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Design of Multiband Microstrip Antenna Using Two
Parasitic Ring Resonators for WLAN/WiMAX and
C/X/Ku-Band Applications
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Abstract—In this paper, a new planar monopole antenna for
multiband applications is proposed. The antenna structure
operates at five operating frequencies at 2.88 GHz, 7.58 GHz,
9.88 GHz, 11.59 GHz and 13.78 GHz which covers different
communication frequency ranges. The proposed antenna consists
of a quasi-modified rectangular radiating patch with a partial
ground plane and two parasitic elements (open-loop-ring
resonators) to serve as coupling-bridges. A stepped cut at lower
corners of the radiating patch and the partial ground plane are
used, to achieve the multiband features. The proposed antenna is
manufactured on the Rogers RO 3010 substrate and is simulated
and optimized using High Frequency Simulation System (HFSS).
The antenna topology possesses an area of 41.04 x 29.98 x 1.6
mm>. The measured results demonstrate that, the candidate
antenna has impedance bandwidths for -10 dB return loss and
operates from 2.68 — 3.03 GHz, 7.33 — 7.84 GHz, from 9.66 —
10.03 GHz, from 11.46 — 11.78 GHz and from 13.69 — 13.88
which meet the requirements of the wireless local area network
(WLAN), worldwide interoperability for microwave access
(WiMAX), C- (Uplink), X- (Uplink) band and Ku- (Uplink) band
applications. Acceptable agreement is obtained between
measurement and simulation results. Experimental results show
that the antenna is successfully simulated and measured, and the
tri-band antenna can be achieved by adjusting the lengths of the
three elements and gives good gains across all the operation
bands.

Keywords— Planar Monopole Antenna; HFSS; WLAN;
WiMAX; C; X & Ku.

I.  INTRODUCTION

With rapid development of wireless communication
systems, one of the key issues is the design of compact multi-
band antenna while providing wideband characteristic over the
whole operating band, especially for wireless local area
network (WLAN: 2.4-2.48, 5.15- 5.35, 5.725-5.85GHz) and
worldwide interoperability for microwave access (WiMAX:
2.5-2.69, 3.4-3.69 GHz), where it plays a major importance.
Consequently, a number of planar antennas using several
topologies have been experimentally characterized. In
addition, other methods to progress the impedance bandwidth
which do not include adjustment of the geometry of the planar
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antenna have been examined [1-4]. It is a well- known fact;
Commercial UWB systems demand compact and low-cost
antennas with omnidirectional radiation patterns and large
bandwidth [1].

Microstrip monopole antennas illustrate truly appealing
physical characteristics features, such as uncomplicated
structure, compactness and low-cost of fabrication process,
low profile of antenna, light in weight, ease of installation
process and integration with numerous feed types. Because of
all these important features, planar monopole antennas are
highly attractive to be employed in advanced UWB
technologies, and recent research activity is being focused on
them. Measure decreasing of the planar patch antenna has
been carried out utilizing a few strategies such as the utilize of
high dielectric constant substrates, adjustment of the
conventional patch shapes, use of short circuits, shorting-pins
technique [7]-[8]. Employing high dielectric constant
substrates is a simple solution, but it shows narrow bandwidth,
high loss and poor ability due to surface wave excitation [9].
In order to generate the single and multiple band-notched
functions, respectively, single and multiple half- wavelength
ring resonators [6] are incorporate in the radiation patch
topology. In [7], band- notch function is reached by using a T-
shaped coupled-parasitic element in the ground plane. Also,
different planar inverted-F antennas (PIFA) designs have been
proposed for several bands in newest researchers. Minimize
dual band (PIFA) have been reported in [10, 11], and are
reached using etched slotted radiated element. In [12-17],
triple band small size composite-resonator monopole antenna
designs for wireless communications were presented. Theses
antennas are consisting of three resonant topologies. Two
types of compact short-circuited resonators were used; stepped
impedance and quarter-wave resonators. The narrowband
services such WLAN, Wi-MAX and ITU may generate
undesired interference with the UWB band. In order to avoid
this problem, it is preferable to used antenna-topologies with
noch-band features. However, there are some other existing
narrowband services that may cause interference with the
UWB band, such as WLAN, Wi-MAX and ITU. To solve this
problem, it is desirable to design antennas with band-notched
characteristic to reduce potential interference [2], [3]. To
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avoid these interferences, there is Several researchers, who
proposed multiple antenna design methods to produce the
band-notched characteristic in the UWB band, such as
photonic band-gap (PBG) structure, defected ground structure
(DGS), defected microstrip structure (DMS) and using slotted
the patch or ground through different slots [5].

In this work, a simple method for designing a quad-band small
size monopole microstrip antenna with width band features
has been presented. The proposed topology is simulated and
optimized and manufactured on the 41.04 x 29.98 x 1.6 mm®
Rogers duroid 6010 substrate of, permittivity 10.2. The
simulation investigations are carried out using the Ansoft
HFSS commercial software [12]. Details of the antenna design
are described, and fabricated and simulated return loss,
radiation pattern and antenna gain results are represented and
discussed in the following section. The acceptable agreement
between the experimental and the simulation results is
observed. The Slight deviation between the simulated and
fabricated results is due to the mismatching losses and the
inexactitude of the manufacturing process. The parametric
investigation is accomplished to understand the characteristics
of the proposed antenna.

IL. ANTENNA DESIGN

The topology of the proposed monopole microstrip multiband
antenna, fed by 50 Q microstrip feed line, is shown in Fig. 1.
The design consists of modified structure of a conventional
rectangular patch antenna and two loaded parasitic ring
resonators around of the 50 Q feed line. The radiating patch
has a length L and a width W. The W and L are the width and
length of the feed line, which connect the patch with SMA
connector. On the other side of the substrate, a conducting
partial ground plane is placed. The dimensions of the partial
ground plane are width Wy and length Lgng (see Fig. 1). The
width of the microstrip feed line is fixed at 2 mm. The antenna
is printed on a 41.04 x 29.98 x 1.6 mm* or about 0.924 A, x
0.910 Ag x 0.048 Az with A;= 33 mm at 2.88 GHz (the first
resonance frequency) and a Rogers duroid 3010 substrate of
thickness 1.27 mm, permittivity 10.2, and loss tangent tand =
0.003. The design processes to reach the proposed antenna are
depicted in Fig. 4. The investigated antenna is connected to a
50 Q-SMA connector for signal transmission. The parameter
values of the proposed design are illustrated in Fig. 1.

| 41.04

29.98

Fig. 1. Geometry of the proposed antenna structure.
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1L RESULTS AND DISCUSSIONS

The investigate microstrip monopole DGS antenna with
different design parameters, which can influence the
bandwidth, were constructed, and the scattering results of the
input impedance and radiation characteristics are
demonstrated and discussed.

From Fig. 2 it is clear that, the proposed DGS antenna
structure with partial ground has been achieved multiband
operational frequencies. Fig. 4 illustrates the reflection
coefficient characteristics of the proposed tri-band antenna. It
can be seen that, in the proposed antenna, the three resonant
modes are excited around the 2.88, 7.58 GHz, 9.88 GHz,
11.59 GHz and 13.78 GHz for WLAN/WiMAX and C/X/Ku-
Band Applications for a S;; <—10dB.

In order to carry out different behaviors of this structure,
several parameters of this antenna candidate are studied by
varying one parameter, while others keep constant. Fig. 3
shows the steps process of the monopole antenna, the
conventional square antenna (Fig. 3(a)), geometry without two
ring resonators, (Fig. 3(b)), antenna with two ring resonators
located along of the microstrip feed line.

\ /\fv_\\ A WAWA NN
AT R VARY \u!

