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ABSTRACT This research proposes an inkjet printed dual-band dual-sense circularly polarized antenna
using CPW-feeding on PET substrate. The antenna is designed and optimized using ANSYS HFSS, which
operates at 4.01 GHz - 5.05 GHz (22.96%) and 6.23 GHz - 7.58 GHz (19.55%) with a return loss
of < —10 dB. On top of that, the antenna shows an axial ratio of less than 3 dB at 4.23 GHz - 4.62 GHz
(8.81%) and 7.11 GHz - 7.36 GHz (3.45%), whereas left hand circular polarization (LHCP) is observed
in the first band and right hand circular polarization (RHCP) is observed in the second band. The overall
dimensions of the antenna is 0.44A x 0.52A x 0.002X, where A is the free-space wavelength at the lowest
circular polarization frequency. Measurement of the fabricated version shows good agreement with the
simulated version. To the best of author’s knowledge, this proposed design is the first circularly polarized
antenna integrating flexibility with dual-band and dual-sensing characteristics.

INDEX TERMS PET paper, dual-band dual-sense, circular polarization, inkjet printer.

I. INTRODUCTION

With the advancement of 5G network, internet of things
(IoT) devices are flourishing, creating the necessity of
developing lightweight, flexible, easily integrable, portable,
small size, and easily manufactured antenna systems for
better connectivity with the IoT framework. Along with
their uses in IoT devices and consumer electronics, flexible
antennas can be used in wearable sensors, RFID tags, military
applications, and wireless body area networks (WBAN)
[1]. Flexible materials like polyethylene terephtalate (PET)
paper, liquid crystal polymer (LCP), thin glass, polydimethyl-
siloxane (PDMS), textile materials (fleece fabrics, denim,
cotton, polyster, felt etc.) are employed as substrates while
various fabrication techniques are used to realize flexible
antennas such as inkjet printing, screen printing, 3-D printing,
chemical etching and flexography [2], [3], [4], [5], [6]. For
inkjet printing, coplanar waveguide fed (CPW-fed) antennas
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are widely preferred for their simple realization. Researchers
have already proposed different CPW-fed antennas on PET
paper for different resonance frequencies. In [7], a CPW-
fed inkjet printed antenna on PET paper is presented with
ultra wide band operating at 3.04 GHZ - 10.70 GHz and
15.18 GHz - 18 GHz, maintaining an average peak gain
of 3.94 dB. A CPW-fed bowtie slot wide band antenna
is proposed for 2.1 GHz to 4.35 GHz on PET paper [8].
However, these antennas provide linearly polarized (LP)
operation, which has disadvantages like increased multipath
losses, and signal attenuation due to polarization alignment
mismatch of sender and receiver antenna.

Circularly polarized (CP) antennas offer improved per-
formance over LP antennas as they radiate two orthogonal
electric field vectors with equal magnitudes and one-quarter
wavelength out of phase. On that account, CP antennas are
better suited for flexible and moving devices as they are prone
to polarization losses. In [9], a CPW-fed circular polarized
design is proposed for wearable applications for 5.8 GHz.
This design used a thin Rogers substrate layer along with
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a reflector layer to reduce the loading effect on the human
body. This antenna has an 18.3% axial ratio bandwidth
(ARBW). Saraswat and Harish [10] have proposed another
CPW-fed design on polyethylene terephthalate polyester
(PETP) film based substrate that has ARBW of 13.49% from
2.35 GHz - 2.69 GHz. A U-shaped slot is cut from the
patch while a portion of the ground plane from the left side
is taken out to introduce asymmetry to generate circular
polarization. Zu et al. [11] proposed a CP antenna using
Conductive Graphene Film (CGF) for 5.8 GHz applications
with low SAR. Yang et al. [12] proposed a CP antenna
using flexible Panasonic R-F770 substrate and ethylene-
vinyl acetate(EVA) foam as the base materials. Shorting
pins are used to produce two degenerated modes to achieve
CP excitation. This antenna offers an on-body S11 and AR
bandwidth of 6.6% and 3.85%, respectively. All of these
discussed antennas are single-band in nature.

