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ABSTRACT

In this research paper, the design of C-shaped Defected
Ground Structure (DGS) antenna is proposed to realize dual-
band characteristics for C-band and X-band applications. The
proposed antenna consists of C-shaped slot incorporated in
ground plane which resonates at two different frequencies (f;
and f,) of 7.41 GHz and 9.28 GHz which lie in C-band and
X-band respectively. A very good return loss (S;;) of -30.79
dB and -40.75 dB are obtained at first and second resonant
frequencies respectively for C-shaped DGS antenna. The
Bandwidth of C-shaped DGS antenna is increased by 825
MHz and 1182.8 MHz respectively at two different bands
than the bandwidth of the Conventional Rectangular
Microstrip Patch Antenna (CRMPA). Also VSWR is much
improved with C-shaped DGS antenna. The comparison of
simulated results of proposed and CRMPA has also been
presented in this paper. The main contribution of this paper is
the miniaturization of ground plane of 23% using C-shaped
DGS which is very much encouraging.

General Terms

Bandwidth (B.W.), Return loss (S;;), Voltage Standing Wave
Ratio (VSWR), Peak Gain, Characteristic Impedance and
Radiation Pattern.

Keywords
Defected Ground Structure (DGS) and Conventional
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1. INTRODUCTION

In the literature, the Conventional Microstrip Patch Antenna
(CRMPA) has attractive features of low profile, easy
fabrication, light weight and conformability to mounting
hosts. Microstrip antennas inherently have narrow bandwidth,
but an enhancement of bandwidth is usually required in
practical applications [1]. Studies to get compact and
broadband operations of microstrip antennas have increased
greatly. To enhance the impedance bandwidth, the monopole
with different shapes is used [1-4]. According to the open
literatures, the shape of conventional square monopole was
changed to triangular and disc-shaped so as to improve
impedance bandwidth. When the microstrip-fed monopole
antenna is considered, besides the change of patch shape, the
impedance matching network can be easily incorporated with
the microstrip feedline to realize wider impedance bandwidth.
Several methods have been considered in the literature for
dual band operation of the antennas [5-13].

Recently, there has been an increasing interest in the use of
Defected Ground Structure (DGS) for performance
enhancement of microstrip antennas and arrays. They are
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realized by etching off a simple shape defect from the ground
plane of the microstrip antenna. Depending on the shape and
dimensions of the defect, the shielded current distribution in
the ground plane is disturbed, resulting in a controlled
excitation and propagation of the electromagnetic waves
through the substrate layer. The shape may vary from a simple
geometry to a complicated one. Due to its resonant behavior,
the DGS may be compared to the LC parallel resonator, i.e.,
the equivalent circuit of the DGS consists of an inductance
and a capacitance in parallel to itself [14]. A new approach
using the defect in the ground plane of microstrip antenna has
been presented in this work.

In this paper, C-Shaped slot is etched off from ground plane,
which disturbs shielded current distribution in ground plane
[15] and helps an antenna to resonate at two different
resonating frequencies which lies in different frequency bands
i.e. C-band and X-band with an enhancement of bandwidths.
Proposed antenna finds its applications in satellite
communications, RADAR and by some Wi-Fi devices.

This paper is organized in four sections. First section gives the
introduction about Defected Ground Structure (DGS). In
second section, structure of the proposed C-shaped DGS
antenna and CRMPA are discussed which include their
dimensions and material used. In third section, simulation
results of both antennas have been presented in terms of
Return Loss (Sy1;), Bandwidth, Peak Gain, Impedance (Z;;)
and Radiation Pattern. Last section is the conclusion in which
the advantages and application of the proposed antenna is
discussed.

2. ANTENNA DESIGN

Both CRMPA and C-shaped DGS antennas are designed on
‘Rogers RT/Duroid 5880 tm’ substrate with thickness (hs) of
0.794 mm having relative permittivity () of 2.2. The design
of a single band CRMPA using mirostrip feed satisfies the
optimal geometrical parameters mentioned in Table 1. The
patch has the dimensions of 12.45x16 mm? with height (h,) of
0.05 mm. The ground has the dimensions of 28.1x32 mm?
with height (hg) of 0.05 mm. An antenna is excited with
microstrip feed having characteristics impedance of 50 Q. The
feed has dimension of 8x2.46 mm? with height (hy) of 0.05
mm. The complete geometry of CRMPA is shown in Fig. 1.

