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Abstract — In this paper a novel compact C-band
microstrip patch antenna with CPW feed for wide band
applications is described. The microstrip patch antenna is
employed as a pair of stepped structures to compose U-
shaped cut on rectangular patch. The antenna has
impermeable physical structure and designhed on standard
FR-4 substrate with an operating frequency of 7.5 GHz.
simulation is carried out through Ansoft HFSS software
indicate that the designed novel band antenna is having less
than -10dB return loss from 7.14GHz to 7.77GHz with a
bandwidth of 8.4%. The antenna is efficiently fabricated and
characterized by measuring VSWR, return loss, and gain.
Comparison between simulated and practical results exhibits
the near agreement in the operating band. The consequence
of significant parameters on antenna performance are
analyzed and discussed as well.
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I. INTRODUCTION

Advancement in the technology leads to the
miniaturization of the devices along with good
performance capabilities. Same is the case with antenna
technology, as the antenna technology is advancing day by
day, the small antenna size with good performance are in
high demand. Several antenna structures such as yagi
antenna, horn antenna, parabolic reflectors are used to
fulfill these needs, but in some cases where two
dimensional antennas are needed these antennas can’t be
used due to their bulky size and 3D structures, this is a
case which leads to the requirement of 2D planar antenna
and microstrip patch antenna is the most important type of
planar antenna structure. There are several patch shapes
which provides good bandwidth and gain for various
applications [1]. In last 40 years, the microstrip antennas
have been developed for various communication systems
such as radars, sensors, wireless, satellite, broadcasting,
ultra-wideband, radio frequency identification (RFIDs),
reader devices etc. [2]-[3].

In Recent years, there has been enormous growth of
telecommunications services in the L-band frequencies
such as radar tracking, global positioning satellite (GPS),
and mobile communications. The use of circularly
polarized (CP) antennas is rife in these areas since they
can provide better mobility and weather penetration than
the linearly polarized antennas [4].circularly polarized
(CP) antennas, known for their capabilities of reducing
polarization mismatch and moderately suppressing
multipath interferences, require larger bandwidths to

Dr. B. Ramarao
Assoc. Prof., Department of ECE,
AITAM College, Tekkali

Prof. P. V. Sridevi
Professor, Department of ECE,
Andhra University, Vizag

support emerging wireless-communication applications,
especially those involving satellite communications [5].

Satellite communications are being developed from low-
frequency bands like the L-band and the S-band to high-
frequency bands such as the Ku-band and the Ka-band to
obtain broader bandwidths, higher data rates, and higher
gains with the same radiating aperture. Microstrip patch
antennas (MPAs) adopting slits as geometric
perturbations have been proposed in [6] to implement
circular polarization (CP), and many other studies have
been done to broaden the antennas’ axial-ratio beam width
[71-[9]. A circularly polarized MPA mounted on a
pyramidal ground plane and partially enclosed by a flat
conducting wall was designed in [7], and a 3-dB axial-
ratio beam width of more than 130° was realized. A dual-
frequency dual circularly polarized patch antenna with 3-
dB axial-ratio beam widths of more than 165° and 175° for
the high- and the low-frequency bands, respectively, was
presented in [8] by extending the substrate beyond the
ground plane.

Cavity-backed circularly polarized antennas have been
proposed to realize broadband and high-gain
performances, where air-filled metallic cavities [10]-[15]
or substrate-integrated cavities [16]-[19] are adopted to
achieve unidirectional radiation patterns. A sequentially
rotated four-element slot antenna fed by a microstrip
network to achieve CP and backed by a rectangular
metallic cavity was designed in [10], realizing a 3-dB
axial-ratio. In [12], a combination of a cavity-backed slot
and strip loop radiating circularly polarized waves at two
adjacent frequencies was proposed to achieve bandwidth
enhancement. A circularly polarized stacked patch antenna
excited by a novel single feed was developed in [14] to
increase the axial-ratio bandwidths, and a short horn was
mounted to get high gain. A substrate-integrated cavity-
backed circularly polarized patch antenna was investigated
in [19], A cylindrical metallic cavity antenna (MCA), and
circularly polarized waves are realized by structural
perturbations to decompose the cavity resonant mode into
two orthogonal components with the same amplitude but
90° phase difference, for that a metallic C-band prototype
is designed and fabricated in [20].

