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Abstract—Printed, circularly polarised, microstrip line fed antenna having asymmetric slotted
structure is presented. Two antennas, antenna 1 (Al) and antenna 2 (A2), having the same design
but radiating with opposite senses of circular polarisation are fabricated. The geometrical structure
consists of uneven combination of elements fixed through parametric variations. The measurements
yielded significant impedance bandwidth (IBW) and axial ratio bandwidth (ARBW) for axial ratio
(AR) < 3dB. Al offered IBW of 9.67 GHz (2.46-12.13 GHz, 132.6%), ARBW of 7GHz (4-11 GHz,
93.33%) and a peak realised gain of 4.05dBi. A2 offered IBW of 10.05 GHz (2.55-12.6 GHz, 132.7%),
ARBW of 7.3 GHz (3.9-11.2 GHz, 96.7%) and a peak realised gain of 4.1dBi. This constitutes a wide
coverage of over 88% of the ultra-wideband (UWB) spectrum (3.1-10.6 GHz). Omnidirectional radiation
patterns and marginal group delays are the other features of these antennas. The proposed design is
validated through simulations and experimental investigations.

1. INTRODUCTION

Circularly polarized (CP) antennas are widely used in modern wireless communication systems. The
tremendous needs for large system capacity and higher data rate in wireless systems have paved the
path for the development of broadband CP antennas. The CP antenna is found to be highly effective
in minimizing multi-path interferences or fading. Another advantage is that CP antenna is able to
reduce the ‘Faraday rotation’ effect of the ionosphere. Considerable loss in signal strength occurs for
linearly polarized signals compared to CP signals, which makes it a candidate for space telemetry
applications of satellites, space probes and ballistic missiles to transmit or receive signals that have
undergone Faraday rotation by travelling through the ionosphere. Moreover, it is not needed to strictly
observe the orientation between transmitting and receiving antennas as there are no polarization
mismatch losses. This feature is attractive for mobile satellite communications, where maintaining
constant antenna orientation is not practical. The strength of the received signals is also fairly constant
irrespective of the antenna orientation. These advantages make CP antennas very attractive for wireless
systems [1]. Nowadays, researchers highly concentrate on designing wideband CP antennas with varied
features to fulfill the requirements of wireless communication systems. Growing interest is observed
in accommodating several operating frequencies in a single antenna which provide high IBW and
ARBW. UWB electromagnetic pulses of nanosecond duration are very useful in communication field
and widely explored for military and biotechnological applications. Therefore, broadband circularly
polarized antennas have begun to replace narrowband circularly polarized elements such as microstrip
patches [2].

Though there are different CP antenna geometries, they can roughly be divided into three types
according to the mode of CP generation. The first type is patch antennas, which use the two orthogonal
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modes of TMy; and TMig to obtain CP radiation. The second type is slot antennas, where instead
of introducing a single polygonal slot or multiple slots on a patch antenna, a modified slot shape
can be used to improve the CP bandwidth of patch antennas [1]. Due to the bidirectional radiation
characteristics and lower quality factors, slot antennas have larger bandwidth than microstrip antennas.
In conventional CP structures, the dimensions of the perturbation techniques critically affect the
AR. Fabrication tolerances of perturbation segments may be minimized when slot antennas are used.
Accordingly, slot antennas with perturbations are good candidates for broadband CP antennas. Slot
antennas are complementary structures to the microstrip antennas by Babinet’s Principle. Hence for CP
operations, the perturbation technologies applied to slot antennas are good enough to design broadband
CP antennas than patch antennas [3,4]. Wong et al. have presented a printed ring-slot antenna that
introduces asymmetry in the slot structure. A meandered slot section is used to perturb the symmetry of
the ring-slot antenna, splitting the fundamental resonant mode into two orthogonal degenerate resonant
modes for CP radiation [4]. The third type is the widely used spiral antennas and helical antennas,
which incorporate the principles of travelling wave current along curved paths [1].

Major design strategies of antennas that have been investigated include an antenna having coplanar
wave guide (CPW) fed quasi trapezoidal shaped radiating patch with two semicircular notches and
two rectangular notches applied to the diagonal corners of the border ground [5], CPW fed square
slot antenna with L-shape and crooked T-shape grounded strips square slot antenna [6], CPW fed
square slot antenna with two corners connected by a strip line [7], antenna with a rectangular slot and
horizontal stub [8], frequency selective surface backed wideband CP dual slot antenna [9], wideband
CP perturbed psi shaped antenna [10], square slot antenna with antipodal Y strip [11], V shaped slot
antenna [12], wideband slot antenna based on bent feed [13], slot antenna loaded by a multiple-circular-
sector patch [14] and a square slot antenna with dual-sense circularly polarized radiation [15]. The
highest percentage ARBW coverage of the UWB spectrum obtained by the antennas under study is
64% [13].