All the geometrical parameters of proposed C-shaped DGS
antenna are same as that of CRMPA as mentioned in Table 1
except the C-shaped slot which is etched off form ground
plane as shown in Fig. 2. This C-shaped slot consists of
horizontal and vertical arms. The upper and lower horizontal
arms have same dimensions of 5x15x0.05 mm?®, whereas the
vertical arm has dimensions of 24.1x5x0.05 mm®. Also C-
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shaped DGS in the ground plane found to give a size
reduction of about 23% along with reduction in weight. The
complete geometry of proposed C-slot DGS antenna is shown
in Fig. 2. The Table 1 shows some common optimal
geometrical parameters for both CRMPA and C-shaped DGS
antennas.

Table 1. Optimal geometrical parameters for CRMPA
and C -shaped DGS antennas

Parameters Values
Solution Frequency 7.5GHz
Dimensions of Ground (mm®) 28.1x32x%0.05
Dimensions of Substrate (mm®) 28.1x32x0.794
Dimensions of Patch (mm?) 12.45%16x0.05
Dimensions of Feed (mm°) 2.46x8x0.05
Dimension of Boundary (mm?) 48.1x52%20.794

28.1 mm

16 mm

32 mm

¥ X
Fig 1: Geometry of CRMPA antenna
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Fig 2: Geometry of C-shaped DGS antenna
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3. RESULTS AND DISCUSSIONS

The electromagnetic solver, Ansoft High Frequency Structure
Simulator (HFSS) software Version-13.0 based on Finite
Element Method (FEM) is used to numerically investigate and
optimize the reference and proposed antenna configuration.

3.1 Return loss (S11) and Bandwidth

In Fig. 3, the continuous line shows that when C-shaped slot
is etched off from ground plane, the proposed antenna not
only resonates in C-band but also excite one more band which
resonates in X-band. For C-shaped DGS antenna, the
simulated resonating frequency of first band (f,) is 7.4174
GHz which lies in C-band, while the resonating frequency of
second band (f;,) is 9.2893 GHz which lies in X-band. A very
good return loss of -30.79 dB and -40.75 dB are obtained for
first and second resonating frequency respectively. In case of
C-shaped DGS antenna, the simulated impedance bandwidths
across first and second bands are 914 MHz (7.9903 - 7.0764
GHz) and 1.1828 GHz (9.9289 - 8.7461 GHz) respectively.
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Fig 3: Simulated Sy; v/s frequency plot for CRMPA and C-
Shaped DGS antennas

Vividly, in case of CRMPA i.e. antenna structure without
slotting in ground, the antenna only resonates in the C-band at
fundamental resonant frequency (f;) of 7.53 GHz shown by
dotted line in Fig. 3. The bandwidth of the CRMPA at
operating band with same dimensions as mentioned in Table 1
is 89 MHz (7.5792-7.4902 GHz) and also results in poor
return losses (S;;) of -11.78 dB.

Thus it has been concluded that the Bandwidth of C-Shaped
DGS antenna is increased by 825 MHz and 1.0938 GHz
respectively at two different bands than the bandwidth of the
CRMPA. Also return losses are improved at large extent for
both of bands.

3.2 VSWR

In Fig. 4, the continuous line shows VSWR plot of the
proposed C-shaped DGS antenna. For C-shaped DGS
antenna, the simulated value of VSWR is 1.05 at first
resonating frequency (f;) of 7.4174 GHz, while at second
resonating frequency (f;,) of 9.2893 GHz, the VSWR is 1.01.
At both resonating frequencies, the value of VSWR is
approximately equal to 1 due to which proposed antenna
results in perfect impedance matching.
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Fig 4: Simulated VSWR v/s frequency plot for CRMPA
and C-Shaped DGS antennas

While in case of CRMPA, the simulated value of VSWR is
1.69 at resonating frequency (f;) of 7.53 GHz as shown by
dotted line in Fig. 4. As the value of VSWR is more than 1.5
which results in poor impedance matching.

