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Tiny Circularly Polarized Printed Slot Antenna for UWB Usage
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Abstract: This letter offers a wideband circularly polarized square slot antenna (CPSSA) fed by coplanar waveguide
(CPW), with a compact size of only 25 mm (length) x25mm (width) x 0.8 mm (height). The proposed antenna
provides impedance bandwidth of 2.86-10.95 GHz (117%) with VSWR < 2, and its CP bandwidth is larger than
47.5% that covers 5.05-8.20 GHz which is obtained by embedding two inverted-L grounded strips around two
opposite corners whereas the impedance bandwidth can be greatly improved through the tuning stubs. The simulated
and measured results of the proposed antenna have been discussed to verify its characteristics.
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1. Introduction

Due to attractive properties of printed slot
antennas namely wide impedance BW, low profile, and
easy fabrication, with various feeding techniques, they
have attracted much attention in circular polarization
(CP) applications [1]. Recently, various geometries of
broadband CP slot antennas have been reported to
overcome the narrow impedance and axial-ratio
bandwidths (ARBWSs) while , both right-hand CP and
the left-hand CP are achieved simultaneously with
various techniques as follows: embedding two

antenna is printed on a commercially cheap FR4
substrate with a loss tangent of 0.024, permittivity of
4.4 and tiny dimensions of 25 mm (length) x25mm
(width) x 0.8 mm (height). To achieve 50Q
characteristic impedance, the width and length of the
coplanar waveguide (CPW) feed line is 3.1 mm and
11.4 mm, respectively, and the width of the gap
between the feed line and the ground plane is 0.3 mm.
The size of the inverted-L-shaped strips are; a=5mm
and b=4mm and the radius and center point of circlesl,
2 and3 are reported in tablel.

inverted-L grounded strips around two opposite 25
corners of the slot with vertical tuning stub  [1], '"I .
inserting a lightning-shaped feed line and inverted-L

grounded strips [2], embedding a T-shaped grounded
metallic strip that is perpendicular to the axial direction
of the coplanar waveguide (CPW) feed line [3],
utilizing a spiral slot in the ground plane [4], utilizing
the embedded arc-shaped grounded metallic strip for
circular and linear polarization [5]. In this Letter, a tiny,
yet structurally simpler, circularly polarized square slot
antenna (CPSSA) for UWB systems with the
combination of the technique introduced in [1] and a
crescent shaped patch is presented. The measurements

3,

25

4

indicate that it has an impedance bandwidth (BW) of ‘Z 31

2.86-10.95 GHz (3.83:1, 117%), which is three times Ground Patch Ground

wider than previous square slot antenna structures [2— N 7 T T 2 T X T X |

3]. Fig. 1 Geometry of proposed CPW-fed CPSSA (all

2. Antenna design

. 2 dimensions in mm)
Fig. 1 exhibits the geometry of the proposed

single-layer CPW-fed CPSS antenna. As it is shown,

Table 1: Radius and position of circlessl, 2 and 3

the proposed antenna consists of a square ground plane, Circlel Circlez Circle3
two equal size inverted-L-shaped strips around two Radius R1=1.7mm R2=3.3mm R3=4.46mm
opposite corners, a tuning circle stub embedded in the Center | X3=14.5mm X2=10mm X3=6.5mm

; ; . Y1=5.6mm Y2=11.4mm Y3=8.8mm
feeding structure and a crescent main patch clung to the position | e 79=0.8mm 73=0.8mm

feed line (all units are in mm). The proposed CPS
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Other dimensions are shown in Figl. In the
designing of the antenna three steps are accomplished;
the first step includes only a single strip and ground
plane, the second one consists two inverted-L
grounded strips around two opposite corners and a
metal circle clung to feed line and the last one
encompasses crescent shaped main patch (a part of
circle 2). In the Fig.2 a three steps of designing the
antenna is seen and VSWR curves of them and
measurement VSWR of the proposed antenna are
depicted in Fig.2 b.

Mainly two objects have been considered with in
the design: one for enhancing the impedance
bandwidth and the other for producing and expanding
the CP bandwidth which is principally related to
inverted-L-shaped strips around two opposite corners.
The measured and simulated results of three
prototypes of CPSSA, parametric studies on:
inverted-L-shaped strips, the size of the radius and
center position of stub and patch syndetic to feed line,
and finally the measured radiation pattern of the
offered antenna will be discussed in next section.
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Fig. 2 antenna designing steps, VSWR of antenna
steps

a) Three steps of designing the antenna

b) VSWR curves of the antenna designing steps and
measurement vswr results
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Fig. 3 VSWR and CP axial ratios of various value of
R1 (radius of circlel)

a) VSWR curves of different values of R1

b) CP axial ratios of different values of R1
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Fig.4 VSWR and CP axial ratios of various value of
Ycl (vertical center position of circlel)