Slot antennas with large radiating aperture yield wider bandwidth without increasing the size and
thickness. The ground plane size and placement of the slot on the ground plane affect the antenna’s
behaviour, to a great extent [3]. The conventional design strategies adopted in most of the reported
works in literature [5-15] rely on symmetric antenna design technique, where ARBW values obtained do
not cover the UWB spectrum to a good extent, with structures of comparable dimensions. Even though
100% ARBW was obtained with spiral and travelling wave structures [2], dimensions of such structures
are more than doubled, compared to the proposed antenna in this work. This work is an investigation
to adopt asymmetric design strategy, towards obtaining a compact structure that provides maximum
percentage CP band coverage of the UWB spectrum. The structure described in this work offers better
features in terms of dimensions, impedance and axial ratio bandwidths and CP band coverage of UWB
spectrum than the existing antennas.

2. ANTENNA GEOMETRY AND DESIGN

2.1. Antenna Configuration

The geometry of the proposed antenna, antenna 1 (A1), is depicted in Figure 1. Another antenna,
antenna 2 (A2), is also proposed, which is the exact mirror image of Al in both planes with identical
characteristics, whose geometry is shown in Figure 2. Figure 3 shows the geometrical structure of the
top patch plane and bottom ground plane of Al (seen through top plane) with dimensions labelled.
These labels with corresponding dimensions are given in Table 1.

2.2. Design Steps

The design process of the proposed antenna Al is explained through the evolution, composed of five
intermediate structures as shown in Figure 4. Antenna la, which is the initial structure, has a microstrip
line fed radiator having width of 3.72 mm, on the top plane of the substrate. Two copper strips, one
attached perpendicularly on the tip and the other attached vertically on the right side of this microstrip
feed line, form the radiating element. The off-center feeding structure yields wide bandwidth [8]. Hence
the feeding structure is not centered about the top plane of the substrate but shifted slightly towards
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Figure 1. Structure of the prosed antenna 1 Figure 2. Structure of the proposed antenna 2
(A1). (A2).
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Figure 3. Geometrical structure of antenna 1 (A1) with dimensions labelled (top & side view).

the left. A rectangular strip (23.6 x 21.1 mm?) is removed from the ground plane to form a wide slot.
Simulation studies were carried out using ANSYS HFSS. Simulated reflection coefficient and axial ratio
graphs of the antennas (antenna la to antenna le) are depicted in Figure 5 and Figure 6, respectively.
These graphs are self narrative of the progress in IBW and ARBW. However, antenna la has the least
impedance matching and is lacking in CP characteristics.

When a triangular portion is removed and two small copper strips are added to the upper portion of
the feed line structure, antenna 1b is obtained. Now the matching has improved in the lower frequency
region but still lacks in CP characteristics, as the axial ratio is well above the 3dB limit. With a small
triangular cut removed from the top and five copper strips of different dimensions attached to the left
of the feed line, antenna 1c is evolved. Now the matching is better than that of its predecessor, but no
improvement in the CP performance is observed, which is found to rather deteriorate. Antenna 1d is
a modified version of antenna lc, with the addition of four slots: one reverse ‘L’ slot on the top right
corner of the border ground, two rectangular slots just beneath the feed line structure, and another
inverted ‘L’ slot on the feed line structure as in Figure 4.

Now significant improvements are found in reflection coefficient and ARBW, in the upper frequency
region. Design was further improved towards reaching the goal. Two sets, each of six strips having
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Table 1. Dimensions of proposed antenna prototypes Al and A2.

Label Value Label Value Label Value Label Value Label Value

(mm) (mm) (mm) (mm) (mm)
al 00.80 alb 03.90 a29 1.55 a43 00.65 b13 05.16
a2 04.37 al6 01.90 a30 03.82 add 02.95 bl4 04.97
ad 07.83 al7 01.25 a3l 01.71 bl 03.72 b15 00.57
ad 03.27 al8 01.00 a32 07.48 b2 06.20 b16 02.41
ab 01.32 al9 01.96 a33 02.70 b3 00.48 b17 11.71
ab 05.17 a20 01.90 a34 01.32 b4 00.45 b18 02.58
a7 00.58 a2l 03.75 a3b 04.56 b5 03.33 W1 05.10
a8 03.20 a22 05.73 a36 01.40 b6 00.72 W2 02.90
a9 03.60 a23 03.35 a37 03.36 b7 00.41 W3 23.80
al0 02.50 a24 00.57 a38 03.27 b8 01.20 W4 15.50
all 02.10 a2b 13.12 a39 04.02 b9 03.06 W5 06.24
al2 01.40 a26 00.53 a40 01.15 b10 01.30 W6 07.67
al3 05.80 a27 01.75 a4l 03.50 b1l 01.38 L1 01.60
ald 00.75 a28 05.63 a42 04.10 b12 04.45 L2 02.90

a
L

Figure 4. Evolution of proposed Al (a) antenna la, (b) antenna 1b (c) antenna lc, (d) antenna 1d,
(e) antenna le and (f) proposed Al.