The different feeding techniques are also used for
enhancing the bandwidth of microstrip patch antenna;
coplanar waveguide feeding is one of them. It has several
advantages on any other feeding method such as low
radiation loss, less dispersion; uniplanar configuration and
easy mounting of shunt lumped elements or active devices
without via hole as for the microstrip line. Coplanar
waveguide (CPW) fed antennas have been increasingly
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studied in recent years. Recently, several researchers have
explored with large efforts to develop antennas that satisfy
the demands of the wireless communication industry for
improving performances.

Antennas using CPW-fed line also have many attractive
features including low radiation loss, less dispersion, easy
integration for monolithic microwave circuits (MMICs)
and a simple configuration with single metallic layer, since
no backside processing is required for integration of
devices. Therefore, the designs of CPW-fed antennas have
recently become more and more attractive. One of the
main issues with CPW-fed antennas is to provide an easy
impedance matching to the CPW-fed line. In order to
obtain multiband and broadband operations, several
techniques have been reported in the literatures based on
CPW-fed slot antennas [21].

In this paper a discernible, novel compact C-band
antenna design is proposed for wide band applications. As
maintaining a very good radiation efficiency and
reasonable gain for a wide band antenna is difficult, the
design considerations made to implement this are
described in the paper. Furthermore, good control of the
antenna bandwidth is realized by varying the length of the
ground plane, without significantly affecting the antenna
input impedance or resonant frequency.

I1. ANTENNA DESIGN SPECIFICATIONS

The geometry of the proposed compact C-band antenna
for wide band applications is depicted in Figure 1.The
fabrication of the proposed antenna is done using a
conventional FR4 substrate, often used to make printed
circuit boards with thickness (h) of 1.6mm and relative
permittivity of 4.4, which makes it easy and inexpensive to
manufacture. The three essential parameters for the design
of a microstrip Antennas are:

A. Resonant frequency (fr):

The resonant frequency of the antenna must be selected
appropriately. The IEEE C-band have the frequency range
from 4GHz to 8GHz, hence the antenna designed must be
able to operate in this frequency range. The resonant
frequency selected for the design is 7.5 GHz.

B. Dielectric constant of the substrate (€r):

The dielectric material selected for our design is FR4
epoxy which has a dielectric constant of 4.4. A substrate
with a high dielectric constant has been selected since it
reduces the dimensions of the antenna.

C. Height of dielectric substrate (h):

For the microstrip Patch antenna to be used in wireless
applications, it is essential that the antenna is not bulky.
Hence, the height of the dielectric substrate is selected as
1.6 mm.

Hence, the essential parameters for the design are:

« fo=7.5GHz

c €r=44

* h=16mm

Step 1: Calculation of the width of the patch (W):

Equation (1) gives the width of the microstrip patch
antenna as:
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Step 2: Calculation of the Effective dielectric
constant (€r):
Equation (2.1& 2.2) gives the effective dielectric
constant as:
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Step3: Calculation of the effective Length of Strip (Lef):
The effective length of the Microstrip Antenna given by
the equation (3)
c
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Step 4: Calculation of the actual length of the patch
(L):

The actual length of the patch can be calculated by the
equation (4)

L=L, —2AL (4)
Step 5: Calculation of the Width of Ground plane
(Wg):

The length of the ground plane can be calculated by the
equation (5)

Lg=6h+L (5)
Step 6: Calculation of the width of ground plane
(Wo):

Here the length of the ground plane is obtained by
equation (6)

Wg =6h+W (6)

By using the Design Equations the dimensions of
C-band microstrip antenna are having the values L=17mm,
H=24mm, W=18mm, Lg=6mm W =2mm,s, = 4.44.The
proposed antenna are simulated using HFSS, Fig 1.shows
the simulated antenna.