a) VSWR curves of different values of Ycl

b) CPaxial ratios of different values of Ycl

3. RESULTS AND DISCUSSION
In this article two objects have been tracked: one
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enhancing the impedance BW and the other producing
and expanding the CPBW. As shown in Fig. 2 a and
Fig. 2 b for achieving the objects, three steps from
CPSSA design techniques have been traversed namely:
firstly adopting a square GND plane and a rectangular
feed line, secondly embedding a circular stub to the
feed line and inverted-L metal strips to ground and at
last appending a crescent shape main patch to feed line.
From the figures it is clear that adopting the
techniques the impedance BW increases step by step
and close correspondence between measured and
simulated VSWR of the optimized antenna (named as
Step3) is a considerable point plotted in the Fig. 2 b
and it is also understood from the figure that the
measured impedance bandwidth for the antenna has an
operating frequency range from 2.86 GHz to 10.95
GHz. The simulated VSWR and CP axial ratio curves
for two various CPSSA parameters, R1 and Ycl
(radius of circlel and its vertical center position
respectively) are plotted in Fig.3 and Fig.4. A tuning
circular stub (perpendicular to the feed line) which is
built by expanding a circular metal with R1 (radius of
circlel) =1.7mm, Ycl (its vertical center position)
=5.6mm and Xcl (its horizontal center position)
=14.5mm structural features, is added in the
rectangular feeding to broaden the impedance BW.
Our parametric simulations indicate that the radius
and vertical position of the tuning stub has important
affect on improving the impedance BW. From the
numerical results in Fig. 3 a, it is gotten that the
impedance bandwidth is expanded at the upper
frequency as R1 increases from 1mm to 1.7mm,
meanwhile broader impedance BW is earned by
taking a smaller Ycl parameter among its values
shown in Fig.4 a. On the other hand, as shown in
Fig.3 b and Fig.4 b, the optimum values of R1 and
Ycl which simultaneously leads to the widest
impedance BW and satisfying CPBW, covering
5GHz-6GHz (IEEE 802.11a), are 1.7mm and 5.6mm
respectively. Due to numerical results which were
accomplished by using the Ansoft High Frequency
Structure Simulator (HFSS), the combination of two
inverted-L-shaped strips, made of two arms (a and b
as shown in Fig. 1), to GND has a great effect on both
impedance and CP BWs as discussed in Fig 5. It
means that increasing a and b (3mm and 2mm to 5mm
and 4 mm) will yield not only to additional impedance
BW but also a wider CPBW, associated with AR< 3
dB, is taken which covers 5150-5350/5725-5825MHz
(specified by IEEE 802.11a) bands for wireless
standard technologies. Fig.6 indicates the close
correspondence between the measured and simulated
curves of gain and AR for the proposed antenna with
optimized values presented in Fig.1 and in Tablel. As
plotted in Fig.6, the ARBW of the suggested antenna
is from 5050MHz to 8200MHz (47.5%) and its gain is
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acceptable. Fig.7 shows the simulated normalized
RHCP and LHCP radiation patterns of the offered
CPSSA at 5.5GHz and 7.3GHz. We have simulated
the time-varying surface current distribution on
proposed antenna at 6.8GHz, at the minimum point of
AR. The simulation results of surface current
distribution for the antenna are shown in Fig.8. It is
observed that the surface current distribution in 180°
and 270° are equal in magnitude and opposite in phase
of 0° and 90°. If the current rotates in the
clockwise/counter clockwise (CW/CCW) direction,
the antenna can radiate the right/left hand circular
polarization (RHCP/LHCP). The proposed CP slot
antenna is able to generate an RHCP in the +z
direction, whereas an LHCP is produced in the —z
direction. The suggested antenna with optimal
structure, as shown in Fig. 9, was fabricated and tested
in the Antenna Measurement Laboratory at Iran
Telecommunication Research Center (ITRC).
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Fig.5 VSWR and CP axial ratios of various values of a
and b (arms of the inverted-L-strips)
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Fig. 6 Measured and simulated CP axial ratios and
gain of the proposed antenna

4. Discussion

This paper presents circularly polarized square
slot antenna (CPSSA) fed by coplanar waveguide
(CPW) with a crescent shaped patch. All of the
important parameters that are determinant in antenna
characteristics were depicted one by one while
keeping the others fixed. At last the antenna’s
features namely: current distributions, gain level,
radiation patterns and agreement between numerical
and experimental results acknowledge that this
radiator is a good candidate for
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5150-5350/5725-5825MHz  (specified by IEEE
802.11a) bands for wireless standard technologies
with CP coverage.

RHCP X LHCP
[ 0
- 7 80~ T HE T 30
uuuuu p
2 N
80/ \{50 60, 7 60
F £ Y
/ \‘1 \
‘
-90£ g 190 -90[ 90
‘\ ,’ % 7
X 4 \,\' ’/
120" 7120 -120% /120
S

150

F=5.5GHz

-15‘0 iy
F=7.3GHz
b =0°
$=90"

Fig. 7 Simulated radiation patterns of the proposed
antenna at 5.5GHz and 7.3GHz
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"Fig. 8 Distribution of the surface current on the feed
and ground plane of the CPSSA antenna at 6.8 GHz in
0,90, 180°, and 270
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Fig. 9 Photograph of the realized antenna.
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