(a) (b)
(d) (e)

different dimensions, were added along the right and left portions of the ground. One strip was added
along the top portion of the ground. Two inverted ‘L’ slots were added to the top left corner of the
ground. IBW and ARBW were drastically improved. Finally, the proposed antenna structure, Al,
was attained by introducing six hexagonal slots of different dimensions on the bottom right corner of
the ground border. This provides full band coverage of UWB and a significant percentage coverage
in ARBW. Thus the role of each element of the antenna at different frequencies in yielding good CP
characteristics with good matching in the entire UWB spectrum was confirmed.
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3. STUDY OF SURFACE CURRENT AND ELECTRIC FIELD PATTERNS

The contribution towards the ARBW by the hexagonal slots on A1 is better understood from the surface
current pattern over Al and its predecessor antenna le, which differ only in terms of these slots, at
11.2 GHz and wt = 0° as shown in Figure 7. The distribution of surface current vector around these
slots gives rise to horizontal and vertical components of electric field equal in magnitude and differ in
phase by 90°. Similarly, each element of the structure contributes at different frequencies to enhance
IBW and ARBW. Location of the feed was carefully optimized to obtain a good impedance match.
For a better understanding of the circularly polarized radiation mechanism, the simulated time-
varying surface current distributions of the proposed antenna A1 at regular time phases from 0° to 270°,
with an interval of 90° are depicted in Figure 8 at 6.85 GHz. It is observed that the surface current
distributions at 0° and 180° are equal in magnitude and opposite in phase to that at 90° and 270°. On
the feed structure of A1, at 0° phase, the surface current flows right, and at 90° phase the surface current
flows downwards. Similarly, the surface current flows towards left at 180° phase and flows upwards at
270°. This shows that the surface current flows anticlockwise with respect to the viewer, and as such
the proposed antenna Al is right-hand circularly polarized (RHCP) in the +Z direction. The electric
field behaviour of A1 is also studied and shown in Figure 9. From the study of electric field vector in the
ground plane of the antenna it is inferred that the proposed antenna Al is left hand circularly polarized
(LHCP) in the —Z direction. The simulated time-varying surface current distributions of the proposed
antenna A2 at regular time phases from 0° to 270°, with an interval of 90° are depicted in Figure 10, at
6.85 GHz. The electric field behaviour of A2 is also studied and shown in Figure 11. From the studies,
it is understood that A2 radiates with LHCP in the +Z direction and with RHCP in the —Z direction.
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= (=}
= 2 4
2 15 g
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25 , , , , : 0 ' ' ' '
4 6 8 10 12 2.5 4.5 6.5 8.5 10.5 12.5
Frequency (GHz) Frequency (GHz)
Figure 5. Simulated |S;;| plots of antennas. Figure 6. Simulated AR plots.
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Figure 8. Surface current pattern on the proposed antenna Al.
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Figure 9. Electric field pattern on the proposed antenna Al.
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Figure 10. Surface current pattern on the proposed antenna A2.

4. MEASURED RESULTS AND DISCUSSION

4.1. Measurement of Reflection Coefficient and Axial Ratio

The proposed antenna structures were fabricated on FR4 substrate material with a dielectric constant
4.4, tand = 0.02 and size of 30 x 33.5 x 0.8mm?>. The fabricated prototypes Al and A2 were
experimentally analysed using Agilent Vector Network Analyser PNAE 8362B, in an anechoic chamber.
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Figure 11. Electric field pattern on the proposed antenna A2.
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Figure 12. Measured and simulated |Sii| plots Figure 13. Measured and simulated axial ratio
of Al & A2 plots of Al & A2.

Reflection coefficient measurements of Al and A2 are plotted along with the simulation values in
Figure 12. It can be seen from this figure that the simulated reflection coefficient plots coincide.
Also, it is observed that there is close resemblance between measured and simulated results. Axial
ratios of antennas Al and A2 were measured using the standard setup in the anechoic chamber. These
measurements along with simulated values are plotted as depicted in Figure 13. Al offered IBW of
9.67 GHz (2.46-12.13 GHz, 132.6%) and ARBW of 7GHz (4-11 GHz, 93.33%). A2 offered IBW of
10.05 GHz (2.55-12.6 GHz, 132.7%) and ARBW of 7.3 GHz (3.9-11.2 GHz, 96.7%).

