Microstrip Feed Slotted Ground Antenna
with Parasitic Element for UWB
Applications

Girish Awadhwal and Ali Bostani

Abstract A novel method to develop an Ultra-Wide Band (UWB) antenna is
proposed in which a defected ground structure technique is employed. The pro-
posed design is excited via a microstrip feed line which is optimized for the best
impedance matching performance. The slotted ground is to enhance the UWB
performance. The design parameters of the antenna have been optimized using high
frequency finite element-based simulation software for the best gain, bandwidth and
efficiency performance. The final design successfully meets the requirements of the
UWB and even exceeds them, having a bandwidth of 2.55 to 10.85 GHz. The
design parameters and the simulation results are reported in this paper and include
the radiation pattern at different frequencies within the operating band.

1 Introduction

Higher data transmission rates and expanding high speed communication involving
a lot of multimedia data transfer require the trajectory of technological advancement
to take a detour along the path of bandwidth enhancement. The large amount of
attention that has been devoted to the design and expansion of ultra-wide band
(UWB) antennas was a response from scientists in the fields of RF and microwave
studies to this demand from the market. These days, UWB antennas have several
applications in radar communication such as RF identification devices, high-tech
sensor networks, positioning and tracking systems, and in many other wireless
communication fields.
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To meet the needs of modern compact portable devices, the best choice for the
design of UWB antennas would be a low profile and lightweight option such as
printed antennas. This is the reason that we see all kinds of microstrip designs of
UWRB antenna reported in publications [1-3]. In 2002, the federal communication
commission (FCC) allocated a frequency band from 3.1 to 10.6 GHz for com-
mercial applications of UWB [1]. Since then, several designs for UWB antennas
[4-6] have been proposed using several different shapes such as square [1], circular
[7], pentagonal [2], hexagonal [4], elliptical [5], ring [6] and trapezoidal [8]. There
are also various configurations and design techniques, which includes monopoles
[1, 2, 5], dipoles and slot antennas [4] and various feeding techniques such as
micro-strip [1, 5-7], co-planar-waveguide (CPW) [7]. Lin and Wong [4] and
Morioka et al. [8] also used coaxial [9] all those mentioned were successfully
employed in UWB applications.

Amongst all the mentioned designs and techniques, printed monopole antennas
have received much more attention due to their wideband characteristic,
Omni-directional radiation patterns, high radiation efficiency, and compact size [8,
10]. Recent technological advances in the size reduction of electronic circuits have
changed wireless communications and sensor network design specifications. In
particular, they have exposed the need for electrically small antennas that are
efficient and have significant bandwidths. The standard electrically small antenna
designs are known to be inefficient due to their large reactance and low resistance,
which leads to the poor match to a given source. However, to compensate the
impedance mismatch and additional bandwidth, researchers have already intro-
duced the concept of defected ground structure (DGS), defected micro-strip
structure (DMS) and other types of defect either in the feed line or in the body of
the antenna itself.

On the other hand, the finite element method has been successfully employed to
analyze and optimize the design of UWB antennas because of its accuracy and
ability to handle the unconventional geometries [11, 12].

In this paper, a defected ground antenna is proposed which is designed based on
the DGS concept and optimized for the best performance in terms of impedance
matching within the UWB band and the radiation pattern and the gain using high
frequency full wave finite element simulation software.

Details of the design concept of the antenna and simulation results are described
in Sects. 2 and 3 respectively, as discussed in this section, and the conclusions are
described in Sect. 4.

2 Antenna Design

Figure 1 shows the configuration of the proposed wideband antenna which consists
of a slotted ground feed by micro-strip line. The proposed antenna, which has
compact dimensions of 28 x 32 mm? is constructed on an FR4 substrate with a
thickness of 1.6 mm and relative dielectric constant of 4.4. The width of the
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Fig. 1 Top view of the proposed microstrip feed slotted ground antenna

micro-strip feed line is fixed at 2 mm and has a length of 14 mm. The downside of
ground slot has an upper side length D =5 mm and a lower side length of
Lp = 4 mm. The direction of the Z axis is out of the plane. To achieve the maxi-
mum impedance bandwidth all the proposed antenna design parameters are opti-
mized by HFSS software. The optimal dimensions of the designed antenna are as
follows: W=32mm, L=28mm, Lp=4 mm, Wp=235mm, R=3875mm,
D =5mm, Wf=2mm, Lf=14 mm, Ws=2425mm, Ls=12.8 mm,
Wpl = .875 mm, Lpl = 19 mm, Wp2 =4.5 mm, Lp2 = 12.5 mm, W3 =6 mm,
L3 = 14.5 mm.

The antenna was modeled on a 3D cad and was simulated using high frequency
full wave finite element based simulation software. The tetrahedral elements were
chosen to make sure that there are no singularities within the entire geometry and
the mesh is fine enough to ensure the accuracy of the obtained results. Several
passes of the finite element solver confirmed that the designed antenna satisfies all
the requirements in the UWB frequency band and show that the impedance
matching bandwidth of the antenna can cover a range of 2.58 to 10.74 GHz.

