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CPW-Fed Ultra-Wideband Dual-Sense Circularly Polarized
Slot Antenna

Amit Birwal® *, Sanjeev Singh2?, Binod Kumar Kanaujia®, and Sachin Kumar?

Abstract—The paper presents a new coplanar waveguide (CPW)-fed ultra-wideband (UWB) dual
circularly polarized (CP) slot antenna. For realizing UWB, a wide slot is introduced in the ground
plane of the proposed antenna. The circular polarization is achieved by introducing a semi-circular
stub in the square ground plane. The antenna contains two symmetrical CPW-fed ports at left and
right edges to generate dual circular polarization. The evolution steps of the proposed CP antenna are
presented, and antenna parameters are optimized to obtain the desired level of isolation, return loss, and
axial ratio bandwidth (ARBW). The measured impedance bandwidth (S1; < —10dB) of the antenna
is 13.5 GHz (2.5-16 GHz); 3-dB ARBW is 75.23% (2.67-5.89 GHz); and isolation greater than 17dB is
obtained in the CP band. The designed dual feed CP antenna has low profile, light weight, compact
size, and could be suitable for polarization diversity applications for reducing the effect of multipath
fading.

1. INTRODUCTION

Wireless communication technology is considered one of the most rapidly growing industrial markets,
where antenna with circular polarization has gained considerable attention in the last few years. In
contrast to linearly polarized (LP) structures, circularly polarized (CP) antennas have many advantages
and are widely used for contemporary wireless applications to reduce the effect of multipath fading and
polarization losses between transmitting and receiving antennas [1]. Moreover, in order to obtain a high
transmission rate, large system capacity and to eliminate polarization mismatch losses, ultra-wideband
(UWB) CP antennas are required [2]. A conventional method to generate CP radiation entails excitation
of two orthogonal current modes of equal magnitude and quadrature phase difference. An alteration
in radiator or ground plane will account for this quadrature phase shift in the case of single feed CP
antennas. However, the single feed CP antennas have narrow axial ratio bandwidth (ARBW), and to
realize a wide ARBW, dual feed CP antennas are preferred.

Recently, various single and dual feed CP antenna configurations have been reported for
mobile communication, radio frequency identification (RFID), satellite communication, worldwide
interoperability for microwave access (Wi-MAX), wireless local area networks (WLAN), and wireless
power transmission (WPT) applications [3-5]. Most of the antennas reported in the literature
generate only one type of polarization, either left-hand circular polarization (LHCP) or right-hand
circular polarization (RHCP) [1-5]; however, for polarization diversity systems a dual polarization is
needed [6,7]. A single feed patch antenna with two orthogonal slots and two pin diodes was proposed
in [8], and by controlling the bias voltage of the pin diodes, the desired LHCP/RHCP pattern can be
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obtained. The antenna reported in [9] was composed of a square slot, a T-shaped metal strip, and two
microstrip T-junctions, and for generating RHCP/LHCP patterns simultaneously, two 50 Q2 microstrip
lines were used. In microstrip line-fed antennas, it is difficult to preserve the metallic layer alignment on
both sides of the printed circuit board (PCB). Therefore, smooth device integration is not possible in
the case of monolithic microwave integrated circuits (MMICs) [10]. A coplanar waveguide (CPW)-fed
antenna supports easy device integration and wide impedance bandwidth by using a single metallic
layer on one side of the substrate. A CPW-fed square slot CP antenna with more than 18% 3-dB
ARBW was presented [11]. In [12], a CP antenna composed of two T-shaped feeding structures and an
inverted-L grounded strip was proposed, which can generate both LHCP and RHCP waves. A CPW-fed
two-port square slot antenna with dual-band and dual-sense polarization was presented [13]. In [14], a
CPW-fed slot antenna loaded with two spiral slots in the ground surface was reported for dual-sense
circular polarization. A dual-band dual-sense antenna composed of an asymmetric rectangular slot
and parasitic radiators excited through F-shaped feed line was reported [15]. A U-shaped microstrip
line-fed square slot antenna consisting of parasitic and antipodal Y-shaped metal strips to realize CP
operation was proposed [16]. In [17], a CPW-fed slot antenna composed of a C-shaped grounded strip for
dual-band CP operation was presented. A CPW-fed antenna composed of two parasitic patches and an
asymmetric feed line for dual frequency operation was reported [18]. A CPW-fed slot antenna consisting
of inverted L-shaped and asymmetric U-shaped slots for dual-frequency and dual circular polarization
was proposed [19]. A CPW-fed wideband CP monopole antenna composed of an asymmetric ground
plane and a square-ring with an opening at the lower edge was reported [20]. However, the above-
reported CP antennas have smaller ARBW, relatively large size, limited resonating bands, complicated
geometry with decoupling elements, and external feeding circuitry. Therefore, a compact CPW-fed
UWB CP antenna with wide ARBW and dual circular polarization is desired for modern high data rate
wireless communication systems.

