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Axial Ratio Bandwidth Enhancement of Asymmetrically Fed
Microstrip Antenna

Kollannore U. Sam* and Parambil Abdulla

Abstract—Wide axial ratio bandwidth is imparted by placing rigorously designed radial slits on an
asymmetrically fed circular radiating patch antenna with parallel bilateral truncations. A partial ground
plane with beveling on both the upper corners and a double stepped notch embedded on it makes the
antenna suitable for ultra-wideband and X-band applications. The antenna exhibits a −10 dB impedance
bandwidth of 8.6 GHz from 3.4 GHz to 12 GHz (111.6%) and a 3dB axial ratio bandwidth of 8.7 GHz
from 3.3 GHz to 12 GHz (113.7%) thereby contributing an effective operating bandwidth of 8.6 GHz
(111.6%). The prototype manifests an exceptional far-field radiation pattern and fair gain throughout
the passband.

1. INTRODUCTION

Reliable wireless communication seldom depends on circularly polarized antennas. As they are
insensitive to antenna orientations and have the capability to avoid multipath fading, circularly polarized
antennas have been extensively used over linearly polarized antennas [1]. Even after around two decades
of the official declaration of 3.1 GHz–10.6 GHz frequency range for ultra-wideband (UWB) by Federal
Communication Commission, the increasing demand of the said band attracts the researchers to extend
their work on UWB antennas. The X-band is widely used for satellite and terrestrial communication.
Antennas exhibiting circular polarization (CP) in those bands is a real breakthrough in implementing
novel technologies in wireless communication. The portability of these wireless communication gadgets
greatly depends on the antenna profile. Microstrip patch antennas making use of thin planar substrates
can be used in transmitter and receiver modules for miniaturization. Individual antennas providing
wideband CP avoids the task of fabricating multiple antennas for each specific applications. Single
port and dual port feed arrangements with innovative design techniques experimented on the radiator,
the ground and the feed are reported to make the antenna exhibit CP. The virtue of CP is judged by
its axial ratio (AR) values. The various methods to widen the axial ratio bandwidth (ARBW) may
include L-strips on the ground plane [2], single feed asymmetric radiator [3], L-shaped slot and strip [4],
horizontal slit and inverted L-strip on the ground [5], L-shaped slot and asymmetric partial ground
plane [6], quadrilateral shaped radiating copper with a step-impedance resonator in the feed line [7],
and truncated circular radiator with asymmetric feed [8]. A printed monopole antenna loaded with a
split ring resonator and a metallic reflector to generate wideband CP behaviour is proposed in [9]. A
microstrip antenna embedded with a rotated elliptical slot is detailed in [10]. Numerous works on slot
antennas are also reported to achieve wide ARBW [11–20]. None of those antennas could achieve a
fractional ARBW of 90% and more. A reformed L-shaped radiating patch connected with inverted-L
grounded strip via a tapered slot referred in [21] attains a fractional ARBW of 90.02%. A microstrip
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slot antenna with asymmetric feed presenting an ARBW of 7.3 GHz and a fractional ARBW of 96.7%
is proposed in [22].

Circular polarization can be achieved by providing two perturbations placed at diametrically
opposite sides on a circular patch [23]. This concept has been adopted in the proposed work wherein only
a single truncation is placed on one side of the circular patch to compensate for dual perturbations.
Moreover, the area of truncation is made equal to that of the total area of both the perturbations,
thereby transforming the circular shape into an approximate semicircular one. The motivation behind
this exertion is the keen concern to develop a microstrip patch antenna that could exhibit circular
polarization in the whole UWB spectrum and its possible extension, together with the challenge of
achieving a 100% axial ratio bandwidth. In this proposed work, an asymmetric feed circular patch with
parallel dissimilar bilateral truncations is used as the radiator. Seven radial slits of different depth and
width are placed around the radiator to enhance the axial ratio bandwidth. A partial ground plane
with beveling on its upper corners and a small rectangular cut at its centre improve the impedance
bandwidth. A double stepped notch on one side of the partial ground helps to curtail the value of the
axial ratio. The proposed antenna showcases a fractional impedance bandwidth of 111.6% and fractional
axial ratio bandwidth of 113.7% with an adequate gain over the entire passband.

