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ABSTRACT This paper presents a novel wideband circularly polarized CPW-fed printed monopole antenna
for CubeSat applications. An AMC reflector with 5 × 5-unit cells is used to increase antenna gain. The
overall size of the antenna is 0.48λ0 × 0.48λ0 × 0.042λ0 at the operating frequency of 8-GHz. The proposed
printed monopole antenna provides a wide impedance bandwidth and a wide 3-dB axial ratio bandwidth.
When comparing our proposed antenna to all designs, it is evident that the proposed printed monopole
antenna offers several advantages. Firstly, it exhibits higher gain and a wider 3-dB axial ratio bandwidth
(ARBW) while maintaining a smaller physical size. More specifically, the measured results show a wide
-10 dB impedance bandwidth of 97.5% (6.1–13.9 GHz), and a wide measured 3-dB axial ratio bandwidth
of 98.75% (5.1–13 GHz) and total measured gain of 7.3-dBi at 8 GHz.

INDEX TERMS Artificial magnetic conductor (AMC), circular polarization, wideband, printed dipole.

I. INTRODUCTION
CubeSats have emerged as a notable class of miniaturized
satellites, capturing considerable interest in the realm of
space exploration and research. These satellites adhere to a
standardized, cube-shaped design, measuring 10 centimeters
per side (1U), and weighing a maximum of 1.33 kilograms
[1], [2], [3]. CubeSats offer an accessible and cost-effective
platform for conducting scientific experiments, showcasing
technological advancements, and facilitating educational
initiatives. Despite these challenges, ongoing research and
advancements in technology continue to address and over-
come the limitations of CubeSats. With their compact size
and lower costs, CubeSats offer great potential for scien-
tific exploration, technology development, and educational
initiatives, paving the way for innovative and accessible
space missions [4]. Antennas play a critical role in CubeSat
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missions as they provide crucial communication capabilities
between the satellite and ground stations. Antennas designed
for CubeSats must address several challenges due to the
satellite’s small form factor and limited power and weight
restrictions. The antenna must be compact, lightweight, and
efficient while maintaining reliable and robust communica-
tion links.

In modern wireless communication, there is a necessity
to use antennas that generate Circular Polarization (CP)
radiation with high data rate and high gain, especially in
the CubeSat and terrestrial point-to-point communication
systems [5], [6]. This is because CP allows the establishment
of a communication link between the transmitting and
receiving antennas, even if their polarization planes are not
perfectly aligned. This ensures more stable and consistent
communication links between satellites, spacecraft, and
ground stations [7]. Furthermore, CP radiation alleviates the
Faraday rotation effect which otherwise causes the linear
vector to rotate as a consequence of its interaction with the
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static magnetic field [8]. Additionally, among the prominent
advantages of CP are the mitigation of fading effects and
multipath rejection that cause interference in the linear
polarization [9].

There are twomain approaches for generating CP radiation
which include the use of both the single-fed CP technique and
the dual-fed CP technique [10], [11]. The main advantages of
the single fed are its low profile, simplicity, low fabrication
cost, and compact size [12]. However, its main limitations
are the resulting narrow 3dB Axial Ratio (AR) and −10dB
impedance bandwidths (IBW). On the other hand, the
dual-fed CP approach offers a broadband 3dB ARBW
and a wide IBW. However, it occupies a larger space
and necessitates an external hybrid polarizer, which poses
challenges in integrating it into modern compact devices and
adds complexity to the overall design.

From the two aforementioned method for CP generation,
the single-fed CP technique is the most suitable for CubeSats
due to its compact size. Single fed CP antennas can be
designed using either printed slot and monopole antennas
with biplanar or uniplanar structures [6]. The authors of [6],
present a comprehensive comparative study between printed
slot and monopole antenna structures based on various works
reported in the literature. The study concludes that printed
monopole antennas (Coplanar Waveguide (CPW-fed) exhibit
broader ARBW and IBW that exceed 100%. They also
demonstrate high trade-off values in terms of ARBW/size and
IBW/size, while maintaining a compact size.

