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A CPW Fed Cross-Shaped Dual-Band Circularly Polarized
Monopole Antenna with Strip/Stub/Slot Resonator Loadings
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Abstract—A new compact CPW fed dual-band circularly polarized (CP) antenna for a broadcasting
satellite application is presented. The proposed dual-band CP antenna consists of a modified CPW
ground structure by loading stub/slots/inverted L-strip and a modified cross-shaped patch. A modified
CPW ground structure is able to generate circular polarization. The proposed antenna design provides
the simulated impedance bandwidth (IBW) (S11 < −10 dB) of 81.42% (3.16–7.5GHz) and 20.53%
(11.8–14.5GHz), respectively, and the 3-dB axial ratio BW (3-dB ARBW) for two bands are 29% (4.18–
5.6GHz) and 8.86% (11.86–12.96GHz), respectively. The proposed CP antenna provides a maximum
gain about 3.8 dBi and 5 dBi in lower and upper bands, respectively, with right-hand circular polarization
(RHCP) radiations. The overall size of the CP antenna is 27× 27× 1mm3.

1. INTRODUCTION

In the present scenario, there is a huge demand for circularly polarized antennas in wireless systems
such as satellite and mobile communications. Modern communication requires compact size antennas
with large bandwidths [1]. It is a challenging task to get wider bandwidth with compact size, and few
reported antennas satisfy this type of challenge. Antenna polarization shows the polarization of the
radiated wave of the radio antenna toward that path [2, 3]. On the off chance that the heading is not
articulated, polarization is considered to be the polarization toward maximum gain. The main feature
of a CP antenna is independent from the alignment of the E.F. vector at both receiving and transmitting
sides, and due to this feature, it avoids the polarization mismatch losses that occur in the case of linear
polarization [4, 5]. In mobile communication constant orientation is an important aspect that is not
easily maintained by the linear polarized antenna, so to maintain it, CP is a good choice because with
CP, received signal strength is constant with antenna orientation. Besides the above advantage, CP
antenna also provides a reduction of Faraday rotation effect that is responsible for the loss of signal
(approximately 3 dB or more) if linear polarization is used [6–9]. The utilization of circularly polarized
antenna presents a satisfying response for accomplishing this polarization coordinate which takes into
consideration greater adaptability in the edge among transmitting and receiving antennas, lessens the
impact of multipath reflections, upgrades climate entrance, and takes into consideration the portability
of both the transmitter and receiver. Circular polarization can be characterized by three parameters:
3-dB ARBW which is the fraction of the major axis to the minor axis, sense of rotation (RHCP or
LHCP), and tilt angle. The value of AR for the CP antenna should be less than 3 dB in the operating
frequency band. Coplanar waveguide (CPW) feed provides the advantages like diminished radiation
losses, lesser dispersion, and simple integration. Polarization reversal occurs when the signal is reflected
from the ground that is RHCP reflections showing LHCP [2].
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Various techniques have been reported in the literature based on single feed and/or dual feed,
loading passive components like chip register, capacitors, and stub/slot/slits resonating structures to
create perturbation in the path of the electric field which excites two orthogonal current modes of the
same magnitude and quadratic phase difference (PD). Moreover, these techniques possess limitations of
either linearly polarized (LP) [10, 11] or narrow bandwidth, complex geometry, and difficulty to realize
with monolithic microwave integrated circuits (MMICs) [12–16].

In this paper, a dual-band CPW feed CP antenna is designed which is compact, easy to design,
low cost (designed over an FR-4 substrate), and provides wide dual-band IBW and 3-dB ARBW. The
circular polarization is achieved due to two stubs that are provided on the ground plane. Further
improvement in 3-dB ARBW and IBW is achieved by cutting slots on the right side of the ground
and by providing stubs on the left side. In the proposed antenna dual-bands are achieved due to the
square stub at the lower side of the ground structure. It provides wide bandwidth with good radiation
characteristics (RHCP) in the broadside direction of the antenna.

2. DESIGN CONFIGURATION AND ANALYSIS OF ANTENNA

2.1. Antenna Geometrical Configuration

The geometrical configuration of the dual-band CPW fed CP antenna with stub and strip loaded ground
structure is depicted in Fig. 1. FR-4 substrate material is used for designing the antenna, which has
dielectric constant (εr = 4.3) and loss tangent (tan δ = 0.002) with the overall floor area (Length
(L) × width (W ) being 27 × 27mm2 and thickness (h) of 1mm. To calculate the dimension of the
CPW standard design equations are used. Massive simulations are carried out using CST Microwave
Studio (CST MWS) (which is based on finite integration technique (FIT) [17]) to optimize the design
parameters of the designed antenna. The optimized dimensions of the designed antenna are given in
Table 1.