2. ANTENNA DESIGN AND CONFIGURATION

The proposed antenna has been evolved from our earlier work [8] which has been designed on a circular
shaped radiator developed on FR4 substrate, with two parallel dissimilar truncations, chipped on its
either side. The primary design equation of the proposed antenna is based on the formula for radius r
of circular microstrip antenna as given in Eqs. (1) and (2) [24].
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A minor segment circle has been truncated from one of its sides to initiate circular polarization.
The schematic layout of the basic circular patch with the placement of the said truncation is referred to
in Figure 1. The equation for the length of this major truncation, T is adopted from [8] and is defined in
Eq. (3). The distance from the centre of the circle in +x direction towards the truncation is denoted as
t1 and is deduced in Eq. (4). A minor parallel truncation is placed on the other side of the circular patch
at a distance t2 from the centre of the patch in −x direction. This minor truncation will enhance the
circular polarization. The radiating patch is fed with an asymmetric feedline having an offset distance

r

h

Minor segment circle
(Truncation)

T

Figure 1. Schematic layout of the basic circular radiating patch with the major truncation.
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of t3 in the +x direction from the centre of the radiator. The asymmetric feed line and the major
truncation are the vital elements which invoke circular polarization in the given band of frequencies.
Impedance bandwidth of the antenna has been improved by providing symmetrical beveling on both
the upper corners of the partial ground plane. A narrow rectangular area has been sheared-off from
the top centre portion of the partial ground plane to increase the impedance matching. Seven radial
slits of different depth and outer width are placed at different angles along the border of the bilaterally
truncated radiator.

T = 2
√

2rh − h2 (3)

180° + 

(a) (b)

(c)

Figure 2. The geometrical layout of the proposed antenna. (a) Top view: overall dimensions, (b) top
view: patch details and (c) bottom view: partial ground details.
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The design equation for the placement of the slits is based on multiples of 45◦. Placement angle of slit
‘Sn’ is denoted as

an = (n − 1) × 45◦; for n = 1, 2, 3, 4 and
an = n × 45◦; for n = 5, 6, 7.

}
(5)

Initially, the slits S1, S3, and S6 are placed near 0◦, 90◦, and 270◦, respectively, avoiding the area of
major truncation. Additional slits S2 and S7 are placed in between the slits S1 & S3 and S1 & S6,
respectively. Now the slits S4 and S5 are positioned opposite to that of S7 and S2, respectively. The
inner width of all the seven slits is fixed as 0.2 mm. A double stepped symmetrical notch is placed near
to one of the bevelings at the upper side of the ground. The presence of radial slits together with the
embedded double-stepped notch in the partial ground significantly enhance the axial ratio bandwidth
from 5.05 GHz to 8.7 GHz. A semicircular microstrip antenna with half the area of a circular microstrip
antenna has the same resonance frequency as that of a circular microstrip antenna [23]. The proposed
antenna has the approximate shape of a semicircular microstrip antenna with around half the area of a
circular microstrip antenna. Hence the frequency of resonance chosen for a circular radiator is applicable
for the proposed design.

The geometrical layout of the antenna is shown in Figure 2. An FR4 substrate having a relative
permittivity of 4.4, loss tangent of 0.02, and an overall dimension of 37 × 33 × 1.6 mm is used for
simulation and fabrication. The thickness of the copper medium is considered as 0.35 µm. Table 1 lists
the optimized dimensions of each parameter for achieving maximum ARBW.

Table 1. Optimized geometrical parameters of the antenna.

Parameter Value Parameter Value Parameter Value Parameter Value
L 37 mm rl 5.2 mm a1 7◦ w5 1.2 mm
W 33 mm tl 5.8 mm a2 52◦ w6 0.2 mm
R 9 mm tw 6.1 mm a3 95◦ w7 1.0 mm
H 1.6 mm cl 0.2 mm a4 150◦ d1 1.76 mm
εr 4.4 cw 3.0 mm a5 240◦ d2 1.99 mm
Fl 11.9 mm h1 0.4 mm a6 276◦ d3 0.53 mm
Fw 2.1 mm h2 0.4 mm a7 319◦ d4 3.4 mm
t1 6.2 mm l1 3.8 mm w1 0.3 mm d5 2.97 mm
t2 8.7 mm l2 0.5 mm w2 0.2 mm d6 0.99 mm
t3 4.5 mm l3 1.65 mm w3 0.6 mm d7 4.3 mm
Gl 10.8 mm w 0.2 mm w4 0.8 mm d8 3.38 mm

3. RESULTS AND DISCUSSION

Thorough simulations were done using CST Microwave Studio software for obtaining optimized results.
Figure 3 shows the prototype of the antenna fabricated on FR4 substrate. The results are measured
using Network Analyzer ENA (E 5071C). Unused legs of the SMA connector were removed to avoid the
spurious radiations.

