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Abstract— A semi-circle monopole printed antenna is
proposed. The antenna consists of two identical monopoles
that are printed on a low-loss substrate with 3 mm spacing
and positioned perpe- ndicular to each other. Both frequency
and time domain results have been measured and presented to
validate the design. Result show that the proposed antenna
has not only ultra-wide bandwi- dth, but also Good port
isolation above 22 dB over the entire ba- nd of interest.
Moreover, the radiation pattern demonstrate good orthogonal
polarization operation. Furthermore, the system fi- delity
factor is adequate for pulse transmission with averages of

85% and 75% for port 1 and 2, respectively. Finally, the
envelope correlation coefficient has been calculated to
evaluate the diversity performance. Results indicate that
envelope correlation coefficient is less than 20 dB across the
ultra-wide bandwidth. These results show the suitability of the
proposed antenna for future UWB diversity applications.

Keywords— Coplanar-fed, frequency- and time-domain,
polarization diversity, ultrawideband antenna.

I INTRODUCTION

A new compact coplanar-fed antenna suitable for
polarization  diversity in ultra wideband (UWB)
applications is presented. Antenna diversity is an effective
solution to mitigate multipath fading signals and enhance
the system capacity. Several types of diversity such as
spatial/space, pattern, and polarization diversity have been
proposed and implemented to simultaneo- usly receive
multiple transmissions. Recently, ultra wideband (UWB)
has become one of the most favorable technologies for
wireless communications owing to its promising features
such as low susceptibility to multipath fading, reduced
probability of detection and intercept, and potentially high
data rates. These make it attractive for wireless body area
networks (WBANS). Various types of Printed UWB
diversity antennas have been investigated and presented
aiming at reducing the antenna size and increasing the
isolation. The studies shows that, in body proximity
scenarios, UWB-WBAN antennas excited by coplanar
waveguide (CPWs) are preferred to microstrip (MS)
feeding structures as they detune less near the human body.
A few UWB diversity antennas among previous studies
have used CPWs as the feeding structure. The antenna
presented in is large in size (80* 80 mm? ) and not aimed to
wearable applications, although it has an isolation better
than 15 dB between its ports. A right angled triangle slot
antenna employing polarization diversity was proposed. It
has a compact size of 56* 56 mm? and above 20 dB
isolation. A flexible polarization diversity antenna with
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small size of 34 *49 mm? and high isolation of 20 dB has
been reported.

The two UWB tapered slot antennas (TSAs) were printed
on the same substrate with a spacing of 0.5 and 0.34 free-
space wavelengths at FCC center frequency (6.85 GHz) to
keep the mutual coupling below -15 dB. That design
employs a spatial diversity technique and, to the authors’
knowledge, has the smallest size (27*47 mm?) among the
recently designed UWB diversity antennas fed by CPWs. It
should be stated that although a printed cantor set fractal
antenna employing spatial diversity, has a smaller size
(25*48 mm?), its bandwidth is 80% of the UWB frequency
defined range.

In this letter, a new compact coplanar-fed UWB antenna
aimed at applications requiring polarization diversity, like
body-centric and multiple-input-multiple-output (MIMO)
communications, is proposed. The whole structure has the
advantage of lower mutual coupling (isolation dB) in its
entire bandwidth. The proposed antenna is smaller than
other previous UWB diversity CPW-fed designs. In this
work, both frequency- and time-domain results have been
measured and are presented in terms of S-parameters,
radiation pattern, impulse response, and system fidelity
factor. We also investigate the diversity performance of the
proposed antenna by calculating its envelope correlation
coefficient,

II.  ANTENNA STRUCTURE AND DESIGN

A. Antenna Structure

Fig. 1(a) shows the geometry of the proposed antenna. It
comprises two identical monopoles are perpendicular to
each other and printed on a low-loss RT/DUROID 5870
substrate with a spacing of 3 mm. Each patch comprises a
semicircle with a rectangular section on the top. The two
branches’ are fed through 50ohm coplanar lines. The back
side of the substrate is devoid of metallization. The total
area of the antenna structure is 27* 52 mm? ;the detailed
dimensions are given in Table I. A photograph of the
fabricated antenna is shown in Fig. 1(b).