Figure 1. Geometry of proposed CP antenna.

2.2. Design Analysis

The design stages of the CP antenna are completed in five different steps as depicted in Fig. 2. In
stage I, the square ground is used with a modified patch. In this design, a rectangular patch is modified
by the embedded stair-like shape at the top of the patch. It provides wideband IBW in a single band
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Table 1. Optimized design parameters.

Parameter
Value

(mm)
Parameter

Value

(mm)
Parameter

Value

(mm)

W5 3.73 W2 6.14 W6 3.8

L1 3.5 L2 7 L7 4.8

Lf 1.25 L3 3.03 W8 6.23

Wf 4.43 W3 4.27 L6 11.77

a 0.58 L4 1.87 m 1

b 0.87 W4 7.46 n 3

c 1.6 L5 3.64 x 2.75

Figure 2. Various successive intermediate stages of the proposed CP antenna structure.

with linear polarization. In stage II, the patch is further modified by putting an inverted T-shaped
structure on the top of it. In stage III, the ground is modified with two square shapes of the stub of the
same width embedded at the two sides of the corner. Further improvement in the ARBW is obtained
in stage IV, by putting a square-shaped structure on the left side of the ground. In this stage, S11 is
improved, but axial ratio bandwidth at a higher frequency is less, so further improvement is done in
the final design (stage V). In this stage, the ground is further modified by removing some portion from
the top of the right side. Circular polarization is achieved by providing a 90◦ PD and equal magnitude.

Figures 3 and 4 depict the S11 (dB) and axial ratio versus frequency plots, respectively for different
antenna prototypes of the designed CP antenna. During the analysis, it is observed that with the
increasing number of iterations impedance bandwidth gets improved resulting in wider axial ratio
bandwidth. In stage I and stage II there is no CP operation. Table 2 shows the comparison for the
different antenna prototypes in terms of S11 (dB) and axial ratio. It can be observed from the Table that
stage V (proposed design) provides better results in terms of S11 (dB) and axial ratio bandwidth.

2.3. Parametric Analysis

The impact of key parameters is presented in this section to study the effect of geometrical parameters
of the proposed antenna on the magnitude of (|S11|) and 3-dB ARBW. The parametric analysis gives
the estimation of how more than one parameter affects a specific result. The following two parameters
(dominate) are taken into consideration since these parameters mainly affect the performance of the
proposed antenna.

2.3.1. Effect of Square Shape Stub Length (W6)

When the square shape stub length of W6 is varied from 1.8mm to 4.3mm in the interval of the
0.5mm, the impact on |S11| and AR is depicted in Figs. 5(a) and 5(b), respectively. From the figure,
it is analyzed that the lower sideband increases, and upper sideband decreases, but the optimal size of
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Figure 3. Simulated reflection coefficient (S11) plot for different design stages.

Figure 4. Simulated axial ratio plot for different stage.

Table 2. IMBW and 3-dB ARBW comparative analysis for different stages (I-V).

Design IBW (GHz) 3-dB ARBW (GHz) CP characteristics

Stage I 2.83–5.58 - -

Stage II
5.51–6.01

10.21–11.29
- -

Stage III
3.23–9.75

12.04–13.17
4.45–5.39 Single-band

Stage IV
3.28–7.66

12–14.76

4.41–5.61

12.64–13.16
Dual-band

Stage V
3.16–7.5

11.8–14.5

4.18–5.6

11.86–12.96
Dual-band
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(a) (b)

Figure 5. Variation effect of W6 on (a) |S11| and (b) Axial ratio.

W6 = 3.8mm is selected to get desired results. Similarly, for axial ratio curve, better 3-dB ARBW is
achieved at W6 = 3.8mm, and the other values of stub wide axial ratio are achieved, but |S11| is not
good. The observed value of |S11| and ARBW for varying parameters (W6) is shown in Table 3.

Table 3. Variation effect of W6 on Bandwidth and 3-dB ARBW.