3.1. Reflection Coefficient

The reflection coefficient is defined as the figure that estimates the proportion of electromagnetic wave
that is reflected by an impedance discontinuity in the transmission medium. Figure 4 illustrates the
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(a) (b)

Figure 3. The fabricated prototype used for measurements. (a) Top view and (b) bottom view.

Figure 4. Simulated and measured reflection coefficient plots.

simulated and measured reflection coefficient plots. The simulated 10-dB impedance bandwidth has
a lower frequency limit of 3.3 GHz and extends over 12 GHz. An impedance bandwidth of 8.6 GHz
from 3.4 GHz to 12 GHz is obtained during measurement. Resonances are obtained at 4.04 GHz and
around 10.42 GHz. A minor variation of return loss in the higher operating frequencies may be due to
the variations on the substrate permittivity at high frequencies. The dielectric constant decreases with
increasing frequency of operation. It also decreases with an increase in the resin content (% weight)
for a particular frequency of operation [25, 26]. Even the copper thickness was found to be varying
between 0.033 mm and 0.0356 mm. As a result, the material variations although not very prominent
at lower frequencies become significant at the higher ones and become a major source of performance
nonlinearities and degradation. The frequency bands that are enclosed by the proposed antenna may
include the whole C-band (4–8 GHz), the X-band (8–12 GHz) and the UWB (3.1–10.6 GHz) with a short
of 0.2 GHz.

Parametric studies are carried out to investigate the effect of placement of asymmetric microstrip
feed (t3) on the reflection coefficient of the antenna. The curves plotted in Figure 5(a) conveys that
the positioning of the microstrip feed line has a substantial role in complimenting the impedance of
the antenna. The variation of the reflection coefficient is at par with the placement of feedline till
9GHz, afterwards it is assumed that the dielectric constant of the substrate comes into the picture and
hence the reflection coefficient characteristics may depend on it and varies correspondingly. A similar
analysis is carried on the depth of the rectangular cut (cl) which is centrally placed on the upper part
of the partial ground. Traces plotted in Figure 5(b) reveals that the effect of varying the depth of the
rectangular cut is to shift the reflection coefficient of the entire band without any change in its shape,
except in the lower frequencies where it has no effects. Even though the antenna exhibits excellent
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(a) (b)

Figure 5. Parametric measurements on reflection coefficients. (a) Variation with feed line offset, t3
and (b) variation with the depth of rectangular cut, cl in the partial ground.

matching of impedance at t3 = 3.5 mm and cl = 0.1 mm, we choose t3 = 4.5 mm and cl = 0.2 mm for
achieving good axial ratio and fair gain.

3.2. Axial Ratio

Antennas radiate circularly polarized waves when excited by two orthogonal field components with
equal amplitude and in phase quadrature. The principal elements employed for manifesting wideband
circular polarization in this proposed antenna design are
i) Asymmetric feed line
ii) Truncations on the circular patch
iii) Slits on the radiator and
iv) Double stepped notch on the partial ground.

The purity of circular polarization is evaluated by its axial ratio value which is the ratio between
the minor and major axis of the polarization ellipse. Ideally, an antenna is said to be circularly polarized
when its axial ratio attains unity (or 0 dB), wherein the polarization ellipse has an equal minor and
major axis and transforms into a circle. In that case, the axial ratio is equal to unity. A linearly
polarized antenna will have infinitely large axial ratio since one of the axes of the ellipse is equal to
zero. For a circularly polarized antenna, the closer the axial ratio is to 0 dB, the better the purity
of circular polarization. Figure 6 depicts the simulated and measured axial ratio plots. The antenna
exhibits circular polarization from 3.3 GHz to 12 GHz providing an ARBW of 8.7 GHz in its measured
result. Simulated 3-dB axial ratio plot almost resembles with the measured one throughout the entire
frequency band, except at the higher end of the passband where the measured result shows a short
of 0.8 GHz in its ARBW. Inaccuracies in the fabrication of the antenna prototype, particularly in the
positioning of the feed line and the major truncation are the primary cause for the early rise of the
measured curve from its simulated one. Table 2 tabulates a few simulated and measured near-to-zero
values of AR. The minimum value of axial ratio attained by the proposed antenna in the simulation and
measurement is 0.018 dB (at 11.55 GHz) and 0.3 dB (at 6.01 GHz) respectively. There are few instances
in which the measured AR plot just grazes the 3 dB line. These unexpected variations are probably due
to the minor fabrication tolerances on the depth of slits S5 and S7.

