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Doping with CuO (1wt.%) can effectively promote the densification and the dielectric properties of
xLa(Mgy2Tiq2)03—-(1 — x)CagsLagg;3TiO3 ceramics. The system was prepared using a conventional solid-
state ceramic route. In order to produce a temperature-stable material, CaggLagg/3TiO3 was added for a
near-zero temperature coefficient (7). The microwave dielectric properties are strongly correlated with
the sintering temperature and the additions. 0.6La(Mg; > Tiy 2 )03-0.4Cag sLag g3 TiO3 ceramics with 1 wt.%
CuO addition possesses a dielectric constant (&) of 45.5, a Q x f value of 44,600 GHz (at 8 GHz) and a
temperature coefficients of resonant frequency () of 2 ppm/°C sintering at 1450°C. As the content of
La(Mgy>Tiyj2)O3 increases, the highest Q x f value of 55,400 (GHz) for x=0.8 is achieved at the sintering
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1. Introduction

The development of microwave communication technology
has been promoted by microwave dielectric ceramics. A large
number of ceramic dielectric materials had been developed over
the years. The traditional method for developing new dielectric
materials has focused on considering new single-phase solid solu-
tions having a high quality factor (Q x f value) or a high relative
permittivity (&;). Candidate materials for microwave dielectric
resonators suitable for 3G technology must satisfy three main
criteria: high quality factor (Q>15,000), high dielectric constant
(&r)>25, and a near-zero temperature coefficient of resonant fre-
quency (ty==+3 ppm/°C) [1,2]. Small temperature coefficients of the
resonant frequency ensure the stability of the microwave compo-
nents at different working temperatures. To satisfy the demands of
microwave circuit designs, each dielectric property requires precise
control. Using two or more compounds with negative and pos-
itive temperature coefficients to form a solid solution or mixed
phases is the most promising method of obtaining a zero temper-
ature coefficient of the resonant frequency, in our previous reports
[1-3].

Although most dielectric ceramics with high dielectric con-
stants have positive 77 values, material with a high dielectric
constant, high Q and negative 7; are desired to achieve
this goal. S.-Y. Cho and co-workers have reported many
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complex perovskites A(Bj2*B;j2#*)03 with negative 7, [4].
Among them, La(Mg;/;Ti;);)O3 has a high dielectric constant
(e~29), a high quality factor (Q xf value ~75,500GHz) and
a negative 7y value (—65ppm/°C). The crystal structure of
La(Mg;;Tij )03 was reported to be cubic. Cagglagg;3TiO3
(er=100, Q x f=20,000 GHz, 7;=212 ppm/°C) [5] with a positive 7y
value was introduced to into the mixture form a solid solution
xLa(Mgy 2 Tiq2)03-(1 —x)CagsLagg/3TiO3 to compensate for the 7¢
value.

Many kinds of dielectric ceramics have been
developed for microwave applications [6-8].
xLa(Mgy;Tiq)2)03-(1 —x)Cag glagg3TiO3 ceramics have

suitable dielectric constant and quality factors for applica-
tion in dielectric resonators and filters [9]. However, pure
xLa(Mgq,Ti12)03-(1 —x)Cagglagg3TiO3 ceramics require a very
high sintering temperature (1600°C). There are three approaches
to reducing the sintering temperature of microwave dielectric
ceramics: low melting sintering aids addition [10-12], chemi-
cal processing, and the use of smaller particles as the starting
materials. Of these three, sintering aids addition is the most
effective and least expensive. However, no liquid phase sintering
of xLa(Mg2Tij2)03~(1 —x)Cagelagg;3TiO3 with sintering aids
addition has been reported yet. Previously, CuO was researched
and found to have good dielectric properties. In this paper, CuO
was used as a sintering aid for reducing the sintering temper-
ature of xLa(Mgy;Tij)3)03-(1—x)Cagglagg3TiO3 ceramics. The
effects of CuO on the sintering and microwave dielectric prop-
erties of xLa(Mgq,Tiq)2)03-(1 —x)Cagglagg3TiO3 ceramics were
investigated.
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Fig.1. X-ray diffraction patterns of 0.6La(Mg; > Tiyj>)03-0.4CagsLag g3 TiO3 ceramics
with 1wt.% CuO addition sintered at different temperatures for 5h. (a) 1400°C, (b)
1425°C, (c) 1450°C, (d) 1475°C and (e) 1500°C.