Varying

parameter (mm)
IBW (GHz)

3-dB ARBW

(GHz)
CP characteristics

W6 = 1.8
3.15–8.18

11.8–12.5
4.21–5.41 Single-band

W6 = 2.3

3.16–8.06

9.27–10.5

11.8–12.6

4.21–5.44 Single-band

W6 = 2.8
3.16–7.91

11.82–14.95
4.2–5.48 Single-band

W6 = 3.3
11.8–14.64

3.17–7.73

4.19–5.53

12.9–13.1
Dual-band

W6 = 3.8
3.16–7.47

11.8–14.5

4.18–5.6

11.86–12.96
Dual-band

W6 = 4.3
3.17–7.32

11.8–14.4
4.21–5.66 Single-band

W6 = 4.8
3.18–7.15

11.84–14.31
4.29–5.67 Single-band

2.3.2. Effect of Grounded Rectangular Slot (n,m)

When the grounded rectangular slot of length (m,n) is varied, the impact on |S11| and AR is depicted
in Figs. 6(a) and 6(b), respectively. Due to this slot, axial ratio bandwidth at the higher frequency gets
improved. When the length n is increased from 2.5mm to 5mm with the interval of 0.5mm, the length
of m is varied from 0.5mm to 3mm. It is observed that when the value of n is increased, at a time
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(a) (b)

Figure 6. Variation effect of slot (n,m) on (a) |S11| and (b) Axial ratio.

only one desired antenna characteristic is achieved. The optimized values of m and n selected to obtain
desired results are m = 3mm and n = 1mm, and the resultant values of |S11| and ARBW are shown in
Table 4.

Table 4. Variation effect of slot length (n,m) on Bandwidth and 3-dB Axial ratio BW.

Varying

parameter(mm)
IBW (GHz)

3-dB ARBW

(GHz)
CP characteristics

n = 2.5, m = 0.5
3.22–7.69

11.94–14.64

4.32–5.16

12.56–13.13
Dual-band

n = 3, m = 1
3.16–7.5

11.8–14.51

4.18–5.6

11.86–12.96
Dual-band

n = 3.5, m = 1.5
3.09–7.13

11.6–14.38

4.05–5.58

12.04–12.81
Dual-band

n = 4, m = 2
3.02–6.7

11.34–14.31

3.92–5.54

12.28–12.63
Dual-band

n = 4.5, m = 2.5
2.94–6.16

10.22–14.22
3.87–5.4 Single-band

n = 5, m = 3

2.86–5.43

10.15–11.83

12.28–14.07

3.83–5.02 Single-band

2.4. Polarization Mechanism

To elucidate the polarization mechanism, the distribution of surface current vectors at 5GHz and
12.5GHz CP frequencies are illustrated in Figs. 7(a) and (b), respectively for different time instants
ωt = 0◦, 90◦, 180◦, 270◦. It can be perceived that the surface current is predominately altered on
the modified patch, inverted-L grounded strips, and stub having almost equal amplitudes and 90◦ PD
leading to producing CP in a broadband range. In addition, it can be seen that at diverse time instants
from 0◦ to 270◦, the resultant current vector rotates in the anticlockwise direction inferring the sense
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(a)

(b)

Figure 7. Simulated surface current distribution at (a) 5GHz and (b)12.5 GHz.

of polarization as right-handed circular polarization (RHCP) in +Z direction and LHCP (Left-hand
circular polarization) wave in −Z direction.

3. EXPERIMENTAL RESULTS AND DISCUSSION

A prototype has been fabricated using an easily available low-cost FR-4 substrate (shown in Fig. 8). The
simulated S-parameter of the proposed antenna is evaluated using a full-wave CST microwave studio
suite and measured using Agilent’s E5071c vector network analyzer (VNA). The simulated and measured
antenna performances (|S11| and axial ratio) are shown in Fig. 9 and Fig. 10, respectively. From Fig. 9,
Fig. 10, and Table 5, it can be seen that there exist some sorts of discrepancies between the simulation-
based results and experimental results. These marginal differences are attributed to different mesh
sizes of the numerical technique of the simulator, errors in fabrication (fabrication tolerance), soldering,
measurement, conductor losses, material losses, etc. Fig. 9 depicts the S11 results of the proposed
antenna, which are verified in CST MWS and measurement. The proposed design provides the dual
bands that have a lower band and upper band impedance bandwidth ranging from 3.16–7.5GHz &
11.8–14.5GHz by simulation tool and 3.18–7.1GHz & 10.5–14.4GHz using measurements, respectively.

Figure 10 depicts the simulated and measured axial ratios versus frequency plot of the proposed
antenna. From this figure, it is seen that the designed antenna provides 3-dB ARBW of 4.18–5.6GHz
& 11.86–12.96GHz using simulation and 4.2–5.4GHz & 12.2–13.5GHz using measurements.