The CP band coverage of UWB spectrum (3.1-10.6 GHz) by Al is 88%, and that of A2 is 89.3%.
These are the maximum achieved values compared with the antennas covered in the literature

4.2. Measurement of Realized (Gain and Antenna Efficiency

Realised gain measurement using gain comparison method yielded average gain values of 3dBi and
3.04dBi for Al & A2, respectively, in the operating frequency band. Peak gain values obtained were
4.0dBi for Al and 4.1 dBi for A2 at 8.72 GHz. Simulated and measured realized gain plots are depicted
in Figure 14(a). The measured antenna efficiency plots are depicted in Figure 14(b). Peak values
obtained were 92.71% at 3.3 GHz for Al and 92.75% at 3.4 GHz for A2.

4.3. Measurement of Group Delay

Group delay measurements of Al and A2 are shown in Figure 15. Measurements were carried out with
two identical antennas each of Al and A2, initially placed face to face and then side by side. The
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Figure 14. (a) Measured and simulated realized gain plots of the proposed Al and A2. (b) Measured
antenna efficiency plots of Al and A2.
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Figure 15. Measured group delay plots of the proposed Al and A2.
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Figure 16. Normalised radiation patterns of A1l at three different frequencies.
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measurement results of Al and A2 coincide. It is observed that the group delay variations are less than
0.1ns for both the antennas and are stable in the entire UWB spectrum. Consequently, it is inferred
that the input signal suffers from negligible time delay in the operating range.

4.4. Measurement of Radiation Pattern

The simulated and measured far-field normalized radiation patterns of Al and A2 in both X Z-plane
and Y Z-plane at frequencies 4.5 GHz, 6.85 GHz, and 7.5 GHz are plotted in Figure 16 and Figure 17. It
is observed that the co-polarization is RHCP for A1 and LHCP for A2, whereas the cross-polarisation
is LHCP for Al and RHCP in the case of A2. The antenna has a wide half-power beam width at
each measured frequency. The cross-polarisation level is lower than 20 dB. More than 20 dB isolation
was observed between corresponding RHCP and LHCP patterns of both Al and A2. Moreover, the
radiation patterns of the antenna are stable and symmetrical in both XZ and Y Z planes.

0
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A\ 300
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Figure 17. Normalised radiation patterns of A2 at three different frequencies.
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Figure 18. Photographs of fabricated antenna prototypes. Top and bottom views of (a) Al (b) A2.
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Table 2. Performance comparison of antenna prototypes Al and A2.

Prakash et al.

Antennas Size IBW ARBW % CP of

under study (mm3) (GHz) (GHz) UWB
[4] 100 x 100 x 1.6 2.38-2.54 2.45-2.86

[5] 25 x 25 x 0.8 2.76-14.82 4.2-6.13 25.7

(6] 25 % 25 % 0.8 3111 5.05-7.1 27.33

[7] 20 x 20 x 0.8 2.95-14 3.73-7.1 44.9

8] 25 x 25 x 1.6 3.5-9.25 4.6-6.9 30.7

9] 40 x 40 x 1.0 3.72-9.2 4.5-8.0 46.7

[10] 47.7 x 58 x 0.254 5.0-7.0 5.0-6.0 13.3

1] 98 x 28 x 1.6 3.25-8 14-6.67 30.27

[12] 42 x 44 x 0.8 2.19-4.6 2.2-4.9 24.0

[13] 25 x 25 x 1.5 3.2-8.5 3.38.1 64.00

[14] 54 x 54 x 0.8 1.68-3.97 1.89-3.95 11.33

This work, A1 | 30 X 33.5 X 0.8 | 2.46-12.13 | 4.0-11.0 88.0

This work, A2 | 30 X 33.5 X 0.8 | 2.55-12.60 | 3.9-11.2 89.3

These antennas offered omnidirectional patterns and are highly suitable for UWB communication.
All measured results match very closely with the simulations. Performance comparison of the proposed
antennas is done as shown in Table 2. The last column shows superior percentage in CP coverage of
UWB spectrum by Al and A2. Photographs of the fabricated antennas are depicted in Figure 18.

5. CONCLUSION

Printed asymmetric circularly polarised microstrip line fed antennas radiating with opposite senses of
polarisation to each other, having wide IBW and ARBW, are proposed. The novelty is that with
asymmetric structures these antenna prototypes exhibit nearly 90 percentage CP band coverage of the
UWRB spectrum. In terms of dimensions, this is an attractive feature compared to the existing antennas.
In addition to that, these antennas exhibit moderate average gain, very good efficiency, omnidirectional
radiation pattern and marginal group delay, suitable for UWB applications.
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