In this article, a dual-port CPW-fed CP antenna is presented. The projected CP antenna consists
of two P-shaped radiators, and by introducing wide slot, semi-circular and triangular structures in the
ground plane, ultra-wide impedance bandwidth and ARBW are realized. The proposed CP antenna
can generate RHCP and LHCP waves simultaneously. The proposed antenna is designed and optimized
with commercially available CST microwave studio tool. The antenna is fabricated, and experimental
results are found in good agreement with the simulated ones. The proposed UWB antenna features a
small size and broad 3-dB ARBW as compared to the antennas reported in the literature [11-20]. The
antenna is suitable for polarization diversity and UWB communication systems.

2. ANTENNA CONFIGURATION

The geometry of the proposed dual-port CP antenna is shown in Fig. 1. The antenna contains two
identical P-shaped radiators excited through CPW feed lines of 50€2. In Fig. 1(a), one semi-circular
and two triangular stubs are integrated at the center and edges of the square ground plane to achieve
circular polarization and high isolation between the radiating elements. The spacing between the feed
line and the ground plane is optimized to obtain a good impedance matching in the entire UWB.
Fig. 1(b) illustrates the fabricated prototype antenna. The antenna is printed on one side of an FR-4
dielectric substrate (e, = 4.4 and tan § = 0.04) with overall dimensions of 48 x 48 x 1.5mm?. The
designing parameters of the proposed antenna are shown in Table 1.

To better understand the designing process, evolution steps of the proposed antenna are shown
in Fig. 2. The configuration (Ant. 1) shown in Fig. 2(a) is a typical two-port CPW-fed square-shaped
antenna. A wide square slot is introduced in the antenna geometry to obtain wide impedance bandwidth.
In Figs. 3(a), (b), and (c), the respective return loss (S11), isolation (S21), and axial ratio are compared
during the evolution stages of the proposed antenna. Ant. 1 offers only one operating band (at around
15 GHz) with no CP radiations in this band. In the next step as shown in Fig. 2(b), a semi-circular
stub (Ant. 2) is introduced in the square ground plane of Ant. 1. By introducing a semi-circular stub in
the ground plane, circular polarization is obtained in the lower frequency region (around 2.9-3.5 GHz).
In Fig. 2(c), two P-shaped radiators are designed (Ant. 3) to improve the impedance bandwidth of the
proposed antenna. A better impedance matching is provided by the P-shaped radiators that help in
obtaining UWB. In Fig. 2(d), to broaden the ARBW, two similar triangular stubs are added (Ant. 4) in
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Table 1. Dimensions of the proposed two-port CP antenna.

Parameter | Value (mm) | Parameter | Value (mm)
L 48 Wy 35
w 48 Ry 4.5
Ly 9 Ry 10.2
Lo 5.7 S 10
Ls 9.7 g 0.8
Wi 6.5

(a) (b)

Figure 1. Geometry of the proposed dual-port CP antenna. (a) Top view, (b) fabricated prototype.

the ground plane of the antenna. The triangular stubs influnce current distribution on the surface of the
antenna, and consequently, an improved axial ratio is obtained. It is noticed that the proposed antenna
provides a 3-dB ARBW of 3.3 GHz (2.6-5.9 GHz), and port isolation greater than 17 dB is obtained in
the CP band.