The classic method to initiate circular polarization in a microstrip antenna is by introducing
asymmetric feed line. The length, width and positioning of the asymmetric feed line along with
the diameter of the circular patch, determine the depth of the CP and the frequencies at which the
antenna exhibit CP. Orthogonal field components are generated by instigating an offset distance for
the feed line or by chipping the sides of the circular patch by dissimilar parallel truncations. The
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Figure 6. Simulated and measured axial ratio plots.

Table 2. Typical simulated and measured AR values.

Simulated Measured
AR value (dB) Frequency (GHz) AR value (dB) Frequency (GHz)

0.200 4.23 0.44 3.81
0.100 7.52 0.3 6.01
0.111 10.19 0.76 8.71
0.018 11.55 0.64 10.63
0.203 12.44 0.79 11.73

asymmetric feed, even without any truncation can develop an electrical difference in the diameter
of the patch. Similarly, the dissimilar truncations even without asymmetric feed can develop both
electrical and physical difference in the diameter of the radiating circular patch in the directions of
x and y-axis. These features are characterized and analyzed in our earlier work [8] where a total
axial ratio bandwidth of 5.05 GHz spread over two bands was reported. The deviations in the mid-
range frequencies are attributed by the slight inaccuracies in the placement of the feed line, which is
verified by the parametric traces plotted in Figure 7(a). Shifting of the feed line away from the central
position towards +x direction reduces the value of axial ratio till it reaches a lowest average value at
t3 = 4.5 mm, beyond which it rises again. Variation of axial ratio in accordance with the position of the
major truncation t1 and the minor truncation t2 is plotted in Figure 7(b) and Figure 8(a). The plots
convey that the major truncation has got the role of course tuning and the minor truncation has got the
role of fine-tuning of the axial ratio across the passband of the antenna. Moving the major truncation t1
away from the centre of the patch has the effect of raising the axial ratio in the lower band frequencies
and lowering the axial ratio in the upper band. Similarly, moving the major truncation t1 closer to the
centre of the patch has the effect of raising the axial ratio in the upper band frequencies and lowering
the axial ratio in the lower band. The aftermath of the latter case may be another cause of deviation
of axial ratio in the measured curve. The other causes are the non-uniform thickness of the substrate
and systematic errors in measurements. The thickness of the FR4 substrate that has been used for the
fabrication of the antenna may different compared to its actual value of 1.6 mm. Also, there may be a
possibility of uneven thickness of the substrate and the copper film across the surface of the material.
Figure 8(b) reveals that minor deformities in the thickness of the substrate will come into the picture
and affect the axial ratio beyond 9.5 GHz.

The radial slits on the truncated circular patch further improve the CP bandwidth to achieve value
beyond 8GHz. Apart from the position of truncation and feed line, the other three parameters which
are used to vary the axial ratio levels are angular position, depth and outer width of each radial slit.
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(a) (b)

Figure 7. Parametric measurements on axial ratio. (a) Variation with feed line offset, t3 and (b)
variation with distance to major truncation, t1.

(a) (b)

Figure 8. Parametric analysis on axial ratio. (a) Variation with distance to minor truncation, t2 and
(b) variation with substrate height, h.

Final tuning of the 3-dB axial ratio bandwidth in the high-frequency range is done by integrating a
double-stepped notch on one half of the partial ground and by adjusting the position, width and height
of each step of the notch.

Parametric analysis is carried out to see the effect of dimensions of major slits (S4, S5 and S7) on
the axial ratio viz. angle of placement of S4 and S7, depth of S5 and S7 and outer width of S4 and S5.
Two out of the three major slits are considered for parametric analysis. The variation on axial ratio
by changing the dimensions of minor slits (S1, S2, S3 and S5) are not included in this article as their
effects are less critical on the antenna parameters. Here we have fixed the inner width of the slits as
0.2 mm. Further reduction of the inner width of the slits may improve the purity of circular polarization
and axial ratio stability across the whole band of the antenna. But the limitations of fabrication differ
us from such procedures. Figure 9 describes that lowering the angle a4 shifts the axial ratio down
towards zero level between the frequency limits 8 GHz and 11 GHz whereas increasing the angle a7 pull
down the axial ratio largely within 10 GHz and 11 GHz. Both the angles do not have a considerable
effect in the lower frequencies.

