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Abstract.A
microwave
miniaturized
bandpass
filter
using
(Mg0.95Ca0.05)TiO3 (abbreviated as 95MCT hereafter) ceramic substrate is
investigated in the present paper. The paper studies the sintering and
microwave dielectric properties of Al2O3, La2O3 and SiO2 co-doped
95MCT. The XRD pattern shows that a secondary phase MgTi2O5 is easily
segregated in 95MCT ceramic, however, through co-doping it can be
effectively suppressed, and the microwave dielectric properties, especially,
the Qf value can be significantly improved. Through optimizing the
co-doping ratio of Al2O3, La2O3 and SiO2, the sintering temperature of
95MCT ceramic can be lowered by 80oC, and the microwave dielectric
properties can reach Qf=61856GHz and r=19.84, which indicates the
modified 95MCT ceramic have a great potential application in microwave
communication devices. Based on this, we also designed a miniaturized
microwave bandpass filter (BPF) on modified 95MCT substrate. Through a
full wave electromagnetic structure simulation, the results show that the
center frequency of the BPF is 2.45GHz and the relative bandwidth is
4.09% with the insertion loss of less than 0.2dB in the whole bandpass.
Keywords: microwave dielectrics, doping, secondary phase, Qf value,
bandpass filter

1 Introduction
With the rapid development of wireless communication, microwave filters have been
continuously challenged with ever more stringent requirements. Higher performance,
smaller size, lighter weight, and lower cost dielectric bandpass filters have become a
research hotspot for recent decades [1-2]. Consequently, dielectric materials, as an
important part of dielectric filters, have stimulated an intensive research effort over recent
years [3-4]. As an applicable dielectric, three prerequisites have to be met, which includes
near zero temperature coefficient of resonant frequency f, high permittivity r as well as
low dielectric loss, or high quality factor Q. However, it is always a challenge to combine
high r and low dielectric loss in dielectrics because of the internal negatively related
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mechanisms between them.
MgTiO3 dielectric possesses an ilmenite structure with permittivity of 17 and f of -45
ppm/oC. Due to lack of 3d orbit electrons, which will increase dielectric loss by
participating conduction, MgTiO3 has an extremely high Qf value at microwave frequencies
[5]. CaTiO3 dielectric is a well-known incipient ferroelectric dielectric with significant
characteristics of large f (+800ppm/oC) and large permittivity (170) [6]. Thus, their
combination is expected very suitable for producing ultrahigh Qf and compensated f value
at microwave frequencies. Actually, 95MCT possesses the optimum microwave properties
[7], however, since it is a solid solution between triangle structured MgTiO3 and
orthorhombic structured CaTiO3, a minor deleterious MgTi2O5 phase is easily segregated in
95MCT ceramics. Moreover, since the sintering temperature of 95MCT ceramics is high of
1400°C to 1450°C, it is difficult for industry applications. Thus, lowing the sintering
temperature as well as maintaining the excellent dielectric properties is still a challenge for
95MCT. In order to solve this problem, we employ Al2O3, La2O3 and SiO2 co-doping
method in the present paper to lower the sintering temperature and improve the dielectric
properties of 95MCT. Also, based on the modified 95MCT ceramic, a miniaturized
microwave BPF was designed. Through a full wave electromagnet structure simulation, it is
proved that the BPF possesses both low insertion loss and compact size.

2 Experimental Procedure
Samples were synthesized by conventional solid-state methods from reagent purity
powders of MgO (98%), CaCO3 (>98.5%), TiO2 (98%), Al2O3 (99.9%), SiO2 (99.99%) and
La2O3 (99.95%). The calcining process of 95MCT powder was carried out at 1100oC for 3h,
after which, high purity Al2O3, La2O3 and SiO2 were added to the powder, where the doping
content of SiO2 component was set at 0.5 wt%, while the total content (denoted as Y value)
of Al2O3 and La2O3 co-doping component varied but with their weight ratio being fixed as
1:1. After mixing, drying, granulating with 5wt%PVA and pelleting with an uniaxial
pressure of 150Mpa, the final sintering process was performed at temperatures of
1320~1400oC for 4hrs in air. The phase assemblage of specimens was examined by X-ray
diffractions (D8, Brucker) using CuK (1.5406) radiation and a graphite monochromator
in 2 T range of 20º~80º. The apparent densities of the sintered pellets were directly
determined by the ratio of mass and apparent volume. The permittivity r and Qf value at
microwave frequencies were measured by using Hakki-Coleman’s dielectric resonator
method and a VNA (ADVANTEST R3767C network analyzer) system.