Dual-band antennas offer more flexibility for applications
being compact and cheap at the same time. In order
to increase the isolation between these two bands, two
orthogonal circular polarization is implemented alternatively
known as dual sensing. Researchers have proposed dual-
band dual-sensing antennas by techniques such as coupling
non-radiative resonators with the patch [13], using parasitic
elements with monopole antennas [14], and using dual
coupled lines [15]. Another dual-band dual-sense design of
a tilted D-shaped structure using Taconic TLY-5 substrate is
proposed by Altaf and Seo [16]. This tilted D-shape is created
by combining a tilted I-shape and inverted C-shape structure
which is responsible for CP excitation using rotating surface
current. However, all of these antennas have rigid materials
as the substrate. An attempt to create a dual-band dual-sense
antenna on textile materials and an artificial magnetic con-
ductor (AMC) plane is made by Joshi et al. [17]. Nevertheless,
both bands are not circularly polarized in this design.

In this paper, a dual-band dual-sense CPW-fed antenna
is proposed on PET paper for CP application with an
ARBW of 0.39 GHz (4.23 GHz - 4.62 GHz) for LHCP and
0.25 GHz (7.11 GHz - 7.36 GHz) for RHCP radiation. This
design is an attempt to harness the advantage of dual-band
dual-sense CP antenna on flexible materials which can be
further extended to design for conformable and wearable
applications. The antenna is optimized, and parameters such
as reflection coefficient (S11), axial ratio, gain, radiation
efficiency, and bending characteristics are simulated based
on the finite element method (FEM). A prototype of
the designed antenna is fabricated using inkjet printing
technology. This manuscript contains the parametric study,
fabrication mechanism, and comparison of simulated and
measured values of the parameters, along with the conclusion.

Il. ANTENNA DESIGN

A. DESIGN CONFIGURATION

The configuration of the proposed antenna is shown in
Figure 1. The antenna is printed on one side of the
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FIGURE 1. Proposed circularly polarized patch antenna. (a) Trimetric view,
(b) Top view with detailed parameter marking.

TABLE 1. Optimized parameters of the proposed antenna.

Parameter | Value, mm | Parameter | Value, mm
L1 2.5 D1 22.16
L2 10.5 D2 7.9
L3 9 D3 8.16
L4 4 D4 2
L5 15.7 D5 6.82
L6 22.7 D6 6.88
L7 1.3 D7 7.37
L8 4.3 D8 8
L9 4.8 D9 8
Pl 24 P6 8.3
P2 5.19 P7 4
P3 12.5 NI 1
P4 1.8 N2 22
P5 5 N3 10

commercially available PET paper with a dielectric constant
of 3.2, a loss tangent of 0.022, and a thickness of 0.135 mm.
PET paper is very light, cheap, flexible with adequate rigidity,
and inkjet printer-friendly, making it useful as a substrate
for low-cost and simple antenna design. The dimension of
the antenna is 31 mm x 37 mm. The antenna topology is a
modified “S” shape, which is inset-fed by a 50 2 CPW feed
line. The dimension of inset feeding is 2.2 mm x 0.35 mm.
The ground plane has slots on both sides of the feed line.
These slots are marked as S1 and S3 on the left side and
S2 and S4 on the right side. All slots are 0.5 mm wide. The
lengths of S1, S2, S3, and S4 are 2 mm, 2.8 mm, 4.5 mm, and
4.5 mm, respectively. The ground plane also has a rectangular
cut in the upper left portion, which increases the ARBW
slightly along with reducing the amount of ink needed to print
the antenna. The dimension of the rectangular cut is 7 mm x
3 mm. The structure of the antenna is simulated and optimized
by ANSYS HFSS. The optimized parameters of the antenna
are given in Table 1. Please note that the substrate dimensions
(31 mm x 37 mm) were not initially determined. Parametric
analysis is conducted to obtain the final antenna dimensions
(radiator and ground plane) and the optimized antenna is able
to fit in a substrate size of 31 mm x 37 mm. The antenna
design process with a detailed account of all design steps is
discussed in the next section.

