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Abstract

In this communication, a compact flower shaped printed antenna for ultra-wideband commu-
nication is proposed. The “flower-shaped” structure is capable of transmitting UWB-band sig-
nals. The designed antenna exhibits a return loss ranging from 2.3 to 11 GHz with an 8.7 GHz
central frequency and has 130% relative bandwidth. The suggested design includes a patch in
the shape of a flower with several slots fed by a microstrip line. Multiple slots have been
designed for better resonances at lower modes. The antenna is constructed with an FR4 sub-
strate, and a 50Q A-type connector feeds it. The optimum dimensions of the designed
antenna are 12 x 16 x 1.6 cubic-millimeters and 0.0924 x .12 x 0.012A in lambda. The pro-
posed structure also demonstrates stable radiation patterns across the operating bandwidth.
The proposed radiator has a high gain of 2.67 dBi, and an efficiency of 85%. It is compact,
lightweight, and easy to make. Therefore, it can be used for UWB applications.

Introduction

Microstrip antennas have become a necessity in today’s times, owing to their small size and
ease of manufacturing. Many different designs are made to increase the radiator electrical
path so that the signal strength of the antenna is good. This widespread usage has demanded
the development of suitable antennas to be used in the UWB systems. Various designs have
been presented for the ultra-wideband, such as curved slot, printed circular ring, triangular-
shaped, circular, rectangular, “U”, and “L” shaped and printed semi-circular slots [1-6].
The antenna called as a defective ground structure by making slots in the ground plane, reso-
nates with lower oscillations is reported [7]. Two resonant bands are obtained by trims slots in
the structure, rectangular patch, and attaching circles in the backplane [8, 9]. UWB spectrum is
reported by adding a corrugated structure and by adding a half-curved element slot in the radi-
ator [9, 10]. Small-fractal elements are added to the structure, and multiple slots are also intro-
duced to enhance the bandwidth [11, 12]. A unique method is used to the truncated backplane
with an extended patch for improved performance as reported [13]. Linear polarization pat-
tern has been achieved; by extending the circular patch with PGP (partial ground plane)
and cutting a rectangular element [14, 15]. UWB spectrum applications have been reported
due to; trimming semi-circular shape slots in the ground plane, making a modified patch
element with the defected backplane [16, 17]. Planar radiator with a unique shape like
“Dumbbell Shaped” planar antenna and a flexible radiator are reported [18, 19]. Increasing
the signal path by making a rectangular strip and slot in defective backplane for stable pattern
is reported [20]. Balanced radiation pattern has been achieved; by a modified patch with PGP
backplane and properly cutting a circular slots on the backplane in planar antenna [21, 22].
Higher frequencies were achieved by adding rectangular plates at the edges as reported [23].
High gain is achieved by designing Slotted circular fractal antenna [24]. Large impedance is
reported by cutting wide-slot cone from front-side antenna [25]. The lower band starts reson-
ating by making L-shape strip as reported [26]. The main objectives of the presented antenna are
useful for the ultra-wideband applications, which exhibits a return loss from 2.3 to 11 GHz with
an 8.7 GHz central frequency and has 130% impedance bandwidth. The peak gain is achieved at
9.8 GHz with a value of 2.67 dBi and the peak radiation efficiency is observed at 9.2 GHz with a
value of 0.851 or efficiency of 85%. Proposed design antenna configuration, four stages of devel-
opment, and their return loss (magnitude of S;,) of the “flower-shaped” antenna and variation in
radiation loss (S;;) of the antenna (A) “a” parameter, (B) “b” parameter, (C) “c” parameter with
various simulated and measured results are discussed in other sections.
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Fig. 1. The optimum dimension and configuration of the proposed “Flower-shaped”

Design principle and structure

Figure 1 shows the “flower-shaped” structure’s configuration with
labeled parameters. The optimum size of the designed structure is
12 mm x 16 mm X 1.6 mm. FR4 substrate is used to etch out structure
with a (4.3) dielectric constant, and (0.025) loss tangent. The FR4’s
upper layer is copper (annealed) with a conductivity of 5.8 x 107 S/
m. The relative bandwidth [27] of the designed structure is 130%,
with a central frequency of 8.7 GHz (2.3 to 11 GHz). The “flower-
shaped” structure’s length is represented by “” and width by “k”.
“c” is the thickness of the FR4. The design of the patch is a flower-
shaped structure developed from a simple circular patch antenna.