-25

1 3 5 7 0 u 13 15
Frequency [GHz]
Fig. 2. The simulated Si1 [dB] of the proposed DGS antenna.

@) (b)
Fig. 3. Design evolution of the proposed antenna; (a) antenna I, (b)
antenna II.
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The achieved simulation results are computed using the high-
frequency structure simulator (HFSS). Fig. 4 depicted the
optimized multiband antenna.

0
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-35

1 3 5 7 2 11 13 15
Frequency [GHz]

Fig. 4. Simulated reflection coefficient of various antenna designs.

As shown in Fig. 4, for the proposed antenna configuration,
the conventional quasi square monopole can provide the
fundamental and the next higher resonant radiation bands at
7.58 GHz, 9.88 GHz, 11.59 GHz and 13.78 GHz, respectively.
As illustrated in Fig. 3, the ring resonators leads to an
improvement in the broadband features and play a role in
determining the sensitivity of impedance matching of such
antenna. This is because it can influence the effects of
electromagnetic coupling between the patch and the ground
plane, hence the improvement its impedance bandwidth
without any cost of size or expense. Depending on the above
regenerated high frequencies at 7.58 GHz, 9.88 GHz, 11.59
GHz and 13.78 GHz can be observed.
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Fig. 5. Simulated surface current distribution of the proposed antenna
at (a) 2.88GHz, (b) 7.58GHz, (c) 9.88GHz, (d) 11.59GHz and (e)
13.78GHz.

As shown in Fig.5, the current distributions of the proposed
antenna structure at 2.88 GHz, 7.58 GHz, 9.88 GHz, 11.59
GHz and 13.78 GHz are presented respectively.

The simulated radiation patterns of the proposed microstrip
antenna are presented in Fig. 6.

(a) Radiation pattern at 2.88 GHz

(b) Radiation pattern at 7.58 GHz
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() Radiation pattern at 9.88 GHz  (g) Radiation pattern at 11.59 GHz
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Fig.6. Simulated 2D radiation patterns of proposed antenna at
respectively (a) 2.88 GHz, (b) 7.58 GHz, (c) 9.88 GHz, (d) 11.59 GHz, (e)
13.78 GHz and (f) 3D radiation pattern.

IV. THE INVESTIGATION AND EXPERIMENTAL
MEASUREMENTS

After the optimizing of the proposed triple-band antenna
parameters, an experimental prototype of the final design was
fabricated using printed circuit technology and tested. A
photograph of the fabricated antenna is shown in Fig. 7. The
measurements on the fabricated antenna were carried out
using a vector network analyzer (VNA), over a relatively wide
frequency range from 1- 15 GHz (Fig. 8).

Figure 9 illustrates the comparison between the simulated and
measured reflection coefficient S11 of the proposed antenna.
The measured results clearly indicate that the proposed
antenna provides at least three resonance bands. From this
figure, it is clear that the simulated and measured results show
a reasonable agreement. The small discrepancy is due to the
fabrication tolerance which cannot be totally avoided.
Concurrently, with these performances, the proposed antenna
satisfies the requirements of WLAN/ WiMAX and C/X/Ku-
Band applications.
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Fig. 7. Fabricated prototype of the pr(:posed. antenna.

Fig. 8. Return loss of the proposed antenna using VNA.

N N\ ANVA
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T
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Frequency [GHz]

Fig. 9. Simulated and measured reflection coefficient of proposed  tri-
band antenna.

V. CONCLUSION

A new compact monopole antenna with multi band features
for wideband applications is presented in this work. The
investigated topology operates at three different frequencies at
at 7.58 GHz, 9.88 GHz, 11.59 GHz and 13.78 GHz. In order to
improve the impedance bandwidth and radiation
characteristics and to minimize the size of conventional
rectangular antenna, stepped cuts at lower corners are added to
the radiating patch and a partial ground plane has been etched
on the metallic ground plane. The proposed antenna is
simulated and manufactured on the FR4 substrate with an area



Bishoy I. Halim et. al., American Journal of Electronics & Communication, Vol. I (2), 1-5

of 41.04 x 29.98 x 1.6 mm?>. The measured results show that
the proposed topology operates at WLAN, WiMAX, C-
(Uplink) X- (Uplink) and Ku- (Uplink) band applications.
Simulation and measurement results show that the compact
antenna due to its good characteristics can be a good candidate
to be used in personal and mobile UWB applications. The
appeared deviation between the simulation and measurement
is assumed to be related to the mismatching at the SMA port
and to the inaccurate of the fabrication. Taking into account
the topic, comparisons between other similar antennas in
aspects of size and design complexity have been made.
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Abstract—This study reveals the physicochemical characteriza-
tion and catalytic behavior of locally available sodium bentonite
clay. The clay was treated with hydrochloric acid to identify the
characteristics. This paper explains XRF, FT-IR, XRD, SEM, and
TGA characterization of commercially available sodium bentonite
clay, a potential catalyst for thermo- catalytic pyrolysis in waste
plastic valorization. Phase identification, structural prop- erties,
and chemical compositions were investigated. Less value of a loss
on ignition (LOI) was found as 9.8% by weight which shows better
acceptance performance for thermo- catalytic process of plastic
wastes recycling. SiO, (52.55%), Al,O; (15.34%), and Fe203
(11.92%) three major compounds were identified by XRF and
satisfy the XRD pattern. Spectra show that at 1009.25 c¢cml,
1032.05 cm—! and 1112.90 cm~! band positions are strong
bands of Si-O stretching of monosubstituted and tetrahedral

compounds. Alcohols and phenols group of compounds have
sharp band positions of H- O-H stretching at 3620.59 cm1

and 3695.17 cm~l. The maximum average crystallite size was
found 26.55 nm for 25.09° (2@) absorption. The morphology
indicates that the presences of large particles are in the form of
agglomerates. The high weight percentage of SiO2 and CaCO3
were spotted respectively 45.40% and 42.18% by weight for raw
clay in the scanning electron micrograph. After acid treatment, it
was found that the % weight of CaCO3 was decreased as 20.99%
and % weight of SiO: was increased as 48.88%. Thermo
gravimetric graph shows that the reliable temperature range is
450°C to 500°C, which satisfies the pyrolysis process temperature
range. The objective of this paper is to explore the similar
utilization of the montmorillonite group of clay as a catalyst and
useful engineering aspects for recycling plastic wastes.

