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A Compact Rectangular Microstrip Patch
Antenna Loaded with Stubs and Defected Partial
Ground Structure for UWB Systems
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Abstract: This paper presents the prototype and simulations of a
compact rectangular microstrip patch antenna for ultra-wideband
applications. The proposed antenna is printed on FR4 (Flame
Retardant) substrate with relative permittivity of 4.4, dielectric loss
tangent of 0.0024 and the dimensions of 57 x 25 x 1.57 mm?®. The
radiating patch of the antenna is loaded with two rectangular
stubs along its upper and lower edges and an equilateral
triangular notch is truncated from the reduced ground plane to
achieve optimum results in terms of bandwidth and reflection
coefficient. It is fed along the centerline of symmerry by 502
microstrip feed line. The simulated return loss ( S44 )
characteristics show that the proposed antenna has a capability of
covering the wireless bands from 0.17GHz to 7.25GHz with
impedance bandwidth of 7.08GHz and exhibits a peak gain of 5dB
at 7.25GHz which is acceptable for UWB systems.

Index Terms: UWB patch antenna, DGS (Defected ground
structure), VSWR (Voltage Standing Wave Ratio), Smith Chart,
Radiation Pattern, CST MWS’14.

I. INTRODUCTION

In the recent years, the development of UWB technology
has played a very crucial role in wireless communication
systems to meet the ever-increasing demands of large
bandwidth and high data transmission rate with low power
consumption and little interference for short distance wireless
communications amongst the users [1]. The UWB signal
employs the bandwidth greater than 20% of the center
frequency or at least 500MHz. The UWB radio system covers
the frequency band from 3.1GHz to 10.6GHz which is based
on the concept of transmitting and receiving data by
employing narrow pulses of very short duration (order of few
nanoseconds or less) at extremely low power that spread out
over wide bandwidth [2]. UWB antennas have gained
considerable acceptance in various fields of wireless
communications such as GPS, fast peer-to-peer
communication for short distances (10m), satellite and missile
applications, weather forecast, medical sensing, radar and
sensing applications, home electronics and many more [3].

This equipment working on UWB require small sized
antennas for the apparatus to be handy. Microstrip patch
antenna supports all the properties of being small and
compact in size and hence can be utilized in this equipment.
Covering an UWB with these microstrip patch antenna is a
challenge as they suffer from the problem of low bandwidth of
5% due to excitation losses of surface wave radiation [4].
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Many techniques have been introduced in past few years to
overcome this problem such as increase substrate thickness
[5], staircase geometry [6], slotted antenna geometry [7],
probe-feeding technique [8], DGS technique [9], stacked
patch antenna [10], tuning stub [11] etc.

Generally, conventional slotted patch antennas can be used
to achieve multiband and dual band behaviour but fails to
cover an ultra-wideband range. The size and shape of the
radiator are major elements that must be considered while
designing an UWB antenna. In order to achieve an UWB
range, the slots and notches should be engraved from the
radiating patch in such a manner that maximum current
distribution remains along the edges of the radiator [12]. One
of most appropriate method to achieve an ultra-wideband and
miniaturization characteristic is by employing different
defective ground structure geometries such as dumbbell shape
DGS [13], U-shaped DGS [14], circular dumbbell shape DGS
[15], Cross shaped DGS [16] etc.

In this paper, a compact UWB patch antenna loaded with
stubs and a reduced ground plane with DGS is proposed for
early detection of breast cancer using mono-static radar based
active microwave imaging technique. It covers the wireless
bands from 0.17GHz to 7.25GHz with impedance bandwidth
of 7.08GHz which is acceptable for UWB operation
(3.1-7.25GHz), GSM (Global System for Mobile
Communications) (800-900MHz, 1800-1900MHz), WLAN
(Wireless Local Area Networks) applications (2.4-2.485GHz,
5.15-5.535GHz, 5.725-5.825GHz), Bluetooth
(2.4-2.483GHz), Microwave ovens (2450MHz), Zig-Bee
(2.4-2.485GHz), WiMAX (Worldwide Interoperability for
Microwave Access) (3.4-3.69GHz), IMT (International
Mobile Telecommunications) band (3.4-3.6GHz), INSAT
(Indian National Satellite System) (4.5-4.8 GHz), Radio
Astronomy Band (5.01-5.03GHz) and STM (Synchronous
Transport Module) band applications (6-6.17GHz). All the
designing and simulations are implemented in CST MWS’14.