Fig.1. HFSS modal for C-band antenna
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The created antenna type will be printed on a cover and
it is pasted in the copper substrate which will be both sides
of the substrate and is painted for darkening because the
antenna is to be printed clearly. Then the substrate is
dipped in to the Ferrite Chloride (FeCl,). Fluid which will
cleans the remaining copper except the antenna shape and
then it is connected to the connectors which will connect
to the network analyzer with the help of the probe and the
connectors.

111. C-BAND MICROSTRIP ANTENNA DESIGN
PROCESS

Fig.2 shows the geometry of the proposed C-band
microstrip coplanar waveguide (CPW) fed antenna. The
proposed antenna was fabricated on FR4 substrate with
dielectric constant 4.4 and thickness of 1.6 mm. The
antenna structure is chosen to be a rectangular patch
element with dimensions of width W and length L, and
with a vertical spacing of ‘h’ away from the ground plane.
A conventional CPW fed line designed with a gap of
distance ‘d’ between the signal strip and the coplanar
ground plane is used for exciting the radiating patch
element. Two finite ground planes with the same size of
width Wg and length Lg, are situated symmetrically on
each side of the CPW feeding line.
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Fig.2. C-band microstrip antenna

The Table | show the dimensions of the proposed C-
band antenna.
Table I: Dimensions of the C-band microstrip antenna

Configuration Parameters Dimensions

Substrate-FR4 w 60mm

L 45mm

h 1.6mm

& 4.38mm
Ground plane W 2.4mm

Lg 6mm
Antenna L 17mm

H 24mm

W 18mm

The fig.3 shows the prototype of fabricated C-band
microstrip antenna.
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(@) (b)
Fig.3. Photograph of proposed compact C-band
antenna (a) top layer (b) bottom layer

V. RESULTS

A prototype of the compact C-band microstrip antenna
is simulated, constructed and tested.

The performance of the C-band microstrip antenna has
been investigated by using HFSS. The Fig.4and fig.5
shows the simulated return loss, VSWR and the Fig.6
shows the radiation pattern and Fig.7, fig.8 shows the
tested return loss, and VSWR of the C-band microstrip
antenna from the frequency 4 GHz to 8GHz.

A. Return Loss:

Power will not deliver to the load and is a return of the
power, that is called loss, and this loss that is returned is
called the return loss. Larger return loss indicates higher
power being radiated by the antenna which eventually
increases the gain. In the Fig.4 it shows that the C-band
microstrip patch antenna resonating at 7.5GHz having a
maximum return loss of -31db.
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Fig.4. Return loss curve for Ly of C-band microstrip
antenna
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B. Voltage Standing Wave Ratio (VSWR):

The VSWR is an important specification for all
communication devices. It measures how well an antenna
is matched to the cable impedance where the reflection,
|| = 0. This means that all power is transmitted to the
antenna and there is no reflection. The simulation result of
Voltage Standing Wave Ratio, (VSWR) is shown in Fig.5
below. By referring to Fig 5, at operating frequency
7.5 GHz, the VSWR value obtained is 1.04.
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Fig.5. VSWR curve for L;=2mm

C. Radiation Pattern:

The radiation pattern of microstrip Patch Antenna is the
power radiated or received by the antenna. It is the
function of angular position and radial distribution from
the antenna. The radiation pattern for the proposed
microstrip patch antenna is shown in Fig 6.
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Fig.6. Radiation pattern of C-band microstrip antenna
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Ansoft HFSS is a high performance full
electromagnetic (EM) field simulator. It

wave
integrates

simulator, visualization, solid modelling and Automation
in an easy-to-learn environment where solution of 3D EM
problem is quickly and accurately obtained. Ansoft HFSS
can be used to calculate parameters such as return loss,
gain, band width and VSWR etc. The experimental return
loss and VSWR is shown below.
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Fig.7. Experimental Return loss curve from VNA
(E5071C)
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V. CONCLUSION

A novel design of a compact C-band antenna
specifically made for wideband operation has been
presented. The proposed antenna has a gain of 9.1 dBi.
The C-band antenna is resonating at 7.5 GHz and
impedance bandwidth (S11 < -10 dB) from 7.14 GHz to
7.77 GHz is 8.4% the practical value. The designed
antenna can be wused for Wi-FI and satellite
communications.
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