B. DESIGN STEPS OF THE ANTENNA
The evolution of the design is shown in Figure 2. The
return loss (S11) and axial ratio of design steps are given in
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FIGURE 2. Evolution of the patch and the ground of the proposed
antenna.
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FIGURE 3. Simulated parameters for different patch design steps. (a) S11,
(b) Axial ratio.
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FIGURE 4. Simulated surface current distribution at 4.75 GHz. (a) Design
step 1, (b) Design step 2.

Figures 3 (a) and (b), respectively. As seen in step 1, initially
a CPW-fed S-shaped patch is chosen for the radiator which
contributes to a compact design since it has a longer surface
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current path and larger electrical size compared to other
shapes such as circular or rectangular. Primarily, the antenna
is designed by locating the modified S-shaped patch over the
feedline. The S-shape also provides an option to corner cut
which is an established way of creating circular polarization.
The upper-right portion of the shape is more extended
outwards to create asymmetry in the design. The feed line
is shifted to the left side to create space for the ground
plane to cover the extended right-side portion of the patch.
This design shows a bandwidth of 1.05 GHz (6.75 GHz -
7.8 GHz) and an ARBW of 0.52 GHz (4.8 GHz —5.32 GHz).
However, as bandwidths are not overlapping, the antenna
will not work as a CP antenna. The symmetry of the ground
plane is then broken by placing a trapezium over the right
side (step 2). Increasing the current path within the ground
plane improves the impedance matching in the lower band
and adds an additional resonant frequency around 4.75 GHz.
This is also clearly observed in the surface current distribution
at 4.75 GHz. Figure 4 shows the surface currents with and
without trapezium over the right side of the ground plane.
Surface currents are seen along the edge of the trapezium
and increased current path leads to a second resonance
at 475 GHz. This makes the antenna work on dual-band
with bandwidths of 0.42 GHz (4.54 GHz - 4.96 GHz) and
1.14 GHz (6.78 GHz - 7.92 GHz). Nonetheless, no ARBW
is observed in this case. To achieve circular polarization,
simultaneous excitation of two orthogonal electric field
components (horizontal and vertical) with equal amplitude
and 90° phase difference is needed. In step 3, the ground
plane is extended upwards on the left side by shielding the
elongated left part of the S-shaped patch. This modification
in the ground plane induces quadrature phase difference
between the horizontal and vertical electric fields in the
lower band and the antenna shows an overlapping ARBW
of 0.36 GHz (4.32 GHz - 4.68 GHz) with the impedance
bandwidth. The extension of the ground plane also increases
the surface current length and improves the impedance
matching at lower frequencies leading to a wider bandwidth
for the first band (4.09 GHz - 5.07 GHz). The second band
slightly shifts to the right side (7.17 GHz - 8.2 GHz). Finally,
as shown in step 4, two slots on each side of the ground plane
along the feed line are introduced along with inset feeding
and a rectangular cut in the upper left corner of the ground
plane. This improves the axial ratio in the higher band and
an ARBW of 0.25 GHz (7.11 GHz - 7.36 GHz) is observed
in the second band. The current path length increase due
to the inclusion of slots and rectangular cut also shifts the
higher band impedance bandwidth to left side (6.23 GHz-
7.58 GHz) covering the ARBW. The lower band remains
almost similar position with the bandwidth of 1.04 GHz
(4.01 GHz - 5.05 GHz) along with an ARBW of 0.39 GHz
(4.23 GHz - 4.62 GHz).