Index Terms—sodium bentonite,
characteristics, pyrolysis, plastic wastes

catalyst, physicochemical

1. 1. INTRODUCTION

Naturally occurring clay minerals such as bentonite, di-
atomite, smectite, kaolinite and fullers earth may be used as a
substitute for activated carbon as an adsorbent, due to their
good adsorption properties and low cost. There are two types
of bentonite are found swelling type bentonite or sodium
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bentonite and non-swelling type bentonite or calcium ben- tonite.
Most of the bentonite foun d worldwide is of calcium type [1-5] .
Sodium bentonite is canonicalized compound, the bond donor
count of hydrogen and bond acceptor of hydrogen count is 1 and
13 respectively. Bentonite is in the form of an aluminum
phyllosilicate developed frequently from the conversion of
volcanic ash, principally consists of smectite minerals, mainly
montmorillonite (80-90 % by weight). When montmorillonite
comes in contact with water can expand several times by its
original volume. The offbeat characteristics of bentonite ;
swelling, absorption/adsorption have increased their demand in
different industries such as a binder, fillers of paper, nano -clays,
catalyst, sealant, detoxifier, bleaching earth, pharmaceutical
products, etc. The chemical structure varies with the type of water
in which ash had fallen. Due to type and amount of impurities
present, nature of exchangeable cations and the difference in the
degree of chemical substitution of smectite structure the physical
and chemical properties of clay minerals and clay deposits differ
in nature. It is impossible for two or more deposits of the same
clay minerals. Also, different clay samples from the same
deposits have not the same chemical properties [6-7]. The
common impurities in bentonite are calcite, feldspar, cristobalite,
quartz, mica, ferrous carbonate and pyrite [8]. The deterioration
temperature of sodium bentonite and calcium bentonite is about
to 1180°F and 600°F respectively. The molecular weight of
sodium bentonite is 422.286 g/mol and the reaction of cereal
remains unaltered at temperature up to 900° F[9] .The present
paper reveals the structural behavior of sodium bentonite by spec-
troscopic method. The looking interest rationalizes for better
applications of clays by the different instrumental techniques of
characterization. The different types of physicochemical
properties are calculated through FTIR, XRF, XRD, and SEM.
The objective of this work is to demonstrate the chemical
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composition, phase identification, and infrared spectrum of
absorption or emission of sodium bentonite. It is essential to
identify the behavior and adsorption capacity of clay samples in
catalyzed reactions for better utilization. Change in infrared
spectrum provides information on the mechanism as the differ-
ence of the spectra of nano -particles adsorbed on the surface of
the clay. The physic-chemical properties are also calculated for
further understanding of samples useful for the thermo- catalytic
waste valorization of plastic wastes. The cost of the sodium
bentonite clay is comparatively lower as compared to the
kaolin. A comparative analysis is done throughout the
impurities present in the samples for an effective influence  of
clays used as the catalyst in thermo- catalytic pyrolysis of waste
plastics valorization.

II. 2. EXPERIMENTAL WORKS

2.1 Materials

Sodium bentonite belongs to the smectite group of clay has a
similar structure of pyrophyllite. The clay used in this study was
procured from Heilen Biopharm Pvt. Ltd, Gujrat, India. The
composition of the sodium bentonite sample is as follows:
52.55% Si0;, 15.34% Al,03, 0.29% K> O, 11.92% Fe,03, 1.6%
TiO2, 2.75 % MgO, 1.4% CaO, 0.06% P;0s, 0.01% Cr203,
3.22% Na0, and 9.8% loss on ignition. Some impurities like
quartz, mica, and feldspar are also present in the sample.

III. 2.2 CHARACTERIZATION TECHNIQUES

To determine the total volatile content (loss on ignition) 50
gm of clay sample was taken and by using muffle furnace  at
the temperature 700°C for 1 hour the loss on ignition was
calculated 9.8% for sodium bentonite. The sodium bentonite
sample was characterized by X-Ray Fluorescence (XRF), X-
Ray Diffraction (XRD) and Fourier Transformed Infrared
Spectroscopy (FT-IR). The elemental analysis data of the clay
samples were obtained through XRF PW2400 model of Phillips,
scintillation detector having current 40 mA, voltage 40 mV, and
rhodium anode X-ray tube. A Rigaku ULTIMA IV Powder X-
Ray Diffractometer was used for XRD data collection with 20
measuring range -3° to 162°(maximum), minimum step size
0.0001°, goniometer radius of 285 mm, X-ray generator of
maximum rated output 3 kW, rated tube voltage 20-60 kV, focus
size 0.4 x 12 mm and employing Bragg-Brentano and parallel
beam optics. The XRD pattern was obtained at room
temperature in the range of 10° to 90°, with basic accuracy +2°.
X-ray of wavelength 1.540598 A’ is applied. FT-IR high-
resolution data were collected by using a Model- SPECTRUM
100 of Perkin Elmer, auto-calibrated and traceable to AnC-38.
The Model has accessories HATR (horizontal attenuated total
reflection) and DRIFT (diffuse reflectance system). Data is
recorded on K-Br pellets with a resolution of 4 cm™ in the range
of 450 cm’! to 4000 cm™ SEM analysis was recorded by LEO
S430 scanning electron microscope attached with energy
dispersive X-ray analyzer model OXFORD LINK ISIS. Model
STD 2964 computerized TA machine was used for thermal
analysis and a-Al, O3 was used as the reference material under
atmospheric conditions.
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IV. 3. RESULTS AND DISCUSSIONS

3.1 Loss on ignition test (LOI)

50 gm of each sample was taken for the loss on ignition test.
Most of the researchers used the kaolin clay in alteration of
plastic wastes to gain useful hydrocarbons tested for liquid
transportation fuel. The pyrolysis technique was used by several
for temperature ranges from 500°C to 800°C. The degradation
process of plastic wastes besides with catalyst can be done to
obtain high-quality products at low temperature
[10]. Sodium bentonite has 9.8% LOI by weight. Muffle furnace
was set on before doing a test for two hours to reach the
temperature at 900°C. Kaolin clay sample and sodium bentonite
samples of 50 gm were treated for 1 hour separately and weighed
as 44 gm and 45.1 gm respectively by using electronic weight
measuring instrument. This is done three times for separate parent
clay samples. Less value of LOI for sodium bentonite shows that
the acceptance performance as a catalyst using in waste plastic
valorization is better than the kaolin clay. The pyrolysis technique
was used by several for temperature ranges from 500°C to 800°C.
The degradation process of plastic wastes besides with catalyst
can be done to obtain high-quality products at low temperature
[10]. Sodium bentonite has 9.8% LOI by weight.

3.2. X-ray Fluorescence Characterization

The XRF data of sodium bentonite shows that the base
anhydride of sodium hydroxide NayO is richer than the kaolin
sample, which is the useful sign for using as a catalyst in the
waste valorization of plastics, has good tendency to enhance the
pyrolysis process. Figure 1 shows the chemical compositions of
high contents. Nickel (II) oxide is also traced which clarifies that
the sodium bentonite has an important role in the pyrolysis
process, however, Li et al. studied that the weight loss of biomass
components occurred at low-temperature range and reduction in
activation energy was observed. Also, Nano-NiO has a better
catalytic effect than micro-NiO particles [11]. Table I represents
the components of the sodium bentonite for the studied sample.
The influence of CaO as a catalyst was studied by Investigations
showed that the CaO plays an important role in pyrolysis for
better outcomes [12-15]. The rich presence of CaO enhances the
quality behaviour of sodium bentonite over clays. Existence of
magnesium oxide is supporting the good catalytic behaviour of
sodium bentonite in the pyrolysis reaction. [15-17].

60
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Figure 1. Major chemical compounds present in the clay sample
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TABLE L.
Compositions of Clay samples based on XRF (in weight (%))

Sodium bentonite
Chemical compounds %WEIGHT
Si02 52.55
Al203 15.34
K20 0.290
Fe203 11.92
TiO2 1.620
MgO 2.750
Na20 3.220
CaO 1.400
P205 0.060
Cr203 0.010
NiO 0.020

satisfy the XRF analysis. Triclinic (anorthic), monoclinic, cubic
and orthorhombic crystal structures at different absorptions reveal
the phase identification of the sample.
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3.3. FT-IR characterization of sodium bentonite
In this study from the IR spectra of the sodium bentonite, the
absorption band at 3695.17 cm! is due to stretching vibration of
O-H groups and relates to alcohols and phenol type of
compounds shown in figure 2. A sharp band appears caused by
the Si-O-H vibrations of photon energy.
40
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Figure 2. FT-IR spectra of sodium bentonite clay

The band positions at 3445.87 cm™' and 3620.59 cm™! are due to
H-O-H vibrations of water absorbed on the clay surface as well
as vibrations of Si-O-H from the solid. Table 3 shows the IR
band positions of the sodium bentonite due to different
vibrations. The appearance of a band position at 796.59 cm’!
due to Al-Mg-OH stretching confirms the presence of quartz
and has been confirmed by X-ray diffraction also. Two weak
bands at 938.81 cm™! and 1421.46 cm™! are due to O-H bending
of a carboxylic acid group and C-H bending of alkanes. A weak
narrow band of 2380.24 cm™ confirms the CO, group of
compounds. Broad, strong broad and medium sharp bands of
698.49cm™!, 539.26 cm’!, and 470.79 cm™! are due to Si-O, Si-O-
Al, and Si-O-Si stretching.
3.4. X-Ray Diffraction Characterization of sodium

bentonite clay
The absorption peaks found at 26 (°) = 5.71°, 7.61°,

12.55°,19.89°, 20.53°, 21.03°, 21.42°, 25.09°, 35.05°, 35.92°,
and 61.69° shown by the IR spectra in figure 3. The maximum
peak appears at 12.55°. Full Width at the half-maximum value
(FWHM) is the same for the two absorption peaks at 5.71 A°
and 7.61 A°. The average crystallite size (Dp) is maximum at
25.09° of absorption. The XRD pattern shows the presence of
low quartz and silicon oxides at different absorptions which also
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Figure 3.

