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ABSTRACT In this paper, a novel compact circularly polarized (CP) monopole wideband printed patch
antenna is proposed. The antenna consists of a hook-shaped branch connected at the partial rectangular
ground plane and reversed unequal arm with an L-shaped microstrip-feed which helps the antenna achieve
wideband circular polarization property. The measured results display that the proposed compact (44×44×
1.6 mm3) antenna acquires 3.12 GHz (56%, 2.25–4.0 GHz) at the 10-dB impedance bandwidth, and the
axial ratio (AR) bandwidth at 3-dB is 3.48 GHz (63.61%, 2.38–4.60 GHz). A parametric study of different
design parameters and measured and simulated results of the various characteristics of the designed antenna
is presented to verify the performance of the radiation mechanism. Finally, by scaling only, the dimensions
of the proposed antenna without changing another parameter, a wide impedance and AR bandwidth are
achieved. On account of the simple planar structure and scaling dimension with broadband CP property,
the proposed antenna does apply in a variety of wireless communication systems such as ISM, WiMAX,
WLAN, satellite communications, cordless telephones, weather radar systems, and lower frequency bands
CP type applications.

INDEX TERMS Axial ratio, compact, circular polarization, hook-shaped, planar printed antenna, wideband.

I. INTRODUCTION
In recent years, the popularity of circularly polarized
microstrip antennas have been increasing due to several mod-
ern wireless communications, such as satellite communica-
tions, WLAN(Wireless Local Area Network) and WiMAX
(Worldwide Interoperability for Microwave Access), RFID
(Radio-frequency identification) readers and GPS (Global
Positioning System), while it is used as both transmitter and
receiver due to its flexible orientation [1]. The techniques
to enhance the cross polarization of CP antennas at equally
the transmitter and receiver ends for increased discrimination
enhances the invulnerability to multipath propagation. The
demand for CP antennas that have a wide operating band-
width and wide AR band are increasing with the current high
demand for high-speed wireless communication.

Numerous forms of antennas having different patch
shapes, feed lines and slots in the ground and a patch that
can considerably generate wideband CP characteristics have
been described in the literature. Circular polarization can be

achieved using the trepidation of a thin slot or a curtailed
stub in a microstrip patch [2], [3]. To achieving 19.8% of the
impedance bandwidth and 19.3% of the 3 dB AR bandwidth,
two monopolar modes of a circular patch are connected
with an altered ground plane through a set of conductive
vias [4] which increases the complexity of the design. The
antenna reported in [5] has an asymmetrical dipole, which
is fed by an L-shaped microstrip transmission line and the
ground is slotted, which acquired an AR bandwidth of 23%.
An annular slot antenna is reported with two connected annu-
lar slots that have achieved an AR bandwidth of 46.7% at
3 GHz [6]. An inverted L-shaped slot-loaded ground plane
and an inverted U-shaped strip achieved 60% of the wide
axial ratio [7]. With dimensions of 72 mm × 148 mm ×
1.6 mm, a rectangular radiation patch placed asymmetrically
to the microstrip line achieved 136% of the impedance band-
width and 77% of the AR bandwidth [8]. Zhang et al. [9]
introduced a CPW fed antenna where the AR bandwidth is
extended 44.9% from 4.58 GHz to 7.23 GHz, developing one
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of the two requisite orthogonal apparatuses together with the
monopole for the CP. For exciting a monopole along with a
slot in parallel, a branched microstrip structure was used to
achieving circular polarization with dimensions of 38 mm ×
54 mm. The impedance bandwidth(−10 dB) and AR band-
width (3dB) of the branch patch antenna were above 73% and
46.8%, respectively [10]. With a profile of 24λ, successively
swapped strips that connect with a cross dipole and achieved
23% of the bandwidth (2.3-2.9 GHz) at a 3 dB AR. A 51.4%
AR bandwidth from 1.82 to 3.08 GHz is achieved with a
modified ground and two orthogonal edges of the rectangle
that produce CP, which was fed asymmetrically [11]. The
CP bandwidth of approximately 61.96% has been achieved
with an inverted asymmetric arm L-shaped microstrip and
partial ground plane, but the dimensions of the antenna were
54 × 54 × 1.6 mm3 [12]. The wideband antenna fed by the
M-probe achieves 16.8% of the AR bandwidth [13]. With
a height of 0.1λ, the above antenna shows the CP band.
However, due to the stacked parasitic patch, the wideband is
partial. An enhanced CP band of 16% is adoptedwith a probe-
fed CP patch with a coplanar parasitic ring [14]. A CPW-fed
widened patch antenna having a nesting-L slot was previously
proposed [15]. By protruding an asymmetric T-type strip
from the CPW feed line, a 110% input impedance bandwidth
was achieved. A nesting-L slot structure was familiarized to
widen the CP radiation bandwidth on the ground with overall
dimensions of 80× 80 mm2. Shen et al. introduced an asym-
metrical Y-shaped feeding line patch antenna to generate CP
radiation for X-band applications, and a through via that is
in series with an inductive strip was employed to achieve
the impedance bandwidth of 31.4% in which the AR is less
than 2 dB [16]. More recently, a wideband circular polar-
ized printed triangular monopole antenna was proposed [17].
An asymmetrical excitation of a trilateral ground plane and
a planar triangular monopole wideband produces circular
polarization. A wide AR bandwidth covering 62% (1.42 GHz
−2.7 GHz) is provided for combined CP radiation. Though
the antenna does not cover a compact dimension. The overall
dimensions of the antenna are 79.2 × 112 mm2. A moon-
shaped antenna [18], a slot antenna [19], and a chifre-shaped
monopole antenna [20] with 3 dB AR bandwidths of 40%,
49% and 41.6%, respectively, were proposed. A CPW-fed
square slot antenna with two asymmetric T-shaped feed
lines and an inverted-L grounded strip was stated in [21].
In addition, two Vivaldi antenna elements were cross-placed
to shrinkage the antenna dimension and to get broadband
CP operation [22], which is a comparatively complex design.
Recently, a square slot antenna with an antipodal Y strip [23],
a cross-shaped planar antenna with a ground plane exten-
sion [24], and compact, wideband directional CP antenna [25]
have been offered to achieve a wide impedance and AR band-
width. However, the majority of the CP antennas mentioned
previously possess a 3-dB AR bandwidth of significantly less
than 60% with large electrical length. Furthermore, as per
the author’s knowledge, there have been very few attempts to