Accordingly, the authors of [13], presented a broadband
C-shaped CP monopole antenna that provides a 3dB ARBW
of 65.2%, an IBW of 87.7%, and a total gain of 3.5 dBi
at 6 GHz. To achieve a broad CP, the authors placed a
rectangular open-loop that was coupled with the Monopole
and they connected a rectangular stub with the ground.
Another C-shaped CP Monopole antenna is proposed by
the authors of [14]. To achieve a wide IBW and ARBW,
they cut the corner of the combined C-shaped patch and
added triangular stubs on the ground plane. They reported
95.2% IBW and 96.8% 3dB ARBW and a peak gain of
3dBi at 4 GHz. However, the primary drawback of this
proposed antenna is its low gain. In [15], Ellis et al. proposed
an Asymmetric CP open-slot antenna for WLAN, ISM,
WiMAX, and C-band applications. The main idea was to
feed the open asymmetric wide circular open slot by an
offset feedline with an attached short stub. The proposed
antenna provides a wide CP bandwidth of 61% and a total
gain of 4 dBic at 3.5 GHz. In addition, a CP square slot
antenna is presented in [16], where the authors modified the
conventional square-slot-based ground to the CP bandwidth.
They reported a 2dB ARBW of 54.2%, a 10-dB IBW of
92.7%, and a total gain of 4.5 dBic at 7.8 GHz. Another CP
square slot antenna is proposed in [17]. The authors used the
CPW-fed technique to feed the proposed square slot antenna
with a grounded L-strip and I-shaped radiator. The proposed
antenna provides a 3dB ARBW of 33.96%, an IBW of 116%,
and a peak gain of 5.92 dBi at 11 GHz.

The main limitation of all the above-mentioned designs
is their low gains. One solution to improve the antenna
gain is to use an Artificial Magnetic Conductor (AMC)
as reflector redirect the back radiation forward and hence
increase the antenna gain [18], [19], [20], [21], [22]. The
AMC artificial characteristic is the in-phase reflection (0◦

phase) at a distance close to the radiating element which
makes it different from the Perfect Electric Conductor (PEC)
reflector. The latter needs a minimum distance of λ /4 to
avoid destructive interference. However, due to its in-phase
reflection characteristics, the AMC reflector can effectively
serve the same purpose as a PEC, but at a close distance to
the radiating element. This enables the maintenance of a low-
profile structure for both the antenna and the AMC reflector
[23]. Finally, AMC can also be considered as metamaterials
that consist of periodic metallic structures. As mentioned in
[24] it is important to be able to visualize and study the
edge waves that exist between the interface of air and AMC
surfaces.

In this paper, a circular polarized CPW-fed printed
monopole antenna with AMC that operates in the X-band
is presented. Operating in the X-band frequency range for
CubeSat antennas provides number of advantages, such as
miniaturization of the antenna to meet size and weight
restrictions, and higher data rates [25]. Both the monopole
and the ground planes are etched onto an FR4 dielectric
substrate. To achieve CP, the asymmetric ground planes are
adopted and a proper triangular cut in the upper edge of the
right ground plane is made as shown in Fig. 1. Moreover, the
AMC metasurface is used as a reflector to redirect the back
lobe radiation forwarded and hence enhance the proposed
antenna’s gain. The antenna is measured and fabricated. The
proposed antenna has a small size, low profile, and simple
feeding structure. The discussed results and design procedure
are presented in the following sections.

II. DESIGN PROCESS OF PROPOSED ANTENNA
This section presents the structural evolution process of the
proposed PMAwith AMC. For our proposed design, we have
considered the techniques presented in [6], [26], and [27] as
the design guidelines to the start of our design. Moreover,
based on the slot structure outlined in [27], we introduced
the asymmetrical ground plane characterized by varying the
heights. This leads to the excitation of the CP operation while
simultaneously achieving the desired impedance matching.