XRD of sodium bentonite clay

3.5. Scanning electron microscopy (SEM) analysis of

sodium bentonite

The morphological features have been reported in the scanning
electron micrograph. The morphology indicates that the presences
of large particles are in the form of agglomerates. More weight %
of CaCOs and SiO:s is spotted in spectrum 1 as shown in figure 4.
The micrograph shows that flaky particles are stacked together.
Broken edges are reported in the SEM image and a large number
of clay particles are reported with Fe, Ti, Mg, and Al

1 A

Elpciron Image 1

Figure 4. SEM image of sodium bentonite

3.6 TGA and DSC (Differential scanning calorimetry)

analysis of sodium bentonite

The thermo gravimetric curves for acid-treated sodium bentonite
were depicted in figure 5. The initial sharp fall is due to the
continuous loss of hydroxyl groups and hydration water at 110°C.
The average degradation of sodium bentonite occurs between
400°C to 550°C. The curve shows that the negligible weight loss
is above 650°C. The heat flow gradually increases up to 400°C
and a sharp fall is recorded up to 800°C as recorded in figure 6.
The glass transition occurs in between 0°C to 100°C and the
crystallization range is 200°C to 400°C. The melting occurs about
to after 450°C it satisfies the XRD results. The sodium bentonite
is had more and more possibilities as a beneficial catalyst for the
plastic waste pyrolysis process. As the pyrolysis is endothermic
reaction occurs in the absence of oxygen the required heat flow is
beneficial in case of sodium bentonite.
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Figure 6. DSC graph of HCl treated sodium bentonite

V. 4. CONCLUSIONS

The analysis of sodium bentonite clay sample using XRF, FT-
IR, XRD and SEM instruments have shown the
prominent nature of the clay further useful as the
alternate catalyst for plastic waste valorization. The
commercially available clay is cheap and has better acceptable
for the pyrolysis process. As the presence of alumina and
silicate compositions are found from the XRF and the results
of XRF supported by XRD, FT-IR and SEM analysis. Average
crystallite size is found as 26.55 nm at the 25.09° of
absorption, by XRD analysis. TGA and DSC curves
satisfy the reliability required temperature range for
useful waste plastic valorization using sodium bentonite as
a catalyst.
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Abstract— In the present study, the suitability of Ni-Co
spinel ferrites as dielectric substrate for microstrip patch
antenna has been reconnoitered in X-band frequency range.
The scrutinized spinel ferrites with chemical composition Nii-
xCoxFe204 (x=0.00,0.30,0.60,0.90) were synthesized using
Pechini’s sol gel method. For the present study, Ansoft
Designer SV2 was used to design and analyze the microstrip
patch antenna. Simulation of antenna was done at resonant
frequency of 10.02 GHz, which makes this research to find
application in military and surveillance. Firstly, the antenna
dimensions were calculated using resonant frequency and
electromagnetic properties of the compositions. The antenna
output parameters such as return loss, bandwidth, VSWR
(Voltage Standing Wave Ratio), Smith Chart and radiation
pattern were subsequently analyzed by the simulation Based
on the analysis, Ni-Co ferrite Nio.1Coo.9Fe204 has come out to
be the best alternative out of the studied compositions for its
possible usage as efficient dielectric substrate in microstrip
patch antenna in 8.2 — 12.4 GHz frequency range.

Keywords— Ni-Co spinel ferrite; microstrip patch antenna;
X-band; VSWR; return loss; miniaturization.

I. INTRODUCTION (HEADING 1)

Undoubtedly antennas are the electronic eyes and ears of
today’s world due to their indubitable place in
communication technology. Any type of communication,
whether wired or wireless, microwave or optical, involves
antenna in one or another form. Antenna is basically a
transducer ~ which  converts  electrical ~ signal to
electromagnetic waves and vice-versa. It is an interface
between transmitter/receiver and the channel. Its size and
characteristics significantly affect the quality of service
(QoS) of communication. In last few decades, the
communication technology has grown exponentially.
Therefore, antenna engineering needs to be reformed
accordingly in order to cope up with the prevailing
technology [1-2]. It is very interesting to note that lot of
work has been done in the field of antenna. Different
antennas such as parabolic reflectors, patch antenna, slot
antenna, folded dipole antennas have been proposed for
different applications. In this revolution of antenna
engineering, microstrip patch antennas have emerged out as
the most amazing development. These microstrip antennas
have wide range of applications in microwave systems
including radar, missiles, mobile & satellite communication,
navigation, global positioning system (GPS) and biomedical
systems, due to their lighter weight, low volume, low
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production cost, simple planar structure, fabrication ease and
conformity [1, 3-4]. These antennas have several
technological advantages also such as dual-frequency
operation, frequency agility, broad bandwidth, feedline
flexibility and beam scanning omnidirectional patterning [5].
Microstrip patch antenna basically consists of a dielectric
substrate sandwiched between a comparatively small sized
conducting patch on one side and equal sized ground plane
on the other side (Fig. 1). The conducting patch can be of
any geometry, commonly of rectangular or circular shape [6-
7]. Patch dimensions depend on the dielectric constant of
substrate and the resonant frequency [8]. This antenna was
initially proposed by G.A. Deschamps in 1953 [9], but was
popularized by Robert E. Munson and his co-workers in
1970’s [10]. Later on, different research groups scrutinized
these antennas with different dielectric substrates [11-15].

Conducting Patch

Co-axial Feed

Fig. 1 Structure of Microstrip Patch Antenna

The role of dielectric substrate is very crucial in the
design of microstrip antenna. Properties of antenna such as
dimensions, efficiency, bandwidth and quality factor depend
on the dielectric constant of dielectric material. The height of
antenna can be miniaturized by factor n =+ & by use of
suitable dielectric materials [1, 16]. The miniaturization
factor n is also known as refractive index of the material
[17]. But the miniaturization should not be done at the cost
of compromise with the performance. High dielectric
materials, a common choice for miniaturization, don’t serve
the purpose here as their usage also leads to degradation of
pattern and radiation efficiency [12]. In this situation,
materials with magneto-dielectric properties are required
which allow both reduced antenna size and increased
bandwidth [18-19]. Polycrystalline ferrites, having high
electrical resistance, good chemical stability and mechanical
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strength can be employed in these applications [20]. Among
magneto-dielectric materials, spinel ferrites come out to be
better choice in comparison to hexaferrites due to their lower
sintering temperature and low production cost [21-22].

In the present work, Ni-Co spinel ferrites are scrutinized
in X-band frequency range for their possible application in
miniaturization of antenna. The reason behind choosing X-
band for this study is that this band is a popular radar
frequency sub-band used in civil, military, air traffic control,
defense tracking, vehicle speed detection and weather
monitoring applications. The samples under investigation
were prepared using sol-gel auto-combustion route. The
structural and X-band electromagnetic characterization of
these samples has already been reported [23]. In this
communication, the X-band complex permittivity and
permeability values of the compositions was used to
determine the antenna parameters. Then, the performance of
the simulated antenna in terms of output parameters such as
return loss, 10 dB bandwidth, VSWR, Gain, beam width and
radiation pattern is analyzed in the frequency range 7 GHz to
13 GHz.

