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The phases, microstructure and microwave dielectric properties of ZnTiNb, Og-xTiO, composite ceramics
with different weight percentages of BaCu(B,0s) additive prepared by solid-state reaction method have
been investigated using the X-ray diffraction (XRD), scanning electron microscopy (SEM) and energy-
dispersive spectroscopy (EDS). The results showed that the microwave dielectric properties were strongly
dependent on densification, grain sizes and crystalline phases. The sintering temperature of ZnTiNb,Og
ceramics was reduced from 1250 °C to 950 °C by doping BaCu(B,0s) additive and the temperature coef-

If;;cf\‘/:vords: ficient of resonant frequency (77) was adjusted from negative value of —52ppm/°C to 0ppm/°C by
74=0ppm/°C incorporating TiO,. Addition of 2 wt% BaCu(B; 05 ) in ZnTiNb, Og-xTiO; (x = 0.8) ceramics sintered at 950 °C

Microwave dielectric properties showed excellent dielectric properties of &; =38.89, Q x f=14,500 GHz (f=4.715 GHz) and t;=0ppm/°C,

ZHTisz 08 —XTiOz
BaCu(B,0s)

which represented very promising candidates as LTCC dielectrics for LTCC applications.

© 2011 Published by Elsevier B.V.

1. Introduction

Microwave dielectric materials have attracted increasing
research interest because they are promising in applications of
mobile and satellite communication. With the rapid growth of the
wireless communication systems, the dielectric component must
be miniaturized in order to reduce the size of microwave devices in
communication systems. Thus, low-temperature-cofired ceramics
(LTCC) have been widely investigated [1]. For dielectric materials
that are used in LTCC technology, the key characteristic proper-
ties required are: (i) low sintering temperature (T <950°C, to use
cheaper and highly conductive internal electrode metals), (ii) high
dielectric permittivity (&;>20, to reduce the size of microwave
devices), (iii) high quality factor (Q x f>10,000 GHz, to minimize
dielectric losses) and (iv) low-temperature coefficient of resonant
frequency (-6 ppm/°C <7;<+6ppm/°C). From practical applica-
tion, dielectric materials should possess a near-zero temperature
coefficient of resonant frequency (7~ 0) for thermally stable elec-
tronic devices [2,3].

Up to now, many materials with good microwave dielec-
tric properties have been reported, however, most of them have
high sintering temperatures (above 1200°C) [3]. For example,
ZnTiNb,Og microwave dielectric ceramics have good microwave
dielectric properties with a dielectric permittivity of 34, a Q x f
of 42,500 GHz and a 7y of —52 ppm/°C, but the sintering temper-
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ature of ZnTiNb,Og ceramics was above 1200 °C, which is too high
to be applicable to LTCC [4,5]. And many researchers have devel-
oped several approaches to reduce the sintering temperature of
the ceramics: (i) the usage of small particle sized starting mate-
rials synthesized by wet chemical methods such as the sol-gel
and coprecipitation methods and (ii) the addition of low-melting
glasses, oxide or mixed-oxide additives, such as ZnO-B;03-Si0O,
(ZBS), LizO—BzO3—Si02 (LBS), LizO—ZHO—BzO3 (LZB), V,0s5, CuO,
B,03 and BaCu(B,05) (BCB) [6-22]. For the first approach, chemical
synthesis complicates the manufacturing and increases the produc-
tion cost. However, for the second approach, glass or mixed-oxide
addition for liquid-phase sintering has been known to be the most
popular and cheapest method for achieving densified ceramics. For
example, the addition of 2 wt% Li,O-ZnO-B,03 (LZB) glass to the
ZnTiNb,Og ceramics sintered at low temperatures showed promis-
ing microwave dielectric properties (&;=31.8, Q x f=25,013 GHz
and ty=—62 ppm/°C) [5]. However, the large negative temperature
coefficient of resonant frequency (7y=—62 ppm/°C) could limit its
practical application in LTCC. Consequently, the near-zero t;(7;~ 0)
is expected to prevent the disturbance from temperature variation.
Since the ZnTiNb, Og ceramics have negative tyvalues, temperature
compensated dopants with large positive tyvalues should be added.
TiO; (rutile) has ty=+400ppm/°C, &-=100 and Q x f=10,000 GHz
[23], therefore it is logical to speculate that the ZnTiNb,Og-TiO,
composite ceramics have adjustable t values.