The comparisons between results obtained by the simulation software CST and measurements in
terms of S11 (dB) and 3-dB ARBW are shown in Table 5.

The radiation patterns simulated for XZ-plane (Phi = 0◦) and Y Z-plane (Phi = 90◦) at
frequencies 5GHz and 12.5GHz are depicted in Fig. 11. Figs. 11(a) and 10(b) show that the antenna
gives RHCP in the +Z direction and LHCP in the −Z direction. At the 12.5GHz, the radiations
pattern is distorted due to the existence of higher operation modes.

Figure 12 depicted the gain versus frequency plot of the designed antenna. From this figure, it
is observed that the designed antenna provides peak gain 3.8 dBi and 5 dBi in the lower and upper-
frequency bands, respectively.
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(a)

(b)

Figure 8. (a) Photograph of fabricated antenna with its measurement setup. (b) Schematic view of
measurement setup and Photograph of measurement setup for anechoic Chamber facility.
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Figure 9. Simulation and measurement of S11 of proposed CP antenna.

The proposed CP antenna is compared with previously available structures in terms of percentage
size reduction, IBW, 3-dB ARBW, and its CP response shown in Table 6. Here, antenna dimensions
are related to the substrate material to compute the overall size of the antennas. It is analyzed that
the proposed CP antenna is compact in size and provides large IBW and 3-dB ARBW as compared to
reported work except [16]. In terms of electrical size, [16] is smaller than the proposed work, but other
performance indices like IBW and ARBW are significantly improved.
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Figure 10. Simulated and measured axial ratio versus frequency plot of CP antenna.

Table 5. Comparison between S11 (dB) and 3-dB ARBW using different methods.

Methods
IBW

(GHz)

3-dB ARBW

(GHz)
CP characteristics

Simulated
3.16–7.5

11.8–14.5

4.18–5.6

11.86–12.96
Dual-band

Measured
3.18–7.2

10.5–14.5

4.2–5.4

12.2–13.5
Dual-band

(a)

(b)

Figure 11. Simulated and measured radiation patterns at (a) 5GHz and (b) 12.5GHz.
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Figure 12. The measured Gain plot of the proposed CP antenna.

Table 6. Comparison of proposed CP antenna with other reported structures.

Ref.
Antenna

Dimension (λ2)

%

Size

Reduction

Impedance

BW (GHz)

Axial ratio BW

(GHZ)

CP

characteristics

[10] 0.64× 0.60 40.10
3.1–3.14

4.16–4.19

-

-
LP

[11] 1.5× 1.3 88.20
5.04–5.35

5.72–5.92

-

-
LP

[12] 2× 2 94.25
11.4–12.48

13.47–4.39

11.98 to 12.34

13.61 to 13.84
Dual-band

[13] 0.70× 0.70 53.06
2.84–3.24

4.24–4.86

3.05 to 3.15

4.65 to 4.85
Dual-band

[14] 0.56× 0.56 26.65
2.34–2.47

5.64–5.85

2.39–2.43

5.77–5.83
Dual-band

[15] 0.57× 0.57 29.08 1.13–1.81
1.15–1.31

1.10–1.35
Dual-band

[16] 0.47× 0.47 -4.1 1.15–1.65
118–13

1.48–1.59
Dual-band

Proposed

Antenna
0.48× 0.48 -

3.16–7.5

11.8–14.5

4.18–5.6

11.86–12.96
Dual-band

Note: λ is the wavelength at he lower resonant frequency, Abbreviation: LP-Linearly Polarized.

4. CONCLUSION

A dual-band CP antenna with stub and inverted L-strip loaded is designed, fabricated, and
experimentally characterized. This antenna structure is optimized in size and easy to design. Also,
the peak gain of the proposed antenna is 5 dBi, and it provides good radiation efficiency (> 90%).
The proposed design provides dual-bands, having measured IBW of 75.70% (3.2–7.1GHz) and 32%
(10.5–14.5GHz), respectively. The measured axial ratio bandwidth for the two operating bands is
25% (4.2–5.4GHz) and 10.11% (12.2–13.5GHz), respectively. The proposed antenna has application
in IMT advanced system in the frequency band of 4.6–5.2GHz, MLS (5.150–5.350GHz), BBDR
(4.94–4.99GHz), TV broadcast nonmilitary applications (11–12.20GHz), broadcasting satellite (12.4–
12.5GHz), and 4.2–4.4GHz radio altimeter.
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