II. DESIGN PROCEDURE

A. Selection of the material for substrate

The material to be used for dielectric substrate must
fulfill three essential conditions:

1. Resonant frequency of the antenna (f;): f; must lie
within the limits of frequency band for which
antenna is being designed. Since, the present
antenna is simulated for X-band, hence the resonant
frequency of material must lie between 8.2 GHz and
12.4 GHz. The resonant frequency selected for the
present design is 10.02 GHz.

2. Permittivity (&) and permeability (u;): Material with
low permittivity is considered to be better for the
design as it provides better efficiency, higher
bandwidth, lower quality factor and high radiated
power [24]. The use of magneto-dielectric material
instead of pure dielectric material helps to minimize
the size of antenna. In the present case, spinel
ferrites with chemical formula Ni;xCoxFe,Os (x
=0.0, 0.3, 0.6, 0.9) are used as magneto-dielectric
substrate for the antenna. The electromagnetic
properties, which are used for the simulation of
antenna have already been reported elsewhere [23].
As reported in that research, all compositions have
real part of permittivity in 5.14-5.69 range, making
these spinel ferrites suitable for the antenna design.

3. Dielectric constant: Material with low dielectric
constant is considered to be better for the design as
it provides better efficiency, higher bandwidth,
lower quality factor and high radiated power [24].
In the present case, four spinel ferrite compositions
with chemical formula Ni;xCoxFe2O4 (x =0.0, 0.3,
0.6, 0.9) are used as substrate for the antenna. All
compositions have dielectric constant in 5.14-5.69
range, making them suitable for the antenna design.

4. Substrate thickness (h): Thick substrate increases
the fringing field at patch periphery and increases
the radiated power [24]. Also, the height of
substrate with feed should lie in X-band
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frequencies. Hence, the height of substrate is chosen
to be 2 mm.

B. Determination of patch dimensions (Lya: and Wpyay)

The rectangular microstrip patch antenna is designed by
using selective four ferrite samples (NC 0.00, NC 0.30, NC
0.60 and NC 0.90) as substrate. The parameters required for
design rectangular patch antenna such as are permittivity (),
dielectric loss tangent (tan J.), permeability (u;) and
magnetic loss tangent (tan dn) at operating frequency 10.02
were determined using Vector Network Analyzer (VNA) and
are presented in Table 1 [23]. Using the values of & and .,
the length of antenna is determined by formula [25]:
Lpa=c/21f; ¥ ps&r, where c is the velocity of light in free space.
The width (Wpa) of the antenna is optimized to suppress
higher modes of excitation by simulation using Ansoft
Designer SV2 [26].

C. Determination of substrate (Ly» and W) and ground
plane dimensions (Lg and W)

For practical considerations, it becomes necessary to
have finite ground plane. The dimensions of substrate are
equal to that of ground plane and are calculated using
equations [27]: Lew = Lg= 6h + Ly and Wew, = Wy = 6h +
Wia,where, h is the substrate thickness. The dimensions of
patch are picturized in Fig. 2 and are listed in Table 1.

7.1mm 6.4mm
NCO0.0 NCO03
A S.9mm | 5.9mm
. .
NCO0.6 NC0.9

Fig. 2 Geometry of designed antenna

For feeding the microstrip antenna, there are several
methods such as feed line, co-axial cable feed, probe feeding,
aperture fed, proximity fed etc. But the most common is
coaxial probe method due to its different advantages such as
easy fabrication, better matching, low spurious radiation etc.
The antenna, simulated in the present work, is excited by
using coaxial feed technique. The feeding locations for
impedance matching of 50 ohms with input impedance are
optimized by rigorous trial and error method [28]. Thus the
design input parameters of antenna such as permittivity (e),
dielectric loss tangent (tan J.), permeability (u;) and
magnetic loss tangent (tan dn) at operating frequency 10.02
(fr) are tabulated in Table 1.
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TABLE L. ELECTROMAGNETIC PARAMETERS AT RESONANT
FREQUENCY, DIELECTRIC SUBSTRATE DIMENSIONS (L & W) AND COAXIAL
FEED LOCATION FOR THE ANTENNAS SIMULATED USING SPINEL FERRITE
COMPOSITIONS

Compos fr g tan w tan om L w Feed

ition (GHz) [ mm | mm | Point
NC 0.00 10.02 5.14 | 0.052 | 0.851 0.121 7.1 8.2 -6.1,
-6.9

NC 0.30 10.02 5.153 | 0.068 | 1.156 0.214 6.4 7.3 -5.7,
-6.5

NC 0.60 10.02 5.444 | 0.07 1.186 0.136 5.9 7.4 -5.1,
-6.6

NC 0.90 10.02 5.689 | 0.242 1.22 0.009 5.9 6.8 -5.2,
-6.1

III. RESULTS AND DISCUSSION

The electromagnetic parameters of the spinel
compositions at the resonant frequency 10.02 GHz have been
tabulated in Table 1. These parameters for NC 0.90
composition are also plotted in Fig. 3 [23]. The spinel
composition NC 00.90 has observed the highest value of
permittivity and permeability at the resonant frequency of
10.02 GHz, which has made this composition to be capable
of being simulated as the smallest antenna with dimensions
5.9 mm x 6.8 mm. These dimensions are in accordance to the
formula provided in Eq. 1.

—m— Real part of permittivity (c)

" j —* Resl part of permeability (u) [~
5.6 - . Didlectric loss tangent (tan 3g)
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Fig. 3 Electromagnetic parameters of NC 0.90 composition in X-band

The value of miniaturization factor (n) are determined
using the experimental values of permittivity (&) and
permeability (u) using formula: n= v (we). Its variation
w.r.t. frequency for the prepared compositions in X-band is
provided in Fig. 4. These values. It can be clearly seen that
values of n for NC 0.00 is smaller in comparison to other
three doped compositions. Values of n for NC 0.30, NC 0.60
and NC 0.90 lies in range 2.4 — 2.6 while that for NC 0.00
remains close to 2.
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E
£
E
= 2.4 -
=
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=
<
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S22
=
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= N
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Frequency (GHz)
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Fig. 4 Variation of miniaturization factor with frequency for ferrite
compositions with frequency
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The variation of simulated return loss with frequency is
presented in Fig. 5. From this figure, it can be inferred that
the designed antennas are resonant near the designed
operating frequency of 10.02 GHz. The lowest return loss
has been observed for the antenna on NC 00 ferrite substrate,
owing to its better impedance matching obtained in this
composition in comparison of other compositions. The %
bandwidth for -10 dB return loss for antennas is provided in
Table 2. The highest % bandwidth of 51.00 GHz is observed
for an antenna on NC 0.90, whereas it is nearly equal for
antennas on other ferrite substrates. The enhancement of
bandwidth was also reported for Ni-Zn ferrites [10] and Cd —
ferrite [13].

o
=
w
("]
° " =
c 25 L]
::: ]
@ 304 LI ]
o =— NC 0.00 =
4 NC 0.30 "
359 . ncoeo |
NC 0.90 :
404" hd -
T it T bt T T . T b
7 8 9 10 11 12 13

Frequency (GHz)

Fig. 5 Variation of simulated return loss with frequency.