2. Experimental procedure

Samples of xLa(Mg;;Tiy;2)03-(1 —x)CageLlagg;3TiOs were synthesized by con-
ventional solid-state method. The starting materials were mixed according to
a stoichiometric ratio. A small amount of CuO (1wt.%) was added as a sinter-
ing aid. High purity oxide powders (>99.9%) La,03, MgO, CaCOs, TiO, and CuO
were weighed and mixed for 24 h with distilled water. The mixture was dried at
100°C and thoroughly milled before it was calcined at 1200°C for 4h. The cal-
cined powder was ground and sieved through 100-mesh screen. Phase formation of
xLa(Mgy2Tiq2)03—(1 — x)CapsLagg;3 TiO3 was confirmed using X-ray diffraction. The
calcined powders were then re-milled for 24 h with PVA solution as a binder. Pellets
with 11 mm in diameter and 5 mm in thickness were pressed using uniaxial press-
ing. A pressing pressure of 2000 kg/cm? was used for all samples. After debinding,
these pellets were sintered at temperatures 1400-1500°C for 5 h in air. The powder
and bulk X-ray diffraction (XRD, Rigaku D/Max IIL.V) spectra were collected using Cu
Ko radiation (at 30kV and 20 mA) and a graphite monochrometer in the 26 range
of 20-60°. The microstructural observations and analysis of sintered surface were
performed by a scanning electron microscopy (SEM, Philips XL-40FEG).

The bulk densities of the sintered pellets were measured by the Archimedes
method. The dielectric constant (&,) and the quality factor values (Q) at microwave
frequencies were measured using the Hakki-Coleman [13] dielectric resonator
method as modified and improved by Courtney [14]. The dielectric resonator was
positioned between two brass plates. A system combined with a HP8757D network
analyzer and a HP8350B sweep oscillator was employed in the measurement. Iden-
tical technique was applied in measuring the temperature coefficient of resonant
frequency (ty). The test set was placed over a thermostat in the temperature range
from +25 °C to +80°C. The t; value (ppm/°C) can be calculated by noting the change

Fig. 2. SEM photographs of xLa(Mg;,Ti12)03—(1 —x) CagsLagg;3TiO3 ceramics (a) x=0.4, (b) x=0.5, (c) x=0.6, (d) x=0.7 and (e) x=0.8 with 1 wt.% CuO additions sintered at

1450°C for 5h.
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Fig. 3. SEM photographs of 0.6La(Mg;,Ti;2)03-0.4CagLag g/3TiO3 ceramics sintered at (a) 1400°C, (b) 1450 °C and (c) 1500°C with 1 wt.% CuO additions for 5 h.

in resonant frequency (Af),
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where f; and f> represent the resonant frequencies at T; and T», respectively.
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3. Results and discussion

X-ray diffraction  patterns of 1wt%  CuO-doped
0.6La(Mg,Tiy)03-0.4Capglag g;3TiO3  ceramics at different
sintering temperatures (1400-1500°C) are shown in Fig. 1. All
the peaks were indexed based on the cubic perovskite unit cell.
All the peaks were indexed based on the cubic perovskite unit
cell. The figure reveals that a series of extra peaks were present
at the 1/2(111)(260=19.56°), 1/2(210) (26=25.309°), 1/2(300)
(260=34.5°)and 1/2(311) (26 =37.98°) positions. The X-ray diffrac-
tion patterns of the 0.6La(Mg,Tij2)03-0.4Cagglagg3TiO3 solid
solution have not significant change with 1 wt.% CuO addition at
sintering temperatures of 1400-1500°C. Second phase was not
observed at the level of 1 wt.% CuO addition since that detection of
a minor phase by X-ray is extremely difficult. Fig. 1 XRD patterns
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Fig.4. Bulkdensity of xLa(Mg;,Ti12)03—-(1 — x)CaopsLag g3 TiO3 ceramics system sin-
tered at different temperatures with 1 wt.% CuO addition.

of La(Mg;,Tiy;2)03-Cagglagg3TiO3 ceramic systems form solid
solution, and all peaks match with La(Mg; Ti; ,)03-CaggLag g/3TiO3
compound.

The SEM  photographs  of  xLa(Mgy;Tijj2)03~(1—%)
Caglagg/3TiO3 ceramics sintered at 1450 °C for different x value are
illustrated in Fig. 2. For all compositions, low level porosity and
densed ceramic could be observed. The grain size was increased as
increasing the Cagglagg/3TiO3 content.

