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Abstract
This article presents a novel planar monopole antenna with
circular polarization. The 3-dB axial ratio (AR) is achieved
by: shifting a vertical monopole to the left edge of the substrate in conjunction with a laterally inverted L-shaped ground plane. When viewed from the top, the antenna resembles
an uneven T-shaped structure rotated at 90 . Measurement
results show that; a 3-dB AR bandwidth is achieved from
3.1 to 6.2 GHz (66.7% fractional bandwidth) and an
S11 ≤ −10 dB bandwidth is realized from 2.5 to 6.5 GHz
(88.9% fractional bandwidth). The proposed antenna is compact with an area of 20 mm2, produces stable radiation patterns, and its simple to design and fabricate without using
parasitic elements or introducing slots on the antenna.

development of antennas for miniature systems, antennas
with compact sizes and wide impedance bandwidths are very
important today. Therefore, compact and planar CP antennas
have gained much attention in recent years.
CP antennas are realized by exciting two orthogonal
modes with equal amplitude and in-phase quadrature. Some
of the existing techniques used to achieve this goal on planar
monopole antennas are centered on introducing discontinuities by using slots on the ground plane and/or using parasitic elements around the ground plane/radiator. In
References 1-3, both stub and slots are used to modify the
ground plane to achieve relatively wideband CP. In Reference 4, a rotated monopole and a modified ground plane
with two V-shaped slots is proposed to realize 59.1% bandwidth. In Reference 5, by adding two triangular-shaped stubs
to the ground plane and using a C-shaped monopole,
104.7% bandwidth was achieved. In Reference 6, each side
of the monopole was coupled a parasitic spiral patch to realize 64.7% bandwidth. In Reference 7, a cross-shaped monopole, a ground plane extension, and a slotted ground plane
were used to realize 42.6% bandwidth. In Reference 8, an
asymmetric ground plane with multiple extended stubs was
used to realize 72.4% bandwidth. Other CP monopole antennas have also been proposed to realize multiple bands.9-11 In
Reference 9, an inverted L-shaped slot was introduced in the
ground, in addition to a beveled rectangular monopole to
realize a dual bandwidth of 6% and 6.7%. In Reference 10,
two parasitic patches were placed around the cross-shaped
monopole, and a stub was erected on the ground to achieve
dual band CP of 27.45% and 7.1%. In Reference 11, a
T-shaped slot is created on the ground and an X-shaped slot
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1 | INTRODUCTION
Circularly polarized (CP) antennas are very useful in several
wireless communication systems due to its resilience to
polarization mismatch which is usually a problem with linearly polarized antennas. In addition, due to the rapid
Microw Opt Technol Lett. 2020;62:405–410.
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F I G U R E 1 Proposed antenna configuration with dimensions
[Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 2

Antenna design evolution [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 3

Simulated (A) S11, (B) AR results for antennas 1-4. AR, axial ratio [Color figure can be viewed at wileyonlinelibrary.com]

is etched on an annular monopole to achieve 4.02%, 4.51%,
1%, and 12.74% bandwidths. In References 12 and 13, a
technique of using an open loop parasitic element along with
a modified monopole produced wideband CP results of
65.2% and 63.3%, respectively. Some of these designs have
relatively smaller axial ratio (AR) bandwidths or suffer from
design and fabrication complexities. Additionally, a lot of
them use similar/repeating techniques to realize CP
antennas.
In this article, a new, yet structurally simple and compact
planar monopole antenna with wideband CP characteristics
is designed. The proposed antennas consist of an edge-fed

rectangular monopole antenna and a laterally inverted
L-shaped ground plane. A wideband AR bandwidth of
66.7% is achieved with this design within the operating S11
bandwidth. The proposed antenna is easy to: design, optimize, and fabricate compared to many similar printed antennas and still achieves a relatively wide CP bandwidth.

2 | DESIGN AND CONFIGURATIONS
Figure 1 illustrates the antenna’s geometry. The feedline and
monopole are etched of an FR4 dielectric with the following
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F I G U R E 4 Surface current distribution showing RHCP at 4.8 GHz. RHCP, right-hand circularly polarized [Color figure can be viewed at
wileyonlinelibrary.com]

FIGURE 5

Photograph of the prototype with attached SMA [Color figure can be viewed at wileyonlinelibrary.com]

properties (height: 1.6 mm, ɛr: 4.4, and tan δ: 0.02). A compact area of 20 mm2 is used and it is drawn on the xy-plane.
Each design stage (evolution) is shown in Figure 2. Ant_1 is
a fundamental monopole antenna with a radiator and ground

plane, where the radiator is centrally fed by the feedline.14 In
Ant_2, the radiator is moved toward the +y direction and
therefore becomes asymmetrically fed. In Ant_3, the asymmetrically fed antenna is moved toward the −y-direction to
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F I G U R E 6 Simulated and measured S11 [Color figure can be
viewed at wileyonlinelibrary.com]