A. PRINTED MONOPOLE ANTENNA DESIGN
Fig. 1 shows the geometry of the proposed CPW-fed printed
monopole antenna. The antenna operates at a resonant X-
band frequency of 8 GHz and consists of a microstrip
CPW-fed printed monopole wherein the monopole and the
ground planes are on the same side (top side). The ground
planes (in orange color) are separated by the same optimized
distance gap g = 0.25mm from the monopole. The optimum
dimensions of the three metallic (PEC) parts (in orange color)
namely the monopole, the left and the right ground planes
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as well as the substrate dimensions are listed in Table 1.
The antenna is placed above AMC (thickness of its dielectric
substrate (in green color) is 0.8mm) at height h1 = 4.8 mm
(0.128λ ) and is fed by a 50 � CPW line. The characteristic
impedance of CPW feed is not inherently set at 50 �. It can
vary based on the design parameters of the CPW structure,
such as the dimensions of the signal trace (i.e., Wm and Lm),
the distance gap between the signal trace and the ground
planes (i.e., g) and the dielectric constant of the substrate
material [28], [29]. TheAMC reflector is a lattice of 5×5-unit
cell with periodicity of p=6.2mm (0.165λ ). The optimum
value of arc-truncation radius is 1.9mm. The upper substrate
(in Agua colour used is FR4 with a dielectric constant of
4.4, a loss tangent of 0.02, and a thickness of h=1.6mm.
The size of the antenna is 0.48λ0 × 0.48λ0 × 0.042λ0 at
an operating frequency of 8 GHz. The photograph of the
fabricated prototype is shown in Fig. 2.
To provide insight into the development of the final design

and to show how the final printed monopole antenna design
is obtained, a comparative analysis is carried out among
three intermediate antennas (Ants. 1-3) aa shown in Fig. 7.
This evaluation is undertaken to examine and contrast the
performance characteristics of each antenna relative to one
another. The generation of CP radiation is obtained bymaking
a triangular cut at the up edge of the right ground plane
beside the well-known impact of the asymmetric ground
planes of the CPW-fed PMA as shown in Fig.1 and 2. The
optimum height htr of this equilateral triangle (the cut part)
is 5.25 mm. Fig. 3 depicts the surface current distribution of
Ant.1 (symmetric ground planes with no cut), see Fig. 7(a).
We can see that the surface current vectors in both ground
planes are approximately in the same horizontal direction
but in opposite directions, which means that the horizontal
component of the electric field is reduced. This is explained
by the fact that the surface current vectors in each ground
plane cancel each other. As a result, the antenna becomes
vertically linearly polarized.

Fig. 4, shows the surface current distribution for Ant. 3
(see Fig. 7(c) at four phases 0◦, 90◦, 180◦, and 270◦. We see
that the implementation of asymmetric ground planes and
the incorporation of triangular cuts led to the achievement
of equal horizontal and vertical components, along with the
attainment of phase quadrature. The arrow at phi = 0◦ (left)
is the reference and as the surface current arrows are in the
counterclockwise direction for the four-phase times, then the
CP type for this proposed antenna is RHCP in the boresight
(+z) direction and LHCP in the backside (–z) direction
regarding the bidirectional radiation of the CPW-fed PMA.
The impact of the triangular cut is evident, as observed in
the considerable reduction of AR values within the targeted
frequency range. This effect can be further explained by
considering the perturbation it introduces in the surface
current. This perturbation is causing the horizontal electric
field component to equate its vertical counterpart while
maintaining a phase quadrature relationship. It is important
to note that this analysis is conducted in reference to the

unchanged configuration of the CPW-fed planar monopole
antenna (refer to Ant.1), depicted in Fig 3.

FIGURE 1. Configuration of CPW-fed PMA (a) geometry PMA, (b) PMA on
substrate, and (c) the model of PMA with AMC in HFSS.

FIGURE 2. Photograph of antenna prototype.