C. PARAMETRIC ANALYSIS
Figure 5 shows the effects of some important parameters of
the proposed antenna. The proposed antenna has many design
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FIGURE 5. Effect of varying parameters on S11 and AR, (a) & (b) Inset gap length, (c) & (d) Length of slot S1, (e) & (f) Length of slot S2, (g) & (h) Length of
slot S3 and S4, (i) & (j) Length of L6 parameter, (k) & (I) Length of P6 parameter.
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FIGURE 6. Simulated surface current distribution. (a) 4.5 GHz,
(b) 7.25 GHz.

parameters that can be varied. However, the most important
parameters that help to realize circular polarization are the
inset gap in the patch and the slots in the ground plane
(as shown in the stepwise evolution of the antenna in the
previous section). Accordingly, the length of the inset gap and
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ground plane slots are varied to see how they affect the S11
and axial ratio of the antenna. To carry out this parametric
analysis, parameters are varied with a physically realizable
step size. The inset gap length is varied from 0.7 mm to
3.7 mm as our proposed length is 2.2 mm. For this parameter
variation, it can be seen that the second band is shifting
toward lower frequency for both S11 and axial ratio with the
increase of gap length. However, the shifting distance is not
the same for S11 and axial ratio which makes the second
band CP realization impossible if the inset gap length keeps
increasing. Immediately after, the effects of varying lengths
of all four slots (S1, S2, S3, S4) by decreasing and increasing
1.5 mm from the proposed value are checked. Nonetheless,
these values do not show much effect on S11 and axial
ratio meaning manufacturers can have some independence
while printing these gap lengths on the ground plane. The
effects of L6 and P6 parameters are also considered which
correspond to ground plane extensions in the bottom right and
upper left sides, respectively. As seen in Figures 5 (i) and (j),
if the proposed value for L6 parameter increases or decreases,
impedance bandwidth and ARBW both shift, and a com-
mon frequency range where both bands work can not be
obtained. A similar response is observed for P6 parameter
(Figure 5 (k) and (1)).

D. CIRCULAR POLARIZATION MECHANISM, RADIATION
EFFICIENCY, GAIN, AND RADIATION PATTERN ANALYSIS
To further explain the circular polarization mechanism,
the surface current distribution of the proposed antenna is
studied at 4.5 GHz and 7.25 GHz as shown in Figure 6.
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FIGURE 7. Simulated peak gain and radiation efficiency of the proposed
antenna.

At 0° phase for 4.5 GHz, it is seen that the current
is predominantly in +x direction along the right side of
the S-shaped radiator which corresponds to the horizontal
component. At 90°phase, the surface current moves towards
-y direction and the dominant field components are along
the extended left side of the ground plane corresponding to
the vertical field component. Similarly, at 180° and 270°
phases, the current is predominantly in —x and +y directions
along the right side of the radiator and left side of the
extended ground plane, respectively. Since the current rotates
in the clockwise direction, it can be safely said that circular
polarization is left-handed in the broadside direction. For
7.25 GHz, the surface current is in the +y direction at
0°phase and the dominant field components are along the
slots and rectangular cut in the left side of the ground plane
contributing to the vertical component. After moving the
phase to 90°, the surface current direction is seen to be in
—x direction along the left side of the S-shaped radiator
(horizontal component). The current changes to —y and +x
directions at 180° and 270° phases, respectively. As the
current rotates in the anticlockwise direction, the circular
polarization is right-handed with respect to the +z axis.
As seen from the surface current distribution, the proposed
antenna shows dual-band dual-sense characteristics. Figure 7
shows the peak gain and radiation efficiency of the antenna
as a function of frequency. The average peak gain over
the frequency range is around 3.35 dBic while the lowest
peak gain is 2.88 dBic at 4.95 GHz and the highest peak
gain is 3.63 dBic at 4.42 GHz in the first working band.
In the second working band, the average peak gain is around
3.5 dBic while the lowest and highest peak gain is 3.11 dBic
and 4.14 dBic respectively. The gain shows an increasing
trend towards high frequency as the antenna’s electrical
size increases. The average radiation efficiency is over 97%
in the first band while it decreases to 96% in the second
band. In Figure 8, simulated far-field radiation patterns of
LHCP and RHCP gain are observed in both xz (E-plane) and
yz (H-plane) planes for 4.5 GHz and 7.25 GHz. At 4.5 GHz,
LHCEP is observed at +z direction and RHCP is observed at
—z direction for both xz and yz planes. However, at 7.25 GHz,
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FIGURE 8. Simulated radiation pattern of LHCP and RHCP gain for
frequency 4.5 GHz (a) xz plane, (b) yz plane, and for frequency 7.25 GHz
(c) xz plane, (d) yz plane.