3 Results and Discussion
The X-ray diffraction patterns of the as sintered 95MCT ceramics with various doping
content are shown in Fig. 1. Single ilmenite solid solution forms in all specimens and they
can be indexed based on MgTiO3 crystal structure (JCPDS 79-0831), which indicates
CaTiO3 dissolved into MgTiO3 host. However, small amount of MgTi2O5-type secondary
phase is also segregated in some specimens. Moreover, the crystal orientation of the
modified 95MCT ceramic varies with chemical composition, suggesting an anisotropic
grain growth of 95MCT ceramic. This phenomenon has also been observed in our previous
work [8] and we believe this can be ascribed to the anisotropic interface diffusion rate in
95MCT ilmenite structure. Set (009) and (104) peaks as an example, originally, the
interface diffusion energy of (104) crystal plane is higher than that of the (009) crystal
plane, thus, the latter has a faster interface migration velocity. However, under the
inducement of Al2O3, La2O3 and SiO2 liquid viscous phase, the interface diffusion energy of
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(104) crystal plane is gradually reduced and becomes energetically superior to the (009)
crystal plane, resulting in the final (104) preferred orientation. And we also suggest that the
chemical composition is slightly different in these 95MCT phases because the preferential
crystal planes are different. The relative content of MgTi2O5 impurity phase can be
effectively suppressed by the addition of Al2O3, La2O3 and SiO2. Especially in Y=1 and 1.5
wt% specimen, the MgTi2O5 secondary phase disappears.
Fig 2 illustrates the relative density of modified 95MCT varies with the Al2O3 and La2O3
doping content. The curve of the relative density is fitted by a Parabola Fit of with the
function of y=A+Bx+Cx2 to guide the eye. The relative density increases with y value and
reaches a maximum value of 95.9% at Y=1.0 wt%, then, it begins to slightly decrease with
further increase of Y value,. Thus, the lowest pore density and the pure phase
microstructure can be obtained in Y=1.0 wt% specimen when sintered at 1320oC. We can
conclude that Al2O3, La2O3 and SiO2 co-doping can effectively decrease the sintering
temperature of 95MCT ceramic by 80oC.

Fig.2. The relative density of modified
95MCT ceramics varies with Al2O3 and La2O3
doping content. The point P represents the
pure 95MCT ceramic.
Fig.1(a) X-ray diffraction pattern of (a) 0.5wt% SiO2 doped 95MCT, 95MCT with various
doping of (b)Y=1.0wt% Al2O3 and La2O3, (c)Y=1.5wt% Al2O3 and La2O3, and (d)
Y=2.0wt% Al2O3 and La2O3. All samples were sintered at 1320oC.
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Fig.3. The relationship between permittivity and Qf value
of modified 95MCT with with Al2O3 and La2O3 doping
content. The point P represents the pure 95MCT ceramic.
Fig.3 shows the dielectric properties, including the permittivity r and the Qf value of
modified 95MCT. As can be observed, the Qf value firstly increases with the increase of y
value until it reaches the maximum value of 61856 GHz at Y=1.0 wt%, and then it
decreases sharply as Y further increases. Actually, the variation of Qf value in microwave
dielectrics is quite complicated and is influenced by many factors, such as anharmonic
phonon vibration, order-disorder transformation, pore density, grain size distribution,
oxygen vacancy and impurity phases. Since the matrix composition of these 95MCT
ceramics is the same, we suggest that the pore density and impurity phase are the two
deciding factors of the Qf value. When the doping content of SiO2 is 0.5wt%, and y value is
not larger than one, the relative density is obviously improved and no impurity phase is
detected by XRD, thus, the Qf value increases from 39160 GHz of the pure 95MCT to
61856 GHz at Y=1.0 wt%. However, when Y further increases, the relative density
decreases and impurity phase appears at Y=2.0, resulting in the sharply decrease of Qf
value, which is consistent with the common recognition that pore density and impurity
phase are fatal factors for high Q microwave ceramics [9]. The r is also decided by the
relative density and impurity phase, however, it is much more sensitive to the latter. When
0.5wt% SiO2 is doped, the relative density increases, causing an increase in permittivity at
the first stage. However, since SiO2, Al2O3 or LaAlO3 are all low permittivity composition,
one can see that when the Y value is larger than zero, the permittivity begins to decrease
because the chemical composition factor outweighs the relative density factor. The highest
dielectric constant of 20.27 is obtained at Y=0 point.
Comprehensively considering the dielectric properties of modified 95MCT ceramic, we
employ the Al2O3 and La2O3 modified 95MCT substrate with Y=1.0 for designing a
miniaturized bandpass filter for RFID application. The filter can be viewed as a two-port
network and its admittance matrix is described as:

Y

ª y11 ( s)
« y ( s)
¬ 21

y12 ( s) º
y 22 ( s)»¼

ªr11k r12 k º
ª0 K 0 º N
1
j«
¦
«
»
»
¬K 0 0 ¼ k 1 ( s  jO k ) ¬r21k r22 k ¼

(1)

In the two-port network, the coupling matrix M includes two coupled cavities resonator
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and the coupling between the source and load ports. The physical structure of the
miniaturized BPF can be depicted as in Fig.4. The BPF includes two zigzag resonators,
with the substrate parameters being: the permittivity r of 19.84 and the tan being 0.00004
at working frequency. The perimeter of the both resonators is 16mm, with the strip width
being 1.732mm. The angle  is ranged from 60° to 85°. The width of input and output strips
marked as red in Fig. 4 is 1mm. The splits of the two resonators are both 1mm and the
distance between the two resonators is 0.642mm. Employing the zigzag microstrip in the
BPF, a parasitism compactor can be introduced at the angel , which can further contract
the electrical length of the resonators. Fig5 illustrates the simulated results of the S
scattering parameters, including reflection coefficient S11 and transmission coefficient S21,
of the designed dielectric BPF. The center frequency of the BPF is 2.45GHz with the
relative bandpass of 3dB being 4.09%. Also, we notice that a very high-efficiency
transmission is achieved in the present BPF, in which the reflection coefficient S11 is
smaller than -20dB in the frequency range from 2.4091 GHz to 2.2464 GHz. The
transmission loss is less than 0.2dB during the whole bandpass. The maximum transmission
coefficient reaches -0.18 dB at 2.4312 GHz and the -3 dB operating frequency range is
from 2.3784 GHz to 2.4768 GHz. Moreover, due to the source load coupling, an additional
transmission zero can be introduced, owing to which, the BPF possesses high square ratio
and the out-of-band rejection properties are significantly enhanced. As a result, in the
frequency range of f0±40MHz, the transmission loss is greater than 20dB, indicating a good
suppression of noise signal.

Fig.5. The simulated results of the S
scattering parameters of the above zigzag
BPF with the angle  being 85°.

Fig.4. The structure of the dielectric
BPF with two zigzag ring resonators.

4 Summary
In this article, we have employed the modified 95MCT to design a compact BPF for
RFID application. The sintering behavior as well as the microwave dielectric properties of
95MCT ceramic can both be well improved through co-doping of Al2O3, La2O3 and SiO2
sintering aids. The preferable crystal plane of 95MCT varies with the co-doping content.
When the doping content of Al2O3, La2O3 and SiO2 component are all of 0.5 wt%, the
microwave dielectric properties of Qf=61856 GHz and r=19.84 can be obtained in 95MCT
ceramic when sintered at 1320oC for 4hrs. Based on this, we propose a novel and compact
BPF structure. Through full wave numerical simulation, the results show that the center
frequency locates at 2.45GHz with the relative bandpass of 4.09% and a very
high-efficiency transmission property is achieved with the insertion loss being less than
0.2dB during the whole bandpass, which indicates the present BPF has potential
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applications in RFID industry.
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