Il. ANTENNA DESIGN AND SPECIFICATIONS

In order to design an UWB microwave antenna, compact
rectangular antenna geometry loaded with stubs and a reduced
ground plane with DGS is proposed. Fig. 1(a) shows the top
view of the proposed antenna which consists of a rectangular
radiating patch joined with two rectangular stubs, one along
its lower edge with length (d) and width (c) of 5mm and 8mm
respectively and other along its upper edge with length (a) and
width (b) of 5mm and 6mm respectively, to achieve an
optimum UWB operation.
The proposed antenna is
fabricated on FR4 substrate
with relative permittivity (g,)
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of 4.4, dielectric loss tangent value of 0.0024 and dimensions
of 57 x 25 x 1.57 mm°. The dimensions of the rectangular
radiating patch are optimized and the desired results are
obtained for length (Lp) and width (Wp) of 25mm and
17.8mm respectively. The patch antenna is excited along its
centerline of symmetry through microstrip feed line with
characteristic impedance of 50 1. Initially, the length of the
feed line is varied and best antenna performance in terms of
impedance bandwidth is obtained for length and width (f) of
1mm and 3.4mm respectively.
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Fig. 1. Proposed antenna (a) Top view with rectangular
radiating patch loaded with stubs (b) Bottom view with
reduced DGS
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Fig. 2. Snapshot of the fabricated antenna (a) Top view with
rectangular radiating patch with the SMA connector
(extended with a lossless cable) (b) Bottom view with reduced
DGS

Fig. 1(b) shows a reduced ground plane with length (Lg)
and width (Wg) of 22mm and 25mm respectively with an
equilateral triangular notch engraved along its lower edge for
shifting the frequency band towards left and to improve return
loss (S;4) characteristics. For dominant mode TE,,, the side
of equilateral triangular notch (s) is calculated using the
following expression [17]:
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where ¢, f, and &, are speed of light, resonant frequency and
dielectric constant respectively. By evaluating ¢ = 3x10%m/s,
f.=5.1GHz and £,=4.4 in Eq. (1), the side of equilateral notch
comes out to be 18mm. The dimensions of patch, dielectric
substrate and the ground plane are calculated using
transmission line model equations. Fig. 2(a) and 2(b) shows
the top view and bottom view of the fabricated microstrip-fed
antenna respectively soldered with a SMA (Sub Miniature
Version A connector). The detailed dimensions of the various
antenna parameters are summarized in Table 1.

Table 1. Optimized Design Parameters of the proposed
antenna

Parameter Description Value

Lg Length of substrate 57mm

Wq Width of substrate 25mm

Lp Length of rectangular ~ 25mm
patch

Wp Width of rectangular 17.8mm
patch

Lg Length of ground 22mm

Wg Width of ground 25mm

f Width of feed line 3.4mm

a Length of upper stub 5mm

b Width of upper stub 6mm

c Width of lower stub 8mm

d Length of lower stub 5mm

S Side of equilateral 18mm

triangular notch
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Il. SIMULATION RESULTS AND DISCUSSIONS

To analyze the capabilities of the proposed antenna, it is
designed and simulated in CST MWS’ 14 software package
which provides fast and accurate analysis of high frequency
equipments. The antenna performance parameters such return
loss and gain are investigated in this section.

A. Return Loss and Impedance Bandwidth

Fig. 3 shows the simulated S,,(dB) parameter plot of the
proposed antenna which varies as the function of frequency.
The return loss is measured below -10dB and impedance
bandwidth is the frequency range for which the antenna
sustains the given return loss characteristics [18]. The
proposed antenna covers an operational band from 0.17GHz
to 7.25GHz with impedance bandwidth of 7.08GHz. This
helps to make the antenna appropriate for UWB operation
(3.1-7.25GHz), GSM mobile phones (800-900MHz,
1800-1900MHz), WLAN applications (2.4-2.485GHz,
5.15-5.535 GHz, 5.725-5.825GHz), Bluetooth (2.4-2.483
GHz), Microwave ovens  (2450MHz),  Zig-Bee
(2.4-2.485GHz), WIMAX (3.4-3.69GHz), IMT band
(3.4-3.6GHz), INSAT (4.5-4.8 GHz), Radio Astronomy Band
(5.01-5.03GHz) and STM
band applications
(6-6.17GHz). The peak
return loss of -29.74dB is
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shown at 1.5GHz resonant frequency which depicts that the
proposed antenna provides good impedance matching
performance with least power loss.
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Fig. 3. Simulated Return Loss (S;4) versus frequency plot of
the proposed antenna