As far as we know, there have been few papers studied on the
adjustment of the temperature coefficient of resonant frequency
(77) of ZnTiNDb;Og ceramics sintered at low temperatures. It is well
known that BaCu(B;,0s) (BCB) decreases the sintering temperature
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of many materials, such as Li, CoTi3Og, BazTisNbgO5g, BazLiTa3015,
BayLiNb301, and Ba(Znq3Nby3)03. These materials showed good
microwave dielectric properties [24-28].

At present, attempts have been made to achieve the near-
zero 75 of the ZnTiNb,Og ceramics by adding TiO, (rutile), and
to lower the sintering temperature below 950°C (T<950°C) by
adding BCB as the sintering aid. Meanwhile, high Q x f and &,
values are needed. This paper has investigated the effect of den-
sification, microstructure and crystalline phases on the microwave
dielectric properties of the ZnTiNb,Og ceramics, and densifica-
tion, microstructure and crystalline phases are influenced by the
amount of BCB, the sintering temperature and the amount of
TiO,. The excellent microwave dielectric properties (7y=0 ppm/°C,
Q x f=14,500GHz (f=4.715 GHz) and ¢; =38.89) were obtained by
the addition of 2 wt% BCB to the ZnTiNb,0g-xTiO; (x=0.8) com-
pounds sintered at 950°C.

2. Experimental procedures

Both ZnTiNb,0g (ZTN) and BaCu(B,0s) (BCB) compounds were synthesized
independently using a conventional solid-state reaction method. For the prepara-
tion of ZnTiNb, Og compound, high-purity oxide Zn0 (99.6%), TiO, (99.6%) and Nb, 05
(99.5%) were first weighed, then ball-milled in a polyethylene jar containing zirco-
nia balls with ethanol as the solvent, and finally calcined at 1100°C for 2 h. The BCB
mixed-oxide additive was synthesized by mixing BaCO3 (99.7%), CuO (97.5%) and
H3BO3 (99.5%) with a molar ratio of 1:1:2; the compounds were then ball-milled in
a polyethylene jar containing zirconia balls with ethanol as the solvent, and calcined
at 800°C for 2 h. Then, different weight percentages (1 wt%, 2 wt%, 3 wt%, 4 wt% and
5 wt%) of BCB mixed-oxide additive were added to ZnTiNb,Og—xTiO, (x=0.65, 0.70,
0.75, 0.80 and 0.85) compounds. After ball-milling for 4 h using an ethanol solvent,
the powders were dried, granulated, and pressed into several disk-type pellets with
15 mm diameter and 7 mm thickness. Next, the pellets were sintered at 950°C for
2 hin air. We have observed that the ZnTiNb,Og-xTiO; (x=0.65-0.85) compounds
have favorable Q x f values and dielectric permittivity when 2 wt% of BCB were
added. Therefore 2 wt% of BCB was added to the ZnTiNb,0g-xTiO; (x=0.65-0.85)
compounds and the pellets with 2 wt% of BCB were sintered at different sintering
temperatures of 900°C, 925°C, 950°C, 975°C and 1000°C respectively in order to
investigate the effects of different sintering temperatures on microwave dielectric
properties.

Crystalline phases of the sintered samples were identified by X-ray diffraction
(XRD: PANalytical B.V., X'Pert PRO) using Cu Ka radiation, the microstructures were
characterized by scanning electron microscope (SEM: Philip, XL30TM) and compo-
sition analysis was performed using energy-dispersive spectroscopy (EDS: EDAX,
PHOENIX). The bulk densities of the sintered ceramics were measured using the
Archimedes method.

The microwave dielectric properties were measured at a frequency range of
4-6 GHz by Advantest network analyzer (R3767C). The &, and Q values at microwave
frequencies were measured by the Hakki-Coleman dielectric resonator method
[29,30]. The temperature coefficient of resonant frequency (zy) was measured by
the Eq. (1) given below:

(fso — fos) x 10°
55f25

where fgo and f>5 are the resonant frequencies at 80°C and 25 °C respectively and
they were also measured by the Hakki-Coleman dielectric resonator method.

7 (ppm/°C) = (1)

3. Results and discussion
3.1. Microstructure evolution of compounds

The XRD patterns of ZnTiNb,0g-0.8TiO, ceramic samples with
different BCB contents (1-5wt%) that were sintered at 950°C
are shown in Fig. 1(a). Fig. 1(b) shows the XRD patterns of the
ZnTiNb,0g-0.8TiO, ceramic samples with 2 wt% of BCB sintered
at different temperatures (900-1000°C). And Fig. 1(c) depicts
the XRD patterns of ZnTiNb;0g-xTiO; (x=0.65-0.85) with 2 wt%
of BCB sintered at 950°C for 2h. It should be noted that the
ZnTiNb;0g-0.8TiO, sample with 2wt% of BCB showed a zero t,
but this will be discussed later.