Figures 10(a) and 10(b) depict the outcome of axial ratio in accordance with the variation in depth
of slits d5 and d7 respectively. Increasing the depth will improve the axial ratio until its optimized
design value and afterwards it degrades. The design of depth d5 has to be done in extreme care, as
it affects not only the axial ratio magnitude but also effects the axial ratio bandwidth. The angle d7
has got wide control over the frequencies from 5GHz to 13 GHz. One of the reasons for the dominance
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(b)(a)

Figure 9. Parametric measurements on axial ratio. (a) Variation with the angular position of S4 and
(b) variation with the angular position of S7.

(a) (b)

Figure 10. Parametric studies on axial ratio. (a) Variation with depth of slit S5 and (b) variation
with depth of slit S7.

of d5 and d7 on the overall performance of the antenna is that these slits have the maximum outer
width. Figures 11(a) and 11(b) convey that varying the value of outer width alone does not have much
contributions on the traces of axial ratio, but for different values of outer width, the variation of other
parameters will significantly judge the usable bandwidth of operation.

Figure 12(a) not only discloses the result of integrating the partial ground with a different
combination of notches but also inculcates a definite direction regarding the choice of selecting the
placement of double-stepped notch on the right-hand side (RHS) of the ground. As shown in the graph,
the placement of notches on the right-hand side of the partial ground (solid curves) improves the axial
ratio than placing the notches on the left-hand side (LHS) of the ground (dotted curves). This is due
to the proximity of the notches with the asymmetric feed line and the major truncation. Incorporating
the partial ground with stepped notches at the right-hand side drastically improves the axial ratio,
particularly between 8.2 GHz–10 GHz and 10.4 GHz–11.5 GHz which is self-explanatory from the traces.
Uniformity of the circular polarization is verified by tracing the axial ratio characteristics for different
values of phi. viz. phi = 0◦, 90◦, 180◦ and 270◦. Figure 12(b) explains that an ARBW of at least 8.3 GHz
(4.6 GHz–12.9 GHz) is achieved by considering all the above-mentioned angles of phi. The main reason
for obtaining a uniform CP throughout the phi values is the placement of radial slits in contrapositions.
Figure 13 summarizes the effect of various developmental stages of the proposed antenna on its axial
ratio. In each stage, the axial ratio and its bandwidth improve significantly.
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(a) (b)

Figure 11. Parametric analysis on axial ratio. (a) Variation with the outer width of slit S4 and (b)
variation with the outer width of slit S5.

(a) (b)

Figure 12. Parametric analysis on axial ratio. (a) Variation with various combination of notches and
(b) variation with values of phi.
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3.3. Sense of Polarization

Sense of the circular polarization can be investigated by verifying the direction of current patterns on
the surface of the radiating element. Figures 14, 15 and 16 demonstrate the rotation of surface current
pattern at three frequency points (4 GHz, 7.5 GHz and 11 GHz) across the whole operating band of the
antenna at various phases viz. 0◦, 90◦, 180◦ and 270◦. It is evident that the simulated current patterns
rotate in a clockwise direction when looking towards the paper, hence the proof that the antenna exhibit
left-hand circular polarization (LHCP). Since the truncated circular patch without slits produces the
same LHCP, it is verified that the sense of circular polarization will not be altered by introducing slits
on the radiating surface but its effect is to widen the ARBW.

(a) (b) (c) (d)

Figure 14. Surface current distribution at 4GHz. (a) Phase = 0◦, (b) Phase = 90◦, (c) Phase = 180◦,
and (d) Phase = 270◦.

(a) (b) (c) (d)

Figure 15. Surface current distribution at 7.5 GHz. (a) Phase = 0◦, (b) Phase = 90◦, (c) Phase = 180◦,
and (d) Phase = 270◦.

(a) (b) (c) (d)

Figure 16. Surface current distribution at 11 GHz. (a) Phase = 0◦, (b) Phase = 90◦, (c) Phase = 180◦,
and (d) Phase = 270◦.