TABLE IL OUTPUT PARAMETERS: RETURN LoOsS (Ry), % -10DB
BANDWIDTH, VSWR, GAIN AND BEAM WIDTH OF THE SIMULATED
ANTENNAS GOVERNING THE UTILITY OF THE SIMULATION

Compos fr R %BW | VSWR | Gain Beam
ition (GHz) (dB) (GHz) Width
NC 0.00 10.00 | -39.50 28.58 1.027 | 0.67 88°
NC 0.30 10.08 | -17.47 27.36 1.47 0.50 85°
NC 0.60 10.07 | -14.20 30.33 1.31 0.55 88°
NC 0.90 9.94 -18.72 51.00 1.26 0.42 90°

The variation of voltage standing wave ratio (VSWR)
with frequency in the range of 7 to 13 GHz is presented in
Fig. 6. VSWR is a measure of how well the antenna is
attached to the cables or how much power is reflected back
into the cable. Ideally, value of VSWR should be 1. And in

VSWR

9 10 11 12 13
Frequency (GHz)

~
0

Fig. 6 Variation of simulated VSWR with frequency

our study, VSWR values for 4 compositions have been
close to unity at operating frequency, which shows better
optimization at feed location. The VSWR for NC 0.90
antenna has low value as compared to other doped
compositions. Although the value of gain is minimum for
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this composition, the highest beam width of 90° is achieved
by this composition.

The Smith charts and radiation patterns of all antennas
are analyzed by simulation. The characteristic Smith chart
for antenna NC 0.00 and NC 0.90 are presented in Fig. 7,
which shows the variation of impedance with frequency in
the range of 7-13 GHz. From Fig. 7, it is seen that impedance
shows only inductive loading throughout the range of 7-13
GHz. The reactive impedance of antenna simulated using NC
0.00 is nearly equal to normalized impedance over the
studied frequency range. The VSWR at resonant frequency
from smith chart is 1.027.

180 180
070 00 0.70y 745 o0 1Y

Fig. 8 Representative Radiation pattern of antenna NC 0.00 and NC
0.90

The representative 2D polar radiation patterns of NC 0.00
and NC 0.90 are shown in Fig. 8. From radiation pattern, the
values of maximum gain and beam width are calculated for
all antennas and are tabulated in Table 2. The maximum gain
(0.67) at operating frequency 10.02 GHz has been obtained
for composition NC 0.00, while maximum beam width has
been obtained for composition NC 0.90. The beam widths of
all the antennas lie in 85°-90° range.

IV. CONCLUSION

The performance of microstrip patch antenna using Ni-
Co spinel ferrites as dielectric substrate has been analyzed in
X-band using Ansoft Designer SV 2.2. Using the
electromagnetic properties, antenna dimensions have been
determined. Antenna simulated using undoped composition
has achieved the return loss of -39.5 dB. But the composition
NC 0.90 has emerged as the best out of all the four
compositions as it has got maximum -10 dB bandwidth % of
51%, maximum beam width of 90° and VSWR of 1.26. Also,
the antenna fabricated using NC 0.90 has got minimum
dimensions (5.9 mm X 6.8 mm) due to its favorable
electromagnetic  properties. Thus, this composition
Nig.1C009Fe;04 can be employed as a promising magneto-
dielectric substrate for X-band Microstrip Patch Antenna
where bandwidth is a primary issue and gain is a secondary
issue.
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Abstract— A compact metamaterial inspired antenna
operates at LTE and Radar applications is introduced in
this paper. Control and manipulation of electromagnetic waves
is at the heart of many industries from wireless communication,
internet and optical data storage to imaging and displays.
Progress in these technologies places challenging demands on
material properties and therefore structured electromagnetic
materials. Metamaterials are a special class of structured
materials. Patterning on the sub-wavelength scale allows precise
engineering of their electromagnetic properties over a range
going far beyond natural media. In this paper, microstrip
antenna consists of radiating patch and two parasitic elements
(open-loop ring resonators) to serve coupling bridges with
partial ground plane and composite right / left-handed
transmission line (CRLH-TL) embedded in the patch antenna.
The antenna topology possesses an area 26x37x1.27 mm>.The
analysis and design is simulated and optimized commercial
software. The good agreement between the theoretical
expectation and the simulation results is observed. Finally, the
proposed optimum antenna design structure has been
fabricated and the measured S-parameters, VSWR of the
proposed structure can be analyzed with network analyzer to
demonstrate the excellent performance and meet the
requirements for LTE and Radar applications.

Keywords— Microstrip antenna; CRLH-TL; LTE; Radar;
Partial ground plane; Interdigital Capacitor; HFSS.

1. INTRODUCTION

In the present-time communication, antennas cover a wide
range of applications in different areas, such as mobile
communication, satellite navigation, internet services,
automobiles and radars. Antennas are metallic structure
which radiate and receive waves. Mobile phone handsets are
generally required to be small in size. On mobile phone,
current needed is more in terms of parameters such as shape,
performances, qualities and its technology. There are various
new technology arriving in wireless communication now a
days that has brought a lot of devices which are portable in
the future, such as a mobile phone that will possess function
for fast data transmissions. LTE (Long Term Evolution) is
the project related to high performance air interface for
mobile telephony. LTE is the latest new technology that
ensures competitive edge over existing standards: GSM,
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UMTS, etc. It improves user experience with full mobility.
LTE minimizes the system and user-equipment complexities.
LTE covers three bands, where the lower band includes
frequency range of (698-966 MHz), middle band in the
range of (1.427-2.69 GHz) and higher band in the range of
(3.4-3.8 GHz). Also, Radar has a wide range of applications
in C-band (4-8 GHz) as well as X-band (8-12 GHz).

Metamaterials is a rapidly evolving field of research that
covers a vast range of artificial structures and
Electromagnetic properties. Resulting from this, there is no
universally accepted definition of what is meant by a
metamaterial [1-5]. It is generally agreed that metamaterials
are artificial media with unusual properties not found in their
constituent materials. In nature, the permittivity (¢) and the
permeability (u) of all the materials are positive. The Material
with positive permittivity and permeability are referred as
right-handed materials (RHMs). But the negative € and p can
be achieved in some artificial materials, which are referred to
as left-handed materials (LHMs). Metamaterials are periodic
arrays of artificial structures with a pitch smaller than the
wavelength of excitation. Due to their sub-wavelength
periodicity, metamaterials do not diffract. Therefore, they
appear homogeneous to an incident wave and can be
described in terms of effective or averaged parameters that
are controlled by the geometry of the metamaterial unit cell
and its constituent materials. In analogy to natural materials,
the elementary building block of a metamaterial, i.e. the
metamaterial unit cell is often referred to as a metamolecule
The CRLH metamaterials has been applied to some novel
microwave devices [6-9]. The properties of the CRLH
metamaterials can be analyzed by the transmission line
theory.

The analysis and design of the proposed microstrip antenna
supports multiband operations in much smaller size (37X26X
1.27 mm3). The structure of the antenna is very easy to
fabricate. The proposed antenna has been successfully
designed with Rogers RO3010 substrate by HFSS simulator
[10]. An extensive analysis of the antenna parameters
(reflection coefficient, gain, radiation pattern.) including
surface current distribution is discussed in the following
section. The good agreement between the simulation and
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measured results are observed and the radiation
characteristics have been illustrated the performance. Finally,
the proposed design structure has been fabricated and the
measured S- parameters in dB versus frequency in GHz, of
the proposed antenna array structure can be analyzed with
network analyzer.

II. THE CRLH-TL UNIT CELL

The proposed CRLH-TL unit cells structure have been
designed using Rogers duroid 6010 substrate with (&,= 10.2,
tand = 0.0023) and thickness of 1.27 mm. The interdigital
capacitor and stub inductor provide the LH and also the RH
contributions [11]-[12]. The top view of the proposed unit
cells and its mechanical parameters in mm are shown in Fig.1.
The characteristics of the proposed structure, such as
simulated S11in dB and the surface current density, Jsur, are
obtained and analyzed for three different number of fingers,
N =17, 8 and 9 pair These analyses were done using HFSS
simulator.

