Li;NbO,—xCaTiO3 (0.1 <x <0.3) were prepared by the solid-state reaction
method. The sintering behavior, phase structure, and microwave dielectric properties of (1 —x)Li3NbO4—xCaTiO3 ceramics were investigated.
The samples consisted of Li;NbO, and CaTiO3 phases, and the amount of CaTiO; phase increased with increasing x. The microwave dielectric
properties of the sintered ceramics varied with increasing CaTiO5 content. In particular, the temperature coefficient of resonate frequency values
(7)) can be adjusted to near-zero. Typically, 0.15 mol CaTiOz added 0.85Li3NbO4-0.15CaTiO3 ceramic exhibited good microwave dielectric
properties with a relative permittivity of 21.9, a Q x f value of 24,900 GHz, and a 7y value of 5.6 ppm/°C. These results indicate that
0.85Li3NbO,~0.15CaTiO5 ceramic can be a candidate in microwave dielectric resonators.
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1. Introduction

With the continuing development of mobile telecommunica-
tion technologies, there is an always interest in novel ceramics
for applications as dielectric resonators (DRs) at microwave
frequencies (1-20 GHz) [1-3]. The resonant frequency of a
DR is determined by the overall physical dimensions of the
puck, the permittivity of a material and its immediate
surroundings. The key properties are high-quality factor (Q,
QO=1/tand), high relative permittivity (&,) and near-zero tem-
perature coefficient of resonant frequency (zp) [4,5]. Conse-
quently, many efforts have focused on developing dielectric
materials with high &, to realize miniaturization of the
component, high Q xf (f is the measuring frequency) for
frequency selectivity, and near-zero 7, for thermal stability.

Li-based ceramics have been reported to possess good
microwave dielectric properties as well as a relatively low
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sintering temperature. Recently, Zhou et al. [6] reported that
LizNbOy4 ceramic could be sintered at 930 °C and exhibited
good microwave dielectric  properties of €,=15.8,
0 x f=55,000 GHz, and 7,= —49 ppm/°C. Yoon et al. [7]
reported that LiNb3;Og could be sintered at 1075 °C and had a
g, of 34, a O x f value of 58,000 GHz, and a 7; of —96 ppm/
°C. However, large negative 7, values restricted their further
applications as resonators. Generally, there are two methods to
design a material with a thermal stability: (1) the use of
composite materials by mixing component materials with
negative and positive 7y values [8], such as Zn,TiO4-TiO,
[9], Mg4Ta,00-TiO, [10] and LiNb3;Og-TiO, [7], and (2)
formation of solid solutions, such as complex perovskites [11]
and other systems [12,13]. CaTiO5 exhibited a high ¢, of 162
and a large positive 7, value of +859 ppm/°C [14]. Hence, we
consider that the 7y of LizNbO, ceramic may be adjusted to
zero and the &, can be enhanced by adding CaTiOs. In this
study, preparation, phase evolution, and microwave dielectric
properties of (1 —x)Li3NbO,—xCaTiO3 ceramics have been
investigated.
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2. Experimental procedure

Specimens of the (1 —x)Li3NbO,—xCaTiO; (0.1 <x<0.3)
ceramics were prepared by a two-step solid state reaction
method. LizNbO, and CaTiO; compounds were synthesized
by the conventional mixed-oxide route from the high-purity
raw powders ( > 99.9%) of Li,CO;5, Nb,Os, CaCO3;, and TiO,.
The calcining temperatures of Li;NbO, and CaTiO; com-
pounds are 800 and 1000 °C, respectively. The stoichiometric
proportions [(1 —x)LisNbO,—xCaTiOs] of the above calcined
powders were mixed in alcohol medium using zirconia balls
for 4 h. After drying, a 5 wt% poly(vinyl alcohol) (PVA)
solution was added to the powders and the resulting mixture
was pressed into disks of 12 mm in diameter and ~6 mm in
thickness at a uniaxial pressure of about 200 MPa. The
samples were then heat-treated at 550 °C for 4 h to eliminate
PVA, followed by sintering at 950-1050 °C for 4 h in air at a
heating rate of 5 °C/min.