276 Sam and Abdulla

3.4. Gain

The extent to which an antenna concentrates the radiated power in a given direction or absorbs incident
power from that direction, compared with a reference antenna, is termed as the gain of that antenna.
The traces plotted in Figure 17 illustrates the variation in gain across the possible operating frequencies.
An attempt has been made to compare the gain of the proposed antenna with the antenna reported
in [8]. A measured peak gain of 6.6 dB is obtained at 7 GHz for the antenna without slits and notches.
The simulated plots affirm that the gain of the antenna will not be suffered by inserting radial slits.
Instead, the gain is improved in between the frequencies 4.2 GHz and 6.8 GHz. Integration of notches
on the partial ground never deteriorates the gain, but it emends slightly beyond 11 GHz. The simulated
peak gain of 5.59 dB is attained at 11.8 GHz. Other parametric factors which influence the antenna
gain are the height of the substrate and the microstrip feed position. Studies have been carried out to
investigate the role of the height of the substrate h and the feed offset position t3 on the gain of the
antenna. Figure 18(a) indicates that the gain of the antenna increases with h in the frequencies 4.5 GHz–
6.4 GHz and 6.8 GHz–10 GHz. The decrease in the gain of the antenna in the upper band may be due
to the following possible reasons. The relative permittivity of the FR-4 substrate tends to decrease with
increase in frequency [27] and may degrade the gain of the antenna at high frequencies. Besides, with
increasing the substrate thickness, the bandwidth increases but the antenna dimensions decreases as
well as the centre operating frequency moves away from the desired resonance frequency and thereby
reducing the gain at frequencies away from its designed frequency [28, 29]. The decrease in the gain
beyond 12 GHz can be neglected as it is not covered under the operating frequency range. Figure 18(b)
shows that the feed offset distance t3 significantly controls the gain of the antenna. Between 4.4 GHz

Figure 17. Simulated and measured plots of gain.

(a) (b)

Figure 18. Parametric analysis on gain. (a) Variation of gain with the height of the substrate h and
(b) variation with feed line offset t3.
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Figure 19. Normalized radiation patterns showing co and cross polarizations. (a) 3.88 GHz, (b)
5.14 GHz, (c) 8.8 GHz, and (d) 11.56 GHz.
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and 6GHz, its role is to increase the gain and between 6 GHz and 12 GHz its role is to decrease the
gain upon increasing the feed offset distance t3. A maximum augment of 2 dB is manifested around
11.4 GHz with a feed line offset of 2mm from the centre of the patch in the +x direction.

Table 3. Comparison of critical parameters with other reported work.

Ref. Substrate/
Dimension (mm)

IBW/Band
(GHz)

Fractional
IBW

ARBW/Band
(GHz)

Fractional
ARBW

Peak gain
(dB)