The SEM photographs of 0.6La(Mg;,Ti; 2 )03-0.4Cag gLag g3 TiO3
ceramics sintered at various temperatures for 5 h are illustrated in
Fig. 3. For all compositions, low level porosity and densed ceramic
could be observed in the figure. The degree of the grain growth
increased with the increase of sintering temperature. No pores
were observed at a temperature of 1450°C for 4h due to grain
growth [see Fig. 3(b)]. In addition, uniform grain morphology was
produced at 1450°C with sintering for 4 h. However, degradation
in grain uniformity and abnormal grain growth started to appear
for0.6La(Mg;, Tiqj»)03-0.4CaggLag g/3TiO3 specimens at sintering
temperatures higher than 1450 [see Fig. 3(c)], which could damage
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Fig.5. & value ofxLa(Mg;,Tiy2)03-(1 —x)CapeLagg3TiO3 ceramics system sintered
at different temperatures with 1 wt.% CuO addition.
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Fig. 6. Q x fvalue of xLa(Mgy3Tiy)2)03—(1 —x)CagsLagg3TiOs ceramics system sin-

tered at different temperatures with various 1 wt.% CuO addition. Fig. 7. Temperature coefficient value of xLa(Mgy2Ti1>)05~(1 ~X)CaosLags/3TiOs

ceramics system sintered at different temperatures with 0.5 wt.% CuO addition.

The temperature coefficients of resonant frequency () of
CuO-doped xLa(Mg;>Ti;)2)03-(1 —x) Cagglagg3TiO3 ceramics at
different sintering temperatures are illustrated in Fig. 7. The tem-
perature coefficient of resonant frequency is well known related to
the composition, the additives and the second phase of the mate-
rial. It seemed that higher Cagglagg/3TiO3 content would shift the
77 value to more positive. It varied from —41.8 to 62.8 ppm/°C as
the amount of Cagglagg/3TiO3 addition increased from 0.4 to 0.8
sintered at 1450 °C. In general, the temperature coefficient of reso-
nant frequency was found to be related to the composition and the
existing phase in ceramics.

their microwave dielectric properties. The inhomogeneous rod-like
grains were identified, in all samples at 1500°C. It is possible to
evaluate the effect of grain orientation on the XRD patterns as can
see from Fig. 1.

The relative densities of the CuO-doped 0.6La(Mg;,Ti )03~
0.4Cap gLag g/3TiO3 ceramics at differential sintering temperature as
shown in Fig. 4. It indicated that densities of 4.11-5.31 (g/cm3) were
obtained for CuO-doped 0.6La(Mg;,Ti;;)03-0.4Cagglagg3TiO3
ceramics at sintering temperatures from 1400 to 1500°C. The
density increased with increasing sintering temperature due to
enlarged grain size as observed in Fig. 3, and was also affected by
the composition and decreased with increasing x value. It suggested
that more Cagglagg3TiO3 content and sintering at higher temper-
atures (above 1475 °C owing to the over-sintering) would degrade
the bulk density of the ceramics.

The dielectric properties of xLa(Mg; 2 Ti1 2)03~(1 — x)CageLag g/3TiO3
with 1wt.% CuO addition are illustrated in Fig. 5. As the x value
increased from 0.4 to 0.8, the dielectric constants decreased
from 51.1 to 3.2. The dielectric constants slightly decreased with
increasing sintering temperature. The decrease of ¢, value with
increasing sintering temperature could be explained owing to
the over-sintering of xLa(Mgq,Tiqj2)03-(1 —x)Cagglagg3TiOs.
With 1wt.% CuO addition, a &, value of 45.5 was obtained for
0.6La(Mgq,Tij)03-0.4Cagglag g;3TiO3  ceramics  sintered —at
1450°C.

Fig. 6 shows the Qxf values of xLa(Mgj;Tij;)03—(1—x)
Capglag g/3TiO3 ceramics with 1 wt.% CuO additions at different sin-
tering temperatures as functions of the x value and with different x
value had a maximum value at 1500 °C. The Q x fvalue increase with
the increase of La(Mg; »Ti; ;)O3 content and sintering temperature.
It was expected since that the quality factor of La(Mgy,Ti;;)03

4. Conclusion

The microstructure and microwave dielectric properties of
xLa(Mgy,Tiq2)03-(1 —x)Cagglagg3TiO3 ceramics were investi-
gated. xLa(Mgq,Tiy2)03-(1 —x)Cagglagg3TiO3 ceramics exhib-
ited perovskite structure. The relative permittivity (&) and
the temperature coefficient of resonant frequency (77) of
xLa(Mgq 5 Tiq2)03-(1 —x)Cag gLag g3 TiO3 ceramics increased with
an increase of Cagglagg3TiOs, but the Qxf value decreased.
With 1wt% CuO addition, a dielectric constant of 45.5, a
Qxf value of 44,600(GHz) and a t7 value of 2ppm/°C were
obtained for 0.6La(Mgq,Tiq)2)03-0.4CagLagg3TiO3 ceramics at
1450°C for 4h. Their excellent dielectric properties make the
xLa(Mgy,Tiq2)03-(1 —x)Cagglagg3TiO3 ceramic capable in the
application of microwave devices.
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