In Fig. 1(a)-(c), it was found that all the samples contained
two phases: ZnTiNb,Og (JCPDS #48-0323) and Zng 17Nbg 33Tig.502
(JCPDS #39-0291) with peaks indicating the presence of ZnTiNb,Og
as the main crystalline phase, and with Zng 17Nbg 33Tig50; as the

(C)) .

+ ZnTiNb,Og

+ Zng,17Nbg 33Tig 50,

(110)
(020)

«(130

30
52213

Le(112)

L= (022)
Le (220)

@
:

intensity (a.u.)

0
2 Theta (deg)

+ ZnTiNb,Og

+ Zng,17Nbg 33Tig,50;
o8
:(‘\l

(221

(113)
= (132)
(040)

L= (022)
(220)

intensity(a.u.)
%

= (041)

%

EZ_S_C_L.L_JUL___)U\_A__M A Ao X }\,ﬁ}( A.._.»J‘M_k
= = S & s ==
T S = a9 = &
900°c ‘ N R M}L N NN
T T T T T T T T
20 30 40 50 60 70
2 Theta (deg)
(© N . ZnTiNb,Og
- = + Zng,17Nbg 33Tig 50,
= 2 a5~ o o ~z8a5 s a- A
x=0.85 b Y 1 . b

intensity (a.u.)
F

E:
>
g
<
o
b

»
Il
L
Q2
S
=
-
A\

.
%
By
Emm)
1 g(omg
5
> (220)

,_
L
121);

0

]
<
“
<
&
=
n
=
(=)
<

2 Theta (deg)

Fig. 1. (a) XRD patterns for ZnTiNb,0g-0.8 TiO, samples sintered at 950°C and
doped with 1wt%, 2wt%, 3wt%, 4wt% and 5wt% of BCB, (b) XRD patterns for
ZnTiNb,0g-0.8TiO, samples with 2 wt% of BCB sintered at various temperatures
0f 900°C, 925°C, 950°C, 975°C and 1000°C, (c) XRD patterns for ZnTiNb, Og-xTiO;
with 2 wt% of BCB sintered at 950 °C, where x=0.65, 0.7, 0.75, 0.8, 0.85.
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(e) 5.0 wt % BCB

(d) 4.0 wt % BCB

Fig. 2. SEM micrographs of ZnTiNb,0g-0.8TiO, samples sintered at 950 °C and doped with different amount of BCB: (a) 1.0 wt%, (b) 2.0 wt%, (c) 3.0 wt%, (d) 4.0 wt% and (e)

5.0 wt% of BCB.

minor crystalline phase. Fig. 1(a) and (b) show that the phases and
peak intensity remained almost unchanged with the addition of
BCB up to 5wt% and sintering temperature up to 1000 °C. A special
phenomenon was observed in Fig. 1(c), the intensities of diffraction
peaks related to the Zng17Nbg33Tip50, phase increased gradu-
ally with increasing TiO, content. Zng17Nbg33Tig50, belongs to
the tetragonal crystal system (space group P42/mnm (no. 136)),
and the lattice parameters are a=b=4.6739A, c=3.0214A [31,32].

ZnTiNb,Og belongs to the Orthorhombic crystal system (space
group Pbcn (no. 60)), and the lattice parameters are a=4.6746(5) A,
b=5.6621(5)A, c=5.0137(4)A [33,34].

SEM micrographs of the ZnTiNb,Og-0.8TiO, ceramics with dif-
ferent BCB contents (1-5wt%) sintered at 950°C are shown in
Fig. 2(a)-(e). Obviously, in Fig. 2(a), the grains of the sample
with 1wt% BCB were not dense, and this may directly decrease
the microwave dielectric properties of the ZnTiNb,0g-xTiO,
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(e) 1000 °C

(d) 975 °C

Fig. 3. SEM micrographs of ZnTiNb;Og-0.8TiO, samples with 2 wt% of BCB sintered at different temperatures: (a) 900°C, (b) 925°C, (¢) 950°C, (d) 975°C and (e) 1000°C.

