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Abstract In this paper, a novel single-feed circular polarized planar antenna with
its beam parallel to the substrate plane is discussed. This antenna is composed of
two structures: It consists of a vertically polarized magnetic dipole implemented
using short-circuited semicircularmagnetic disks and ahorizontally polarizedbended
complementary dipole. The entire structure is implemented on a single-layer paper
honeycomb substratewith relative permittivity 1.08 and 0.6mm thickness to resonate
at 2.35 GHz. It achieves wide impedance and axial ratio (AR) bandwidths with good
overlap and wide beamwidth. It has shown −10 dB impedance bandwidth of 11.5%
(2.22–2.49GHz) and 3 dBARbandwidth of 11.06% (2.20–2.46GHz). The proposed
antenna would be promising for Wi-Fi or RFID applications.

Keywords Circular polarization · Microstrip antenna · Endfire radiation · Planar
antenna · Complementary dipole

1 Introduction

Circularly polarized antennas are very useful in GPS and RFID systems. Circularly
polarized antennas with wide beamwidth are required to receive signals from wide
range of directions. There are different ways to produce circular polarization (CP)
with endfire radiation. Researchers used helical antennas [1–3] and achieved endfire
radiation over wide beamwidth [4]. Crossed dipole arrays in which the elements are
separated by λ/4 distance and fed with equal magnitude, and 90° out of phase inputs
were also used to generate CP in endfire direction of the array. However, most of the
mentioned antennas are of high profile. Another way to generate CP is using curl
antennas [5, 6], where the arms of the antenna are turned around the center of the
antenna like a curl. Almost all the antennas produce their beam perpendicular to the
substrate plane. In order to have it parallel to substrate plane, there are few methods
which either use combination of orthogonal magnetic dipole [7] or combination
of aperture/loop with monopole/dipole. Orthogonal magnetic dipoles’ combination
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is a complex structure with narrow impedance bandwidth. As studied in [8–12]
combination of aperture and complementary dipole are employed to realize antenna
with endfire beam in the substrate plane. The impedance bandwidths are less [8–12]
with highest value <6.5%. This is improvedwith stub loading [11], but back radiation
is increased heavily. This problem is resolved using a v-shaped open loop [12], but
the half power beamwidth (HPBW) is 90°. The challenge faced in the design of
the microstrip antenna with endfire beam is the structure of the antenna should be
simple, compact, and planar. To meet these challenges, in this paper we propose
a model which is combination of bended dipole and semicircular magnetic dipole.
Good impedance BW and AR characteristics are observed. Radiation pattern with
broad beam having HPBW of 125° is achieved.

2 Antenna Geometry

Figure 1 shows the geometry of the proposed antenna which is designed on a 82 mm
× 82 mm paper honeycomb substrate of thickness 6 mm and relative permittivity
εr = 1.08. It consists of semicircular patches of radius R1 etched on both sides of
substrate, and is short-circuited at one end. It is fed with coaxial probe located at a
distance L1 from short-circuit end. This antenna also consists a bended complemen-
tary electric dipole located at distance L2 and fed using stripline feeding technique
from semicircular disk radiator. The complementary electric dipole is bent at angles
60° and 90°.

Fig. 1 Geometry of the
proposed antenna R = 38, L1
= 16, L2 = 26.5, L3 = 10,
L4 = 26.5, L5 = 16, L6 = 10
(mm), B1 = 60°, B2 = 90°
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3 Principle of Operation

CP will be generated when the two orthogonal components of the antenna, i.e.,
electric fields in azimuthal and elevation planes, are equal. As shown in Fig. 1, two
semicircular patches shorted at one end act as a disk radiator (magnetic dipole).
It controls the Eφ component, and complementary electric dipole controls the Eθ

component. For the disk radiator, component of current normal to the edge of the disk
approaches to zero at the edge; this implies that tangential components of magnetic
field at the edge of the disk are vanishingly small; with these assumptions, it can be
modeled as a cylindrical cavity bounded by at its top and bottom by electric walls
and on its edge by a magnetic wall. The solution for the wave equation in cylindrical
coordinates is

�Ez = �E0 Jn(kρ) cos nφ (1)

where Jn(kρ) are the Bessel functions of order n. At the edge of the disk, the surface
currents must vanish, i.e.,

Jρ(ρ = R1) = 0

whereR1 is the radius of the disk and it is determined by the solution of the derivative
of the Bessel function

J
′
1

(
χ

′
1

)
= 0

nR1 = χ
′
1 = 1.8411 (2)

Here n is the wave number given by n = 2π/λ. λ is the wavelength, J
′
1 is the first

derivative of first-order Bessel, where χ
′
1 is its root. Using above equation, the radius

of the disk radiator can be calculated at the desired frequency. The bended open loop
is selected to generate a directive Eφ . To analyze radiation behavior, the structure is
assumed as combination of ideal short dipoles. It will be clear for the complementary
dipole symmetrical about the x-axis; all the x-component fieldswill cancel each other;
only the y-components will be superimposed [12]. The normalized far field of the
open dipole antenna is derived as

�Edipole = e−jnR

R

[
cos

(π

2
cos B1 cosφ sin θ − δ

)]
×

(
θ̂ sin φ cos δ + φ̂ cosφ

)
(3)

δ is the leading phase in the arms of complementary dipole because of the bent angles
B1 and B2 w.r.t to Y-axis.