Parametcr‘a|b|c|d‘r|w‘i|k

valuemm | 52 | 27 | 45 | 114 [ 11 [ 32 | 015 | 0.1

TABLE I: Antenna Dimension
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Fig.1. proposed antenna (a) geometry (b) prototype photograph

B. Antenna Operation

In order to demonstrate the antenna operation, the
simulated

current distribution on the antenna at 6.85 GHz is depicted
in Fig. 2. The colors representing the current distribution
go

from dark blue (weak current density) to green, yellow, and
red (strong current density). Fig. 2(a) and (b) shows the
surface current vector when ports 2 and 1 are terminated
with a 50ohm load, respectively. It is observed that when
the antenna port 2 is matched, the current vector is aligned
with the -axis, which leads to an -field linear -polarization;
with a port 1 matched, the current vector is aligned in the -
axis, which leads to a linear -polarization. It is also seen
that the coupled fields to the adjacent branch are aligned
with the excited port fields.

In order to show how the antenna was designed aiming at
optimizing its performance, the effects of key parameters
on the antenna -parameters are examined. To understand
the effect of the radiating element, the semicircle radius “r”
and width of the rectangular section “c” are parameterized.
By changing the radius, the length of the rectangular
section(2r) is also modified. Parameter “r” was kept
constant and “c” changed, and then vice versa.

PSSR

(a) (b)
Fig.2. Current Distribution at 6.85GHz: (a) Port 2 is matched (b) port 1 is
matched.

Fig. 3 shows the -parameters results as these parameters
vary. As observed, decreasing “r” from 11 mm to 9 and 7
mm leads to 9.3% and 14.8% up shift in the 10-dB lower
frequency edge of Si1 and Sy, respectively, which reduces
each antenna port matching bandwidth. Moreover,
decreasing “c” (which increases the spacing between the
two branches) from 4.5 mm to 2.5 and 0.5 mm results in a
Sulower-frequency edge upshift of 12.8% and 15%, and a
Sooupshift of 17% and 22.7%, significantly reducing each
antenna port bandwidth. It is also seen that is below 20 dB
for these parameters variations. Another important
parameter needing investigation is the feed-gap distance
(“k”) between the radiator and the CPW ground. For this
purpose, the CPW ground length “d” is varied.

Frequency, GHz

—r=9mm
—r=7mm
==-c=2.5mm

c=0.5mm
4 6 8 10 12

Frequency, GHz
Fig.3. Simulated antenna reflection coefficients (|S11| and |S22|) and
mutual coupling (|S21|) as an function of antenna parameters “r”” and “c”.

Simulation results depicted in Fig. 4 show that decreasing
the value of “d” leads to losing the ultra-wide bandwidth
behavior of port 1 and to decreasing both lower- and
higher-frequency edges of port 2, while the isolation is at
any coase above -20 dB.

—d=11.4mm
--d=10.9 mm
---d = 10.4 mm

2 4 6 8 10 12
Frequency, GHz

Fig.4. Simulated antenna reflection coefficients (|S11| and |S22|) and
mutual coupling (]S21]) as an function of antenna parameters “d”.

1.  EXPERIMENTAL RESULTS

In order to validate the proposed design, both frequency-
and

time-domain measured results including -parameters,
radiation

pattern, impulse response, and system fidelity factor, are
presented.:

A. Ultra-wide matching bandwidth and Isolation

Measured and simulated antenna -parameters are depicted

in Fig. 5. As it can be seen, reflection coefficient
impedance bandwidths, based on |Slljand |S22| 10 dB
(almost in the entire band except at 7-7.4 GHz where
reaches a maximum of 9.5 dB at 7.2 GHz), of port 1 and
port 2 are 3.25-12 GHz (115%) and 3.55-11.7 GHz
(107%) , respectively. Moreover, is lower than 22 dB over
the entire range of frequencies. The discrepancy between
simulated and measured -parameters responses is attributed
to factors such as imperfect solder joints of the SMA
connector to the feedline and manufacturing tolerances.
Additionally, the induced currents on the feeding cable, due
to the ground issues of small antennas , cause the extra
resonances in Fig. 5(b). However, when the antenna is
connected to the transceiver systems, there will be no
feeding cable. The experimental results confirm the ultra-

Volume 3, | ssue 05

Published by, www.ijert.org 2



Special Issue- 2015

International Journal of Engineering Research & Technology (IJERT)

I SSN: 2278-0181
NCETET-2015 Conference Proceedings

wide matching bandwidth of the proposed diversity
antenna with a good isolation between its ports.