(b)

FIGURE 9. Simulated 3D radiation pattern of gain for (a) 4.5 GHz,
(b) 7.25 GHz.

LHCP and RHCP are observed at —z and +z direction
respectively for both planes. Figure 9 shows the trimetric 3D
radiation pattern of gain for both 4.5 GHz and 7.25 GHz.
3D gain pattern reflects the 2D radiation pattern that is shown
in Figure 8.

E. BENDING ANALYSIS

In the actual scenario, it can be possible that the antenna
is used in cases where it needs to be bent as it is a
flexible antenna. To demonstrate the effect of bending on
antenna parameters such as return loss, axial ratio, and
radiation patterns of LHCP and RHCP gain, simulations in
the horizontal and vertical directions for various bending
cases are performed as shown in Figure 10. Figures 11 and 12
give the effect of bending on return loss, axial ratio, and
radiation pattern. As seen in Figure 11 (a) and (c), other than
slight fluctuations S11 is not affected much and the reflection
coefficient remains mostly stable in both bands for both
horizontal and vertical bending. In terms of axial ratio, the
antenna performance shows a similar response compared to
the flat case in the lower band for all bending configurations.
For the higher band, some differences in axial ratio bandwidth
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FIGURE 10. Simulated structural deformation for bending analysis
(a) horizontal, (b) vertical.
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FIGURE 11. Simulated S11 parameter and axial ratio for horizontal (a) &
(b) and vertical bending cases (c) & (d).

are observed in the horizontal bending case when the antenna
is simulated with a very high bending configuration (r =
45 mm). Nonetheless, the axial ratio is still below 3 dB at
the band of operation and maintains circular polarization. The
antenna shows a similar profile with the flat case in axial ratio
for other bending cases including all bending configurations
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FIGURE 12. Simulated radiation pattern of LHCP and RHCP gain for
frequency 4.5 GHz with horizontal bending (a) xz plane, (b) yz plane, and
with vertical bending (c) xz plane, (d) yz plane.

for vertical bending. The impact of bending on antenna
radiation patterns (LHCP and RHCP gain characteristics) is
shown in Figure 12 at 4.5 GHz for both horizontal and vertical
bending cases. As seen, bending radiation patterns show a
similar pattern as the unbent case and LHCP is observed in at
+z direction and RHCP is observed in —z direction for both
xz and yz planes. Please note that, although not shown here
similar radiation patterns between flat and bending cases are
also obtained for the higher band (7.25 GHz).

Ill. RESULTS AND DISCUSSION

The optimized version of the antenna is printed using a Fuji-
film Dimatix 2831 inkjet printer (DMP). Silver nanoparticle
ink (JS-A191-S) from Novacentrix is used for printing the
antenna using a Fujifilm Samba cartridge. The antenna is
printed double layer to ensure high conductivity. After that,
the antenna is sintered in a hotplate, gradually increasing
the temperature from 90° C to 140° C. Temperature is
increased in three steps with a total sintering time of
1 hour. The fabricated antenna is tested using Keysight
Fieldfox N9952A microwave analyzer. Figure 13 shows
the printed antenna and the measurement using a network
analyzer.