compounds. However, the grains were very dense with the
BCB content of 2-5wt%. SEM micrographs of 2wt% BCB doped
ZnTiNb,0g-0.8 TiO, samples sintered at different temperature
(900-1000°C) are presented in Fig. 3(a)—(e). It can be seen that the
ZnTiNb,0g-0.8TiO, ceramics was not dense and the grain did not
grow at 900 °C, shown in Fig. 3(a). However, rapid grain growth was
observed at 925 °Cin Fig. 3(b) and the pores were almost eliminated
for the specimen sintered at 950 °C as shown in Fig. 3(c). Therefore,
it can be deduced that the low relative density of the compounds

resulted from the porous specimens sintered at 900 °C or 925°C.
However, the grain size increased with increasing BCB content as
shown in Fig. 2(a)-(e) and with increasing sintering temperature
as shown in Fig. 3(a)-(e) due to the liquid-phase effect. Two kinds
of grains were found, the bigger and smaller ones were present in
the specimens of BCB-doped ZnTiNb;Og-xTiO, ceramics.

Fig. 4 shows the EDS analysis of the ZnTiNb,0g-0.8TiO, sam-
ples with 2.0 wt% of BCB sintered at 950 °C. The results indicate
that the ratio of Zn:Ti:Nb:O of spot A (bigger grains) is about
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Elcment | Atomic %e
OK 63.76
TiK 9.02
InK 872
CukK 035
Bal 0.37
NoL 17.78

Totals 100.00

Energy (keV)

Atomic s
68.89
15.53
5.12
0.24
0.26
9.96

Energy (keV)

Fig. 4. EDS analysis of ZnTiNb,Og-0.8TiO, samples with 2 wt% of BCB sintered at 950 °C.

1:1:2:7.3, which is approximately consistent with the composition
of ZnTiNb,Og. The ratio of Zn:Nb:Ti:O of spot B (smaller grains)
is about 1:2:3:13, which is also approximately consistent with
the composition of Zng 17Nbg 33Tig50,. This may suggest that the
EDS analysis of both spot A and spot B corroborated the XRD
results of the samples consisting of the two phases ZnTiNb,Og
and Zng 17Nbg 33Tig.50,. However, EDS analysis has confirmed that
small Cu and Ba ions were detected at a ratio of approximately 1:1.
It is impossible to detect boron ions using an EDS detector, and this
may indicate that the BCB has been incorporated into the matrix
ZnTiNb,Og-xTiO, compounds and the BCB has been successfully
applied as a sintering aid for liquid-phase sintering to enhance the
sintering properties of the ZnTiNb,0g-xTiO, ceramics.

Fig. 5 shows the relative density of ZnTiNb,Og-xTiO, samples
doped with 2wt% of BCB with the different sintering tempera-
ture of 900-1000 °C. Obviously, the relative density of the samples
increased with the increasing sintering temperature due to the
decrease in the porosity and the enlargement of the grain size. How-
ever, when the sintering temperature was above 950 °C(T> 950°C),
they reached above 96% of the theoretical density and the density
of samples mostly has not changed indicating that the samples
sintered above 950°C (T>950°C) were very dense as shown in
Fig. 3(c)-(e). All the parameters shown above including densifi-
cation, grain sizes and crystalline phases that may directly affect
the microwave dielectric properties of the ZnTiNb, Og-xTiO, com-
pounds.

3.2. Microwave dielectric property of compounds

In many cases, although the sintering aids could reduce the sin-
tering temperature, they may also induce a significant deterioration
in dielectric properties, so appropriate weight percentage of BCB
should be chosen as a sintering aid to lower the sintering temper-

ature of the ZnTiNb,0g-xTiO, (x=0.65-0.85) ceramics in order to
give a high Q x fand a high &;. The effect of BCB content (1-5 wt%)
on microwave dielectric properties with the sintering temperature
of 950 °C will be discussed.

Fig. 6 shows the Q xf values and dielectric constant & of
ZnTiNb,Og-xTiO, (x=0.65-0.85) compounds with different BCB
content (1-5wt%) sintered at 950°C. When 1wt% of BCB were
added to ZnTiNb,0g-xTiO, (x=0.65-0.85) compounds, the Q x f
value and dielectric constant &; were both very low, because the
sample with 1 wt% of BCB was not dense, shown in Fig. 2(a). How-
ever, it can be seen that the Q x f value and dielectric constant &

100 +

95

90

85

Relative Density ( %)

80

T T T T T T T T T
900 925 950 975 1000
sintering temperature ( °C)