B. Radiation Patterns

Fig. 6 depicts the measured radiation patterns at 3.1, 6.85,
and

10.6 GHz when port 2 is excited, while port 1 is terminated
with a 50- load, and vice versa.

It is observed that the patterns for the excitation at port 2
are approximately a 90 rotation of the case when port 1 is
excited, showing a good orthogonal polarization operation.
Note that since the direct feed radiation pattern is
somewhat blocked (between 0, —180 ) by the other branch
and SMA ended with 500hm load, the known effects of
increasing side lobes and nulls is seen in both planes,
especially at higher frequencies.

Note that the blockage effects are moderate when port 2 is
excited, owing to the port 1 location that is not directly in
line of sight of the transmitter.

=20 |
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Fig.5. (a) Reflection coefficients|S1| and|S,,| (b) Isolation |Sz|

—3.1 GHz---6.85 GHz--10.6 GHz

(b)

Fig.6. Measured patterns at 3.1,6.85, 10.6 GHz (a) port 2 is matched (b)
port 1 is matched

C. Block Diagram

The time-domain setup selected in this letter comprises two
identical diversity antennas, one for transmitting (Tx) and
one

for receiving (Rx), placed with a large enough separation
distance(30 cm) to be considered in the far field of each
other.

During measurement, the antennas’ ports 1 are connected
to the vector network analyzer (VNA), while ports 2 are
terminated with 50o0hm loads, and vice versa. To
investigate the system behavior in different directions, the
two antennas’ time performance was measured in different
orientations (.and 90degree ); the Tx antenna is fixed, while
the Rx antenna rotates in the azimuth plane. The 90
rotation is made for each port of the Rx antenna aligned
with the related port axis ( for port 1 and for port 2), as
seen in Fig. 7.

4
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(a) (b)
Fig.7. For 90° rotation (a) ports 2 are matched (b) ports 1 are matched.

To have the transient behavior, time-domain data were
extracted from frequency-domain -parameters
measurements

using an inverse fast Fourier transform. This technique has
the advantage of describing the radiation of arbitrary input
signals. The CST default Gaussian modulated pulse with
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spectrum covering the UWB FCC band was used as the
input

signal, as it completely complies with the FCC indoor and
outdoor power masks.

To quantify the level of distortion, the system fidelity
factor has been calculated, and results are given in Table II.
The agreement between the simulated and measured values
is fairly good. The average system fidelity factors, for the
considered directions, of ports 1 and 2 are 85 % and75 %,
respectively, which indicate that the level of signal
distortion is quite acceptable for UWB signals
transmission.

System Fidelity Factor
Matched port ¢ Simulated Measurec
0 0.732 0.865
Port 1 90° | 0.769 0.832
0° 0.745 0.782
Port 2 50° | 0.682 0.708

TABLE Il : System Fidelity Factor
To evaluate the diversity performance, the envelope

correlation coefficient has been computed using the
equation (1).
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Fig.8. Measured and simulated envelope correlation

The correlations obtained for both simulated and measured
results are depicted in Fig. 8. As observed, the envelope
correlation coefficient for our proposed UWB diversity
antenna is below 20 dB across the entire ultra-wide
bandwidth. Note that the correlation at low frequencies,
which is usually much higher, is still very low in our
proposed diversity antenna. These results indicate the
effectiveness of the designed dual orthogonal polarization,
which leads to a good diversity performance.
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V. CONCLUSION

A novel compact CPW-fed UWB antenna employing
polarization diversity has been proposed. The antenna
consists of two identical monopole base designs that are
perpendicular to each other and printed on a low-loss
substrate with spacing of 3 mm. The obtained bandwidth
for the proposed antenna is

115% for port 1 and 107 % for port 2. Within the ultra-
wide frequency range, the isolation is above 22 dB. The
radiation patterns demonstrate a good orthogonal
polarization operation. The calculated system fidelity factor
is about 85% and 75% for port 1 and port 2, respectively.
The envelope correlation coefficient, for our proposed
UWB diversity antenna is below 20 dB across the entire
ultra-wide bandwidth, even at the lower frequencies. These
results show the suitability of the proposed antenna for
future portable UWB diversity applications.
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