Figure 14 shows the comparison of S11 and axial ratio
simulation and measurement. It is noted that the simulated
antenna has two resonance points at 4.22 GHz and 4.75 GHz
in the first band. Measured data shows resonance points at
4.2 GHz and 4.6 GHz. However, the bandwidth matches
almost exactly, starting from 4.04 GHz to 4.98 GHz. For
the second band, the resonance point in the measurement
shifts to 7 GHz while it is at 6.85 GHz in the simulation
data. Though the resonance point shifts to the right side, the
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FIGURE 14. Comparison of simulated and measured (a) S11 parameter,
(b) Axial ratio.

antenna band shifts to the left side, starting at 6.075 GHz and
ending at 7.375 GHz. To measure the axial ratio, the antenna
is placed inside an anechoic chamber and measurements
are performed up to 6 GHz due to the limitations of the
measurement setup. The axial ratio is under 3 dB from
4.26 GHz to 4.67 GHz. Furthermore, the radiation efficiency
and peak gain are measured up to 6 GHz as shown in
Figure 15. Peak gain shows an almost similar profile by
varying mostly between 3 dBic and 4 dBic. Radiation
efficiency varies between 0.75 to 0.9 in the measured
frequency range. The reason for these minor discrepancies is
inherent imperfections in printing, connector matching loss,
and the effect of the measuring environment. There are some
minor discrepancies between simulated and measured gain.
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of the proposed antenna.
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FIGURE 16. Measured radiation pattern of LHCP and RHCP gain for
frequency 4.5 GHz (a) xz plane, (b) yz plane.

Gain, radiation efficiency, and axial ratio are measured in an
anechoic chamber whereas the S11 parameter is measured in
the lab environment. Small discrepancies between simulation
and measurement can be attributed to the soldering effect
on the PET paper. In addition to solder roughness, losses
of the SMA connector and coaxial cable may contribute to
differences between the measured and simulated gain. Please
note that the difference between simulated and measured
gain is less than around 0.5 dBic in the circular polarization
bandwidth.

Measured LHCP and RHCP radiation patterns at 4.5 GHz
for both xz and yz planes are shown in Figure 16. Other than
slight differences between measurements and simulations,
both results confirm that LHCP is observed in at +z direction
and RHCP is observed in —z direction.

As the antenna is flexible, it is necessary to check its
robustness of the antenna by examining it for different
bending conditions. Figure 17 demonstrates that the antenna
is examined under vertical and horizontal bending conditions.
For both cases, the antenna shows a similar pattern to the flat
condition, which is presented in Figure 18. Thus, it can be
noted that the bending conditions do not meaningfully affect
the performance of the antenna.

In Table 2, the performance comparison of the pro-
posed design with previously designed antennas is shown.
As mentioned earlier, the main contribution of this work
is combining dual-band dual-sense circular polarization
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TABLE 2. Performance comparison of the proposed design.

Reference | Resonance %BW % ARBW Dimensions Substrate | D.-band &
Freq., GHz D.-sense CP
[11] 5.8 6.9% 1.38% 0.52A x 0.44X x 0.019\ | Flexible No
[12] 5.8 6.6% 3.85% 0.68)\ x 0.68\ x 0.044)\ | Flexible No
[13] 2.4 3.3% 0.9% 1.44X x 144X x 0.024X | Rigid Yes
& 2.68 & 2.6% & 0.3%
[14] 2.82 71.63% | 27.45% (2.55) [0.59A x 0.71Ax 0.015A | Rigid Yes
& 7.1% (3.53)
[15] 2.49 7.95% 0.33% (2.4) [0.44Xx 048X\ x0.024\| Rigid Yes
& 0.72% (2.49)
[17] 1.575 7.6% 10.3% 0.4X x 0.4\ x 0.02)\ Flexible Yes \No
& 2.45 & 5.5% & - 0.68\ x 0.68\ x 0.04\
[18] 2.1 1.8% 0.4% 0.49A x 0.49A x 0.021 )\ Rigid Yes
& 3.6 & 2.6% & 0.6%
[19] 4.35 98.8% 4.9% (2.46) 0.32A x 0.32A x 0.01\ Rigid Yes
& 40.8% (5.03)
[20] 8.75 34.29% 32.91% 0.47XA x 0.47X x .007X | Flexible No
[21] 2.4 15.9% 2.72% 041X x 0.41X x 0.045)\ | Flexible No
[22] 43 17.53% 10.47% 0.43)\ x 0.53X x 0.002)\ | Flexible No
[23] 10.98 28.33% 11.25% 1.83A x 1.83A x 0.036\ | Flexible No
[24] 2.4 14.42% 4.16% 0.24)\ x 0.24X x 0.027)\ | Flexible No
[25] 5.44 43.75% 34% 0.73A x0.73A x 0.07\ | Flexible No
[26] 5.8 25.6% 4% 0.48\ x 0.51\ Flexible No \Yes
Pro. 4.53 22.96 % 8.81% (4.43) |0.44) x 0.52)\ x 0.002)\ | Flexible Yes
& 6.91 & 19.55% | & 3.45% (7.24)