3 Results and Discussions

A parametric study of the proposed antenna was carried out in order to achieve UWB
operation. The slots on the ground plane are optimized to make sure that the antenna
meets the UWB requirement. To reduce the complexity of the design, some antenna
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Fig. 2 Bottom view of the
proposed microstrip feed
slotted ground antenna

parameters were selected to be fixed as shown in Fig. 1. In this section the effects of
the parameters Wf, Lf, Ws, Wpl, Lpl, Wp2, Lp2, W3, L3 on the antenna’s perfor-
mance are reported in detail (Fig. 2).

3.1 Parametric Study of the Effects of Variation of the Feed
Line Width (Wf)

Figure 3 illustrates the return loss (S;;) plot of the UWB antenna for different
values of WT. It can be seen that the resonant frequencies and operating bandwidth
depend on this parameter. The optimized value of W¢ was found to be 2.2 mm.

3.2 Parametric Study of the Effects of Variation of the Feed
Line Length (Lf)

Figure 4 illustrates the return loss (S;;) plot of the UWB antenna for different
values of feed line length Lf. It can be seen that the upper cutoff frequency and
operating bandwidth depend on this parameter. The optimized value of Wf was
found to be 14 mm.
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Fig. 3 Simulated return loss against frequency for the proposed antenna with varying feed line
width Wy; other parameters are same as in Fig. 2
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Fig. 4 Simulated return loss against frequency for the proposed antenna with varying feed line
length Lf; other parameters are same as in Fig. 2

3.3 Parametric Study of the Effects of Variation
of the Ground Slot Parameter Ws

Figure 5 illustrates the return loss (S;;) plot of the UWB antenna for different
values of slot parameter Ws. It can be seen that the upper cutoff frequency,
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Fig. 5 Simulated return loss against frequency for the proposed antenna with varying ground slot

parameter Ws; other parameters are same as in Fig. 1

resonance frequency and operating bandwidth depend on this parameter. The
optimized value of Ws was found to be 24.25 mm.

3.4 Parametric Study of the Effects of Variation
of the Ground Slot Parameter Wp;

Figure 6 illustrates the return loss (S;;) plot of the UWB antenna for different
values of parameter Wpl. It can be seen that the resonance frequency, upper cutoff
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Fig. 6 Simulated return loss against frequency for the proposed antenna with varying ground slot

parameter Wpl; other parameters are same as in Fig. 1
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Frequency and operating bandwidth depend on this parameter. The optimized value
of Wpl was found to be 0.875 mm.

3.5 Parametric Study of the Effects of Variation
of the Ground Slot Parameter Lpl

Figure 7 illustrates the return loss (S;;) plot of the UWB antenna for different
values of parameter Lp1. It can be seen that the upper cutoff frequency depends on
this parameter. The optimized value of parameter Lpl was found to be 19 mm.

3.6 Parametric Study of the Effects of Variation
of the Ground Slot Parameter Wp2

Figure 8 illustrates the return loss (S;;) plot of the UWB antenna for different
values of parameter Wp2. It can be seen that the resonance frequency depends on
this parameter. The optimized value of parameter Wp2 was found to be 4.5 mm.

3.7 Parametric Study of the Effects of Variation
of the Ground Slot Parameter Lp2

Figure 9 illustrates the return loss (S;;) plot of the UWB antenna for different
values of parameter Lp2. It can be seen that the resonant frequency depends on this
parameter. The optimized value of parameter Lp2 was found to be 6.25 mm.
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Fig. 7 Simulated return loss against frequency for the proposed antenna with varying slot
parameter Lpl; other parameters are same as in Fig. 1
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Fig. 8 Simulated return loss against frequency for the proposed antenna with varying ground slot

parameter Wp2; other parameters are same as in Fig. 1
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3.8 Parametric Study of the Effects of Variation
of the Parasitic Element Parameter W3

Figure 10 illustrates the return loss (S;;) plot of the UWB antenna for different
values of parameter W3. It can be observed that the lower cutoff frequency, upper
cutoff frequency and resonant frequency depend on this parameter. The optimized
value of parameter W5 was found to be 6 mm.

3.9 Parametric Study of the Effects of Variation
of the Parasitic Element Parameter L;

Figure 11 illustrates the return loss (S;;) plot of the UWB antenna for different
values of parameter L;. It can be seen that the resonance frequency depends on this
parameter. The optimized value of parameter W3 was found to be 14.5 mm.