B. Gain

Fig. 4 shows gain plot of the proposed antenna for the
specified operational frequency range. High gain antennas are
preferred for long distance applications [19]. It is observed
that the gain is greater than 3dB for the frequency range from
4.15GHz to 6.3GHz and from 6.4GHz to 7.25GHz which
acceptable for practical applications. A peak gain of 5dB is
achieved at 7.25GHz frequency. Figure 5(a) show the 3D
view peak gain of the proposed antenna at 7.25GHz
frequency. Fig. 5(b) and 5(c) illustrates the polar gain
characteristics plots of the proposed antenna at 7.25GHz
frequency. The elevation plane pattern of proposed antenna
has a major lobe directed at an angle of -94 degrees with half
power beam width of 74.2degrees. The azimuth plane pattern
of proposed antenna has a major lobe which is directed at an
angle of 47 degrees with magnitude of 3.34dB and angular
beam width of 47.5degrees.

Gan
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Fig. 4. Simulated gain versus frequency plot of the proposed
antenna
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Fig. 5. Proposed antenna (a) 3D plot of peak gain at 7.25GHz

frequency (b) Polar gain plot for Elevation plane at 7.25GHz

frequency (c) Polar gain plot for Azimuth plane at 7.25GHz
frequency

C. Smith Chart

The smith chart plot of the proposed UWB antenna is
shown in Fig. 6. Smith chart is defined as the polar plot of
complex reflection coefficient with respect to frequency. The
locus of the smith chart should intersect its center for perfect
impedance matching of antenna [20]. The proposed antenna
gives impedance of 50 ohms which is acceptable for practical
applications. The markers 1 and 2 in Fig.6 represent the
bandwidth of 7.08 GHz in frequency range of 0.17GHz to
7.25GHz. Hence the antenna is perfectly matched.

S-Parameter [Impedance View]
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Fig. 6. Smith Chart of proposed antenna

D. VSWR (Voltage Standing Wave Ratio)

Fig. 7 shows the graph of VSWR versus frequency of
proposed antenna. VSWR is the function of return loss and
describes how well the antenna is matched to transmission
line to which it is connected. The value of VSWR should be
less than 2 for UWB operation [20]. The graph in fig.6 shows
that the value of VSWR ranges from 1 to 2 throughout the
impedance bandwidth (0.17GHz-7.25GHz). Hence less
power is reflected back from antenna.
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Fig. 7. VSWR of proposed antenna
E. Surface Current

As shown in Fig. 8(a-f), the proposed antenna is energized
with 1W power at the feed point to observe the surface current
distribution on the rectangular radiating patch and the reduced
ground with DGS at 1.5GHz, 5.07GHz and 6.9GHz resonant
frequencies. Fig. 8(a) show that more magnitude of current is
distributed along the lower boundaries of the lower stub of the
rectangular patch joined to the feed line at 1.5GHz frequency.
Fig. 8(b) shows that highest magnitude of the current
(157A/m) is present in the region just behind the feed line in
the reduced ground which excites resonance at 1.5GHz
frequency. Fig. 8(c) show that maximum current (69.6A/m) is
flowing along the lower boundaries of the lower stub of the
rectangular patch attached to the feed line which excites
resonant frequency of 5.07GHz. Fig. 8(d) the show that more
magnitude of current is in the region just behind the feed line
in the ground at 5.07GHz frequency. Fig. 8(e) shows that the
highest current (59.6 A/m) is flowing along the boundaries of
the lower stub which is attached to the feed line which excites
resonant frequency of 6.9GHz. Fig. 8(f) shows that more
current is flowing in the region just behind the feed line in the
reduced ground plane at a resonant frequency of 6.9GHz.

surface current (F=1.5) [1] (peak)
30 Masimum [Afm): 156.7 (€]
Frequency: 1.5

surface current (f=1.5) [1] (peak) )
3D Maxirum [Afm]: 156.7
Frequency: 15

Phase: 66 Phase: 66
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Fig. 8. Surface current distributions on the radiating patch and
reduced ground plane at resonant frequencies of (a-b) 1.5GHz
(c-d) 5.07GHz (e-f) 6.9GHz

This is further illustrated by parametric variations carried
out to optimize the proposed antenna in the next section.

IV. EFFECT OF PARAMETRIC VARIATIONS ON
RETURN LOSS (Sy,)

The major aim of the proposed antenna design is to
achieve miniaturization and ultra-wideband characteristics. In
this section, various design parameters such as ground plane,
stubs and feedline influencing the antenna characteristics are
investigated and optimized in order to improve antenna
performance for return loss and to achieve UWB.