3. PARAMETRIC ANALYSIS

The parametric analysis of the proposed CP antenna is performed by varying different design parameters
and observing their effect on Sy1, So1, and axial ratio. For this study, one of the design parameters
is changed, while keeping other dimensions fixed, and its impact on the performance of the antenna is
noticed. Performance of the antenna is analysed for different values of R;, Ro, and S, when excitation
is applied at port-1, and port-2 is matched to 50§ termination. Since the proposed structure is
symmetrical with identical radiating elements, the antenna performance is studied at port-1 only.

3.1. Radius R; of P-Shaped Radiator

Figures 4(a), (b), and (c) show respective S11, S21, and axial ratio response of the antenna by varying
semi-circle radius R; of P-shaped radiator. It can be observed from Fig. 4(a) that by increasing radius
R1, an improvement in impedance matching is achieved, which results in broad impedance bandwidth.
In Fig. 4(b), the mutual coupling effect between port-1 and port-2 is shown. The radius R; does not
affect So; much in the higher frequency range. But at lower frequencies, a reduction in S3; is noticed
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(a) (b)
(c) (d

Figure 2. Evolution steps of the proposed CP antenna. (a) Ant. 1, (b) Ant. 2, (c¢) Ant. 3, (d) Ant. 4.

by increasing R;. As illustrated in Fig. 4(c), a significant change in axial ratio is seen by reducing the
radius Ry. Considering the matching and 3-dB ARBW, the R; is chosen to be 4.5 mm.

3.2. Radius Ry of Semi-Circular Stub

Figures 5(a), (b), and (c) display Si1, So1, and axial ratio curves by varying radius Ry of the semi-
circular stub, respectively. It is noticed that the radius Ry significantly impacts the ARBW of the
antenna. With increasing Rs, the gap between the P-shaped radiator and semi-circular stub decreases,
which directly influences the antenna coupling. This further impacts the distribution of current at
higher operating frequencies, and consequently, an improved ARBW is observed. Increasing Rs has a
minor impact on S1; and Ss;. For antenna designing, R is optimized to be 10.2 mm.

3.3. Side S of Triangular Stub

Figures 6(a), (b), and (c) depict the variations of S11, Sa1, and axial ratio by changing the triangular
stub side S, respectively. As seen from Figs. 2(c) and (d) (in the evolution steps), the triangular stub
significantly improves the ARBW of the proposed antenna. It is observed that with increasing S from
8 to 10 mm, a better 3-dB ARBW is achieved, while a further increment in the value of S results in
narrow ARBW. S has a minor impact on S1; and S3;. For antenna designing, the final optimized value
of S is selected to be 10 mm.

4. CIRCULAR POLARIZATION MECHANISM

Figure 7 shows the mechanism to demonstrate circular polarization in the proposed two-port antenna.
CP radiation can be realized when two orthogonal resonant modes are generated with equal amplitude
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Figure 3. Comparison of antenna performance. (a) Magnitude of Si;, (b) magnitude of Sa;, (c) axial

ratio.
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Figure 4. Effect of radius R; on (a) magnitude of S11, (b) magnitude of Sa1, (c) axial ratio.
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Figure 6. Effect of length S on (a) magnitude of S;;, (b) magnitude of Sa;, (c) axial ratio.
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(b)

Figure 7. Surface current at 3.5 GHz when (a) port-1 is excited, (b) port-2 is excited.

and 90° phase difference. When port-1 is excited, port-2 is terminated with a 502 matched load.
Fig. 7(a) displays the current distribution (at 3.5 GHz) when a 0° phase signal is applied to port-1, and
the dominant vector currents are seen along +X-direction. Likewise, when a signal with a 90° phase
is applied to port-1, the dominant vector current flows along +Y-direction. The same phenomenon
happens when signals with 180° and 270° phases are applied to port-1. In this case, the dominant
current has equal magnitudes but opposite phases with respect to those at 0° and 90°. As seen from
the +Z-direction, it appears that the rotation of the surface current is in a counterclockwise direction,
which results in RHCP radiation.