3.10 The Optimized Structure

Figure 12 illustrates the return loss plot of the simulated optimized structure of the
micro-strip feed slotted ground antenna which covers the UWB. Figure 13 illus-
trates the VSWR (1) plot of the simulated optimized structure of the micro-strip
feed slotted ground antenna, which is less than 2 above the UWB.
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Fig. 10 Simulated return loss against frequency for the proposed antenna with varying parameter
W3; other parameters are same as in Fig. 1
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Fig. 11 Simulated return loss against frequency for the proposed antenna with varying parameter
W3; other parameters are same as in Fig. 1

0.00
-5.00 |
-10.00

-15.00

dB(S(1,1))

-20.00

-25.00

-30.00 ; ; ; ; ; ; ; ;
200 300 400 500 600 7.00 800 9.00 10.00 11.00

Freq [GHz]

Fig. 12 Simulated return loss against frequency for the proposed optimized micro-strip feed
slotted ground antenna

The radiation characteristics were also investigated. Figures 13, 14, 15, 16, 17,
18, 19 present the far field 10 dB normalized radiation patterns of the E plane and
the H plane for the designed antenna at 2.7, 3.5, 4.31, 5.57, 6.55, 7.25, 9.7 and
10.54 GHz. The radiation pattern is directive for both E_plane and H_plane withing
the whole frequency band. (Figs 20, 21, 22, 23).
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Fig. 13 Simulated VSWR against frequency for the proposed optimized micro-strip feed slotted
ground antenna

Fig. 14 Radiation pattern for
2.7 GHz. Solid line shows E
Plane (¢ = 0°), Long dash
shows H Plane (¢ = 90°)

Fig. 15 Radiation pattern for
3.4 GHz. Solid line shows E
Plane (¢ = 0°), Long dash
shows H Plane (¢ = 90°)
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Fig. 16 Radiation pattern for
4.31 GHz. Solid line shows E
Plane (¢ = 0°), Long dash
show H Plane (¢ = 90°)

Fig. 17 Radiation pattern for
5.57 GHz. Solid line show E
Plane (¢ = 0°), Long dash
shows H Plane (¢ = 90°)

Fig. 18 a Radiation pattern for 6.55 GHz. Solid line shows E Plane (¢ = 0°), Long dash shows H
Plane (¢ = 90°). b Radiation pattern for 7.25 GHz. Solid line shows E Plane (¢ = 0°), Long dash
shows H Plane (¢ = 90°)
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Fig. 19 a Radiation pattern for 9.7 GHz. Solid line shows E Plane (¢ = 0°), Long dash shows H
Plane (¢ = 90°). b Radiation pattern for 10.54 GHz. Solid line shows E Plane (¢ = 0°), Long dash
shows H Plane (¢ = 90°)
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Fig. 21 a 5.1 GHz. b 6.06 GHz

Figure 30 shows the current density at different frequencies on the micro-strip
feed line, parasitic element and slotted ground. At 3.3 GHz and10.4 GHz the
current density is concentrated on the slotted ground, parasitic element and feed line
but for the remaining frequency current density is high on the feed-line and slotted
ground compared to the parasitic element (Figs. 24, 25, 26, 27, 28, 29, 30).
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Fig. 22 a7 GHz. b 8 GHz

Figures 24, 25, 26, 27, 28, 29, 30 show the total gain for different frequencies. At
frequency 3.05 GHz, the total gain is maximum for 6 = 180°. At frequency 7, 4.1
and 10.4 GHz the total gain is maximum for 6 = 0° and 6 = 180°. At frequency
5.5 GHz total gain is maximum for all values of 0.
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Fig. 23 a 9 GHz. b 10.4 GHz
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Fig. 26 Gain Total in dB for
at 5.5 GHz

Fig. 27 Gain Total in dB at
7 GHz

dB(GainTotal)

2.

1.
=-3.
-1.
-3,
-4,
-5.
-7,
=-8.
=9,
-1,
-1.
-1.
-1,
=-1.
-1,
-1.

4830e+000
B256e+080
5184e-0@81
7293e+000
16867 e+000
4842e+000
8616e+080
2390 +060
6165e+000
9939e+000
1371e+881
2749e+B81
4126e+881
5504e+081
E8E81e+BB@1
8259e+001
9636e+001

dB{GainTotal)

4.
2.
1.
=5,
-2i
§ -3,
-5,
=¥
-9,
-1,
-1,
-1,
=1,
-1,
-1,
=2,
-2,

594%4e+000
3775e+000
1686e+000
5625e-801
2731e+000
99680 +000
7069 +000
4235e+000
1486e+000
B858e+001
2574%e+001
4291e+001
BBBEe+0@1
7725e+001
94Y42e+001
1159e+881
2876e+001

G. Awadhwal and A. Bostani




Microstrip Feed Slotted Ground Antenna with Parasitic Element ... 335
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Fig. 30 Gain Total in dB at
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4 Conclusion

A micro-strip feed slotted ground antenna was proposed and demonstrated in this
study. According to the simulation results, the UWB band can be obtained by
properly selecting the variable parameters of the antenna and optimizing the values.
The return loss is below —10 dB for the whole band and the radiation pattern was
monitored within the band and showed an acceptable omnidirectional pattern.
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