achieve wideband circular polarization through perturbations
of conventional printed monopole/dipoles.

In this article, a new planar simple antenna structure is
offered with an inverted L-shaped feed and hook-shaped
ground to generate CP. By modifying the fissure between
the inverted L- strip and the hook-shaped ground plane and
between the length and width of the hook-shaped branch
with the partial rectangular ground plane, broadband CP
operation is achieved. The high-frequency structure simulator
(HFSS) was used to design and optimize the proposed planar
monopole antenna. To determine the accuracy of the proposed

FIGURE 1. Schematic layout of the proposed printed CP antenna:
(a) overall design and (b) cross-sectional view.

TABLE 1. Optimized design parameters of the proposed antenna.
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FIGURE 2. Development of the realized antenna for (a) Antenna 1,
(b) Antenna 2, and (c) Antenna 3.

antenna, the simulated results are compared with the exper-
imental results. Finally, by scaling only the dimensions (L)
of the proposed antenna, a wide impedance (−10dB) and
AR (3dB) bandwidth are achieved. So, any researcher can
redesign the required CP operating band application antenna
with only scaling the dimension (L) of the proposed antenna
without altering the other parameters.

II. ANTENNA GEOMETRIC LAYOUT DESIGN
The schematic layout of the proposed antenna is presented
in Figure 1. The proposed antenna is fabricated on a low-cost

FIGURE 3. Numerical S11 for Antenna 1, Antenna 2 and Antenna 3.

FIGURE 4. Numerical AR for Antenna 1, Antenna 2 and Antenna 3.

FR4 (epoxy resin glass fiber) substrate material with a height
of 1.6 mm and a dielectric constant of εr = 4.6. The antenna
is fed with a 50 � SMA (subminiature version A) connector
for signal transmit or receive. The presented antenna com-
prises an inverted asymmetric L-shaped feed line on top of
the substrate. The asymmetric inverted L-strip is a tradi-
tional monopole antenna with linear polarization excitation.
A hook-shaped branch is connected to the partial rectangular
ground plane to generate two orthogonal modes with a 90◦

phase difference. This capacitive, coupled, hook-shaped arm
with a partial rectangular shaped ground plane excites the
inverted L strips and strongly influence the amplitudes of the
two orthogonal modes. Therefore, it is possible to generate
CP radiation by tuning the gap width between the hook-
shaped vertical arm and the inverted L strip vertical arm.
The gap between the partial rectangular ground plane and the
inverted L strip also plays an important role for impedance
matching. The optimized design parameters of the mentioned
antenna structure are listed in Table 1. To justify the devel-
opment process, four prototypes are presented, as shown in
Figure 2. Antenna 1 only contains an inverted L-strip feed
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FIGURE 5. Surface current distribution behavior of Antenna 1 (a) 0◦

(b) 90◦ (c) 180◦ and (d) 270◦ at 3.0 GHz.