From Fig. 2, it was found that the RH capacitance is
attributed to the capacitance between the trace and ground
plane, and the RH inductance is caused by the magnetic flux
generated by the current flow in the digits of the interdigital,

capacitor [6]. The proposed CRLH-TL unit cell structures
have been achieved S11 < -6 or -10 dB with multiband /
wideband operational frequencies.

: 23.46
20.3 |

|
: 11.92

214 0

0.94

Fig. 1. The proposed CRLH-TL unit cells structure for N =7, 8 and 9
fingers.
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Fig. 2. The characteristics of the embedded proposed CRLH-TL Unit cell
structures for N =7, 8 and 9 fingers.

III. TWO UNIT CELL CRLH-TL

The proposed CRLH-TL with two unit cell elements array
structure has been designed using Rogers duroid 6010
substrate. The top view of the proposed arrays structure and
its mechanical parameters in mm are shown in Fig.3. The
proposed CRLH-TL array structures have been achieved
multiband/wideband operational frequencies with S11 <-10
dB.
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Fig. 4. The characteristics of the proposed CRLH-TL array structure with
resonance frequency.

IV .MICROSTRIP ANTENNA DESIGN

A. Antenna Element without CRLH-TL Ground Plane

The structure of the proposed monopole multi-band
antenna is shown in Fig.5. The design consists of a quasi-
modified rectangular radiating patch with a partial ground
plane [13]. The proposed rectangular antenna is fed by a 50
ohm microstrip line of width 1.2 mm and length 8.9 mm. The
proposed monopole antenna is printed on a Rogers RO3010
substrate of thickness 1.27 mm, permittivity 10.2, and loss
tangent  tan 6 = 0.0035. The overall dimension of the
proposed antenna is only 37x26x1.27 mm?3. A small partial
ground plane slot has an area of only 8.9X26 mm? is etched
from the ground plane to achieve multiband operation in
compact dimension. The investigated antenna is connected to
a 50 Q-standard SMA connector to feed the microstrip line
for RF signal input. All the parameters of the proposed
antenna are finalized by parametric study through a number
of simulations using HFSS software [10]. The simulated S;4
in dB versus the frequency band 1-15 GHz and the surface
current density have been shown in Fig.6 and Fig.7
respectively.
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1.2

Fig. 5. Geometry of the proposed antenna structure.
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Fig. 6. The simulated S;,[dB] of the proposed antenna without CRLH-TL
ground plane.
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Fig. 7. Surface current density, Jsur, of the proposed antenna.
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B. Antenna Element with CRLH-TL Ground Plane

The proposed microstrip antenna with CRLH-TL
structure embedded in the patch antenna at N=6 as an
example has been introduced and analyzed. The proposed
antenna is designed and fabricated on Rogers RO3010
substrate. The final top view of the proposed antenna is
shown in Fig. 8. For the new performance of the final
proposed antenna to achieve multiband operational
frequencies, the position effect of the CRLH-TL structure has
been understood compared with conventional antenna
(without CRLH-TL array structure).

Fig. 8 The top, bottom views and mechanical parameters of the proposed
antenna element with CRLH-TL on the top view.

V. SIMULATION RESULTS AND DISCUSSION

The simulated reflection coefficient curve of the proposed
antenna is shown in Fig. 9. The simulated results indicate that
the designed antenna achieves multiband operation with
resonant frequencies.

It is observed from Fig. 10 that for operation, the surface
current is mainly concentrated around the open loop ring
resonators and thus increases the current path. So, the
resonant frequencies are excited, generated and controlled by
the parasitic open-loop resonators. The surface current
distribution of the proposed antenna changes due to the
presence of the open loop ring resonators that changes the
resonance characteristics of the antenna. This is due to the
fact that the distribution of electric and magnetic fields
changes due to the lengthening of the surface current around
the open loop resonators.

The simulated radiation patterns of the proposed monopole
microstrip antenna with CRLH-TL is presented in Fig. 11.
The proposed antenna shows almost stable radiation patterns
with acceptable 3dB beam-widths.
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Fig. 9. The simulated S;,[dB] of the proposed antenna with CRLH-TL
ground plane.
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Fig. 10. Surface current density, Jsur, of the proposed antenna with CRLH-
TL ground plane.
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Fig. 11 Simulated 2D radiation patterns of proposed antenna and 3D
radiation pattern at 3.5 GHz.

VI.FABRICATION AND MEASUREMENT RESULTS

After the optimization of the proposed antenna
parameters, an experimental prototype of the proposed design
was fabricated using printed circuit technology and tested. A
photograph of the fabricated antenna using printed circuit
technology at antenna laboratory as shown in Fig. 12.

Fig.12. Fabricated prototype of the proposed antenna using VNA.

The measured S;, in dB of the proposed structure can be
analyzed with network analyzer HP8719ES over a relatively
wide frequency range from 1—15 GHz as shown in Fig. 13.
The measured VSWR of the proposed antenna is shown in
Fig. 14. The measured values of the voltage standing wave
ratios of the proposed antenna lie within 2:1 for all of the
operating resonant frequencies, which indicates less reflected
power and better impedance matching.
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Fig. 13. The measured reflection coefficient of the proposed antenna.
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Fig.14. The measured VSWR of the proposed antenna

VII. CONCLUSION

An advanced and cost-effective multiband antenna for LTE,
Radar, applications is designed, fabricated and tested.
Antenna miniaturization is obtained by introducing CRLH-
TL structure over the RO 3010 substrate which provokes
multiband frequency characteristics by increasing the number
of resonant frequencies without modifying the dimensions of
the square patch antenna. The proposed antenna design has
simple structure and can be used in multiband communication
systems.
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Abstract—A new implementation technique of 1-bit Full
Adder using output wired CMOS inverter based
threshold logic is presented. With the advancement of
nano technology threshold gate based logic design has
got a new direction. In this paper first carry output is
designed using output wired CMOS inverter based
majority gate. Then Sum output is designed using
Threshold gate. The number of transistor is less than the
CMOS based Full Adder Circuit. The major advantage
of this CMOS Threshold gate is it’s simplicity. It’s delay
time is only around three inverter delays. The proposed
design has been verified by means of simulation using
PSPICE.
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I.INTRODUCTION

In this paper we propose a novel full adder cell which is
a key component in all kinds of computing systems. The
adder cell is based on linear threshold logic and majority
gate [1]. There are several issues related to the full
adders. Some of them are power consumption,
performance, area, noise immunity and regularity and
good driving ability [2]. Several works have been done
in order to decrease transistor count and consequently
decrease power consumption and area [ 3, 4, 5].

In Integrated Circuits mainly two types of full adders
(Static & dynamic) are used. Static full adders
commonly are more reliable, simpler .In this paper a
static design of Full Adder is proposed. Threshold
logic (TL) was introduced over six decades ago.
There are many theoretical results showing that TL
circuits are more powerful than classical Boolean
circuits. It also offers much larger fan-in in
comparison with the conventional logic gates [6]. A
logical function which is linearly separable can be
designed using threshold logic. However different TL
gate realizations are made in recent papers [7,8,9
10,11,12].

The remainder of this paper is organized as follows:
Sectionll: Describes the concept of threshold logic.
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Section I11: Describes the concept of majority gate.
SectionlV: Describes output wired CMOS inverter

based threshold and majority gate

SectionV: Investigates the output wired CMOS inverter
based one bit Full-Adder and its output waveforms.
Section VI: Gives the conclusion of the whole
experiment

I1. The concept of Threshold Logic

A linear threshold gate (LTG) is an n binary input and
one binary output function [13].