B. AMC REFLECTOR DESIGN
The AMC surfaces are class of a metasurfaces that have
an engineered (artificial) behavior which act as the in-phase
reflector similar to a Perfect Magnetic Conductor (PMC)
[30]. The latter is characterized by its high impedance surface,
where the tangential component of the magnetic field is
eliminated, resulting in a surface current density of zero.
As a result, incoming electromagnetic waves are reflected
with a 0◦ phase shift, promoting constructive interference.
These properties open up possibilities for the development
of more compact antennas with reduced mutual coupling
and improved front-to-back ratio (FBR). For instance,
incorporating an AMC metasurface as a reflector behind a
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FIGURE 3. The surface current vector on monopole and ground planes.

FIGURE 4. The surface current distribution at phases: 0◦, 90◦, 180◦

and 270◦.

radiating element allows for a smaller distance between them,
less than λ /4, leading to a low-profile structure.
To achieve the artificial characteristic of the AMC

reflector, our initial approach involved designing a unit cell
with a simple uniplanar metallic square shape, departing from
the mushroom or biplanar forms previously reported [31].
This choice was preferred due to its ease of integration with
electronic components, eliminating the need for a ground
plane (which could result in cancelling the current in the
patch), and lower fabrication costs [32]. The reflection
response in terms of phase and amplitude versus frequency
of this unit cell was obtained through the following steps:

1) The unit cell is designed to exhibit an in-phase
reflection property, ensuring a 0◦ phase shift that
guarantees constructive interference. This property
holds true for a plane wave with normal incidence
across a broad bandwidth. At the center frequency
of 8 GHz, the reflection phase of the unit cell ranges
between −90◦ and +90◦.

2) The unit cell is modeled using the HFSS software [33],
employing a Finite Element Method (FEM) based on
the Floquet theory. This approach enables the periodic
structure to exhibit AMC behavior within the desired
frequency range. The full wave analysis provided by
the HFSS software ensures accurate characterization of
the unit cell’s electromagnetic properties.

Fig. 5 illustrates the implementation of an infinite model,
achieved by applying Floquet boundary conditions (Floquet
port) at the top of the unit cell, along with primary (master)
and secondary (slave) boundaries on the side walls. The
proposed unit cell consists of a square patch printed onto an
FR4 dielectric substrate. As shown in Fig. 5 and Table 1,
its geometrical parameters are the width of the patch Wp,
the periodicity P and the thickness of the substrate hu. The
distance d between the top side of the patch and the Floquet
port excitation is taking to be λ /4. The selection of an
appropriate distance between the port and the surface of patch
requires careful consideration. If this distance is too small,
the near fields generated by the scatterer interact with the
ports, leading to numerical inaccuracies. Conversely, if the
ports are positioned too far, the computational time becomes
unreasonably prolonged. The optimal distance ensures that
the evanescent near fields have attenuated to an insignificant
level. The unit cell itself consists of a square patch with
optimized dimensions of 5.6 × 5.6 × 0.035mm3. This
patch is etched onto an FR4 dielectric substrate measuring
6.2 × 6.2 × 1.6mm3. Moreover, by exploring different
sizes of the unit cell, we were able to identify the optimal
configuration that yields a desirable reflection response in
terms of phase and magnitude at the operating frequency
of 8 GHz, as depicted in Fig. 6. This configuration presents
an in-phase reflection with a wide fractional±90◦ bandwidth
of 25.25% (7.05-9.07GHz) around the center frequency
of 8 GHz. The dip in the magnitude of the reflection
confection at 8 GHz is due to the losses in the dielectric
material and the AMC conductor. However, the obtained
result is good as it shows a good zero reflection phase at the
resonance frequency of 8 GHz.

FIGURE 5. 3D view of the unit cell.

