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ABSTRACT

The sintering behavior, microstructure and microwave dielectric properties of CaTi, Fe,,.Nb,,;0, with CuO have been investi-
gated. Among the range of additions, 3 wt% CuQ was observed to perform most satisfactory for acting as a sintering aid. The
dielectric properties were found to strongly depend on the sintered densities. The dielectric constant increased with sintering tem-
peratures, while the Q x f; value affected by second phase. For CaTi, Fe;,Nb,,.O, with 3 wt% CuO sintered at 1000°C for 2 h,
the dielectric properties with an € value of 56, a Q xf; value of 3,500 GHz and a 7, value of 10 ppm/°C were obtained and sug-

gested for practical applications.
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1. Introduction

omplex perovskite dielectrics represented by A(B’,B”)O,
C are known as low-loss dielectric ceramics at microwave
frequencies."” Many case of studies reported the Ba-based
(A=Ba) or Sr-based (A=Sr) complex perovskite ceramics,
however only few studies reported the dielectric properties
of Ca-based perovskite ceramics.*® Orthorhombic symme-
try of CaTiO, and monoclinically deformed Ca(Fe, ,Nb, ,)O,
were in complete solubility for the perovskite series CaTi,
(Fe, Nb, ;) 0, ceramics.” Kagata and Kato® characterized
the dielectric properties at microwave frequencies and crys-
tal structure of Ca(B*, B> )0, (B**: Al, Cr, Mn, Fe; B
Nb, Ta), and determind that Ca(Fe;;Nb,)O, has an ¢, of 40,
and a Qxf; of 20,000 GHz. However, its T, factor is rela-
tively negative (=76 ppm/°C).

Kucheiko et al.” have reported that CaTi, (Fe  Nb, ) 0,, in
particular, exhibits a control of 1, value. The effects of ZnO
additive on the microstructure and microwave dielectric
properties were demonstrated and the addition of 1 wt% ZnO
in CaTi, (Fe,;Nb, ). O, (x=0.54) sintered at 1500°C for 10 h
has a Q x f;, value of 3,87 0GHz, £,=59.9, and 1=0 ppm/°C.

The aim of this study is to reduce the sintering temperature
of CaTi, (Fey . Nby ) O, using CuO which was chosen as lig-
uid phase sintering aid. Kim et ol."® proposed CuO-doped
Ag(Nb,Ta)O, composite ceramics for LTCC application. It
also reported that CuO lead to a low temperature sintering in
ZnNb,O," and TiO,."” In the present work, the effect of CuO
additions on the microstructure, sintering characteristics and
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microwave dielectric properties of the CaTi, Fe,,Nb,,.O,
(CTFN) system were investigated.

2. Experimental Procedure

CaTiO,-Ca(Fe, Nb, .)O, dielectrics were synthesized via the
solid state reaction route with reagent grade CaTiO,, CaCO,,
Fe,O,, and Nb,O, powders (High Purity Chemetals, Sakato,
Japan). The raw materials were weighed in the appropriate
molar ratio and ball milled with ZrO, balls for 24 h in water,
then calcined at 1150°C for 4 h. The calcined powders were
ground for 24 h again with the addition of 0.5~5 wt% CuO in
water. The dried powders were mixed with 2 wt% solution of
PVA and pressed into pellets under 1000 kg/em® by uniaxial
pressing with 10 mm diameter and 1.2 or 4.8 mm thickness for
the low-frequency and resonant post-measurement technique.
The pellets were sintered at 950~1050°C for 2 h in air.

Phase identification and unit-cell parameters of the sintered
specimens were performed using X-Ray Diffraction (XRD;
MO3XHF, Mac-Sci. Co. Ltd., Japan) analysis with Cu Ko radi-
ation. Field Emission Scanning Electron Microscopy (FE-
SEM; JSM-6700F, Jeol, Tokyo, Japan) work was carried out
to investigate the microstructure of CTFN ceramics.