FIGURE 6. Surface current distribution behavior of Antenna 2 (a) 0◦

(b) 90◦ (c) 180◦ and (d) 270◦ at 3.0 GHz.

line and a partial rectangular ground plane on the bottom
layer. Antenna 2 includes an inverted L-strip feed line and a
hook-shaped arm connected to the partial rectangular ground
plane. Antenna 3 has an asymmetric inverted L strip feeding
line and optimized hook-shaped arms connected to the partial
rectangular ground plane.
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FIGURE 7. Surface current distribution behavior of Antenna 3 (a) 0◦

(b) 90◦ (c) 180◦ and (d) 270◦ at 3.0 GHz.

A comparison between Antenna 1 and Antenna 2 can be
seen in Figure 3 and Figure 4, where the hook-shaped arms

FIGURE 8. Surface current distribution of the mirroring antenna at
3.0 GHz. (a) 0◦. (b) 90◦. (c) 180◦. (d) 270◦.

not only improve the 10 dB impedance bandwidth from 0%
(Antenna 1) to 21.86% (Antenna 2) at a center frequency
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FIGURE 9. Simulated radiation pattern of Antenna 1, Antenna 2 and Antenna 3 at (a) 2.4 GHz (b) 3.0 GHz (c) and 3.9 GHz.

of 2.47 GHz but also create two orthogonal modes with a 90◦

phase difference. This helps to attain less than a 3 dB axial
ratio bandwidth from 0% (Antenna 1) to 52.50% (Antenna 2)
with respect to the middle frequency of 3.39 GHz. This
phenomenon was investigated using the top and bottom layer
current distribution, as depicted in Figures 5, 6, 7 and 8 at
3 GHz for Antenna 1, Antenna 2 and Antenna 3, respec-
tively. It can be seen based on Figure 5 of Antenna 1 that
there is no specific variation in the main direction of the
current after the phase changes. The inverted L-strip acts
as a traditional monopole antenna with stimulation linear
polarization. After inserting a hook-shaped branch in the
rectangular ground plane, the surface current distribution is
altered in Figure 5 for Antenna 2. The main direction of the
surface current vector at the rectangular ground with the feed
in Figure 6 is towards the−Y direction for the 0◦ phase, the -
X direction for the 90◦ phase, the +Y direction for the 180◦

phase and the +X direction for the 270◦ phase. The hook-
shaped branch extends out of the ground but lacks the ground
characteristics shown in Figure 6. Instead, it is more similar
to a stimulated radiation element. The hook branch disrupts

the current distribution of the ground and generates different
orthogonal modes every time for CP radiation. The antenna
also exhibits broadband performance due to the combination
and interaction of the hook-shaped branch and asymmetric
inverted L-strip. Finally, the surface current concentration of
Antenna 3(proposed) at the four phase angles of 0◦, 90◦,
180◦, 270◦ at a 3 GHz frequency, shown in Figure 7, can
demonstrate the mechanism of the wideband CP radiation.
An instant current phase of the antenna at 90◦ intervals proves
the existence of circularly polarized radiation. The current
flows rotate right-handed from the −Y-axis to the +X axis
and results in left hand circularly polarized (LHCP) radiation
along the+Z direction. On the other hand, right-hand circular
polarization (RHCP) may be accomplished simply by mirror-
ing the antenna about the XZ-plane. The surface current con-
centration of mirroring antenna with four phase angles of 0◦,
90◦, 180◦, 270◦ at 3 GHz frequency, presented in Figure 8,
can further demonstrate the mechanism of the wideband CP
radiation. An instantaneous current phase on the proposed
antenna, at 90◦ intervals demonstrates a circularly polarized
radiation. The current flows rotate anticlockwise from the
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FIGURE 10. Simulated reflection coefficient (S11) and AR with several values of (a) g1, (b) g2, (c) W1, (d) W2, (e) d1 and (f ) gx, and gy.

+X axis to the −Y axis and result in the RHCP radiation
toward the +Z direction.