Fig. 5. The relative density of ZnTiNb, Og-xTiO, samples with 2 wt% of BCB sintered
at different temperatures of 900 °C, 925°C, 950°C, 975°C and 1000°C.
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Fig. 6. (a) The Q x fand (b) dielectric constant of ZnTiNb, Og-xTiO, samples sintered at 950°C and doped with 1 wt%, 2 wt%, 3 wt%, 4 wt% and 5 wt% of BCB.

reached a maximum when ZnTiNb;Og-xTiO, (x=0.65-0.85) were
added with 2wt% of BCB. Fig. 6(a) shows that the Q x f value
decreased when the BCB content exceeded 2 wt%. Many factors
are thought to affect the microwave dielectric loss, which can be
divided into the intrinsic and the extrinsic losses. The intrinsic
losses are dependent on the crystal structure and mainly caused
by lattice vibration modes [35], while the extrinsic losses are
associated with imperfections in the crystal structure such asimpu-
rities, microstructural defects, densification or porosity, grain size
and grain boundaries [36]. The addition of sintering aids has an
influence on the physical properties of ceramics. However, the
concentration of the sintering aid is small and in many cases
it is entirely incorporated into the crystal lattice of the matrix
[37], which is proved by the EDS results mentioned above. Thus,
according to the liquid-phase sintering mechanism reported by
Valant et al. [37], the liquid-phase sintering process in the present
work might be as follows: (i) the formation of a low-temperature
BCB liquid-phase, (ii) a reaction with the matrix ZnTiNb;Og-xTiO,
compounds, which is accelerated by the liquid-phase and (iii)
the consequent enhancement of elementary sintering mecha-
nisms. The incorporation of the BCB into the crystal lattice of the
ZnTiNb,Og-xTiO, compounds may increase with an increase of the
BCB addition, resulting in the increase of imperfections in the crys-
tal structure. This led to the decrease of Q x f value. Therefore, by
adding appropriate weight percentage of BCB, we can reduce the
influence of sintering aid on the particular physical properties of
ceramics. Fig. 6(a) shows that the addition of 2 wt% BCB should be
suitable. Furthermore, from XRD results (Fig. 1(a)) and SEM obser-
vations (Fig. 2(a)-(e)), it is shown that Q x f values of the samples
with different wt% of BCB were also affected by the grain size. This
is because only grain size increased with increasing BCB content as

shown in Fig. 2(a)-(e), while phases and peak intensity remained
almost unchanged as shown in Fig. 1(a). The liquid-phase sinter-
ing also played an important role in the increase of grain size and
decrease in Q x f values. From Fig. 6(b), the dielectric constant of
ZnTiNb,Og-xTiO, (x=0.65-0.85) compounds decreased with the
increase of BCB content from 2 to 5 wt%, which may be as a result
of BCB with a low dielectric constant. It was also found that the
addition of 2 wt% of BCB was the optimum way to enhance the
microwave dielectric properties.

As the sintering temperature has a significant influence on the
microwave dielectric properties of ceramics, the effect of differ-
ent sintering temperatures (900-1000 °C) on microwave dielectric
properties was then investigated.

Fig. 7 shows the Q xf value and dielectric constant &, of
ZnTiNb,Og-xTiO, (x=0.65-0.85) compounds with 2wt% of BCB
sintered at 900-1000°C. The Q x f values first increased and then
decreased with the increasing sintering temperature, and the Q x f
values reached the maximum value at 950°C, shown in Fig. 7(a).
From XRDresults in Fig. 1(b) and SEM observations in Fig. 3(a)-(e), it
can be seen that the Q x fvalues of the ceramics sintered at different
temperatures were mainly affected by densification (or porosity)
and grain size, because phases and peak intensity also remained
almost unchanged for the compounds with 2 wt% of BCB sintered
atdifferent temperatures, but densification and grain size increased
with the increasing sintering temperature. According to the classi-
cal dielectric theory, it is expected that as the grain size increases,
the Q value would increase because a reduction in the number of
grain boundaries per unit volume would result in a material with
a lower loss [36]. In fact, the samples have the highest Q x f value
when the average grain size of the samples is about 2-5 wm, while
Q x f values decrease with the increase of the average grain size
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Fig. 7. (a) The Q x f (b) dielectric constant of ZnTiNb,Og-xTiO, samples with 2 wt% of BCB sintered at different temperatures of 900°C, 925°C, 950°C, 975°C and 1000°C.
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Fig. 8. The 77 of ZnTiNb,0g-xTiO, samples with 2 wt% of BCB sintered at 950 °C.

larger than 5 pm. Alford and co-workers [36] also observed similar
results for alumina, which is in contrast to the classical theory. In
such complex systems, the contradiction between our experiment
results and the classical theory may be a result of the interaction
of many parameters such as grain size, porosity or the presence of
liquid-phase, which have made it difficult to give definitive remarks
on grain size-loss relationships [36]. Consequently we cannot uti-
lize mechanically the grain size-loss relationships theory that the
Q value would increase as the grain size increases. Fig. 7(b) shows
that the relative dielectric constant &; increased with an increased
sintering temperature because this variation of dielectric constant
was associated with the bulk densification.