The crystal structure of the samples was investigated by X-
ray diffraction measurement (XRD; PANalytical X'Pert PRO,
CuKal, 1.54059 A). The surface micrographs of the samples
were examined by scanning electron microscope (SEM; JEOL
JSM6380-LV). The bulk density of the sintered samples was
measured by the Archimedes method. Microwave dielectric
properties were measured by the TEq5 shielded cavity method
using a network analyzer (Agilent N5230A) and a temperature
chamber (Delta 9039).

The temperature coefficients of resonant frequency 7, values
were calculated using the following formula:

__ _frf
T fo(T=Ty)

where f7, and f, are the resonant frequencies at the measuring
temperature 7 (85 °C) and T, (25 °C), respectively.

(1

3. Results and discussion

Fig. 1 shows the X-ray diffraction (XRD) patterns of (1 —x)
LizNbO, —xCaTiO5; ceramics sintered at 1025 °C for 4 h.
Besides the Liz;NbO, phase (PDF no. 16-0459), the CaTiO;
phase (PDF no. 08-0091) was observed. With increasing x, the
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Fig. 1. XRD profiles of (1 —x) LizNbOs4—xCaTiO3 ceramics sintered at
1025 °C for 4 h.

intensity of the reflections of the Li;NbO, phase decreased and
that of CaTiOj; phase increased. Both perovskite CaTiO5 phase
and cubic LizNbO, phase were presented in the (1—x)
LizNbO, —xCaTiO5 specimens, which indicates that the tem-
perature coefficients of resonant frequency (7o) of (1—x)
Li3NbO,—xCaTiO; ceramics can be adjusted to zero by
controlling the molar proportion of the Li;NbO, and CaTiO;
phases.

Fig. 2 illustrates SEM images of (1 —x)Li3NbO,—xCaTiO3
ceramics sintered at their optimized temperatures. The ceramic
sintered at 950 °C contained many pores and the grain size was
not uniformity. The grain size appreciably increased with
increasing sintering temperature, which is attributed to higher
sintering temperature (~ 1400 °C) of the CaTiO3 phase [14].
The ceramics showed highly dense microstructure after sinter-
ing at 1025 °C. When the sintering temperature increased to
1050 °C, the grain size grew rapidly. In particular, the CaTiO3
phase was observed, which agrees well with the results of
XRD analysis. Fig. 3 shows the result from Energy-dispersive
spectroscopy (EDS) of the 0.85 Li;NbO4—0.15CaTiO5 ceramic
sintered at 1025 °C. It can be seen that the atomic ratio
between Ca and Ti is 3.52:3.67, which is near to 1:1. This
result conformed that the secondary phase is CaTiOj3 phase.
Hence, the result is consistent with the analysis of the XRD
results.

Fig. 4 shows the bulk densities of (1 —x)Li3N-
b0, —xCaTiO5 ceramics sintered at different temperatures as
a function of x. The bulk density increased as the sintering
temperature increased from 950 °C to 1025 °C, which is
attributed to the higher crystallographic calculated density
(p=4.03 g/lem®) of the CaTiO; phase. Especially, the bulk
densities obviously increased when x was 0.15. However, the
bulk density decreased slightly when the sintering temperature
exceeded 1025 °C and even sharply decreased from 975 °C to
1000 °C (x=0.1, 0.2). The decrease of the density over
1025 °C was caused by over-sintering. Due to the impurity
and porosity, the bulk density of samples (x=0.1, 0.2)
decreased as the sintering temperature increased from 975 °C
to 1000 °C.

Fig. 5 shows the relative permittivities (g,) of (1 —x)
LizNbO, —xCaTiO5 ceramics as a function of the sintering
temperature. The ¢, increased with increasing x. The increase
of &, can be explained by the higher permittivity (162) of the
CaTiO; phase. The maximum value of ¢, shifted to higher
temperature with increasing x, which might result from the
higher sintering temperature (~ 1400 °C) of the CaTiO3 phase
[14]. Fig 6 shows the temperature coefficients of resonant
frequency (zp) values of the (1 —x) LisNbO,—xCaTiO3 cera-
mics as a function of the sintering temperature. The 7, values
increased with increasing x, which is attributed to the higher z,
value (+859 ppm/°C) of the perovskite CaTiO; phase. When
x=0.15, the 7, value was tailored to near-zero (5.6 ppm/°C).
Fig. 7 shows the Q x f values of (1 —x) LizNbO,—xCaTiO3
ceramics as a function of the sintering temperature. The Q x f
value increased with increasing the sintering temperature from
950 °C to 1025 °C, which is attributed to the higher sintering
temperature (~ 1400 °C) of the CaTiOs phase and the
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Fig. 2. SEM images of (1 —x)Li;NbO4—xCaTiO; (x=0.15) ceramics sintered at different temperature: (a) 950 °C, (b) 975 °C, (c) 1000 °C, (d)1025 °C, and (e)