Comparing Antenna 2 to Antenna 3, it can be perceived
in Figures 3 and 4 that by optimizing the dimensions of dif-
ferent parameters, the impedance bandwidth can be extended
from 21.86% to 58.40%, and the AR bandwidth can be
enhanced from 52.50% to 61.50%. Based on the simu-

lated reflection coefficients of Antenna 1, Antenna 2, and
Antenna 3 as depicted in the Smith chart in Figure 3, it can
be inferred that the optimized gap and hook-shaped branch
length introduce the resonant frequency and impedance band-
width improvement by merging the different resonant bands.
Figure 9 depicts the simulated radiation pattern of Antenna 1,
Antenna 2 and Antenna 3 at 3.0 GHz. It can be clearly told
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FIGURE 11. The optimized antenna configuration and its prototype.
(a) Top view. (b) Bottom view.

FIGURE 12. Simulated and measured S11 and AR vs frequency of the
presented CP antenna.

from this figure that Antenna 1 exhibits an omnidirectional
radiation pattern whereas Antenna 2 and Antenna 3 exhibit
RHCP and LHCP radiation characteristics in both the
Phi = 0◦ and Phi = 90◦ planes.

III. PARAMETRIC ANALYSIS
To assess the effect of the different antenna parameters on
the impedance and AR bandwidth, a parametric study is
shown. Figure 10 portrays the simulated S11 and AR with

different parameter values of g1, g2, W1, W2, d1, gx , and gy.
All the parameters remain fixed at their starting values unless
otherwise specified.

A. EFFECT OF GAP LENGTH g1
Figure 10(a) displays the simulated reflection coefficient and
AR as functions of different gap lengths denoted by g1
between the hook-shaped branch W2 and the inverted L strip
width W1. The greater value g1 represents the shorter length
of both branches. It can be noted from this figure that the
resonant frequency or −10 dB impedance frequency shifts
to a lower frequency as g1 increases. On the other hand,
the resonant frequency or−10 dB impedance frequency shifts
to a higher frequency as g1 decreases. However, the reflection
coefficient in the middle band is extremely deteriorated when
g1 continues to increase. From this figure, it can also be
seen that this parameter mainly affects the AR in the lower
band. The wide axial ratio with a wide reflection coefficient
bandwidth has been achieved using the optimized dimension
of g1 = 8.56 mm.

B. EFFECT OF GAP LENGTH g2
Next, the effect of the gap g2 between the inverted L strip and
ground plane arm L3 is explored, as shown in Figure 10(b).
The impedance bandwidth decreases when the gap becomes
narrower. This parameter mainly affects the impedance band-
width of the lower band when the upper band frequency
changes slightly. It can be expected that the gap significantly
affects the energy coupling between the ground plane and the
inverted L-shaped strip. The AR bandwidth shifts slightly to
a higher frequency as the gap decreases, because a greater
capacitor is obtained.

C. EFFECT OF WIDTHS W1 AND W2
From Figures 10(c) and (d), it can be seen that the length of
the vertical arm of the hook-shaped branch W2 and inverted
L strip vertical arm length W1 have a significant influence
on the reflection coefficient and slight effects on the AR.
By increasing W1 and W2, the equivalent of the wide fre-
quency band (2.15 GHz-4.0 GHz) is significantly enhanced.
This trend is due to the length of the arms, which can stimulate
the coupling of the top and bottom conductors. When the
arm lengths are static at W1 = 4 mm and W2 = 2.5 mm,
the broadest bandwidth of the presented antenna can be
attained.

D. EFFECT OF DISTANCE d1
Figure 10(e) reveals the simulated reflection coefficients and
ARs as functions of frequency for different distances of the
feed line from the closer vertical edge of the ground plane d1.
With reference to Figure 10(e), the feed distance significantly
affects the input impedance. As d1 decrease from 6.04 to
2.04 mm, the impedance passband shifts downward and AR
bandwidth decrease. The optimum distance for the proposed
design is given by d1 = 4.04 mm.
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FIGURE 13. Simulated and measured normalized LHCP and RHCP radiation patterns at (a) 2.4 GHz and (b) 3.5 GHz.

E. EFFECT OF THE GROUND PLANE LENGTH gx AND
WIDTH gy

Finally, the rectangular ground plane length gx and width gy
exhibit a significant effect on the S11 and AR of the antenna,
which is portrayed in Figure 10(f). The gap between the
ground plane length gx and the horizontal inverted L stripes
introduce a coupling capacitance and play an essential role in
boosting the impedance bandwidth. It is seen that by decreas-
ing the values of gx and gy, the S11 values exhibit better
performance at lower frequencies. However, the impedance
bandwidth lessens as the gx and gy increase. On the other
hand, substantial improvement of the AR impedance match-
ing is perceived in the lower frequency band by decreasing
the lengths gx and gy of the rectangular ground plane. It is
to be distinguished that the ground plane size has little effect

on the higher frequency band of the AR bandwidth. For the
widest impedance bandwidth and AR bandwidth, values of
gx = 32.8 and gy = 32 mm are optimum.