FIGURE 17. Images of fabricated antenna bending. (a) Horizontal
bending, (b) Vertical bending.

with flexibility. Through an extensive literature review, the
authors have not found any design that meets both criteria.
Therefore, the comparison is shown with some dual-band
dual-sense circularly polarized antennas with rigid substrates
and some single-band circularly polarized antennas with
flexible substrates. As seen, the designsin [13], [15], and [18]
have low impedance and axial ratio bandwidths. While [19]
reports a high impedance bandwidth in a compact size,
it is fabricated on a rigid substrate and is not suitable for
conformal applications. Also, the antenna has a low axial
ratio bandwidth in the first band. In [17], a dual-band textile
antenna backed by an artificial magnetic conductor (AMC) is
presented. However, this design is not circularly polarized in
both bands. It has linear polarization (LP) in the higher band
and circular polarization (CP) in the lower band. The design
does not realize both senses of RHCP and LHCP. In addition,
the antenna includes two substrate layers and an AMC plane
increasing the design and fabrication complexity. Similarly,
[14] has a high impedance bandwidth but it has a larger
size and does not have flexibility. Furthermore, although the
antenna designs of [23] and [25] are flexible and have wide
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FIGURE 18. Measured S11 parameter for horizontal and vertical bending.

axial ratio bandwidths for a single band, these designs do not
have dual-band dual-sense capability, and they have a larger
size compared to the proposed work. In addition, the antenna
presented in [25] is based on a three-layer stripline-fed
aperture-coupled structure with a high design and fabrication
complexity. The design in [26] presents a flexible CPW-fed
monopole-based antenna exhibiting both senses of circularly
polarized rotation. Nevertheless, the design operates in a
single band and has a lower axial ratio bandwidth compared
to the proposed work. In addition, the study in [26] is based on
only simulated data and does not present measured results to
validate the theory. From Table 2, it is seen that the proposed
antenna has a considerably bigger bandwidth and axial ratio
with a compact size after meeting both of the design criteria.

IV. CONCLUSION
In this article, a flexible circularly polarized antenna is
proposed on PET paper for dual-band dual-sense CP
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application. The antenna is designed as a CPW-fed antenna
with a modified “S” shape patch with multiple slots in
the ground plane. This antenna is compact, simple, cheap,
and lightweight, along with its robustness towards bending
applications. Furthermore, CP antennas have higher gain and
efficiency by enhancing signal reception and transmission
in multipath environments making the antenna useful for
moving applications like automobiles, RFID, and GPS.
Specifically, this antenna can be used for FCC-allocated
applications for 5G applications like 5G NR-U, Wifi [27].
By studying different antenna parameters like S11, axial ratio,
gain, radiation efficiency, and radiation pattern, it can be
summarized that this antenna is a great solution to consider
for4.23 GHz - 4.62 GHz and 7.11 GHz - 7.36 GHz circularly
polarized applications which is the overlapping region of
S11 < —10 dB and axial ratio (AR) < 3 dB.
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