F I G U R E 7 Simulated and measured AR. AR, axial ratio [Color
figure can be viewed at wileyonlinelibrary.com]
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F I G U R E 9 Simulated and measured peak gains [Color figure can
be viewed at wileyonlinelibrary.com]

the edge of the substrate. In Ant_4, the rectangular-shaped
ground plane is modified to form an inverted L-shape. From
the top view, Ant_4 looks like an uneven T-shape structure.
The effect of each step in the evolution on the S11 and AR
results is shown in Figure 3. As expected, Ant_1 has a narrow impedance bandwidth with a fundamental resonant frequency of around 2.7 GHz. It is also linearly polarized with
an average AR value of 40 dB as expected. Ant_2 shows the
about the same S11 results as Ant_1 but with improved
AR. Ant_2 shows an average AR of 15 dB. CP is produced
when two electric field vectors (EVER, EHOR) have equal
amplitude and are 90 out of phase. EVER and EHOR are the
complex voltage in the vertical and horizontal planes,

F I G U R E 8 Simulated and measured radiation patterns at xz-(left) and yz-planes (right) at (A) 3.5 GHz and (B) 5.5 GHz [Color figure can be
viewed at wileyonlinelibrary.com]
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CP antenna comparison

Ref.

Technique, Design complexity

fc(GHz)

1

Slots, Stubs. Simple

5.9

2

Slot, Stubs. Very complex

3
4
5

Gain(dBi)

Size (mm × mm)(λ02)

44.9

1.9

24 × 25, 0.23

6.125

33

3.6

20 × 20, 0.17

Slots, Stubs. Simple

3.8

31.6

2

45 × 40, 0.29

Slots. Very complex

1.575

59.1

4.84

89 × 82, 0.20

Slots, Stubs. Very complex

4.3

104.7

6

49 × 55, 0.55

6

Parasitic elements. Complex

3.35

64.7

2.3

55 × 50, 0.34

7

Slots, Stubs. Complex

6.1

42

2.3

16 × 22, 0.15

8

Slots, Stubs. Very complex

2.9

72.4

4

50 × 50, 0.23

12

No Slot, Stubs, Parasitic Loop. Simple

4.14

65.2

3.5

25 × 25, 0.12

13

No Slot, No Stub, Parasistic Loop. Simple

1.9

63.3

2

50 × 55, 0.11

This work

No slots. No stubs. Very simple

4.65

66.7

3.4

19.5 × 36, 0.17

3-dBiARBW(%)

Abbreviation: CP, circularly polarized.

respectively. Now, when the feedline and monopole are
shifted to the edge of the substrate in Ant_3, the S11
improves significantly at frequencies above 3.2 GHz but the
impedance matching is still poor between 3.2 and 5 GHz
nonetheless.
More importantly, the AR drops tremendously from
about 15 dB to about 1.2 dB at around 5 GHz. Here the
antennas starts to operate like a circularly polarized antenna
but with narrow bandwidth. To increase the AR significantly, the rectangular ground plane is modified to form an
inverted L-shape structure as shown in Ant_4. Ant_4 thereby
becomes a wideband CP antenna. Additionally, the S11 significantly improves between 3.2 and 5 GHz due to the modified ground plane in Ant_4.
The surface currents at different time intervals in the +z
plane at 4.8 GHz is shown in Figure 4, illustrating that the
surface currents in 180 and 270 are equal but opposite in
phase to 0 and 90 . This means that the designed antenna is
right-hand circularly polarized (RHCP) in the +z-direction,
whereas a left-hand circular polarization (LHCP) is produced
in the −z-direction.

3 | RESULTS AND DISCUSSIONS
The S11 of the prototype was measured with a PNA E8363C
Agilent Network Analyzer while the AR, gain, and radiation
properties were measured with a Pyramidal Anechoic chamber with a working range of 500 MHz-40GHz. A picture of
the prototype is shown in Figure 5. The simulated and experimental S11 plots are seen in Figure 6. It shows that the
antenna can realize a fractional bandwidth of 88.9%
(2.5-6.5 GHz). The measured results agree with the simulations. The measured results in Figure 7 shows that the proposed antenna has a 66.7% (3.1-6.2 GHz) CP bandwidth.
The normalized radiation patterns at 3.5 and 5.5 GHz in both
xz-plane and yz-plane are also illustrated in Figure 8. The

results show that an RHCP is realized for z > 0, while an
LHCP is realized for z < 0. The peak gains within the AR
band are shown in Figure 9. An average peak gain of 3.4
dBic is achieved. The measured and simulated peak gains
agree well. Slight discrepancies in the simulated results and
measurements results is likely due to fabrication imperfections and practical experimental environments. Comparisons
of the proposed antenna and other single band CP monopole
antennas are presented in Table 1. The comparison shows
CP operation in this work does not involve slots, stubs,
and/or parasitic elements unlike other works, thereby making
design, optimization, and fabrication easy. It also has a small
electrical size and relatively wide bandwidth.

4 | CONCLUSIONS
A novel, low profile, and structurally simple CP monopole
antenna is presented in this work. Unlike many monopole
antennas, CP operation is achieved very easily, leading to a
simple design and easy fabrication. Measurement results
indicate that a fractional impedance bandwidth of 88.9% and
a fractional AR bandwidth of 66.7% are achieved by the proposed antenna. To achieve CP operation, a laterally inverted
L-shaped ground plane and a rectangular monopole that is
asymmetrically fed at the edge of the substrate are
employed. In addition to the simple configuration, the proposed antenna provides a new structure in achieving
enhanced AR bandwidth and CP operation in monopole
antennas. It is useful for ISM, WLAN, WiMAX (5-6 GHz),
and IEEE C-band.
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