To develop a flower shaped structure, firstly, the circular shape ofa
simple patch antenna is converted to a flower frame by etching out a
circular shape from inside. “a” represents the diameter of the circular
shape. The properly etched out and reduced ground makes a partial
ground-plane (PGP) and is denoted by “dxg”. One rectangular slot
oflength “b” and width “g” is cut into it. This rectangular slot is prop-
erly adjusted on both sides of the rectangular elements of the ground
plane, which helps to match the impedance in the desired band. The
design is further developed by creating a flower shaped geometry
inside the frame. In addition, several circular slots with diameters of
“b” and “c” are etched inside the main patch. Then the slots with
the shape of a “d” were added in the center of the main patch, these
slots helped the structure to resonate at lower frequencies.

This flower shaped structure is fed by 50 Q microstrip line with
a width of “b” and length of “e”. All the other dimensions with
their optimum dimensions are shown in Fig. 1.

’ antenna.

Development of antenna

Figure 2(a) shows the 04-stage development of the designed radi-
ator. The “flower-shaped” antenna development was done by
using Computer Simulation Technology (CST) software.

Figure 2(b) shows the reflection coefficient (magnitude of S;;)
of the suggested antenna. Stage-01 shows a simple circular patch
with a fixed ground plane. A circular element with a diameter
of 11 mm is being fed through a “2mm x 2.59 mm” microstrip
line. The length of the backplane is 8 x 16 mm?, producing
dual-band resonances from 3.7 to 5.4 GHz and 8.2 to 8.6 GHz.
Stage 02 shows the revision of the front patch. This is done
by turning the circular patch into a flower frame of diameter
3 mm by cutting circular grooves from the inside of the upper
circular patch. Due to this, the triple band is resonating from
3.2 to 4.6 GHz, 5.7 to 82GHz and 9.5 to 11 GHz. Stage 03
shows modifications done in the ground plane. A plane is reduced
from 8 mm to 1 part. This helped reduce the lower and upper bands of
the operating frequency range from 2.6 to mm and a slot is cut out in
the partial ground patch, of width 2 mm and length 1 mm, at the lower
9.2 GHz.

Stage 04 is the proposed structure. The development is fina-
lized by making multiple slots in the main patch. Two circular
slots “b” and “c” are cut into the plane with diameter of 2 mm
and “1.5mm”. There is an additional cut out of 5mm in the
geometry. These slots are in the main patch and help extend
the lower and higher limits of the operating range to more than
8.7 GHz (2.3 to 11 GHz).
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Fig. 2. (a) Four stages of development, (b) The simu- STAGE-04 STAGE-03 Frequency (GHz)
lated return loss (magnitude of S;;) of the “flower-
shaped” antenna. (a) (b)
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Fig. 3. Simulated variation in radiation loss (S;;) of
the antenna (a) “a” parameter, (b) “b” parameter,
(c) “c” parameter.
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Parameter study of antenna

We have conducted a parametric study to optimize the para-
meters that could affect the (S;;) results during the design of
the radiator. We have discussed the 03-parameter variations and
optimized the design on this basis taking into account their effect
on the reflection coefficient (magnitude of S;;) results.

2 3 45 6 7 8 9 10 11
Frequency (GHz)

Fig. 4. (a) Testing setup in an anechoic chamber,
(b) (b) simulated and measured reflection coefficient (S;,).
Figure 3(a) shows the variation in the reflection coefficient
(S11) of the designed antenna denoted by “a” parameter, it varied
from 2 to 4 mm. “a” is the diameter of the upper circular patch.
When “a” is small the radiator is not in optimal performance
from 2.9 to 11 GHz. Due to the variation of parameter “a”,
there is impedance matching, and the reflection coefficient curves
show a large value of the return losses. Based on this observation,
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Fig. 5. (a) Simulated and measured input impedance
curve, (b) Gain and radiation efficiency of the
“Flower-shaped” antenna.
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Fig. 6. Simulated and measured radiation pattern of “Flower-shaped” antenna.

913;

129
84.6
55.2
35.9
23.2
14.8
9.29
5.67
3.28
L7

0.679
0

we conclude that the optimized result (reflection coefficient) is  diameter of the upper circular slot. When it’s at 1 mm, the results
obtained when the diameter is fixed at 3 mm. are only helpful from 3.2 to 9.2 GHz. If the size is 3 mm, the

Figure 3(b) shows the variation of the reflectance coefficient  results are better but still not usable across the range. Thus opti-
curves with variation in “b”, varying from 1 to 3 mm. “b” is the = mized results are obtained at 2 mm.