A. Effect of Reduced Ground with DGS

Fig. 9(a-b) illustrates the design procedure of a reduced
ground plane with DGS and its parametric dimensions are
summarized in Table 1. Fig. 10 shows the comparison plots of
simulated return loss (S;;) values versus frequency for
different ground geometries while keeping other design
parameters constant. The reduced ground with length 22mm
as shown in Fig. 9(b) covers a large operational band from
0.47GHz to 7.27GHz with bandwidth of 6.8GHz as compared
to ground plane with length of 57mm as shown in Fig. 9(a)
which covers the frequency range from 14.03GHz to
14.38GHz. For improving the impedance matching
performance of the proposed antenna, an equilateral
triangular notch is etched
from the reduced ground
plane as shown in Fig. 9(c).
It improves the peak return
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loss from -23.52dB to -29.74dB and covers an ultra-wideband
from 0.17GHz to 7.25GHz with bandwidth of 7.08GHz. It
can be concluded that the proposed antenna with DGS offers
wider bandwidth and good impedance matching performance
as compared to without DGS.

Fig. 9. Proposed antenna design (a) Full ground plane with
length 57mm (b) Reduced ground with length 22mm (c)
Reduced ground with length 22mm and an equilateral
triangular notch of side 18mm

Comparison of S1348)

 parametes mageitude n 9B

Fig. 10. Comparisons of Simulated Return Loss (S,;) curve
against frequency for different ground geometries

B. Effect of Varying the Feed Length

Fig. 11 shows the design procedure for different length of
the feed line while keeping other design parameters constant.
Fig. 12 shows the comparison plots of S, (dB) parameter
versus frequency for different lengths of feed line which is
varied from 21mm to 1mm. The return loss is measured at
-10dB which shows that the feed lengths of 21mm and 16mm
are not appropriate for the proposed antenna. The major aim
of the proposed antenna is to achieve UWB characteristics.
The feed line with lengths of 11mm and 6mm offers dual band
and multiband behaviour respectively. The feed line with
length of 1mm provides best optimized results and covers a
wide frequency range from 0.17GHz to 7.25GHz with
bandwidth of 7.08GHz and provides three resonant peaks of
-29.74dB, -19.6dB and -14.04dB at frequencies of 1.5GHz,
5.07GHz and 6.9GHz respectively.

Saaaiss et Ll Y
@ ®) © @ ©

Fig. 11. Proposed antenna designs with feed length of (a)
21mm (b) 16mm (c) 11mm (d) 6mm (e) 1mm
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Fig. 12. Comparisons of Simulated Return Loss (S,4) curves
against frequency by varying the feed length

C. Effect of Stubs to the Patch shape

Fig. 13(a-c) illustrate the different geometries of radiating
patch with addition of stubs and its parametric dimensions are
listed in Table 1. Fig.14 show the comparison of the simulated
return loss curves against frequency for different patch
geometries. Fig. 13(a) shows a rectangular radiating patch
which exhibits dual band behaviour. To achieve an UWB
behaviour, a rectangular stub is added to the lower end of the
radiating patch which offers the bandwidth of 6.08GHz. For
improving the impedance matching performance and
bandwidth of the proposed antenna, one more rectangular
stub is joined to the radiating patch at its upper end as shown
in Fig. 13 (c). It covers the wide frequency range from
0.17GHz to 7.25GHz with bandwidth of 7.08GHz which
makes the antenna appropriate for large number of wireless
applications.

@) (®) «©)

Fig. 13. Proposed antenna design for (a) Simple rectangular
patch (b) Rectangular patch joined with a stub (c) Rectangular
patch joined with two stubs
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Fig.14. Comparisons of Simulated Return Loss (S;;) curves
against frequency for different patch geometries

V. CONCLUSION

A compact microstrip
patch antenna loaded with
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stubs and a reduced ground with DGS has been successfully
prototyped and simulated in this article. The dimensions of
the ground plane, stubs and feed line are optimized to achieve
an optimum UWB operation. The simulated results show that
the proposed antenna efficiently radiates from 0.17GHz to
7.25GHz with the fractional bandwidth of 0.8 and peak gain
of 5dB at 7.25GHz frequency. It covers the wireless
applications such as GSM mobile phones (800-900MHz,
1800-1900MHz), WLAN applications (2.4-2.485GHz,
5.15-5.535GHz, 5.725-5.825GHz), Bluetooth (2.4-2.483
GHz), Microwave  oven (2450MHz), Zig-Bee
(2.4-2.485GHz), WIiMAX (3.4-3.69GHz), IMT band
(3.4-3.6GHz), INSAT (4.5-4.8GHz), Radio Astronomy Band
(5.01-5.03GHz), STM band applications (6-6.17GHz). In
future, the measured results can be obtained to verify the
proposed antenna design for practical applications.
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