Dielectric properties in the microwave range were mea-
sured using a network analyzer (Model 8720ES, Agilent
Technologies, Palo Alto, CA) in the s,, transmission mode.
The sintered specimens were lapped and polished to cylin-
drical-shape dielectric resonators. The dielectric constant
was measured by the resonant post method'® using silver
coated copper plates and the value was calculated from
TE,,, resonance mode values. The temperature coefficient
of resonant frequency was measured by open cavity
method using an copper at the temperature range of 25°C
to 80°C.
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Fig. 1. X-ray diffraction patterns of CTFN ceramics with con- addition of CuO.

tents of CuO sintered at 1000°C for 2 h; (a) calcined
CTFN, (b) 1, (¢) 3, and (d) 5 wt%.
CTFN ceramics with various CuQO additions sintered at

3. Results and Discussion 1000°C for 2 h. The diffraction patterns are indexed based
‘ on the orthorhombic perovskite structure. As the increasing
Fig. 1 demonstrates the X-ray diffraction patterns of the CuO contents, the secondary phase are increased slightly.
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Fig. 3. Microstructure of CTFN with contents of CuO; (a) 1, (b) 5 wt% sintered at 1000°C for 2 h, and (c) EDS elemental mapping
of the select area.
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The second phases are confirmed as CuO (JCPDS; 45-0937)
which allows the formation in triple junction at the sinter-
ing temperature.

Fig. 2 shows the relative density of the CTFN ceramics
with various CuO amounts and sintering temperatures. By
increasing the contents of CuO to 1 wt%, the relative density
was abruptly increased and then slightly increased with fur-
ther CuO additions. The sinterability of pellets also depended
on the sintering temperature. For CTFN with 3 wt% CuO
sintering at 1000°C for 2 h, samples are well sintered over
95% of theoretical density of CTFN. Therefore, these results
indicate that successful reductions in the sintering tempera-
ture of CTFN are possible with CuO additions.

Microstructure of CTFN with CuO additions are shown in
Fig. 3. The second phases are confirmed as CuQO phase by
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Fig. 4. Dielectric constant of CTFN ceramics with the addi-
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Fig. 5. Microwave dielectric properties of CTFN ceramics sin-
tered at 1000°C for 2 h with contents of CuO (wt%).
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using energy-dispersive spectroscopy, Fig. 3(c). It is obvious
that the reaction of low-fired CTFN ceramics with 1, 5 wt%
CuO shows the second phase in the triple junction. As CuO
additions increase, the amounts of second phases are
increased slightly.

Fig. 4 shows the dielectric constants of CTFN ceramics
with CuO additions as a function of sintering temperatures.
The relationship between ¢_values and sintering tempera-
tures shows the similar trend as the relationship between
densities and sintering temperatures.

The quality factors (Q x f;) and the temperature coefficient
of resonance frequency (t,) of the CTFN with CuO additives
sintered at 1000°C for 2 h are shown in Fig. 5. As the CuO
content increased to 1wt%, the Qxf, value increased
abruptly due to the densification and then decreased due to
the increase of second phase. There are many reports that
the microwave losses are affected by impurity, secondary
phase and oxygen vacancy etc.'*'

4. Conclusions

The effect of sintering additives, 0.5~5 wt% CuO, on sin-
tering behavior and dielectric properties of CTFN ceramics
sintered at 1000°C for 2 h was investigated. CuO additions
not only enhanced the densification of CTFN ceramics but
also reduced the sintering temperature at 1000°C for 2 h.
Dielectric constant was controlled by the additive content,
sintering temperature and relative density. The quality fac-
tor was correlated to the densification of CTFN ceramics
under 1 wt% CuO addition, and then controlled by second
phase. CTFN ceramics with 3 wt% CuO sintered at 1000°C
for 2 h shows the useful microwave dielectric properties : €.
=56, Q x £,=3,500 GHz and 1, value of 1 Oppm/°C.
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