Fig. 7. Simulated 3-D surface current distribution of
“Flower- shaped” antenna.
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Figure 3(c) shows the variation of reflection coefficient curves
with “c” parameter. “c” represents the diameter of remaining cir-
cular slots. “c” ranges from 1 to 2 mm. By changing the dimen-
sions of the diameter slots cut into it. The size of “c” is kept at
1 mm; the radiator is helpful for dual bandwidth from 2.7 to
5 GHz and from 7 to 9 GHz. The size of “c” is increased, observed
bandwidth of 2.7 to 9.2 GHz at 2 mm. mainly, in this case, imped-
ance mismatching is visible at higher frequencies. Thus the opti-

mized results are seen at 1.5 mm.

Results

The presented structure is a low-profile UWB antenna. A modi-
fied patch antenna with a PGP plane of optimum length operates
in the range from 2.3 to over 11 GHz. A unique “flower” shaped
design in patches with multiple slot elements helped to further
enhance the upper and lower bound. Multiple circular slots in
the main patch along the PGP plane help to match the impedance
across the working band.

Figure 4(a) shows the “flower-shaped” (stage-04) antenna
measurement setup in an anechoic chamber. The “flower-shaped”
antenna testing and measurement are conducted with (VNA) and
a 50Q (SubMiniature) A-type connector attached to a microstrip
line. Figure 4(b) shows the coefficient of reflection (S;;) curve.
Both simulated and measured curves are in good agreement,
except for a slight resonance shift at the mid frequencies.

Figure 5(a) shows the simulated and measured real i/p and
imaginary i/p impedance of the structure. As one can see from the
above figure, the real part of the antenna hovers around 50 ohms in
the operating range, i.e., between 2.3 and 11 GHz. The real part of
the impedance varies from 35 to 70 ohms, the imaginary part of the
impedance varies from —30 to 10 ohms. It shows us that the imped-
ance can behave as a capacitive impedance for some frequencies. The
imaginary part is negative and can act as capacitive impedance for
other frequencies where the imaginary part is positive. There is also
a mismatch of impedance at the frequencies where the antenna
doesn’t have the required return loss. Both simulated and measured
curves are in good agreement.

Figure 5(b) shows the variation of the simulated and measured
antenna efficiency and gain curve. Peak gain is achieved at
9.8 GHz with a value of 2.67 dBi and the peak radiation efficiency
is observed at 9.2 GHz with a value of 0.851 or efficiency of 85%.
Both simulated and measured curves are in good agreement. As
visible from the graph, the antenna efficiency gradually decreases
while the frequency increases as the ohmic loss increase at higher
frequencies.

Table 1 shows an outcome comparison between the “flower-
shape” structure and previously published printed antennas
with respect to various parameters by comparing all parameters.
According to the table, our presented antenna is suitable for ultra-
wideband. The proposed structure aims to design a compact-sized
printed antenna, which is easy to printed and capable of transmit-
ting UWB signals from (2.3-11 GHz).

Figure 6 show the Co-pol., and Cross(X)-Pol. Radiation pat-
terns at 03 different frequencies (4, 6 and 9.2 GHz). The radiation pat-
ternis defined as H-plane by @ = 0, X-Z plane, and E-plane by @ = 90,
Y-Z plane. Stable Omnidirectional H-plane & Bi-directional E-plane
radiations patterns are obtained at 03 different frequencies, 4/6/9.2
GHz. At all frequencies, the antenna is very efficient, and therefore
the radiation patterns are stable.

Figure 7 shows the 3D-vector current distribution at two dif-
ferent frequencies (4 and 9.2 GHz). Figures 7(a) and 7(c) shows
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the front view, and Figs 7(b) and 7(c) shows the backplane of
the structure. We can replace the antenna with the equivalent sur-
face currents on its body, and the resulting radiated field will be
similar to the one radiated by the antenna. Therefore, the surface
current can help us see the radiation without the help of the pri-
mary source of current.

Conclusion

A compact flower shaped printed antenna for the ultra-wideband
spectrum is proposed. The suggested “flower-shaped” structure is
measured and investigated. The optimum dimensions of the
designed antenna structure are 12 x 16 x 1.6 mm”. The structure
shows excellent stable radiation pattern. The 3D-vector surface
current distribution shows good signal strength. The 3D-vector
surface current distribution shows good signal strength. The
peak gain is observed to be 2.67 dB and its antenna efficiency
to be 85%. The relative bandwidth of the proposed structure is
130%, with a central frequency of 8.7 GHz (2.3 to 11 GHz). It is
compact, low signal distortion, and suitable impedance matching
over the UWB frequency. It can also be used for the (Wi-Fi-2.4
GHz), (WiMAX-2.5/3.5/5.5 GHz), (WLAN-2.5/5.2/5.8 GHz) and
satellite communication at 4/6 GHz, among other UWB
communications.
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