1050 °C.
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Fig. 3. EDS spectra obtained from Fig. 2(d) of 0.85Li3NbO,—0.15CaTiO;
ceramic sintered at 1025 °C.

increased bulk density with increasing the sintering tempera-
ture from 950 °C to 1025 °C. Generally, microwave dielectric
loss included two parts: intrinsic losses and extrinsic losses.
Intrinsic losses were caused by absorptions of phonon oscilla-
tion and extrinsic losses were caused by lattice defects. The
lattice defects included impurity, cavity, substitution, size and
shapes of grains, second phase, pores, etc. [15,16] The Q x f
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Fig. 4. Bulk densities of (1 —x) LizNbO,—xCaTiO3 ceramics as a function of
sintering temperature.

values decreased with increasing x from 0.15 to 0.3, which can
be explained to the produce of the CaTiO; phase. When the
sintering temperature is 1025 °C, the abnormal change of O x f
values in the range of 0.1 <x <0.15 was observed.

Due to the large negative 7, value (—49 ppm/°C) of
LizNbO, ceramic, perovskite CaTiO3; (7=+859 ppm/°C) was



2106 H. Zhou et al. / Ceramics International 40 (2014) 2103-2107

31F

30f

29 |
= 28 ¢ —-x=0.1
g2y --x=0.15
£ 26 —A—x=0.2
.g 25} —-¥—x=0.3
= 24f
g 23} T
3 22l /\o\.\.
& ol

20Ff

19 1 1 1 1 1

940 960 980 1000 1020 1040 1060

Sintering Temperature(°C)

Fig. 5. Relative permittivities of (1 —x) Li3sNbO4;—xCaTiO; ceramics as a
function of sintering temperature.
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Fig. 6. 7; values of (1 —x) LisNbO4,~xCaTiO; ceramics as a function of
sintering temperature.
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Fig. 7. Q x f values of (1 —x) LizNbO4~xCaTiO5 ceramics as a function of
sintering temperature.

added to adjust the 7 values for thermal stability. The sintering
temperature, bulk density and microwave dielectric properties
of (1 —x) LisNbO, —xCaTiO5z ceramics are shown in Table 1.
The &, value increased from 15.8 to 31.2 and 7, value increased
from —49 ppm/°C to 73.5 ppm/°C with increasing x from 0 to
0.3. All sintered ceramics exhibited high Q x f values. In a
word, the 0.85LisNbO,4-0.15CaTiO3 ceramic sintered at
1025 °C exhibited good microwave dielectric properties
with a &, of 21.9, a high Q x f of 24,900 GHz, and a 7; of
5.6 ppm/°C.

Table 1
Sintering temperature, bulk density and microwave dielectric properties of
(1 —x)LizNbO,4 — xCaTiOsceramics.

x value p (g/cm3) Sintering temperature (°C) &,  7,(ppm/°C) Q x f(GHz)

0 3.94 930 15.8 —49 55,000
0.1 3.87 1025 20.1 —17.6 22,100
0.15  3.89 1025 21.9 5.6 24,900
0.2 3.87 1025 245 304 21,800
0.3 3.88 1025 312 735 15,800

4. Conclusion

The phase evolution, microstructure, and microwave dielec-
tric properties of (1 —x) LizNbO,—xCaTiO; ceramics have
been investigated. The XRD analysis revealed that the
LizNbO, phase can coexist with CaTiO; phase, and the
amount of CaTiO; increased with increasing x. The tempera-
ture coefficients of resonant frequency (zp) of (I —x)LizN-
b0, —xCaTiO; ceramics were adjusted to a near-zero value. In
particular, the 0.85LizNbO,—0.15CaTiO; ceramic exhibits
good microwave dielectric properties with a ¢, of 21.9, a
O x f of 24,900 GHz and a near-zero 7, of 5.6 ppm/°C.
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