Besides the addition of BCB and the sintering temperature, the
content of TiO, also effects to the microwave dielectric prop-
erties of compounds. Figs. 6(a) and 7(a) show that the Qxf
values of the compounds decreased with the increasing TiO,
content. Figs. 6(b) and 7(b) show that the relative dielectric con-
stant ¢; increased with the increasing TiO, content. Referring
to XRD patterns in Fig. 1(c), we observed that peak intensity of
the Zng 17Nbg 33Tip 50, phase increased gradually with increasing
TiO, content. Zng17Nbg 33Tig50, has a higher dielectric constant
of 95, a Qxf of 15,000GHz and ty=+237 ppm/°C, in contrast,
ZnTiNb,Og has a lower dielectric constant of 34, a higher Q x f of
42,500 GHz and 77=-52 ppm/°C [4,38]. Consequently, when TiO,
content increased, the Zng17Nbg33Tig50, content increased, so
the Q x f values of the compounds decreased gradually due to the
relatively lower Q x f value of the Zng 17Nbg33Tig50, ceramics as
15,000 GHz and the dielectric constants &; increased gradually due
to its higher dielectric constant of 95.

In order to achieve the zero ty ZnTiNb,Og sintered at the
low temperature, the effect of TiO, content (x=0.65-0.85) on
the temperature coefficient of the resonant frequency (7y) was
studied. Fig. 8 shows the relation between 7y and TiO, content
for samples with 2wt% BCB sintered at 950°C. It can be seen
the 7y increased gradually with the increase of TiO, content and
the 7; value increased from —34.96 ppm/°C to +8.84 ppm/°C as
the x value increased from 0.65 to 0.85. Moreover, when x=0.8,
the temperature coefficient of the resonant frequency was zero
(t7=0ppm/°C) for the ZnTiNb; Og-xTiO; compounds with 2 wt% of
BCB. XRD patterns in Fig. 1(c) have shown that peak intensity of the
Zng 17Nbg 33Tig502 phase increased gradually with increasing TiO,
content and Zng,17Nbg 33Tip 502 has a high z of +237 ppm/°C [38],
so the 7y of the samples increased with the increasing TiO; content.
Kim et al. have reported that for the ZnTiNb,Og ceramics, good
dielectric properties were achieved at the sintering temperature
of 1250°C, while in our work, a much lower sintering tempera-

ture of 950 °C was shown to exhibit excellent dielectric properties
with BCB as the sintering aid. It is well known that one of the
most important properties is the low temperature coefficient of
the resonant frequency (zy~0ppm/°C) when considering dielec-
tric materials for these LTCC applications. We have successfully
achieved 7;=0 ppm/°Cwhen ZnTiNb; Og-XxTiO; (x = 0.8) compounds
were doped with 2 wt% of BCB.

4. Conclusions

The phases, microstructure and microwave dielectric prop-
erties of ZnTiNb,Og-xTiO, composite ceramics with different
wt% of BaCu(B,0s) additive have been investigated using the X-
ray diffraction (XRD), scanning electron microscopy (SEM) and
energy-dispersive spectroscopy (EDS). The results showed that
the microwave dielectric properties were strongly dependent
on densification, grain sizes and crystalline phases, which were
both influenced by the amount of BCB, the sintering temper-
ature and the amount of TiO,. The sintering temperature of
ceramics was effectively reduced from 1250°C to 950°C and the
temperature coefficient of resonant frequency (ty) was success-
fully modified to 0ppm/°C with reasonably good Q xf and e&;.
Addition of 2 wt% BCB to ZnTiNb,0g-xTiO, (x=0.8) ceramics sin-
tered at 950 °C showed excellent dielectric properties of ¢, = 38.89,
Qxf=14,500GHz (f=4.715GHz) and 7;=0ppm/°C, which repre-
sented very promising candidates as LTCC dielectric materials for
LTCC applications.
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