3.3 Impedance (Z11)

For an efficient transfer of energy, the impedance of the
antenna and of feed line connecting them must be the same.
Transceivers and their transmission lines are typically
designed for impedance of 50 Q. In Fig. 5, continuous line
shows that the simulated impedance (Z;) of C-shaped DGS
antenna at the center frequencies 7.41 GHz and 9.92 GHz are
52.75 Q and 50.52 Q respectively; these are very close to the
expected 50 Q. While in case of CRMPA, the simulated
impedance is 82.04 Q at resonating frequency 7.53 GHz as
shown by dotted line in Fig. 5 which further affects the return
loss due to its poor impedance matching.
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Fig 5: Simulated Z;, v/s frequency plot for CRMPA and
C-Shaped DGS antennas

3.4 Peak Gain

In Fig. 6, the continuous line shows the peak gain of the
proposed C-shaped DGS antenna for dual operating bands.
For proposed antenna, the simulated peak gains across dual
operating bands are about 7.11 dB and 6.15 dB respectively.
In case of CRMPA, the simulated peak gain of MPA is 8.2 dB
as shown by dotted line in Fig. 6. Although the proposed
antenna gives peak gain less than MPA but the achieved peak
gains are more than 5 dB across dual bands which satisfy the
condition of microstrip antenna.
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Fig 6: Simulated peak gain v/s frequency plot for CRMPA
and C-shaped DGS antennas

3.5 Radiation Pattern

Fig. 7 present the simulated radiation patterns of CRMPA for
E, (at ¢ = 90%) and Eo (at © = 90%) when operating at 7.5331
GHz. In Fig.7, continuous trace shows the plot for Ep (at 6 =
90°% whereas dotted trace shows the plot for E, (at ¢ = 909).
Fig. 8 and 9 show the simulated radiation patterns of proposed
C-shape DGS antenna for E, (at ¢ = 90°) and E¢ (at 6 = 90°)
when operating at 7.41 and 9.28 GHz respectively for C and
X-bands applications. In Fig. 8 and 9, continuous trace shows
the plot for Eg (at 6 = 90°) whereas dotted trace shows the
plot for Eq (at ¢ = 90°).

Curve Info
~— dB(rEPNi}at Theta = 90 deg

+eees GB(EThets) at Phi =90 deg

Fig 7: Simulated radiation pattern for CRMPA at 7.53
GHz for Eq4 (at ¢ = 90°) and E¢ (at 6 = 90°)
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Fig 8: Simulated radiation pattern for C-shaped DGS
antenna at 7.41 GHz for E, (at ¢ = 90°) and E¢ (at 6 = 90°)
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Fig 9: Simulated radiation pattern for C-shaped DGS
antenna at 9.28 GHz for E, (at ¢ = 90°) and E¢ (at 6 = 90°)

Table 2 summarizes the obtained simulation features of the
designed antennas.

Table 2. Comparison of simulated results of both antennas

Dual Band
Sr. Parameters CRMPA | C-shaped
No. DGS
Antenna
1. | Resonating  Frequency 7.53 fi=741
(GHz) f,=9.28
2. | Bandwidth (MHz) 89 914 atf,,
1182 at f,,
3. Return Loss (dB) -11.78 -30.79 at f,;
-40.75at f,,
4. | VSWR 1.69 1.05 at f;
1.01 at f»
5. Impedance (Q) 82.04 52.75 at f,,
50.52 at f;,
6. Peak Gain (dB) 8.2 711atf,
6.15at f,,
7. | Size Reduction of ground _ 23%

4. CONCLUSION

A novel antenna design working in dual band i.e. C-band and
X-band has been successfully implemented in this Paper. The
bandwidth of the CRMPA with same dimensions as
mentioned in Table 1 at resonant frequency (f;) of 7.53 GHz is
89 MHz and also gives poor return losses (Sy;) of -11.78 dB.
While C-shaped DGS antenna gives bandwidth of 914 MHz
and 1.1828 GHz at first and second band respectively with
return losses of -30.79 dB and -40.75 dB respectively. Thus
the bandwidth with C-shaped DGS antenna is increased by
825 MHz and 1.0938 GHz for first and second band
respectively than CRMPA. Also C-shaped DGS in the ground
plane found to give a size reduction of about 23%. The
proposed antenna design is useful for satellite
communications, RADAR and by some Wi-Fi devices.
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