[2] FR4: 60 × 60 × 0.8
10.33

(2.67–13) 131.8%
1.952

(4.993–6.945) 32.2% 4.2

[3] FR4: 28 × 29 × 1.6 7.95
(2.98–10.93) 113.6% 2.83

(7.18–10.01) 33% Not
mentioned

[4]
Rogers RO4003:
20 × 20 × 0.813

2.4
(4.8–7.2) 40%

1.95
(5.15–7.1) 33% 3.6

[5] FR4: 25 × 24 × 1 4
(4.8–8.8) 58.8% 3.375

(5.375–8.75) 47.8% 3.4

[6] FR4: 50 × 50 × 0.8
4.82

(2.15–6.97) 105.7%
3.9

(3.1–7) 71% 5

[7] FR4: 30 × 25 × 0.8 14.4
(3.1–17.5) 139.8% 4.67

(5.91–10.58) 56.64% 5.67

[8] FR4: 37 × 33 × 1.6
7.6

(3.4–11) 105.5%
5.05 (3.4–7.6)
& (8.65–9.5) 85.8% 5.73

[11] FR4: 44 × 42 × 0.8 2.56
(2.05–4.61) 76.8% 2.41

(2.19–4.6) 71% 2.8

[12] FR4: 20 × 20 × 1.6
4.6

(4–8.6) 73.0%
3.45

(5–8.5) 51.8% 5

[13] RT/Duroid 5880:
28 × 28 × 1.6

4.75
(3.25–8) 84.4% 2.27

(4.4–6.67) 41.0% 3

[14] FR4: 30 × 30 × 1.6
3.79

(2.61–6.4) 84.1%
3.25

(3.1–6.35) 68.7% 3.8

[15] FR4: Radius = 58.8 5.1
(2.9–8) 93.5% 3

(3–6) 66.6% 4.9

[16] FR4: 25 × 25 × 1.5
5.3

(3.2–8.5) 90.5%
4.8

(3.3–8.1) 84.2% 3.56

[17] FR4: 60 × 60 × 1.6 17.1
(2.9–20) 149.3% 2.6

(2.9–5.5) 61.9% 5

[18] FR4: 25 × 25 × 0.8
12.06

(2.76–14.82) 137.2%
1.86

(4.27–6.13) 35.7% 3.2

[19] FR4: 68 × 33 × 1.6 13.33
(0.170–13.5) 200% 1.9

(4.9–6.8) 32.5% 4

[20] FR4: 40 × 40 × 1.58
9.5

(2.5–12) 97.4%
4.4

(3.2–7.6) 81.1% 3.7

[21] FR4: 40 × 45 × 1.5 5.22
(2.3–7.52) 106.3% 3.7

(2.25–5.95) 90.02% 5.2

[22] FR4: 30 × 33.5 × 0.8
10.05

(2.55–12.6) 132.6%
7.3

(3.9–11.2) 96.7% 4.1

This
work FR4: 37 × 33 × 1.6 8.6

(3.4–12) 111.6% 8.7
(3.3–12) 113.7% 5.59
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3.5. Radiation Pattern

Radiation patterns are plotted not only to measure the antenna parameters and to analyze the purity
of polarization but also to fix the position of receiving antennas to catch the maximum amount of
radiated electromagnetic waves. Normalized co-polarized and cross-polarized radiation patterns in yz
plane and xz plane at four different frequency locations within the entire passband viz. 3.88 GHz,
5.14 GHz, 8.8 GHz and 11.56 GHz are plotted in Figures 19(a)–(d). Simulated and measured values
illustrate the presence of circular polarization in the +z and −z axis except in −z axis (θ = 180◦) at
11.56 GHz, where the difference between the co-polarization and cross-polarization levels reach around
10 dB. The patterns reflect a functional beam width (where the difference between the co-polarized and
cross-polarized patterns is less than 3 dB) of at least 60◦ in the +z axis across the whole band with
an exception at 8.8 GHz in the yz plane which may be due to the tilt in the pattern. Increase in the
cross-polar levels is due to the finite size of the partial ground plane placed away from the bottom of the
radiator space. The purity of circular polarization and the beamwidth of the radiation pattern improves
as approaching towards the lower end of the frequency band.

The minor tilt in the lobe is mainly due to the combined effect of the asymmetric shape of
the radiator and the feed line offset As moving towards high frequencies, a slight amount of pattern
fluctuations is observed which may be due to possible measurement errors.

3.6. Comparative Studies

The results of the proposed antenna are compared with the values of similar antennas reported in
published articles. Table 3 highlights the value of critical radiation parameters of those antennas taken
for comparison. The antenna exhibits the widest ARBW (8.7 GHz) among the comparable works. It is
prima facie understood that none of the works except the proposed antenna exhibit more than 100%
fractional IBW and fractional ARBW. Besides, 100% of its IBW has been transformed to disseminate
circular polarization. Inserting the slits reduce the area of the truncated circular radiator by 3.28%
(from 228.19 mm2 to 220.8 mm2). But the introduction of the slits along with the integration of double-
stepped notches (1.72 mm2) in the partial ground improves the ARBW by 72.27% (from 5.05 GHz to
8.7 GHz) [8]. Also, this minor reduction in the size of the radiator did not affect the overall gain of the
antenna. The proposed antenna is compact compared to the other reported works.

4. CONCLUSION

The design equations for the basic structure of the proposed planar antenna has been developed by the
authors in the earlier work and is been adopted here and introduced more design features to enhance
the impedance bandwidth and axial ratio bandwidth. This research work deploying asymmetric feed
planar antenna exhibits broad impedance bandwidth of 8.6 GHz (3.4 GHz–12 GHz) and wide axial ratio
bandwidth of 8.7 GHz (3.3 GHz–12 GHz) which merges the UWB and X band frequencies with a short
of only 0.2 GHz in the lower end of UWB. Besides, the antenna manifests an effective fractional axial
ratio bandwidth of 111.6%. The antenna presents a fair gain throughout the passband with a peak
value of 5.59 dB. Measured radiation patterns display excellent farfield characteristics. The proposed
antenna is potentially suitable for applications in UWB, S-band, C-band and X-band frequencies.
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