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Themeasured characteristics in C/X bands, includingmaterial properties of a dual segment cylindrical dielectric resonator antenna
(CDRA) fabricated from glass-ceramicmaterial based on B2O3–La2O3–MgO glass and La(Mg0.5Ti0.5)O3 ceramic, are reported.The
sintering characteristic of the ceramic in presence of glass is determined from contact angle measurement andDTA.The return loss
and input impedance versus frequency characteristics and radiation patterns of CDRA at its resonant frequency of 6.31 GHz are
studied.Themeasured results for resonant frequency and return loss bandwidth of theCDRAare also comparedwith corresponding
theoretical ones.

1. Introduction

Several investigators have focused attention on dielectric
resonator antennas (DRAs) due to their simple geometry,
small size, low cost, high radiation efficiency, flexible feed
arrangement, wide range of material dielectric constants,
ease of excitation, and easily controlled characteristics [1–5].
DRAs are available in various basic classical shapes such as
rectangular, cylindrical, spherical, and hemispherical geome-
tries.The techniques used for bandwidth enhancement of the
DRAs include changing the aspect ratio of DRA, employing
multisegments and stacked DRAs, and varying the dielectric
constant of DRA material. DRAs having lower dielectric
constant values are preferred for wideband applications. This
results in weak coupling. Multisegment DRAs can be used to
surmount this problem [6, 7].

Due to the incessantly increasing demands of miniaturiz-
ing the important passive microwave components, ceramic
dielectrics are used as dielectric resonators and filters and

antennas in many small microwave systems including wire-
less portable devices. However, microwave dielectric mate-
rials that possess high dielectric constant and quality factor
usually need a very high sintering temperature and long
soaking time to achieve enough density. There are three
approaches to reducing the sintering temperature of the
dielectric ceramics: (i) addition of low-melting glass [8]
and sintering aids including carbonates and oxides [9], (ii)
chemical processing [10], and (iii) smaller particle sizes for
the starting materials [11]. Liquid-phase sintering with glass
additives is the least expensive among them. However, if the
amount of frits is large, the network formers contained in
the remaining glass materials such as B2O3 and SiO2 can
profoundly absorb the microwave power at high frequencies,
degrading the quality factor of the final materials [12]. Com-
pared to the Liquid-phase sintered ceramicswith low-melting
glass frits in which the glass phase remains, another approach
of using low temperature cofired ceramics (LTCCs), “glass-
ceramic” where glass frits crystallize during the sintering
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stage produces a better result. The advantages offered by this
glass-ceramic approach include shape stability after sintering,
improved dielectric properties, mechanical strength, and
controlled thermal expansion. Therefore, low temperature
cofired ceramics (LTCCs) have a great importance to the
electronic industry for building smaller RF modules and for
fulfilling the need to miniaturize the devices in the wireless
communication industry [13]. La based complex perovskite
ceramic La(Mg0.5Ti0.5)O3 has negative temperature coeffi-
cient of resonant frequency (𝜏𝑓) and high 𝑄 value. It exhibits
dielectric constant around 25–28;𝑄×𝑓 is 63100–73000GHz
depending upon processing conditions. La(Mg0.5Ti0.5)O3
ceramics have suitablemicrowave dielectric properties for the
application of dielectric resonators, antenna, and filters [14,
15]. Sintering temperatures of thesematerials are high, that is,
in the range of 1500∘–1600∘C. Lin et al. [16] prepared LTCC
material with La(Mg0.5Ti0.5)O3 ceramics and B2O3–La2O3–
MgO glass and had shown that these LTCC glass-ceramics
can be sintered at 850∘C and had excellent microwave
dielectric properties 𝜀𝑟 = 11.8, 𝑄 × 𝑓 = 14700GHz and 𝜏𝑓 =
7.4 ppm∘C.

In this paper, experimental investigation on a wide-
band dual segment cylindrical dielectric resonator antenna
(CDRA) fabricated from glass-ceramic materials based
on B2O3–La2O3–MgO (BLM) glass with La(Mg0.5Ti0.5)O3
(LMT) ceramic along with its material properties is carried
out. The crystallization behavior of BLM glass is investigated
by differential thermal analysis (DTA). The sintering charac-
teristic of the ceramic in presence of glass was determined
from contact angle measurement.The dielectric properties of
glass-ceramicmaterial at amicrowave frequency in X-band is
measured. The variations of return loss and input impedance
with frequency in C/X bands and radiation characteristics of
the proposed glass-ceramic antenna at the antenna resonant
frequency obtained through measurement are reported. The
experimental results for resonant frequency and return loss
bandwidth of CDRA are also compared with corresponding
theoretical values.