Threshold Logic Gates are able to compute any linearly
separable Boolean function given by-

Y=sgn {F(xX)} =0, if F(x) <0
1, if F(x) >0 1)
F(x) =2 wiXi- y (2)

Where x; is the n Boolean inputs and w; is the
corresponding n integer weights. The LTG compares the
weighted sum of inputs and the threshold value y. If the
weighted sum of inputs is greater than or equal to the
threshold, the gate produces logic 1. Otherwise, the
output is logic 0.

The basic Boolean logic functions
AND,OR,NAND,NOR and NOT can be represented in
the form of (1) and (2) as follows:

AND(x1, x2) =sgn{ x1+ x2-1.5} 3
OR(x1, x2) =sgn{ x1+ x2-0.5} (@)
NAND(x1, x2) =sgn{- x1- x2+1.5}  (5)
NOR(x1, x2) =sgn{- x1- x2+0.5} (6)
NOT (x1) =sgn{- x1+0.5} (7

These basic logic functions can be designed with
threshold gate as shown in figure 1.

20



Mili Sarkar et. al., American Journal of Electronics & Communication, Vol. I (2), 20-24

In this diagram AND gate is designed. Other gates can
be also designed by changing the weights and
threshold values.

o W=D
N LasSd

Figure 1: Design of Threshold logic based AND
gate

I11. THE CONCEPT OF MAJORITY GATE

The majority gate gives the logic output 1 when the
number of one is more than the number of zeros at the
input side. As for example OR gate is a Majority Gate.
It is a special application of threshold logic. The
majority gate can be designed using ganged output
wired inverter circuit. [14]

V. OuTPUT WIRED CMOS INVERTER
BASED THRESHOLD AND MAJORITY GATE

Figure2: Nonstandard symbol of Threshold gate
and threshold gate basic structure using output
wired ganged CMOS .

Figure 2 shows the nonstandard symbol for threshold
gate and threshold gate basic structure using output
wired ganged CMOS [15,16, 17]. Each input x, drives
one inverter, all inverter outputs are shorted together
to design a nonlinear voltage divider which drives the
output inverter whose purpose is to quantize the
nonbinary signal at the ganged output node .The
length of all the PMOS and NMOS transistors of
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inverters are same. The PMOS and NMOS transistor
widths of each inverter are designed depending on the
weight (W) and threshold value(T) to be implemented.
The weight values other than 1 can be realized by
changing the width of the PMOS transistor. Thus, the
design process involves sizing only two inverters the
basic input inverters and the output inverter.

A binary majority gate shown in fig3.

Figure 3: Function of majority gates

Here, w is the number of inputs which is usually odd.
The output will be ‘1’ if the number of ‘1’s in the input
side is more than the number of zeros.

A majority function is a special case of a threshold
logic gate when the T is equal to (w+1)/2. The majority
gate design based on ganged CMOS shown in Figure 4.
T V(m T V{I(I

—iL =L HC

T ﬁ[: U R

—iC HE HE L[
VSS Vss

v Y

c(1)  c2) c@3)
Figured: Circuit of three input majority gate

It is made up of two parts: a nonlinear voltage divider
made up of output wired inverters on the left hand side
and an inverting buffer which senses the majority
transition and provides a positive output on the right.
The output inverting buffer isolates the divider output
node from external circuitry to reduce noise effect and
driving from the next stage. It also reshapes the output
waveforms.
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V. DESIGN OF ONE BIT FULL ADDER USING
OuTPUT WIRED CMOS INVERTER BASED
THRESHOLD AND MAJORITY GATE

Here we have used one majority gate and one
threshold gate to implement a full adder circuit. The
threshold gate based implementation of full adder and
the equivalent output wired ganged CMOS based one
bit Full Adder circuit are shown in figure5 and figure
6. [18]

A

C out
B 1.5 C out

Cin TLgate 1
(majority gate)

Sum

TLgate 2

Figure5:Threshold Logic gate based Full Adder
Circuit.

INV1
A yy=]

Threshold voltage=1.5
B INVI,_ N Co
L~

e P o=
o Wl X

Canryout

W=1 INV 3

calculated as a fraction of Vg4 as shown in the following
table.

A B[ Cin| Gangedoutput | Equivalent voltage
voltage(Vx) divider network

11]1 0 T

111} 0 vdd/3 7

1101

0f1] 1 e

110} 0 2(Vdd/3)

011 0 R

0|0 1 ]

0/0| 0 3 (Vdd/3) -

S
. I~
B_wa (AW ¥ s
{ e f
. i Theeshold voltage=2.5
Cm  W=] M NV
[

Figure 6: Output wired ganged CMOS based one bit
Full  Adder circuit

Here two threshold gates are used TL gatel and TL
gate2. TL gatel gives the carry output and it is a
majority gate.This Majority gate is designed using
four inverters. Three of them are ganged and from that
ganged output, the fourth inverter is connected to get
the carry output. Inputs of full adder (A,B,Cin) are
applied to three inverters(INV1,INV2,INV3) which is
shown in figure 6. The W/L ratio of all the PMOS and
NMOS transistors are chosen such that the resistance
of all the transistors are equal (R).So The equivalent
circuit of ganged part may be considered as a voltage
divider network. Ganged output voltage at node X is
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Tablel:Ganged output voltage and its equivalent voltage
divider network for different input combinations of
majority gate(TL1).

According to this the threshold voltage of the last
output inverter is set in between Vy4/3 and 2(V44/3). The
last inverter gives the carry output.

Carry output is taken and inverted by another
inverter(INV5). Ultimately this is used as a fourth input
for the TL gate 2 which will give sum output.

INV6,INV7, INV8 and INV9 form the ganged CMOS
for this threshold logic.For INV7,INV8,INV9 the weight
is 1 so the resistances for PMOS and NMOS transistors
of these inverters are same which is R. For Inverter6 the
resistance of PMOS transistor will be R/2 which is
adjusted by the W/L ratio of that transistor to achieve
weight 2. The ganged output Voltage at node Y is
calculated from the equivalent voltage divider network
which is shown in the following table. The equivalent
Voltage divider circuit is shown in figure7.
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A|B|Cin|Co|Co |Vy S
0/0|0 |0 |1 3/4vdd | 0
o|01 |0 |1 1/2vdd | 1
0O|1(0 |0 |1 1/2Vvdd | 1
0111 1 |0 3/5Vvdd | 0
1/0|/0 |0 |1 1/2vdd | 1
101 1 |0 3/5Vvdd | 0
11110 1 |0 3/5Vvdd | 0
1111 1 |0 2/5Vvdd | 1
Table2: Ganged output voltage for TL2
A | B | Cin | Co’ | Equivalent voltage divider
network
0(0]0 1 %
olol1 |1 )
0110 1
1010 1 § §
0(1(L |0 -
1(0|1 |0 ] m
1110 0
111 |0 5%

Figure7: Equivalent voltage divider network

From table 2 it can be concluded that the threshold
voltage of the last inverter ( INV10) should be in
between 3/5 Vyq and 1/2 V4. According to this the last
inverter is designed by adjusting the W/L ratio of the
PMOS and NMOS transistors of it.
The circuit is simulated using PSPICE for 80ns.The 8
different input combinations exist for 10ns each. The

supply voltage(Vqy) is taken as 3.3 V.The output
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waveforms are shown in figure 8.Upper one is for Sum
output and lower one is for Carry Output.

Figure 8: Sum and Carry output waveforms.

The total delay of the circuit is only five inverter delay
which is almost 1ns measured for different models of
transistor used.

VI.CONCLUSION
In this paper, we proposed the output wired CMOS
inverter based one bit Full Adder circuit. The number of
transistors required for this design is twenty.The total
power consumption is 7.04E-04watts.
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