IV. MEASURED RESULT AND DISCUSSION
Optimized proposed antenna prototypes, Antenna 3 is fab-
ricated and measured. The snapshot of the antenna proto-
type is presented in Figure 11. Investigational results are
measured with the Agilent N5227A performance network
analyzer and the UKM Satimo Star Lab (Near field antenna
measurement system). From the achieved results and depicted
in Figure 12, the experimental impedance bandwidth of the
reflection coefficient at below −10 dB is approximately
1.75 GHz (2.25-4 GHz), which is approximately 56% regard-
ing the center frequency at 3.12 GHz. The measured 3 dB
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TABLE 2. Comparison of the broadband CP antennas.
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TABLE 3. Performance of the proposed antenna by scaling the dimensions.

AR bandwidth is approximately 2.19 GHz (2.38-4.58 GHz),
which is approximately 63.23% at 3.48 GHz. The computer-
generated (using HFSS) and measured radiation pattern are
demonstrated in Figure 13 at 2.4 and 3.5 GHz, respectively.
With opposite sense (RHCP and LHCP) polarization, the
antenna radiates a bidirectional wave. The antenna is radiated
towards the LHCP for Z > 0 and the RHCP for Z < 0.
It is perceived that at both frequencies, the main beam direc-
tion hardly shifts away from the peak. The antenna’s mea-
sured and simulated (HFSS) gains are depicted in Figure 14.
The average measured gain is more than 2.98 dBic in the
achieved operating band, and the measured peak gain is
approximately 3.54 dBic at 3.70 GHz. Simulated and mea-
sured radiation efficiency of the realized antenna is demon-
strated in Fig. 15. The radiation efficiency in the measured
and simulation for the desired band is higher than 85%.

FIGURE 14. Simulated and measured gain against frequency.

For the comparison of the performance of the optimized
antenna, the −10dB impedance bandwidth (BW), the axial

FIGURE 15. Simulated and measured radiation efficiency against
frequency.

ratio bandwidth (ARBW), antenna dimension and the state
of the art of the reported antennas to achieve a wide AR and
impedance bandwidth in the literature review are summarized
in Table 2. The force and fear are the center frequency of
the impedance bandwidth and 3 dB axial ratio bandwidth,
and λo is the corresponding free space wavelength. It can be
observed from the table that the proposed antenna occupies a
smaller area and possess a wider CP bandwidth than existing
reported antennas. Table 3 presents the impedance and axial
ratio performance of the proposed design (Antenna 3) for the
different scaling dimension (L) only. From this table, it can
be perceived that the wide impedance (approximately 56)
and AR bandwidth (approximately 63%) have been achieved
for the scaling dimension (L) without changing the other
antenna parameters. If the designed parameters, such as g1,
g2, W1, W2, d1, gx , and gy, can be tuned, the impedance and
AR bandwidth can also be increased. Thus, any researcher
can be easily redesigned for any desired wide CP operating
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band application through the scaling dimension (L) without
changing the shape, which is the novelty of the presented
antenna.

V. CONCLUSION
In this article, a novel hook-shaped printed patch antenna
with a wideband CP radiation pattern property has been pre-
sented. The antenna is comprised of the reversed asymmetric
arm L-shaped microstrip feed with the hook-shaped branch
ground plane. The surface current movements are swapped
by interleaving a hook-shaped branch in the ground plane
to stimulate the CP. By tuning the length and width of the
ground plane and the gap between the inverted L-shaped feed
and the hook-shaped branch, the impedance and AR band-
width is widely achieved. The measured impedance and AR
bandwidths are given as 56% and 63.61%, respectively. The
proposed antenna exhibits a good symmetry with an opposite
sense bi-directional radiation with LHCP (left-hand circular
polarization) in the +Z direction and RHCP (right-hand cir-
cular polarization) in the −Z direction with an average peak
gain of 2.98 dBic. Because of its compact size, structural
simplicity and bidirectional broadband CP characteristics,
the proposed antenna can have real-world applications for
numerous multiband circular polarization systems. Thus, any
researcher can redesign the required CP operating band appli-
cation antenna with only scaling the dimension (L) of the pro-
posed antenna without changing the other parameters. Since,
the designed antenna is also highly compact and low-profile
with broad CP characters and is an auspicious candidate for
a wide selection of wireless applications.
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