2. Material Synthesis and Characterization

2.1. Preparation of Glass-Ceramic Material Based on
B2O3–La2O3–MgO Glass with La(Mg0.5Ti0.5)O3 Ceramic.
Microwave ceramic La(Mg0.5Ti0.5)O3 (LMT)was prepared by
the conventional mixed oxide method. High purity powders,
La2O3, MgO, and TiO2, with a molar ratio of nominal
composition LMTwere mixed and calcined at 1450∘C for 4 h.
The glass 60B2O3–12La2O3–28MgO (BLM) (in mol %) was
prepared by normal melting in a platinum crucible at 1200∘C
for 1 h. Differential thermal analysis (DTA) was carried out
for powdered glass specimens with NETZSCH STA429C
analyzer at 10∘C/min heating rate. Contact angle between
ceramic and glass was measured at different temperatures
using DSA1 v 1.9-03, Kruss Gmbh, Hamburg. Sessile drop
method was used for measuring contact angle. The sessile
drop technique is a method used for the characterization of
solid surface energies and, in some cases, aspects of liquid
surface energies. The mixture of 50wt. % calcined ceramic
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Figure 1: DTA pattern of glass (BLM).

LMT (La(Mg0.5Ti0.5)O3) with 50wt% reactive glass BLM
(60B2O3–12La2O3–28MgO) was first ball-milled for 24 h.
The milled powder was then dried at 120∘C and granulated
with PVA. Pellets were prepared by hydraulic press using
cylindrical mold of 12.5mm diameter at a pressure of 60 kN.
The pellets of glass-ceramic were sintered at 850–950∘C for
2 h in air with a heating rate of 5∘C/min. The bulk densities
of glass-ceramic pellets were measured from their dimension
and mass. The sintered pellets were ground and powder
X-ray diffraction patterns were recorded using X-ray Diffrac-
tometer (Seifert) employing Cu − K𝛼I radiation using an Ni
filter to identify different crystalline phases present in the
sintered samples. Microstructure observations of the natural
surface of sintered glass-ceramic were studied by using
Scanning Electron Microscope (JSM-840 LV, JEOL, Japan).

2.2. Differential Thermal Analysis (DTA). The differential
thermal analysis (DTA) trace for BLM glass is shown in
Figure 1. The convention for determining the glass transition
temperature is to extend the straight-line portions of the
baseline and the linear portion of the upward slope, marking
their intersection. This shift in the base line shows a change
in specific heat of the glass, which is attributed to the glass
transition temperature 𝑇𝑔. The glass transition temperature
has been found to be 666∘C. DTA pattern of glass samples
shows one exothermic peak. It represents the temperature
at which the rate of crystallization of different phases is
maximum. Glass crystallization temperature has been found
to be 972∘C.

2.3. Contact Angle. We took a small drop of glass (BLM)
and placed it upon the sintered ceramic pellet (LMT). The
pellet and the glass were inserted inside the instrument
furnace. The temperature of the furnace was increased at the
rate of 10∘C/min. Shape of the glass droplet was recorded
at some fixed interval of time. The recorded photographs
are shown in Figures 2(a) and 2(b). From Figures 2(a)
and 2(b) it can be observed that at 800∘C the glass drop
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Figure 2: Contact angle variation with respect to temperature (a) at 200∘C, (b) at 850∘C, (c) from 200∘C to 850∘C.

became softer and the contact angle reduces. At 850∘C
glass drop reaches the condition of melting. Figure 2(c)
shows the variation of contact angle with temperature for
glass. It is clear from Figure 2(c) that 850∘C is the min-
imum temperature for sintering the LTCC glass-ceramic
sample. In this way glass material lowers the sintering
temperature of microwave glass-ceramic and makes it LTCC
glass-ceramic.

2.4. Density Measurement. The density of glass-ceramic as
a function of sintering temperature is shown in Figure 3.
Densities of the pressed pellets were measured from the
dimensions and weight of the samples.

Themeasured density was 2.546 gm/cc.With the increase
of sintering temperature, density of glass-ceramic decreased.
The reaction between BLM glass and LMT ceramic was
enhanced with sintering temperature, which is evident from
XRD analysis.

2.5. X-Ray Diffraction. X-ray diffraction (XRD) patterns for
LTCC glass-ceramic samples (LMT-BLM) sintered at 850,

900, and 950∘C for 4 hr are shown in Figure 4. All the
peaks in XRD patterns were matched with JCPDS files of
various compound oxides of the constituent elements. LTCC
sample sintered at 850∘C contains ceramic phases LMT
and LaBO3. With increasing sintering temperature LMT
phase disappears, and LaBO3 and TiO2 form as reported by
Lin et al. [16].