III. PARAMETRIC STUDY
In this section, we present a range of parametric analyses
that were carried out using HFSS. We focus on achieving an
optimal reflection coefficient, AR, and gain specifically at the
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FIGURE 6. Phase and magnitude reflection of MLPF unit cell.

operating frequency of 8GHz. To accomplish this, we utilized
theQuasi-Newtonmethodwithin theHFSS software for para-
metric optimization. The Quasi-Newton method, a computer-
aided finite element method-based optimization tool, was
employed to attain the best possible results. This optimization
method functions by seeking to uncover the lowest or
highest point of a cost function, while making adjustments
to the variables within specified constraints. for example
for variable ‘‘g’’, the decision variable is the gap distance
‘‘g’’ between ground planes, which spans from 0.1 mm
(minimum) to 0.6 mm (maximum). The objective revolves
around achieving a minimal reflection coefficient (a design
parameter) at the specified operational frequency of 8 GHz
(a constraint). To fulfill this, the Quasi-Newton method
endeavors to decrease the reflection coefficient’s value (S11)
through successive iterations. These iterations entail varying
the gap distance 100 times, progressing from 0.1 mm to
0.6 mm. The step sizes utilized are 0.013 mm for the
minimum and 0.13 mm for the maximum values. The optimal
parameters of the proposed antenna are listed in Table 1.

A. DESIGN OF THE PMA STRUCTURE
Fig. 7 illustrates the design process of the proposed antenna,
commencing from Ant.1 and concluding at Ant.3. The
evaluation process of the proposed antenna is as follows:

1) As depicted in Figure 7(a),Ant.1 is the initial stage that
involved the design of a printed monopole uniplanar
antenna with symmetric ground planes that operates
at 8 GHz (Ant.1). As shown in Fig. 8 and 9, the initial
antenna design exhibits a relatively narrow fractional
−10 impedance bandwidth of 12.8% (8.1-9.2 GHz)
and maintained a linear polarization characteristic,
respectively. This was evident from the high values
of AR, exceeding 3dB, within the frequency range of
interest, as illustrated in Fig. 9.

2) To improve the IBW and AR, we implemented
asymmetric ground planes and introduced an X-shaped
slot through etching on the left ground plane, as illus-
trated in Fig. 7(b). Ant.2 demonstrates a performance
improvement as compared to Ant. 1. It provides IBW
of 40.14% (5.6-8.45 GHz) centred around 7.1 GHz,
with a reflection coefficient of −15 dB, see Fig. 8.
In addition, it achieves an AR of approximately 9 dB at
7.1 GHz. This is an important improvement regarding
the generation of CP radiation as compared to Ant.1.

TABLE 1. Optimal parameters of the proposed antenna.

3) The final design, as depicted in Fig 7(c), incorporates
a triangular cut made at the upper edge of the right
ground plane in Ant.3. This modification has resulted
in a significant enhancement in antenna performance as
well as enabling it to achieve CP radiation. As shown
in Fig. 8, successfully achieves an exceptionally
wide IBW of 107.5% (4.5-13.1 GHz), with a small
reflection coefficient of −33 dB at 8 GHz. Moreover,
as shown in Fig. 9, the final design (e.g., Ant.3)
exhibits a CP radiation pattern, offering a wide 3dB
ARBW of 73.75% (7.35-13.25 GHz) with an AR
of 0.3 dB at 8 GHz. Notably, there is a significant
overlap between the ARBW and the IBW, indicating a
favourable performance characteristic of the antenna.
The introduction of asymmetric ground planes per-
turbs the surface current, effectively enhancing the
strength of the horizontal electric field component.
In that way CP radiation is achieved, while the
triangular cut leads to a substantial reduction in AR
values across the frequency range of interest. This
reduction is explaned by optimally positioning the
triangular cut heights (htr) as illustrated in Fig. 10
and Fig. 11, wherein the perturbation of the surface
current proves adequate to establish equal electric field
components, each in phase quadrature, as portrayed
in Fig. 4.
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FIGURE 7. Design process of proposed printed monopole antenna.