The field of the proposed antenna is given by

�E total = �Edisk + j �Edipole
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�E total = θ̂
e−jnR

R

[
cosφ + j cos θ cos

(π

2
cos B1 cosφ sin θ − δ

)
sin φ

]

+ φ̂
e−jnR

R

[
cos θ sin φ + j cos

(π

2
cos B1 cosφ sin θ − δ

)
cosφ

]
(4)

The radiation fields in XZ- and XY-planes are obtained by substituting φ = 0°
and θ = 90°, respectively, in Eq. (3). Then, the normalized radiation patterns in the
XZ-plane can be deduced as

Eθ (θ) = 1 (5)

Eφ(θ) = j cos
(π

2
cos B1 sin θ − δ

)
(6)

The AR of the elevation plane is given as

AR(dB) = 20

∣∣∣∣∣log10
|Eθ |∣∣Eφ

∣∣

∣∣∣∣∣(dB) (7)

We can observe that by substituting Eφ and Eθ from (5) and (6) in (7), we can
achieve CP radiation with endfire beam in x-direction. The CP direction will be
decided by the probe current’s loop/path as shown in Fig. (2). Current from the probe
reaches to bended dipole upper arm from upper part of the magnetic disk along the
feedline. Then to maintain continuity in the current loop/path, it is considered that
displacement current to flow in the +x-direction. After that current turns toward
the bottom arm of bended dipole. Then, the current now reaches bottom layer of
magnetic disk through the bottom stripline. If this virtual current’s path follows
a right-handed helix direction with thumb pointing to +z-direction, the antenna

Fig. 2 Current flow path X

Y
Z
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generates right-handed circular polarization (RHCP). Else it generates left-handed
circular polarization (LHCP).

4 Design Steps

1. Substrate thickness is chosen to be h = 6 mm to maintain planar configuration
of the antenna, which is of low profile, i.e., almost 0.048 times of the guide
wavelength

(
λg

)
at 2.35 GHz, such a way

λg = λ0√
εre

, εre = εr + 1

2

2. The radiusR1 is chosen with the help of Eq. (2) based on the operating frequency.
3. This antenna is fed by a coaxial probe [12]. The feed is located at a distance of

R/3 frommidpoint of shorting plate. Later, it is optimized to L1 for better results.
4. The length of the stripline pair (L2) is taken to be equal to λg/4, and the width

of the line is chosen to be one-tenth of the height of the antenna.
5. The bended complementary dipole is connected to the stripline feed. Its width is

equal to half of the wavelength and has bent angles B1 and B2. These angles are
measured from Y-axis.

6. The design is finally optimized to achieve good impedance and axial ratio
bandwidths with a broad beam in endfire direction.

5 Simulation Results

The proposed RHCP antenna is designed and simulated using HFSS 17. The
impedance, AR, RHCP gain, and total gain of the antenna are observed from the
simulation results. Gain of the antenna is 1.83 dB. The impedance bandwidth of
the antenna for |s11| < 10 dB is 2.22–2.49 GHz (11.49% in fraction), and the AR
bandwidth of < 3 dB is 2.20–2.46 GHz (11.06% in fraction) shown in Figs. 3 and
4, respectively. There is overlap of 240 MHz between the impedance and AR band-
widths. Figures 5 and 6 show the radiation patterns of in XY-plane and XZ-planes,
respectively.

6 Conclusion

In this paper, a simple, compact, and planar CP antenna with endfire beam in paral-
lel with substrate plane is proposed. The operating principle and design procedure
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Fig. 3 Simulated S11
performance of the proposed
antenna

Frequency(GHz)

Fig. 4 Simulated AR
performance of the proposed
antenna

Fig. 5 Simulated radiation
characteristics in XY-plane at
θ = 90°

LHCP RHCP
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Fig. 6 Simulated radiation
characteristics in XZ-plane at
φ = 0°

LHCP RHCP 

are explained. Further, the analysis of proposed antenna is described using source
model. This antenna provides a good overlap between the impedance bandwidth and
AR bandwidth up to 240 MHz and HPBW which are 202° and 125° in elevation
and azimuthal planes, respectively. This antenna would be a potential candidate for
RFID applications and wireless communication systems with low-elevation angle
requirement.
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