2.6. Fourier Transform Spectroscopy. The infrared (IR) spec-
tra for the glass-ceramic sample are shown in Figure 5. The
IR spectra of these glass-ceramics generally consist of broad
and sharp bands in different regions (500 to 5000 cm−1). IR
spectra of each sample show a number of absorption bands.
The IR absorption spectra of these samples show two peaks
for glass-ceramic sample. The peaks are sharp and broad in
nature. All the absorption peaks are numbered 1 and 2 starting
from low wave number side. In Figure 5 the first absorption
peak (1) lies between 492 and 750 cm−1. This observed broad
peak is due to stretching of BO3

− bond inside the glassy
network. The second absorption peak (2) lies at 1280 cm−1.
It is due to TiO4

− bond.
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Figure 3: Variation of density with temperature.

2.7. Measurement of Dielectric Constant of Glass-Ceramic
Material. Microwave dielectric properties of glass-ceramic
materials in the frequency range of 2–10GHz were measured
using a vector network analyzer (Agilent 8722ES). The 𝜀𝑟
was obtained from the TE011 resonance mode of the end-
shorted sample placed between two conducting plates, using
the method of Hakki and Coleman [17] and modified by
Courtney (Figure 6(a)). The reflection method was used for
measuring the 𝑄-factor, in which the sample was placed at
the center of a cylindrical resonant cavity having dimensions
three times greater than the sample dimensions (Figure 6(b)).
Themeasurement was donewith the TE011mode considering
weakly-coupled case and the correction for the coupling
coefficient was applied [18]. The obtained dielectric constant
and loss tangent of the glass-ceramic material are 7.735 and
0.00422, respectively, at 8GHz.

3. Antenna Configuration, Theoretical
Expressions for Resonant Frequency,
𝑄-Factor, and Return Loss Bandwidth

The dual segment CDRA consists of lower segment made
from Teflon sheet with dielectric constant 𝜀𝑟1 = 2.08 and
an upper segment of glass-ceramic (B2O3–La2O3–MgO glass
with La(Mg0.5Ti0.5)O3 ceramic) block with 𝜀𝑟2 = 7.735 as
shown in Figure 7. The dual segment CDRA is placed on a
ground plane of size 60 × 60 × 4mm3. The lower and upper
segments of the CDRA have dimensions of 𝐷 × 𝑙 = 14.15 ×
10mm2 and𝐷× 𝑙1 = 14.15× 6mm2, respectively.TheCDRA is
assumed to be excited by a 50Ω coaxial probe of outer radius
2mm and inner radius 0.6mm. The probe height above the
surface of ground plane is found by trial and error to be
9.5mm to provide lowest return loss at resonant frequency.

The resonant frequency of single segment CDRA excited
in HEM11𝛿 mode can be written as, [1, 19],

𝑓 = 6.324𝑐2𝜋𝑎√2 + 𝜀𝑟 {0.27 + 0.36
𝑎
2ℎ + 0.02(

𝑎
2ℎ)
2} , (1)
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Figure 4: X-ray diffraction pattern of glass-ceramic.

where 𝑎 = 𝐷/2, 𝐷 is the diameter of CDRA, ℎ is the
height of the CDRA above ground plane, 𝑐 is the velocity of
microwave in free space (= 3× 108m/sec), and 𝜀𝑟 is the relative
permittivity of CDRA material.

Equation (1) has been obtained through curve fitting and
numerical simulations based on the method of moments [1,
20].

Radiation 𝑄-factor of isolated CDRA can be written as,
[1, 19],

𝑄 = 0.01007 (𝜀𝑟)1.3 (𝑎ℎ) [1 + 100 𝑒
−[2.05 (𝑎/2ℎ)−(1/80(𝑎/ℎ)2)]] .

(2)
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Figure 5: Infrared spectra of glass-ceramic sample.

The percentage bandwidth of the isolated CDRA is given by,
[1, 19],

% 𝐵𝑊 = 𝑆 − 1√𝑆𝑄 × 100, (3)

where 𝑆 and 𝑄 are the VSWR and the radiation 𝑄-factor of
isolated CDRA.

Equations (1)–(3) can be used to compute the resonant
frequency, radiation 𝑄-factor, and bandwidth of the dual
segment CDRA by replacing CDRA material dielectric con-
stants 𝜀𝑟 and ℎ and 𝜀eff with ℎeff, respectively. Adopting a
simple static capacitance model, the following expressions

for effective permittivity (𝜀eff) and effective height (ℎeff) are
obtained:

𝜀 eff = ℎ eff
(1/𝜀𝑟1) + (1/𝜀𝑟2) ,
ℎ eff = 𝑙 + 𝑙1.

(4)

See [6], where 𝑙 and 𝑙1are the length of lower and upper
segments of CDRA, respectively.