FIGURE 8. Simulated reflection coefficient against frequency.

FIGURE 9. Simulated AR against frequency at θ = 0◦, 8 = 0.

B. EFFECT OF htr
Fig. 10 illustrates the reflection coefficient for different
triangular cut heights (htr): 0 mm, 2.625mm, and 5.25mm,
while keeping all other parameters constant. We see that the
height of the triangular cut has a significant effect on the
reflection coefficient (S11) and the −10dB IBW, whereas its
impact on the operating frequency is comparatively minimal.
When the height htr increases (e.g., exceeds 2.6) the reflection
coefficient decreases and the IBW improves. The optimal
value of htr is determined to be 5.25mm, which results in the
lowest reflection coefficient of −33 dB at 8 GHz, as well as
a wide IBW of 107.5% ranging from 4.5 GHz to 13.1 GHz.
Furthermore, the impact of htr on the AR is demonstrated in
Fig. 11. The graph indicates a decrease in the AR as htr value
increases, particularly when it exceeds 2.625mm. The most
favorable htr value is determined to be 5.25mm, resulting in a
broad CP AR of 73.75%with a low AR of 0.3 dB at operating
frequency of 8 GHz.

FIGURE 10. The effect of htr on S11 without AMC.

FIGURE 11. The effect of htr on AR without AMC at θ = 0◦, 8 = 0.

C. EFFECT OF Lm

Fig. 12 and Fig. 13 depict the S11 and AR, respectively,
for various monopole lengths (Lm) of 15mm, 15.5mm, and
16.0mm. All other parameters are held constant. Comparing
the results at 8 GHz, it is observed that monopole lengths of
15.5mmand 16mmyield lower reflection coefficients andAR
as compared to the length of 16.0mm. The optimal monopole
length that achieves a wide 3dB ARBW (e.g., 73.75%) and
wide IBW (107.5%) is determined to be the best choice.

FIGURE 12. The effect of Lm on S11 without AMC.

D. EFFECT OF AMC
In this section, we now study the effect of the AMC on
the proposed antenna performance (e.g., gain, S11 and AR).
Fig. 14 presents the total gain of the proposed CPW-fed
printed monopole antenna, comparing the scenarios with
and without the utilization of the AMC. It is evident that

121082 VOLUME 11, 2023



M. El Hammoumi et al.: Wideband Circularly Polarized CPW-Fed Printed Monopole X-Band Antenna

FIGURE 13. The effect of Lm on AR without AMC at θ = 0◦, 8 = 0.

incorporating the AMC leads to a significant redirection
of the back lobe, resulting in a remarkable increase in the
antenna’s gain. Specifically, the antenna’s gain rises from
2.4 dBi to 7.4 dBi, showcasing a substantial improvement
achieved using the AMC.

Fig. 15 and 16 illustrate the reflection coefficient and
axial ratio of the proposed antenna respectively, both with
and without the AMC. With the incorporation of the AMC,
there is an increase in the S11 from -33 dB to -23 dB while
maintaining the operating frequency at 8 GHz. Although,
even with the AMC, the antenna still maintains a wide IBW
of 97.5% (6.40-14.2 GHz). Additionally, it exhibits a wide
ARBW of 91.37% (5.59-12.90 GHz).

FIGURE 14. The total gain of PMA (a) without AMC, and (b) with AMC.

FIGURE 15. Simulated S11 against frequency.

IV. EXPERIMENTS AND COMPARISONS
In order to validate the accuracy of the simulation results,
a prototype of the proposed CP printed monopole antenna

FIGURE 16. Simulated AR against frequency at θ = 0◦, 8 = 0.

FIGURE 17. Antenna undergoing measurement inside anechoic chamber.

FIGURE 18. Simulated and measured S11 with AMC.

