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We investigate three square-shaped antennas to increase the bandwidth of circular polarization. Each antenna has two adjacent
corners excited with the same amplitudes and a phase difference of 90° using a branched feedline vertical to the ground plane. We
evaluate the 3 dB axial ratio bandwidth as a function of the loop-arm width using the moment method. It is found that the axial
ratio bandwidth reaches 38% for an arm width of 0.04 wavelengths, wider than that of a wire-loop antenna by a factor of three. The

simulated results are verified by experimental ones.

1. Introduction

A loop antenna above the ground plane radiates a circularly
polarized (CP) wave [1-7]. The CP radiation is obtained
using a perturbation segment [1-4] or loop-shaped de-
formation [5-7]. A novel loop antenna without an additional
segment or shape deformation has recently been proposed
[8]. The antenna is excited using a branched feedline vertical
to the ground plane (see Figure 1(a)) and exhibits the widest
CP wave bandwidth among the loop antennas.

This paper aims to increase the CP wave bandwidth of
a loop antenna with a vertical, branched feedline. We
transform the wire loop into a plate one and eventually into
a plate antenna by increasing the arm width of the loop (see
Figures 1(b)-1(d)). The CP wave bandwidth versus loop arm
width is evaluated using the moment method [9].

The working mechanism lies in the following facts for
three antennas with a single feed [5]: discrete concentric
triple-, connected concentric triple-, and plate-loop anten-
nas, each with the same perimeter and antenna arm width.
(1) The discrete triple loop exhibits triple-band character-
istics, i.e., three minima in the frequency response of the
axial ratio. (2) Unlike the discrete loop, the connected triple
loop exhibits a wideband frequency response of the axial

ratio similar to the plate loop. These facts encourage one to
expect an increase in the axial ratio bandwidth when
transforming a wire loop into a plate loop. Note that the
study in [5] discusses CP radiation with an axial ratio
bandwidth of up to 4% and does not refer to a plate antenna.

This is the first simultaneous study of three resonant
radiation elements, i.e., wire-loop, plate-loop, and plate
antennas. Consequently, we find a plate loop with a maxi-
mum 3 dB axial ratio bandwidth of 38%, which is three times
wider than that of a wire loop [8]. It is emphasized that this
bandwidth is still wider than those of nonresonant elements,
such as a compact spiral above the ground plane (23%) [10].

In this paper, we numerically investigate three square-
shaped antennas. Subsequently, the numerical results are
validated with experimental ones and compared with those
of similar studies. Finally, we summarize the results in the
conclusion.

2. Numerical Methods and Results

Figure 1 shows the square wire-loop, plate-loop, and plate
antennas. Each antenna with side length L is located at
a height h above the ground plane. The two corners F,, (n=1
and 2) are connected to a vertical, branched feedline
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FIGURE 1: Antennas with a branched feedline F,, — B — F, (n =1 and 2) vertical to the ground plane. (a) Wire-loop antenna [8]. (b) Plate-loop
antenna. (c) Plate antenna. (d) Perspective view of the plate antenna. (e) Side view of the plate antenna in the y-z plane.

F, — B-F,, and the bottom end F, is excited by a coaxial
line. The height of branch point B is designated as hg. The
antenna is composed of wires of radius p, and a wire-grid
model [11] is used to form the plate.

The antenna is analyzed using our developed computer
program based on the moment method [9]. The flowchart
for the computer program is shown in Figure 2, where
radiation characteristics are calculated using the current
distribution determined by the moment method. The
ground plane size is assumed to be infinite and the image
theory is used. The side length L and branch-point height A
are selected for CP radiation. The other parameters are fixed
at (h, p)=(1o/4, A,/200) [8], where A, is the free-space
wavelength at a test frequency f.

The simulated CP wave bandwidths of the plate loop and
the plate antennas are depicted in Figure 3. A 3 dB axial ratio
bandwidth is evaluated versus the loop-arm width w. At each
point w, the (L, hy) parameters are optimized for CP ra-
diation. It is found that the bandwidth becomes a maximum

value at w=0.04A, with (L, hg) = (0.271,, 0.111,). The value
is 38%, which is three times as wide as that (12%) of a wire-
loop antenna [8]. Based on this result, the loop-arm width is
fixed at w=0.041, throughout this paper.

Figure 4(a) shows the simulated radiation patterns of the
plate loop antenna. The radiation is decomposed into right-
and left-hand CP wave components. It is observed that the
antenna radiates a CP beam normal to the antenna plane in
the +z-axis direction. The average half-power beamwidth
(HPBW) in the ¢ = 0° and 90° planes is 90°. Figure 4(b) shows
the results for the wire-loop antenna. It is seen that the
antenna radiates a CP beam similar to that of the plate-loop
one. The average HPBW is 85".

The solid line in Figure 5 shows the gain versus frequency
for the plate-loop antenna combined with the axial ratio. The
3dB gain drop bandwidth from the peak value is 38%
(0.93 f,-1.37 f,,), where the axial ratio is less than 3 dB. For
comparison, the dotted lines show the results for the wire-
loop antenna. It is observed that the plate-loop antenna has
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FiGURE 2: Flowchart for a computer program.
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FiGure 3: Simulated CP wave bandwidths of plate-loop and plate
antennas versus loop arm width.

a maximum gain (7.1 dBi), which is comparable to that of the
wire-loop antenna (7.5 dBi).