Similarly, in Fig. 7(b), when 0° and 90° phase signals are applied to port-2, the dominant vector
current moves from —X- to +Y -direction. Here, as seen from +Z-direction, the rotation of the surface
current is in a clockwise direction, hence LHCP radiation is observed. The dual circular polarization
can be achieved by feeding port-1 and port-2 of the proposed antenna simultaneously.

5. RESULTS AND DISCUSSION

The antenna is fabricated with the help of the photolithography method, and measurements are
performed using Keysight N5227A vector network analyzer. Fig. 1(b) displays the fabricated prototype
of the proposed dual-port CP antenna. The simulated and measured reflection coefficients and port
isolation of the proposed CP antenna are shown in Fig. 8. The measured impedance bandwidth of the
proposed antenna extends from 2.5 to 16 GHz (13.5 GHz) covering the complete UWB. The measured
isolation between the two ports is greater than 17dB. Fig. 9 shows simulated and measured gain and
axial ratio curves of the proposed antenna. It is found that the antenna’s measured 3-dB ARBW is
about 75.23% (2.67-5.89 GHz), and the peak gain is 2.65 dBi within the CP bandwidth. The simulated
and measured radiation patterns at 3.5 GHz in both X Z- and Y Z-planes are shown in Figs. 10(a) and
(b) for port-1 and -2, respectively. The proposed antenna generates both RHCP and LHCP waves (in
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Table 2. Comparison of proposed CP antenna with other reported CP antennas.
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—10dB
Ref. Size (mm?) g;lﬁfljigfﬁ C(PGgE;r)ld 3-((:1(]31_2?/];‘}‘7 Polarization

(GHz)
[12] 60 x 60 2-4.76 2-3.7 1.7/59.65 RHCP/LHCP
[13] 70 x 70 1.4-4 1;5:?}:575 ’ 0571/71/?1772 RHCP/LHCP
| x|V | e | odsioer | RMCPAECP
) | wsxs | SUSW | sinas | osmjuos | RHCP/LHCP
[16] 63 x 75 1.81-3.83 55:525 0072/52/77415 RHCP/LHCP
[17] 70 x 70 1.01-3.33 12115:129569 00551@25%5 RHCP/LHCP
| wen | G | pEE T O worer
| e | SR ERERTOLEE worer
m | wewo | Gedh ORI e ier
This work 48 x 48 2.5-16 2.67-5.89 3.22/75.23 RHCP/LHCP

the +Z-direction) at the same frequency.

Table 2 shows the comparison of various characteristics of the proposed CP antenna with previously
reported CP antenna structures. The designs presented in [14-18] are composed of single CPW-fed
radiator to achieve dual CP operation. The dual-band dual-sense polarization based antenna structures
reported in [19, 20] are composed of an L-shaped radiating patch and modified ground plane. Since only
a few studies are available on UWB dual-sense CP antennas, Table 2 is updated with [12,13] as the
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Figure 10. Simulated and measured radiation patterns at 3.5 GHz when excitation is at (a) port-1,
(b) port-2.
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designs mentioned here consisting of a two-port CPW-fed antenna to generate dual circular polarization.
However, the antennas mentioned here [12-20] have relatively large size and narrow impedance and CP
bands.

6. CONCLUSION

In this paper, a planar CPW-fed CP antenna with UWB response is presented. By introducing semi-
circular and triangular stubs in the square ground plane of the proposed antenna, a broad impedance
and CP bandwidth are achieved. The antenna is fabricated on an FR-4 substrate, and measured results
are found in close proximity with the simulated results. A measured 3-dB ARBW of 75.23% (2.67—
5.89 GHz), isolation greater than 17 dB, and peak gain of 2.65 dBi are obtained within the CP band of
the proposed antenna. Simultaneously, the antenna can generate both RHCP and LHCP waves without
changing the operating frequency of the ports. The proposed UWB CP antenna may be useful for
high-speed data transmission, where polarization diversity is required to improve link reliability and
capacity of the wireless system, without increasing the transmitted power or channel bandwidth.
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