FIGURE 19. Simulated and measured AR at θ = 0◦, 8 = 0.

was manufactured and measured in an anechoic chamber,
as illustrated in Fig. 17. We adhered to the test procedures
outlined by IEEE standards to evaluate the performance
of the proposed antenna [34]. Measurement of the fab-
ricated antenna’s reflection coefficients was carried out
employing Keysight’s E5063A Vector Network Analyzer
(VNA) and the corresponding calibration kit. The assessment
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FIGURE 20. RHCP and LHCP radiation patterns of the proposed antenna
for (a) Phi = 0 and (b) Phi = 90 at 8 GHz.

of the antenna’s radiation pattern was executed within
a far-field anechoic chamber situated at the University
of Wollongong’s laboratory. This controlled environment
effectively eliminates external interference and reduces
undesirable reflections, thereby ensuring the measurement
conditions closely approximate the reflectionless simulation
environment in HFSS. The measured and simulated S11 and
AR of the proposed printed monopole antenna are presented
in Fig. 18 and 19, respectively. The antenna exhibits a
wide measured −10 dB impedance bandwidth (IBW) 97.5%
ranging 6.1 GHz to 13.9 GHz, along with a wide measured

FIGURE 21. RHCP and LHCP radiation patterns of the proposed antenna
for (a) Phi = 0 and (b) Phi = 90 at 10 GHz.

3 dB ARBW of 98.75% within the frequency range of 5.1-
13 GHz. At 8 GHz, the measured S11 is −23.92 dB, and AR
is 2.4 dB.

Fig. 20, 21 and 22 show the simulated and measured
radiation patterns (e.g., LHCP and RHCP) at three different
frequencies of 8, 10 and 12 GH for phi = 00 and phi = 900

respectively. A satisfactory agreement is observed between
the measured and simulated radiation patterns. We can con-
clude that the proposed antenna achieves good performance
of RHCP radiation in the +z-direction. Moreover, Fig. 20
shows that in both the E-plane and H-planes, the isolation
between cross-polarization and co-polarization is less than -
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FIGURE 22. RHCP and LHCP radiation patterns of the proposed antenna
for (a) Phi = 0 and (b) Phi = 90 at 10 GHz.

15 dB at the broadside direction. In addition, the measured
and simulated broadside gain versus frequency is depicted
in Fig. 23. We can see that the simulation agrees well with
the measured results across the band (e.g., 7 – 13 GHz)
with a small discrepancy of less than 1 dB. This dis-
crepancy is due to fabrication errors. The measured gain
at 8 GHz is 7.3 dBi.

Lastly, the performance of the proposed printed monopole
antenna is compared with other existing antenna designs
referenced in Table 2. The comparison encompasses aspects
such as impedance and axial ratio bandwidths, gain, and size.
Compared to all designs presented in Table 2, the proposed
printed monopole antenna printed monopole antenna pro-
vides higher gain, wider 3dB ARBW and has smaller size.

FIGURE 23. Simulated and measured gain of the proposed antenna.

In terms of−10 dB IBW, the proposed antenna provide wider
bandwidth as compared to [13], [14], and [16].

TABLE 2. Comparison between our CPW-fed PMA results and other
recent results in the literature.

V. CONCLUSION
In this paper, a wideband CP printed dipole antenna using
AMC is proposed for CubeSat applications. The gain of the
proposed antenna is improved by placing AMC at the back
of the antennas. In order to attain CP, the design incorporates
asymmetric ground planes and introduces a triangular cut
at the upper edge of the right ground plane. Compared
to all antenna design presented in Table 2, our proposed
printed monopole antenna demonstrates a higher gain and
a wider 3dB ARBW while occupying a smaller physical
footprint. Furthermore, in relation to the −10 dB IBW, the
proposed antenna offers a broader bandwidth designs as
comparted to the designs of [13], [14], and [16].The antenna
provides a wide −10 dB IBW and 3dB ARBW of 97.5%
and 98.75 respectively. It achieves a measured total gain
of 7.3dBi at 8 GHz (e.g., X-band) and has a total size of
0.48λ0 × 0.48λ0 × 0.042λ0.
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