3. Experimental Results

Further consideration is given to the impedance matching of
the plate-loop antenna. For this, the straight feedline B-F,
shown in Figures 1(b) and 1(e) is modified to a crank one, as
shown in the inset of Figure 6. We select the crank

parameters (¢, £,) while keeping the other configuration
parameters the same as those in Section 2.

The solid line in the upper part of Figure 6 shows the
simulated VSWR versus frequency for (7,, £,)=(0.021,,
0.204,), with the gain and axial ratio shown in the lower
figure. The VSWR is evaluated for a 75 Q coaxial line. It is
found that the 3dB gain drop bandwidth is 36%
(0.94f,-1.35f,), where the VSWR and axial ratio are less
than 2 and 3 dB, respectively.

The simulated radiation patterns for (¢;, ¢,) = (0.02A,,
0.20A,) are shown with solid and dotted lines in Figure 7. The
radiation patterns are almost the same as those for the
straight feedline B-F, (see Figure 4(a)). The average HPBW
is 87°, and the gain is 7.3 dBi.

Until this point, the radiation characteristics have been
discussed using the simulated results. These results are ex-
perimentally validated using an antenna fabricated at
fo =3 GHz with a ground plane of 5 x 5\,. Photographs of
the antenna are shown in Figure 8. The small circles and dots
in Figures 6 and 7 show the experimental results. They agree
with the simulated results. There is a deviation between the
experimental and simulated axial ratios. The deviation is
attributed to the incompleteness of the hand-made pro-
totype in comparison with the simulated antenna
configuration.

Finally, we compare our results with those of similar
studies. The comparisons are presented in Table 1. It can be
said that the present antenna has the widest axial ratio
bandwidth. The widest bandwidth is owing to the loop-arm
width selected for wideband CP radiation, as shown in
Figure 3.

It is necessary to describe the practical aspects of the
present plate loop antenna. The antenna can be applied in
series-fed [12, 13] and dual-element [14, 15] arrays with
a simple feeding system. The array antennas have been
designed using a wire loop with a branched feedline vertical
to the ground plane. Therefore, replacing the wire loop with
the present plate one in future work could expand the axial
ratio bandwidth of the array antennas.

Before concluding, we explain the mechanism behind an
expansion in the axial ratio bandwidth shown in Figure 3. As
mentioned in Section 1, the working mechanism lies in
frequency responses of the axial ratios of three antennas with
a single feed above the ground plane [5]: discrete concentric
triple-, connected concentric triple-, and plate-loop antennas,
as shown in Figure 9. The dotted lines show three minima at
f, frequencies (n=1, 2, 3) for the discrete concentric triple-
loop antenna, and each bandwidth is almost the same as that
of a single-loop antenna with the same side length (L) and
height above the ground plane. Once the three loops in the
discrete triple antenna are connected, the connected triple
antenna has a wideband CP radiation, as shown with a dashed
line. It should be noted that the plate-loop antenna exhibits
almost the same result as the connected triple antenna, as
shown with a solid line. This fact implies that the plate-loop
antenna can be considered the connected triple-loop antenna.
In summary, a plate-loop antenna corresponds to a connected
concentric triple-loop antenna with a wider axial ratio
bandwidth than a single-loop antenna.
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FIGURE 4: Simulated radiation patterns. (a) Plate-loop antenna with w = 0.04,. (b) Wire-loop antenna [8].
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FIGURE 5: Simulated frequency responses of the axial ratio and gain of plate- and wire-loop antennas.
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FIGURE 7: Radiation patterns of a plate-loop antenna with a crank feedline B-F,.

FiGURE 8: Photographs of a plate-loop antenna with a crank feedline B-F,. (a) Perspective view. (b) Side view.
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TaBLE 1: Comparison with other studies.

Method for o o . .
Study Loop shape circular polarization ARBW (%) OLBW (%) Gain (dBi) Fre (GHz)
[1] Square . 1.02 1.02 7.6 1.57
2] Circular Perturbation segment 12.7 12.7 7~8 25
[5] Hexagonal . 4.0 4.0 — —
7] Rectangular Loop-shaped deformation 4 - 9.1 15
Present Square Vertical, branched feedline 39 36 7.3 3

ARBW: 3 dB axial ratio bandwidth; OLBW: overlapped bandwidth for ARBW, 3 dB gain-drop bandwidth, and bandwidth of VSWR <2;

Fre: frequency; —: not described.

axial ratio (dB)

frequency (f/f))

(-e---- ) discrete triple loop

(---) connected triple loop

(—) plate loop

FIGURE 9: Axial ratio versus frequency for three loop antennas with a single feed [5]. Note that the antennas have the same perimeter (4L)
and antenna-arm width (w) at the same height above the ground plane.

4. Conclusions

We have studied three resonant radiation elements with
a branched feedline vertical to the ground plane. We select the
branch-point height and square-side length for CP radiation,
and the 3 dB axial ratio bandwidth is evaluated versus the loop-
arm width w. It is found that a plate-loop antenna with w =
0.04A, has a 3 dB gain drop bandwidth of 36%, where the axial
ratio and VSWR are less than 3dB and 2, respectively. It is
emphasized that the resultant bandwidth is wider than those of
nonresonant elements, such as a compact spiral antenna.
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