The resonant frequency, 𝑄-factor, and bandwidth of the
dual segment CDRA computed using (1), (2), and (3) are
found to be 6.225GHz, 1.6644, and 42.4842%, respectively.

4. Experimental Results and Discussion

4.1. Variations of Return Loss and Input Impedance versus Fre-
quency. Measurement of return loss and input impedance of
dual segment CDRA as a function of frequency in C/X bands
was done using Agilent PNA series vector network analyzer
(model number E8364 B). The measured variations of return
loss and input impedance with frequency for the CDRA
are shown in Figures 8 and 9, respectively. From Figure 8
the resonant frequency, operating frequency range, and the
percentage bandwidth of the proposed CDRA are extracted.
The resonant frequency, operating frequency range, and the
percentage bandwidth of the CDRA in presence of coaxial
feed are found to be 6.31 GHz, 6.01–7.69GHz, and 26.62%,
respectively.

The measured resonant frequency of the antenna is
nearly in agreement with the theoretical value of 6.225GHz.
The measured bandwidth of the antenna is lower than the
theoretical value. The deviation in the results may be due to
fabrication tolerances, the possibility of misalignment in the
placement of two DRA segments, the effect of finite ground
plane not considered in theoretical computation, and the
effect of glue used to bind the two DRA segments during
fabrication of antenna. In fact using LTCC material in com-
bination with Teflon reduces the effective dielectric constant
of the antenna structure as a whole, thereby reducing the
radiation𝑄-factor of DRA which enhances the bandwidth of
the antenna. Some other ceramic materials have been used
earlier to design probe fedmultisegment DRA/DRAs with air
gap inwhichwide bandwidth has been obtainedwith the help
of lower dielectric constant inserts [21–23].

The input resistance at resonant frequency of the CDRA is
found to be 50.3Ω (Figure 9) providing very good impedance
match to 50 Ω coaxial feeder. It is also worth noting from
Figure 9 that the frequency at which input resistance becomes
maximum is slightly lower than that at which input reactance
becomes zero. This can be due to the effect of coaxial feed
inductance.

4.2. Far Field Performance. The copolar and cross-polar
radiation patterns of the CDRA for Φ = 0∘ plane (x-z plane)
and Φ = 90∘ plane (y-z plane) were measured in anechoic
chamber at the measured resonant frequency of 6.31 GHz.
The experimental setup is not shown here for brevity. The
measured E- and H-plane patterns of the CDRA are shown
in Figures 10 and 11, respectively.
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Figure 6: Setup for (a) 𝜀𝑟 measurement and (b) 𝑄-factor measurement.
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The half power beam width (HPBW), first side lobe
level and maximum cross-polarized lobe level, of the CDRA
are extracted from Figures 10 and 11. The HPBWs of the
antenna in E- and H-planes are found to be 51.2∘ and 59.2∘,
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Figure 11: H-plane radiation pattern of dual segment CDRA.

respectively. The first side lobe levels of CDRA in E- and H-
planes are 1.904 dB and−1.629 dB loose, respectively, whereas
cross-polarized lobe levels of the antenna in these planes are
found to be−15.72 dB and−1.335 dB, respectively. Asymmetry
in E-plane copolarization pattern can be seen in Figure 10.
This may be due to the use of antenna material having very
low effective dielectric constant value, which degrades the
radiation pattern of the antenna [6]. But at the same time
performance improvement of antenna in terms of bandwidth
is also obtained due to reduction in its quality factor. Higher
cross-polarized lobe level in H-plane (Φ = 0∘) is obtained
due to significant height (above ground plane) of coaxial
probe coupling energy into the antenna which may result in
spurious radiation.

The measured gain of the CDRA is found to be 2.18 dB at
the resonant frequency of 6.31 GHz.

5. Conclusion

An experimental study on wideband dual segment CDRA
fabricated from glass-ceramic material, which is based on
(B2O3–La2O3–MgCO3) glass and La(Mg0.5Ti0.5)O3 ceramic,
along with its material characteristics has been carried out.
Low temperature cofired glass-ceramic material based on
(B2O3–La2O3–MgCO3) glass and La(Mg0.5Ti0.5)O3 ceramic
were fabricated at sintering temperatures of less than 1000∘C.
From DTA and contact angle studies the minimum sinter-
ing temperature for LTCC glass-ceramic material through
Liquid-phase sintering procedure is found to be 850∘C. With
increase in temperature, density of material increases. From
the experimental study on proposed dual segment CDRA it is
inferred that the proposed antenna provides wide bandwidth
and reasonable gain though at the cost of degradation in
radiation pattern.

From these results it is concluded that LTCC dielectric
resonator antenna may find potential application in wireless
communication field for designing amultisegment wideband
antenna through proper selection and optimization of seg-
ment materials and material composition.
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